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Occurrence. Sodium is one of the commonest
.nd most widely disseminated elements, con-
stituting about 2% p.c. of the solid crust of the
earth. It occurs in nature in large quantities
as chloride, constituting the mineral rock-salt
or halite, of which very large deposits exist at
Stassfurt in Germany, Northwich in Cheshire,
Salzburg in Austria, and many other localities.
As sodium nitrate or Chile saltpetre it forms
deposits several feet thick in the rainless districts
of northern Peru, and a double fluoride of alumi-
nium and sodium (NajAlFg) called cryolite,
occurs in considerable quantity in Greenland.
It is also found in nature, although in smaller
quantity, as the sulphate glauberite Na,SO,TH,0;
as the sesquicarbonate trona

Na,C0,,NaHCO,,2H,0,

and as boraxz or tincal Na,B,0,10H,0, as a
deposit in the beds of certain dried-up lakes,

Many rock-forming minerals contain sodium,

the most important being albite, soda-felspar

NaAlSi, 04, labradorite, oligoclase, sodalite
Na,(AICI)Aly(SiO,)s,

and nepheline K,NagAl Si;0,,, whilst it is an

essential constituent of many zeolites, such as

analcime NaAlSi,04,H,0, and natrolite
Na,Al,8i;0,0,2H,0.

Sea water contains about 2:6 p.c. of sodium

chloride, and many mineral springs and certain

lakes also hold a considerable amount of this

substance in solution.

Preparation of metallic sodium. A short
account of the history and earlier methods for
the preparation of metallic sodium has been
given under POTASSIUM.

The first impulse to the preparation of
sodium on a manufacturing scale was given b,
Deville (De I’Aluminium, Paris, 1859, 60, 120 ;
Ann, Chim. Phys. 1856, [iii.] 46, 415 ; Dingl. poly.
J.134,369; 141, 303), who employed it to replace
potassium in the manufacture of aluminium.
He obtained it by exposing a previously calcined
mixture of sodium carbonate, coal, and chalk
or lime to a white heat in wrought-iron retorts
set in a furnace. Sodium distilled over, and
was collected in flat receivers of peculiar shape,
designed so as to offer a large condensing surface
and by rapid cooling of the vapour prevent the
formation of explosive compounds of the metal

Vor. V.—T.

and carbon monoxide, although the liability to
the formation of these bodies is much less than
in the case of potassium. The method, however,
was very costly and uneconomical, as only
about one-third of the theoretical yield of sodium
could be obtained. |

A material improvement on this process was
effected by Castner (D. R. P. 40415, 1886) in
1886, who replaced the sodium carbonate by
caustic soda, and heated this with powdered
carbide of iron (prepared by adding finely-
divided iron to melted pitch, and coking the
mixture in cylinders). This process was success-
fully worked on the large scale for some time
and effected a considerable reduction in the
price of sodium, but was eventually super-
seded by another process, also introduced by
Castner, consisting in the electrolysis of fused
caustic soda. This obviated many of the
difficulties met with in the older purely chemical
processes, and enabled sodium to be produced
in large quantities at a relatively small cost.
At the present time the whole of the sodium of
commerce is manufactured electrolytically.
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The apparatus employed by Castner (J. Soc.
Chem. Ind.11891, 777) is shown in the accompany-
ing diagram (Fig. 1). It comsists of an iron
vessel A, mounted in brickwork R, in which
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_-'.‘.Qlies.c.éu?t'ic{ sod4 Sis m¢lted by means of the
gas” burners ‘a. “1h¥’ vessel 4’ is provided with
one or more extension pipes B, through which
the metallic negative electrode H passes, the
intervening space K being filled with molten
caustic which becomes set, and seals H in posi-
tion. Immediately above this electrode is
fixed a tubular iron receptacle o, fitted with a
lid, ~, and having a cylindrical piece of wire
gauze, M, attached to its lower end. This gauze
surrounds H, and rests between it and the
positive electrode F. P is an opening for the
escape of gas and for the insertion of a ther-
mometer, and 8 is an insulating medium such as
asbestos.
conductorsI and L. On passing the current the
fused caustic soda is decomposed, and the
liberated sodium D, being specifically lighter
than the electrolyte, rises to the surface of the
caustic in ¢, whence it is removed from time
to time by a perforated iron spoon which
allows the molten caustic to drain through while
retaining the metal. Fresh caustic soda is
added to the bath from time to time, thus
rendering the process continuous. The size of
the electrodes and their distance apart must be
in proportion to the stren%th of the current
employed. If they are too large, a quantity of
the liberated sodium will dissolve in the bath
and be lost through recombination, and if too
small the resistance will be so increased that the
bath becomes unduly heated. Any increase of
temperature is followed by a proportionate loss
of product and waste of energy ; but it is possible
so to adjust the electrical current and the
quantity of alkali forming the electrolyte that
the proper temperature will be maintained in a
previously melted bath without applying ex-
ternal heat, or even by an increase of current to
melt the bath, subsequently reducing the
current until the proper working temperature is
obtained. The apparatus is also frequently
water-jacketed to assist in maintaining an even
temperature. In order to secure a fair yield
of the metal for the current applied it is necessary

that the temperature of the electrolyte should |.

not rise more than 20° above the melting-point
of the alkali, 7.e. should not exceed 330°. A
current of 1000-1200 ampéres with an E.M.F.
of 4-5 volts is usually employed. Theoretically
only oxygen should be liberated at the anode
and sodium at the cathode; but in practice a
certain quantity of hydrogen is always evolved
at the cathode as well, owing to the electrolysis
of the water formed in the process.

20H=H,0+0

H,0=H,+0.

Slight but harmless explosions of the hydrogen
and oxygen formed sometimes take place. As
one equivalent of water is produced for every
two equivalents of sodium hydroxide decom-
posed, it is not possible to obtain more than 50
p.c. of the theoretical yield of sodium, the yield
in actual working being usually nearer 40 p.c.

The Castner process is worked in England
at Wallsend-on-Tyne by the Castner Kellner Co.,
and in Germany by the Farbwerke von Meister,
Lucius & Briining at Hochst am Main, and by
the Elektrochemischen Werke Natrium at Rhein-
felden. It is also operated by the Compagnie
d’Electrochimie at Gavet in France, and by the
Electrochemical Co. at Niagara Falls, U.S.A.

The current is supplied through the

SODIUM.

Another apparatus for the production of
sodium by the electrolysis of fused caustic
soda is that of Rathenau and Suter, which is
used by the Electrochemischen Werke, Bitter-
feld, Germany. The negative electrodes are
allowed just to dip into the molten electrolyte
contained in the iron vessel (Fig. 2). The
surface tension causes the electrolyte to rise up
slightly, so that the clectrodes are not actually
below the surface of the molten caustic. Metallic
sodium is produced at the ends of the electrodes
and partially solidifies ; it is then removed by
means of perforated ladles as in the Castner
process. The current density in this process
must not excced 10 ampéres per sq. cm.

+

o

A slightly different process is that of Becker,
worked by the Usines de Rioupéroux in France,
a mixture of sodium carbonate and caustic
soda being electrolysed in the decomposition
cell shown in the following diagram (Fig. 3).

The cathode B is cone-shaped, and the sodium
ag it is produced rises to the collecting hood d,
made of iron or ferronickel, and connected to

Fi1a. 3.

" the negative electrode through a resistance, so
that when the metallic sodium comes into con-
tact with the sides of the hood it is in elcotrical
connection with the cathode, and is not further
acted on by the molten electrolyte. The
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sodium being specifically lighter than the electro-
Iyte rises in the hood and flows out through f.
The hood d is cooled either by water or simply
by a current of air circulating round it, so as to
prevent the metal distilling over in vapour
through the tube f, should the temperature rise
too high. The temperature of the bath (550°)
is much higher than in the Castner process,
owing to the sodium carbonate raising the melt-
ing-point of the electrolyte. Each cell requires
a current of 1250 ampéres, and produces 40
kilos. of sodium in 24 hours.

The process of Darling, worked at Phila-
delphia, U.S.A., differs from the preceding ones
in that the electrolyte consists of fused sodium
nitrate. As the liberated sodium would react
with the nitrate to form sodium nitrite, a
divided cell is used, the anodic compartment
containing fused sodium nitrate, while the
electrolyte in the cathode cell consists of fused
caustic soda, The Na cations are liberated
at the kathode, and the NO, anions split up at
the anode into NO, and O, which are passed into
water to form nitric acid. The apparatus
employed in the process is depicted in the
accompanying diagrams (Figs. 4 and 5).

It consists of an inner cell (17) of perforated
sheet iron, which is placed in an outer]cell also

D

Fic. 4.

of perforated iron, the intervening space bein,

filled with a mixture of Portland cement an

magnesia. This cell is used as the cathode
compartment, and is filled with fused caustic
soda. It is placed within a closed iron vessel
(7), which contains molten sodium nitrate. The
cathode compartmeny is surrounded by the iron
anode formed by the cell (7), the bottom of this
latter being covered to a depth of 6 ins. with
Portland cement, upon which the inner cell
rests. The iron outer cell (7) is connected with
the positive source of current, the cathode
being the 4-in. iron tube (22).
the total current is allowed to pass through the
metal diaphragm (17) by means of a regulating
resistance (31), and although this causes a waste
of energy it greatly prolongs the life of the cell.
Any gases which are generated escape by the
pipe (27). At the commencement of the
electrolysis the charge must be melted by apply-
ing external heat. Fresh charges of sodium
nitrate are introduced into the anodic com-

About 5 p.c. of |

partment from time to time, and the process
thereby rendered continucus. In actual practice
twelve such cells are worked together, each one
taking 400 ampéres at 15 volts.

Many attempts have been made to employ
the cheaper sodium chloride as an electrolyte
in the production of metallie sodium, but with
only partial suceess. The chief drawback lies
in the high temperature necessary to maintain
the bath properly fused. At this temperature
the liberated sodium unites with the excess of
sodium chloride to form the so-called sodium
subchloride, which either undergoes oxidation
at the surface of the mass, or unites with
the chlorine set free at the anode to reform
theYoriginal NaCl. The intense activity of the
liberated chlorine is a further objection to the

Fia. 5.

process. Various attempts have been made to
lower the fusing-point of the electrolyte by the
addition of various salts, the most successful
being that of Grabau, whose process was formerly
worked commercially. It consisted of the
electrolysis of a mixture of sodium chloride with
either potassium chloride or alkaline earth
chlorides. The addition of sodium fluoride has
also been tried (Konsort. fiir Elektrochemie
Niirnberg, D. R. P. 160540, 1904).

A list of patents relating to the manufacturo
of metallic sodium, together with an indication
of the improvements claimed, is given below :—

J. Dickson, Eng. Pat. 2266, 1862 (electrolysis
of the fused chloride); E. Sonstadt, Eng. Pat.
1763, 1863 (replacement of the chalk or lime in
the ordinary process by gypsum); J. Anderson,
Eng. Pats. 2801, 1867 ; 2134, 2216, 3493, 1871 ;
513, 1089, 1872 (heating the slag obtained by
the action of hot air or steam on strongly-
heated minerals containing silicates of sodium
or potassium with carbon in a current of highly
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heated carbon monoxide); H. Larkin and W.
White, Eng. Pats. 1990 and 3505, 1869; 23,
1871 (modification of the distillation process) ;
W. Clark, Eng. Pat. 473, 1875 (electrolysis by
a sgpecially arranged current); W. Anderson
Smith, Eng. Pat. 363, 1876 (use of a mixture of
soda or potash with pitch, also a modified retort
and condenser); W. P. Thompson, Eng. Pat.
2101, 1879 (decomposition of the hydroxide by
fluid iron in a Bessemer converter); C. A.
Faure, Eng. Pat. 6058, 1882, and 5489, 1883
(heating the alkaline compound in hydrogen or
nitrogen by an electric current); A. L. Nolf,
Eng. Pat. 4349, 1882 (electrolysis of a strong
solution of sodium chloride with a mercury
cathode); F. P. Harned, D. R. P. 26961, 1883
(modification of the mixture used); E. A.
Hoéffner, D. R. P. 30377, 1884 (electrolysis of the
fused chloride with a copper or silver anode);
S. G. Thomas, Eng. Pat. 6367, 1884 (passage of
heated water-gas through the usual mixture
without applying external heat) ; Max Sprenger,
D. R. P. 39554, 1886 (electrolysis of the chloride
in vacud) ; E. C. Kleiner-Fiertz, Eng. Pat. 8531,
1886 (electrolysis of cryolite) ; J. B. Thompson
and W. White, Eng. Pat. 8426, 1887 (heating a
coked mixture of alkaline carbonate and tar);
O. M. Thowless, Fng. Pat. 12486, 1887 (use of a
mixture of separately heated alkaline carbonate
and coke); Curt Nelto, Eng. Pats. 14602 and
17412,'1887;(cf. Eng. & Min. Journal, 45, 449)
(passing fused soda in a thin stream through
strongly heated charcoal or coke); L. Grabau,
Eng. Pat. 9904, 1887 (comprises the cooling of
the cathode in electrolytic processes ; the metal
riges to the surface and is drawn off by a pipe);
H. C. Bull, Eng. Pat. 10199, 1887 (electrolytic) ;
A. B. Cunningham, Eng. Pat. 3601, 1888 (heating
charcoal with caustic soda); G. A. Jarvis,
Eng. Pat. 4842, 1888 (modification of the process
for reduction by coke); W. G. Forster, Eng.
Pats, 9391, 10785, and 14394, 1888 (reduction
of fused alkali with coal-gas); H. M. Wallis,
Eng. Pat. 12626, 1888 (modification of the
mixture commonly used) ; W. White, Eng. Pat.
13125, 1888; H. S. Blackmore, Eng. Pat.
15156, 1888 ; G. M. Westman, Eng. Pat. 17736,
1888; W. White, Eng. Pat. 9784, 1889 (all
relating to modifications of the mixture or
distillation apparatus); T. Parker and A. E.
Robinson, Eng. Pat. 11707, 1889 (electrolysis
of a mixture of the hydroxide or carbonate and
carbon); L. Grabau, Eng, Pat. 16060, 1890
(previously described); Castner, Eng. Pat.
13356, 1890 (previously described); H. C. Bull,
Eng. Pat. 10735, 1892 (electrolysis of the fused
chloride in a divided cell); C. J. T. Vautin,
Eng. Pat. 10197, 1894 (production of a lead-
sodium alloy by the electrolysis of fused sodium
chloride with a cathode of molten lead, the alloy
being run off and distilled in a retort lined with
magnesia or carbon); J. A. Kendall, Eng. Pat.
23045, 1895 (reduction of a mixture of carbonate
or hydroxide and carbon in hydrogen gas); G.
Wolfram, Eng. Pat. 18604, 1898 (distillation of
a mixture of caustic soda and calcium carbide) ;
T. Ewan, Eng. Pat. 14739, 1902 (use of a divided
cell in the electrolysis of fused caustic soda);
Cassel Gold Fxtraction Co., Fr. Pat. 330987,
1903 (modified apparatus for electrolysis); T.
Parker, Eng. Pat. 19196, 1903 (calcination of a
mixture of sodium aluminate and carbon in an

electric furnace, sodium volatilising) ; J. Raschen,
G. Clayton, and the United Alkali Co., ling. Pat.
2152, 1904 (employment of sodium-lead alloy
as anode in electrolysis of caustic soda; P. L.
Hulin, Eng. Pats. 22824, 1908; 6063, 1910
(modified apparatus for the electrolysis of fused
caustic soda); A. C. Vournasos, Eng. Pat.
23689, 1908 (preparation of sodium by heating
a mixture of salt and lead shot in a special
furnace) ; Chemische Fabrik Griesheim Elektron,
Eng. Pat. 29795, 1909 (heating sodium sulphide
with calcium carbide); P. A. Emanuel, U.S.
Pats. 957754-957756 and 957848, 1910 (produc-

‘tion of sodium from various sodium salts by

hegting with carbon); R. J. McNitt, Eng. Pat.
20519, 1910 (electrolysis of fused salt in presence
of lead); E. A. Ashcroft, Eng. Pats. 12377,
1903 ; 5013, 1910 (electrolysis of a mixture of
sodamide and caustic soda with a fused lead
anode); The Nitrogen Co., Eng. Pat. 20386,
1910 (formation of an alloy of sodium with a
heavy metal by electrolysis, and utilisation of
this as anode for electrolysing a bath of fused
alkali cyanide); P. L. Hulin (J. Ind. Eng. Chem.
1911, 130) (modified apparatus for the electrolysis
of caustic soda).

In the laboratory sodium can be made by a
process described by Bamberger (Ber. 1898,
451), which consists in heating a mixture of
sodinm peroxide and charcoal or calcium -
carbide in a covered crucible to 300°—400°.
Metallic sodium is produced, and condenses on
the cover of the crucible,

3Na,0,+2C=2Na,CO;+Na,.
7Na,0,+4-2CaC,=2Ca0+4Na,C0;+3Na,.

Properties.—Freshly-cut sodium exhibits a
silvery metallic lustre, which rapidly disappears
on exposure to air owing to the formation of a
thin film of oxide, the production of which is
accompanied by a greenish phosphorescence
(Linnemann, J. pr. Chem. 1858, [i.] 75, 128).
According to Long (Chem. Soc. Trans. 1861,
123) sodium crystallises in acute octahedra
which belong to the quadratic system.

At a temperature of —20° sodium is hard,
at 0° it becomes ductile, and at the ordinary
temperature it is of a waxy consistency. On
heating it softens at 50° and melts at 92° (Holt
and Sims, tbid. 1894, 65, 432), 97° (Karnakow
and Puschin, Zeitsch. anorg. Chem. 1902, 30,
109). Sodium boils at 877-5° (Ruff and Johann-
sen, Ber. 1905, 38, 3601), giving a vapour which
in thin layers appears colourless, but has a purple
colour when viewed in quantity by transmitted
light, and exhibits a green fluorescence. Its
absorption spectrum has been examined by
Roscoe and Schuster (Proc. Roy. Soec. 22,
362), and by Wood and Moore (Phil. Mag.
1903, 6, 362), and the ultra-violet portion
by Wood (ibed. 1909, 18, 530). The sp.gr. of
sodium has been determined by Baumhauer
(Ber. 1873, 6, 665), who obtained the values
09735 at 13:5°/13-5° and 0-9943 at 10°/10°
Later determinations by Dewar (Chem. News,
1902, 85, 289) and Richards and Brink (J. Amer.
Chem. Soc. 1907, 29, 117) have afforded the
values 0-9724 at 0°/0° and 0-9712 at 20°/20°
respectively. Ramsay (Ber. 1880, 13, 2145)
found the sp.gr. of fused sodium near its boiling-
point to be 0:7414. No satisfactory determina-
tion of the vapour density of sodium has at
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present been carried out, owing to the difficulty
of finding a suitable material for the construc-
tion of the apparatus capable of resisting attack
by the sodium vapour (¢f. however Ruff and
Johannsen, Ber. 1905, 38, 3602). The molecular
weight of sodium was determined by Ramsay
(Chem. Soc. Trans. 1889, 55, 521) by Raoult’s
method. He found the molecular weight to
vary between 15:1 and 21:6 according to the
ratio of the metal to the solvent (mercury);
but the method is open to objection on account
of the existence of numerous well-defined com-
pounds of sodium and mercury.

Sodium has been obtained in the colloidal
state, forming an unstable violet solution in
cther, by passing an electric current of high
potential by means of aluminium poles through
the granular metal contained in a porcelain
dish and covered with cther (Svedborg, Ber.
1905, 38, 3616).

Sodium oxidises rapidly when exposed to
moist air, but can be distilled unchanged in air
or even oxygen provided that all traces of
moisture be excluded. It is far less readily
acted on by halogens than potassium. Dry
chlorine has no action on sedium, even at the
melting-point of the latter (Wanklyn, Chem.
News, 20, 271; Cowper, Chem. Soc. Trans.
1883, 155); neither has bromine at tempera-
tures up to 150°, whilst sodium and iodine
can be heated together to 350°-360° without
combination (Merz and Holzmann, Ber. 22,
872). Dry hydrogen chloride can also be
left in contact with sodium for many weeks
without appreciable action resulting. The
presence, however, of mere traces of water is
sufficient to cause immediate and violent com-
bination in all these cases. Heated in the air
sodium takes fire and burns with a yellow
flame, forming a mixture of oxides. Thrown on
to cold water it swims on the surface, disengaging
hydrogen and dissolving, but not evolving
sufficient heat to ignite the gas. If water at
60° be used, or the free motion of the metal be
hindered by increasing the viscosity of the
liquid by the addition of gum or starch, the
cvolved hydrogen ignites, burning with a
characteristic yellow flame.

With the exception of gold, silver, and copper,
sodium conducts heat and electricity better
than any other metal.

Metallic sodium is largely used in the manu-
facture of cyanides, sodamide (used in the
artificial indigo industry), and sodium peroxide,
and also finds application in the laboratory,
being employed in many organic syntheses, in
the preparation of pure caustic soda and in
conjunction with alcohol as a powerful reducing
agent. The most characteristic analytical re-
action furnished by sodium is the intense yellow
colour imparted to the non-luminous flame of a
Bunsen burner by all compounds of the metal.
Viewed through a spectroscope two characteristic
yellow bands of wave length 5896 and 5890,
known as Fraunhofer’s D lines, are seen, and so
delicate is this test that so small a quantity as
3 10-10 grm. of sodium can be detected by it.
All the salts of sodium are soluble in water, so
that no satisfactory precipitation reactions for
its detection exist. The least soluble salts of
sodium are the pyroantimoniate Na,H,Sb,0,,
which requires 350 parts of cold water for solu-

tion, and the dihydroxytartrate. According to
Ball (Chem. Soc. Trans. 1909, 2126) a solution
of bismuth potassium nitrite containing cesium
nitrite forms a reagent capable of detecting as
little as 0-01 mg. sodium even in the presence of
considerable amount of potassium, a yellow pre-
cipitate being formed.

Sodium alloys. A large number of alloys of
sodium with different metals have been prepared,
the most important being those with potas-
sium. These are liquid at the ordinary tempera-
ture and resemble mercury in appearance. They
are produced either by melting the constituent
metals together under rock-oil, or by fusing
sodium with caustic potash (Jaubert, Ber. 1908,
41, 4116 ; Bull. Soc. chim. 1908, [iv.] 3., 1126).
The alloy NaK, is now made commercially by
fusing sodium with anhydrous caustic potash
at a temperature of 350°. It oxidises rapidly
on exposure to air, igniting spontaneously and
yielding a mixture of the peroxides of sodium
and potassium, which is used for the regenera-
tion of deoxygenated air in life-saving apparatus.

Sodium and ammonia. Sodium dissolves in
liquid ammonia with the production of an
intensely blue liquid; this on evaporation
yields a copper-red solid which, according to
Joannis (Compt. rend. 109, 900), has the compo
sition NaNH,. The solid residue easily loses
ammonia, finally leaving a crystalline mass of
metallic sodium. Ruff and Geisel have, how-
ever, shown (Ber. 1906, 39, 828) that no definite
chemical compound exists, and the liquid must
be regarded merely as a solution of sodium in
ammonia. The solution slowly decomposes on
standing, with formation of sodamide—

Na,4-2NH;=2NaNH,+{H,.

This reaction can be considerably accelerated
by the addition of platinised asbestos, which
acts as a catalyst.

Sodium amalgam is best prepared by adding
successive small pieces of sodium to gently
warmed mercury ; as each piece dissolves it pro-
duces a flash of light and emits a hissing noise.
With 1 part of sodium to 100 of mercury the
amalgam formed has an oily consistency, but
with 80 parts of mercury to one of sodium a
pasty mass results, and with smaller ratios of
mercury to sodium hard crystalline amalgams
are obtained. The fluid amalgams are only
very slowly decomposed by water, but those
containing a larger proportion of sodium react
vigorously, evolving hydrogen. The rate of
decomposition is greatly accelerated by the
addition of a small amount of zinc sulphate or
lead acetate, which acts catalytically. By
allowing an amalgam containing 3 p.c. of sodium
to stand under water, crystals of a compound
NaHge can be obtained (Kraut and Popp,
Annalen, 1871, 159, 188), which at a temperature
of 40°—42° change into NaHg ; (Kerp and Bottger,
Zeitsch. anorg. Chem. 1900, 25, 1). Kurnakow
(ibid. 1900, 23, 439) and Schiiller (ibid. 1904,
40, 385) have prepared and examined a number
of sodium amalgams, many of which are definite
chemical compounds. According to Schiiller
the compound of maximum m.p. (360°) possesses
the formula Nalg, If sodium amalgam be
treated with solutions of the other alkalis or
alkaline earths, partial replacement occurs,
an amalgam of the metal employed being pro-
duced (Byers, J. Amer. Chem. Soc. 1908, 30
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1584 ; Bottger, J. pr. Chem. 3, 283). Sodium
amalgam is employed in the laboratory as a
reducing agent, and an amalgam containing
2-3 p.c. of sodium is used to some extent in
gold extraction processes to prevent the ¢ sicken-
ing ’ of the mercury by redueing the oxide of
the base metals which collect on it and interfere
with the proper working of the process.

Soprum CoMPOUNDS.

Only two well-defined oxides of sodium are
known, 7.e. the monoxide Na,O and the dioxide
Na,0,, although according to Johannis (Ann.
Chim. Phys. 1906, [viii.] 7, 75) a sesquioxide
Na,0; can bo obtained by the action of oxygen
on sodammonium.

Sodium monoxide is produced, together with
the dioxide, by the combustion of sodium in air
or oxygen. If the supply of oxygen be limited
and the sodium be not heated above 180° only
the monoxide is formed (Holt and Sims, Chem.
Soc. Trans. 1894, 442). It can be obtained
perfcetly pure by partially oxidising the metal
and separating the unchanged sodium by dis-
tillation ¢n vacué (Rengade, Compt. rend. 1906,
143, 1152). The monoxide is also formed when
metallic sodium is heated with the nitrite or
nitrate, nitrogen being liberated.

Sodium monoxide is a white, hygroscopic
substance of sp.gr. 2-27, and melts at a red heat.
Hydrogen reduces it to metal at 170°-180°
(Rengade, Ann. Chim. Phys. 1907, [viii.] 11, 424).
It combines with fluorine, iodine, and sulphur
with incandescenee, and reacts violently with
water, forming sodium hydroxide.

Sodium dioxide or peroxide is obtained when
the metal is burned in an excess of air or oxygen.
It is now made on the large scale according to
Castner’s process (Eng. Pat. 20003, 1891), which
consists in placing sodium on aluminium trays
loaded on to small waggons, which are then run
tirough an iron tube, provided at each end with
tightly-closing iron doors, set in a furnace and

ated to 300°. A current of dry air, free from
carbon dioxide, is passed through the tube,
the peroxide produced being withdrawn at one
end and fresh charges of sodium introduced at
the other. The technical product thus obtained
contains about 93 p.c. of -sodium peroxide.
Pure sodium peroxide is yellow and, unlike the
monoxide, is not deliquescent (Jaubert, Compt.
rend. 1901, 132, 35). It absorbs carbon dioxide
with formation of sodium carbonate and libera-
tion of oxygen, and a mixture of this oxide with
potassium peroxide is used in life-saving appara-
tus to regenerate air contaminated by respira-
tion. With CO it yields sodium carbonate, and
with N,0 and NO sodium nitrite. Charcoal
and the alkaline earth carbides reduce it to
metallic sodium at a temperature of 300°—400°
(Bamberger, Ber. 1898, 31, 451). Although
sodinm peroxide is not decomposed when heated
alone it readily gives up oxygen to other sub-
stances mixed with it, and hence is largely used
in the analysis of many refractory minerals,
such as pyrite and chromite. As fused sodium
peroxide acts most energetically on platinum,
iron, &ec., it is necessary to use crucibles of
nickel, as this is less attacked than other metals.
In the presence of moisture the peroxide acts
powerfully on organic substances such as paper,
oxidation frequently taking place with explosive

violence. Sodium peroxide dissolves readily
in water with formation of caustic soda and
hydrogen peroxide, a portion of the latter simul-
taneously undergoing decomposition into water
and oxygen owing to the heat evolved during
solution. By exposing the peroxide to moist
air free from carbon dioxide, or by the cautious
evaporation of its solution in cold water, tabular
hexagonal crystals of a hydrate Na,0,,8H,0 can
be obtained, which on standing over sulphuric
acid lose water, forming the dihydrate
Na,0,,2H,0.

The octahydrate is also produced by adding
1}-2 times its volume of alcohol to a solution
of caustic soda and hydrogen peroxide (Schone,
Annalen, 1878, 193, 241). The hydrate dissolves
in cold water without decomposition, but on
heating the solution oxygen begins to be evolved
at 30°—40°, the decomposition of the galt being
complete at 100°, :

Sodium peroxide is employed as an oxidising
agent, as a source of oxygen in the laboratory,
and in the preparation of bleaching solutions
containing hydrogen peroxide.

Sodium hydroxide, sce Caustic Soda, p. 45.

Sodyl hydroxide. According to J. Tatfel (Ber.
1894, 27, 816, 2297), a substance of the formula
O : Na-OH is produced by the action of absolute
alcohol on sodium peroxide at 0°, according to
the equation

Na,0,+C,H,;0H=NaOC,H ;- 0:Na-OH.
It is a white powder, soluble in cold water, the
solution decomposing on heating into caustic
soda and oxygen, the same decomposition taking
place with explosion when the dry substance is
heated.

Sodium fluoride NaF occurs native in
small quantities in nepheline syenite in the Los
Islands, and in considerable amount as the
double fluoride of aluminium. and sodium,
cryolite (3NaF-AlF,), found in Grecnland. It
may be obtained from this latter source by
treating the powdered mineral with an excess
of strong caustic soda solution in iron pans,
whereby the alumina is dissolved and sparingly
soluble sodium fluoride remains behind. The
pure salt is best made by neutralising a
solution of hydrofluoric acid with sodium
hydroxide or carbonate.

Sodium fluoride erystallises in colourless
cubes of sp.gr. 2:766 (Schrider), which on
heating melt at about 900°, but volatilise
slightly at a lower temperature. The salt is
only sparingly soluble in cold water (100 parts
of water at 15° dissolve 4 parts NaF) and
the solubility inercases only slightly with the
temperature. For the clectrical conduetivities
of solutions of sodium fluoride of varying
strengths, see Kohlrausch and Steinwehr (Sitz.
der Berl. Akad. 1902, 581).

Sodium fluoride unites with hydrofluoric
acid to form an acid salt, NaI-HF, which can
be obtained in rhombohedral crystals from a
solution containing an excess of hydrofluoric
acid, The crystals decompose on heating,
evolving HF and leaving sodium fluoride. A
number of double fluorides of sodium with
other metals have also been prepared, for
which see Wagner, Ber. 19, 896.

Uses, Sodium fluoride is oceasionally
employed as an antiseptic, and has been
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recommended for use in lotions in certain
aflections of the skin.

Sodium chloride. Chlorure de sodium,
hydrochlorate de soude, sel marin, ¥r.; Steinsalz,
Kochsalz, Salz, Salzaures Natrium, Chlornatrium,
Ger. ; sal, Lat.; ®AAs, Greek.

Sodium chloride, or common salt, is found in
nature as thc mineral halite, or rock salt. It
crystallises in cubes, occasionally associated
with other forms derived from the regular sys-
tem. Hardness, 2; sp.gr. 2:2. It is colourless
and transparent when pure, but is usually tinged
yellow, red, brown, or green.

Owing to its wide distribution on the earth
salt has been known from the very earliest
times. It is frequently mentioned in the Bible.
The Jewish law commanded the people to season
the meat offering with salt (Lev. ii. 13). Tho
Jews used a very impure argillaceous kind of
rock salt, from which they extracted the salt
by means of water, leaving the clay as mud,
This mud still contained some salt, and was
cither used directly for agricultural purposes, or
was allowed to lie on the manure heaps before
being used, where, after prolonged exposure in
presence of nitrogenous matter, the salt was
partially converted into sodium nitrate. Hence
we find the expressions (Matt. v. 13), ¢ Ye are the
salt of the earth : but if the salt have lost his
savour, wherewith shall it be salted ? it is
thenceforth good for nothing, but to be cast
out and trodden under foot of men’; and
(Luke xiv. 34) ‘Salt therefore is good: but
if even the salt have lost his savour, where-
with shall it be seasoned ? It is fit neither
for the land nor for the dunghill: men cast
it out.’

Occurrence of salt. Salt is very widely dis-
tributed. Immense deposits of it, in the form of
rock salt, are found in many parts of the world.
It is the principal solid constituent of sea-water
and of many salt lakes, and is found in brine
springs and most mineral waters. There are few
countries in which it does not occur, as also there
are but few geological formations from which it
is absent. In America rock salt is met with in
very old strata, some of the recent discoveries of
it being in the Silurian rocks.

In New York State, Michigan, and in Ontario
it is found in the Upper Silurian formation, and
usually lics at a depth of over 1000 ft. from the
surface. South of Rochester (New York), in
what is known as the Warsaw district, the
rock salt is found in three superposed beds.
The top layer is 60 ft. thick; then follows 10 ft.
of shale. The second bed is 20 ft. thick, and is
separated from the third by 30 ft. of shale.
The Ontario deposits are found in the counties
of Essex, Lambton, Middlesex, Huron, and
Bruce lying along the shores of lake Huron.
The beds are struck at depths varying from
970 to 1650 ft., and in some places they reach a
thickness of 250 ft.

Rock salt is also known in Manitoba and
Athabasca (see Geology and Economic Minerals
of Canada, Depart. of Mines, Ottawa, 1909).

The rock salt found in Michigan is principally
at Saginaw, Detroit, and Bay City. In Utah
there are extensive deposits embedded in red
clay. Salt is also found in Virginia, Ohio,
Louisiana, and Kansas. The deposits which
occur in Louisiana lie in the post Tertiary forma-

tion, while those of Kansas are found in the
Permian. The latter have been proved to be
most extensive, reaching into Oklahoma.

Rock salt is known in Mexico, Colombia,
Venezuela, and the Argentine. There are
immense, deposits in Chile and Peru. It is found
at Kulpi in Armenia, at Nachitschevan, and in
many places in the Caucasus. It is claimed
that the rock salt deposit near the town of
Iletz Zaschtehiti in the province of Orenburg,
S.E. Russia, is the richest in the world (Chemical
Trade Journal, Feb. 1910, 179).

The district of Ferghana Turkestan is rich in
salt deposits. Rocksaltis widely found through-
out the basin of the river Donetz in southern
Russia, and at Vsolje where it occurs in Oolitic
limestone. It is also known at Balachna on the
Volga and in the Crimea.

On both sides of the Carpathians rock salt
abounds, most of it in Tertiary formations.
In Galicia the principal mines are at Wiecliczka
(where the deposit is said to be 1200 ft. thick),
at Stebnick (where three beds have been found),
and at Bochnia. Transylvania and Wallachia
possess many mines. In the Tyrolean Alps
rock salt occurs in Oolitic limestone. In the
Austrian portion, the principal deposits are at
Salzburg, Aussee, Ischl, Hallstadt, and Hallein ;
while in Bavaria, salt is found at Berchtesgaden
and Reichenthal, and in Hungary at Marmores.
At Volterra, in Italy, there are several deposits
at 150-308 ft. from the surface.

In Spain rock salt is plentiful ; but the most
remarkable deposit is that of Cardona (Barce-
lona), where there are two hills of very pure
white salt, each about a mile in circumference.

Germany is rich in salt. The principal
formations are those of Stassfurt which lie in
the Bunter sandstone, and are first reached at
about 832 ft. from the surface. The salt is
here accompanied by beds of potassium and
magnesium salts (see PoTassiom).

Saltis also found at Heilbronn in Wiirtenberg,
Wimpffen in Hesse, and Rappenau in Baden,
at Langenberg and Kostritz in Central Germany,
at Gera in Reuss, at Buffleben in Coburg Gotha,
and at Artern in Prussia.

Deposits are found in the Vosges district at
Dieuze and Vic in Lorraine, and near to Nancy
in France in Keuper marls. Switzerland pos-
sesses salt at Bex in the Rhone valley found in
the Lias, i

The Pyrenees are rich in brine springs and
rock salt deposits. The beds of Dax and Ville-
franche are probably Tertiary. At Jebel Usdum,
south of the Dead Sea, there is a hill which con-
sists throughout of a single mass of rock salt,
covered with a thin layer of calcareous marl.
Salt is found in Algeria in cretaceous rocks, and
in Abyssinia. In the interior of Libya it is
found associated with limestone in cliffs. Hero-
dotus mentions five mountains which lie about
equal distances from one another, across a tract
of country 10 days’ journey in extent (see H. B.
Tristram, The Great Sahara, 72).

Bock salt is found in India in the red marls
and sandstoncs of the Devonian group. The salt
range of the Punjab contains hills of very pure
salt and runs across the districts of Jhelum and
Shakpur from the bank of the Jhelum river to
Kalabagh in Bannu district. Similar deposits
are found in Kohat and Mandi.
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In China the salt bed is a triangular tract
having the Min river from Chirg-ting-fu to its
junetion with the Yangtze at Sui-fu for its base,
and its apex near Tzelintsing an area of some
1500 square miles.

The first discovery of rock salt in the British
Isles was made at Marbury near Northwich in
Cheshire in the year 1670.

In 1779 it was found at Lawton in Cheshire,
and deeper borings at Marston in 1781 revealed
the existence of a second or lower bed of salt.
These Cheshire beds lie in the Saliferous marls
of the Upper Trias formation above the New Red
Sandstone, probably identieal with the Keuper
marls and Buntersandstone of Germany. At
Northwich the top bed is about 75 ft. thick,
and lies 135-150 ft. below the surface. It is
covered by boulder sands, clays, and red or blue
marl. Below the top rock salt there is a bed of
hard marl 30 ft. thick, whieh contains here and
there veins of salt and masses of gypsum. Under
this a second bed of rock salt is found about
105 ft. thick. Deeper borings reveal the
presence of successive thin beds of salt. At
Marston near Northwich the Salt Union drilled
a borehole 2610 ft. deep, starting at 77 ft. above

ordnance datum, and found a bed of salt 90 ft. |

thick at 124 ft., then 28 ft. of marl, succeeded
by rock salt 92 ft. thick. Below this they
found marl and thin beds of salt for 966 ft.,
and then passed through sandstone and marl or
pure sandstone for 1310 ft.

A borehole over 2000 ft. deep is reported to
have been drilled recently at Holford (3 miles
east of Marston) that has shown the existence
of beds of rock salt 1027 ft. from surface,
aggregating 503 ft. thick.

At Winsford in Cheshire the beds are similar
to those at Northwich, the top rock being
about 70 ft. thick and the bottom 120 ft. Rock
salt is also found in Cheshire at Sandbach and
Lawton. At Droitwich and Stoke Prior in
Worcestershire the salt beds lie in the same
formation as in Cheshire. At Shirley Brook,
in the same county, rock salt is found 273 ft.
below the surface. It is met with at the village
of Preesal, near Fleetwood in Lancashire, at a
depth of 278 ft. (see Thompson, Trans. Man-
chester Geol. & Mining Soc. 30, 105), and is
also found near to Barrow-in-Furness and in
the Isle of Man at the Point of Ayre at 617 ft.
below the surfaee (see Dawkins, Quart. Jour.
Geol. Soc. 58, 1902). At Stafford Common in
Staffordshire it is 263 ft. deep. In the neigh-
bourhood of Middlesbrough, in the county of
Durham, rock salt has been proved to exist
over an area of 20 square miles. The most
northerly bore-hole is at Greatham, where
salt was found at a depth of 889 ft. below sea
level. To the south, at. North Ormesby, in
Yorkshire, the bed is 1340 ft. from the surfaee,
while the most easterly bore-hole at Lackenby
strikes the salt at 1685 ft. (119 ft. thiek), and
the most westerly one at Haverton Hill reaches
it at 797 ft. The average thickness of the main
bed of salt is 84 ft. It lies in marls below a
thick bed of red sandstone (see Durham Salt
District by E. Wilson, Quart. Jour. Geol. Soe.
Nov. 1888 ; also John Marley on the Cleveland
and South Durham Salt Industry, N. of England
Inst. of Mining Engineers, 1892, 27). Rock salt
is found at Dunerue and Eden near Carrick-

fergus, and at Magheramorne near Larne in
Ireland.

Origin  of rock-salt deposits. The great
variability in the position of the salt deposits
renders it impossible to consider them as con-
stituting a definite geological formation, but
points to the probability that their origin is
due either to voleanic action or to the evapora-
tion of water which held the salt in solution.
The great argument in favour of an igneous
origin rests upon the fact that sodium chloride
and hydrochloric acid are emitted by volcanoes ;
but the oceurrence of layers of bitumen and
certain organic remains, together with the fact
that cavities containing liquids are found in the
rock salt, renders this theory untenable.

The general character of the beds, too, favours
tue assumption that they are of aqueous origin.
They are rarely found filling cavitics or dykes
after the manncr of volcanic roeks, but are in
layers of very considerable area. These immense
beds of roek salt most probably owe their origin
to the evaporation of inland seas, and a careful
examination of their constitution affords evi-
dence which goes far to prove this theory. The
manner in which the deposits were formed
appears to be as follows. When, by slow up-
heaval of the land or by the accumulation of a
bar or sand bank, a portion of the sea became
partially shut off, the heat of the sun was suffi-
cient to evaporate as much water as was supplied
by the sea or by rivers.

Then the volume of water in the part so
separated became gradually richer in dissolved
salts. The upper layers when concentrated by
the sun became specifically heavier and sank
to the bottom, the more dilute rising to take
their place. As the quantity of salt in solution
rose, all those living organisms whiech were
endowed with the means of locomotion left
their homes and returned to the open sea,
while those which were lacking in this particular
died off. Their remains (such as did not dis-
solve) are found as insignificant impurities in
the gypsum which formed around them. For
by degrees the lower portion of the water
became so rich in mineral constituents that it
could no longer retain them in solution, and
they began to separate out. The least soluble
salt was, of course, the first to deposit, and
this was followed by the others in the inverse
order of their solubility. The calcium carbonate
and ferrous carbonate, if present, would pre-
cipitate first, and then the calcium sulphate
would follow in the form of gypsum. As the
degree of concentration still continued to rise
the sodium chloride began to separate out,
depositing on the bottom of the basin in a hard
compact mass. In cases where the conneetion
with the sea was still maintained, or where
rivers continued to send in water, these various
phases would be to a certain extent contempo-
raneous ; for the incoming water would bring
with it fresh quantities of caleium ecarbonate
and caleium sulphate, and these salts would
preeipitate along with the sodium chloride. Nor
would this separation of the salts in the inverse
ratio of their solubilities proceed with absolute
exactitude, for the less soluble might carry down
with them minute quantities of the more soluble
ones. For instance, it is by no means uncommon
to find magnesium sulphate mixed with rock
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salt, espeeially where there has been aluminous |
mud washed in to serve to carry it down. Again,
certain combinations of the same salt oceur, such
as simonyite, and bischofite is found in solution
in cavities in rock salt in Cheshire, where also
hydrophilite is not infrequently found. As
the sodium chloride continued to deposit, the
mother liquor gradually grew richer in the
more soluble salts until the point was reached
when they too began to crystallise. Potassium
chloride and magnesium chloride separated
from the solution in combination as the mineral
carnallite.  Potassium sulphate, magnesium
sulphate, and magnesium chloride became asso-
ciated as kainite, while some of the magnesium
sulphate crystallised in the form of kieserite.

It is obvious that when the supply of fresh
water from the ocean was continued at all therc
would be a deposit of salt accompanying the
more soluble substances. The calcium sulphate,
however, which precipitated from this sea water
would, in falling, pass through the layers of
mother liquor which had reached a high
degree of concentration; hence it erystallised
as anhydrite. The whole of this process of
crystallisation was, of course, subjeet to an im-
mense variety of disturbing influences. The
rate of deposition would vary greatly with the
season of the year, not only on account of the
heat of the sun and the height of the tides, but
also on account of the amount of water due to
the rainfall. There were probably actual
changes in climatic conditions giving at one time
a tropical heat and rapid deposition of salt,
and at another copious rainfall which arrested
crystallisation and caused the rivers to bring
down plentiful supplies of mud. In examining
beds of rock salt we find evidences of such dis-
turbances in the frequent occurrence of layers
of clay, sandstone, or marl, which show that
during certain periods there was little or no
deposit of salt. In many ecases the disturbance
was sufficient to remove the whole of the mother
liquors, and there we find little or no trace of
the potassium and magnesium salts.

Such is the generally accepted theory of
the formation of the great deposits of rock
salt. The ocean has for ages been receiving the
waters of rivers and springs charged with matter
dissolved during the passage of the water
through or over the various rock formations,
Such substances as were required to build up
the structure of marine animals and plants were
by them extracted from the water ; the rest would
obviously, in course of time, accumulate,
because the volume of sea water was kept nearly
constant by continual evaporation.

Such formation of salt deposits may be seen
proceeding at the present time, two of the best
examples are afforded by the Kara Boghaz or
Black Gulf on the eastern shore of the Caspian
Sca and the Runn of Cutch in India (see
Thos. Ward, Trans. Manchester Geo. Soc. 18,
396 ; Riemann, Monographien iiber Chemisch-
technische Fabrikations-Methoden Band, xviii. ;
Halle, 1909, 8).

Rock salt. Rock salt is always found in
England associated with a coloured marl, and
through having undulating lines of this impurity
running through its mass, it generally presents
the appearance of stratification.

The tinge of colour varies with the colour

CoMPOSITION OF ROCK SALT.
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of the marl and marlstone with which it is
interstratified. It varies from dark red or
brown to light amber or white. The yellow
rock salt is preferred, on account of its greater
purity. The table on p. 9 shows the compo-
sition of the salt obtained from deposits in
various parts of the world.

The Cheshire salt mines which are now
being worked are all in the lower bed. The
rock obtained is purer than that from the upper
one, and there is less trouble required to keep
out surface water and brine. The modern mine
is provided with two shafts placed from 10 to
15 yards apart, with generally (unless the
winding shaft be tubed) another permanent
shaft for pumping the surface water, sunk only
as deep as the water penetrates. In sinking the
shaft it is especially requisite to protect the
rock salt at the sides from being dissolved by
water. All such shafts are roofed over to keep
out rain and snow, and are carefully cased down
to a solid foundation below where surface water
penctrates in the ground. The casing was
originally made of wood; but lately this has
been replaced by iron.. The method of procedure
in Cheshire is as folows :—

A solid foundation, such as is generally
to be found at a certain bed of marlstone be-
tween the top and bottom beds of rock salt, is
obtained, and then a ledge 12 ins. wide all
round is cut in it, care being taken to remove
any small coneretions of rock salt which may be
in the marl. A bed of concrete is cast upon this
ledge and carefully dressed on the surface to
receive a cast-iron ring. The bottom length of
tubing (called the bell mouth) is generally about
6 it. long, and is in three segments which, when
united, taper from a diameter of about 4 or 5 ft.
at the bottom to 3} ft. at the top, and on this
begin the iron cylinders or tubes 3% ft. diameter
and 6 ft. long. The space behind the bell-
mouth is carefully filled with cement rammed
well down to the concrete foundation.

In the bottom bed workings the height of the
rock salt that is being worked varies from 15 to
18 ft. in Cheshire, and from 30 to 40 ft. at
Carrickfergus. The mode of working the mines
in both districts is to drive out in the upper part
about 5 ft. 9 ins. high, which is called the
‘ roofing,” and to follow up with what is called
the ¢benching,” leaving pillars of rock salt to
support the roof. In driving the roofing a little
holing and cutting has to be done with a pick,
and as much as possible is blown out with gun-
powder, after which the roof is dressed off with
a pick. The benching in Cheshire varies from
9 ft. 3 ins. to 12 ft. 3 ins. in thickness, and in
Ireland from 24 ft. 3 ing. to 34 ft. 3 ins. This
is blown off by a succession of shots, arranged
in a slanting direction from the top to the
bottom. In some of the mines machines are
used. In charging the shot the fine rock salt
made in drilling the hole is put next to the
powder and coarse-grained rock salt upon that.
The stemmers and prickers are all made of
iron, as rock salt does not strike a light with
iron or steel.

Flat hemp ropes are generally used for wind-
ing. In some cases iron-wire rope is used, but it
hag to be kept well greased to prevent it rusting.
Tram roads are used below ground. It is found
by experience that the pillars which are left to
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support the roof should be in proportion to the
depth of the mine. At a depth of 330 ft. it
is found necessary to leave 1 pillar for every 11}
times its arca of rock worked. The pillars are
left 10 yards square, and stand 25 yards apart.
There is a crushing and grinding mill at the
bank of nearly every rock-salt pit, and in this
the rock is ground to more or less fine powder
when so required for shipment (see V. Busch-
man, Das Salz dessen Vorkommen und Verwer-
tung, Willhelm, Engelmann, Leipzig ; also F. A.
Fiirer, Salzbergbau und Salinenkunde, Vieweg
und Sohn, Brunswick).

The rock salt which is found in the neigh-
bourhood of Stassfurt, in Prussia, is accom-
panied by deposits of a great variety of other
minerals, especially those rich in potassium and
magnesium. After boring through the Bunter
sandstone, a bed of red clay and gypsum is en-
countetred, under which lies the upper layer of
rock salt, varying in thickness from 150 to 300
ft. For particulars of Stassfurt deposits .
Porassium, vol. iv. p. 337. -

The salt deposits in the districts of Tara-
paca and Atacama, in Chile and Peru, in great
measure resemble those of Stassfurt. There is,
however, one remarkable point of difference—
the Peruvian beds contain large quantities of
sodium nitrate or Chile saltpetre. The source
of this nitrogen has long been a matter for
discussion ; but recent researches afford most
probable explanations of its origin. It is notice-
able that all these ¢ calichales ’ or ¢ salitrales,” as
the spots are called where the ¢ caliche ’ or im-
pure soda saltpetre is found, lie near to the
coast, just inside the low-lying coast Cor-
dilleras. The coast in this part of Chile is
studded with small islands containing deposits
of guano rich in ammonia, and this (in the form
of very fine dust) is carried by the prevailing
west wind far inland, and would doubtless fall
into the saline lakes when in process of evapo-
ration. The oxidation of this nitrogenous matter
would doubtless readily take place under such
climatic conditions as obtained when the salt
deposits were formed.

The greater prominence of the more soluble

" potassium and magnesium salts in the nitre-

bearing Chilean deposits furthers the supposition
that they were formed from mother-liquors de-
canted from salt lakes further inland by voleanic
upheaval. The theory that these mother-liquors,
running down to the sea, were intercepted by the
coast mountains is borne out by the fact that
where there are no hills along the shore there
are no nitre beds.

Manufacture of salt from brine.

The manufacture of salt has been carried on
in England since the time of the Romans, who,
there is little doubt, made it from brine. Brine
is formed by fresh water reaching the surface
of the rock salt, either at the outcrop of the
strata or through a fissure in the overlying marl.
In Cheshire it is pretty certain that the water
gains admission at a higher level than the rock
salt, for when the brine is first struck it rises up
the shaft to a considerable height, in some cases
nearly to the surface. Theé natural brine is, as
would be supposed, only found on the top of
the upper beds of rock salt. It is reached by
sinking a huge well or shaft, sometimes as much
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as 10 ft. in diameter. Ior the purpose of
keeping water out, the shaft is lined with cast-
iron cylinders carefully jointed together (sce
description of rock-salt mine shaft), or with
timber backed with puddle. This shaft is carried
down until the marl is reached, and then a
bore-hole is driven until the brine is tapped.
The top bed of rock salt in Cheshire is usually
eovered with a bed of marlstone, locally called
‘ the flag,” which is very hard and impervious
to water. For a few feet below the flag the marl
in which the rock head brine runs is of a granular
structure, locally known as ‘horse beans’ or
¢ shaggy metal,” and is probably the remains of
marl or other impurity originally combined with
the rock salt, but left behind as the rock salt is
dissolved into brine. On piercing the flag the
brine rises into the shaft with great force.
Common lift pumps are employed to raise the
brine to the surfacc. They are suspended by a
chain of rods depending from a rocking shaft or
R bob at the top of the well. One engine,
placed ncar the top of the shaft, gencrally works
a pair of pumps. The brine is delivered into
reservoirs which are lined with puddle-clay and
brickwork.

The clay suffices to make them watertight,
and the bricks, which are laid without mortar
on the top of the puddle, keep it from being
washed away. Very frequently, large wooden
tanks are used as brine reservoirs. These are
constructed of stout planks held together by

wooden plugs (nails cannot be used on account |

of corrosion) and carefully caulked with oakum.
The brine is distributed to the salt pans through
pipes. In many places it is common to employ
pipes made out of the trunk of a tree bored out
in the core and tapered at one end. The taper
end fits into the core of the next pipe.

Such ranges are found to stand changes of
temperature better than iron ones. In Austria
also there are many miles of such ranges of
pipes. The strength of brine varies very
greatly. It is, of course, dependent upon
the volume of water which passes over the rock
salt, the arca of the surface over which it runs,
and the length of time it is in contact with it.
The table on this {)age shows the composition of
brine in various places and countries.

In some countries where the brine is found
too weak to make the ordinary method of
evaporation a profitable one, recourse is had to
a device to strengthen the brine by evaporation
at the ordinary temperature. This is done by
means of so-called graduation towers or houses
(German, Gradirhiuser). They consist of scaf-
folding which incloses bundles of brambles
or thorns, built up in regular walls. The weak
brine is pumped up to the top, and carefully dis-
tributed by means of perforated troughs all over
the summit of the pile. It then falls from twig
to twig, and is divided into a fine shower on its
way to the ground, thus exposing an immense
surface to the action of the air or wind. At the
bottom it falls into a collecting trough, whence
it is returned to the top of the same or another
tower until it becomes sufficiently concentrated.
In time, the thorns become coated with a scale
of calcium carbonate and sulphate, and then
they have to be renewed. This incrustation is
technically known as thorn-stone (German,
Dornenstern). The graduation houses should

CoMPOSITION OF BRINES.
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be built lengthwise in the direction of the pre-
vailing wind. The rapidity of evaporation
depends upon the hygrometric state of the
atmosphere. On rainy days graduation cannot
go on. Experience shows that from May to
August is the best season. It has been calcu-
lated that in ordinary good weather 60 kilos.
(13 gallons) of water are evaporated in the
course of 24 hours for every square foot of
surface of the thorns. This method of evapora-
tion is employed among other places at Moutiers
in France, and at Nauheim, Diirrenberg,
Rodenberg, and Schénbeck in Germany.

In some districts where rock salt is found
the water does not naturally percolate to the
strata, and thereforc no brine is struck when
borings are made. An artificial brine is readily
prepared by turning a stream of fresh water
down on to the bed of salt, and then pumping it
up again as it becomes saturated with salt. The
strong brine, being much heavier than water,
collects at the bottom of the shaft, so the pumps
are made to draw from the bottom, and are only
run so long as the brine delivered keeps up to
strength. The yield of such a brine shaft, of
course, depends upon the area of the surface of
the rock salt whieh the water can act upon, and
this it will be scen is always increasing, The
whole of the brine evaporated in the Middles-
brough district is made in this way. Water from
the sandstone strata is allowed to flow down the
well outside the pump barrels, and thus solution
of the salt takes place at the top of the bed, by
which a cavity is formed. As the brine is
pumped from the bottom of the cavity more
water flows down, and thus the cavity becomes
larger and its productive power is increased. As
the specific gravity of brine is about 1-2, the
column inside the suction pipe rises to § of the
height of the water column outside.

The removal of these subterranean beds of
rock salt by the agency of water occasions in some
districts very serious consequences. In carefully
worked mines the pillars which are left are
ample tg support the superincumbent strata so
long as the mine is kept dry. But if, by any
chance, water finds its way in large quantities
into a salt mine the pillars are rapidly dissolved,
and a large area of roof is left without any sup-
port. Then a subsidence of the land, occurring
more or less rapidly, is sure to take place. The
water which finds its way down te the rock-salt
beds may run for miles along its surface, and so
gradually remove an ever-inereasing layer of the
salt. If there is no natural outlet the solution
of salt ceases when the water becomes saturated';
but if the brine is pumped out for manufacturing
purposes an equivalent volume of fresh water is
induced to flow in, and so the destruction of the
salt bed is greatly intensified. This constant
removal of the support causes as constant a sub-
sidence of the outlying lands, and it is by no
means uncommon in the brine-pumping districts
for pieces of land to sink atthe rate of a foot a
year (see Subsidences in the Salt Districts of
Cheshire ; their History and Cause, Thos. Ward,
Trans. Manchester Geol. Soc. vol. xix., part vii.
1886-7).

The manufacture of salt from brine is
essentially a very simple process. It is merely
necessary to evaporate a certain amount of
water and collect the salt which deposits. This
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is effected cither by artificial heat or by the heat
of the sun. When the former is employed, it is
obvious that the best process is that which
secures the greatest evaporation for the smallest
expenditure of fuel. Until recently, the method
universally adopted was to use an open shallow
pan and heat it by a fire placed underneath.
The Romans in Cheshire used leaden pans
which contained only a few gallons of brine ; but
the modern pans are made of wrought iron
plates riveted together and frequently hold as
much as 50 cubic metres. Apart from this
variation in the construction and size of pans,
the process has been little affected by the various
and numerous patents taken out for improve-
ments until about 1892.

The following is a list of some of the most
important of the patents :—

In 1764 John Baker patented a salt-pan
covered over from end to end with a brickwork
arch, and so arranged that the hot gases which
had already passed under the pan should be
drawn over the surface of the brine.

In 1772 Daniel Scott and John Mackay pro-
posced to arrange pans three high, and conduct
the steam from the bottom boiling pan through
false bottoms under the other two.

In 1801 James Manly patented a process for
purifying brine. He proposed to heat, in order
to remove part of the impurity, and then to add
sodium carbonate to it.

In 1806 Richard Tomkinson designed a salt-
pan which contained a hollow iron ecylinder
running right down the centre and out at the
other end. The middle of the pan was deeper
than the sides, and the cylinder was supported
80 that the brine surrounded it at all times.
The fire was placed in the cylinder at one end
of the pan.

In 1808 William Steel patented a plant con-
sisting of three separate vessels. The boiling
vessel was provided with an air-tight cover,
and the steam from it was condueted under
a second vessel. The hot air and flame from
the flue of the first was taken under a third
vessel.

In 1824 W. A. Jump and W. Court proposed
to heat the first brine in metallic pipes, placed
in the flues under the pan.

In 1831 W. A. Jump patented a pan provided
with mechanical rakes to draw the salt to the
side of the pan.

In 1833 W. Newton proposed to blow hot air
through the evaporating brine.

In 1838 Joseph Hall patented a circular re-
volving pan. The salt, as it formed, was seraped
by means of a fixed rake into a pocket at the
circumference of the pan. He also described a
semicircular pan with a reciprocating motion.
He claimed that in such pans the heat was more
evenly distributed and the wear consequently

ess.

In 1839 Edward Law patented a machine
for evaporating brine by exposing an extensive
surface to the action of a brisk current of
air. The apparatus consisted of an upright,
shaft or axis ecarrying ten frames covered with
canvas. These were constantly moistened with
brine while the machine was turned rapidly on
pivots.

In the same year (July 16, 1839, No. 8155)
an important step was taken by John Reynolds,
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who invented a process for improving the manu-
facture of salt by ‘causing the steam produced
by boiling brine or salt water in a closed vesscl
to transfer its heat to and thereby boil brine or
salt water in a second closed vessel, so that the

steam from such second closed vessel may in’

like manner transfer its heat to brine in a third
vessel, and so on, by maintaining in each of a
series of closed vessels in which brine is sub-
jected to evaporation such relative pressure as
will cause the respective boiling-points of the
brine contained in each to be lower from the
first to the last of the series, so that the steam
or vapour produced from the brine in each vessel
may be condensed in a vessel of thin metal
immersed in the brine of the next succeeding
vessel. The graduations of pressure may be
obtained either by diminishing a pressure
superadded to that of the atmosphere, or by
diminishing the pressure of the atmosphere
alone.’

In 1855 L. J. F. Margueritte proposed to pre-
cipitate salt from a solution by passing hydro-
gen chloride into it.

In 1864 D. Hall and A. L. Roosen patented
the application of surface heating for the evapo-
ration of brine. The pan was covered with a
brick arch, and the heat from the furnace was
allowed to pass over the surface of the brine, and
then afterwards, together with the steam evolved,
under an ordinary open salt-pan.

In 1889 Alberger, Williams and Alberger
patented a combination of tubular steam
heaters and a circular open pan termed a
¢ grainer.’

In 1893 C. Hirzel proposed to freeze brine
at —20° and separate the hydrate.

In 1898 Vis patented the use of calcium
chloride to prevent the calcium sulphate in
brine scaling a pan.

In 1899 Vis patented an arrangement for
preventing scaling in vacuum apparatus.

In 1899 Duff patented a special arrangement
of multiple effect vessels.

In 1900 Vis proposed the purification of
brine by electrolysing it until caustic soda was
formed in sufficient quantity to precipitate the
calcium and magnesium salts when treated
subsequently with carbon dioxide.

In 1902 Sachse and Kaufmann patented
apparatus for keeping the tubes of a vacuum
cvaporator clear by causing a weighted chain to
bump over the top tube plate.

In 1903 Trump took out a patent for vacuum
apparatus containing a circulating pump which,
by causing the erystals and mother liquor con-
stantly to be returned to the evaporator, allowed
the crystals to grow larger and at the same time
tended to prevent the formation of scale by scour-
ing action.

In 1903 Tee patented a process for makin,
white salt by melting rock salt, blowing heate
air through the liquid, allowing impurities to
settle and then drawing off the clear salt into
vessels to cool.

In 1908 Malcolm and Munton patented a
process for preventing scaling in vacuum
evaporators by purifying the brine. The mag-
nesium salts are removed by adding partially
electrolysed brine (i.e. brine containing some
caustic soda) to the raw brine and then the
calcium salts are precipitated by the addition of
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more electrolysed brine and treatment with flue
gases (i.e. CO,).

Of late ﬁears the greatest improvements
which have been made in the manufacture of
salt have been in the direction of the triple
effect apparatus described by Reynolds in 1839.

The cost of fuel is so large an item in the
cost of production of salt that any economy
effected in its use materially increases the
margin of profit. With the ordinary open pans,
1 ton of fuel (slack with 15-20 p.c. of ash) will
make ‘from 2 to 2-5 tons of salt; but a well
constructed triple effect plant will yield 5-6 tons
of salt per ton of fuel. In addition to giving
greater economy in consumption of fuel, these
vacuum pans have a much larger production
capacity than the ordinary pans.

While, with a direct-fired pan of large size,
it is considered good to get 15 tons of salt per
24 hours, it is not uncommon for a set of multiple
effect vacuum evaporators to yield 500 tons
per day, and some are now being built to
produce 720 tons per set of three vessels. The
evaporators are constructed with a central heat-
ing portion, a dome-covered upper part and a
conical lower portion communicating with a salt
receiver.

Heat is applied to the vessels through tubes
which prevent the brine from coming into
actual contact with the heating medium. Steam
or any hot gases, such as flue gas or exhaust
from gas engines, can be employed for heating
the first vessel in the series. The steam which
is evolved from the boiling brine in the first
vessel is employed for heating the second of
the series, and that from the second serves to
heat the third. Where a fourth vessel is em-
ployed, the heating is effected by steam from
the third, The steam evolved from the last
vessel of the series passes to a vacuum engine
either direct or after a condenser. With this
a.rranFement, evaporation takes place in each
vessel at a lower pressure, and therefore at a
lower temperature, than in the preceding vessel,
so, while the pressure in the first may be little
below atmospheric, that in the last is a high
vacuum.

To facilitate the removal of salt without
interruption of the process of evaporation, it is
usual to make a long leg to the evaporators so
as to maintain a column of brine equal to the
vacuum and allow the crystals to fall into a
receptacle which lutes the bottom of the leg.
It is common to provide this with an elevator
and so remove the salt as it forms to a storage
hopper. ;

Fig. 6 shows the arrangement of a typical
multiple effect plant. In this plan (copied from
a recent patent) four vessels are shown, marked
Al, A2, A3,and A4. The heating chambers are
marked Bl, B2, B3,and B4. That of B2is shown
in part section to illustrate the arrangement of
tubes through which the brine circulates. The
long legs C of each pair of vessels meet in one
boot at an elevator bottom, and the salt is
raised by the elevators E to the receptacle F.
G is a condenser for producing vacuum by the
condensation of steam.

Fig. 7 shows an end view of the same plant.
Each vessel has a separate brine-feed pipe from
a common main.

Tig. 8 (p. 15)illustrates another form of plant
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where the vessels are placed at different heights, | vacuum in the vessel. Here éach evaporator has
so as to give a length of log in proportion to the | its own elevator.
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This process has rendered the manufacture
of salt remunerative in places where heat was
in some form or other being wasted. One of its
first applications was in utilising the exhaust
steam from the lumber mills of Michigan, and
latterly it is being found suitable for making
use of the steam from turbines and for gene-
rating electricity. The great source of trouble
in working the process is the impurity of
ordinary brine. The calcium sulphate, which
every natural brine contains, separates in the
form of scale on the tubes. This scale, con-
taining anhydrite and a large quantity of salt,
has to be constantly removed because it seriously
interfcres with the transfer of heat.
= Many devices have been tried to overcome
this difficulty. Some of the most obvious are
those which deal with the partial purification of
the brine prior to its use in the evaporators.
Other mechanical ones have been fairly success-
ful, notably that patented by Trump in 1903.
The best, however, appears to be the addition of
calcium chloride to the brine during evaporation,
as suggested by Vis in 1898. This causes pre-
cipitation of the calcium sulphate in the form of
small crystals that mix with the salt and does

é - Z not allow scale to form on the tubes. The salt,
Z e on withdrawal from the apparatus, is washed
2 4 Fie. 7. free from calcium chloride with fresh brine.
Z i The washings are sent with the brine fed into
g 2 the evaporators and so the calcium chloride is
Z = used over and over again.

22 T Salt makers experience one difficulty in
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working vacuum plant, and that is, the grain | ‘leads,” when filled, were set aside in a warm

of the salt produced is always fine. Where a
coarse grain of salt is required, brine which has
been heated in a vacuum evaporator has to be
allowed to flow through an ordinary open pan
or a grainer so as to permit the crystals of salt
to form slowly and to grow.

In the ordinary process of manufacturing
salt the brine is run into a shallow pan, which
is heated from below, and is made of such a
shape as will expose as much surface as pos-
sible both to the action of the fire and of the
air. The oldest pans of which there is any
reecord were made of sheet lead, and were only
about 3 ft. square and 3—4 ins. deep, holdin§
little more than 15 gallons. These so-calle

|

| place or on a hot flue, until the brine deposited
its salt. About the middle of the seventeenth
century iron pans superseded the leaden ones.

Writing in 1748, Brownrigg deseribes pans
then in use as being made of ‘plates of iron
joined together with nails and the joints filled
with a strong cement. Strong iron hooks hang
down from beams of iron fixed aeross the pan
and are linked to other hooks on the bottom of.
the pan and thus prevent it from bending down ’
(The' Art of Making Common Salt).

In 1765 the largest pans used at Northwich
were 20 ft. long by 9 or 10 ft. wide. At the
present time the smallest employed are 25 ft.
I long 'by 20 ft. wide and 15 ins. deep, while some
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Fra. 8.

of the pans used for making coarse salt are 70 ft.
long by 25 ft. wide and 18 ins. deep.

The pans are placed upon brickwork, which
serves for a support and .also forms the walls
of the flues. The fireplaces are placed in
the front, and vary in number from 2 to 4,
according to the size of the pan and the work it
has to do. The flues are frequently carried
straight from front to back of the pan. In
some pans the portions marked ¥ in Figs. 10 and
12 are shut off from the flues in order that when
the salt is raked up to the side, previous to
drawing, it does not cause super-heating of the
pan plates. Tig. 9 shows the front view of a
salt pan; Fig. 10 is a cross section at the break
shown in Fig. 11; Fig. 11 is a longitudinal sec-
tion: Fig. 12 is a plan of the flues.

The pans arc made of wrought-iron plates
carefully riveted together like boilers. The
plates which lie directly over the fires are made

of greater strength than the rest of the pan, on
account of the greater wear which they have to
stand. As these plates have to be renewed more
frequently than any others, they are made
smaller, and are so arranged that they can
readily be cut out (see Fig. 13). Each set of fire-
plates A, A, A, A, is separated from its neighbours
by a midfeather plate B, B, which rests upon the
wall dividing two fireplaces. .The two outer
sets are separated from the side of the pan by a
similar long plate. The bottom and sides of the
pan are joined by means of an angle iron, to
which each is firmly riveted (Fig. 14).

As above stated, the plates A which lie in
the vieinity of the fires are subjected to the
greatest wear. When they become over-heated
they sink and stretch, and, in so stretching,
they tear the plates ¢ at the front of the pan.
It is obvious that the removal of the front plate

would necessitate frequent interference with the
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angle iron, and this would entail a greater
expenditure of labour; therefore it is found
advisable to place two rows of plates along the
front. ~All the plates used in the neighbourhood
of the fires are § in. thick, while those em-
ployed for the back parts are } in.  Some
French pans have the fire-plates raised towards
the centre above the level of the rest of the pan
(see Fig, 17), in order that the salt, when formed,
may float off the fire-plates. Salt-pans should
be made to extend about 1 ft. or 1 ft. 6 ins.
beyond the front wall, in order to keep the
angle iron well out of the fires, They are also
made to overlap the side walls by about G ins.,
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Fia. 9.—SETTING OF SALT-PANS.

A. The salt-pan. B. The front wall or fore-bye.
¢, 0, ¢, C. The fireplaces. D, p, D, D. Ash holes.

for the double purpose of keeping the angle
iron clear of the flues, and for allowing what is
known as toe-room for the man who draws
the salt out of the pan. If the drawer can place
his toe under the pan, he is able to get his leg
flat against the side of the pan. This affords
him greater ]})J(J)\Ver in stooping over the pan,
and prevents him wearing the skin off his knee.
The best method of setting the pan on the side
walls is to build up a 9-in. wall, and make the
top course of bricks only 4} ins. deep (see Fig. 15).

What is technically known as the °standing
side’ consists of a gangway of 2-in. planks
about 2 ft. wide, which runs the entire length of
the pan, on a level with the top of the 9-in.
side wall. On both sides of the pan, and often
across the back, there runs a platform composed
of 2-in. planks well jointed together, and
caulked with oakum. These stages are techni-
cally known as the ¢hurdles,” and serve for a
receptacle for the wet salt freshly drawn from
the pan. They have a fall towards the centre
or half-length of the pan, and are bordered on the
pan side by a gutter in order that the brine
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Fia. 10.—SETTING OF SALT-PANS.

A. The salt-pan. E, E, E, E, The flues.

which drains from the salt may run backinto the
pan (Fig. 16). It is customary on the Continent
to cover in the salt-pans with a wooden shelter,
provided with an upright shoot to take off the
steam. In such cases this cover serves instead
of the hurdles, and it possesses the distinct
advantage that the heat from the pan serves in
a great measure to dry the salt. In some Con-
tinental works a tramway runs down the centre
of this wooden cover, and the salt is taken off
in trucks (see Figs. 17 and 18).

Fine-grained or lump salt. Fine-grained
salt is made in the smallest-sized pans. These

SODIUM.

are 25-35 ft. long and 20-24 ft. wide, and
15-18 ins. deep. The brine is boiled and reaches
the temperature of 226°F. or 107-5°C. As the
salt forms it is raked off the fire-plates to the
side of the pan from time to time. Twice or
three times in 24 hours the salt is drawn from the

an.
The salt is lifted out of the pan on a per-
forated sort of shovel, known as a ‘skimm r?
(Fig. 19). As it is drawn out of the pan i. is

A. The salt-pan.

0. The fireplace.
E. Flue,

D. Ash hole.

placed either in wooden boxes (Fig. 20) standing
on the hurdles, or thrown on to the hurdles in
bulk., As it cools in the boxes the hot brine
which it contains crystallises, and suffices to
cement the whole together into a solid mass.
This is knocked out of the box and placed in
the stoving chamber to dry. This hot room is
generally heated by the waste heat from the
flues of boiling pans. The fine table salts are
prepared by crushing and grinding the lumps
after drying.

Common salt. The name ‘ common ’ is given
to that grain of salt which is made for use in
various manufaeturing operations. It is made
at a temperature of 160°-180°F., or 61°-82°C.,
in pans 45 ft. long by 25 ft. wide and 18 ins.
deep. The salt is raked off the fires about
every 2 hours, and drawn out of the pan every
24 or 48 hours. After draining on the hurdles
for some hours it is shipped off in railway
waggons.
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F1a. 12.—SETTING OF SALT-PANS.
E. Flues. F. Blank spaces.

Fishing salt. Fishing salt is a coarse-
grained variety manufactured for the fish-
curing trade. It is made at a temperature of
100°~140°F., or 37-7°-60°C., in pans 50-60 ft.
long by 24-25 ft. wide and 2 it. deep. The
salt is drawn out once a week or once a fortnight,
according to the grain required. These pans are
often heated by the flue gases from boiling-pans.
A little alum is added to the brine to harden
the erystals of salt.

Bay salt. Bay salt is the coarsest-grained
salt manufactured. The pans employed are
very large, sometimes even 140 ft. long by 25-
30 ft. broad. The temperature of the brine is
kept at about 100°-120°F. The salt is drawn
every 3 weeks or month.

The salt manufacturer frequently manipu-
lates his brine in order to obtain the exact grain

I
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of salt that he requires. The addition of gelatin,
glue, or any kind of grease causes the salt to
form in very small crystals, ‘whilst the addition
of alum has the opposite. effect. The operation
of adding such substances i technically known

¢ poisoning th S Alum i loyed in |
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F1c. 13.—PLAN OF SALT-PAN, SHOWING
ARRANGEMENT OF PLATES.

‘hopper salt.” It causes the salt to crystallise
in hollow cubes, and as these float about before
falling to the bottom of the pan they become
surrounded by others, and gradually form into
the shape of a shoot or hopper (¥ig. 21).

Natural brine is seldom a solution of pure
sodium chloride, but generally contains other

e

Fic. 14. f
salts in solution, as will be seen from the fore-
going analyses (p. 11). Certain of these sub-
stances separate out during the process of
evaporation, and not only render the salt impure, |
but give trouble in the pan. If the brine con-
tains calcium bicarbonate, the application of heat

produces a precipitation of calcium carbonate.

3 F1a. 15. ﬁ
When this occurs in a salt-pan the calcium car-
bonate (which is almost always accompanied by |
oxide of iron) deposits on the top of the fire
plates, and forms what is technically called
*sand scale.” This has to be broken from time |
to time with a blunt pick and fished out of the |
pan, otherwise the plates would get red hot
and burn away. When a pan begins to leak,
the brine often crystallises as it drops into the |
ﬂus, and forms a stalactitic mass, which is locally
oL, V.
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called a ‘cat.’” This is not the only trouble
caused by a leaky pan, for, in addition, hydro-
chloric acid is frequently formed, through the

a. 16.
A. Salt-pan. B, B. The hurdles. ¢. Standing aside.
decomposition of sodium chloride by sulphur
dioxide in the presence of water. The sulphur
dioxide is generated by the combustion of
small quantities of pyrites in the fuel. All
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Fig. 17.—LONGITUDINAL SECTION OF A FRENCH
SALT-PAN, SHOWING SHAPE OF PAN AND
ARRANGEMENT OF WOODEN COVER.

A. Salt-pan. a, a, a. Raised fire-plates. B. Fireplace.
¢. Flue. D, p, D, &c. Movable doors in cover. E,E, E.
Cover forming hurdles.

British salt works are now under Government

inspection, and the chimney gases are tested

from time to time by the inspectors.
If brine contains calcium sulphate, it de-
posits it when heated. This falls fo the bottom

A

c

)

FRENCH SALT-
TO CARRY OFF

Fig..18.—FRONT VIEW OF A
PAN, SHOWING CHIMNEYS
THE STEAM.

Dotted line shows curve of the pan over the fires,
of the pan, and forms a scale which frequently
contains a large quantity of salt. It some-
times accumulates to a thickness of 4 ins. and
is known as ‘pan scale.” On account of the
growth of scale and the consequent decreased

(o]
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efficiency of the pan, it becomes necessary alter
working for a given time to run off all the liquid
from the pan and remove the seale. This opera-
tion is termed ° picking ’ the pan.

7
Tia. 19.

Solar salt. In some places, where the
natural brine is so weak or fuel is so scarce that
evaporation by artificial heat is not remunera-
tive, salt is made by exposing the brine to the
rays of the sun in large wooden pans resting on
the ground. Such pans are frequently provided
with movable covers which are pushed aside in
fine weather and drawn over if rain comes,

Along the sea-coast of countries which possess
a dry climate or habitually experience a hot
summer, salt is made by solar evaporation of
sea water.

Fia. 20.—A Box ¥or Lump SALT.

A large piece of land, slightly below high-
water mark, is levelled and surrounded by a
wall or bank. The ground is, if necessary,
puddled with clay to make it water-tight, and the
enclosed space is divided into compartments
by internal walls. Sea water is admitted at
high tide, and, after being allowed to deposit
any solid matter it may contain, is run from
compartment to compartment until salt crystal-
lises out. This is then raked together into heaps
and allowed to stand while the more deliquescent
salts, such as magnesium chloride, run away.

Fi1c. 21.

These salt gardens (German, Salz-Girten) are
freely worked in Portugal, Spain, France,
Austria, Corsica, Italy, Cyprus, Smyrna, and in
India, and produce very large quantities of salt.
The product is naturally much more impure than
that made from brine derived from rock salt.

SODIUM.

The mother-liquors are comparatively rich in
bromides of caleium and magnesium, and are some-
times employed for the extraction of bromine.

In some cold countries, such as Russia and
Sweden, salt water is allowed to freeze, and the
ice, which consists of nearly pure water, is
removed. By repeating this several times, a
mother-liquor is obtained which is sufficiently
strong to boil down. The salt obtained does not
contain more than 75-85 p.c. of sodium chloride.

J. I W.

Sodium bromide can be prepared by neutral-
ising a solution of sodium hydroxide or carbonate
with hydrobromicacid, but isusually made techni-
cally by adding bromine toa hot solution of caustic
soda, mixed with powdered charcoal. Sodium
bromide and bromate are first produced, but on
evaporating the solution to dryness and heating
the residue, the latter isreduced by the charcoal.

6NaOH+3Br,=5NaBr+NaBr0O,+43H,0

2NaBr0;+4-3C=2NaBr+4-3CO,.

Sodium bromide forms white crystals which,
when produced from solutions below 50°, con-
tain two molecules of water and belong to the
monoclinic system. Above that temperature
the anhydrous salt, erystallising in cubes of sp.gr.
3:014, is obtained. A second hydrate, NaBr,6H,0,
separates out from strongly cooled solutions of
the salt. The anhydrous salt melts at about
760°; it dissolves in water with considerable
absorption of heat, its solubility being given
below (De Coppet, Ann. Chim. Phys. 1883, [vi.]
30, 420) :—

Temp. —10° 0° 20° 40° 60° 80° 100° 120°
Grams
Togrin £75'1 79°5 90'3 105°8 117 118' 1205 1225
water

The saturated solution boils at 121° 1t is
also soluble in alcohol and in acetone, one part
of the salt requiring at the ordinary temperature
14 parts of ethyl alcohol or 46 parts of
methyl alcohol for solution. For the sp.gr. of
sodium bromide solutions, see Kremers (Pogg.
Ann. 1855, 96, 39); for their electrical conduc-
tivity, sce Ostwald (Allgem. Ch., Leipzig, 1893),
and for their refractive indices see Borgesius
(Wied. Annalen, 1895, 54, 233).

Sodium bromide is occasionally employed in
medicine in place of the potassium salt, which it
resembles in its physiological effects.

Sodium iodide. This salt can be prepared
artificially in a manner analogous to that given
under sodium bromide (g.2.), or by double de-
composition between solutions of ferrous iodide
(prepared by acting on iron filings with jodine
in the presence of water) and caustic soda. It
separates from solutions at temperatures under
65° in white, slightly deliquescent crystals con-
taining two molecules of water, which are iso-

| morphous with the corresponding hydrates of

sodium bromide and chloride. Above 65° the
anhydrous salt is obtained. Panfiloff (J. Russ.
Phys. Chem. Soc. 25, 272) has obtained the
hydrate NaI,5H,0 by cooling a solution of the
salt to —14° Sodium iodide melts at about
650°. The sp.gr. of the anhydrous salt is 3-665.
The salt is very soluble in water, 100 parts of
this liquid dissolving at

0° 10° 20° 30° 40° 50° 60° 80° 100°
159 169 179 190 205 228 257 295 302
parts of sodium iodide (De Coppet, Ann. Chim.
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Phys. 1883, 30, 420). 'The boiling-point of the
saturated solution is 141°./ One part of the
salt dissolves in 1+7 parts of ethyl or 12 parts
of methyl aleohol at ordinary temperatures, and
it is also very soluble in acetone. If sodium
iodide be kept fused for a considerable time in
contact with air, it loses a little iodine. Heated
with ecarbon in presence of air it is almost com-
pletely converted into carbonate. For the
electrical conductivity of sodium iodide solutions,
see Kohlrausch and Holborn, Leitvermogen der
Elektrolyte, Leipzig, 1898. For the melting-
points of mixture of KI and Nal, see Kurnakow
and Shemtschushni, Chem. Zentr. 1906, i. 527.
A compound NaT;,2(CsH;NO,) has been isolated
by Dawson and Goodson (Chem. Soc. Trans.
1904, 85, 796) from a solution of sodium iodide
innitrobenzene saturated with iodine, in the form
of greenish metallic crystals which deliquesce in
the air. Sodium iodide, like sodium bromide, is
used to a small extent in medicine in place of the
potassium salt. See also vol. iii. p. 153.

Sodium hyposulphite, sce under Hyposul-
phurous acid, art. SULPHUR.

Sodium sulphides. See p. 29.

Sodium sulphites. Three sulphites of sodium
are known, i.e. the normal sulphite, the bisul-
phite, and the metabisulphite.

Normal sodium sulphite can be prepared in
the anhydrous state by heating sodium bisulphite
with the theoretical amount of sodium bicar-
bonate or by passing ammonia gas into a solution
of sodium chloride and ammonium sulphite. If
a cold, saturated solution of the heptahydrated
salt be heated, a crystalline precipitate of the
anhydrous salt is formed.

The salt is unalterable in air and dissolves
readily in water ; by evaporation of the solution
white, monoclinic crystals of the heptahydrate
are obtained. These have a sharp taste,
effloresce on exposure to air, and dissolve fairly
easily in water, yielding a solution which reacts
alkaline. The solubility for different tempera-
tures has been determined by Kremers—

Temperature RS . 0° 20° 40° 100°
Grams Na,SO; per 100 of water 14 29 50 33

According to Mitseherlich (Pogg. Ann. 1827,
12, 140) the solubility of the salt reaches a
maximum at 33°, which temperature represents
the transition-point of the hydrated into the
anhydrous salt.

Dilute solutions of sodium sulphite oxidise
rapidly, but a 20 p.c. solution is stable (Lumiére
and Seyewetz, Revue gén. ehim. pur. et app.
1896, 7, 111). The oxidation is greatly accele-
rated by the presence of small quantities of
copper sulphate, whilst potassium thiocyanate
and mannitol have a retarding action. On
heating in air sodium sulphite yields a mixture
of sulphide and sulphate—

4Na,80;=3Na,S0,+Na,S.
On the large scale sodium sulphite is prepared
by passing sulphur dioxide through a solution
of sodium carbonate or through a vessel filled
with the crystallised salt, until the product has
an acid reaction. The resulting solution, con-
sisting chiefly of bisulphite, is converted into the
normal sulphite by adding sodium carbonate to
the boiling solution until no more carbon
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dioxide is evolved. The liquid is then allowed
to settle, decanted and evaporated to the
crystallising-point.
(i.) Na,C0;+280,+H,0=2NaHS0,-}CO,.
(ii.) 2NaHS0,-Na,CO3=2Na,S0;+4-CO,.

Sodium bisulphite NaHSO; is produced by
saturating a solution of sodium carbonate with
sulphur dioxide, It forms a white powder,
smelling of sulphur dioxide, is only sparingly
soluble in water, and is precipitated from its
aqueous solution by alcohol.  On heating, it
decomposes, evolving sulphur and sulphur
dioxide and leaving a residue of sulphate. A
crystallised trihydrate and tetrahydrate have
been obtained by strongly cooling the solution
of the bisulphite made in the above men-
tioned way ; both are very unstable, and rapidly
change into the stable metabisulphite.

Sodium metabisulphite Na,S,0; is prepared
by supersaturating a solution of sodium car-
bonate with sulphur dioxide, when it is obtained
in anhydrous crystals on cooling the solution.
The salt only slowly oxidises on exposure to
air at the ordinary temperature; on cautious
heating at 80° it loses 1 molecule of SO,, and on
further rapid heating evolves sulphur and sulphur
dioxide, leaving sodium sulphate

2Na,8,0,=2Na,80,+50,+8

(Schultz-Sellack, J. pr. Chem. [i.] 110, 459).

It is made technically by the method
described above or by passing sulphur dioxide
over monohydrated sodium carbonate (Carey
and Hurter, Eng. Pat. 4512, 1882).

The normal, bi-, and metabisulphites of
sodium are largely employed in various indus-
tries, chiefly as antiseptics, reducing agents, and
sourees of sulphur dioxide. The boiling solution
of the sulphite has the property of readily dis-
solving the resin, gum, &c., contained in wood
without in any way affecting the cellulose.
Hence the bisulphite is used in preparing the
¢ sulphite pulp * now so largely made from wood
for use in the manufacture of paper. It is also
employed in the calico-printing and colour
industries as a reducing agent, and as an
‘antiehlor > for removing the last traces of
chlorine from the bleached pulp obtained in
paper-making. It also finds application as an
antiseptic for steeping grain, preserving food, &e.,
and a strong solution is employed as a sterilising
medium for brewers’ casks. Owing to its
property of combining with many organic
aldchydes and ketones to form ecrystalline,
mostly insoluble, additive compounds which can
easily be isolated and purified, it is used in the
laboratory in the identification and purification
of these classes of compounds. Normal sodium
sulphite finds application in medicine as an
antiseptic and as an antizymotic for internal
use. Its solution has been proposed for use in
gas analysis, owing to its power of absorbing
nitric oxide. Both the normal and metabi-
sulphites are extensively employed in the pre-
paration of photographic developers for pre-
venting the oxidation of the pyrogallol, hydro-
quinone, &c., which these contain, and the
normal salt has been proposed by Abney (Phot.
News, 1885, 370) as a substitute for the sodium
thiosulphate used to dissolve out the unaltered
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silver salts in the process of fixing photographic
prints. A large number of double sulphites of
sodium with other metals are known, the most
interesting being the sodium potassium sul-
phite, which was formerly thought to exist in
two isomeric forms. This view has, however,
been shown to be incorrect (Barth, Zeitsch.
physikal. Chem. 1892, 9, 176; Arbusoff, J.
Russ. Phys. Chem. Soc. 1909, 41, 447).

Sodium thiosulphate. See p. 29.

Sodium silicates. The solubility of silica in
alkalis was well known to the alchemists, a
method for preparing sodium silicate being
described as early as 1520. They were also
well acquainted with many of the properties of
the resulting solution, such as the coagulation
which takes place on adding an acid. Sodium
silicates are prepared by fusing together silica
and sodium carbonate or by digesting finely-
divided silica with caustic soda solution. The
composition of the resulting silicate varies with
the duration of the heating, the temperature,
and the relative amounts of silica and alkali
employed. A number of sodium silicates have
been prepared and examined by Ordway (Amer.
J. Sei. [ii.] 32, 162, 337; 33, 27, 35; 35, 35, 185),
but the metasilicate Na,SiO; is the only well-
defined one. It may be obtained pure by
digesting the theoretical amount of freshly-
precipitated, hydrated silica with caustic soda
solution. On adding twice the volume of alcohol
it is precipitated as a white, crystalline powder.
Only the metasilicate has been obtained in the
crystalline condition, the others forming amor-
phous, glassy bodies.

Pure sodium metasilicate is a white, crystal-
line salt, melting at about 1000° (Kultascheff,
Zeitsch. anorg. Chem. 1903, 35, 187). Hydrates
containing 5, 6, 7, 8, and 9 mols. of water
have been described, but their existence is
somewhat doubtful. The aqueous solution of
the salt has an alkaline reaction owing to
hydrolytic dissociation. Kahlenberg and Lin-
coln (J. Phys. Chem. 1898, 2, 81) state that at a
dilution of 1 grm. mol. in 48 litres the hydrolysis
is complete, according to the equation :

Na,8i0,4-H,0==Si0,+2NaOH
the silica being in colloidal solution.

Aqueous solutions, even dilute ones, of sodium
silicate are precipitated by alcohol. On treat-
ment with acids, even carbonic acid, the salt is
completely decomposed with separation of
gelatinous silica ; the alkaline carbonates and
chlorides, especially ammonium chloride, also
precipitate the silica. Salts of the alkaline
carths give precipitates of insoluble double
silicates. Commercial sodium silicate, also
called soluble glass or water-glass,usually approxi-
mates to the composition Na,0,4Si0,, con-
taining about 79 p.c. of silica. It is prepared
on the large scale by two processes, known as the
dry and wet methods respectively. In the dry
method, a mixture of powdered quartz or white
sand and either sodium carbonate or sulphate
is fused in a Siemen’s regenerative furnace or
similar gas-fired furnace for 5-8 hours at a
temperature of about 1100°. Continuous coal-
fired furnaces are also in use, which are capable
of turning out 1250 kilos. of water-glass in 24
hours with a consumption of 1500 kilos. of coal.

The product is run out in a fused condition
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into an iron receptacle and allowed to cool
Typical mixtures employed for the charge are
given below, the coal being added to assist in
the reduction of the carbonate or sulphate.

i 2
100 Ibs. powdered quartz 100 lbs. powdered quartz
28 Ibs. caleined sodium 60 lbs. calcined sodium
carbonate sulphate
15-20 Ibs. coal

3 4
180 lbs. white sand 180 Ibs. white sand

1101bs. sodium sul- 100 Ibs. 50 p.c. sodium car-
phate bonate
10 Ibs. coal 3 1bs, coal

The fused product is broken up by a stone-
breaker or ground by suitable machinery and
dissolved by long beiling with water, preferably
under pressure. The resulting solution 18
allowed to clarify, and is then evaporated to
40°Bé. in iron pans. The small proportion of
sulphide sometimes present from the reduction
of the sulphate can be removed by adding a
little copper scale or litharge when preparing
the solution. 100 Ibs. of the solid yield about
300 1lbs. of a solution of 40°Bé.

The wet method of preparation is largely
employed on account of the greater uniformity
of the product, and the fact that it is obtained
at once in the form of a solution. It consists
in digesting silica—preferably infusorial earth—
with a solution of caustic soda of sp.gr..
1-22-1-24 (prepared by causticising a solution
of sodium carbonate with lime) under three or
four atmospheres pressure. The liquid is heated
by blowing in steam and is kept stirred by
machinery. Complete solution is attained in
about 3 hours, as shown by withdrawing
a sample, when the suspended matter ought
to settle rapidly and be of a brick-red colour
(Fe,03), whilst the liquid should be almost free
from alkaline reaction. The caustic soda must
not be above 1:24 sp.gr. as a stronger solution
holds the fine sand anf ferric oxide in suspension
for a long time, such solutions not clarifying
properly even after standing for several days.
The clarified liquid is drawn off and concentrated
to the required strength (usually 1-7 sp.gr.) in
iron pans. 2:8 parts of infusorial earth are
employed for every part of caustic soda, and the
resulting water-glass solution has a density of
about 1-18, the decrease in specific gravity being
due to the dilution produced by the condensed
steam. Instead of infusorial earth, other forms
of silica, such as powdered flints, quartz, &c., can
be employed, but the digestion must then be
continued for a longer time and under 7-8
atmospheres pressure.

A pure silicate may be made from the crude
product by passing a current of carbon dioxide
through the solution, filtering off the precipitated
hydrated silica and redissolving it in caustic soda.

The aqueous solution of sp.gr. 17 usually
has the following composition : silica 32-33 p.c.,
soda 16-164 p.c., other sodium salts 2}-3 p.c.,
water 48-49 F.c.

A water-glass known as ‘ double soluble glass,’
and containing about’ equal proportions of
sodium and potassium silicates, is prepared by
using the proper quantities of potassium and
sodium carbonates in place of sodium carbonate
alone. It is said to give a thinner solution than
either the potassium or sodium salt of corre-
sponding strength.
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Commercial water glass is sometimes colour-
less, but usually has a brownish or greenish
colour. It is nearly insoluble in cold water,
but dissolves completely, although slowly, in
boiling water, the solubility decreasing as the
percentage of silica in the substance increases.
Silicates containing more alkali than corresponds

with the composition Na,0:21Si0, are deliques-

cent, and too poor in silica to be applicable to the
ordinary uses of water-glass (Ordway, Amer. J.
Sei. [ii.] 35, 193).

The following is a list of patents dealing with
the manufacture of water-glass :—

Ransome, Eng. Pats. 10360, 1844 ; 10665,
1845; 1666, 1853; 645, 1855; 2267, 1856.
Kuhlmann, Eng. Pat. 367, 1853. Losh, Eng.
Pat. 14208, 1852. Gossage, Eng. Pats. 762, 1854 ;
799, 1099, 1859. Kayser, Williams, and Young,
Eng. Pat. 11493, 1887. Sievert, Eng. Pat. 4021,
1890. Crosfield and Markel, Eng. Pat. 18998, 1894.
Garroway, Eng. Pat. 2489, 1896. I. J. Brown,
Eng. Pat. 24237, 1902. Watson, Eng. Pat.
25394, 1904.

Sodium silicate is largely used on account of
its detergent properties as an addition to soap,
principally to those intended for toilet use, as
it imparts hardness and durability.  Two
typical analyses of such soaps are given below :—

1. I
Soda 5 o5 12¥p;ct 12+5 p.c.
Silica 4 v LONES 85 ,,
‘Water 2 3005 23:00=
Fatty acids 48 ,, 460 ,,

Water-glass is also employed in the calico-
printing and dyeing industries as a fixing agent
for pigments ; in printing indigo; as a resist for
certain colours, and in the finishing of cotton
goods, It is a constituent of certain lead-free
enamels for glazing pans, &ec., intended for
domestic use, and is occasionally employed in the
basic linings of Bessemer converters. It is used
in fixing fresco-painting (stereochromy), for
rendering wood, paper, &c., uninflammable, in
bleaching jute, for preventing wood fromrotting,
and for preserving eggs. A mixture of 2 parts
fluorspar and 1 part powdered glass made into
a thick paste with water-glass is used as a
cement for glass and porcelain, The so-called
¢ artificial vegetation’ is made by dropping
small fragments of cobalt chloride, ferrous
sulphate, and many other salts into a solution
of sodium silicate, when frond-like appearances,
due to the formation of insoluble metallic sili-
cates, are producd.

Sodium silicate is largely used for impregnat-
ing sandstone and other porous stones as a
protection against weathering. The stone is
treated with a solution of water-glass, followed
by the application of a solution of calcium
chloride or alauminium sulphate, which causes
the deposition of an insoluble silicate in the pores
of the stone, greatly increasing its hardness and
durability. The soluble sodium salt formed is
removed by a subsequent washing (see also
Burnell, J. Soc. Arts, 8, 240). An important
_application of water-glass is in the manufacture
of artificial stone. The following is an out-
line of the process used at an English works for
the manufacture of chimney-pots, mouldings,
&c. The sand or sandstone employed having
been ground wet and passed through a 40-mesh
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sieve is thoroughly dried and mixed in a revolving
pan provided with scrapers and edge mixers
with sufficient liquid water-glass to form a
moist, coherent mass. It is then pressed into
moulds and is saturated before removal with a
solution of calcium chloride (prepared by running
hydrochloric acid over calespar) drawn through
by a vacuum equal to about 20 ins. of mereury.
Calcium silicate having thus been formed as
above, the stones are transferred to boiling tanks
heated by steam, and, after a sufficient time
to complete the setting, are conveyed to washing
tanks, in which they are subjected to the action
of running water for a fortnight, to remove the
whole of the sodium chloride.

Sodium sulphate, technically called °sul-
phate,’ or ¢salt-cake,” was first obtained by its
discoverer, Glauber, as described by him in 1658,
exactly in the same way as it is prepared now,
by the decomposition of common salt by sul.
phuric acid. The crystallised salt, containing
10 molecules of water of hydration, is still
called °Glauber’s salts.” Both the anhydrous
and the hydrated salts are found in many places
in nature; the former, as a mineral, is called
thenardite, the latter mirabilite. Large quanti-
ties of sodium sulphate occur native, especially
in Spain, at Lodosa, in the Ebro valley, and else-
where, and in the Western States of North
America.

The double sodium and calcium sulphate
called glauberite, also occurs naturally in large
quantities and in many places.

Sodium sulphate is frequently obtained as a
by-product of other manufactures, of which we
mention only two.

Impure sodium sulphate is obtained in the
(now almost obsolete) manufacture of hydro-
chloric acid in cast-iron cylinders from common
salt and sulphuric acid; this product, called
cylinder-cake, mostly contains from 7 to 10 p.c.
of undecomposed sodium chloride. On the
other hand, the nitre-cake, obtained in decom-
posing sodium nitrate by sulphuric acid, always
contains a considerable proportion of acid
sodium sulphate NaHSO,.

A certain quantity of sodium sulphate, prin-
cipally in the state of Glauber’s salts, is made
from the residues left on dissolving the crude
carnallite (‘ Abraumsalz’) at Stassfurt. The
latter contains a large quantity of insoluble
kteserite MgSO,,H,0, which, on being exposed
to the weather, or brought into contact with
water for some time, gradually yields soluble
magnesium sulphate MgSO,,7H,0. The resi-
dues at the same time contain much common
salt, and, if necessary, more of the latter is
added, so as to bring up the quantity to the pro-
portion of 2 NaCl to 1 MgSO,. When this
mixture is dissolved in water and the solution is
exposed to a natural or artificial cooling a few
degrees below 0°, the following decomposition
(noticed by Scheele as early as 1787) sets in :—

MgSO,+2NaCl=Na,SO0,+MgCl,.
The sodium sulphate crystallises as Glauber’s
salts, the magnesium chloride remaining behind.
Many thousands of tons of Glauber’s salts are
made at Stassfurt in this way.
By heating metallic sulphides with common
salt in the presence of air, sodium sulphate is
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produced in considerable quantities. This pro-
cess has been known for more than a century in
metallurgy, where it is employed for extracting
silver and copper from their ores. In this case,
of course, the metal is the product really aimed
at, and the sodium sulphate is in actual practice
run to waste in the shape of impure solutions.
In 1842 Longmaid introduced a meodification of
this process, by which the sodium sulphate was
obtained in a marketable form; but this was
only practicable when employing ordinary iron
pyrites, free from copper, and the sodium sul-
phate obtained in this way could not compete
with that made in the usual way from common
salt and sulphuric acid, as found out in the
working of Longmaid’s process in several places
through a number of years. A similar process
is employed up to this day for the recovery of
copper from cupreous pyrites; but here the
sodium sulphate is lost, all attempts to recover
it having failed on account of expense.

Iron pyrites  is, however, employed in a
different manner for manufacturing nearly all the
sodium sulphate found in trade—namely, either
by first manufacturing sulphuric acid and em-
ploying this for decomposing common salt, or
by the direct process of Hargreaves and Robin-
son, in which the pyrites-kiln gases are made to
act upon common salt under such circumstances
that sodium sulphate and hydrochloric acid are
produced. We shall now describe these two pro-
cesses,

The decomposition of sodium chloride by sul-
phuric acid is the process employed by Glauber,
and by Leblanc, and at present produces by far
the larger part of the sodium sulphate used.
We shall omit mention of the obsolete processes
of performing this operation in glass retorts or
iron cylinders, and describe the process as now
carried out.

The raw materials for the salt-cake process are:

1. Common salt—that is, impure sodium
chloride. In England ‘pan-salt’ is generally
used, the porous condition and coarse grain
of which is of great advantage in the process ;
it is also generally fairly pure, but contains
varying quantities (8 to 10 p.c.) of water.
Rock salt is also employed to a great extent ;
this must be coarsely crushed, not finely ground,
and should be as free as possible from calcium
sulphate. Asis to be expected, the impurities
and their amounts permissible in salt to be
used for the production of salt-cake depend on
the purpose for which the salt-cake is afterwards
to be used.

2. Nitre-cake—that is, the residue from the
manufacture of nitric acid, consisting of a
mixture of a normal and acid sodium sulphate.
Nitre-cake is frequently mixed off with an
ordinary charge of salt. The free acid deter-
mined by analysis replaces part of the sulphuric
acid which would otherwise be required to
decompose the salt used. The nitre-cake is
broken into Iumps which rcadily melt in the
decomposing pan.

3. Sulphuric acid. This should be neither
too weak nor too strong, preferably about 140°—
that is, at the strength it usually comes from
the Glover tower. Stronger acid acts too
rapidly, and yields badly mixed batches ; weaker
acid retards the operation and injures the pots.

The decomposition of NaCl by H,SO,,
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though commencing at ordinary temperature,
is not completed until a dull red heat is attained.
It is the usual practice, therefore, to divide the
operation into two stages, the first wof which ig
performed almost always in a cast-iron pot,
the second in a brick furnace.

The two stages are generally expressed as :

1. H,80,+42NaCl=NaHS0,+NaCl+HCl

2. NaHSO,+NaCl=Na,SO,-+HCL

In practice more than 50 p.c. of the reaction
takes place in the first stage. The actual
amount depends on the temperature of the
charge in the decomposing pan or pot, and
varies from 65 to 75 p.c. of the whole. :

The sali-cake pots are now always made in
the shape of shallow cast-iron dishes, 9 to 11 ft.
in diameter, and 1 ft. 9 ins. to 2 ft. 6 ins. deep;
the thickness of the metal varies from 5 to 7 ins.
in the centre, and from 2 to 3 ins. at the sides.
These * pots * weigh from 5 to 6} tons, and must
be made of a special mixture, so as to combine
resistance to chemical action with toughness
and resistance to changes of temperature. Their
edge is sometimes quite plain, sometimes -
vided with an ordinary horizontal flange ; %ut,
best of all, with an upstanding margin on a
horizontal flange as shown in Fig.22 (v. p. 23).
In the latter case they are arched over in such
a way that the arch is sprung from the pan-edge
itself, so that any leak occurring here cannot
cause the escape of hydrochloric acid into the
fire-flues. The arch or dome over the pot is
built of acid-resisting brick, usually set in a
mixture of salt an§ mortar. The common
custom is to fill the pot with salt and then heap
on more salt until a conical mound of salt is
obtained of the desired shape, and the arch is
then built, using the mound of salt as the
centering.

Near the decomposing-pan there must be a
cistern for measuring the sulphuric acid to be
run in for each charge. It is preferable that
this acid should be moderately warm, and this
can be attained by employing as gauge-vessel an
iron pan lined with lead, and placing this over a
hot flue.

The sulphuric acid from the gauge-vessel is
run into the pan through a luted lead pipe
which passes through the dome or arch and
delivers a slow stream of acid on to the salt
in the centre of the pan.

The calcining-furnace (roaster or drier) may be
of various patterns—either a reverberatory (open)
furnace, or a muffle-furnace (close or blind
roaster). The open-furnaces have now nearly
all disappeared and been replaced by muffle-
furnaces owing to the greater difficulties and
expense of efficiently cooling and condensing
the hydrochloric acid produced in the roaster
when mixed with the products of combustion
from the fireplace; on the other hand, the
muffle- or closed-furnaces are naturally more
difficult to construct and cost more in repairs,

Figs. 22 and 23 show a common form of open-
furnace with the pan attached in sectional
elevation and plan.” a is the fireplace of the
furnace, the area of which is comparatively
small compared with that of the furnace-bed';
b is the furnace-bed, with two working doors f ;
¢, the outlet for the mixed fire-gas and acid-gas ;
d, the decomposing pan, covered by an arch
resting upon the pan-flange; e, the gas-pipe ;
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h, a balanced double cast-iron damper, which
closes the passage k (Fig, 23) (the °shoving
hole *) between pan and furnace; m, the fire-
grate of the pan, covered by the arch », pierced
by a number of holes; o o, a circular wall on
which the pan is supported, equally pierced
with holes, so that the flame escapes into the
annular space outside, and thence into the main
flue. It is evident how the setting of the pan
aims at causing the flame to avoid striking the
pan, and to distribute the heat as equally as

possible.
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the flue gases under a higher pressure than the
gases inside the muffle and thus to cause any
leakage which might take place to be from the
fire-gas flue into the muffle. In 1876 Deacon
brought out the ¢ plus pressure ’ salt-cake furnace
which bears his name, and which is to-day by
far the most extensively used of all the hand
salt-cake furnaces (Figs. 24-27).

The plan adopted by Deacon was extremely
simple, and consisted in the building of the fire-
place on a lower level than the furnace, thus
utilising the pressure due to the ascending
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In the early days of the muffle salt-cake
furnaces very considerable difficulties wero
experienced in keeping the furnace sufficiently
arch tight to prevent leakage of the HCI from
inside the muftle into the chimney flue, This
was not only a source of loss of HCl, but was
liable at any time to cause an infringement of
the Alkali Acts which specify in Great Britain
a maximum HCI content of the chimney gases
of 0-2 grn. HCI per cubic foot.

To meet this difficulty suggestions were made
by Muspratt and by Gamble of means to place
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current of hot gases to balance the pull of the
chimney in the flue space over the furnace arch.

Figs. 24 and 27 show how the flame generated
on agratefar belowthe top of the muffleis made to
play, first on the top, then under the bottom, of
the muffle, which is supported by a number of
dwarf walls. The flame then travels on by an
exit flue under the bottom of the pan, which is
;huls heated without any expenditure of special
uel.

It will be noticed in both the illustrations of
the open-furnace and the Deacon-furnaces,

Figs. 22 and 23, that great care is taken in the | Only the size of the batches differs in the two

setting of the pan so as to ensure, as far as
possible, equal heating over its surface. This
care is essential to the life of the pan which
depends on the mixture of iron used in the
casting, on the strength of the vitriol used, on
the design of the pan setting, and, of course,
also on the carefulness of the men working the
charges. With attention to these points salt-
cake-pans will last while the furnaces produce
up to 4000 tons of salt-cake.

Whether the roaster be an open or a blind
one, the work in salt-cake making, as far as the
pan is concerned, is almost entirely the same.

cases. With open roasters, which admit of
finishing a batch once an hour, or even oftener,
batches are made of 6 or 8, or at most 10, cwt.
of salt. With close roasters, requiring 2 hours
for each batch, they are in England made larger,
up to 18 ewts. of salt ; but on the Continent even
then smaller batches are preferred. In any
case, the pan, after removing the last batch, is
carefully cleaned from crusts, which would burn
fast am{ cause it to crack prematurely. A small
quantity of the next “charge of salt is then
thrown into the pan, and the sulphuric acid,
preferably heated to some extent, is started
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running in ; the rest of the salt is then thrown
in as quickly as possible. The quantity of the
aeid must, of course, be exactly regulated, and
in measuring it in the gauge-vessel (cf. p. 22),
not. merely the volume and the hydrometric
strength, but also the temperature of the aeid
must be ecarefully observed, since the speeific
gravity by itself is no index of the strength
of aeid, without taking into account the tempera-
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ture. A table for reducing the specific gravities
of sulphuric acid of various strengths to any
other temperature between 0° and 100°C. is
given in The Teehnieal Chemist’s Handbook, by
Lunge.

As the Twaddel hydrometer is practically
universally employed in England, it is aseful to
remember that for sulphuric aeid of the strength

here used, 10°F. in temperature eorresponds to
a rise or fall of 1°T'w. in speeific gravity.
Theoretically, 100 parts of pure sodium
chloride would require 83-82 parts of pure
monohydrated sulphurie acid, or 106-28 parts of
acid at 144°Tw., measured at 15°C. But eom-
mon salt is never pure NaCl. This must be
taken into aecount as well, by daily testing the
salt at least for moisture, and allowing, say,

2 p.c. for other impurities. Thus, 100 parts of
salt eontaining 95 p.e. of NaCl would take 79-63
parts of SO,H, or 100-97 parts by weight of
sulphuric acid of 144°Tw., measured at 15°C.
This means 100-97/1:72=58-70 litres of aeid of
144°Tw. for each 100 kilos. of 95 p.e. salt, if
the acid be measured at 15°C. ; but, if the tem-
perature were 100°C., the rates of the specifie
gravities (as per the table quoted above) is as
164 and 1-72, and hence the 5870 litres will
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become 61-56 litres, or, directly ealculated,
100-97/11-64=61-56 litres,

Practically a little more acid must be em-
ployed, partly because the mixture can never be
theoretically perfect, partly because a little sul-
phuric acid or anhydride is volatilised, especially
in the roaster. With open roasters the excess
of vitriol required is about 5 p.e.; with close
roasters, only 2 or 3 p.e. Whether the propor-
tions employed have been eorreet or not must
be decided in each particular case by testing
the salt-cake, which ought not to eontain more
than 0-5 p.e. undecomposed salt, or above 1 p.e.
free acid (ealculated as SO,).

The first reaction between the ingredients in
the salt-cake pot is very violent, and there is a
tendency of the mass to rise and to froth over,
which is counteraeted by throwing in a little
tallow. The salt should be dissolved in the
vitriol, whieh is easily done with common pan-
salt, but much less easily with roek salt, and is
assisted by oceasional stirring, the handle of the
rake passing through a hole in the charging
door. The fire is then increased to drive off
more hydroehloric aeid, but not too mueh, lest
the batch becomes too stiff ; the work is regu-
lated in such manner that the bateh is ready to
be  east ’ or ‘ shoved ’into the roaster, just when

]
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the last charge has been drawn from the latter.
For this purpose the damper & (Fig. 22) is raised.
The work in the roaster must be earried on in
such manner that the batch is thoroughly turned
over and mixed.

The temperature within the furnace should
ultimately be a red heat, and no more vapours
should be seen rising from the mass. Still, it
usually happens that, on drawing the batch out
of the furnace, gases are given off (those of
sulphuric anhydride being”less pungent than
those of hydrogen chloride), and, to avoid
nuisance, the mass is frequently first drawn into
a elosed box, where it eools down and is then
removed without causing inconvenience,

The yield of salt-cake is very nearly that
calculated by theory from the dry salt. It may
be taken as about 120 parts upon 100 of dry
salt. Calculated upon the sulphur burnt in the
pyrites kilns, it varies from 405 to 430 parts to
100 of sulphur aetually burnt, open furnaees
yielding rather less than close ones (owing to
the volatilisation of SO,).

The eonsumption of fuel varies in Land-
furnaces from 30 to 50 parts to 100 of salt-eake ;
it is higher with elose roasters than with open
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ones, but the difference is less where the pans The Black and Larkin furnace, which is com-
are heated by the waste firc of the mufile-furnaee. | bined with an ordinary pan, is a peculiarly con-

Mechanical salt-cake furnaces have been con- | structed muffle, heated from without by a number
structed by many inventors to economise labour | of small fires, both above and below, praetieally
and coals. We mention among such furnaces |on the °plus-pressure’ system, with a very
those of Jones and Walsh (1875; improved in | efficient mechanical stirring apparatus, thus
1887; ¢f. Chem. News, 35, 51); Black and  permitting all the work to be done with elosed
Hill (1877); Cammack and Walker (1876); doors, and avoiding ‘low-level escapes.” Natu-
Black and Larkin (1884); Thomson and |rally the condensation of the hydrochloric acid
Worsley (Eng. Pats. 21945 and 21946, 1894). | is as easy in this case as with ordinary close
Some of these have not answered in the long | roasters. One such furnace decomposes from
run, and we shall confine ourselves to a descrip- | 72 to 80 tons of salt per week. These furnaces
tion of one of the most successful of mechanical | have been successful, and are still at work in
salt-cake furnaces, that of Mactear (1879, | the place where they were originally introduced.
described and discussed J. Soc. Chem. Ind. | Another mechanical furnace, composed of two
first General Meeting, 1881, p. 29 et seq.), and | revolving cylinders, is that of A. Walker (Eng.
shown in Fig. 28. It consists of a revolving | Pat. 9760, 1887). =Generally speaking, although
circular bed, covered by a fixed arch, the fire | mechanical salt-cake furnaces have been used for
passing between them, and the access of air | so many years and have absorbed so much skill
being prevented by a ‘lute’ filled with salt- | and patience in their design, they have not been
cake. In the centre there is a kind of pot into | generally adopted, owing to the fact that their
which both salt and acid are continuously fed, | undoubted economy in labour and power of
and in which they are mixed. The pasty mass | producing a more uniform salt-cake is more than
overflows into the outer beds, and is both | balanced by the higher first cost, cost of repairs,
continually stirred and gradually carried to the | and the difficulties of condensation.
outer ecircumference by means of a number of The direct process of manufacturing sodium
stirrers, which arc protected against the action | sulphate from common salt, sulphurous acid, and
of the fire and the acid gases by being placed | air, without the intervention of sulphuric acid,
between the gas-flues, The finished salt-cake, | has been the subject of many efforts, commencing
with Gossage’s, in 1850. None of these had any
practical success until Hargreaves and Robinson
(beginning from 1870) introduced a number of
improvements which have made that process
practicable and successful. We shall here
describe it in its improved form.

The process consists in conducting the gases
from pyrites kilns of the usual type, mixed
with a suitable quantity of steam, through a
series of large cast-iron cylinders, charged with
common salt, in such manner that the fresh gas
meets with the salt which has been the longest

time exposed to the treatment, whilst the nearly-
Frc. 28. exhausted gas is brought into contact- with

e RS P . fresh common salt. In this way, on the one
arriving at the outer edge, falls'into the deliver, f 3
troughbrunning all ro(ixgnd the furnace, and a{ hand, the sslt & ﬁomp}ftel{l cgni(lslrted into
the same time forming the ‘lute.” The acid sulphate, and, on ti 5 & fell‘l A il de pygltes
vapours and produets of combustion pass away lnlnlégalsles 37{;; neal:- S thuu e 4 55 ¢ _CiY
t;)gether irfn two flues, arranged at cach side of :{?;mberzve Thznrea:gtil())a;ls%mg st Aol
the row of stirrers. The bed of the furnace is . ; b
lined with fire-brick, boiled in tar and set in a |  2NaC14+80,+0+H,0=Na,80,+2HC],
special eement, which becomes even harder | takes place at a temperature of about 500°-
when subjected to the action of the heat and | 550°C., and this must be maintained against the
sulphate. | radiation into the surrounding space by external

A great point in the Mactear furnace is the | heating ; but as the reaction itself produces heat,
continuous decomposition of salt. Thus a con- | the amount of fuel required is not exorbitant—
tinnous and even stream of hydrochlorie acid is l if care is taken to avoid undue loss of heat during
evolved, and, although "this is mixed with all | the process. This is all the more necessary, as
the fire-gases, it was claimed that the condensing- | the process is a slow one : it ta}(es from 2 to 4
plant required is decidedly less than that found | weeks before the salt, charged into one of the
necessary with close furnaces. This, however, | cylinders, can be taken out in the shape of
is not in agreement with modern practice, and | finished salt-cake. ) -
makes no allowanee for the much more extensive The first step is bringing the salt into such
and expensive cooling plant necessary to cool | a condition that the gases can 'readlly pass
the gases when mixed with the products of com- | through it and yet reach all parts of it to the very
bustion as they are with the Mactear furnace than | core. Salt of fine grain must be used, and usually
in the case of a muffle-furnace, such as the | either the salt known as < butter salt’ or powdered
Deacon ¢ plus pressure ’ salt-cake furnace. rock salt, or a mixture of both, is taken. A

The Mactear furnace was first fired with | method of preparation generally adopted is as
coke ; then ¢ Wilson * producers were attached to | follows : The salt is crushed and moistened by
it (compare above); but these have had to be | water or exhaust steam. It then falls from a
given up again for coke, so‘that the hoped-for ‘ hopper upon an endless chain of plates, each
economy in firing has not been realised | about 12 ins. broad and 5 ft. across, of a total
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length of about 100 ft., or more, rising up
in a sloping oven and returning underncath,
On falling upon that travelling-platform, the
salt is mechanically beaten down into a layer
of 1-1}% in. thickness, which is at once cut,
by means of mechanically-moved knives, into
cakes about 3} ins. square. These now enter
into an oven, which is heated by the waste heat
of the cylinders or direct fire, and pass through
it at such a rate that they arrive perfectly dry
at the upperend. As the chain turns downwards
the dry cakes detach themselves and fall down
upon a grating. They are now dense enough
to retain their shape in the cylinders, and to be
handled without formation of any material quan-
tity of dust, and yet porous enough to be entirely
penetrated by the gases, their regularity of shape
securing regularity of draught in the process.

It is of vital importance that uncaked or
powdery salt shall not get into the cylinders, as
if it does, it forms areas impermeable to the
flow of the gases, and thus prevents the reaction
from being completed.

The decomposition of the salt takes place in
a series of cylinders, from 8 to 20 in number,
about 15 ft. in diameter, and 12 ft. high, and
holding 40 tons of salt-cake, or even more.
They are surrounded by small vertical flues con-
nected with a fireplace below, and their tops are
protected against cooling by a thick layer of
ashes, Inside there is a movable grate, on
which the salt rests. A number of manholes in
the top serve for charging ; a large door above
the bottom for discharging. A set of large cast-
iron pipes serves to admit the burner-gas
into any of those cylinders and for passing it
through the whole series, the gas always entering
at the top and going away at the bottom.
The connections between the main gaspipe and
any one cylinder and those between the single
cylinders are opened or closed by a very simple
arrangement—viz. by dividing the connecting
elbow pipes or ‘siphons’ in two halves, an
either shutting the connection by inserting an
iron plate or else leaving it open, always luting
the joint by a mixture of mortar and salt. From
the last cylinder of the series the gases pass
through an opening in the bottom of the drawing
doorway, into a flue.

Fig. 29 shows such a set of 8 cylinders seen
from the top. Fig. 30 shows the section of one
of the cylinders. A, to Ay are the cylinders, B
the discharging doors, cc¢ the iron pipes for
burner-gas with their connecting siphons » and
circulating siphons £; F is the outlet opening,
& the gas-flue for the exit gas; J is an opening
in the top by which cold air can be admitted,
in case the cylinders get too hot through the heat
of reaction.

The pyrites burners employed are specially
constructed with a view to avoiding radiation
and sending the gas as hot as possible into the
cylinders. The necessary steam is superheated
by the waste heat of the gases, and is usually
introduced in the upger part of the burners.

The gases are drawn through the whole
system by means of a Root’s Blower or a cast-
iron fan placed between the cylinders and the
acid condensers. By keeping the blower so hot
that no liquid acid can be condensed in it, it is
protected against the action of the acid ; but the
ends of the shaft, passing through the blower,
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must, on the outside, run in water-cooled bear-
ings. The exhaust steam of the engine is utilised
for the steam required for mixing with the
burner-gas.

The amount of fuel required in a special case
was as follows (calculated upon 20 cwts. of salt-
cake):

For heating cyHnders 1 . 4 cwis.
For preparing salt S o
For steam E . 075 cwt.

7-75 cwts.
In other cases nearly 10 cwts. of fuel has been
required, but in any case no more fucl is needed
than in the ordinary process of making sulphmic
acid and employing this for dccomposing the
salt.

The amount of fuel required for heating the
cylinders depends naturally on the construction
of the plant, the care taken to avoid radiation
losses and to get the pyrites gases as hot as
possible into the leading cylinders. It also
depends on the rate at which the plant is work-
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ing. The more rapidly heat is generated in the
cylinders the less the proportion of that heat
which will be lost by radiation. The chemical
composition of the salt has been held to materi-
ally affect the possible speed of working, and the
evidence goes to show that other things being
equal the salt containing the largest quantity
of iron salts decomposes the most rapidly. This
is the usually accepted explanation of the fact
that the output of the same plant using powdered

_rock salt is greater than when using ¢ butter salt

which contains materially less iron.

Hargreaves (Fr. Pat. 384144, 1907) promotes
the reaction by the addition of 0-1-1-0 p.c. of
copper or iron salts before moulding into cakes,
the amount used depending on the purity of the
product required,

In large well-designed plants when the speed
of reaction is high no fuel is required to heat the
cylinders. Great care is necessary in watching
and controlling the temperature of the Har-
greaves cylinders. If the later cylinders get too
hot through ‘the rapid action of strong hot
sulphurous acid gases on the almost untouched
salt, the salt itself will flux and form areas
through which the gases cannot penetrate to
complete the reaction.

The advantages of the Hargreaves process
are a great saving in space and either, when
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making the same quality of salt-cake lower
process costs than the sulphuric acid and salt

proeess, or, with about the same process costs | and so forth.

the power to make a higher grade salt-cake more
free from iron than is possible in the ordinary
process with the cast-iron deeomposing-pan.
The disadvantages are the great cost of the

plant, which, unlike the lead vitriol ehambers, |

does not return a large proportion of the initial
cost on dismantling; the very ecareful super-
vision required with the consequent liability to
serious difficulty and expense if the supervision
even for a short time breaks down; and again
the impossibility of utilising the hydrochloric
acid gases evolved for the production of ehlorine
by the Deacon-chlorine proeess, owing to the
quantity of sulphur dioxide and carbon dioxide
they eontain from time to time. This sulphur
dioxide in the Deacon decomposers is fatal to
the activity of the catalyst there used, viz. cupric
chloride.

sueeessfully in England in several manufactories, | of sea-salt.

and also on the Continent, but has failed to
extend materially in recent years.
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Salt-cake free from iron (or nearly so) is

required especially for plate-glass, window-glass,
The Hargreaves sulphate is
frequently pure enough for this purpose. On
the Continent it is sometimes made by employing
deceomposing pans made of lead, which are
certainly much more difficult to manage than
_the cast-iron pots otherwise used. The batch
must be taken out mueh thinner, and the firing
must be much more eareful than with cast-iron
pots. Purified sodium sulphate is also made by
dissolving ordinary salt-cake, preeipitating the
iron present by the addition of a little bleach-
ing powder and lime and evaporating to dry-
ness.

Glauber’s salt is crystallised sodium sulphate
Na,80,,10H,0. It is manufaetured for a few
purposes, principally for medieinal use and for
freezing mixtures. " A considerable quantity is
obtained from the residuals of the Stassfurt salts,

The Hargreaves process is worked | and from the mother-liquor in the manufacture

It is required in two very different
states—viz. in very small or in large crystals,
The small aejeular crystals are obtained by
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making the solution as strong as possible at
a temperature of 34°C., settling, running into
shallow coolers, and stirring the solution until
it has eooled down. The larger crystals (‘soda
fashion ’) are made by dissolving the sulphate
at 50° until the sp.gr. is 1-257 (at 40°), settling

for an hour, and running into deep coolers
(2-5 ft. deep), where the liquor is kept quite
undisturbed. In order to facilitate the forma-
tion of large crystals, wooden staves or pieces of
twine, weighted with a little lead, are hung in
the vats. The cooling lasts from 5 to 20 days,
according to the size of the vats and the season,
the crystals are large (an inch and more thick),
hard and shining, and they must be dried at
a temperature not exceeding 30° to prevent
effloreseing,

Testing of salt-cake—It is usual in the
faetory to test the salt-cake only for free sul-
phuric acid and undeecomposed sodium chloride,
as these are the impurities over which the
workman has control; the other impurities—
iron, lime, alumina, &c.—depend on the quality
of the salt used.

The usual methods of analysis adopted are
given in Lunge’s Teehnical Chemist’s Handbook.

Two eharacteristic analyses of salt-cake are
given below.

| Hand furnace Hargreaves

salt-cake from salt - cake

| white salt low in iron
Na,SO, P 96:2 980
NaCl a A 05 02
H,S0, . . X % 15 03

CaS0O, and insol. 3 1-8 1-424

Fe,0, § A — 0-:076
100-0 100-0

| superior to soda ash because :

| many patents.

The chief uses of salt-cake are for the manu-
facture of caustic soda by the Leblanc process,
for the manufacture of sodium sulphide and of
glass. For the manufacture of practically all
qualities of glass except lead glass, salt-cake is
It is cheaper
per unit of alkali, and owing to the higher
temperature at which the glass furnaces work
when using salt-cake a higher proportion of
silica can %)e used, thus again cheapening the
cost and also producing a harder and more
durable glass. s -

Sodium sulphide Na,S. In practice sodium
sulphide is always obtained by the reduction of
sodium sulphate. The preparation of sodium
sulphide has been the subject of much work and
Arrot (Eng. Pat. 1370, 1859),
Gossage (Eng. Pat. 2612, 1859), Wilson (Eng.
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Pat. 1361, 1859), Claus (Eng. Pats. 819 and
2616, 1869), Willans (Eng. Pat. 293, 1860), and
Weldon (Eng. Pats. 3370t0 3390, 1876 ; and 444,
445, 1877). Winkler, in Chem. Ind. 1880, 129,
gives a description of the method of making
sodium sulphide in a small reverberatory furnace
from a mixture of salt-cake and 25-30 p.c. of
coal, which was in use for many years. Essp
(Zeitsch. angew. Chem. 1889, 284) also describes
the production of sulphide in a reverberatory
furnace from salt-cake and 60 p.c. of coal-
dust,

Gossage and Matheson (Eng. Pat. 3218,
1888) propose the mixing of a considerable
quantity of NaCl with the salt-cake. Gossage
and Williamson (Eng. Pat. 20921, 1892) proposed
to add to the mixture of salt-cake and coal 35 or
40 parts of Leblanc black-ash waste in order to
prevent the action on the furnace lining.

The Soci¢té Industriale de Pont Saint Martin
and A. Piecinini (Zeitsch. angew. Chem. 1908,
782) prepare sodium sulphide in a kiln from coke
and sulphate by heating the mixture in an elec-
tric furnace. Another interesting proposition
is that of Gossage, Matheson and Hawlicek
(Eng. Pat. 121480, 1886), who suggest the use of
furnaces of the lime-kiln type for the production
of sodium sulphide.

Ellershaugen (Eng. Pat. 17815, 1890) de-
scribes the difficulties in maintaining the fabric
of the furnace against the action of the sulphide,
and ascribes them to the overheating of the
charge. He constructs his furnace with a fire-
bridge 2 ft. high above the furnace-bed, and
avoids overheating the bridge by means of an
internal air channel. The flue above the fire-
bridge is contracted towards the centre of the
furnace-bed, so that the sides do not get as hot
as usual. The bed is also made to rise towards
the bridge so that no melted sulphide can
accumulate there. Thé sides of the furnace
round the bed are made of firebricks in such a
manner that they are independent of the outer
walls, and are easily renewed. Lunge thus
describes the working of this furnace from his
personal observation (Sulphuric Acid and Alkali,

vol. iii. p. 296) : ¢ The charge consists of 7 cwt.

salt-cake, and 3} cwt. coke breeze, not specially
mixed, but put in the usual way, first upon the
back bed and brought there to a dark red heat
without any fusion. The fusion takes place on
the front bed, where the mass turns first thin
and then again thickens, just like an ordinary
black-ash charge, but without exhibiting the
well-known ¢candles.” It is, however, not so
pasty as black-ash, and more porous. It is
drawn out info an iron box after first lowering
the furnace damper to prevent its burning during
the discharging. The mass cools down in these
boxes without any special precautions. Sixteen
such charges are finished during 24 hours with
a consumption of 1} tons of coal. The heat is
not so high as in black-ash furnace, and the
furnaces do not require much repair. . . . It is
very remarkable that in this case the furnace
bottoms did not suffer very much, seeing that
they were made exactly like those of black-ash
furnaces (see Leblanc Soda Process, p. 39),
except that they were a little sloping from the
firebridge ; the slope towards the working door
is common to both. The reason is probably
this, that with the large quantity of small coke
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50 p.c. the mass always remains porous; the
infusibility of coke is also an advantage in
comparison with ordinary mixing coal. During
work the damper must always be kept down as
much as possible to avoid unnecessary entrance
of air ; if this is not done the mass turns more
liquid, evidently by the formation of polysul-
phides, and the furnace suffers much more. The
crude sulphide on analysis shows only a trace of
polysulphides, no sulphate at all, about 1% p.c.
thiosulphate, and about 10 p.c. of the soda as
carbonate, the remaining soda being present
as Na,S ; there is about 25 p.c. insoluble. This
is certainly an excellent product.’

The crude sulphide or sulphide ¢ black-ash,’
was, after cooling, originally broken up into
lumps, packed and sold. One or two cases,
however, of fire on board ship occurred which
were attributed to spontaneous combustion of
the crude sulphide, and carriage in this form
was stopped (J. Soc. Chem. Ind. 1896, 838).
The crude sulphide is now all lixiviated in vats
similar to those described under the Leblanc
process for lixiviating Leblanc °¢blackash’
(see Figs. 34 and 35), the only difference being
that it is necessary to keep the vats in the case
of sulphide much hotter than in the case of
Leblanc soda (see p. 43).

The vat liquor, after settling is run'into
crystallising cones and allowed to cool, when
crystals of Na,S,9H,0 separate out of approxi-
mately the following composition :—

Na,S . 32:0 p.c.
Na,8,0, T
Na,S0, . Taies
H,0 (by diff.) 652 .,

1000 ,,

The crystals after well draining are packed
in casks.

Sodium_sulphide is moderately soluble in
water, and ecrystallises in white, quadratic
crystals, of sp.gr. 2471, which contain 9 mols.
of water. Other hydrates have also-been de-
scribed (Parravano and Fornaini, Gazz. chim.
ital. 1907, 37, ii. 521); see Gottig (J. pr. Chem.
1886, 34, [ii.] 229), Abstinthe (J. Soc. Chem. Ind.
1886, 534).

The aqueous solution of the salt rcacts
strongly alkaline owing to hydrolysis. A more
concentrated form of sodium sulphide is made
by concentrating the vat liquor usually in
the so-called caustic pots. The liquor is con-
centrated until the temperaturc rises to about
160°, when a sample will be found to test
60 p.c. Na,S. The fire is then drawn and the
pot allowed to settle for 4-6 hours, and then
the sulphide is packed in an exactly similar
way to caustic soda into the ordinary caustic
soda drum (see Fig. 43).

The sulphide so prepared has the following
composition :—

Na,S S o 5 . 628 p.c.
Na,S,0, . 3 ; T 95 e
Na,80, . 2 8y 1 B
NaCl i il 7
Fe,0, k 5 044 ,
Water (by diff.) 31-06 ,,
100-0 ,,

The concentrated sulphide is also put on the
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market in disks 24 ins. thick and in broken
pieces of various sizes. ;

It will be observed that the concentrated
sulphide contains over 30 p.c. of water. It has
been found by experience that this quantity
of water entirely prevents all danger of the
spontaneous combustion mentioned above as
being traced to the impure anhydrous sulphide
packed direct from the furnaces.

Sodium sulphide is largely used as a depilatory
in the tanning industry, and in the colour
industry as one of the raw materials of the so-
called sulphur colours, and as a solvent of these
colours in the dye-bath. It is also used in the
manufacture of water-glass.

A disulphide, trisulphide, tetrasulphide, and
pentasulphide of sodium: have also been pre-
pared. See Bottger (Annalen, 1884, 223, 335,
338), Locke and Anstell (Amer. Chem. J. 1898,
20, 592), and Hugot (Compt. rend. 1899, 129, 388).

Sodium thiosulphate (hyposulphite)

Na,8,0;,5H,0.

This compound was first prepared in 1799 by
Chaussier. Small quantities of the salt may be
made by taking about 1 lb. of pure, well-
dried sodium carbonate, mixing with it about
one-third its weight of flowers of sulphur, and
then heating the mixture in a porcelain basin to
the melting-point of sulphur for some time,
stirring well all the while, so as to bring every
part in contact with the air. Oxygen is absorbed
by the sodium sulphide formed, which is con-
verted, with feeble incandescence, into sodium
thiosulphate. When cold, the mass is dissolved
in water, boiled with sulphur for some time, and
the liquid concentrated by evaporation to the
crystallising-point. A very pure product may be
thus obtained. It can be prepared by boiling
a solution of sodium sulphite with flowers
of sulphur, filtering from the excess of the
latter, and allowing the solution to crystal-
lise. Another method consists in boiling
sulphur with soda-lye and passing sulphur
dioxide into the yellow solution until it becomes
colourless. ‘Theanhydrous salt is easily prepared
by passing air over anhydrous NaSH at a tempe-
rature of 100°-150°.

The earthy thiosulphates are obtained by
exposing their sulphides to the oxidising
action of the air; and upon this principle depends
Losh’s; process, which is as follows: The
tank waste produced in alkali works is exposed
to the air for a week or more, being turned over
from time to time, so as to bring every portion in
contact with air. The mass is then lixiviated
with water, and, on adding sodium carbonate
solution to the dissolved thiosulphates of
sodium and calcium, the calcium is precipi-
tated as ecarbonate, and the whole of the
thiosulphuric acid is converted into the sodium
salt. The solution is drawn off from the
insoluble precipitate, concentrated by evapora-
tion, and the crystals of sodium thiosulphate
purified by recrystallisation. A modification
of this process, by Kopp, is as follows : The tank
waste is mixed with 10-15 p.c. of sulphur and
12-15 times its weight of water, and is then
boiled for an hour. The solution of polysul-
phide obtained is put into a closed apparatus, in
which it can be agitated, and is treated with
sulphur dioxide. The solution now contains
calcium thiosulphate, and is converted into the

injected into the tower.

| of
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sodium salt by addition of sodium sulphate.
The solution of sodium thiosulphate is drawn off
from the precipitate of calcium sulphate, and is
concentrated and crystallised as before. Another
method consists in allowing the liquid extract
of the oxidised tank-waste to run down a tower
packed with coke, where it meets with a strong
upward current of air. A little steam is also
The polysulphides are
by this treatment oxidised to thiosulphates.
Tho solution running away from the bottom of
the tower has an acid reaction, and is neutralised
with milk of lime, evaporated to a sp.gr. of 1:25,
and a solution of sodium sulphate added until
the precipitation of the calcium is complete.
The precipitate, consisting chiefly of calcium
sulphate, but containing also from 2 to 5 p.c.
sodium and calcium sulphites and thiosulphates,
is dried at 100°, and sold to the paper makers,
the calcium sulphate serving as a weighting
material and the sulphites, &c., it contains
acting as an antichlor. The filtered solution is
evaporated to a sp.gr. of 1-65 and allowed to
cool, when sodium thiosulphate and a little
sulphite crystallise out.

The yield of thiosulphate can be greatly
increased by suitable treatment. Schaffner
(Dingl. poly. J. 193, 42) treats the yellow sulphide
liquors with sulphur dioxide, exactly neutralises
the excess of the latter by the addition of a
further quantity of fresh sulphide liquor, heats
to 75°-90° and adds the requisite amount of
sodium sulphate (determined by the analysis of
a sample of the liquid). Finally, a little caustic
soda is added to ensure the complete precipita-
tion of the calcium sulphate. If traces of sul-
phides are still present they are removed by the
addition of a little sodium bisulphite, and the
clear solution is then evaporated to 43°Beaumé
and allowed to crystallise. The crystals so
obtained are sold directly for use as an antichlor,
but if required for photographic purposes they
are recrystallised once in stoneware pans.

The preparation of sodium thiosulphate has
been carried out as follows : Strontium sulphide
—obtained by reducing strontium sulphate by
means of powdered coal—is, while still hot,
mixed with water to form a thin paste. The
mass is boiled with sufficient caustic alkali to
combine with the sulphur of the sulphide.
Strontium hydroxide crystallises out on cooling,
and the mother-liquor consists of solution of
sodium sulphide. On treating this liquor with
sulphur dioxide, sodium thiosulphate is formed,
and free sulphur deposited (J. Soc. Chem. Ind.
3, 30).

Another process consists in the reduction of
sodium sulphate by furnacing with coal, the
extraction of the Na,S so obtained by water,
and the treatment of this sulphide solution with
sulphur dioxide.

Sodium thiosulphate may also be prepared
from the spent lime of the purifiers of gas works,
which contains the calcium salt of thiosulphuric
acid as well as calcium sulphide.

Other patents for the technical manufacture
sodium thiosulphate are given briefly
below :—

Verein Chemischer Fabriken zu Mannheim,
Eng. Pat. 23217 b and ¢, 1907 (air is passed
over anhydrous NaHS at 100°-150°); Sidler,
D. R. PP. 81437 and 84240 (sodium sulphite is
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heated with fused sulphur in CO,); Vercin Ch.
Fab. zu Mannheim, D. R. P. 88594 (produc-
tion of sodium thiosulphate by the action of
S0, and steam on a mixture of NaHSO, and S
in presence of water); Clemm, D. R. P. 180554
(manufacture of sodium thiosulphate from
bauxite).

The salt forms large transparent prisms, be-
longing to the monoclinic system. Its solution
is neutral to test paper; it is without smell, has
a cooling taste, and does not change on exposure
to air. The crystals melt in their water of crys-
tallisation at 45° all the water being expelled
at 215°; and at 220° they decompose, with
separation of sulphur (Pape). The salt has a
sp.gr. of 1672,

It dissolves very readily in water with con-
siderable absorption of heat. It easily forms
supersaturated solutions, which may be made to
contain as much as 217 parts of the salt in 100
of water at 0% - It is insoluble in alcohol. The
aqueous solutions of the salt have a neutral
reaction and are permanent in the absence of
air and light. TFreshly made dilute solutions
commonly alter in strength at first owing to
the action of the carbon dioxide, usually present

in water, on the salt ; hence in preparing a solu- |

tion of sodium thiosulphate for analytical pur-
poses it is necessary to allow it to stand for a
week before standardising it. After all the
carbon dioxide present in the water has reacted
with the salt the solution may be kept almost
indefinitely without further alteration. The
solution has the property of dissolving many
insoluble salts, such as lead sulphate and silver
iodide. Besides the commonly occurring penta-
hydrate a large number of other hydrates have
been prepared and studied by Young, Mitchell,
and Burke (J. Amer. Chem. Soc. 1904, 26, 1389
and 1413 ; 1906, 28, 315).

Sodium thiosulphate is used as an antichlor
for removing the last traces of the chlorine from
bleached fabrics, the reaction being essentially—
Na,8,0;+4Cl,+5H,0=2NaCl4-2H,80,4 6HCl

According to Lunge (Bolley’s Technologie,
Neue Folge, 1909, 16, 74) only about one-tenth
of the amount of chlorine required by the above
equation is acted upon, as a large quantity of
tetrathionate is formed, while a further portion
of the thiosulphate is probably decomposed into
trithionate and sulphide—

2Na,S,0;=Na,8,0,+Na,S
gince some sulphuretted hydrogen is always
evolved. .

Sodium thiosulphate finds an extended
application in photography. Owing to its power
of dissolving silver bromide, iodide, &c., a solu-
tion of the salt is employed to dissolve out the
unaltered silver halogen compound from the
plates or prints after the exposure has been
made and the image developed, the negative or
print being thus fixed * and rendered unalter-
able on exposure to light. It is also used in the
bleaching of wool, straw, oils, ivory, bones, &c.
(as a source of SO,), and as a preservative against
fermentation in the sugar industry. In the
calico-printing and dyeing trades it is employed
in the preparation of mordants; aluminium
sulphate is treated with sodium thiosulphate, and
the resulting solution of aluminium thiosulphate
thickened as usual and printed on the fibre.
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On steaming the printed cloth alumina is
deposited on the fibre by the decomposition of
the aluminium thiosulphate, and the material
can then be dyed with alizarin, &e. It has been
used to fix aniline greens, and in conjunction with
salts of copper to produce the so-called ¢ argentine

effects > which depend upon the deposition of a
thin film of copper sulphide on the fibre. Sodium
thiosulphate is also employed in the preparation
of various artificial colours, and in the reduction
of indigo; in the wet methods of preparation
of antimony cinnabar, and ordinary cinnabar ;
in metallurgy for wet silver-extraction processes,
the silver being converted into chloride by
roasting the ore with common salt, and the mass
lixiviated with a solution of the sodium thio-
sulphate (v. SILVER); in the preparation of
silvering and gilding solutions, and in the
extraction of gold from ores. When treated
with sodium amalgam, it gives sodium sulphide
and sulphite :

Na,8,0;+Na,=Na,80;+Na,S.

The property which the salt possesses of
fusing at a low temperature in its water of
crystallisation and solidifying again on cooling
has been utilised by Fleck in sealing glass tubes
containing explosives to be used under water in
torpedoes.

* In medicine sodium thiosulphate is used in
cases of sarcinous vomiting, and as an external
application in parasitic skin diseases.

In the laboratory the salt is largely used in
iodometry, the fundamental reaction being—

2Na,S,0;+1,=Na,8,04-+2Nal.
For the application of this see the article on
ANALYsIs. It has also been proposed for use in
quantitative analysis for the precipitation of
various metals in place of sulphuretted hydrogen.

Lead, mercury, silver, copper, and chromium are
all quantitatively precipitable as sulphides (or
in the case of chromium as hydroxide) by boiling
their solutions with sodium thiosulphate (Faktar,
Zeitsch. anal. Chem. 1900, 39, 345).

Sodium thiosulphate is employed in the
separation of iron and aluminium. A solution
containing these two metals is treated in the
cold with sodium thiosulphate ; this gives rise
to the aluminium thiosulphate, and, when
boiled, the latter is decomposed, with evolution
of sulphur dioxide and deposition of sulphur and
alumina. By throwing the whole on a filter,
the iron, still in solution, passes through.

Sodinm thiosulphate forms a large number
of double salts, many of which are of extremely
complex composition. Those formed with
copper and silver have been studied by Rosen-
heim and Steinhduser (Zeitsch. anorg. Chem.
1900, 25, 72) and C. and 1. Bhaduri (¢bid. 1898,
17, 1). See also L. Shinn (J. Amer. Chem.
Soc. 1904, 26, 947).

Sodium nitrite NaNO, occurs native in
small amounts in Chile saltpetre, and is fre-
quently found, although only in traces, in
mineral waters. It can be prepared artificially
by heating sodium nitrate, either alone or mixed
with deoxidising substances, metallic lead, iron
filings, or graphite being those usually em-
ployed. The salt prepared in this way, however,
invariably contains some caustic soda and
undecomposed nitrate. The pure salt is best
made by decomposing a solution of silver nitrite
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with an equivalent amount of sodium chloride,
or by passing the nitrous fumes evolved from a
mixture of nitric acid and starch into a solution
of caustic soda or sodium carbonate (Divers,
Chem. Soec. Trans. 1899, 86).

1t may also be obtained by the electrolytic
reduction of the nitrate, but the yield obtained
is only 60 p.c. of the theoretical (Muller, Zeitsch.
Elektro. Chem. 1903, 9, 955).

Technical manufacture. On the large scale,
sodium nitrite is made by the reduction of the
nitrate, usually with metallic lead.

The lead employed must be as free as possible
from zinc and antimony, and is rolled out into
thin sheets previous to use. The theoretical
amount of lead required for the decomposition
of 100 parts of sodium nitrate according to the
equation—

NaNO;+Pb=NaNO,+PbO
is 243 parts, but in practice an excess is in-
variably used.

The sodium nitrate (100 kilos.) is melted in a
cast-iron vessel fitted with a mechanical stirrer.
As soon as the whole is in a state of quiet fusion,
250 kilos. of lead are added, which rapidly
oxidises to yellow PbO. After a short time
more lead is added, and the mixture kept well
stirred for three-quarters of an hour, the whole
operation lasting about 3} hours. Thorough
stirring is essential, as if any of the mixture is
allowed to cake on the sides of the vessel, the
latter is soon corroded and rendered useless.

The product from the fusion (which should
contain over 90 p.c. of NaNO,) is extracted with
water in wrought-iron vessels, provided with
stirrers, until the solution has a density of
36°-39° Beaumé. The alkaline liquid is then
carcfully neutralised with dilute nitric acid, and
allowed to settle. The clear solution is evapor-
ated to 42°-43° Beaumsé, allowed to stand three
or four hours to clarify, and then run into lead-
lined wooden tanks where crystallisation takes
place. The crystals obtained contain, after
being dried at 60°, 97-98 p.c. of sodium nitrite.

'The mother-liquors can be evaporated several
successive times after addition each time of a
little fresh liquid from the vats. The purity of
the nitrite thus obtained continually diminishes,
as the following figures show :—

Percentage of
NaNO, contained
in the crystals after
drying at 60°,

Crystals from 1st evaporation 97 to 97:5 p.c.
2nd

2 I’ 968 to 97 29
2 3rd ’9 96-2 to 96+5 »9
1 4th 4 96 to 962 ,,

If a higher content of nitrite be required, the
salt must be recrystallised. When the crystals
obtained from the liquid show less than 96 p.c.
of NaNO,, the mother-liquor is evaporated
separately in a second pan, and produces crystals
containing 86-94 p.c. of nitrite, which are
employed to strengthen the fresh lye. The
solution separated from these is further concen-
trated in a third pan, and yields crystals con-
taining 50-75 p.c. of nitrite. Those containing
above 65 p.c. NaNO, are returned to the second
pan, and the remainder are fused up again with
lead in the manner described above.
analysis of the final mother-liquors gave their
composition as :—

3k
p-c.

Caustic soda . . - 1089
Sodium carbonate . - o0 22400
Sodium nitrite 20-52
Sodium nitrate ’ 5 1628
Sodium chloride . F 5 605
Sodium sulphate . 5 B
Insoluble : ) . 723

100-31

Another fprocess for making sodium nitrite
consists in fusing together 500 kilos. sodium
nitrate and 500 kilos. caustic soda, adding 225
kilos. iron filings, and allowing the mass to react
for 5-6 hours. Various other reducing agents,
such as sulphur, calcium sulphide (tank-waste),
barium sulphide, zinc blende, and galena have
also been employed.

Properties. Sodium nitrite forms small
rhombic crystals, which usually possess a faint
yellow colour, although according to Boguski
(J. Russ. Phys. Chem. Soc. 1899, 31, 543) the

ure dry salt is colourless. The crystals melt
at 271° (Divers) and dissolve easily in water
(1 part of the salt dissolves in 1-2 parts of water
at 15°) forming a yellowish solution which is
alkaline to litmus. The salt is very sparingly
soluble in absolute alcohol, 100 parts of this
solvent dissolving only 0-31 part of sodium
nitrite at 19-5°

For the density of sodium nitrite solutions,
see Boguski, Anz. Krak. Akad., 1898, 123. For
conductivity measurements, see Roczkowsky
and Niementowsky, Zeitsch. physikal. Chem.
1897, 22, 147, and Schumann, Ber. 1900, 33, 532.

Uses. Sodium nitrite is largely used in the
manufacture of coal-tar colours, and also in the
calico-printing industry in the preparation of
certain colours, such as paranitraniline red, which
are developed on the fibre.

Sodium nitrate (cubic nitre ; Chile saltpetre)
NaNO,. This important salt occurs as nitratine
in the natural and artificial accumulations of
potassium nitrate, and in other deposits where it
has been produced similarly to that salt (v.
Potassium Nitrate, art. POTASSIUM),

The natural occurrence of the sodium nitrate,
as distinguished from the potassium salt, does
not appear to have been fully recognised until
the present century, for it is stated in Rees’
Encyclop=dia, 1819 (art. NITRATE OF SoDA),
that it had not been found up to that time in a
native state, although its manurial value had
already been recognised by Lord Dundonald.

Sodium nitrate occurs in enormous quantities,
and practically free from the potassium salt, in
the province of Tarapaca in South America,
and this, with the exception of certain deposits
on the coast of Bolivia, constitutes the only
source from which the salt is extracted on the
large scale.

The nitrate deposits do not form beds of any
definite character, but represent the outcrop of
a bed of salt which appears to have been left at
the bottom and sides of ancient tidal lagoons by
the upheaval of the coast. Although the dis-
trict is now extremely arid and only receives
rain at intervals of 3 years or more, there is
abundant evidence of former fertility in the large
quantities of buried trees and other vegetation
which are found in the vicinity, together with
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guano and fish remains, sea-shells, and other
substances of marine origin.

The nitrate may be regarded as the product
of the decomposition of this organic matter in
presence of calcium carbonate and the salt left
by the evaporation of the sea-water. This view
is borne out by the composition of the deposit,
especially by the presence of sodium iodide and
iodate and of salts of magnesium and calcium.
The nitrification appears to have occurred only
at the outcrop of the salt, for the nitrate dimin-
ishes in quantity towards the middle, and is
practically absent at the centre of the deposit.

The main nitrate belt of Tarapaca has a
width of about 2} miles, and is included between
latitudes 27°S. and 19°S. for a total length of
about 260 miles. It stretches along the eastern
slope of the coast range of the mountains which
extend from the northern limit of Peru to the
Straits of Magellan, and which have an average
hcight of about 2000 ft.

The deposit occurs some 500 or 600 ft.
higher than the valley of Tamaragal, and di-
minishes in richness as the valley is approached,
the nitrate disappearing altogcther at the bottom.
The average distance from the sea coast is about
14 miles, but some of the deposits are as far
distant as 90 miles.

The ¢ caliche,’ as the crude nitrate is called,
is never found at any great depth. It is usually
covered to a depth of 6 or 10 feet by a crust or
¢ costra,’ consisting of a conglomerate of ~por-
phyry, felspar, magnesia, sodium chloride, &c.,

cemented together by gypsum, and covered by a-

laycr of fine loose sand to a depth of 8 or 10
ins. The caliche proper forms a rock-like
mass from 3 to 6 ft. deep, and varies in colour
from almost pure white, through shades of
yellow, orange, brown, bluish-grey, &c. The
lower part of the caliche (known as ¢ congelo ’)
contains but little nitrate, and abounds in the
chlorides of sodium and magnesium, and in
sulphates. It lies upon a pale, yellowish-brown,
loose clay free from nitrate, and overlying the
primitive rock.

Various qualities of caliche are worked, vary-
ing from 40 to 80 p.c. in the best quality, to
30 to 40 p.c. in the second, and 17 to 30 p.c. in
the inferior kinds.

A good ground would contain a bed 3-4 ft.
thick, containing 40-45 p.c. NaNO,;. The upper
overlayer varies from 4 to 20 p.c. In poor
grounds, however, 20 p.c. nitrate would become

caliche.” The ground is broken by blasting

and the big blocks divided into smaller ones
with crowbars and the lumps of °caliche’
separated from the overlayer or °costra’ by
hand.

''he Tarapaca deposits were worked as early
as 1813 by the Spaniards, who exported 23,732
quintals (of 100 pounds) in that year; but the
industry was but little developed until 1852,
when small refining works were established by
Smith and Sandes.

The method of separating the nitrate from
the caliche consists merely of a careful system
of lixiviation. At the Officina of Ramirez (Tara-
paca) the caliche is crushed roughly into 2-in.
lumps, and is boiled in long tanks heated by
steam coils.

A typical boiling tank is 32 ft. long by 9 ft.
deep by 6 ft. wide, and is heated by a steam
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coil 5 ins. diameter, which makes the circuit of
the tank five times, and is arranged in tiers about
9ins. from the sides. The © caliche ’ is supported
on a false bottom about 1 ft. from the real
bottom of the tank. The tanks are built in a
series of six, connected by a 9-in. pipe for circulat-
ing the liquor from one to the other. The tank
containing the nearly exhausted ° caliche ’ is fed
with fresh water, the others work in scries with
weak liquor obtained from the nearly exhausted
tank, passing through them and leaving finally
from the tank last charged with ‘caliche.” The
hot liquor or ‘caldo’ finally runs off at 112°,
containing about 80 lbs. nitre to the cubic foot.
After cooling for 4 or 5 days in the crystallisers
and crystallising out, the strength of the liquor
is-reduced to about 40 lbs. nitre per cubic foot.
This mother-liquor is used in the systematic
lixiviation of the ¢ caliche ’ described above, and
is run in addition to the weak liquor from final
exhaustion of the  caliche ’ on to the latcr tanks.

good- form of crystalliser is a sheet-iron
tank 25 ft. by 18 ft. by 2 ft. 9 ins. to 3 ft. deep,
the inclined bottom assisting in the draining
of the crystals. Six such tanks as have been
described require about 44 of these crystallising
vessels.

The nitrate from the crystallisers is drained
and is placed on the drying floor to dry for 5 or
more days, when its composition is as follows :—

First quality Second quality
. 965 95-2

NaNO; .

NaCl 5 0-75 2:5
Na, 80, . . 045 06
H,0 et = e ) 147

An important by-product in the Chile nitrate
industry is iodine, which occurs in considerable
quantities as sodium iodate in the °caliche.’
The iodine recovery is effected from the mother-
liquor * from the crystalliser which passes
through the iodine house on its way back to
the lixiviating tanks (v. IopiNk). The fuel
consumption averages about 1 ton coal to 7
tons nitrate produced.

Yor further details of the nitrate manufacture,
see paper by Newton, J. Soc. Chem. Ind. 1900,
408, from which most of the above statements
have been taken.

The following analyses show the composition
of caliche. (1) Shows the composition of one
of the largely-worked deposits (Forbes, Phil.
Mag. 1866, 32, 135); (2) shows the composition
of that worked at the Officina Ramirez (Harvey,
Proc. Inst. C.E. 1885, 82, 337) :—

" . (1) (2)
Sodium nitrate 2101 51
Sodium chloride 5527 26
Sodium sulphate 4-74 6
Calcium chloride 0-33 _
Potassium iodide 0-87 —
Aluminium sulphate 9-81 —
Magnesium sulphate 593 3
Insoluble matter 2-04 14
Moisture — —

10000 100

Further information on these deposits will be
found in the works of Sturzer (Nitrate of Soda,
1887 ; edited by Wagner)and Billinghurst (Estu-
dio sobre la Geografia de Tarapaca, and Chem.
Zeit.. 11, 752), and in the various Consular
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reports to the British and United States
Governments.

Sodinm nitrate is obtained when sodium car-
bonate or hydroxide is dissolved in nitric acid, or
when common salt is boiled with that acid. On
the large scale, however, it is always obtained
from the natural product by repeated crystalli-
sation. The last traces of chloride are best re-
moved by adding a small quantity of nitric acid
to the boiling saturated solution of the salt, and
recrystallising.

The pure salt forms transparent, colourless,
anhydrous rhombohedra, whose angles closely
approximate to right angles, whence its name
¢ cubic nitre.” It fuses at 316° (Carnelley, Chem.
Soc. Trans. 33, 276); at higher temperatures—
lower than that at which potassium nitrate
decomposes—it evolves oxygen with production
of the nitrite, and on further heating it gives off
nitrogen and nitrous fumes, leaving a residue
of sodium monoxide and peroxide. The salt as
usually obtained is hygroscopic ; but, according
to Gentele (Dingl. poly. J. 118, 203), this is due
to the presence of the nitrates and chlorides of
calcium and magnesium, and is not observable in
the pure salt.

According to Ditte (Compt. rend. 80, 1164)
100 parts of water dissolve the following pro-
portions of the salt :—

At 0° 6669 At 18°  83-62
2° 7097 21° 8573

4°  71-04 26° 9033

8° 7565 29° 9293
10°  76-31 36°  99:39
13°  79:00 - 51° 113-63
15°  80-60 68° 125-07

When saturated at 0° the solution may be cooled
to —15-7° without crystallisation ; but at that
temperature the salt separates out in fine
laminated plates built up of fine needles lying
side by side. A hydrate of the composition
NaNO,,7H,0 appears to exist (Ditte, Lc.).

Sodium nitrate dissolves in glycerol, but is
almost insoluble in absolute alcohol ; 100 parts
of alcohol of 16-4 p.c. dissolve 2125 parts of the
salt (Pohl, Sitz. Ber. 6, 600).

It is used for many of the purposes for which
the potassium salt is employed ; but its hygro-
secopic nature renders it inapplicable to the
manufacture of gunpowder or fireworks, &c. For
the making of nitric acid, for supplying that acid
in the sulphuric acid manufacture, and as a
manure, it has, however, entirely replaced potas-
sium nitrate. It is also the principal source of
that salt, which is obtained from it by double
decomposition with the potassium chloride of
Stassfurt.

Sodium hypophosphite NaH,PO, may be pre-
pared by boiling aqueous or alcoholic soda with
phosphorus until evolution of phosphoretted
hydrogen ceases

6NaHO-+2P,+6H,0=6NaH,P0,4-2PH,.
The solution is poured off, treated with sodium
bicarbonate to convert any unchanged soda into
carbonate, and is evaporated and digested with
absolute alcohol, which dissolves the hypophos-
phite only. The salt crystallises out on cooling.

For pharmaceutical purposes it is usually
prepared by double decomposition between solu-
tions of sodium carbonate and calcium or barium
hy‘}’)opho\iphit; (v. Phosphorus oxides and Oxy-
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acids, art. PROSPHORUS). 'T'he filtered solution is
evaporated on the water-bath with frequent
stirring as the mass becomes syrupy, in order to
obtain a granular salt. To obtain the salt free
from phosphite, Raymond (Pharm. J. [iii.] 10, 407)
treats 25 grms. of the commercial salt with 1
grm. of barium hypophosphite in solution, and
dilutes to 50 e.c., adding 200 c.c. of strong alcohol
after a time. - The liquid is allowed to stand and
filtered from the precipitated barium phosphite
and hypophosphite, and the last traces of
barium having been removed by careful addition
of sodium nitrate, is filtered and mixed with
500 c.c. of strong alcohol and a sufficiency of
ether. The pure hypophosphite which separates
is dried in a current of air.

Sodium hypophosphite crystallises in small,
pearly, rectangular, very deliquescent plates con-
taining 1 molecule of water of crystallisation.
It dissolves at 15° in 1 part of water, and at
100° in 0-12 part. It is also soluble in alecohol.
The aqueous solution absorbs oxygen from the
air with formation of phosphite (Wurtz, Ann.
Chim. Phys. [iii.] 7, 37).

When heated to 200° the crystals become
anhydrous, and on further heating are con-
verted into metaphosphate and pyrophosphate,
with evolution of hydrogen and spontaneously -
inflammable phosphoretted hydrogen :

5NaH,P0,=Na,P,0,-}-NaPO;2PH;-2H,.
It explodes when triturated or heated with an
oxidising agent, and has been known to explode
during evaporation on the water-bath (Amer. J.
Pharm. 1860, 87).

Sodium hypophosphite is a powerful reducing
agent, and precipitates gold and silver from
solution. With copper salts it gives a red
precipitate of copper ﬁydride Cu,H, It is used
medicinally.

Sodium phosphates. A considerable number
of these salts belonging to the three classes
ortho-, pyro-, and meta- phosphates, together
with a large series of double salts, are known.
The three classes of salts may be distinguished by
their behaviour with silver nitrate and albumen.
The orthophosphates give a yellow precipitate
with the former, while the pyro- and meta- phos-
phates give a white precipitate ; and the meta-
phosphate alone gives a precipitate with albumen.

Our knowledge of the various sodium phos-
phates is largely due to Graham (Phil. Trans.
1833, 253). The metaphosphates have been
particularly examined by Maddrell (Chem. Soc.
Mem. 3, 373).

Several highly-complicated phosphates not
belonging to any of these classes are also
known. Thus Fleitmann and Henneberg (An-
nalen, 65, 304) have obtained peculiar phos-
phates, one. of which has the composition
NagP,0,;, by fusing tetra-sodium pyrophosphate
with sodium monometaphosphate, and Xilhol
and Senderens (Compt. rend. 93, 388) have
obtained a phosphate of the composition
(NaHO),(P,04),,H;0 by adding soda to a solu-
tion of orthophosphoric acid until neutral to
colour tests.

Three orthophosphates, respectively contain-
ing one, two, and three atoms of sodium in the
molecule, are known. X

Trisodium orthophosphate Na,PO, is ob-
tained by adding excess of caustic soda to hydro-
gen sodium phosphate, and crystallising to

D



34

remove the free alkali. It may also be prepared
by fusing hydrogen disodium phosphate with
excess of soda and dissolving and crystallising.
It forms non-efflorescent six-sided prisms of the
composition NazP0,,12H,0. According to
Mohr (Amer. J. Seci. (iii.] 14, 281), their sp.gr.
at 17:5° is 2-5362. They fuse at about 73-4°;
at 100° they lose 11 molecules, but they retain
the last until the heat approaches redness. A
hepta- and decahydrate have also been pre-
pared. The hydrated salt dissolves in about
10 timesits weight of water at 16°. The solution
reacts strongly alkaline in consequence of the
salt being hydrolysed to a great extent into

Na,HPO, and NaOH. In solutions weaker

than decinormal almost the whole of the salt is
thus decomposed (Salm, Zeitsch. physikal.
Chem. 1907, 57, 471 ; Shield, ib¢d. 1893, 12, 167).
In consequence of this hydrolysis a solution of
the salt is decomposed by all acids, even by
CO,, with formation of disodium phosphate and
the salt of the acid in question. Tribasic sodium
phosphate is used in place of sodium carbonate
in some photographic developers, and it has
been proposed to use the melting-point of the
dodecahydrated salt (73-4°) as a standard for
use in calibrating thermometers.

Hydrogen disodium phosphate Na,HPO,
occurs in urine, in which it was discovered by
Haupt in 1740, and was at one time prepared
from it under the name sal mirabile perlatum.
It may be prepared by adding sodium carbonate
to phosphoric acid until alkaline, and filtering,
concentrating, and erystallising the solution.

It is usually prepared from the acid calcium
phosphate made by the action of sulphuric acid
on bone ash.  For this purpose the hot solution
is treated with sodium carbonate until effer-
vescence ceases, and the solution of hydrogen
sodium phosphate thus produced is filtered from
the precipitated tricalcium phosphate, and is
concentrated and crystallised.

The salt crystallises in large, colourless,
transparent monoclinic prisms of the composi-
tion Na,HPO,12H,0. They soon effloresce,
forming the heptahydrate, and become opaque
on exposure to the air.

They melt at 35° (Tilden, Chem. Soc. Trans.
45, 268), and have a sp.gr. of 1-5235 at 15°
(Stolba, J. Pharm. Chim. 97, 503). When dried
over sulphuric acid, or heated for some time to
45°, they become anhydrous.

On further heating sodium pyrosphophate is
formed, the transformation being complete at

300°:
2Na,HPO,=Na,P,0,+H,0.

Sodium phosphate dissolves readily in water,
easily forming supersaturated solutions. The
solubility of the salt at different temperatures has
been determined by Mulder (Scheidekund Ver-
hand. 1864, 100).

Temp. 0°10° 20° 30° 40° 50° 60° 70° 80° 90° 99°
“NagHeo,
per 100 of 23 39 9°3 24°1 639 82°5 91°6 950 96°6 97°8 98°8
water

The saturated solution boils at 105° The
salt does not dissolve in alcohol. Its aqueous
solution reacts alkaline due to slight hydrolysis.

According to Poggiale (J. Pharm. Chim. [iii.]
44, 273), 100 parts of water dissolve the following
amounts of the anhydrous salt :—
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0° 1:556 60° 5529
10° 4-10 70° 6872
20° 11-08 80° 81-29
30° 19-95 90° 9502
40° 30-88 100° 108-20
50° 4331 106-2° 114-43

When evaporated at 33° it deposits mono-

clinic crystals of the composition
Na,IIPO,,7H,0. —

Hydrogen disodium phosphate is used in certain

photographic toning solutions, and to some

extent in calico-printing and for weighting silk.

Sodium dihydrogen phosphate NaH,PQ, is
prepared by adding phosphoric acid to a solution
of the disodium salt until the liquid ceases to
give a precipitate with barium chloride. It is
obtained on cooling the hot strong solution in
rhombic crystals of sp.gr. 1:90, containing 2
molecules of water, which are very soluble in
water but insoluble in alecohol. A hydrate
NaH,PO,H,0 has also been prepared. On
heating to 100° the salt becomes anhydrous, at
210° it is converted into the acid pyrophosphate
Na,H,P,0,, and on further heating yields a
mixture of metaphosphate and trimetaphosphate
(Knorre, Zeitsch. anorg. Chem. 1900, 24, 369).

Many double orthophosphates containing
sodium are known, the most important bein
¢ microcosmic salt > Na(NH,)HPO,,4H,0, whic
occurs in urine. It was well known to the
alchemists under the names of ‘microcosmic
salt,” ¢ fusible salt of urine,” and ©essential salt
of urine,’ and was employed by them as a source
of phosphorus. It has also been met with in
nature as the mineral stercorite, found in some
guano deposits.

The salt is obtained artificially by mixing
hot solutions of 5 parts disodium phosphate and
2 parts ammonium phosphate, and allowing the
solution to cool. Another method consists in
mixing hot solutions of 7 parts disodium phos-
phate and 1 part of ammonium chloride :

Na,HPO,+NH,Cl=Na(NH,)HPO,+Na(l.

The crystals obtained by this latter process
contain a little sodium chloride, and must be
purified by recrystallisation from hot water
containing ammonia., Microcosmic salt forms
transparent, monoclinic erystals of sp.gr. 155,
which possess a saline taste and lose ammonia
on exposure to air. The aqueous solution of
the salt has an alkaline reaction and loses
ammonia on boiling. On heating, the crystals
melt easily and evolve water and ammonia,
being converted into sodium dihydrogen phos-
phate. Onfurther heating, more water is evolved
and a residue of sodium hexametaphosphate
remains as a clear, glassy mass. This substance
possesses the property of dissolving many
metallic oxides with formation of characteristic-
ally coloured compounds, hence microcosmic
salt is largely employed in blowpipe analysis.
With silica and many silicates it yields the
characteristio so-called ‘silica skeleton ’ bead.

Sodium orthophosphates of the composition
Na,H,(PO,), and NaH(PO,), have also been
prepared (Giran, Compt. rend. 1902, 134, 711 ;
Senderens, bid. 1902, 134, 713).

Sodium metaphosphates. A large number
of these salts have been prepared. The different
classes are known as mono-, di-, tri-, hexameta-
phosphates, &c., and are to be regarded as
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derived from the simple metaphosphoric acid
HPOj, and its polymers (HPOj),,.

According to Tamman (Zeitsch. physikal.
Chem. 1890, 6, 122 ; J. pr. Chem. 1892, [ii.] 45,
417) the hexametaphosphates exist in metameric
forms, and the different classes of the sodium
m%tlaphospha,tes are represented in the following
table :—

Nay(PO,), sodium dimetaphosphate
Nay(PO,), ,»  trimetaphosphate
Nag(PO;)e ,  hexametaphosphate
Nay[Na,(PO,)e] metameric sodium hexameta-
Na,[Na,(POy),] phosphates

Na [Na(PO;)]

NaPO, Three insoluble monometa-

phosphates.

According to Warschauer (Zeitsch. anorg.
Chem. 36, 137) the so-called dimetaphosphate is
in reality a tetrametaphosphate. All the meta-
phosphates of sodium are soluble in water
except the monometaphosphates. The tri- and
tetra- salts may be distinguished from one
another by the action of barium chloride or lead
nitrate, the latter class giving white precipitates
with these reagents. The hexametaphosphates
are glassy amorphous salts, which yield precipi-
tates with solutions of salts of the alkaline earths
and heavy metals. For further details con-
cerning the sodium metaphosphates, reference
must be made to the original papers. See
Tamman (lc.), Knorre (Zeitsch. anorg. Chem.
1900, 24, 378), and Warschauer (l.c.), where an
account of the literature on the subject is given.

Sodium pyrophosphates. Normal sodium
pyrophosphate Na,P,0, is produced, as already
stated, by heating the disodium hydrogen ortho-
phosphate to 300°, when it remains as a white,
glassy mass of sp.gr. 2:37 (Clarke), which melts
at about 880°. The salt dissolves in water,
yielding a solution having an alkaline reaction,
and can be obtained by evaporation in mono-
clinic erystals of sp.gr. 1-82 containing 10 mols.
of water. The aqueous solution is not con-
verted into the orthophosphate by boiling alone,
but the presence of an acid, even such a weak
one as acetic acid, is sufficient to effect the
change on heating.

Sodium pyrophosphate is occasionally used
in medicine in place of the disodium ortho-
phosphate, and also serves as the material
for the preparation of the insoluble metallic
pyrophosphates and their double salts.

Disodium hydrogen pyrophosphate

Na,H,P,0,

is prepared by heating sodium dihydrogen
phosphate NaH,PO, to 200° for several hours,
or more easily by dissolving the normal pyro-
phosphate in glacial acetic acid and precipitating
with alcohol. ~ It then forms a white, crystalline
powder which dissolves easily in water, giving
a solution with an acid reaction. By evapora-
tion it may be obtained crystallised with 4 or 6
mols. of water.

A delicate test for alkaline pyrophosphates
is furnished by luteocobaltic chloride

[(NH;3)5Co]Cl,,
which gives a pale reddish-yellow. precipitate
with, these salts. By means of this reaction
wiw Part of pyrophosphate can be detected in
the presence of ortho- and metaphosphate
(Braun, Zeitsch. anal. Chem. 3, 468).
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A considerable number of double pyrophos-
phates of sodium with potassium, ecalcium,
barium, and other metals have been prepared.

Sodium carbonate (Carbonate of soda).

Natural occurrence of the sodium carbonates.
The sodium carbonates are found in many
mineral waters (especially those of Aix-la-
Chapelle, Karlsbad, and Vichy), in the natron
lakes > of Hungary, Egypt, Central Africa, the
Caucasian steppes, and in those of North and
South America ; also as efflorescences in such
steppes, especially in the neighbourhood of
natron lakes. These efflorescences or crusts are
formed either by the partial or entire drying up
fn summer of such lakes or ponds, or else by the
evaporation of subsoil moisture, more moisture
(containing soda) being always brought to the
surface by capillary action. The soda thus ob-
tained in various places is known by the names
natron, trona, or urao., ‘Urao,” according to
Chatard (Bulletin No. 60, U.S. Geological Sur-
vey, 1887-1888), is essentially a carbonate of the
formula Na,CO3,NaHCO3,2H,0, and is the most
usual form of ‘natural soda.’

The oldest-known occurrence of natural soda
is that in Lower E§ypt, where the natron lakes
dry up in summer, leaving crusts of salt behind ;
in other places the ‘trona’ appears as efflor-
escences on the ground, consisting essentially of
sodium . sesquicarbonate, according to former
assumptions, or rather, according to Chatard, of
‘urao ’ mixed with other carbonates. Several
thousands of tons of this article are yearly
exported from Alexandria, principally for soap-
making, Enormous quantities of soda are found
in the lakes and steppes of the ¢ Alkali Plain ’
and other parts of the great desert east and west
of the Rocky Mountains. One of the most con-
siderable of these occurrences is in Owen’s Lake,
in California, which, according to Chatard, con-
tains per litre :

26-96 grms. Na,CO,

571, NaHCO,

1108 . Na,SO,

2941 ., NaCl
3-14 KCl

”»
with a little silica, alumina, calcium, magnesium,
and boric acid. This lake contains from twenty
to forty millions of tons of sodium carbonate,
which is easily obtained in an almost pure state
by solar evaporation in shallow ponds. The
Magadi deposit in British East Africa, which is
about 30 square miles in area, is estimated to
contain some 200,000,000 tons of soda. The
following analysis is by A. Gordon Salamon :—

Na,CO, SRR Dy L) Sl
NaHCO, 40-41
NaCl . : 0-36
SO% A 5 . e 0411,
Al,O;+Fe.0, # 3 . 004
Water (by diff.) . . . 1557

100-00

Magadi, which in the native dialect denotes
| ¢ soda,’ is situated about 370 miles from the port
of Mombasa, and some 60 miles to the south of
Nairobi. The deposit of natural soda is located
at about 2000 ft. above the level of the sea, and
lies in a deep depression called the Rift Valley,
at some 3000 ft. below the level of the Central
| African plateau that surrounds it.
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This natural soda is a crystalline sodium
sesqui-carbonate which, when calcined, at a
low red heat, yields sodium carbonate (soda
ash) in powder form, of 99 p.c. purity. The
density of Magadi soda ash will correspond to
what is known as ‘ heavy ’ finish (v. p. 69), which
is an important point in its favour, both for
considerations of sale, as well as cheap cost of
transport.

The development of this natural soda deposit
has been undertaken by the Magadi Soda Com-
pany, Ltd., formed in 1911 with a capital of
£1,312,500. A branch line of about 92 miles
is being constructed from the Uganda railway
to Magadi, and a deep-water pier and sidings
are in the course of construction at Mombasa,
thereby establishing through railway communica-
tion between Magadi and the sea, and ships will
be able to lie alongside this pier when taking in
cargoes of soda. It is expected that a start
will be made with the exportation of soda in the
early part of 1914.

Mombasa, being, so to speak, half way to the
Far East, is well situated for supplying such
important markets as Japan, China, and Aus-
tralia ; it is also in immediate proximity to the
markets of India-and Cape Colony.

Soda from the ashes of plants. Whilst the
soluble part of the ashes of most land plants
contains chiefly potassium carbonate and other
potassium salts, there exist some ‘soda plants,’
growing on the sea-shore or ncar salt-springs,
the ashes of which furnish a very impure kind
of soda, formerly much used by soap-makers.
Most of these plants belong to the family
Atriplicee—namely, the genera Airiplex, Cheno-
podium, Salsola, Salicornia, Kockia, &c. The
plants growing in the sea itself, especially fuci,
yield another kind of ashes, called ‘kelp’ in
Scotland and ¢ varec ’ in Normandy, contain very
little sodium carbonate, but a large quantity
of potassium chloride and sulphate, along with
a little iodate, which formerly was the only
available source of iodine ; in its manufacture,
¢ kelp salt *—that is, sodium chloride containing
some carbonate—was obtained as a by-product.
The ashes from the real soda plants growing in
Spain are known in commerce as ‘barilla’;
those from the south of France as ‘ blanquette,’
¢ salicor,” ¢ soude douce,” &c. The general name
of these products is vegelable soda, but frequently
barilla is used in the same sense.’

Vegetable soda, being simply fluxed ashes
hot purified by lixiviation, contains a large pro-
portion of residue insoluble in water; the
portion soluble in water contains sodium and
potassium carbonate, sulphate, and chloride,
along with small quantities of sulphides and thio-
sulphates formed by reduction from the sul-
phates ; it is, moreover, frequently adulterated
with a large quantity of common salt. In the
analyses by Girardin, the proportion of sodium
carbonate varies from 2 to 13-76 p.c. (Lunge,
Sulphuric Acid and Alkali, Vol. IL, pt. i,
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d Artificial soda.

Historical. Only when Duhamel, in 1736, had
demonstrated the identity of the base of common
salt with that of ¢ mineral alkali,” as the natural
soda was then called, was it possible to think of
manufacturing soda artificially. But the problem
was not actually approached until about 1775,
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when Scheele discovered that common salt could
be partially converted into caustic soda by means
of lead oxide. In the same year the French
Academy of Science offered a prize for a method of
converting common salt into soda ; and this was
a stimulus to many inventors, only one of whom,
Nicolas Leblanc, ultimately proved successful.
His first experiments are said to have been made
as far back as 1784 ; in 1789 his process was so
far completed that he was able to submit it to
the Duke of Orleans (whose domestic physician
he was) in order to obtain the capital for carrying
it out on a manufacturing scale. This led to
several agreements in 1790, and, in 1791, to a
patent which practically embodies all the
principles of the Leblanc process as carried out
to-day. About the same time manufacturing
operations were commenced at La Franciade, at
St. Denis. Leblanc himself did not profit by his
invention, as his patent was taken from him by
the French Revolutionary Government ° for the
benefit of his country,’ and ultimately the
unfortunate inventor of what has proved ome
of the greatest industrial processes of modern
times committed suicide in despair.t

Even before Leblanc fell a vietim to the in-
gratitude of his countrymen, several alkali works
employing his invention were founded in Irance.
In England the first attempts at manufacturing
artifictal soda were made by W. S. Losh, at
Walker, near Newcastle-on-Tyne, in 1806; the
Leblanc process was tried there on a very small
scale in 1814, and at St. Rollox in 1818. The
enormous salt duty levied in England (30L
per ton) at that time practically prevented the
establishment of alkali works. Immediately
after its abolition in 1823 James Muspratt
started his works near Liverpool, which for 6
years remained the only one in England, except
a few small works on the Tyne. The small
quantity of black ash then made in France and
England contained only about 10 or 12 p.c. of
alkali; Muspratt, however, from the first
succeeded in making it of a strength of 24 p.c.
of alkali, and in this form it was sold to the
Liverpool soap makers to be used in licu of kelp.?
It was found when this black ash was exported
that it quickly lost strength, and this led to the
manufacture of sodium carbonate by lixiviation,
evaporation of the liquor, and calcination of the
residue.

During the ensuing 50 years an enormous
development of the production of sodium
carbonate, and later of caustic soda, by the
Leblane process took place in Great Britain and
on the Continent, and during this period the
Leblanc process was practically without a rival,
Although the Leblanc process still fully maintains
its position for the manufacture of caustic soda,
it has been practically superseded by the
ammonia soda process for the production of
sodium carbonate,

Later still, electrolytic processes have been
evolved and worked on a commercial scale.
The various natural deposits of soda existing
in different parts of the world have up
to now played a small part in the soda in-
dustry.

1 Report of the Committee of the French Academy
May 381, 1856, and especially ‘Nicolas Leblanc,” par
Aug. Anastasi, Paris, 1884,

< E. K. Muspratt, J. Soc. Chem, Ind. 1886, 408.
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GENERAL REMARKS ON THE MANUFACTURE
OF SoDA.

The only raw material, offered by nature in
inexhaustible abundance for the manufacture of
both sodium and chlorine compounds, is sodium
chloride, which, as rock-salt, forms whole geo-
logical strata, and which can be obtained very
cheaply as rock-salt, or by evaporation from
brine, or in sunny climates from sea-water by
the sun’s heat. All other raw materials are of
very little importance for that purpose; those
which possibly contain as abundant a supply
of sodium—namely, soda-felspar and certain
other silicates—are not fit for the economical
extraction of soda. As a source of chlorine,
the magnesium chloride, produced in enormous
quantities as a by-product of the Stassfurt
potash industry, has been regarded as a possible
rival of sodium chloride, but is, in any case, only
indirectly concerned in this question, in so far
ag it may influence the economical aspects of
the various soda processes.

The object of the alkali manufacturer is to
decompose sodium chloride according to the
following equation :

NaCl+H,0=NaOH--HCL
Thermo-chemistry, however, shows this reaction
to be endothermic.

[Na-ClI]+-[H, 0] =[Na-OH]+-[H-CI]

977 + 580 1023 4 220
————— s et
155-7 1243

As a rule, chemical change can only take
place if the thermal units represented by the
formation of the new compound or compounds
are superior to those of the original compound
or compounds. In order to bring about changes
of an inverse order, such as that which eoncerns
us here, we have practically only two means at
our command : either the employment of a
physical force more potent than heat in over-
coming the latent chemical energy—that is,
electricity—or else, turning the difficulty by first
applying some intermediate reaction which con-
verts the original compound into one more easily
split up by chemical means, aided by a proper
temperature. This necessitates the employment
of auxiliary substances, which somerimes are and
sometimes are not recovered in the later stages
of the process; sometimes new products are
formed which contain one of the constituents,
either of the original substance or of the auxiliary
bodies in such a form that it seems, and fre-
quently for a time actually is, economically im-
possible to recover the same.

1. THE MANUFACTURE OF SODA BY THE LEBLANC
Procsss.

This process consists in first of all convert-
ing the sodium chloride into sodium sulphate
(see Salt-cake, p. 21), and then in heating the
sodium sulphate with calcium carbonate and
coal until the mass has fluxed. No reaction
takos place until the mixture has become a
semi-fluid, pasty mass, after which the reaction
is rapid and practically complete,

The fluxed mass so obtained is called
¢ black ash,” and the batches drawn out of the
furnace are frequently called ‘ balls.” Black ash
s a very complex mixture of substances, which
undergo a somewhat rapid change by the
action of the air. Tt is separated by the action
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of water (‘lixiviation’) into a residue—*tank
waste,” ‘alkali waste,” or ‘soda waste >—and a
solution containing the soda chiefly in the state
of carbonate, along with some hydroxide and a
large number of impuritics. Irom this either
the commercial sodium carbonate (‘soda ash ’)
or the commercial hydroxide (‘ caustic soda ’°) is
prepared by operations to be described below.

The reaction taking place in the black-ash
furnace has been variously interpreted. The
matter is complicated, not merely by the large
number of substances found in black ash, but
also by the fact that, in order to fully de-
compose the sodium sulphate, an excess of
calcium carbonate and coal must be employed.
Taking an average of the many mixtures
employed in practice, we may assume that
with 100 parts of pure Na,SO, usually about
100 parts of pure CaCO; and 35 of pure C are
employed—that is, to 1 molecule of Na,SO,
1-42 mols. of CaCO, and 4% mols. of C; or, say,
1} of CaCO; and 43 of C; and the older theories,
in fact, assumed those proportions to represent
the number of molecules entering into the re-
action, without taking into account the fact that
in a case like the black-ash process, where tho
mixture never enters into complete fusion and
the ingredients are never absolutely mixed with
one another, the decomposition of the most valu-
able portion, the Na,SO,, can be brought about
only by a mechanical excess of the other ingre-
dients, which ensures that every portion of the
Na,SO, comes into contact with them.

Apart from this oversight, the first theory of
the black-ash process—that of Dumas (1830)—
was based on two erroneous assumptions,
namely, that CaS is soluble in watér (confound-
ing the compound Ca(SH), with CaS, as was
natural at that time); and that there exists in
black ash an insoluble calcium oxysulphide
2Ca8,Ca0 (already assumed by Thénard). Be-
lieving that the action of water must cause CaS
atonce to act upon Na,CO;, Dumas thought that
this is prevented by the formation of 2CaS,Ca0,
and he represented the black-ash process in this
way :
9Na,50, +30aC0,+9C=2Na,00+C€a0,2CaS +10C0.
This would require for 100 Na SO, : 105-6 CaCOj,,
and 38 pure C—quantities decidedly in excess of
those found sufficient at many alkali works for
completely decomposing the salt-cake, which fact
alone would refute Dumas’s theory.

That theory was further, but not very
essentially, modified by Unger, Brown, P. W.
Hofmann, and E. Kopp, and was almost
universally adopted until Kynaston Gossage,
and Scheurer-Kestner (1858-1867) exposed its
fallacy by proving the non-existence of calcium
oxysulphide in black ash, and by other reasons
equally cogent. Theyalso disputed the assump-
tion that the principal oxide of varbon formed is
CO, not CO,—a theory upheld by Dubrunfaut,
and later on by Macvear, but refuted by the
extensive investigations of Kolb (Ann. .Chxm.
Phys. [iv.] 7, 118), and by laboratory experiments
made by Lunge and Fischer.?

As the final result of the prolonged contro-
versy on these points, of the large-scale experi-
ments of Scheurer-Kestner and Kolb, and of

1 Compare the complete discussion of the various
publications on the theory of the black-ash process in
Lunge’s Alkali, vol. ii. pt. ii. p. 511,
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Lunge, the theory of the black-ash process may
be stated as follows: the principal reaction
going on is ultimately
Na,80,+CaC0;+2C=Na,C0;4CaS-+2C0,.
1t is, however, extremely probable that thistakes
place in two stages, the first being the reduction
of sodium sulphate by carbon to sulphide ; the
second being a mutual decomposition of the
latter with caleium carbonate :
(1) Na,S0,+2C=2C0,+-Na,S.
(2) Na,S+CaC0,;=Na,C0;+-CaSs.
Nearly all the Na,S is at once acved upon by
CaCO, immediately after its formation, so that
there is at no time any considerable proportion
of it present, except in the case of abnormal
work.

The above equations would require for 100
parts of pure Na,SO, only 70-42 pure CaCO, and
169 pure C. One reason why much more of the
two last ingredients must be employed for
decomposing the whole of the Na,S0O, has been
already stated, but there is an additional
reason. In order to lixiviate the melted mass,
it must have a certain degree of porosity, and
must, moreover, be further disintegrated during
the treatment with water. Without this, the
lixiviation would require too much time, too
high a temperature, and too Breat dilution of the
liquor, and would thus produce a very inferior
liquor, ag well as a bad yield of soda. The above
condition is practically attained by employing
an excess of limestone and coal, which in the
last stage of the process, when the temperature
is at its highest, react as follows :

CaC0;3+4-C=Ca0-}-2C0.

The carbon monoxide, which is formed at a
period when the mass has become pasty, causes
it to become honeycomed, like the dough in a
fermenting loaf of bread. The CO is actually
scen escaping at this stage, and burning with a
flame tinged yellow by sodium. The caustie
lime remains behind, and afterwards, on being
hydrated, causes the balls to swell up and burst
during the lixiviation. A further excess of
limestone and coal, which ought not to be too
great, produces greater porosity of the black ash
in a purely mechanical way, since they are not
fused like the remainder of the mass. Lastly,
some portion of the coal is unavoidably burned
before it can enter into action. All these reasons
fully explain the necessity of employing an excess
of limestone and coal; but it is impossible to
embody this in a chemical formula, as has been
attempted by Scheurer-Kestner, seeing that
such excess acts merely in a mechanical way,
and actually differs in different works.

Tt is hardly necessary to say that many sub-
sidiary reactions take place at the same time ;
but these have nothing to do with the theory of
the black-ash process, and merely explain the
occurrence of the impurities always found ac-
companying the two principal products, sodium
carbonate and calcium sulphide.

DESCRIPTION OF THE BLACK-ASH PROCESS.
Raw Materials.

Sodium sulphate (salt-cake). This is nearly
always obtained by the decomposition of common
salt by sulphuric acid, or else by Hargreaves and
Robinson’s direct process from common salt,
pyrites kiln gases, and air (c¢f. Sodium sulphate).
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The salt-cake for alkali-making shouid be
a white or yellowish powder containing ounly
porous, friable lumps, and no fluxed pieces
which nearly always inclose some raw salt and
decompose badly in the black-ash furnace.

Good, strong soda cannot be made with salt-
cake containing more than 05 p.c. of unde-
composed NaCl.

Good commercial salt-cake contains 96-97
p-c. of Na,S0,.

Calcium carbonate. Both limestone and
chalk are employed—of course, the purer the
better. Magnesian limestone cannot be used,
and limestone or chalk containing much silica
causes a great loss of soda in the insoluble
state. The chalk ought to be dried, and both
it and the limestone ought to be crushed to about
2-in. cubes.

The Tyneside works mostly use the chalk
brought down from the Medway by colliers as
ballast. The Lancashire works employ mostly
Buxton limestone, which works more easily in
the furnaces than does chalk, and requires less
heat for the  balling ’ process.

In most cases the lime mud obtained in
causticising the liquors by lime is used to replace
part of the limestone in the black-ash mixture.

Coal. The quality of the coal employed for
the black-ash mixture is of great importance.
It ought to contain as little ash as possible,
and this is more difficult with the small coal
or ‘slack’ generally used than with lump coal,
which is, however, too dear for this purpose.
Even after washing, such small coal rarely
contains less than 5 p.c. of ash; 6 p.c. is the
maximum tolerated by some German alkali
works; but in England ‘slack’ containing
8 p.c. ash is considered as very good for mixing.
The coal ashes, consisting principally of alumi-
nium and calcium silicates and ferric oxide,
cause the formation of insoluble double silicates,
which lock up a considerable portion of soda in
a non-available form. The more ashes the
mixing-coal contains, the less soda ash will be
obtained with it.

Leblanc himself employed wood charcoal,
which is now excluded by its price. Good
lignite or crushed coke, if otherwise pure, can be
very well employed in mixing. In any case
care must be taken to decide by preliminary
trials on a working scale whether a certain
description of coal will answer for soda-making
or not, as the whole success of the operation
depends upon this, and analyses cannot entirely
decide this point beforehand.

The nitrogen contained in coal, which varies
from 05 to 0-75 p.c., gives rise to the formation
of cyanides, part of which are converted into
eyanate by the oxidising action of the flame.
The moisture of the air decomposes the cyanate,
with formation of ammonia, which is evolved
during the cooling of the balls. But another
portion of the cyanide remains behind, and is,
duriq the lixiviation, converted into ferro-
cyanide.

J. Pattinson (in Trans. Newcastle Chem. Soe.
4, 183) gives analyses of nine descriptions of
mixing-coal as used on the Tyne. That de-
seribed as ‘ good ’ contains, in 100 parts, 61-19-
66-45 fixed carbon, 25-27-27-35 bituminous sub-
stances, 0-:6-1:47 volatile sulphur, 0-1-0-3
sulphur in ashes, 4-8-8:32 ashes, and 1:01-
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1:67 moisture. © Inferior ’ mixing-coal contains
only 56-58-8 fixed carbon, and 12:56-14-22
ashes.

Mixing-coal acts all the better the more
finely divided it is ; it is, however, rarely ground
by itself, especially as it is mostly employed in
the state of ‘small’ or ‘slack,’ but is only
screened and roughly mixed with the other
materials,

§&E The proportions in which the malerials are

Fig. 31.

production of black ash, but as a matter of
historieal interest, the following illustrations
(Figs. 31, 32, and 33) and description are added.
The furnaces were substantially built and well-
braced, and the position of the working doors
and shape of the furnace allowed easy access
for the working tools to all parts of the beds.
Fig. 31is a sectional plan along line A B of Fig.
32, passing through the hollow fire-bridge, but
showing the beds and the pan from the top;
Fig. 32'is a sectional elevation along line ¢D of
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mized naturally vary with their quality, the
amount of moisture, &c. Leblanc’s original
proportions : 100 salt-cake, 100 chalk, 50 char-
coal, are very nearly identical with those now
in use.

TaHE BLACK-ASH FURNACES.

The furnace in which the Leblano process was
originally worked was naturally a hand furnace.

Hand furnaces are now no longer used for the

R e O

the plan; TFig. 33 a front elevation, show"ing
only the firing hole and the drainer in section.
Such a furnace worked off a 3-cwt. charge of
salt-cake in 45-50 mins., so that with the
necessary pauses for cleaning the fire, &c.,
24-97 balls were made daily. a is the fire-
place, provided with wrought-iron grate-bars 3
the bar b assists in poking up the fire from below
from the fire-cave c¢. (Such ©cave-fires’ were
said to consume less coals than fireplaces with
their ash-pits at the level of the floor, by the
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greater facility they offer for attending to the
fire.) At d the fireplace is stepped backwards,
so that the flame ranges all over the bridge e.
The latter was very carefully and strongly built
of the best fire-bricks procurable, and lasted
about 3 months. It was 2}-3% ft. wide, and
usually built hollow. A cast-iron bridge plate,
11-2ing, thick, prevented the charge from fluxing
through the bridge; it was protected against
overheating by an air channel, open at each
end. A and ¢ are the two furnace-beds. The
charge was put throughahopper % or else through
the door, on the back bed ¢, which was 3 ins.
higher than the front bed % ; to this the charge
was transferred, when it was empty, in order to
be finished and drawn out through its door.
Sometimes three-bedded furnaces were met with.
The front bed % was made of bricks on end, and
was set upon a layer of ground chalk or fire-
clay, to isolate it from the foundation. The
bricks were set dry, as closely together as
possible (preferably grinding them upon one
another, so as to minimise the width of the
joints), and were grouted on the top with a thin
paste of fireclay. The long joints were made to
run towards the door, and the whole bed was
made to slope about 2 ins. that way, in order to
facilitate the working of the tools. The back
bed ¢ was made of bricks on edge (7.e. 4} ins.
high). The diagrams show how these beds were
made within fire-brick 9-in. walls, so shaped
that the tools could easily reach every part of
the beds, and leave no dead corners. The front
or working-bed, even if made of the best material
and with the greatest care, rarely lasted longer
than 5 months.

On the Tyne the furnaces were cased in solid
cast-iron plates, tied together by upright binders
and tie-rods ; but in Lancashire the plates were
frequently replaced by the less substantial plan
of simple straps of wrought iron, 3-6 ins. broad
and $ in. thick. The ends of the tie-rods were
tightened up by screws and nuts, or else by loops
and wedges.

In front of the working-doors there were
special door plates and supporting bars for the
tools. The (Foors were best closed by fire-clay
slabs, surrounded by an iron frame, and hung
from a standard with chain, pulley, and balance-
weight.

These hand furnaces, like the early mechanical
black-ash furnaces, were erected for the manu-
facture of sodium carbonate, and were fitted
with pans over which the fire gases leaving the
furnace passed on their way to the chimney,
and in which they concentrated by top heat
the crude sodium carbonate solution obtained
on lixiviation of the black ash. TFigs. 31, 32,
and 33 show the cohcentrating-pan, the
working of which is described later under the
mechanical black-ash furnace or revolver (p.
41).

: The work in the black-ash furnace was carried
on ag follows : The mixture was put on the back
bed, where it was levelled, and during its stay
there was twice turned over, in order to dry it
and heat it. When the charge in the front
bed had been drawn outv the fire was allowed
to play on the empty bed for a little while to
make it hot, and then the previously heated
charge was pushed over from the back bed.
Sometimes a portion of the ball was left a
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little longer on the back bed (‘ splitting a ball °).
As soon as it was empty a fresh charge was put
in. The principal work, of course, went on on
the front bed, which was heated to at least che
melting-point of silver.

Revolving black-ash furnaces. The kind of
work done by a ball-furnace can be done more
efficiently and cheaply by mechanical means,
as it simply consists in keeping the charge
turned over. The actual solufion of this
problem proved, however, a difficult task, even
after the right principle, that of a cylindrical
furnace revolving as a whole, had been found
by Elliott and Russell, in 1853. Apart from the
mechanical imperfections of their furnace, it
turned out the black ash much too hard and
in a very bad state for dissolving, because by
the continuous rotation all the gas was driven
out, and the honeycombed structure of the balls
was lost. Stevenson and Williamson, in 18565,
overcame both difficulties, and must be called
the true originators of mechanical black-ash
furnaces, usnally called ‘revolvers,” which have
entirely superseded the hand furnaces.

Figs. 34 and 35 show an ordinary revolving
black-ash furnace in sectional plan and in
elevation, fitted with the top-heat pans em-
ployed to utilise the waste heat from the
revolver when ash or sodium carbonate is pro-
duced from the liquors. :

Fig. 36 represents a revolver fitted in accord-
ance with the custom to-day with bottom-
heated pans to utilise the waste heat.

Where black ash, as is practically always the
case now, is made to manufacture caustic soda,
these pans are used to concentrate the weak
caustic soda solution obtained from the caustici-
sers. It is obvious that it would be impossible
to pass the fuel gases over the causticised liquor
without carbonating it, and hence the less efficient
bottom heating has to be adopted. a is the fire-
place, with two working doors and a cylindrical
opening, 2% ft, wide, for the flame to pass through.
Between this and the revolving cylinder there
is a fire-brick lined, cast-iron ring b, the ‘eye,’
hung by means of chain and pulleys, which
allows some air to enter all round, and the
necessary expansion to take place. The cylinder
e consists of a shell of }-in. boiler plates, 15} ft.
long and 10} ft. wide inside ; cast-iron tire seats
ff, and cast-steel tires g ¢, are shrunk upon the
barrel, and work upon the V-rollers Ak The
cylinder is lined inside with fire-bricks, 9 ins.
thick in the centre, 1} ft. at the ends; this
facilitates the running out of the charge. Two
horizontal ¢ breakers ” project from 9 to 13 ins.
above the other lining, and promote the mixing
of the charge in revolving. A 1}-ft. manhole
closed by an iron lid allows charging and empty-
ing the furnace. Each furnace 1s provided with
a special engine, possessing double gearing so
that it can produce either a slow movement
(one revolution in 10 mins.) or a quick movement
(five revolutions per minute). The gearing acts
upon a spur-wheel m, made in one piece and
bolted immovably to the furnace. The exit
opening ! communicates with the large dust
chamber m’, to which are joined the two boiling-
down pans % and ', 28 ft. long by 8 ft. wide
by 23 ft. deep each, with their drainers o and
o', and from these the flame goes through the
flues ¢ ¢ into a chimney. The purpose of the
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partition 7 in the pans is to reserve one part | charging trolleys or bogies into which the
for evaporating the mother-liquor pumped up | finished charge is run from the revolver.
from the drainers. A furnace of this size takes charges of 30

A tramway runs above the furnaces for charg- : cwts. salt-cake avd gets through 15-18 tons of
ing them, and another (smaller) tramway runs | salt-cake in 24 hours, with a consumption of
underneath them for moving the train of dis- I 10-13 cwts. of firing fuel per ton of salt-cake.

Fia. 34

Much larger revolvers have been erected, a | and 12 ft. 6 in. in diameter (described by Watson
common size being 18 ft. in length by 10 or 12 | Smith in the J. Soc. Chem. Ind. 1887, 417), and
diameter. Such a revolver will decompose a | decomposes a charge of 8 tons 12 cwts. salt-
3- or 4-ton charge of salt-cake in 2 hours. The | cake in 3% hours; and one at the works of
largest revolver made is one erected by the | Messrs. Kurtz, St. Helens, which is 30 ft. 6 ins.
Widnes Alkali Co., in 1887; it is 30 ft. long | long and 12 ft. 6 ins. diameter.

Fia. 35.

There has been much controversy as to the | formed in the ordinary process which are re-
best way to mix and work the charge in a |sponsible for carrying iron forward in a soluble
‘revolver.’” The varions methods suggested | form to the end of the process.
had for their object : (1st) The production of The following methods of working the
a more porous and more easily lixiviated black | charge have been practised :—
ash, and (2nd) the destruction of the cyanides 1. The chalk or limestone and two-thirds of

& el & 1 e
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Fic. 36.

the coal are introduced and the revolver kept | andthe rotation slowly continued untilthe mass is
slowly turning round till the appearance of a | nearly fused, when the quick movement is started
blue flame of CO round the man-hole shows some The object of ¢ liming * is to produce a certain
caustic lime has been formed. This liming | proportion of caustic lime, which in the lixiviat-
process lasts 1-13 hours. Then the salt-cake, | ing tank will cause the balls to burst, and to
together with the remainder of the coal, is added | be more easily dissolved,
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2. Mactear in 1874 patented the following
method of work. He charges the salt-cake,
coal, and limestone at once, %ut only uses the
theoretical quantity of limestone; when the
charge is fused he stops the revolver and adds
guicklime equal to 10 p.c. on the weight of the
salt-cake, and 15 p.c. of cinders.

3. Péchiney (patents 1877 and 1878) added
at the end of the charge some salt-cake which
has the effect of destroying the cyanide present,
and of preventing the formation of ferrocyanide.

4. Weldon patented (1878) an improvemecnt
on the Péchiney process. He added a little
limestone dust to the charge along with the
salt-cake suggested by Péchiney.

The advantages of the Weldon-Péchiney
Erocess were the subject of a long controversy

etween Weldon and Mactear.

5. Several other patents were taken out
about the same time, 1878, for destroying the
cyanides and ferrocyanides by Mactear, Gaskell,
Deacon & Co., Pauli, Brunner, Allhusen, and
Glover.

None of these processes appears to be
necessary, and the present practice is to drop
the whole charge into the revolver at once and
work it through without stoppage or addition.

The following may be taken as the normal
mixing for a black.-ash revolver under modern
conditions.

(a) When all the calcium carbonate is added
ag limestone ; (b) when part of the limestone
is replaced by the calcium carbonate produced
in the causticisers (caustic lime mud).

a b

cwt. - cwt.
Salt-cake . x 3 . +55 52
Limestone - 56 37
Lime mud . —_ 45
Slack 4 22 21

Properties of black ash. The yield of black
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ash is about 1% times the weight of the salt-cake
furnaced. Properly made, black ash has a
blackish-brown, in some places a liver-brown,
surface ; on breaking, it exhibits a slate-grey
colour and porous, almost pumice-like, structure,
and looks homogeneous, without any black
or white streaks or lumps. Balls which are
quite black on the outside are made with too
much coal, or are very badly wrought, so that
the mixing coal was not all consumed and the
ball could not be cleared.’ If there was a defi-
ciency of limestone, or if the balls were over-
heated, they are very dense, with pale pink
spots outside, and on breaking their colour is
pink or purple, in the worst case brick-red.
Such black ash contains very much sodium sul-
phide or even polysulphide. Kolb found this
to occur whenever the melting-point of silver
was exceeded. ‘Soft’ balls occur when the
temperature has not been high enough, so that
the mass never got beyond the thinner state to
the pasty, porous one. Such black ash is very
difficult to lixiviate, and contains much undecom-
posed sulphate.

In order to check the furnace men, samples
are taken from each man’s work, sometimes even
from every single ball, and are roughly tested
for their percentage of alkali, of sulphate, and
of sulphide; but as these cannot be average
samples, the judgment of a practised eye on the
appearance of the ball in general must always
be taken into account as well. The testing-
methods are the same as those used for tank
liquor (v. tnfra).

Of the published analyses of black ash many
are not trustworthy, because they were evidently
made with a material changed by exposure to
air, or because they neglect constituents which
must have been present; some of them also
because they give highly detailed figures for con-
stituents for which no good analytical methods are
(or were then) known. We quote only a few :—

g From Liverpool s, U o s From Amiens

(Kynaston) Hand made Revolver ash (Kolb)
a b c d

Sodium carbonate . 36-88 4441 4327 4479

,, silicate 118 —_ —_ 1-52

, aluminate 0-69 - ¥ 1-44

,»  sulphate 0-39 1-54 1-06 092

,»  chloride 2:53 142 1-48 1-85

Calcium oxide 927 10-44 7:13 9-68

,»  sulphide 28-68 28-87 2773 29-96

28 carbonate 3:31 3-20 7-52 592
X sulphite, &c. 378 — = >
Magnesium oxide 025 0-10 019 —_
Silica 2 - 0-89 174 s

Ferric oxide 2-66 175 148 121
Alumina 113 0-79 072 Jxis
Iron sulphate 0-37 — — —
Ultramarine 0-96 = = 2
Sand 0-90 2-20 266 Pty

Coal 7-01 532 5:28 1-20
Water 0-22 —_ — e

Total 100-21 100-93 100-26 98-49

These analyses do not show caustic sods,
which is, in fact, only formed on lixiviation ;

stances, found by some authors in the samples
examined by them. But the analysts ought not

neither do they count up a number of rare sub- | to have neglected the cyanide, nor the soda
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present in an insoluble form. There is also no
mention of Na,S, which is never quite absent.
All these are accounted for in the following
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partial analyses of black ash made by the
Péchiney-Weldon process :—

Made wi er cent.  100sulphate, 77-8 lime- 53 lime-
| — e R T e
‘ Alkali . | 22-60—24-51 24-25—26-00 23-00—26-25
Na,S . 4 2 | 0-28— 0-38 0:31— 048 0-20— 0-37
Na,S to 100 alkali . 1-15— 1-60 — S
| Na,S0, ) [ g - 0-41— 0-63 0-18— 0-90 0-18— 090
| Total Na,SO, after oxidation . | 1-85— 2-24 0-88— 1-90 0:96— 2-00
| Available alkali in soda ash 57-40—58-30 —- — |
Alkali in soda waste | 0-21— 037 0-19— 0-23 0-17— 0-32 {
Na,FeCyg J — traces—0-06 traces—0-052
Jurisch (J. Soc. Chem. Ind. 1880, 241)| abridge the three decimals of the percentages
gives the following analyses (in which we | to one):—
T Muspratt, revol- | Muspratt, hand, s&ﬁgﬂg’%&gf’ Muspratt, Mac-
ver, July 1874 | November 1874 ||,/ oo cq Feb, 1886 p:gggsi,ngi}‘i%gﬁ
Mixture ; Salt-cake 100 100 100 100
Limestone 3 106 109 73 78
Coal 10 p.c. ash 55 56 41 471
Mactear’s lime = == 7 7%
Na,CO4 41-6 41-8 453 46-2
NaCl . 1-2 14 17 07
Na,S0, 1-2 2-3 15 04
Na,S0, 014 0-5 — —
Na,S,0, — 0-3 13 0-6
Si0, 24 341 31 249
ALO, 14 15 10 08
Fe,04 0-9 1-1 0-7 1-0
CaCOg4 11-6 6-6 51 9-7
CaO 57 58 1-3 1.7
CaS 29-8 319 31-0 336
MgO — 0-3 0-3 04
Coke 44 33 4 3-5

Black ash keeps unchanged in the absence of
moisture and carbon dioxide, but in the presence
of these it soon undergoes a change (studied by

_Kolb, Ann. Chim, Phys. [iv.17, 118; 8, 135; 10,
106). The lime attracts both H,0 and CO,;
on being hydrated it swells up and cracks the
balls, which gradually fall to powder. On
lixiviating, they now yield less NaOH, but, on
the other hand, much more Na,S and products
of its oxidation, since the action of the atmo-
sphere on CaS produces calcium hydrosulphide,
polysulphide, thiosulphate, and other soluble
calcium compounds which, on lixiviation, at
once react on sodium carbonate. In the course
of time the reaction may thus be reversed, and
the sodium carbonate may be entirely decom-

sed again. Hence black ash ought not to be

ept too long before working it up, and ought

not to be exposed to the action of the air after
being once cooled down.

The action of wafer on black ash has also
been studied by Kolb (l.c.). From his experi-
ments he draws the following conclusions. The
quantity of NaOH formed in the lixiviation vats,
by the action of lime on sodium carbonate, is |
not materially influenced by the quantity of
water, but increases both with the time of
digestion and the rise of temperature. Almost |

exactly the same conditions govern the forma-
tion of sodium sulphide, but this is independent
of that of caustic, and evidently takes place
by the action of dissolved CaS on Na,CO,. NaCl
slightly increases, Na,SO, slightly diminishes
the quantity of CaS entering in solution, which
always takes place in the shape of Ca(SH),.
Boiling CaS with water will eflect this slowly.
Solutions of Na,CO, act all the more on CaS the
more dilute and the hotter they are, and the
longer they remain in contact with each other ;
the presence of caustic lime or caustic soda re-
tards this action. Hence the lixiviation should
be carried on as quickly and at as low a tem-
perature, and with as little water, as possible.

Liziviation of Black Ash.

During the first period of the manufacture of
artificial soda, the black ash, as it came out of the
furnace, was directly sent out to soap makers
and other consumers. Usually (in England uni-
versally) the black ash is separated by lizivia-
tion into a soluble and an insoluble portion.
The former yields commercial soda ash, crystals
or caustic; the latter, which contains CaS, as
well as many impurities, was a waste product,
until quite recently very imperfectly, if at all,
utilised.
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The lixiviation is not merely a mechanical
process for dissolving the soluble matter ; during
its course chemical reactions set in, which are
partly comparatively harmless (as the formation
of some NaOH), but some of which may cause
very much loss by the conversion of Na,CO,
into Na,S, Na,S0O,, and intermediate states of
oxidation, as will be understood from the remarks
made upon the action of water on black ash.

Properly made porous black ash requires
only breaking up into large pieces, so that it can
be handled ; but dense, overheated or under-
heated black ash must be crushed to a coarse
powder, and even then is nothing like com-
pletely exhausted, without reconverting much
of it to Na,S. It is, of course, essential
that black ash should be completely exhausted,
that the liquor should be pure, and that it
should be as concentrated as possible. We have
seen above that this can be done only by work-
ing quickly and at a moderate temperature. The
latter is specially required for weak liquor, which
is much more liable to act upon CaS than con-
centrated liquor. The former should never be
hotter than 42°, and is much better kept between
32° and 37°; the latter may reach 60°.
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It is further necessary to disturb the solid
mass as little as possible, in order to prevent the
liquor from becoming muddy ; and, more parti-
cularly, any exposure of the wet solid residue
to the atmosphere must be avoided, because this
leads to a rapid oxidation of CaS, even as far as
CaS0,, and a consequent loss of soda.

The diffcrent apparatus formerly used for
lixiviating soda ash need not be described
here, as they are completely obsolete. The
apparatus universally employed was originally
invented by Professor Buff, of Giessen, but
was apparently first brought into practice by
Dunlop, at St. Rollox, in 1843, and made
its way, first into Lancashire (about 1860).
In England it seems to have been dominant
about 1864, on the Continent 10 years later.
Its principle is to allow the black ash to re-
main in the same place, and to cause the liquor
to circulate in a methodical manner, so that it is
brought up to concentration, and the black ash
is completely exhausted at the same time, with-
out ever being exposed to the air. By this course
the liquors are much stronger and purer, and the
process is much less expensive than with the
plans formerly practised.

Fia. 37.

The way of carrying out the process is
shown in Tig. 37. A number of ‘tanks’ or
¢ vats '—at least three, more commonly four,
but sometimes five, six, or even more—is com-
bined to form a set. The tanks must be all on
the same level, and this should be so far removed
from the ground, by means of pillars, that no
leaks can occur without being observed. They
are made of wrought iron, Near the bottom
there is a row of T-pieces bb, for supporting the

erforated plates cc, forming a false bottom.

Whilst the true bottom is often made to slope
to one side, where the outlet cock is placed, the
false bottom must be quite horizontal. Each of
the tanks contains two overflow pipes, one,
marked e, for weak liquor, and another, marked
f» for strong liquor. This is best seen on the
section, Fig. 38. They are cast-iron pipes, a
little wider in the upper part, with a conical plug
fitting into a seat bored out at the enlargement.
Above the plug-seat the pipe has a side-branch,
bolted to one side of the tank, where there is a
corresponding hole. The pipes pass through the
false bottom, and the liquor can enter into them
from below, If the plug is taken out, the hquor

contained in the corresponding tank will rise from
its bottom in the pipe e and will overflow into
the next tank near its top, and thus a continuous
stream of liquor may be produced right through
the whole set of tanks. Where, however, it is
intended not to run the liquor upon the next
tank, because it is concentrated enough to be run
off, the pipe e will be kept closed and the plug
taken out of pipe f. All the pipes ff are ar-
ranged on the front side of the set ; they are, on
the outside, provided with swivel-pipes f*, which,
when turned up, prevent the liquor from run-
ning out. By turning the branches f’ downwards
at the same time as the plugs are taken out, the
strong liquor runs into the shoot 7, and from
this into the well, from which it is pumped into
the settlers.

At some works there are cocks instead of the
swivel-pipes f* ; at others the strong liquor pipes
Jf are omitted, and the strong liquor is run off
by means of the bottom-cocks gg, which must be
provided in any case ; but neither of these plans
can be recommended. The bottom cocks gg serve
for running away the weak liquor previously to
casting out the solid waste, This liquor passes
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on to a separate well, from which it may be
pumped into the water-conduit %, from which
the tanks are supplied by a separate branch
each. A special set of pipes serves for supplying
either steam or hot water, as the case may be.

The working of the lixiviation vats is carried
on as follows :—

Let us consider we have a set of four vats
working in series, and that the spent black-ash
waste has just been thrown out (* cast ’) from one
of them. The empty vat is filled to ahout 1 ft.
from the top with lumps of black ash obtained

Fic. 38.

by roughly breaking the black ash balls with a
sledge hammer into pieces a man can readily
handle. The other three vats of the set during
this time are working. The last of the series
in which the black ash is nearly exhausted is
fed with fresh water and maintained at a
temperature not exceeding 35°C. The weak
liquor so obtained is run to the weak liquor store
tank. When the liquor leaving the weak vat
has in this way been washed down until it shows
no strength to the Twaddell hydrometer, the
vat is allowed to drain by opening the bottom
run-off tap g, after which the spent waste is
thrown out and the vat is ready for filling again,
or ‘setting’ with fresh black ash. The other
two vats meantime have been working as
follows: Weak liquor from the weak liquor
store tank is run on to the partially exhausted or
intermediate vat, and from it overflows by the
pipe ¢, on to the strong vat. In this way a
constant stream of partially-concentrated liquor,
gradually dropping in strength from 36° to
0°T'w., i3 run through the strong vat where its
strength is raised to 56°-36°Tw., or an average
strength throughout the run of about 46°Tw.
When the strength of the liquor leaving the
strong vat has fallen to 3G°Tw., it is no longer
fit to remain a strong vat.

By this time also the intermediate vat is
low enough in soda to become the weak vat and
thus to take the place of the one just ex-
haunsted.

The freshly-charged vat mentioned above is
then connected, the old strong vat becomes the
intermediate vat, the old intermediate vat
taking the place of the weak vat which has just
been cast, and the whole series of operations
starts again.

The great points to be observed are :—

1st. That the black ash should be as uniform
as possible, so as all to lixiviate equally and
rapidly.
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2nd. That the lixiviation process should be
conducted as quickly as possible with complete
exhaustion.

-3rd. That the temperature of the weak vats
should not be allowed to exceed 35°C., and the
strong vats 60°C.

4th. That the vat waste should be as com-
pletely exhausted as possible.

Testing methods for black ash, vat liguor,
and tank waste. In order to test black ash, a
sample consisting of several picces of the ball
(which unfortunately can never be a real average
sample) is finely powdered, and 50 grms. of it
are digested with tepid water, free from
oxygen and carbonic acid ; the solution is made
up to 500 c.c., and is now tested just like
the tank liguor obtained on the large scale.
1st, for total available alkali, by means of
standard hydrochloric acid and methyl orange ;
2ud, for caustic, by addition of barium chloride
and titrating with hydrochloric or oxalic acid
(in the last case without filtration); 3rd, for
sulphide, by mcans of iodine ; 4th, for sulphate,
by means of barium chloride, either gravi-
metrically or volumetrically ; 5th, for total
sulphur, by oxidising with bleaching powder
and estimating the sulphate formed; 6th,
for chloride, by standard solution of silver ni-
trate, after having exactly neutralised the alkali
by nitric acid and boiled away the H,S; Tth,
for ferrocyanide, by means of Hurter’s copper
sulphate solution. Vat waste is mostly only
tested for available soda by treating a solution,
obtained as previously described in the case of
black ash; with CO,, boiling, filtering, and titra-
ting the clear portion ; sometimes also for fotal
soda, including the ¢nsoluble portion, which is a
somewhat lengthy process. (Details of all these
::)etll(mds in Lunge’s Technical Chemist’s Hand-

ok.)

The analyses by Jurisch, given in the first
table on p. 46 (Chem. Ind. 1880, 441), show the
composition of revolver-vat liquors (abridging
the three decimals to one).

A comparison between different systems of
working is afforded by the figures in the
second table on the next page, which give
grms. of each constituent for each 100 grms.
?f available soda (as Na,CO;+NaOH) in tank
iquor.

The vat liquor is always too muddy for im-
mediate further treatment, and must be setiled
first. This will cause the vat waste mechani-
cally carried away to subside ; at the same time
the action of the air will cause some of the ferro-
sodium sulphide to be decomposed, and the FeS
to be deposited along with alumina and silica,
partly or entirely in the state of chemical
combhination.

THE MANUFACTURE OF CAUSTIO SODA FROM
LEBLANC VAT LIQUOR.

Solutions of caustic soda have been made
ever since soda was commercially used, espe-
cially by soap' makers ; later on by bleachers,
paper makers, &c. Most of these prepared such
solutions themselves; sometimes they bought
them in the state of caustic liguor; but from
the nature of things this could never be a large
trade. Such a trade has only arisen since
caustic soda has been manufactured in the solid
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Average of four months Hiéﬂésﬁ ﬁ;ure ot : ‘Lbﬁwerstrﬁgur;e :
eI Grms. On 100 parts Grms. On 100 parts  Grms. | On 100 p;rts
per litre |available soda| per litre |availablesoda| per litre |available soda
Total Na,O % 1880 — 1984 — 1689 —
Na,O as Na,CO; . 147-9 _— 161-2 — 1317 =
Na,O as NaOH 40-0 218 477 248 37-2 18-7
| Na,CO, . 2529 =¥, 2756 2l 2252 ~
NaOH 517 — 616 — 48- —_
Nadl . s 107 57 155 81 63 32
i Na,S0, # 28 14 38 1-9 1-9 1-0
Na,SO, “ 0-3 0-1 0-5 28 0-1 0-1
Na,.S,0, 13 0-7 2:1 10 10 0-5
| Na,S. A 3 41 22 50 27 29 16
| Total Na,SO,calcul. 13-1 7-0 147 80 107 57
| Total Na,SO,found 131 -0 155 8-3 10-5 56
Na,FeCyg . . 0-8 0-4 1-1 0-6 05 0-3
Si0,, Al,04, Fe,04 47 2:4 56 30 3-8 2-1
Muspratt’ Runcorn Soap and Alkali Works
| M (R (S TIIN  LRF, DGR T 7 4] t ti
bt fu?ggges rgélcz vl;s, Péchiney revolver | Péchiney-Weldon > et o
3’| 80 days’ | : .
16 days™ “3verage |aver- | high- \aver- | high- | low- | ayer- | high-
average aage est, | lowest | 202 é‘;t o ( 3;;; hé-‘g{‘ lowest
=1
Naz0 as NaOH . 336 | 213 |183|152| 85 |101| 215|152 | 250 |300 | 21°0
NaCl . g 73 59 == w e = b Z 30 80 075
N2,30, 60 17 | 41| 54| 28 | 86| 45| 32| 23 | 44 | 125
N2,80; . 04 (R R R S B S e - —
Na,S,04 11 07 15 16 12 1-0 13 09 — I 5
Nas§S . R 5 14 2:1 14| 18 09 2:2 30| 19 10 15 05
Total Na,S0, cal. 109 6'8 95 | 106 78 | 94 10-8 80 — 4 L
Total Nag,SO, found 109 68 93104 90 94 108 | 06 49 65 4
NagFeCye . 3 01 04 02| 04| 02 | 02 03 02 — — —
Si0y, Al 04, Fe,04 27 24 | — |- | - | === ===
Mixing proportions: | AT AN i B SR T 25 3
Salt-oake 06 D.c. 100 100 S B78 (s P i = ey A0 e | g ro! e
Limestone 102'1 76 644 | — - | - 744 — — — —
Coal 3 521 38 348 | — — — 419 | — — — -
Mactear lime . - 83 — — — — = — — — —
Péchiney salt-cake - - 122 | — — — 116 | — - — =
. limestone dust — - 73| — = — T30 = = = ==
Sifted cinders . - 10 — - — - — — — —

state, which was first done about 1845 in Ten-
nant’s works at St. Rollox, but only experimen-
tally. The development of that large industry
only dates from 1853, and is intimately con-
nected with the names of Gossage, Dale, Ralston,
Gamble, Muspratt, Pauli, Deacon, and other
Lancashire manufacturers. It was introduced
much later into the Tyne distriet and abroad.

Solid caustic was originally only made from
the caustic mother-liquor (‘red liquor’) ob-
tained in concentrating vat liguors for Leblanc
soda ash as hereinafter described. This source
of caustic soda is now of little importance,
owing to the practically complete replacement
of Leblanc soda ash by ammonia alkali.

Some caustic is made by dissolving and
causticising ammonia alkali ; but the bulk of it
is made from vai liguors, obtained in the usual
way.

The Leblanc vat liquors, as shown in the
analyses given above, contain 70-80 p.c. of the
totaf’ soda as Na,CO, and have t to be
causticised or converted as completely as
possible into NaOH. The proper performance
of this operation plays a very important part
in the manufacture of caustic soda.

The method adopted for causticising the
Leblanc liquors is always by treatment with
quicklime :

Na,C0,;+Ca0+H,0=2NaOH--CaCO,.
This is a reversible reaction, and the condi-
tions under which it is performed govern the
proportion of NaOH to Na,COj, in the causticised
liquor. The apparatus used is usually a large
wrought-iron vessel, fitted with either horizontal
or vertical mechanical agitators and a basket
(see b in Figs. 39 and 40), into which the lime
required is placed.

Formerly the agitation was frequently
effected by steam or air, but these have been
shown to be less economical than the mechanical
agitator. The strength of liquor used for the
causticising operation is important, there being
two facts to be considered.

1st. The lower the strength of the liquor
causticised the higher the proportion of the
total soda which can be converted into NaOH
by the lime.

2nd. The higher the strength of the liquor
causticised the less fuel is afterwards required
for concentration. As a compromise between
these two factors it is usual to causticise at a
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strength which gives a causticised liquor of
20°-26°Tw. or 1-1-1-13sp.gr. With careful work
such a liquor will contain 91-92 p.c. of its total
soda as NaOH.

The operation is usually carried out as
follows : Well-settled vat liquor is heated as
far as possible by waste heat or exhaust steam,
and run into the causticiser where it is diluted
to a strength 1-1-1-13 sp.gr. with weak liquor
obtained from a later stage of the process, and

]

Y

Fia. 39.

by water, both of which should also be pre-
heated when possible by waste heat. The
quantity of total liquor in the causticiser should
be sufficient to just cover the bottom of the
cage b. The liquor is then heated to boiling
by steam through the steam pipe, and the
quicklime thrown in gradually. Care is re-
quired to prevent the causticiser from boiling
over. The steam can now usually be shut off,
the heat of hydration supplying heat to make
good losses by radiation.

More vat liquor and weak liquor are gradually
run in and the lime added until the causticiser
is full and the calculated quantity of lime added.
A sample should then be taken and tested to
find the causticity per cent. obtained, and if
this does not exceed 90 p.c. more lime is added.

oo rgroun i

The agitator is then stopped and the liquor
allowed to settle for abouty/1} hours. The
comparatively clear liquor is stripped off the
top by a drop syphon and run to settlers. The
causticiser then remains, perhaps, one-third full
of caustic liquor and lime mud.  This can either
be run out direct on to a filter bed or the causti-
cisers can be filled up with water, agitated and
again settled. The weak liquor so obtained,
together with washings from the filter, is
used for diluting another batch of vat liquor.
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The washed mud is then run on to a filter bed
and again washed with water.

It is by no means uncommon to work two
or even three batches in a causticiser without
running off the lime mud. This saves time and
makes it possible to work each batch with a
larger proportion of excess free lime than would
be economical for the single batch. The in-
creased quantity of free CaO slightly increases
the causticity per cent. obtainable.

Many investigations have been made into
the lime causticising operation, and several
processes have been suggested with the object
of increasing the proportion of causticised to
uncausticised soda, ¢.e. of NaOH to N,CO, in
the final liquor when working at higher strengths
of solution.

Patents were taken out by Parnell (4144,
1877, and 2203, 1878), by Wells (3803, 1879),
by Menzies (3804, 1879), and by Herberts (3577,
1882) for conducting the causticising operation
under pressure, which was claimed to give in-
creased causticity per cent. at strengths up to
12 sp.gr. The Parnell process was tried
extensively on a large scale and failed.

The investigations of Lunge and Schmidt
(Ber, 1885, 3286) showed that working under
increased pressure did not increase the causticity
per cent. obtained.

Herberts also, in a later patent (D. R. P.
43492), claimed that higher causticity could be
obtained with liquors of 1-14-1-16 sp.gr. when
working under diminished pressure. Later
investigations on this subject are those of Bod-
lander (Zeitsch. angew. Chem. 1904, 1519),
Leblanc and Novotny (Zeitsch. anorg. Chem.
11, 181), Wegscheider and Walter (Chem.
Zentr. 1907 ; and Monatsh. 28).

At the present time, as mentioned above,
however, the ordinary practice is to causticise
at 1-1-1:13 sp.gr. and obtain about 91 p.c. of
the total soda as NaOH.

The filters on to which the ime mud from
the causticisers is run vary considerably in
design and arrangement; Fig. 41, however, is
representative of a large number of filters, and
shows a thoroughly efficient and satisfactory
apparatus. >

% Mesh Woven Wire
held down with melals ) s
& L imestone 3 cubes at

; C Bottom to fine at 7op
&
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3 oitch
Fia. 41.

The lime mud is run from the causticiser
through the 3- or 4-inch diameter pipe on to
the filter bed and the vacuum pump started.
As soon as the surface of the mudp begins to dry
cracks are likely to appear. These require
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raking over with a rake or patting with a spade
to close them up. Hot water is then run on to
the bed of mud to wash out the caustic liquor
which is held up by and surrounds the particles
of CaCO;. Finally, the vacuum pump is kept
going for some time to dry the mud as much as
possible. Under the best circumstances, how-
ever, it will retain over 40 p.c., and usually
nearly 50 p.c. of water.

On the care with which this washing process
is conducted depends the quantity of soda left
in the mud.

With careless washing, with cracks in the
bed of lime or round the sides of the filter or
holes and inequalities in the filter bed, there
may be a heavy loss of soda.

With good work the soda loss can be reduced
to well below 1 p.c. soda on the weight of lime
mud ; with bad work it may rise to 4 p.c., and
even 6 p.c. on the mud.

As there are about 2 tons of lime mud to
the ton of Leblanc 70 p.c. caustic soda, it is
evident that this may be a very serious matter.

As mentioned above, the washings from the
filters are used to dilute the vat liquor to the
strength required for the causticisers.

Other forms of filter for caustic lime mud
have been suggested of a more or less mechanical
nature, but have not met with extended use,
see patents by J. Brock and TV Martin, 2127,
1887; G. H. Bolton and T. A. Bullough,
14563, 1888; Hurter and Driffield ; Solvay
(Eng. Pat. 4725, 1896); and Houghton and the
United Alkali Co. (Eng. Pats. 7957 and 28791,
1903).

The following analyses of caustic lime mud
are given by Davis (Chem. News, 32, 187) :—

CaCO;, . . 402 420
L R TR 31
B0, 47 08 Srlies b e 0Nk 19
ALO, L L 0 0 VDS
e SNSRI oh o
;o SR AR ¥ R o
TG0 b L 880 Seel

996 996

Lime mud is frequently employed to replace
part of the limestone required for the revolver
charge. For this purpose it is used in the wet
condition. The following shows a revolver
mixing with and without lime mud :—

1 2
Salt-cake . 620 b5 cwts.
Limestone . . 370 56 cwts.
Lime mud . . 450
Mixing slack . 210 22 cwts.

When used in this way the soda contained
in the mud is probably recovered, and some
limestone is saved. The output of the revolver
is, however, reduced, and the labour and fuel
charges increased per ton salt-cake decomposed.
The advisability of utilising the lime mud in
this way depends, therefore, on a balance in
which the relative prices of limestone and
fuel are the largest factors. In some works the
attempt has been made to burn the calcium
carbonate in the mud back again to quicklime,
and it is reported that this has been economically
done in the rotary kilns used in the manufacture
of Portland cement. The lime mud is also used
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as a raw material for the manufacture of Portland
cement (Rigby, J. Soc. Chem. Ind. 1888, 301).

A very important and increasing outlet for
caustic lime mud is for liming the soil. For
this purpose calcium carbonate is as useful as
the oxide and the finely-divided condition of
caustic lime mud renders it particularly suitable.

The lime improves the soil by opening up
the land, this is especially valuable in the case
of the heavier soils. It is in itself a plant food,
and also helps to bring into action the insoluble
reserves of nitrogen and potassium in the soil.
It corrects acidity in the soil, and is the best
remedy for the finger and toe disease in turnips
and swedes. See leaflet No. 170 of the Board
of Agriculture and Fisheries.

A totally different method of causticising
is that of Lowig (Eng. Pat. 4364, 1882), who
evaporated soda liquors with pure ferric oxide,
and exposes the mixture to a bright-red heat.
The mass is thus converted into sodium ferrate
(or rather ‘ferrite’), which is insoluble in eold
water, so that it can be purified by washing with
it : it is then treated with water at 80°C., which
decomposes the compound into caustic soda and
regenerates the ferric oxide. Thus concen-
trated liquors are obtained quite free from
iron. In patent D. R. P. 41990 Léwig extends
this plan to the sesquicarbonate or roaster ash
of the ammonia soda process produced by the
g;mrtial furnacing of the sodium bicarbonate

st obtained to expel the NH,, and part of the
CO,. Thissubstanceis then further treated with
ferric oxide in a revolving furnace until the whole
has been converted into a compound of soda,
which is split up by the action of water into
caustic soda and insoluble ferric oxide. The
British patent of Mond and Hewitt (No. 1974,
1887) states that for the efficient conduct of
the process it is necessary to use a pure sodium
carbonate and oxide of iron, and to remove the
liberated carbonic acid as it is formed. They
also advocate the use of a revolving furnace
similar to the black-ash revolver for the forma-
tion of the ferrite,” and the use of water gas as
the source of heat in order to keep down the
partial pressure of carbon dioxide.

The Lowig process has the advantage of
yielding a stronger solution of caustic soda .
than the lime method of causticising. As
mentioned above, the lime process produces a
causticised liquor of 1-:1-113 sp.gr., while the
Léwig process produces one of 1:32-1-36 sp.gr.,
a difference which corresponds to a reduction
in the quantity of water to be evaporated for
the manufacture of solid caustic soda of about
6 tons water to the 1 ton 70 p.c. caustic soda.

For causticising liquors such as the Leblanc
liquors above described, the process is out of
the question, as before it can be worked those
liquors have to be evaporated to dryness, and
in addition there is the fuel required for the
furnace and the other working costs which are
heavier than in the lime process. The Lowig

rocess is, however, used for causticising on a
arge scale the solid sodium carbonate obtained
in the ammonia soda process, but it is doubtful
even then if it is cheaper than the lime
process.

Strontium hydroxide has been suggested as
a substitute for lime in the causticising operation
(Bacon, D. R. P. 99344), because the reaction is
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much more complete than in the case of lime,
and can be carried out in stronger solution.

The process, however, has not been adopted,
as far as is known, on the large scale.

The liquor from the causticisers at 1:1-1-13
sp.gr. contains 9-10 tons of water per ton of
70 p.c. caustic soda, and the economical evapora-
tion of this large quantity of water has always
been one of the technical problems of caustic
soda manufacture. The usual custom is to do
the first part of this evaporation by means of
the waste heat of the black-ash revolvers as
mentioned above. Fig. 36 shows a revolver
with a series of the shallow wrought-iron bottom-
heated pans a,a, a,a,a commonfy used behind it.

The hot gases from the revolver dust stack
Eass under the series of pans, and the causticised
iquor from the settlers is fed in a steady stream
into the pan furthest from the revolver from
which it overflows from pan to pan, until it
leaves the front pan at, under good condition,
12 sp.gr. This means that the revolver waste
heat has in this way evaporated 3—4 tons of water
per ton 70 p.c. caustic soda out of the total
9-10 tons.

The further trcatment of the caustic liquors
to obtain solid caustic soda is divided into two
stages, ¢ concentration ’ and ‘ finishing.’

The ¢ concentration ’ stage carries the liquor
up to such a strength that the bulk of the
Na,CO, left in the causticised liquor (8-10 p.c.
of the total Na,0) and the Na,SO, from the vat
liquor (see Analysis) separate out, forming what
are called ¢ caustic salts.’

The ¢ finishing ’ stage takes the liquor at
1:4-1-5 sp.gr., settled clear of salts,’” cvaporates
the balance of the water, amounting to 1-2 tons
per ton i0 p.c., and heats the fluxed anhydrous
caustic soda to full redness.

The °concentration’ is usually now per-
formed in large cast-iron self-fired vessels
called caustic pots (see Fig. 42). These vessels

are made of metal specially selected for the
purpose, and vary in size in different works. A
common size is 10 ft. diameter by 6 ft. deep.
The setting of the caustic pot is a matter of
importance, as the life of the pot, especially
when used as a ¢ finishing pot ’ is largely depen-
dent on the prevention of direct impact between
a flame blast from the grate and the metal of
the pot. It is usual, therefore, to protect the
pot opposite the fireplace with a guard wall.
The pot is filled with liquor and fired.
‘The loss by evaporation is made up by a con-
stant slow stream of fresh liquor until the
sp.gr. has risen to 1-4-1-5 as the case may be.
The strength to which the liquor is taken in this
stage depends on the strength of the caustic it
Vor. V.—T.
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is intended to Sack. The fire is then drawn and
the pot allowed to settle for some hours.

_ After settling the clear liquor is baled out
with a large wrought-iron ladle cleverly balanced
on the pot edge and worked with little exertion
by an experienced man.

The clear lignor is either baled into an
adjacent pot for the finishing operation or into
a tank from which it is pumped to settlers
where a further batch of salts settles out on
standing and cooling.

The salts are fished out of the pot with a
perforated ladle when all the clear liquor has
been taken,and are drained as well as possible
or jigged in a centrifugal machine.

The salts are a great source of trouble and
expense.

The following analysis represents an average
composition of the salts fished from the concen-
trating pots and jigged :—

Na,CO,
Na,S0,

p.C.
. 39
20

T It AR |
A small part of these salts is continually
returned to the revolver to prevent too heavy

i PSS

an accumulation of Na,SO, in the liquors, but
the chief part is dissolved and mixed with the
liquors feeding the causticiser and recausticised.

The total quantity of salts obtained per ton
70 p.c. caustic varies with the efficiency of the
causticising operation between 5 and 7 cwts.
Other methods of concentration have been
suggested. One vessel frequently used, especi-
ally in former days, is the so-called boat pan,
of which Fig. 43 is a cross section.

The boat pan is made of cast iron 13-1} ins.
thick, and its dimensions'are about 12 ft. long,
8 ft. wide, 3 ft. 6 ins. deep.

Another method used for many years in
some factories has been to concentrate the
liquors up to a strength well short of the salting-
point in Lancashire boilers, using the steam raised
at low pressure for heating purposes. The
difficulty is, however, that after a few years
the boiler repairs become very heavy, and there
is a great tendency for the rivet heads to shear off.

Recently multiple effect evaporation has been
largely applied to caustic soda liquors with
success. .

Multiple effect evaporation consists in
making use of the latent heat of the vapour
evaporated from one liquid to generate vapour
from a liquid with a lower boiling-point.

These liquors can either be really different
liquids with different boiling-points, or, as in

E
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the case we are considering, the liquors can be
the same, but by reduction of pressure the
boiling-point of the second lot of liquor may be
lowered sufficiently below the vapour tempera-
ture of the first lot to allow reasonable heat
vransference to take place.

The vapour raised from the second lot of
liquor can be similarly used for evaporation
of a third lot of liquor, whose boiling-point has
been made still lower by a further reduction in
pressure. The process can theoretically be
repeated indefinitely, but actual multiple effect
evaporators vary from two to six effects, i.e.
the latent heat in the vapour originally evapo-
rated is made use of from one to five times.

Fig. 44 shows a common form of an evapo-
ratorforuse with causticsodaliquorin triple effect.

A. is the first effect.

B. is the second effect.

C. is the third effect.

The shells of [these vessels are cast iron
divided into three_divisions by the tube plates
d, d'.

F F A
A Rl B, S, )
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The tube plates themselves are connected
by a number of wrought-iron tubes about 2 ins,
diametcr, and one central big tube all expanded
into the tube plates top and bottom.

The space between the tube plates d, d',
through which the tubes pass, is the steam
space and into it steam usually under pressure
from boilers is admitted through ¥. In some
cases the steam used in the first effect of an
evaporator is exhaust steam.

In normal work the evaporator is filled with
liquor through the inlet Eto a few inches above
the upper tube plate. The steam, therefore,
is on the outside of the tubes, the liquor to be
heated is inside them.

The weak caustic liquor is pumped into A
by a pump not shown, and finally the con-
centrated liquor is drawn from ¢ by a pump
also not shown., :

The steam raised from the liquor in A
passes on through ¥’ into the steam space of B,
where it again raises steam from the liquor in
®’s liquor space. The steam raised in B passes
similarly into © steam space, while the steam
raised in ¢’s liquor space passes away through ¥”
to the condenser and vacuum pump not shown.

The speed at which work is done, i.e. the
rate at which heat is transferred from the
steam through the metal of the tubes to the
liquor, depends first on the difference in tem-
perature of the steam and liquors, and secondly
on the circulation of the liquor in the liquor
space. The liquor rises through ebullition in
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the small tubes from the bottom division of the
evaporator to the top division, and then returns
downwards through the big central tube, On
the rapidity and uniformity in the different
tubes of this circulation depends largely the heat
transference per square foot of metal surface.
Another important type of evaporator is
the Kestner so-called ¢ climbing film evaporator.’
The essential point about this evaporator is
that it contains & much smaller number of tubes
than the type previously described, and that
the liquor passes once only up the tubes in each
effect. In this way the circulation is obtained
by the direct action of the liquor-feed pump,
and does not depend on the relative heating
effects of 'small tubes and a large tube. The
tubes in the Kestner evaporator are much
longer, they are, however, about the same
diameter, 2 ins., and are of wrought iron. In
the older type the tubes are from 4 to 7 ft. in
length, in the Kestner evaporator they are 23 ft.

long.

%Fig. 45 shows construction of a Kestner
evaporator which explains itself.

Fig. 46 shows the arrangement of a Kestner
four-effect evaporator, where A, B, ¢, D are the
four effects, and Eis the condenser. The general
construction will be readily understood by
comparison of Figs. 45 and 46.

The vessels b, ¢, d, e are save-alls or catch-
boxes to collect any caustic liquor which escapes
the baffles at the top of the evaporators and to
prevent its loss.

The following is an example of the absolute
pressure in the steam spaces of the four effects
of such an evaporator, showing the gradual fall
from effect to effect, on which the multiple
evaporation depends.

Steam space of lst effect abs. press. 52 1bs.
<] " 2nd 5 3 35 lbs.
» 9 3rd 2 2 18% 1bs.
2 ” 4th 2 2 7% 1bs.

Liquor space of the 4th effect abs. press. 1% lbs,

In such evaporators as have been described
it is customary to concentrate the caustic
liquors up to, but not beyond, the point at
which salts begin to deposit, that is to about
1-3sp.gr. For higher concentration an evaporator
of the older type or the Kestner type, in either
case with cast-iron tubes, is frequently used,
either in single or double effect, more commonly
in single effect. One way of working an evapo-
rator of the older type is to fill it with the
liquor at 1-3 sp.gr. and concentrate, adding
more fresh liquor continuously to make good
the loss by evaporation. Eventually when the
evaporator is full of liquor at 1-4-1-5 sp.gr., as
may be required, the bottom valve is opened
and the whole contents, liquor and salts, allowed
to fall into a settler or on to a filter bed. The
salts are separated and the liquor is pumped
to the store tanks feeding the finishing pots.
With the Kestner type of evaporator, which
holds practically no stock of liquor, the usual
method of work is to start with 1-3 sp.gr.
caustic liquor in a stock tank, and to circulate
it round and round, through the evaporator
and back to the stock tank, until the whole is
up to 1-4-1-5 sp.gr.

Another method of work with the older
type is to concentrate continuously, and not
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in batches, and to remove the salts from time
to time from the bottom of the evaporator by
means of a small closed vessel underneath it,
which can be connected either with the atmo-
sphere or tho evaporator. Automatic arrange-
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ments have also been invented for continuous
removal of the salts from the evaporators, and
it is understood arec used to some extent.

We have now the caustic soda solution as a
scttled liquor about 1-45-15- sp.gr. at 15°
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This liquor is run into a caustic pot similar
to that described above, for the concentration,
and boiled.

A common way of working is to fill up two
pots and concentrate until all the water is driven
off, and then to bale the liquor from one into
the other pot, and so make one full pot. The
liquor, being of practically the same tempera-
ture in both pots, mixes without difficulty.
At other times one pot is worked by itself and
continuously fed with the 1-45 sp.gr. liquor.
When the temperature of the pot increases and
the flowing of this solution on to highly-heated,
nearly anhydrous caustic becomes dangerous,
it i3 usual either to sprinkle the liquor over the
surface of the pot by running it through a

perforated plate or-ladle, or else to cover the

Fia. 46.

pot with the loose wrought-iron lid which is, in
any case, used as a cover during the last stage
of the finishing. When all water is driven off,
and the pot is full, the above-mentioned loose
lid is put on and the pot gradually heated up
until the molten NaOH in it is a just visible
dull red colour. A

As caustic soda is usually sold at definite
strengths, 60 p.c. Na,0, 70 p.c. Na,0, 76 p.c.
Na,O, &c., it is necessary to see h.ow near the
contents of the pot are to the required test.

A sample is, therefore, taken out on a spade
or in a mould, allowed to set, and then teste'd
in the laboratory. The caustic in the pot is
usually found too high in test, and has to
be reduced by the addition of a calculated
and weighed quantity of well-dried salt (NaCl).
The salt is added in small quantities through
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a lid in the sheet-iron cover mentioned above.
The salt decrepitates badly when it comes in
contact with the caustic soda, and causes con-
siderable irritation to those near the pot by
spreading finely-divided caustic through every
outlet in the pot cover.

After addition of the salt the pot has to be
again fired, as the fusion of the salt cools it con-
siderably, and unless reheated it will not settle
satisfactorily. The settling takes from 6 to 12
hours, and during this period the temperature
gradually drops to about 330°. The quality
of the caustic depends very largely on the
settling of the impurities, which consist chiefly
of ferric oxide, alumina, and silica. The clear
settled caustic is then, after cooling to about
325°, ready for packing.

So far, one important point has not been dealt
with, and that is the removal of the sulphide
always present in Leblanc liquors. There has
been much discussion as to the best way of doing
this, and many expedients have been tried.
Hargreaves proposed oxidation of the heated
liquor by blowing air through it. In this case the
oxidation was very slow and incomplete. Pauli
advocated the addition of ¢ Weldon mud’ (see
art. CHLORINE, under heading Weldon bleachiny-
powder process) (Eng. Pats. 1306 and 1530, 1879).
A detailed description of the oxidising process,
both with air alone and by Pauli’s process, has
been given by Jurisch (Dingl. poly. J. 240, 55).

The removal of the sulphide by electrolysis
was patented by Merle in 1875, and tried at
Salindres ; it was the subject of a later patent
by Deacon, Hurter and Elmore (Eng. Pat.
800, 1885). Chance (Eng. Pat. 5920, 1885)
decomposed the suiphides by a mixture of
ferric and calcium hydroxides or carbonate, pro-
duced by precipitating ferric chloride with a
large excess of lime or calcium carbonate.

The practically universal practice now is to
remove the sulphide either by the addition of
zine oxide in the causticiser or by the addition of
sodium nitrate to the finishing pots or both.
The zine oxide acts according to the equation :

Zn0-+Na,S+H,0=ZnS+2NaOH.
Sodium nitrate probably acts in the finishing pot
as follows:—

8NaNOQ,;+5Na,S=5Na,80,4-4Na,0--8N.

Metallic zinc readily dissolves in hot caustic
soda liquor of about 1-13 sp.gr., and the solution
50 obtained is run into the causticiser during
the causticising process.

The sodium nitrate is almost always now
added in the finishing pot. i

A common practice is to take out the greater
part of the sulphide with zine in the causticiser
and then to finish the oxidation with sodium
nitrate in the caustic pot.

1t is important not to add the sodium nitrate
until the pot temperature has become high, say
between 420° and 470°.  If the sodium nitrate is
added before the pot is sufficiently heated, the
caustic liquor has a great tendency to boil over.

The sodium nitrate is added until a small
gample of caustic taken from the pot is only
slightly blackened by a solution of lead acetate.
When the whole of the sulphide is removed
sodium manganate is formed in the caustic soda
and colours the finished product green. If
accidentally the limit is passed and on packing
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a blue or green colour is observed, it can be
rectified by the addition of a small quantity
of finely-divided sulphur.

By far the greater proportion of the caustic
soda is packed solid in what are called caustic
drums. The packing consists in ladling the molten
caustic into the drums. It is usual to surround
one side of the pot to be packed with a semi-
circle of drums into which the caustic is sucees-
sively conveyed by a wrought-iron shute, which
is moved from drum to drum.

The drums are cylindrical sheet-iron packages
(see Fig. 47) with lap joints, The sheets are
nelither ri;eted nor welded, but
rolled under pressure. In order
to avoid leakage before packing "
it is necessary to cool the caustic
down to a temperature near to
the point of solidification.

The clear liquid caustic in the
upper part of the pot is packed,
and then the,residue called ¢ caus-
tic bottoms,” which is a mixture g
of caustic soda, with the impurities v
settled out as ahove described, Trg. 47
is baled similarly into drums. M kid
The bottoms are of a deep-red colour, due to
the ferric oxide they contain. The following is
an analysis of a sample taken from a pot of 70 p.c.
caustic :—

p.C.
NaOH . ) . : 63-2
Na,CO; . . A : 1-6
Na,S0, . : . d . 20
NaCl 3 x ] v . 54
Na,S < . 5 5 . 01
Na,Si0, . 3 5 . . 24
NagAl,Oq . 5 . 14-2
Fe,0, A 5 e 1049

99-8

The ¢ bottoms > vary in strength between 53
and 63 p.c. Na,0 depending on the strength
of the caustic from which they are made.

For many purposes the solution of ¢caustic
bottoms ’ after well settling is as efficient per
unit of free Na,0 as that made from white
caustic itself. The ‘bottoms’ are either sold
at a reduced price as ¢ caustic bottoms,” or are
dissolved, and the well-settled solution returned
to the process.

As a package caustic drums are cheap, and
from the fact that the caustic is a solid block,
caustic in drums stows well for transit. On
the other hand, caustic drums containing a solid
lump of caustic weighing 6 cwts. are not readily
handled by inexperienced hands. The best way
to open a drum of caustic and break up the
lumps is as follows: Lay the drum on its
gide with the seam upwards, and then crack
the caustic by striking the drum along the
seam once or twice for its full length with a
sledge hammer. Insert a chisel under the
seam and lever it open. The two ends should
then fall off, and the caustic can easily be
separated into pieces by simply inserting the
chisel into the cracks and prizing them apart.

Caustic soda solution as such is sold to some
extent usually in one of three strengths :—

90°T'w. containing . 322 p.c. Na,0

100°Tw. ’ . 362 3
105°Tw. 5 . 382 X
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The solution is carried either in welded iron
drums or in iron tank waggons.

Caustic soda is also sold in a form called
‘detached,” that is thin sheets broken into
small pieces and packed in casks.

The *detached ® caustic is usually made by
baling a thin layer of the molten caustic on to
heavy iron plates, where it almost immediately
solidifies, and can be broken and packed. An
apparatus to do this work was invented by
Boulouvard (D. R. P. 34040).

Menzies (Eng, Pat. 4274, 1879) and Harned
(Eng. Pat. 4677, 1883) described apparatus for
grinding to a powder and sieving caustic soda.
Caustic soda powder is produced to some extent
for the market.

The commercial methods of analysis of
caustic soda are given in Lunge’s Technical
Chemists’ Handbook, p. 184.

Cream caustic. This is an inferior quality,
formerly made, but now practically unknown.
It was made by concentrating caustic liquor as

" described above until only about 12 p.c. water
giasoleft, and the caustic tested about 60 p.c.
a,0.

The following are some analyses of com-

mercial caustic soda of different strengths :—

Huson and

78 p.c. lé[grggli)cg 76 p.c. 70p.C
NaOH . F . 981 92 954  86-6
Na,CO, L0 145 20 27
NaCl . . 04 058 15 69
Na,S0, . > .. 02 073 11 32
Na,SiO, % = geoRet (32 O-I 05
¥e,0,,A1,0,and CaOtrace  trace 0-:1 trace
Insol. . 3 . — — - 0-2

100-2 100-00 100-3 100-1

Production.—Of the total Na,0 -charged
into the revolver as salt-cake the average pro-
duction in the form of finished caustic soda is
about 85 p.c.

The greater part of the 15 p.c. loss is carried
away in the black ash waste, partly as soluble
soda through imperfect washing of the black ash
in the lixiviating vats, and partly as insoluble
compounds with the alumina and silica derived
from the ash of the mixing fuel, the revolver
lining, and the limestone.

Leblane soda ash. As already mentioned, the
original Leblanc process was introduced, and
for many years worked primarly for the manu-
facture of sodium carbonate or soda ash.

For this purpose the same type of revolver
was used, and black ash made as for the caustic
soda manufacture just described.

The charge for the revolver was practically
identical with the all-limestone charge given
under caustic soda manufacture, viz. :

Salt-cake 55 cwts.
Limestone i
Mixing slack 22 ,,

The process of manufacture was the same as

for caustic soda, up to and including the working |

of the lixiviating vats.

From the vats the liquor was pumped into
settlers, where it was kept sufficiently warm to
avoid crystallisation of the Na,CO4,10H.O.
A large amount of work was done on the purifi-
cation of the vat liquor from iron in solution

(chiefly as a double sulphide), from silica and:
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alumina, and from ferrocyanides, but the usual
practice was to take the well-settled vat liquor
directly for concentration for ash. References
to the papers and patents on the. purification of
vat liquor are as follows :—

Hurter (Chem. News, 39, 25), Carey,
Gaskell and Hurter (Eng. Pats. 1161, 1881;
2939, 1879 ; and 5310. 1882), Newall and Sisson
(J. Soc. Chem. Ind. 1887, 349), Mathieson and
Hawliczek (D. R. P. 40987, 1887), Pauli (Eng.
Pats. 1306 and 1530, 1879).

Figs. 34and 35 (p.41)showablack-ash revolver
fitted with the top-heated pans adopted generally
for the concentration of vat liquor for production
of ash. In Fig. 34 n, »’ are shallow open pans.

When properly settled, the vat liquor was
run into the revolver pans =, n' (Fig. 34) until
they were nearly full. The fire gases from the
revolver passing over the pans concentrated the
liquor, which was continually replaced by fresh
liquor from the store tanks. Eventually the
pans became full of a magma of crystals of
Na,C0,,H,0, which naturally formed first at
the end nearest the revolver. It was the duty
of the man in charge to work these salts to the
back of the pans. When the operation was
over the screw bolts were undone, the doors
p, p' (Fig. 34) opened, and the salts raked out
into the drainers o, o'.

The waste heat from the revolver passing
over such a pan as is shown in Figs. 34 and 35,
concentrated all the vat liquor made by the
revolver separating the soda into crystals of
fairly pure Na,CO,,H,0 in the drainer, and a
liquor called red liquor, containing chicfly caustic
soda, but also a little carbonate, and the main
part of the impurities of the vat liquor. With
a good vat liquor the mother or red liquor
contained 20-30 p.c. of the total soda.

The composition of well-drained Leblanc pan
salts was approximately as follows :—

Na,CO,4

NaOH s g

NaCl 2 i ) . g
Na, SO, . f s S F
Na,S0; . 3 g g
Na,S,0; .

Insol. 3 < E
Water (by diff.) 19-6

The salts after well draining were heated to
redness in a reverberatory furnace when the non-
carbonated liquor left in the salts was carbonated
(sometimes sawdust was added to the salts to
aid the carbonation), the water was driven off,
and the small quantity of organic material
present destroyed.

The soda ash then produced had a test
varying in accordance with the draining of the
salts from 50 to 57 p.c. Na,O.

The following is an analysis of Leblanc soda
ash made from well-drained salts :—
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D.C
Na,CO, . 965
NaOH 0-1
Na,S0, 19
NaCl 05
Si0, 3 1 11
Fe,0;+AlL,0; . 05
MgO s . 02

100-0
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The operation of finishing soda ash is
mechanical, but required continuous attention
and work from the furnace man. In 1876
Mactear invented his mechanical finishing fur- ‘
nace, which was largely adopted. It consisted |
of a horizontal circular revolving hearth 20 ft. in ’
diameter, made of boiler plate lined with fire-
brick. The following sketch indicates the
general construction. ¥ i

SODIUM.

A purer form of sodium carbonate used to
be made by dissolving the ash produced as above
deseribed in water—{requently with the addition
of a little bleaching powder. The solution was well
settled, and boiled down until it became a magma
of crystals of monohydrate. The crystals were
drained and furnaced, as in the case of the pan
salts described above. The product so obtained
was placed on the market as refined alkali.
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Soda erystals. See under Ammonia soda.
Crystal carbonate. See under Ammonia soda.
Bicarbonate of soda. Seeunder Ammonia soda.

RECOVERY OF SULPHUR FROM THE VAT
WASTE.

The alkali waste was for many years a great
nuisance, not only to the manufacturers, but to
the neighbourhood of the factories producing
it. The waste, under the influence of moisture
and the oxygen and carbonic acid of the atmo-
sphere, decomposed on the waste tips on which
it was deposited, giving off a strong smell of
H,S, and contaminating all drainage of surface
water which passed through it. As is evident
from the description of the Leblane soda process,
this waste contains the sulphur originally burnt
in the pyrites, and formed into su%phuric acid,
and which then passed by decomposition with
common salt into the sodium sulphate charged
into the black-ash revolvers.

The obvious remedy for the nuisance as well as
to avoid the loss of sulphur was to recover the
sulphur from the waste, and for many years work
was done and processes were invented to this end.

As the difficulty was finally solved by the
Chance-Claus process, it will suffice to do little
more than mention the principal processes
previously invented and tried.

J. L. Bell in 1852, Ward 1862, Hewitt 1877,
Kynaston 1885, Parnell and Simpson, Schaffner
1862, Mond 1862, Schaffner and Helbig 1878,
proposed processes for this purpose.

The processes of Mond and Schaffner were
both worked for some time on the large scale,
and both depended on the partial oxidation of
the CaS in the waste by the oxygen of the
atmosphere which rendered a considerable
proportion of the sulphur soluble in the form of
CaS,H,, (a8,0;, and polysulphides. The solu-
tion so obtained on addition of hydrochloric |
acid deposited sulphur.

The Schafiner and Helbig process depended
on the power of MgCl, to decompose CaS at the [

boiling-point, and the process was expressed by
the following equations :—
1. CaS--MgCl,+H,0=CaCl,+MgO+H,S.
2. (CaCl,+MgO+C0,=CaCO,+MgCl,.

A good account of this process is given by
Chance in J. Soc. Chem. Ind. 1882, 266,

Other processes were those of Kraushaar,
Dingl. poly. J. 226, 412, and Alkali Inspectors’
Report, 1877-1878, 15 and 35; Opl’s process,
D. R. P. 23142; Miller and Opl process, Eng.
Pat. 2334, 1884. The last-mentioned process
was tried at the Rhenania Chemical Works (see
Hasenclever, Chem, Ind. 1889, 434).

The Chance-Claus process depends on &
reaction originally observed by Gossage, who,
in 1837, patented (Eng. Pat. 7416, 1837) a
process in which the calcium sulphide of the
alkali waste was decomposed by carbon dioxide.

Gossage himself failed to make the process
technically successful.

Since his time others, viz. Opl, Rawes (Eng.
Pat. 1393,1882), Claus (Eng. Pat. 5958, 1883), pro-
posed processes depending on this decomposition.

The reaction is

CaS+C0,+H,0=CaCO;+H,S.
The difficulty was to find an outlet for the
sulphuretted hydrogen. The earlier efforts to
utilise fuel gases or gases from inefficiently-
worked lime-kilns with a low percentage of
carbon dioxide gave a gas too weak in sulphur-
etted hydrogen to burn by itself.

Chance made use of lime-kiln gas from a
more efficiently-worked lime kiln, and also
showed the way to get a gas richer in
sulphuretted hydrogen by taking advantage of
the fact that the first reaction on carbonating
a slurry of alkali waste is

C0,4-2CaS+H,0=CaC0;4-CaS,H,.

This means that at first a portion of the
carbon dioxide is absorbed, but no sulphuretted
hydrogen is given off. By allowing the inert
gases present with the CO, to pass away during
this stage of the process a double equivalent of
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sulphuretted hydrogen is liberated in the final
stage for each equivalent of carbon dioxide.
CaS,H,+CO,+H,0=C0aC0,;+2H,S.

The Chance process is described in Eng. Pat.
8666, 1887, and in a lecture by Mr. A. M. Chance
(J. Soc. Chem. Ind. 1888, 162).

The process was worked by Chance at Old-
bury, and the gases enriched as above described
contained about 33 p.c., or even 38 p.c. of
sulphuretted hydrogen.

At first it was attempted to utilise the
sulghuretted hydrogen as a source of sulphuric
acid. The dilution and varying strength of
the gas obtained, and a material drop in the
price of sulphur in pyrites prevented this plan
from succeeding economically. It was not until
C. F. Claus published his patent 3608 of 1882
that Chance was able to develop his process on
successful lines. Claus showed that it was
technically possible to burn sulphuretted
hydrogen under such conditions thatthe oxygen
combined with the hydrogen only, and the
bulk of the sulphur could be obtained at once in
a marketable form.

The reaction utilised by Claus is represented
by the following equation : H,S+0=H,0+8.

Further Claus patents are Eng. Pats. 5070,
5958, 5959, and 5960, 1883).

The following is a description of the plant
and method of work usually employed at present
in carrying out the Chance-Claus process.

Alkali waste as fresh as possible is mixed
with water into a cream of 1-2-1-25 sp.gr. in
an iron vessel fitted with a mechanical agitator.
From the mixer the waste is usually run into
another similar vessel passing on the way
through a coarse mesh sicve to remove cinders
and lumps. The second vessel acts as a store,
and is also fitted with a mechanical agitator to
keep the waste from settling.

From this store tank the cream of waste is
pumped by a large ram pump into a shute which
feeds the series of carbonators in which the
waste is treated with carbon dioxide.

The carbonators are strong cast-iron vessels,
arranged usually seven in a series, Fig. 49 shows
a carbonator.

The carbonators are cast in two parts, as
shown above, and are usually about 7 ft. in
diameter by 15 ft. high. The fresh lime-kiln
gas is pumped first into the nearly spent car-
bonator, and then on through the series to the
freshly-charged cylinder at the other end.

The somewhat elaborate pipe connections
necessary to enable any one cylinder to act as
a leading cylinder are shown in diagram in the
patent specification of Chance and Chance
(Eng. Pat. 8666, 1887) and described in Chance’s
paper above referred to. °

From the carbonators the issuing gas passes
into a gas holder of considerable size. Chance’s
own gas holder was 50 ft. diameter with a 14-ft.
lift and held about 30,000 cu. ft. of gas. The
gas holder plays an important part in neutralising
the fluctuations in the strength of the sul-
phuretted gas produced.

The working of the carbonators when the
Chance enrichment process is used was described
by Chance as follows :—

‘At 72.M. Nos. 7 and 1 vessels (Fig. 50,
where the discs represent the 7 carbonators of
a series) were charged with fresh waste. The

o
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lime-kiln gascs were pumped direct into No.
vessel, and then through vessels 4, 5, 6, 7,
and 1 by opening all the intermediate taps;
| the useless gases escaped from No. 1 vessel
| into the exit main, and thence through a purifier
into the air for a period of 1 hour 40 min.

‘Av 8.40 .M. the sulphuretted hydrogen
gases from No. 5 vessel were sufficiently strong
for use, the calcium sulphide having mostly

Teo
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been converted into calcium sulphydrate ; the
sulphuretted hydrogen gases taken from No. 5
tested over 30 p.c. H,S, while the useless gases
from No. 1 tested only 1 p.c., thus showing that
vat waste is a very efficient absorber of sul-
phuretted hydrogen.

‘The connections were then altered so that
the H,S gases could be taken from No. 5 to the
gas holder. No. 2 vessel containing the partially
carbonated waste was put into series, and the
lime-kiln gases were now pumped through
Nos. 2, 3, 4, 5, the sulphuretted hydrogen gases
from No. 5 continuing to be taken to the gas
holder for a period of 2 hours 25 mins., till
11.5 2.m. It was then found that the sul-
phuretted hydrogen gases were under 30 p.c.,

0000000

‘ Fro. 50.

| and that Nos. 2 and 3 were carbonated so

| thoroughly that water filtered from the mud did

I not tinge lead paper; Nos. 2 and 3 were,
therefore, emptied and recharged.’ )

I Much difficulty was experienced in working the
enrichment process when the Chance plants were

| started, and it has been in most cases abandoned.
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The following description shows, with the
aid of the diagram ¥Fig. 50, the method of
working without enrichment.

No. 3 vessel is the leading carbonator into
which the lime-kiln gases are first pumped, and
is, therefore, the most nearly finished.

The gases pass from No. 3 through Nos.
4, 5, 6, 7, and 1 carbonators, No. 1 being the
last charged, and from No. 1 to the gas holder.
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No. 2 carbonator is empty and ready for
recharging.

The lime-kiln gases are pumped into No. 3
carbonator until the liquor in it no longer
blackens lead paper. No. 3 is then finished, and
is disconnected, No. 4, becoming the leading
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cylinder. No. 2, which has in the meantime
been refilled, is connected up to the series, and
becomes the final cylinder from which the gases
pass to the gas holder under sufficient pressure
(about 8 ins. water) to maintain the weight of
the holder, and thus supply the pressure necessary
to drive the gases on through the remainder of
the plant.

It is usual to work the carbonators in 2, 3,
or 4 sets of 7 vessels each in parallel, the number
depending on the quantity of waste to be
treated. By this means also the effects of the
inevitable fluctuations in strength of the gas are
materially reduced. Two such sets will deal
with the waste from 300 tons salt-cake a weck.
It is obvious that the strength of the
sulphuretted hydrogen produced, as well as
the power consumed in pumping the lime-kiln
gas through the carbonators, depends on the
steady composition and percentage of carbon
dioxide in the lime-kiln gases themselves.

Chance, in his lecture already referred to,
gives great credit to Mond for his improve-
ments in the working of lime kilns, and acknow-
ledges the assistance received from him in this
part of the process. Chance goes on to say,
¢ from the best-worked lime kiln, however, the
escaping gases never contain on an average
more than 30 p.c. CO,.’

Further experience in working has some-
what increased the amount of carbon dioxide
in lime-kiln gas.

Two points about the lime-kiln gas in
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addition to its coutent of carbon dioxide are of
great importance for this process.

1st. It is essential the gas should be practi-
cally free from oxygen, as oxygen in the gases
pumped through the earbonators oxidises part
of the sulphur in the waste to sulphite and
thiosulphate, and prevents its recovery.

2nd. It is also important that the kiln gases
should be practically free from carbon monoxide
because the combustion of this gas together with
the sulphuretted hydrogen in the Claus kiln
liberates additional heat, which, as will be seen
later, reduces the efficiency of the Claus kiln.

We have now in the gas holder when working
with a lime-kiln gas containing 30 p.c. CO,, a
gas which :—.

lst. When enriched by Chance’s nitrogen
elimination process contains 30-33 p.c. H,S.

2nd. When not so enriched contains about
25 p.c. H,S. These figures, of course, depend on
the valves that regulate the distribution of the
gases to the carbonators being in good con-
dition and not leaking.

The gas from the gas holder then passes

through a small vessel called a mixer, into which
a carcfully regulated supply of air is pumped by
a blower or fan, and then through a water lute
into the Claus kiln.

Fig. 51 shows a section of an average-sized
Claus kiln.

The kiln is made of wrought-iron plates, and
is 25 ft. in diameter by 9 ft. deep. It is brick-
lined, and has a table of perforated tiles on
which the packing is placed.

1st. About 12 ins. of broken fire brick.

2nd. 12 to 24 ins. of bog iron ore. Water
lutes act as safety valves in case explosion
takes place.

The mixed gases, i.e. the gas from the holder
and the air, pass through the water lute b, into
the top of the kiln above the packing. The
gases pass downwards and out through the
exit pipe % into a cast-iron receiver d, Iig. 52,
which collects the bulk of the sulphur in a liquid
form. The gases pass on from d into the brick
chamber e, which contains several baffle walls,
and in which almost all the remainder of the
recoverable sulphur is collected as a coarse
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powder. The towers f f are very openly packed
wooden scrubbers, which serve to collect an
additional quantity of powdered sulphur. The
Claus-kiln reaction is not complete, and always
an appreciable proportion of the total sulphur
passes away as sulphuretted hydrogen and
sulphur dioxide with the exit gases.

From the exit ff it is usual to pass the
gases through a furnace to burn the undecom-
posed sulphuretted hydrogen to sulphur dioxide
before passing them on to the chimney.

Lunge states (Sulphuric Acid and Alkali,
vol. iii. 11, 975) that of every 100 parts of
sulphur entering the Claus kiln, 85 parts are
recovered as refined sulphur and 15 p.c. is lost
as sulphur dioxide and sulphuretted hydrogen,
and polythionic acids.

This figure agrees very closely with the loss
to be expected when the exit contains about
16 grns. S per cubic foot of gas, and the initial
strength of the holder gas is 25 p.c. H,S.

The bog-iron ore §oes not require renewal
for many years, and has, in some cases, remained
unchanged for over 20 years.

The working of the process is controlled by
frequent tests of the exit gases from the Claus
kiln for SO, and H,S.

The method adopted is to obtain the total
sulphur present, as SO, and H,S, by drawing
the gases through a known volume of standard
iodine solution containing a little starch solution
until the blue colour disappears, and noting the
volume of gas aspirated.

The actual sulphur dioxide in the gases is
determined by drawing a known volume of
the exit gases through water containing hydrogen
peroxide and then titrating the sulphuric acid
formed with standard soda solution, using
methyl orange as indicator. The difference
between the total sulphur per cubic foot and the
sulphur present as sulphur dioxide is taken as
the sulphur present as sulphuretted hydrogen.
The result in this country is usually expressed
as grains total sulphur per cubic foot, and as
grains sulphur as H,S, and grains sulphur as
SO, per cubic foot.

The air supply is adjusted in accordance
with the relative proportion of sulphur as H,S
and SO,. If the mixture of gases is thoereti-
cally correct there should be obviously 2 H,S to
180,, that is to say, if the total exit is 15 grns.
sulphur per cubic foot the sulphur as H,S should
be 10 grns., and as SO, 5 grms. per cubic foot.

In practice it is usual to work with as nearly
equal quantities of sulphur as H,S and SO, per
cubic foot as possible in the exit gases.

The efficiency of the sulphur recovery de-
pends entirely on the regularity of these tests,
and the care with which the air supply is
regulated. The completeness of the reaction is
largely affected by temperature. An increase in
the Claus-kiln temperature is always followed
by an increase in the exit tests, and in the pro-
portion, therefore, of sulphur not recovered.

A Claus kiln, as above described, will make
15-20 tons of sulphur per week, but with 30
tons per week the temperatures are too high,
and the exit tests materially raised.

With 15 tons sulphur per week the tempera-
ture of the exit gases taken 1 ft. from the kiln
outlet is about 290°C., which may be considered
a good working temperature.
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A number of attempts have been made to
improve the Claus-kiln action by substituting
other materials for bog-iron ore. Bauxite is
recommended by the Chemische Tabrik Rke-
nania and Projahn (Eng. Pat. 3122, 1906), and
is now largely used. The Rhenania in Chem.
Zeit. 1908, 249, states as the result of several
years’ trial of this substance that there is a
material reduction in the Claus-kiln exit tests.

Titaniferous iron ore (Eng. Pat. 25976,
1907) and manganese dioxide have both been
tried, but so far as is known have not been
successful.

Many efforts have been made to utilise the
sulphur in the Claus-kiln exit gases, and it has
been suggested :

1st. To burn the exit gases completely to
sulphur dioxide and pass them along with
pyrites gases into vitriol chambers (see Alkali
Inspectors’ 28th Report) and also through the
Hargreaves’ salt-cake plant (see Alkali In-
spectors’ 29th and 30th Reports). The 38th
Alkali Inspectors’ Report states that all attempts
to deal with Claus-kiln exits in vitriol chambers
have been unsuccessful.

2nd. To burn the sulphur completely to sul-
phur dioxide and utilise it for production of
sulphur trioxide by the contact process (Carey
and Heslop, Eng. Pat. 10317, 1800).

This process has not been adopted.

. 3rd. By absorption in milk of lime and by
the slurry from the carbonators, see Alkali
Inspectors’ Reports for 1903 and 1904, and
Heaton, Eng. Pat. 21217, 1890.

With the improved exits obtained by careful
working, especially when the bauxite pdcking
is used in the Claus kilns, no difficulty is ex-
perienced in turning the exit gases, after com-
plete burning in a furnace, into the atmosphere
through a chimney without raising the SO; test
of the chimney gases above the statutory limit.

We have still to deal with the contents of
the carbonators after removal of the sulphur.
These are calcium carbonate and a weak solu-
tion of soda salts, chiefly sodium bicarbonate.

The following analyses of the calcium car-
bonate and the carbonator liquor are given by
Chance.

Water filtered from carbo-
nator mud in grns. per
gallon

Soda (present as

Recovered calcium car-
bonate on dry
Calcium carbonate 87'16

,»  sulphate . 049 NaHCO,) . 4763
% chloride . — |CaCO, . .1243
,»  silicate . 2:3 | Total B 259

Magnesium carbonate 103 | SasS0O, . . 10

Sodium carbonate . 055 as hyposulphites 12'85
,»  sulphate 0-21 as sulphides Nil
,, silicate 1-42

ALO, . 147

FeS 071

Coke 2:06

Sand 056

The recovered calcium carbonate contains all
the CaCO; used in the revolver mixing, and
Chance originally suggested its use in the
revolver over again. Mason (Eng. Pat. 21314,
1901) proposes to mould the Chance process
waste into blocks before use in the revolver.

Ag far as is known, however, the carbonator
mud is not used in the revolvers at present.

Another proposition has been to utilise the
Chance waste for the manufacture of Portland
cement. :

Chance waste has been actually used for this
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purpose by Rigby (J. Soc. Chem. Ind. 1890,
254), and for many years by Chance himself.

The Chance waste is also an excellent form
of calcium carbonate for agricultural purposes,
and is largely used in the districts surrounding
the Chance sulphur recovery plants (see remarks
on this subject under Caustic lime mud, p. 48).

Chance also drew attention in his original
paper to the value of the water filtered from the
Chance waste for use on the black-ash vats, to
which it would return quite an appreciable part
of the total soda loss on the Leblane process (cf.
Eng. Pat. by Carey and United Alkali Co., Ltd.,
7404, 1911).

With the discovery and practical success
of the Chance sulphur recovery process the
Leblane process was materially cheapened, and
a complete cycle of processes created.

The sulpbur in pyrites passes through the
following series of steps, finally emerging as a
very pure form of commercial sulphur. The
sulphur starts in the pyrites, passes into sul-
phuric acid, into sodium sulphate, into black ash
as calcium sulphide, into sulphuretted hydrogen,
and finally into pure sulphur. The production,
of course, varies with the efficiency of the plant,
but the sulphur recovered represents 65-80 p.c.
of the sulphur in the salt-cake charged into the
revolver.

2. THE MANUFACTURE OF SoDA BY THE
Ammonia Sopa PROCESS.

The first germ of this process, which has
quite revolutionised the alkali trade, is, as usual,
found to have originated in various quarters.
A German chemist, Vogel, is said to have known
the reaction as early as 1822, and a Scotch
chemist, John Thom, seems to have actually
made some soda, in a crude way, by that pro-
cessin 1836. Mond has definitively disposed of
the attempt made by several French savants
to claim the merit of the invention of this
process for their countrymen, Schloesing and
Rolland. Quite recently a claim has been set
up for Fresnel, who is said to have made soda
from common salt and ammonium carbonate in
1811, according to some hints found in recently-
discovered private letters ; evidently he did not
meet with much success, as nothing came of
his attempts. It is beyond doubt that the real
history of the ammonia process dates from
June 30, 1838, on which day Harrison Grey
Dyar and John Hemming, both chemists residing
in London, patented a process embodying all
the principal reactions now carried out. This
was done even more clearly in an additional
patent, taken out in France on May 18, 1840,
on their behalf, by Delaunay, where the use of
a current of carbonic acid is first mentioned.
A number of patents by other inventors followed,
among which that of Gossage (1852) is remark-
able, and those of Schloesing and Rolland
(1854 and 1858) have become best known by
the detailed description they gave in 1868 of
their process.! Although their apparatus was
very ingenious, it must have. been deficient in
important portions, for they could not make
their works pay, and the reasons given for their
abandoning the process are quite inconclusive.

In many other places works had been erected
for making ammonia soda : by Dyar and Hem-

* Ann. Chim. Phys. 1868, 64, 1.
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ming, in Whitechapel ; by Muspratt, at Newton ;
by Gossage and Deacon, at Widnes ; and by a
number of French and German manufacturers.
But although we find every feature of the now-
successful processes in these older establish-
ments, there was always something or other
wanting, and especially the loss of ammonia
seems to have been too great, so that at that
time the ammonia soda could not compete with
the Leblanc soda even in localities where the
loss of the hydrochloric acid would not have
been of much consequence at that time. Ap-
parently, about 1860, nobody manufactured
ammonia soda, and the failure of all previous
attempts in that direction had evidently dis-
couraged nearly all chemists.

It was reserved to Ernest Solvay, of Rrussels,
to find the solution of that long-pursued problem.
His first patent dates from 1861, but the process
as we know it now is first described in his IEnglish
patent of September 12, 1863, followed by many
others in 1872, 1876, 1879, and later on. His
works at Couillet, in Belgium, were started in
1863, and soda made there was exhibited in Paris
in 1867 without exciting much attention. But
since 1872 his triumph was assured, and has
given rise to a host of other inventions, most of
which have again passed into oblivion, while a
few have stood the test of practice; so that
ammonia soda is now manufactured not merely
by Solvay’s processes (which certainly furnish the
largest share), but by several other independent
an§ partly secret processes.

The reactions on which the ammonia soda
process is based are the following :

(1) NaCl4+NH,;+C0,+H,0=NaHCO,+NH,(l;
(2) 2NH ,C1+Ca(OH),=2NH,+CaCl, +2H,0 ;

that is, sodium chloride is treated with am-
monium bicarbonate, either directly or indirectly,
in successive stages—mnamely, first by ammonia
and then by carbonic acid. If this treatment
takes place at a low temperature, it leads to the
precipitation of sodium bicarbonate, this salt
being sparingly soluble in a solution of am-
monium chloride. From sodium bicarbonate
the normal carbonate can be obtained by heat-
ing. The mother-liquor, containing ammonium
ch%oride, is treated with caustic lime, and the
ammonia is thus recovered, calcium chloride
remaining behind as a waste, but inoffensive,
product.

Simple as this statement appears, a great
amount of research has been devoted to working
out the theory of the reactions.

From the nature of the case much of this
work has not been made generally known, and
is not, therefore, available, but the following
names and references indicate a large part of
what has been published. Alex. Bauer, Ber.
1874, 292 ; Griinsburg, sbid. 1874, 644 ; Honig-
man, quoted by Landolt in A. W. Hofmann’s
Vienna Exhibition Report, 1875, 1, 452;
Schreib, Zeitsch. angew. Chem. 1888, 283 ;
1889, 445, 485; Bodlinder and Bruell, ¢bid.
1901, 381, 405; M‘Coy, Amer. Chem. J. 1903,
29, 437; Hs. Jiiptner, Oest. Chem. Zeit.
1904, 247 ; Tedotieft, Zeitsch. physikal. Chem.
1904, 49, 2; Oest. Chem. Zeit. 67 ; Jineske,
Zeitsch. angew. Chem. 1907, 1559 ; Meyerhoffer,
Verh. {ewerbst, 1905, 167; Colson, J. Soc.
Chem. Ind. 1910, 186).
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The work done has practically all been from
the point of view of the physical chemist, and
consists in attempts partly experimental and
partly in ‘purely theoretical applications of the
go-called ¢ Phase Rule,’ to determine the con-
ditions of concentration and of temperature
under which the reversible reaction

NaCl+NH,HCO,4 Z NaHCO;+NH,Cl
is most complete.

These conditions are in practice liable to
modification from the practical necessity of
obtaining the precipitate of sodium bicarbonate
in such physical condition that it leaves the car-
bonators readily and can be efficiently washed.

The reactions of the process are as follows :—

1. The manufacture of caustic lime

CaC0,=Ca0+CO0,.

2. The production of ammoniacal brine by
solution of ammonia in saturated brine.

3. The carbonation of ammoniacal brine
2NaCl+2NH;+-2H,04-2C0,

=2NaHCO;-2NH,CL

4. The calcination of bicarbonate

2NaHCO;=Na,CO;+H,04-CO,.

5. The regeneration of ammonia,

2NH,Cl14-CaO=CaCl,+H,0+42NH,.

The total cycle of operations is the resultant,
i.e. the algebraic sum of all the foregoing
reactions, and it can be summed up in the
following equation :—

CaCO;+2NaCl=Na,CO;+-CaCl,— 5200 Cal.
(Solid) (Dissolved) (Solid) (Dissolved)

Practically, however, the whole cycle of
operations cannot be considered together, but
cach of the five stages or reactions has thermally
to stand alone, and not one can be technically
performed without consumption of fuel.

Equation 3, representing the actual central
reaction of the ammonia soda process, is
thermally almost a balance,

(NaCl)+(NH,HCO;)=(NaHCO,)-+(NH,CI)
96-24-205-6 2274727
3018 299-7

The equation represents, therefore, a typical
case of a reversible reaction, and the amount of
change of sodium chloride into sodium bicarbon-
ate depends on the relative quantities or active
masses of the four salts.

For instance, Bradburn (J. Soc. Chem. Ind.
1896, 882) succeeded by a ten-hours’ treatment
with a current of air at 21°C. in clearing a
sample of ‘ Tower liquor ’ filled with suspended
sodium bicarbonate, t.e. the sodium bicarbonate
had been completely reconverted into sodium
chloride by the ammonium chloride in the
liquor, and the ammonium carbonate formed
had bcen carried away by the air. This
demonstrates the importance of the presence
of excess of ammonium carbonate to protect
by ‘mass’ action the sodium bicarbonate from
decomposition by ammonium chloride.

Another determining factor in directing the
course of interaction between the four salts
NaCl, NH,HCO;, NaHCOQ,, and NH,CI, is
temperature. A moderate reduetion of tem-
perature, by favouring the precipitation of
sodium bicarbonate, and therefore its removal
from reaction, increases, in accordance with the
theory of mass action, the formation of sodium
bicarbonate.
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A rise in temperature or a reduction of
pressure by increasing the volatilisation of the
only volatile member of the group, ammonium-
bicarbonate, tends to decrease the amount of
sodium chloride converted in sodium bicarbonate.

The situation is, however, complicated by
the phenomenon that by too great a reduction
in temperature ammonium bicarbonate is
thrown down with the sodium bicarbonate, and
also that too low a temperature produces an
unfavourable physical condition of the sodium
bicarbonate precipitate, which makes the sub-
sequent washing process in extreme cases
practically unworkable. These facts limit the
possible reduction of temperature within a
small range, and nothing remains but to
promote the conversion of sodium chloride
into sodium bicarbonate by influence of mass
action, which is in practice effected by working
with a considerable excess of sodium chloride
and ammonium bicarbonate, assisted by the
sparing solubility of sodium bicarbonate in
strong solution of sodium chloride.

This fact emphasises the importance of
working the process with a sodium chloride
solution as concentrated as possible.

The process.—The general nature of the
ammonia soda process, and such theoretical
considerations as are given above, are well
known, and have been public knowledge for a
considerable time. The actual working con-
ditions in the successful ammonia soda works
have, however, been kept to a large extent
secret. A great number of patents, almost
entirely for apparatus, have been taken out,
but which are actually used, and with what
modifications on the patent specification descrip-
tion, it is impossible to say.

Generally speaking, success in this process
depends, subject to careful working in accord-
ance with the theory of the reaction outlined
above, on absolute regularity in work, and on
the perfection of, and accurate interworking of
the mechanical arrangements used, for the
different stages of the process.

It is, in fact, the development of the mechani-
cal and apparatus side of the ammonia soda
process which converted the failure of the
older workers and the pioneers of the process
into the success of to-day’s great industry.

We give below, however, as far as is public
kno(;vledge, the working details and apparatus
used. :

The raw materials required are, of course,
salt (Na(Cl), limestone, ammonia, and fuel.

Salt. From the considerations detailed above/
it is clear that more than the theoretical quantity
of sodium chloride is required. The actual
excess of sodium chloride over that theoretically
equivalent to the sodium carbonate produced
is 30—40 p.c. If the sodium chloride has to be
used as rock-salt, and conveyed any consider-
able distance, the charge for salt per ton of ash
produced becomes an extremely serious item.

In practice, therefore, the chief factories
for producing ammonia alkali have been estab-
lished on sites where the factory can pump its
own salt as a saturated brine from salt beds
in its neighbourhood, or can receive its supplies
of brine through a pipe line. :

When the brine is pumped direct by the
factory itself the actual cost per ton of salt so
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raised may be as low as 6d. per ton (see Lunge,
Sulphuric Acid and Alkali, iii. 35).

Brines varyin composition within wide limits,
but according to Bradburn (J. Soc. Chem. Ind.
1896, 880), < A good brine for the ammonia soda
process should contain about 300 grms. sodium
chloride per litre, and as little as possible of
lime and magnesia. Of these the magnesia is
the more troublesome.’

Bradburn gives the following analyses :—
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Limestone. The quantity of limestone used
by the process is in considerable excess of that
theoretically required and amounts to 20-24
cwts. per ton of soda ash. It is therefore of
considerable importance that the ammonia soda
factory should, if possible, be within a short
distance of quarries of a clean limestone free
from clay and low in magnesium carbonate.

We will take the actual processes in the orderof
the equations givenin the early part of this article.

Process 1. The manufacture of caustic lime:
CaC04=Ca04CO,.

The limestone is invariably burnt by heating
with coke in tall vertical kilns.

A good | Cheshire | New York
brine. brine. brine.
£ Grms. per | Grms. per | Grms. per
litre litre litre
NaCl 3 2980 2950 298-0
CaSO, 9 4-0 50 44
CaCl, A 10 093 2:35
MgCl, 5 .03 26 0-65
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[z=:]
277N
/LN 7
53 ]
(<-4, iy 1S
{%&ﬁ\}%&&es
Vi ((\." SNy D
e
}'L,’),_,\ AN
FERPAOS
EAS8
,\‘;\')):l 55
q /‘% 7£x
2
||
NS N A 7 S

VIV

53.°

The limestone, usually broken into compara-
tively small pieces, together with the necessary
quantity of coke, is charged into the top of the
kiln, and the burnt lime is drawn out from the
bottom.

Figs. 53 and 54 represent types of lime kilns.

The kilns vary considerably in size, but are
usually 30-40 ft. high and 7-10 ft. diameter.

In Fig. 63 A is the charging hole through
which the limestone and coke are dropped into
the kiln. The evenness with which the com-
paratively small quantity of coke is mixed with
the larger quantity of limestone plays a very
.important part in determining the extent to
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which the quantity of coke can be reduced, and
consequently the strength of the carbon dioxide
obtainable in the gases.
1t is necessary, therefore, to pay continual
. attention to this important point.
The burnt lime is drawn out through a
number of openings at the base of the kiln, of
which E, E are two, and through which the air
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required for the combustion of the coke enters
the kiln.

¢ is a brickwork cone called a ¢ dumpling,’
which serves to prevent the accumulation of
dust in the centre of the kiln, where it could not
be got at for removal, and which assists in the
distribution of the air to the centre of the kiln.

B is the gas exit pipe connecting the kiln to
the coke packed scrubber D, of which there are
usually at least two in series to each lime kiln.

Fig. 54 represents another type of kiln in
which the charge is usually supported by iron
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bars at A, and from which the burnt lime is
allowed to fall from time to time either on to the
ground or into a bogie placed underneath to
receive it.

According to Lunge such kilns as those
described above will burn 200-300 tons of lime-
stone a week.

The important point in lime kiln work for
the ammonia soda process is to obtain as high
a percentage of carbon dioxide in the gases
leaving the kiln as possible, combined with a
reasonably well burnt lime.

The percentage of carbon dioxide depends
on the quantity of coke used, because the
carbon dioxide evolved by the limestone on
heating is mixed with the products of com-
bustion from the coke, which contain only
20 p.c. carbon dioxide. Hence the smaller the
quantity of coke the higher the strength of the
kiln gas. The following calculated figures
show approximately the relation between the
coke used and the percentage of carbon dioxide.

Kiln gas strength Cwts. coke per ton lime
31 p.c. 5 3 6 cwts. coke
35 p.c. 4 ¢ ey 50,
40 p.c. &0 5

These figures assume that the limestone is
completely burnt, and the gases contain neither
oxygen nor carbon monoxide, which is never the
case in actual work.

The great object being to conserve heat the
kiln is worked as far as possible on the regenera-
tive principle. The cold air entering the bottom
of the kiln is heated by the burnt lime as it drops
from the zone of maximum temperature to the
bottom of the kiln, and the hot gases, as they
rise above the combustion zone, yield their heat
to the cold limestone and coke freshly charged
into the top of the kiln.

Radiation losses are kept within reasonable
limits by the thickness and construction of the
kiln walls, and are materially reduced, of course,
by a high speed of work.

The actual figures published for the strength
of the carbon dioxide obtained in various
factories vary within wide limits.

Chance (J. Soc. Chem. Ind.) gives for good
work an average test of 30 p.c. carbon dioxide.
Jurisch in Chemische Industrie, 1910, 392, gives
the average strength as 30-31 p.c. Again in
other factories for many years an average
strength of 32-33 p.c. has been obtained. Lunge
describes in Sulphuric Acid and Alkali,
vol. iii. 65, the Khern lime kiln, improved by
Faber, which is much used in the German sugar
works (Centr. fiir Zucker fabr. 1901, 532), and
which is stated to require 5 to 7 p.c. only of
coke on the weight of limestone, and to give
a gas containing 40 p.c. carbon dioxide. This
is a high test, but, as no aid is afforded by theory
to tell us what is the highest percentage of
carbon dioxide obtainable in lime kiln gases,
still higher tests may be possible.

The lime kiln gases after leaving the lime
kiln require to be cooled and well scrubbed to
remove dust, tarry material, and sulphurous
acid, as completely as possible.

A common form of scrubbing plant is two
or more coke-packed wrought- or cast-iron
towers, about 30 ft. high by 5-8 ft. diameter,
connected in series and down which a stream
of water is run.
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The lime drawn from the bottom of the kilns
should be well burnt. Whatever calcium car-
bonate is left unburnt is, however, recovered
in the lime pot, and is returned and charged a
second time into the kiln with the fresh lime-
stone. A factory producing 500 tons ammonia
soda a week would require three such kilns as
those described. ?

2. The production of ammoniacal brine. As
mentioned above, the impurities in the brine,
viz. the lime and magnesia salts, are a source
of trouble in the pipes and connections unless
previously removed. In practically all cases
now this purification takes place simultaneously
with the absorption of ammonium carbonate

Fra. 55.

which throws down the lime salts. The puri-
fication has been done as a separate process by
the addition of sodium carbonate and lime, but
thatis not the general practice. Occasionallythe
soda crusts from the cleaning of the towers and
sweeping of dirty soda from the floors are used,
but as a rule the purification is done as stated
above by the ammonium carbonate in the
ammonia used for ammoniating the brine, and
the scales produced by the hard crystalline
magnesium salts are mechanically cleaned from
the pipes and connections at intervals.

The fresh brine entering the works goes into
a vessel called a tower washer where it serves
to scrub the ammonium carbonate mechanically
carried over from a battery of Solvay towers.

SODIUM.

A common type of tower washer is shown in
Fig. 55 which consists of a series of cast-iron
rings a, a, &c., divided by plates with central
holes b, b, &c., covered with a cup or mushroom
¢, ¢, ¢, &c., which has serrated edges and often
is perforated with small holes. The brine
running down the tower accumulates on each
plate until it is sufficiently deep to run down the
overflow pipe d, d, d, &c., to the shelf below.
The gases travelling upwards pass through the
central hole of each shelf under the mushroom,
and then bubble out round the serrated edge
through the brine. The fresh brine entering
the top of the tower naturally meets the gases
from which the ammonia has practically all been
absorbed. This system of bringing gases and
liquids into contact in towers divided into com-
partments by a number of shelves with a central
hole for the passage of the gases covered with
a mushroom, the serrated edges of which are
luted with the liquor, is characteristic of the
Solvay ammonia soda process, and is used in
various parts of the process. It is the same
idea as that in the Coffey’s still for the dis-
tillation of alcohol. The lime in the brine is
to a large extent precipitated in the tower
washer by the ammonium carbonate absorbed.
The calcium carbonate does not, however,
gettle out, but remains in suspension in the
liquor agitated by the current of gas and travels
on with the brine through the ammonia absorber
or ammoniating vat to the vats or store tanks
where it settles out.

In consequence of the calcium carbonate
remaining in suspension the tower washer runs
for many months without necessity for cleaning.
From the tower washer the brine runs into the
ammonia absorber orammoniating vat, in which
th<lal brine is saturated with ammonia from the
stills.

The ammonia absorber is usually a cast-iron
vessel made up of three or more cast-iron rings
similar in principle to the tower washer just
described. Fig. 56 shows one type of absorber:
a, a, a, are the shelves, b, b, b, mushrooms, as
described in the case of the tower washer, ¢, ¢, ¢,
the pipes through which the liquor overflows
from each shelf to the one below.

The bottom of the absorber is conical and
is fitted with a discharge pipe and tap through
which the sludge that settles out may from time
to time be drawn. Another type of absorber
is shown in Fig. 57, and is a vessel built up of
several cast-iron rings, frequently about 8 ft.
diameter, but without the shelves shown in
Fig. 56. In this case the gases enter by the
pipe 4, and are distributed by the single mush-
room B. The bottom of the vessel again is
conical to permit the occasional blowing off of
slurry. The ammoniacal gases from the stills
are drawn through the absorber by a vacuum
pump, which, as a check on ammonia escape,
sends on the gases it has exhausted through an
additional small tower or washer generally
called the vat washer. The vat washer usually
receives the brine coming from the tower washer
and only in very exceptional cases is fed by fresh
brine. By using the tower washer brine a
natural and continuous circuit is established
for the flow of the brine through the process.

Heat is generated in considerable quantities
in the absorber by the solution of ammonia
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and cooling is nccessary. Thisis done either by
an. external spraying with water or preferably
by internal cooling pipes.

The ammoniacal brine should be cooled in
the absorbers, and should not at any rate exceed
30°C.

The gases, however, entering the absorbers
from the stills should be maintained at about
70° in order to prevent blockages of the ammonia
main by the formation of ammonium car-
bonate crystals.

Deposits of ammonium carbonate and of
carbamide are thrown down and block up the
pipes and connections. It is, therefore, a very
difficult matter to reduce the steam in these
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gases to a low enough point to avoid excessive

dilution of the brine. At the best these gases
can only enter the brine saturated with moisture
at 70°-75°.

Naturally the strength of the brine solution
is a very important point. The output of the
plant depends on it.

A good saturated ammoniacal brine should
contain 27-28 p.c. sodium chloride and 6-75 p.c.
ammonia. The theorctical equivalent of 27
sodium chloride is 78 ammonia, so that nearly
equal equivalents are wused. The following
figures, dctermined experimentally by Schreib,
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indicate the variation in the completeness of
the carbonation reaction with the variation in
the proportion of NH, : NaCl.

Original solution! Carbonated solution
[ = ; 0 = { 8 'E
g SO RE L8 | e e s LG
“ el e M 7z | 9% | 3cF
s | ¢ | | ¢ | & | <8 |83%
M N A R R VI I N R
34 : 2946 | 06 | 2011 | 91 | 331 | 90
66 | 273 | 1:3 | 102 | 161 | 63-1 | 146
72 | 272 | 13 93 | 179 | 678 | 154
89 | 2568 | 13 | 74 | 188 | 736 | 168
132 | 235 | 29 | 95 | 142 | 620 | 152

Tho large scale results are not identical with
the laboratory results, which are comparative
only between themselves.

2. Thelargescale decomposition with the normal

ammoniacal brine given above should exceed the
maximum figures given by Schrieb, and is stated
to vary between 73 and 78 p.c.

The presence of ammonia and ammonium
carbonate decreases the solubility of sodium
chloride in water.
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Lunge gives the following figures for the
solubility of sodium chloride in water in the
presence of ammonta at 15°

P.c. NH; P.c. NaCl P.c. NH; P.c. NaCl
by vol. by vol. by vol. by vol.
_— 31-78 7-0 274
35 29-5 7-5 27-1
50 28-6 80 26-8
6:0 28-0 [ 10-0 254
65 277 | 120 24-1

The bulk of a brine solution on addition of
the 6-7% p.c. ammonia required for the car-
bonation process increases by 9 p.c.

From the absorber the ammoniacal brine
runs in a continuous stream into the ‘ vats.’

The vats are frequently cast-iron vessels
built up in four rings on a cone-shaped bottom
piece supported on columns exactly similar to the
vessel shown in Fig. 57 without the gas delivery
pipe A and mushroom B. A common arrange-
ment is for the ammoniacal brine to run in a
continuous stream through two of these vessels
in series and from there into one or other of two
more similar vessels which act as measuring
tanks, one being emptied while the other is filling.
The mud, consisting chiefly of calcium carbonate
mixed with a considerable proportion of ferrous
carbonate and hydrate, settles out mainly in the
two leading vats and is drawn off through the
discharge pipes at the bottom of the cones at
regular intervals. A further but small quantity
of mud settles out in the measuring vats.

The mud is usually mixed with other liquors
(from the filters, for instance), and pumped to
the ammonia stills where the ammonia carried
away with the liquid in the mud is recovered.

he ‘tower washer,” ammoniating plant,
‘ absorber ’ and vats are usually erected at such
heights that the brine from the ‘ tower washer’
will flow by gravity into the ‘absorber’ and
then on to the ‘vats.” In this way the brine
is only pumped once. The absorber, vats and
ammonia still are usually all included in the same
vacuum circuit, the exhaust gases from which
pass through the vat washer or final small
scrubber mentioned above to ensure recovery
of all ammonia.

As has been mentioned, dilution of the brine
is bound to take place to some extent through
the uncondensed steam entering the absorbers
with the gases from the stills.

It was formerly the custom to make good
this dilution by the addition of solid sodium
chloride in the carbonating tower itself. This,
however, is generally discontinued and either
the cooled ammoniated brine is strengthened
by passing through a separate closed vessel
containing salt, on its way from the coolers to
the carbonating towers, or it is pumped direct
to the carbonating towers at the strength at
which it leaves the absorbers.

= The well-settled ammoniacal brine has now
to be cooled as far as possible before being
carbonated, and this is generally done in a
geries of 6-inch cast-iron pipes arranged in tiers
one above the other. The pipes are either
submerged in a water tank or cooled by a stream
of cold water flowing down and over them. The
coolers are arranged in pairs or trios so as to
permit of cutting out a cooler for cleaning. For
instance, if thereis a set of three coolers, two of
them will at any fime be working, the third will
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be disconnected for cleaning. Very troublesome
crusts are formed in these coolers, which have
first to be steamed to soften them and then
chipped out.

Reinitzer (Zeitsch, angew. Chem. 1893, 446)
gives the composition of these crusts as Nay;COj,
MgCO,, NaCl. Pennoch, Chem. Trade Journal,
1893, 191, found crusts in the coolers of the
composition MgCO,4, Na,COg.

In the great majority of the ammonia soda
works the central reaction of the process, viz.
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the carbonation of the settled cooled ammoniated
brine is carried out in a tower originally designed
by Solvay (patented in 1872), and which is
therefore called the ‘Solvay Tower,’” and is the
most important apparatus in the process.
Fig. 58 represents a Solvay tower, which
consists of a number of cast-iron cylinders a, a,
&c., approximately 3 ft. 4 ins. deep by 5 ft. to
8 ft. diameter. The bottom of each cylinder is
formed by a cast-iron disc with a central opening
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not shown in the drawing, about 1 ft. 4 in.
diameter. Over the opening is supported a
perforated eover ¢, ¢, &c. (shown in detail,
Fig. 59), about 6 inches less in diameter than
the cylinder itself. Theactual number of these
eylinders in a tower varies usually between 15 to
25 with the practice of the different factories.
The ammoniated brine enters the tower by
the pipe B under pressure, and is maintained
at a level 6 ft. to 10 ft. from the top of the tower.
| The object of feeding the fresh liquor part way

' down the tower, to which Solvay attaches great

| importance, is to avoid excessive volatilisation

| of ammonia, which if driven out of the tower is,

' of course, useless for the reaction.

"~ The carbon dioxide gases from the lime kiln,
enriched, as will be described later, by the carbon
dioxide obtained from the first roasting of the
bicarbonate, arc compressed to sufficient pressure
(varying with the height of the towers from
1} to 2} atmospheres) to overcome the resistance
ot the Solvay tower and the subsequent washers,
and enter the tower through the pipe p. A con-
stant feed of ammoniated brine is pumped into
the tower at B, and a constant strcam of carbon
dioxide is pumped into the bottom of the tower
at D.

The gases travelling up through the openings
in the bottom plates of the eylinders are split
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up by the perforated covers, and, part passing
through the perforation in the mushrooms, and
part bubbling round the edges of the mushrooms,
come in a comparatively fine state of division
in contact with the liquid in the tower. With
the assistance of the constant agitation the
stream of ammoniated brine carries down with
it practically all the bicarbonate precipitated
from it.

The increased partial pressure of, carbon
dioxide in the gases at the bottom of the tower,
due to the pressure, increases the speed of the
reaction.

One of the most important technical points
in the working of the Solvay towers is, as
indicated above, the regulation of temperature.
The absorption of carbon dioxide by aqueous
ammonia liberates considerable quantities of
heat, the larger part of which is produced in
the formation of the mono-carbonate (NH,),CO;.

To avoid this,in some cases a supplementary
Solvay tower has been added in which the greater
part of the mono-carbonate is produced.

In other cases part, or the whole of the
ammonia (NH;) is mono-carbonated in an inter-
mediate vessel of the type of a tower washer
placed between the ammonia vats and the feed
pump to the Solvay towers, and which is supplied
independently with carbon dioxide from the
lime kiln.

YoL. V.—T.
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Bradburn thus describes the working of a
Solvay tower.

¢ It was stated that the carbonating of the
vat liquor is made only nearly complete : this
is of course completed in the carbonating tower.
In the upper rings, where the liquor is warmer,
the crystals of bicarbonate of soda begin to
form ; if the tower is cooled too much a small,
fine-grained, muddy bicarbonate is made which
is very difficult to wash free from salt, and which
is very difficult to dry. On the other hand, if
the liquor is not cooled enough the production
is diminished. But at a certain temperature
and point in the tower for this temperature,
both found by experience, a coarse-grained
bicarbonate is obtained, which washes quickly
and well, and which when taken from the filters
and crushed in the hand no water is squeezed
out of it ; this kind dries in calciners without
forming balls the outside of which is ash and the
core bicarbonate. The temperature of the gas
going to the tower runs about 28°. The pressure
on the gas runs about 55 inches of mercury at
the bottom, and about 9 inches at the top ; the
top pressure is due to the liquor in the tower
washer. When ordinary vat liquor of 39 to 40
grms. CO, per litre is fed into a tower there is
more ammonia carried off by the unabsorbed
gasdtha.n when liquor of 69 to 70 grms. CO, is
used.

¢ Each cubic metre of waste gas carries away
about 112 grms. of NH; when 40 grms. CO,
liquor is used, against 58 grms. carried off when
using 70 grm. CO, liquor. The quantity of
bicarbonate suspended in the liquor increases,
of course, as the liquor travels down the tower.
If a sample of liquor be taken from the bottom
it will be found after standing about half an
hour that the volume of the bicarbonate is
from a quarter to a third of the total volume of
the sample.’

Fic. 60.

It was early found that in order to get the

| full output from a Solvay tower it was necessary

to cool the tower.

Originally this was done by spraying the
exterior of the tower with water. This is natu-
rally an inefficient method, and is not capable
of satisfactory regulation. Cogswell (Eng. Pat.
1973 of 1887) applied a system of internal cooling
pipes, Figs. 59 and 60, in the tower cylinders;

F
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cooling water is eirculated through the pipes
and enables the temperature to be regulated
in the different parts of the tower.

The top of the tower should be kept as cool
as possible to avoid volatilisation of ammonia,
and the middle and lower partsshould be main-
tained at a temperature of about 20° as
steadily as possible.

Cleaning the Solvay tower. The Solvay tower
normally runs two to three months without
blocking up and requiring cleaning.

The tower is cleaned by first of all emptying
out the liquorin it, maintaining the usual agita-
tion by pumping in kiln gas while the liquor
runs out. Water is then run into the tower,
and the whole boiled up with steam. This
dissolves out the soda crusts that have been
formed.
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Other forms of carbonaiors. Numerous other
forms of carbonators have been suggested, and
some are worked on the large scale.

As, however, the Solvay tower is, with a few
exceptions, the apparatus universally employed,
only a list of the more important alternatives
are given here.

Of the vertical type. Schreib, D. R. P. 70169 ;
Honigmann, D. R. P. 13782 ; Schreib, Chem.
Zeit. 1890, 492.

Of the horizontal type. One of the oldest
apparatus is that of Gossage (Eng. Pat. 422,
1854 ; Young, Eng. Pat. 2558, 1871).

The Boulouvard apparatus, which has been
employed successfully in France, is described in
Fr. Pat. 125625, 1878 ; Pechiney, Eng. Pats.
2098 and 5394, 1880, describes a modification of
the Boulouvard apparatus.
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Filtering the precipitated bicarbonate from the | smoothed over and any cracks, especially round

Solvay tower liquor.  Fig. 61 representsa common | the edges of the vessel, made good.

The salts

formoffilter. Theshellaisof steel plates, varying | are then washed with water, delivered by a

in size up to 12 ft. diameter. The filter bed B
usually consists of a perforated cast-iron plate on
whichrestsacoarse flannel filter cloth, over which
is a wire mesh grid to protect the flannel from the
sg»adeusedtoempt thebicarbonatefromthe filter.
series of five such filters are connected to a bat-
tery of four Solvay towers, and are alternately
filled with the liquor and salts flowing from it.
While filling, the space below the filter bed
is placed under vacuum, and receives the filtered
liquor. When the bed of bicarbonate on the
filter has become about 24-28 ins. thick, the

stream of liquor is turned on to another filter.

As soon as the mother liquor has been drawn
through the salts, the surface of the salt is

spray, until the chloride in the bicarbonate has
been reduced to 0:1-0-2 p.c. NaCl.

When this is done the spray of wash water is
stopped, and the vacuum maintained until the
bicarbonate is drained as dry as possible. The
usual rough test with a normal good grain
bicarbonate is that a ball of the salts when
pressed in the hand does not yield water.

Bradburn gives the following analysis of the
washed bicarbonate :—

NaHCOy . 70-75 p.c.
Na,CO, . : -5
Na(l : : -, 0:220:738
NH, : 3 s OO
130" . J% 24-25
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It is practically impossible to wash the
precipitated bicarbonate free from aminonia or
sodium chloride without an altogether extrava-
gant loss of bicarbonate.

As it is, the washing results in a material
loss of bicarbonate.

The efficiecncy of the washing operation
depends more upon the physical condition of the
bicarbonate itself than upon apparatus. This
physical condition, as described above, depends
on the temperature conditions of the Solvay
tower.

At low temperatures in the tower not only
is the precipitate in a very fine state of division,
and practically impossible to wash, but it
contains ammonium chloride in the solid state,
which experience has shown is with the utmost
difficulty taken up by the wash water.

The mother liguor and wash liquor after the
removal of the vacuum under the filter are run
off into the store tanks or wells, from which they
are afterwards pumped to the ammonia stills.

Several mechanical filters have been devised
which permit of continuous and automatic
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filtering, washing, drying, and removal from the
filter bed, thus effecting a material saving in
labour.

Figs. 62 and 63 represent the filter patented
by Solvay (4725, 1896), in which A is a
drum revolving in the vessel B into which the
liquor and salts from the towers are fed, and in
which they are kept agitated.

The drum A revolves about a horizontal
hollow axle ¢ connected with a vacuum pump.
The periphery of the drum A is formed of a
perforated metal sheet, covered with a fine
metallic cloth in which a piece of flannel is
secured. As the drum revolves the internal
suction draws in liquor and forms a coating of
bicarbonate on the surface.

In order to prevent the pores of the filtering
bed becoming clogged, internal pressure is
substituted for the vacuum from time to time.

The cake of bicarbonate as it travels round
is sprayed with water and is effectively washed
at a later stage of the revolution, the vacuum
drys the thin cake of bicarbonate, after which
it 1s continuously removed by a scraper.

Fia. 62.

Another mechanical filter is described in
Eng. Pats. 7957 and 28791, 1903, taken out by
Houghton and the United Alkali Co., Ltd.

This filter consists of an inclined rotating |

dish provided with a false bottom of filtering
material. The dish is divided into compart-
ments below the filter bed, which are alternately
in ecommunication with the suction device to
carry away filtrate, and with a supply of mother
liquor or water to wash the solid matter from the
pores of the filtering material.
liquor and salts from tower is run on to the
rotating filter bed, the liquor passes through,
drawn by the suction, and the bicarbonate is
left: as a comparatively thin layer, which in the
course of revolution of the dish is washed by a
water spray and then automatically removed by
a scraper or plough.

From the filters the washed and drained
bicarbonate is taken to the roasters or furnaces
to be converted into the monocarbonate or soda-
ash. From the ordinary filters of the type
shown in Fig. 61 the bicarbonate is discharged
by hand into barrows or trollies, in which it is
conveyed to the roasters.

From the mechanical filters the bicarbonate,

A stream of |

Fia. 63.

| @8 it is continuously removed by the plough,
| i3 carried away by a conveyor and fed con-
| tinuously into the roaster.

The roasting and furnacing operation. From
the readiness with which sodium bicarbonate
| decomposes it would be anticipated that the
| roasting and furnacing operation would be an
easy matter. Practically it has been found
that the economical performance of this operation
is one of the most difficult problemsin the process.

The difficulty isindicated by thelarge number
of patents on this part of the process taken out
by Solvay and others.

The practice in the various works is under-
stood to vary widely, and the details of the
apparatus in actual use are, as is the case with
so much of this process, kept secret.

Below are given short descriptions of some
of the furnaces which have been used.

It is usual to divide the calcining operation
into two stages. In the first, the bicarbonate
is dried and the ammonia contained is driven off
together with about 75 p.c. of the second mole-
cule of carbon dioxide. The product, called
‘ roaster ash,” is then subjected to a second
calcination at a higher temperature to complete
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the decomposition of the bicarbonate. Iig. 64
represents a form of roaster which has been |
much used. It consists of a cast-iron pan A closed |
by a cover B through which passes a vertical
shaft, carrying an arm with serapers. The pan is
heated by the fireplace ¢, and is provided with
an exit pipe 0, through which the gases evolved
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Fia. 64.
—steam, ammonia, and carbon dioxide—pass

away.

The pan of such a roaster varies in size from
10~-14 feet.

Fig. 65 represents an apparatus modelled
on the Thelen pan described in Die Chemische
Industrie, 1878, 7, and which has been very
largely used for the finishing operation where a
light quality ash is wanted.
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The Thelen pan consists of a cast-iron
dish 7-8 ft. diameter by 30 ft. long, hooded
with a sheet iron cover. The pan is
heated by an external fire and rests on brick
walls. The roaster ash is fed continuously
at the firing end, and slowly moved by the
oscillating movement of the scrapers, which rock
through an angle of about 90°, to the other end
of the pan, where it is delivered to a conveyor,
or to an elevator, which lifts it to the so-called
cooling conveyor, usually placed in the roof of
the building, and from which the ash is after-
wards conveyed to the store or to the dressing
and packing plant.

The cooling conveyor is sometimes an atmo-
spherically cooled revolving shell, having an
inside screw fastened to the shell, and sometimes
a water-cooled conveyor.

The Thelen pan as shown above, but fitted
with an exit pipe near the fire end, is also used
for the whole operation of drying and furnacing.

The wet bicarbonate is fed in at the fire end,
and the monocarbonate delivered, as described
above, from the end further from the fire into
the elevator feeding the cooling conveyor.
The water vapour,ammonia, and carbon dioxide
escape by the exit pipe.

Bradburn (J. Soc. Chem. Ind. 1896, 884)
states that in the United States the form of
dryer shown in Fig. 64 is in use, but is being
replaced by the calciner described in U.S.A.
Pat. 386664, 1888. This calciner consists of a
cast-iron cylinder about 60 ft. long by 5 ft.
diameter, supported at the ends and in the
middle on roller bearings, and revolved by gear
fixed in the middle. A furnace chamber is
built round cach half of the calciner, connected
together by flues. The ashis moved by means of
a heavy chain lying along the length of the
cylinder.

The apparatus described above yields the
sodium cargonatc in the form of a light powdery
ash requiring verylittle grinding before packing,
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but occupying, when compared with Leblanc
ash, materially more package space. ‘
For many purposes this light, somewhat |
dusty ash is not liked, and a denser form has to
be made by subjecting it to direct fire. (
When this is done the ‘ roaster ash,’ that is
the not completely decomposed bicarbonate or |
sesquicarbonate, taken from either the dish |
roaster shown in Fig. 64 or produced in a lightly |

fired Thelen pan, is finished in a furnace of the
type of the Mactear furnace shown in Fig. 48,
p. 54, or in a rotating furnace of the type of
the black ash revolver, where the ash is brought
into direct contact with the fire gases, and there-
fore raised to a much higher temperature than
in the Thelen or other similar pan.

Bradburn gives the difference between the
light and heavily-finished ash as follows :—
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A 1000 c.c. jar filled and well shaken down
with light ash, will hold 900 to 1000 grms.
weight of ash. If the ash is heavily finished,
the jar will hold about 1550 grms.

As mentioned above, whatever apparatus
is used for drying and roasting the bicarbonate,
arrangements are made to draw off the gases
(NH;, CO4 and H,0) evolved.

The gases are drawn by means of a pump,
first through a series of water-cooled cast-iron
pipes, similar to the cooler for the ammoniacal
brine, to cool them and condense the bulk of
the water vapour which carries with it a part of
the ammonia.

They are then usually drawn through one or
more coke-packed towers, down which water is
running, and in which the remainder of the am-
monia is condensed as ammonium bicarbonate.
The ammonia liquor both from the cooler and the
scrubber is run to the store tank for ammoniacal
liguor, from which the ammonia still is fed.

The gases leaving these scrubbers consist of
carbon dioxide diluted by the air drawn into the
roaster.

Great care is taken to reduce this air leakage
to a minimum, because with absolute freedom
from leakage the carbon dioxide from the
roaster would, of course, test 100 p.c. CO,, and
when mixed with the lime kiln gases pumped
into the Solvay towers or carbonators would
materially increase their strength.

In the early days the roaster carbon dioxide
tested as low as 25 p.c. With the dish roasters
(Tig. 64) the carbon dioxide is stated to test
about 50 p.c. With great care and the more
modern roaster, such as those of the Thelen
type, it is stated that a gas containing 60-80 p.c.
carbon dioxide is obtained.

Ammonia recovery. The ammonia used in
the process, with the exception of the unavoid-
able losses, 1s recovered by the distillation of the
various ammoniacal liquors collected as de-
scribed above.

The larger part of the ammonia is contained
in the mother liquors from the filters, and
is present mainly as ammonium chloride. Of
the total ammonia going to the stills, about
15-20 p.c. is, however, present as bicarbonate,
and is therefore volatile. Again, the ammonia
losses are made good by the addition of fresh
ammonia liquor from gas works and recovery
coke ovens, which is chiefly in the form of
oxide with some carbonate and sulphide.
This fresh liquor is added to the general stock of
filter liquor, and is fed with it into the still.

The liquors also contain, of course, the
excess of sodium chloride which has passed
through the Solvay towers.

Fig. 66 shows the form of still in general use.
A, A, A, are compartments made of steel plates
or cast-iron rings, separated by cast-iron plates,
each with a large-sized hole in the centre covered
by an umbrella-shaped mushroom.

B is the chamber into which the milk of lime ‘

necessary to decompose the fixed ammonia,
i.e. such salts as the chloride which are not
decomposed by heat, is run.

¢, ¢, ¢, ¢, are a number of compartments, each
consisting usually of a cast-iron ring. The
bottom plate of each ring has a central hole
covered with a plate.

The filter liquors are fed in at the top of the
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still through the pipe E, and passing down the
upper part of the still or ‘heater’ are heated
by the steam rising from the lower half, and the
ammonium carbonate and Dbicarbonate are
decomposed and driven off.

The liquor then passes into the chamber B,

where it is mixed with the milk of lime pumped in
through the inlet 6. A

The lime decomposes the fixed ammonia,
namely ammonium chloride, and any sulphate
present, and in passing down through the com-
partments A, A, &c., the liberated ammonia 13
driven off by the steam which enters at F.

From the top of the still ammonia, steam, and
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carbon dioxide pass away through the outlet b,
at a temperature of 80°-85°.

As has been stated previously, it is very
important before the ammonia is brought in
contact with the brine, that as much steam as
possible should be condensed, and that it has been
found that the gases should be cooled so that they
enter the absorbers at 70°-75°

The distiller cooler or condenser may be of
various forms, but is usually a vessel built up
of cast-iron rings. Near the top of the vessel,
and also near the bottom, is a cast-iron tube
plate, into which are expanded a number of
tubes. Cooling water is circulated through
these tubes, entering below the bottom tube
plate and flowing away from the top. By
regulating the cooling water supply, the tempera-
ture of ammoniacal gases leaving the cooler or
entering the absorber is controlled. The
ammoniacal liquor condensed in the cooler is
cither run back into the filter liquor store or
into the still itself at some point in the upper
or heater part of the still depending on the levels.

For the efficient working of the still itself,
and for the smooth interworking of the still and
the absorber, regularity is required—

1. In the test of the ammonia in the filter
liquor feed. It is therefore a matter of import-
ance to watch carefully the average strength
of the liquors collected in the filter liquor store
tanks.

2. In the supply of the milk of lime, which
should always be in slight excess. If there is
a deficiency of lime there is incomplete de-
composition of the ammonium chloride, and
loss of ammonia.

3. In the supply of steam, because if there is
a deficiency of steam there is incomplete distilla-
tion of the ammonia, and loss in the exit liquors.
If, on the other hand, there is an excess of steam,
the cooler will be overworked, and the gases
entering the absorber will contain an excess of
water, and thus dilute the brine.

The lower parts of the stills gradually
become blocked up with scale which adheres
to the shell, the mushroom, and all parts of each
compartment, sometimes to the thickness of
three inches.

From time to time this has to be cleaned
away, and the only method available is, after
well steaming out the still and allowing it to
cool, to chip off the scale by hand.

The scaling requires to be done every one to
two months, depending on the speed of work.

The loss of ammonia in the whole process
varies between § and 2 p.c., estimated as am-
monium sulphate on the ton of soda ash made.
Good ammonia results are, of course, dependent
on the careful carrying out of the precautions
indicated above, and have been effected only by
the gradual accumulation of experience and
improvement of apparatus. Bradburn says
that an ammonia soda works requires to carry-
a stock equal to two tons of ammonium sulphate
per ton of ash made per day. Of this 25 cwts.
are in the form of working liquors.

The waste liquor leaving the still is a solution
of calcium and sodium chlorides, containing the
excess of lime mentioned above, and also calcium
carbonate, due to the unburnt calcium carbonate
in the lime which gets past the filters of the lime
slaker, and also due to any carbon dioxide not
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driven off in the upper part of the still. The
liquor also carries away any other impurities
which may have been in the limestone. .

It is the usual custom to run this liquor
through settling ponds, where the lime, calcium
carbonate, and other solids separate out, after
which the solution of chlorides is run away.

It will be noted that the calcium chloride
thus run away contains all the chlorine com-
bined with the sodium which has been converted
into sodium carbonate, and, in addition, the
liquor carries away unused about 20-40 p.c. of
the total salt brought into the process.

A very great amount of work has been done
to try and utilise the chlorine thus lost by the
ammonia soda process, but without success.
See article CHLORINE, p. 43, vol. ii.

It is necessary to reiterate that success in
the working of the ammonia soda process
depends on the balance of the different sections
of the plant, so that by careful supervision a
mechanical interworking of the different parts
of the process may be attained.

Application of the ammonia soda process to
sodium sulphate. As the ammonia soda process
starting from sodium chloride does not economi-
cally yield hydrochloric acid, attempts have
been made to work the process using sodium
sulphate as the starting-point.

In this case the hydrochloric acid is evolved
in the production of the sodium sulphate.
The process is first mentioned by Bower (Eng.
Pat. 8413, 1840), and was afterwards considered
by Gerlach and by Weldon (see Eng. Pat. 5605,
1883). Gaskell and Hurter were, however, the
first to seriously attack the difficulties of the
process (see Eng. Pats. 5712, 1883 ; 8804, 1884 ;
and 9208, 1886). The great difficulty was how
to deal with the ammonium sulphate formed
in the reaction. Gaskell and Hurter’s scheme
was to heat the ammonium sulphate with
sodium sulphate in a current of steam, when the
ammonia is liberated and acid sodium sulphate
left behind. The process then followed the
three reactions—

(1) Na,S0,+2NH;+42C0,+2H,0

=2NaHCO,;+(NH,),S0,.
(2) (NH,),S0,+Na,;S0,=2NH;+2NaHSO,.
(3) NaHSO,+NaCl=Na,S0,+HCL

The sceond stage of the process was, however,
always the stumbling block, and, owing largely
to its cost, this interesting process was not
persevered with.

Application of the ammonia soda process to
sodiwm nitrate. This was suggested in 1876 by
Gerlach and patented in 1877 by Lesage & Co.,
and again by Chance (Eng. Pat. 5919, 1885).
Colson (J. Soc. Chem. Ind. 1910, 190), again,
recommends this process as being theoretically
more favourable than the sodium chloride
process.

Caustic soda from ammonia soda. In com-
petition with Leblanc process, caustic soda is
manufactured on a considerable scale by the
makers of ammonia soda. As has been stated
before, although the ammonia soda process has
proved itself much the cheaper process for the
manufacture of sodium carbonate, the Leblanc
process, owing to the numerous bye-products
produced, and to the fact that the Leblanc vat
liquors are already a solution of partially
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cansticised soda, is the better adapted for the
production of caustic soda. '

The manufacturers of caunstic from ammonia
soda either make use of Liwig’s ferrite process
described on p. 48, and thus produce a solution
of 1-32-1-36 sp.gr. at once, or dissolve the ash
in water and causticise by lime in exactly the
same way, and using the same apparatus as is
described above for the Leblanc vat liquors,

. 45.
Although the Lowig process has been adopted

by some of the largest makers of caustic from
ammonia soda, and although it possesses the |

double advantage of producing a stronger

solution of caustic, and of avoiding the very |
serious trouble of finding an outlet, or depositing |
ground, for the large quantities of caustic lime |

mud produced by the lime process, it is doubtful
if there is much difference in cost between the
processes.

In either-case the later stages of the con-
centration and finishing are carried on in the
same way, and in the same apparatus, viz.
cast-iron caustic pots, sometimes supplemented
by multiple effect evaporators, such as have been
already described under the Leblanc process.

To some extent ammonia ash is also causti-
cised by consumers such as paper makers,
textile bleachers, and soap makers, who require
a solution of comparatively low strength caustic
soda liquor in their manufacture. When actual
costs are obtained, however, it is very rarely
found that the production of their own caustic
liquor pays when compared with price of already
made caustic.

Local conditions as to prices of fuel, lime, and
facilities for waste deposit vary too much to
enable a standard comparison to be made,
applicable to every case, but it is necessary to
remember that to produce caustic liquor of 1-1-
1'13 sp.gr., equivalent to 1 ton 70 p.c. caustic
soda, requires from actual results in such works,

29-30 cwts. 58 p.c. soda ash, 17-18 cwts. lime, |

20 cwts. fuel.

In addition to this there have to be deposited
21-21 tons of caustic lime mud, and the wages,
repair and capital charges to be met. The soda
liquor obtained in this way contains about 90 p.c.
of its total soda only as hydroxide, the remainder
as carbonate, and if great care is not exercised
in the washing of the lime mud on the filters
before sending to the tip, the soda losses may be
largely increased.

Soda erystals. For some purposes soda is
required not in the calcined form, as soda ash,
but in the crystalline form, in which it contains
10 molecules of water. Although soda crystals,
if chemically pure, contain only 37-08 p.c. of an-
hydrous sodium carbonate, or 21-71 p.c. of avail-
able soda (Na,0), and thus cost much more than
their equivalent of soda ash for packages and
carriage, they are preferred to the latter in some
cases, for the following reasons : while soda ash
is a more or less white powder, whose value can-
not be recognised at a glance, and which may
contain more or less useless, or even injurious,
impurities, soda crystals by their very appear-
ance seem to guarantee to the buyer a product of
sufficient purity and of uniform strength. Their
greatest recommendation for household use, as
well as for the scouring of wool and some other
purposes, is their absolute freedom from caustie,
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which is very injurious both to the skin and to
the fabrics to be washed or scoured.  For all
manufacturing purposes soda crystals are now
advantageously replaced by ammonia-soda,
which is equally free from caustic; but for
household purposes the ordinary soda crystals
are likely to retain their hold, and are consumed
in very large quantities as ‘ washing soda,” and
under various fancy names.

Originally, of course, all soda crystals were
made from Leblanc soda, and the great effort of
the crystal makers was to find out how to obtain
a good crystal from the vat or tank liquor direct.
| The bulk of the crystals made and probably all
those of good quality were, however, produced
from Leblanc ash by the same method as is
adopted for their manufacture from the am-
monia alkali which is now always used.

The ammonia alkali is dissolved in any
suitable dissolver fitted with a mechanical
agitator and fed with hot water. In a vessel
8 ft. diameter by 6 ft. high, 40 tons of 58 p.c.
ash can be dissolved in 16 hours.

The solution is made to 1-3 sp.gr. hot, and is
then pumped to settlers in which a small quantity
of sodium sulphate is added, as commercial
crystals require anything up to 1 p.c. sodium
| sulphate to give them the desired crystalline
[form. While settling the temperature of the
| liquor has to be maintained above 34°, the
’ temperature of maximum solubility. If the
| settlers are large and sheltered there is usually
| little difficulty in this.

The liquor is run from the settlers into the
crystallisers, which are iron vessels varying in
different factories between the widest limits of
shape and size. These vessels have in all cases
a hole in the bottom stopped up with a long
wooden plug. This hole is to permit the mother
liquor from the crystallisers at the end of the
crystallising operation to drain into shutes
below, which convey it to collecting tanks or
wells in the floor, from which it is pumped into

| the dissolver again to assist in making up the

| next batch. Across the top of the crystallisers

| from side to side is usually placed a number of
bars or strips of metal, in order to support the
crystals formed near the top of the liquor, and

| in this way to obtain fine large crystals.

| The erystallisers are usually placed in double

| rows, with a mother liquor shute between them,
in large, airy, lattice-sided sheds.

Crystallisers yielding 1 to 1} tons of crystals
usually finish in about one week in winter and a
fortnight in summer.

After the mother liquor has been run off and
the crystals allowed to drain well in the crystal-
liser, the crystals are taken out and placed in
blocks on wooden shelves to drain for at least
24 hours, after which they are ready to
pack. :

Other crystals are crushed to comparatively
small pieces in a crusher frequently of the

| Blake type and °whizzed’ in a centrifugal
machine,

Soda crystals are either packed in wooden
casks or kegs or in bags. When the casks or
kegs are used it is usual to take the crystals
from the draining shelf. When bags are used
the hetter dried erystals from the centrifugal
are taken, because the presence of any liquor in
that case discolours the bag and the crystals.
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The following is an analysis of a good brand
of commercial soda crystals, :—

Na,CO, 36-60
NaHCO, 025
Na,S0, 0-14
NaCl . " 015
Water (by diff.) 6286

100-00

The mother liquor eventually contains too
much sodium chloride to be used again. It is
therefore evaporated to dryness and the residue,
which will contain about 29 p.c. Na,O and 34
p.c. Na(l, is sold for what it will fetch. This
necessity recurs at such long intervals that if the
residue is thrown away the debit on the soda
crystals made is negligible.

Commercial soia. crystals are sometimes
adulterated with Glauber’s salts, specially manu-
factured in °soda-fashion,” and it is said that
now and then Glauber’s salts are vended as
¢ best Scotch soda,’ but it is hardly credible that
such an easily discoverable fraud is frequently
committed.

Mactear (Eng. Pat. 10651, 1884) has construc-
ted an apparatus for obtaining soda erystals in a
granular form, by subjecting the solution during
crystallisation to the combined action of coolin
by cold-water action from the outside, an
mechanical agitation.

In another patent (Eng. Pat. 1989, 1886) he
describes compressing those granular crystals
into the shape of tablets, cakes, or blocks, most
conveniently of a rectangular form, so that
they can be packed without waste of space.

Crystal carbonate. This is the name given
originally by Messrs. Gaskell, Deacon & Co. to
a very pure monohydrated sodium carbonate,
Na,C0,,H,0, obtained by direct evaporation
from tank liquors, thoroughly carbonated with
addition of bauxite, and afterwards purified
" from ferrocyanide by superheating to 180°
(Carey, Gaskell and Hiirter, Eng. Pats. 1161,
1881; 2939, 1879; 5310, 1882). This sub-
stance was absolutely free from caustic, silica,
and alumina, and was altogether far superior to
ordinary soda crystals, not merely in strength,
but also in purity.

As in the case of soda erystals, however, the
Leblanc vat liquor has been replaced by am-
monia alkali, and the crystal carbonate is now
obtained in a still purer state from this source.

The following is an analysis of erystal car-
bonate, made from ammonia alkali:—

Na,CO, 820
NaOH . z 0-0
Na,S0, 2 5 ! trace
NaCl . 3 B ) J g 10225
Water . 17:5
99-76

Crystal carbonate dissolves in water much
more easily than ordinary soda crystals, because,
instead of lowering the temperature, it slightly
raises it in the act of solution, and because its
grainy texture offers a much larger surface to
the water than soda crystals do.

One ton of crystal carbonate contains as
much alkali as 48 cwt. of soda crystals, and
occupies only 65 cubic fect against 150 cubic
feet, occupied by 48 cwt, of soda crystals
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Bicarbonate of Soda. Bicarbonate of soda
was formerly made by the action of carbonic acid
usually obtained by decomposing CaCO; with
hydrochloric aeid, on soda crystals.

The soda commonly employed was in tho
state of ordinary crystals ; those of yellow colour
or otherwise inferior quality could be utilised
quite well. They were exposed to the action of
the gas in apparatus of various shapes, made
of brickwork, wood, or preferably of iron, hold-
ing up to 60 tons of crystals. They were con-
nected in such way that the gas passed from one
chamber to another. Large doors served for
charging and emptying. A false bottom, made
of laths, was laid down inside, below which the
gas entered and above which the crystals were
put up in regular layers. The space below

-served for holding the abundant drainage of

mother-liquor caused by the fact that nine of the
ten molecules of water of crystallisation were set
free : Na,(0,,10H,04-C0,=2NaHC0,+-9H,0.
This liquor dissolved the small quantity of
foreign salts and other impurities contained in
the crystal soda, and ran off through a U-tube
fixed in the chamber bottom. The end of the
process was indicated by the stoppage of this
flow, which generally occurred in from 6 to 9
days.

On opening the chambers the bicarbonate
was found apparently in the shape of the erystals
originally charged, but in reality only as a loose
powder. It was very damp, and had to be dried
in stoves heated to a temperature not cxceeding
45°, Dry and warm carbonic acid, if not too
expensive, would have greatly expedited the
drying, which generally lasted 8 or 10 days.

Mathieson and Hawliczek (Eng. Pat. 150,
1886) prepared pure sodium bicarbonate from
black ash, crude sodium sulphide, or crude
bicarbonate, as obtained in the ammonia-soda
process, by dissolving those products in a solu-
tion of sodium chloride of from 16 to 19 p.c.,

and treating the solution with carbon dioxide,

whereby nearly all the bicarbonate was preeipi-
tated in a crystalline form. The bicarbonate is
said to be obtained nearly in a chemically pure
state. With impure materials, as black ash or
crude sodium sulphide, the CO, first precipitates
iron, alumina, and silica, and these are separ-
ated by filtration before precipitating the bi-
carbonate itself.

A totally different proeess from that formerly
employed is that of Carey, Gaskell and Hiirter
(1881 and 1882). It is principally based on the
employment of the ‘crystal carbonate’ pre-
viously described, which is exposed in a re-
volving cylinder to the action of pure carbon
dioxide, entering at one end and escaping out of
the other ; after being passed in a pipe upwards,
say 30 ft., and down again, it is sufficiently de-
prived of moisture, and is re-introduced into the
first cylinder, or else into another cylinder. A
cylinder of 8 ft. length and 5 ft. 6 in. wide con-
tains a charge of 1% tons, and produces 2 tons
of bicarbonate. It is supported on hollow
trunnions; gas-pipes pass through these, and up-
wards inside the cylinder, so that they are not
stopped up by the salt. By taking the exit pipe
upwards for about 30 ft. and down again, and
thus cooling the gas, a difference of temperature
is produced which effects a sufficient circulation
of the gas, while at the same time the excess of
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moisture is condensed, and the water is run off
before the gas passes again into the eylinder,
This eireulation is in praetice best promoted by
mechanically pumping the gas back again. The
temperature rises very much during the absorp-
tion, but the cooling action of the air keeps it
down ; practically, the bicarbonate made in this
way—that is, under a certain pressure—is very
strong, eontaining about 97 p.c. real NaHCOj,
against 87-90 p.c. in the old process. The
moisture must be regulated : if the mass be-
comes too dry, the carbonic acid introduced
must be moistened by means of a small coke
tower. With the progress of absorption the
temperature falls again, and it is finished in
5 or 6 hours.

The patent contains also provision for em-
ploying impure carbon dioxide, by passing the
gas through a series of absorbing eylinders; but
this process does not seem to be in practical use.
Anhydrous monocarbonate can also be used
(Eng. Pat. 2876, 1882) by introducing steam
together with earbonic acid.

The bicarbonate made by this process had
almost superseded that made by the old process,
when it was itself displaced by the bicarbonate
made in the ammonia-soda process. This for-
merly could not be immediately employed for use
as baking powder, &c., owing to the ammonium
compounds it contains. Mond and Jarmay
(Eng. Pat. 2996, 1884) found that on dissolving
the crude bicarbonate in warm water and coolin
pure bicarbonate of soda crystallises out an
the ammonia salts remain in solution.

They dissolve the crude salt at 65°, filter off
the insoluble impurities and allow the solution
to cool. The bicarbonate separates out in
granular crystals, which are drained, dried and
ground. The solution can be made at a higher
temperature in an atmosphere of carbon dioxide
under pressure, but it must be cooled down to
65° before removing the pressurc. The mother
liquors can be used many times over until they
get too rich in ammonia.

Jarmay (Eng. Pat. 23890, 1893) describes
improvements made in this process, and states
the crude bicarbonate is dissolved in a closed
vessel provided with an agitator in which the
temperature is maintained by a closed steam
coil between 85° to 90°. {

The escaping vapours containing NHj, some
CO, and steam, arc passed through a multi-
tubular cooler, where they are surrounded by
mother liquor from a former operation.

The solution in the dissolver containing bi- '

carbonate and some scsquicarbonate is passed
through a filter press and then pumped into an
iron tower containing many compartments and
water cooled. Here the temperature of the
solution is reduced to 72°

constant agitation. The carbonated liquor and
precipitated bicarbonate runs from the bottom
of the tower on to a filter and the mother liquor
flows back to the dissolver through the cooler
mentioned above.

Jarmay (Eng. Pat. 3889, 1893) describes the
drying of the moist bicarbonate obtained as
above in a long covered trough through which
the bicarbonate is carried on a conveyor and
through which also air, preferably mixed with
carbon dioxide and heated to 95° is blown.

Lime kiln gas is |
pumped into the bottom of the tower and causes |
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Brock and Hawlicek (Eng. Pat. 8314, 1896)
treat the ammonia soda roasted ash or the erude
bicarbonate, after removal of the ammonia and
part of the carbon dioxide, with steam and carbon
dioxide, either in rotation or simultaneously, in
order to obtain a pure bicarbonate.

The composition of eommereial refined bi-
carbonate is given as—

NaHCO, 3 - 97-2
Na,CO, . 19
Na,S0, - 3 3 trace
NaCl . d 3 . 0-35
EI O E 0-82
Insol. . 5 : 0

(See Lunge’s Alkali, vol. iii. p. 211.)

Sodium bicarbonate is chicfly used for the
following purposes: as a chief ingredient of
baking powder; as the carrier in the washing
blue used in laundries ; as the source of carbonic
acid in the manufacture of mineral waters, for
which it has the advantage over CaCOz;—which
was formerly used for the purpose—of yielding
double the quantity of CO, gas per unit of sul-
phuric acid and of leaving a soluble salt in the
generator, viz. Na,SO, instead of CaSO,.

Sodium sesquicarbonate

Na,C0;,NaHCO,4,2H,0

is made by Watts and Richards (Eng. Pat.
13001, 1886) by preparing a solution containing
the above proportions and allowing it to crystal-
lise not below 35°, keeping it agitated all the
time. Such a solution can %)e prepared by heat-
ing sodium bicarbonate so as to deprive it of
| about one-third of its carbonic acid and dis-
solving the residue, or by adding to a hot solu-
tion of 84 parts of sodium bicarbonate 106 parts
of sodium carbonate. This salt, which crystal-
lises in fine needles, does not effloresce or deli-
quesce, and is readily soluble in water. Its
principal employment is for wool washing.

The composition of sesquicarbonate is given

ag—
Na,CO; . 4657
NaHCO, L 37:0
Water of crystallisation . 16-24
NaCl . 3 3 018
Insol: . 3 0-02

(See Lunge’s Alkali, vol. iii. 212.)

| THE MANUFACTURE OF SODA BY ELECTROLYSIS.

Practically all soda manufactured by elec-
trolysis is produced by the clectrolysis of sodium
chloride. )

The clectrolysis of sodium chloride is de-
| scribed, together with the chief types of appara-

tus in use, under the article CHLORINE, vol. ii.
215
| > The types of cell in that article are classified
under four heads :—

I. The cells in which the electrolyte consists
of fused sodium chloride. i

II. The cells in which the electrolyte is a
| NaCl solution and in which the cathode and

anode are separated by a porous partition.
III. The cells in which the electrolyte is a
| NaCl solution, but in which a moving cathode
! of mereury is used to remove the sodium pro-
duced from the action of the chlorine. % 5
f 1V. The cells in which the electrolyte is a
Na(l solution and which depend on specific
gravity to keep apart the alkali and the chlorine.
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Class I. The cells of this class, described
p. 22, vol. ii., are the Vautin and Acker cells, in
both of which the sodium is obtained as a lead
sodium alloy. The sodium was obtained by
Acker in the form of caustic soda by treating
the molten alloy with steam in the absence of
air, as described in his Eng. Pat. 14269, 1898.

Class II. With the exception of the Har-
greaves Bird cell, all cells of this class yield a

solution of caustic soda mixed with varying"

but always large quantities of sodium chloride.
These solutions are concentrated and finished
in apparatus similar to that described under
the manufacture of soda by the Leblanc process,
p. 49. Instead of the comparatively small
quantities of salts which are deposited during
concentration of Leblanc soda, much larger
quantities of NaCl are thrown down and have
to be fished out. This large quantity of salt
is, after draining, usually washed with fresh
cathode liquor from the cell, redissolved, and
returned to the process.

Constitution of the cathode liquors from the
various cells mentioned has been given approxi-
mately as—

The Griesheim cell, 8 p.c. NaOH, 20 p.c.

NaCl 3
The Townsend cell, 150 grms. NaOH and
213 grms. NaCl per litre ;

The Finley cell, 7 p.c. NaOH.

In the case of the Hargreaves Bird cell, the
liquor from the cathode compartment is, as
described vol. ii. p. 23, a solution of carbonate
mixed with sodium chloride.

Hargreaves (Eng. Pat. 21178, 1897) describes
a mcthod of separating the sodium carbonate
from the salt. The sodium carbonate is
generally produced in the form of soda crystals
(washing soda).

Kershaw (Electrician, 1898, 547) gives the
following. analyses of two samples of the soda
liquor flowing from this cell :—

Molecules NaCl
on 100 mol.
Sp.gr.  Nay,COjz NaCl  Na,CO4
(1) 1-125 109 p.c. 0-94 15-6
(2) 1-:094 10-44 ,, 0-1 1-73

Class III. The soda solution obtained
from the decomposition of the sodium amalgam
produced by cells of this class is very pure and
free from NaCl. Its concentration, therefore, is
not complicated by the production of salts.’

The solutions obtained are usually of about
45°Tw. (Lepsius, Ber., 1909). There is, there-
fore, about 4 tons of water to be evaporated
before the solid caustic soda is obtained. The
apparatus used for the concentration is similar
to that described under Leblanc caustic soda,

. 49.
P Class IV. As in the case of the cells with
the porous diaphragm, the soda selution yielded
by such cells as the Glocken cell contains large
quantities of undecomposed sodium chloride,
which has to be separated during concentration,
drained, washed, and returned to process.

The constitution of the solution obtained is
given in Chem. Zeit. 1901, 1171, as alkali,
6-12 p.c.; sodium chloride, 16-30 p.c.

A modification of the Glocken cell has been
patented by the Society of Chemical Industry
of Bale, 25118, 1909, the main point of which
is the continuous saturation of the brine by

SODIUM.

causing the fresh electrolyte to flow from an
upper to a lower electrode in order to drive
backwards the ions of the newly formed pro-
ducts. The mode of operation consists in
causing the electrolyte which has been partially
impoverished at the upper electrode to be en-
riched again between the two electrodes by
solid salt fed in a special manner. The advan-
tage consists in obtaining a higher strength
caustic soda with a goog current efficiency.
The theoretical considerations involved are dealt
with in the patent.

4. MANUFACTURE OF SODA BY OTHER PROCESSES.
ENUMERATION OF PROCESSES PROPOSED FOR
MANUFACTURING SODA.

A. From common salt without converting it inlo
sodium sulphate.

Potash (potassium carbonate) was used in the
infancy of the manufacture of soda by Bergman,
Hahnemann, Losh, and others, at a time when
the former alkali was less valuable than the
latter, the reaction being

K,C0;+2NaCl=2KC(l4-Na,CO,.

Lime slightly decomposes common salt, as
first noticed by Scheele. In 1782 Guyton de
Morveau and Carny obtained a French patent
for this process, which they actually worked for
some time, of course with very little success.

Lead oxide. Scheele, in 1773, noticed that
common salt is (partially) decomposed by lead
oxide, caustic soda and lead oxychloride being
formed :

2NaCl+2Pb0+H,0=2NaOH-+PbO,PbCl,.

This process was at first considered one of
the most favourable for the manufacturing of
soda, and was worked both in France and
England, where many patents were taken for it.
It was the process first employed by Losh at
Walker-on-Tyne, at the same works where also
one of the later patents belonging to this
class, Bachet’s, received a serious trial in 1870,
but with hardly more success than formerly.
The incompletencss of the reaction is the prin-
cipal obstacle to this process. A new patent
for it is Knab’s (Eng. Pat. 3082, 1877). The
Société Anonyme Lorraine Industrielle (D. R. P.
23791) separates the caustic from the lead oxide
by aleohol.

Romiquieres (Eng. Pat. 14977, 1888) dis-
solves finely-divided lead in caustic soda by
means of a current of air. The solution of
Na,PbO, thus obtained is treated with NaCl,
and thus two molecules of NaOH for cach
molecule previously employed are formed, PbCl,
being precipitated.

Berl and Austerweil (Zeitsch. Elektrochem.
1907, 165) describe the reaction as reversible,
and give two equations :

1. For ¢normal concentration *—
5Pb0O+H,0+2NaCl+ Z 4PbO,PbCl,+2NaOH.

2. Tor higher concentrations—

2NaCl+4Pb0+H,0 Z2 3PbO,PbCl,+2NaOH.

The conversion of NaCl to NaOH being—

AT R 50 p.c.
ARG 43",
74°C. . iy

Vournassos (Eng. i’at. 2.3689,' 1908) decom-
poses NaCl in a fused state by means of PbO.
Magnesia has been patented by W. Weldon
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(March 1, 1866) for the following reaction :
2NaCl4+MgC0;+C0,+H,0=2NaHCO,+MgCl,.
The inventor expected to obtain all the soda as
bi-carbonate, and to decompose the MgCl, into
MgO and HCL It is hardly necessary to point
out that both of these reactions are far too
incomplete for practical use.

Sulphide of iron is used by Reynaud (Eng.
Pat. 14483, 1890), who heats it with NaCl, with
the production of chlorine, sodium sulphate, and
ferric oxide. This residue is mixed with coal
and heated, producing a ferro-sodium-sulphide,
which is treated by Blythe and Kopp’s process
(see below).

Oxalic acid and oxalates of ammonium and
magnesium have been employed by various in-
ventors. Their action is based on the slight
solubility of the monosodium oxalate. None
of these agents seems ever to have been tried on
a large scale.

Hydrofluoric acid was proposed by Weldon
(in 1866), and

Hydrofluosilicie acid by many inventors,
these acids forming very slightly soluble sodium
salts. A factory, working on a patent by
Karcher and Tessié du Motay, existed for some
years up to 1870, near Saargemiind, and the
process seems to have given better results than
might have been anticipated ; but the various
reactions on which it is based are too incomplete
for practical use.

Caleium fluoride is employed by Brochon
(Fr. Pat. 208754).

Alumina decomposes sodium chloride, in the
presence of steam, at a very high temperature ;
this was utilised by Tilghman in 1847, and it
has been taken up more vigorously since the
discovery of native alumina in the mineral
bauxite. Sodium aluminate is formed, and is
decomposed as in the manufacture of soda
from cryolite (see below). But the temperature
required for the above-mentioned decomposi-
tion is too high, and the vessels employed
cannot be made to last. On this account the
attempts of Gossage (1862), of Griineberg and
Vorster (1876), and of Lieber (1878) have had
no practical results.

Peniakoff (Fr. Pat. 405611, 1908) concen-
trates the impure liquors containing sodium
carbonate, which are obtained in making pure
alumina from bauxite to about 1:3 sp.gr., and
then treats them with carbon dioxide, which
precipitates sodium bicarbonate.

Clay, common salt, and water are employed
by Kayser, Williams, and Young (Eng. Pat.
11492, 1887).

Silica and steam were employed as early as
1809 for decomposing common salt by Gay-
Lussac and Thénard. This reaction was after-
wards tried on a practical scale by Blanc and
Bazille (1840), Fritzsche (1858) and others,
especially by Gossage (1862), who brought
sodium chloride in the state of vapour, alon
with steam, into contact with intensely heate
quartz. The sodium silicate formed runs down
in a fluid state. It ig either used as such, or
converted by CaO into NaOH, or by CO, into
Na,CO;. This process was worked for some
time, but the decomposition was too incomplete,
the HCl was too difficult to condense, and the
apparatus could not resist the intense heat.

Chromium oxide and steam has been patented

75

by Swindells (1851), and Kessler (1687), but the
reaction is quite ineomplete.

Boric acid and steam have been patented by
Margueritte (1855) ; boric acid alone by Garro-
way (Eng. Pat. 17395, 1889).

Steam alone decomposes NaCl at a very high
temperature, and this reaction has been the sub-
ject of many patents, but unfortunately the re-
action NaCl+-H,0=NaOH-}HCI proceeds only
a very little way, otherwise this would be un-
doubtedly the simplest way of decomposing NaCl.

Magnesium sulphate (kieserite) is heated
with sodium chloride and silica or clay in a
current of air to 500° or 700°C. Chlorine is
given off; sodium sulphate and magnesia
remain behind (Townsend, D. R. P. 10641).

Sopa rrRoM SopiuM SULPHATE.

Without converting it inlo Sulphide.

Lime. In 1789 Delius proposed this agent,
and many other chemists followed him ; in
1865 Hunter added the action of pressure.
But the change is extremely imperfect as
proved by Hill (Chem. News, 27, 165), and
experiments made by Lunge (Dingl. poly. J.
238, 69), and by Cross and Bevan (:ibid. 213,
137), confirm this.

Caustic baryta easily and completely decom-
poses sodium sulphate, but it is much too dear
for practical use, in spite of several patents having
been taken out for this process.

Caustic strontia was proposed for a very in-
genious cycle of reactions by Ungerer (¢bid.
188, 140). But as this process is very compli-
cated, and includes the intervention of ammonia,
it is far simpler and cheaper to employ Dyar
and Hemming’s process. There is also an
American patent for strontium compounds
(454136) by G. H. Gray.

Another process is suggested by Eichstidt
(Eng. Pat. 15136, 1891), which depends for
recovery of the Sr(OH), on the following
reactions—

(a) SrS0,+ Na,S0,+8C=SrS+Na,S-+8CO.
(b) SrS+Na,S+2H,0=Sr(0OH),+2NaSH.

Calcium bicarbonate was patented in France
by Pongowski (1872). Lunge (Dingl. poly. J.
243, 157) found that this causes no formation of
sodium carbonate whatever.

Strontium carbonate is nearly always men-
tioned at the same time as

Barium carbonate. This has bcen tried in
the dry way, by Kastner (1826) and Anthon
(1840); in the wet way by many inventors,
beginning with Kolreuter, in 1828. The re-
action : Na,S0,+BaC0,=Na,C0;+BaS0, is,
however, incomplete, whatever temperature may
be employed, even with excess of BaCO,. But
the decomposition is quite complete when
barium bicarbonate is employed, or much more
simply and cheaply by passing a current of CO,
into an agitated mixture of BaCO; and solution
of Na,SO,, as patented by Lunge in 1866. This
process would be practicable, it a cheap method
of recovering the BaCO; from the BaSO, could
be found. At present it cannot compete with the
ammonia soda process. Bramley (Eng. Pat.
1050, 1866) regenerates the barium carbonate
from the sulphate, formed from the carbo_nate,‘by
reducing the sulphate to BaS, then dissolving
this in HCI, and treating the solution of BaCl,
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with hydrated magnesia and carbonic acid (a
very hopeless process !).

In 1892 Nauhardt took a French patent
(223339) for manufaeturing sodium earbonate
by digesting sodium sulphate with BaCO,,
prepared by treating BaS with CO,.

Ammonium ecarbonates have been several
times proposed for decomposing Na,SO,, first
by Bower (1840). After the analogous pro-
cess with NaCl had attained sueh eomplete
success, the above has been again proposed,
principally in order to recover the chlorine, as
well as the soda, by interposing the manufacture
of sodium sulphate and hydrogen chloride.

Alumina deecomposes Na,SO, in the presence
of steam. This reaetion, first proposed by
Tilghman in 1847, furnishes sodium aluminate,
which is easily decomposed by CO,, Na,CO,
being formed and alumina being regenerated.
In licu of pure alumina, the mineral bauxite,
found at Baux in the South of France, and in
several other places, also at Irish Hill and
Straid, County Antrim, can be employed.
Several German patents by Lowig Brothers
(93 and 1650, 1877) describe this process, in
which, however, the manufacture of hydrated
alumina is the principal feature. A modifica-
tion of the alumina process was proposed by
Vogt and Figge (D. R. P. 31675), another by
Behnke (D. R. P. 7256).

Ph. B. and S. P. Sadtler (U. S. Pat. 877376,
1908 ; and Eng. Pat. 273, 1908) decompose
alkaline sulphates by heating with excess of
bauxite. Peniakoff (D. R. P.80063) ignites
bauxite or aluminium sulphate with sodium
sulphate in the presence of alkaline sulphides or
pyrites to produee sodium aluminate and sulphur
dioxide. Projahn (D. R. P. 112173; ¥Eng.
Pat. 6790, 1899) heats salt-ecake by itself, or
with aluminous substances with exclusion of
air, and with metalliciron at a dark red heat, and
then lixiviates.

Silica decomposes Na,SO,, especially in the
presence of coal, sodium silicate being formed,
which is, indeed, one of the ways in whieh this
compound is manufactured. It has been pro-
posed to employ this as a soda-manufacturing
proeess, by subsequently converting the sodium
silicate into carbonate or hydroxide.

Hydrofluoric acid is mentioned in Weldon’s
patents of March 1, 1866, which are quite
impracticable.

Caleium bisulphite and sodium sulphate yield
caleium sulphate and sodium bisulphite. By
heating the latter SO, is given off ; the residual
Na,SO; is converted by lime into NaOH and
caleium sulphite (Gutzkow’s U. S. Pat. 198293,
1877).

A mixture of carbon dioxide and monoxide
is supposed to decompose sodium gulphate at a
red heat into carbonate and sulphur dioxide
(Kayser, Young and Williams, Eng. Pat. 7355,
1885). This process is entirely useless, aceording
to the investigation of Watson Smith, and Hart
(J. Soc. Chem. Ind. 1886, 643). It has been tried
on a practical scale at the Hautmont works, in
France, in an apparatus similar to that of Har-
greaves and Robinson for the manufacture of
sodium sulphate, as the reaction is a very slow
one. The drawbacks found there were: that
the mass erumbles to powder, which stops the

passage of the gas; that it is very diffieult to |
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keep the temperature at the proper point ; and
that all the sulphur escapes in the shape of sul-
phur dioxide, too dilute for utilisation (Lunge,
Pariser Ausstellungsbericht, 1889, 15).

Crude phenol from coal-tar was proposed by
Staveley (Eng. Pat. 17657, 1887). He agitates
it with milk of lime and treats the resulting
solution of caleium phenate with sodium sul-
phate. Calcium sulphate is precipitated ; the
solution of sodium phenate is deeomposed by
C0, into sodium carbonate and free phenol,
which is used over again. Cp. also Staveley’s
paper, J. Soc. Chem. Ind. 1888, 807. This
process is ingenious, but no doubt impraeticable,
especially owing to the hardly avoidable loss of
phenol. :

Caleium hydrosulphide is employed by Had-
dock and Leith (¢f. ¢nfra, sub. Soda waste);
also by Simpson (Eng. Pat. 17765, 1890) in the
following way : Saltcake, nitre-cake, or the like
are converted by Ca(SH), into CaSO, and
NaHS ; this is carried on in elosed vessels under
a pressure of 60-80 lbs. per square inch. The
elear liquor is decomposed by CO,, and the H,S
set free is passed into milk of lime, in order to
re-form the original ealcium hydrosulphide.
The soda is precipitated as NaHCO,. A special
applieation of this process is made upon low-
class phosphatic minerals, which are suspended
in water and treated with H,S, the Ca(SH), in
solution being employed as above, whilst the
enriched phosphatic mineral remains behind.

Caleium phosphates are employed in another
patent of. Simpson’s (Eng. Pat. 18835, 1890).
They are made to react with sodium sulphate ;
the sodium phosphate thus formed is eonverted
by lime into caustic soda and calcium phosphate.

Soda from Sulphate, after converting it

tnto Sulphide.

By heating sodium sulphate with coal a
mixture of sulphide and carbonate is obtained,
and this process has been proposed from a very
early period down to 1839, among others by
Berzelius, Gay-Lussac, Graham, and Liebig.
It is, however, quite impracticable for soda-
making, except as an intermediary for other
processes, in the first instance.

By adding caleium carbonate, which is Le-
blane’s proeess, and has already been deseribed.

Barium carbonate has been proposed by
Reinar (1858), in lieu of ealcium earbonate, but
there is no advantage in this, and the eost is
much too great.

Carbonic acid. In 1819 Atwood obtained
an English patent for the decomposition of
Na,S by CO,.

Since that date many inventors have tried
to develop processes for the manufacture of
carbonate of soda by this reaction, among
others : Gossage (1838), Hunt (1861), Theissig,
Verstract and Oliver, Claus Gomeg, Weldon,
Thompson (1887), Chance (1888), Parnell and
Simpson (1888), Mathieson and Hawlicek (1886),
Gossage and Williamson (1888).

Na,S requires more than one equivalent of
CO, for complete deeomposition, in faet it is
necessary to convert nearly all the soda into
biearbonate

Na,S+42C0,+2H,0=2NaHCO,-+H,S.
The bicarbonate of soda separating out in fine
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crystals. Most of the processes suggested differed
only in the apparatus used to bring the carbon
dioxide and sulphide into contact.

Hunt, however, suggested treating the solid
sulphide with carbon dioxide and steam. Mathie-
son and Hawlicek suggested the use of a brine
solution instead of water to dissolve the Na,S in
order to take advantage of the lower solubility
of NaHCO, in brine than in water.

Gossage and Williamson for some years made
determined efforts to succced with this process,
but as far as is known, the sulphide process is
not in use to-day. The difficultics were :
(1) The technical difficulty of making the
sodium sulphide itself, owing to its rapid action
in the fused state on silicious material ; (2) the
fall in price of carbonate of soda owing to the
development and cheapening of the ammonia
soda process. !

Sodium bicarbonate dccomposes Na,S thus :
Na,S+2NaHCO,=2Na,CO;+H,S. This reac-
tion has been several times patented as a soda-
making process (first by Wilson in 1840), but it
seems to have a chance of success only as a
means of purifying the liquor of the Leblanc
process from the Na,S always contained therein,
and even there the action is not instantaneous.

On the contrary, sodium sulphide cannot be
completely decomposed by CO, until about
1:6 equivalents of CO, are present to 1 equiva-
lent of soda.

Alumina mixed with sodium sulphide is
treated in a current of hot air by Liermann
(1878) ; sodium aluminate is formed, and the
gaseous products which cscape are passed into a
vitriol chamber.

Metallic oxides—such as copper, zinc, lead,
iron or manganese oxide—have been very fre-
quently proposed for decomposing Na,S into a
metallic sulphide and caustic soda. These pro-
posals have hitherto mostly failed, first, on
account of the difficulty of preparing Na,S on a
manufacturing scale ; second, because in practice
much more than an equivalent of the metallic
oxide is required for effecting a complete decom-
position of Na,S ; third, because the recovery of
the metallic oxide from the sulphide is too
costly, always entailing a loss of some of the
metal, and never effecting a thorough utilisation
of the sulphur. Such processes have been found
more useful for purifying Leblanc’s liquors from
Na,S. Still, attempts are continually made in
this way—e.g. by Lalande (D. R. P. 41991,
1887). Lalande’s process (which employs zinc
oxide) has been found to effect the desulphuri-
sation very well when tried at the St. Gobain
works, but the scparation of the ZnS and the
regeneration of ZnO were found to be too
troublesome.

Another form of this type of process has been
invented by Ellershausen (Eng. Pats. 1015,
9112, 16676, 1890). He first forms a °ferrate
of soda,” similar to Lowig’s (p. 48), by heating
sodium carbonate with ferric oxide ; on filtering
a solution of sodium sulphide through a layer
of ferrate of soda, the sodium sulphide is entirely
converted into sodium hydroxide, which can be
easily manufactured into commercial caustic
soda. The sulphur is retained in the form of an
insoluble ferrosodium-sulphide, to which Ellers-
hausen gives the formula Fe,Na,S,, and which
rctains one-sixth of the total soda.
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Iron or iron oxides decompose Na,S also at a
red heat. Malherbe in 1778 proposed iron which
was oxidised by the fire gases. Blythe and Kopp,
in 1855, patented the use of iron oxides. Their
process was tried on a large scale, but given up
as useless ; and this result has been confirmed
by very extensive cxperiments on a manufac-
turing scale made by Lunge in 1865. There
is a double sulphide formed in this process, the
formula of which is stated by Stromeyer (Anna-
len, 107, 233) to be Fe,Na,S, ; this must be de-
composed by CO, in order to yicld Na,CO, and
FeS; but much H,S escapes, and the FeS is
much too impure to be burned for SO,, as had
been intended by Blythe and Kopp. The mass,
moreover, contains much sodium thiosulphate
and re-formed sulphate, and the furnace bottoms
are very strongly acted upon, whatever material
may be used for them.

MANUFACTURE OF SODA FROM SoDIUM NITRATE.

A very large quantity of sodium nitrate is
indirectly converted into carbonate, inasmuch
as it is first worked for nitric acid, and the
residual acid sulphate (°nitre-cake ’) is worked
up along with common salt in the ordinary
decomposing pans. A considerable number of
proposals have been made for making soda
purposely from sodium nitrate, always, of course,
with the condition of fully utilising the nitric
acid as well. For some time artificial potassium
nitrate was made by decomposing native sodium
nitrate by potassium carbonate, chiefly in the
impure form of carbonised ¢ vinasse,” from the
manufacture of beet-root sugar ; but this process
has long been superseded by the usc of Stassfurt
potassium chloride.

Silica or alumina expel nitric acid from
NaNO;; so does calcium carbonate ; in all cases
the reaction takes place at such high tempera-
tures that the nitric acid is decomposed, and
although its re-composition can be effected by
an excess of air and water, this costs too much
to compete with the ordinary manufacture of
nitric acid. The vessels employed are also
corroded to an enormous extent. The advan-
tage of obtaining the sodium in the shape of
silicate, aluminate, or even hydroxide cannot
compensate for these drawbacks.

Ferric oxide is used by Bradburn (Eng. Pat.

| 6710, 1889) to convert sodium nitrate (bcing
{ the residue of Dunlop’s chlorine process) into

hydroxide.

MANUFACTURE OF SODA FROM FELSPAR.

Soda felspar has been several times proposed
for manufacturing soda—e.g. by Ward and
Wynants (1857 and 1864), who heated it with
fluorspar, chalk, and lime ; but this process has
been found far too costly even for potash, and
is not likely ever to answer for soda.

MANUFACIURE OF SoDA FROM CRYOLITE,

This mineral is found mainly in one locality
—namely, the bay of Evigtok, in South Green-
land, where it was discovered by whalers, and
again by Giesecké (1806-1813). Since 1849 it
has become of some importance, because Julius
Thomsen, of Copenhagen, proved it to be
easily decomposable by lime, and to yield very
pure soda and alumina. It was first worked
upon a large scale in 1854, and several factories
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were erected for this purpose in various parts of
Kurope, but since 1865 the Pennsylvania Salt
Manufacturing Company at Natrona, near
Pittsburg, has obtained the control of nearly
all the available mineral, so that no soda is made
from it elscwhere.

Cryolite is & double fluoride of aluminium
and sodium, of the formula Al,F¢,6NaF ; in the
pure state it contains 12:85 Al, 32-78 Na, 54:37
I, corresponding to 24-23 Al,O; and 44-17 Na,,0,
but as it comes into trade it usually contains
about 15 p.c. of impurities (galena, pyrites, fluor-
spar, limespar). It is a snow-white mineral,
casily fusible, and soluble in concentrated sul-
phuric acid, but insoluble in hydrochloric acid.

Thomsen’s process for working it up (which
is the only one carried out in practice) consists
in igniting it with calcium carbonate, when CO,
escapes and soluble sodium aluminate, with in-
soluble calcium fluoride, remain behind :

ALF ¢ 6NaF +6CaC0,=Al,0,,3Na,0 + 6CaF,+6CO0,.

Finely-ground ecryolite (100 parts) is inti-
mately mixed with 150 parts of ground chalk,
and some of the impure CaF, obtained in the
process itself is added to the mixture, which
causes it to decompose more comf)letely and
greatly increases the yield of valuable products.
The mass must be spread in a thin layer, and
must be heated to a red heat, but short of being
fluxed, which would cause an imperfect decom-
position. This is done in furnaces specially con-
structed by Thomsen for this purpose, which
finish each charge of 9% cwt. in 2 hours (cf.
Lunge’s Sulphuric Acid and Alkali, iii. p. 220).

The furnace charge is put, while hot, into
the lixiviating tanks, and is methodically washed.
The residue from this operation is an impure
calcium fluoride (containing 62 p.c. CaF,, 12 p.c.
CaCOyg, 5:6 p.c. Ca0, &c.). Itisused for making
bottle glass, for enamelling stone ware, as a
metallurgical flux, &c. The solution of sodium
aluminate obtained, which tests from 48°-60°
Tw., is decomposed in revolving cylinders, or in
vessels provided with agitators, by the carbon
dioxide from a lime kiln.

The final result of the decomposition is
stated thus :
Al,0;,3Na,0+3C0,+3H,0=Al,(0H)+3Na,COy4;
but in reality a compound of 45 p.c. alumina,
20 p.c. sodium carbonate, and 35 p.c. water is
precipitated in a granular state, and must be
freed from soda by long washing with hot water.
This is carried on until the aluminium hydroxide
contains only 2 p.c. of soda. Most of it is con-
verted into aluminium sulphate by dissolving it
in dilute sulphuric acid at 90°C., and boiling
down the solution in copper pans to the con-
sistency of treacle; it is then poured into
moulds and solidifies on cooling. The richest
commercial article contains 20 p.c. Al,O,.

The solution produced in the precipitating
vessels is boiled down to 66°Tw., and on cooling
yields a crop of extremely pure soda crystals,
containing hardly more than % p.c. of foreign
salts. The mother-liquors are so pure that they
can always be taken back again into the process.

TeE COMMERCIAL SopA TEST.

The commercial soda test used for trade
purposes for both caustic soda and soda ash
does not agree with the real percentage of Na,0
in the product. This is well known to the trade
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and is universally accepted under the name of
the Liverpool test.

The discrepancy between real soda and the
commercial test originated in the early days of
the manufacture, when the equivalent of Na,O
was considered to be 32 and of Na,CO, 54.

The percentage of Na,0 in Na,CO; was
therefore considered to be 59:26 p.c. Na,O.
With the modern equivalents of 31:53, the
actual percentage of Na,O in Na,CO; is of
course 58-49 p.c. Na,O.

In the same way, a caustic soda with an actual
test of 70 p.c, Na,O would, by the commercial
test, be said to contain 7092 p.c. Na,0. A. C.

Sodamide NaNH, was discovered by Gay
Lussac and Thénard. It is produced when a
solution of sodium in liquid ammonia is allowed
to stand at the ordinary temperature :

2Na+2NH,=2NaNH,+|H,
The reaction is considerably accelerated by the
presence of a catalyst, such as platinised asbestos.

The usual method of preparation, and the
one employed technically, consists in passing a
stream of dry ammonia gas over metallic sodium
heated to 300°-400° in an iron retort, when it is
obtained as a waxy mass which is white when
perfectly pure, but usually possesses a brownish
or greenish tint due to the presence of traces of
other substances.

When heated, sodamide softens at 149° and
melts at 155°, forming a bright green liquid.
At a red heat it decomposes slowly into its
elements, but it may be distilled under ordinary
pressure at about 400° with only slight de-
composition. On exposure to air it absorbs
moisture and carbon dioxide and becomes con-
verted into a mixture of sodium nitrite, car-
bonate and hydroxide. Sodamide is an ex-
ceedingly reactive substance ; heatedin a current
of carbon dioxide it glows, and is converted into
cyanamide :

2NaNH,+C0,=2NaOH-}CN-NH,
with nitrous oxide it yields sodium azide :
NaNH,4+N,0=N;Na+H,0

It is decomposed by water with explosive
violence, producing ammonia and caustic soda,
and acts as an extremely powerful dehydrating
agent. On this account it has of late years
been manufactured on the large scale for use in
the artificial indigo industry to replace the
caustic soda formerly employed to remove
water in the conversion of phenylglycocoll into
indigo blue (vide INDIGO, ARTIFICIAL).

It has also found application in many other
organic syntheses, and in the preparation of
pure hydrazine, which it yields when heated
with hydrazine hydrate.

Sodamide is an intcrmediate product in the
manufacture of sodium cyanide. In this pro-
cess, ammonia is led into a fused mixture of
sodium cyanide, metallic sodium and carbon,
when the sodamide first produced reacts with
the cyanide to form disodiumcyanamide :

NaNH,+NaCN=CN-NNa,+H,
At s somewhat higher temperature, this com-
pound is decomposed by the carbon present,
being converted quantitatively into sodium
cyanide.

Sodium nitroprusside Na,[Fe(NO)(CN),],2H,0
was discovered by Playfair in 1850. In order
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to prepare it, powdered potassium ferrocyanide
is treated with twice its weight of concentrated
nitric acid, previously diluted with its own
volume of water. The mixture turns brown,
and carbon dioxide, cyanogen, nitrogen, and
hydrocyanic acid are cvolved. As soon as solu-
tion is complete the liquid is warmed on a
water-bath until a few drops give a slate-
coloured precipitate on the addition of ferrous
sulphate. It is then allowed to cool, when
erystals of potassium nitrate separate out. The
solution separated from the crystals is neutralised
with sodium carbonate, filtered, and evaporated,
when ruby-red crystals of sodium nitroprusside
are obtained, which must be recrystallised to
free them from admixed nitrate.

Another method of preparation consists in
mixing a concentrated aqueous solution of ferrous
sulphate with a solution containing equal parts
of potassium cyanide and sodium nitrite, and
allowing the mixture to remain at the ordinary
temperature for five hours. Ferric hydroxide
i3 deposited, and nitrogen and nitric oxide
evolved. The liquid is then heated to 25° for a
short time, made slightly alkaline with caustic
soda, filtered, and the sodium nitroprusside ob-
tained by evaporation and crystallisation.

Sodium nitroprusside forms ruby-red rhombic
crystals, which contain two molecules of water
of crystallisation. It dissolves in 2} parts of
water at 15°, and in a smaller quantity of hot
water. The solution decomposes on exposure
to light with separation of Prussian blue and
evolution of nitric oxide. A concentrated
solution is used as a reagent for the detection of
small amounts of sulphur existing in the form of
alkaline sulphide, a deep violet colour being
produced. The colour is sufficiently intense to
be noticeable in a solution containing only
0-0000018 grms. of H,S in the form of ammonium
sulphide, and by employing a capillary tube when
applying the test one-tenth of this amount
can be detected. The solution to be tested must
be as concentrated as possible, and an excess of
caustic soda in the liquid should be avoided, as
this tends to prevent the development of the
colour. The most suitable alkali to employ is
ammonia, an excess of which has no such re-
tarding action (Reichard, Zeitsch. anal. Chem.
1904, 43, 222).

The nature of the coloured compound pro-
duced is at present a matter of uncertainty, but
it is probably represented by the formula
Na,[Fe(NO-SNa)(CN);] as the action of thiourea
on sodium nitroprusside yields a compound
Na;[Fe(NO-NH-CS-NH,)(CN),] which is a car-
mine red powder, closely resembling the sub-
stance formed from nitroprussides and sulphides.

SOFT CEMENTS v. LuTss.

SOILS. (1) Classification.  Various classi-
fications of soils have been proposed, the most
general may be described as ¢ Genetie,” in which
the position of the soil is determined by its
origin, and the factors of climate and vegetation
which have given rise to it. Tulaikoff (J. Agric.
Sci. 1908, 3, 80) distinguishes :

1. Laterite soils developed in humid tropical
climates and marked by a large proportion of
hydrated ferric oxide and alumina.

2. Wind blown loess soils.

3. Soils of the dry steppes, distinguished by
their richness in soluble salts, often alkaline.
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4. Blaek soils (T'chernozem), containing large
quantities of neutral humus.

5. Gray forest soils containing less humus.

6. Peat and ashy soils (Podzol). In this
group are included all the soils of Great Britain.

7. Tundra soils.

Under British conditions we may distinguish
between sedentary soils which have arisen in
situ through the weathering of the underlyin
rock, and drift soils (soils of transport or alluvia
soils) which have reached their present position
through the action of running water or ice.
The mixed soils of steep slopes which have
either been washed or rolled down from above
and containing angular fragments of diverse
origin are sometimes separated as colluvial soils.

The farmer is accustomed to classify soils
according to the ease or otherwise with which
they can be worked, as sand, loams, and clays,
with suitable subdivisions, e.g. sandy loams.
These terms possess, however, widely different
meanings according to the amount of rainfall
which prevails, and can only be given any
scientific value by correlating them with the
mechanical analysis of the soil.

(2) Proxzimate composition of the soil ; mechani-
cal analysis. The texture of the soil and the
manner in which it will behave under cultivation
are determined by the relative proportions of
sand, clay, calcium carbonate, and humus or
organic matter which it contains. By sand is
meant the coarser particles generally consisting
of silica. Asit is convenient to take an arbitrary
limit of size, sand may be defined as consisting of
particles smaller than 1and coarser than 0-04 mm.
in diameter. Such material is distinguished by
the small amount of water it will contain and
by its lack of coherence when dry. Clay con-
sists of the finest particles present in the soil
and is distinguished by the large amount of
water that it will retain, by its plasticity and
impermeability to water when wet, and by its
power of shrinking and cracking when dry and
swelling again on wetting. When diffused
through water, the clay particles can be floccu-
lated or coagulated by small quantities of
various soluble salts (Hall and Morison, J. Agric.
Sci. 1907, 2, 244). . The properties of clay have
been attributed to the presence of a small pro-
portion of colloidal material, but it is doubtful
if any such distinction can be drawn. If we
take 0:002 mm. as the superior limit of size for
the clay particles they run down without any
break to particles of ultra-microscopic size
which remain indefinitely in suspension in a
neutral liquid, forming what might be described
asa ‘ colloidalsolution.” While clay mainly con-
sists of hydrated silicates of alumina (kaolinite)
there are also present notable proportions of
zeolites—double silicates of alumina with soda,
potash, lime and magnesia, also ferric hydrates
and an admixture of very finely divided silica.
For the purposes of analysis, the clay particles
are divided by their size and not by their chemi-
cal composition. It is generally convenient to
distinguish the groups of particles intermediate
between sand and clay as silts.

All fertile soils contain some proportion of
calcium carbonate finely disseminated throughout
the soil. The proportion may vary from 60 p.c.
or more in purely calcareous soils down to an
inappreciable amount. Soils in which calcium
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carbonate and clay predominate are usually
distinguished as marls.

The organic matter of soils consists in the
main of the débris of previous vegetation. It
is a mixture of various complex substances,
some of them containing nitrogen, and from it
a few distinct compounds have been isolated (see
Schreiner, U.S. Bureau of Soils, Bull. 53 and 74).
In fertilesoils the organic matter usually possesses
a neutral reaction and largely consists of calcium
salts of the so-called ‘ humic acid.” Humic acid
does not possess any distinet composition and
though it may in part be identical with the
humic acid that can be prepared by the de-
composition of sugar, it cannot be obtained from
soil in a state free from nitrogen. Humic acid
is soluble in ammonia and other alkalis and
may be cxtracted from soil, peat, &ec., by first
treating the material with hydrochloric acid to
decompose the caleium humate, washing, and
then cxtracting with an alkali solution from
which it may be precipitated by acid. Soils in
which the organic matter predominates are
always black in colour, retentive of water and
possessed of a very friable texture when dry.
These peaty or boggy soils may be cither acid
in reaction, e.g. peaty and moorland soils, or
ncutral like the soils of the Fens.

The separation of the soil into its proxi-
mate constituents is known as a mechanical
analysis, and the process consists in grading the
particles (a) according to the velocity of the
stream of water by which they can be carried, or
(b) according to the time in which they will
remain suspended in a column of water of a
given height. The two methods are identical
in prineip?e and may be made to give similar
results, but in most laboratories it is convenient
to adopt the beaker method of separation by
suspension. -

A. Sampling. In Great Britain, the layer
down to a depth of 9 ins. is usually considered
to represent the soil. Probably a depth of
20 cm. would have been more satisfactory, since
it represents more nearly the layer which is
usually stirred by the plough, but so many
analyses have now been made on the 9 in. basis
that it is desirable to retain the convention. In
certain cases of very shallow soils the soil
changes suddenly at a smaller depth than 9 ins.
into something which can hardly be regarded
as sub-soil, as for instance, into pure chalk rock.
In these cases, the sampling must be stopped at
the line of division, which should be recorded.
To obtain a sample two methods are commonly
employed. In the first, a steel box, 6 ins. in
section, is driven into the ground to a depth of
9 ins. and its contents removed. In the second
case, an auger of not more than 2 ins. in diameter
is employed. It is always necessary to take a
number of samples on the same piece of land
and mix them before analysis, and the advantage
of the auger method lies in the number of
samples that can be quickly obtained without
unduly increasing the bulk of material to be
handled. The first sampling is usually followed
by a second one, taking the second 9 ins. to
represent the subsoil. Small samples for
examination, and even for approximate analyses,
may be rapidly obtained down to a considerable
depth by means of an auger such as is used by
shipwrights. For details of sampling, Hall’s
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¢The Soil’ (Murray,
consulted.

The samples, on reaching the laboratory,
should be spread out on shallow trays to dry at
a temperature not excceding 40°. The process
is much accelerated by occasionally stirring and
by crumbling down the lumps of the stiffer soils
with the fingers before they become quite dry.
The dried soil is passed through a brass sieve
with holes 3 mm. in diameter, the lumps being
gently worked down in a mortar with a wooden
pestle. The material passing through the sieve
is approximately weighed and also the material
remaining on the sieve, which is then thoroughly
washed on the sieve urnider a stream of running
water. After drying, the stones which remain
on the sieve are weighed to obtain the proportion
of stones in the total sample as brought from
the field. The material which passes the 3 mm.,
sieve is regarded as the fine earth for analysis.

B. Mechanical analysis. 'T'wo portions of
10 grms. and one of 50 grms. of the fine earth
are weighed out. One 10 grm. portion is dried
for 24 hours at 100°, and then ignited in an open
basin over an Argand at a dull red heat with
occasional stirring to obtain (1) hygroseopie
moisture, (2) loss on ignition. The second
10 grm. lot is placed in a basin and covered with
100 c.c. of N/6 hydrochloric acid to dissolve
out the carbonates and break up the calcium
humate. The soil is rubbed up into a fine paste
with a rubber pestle made by fixing a small solid
rubber bung on a stout glass rod. After stand-
ing for an hour the soil 1s thrown upon a tared
filter and washed until all acid is removed. The
filter and its contents arc then dried, the loss
representing the hygroscopic moisture plus
soluble salts. The soil is now washed off the
filter with water containing about 1 c.c. of
ammonia in 500 c.c. water on to a small sieve
made with No. 100 brass wire cloth, the portion
passing through being collected in a beaker 7 or
8 c.c.in diameter with a mark on the side 8-5 c.c.
from the bottom. The material on the sieve is
dried and weighed to represent the coarse sand
and fine gravel. As the proportion of this
coarse material is likely to be affected by
irregular sampling when determined on 10 grms.
only, it is advisable to repeat these operations
on the 50 grm. sample without, however, pre-
serving the material passing through the sieve.
The residue after drying and weighing is then
divided into ‘fine gravel’ and coarse sand’
by means of a sieve with round holes 1 mm. in
diameter. The beaker containing the portion
of the 10 grm. sample which passed through the
wire cloth sieve is now well stirred up with the
rubber pestle, filled to the 85 mark with
ammoniacal water and put aside to stand for
24 hours. The turbid supernatant liquid is
then rapidly poured off into a large jar, and the
deposit at the bottom of the beaker is rubbed up
with a rubber pestle and more ammoniacal
water as before. The operations of filling up
to the mark, standing for 24 hours, and pouring
off the turbid liquid are gone through as before
and repeated every day as long as any material
remains in suspension for the 24 hour period.
Generally, 7 to 10 decantations will be sufficient,
after which the bulk of turbid liquid is evaporated
down and finally brought into a tared basin,
dried and weighed. ,This fraction consists of

1908), p. 47, may be
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clay particles less than 0-:002 mm. in diameter,
together with a certain amount of humus.
After drying it is ignited as before and re-
weighed to obtain the weight of the ‘clay.” The
sediment from which the clay has been removed
is worked up as before in the beaker, which,
however, is only filled to the depth of 7-5 cm.
The contents are allowed to stand for 12}
minutes only, when the liquid is poured off into
a large jar as before. The operations are re-
peated until all the sediment settles in 12}
minutes and the liquid above is left quite elear.
The contents of the second jar are now eva-
porated to dryness and weighed as in operation
3, before and after ignition; this fraction is
designated °fine silt * and consists of particles
between 0:010 and 0002 mm. in diameter.

The sediment remaining in the beaker is
worked up afresh just as in the previous opera-
tions, the mark being now placed 10 em. from
the bottom of the beaker, and the time of settle-
ment fixed at one hundred seconds. The sedi-
ment is dried and weighed as ‘ fine sand ’ while
the portion that is poured off is obtained by
evaporation as in the previous operations and
is designated as ‘silt.’ The soil has thus been
divided into the following series—

Diameter in millimetres

ax. Min.
1. Stones and gravel — — 30 |Separated
2. Fine gravel . . 30 1-0 by sift-
3. goarse sz:ind 4 1-0 0-24 ing.
4. Fine san . . 02 0-0
5 St . . 004 01 [Separated
6. Fine silt . 001 0002 X >
Tt ey = . . 0002 slogns

The sizes of the particles in the above groups,
which is determined by the depth of the liquid
and the time of settlement, are purely conven-
tional and are those in use by agreement in the
- United Kingdom. For discussion of the method
see Hall, Chem. Soc. Trans. 1904, 85, 950.

CHEMICAL ANALYSIS,

As in a mechanical analysis, certain conven-
tions as to the sampling, nature of the solvent,
and time of its action have to be adopted. The
conventions followed below are general in the
United XKingdom. The air-dried fine earth
passing the 3 mm. sieve is taken and a portion
of about 100 grms. is ground in a mill or broken
in a steel mortar until it all passes through a
sieve with round holes 1 mm. in diameter.
Hygroscopic moisture and loss on ignition are
determined as before.

C. Nitrogen is determined in 10 to 20 grms.
of the ground material by Kjeldahl’s process ;
no corrcetion need be ‘made for the nitrate that
is present.

D. The determination of calcium and other
earthy carbonates is of great importance,
especially when the amount is low. It is not
sufficient to determine the caleium, which may
be present in considerable amounts as silicate,
humate, &e., even when the soil is acid from
lack of calcium carbonate. The earthy car-
bonates are best determined from the carbon
dioxide evolved on treatment with acid, being
calculated as though they consisted entirely of
calcium carbonate. The most exact method,

when the quantity involved is small, consists in
liberating the earbon dioxide by treatment with |
Vor. V.—T.
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dilute acid at low pressure, absorbing the carbon
dioxide by dilute caustic soda in a Reiset tower
and estimating the earbon dioxide by double
titration, first with phenolphthalein and then
with methyl orange as indicators (see Amos, J.
Agrie. Sei. 1905, 1, 322).

E. For the determinations of soluble con-
stituents, 20 grms. of the powdered soil are
placed in a flask of Jena glass, covered with
about 70 c.c. of strong hydrochloric acid, and
boiled for a short time over a naked flame to
bring the acid to constant strength containing
about 20-2 p.c. of pure hydrogen chloride. The
flask is loosely stoppered, placed on the water-
bath, and the contents allowed to digest for
48 hours. The solution is then cooled, diluted,
and filtered. The washed residue is dried and
weighed as the material insoluble in acids.

The solution is made up to a litre and aliquot
portions are taken for the various determina-
tions. The analytical operations are ecarried
out in the usual manner, but special care must
be taken to free the solution from silica and
organic matter.

For determination of the potash and phos-
phoric acid, 50 c.c. of the solution is taken and
evaporated to dryness, about half a gram of
calcium carbonate being added during evapora-
tion if the soil is poor in calcium. The contents
of the dish are then ignited over an Argand or
a Bunsen burner at a black or very dull red heat,
the material being constantly stirred with a
small glass pestle made by flattening out the
end of a glass rod. After cooling, a few c.c. of
water is added and the mass is worked up
with the pestle, 50-80 c.c. of water is then
added and the contents of the dish are boiled
for half an hour. The solution is filtered off,
the residue washed and the solution taken for
determination of the potash by precipitation
with platinio chloride in the usual way. The
residue is washed back on to the dish, 50 c.c. of
water and 10 c.c. of strong sulphuric acid are
added and the whole boiled for half an hour.
The solution is filtered and used for the deter-
mination of phosphoric acid by precipitation
with ammonium molybdate, the molybdic acid
precipitate being either weighed or estimated
by titration. In some cases, finely divided
ferric oxide comes through the filter paper in
making up the solution, in which case 5 e.c. of
hydrochlorie acid is added and the whole eva-
porated nearly to dryness.  This will bring the
iron into solution, when it will not interfere
with the determination.

Calcium, magnesium, iron, manganese, and
sulphuric acid may also be determined in the
hydrochloric acid extract.

The determinations just described give what
is commonly called the total plant food in the
soil. It will be seen that the quantities re-
vealed are usually very great, if we consider that
the layer of soil down to the depth of 9 ins. over
an acre weighs from 2} to 3 million pounds.
As a rule, hydrochloric acid will extract some-
thing in the order of 0-1 p.c. of phosphoric acid
and from 0-3 to 0-5 p.c. of potash, proportions
which would correspond to about 3000 pounds
of phosphoric acid and 10,000 lbs. of potash per
acre, whereas the average crop will remove not
more than 50 1bs. of phosphoric acid and 200 lbs.
per acre of potash. Itis clear that the quantities

! (¢}
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thus detcrmined throw very little light upon
the need, or otherwise, for the application of
particular fertilisers to the soil, since the soil
is shown to contain far more than is sufficient
for a maximum crop. Even the extraction with
hydrochloric acid does not measure the total
amount of plant food in the soil ; if, for example,
the soil is completely brought into solution by
fusion with ammonium fluoride as much as
2 p.c. of potash may be found in clay soils, and
this quantity is in a sense the only absolute
measurement that can be made.

In order to obtain by analysis some practical
guidance as to the requirements of the soil,
attempts have been made todiscriminate between
the total amount of plant food in the soil and that
which may be regarded as readily available to the
plant, i.e. that which is soluble in such weak
solvents as may be at work under natural con-
ditions. In the soil ¢n situ there is every reason
to suppose that the solvent action is carried on
by water containing carbon dioxide in solution,
partly by the natural soil water, and partly by
the more concentrated solution of carbon
dioxide which forms in contact with the plant
roots that are always excreting carbon dioxide.
As the gases entangled in the soil always contain
more carbon dioxide than ordinary air (up to
5 p.c. by volume), the soil water contains a
corresponding amount of carbon dioxide, and
50 becomes a more effective solvent of phosphoric
acid and potash. Attempts have been made to
use water saturated with carbon dioxide as an
analytical agent to determine the available
mineral constituents in the soil ; but although this
is the solvent with the best & prior: justification,
its use has not been general and there are not
sufficient data obtained by its means for com-
parison. For the present, therefore, it must
remain as a research method hardly available for
general analytical purposes. It is customary to
employ a solution containing 1 p.c. of citric acid
to determine the phosphorie acid and potash that
may be regarded as available. Other available
constituents which may be taken to measure
the fertility of a given soil are the nitrates and
the ammonium compounds and also the humus
compounds soluble in dilute alkali—the soluble
humus or matiére noire—which represents that
part of the organic matter in the soil likely to
be readily oxidised.

F. Nitrates. The soil sample must be
rapidly dried in the steam oven, since slow
drying at temperatures a little above the normal
wouldg result in the formation of nitrates.
After drying the soil is roughly powdered and
passed through a 3 mm. sieve as before. 200
grms. of the sample are then packed on a
Buchner funnel, 6 ins. in diameter, connected
with a filter pump. The soil is washed with
successive portions of hot water, and if care is
taken to avoid plastering the wet soil it is
possible to wash all the nitrates through in the
first 100 c.c. or so of the water that reaches the
filtering flask. The nitrates in the solution thus
obtained are estimated by the standard methods.
In the Rothamsted laboratory, it has been found
most convenient to proceed by reducing them
to ammonia by the zinc-copper couple, as
devised by Thorpe (Chem. Soc. Trans. 1873,
26, 541). Strips of thin sheet zino about
6 ins. long and 1} ins. broad are cleaned by
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immersion in dilute caustic soda, followed by
very dilute sulphurie acid, and are then dipped
in a dilute solution of copper sulphate until
they have obtained a heavy black deposit of
copper. After washing finally in ammonia-free
water they are placed in a bottle with the soil
extract and a crystal of oxalic acid. The bottle
is kept in a warm place or an incubator at 25°
for 24 hours, then the ammonia is distilled off
and determined by titration or by ¢ Nesslerising.’

G. For determinations of the ammonium
salts, 100 grms. of the soil are placed in a dis-
tillation flask with 2 grms. of magnesia and
100 c.c. of water. The tube from the flask is
connected to a 100 c.c. pipette which leads into
a filter flask serving as a receiver and containing
50 c.c. of standard acid. The distilling flask is
placed in a water-bath kept at 30° and the filter
flask is connected with a pump to maintain a
partial vacuum. Distillation at this tempera-
ture proceeds for 6 hours, after which the
pipette is disconnected and the acid titrated (see
Russell, J. Agrie. Sei. 1910, 3, 233).

H. Available phosphoric acid and potash.
200 grms. of air-dried soil are placed in a Win-
chester quart bottle with 20 grms. of citric acid
and 2 litres of water. By the original method
(see Dyer, Chem. Soc. Trans. 1894, 65, 115), the
contents of the bottles are shaken up from time
to time for 7 days and then filtered ; but it has
been shown that identical results can be obtained
in 24 hours if the bottle is placed in an end-over-
end shaker and kept in continuous agitation.
After filtering, two portions, each of 500 c.c.,
are taken for the determination of phosphoric
acid and potash by the methods previously
described, after evaporation and incineration
to get rid of the citric acid and dissolved silica,

1. Soluble humus. 10 grms. of the air-dried
soil are treated with dilute hydrochloric acid in
order to decompose the humus as in the method
for mechanical analysis. After filtering and
washing away the acid the soil is washed into a
flask with 500 c.c. of 4 p.c. solution of ammonia.
Flask and soil are then shaken for 24 hours,
allowed to stand for several hours, and filtered
until 200 c.c. of filtrate are obtained. This,
representing 4 grms. of the original soil, is
then evaporated to dryness in a tared basin
and weighed. The basin and its contents are
ignited to determine the ash and inorganic
matter also present, the weight of which must
be deducted from the weight of soluble humus
previously obtained. Determinations are some-
times made of the nitrogen contained in the
soluble humus ; 50 c.c. of the extract are placed
in a Kjeldahl distillation flask and evaporated
nearly to dryness with the addition of 2 grms.
of magnesia, after which the residue is digested
with sulphuric acid and the nitrogen cstimated
in the usual way.

J. Physical determinations. In addition to
the mechanical analysis of soils, several other
physical constants of soil have, from time to
time, been determined : for example, the maxi-
mum and minimum water capacity, the capil-
larity, the apparent and real density, the
hygroscopic moisture, the heat evolved on
wetting (Benetzung-wirme), specific heat, &ec.
The methods by which these determinations are
made may be found in standard works on soil,
but at the present time little value can be
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attached to the results. In many cases, the
results are conditioned by the state into which
the soil has been brought by the process of
sampling, and as no satisfactory method exists
of testing the soil ¢n sitw or bringing it in an
unchanged condition into the laboratory, deter-
minations made upon the usual samples possess
no value. Further, in ncarly all cases it is
difficult to attach any interpretation to the
results, d.e. to correlate them with the
behaviour of the soil in the field. To two deter-
minations, however, some practical value may
be attached, viz. the hygroscopic moisture and
the water content when the soil is in its optimum
working eondition and possesses a crumb struc-
ture. Hygroscopic meisture is usually deter-
mined by exposing the dried soil in a shallow
tray to an atmosphere saturated with meisture
at the ordinary room temperature. The dish
containing the soil is placed under a bell jar over
water and the interior of the bell jar is lined
with filter paper which dips into the water
below. It will be found almost impessible to
obtain consistent results by this method because
of the deposition of dew upon the dish or the
soil. A better method is to place the soil in a
shallow layer in a flat boat contained in a wide
tube. The tube is immersed in a water-bath,
maintained at a econstant temperature of 25° by
a thermostat, and a slow current of air is drawn
over the soil, the air current being previously
bubbled through a potash bulb containing water
immersed in the same bath, so as to become
saturated with vapour at the temperature of
the experiment. Consistent and comparable
results can in this way be obtained, and the
hygroscopic moisture thus determines serves as
a measure of the absorbing surface poessessed by
the soil. The water content of the soil in its
optimum working condition is a conception
introduced by F. K. Cameron (J. Phys. Chem.
1910, 14, 320) and represents that condition in
which, the soil can be cultivated and made to
break down into small particles without puddling.
Several pounds of the soil in a dried condition
are placed in a large basin and slowly wetted
with a fine spray of distilled water ; the soil is
carefully worked about with the hands to
cqualise the wetting, and it will be found that a
point is eventually reached when the soil is
distinctly moist and yet can be broken down to
a crumb without getting into a pasty condition.
If the moisture is increased beyond this point,
the soil becomes obviously wet and gets sticky
and puddled when any attempt to work it is
made. The experimenter must use his judg-
ment as to when the right point has becn
reached, then a sample of the soil is taken and
its water content determined. With a little prae-
tice it will be found that successive results can be
obtained with the same soil that agree within 1
or 2 p.c. The mean of several determinations
may be taken as the optimum water content.
For further particulars, the following books
may be consulted: Hall, The Soil, London,
1908 ; Hilgard, Soils, New York, 1906; Wiley,
Principles and Practice of Agricultural Analysis,
vol. i. ; Ramann, Bodenkunde, Berlin, 1911.

BACTERIA OF THE SOIL.

A recognition of the importance of the
biological factors at work in the soil is com-
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paratively recent, indeed it can hardly be said
to date further back than 1877, when Schloesing
and Miintz showed that the formation of nitrates
from the organie nitrogen compounds in the
soil is a process brought about by a living agency.
It is now agreed that as regards all the com-
pounds of carbon and nitrogen present in the
soil, their transformation into compounds
capable of serving as food for plants is brought
about by micro-organisms of one class and
another, and that the fertility of the soil is very
largely determined by the relative activity of
the different groups. It is possible to show by
the ordinary methods of plate culture that the
goil contains bacteria in numbers of the order of
05 to 50 million per gram of soil, and there are
several important groups of bacteria which do
not grow on the usual gelatine media and there-
fore do net get included in this account. In
addition to the bacteria, the soil possesses a
micro-flora of yeasts, moulds, and other fungi,
while latterly certain higher organisms—
protozoa and amoebae, nematodes and the like,
have been shown to play an important part in
determining the activity of the lower organisms
and therefore the fertility of the soil. A large
amount of work has been done in the way of
isolating and describing particular organisms
present in the soil, but for practical purposes it
is less important to identify species than to
ascertain the collective activity of groups of
organisms which possess the same function.
Many efforts have been made to measure the
activity of these various groups so as to obtain
a quantitative estimate of the factors which
determine the preparation or destruction of
plant foods, but it cannot be said as yet that the
methods devised are satisfactory, or have re-
ceived general acceptance as leading to results
which can be correlated with the fertility of the
soil when determined by the yield of test plots.

The soil organisms may be conveniently
grouped under the following heads :—

(2) Humus-making organisms which trans-
form carbohydrates and other plant residues
into humus.

(b) Nitrogen-fixing organisms which are
capable of taking up free gaseous nitrogen and
bringing it into combination in the material of
which their own cells are composed.

(¢) Ammonia-making organismswhich attack
the proteins and other less complex compounds
of nitrogen and break them down with formation
of ammenia.

(d) Nitrifying organisms which oxidise am-
monium compounds and give rise to nitrites
and nitrates.

(¢) Denitrifying organisms which reduce
nitrates to nitrites and to free nitrogen gas. In
this group are generally included a further set
of organisms, probably distinct, which set free
nitrogen gas from organic compounds of nitrogen.

In addition to these main groups there are
other organisms which sometimes play an im-
portant part in the soil, for example, the reducing
organisms which form sulphides, hydrogen sul-
phide, and free sulphur from sulphates, and the
iron organisms which secrete hydrated ferric
oxide from solutions containing ferrous car-
bonate.

1. The relative predominance of organisms
of the bacteria or fungoid type seems to be
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determined by the reaction of the soil. In
neutral or very slightly alkaline soils, bacteria
predominate, in acid soils, micro-fungi are
chiefly active and many important groups of
bacteria, such as those bringing about nitrogen
fixation and nitrification, may be entirely
absent.

For the determinations of the number of
organisms present in the soil, and indced for all
determinations of bacterial action, special
samples must be taken.

A thin brass tube about 1 in. in diameter,
sharpened at the lower end like a cork borer, is
forced into the soil to a depth of 6 ins., then
placed in a sterilised glass tube plugged with
cotton wool for removal to the laboratory.

Another method which is more convenient, as
yielding samples from various depths, begins by
the construction of a special boring tool which
can be driven into the ground. The tool con-
sists of two strips of steel, 4 in.in thickness, 8 ins.
long and 2 ins. wide, each bent down the whole
length of the strip so as to form two wings, 1 in.
wide, at right angles to one another. The edges
are then hevelled off until the two pieces of
steel can be put together so as to form a box,
1 sq. in. in section and 8 ins. long, in which
position the pieces are retained by steel rings
which can be forced over the two ends. The
lower end of the tool is sharpened and it is then
driven into the soil to the required depth of
6ins. Afterremoval, the rings can be knocked off,
whereupon the box falls apart showing a square
core of soil, any portion of which can be taken.
In the laboratory the soil, still in a moist
condition, is carefully broken down with a
spatula and is worked through a sieve with
holes 3 mm. in diameter. Two portions of
25 grms. are weighed out, one is dried to deter-
mine the water content, the other is shaken up
for about 5 minutes with 250 c.c. of sterile
physiological salt solution, containing 0-5 p.c.
sodium chloride and 02 p.c. of magnesium sul-
phate. From this turbid liquid, 1 c.c. is
pipetted off and added to another flask con-
taining 99 c.c. of similar sterile salt solution.
After well shaking 1 c.c. from this dilution is
again transferred to a further 99 c.c. of sterile
salt solution, and after again shaking 1 c.c. of
this last dilution is added to a test tube con-
taining 10 c.c. of nutrient gelatine, and the
plate poured in the usual way. The plates are
incubated for 8 days at a temperature of 20°;
each plate represents 00001 gram of soil in
its moist state. The gelatin medium usually
employed contains 1 p.c. of beef extract, 1 p.c.
of peptone, and 05 p.c. of sodium chloride with
10 to 12 p.c. of gelatin. A gelatin medium
has. the advantage of showing the liquefying
organisms, of which a separate count can be
made ; humus-making organisms can also be
distinguished by the furry appearance of the
colonies or even by the formation of a brown
ring, but the gelatin has the disadvantage of
inhibiting a number of organisms which do not
develop in the presence of much organic nitrogen.
In place of the gelatin, 15 p.c. agar may be
used ; but though the agar plates permit of the
growth of other organisms, they do not distin-
guish between liquefying and non-liquefying
organisms, and many motile organisms work
about the surface and may obscure the results

SOILS.

or give rise to secondary colonies. Another
useful medium is soil-extract agar made up as
follows : Equal quantities of water and soil are
boiled for half an hour and filtered, the liquid
being further filtered through a Chamberland
filter to get a clear extract. To the extract,
1 p.c. peptone and 1 p.c. dextrose or 1 p.c.
dextrose alone are added, and the jelly is made
up with 1} p.c. agar as usual. This medium,
without peptone, will permit of the growth of
the nitrogen-fixing organisms, though it will
inhibit the putrefactive, ammonia-splitting, and
other organisms dependent upon combined
nitrogen.

Another method of determining the collective
action of the bacteria of the soil has been devised
by Russell (J. Agric. Seci. 1905, 1, 261). He
determines directly the oxidising power of the
soil and finds it correlated with its fertility. The
apparatus consists of a bulb of about 100 c.c.
capacity with two tubes sealed into its neck,
one of which is a long narrow tube dipping into
mercury and constituting a gauge, while the
other expands into a small flask partly filled at
the beginning of the experiment with a solution
of potash. 10 grms. of air-dried soil are placecd
in the flask with 2 c.c. of water, the flagk is
then sealed up and placed in a water-bath
maintained at a constant temperature of about
20°. The apparatus is left for several days,
whereupon tﬁe oxygen contained in the enclosed
air is slowly converted into carbon dioxide which
is absorbed by the potash, resulting in the
diminution of the pressure of the enclosed air.
Finally, the rate of oxidation is determined by
the reduction in pressure which has taken place.
It is necessary to make comparative trials with
soils whose behaviour in the field is known, and
while no absolute value can be given to the
results, they are valuable as measuring the gross
rate of bacterial activity in the soil and as
supplying valuable indications of its fertility.

2. Humus making organisms. The decay of
organic matter in the soil seems to proceed in
two distinct fashions; in the presence of air
the organic matter is broken down by micro-
organisms of all kinds with the eventual pro-
duction of carbon dioxide, water and ash. On
the other hand, if the decay takes place under
conditions which exclude oxygen, the process
is more limited; carbon dioxide, marsh gas,
hydrogen and other compounds are produced
and there is left behind a black material con-
taining more carbon but less oxygen and hydro-
gen than the original vegetable matter. Both
aerobic and the anaerobic decay gives rise to
brown or black humus compounds, but it is not
certain whether the same organisms take part
in both processes or which predominate under
ordinary soil conditions of partial exclusion of
oxygen. The anaerobic processes have been
gstudied in some detail, and Omelianski has
isolated two organisms which are capable
of attacking carbohydrates like cellulose. In
one case, the products are carbon dioxide,
hydrogen, various organic acids, and humus;
and the other, which is perhaps the more
general, carbon dioxide, methane, butyric and
other organic acids, are produced. The process
may be readily illustrated by filling a flask with
a nutrient solution containing 01 p.c. KH,PO,,
0-1(NH,),PO,, 0-:05MgS0,, and a trace of NaCl,
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and introducing strips of filter paper with a small
quantity of soil, or better still of pond mud.
The flask is closed with an exit tube dipping
down into water. After some days’ incubation
at 34°-35°, the filter paper will begin to dis-
integrate, at the same time gas will be given oft
consisting of a mixture of carbon dioxide,
nitrogen, methane, and sometimes hydrogen.
Humus may be cither acid (as in peat soils), or
neutral when it is formed in the presence of
calcium carbonate, as is usual in soils.

Nitrogen fixing organisms. The first demon-
stration that the soil contains bacteria capable
of bringing gaseous nitrogen into combination
was due to Hellriegel and Wilfarth in 1886, who
showed that the small nodules which may be
found upon the roots of clover, beans, and other
leguminous plants contain colonies of bacteria
living symbiotically with their host plant,
deriving frem it the carbon cempounds which
they necd, and handing over nitrogen whieh they
have °fixed’ from the atmosphere with which
the plant roots are in contact. It was found
that clover and other plants possessing such
nodules upon their root do become richer in
nitrogen and that in practice the soil is markedly
enriched by their growth. Such gains in nitro-
gen only take place when the seedling plant can
become infected either by growing in soil which
normally contains the organism, or by addi-
tion to a sterile soil of either the extract from
a nodule of some infected plant or a trace of
normal soil. To the organism the name of
Pseudomonas radicicola has been given, and
further investigation has shown that while only
one general species can be distinguished 1t
has, to a certain extent, been specialised by
association with particular plants.  Thus
better results are obtained when beans are
inoculated with the organism derived from a
nodule of a bean plant than with organisms
from a lupin plant, and in some cases (lupins
and lucerne) this specialisation has proceeded so
far that the plant is only very slightly infected
by the neutral form of the organism which exists
in ordinary soil. In the soil, the organism
appears to exist in minute rod-shaped organisms
in rapid motion which infect the plant by passing
through the cell walls of the root hairs. Inside
the plant, the organism first of all develops into
much larger rod-shaped organisms, which
finally become, in the nodules, characteristically
bent or Y-shaped organisms known as bacteroids.
1t is possible to cultivate Pseudomonas radicicola
on the non-nitrogenous media described above,
as, for example, soil-extract dextrose, agar-agar,
but the fixation of nitrogen under these con-
ditiens is inconsiderable.

From time to time, soils are found, the
commonest example being peats and heaths
of an acid reaction, in which Pseudomonas
radicicola is not present, and when these soils
are brought into cultivation, leguminous plants
do not at first develop nodules and fix nitrogen.
In this case, it may be desirable to proceced to
an ineoculation of the soil which, however, must
first be rendered a suitable medium for the
development of the organisms by the removal
of its acidity and the addition of lime and
phosphates. One method of effecting the in-
oculation is to strew over the field about } ton
to the acre of soil taken from a cultivated field
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on which the leguminous plants have been
growing normally. Another method is to pre-
pare an active culture of organisms from a
nodule of the crop it is desired to sow, and with
this prepare a large bulk of sub-culture by
introducing it into ordinary tap water in which
% p-c. of dextrose and f; p.c. potassium phos-
phate have been dissolved. Into the large bulk
of crude culture thus obtained after standing
two or three days, the seed, tied up in a thin
muslin bag, is dipped and allowed to dry some-
what before sowing, when it will be found to
carry with it sufficient organisms to ensure
inoculation. As a rule, the leguminous crop
still grows rather indifferently after its first
inoculation, and only really flourishes when
grown for a second or third time after the
organism has established itself in the soil.
Many attempts have been made to improve the
growth of leguminous crops in erdinary soil by
inoculating them before sowing, but, except in
the special cases just mentioned, no success has
attended the process. Amongst ordinary farm
crops, the only call for ineculation appears to
occur with lucerne when attempts are made to
grow this plant on soils which have not hitherto
carried it, since lucerne does not seem to be
readily infected by the neutral form of organism,
such as that left by the clover which may
have. been regularly grown on the same soil
previously. Since the discovery of Pseudo-
monas radicicola, other organisms have been
discovered living free in the soil which are
capable of bringing nitrogen gas into combi-
nation. Winogradsky isolated from pond mud
and other similar material under anaerobic
conditions a widely diffused organism called
Clostridium pastorianum which breaks down
carbohydrates with the formation of humus,
butyric acid, &c., accompanied by the fixation
of a small amount of nitrogen—two to three mgm.
for each gram of carbohydrate destroyed. The
most important of the nitrogen fixing organisms,
however, is one discovered by Beijerinck, named
by him Azotobacter chroococcum, which as such
or as one of its closely allied forms has been
isolated from soils in nearly all parts of the
world. Its presence can be readily determined
by adding a small portion of soil to 50 c.c. of
sterile culture fluid containing per litre
10 grms. of mannite or glucose, 0-2 grm. each of
potassium phosphate, magnesium sulphate, and
sodium chloride, and 01 grm. of calcium sul-
phate and a trace of ferrous sulphate. The solu-
tion is placed in a small Erlenmeyer flask, § grm.
of caleium carbonate added, the flask is plugged
and its contents sterilised. After adding the
soil the flask is placed in an incubator at 25° for
a week, by which time a considerable fermenta-
tion will be found to have taken place accom-
panied by the evolution of carbon dioxide and
the formation of a brown scum upon the surface
of the liquid. Azofobacter is a powerful oxi-
dising organism, converting the carbohydrate
into carbon dioxide and water, together with
small quantities of lactic and acetic acid,
alcohol and sometimes butyric acid. At the
same time about 9 to 10 mg. of nitrogen are
fixed for each grm. of carbohydrate oxidised.
Azotobacter is & large oval organism, 4 to 5 p
in length and 3  in width. It differs from most
bacteria in containing glycogen, so that it stains
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a deep brown colour with a solution of iodine.
Azotobacter is not found on acid soils, the
presence of calcium carbonate is essential to its
development ; to it and kindred organisms must
be attributed a large share of the formation and
maintenance of the stock of nitrogen contained
in soils. Particularly to this agency do we look
to explain the formation of the deep black soils
of the RussianSteppes, the American %orth-West,
Argentina, &c. It is, however, essential that
the organism shall receive a supply of carbo-
hydrate, by the oxidation of which it obtains
the energy required to bring gaseous nitrogen
into combination. At Rothamsted, it has been
shown that the soil of the wheat field, from
which the whole crop with the exception of a
small quantity of roots and stubble is removed,
gains very little nitrogen by bacterial agency,
although the Azotobacter is present in the soil.
An adjoining piece of land, however, on which
the débris of grass and other wild vegetation fall
back to the soil and is not harvested, there have
been accumulations of nitrogen at a rate ap-
proaching 100 lbs. per acre per annum over a
period of 25 years, and this case is parallel to
the formation of the virgin soils above men-
tioned.

3. The ammonia-making organisms. As a
group the ammonia-making organisms have not
received much study, although recently it has
been shown that the fertility of the soil must be
largely determined by their activity, The
greater number of the organisms found in the
soil—the organisms, for example, which grow
upon gelatin plates including such well known
putrefactive organisms as Proteus vulgare,
Bacillus mycoides, B. mesenterieus vulgatus, B.
subtilis, Bact. fluorescens liquefaciens, B. coli,
&c., must belong to this group. Their general
function is well known ; they are capable of
attacking proteins and resolving them succes-
sively into a lower form of combination, amino
acids, &c., until at last the nitrogen reaches
the state of ammonia. In addition the soil
contains other organisms not capable of dealing
with the proteins, but resolving the simpler
nitrogen compounds into ammonia, Of these
the best known are the urea splitting organisms,
Mrcrococcus wureae, Urobacillus pasteurss and
Planosarcine ureae, which hydrolise urea with
formation of ammonium carbonate and water.
These organisms which are exceedingly abundant,
in stables, cow stalls, &c., are also present in
the soil. The dependence of the fertility of the
soil upon the numbers of the ammonia-making
organisms has been made evident by the work
of Russell and Hutchinson (J. Agrie. Sei. 1909,
3, 111) on the effects of partially sterilising
soil by heat or by exposure to the vapour of
antiseptics like chloroform, toluene, &ec. These
investigators found that a soil which had been
heated to a temperature of 100° for 2 hours and
then placed under normal conditions favourable
to growth gave rise to a much increased crop,

- the yield being in many cases doubled, while
the amount of nitrogen in the plant became
three or four times as great as that on the
untreated soil. This increased crop was found
to follow to a large extent the rate of the
formation of ammonia in the soil, the ammonia
in this case being taken up as such by the
plant, because the nitrifying organisms had been
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destroyed. It was also found that the soil was
not completely sterilised by the processes ; the
spores of certain groups resist the heat and
develop to an unprecedented extent when
the soil was once more placed under conditions
favourable for growth. For example, a normal
soil is found to contain about 8 million bacteria
per gram before being subjected to treatment,
and this number remained comparatively con-
stant under ordinary conditions of growth,
After heating the number of organisms per gram
was reduced to as few as 60, but they increased
rapidly from day to day when the soil was
moistened and placed in the incubator, until in a
fortnight’s time they amounted to 40 millions
or over per gram. The increase in fertility
proceeded par: passu with the increased rate of
production of ammonia, which in its turn
depended on the increase in the number of
organisms.

It was evident from the experiments that
the heating had removed a factor present in
ordinary soil which inhibited the development of
the bacteria beyond a certain point, and it was
found that the untreated soil contained a number
of large organisms—protozoa, amoebae, &c.,
which derive their sustenance from living
bacteria. Under normal conditions an equili-
brium exists between the numbers of these
larger organisms and of the bacteria, and as
the heating process kills off the larger organisms
entirely while still leaving some of the bacteria,
the latter can develop to a hitherto unprece-
dented extent in the absence of the factor which
previously kept them in check. Exposure
of the soil to the vapour of chloroform, toluene,
&e., for 48 hours, followed by its complete
evaporation, has the same effect in destroying
the larger organisms while leaving a certain
number of the bacteria or their spores ready to
develop as soon as conditions favourable to
growth are obtained. With these volatile anti-
septics, however, destruction of the larger
organisms is not so complete nor the gain of
fertility so large. It has not yet been found
possible to apply these processes of partial
sterilisation to increasing the fertility of soils
in the open, but considerable success has
attended attempts to deal with greenhouse soils,
which, owing to their conditions of richness in
manure, high temperature and water content,
afford a specially favourable medium to the
development of the larger organisms.

4. Nitrification. The process of nitrification
and the factors by which it has been governed
have long been worked out in & praectical way.
For example, in the Instruction sur la fabrication
du nitre: Par les regisseurs Gencraux des
poudres et saltpelres, 1777, the formation of
nitre beds is carefully described. They were
made up of earth containing & certain amount
of calcareous matter, mixed with dung and other
nitrogenous residues. They were protected
from the weather and carefully watered from
time to time with diluted urine and other
materials containing nitrogen. After two or
three years, the contents of the bed were
lixiviated, and the solution of calecium nitrate
obtained was concentrated and treated with
potassium sulphate, whereupon potassium ni-
trate could be crystallised out of the clarified
mother-liquors. It was thus recognised that
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soil is capable of converting organic compounds
of nitrogen into nitrates in the presence of a
base like calcium carbonate, and that warmth
and a certain proportion of moisture are factors
favourable to the process.

That the process was due to a living agency |
| of organic matter, the action being chicfly

was first demonstrated by Schloesing and
Miintz in 1877. 'These investigators showed
that the action ceased if the soil was heated to
the temperature of boiling water or was kept in
contact with vapour of chloroform and similar
antiseptics, and further that it only took place
between the temperatures of 5° and 55°.

Warington, who continued the investigation,
further showed that there are two stages of the
oxidation process, one being the formation of
nitrite followed by its oxidation to nitrate.
Cultures were obtained capable of effecting one
only of these changes, but owing to the diffi-
culties of growing the organisms on the ordinary
gelatin medium, it was not until Winogradsky,
in 1890, devised a medium of silica jelly con-
taining no combined nitrogen that the organisms
were finally isolated in a pure state. Wino-
gradsky obtained from soils in all parts of the
world a single organism which he called Nitro-
bacter, capable of transforming nitrites into
nitrates, but he obtained two organisms,
Nitrosomanas europea in the soils of the old
world, and a second Nitrococcus javanesis from
the soils of Java, America, and Australia, which
will transform ammonia into nitrites.  The
conditions of the activity of these organisms
appear to be the absence of excess of organic
matter, a neutral or faintly alkaline medium
with some base in reserve to combine with the
nitric acid produced, and the absence of any
excess of alkaline carbonates or chlorides. It
has been found possible to accustom the organism
by successive cultivations to a toleration of
ammoniacal and organic solutions much stronger
than would normally inhibit its development.
The organism derives the carbon necessary to
its growth from carbonates in the culture
medium or carbon dioxide in the air with which
it is supplied. The nitrifying organisms are
confined, as indeed are all bacteria, to the
surface layers of the soil, being rarely present in
subsoils at greater depth than 2 ft. They may
be entirely absent from the soils of heaths of
peaty bogs which are acid in their reaction, but
are abundant in waters of shallow wells and
rivers. Their development is promoted by
warmth, by stirring the soil, and by free aeration,
It was formerly considered that as the higher
plants obtain their combined nitrogen almost
entirely in the form of nitrate, the fertility of
the soil must be determined by the activity of
the nitrification process going on in it, but it is
now considered that the nitrification process is
only the end term of the oxidation of organic
compounds of nitrogen, and that it proceeds as
rapidly as ammonia can be supplied by the
ammonia-making organisms above described.
It is found, for example, that ammonia never
accumulates as such in normal soils, whereas
nitratesdo. Thus the activity of the ammonia-
making organisms is the factor determining the
rate of production of nitrates, and therefore the
fertility of the soil.

5. Denitrification. It was observed by
Warington that when a soil containing organic

87

matter and sodium nitrate was water-logged so as
todeprive it of air, there was a considerable de-
velopment of nitrogen gas accompanied by a
loss of nitrogen to the soil. Gayon and Dupetit
isolated two organisms from sewage which would
reduce nitrates to nitrogen gas in the presence

carried on when oxygen was absent, but coming
to a standstill when plenty of air was supplied
so that the organism had no need to attack the
nitrates in order to obtain oxygen. This pro-
perty of reducing nitrates in the absence of
free oxygen has since been found to be common
to a large number of organisms. To the process
the name of denitrification has becn given, and
it explains the fact observed in many experi-
ments, particularly in pots, that when large
quantities of organic manure like dung are used
in conjunction with sodium nitrate, smaller
returns are obtained than when either of the
fertilisers is employed singly. In ordinary field
practice, however, losses of this kind are hardly
to be feared, because the soil rarely becomes
sufficiently rich in active organic matter, nor so
sealed from the access of air, as to lead to any
attack upon the nitrate. At Rothamsted, for
example, it has been found with the mangold
crop that of the nitrogen applied as sodium
nitrate, 78 p.c. is recovered when no organic
or other nitrogenous manure is applied, while
61 p.c. is recovered when the nitrate is added to
a plot which also receives dung at the rate of
14 tons per acre per annum, the recovery being
reckoned on the excess of crop over that pro-
duced by dung alone. The lower recovery,
when nitrate is used in connection with dung, is
no more than might be normally expectcd under
the law of diminishing returns. In certain
circumstances, however, as in rice growing on
water-logged soils containing much organic
matter, it is inadvisable to apply sodium
nitrate because of the denitrification that takes
place. The term °denitrification ’ is also more
loosely applied to the loss of gaseous nitrogen
which takes place whenever soils are brought
into very high condition by excess of organic
manures. There exist in the soils various groups
of bacteria destroying organic matter with
evolution of nitrogen gas, and the activity of the
organisms increases with the amount of organic
matter with which the soil is supplied. Thus a
very highly manured soil tends to reach a con-
dition of equilibrium in which the supply of
nitrogen is balanced, in part, by the output of
crop, but also by the accelerated activity of the
organisms setting free nitrogen gas. For
example, on the wheat field at Rothamsted, to
which dung is applied at the rate of 14 tons per
acre per annum, it has been found that during
the 50 years, 1844-93, of the 200 lbs. of nitrogen
annually applied, only about 26 p.c. was re-
covered in the crop and 25 p.c. was accumulated
in the soil. Thus nearly 50 p.c. was wasted,
and though some of it would have been removed
by drainage water as nitrates, the greater part
has been dissipated as nitrogen gas formed by
bacterial action in the very rich soil. The
condition of water logging which leads to
denitrification may also be accompanied by
the reduction of sulphates and the formation of
black ferrous sulphide in ordinary soils. For
the bacteria of sulphate reduction and other



88

Latar, ¢nfra.

The great extent of the literature existing
on soil organisms precludes the setting out of
references, but further details, together with a full
bibliography, may be found in Lafar, Technische
Myecologie, 2nd Auf., Jena, 1904, A. D, H.
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SOLDERS. Solders consist of fusible alloys,
which are-used for joining metals together and
are of various kinds, depending on the nature
of the metals to be joined. They are distin-
guished by specific names, as hard-, soft-, white-,
spelter-, silver-, gold-, aluminium-, copper-, tin-,

lumbers’-, pewterers’-, and button-solder, &c.
For whatever purposes they may be intended
they should always be rather more fusible than
the metal or metals to be united ; and, to give
the maximum strength, they should have about
the same hardness and malleability as these
metals. Solders may be divided into two classes,
hard and soft solders.

Hard solders are commonly called spelier (a
name which is also in technical use for cast
zine). Hard soldering is usually termed brazing,
since the solders most commonly employed are
similar to brass in composition. Brazing is
used where greater strength is required than
can be given by soft solder, or when an article
has to stand a temperature that would cause
soft solder to melt. Hard solders contain such
metals as eopper, silver, &c., and require a red
heat to fuse them. The heat necessary is
derived from either a forge fire, a benzoline or
paraffin brazing lamp, or a brazing hearth,
which is an arrangement of gas blowpipes (v.
J.Soc. Chem. Ind. 1902, 21,259). A brazed joint
is commonly considered to be stronger than the
adjacent metal, and is generally cheaper, easier,
simpler, and quicker to make than a welded joint.

Soft solders are composed of lead and tin in
varying proportions; sometimes bismuth is
added. The following table (Tomlinson) of
melting-points of a series of lead-tin alloys shows
that soft solders melt below 300°; numbers
4 to 8 represent common solders :—

TIN-LEAD SOLDERS.

Melting- Melting
No. Tin Lead point No. Tin Lead point
1% B 25T (298 7 13 1 168°
28 LIRS0 " (283° 8 2 4 RS
BN 5 266° 9 3 1 180°
4. <1 v - 1950° 10 4 1 511859
(o | 21 5227 i1 8 i “51929
6 1 1 188° 12 6 1 194°

The addition of bismuth lowers the melting-
point ; by varying the proportions of the con-
stituents such alloys may be made, within
certain limits, to melt at any desired temperature,
even below 100°, thus admitting of various ap-
plications for electrical and other purposes.
Examples are shown in the following table :—

BisMUTH SOLDERS.
Parts Parts Parts | Parts Parts Parts
()

of of Melting-! of of of Melting

tin lead bismuth point | tin lead bismuth point
3 b b 94-4° | 1 1 123-3°
1 i 2 610 #2222 1 143:5°
| P2 2 %-112-8° 3 3 1 154-4°
LR | 2 113-3° 4 4 1 160-0°
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sulphur organisms, also for iron organisms, v, |

Soft solders are usually weaker in tensile
strength than the joined metals.

Although soft solders are sometimes cm-
ployed in conjunction with a mouth blowpipe,
they are usually applied by means of a suitably
shaped copper bit, miscalled a soldering iron.

In preparing solders, care must be taken to
avoid two faults, want of uniformity and loss of
a constituent that is either volatile or readily
oxidised. Thus where copper, silver, &ec., are
to be mixed with tin, zine, &c., it is necessary
to melt the least fusible metal first ; the zinc or
tin is finally added, and after stirring, the mass
is quickly cast. Efficient stirring, preferably
with a piece of green wood, is necessary to
secure uniformity of composition. Soft solders
should be melted under tallow; they are cast
in sticks, or run out into strips. Hard solders
should be melted under powdered charcoal or
borax. They may be granulated, or cast into
small ingots and reduced to powder by filing.
Gold and silver solders are generally rolled out
into thin sheets and cut into narrow strips or
clse drawn into thin wire.

In the practical application of solders it is
necessary that the metal surfaces to be united
.should be heated to a temperature above that at
which the solder melts, and that the surfaces
should be bright and clean, both mechanically and
chemically. They may be cleaned mechanically
by scraping or filing, and chemically by washing
with a suitable acid or alkali. Sinece most
metals tarnish when heated, owing to surface
oxidation, it is necessary to protect the metal
surfaces from air during the period of heating,
or the solder will not wet the metals and adhere
to them. Hence the use of fluzes in soldering.
The flux used in hard soldering is borax. For
soldering small articles, it may be prepared for
use by rubbing a lump with water on a clean
slate to a creamy consistency, and is then applied
to the surfaces with a brush. 'When heated, the
water is first expelled ; at a red heat the anhy-
drous borax melts, and, flowing over the sur-
faces, it not only prevents access of air but also
dissolves any surface films of oxides, producing
double metaborates which remain dissolved in
the excess of borax. It has been proposed to
carry out brazing in an atmosphere of hydrogen
or carbon monoxide (J. Soc. Chem. Ind. 1911,
30, 695). )

Soft solders melt at temperatures below the
fusing point of borax and other fluxes are
therefore necessary. Zinc chloride solution is
commonly used with most sheet metals, brass,
copper, gun-metal, and bright iron. Hydro-
chloric acid is used with zine and galvanised
warc ; ammonium chloride with copper and
iron; resin with soft alloys and tinware;
Venice turpentine or Gallipoli oil with pewter or
Britannia metal ; Russian tallow with heavy
lead and palm-oil candle with light lead work.
Lactic acid 1 pint, glycerol 1 pint, water 8 pints
makes a good flux, as also does a solution of
phosphoric acid in alcohol. :

Resin possesses an advantage over acid
fluxes like hydrochloric acid or zine chloride
as it does not induce subsequent corrosion.
All excess of an acid flux should be thoroughly
washed away. When it is necessary to use soft
solder for repairing jewellery, resin cannot be
| used as it spreads all over the surfaces and is
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difficult to remove ; zine chloride should be
used. The eommon prejudice against using
zine chloride when soldering eleetrical joints is
stated by Lippmann to be groundless (Zeitsch.,
angew. Chem. 1909, 22, 2042). For a com-
parison between several fluxes, v. Samter (ibid.
1909, 22, 729).

Soft solders can be obtained in the form of
narrow bore-tubes, with the central portion
filled up with resin or other material, so as to
obviate the necessity for using a separate flux.
They may also be obtained, mixed with flux, in
the form of a paste, e.g. (1) granulated soft solder
is mixed with beeswax and impregnated with
zine chloride (J. Soe. Chem. Ind. 1906, 25, 269) ;
(2) powdered solder is mixed with borax, am-
monium chloride or other flux that leaves no
acid residue and incorporated with glyeerol or
other inert and not too volatile substanee (ibid.
1905, 24, 32); (3) powdered tin or solder is
mixed with zine chloride and celluloid paste and
applied with a brush (sbid. 1903, 22, 1052).

For practical details of the art of soldering
and descriptions of the requisite apparatus,
consult books on metal working, Rowell’s Hard
Soldering, and Hobart’s Brazing and Soldering.

Hard solders. Gold solders. Articles the
fineness of which vary from 14 to 22 earats, may
be soldered with alloys of lower grade prepared
by fusing 2 grs. of silver and 1 gr. of copper
with 1 pennyweight of gold of the same fineness
as the article. These alloys are used in dental
work. By replacing the 3 grs. of silver and
eopper by an equal weight of spring brass
(2 of Cu, 1 of Zn), solders of good colour are
obtained, suitable for use with ornaments and
Jewellery.

Coin gold is usually soldered with an alloy
of pure gold 3 parts, spring brass 1 part.

Gold of a fineness of 12 carats or less may
be soldered with 10 or 12 carat gold to which
one-twelfth its weight of zinc has been added.
A gold solder should not contain less than one-
third its weight of gold. Lower grades of gold
are best soldered with silver solder.

A good solder for general use contains gold 18,
silver 4, copper 5, zinc 2 parts ; another can be
readily prepared by fusing 1 pennyweight of
18 carat gold with 5 grs. of spring brass.
Among other jewellers’ gold solders, the following
may be mentioned ; (1) best solder, gold 121,
silver 41, copper 3 parts; (2) medium solder,
gold 10, silver 6, copper 4 parts; (3) common
solder, gold 8}, silver 6}, copper 5 parts ; v. Gee,
The Goldsmith’s Handbook.

Antimony, arsenic, tin and lead should not
be used in solders for gold.

Silver solders. These are employed a good
deal in the arts; owing to the careful, sparing
way in which they are used, most work requires
but little finishing after soldering. The use of
silver solders is not therefore unreasonably
expensive ; the results are extremely satis-
factory. Besides being employed by jewellers
and silversmiths, silver solders are also used for
joining brass, copper, and even iron and steel.

Hard solders for jewellers and for general use
contain : (1) silver 18, copper 4, zinc 1 part ; (2)
silver 15, copper 4, zinc 1 part. A good solder
may be prepared by melting coin silver and
adding one-third its weight of spring brass.
An easy melting solder is prepared by fusing
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2 parts of fine silver and adding 1 of spring
brass, or by employing silver 4, eopper 1, zine
1 part, while an alloy of silver 16, zinc 1 part
forms a very hard, white solder. A very

common solder contains silver 1, brass 1,
arsenic 1 part.
Many other silver solders are in use. A

selection is given in the accompanying table,
with remarks upon their uses. See also Gee,
The Silversmith’s Handbook.

SILVER SOLDERS.

) |
Parts Parts of [Parts
f ts of
Remarks on use of |spring EaF
silvcrl brass | COPPCL | yine
|
Jewellers’, hardest 4 - i —
e hard 16 — | 35 05
5 easy . X 14 —_ 45 15
o common, har: ARED) o = 6 15
o easy| 11°5| — | 6°5 2
£ easdy,for chains| 10 5 - 1
For steel . . [18-19) 2-3 1 —
Brass, gun-netal, bronze| 1 11 — =
» ' . 1 == 8 8
Germansilver,gun-metal, |
ronze| 3 — 2 4
SN ol i i[5 6 e e
Prass, small articles 2 —_ 5 3
Jewellers’, instrument
makers’, very tough
and fluid AL — 13 —

Coin silver, rolled out thin, is an exccllent
solder for iron, copper, and very difficultly
fusible brass.

Brass, bronze or eopper to which 4 to 10 p.e.
of silver has been added, forms a solder for thin
sheets of mild steel (Diegel, Chem. Zeit. 1909, 33,
427).

A very full discussion of hard solders for
brass is given by Schwirkus (Dingl. poly. J. 293,
64, 89), who recommends copper-zinc-silver alloys
containing 40-50 p.c. of copper and 4-12 p.c.
silver. For general use and repairs, an alloy of
copper 43, zine 48, silver 9 parts is best; for
first soldering, copper 48, zinc 48, silver 4 parts
should be used. .

Copper-zinc-tin solders. ~ Ordinary brazing
processes are carried out with spelter solder, a
mixture of equal parts of copper and zinc. ‘Ib
may be used on brass, copper, iron or steel. Iqr
pale brass, the proportion of zinc in the solder is
increased, while for ironwork that has to be
hammered afterwards the proportion of eopper
should be increased. The composition of a
number of brazing solders is given in the follow-

ing table.
Partsof Parts Parts

Remarks on use copper of zinc of tin

Soft spelter for brass . Al 1

2 » ) . sl 3 e
Bords s 5 gunmetal, iron-

work g % ==

2 ) copper . z =

RN S i R TR
Soft o~ ,,» and brass 4 3 1
Hard ,, brass (white or

button solder) . ¢ 1 75

Ferrofix brazing process. This process for
brazing broken iron parts, especially cast iron,
was invented by Pich; the brass that cements
the two pieces together is made to alloy with the
iron surfaces as deep as J; inch. The fluz used
is a mixture of equal parts of sodium carbonate
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and borie acid, with a little sodium chloride. |
The brazing liquid is prepared by boiling cuprous
oxide with concentrated borax solution and
allowing the mass to cool down to a sort of paste.
The method of procedure is to set the casting to
be brazed on firebrick, in perfeet alignment ;
mix fluxing powder with the brazing liquid and
apply to the surfaces with a brush; heat, and
apply more flux until it runs through the joint.
Then apply ordinary spelter. with a little flux
until it flows through thoroughly. Remove the
source of heat and continue adding spelter to the
joint until the heat of the casting is insufficient
to melt it (U.S. pats. 688030, 647632).

The spelter must not melt below 650°;
hence hard brass must be used. The cuprous
oxide of the brazing liquid transfers its oxygen
to the carbon contained in the surface layers of
the iron, which become decarbonised, while
finely divided copper remains diffused through
the joint. The hard solder quickly alloys with
the copper and the new alloy immediately
combines with the red-hot decarbonised solder-
ing surfaces of the cast iron.

Solders for platinum. Tine gold, laminated
and cut into shreds, is employed for soldering
platinum. Pure silver may be used also and
the following alloys have been proposed: (1)
platinum 12, gold 7, silver 1 part ; (2) platinum 1,
gold 2, silver 1 part. Platinum joints are
usually welded.

Solder for small steel springs. 18 carat gold
may be used for repairing small, freshly broken
springs ; the spring must then be hardened and
tempered.

Solder for German silver. An alloy of
German silver 5, zinc 4 parts may be used ; v.
also Silver solders (p. 89).

Solders for aluminium bronze. (1) Tin 900,
copper 100, bismuth 2 to 3 parts ; silver chloride
is used for flux; (2) gold 89, silver 4-5, copper
6-6 parts ; (3) gold 54-5, silver 27, copper 185
parts; (4) the zinc-aluminium alloys given for
aluminium (v. infra).

Soft solders. These contain tin, lead, and
sometimes bismuth; for their melting-points,
v. p. 88. The following table gives the com-
position of a number of solders, with remarks on
their use.

Sorr SOLDERS.

Parts
Parts | Parts [Parts of
Remarks on use of tin | of lead bismuth| ,°f
zinc
Ordinary soft, plumbers?,
tinmen’s . . s 1 1 - -
Plumbers’, coarse 3 1 3 - -
e fine, for lead,
zinc, tin, electrotype
plates . 3 3 1 2 - —
Tinmen’s, coarse 3 2 — —_—
3 fine . 1 2 1 — -
)1 rough, jobbing
. work 4 3 o o~
,, blowpipe work| 4 2. 1 -
Solder for tinned iron . 1 | - -
% , can tops 16 10 1 —_
5 ,» iron in stone — 2 —_— 1
Pewterers’, usual 1 1 2 —_
= soft 3 4 2 ==
» » 3 4 1 o
» v 2 1 1 =
o 3 1 4 2 —_—
% rough work 2 1 1 —_

SOLDERS.

Soft solders should be kept carefully free
from zine (v. J. Soc. Chem. Ind. 1909, 28, 1139).
According to Sperry (Eng. and Min. J. 1909, 87,
1140) the addition of cadmium to soft solder
makes it stronger and more fusible ; an alloy of
tin 2, lead 1, eadmium 1 part melts at 144-5°
and can be used on lead, pewter, Britannia
metal, &ec.

Chemical solder. Tinfoil, cut to the size of
the joint to be made, is painted over with a solu-
tion of sal-ammoniac, then placed between the
two portions to be soldered together, and heated
upon hot iron, or over a spirit lamp, until the
solder melts, the pieces being held together by
the hand during the operation. On cooling, a
firm joint is the result. This method is very
useful for the soldering of small articles together
without a soldering iron—e.g. picces of brass or
copper wire, the ends of which should first be
filed flat.

Solder for aluminium. No really good solder
for aluminium is known, although considerably
over fifty alloys have been proposed. The -
difficulty, which was known to Deville, arises
from two causes, (1) the ease with which a film
of oxide forms on the surface and the difficulty
of properly removing it, and (2) the highly
electropositive nature of aluminium, which
causes electrolytic action to be set up, parti-
cularly if the soldered joint be wetted, and
inevitably leads to disintegration at the joint.
Ordinary soft solder will not do, but cither pure
tin or zinc may be used as solder. The zinc
joint is very brittle, however, and the tin joint
disintegrates since it slowly absorbs oxygen
from the air. Aluminium-zinc alloys con-
taining respectively 8, 12, 15, and 20 p.c. of
aluminium, may be used (Tissier Bros.), the flux
consisting of copaiba balsam 3, Venice turpen-
tine 1 part, and a few drops of lemon juice.
For heavy work, aluminium 12, zinc 80, copper
8 parts may be used ; for light work, aluminium
6, zinc 90, copper 4 parts (Dagger, J. Soc. Chem.
Ind. 1891, 10, 436). Mourey’s solder, for blow-
pipe work, contains tin 6, zinc 3, aluminium 2,
copper 1, silver 1 part. Frishmuth recommends
tin 95, bismuth 5 parts, or tin 97, bismuth
3 parts as good soft solders.

Richard’s solder (J. Soc. Chem. Ind. 1896, 15,
200 ; cf. tdid. 1899, 18, 281) is largely used; it
contains aluminium 1, zinc 11, tin 29, 10 p.c.
phosphor-tin 1 part. No flux is required, the
solder being self-fluxing owing to the phosphorus
it contains. For numerous other solders v. J.
Soc. Chem. Ind. from 1892 onwards. It appears
preferable to weld or rivet aluminium joints,
rather than to solder them.

Cold soldering. This process may be adopted
when the article to be soldered cannot be heated.
The flux consists of sodium amalgam (1 part of
sodium to 50 or 60 of mercury). The solder is
a copper amalgam prepared as follows : copper
is precipitated from a solution of its sulphate
by means of zine, and the spongy metal is
washed, drained and shaken with twice its
weight of mercury and a little dilute sulphuric
acid. The pasty amalgam is quickly formed
into small pellets ; in a few hours they set to
intensely hard lumps. The process consists in
heating a pellet until mercury oozes from its
surface in small beads, wiping these off and
rubbing the pellet into a soft paste in a mortar,
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The surfaces to be united are amalgamated with
the flux, the pasty, prepared pellet then applied
and the surfaces pressed tightly together. A
perfectly hard joint is obtained in about three
hours.

Autogenous soldering. In this process, sol-
dering takes place by the fusion of the two edges
of metal themselves without the interposition
of a metallic alloy as a go-between ; the metal
acts as its own solder. Joints thus made are
less liable to rupture when submitted to varying
temperatures, &c., than when the common
soldering process is employed; moreover,
corrosion of the joint owing to electrolytic action
does not occur. The process is adopted for the
manufacture of sulphuric acid chambers and
concentration pans, and the soldering is effected
by directing a jet of burning hydrogen or coal-
gas upon the edges to be joined together.
Brass may be similarly soldered. For copper,
iron, steel, platinum, and aluminium, the oxy-
hydrogen or oxy-acetylene flame is necessary.
Care must be taken to allow no excess of
oxygen in the flame ; with platinum, however,
excess of hydrogen must be avoided, as it is
absorbed by the molten metal.

SOLENITE v. EXPLOSIVES.

SOLIDE JAUNE v. AZO-COLOURING MAT-
TERS.

SOLUBILITY. The term °solubility’ de-
notes the extent to which different substances,
in whatever state of aggregation, are miscible
with each other. That constituent of the re-
sulting solution which is present in large excess
is commonly known as the ¢ solvent,” the other
constituent being the ‘solute.’ This, however,
is. merely a convenient distinction, not an
essential one, and in cases where it cannot be
easily drawn, the term ° miscibility > may be
used as synonymous with ¢ solubility.’

It is proposed to give in this article an outline
(1) of the methods available for the determina-
tion of solubility or miseibility, (2) of the general
results obtained and their significance. For this
purpose it is convenient to arrange the material
according to the state of aggregation of the sub-
stances involved.

Solubslity of gases. Two gases are miscible
with each other in all proportions, that is, no
definite value can be assigned for the solubility
of one gas ¢n another. The question of the solu-
bility of gases in solids has been discussed else-
where; such cases of absorption present
peculiar features, inasmuch as the absorbed gas
1s not uniformly distributed throughout the mass
of the solid, but is concentrated in the superficial
layers, ». CoLLOIDS.

The solubility of gases in liguids is a subject
to which much attention has been devoted.
The extent to which a given gas will dissolve in
a given liquid is a function of the temperature
and pressure. At any given temperature, the
weight of the gas dissolved by a definite volume
of the liquid is directly proportional to the
pressure. This law was first formulated by
Henry (Phil. Trans. 1803, 93, 29, 274), and its
general validity has been confirmed by subse-
quent investigators (for example, Bunsen,
Annalen, 1855, 93, 1 ; Khanikof and Louguinine,
Ann. Chim. Phys. 1867, 11, 412; Woukuloff,
Compt. rend. 1889, 108, 674; 109, 61). Strict
conformity to the law, however, is exhibited
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only by those gases which dissolve in the liqquid
to a comparatively small extent. 1f the gas is
highly soluble—for instance, ammonia or hydro-
gen chloride in water,—then the weight dissolved
is no longer proportional to the pressure. An
important extension of Henry’s law was made
by Dalton (Mem. Lit. Phil. Soc. Manchester,
1805, 1, 273), who showed that when a mixture
of two indifferent gases is absorbed by a liquid
cach dissolves proportionally to its partial
pressure.

The extent to which a gas is absorbed by a
liquid is expressed by the ¢ absorption coefficient,’
or, simply, by the * solubility.” The absorption
coefficient is defined as that volume of the gas
(reduced to normal temperature and pressure)
which is absorbed by unit volume of the liquid
under normal pressure. Thus, if experiment
shows that at ° C. and p mm. pressure v cub. cm.
of the gas are absorbed by V cub. cm. of the
liquid, then the absorption coefficient 8= Vi l-vm)
The solubility A of a gas in a liquid, on the other
hand, is defined simply as the volume of the gas
absorbed by unit volume of the liquid ; so that
Lk
absorption coefficients for various common gases
in water at different temperatures :—

In the following table are recorded the

T [0} Hydr: Nit: (F arlg(lm

emp. gen. ogen, itrogen. dioxide.
0°p 038'492 6, 0215 0 1713
5° 0-0434 0-0204 0-0211 1-424
10° 0-0385 0-0195 0:0191 1-194
15° 0-0346 0-0188 0-0173 1-019
20° 0-0314 0-0182 0-0159 0-878
25° 0-0286 0-0175 0-0147 0-759

The actual determination of the solubility of
a gas in a liquid may be carried out in various
ways. The method most commonly employed
is to bring together known volumes of the gas
and the gas-free liquid, to agitate them until
saturation has been attained, and then to
determine the diminished volume of the gas.
Many forms of apparatus, based on this principle,
have been suggested from time to time (Bunsen,
Annalen, 1855, 93, 1; Mackenzie, Ann. Physik,
1877, 1, 438 ; Miiller, bid. 1889, 37, 24 ; Timo-
féeff, Zeitsch. physikal. Chem. 1890, 6, 141;
Winkler, Ber. 1891, 24, 89; Setchenow, Ann.
Chim. Phys. 1892, 25, 226; Steiner, Am_1.
Physik, 1894, 52, 275 ; Gordon, Zeitsch. physi-
kal. Chem. 1895, 18, 1; Roth, ibid. 1897, 24,
114 ; Estreicher, bid. 1899, 31, 176; Braun,
tbid. 1900, 33, 721; Just, tbid. 1901, 37, 342 ;
Skirrow, ibid. 1902, 41, 139 ; Knopp, tbid. 1904,
48, 97 ; Geffcken, shid. 1904, 49, 257 ; Christoff,
ibid. 1906, 55, 622 ; Usher, Chem. Soc. Trans.
1910, 97, 66; Drucker and Moles, Zeitsgh.
physikal. Chem. 1910, 75, 405). An alternative
method is to saturate the liquid and then
measure the volume of gas which is expelled on
exhausting and boiling out (Hiifoer, Ann.’
Physik, 1877, 1, 632; Dittmar, Challenger
Report, Physics and Chemistry, 1, 161 ; Petters-
son and Sondén, Ber. 1889, 22, 1439 ; Bohr and
Bock, Ann. Physik, 1891, 44, 318). Instead of
expelling and measuring the gas present in the
saturated liquid, it may be determined chemi-
cally if a suitable method is available (Schonfeld,
Annalen, 1855, 95, 1; Carius, bid. 1856, 99,
129; Roscoe and Dittmar, Chem. Soc. Trans.
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1860, 12, 128 ; Sims, thid. 1862, 14, 1; Watts,
Amnalen Suppl. 1865, 3, 227; Winkler, Ber.
1889, 22, 1764 ; Bohr, Ann. Physik, 1900, 1,
244 ; Fox, Zecitsch. physikal. Chem. 1902, 41,
458 ; Clowes and Biggs, J. Soc. Chem. Ind.
1904, 23, 358). In certain cases an aspiration
method of finding the partial pressure of a gas
in its solutions may be utilised in the deter-
mination of solubility coefficients (Gaus, Zeitsch.
anorg. Chem. 1900, 25, 236 ; Abegg and Riesen-
feld, Zeitsch. physikal. Chem. 1902, 40, 84;
MecLauchlan, sbid. 1903, 44, 600 ; Jones, Chem.
Soec. Trans. 1911, 99, 392).

As a general rule, the solubility of a gas in a
liquid diminishes as the temperature rises, and
a connection has been traced between this
diminution and the viscosity of the liquid. It
appears that the diminution in the absorption
coefficient for any temperature interval is
approximately proportional to the corresponding
diminution in the viscosity coefficient of the
solvent (Winkler, Zeitsch. physikal. Chem.
1892, 9, 171 ; Thorpe and Rodger, Chem. Soc.
Trans. 1894, 65, 782). Cases, however, are
known in which the solubility of a gas increases
as the temperature rises. Thus, the existence
of a minimum solubility has been established for
hydrogen in water (Bohr and Bock, Ann.
Physik, 1891, 44, 318) and for the rarc gases in
water (Estreicher, Zeitsch. physikal. Chem.
1899, 31, 176 ; von Antropoff, Proc. Roy. Soc.
A, 1910, 83, 474). Further, Just (Zeitsch.
physikal. Chem. 1901, 37, 342) has found that
the solubility of nitrogen, hydrogen, and carbon
monoxide in a number of organic solvents is
greater at 25° than at 20°.

The factors which determine the solubility of
a gas in a pure liquid are not clearly understood,
but it is at least highly probable that, ceteris
paribus, the greater the compressibility of the
solvent and the smaller the volume change
associated with the absorption of the gas, the
greater is the solubility (see Ritzel, Zeitsch.
physikal. Chem. 1907, 60, 319). In this con-
nection, it should be pointed out that the re-
lative volume change in a liquid resulting from
absorption of a gas is proportional to the con-
centration of the gas (Angstr6m, Ann. Physik,
1882, 15, 297; 1888, 33, 223 ; Mackenzie and
Nichols, tbid. 1878, 3, 134 ; Nichols and Wheeler,
Phil. Mag. 1881, 11,113 ; Ritzel, l.c.). Further,
the study of the solubility of gases in mixed
organic solvents has revealed the existence of
points of maximum solubility, such points corre-
sponding with the occurrence of minimum
surface tension (Skirrow, Zeitsch. physikal.
Chem. 1902, 41, 139; compare Christoft, shid.
1906, 55, 622).

Much attention has been devoted to the in-
fluence of salts and other dissolved substances
on the absorption of gases by water. Provided
there is no chemical action between the gas and
the other dissolved substance it is generally the
case that the gas is less soluble in the solution
than in pure water at the same temperature
(sce, for cxample, Steiner, Ann. Physik, 1894,
52, 275 ; Gordon, Zeitsch. physikal. Chem. 1895,
18, 1; Roth, bid. 1897, 24, 114 ; Braun, thid.
1900,” 33, 721; Knopp, ibid. 1904, 48, 97;
Geffcken, ibid. 1904, 49, 257 ; Usher, Chem.
Soe. Trans. 1910, 97, 66). An important result
deducible from thesc and other investigations is
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that when a number of salts are arranged
according to their power of lowering the solu-
bility of one gas in water, the order is very nearly
the same as when they are arranged with re-
ference to their influence on the solubility of
another gas. It appears, therefore, that the
diminished solvent power of a salt solution as
compared with pure water is mainly determined,
not by the specific nature of the dissolved gas,
but by some factor involved in the relationship
of the water and the salt. What this factor is,
has not yet been determined with certainty. It
has been suggested that the influence exerted by
salts is a function of the internal pressure or the
compressibility of the solution (Kuler, Zeitsch.
physikal. Chem. 1899, 31, 368; Geficken,
wbid. 1904, 49, 257 : Ritzel, <bid. 1907, 60,
319). On the other hand, interaction between
the molecules or ions of the dissolved substances
has been assumed to account for the influence of
salts in lowering solubility (Levin, Zeitsch.
physikal, Chem. 1906, 55, 503 ; Rothmund,
wbid. 1909, 69, 523). Again, it has been sug-
gested that the lower solvent power of a salt
solution as compared with water is connected
with the hydration of the salt (Rothmund,
Zeitsch. physikal. Chem. 1900, 33, 413 ; Baur,
Ahrens’ Sammlung, 1903, 8, 466 ; Lowry, Trans.
Faraday Soc. 1905, 1, 197 ; - Philip, Chem. Soc.
Trans, 1907, 91, 711 ; Hudson, Zeitsch. Elcktro-
chem. 1908, 14, 821).

Solubility of liquids in liguids., As regards
their mutual solubility, a pair of liquids is
commonly assigned to one of three classes.
They may be miscible in all proportions, they
may be only partially miscible, or they may be
practically immiscible. Such a classification,
however, has only a genecral value, for the
difference between the second and third classes
is merely one of degree, and the line of division
between the first and second classes is displaced
by altering the temperature.

In finding the solubility of one liquid in
another when the solubility is very small, as,
for instance, in the case of chloroform or carbon
disulphide in water, two methods may be
adopted. One consists in bringing together a
large known volume of the first liquid with a
small known volume of the seeond, shaking
until saturation has been reached, and then
finding the volume of the second liquid re-
maining undissolved (Schuncke, Zeitsch. physi-
kal. Chem. 1894, 14, 331 ; Bodtker, tbid. 1897,
22, 511; Herz, Ber. 1898, 31, 2669; Rex,
Zeitsch. physikal. Chem. 1906, 55, 355). Another
method is to shake quantities of the two liquids
together until they are mutually saturated, and
then remove portions of each layer for analysis
(Chancel and Parmentier, Compt. rend. 1884,
99, 892; 1885, 100, 773; Walker, Zeitsch.
physikal. Chem. 1890, 5, 196; Klobbie, zbid.
1897, 24, 616; XKuler, 7bid. 1899, 31, 364;
Osaka, Mem. Coll. Sci. Eng. Kyoto, 1909-1910,
2, 21). Determinations are naturally made at
various temperatures.

In the case of liquids the mutual solubility
of which is greater than in the afore-mentioned
cages, the method commonly employed is a
synthetic one. That is, weighed quantities of
the two liquids are put in a tube, which is then
sealed and suspended in a bath of water or other
suitable liquid. The temperature of the bath
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is altered until the contents of the tube become
uniform and determinations of this point are
then repeatedly alternated with determinations
of the temperature at which, as indicated by the
appearance of turbidity, the uniform contents
of the tube begin to separate into two layers
(Guthrie, Phil. Mag. 1884, 18, 22, 495 ; Alexéeff,
Ann. Physik, 1886, 28, 305; Rothmund,
Zeitsch. physikal. Chem. 1898, 26, 433 ; Bing-
ham, Amer. Chem. J. 1907, 37, 549; 38, 91;
Tlaschner and MacEwen, Chem. Soe. Trans.
1908, 93, 1000). Experience shows that these
two points, the one observed with rising, the
other with falling temperature, are generally
very close together, and the mean of the ob-

served temperatures may be taken as the point

at whieh the liquid is saturated.

For each temperature there are generally
found two saturated mixtures of different com-
position, corresponding to the two layers obtained
when the pure liquids are shaken up together.
As a rule, the mutual solubility of two liquids
inercases as the temperature rises, and the
compositions of the econjugate layers approxi-
mate more and more to each other. In such a
case (Fig. 1), the two solubility eurves, ¢.e. the
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curve representing the solubility of B in A and
that representing the solubility of A in B, join at
a point above whieh the liquids are completely
miscible. As suggested by Masson (Zeitsch.
physikal, Chem. 1891, 7, 500), who emphasises
the parallelism between the case just described
and the gradual approximation in density of a
liquid and its saturated vapour, the temperature
above which two partially miscible liquids
beeome miscible in all proportions is called the
¢ eritieal solution temperature.” The existence
of this temperature limit has been recorded for
such cases as phenol and water, aniline and
water, benzoic aeid and water, carbon disulphide
and methyl alcohol, methylethylketone and
water. In these and other instaneces, it is
further found that the middle points of the
horizontal chords ecut off between the two
branehes of the solubility curve lie on a straight
line—another analogy with the density-tempera-
ture curve for a pure liquid and its saturated
vapour (see Rothmund, l.c.). It is noteworthy
that bismuth - zine and lead +4 zine furnish
cxamples of limited miscibility in the fused
state : the solubility curve for each pair is of
the foregoing type (Spring and Romanoff,
Zeitseh. anorg. Chem. 1897, 13, 29).

In a few cases—for instance, triethylamine and
water, 8-collidine and water, 1-methy! piperidine
and water—the change of miseibility with tem-
perature is the opposite of that deseribed above.
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The mutual solubility inereases as the tempera-
ture falls and there is a limit, known as the
‘lower critical solution temperature,” below
which the liquids are miscible in all proportions,
and above which separation into two layers
takes place increasingly as the temperature
rises. The relation between solubility and
temperature in such a casc is represented in
Fig. 2.
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In two cases, nicotine and water (Hudson,
Zeitsch. physikal. Chem. 1904, 47, 113), and 2-
methyl piperidine and water (Flaschner and
MacEwen, Chem. Soc. Trans. 1908, 93, 1000),
both upper and lower critical solution tempera-
tures are known, and the complete solubility
curve is & closed ring. According to Rothmund
(l.c.), this is the normal type of solubility curve
for a pair of partially miscible liquids. There
need not, however, be an upper critical solution
temperature in every such case (Kuenen and
Robson, Zeitsch. physikal. Chem. 1899, 28, 342),
and the oceurrence of a lower eritical solution
temperature has been held to be abnormal
(Dolgolenko, thid. 1908, 62, 499).

The mutual solubility of two liquids may be
materially modified by the addition of a third
substance. In this way two liquids which are
miscible in all proportions may be made to
undergo at least partial separation : for example,
a homogeneous mixture of propyl alcohol and
water, which are miseible in all proportions at
ordinary temperatures, separates into two
layers on the addition of salt. In the case of
two liquids which are only partially misecible, the
area of non-miscibility may be notably extended
or reduced by the introduction of a third sub-
stance, and a measure of this influence is found
in the effect of the third substance on the
eritical solution temperature. Aecording to
Timmermans (Zeitsch. physikal. Chem. 1907, 58,
129), who has made an exhaustive study of this
phenomenon, the upper critical solution tempera-
ture is lowered when the solubilities of the third
substance in the two liquids are of the same
order of magnitude. If the third substance is
much more soluble in the one liquid than in the
other the critical sohition temperature is raised,
i.e. the area of non-miscibility is extended. It
is noteworthy that when different salts are
arranged according to their ability to cause the
system water + propyl aleohol to separate into
two phases, or according to their power to raise
the critical solution temperature of water
-+ phenol, the order is approximately the same
as when they are arranged aeccording to the
magnitude of their influence on the solubility
of gases in water. These effects have an obvious
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bearing on the well-known practice of *salting
out’ organic compounds from their agqueous
solutions.

Solubility of solids in liqguids. The equili-
brium between a solid and a liquid is established
more slowly than that between two liquids, and
this fact explains the precautions that must be
taken if the solubility of a solid in a liquid is to
be determined with rapidity and yet with
accuracy. The solvent and the finely divided
solid are put in a suitable glass vessel and shaken
together at constant temperature, either inter-
mittently by hand, or regularly by some mechani-
cal arrangement. This is continued until the
solution is saturated, when samples are extracted
and analysed. The time necessary for the
attainment of saturation varies from one case
to another, and should be ascertained by pre-
liminary experiments in which samples of the
solution are taken out at intervals until the
quantity of substance in solution is found
constant. A guarantee that the value so found
for the solubility is the correct one at the tem-
perature of observation may be obtained by
approaching the saturation point from the other
side. A saturated solution is prepared at a
hi%her temperature (on the supposition that the
solubility increases with rising temperature),
and is then put in a bath at the desired tempera-
ture, when the excess of solid in solution
gradually separates out, the attainment of
equilibrium being preferably facilitated by
shaking or stirring. The analysis of the satur-
ated solution obtained in this way ought to
give the same result as the previous method (see
Andreae, J. pr. Chem. 1884, 29, 456).

In the extraction of samples of the saturated
solution an ordinary pipette may be used, with
an auxiliary tube containin% a plug of glass
wool or cotton wool to keep back the solid. If
the temperature at which the solution has been
saturated is higher than the temperature of the
room, the pipette may have to be warmed
slightly to avoid erystallisation of the solid. It
is, however, preferable in such cases to carry out
the operation of filtration into a weighed vessel
inside the constant temperature bath.

Many forms of apparatus for carrying out
these various operations have been described
(see, for instance, V. Meyer, Ber. 1875, 8, 998 ;
Andreae, l.c.; Carnelley and Thomson, Chem.
Soc. Trans. 1888, 53, 782 ; Meyerhoffer, Zeitsch.
physikal. Chem. 1890, 5, 99 ; Reicher and van
Deventer, tbid. 1890, 5, 560 ; Nicol, Phil. Mag,
1891, 31, 374 ; Noyes, Zeitsch. physikal. Chem.
1892, 9, 606; Arrhenius, thid. 1893, 11, 392;
Goldschmidt, bid. 1895, 17, 152; Pawlewski,
Ber. 1899, 32, 1040; Lumsden, Chem. Soc.
Trans. 1902, 81, 350). For very high tempera-
tures, such as the boiling point of the solvent
and beyond it, the solubility apparatus must be
specially modified (see V. Meyer, Ber. 1875, 8,
1000 ; Tilden and Shenstone, Phil. Trans. 1884,
175, 23 ; Goeckel, Chem. Zentr. 1897, ii. 401 ;
Thiele and Calberla, Zeitsch. angew. Chem,
1906, 19, 1263 ; Schroeder, Zeitsch. anal. Chem.
1909, 48, 349; Tyrer, Chem. Soc. Trans. 1910,
97, 621). Attempts have been made to deter-
mine solubility by finding the temperature at
which a minute quantity of the solid in contact
with its solution neither increases nor diminishes
in amount (Andreae, lc.; Alexéeff, Ann.
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Physik, 1886, 28, 305; Schroeder, Zeitsch.
physikal, Chem. 1893, 11, 453).

In the case of very sparingly soluble solids,
such ag the silver halides in water, the ordinary
method of determining solubility is impracti-
cable, because the amount of solid in the satur-

-ated solution cannot be estimated with any

accuracy. For the silver halides in water, it is
true, Whitby (Zeitsch. anorg. Chem. 1910, 67,
107) suggests heating the saturated solution
with sucrose and sodium hydroxide under
standard conditions and estimating colorimetri-
cally the quantity of colloidal silver produced.
But various physical methods are available for
determining the solubility in water of sparingly
soluble salts generally. Thus the electrical con-
ductivity of the saturated solution may be com-
pared with that of pure water, and the solubility
of the salt deduced therefrom (Holleman,
Zeitsch. physikal. Chem. 1893, 12, 125; Kohl-
rausch and others, ¢bid. 1893, 12, 234; 1904,
50, 355; Sitzungsber. K. Akad. Wiss. Berlin,
1901, 1018; Bottger, Zeitsch. physikal. Chem.
1903, 46, 521 ; 1906, 56, 83 ; Weigel, tbid. 1907,
58, 293). A knowledge also of the potential
difference between a suitable electrode and the
saturated solution of the sparingly soluble salt
in question permits a calculation of the solu-
bility (Goodwin, Zeitsch. physikal. Chem. 1894,
13, 641; Morgan, sbid. 1895, 17, 533 ; Thiel,
Zeitsch. anorg. Chem. 1900, 24, 49 ; Immerwahr,
Zeitsch, Elektrochem, 1901, 7, 477). Another
method has been suggested by Biltz (Zeitsch.
physikal. Chem. 1907, 58, 288), who shows that,
n the case of two salts giving a sparingly soluble
compound by double decomposition, the ultra-
microscope indicates when the solutions have
been so far diluted that no precipitate forms.
From such an observation the solubility of the
precipitate may be calculated.

In the majority of cases, the solubility of a
given solid in a given liquid increases as the
temperature rises, and as a rule the solubility-
temperature curve is convex to the temperature
axis. No general law, however, is known which
connects solubility and temperature. A de-
crease of solubility with rising temperature over
the whole or part of the temperature range, has
been observet}) in a number of cases, e.g. calcium
sulphate, calcium hydroxide, sodium sulphate,
ferrous sulphate (Tilden and Shenstone, Phil.
Trans. 1884, 175, 23; Ktard, Compt. rend.
1888, 106, 206, 740 ; Lieben and others, Monatsh,
1894, 15, 404; Lumsden, Chem. Soc. Trans.
1902, 81, 350). In some of these and other
instances, points of maximum and minimum
solubility occur on the solubility-temperature
curve, e.g. for the caleium and barium salts of
the fatty acids in water. Maxima are observed
also in numerous cases where the dissolved solid
forms a compound with the solvent : this occurs
most commonly for the combination salt-+water
(see, for example, Roozeboom, Zeitsch. physikal.
Chem, 1893, 10, 477). Discontinuities occur on
the solubility-temperature curve at points
where the solid in contact with the solution
undergoes a change. Such breaks may be
agsociated with the disappearance of one hy-
drate of a salt and the appearance of another
(see de Coppet, Ann. Chim. Phys. 1883, 30, 429 ;
Roozeboom, Zeitsch. physikal. Chem. 1890, 5,
198 ; 1893, 10, 477 ; Donnan and Burt, Chem.
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Soc. Trans. 1903, 83, 335), or with the transition
of one crystalline form of a substance into
another (Rabe, Zeitsch. physikal, Chem. 1901,
38, 175 ; Miiller and Kaufmann, sbid. 1903, 42,
497; Steele and Johnson, Chem. Soc. Trans.
1904, 85, 113).

Although there is no general law enabling us
to predict the relation between solubility and
temperature for a given solvent and solute,
there is a close connection, deducible thermo-
dynamically, between the heat of solution and
the variation of solubility with temperature (Le
Chatelier, Compt. rend. 1885, 100, 441 ; van’t
Hoff, Kongl. Svenska Vet. Akad. Handl. 1886,
21, 17). According to this, the solubility of a
solid in a liquid must increase with rising tem-
perature when the process of dissolution is
accompanied by the absorption of heat, and
decrease with rising temperature when there is
evolution of heat. The validity of this relation-
ship has been confirmed by experiment (see
Reicher and van Deventer, Zeitsch. physikal.
Chem. 1890, 5, 559; van Deventer and van de
Stadt, sbid. 1892, 9, 43 ; von Stackelberg, ibid.
1898, 26, 533).

As in the case of gases and liquids, the
solubility of a solid in a liquid may be pro-
foundly modified by the presence of a third sub-
stance. This may be due to definite chemical
action ; iodine, for instance, is more soluble in
potassium iodide solutions than in pure water,
and silver chloride, almost insoluble in pure
water, dissolves readily in potassium cyanide
solution. In other cases the solubility change
appears to be connected with a displacement of
equilibrium, as when the solubility of a salt is
diminished by adding another electrolyte with
a common radicle, or when it is increased by
adding another electrolyte with both radicles
different. The influence of salts on the solu-
bility of non-electrolytes is more difficult to
explain, the general, although not the universal,
rule being that a non-electrolyte isl ess soluble
in a salt solution than in pure water at the
same temperature. The solubility of a non-
electrolyte in water is sometimes raised, some-
times lowered, by the addition of another non-
electrolyte. (For a detailed discussion of this
whole question, see Rothmund’s Léslichkeit und
Loslichkeitsbeeinflussung, vol. vii. of Bredig’s
Handbuch der angewandten Physikalische
Chemie; also Eyre, Brit. Assoc. Reports, 1910,
425.)

As regards the factors which determine the
solubility of a given solid in a given solvent,
little is known. From the mass of data available
a number of regularities have been deduced, but
these are of limited scope. Thus, for instance,
it is known that, with water as solvent, the
solubility of the monohydric alcohols diminishes
ag the preponderance of the alkyl radicle in-
creases and that an increase in the number of
hydroxyl groups introduced into a molecule
leads to an increcased solubility. For isomeric
substances, certain rules have been deduced,
such as that the more fusible isomer is also
the more soluble in a given solvent, and that the
ratio of the solubilities of two isomers in
different solvents is approximately the same.
See Lumsden, Chem. Soc. Trans. 1902, 81, 363 ;

othmund, le. and Eyre, lc.) JexCh B
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been marked by constant speculation on the
nature of the system formed when a substance
dissolves in a liquid.” The theories held at one
time or another in regard both to the process of
dissolution and to the constitution of solutions
may be roughly classed as chemical or physical,
according to the nature of the forces supposed
to be at work. In either case, however, the
experimental basis is furnished by the physical
properties of solutions, and the utility and
fitness of any theory of solution must be judged
by the extent to which it is capable of inter-
preting these properties.

It is impossible within the limits of this
article to deal exhaustively with the physical
properties of solutions, but it is proposed to
discuss the experimental results which have
been achieved in connection with some of the
more salient characteristics, and then to sketch
the modern theories, based on these properties,
which bear on the question of the nature of
solution.

Density. It has been found that when
aqueous solutions of different salts of the same
molecular concentration (for example, 1 mol.
salt to 100 mols. water) are compared, the density
of the solution increases with the molecular
weight of the dissolved salt. This rule, however,
is not strictly valid unless the metals in the salts
belong to the same group (see Kremers, Pogg.
Ann. 1854, 92, 497 ; 1855, 94, 87, 255 ; Mende-
1éeff, Ber. 1884, 17 (Ref.), 155 ; Gerlach, Zeitsch.
anal. Chem. 1888, 27, 271 ; 1889, 28, 290, 466 ;
Charpy, Compt. rend. 1892, 114, 539). More
definitely quantitative in character is the ob-
servation made by Valson, that if solutions of
two salts AB and AB’ are compared, each
solution containing 1 gram-equivalent in 1 litre
of water, the difference in density is practically
the same whatever the acid radicle A may be.
Similarly the difference in density of com-
parable solutions of two salts AB and A’B with
a common positive radicle is independent of B.
There may therefore be assigned to each radicle,
positive or negative, a certain figure or ¢ modu-
lus,” such that the density of a normal solution
of any salt can be calculated approximately by
simply adding together the two values for the
radicles contained in the salt (Valson, Compt.
rend. 1871, 73, 441). This additive character
of the density of dilute aqueous salt solutions
has been confirmed by subsequent observers (see
Ostwald, J. pr. Chem. 1878, 18, 353; Nicol,
Phil. Mag. 1883, 16, 121 ; 1884, 17,150 ; Bender,
Ann. Physik, 1883, 20, 560). Bender was able
to extend Vason’s law of moduli on the strength
of the observation that if A represents the
difference between the densities of two salt
solutions, each containing m equivalents of salt
per litre of solution, then A/m is a constant for
the two salts at a given temperature.

Investigation has shown that the density of
a salt solution increases less rapidly than the
concentration and that accordingly the value of

the expression ‘»9;; 1 Where sis the specific gravity

and m is the concentration in gram-cquivalents
per litre, decreases as the concentration of the

solution increases. If 8-;;—1 is plotted against m,

the decrease is often found to be exceptionally
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marked in very dilute solutions, although the
curves obtained by plotting f;_nl against m?® are

practically straight lines (Kohlrausch and Hall-
wachs, Ann. Physik, 1893, 50, 118). More
recently it has been found that within certain

5 iy A ooe—1. ..
concentration limits the quantity é‘wT is a linear

function of the degree of dissociation as defined
by Arrhenius (see Magie, Physical Review, 1907,
25, 171 ; Heydweiller, Ann. Physik, 1909, 30,
873 ; 1910, 31, 1063).

Much attention has been devoted to the
character of the density-concentration curve in
the ease of aqueous solutions of sulphuric acid
and ethyl alcohol. When the first or second

2

differential of the sp.gr.—-—g% or-gﬁ‘z——is plotted
against the percentage composition p, a series
of straight lines is obtained in place of the
continuous curve which results when s is plotted
against p. It is maintained by some investi-
gators that the discontinuities thus exhibited
correspond with the formation of definite com-
pounds between water and the dissolved sub-
stance (see Mendeléeff, Ber. 1886, 19, 379;
Zeitsch. physikal. Chem. 1887, 1, 273 ; Chem.
Soc. Trans. 1887, 51, 778 ; Pickering, tbid. 1890,
57, 64 ; compare Crompton, sbid. 1888, 53, 116 ;
Arrhenius, Phil. Mag. 1889, 28, 30; Pickering
and others, Chem. Soc. Proc. 1891, 105).

Closely related to the subject of density is
the question how far the process of dissolution
is accompanied by change of volume. A study
of mixtures of organic liquids from this point of
view has shown that the differences between the
densities directly determined and the values
calculated on the assumption that no change of
volume occurs on mixing are considerably
greater where associated liquids are involved
than where both liquids are ‘normal.” In the
majority of cases where the mixed liquids belong
to the latter class the observed density is less
than the calculated value (Linebarger, Amer.
Chem. J. 1896, 18, 429).

The investigation of solutions of such sub-
stances as paraffin, naphthalene, anthracene, di-
nitrobenzene and benzil in non-associated
organic solvents has shown that the volume
occupied by the solute in solution is approxi-
mately a constant, independent of the concen-
tration and, with certain limitations, of the
solvent. This volume, further, is approxi
mately equal to the volume which the pure
solute would occupy in the liquid state at the
same temperature (Beilby, Chem. Soc. Trans.
1883, 43, 138 ; Nieol, sbid. 1896, 69, 142 ; Forch,
Ann. Physik, 1905, 17, 1012; Lumsden, Chem.
Soc. Trans. 1907, 91, 24 ; Dawson, bid. 1910,
97, 1041, 1896 ; Tyrer, ibid. 2620).

The changes of volume which accompany the
dissolution of a substance in water are much
more notable. For some anhydrous salts and
other substances, such as sodium hydroxide in

dilute solution, the volume of the solution is

actually less than the volume occupied by the
pure solvent (see Macgregor, Chem. News, 1887,
55, 3). Attempts to find the volume occupied
by a solute in aqueous solution are generally
based on the assumption that the volume of the
solvent in the solution is the same as if it were

SOLUTION.

in the pure state. On this basis the molecular
solution volume v,,, that is, the volume occupied
by 1 gram-molecule of the dissolved substance,
mt+w w

P R where m
is the molecular weight of the solute in grams,
w is the weight of water in which the gram-
molecule is dissolved, d and § are the densities
of solution and pure water respectively (see
Nieol, Phil. Mag. 1883, 16, 121 ; 1884, 18, 179 ;
Kohlrausch and Hallwachs, Ann. Physik, 1893,
50, 118 ; 1894, 53, 14 ; Kohlrausch, ibid. 1895,
56, 185 ; Traube, Ueber den Raum der Atome,
Ahrens’ Sammlung, 1899, 4, 255). The value
of the molecular solution volume for a non-
electrolyte in aqueous solution does not vary
much, as a rule, with the concentration (see also
Wanklyn, Chem. News, 1892, 65, 122). For an
electrolyte, on the other hand, the molecular
solution volume diminishes as the concentration
of the solute diminishes and, in many cases at
least, approaches a constant value in very
dilute solution. From these values, Traube has
deduced figures which represent the atomie
solution volumes and he finds that for a non-
electrolyte in aqueous solution the molecular
solution volume is equal to the sum of the
atomic volumes, plus an increment of 12-4 c.¢.,
which is termed the °molecular co-volume.’
He further coneludes that the contraetion
accompanying the dissolution of a gram-molecule
of any non-electrolyte in water (a dilute solution
being formed) is 13-5 c.c. at 15° and that the
contraction for each gram-ion of a binary
electrolyte is the same as that for the gram-
molecule of a non-electrolyte.

Osmosis and related properties. If a layer of
concentrated sugar solution is put at the bottom
of a tall jar and the jar is then carefully filled up
with water, diffusion sets in, with the result that
the concentration of the sugar ultimately be-
comes uniform throughout the jar. The exist-
ence of the force which thus brings about the
intermixture of the sugar and the water eould be
rendered evident by interposing between solu-
tion and solvent some surface which would
differentiate between sugar and water, pre-
venting the passage of the former, but freely
permeable to the latter. If a membrane with
these properties were interposed between the
water and the strong sugar solution the system
would seek to reach equilibrium in the only way
left: open to it, viz. by water entering the solu-
tion through the membrane ; that is, a one-sided
diffusion, or ¢ osmosis,” would occur. The result-
ing increase in the bulk of the solution would lead
either to the bursting of the membrane or, if
the membrane were rigid and strong enough, to
the production of a hydrostatic pressure op-
posing the further passage of water into the
solution. The pressure developed in the solu-
tion in the latter ease might be taken as a
measure either of the driving force under the
influence of which the sugar molecules diffuse ; or,
simply, of the attraction between solvent and
solution.

These conditions are capable of experimental
realisation. Membranes are known which may
be described as ¢ semi-permeable,’ since they are
freely permeable to water, but impermeable to
certain dissolved substances. A membrane of
copper ferrocyanide, for instance, produced at

is given by the formula v,,=
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the common surface of solutions of copper
sulphate and potassium ferrocyanide, is per-
meable to water, but impermeable to dextrose
or sucrose, and has been much used in the
quantitative study of osmosis. When the
eopper ferrocyanide is deposited in the walls of
a porous porcelain pot, sufficient strength and
rigidity are imparted to the membrane to enable
it to withstand high pressures. The porous pot,
connected with a elosed mercury manometer,
is filled with a solution of dextrose or sucrose,
and is then immersed in pure water. The force
with which water seeks to enter the solution is
then determined by measuring the pressure
developed within the cell—the ‘osmotic pres-
sure,” as it is called.

The first direct determinations of this force
(Pfeffer, Osmotische Untersuchungen, 1877)
showed that the osmotic pressure of sucrose
solutions at a constant temperature is approxi-
mately proportional to the concentration, and
that the osmotic pressure of a given sucrose
solution varies nearly as the absolute tempera-
ture (see van 't Hoff, Phil. Mag. 1888, 26, 81 ;
Ladenburg, Ber. 1889, 22, 1225; Adie, Chem.
Soc. Trans. 1891, 59, 344 ; Konig and Hasen-
biumer, Zeitsch. angew. Chem. 1909, 22, 1009,
1070). The validity of these relationships has
recently been subjected to a searching investiga-
tion by Morse, Frazer and others (Amer. Chem.
J. 1905, 34, 1; 1906, 36, 1, 39 ; 1907, 37, 324,
425, 558 ; 38, 175; 1908, 39, 667 ; 40, 1, 194 ;
1909, 41, 1, 257 ; 1911, 45, 91, 237, 383, 517,
554). Working with dextrose and sucrose solu-
tions containing from 0°1 to 10 gram-molecule
per 1000 grms, of water, these investigators find
that the osmotic pressure is proportional to the
concentration, provided that this latter is re-
ferred, not to unit volume of the solution, but
to unit volume of the solvent. For the tem-
perature range 0°-25°, they find that the osmotic
pressure of a given solution is proportional to
the absolute temperature.

Direct determinations of the osmotic pres-
sure of strong solutions have been made by
Lord Berkeley and co-workers (Phil. Trans. A,
1906, 206, 481 ; 1909, 209, 177, 319 ; see also
Proc. Roy. Soc. A, 1909, 82, 271). They have
investigated sucrose solutions containing up to
750 grms. sucrose per litre and measured osmotic
Ppressures up to 133 atmospheres. 1t is found that
the osmotic pressure increases more rapidly than
the concentration, even when the latter is re-
ferred to unit volume of the solvent. (For a
summary of this work on osmotic pressure, sce
Lowry, Science Progress, 1913, 7, 544.)

For the purpose of finding ¢ isotonic’ solu-
tions—that is, solutions of equal osmotic pres-
sure—a study of the water exchange taking
place across a semipermeable membrane of
animal or vegetable origin has been found useful
(see, for instance, Tammann, Ann. Physik, 1888,
34, 299; de Vries, Zeitsch. physikal. Chem.
1888, 2, 415; Hamburger, ibid. 1890, 6, 319 ;
Hedin, tbid. 1895, 17, 164). One chief result of
these investigations has been to show that, for
equal molecular concentrations, the osmotic
activity of a binary salt (e.g. sodium chloride) is
much greater than that of a non-electrolyte such
as sucrose, and that ternary salts (e.g. calcium
chloride) are still more active.

The vapour pressure ' of a solution of a non-
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volatile solute is lower than the vapour pressure
p of the pure solvent at the same temperature,
and the relation between these and the concen-
p—p_ %
Ta+N?
where # and N are the numbers of solute and
solvent molecules respectively in the solution
(see Raoult, Zeitsch. physikal. Chem. 1888, 2,
353). There is also a quantitative relationship
between the osmotic pressure of a solution and
its vapour pressure (van 't Hoff, ibid. 1887, 1,
481 ; Gouy and Chaperon, Ann. Chim. Phys.
1888, 13, 124; Arrhenius, Zeitsch. physikal.
Chem. 1889, 3, 115; Berkeley and Hartley,
Proc. Roy. Soc. A, 1906, 77, 1566 ; Spens, bid.
234 ; Porter, ibid. 1907, 79, 519 ; 1908, 80, 457).
In order to deduce osmotic pressure from vapour
pressure by this relationship it is necessary to
know only the ratio of the vapour pressures of
solvent and solution at the same temperature,
not their absolute values. The value of the
ratio can be found by Ostwald and Walker’s
method (Zeitsch. physikal. Chem. 1888, 2, 602),
and Berkeley and Hartley, using a modified
form of apparatus, have found that the values
of the osmotic pressure deduced from the re-
lative vapour pressures of solvent and solution
are in good agreement with the values obtained
by direct measurement (Proe. Roy. Soc. A,
1906, 77, 156 ; Phil. Trans. A, 1909, 209, 177),
The boiling point of a solution of a non-
volatile solute is higher than that of the pure
solvent, the extent of the rise being proportional
to the molecular concentration of the solute
(Raoult, Compt. rend. 1878, 87, 167 ; Beckmann,
Zeitsch. physikal. Chem. 1889, 4, 532 ; 1890, 6,
437; 1891, 8, 223; 1894, 15, 656 ; compare, for
other practical methods of finding the rise of
boiling point for a solution: Sakurai, Chem.
Soc. Trans. 1892, 61, 989 ; Landsberger, Ber.
1898, 31, 458; Walker and Lumsden, Chem.
Soc. Trans. 1898, 73, 502 ; Turner, ibid. 1910,
For each solvent there is a charac-
teristic figure or constant, known as the ¢ mole-
cular elevation of the boiling point,” which is
defined as the rise of boiling point for a solution
containing 1 gram-molecule of solute in 100 grms.
of solvent. This constant can be evaluated
either empirieally, from the rise of boiling point
observed with normal solutes of known mole-
cular weight, or from van ’t Hoff’s formula
k=0-02T'2/1, where T is the boiling point of the
solvent on the absolute scale, and [ is its latent
heat of vaporisation.
The osmotic pressure P of a moderately dilute
solution can be calculatecé lfr%m iTts boiling point
1000 —Ty
T by the formula P= 2425 T, "
where S is the sp.gr. of the solvent at its boiling
point Ty, and ?is the latent heat of vaporisation
for 1 grm. of solvent. Foraqueous solutions this
formula reduces to P=56-8 (I—T,) atmospheres.
The freezing point of a solution is lower than
that of the pure solvent by an extent which is
proportional to the molecular concentration of
the dissolved substance (for details of this, see
CrY0SCOPY). The osmotic pressure P of a solu-
tion is quantitatively related to its freezing point
B B 06 dmia P 120080 T =T
y the formula ="9195 T

spheres, where S is the sp.gr. of the ‘solvent at
H

tration is expressed by the formula

atmospheres,

atmo-
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its freezing point Ty, and w is the latent heat of
fusion for 1 grm. solvent. For aqueous solu-
tions this formula becomes P=12:03 (T—T)
atmospheres.

The quantitative relationships already re-
ferred to between osmotic pressure, lowering of
vapour pressure, rise of boiling point, and de-
pression of freezing point, on the one hand, and
molecular concentration on the other, are,
generally speaking, valid only for solutions of
non-electrolytes. For electrolytic solutions,
notably those of salts in water, the osmotic
value, determined directly or indirectly, is
abnormally high. The observed depression of
freezing point, for instance, for a dilute solution
of sodium chloride in water is nearly twice as
great as the depression calculated from the
accepted freezing point constant for water, on
the assumption that the molecular condition of
the dissolved salt is represented by NaCl. If
= o@gv.e g depreisg?n , it is found that for

theoretical depression
dilute solutions of binary salts such as sodium
chloride or potassium nitrate, the values of ¢
run up to 2, while for dilute solutions of ternary
salts such as calcium chloride or sodium sul-
phate, the values run up to 3 (see Arrhenius,

Zeitsch. physikal. Chem. 1887, 1, 635; 1888, 2,

495; Bedford, Proc. Roy. Soc. A. 1910, 83,
454). It is noteworthy that for solutions of
sodium mellitate a value of ¢ almost equal to 6
has been recorded (Taylor, Zeitsch. physikal.
Chem. 1898, 27, 361).

Electrical conductivity. The significance of
this property in relation to the constitution of
solutions is generally admitted. The accurate
determination of the electrical conductivity of
aqueous salt solutions dates from the investiga-
tions of Kohlrausch (Ann. Physik, 1879, 6, 1,
145; 1885, 26, 161 ; see especially Kohlrausch
and Holborn, Leitvermdgen der Elektrolyte,
1898, where there is a full list of references to
all the fundamental work on the subject).
These, supported by the work of later investiga-
tors, have shown that whilst for a given salt the
conductivity referred to standard dimensions
of the conducting column diminishes as the
dilution increases, on the other hand the con-
ductivity referred to a fixed quantity of the
dissolved salt ¢ncreases with the dilution. The
¢ gpecific resistance ’ of an electrolytic solution is
now defined as the resistance in ohms between
two opposite faces of a centimetre cube con-
taining the solution. The °specific conduc-
tivity,” represented by the symbol x, is the
reciprocal of the specific resistance, and dimin-
ishes as the dilution increases. A measure of
the conductivity referred to a fixed quantity of
the dissolved electrolyte is given by the product
& X ¢, where ¢ is the volume of solution (in cub.
cm.) containing 1 gram-equivalent of the solute.
The product X ¢ is represented by the symbol
A (or A) and is termed the ‘equivalent con-
ductivity.” The equivalent conductivity of a
salt (acids and bases included) increases as the
concentration diminishes, and approaches a
maximum limit at very high dilutions. In
many cases at least, an éxtrapolation may be
made and the limiting value A, of the equivalent
conductivity at infinite dilution thus obtained
(see Kohlrausch, Ann. Physik, 1885, 26, 161 ;
Bredig, Zeitsch. physikal. Chem. 1894, 13, 191).
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The variation of specific and equivalent con-
ductivity with dilution for non-agueous solu-
tions appears to be generally of the same
character as for aqueous solutions (see Walden,
thid. 1906, 54, 133; 1911, 78, 257; Turner,
Amer. Chem. J. 1908, 40, 571 ; Dutoit and
Duperthuis, J. Chim. phys. 1908, 6, 703;
Philip and Courtman, Chem. Soc. Trans. 1910,
97, 1261).

The values of Ay for aqueous solutions, more
particularly those of binary electrolytes, were
shown by Kohlrausch to be additive in character ;
that is, A, may be represented as the sum of two
other values, attributable to the positive and
negative ijons respectively. The equation A,
=u-v, where « is the contribution of the cation
and o is that of the anion, is the algebraic ex-
pression of Kohlrausch’s Law of the Independent
Migration of the Ions, for it is found that the
contribution which any ion makes to the
equivalent conductivity at infinite dilution is
independent of the other jon with which it is
associated (see Kohlrausch, l.c.; Loeb and
Nernst, Zeitsch. physikal. Chem. 1888, 2, 948).
The actual values of % and » are obtained by a
combination of the figures for A, and Hittorf’s
transport numbers (Pogg. Ann. 1853, 89, 177 ;
1856, 98, 1; 1858, 103, 1; 1859, 106, 338, 513;
reprinted in Ostwald’s Klassiker der exakten
Wissenschaften : see also Loeb and Nernst, l.c. ;
Drucker, Zeitsch. Elektrochem. 1907, 13, 81;
Koblrausch, ¢bid. 333 ; McBain, Proc. Wash.
Acad. Sci. 1907, 9, 1; Washburn, Technology
Quart. 1908, 21, 164 ; Denison, Trans. Faraday
Soc. 1909, 5, 165). The relation between the
conductivity and the viscosity of salt solutions
has also an important bearing on their con-
stitution (see Kohlrausch, Sitzungsber. K. Akad.
Berlin, 1902, 572; Bousfield and Lowry, Proc.
Roy. Soc. 1902, 71, 42; Walden, Zeitsch.
physikal. Chem. 1906, 55, 207 ; 1911, 78, 257).

Theories of solution. The remarkable way
in which physical and chemical conceptions of
the relation between solute and solvent have
long struggled for pre-eminence has been
sketched in detail by Walden (Abrens’ Samm-
lung, vol. 15: ¢Die Losungstheorien in ihrer
geschichtlichen Aufeinanderfolge’). The last
three decades have witnessed a renewed activity
in the investigation of solutions, resulting in the
accumulation of a vast amount of material,
some part of which has been indicated in the
preceding paragraphs. Some scientists have
interpreted these facts in terms of a chemical
interaction of solute and solvent: by others
physical considerations have been put in the
foreground, to the exclusion of any chemical
factor.

The hydrate ’ theory is based on the view
that the formation of an aqueous solution is
essentially a process of association, and that the
solution contains compounds of solute and
solvent, the complexity of which increases with
dilution. The supporters of this theory origi-
nally found evidence for their views in the
character of the density-concentration curves
(see Mendeléeff, Zeitsch, physikal. Chem. 1887,
1, 273; Chem. Soc. Trans. 1887, 51, 778;
Pickering, ibid. 1890, 57, 64 ; Watts’ Dictionary,
1894, ¢ Solution,” second article). The method,
however, adopted for deducing the composition
of the definite hydrates supposed to be present
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in tho solutions has been subjected to
serious criticism, and in its original form
the theory is hardly tenable. If modified
in. harmony with the conceptions of reversi-
bility and mass action a hydrate theory of
solution has many facts in its favour (see Lowry,
Science Progress, 1908, 3, 124). The case in
support of the view which regards the solvent
as exercising an associative function has been
stated also by Armstrong (Proc. Roy. Soc. A,
1906, 78, 264 ; ibid. 1908, 81, 80 ; Chem. News,
1911, 103, 97).

More generally accepted at the present time
and more commonly employed as a working
hypothesis in the investigation of solutions are
the theories associated with the names of van ’%
Hoff and Arrhenius. By a thermodynamical
argument, based on the validity of Henry’s Law,
van ’t Hoff reached the conclusion that the
osmotic pressure of a dilute solution must be
proportional (1) to the concentration of the
solute and (2) to the absolute temperature
(Zeitsch. physikal. Chem. 1887, 1, 481; Phil.
Mag. 1888, 26, 81 ; compare Rayleigh, Nature,
1897, 55, 253; Xelvin, ibid. 272; Larmor,
thid. 545). He pointed to Pfeffer’s measure-
ments (see above) as an experimental verification
of these conclusions, and therefore felt justified
in extending Boyle’s Law and Gay-Lussac’s Law
to dilute solutions. Further, van ’t Hoff ex-
tended Avogadro’s hypothesis to solutions and
assumed that at a given temperature equal
volumes of two dilute solutions which have
equal osmotic pressures contain the same
number of dissolved molecules. Evidence in
favour of this extension of Avogadro’s hypo-
thesis was found in the known influence of
different substances on the vapour pressure and
freezing point of a solvent. In analogy then
with the gas equation pv=RT, the behaviour of
substances in dilute solution may be repre-
sented by an equation PV=R'T, where P is the
osmotie pressure and V is the volume of solution
containing 1 gram-molecule of solute. The
known values of P, V, and T, for dilute sucrose
solutions showed that R'=R, and hence van ’t
Hoff concluded that the osmotic pressure of a
dilute sugar solution is equal to the pressure
which the sugar would exert if it were in the
gaseous state at the same temperature and
occupied the same volume as the solution.
While this statement is valid for dilute solutions
it is not strictly accurate for higher concentra-
tions. Under these conditions the observed
osmotic pressure for sucrose solutions is greater
than the corresponding gas pressure, even when
the concentration is referred to unit volume of
solvent instead of unit volume of solution (see
Morse and others, Amer. Chem. J. 1911, 45,
554 ; Berkeley and Hartley, Phil. Trans. A,
1906, 206, 481 ; Berkeley, Proc. Roy. Soc. A,
1907, 79, 125; Callendar, bid. 1908, 80, 466).

It should be noted that the quantitative
relationships involved in van ’t Hoff’s theory
-are independent of the exact way in which the
-osmotic pressure originates. Indeed, diverse
views are held as to the origin and mechanism of
-osmotic pressure (see, for instance, Bredig,
Zeitsch. physikal. Chem. 1889, 4, 444; L.
Meyer, tbid. 1890, 5, 23 ; van ’t Hoff, tbid. 1890,
-5, 174; Ber. 1894, 27, 6 ; Whetham, Nature,
-1896, 54, 571; Poynting, ibid. 55, 33; Arm-
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strong, bid. 55, 78; Barmwater, Zeitsch.
physikal. Chem. 1899, 28, 115; Lowry, Kahlen-
berg and others, Trans. Faraday Soc. 1907, 3,
14 ; Traube, Ber. 1909, 42, 86).

In his original paper, van ’t Hoff drew atten-
tion to the fact (see above) that there are certain
substances which in aqueous solution give
abnormally high osmotic pressures and the
behaviour of which cannot be represented by
the formula PV=RT. These exceptional cases
are very numerous, but can be brought into line
with normal substances by assuming that the
abnormal substances are dissociated. Arrhe-
nius had pointed out that it is precisely those
substances (viz. salts, acids and bases) which
give abnormally high osmotic values in aqueous
solution that make water a conductor of the
electric current, and he proposed a common
explanation for the two phenomena by sug-
gesting that when a salt is dissolved in water it
dissociates to a greater or less extent into
positively and negatively charged particles or
ions, Such a dissociation wou%d mean an in-
creased number of units in solution and so would
account for the abnormally high osmotic values
observed with salt solutions. The presence of
the ions would confer on the water the power
of conducting the electric current, the passage of
the current through a conductor of this kind
being supposed to consist in the streaming of
positive ions in the one direction and of negative
ions in the other, under the influence of the
applied E.M.F.

In relation to conduction, Arrhenius classified
the molecules in a salt solution as active or
inactive, according as their ions were indepen-
dent in their movements or were closely linked
together. Only the active molecules were able
to take part in the conduction of the current,
but it was supposed, in view of the variation of
equivalent conductivity with concentration,
that at extreme (infinite) dilution all the mole-
cules of the dissolved salt became active. On
this basis, a measure of the extent of dissociation
in any salt solution is obtained by comparing
the value A of the equivalent conductivity for
that solution with the value A, of the equivalent
conductivity at infinite dilution. If a is the
‘degree of dissociation’ (or °coefficient of

On the other hand,

e 1 A

ionisation ’) then a= g
L€ o 5

if ¢ is a measure of the osmotic abnormality (see

above), it follows that a= 7%-:—1 , where 7 is the

number of jons into which a molecule of solute
dissociates. Arrhenius was able to show that
the values of a deduced for a given salt by the
two independent methods were in fair, althpugh
not perfect, agreement (Arrhenius, Zeitsch.
physikal. Chem. 1887, 1, 631; 1888, 2, 495;
Watts’ Dictionary, 1894, °Solution,’ first
article ; Whetham. Proc. Roy. Soc. 1900, 66,
192 ; Noyes, Technology Quart. 1904, 17, 293 ;
Drucker, ¢ Die Anomalie der starken Electrolyte,”
Ahrens’ Sammlung, 1905; Bedford, Proc. Roy.
Soc. A, 1910, 83, 454).

The electrolytic dissociation theory of Arr-
henius has proved very serviceable in the
quantitative study of numerous phenomena
exhibited by aqueous solutions of acids, bases
and salts; as, for instance, in the interpretation
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of diffusion (Nernst, Zeitsch. physikal. Chem.
1888, 2, 613; 1889, 4, 129 Arrhenius, ¢bid.
1892, 10, 51), of the relative strength of acids
and bases (Ostwald, sbid. 1888, 2, 36, 270 ; van ’t
Hoft and Reicher, 1bid. 779 ; Arrhenius, #bid.
1889, 4, 226 ; Walker, bid. 319; Shiclds, Phil.
Mag. 1893, 35, 365), of the influence of salts on
the activity of the corresponding acids (Arr-
henius, Zeitsch. physikal. Chem. 1888, 2, 284 ;
1890, 5, 1), of reciprocal solubility influences
(Nernst, ¢bid. 1889, 4, 372; Noyes and others,
1bid. 1890, 6, 241 ; 1892, 9, 603 ; 1898, 27, 267,
442), of the distribution of an electrolyte be-
tween two immiscible solvents (Nernst, 1891,
5, 110), and of the thermo-chemistry of salt
solutions (Arrhenius, Zeitsch. physikal. Chem.
1889, 4, 96; ¢Theories of Chemistry,” 1907,
chap. xiii.).

The fact that water is such a good dissociat-
ing or ionising solvent is probably connected
with its high dielectric constant (Thomson, Phil.
Mag. 1893, 36, 320 ; Nernst, Zeitsch. physikal.
Chem. 1894, 13, 531; Walden, ¢bid. 1906, 54,
129; compare Crompton, Chem. Soc. Trans.
1897, 71, 925 ; Dutoit and Friderich, Bull. Soc.
chim. 1898, 19, 321 ; Dutoit and Aston, Compt.
rend. 1898, 125, 240 ; Briihl, Zeitsch. physikal,
Chem. 1898, 27, 319). This, however, does not
adequately explain the cause of ionisation, or
indicate the source whence the energy necessary
for ionisation is derived. It has been growingly
felt that in the earlier presentation ang applica-
tions of the theory of electrolytic dissociation
the part played by the solvent was too much
neglected, and at the present time the view is
commonly held that, in many cases at least,
the ions of a salt solution are hydrated. Not
only so; it is urged by some that it is the
hydration of the ions which is the source of
energy in ionisation (see Lowry, Science Pro-
gress, 1908, 3, 202). The evidence bearing on
the existence of hydrated ions and the methods
available for determining the extent of hydra-
tion have been summarised by Washburn
(Technology Quart. 1908, 21, 360). P
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SOMATOSE. An albumose preparation from
meat.

SOMBRERITE. A mixed calcium and alu-
minium phosphate occurring on Sombrero and
other islands of the Antilles (v. FERTILISERS ;
also PHOSPHORUS).

SOMNOFORM v. SYNTHETIC DRUGS.

SOPHORA JAPONICA (Linn.). Thisisalarge
and beautiful tree, not unlike an acacia, belonging
to the Leguminose, which grows abundantly
throughout China.

The undeveloped flower buds constitute an
important yellow dyestuff employed by .the
Chinese for colouring the silken vestments of
the mandarins. For this purpose the buds are
collected and dried rapidly, either in the sun or
by artificial means, usually with the addition of
a little chalk. The method of dyeing consists
in simply boilihg for 1-1} hours in a decoction
of the flower buds, silk which has been pre-
viously mordanted by stecping overnight in a
decoction of alum. Less frequently it is em-
ployed in the dyeing of cotton and wool. Its
price is about 30s. a cwt.

This dyestuffi has been studied by many
chemists, especially by Schunck (Chem. Soc.
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Trans. 1888, 53, 262; 1895, 67, 30), who
has proved that the glucoside which it con-
tains formerly called sophorin (Forster, Ber.
1882, 15, 214) is in reality identical with
rutin, the quercetin glucoside first isolated
from rue (Ruta graveolens [Linn.]) by Weiss
(Chem. Zentr. 1842, 903). (Compare also Stein,
J. pr. Chem. [i.] 58, 399; 85, 351; 88, 280;
Schunck, Manchester Memoirs, 1858, 2 ser.
15, 122.)

When applied to wool the Sophora Japonica
buds give colours somewhat like those obtained
with quercitron bark, viz. a dull orange with
chromium, a yellow of moderate brilliancy with
aluminium, a bright ycllow with tin and a dark
olive with iron. In dyeing power it seems to be
equal if not slightly superior to quercitron bark,
and is to be regarded as an excellent dyestuff,
quite equal to those of similar character in
general use (Hummel and Perkin, J. Soc. Chem,
Ind. 1895, 458). ACIGES

SORANJES, or SURANJI, v. AAL.

SORBITE. One of the constituents of steel.
It is intermediate in properties between cemen-
tite and pearlite (g.v.), and may be regarded as
pearlite in which the lamell® or granules are so
fine that no microscope can resolve them (Os-
mond, Revue de Métallurgie, 1904).

It is an important constituent of structural
steels, v. METALLOGRAPHY.

SORBITOL v. CARBOHYDRATES.

SORBOSE v. CARBOHYDRATES.

SOUDAN BROWN v. Az0- COLOURING MAT-
TERS.

S0Y. A well-known sauce made from soy
beans (Soja hispida (Moench.); nat. ord. Legumi-
nose), chiefly in Japan, and to a less extent in
China, India, and the Moluccas. It is known to
the Japanese as ‘ Sho-ju,’ and to the Dutch, by
whom it appears to have been introduced into
Europe, as ‘ shoya.’

To prepare the sauce, the beans are ground
up with an equal quantity of wheat or barley,
and boiled with water until soft, when the mix-
ture is left in a warm place for about 24 hours to
ferment. It is then covered with a thick layer
of salt, water poured over it, and the mass
stirred daily for about a couple of months.
The liquor is then poured off, squeezed out of
the sediment and stored in wooden vessels, in
which it clears on standing.

A Chinese sauce, known as ‘ kit-jap ’ (hence
‘ ketchup ’), is sometimes sold as ‘soy,” and
often the article described under this name is
nothing more than diluted molasses flavoured
to imitate soy. I G

SOYA (Soja) BEAN OIL (Soy-Bean oil, Bean
otl, Chinese Bean oil). This oil is obtained from
the seeds of Glycine Soja, Sieb. et Zucc., Dolichos
Soja, Linn., Soja hispida, Moench, Soja
Japonica Savi, Qlycine hispida, Maxim (‘ Sachuca
bean ’), a plant indigenous to China, Manchuria,
Korea, Japan, Formosa, and Indo-China, where
the oil and the expressed cake are largely used
as foodstuffs, The seeds contain 18 p.c. of
oil and about 3040 p.c. of proteins.

The cultivation of the soya bean has been
for centuries the main agricultural industry of
Manchuria, and the industries based on the pro-
duction of soya bean oil and soya bean cake
have formed the most important manufacture
of Manchuria, and to a large extent of Japan.
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Up to the last Russian-Japanese war, the soya
bean and soya bean oil were practically un-
known in FEurope. Since then, however,
enormous quantitics have been imported into
Europe and the oil has in an extremely short
time acquired the position of one of the foremost
oleaginous sceds, rivalling in extent and im-
portance the cotton-gecd oil industry of Europe.
Owing to their high proportion of proteins, they
have rapidly acquired great commercial im-
portance ; especially so as it is stated that the
soya cake is instrumental in producing cow-
milk richer in butter fat than is obtained when
feeding with linseed and cotton-seed cake. In
this country, however, the cake has not yet
been employed for feeding milk cows to the same
cxtent that it has on the Continent (Denmark,
Holland).

In Manchuria, three varieties of Soja are
known, commercially, namely, yellow, green
and black, but the commercial seeds represent
at least seven varieties. Thealmost phenomenal
importance which the soya bean industry has
acquired in the course of two years has led to
the attempt to cultivate the soya bean for
commercial purposes in other countries, and at
present experiments are being made to produce
soya beans in Australia, South Africa, United
States of America, Italy, Spain, South America,
and even in this country.

In Manchuria, the beans are soaked in water
over night, then crushed and boiled with a little
water so as to burst the oil cells. The oil is
then expressed in the most primitive fashion ;
but owing to the long time the cakes are allowed
to remain in the press the yield of oil amounts
to 13 p.c., whereas experiments made with
modern machinery are stated to have yielded no
more than 10 p.c. The expressed meal is made
into bean-cakes which constitute one of the
staple foods of the country, and form the most
important article of export. Before the Russian-
Japanese war, the chief export of beans from
Manchuria was directed to Japan, where the
bean is used on the most extensive scale for the
preparation of the condiment ¢Shoyu’ and
¢ Misu ’ (Soja sauce).

For the characteristics of soya bean oil see
O1Ls, F1xEDp, AND FaTs.

The oil must be classed with the drying oils,
inasmuch as it (or at least some varieties of the
soya bean oil) yieldsup to 5 p.c. of hexabromide
in the bromide test. The drying powers are,
however, weak as compared with linseecllT oﬂ.

SOZAL v. SYNTHETIC DRUGS.

SOZOIODAL v». SYNTHETIC DRUGS.

SPANISH GRASS v. EsPARTO and PAPER.

SPANISH OCHRE. Burnt Roman Ochre
v. PIGMENTS.

SPAR (Ger. Spath, Spat). A general term
applied to a variety of minerals without metallic
lustre which occur as crystals or which cleave
into fragments with bright surfaces. Such
sparry minerals are well known to miners as
the gangue of metallic ores. Several kinds of
spar are distinguished by popular names, and
the term also enters into certain mineralogical
names. For example: Derbyshire-spar (fluor-
spar) ; calc-spar, Iceland-spar, doubly-refracting
spar, dog-tooth-spar, and nail-head-spar (cal-
cite) ; heavy spar (barytes) ; satin-spar (gypsum

101
and calcite); tabular:’spars (wollistopite s
adamantine spar (corundum); felspar, feldspar ;
&c. Inspecial trades, however, the term ¢spar’
is often used for one particular kind of spar.

. J. 8.

SPARTEINE C, ;H,,N, (Mills, Chem. Soc.
Trans. 15, 1)is the alkaloid of the common
broom, Cytisus Scoparius (Link), in which it
was discovered by Stenhouse (Chem. Soc. Trans.
4, 218). It is produced in greatest quantity
during the early part of the life of the
plant (Chevalier, Compt. rend. 1910, 150, 1068),
and is prepared from broom-tops by adding
caustic soda to the aqueous extract and
then distilling with steam, or by evaporating
the extract to dryness and dissolving out the
alkaloid with dilute hydrochloric acid (Sten-
house). 1000 grms. of the plant yield 3 grms.
pure product (Houdé, J. Pharm. Chim. {v.] 13,
39). For other methods of extraction see
Houdé, l.c. ; Kerchmann, Arch. Pharm. [iii.] 9,
209.

Sparteine is a thick, heavy liquid, colourless
when freshly prepared, becoming brown on
exposure to light and air. It boils at 180°-181°
at 20 mm. (Bernheimer, Gazz. chim. ital. 13,
451); 287° (Houdé); 311°-311'5° at 723 mm.
(Bamberger, Annalen, 235, 368) ; 326° (Wacker-
nagel and Wolffenstein, Ber. 1904, 37, 3238);
188° (corr.) at 18:5 mm. and 325° (corr.) in a
current of dry hydrogen at 754 mm. (Moureu
and Valeur, Compt. rend. 1903, 137, 194). It
has sp.gr. 1-034 at 0° 1-0196 at 20° (Mouren
and Valeur, loc. cit.), 1:0199 at 20° (Semmler,
Ber. 1904, 37, 2428); the specific rotation
[a], is —16-42° (M. and V.), —14-6° at 26°
(Bernheimer, l.c.); and the refractive index
n, is 1-5293 at 19° (M. & V.), 1-5291 at 20°

(Semmler).

It is soluble in water to the extent of
0-304 parts in 100 (Moureu and Valeur, loc.
cit.), and is readily soluble in alcohol, ether,
and chloroform ; insoluble in benzene and
petroleum (Houdé, loc. cit.).

Sparteine has a strong alkaline reaction and
behaves as a diacid base towards phenol phtha-
lein, &c., but as a monacid base to litmus., It
has a very bitter taste and is a powerful narcotic
poison. Administered in small doses (as the
sulphate in aqueous solution) it strengthens the
action of the heart and immediately regulates
any disorder of the cardiac rhythm (Sée, Compt.
rend. 101, 1046 ; see also Maurel, Compt. rend.
Soc. Biol. 1903, 55, 1427, and Arch. Experim.
Pathol. Pharm. 1892, 141).

Sparteine is a ditertiary base and is com-
pletely saturated ; it does not contain methyl
groups attached to nitrogen (Herzig and Meyer,
Monatsh. 1895, 16, 599). On these and other
grounds, the following formula has been pro-
posed by Moureu and Valeur (Compt. rend.
1905, 141, 261, 328):
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AR i S ) -CH,
$H-CH,-CH2-1I\I l\k-CHz-CH,,«:IH
J)Hz—————- H-CHz-(]:H CH,

When oxidised with a strong solution of
potassium permanganate or with silver oxide
and water in sealed tubes it undergoes profound
decomposition, among the products being
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o pyridide, ©.a-piccliné “tnd-°allied compounds
(Peratoner, Gazz. chim. ital. 22, 566; Bern-
heimer, bid. 13, 451 ; cp. Bamberger, Annalen,
235, 368). Hydrogen peroxide, however, con-
verts it into oxy- and dioxy- sparteine (Ahrens,
Ber. 24, 1095 ; 25, 3607 ; 26, 3035; 30, 195).
The alkaloid retamine, obtained from the shoots
and bark of Genista [Retama] sphaerocarpa
(Lam.), is a hydroxy sparteine, C,;H,¢N,0,
crystallising in long needles, m.p. 162° with
decomposition (Battandier and Malosse, Compt.
rend. 1897, 125, 360, 450 ; see also Willstétter
and Marx, Ber. 1904, 37, 2351).

Tests for sparteine. Sodium picrate gives a
yellow colour which on addition of sulphuric
acid, ammonium persulphate and potassium
thiocyanate turns orange-red. If the dry residue
obtained by evaporating solutions of ferric
chloride and potassium thiocyanate together be
touched with a solution containing sparteine an
intense bluish-violet colouration is obtained
(Reichard, Pharm. Zeit. 48, 385).

Sparteine sulphate C, H,,N,H,S50,5H,0,
prepared by dissolving the alkaloid in 10 p.c.
sulphuric acid and allowing the solution to
crystallise in a warm place, forms colourless
rhombohedral crystals, soluble in 1:1 parts of
water and in 24 parts of alcohol at 25°, insoluble
in ether and chloroform. In aqueous solution
at 15°-20° it has [a], —22-12° (Moureu and

Valeur, J. Pharm. Chim. 1903, [vi.] 18, 545).

Sparteine hydrochloride and hydriodide are
white crystalline solids, soluble in water ; the
latter has m.p. 226°-228°. The platinichloride
C, sH,¢N,-H,PtCl,,2H,0 is yellow and decom-
poses at 244°-257°.

Sparteine picrate C, H,,N,2C,H,0,N; has
m.p. 208° (Moureu and Valeur, Compt. rend.
1903, 137, 194), 199°-200° (Wackernagel and
Wolffenstein, l.c.).

Sparteine ferrichloride C, H,¢N,-2HCIFeCly
sinters at 190° (Scholtz, Arch. Pharm. 1909,
247, 534).

Sparteine ferrocyanide is a white crystalline
solid, easily soluble in water (Beckurts, Arch.
Pharm. 228, 347).

1s0-Sparteine

CH, i CH, OB see 0L
| |
CH-CHS-CHE-%J 1}1-01{(0}13)-1\1
CH,—— OH-CH, CH——CH,

has been isolated by Moureu and Valeur (Compt.
rend. 1907, 145, 1184, 1343).

Numerous derivatives of sparteine and #so-
sparteine have been prepared: for an account
of these the original papers must be consulted—

Dihydrosparteine (Ahrens, Ber. 20, 2218;
21, 825).

Oxysparteine (Ahrens, Ber. 24, 1095; 25,
3607 ; 26, 3035; 30, 195).

Hydroxysparteine C,;H,,ON, (Ahrens, ¢bid.
1905, 38, 3268).

Dehydrosparteine (Ahrens, #bid. 26, 3035).

Spartyrine C,;H,,N, (Willstatter and Marx,
Ber. 1905, 38, 1772).

Ethylspartylammonium jodide C, H, EtN,I,
(de Coninek, Compt. rend. 104, 513).

Methyl-derivatives of sparteine and iso- |
sparteine (Moureu and Valeur, Compt. rend.
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1907, 145, 815, 929, 1184 ; 146, 79; Moureun
and Valeur, Bull. Soc. chim. 1908, [iv.] 3, 674 ;
Compt. rend. 1908, 147, 127, 864, 1318 ; Valeur,
Bull. Soc. chim. 1909, [iv.], 5, 31 ef seq.).

SPATHIC IRON-ORE v. CHALYBITE.

SPEARMINT-OIL ». O1rs, ESSENTIAL,

SPECIFIC GRAVITY. This term, taken
stri.ctly, means the ratio of the true weight of
a given volume of a substance to the true weight
of an equal volume of water at the same tem-
perature t°C. ; the ratio is frequently indicated
by the symbol di. The correction for displaced
air, however, is not always made, so that the
value quoted for d? often means the ratio of the
apparent weights of equal volumes of substance
and water at the same temperature. The
higher the specific gravity of the substance, the
greater is the difference in value between the
two ratios, as just defined. In the case, for
example, of a liquid with a specific gravity of
1-9, the difference would amount to 1 unit in
the third place of decimals.

Again, ‘ specific gravity ’ is frequently taken
to mean the ratio of the true weight of a given
volume of a substance at temperature #° to the
true weight of an equal volume of water at 4°:
the ratio is frequently indicated by the symbol d;.
In view of the relation between weight and
volume of water in the C.G.8. system it is evident
that the specific gravity of a substance, as thus
defined, has the same numerical value as its
absolute density, which is the mass in grams of
a cubic centimetre. It should be pointed out
that the values of d} recorded in the literature
often refer to the ratio of the apparent weights
of equal volumes of the substance and water at
° and 4° respectively. The indefiniteness that
prevails in the use of the term ° specific gravity ’
makes it desirable to indicate along with each
recorded value (1) whether water at ¢° or water
at 4° is taken as the standard of reference ; (2)
whether a correction has been made for dis-
placed air.

The term °specific gravity’ is used mainly
in connection with the densities of liquids and
solids relatively to water. Gases are usually
compared with air or hydrogen as a standard,
and the ‘relative density ’ of a gas means the
ratio of the weight of a given volume of the gas
at given temperature and pressure to the weight
of an equal volume of air (or hydrogen) under
the same conditions. Owing to the uniform
influence of temperature on the volumes of
different gases this ratio is independent of
temperature ; whilst, on the other hand, the
relative density or specific gravity of a liquid,
d%, is a variable figure.

In all determinations of specific gravity or
density, the essential operation is to find the
weight of a known volume of the substance at
known temperature and, in the case of a gas,
known pressure. In the following sections, an
account is given of the chief methods used in
such determinations.

DENSITY OF (FASES AND VAPOURS.

The standard method for the accurate deter-
mination of the density of gases is the one em-
ployed originally by Regnault and perfected
by later workers, notably von Jolly (Trans.

1905, 140, 1645; 141, 49, 117; 261, 328 ;| Munich Acad. 1880, 13, ii. 49), Rayleigh (Proc.
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Roy. Soe. 1893, 53, 134), Leduc (Compt. rend.
1891, 113, 186), and Morley (Smithsonian Con-
tributions to Xnowledge, 1895 ; Zeitsch. physi-
kal. Chem. 1896, 20, 68, 242). The principle of
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the method may be suitably explained by
reference to the apparatus used by Lord Ray-
leigh (l.c.). The glass globe s, which can be
surrounded with ice in the inverted bell-jar T,
contains about 1800 c.c. and is connected with
the rest of the apparatus by a short piece of
thick-walled indiarubber tubing U. The tube v
communicates with the gas-generating appara-
tus and connection is made through the tap w
with a Topler pump X, and further, through the
tube D, with the vacuum chamber of a special
manometer. The side tube E leads to the
pressure chamber of the same manometer.

The volume of the globe is ascertained by
finding the weight of boiled-out distilled water
which it contains up to the top of the passage in
the stopcock. After it has been dried it is
attached to the rest of the apparatus as shown
in Fig. 1. The globe is then alternately evacu-
ated and filled with the gas under examination,
its weight being determined between each
operation. During the filling of the globe it is
surrounded with ice, and before the stopcock is
closed the pressure is read off on the manometer.
The temperature and pressure of the gas filling
the globe are thus accurately known. Inorderto
eliminate the effects of changesin the temperature
and pressure of the atmosphere, and therefore in
the buoyancy of the displaced air, in the interval
between the weighing of the vacuous globe and
the weighing of the filled globe, a counterpoise
must be employed. This should be a closed
glass globe of the same external volume as the
onc already referred to. The ‘dummy ’ globe,
further, should be subjected to the same treat-
ment, in regard to washing and wiping, as the
working globe, so that the two glass surfaces,
when the weighing is made, shall, as far as
possible, be in the same condition. In the
most accurate work it is necessary to make a
correction, indicated by Lord Rayleigh, for the
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contraction which the globe undergoes when it
is evacuated. In the case of a globe of 1800 c.c.
capacity, this contraction amounts to about
0-43 c.c., and the air displaced by the vacuous
globe is less by this amount than the air dis-
placed by the full globe. The weight of 0-43 c.c.
of air at the temperature and pressure of the
balance case must therefore be added to the
observed weight of the gas filling the globe.

The foregoing method, when applied with
all due precautions, gives results of high accuracy.
Successive determinations by Lord Rayleigh of
the weight of oxygen filling his working globe
under constant conditions gave figures the
extreme variation of which was about 1 part in
9000, and this although the oxygen was obtained
from different sources. Where the available
supply of gas is small, and the use of large globes
is therefore out of the question, the attainable
accuracy is not so high. Travers has estimated
that in the case of helium, for instance, with a
globe of 30 c.c. capacity, it should be possible
to determine the density to within 1 p.c. of the
true value, A description of the apparatus used
in finding the densities of the rare gases has been
published by Ramsay and Travers (Phil. Trans.
A, 1901, 197, 54).

The accurate determination of the densities
of gases has assumed great importance in con-
nection with certain atomic weight problems.
When allowance is made for the extent to which
the different gases deviate from strict adherence
to Boyle’s Law, that is, when the compressibility
is taken into account, it is possible to deduce
from the relative density of a gas found for a
pressure of 760 mm. the value which it would
have at an infinitely low pressure. It is then
agsumed that the molecular weights of different;
gases would be strictly proportional to such
limiting densities (see D. Berthelot, Compt.
rend. 1898, 126, 954, 1030, 1415, 1501 ; Ray-
leigh, Phil. Trans. A, 1905, 204, 351). The
molecular weights so calculated were in harmony
with the accepted atomic weights except in one
case, viz. that of nitrogen. %Iere the applica-
tion of the physical method of limiting densities
has led to a revision of the atomic weight for
this element (see Gray, Chem. Soc. Trans. 1905,
87, 1601 ; 1906, 89, 1173; Guye and others,
Compt. rend. 1905, 140, 1386; 141, 826; J.
Chim. phys. 1905, 3, 537; Ber. 1906, 39,
1470).

Schloesing’s method for finding the relative
density of a gas depends on certain well-known
hydrostatic principles and can be used when
only 5-10 c.c. of gas are available (see Compt.
rend. 1898, 126, 220, 476, 896). Two long
capillary tubes, arranged vertically and com-
municating at the bottom through a 3-way tap,
with each other or with a mercury reservoir, are
charged with air, carbon dioxide and a gas X of
unknown density. The carbon dioxide (sup-
posed to be the heaviest of the three %ases)
occupies the lower part of the tubes, while the
upper parts are occupied by air and X respec-
tively.. When equilibrium has been established
between the two tubes, the positions of the two
surfaces air—CO, and CO,—X will obviously
depend on the relative densities of air and X.
These positions can be determined by allowing
mercury to rise into each tube separately and
drive aver the contents into an absorption vessel
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filled with caustic potash. The unabsorbed air
or X is then brought back into its tube, and the
position of the mercury at atmospheric pressure
is read off. In this way, without weighing and
without reading the barometer, the density of
X can be deduced from the densities of air and
carbon dioxide.

Another method for the determination of the
densities of gases was devised by Bunsen, and
depends on the rate of effusion through a minute
hole in a thin plate of platinum. The densities
of two gases are proportional to the squares of
the times of effusion, so the experiment consists
in determining the time occupied by the passage
of a certain volume of air through the aperture,
and then determining the time required for the
effusion of the same volume of the gas. The
density in relation to air is obtained by dividing
the square of the number of seconds recorded in
the second case by the square of the number
found in the first.

Bunsen’s apparatus, described in his Gaso-
metry (1857, 121-127), has since been improved
by Schilling, and in this form is employed for
controlling the density of coal gas. The results
given by this apparatus are reliable to about
1 part in 500. The Simmance-Abady specific
gravity bell is used for a similar purpose and is
based on the same principle. Effusion appara-
tus has been employed also in the study of the
rare gases (Donnan, Phil. Mag. 1900, 49, 423 ;
compare Emich, Monatsh. 1903, 24, 747 ; 1905,
26, 505).

The control of the density of coal gas, al-
ready referred to, is frequently effected with the
help of a so-called gas balance. The charac-
teristic part of such an apparatus is a hollow
brass sphere which takes the place of cone side
of the beam, and which can be filled in situ with
the gas under examination. On the other side,
the beam carries a rider and ends in a pointer
which moves in front of a vertical scale (see
Lux, Zeitsch. anal. Chem. 1887, 26, 38; 1890,
29, 13; J. Soc. Chem, Ind. 1890, 9, 415).

When it is desired to ascertain the density
in the state of vapour of a substance which is
liquid under the ordinary conditions of tempera-
ture and pressure, special methods must be
adopted.

In Dumas’ method of determining vapour
densities, the weight of a known volume of the
vapour is determined. A light glass flask, of a
capacity of from 100 to 350 c.c. (according to
the density of the vapour to be determined),
has its neck drawn out to a fine point and bent

Fia. 2.

nearly at right angles (see Fig. 2). The flask
has to be filled with dry air, which is done by
connecting the point with a caleium chloride
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tube and attaching the latter to an air-pump.
The flask is several times exhausted, and filled
with air which has passed through the drying
tube. The flask full of air is now weighed, the
temperature and the barometer being simul-
taneously read. The end of the tube is next
dipped into the liquid, or the fused substance, if
the body of which the vapour density is to be de-
termined is solid at the ordinary temperature,
and by alternate heating and cooling some of
the liquid is introduced into the flask. The flask
is lowered into a bath of boiling water or of hot
oil ; the liquid boils, and its vapour expels the
air. The introduction of the flask into the bath
must be done with caution, for a dangerous
pressure might be produced in the flask if the
evaporation were too rapid. When the tempera-
ture of the bath is well above the boiling point
of the liquid and vapour ceases to escape from
the orifice, the point is sealed by a blowpipe
flame, the temperature of the bath and the
height of the barometer being observed at the
same time, The flask is removed from the bath,
cleaned, and weighed. The next process is to
determine the capacity of the flask. For this
purpose the point of the flask is broken under
mercury, and the mercury is forced in by atmo-
spheric pressure. If the mercury completely
fills the flask it shows that no air was mixed
with the vapour of the substance. The mercury
is now poured out into a graduated vessel, and
the quantity measured. This gives the volume
of the vapour that the flask contained. If a
bubble of air is observed above the mercury in
the flask, its volume must be determined either
by refilling the flask completely after measuring
the mercury, or more conveniently by running
mereury in from a burette until the flask is quite
full of mercury with the condensed liquid above
it; the volume of mercury thus introduced is
equal to the volume of the residual air. The
capacity of the flask is now determined by
measuring the mercury as before described.
The data are sufficient for the calculation of the
vapour density ; the weight of the flask is the
weight first obtained minus the weight of the
volume of air at the temperature and pressure
at the time of weighing calculated from the
volume of the flask found in the last operation.
The weight of the vapour is the weight obtained
in the second weighing minus the weight of the
flask. The volume of the vapour at 0° and
760 mm. pressure is calculated from the volume
of the flask and the temperature and pressure at
the time of sealing, and the weight of an equal
volume of air or of hydrogen is calculated from
the known weights of a litre of these gases. A
correction may be made for the increase of the
capacity of the globe at the temperature at
which it is sealed, but in most cases this correc-
tion is unnecessary. When Dumas’ method is
used the substance must be pure, for if it is
a mixture the portions with the lower boiling
point gass off first, and the density ultimately
arrived at is vitiated by the presence of the sub-
stances of higher boiling point.

The original Dumas’ method has been

i

variously modified. Habermann suggested that
the vaporisation in the bulb should be carried
out under reduced pressure (Annalen, 1877, 187,
341). Less material is then required, and the
bulb need not be heated beyond the ordinary
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boiling point of the substance. Minor modifica-
tions have been proposed by Pettersson and
Ekstrand (Ber. 1880, 13, 1191), Pawlewski (ibid.
1883, 16, 1293), Schall (:bid. 1885, 18, 2068),
Friedel and Crafts (Compt. rend. 1888, 106,
1764), Winkler (Chem. Zeit. 1899, 23, 627). For
use at very high temperatures, the bulbs may
be made of porcelain instead of glass (Deville
and Troost, Ann. Chim. Phys. 1860, 58, 257).

Instead of determining the weight of a
known volume of the gasified substance it is
possible to start with a known weight of the
liquid, the vapour density of which is to be
ascertained, and then to find the volume occupied
by this in the gaseous state at known tempera-
ture and pressure. This is the principle under-
lying Gay-Lussac’s method, in which a small
sealed bulb with a known quantity of the liquid
under investigation was introduced into a
graduated tube filled with mercury and standing
in a bath of this metal. This tube was sur-
rounded by a cylinder containing a suitable
liquid, and by heating the mercurial trough the
temperature was brought to such a point that
the substance in the inner tube was completely
gasified. Gay-Lussac’s method was notably

" improved by Hofmann (Ber. 1868, 1, 198). The
graduated tube was lengthened up to a metre,
so that the substance vaporised into a vacuous
space and the vapour produced was under a
very small pressure. This fact made it possible
to ascertain the vapour density of a substance
at temperatures well below its boiling point.
The tube, further, was jacketed with the vapour
of a boiling liquid, such as aniline or water, and
the use of small stoppered bottles was suggested
instead of sealed bulbs.

Hofmann’s method has been applied in
various modified forms (see Briihl, Ber. 1876, 9,
1368 ; 1879, 12, 197; Thorpe, Chem. .Soc.
Trans. 1880, 37, 147; Capstick, Phil. Trans, A,
1894, 185, 1; Ramsay and Steele, Phil. Mag.
1903, 6, 492; Blackman, Ber. 1908, 41, 768,
4141) and is capable of giving results of high
accuracy. The apparatus devised by Thorpe is
shown in Figs. 3-5.

I
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Fia. 3.—SEcTIiON 0F MERCURY TROUGH.

Instead of the barometer tube being gradu-
ated through its whole length, only one mark is
ctched on it near the closed end. The capacity
of the closed end to the mark is first determined,
and the rest of the tube is calibrated by pouring
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in known quantities of mercury as in calibrating
a eudiometer, the levels of the mercury in the
tube being read off on a graduated scale placed
by its side. The mercury trough is provided
with a shallow well in which the barometer tube
and the surrounding cylinder stand, and there is
an opening at the bottom of the other portion of
the trough by means of which the mercury may
be drawn through a caoutchouc tube into a tubu-
lated bottle. Through the bottom of the trough
and into the well pass two nickel-plated copper
tubes, one of which passes to the bottom and the
other to the top of a copper boiler placed below
the level of the trough, and containing the
liquid the vapour of which is to heat the baro-
meter. When an experiment is to be made the
two copper tubes are connected by a short india-
rubber tube (to prevent the access of mercury),
and the bottle of mercury raised so as to fill the
trough. The calibrated tube is next filled with
mercury and inverted in the trough, and the
weighed substance introduced. The tube is
placed in the well, the mercury run out from the
trough, and the india-rubber tube removed from
the copper tubes. A wide cylinder is now
placed round the barometer tube so as to inclose
the tubes connected with the boiler between the
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cylinder and the barometer, and to the top of
the wide tube a cap is fitted connected to a ver-
tical metal condenser, which also acts as the
support of the glass tubes. The liquid in the
boiler is now raised to ebullition, and the vapour
which condenses in the cylinder returns to the
boiler by the tube which passes to the bottom,
and which is a little shorter than the other tube.
Any vapour which passes through the cylinder is
condensed by the vertical condenser and falls
into a funnel attached to the return tube to the
boiler. The mercury expelled from the baro-
meter flows over the edge of the well, and runs
into the bottle. In this form of apparatus the
whole of the mercury in the barometer tube is
uniformly heated, which renders it possible to
make an accurate correction for the pressure.
When the vapour ceases to expand, the lower
end of the steel scale is brought in contact with
the mercury in the well, and the level of the
mercury in the tube is measured by moving
downwards by rack and pinion a piece of brass
which partly surrounds the wide tube. This
gives the height of the column in the barometer,
and, by reference to the calibration table, the
volume of the vapour in the tube.

A more convenient, if less accurate, process
for the determination of vapour densities was
devised by V. Meyer (Ber. 1878, 11, 1867, 2253),
and depends on the measurement of the volume
of air expelled from a closed vessel by the
volatilisation of a known weight of the sub-
| stance. The apparatus (see Fig. 6) consists of
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a cylindrical bulb, B, of about 100 c.c. capacity, | Fig. 6), until the cork has been replaced. The

attached to the end of a long tube. Near the
upper end of the latter a side-tube, D, is attached
which dips downwards into a water trough, and
over the end of this delivery tube a graduated |
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cylinder, =, full of water may be placed, the top
of the vertical tube being closed by a cork. At
the bottom of the eylindrical bulb a quantity of
asbestos is placed to prevent the fracture of the
glass by the introduction of the vessel con-
taining the substance under investigation. The
bulb and part of the long tube are heated in the |
vapour of a liquid boiling at least 20° higher
than the boiling point of the substance itself,
or in a bath of molten lead.. When the tempera-
ture of the tube becomes constant (indicated by
the cessation of escape of air through the water
in the trough) the graduated tube is placed over
the end of the delivery tube, the cork withdrawn
from the long tube, and a small vessel, con-
taining a weighed quantity of the substance, is
allowed to fall into the apparatus and the cork
immediately replaced. Instead of falling directly
to the bottom of the bulb B, the small vessel

said vessel may be a small stoppered bottle or
sealed bulb: in the latter case the capillary
end of the bulb must be broken off before it
is introduced into the apparatus. The volatile
body is rapidly transformed into vapour, and
air is expelled and collected in the graduated
cylinder. The evaporation takes place so
rapidly that none 'of the vapour has time3to
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diffuse into the cooler parts of the apparatus,
and the air expelled, when reduced to the
normal temperature and pressure, is equal to
the corrected volume of the vapour produced
from the weighed quantity of the substance.
From the data thus obtained the vapour
density is calculated.

The air displaced from the apparatus may
be collected and measured in a gas burctte,
instead of in a graduated tube over water, while
the reduction to N.T.P. may be facilitated by
using a Lunge gas volumeter (Lunge and
Neuberg, Ber. 1891, 24, 729). This latter
apparatus has the further advantage that it
permits the determination of vapour density
by V. Meyer’s method under reduced pressure
(see also Meunier, Compt. rend. 1884, 98, 1268 ;
La Coste, Ber. 1885, 18, 2122; Schall, sbid.
1887, 20, 1827, 2127 ; Richards, Chem. News,
1889, 59, 39; Bodlinder, Ber. 1894, 27, 2267).
Various devices have been suggested which
permit the introduction of the substance into
the heated space without opening the apparatus
(L. Meyer, Ber. 1880, 13, 991; La Coste, lec.;
Bott and Macnair, Ber. 1887, 20, 916 ; Biltz and
V. Meyer, Zeitsch. physikal. Chem. 1888, 2,
189 ; Eykman, Ber. 1889, 22, 2754 ; Patterson,
Chem. News, 1908, 97, 73).

In determining vapour density at atmo-
spheric pressure %y V. Meyer’s method, the

may be allowed to rest on a movable rod (see

temperature of the bath should ordinarily be
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somewhat higher than the boiling point of the
substance under examination ; but Demuth and
Meyer have shown (Ber. 1890, 23, 311) that if
the apparatus is filled with hydrogen and pro-
vision is made for rapid diffusion and dilution
of the vapour, the density may be satisfactorily
determined at temperatures below the boiling
point. If it is desired to find vapour densities
at very high temperatures the apparatus must
be made of some refractory material, such as
platinum, porcelain or iridium (see V. and C.
Meyer, Ber. 1879, 12, 1112; V. Meyer, bid.
1880, 13, 394 ; Crafts, Compt. rend. 1880, 90,
183 ; Nilson and Pettersson, J. pr. Chem. 1886,
33, 1; Zeitsch. physikal. Chem. 1889, 4, 211 ;
Biltz and Meyer, tbid. 1889, 4, 249 ; Biltz, ibid.
1896, 19, 385 ; Meyer and Recklinghausen, Ber.
1897, 30, 1926). For vapour density deter-
minations in the neighbourhood of 2000°, Nernst
uses a small iridium vessel, coated with magnesia
and asbestos, in which 0-1-1:0 mg. of the sub-
stance under investigation is vaporised. The
substance is weighed on a special micro-balance
and the increase of volume due to vaporisation
is measured by the displacement of a thread of
mercury in a calibrated capillary tube (see
Zeitsch. Elektrochem. 1903, 9, 622: also
Lowenstein, Zeitsch. physikal. Chem. 1906, 54,
707 ; von Wartenberg, Zeitsch. anorg. Chem.
1907, 56, 320).

It is one of the advantages of V. Meyer’s
displacement method that the temperature at
which vaporisation takes place need not be
known. In ecertain cases, however, notably
those in which the vapour density varies with
temperature, it is desirable to know the tem-
perature of vaporisation. This can readily be
ascertained either by using the vapour density
bulb itself as an air thermometer (Nilson and
Pettersson, J. pr. Chem. 1886, 33, 1; Biltz and
Meyer, Zeitsch. physikal. Chem. 1889, 4, 249),
or by sweeping out and measuring the volume
of some readily absorbed gas, such as carbon
dioxide or hydrogen chloride, which fills the
bulb at the temperature of observation (see
Crafts and Mejer, Compt. rend. 1880, 90, 606 ;
Meyer and Ziiblin, Ber. 1880, 13, 2021; Men-
sching and Meyer, Zeitsch. physikal. Chem.
1887, 1, 145). In both these methods the un-
certainty arising from the unequal temperature
of the stem of the vapour density bulb is elimi-
nated by the use of a ¢compensator,” a blind
tube of the same dimensions as the stem. The
compensator is exposed to the same conditions
as the stem, and the gas it gives up or contains
is deducted from the corresponding volume for
the stem - bulb.

As has been already pointed out, the vapour
density of a substance may be deduced from
the increase in volume due to the vaporisation
of a known weight at constant pressure. It
is equally possible to deduce the vapour density
from theincrease of pressure due to the vaporisa-
tion of a known weight at constant volume.
Such a method of finding vapour density is
based on the principle that equimolecular
quantities of different substances, vaporised
in a given space and at a given temperature,
produce the same increase of pressure. Many
forms of apparatus, based on this principle,
some of them adapted for working under re-
duced pressure, have been proposed (Pfaundler,
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Ber. 1879, 12, 165 ; Dyson, Chem. News, 1886,
55, 88 ; Bott and Macnair, Ber. 1887, 20, 916 ;
Schall, Ber.®1887, 20, 1435, 1759; 1888, 21,
100; 1889, 22, 140; 1890, 23, 919, 1701;
Malfatti and Schoop, Zeitsch. physikal. Chem.
1887, 1, 159; Eykman, Ber. 1889, 22, 2754 ;
Richards, Chem. News, 1889, 59, 87 ; Bleier and
Kohn, Monatsh. 1899, 20, 505; Erdmann,
Zeitsch, anorg. Chem. 1902, 32, 425 ; Lumsden,
Chem. Soc. Trans. 1903, 83, 342; Haupt,
Zeitsch. physikal, Chem. 1904, 48, 713 ; Black-
man, Chem. News, 1909, 100, 13, 174). Fig. 7
shows the apparatus used by Bleier and Kohn.
The vaporisation bulb A is connected with a
manometer, B, and, through the stopcock %, with
a pump. By adjusting the height of the
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reservoir R, the mercury in the right-hand limb
of the manometer is brought to the same level @
before and after vaporisation; the change of
pressure due to vaporisation is read off on the
left-hand limb. The fine adjustment of the
mercury at a is effected by the screw clip m.

DexsiTY oF L1QUIDS.

One common way of finding the density of
a liquid is to determine the mass of the liquid
which exactly fills a vessel of known volume.
The vessels usually employed for this purpose
are known as specific gravity bottles and
pyknometers. The simplest form of specifio
gravity bottle is a thin glass flask with a flat
bottom and an accurately-fitting stopper,
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through which a fine hole is drilled (see Fig. 8).
The dry, clean flask is carefully weighed and
then filled with the liquid, the

temperature being noted. The

stopper is then placed in the

neck, the excess of liquid

| escapes through the perfora-

- tion in the stopper and is

wiped off from the glass, and
the flask is again weighed.
The flask is now emptied,
cleaned, filled with distilled
water, and again weighed. If
the temperature of the water
is the same as that of the
liquid at the moment of put-
ting in the stopper, then the
weight of the liquid (w) divided by the weight
of the water (w’) gives the relative density of
the liquid to that of water at the particular
temperature °, If the absolute density is re-
quired, a correction must be made (1) for the
quantity of air displaced by the liquids and the
weights, (2) for the deviation of the density of the
water from unity. If D is the absolute density

iqui o ' g o
of the liquid at ¢°, then D—w,A-l—a ( w')’

where A is the density of water at i°, and o is
the density of the air at the time of the observa-
tions. In most cases it is sufficient to take
¢=00012, and a table may therefore be con-
structed giving the values of the correction term

,(1_5) for various values of the uncorrected

Fia, 8.

e A : :
density . (For a discussion of these correc-

tions see Wright, J. Soc. Chem. Ind. 1892, 11,
297 ; Wade and Merriman, Chem. Soc. Trans.
1909, 95, 2174.)

The specific gravity bottle just described is
not free from objection, for evaporation takes
place at the top of the perforated
stopper, and further, if the
temperature of the balance case
is higher than the temperature
at which the bottle was filled,
there is an overflow. The first
difficulty may be aveided by
having a cap ground to fit the
neck of the bottle (Louis, J. Soc.
Chem. Ind. 1894, 13, 322). The
second difficulty may be met by
grinding into the neck of the
flask a tube which is contracted
in its middle to a capillary bore,
and is 1provided at the top with
a small reservoir closed by a
stopper (Fig. 9). To wuse this
modification, the flask is filled
and the tube inserted. This
forces a small quantity of the liquid through
the capillary tube inte the reservoir above.
The flask is now placed in a bath of known
temperature, or even in water at 4° and
left there until its temperature is constant. If
the liquid contracts so as to empty the reservoir
above the capillary tube, a small additional
quantity is introduced. When no change of
volume is perceptible, a thin piece of filter paper
or a fine glass tube is introduced into the reser-
voir so as to reduce the level of the liquid to a
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mark, @, which is made on the outside of the
capillary tube. The stopper may then be
introduced into the reservoir, the flask removed
from the bath and its outside dried, and it may
now be left until it has reached the temperature
of the balance case where it is to be weighed.

Various medifications of this form of specific
gravity bottle have been suggested (see Squibb,
J. Amer. Chem. Soc. 1897, 19, 111 ; Leimbach,
J. pr. Chem. 1902, 66, 475; Bosnjakovié,
Zeitsch. anal. Chem. 1904, 43, 230). It has
been proposed, too, that the capillary tube
shouldp be provided not with a single mark, but
with regular graduations, the values of which
are determineg once for all (Tribe, Chem. News,
1873, 28, 211; Squibb, J. Amer. Chem. Soc.
1897, 19, 111 ; see also Louis, J. Soc. Chem. Ind.
1894, 13, 322).

The Sprengel pyknometer (Chem. Soc.
Trans. 1873, 26, 577) is a U-shaped tube ter-
minating in two capillary tubes bent in opposite
directions (Fig. 10). The liquid is aspirated
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into the tube, which is then sunk in a beaker of
water, the capillary tubes resting on the edge
of the beaker. When the temperature of the
contained liquid is constant, as shown by
the cessation of movement of the liquid in the
capillary tube, some of the liquid is remeved
from one capillary, which terminates in a fine
point, a, by means of a piece of filter paper, until
the liquid in the other capillary reaches a mark,
b, near the bend. Should the amount of liquid
in the pyknometer be insufficient a little is
conveniently added by touching the point a
with a drop held on the end of a glass rod.
Sprengel’s pyknometer was modified by Ost-
wald (J. pr. Chem, 1877, 16, 396), who made the
limb of the U-tube next b of narrow-bore tubing
throughout. In the case of volatile or hygro-
scopic liquids, it is advisable to close the ends
of the capillaries, after the adjustment has been
made, with glass caps.

Immediate contact of the liquid with the air
is avoided, and determination of the density at
temperatures below that of the laboratory is
made possible by Perkin’s meodification of the
Sprengel pyknometer (Chem. Soc. Trans. 1884,
45, 443 ; 1896, 69, 1043). In this the narrow
tubes are bent at obtuse angles instead of right

angles, and a small bulb is blown on the tube
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adjoining the shorter limb (see Fig. 11). A
mark, a, is made just below the small bulb, the
other limb terminating in a fine opening at b.
After the liquid has been introduced into the
tube, the latter is immersed in a beaker of water
until the temperature of the liquid is constant.
The tube is then tilted, and a piece of
filter paper is placed in ‘contact with the point b
until the liquid in the other limb falls to the
mark a; the filter paper is withdrawn, and the
tube restored to the vertical position. The
liquid recedes from the end b of the tube and
rises in the other limb, and if the temperature
becomes higher before weighing, the small bulb
offers sufficient space to contain the
liquid and thus prevent overflowing.

Various other modifications of
the pyknometer have been suggested
(Minozzi, Gazz. chim, ital. 1899, 29,
i. 406; Leimbach, J. pr. Chem.
1902, 66, 475; Fischer, Chem. Zeit.
1904, 28, 359 ; Stanford, Phil. Mag.
1905, 10, 269; Bousfield, Chem. Soc.
Trans. 1908, 93, 679 ; Hartley and
Barrett, 7bid. 1911, 99, 1072).

In chemical technology the
densities of liquids are most usually
determined by means of the hydro-
meter. This instrument is based
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on the fact that when a solid floats in a liquid,
the weight of the liquid displaced is equal to the
weight of the floating body. The general form
of the hydrometer is a spherical or cylindrical
glass bulb, with a narrow stem, and the bulb
is weighted at the bottom so that the in-
strument floats vertically in the liquid (Fig.
12).

When the hydrometer is placed in a liquid, it
sinks until it has displaced a quantity of liquid
equal to the weight of the instrument ; it then
floats in a position of equilibrium. If placed in
a liquid of higher density it will not sink so deep,
for the volume of this latter liquid possessing
the same weight as the hydrometer will be
smaller than in the first case. Again, when
placed in a liquid of lower density, it will sink
deeper, for a lar%er volume has to be displaced
before the weight of the hydrometer is sup-
ported. The density of the liquid is found by
readings of the graduations marked on the stem.
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The stem may be divided to give densities
directly, but then the divisions are not of equal
length, the differences of length being pro-
portional to the differences of the reciprocals of
the densities. Hydrometers, however, are fre-
quently graduated with divisions of equal
length, tables being employed to convert the
readings into densities if desired. In any case
it should be borne in mind that a hydrometer is
a comparatively rough apparatus, and too much
reliance should not be placed on the readings of
any particular instrument, until its scale has
been checked at one or two points.

In technical work, hydrometers indicating
the specific gravity directly are often used for
liquids lighter than water, but almost never in
the case of liquids heavier than water. Twaddell’s
hydrometer, commonly used in this country, is
graduated on the same principle as those giving
the specific gravity directly, but the readings
on the scale are in degrees, each one of which
corresponds to a difference of 0:005 in the
specific gravity. The zero of the scale is at the
point to which the hydrometer sinks in water,
so that a reading of 9°Tw., for example, corre-
sponds to a gravity 1:000+40-005 X 9=1-045, and
one of 53°Tw. corresponds to the gravity 1-265.
To cover the range of specific gravity 1-:00-1-85,
a set of six instruments is generally supplied.
An instrument based on the same principle as
Twaddell’s hydrometer is the densimeter de-
seribed by Fleischer (Dingl. poly. J. 1876, 222,
159).

The chief hydrometer with a scale graduated
in divisions of equallength is Baumé’s, commonly
used on the Continent and in-the United States.
The scale was fixed according to Baumé’s
original directions in the following manner.
For liquids denser than water, 15 parts of pure
sodic chloride are dissolved in 85 parts of water
at a temperature of 10° Réaumur (12-5°C. or
54-5°F.). The zero of the instrument is the
point to which the hydrometer sinks in distilled
water, and the point to which it sinks in the
15 p.c. solution of salt is marked 15. The
distance between the zero and this point is
divided into 15 equal parts, and the whole stem

raduated with similar divisions. For liquids
ighter than water the zero of the hydrometer is
fixed by a 10 p.c. solution of sodic chloride,
distilled water giving the division 10. This in-
strument is, of course, graduated in the opposite
direction, the zero being at the bottom of the
scale.

Much confusion- and irregularity, however,
arose in connection with the interpretation of
the Baumé degree (see Gerlach, Dingl. poly. J.
1870, 198, 315; Chandler, Acad. Nat. Sciences,
Philadelphia, 1881). Recently the practice has
been to mark the hydrometer 66°B. at the point
to which it sinks in * English sulphuric acid ’
(93-95 p.c. H,50,) at 17-5°C., and to divide the
interval between this and 0° into 66 equal (Farts.
Obviously, this definition of the Baumé degree
is not satisfactory, and accordingly attempts
have been made to construct a °‘rational’
Baumé hydrometer. If one of these instru-
ments sinks to 0° in water and to %° in a liquid
of specific gravity d, it is easy to show that

——=C, a constant. If now for d=1:842, n is

d—1
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taken as 66° at 15°C., then C=144-3 and hence
1443

d=a—

1443 —n
1899, 38, 333). The Baumé hydrometer with a
scale based on this formula is commonly used in
Germany, but elsewhere other formule are em-
ployed for the evaluation of the degree. Thus, in

Holland, the formula d=»—1»4 is taken as the
144—n

basis of the Baumé scale, in the United States
the formula d=1 4154in (see Emery, J. Amer.
Chem. Soc. 1899, 21, 119). If Gerlach’s deter-
mination (l.c.) of the specific gravity of a 10 p.c.
salt solution at 15°C. is taken as a basis, the

f .o 1463
resulting formula is d—m

(see Fuchs, Zeitsch. anal. Chem.

In the following table are recorded the
specific gravities corresponding to readings of
the Baumé instrument, deduced (1) from the

formula d=ﬁ%, (2) from the formula
145
d—145—n
De- 4 1448 , 145 | pe., 1443 145
grees”  144'3-n = 145—-nigrees” 144'3—-n " 145~n
n at 15°C. at 80°F.| = at 15°C. at 60°F,
14 1:007 1-:007 | 34 1:308 1-306
2 1-014 1014 | 35 1-320 1-318
3 1-022 1:021 | 36 1-332 1-:330
4 1-029 1-028 | 37 1-345 1-343
5 1-037 1:036 | 38 1-357 1-355
6 1-045 1043 | 39 1-370 1-368
7 1-052 1-:051 | 40 1:383 1-381
8 1-060 1-:058 | 41 1-397 1-394
9 1-067 1-066 | 42 1-410 1-408
10 1075 1:074 | 43 1-424 1-422
11 1-083 1-082 | 44 1-438 1-436
12 1-091 1:090 | 45 1-453 1-450
13 1-100 1099 | 46 1-468 1:465
14 1-108 1-107 | 47 1-483 1-480
15 1-116 1:115 | 48 1-498 1-495
16 1-125 1-124 | 49 1-514 1-:510
17 1-134 1:133 | 50 1-530 1-526
18 1-142 1-142 | 51 1:547 1-543
19 1152 1-151 | 52 1-563 1:559
20 1-162 1-160 | 53 1-580 1:576
21 R 1-169 | 54 1-597 1-593
22 1-180 1:179 | 55 1-615 1-611
23 1:190 1-189 { 56 1-634 1-629
24 1:200 1:198 | 57 1-652 1-648
25 1-210 1-208 | 58 1-671 1-667
26 1-220 1-219 | 59 1-691 1-686
27 1-231 1-229 | 60 1-711 1-706
28 1-241 1-239 | 61 1-732 1-726
29 1-252 1:250 | 62 1-753 1-747
30 1-263 1-261 | 63 1-774 1:768
31 1-274 1-272 | 64 1-796 1-790
32 1-285 1-283 | 65 1-:819 1-813
33 1-297 1-:295 | 66 1-842 1-835

The Baumé hydrometer for liquids lighter
than water is cglra,duated in two ways, the rela-
tion between degrees and gravity being given

by the formula d=13 61w or the American
formula d= -1%1 _%7—7, (see Emery, J. Amer. Chem,
Soc. 1899, 21, 119). The following table gives
the values of the specific gravity corresponding
to the readings of this instrument.

GRAVITY.

0 om

BE o M0 , 16 |22 10 . 1t
B2 TT130+n 7 186+n | B2 13042 136+
A/ at60’F. at125°C. | Om at60°F. at12:5°C
10 1-000 1-000 | 36 0-843 0-849
12 0:986 0-987 | 38 0-833 0-839
14 0-972 0973 | 40 0-824 0-830
16 0-959 0961 | 42 0-814 0820
18 0:946 0948 | 44 0:805 0:811
20 0-933 0-936 | 46 0-796 0-802
22 0-921 0924 | 48 0-787 0:794
24 0-909 0913 | 50 0-778 0-785
26 0-897 0-901 52 0-769 0-777
28 0-886 0-890 | 54 0-761 0-768
30 0-875 0-880 | 56 0-753 0760
32 0-864 0-869 | 58 0-745 0-753
34 0854 0-859 | 60 0-737 0-745

Other hydrometers designed for liguids
lighter than water are occasionally used. 1In
Cartier’s hydrometer 21° corresponds with
21°B., but above and below this point 15 degrees
Cartier=16 degrees Baumé. In Beck’s hydro-
meter the zero corresponds with d=1-000 and
30° with d=0-850 : the thirtieth of this interval
is 1° and equal divisions are continued in both
directions as far as desired.

In addition to the general hydrometers just
referred to there are also a number of instru-
ments used for certain special purposes, such as
Sikes’ hydrometer and Tralles’ alcoholometer
for ascertaining the strength of spirits (see
ALCOHOLOMETRY), and various saccharometers
for finding the specific gravity of saccharine
solutions (see SUGAR).

All the foregoing hydrometers are instru.
ments of variable immersion.

Nicholson's hydrometer, on the other hand,
is a constant immersion instrument, and con-
sists of a cylindrical metallic bulb connected at
the bottom by a wire to a cup, and also an in-
verted cup pierced with holes. The top of the
float is connected by a wire to a pan, on which
weights may be placed. This wire has a single
mark on it, which is brought to the surface of
the liquid by weights placed on the upper scale:
pan. The instrument is so adjusted that when
floating in distilled water at 62°F., 1000 grs.
placed on the scale pan will bring the mark on
the stem to the surface of the water. When
placed in a denser liquid, more weights have to:
be added to the 1000 grs. in order to bring the
mark to the level of the liquid, and as the same
-volume of liquid is displaced as in the case of
the water, the weights at once give the density
of the liquid referred to that of water at 62°,
The cups below the float are used in the deter-
mination of the densities of solids, and will be
referred to subsequently.

Another somewhat similar hydrometer con-
sists of a cylindrical glass weight suspended from
the arm of a balance, and is so counterpoised
that the balance is in equilibrium when the
plunger is sunk in distilled water. This is the
principle of the Mohr-Westphal balance (Fig. 13).
When placed in liquids of other densities the
weights have to be altered to bring the balance
to equilibrium, and the weights, which are
generally used in the form of riders, are so
arranged that the density of the liquid is read
off directly. A thermometer may be placed
within the glass plunger with its bulb projecting
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below, so that the temperature of the liquid can
be determined simultaneously,

Another method of determining the densities
of liquids depends on the fact that if columns of
two liquids of different densities are made to
support one another, the lengths of the columns
will be inversely as the densities. An inverted

glass U tube with the limbs graduated upwards
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from 0 near the open ends is employed ; at the
bend of the tube there is attached a tubulure
closed by a stopcock, or by a piece of caoutchouc
tube with screw-clip. One of the open ends of
the tube is placed in water, and the other into
the liquid of which the density is sought, and
suction is apglied. The liquids rise in the tubes,
and after adjusting the outside levels to the
zero marks, the lengths of the columns are read
off. Inordertoavoid capillarity effects the tubes
should be not less than 6 mm. internal diameter.
Various forms of apparatus based on this
principle have been described (Hare, Silliman’s J.
1826, 11, 133; Alexander, Ann. Chim. Phys.
1847, 70, 137 ; Tate, Phil. Mag. 1859, 17, 254 ;
Schiff, Annalen, 1862, 121, 82; Weber, Bei-
blitter, 1879, 3, 770; Girardet, Bull. Soc. chim.
1901, 25, 936; sce also Watson’s Practical
Physics, 29; compare Lefebvre, Chem. Zentr.
1897, ii. 402). -

For some purposes the density of a liquid
has to be determined at its own boiling point.
This may be done by suspending a specific gravity
flask filled with the liquid in another vessel
containing some of the same liquid, which is
raised to the boiling point. This heats the con-
tents of the flask, and when the liquid ceases to
expand the stopper is placed in the bottle,
which is then removed from the vessel, allowed
to cool, and weighed (C. Schall, Ber. 1884, 17,
2201). Instead of a specific gravity bottle one
may conveniently use a pyknometer of the shape
shown in Fig. 14 (Neubeck, Zeitsch. physikal.
Chem. 1887, 1, 652). Another instrument em-
ployed in finding densities at high temperatures
is the dilatometer, which is a kind of thermo-
meter with a graduated tube, the capacity of
the tube and bulb being accurately known. The
density of the liqmd is first determined
by the ordinary specific gravity bottle, and
then some of the liquid is introduced into
the dilatometer, the temperature of which is
gradually raised, and the increase of volume
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| measured. When the coeflicient of expansion

| has been thus determined, the density at any
| temperature may be calculated. For
a complete account of the methods
of using dilatometers, and all the
| precautions necessary in their ma-
nipulation, see Thorpe (Chem. Soc.
Trans. 1880, 37, 155; 1893, 63,
262).

For the determination of critical
densities and of the densities of
liquids in contact with saturated
vapour at temperatures up to the
critical temperature special methods
are employed (see Ramsay and
Young, Phil. Trans. A, 1886, 177,
123 ; 1887, 178, 57, 313 ; 1889, 180,
137; Young, Chem. Soc. Trans. 1889,

U
&

55, 486; 1891, 59, 37, 125, 911;
Proc. Phys. Soc. 1895, 13,617 ; Phil. Fig. 14.
Mag. 1900, 50, 291; Amagat,
Compt. rend. 1892, 114, 1093; Young and

Thomas, Chem. Soc. Trans. 1893, 63, 1199;
Centnerszwer, Zeitsch. physikal. Chem. 1904,
49, 199).

DENsITY OF SOLIDS.

In determining the density of a solid it is
necessary to find its mass, and also the mass of
an equal volume of water, or, what comes to the
same thing, to find the volume of the solid, from
which the mass of the water can be calculated.
In some few cases this may be done by measure-
ment, as, for example, the measurement of a
cubic foot of a body, like stone, which may be
cut into a regular shape. It more generally
happens, however, that the solid is irregular in
shape, or is even in the form of powder: other
methods must then be adopted.

One of the simplest methods is to place some
water or other liquid of known density in a
graduated tube and measure it, and then intro-
duce a weighed quantity of the solid, and ob-
serve the rise of level of the liquid in the tube.
Or the tube may be weighed before and after the
introduction of the solid, the increase of weight
giving the quantity of the solid introduced.
(Schiff, Annalen, 1858, 107, 59; Osann, Ann.
Phys. Chem. 1859, 106, 334; Dobbie and
Hutcheson, Phil. Mag. 1884, 17, 459; FErd-
menger and Mann, Chem. Zeit. 1893, Suppl.
289 ; Stanger and Blount, J. Soc. Chem. Ind.
1894, 13, 456; McKenna, J. Amer. Chem.
Soc. 1899, 21, 50; Jacobsen, Bull. Soc. chim.
Belg. 1904, 18, 198; von Wrochem, Chem.
Zentr. 1905, i. 1577). Gentilé (J. Pharm. 1867,
[iv.] 5, 401) uses a small bottle with a bulb
at the top of 1 c.c. capacity. The bulb is con-
nected to the bottle by a narrow tube with a
mark on it, and there is another mark on a
! similar tube above the bulb. The bottle is filled
| with liquid to the lower mark and weighed ; the
| solid is introduced until the liquid reaches the

upper mark, and the whole is again weighed.
i This increase of weight is that of 1 c.c. of the
solid.

A similar process that may be employed
| when the solid is in small fragments or in
powder is to fill a specific gravity bottle with
k water, and counterpoise it on a balance. Some
| of the solid is then placed on the pan of the
| balance and weighed ; the solid is now placed
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in the specific gravity bottle, and the level of
the water adjusted. On again weighing, the
quantity will be found to be less than the
previous amount, the difference being due to
the quantity of water expelled by the introduc-
tion of the solid, this water, of course, occupying
the same volume as the solid. The relative
density of the solid to water at the same tem-
perature is at once found by dividing the weight
of the solid by the weight of the quantity of
water expelled. Some precautions are necessary
in this method. Many solids, especially in the
form of powder, entangle a quantity of air,
which replaces some of the water in the bottle,
or may even cause some of the solid to float in
the liquid. This may often be removed by
placing the specific gravity bottle containing
the water and the solid in an air-pump receiver
and exhausting the air; the diminution of pres-
sure causes the entangled air to expand and
form large bubbles, which readily escape from
the surface of the water,

In the case of solids that are soluble in
water this method is obviously inapplicable,
and it is necessary to use another liquid of
known density which does not act on the
solid.  Petroleum or alcohol may be used,
care being taken to determine the density of
the particular sample of liquid used. For a
description of the precautions necessary in this
method, see Tutton, Chem. Soc. Trans. 1894, 65,
650; 1897, 71, 865; Earl of Berkeley, ¢bid.
1907, 91, 56.

When the body of which the density is to be
determined is of such a shape that it can be
suspended by a piece of fine platinum wire, the
piece is first weighed and then attached by
means of the fine platinum wire to the hook at
the bottom of a small scale pan. A vessel of
water is placed under the scale pan, and the
solid immersed in it. When a solid is thus
immersed in water it displaces its own volume
of water, and there is at the same time an
apparent loss of weight; this is due to the
surrounding water producing a pressure on the
solid which is exactly equal to the pressure on
the volume of water which the solid has dis-
placed, and which previously kept the water in
the vessel in equilibrium. The apparent loss
of weight is therefore the weight of the quantity
of water displaced by the solid, that is to say of
an equal volume of water, so that we obtain the
necessary data for determining the relative
density of the solid at the temperature of the
water at the time of the observation, the mass
of the solid divided by the loss of weight in
water being the density.

If the body is less dense than water it is
obvious that its density cannot be determined
precisely in this manner, for the solid will float.
To cause it to sink, it is attached to a piece of
metal of known weight and density. On weigh-
ing the two bodies together in water part of the
apparent loss of weight is due to the displace-
ment of the water by the metal and part to the
displacement by the light body. The loss caused
by the sinker can be calculated from its known
weight and density, and this deducted from the
total apparent loss of weight gives the weight of
the water displaced by the body of which the
density is to be determined.

In practice it is, however, better to determine
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the amount of water displaced by the sinker
than to calculate it. The substance may first
be weighed, and then the sinker attached by
thin platinum wire to the scale-pan and weighed ;
then a vessel of water placed under the scale-
pan, and the sinker immersed in it. The
apparent loss will give the quantity of water dis-
placed by the sinker. The substance is now
also attached to the wire and weighed, together
with the sinker, in water, and the difference
between the weight and the sum of the weights
of the wire, sinker, and substance is the weight
of the water displaced by the sinker and sub-
stance. As the weight of water displaced by the
sinker has been determined, the difference be-
tween these two weights is the amount of water
displaced by the substance alone, and the weight
of the substance divided by this number gives
the density.

The weight of water displaced by the light
body may be obtained by the employment of
three weighings, whereas the method just de-
seribed requires four. It dependson the follow-
ing facts: when a body floats on a liquid it
displaces a weight of the liquid equal to its own
weight ; if the body is now totally immersed
there is an upward pressure due to the additional
quantity of the liquid displaced ; this flotation
pressure, determined by weights added to the
weight of the body, gives the weight of the
liquid displaced by the whole solid. In deter-
mining the density of such a body it is therefore
necessary to know its weight, the apparent
weight of the sinker when immersed, and the
apparent loss of weight when the light body is
atfached to the sinker and weighed under
water. The difference between the two last
weighings, added to the weight of the body in air,
gives the quantity of water displaced by the
solid. Thus if P is the weight of the light body,
®’ the weight of the sinker in water, and 2" the
weight of sinker and the light body in water,

; B
the density D= ="

Nicholson’s hydrometer (as previously men-
tioned) may be used for the determination of
the densities of solids. Weights are placed in
the upper scale-pan until the instrument sinks
to the mark. The weights are removed, and the
substance is placed on the pan, and weights
added until the mark is again at the level of the
liquid ; the difference between the weights is
the weight of the solid in air. The solid is then
placed on the lower scale-pan if of a higher
density than water, or underneath the inverted
cup if of a lower density, and weights are placed
on the upper scale-pan to restore equilibrium,
From the numbers thus obtained the amount of
water displaced by the solid can be calculated,
and from this, together with the weight of the
body in air, the density is determined.

There are some solids which must not be
wetted by any liquid, in consequence of a possible
change of composition, and in these cases the
usual methods of determining densities are of
course not available. Others which are porous
retain air so persistently that errors may arise
by the presence of quantities of air which
cannot be removed. In such tases an instru-
ment similar to Say’s stereometer (Ann. Chim.
Phys. 1797, 23, 1) may be employed. This
apparatus is now known as the volumenometer.
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The air inclosed in a glass bulb and adjoining
tubes is shut off at atmospheric pressure ; the
space at the disposal of the air is then increased
or decreased by a known amount, and the new
pressure is read off on a manometer connected
with the apparatus. These operations are re-
peated when the air space contains a known
weight of the solid under examination and from
the data obtained the density of the solid is
calculated. Many forms of apparatus based on
this principle have been described (Miller, Phil.
Mag. 1834, 5, 203 ; Kopp, Annalen, 1840, 35,
17 ; Regnault, Ann. Chim. Phys. 1845, 14, 207 ;
Grassi, J. Pharm. Chim. 1847, 11, 184 ; Baum-
hauer, Arch. Néerl. 1868, 385; Riidorff, Ann.
Physik, 1879, 6, 288; Paalzow, ibid. 1881, 13,
332 ; Bremer, Rec. trav. chim. 1898, 17, 263,
405 ; Mameli and Sanna, Gazz. chim. ital. 1902,
32, 1. 211; Zehnder, Ann. Physik, 1903, 10,
40). A description of one of the more recent
modifications (Bremer’s) will make clear the
manipulation of the volumenometer. The wide-
mouthed flask ¥ (Fig. 15), immersed in a small

water-bath, is connected through the three-way
stopcock Rwith the tubes ab and ¢d, which con-
tain mercury. On ab there are two marks or
movable rings at p and ¢, the volume v of the
tube between these being accurately known.
With the stopcock R turned so as to connect
both ¥ and ab with the air, the tube cd is ad-
justed until the top of the mercury meniscus is
at p. The stopcock R is then turned so as to
Vor. V.—T.
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leave ¥ and ab in connection but shut off from
the air. The tube ¢d is now lowered until the
top of the mercury meniscus in ab is at ¢, and
the difference % in level between the mercury
in the two tubes is determined with a catheto-
meter. A similar operation is carried out when
the flask F contains a weighed quantity of the
solid under examination, the difference in level
now found being A'. From these data the
volume z of the solid can be calculated by the

formula :c==vH’-b—}7hTh’ where H is the barometric

height.

The volumenometer obviously cannot be
employed for the determination of the densities
of solids which give off any gas or vapour under
reduced pressure, such as efflorescent salts, for
the increase of volume would be due not only to
the expansion of the air in the apparatus, but
also to the production of aqueous vapour. It
answers very well for porous bodies like cotton
wool, the entangled air from which at once ex-
pands on the pressure being diminished.

Occasionally it is necessary to determine the
densities of small fragments of crystals or
minerals, and for this purpose liquids in which
the solids will just float may be used. The
densities of the liquids may be afterwards deter-
mined, or a number of solutions of known
densities may be kept in readiness. It is
obvious that the method is valid only when the
solid is not acted on or dissolved by the
liquid. For the application of this method see
Schaffgotsch, Pogg. Ann. 1862, 116, 279;
Sonstadt, Chem. News, 1874, 29, 127 ; Church,
Mineral. Mag. 1877, 1, 237 ; Goldschmidt, Jahrb.
Mineral. Beilageband, 1881, 179 ; Klein, Compt.
rend. 1881, 93, 318; Rohrbach, Ann. Physik,
1883, 20, 169 ; Brauns, Jahrb. Mineral. 1886, ii.
72 ; Retgers, Zeitsch. physikal. Chem. 1889, 3,
289; 4, 189; 1893, 11, 328 ; Jahrb. Mineral. 1896,
i. 212; ii. 183. Among the heavy liquids used
by these authors are a solution of the double
iodide of potassium and mercury, which can be
obtained of the density 3-196; a solution of
cadmium borotungstate (density of saturated
solution 3-281); a solution of mercuric and
barium iodides, which can be obtained of the
density 3588, but is unstable on mixing with
water ; and methylene iodide (density 3:33). In
the first cases, water is added if a liquid of lower
density is required, while benzene is similarly
used with methylene iodide. Liquids the
density of which is varied in the way described
are used not only for determining the density
of minerals, but also for separating the con-
stituents of mixed minerals. Fused solids have
been employed for a similar purpose (see, for
example, Thoulet, Compt. rend. 1878, 86, 454 ;
Klein, l.c.; Bréon, Compt. rend. 1880, 90,
626).

The floating method of determining the
specific gravity of solids has been utilised also

-in the examination of fats (Hager, Zeitsch. anal.

Chem. 1880, 19, 239). In this case the liquid
medium is a suitable mixture of water and ethyl
alcohol.

It has been suggested (Andreae, Zeitsch.
physikal. Chem. 1911, 76, 491) that the fore-
going method may be advantageously varied by
putting the crystals under examination along
with a mixture of methylene iodide and benzene

I
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of about the same specific gravity in a dilato-
meter. This is placed in a bath the temperature
of which is slowly altered until the crystals float.
From the weight and volume of the dilatometer
the density of the liquid can be accurately
determined. JACER,
SPECTRUM ANALYSIS. I Introduction.
When Fraunhofer investigated the solar spectrum
he designated the most strongly-marked lines
in the visible region by the letters of the alphabet,
starting from A at the red end with a wave-
length of 7600 ten-millionths of a mm. to K
at the violet end with a wave-length of 3930
ten-millionths of a mm. When the extension
of the solar spectrum into the ultra-violet
region was discovered by photographic methods
this lettering of the principal lines was continued
into this region as far as the wave-length
2950 ten-millionths of a mm., the letters L to U
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being used. Owing to the absorption exerted
by the great thickness of air through which the
light has to pass, the solar spectrum does not
extend much beyond the limit of about the
wave-length 3000 ten-millionths of a mm.

Recent investigation has shown that oxygen
has an absorption band for light of very short
wave-length, and that even with an extremely
thin layer of oxygen at atmospheric pressure
this absorption extends up to at least as far as
1800 ten-millionths of a mm.

It is evident that this absorption sets a lower
limit beyond which it is impossible to investigate
the ultra-violet spectrum unless a vacuum
spectrograph is employed.

Owing to their great convenience as land-
marks in the spectrum the Fraunhofer lettering
of the principal lines is still used very largely,
and in Fig. 1 is shown a diagram in which these

::rork-ﬂ!n RED 5 ORANGE - YELLOW OIEE;:“ BLUE VIOLET ULTRA-YIDLET
000 000 4000 3n 201
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principal lines are set out according to their
wave-lengths. The elements to which these
lines are due are marked at the bottom of the
diagram. It may be remarked that A and B
are, in reality, absorption lines due to the
atmosphere.. As regards the extension of the
spectrum into the invisible region beyond the
red, usually called the infra-red, a considerable
portion has been investigated by photographic
methods using specially prepared plates. The
radiation in this part of the spectrum partakes
of the nature of heat, and therefore may readily
be investigated by instruments sensitive to
heat rays, such as thermopiles, radiometers,
radiomicrometers, or bolometers. With these
instruments investigations have been pushed to
an extraordinary distance, and in one case
radiations have been detected in the emission
spectrum of a quartz mercury vapour lamp with
a wave-length of 3,160,000 ten-millionths of a mm.

Owing to the fact that within the last year
or two a new.spectroscopic standard has been
set up based upon measurements of the wave-
length with interference apparatus it will perhaps
be advisable to define the various units now
used in spectroscopy. The original unit of

wave-length used by Angsbrﬁm himself in his
measurements was the ten-millionth of a mm.,
which is often called the tenth-metre since the
unit is 10-1° metre. About the year 1890 a
new standard of wave-lengths was introduced
by Rowland who, basing his measurements
upon the well-known coincidence method with
gratings, determined the wave-lengths of a
very great number of the Fraunhofer lines.
From that time until quite recently all spectro-
scopic measurements were referred to these solar
standards of Rowland.

Not long after Rowland published his map,
Michelson, by means of interference methods,
determined the wave-length of the red cadmium
line with exceedingly great accuracy with
reference to the standard metre in Paris. Fabry

and Perot then, by somewhat similar interference
methods, determined the wave-length of a number
of iron lines and solar lines in terms of Michelson’s
value, and showed that there is a periodic error
in Rowland’s scale.

As the result of Fabry and Perot’s work the
International Union for Solar Research have
decided to adopt as secondary standards of all
spectroscopic measurements the means of the
values obtained by three independent observers
of the wave-lengths of various lines in the
spectrum of the iron arc. As all these observa-
tions are determined in relation to Michelson’s
value of the red cadmium line, the International
Union have decided that the primary standard
for spectroscopic measurements shall be the wave-
length of the red line of cadmium A=6438-4722

Kngstréms, and that the Kngstrﬁm shall be
80 deﬁnegl. This unit only differs from the

original Angstrém unit by less than one part
in 10 million. It has also been agreed that all
wave-lengths expressed in terms of this stand-
ard shall be denoted by the symbol I.A. Since
the difference between the new unit and the old

Xngstrﬁm unit is so small it may still be spoken
of as the tenth metre, and therefore it may be
said that the wave-length of the red cadmium

o
line is A=6438-4722 Angstroms or 1010 metres,
or 643-84722uu or 0-64384722u. The units u
and uu are more especially used in cases of the’
long wave-lengths which, of course, cannot at
Present be measured with such great aceuracy.

It has been further agreed that tertiary
standards shall be determined by interpolation
between the secondary standards, and this has
been done by Kayser for the iron-arc spectrum.
These wave-lengths may therefore be used in
all cases where great accuracy is required.

IL. The spectroscope. The limits of absorp-
tion exerted by various materials aregiven below,
and from these it may be seen that in spectro-
scopes, designed for the examination of the
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visible spectrum, the optical parts may be made
of glass, whilst for the examination of the ultra-
violet and infra-red rays some other material
transparent to one or other of these regions
must be substituted.

(a) Direct vision spectroscope. The simplest
form of visual spectroscope is the direct vision
instrument in which the dispersion of a very
wide-angled dense flint-glass prism is partially
corrected by crown-glass prisms. Since in this
way it is possible entirely to correct the deviation
of the mean rays of the spectrum and only

partially correct that of the extreme rays a |

spectrum will be produced.
The usual arrangement of such an instru-
ment is shown in Fig. 2, where the centre prism

Fia. 2.

9’ is made of dense flint glass, and the two outer
prisms p, p, of crown glass. In Fig. 3 is shown

_ARILGER, ____—

Sl

the c;amplete instrument, which is provided with

a slit and eye-piece. This direct-vision spectro-
scope is very useful for the qualitative investiga-
tion of flame spectra or absorption spectra in
the visible region, but althougﬁ in some cases
arrangements are made whereby readings of the
position of lines or absorption bands can be
made upon some form of scale, yet it is clear that
such measurements can only be very rough.

(b) Spectrometer. For more accurate visual
work some form of spectrometer must be used,
the term spectrometer being applied to a spectro-
scope in which some device is at hand for the
more accurate reading of the deviation of the
lines or their actual wave-lengths. In the first
case by means of a graduated arc the angular
deviation of the lines may be read off, and from
these the wave-lengths of the various lines may
be obtained, either by the method of graphical
interpolation, or by means of a simple interpola-
tion formula as described below. It has been
found possible, however, by the use of a constant
deviation prism to construct a simple form of
spectrometer by means of which the wave-
lengths of the lines in the visual region can
be read off directly. This instrument is shown
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| and the spectrum is made to pass across the
field of view of the telescope by rotating tho
prism. The rotation of the prism is carried out
by means of a micrometer screw carrying
a drum head, which is so divided that the wave-
length of any line under observation may be

directly read off. In the best form of the instru-
ment the accuracy of the reading is about
i1 Rngstrﬁm.

(¢) T'he spectrograph. In accurate work upon
the measurement of the wave-lengths of spectrum
lines it is necessary to have recourse to photo-
graphic methods for two reasons, firstly, a perma-
nent record of the spectrum is thereby obtained
which may be measured at leisure; and in the
second place, the photographic plate is sensitive.
to the ultra-violet region, which indeed is of far
greater importance than the visible region,
since the former generally contains the most
characteristic lines of the elements. It is, of
course, possible to fit a photographic
attachment to either of the spectroscopes
mentioned above, yet it is far preferable
that the optical parts of the instruments
be made of quartz. It would seem from
the limits of absorption of the various
substances referred to below, that fluorite would
even be better than quartz; but unfortunately
it is almost impossible at the present time to
obtain this material in sufficiently large masses
from which to cut prisms and lenses.

The construction of a spectrograph with
glass optical parts is simplified by the fact that
it is possible to use achromatic lenses which
give a flat field upon a photographic plate. 1t
has also been found possible to make achromatic
lenses with quartz-calcite or quartz-fluorite com-
binations. To the first of these there is the
objection that calcite exerts an absorption
beginning at A=2200A, and to the second there
is the objection, already mentioned above,
arising from the scarcity of fluorite. It will
generally be found, therefore, with a spcctrograph
the lenses and prisms of which are made of
quartz, that the foci of the various spectrum
lines lie upon a curve, so that photographic
films must be used. Recently, however, there
have been introduced spectrographs with
quartz prisms and lenses so cut in relation to
the optic axes that the whole spectrum from
A=8000A to A=2000A may be photographed
on a flat plate in good focus. .

An esgential point is that the photographic
plate must be set at an acute angle (27°) with the
axis of the telescope lens. An illustration of

in Fig. 4, and is of the fixed arm type, that is
the collimator and telescope are rigidly fixed,

one of these instruments is shown in Fig. 5.
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It is convenient in any spectrograph to have
a wooden screen placed in front of the photo-
graphic plate, and in this screen to cut a narrow
horizontal slot to allow the passage of the
spectrum to the photographic plate. The dark

Fia. 5.

slide carrying the plate may then be so mounted
as to be capable of movement up and down by
means of a rack-work adjustment so that several
photographs may be taken upon the same plate.

Since the determination of wave-lengths in
general practice is always carried out by inter-
polation between lines of known wave-length
photographed upon the same plate, it is necessary
that the two spectra, the unknown one and the
standard, be photographed in juxtaposition.
This is most conveniently carried out by the use
of draw-slides fitted over the slit, so that any
portion of the slit may be exposed at will. The
two spectra to be compared are successively
photographed through two adjacent portions of
the slit,.when, of course, it will be found that they
are in juxtaposition on the photograph.

It must not be forgotten that, unless pre-
cautions are taken, errors may readily be
introduced owing to the spherical aberration of
the spectrograph lenses. Unless the same
portions of the lenses are used in comparing
two spectra, it will generally be found that these
are not in correct relation to one another upon
the photographic plate. If a condensing lens
is used to focus an image of the source of light
upon the slit, then it is easy enongh to obtain
photographs of the two spectra in correct rela-
tion to one another. The condensing lens is
fixed in such a position that its axis passes
through the centre of the slit and the centre of
the collimating lens, and also at such a distance
from the slit that an image of the source may be
focussed upon the slit. When the spectra of
two sources have to be accurately compared,
one of these is placed in such a position that its
image is thrown upon a portion of the slit of
the spectrograph. A photograph is then taken
of the spectrum and, without closing the dark
slide carrying the plate, the first source is re-
moved and the second so placed that its image
is focussed upon the slit a little above or below
the position previously occupied by the first
source, and then the second photograph is
taken. In carrying out this procedure it will
be seen that the draw-slides mentioned above
will prove of excellent service.

A very convenient form of spectroscope is
one in which a grating is substituted for prisms.
A grating may be obtained which has been
accurately ruled on a polished surface of glass or
speculum metal. The former are used as
transmission instruments, whilst in the latter
case the spectrum is obtained by reflection.

In a prism spectroscope the dispersion in-
creases with decrease of wave-length, and so
the blue and ultra-violet regions appear more
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extended than the red and orange. In the case
of a grating which produces the spectrum by
diffraction, as the diffraction is a function
of the wave-length, it will be found that the
distribution of rays in the spectrum will be much
more nearly proportional to their wave-length.

| Thus, for example, in the visible spectrum it

will be found that the yellow rays occupy the
middle position. For this reason the dispersion
given by a grating is relatively greater in the
red and yellow than that given by a prism
spectroscope, and hence there is some advan-
tage in using a grating for the study of these
regions.

Owing to the difficulty of successfully ruling
a grating the cost is necessarily rather high, but
it has been found possible to produce excellent
replicas at a very reasonable cost. These
replicas are produced by making a celluloid cast
of a first-class ruled grating. The casts are
then mounted upon a flat glass plate, and may be
used exactly in the same way as a ruled grating.

I11. Photography of the spectrum. A few
words may be said about the photographic
Elates to be used in spectrum work. For the

lue and ultra-violet regions any good make of
plate may be employed, but it is to be remem-
bered that in general better definition 1s obtained
with slow than with rapid plates. If very faint
SEectra, have to be photographed, Wood advises
the exposure of the plate for a few moments to
a very weak light, such as that obtained from
a small gas flame. The actual time for this
exposure must be found by trial for the make of
plate used, and in one case Wood found that
4 seconds exposure of the plate to the light from
a gas flame turned down until the yellow tip
is only 3 or 4 mm. high at a distance of 2 metres
was necessary. This exposure may be made
either before or after the spectrum photograph
is taken.

For the red and yellow regions Wratten
and Wainwright’s allochrome, panchromatic, or
spectrum panchromatic plates may be used
according to the limits of sensitiveness required.
The allochrome plate gives excellent results
from the ultra-violet up to the beginning of the
yellow. The sensitiveness of the panchromatic
plate extends to about A=7000, while the
spectrum, panchromatic extends to about
A=8000 Angstréms.

If it be required to photograph the regions
of greater wave-length than A=8000 A, special
methods have to be employed for the production
of plates sensitive to this region.

Three different methods have been used for
this purpose. First Abney prepared special
emulsions at a low temperature with which he
coated the glass plates. This method has been
made more practicable by Ritz. The second
method depends on the inverse action of the
infra-red rays upon an ordinary photographic
plate, which previously has been solarised by
exposure for a short time to a weak light. This
method has been used by Millochau, who suc-
ceeded in obtaining photographic records up to
A=10000 A. The third method is that known
as the phosphorophotographic method, and
depends upon the power possessed by infra-red
rays of destroying the phosphorescence of zine
sulphide. Bergmann, in using this method,
exposed a zinc sulphide screen for 1-2 mins. to
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an arc light, a second screen of a saturated
solution of cupric ammonium sulphate being
interposed. The screen is then exposed to the
spectrum for 2-8 mins., and then brought into
contact with the photographic plate, which
after 2 hours is developed. In this way it has
been found possible to reach as far as 20000 A.

IV. Recognition of lines and determination
of wave-lengths. In any work upon qualita-
tive analysis by spectroscopic methods, or in
the quantitative estimations described below,
it is essential to recognise the lines in any
known spectrum, which may most easily be
carried out by a determination of their wave-
lengths. This is simple enough for the lines in
the visible spectrum when a direct reading
wave-length spectrometer is used.

In the older form of spectrometer, in which
the deviations of the lines are read, or their

position on some arbitrary scale noted, it is”

necessary to reduce the values obtained to wave-
lengths. This may be done either by the method
of graphical interpolation or by the use of Hart-
mann’s interpolation formula. In the former
case the deviations of certain well-known
spectrum lines, or their scale readings, are
plotted against the wave-lengths on squared
paper. When a sufficient number of such points
are obtained a curve is drawn through them ;
the wave-length of an unknown line may at
once be read from this curve if its deviation or
scale reading is known. For drawing the disper-
sion curve in the visible region Collie has pointed
out that a vacuum tube containing helium,
hydrogen, and mercury vapour gives a number
of lines eminently suited for the purpose. The
wave-lengths and oscillation frequencies of the
lines in this spectrum are as follows :—

Wave- Oscillation

lengths frequencies
Helium red 7065 1
Helium red 6678 14969
Hydrogen red 6563 15232
Mercury . orange 6152 16250
Helium . yellow 5876 17014
Mercury . yellow 5790 17265
Mercury . yellow 5770 17329
Mercury . green 5461 18307
Helium green 5016 19932
Helium green 4922 20311
Hydrogen blue 4861 20564
Helium blue 4713 21211
Helium . violet 4472 22357
Mercury . violet 4359 22937
Hydrogen violet 4341 23031

It will also be found that a vacuum tube con-
taining neon shows a spectrum containing a
great number of lines in the red, which are
exceedingly convenient for the calibration of
the red region.

It will be found that if instead of the wave-
lengths the oscillation frequencies of the lines
be used, the shape of the curve becomes flatter
and easier to draw. By the oscillation frequency
is meant the number of wave-lengths contained
in 1 cm. in vacud, i.e. the reciprocal of the
wave-length reduced to vacuum. In order to
reduce the wave-length of any line measured in
air to its real value in vacué, it is necessary to
multiply it by the refractive index of air for the
particular wave-length. In making this cor-
section in actual practice it is simplest to add a
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small number to the wave-lengths. A table of
these corrections can be readily constructed, and

they lie between 25 Kngstram at A=8000, and

o
07 Angstrom at A=2000. Such a table is given
complete in Watts’ Index of Spectra, App. E,
p. 5. '

If it be desired to draw the calibration curve
from photographic measurements it is simply
necessary to measure the distances between the
lines on the plate, starting from a chosen line at
either end of the spectrum, and plot these against
the oscillation frequencies cr wave lengths.

As in this case the photographic record will
no doubt include the ultra-violet region, the above
list of wave-lengths will not, of course, be suffi-
cient. A very convenient set of lines for this
purpose is given in the spark spectrum of gold,
and the following table contains the wave-lengths
and oscillation frequencies of the principal lines
of gold and silver, such as are given by gold of
ordinary purity. As there are not many strong
lines of gold in the red, orange, and green,
one or two lines of lithium, sodium, and nitrogen
have been included.

y

. 26416 37843 Au
. 25902 38595 Au
. 2544-3 39292 Au
. 25034 39934 Au
. 24739 40409 Ag
. 24479 40839 Ag
. 2437-8 41008 Ag 10
. 24281 41172 Au 10
. 24132 41427 Ag 10
. 2387:9 41865 Au 4
. 23648 42274 Au 10
. 23528 42490 Au
. 23313 42881 Ag
. 23049 43377 Au
. 22834 43781 Au
. 22427 44576 Au
. 22291 44848 Au
40, 2201+4 45408 Au
41. 2189-0 45663 Au
42, 21666 46141 Ag
43. 214577 46590 Ag
44. 21253 47038 Au
45. 21108 47361 Au
46, 20821 48013 Au

Element and
Element and
intensity

= intensit

<

Wave-
lengths
Oscillation
frequencies
Wave-
lengths
Oscillation-
frequencies

. 6708-2 16379 Li
. 64570 15483 Au 5
. 6378-4 15927 Au 4

5896-2 16955 Na 10

5890-2 16973 Na 10
. 58377 17127 Au 6
. 5679-8 17601 N 12
. 54655 18291 Ag 10
. 5230'5 19114 Au 8
. 50057 19978 N 10

50027 19983 N 10
. 47928 20863 Au 8
. 44884 22273 Au 8
. 4315+4 23167 Au 8
. 4065-2 24592 Au 15
. 3898-0 25647 Au 10
. 35867 27873 Au 7
. 33830 29551 Ag 10
. 32807 30472 Ag 10
. 3122-9 32013 Au 10
. 3029-3 33001 Au 6
. 29136 34311 Au 9
. 28256 35381 Au 6
21. 27483 36375 Au 5
22, 26761 37358 Au 12

For the recognition of the lines in the spectrum
and for a measurement of their wave-length
Hartmann’s interpolation formula will prove of
great service. In its original form this formula
is as follows :—

A=A+

wwwos S
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c

1
(no_n)u
where A,, ¢, 7y, and @ are constants, and n is
the lincar distance of the line measured from
some line chosen as origin. Hartmann showed,
however, that since @ is ncarly =1 it may be
omitted, which simplifies the formula consider-
ably. As may readily be seen, the values of

Ao ¢, and 7, may be obtained if the wave-lengths
and scale readings of threc lines in the spectrum
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be known. It is advisable, of course, that one
of these lines be chosen near the middle of the
region of the spectrum which is being dealt with,
and-that of the other two lines, one be chosen
at the beginning and the other at the end of
the region measured. When the values of the
three constants have been found, the wave-
lengths of any line can at once be calculated from
its scale reading. Although the formula gives
more accurate results when short lengths of
the spectrum are being dealt with, yet it may be
applied over a considerable range with very fair
aecuracy, and if it only be required to recognise
the various lines in a spectrum, the accuracy
then given is quite sufficient.

If, however, it is required to measure the
wave-length of any new spectrum lines, or if
for any other reason greater accuracy is required
than can be obtained from Hartmann’s formula,
the measurement of the wave-length of any
line may be found by a simple interpolation
between two known lines in the comparison
spectrum. = Since in a prismatic spectrum the
dispersion steadily increases as the shorter wave-
lengths are approached, it is advisable in the
interpolation to choose two standard lines of
known wave-length which are near together,
and, of course, one on each side of the line, the
wave-length of which is to be measured.

A simple method of approximately deter-
mining the wave-lengths of lines from photo-
graphs of prismatic spectra has been devised
bi Edser and Butler. This method consists in
photographing a series of interference fringes
adjacent to the spectrum to be measured ; these
interference fringes are produced by Fabry and
Perot’s method, which consists in causing a
beam of white light to pass through a film of
air bounded by two parallel sides of half-silvered
glass. When this light is examined in a spectro-
scope, a continuous spectrum is seen, crossed by
a series of interference fringes. A sufficiently
accurate interference apparatus can be made
by taking two pieces of good plate-glass about
3 ins, square, which are each half silvered on
one face ; the plates are then carefully dried and
mounted together, the two silvered faces turned
towards one another. The plates are fastened
together by a little wax placed all round the
edges, when perfect adjustment can be obtained
by simply pressing the plates together with the
fingers. A preliminary adjustment for parallel-
ism is made as follows: a spot of light or an
incandescent electric lamp is viewed through
the silvered surfaces; a long train of images
due to multiple reflections is generally visible.
These images are brought into coincidence, and
then, on examining a sodium flame through the
apparatus, interference bands will generally be
visible. The final adjustment for parallelism
is made with the help of these bands, which
should be made as broad as possible. In carry-
ing out this adjustment the film is held as close
as possible to the eye, because for a parallel air
film viewed normally the interference bands are
formed at an infinite distance. The perfection
of the results finally obtained will depend greatly
on the accuracy of this adjustment.

The slit of the spectroscope is illuminated by
a slightly convergent beam of light from an arc
lamp, and the plates are placed in front of the
slit, and as ncar to it as possible ; under these
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eircumstances the spectrum will be found to
consist of a series of bright lines separated by
black intervals. The best results will be
obtained when the plates are in such a position
that the slit is parallel to the direction of the
interference bands seen with sodium light. The
closeness of the bands depends upon the thickness
of the film between the silvered surfaces. By
means of draw slides, or screens upon the slit,
these interference bands are photographed adja-
cent to the spectrum which is to be measured.

If the interference fringes on a photograph
be numbered consecutively, starting from either
end, the oscillation frequencies of all the fringes
will be in linear proportion to their order number.

The oscillation frequencies of one or two
lines at each end of the photograph are plotted
against their readings on the interference fringe
scale, and a straight line is drawn through the
points thus obtained. From this straight line
the oscillation frequency of any spectral line
can be found at once from its scale reading.

V. Methods of illumination. Except in the
case of phosphorescent spectra all substances
are caused to luminesce when in the state of
gas. The following methods of illumination
are most usually employed : Flame, electric arc,
electric spark, and high potential discharge
through gases under reduced pressure.

(a) Flame spectra. Usually in the case of
flame spectra the most convenient flame is that
given by the Mecker burner. If it
be possible to use an aqueous solu-
tion of the salt to be examined, a
lasting effect is obtained by the
use of the apparatus first designed
by Mitscherlich, and which is shown
in Fig. 6. The wick at the bottom
is composed of fine platinum wires
or quartz fibres. A little am-
monium acetate added to the
solution of the salt is useful in
order to make it run well along
the wick. In the case of solid sub- £
stances Hartley recommends as sup- b
port for the substance thin strips of
cyanite or a mixture of carborundum  Fia. 6.
and porcelain clay, which has been
fired at a high temperature. It is also convenient
in some cases to use a small spoon made of fused
silica. Hartley also recommends feeding the
burner with gas containing a little chloroform
vapour in order to obtain a lasting chloride
spectrum.

Again, a very convenient method of obtaining
flame spectra is to introduce into the flame very
finely-divided particles of the element itself or of
the solution of a salt. In the case of the former,
a8 has been shown by Hemsalech and de Watte-
ville, the air supplied to the burner is passed
through a small bulb in which is maintained
either a series of electric sparks, or the electric arc
between poles of the element to be investigated.
In the latter case, the coal-gas supplied to the
burner is passed through a flask containing a
solution of the salt. This solution is made
strongly acid with hydrochloric acid, and a few
fragments of zinc are added. The bubbles of
hydrogen thereby evolved carry with them into
the burner a very fine spray of the solution. An
alternative method is to use some form of
¢ vaporiser > or ‘atomiser’ by means of which




SPECTRUM

the solution is broken up into very fine spray
which is caused to mix with the illuminating
gas before it enters the burner.

(b) Arc spectra. In the case of the electric
arc, when the spectra are required of metals
which are not easily fusible, the arc may be made
between poles of the metal itself or the positive
pole (which is the hotter) may be made of
carbon. An alternative method is to use a
carbon arc and put the substance to be examined
in small portions into the crater formed in the
positive pole. This, however, has the incon-
venience of causing the arc to jump rather
badly. A much steadier effect is obtained by
using as the positive pole a cored carbon rod in
the central hole of which has been packed the
substance, the spectrum of which is to be
examined. When carbon poles are used for the
production of the arc spectra of substances it
will, of course, be found that the spectrum
shows the lines and bands due to carbon. These
may be eliminated by comparing the photographs
with one taken of the arc between two pure
carbon poles.

(¢) Spark spectra. The third method of
illumination is to pass electric sparks from an
induction coil or transformer either between
electrodes of a metal or between beads of
metallic salts which have been melted on to
the ends of platinum wires or between an
electrode of gold, platinum, or graphite, and
the solution of a salt.

In the first case, it is advisable to use a
condensed discharge, which may be produced by
the introduction of a Leyden jar or plate con-
denser connected in parallel with the sparking
apparatus. It may be pointed out that the
most suitable capacity of condenser depends
very largely on the size of the induction coil or
transformer, and no very definite directions can
be given. The condenser should be so chosen
that the size of the spark obtained between iron
electrodes in air js of the order of 2-3 mm.
For the study of the spark spectra of melted
salts de Gramont uses two platinum wires, one
of which is mounted in a horizontal position,
and the other is set above the first, making a
somewhat narrow angle with it, so that the two
extremities are close together. The two ends
of the wires are heated in the Bunsen burner,
and a small fragment of the required salt is
melted on to the end of the upper wire. The
sparks are then passed between the lower wire
and the melted bead.

For the study of spectra of solutions a con-
venient form of apparatus is shown in Fig. 7.
In this apparatus the lower platinum wire is
surrounded by a narrow, thin glass tube up
which the solution ascends by capillary attrac-
tion. Another form of sparking apparatus due
to Hartley is shown in Fig. 8. In this the
electrodes are made of graphite, which is cut
into the shape of wedges about } in. long and
ith in. wide. The wedges are set with their
edges parallel to one another, and to the colli-
mating tube of the spectroscope. The wedges
are attached to platinum wires and are fixed in
glass tubes. The lower wedge dips into the
solution, which ascends by capillary attraction
up the deep grooves or scratches.

A third apparatus, especially designed for the
investigation of quantitative spectra, was used
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by Hartley and by Pollock, and may be thus
described. A piece of glass tube about 6 ins.
long and with a capillary bore is bent into
the form of a U-tube with the limbs of unequal

Fig. 7.

length, and a small cup, like a thistle funnel, of
about 2 c.c. capacity is blown at each end as
shown in Fig. 9. A gold wire is then passed
through the capillary of the tube so as to project
a little above the rim of the lower cup, and a
small piece of thin-walled capillary tubing is
slipped over the end of the gold wire, and is
just so long as to reach the top of the wire and
thus draw up the solution and keep the top of
the wire well wetted when sparking. It is
necessary to employ fairly

thick gold wire, and it ”
may be found economical
only to use a short piece
of gold attached to a thin
platinum wire sufficiently
long to pass through the
capillary. The electrode
in the solution must be
made the negative, and
the upper or positive
electrode may be held in
any convenient manner,
and the spark should not
be too long.

Two very convenient pieces of apparatus for
obtaining the spark spectra of solutions without
the use of metallic electrodes are described by
Krulla, the principle being that the spark is
made to pass between two jets of the solution.
This method eliminates the spectrum lines of
the metallic electrodes from the spectrum of
the salt. :

The phenomena which may be seen in a
spark discharge are somewhat complex, for the
condensed spark consists qf d}ﬁerent zones,
there being & central part which is very brilliant
and is surrounded by an aureole. A spectro-
scopic examination of the spark shows the rays
emitted by the whole spark, aureole, and central

Fic. 9.



120

portion, and also the rays which are emitted
only by the central portion. These two different
sets of rays can be recognised as long and short
lines in the photograph of the spectrum.

Generally when dealing with spark spectra
it is advisable to use a condenser, but in some
cases, as will be referred to below, advantageous
results are obtained by using the uncondensed
spark discharge. It must not be forgotten that
in any spark spectra will be found many of the
spectrum lines of air. These latter are more
pronounced, the less volatile is the substance
under examination; for example, the air lines
will be found to be very strong in the spectrum
of the spark between platinum electrodes.
These air lines may readily be eliminated from
a spectrum by comparing it with the spectrum
of the spark, say between platinum electrodes,
when, of course, the lines common to the two
spectra will be those due to air. It was shown
by Hemsalech that the air lines may be entirely
eliminated from any spectrum by introducing
self-induction into the secondary circuit. A
self-induction coil may be made quite readily
by winding wire round a bobbin, the coil so
prepared being put in series with the sparking
apparatus. The amount of self-induction to be
introduced of course varies with the size of the
induction coil used. Such a self-induction coil
for use with a large Ruhmkorff induction coil
is 60 c.c. long, 5 cm. internal diameter, and
contains 8 layers of wire each consisting of
150 turns.

(d) Spectra of gases. The most convenient
method for the illumination of gases is to pass
the discharge from the induction coil through
them under a pressure of from 1 to 3 mm. The
gas is enclosed in a vacuum ¢ tube,” which has
two electrodes and a capillary portion, as first
designed by Pliicker. It will be found that the
discharge through the capillary portion of the
tube is exceedingly briliant. If the ultra-
violet region of the spectrum is required, either
the whole vacuum tube may be made of quartz
with no electrodes, or the discharge through the
capillary may be viewed end-on through a
quartz window.

For the methods employed for making and
filling these tubes reference must be made to
books on gas manipulation.

(e) Phosphorescent specfra. An important
method of illumination, especially in the study
of the rare earths, is that of the cathode streams
producing phosphorescence in the substance
under examination. It has been found as a
result of researches by Crookes, Lecoq de
Boisbaudran, Urbain, and others, that very
many minerals and artificially-prepared sub-
stances give characteristic ~phosphorescent
spectra, but this method of examination finds
its chief practical use in connection with the
separation of the rare earths from one another.

The rare earth under investigation in the
form of oxide or sulphate is placed in a bulb tube
provided with two electrodes consisting of flat
plates of aluminium, the normals to which lie
in the direction of the centre of the heap of
material to be examined. Since the cathode
rays leave the electrode normal to its surface, it
is evident that this construction will give the
maximum brilliancy. The exhanstion of the
tube is carried to a very high point, the exact
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degree of exhaustion being judged by the
maximum of phosphorescence obtained. For
the examination of the spectrum the tube is
set at a slight angle, so that the phosphorescent
rays can be directed into the spectrograph.
When the ultra-violet region is to be examined
the phosphorescence tube is provided with a
quartz window cemented on and through which
the phosphorescent spectrum may be photo-
graphed. !

VI. Absorption spectra. By an absorption
spectrum is meant a continuous spectrum from
which certain definite rays, or groups of rays,
have been absorbed during the passage of the
light through the substance to be examined.
It would appear from this that the best source
to use for absorption spectrum observations
would be one giving a perfectly continuous
spectrum, It must be remembered, however,
that it is necessary in all quantitative observa-
tions of absorption to make accurate measure-
ments of the position of the absorption lines or of
the limits of the absorption bands. If, therefore,
a continuous spectrum be used it will be necessary
that some convenient method of wave-length
determination be at hand. Several series of
investigations have been carried out in which a
source giving a continuous spectrum ig used, but
it will generally be found that the determination
of wave-lengths of the absorption maxima is
unsatisfactory and troublesome. By far the
best method is to use a sourco which gives a
spectrum consisting of a very great number of
lines closely situated together, and not differing
very much in their relative intensities. Such
a source is a spark between carbon electrodes,
which are thoroughly impregnated with the
oxides of molybdenum and uranium, as described
by Jones. The two carbon rods, about 1 cm.
in diameter, are filed to wedge-shaped edges,
care being taken that the edge of the wedge is
at right angles to the axis of the rod. These
carbon wedges are boiled in a solution of uranium
nitrate and then dried and heated to dull red-
ness. This process is répeated three times.
They are then boiled in a strong solution of
ammonium molybdate and again heated to
dull redness, this process also being repeated
three times. In mounting these electrodes,
just asin the case of the spark spectrum described
above, the wedges are set parallel to one another,
and to the axis of the collimator tube.

The electric spark between cadmium elec-
trodes has been used by Hartley and by Purvis
as a source for absorption spectra observations.
Although the cadmium spectrum consists of
only a few very bright lines, yet the region
between these lines is filled with a continuous
background which serves extremely well for
the observation of fine-line absorption. It
must not be forgotten, however, that errors may
be introduced if it happens that an absorption
band lies very close to the position of one of the
bright cadmium lines. For this reason, in dealing
with fine-line absorption, it is advisable to use
alternately two sources, the cadmium spark and
one other, the second one being used merely for
the purpose of finding whether any absorption
lines are present at or close to the position
occupied by the cadmium lines. Hartley has
also used the spark between electrodes made of
an alloy of cadmium, tin, lead, and bismuth,
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the metals being melted together in atomic
proportions. This, however, does not seem to be
so satisfactory as the spark between pure
cadmium electrodes.

The use of one of these sources which gives
a speetrum of bright lines is manifestly superior
to a source giving only a continuous spectrum,
because the bright lines, being of known wave-
length, serve asland-marks from which the wave-
lengths of the absorption lines or bands may be
measured.

. Owing to the enormous multiplicity of the
lines in the uranium and molybdenum coated
carbon electrodes mentioned above, some
difficulty may be found in recognising these
lines and finding their wave-lengths. This
spectrum may, however, easily be calibrated by
photographing in juxtaposition to it a spectrum
containing a few lines of known wave-length, as,
for example, the cadmium spectrum. If the
photograph then be measured with a travelling
micrometer the whole of the molybdenum and
uranium spectrum can be calibrated with the
help of Hartmann’s formula already described.
By matching this calibrated spectrum with the
photograph of the same spectrum taken when
the absorbing substance has been interposed, the
limits of the absorption may at once be read off.
Very frequently absorption spectrum measure-
ments are expressed in oscillation frequencies
and not in wave-lengths.

If it be desired to observe absorption bands
or lines in the red and yellow regions of the
speetrum, it will generally be found that emission
spectra do not contain sufficient lines in these
regions to justify their use for this purpose.
Some other source must be sought for, and it
has been found that very satisfactory results
are obtained with interference fringes. These
interference fringes are obtained simply enough
by the use of the Edser and Butler interference
apparatus described above. A source of light
giving a continuous spectrum in the red and
yellow is used, and by means of a condensing
lens a slightly converging beam of light is thrown
on to the interference plates, which are placed
immediately in front of the slit of the spectro-
seope. Since the oscillation frequency of the
fringes is very easily obtained they may readily
be used for the observation of absorption bands.

Although for simple qualitative measure-
ments of absorption in the visible region it may
be sufficient to make visual measurements by
means of a spectrometer, yet in any accurate
work upon absorption it is necessary to determine
the position of the maximum of absorption in
the case of every absorption band, which is not
necessarily its centre ; furthermore, it is necessary
when possible to determine the limits of con-
centration over which the absorption band
persists. In such accurate work it is obvious
that visual work must give place to photographic
methods. In order to obtain the position of
maximum absorption corresponding to any
absorption band the concentration of the absorb-
ing substance is steadily decreased. It will be
found that the absorption band or bands become
narrower and narrower until they finally vanish.
In this way the head of the absorption may be
obtained, and this corresponds to the position
of maximum absorption in the case of each band.
It will be found most convenient to examine the
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absorption of a ecompound by dissolving it in
some suitable solvent, when the molecular con-
centration may be decreased simply by lessening
the thickness of the solution examined. For
this purpose may be used an adjustable absorp-
tion cell as shown in Fig. 10, which consists of

Q.

two glass tubes which fit loosely one inside the
other. Both of these tubes are ground flat at
one end and square to the axis, and have a
quartz plate cemented in each casc as shown at
A and B. cis a bulb tube sealed to the side of
the outer tube, and serves to take up the solution
when the thickness of the layer is decreased by
pushing in the inner tube. At D a broad india-
rubber band is slipped over the junction in order
to keep it water-tight, and this may be about
1in. broad. The outer tube is about 1 in. wide
and 6 ins. long, and it has a millimetre scale etched
upon it, this seale being so ruled that its zero
division coincides with the inner side of the
quartz plate 4, and thus the reading of the
inner side of the plate B upon the scale gives
the thickness of the solution. The inner tube
is preferably lined with black paper, so as to
stop as far as possible the reflection of light from
the glass walls. In actual practice a solution of
known strength of the substance in a suitable
solvent is made of some standard strength, say
#th normal. This is then put into the cell
which is adjusted so that the thickness of the
layer is 30 mm., and a photograph is then
taken of the source after passing through this
thickness ; the layer is then reduced to 25 mm.,
and a photograph again taken, this being re-
peated for the lengths 20, 15, 12, 10, 8, 6, 5,
and 4 mm. If, as is most probable, the 4 mm.
layer of the solution is not entirely diactinic, the
solution is diluted ten times and the spectrum
photographed through the same thicknesses as
before. If necessary this may also be repeated
for solutions of N/1000 and N/10000. Except
in certain peculiar cases it will be found that
there is no need to dilute beyond N/10000. The
| photographs thus obtained will give a complete
record of the change of absorption to be observed
in passing from 30 mm. of N/10 to 4 mm.
of N/10000. 1If it be desired, of course, a normal
| solution of the substance may also be examined,
though this in the case of organic compounds
is very rarely necessary. The wave-lengths or
oscillation frequencies of the absorption lines, or
of the limits of the absorption bands, may be
| read in the case of these photographs either by
| comparison with a calibrated photograph of the
spectrum of the source or by interpolation
| between any standard lines in the spectrum.
| These wave-lengths or oscillation frequencies are
| plotted against the equivalent concentrations of
| the substance under examination. Hartley, to
| whom we are indebted for most valuable work
| on the absorption of organic compounds, in
his earlier papers used the equivalent volume of

-

Fig. 10.
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solution of a fixed quantity of the substance,
and later an equivalent thickness of solution of
fixed concentration. In the first case the effect
of a given relative change in the amount of the
substance was more marked at smaller than at
greater concentrations, and in the second case
exactly the opposite is true. If, however, the
logarithms of the relative thicknesses be used, it
will be seen that a given relative change in
dilution or thickness will be represented by the
same distance on the diagram, whatever be the
actual strength of solution. In actual practice
the logarithms of the relative thicknesses of the
weakest solution wused (in the above case
N/10000) are put on the ordinates, and the
measurements of the absorption limits on the
abscisse, and the line drawn through the
points so obtained gives the absorption curve of
the substance under examination. Such an
absorption curve is shown in Fig. 11, which
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represents the absorption of acetyl acetone in
alcoholic solution.

As will be shown later, the influence of a
solvent upon the absorption exerted by a sub-
stance is often very marked, and it may prove of
importance to observe the absorption of the
substance in the absence of any solvent. This
may either be done with the substance in the
state of vapour or in the liquid state. Hartley
and Purvis have both examined the absorption
of the vapours of a number of organic substances,
and the method adopted was as follows: A
glass tube about 2 cm. wide and 20 cm. long,
with quartz plates fastened at each end, is filled
with the vapour of the substance by aspirating
a current of air previously saturated with the
vapour by bubbling it through the substance
contained in a small wash bottle.

Since this method does not easily allow the

concentration of the substance to be changed, |

which is necessary in order to obtain the com-
plete absorption curve, a similar tube made of
quartz with the ends sealed on may be substi-
tuted. To this quartz tube is attached a side
tube connected with a small flask containing
the substance, and the whole apparatus is
cxhausted to the highest possible point. The
bulb containing the substance is now heated to
certain known temperaturcs at each of which a
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photograph is taken, this being continued until
sufficient concentration is reached. It must be
remembered that in order to guard a;flainst any
condensation of the substance in the quartz
absorption tube this must be kept at a constant
temperature, which is- at least 30° higher than
the highest temperature to which the sub-
stance is to be heated. The concentration of the
substance in the quartz absorption tube may
readily be calculated from the vapour pressure
curve of the substance under investigation.
These observations will give a complete record
of the absorption of the substance similar to
that obtained for solutions, and from which the
absorption curve may be drawn.

For the absorption of pure organic compounds
it is evident that very thin layers must be used,
and Purvis has devised an apparatus for this
purpose, in which a small quantity of the liquid
in question is placed between two perfectly
parallel quartz plates, and by means of a micro-
meter screw these plates may be brought closer
and closer together, and the thickness of the
layer read off at any time. With this apparatus
the thickness of the layer may be reduced to
0:003 mm.

VII. Application of spectroscopic methods to
analysis. Spectroscopic methods have found
considerable application in many directions.
Although in most cases the use of the spectro-
scope is restricted to the qualitative analysis of
substances, yet it has been found possible to
develope certain systems of quantitative analysis
by its means. These applications may con-
veniently be treated under the three headings of
emission spectra (flame, arc, and spark), phos-
phorescence, and absorption.

(a) Emission spectra. Qualitative analysis.
Although in the qualitative spectrum analysis
of a substance some knowledge may be gained if
the substance give a flame spectrum, yet for
complete analysis by the spectroscope recourse
must be had to the arc or the spark as a means
of illumination, preferably the latter.

In general, owing to its wider application,
the spark spectrum is most suited to a qualita-
tive analysis of substances, because they are
more often sufficiently good conductors for the
high potential current of a spark discharge.
Then, again, arc spectra are not possible in the
case of solutions. In dealing with solid sub-
stances such as, for example, native minerals, it
will be found perfectly possible to obtain the
spark discharge between fragments of such
minerals. These small fragments may be
attached by means of fine platinum wire to iron
or steel wires, or may be held in small clips
which are mounted in any convenient form of
sparking apparatus by means of which the
spark length can be varied.

In dealing with the spark spectra of solutions
it is important that the solution be made the
negative pole, and it is most convenient to use an
induction coil giving & 2 or 3 in. spark in air.
A considerable advantage is often gained by
comparing the spectra given by the spark with
or without a condenser. When no condenser is
used it will be found that the spectrum shows
the bands of nitrogen. The solutions of the
chlorides of the alkaline earths, metals, and of
certain rare earths show with the non-condensed
spark, spectra of bands and lines. This is also
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true for chromium, iron, lead, bismuth, mercury,
copper, silver, and gold. The chlorides of the
alkalis, tin, antimony, zinc, cadmium, thallium,
iridium, gallium, nickel, cobalt, and the platinum
family give line spectra. The condensed spark
gives almost entirely line spectra, but superposed
on these will be the line spectra of air, platinum,
and sometimes of chlorine. Considerable differ-
ences arc often obtained between the spectra
given by the spark with or without a condenser,
and the unequal sensitiveness of the spectra
often affords decided advantages. It is possible
for this reason to detect the presence or the
absence of various substances in very complex
mixtures, which with the condensed spark give
such complicated spectra as to make the indi-
vidual lines very difficult to pick out.

On this account it is sometimes very useful
to use a condenser, the capacity of which can
be varied at will. Such a condenser can easily
be made out of two glass tubes, one of which is
sufficiently smailer than the other, so as to slide
easily in and out. The larger tube may be
about 2 ins. in diameter, and both the tubes are
coated on the outside with tin-foil. It is advis-
able to have a wooden handle fitted to the inner
tube, so that it can be moved without danger of
touching the coatings with the fingers, and also
to have the ends of the wider tube expanded a
little, so as to guard against any damage to the
inner coating when it is moved in or out.

It has been shown by de Gramont that if
the condensed spark discharge be passed between
fragments of minerals the spectrum shows
bright emission lines, not only of their metallic
components, but also of the non-metallic com-
ponents in a number of cases, as, for example,
chlorine, iodine, sulphur, phosphorus, arsenic,
and antimony in the case of antimonates and
thio-antimonates. In the spark spectrum of no
mineral up to the present time have the lines of
oxygen and fluorine been noted. We are
indebted to de Gramont for an exhaustive
study of this method of qualitative analysis of
many minerals.

Among the conclusions drawn by de Gramont
from his work may be mentioned the following :
Those elements which are present only in very
small quantities are easily detected. If the con-
denser is not used the spectra of the non-metals
disappear and the metals themselves only show
the brightest of the lines. Those minerals
which are not good conductors but which are
volatile in the spark give equally good results.
Fused salts also show the spark spectra both of
their metallic and non-metallic elements.

It has been shown by Urbain that minerals
such as blende can be analysed spectrographi-
cally, using the electric arc. In one case he
analysed 64 different samples of blende, and
was able to detect quite easily the presence of
germanium, gallium, and indium.

It is well known that the arc and spark
spectra of the same element frequently differ very
considerably. There have been found lines in
the latter which are not present in the former.
To these Lockyer has given the name of enhanced
lines, and has, indeed, suggested that they are
due to simpler forms of matter produced under
the conditions of great stress existing in the
spark. On the other hand, the flame spectrum,
as a general rule, is much simpler than that of
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the arc spectrum, this being attributed to the
fact that the temperature of the flame is lower
than that of the arc. Again, each particular
type of spectrum, whether flame, are, or spark,
is very sensitive to change in the exciting cause,
especially is this true in the case of spark spectra,
where the relative intensity of the lines is found
to change very markedly when the capacity of
the condenser or the amount of self-induction in
the circuit is varied. It will be evident, there-
fore, that in such work as quantitative spectro-
graphic analysis great care must be taken to
keep the conditions constant throughout the
whole series of experiments.

Detection of mercury in explosives. The
basis of this method is the electrolysis of a
properly prepared solution of the explosive,
using a platinum wire as cathode. The platinum
wire is then put into a vacuum tube and gently
heated, when the mercury may at once be
detected by its characteristic spectrum. If the
explosive is completely soluble in the ordinary
solvents, ether, alcohol, or acetone, 2 grms.
of an average sample are dissolved in a suitable
solvent and a sufficient quantity of sulphuric or
hydrochloric acid is added to give a faintly acid
reaction, and the solution is then electrolysed.
If the explosive is only partially soluble 2 grms.
are first extracted by decantation, the residue
is then dried at a low temperature and
evaporated with strong nitric acid to destroi
all organic matter. It is then taken up wit
very dilute hydrochloric acid and electrolysed.
The solution in the organic solvent is also
electrolysed. Since the test for mercury is
exceedingly delicate great care must be taken
to avoid any contamination during the process
of extraction and solution. It is best to use
the same dish for solution and for electrolysis.

The electrodes are made of platinum wire
0:015-0-02 in. in diameter and 1 in. long.
The dish is nearly filled and is carefully covered
with glass or cardboard, the electrodes being
passed through this cover. A current of
2 ampéres at 10 volts is used, and may be con-
tinued all night. The cathode is then taken
and carefully dried and dropped into the vacuum
tube. This tube is about 2} ins. long by ith
in. in bore. A platinum wire } in. long is
sealed in at one end, and the other end is drawn
out ready for sealing, but leaving sufficient room
to allow the entrance of the cathode. The
second electrode also is a platinum wire § in.
long, and sealed in a small side tube. After
exhaustion the tube is sealed off and the current
from an induction coil passed through it. It is
then gently heated, and the presence of mercury
is at once recognised by the green line at 5461

f&ngstr('im, and also by the two yellow lines at

o
5790 and 5678 Angstrom. -

By this method the presence of as little as
0-000001-0-0000001 grm. of mercury may be
detected.

The same piece of platinum wire must never
be used twice, for it has been found impossible
to remove the mercury by the action of heat
so that it will not still continue to give the
mercury spectrum in a vacuum tube. The
amount of mercury present may be estimated
quantitatively by placing the cathode in a test
tube with a small quantity of iodine and gently
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heating it. The mercury is converted into
mercury iodide, which then may be treated in
any convenient manner.

Quantitative analysis. Hartley has shown, in
the first place, that the spark spectra of solutions
of metallic salts show the lines of the metallic
radicle, and further that the effect of diluting
these solutions is first to weaken these lines and
then to shorten them until they finally disappear.
It has been found on further investigation that
all the lines of a metal do not disappear at the
same dilution, and further that, given the
same conditions, the same lines always disappear
at the same dilution. These investigations have
been continued by Pollok and Leonard and by
de Gramont, and the name of residual or ulti-
mate lines has been given to those lines which
persist the longest when the substance is diluted.
The method adopted by Pollok, which is based
on Hartley’s investigations, is to use gold elec-
trodes and to compare the photographs of the
spectra given with a 10 p.c., 1 p.c., 0-1 p.c.,
001 p.c., and 0:001 p.c. solution of a metallic
salt. In taking any photograph the spectrum
of the spark between the gold electrodes alone
is photographed, using a long slit ; then the length
of the slit is shortened and the spark spectrum
of the particular solution required is photographed
without moving the photographic plate. In
this way the gold lines may at once be recognised.
By comparing the photographs taken at various
dilutions of the salt the relative persistence of
the various rays is obtained. The most per-
sistent, that is to say, the residual lines, have
not necessarily any connection with their
intensity. It isevident that in the spectroscopic
examination for the presence of traces of any
element it is by these residual rays that an
element may be recognised when present in
very small quantities. Inasmuch as it is quite
possible, and has indeed been done in very many
cases, to determine the dilutions at which the
various lines disappear, it may be seen that we
have herein a quantitative method of spectrum
analysis.

When photographs of the various dilutions
of the solution of a particular metal have been
taken, the next step is to observe the lines of
that metal, which appear at each particular
dilution. ¥or the sake of convenience, Hartley
indicates the persistence of the various lines by
means of the letters of the Greek alphabet in
the following way. By w lines only seen in a
0+001 p.c. solution, by ¢ those seen in a 0-01 p.c.
solution and not in a 0-001 p.c. solution, by x
those lines seen in a 0-1 p.c. solution but not
in a 0-01 p.c. solution, and by ¢ those seen in a
1 p.c. solution but not in a 01 p.c. solution,
then by o those seen in a strong solution and
not in a 1 p.c. solution, whilst by = he denotes
those lines which are seen in the metallic spark,
but not in any solution.

In actual analysis, therefore, it is only neces-
sary to compare the spectrum photographs
taken of the unknown solution with the photo-
graphs of the particular metals in the various
dilutions, whence the percentage of each par-
ticular metal in the substance under examina-
tion may be arrived at.

It is hardly necessary to point out that in
every photograph the conditions of exposure
must be the same, and also in examining the
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solutions that exactly similar apparatus and
electrodes be employed.

The apparatus recommended by Pollok for
this particular purpose has already been de-
seribed in the section dealing with spark spectra.
A condenser should be used, and if it be desired
to remove the air-lines a self-induction coil may
also be inserted.

As a result of the method described above
the gold lines may be easily recognised, and the
wave-length of the other metallic lines may be
obtained by interpolation between the gold
lines, using either an interpolation formula or
an interpolation curve.

A very large number of these quantitative
observations have been made by Pollok and by
Leonard on the spectral estimation of the ele-
ments, but as yet the investigations are not
sufficiently complete to warrant their detailed
description as a basis of quantitative spectro-
graphic analysis.

This method can be applied to the quanti-
tative analysis of minerals and alloys; for
example, de Gramont has shown that it is
possible to estimate by this method the silver
in specimens of galena.

Hartley describes the application of this
method to the quantitative analysis of alloys ;
for example, old and rare coins, which, as he
points out, saves the cutting and destruction
of the coin. He checked his results by making
an alloy of the same composition as the coin as
found by the spectrographic method, and proved
that the spectra of the two were in every way
identical. In one case he found 13:96 p.c. of
lead, 72:35 p.c. of copper, 12:70 p.c. of zine,
and 0-85 p.c. of iron. He afterwards found
that these figures were correct by the ordinary
methods of chemical analysis.

Methods have been devised for the quanti-
tative estimation of lithium, sodium, and potas-
sium depending on the persistence of the cha-
racteristic lines in the flame spectrum of these
elements. For example, Ballman found that
if a solution of lithium chloride be diluted until

the lithium line (A=6708 A) disappears, then
there is contained in every 3345 c.c. of the
solution 0:001 gr. of the lithium salt.

Mottram has devised a method of quanti-
tative estimation of potassium and sodium,
which he applies to the analysis of animal
tissues and blood. He uses a direct vision
spectroscope, with a fixed slit in front of which
a piece of cobalt glass is fixed. A Bunsen burner
is used, guarded with a blackened metal cylinder
having a hole in one side through which the
flame is viewed and a slit through which a
platinum spoon can be introduced. This Bunsen
burner is Erovided with a platinum gauze nozzle,
and in order to keep the gas pressure constant a
toluol manometer is used for measuring the
pressure and a gas tap with a long arm attached
for delicate adjustments. The following . pre-
cautions were found necessary. The distance
at which the spectroscope and cobalt glass is
fixed in front of the metal cylinder surrounding
the flame must always be the same. The
position of the spoon in the flame must be
constant, and in Mottram’s experiments it was
s0 placed that the bottom of the spoon was just
above the apex of the blue inner zone of the
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flame. The gas pressure was kept very constant
as measured by the diffcrence in heights of the
toluol columns in the manometer (0-3 em.).
The amount of diffused light in the room must
be small and constant. It is best to carry out
the experiments in a dark room lighted by an
8 candle-power electric lamp. The spectro-
scope must always be directed to the same part
of the flame ; it was directed above the spoon
so that the continuous spectrum produced by
the incandescent spoon was just invisible.
The first definite observations should be post-
poned until the eyes become accustomed to the
dull light of the room (about half an hour).
The method for the estimation of sodium
depends on the fact that different quantities of
sodium sulphate when placed on the spoon
and introduced into the ‘flame take different
lengths of time to burn off, the time being pro-
portional to the amount. Mottram recommends
the use in this case of a second cobalt glass.
When the platinum spoon has been cleaned
with strong hydrochloric acid and the blow-
pipe until the D line can no longer be seen
through the two cobalt glasses, 0-02 c.c. of the
solution under examination containing & known
weight of the substance in which it is required
to estimate the sodium is placed in the spoon.
The D line, which at first is clearly seen,gradually
fades until it disappears. The time is then
noted, and this time is compared with a table
which has been previously prepared when known
weights of sodium sulphate were placed on the
spoon under identical conditions. From this
the percentage of sodium can be estimated.

Mottram gives a table showing the times
taken by known quantities of sodium, which
vary from 6} minutes with 0-000001 gr. of sodium
to 13 minutes at 0-000003 gr.

The estimation of potassium depends upon
the least amount of potassium sulphate that will

-]

give the red (potassium line A=7699-3 A).
In Mottram’s apparatus this amount was
0-0000002 gr. Only one cobalt glass was used
in this case, and just as before 0-02 c.c. of the
solution is placed in the spoon. If the potas-
gsium line is then seen, the solution is diluted
and again examined, this being continued until
the line just becomes invisible. This dilution
corresponds, therefore, to 00000002 gr. of
potassium in 0-02 c.c. of solution.

In the application of this method to the
estimation of sodium and potassium in animal
tissues and in blood, owing to the fact that
carbon and acid radicles other than sulphate
materially alter the constancy of the results,
great care must be taken in these cases to destroy
all carbonaceous matter and to ensure that the
sodium or potassium is only present as sulphate.

Phosphorescent spectra.  Amongst the many
substances which show phosphorescence under
the influence of cathode streams perhaps the
most interesting are the rare earths. This
phenomenon has been frequently used as
a means of testing the progress of the frac-
tional separation of the rare earths from one
another. Every such method is based on the
assumption that the phosphorescent spectrum
is a characteristic property of each rare earth.
This, however, is not the case, because it has
been proved by Leonard and Klatt and by
Urbain and his pupils that phosphorescence is
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a phenomenon characteristic of mixtures of
two or more substances. No rare carth gives
any phosphorescence when it is pure, and indeed
it would seem that no pure substance what-
soever can phosphoresce. Urbain has shown
that phosphorescence is a property of diluted
matter, and that in order to obtain the phos-
phorescence of a substance it is necessary that
it be mixed with a large quantity of some
diluent. To the active principle of such mixtures
has been given the name of phosphorogene,
and for every pair of substances, phosphorogene
and diluent, there is one definite mixture which
gives an optimum of phosphorescence. On
either side of this optimum, that is if the phos-
phorogene be either increased or decreased, the
phosphorescence is weakened. Moreover, a
phosphorescent spectrum as a rule contains
several bands, and there is an optimum con-
dition for each of these bands; also these con-
ditions are not the same for all the bands in
any one spectrum. It may happen that as the
quantity of phosphorogene is increased in ‘a
given mixture the conditions are successively
arrived at for giving the optimum for each of
the bands in turn, with the result that the colour
of the phosphorescence appears to the eye
materially to alter. Generally speaking, the
optimum condition corresponds to the presence
of a very small quantity of the phosphorogene.
It will be understood from this that the varia-
tions in the phosphorescence observed during
the fractional separation of the rare earths, will
be very varied as the optimum condition for
each of the phosphorogenes present is passed.
The extraordinary variations which can be
obtained in the relative intensity of the various
bands in any one phosphorescent spectrum
explain why it has been thought by some
people that each separate band is the cha-
racteristic spectrum of a single element.

Urbain’s investigations have proved con-
clusively that this theory is completely un-
tenable, and they also show the great care that
must be exercised in the interpretation of any
phosphorescent spectrum that is observed. At
the same time, in the fractional separation of
the rare earths, owing to the very small differ-
ences in their atomic weights, it is necessary to
use some physico-chemical observations (such as
spectroscopic) to characterise the elements.

In this connection may be used emission,
absorption, and phosphorescent spectra, all three
of which are given by the rare earths.

In carrying out any fractional separation on
the rare earths, if the order number of the
fraction is made the abscissa and the atomic
weight the ordinate, the curve drawn through
these points at the beginning of the fractionation
will of course appear continuous and regular.
As the fractionation advances the curves will
begin to give indications of horizontal steps,
which become more marked as the process is
continued. These steps, as a rule, correspond
to the existence of pure substances. They may,
however, be mixtures similar to constant boil-
ing mixtures in a distillation. It is evident from
what has been said above, if these horizontal
steps give any evidence of phosphorescence
that they must correspond to a mixture, and
that if they correspond to single pure substances
they will not phosphoresce.
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It will be seen, therefore, that although
phosphorescence cannot be utilised as a test
for the purity of a substance, yet it may within
certain limits be of great value for the charac-
terisation of an element. But for the complete
identification of such an element it is necessary
also to make use of its emission and absorption
spectra. ;

Absorption spectra. Perhaps it may not be
out of place before dealing with specific absorp-
tion spectra observations to define the limits of
transmission of the various materials which are
used in different branches of spectroscopy.

Substance Transmits all rays between
Heavy flint glass € . 2u and 0°-3500u
Flint glass e . 2u and 03300u
Crown glass . 3 . 2u and 0-3200u
Light crown glass . . 2u and 0-3000x
Quartz .’ Eaor - % . 4p and 0-2000u
Calcite . 5 3 . 22 and 0-21504
Fluorite . c . . T6uand 012304
Rock salt 2 . 184 and 02000y

- Frequently in constructing spectroscopes it
is necessary to make use of a reflecting mirror
of some kind. It may be pointed out that a_
silvered surface has very poor reflecting power
in the ultra-violet rell,vion. The maximum of

transmission by a silver layer lies between
-]

3360 and 3100 Angstréms, and such a layer
consequently cannot reflect light of this wave-
length. A speculum metal surface, however,
seems to have the power of reflecting ultra-
violet light down to the shortest wave-length
yet observed. Similarly a nickelled surface has
excellent reflecting power in the ultra-violet
region. Nickelled mirrors may easily be ob-
tained by exposing the surface to be coated to
the cathode streams from a nickel cathode in a
high vacuum. . !

Absorption specira of inorganic salts and
their lakes with alkannin. Many metallic salts
which give coloured solutions may be recognised
by their absorption spectra. Those, however,
which give colourless or only weakly-coloured
solutions, with the exception of praseodymium,
neodymium, erbium, samarium, holmium, thu-
lium, europium, gadolinium, and dysprosium do
not give sufficiently characteristic absorption
for their recognition. It is possible, however,
in many cases to convert these substances
into compounds which give a characteristic
absorption spectra, for example, manganese
salts, which although rose coloured, give no
characteristic absorption, but if they are con-
verted into permanganates by oxidation with
nitric acid and lead peroxide the absorption
spectrum becomes highly characteristic. Simi-
larly aqueous solutions of cobalt salts though
red possess no characteristic absorption, but
their solutions in the presence of concentrated
hydrochloric acid give again a highly character-
istic absorption. :

Formének has made a careful investigation
into the absorption spectra of the lakes formed
by metallic salts with the dye-stuff alkannin,
which may be used in the qualitative testing for
the presence of the metals. It is necessary to
use a rather dilute solution of the alkannin in
alcohol. The powdered alkannaroot is extracted
in the cold with 95 p.c. alcohol until a layer of
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the solution 10-12 mm. thick shows all the
absorption bands sharply separated. About
5 c.c. of this solution are then put into a cell
about 10-12 mm., thick and two or three drops of
the neutral aqueous solution of the metallic
salt are added. If after a short time no change
in the spectrum is noticed a small drop of
dilute ammonia is carefully added and the
absorption spectrum observed. The salt solu-
tion must be perfectly neutral, and in case of
the heavy metals great care must be taken in
adding the ammonia to guard against any
insoluble precipitate being formed. The solu-
tion of the alkannin in alcohol shows four
absorption bands at the following wave-lengths

5637, 5443, 5227, and 4872 Angstroms. The
addition of dilute ammonia to this solution
changes it from red to blue, and it then shows
only two bands at AA=6428 and 5948. If the
chloride of the metal is added to the neutral
alcoholic solution of the dye-stuff the absorption
changes in the case of the following metals,
iron, aluminium, glucinum, yttrium, erbium,
zirconium, thorium, vanadium, indium, molyb-
denum, nickel, copper, palladium, rhodium,
and uranium. In the remaining metals no
change is observed until after the addition of
ammonia. In the table on p. 127 are given the
maxima of the absorption bands obtained with
the various metals.

Absorption of the oxides of nitrogen and ozone
in the infra-red and their quaniiiative estimation.
Warburg and Leithduser have measured the
absorption of N,0;, NO,, N,0,, NO, N,O, and
O, in the infra-red, and find that all these gases
exhibit very well marked and characteristio
absorption bands between the limits 2-7 and 7u.

The apparatus used was a fixed arm
spectrometer with a single fluorite prism.
The source of illumination was a Nernst lamp,
and the absorption bands were detected by
means of a vacuum bolometer, whilst the wave-
lengths of the absorption bands were calculated
from the known dispersion curve of fluorite.

In the following table are given the wave-
lengths of the absorption bands, in each case the
most important band being marked in heavy
figures :—

Substance Absorption maxima in u
N,O; . 273 2-83 3-33 3-86 4:27 4-81 581
N,0, . 5695

NO, . 338 611

NO . 524 540

N,O . 279 354 386 4:02 (4-29) 4+45

0, . 474

The absorption of these gases can be utilised
for the quantitative analysis of the gas mixtures
which contain one or more of these gases, pro-
vided that their quantities are not too great.
A 30-cm. long absorption tube is used, and it is
necessary to determine the intensity of the
absorption band in each case corresponding to
definite percentages of the gas in question.
These percentages should be so small that the
partial pressure of the gas lies between 0-3 and
1 mm. When these relations between intensity,
and absorption and partial pressure of the
absorbing substance have been determined for
all the above gages the estimation of the amounts
present in any given gas mixtures may readily
be found.
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Element Principal band Secondary Bands Remarkg
Uranium . 6870 6315 — Without NH,
Iron 6545 6030 = Ferric chloride with NH,
i : 5895 5475 — Ferrous chloride with NH,
Palladium 6418 5875 5447 Without NH,
" 6084 5629 5234 With NH,
Caesium 6410 5922 —_ With NH,
Rubidium 6397 5914 —_ With NH,
Potassium 6387 5910 — ith NH,;. Nitrate gives the
same spectrum
Cobalt 6370 5845 5405 Chloride with NH,
» 6354 5832 5395 Nitrate with NH,
Sodium 6337 5857 — With NH;. Nitrate gives the
same spectrum
Thallium . 6288 5770 — With NH,
Barium 6281 5805 5395 With NH,
Titanium . 6271 5782 5350 With NH,
Strontium 6223 5757 5348 With NH,
Lithium 6210 5745 5340 With NH,
Nickel 6192 5725 5320 Without NH,
»» . 6198 5732 5325 With NH,
Manganese 6171 5707 5303 With NH,
Calcium 6147 5682 5276 With NH,
Lanthanum 6120 5662 5262 With NH,;. Nitrate gives the
» same spectrum
Cerium 6115 5658 5258 Chloride with NH,
5 3 6123 5665 . 5265 Nitrate with NH,
Vanadium . 6099 5643 5250 Without NH
Praseodyminm . 6090 5636 5240 Chloride with NH;
o 5 6117 5660 5260 Nitrate with NH4
Magnesium 6064 5614 5213 With NH;. Nitrate gives
same spectrum
Neodymium 6058 5603 5222 With NH,
e 6055 5601 5220 Nitrate with NH,
Thorium 6081-6055 5614-55699 5213-5195 Chloride without NH,
~ g 6084-6066 5625-5614 5222-5213 Nitrate without NH,
Zirconium 6030-6016 5581-5570 5195-5186 Without NH,
> 6058-6030 5603-5581 5213-5195 Nitrate without NH,
Yttrium : : 6021 5581 5195 Without NH,
= . : ! 6016 5570 5177 With NH;. Nitrate gives the
same spectrum
Zine , 6016 5581 5195 With NH,
Erbium 6010 5559 5177 Without NH,
Indium 5961 55637 5168 Without NH,
Copper 5953 5515 5128 Chloride without NH,
) F 5945 5509 5123 Nitrate without NH4
Aluminium 5857 5425 5048 Without NH;. Nitrate gives
the same spectrum
Molybdenum 5845 5415 5040 Without NH,
Glucinum 5820 5385 5008 Without NH,

In making use of this method of investigation it is not advisable to use the metallic salts in

too dilute a solution.

Absorption spectra of nitrogen peroxide in the
visible region and its estimation thereby. Nitrogen
peroxide, as is well known, exhibits a very
characteristic absorption spectrum, which con-
sists of a large number of fine lines in the visible
region and a general absorption in the violet.
Robertson and Napper have utilised this
absorption for the quantitative estimation of
small quantities of nitrogen peroxide in air or
carbon dioxide. The absorption spectrum was
photographed in each case with a spectrograph
having a single dense flint glass prism. A
Welsbach incandescent mantle was used as a
source of light, and the absorption vessel was a
glass tube 40 cm. long with the ends closed by
glass discs which were attached by cement.
The estimation of the nitrogen peroxide in any
gas is done by comparison of the photographs
taken of the absorption exerted by the gas,

with a series of photographs of the absorption
spectra of carbon dioxide or air containing
known definite amounts of nitrogen peroxide.
It was found possible to estimate quantitatively
an amount of nitrogen peroxide as low as
0-05 p.c. within 0:02 p.c. In the case of greater
concentrations of nitrogen peroxide the accuracy
is about 0-05 p.c.

Quantitative estimation of the nitrogen evolved
tn the decomposition of gun-cotton and nitro-
glycerin. The above described method for the
estimation of nitrogen peroxide has been applied
to the Will test of decomposing gun-cotton and
nitroglycerin.

The most satisfactory results in the case of
gun-cotton, and also of nitroglycerin, were ob-
tained by heating the substance in a measured
current of pure carbon dioxide, and passing
the gases through an absorption spectrum
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vessel as described above, and afterwards
through a tube containing copper heated
to redness. The gases from this decomposition
tube were passed into potassium hydroxide solu-
tion and the total nitrogen measured. In the
case of gun-cotton 2} grms, are heated in
an oil-bath to 135° and a stream of specially
pure carbon dioxide is passed at the rate of
1 litre per hour (controlled by observing the
number of bubbles per minute in a small glass
washing bottle containing sulphuric acid)
through the vessel containing the nitrocellulosc.
The current of carbon dioxide containing the
gases resulting from the decomposition of the
nitro-cellulose is passed through the absorption
gpectrum tube and the spectrum photographed
at intervals of a quarter of an hour. The gases
are then passed through a combustion tube con-
taining two spirals of reduced copper gauze and
layers of Kreusler’s copper oxide asbestos and
reduced copper asbestos. The oxides of nitrogen
are thereby reduced to nitrogen and the organic
gases oxidised to carbon dioxide. The gas is
then passed through a meaguring burette con-
taining strong caustic potash, and the volume of
nitrogen is read at intervals. A curve is con-
structed showing the amount of nitrogen per-
oxide and of nitrogen evolved each quarter of
an hour, and the character and slope of the
curve is a measure of the stability of the
sample.

Since certain preliminary experiments proved
that water vapour has no influence upon the
absorption spectrum of nitrogen peroxide,
whilst the presence of liquid water causes a
rapid absorption of this gas, great care must be
taken not to allow any water to condense in
the apparatus. It was found that about 40 p.c.
of the nitrogen evolved by the gun-cotton is in
the form of nitrogen peroxide.

In the case of nitroglycerin, Jena glass wool
soaked in 0:3-0-5 grm, of nitroglycerin is placed
in a horse-shoe shaped tube; this is closed by a
stopper, which is greased and mercury-sealed.
To each end of the horse-shoe is connected a
spiral tube 8, and s, in Fig. 12. The current
of carbon dioxide may be passed down the
right-hand spiral through the glass wool and
up the other spiral or vice versd, according to the
way the three-way cocks are turned. The whole
apparatus can be rotated round the axis, and,
when starting, the spiral 8, is immersed in an
oil-bath of known temperature, and so the
carbon dioxide receives a previous heating
before it reaches the nitroglycerin. Spiral s,
is protected by an asbestos sheet from the heat
of the oil-bath, and is cooled by an air blast.
Any volatilised nitroglycerin is condensed in this
gpiral. After a reasonable time has elapsed the
apparatus is rotated through 180°. The two
spirals now exchange their functions, and any
nitroglycerin in s, is restored to the system.
The gases are then passed,as described above,
first through the absorption spectrum tube and
then through the heated tube of copper and
copper oxide. In order to guard against any
presence of nitroglycerin in the gases they are
made to pass through a worm cooled with ice
immediately on leaving the decomposition
apparatus. As in the case of gun-cotton,
described above, the current of carbon dioxide
passes ab a measured rate and the nitrogen
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peroxide is spectroscopically estimated by the
method described for that substance.
The decomposition of nitroglycerin was

studied between the temperatures of 90° and
135°, and it was found that this decomposition

Fia. 12,

proceeds in as uniform a manner as that of a
stable gun-cotton. Further, the whole of the
nitrogen is evolved as nitrogen peroxide.
Between 95° and 125° the rate of decomposition
is a function of the temperature, and is doubled
for every increase of 5°.

VIII. Spectrophotometry. In dealing with
the quantitative analysis of substances which
exhibit absorption two general methods may be
employed. Firstly, the amount of an absorbing
substance present in any given mixture may be
determined by taking a photograph of the
absorption exerted by the mixture, and com-
paring this with a series of standard photo-
graphs which have been taken of the absorption
of the same substance at certain definite and
known concentrations. That standard which
exactly matches the absorption given by the
unknown mixture will, of course, give the con-
centration of the absorbing substance in that
mixture,

An example of this method has already been
given above in connection with the estimation
of nitrogen peroxide in the gases evolved on
heating gun-cotton and nitroglycerin. It is
manifest that exactly the same principle may be
applied to substances in solution, provided that
standard absorption records can be obtained of
known concentrations of the same substance in
the same solvent.

In the second method the amount of absorp-
tion exerted by the substance in a given mixture
is determined quantitatively by means of a
spectrophotometer, these observations being
made at that region of the spectrum where the
characteristic absorption by the substance occurs.
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Before giving an account of the instruments
and methods employed, a few words may be said
about the laws of absorption and their applica-
tion to quantitative analysis.

If light of intensity I enters an absorbent
medium having a thickness equal to 1, the light
which emerges will be reduced to 1/x, and after
passing through a second layer of equal thickness
the intensity will be reduced to 1/n2 If the
thickness of the layer be denoted by d, the
intensity of the light will be reduced to 1/n4.
From this it may be seen that as the thickness
of the layer increases in arithmetical progression,
the transmitted light will decrease in geometrical
progression.

If, therefore, the intensity of the incident
light be put equal to I and dI be the amount
lost during its passage through a layer of thick-
ness dz, we have dl=—kldz.

If we integrate between the limits 2=0,
when the intensity of the incident light=I,
and x=d, when the intensity is I, then it will
follow that

1IS21 e e e L R 6 )|

where £ is a constant depending on the absorbing
medium and the wave-length of the light, and
e is the base of natural logarithms.

Usually e—* is denoted by the symbol a, and
is known as the absorption coefficient, so that

we may write
I=Iat . . . . . (2)

and if d=1, we have a=1I/1,, so that a represents
the fraction of the light which is transmitted
by a layer of thickness I. This relation is
known as Lambert’s law. Bunsen and Roscoe
expressed the absorption power of a given region
of the spectrum in terms of the °coefficient of
extinction,” and defined this as the reciprocal of
that thickness which causes the reduction in
intensity of the light to Jth of its original
value. If this coefficient of extinction be
expressed by a then, when in equation (2)

1/1,=}, d=a, therefore a®=};, whence a=10"%
Substituting this in the general equation (1)

we have I=I‘,IO"'"1, and if I,be put equal to 1
then —logI=ad.

In actual practice it is simpler to use a layer
of unit thickness (d=1 cm.) when the coefficient
of extinction can at once be obtained. For
example, let us suppose that a beam of light is
reduced to 3ths of its intensity when transmitted
through 1 em. of an absorbing solution.

From this it follows that —

=—(log 3)=log 5—log 2
a=069897—0-30103
a=0-39794.

The dectermination of the extinction co-
efficient is therefore exceedingly simple.

In order to apgly this to the quantitative
estimation of absorbing substances we make use
of the relation known as Vierordt’s absorption
ratio. According to Beer’s law the absorption
of a given solution is inversely proportional to
the concentration, that is, if the absorption were
observed of a given thickness of a solution of
concentration ¢, the same absorption would be
exhibited by half that thickness of a solution of
concentration 2c.

It follows, therefore, that in solutions of
different strengths of the same substance the
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extinction coefficient is proportional to the
concentration c.

If the concentrations of a series of solutions
of the same substance be expressed by ¢, c,,
3, - . . and the corresponding coefficient of
extinction by a, a,, a3, . . ., thenitfollowsthat
el A From this we have generally
a a; ag
c=gaA, when A is called the absorption ratio.
A may be determined once for all for any sub-
stance in the given solvent, and the concentra-
tion of a solution of the same substance in that
solvent may at once be determined by finding
the extinction coefficient and substituting it in
the formula c=aA. ’

It must be remembered, of course, that the
above relation is only true forjany one wave-
length.

It is evident also that the above relation
only holds good when a single absorbing sub-
stance is examined in a non-absorbing solvent,
and that if two absorbing substances are present,
such as occur when the solvent exerts absorption,
or when two absorbing substances are dissolved
in a diactinic solvent, the observations become a
little more complicated. It is necessaryin such
a case to determine the extinction coefficient for
light of two different wave-lengths. If, for
example, we have a solution of two coloured
substances of unknown concentration, =z and y
respectively, it is necessary to determine the
extinction coefficient for two different parts of
the spectrum. Let these be « and «; respec-
tively. Then if A and A, and B and B, be the
absorption ratios for the two substances at the
two different wave-lengths, it follows that
a=2%41 Y%anda, =% Y.
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Solving these two simultaneous equations we
AA(aB — a,B;) T BB,(aA—a;A,)
A B—AB, — AB,—AB
from which, of course, the concentrations of the

two substances may at once be calculated.

The measurements of the amount of light
absorbed by or transmitted through substances
such as are required for the determination of the
extinction coefficient are made with a spectro-
photometer, which is an instrument by means of
which the relative intensities of two different
beams of light may be compared at any required
wave-length in the visible spectrum.

The Vierordt instrument consists in the main
of an ordinary spectrometer, the slit of which
is divided into two, an upper and lower portion,
which are provided with separate micrometer
screws for adjusting the width. If both halves
of the slit are set at equal width, and are illumi-
nated with a beam of whitelight, and in front of
one half is placed the absorbing material, there
will be seen in the eye-piece two spectra, one
above the other, one of which is less intense
owing to the absorption which has taken place.
The difference in intensity between the two
spectra at any given wave-length may be deter-
mined at once by decreasing the width of the
half of the slit corresponding to the brighter
spectrum until the two appear equal in the field
of view of the telescope. If the original widths
of the slit were, say 100, and the one half had
to be reduced to 75 in order to establish equality,
then clearly the relative intensities were as 4 : 3.

K
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In order to guard against the eye being confused
by the intensities of the spectral regions on
cither side of the region dealt with, the eye-piece
is. provided with adjustable screens in order to
shut off all the rays except those actually to be
compared.

There are, however, several points of import-
ance which must be attended to in order to make
accurate measurements, and these necessitate
the apparatus being more complex than the
above simple description would foreshadow.
In the first place, the original idea of Vierordt
depends upon the assumption that the intensity
of illumination is directly proportional to the
width of the slit. This cannot be true with &
slit of the ordinary type in which only one jaw
is movable, so that the slit widens unsymmetri-
cally. This difficulty was surmounted by Kriiss
who substituted for the Vierordt double slit
one in which both jaws of each slit are equally
moved in opposite directions by the micrometer
screws. KEach slit of the instrument is, there-
fore, opened or closed symmetrically. Again,

the intensity of illumination is only proportional |

to the slit-width when the latter is small. If,
therefore, the difference in intensity between
the two spectra is very large, it is not possible
to measure this only by altering the slit-widths.
The intensity of the brighter spectrum is first
reduced by introducing a plate of neutral tinted
glass, and the final adjustment made by altering
the width of the slit. Several of these plates of
tinted glass should be on hand, the absorption
of which for the various spectral regions has been
carefully determined.

In the second place it must be remem-
bered that the loss of light suffered when a
beam of light passes through an absorbing
layer is not only that due to the absorption
of the medium, but that a very appreciable
amount is lost by reflection at the boundary
surfaces. TFor example, if an absorption cell
half full of the absorbing solution were placed
in front of the slits of the Vierordt instrument
so that the lower slit was illuminated by the
light after passage through the absorbing layer
while the upper slit received the light which
passed through the upper and empty half of
the cell, then the differences obscrved between
the two spectra would not be that due to the
absorption alone. The loss by reflection of the
light would not be the same in the two cases, for,
on the one hand, the reflection would be at a
glags-solution surface, and in the other case it
would be at a glass-air surface. As the indices
of refraction for air and the solution are different
the amount of loss by reflection would also differ.
_ This difficulty may be removed by means of
what is known as the Schultz corrector. This is
a block of glass of the same quality as that of
the walls of the cell and is shown'at’a in Fig. 13.

The internal thickness of the cell is made
11 mm., and that of the Schultz corrector 10 mm.,
and the depth of the latter is half that of the
cell, The cellis filled with the absorbing solution
and is set up in front of the slits of the instru-
ment so that one slit receives the beam after
passage through 1 mm. thickness of solution,
and the other slit receives the beam after passage
through 11 mm. If the cell and corrector are
made of the whitest flint glass no appreciable
absorption is introduced by the latter except in
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the extreme violet, whilst the difference in loss
by reflection is reduced to a minimum.

The third point, and the most difficult of
realisation, is the necessity that the two spectra
should be in optical contact in the field of view.
The eye is exceedingly sensitive to differences in

-
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intensity between two spectral images, provided
that there is no sharply defined line of separation
between them. It may be readily understood
that however carefully the above cell be adjusted
in front of the Vierordt slits, it- will practically
be impossible to obtain the two spectra in
contact without a dividing line. In order to
bring the two spectra into contact H. and G.
Kriiss applied the so-called Hiifner rhomb to
the Vierordt instrument, the arrangement being
shown in Fig. 14.

The two beams coming from the absorbing
cell with the Schultz corrector enter the rhomb,
and emerging thence they enter the slit and
give two spectra in contact.

In the Vicrordt instrument the intensity of
the spectra is altered by varying the width of

Fia. 14.

the slit, the assumption being made that the
intensity is proportional to the slit-width,
provided that this latter is kept small. Many
forms of spectrophotometer have been devised
from time to time, and a different method of
altering the intensity adopted. In the Glan
type the two beams are polarised at right angles
to one another by suitable means, and they
finally pass through a Nicol prism. A rotation
of this will, therefore, decrease the intensity of
one and increase the intensity of the other, and
the relative intensities of the two may be calcu-
lated from the angle  through which the Nicol

is rotated, for %:tan’ 6. In the Hiifner instru-

0
ment only one beam is polarised, and the change
in intensity is altered by the rotation of a Nicol
prism as in the Glan instrument. In the older
forms of the Hiifner instrument the brighter
beam, that is to say, that light which has passed
through the thinner layer of absorbing solution
was polarised by reflection from two plane mirrors
set at the polarising angle outside the slit. In
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the modern form the beam of light after trans-
mission through the thinner absorbing layer is
Eassed through a Nicol prism, and then the two

eams are brought into optical contact by a
special rhomb similar to that shown in Fig. 14,
for the Vierordt instrument. The intensity is
changed by a second Nicol, the angular rotation
of which can be measured, and, if again 6 be
the angle of rotation necessary to bring about
equality of the two spectra in the field of view,

—-=cos? 0.

* The Hiifner spectrophotometer has recently
been much improved by Twyman, who has
succeeded in reducing the experimental errors
to a very small value indeed. Twyman points
out that the principal source of error lies in the
fact that the rays of light in passing through the
dispersing prism system are partially polarised.
For this reason the beam which does not pass
through the Nicol prism outside the slit will
become partially polarised, and, therefore, will
lose in intensity when the second or analysing
Nicol is rotated. As a matter of fact this error
is corrected to a certain extent by the use of
the Hiifner rhomb owing to the fact that
the principal planes of this rhomb and the dis-
persing prism are at right angles to one another.
Twyman shows that by the use of a rhomb made
of the same glass as the prism, and so cut that
the angle of incidence on the face of the rhomb is
the same as that on the prism face, the error is
entirely eliminated, for the polarisation caused
by the two, rhomb and dispersing prism, are
then exactly equal and in planes at right angles,
and thus the two exactly counterbalance one
another.

Further, the instrument is made with a
constant deviation prism so that the telescope
and collimator are fixed and the spectrum caused
to pass across the field of view by the rotation
of the prism, the principle being the same as
that of the spectrometer shown in Fig. 4. The
accuracy obtained with this improved form
of spectrophotometer is exceedingly great and
far superior to that obtained with the ordinary
form of instrument. In actual practice the
instrument is adjusted as follows. The best
source of illumination is a Nernst filament
lamp, and the rays from this are directed into
the instrument, and the analysing Nicol prism
is set at the zero reading. Owing to the necces-
sary loss of light caused in the one beam by the
polarising Nicol the two beams will naturally
appear of different intensities. In order to
correct this error a wedge of neutral tinted
glass is mounted outside the slit in the path of
the brighter beam. This wedge is slowly moved
until the two spectra appear exactly equal in
intensity in the field of view. The instrument is
then in adjustment, and in determining the
extinction coefficient of a given solution, the
solution is put in an absorption cell with a
Schultz corrector, and this is properly mounted
in front of the polarising Nicol and slit. When
the analysing Nicol has been rotated so as to
bring the two spectra again to equality, and as
stated above, the angle of rotation is 6, the ratio
of the intensities of the two beams I/I; will be
given by cos? 6.

In addition to the above-mentioned types
of spectrophotometer, which are particularly
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adapted to the quantitative measurement of
absorption since only one source of light is used,
there have been several instruments devised
more suited to the spectrophotometric com-
parison of two different light sources. These
are more suited to spectropyrometry or the
measurement of temperature by comparison of
the emission spectrum of the body, the tempera-
ture of which has to be measured with that of
some standard source. One of the most con-
venient of these instruments has been devised
by Brace, and a diagrammatic arrangement is
shown in Fig. 15. A and B are two exactly

C
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similar right-angled prisms which are cemented
together. Before they are cemented, however,
that surface of B which is to be cemented to a
is heavily silvered, and this coating is carefully
removed so as to leave a narrow horizontal strip
across the centre of the prism face. The two
prisms are then cemented together. One source
1s placed at ¢ and the other at », the rays from
each passing through a slit and collimating lens.
The rays from ¢ are refracted at the first surface
of A as shown, and pass through the junction of
the two prisms above and below the silver strip.
The rays from D enter the prism B and are re-
fleected from the silver strip. Both beams
undergo exactly the same amount of deviation,
with the result that when brought to a focus a
strip of spectrum from D will be seen between
two strips of spectrum from ¢. When these are
brought to equality the boundary lines between
them disappear. The necessary variations in
intensity may be brought about either by altering
the slit-width, as in Vierordt’s instrument, or by
the use of a rotating sector with openings of
known size placed in front of the light source.

It is hardly necessary to point out that
spectrophotometric measurements with ordinary
instruments are limited to the visible region,
and therefore only those substances the
absorption bands of which lie in the visible
region can be dealt with. Although H. A.
Kriiss has described a method by means of
which two intensities in the ultra-violet can be
photometrically compared by the use of a
fluorescent screen, yet this seems to be incapable
of extensive use, seeing that the brightness of
the fluorescence is generally so small.

It would seem that the only method of
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comparison is by photography. This comparison
by photography must of necessity be very tedious,
because it involves taking a series of photographs
of the two spectra, the intensity of the standard
spectrum being reduced by a known amount in
each case. From a comparison of the resulting
negatives the particular intensity of the standard
required can be found.

The possible applications of spectrophoto-
metry to the estimation of substances with
absorption bands in the visible region, as may
readily be understood, are very numerous.
In the bibliography dealing with this section
will be found references to many of these appli-
cations, for they are too numerous to describe in
detail.

IX. Qualitative and quantitative estimation
of blood. Blood contains the highly complex
iron-containing ecrystalline colouring matter
called hemoglobin. This hemoglobin has the
power of readily linking itself to an atom of
oxygen, which is in such a labile state that it
can readily be given up and oxidise the waste
products of the tissues of the body. While
living blood generally contains both the oxy-
genated and the deoxygenated hamoglobin, the
former is essentially a constituent of arterial,
and the latter of venous, blood. This labile
oxygen may, therefore, be considered as the
respiratory oxygen of the animal system.
Hoppe-Seyler has shown that hzmoglobin is
decomposed by acids, and by alkalis in the
absence of air into heemochromogen (sometimes
called reduced hematin), and finally into
hematin, This process is apparently a hydroly-
sis, whereby an albumen, globin, is split off. If
in this process hydrochloric acid be used, an
intermediary product known as heemin is
formed, which is the hydrochloride of hematin
(see BLooD). Again, if hematin is heated with
concentrated nitric acid or is dissolved in con-
centrated sulphuric acid, it dissolves, giving a
solution of hematoporphyrin. This substance
contains no iron, the iron atom having been
withdrawn as a ferrous salt from the haematin.
According to Nencki and Sieber the following
equation expresses the preparation of hemato-
porphyrin from hematin—

CyoHao N FeO, +3H,0=C4,Hy(N,0,+ Fe.

Two reactions of heemoglobin are of considerable
importance, namely its oxidation and its reaction
with carbon monoxide. When oxidised by
a mild oxidising agent such as nitrites or potas-
sium ferricyanide it is converted into a brown
substance, metheemoglobin, the same substance
being produced when hemoglobin is exposed to
air, as may be seen on the cdges of wounds
and on blood stains on cloth, &e.

The second reaction of hemoglobin is the
power which it possesses of absorbing carbon
monoxide, a new compound being produced
called carbon monoxide hemoglobin. This is of
great importance in dealing with cases of carbon
monoxide poisoning.

The various derivatives of hemoglobin may
be prepared as follows: The blood is first
defibrinated and diluted with 1 p.c. of caustic
soda, when it is found to show the spectrum of
oxyhmmoglobin. To reduce this back to
h@moglobin we may wuse freshly-prepared
ammonium hydrogen sulphide, or better still,
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hydrazine hydrate, since in this case only nitrogen
and water are formed
NH, NH,+0,=N,+2H,0.

The addition of a few drops of concentrated
potassium ferricyanide solution to diluted blood
shows at once the spectrum of methemoglobin.

If a drop of blood be warmed on a slide with
one or two drops of glacial acetic acid and the
mixture boiled over a small flame and then
allowed to evaporate, the residue, when examined
under the microscope, will show reddish-brown
crystals of heemin, known as Teichmann’s erys-
tals. Even an old blood stain gives the same,
but better results are obtained in such a case
if a small erystal of sodium chloride is added.

To prepare hemin on a large scale, 1 volume
of defibrinated and strained blood is added to
4 volumes of glacial acetic acid previously heated
to 80°. As soon as the temperature has fallen
to 55°-60°, the blood is again heated to 80°,
and on cooling the crystals of hemin separate
out with characteristic silky lustre and dark-
blue colour. These are allowed to settle for
12 hours, then decanted and washed with water,
after which they are filtered off and washed
with alcohol until the runnings are no longer
coloured.

If the crystals are dissolved in very dilute
caustic potash and then heated with dilute hydro-
chloric acid hematin is precipitated. This is
then washed with water until free from chlorine.

Both hematin and hemin dissolve in cold
concentrated sulphuric acid to give hemato-
porphyrin, which is precipitated on the addition
of water. The absorption spectra of the different
colouring matters are as follows :—

Oxyhemoglobin shows two absorption bands
in dilute solution which coalesce into one band
when the solution is more concentrated.

Formdnek 5880-5650A 5550-5260A
Naumann 5890-5680A 5570-5270A  (maxi-
mum at 5500)

In stronger solution one band at 5940-
5180A.

Hamoglobin. This only shows one band as
a rule, though in very dilute solution a weaker
band has been described as appearing on the red
side.
Preyer (1871) . 5980-5400A (maximum at 5620)
Gamgee (1880) 5950-5380A (maximum at 5500)
Formédnek . 5930-5700A and 5700-5400A.

Carbon monoxide heemoglobin. Formsnek de-
seribes two bands, 5810-5610A and 5500-5230A.

Methamoglobin. The neutral or faintly acid
solution is chocolate-brown, whilst when made
alkaline with ammonia it turns red. The former
shows a well-marked band in the red, and two
others which are very weak and may not be
seen. The latter gives a principal band nearer
to the blue and two faint bands. The fainter
bands in both cases secm to agree with those of
oxyhaemoglobin.

Neutral or faintly acid bands, Formének, 6400
6250A, 5780-5680A, and 5540-5300A.
Alkaline, Ziemke and Miiller, 6050-5890A,

5890-5790A, and 5580-5350A.
Hematin.,  Alkaline solutions are red and
acid solutions brown—

Alkaline solution (Naumann) . 6240-5750A.
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Acid solution shows a principal band in the red
and a weaker one—
Naumann .6600-6300A and 5890-5270A.
Hematoporphyrin. Acid alcoholic solutions
are purple to bluish-violet. Alkaline solutions
are red to red with a violet tinge—
Acid, 2 bands (Naumann), 6060-5910A and
58905440 A.
Alkaline, 4 bands (Formdnek), 6330-6160A,
5890-56604, 5200-5350A, and 5200—4980A.
For the quantitative estimation of blood the
following values of the absorption ratios of oxy-
hemoglobin, ha@moglobin, and carbonic oxide
hemoglobin may be given for the spectral
regions specified (Hiifner).
Limits of Absorption
spectralregion ratio
. 5650—-5540A 0:002070
. 5425-5315A 0-001312
. 5560-5540A 0-001354
5 2 2 . 5425-5315A 0-001778
Carbonicoxidehemoglobin 5650-5540A 0001383
5> & ' . 5425-5315A 0001263

In the detection of blood stains, such as may
occur in medico-legal cases, the stain is either
washed out with water or digested with warm
10 p.c. sodium carbonate solution. The spec-
trum is noted and then the solution is treated
with a reducing agent, for example ammoninm
hydrogen sulphide or hydrazine hydrate, as
described above, when the spectrum of hemo-
globin is formed. This is an exceedingly
delicate test; shaking with air restores the
original spectrum, but a fresh addition of the
reducing agent reproduces hmoglobin.

Again the hemin and h@motoporphyrin test
described above can be employed. In the detec-
tion of carbon monoxide poisoning the blood
shows the spectrum of carbonic oxide heemo-
globin. This is somewhat similar to the oxy-
hzmoglobin spectrum, but it is quite unaltered
by ammonium hydrogen sulphide, and in this
manner may be sharply differentiated.

X. Optical Pyrometry. An important appli-
cation of the spectroscope lies in the measure-
ment of the intensity of the radiation from an
incandescent source by direct comparison with
that of a standard, for by this means the tem-
perature of the former may be arrived at.
Generally this comparison is carried out for
red light, because, in the first place, the colour
of the light emitted by a body varies very con-
siderably with the temperature, and in the
second place it allows the measurements to be
made at lower temperatures. It must be
remembered that the intensity of the radiation
emitted by an incandescent substance is not
only a function of the temperature, but also that
it depends upon the surface and composition of
the substance. In dealing with the radiation
from any substance it is necessary, therefore, to
set up a standard in terms of which all radiation
laws can be expressed. This was first done by
Kirchhoff, who defined the absolutely °black
body® as that which would absorb every
radiation without reflection or transmission.
He pointed out that the radiation of the * black
body ’ is purely a function of the temperature.
Although no substance is known the surface
radiation of which is exactly equal to that of the
¢ black body,” yet it is possible almost to realise

Substance
Oxyhsmoglobin

Haemogi:)bin g
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the condition by maintaining a vessel at a con-
stant temperature, and observing the radiation
from the inside through a small hole in one of
the walls. For high temperatures a porcelain
tube may be electrically heated to a known
temperature (determined by a thermocouple)
and the radiation from the central portion
examined. Such an apparatus is used in the
calibration of optical pyrometers. It follows
that in the optical measurement of temperatures
the instrument will always give the °black
body’ temperature corresponding to the in-
tensity radiation dealt with. This temperature
will, of course, only be the true temperature of
the incandescent body when the latter is behav-
ing as a_‘black body.” Such a condition may
frequently be realised, as, for example, in the
determination of the temperature of a furnace
by the examination of the radiation from the
inside of a poreelain or metal tube projecting into
the furnace. If, however, the °black body’
conditions are not obtained the optical pyrometer
will usually give a temperature lower than the
true value. In technical processes this error
may not be of great importance, as, for example,
when it is only necessary to reproduce certain
given conditions with accuracy at any moment.

Before dealing with the methods of working
with the various forms of optical pyrometers
it is necessary to speak of the laws of radiation.
The Stefan-Boltzmann law states that the total
radiation emitted by the ‘black body’ is
directly proportional to the fourth power of the
absolute temperature, and may be expressed as
follows :—

I=Fk(T*—T;),

where I is the total radiation from the black
body at the absolute temperature T to the body
at the absolute temperature T,, and % is a con-
stant. It is well known that as the temperature
of a body changes the wave-length of the maxi-
mum of the radiation varies, and Wien concluded
that, if A,, be the wave-length of the maximum
energy, Anl=a constant. Combining this with
the Stefan-Boltzmann law, Wien obtained the

relation Ima,T_"=constant, where I, is the
energy corresponding to the wave-length A, and
T is the absolute temperature of the ‘black body.’

Even although these relations were deduced
for the black body ’> they hold good for other
radiating surfaces, but, of course, the values of
the constants are different. Wien’s second

equation is then modified to I, T~ *=constant.
Some further investigations of Wien led him
to the following equation :—

2

I=ba"’e T,
where I is the energy corresponding to the
wave-length A, e is the base of natural logarithms,
T is the absolute temperature, and b and ¢
are constants. Although it has been found
that this expression does not hold good over
long ranges of wave-lengths, yet it is sufficiently
accurate for the ranges dealt with in optical
pyrometry, and may be used for the calibration
of these instruments. In practice the method
of work with the optical pyrometer is as follows :
Some standard of illumination is chosen, and the
intensity of the red light of chosen wave-length
emitted by the incandescent body is varied by



134

some means until it becomes equalto that of the
standard, For the calibration of this type of
pyrometer Wien’s third equation may be used—
c
I=ba se_x'f.
This may be written—
c

logI=logb— 5logA ——

T loge

or lOgI=C+,l§

where C=logb—5 log A, and K= —E loge.

Evidently, since we are dealing with the
radiation of only one wave-length, there is a
linear relation between log I and 1/T. The
instrument may be calibrated, therefore, from
measurements of I at two known temperatures.
A similar relation will hold good if the radiation
be not that of the  black body,’ but the constants
C and K will then be different.

In the Le Chatelier pyrometer the radiation
from the incandescent source passes through an
iris diaphragm, and is brought to a focus by a
lens and examined through a screen of red glass
with a Ramsden eye-piece. The rays from the
standard of comparison pass down a tube at
right angles to the first tube, and are reflected
from a plane mirror into the eye-piece. The
equality between the two radiations is produced
by altering the aperture of the iris diaphragm.
If the radiation from the incandescent body
is too great one or more plates of tinted glass are
introduced, the coefficients of absorption of
which are known, and the final adjustment done
by the iris diaphragm. The effective aperture
of this diaphragm can be obtained from the scale
reading.

In the Wanner pyrometer the principle is
the polarisation of both rays, as in the case of
the Glan spectrophotometer described above.
The radiations from the two sources are focussed
on to two adjacent slits, and then after being
rendered parallel by a collimating lens they pass
through a direct vision prism system. They
then pass through a Rochon prism which resolves
each beam into two portions polarised at right
angles to each other. By means of a biprism
and lens two red images oppositely polarised,
one from each source, are focussed contiguous
to each other on a third slit. The two beams
then pass through a Nicol prism into the eye-
piece. If the two intensities be equal, and the
Nicol set at 45° with the plane of polarisation of
each, both will appear of equal brightness. If,
however, the two intensities be not equal, they
may be equalised in the field of view of the eye-
piece by rotating the Nicol. If the necessary
angle of rotation of the Nicol is 6, the ratio
between the intensities will be given by—

iyl
1, tan? 6.

For the standard source of light in these
instruments a Hefner standard amyl acetate
lamp, a gasoline lamp, or an electric filament
lamp fed with constant current may be used.

In the Féry instrument the total radiation
from the incandescent object is measured. The
rays are focussed upon a sensitive thermocouple,
and the energy of radiation determined from the
readings of a galvanometer connected with the
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thermocouple. In the calibration of this instru-
ment the Stefan-Boltzmann law is employed.
V. PYROMETRY.

XI. Absorption spectra and chemical con-
stitution. In dealing with the absorption of
radiant energy exerted by chemical substances it
may be pointed out that the observations which
have been made extend over a very long range.
Whereas, perhaps, the most familiar results are
those which have been obtained in the visible
region, the observations have been pushed to
the extreme limit of A=1200A in the ultra-
violet on the one hand, and on the other to
a great distance in the infra-red (A=150004).
Now, whatever may be the view taken of the
origin of absorption bands, there is little doubt
that selective absorption in the infra-red is due
to a different cause from that of the absorption
in the visible and ultra-violet regions. This
may at once be understood from the fact that
characteristic absorption bands in the infra-red
may be traced to definite atomic groupings,
while such is by no means the case as regards
the ultra-violet absorption bands. It has been
found that the OH group and the SO, group,
|for example, always exhibit characteristic

absorption bands in the infra-red. Since the

extreme infra-red region is beyond the limits of

vision and of photographic sensibility it is
| necessary to employ a bolometer, radiometer,
thermopile, or radiomicrometer, and to measure
the intensities of the radiant energy at any given
point of this heat spectrum by its means.
although it may be remembered that, as has been
said above, it has been found possible to obtain
photographic records far beyond the limit of
visibility.

A great number of observations have been
made upon infra-red absorption by Abney and
Festing, Spring, Puccianti, and others, but it
can hardly be said that many conclusions can be
drawn from the work of these investigators as
regards the relation between absorption and
constitution. Coblentz, however, has published
some important results on infra-red absorption
in relation to constitution. It was found by
him that the following atomic groups exhibit
characteristic absorption bands at the positions

specified.
Compounds having Show characteristic absorption
the following groups ~_bands a
'H, or CH, 343, 6-86, 13-6, 138, and 14u
2 ’ . 2:96, 6:1-6-15u
1 CeHg " . 3:25,6-75,8:68,9-8,118,12:95
| NO, . . 747, 9:08 (?)u
OH . . 30u
NCS g 0
SO, 3 . 455, 87, 9:1u
where ©=0+001 mm.=1000 A.

A large portion of Coblentz’s observations
dealt with minerals and other compounds con-
taining hydrogen and oxygen, and it was always
found possible at once to determine whether
the hydrogen and oxygen exist as water of
crystallisation. Water exhibits absorption bands
at 1'5, 3, 475, and 6y, and these bands are always
shown when the compound contains water of
| crystallisation. The band at 3u is due to the

OH group in the water, and if the compound
only contains the OH group, and not water of
crystallisation, this band only is observed. A
| single exception was noted, namely canc sugar,
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which shows distinct evidences of the water
bands, and so the absorption would indicate
that in this substance some of the hydrogen and
oxygen exist as water and not entirely as
hydroxyl or water of constitution. It is
interesting that this substance is the only excep-
tion amongst a great number that were examined.

The chemical evidence against this con-
clusion is, of course, overwhelmingly strong,
but at the same time the argument based on
the presence of the absorption bands of water
cannot be lightly laid on one side. Coblentz, in
addition to cane sugar, has investigated the
absorption of d-fructose, d-glucose, maltose,
lactose, raffinose, and gum-arabic. Of these
latter d-fructose is the only one which does not
possess water of crystallisation, and, indeed, is
the only one which shows no trace of the water
bands. This disposes of the possible contention
that the number of hydroxyl groups in the
carbohydrate molecule might conceivably give
rise to bands similar to those of water.

The results of the observation of the absorp-
tion of tale and serpentine were very interesting,
and confirm the chemical conclusions, for tale
shows no evidence of the hydroxyl band at 3u,
whilst serpentine shows a large band at this
point. Coblentz concludes from his examination
of a number of silicates that, as no characteristic
band is traceable to them, the union of the
silicate radicle is different in each mineral con-
taining it.

The results obtained by Coblentz show very
conclusively that the absorption bands in the
infra-red are due to specific atomic groupings.
In the case of absorption in the visible and ultra-
violet regions it is equally manifest that the
absorption bands cannot be attributed to groups
of atoms as such, be¢ause the position and
character of the bands are profoundly modified
by a single substitution process. For example,
benzene in alcoholic solution gives eight absorp-
tion bandg in the ultra-violet, while nitro-
benzene in the same solvent gives only the
merest trace of a single broad band. On the
other hand, phenol and aniline give very well-
marked and broad absorption bands just beyond
the visible region. No characteristic absorption,
for example, therefore, can be attributed to
the CgH group, seeing that the last three bodies
differ so much in their absorption spectra.

It appears that selective absorption in the
ultra-violet is due in the main to the presence
of unsaturation in the molecule. For example,
it has been found that a saturated hydrocarbon
does not show any selective absorption. The
paraffin hydrocarbons only exhibit general
absorption, which extends further and further
towards the red with increase of molecular
weight. This is also true for the fatty acids
and their esters, and for the aleohols derived
from the paraffin series, although there is a
slight increase in the general absorption in each
case compared with the corresponding hydro-
carbon.

The introduction of unsaturated groups
tends to increase the amount of general absorp-
tion, and in some cases to cause the appearance
of selective absorption in the ultra-violet region.
Thus, for example, the ketone group in acetone
and its homologues and in eompounds of the
type of acetylacetone and ethyl acetoacetate
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causes the appearance of well-marked absorption
bands.

The same is true as regards tho saturated
hydrocarbons of the aromatic series, for cyclo-
hexane does not show any more than slight
general absorption. Similarly benzene hexa-
chloride (CgH ¢Clg) only shows general absorption.
On the other hand, benzene itself shows strong
selective absorption with as many as eight
absorption bands. Again naphthalene, phenan-
threne, and other condensed ring hydrocarbons
also show complicated banded absorption. The
absorption of all these compounds tends to
diminish and the bands to disappear as the com-
pounds are reduced and become more saturated.

The substitution of one of the hydrogen
atoms of the benzene ring by a halogen atom or
group of atoms very profoundly modifies the
absorption, and the type of speetrum now shown
depends upon the nature of the substituent
atomor atoms. Thus chlorobenzene shows seven
bands which are in quite different positions
from those of benzene. The substitution by
methyl or any saturated radicle produces a
spectrum showing one of the benzene bands,
while the others are amalgamated into one broad
band. The hydroxyl, amino, and other ortho-
directing groups produce one broad and per-
sistent %and which is nearer the red than the
bands of benzene itself. The nitro group, on
the other hand, almost entirely obliterates the
selective absorption of benzene and shows strong
general absorption with only a very shallow
band.

There seems to be no hard-and-fast rule as
regards the type of absorption induced by the
su%)stituent group, for benzaldehyde shows a
small band nearer the red than the one in nitro-
benzene; and, further, benzene sulphonic acid
shows several well-marked absorption bands.

The aromatic nitrogen bases, such as pyridine,
quinoline, &e., all show well-marked absorption
bands.

When the benzene ring is associated with
groups possessing strong residual affinity such
as, for example, is the case in azobenzene or in
cinnamylideneacetone

Ce¢HyCH:CH-CH:CH-CO-CH,

the position of the absorption bands, compared
with those of benzene, is shifted towards the red,
so that they may lie in the visible region, with
the result that the compound appears visibly
coloured. Visible colour may, therefore, be said
to arise from the association together of un-
saturated groups in the molecule. The benzene
ring possesses a type of residual affinity that is
peculiarly suited to this purpose, and so the
aromatic compounds are more frequently
coloured than the aliphatic compounds.

It does not seem to be absolutely necessary
that the associated centres of unsaturation be
present within the same molecule, for it is possible
in certain cases to obtain the shift of the absorp-
tion bands into the visible region by the inti-
mate mixture of suitable compounds, such
mixtures frequently developing striking colours.
Such intimate mixtures are produced by dis-
solving one substance in the other, when, as may
be understood, the residual affinities may
mutually influence one another in very much the
same way as if they were present within the same
moleculé. It is manifest from this that the
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influence of the solvent is of extreme importance
in absorption spectra observations, and it is a
frequent occurrence to find that the absorption
spectrum of a substance in one solvent is very
materially different from what it is in the case of
another solvent. Although great care must be
taken, therefore, to guar(% against errors arisin,
from the influence, yet it may at once be sai(gl
that absorption spectra observations are capable
of throwing great light upon the problem of
chemical constitution, and there are now many
cases known in which the constitution has been
settled when the chemical evidence has failed.
Further than this, it may be said that since the
presence of absorption bands must be traced to
the play of forces between the centres of residual
affinity within the molecule, so there must be
expected an intimate relation between absorp-
tion and chemical reactivity. This intimate
connection has been proved in many cases, and
it is not too much to hope that absorption
spectra will serve to advance very materially
the study of chemical reactions.

It has already beenemphasised how important
an influence the solvent may have upon the
absorption spectrum given by a compound in
solution, arising from the fact that the residual
affinities of the two may form a combined
system such as occur when such residual affi-
nities are present within the same molecule.
It follows at once that the conclusions drawn
as regards the constitutions of compounds
from the similarity of their absorption with
that of their derivatives of known constitution
can only be looked upon strictly as being definite
for the compounds when in solution in the
chosen solvent. This, however, for two reasons,
need not cause apprehension, for, provided that
the solvent used be one of no very decidedly
marked residual affinity, there is no reason to
expect that any error will be involved by the
assumption that the constitution is the same for
the pure substance itself. Alcohol is a very safe
solvent to use, because, with perhaps the excep-
tion of hexane and heptane, it has the least
effect upon the systems of residual affinities
present in the molecules of the compounds
dissolved in it. In all the cases given below
alcohol was used unless another solvent is speci-
fically mentioned.

Many cases are known in which it has been
found possible to elucidate the chemical con-
stitution of substances by comparing their
absorption with that of an analogous compound
of perfectly known constitution, and the follow-
ing examples may be given :—

Phloroglucinol may be expressed by either
of the two following formule—

C-OH co
e/ \"CH LS o Aot
Ho-c'\ JCOH - 0C. /'co
CH CH,

as far as the chemical evidence is concerned.
Now, the constitution of the trimethyl ether of
phloroglucinol is known to be—

C-OCH,
Hc/\"cﬂ
CH,0- (} Ncoc,
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The absorption curves of phloroglucinol itself
and the trimethyl ether are shown in Fig. 16,
and it may be seen that they are almost exactly
similar, and therefore there is no doubt that
the two substances are of similar constitution,
or, in other words, phloroglucinol must exist in
the trihydroxy form.
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A second case is the proof of the constitution
of carbostyril. Chemical evidence alone is not
capable of differentiating between the two
formulee—

CH=CH CH=CH
C.,H4< J,o 21 Ctd L
NH-—CO N = C-0H

The methyl ethers corresponding to the above
possible formule are both known, namely,
/CH—_—CH
methylecarbostyril CgH
v S = (‘J-OCHa

CH=—— U

CH |

T N\N(CH,)—C0
The former of these is obtained by the action of
methyl iodide and sodium hydroxide upon
carbostyril in methyl alcohol solution, whilst the
latter is prepared by the action of methyl iodide
upon the silver salt of carbostyril.

The ahsorption spectra of the two ethers
are shown in Fig. 17, and the absorption curve
of carbostyril is practically identical with that
of methylpseudocarbostyril. It therefore fol-
lows. that the constitution of carbostyril is to

CH=(IJH
\NH-(0
Although it might be urged that both forms
may be present in dynamic equilibrium, still,
even if this were true, the amount of the ketonic
form must be far in excess of the enolic form.

In exactly the same way the constitution of

o-oxycarbanil was proved to be CBH4<1\BH>CO

and

methylpseudocarbostyril

be represented by the formula CgH
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for the absorption curves show that its constitu-
tion is the same as that of the lactam ether.
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The constitution of the lactam and lactim
ethers is known to be

04, <N, 00 and CH, <G >C-0C,H,
respectively.

The absorption curves of the two ethers is
shown in Fig. 18.
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In a perfectly similar way isatin was proved
to have the constitution represented by the
formula—

CH o> 00

By a comparison of the absorption spectrum
of cyanuric acid with those of the two possible
methyl ethers, namely, methyl cyanurate and
methyl isocyanurate, it has been shown that
cyanuric acid has a constitution analogous to
the former substance. It may be pointed out,
however, that none of these substances exhibit
an absorption band, a fact which is not in
harmony with a formula so analogous to that
of pyridine and still more closely allied to
that of dimethylpyrazine. It is, therefore,
doubtful whether the constitution of cyanuric
acid is rightly understood.

It may be seen at once that the above con-
clusions are based on the fact that no change
in the absorption spectrum is produced when
a methyl or ethyl group is substituted for
a hydrogen atom. Although this has been
shown to be true by Hartley in several cases
which he examined, it is not true in every
case. Exceptions are known, particularly in
those cases where the hydrogen atom is
labile or where the hydrogen atom is directly
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attached to the benzene ring. Basing his
conclusions on somewhat similar evidence,
Tuck has investigated the absorption spectra
of the hydroxyazo compounds, and has been
able to determine the constitution of these
substances. In his first paper he dealt with
benzeneazophenol and benzeneazo-m-cresol, both
of which are p-hydroxyazo compounds. The
absorption of these substances was compared
with that of their benzoyl derivatives and their
methyl ethers. The chemical evidence leaves
no doubt that the methyl ethers and the benzoyl
derivatives of these hydroxyazo compounds
are true azo compounds, and that their formula
are as follows—
Benzene azophenetole CgH ,~N=N-C H,~OCH,
Benzoyl benzeneazophenol,

CeH ~N=N-CH,~0-COC¢H;.

The close similarity between the absorption
of the parent substances and that of the ethers
and benzoyl derivative shows conclusively
that these parent substances are true hydroxyazo
compounds, and have formule of the type
C¢H;—~N=N—-CgH,0OH, and not

CeH;—NH—-N=CgH,=0.

This conclusion is strengthened by the faet
that the absorption of the corresponding quinone
phenylhydrazone derivatives is quite different.
The compound investigated was p-benzo-
quinonebenzoylphenylhydrazone, which has the
formula CgH;—N—-N=CgH,=0

CO-CeHj

In the case of the corresponding o-hy-
droxyazo-compounds Tuck found that these
are o-quinone phenylhydrazones. The actual
compounds examined were benzeneazo-p-cresol
and p-tolueneazo-p-cresol, their methyl ethers
and benzoyl derivatives. The absorption curves
of the ethers agree with those of the ethers of
the para-compounds and with that of azo-
benzene. This was to be expected, as the
chemical evidence has proved them to be azo
derivatives. The benzoyl derivatives, on the
other hand, give very different spectra, and
their curves show a very marked and close
relationship with that of benzoquinone benzoyl-
phenylhydrazone. There is no doubt, there-
fore, that these benzoyl derivatives are in the
quinone hydrazone form. Since the absorption
curves of the parent substances show a marked
agreement with those of their benzoyl deriva-
tives and considerable disagreement with those
of their ethers, it may be concluded that the
parent compounds are quinone hydrazones, and
are derivatives, therefore, of o-benzoquinone
CeH,—NH—-N=C H,=0.

One of the most important theories of the
colour of organic compounds is that known as
the quinonoid theory. It is well known that
p-benzoquinone is a strongly yellow coloured
substance, and the general theory has generally
been held that visible colour of compounds,
especially aromatic compounds, is to be explained
by their having a quinonoid structure, that is,
they contain the linking =<Z= It may
be seen at once that this theory only takes
account of visible colour. Now, every compound
which exhibits selective absorption is coloured
in the physical sense, and it would seem there-
fore that any attempt to connect visible colour
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with a particular structure need not necessarily
be sound. It has already been stated that the
association of residual affinities tends to shift
the absorption bands towards the red, and it
follows that if the centres of unsaturation are
sufficiently strong in character and suitably
associated, the absorption band can easily be
caused to shift into the visible region with a
result that the compound will become visibly
coloured.

Evidently, therefore, there is no necessity for
the assumption of the quinonoid structure in
order to account for visible colour, though
clearly such a structure may give rise to it.
There is a tendency on the part of organic
chemists to write a quinonoid structure wher-
ever it is possible in order to acccunt for
visible colour; but it may be said at once
that spectroscopic observations have shown
that this quinonoid hypothesis is entirely un-
necessary, and have indeed proved that the
particular substances examined do not exist in
the quinonoid form.

As a definite example of the association of
residual affinity with the production of visible
colour without any possibility of a quinonoid
configuration, the diketone diacetyl may be
quoted ; the absorption spectrum of this sub-
stance is shown in Fig. 19, and owing to the
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association of the two CHZCO groups, each of
which alone shows selective absorption (compare
the monoketones of the aliphatic series), the
absorption band appears in the visible region and
the substance is yellow. The case of camphor
quinone is perfectly analogous. The following
results show clearly that the quinonoid theory
is entirely fallacious and unnecessary as regards
visible colour.

It was pointed out above that benzene and
the condensed ring hydrocarbons of the aro-
matic series show complicated absorption
spectra with many bands. There is little doubt
from the chemical evidence that in the case of
benzene the carbon ring is perpetually in a state
of vibration, and it was suggested that the
various absorption bands are in all probability
due to phases in the configuration of the mole-
cule produced by its vibrations. Although at
the time only seven bands were described, while
eight are now known, this does not invalidate
the principle then put forward. It is evident
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that the vibrations of the molecule and the play
of forces thereby resulting will be altered when
the hydrogen atoms of benzene are substituted
by other atoms or groups of atoms. This
alteration may be due to two causes ; firstly, the
change in the vibration of the ring induced by
the weight of the substituent group may play
a part ; and secondly, the change in the play of
forces due to the mutual influence of the residual
affinities of the benzene ring and of the sub-
stituent group must produce some . effect.
When the substituent group is of the ortho-
directing type, such as OH or NH,, the absorp-
tion band produced is always strongly marked,
and is nearer to the red than are the bands of
benzene itself. When phenol is dissolved in
caustic soda solution, the increase in basicity
resulting from the conversion of OH into ONa
causes a still further shift of the band towards
the red. An exactly similar shift towards the
red is shown in the case of aniline when the
basicity of the nitrogen atom is increased by
the substitution of the amino hydrogen atoms
by alkyl groups.

On the other hand, the substitution of the
acid NO, group decreases very considerably the
absorption of benzene, so that very small, if any,
selective absorption is observed. This effect is
due to the mutual influence of the benzene
nucleus and the NO, group, which practically
neutralise one another, with the result that a
condensed system is formed, showing little or
no selective absorption.

It would appear from the above that there
must be almost perfect balance between the
residual affinities of the CgH; nucleus and the
NO, group, and consequently the introduction
of a second group into the benzene ring, and
one which has an opposite character to that of
the NO, group, will tend to destroy this balance
with a result that the new compound will again
show selective absorption.

This has been proved in the case of the three
nitrotoluenes and the two mononitronaphtha-
lenes, as well as for certain other compounds
of the same type.

A very good test case was
nitro and di-nitro fluorenes

found in the mono;

CH, CH,

.

O\ o
70O = O
R, NO, }\162

for the former compound, where only one of the
rings has a nitro group, should show a well-
marked absorption band owing to the opening
up of the closed system of the one ring by the
residual affinity of the other. In the latter
compound both rings have an NO, group, and
as there is no unsaturated group present to open
their systems up, this compound should exhibit
no selective absorption. The absorption spectra
of these two compounds agree perfectly with the
prediction, for mono-nitrofluorene shows a
strongly marked band, while the dinitro com-
pound shows no band at all.

If the second group introduced into nitro-
benzene be more markedly different from the
NO, group, if, for example, the absorption of the
nitroanisoles be considered, then the absorption
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bands are very decided, and are nearer to
the red than in the case of the nitro-toluenes.
The effect is still more marked in the case of
nitroquinoldimethyl ether, which has two OCH,
groups, for the absorption band is now so far
shifted towards the red that the substance
appears yellow to the eye.

An interesting point is to be noted with this
compound, for its solution in hexane or a
saturated hydrocarbon is colourless, This
fact might at first sight tempt one to believe
in a different structure for the compound in
the two solvents alcohol and hydrocarbon.
The absorption spectra of the two solutions,
however, are very similar, the only difference
being that the band is nearer the red in the case
of the alcoholic solution. It happens that the
band given by the alcoholic solution just lies
within the limits of visibility, so the solutions
appear coloured to the eye. The absorption
band with the hexane solution lies just beyond
the visible limit, and therefore the eye fails to
detect any colour.

If, now, the second constituent group in
nitrobenzene be still more strongly basic, the
absorption bands of the resulting compounds
will be still further shifted towards the red,
with the result that these substances will be
still more strongly coloured. Thus, for example,
the absorption bands of p-nitrodimethylaniline
is shown by the full curve in Fig. 20. It is
evident from what has been said that this
absorption band is due to the opening up of the
condensed system of nitrobenzene by the
strongly electropositive N(CH,), group. Almost
exactly the same absorption as may be seen by
the dotted curve in Fig. 20 js shown by para-
nitroaniline itself, and consequently there is
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not the slightest possible doubt that the con-
stitution of this body is the same as that of its
dimethyl derivative. The constitution of the

latter is of course gg::>N—C8H4N02 and
therefore the parent substance must have the
constitution NH,—C¢H,NO,. This at once is
opposed to the quinonoid thcory. According

to this theory, the constitution of the o- and
p-nitranilines are to be represented by a quino-
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noid formula; that is to say, the formula of
p-nitroaniline would be—

E- (0)
RN e
M= =%

The quinonoid theory has also gained con-
siderable support from the fact that meta-
substituted compounds as a rule show less
colour than that of the isomeric ortho- and
para- bodies. As a static mela-quinone struc-
ture in a simple compound seems to be impossible
the case for that structure of the ortho- and
para-isomers was strengthened. Although it
is true that the mefa-compounds are less coloured,
yet, generally speaking, their absorption curves
show bands similar to those of the ortho- and
para- substances, though they are less pro-
nounced. As a result of this it is evident that
the upholders of the quinonoid theory ought to
accept a quinonoid structure for these meta-
derivatives. As a matter of fact, however, the
absorption band of meta-nitrodimethylaniline
is distinctly nearer to the red than the band of
meta-nitroaniline itself and so the substance
is still more strongly coloured. This of course
is due to the fact that the basicity of the nitrogen
atom has been increased by the substitution of
its hydrogen atom by the methyl groups, and
the shift of the absorption band is exactly
analogous to the shift observed on methylating
aniline, as has already been noted.

The three nitroanilines and their dimethyl
derivatives therefore show exactly analogous
absorption, and clearly they must possess the
same constitution.

The explanation of the absorption and colour
of these six compounds must be the same, and
so it must be concluded that all three nitro-
anilines cannot have a quinonoid structure.

Exactly similar conclusions must be drawn
respecting the constitution of the nitrophenols
and their sodium salts. A comparison of the
absorption of the nitrophenols with that of their
corresponding methyl and ethyl ethers shows
at once that the nitrophenols themselves are
certainly not quinonoid. The change in colour
observed when these substances are treated
with sodium hydroxide must be due simply
to the shift of the absorption band towards
the red which is always produced when a phenol
is converted into its sodium salt. Ashas already
been said, phenol itself shows the same shift in
its absorption, and, moreover, the absorption of
sodium phenoxide is the same as that of anilinc.

The similarity between the absorption of
the sodium salts of the nitro-phenols and the
corresponding nitro-anilines is very decided,
and consequently there is no room for any doubt
that the sodium salts of the nitro-phenols do
not exist in quinonoid form. This conclusion
is emphasised by the fact that the absorption
spectrum of the nitro-phenols and their salts

o not show that marked difference in character
which would of necessity ensue if such a radical
difference in constitution existed as required by
the quinonoid hypothesis.

The quinonoid theory has been used to
explain the colour of the alkali metal salts of
such compounds as the nitro-benzene azophenols
and the nitro-benzene azo-a-naphthols. The
spectroscopic examination of these substances,

H
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using the same argument as detailed above,
shows quite clearly that these substances do
not exist in the quinonoid form. As con-
clusive evidence in support of this it is to be
noted that p-benzoquinone azine—

oot mo

exhibits an absorption curve which is absolutely
and entirely different from that given by any
of the above compounds.

One of the most important applications of
the quinonoid theory is the explanation by its
means of the colour of the dye-stuffs. Perhaps
the most familiar case is that of para-rosaniline
hydrochloride with the suggested formula—

NH2—<‘> \C=<=>=NH,HCI
-

Similar quinonoid formule have been sug-
gested for the other dye-stuffs of this type.
Again, the same theory has been applied to the
azo-dyestuffs which contain the ~azo-linking
and one or more amino groups. Such a struc-
ture may be exemplified by that proposed for the
hydrochloride of p-amino azo-benzene—

<:/¥NH e I <j>=NH,HCI

and in this case the formula has been supported
by the fact that the absorption of the above
salt bears no resemblance to that of—

{ >n= N—<>—N\<0H3>3
Cl

so that the hydrochloride does not seem to exist
in the form

<:>—N ~ N—<:>—NH,,,H01

Some investigations, however, into the in-
fluence of acid upon aromatic bases such as the
aminoaldehydes and aminoketones show that
the above quinonoid formule are unnccessary
and improbable. It has been found that the
addition of small quantities of hydrochloric
acid to the alcoholic solution of these bodies
produces a very marked coloration which
gives rise to a new absorption band in the visible
region. It is necessary that less than one
equivalent of hydrochloric acid be added for
the colour to be produced, and the addition of a
further quantity of acid destroys the colour
and forms the true hydrochloride. These
colours are due to the formation of ‘an inter-
mediary phase through which the base passes
before its conversion into the salt. This inter-
mediary phase is perfectly stable in the presence
of the small quantity of acid. In the case of a
mon-acid base such as p-aminobenzaldehyde,
% eq. of HCI produces the best results. With
a di-acid base as Michler’s ketone (tetra-
methyl diaminobenzophenone)—

CH T 4 T CH
B v o

one equivalent of acid is best. As it is known

ANALYSIS.

that the coloured compound is not a true
hydrochloride, thercfore in this latter case it
must be concluded that the hydrochloric acid
distributes itself equally between the two
nitrogen atoms. The analogy with rosaniline
hydrochloride is quite apparent, for in this salt
the affinity of the acid radicle influences all the
nitrogen atoms, and so the colour is due to the
fact that the intermediate phase happens to
exist as a stable crystalline substance. This
view is horne out by the fact that the trihydro-
chloride has far less deep a colour than the
monohydrochloride. Again, it must follow if this
view be corrcct that it should be possible to
produce a highly coloured intermediate phase of
the leuco base of a dye by mcans of a suitable
acid solvent. Such, indeed, can be done, for
if the leuco base be dissolved in nitrobenzene
the solution is highly coloured. For example,
if the leuco base of malachite green

)N~ N
(CHa)zN_<>/

be dissolved in nitrobenzene the solution shows
a magnificent red colour, which is discharged
on dilution with alcohol.

Exactly the same arguments apply to the
aminoazo colours, for in these bodies there are
present at least two basic groups amongst
which the acid radicle distributes itself with the
formation of an ‘intermediate phase,” which
is a stable crystalline substance.

If a solution of azobenzene is treated with
hydrochloric acid, the absorption spectrum will
change, and a new absorption band will be
obtained nearer to the red than that of azo-
benzene itself. The phenomenon doubtless is
due to the same cause as in the case of the
aminoaldehydes and ketones mentioned above,
the only difference being that owing to the far
less pronounced basic character of the nitro(?en
atoms a much greater concentration of aci
required. In the case of the aminoazo com-
pounds when in acid solution a much less con-
centration of acid is required, since the amino
group acts as a ‘ carrier,” and the affinity of the
acid then is distributed between the amino
and azo groups with the formation of the highly
coloured intermediate phase. It has already
been pointed out that the formula. of the hydro-
chloride of aminoazobenzene cannot be ex-
pressed by the static formula—

<:>_N=N_<:>—NH L, HCI

but, as now may be understood, the formula
is preferably to be written—

(<:>._N=N_<:>NH2)HCI.

The quinonoid formula

=Dy

may be ruled out, of course, because the absorp-
tion spectrum given by aminoazobenzene
hydrochloride bears no resemblance to that
of cither of the similar substances which are

CH,
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known to possess a quinonoid structure, namely, ;

o

<“>—N—N=< ~>=0
7 o i

by,

These two substances have already been dealt
with above.

These foregoing arguments might be ex- |
tended considerably and applied to many other |
compounds, the colours of which have been ex-
plained by the quononoid hypothesis, but
sufficient has already been said to show that
this conception is either entirely negatived or
rendered quite unnecessary and improbable in
every case where the spectroscope has been
applied. In the bibliography dealing with this
particular branch of spectroscopic work a very
complete list of papers is given, and perhaps a
seeming discrepancy may be pointed out so as
to guard against a possible misconception.
In the earlier stages of the investigation dealing
with the absorption of the nitrophenols and the
nitranilines the results obtained were interpreted
as being in favour of the quinonoid theory,
and it was not for some time that the conclusion
was definitely arrived at that these previous
arguments were unsound. This recantation,
together with the definite proofs in favour of
the views detailed above, was published in 1910.

The absorption spectrum of pyridine and its
derivatives give some considerable support to
the view advanced above of the vibrations of
the ring in the aromatic compounds. As was
first shown by Hartley, pyridine gives an absorp-

tion band with its head at ;\=3900, and the

addition of hydrochloric acid to the solution
enormously increases the depth or persistence
of the band without changing its position.
Later observations show that this is also true
with the picolines and with lutidine. The
vibrations present in the benzene ring are
modified and restrained by the residual affinity
of the nitrogen atom, which has been substi-
tuted for one of the carbon atoms of benzene,
and when this residual affinity is almost entirely
removed by the addition of an excess of hydro-
chloric acid the restraint is considerably reduced,
and the vibrations become less restricted. The
constitution of the three pyridones or hydroxy-
pyridines was determined from their absorption
in the following way. In the case of the a com-
pound it was found that an alcoholic solution
shows a well-marked band, and the addition of
hydrochloric acid only shifts the band a little
nearer to the ultra-violet without increasing
its persistence. Furthermore, the addition of
sodium ethylate does not shift the position of
the band. The substance cannot therefore be
phenolic in character; that is, it cannot have
N
cH/ \C-0H
cul JcH
R
X H
constitution, sodium ethoxide would shift the
band towards the red, as always happens with

and

the formula for if it had this

| ethoxide.
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phenols ; and further, since such a compound

would be a true pyridine derivative, hydro-

chloric acid would increase the persistence of

the absorption bands. Clearly, thercfore, the
NH

A
formula must be qul |CO a conclusion which
LH\/CH

‘H
is confirmed by the close analogy of the absorp-
tion spectrum of N-methyl 2-pyridone—
NCH,;
C:g | |CO
C ¢ /CH

Exactly the converse is true in the case of the
B-isomeride, for the absorption band of this com-
pound is shifted towards the red by sodium
ethoxide, and the effect of hydrochloric acid is
very markedly to increase its persistence, The
compound, therefore, must be phenolic, and a
true pyridine derivative; that is, it has the
N

AN
formula %L \(CJ‘%H Moreover, the position of
o

the absorption bands shows considerable analogy
with those of phenol itself.

The y-isomeride is peculiarly interesting, the
compound showing an absorption band which
is entirely removed by the addition of sodium
This observation is analogous to
the case of the aliphatic monoketones. The
inference may be drawn from this that the
substance is ketonic and has the formula

NH
CH{ JCH
7
{0)
This is strikingly ¢onfirmed by the action of
hydrochloric acid, which entirely alters the
absorption, as may be seen from the full curve
(Fig. 21), where the dotted curve is that of the
v-pyridone itself.
The hydrochloric acid should lock the com-
HCL
I
NH
pound in the form ¢ /\ (g and as the CO

cu! Jcm

RS

group is between two ethylenic linkings a new
absorption band should be produced.
It was found that phorone, in which this

CH, CH, CH, CH,
Nk

C
1 I gives a very
HC CH

linking occurs

I

0
similar absorption.  Clearly, therefore, the
pyridone formula is confirmed.
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Exactly similar conclusions are to be drawn
from the absorption curves of y-lutidone—

NH

and here confirmatory evidence was forthcoming
in the fact that y-ethoxylutidine—

N

V4
H 30-0/\0-01{ L
I
H(! CH
A%

b—cm,

shows no absorption band, and therefore must
have an entirely different composition from the
parent lutidone.
Somewhat similar arguments have to be
applied to the elucidation of the constituents
of the pyrones and certain applied compounds.
Tt is well known that the pyrones do not form
oximes or phenylhydrazones, and Collie pointed
out that this fact could not be reconciled with
the ordinary formula for the pyrones, for

(0]
H((I/\CH
I

example, HC CH, and he suggested the
I
o
bridged ring structure for dimethylpyrone—
H:,C'C'l/ gjc-cu,
HC_ /CH

The absorption curves of pyrone itself,
dimethyl pyrone, and tetramethylpyrone show
no absorption bands, but only a slight step-out,
as is shown by the full curve in Fig. 22. The
absorption curves of the hydrochloride do not
even show this step-out, as can be seen from the
dotted curve (Fig. 22). It is not possible to
reconcile these observations with the ordinary
formula, which contains a CO group between
two ethylenic linkings, but they are just what
would be expecte(gi from Collie’s bridged
formula, in which case the formula of the

e
g@.b&;g-gﬂa
N
and the step-out in the absorption curve of
the dimethylpyrone itself may be traced to
the residual affinity of the oxygen atom in the
bridge, which is neutralised by the addition of

the hydrochloric acid molecule. The addition
of sodium ethoxide to the alcoholic solution of

hydrochloride would be H ;C-
H
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absorption, as can be scen from the dot-and-dash
curve in Fig. 22, which is that of dimethylpyrone
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in the presence of 87 equivalents of sodium
ethylate. This curve is very strikingly similar
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to that of y-lutidone in the presence of hydro-

these bodies introduces a great change in the

chloric acid, and as the chemical evidence shows
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that an addition compound of dimethylpyrone
and sodium ethoxide is formed, this suggests

143

From similar arguments it was found that the
colourless solution of ethyl xanthochelidonate

at once an analogous constitution for that | in chloroform corresponds to the form—

C,H,0 Na
I21,(35-0>O<|C-CH,

| l

compound, viz. I{C\C /CH

|
(0)

The addition of caustic soda to an aqueous
solution of dimethylpyrone gives an entirely
lifferent absorption. It is well kmown that
limethylpyrone in aqueous caustic soda solu-
tion gives the sodium salt of diacetylacetone,
and indeed the absorption curve of dimethyl-
pyrone under these conditions approximates to
that of diacetylacetone in aqueous alkali, so
no doubt a considerable quantity of this sub-
stance is formed.

The determination of the constitution of
diacetylacetone is complicated by the fact
that the substance might have one of the
following constitutions :—

H\O/OH
OH,—C— 9 \\c—CH, H,oC CCH,
moon| N [CH
HC__ (|1 /c CH-_ =
|
0O
i 2

CH,—C0—CH,—C0—CH,—CO—CH,
3.

and of these (1) is at once ruled out by the fact
that diacetylacetone in no case shows an absorp-
tion resembling that of dimethylpyrone hydro-
chloride. In order to gain some idea of the
absorption likely to be given by formula (3),
tetracetylethane—

CH,—CO CO—CH,

CH;—00>CH—CH<co_cH}
was examined in neutral and alkaline solu-
tions. The constitution of this body is per-
fectly well known, and it was to be expected
that its absorption will be analogous to the
open chain form (3) of diacetylacetone. It was
found that there was a strong similarity between
the absorption of the diacetylacetone in water
and tetracetylethane. The conclusion follows
at once that in aqueous solution diacetylacetone
exists in the open chain form.

The alcoholic solution of diacetylacetone is
different, for it exhibits a very broad absorption
band. This band, however, extends over the
regions occupied by the band of the open chain
form of the substance and by the band of the
sodium ethoxide compounds of the dimethyl-
pyrones.

It may be concluded, therefore, that in alco-
holic solution diacetylacetone exists as a mixture
of the forms (2) and (3), and this conclusion is

strengthened by the fact that the addition of |

sodium ethoxide to the alcoholic solution causes
the broad band to be resolved into two bands,
one of which is the same as that of the sodium
ethoxide compound of dimethylpyrone and the
other is that of diacetylacetone in aqueous
alkali solution.

C,H,0°0C—C(OH)=CH—CO—CH=C(OH)—COO0C,H,
whil