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SUMMARY O.( ~
9“ o ] The thermal conduct1v1ty of thorium, as extruded, gave values .10 to 15%
- higher than tuballoy in ‘the temperature range ‘of 100 to 350 C. with a lower
= temperature coefflclentw
) Annealing of cold—rolled thorium strip (Ames) showed partlal re-

crystallizatlon in one-half hour at 700°C. which became substantlally'complete

in one hour, ¢ 1v1n2 flne equlaxed gralns. The one-hour anneal at 700°C, gave

Nia

minimum hardness of 121 VDH (87 R o) ‘Higher,temperatupes increased the grain
& size and zave somewhat hlgher herdness values, indicating a precipitation effect
which gave indications df overaging at‘1100°c.ﬁ %““*;”‘ - ™
- ‘ . T : i g
= No dlpplng processes have been found whlcn renove scale or oxrde frow
‘ . 3 . - ‘pu;
/ ‘ B ‘» . - . L
T thorium, Very satlsfactory cleanlng was obualned on certaln pg?es of scale w1th
e 7 : , s PR CoLs
- = $F§ P} o5
- : _ anodic pickllng in phosphorlc or phosphorlc-sulfurlc,aclds; 75‘5w o=
- ] A R BoL. ui
’ S o : 8 1\‘:*,’7:, "S f" .~i
= : ‘ 'fVacuum-fusion'oxygen analyses give values of .01l to; 047, 0
= ) t &
. Ly A
<* Ames metal and .152 to .168° oxygen for Westlnyhouse thorlum.’g o
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Microscopic and X-ray‘evidencelis presented, indicating that thorium

forms an unstable‘carbide'and probably stable mono--and dicarbides.

X-ray studieS~6f scales on thorium show that they consist largely of
tﬁe oxide, but & thiﬁ~black:ecale has not_beeuvdefinitely identified,
| Tentative'data‘have‘beeniobtained‘on the - thorium-hydrogen system
and indicate a hydride hav1nv the: formula ThHz 54+ Weetinghouse metal formed

hydrlde rapldly at 210 to 220 C., but Ames metal reacted very slowly;’,zggz_

Dllatometer.studies_onnthe Cb-Tu alloys . wWere completed, showing that-

“the bete?field_disappéefs at about 3% Cb as compafed with 2% for Mo. Thermal-

eonductivity measurements on the 4% Cb alloy in the as-received condition gave

values between those for pure metal end the 5% ilo alloy.

S
R /'Tttanéwmlappears to-lower‘the betaegamma transformation, but the alpha-

o , n T '
beta transformationﬂis but-little affected. Corrosion tests in distilled water

on 2:3% Tl-t%éééﬁﬁgﬂshow about one-fourth. the rate of attack as for pure metal /4L~0A
Addltlons of 5 and lO 1nd1um to tuoalloy gave inhomogeneous alloys
containing more than one phase.
lnvesti@étiou of the rolling of slumirnium containing tuballoy indicates

that alloys oontalnlng up to 18@ Tu can probably be rolled commer01ally. Alloys

.w1th 18 to 307 Tu wére’ rolled experlmentally, but it is doubtful that they would

be tolerated in & commerclal shop because of hlgh pourlng temperatures and
d1fflcult1e5'1n fabrlcatron. Tests on maklng Tu- alumlnum alloys w1th additions
of tuballoy ox1de show 50 607 }ecovery,of Tu~when using a cryolits slag on the
bathv, Further tests are in proéress on other methods.;'

The thermal conduct1v1t, of pur;o tuballoy wes determlned for tempera-~
tures of 100 to- 250 C.»for comperlson ulth the results obtalned on th\ Mo and Cb

alloys. fhe results show .272 and .318 watts/em. /°C. for temperatures of 150 /i/

and ?OO”C., respectlvely.t
633 )
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An X-ray pattern for beta‘tuballoy has been obtained §n soe01m°ns
- “prepared from a 6% mo‘gl}qy Dllatometer and X< ray studies’ confirm that Eeta
can be.reﬁéined at‘r§§ﬁ £emperature by quenching thls alloy. !
S v L A summary feport,oﬁ the‘tuballoy-nitrogen system is being préparg@?

: Some ‘of the conclusions from this work are summarized in the present report.

- - °  EXPERIMENTAL DATA

N

N

Propertiés of Thorium:

[

| -‘Tﬁemal- Conductivity 6’1—-. ’

- The théfmal conductivity of & éample>of‘extruded Ames thorium was de-
. termined for the range. of lOb.té 350°C. ir the as-received condition. The re-
sultsgareigiven ianigu;e:i; where a comparison with tuﬁalloy may be made. The
e L resulté.on thdrium;weré-obﬁﬁiﬁed on subsize spedimens aﬂd are thus subject to
e more erfér;
Ihe.condugﬁivity of thoriuﬁ appears to be-10 tQIIS%'higher than

- tuballoy in this temperature range and shows less change with temperature.

[RUFEN

Annealing -of- Cold-Rolled Thorium (D‘lg_

N
Y

A sectlon of the 0.5" éxtruded Ames metal was cold rolled to O, 058"
. strlp, annealln* 1t one-half hour at 1000 C. bhree times in the process. - Some
L ) edge crack1n~ was ObSurV°d but 1t w;s not excessivc‘and probably was partially
caused bV the~startinOIShape of the saﬁple.. the flpal cold rﬂduct on was 61% ,
and fhe hardness as- rolled was 107 Rockwell (l/%" ball, 100 kg.), or 177
Vlnkars (lO kg.)o | |

?

A-The~cold-rolled strip'Was cﬁt into settions aﬁd_a section annealed

-

one-half'hour at sach szthé.teﬁperatﬁres shown -in Table 1 in en -atmosphere of

argon. The scale formed was. removed by abrading the hurdnsss mewsured, And
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TABLE 1.. HARDNESS DATA ON ANNEALING 60% COLD ROLLED TH.. STRIP

e

' .1/e Hour . -~ .1 .Hour .. 2 Hours . . 6 Hours

Annesaling '10Kg. . +.. . 1l0Kg . 10 Kg.. ‘10°Kgs .
Temperatures  Vickers Re*  "Vickers Re Viekers Re Vickers "

Co

Re

As Rolle@t” ' 177 107 - - '?.-'jg e - o

500°C. 154 102 ,i_ 152 . 102 146 100 -
550 150 99 146 99 143 98 -
600 15 99 136 o7 1 9 -
700 - 128 s 121 87 123 g -
800 . 128 j 91 188 90 131 9 -
900 135 o2 134 o5 - 13 92 -
1000 - 136 R S - - oa 136. 93 -

1100 133 93.5 . 129 92 - - 126

- * Rockwell E
~ 1/8%" ball; 100 Kegs Load.
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the'microstructﬁfe.noted;. The samples were then heated.for an additional one-
half hour -and one and ene—half'hours\at the eeme femperatures,and the- hardness
measured after each ?eried;, Table l‘summarizes the hardness values obtained..

The structeres obtained on the samples.arnnealed for -one-half hour
afe shown in Fivure 2.. The as-rolled strip showed the typieal elongated
grains of a severely worked metal Anneallng at 500°C.” and SSO°C. produced ne

marked.changes.. The. sample annealed at 600°C. ghowed 1.0 change at the end’ of

' eﬁe—half'hOUr;.but'recrystalllzatlon had started after one hour.. There .was
.partlal recrystalllzatlon apoarent in the sample heated one-half hour at 700°C.
e nd more complete recrystalllzablon ih one hour-at thls temperature.. As the

‘;temperature‘was'1ncreased‘from 800°C. to 1100°C., there was a corresponding in-

[

eﬁeaSeAin grain siZe.i Heating an additional five houre at 1100°C..did not
iﬁefease the grain-size-appfe&iably;,

Apparently the small equiaxed grains obualned in one hour at 760 °C.
produoed the eoftest metal - The slicht increase in hardness at higher tempera-
tures appears to«result‘from'some precipitationeeffect;*

This sample of.material was'mueh harder,,both a5 rolled and after anneal-
ing, tﬁan the Wes%inghouee:compaeted ﬁetal Eeeeed lesﬁ hbnth.. The hardnees of

the_lattervas cold rolled 60% was- only 83 Rg which»Was lese?than the minimum

4obta1ned on anneallng the Ames sample.. As reporteo laut month data were only

approx1mate, but even'on uhat bas1s, there.appeared.to_be a'marked dlfference
in the hardness 1evel between thv two 1ot° of material.. This difference in -

hardness probably relates to the method of preparatlon of the Westlnghouse metal

'and.lts-prooe551ng'prlor to~rolllng,u '
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Figure 2. St'ru.cture':_of cold rolled strip annealed 1/2 hr, as ‘shown. 6}3. :
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" Pickling

© Preliminary experiments indicated that the t&pe of scale

manner of formation, definitely affecﬁed its ease of removal.

>electrolyt10 plckllnv

Aeid Dipéi.lt was desirable’ to have'a,pieklihg'procedﬁre dgvailable for
the removal of feeficaeiﬁg‘end heat-treatment.scalee from thorium surfaces.
. ' ‘ . as détermined'by'its;
For example,
scale formed during extrus1on or by heatlng the metdl in an open flame has not
beee'satlsfaetorlly ;eﬁeved by any of the procedures tested: On the other
hand, avecele deve}oped.du;iné-standing of coid;foiied; ennealed surfaces was
quite readily eemoved By the electrolytic procedures described below. The
shlny, black scale formed by cold-rolllnv of annealedvspe01m°ns was transformed
1nto a bulky, gray scale on standing overnight. Some of this was eaelly
r@bbed off, but the rest,adhered to the metal surfaee iequifiﬁg remnoval by other
neans.

Ordinary imméreioh in acids or alkalies did not visibly attack the
‘ with no

gray scale. A slight evolution of gas was observed in some instances,

other apparent effecf.'“Concentrated hydrochleric»acid‘vigorously attacked one

of the speeimens, resulting in a black’leyer. Exploratory dips in concentrated
HNOz and in a fefric:Sulfaﬁei- hydfofluoric acid mixture changsd the color of

the film to yellow but- did QPt remove 1t. A“Subsequent dip in aqua regia re-

e

moved the fllm, exp031ng a brlvht metalllc surface.A?The 1atter’combinat10n of
etchlnv dlps werm not readllv dupllcated however, and further 1mmerelon ‘in
aqua'regla caused the formatlon of another black fllm. Therefore, the procedure

was not consldered practlcal and further.eX§erimente were mainly’concerned with

g

Electrolytlc Plckllng Cons1stentlj pood removal of the "gray scale was

. . . . . . . . . . . . “‘/1
obtained by anodic: treatment in solutlons of phosphorlc acid, or in mixtures 7
633 011
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containing phosphoric}aoia. Np attempthwas.made invthese'preiiminary tests to
aefine }imitélof solption conqentration of of other dpefating variables.

Anodic treatﬁéntffér‘ébéut one to five minutes at 1 amp./fsq. in. in the follow--
ing mixtufeS~Was genefally suffiéient'tq rembva thevgray'$cale completely and

to expose a semibright metallic surface. Solutions containing phosphoric acid

-~ alone and with additions of acetic and sulfuric acids and water were tried as

follows:

HzPOy,  Hp804, - CHzCOOH, . H,0,

ce., : LA AL Ll

60 _ 0 0 0

30 0 0 ' 30

30 .30 .0 0

“B0* - - 30 0 20 to 110
40 . : 0 40 40

a0 : ' 10 40 40

20 - 10 10 40

o) , 018 111 dil. to 200

10 0 10 40

* Preferred solution because of more  uniform current flow.

‘AhodiC'treatmeht in conQentrated phosphoric acid generally produced
e brightef and whiter surfﬁée, approaching an'electropolished appearance, but
the procedure was somewhat difficult to cOnfrol becauéelpolarizution effects
interferéd with maintehance'of-a uniform current‘density. The solutions con-
taih;nq both sulfuric acid and water in addition to phoéphoric acid were more
conducting and easier to cohtrol. The metallic surface exposed was somewhat-
more frosty.in;appeafance, 5uﬁ the gray écale seémed‘to be'completely removed, -
A pracipitate was formed in all of these @oiutfons affer'u_few pieces hed been
anodized in them. . R
@\Lf'

'Molten-Salt-Dips: Zine. = ammpniuh phlqride'bver'molten zine permitted

obtaining & hot-dip zine-coating on abraded thorium. . The flux, however, did not

give a coating.

633 9127
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TheTternafy LiéleCifNaCI eutectic had a similar action, but bermitted
hot tinning of thorium in a molten bath.
Stannous chloride when heated in contact with the metal liberated tin,

but did not give an’ adherent coating.

Oxygen Content of Extruded Thorium as Determlned()L&_.

by Vacuum-Fusion Analysis

One?vacuumffusion extration was made at:1850°C. on'Ames metal. Al-
ﬁhough the extracﬁion'appeared to be complete in 30 minutes, subsequent runs
t;s;thov:red the neceSSity of'0perating at higher temperatufes in order to recover
ail of the oxygen., and.all'dther runs were made at 2000°—2100f0. Several
Ametﬁods of hendling the melt were tried. The most satisfactory results were
obtaineé by.droppinz the metal into a graphite cfucible containing a loose
coverlnv of granular (l/@") graphlte (one partlcle deep) on the bottom. The
sample melted and ran between the partlcles thus prov1d1ng better contact of
metal and gfaph;te. Befbre dropping & second sample, a similar monogranular
layer of'graphite was dropped And'outgassed.

- Deep die scratches, or folds; in the surface of the extruded Ames metal
rod made sampling difficulﬁ. About a 1/16" layer weé removed from the surface
of - the rod to eliminate imbedded parﬁieies, but it was—net certain that all
foreign material Qaéefemeﬁed; This may accoqnt'for'eome of the differences
found from‘semﬁle pd saméle;‘ the Westieghouse;rod'haaeevbeftef‘sprfaee;end
satisfectory samples.ﬁere fe;dily’prepared. | |

‘ Exﬁreefion‘appeared cempiete.for‘the Ameé‘meﬁal‘in EO.miﬂutes to oﬁe
hour,'While Qb ﬁénutes to two hours wereireqﬁiredffor tﬁe Westiﬁghouee meFal;.

Table 2]centaiﬁe thefresuiﬁsvobfaiﬁed en eeverai Saﬁples of each

metal, ASampies of Ames meta1~yielded .011% to ;O&O% oxygen, while the

Westinghouse metal analyzed .152% to .168%. Segregation, partlcularly in the

N —
) i
k 2
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TABLE 2. VACUUM FUSION ANALYSIS OF EXTRUDED THORTUM

_ : Extraction
Weight of Time
Sample . ‘ in Wt,, Per Cent

in Grams Source Temp.,C. Minutes Oxygen
3.2 Ames 1850 30 .011
3.6 " 2100 | 30 . 040
6.2 " . 2000 45 .020
5.5 " 2110 30 .014
4.8 " 2110 60 .024
5.4 Westinghouse 2000 90 , 168‘
7.3 " 2000 90 .187
4.5 " 2060 120 .166
5.4 " 2060 120 .182
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case of thé;Ames‘metalj is believed to be thévprincipal cause of the variation in
the anélyticél results.

With the analytical procedure described above, practically the entire

‘melt is converted to a solid carbide as the carbide-ferming reaction progresses

slowly from'thé edge of the melt toward the center. ‘In some  of the earlier

. melts, only about one-fourth of the metal became carbide, but metallogréphié

exemination of the remaining metal revesled ﬁhat the original stringers of oxide
had disappeared. . This,obéervation supported-the'belief that the reductiﬁn of
the oxidés was complete.“

Blanks amounted to 10% of the total CO cbllectsd from the Westinghouse

_hétal and 20-30%'of that for the Ames metal. However, the blanks were quite

~consistent, and possible error .caused by variation in blank would amount to no

more thaﬁ t.OOZ%; Measurement in the Orsat may iptroduce an additional error
of $.002% on samples of the size used in these analyse;. Tﬁus, the precision
of ﬁhe_methoduappears to be about *.004% on a five-gram Sample.

| Sm;li ;mounts'of nitrogen were recovered from the samples. Altﬂough
the values were erratic, the results indicaﬁe'that Ameé metal cont;ins about

.002% nitrogen compared to .007% for Wéstinghoﬁse metal.

Carbide Formation in Thorium

The émall'residues of tﬁbridm remgin;ng after‘g vaéuum:fusion oxygen
analysis weréAéiamined microsép?igally fé invéétigate'fhe ca;bidés fbfmed.
Since thesé éaﬁpla;'wefé‘meltéd'in'gfaphiﬁe c?uciblss, the cérbdn content‘of
the residue shoﬁld hayéqbeén relatiVelyuﬁighi

Ogé sampie adheféd'to the.gofto@ of ths crupible.‘ A crogs section of
the interface‘between ths cfuciﬁlé and the metal is shown in Eigure 3. fhere

was a large massive carbide phase adjacent.to the graphite, showing & diffusion

T %

e
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zone with the inner sectlon,whlch appears to be largely the stable-carbide

’phase,’shown as globules in Figure 4. The massive carblde was extremely

fragile and'debomPOSed;on exposure to air, into .8 mixed yellow and white
powder'é few hours after the vacuum-fusion melt was made. The surface was
photographed'immediately after polishing under carbon tetrachloride before
much hydfolyéis cogld ocour.

In Figure 4 another type of carbide Strucﬁure is shown. This too was
obtained from an oxygeﬁfénalysis residue. The semple shows large, round
globuies outlined by = eutéctiC'phase. The gl@bﬁles appear to have a |
Widmanstatten strﬁdture,iﬁdicgtinz the possibility of two carbides, perhaps
mono~ and diggrﬁides,combinéd"to form a sesqgicarbide.

Somg of the yellow-white powder was examined by X-ray diffraction
and fouﬁd tdvgive a very diffuse pattern of ThO,, a face~centered cubic
structure with 2,=5.60 A. On heating to 300°C. in air, the powder turned white
andﬁgave the same pattérn with very much sharper lines. The stable, metalloid-

appearing, central portion of the vacuum-fusion residue gave the diffraction

patterns of tWo face-centered cubic phases, one with a0=5.29 A., the other

w1th an= 5 85 A.

' It~may be theorlzed that three carbldes ex1st (l) an unstable

acetyllde, Tth, presumably 1somorphous with CaCz, (2) - stable form of ThCy
w1th a face-centered cublc structure, poss1bly CaFg type, with ag=5. 85 Ao

and (3) ThC with a‘face—cen@ered‘cublp structure, a¢—5.29 A. These speculatlons
are to be tested in further studies. | |

X-Ray and Electron lefractlon Examinatlon of
Thorium=-0Oxide Scales :

During the course of rolling and anneealing small pieces of thorium,

it was observed that the thin, black, adherent scale gradually tﬁrnegﬁfgtg_ '
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gray,. loosely-adhering powder-on eipoguré to the aémosphere.‘ Immediaﬁely
after~rolling;Aa small stripfof metal was cut;into,four pieces. Oné piece was
exami;ed by e;ectroh’diffraction immediately. rThe other pieces were stored

(a) in = desiqcatpr;,(b)-invair at 50% relative humidity, end (c) in air at -

957 relative humidity.. It was found that the rate of formation of the gray

. powder- was greatly‘increaéed by the presence of moisture in the air. The

gray powderralwaysigavé the‘diffraction«pattérn of ThOg (F.C.C:, 80%5.50 ALY,
aifhough in sohe.cééés a féiﬁter pattern (F.C.C., ao=5.21)’was also present.
The adherent black scale has not yet been adequately examined. An electron
diffraction photégfam frbm,one sample gave a Thoz pattern, plus a much stronger
pattern of»a faée-centefed cubic phase with lattice constant of about 5.8 A.
Apothér piecé"that had'ﬁéen»énnealed'iﬁ argon after rolling gave only the
pattern with &O=5;S'A; It is possible that this ph;se»is the carbide with
8,=5.85 méﬁtidnédfin the preceding section ana waé formed by reaction of oil
f}cm %he*rolis during annegling,' In any case,‘electron'diffraction is too
sensiﬁive’to thin superfigial f{1mé toAgive satisfactory information about the

composition of the black. scale. Further study with X rays is in progress.

Thorium-Hydrogen S&stem

Studiés of thé"formétion ana composiﬁion‘of tﬁorium'hydrige are in
progress. 'Th% aata obta;nea up-to.the presenf4time are rather discordant and
muétibe conside}éd‘as pu}ely tentative...

- The eipenimenﬁﬁl.methodvconsisté of detefﬁining the compqsition of‘
hydridé,by vOlumetfic'measuremént éf'the ﬂydrogéﬁ'that reacts with a known mass
of meﬁal.. The appér&tus_ié similari?o fﬁatiuseﬁ in ﬁhe é£uéy.§f tﬁe‘tuballoy

hydride. ' ' ’ ‘ o | -

.
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Freshly cut chlps made on & shaper were 1ntroduced into the reaction

~ chamber without further treatment, The systam was then sealed and evacuated

as rapidly as,prSible.- ihe furnace was'broﬁghttto temperature and hydrogen
_added to form tﬁe,hydride. '

‘Using.Westiﬁghouse metal (seétion with endﬁ humbered 5=6; 5 end), the
réactiqn'started rapidly at 219°C. and was carried tq'éompletion (at 219°C.)
with very little slowing of the rate,{excépt for_thé last few (about 14) milli~
liter§ of hydrogen. - The hydrdgen was atsorbed at about 6 ml., per minute by
Z.Stg. of metal, A~compo;ition of ThH3.5% was thained at this temperature.

As a check, the temperature was raised to 294°C. where the composition was

_practically the same, ThH3 56' If the correct formula is ThHg, it would appear

that approx1mately IQ% of the ‘metal falled to react w1th the hydrogen. This is
nearly 10 times as much metal as can be accounted for on the basis of oxide
as: determlned by vacuum—fu51on analyses.

Part of the. hydrogen was removed from the system and the decomposition

_pressures at varlous temperatures determlned In Figure 5, Log P is plotted

against the reclprocal of the absolute temperature. Ffpmithis curve, the heat
required to decompoSe one mpl of‘ThH', accprdlng to the following equation,
was calculated: _ _
| ThHy = Th"+i‘2H‘2;-’ AR+ "292,5(')O,ca1./mo'1
Failure to reach‘equilibrium may_account for deviations-from the Log P

vs. 1/T plot shown in Figure 5, inésmuch as all points lying above the line were

approached from higher pressurésvand all‘points below the line from lower

pressures.

Experience has shown that both the decqmpositibn reaction and the -

synthesis reaction are extremely sluggish under certain conditions. Point No. 5,

3

 which was recorded after a period of 42 hours,; indicatéd a decbmggsition pressure
' : };f*““““---w_ﬁ\““m
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about two days at temperatures between 200°C. and 280°C., the rate incfeased

~19-"
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of 215,mm,iat'274°c.j whereés,theiplotted value at that temperature is 160 mm.

Point No. 6 at_201°C.,6n'the other hand, reached the indicated equilibrium’

preseure in thréelhOUrs. ;Sinee it~woﬁld nermally be-expected that equilibrium
would be reached more répidly at higﬁef temeeratures, this is difficult to
explain. |

The average deviation in furnace temperature was ¥1.0°C. At 274°C.
this would induce avpressure yariation of 4 mm. The furnace temperature wae
feoorded withiﬁ ib.l?c;}'cerfeepbnding to a e;essure range of *0.4 mm. The
preseufes could ee read difecfly to %1.0 mﬁ; and were estimated with the aid
of a magnifying lens to 0.1 mm. with a probable precision'ef_10.3 mm.

The aetual.reeoraed/fluctuation in'p:essures after equilibrium had
been reached was flfQ hm;, and this probably repreeents the over-all precision
in the pressure values.' |

It is apparept that points that do not -fall on the selected curve
aeviate by much more than the limits of experlmentel error.’ Table 3 shows
the‘time ﬁhaﬁ the sample‘was heid at each nsw temperature. Af each point, the
changes in preseure stepped, except for small fluctuations caused by changes
in barometric_pfessure, foem temperature, and fernace tsmperature. After reach-
ingvan appafeht gquilibrium, the same temperature was maintained for one to
five hours before_geiﬂg %o tﬁe next tempereture; Therefore,'no entirely satis—
factory explanatlon for the ;deviations can be glven atvthls tlme.

~ The slugvlshness of the reactlon was even more pronounced for the

L

Amigs metal.} A sample of chlps preparod 'in the 'same mannsr as the Nestlnzhousv

sample showed no tendency to form the hydrlde untll 1t wes he ld at a hydrlde-
formlng temperatqre overnlght,- During this time, the reaction otarted 8xX~

i

tremeiy slowly, abéofbiﬁg 3.ml. in 18 hours. After exposure to hydrogen for

i
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TABLE 3. DISSOCIATION PRESSURES OF "OZ"AMETAL BYDRIDES
‘ ' ' (Westinghouse Metsl) ‘

P

: Time to
: - Dissociation : Reach

Point. . - Temp., Pregsure, = Equilibrium
Number @, ‘mm. Hg : (Hours)

B
ot

1 387 | | 1291 . 28

2 - ses. . 1170 SRR N
- 325 778 | 3
4 294 365.5 19
'5‘ 274 | , - 215 : ' 42

6 2017 20.0 3
2 2507 x "» 88.7 o 18

8 . 2t

59,7 - 22
9 2017 : 19.8 - 21
10 336 : 659.6 - 25
no 361 859.5 21
12 >3§a C o | 982,.6 : A 7
13 ..".>_‘ 25$Tv}'i - '-.;117.4*A - 2

16%* ozma . 1ss8 - .. 16

* Removed ‘an additional 50 ml, Hg.

kR .AmesAmefal;T This is,the‘first point in & run now-iﬁ progress.

coee
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" ..slightly to,about 1 ml. .per hour at 280°C. Point No. 16 (Table 3, Figure 5)

‘ %}Nas oBtaineofefter-lﬁ hours at EhiS'femperature.

2

é}loys.of Tyballoyi

Tuballoy-Columbium Alloys

-Dilatomeﬁef-Sﬁuoies_ The dilatometer studies of_Tu-Cb alloys'contain—
ing up.to 6%:Cb have beeﬁ'oompleted and are suﬁmarized in Figure 6 in which
the regions of alphe; beta, aﬁd gamma etability are outlined. The points
plotted for each of the:four compositions were selected from a numbef of
dilatometer corves‘to give the best estimate of thé boundaries. The results
are very much like those obﬁained\with the Tu-ﬁo ailoys, The lower limit of

the gemma field drops rapidly with increasing Cb content up to 4-5%. The beta

" field disappears at anutIS%. The sluggishness of the alloys was quite evident
Ay N . . R

from the long times thet.were required ‘to complete the trensformations within a

reasonable range of temperatures.

Ebermal.Conduetiviﬁy Qf_éﬁ“Cb Alloy The tﬁermal conductivity of the ‘
4% Cb tuballoy alloy‘£n~theiasereceived condition was determined in the range
of'iOO eo 550°C.l The as—recelved condltlon of - thls alloy appears to have been
at least partlally trensformed to‘alpha,as 1ndlcated by the dilatometric studles.
Also, th;slepec;menrand.standardtwere_only.aoout half the.dlameter of the
usual specimeo;deereaeing fﬁe‘aecuracyfof Ehe oeterminae;on; although the values
are believed to be . withio-s%;l_woile'the pomioa1 composiEion Wase4%% anelyses
showed 3. 66 and 3. 88%.‘: | B |

he conduct1v1tv of thls alloy lles between that of pure metal and the

57 Mo alloy. & graph of the ‘data for the 4% Cb alloy and pure tuballoy is

shown in Flgure 1.
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- Tuballoy-Titanium Alloys ,

_affected. The beta field persists to at least 2.3% Ti.

Figure 8. )

- gvidence of an 1n1t1a1 1nduct10n perlod.

i
§
i

Dilatometer Studies Three alloys in the lo&-Ti range were studied,

i
i

but chemical analysis later showed that two of the specimens had practically

the same Ti content. ConseQuently,_ﬁhe summary grapﬁ in Figure 7 contains
: . s y E
only two compositions. The beta-gamma transfdrmatipn;is lowered somewhat by

small amounts of titanium, but the alpha-beta transfo}mation is not appreciably

B

Corrosion Resistance The resistance of two &itaﬁium alloys to -

corrosion by boiling distilled water was tested. Theisamples were 0.375"

dlameter rods one 1nch long, having a nomlnal compos1t10n of 2.6% and 4% Ti.

Later analysis, however. showed them to be 2.27 and 2%\0% Ti, respectively.
A sample of unalloyed tuballoy was run at the same tlée for a standard.

The- samples wi th freshly ebraded eurfaces, were suspended in in-
dividual reflux condensers'on élass tripods under the?suﬁface of the boiling
water. At the end of 24, 72, and 96 hours, the sampl%s were removed and all

loose scale brushed off with & brush, wiped clean witﬁ & cloth, end weiched.

The water was changed.aftek each weighing. Total weight lqsses are shown in

i '

The aﬂd1t10n of 2 3 Ti.reduced the weight lass to about one~fourth

that of the.pure metal. There were no notlceable dlfferences in the corrosion

products, and th° attack was unlform over the entlre surface.;'The rate of

attack on all three alloyS'was constaﬁt‘éver bhe_period testedgeehowihg o

3 e RN

<

The weight loss of the 2 57 Ti alloy was cons1stently less: than that

of the 2.27% alloy. However, the dlfference wes hardly enough to be significant.
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The effect of larger percentages of Ti is being investigated,

Alloys of Tubsalloy and Indium

In continuing.the'investigation of variousvbinary alloys of tuballoy,’
gndium‘alloys of 5 and 10 weight per cent were made;" The alloys were made‘inf
‘”,J : | teryllla crucibles under a vacuum. Metallic indium'was adaed to the molten
: ¥ _ ;base metal; then the melt was allowed to cool 1mmed1atelv. |
S - ‘;- ‘ As shown by the mlcrographs in Figure 9, the alloys obtained were not
ffhomogeneous, Both alloys showed a dark compound_occurring in large patches 1u

a two-phase matrix. The compound was moderately hard, but crumbled easily. 8o

far, it has not beeh;possible to homogenize the metal by heat treatment.

- - "~ © Tuballoy-Aluminum Alloys

Febrication Melts weighing 10 to 15 pouﬁds were made in a clay-

graphite crucible, using a gas-air furnace of aluminum with additions of

PR

tuballoy from 2 %o 30%. For the lower alloys, the‘aluminuﬁ was allowed to
3 " reach about 1500°F, when the addition was made, stirring with a grephite rod.
Eo The melt was allowed to cool to 1300°F., or thereabouts and poured into an

f;' , 1ron ingot mold, giving: an 1ngot approx1mately 6 x 10 x 13", Pouring tempera-
tures up to 1800°F,. were required for the,hlgher alloys, as shown in Table 4.
- - Structures of four of the cast alloys are shown in- Flwure 10. The
S 9% élioy consists of"aluminum plus eutectic whlle the 16, 8% alloy is very close
. to.the eutectio composition. The 18.11% alloy'appearseto be sllghtlyfhyper-'
- eutectic 'showihglsome orimary compound'and’eutectic. Tﬁese alloys closé to the
3 v ‘eutectlc compos1t10n appear to have somewhat larger partlcles of compound with
less lamellar structure than would te expected The 29.1ﬂ alloy,’ of course,

is strongly hypereutsctic and shows massive needlss of compound in a eutectic
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Figure 9. -Structures obtained in the 16% indium alloys..
Mechenicel polish. Witric-seetic etch, 250%X.
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TABLE L, L3040 ROLLIFG Tu-ALUMINTYM ALLOYS
Intended
Comnosition, Anelysis,
% Tu D T Jot Rolling, &00°F, Cold Rolling Remarks
2.25 1.88 1300 1.5 to .3LO", 12 passes, ? rehests .30 to L080M, X nasses, one anneal
2.5 2.3 " Ditto Ditto
3.0 3,10 g v "
R0 \**.95 f Ll tt
2,0 7.0 " 1.5 to .340%, 18 vasses, & rcheats L340 to .0BOY, 7 passes, one anneal
10.0 5.0 " Pitto Ditto
12.0 11,3 1320 1.5 to 147", 36 vesses, 6 reheats .147 to .080", L passes
1o 1,3 i Ditto Ditto
16.0 16.3 it " !
16,0 16.8 1330 " " Scalped at . 03" to remove defects.
12.0 A 17.3 1380 1.3/1.5 to .200", 19 vasses, 6 reheats .200 to .080%, 5 passes All elloys, except 18%, showed cross checking
B 18.1 i . ané edge cracking during hot rolling an? were
21.0 A 20.3 1450 . Ditto Ditto _ scalved again at sbout 5/8" thickness, then
B 20. 4 " : rolled without further cross checking, but
24,0 A 2.2 1470 " " edge cracks formed up to 1/2% deen. The
B 23,8 " . .200 to 020" reduction was started hoi, but
27.0 A 26.6 1720 " " . cen probably be regarded as cold rolling as
B 26.7 " the stock would not hold heat long at this thick-
0.0 A 27.3 1800 " . » ness,
B 29.1 t

o g33-03
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matrix., Particles of a dark-éﬁéhing phase wili be observed. It is not clear .
that this is a different phase or some pecuiiarity of the etch used. -

The ingots were radiographed and unsound portions near the top were

removed. Xo serious segregation or unsoundness in the major part: of the

ingots was observed. The inrots were scalped and allowed to soak at 800°F.

ifor two to four hourS'beforé hot rolling.

The data in Table 4 show some increase in the number of passes re-
quired for alloys containing 7 to 9% Tu. The 12 to 18% group rolled with con=-

siderably more difficulty than.bhe alléysAwith lower Tu content, but it appears

- that these could be handled_reédily commercially,’

The alloys C6ntaininﬁ 18 to 30% Tu were even more difficult tobroll.
The schedule used caused cross checking, Wthh could probably be avoided by more
f}equent reheatlﬁv and less reduction per pass. It is doubtful that these alloys
would w1thstand more than 10 to 15% cold reductlon. Ifhe 18% alloy was the only
one of this group which did nrot cross check. HEdge cracking was more serious
with this group. These élioys could probably be produced in a commercial mill,
but spécial rblling schedules would be reqguired, losses would be considered.

excessive on ths basis of present commercial oparation, and, hence, their cost

i3
Lox

~would be relatively high., The melting practice.would require some adjustments,
because of high pering temperaturés, whi¢h might be difficult with present

mill equipment. Itiwould'aépear from presenﬁ informétibn that anh 18% alloy

would be the highest conﬁént from a practical standpoint.

Preparation of Tu-Al salloys With Oxide 'Additions It was dééiged'td\_
determine if»suitable recovery could be obtained in Making aluminum alloys -by
addition of tuballoy oxide. ' In,order-fo_obtain the most sétisfactoryvrécovery,

it was considered desirable to meke trials of'adding the oxide difectly_to the
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aluminum bath, .to molten aluminum with a flux to insure contact between the

alumingm and oxidea(és wel} as remove any alumindﬁ oxidé‘fbrﬁed)‘as bfiqﬁéttés
of a}Uminum and oxide,and as‘an exothermic mix. The‘prdceduré and résuits.are
summarized in Table 5. _

These results show 50 t§ 680% recovery of the tuballoy when using a
cryolite slag. Direct addition to the metal gave negl;gible recovery of

tuballoy, while}thevrecovéry in the exothermic mix tried was poor.

Properties of Tuballoy

Thermal Conductivity of Tuballoy

Data on the thermal conductivify of pure gamma-extruded tuballoy are

‘shown in Figure 1 in comparison with the>4% Cb-tuballoy and thorium for the

temperature range 100 to 350°C.

For the first attem§t3>a standard specimeﬁ wés nickel-plated and the
thermocouples resistance wélded in place. The valués~obtained appear satis-
factory, although some of the couples came loose through oxidation of the hot
end of the specimeﬂw)

In order to check these results, grrqngemqnts wé?e made to uss & bare
specimen, purging the éir from the insqléﬁion wiﬁhiargqn‘and a;lowing a small
flow of argon>vto_pass‘thréugh the aséemblyAdufing the determination. This

arfangement zave values WhiCh%showed‘less deyiétion than with the plated

'specimen, but~plpts of the two sets ofvdata coincidedfexactly. The data

obtained with argon§protectiqn,ars shown in Figure 1. The values for the 5%

Mo alloy previously reported are 30 to 4@%-10Wer‘than thoéevfor.thequre.metal.
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TABLE 5. RECOVEXY OF WETAL WHEN ADDING Tu AS OXIDE

, Total
Tu ‘ Tu. CTu Metal
: Charged, -Found, - Recovered, Recovery,
Method ~ Per Cent Per Cent Per Cent Per Cent
Addition of oxide to molten Al (1‘? 10 <0.1 <1 83
‘A'dd’ition_of oxide ‘to molten Al 10 <0.1 <1 77
Addltlon of o§1de-cryollte mlxture to 10 6.7 61 91
molten at : : -
Addition of oxide-cryolite mlxture to 10 5.9 - 54 91
molten Al ' : ' '
fAluminotherwic ‘reduction of ox1de w1th 50 23 29 ’ 65
- exothermic mixture E . »
Aluminothermic- reduction of oxide with 50 23 29 65

exothermic mixture

(1)

(2)

A flve-pound melt of aluminum was heated to 1650°F. and oxide added with
stirring. The melt was held five minutes-at 1550 't 25, cooled to 1375°F.,
skimmed, and poured.

A flve-pound melt of Al was protected w1th cryollte and heated to 2000°F,
An oxide-cryolite mixture, contalning sufficient cryolite to dissolve

. liberated Als0z, was added with stlrrlng. -The melt wes held 30 minutes at

(3) A

2000°F., cooled to 13752 F . and poured

A mixture of oxide, ZO-mesh Al NaNOs, Mg powder, Ca0, and Can was added

to a preheated erucible. ' The Al- tuballoy alloy separated as a button near
the bottom of ‘the cru01ble.
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Beta Phase of Tuballoy

Although it has not been possible to obtain the X-ray diffraction
pattern of pure tuballoy in the beta phase, recent studies have shown that it

is relatively easy to obtain the pattern of the beta phase in an alloy contain-

ing 0.6% Meo. Filings of this alloy were quenched from 690°C. and cleaned in

‘nitric acid, which was removed by continuous dilution end decantation. A sharp

diffraction pattern of a low-symmetry structure was obtained at room temperature
with onlv very faint traces of oxide. Some of the same filings were resealed
in anAevacﬁated gquartz tube and heated to 300°¢. for 10 minutes. The resulting

diffraction photogram, taken at room temperatufe{ contained ;ﬁe'samé‘pattérn
plus aiétronger pattern of ﬁhé élpha phase. The saﬁe samplé&feheated to 600°C.
for lO.minutes and codled to room temperature gave only thé pattern of alpha
tuballoy. A second sset ofjexperiments was perférmed'on another sample of the
same alloy. A photogram taken at 690°C. contained thé'pattern of the same new
phase. On cooling to room teméerature in the camera -- a cooling rate which is
very fast because of the small‘heat capaéity of the furnace and very efchtive
water cooling -=- the same p;tfern was observed., A§,600°Cx the same specimen gave
the pattern of the alpha bhase. 1Agai#‘céoled to- room temperatufe,,the alpha
pﬁase was'observedn‘vFinaIly; £ha.§p§ciméh wés-heafe&‘to 800°C, , where the
pattern Qf thg gamms. phasé was oﬁtgined. EThroﬁgho&t this'sefies, the pattern of

oxide graduallyvbeqame stronger, but nsver étrqng<enough to obscure the phﬁses

-of interest.;

These two series of experiments éeemgd tofrequifé independent proof
that thefbeta phaée,in 0.6% Mo—fu.can’be }etained:aﬁ room temperature by quench-

ing. This proof has béen obtained by>quaﬁching dilatometer speciméné from
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690°C. and following the dilatation on subsequent heating in the dilatometer.

In one case, during fairly rapid heating, the beta-to-alpha transformation

" started at mbout 120°C. &nd was completed injabout 4 minutes at 200°C. Another

specimen heated much more slowly started to transform at about 90°C., and the

transformation was completed at 125°C. in 25 minutes. -In both cases, the change

in length was the same, within the limits of error, -as was observed ‘in normal

alpha-bets transformation. It is believed that quenching stresses in the

dilatometer specimens (1" long by 3/8" in diameter) may account for the trans=-

formetion at lower temperatures than were observed in the filings used for

X-ray work,’

Yhe diffraction pattern of beta retained at room temperature is given

Tuballoy-Nitpbgen Sysﬁem

‘in Table 6. Preliminaryvexamination sugzests that the structure is orthorhombic.

For the past lalmbnths, studies of the  tuballoy-nitrogen system have

been in progress whenever the apparatus has not beern in use for more pressing

phases of the project. At present, the apparatus is in use for studies with

thorium, and it seems unliksly that more work will be done on the tuballoy~

nitrogen svstem. For this'reason, if not for the completgneés of the ressults,

the work is considered completed, and a summary‘réporﬁ is being prepared. Some

of the more important conclusions are-summarized here.’

In a closed systém containing nitride plﬁs nitfbgen,'the equilibrium

pressure and temperature’depend upon -the Eomposition of the

nitride phase. The

dependence upon composition is so eritical that when equilibrivm.is reached at

™ -

it is necessary to.calculate the composition

a piven temperature and pressure,

of the solid phase frdm the kiown mass of nitrogen in ths gas phase.
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TABLE 6. X-RAY DIFFRACTION PATTERN OF O.67 Mo-Tu ALLOY QUENCHED
FROM 690°C. PHOTOGRAM TAKEN WITH CuKot AT ROOM TEMPERATURE

Relative - : ‘ Relative

“

épacings; At‘ , Intensities , Spacings,,A. Intensities
2.82 M ', .966 F
2.57 Vs . ' _;948 S M
2.48 sy | | 934 F
2.42 s : 910 VP
2.33 Vs ' ' .899’ VVF
2:28 | . MS ' .867 - VVF
215 o - Moo " .55 VVF
161 o 7 ©.846 | i
1.52 - ws . .828 F
1.50 ' M . | 14;817 : VF
1.45 B us o .803 F
1.41 s . S 792 WF
1.28 W o uss o . uF
1.25 W |
1.24 e v~.MF+ ‘
1.19° F
117 F-
1.16 VF
1.06 - . wWF P
1.04' o MFibroaé
1.01 M |
T ey
| | P b Co &K?é;
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.pressures and -temperatures for the three éompdsitions'shown'in'Figure"Il were

v

quentlf; to dbtain a straight line curve on a.lLog P vs. 1/T plot, it is

necessary to-hold the compbsition of the solid phase‘precisely constant by the

addition or removal of‘nitrégén to produce pressure variations wﬁthout changing

the solid'phése composition. If this is not ‘done, the resulting equilibrium

“curve is not straight, but is convex upward. In thevgctualrmeasurements, the

composition of the s0lid phase was allowed to vary and was computed for each
temperature and pressﬁfe‘to give a family of isoﬁherms, shoWing'the variation

of composition as a function of pressure. . From these curves, the equilibrium

taken. From the slqpeg;'the heat required to decompose the indicated formula

weights to Tﬁleefe computed as.followsw

T 65T
AH = 15,690 cal.

- Tull + 0,325 Np

TWN} g~ Tull + 0.30 Np

AE = 18,790 cal.

T, 5> TuN + 0.28 Ny
AE = 19,550 cal.
By extfapolétion, the vaiué . ‘ -_: | :
Ty g T +'-“o4,425 N
AH = 21,900 cel.
is obtained, whiéﬁ gi}eéfthé”véiue »
- AH = 43,800 éalf./mol.
for the heat of decoméoéitiéniih,tge reaction

- Tugllz —> 2 Tul + 0.5 Ny

T P -
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FIG. ll' NITROGEN PRESSURE IN EQUILIBRIUM WITH THREE DIFFERENT

COMPOSITIONS OF TUBALLOY NITRIDE AT%VA'I;IOUS BEMPERATURES
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The hirhest composition obtained in this work was Tul; oo 8t 492°C.
end 825 mm. pressuré. At 1048°C, and 50 mm. pressﬁre, the composition was
TWly gor Over this range of temperafures and pressures, the equilibria were
cohpletely reversible.

The lower nitride has not been studied because of its high stability
at readily attainable tempebatures. .The following experiment is typical of
several that demonstrate this stability: A samplé known to have the composition

TWll, gz WES pumped out with an aubtomatic Toepler pump connected to the

specimen chamber. Evolution of nitrogen was slow up to 1000°C. At 1135°C.

'rapid evolution started and continued until practicaelly all of the extractable

nitrogen was removed. . Continued pumping for en hour at 1200°C. removed very

smgll gmounts of gas. From the measured zas réméﬁed by the Toepler pump, the
final composition was computed-to be TWly gg*- From this experiment and others,
it is estimated that the ritrogen pressure in equilibrium with TuN at 1200°C.
is less than one micron.

X-ray diffractioﬁ examination of'compcsitions near TuN indicate that
this compound has a face-centered cubic lattice with a,=4.88 A. Thebhigher
nitriﬂés formed in equilibriﬁm with nitrogen at témperaturé§ between 800°C.
and 1050°C. corsisted of‘a quy-centered'cﬁbic latﬁice, a0=10.68 A. At lower
temperaturés, diffuse éatternS‘éorreSponding o face-centéred‘cubic latticss
with 8,=5.29 to 5.31 A. were obssrved. It is possible that the true lattice
parameter for these st;ﬁ;tufgs‘is twice the appa}enf valué, and that the

structures are actually identical with body-centered cubic, high-temperature

form. 3 y B
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FUTURE WORK

Further studies of the properties of thorium are in-progress.

- The Qdd{tiohjof tuballoy oxide to eluminum to produce elloys is being

studied. : .
The solpbiiity limit of tuballoy in aluminum is being‘investigated,

es well as physical properties of these alloys. Experiments are also in

~ progress on Alcladding the tuballdybaluminum~alloys.

Studies of the high-temperéture'phases of tuballoy by means of X réys

is continuing. -

.,Prepargtion of centrifugallyf céSt‘beryllium tubes is under wﬁy}
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