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v The thermal  conduc t iv i ty  o f  t h o r i m ,  as ex t ruded ,  gave v a l u e s  10 t o  15% 

h iche r  t han  t u b a l l o y  i n  t h e  tempera ture  range o f  100 t o  3 5 0 O C .  w i t h  a lower 

tempera ture  c o e f f i c i e n t .  

Annealinp of  co ld - ro l l ed  thorium s t r i p  (Ames) showed p a r t i a l  re- 

c r y s t a l l i z a t i o n  i n  one-half hour a t  7 0 0 O C .  which became s u b s t a n t i a l l y  complete 

il? one hour ,  e i v i n p  f i n e  equiaxed grains. The,one-hour annea l  a t  700°C. gave 

m i c i m u m  hardness  o f  -121 VDH (87  Re).  Higher temperatuces inc reased  t h e  g r a i n  

s i z e  and zave somewhat h ighe r  hardness  v a l u e s ,  i n d i c a t i n g  a p r e c i p i t a t i o n  e f f e c t  

which gave i n d i c a t i o n s  of overaeing a t  1100°C. 

No d ipping  p rocesses  have been found which reii:ove s c  

Very ' s a t i s f a c t o r y  c1eacin.g ;vas obta ined  on c e r t a i n  
/' 

thorium. 

anodic  pickl in .7  in phosphoric o r  'Fhosphor ic -su l fur ic  ac ids .  
/ 

Vacuum-fusion ox;y,gm analyses g i v e  va lues  of  ,011 t o  

Ames metal and .152 t o -  .168,:! oxygen f o r  NestinRhouse thorium. 
7 -------J 
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itlicroscopic and X-ray evidence i s  p re sen ted ,  i n d i c a t i n g  t h a t  thorium 

forms a n  uns t ab le  ca rb ide  and probably s t a b l e  mono--and d i ca rb ides .  

X-ray s t u d i e s  of s c a l e s  on thorium show t h a t  t h e y  c o n s i s t  l a r s e l y  of 

t h e  oxide ,  bu t  a t h i n  b lack  s c a l e  has  n o t  been de f i rA5e ly  i d e n t i f i e d .  

T e n t a t i v e , d a t a  have been obta ined  on t h e  thorium-hydrosen system 

and i n d i c a t e  a hydride having t h e  formula ThH3.56.' Viestinghouse meta l  formed 

hydr ide  r a p i d l y  a t  210 t o  22OoC., b u t  Ames metal r eac t ed  v e r y  s lowly  

.. 
c 

Dila tometer  s tud5es  on t h e  Cb-Tu a l l o y s  vjere' completed,  showing t h a t  

t h e  b e t a  f i e l d  d i sappea r s  a t  about  3% Cb as compared wi th  2% f o r  Mo. Thermal- 

o n d u c t i v i t y  measurements on the  4% Cb a l l o y  in  t h e  as - rece ived  c o n d i t i o n  gave 

va lues  between t h o s e  f o r  pure  me ta l  and t h e  53 Xo a l l o y .  

P - &  '1 Ti-&%&& appears  to lower t h e  b&asganma t ransformation4,  b u t  t h e  a lpha-  
' 4 A  &-%+ 

i s  bu t  l f t t l e  a f f e c t e d .  Corrosion t e s t s  i n  d i s t i l l e d  wa te r  

show about  one-fourth t h s  r a t e  of  a t t a c k  as f o r  pure me ta l .  

Addi t ions  of 5 and lo$ indium t o  t u J a l l o y  Fave inhomogeneous a l l o y s  

con ta in ing  more than  one phase. 

I n v e s t i r a t i o n  o f  t h e . r o l l i n F  of sluminwn c o n t a i n i n p  t u b a l l o y  i n d i c a t e s  

t h a t  a l l o y s  con ta in inp  up t o  18% Tu can probably  be r o l l e d  commercially.  A l l o y s  

w i t h  18 t o  3% Tu were r o l l e d  expe r imen ta l ly ,  b u t  i t  i s  doub t fu l  t h a t  t hey  would 

be t o l e r a t e d  i n  & commercial shop because of h i g h  pouring tempera tures  and 

d i f f i c u l t i e s  . in f a b r i c a t i o n .  Tests on Eking Tu-aluminum a l l o y s  w i t h  a d d i t i o n s  

of  t u b a l l o y  oxide  show 50-603 r ecove ry  of Tu when us ing  a c r y o l i t 3  slzg on t h e  

bath.. F u r t h e r - t e s t s  a r e  i n  p r o g r s s s  on o t h e r  methods. .  

l h e  thermal  conduct iv i t ; j  of  pure t u b a l l o y  wt;s d e t e m i n 3 d  f o r  tempera- - 

t u r e s  o f  100 to-350°C. ' .for compbrison w i t h  t h e  r e s u l t s  ob ta ined  on tha Lio and Cb 

a l l o y s .  '' The r e s u l t s  show .272 and .318 watts/cm./oC. f o r  tampera tures  of 150 / 
and 300qC.,  r e s p e c t i v e l y .  / / ,  .,. -: 

@ 0 5 L . ' ?  - -  
<" L -1 

...................... . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0 0  0 0 0  0 0  0 O D 0  0 0  D O  . _  _ _  ,-- ., e.,- 
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t : 
An X-ray p a t t e r n  f o r  b e t a  t u b a l l o y  has  been ob ta ined  on specimens 

_ J  ' 
t : 

An X-ray p a t t e r n  f o r  b e t a  t u b a l l o y  has  been ob ta ined  on specimens 

prepared from a .6% i\!O a l l o y .  

can be r e t a i n e d  a t  room temperature  by quenching t h i s  a l l o y .  

Dilatometer  and .X-ray s t u d i e s  confirm t h a t  b e t a  

A summary. r e p o r t  on t h e  ' t uba l loy -n i t rogen  system i s  being prepared. 

Some of t h e  conclusions from t h i s  work a r e  sumnarized i n  t h e  p r e s e n t  r e p o r t .  

EXPERIhilENTAL DATA - 

P rope r t i e s of 'Thorium --- 

Thermal Conduct ivi ty  -_-- - ---. 

The thermal c o n d u c t i v i t y  o f  a sainple of extrm,:  fmes thorium w a s  de- 

. t e m i n e d  f o r  t h e  r a n r e  of 100 t o  3 5 0 O C .  ir, the  as-received c o n d i t i o n .  The r e -  

s u l t s  a r e  piven i n  F i p u r e . 1 ,  where a comparison wi th  t u b a l l o y  may be made. 

r e s u l t s  on thorium were ob ta ined  on subs i ze  specimens and a r e  t h u s  s u b j e c t  t o  

The 

more e r r o r .  

i h e  c o n d u c t i v i t y  o f  thorium appears  t o  be 10 t o  15% h iphe r  than 

t u b a l l o y  i n  t h i s  temperacure range and shows less  chanrg wi th  tenperacure.  

Annealinp of. ColdFRol led  Thorium (3 lk 
----__I-_ __-__ -I ---- 

A s e c t i o n  of t h e  0 2 5 ' '  extruded funes me ta l  W ~ S  cold r o l l e d  t o  0.058" 

s t r i p ,  a n n e a l i n r  i t  one-half hour a t  1000°.C. Lhree t imes i n  tho process .  Some 

edge c rack inz  was observsd,  but it was n o t  excess ive  and probably w a s  p a r t i a l l y  

caused by t h e  . s t a r t i n ?  shape of t h s  sample. lhe f i n a l  c o l d  reductyon was 61% , 

and \he hardness  a s - r o l l e d  w a s  107 Rockwell E. .(1/8" b a l l ,  100 kp. ) , o r  177 

Vickers (10 kq.). 

The c o l d - r o l l e d  s t r i p  w a s  c u t  i r , to  s o c t i o n s  and a s e c t i o n  ann-ealsd 

one-half hour a t  each of the tampcraturas  shown i n  Table 1 i n  an atmosphera of 

argon. The s c a l a  formed was removcd bv abradinF, '  t l I3  h i r h 5 s s  m;,.urjd, m d  - r------ 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 - 0  - / I  0 0 0  0 0 0 0 0 0 0 0 0 0 



-I e 
a 
E 

. w  
I- 

* - . .  

. I O .  
n I 100 I 5 0  - ' 200 250 300 350 
-i 

;r' TEMPERATURE oc. 
i 



-5- 

"._, .. 
\ 
: --_ ~. 

r 

*., ......... 

6 Hours 112 HOW + 1 '  .l Hour .2 Eours 
Annealing 10 Kg. ~ 10 Kg 10 Kg. 10 Kga 

Vickers  Re Vicke r s  R e  V icke r s  Re  Temperatwfes Vickers  Re*' 
.... . . . . . . . . . .  . 5 . .  ,~~ . . . . .  - . .  ..,. , . . . . .  .. 

' ,  
.-- 

c - c As Rolled 177 107 

500°C. 154 102 152 . 102 146 

550 150 99 146 99 143 

600 145 99 136 97 133 

7 00 128 88 121 87 123 

800 128 91 133 90 131 

900 135 92 134 95 135 

1000 136 - 138 94 136 

1100 133 93.5 129 92 - 

- 
100 

9e 

95 

e8 

90 

92 

93 

- 

* Rockwell E 
1/aVf ball; 100 Kg: Load; 

, .. I 

. ,  
. .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
p :  

0 0 0  0 ..e 0 0 0 0  0 0  
0 0 0  0 0 0  0 0  0 I D C  



t h e  m i c r o s t r u c t u r e  noted.  The samples were then  hea ted  f o r  an a d d i t i o n a l  one- 

ha l f  hour and one and one-half  hours a t  t h e  same t enpe ra tu res , and  t h e  hardness  

measured a f t e r  each  pe r iod . ,  Tcble 1 summarizes t h e  hardness  va lues  obta ined . .  

- I  

- 
,. 

The s t r u c t u r e s  obta ined  on the samples armesled f o r  one-half  hour 

are shown i n  F i p r e  2.. The a s - r o l l e d  s t r i p  showed t h e  t y p i c a l  e l o n r a t e d  

g r a i n s  of a s e v e r e l y  worked metal .  h e a l i n g  a t  500°C; and 550°C. produced no 

marked changes. The sample annealed a t  600°C. showed PO change a t  t h e  e n d ' o f  

e-half  hour .  bu t  r e c r y s t a l l i z a t i o n  had s t a r t e d  a f t e r  one hour. There w a s  

r t i a l  r e c r y s t a l l i z a t i o n  appa ren t  i n  the  sample hea ted  one-half  hour a t  700°C. 

and more complete ; e c r y s t a l l i z a t i o n  i n  one h o u r . a t  t h i s  temperature .  A s  t h e  

tempera ture  was incroased  f rom 800°C; t o  llOO°C., t h e r e  was a corresponding ic-  

as8 i n  g r a i n  s i z e .  Heat ing an a d d i t i o n a l  f i v e  hours  a t  1100°C. d id  n o t  

i n c r e a s e  t h e  p a i n  . s ize  apprec iab ly .  

A2parent ly  t h e  small  equi.axed erair is  ob ta ined  i n  one hour a t  700OC. 

produoed t h e  s o f t e s t m e t a l .  The s l i r h t  i n c r e a s e  ir, hardness  a t  h ighe r  tempera- ' 

t u r e s  appears  t o z r e s u l t  from some p r e c i p i t a t i o n  e f f ec t . .  

This  sam;?le of m a t e r i a l  was much h a r d e r ,  bo th  as r o l l e d  and a f t e r  annea l -  

i n g ,  than  t h e  'AestinFhouse compacted metal t e s t e d  l a s t  month.. The hardness  o f  

t h e  l a t t e r . a s  co ld  r o l l e d  60% was on ly  83 R e ,  which was le_ssqthan t h e  minimum 

obta ined  on a n n e a l i n r  t h e  h a s  sample.. A s  r epor t ed  l a s t  month, d a t a  were o n l y  

approximate,  but,even on t h a t  b a s i s ,  t h s r e  appeared t o  be a marked d i f f e r e n c e  

in  t h e  hardness  leve l  between t h e  two l o t s  of  ma te r i a l . .  This  d i f f e r e r c e  i n  

hardness  probably  r e l a t e s  t o  t h e  mothod of.  p r e p a r a t i o n  of t h e  Westinehouse meta l  

and i t s  p rocess in?  p r i o r  t o  r o l l i n g .  

...................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . .  
o o o  . . . . . . . . . . . . . . . .  0 - 0 : -  0 0  o o o o  c c  r o  



34351 

A s  ro l led .  

34354 

600°C. 

1- 

34357 

900OC. 

34352 

500°C 

34355 

70Ooc. - 

- .  

34358 

looooc 0 

34353 

55OOC. 

34356 

800°C. 

34359 

1100°C 



a -  

i 

Pick 1 ing 
7 

Acid Dips I t  was d e s i r a - l e  t o  

-a- 

l ave ' a  p i  

i 
lL . ~ 

k l i n q  procedure a v a i l a b l e  f o r  

t h e  removal of f a b r i c a t i n g  and hea t - t r ea tmen t  s c a l e s  from thorium s u r f a c e s .  

P re l imina ry  experiments i n d i c a t e d  t h a t  the type  of s c a l e .  a s  determined by i t s  

mancer of fo rma t ion ,  d e f i n i t e l y  a f f e c t e d  i t s  ease of rezoval .  

s c a l e  formed dur ing  e x t r u s i o n  or  by h e a t i n ?  t h e  me ta l  i n  an open flame has n o t  

been s a t i s f a c t o r i l y  removed by any of t h e  procedures  t e s t e d .  

hand, a s c a l e  developed d u r i n g  s t and ing  of c o l d - r o l l e d ;  annealed s u r f a c e s  w a s  

q u i t e  r e a d i l y  removed by t h e  e l e c t r o l y t i c  procedures described below. 

sh iny ,  black s c a l e  formed by c o l d - r o l l i n r  of annealed spacimens w a s  t ransformed 

i c t o  a bulky, g r a y  s c a l e  on staridicE ovcrniTht.  

rubbed o f n ,  bu t  t h e  r e s t  adhered t o  t h e  me ta l  s u r f a c e  r e q u i r i n e  r e r o v a l  by o t h e r  

For example, 

On t h e  o t h e r  

The 

Some of t h i s  w a s  e a s i l y  

means 

Ordinary immersion i n  a c i d s  o r  a l k a l i e s  d id  n o t  v i s i b l y  a t t a c k  t h e  

g ray  s c a l e .  

o t h e r  apparent  e f f z c t .  

of the specimens, r e su l t i nc .  i n  a black l a y e r .  

k s l i r h t  evo lu t ion  o f  gas was obs3rved i n  some i n s t a n c e s .  w i th  no  

Coccentrnted hydrochlor ic  z c i d  v igo rous ly  a t t a c k e d  one 

Exploratory d i p s  i n  concen t r a t ed  

"03 ar,d i n  a f e r r i c  s u l f a t e  - hydro f luo r i c  a c i d  mi'xture changed t h e  c o l o r  o f  

t h e  f i l m  t o  ys l low,  bu t  d i d  I subsoquent d i p  in aqua r e g i a  r e -  

movad t h e  f i l m ,  exposing a b r i z h t  m e t a l l i c  su r f ac3 .  -The l a t t e r  combirLation o f  

e t c h i n s  d i p s  wero n o t  r e a d i l y  d u p l i c a t e d ,  howsvir , and f u r t h s r  immersion i n  

aqua r e g i a  caused t h e  'formation of ano the r  b l ack  f'ilm. Therefore ,  t h e  procedure 

was n o t  considered p r a c t i c a l ,  and f u r t h e r  experiments were mainly concerced w i t h  

e l a c t r o l y t i c  p i c k l i n z .  

; s t  

#- - E l e c t r o l y t i c  P i c k l i n g  - Corisistant l y  sood rerpoval of t h e  q ray  s c a l e  w a s  
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con ta in ing  phosphoric a c i d .  

de f ine  l i m i t s  of s o l u t i o n  concen t r a t ion  o r  of o t h e r  operat ine:  v a r i a b l e s .  

Anodic t r e a t m e c t  f o r  about  one t o  f i v e  minutes  a t  1 amp.ksq. in .  i n  t h e  fol low- 

Mo a t t e x p t  was m a d e  i n  t hese  p re l imina ry  t e s t s  t o  

i n g  mixtures  was g e n e r a l l y  s u f f i c i e n t  t o  remove the gray scale  comple te ly  and 

t o  expose a s e m i b r i r h t  m e t a l l i c  sur face .  

a lone  and w i t h  a d d i t i o n s  o f  a c e t i c  and s u l f u r i c  a c i d s  and water  were t r i e d  as  

So lu t ions  coritairjinn phosphoric a c i d  

fo l lows :  

H3P04 3 
cc. 

60 
30 
30 
30* 
40 . 
40 
20 
0 
10 

H2S04 
cc. --- 
0 
0 

30 
30 
0 
10 
10 
18 
20 

CH3COOHy . 
cc.  --- -. - -- 

0 
0 
0 
0 

40 
40 
10 

111 
10 

H20 ¶ 

cc.  --.- 
0 

30 
0 

40 
40 
40 

40 

2 0  t o  110 

d i l .  t o  200 

* P r e f e r r e d  s o l u t i o n  because o f  more uniform c u r r e n t  flow. 

Anodic t rea tment  i n  concentre.ted phosphoric ac id  F e n e r a l l y  produced 

a b r i g h t e r  and w h i t e r  s u r f a c e ,  cpprohchinp an e l e c t r o p o l i s h e d  appearance,  b u t  

t h e  procedure w a s  somewhat d i f f i c u l t  t o  c o n t r o l  because p o l a r i z u t i o n  e f f e c t s  

i n t e r f e r e d  w i t h  mLintenunce o f  a ur,iform c u r r e n t  dens i ty .  
1 

The s o l u t i o n s  con- 

t a i n i n ?  both  s u l f u r i c  a c i d  and w a t z r  in '  a d d i t i o n  t o  phosphoric a c i d  were more 

conductine: and e a s i e r  t o  con t ro l .  The m e t a l l i c  su r f zce  exposed was somewhat 

Fore  f r o s t y  i n  appearanc3, but  t h e  p a y  s c a l e  seemed t o  be comple te ly  removed. 

A p r s c i p i t a t e  was formed i n  a l l  o f  t hese  soluti 'ons h f t e r  LI f e w  p i e c e s  had been 

anodized i n  them. 

O F  
Molten-Salt  Dips Zinc - ammonium c h l o r i d e  over molten z inc  permi t ted  
---I-- --- 

o b t a i n i n r  a hot-dip z inc  c o a t i n g  on abradkd thorium. . f h s  flux, however,. d i d  n o t  

appear  t o  g ive  a uniform c l ean in?  a c t i o n ,  and zin'c c h l o r i d e  b:? i t s e l f  d i d  n o t  

pive a coa t ing .  
633 
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Jhe t e r n a r y  LiC1-KC1-NaC1 e u t e c t i c  had a similar a c t i o n ,  bu t  permit ted 

h o t  t i n n i n g  o f  thorium i n  a molten bath.  

Stannous c h l o r i d e  when heated i n  c o n t a c t  w i th  t h e  me ta l  l i b e r a t e d  t i n ,  

b u t  d i d  n o t  Five an adherent  coa t ing .  

Oxygen Content of Extruded Thorium as Determined 
by Vacuum-Fusion Analysis  

---...---_I---- -- 
One vacuum-fusion e x t r a t i o n  was made a t  185OOC. on h e s  metal .  A l -  

though t h e  e x t r a c t i o n ' a p p e a r e d  t o  be complete i n  30 minutes ,  subsequent runs 

showed t h e  n e c e s s i t v  of o p e r a t i n c  a t  higher  temperatures  i n  o r d e r  t o  re'cover 

all of t h e  oxygen., and a l l  o t n e r  runs were made a t  2000"-2100"C. Seve ra l  

methods of handl ing t h e  me l t  were t r i e d .  

obtained by dropping t h e  me ta l  i n t o  a g r a p h i t e  c r u c i b l e  c o n t a i n i n c  a loose 

The most s a t i s f a c t o r y  r e s u l t s  were 

coverinrl: of g r a n u l a r  (1/8j') g r a p h i t e  (one p a r t i c l e  deep) on t h e  bottom. 

sa@ple me l t ed  rand ran between t h e  p a r t i c l e s ,  t hus  providing b e t t e r  c o n t a c t  of 

me ta l  and g r a p h i t e .  

l a y e r  of Lpraphite was dropped and outgassed. 

The 
\ 

, 

- t  

Before droppinF a second s m n p l e ,  a s imilar  monogranular 

Deep d i e  s c r a t c h e s ,  o r  f o l d s ;  i n  t ha  s w f a c e  o f  t h e  extruded Ames metal  

rod made sampling d i f f i c u l t .  

of t h e  rod t o  e l imina te  imbedded p a r t i c l e s ,  b u t  it w a s  n o t  c e r t a i n  t h a t  a l l  

About a 1/16'' l a y e r  was rernoved from t h e  s u r f a c e  

f o r e i p  m a t e r i a l  was removed; 

found from sample t o  sample; 

s a t i s f a c t o r y  samples were r ' ead i ly  prepared. 

This  may account for some of t h e  d i f f e r e n c e s  

*'he 'hestinghouse r o d  had a be%ter  surfaceiand 

E x t r a c t i o n  appeared complete f o r  t h e  Ames me ta l  i n  30 minutes t o  one 

hour ,  while  90 minutes t o  two hours  were r e q u i r e d  f o r  t h s  WcstinThouse netal. '  

Table 2 con ta ins  t h e  r e s u l t s  obtained on s e v e r a l  samples of each 

metal .  Samples of h e s  meta l  y i e lded  .Oils t o  .'040$ oxygen, wh i l e  t h e  

Vie s t  inghous e meta l  ana. lyzed .152,% t o  .l68$: Segregat ion 

' .  ... . .  . .  
0 0 0  - ^ _ I -  

............... . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  
? O - - o  : : : Z a o  :o' 
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- TAF3Ih 2. VACUUM FUSION ANALYSIS OF EXTRUDED ‘THORIUV 

Extract ion 
Time Weight of 

Sample 
i n  Grams 

i n  Wt., Per  Cent 

Source Temp.,”C. Ninute s Oxygen 

1850 30 011 3.2 Ame s 

3.6 ft 

6.2 W 

5.5 ff 

4.8 W 

5.4 

7.3 I f  

4.5 rf 

5.4 tf 

2100 30 ,040 

2000 45 .020 

2110 30 .014 

2110 60 024 

We st inghouse 2000 90 ,168 

2000 90 .157 

2060 120 .166 

2060 120 .152 

- , ,  II 

.. * .  . -. .. .. 
0 0  

... . .. . 
0 0 0  
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case  of t h e  Ames metal, i s  be l i eved  t o  'be t h e  p r i n c i p a l  cause of t h e  v a r i a t i o n  i n  

t h e  a n a l y t i c a l  r e s u l t s .  

With t h e  a n a l y t i c a l  procedure desc r ibed  above, p r a c t i c a l l y  t h e  e n t i r e  

m e l t  i s  converted t o  a s o l i d  ca rb ide  as t h e  carbide-forming r e a c t i o n  p rogres ses  

s lowly  from t h e  edge of  t h e  m e l t  toward t h e  c e n t e r .  

m e l t s ,  o n l y  about  one-fourth of t he  metal  became ca rb ide ,  b u t  me ta l lop raph ic  

examination of t h e  remaininp me ta l  revealed t h a t  t h e  o r i z i n a l  s t r i n g e r s  o f  oxide 

had disappeared. 

t ho  oxides  was complete. .  

I n  some of t h e  e a r l i e r  

This observat ion suppcrted t h e  b e l i e f  t h a t  t h e  r educ t ion  o f  

Blanks mounted  t o  10% of  t h e  t o t a l  CO c o l l e c t e d  from t h e  Viestinghouse 

metal and 20-30$ of tha.t f o r  t h e  Ames metal .  

c o n s i s t e n t ,  and p o s s i b l e  e r r o r  caused by v a r i a t i o n  i n  blank would amount t o  no 

more than 2.002%. 

However, t h e  blanks were q u i t e  

Measurement i n  the Oraat may in t roduce  an  a d d i t i o n a l  e r r o r  

of 2.00% on samples of t h e  s i z e  used i n  t h e s e  ana lyses .  1 
Thus, t h e  p r e c i s i o n  

of t h e  method appears  t o  be about i.004$ on a five-gram sample. 
, - 1  

Small amounts o f  n i t r o g e n  were recovered from t h e  samples. 

t h e  va lues  were e r r a t i c ,  t h e  r e s u l t s  i n d i c a t e  t h a t  Ames meta l  c o n t a i n s  about 

.002% n i t r o g e n  compared t o  .007% f o r  Westtinghouse metal .  

Although 

Carbide Formation i n  Thorium - -- ----- 

The small  r e s i d u e s  of thorium remaininy a f t e r  a vacuum-fusion oxygen 

a n a l y s i s  were examined mic roscop ica l ly  t o  i n v e s t i g a t e  t h e  c a r b i d e s  formsd. 

Since t h e s e  samples were melted i n  eraphige c r u c i b l e s ,  t h e  carbon con ten t  of 

t h e  r e s i d u e  should have been r e l a t i v e l y  high. 

One sampls adhered t o  thr.; bottom of t h 5  c r u c i b l e .  A c r o s s  s e c t i o n  of 

t h e  i n t e r f a c e  between th; c r u c i b l e  and t h e  me ta l  i s  shown i n  F ipu re  3. Ther;. 

w a s  a l a r g e  massivs ca rb ide  phase a d j a c e n t  t o  t h e  g r a p h i t e ,  shovl.inT a d i f f u s i o n  

: ,  

http://shovl.inT


4 

- -  
I .e- 

..- 
i 

', 

C,r a ph it e 

Unstable  
ca rb ide  

I " 

I 

- 34471 

Figure 3. Cross s e c t i o n  of  t h e  - in te r face  between g r a p h i t e  c r u c i b l e  
and t h e  thorium ca rb ide  remaining e f t e r  vacuum-fusion 
Pna lys i s .  MechmicPl p o l i s h .  A i r  e t c h .  lOOX. 
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zone w i t h  the i n n e r  sect ion,which appears t o  be l h r g e l y  t h e  s t ab le -ca rb ide  

phase,  shown as ?lobules  i n  F igu re  4. The massive c a r b i d e  was extremely 

f r a e i l e  and decomposed,on exposure t o  a i r ,  i n t o  a mixed yel low and wh i t e  

powder a f e w  hours a f t e r  t h e  vacuum-fusion m e l t  w a s  made. The s u r f a c e  was 

photographed immediately a f t e r  p o l i s h i n g  under carbon t e t r a c h l o r i d e  before  

much hydro lys i s  could occur. 

In  Figure 4 another  t ype  of c a r b i d e  s t r u c t u r e  i s  shown. This t o o  w a s  

obtained from an oxygen-analysis r e s idue .  

globules  o u t l i n e d  by 6. e u t e c t i c  phase. 

Widmanstatten s t r u c t u r e , i n d i c a t i n , T  t h e  p o s s i b i l i t y  of two c a r b i d e s ,  perhaps 

mono- and dicarbides,combiced t o  f o r m  a se squ ica rb ide .  

The sample shows l a r g e ,  round 

The plobules  appear  t o  have a 

Some of t he  yellow-white powder was examined by X-ray d i f f r a c t i o n  

and  found t o  g ive  a ve ry  d i f f u s e  p a t t e r n  of ThoZ, a face-centered cubic  

s t r u c t u r e  w i t h  a0=5.60 A. On hea t ing  t o  300°C. i n  a i r ,  t h e  powder turned wh i t e  

and gave t h e  same p a t t e r n  wi th  ve ry  much s h a r p e r  l i n e s .  The s t a b l e ,  m e t a l l o i d -  

appearing,  c e n t r a l  p o r t i o n  of t h s  vacuum-fusion r e s i d u e  gave t h e  d i f f r a c t i o n  

p a t t e r n s  of two  face-centered cubic  phases ,  one w i t h  a0=5.29 A . ,  t h e  o t h e r  

w i t h  a0=5.85 A. 

* I t - m a y  be theo r i zed  t h a t  t h r e e  c a r b i d e s  e x i s t :  (1) an u n s t a b l e  - -  
% 

a c e t y l i d e ,  ThC2, presumably isomorphous wi th  CaC2; ( 2 )  a s t a b l e  form of ThCZ 

wi th  a f ace -cen te red  cubic  s t r u c t u r e ,  p o s s i b l y  CaF2 t y p e ,  w i t h  a0=5.85 A.; 

and (3 )  ThC w i t h  a face-cenkered cubic s t r u c t u r e ,  a0=5.29 A. 

a r e  t o  be t e s t e d  i n  f u r t h e r  s t u d i e s .  

These s p e c u l a t i o n s  

X-Ray and E lec t ron  D i f f r a c t i o n  Examination of 
Thorium-Oxide Sca le s  ----- --- -- 

During t h e  course o f  r o l l i n g  and annee.1ing s m a l l  p i e c e s  o f  t h o r i m ,  

- -  
it w a s  observed t h a t  t h s  t h i n ,  b l ack ,  adherent  s c a l e  g r a d u a l l y  turned t o  a 

L r -  ' 

633 
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g r a y , . l o o s e l y . a d h e r i n y  powderhon exposure t o  t h e  atmosphere.. Immediately 

a f t e r  r o l l i n g ,  a ma11 s t r i p  o f  me ta l  was c u t  i n t o  f o u r  p i eces .  One p i e c e  w a s  

- 
examined by e l e c t r o n  d i f f r a c t i o n  immediately. The o t h e r  p i eces  were s t o r e d  

c 

( a )  i n  a d e s i c c a t o r ;  ( b )  i n  a i r  a t  50% r e l a t i v e  humidity, and ( c )  i n  a i r  a t  

95% r e l a t i v e  humidity.. It was found t h a t  t h e  r a t e  of formtition o f  the g ray  

powder was g r e a t l y  inc reased  by t h e  presence of moisture  i n  t h e  a i r .  

g ray  powder always gave the d i f f r a c t i o n  p a t t e r n  of Tho2 (F.C.C; , ao=5. 30 A . )  ,. 

althouFh i n  some c a s e s  a f a i n t e r  p a t t e r n  (F.C.C., a0=5.21) was a l s o  p re sen t .  

The adhe ren t  Ulaclc s c a l e  has n o t  y e t  been adequa te ly  examined. 

The 

An e l e c t r o n  

d i f f r a c t i o n  photoEram from one sample gave a Tho2 p a t t e r n ,  p l u s  a much s t r o n g e r  

p a t t e r n  of a face-centered cubic  phase wi th  l a t t i c e  cons t an t  of about 5.8 A. 

Another p i e c e  t h a t  had 'been annealed i n  argon a f t e r  r o l l i n p  gave o n l y  t h e  

p a t t e r n  w i t h  a0=5.8 A. It i s - p o s s i b l e  t h a t  t h i s  phase i s  t h e  c a r b i d e  w i t h  

a0=5.85 mentioned i n  t h e  preceding s e c t i o n  and was formed by r e a c t i o n  o f  o i l  

from t h e  r o l l s  during acneal ing.  In  any c a s e ,  e l e c t r o n  d i f f r a c t i o n  i s  t o o  

s e n s i t i v e  t o  t h i n  s u p e r f i c i a l .  f i l m ' s  t o  Five s a t i s f a c t o r y  information about t h e  

composition of t ha  b l ack  s c a l e .  Fu r the r  s tudy wi th  X r a y s  i s  i n  prop-ess.  

Thor ium-Hydro gen System --.- - -. ----1- 

Stud ies  o f  t h z - f o r m a t i o t  and composition o f  thorium hydride a r e  i n  

p rogres s .  

m u s t  be considered a s  p u r e l y  t e n t a t i v e . .  

Tha d a t a  obtained up t o  t h e  p r c s m t  t ime a r e  r a t h e r . d i s c o r d a n t  and 

The experimental  method c o n s i s t s  o f  deterrnininp t h e  composition of 

hydride by volumetr ic  measurement of  t h e  hydroqen t h a t  r e a c t s  w i t h  a known mass 

of metal.,  

hyd r i de. 

The appa ra tus  i s  similar t o  t h z t  use'd i n  t h e  

633 
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F r e s h l y  c u t  c h i p s  made on a shaper were introduced i n t o  t h e  r e a c t i o n  

chamber wi thou t  f u r t h e r  t r ea tmen t .  The system w a s  then s e a l e d  and evacuated 
- 

as r a p i d l y  as poss ib l e .  The fu rnace  w a s  brought t o  temperature  and hydrogen 

_ A  

- -\ I added t o  form t h e .  hydride.  

Usin? Westinghouse me ta l  ( s e c t i o n  with ends numbered 5-6; 5 end) ,  t h e  

ii r e a c t i o n  s t a r t e d  r a p i d l y  a t  219OC. and was c a r r i e d  to  completion ( a t  2 1 9 O C . )  

wi th  very l i t t l e  slowing of t h e  ra te ,  except  f o r  t he  l a s t  few (about  1 4 )  m i l l i -  /-% 
? 

l i t e r s  of hydrogen. The hydrogen was absorbed a t  abou t  6 m l .  p e r  minute by 

2.5 g. of metal. A composition of ThH3.57 was obtained a t  t h i s  temperature-  

As a check, t h e  temperature  was r a i s e d  t o  294OC. where t h e  cornposition was  

p r a c t i c a l l y  t h e  same, ThH3.56. If t h e  c o r r e c t  formula  i s  ThH4, it would appear  

t h a t  approximately 1% of t h e  metal  f a i l e d  t o  r e a c t  w i th  t h e  hydrogen. This  i s  

n e a r l y  10 t imes as much metal  as can be accounted f o r  on t h e  b a s i s  of oxide 

as determined by vacuum-fusion ana lyses .  
- . 

1 - . -  
P a r t  of t h e  hydrogen was removed from t h e  system, and t h e  decomposition 

p res su res  a t  va r ious  temperatures  determined. I n  Figure 5 ,  Log P i s  p l o t t e d  

a g a i n s t  t h e  r e c i p r o c a l  of t h e  a b s o l u t e  temparature.  From t h i s  cu rve ,  t h e  h e a t  

r equ i r ed  t o  decompose one mol of ThH4, a c c o r d i n g - t o  t h e  fo l lowing  equation, 

was c a l c u l a t e d  : 

Y 
F a i l u r e  t o  r z x h  equ i l ib r ium may account f o r  d e v i a t i o n s  from t h e  Log P 

vs. 1/T p l o t  show. i n  F i i u r e  5, inasmuch as  a l l  p o i n t s  l y i n g  above t h e  l i n e  were 
I 

approached from h i g h e r  p re s su res  and a l l  p o i n t s  below t h e  l i n e  from lower 
_, - 

i pres su res  . -- 

Experience has showri t h a t  both t h e  decomposition r e a c t i o n  and t h e  

s y n t h e s i s  r e a c t i o n  a r e  extremely s lugg i sh  under c e r t a i n  c o n d i t i o n s .  P o i n t  No. 5 ,  

which was recorded a f t e r  a pe r iod  of 42 h o u r s ,  i n d i c a t e d  a decomposition p res su rc  
I--- 

il 

i 

33 020 , '  - 
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of 215 mm. a t  274OC.;  whereas,the p l o t t e d  value a t  t h a t  t e n p e r a t u r e  i s  160 mm. 

P o i n t  No. 6 a t  Z0loC.,on t h e  o t h e r  hand, reached t h e  i n d i c a t e d  equ i l ib r ium 

p res su re  i n  t h r e e  hours.  

would be reached irore r a p i d l y  a t  h i e h e r  temperatures ,  t h i s  i s  d i f f i c u l t  t o  

exp la in .  

Since i t  would normally be expected t h a t  equ i l ib r ium 

The average d e v i a t i o n  i n  furnace terrLperature was i1.0"C. A t  274OC. 

t h i s  would induce a p r e s s u r e  v a r i a t i o n  of 24 mm. 

recorded w i t h i n  fO.l°C., corresponding t o  a p re s su re  range of 20.4 mm. 

p r e s s u r e s  could be read d i r e c t l y  t o  21.0 mm: and were e s t ima ted  wi th  t h e  a i d  

o f  a mapnifying l e n s  t o  0.1 mm. w i th  a p robab le  p r e c i s i o n  o f  93.3 mm. 

The fu rnace  temperature  was 

The 

The a c t u a l  recorded f l u c t u a t i o n  i n  p re s su res  a f t e r  e q u i l i b r i u m  had 

been reached was kl.'O ,mm., and t h i s  probably r e p r e s s n t s  t h e  o v e r - a l l  p r e c i s i o n  

i n  the p re s su re  values .  

It  i s  apparent  t h a t  p o i n t s  t h a t  do n o t  f a l l  on t h e  s e l e c t e d  curve 

Table 3 shows d e v i a t e  by much more than t h e  l i m i t s  o f  experimontal  e r r o r .  

t h e  time t h a t  t h e  sample w a s  held a t  each n w  t e n p e r a t u r e .  

chanpes i n  p r e s s u r e  s topped,  except  f o r  small f l u c t u a t i o n s  caused by chanpes 

i n  barometr ic  p r e s s u r e ,  room temperature ,  and fu rnace  tsmperature .  

A t  each p o i n t ,  t h e  

Af'ter reach- 

i n g  an apparent  equ i l ib r ium,  t h a  same temperature  was maintained for one t o  

f i v e  hours before  going t o  t h e  nex t  temperature .  

f a c t o r y  exp lana t ion  fo-r t h e  d e v i a t i o n s  can be given a t  t h i s  t ime.  

. - r  

Aqss metal .  - A  sample o f  c h i p s  p r z p a r e d - i n  t h e  same mannsr as t h e  fiestinghous3 

s lnp le  showed no tendency t o  form t h e  hydride u n t i l  it w a s  hz ld  a t  a hydride- 

forming t e n p e r a t u r e  o v e r n i r h t .  

t r eme ly  s lowly,  absorbink 3 ml. i n  18 -hour s .  A f t e r  exposure t o  hydrogen f o r  

about  two days a t  t ampera tu res  between 2 0 0 O C .  and 28OoC., t h e  r a t e  increased 

There fo re ,  no e n t i r e l y  s a t i s -  

The s l u p i s h n e s s  of t h e  r e a c t i o n  was even more pronounced f o r  t h e  

During t h i s  t ime,  t h e  r e a c t i o n  s t a r t e d  ex- 

-- -_ i --- 
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T B I X  3. DISSOCIATIOT'T PRZSSURES OF "02" DETAL HYERIDES 1 
(Ye s t  inghouse Met a1 ) 

- -=%' 
- 

Time ' t o  
D i s s o c i a t i o n  Reach 

Po in t  Temp., P r e s s u r e ,  E qui1  i b r  ium 
Number OC. mm. Hg (Hours) 

A ^  

1 387 1291 28 
1 

36 5 

325 

2 94 

1170 21 

7 78 3 

365.5 19 

5 2 74 215 42 

201 - 
250' 

234' 

20.0 

88.7 

59.7 

3 

18 

22 
I .  - 

9 201 - 19.8 21: 

10 336 659.6 25 

11 361, 859.5 21 

12 368 ' 982.6 17 

13 255' 117.4. 27 

14 355 ' . 838.7 18 

i5* 303 300.7 19 

16** 273. 195.8 ~ 16 
- 

I - 
* Removed an a d d i t i o n a l  50 m l ,  €I2. 

** Ames metal.  This  is the first point i n  a run now i n  p rogres s ,  
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, -. 

- s l i e h t l y  t o , a b o u t  1 m l .  p e r  hour a t  280OC. 

was ob ta ined  a f t e r  16 hours a t  t h i s  temperacure. 

P o i n t  No. 16  (Table 3 ,  F i au re  5 )  
i 

, Alloys of Tuballoy -. l-l___l 

Tubal loy-Columbium A1 l o y s  
A -_.--- 

Dilatometer  S tud ie s  The d i l a t o m e t e r  s t u d i e s  of Tu-Cb a l l o y s  con ta in -  ------ 
i n g  up t o  6% Cb have been com,,leted and a r e  summarized i n  F igu re  6 i n  which 

t h e  reZions of a l p h a ,  b e t a ,  and gamma s t a b i l i t y  a r e  o u t l i n e d .  The p o i n t s  

p l o t t e d  f o r  each of t h s  fou r  compositions were s e l e c t e d  from a number of 

d i l a t o m e t e r  curves t o  give t h e  b e s t  e s t ima te  o f  t h e  boundaries.  The r e s u l t s  

a r e  ve ry  much l i k e  t h o s e  obtained w i t h  t h e  Tu-Xo a l l o y s .  The lower l i m i t  of 

t h e  gamma f i e l d  drops r a p i d l y  with i n c r e a s i n p  Cb con ten t  up t o  4-5$. 

f i e l d  d i sappea r s  a t  about 3%. The s luvg i shness  of the a l l o y s  w a s  q u i t e  e v i d e n t  

from t h e  lonFc t imes t h a t  wers r equ i r ed  t o  complete t h e  t r ans fo rma t ions  w i t h i n  a 

reasonable  range of temperatures.  

The b e t a  

\ 

'Thermal Conduct ivi ty  of  4% Cb A l l o y  The thermal c o n d u c t i v i t y  of t h e  
--------I-.- ----- --.- -̂-- 

4% Cb t u b a l l o y  a l l o y  i n  t h e  as-received cond i t ion  w a s  determined i n  t h e  ranpre 

of  100 t o  3 5 O O C .  

a t  l e a s t  p a r t i a l l y  transformed t o  alpha, a s  i n d i c a t e d  by t h e  d i l a t o m e t r i c  s t u d i e s  

A l s o ,  t h i s  specimen and s t anda rd 'were  on ly  abou t  h a l f  t h e  d i a q e t e r  of t h e  

usual  specimen, dec reas inp  t h e  accuracy of t h e  determinat ion , a l t h o w h  t h e  va lues  

a r e  be l i eved  t o  be w i t h i n  3%. 

showed 3.66 and 3:88%, 

'The a s l r e c e i v e d  c o n d i t i o n  o f  t h i s  a l l o y  appears  t o  have been 

\ m i l e  t h e  nominal composition was 4%, upalyses 

The c o n d u c t i v i t v  o f  t h i s  a l l o y  l i e s  between t h a t  o f  pure metal  and t h e  

5% !do a l l o y .  graph of t h e  d a t a  $or t h e  4% Cb a l l o y  and pure t u b a l l o y  i s  
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Tuba 1 1 o y-'I! i t a n i  wn A1  l o  ys 1 .: I 
I 

Di la tometer  S tud ie s  Three a l l o y s  i n  t h e  low-Ti ranffe  were s t u d i e d ,  - 
b u t  chemical a n a l y s i s  l a t e r  sllowed t h a t  two of t h e  specimens had p r a c t i c a l l y  I . - + -  1 = :  t h e  same T i  con ten t .  Consequently, t h e  summary graph i n  Figure 7 c o n t a i n s  

on ly  two compositions.  The be ta-gmqa transformation1 ! i s  lowered somewhat by  I - -  

Corrosion Res i s t ance  The r e s i s t a n c e  of two t i t an ium a l l o y s  t o  -- ---.--- 

cor ros ion  by b o i l i n g  d i s t i l l e d  water was  t e s t e d .  

diameter  rods one inch  .long, haviny a nominal composition of 2.6% and 4% T i .  

L a t e r  a n a l y s i s ,  however 

The, samples were 0.375" 

showed them t o  be 2.27 and 2130% T i ,  r e s p e c t i v e l y .  
; 

sample of unalloyed t u b a l l o y  was run a t  t h e  same time f o r  a s tandard.  
- 

The samples,wi t h  f r e s h l y .  abraded s u r f a c e s ,  were suspended i n  i n -  
I 

_ A  d i v i d u a l  r e f l u x  condensers on ? lass  t r i p o d s  under t h e ' s u r f a c e  of t h e  b o i l i n g  

water.  k t  t h e  end of 2'4, 72 ,  and 96 hours ,  t h e  samples were removed and a l l  
I 

l oose  s c a l e  brushed off w i t h  a brush,  wiped c l e a n  with a c l o t h ,  and weiThed. 
I .  

l he  water  was changed a f t e r  each weighing. T o t a l  weight l o s s e s  a r e  sho-yn i n  

F igu re  8 .  1 -: 
I "- 

I 1 -  

The a d d i t i o n  of  2.35 T i  reduced t h e  wei5ht ldss t o  about one-fourth 
I 

t h a t  o f  t h e . p u r e  metal.. There were no n o t i c e a b l e  diffierences i n  t h e  c o r r o s i o n  

p roduc t s ,  and t h e  a t t a c k  w a s  uniform over t h e  e n t i r e  su r face .  The r a t e  of 

a t t a c k  on a l l  t h r e e  a l l o y s  was c o n s t a n t  over  the per iod tested. ,  showing no 
\ - evidence of an i n i t i a l  , induct ion per iod.  

-*  

The weicht l o s s  of t h e  2.3% T i  a l l o y  was c o n s i s t e n t l y  l e s s  t h a n  t h a t  

. .  o f  t h e  2.27% a l l o y .  However, t h e  d i f f e r e n c e  was hardl 'y anough t o  be s i g n i f  

I 

* ,  I 

,lHC--- 
r -. --- 

I 

...................... , 

. e o  . . . . . . . . . . . . . . . .  0 0 0  0 0  0 0 0 0  0 0  0 0  

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
a,, e^^ 
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The eff'ect of l a r g e r  percentages  of  T i  i s  being i n v e s t i g a t e d .  

Al loys  of  Tuballoy and Indium 
I_ 

- I n  con t inu ing  the  i n v e s t i g a t i o n  o f  va r ious  b i n a r y  a l l o y s  of  t u b a l l o y ,  
. *  
- 
- . .  

indium a l l o y s  of 5 and 10 weight p e r  c e n t  were made. h e  a l l o y s  were made i n  

. -  b e r y l l i a  c r u c i b l e s  under a vacuum. 

base me ta l ;  t hen  t h e  mel t  was allowed t o  cool  immediately. 

M e t a l l i c  indium w a s  added t o  t h e  molten 
a 

. y  . 
4 -- I A s  shown by t h e  micrographs i n  F i p r e  9 ,  t h e  a l loys  obta ined  were n o t  

! homogeneous. 

a two-phase mat r ix .  

f a r ,  it has  n o t  been p o s s i 5 l e  t o  homogerize t h e  me ta l  by h e a t  t rea tment .  

Tubal l o  y-Aluminum A1 l oys  

Both a l l o y s  showed a dark compound occurr ing  i n  l a r g e  pa tches  i n  

fhe compound was moderately h a r d ,  b u t  crumbled easi ly .  $0 - 

- ---I 

- - *  
F a b r i c a t i o n  Melts weiehing 10 t o  15 poun'ds were made  i n  a c l ay -  - 

r- * - g r a p h i t e  c r u c i b l e ,  us ing  a gas -a i r  fu rnace  of  aluminum w i t h  a d d i t i o n s  of  

t u b a l l o y  from 2 t o  30%. 

r each  about 1500OF. when t h e  a d d i t i o n  w a s  made, s t i r r i n g  w i t h  a v a p h i t e  rod. 

The melt  was allowed t o  coo l  t o  1300°F., o r  t h e r e a b o u t s .  and poured i n t o  an 

i r o n  i n p o t  m o l d ,  g iv ing , an  i n z o t  approximate ly  6 x 10 x l$". 

t u r e s  up t o  1800°F. w e r e  r equ i r ed  f o r  t h e  h i e h e r  a l l o y s ,  a s  shown i n  Tzble 4. 

For t h e  lower a l l o y s ,  t h e  aluminum was allowed t o  
1 

c 

_ .  Pour ing  tempera- 

S t r u c t u r e s  of f o u r  o f  t h e  c a s t  a l l o y s  a r e  shown i n  F i m r e  10. The 

9% a l l o y  c o n s i s t s  of -aluminum p l u s  e u t e c t i c ,  wh i l e  t h e  16.8% a l l o y  i s  very c l o s e  

t o  t h e  e u t e c t i c  composition. 

e u t e c t i c ,  showing some pr imary compound and e u t e c t i c .  

The 18.11% a l l o y  appears  t o  be s l i r h t l y  h.yper- 

These a l l o y s  c l o s e  t o  t k e  F I  - -  

e u t e c t i c  composition appear  t o  have somewhat l a r g e r  p a r t i c l e s  of  compound wi th  

less  l a m e l l a r  s t r u c t u r e  than  would bo expected. The 29.1$ a l l o y ,  of cour se ,  

-- i s  s t r o n E l y  hype reu tac t i c  and shows massive need le s  o f  compound i n  a e u t e c t i c  
----=E.=:-.- 

I 

i ------7 
/--,--------- "; 633 @2$,-- ; ...................... . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . .  

b.. 0 0 0  0 0  0 0 0 0  e o  o n  

. . . . . . . . . . .  i 3 -  1 %= . . . . .  
0 0  0 " "  - - -  - 
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Compound. 

Ma tr i x  . 
Figure 9. - S t r u c t u r e s  obte ined  i n  t h e  1& indium a l loys .  

Mechanical po l i sh .  N i t r i c - a c e t i c  e tch ,  25oX. 
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Po..iri ng 
:,,.,--,, , 0 ' .  l o t  Iiol!.inp, e? :"7. Cold B a l l i n g  Remarks 

Cornno s i  t ion, p l y s i s .  
-- i Tu _= Tu 

7 . 2 5  1. &S lZO0 1 . 5  t o  .?LO", 1 7  nasses* 2 r e l i ee t s  . 3 k  t o  .080".  4 .-e,ssee, one anneal 

~ ~ l ! ~  I1 D i t t o  3 i t t o  2 . 5  

7.0 3.10 , 
7.3 1,. 95 !I 11 

I, ,, 

,I 1.5 t o  .!h", 18 u s s ~ c s ,  2 reheats . 3 M  t o  .080" ,  7 passes,  one aunea l  6 "  0 7.0 

10.0 9.0 

12.0 11.3 Lj20 1.5 t o  .11r7ii, 36 V ~ . S S ~ P ,  6 rnheats .147 t o  . 0 6 0 " ,  4 passes 

f n i t t o  Di t to  

. -  

1e.o A 
B 

21.0 A 
a 

$is 0 -4 
A 

27.0 b 
B 

7". 0 A 
Ij 

17.7; 
1g.1 
20.7 
8.4 
21.2 
2-5. s 
26.6 
26.7 
1 7 . 3  
24.1 

1?80 1.311.5 t o  . 
It  

1450 
II 

1470 

1720 

180G 

,I 

II 

It 

200'1, 39 u a s s c e .  5 reheats .?OO t o  .080" ,  5 passes 

D i t t o  M t t o  

I 1  II 

11 n 

All a l l o y s ,  excent  lg$* showpd CPDSB ~ ' ~ e c ~ i n g  
an? d g a  c rack ing  d u r i n g  h o t  roll in^ all.' ware 
r ca lned  aga in  a t  about  5 / & "  thicuaess, then  
r o l l e d  v i t h o u t  f i r t h e r  c r o s s  checkjng ,  b u t  
odge c racks  formed up t o  I/?" d a m  
.200 t o  .OEO" r e d u c t i o n  was s t a r t e d  h o t ,  but 
can nrooably be r q a r d e d  as co ld  I - G I ~ ~ Y L ~  a s  
t h e  s tock  ~ ~ ~ o u l d  no t  h a l t  hae t  l ong  .t this Ghlc'r- 
nesfi. 

Tne 
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34031 
g*G$ Tu. 

Eypo-eutec t ic .  

# l l B  

34548 
le.l$ Tu. 

S l i g h t l y  hype r -eu tec t i c .  

34278 
16.8% TU. 

Close t o  e u t e c t i c ,  

34556 
29 .M Tu. 

Eyper-eutect  i c  
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matr ix .  P a r t i c l e s  of a dark-etchinT phase w i l l  be observed. 

t h a t  t h i s  i s  a d i f f e r e n t  phase o r  some p e c u l i a r i t y  of  t h e  e t c h  used. 

I t  i s  n o t  c l ea r  

- The i n g o t s  were rad?.op-aphed and unsound p o r t i o n s  n e a r  t h e  t o p  were 

removed. 

i n y o t s  was observed. 

f o r  two t o  f o u r  hours  be fo re  hot  r o l l i n g .  

ho s e r i o u s  s e p - e r a t i o n  or unsourdness i n  t h e  major  p a r t  of t h e  

The i n r o t s  were sca lped  and allowed t o  soak a t  800OF. 

J 

The d a t a  i n  Table 4 show some i n c r e a s e  i n  t h e  number of  passes  re- 

qui red  for a l l o y s  cor , ta ininp 7 t o  9: Tu. 

s i d e r a b l y  more d i f f i c u l t y  than  khe a l l o y s  wi th  lower Tu c o n t e n t ,  b u t  it; appears  

t h a t  t h e s e  could be  handled r e a d i l y  commercially. 

The 1 2  t o  18% group r o l l e d  wi th  con- 

rhb a l l o y s  con ta i c inE  18 t o  30% Tu w e r 3  even more d i f f i c u l t  t o  r o l l .  

The schedule  used caused c r o s s  check in r ,  which could  probably be avoided by more 

f r e q u e n t  rehea t in .  and l e s s  r educ t ion  p e r  pass .  

would wi ths tand  more than 10 t o  15% co ld  reduct ion .  

one of t h i s  eroup which d i d  iiot c r o s s  check. 

w i t h  t h i s  group. 

bu t  s p e c i a l  r o l l i n ?  schedules  would be r e q u i r e d ,  l o s s e s  would Sa cor s ide rad  

excess ive  on t h s  b a s i s  o f  p r e s e n t  commercial ope ra t ion ,  a n d ,  hence,  t h e i r  c o s t  

I t  i s  doub t fu l  t h a t  t h e s e  a l l o y s  

i'he 18% a l l o y  was t h e  only  

Edce c racking  w a s  more s e r i o u s  

These a l l o y s  could probably be pro?uced i n  a commercial m i l l ,  

would be r e l a t i v e l y  hiTh, !he mslc inp  p r a c t i c e  would r e q u i r e  soma " a d j u s t m s r t s ,  

because o f  hiFn pour in r  tempera tures ,  which xiipht be d i f f i c u l t  w i t h  p r e s e n t  

m i l l  equipment;. I t  would appear  from p r s s e n t  in format ion  t h a t  an 18% a l l o y  

would be t h e  h iThes t  con ten t  from a p r a c t i c a l  s t andpo in t .  

t >  

P r e p a r a t i o n  of  Tu-A1 f i l loys 'With Oxide Addit ions I t  was d.zsiced t o ,  

determine i f  s u i t a b l z  recovery  cou ld  be  obbained i n  makinp aluminum a l l o y s  -by 

- -__-.-.I---___ - ---_.- 

a d d i t i o n  of t u b a l l o y  oxide.  I n  o r d e r  t o  o b t a i n  t h e  most s a t i s f a c t o r y  recovery ,  

i t  was cons idered  d e s i r s b l c  t o  make t r i a l s  o f  addinp  t h e  oxide d i r e c t l y t o  t h e  

...................... 4 . . . . . . . . . . . . . . . . . . .  . . . . . . . .  ......... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  0 0 0  n o o a  0 0 0 0  * o  0 0 0 0 0 0  0 0  
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aluminum b a t h , . t o  molten aluminum w i t h  a f l u x  t o  i n s u r e  c o n t a c t  between the  

aluminum and oxide (as  w e l l  as remove any aluminum oxide fIormed) a s  bGiquettes 

of aluminum and oxide,and a s  an exothermic mix. The procedure and r e su l t s  a r e  

summarized i n  Table 5. 

These r e s u l t s  show 50 t o  60% recovery o f  t h e  t u b a l l o y  when us ing  a 

c r y o l i t e  s l ag .  D i r e c t  a d d i t i o n  t o  t h e  me ta l  gave n e g l i g i b l e  recovery o f  

t u b a l l o y ,  while  t h e  recove'ry i n  t h e  exothermic mix t r i e d  was  poor. 

P r o p e r t i e s  o f  Tuballoy --.- 

Thermal Conduct ivi ty  o f  Tuballoy -------- - 
Data on t h e  t h e r m 1  c o n d u c t i v i t y  o f  pure gamma-extruded t u b a l l o y  a r e  

shown i n  Figure 1 i n  comparison wi th  t h e  4% Cb-tuballoy arid thorium f o r  t h e  

temperature  range 100 t o  350OC. 

For the f i r s t  a t tempt j  a s tandard specinen was n i c k e l - p l a t e d  and t h e  

thermocouples r e s i s t a n c e  welded ir, pl9ce.  The va lues  obtained appear  s a t i s -  

f a c t o r y ,  a l though some of t h e  couples  came loose  through ox ida t ion  of  t h e  h o t  

end of t h e  spec'imen., 

In o r d e r  t o  check these results, a r rmyemen t s  wsre made t o  use a bare 

specimen, p u r r i n g  t h e  a i r  from t h e  i n s u l a t i o n  wi.th argon and allowing a small 

f l o w  of tireon t o  pass  through t h e  assembly during the determinat ion.  

arrannement gave values  which showed l e s s  d e v i a t i o n  than wi th  t h e  p l a t e d  

This 

specimen, bu t  p1,ots o f  t h e  two s e t s  of d a t a  coincided oxac t ly .  

obtained with a r g o n . p r o t e c t i o n  o ra  shown i n  Figure 1. The va lues  f o r  t h e  5% 

The d a t a  

Mo a l l o y  p r e v i o u s l y  r epor t ed  a r e  301 t o  4% lower than  t h o s e  f o r  t h e  pure metal .  
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i i -  TABLE 5. EECOVEi?" OF 2ETAL WHEN ADDING TU AS OXIDE 

To ta l  
1 -  

\. Metal 
T U  Tu Tu 
Charged, Found, Recovered, Recovery, 

Method P e r  Cent P e r  Cent P e r  Cent P e r  Cent 
L a  

--------- ---------- - -- - _- _._-- 

10 < O . l  < 1  8 3  Addit ion of  oxide t o  molten A 1  (1) 

10 <o. 1 <1 77 
Addit ion o f  oxide t o  molten A1 

Addi t ion .o f  o i d e - c r y o l i t e  mixture  t o  10 
molten ~1 ( 2  7 6.7 61 91 

5 . 9 .  54 91 Addition of o x i d e - c r y o l i t e  mixture  t o  10 - .  molten A l  
0 _ -  

v 23 29 65 

23 29  65 

z, - AluminotherTic r educ t ion  o f  oxide w i t h  50 

.-G , Aluminothemic-  r educ t ion  of oxide w i t h  50 
exothermic mixture  ( 3 )  

exothermic mixture  

.... -- _ - * - _ - I  __-_.- -"--.---I- ---- - --------- -- - - --- __._-_----I --- __..̂  ...-.?--: .=---- 

(1) A five-pound m e l t  of a lwn inm was heated t o  1550°F. and oxide added w i t h  

( 2 )  A five-pound m e l t  of  A l  w a s  p r o t e c t e d  wi th  c r y o l i t e  and heated t o  2000°F. 

s t i r r i n g .  The m e l t  was he ld  f i v e  m i r ? u t e s . a t  1550 2 25, cooled t o  1375"F., 
skimmed, and poured. 

* An o x i d e - c r y o l i t e  mixture., c o n t a i n i n g  s u f f i c i e n t  c r y o l i t e  t o  d i s s o l v e  l i b e r a t e d  A1203, was added w i t h  s t i r r i n g .  The m e l t  w a s  held 30 minutes a t  
2000"F., cooled t o  1375"F., and poured. 

t o  a preheated c r u c i b l e .  The Al - tuba l loy  a l l o y  sepa ra t ed  a s  a bu t ton  n e a r  

- -  - - 
(3 )  A mixture. o f  oxide,  20-mesh Al, NaNO3,  Ug powder, C a O ,  and CaF2 was added 

. t h e  bottom of t h e  c r u c i d l e .  

I -  . .  
i 

.~ - 
....................... 
0 . .  * * *  * = .  * .  ' .  . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
O b  . . . . . . . . . . . . . . . .  0 0 0  0 0 0 0  0 0 011 0 0  0 D 0 .e  0 0  



c . 
~ -- 

I 

P - 
- c  

- 1  

. I  

Beta Phase of' Tubal loy --- 

Although it  has no t  been p o s s i b l e  t o  o b t a i n  t h e  X-ray d i f f r a c t i o n  

p a t t e m  of pure t u b a l l o y  i n  t h e  b e t a  phase,  r e c e n t  s t u d i e s  have shown t h a t  i t  

i s  r e l a t i v e l y  e a s y  t o  o b t a i n  t h e  p a t t e r r ,  o f  t h e  b e t a  phase i n  an  a l l o y  con ta in -  

i n g  0.6% Mo. F i l i n g s  o f  t h i s  a l l o y  were quenched from 690OC. and cleaned i n  

n i t r i c  a c i d ,  which was rembved by continuous d i l u t i o n  and decan ta t ion .  

d i f f r a c t i o n  p a t t e r n  o f  a low-symmetry s t r u c t u r e  was obtained a t  room temperature  

wi th  on lv  ve ry  f a i n t  t r a c e s  of oxide. 

i n  an evacuated qua r t z  t u b e  and heated t o  30OOC. f o r  10 minutes.  

d i f f r a c t i o n  photogram, taken a t  room t empera tu re ,  con ta ined  \he same p a t t e r n  

p l u s  a s t r o n g e r  p a t t e r n  of t h e  a lpha  phase. 

A sha rp  

Some o f  t h e  same f i l i n g s  were r e s e a l e d  

The r e s u l t i n g  

' 

The Sam;: sample r ehea ted  t o  6OOOC. 

- 

f o r  10 minutes and cooled t o  room b m p e r a t u r e  gave only t h e  p a t t e r n  of a lpha  

t u b a l l o y .  K second sec of experiments was performed on ano the r  sample o f  t h e  

sane a l l o y .  

phase. 

v e r y  f a s t  because of t h e  small h e a t  c a p a c i t y  o f  t h s  fu rnace  and very e f f ,  q c t i v e  

wa te r  coo l ing  -- t h e  same p a t t a r n  was observed.. 

t h e  p a t t e r n  o f  t h e  a lpha phase. 

phase w a s  observed.. 

p a t t e r n  o f  the gamma phase w a s  obtainad.  

oxide g r s d u a l l y  became s t r o n g e r ,  but n3ver  s t r o n g  enouph t o  obscure t h e  phases 

of i n t e r e s t  .. 

A pho toFrm taken a t  690OC. contained t h e  p a t t e r n  of t h e  same new 

On c o o l i n p  t o  room temperature  i n  t h e  camera -- a c o o l i n g  r a t e  which i s  

A t  6 O O O C .  t h e  sama specimen gave 

AFain cooled t o  room t empera tu re ,  t h e  alpha 

F i n u l l y , , t h e  specimen w a s  h9ated t o  800°C., where t h e  

Throughoit t h i s  s e r i e s ,  t h e  p a t t e r n  of 

These two s e r i e s  of experiments seemed t o  r e q u i r e  independent proof 

t h a t  t h e ' b e t a  phase i n  0.6% Mo-Tu. can bz r e t a i n e d  ah room tomperatura by  quench- 

ing .  This proof. has been obtained by quenching d i l a t o m e t e r  specimens from 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
D O  0 0 0  0 0 0 0  a 0 0 "  a" - - - - - -  
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690°C. and fol lowinE t h e  d i l a t a t i o n  on subsequent h e a t i n g  i n  t h e  d i l a tome te r .  

In one c a s e ,  du r ing  f a i r l y  rapid h e a t i n g ,  t h e  beta- to-alpha t r ans fo rma t ion  

s t a r t e d  a t  about 120°C.  and was com,;leted i n  about  4 minutes a t  200°C. Another 

specimen hea ted  much more s lowly s t a r t e d  t o  t r a n s f o r m  a t  about  9O"C. ,  and t h e  

t r a m f o r m a t i o n  was completed a t  125°C.  i n  25 minutes. I n  both c a s e s ,  t h e  change 

i n  l e n g t h  was t h e  same, w i th in  t h e  l i m i t s  of  e r r o r ,  as was observed i n  normal 

a lpha-beta  t ransformation.  

d i l a t o m e t e r  specimens (1" long by 3/8" i n  diameter)  may account f o r  t h e  t r a n s -  

formation a t  lower temperatures  than  were observed i n  t h e  f i l i n g s  used f o r  

X-ray work. 

It  i s  be l i eved  t h a t  quenching s t r e s s e s  i n  t h e  

*'he d i f f r a c t i o n  p a t t e r n  of b e t a  r e t a i n e d  a t  room temperature  i s  given 

i n  Table 6. P re l imina ry  examination sugges t s  t h a t  t h e  s t r u c t u r e  i s  orthorhombic. 

Tuballoy-Ni t rogen  System - 

For t h e  p a s t  16 months, s t u d i e s  o f  t he  tubal loy-ni t rogen system have 

been i n  p rogres s  whenever t h e  appa ra tus  has n o t  beeri i n  use f o r  more p r e s s i n g  

phases of t h s  p r o j e c t .  

thorium, and i t  seems u n l i k e l y  t h a t  more work w i l l  be done on t h e  t u b a l l o y -  

n i t r o g e n  svstem. For t h i s  reason,  i f  n o t  f o r  t h e  completeness of t h e  r e s u l t s ,  

t h e  wor!c i s  considered completed, and a summary r e p o r t  i s  being prepared. 

o f  t h e  more important conclusions a r e  summarized here: 

ht  p r o s a n t ,  t h e  appa ra tus  i s  i n  use f o r  s t u d i e s  wi th  

Some 

In a c losed  system c o n t a i n i n g  n i t r i d e  p l u s  n i t rogen;  t h e  equ i l ib r ium 

p res su re  arid temperature  depend upon t h e  composition o f  t h e  n i t r i d e  phase. The 
f -- 

dependence upon composition i s  so c r i t i c a l  t h a t  when equ i l - ib r i&n  .. i s  reached a t  

a Riven temperature  and p r e s s u r e  i t  i s  necessa ry  t o  c a l c & a t e .  t h e  composition 

I -  * 1 _ .  t -*., 

of t h e  s o l i d  phase from t h e  known mass of r i i t r o p x i  i n  t h e  gas phase. Conse- 
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_ -  3 TABLE 6. X-RAY DIFFRACTIOK FATTEHA OF 0.6% Mo-TU ALLOY QUENCHED, 
FROM 69OoC. PHOTOGRAM TAKEE WITH CuK& AT ROOM TEKPERAIURE - e  

D -  _- i 7  

I - - = =  ------------"--- ---- - - Re1 a t  i ve Re 1 a t  i v e  
I 

Spacings,  A. Inter is i  t i e s  Spacings,  A. In t e n s  i ti e s ------- -- ------. ---PI 

F 2.82 M ,965 
#; 9 

? 

m -  

il 

' *  

e 
- &- c 

,948 

.934 

.910 . 

.e99 

.867 

.855 

2.57 VS 

2.48 S+ 

2.42 S 

2.33 vs 

2.28 MS 

2.15 ~ M 

.846 1.61 &I 

1.52 MS 

1.50 lzil 

1.45 MIS 

.82a 

.817 

. a03 

.792 1.41 ill+ 

1.28 MF . .785 

1.25 VF 

1.24 MF+ 

1.19 F '  1.19 F '  

1.17 F- 

1.16 VF - 
1.17 F- 

- 1.16 .VF 

- 1.06 W F  
., .f 

. _  Y 1.04 MF broad 

1.01 M 

?!! 

F 

V F  

W F  

W F  

WF 

M 

F 

V F  

F 

l!!TF 

XF 
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q u e n t l y ,  t o  o b t a i n  a s t r a i g h t  l i n e  c u r v e  on a Log P vs .  1/T p l o t ,  it i s  

n e c e s s a r y t o  h o l d  t h e  composi t ion of  t h e  s o l i d  phase p r e c i s e l y  c o n s t a n t  by t h e  

a d d i t i o n  o r  removal of  n i t r o g e n  t o  produce p r e s s u r e  v a r i a t i o n s  w i t h o u t  changing 

t h e  s o l i d  phase  composi t ion.  

c u r v e  i s  n o t  s t r a i g h t ,  b u t  i s  convex upward. 

composi t ion of t h e  s o l i d  phase was a l lowed t o  v a r y  and was computed f o r  each  

t e m p e r a t u r e  and p r e s s u r e  t o  g i v e  a f a m i l y  of  i s o t h e r m s ,  showin? t h e  v a r i a t i o n  

o f  composi t ion as a f u n c t i o n  of p r e s s u r e .  From t h e s e  c u r v e s ,  t h e  e q u i l i b r i u m  

p r e s s u r e s  arid tempera tures  f o r  t h e  t h r e e  composi t ions  shown ' i n  'Fipure '11 were 

taken .  From t h e  slopes, ,  t h e  h e a t  r e q u i r e d  t o  decompose t h e  i n d i c a t e d  formula 

w e i p h t s  t o  TuN were computed as follows.:  

I f s t h i s  i s  n o t  done, t h e  r e s u l t i n g  e q u i l i b r i u m  

I n  t h e  ac tua l -measurements ,  t h e  

' 

+ TUN + 0.325 N 2  TuNl. 65- 

A H  = 15,690 c a l .  

AH = 18.,790 cal..  

TuN1. 53- TuN + 0.28 N2 

AH = 19,550 ca l .  

By e x t r a p o l i i t i o n ,  t h e  v a l u e  

T u N 1 . ~ ~ + T u N  + 0.25 N 2  

AH = 21,900 c a l .  

i s  o b t a i n e d ,  which g i v e s  ' t h e  v a l u e  

A H  = 43,800 cal../mol 

f o r  t h e  h e a t  of decomposi t ion i n  t h e  r e a c t i o n  

a T u ~ N ~  -+ 2 TUN + 0.5 N 2  

.L . 
- 1  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
e o  . . . . . . . . . . . . . . . .  0 0 "  - ..-- n 0 0 0  0 0  0 0 0 0 0 0  a 0  
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The .hi-hest  composition obtained i n  t h i s  work w a s  T.N1.i8 a t  492OC. 

and 825 mm. p ressure .  

T ~ N ~ . ~ ~ .  

completely r e v e r s i b l e .  

A t  1048'C. and 50 nm. p re s su re ,  t he  composition w a s  

Over t h i s  range o f  temperatures  and p res su res ,  t h e  e q u i l i b r i a  were 

The lower n i t r i d e  has  no t  been s tud ied  because of i t s  h igh  s t a b i l i t y  

a t  r e a d i l y  a t t a i n a b l e  temperatures .  

s e v e r a l  t h a t  demonstrate t h i s  s t a b i l i t y :  A sample known t o  have t h e  composition 

w a s  pumped out wi th  an automatic Toepler pump connected t o  t h e  TuN1. 637 

specimen chamber. 

r ap id  evo lu t ion  s t a r t e d  and continued u n t i l  p r a c t i c a l l y  a l l  of  t h e  e x t r a c t a b l e  

n i t r o g e n  w a s  removed. 

small amounts o f  gas .  

f i n a l  composition was computed t o  be TWO. 96.*. From t h i s  experiment and o t h e r s ,  

it i s  es t imated  t h a t  the  n i t rogen  p res su re  i n  equi l ibr ium wi th  TUN a t  1200°C. 

i s  l e s s  t han  one micron. 

The fo l lowing  experiment i s  t y p i c a l  o f  

Evolution o f  n i t rogen  was s l o w  up t o  1000°C. A t  1135°C. 

Continued pumping f o r  an hour a t  1200°C. renoved very 

From t h e  measured ?as removed by t h e  Toepler  pump, t h e  

X-ray d i f f r a c t i o n  examination o f  compositions n e a r  TUN i n d i c a t e  t h a t  

t h i s  compound has a face-centered cubic  l a t t i c e  w i t h  a0=4.88 A. The h igher  

n i t r i c ; e s  formed i n  equi l ibr ium with n i t rogen  a t  temperatures" between 800°C. 

and 105OOC. corLsisted of a body-centered cubic  l a t t i c s ,  ao=10.68 A. A t  lower 

temperatures ,  d i f f u s e  p a t t e r n s  correspondinp t o  face-centered cubic  l a t t i c a s  

wi th  a0=5.29 t o  5.31 A. were observed, 

parameter  f o r  t haso  s t r u c t u r e s  i s  twice  t h e  apparent  va lue ,  and t h a t  t h e  

I t  i s  p o s s i b l e  t h a t  t h e  t r u e  l a t t i c e  

s t r u c t u r e s  are . a c t u a l l y  i d e n t i c a l  w i th  body-centered cubic  , high-temperature \. 
. I  

form.  
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