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INVESTIGATIONS FOB THE PR~DUCTION OF THORIUM METAL 
Contract No, AT (30-1)-1335 

I, "L, INTRODUCTION 

'The e l ec t ro lys i s  of ThCl, i n  molten NaClhas been continued during t h i s  

contract  period; some e l ec t ro ly t i c  puns, performed i n  a smallp bench sca le  c e l l  

a s  described i n  the  Sixth Quarter ly  Report, a r e  reported and runs made t o  date  

i n  a la rger  c e l l  a r e  Summarized. 

t h i s  report ,  

' 
This la rger  c e l l  is described i n  d e t a i l  i n  

Several  changes i n  the procedure fo r  preparation of  thorium chloride have 

been i n s t i t u t e d  and are reported here. 

C u T r e n t  experimentation has been largely devoted t o  the determination of 

While these conditions the  proper operating conditions for  t h i s  la rger  c e l l ,  

of current density,  bath concentration and bath temperature have been established 

f o r  the ' l abora tory  s i z e  c e U p  they a r e  not completely defined a s  ye t  f o r  t h i s  

l a r g e r  un i t ,  

11. PREPARATION OF CELL FEED PIATERIAL 

Thorium chloride is being prepared from .thorium carbonate generally by 

an  aqueous procedure t o  provide c e l l  feed material  for t h e  e l e c t r o l y t i c  opera- 

t ions*  The overal l  reactions remain a s  previously reported and the chemistry 

is summarized by the  following equations8 

1, 

2. 

3 .  

OP 4. 
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r5um carbonate is reac'ted 

onium chloride a r e  added 

and the  reac t ion  vessel  i s  cooled t o  about 5" C i n  order t o  prec ip i ta te  the  

hydrated ammonium thorium chloride. 

H C 1  i s  bubbled i n t o  the  so lu t ion  u n t i l  saturated,  

Further t o  improve t h i s  reeOvemI anhydrous 

The hydrated ammonium thorium chloride i s  f i l t e r e d .  

easily, but r e t a ins  appreciable quant i t ies  o f  mother l iquor ,  

cake i s  dehydrated a t  150-200" C i n  an a i r  oven, 

s a l t  goes through a f l u i d  stage u n t i l  most of t h e  water has  been eliminatedc,  

The preuip i ta te  f i l t e r s  

The wet f i l t e r  

During t h i s  o p e F t i o n  the 

Further heating a t  300" C removes t h e  last t races  of HC1 and water, 

thorium chloride i s  then pyrolized i n  t h e  presence of sodium chloride at. 650- 

800" C i n  an i n e r t  atmosphere furnace with the formation of thorium chloride i n  

The ammonium 

I 

sodi$'bhloride with possible formation of  NaCl-ThC1, compounds 
/" 5.: 

Cdre must be taken t o  thoroughly dehydrate a t  150-200" C, and a t  300" C. 

e.sidua1 water remaining a f t e r  these steps w i l l  r e s u l t  i n  t he  formation of 

thorium oxide a t  the-higher decomposition temperatures When this precaution 

i s  observed, no d i f f i c u l t y  i s  encountered i n  producing a n  NaC1-ThCl, compound 

w i t &  only t r aces  of insoluble matter (thorium oxide) , 

used t o  produce batches of 20-25 pounds of containedrthorium cell feed material ,  

) 
, I  

This procedure 'is now 

I11 e ELECTROLYTIC EXPERIMEIQATION I I 

A ,  Iaboratory Size Cells I 

Experimentation was continued i n t o  this q k r t e r  on the laboratory 

c e l l  used i n  the  e l ec t ro ly t i c  work summarized i n  the preceding repor to  This 
, 

....... 
.I. 

NYO 3680 i .  
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e l e c t r o l y t i c  c e l l  has a f o u r  inch diameter crucible  and a cathode three- 

quarbers o f  an inch i n  diameter, two inches long. The e n t i r e  un i t  operates 

i n  an  i n e r t  argon atmosphere, 

The run summaries presented i n  Table I r e f e r  t o  e l e c t r o l y t i c  runs made 

i n  t h i s  laboratory uni t .  Each bath, 

comprising a mixture of ThC1, and NaC1, was pre-electrolyzed a t  7 v o l t s  

The runs were made a t  800-850" C,  

DC a t  100 amperes throughput f o r  two and one-half minutes using a graphi te  

rod cathode, 

e l ec t ro lys i s )  were 225 amps/dm2 when the  e lec t ro lyses  were car r ied  out  

using 75 amperes cur ren t ,  

Current dens i t i e s  on the i n i t i a l  cathode surface area (during 

't 

This work was done t o  complete the study o f  operating conditions i n  

t h i s  c e l l  and t o  study i n  a preliminary way the p o t e n t i a l i t y  f o r  continu- 

ous operation offered with t h i s  pa r t i cu la r  e l e c t r o l y t i c  system., 

The runs summarized i n  Table I i l l u s t r a t e  t he  p rac t i cab i l i t y  o f  

continuous operation, The €used baths a r e  capable of  continuous operation 

i f  thorium ion  concentration can be maintained without undue increase i n  

bath weight. For example, i f  t h e  thorium chlor ide c e l l  feed i s  prepared 

with l a rge  amounts o f  sodium chloride present, more t o t a l  s a l t  m u s t  be 

-recharged t o  r ees t ab l i sh  the thorium ion  concentration than is being 
I 

removed i n  tlie previous e l ec t ro lys i s?  ,-more than t h e  crucible  can accommodate e 

I n  run 196-1, thorium c e l l  feed s a l t s  were-added t o  t h e  c e l l  'dufing 

e l ec t ro lys i s  with excel lent  results i n  terms of process efficiency and produe% 

hardness, es tabl ishing t h i s  a s  a s a t i s f a c t o l y  proceduree 

A d i s t i n c t i o n  is being made i n  t h i s  report  i n  remarks concerning process 

NYO 3680 
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TABLE I 

3 
0 
LJ 

* .o\ 
03 
0 

Bath CeLl Cell  - Th Ion Temp. Voltage Current 
. R u n  No. Conc.% "C DC DC 

97-172 10 850 - 3.0 75 

Metal Process Process 
Amp W t .  Efficiency Recoverg 
Hrs. Gms % A 

Hardness 
- RE!-- 

18 

Remarks 

94 121  59.5 55 Sa l t  165-39. Sa l t  made using 
evaporation method. N H 4 C l  driven 
off i n  cel l .  2 mols NH4Cl per 
mol ThC1,. P a r t  of deposit f e l l  
off cathode and i ia? recovered. 

Sa l t  165-39. -. 
Sa l t  165-40. Sal t  made using Sam& 
method a s  165-39. 3 mols NH4Cl 
per mol  ThC1,. Most of deposit 
f e l l  i n to  the bath. 

S a l t  164-121. Electrolyzed u n t i l  
deposit shorted out on crucible 
hmll. Salt bath had 3.2%thorim 
remaining. Par t ic les  were very 
large and were rolled i n  the 
pulverizer. 

S a l t  165-39. Used s a l t  bath from 
97-178. The voltage dropped very 
f a s t .  Stopped run with no deposit 
obtained; 

S a l t  164-121. Repeat of 97-166. 
Ceramic tube cracked during run 
Possibi l i ty  of co?tamination. 

Sa l t  164-128. S t a r t  of  continuous 
run with salt  bath reused. 

S a l t  164-128. Ceramic tube spxit. 
Removed bottom of fused s a l t  bath 
as possible SiO, contamination. 
Sa It 164- 1'2 8. 

. 

- 

850 

850 

75 3 -0 

2.2-2.9 75 

l.40 215.5 7 1  65 

278 ll0.5 18.4 33 05 
31.5 

82  

.... . .  ...... . .  . . .  ...... ...... .. ...... ...... *. . . . .  . .  . t  

208 276 6905 61.5 97-178 . 20 840 2.8-3.0 75 46 ... . . . . .  . .  ..... ..... . .  
...... . .  
D .  .... > .  .. ...... ..... I .  ...... 

845 - 2.7-3.0 75 -- 

36.5 106 158 69 72 

170 267.5 72.5, 86.5 
- 

175 269 71.0 66.8 23 ;5 

175 184 48.7 88 28 
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TABLE I .(kontinued) 

Ekith Cel l  Celf- Metal Process Proeess. 
Th Ion 'Temp. Voltage Current ' Amp We; Efficiency Recoveqy Hardness 

- *c DC Hrs. Gms % % + Remarks DC - - Run No,, P 

97-190 9*5 845 209-300 75 131 175.5 58 As57 S a l t  164-128, Part  of deposit  
84 E+43 f e l l  in to  bath and was recovered. 

Washed separately,  A on rods B i n  
bath . (4) 

, 

1 .  

;,, j 
';$ 89,2 A=27 S a l t  164-128. Same a s  97-19O0 . ,*:. .. 
w$ 820 2.8-3.0 75 175 278 73 05  

I '. 
B-62.5 Continuous run stopped% 

..*. 

830 2.8-3.0 75 181 317 81 92.4 21 S a l t  164-128. F i r s t  run of 

835 2.7-2.9 75 165 264.5 75 87,s 26 S a l t  164-128, -%th was not dep 

three run se r i e s .  

Used average process recovery 
97-200 and 196-1, 

835 207-2*9 75 144 245.5 79 87.5 18 S a l t  164-128. Used modified washing 
technique which lowered the  hardness 
from RB 53 t o  RB 18. End of runo 

196- 8 10 840 3.0 75 u2 1.52~5 63 6705 53 Evaluation of salt 164-138. 

196- 9 12 800- 302 75 117 169 66.5 64 38 Evaluation o f  S a l t  164-140, 
Ld 820 

I 
1 

I +t Used' graphite sleeve with no porcelain, v- - -  

NYO 3680- NYO 3600 
n 

VI 
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efficiency. 

efficiency, 

metal recovered divided by the theo re t i  a l l y  possible weight of metal 

(electrochemical equivalent) , the  resu l t ing  value of current efficiency 

ac tua l ly  incorporates losses  encountered i n  metal recovely s teps  and i n  

handling, 

mations, 

aqueous leaching is  n i l ,  

weight of thorium a s  f ines  i n  the aqueous l e a c k n g .  

I n  previous reports,  t h i s  percentage has been cal led current 

Since t h i s  data i s  calculated a s  the  percentage ofsweight o 
3 1  

These losses ,  on t h i s  scale, have been determined a s  approxi- 

The lo s s  of thorium metal i n  cathode crushing and preparation 

There i s  about a t h ree  perce 

There i s  about a 
\ 

maximum loss of weight. i n  t h e  f i n a l  ac id  recovery step,  I n  general, -L, . <  :,' ' - 1  .... 
I therefore,  process eff ic iencies  i n  t h i s  report ,  and current  e f f ic ienc ies  

@,s reported i n  earlie? reports,  if reported a s  current efficiency, would be 

out 1,08 times the  process efficiency, 

r r e n t  efficiency i s  about 855, the  p-ocess eff ic iency 79%, 

For example, i n  run 196-1, the 

+;i. 
, Intermediate Size Cel l  ' 

* A ce l l ,  designated i n  t h i s  laboratory as  the Mark 20 c e l l ,  has been 
\ 

I , .  :* *designed, constructed, and in s t a l l ed ,  This e l ec t ro ly t i c  un i t  i s  s imi la r  i n  

.&inciple and i n  over. a l l  operational charac te r i s t ics  t o  t h e  smaller labora- 
&g 

tory ce l l .  An assembly drawing of th,is un i t  is shown i n  Figure 1, 

c e l l  consis ts  of a nickel s h e l l  i n t e rna l ly  insulated with K-23 f i r eb r i ck  

The 

, 

coated with Korundal cements The un i t  has an in te rna l ,  graphite r e s i s t o r  

heating element, connections t o  which a r e  made by vacuum-tight, e l e c t r i c a l l y  

insulated power leads through the  s h e l l ,  The graphite r e s i s t o r  consis ts  of 
I 

mo 3680 
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Figure 1. Assembly D r a w h g  of March 20 C e l l  
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-4 : graphi te  rods l inked together by graphi te  connector blocks i n  two p a r a l l e l  

c i r c u i t s ,  

0,12 ohms, 

The over a l l  r e s i s t o r  res is tance a t  temperature (800"'C) i s  about 

._ This c e l l  employs a monolithic graphi te  cruci?ble, e ight  and one-half I 

inches i n  ins ide  diameter, and fourteen inches i n  inside height. The 

' crucible  rests upon three  graphite posts which i n  t u r n  rest  upon the  bottom I 

p la t e  o f  t he  cel l ,  A s t e e l  boss, welded t o  t h e  bottom plate ,  is the  anode 

connection t o  t h e  bus bar,  

s h e l l  bottom through the  g r a @ i t e  posts t o  the bottom of t h e  crucible.  A 

smaller n icke l  chamber between the  main furnace s h e l l  and the  operating head 

~ 

The anodic connection t o  t h e  c ruc ib le  i s  from t h e  

I 

\ allows room f o r  t h e  cathode t o  be withdrawn f r o m  t h e  'bath and t o  remain i n  

I ,  
t he  i n e r t  cell atmosphere. 

one-half inches i n  diameter and f i v e  inches long welded t o  a one and one- 

quar te r  inch diameter n icke l  rod. A porcelain sleeve pro tec ts  the  n icke l  

ba r  a t  t h e  bath in t e r f ace ,  

The cathode consis ts  of  a s t e e l  cyl inder  one and 

- B 
I 

' 

A graphite s leeve pro tec ts  the  n icke l  bar  
I . 

agains t  chlorine a t t ack  and extends through t h e  operating head. 

connection from t h e  bus 

bushing in su la t e s  t h e  cathode from the  operating head. 

The cathode 

bar  i s  made d i r e c t l y  t o  t h i s  nickel  rod, A t r a n s i t e  

The operating head is  a s o l i d  piece of n icke l  t o  the bottom' of which 

' a r e  a t tached three  graphi te  heat  r e f l ec to r  sh ie lds ,  

t h e  smaller chamber descr5.bed above. 

This head is bolted t o  

Besides the  cathode port ,  a s igh t  and 

'charging hole  i s  provided. 

Argon is  introduced through a port  i n  t h e  s ide o f  t h e  main c e l l  body 

and a thermocouple w h l  extending i n t o  the  crucible wall i s  a q o  made through 

-_ 
1 NYO 3680 

7 
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the  she l l .  A second thermocouple well t o  t he  crucible  wa l l  is made through 

t h e  l a rge  flange. 

The c e l l  i s  provided with a 32 IIW s ingle  phase AC transformer f o r  i t s  - -  
AC power, and a selenium oxide r e c t i f i e r  and r e c t i f i e r  transformer rated a t  

1500 amps a t  15 vo l t s  DC. 

equipment, 

has been tes ted<and is now i n  operation. 

The c e l l  has a ven t i l a t ing  hood and other auxi l ia ry  

A photograph of t h e  Mark 20 c e l l  is  shown a s  Figure 2 ,  This c e l l  

Eleven runs have been made t o  d a t e  

and a r e  summarized i n  Table 11; 

Pre-electrolysis  is carried out a t  5 B, 220 amps on a steel  rod f o r  

2-5 minutes. Several pre-electrolysis  deposits a r e  obtai'ned f o r  each runc 

The first run, 184-20, was made using a one inch diameter, six inch 

lo& cathode t i p ,  After  550 ampere hours of  e lec t ro lys i s ,  t h e  current  rose  

sharply indicat ing that the cathode was shorting out  aga ins t  t h e  bottom of 

t h e  crucible. The cathode had been immersed t o  a depth o f  e igh t  inches i n  

a t e n  inch deep bath. 

ra i sed  one inch, but t h e  current  rose sharply again a f t e r  a t o t a l  of 640 

Elec t ro lys i s  was continued a f t e r  t h e  cathode was 

ampere hours. The deposit obtained w a s  symmetrical i n  shape. 

The second run, -184-22, was made using a one and one-half inch diameter 

cathode t i p ,  four inches long, The e l ec t ro lys i s  was started a t  3.6 vo l t s  

and 240 amperes (180 amps/dm2), 

amperes a f t e r  almost two hours. 

The current  rose gradually t o  a value o f  295 

During t h i s  period the re  was continuous 
f 

chlor ine evolution. 

c e l l  voltage of 2,9 vol t s ,  a t  which time t h e  chlorine evolut ion decreased 

The current was then lowered t o  250 amperes, and a 

markedly, When t h e  cathode was ra i sed  the re  was a d e f i n i t e  res i s tance  a t  

' 'i 

.;c 

t ' 

"YO 3680 
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Figure 2 .  Photograph of March 20 Cell  
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TABLE I1 
3 
0 

LJ o\ Bath Cel l  Cell Metal Process Process 
cn Th Ion Temp. Voltage Current Amp W t .  Eff ic iency Recovery Hardness 0 

DC Hrs. G m s  $ % F., Remarks DC - - Run No. Conc.% "C 

184-20 10 820- 3.5 250 640 402 29 22 45 S a l t  164-US. 40 1bs.sal t  bath.  

Y . 
860 0 Deposit shorted aga ins t  crucible  

bottom. 6 inch cathode i s  too  long. 

184-22 15 840 3.6 240- 1500 -- -- -- -- Used fused s a l t  bath from 164-20 
270 plus  164-135. No deposi t .  Cathode 

badly corroded. 

<10.... 

c, 0 
O... 

,0.... 
I ,  . 0 
3 .  

O... > .  
e .  

,e.... 
> I, 

COO... 

"e... 

0 . 
> .. .. . 
. .  

0 .  
0 .. .. . 
o..... 
e..... .. 
o..... 
0...4. 
0 . e  
0 .  

o..... 
0 .  .... 

CPJ 
2 

7 
\ 

'.F 

184-29 10 

lob-3 1 7 

184-33 10 

184-39 15 

650- 
860 

850 

835- 
850 

850 

850 

850 

3.5-2.9 250 

3.9 3 80 

3.6 ' 230- 
300 

3 07 190- 
225 

3 0 5  240- 
300 

3 90- 
420 

4.6 3 70- 
43 0 

800 -- -- -- -- Used s a l t  bath from 184-22.jCathode 
1" diam. x 5" long. No deposit .  

1200 A=105.5 -- -- 46 Used s a l t  bath from 184-25. Star ted 
e l e c t r o l y s i s  a t  3.9 V and 380 amps 
and allowed current  t o  r i s e  gradu- 
ally-. Cathode 1" diam. x 5 long. 

a 
P 
7 755 457.5 28 25 93 S a l t  16h-136. Star t ing  cur ren t  

dens i ty  was 220 amps/dm2. Uniform 
deposi t .  Cathode 1" diam.x 5" l g .  

630 40 -- -- -- S a l t  bath from 184-29. S t a r t ing  

Metal 
cur ren t  dens i ty  was 185 amps/dmz. 
Most of deposi t  f e l l  o f f .  
on cathode would not  melt. Cathode 
1" diam. x 5" long. 

1600 -- -- -- -- S a l t  164-140. Cathode 1" diam. x 
5" long. No deposi t .  

S a l t  ba th  from 184-33. Cathode 
1-1/2" diam. x 5" long. 
Cathode was p i t t ed  s l i gh t ly .  

-- -- -- 1500 -- 
No deposi t .  

2270 -- -- -- -- S a l t  164-140 and 164-142. Cathode 
1-1/2" diam. x 5" long, Thorium 
al loyed with cathode and f e l l  i n to  
bath.  Cathode badly eaten away. 



TABLE I1 (Continued) 
I35 t h  Cell Cel l  Metal Process Process 

Th Ion Temp. Voltage Current Amp. Wb0 Efficiency Recovery Hardness 
DC DC - Hrs, G m s  - P -2- R !  Remarks Run No', Come% "C 

- - 
184-429 14.5 820 4 v  

800 
e .  
o..... 

o..... 

e..... .. . 
0 .. 
0 .  .. . 

avai lab le  
e.... 

DO.... 

* .  
Y .  .... 
a m  
1 . .  
7..... 

- 4 r  

t o  date. 

3 .  
>.,e.. . 

NYO 3680 
.. . ~ .. 

320- 1100 
450 

320- 705 
3 80 

, 

Salt $64-uiS.' Most of deposit  
s l i d - o f f  cathode.- Four lbsb of  
thorium- metal-plus-salt recovered 
from sal t  bath. Sa l t 'ba th  has 
8.9% thorium remaining, 

S a l t  bath from 184-42 plus sa l t  
164-1.49 . 10 minute preheating 
of cathode a t  1.3 V and 65 amps 
Half of deposi t  s l i d  o f f  t he  
cathode . 

- 
' 
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first,, and then t h e  cathode l i f t e d  eas i ly  out o f  the  bath,  

f e l l  o f f  the  cathode leaving it bare,  

c e l l ,  t h e  cathode became badly corroded, 

The depos i t  

I n  the  chlorine atmosphere o f  t h e  

The next two runs were made using t h e  s a l t  bath from 18b-22, Because 

of  t h e  slackening of  chlor ine evolution a t  Power voltages, t he  e l e c t r o l y s i s  

was s t a r t ed  a t  the desired current dens i ty  and then t h e  current  was allowed 

t o  r i s e  gradually a s  t h e  res i s tance  of the  bath decreased, t h e  voltage 

remaining f a i r l y  constant, 

laboratory s ize  c e l l  where t h e  current  source, from a DC motor generatord 

i s  constant and the  voltage drops of f  gradually during e lec t ro lys i s .  

This i s  not i n  accordance with procedure i n  the  

I n  run 184-29 a uniform deposit  was obtained a t  low process eff ic iency,  

The metal had a high hardness of % 93 ,  but pa r t  of  t h i s  may be a t t r i b u t e d  

t o  t h e  thorium s a l t .  

resu l ted  i n  a hardness o f  RB 53 (Run 196-8 i n  Table 16). 

A check run was made i n  t h e  laboratory s ized c e l l ,  and 

R u n  No, 184-39 which was car r ied  out a t  850" C resul ted i n  thorium 

metal alloying with the  s t e e l  cathode, 

t h e  cathode u n t i l  about 10% of  the l a t t e r  was consumed, 

The r e su l t i ng  a l loy  dripped from 

Alloying can only be a t t r i bu ted  to ' too  high a temperature of operation, 

Since it i s  well known t h a t  t he  cathode is  a t  a higher temperature than t h e  

bath during e lec t ro lys i s ,  t h i s  f ac t ,  i n  addi t ion  t o  t h e  high temperature o f  

the bath,  can-account f o k  t h e  alloying. 

A second thermocouple was added t o  t h e  uni t .  This, a s  shown i n  F'igure 1, 

goes down i n t o  t h e  crucible wa l l  and should r e s u l t  i n  more accurate bath 

temperature control, 

NYO 3680 
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During t h e  pre-electrolysis  procedure f o r  Run 184-42, t h e  f i r s t  deposit ion 1 :  

was car r ied  out a t  850" C and resu l ted  i n  a good deposit .  

electrolyzed a t  804" C m  

The second one was 
1 ,  

Although t h e  bath was molten t h e  s a l t  f roze  t o  the  

rodr and t h e  metal was electrolyzed over the s a l t ,  A t h i r d  rod electrolyzed 

a t  820" C was unifo,rm and goodm 

inch diameter, f i v e  inch long cathode t i p ,  most o f  the deposi t  s l i d  off  t h e  

? .  

After electrolysis on a one and one-half 

t rod, but  was. recovered from t h e  crucible .  

To prevent electrolyzing on a frozen s a l t  layer ,  a s  done i n  the  pre- 

e l ec t ro lys i s  f o r  184-42> t h e  cathode during R u n  184-47 was immersed f o r  t e n  

minutes a t  1-2 volts and 60 amps DC, Some chlorine evolution was noted a t  . 
t h i s  small voltage. E lec t ro lys i s  was car r ied  out  a t  4 vo l t s  and from 

E 

3 2 0 , t o  380 amps,, Af te r  t h e  e l ec t ro lys i s  was stopped, t he  cathode deposit 

was,allowed t o  cool t o  the  bath temperature by lowering t h e  DC current  t o  

150 amps a t  2,s vo l t s .  A f a i r l y  l a rge  deposit  was obtained, but about 

half  of it s l i d  o f f  i n t o  the  s a l t  bath, 1 . .  

~ 

I 
I I\ 

IV, METAL RECOVERY 

Cathode deposi ts  a r e  a composite of about SO%\thorium metal and about 5% 

sa l t so ,  O f  t he  s a l t s ,  about 2% a r e  soluble thorium salts, t h e  remainder sodium 
# 

chloride,  The deposi ts  a r e  broken away from t h e  cathode by hammer and chis 'el  0; i 

, 
71 by a i r  hammer and are then jaw crushed, 

pulverized i n  a secondary crusher t o  -200 mesh, 

The jaw crushed segments a r e  then l i g h t l y  
\ 

i The f i n e  p a r t i c l e s  of  thorium-salt agglomerate a r e  then water leached, 

This leaching i s  done e i t h e r  by leaching and decantat5on i n  a beaker o r  a s  a 
I , 

1 .  I 

NYO 36801 
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fluidized mass i n  an adaptat ion of counter current leaching principles.  

Report No, 3 )  

washer in which water flows from the  apex o f  t he  cone up through the  f luidized 

(See 

I n  t h i s  case t h e  crushed deposi t  is  loaded i n t o  a cone shaped 
$ 1  

deposit .  

removed2 drained f r e e  of excess water, and t rea ted  with 3.5% by weight hydrochloric 

When the  soluble s a l t s  have been dissolved, t h e  metal deposit  is 

ac id  a t  room temperature for  f i v e  minutes. The metal i s  then washed f r e e  of ac id  

and air-dr ied a t  35" C. 

V, PHYSICAL PFtOPEXiTIES AND COMPOSITION 

Thorium metal produced by e l ec t ro lys i s  o f  thorium chloride has exhibited 

hardnesses, as-cast ,  a s  l o w  a s  Vickers 67. It is expected, from consideration 
3 

of t h e  many runs reported upon i n  t h i s  and the preceeding repor t  t h a t  as-cast  

thorium metal of  Vickers 70-80 can be considered the  expected average hardness, 

A s  t he  run summaries indicate ,  thorium of higher hardness has been produced, I n  
I _. 

z' 

5: 

s ea'& casel, however, t h e  higher hardnesses a r e  explained by var ia t ions  i n  s a l t  

preparation, e l e c t r o l y t i c  procedure, e tc ,  The production o f  low hardness thorium 
\ 

i n  severa l  instances  alone es tab l i shes  the  capab i l i t i e s  o f  t h e  process a 

Through t h e  good o f f i c e s  of  t h e  Atomic Energy Commission, t he  New Brunswiclr: 
8 I 

Laboratory has analyzed thorium metal produced i n  seve ra l  of t h e  e l e c t r o l y t i c  

runs reported,  These analyses a r e  shmn i n  Tabbe 111. 
t 

.3i This analysis  can be compared t o  the  r e s u l t s  published f o r  A m e s  Thorium 

( B i l l e t  A-520) i n  1952. This bar  had a hardness of .bke Horizons e l ec t ro ly t i c  

Nompilation of Analyt ical  Resul ts  f o r  Ames Thorium B i l l e t  A-520 - Thorium 
Analyt ical  Meet%%, September 23-24, 1952, a t  Argonne National Laboratory 

- - - - - - - - 0 - - - - - - 0 1 - - -  - - _ 9 o - - P _ P - - - _ - _ _ - - _ -  . 
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- TABLE I11 lr, 

* ,  
Horizons 97-162 97-170 97-174 97-174 97-170 
Run Number Powder Powder Powder P e l l e t  Rolled S t r i p  - 
NBL NO, B-4748 B-4749 B-4750 B-4751 B-4752 1 '  

" . 
(RB 26) (RB 1005) (RB 31.5) % 3105 P-- %? 

= - 

Ag 
A1 
A l l  
B 

a 1  a 2  a 2  
a 20 a 30 a 20 

a 1  

a 1  a 1  
a 30 a 30 

Be 
Ca 
Cd 
CO 
cr  : 

a 10 a 5  a 5  < 100 (100 4 100 
a 0.3 a 002, a Ool __  -- % -- 

a 3  a 10 < 100 < 100 
a Ool < 0.1 -- -9 r 

K 
Lf 
M g  
Mn 
Mo 

a 10 a 10 a 10 
a 3  a 2  a ?  _- _- ' -0 

'i. 

1 

e 
3 

eminations 
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%hori&n is somewhat higher i n  aluminum, boronn, and bismuth content8 somewha% 

Power i n  s i l i con ,  zinc, and t i n  content; appreciably higher i n  caleium, copperp 

iron, nickel,  and lead eontent.  I n  nitrogen, carbon, and H C 1  insoluble contents, 

t he  metals appear t o  be equivalent. 

A eonversion curve f o r  R and hardness determinations f o r  e l e c t r o l y t i c  B 
thorium metal as produced and melted a t  Horizons, versus Vickers Hardness Number 

has been prepared and i s  presented a s  Figure 3 .  

Some physical evaluation of t h e  thorium metal produced under t h i s  cont rac t  

has been begun a t  Horizons and a t  other labora tor ies  through t h e  cooperation of  

t h e  Commission, This work is  i n  the  preliminarg. s tages  and is  

presentat ion i n  t h i s  report. The final repor t  covering t h i s  product w i l l  contain 

t h i s  information upon the fabr ica t ion  propert ies  of e l e c t r o l y t i c  thorium metal 

not ready f o r  

powder 

Photomicrograms of typ ica l  thorium as-cast  ingots a r e  shown i n  Figure 4, 

V I  . CONCLUSIONS 

The e l e e t r o l y t i c  process f o r  producing thorium metal, including the  p x -  

parat ion of anhydrous thorium chloride,  the  e l ec t ro lys i s  of t h i s  sa l t  i n  molten 

sodium chloride, and the  recovery of the thorium powder, has been proven i n  

1aboratol-y s ized  equipment . 
The development of t h i s  process a t  t h e  next larger scale,  a fac tor  of about 

ten9  has begun, A s  was expected, ce r t a in  operating conditions must be establ ished 

on t h i s  l a r g e r  equipment. A number of f ac to r s  which were $,neonsequential i n  t h e  
1 _  

small scale have proven t o  be of extreme hportance in t h e  larger cel l ,  One o f  

NYO 3680 ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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A6 Caet Thorium Ingot Rg 5 - Run No. 
97-192. Magnification 250 X 
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A6 Cast Thorium Ingot RB 20 - Run 
97-151. Magnification 250 X 

A6 Cast Thorium Ingot RB 36. 
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these factors  i s  the  bath temperature, A t  850" C, no d i f f i c u l t y  was encountered <c , 

i n  the  small cell., Howevero i n  the la rger  c e l l ,  t he  added factors  of higher 

DC h r r e n t s ,  and a la rger  cathode resulted i n  temperatures high enough t o  .alloy 
I - 

i thorium with t h e  s t e e l  cathode and melt this a l loy  of f  i n t o  the s 
- .  r 

' Another faceor i s  the  s i z e  of t h e  cathode, The small cathode quickly reaches' 

bath temperature, but  t h e  l a rge r  one which has approximately t en  times the  mass 

of the smaller one remains cold long enough t o  c h i l l  a layer  of  salt upon it, 

It has de f in i t e ly  been shown t h a t  the i n i t i a l  e l ec t ro lys i s  takes place on t h i s  

layer  o f  ch i l l ed  s a l t .  
z 

T A s  soon a s  the  operating conditions have been established on this l a rge r  

Maintenance of a good 
'r- 

scales the  un i t  w i l l  be operated o n ' a  continuous bas i s ,  

c e l l  atmosphere between runs by evacuation and flushing with argon should improve + 

upon t h e  continuous puns i n  t h e  laboratory sized scaleo 
t 

The thorium metal produced t o  date  has been of excel lent  qual i ty  and purity.  
i 

Fabrication properties w i l l  be investigated and reported upon i n  the next P 

quarter ,  

I n  the laboratoqy sized scale, increasing the- thorium ion concentration has 

resul ted i n  increased process eff ic iency,  A t  the  l i m i t i n g  concentration ' 

I d 
itppraximately 205, the  cathode grew u n t i l  it shorted out against  the  crucible  3 

a 

kll, ' There was still about 3% thorium i n  the s a l t  bath a t  t h i s  time, 

quently, t he  l imit ing concentration was'set by t h e  s i ze  and shape of"the crucible 

r a the r  than by any e lec  l y t i c  cha r a  c t e r  i s t i c  

Concentration l i m i t  conducive t o  maximum eff ic iency w i l l  have t o  be determined 

i n  the next la rger  sca lewhere  t h e  distance between cathode and crucible  dll 

Conse- , 
I 

of t he  system. Investigation of  

will not be a l imit ing faceore i 
' ,$--------=--.-~. . ,* --- 

9 

t > $ a  
i !1 
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