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The research program on e l ec t ro ly t i c  production of thorium metal  from h s e d  
- - d  

chloride baths has been continued. 

devoted t o  preparation of a chloride source electrolyte ,  

A l a rge  portion of the  e f f o r t  has been 

The method selected f o r  preparation of NaC1-ThC14 as a c e l l  feed material  

was the  react ion of ThOCa, with concentrated HC1 and addi t ion of WCl. Several 

.modifications in procedure were made t o  simplify the  chemical engineering opera- 

t i ons  involved. 

and cooling t o  about 10' C. 

(NH,&l),ThC4 *X h0, precipi ta t ing it from solution. 

chloride c rys ta l s  f i l t e r  easily.  

These include saturat ion of the solution with anhydrous HC1, 

doth s teps  decrease the so lub i l i t y  of t h r  

The ammonium thorium 

"he intermediate complex (N%C1)*ThCl4 e x  h0, protects  the  thorium chloride 

from oxidiaing while it is  being dehydrated. 

sublimed i n  t h e  e l e c t r o l y t i c  c a l l  atmosphere. 

cause any serious d i f f i cu l t i e s ,  but on a large scale  the amount of ",C1 

subliming from the c e l l  feed material  would ser iously contaminate the  ce l l ,  

plug the  exhaust opening with WC1, and i n  general be objectionable. 
. 

In previous work t h e  ",C1 was 

On a small scale  t h i s  did not 

k method has been evolved i n  which the  N b C 1  can safely be removed from the 

s a l t  a t  high temperatures outside the  e l e c t r o l y t i c  c e l l  without oxidizing the L .i 

ThC1, c e l l  feed material. 
+ 

The determination-of e l ec t ro lys i s  conditions f o r  maximum eff ic iency is  being 

carr ied out i n  a ce l l  

cathode, ' "he r e su l t s  

while maintaining the 

capable of producing l 5 O - 3 O O  grams of thorium metal per 

ind ica te  that increasing t h e  thorium ion concentration 

same current density, y ie lds  higher current efficiency. 



Summary icontinuedl 
Y-. 

constant, indicates  t ha t  the  c rys t a l  size increases with e resu l t ing  decrease 

i n  hardness. 

The bes t , r e su l t s  t o  date have been accomplished with a thoriiun ion concen- 

t r a t i o n  of Is%, using an overa l l  c e l l  voltage of 3.0 vol t s  DC, and a cathode 

current density of 18s amps/dma. 

and i n  one instance the thorium metal produced h a  an as-cast hardness of 

Vickers 70. 

Current e f f ic ienc ies  were i n ,  the order of TO$, 

' -  

Results regarding the qual i ty  of metal produced i n  the s d l l - s c a l e  ce l l ,  

qua l i ty  o f . c e l 1  feed m t e r i a l ,  and the  current e f f ic ienc ies  and metal recoveries 

obtained, are very sat isfactory.  I Electrolysis  i n  the 'intermedi 
r. ' 

capable of producing $10 lbs.  of metal per ccithode i t 3  now underway. 

I '. : 
, . , ' ~ .  

. ,  
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INVESTIGATIONS FOR TEE PRODUCTION OF'THORIUM METAL 

Technical Progress Report - Sixth Quarter, September 1 t o  November 30, 1953 

By Jason C. Bleiweiss 

I rn INT RODUCT ION 

During t he  previous contract period, the  e l ec t ro lys i s  o f  NaC1-ThC14, showed 

considerable promlse a s  a commercially feas ib le  means of Shorium production. 

The process i s  par t icu lar ly  promising bacause o f  i ts poten t ia l  as a l o w -  

cost, continuous process. Eleotrolysis  of a melt of NaC1-ThCb and NaCl produces 

thorium metal with NaC1, ard chlorine a s  by-products. 

should have an infinite l i f e  requiring only make-up s a l t  t o  account f o r  t ha t  

Thus, any given s a l t  bath 

removed with::the cathode deposit. 

the  s implici ty  of the  s a l t  system with respect t o  recovery of t he  metal produced. 

The only impurity noted i n  the deposita i s  a small amount of ThOC1, which may be 

Considerable advantage i s  also inherent i n  

removed by a d i l u t e  acid wash. . 

Thorium chloride i s  easily prepared by sXmple chemical techniwes s t a r t i n g  

with thorium owcarbonate which can be purchased d i r e c t l y  or  mde from t h e  cheaper 

thorium n i t ra te .  Processing involves solut ion with HC1, precipi ta t ion of an 

ammonium thorium chloride complex \jy saturat ion with anhydrous HC1 and cooling, 

f i l t e r ing ,  drying, and melting i n  NaClunder a .ch lor ine  atmosphere t o  prevent 

oxidation. 
L ". 

Corditions of e l ec t ro lys i s  have been fairly well-defined with regard t o  

temperature, voltage, current density, and concentration. 

now being completed concerning e l ec t ro lys i s  conditions f o r  maximum efficiency. 

These indicate  t h a t  s l i g h t l y  higher current densi ty  and higher concentration tend ' 

toward greater  current efficiency. A minimum operating temperature of about 820' C 

Investigations a r e  

i s  indicated, but may be fu r the r  lowered-by use of higher thorium ion concentrations. 

5 
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Boitage i s  a c r i t i c a l  fac tor  with respect t o  elimination of concurrent sodium 

production. An operating range of 2-4 vol ts  Duacrogs the c e l l  seems t o  be 

desirable  f ron t h i s  standpoint. 

f i e  PREPARATION UF CELL FJ3ED MATERIAL 
I n  the reaction: ThOCO, + HC1 -+ Tht3L.x HaO, etc., the  addition of a t  least  

two moles of WCl is4 necessary t o  form $he intermediate complex (N&C1)aThC1,~~ H,O. 

Heating t o  about 150" C elirmnates the  water of  hydration leaving anhydrous 

(NIhCl),ThCl,. Further heating a t  about 500" C sublimes the  NH4C1 leaving 
I . :  

anhydrod ThC's,, If the heating i s  carried out i n  the'presepce of NaC1, 
.I* . 

NaThC1, iw presumably formed. 
a .  

The elimillation of WC1 a t  elevated temperatures without oxidaiion .was 

successfully accomplished i n  the small e lec t ro ly t ic  c e l l s  i n  a bath of molten 

k C 1  under an argon atmosphere p r i  Q1 such a small scale, 

'the amount of NH4Cl sublimtng'from the sal t  and condensing on the operating 

head was only about 60 grams. 

cathode qpenings i n  t h e  operating head t o  keep these openings from plugging sol id ,  

t o  e lectrolysis .  
7 .  

The NGC1 was Scraped from t h e  thermocouple and ' 

a I n  the large* ce l l  capable of producing about 75 pounds of thorium metax 

per cathode, more than t e n  pounds of NH,Cl would have t o  be sublimed using t?he 

same technique. 

and condensation of NH,C1 are obvious'. 

. 
I 

I 

The d i f f i c u l t i e s  inherent i n  such a scale-up due t o  sublimation 

It was, therefore, considered impera- 

t i v e  that the cell feed material, ThC1, o r  NaThCl,, should be f r z e  of'NhC1, 
, _ I  

or a t  least  have t h e  N H q C l  present i n  such low concentration tha t  the  d i f f i c u l t i e s  

described above are reduced t o  a tolerable  minimum. 
i . '  . . .  . . .  . .  

............ u u  . .  2 ;6;.< ...... . . . . . . .  * o o d ' ;  . . .. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ............. .4..1 ...... 
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A, Heat iw i n  A i r  

Several attempts were made (Table I) a t  heating the  (hCl)aThC14 
I 

t o  500" C i n  a i r ,  with excessive amounts of oxidation taking place. 

From the analyses of these salts, (Table- 11) the amount of insoluble 

material  was very high f o r  three of  t h e  s a l t s  heated i n  air. The insoluble,  

mterial is  Tho,; the  oxychlorides which a r e  a l s o  undesirable a r e  soluble, 

In the fourth run, No. 5, t h e  ammonium thorium chloride fused t o  a 

The sol id  mass, with highly oxidized, unfused material  on the surface. 

fused mass separated from t h e  white oxide, had only 0.29% insolubles and 

contained 90.5% ThCh. The remainder is  presumed t o  be ",C1 (about 9.2%). 

When this salt was e lec t ro lyzk ,  a very nice pre-electrolysis 

deposi t  w a s  obtained, but t he  e lec t ro lys i s  deposit f e l l  i n t o  the  bath, 

and the rnetal was dispersed i n  the  s a l t  bath. 

One attempt wascmade t o  remove t h e  mC1 
era ture  a t  340" C (No. 6). The s a l t  was kept 

69 hours. Analysis showed no insolubles, 85% 

7 

near i t s  sublimation temp- 

a t  t h i s  temperature f o r  

ThC1, ard 15.1% mC1. 
I Electrolysis  with this s a l t  resul ted hri a deposit  which f e l l  of f  

the cathode. 

material are therefore  d i f f i c u l t  t o  draw, but it is fairly safe t o  

assume t h s t  the  300" C-350" C range is  s t i l l  below t h e  cri t ical . tempera- 

ture f o r  oxidation. However, the amount of ammonium chloride remaining 

i n  the  s a l t  is too 'h igh  f o r  t h e  s a l t  t o  be used a s  a c e l l  feed material  

i n  a l a rge  scale e l ec t ro ly t i c  ce l l .  

Conclusions regarding the  qua l i ty  of t h e  s a l t  as c e l l  feed 

...................... . . . . . . . . . .  ,.. . . . .  .. . . . . . . . . .  .,. : :. : :. . : : a :  :.: :-: : . . . . . . .  
a0 o o c  e *.lo 0 0 - 0 0  9 ,  0 0 0 0 0 0  0 0  
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YiOCO,*Hgo + 10 H C ~  + 
2NhC1 + 1.1 NaCl-, 
NaThC1,+ 2 K C 1  + 7HC1 
+ 3GO + co, 

A i r  

TABLE I * .  . .  
m A R A T I O N  OF THORIUM'SALTS 

Notebook Temp;' Time S ta r t ing  W g t .  Code Reaction Atmos-  Remarks 
No. 1 

0, 

I 
. Hours Thoriuir. ' No . phere - 

' 128-37 

- 
150 
315 

150 
4% * 

i5o 
475 
150 
300 
500 

i5o ' 
500 

150 
340 

150 
250 lroo 
$2 
150 
3 50 
550 

.. Carbonate 
I --- 

2 
14 

2 
18 

2 
18 
17 
6 
16 
2 
20 

17 
69 

1.5 
1 
0.75 
1.75, 
2.0 

37 
100 
50 - 

1232 grams 

616 grams 

616 gram 

616 grams 

616 grams 

... 

616 grams 

2s l b s .  

1 €IC1 evaporated almost 
t o  dryness a t  150°C 

I p r i o r  t o  heating cycle  
i n  graphi te  crucibles .  
Gray colored salt .  

* Fi l t e r ed  (N&C1),ThC14- 
x€I&-NaCl-XsN~Cl from 
cold, sdturated HC1 
solution. Heated i n  
graphite crucible.  

I Much oxide. Small y i e H  
Much oxide. 250 
yield.  

Most of t h e  ThC1, 
remained behind i n  t h e  
mother l i q u o r  - 

. Top layer  was white 
and f u l l  of insolubles.  
Bottom was fused mass 
weighing 460 grims. 
To crust was separated. 
]I!?grams. Remainder 
weighed 880 grams. 

There was probably 
some a i r  in-leakage 
n t h  t h e  argon. 
Appeared promising. 

.... . .  ...... . .  . . .  \1 ...... 164-77 ...... .: . ? 4 ...... ...... 
ThOC?*%O + l O H c l  + "  I A i r  \ 

3 N k C  + 2 N a C 1  + Anhydrous 
H C ~  to*Satura t ion  ~ 

ThC1, etc. 

' 2  

iir 

iir 

Rir 

4 i r  

krgon 

krgon- 
Air 

- 

... . . .  . .  ... . . .  . .  ..... ..... . .  
...... . .  . .  .... . .  . . .  ...... .... 
e .  ...... 

Same as 2 us-ing the  ' 
mother l iquor  from 2 
ThOCO,*H,O + 10 HC1 + 
4"&l 4 ThC1, etc. 

Same as 4 using mother 
l i quor  from 4 

3 

4 

5 

Same as 4 us ing  mother 
l i quor  from 5 16L- 89 

- 
6 

Same as 4. Used 100 
grams wet f i l t e r  cake 
from 6 

138-120 7 

' \  

16L-94 0 
- _  

Same a s  .4  Although an argon atmos- 
phere was used, there  
was enough Ln-leakage 
of a i r  tg cause oxidation. 

I 

I 

' . j  

I . .  
. I  , 

1 
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Table I (Continued) 

Notebook Temp. Time Star t ing w&. Code Reaction ADnos- Remarks ' -.?, No. O C  Hours Thorium NO-. phere 
Carbonate 

164-105 150 23 
350 6 
8% 3 

9 Same as 4. Used 5.5 Argon- &lted i n  chlorine 
lbs.  w e t  f i l t e r  cake A i r  C1, atmosphere a t  850" C 

added 12 lbs .  NaCl 
from 8. After 350°C m t h  NaC1. 

164- 112 150 20 25 lbs. 10 Same as 4. Used Argon- 
310 23 mother liquor from 8 Air 

164-121 310 23 

up t o  820 7 
310-700 4 

' I  11 Used NH4C1-ThC4 mix- Argon- Used chlorine atmos- I 
t u r e  from 10. fixed A i l - -  ' phere when heating 
with 19.5 lbs.  NaCl Chlorins with NaCl above 310°C. 

Furnace shorted out a t  
700°C. Completed 
heating a f t e r  repair .  
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TABLE I1 

\ 
Notebook Code Total  Tf? Chloride M.r, Total Remarks 
No No. Insolubles 

+ I  

128-37 

164-77 

164-80 

164- 83 

164- 85 

1&-89 

138-120 

l a -94  

i64-94 

l&-l05 

- ' .  

0 29.8 35.2 5.2 1 

2 

3 

4 

5 
6 

7 

8 

8-a 

9 

16.9+ 

.' 0.29 56.0 

0 52.8 5.1 100.1 
' ,  

0 56.0 31r.8 1.8 92.6 

58.9 29.0 3.44 91.4 After heating t o  375"~ 0- 0 

1.8 65.i 29.9 0.01 96.'8 A f t e r  heating t o  535°C 

7.6 62.1 After heating t o  310°C 

2.52 t60.1 0 After melting i n  NaCl 1 

164-112 10 

10 

11 

Wet f i I ter  ccke 

38.2 46.6 13 -5 98.3 After 300°C 

27.5 53.05 0.006 , Melted i n  NaCl 

1a-116 

164-121 

I 

2 .  

I 

9' ............... . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  .............. ... 
...... . . . . .  ..... . . . .  . . . . .  ...... 
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B. HaatinP Under h o t e c t i v e  Atmosphere 

k furnace already i n  this laboratory was used t o  

dr ive  off the  NQC1 under an argon atmosphere. 

set-up, but  since it w a s  an experimental e f for t ,  the expense of designing 

a more su i tab le  large u n i t  was not just i f ied.  

used i n  t h i s  furnace has a capacity of about 30 pounds o f  salt. 

T h i s  w a s  not an ideal 

The graphite crucible 

As the  analysis  shows, t h i s  thorium chlorido heated t o  530" C was - 
not sa t i s fac tory ,  

Th, C1, and insolubles was only 96.8% indicating a poss ib i l i ty  of 

The t o t a l  insolubles were 1.8% and the  t o t a l  of NH,, 

oxygen present as  oxychloride. 

not seem reasonable when t h e  t o t a l  analysis i s  within several persent 

of 100, because of t he  possible e r rors  i n  the  several  ana ly t ica l  

determinations. 

Reporting of oxygen "by difference'' does 

Heating i n  an argon atmosphere should theore t ica l ly  produce oxygen,- 

free ThCl,* 

a i r  can en ter  by back diffusion as the exhaust gases leave. 

However, the furnace atmosphere i s  not free of oxygen siiics 

1 

Co Meltinp- i n  N a C l  Under Protective Atmosphere 

, When heating under the  *'argon-airtt atmosphere proved unsatisfactory, 

t he  procedure was modified t o  7rovi.de more protection against  oxidation 

a t  the  c r i t i c a l  temperatures above 350' C. 

been heated t o  310-3!%1° C t o  remove water and HC1, it was removed f r o m  

the  graphite crucible, crushed, and mixed with NaCl t o  y ie ld  a sui table  

T h Q  concentration. 

After the (NH4C1),ThC1, had 

A protective atmosphere of chlorine was maintained 

1 %  . . -=e  1 .  a h  __-5 ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
* I  00 oao o ooo o o 0 0  0 0  o o o o o o  0 0  

c/ 
__ - -  - - -4.,L-L- 

http://7rovi.de
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over t h e  s a l t  mixture while it was heated u n t i l  molten. 

Condensation of NH4C1in the vent hole i n  the  head of the furnace 

caused some d i f f icu l ty .  In  both runs, the  supply of chlorine which was 

led i n  by a 1 /2  inch graphite tube through the  center of the  1-1/2 inch 

vent hole, had t o  be cut o f f  a t  about 600°,c when the  annulus between 

the  tube and the hole plugged so l id-wi th  N b C 1 .  T h i s  d i f f i c u l t y  can b s  

easi ly .  eliminated i n  the  design of a d i f fe ren t  u n i t  to atconmodate tixis 
subl imt  ion . 

Table I1 shows the analyses of t he  two salts made i n  t h i s  mannero 

According t o  the analysis f o r  No. 9, most of the  5.5 pounds of wet PLl-ber 
I -  

cake used was NH4Cl.  T h i s  resulted i n  a low thorium ion  concentration, 

2,5$, but the  experiment demonstrated thd t  t he  method was sat isfactory,  

iveither s a l t  had any insolubles. 

Electropytic runs with No. 9 resulted i n  extremely hard metal. 

T h i s  may have been a function of the low thorium ion concentratioc, 

No. 11 yielded metal of acceptable hardness, signifying that ,the 

-- 

method used i n  i t s  production i s  sat isfactory.  

as VHN 70.) 

(Hardness was a3 l o w  

k flow diagram f o r  the NaC1-ThC14 process is shown i n  Figure 1, 

Mother l iquor  from the f i l t e r i n g  operation contiins about' 130' 

grams/liter of ThCl,?and' is used with a small amount of "make-upw acid 

fo r  the next batch. The H C 1  l o s s  should be small, 
. I  

It is  qui te  possible t h a t  t h e  crushing and blending operation which 

lfollows heating a t  320'' C can be eliminated by adding NaCl t o  th'e acid 

slurry before f i l t e r ing ,  o r  t o  t he  (NbCl)aThC1, i n  the hot furnace. - 

8 7 - - 7  
L 

3 __ - ?--  

/ e .  

Lf 
...................... . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . .  ....................... 
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Furnace Fur2a ce 
\ 

NaC1-ThC4 C e l l  Feed Material  

.,I , T ' .  . 
.. ..I ' . .., *' ,; .. ' 

ri 

d b  

Thorium Carbonate I 

Crusher s Storage 

Reaction i s  f o u r  step:: 
Con. H C 1  

Ammonium Chloride 
Anhydrous H C 1  1. React ThOCO, with conc. H C 1  

6 20 Add N % C l  
Dry I c e  3 .  Sa tu rb te  with HC1 

4. Cool t o  8 - 10°C with d r y  
ice . 
( N H , & ~ ) , T ~ c ~ ,  .XH,O 

i- 

Sodium Chloride 

1 ,~ 
Argon 

I - t F i l t  e r  
I 

Ruob er- Lined React or 

Mother Liquor For I - Next Batch 

U U P w 

Figure 1. Flow Diagram f o r  Met Preparat ion of  IiaCl-ThCk Cell Feed. 
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This would grea t ly  simplify the process physically, and a l l o w  l e s s  

exposure t o  a i r  during processing. 

D. 

u 
P t  L .3 .? 

. 
J&u.ipment f o r  Large (Scale NaC1-ThCla Production 

The furnace used i n  the  production of sa l t  N o .  11 can be used t o  
S I .  

prepare about 20 pounds of ThCl, per batch. 

it w i l l  conkinue t o  be used t o  prepare )enough c e l l  feed material t o  

maintain t h e  e l ec t ro ly t i c  work i n  the  10 pound per cathode ce l l .  

With some minor modifications, 

In  tne  meantime, design of a furnace more su i tab le  f o r  NaC1-ThC1, 

production is being prepared. 
. -  . ‘  

I 

III. PETERMINAT-ION OF C O N D I T I O N S  OF EIJ?3CTROLYSIS FOR MAXIMUM CELL EFFICIENCY 
i 

The determination of e lec t ro lys i s  conditions i n  a small c e l l  capable.of 

producing about 150.300 grams of thorium per cathode i s  now i n  progress. 

Enough NaC1-ThC1, salt,  No, 11, is on hand t o  be used fo r  t h i s  en t i r e  

:study, thus eliminating the  e f f e c t  of  var ia t ion of c e l l  feed material. 

As shown i n  Table 111, excellent metal of hardness lower than % 50 has 

been produced from s a l t  baths containing 7015% thorium ion concentration a t  

sui table  current densi t ies .  

encountered due to f a i l u r e  of t h e  cathode deposit t o  adhere t o  the cathode. 

A t  higher current dens i t ies  d i f f i c u l t y  was 

Two runs were very outstanding with regard t o  hardness, current efficiency, . _  
9 

and per cent recovery (of metal. 

75 amps, o r  about 185 amps/dma, and contained l@ and 15% thorium ion concen- 

t r a t i o n  respectively. 

% 26 (%-73), current eff ic iency was 62%, and the metal recovery was 78%. 

Both runs, 97-162 and 97-170, were mde a t  

With 10% thorium ion concentration, the hardness was 

, I  . ’ , , ”  ,, , \: I 

% -_I ....................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
L 2 ‘  Ll 
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BXI NO. Thorim Bath Temp. Volts Amps Amps le t a l  Eecovelp Hardness Current - Reinarb 

97-l.43 6 350 &m + 4 850 2.0 2.0 Cathode 

>It ~ 0 .  ComDositioa 'C Wo % Efficiency 

Cathode 22.8 Bottom portion of 
z 

deposit f e l l  in to  t h e  ' 
bath. %tal i n  the 
bath was sof te r  than 
metal on cathode 5 

% 67 
lbs. N a C l  2.9 50 120 43.5 
(8.7% m Crucible 59 C cible 

65.5 5 47.5 
* 

- 

97--i45 '5 330 &m + 4 
&So NaCl I o..... 1 O..... (8.75 Th) O....C 

5 I *270*gm + 4 
lbs. N a C l  

97-l.46 

(7.M Th) 

97-lb7 350 gm. + 4 
lbs. NaCl 

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

97-l.48 8 135 &m + 4. 
lbs. NaCl 
(4.2% Th) . 

97-lJ49 e a  4lbs .  
164- 110 
(2.5% Th) 

850 6.2 100 
3 50 

840 9.0 100 
2.6-3.0 11-32 

4 
100 

2.5. .tom5 
75 

Ir 
130 55 

4 
40 

2.5 12.7 
47 

Excellent pre-elec- 
trolysis d e h s i t .  
Deposit f e l l  into 
bath "and' dispersed 
in it. 

3 
0 

4 
W 
0 

7.5 Bg 74 4.6 
L!U 

-- 5 76 19.5 T h i s  ~ 7 1 1 1 ~ ~ ~  made to j 
check cell cond 
and procedures. 
results were the s a m e  
as previous runs made 
with the s a m e  salt. 

No deposit on"pre- 
electrolysis . No 
deposit. Sludge on 
top of bath during 

1 :  

11111. 

r2ms A good-shaped deposit 
was obtained, but the 
metal was extremely 
hard. 0.2&% Th l e f t  
i n  s a l t  bath. UI 

BB ldr 
28 

i 
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T A B U  I11 (continuedl 

% 
Run No Thorium Bath Temp. Volts , Amps Amps Metal Recovery Hardness Current Remarks 

S a l t  KO&. . &gnzp>-. ".C. , ., Hrs. wt.. % Efficiency 

I.,.. . e..... 
o..... 
0 .. 
0 .  

0.00.. 
0 .  .... _ I  

ll# 800-gms. + 850 
l400 ems Nacl 
(16 Th) 

13# 800 gms 4 850 
1400 gns N a C l  
(10% Th) 

. .  

U.46 550 gms + 850 
1650 gms Nacl 
(7.0 Th) 

ll+t 1200-gnrs + 850 
1000 gms N a C l  
(1S.0fg5Th) 

6.01 100 
7.4 100 
3.5 75 

2 a t  6.5 loo 
2.8-j.2 50 

7.0 100 
2.6 50 

7.0 100 
2.8-3.0 75 

4 
4 

129 

8 
120 

4 
105 

4 
210 

# Porcelain protection sleeve used over cathode rod. 

. .  .. , . 
*.- 

62 b e - e l e c t r o l y s i s ,  had 
nice deposit .  Depos- 
it was large.  

Very la rge  deposi-t . .c 

61 Lower part of deposit  \ ,  
f e l l  i n t o  bathnand w a :  
recovered in tap t .  , 
Washed e n t i r e  deposi t .  
Coarse crystals. 

Deposit f e l l  i n t o  
ba th  and dispersed. f<[ !I 

4 

' j  -- 

I*** 
72 DeFosit w ? ~  very 

la rge  and very coarse. 

r 
-4 
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With 15% thorium ion  concentration, the hardness was I+, 10 (VHN ?0), current 

eff ic iency was 725, and the metal recovery was 99%. 

The phenomenal 99% recovery w i l l  be checked by duplicating the run. It 

i s  qui te  poss ib le ' tha t  s a l t  No, 11 is not homogeneous, and the  s a l t  added t o  

the  bath had more thorium than the  analysis indicates.  Thorium concentration 

of the spent s a l t  bath was l e s s  than 0.6%. A t  any rate,  t he  hardness of 

VHN 70 and current eff ic iency of 72% a r e  qui te  sat isfactory.  

Figure 2 is a photograph of the cathode deposit of run 97-170. 

I n  run 97-166 t h e  lower part of the  deposit f e l l  i n t o  ,the bath and was 

recovered in tac t ,  indicat ing t h a t  it f e l l  off  while r a i s ing  the cathode out 

of t he  bath. The appearance of the metal, gray, la rge  crystals ,  was very good. 

The part of the  deposi t  which f e l l  i n t o  the  bath was washed with the  remainler 

of t he  deposit. T h i s  may account f o r  the 
1 

of F$ 54, which was higher 

than expected. The e f f ec t  which the lower current density, 125 amps/dma, .had 
I 

s upon the hardness w i l l  be checked by duplicating the run. 

Concentration of thorium ion W i l l  be increased t o  a l i m i t  conelusive t o  

maximum current efficiency and yield,  From these data  a correlat ion of 

current densi ty  vs. thorium ion concentration, p a r t i c l e  size, and metal 

hardness w i l l  be made. 

A. Cold R O l l i q  

A 1s-gram p e l l e t  of thorium metal with a hardness of VHN 70 (run 

97-170) was cold ro l l ed  from 0.206 inches t o  0.035 inches before appearance 

of edge cracking. 

inches uithout fur ther  edge cmcking, an overal l  97% reduction by cold ro l l ing ,  

' I  

Cold ro l l i ng  was continued t o  a thickness of 0.006 

n, 

a 

being obtained. 
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Pigure 2 

Cell  II 97-170 Thorium - Reduced t o  half s ize  

. 
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B. Use of Po-rcelain Cathode Protection Sleeve 

The cathode rod is  made of 1/24nch diameter nickel rod threaded 

The cathode 

During 

. 
i n t o  a s teel .cathcde t i p  upon which the deposit is  made. 

t i p  i s  a cylinder of 3/h ihch diameter, 2 inches i n  length. 

e lec t ro lys i s  about 1/2 inch of tne protection sleeve is  immersed i n  the 

bath. 

8 *I 

One change i n  t h e  e l ec t ro lys i s  procedure has been the subst i tut ion 

of an unglazed porcelain protection sleeve on the nickel  cathode rod f o r  

the  previously,used graphite sleeve. T h i s  was done t o  eliminate carbide 

formation on the cathode deposit from the sleeve. 

made.using t h e  porcelain sleeve, there  was no acetylene odor. 

d e f i n i t e  improvement over the  graphite'  sleeve.uhich previously had 

always corbided and contaminated,the thorium metal product. 

I n  the  runs which w e r e  

This is a 

I 

The service l i f e  of these porcelain sleeves .under ac tua l  e lec t ro lys i s  

conditions w i l l  be determined. 

IV. DESIGN AND CONXRUFTICBJ CF A C U A B U  OF F30DUCING "EX POUNDS OF 
METAL PER CATHODE Ti 

An intermediate-sized cell  has been aesigned and constructed which i s  

similar i n  pr inciple  t o  the  smaller c e l l s  used i n  previous work. 

The cell was tes ted  i n  the operating temperature range t o  uncover veak , 

points of design and conszruction. Several corrective changes have been made \ 
.I 

and t he  c e l l  i s  now ready f o r  e l ec t ro ly t i c  study. 

Complete d e t a i l s  

Quarterly Report. 

regarding t h i s  c e l l  will be included 

8 . )  ...... .A. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  ..... . . . . . . . . . . . . . . . . .  ....................... . . . .  E: : .... :.: : : *:.: : 

i n  t h e  next 
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-- V. CONCLUSIOMg 

The process f o r  producing NaC1-ThC14 as a c e l l  feed material  by melting ' 

("&l),ThCl, with N a C l  under a chlorine atmosphere has proved t o  be satis- 

factorg. The chemical engineering problems involved are not complicated, a d  

the  metal produced from i h e  c e l l  feed material  i s  verg acceptable with regard 

t o  hardness and cold duc t i l i t y .  

The determination of e l ec t ro lys i s  conditions f o r  maximum eff ic iency 

carried out i n  a c e l l  capable of producing 150-300 grams of thorium metal 

per cathode is reaching a sa t i s f ac to ry  conclusion. Increasing the thorium 

ion concentration while maintaining a cathode current densi ty  of about 185 

amps/dma resul ted i n  increased current efficiency, increased metal recovery, 

and lower hardness 'thorium product. 

m e c t r o l y s i s  i n  the intermediate-sized c e l l  capable of producing 5- 10 

lbs. of metal per cathode can commence shortly i n  view of the sa t i s f ac to ry  

results thus far obtained i n  the  determination of e l ec t ro lys i s  conditions i n  

the smaller ce l l .  .- 
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