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S il M ' M  A R Y 

The period ending A p r i l G  was hos t  t o  a numher of process  changes i n  the 

deve lopmnt  program under c o n t r a c t  _4T( 30-1 1-1335. .? t r a n s i t i o n  program, e l imina t ing  

most of t h e  wet chemical techniques f o r  t h e  p r e p a r a t i o n  of c e l l  f eed  and re- 

placing these  wi th  a high temperature c h l o r i n a t i o n  process ,  was begun. A 

complete metamorphosis cannot he achieved f o r  s eve ra l  weeks , however, t h i s  
8 

. b e i w  dependent upon t h e  r e c e i p t  o f  a l a r g e  continuous f i l t e r .  

A number of e l e c t r o l y t i c  runs of an e x p r i m e n t a l  na tu re  were completed i n  

Nark 11, XX and XXV e l e c t r o l y t i c  c e l l s ,  and the  l a t t e r  u n i t  was completely re- 

b u i l t  i n  o r d e r  t o  e v a l u a t e  the use of  ceramic components f o r  c e l l  l i n i n g  ap- 

p l i c a t i o n s .  

A t  . the e& o f  t h e  r e p o r t  period it developed t h a t  t h e  technique u t i l i z e d  

a t  Horizons f o r  KC1-insoluhles de t e rmina t ion  d i d  n o t  co inc ide  w i t h  t h a t  i n  use 

a t  b.EC i n s t a l l a t i o n s ,  and t h a t  t h e  l a c k  of c o r r e l a t i o n  of r e s u l t s  p o s s i b l y  was  

due t o  improper equipment and process  innovat ions.  

-Crushing tests on a F i t z  mill were i n i t i a t e d  and t e n t a t i v e  conclusions 

a r e  t h a t  t h i s  type of equipment i s  s u p e r i o r  t o  a combination af j aw and r o l l  

crushing f o r  producing more uniform metal product powder s i z e s  and a minimum 

q u a n t i t y  of f i n e s .  
3 

Small  s c a l e  c h l o r i n a t i o n  experiments have i n d i c a t e d  t h e  f e a s i b i l i t y  of 

p e l l e t i z i n g  thorium oxycnrbonate f o r  feed t o  a continuous high temperature 

c h l o r i n a t o r .  A mdium-sized c h l o r i n a t o r  i s  c u r r e n t l y  under c o n s t r u c t i o n  which 

w i l l  e v a l u a t e  thorium oxycarbonate a s  a feed m3te r i a l  w i t h i n  the next r e p o r t  per iod.  

A p o r t i o n  of t h e  r e p o r t  pe r iod  was devoted t o  an ' i n t ens ive  clean-up and 

decontamination campaign, t o g e t h e r  with t h e  r e l o c a t i o n  of c w t a i n  p i e c e s  of 

equipment i n  order  t o  place a l l  ope ra t ions ,  both experimental  and p i l o t ,  i n  a 



Summary (Cont .) 
I 

The program dur ing  t h e  coming r e p o r t  period w i l l  have major emphasis on . 

t h e  p r e p a r a t i o n  of a s i z a b l e  q u a n t i t y  of h igh  concen t r a t ion  c e l l  f e e d  i n  

a n t i c i p a t i o n  of a cont inuous c e l l  campaign i n  the  Mark V I  c e l l  i n  l a t e  May o r  

, , e a r l y  June 

'n t . 
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INTRODUCTION 

Continued e f f o r t s  under c o n t r a c t  AT(30-1)-1335 f o r  t he  developrnent of 

r an economically and technically f e a s i b l e  method of producing thorium m t a l  

have continued during t h e  present  r e p o r t  per iod.  F i n i t e  p rogres s  has been 

hampered somewhat b y  the  dec i s ion  t o  modify the  process ,  i n s t a l l  and p l ace  

i n t o  ope ra t ion  new pie.ces of equipment, as  well as  an apprec i ab le  amount of 

time expended on decontaminating c e r t a i n  a r e a s  of the l a b o r a t o r y .  An AEC 

h e a l t h  and s a f e t y  l a b o r a t o r y  r e p o r t  on ope ra t ing  cond i t ions  a t  Horizons 

Incorporated prompted Horizons 

phys ica l  f a c i l i t i e s  being u t i l i z e d  by  the p r o j e c t ,  inasmuch a s  t h e y  were n o t  , 

f o r m r l y  w i t h i n  a r e s t r i c t e d  a r e a .  Because of t he  i n h e r e n t  r a d i a t i o n  hazards 

management t o  change the  l o c a t i o n  of c e r t a i n  

. 

\ 

involved,  it was deemed necessa ry  t o  r e l o c a t e  c e r t a i n  ope ra t ions  i n  the i n t e r e s t s  

of hea l th , and  s a f e t y  of personnel  b o t h  on and o f f  this p a r t i c u l a r  e f f o r t .  

I n s o f a r  a s  poss lb l e  the p rogres s  of r e s e a r c h  and development work has 

continued, t h e  r e s u l t s  of which w i l l  be desc r ibed  below. 

Cell Feed P repa ra t ion  

P repa ra t ion  of C e l l  Feed by ?%et Chemical P rocesses  

The p repa ra t ion  of e l e c t r o l y t i c  c e l l  f eed  b y  wet chemical techniques 

was continued throughout most of t h i s  per iod,  p r i m a r i l y  i n  o r d e r  t o  complete 

the m a t e r i a l s  which were i n  progress  during t h e  e a r l y  s t a g e s  of t h e  month. 

Current plans w i l l  involve s h u t t i n g  down t h i s  ope ra t ion  e a r l y  i n  May i f  the 

a l t e r n a t i v e  approach t o  c e l l  feed p r e p a r a t i o n  proves s a t i s f a c t o r y .  C e r t a i n  

a sped t s  oT.the wet chemical method w i l l  s t i l l  be u t i l i z e d ,  inasmuch as  the  

modified process  invo1ve.s the p r e p a r a t i o n  of thorium oxycarbonate by chemical 

p r e c i p i t a t i o n  from a n i t r a t e  s o l u t i o n  through the  r e a c t i o n  w i t h  sodium carbonate.  
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A continuous f i l t e r  is  on o r d e r  f o r  i n c l u s i o n  i n  t h i s  process ,  and a continuous 

b e l t  d r i e r  a l r e a d y  has been completed and c u r r e n t l y  i s  going through i t s  

i n i t i a l  exp lo ra to ry  ope ra t ions  p r i o r  t o  a c t u a l  s m a l l  s c a l e  product ion scheduling. 

An experimental  c h l o r i n a t o r  o f  the i n t e r n a l l y  heated v a r i e t y  p a t t e r n e d  a f t e r  

a magnesium c h l o r i d e  r e a c t o r  a l s o  i s  near ing completion and should be i n  

o p e r a t i o n  wi th in  two t o  t h r e e  weeks. 

Some 650 kilograms of contained metal have been processed during t h e  

p a s t  month through va r ious  s t a g e s  of t h e  wet chemical process .  

approximately '70 k i l o g r a m  of contained metal  i n  the form of e l b c t r o l y t i c  c e l l  

feed were on hand and an a d d i t i o n a l  q u a n t i t y  of 173 k i l o g r a m  awaited subl imat ion 

t r e a t  men t . 

A t  t h i s  w r i t i n g  

A p r o p o r t i o n a t e l y  l a r g e  amount of time has been spen t  i n  t h e  s o r t i n g  and 

c l a s s i f i c a t i o n  of r a d i o a c t i v e  s c r a p  m a t e r i a l s ,  t o  the e x t e n t  t h a t  t h e r e  now 

a r e  on hand some 38 drums of m a t e r i a l ,  most of which has been analyzed and 

evaluated f o r  thorium con ten t .  

during t h e  coming month. 

A shipment t o  s c r a p  s to rage  w i l l  be made 

P repa ra t ion  of Cell  Feed b y  Di rec t  Ch lo r ina t ion  Techniques 

During the r e p o r t  per iod six c h l o r i n a t i o n  rkns w e r e  completed i n  the Mark 

XXIII c h l o r i n a t o r  u n i t .  

Table I (page 1 8  ) . 
The results of t h e s e  r e a c t i o n s  a r e  presented i n  

D e t a i l s  of each ,  of t h e s e  c l i l o r ina t ion  e f f o r t s  have been covered i n  previous 

weeHy  r e p o r t s  w i t h  the excep t ion  of run  No. 19, which w i l l  be r epor t ed  on 

here i n  some d e t a i l .  

The n ine teen th  run i n  t h e  Mark X X I I I  c e l l  was an attempt t o  produce a 

45% thorium c e l l  f eed ,  beginning wi th  a 26$ thorium product r e s u l t i n g  from 

No. 18 . .  Thorium n i t r a t e  t e t r a h y d r a t e  was added i n  o r d e r  t o  b r i n g  up t h e  
I .  

thorium content  t o  %he : d e s i r e d  l e v e l .  
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-One hundred and f i f t y  pounds of run No. 18 m a t e r i a l ,  t o g e t h e r  w i t h  30 

pounds of thorium n i t r a t e  t e t r a h y d r a t e ,  were added i n i t i a l l y  i n t o  the  f u r n a c e c  

An a d d i t i o n a l  q u a n t i t y  of 25 pounds of TXT was added while t h e  temperature  

was being r a i s e d  t o  a l e v e l  of about 6So"c. 

e i g h t  hours o f  heat-up and melt-down time. 

added i n  accordance w i t h  the  schedule presented i n  Table I1 (page 1 9  ). 

C h l o r i n a t i o n  was s t a r t e d  fol lowing 

Additional: q u a n t i t i e s  of TNT were 

Most 

completed, b u t  a s  yet a n a l y t i c a l  d a t a  have not bqen made a v a i l a b l e .  These h e a t s  

have had a number of v a r i a t i o n s  imposed upon them, including a de t e rmina t ion  of . 

of the  remainder was added i n  f i v e  o r  t e n  pound i n c r e m n t s  during t h e  l a t t e r  
I 

. s t a g e s  of t he  run. 

Phosgene consumption on t h i s  run  was e x t r e m l y  highp and mey have been 

associated'somewhat with a new type  s p a r g e r  head which was cons ide rab ly  more 

porous than  v a r i e t i e s  fo rmer ly  used. This co inc ides  wi th  small  s c a l e  ex- 

per imental  work which i n d i c a t e d  t h a t  t he  bubble s i z e  of g a s  i s  a c r i t i c a l  

f a c t o r  on the over-al l  conversion r a t e  of t h e  c h l o r i n a t i n g  agent.  

The e x c e p t i o n a l l y  long t iw  requ i red  f o r  t h i s  ope ra t ion ,  and d i f f i c u l t i e s  

i n  furnacing the w l t  during charging c y c l e s ,  tend t o  s u b s t a n t i a t e  f u r t h e r  the 

f a c t  t h a t  thorium n i t r a t e  t e t r a h y d r a t e  i s  not  a s u i t a b l e  s t a r t i n g  material. f o r  

c h l o r i n a t i o n  experiments a t  e l eva ted  temperatures .  The oxycarbonate form 

w i l l  be  used a s  the  s t a r t i n g  source ma te r i a l  a s  soon a s  a s u f f i c i e n t  q u a n t i t y  

becomes a v a i l a b l e  from the wet chemical processing.  

- E l e c t  1'0 c hemi c a l  Operations 

f r e e z i n g  the d e p o s i t s  i n  the bath,  varying i n i t i a l  and f i n a l  ,+,horium con- 

c e n t r a t i o n s  i n  t h e  s a l t  matrix, determinat, ions of thorium c o n c e n t r a t i o n  g r a d i e n t s  

-. 
t 
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w i t h i n  t h e  d e p o s i t ,  the e f f e c t s  of quench cool ing the d e p o s i t ,  r e s u l t s  of 

i n t e n t i o n a l l y  i n o c u l a t i n g  t h e  b a t h  w i t h  i m p u r i t i e s  and many o t h e r  v a r i a t i o n s .  

Evaluat ions o f  t h e s e  h e a t s  w i l l  be held up u n t i l  such t im a s  an a r c  mel t ing 

furnace , c u r r e n t l y  u n d e r  c o n s t r u c t i o n ,  can be completed , i n s t a l l e d  and made 

r e a d y  f o r  ope ra t ion .  

' 

Mark XX E l e c t r o l y t i c  Cell  Operations 

E a r l i e r  i n  the  yea r  a ser ies  of runs i n  t h e  Mark XX e l e c t r o l y t i c  c e l l  

was i n i t i a t e d  i n  an attempt t o  determine t h e  e f f e c t s  of p a r t i c l e  s i z e  and 

c u r r e n t  d e n s i t y  on the  HC1 i n so lub le s  o f  the r e s u l t i n g  metal product.  This 

s e r i e s  now has been completed, b u t  a g a i n  no a n a l y t i c a l  d a t a  a r e  a s  y e t  a v a i l a b l e .  

Add i t iona l  runs i n  t h e  Mark XX c e l l  have been completed, p r i m a r i l y  f o r  

the purpose of s t o c k p i l i n g  m a t e r i a l s  f o r  use i n  metal  washing and recovery 

process  v a r i a b l e  eva lua t ions .  

w i l l  be  removed from s e r v i c e  on o r  about A p r i l  2 5 , ' t h e r e  being no f u r t h e r  

It i s ' a n t i c i p a t e d  t h a t  this e l e c t r o l y t i c  c e l l  

a n t i c i p a t e d  r e q u i r e m n t  f o r  i t s  use.  

Mark XXV E l e c t r o l y b i c  Cell Operations 

The primary o b j e c t i v e  i n  the, o p e r a t i o n  of t h e  Mark. XXV c e l l  during t h e  

p re sen t  r epor t  per iod has been t o  o b t a i n  o p e r a t i n g  d a t a  on heating elements 

and c r u c i b l e  design components. The experiments have included a number of 

mod i f i ca t ions ,  such a s  t h e  i n t r o d u c t i o n  of ceramic p l a t e s  i n s t e a d  of g r a p h i t e  

component p a r t s  f o r  c r u c i b l e  l i n i n g  and v a r i a t i o n s  i n  hea t ing  element des ign ,  

c on s t ruc t i on and pos it i o n i  ng . 
Var ia t ions  i n  t h e  technique f o r  removing molten s a l t  from t h e  e l e c t r o l y t i c  

i 

c e l l  a l s o  have been eva lua ted .  I n  t h e  t h i r t i e t h  run  a siphon tube c o n s i s t i n g  

'of two s e c t i o n s  of metal tubing was joined by a tube union. 

i f  h e a t  were appl ied t o  the  union during t h e  e n t i r e  siphoning ope ra t ion ,  no 

It was found t h a t  

d i f f i c u l t y  was encountered w i t h  freeze-up o r  i n t e r f e r e n c e  i n  s a l t  flow. It 
- 0  
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t h e r e f o r e  becoms  p o s s i b l e  t o  reclaim' used t u b e s  ' t h a t  have imper fec t ions  i n  

t h e m  b y  s e c t i o n i n g  and ad jo in ing  wi th  unions.  I , 

E a r l i e r  experience has shown t h a t  the g r e a t e s t  amount o f  c o r r o s i o n  on 

n i c k e l  siphon tubes had occurred i n  t h e  p o r t i o n  sub jec t ed  t o  continuous ex- 

posure i n  t h e  molten b a t h .  An experimnt t h e r e f o r e  was t r i e d  i n  which 

g r a p h i t i t e  replaced the  n i c k e l  tube i n  t h i s  area of t h e  Isiphon device.  

one run the g r a p h i t i t e  was eplri.ced 8nougd t he  n i c k e l  through the  medium of a 

I n  

. I  s t anda rd  3/4" tube union s p e c i a l l y  machined t o  f i t  a threaded s e c t i o n  i n s i d e  

t h e  g r a p h i t i t e .  

n i c k e l  t u b i n g  d i r e c t l y  i n s i d e  t h e  g r a p h i t i t e  tube w i t h  a very t i g h t  f i t ,  t h e  

j o i n t  being cemented. 

o f  d i f f e r e n t i a l  expansion of t h e  two ma te r i a l s .  

A f u r t h e r  attempt a t  spL2.cing c o n s i s t e d  of p l ac ing  t h e  

The l a t t e r  was n o t  s u c c e s s f u l ,  a p p a r e n t l y  a s  t h e  r e s u l t  

Some a d d i t i o n a l  d a t a  have becom a v a i l a b l e  on c e r t a i n  of t h e  e l e c t r o l y t i c  

I n  the twenty-third (\ I . runs  made i n  the Mark XXV during previous r e p o r t  pe r iods .  

e l e c t r o l y t i c  run the cathode d e p o s i t  was f rozen  i n  t h e  b a t h  under p o l a r i z i n g  

cond i t ions  a f t e r  e l e c t r o l y s i s .  

b a t h  was 6.4$, and cu r ren t  e f f i c i e n c y  based on metal  r ecove ry  was approximately 

The i n i t i a l  thorium c o n c e n t r a t i o n  of t h i s  

8 1 f .  

Table I11 (page 20') p r e s e n t s  t he  r e s u l t s  of a s e r i e s  of hardness tes ts  

on thorium metal produced i n  runs 14 through 21.  

During t h e  l a t t e r  two weeks of t he  p re sen t  r e p o r t  per iod t h e  Mark XXV 

e l e c t r o l y t i c  c e l l  was. t o r n  down completely f o r  c e r t a i n  mod i f i ca t ions  and a 

general  overhaul .  A new g raph i t e  s l a b  c r u c i b l e  has been cons t ruc t ed  and 

i n s t a l l e d  i n  a n t i c i p a t i o n  of an a d d i t i o n a l  s e r i e s  o f  e l e c t r o l y t i c  experiments a 

It was of i n t e r e s t  t o  note t h a t  s a l t  p e n e t r a t i o n  through the  s l a b  c r u c i b l e  

which was r e m v e d  was p r a c t i c a l l y  non-existent w i th  t h e  excep t ion  of a sma l l  

l e a k  a t  one end of t he  c r u c i b l e  where two s l a b  j o i n t s  came t o g e t h e r .  

, 

I --. 
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ModjfJcations j n  the c e l l  and a u x j l j a r j e s  jnclude the  formation and 

i n s t a l l a t j o n  of a hea t  s h i e l d  d i r e c t l y  on the hea t inp  element f l a n g e ,  chanees 

In t h e  desjgn of t h e  r ad4a t ion  hea t  s h i e l d s  rin the upper po r t fon  of the c61.1, 

5 n s t a l l a t I o n  o f  a Hevi-Duty 1?C cons tan t  cu r ren t  r e g u l a t o r ,  r e l o c a t i o n  of t h e  

cooljng system and f a b r i c a t j o n  of a hood t o  cover the upper p o r t j o n  of t h e  

Mark XXV cell u n i t .  

Toward the l a t e r  part of the r e p o r t  per iod a n  i n t e n s i v e  clean-up campajgn 

was i n i t i a t e d ,  including acid etch!.ng o f  t he  f l o o r  followed by p a i n t j n e  and 

the pene ra l  decontamination of the e n t j + e  a r e a .  T t  is a n t j c j p a t e d  t h a t  t h i s  

clean-up campaim w j l l  contjnue f o r  an  a d d i t j o n a l  t e n  days t o  two weeks. 

Metal Recoverr 

Major e f f o r t s  i n  t h i s  department have contjnued toward the  eva lua t ion  o f  

f a c t o r s  a f f e c t i n g ' t h e  HC1-jnsolubles content of Horjzonsl thorjcm metal. 

D j f f j c u l t  j e s  i n  c o r r e l a t i n g  r e s u l t s  wj . th  process  v a r j a t i o n s  contjnued t o  be 

encountered, and t e n t a t i v e l y  it appears probab.le t h a t  t he  analyvt j c a l  procedures 

have been a t  f a u l t .  

The HC1-j-nsolubles procedure u t j l j z e d  t o  d a t e  has dup l i ca t ed  tha. t  pre- 

. scr jbed i n  t h e  p u b l j c a t j o n  governing t h e  c h e m 5 s t r S i  of t h e  Manhattan p r o j e c t  

of some t h r e e  p a r s  ago. 

s a t j . s f a c t o r y  d u p l i c a t e  ana lyses ,  and t h e  procedure became suspec t .  

f o r t u j t o u s l y ' t h e  m a t t e r  was brought up a t  a meeting l n  Oak Ridee and i t  was 

found- t h a t  o t h e r  AEC a f f i l i a t e s  had experjenced s j m l l a r  problems i n  the  ap- 

p l i c a t j o n  of the HC1 determj.natj.on. 

R e c e n t b s t  runs a t  Horjzons, however, f a j l e d  t o  gjve 

Somewhat 

The Oak Ridge Labora to r i e s  appear t o  have res,olved t h e  problem j n  r e c e n t  . .  

months by modjf jcat ions i n  t h e  technjque and equipment used f o r  t he  a n a l y s j s ,  a d  

reported reproducjble  r e s u l t s  t o  wj th jn  about 25%. Modjf icat ions .include t h e  use 

of concentrated H C 1  as  the so lven t ,  wjthout  d i l u t j o n ,  and th'e a p p l j c a t l o n  of r e f l u x  

condensers t o  the  s o l u t j o n  s t e p .  

. 

F i l t r a t - l o n  on f i l t e r  paper and subsequent j p n i t i o n ,  
1 '  
! , 
I .  
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,P as opposed t o  Gooch f i l t e r s  and oven dryjrlp, a l s o  were recommended. 
y. >I. 

These rnodjfjcat 'ons t o  the process  have been l n s t i t u t e d  a t  Horjzons, and 

f i r s t  r e s u l t s  j n d i c a t e  d e f i n j t e l y  improve6 r e s u l t s .  It 5s unfo r tuna te  t h a t  t hese  

a n a l y t i c  techniques were not  app l j ed  t o  Horjzons' problems sooner ,  f o r  much of 

the Nlork on FTC1-insol11hles f a c t o r  would seem t o  be $ub jec t  t o  w e s t i o n .  

While j t  may not be proper  t o  draw f i n a l  conclusjons based on HC1-5nsolubles 

da t a ,  c e r t a i n  t r e n d s  a r e  s u f f i c j e n t l y  e v j d e n t  t o  warrant.  posi  t j v e  s ta tements .  
I 

The p u r j t y  o f  t h e  o r j g i n a l  metal  d e p o s j t s  js a major f a c t o r  j n  the  amount of 

HCl-;nsolubles p re sen t  i n  the  melted p e l l e t .  Another i n t e r e s t i n p  po;nt hrls t h e  

f a c t  t h a t  metal ,  d r i e d  R t  temperatures as high a s  100 C. a f t e r  washinE procedures 0 

had been completed, w a 5  r epor t ed  t o  have intlch lower inso l i ih les  cont ,en ts  t han  

metal  whjch had been vacuum d r i e d  2n a deczj.cator a t  room temperature.  

Eff:ects of P e l l e t i z i n g  on HCl-jnsolubles . 

Almozt without  except ion the re  h a s  been a n o t i c e a b l e  Sncrease ? n  HC1- 

i n s o l ~ i b l e s  content  when goinr' from the powder form t o  1;he melted form. So f a r  

t h ' s  h a s  not been a t t r j b u t a b l e  t o  ox jda t ion  d u r j n e  meltinfr, based on r e s u l t s  

obtained from t j t a n i u m  o f  j d j d e  r r ade  Sn t h e  same fu rnace  melted under sub- 

s t a n t i a l l y  ?dent ica l .  condritj.ons. It t h e r e f o r e  appears  t o  be i n h e r e n t  j n  the  

metal  i t s e l f ,  .and a major amount of j n v e s t i p a t j o n  has been ajmed a t  the  r e s o l u t j o n  

of j u s t  what causes t h j s  phenomenon. 

p e l l e t i z e d  samples, j u s t  p r j o r  t o  meltj.ng, were analyzed f o r  HC1-insolubles. It , 

was found t h a t  even i n  t h i s  form a major i nc rease  i n  j n s o l u b l e s  c o n t e n t  

As a f i rs t  s t e p  j n  t h j s  d j r e c t j o n  some 

had a l r e a d y  occurred, approximately t o  the  same l e v e l  as was normally 

found i n  t h e  melted specimen. A s e r i e s  t h e r e f o r e  was arranged i n  whjch 

the  p re s su re  u t i l i v e d  Jn p e l l e t j z l n p  was made t h e  major v a r j a b l e .  T a b l e  IV 

(pape 20) summarizes the,  r e s u l t s  obtained j n  t h  5s exprimen-t..  With r e fe rence  

t o  Table JV, I t  Js most j n t e r e s t i n g  t o  note  t h a t  on t h r e e  d i f f e r t i n t  a n a l y s e s  

of the  powder, . c a r e f u l l y  sampled, t he  H C1'- j n s o l u  b 1 e s 
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being manufactured b y  t h e  F i t z p a t r i c k  o rgan iza t ion .  

did not  i nc lude  t h e  weights of e x t r e m l y  f i n e  ma te r i a l ,  p o s s i b l y  l ess  t h a n  

-325 mesh, which was c a r r i e d  over i n  the washing ope ra t ion  and c o l l e c t e d  i n  

These d a t a  u n f o r t u n a t e l y  

r epor t ed  ranged from &6% t o  1.11$. This is t y p i c a l  of t h e  r e s u l t s  we have 
.r 

been g e t t i n g  during t h e  l a s t  s e v e r a l  months i n  t r y i n g  t o  c o r r e l a t e  t h e  

e f f e c t s  of va r ious  t r ea tmen t s  on t h e  metal powder. It i s  f e l t  t h a t  t h e s e  

cond i t ions  because of a sho r t age  of f eed  ma te r i a l ,  it i s  a n t i c i p a t e d  t h a t  even 

f u r t h e r  improvement could be made i n  t h e  s i z i n g  r e s u l t s  p rov id ing  s u f f i c i e n t  

experimentat ion were allowed. 

t h a t  a F i t z  m i l l  be considered f o r  c rush ing ‘o f  t he  cathode d e p o s i t  i n  a p i l o t  

o r  product ion p l a n t .  

F ac il i t i e  s Mod i f  i c  a t  i on s 

Up u n t i l  t h e  present  t i m e  most of the expe r i rmnta l  washing ope ra t ions ,  

t he  melting and p e l l e t i z i n g  f a c i l i t i e s  and a number o f  o t h e r  r e l a t e d  ope ra t ions  

have been l o c a t e d  ou t s ide  t h e  r a d i a t i o n  r e s t r i c t e d  a rea .  Because of t h e  

Based on t h e s e  d a t a ,  i t  would be o u r  recommendation 

r e l a t i v e l y  high r a d i a t i o n  contamination a s s o c i  w i th  these  ope ra t ions ,  
f -  H O R I Z O N S  I N C O R P O R A T E D  
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. .  Horizons' management has decided t h a t  i t  i s  necessa ry  t o  modify t h e  b u i l d i n g  

l a y o u t  i n  o rde r  t o  enclose these  o p e r a t i o n s  completely.  Inadequate  d u s t  1 
1 

I 

c o l l e c t i o n  and fume c o l l e c t i o n  systems were a v a i l a b l e  i n  t h e  a r e a s  w h e d  
* I  

t h e s e  ope ra t ions  were being c a r r i e d  on, and from a s t r a i g h t  hea l l i h ' s t andpo in t  

i t  seems improper t o  continue the  ope ra t ion  any f u r t h e r . i n  i t s  present  l o c a t i o n .  

Accordingly, t h e s e  phases of t h e  program have now been completely removed 

from the f r o n t  p o r t i m  of b u i l d i n g  B and a r e  se t  up on a temporary b a s i s  i n  

t h e  c e l l  room u n t i l  such time a s  c e r t a i n  major p i eces  of equipment can be 

removed from t h e  c e l l  o p e r a t i o n  a r e a  and a p o r t i o n  of t h e  b u i l d i n g  wal led o f f  

t o  house these  ope ra t ions .  Personnel normally assigned t o  metal  recovery 

processing have been u t i l i z e d  f u l l  tine f o r  decontamination o p e r a t i o n s ,  and 

b v e  been v e r y  s u c c e s s f u l  i n  e l imina t ing  almost completely t h e  background 

d p h a  count i n  the  rooms p r e v i o u s l y  occupied b y  t h e  washing department.  

i s  hoped t h a t  this group can be g o t t e n  back i n t o  a t  l e a s t  small s c a l e  o p e r a t i o n  

w i t h i n  the coming week. 

It * 

$ 1  

Experimental Program 

Small Scale  Expe r im  n t a1 C N  or ina  t i on Ope r a t i o n s  

Sone a d d i t i o n a l  work has been done during t h e  p a s t  month i n  e v a l u a t i o n s  

o f  the cascade system approach t o  h ighe r  u t i l i z a t i o n  of c h l o r i n a t i n g  agents .  

I n  one such experiment t h r e e  vycor tube  furnaces  were u t i l i z e d ,  each b e i n g  , 

charged w i t h  26 grams of KCl-NaC1 e u t e c t i c  mixture,  some 40 grams of b a s i c  

thorium oxycarbonate being added f o r  c h l o r i n a t i o n  purposes.  Hydrogen c h l o r i d e  

gas a t  a r a t e  o f  fou r  mols per hour was sparged i n t o  t h e  No. 1 furnace,  t h e  

off-gases  from this pass ing  through s u l f u r i c  ac id  drying towers ,  thence i n t o  

furnace No. 2 ,  and t h i s  ope ra t ion  repeated f o r  fu rnace  No. 3 .  It was found 

t h a t  c h l o r i n a t i o n  was complete in fu rnace  No. 1 a f t e r  200 minutes,  i n  fu rnace  

No. 2 a f t e r  145 minutes and i n  furnace Mo. 3 i n  285 minutes. These r e s u l t s  

H O R I Z O N S  I N C O R P O R A T E D  - - n  
^ _ r  I, 

C n  \.: - . I  L u e r .  - . ~ "  - " ~  . _ _  ~ ..,. . ,  . ,' ., 
. . , . ,  ~ - * ?,l -, ., - ^ - ,  _. .... , , I, ~. .-I 

' , . r *  
I .  

0 0 0  0 0 0 0 0  0 0 0 0  0 0  o n  ... ... .. . ... .. .. * ' I  ? .$ 
. .. ... . ... ... .. .. . . . ... .. 



- 10 - 
c e r t a i n l y  show t h a t  exhaust  gases  can be passed through a s e r i e s  o f  fu rnaces ,  I 

. t h u s  inc reas ing  the e f f i c i e n c y  of hydrogen c h l o r i d e  gas as a c h l o r i n a t i n g  

agent t o  a marked e x t e n t .  Due t o  t h e  unusual o r d e r  .of completion, t h i s  

experiment w i l l  be repeated wi th  SOIIE modif icat ions.  I n s t e a d  of running all 

I. , . u n i t s  t o  completion, t he  experirrent w i l l  be stopped a s  soon a s  any one of t he  

t h r e e  fu rnaces  has produced a c l e a r  product .  Analyses w i l l  t hen  i n d i c a t e  t h e  , 

r e l a t i v e  e f f i c i e n c y  of the o t h e r  two i n  the s e r i e s .  

The second experiment d u p l i c a t i n g  t h e  one descr ibed above has been run 

and t h e  m a t e r i a l  submitted f o r  ana lyses .  A s  ye t ,  no d a t a  a r e  a v a i l a b l e ,  

In an at tempt  t o  product 100% thorium t e t r a c h l o r i d e ,  40 grams of b a s i c  

thorium carbonate  were charged i n t o  a vycor tube furnace and heated t o  525°C. 

f o r  one hour. Chlorine gas  was bubbled through carbon t e t r a c h l o r i d e ,  and the 

off-gases sparged through the d r y  carbonate f o r  t h e  e n t i r e  per iod of t i m e ,  

This material. has  been submitted f o r  analyses .  

A s e r i e s  of runs has been completed i n  which a sa l t  mixture con ta in ing  

two mols of sodium ch lo r ide  and one mol of potassium ch lo r ide  have been 

enriched s u c c e s s i v e l y  w i t h  thorium t o  l e v e l s  approximating 10% t o  90% thorium 

t e t r a c m o r i d e  i n  s t e p s  of 10%. These  mater ia l s  w i l l  be u t i l i z e d  t o  d e t e r m i n e  

the l i q u i d u s  and s o l i d u s  l i n e s  i n  the t e r n a r y  system NaC1-KC1-ThC1,. 

A f u r t h e r  experiment was made i n  an attempt t o  c h l o r i n a t e  b a s i c  thorium . 

carbonate i n  s t r a i g h t  sodium c h l o r i d e  a t  800OC. u t i l i z i n g  hydrogen c h l o r i d e  gas 

a s  the r e a c t a n t .  The r a t e  of r e a c t i o n  proved t o  be extremely slow and the 

experiment was d i scon t inued  be fo re  i t  was completed. 

- 

A f u r t h e r  s e r i e s  of experiments was run i n  which bas i c  thorium carbonate 

was d r i e d  a t  240°C. f o r  1-1/2 hours and served a s  a s t a r t i n g  m a t e r i a l  f o r  

eva lua t ions  of p e l l e t i z e d  products i n  the c h l o r i n a t i o n  o p e r a t i o n s .  A por t ion  
, '  

of the d r i e d  carbonate  was ground i n  a pebble m i l l  and pressed i n t o  one gram 
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I n  one such r u n  u t i l i z i n g  t h e s e  p e l l e t s ,  a KC1-NaC1 e u t e c t i c  mixture 

. held a t  700°C. was en r i ched  w i t h  the p e l l e t i z e d  thorium oxycarbonate and 

sparged w i t h  hydrogen ch lo r ide  g a s .  The c h l o r i n a t i o n  r e a c t i o n  went t o  

completion, i n d i c a t i n g  t h a t  a p e l l e t i z e d  product  i s  .a s a t i s f a c t o r y  f eed  f o r  

c h l o r i n a t i n g .  

To check f u r t h e r  t he  f e a s i b i l i t y  of a p e l l e t i z e d  product ,  two simultaneous 

r e a c t i o n s  were run i n  which thorium oxycarbonate i n  p e l l e t  form' was charged 

t o  one furnace ard thorium oxycarbonate i n  the powder form charged t o  another .  

E3ch was t r e a t e d  a t  t h e  same temperature and w i t h  the same hydrogen c h l o r i d e  

gas  f low.  There was no no t i ceab le  d i f f e r e n c e  between the r a t e s  of c h l o r i n a t i o n  

i n  the two experiments .  

I n  a s t i l l  f u r t h e r  experiment u t i l i z i n g  p e l l e t s  and powder, it was ,found 

t h a t  even though t h e  p e l l e t i z e d  form is used, t h e  oxycarbonete should be 

added inc remen ta l ly .  If too  l a r g e  a quant ' i ty i s  added a t  any one time, t h e  

mixture goes through a p a s t y  s t a g e  and c h l o r i n a t e s  o n l y  w i t h  d i f f i c u l t y .  

o p e r a t i o n  of a l a r g e  s c a l e  c h l o r i n a t o r  would t h e r e f o r e  be envisioned w i t h  a 

The 

continuous o r  s emi-continuous charging of p e l l e t i z e d  b a s i c  thorium carbonate 

i n  s m a l l  incremental  q u a n t i t i e s ,  r a t h e r  t h a n  p e r i o d i c  charges  of l a r g e  q u a n t i t i e s  

of t h i s  m a t e r i a l ,  

* 

Rates  of Chlor inat ion - HC1 VS. COCA 
I n  o rde r  t o  e v a l u a t e  t o  a f u r t h e r  e x t e n t  t h e  r e l a t i v e  e f f e c t s  of hydrogen 

c h l o r i d e  and phosgene a s  c h l o r i n a t i n g  agents,  two sets of d u p l i c a t e  experiments 

were run u t i l i z i n g  these t w b  r e a c t a n t s  on Lindeay oxycarbonate and pre-dried 

oxycarbonate made a t  Horizons. Table VI. (page 2 1  ) compares t h e  r e s u l t s  of 

t hese  t e s t s ,  r ep resen t ing  the  number of minutes r equ i r ed  t o  r e a c t  each of a 

s e r i e s  o f  five-gram thorium oxycarbonate a d d i t i o n s .  

It i s  i n t e r e s t i n g  t o  note i n  Table VI t h a t  appa ren t ly  du r ing  the  i n i t i a l  

0 0 0  0 0 0 0 0  0 0 0 0  o c  0 0  . . . . . . . . . . . . . . . . .  ........................ . . . . . . .  
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'I:, s t a g e s  of c h l o r i n a t i o n  , befo re  t h e  thorium content  becomes t o o  .high, hydrogen 

c h l o r i d e  gas  i s  f a r  more e f f i c i e n t  t h a n  phosgene i n  the  conversion t o  t h e  

c h l o r i d e .  

e 

However, ' i t  appears  t e n t a t i v e l y  t h a t  t h e  r eve r se  is t r u e  f o r  higher 

c oncen t r a t ions  . 
discounted,  s i n c e  under similar cond i t ions  20 grams of wet process  carbonate 

have i n  t h e  p a s t  been c h l o r i n a t e d  w i t h  hydrogen c h l o r i d e  gas  i n  a s  l i t t l e  a s  

90 minutes,  a s  compared with n e a r l y  LOO minutes i n  the  case c i t e d  i n  the  t a b l e .  

Apparent ly  t h i s  r e a c t i o n  r a t e  i s  s t r o n g l y  dependent upon the temperature t o  

which t h e  oxycarbonate has been d r i e d ,  and p o s s i b l y  i s  r e l a t e d  t o  t h e  amount 

of CO, d r i v e n  off of t h e  oxycxbona te  a s  a r e s u l t  o f  over-heating. 

The a c t u a l  t i r e s  r ep resen ted  i n  Table V I  should perhaps be 
-. 

Q u a l i t a t i v e l y  it has been noted t h a t  when u t i l i z i n g  hydrogen ch lo r ide  

gas as the c h l o r i n a t i n g  agent,  t h e  g r e a t e r  p a r t  of t h e  thorium oxycarbonate 

appears t o  r e a c t  t o  form t h e  thorium t e t r a c h l o r i d e  i n  a r e l a t i v e l y  s h o r t  per iod 

of time. However, i n  o r d e r  t o  complete the c h l o r i n a t i o n  t h e  r e a c t i o n  g e n e r a l l y  

has t o  be continued f o r  an apprec i ab le  l e n g t h  of time, t h i s  being p a r t i c u l a r l y  

t r u e  i n  a b a t h  con ta in ing  ve ry  high con ten t s  of thorium t e t r a c h l o r i d e .  I n  

o r d e r  t o  c o r r e l a t e  the time of hydrogen c h l o r i d e  flow w i t h  t h e  per cent  - 
conversion, a s e r i e s  of e x p e r i m n t s  was r u n  iln wnich Z L  grams o f  a c e l l  f e e d  

con ta in ing  4@ thorium were melted i n  each of t h r e e  vycor tube furnaces  a t  

700°C. I n  one of t h e s e  fu rnaces  f i v e  grams of b a s i c  thorium carbonate were 

added and sparged f o r  one hour w i t h  hydrogen ch lo r ide  gas  a t  a r a t e  of f o u r  

mols p e r  hour. In the second u n i t  t e n  grams of t h e  carbonate were added and 

sparging was continued f o r  two hours. I n  the  t h i r d  furnace 15 grams of carbonate  

,yere  added and t h e  r e a c t i o n  c a r r i e d  out f o r  t h r e e  hours. The products of t h e s e  

ope rn t ions  a m  c u r r e n t l y  i n  f o r  a n d y s i s ,  b u t  the r e s u l t s  a s  y e t  a r e  not 

avai- lable  

..,. _. 
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. P r e p a r a t i o n  of Thorium Chloride w i t h  Carbon and Chlorine 

Some f u r t h e r  work has been done du r ing  t h e  p r e s e n t  r e p o r t  per iod i n  an 

a t t empt  t o  produce thorium t e t r a c h l o r i d e  with carbon and c h l o r i h e  a s  t h e  

r e a c t a n t s .  

d r i ed  a t  200"C.for two hours,  'was u t i l i z e d  f o r  the s t a r t i n g  m a t e r i a l .  

For t h e s e  expe r inen t s  wet process  b a s i c  thorium carbonate,  oven- 

Th i s  

product  analyzed 4.5% water  and 14% carbon d iox ide .  

m i l l  w i th  lampblack i n  a r a t i o  ranging from s@ t o  150% of  the t h e o r e t i c a l  

r e q u i r e d  f o r  t he  reduc.tion of thorium oxycarbonate. 

pressed i n t o  p e l l e t s  1/2" i n  diameter  and approximately 1/8" t h i c k .  

It was mi l l ed  i n  a ball 

These m i A u r e s  then were 

Sodium chloride-potassium c h l o r i d e  e u t e c t i c s  were u t i l i z e d  i n  the experiments,  

melting the b a t h  a t  700°C. and charging approximately 30 grams of p e l l e t s  over  

a 15-minute per iod t o  20 grams of the e u t e c t i c ,  spa rg ing  c h l o r i n e  g a s ' a t  a 

r a t e  o f  two cub ic  f e e t  per hour. 

f o r  1-1/2 hours fol lowing the f i n a l  add i t ion .  

I n  each e x p e r i m n t  t h e  gas  flow was maintained 
1 : .  

The r e s u l t s  o f  t h e s e  experiments 

have been .submitted f o r  ana lyses ,  b u t  as y e t  no d a t a  a r e  a v a i l a b l e .  

---- Evaluation of Ceramic M a t e r i a l s  

For the p a s t  s e v e r a l  months t h e r e  has been a small  s c a l e  e f f o r t  i n  the 

ceramics d e p a r t r e n t  a i w d  a t  the e v a l u a t i o n  of ceramic bodies  f o r  a p p l i c a t i o n  

in c o n t a c t  w i th  molten s a l t  systems.. Some d i f f i c u l t i e s  have been experienced 

i n  ob ta in ing  s u i t a b l e  c r u c i b l e  m a t e r i a l s  which will n o t  contaminate s a l t s ,  

and furnace designs capable  of maintaining h igh  temperatures  f o r  months a t  

a time i n  o r d e r  to c a r r y  out t h e s e  tests p rope r ly .  4s a r e s u l t  of b u i l d i n g  

s e v e r a l  types of f u r n a c e s  a design f i n a l l y  has been found which seems t o  

se rve  adequately,  and t h r e e  a d d i t i o n a l  u n i t s  a r e  being cons t ruc t ed .  

' ,To d a t e  a number of de t e rmina t ions  have been completed, and KcDaniel 

Mul l i t e ,  S t a r  P o r c e l a i n  No. 148 and IT. S .  Stoneware E l i t e  a l l  appear t o  be 
\ 

adequate f o r  molten sal t  s e r v i c e .  T h i s  e x p e r i m n t a l  work w i l l  continue f o r  

- -  - - _ _ _  C" - - I  

s e v e r a l  months i n  t h e  f u t u r e .  
M O R I Z O W S  I N C O R P O R A T E D  
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Ext rus ion  of Thorium & t a l  

a On A p r i l  5 a p i ece  of l ead  was extruded i n  Horizons' experimental  thorium 

e x t r u s i o n  equipment i n  o r d e r  t o  determine t h e  w o r k a b i l i t y  of the e x t r u s i o n  d i e  

and a s soc ia t ed  equipment. 

w i th  no d i f f i c u l t i e s  being encountered. 

It was found t h a t  t he  l e a d  extruded v e r y  n i c e l y  

F o r t i f i e d  w i t h  the knowledge t h a t  there was nothing unworkable i n  t h e  d i e  

design, a q u a n t i t y  of thorium metal powder con ta in ing  0.43% HC1-insolubles 

was obtained,  compacted cold a t  a p re s su re  of f ive tons p e r  sq. i n .  and 

s i n t e r e d  a t  1830'F. f o r  one hour. 

averaging 2 x lo-' mm. of mercury. 

cold t r a p  during the  e n t i r e  s i n t e r i n g  ope ra t ion .  

The s i n t e r i n g  was done under a vacuum 

Liquid n i t rogen  was maintained i n  a 

The s i n t e r e d  product showed a d e n s i t y  of 7.64 grams p e r  cubic cent imeter  

and an HC1-insolubles con ten t  of 1.38%. 

a white  l a y e r  on the ou t s ide  of t he  specimen along wi th  wh i t e  p a r t i c l e s  i n s i d e  

the specimen f a i r l y  randomly d i s t r i b u t e d .  

g r a m  load were measured a s  fol lows:  

Metallographic examination showed 

Knoop microhardnesses wi th  a 50- 

54, 49, 57, 52. 

P r i o r  t o  i n i t i a t i o n  of t he  e x t r u s i o n  the  i n s i d e  of t h e  c o n t a i n e r  and 

the  e n t i r e  s u r f a c e  of t he  d i e  were thoroughly coated w i t h  four  layers of a 

g r a p h i t e  l u b r i c a n t .  

The furnace was assembled and evacuated overnight .  

microns as  an u l t i m a t e  vacuum p r i o r  t o  heat ing.  The furnace was then heated 

t o  230°F. f o r  two hours f o r  moisture e l imina t ion ,  a f t e r  which an u l t i m a t e  

vacuum of  35 microns was obtained.  The fu rnace  and d i e  assembly w e r e  f l u shed  

w i t h  argon twice and the temperature r a i s e d  t o  l275"F. 

The s i n t e r e d  Slug a l s o  was coated wi th  this dag ma te r i a l .  

It pumped down t o  28 

A t  a l o a d  of bb,OOO l b s .  per square inch  the thorium began t o  extrude a t  

a r a t e  of 1/16'? p e r  minu.te. 

and r e s u l t e d  i n  extruding a s l u g  1-11/32?' l ong  i n t o  a rod 12-1/8" long ,  t h e  

The l o a d  was held cons t an t  throughout t h e  run, 
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l a t t e r  havinc: a diameter  of 0,255". 

- .. . _ .  .- 

After completion of t h e  ex t rus ion  the fu rnace  and d i e  assembly were 

cooled t o  room temperature and t h e  s p e c i m n  removed. 

extruded rod was b l a c k  and p i t t e d  f o r  a l e n g t h  o f  approximately 1-1/2". 

The appearance o f  t h e  remaining po r t ion  o f  t h e  rod was good and t h e  rod. showed 

adequate d u c t i l i t y  b y  the  q u a l i t a t i v e  t e s t  of bending i t  back and f o r t h .  

The i n i t i a l  end o f  the 

Knoop hardness values  using a SO-gram l o a d  on the  end of the' extruded 

rod measured 65, 73,  62, 75, 69 and 66. HC1-insolubles ana lyses  on t h e  Fod 

showed 1.68% inso lub le s .  

Metallographic examinations of the l o n g i t u d i n a l  s e c t i o n  o f  t h e  rod showed 

a l a r g e  number of white s t r i n g e r s  which produced a somewhat banded s t r u c t u r e .  

The s e c t i o n s  appear t o  be f a i r l y  homogenous. 

Considerable d i f f i c u l t y  was experienced i n  removing po r t ions  of t he  d i e  

from the female s e c t i o n .  As a r e s u l t  of t h i s  ope ra t ion  t h e  d i e  became v e r y  

b a d l y  scored and could not be used again.  I n  o rde r  t o  make i t  somewhat e a s i e r  

t o  remove t h e  d i e  f r o m  t h e  con ta ine r  on t h e  next  run, t h e  bottom of t h e  hole 

i n  the female p o r t i o n  w i l l  be opened up f o r  approximately 1/32" on the diameter  
~ 

f o r  a h e i g h t  .of 1" t o  f a c i l i t a t e  removal of t h e  i n t e r n a l  component p a r t s .  

Die modif icat ions B E  expected t o  be completed w i t h i n  a week. 

Me ta l log raph ica l ly  the  r e s u l t  of t he  e x t r u s i o n  t e s t  appeared somewhat 

confusing.  

one would have expected from 5% t o  l@ i n s o l u b l e s  i n  the  rhetal. 

t o  th is ,  the i n s o l u b l e s  con ten t  was l e s s  t h a n  2%. 

Based on t h e  a r e a  covered b y  t h e  second and t h i r d  phases p re sen t ,  

I n  c o n t r a s t  

Accordingly, a s m a l l  

' 1  

I 

q u a n t i t y  of t h e  white  phase, which had concentrated t o  a marked e x t e n t  on 

t h e  s lug  p r i o r  t o  e x t r u s i o n ,  was scraped off  and submitted t o  the physics  

department f o r  X-ray analysis. 

appears t e n t a t . i v e l y  t h a t  t h e r e  a r e  indicatLons of two forms o f  thorium n i t r i d e  

While r e s u l t s  are not  completely proven, it 
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b 
i n  t h i s  m a t e r i a l .  'This resul t  un fo r tuna te ly  has not been confirmed b y  the 

a n a l y t i c a l  chemistry group, which r e p o r t s  a v e r y  low n i t rogen  Content 

Addit ional  i n v e s t i g a t i o n s  w i l l  be made i n  an at tempt  t o  e x p l a i n  the presence 

of this r a t h e r ' p c u l i a r  phase, which i s  s e p a r a t e  and d i s t i n c t  from the  gray- 

colored thorium oxide.  

Future  P1ans 

It i s  expected t h a t  t h e  coming month w i l l  see  major e f f o r t s  app l i ed  t o  

working out the bugs i n  processes  f o r  producing c e l l  f eed  on moderate 

s i zed  q u a n t i t y  s c a l e s ,  r e l o c a t i o n  of major equipment components i n  the 

e l e c t r o l y t i c  and metal  recovery s e c t i o n s ,  f u r t h e r  c l a r i f i c a t i o n  of the NC1- 

i n s o l u b l e s  problem and t h e  i n i t i a t i o n  of c o n s t r u c t i o n  of t h e  Mark XXVI c e l l .  

It i s  hoped t h a t  t he  modif icat ions i n  our HC1-insolubles techniques w i l l  

e l i m i n a t e  t h e  major v a r i a t i o n s  and r e s u l t s  which have been obtained during 

. t he  p a s t  s e v e r a l  months, and t h a t  i t  w i l l  he poss ib l e  t o  c o r r e l a t e  major 

process  v a r i a b l e s  wi th  the  q u a l i t y  of t h e  metal being produced. 
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TABLE I 

Summary of D i r e c t  Ch lo r ina t ion  Runs 

Total  Weight of charge 

Pounds of  TNT charge 

Pounds of Thorium charge 
Time required t o  m l t  charge (hrs. )  

Pounds of phosgene used 

Time phosgene flowed 

' Ave. flow r a t e  phosgene 1 b s . h .  

Pounds of' s a l t  recovered 

Concentrat ion of product 

Thorium recovered in product 

Run No. 
1 4  - 1 6  1718 19 

'2 85 
90 

78 
16 
517 

22 

23 
208 

26.5 
55 

325 336 336 
150 175 1 7 5  

74 70 70 

1 9  15 15 

29 % 24 36 
19 23 2 1  

264 248 217 

2 5  26 20 

66 64 44 

551 560. 750 

336 
I75 

70 

15 
880 
37 
23 

2 60 
26 
68 

" Charge f o r  Run 1s added t o  hot c r u c i b l e  a f t e r  complet ion of Run 14. 
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’ Cumul a t  i v e  
Hours 

0 
6 

6.5 
7 

22 
32. 
34.5 
47.5 
68 
70 

. 7 2  
76 
80 
81 
82 
83 

111 

TAELE I1 

Run No. 19 (291-20) Sumrrimy 

Cumulative 
Lbs. TNT 

30 
35 
40 
55 
85 
95 

125 
13 0 
230 
235 
2 40 
2 L5 
250 
2 63 
2 69 
275 

Cumla  t i ve 
Lbs . Th. 

51 
53 
55 
61 
73 
77 
89 
91 . 

131 
133 
135 
13 7 
139 
144 
146 
149 

Phosgene usage = 1725 lbs. 

Recovered s a l t :  
Siphoned = 145 l b s .  
C r u c i h l e  = 125 l b s .  
S a l t  e r u p t i o n  = 2 0  lb s .  

Tota l :  290 1 L s .  

Plus  150 l b s .  o f  26% Th feed  
I 

S t a r t e d  c h l o r i n a t i n g  
a f t e r  8 h o u r s .  

30 l b s .  TKT i n  10 lb. i n c r .  
P.gprox. 2 0  l b s .  sc71t e rupted  f r o m  unit. 
100 1Ls. TV” i n  5 lb. increments  
approx . 5 l b  . /h r  . 

Siphoned. 

f 

? 
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TAELE I11 

Rockwell B Hardness of Mark' XXV E l e c t r o l y t i c  Products 

Run No. Hardness 

14 
15 
16 

23.5 
15 
38 

17 
18 
19 
20 
21 

39.5 
37 

20 

TABLE IV 

E f f e c t s  of P e l l e t i z i n g  Pressure on HC1-insolubles Content i n  

Thorium Metal 

' Sample No. P e l l e t i z i n g  Pressure 

1 Powder not  compacted 
2 . 300 p s i  compaction p res su re  

500 p s i  compaction pressure 
800 p s i  compaction p res su re  
1200 p s i  compaction p res su re  5 

6 1600 ps i compaction p res su re  

i 
Recheck on s t a r t i n g  

Second recheck on 
m a t e r i a l  Not compacted 

$ HC1-insolubles 

0.096 
0 -59 
0.38 
0 044 
0.32 
0.43 

1 e 1 1  

t 0.62 s t a r t i n g  mater ia l  Not oompacted 

H O R I Z O N S  I N C O R P O R A T E D  
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TABLE v 
Comparative E f f e c t s  of Crushing Metal-Salt Deposi ts  i n  

Fit2 Mill and Jaw and Ro l l  Crushers 

P a r t i c l e  Size 

-40 mesh +200 

-40 mesh +160 

-200 mesh 

R o l l  Crushed P p d u c t  
% i n  s p e c i f i e d ' s i z e  ranpe 

' F i t z  m i l l  crushed product  
-3 i n  s p e c i f i e d  size r a n k e  

m sh 67.8 77.5 

mesh 50.4 65 .O 

32.2 22.5 

TABLE VI 

Comparison of React ion Rates  of COC1, and HC1 

Chlorinnt ' ing Basic Th. Reaction Time (minutes)  f o r  Each Five Gram Addition 
Carbonate 1st 2nd 3 r d  4 t h  5th 6 t h  7 t h  8 t h  9 t h  1 0 t h  -- Agent 

44 '36 31 33 31 30 30 25 20 23 
coc12 1. 'Lindsay 
HCl 17 h l  74 128 I 

52 61 . 37 38 47 26 29 33 'OC12 1 Wet chemical 
20 36 65 114 uu process  - 

HC1 pre-dried 

+t 5 t h  a d d i t i o n  incompletely re.acted a f t e r  165 min. 

+t-k 5 t h  a d d i t i o n  was completely r e a c t e d  i n  117 mine b y  dropping 
the  r e a c t i o n  temperature t o  6 0 0 ' ~ .  

I N C O R P O R A T E D  




