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RECOVERY OF THORIUM FROM A WYOMING O R E '  

S. R. Borrowrnan and J. B. Rosenbaurn3 

SUMMARY AND INTRODUCTION 

Phys ica l  b e n e f i c i a t i o n ,  l eaching ,  and so lven t  e x t r a c t i o n  i n v e s t i g a t i o n s  
were made t o  recover  a high-grade thorium oxide product  from Bald Mountain, 
Wyo., conglomerate. The monazite i n  the  Bald Mountain depos i t  con ta ins  8.8 
pe rcen t  Tho, and, t h e r e f o r e ,  i s  h igher  i n  thorium content  than  the  usua l  
domestic o r  fo re ign  monazite.  A sample  o f  composited d r i l l  c u t t i n g s  f o r  the  
s tudy  contained 4 . 3  pounds o f  monazite pe r  ton  o f  o r e .  

The m r k  showed t h a t  t he  monazite,  a l though unusual ly  f i n e  gra ined  and 
f r i a b l e ,  could be concentrated by t a b l i n g  and magnetic t rea tment  t o  y i e l d  a 
product  assaying  5.65 percent  Tho, with a recovery of 61 percent  o f  t he  tho- 
rium. Subsequent decomposition of the  concent ra te  by t reatment  wi th  s u l f u r i c  
a c i d  and so lven t  e x t r a c t i o n  of the  r e s u l t a n t  soluti 'on wi th  a primary a l i p h a t i c  
amine y i e lded  a thorium oxide product  of 99-percent grade.  

Reconnaissance tests ind ica ted  t h a t  t he  thorium t a i l i n g  s o l u t i o n  w a s  
amenable t o  f u r t h e r  process ing  f o r  recovery of  a bulk r a r e - e a r t h  oxide o r  a 
discrete cerium f r a c t i o n .  

Among the  wor ld ' s  p r i n c i p a l  sources  of thorium are the monazite sands of 
I n d i a ,  B r a z i l ,  A f r i c a ,  A u s t r a l i a ,  and Malaya. Dow Chemical Co. c u r r e n t l y  
recovers  thorium from uranium t a i l i n g s  s o l u t i o n  i n  the Blind R i v e r - E l l i o t  Lake 
d i s t r i c t ,  Canada.4 Thor i an i t e  and t h o r i t e  o r e s  have y i e lded  s m a l l  q u a n t i t i e s  
of  thorium i n  the  p a s t ,  bu t  on ly  r e c e n t l y  s u f f i c i e n t  q u a n t i t i e s  have been 
found t o  warrant  t h e i r  cons ide ra t ion  as major p o t e n t i a l  resources  o f  thorium. 
A d e s c r i p t i o n  of domestic t h o r i t e  d e p o s i t s ,  toge ther  wi th  a d e t a i l e d  account  

i 'I Work on manuscript  completed January 1961. 
'Chemist, S a l t  Lake Ci ty  Metal lurgy Research Center ,  Bureau of  Mines, S a l t  

;Supervis ing m e t a l l u r g i s t  , S a l t  Lake C i ty  Metal lurgy Research Center , Bureau 

*Journa l  of  Metals, Thorium Produced i n  Canada: Vol. 11, No. 9 ,  September 

Lake C i t y ,  Utah. 

of Mines, S a l t  Lake C i ty ,  Utah. 

1959, p .  557. 



of  m e t a l l u r g i c a l  research  t o  develop recovery procedures ,  has  been presented  
i n  a repor t .6  

Monazite i s  found i n  the  United S t a t e s  i n  North and South Caro l ina ,  
F l o r i d a ,  C a l i f o r n i a ,  Idaho, and Wyoming. However, t he  thorium content  of  
monazite from a depos i t  a t  Bald Mountain, Wyo., w a s  h igher  than  i n  o t h e r  
domestic monazites.  
rium from o t h e r  domestic o r e s ,  research  was conducted t o  determine the  amena- 
b i l i t y  of  Bald Mountain o r e  t o  phys i ca l  concent ra t ion  and t o  the s u l f u r i c  a c i d  
leach-amine so lven t  e x t r a c t i o n  process  developed f o r  t rea tment  of  t h o r i t e  o r e s .  

Hence, as an  ex tens ion  o f  the  s tudy  on recovery of  tho- 

DESCRIPTION OF ORE 

The Deadwood conglomerate occurr ing  i n  the  v i c i n i t y  of Bald Mountain con- 
t a i n s  an  es t imated  20 m i l l i o n  tons of material averaging about 2.5 pounds of 
monazite per  ton .  A high-grade s t ra tum developed during the  d r i l l i n g  program 
of the Bureau of Mines contained 675,000 tons  of  conglomerate averaging 1 3 . 2 .  
pounds of monazite per  ton.  The average Tho, content of t h e  monazite w a s  8.8 
pe rcen t .  

A composite sample of 1,400 pounds of d r i l l  cores  a v a i l a b l e  f o r  the  m e t a l -  
l u r g i c a l  i n v e s t i g a t i o n  contained 0.019 percent  Tho,, equ iva len t  t o  4 . 3  pounds 
of monazite per  ton.  The sample thus  contained a d i sp ropor t iona te  amount o f  
material from the  high-grade s t ra tum. Microscopic examination showed t h a t  t he  
p r i n c i p a l  c o n s t i t u e n t s  o f  the  composite sample w e r e  qua r t z  and f e l d s p a r s ;  
minor components were g a r n e t ,  hemat i te ,  l imoni te ,  magnet i te ,  i l m e n i t e ,  z i r con ,  
and monazite.  

PHYSICAL BEXEFICIATION 

Previous experience i n  concent ra t ion  of  Bald Mountain o r e ,  developed i n  
suppor t ing  the  f i e l d  reconnaissance,  pointed t o  a combination o f  t a b l i n g  and 
magnetic s epa ra t ion  as the  p re fe r r ed  b e n e f i c i a t i o n  procedure t o  y i e l d  a mona- 
z i t e  concent ra te  s u i t a b l e  f o r  s t u d i e s  on leaching  and so lven t  e x t r a c t i o n .  

A concent ra te  conta in ing  a minimum o f  5 percent  Tho, appeared t o  be a 
reasonable  t a r g e t  f o r  the  b e n e f i c i a t i o n  work. 

As shown i n  t a b l e  1, monazite g r a i n s ,  i n  the Deadwood conglomerate, are 
unusual ly  f i n e  i n  s i z e .  

The monazite g ra ins  i n  t h e  crude o re  were ex tens ive ly  f r a c t u r e d  and were 
sub jec t  t o  f u r t h e r  s i z e  degradat ion when the o r e  w a s  crushed t o  20-mesh f o r  
concent ra t ion  by t ab l ing .  Despi te  the  extreme f ineness  of the monazite,  
reasonably s a t i s f a c t o r y  r e s u l t s  were a t t a i n e d  by phys ica l  b e n e f i c i a t i o n .  

‘Borrowman, S. R . ,  and Rosenbaum, J. B . ,  Recovery of  Thorium From Ores i n  
Bureau of Mines Rept. of I n v e s t i g a t i o n s  Colorado, Idaho,  and Montana: 

5916, 1962, 35 pp. 
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Screen s i z e ,  mesh 
- 10 + loo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 100 + 200................................ 
- 200............................ .......... 

TABLE 1. - Pet rographic  e s t ima t ion  o f  s i z e  o f  monazite m a i n s  
i n  Deadwood conglomerate 

Monazite g r a i n s ,  
pe rcen t  

52 
17 
31  

100 

The concent ra te  produced by t a b l i n g ,  which c o n s t i t u t e d  only 0.75 percent  

A middling product  t h a t  assayed 0.26 percent  Tho, 
of  the  weight of the  t a b l e  f eed ,  contained 69 percent  of the  thorium and 
assayed 1.72 pe rcen t  Tho,. 
and contained 6 percent  of  the  thorium was d i scarded  along wi th  t a b l e  t a i l s .  
This middl ing probably could be recyc led  i n  p l a n t  p r a c t i c e  t o  improve the 
recovery.  

The t a b l e  concent ra te  w a s  d r i e d  and t r e a t e d  on a h igh  i n t e n s i t y  magnetic 
s e p a r a t o r  t o  y i e l d  a nonmagnetic f r a c t i o n  t h a t  represented  0.21 percent  of the  
o r i g i n a l  o r e ,  assayed 5.65 pe rcen t  Tho,, and contained 61 percent  of  the  tho- 
rium i n  the  o r e .  An o v e r a l l  300-to-1 thorium enrichment r a t i o  w a s  e f f e c t e d  by 
phys ica l  b e n e f i c i a t i o n .  The f i n a l  concent ra te  a l s o  conta ined ,  i n  pe rcen t ,  
40.4 RE203, 7 .O Z r 0 2 ,  3.6 TiO,,  5.3 Fe,O, , 23.6 PO, , 10.4 SiO,, 1 . 2  A1,0,, 1.0 
CO, , and 1.0 CaO p l u s  MgO. 

LEACHING OF MONAZITE CONCENTRATE 

The s t anda rd  methods of decomposing monazite sand are t reatment  with h o t  
concent ra ted  a l k a l i  o r  h o t  concentrated s u l f u r i c  a c i d .  Alka l ine  decomposition 
does n o t  d i s s o l v e  the  thorium but  conver t s  i t  i n t o  an  oxide t h a t  i s  r e a d i l y  
s o l u b l e  i n  d i l u t e  s u l f u r i c  a c i d .  &ta i l s  of  these r e spec t ive  procedures are 
contained i n . r e p o r t s  from Bat te l le  Memorial I n s t i t u t e '  and Iowa S t a t e  
College.7 

Reconnaissance tests ind ica t ed  t h a t  e i t h e r  t he  a l k a l i n e  o r  a c i d  proce- 
dures  r e s u l t e d  i n  render ing  about  97 percent  of the  thorium so lub le .  However, 
t he  a l k a l i n e  decomposition and subsequent a c i d  e x t r a c t i o n  r e s u l t e d  i n  so lu-  
t i o n s  t h a t  were g r o s s l y  contaminated wi th  zirconium and t i t an ium.  Because 
both zirconium and t i t an ium i n t e r f e r e  with so lven t  e x t r a c t i o n  recovery of tho- 
rium, the  a c i d  procedure t h a t  rendered lesser q u a n t i t i e s  of  t hese  elements 
so lub le  w a s  adopted f o r  r o u t i n e  p repa ra t ion  of t he  thorium leach s o l u t i o n .  

6Ca lk ins ,  C. D . ,  and Others ,  Recovery of  Thorium From Monazite Sands: Battelle 
Memorial I n s t . ,  EMI-234, v o l .  I ,  and BMI-234A, vo l .  11, September 1950, 
221 pp. 

7Bleckwedil ,  T .  W . ,  Decomposition of Monazite: 
Col lege ,  1949, 26 pp. 

*Shaw, K. G . ,  and Others ,  A Process  f o r  Separa t ing  Thorium Compounds From 
Monazite Sands: USAEC Rept.  ISC-407, Iowa S t a t e  Col lege ,  1954, 109 pp .  

USAEC Rept.  ISC-66, Iowa S t a t e  
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Alkal ine  Decomposition of  Monazite 

Both c a u s t i c  d i g e s t i o n  and soda-ash r o a s t i n g  were examined as a means of 
decomposing the  monazite concent ra te .  E i t h e r  method w a s  e f f e c t i v e .  The 
c a u s t i c  leach  l i q u o r  from the  d i g e s t i o n  and the  leach  s o l u t i o n  from water 
e x t r a c t i o n  of the  soda-ash c a l c i n e  both contained e s s e n t i a l l y  a l l  the  phoa- 
phate  p re sen t  i n  the  concent ra te .  A subsequent d i l u t e  a c i d  l each  of e i t h e r  
of  t he  a l k a l i n e  r e s idues  d isso lved  97 percent  of the thorium, 66 percent  of 
the r a r e - e a r t h  e lements ,  and about 40 percent  of  t he  zirconium and t i t an ium.  

Acid Decomposition of Monazite 

The fol lowing procedure proved e f f e c t i v e  and convenient f o r  a c i d  decompo- 
s i t i o n  of Bald Mountain monazite concent ra te .  The concent ra te  w a s  d ry  ground 
t o  pass  100-mesh, then added t o  1.5 t i m e s  i t s  weight of 96 percen t  $SO, 
heated  t o  200" C .  i n  a n  open vessel. The temperature rose  t o  245" C . ,  and 
the  mass s o l i d i f i e d  a f t e r  about 2 hours .  Subsequently,  the  r eac t ed  mass w a s  
a g i t a t e d  f o r  1 hour with 5 p a r t s  by weight of water pe r  p a r t  of o r i g i n a l  con- 
c e n t r a t e ,  then f i l t e r e d  and washed with water a c i d i f i e d  t o  a pH of 1. Wash 
s o l u t i o n  w a s  combined wi th  t h e  f i l t r a t e  t o  y i e l d  10 p a r t s  of pregnant s o l u t i o n  
t h a t  assayed 5.46 grams pe r  l i t e r  of Tho, pe r  p a r t  o f  o r e  and contained 97 
percen t  of t he  thorium. 

The d r i ed  leach r e s idue  remaining represented  30 percent  o f  the  weight of 
t he  feed  and contained 0.60 pe rcen t  Tho, and 4.4 percent  RE,03. 

Liquid-Sol ids  Separa t ion  

Because 70 percent  of t he  weight of the concent ra te  w a s  rendered so lub le  
by the  a c i d  cu re ,  subsequent d i l u t i o n  of t he  r e a c t a n t  mass with  5 p a r t s  of 
water, as previous ly  desc r ibed ,  y i e lded  a s l u r r y  conta in ing  only  6 percen t  
s o l i d s .  The s l u r r y  w a s  e f f e c t i v e l y  f l o c c u l a t e d  with 0.2  pound of Dow Chemical 
Co. Separan' pe r  ton  of  concent ra te  and f i l t e r e d  and washed on a Buchner 
f i l t e r .  The f i l t e r  cake contained 70 percent  s o l i d s .  Q u a n t i t a t i v e  f i l t r a t i o n  
da ta  were not  ob ta ined ,  bu t  no unusual handl ing problems were encountered.  

RECOVERY OF THORIUM FROM BALD MOUNTAIN LEACH SOLUTIONS 

I n v e s t i g a t o r s  a t  Dow Chemical Co., Kennecott Copper Co . ,  and the  Oak 
Ridge Nat ional  Laboratory are among those who have s tud ied  a p p l i c a t i o n  of 
so lven t  e x t r a c t i o n  t o  recovery of thorium from s u l f u r i c  a c i d  s o l u t i o n s .  
Dow and Kennecott'' l1 used a l k y l  phosphates i n  t h e i r  work. 

Both 
The Oak Ridge 

gReference t o  s p e c i f i c  p r o p r i e t a r y  reagent  i s  made t o  f a c i l i t a t e  understand- 
ing  and does not  imply endorsement of such brands by the  Bureau o f  Mines. 

"Chris tensen,  C .  C . ,  and P r a t e r ,  J. D., Liquid-Liquid Ex t rac t ion  Process  f o r  
the  Recovery of  High-Purity Thorium Oxide: U . S .  Pa ten t  2,945,742, 
J u l y  1 9 ,  1960. 

"Work c i t e d  i n  footnote  4.  
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Nat iona l  Laborator?' proposed a n  amine e x t r a c t i o n  system f o r  thorium from 
monazite s o l u t i o n s  somewhat analogous t o  t h a t  developed by the  Bureau f o r  
t h o r i t e  leach  l i q u o r  .13 
Bald Mountain concent ra te  w a s  d i f f e r e n t  from the  s o l u t i o n  used a t  Oak Ridge, 
and the  so lven t  e x t r a c t i o n  procedures d i f f e r e d  a l s o  i n  seve ra l  r e s p e c t s .  For 
these  reasons bench-scale s t u d i e s  on Bald Mountain monazite leach  l i q u o r  us ing  
the  Bureau's t h o r i t e  leach  l i q u o r  process  appeared warranted.  

However, the monazite leach  s o l u t i o n  prepared from 

The leach  s o l u t i o n  obta ined  by a c i d  decomposition of Bald Mountain mona- 
z i t e  concent ra te  had a n  0.1 pH and conta ined ,  i n  grams p e r  l i t e r ,  5.46 Tho,, 
39.1 q 0 3  , 1.5 F e y  0.3 TiO, , 0.01 ZrO,, 19.6 PO,, and 146 SO,. It d i f f e r e d  
from t h o r i t e  leach  l i q u o r ,  p a r t i c u l a r l y  i n  having a much lower i r o n  a s say  and 
a much h igher  r a r e - e a r t h  and phosphate con ten t .  

A min ia tu re ,  mu l t ip l e - s t age ,  compartmented con tac to r  w a s  used f o r  the  
countercur ren t  so lven t  e x t r a c t i o n  tests.  The e x t r a c t a n t  w a s  a 10-percent  
s o l u t i o n  o f  an  a l i p h a t i c  primary amine (Rohm and Haas Primene JM-T) i n  kero- 
s i n e  wi th  5 pe rcen t  primary decyl  a l coho l  (PDA).added t o  improve phase disen-  
gagement. Thorium was s t r i p p e d  from the loaded organic  by means of a 1 .5  
normal sodium chlor ide-0 .5  normal hydrochlor ic  a c i d  s o l x t i o n .  

Operat ion with four  e x t r a c t i o n  and th ree  s t r i p p i n g  s t a g e s  a t  feed l i q u o r ,  
o rgan ic ,  and s t r i p  s o l u t i o n  flow r a t i o s  of 10:7.5:4 y ie lded  r a f f i n a t e  contain-  
i n g  0.01 gram p e r  l i t e r  of Tho, and loaded organic  and s t r i p  s o l u t i o n  contain-  
i ng  7 . 3  and. 13.6 grams pe r  l i t e r  of Tho,, r e s p e c t i v e l y .  
the  loaded o rgan ic  w a s  scrubbed i n  two s t ages  wi th  0.2 molar s u l f u r i c  a c i d  
s o l u t i o n  a t  a n  organic-to-aqueous r a t i o  of  7.5 t o  2 f o r  removal of contaminat- 
ing  r a r e - e a r t h  oxides .  

Before being s t r i p p e d ,  

Titanium w a s  no t  e x t r a c t e d  under the  condi t ions  used. Zirconium probably 
w a s  e x t r a c t e d ,  bu t  s e r i o u s  contamination d id  no t  r e s u l t  because of the  
extremely low zirconium content  i n  the  feed s o l u t i o n .  I f  much zirconium had 
been p r e s e n t ,  a pre l iminary  e x t r a c t i o n  of the  zirconium by a secondary amine 
probably would have been necessary .  

The ch lo r ide  s t r i p  s o l u t i o n  contained s u l f a t e  i o n ,  which w a s  removed 
along wi th  the  thorium from the  loaded o rgan ic .  N e u t r a l i z a t i o n  of t he  loaded 
s t r i p  l i q u o r  t o  a pH of  5 by a d d i t i o n  of  soda ash thus p r e c i p i t a t e d  the tho- 
rium as a hydrous sodium thorium s u l f a t e .  Af t e r  f i l t r a t i o n ,  the  p r e c i p i t a t e  
w a s  d iges t ed  wi th  c a u s t i c  f o r  formation of  hydrous thorium oxide,  and t h i s  i n  
t u r n  w a s  i g n i t e d  a t  850" C. t o  y i e l d  thorium oxide of 99-percent grade.  Pr in-  
c i p a l  contaminants comprising the  remaining 1 percent  were r a r e - e a r t h  oxide ,  
s u l f a t e ,  phosphate,  alumina, and s i l i ca .  

"Crouse, D. J. , and Brown, K. B . ,  Recovery of Thorium, Uranium, and Rare 
Ear ths  From Monazite S u l f a t e  Liquors by the  Amine Ex t rac t ion  (Amex) 
Process:  Oak Ridge Nat ional  Lab.,  ORNL-2720, August 1959, 63 pp. 

13Work c i t e d  i n  footnote  5 .  
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CONCEPTUAL FLOWSHEET AND MATERIALS BALANCE 

A conceptual f lowsheet and materials balance p ro jec t ed  from the  labora-  
A t on  of monazite concen t r a t e ,  assaying  t o r y  f ind ings  i s  given i n  f i g u r e  1. 

5.65 percent  Tho,, i s  shown t o  y i e l d  110 pounds o f  99 percent  t h o r i a  contain-  
ing 108.8 pounds of  thorium oxide.  Reagent requirements pe r  t on  of  concen- 
t ra te  are shown as 3,100 pounds of  s u l f u r i c  a c i d ,  700 pounds of sa l t ,  150 
pounds of hydrochlor ic  acid., 200 pounds of soda. a s h ,  and 30 pounds of c a u s t i c  
soda. I n  a d d i t i o n ,  about 1 g a l l o n  of organic  s o l u t i o n  would be l o s t  pe r  ton  
of  concen t r a t e .  

TESTS FOR RECOVERING RARE-EARTH BYPRODUCTS 

The recovery from the  thorium r a f f i n a t e  of a bulk r a r e - e a r t h  product  and 
of a d i s c r e t e  cerium f r a c t i o n  w a s  examined b r i e f l y .  

Addit ion of 60 grams p e r  l i t e r  of sodium s u l f a t e  t o  the  r a f f i n a t e  p r e c i p i -  
t a t e d  98 percent  of the  r a r e - e a r t h  byproducts as the  s u l f a t e  sa l t  NaRE(SO,),. 
The small f r a c t i o n  o f  r a r e - e a r t h  byproducts remaining i n  s o l u t i o n  w a s  p r i n -  
c i p a l l y  of the  y t t r i u m  group. 
soda y i e lded  a r a r e - e a r t h  hydroxide p r e c i p i t a t e  i n  accordance wi th  the  follow- 
ing r eac t ion :  

Treatment of  the r a r e - e a r t h  s u l f a t e  with c a u s t i c  

NaRE (SO, ) z  + 3 NaOH > RE(OH), + 2 Na,SO, 

The bulk r a r e - e a r t h  hydroxide w a s  d r i e d  a t  140" C .  and then d i s so lved  i n  
cold 6.7 normal s u l f u r i c  a c i d  t o  o b t a i n  a s o l u t i o n  i n  which the  cerium w a s  
l a r g e l y  i n  the  t e t r a v a l e n t  form. 
co ld  0.5 molar s u l f u r i c  a c i d  t o  y i e l d  a feed l i q u o r  of 0 .1  pH t h a t  contained 
19 grams p e r  l i t e r  t o t a l  of RE20, , 7 . 4  grams pe r  l i t e r  of CeS4 , and 0.3 gram 
pe r  l i t e r  of C e w ,  f o r  cerium so lvent  e x t r a c t i o n  tests.  

Subsequently,  t he  s o l u t i o n  w a s  ad jus t ed  with 

Laboratory r o t a r y  column con tac to r s  were used f o r  e x t r a c t i o n ,  s t r i p p i n g ,  
and scrubbing wi th  10 percent  JM-T and 5 percen t  PDA i n  ke ros ine ,  1.5  normal 
N a C l  and 0.5  normal HC1,  and 1 molar Na,SO, and 0.1 molar %SO, , r e s p e c t i v e l y .  
The s u l f a t e  s c rub  w a s  necessary t o  remove ch lo r ide  ion  from the  recyc led  
o rgan ic  and thereby preclude reduct ion  of t he  cer ic  ion  i n  the  e x t r a c t i o n  
s t e p .  

Cerium i n  the  quadr iva len t  form was e f f e c t i v e l y  and s e l e c t i v e l y  e x t r a c t e d  
a t  flow rates, i n  m i l l i l i t e r s  pe r  minute,  of 0 .9  aqueous feed ,  1.8 o rgan ic ,  
1.5 c h l o r i d e  s t r i p ,  and 2.0 s u l f a t e  sc rub .  The r a f f i n a t e  contained 0 . 3  gram 
pe r  l i t e r  of Ce* and n i l  Ce*, and the  s t r i p  l i q u o r  contained 4.4 grams pe r  
l i t e r  of  Ce+4. 
amine w a s  ev iden t  i n i t i a l l y  and r e s u l t e d  i n  a temporary level of 0.4 gram pe r  
l i t e r  cerous ion  i n  the r a f f i n a t e .  However, a f t e r  t h ree  organic  cyc le s ,  reduc- 
t i o n  of cer ic  ion  by the  o rgan ic  ceased. 

A r e a c t i o n  between cer ic  ion  and a component of  the  primary 

A cerium oxide product w a s  prepared from the loaded ch lo r ide  s o l u t i o n  by 
p r e c i p i t a t i n g  sodium ceric s u l f a t e  a t  a pH of 5 ,  convert ing the  s u l f a t e  t o  
cer ic  hydroxide by r e a c t i o n  wi th  c a u s t i c  soda,  and i g n i t i n g  the hydroxide a t  
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FIGURE 1. - Pos tu la ted  F l o w s h e e t  and Ma te r ia l s  Sa lance  for P rocess ing  B a l d  Mounta in  Monaz i te  Concent ra te .  
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1,000" C. 
comprised p r i n c i p a l l y  of lanthanum and neodymium oxides .  

The product contained 99 percent  CeO,. The remaining 1 percent  w a s  

CONCLUSIONS 

The i n v e s t i g a t i o n  i n d i c a t e s  t h a t  monazite concent ra te  prepared from Bald 
Mountain conglomerate can be decomposed by the  conventional s u l f u r i c  a c i d  cure 
t reatment  and t h a t  t he  r e s u l t a n t  a c i d  leach l i q u o r  can be processed by primary 
amine so lvent  e x t r a c t i o n  t o  y i e l d  a 99-percent thorium oxide product .  

The thorium r a f f i n a t e  appears  amenable t o  f u r t h e r  processing f o r  recovery 
of  a bulk r a r e - e a r t h  oxide product o r  of a sepa ra t e  cerium f r a c t i o n  t h a t  
assays 99 percent  CeOz.  
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