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URANIUM METAL INVESTIGATIONS 

THE PREPARATION OF PURE URANIUM OXIDE 

ABSTRACT 

A p r o c e s s has been d e v e l o p e d f o r p u r i f i c a t i o n o f 
S o u t h A u s t r a l i a n Uranium Oxide . The f r e s h l y -
p r e c i p i t a t e d crude o x i d e i s l e a c h e d i n 5 p e r c e n t 
ammonium c a r b o n a t e s o l u t i o n , and the uranium 
r e c o v e r e d by b o i l i n g t h e f i l t e r e d l e a c h s o l u t i o n . 
Some i m p u r i t i e s may be p r e c i p i t a t e d as p h o s p h a t e s 
b e f o r e b o i l i n g . The p r o d u c t c o n t a i n s some b o r o n 
but s h o u l d be s u i t a b l e f o r e l e c t r o l y t i c p r o d u c t i o n 
o f r e a c t o r grade uranium meta l• 

1 . SUMMARY ' 

An ammonium c a r b o n a t e l e a c h i n g p r o c e d u r e was i n v e s t i g a t e d 

f o r r e f i n i n g S o u t h A u s t r a l i a n Crude Uranium Oxide . I t was found 

t h a t f r e s h l y p r e c i p i t a t e d crudo o x i d e was r e a d i l y l eached- i n 

5 p e r c e n t ammonium c a r b o n a t e s o l u t i o n , 95 p e r c e n t e x t r a c t i o n o f 

uranium b e i n g a c h i e v e d i n a s i n g l e s t a g e and 98 t o 99 p e r c e n t i n 

two s t a g e s . Drying o f t h e erude o x i d e b e f o r e l e a c h i n g made e x -

t r a c t i o n d i f f i c u l t . 

The uranium was p r e c i p i t a t e d c o m p l e t e l y by b o i l i n g t h e 

l e a c h s o l u t i o n t o d e s t r o y t h e ammonium c a r b o n a t e . The ammonia 

was r e c o v e r a b l e but some l o s s o f c a r b o n d i o x i d e was i n d i c a t e d 

by i t s p r e s e n c e i n t h e p r e c i p i t a t e . 

The product was a m i x t u r e o f u r a n y l c a r b o n a t e and u r a n a t e s 

o f t h e a l k a l i and a l k a l i n e e a r t h m e t a l s . I n t r o d u c t i o n o f a s u b -

s i d i a r y p u r i f i c a t i o n s t e p , u s i n g p h o s p h a t e o r o x a l a t e a s p r e c i p i -

t a n t removed some c a l c i u m and magnesium from t h e s o l u t i o n , and 

gave a h i g h e r grade p r o d u c t which a f t e r i g n i t i o n c o n t a i n e d up t o 

95 p e r c e n t U ^ g . V a r y i n g t h e s t r e n g t h o f ammonium c a r b o n a t e 

s o l u t i o n from 2 t o 1 0 p e r c e n t did not improve t h e p r o d u c t p u r i t y . 

The p r i n c i p a l i m p u r i t i e s i n t h e i g n i t e d p r o d u c t were c a l -

cium,- magnesium, sodium, and up t o 1 0 0 p a r t s per. m i l l i o n o f b o r o n . 

I t i s b e l i e v e d t h a t t h e s e e l e m e n t s would not i n t e r f e r e i n an 
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an e l e c t r o l y t i c p r o c e s s f o r m e t a l m a n u f a c t u r e , and t h e 

p u r i f i e d o x i d e should b e s u i t a b l e f o r p r o d u c t i o n o f r e a c t o r 

g r a d e m e t a l . 

2 . INTRODUCTION 

I n v e s t i g a t i o n s by Canning ( 1 9 5 7 a , b ) and by t h e a u t h o r 

( 1 9 5 7 ) d e m o n s t r a t e d t h a t p r o d u c t i o n o f r e a c t o r g r a d e uranium 

m e t a l f r o m - S o u t h A u s t r a l i a n crude o x i d e was not e a s i l y accom-

p l i s h e d by s i m p l e p r o c e s s e s . T h i s l e d t o a s e a r c h f o r a s u i t -

a b l e p r o c e s s f o r r e f i n i n g t h e crude o x i d e p r i o r t o i t s use i n 

m e t a l p r o d u c t i o n . 

The c o n v e n t i o n a l l a r g e s c a l e p r o c e s s f o r uranium m e t a l 

p r o d u c t i o n i n v o l v e s t h e p r e p a r a t i o n o f a pure o x i d e by a s o l v e n t 

e x t r a c t i o n t e c h n i q u e . When c o n s i d e r e d i n t h e l i g h t o f i t s 

a p p l i c a t i o n t o S o u t h - A u s t r a l i a n crude o x i d e , t h i s p r o c e s s h a s , a 

number o f d i s a d v a n t a g e s . . C a p i t a l c o s t f o r a s m a l l p l a n t t o 

t r e a t t h e whole of t h i s S t a t e ' s o x i d e may not be p r o h i b i t i v e , 

b u t r e a g e n t c o s t s a r e v e r y much h i g h e r t h a n t h o s e o v e r s e a s and 

t h e p r o c e s s may not b e e c o n o m i c . I t was f e l t t h a t some e f f o r t 

t o d e v e l o p an a l t e r n a t i v e p r o c e s s was j u s t i f i e d . 

Canning ( l o c . c i t ) s t u d i e d a p a r t i a l c h l o r i n a t i o h p r o c e s s 

which produced a p u r i f i e d uranium d i o x i d e . Whi le t h i s p r o d u c t 

was s u i t a b l e f o r use a s a f e e d f o r an e l e c t r o l y t i c p r o c e s s , i t 

was not i d e a l f o r any wet p r o c e s s s i n c e t h e d i o x i d e i s n o t 

s o l u b l e i n a c i d s e x c e p t u n d e r . s t r o n g l y o x i d i s i n g c o n d i t i o n s . 

A r e f i n i n g p r o c e s s which c o u l d produce a t r i - o x i d e would have 

some a d v a n t a g e i n t h a t t h i s p r o d u c t would be more r e a d i l y s o l u b l e . 
v > 

The c r u d e o x i d e i t s e l f i s f r e e l y s o l u b l e i n any m i n e r a l 

a c i d b u t p u r i f i c a t i o n by a s e l e c t i v e a c i d l e a c h i s p r o b a b l y n o t 

p r a c t i c a b l e . A c a r e f u l l y c o n t r o l l e d p r e c i p i t a t i o n from a c i d 

s o l u t i o n i s u n l i k e l y t o g i v e a h i g h p u r i t y product s i n c e c o -

p r e c i p i t a t i o n o f o t h e r e l e m e n t s o c c u r s . An a l k a l i n e c a r b o n a t e 

l e a c h i s much more s e l e c t i v e and s h o u l d s e p a r a t e most o f t h e 
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i r o n which i s t h e m a j o r i m p u r i t y i n t h e c r u d e o x i d e . F o r t h i s 

r e a s o n a c a r b o n a t e l e a c h i n g p r o c e d u r e was c h o s e n f o r i n v e s t i g a -

t i o n . 

I t i s w e l l known t h a t ammonium c a r b o n a t e s o l u t i o n i s a 

s e l e c t i v e s o l v e n t f o r Uranium t r i - o x i d e and f o r m s t h e b a s i s o f 

an a n a l y t i c a l s e p a r a t i o n . P r e c i p i t a t i o n o f t h e d i s s o l v e d 

uranium can b e b r o u g h t a b o u t by n e u t r a l i s a t i o n but n o t by 

a d d i t i o n of ammonium h y d r o x i d e . However, ammonium c a r b o n a t e 

decomposes i n b o i l i n g w a t e r , and i t was e x p e c t e d t h a t p r e c i p i t a t i o n 

would o c c u r on b o i l i n g , and t h a t t h e v o l a t i l i s e d ammonia and 

c a r b o n d i o x i d e would b e r e a d i l y r e c o v e r a b l e . 

3 . RAW MATERIAL 

3 , 1 fi-rnflR Uranium Oxide 

A l a r g e b a t c h o f c r u d e o x i d e produced f rom Radium H i l l 

c o n c e n t r a t e s d u r i n g P i l o t P l a n t o p e r a t i o n s was u s e d a s raw 

m a t e r i a l . T a b l e 1- g i v e s a c o m p l e t e a n a l y s i s o f t h i s o x i d e , 

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

TABLE 1 

HAHPT.^ AN.VT.YSTS OF CRUDE OXIDE 

UO3 

C 0 2 

H20 

F e 2 0 5 

a 1 2 ° 3 
T i 0 2 
n-n 

CuO 

PbO 

CI 

p2o5 

L i 2 0 

CoO 

CdO 

B 2 O 3 

S b 2 0 

7 0 . 9 6 % 

1 . 2 2 

9 . 3 8 

5 . 3 2 

0 . 0 3 

0 . 7 5 

0 . 0 4 

0 , 0 4 

0 . 0 1 

0 . 1 8 

0. 03 

0 , 0 4 

CaO 

MgO 

Na20 

K2O 

S i 0 2 

NiO 

MnO 

F 

so3 

BaO 

B i O 

ZnO 

0. 21% 
0, 21 
0 . 0 5 3 

3 - 9 6 

3 . 69 

1 . 9 0 

0. 08 
1 . 20 

0 . 0 2 5 

0 . 0 4 

0 . 0 2 

0 . 4 2 

2 . 5 p . p . m 

20 

3' 

3 p . p . m 

< 1 0 

* 5 0 

60 
< 5 0 

A S 2 0 3 
MoO, 

C I 

< 1 0 
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75 p . p . m L a 2 0 ^ 1 5 0 0 p . p . m 

5 0 0 P r 2 0 3 30 

7 0 S m 2 0 3 15 

0 . 7 Gd 2 0 3 25 

1 7 D y 2 0 3 65 

55 E r 2 0 3 150 

1 3 0 Y b 2 0 3 1 5 0 

TABLE 1 ( C o n t d ) 

WO , 
3 

C g 2 0 5 

Nd 2 0 5 

E u 2 0 5 

T b 2 0 3 

H o 2 0 5 

Tin 2 0 3 

LUGO^ 1 7 

T o t a l r e p o r t e d 1 0 0 . 0 9 % 

L e s s 0 
t o CI & F 0 . 0 1 % 

T o t a l 1 0 0 . 0 8 % 

3 . 2 F r e s h l y P r e c i p i t a t e d Crude Oxide 

F o r much o f t h e e x p e r i m e n t a l work a f r e s h l y p r e c i p i t a t e d 

o x i d e was r e q u i r e d . T h i s was p r e p a r e d by d i s s o l v i n g t h e crude 

o x i d e i n a m i x t u r e of s u l p h u r i c and h y d r o c h l o r i c a c i d s , n e u t r a -

l i s i n g t o pH2 w i t h sodium h y d r o x i d e and p r e c i p i t a t i n g a t pH 6 . 5 

w i t h magnes ia s l u r r y . The s u s p e n s i o n was f i l t e r e d and t h e washed 

p r e c i p i t a t e used w i t h o u t d r y i n g 

4. . ANCILLARY MATERIALS 

4 . 1 Ammonium C a r b o n a t e 

A l l ammonium c a r b o n a t e was o f a n a l y t i c a l . r e a g e n t q u a l i t y . 
i 

T h r e e d i f f e r e n t b a t c h e s were used a t d i f f e r e n t t i m e s and t h e 

c o m p o s i t i o n o f e a c h i s g i v e n i n T a b l e 2* 

TABLE 2 

COMPOSITION OF AMMONIUM CARBONATE 

S o u r c e Form % NĤ  %C02 p . p . m . B o r o n 

B r i t i s h Brag Houses Lump 3 2 . 1 4 7 . 5 21 
„ « ii G r a n u l a r 3 1 . 4 4 8 . 6 n . d. 

/ 

Hopkir. & W i l l i a m s Lump ^ 3 1 n * d ' 2 

n . d . = n o t d e t e r m i n e d 

4 . 2 Magnes ia 

B . D . H . L a b o r a t o r y r e a g e n t l i g h t magnesium o x i d e was u s e d . 

I t was a c t i v a t e d b e f o r e u s e by s o a k i n g o v e r n i g h t i n d i s t i l l e d 
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4 . 3 O t h e r R e a g e n t s 

A l l o t h e r m a t e r i a l s were o f a n a l y t i c a l r e a g e n t q u a l i t y . 

5 . EXPERIMENTAL PROCEDURE 

5 . 1 L e a c h i n g o f Crude Oxide 

The o x i d e was s t i r r e d f o r some h o u r s i n an a p p r o p r i a t e 

volume o f ammonium c a r b o n a t e s o l u t i o n . I n i t i a l t e s t s were 

c a r r i e d out a t room t e m p e r a t u r e , b u t l a t e r a t h e r m o s t a t i c a l l y 

c o n t r o l l e d w a t e r b a t h was u s e d t o m a i n t a i n t h e s o l u t i o n a t a 

c o n s t a n t t e m p e r a t u r e . 1 0 ml s a m p l e s of t h e s u s p e n s i o n were 

t a k e n a s r e q u i r e d and t h e washed s o l i d s d r i e d and a n a l y s e d f o r 

uranium by t h e method o f Canning and D i x o n ( 1 9 5 5 ) . 

5 . 2 P u r i f i c a t i o n o f S o l u t i o n 

T h i s s t e p was n o t used i n t h e i n i t i a l e x p e r i m e n t s . 

When p h o s p h a t e was i n t r o d u c e d t o p r e c i p i t a t e i m p u r i t i e s 

a 10 p e r c e n t aqueous s o l u t i o n o f diammonium p h o s p h a t e was added 

t o t h e f i l t e r e d l e a c h s o l u t i o n u n t i l a d e f i n i t e e x c e s s was 

d e t e c t a b l e by t h e s t a n n o u s c h l o r i d e - a m m o n i u m m o l y b d a t e method. 

.The s o l u t i o n was t h e n a l l o w e d t o s t a n d f o r a t l e a s t f o u r h o u r s • 

b e f o r e f i l t r a t i o n * 

When o t h e r a n i o n s were u s e d a s p r e c i p i t a n t s t h e y were 

added a s t h e i r ammonium s a l t s i n amount e q u i v a l e n t t o t h e i 
q u a n t i t y o f p h o s p h a t e n o r m a l l y u s e d . 

5 . 3 R e c o v e r y o f Uranium 

The s o l u t i o n was b o i l e d f o r a p r o l o n g e d p e r i o d t o d e s -

t r o y t h e ammonium c a r b o n a t e . A heavy p r e c i p i t a t e formed s o o n 

a f t e r b o i l i n g commenced and "bumping" was t r o u b l e s o m e when 

b o i l i n g on a hot p l a t e . T h i s was m i n i m i s e d by f i l t e r i n g o f f t h e 

p r e c i p i t a t e a t i n t e r v a l s . When no more ammonia was b e i n g 

e v o l v e d from t h e s o l u t i o n and t h e pH v a l u e of t h e c o n d e n s e d 

v a p o u r s had. f a l l e n t o 7 , b o i l i n g was d i s c o n t i n u e d . Each p r e -

c i p i t a t e was washed, d r i e d , and. i g n i t e d a t .800°C f o r n o t l e s s 

t h a n one h o u r . 
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5 . 4 R e c o v e r y o f Ammonia 

One t e s t was c a r r i e d out t o d e t e r m i n e t h e p r o p o r t i o n o f 

ammonia r e c o v e r a b l e . 

2 5 ' g r a m s o f ammonium c a r b o n a t e was d i s s o l v e d i n 5 0 0 ml o f 

w a t e i i i a n d a s m a l l l s a m p l e o f t h e s o l u t i o n t a k e n f o r a n a l y s i s . The 

b u l k o f t h e s o l u t i o n was s t i r r e d f o r one hour w i t h 50 grams o f 

c rude o x i d e t h e n f i l t e r e d and t h e r e s i d u e washed w e l l . 

The uranium s o l u t i o n and w a s h i n g s . w e r e p l a c e d i n a f l a s k 

which was p a r t o f a " Q u i c k f i t " a ssembly f o r steam d i s t i l l a t i o n . 

The s o l u t i o n was b o i l e d by s team i n j e c t i o n and t h e d i s t i l l a t e 

a b s o r b e d i n w a t e r . At t h e end o f t h e t e s t t h e d i s t i l l a t e was 

made up t o a s u i t a b l e volume and sampled f o r a n a l y s i s . 

5 . 5 S t a n d a r d p r o c e d u r e f o r P r e p a r a t i o n o f P u r i f i e d Oxide 

The p r o c e d u r e a s o u t l i n e d i n t h e p r e c e d i n g p a r a g r a p h s was 

m o d i f i e d i n t h e l i g h t o f the. r e s u l t s o b t a i n e d . The f i n a l p r o -

c e d u r e which was adopted f o r p r e p a r a t i o n o f p u r i f i e d o x i d e i s 

d e s c r i b e d be low. 

2 0 0 grams of c rude o x i d e were d i s s o l v e d and r e p r e c i p i t a t e d 

as i n 3 . 2 a b o v e . The wet f i l t e r cake was d i v i d e d i n t o two e q u a l 

p a r t s . a n d each was l e a c h e d f o r 5 h o u r s a t 40°C i n 2 l i t r e s o f 

5 p e r c e n t ammonium c a r b o n a t e s o l u t i o n , u s i n g s t a i n l e s s s t e e l 

e q u i p m e n t . The l e a c h s o l u t i o n s were f i l t e r e d and t h e r e s i d u e s 

combined and l e a c h e d f o r 5 hours i n a f u r t h e r l i t r e o f f r e s h 

c a r b o n a t e s o l u t i o n . T h i s second s o l u t i o n was f i l t e r e d and com-

b i n e d w i t h t h e p r e v i o u s 4 l i t r e s . 

The combined s o l u t i o n s were p u r i f i e d by a d d i t i o n o f p h o s -

p h a t e as i n . p a r a g r a p h 5 . 2 . 

4 l i t r e s of t h e p u r i f i e d s o l u t i o n were b o i l e d i n a l a r g e 

s t a i n l e s s s t e e l b e a k e r by " V i t r e o s i l " immers ion h e a t e r s . The r e -

m a i n i n g s o l u t i o n was added a s r e q u i r e d t o m a i n t a i n a c o n s t a n t v o l -

ume. When a l l t h e p u r i f i e d s o l u t i o n was added, d i s t i l l e d w a t e r 
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was u s e d a s " m a k e - u p " u n t i l t h e vapours e v o l v e d w e r e . n e u t r a l t o 

l i t m u s . The p r e c i p i t a t e was t h e n f i l t e r e d washed, d r i e d and 

i g n i t e d a t 800°C 

6 . RESULTS 

6 . 1 T e s t No. 2 

210 grams o f c rude o x i d e was s t i r r e d f o r one hour i n one 

l i t r e of 5 p e r c e n t c a r b o n a t e s o l u t i o n . A n a l y s i s i n d i c a t e d t h a t 

34 p e r c e n t o f t h e uranium was e x t r a c t e d . The f i l t e r e d s o l u t i o n 

was a l t e r n a t e l y b o i l e d and f i l t e r e d t o r e c o v e r t h e uranium. 

The f i r s t p r e c i p i t a t e was a b r i g h t y e l l o w c o l o u r , t h e o t h e r s 

b e i n g p r o g r e s s i v e l y d a r k e r . u n t i l t h e l a s t one was o r a n g e . 

A f t e r i g n i t i o n , t h e d i f f e r e n c e was more marked, t h e f i r s t p r e -

c i p i t a t e b e i n g n e a r l y b l a c k , t h e o t h e r s b e i n g o r a n g e and un-

c h a n g e d . The w e i g h t s o f t h e i g n i t e d p r o d u c t s and t h e i r uranium 

c o n t e n t a r e l i s t e d i n T a b l e 3 . 

TABLE 3 

OXIDE PRODUCTS FROM TEST 2 

No. Weight U , 0 o 

ff. ' 

1 3 9 . 2 94 

2 5 . 2 . 9 2 
3 2 . 8 91 
4 4 . 0 73 

5 1 . 2 

She f i r s t p r e c i p i t a t e was a n a l y s e d f o r some o t h e r e l e m e n t s 

w i t h t h e r e s u l t s shown i n T a b l e 4 . The f i g u r e s f o r i r o n and 

• t i t a n i u m a r e from a s p e c t r o g r a p h i c a n a l y s i s . 

TABLE 4 
PRODUCT FROM TEST 2 

9 5 . 2 % Ca 1 . 2 0 % 
0 . 04% Mg 0 . 2 4 % 
0 . 02% Na 0 . 29% 

By c e l l u l o s e ' column method. 
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The r e s u l t s o f a s -pectro g r a p h i c d e t e r m i n a t i o n of scandium, 

y t t r i u m and t h e l a n t h a n o n s i n t h i s p r e c i p i t a t e a r e shown i n 

T a b l e 5 . A l l f i g u r e s a r e e x p r e s s e d a s p a r t s per m i l l i o n wi th 

r e s p e c t to uranium. The c o r r e s p o n d i n g v a l u e s f o r t h e c rude 

o x i d e a r e a l s o g i v e n t o g e t h e r w i t h t h e r a t i o 

c o n c e n t r a t i o n i n c r u d e o x i d e „ ' 
CONCENTRATION IN PRODUCT f o r e a c h e l e m e n " t 

TABLE 5 

LANTHANONS IN REFINED OXIDE FROM TEST 2 

E l e m e n t R e f i n e d Oxide Crude Oxide R a t i o 
p . p . m . p . p . m . 

Ce . 0 , 7 7 2 0 1000 
Eu < 0 . 0 4 1 * 25 
Gd < 0 . 2 36 180 
Ho 0 . 1 7 81 470 
Lu 0 . 1 7 25 150 
Tb 0 . 7 25 36 
Yb ' 1 . 7 220 1 3 0 
Dy 0 . 9 95 1 0 5 
L a 14 2200 1 5 0 
P r 0 . 5 4 4 90 
Nd 0 . 2 100 5 0 0 
Sm « 0 . 2 22 > 1 1 0 
E r 0 . 9 . 220 240 
S c 13 2300 1 7 0 
Y 3 . 5 7 1 0 200 

T o t a l 3 6 . 4 5 8 0 0 1 6 0 

6 . 2 T e s t No. 5 

210 grams o f c r u d e o x i d e was l e a c h e d f o r one hour i n 

one l i t r e o f 5 p e r c e n t c a r b o n a t e s o l u t i o n a t room t e m p e r a t u r e . 

To t h e f i l t e r e d s o l u t i o n , p h o s p h a t e was added, i n s l i g h t e x c e s s 

( 7 ml) A f t e r s t a n d i n g o v e r n i g h t , t h e p r e c i p i t a t e was f i l t e r e d 

o f f , wasJae^ and examined q u a l i t a t i v e l y . Calc ium and magnesium 

were d e t e c t e d . 

The uranium was r e c o v e r e d as b e f o r e . A n a l y s e s o f t h e 

f i r s t p r e c i p i t a t e a r e g i v e n in T a b l e 6 w i t h t h e c o r r e s p o n d i n g 

f i g u r e s from T e s t 2 f o r compsir ison. 
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- 9 -

CONFIDENTIAL • 

TABLE 6 

COMPARISON Oil' PRODUCTS, TESTS 2 and 5 

T e s t 2o T e s t 3 

U 3 0 8 9 5 . 2 % 946% 

Ca 1 . 2 0 0 . 8 6 
Mg 0 . 24 0 . 24 
Na 0 . 2 9 0 . 2 0 
F e 0 . 04 30 p . p.m. 

T i 0 . 0 2 tf 2 p . p . m . 
Sc 13 p . p . m . 1 5 " 

Y 3.5 '» 3 
T o t a l Lanthanc-ns . 1 8 • " 1 0 " 

6 . 3 . T e s t No.4 

T h i s it e s t was an ammonia r e c o v e r y d i s t i l l a t i o n . T i t r a -

t i o n o f t h e s a m p l e s ( p a r a g r a p h 4 ' . 4 ) w i t h a c i d i n d i c a t e d t h a t 

94% o f t h e ammonia was r e c o v e r e d . 

6 . 4 T e s t No.5 

. 3 0 0 grams o f c rude o x i d e were s t i r r e d f o r one hour a t 

room t e m p e r a t u r e i n 2 l i t r e s of . 5 p e r c e n t c a r b o n a t e s o l u t i o n . 

The l e a c h l i q u o r was f i l t e r e d and d i v i d e d i n t o f o u r e q u a l 

p o r t i o n s . 

P o r t i o n A. 

P h o s p h a t e i n s l i g h t e x c e s s ( 2 . 5 ml) was added t o t h i s 

s o l u t i o n . A f t e r s t a n d i n g o v e r n i g h t , t h e s o l u t i o n was 

f i l t e r e d and t h e p r o d u c t r e c o v e r e d as b e f o r e . 

P o r t i o n B . 

0 . 2 5 grams o f ammonium o x a l a t e d i s s o l v e d i n w a t e r was 

u s e d i n p l a c e o f p h o s p h a t e . 

P o r t i o n C. 

0 . 2 grams of ammonium f l u o r i d e , d i s s o l v e d i n w a t e r was 

added t o t h i s s o l u t i o n but no p r e c i p i t a t e f o r m e d . 

P o r t i o n D. 

To t h i s s o l u t i o n 1 . 5 m . l . of p h o s p h a t e s o l u t i o n and 0 . 1 

grams o f o x a l a t e wore added. 
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The pro duel; s were r e c o v e r e d from t h e s e s o l u t i o n s and a 

s m a l l amount o f each was t a k e n b e f o r e i g n i t i o n to g i v e a compo-

s i t e s a m p l e . An a n a l y s i s of t h i s m a t e r i a l i s l i s t e d i n T a b l e 7 

and t h e c a l c u l a t e d c o m p o s i t i o n i n T a b l e 8 . Most o f t h e w a t e r 

was p r o b a b l y p r e s e n t as w a t e r o f h y d r a t i o n but no i n f o r m a t i o n 

i s a v a i l a b l e on t h e degree of h y d r a t i o n of t h e u r a n a t e . 

TABLE ,7 

ANALYSIS OF COMPOSITE PRODUCT TEST 5 

UO^ 8 1 . 9 8 % CaO 2 .24% 
C 0 2 4 . 5 1 MgO 0 . 0 3 
H 20 10 . 8 0 Na2® 0 . 4 2 

T o t a l 9 9 . 9 8 % 

TABLE 8 

CALCULATED COMPOSITION OF COMPOSITE PRODUCT 

CaO.ZtJO^ (CaU 2 G y ) 2 5 . 1 2 % 

Mg0.2U03 (MgU 20 ?) 0 . 4 6 

Na 2 0 . 2t J0 3 (Na 2 U' 2 0 7 ) 4 . 2 9 

uo2co3 3 3 . 8 2 

H2O 9 . 2 0 

T o t a l 9 9 . 9 8 % 

A n a l y s e s of e a c h of t h e i g n i t e d p r o d u c t s . a r e g iven i n 

T a b l e 9 . A l l v a l u e s o t h e r t h a n uranium a r e from s p e c t r o g r a p h s 

a n a l y s e s . 
TABLE 9 

ANALYSES OF PRODUCTS, TEST 5 

5A 5B 5C 5 5D 

U 3 0 8 9 3 . 2 % 9 3 . 9 % 9 3 . 1 % 9 4 . 7 % 

F e 200 p-.'p. m 100 p . p . m . 4 0 0 p . p . m . 100 p . p . m 

T i 1 0 5 4 0 4 0 

Mn 1 5 4 1 0 5 

Cr 50 50 1 2 0 60 

V <T 1 0 <•10 20 4 0 

B 60 4 0 40 60 

Cd 0 . 4 0 . 6 0 . 4 0 . 6 

Mo 4 3 8 1 0 

Ni 60. 60 60 60 
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6 . 5 T e s t No, 6 

P a r t A 

60 grams o f c r u d e o x i d e were l e a c h e d f o r an hour a t room 

t e m p e r a t u r e i n one l i t r e of 2 p c r c c n t c a r b o n a t e s o l u t i o n . The 

p r o d u c t was r e c o v e r e d a f t e r phosphate t r e a t m e n t . 

P a r t B 

3 0 0 grams o f crude o x i d e were l e a c h e d f o r an hour a t 

room t e m p e r a t u r e i n one l i t r e o f 10 p e r c e n t c a r b o n a t e s o l u t i o n . 

P h o s p h a t e t r e a t m e n t was c a r r i e d ' out b e f o r e r e c o v e r y . ' 

A n a l y s e s of t h e s e p r o d u c t s , a f t e r i g n i t i o n , are g i v e n i n 

T a b l e 10 wi th f i g u r e s f o r p r o d u c t 5A. I n e a c h of t h o s e t h r e e 

t e s t s t h e r a t i o o f c rude o x i d e t o c a r b o n a t e was t h e same. 

TABLE 1 0 

COMPARISON OF. PRODUCTS, TESTS 5 and 6 

5A 6A 6B 

U 3 ° 8 
9 3 . 2 % 89* 1% 9 0 . 

F e 200 p . p .m. 300 p . p . m . 150 

T i 1 0 5 5 
Mn • 15 5 15 

Cr 50 50 50 

V 4 i o <10 < 1 0 

B 60 1 0 4 0 

Cd 0 . 4 0 . 2 0 . 4 

Mo 4 2 4 

Ni 60 20 40 

6 . 6 T e s t No. 7 

F o u r c o n t r o l l e d l e a c h e s o f - c r u d e o x i d e were c a r r i e d 

out under d i f f e r e n t c o n d i t i o n s . 

P a r t A 

25 gcaras 6'f c rude b x i d e were s t i r r e d w i t h 500 m . l . o f 5 

p e r c e n t c a r b o n a t e s o l u t i o n a t 2 0 ° . f o r 6 h o u r s . Samples were 

t a k e n a t i n t e r v a l s t o . d e t e r m i n e t h e p e r c e n t a g e o f uranium e x -

t r a c t e d . • 

P a r t B 

T h i s t e s t was c a r r i e d out a t 5 0 ° but was o t h e r w i s e t h e 

same a s A. 
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P a r t 0 

I n t h i s c a s e 1 gram o f ammonium p e r s u l p h a t e was added 

a t t h e s t a r t o f l e a c h i n g . The p r o c e d u r e was i d e n t i c a l v?ith B 

i n o t h e r r e s p e c t s . 

P a r t D 

T h i s t e s t was i d e n t i c a l w i t h B e x c e p t t h a t 50 grams o f 

o x i d e was u s e d . 

T a b l e 1 1 g i v e s t h e uranium e x t r a c t i o n s as p e r c e n t a g e s a t 

v a r i o u s t i m e s d u r i n g e a c h t e s t . T h e s e f i g u r e s were c a l c u l a t e d 

from r e s i d u e a s s a y s , assuming t h a t t h e s o l u b l e m a t e r i a l c o n t a i n s 

90% U 3 0 8 . 

TABLE 1 1 • 

URANIUM EXTRACTIONS. TEST 7 

Time 7A 7B 7C 7D 

15 min 20% 59% 58% 52% 

3 0 " 27 66 68 52 

4 5 " - 7 0 73 5 2 

1 hour 52 71 73 52 

2 " 52 73 79 60 

3 - 77 8 0 5 8 
1! 

22 50 - - -

5 - 80 83 61 
6 » 57 • — — • — 

The weight o f uranium e x t r a c t e d i n e a c h case w a s : -

7A 1 0 . 0 grams U^Og 
B 1 4 . 0 « " 
C 1 4 . 5 " " 
D 2 1 . 4 " " 

6 . 7 T e s t No.8 

7 0 grams o f c r u d e o x i d e were d i s s o l v e d and r e p r e c i p i t a t e d 

a s i n 3 . 2 a b o v e . • The wet f i l t e r cake was h a l v e d . One p a r t was 

d r i e d a t 1 1 0 ° o v e r n i g h t , whi le t h e o t h e r was k e p t w e t . A f t e r 

s a m p l i n g . e a c h h a l f was l e a c h e d f o r 5 hours a t 3 5 ° i n 500 ml o f 5 

p e r c e n t c a r b o n a t e s o l u t i o n . T a b l e 12 shows t h e r e s u l t s o b t a i n e d . 
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TABLE 1 2 

URANIUM EXTRACTIONSr TEST 8 

Time 8 A ( u n d r i e d ) 8B ( d r i e d ) 

15 min 68% 48% 

30 " 82 4 6 

45 " 87 52 

1 hour 9 0 53 
2 » 95 57. ' 

3 95 57 

5 96 65 

The r e s i d u e from l e a c h 8A was r e l e a c h e d w i t h f r e s h 

c a r b o n a t e s o l u t i o n . A f t e r a f u r t h e r ' 5 h o u r s a t 35°C 99% o f t h e 

uranium was e x t r a c t e d . 

6 . 8 G o n e r a l 

A number o f b a t c h e s of o x i d e was p r e p a r e d by t h e s t a n -

dard p r o c e d u r e d e s c r i b e d i n p a r a g r a p h 5 . 5 . The l e a c h i n g e f f i -

c i e n c y was 98 p e r c e n t a n d t h e r e c o v e r y o f t h e d i s s o l v e d uranium 

was v i r t u a l l y c o m p l e t e . The l i q u o r a f t e r p r o l o n g e d b o i l i n g 

( u s u a l l y about 12 h o u r s ) c o n t a i n e d l e s s t h a n O.lgU^Og p e r l i t r e 

The p h o s p h a t e p r e c i p i t a t e from one o f t h e s e p r e p a r a t i o n s was 

examined s p e c t r o g r a p h ! c a l l y , and found t o be magnesium phosphat 

c o n t a i n i n g s m a l l amounts o f c a l c i u m , a luminium, manganese and 

i r o n . 

A f u r t h e r m o d i f i c a t i o n was t h e a d d i t i o n o f 20 grams o f 

ammonium c h l o r i d e t o t h e s o l u t i o n b e f o r e b o i l i n g . T h i s gave a 

p r o d u c t h i g h e r i n uranium w i t h l e s s c a l c i u m and magnesium. 

A s p e c t r o g r a p h i c a n a l y s i s o f a t y p i c a l product i s g i v e n 

i n T a b l e 1 3 , a l l f i g u r e s b e i n g e x p r e s s e d a s p a r t s per m i l l i o n 

w i t h r e s p e c t t o u r a n i u m . 
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TABLE 13 

SPECTROGRAPHIC ANALYSIS OF PURIFIED OXIDE 

F e 1 0 0 p . p . m . T i 15 p. 
Cr V 10 

Mg 500 0 Mn 5 
Pb 5 0 Cd 0 . 5 
B 1QO Cu 3 0 
Be < 0 . 5 Ni 35 
Co 5 Ag -C 0 . 5 
B i . < 0 . 5 Mo <r i 
I n < - 0 . 1 Ge 

Ga * 2 S i 1 0 0 

A1 5 0 Sn "#10 
Sc 32 Y 21 

L a 1 1 Ce 9 
P r < 0 . 5 Nd 0 . 5 
Sm < 0 . 1 7 Eu < 0 . 1 3 

Gd < 0 . 1 3 Tb 0 . 4 4 

Dy 1 . 5 . Ho 0 . 4 2 

E r 2 . 4 Yb 4 . 7 
Ln 1 . 1 

7 . DISCUSSION 

The f i r s t t e s t d e m o n s t r a t e d t h e f e a s i b i l i t y o f t h e t e c h -

n i q u e and gave some i d e a o f t h e s e q u e n c e o f p r e c i p i t a t i o n o f t h e 

v a r i o u s e l e m e n t s from t h e b o i l i n g s o l u t i o n . The p r e c i p i t a t e 

which formed a t t h e s t a r t o f t h e r e c o v e r y s t e p was p r o b a b l y 

p u r e , t h e a l k a l i and a l k a l i n e e a r t h m e t a l s b e i n g p r e c i p i t a t e d 

l a t e r a s u r a n a t e s or d i - u r a n a t e s which were s t a b l e a f t e r i g n i t i o n . 

A p r o d u c t o f h i g h e r p u r i t y c o u l d p r o b a b l y be o b t a i n e d by f r a c -

t i o n a l p r e c i p i t a t i o n . 

The m a j o r i m p u r i t i e s i n t h e f i r s t p r o d u c t s were c a l c i u m 

and magnesium and i t was t h o u g h t t h a t a d d i t i o n o f a s u i t a b l e 

p r e c i p i t a n t f o r t h e s e e l e m e n t s would p u r i f y t h e s o l u t i o n . P h o s -

p h a t e was added t o s o l u t i o n s o f p r o d u c t and i t s e f f e c t was shown 

by t h e r e d u c t i o n o f t h e c a l c i u m c o n t c n t . E x a m i n a t i o n o f a s u b -

s e q u e n t p h o s p h a t e p r e c i p i t a t e i n d i c a t e d t h e p r e s e n c e o f more 
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magnesium t h a n c a l c i u m but t h i s was p r o b a b l y due t o t h e 

d i f f e r e n t l e a c h i n g t e c h n i q u e employed i n l a t e r t e s t s . 

The economic v a l u e o f t h e p r o c e s s must depend l a r g e l y 

on t h e e a s e o f r e c o v e r y o f t h e ammonium c a r b o n a t e , o r s i n c e 

c a r b o n d i o x i d e i s r e l a t i v e l y c h e a p , on t h e e a s e o f r e c o v e r y o f 

t h e ammonia. T e s t 4 i n d i c a t e d t h a t t h e ammonia i s r e a d i l y 

r e c o v e r a b l e . 

A l t h o u g h ammonium p h o s p h a t e removed some of t h e i m p u r i -

t i e s from t h e c a r b o n a t e s o l u t i o n , o t h e r p r e c i p i t a n t s wore a l s o 

s t u d i e d . T e s t 5 showed t h a t t h e r e was l i t t l e a d v a n t a g e i n u s i n g 

o x a l a t e w h i l e f l u o r i d e was i n e f f e c t i v e , c o n s e q u e n t l y a l l l a t e r 

work was done wi th p h o s p h a t e . The p r e s e n c e o f c a l c i u m , magne-

sium and sodium i n t h e p r o d u c t i s not a s e r i o u s d i s a d v a n t a g e , 

s i n c e t h e s e e l e m e n t s a r e e a s i l y removed i n any m e t a l p r o d u c t i o n 

p r o c e s s . The c h i e f o b j e c t i o n t o t h e i r p r e s e n c e i s t h a t t h e y 

consume c h l o r i n e when used i n t h e c h l o r i n a t i o n p r o c e s s a s 

s t u d i e d by Canning . 

The optimum s t r e n g t h of t h e l e a c h i n g s o l u t i o n was not 

d e t e r m i n e d but t h e u s e o f 2 and 1 0 p e r c e n t ammonium c a r b o n a t e 

s o l u t i o n showed no a d v a n t a g e over t h e u s u a l 5 p e r c e n t . T h i s 

l a t t e r s t r e n g t h was used i n a l l s u b s e q u e n t t e s t s . 

The e x t r a c t i o n of t h e uranium from t h e crude o x i d e was 

i n v e s t i g a t e d i n T e s t s 7 and 8 . Poor r e s u l t s were o b t a i n e d even 

a t 50°C and i n t h e p r e s e n c e o f an o x i d a n t , a l t h o u g h t h e r e was 

40 p e r c e n t e x c e s s ammonium c a r b o n a t e o v e r t h a t r e q u i r e d t o com-

p l e x a l l t h e uranium a s (NH 4 ) 4 U0 2 ( O O ^ y The i n c r e a s e d amount 

o f uranium d i s s o l v e d i n p a r t D o f t h i s e x p e r i m e n t s u g g e s t e d t h a t 

c o n c e n t r a t e d l i q u o r s would be o b t a i n e d from a c o u n t e r - c u r r e n t 

s y s t e m . T e s t 8 e s t a b l i s h e d t h a t f r e s h l y p r e c i p i t a t e d , u n d r i e d 

o x i d e was l e a c h e d o u i t e r e a d i l y , and a l l s u b s e q u e n t p r e p a r a t i o n s 

were from u n d r i e d raw m a t e r i a l . T h i s i s n o t a s e r i o u s l i m i t a t i o n 

s i n c e a p r o c e s s o f t h i s n a t u r e could b e u s e d a t t h e s i t e o f t h e 

c rude o x i d e p r o d u c t i o n . 
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The r e l e a c h i n g o f t h e r e s i d u e from t e s t 8A r e s u l t e d i n 

99 p e r c e n t t o t a l e x t r a c t i o n and was a f u r t h e r i n d i c a t i o n o f 

t h e a d v a n t a g e s of c o u n t e r - c u r r e n t o p e r a t i o n . T h i s t e s t was 

c o n d u c t 0 u. SIX 35 C t o m i n i m i s e l o s s of ammonia d u r i n g l e a c h i n g . 

I t i s a l s o a p p a r e n t t h a t the l e a c h i n g r a t e i s low a f t e r t h e 

f i r s t two hours and r e d u c t i o n o f t.he l e a c h i n g t i m e would n o t 

s e r i o u s l y a f f e c t the- e x t r a c t i o n . With a l e a c h i n g o p e r a t i o n 

such a s t h i s , i n which t h e m a j o r p o r t i o n o f t h e s o l i d d i s s o l v e s , 

t h e r e s i d u e may be q u i t e r i c h i n uranium even though t h e e x t r a c -

t i o n i s h i g h . I t i s i n t e r e s t i n g t o ' n o t e t h a t even 99 p e r c e n t 

e x t r a c t i o n o f t h e uranium from t h e c r u d e o x i d e l e a v e s a r e s i d u e 

which c o n t a i n s a b o u t 3 p e r c e n t U^Og. 

One i m p u r i t y which might be t r o u b l e s o m i s boron which 

h a s been as h igh a s 100 p . p . m . i n some c a s e s . Boron h a s a v e r y 

h i g h n e u t r o n a b s o r p t i o n c r o s s - s e c t i o n and i s a most u n d e s i r a b l e 

c o n t a m i n a n t . I t was a t f i r s t t h o u g h t t h a t most o f t h e b o r o n 

came from P y r e x g l a s s w a r e , and l a t e r p r e p a r a t i o n s were c a r r i e d 

out i n s t a i n l e s s s t e e l e q u i p m e n t . The p r o d u c t which was 

a n a l y s e d t o g i v e t h e f i g u r e s i n T a b l e 13 had not b e e n i n c o n t a c t 

w i t h g l a s s , and t h e boron c o n t e n t was s t i l l h i g h . Samples o f 

t h e ammonium c a r b o n a t e were t h e n a n a l y s e d and a l t h o u g h an 

a p p r e c i a b l e amount o f b o r o n was found i n one sample ( p a r a g r a p h 

4 . 1 ) i t was not s u f f i c i e n t t o a c c o u n t f o r t h e 1 0 0 p . p . m . i n t h e 

p r o d u c t . ' A p p a r e n t l y a l l t h e b o r o n from b o t h t h e c rude o x i d e 

and t h e c a r b o n a t e appeal 's i n t h e p r o d u c t . The r e s u l t s r e p o r t e d 

by Canning s u g g e s t t h a t t h i s i m p u r i t y i s removed i n t h e 

e l e c t r o l y t i c c h l o r i d e p r o c e s s . 

The a d d i t i o n o f phosphate t o t h e s o l u t i o n did n o t remove 

a s many i m p u r i t i e s a s was e x p e c t e d , and t h i s s t o p may not be 

w o r t h w h i l e . 

I f t h e boron p r e s e n t i s c o n s i d e r e d t o b e removable i n 

m e t a l p r o d u c t i o n , r e a c t o r g r a d e m e t a l would r e s u l t from r e d u c -

t i o n o f t h e o x i d e p r o d u c t from t h i s p r o c e s s . I f an o x i d e o f 
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h i g h e r p u r i t y were r e q u i r e d , f u r t h e r development o f t h e p r o c e s s 

would "be d e s i r a b l e . 

At t h e t ime t h i s work was commenced, no i n f o r m a t i o n , was 

a v a i l a b l e r e l a t i n g t o any s i m i l a r p r o c e s s . R e c e n t l y , however , 

a r e p o r t h a s been p u b l i s h e d ( H o l l i s , 1 9 5 7 ) d e s c r i b i n g a s i m i l a r 

p r o c e s s under development i n t h e U . S . A . T h i s r e p o r t i s n o t y e t 

a v a i l a b l e i n A u s t r a l i a . 
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