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ABSTRACT 

Leaching T e s t s :  Roasted O r e s .  Samples of Marysvale and 
Temple Mountain o r e s  were r o a s t e d  t o  de te rmine  i f  t h i s  would 
improve t h e  uranium l e a c h i n g  from t h e s e  o r e s .  Roas t ing  t h e  
Marysvale ore r e s u l t e d  i n  a s i g n i f i c a n t  improvement i n  l each -  
i n g  e f f i c i e n c y  b u t  t h e  uranium l e a c h i n g  of Temple Mountain 
o r e  d i d  n o t  appear  t o  be a f f e c t e d  under t h e  c o n d i t i o n s  of t h e  
tes t  ., 

S l u r r y  E x t r a c t i o n ,  S t u d i e s  were completed on t h e  e f f e c t  
of some of t h e  mixing v a r i a b l e s  on t h e  e x t r a c t i o n  of uranium 
from 30%,  40%, and 50% Utex s l u r r y  by t h e  Dapex p r o c e s s .  Phase 
r a t i o ,  f e e d  th roughpu t ,  mixer s p e e d ,  and t u r b i n e  d i ame te r  were 
s t u d i e d  t o  de te rmine  t h e i r  e f f e c t  on bo th  t h e  e x t r a c t i o n  
e f f i c i e n c y  and t h e  pr imary and f i n a l  en t r a inmen t  of t h e  ex-  
t r a c t a n t  phase i n  t h e  r a f f i n a t e  stream, 

NOTICE 

The d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  
are p r e l i m i n a r y ,  and are pub l i shed  
i n  a formal  r e p o r t  o n l y  t o  permi t  
r a p i d  d i s s e m i n a t i o n  of i n fo rma t ion  
t o  i n t e r e s t e d  pe r sons .  
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LEACHING TESTS: RQASTED ORE 

J. R .  Buchanan 

Marysvale and Temple Mt, o r e s  have been l e a c h  t e s t e d  
a f t e r  r o a s t i n g ,  The uranium l eached  from t h e s e  o r e s  i n  pre- 
v ious  tes ts  (ORNL-2112)  was w e l l ,  below 95% of t h e  t o t a l  per- 
c e n t .  Roas t ing  s h o u l d  improve t h e  l e a c h i n g  e f f i c i e n c y  s i n c e  
any uranium t i e d  up i n  o r g a n i c  o r  reduced m i n e r a l  complexes 
would be o x i d i z e d  to a r e a d i l y  l e a c h a b l e  s t a t e .  

Both o r e s  were r o a s t e d  a t  500% f o r  1 6  h o u r s o  The 
l e a c h i n g  c o n d i t i o n s  were i d e n t i c a l  t o  t h o s e  used  i n  t h e  pre-  
v ious  s t u d y .  

The e f f e c t  of t h e  amount of s u l f u r i c  a c i d  on t h e  uranium 
and vanadium l e a c h i n g  is  shown i n  Table  1, The l e a c h i n g  e f f i -  

TABLE 1 EFFECT OF AMQUNT O F  ACED ON LEACHING 
OF URANIUM AND VANADIUM FROM ROASTED ORE 

Leached 
R e s  i due P e r c e n t  Leached 

Roasted O r e  Uranium Vanadium 
H,SO** u,o, v20, R a w  Roasted R a w  Roas ted  

O r e  ( l b / t o n )  (%) (Yo) Qre** O r e  O r e * *  O r e  

Marysvale loo 
150 
2 0 0  
250  

Temple M t .  1 0 0  
150 
2 0 0  
250 

OaOP9 0 . 0 6 6  
. 0 1 3  -057 
. 0 1 2  . 0 5 5  
. 0 1 0  .050 

0 ,081  1 . 0 3  
.047 - 8 9  
"045 .71 
~ 0 4 3  . 7 1  

7 6  8 9  
78 9 1  
8 3  92 
8 1  93  

80 72  
82 83 
84 84 
85 85 

- 2 0  
50 20  
42 28 
50 20  

32 15 
32 1 5  
40 1 5  
44 15 

*Condi t ions :  1 6  hours  a t  5O-6O0C 
**From ORNL-2112,  p .  6 .  

c i ency  is based on  t h e  a n a l y s e s  of t h e  o r e  samples  and l eached  
r e s i d u e s ,  A t e n  p e r c e n t  o r  g r e a t e r  i n c r e a s e  i n  t h e  uranium 
l e a c h i n g  of t h e  Marysvale ore as a r e s u l t  of having  been 
r o a s t e d  w a s  e x h i b i t e d  f o r  each a c i d  t o  ore r a t i o ,  T h i s  w a s  
s u f f i c i e n t  t o  g i v e  a c c e p t a b l e  l e a c h i n g .  Roas t ing  of t h e  
Temple M t .  o r e  had no  appa ren t  e f f e c t  on t h e  uranium l e a c h i n g .  
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A 

A s  mentioned i n  t h e  p rev ious  r e p o r t  t h e  vanadium l e a c h i n g  
was of secondary  importance and was only  inc luded  t o  g i v e  i ts  
o r d e r  of magnitude.  L e s s  vanadium was leached  from t h e  
r o a s t e d  t h a n  s imi la r  raw o r e .  Typ ica l  l e a c h  l i q u o r  composi- 
t i o n s a r e  p r e s e n t e d  i n  Table  2 .  

N o  f u r t h e r  l e a c h i n g  tes ts  a r e  p lanned .  

TABLE 2 .  COMPOSITION OF LEACH LIQUORS 

C o n c e n t r a t i o n s  i n  g / 1  u n l e s s  no ted  

O r e  Marysvale Temple M t .  

H,S04 u s e d ,  
l b / t o n  

U 
v 
Fe d t o t a l )  
Fe+ 
A 1  
Mo 
so4 
PH 
Sp. G r ,  

200  
1 . 7  
.1 

9 . 9  
. 8  

8 . 8  
- 4  

1 . 7  
1.11 

93 

200 
2 . 9  
2 . 6  
1 . 5  

< . 0 2  
6 . 6  

. 0 0 2  
77  

1 . 4  
1 . 0 8  
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SLURRY EXTRACTION 

F. L o  Daley 

Studies have been completed on the effect of some of the 
mixing variables on the extraction of uranium from 30%0, 40%$ 
and 50% Utex slurry by the Dapex process, Phase ratio, feed 
throughput, mixer speed, and turbine diameter were studied to 
determine their effect on both the extraction efficiency and 
the primary and final entrainment of the extractant phase in 
the raffinate stream, 

The equipment consisted of a mixer-settler unit as was 
shown in Fig. 5, report ORML-CF-56-8-30e Samples were taken 
after 4, 8, 10, 12 volume changes of the raffinate in t h , e  
settler. Each of the primary entrainment results given is an 
average of eight determinations. 

The final entrainment data was collected by diluting the 
slurry raffinate to 5 wt %with water, discarding the sands, 
and introducing the slime-slurry into a standard dilution 
cell, as described in ORML-2035. The dilution cell results 
are an average of two determinations* 

A summary of the feed analysis for the three different 
solid concentrations is given in Table 30 

TABLE 3 .  SUMMARY OF THE FEED ANALYSIS* 

grams per Liter % 
Solids pH U v MO A1 SO, Fe Fe** Si 

5 0  1.4 2-3 1,6 0 , 0 2 4  2,8 33.0 3-9 3.1 0.53 

30 1,5 1.1 .8 .015 1.6 26"O 3,O 2.6 D 35 

A 

*Analysis of filtrate from slurry; 



7 

n 

50% Utex S l u r r y  

The data  i n  Tab le  4 shows t h e  e f fec t  of phase r a t i o  on t h e  
o r g a n i c  en t r a inmen t  i n  t h e  r a f f i n a t e  stream. An i n c r e a s e  i n  
phase r a t i o  (organic /aqueous)  t e n d s  t o  decrease t h e  pr imary en- 
t r a inmen t  and e x t r a c t i o n  e f f i c i e n c y ,  b u t  h a s  l i t t l e  e f f e c t  on 
t h e  f i n a l  e n t r a i n m e n t .  

TABLE 4 .  EFFECT OF PHASE RATIO 
-~ ~ 

Organic  Entrainment  
( g a l / t o n  of  ore)  

Extrac-  A f t e r  
Mixer S l u r r y  Phase t i o n  A f t e r  D i l u t i o n  C e n t r i -  

Run Speed f e e d  Ra t io  E f f .  P r i -  C e l l * *  f u g a t i o n  
No. (rpm) (cc/min)  O/A (%) mary 1 h r  4 h r  16 h r  5y0 5070 

4 3; 700  2 0 0  2 / 1  

43; 7 0 0  200 5/1 

42 7 0 0  200  1 0 / 1  99.8 195 1 0 . 0  6 , 2  2 . 5  

41  700  2 0 0  3 0 / 1  98.6 60 8 . 2  5 . 3  3 .8  

43  700  200 60/1 9 1 . 2  30 3 . 7  3 .0  2 . 2  1 . 6  

*Unable t o  r u n  due t o  emulsion bui ld-up i n  mixer .  
**In t h e  r ange  o f  0-3 g a l / t o n  of ore  t h e  9 5 % c o n f i d e n c e  l e v e l  is 

262.9% of  t h e  r e p o r t e d  v a l u e .  I n  t h e  r ange  of 3 - ,3 g a l / t o n  
of ore t h e  95% conf idence  l e v e l  is 231.6% of t h e  r e p o r t e d  
v a l u e .  

I t  is no ted  from t h e  data i n  Table  5 t h a t  a n  i n c r e a s e  i n  
t h e  mixer speed from 700  rpm t o  1 5 0 0  rpm decreases t h e  pr imary 
e n t r a i n m e n t ,  b u t  i n c r e a s e s  t h e  f i n a l  e n t r a i n m e n t .  A t  mixer 
speeds below 700  rpm t h e  emulsion bui ld-up  i n  t h e  mixer became 
so  e x c e s s i v e  t h a t  t h e  r u n s  were t e r m i n a t e d .  
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TABLE 5 .  EFFECT O F  MIXER SPEED 
~ ~ ~ ~ - ~- 

Organic Ent ra inment  
( g a l / t o n  of  ore) 

Extrac- A f t e r  
Mixer S l u r r y  Phase  t i o n  A f t e r  D i l u t i o n  C e n t r i -  

Run Speed f e e d  Rat io  E f f .  P r i -  C e l l  f ugat i o n  
No. (rpm) ( cc /min )  O/A (YO) mary 1 h r  4 h r  16 h r  5% 50% 

46; 300 200 10/1  

46B* 300 200 30/1 

4 8, 500 200 5 /1  

42 700 200 10/1  99 .8  195 1 0 . 0  6 , O  2 . 5  

48 1500  2 0 0  5 /1  98.7 1 1 9  30.0 1 5 . 9  5 . 0  2 . 7  1 9 . 3  

47  1500 200 1 0 / 1  98.7 79 23.2 1 0 . 8  6 . 0  3 . 3  

*Unable t o  r u n  due t o  emulsion bui ld-up  i n  mixer, 

An increase i n  t h e  s l u r r y  th roughpu t ,  from 200 c/min t o  
1000 cc/min,  d e c r e a s e d  t h e  pr imary  en t r a inmen t  b u t  i n c r e a s e d  t h e  
f i n a l  e n t r a i n m e n t .  A t  1000 cc/min throughput  t h e  e x t r a c t i o n  e f f i -  
c i e n c y  f e l l  t o  77.8%. The d a t a  f o r  t h e s e  r u n s  is found i n  Tab le  6 ,  

TABLE 6 .  EFFECT OF SLURRY FEED THROUGHPUT 

Organic  Ent ra inment  
( g a l / t o n  of ore 

' A f t e r  Extrac-  
Mixer S l u r r y  Phase t i o n  A f t e r  D i l u t i o n  C e n t r i -  

Run Speed Feed Radio E f f ,  P r i -  C e l l  f u g a  t i o n  
No. (rpm) (cc/min)  O/A (%) mary P h r 4 h r  1 6  h r  , 5 50% 

42 700 2 0 0  10/1  99 .8  195 1 0 - 0  6 , 2  2 , 5  

45 700 1000 10/1  77 .8  9 1  7 , 9  4 . 3  4 . 2  1 . 0 3  

. 

4 
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The mixer was equipped ,  i n  t u r n ,  w i th  t u r b i n e s  of 2" ,  
311, and 4Ir d i ame te r s  t o  s t u d y  t h e  e f f e c t  of t u r b i n e  d iameter  
on t h e  o r g a n i c  e n t r a i n m e n t .  Tab le  7 g i v e s  t h e  r e s u l t s  of 
these r u n s .  The 3" i m p e l l e r  a t  a power l e v e l  of 0 , 0 3 1  hp/ga l  
gave t h e  lowes t  f i n a l  en t r a inmen t  and h i g h e s t  e x t r a c t i o n  e f f i -  
c i e n c y .  I t  was necessa ry  t o  o p e r a t e  a t  a power l e v e l  of 0 .31  
hp/gal  i n  t h e  cases of t h e  2" and 4" t u r b i n e s  b e f o r e  t h e  
emulsion bui ld-up cou ld  be c o n t r o l l e d  enough t o  a l low t h e  r u n  
t o  be made. 

40% Utex S l u r r y  

Three r u n s  were made on t h e  40% Utex s l u r r y .  The re- 
s u l t s  of these r u n s  fo l lowed t h e  same p a t t e r n  as t h a t  of t h e  
co r re spond ing  50% s l u r r y  r u n s .  Table  8 c o n t a i n s  t h e  d a t a  f o r  
these r u n s .  

30% Utex S l u r r y  

One run  w a s  made on t h e  30% Utex s l u r r y .  I t  w a s  neces- 
s a r y  t o  f e e d  t h e  s l u r r y  a t  1 0 0 0  cc/min due t o  f a l l - o u t  of 
s a n d s  i n  t h e  feed l i n e  t o  t h e  mixer .  The  primary en t r a inmen t  
was h i g h e r  bu t  t h e  f i n a l  en t r a inmen t  was s l i g h t l y  lower t h a n  
f o r  t h e  co r re spond ing  50% s l u r r y  r u n .  Table  9 c o n t a i n s  t h e  
d a t a  f o r  t h i s  r u n .  

Cent r i  f utza t i o n  

A ser ies  of samples were t aken  t o  s t u d y  t h e  e f f e c t  of 
c e n t r i f u g a t i o n  on t h e  r ecove ry  of t h e  o r g a n i c  from t h e  r a f -  

as used f o r  t h e  d i l u t i o n  c e l l ,  and r o t a t e d  i n  a l a b o r a t o r y  
c e n t r i f u g e  fo r  1 0  min a t  1400 rpm. The s o l i d s  were collected 
and submi t t ed  for organic e n t r a i n m e n t .  I n  each case t h e  cen- 
t r i f u g e d  sample gave a lower o r g a n i c  c o n t e n t  ( i n  t h e  o r d e r  of 
one-ha l f )  t h a n  t h a t  of t h e  co r re spond ing  sample run  f o r  16 
hours  i n  t h e  d i l u t i o n  c e l l .  

f i n a t e .  ;7-; - d 4  7 ~ -  samples  were p r e p a r e d ,  u s i n g  t h e  same procedure  



TABLE 7 ,  EFFECT OF TURBINE DIAMETER 

P h a s e  Ra t io  O:A -i 1 0 ~ 1  
Organic  E n t r a i n m e n t  

S l u r r y  Feed ( 2 0 0  cc /min)  - ( g a l / t o n  of ore) 
A f t e r  E x t r a c -  A f t e r  

Mixer Power t f o n  D i l u t i o n  C e l l  C e n t r i -  - Run T u r b i n e  Speed I n p u t  E f f  0 Prim- f u g a t i o n  
h r  4 h r  1 6  h r  

5 OA* 2" 1 3 8 0  0 0 3 1  

50B 2" 2400  .31. ** 9 5 . 1  99 2 9 . 0  1 2 , 7  7 . 4  

4 2  3 'I  700 . 0 3 1  9 9 0 8  1 9 5  1 0 , O  6 - 2  2 , 5  

4 7  3" 1 5 0 0  0 31 9 8 . 7  79  2 3 - 2  1 0 - 8  6 , O  3 . 3  

49A* 4" 4 3 0  0 3 1  

49B 4 f f  930  131 9 3 . 8  8 7  2 0 . 0  9 . 2  4 - 1  1 2 , 6  
~ ~ ~~ 

*Unable t o  make run due t o  emulsion bui ld-up i n  mixer.  

**Mixer rpm of 2950  needed f o r  0 , 3 1  power l e v e l ,  

' V  
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Fu t ur e Work 

Considering the encouraging results obtained in the re- 
duction of final entrainment by batch centrifugation it 
seemed that a continuous centrifuge might be employed for the 
final. separation, Arrangements have been made with the 
Sharples Corporation of Philadelphia to test in thL2.k- ? L - G :  
atory, the recovery of organic from an aqueous raffinate in 
their "NozH j ec tor" continuous centrifuge 

Plans are being made for a few preliminary tests utiliz- 
ing a spray tower as the contactor for the extraction of ura- 
nium from slurries.. 

i 


