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AMINE EXTRACTION PROCESS 

S t r i p p i n g  S t u d i e s  

TESTING 

I n  t h e  amine e x t r a c t i o n  p r o c e s s ,  uranium is s t r i p p e d  
from t h e  o rgan ic  ex t rac t  by use  of a s t r i p p i n g  agent  f o r  
which t h e  amine has  a s t r o n g e r  a f f i n i t y  than  i t  has f o r  
e i the r  s u l f u r i c  acid o r  t h e  uranium s u l f a t e  complex. With 
sodium ca rbona te  s o l u t i o n ,  f o r  example, t h e  amine a s s o c i a t e d  
w i t h  t h e  u r a n y l  s u l f a t e  complex and amine s u l f a t e  are con- 
v e r t e d  t o  f r e e  amine w h i l e  t h e  u r a n y l  s u l f a t e  reacts w i t h  
sodium ca rbona te  t o  form a ca rbona te  complex which is s o l u b l e  
i n  t h e  aqueous phase.  I n  most of t h e  work c a r r i e d  out  t o  
date ,  sodium ca rbona te  i n  aqueous s o l u t i o n  has  been employed 
as t h e  s t r i p p i n g  agen t .  In  a d d i t i o n  t o  sodium c a r b o n a t e ,  t h e  
l a b o r a t o r y  group has recommended aqueous s o l u t i o n s  of sodium 
ch lo r ide  and of ammonium n i t r a t e .  

Batch s t r i p p i n g  tests were made wi th  each of these 
a g e n t s .  The r e s u l t s  of these tests w i l l  d e f i n e  t h e  o p e r a t i n g  
c o n d i t i o n s  f o r  tests t o  be made on a cont inuous bas i s .  

Sodium ca rbona te  and sodium ch lo r ide  were tested t o  de- 
te rmine  t h e  e f f e c t s  of r eagen t  e x c e s s ,  power i n p u t  and impel- 
ler  size* on t h e  r a t e  and degree of complet ion of each s t r i p -  
ping r e a c t i o n ,  and t o  e v a l u a t e  t h e  amount of r e s i d u a l  e n t r a i n -  
ment i n  each phase a f te r  t h e  primary phase s e p a r a t i o n .  
Ammonium n i t r a t e  w a s  a l so  tes ted ,  bu t  on ly  t h e  e f f e c t  of 
r eagen t  excess  w a s  i n v e s t i g a t e d .  

The o rgan ic  e x t r a c t  used i n  t h e  tests con ta ined  3 . 3 7  g / l  
uranium. I t  was prepared  by cont inuous  c o u n t e r c u r r e n t  ex t r ac -  
t i o n  of a s t a n d a r d  s y n t h e t i c  l i q u o r  w i t h  a 0 . 1  M amine 
9D-178** s o l u t i o n  i n  kerosene u s i n g  an aqueous To organ ic  
phase f l o w  r a t i o  of 3 : l .  The tes ts  were c a r r i e d  ou t  by mixing 

*Rushton and coworkers have shown t h a t ,  i n  a mixer a t  c o n s t a n t  
power, t h e  r a t i o  of i n t e r n a l  f l o w  t o  tu rbu lence  v a r i e s  as t h e  
s i ze  of t h e  i m p e l l e r  is v a r i e d .  For example, a large-diameter  
low-speed impe l l e r  produces a l a r g e  r a t i o  of flow t o  turbu- 
l e n c e  w h i l e  a small-diameter  high-speed impe l l e r  w i t h  t h e  
same power. i n p u t  w i l l  g i v e  a small  r a t i o l .  

**Rohm and Haas Company, P h i l a d e l p h i a ,  pa .  
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measured volumes of o rgan ic  extract  and s t r i p  s o l u t i o n  i n  a 
s t a n d a r d  b a f f l e d  mixer w i th  t u r b i n e  type  i m p e l l e r s  ( F i g .  1) .  
I n  a l l  tests t h e  aqueous phase w a s  d i s p e r s e d  i n  t h e  con t in -  
uous o rgan ic  phase.  

Evalua t ion  of R e s u l t s  

The r e s u l t s  have been eva lua ted  by computing a s t r i p p i n g  
ra te  c o n s t a n t ,  accord ing  t o  t h e  method of Hixon and Smith.2 
Th i s  c o n s t a n t  is d i r e c t l y  p r o p o r t i o n a l  t o  holdup t i m e  and ,  
s i n c e  l o w  holdup t i m e  means s m a l l  working volume, t h e  condiA 
t i o n s  t h a t  g i v e  l o w  K va lues  are t h e  most d e s i r a b l e .  

K is de f ined  as: 

K = -  e 
I n (  1-E) 

where 8 is t h e  t i m e  i n  seconds and E is t h e  ba tch  s t r i p p i n g  
e f f i c i e n c y .  I n  t u r n  E is de f ined  as:  

where Co is  t h e  o r i g i n a l  uranium c o n c e n t r a t i o n  i n  t h e  o r g a n i c ,  
Ceq t h e  equ i l ib r ium c o n c e n t r a t i o n ,  and C t  t h e  c o n c e n t r a t i o n  
a t  t i m e  8 .  

can be p r e d i c t e d  from K by  use  of t h e  equat ion:3y4 
The r e s i d e n c e  t i m e ,  eHs r e q u i r e d  i n  a cont inuous  mixer 

where Eav is t h e  g iven  s t a g e  e f f i c i e n c y  f o r  cont inuous  s t r i p -  
p ing  e 

A p l o t  of 1-E ve r sus  t i m e  f o r  each run  gave a curved 
l i n e ,  i n d i c a t i n g  an i n c r e a s e  i n  K w i t h  approach t o  e q u i l i b r i u m .  
For t h i s  reason  a l l  K ' s  were c a l c u l a t e d  a t  1-E = 0 . 0 1 ;  t he re -  
f o r e ,  t hey  r e p r e s e n t  a r a t e  c o n s t a n t  f o r  s t r i p p i n g  t o  99% of 
e q u i l i b r i u m .  

A s  an example of t h e  method, t h e  c a l c u l a t i o n  of K f o r  
t h e  f i r s t  tes t  shown i n  Table  1 is given i n  t h e  fo l lowing .  
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DIMENSION RATIOS OF TURBINE 
D:D : L  :W=20:15:5:4  

P b  

- GLAS 
PIPE 
6" I .D. 

FIG. I -  DETAILS OF BATCH MIXER 
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The  d a t a  from t h e  t es t  were p l o t t e d  i n  F i g .  2 .  The equi- 
l i b r ium c o n c e n t r a t i o n  of uranium i n  t h e  o rgan ic  w a s  assumed 
t o  be t h e  average over t h e  l e v e l  p o r t i o n  of t h e  c u r v e ,  s o  
t h a t :  

Ct 

CO = 3 . 3 7  g/1 

= 0 . 0 2 3  g /1  ceq 

= 3 . 3 5  

The 1-E va lues  were c a l c u l a t e d  f o r  each t i m e :  

T i m e ,  sec 

1 0  - 
0 . 1 1 0  

30 - 
0.048 

6 0  - 
0.028 

0.087 0.025 0 .005  

0 . 0 2 6  0.008 0 . 0 0 2  

The va lue  f o r  8 ,  26  seconds ,  a t  1-E = 0 . 0 1 ,  w a s  r e a d  from t h e  
p l o t  of 1-E ve r sus  t i m e  g iven  i n  F i g .  3 .  Then, a t  1-E = 0 . 0 1 :  

K = -  e - - -  26 - - 26 = 5 . 7  sec 
I n (  1-E) l n ( O . 0 1 )  4 .6  

Sodium Carbonate 

The s t r i p p i n g  of uranium by sodium ca rbona te  is essen-  
t i a l l y  a q u a n t i t a t i v e  r e a c t i o n .  However, incomplete  s t r i p p i n g  
was observed i n  t h e  r u n s  wi th  less than  35% ca rbona te  excess. 
I n  t h e s e  r u n s ,  an apparent  p l a t e a u  i n  t h e  c o n c e n t r a t i o n  of 
uranium i n  t h e  o rgan ic  w a s  reached which was assumed t o  be t h e  
e q u i l i b r i u m  c o n c e n t r a t i o n .  The t h e o r e t i c a l  c a r b o n a t e  r e q u i r e -  
ment w a s  assumed t o  be 1 / 2  mole p e r  mole of amine and 3 moles 
pe r  mole of uranium. 

Reagent Excess. The e f f e c t  of r eagen t  excess upon t h e  
r a t e  and completeness  of s t r i p p i n g  is shown i n  Table  1. A s  
t h e  ca rbona te  excess was i n c r e a s e d  from 5% t o  35%, K decreased  
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TIME, seconds 

i FIGURE 3 - STRIPPING EFFICIENCY,RUN I .  

I . ;  
I i 



TABLE 1. EFFECT OF CARBONATE EXCESS ON STRIPPING RATE 

Stripping solution: 0.7M Na,C03 

Three-inch turbine at 700 rpm: 0.03 hp/gal 

D/T ratio*: 0.5 

Carbonate Phase Uranium Concentration in Organic, g/1 Entrainment, 
Excess, Rat io, K, Mixing Time, sec. Org in Aq, 

% Org/Aq sec 0 10 30 60 120 240 480 Vol % 

- 5 7.05 5.7 3.37 0.110 0.048 0.028 0.023 0.023 0.022 

10 6.74 4.4 3.37 0.078 0.040 0.026 0.018 0.017 0.017 2 9  

20 6.17 1.7 3.37 0.028 0.016 0.016 0.015 0.014 0.016 16 

35 5.56 (1.7 3.37 - 0 . 0 0 3  0.001 0 . 0 0 3  0.002 0.001 < 3.5 

*Ratio: Turbine dia/tank dia. 
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from 5 .7  t o  less than  1 . 7  sec ,  and t h e  equ i l ib r ium concen- 
t r a t i o n  of uranium i n  t h e  o rgan ic  phase decreased  from about 
0 . 0 2 3  t o  0 . 0 0 2  g / l .  

A p e r s i s t e n t  emulsion was formed i n  t h e  aqueous phase 
when t h e  r eagen t  excess  w a s  20% o r  less.  The o rgan ic  e n t r a i n -  
ment i n  t h e  aqueous phase a f t e r  1 0  minutes '  s e t t l i n g  w a s  1 6  
t o  2 9  volume p e r c e n t .  With 35% e x c e s s ,  t h e  en t ra inment  w a s  
less than  0.5%. The entrainment  of aqueous i n  t h e  o rgan ic  
phase w a s  less than  0.4 volume pe rcen t  i n  a l l  of t h e  tests. 

D/T Ra t io .  The e f f ec t  of D/T ( t u r b i n e  d iameter / tank  
diameter) on t h e  s t r i p p i n g  r a t e  a t  two l e v e l s  of power and 
r eagen t  excess  is shown i n  Table  2 .  With a power i n p u t  of 
0 . 0 0 2  hp/gal  and a 1 0 % e x c e s s  r e a g e n t ,  K was about 13 seconds 
and w a s  independent of D/T. Wi th  an i n c r e a s e  i n  power inpu t  
t o  0 .03  hp/gal  and an  i n c r e a s e  i n  excess  r eagen t  t o  35%, K 
w a s  18 seconds f o r  a D/T r a t i o  of 0 . 6 7  and less than  2 . 2  
seconds f o r  D/T r a t io s  of 0.50 and 0 . 3 3 .  

Power Inpu t .  The d a t a  i n  Table  3 show t h e  e f f e c t  of 
power i n p u t  on t h e  s t r i p p i n g  r a t e  wi th  1 0 %  ca rbona te  excess .  
An i n c r e a s e  i n  t h e  power from 0 . 0 0 2  t o  0 . 0 0 8  hp/gal  r e s u l t e d  
i n  a decrease i n  K ,  from 1 3 . 2  t o  4 . 1  sec.  A f u r t h e r  i n c r e a s e  
t o  0 . 0 3  hp/gal  had no e f f e c t  on K, 

Sodium Chlo r ide  

The s t r i p p i n g  of uranium by c h l o r i d e  i o n  is a r e v e r s i b l e  
r e a c t i o n  r e q u i r i n g  s e v e r a l  s t a g e s  t o  o b t a i n  complete s t r i p -  
p ing .  I n  t h e s e  tests, t h e  c o n c e n t r a t i o n s  of uranium i n  t h e  
o rgan ic  e x t r a c t  and sodium c h l o r i d e  s o l u t i o n  approximated t h e  
c o n c e n t r a t i o n s  t h a t  would e x i s t  i n  t h e  uranium r i c h  s t a g e  of 
a c o u n t e r c u r r e n t  system ( U n i t  1 2 1 ,  F i g .  1, ORNL-2025). The 
sodium ca rbona te  tests i n d i c a t e d  t h a t  D/T r a t i o s  of 0 . 5  and 
0.33 were e q u a l l y  s a t i s f a c t o r y ;  without  f u r t h e r  i n v e s t i g a t i o n ,  
a D/T r a t i o  of 0 .5  w a s  selected f o r  t h e  sodium c h l o r i d e  t es t s .  
The t h e o r e t i c a l  c h l o r i d e  requirement  was assumed t o  be 1 mole 
pe r  mole of amine. 

Reagent Excess. The d a t a  i n  Table  4 show t h a t  t h e r e  w a s  
a s i g n i f i c a n t  change i n  t h e  uranium c o n c e n t r a t i o n  a t  e q u i l i b -  
rium wi th  a change i n  c h l o r i d e  excess .  With an  increase i n  
c h l o r i d e  excess from 1 0  t o  50%, K i nc reased  from 4 .4  t o  6 . 1  
seconds whi le  t h e  c o n c e n t r a t i o n  of uranium i n  t h e  o rgan ic  
phase a t  equ i l ib r ium decreased from about 1 .24  g/1 t o  0 . 5 5  
g / l .  



TABLE 2 .  EFFECT OF D/T RATIO ON SODIUM CARBONATE STRIPPING RATE 

Stripping solution: 0.7M - Na,CO, 

Phase Reagent Turbine Uranium Concentration in Organic, g/1 
Power, Ratio, Excess, D/T* Dia, Speed, K ,  Mixing Time, sec 
hp /ga l  Org/Aq % Ratio in. rPm sec 0 1 0  30  60  1 2 0  240  4 8 0  

0 . 0 3  5 . 5 6  3 5  0 . 6 7  4 4 3 0  1 8 . 0  3 . 3 7  - 0 . 0 2 3  0 . 0 0 9  0 . 0 0 3  0 . 0 0 3  0 . 0 0 2  . 

0 . 5 0  3 700  2 . 2  3 . 3 7  - 0 . 0 0 3  0 . 0 0 1  0 . 0 0 3  0 . 0 0 2  0 . 0 0 1  ' 

0 . 3 3  2 1 3 8 0  2 . 2  3 . 3 7  - 0 . 0 0 3  0 . 0 0 1  0 . 0 0 2  0.001 0 . 0 0 1  

0 . 0 0 2  6 . 7 4  1 0  0 . 6 7  4 1 7 2  1 3 . 5  3 . 3 7  0 . 2 9  0 . 1 4  0 . 0 6 3  0 . 0 3 6  0 . 0 2 6  0 . 0 2 3  

0 . 5 0  3 278  1 2 . 6  3 . 3 7  0 . 2 8  0 . 1 2  0 . 0 5 9  0 . 0 4 1  0 . 0 3 4  0 . 0 3 2  

0 . 3 3  2 548  1 3 . 5  3 . 3 7  0 . 2 8  0 . 1 6  0 , 0 6 9  0 . 0 4 9  0 . 0 2 9  0 . 0 3 0  

*Diameter of turbine/tank diameter. 
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TABLE 3. EFFECT OF POWER INPUT ON SODIUM 

CARBONATE STRIPPING RATE 

10% excess of 0 7M Na,CO, solution 

Phase ratio: 6.74 org/aq 

- 

Uranium Concentration in Organic, g/1 
Power, K, Mixing Time, sec 
hp/gal sec 0 10 3-2 0 240 

0.002* 13.2 3.37 .0.28 0,14 0.064 0.042 0,030 

0.008 4.1 3.37 0.092 0.035 0.022 0.021 0.018 

0.03 4.4 3.37 0.078 0.040 0.026 0.018 ' 0.017 

*Data at 0.002 hp/gal is the average of three tests. 

TABLE 4. EFFECT OF CHLORIDE EXCESS ON STRIPPING RATE 

Stripping solution: 1M NaCl 
Three-inch turbine at 7 0 0  rpm: 0.031 hp/gal 
D/T ratio: 0.5 

Chloride Phase Uranium Concentration in Organic, g/1 
Excess, Ratio, K, Mixing Time, sec 

% org/aq sec 0 10 30 60 . 1 2 9  240 480 

10 9.11 4.4 3.37 1.27 1.24 1.23 1.23 1.26 1.22 

50 6.68 6.1 3.37 0.70 0.56 0.51 0.55 0.56 0.56 



I -  

ll 

Power Inpu t .  The e f f e c t  of power i n p u t  on K is shown i n  
Table  5 .  An i n c r e a s e  i n  power from 0 . 0 0 2  t o  0 . 0 0 8  hp/gal  
r e s u l t e d  i n  a dec rease  i n  K from 1 2  t o  6 . 5  seconds.  With a 
f u r t h e r  i n c r e a s e  i n  power t o  0 .03  hp /ga l ,  K decreased only t o  
5.2 seconds .  

Phase S e p a r a t i o n .  Phase s e p a r a t i o n  w a s  r a p i d  a t  a l l  
power l e v e l s  and r eagen t  excesses  t e s t e d .  The en t ra inment  
a f t e r  two minutes '  s e t t l i n g  t i m e  was less than  0 . 5  v o l  % i n  
e i t h e r  phase.  

Comparison of Sodium Carbonate and Sodium Chlor ide  S t r i p p i n g  

S t r i p p i n g .  The r e s u l t s - o f  t h e  ca rbona te  and c h l o r i d e  
tes ts  may be compared as fo l lows:  

s t r i p p i n g  i n c r e a s e d  as t h e  r eagen t  excess  w a s  i n c r e a s e d  over  
t h e  range of 5 t o  35 p e r c e n t ,  o t h e r  c o n d i t i o n s  remaining un- 
changed. The degree  of completion a l so  i n c r e a s e d  wi th  i n -  
crease i n  reagent  excess  s o  t h a t  t h e  r e a c t i o n  w a s  v i r t u a l l y  
complete w i t h i n  30 seconds wi th  35% excess .  

2 .  With sodium c h l o r i d e ,  t h e r e  w a s  no a p p r e c i a b l e  
change i n  t h e  s t r i p p i n g  r a t e  wi th  1 0  and 5 0 % c h l o r i d e  excess ;  
however, t h e  equ i l ib r ium c o n c e n t r a t i o n  of uranium i n  o rgan ic  
decreased  from 1 . 2  t o  0 . 6  g /1  as t h e  r eagen t  excess w a s  
i n c r e a s e d .  

1. I n  t h e  sodium ca rbona te  s y s t e m  t h e  ra te  of uranium 

3. With both  s y s t e m s ,  t h e  s t r i p p i n g  ra te  inc reased  as 
t h e  power i n p u t  i n c r e a s e d  over t h e  range 0 . 0 0 2  t o  0 . 0 0 8  hp 
pe r  g a l .  There w a s  no s i g n i f i c a n t  change i n  t h e  r a t e  when ~ 

t h e  power w a s  i n c r e a s e d  t o  0 . 0 3  hp pe r  g a l .  

4. With t h e  sodium ca rbona te  s y s t e m  a t  3 5 % r e a g e n t  ex- 
cess,  t h e  s t r i p p i n g  r a t e  i n c r e a s e d  as t h e  D/T r a t i o  decreased  
from 0 . 6 7  t o  0 .5 .  There was no d e t e c t a b l e  change i n  t h e  
s t r i p p i n g  r a t e  wi th  a f u r t h e r  decrease i n  D/T r a t i o  t o  0 .33 ,  
i n d i c a t i n g  t h a t  t h e  proper  ba lance  between tu rbu lence  and 
pumping i n  t h e  mixing o p e r a t i o n  is reached wi th  D/T r a t i o s  of 
0 . 5  t o  0 .33 .  

Ammonium Nitrate  

The s t r i p p i n g  of uranium by n i t r a t e  i o n  is a r e v e r s i b l e  
r e a c t i o n  analogous t o  c h l o r i d e  s t r i p p i n g .  N i t r a t e  is a more 
e f f e c t i v e  s t r i p p i n g  agent  than is t h e  c h l o r i d e ;  however, 



TABLE 5 .  EFFECT OF POWER INPUT ON CHLORIDE STRIPPING RATE 

50% excess of 1.OM NaCl solution 
Three-inch turbine; D/T ratio: 0 . 5 0  

. Phase ratio: 6 . 6 8  org/aq 

Turbine Uranium Concentration in Organic (g/l) 
Power, Speed, K9 Mixing Time (sec) 
hp/gal rPm sec 0 10 30 60 120 240 4 8 0  

0 . 0 0 2  2 7 8  1 2 . 0  3 . 3 7  0 . 8 4  0 . 8 2  0 . 7 5  0 . 7 5  0 . 7 2  0 . 7 1  

0 . 0 0 8  4 4 0  6 . 5  3 . 3 7  0 . 8 6  0 . 6 7  0 . 6 7  0 . 6 7  0 . 6 3  0 . 6 5  

0 . 0 3  7 0 0  5 . 2  3 . 3 7  0 . 7 0  0 . 5 6  0.51 0 . 5 5  0 . 5 6  0 . 5 6  



1 3  

because o f . t h e  h igher  cost of t h e  n i t r a t e ,  i n  p r a c t i c a l  opera- 
t i o n  i t  would be necessary  t o  c o n t a c t  t h e  s t r i p p e d  amine w i t h  
a hydroxide* (ammonium hydroxide) and t o  recycle t h e  ammonium 
n i t r a t e  t h u s  recovered  t o  t h e  uranium s t r i p  s t e p .  T h i s  t reat-  
ment would r e q u i r e  c l o s e  c o n t r o l  of t h e  flows i n  o rde r  t o  
main ta in  t h e  chemical c o s t s  a t  a l e v e l  comparable t o  t h a t  of 
t h e  c h l o r i d e  s t r i p .  Consequently,  t h e  tests w i t h  t h i s  s y s t e m  
were l i m i t e d  t o  a s tudy  of t h e  effect  of reagent  excess  on t h e  
r a t e  and degree of complet ion of s t r i p p i n g ,  us ing  mixing con- 
d i t i o n s  (power i n p u t  and D/T r a t i o )  t h a t  were found s u i t a b l e  
i n  t h e  sodium ca rbona te  and sodium c h l o r i d e  s t r i p p i n g  tests. 

I n  these tests t h e  r a t e  of t h e  s t r i p p i n g  r e a c t i o n  was 
measured w i t h  5 and 1 6 . 7 %  excess  of n i t r a t e  which w a s  added 
i n  t h e  form of n i t r i c  a c i d .  The r a t e  of r e a c t i o n  f o r  t h e  re- 
gene ra t ion  s t e p  w a s  measured w i t h  ammonium hydroxide i n  5% 
excess .  T h e  t h e o r e t i c a l  requirements  were assumed t o  be 
1 mole of n i t r a t e  per  m o l e  of amine f o r  t h e  s t r i p p i n g  s t e p  
and one  mole of hydroxide per  mole of n i t r a t e  f o r  t h e  regen- 
e r a t i o n  s t e p .  The tests were c a r r i e d  ou t  i n  t h e  same manner 
as those desc r ibed  p rev ious ly  f o r  sodium carbonate  and sodium 
ch lo r ide  

As shown i n  Table 6 ,  K was 3 . 9  sec w i t h  5% excess  n i t r a t e  
and 8 .7  sec w i t h  1 6 . 7 %  excess .  The data f o r  t h e  r egene ra t ion  
t es t s  are not  shown s i n c e  t h e  t i m e  r e q u i r e d  t o  reach e q u i l i b -  
rium w a s  30 sec i n  both  tests, 

Phase s e p a r a t i o n  w a s  r a p i d  i n  both t h e  uranium s t r i p p i n g  
and r egene ra t ion  steps.. The entrainment  a f t e r  two minutes '  
s e t t l i n g  t i m e  was less than  0 , 5  v o l  % i n  e i ther  phase.  

Future  Work 

T e s t s  are planned t o  s tudy  t h e  s t r i p p i n g  of uranium from 
o rgan ic  e x t r a c t  by sodium c h l o r i d e  i n  cont inuous ly  ope ra t ed  
equipment t o  determine t h e  e f f e c t s  of pH and reagent  excess  
on t h e  r a t e  and degree of completion o f  t h e  s t r i p p i n g  reac- 
t i o n .  N o  f u r t h e r  t e s t i n g  of e i t he r  sodium carbonate  o r  am-  
monium n i t r a t e  w i l l  be made u n t i l  t h e  r e s u l t s  of estimates 
comparing t h e  costs  of s t r i p p i n g  methods a r e  a v a i l a b l e .  

*Termed " regene ra t ion  o f f  
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Organic Entrainment i n  R a f f i n a t e  

I n  t h e  preceding month (ORNL-2025) t h e  r e s u l t s  of explor-  
a t o r y  tests made i n  a mixer-settler under c o n d i t i o n s  s imula t -  
i n g  t h e  r a f f i n a t e  end of an e x t r a c t i o n  s e c t i o n ,  showed t h a t  
t h e  primary break t i m e  f o r  t h e  emulsion e n t e r i n g  t h e  s e t t l e r  
w a s  v i r t u a l l y  independent of t h e  mixing c o n d i t i o n s .  Moreover, 
wi th  l i n e a r  v e l o c i t y  i n  t h e  s e t t l e r  as h igh  a s  3 . 1  fpm, t h e  
primary break w a s  con ta ined  i n  a s m a l l  p a r t  of t h e  s e t t l e r .  
In  c o n t r a s t ,  t h e  amount of r e s i d u a l  entrainment  a f t e r  t h e  
primary break and t h e  t i m e  r e q u i r e d  f o r  its s e p a r a t i o n  was 
dependent on t h e  mixing c o n d i t i o n s  ( i m p e l l e r  speed)  as w e l l  as 
l i n e a r  v e l o c i t y  i n  t h e  s e t t l e r .  To more c lose ly  d e f i n e  t h e  
s e t t l e r  l e n g t h s  a s s o c i a t e d  wi th  t h e  primary break zone and t h e  
en t ra inment  s e p a r a t i o n  zone ,  tes ts  were made wi th  flow rates  
a t  1, 2 . 3 ,  and 4 . 7  gpm i n  which s e t t l e r  l e n g t h s  of 2 2 ,  44,  6 6 ,  
and 88 inches  were employed f o r  each flow r a t e .  

Except f o r  t h e  mixer ,  t h e  equipment and i t s  arrangement 
w a s  t h e  same as t h a t  desc r ibed  i n  ORNL-2025. A 6-in.  d i a .  
b a f f l e d  mixer tank  wi th  a 3 - in .  d i a .  t u r b i n e  impe l l e r  ( 4  
b l a d e s ) ,  as shown i n  F i g .  4 ,  w a s  used i n  p l ace  of t h e  mixer 
column. The impe l l e r  speed w a s  400 rpm and t h e  aqueous t o  
o rgan ic  phase r a t i o  w a s  2 . 5 : l  i n  a l l  tests. Only t h e  r a f f i -  
n a t e  w a s  sampled; o t h e r  c o n d i t i o n s  and procedures  were t h e  
same as t h o s e  desc r ibed  p rev ious ly .  The test d a t a  and r e s u l t s  
are  r e p o r t e d  i n  Table  7 .  

P r i m a r y  Break.  The r e s u l t s  show t h a t  t h e  22-in. s e t t l e r  
l e n g t h  con ta ined  t h e  primary break  a t  a l l  flow rates .  With a 
v e l o c i t y  i n  t h e  se t t le r  of 3 . 1  fpm, entrainment  w a s  7 m l / l  
wi th  a holdup t i m e  of 0 .6  min and 2 m l / l  w i t h  a holdup t i m e  
of 2 .4  min. 

To ta l  S e t t l e r  Length. A p l o t  of en t ra inment ,  E ,  and 
holdup t i m e ,  H ,  f o r  s e t t l e r  v e l o c i t i e s  of 1 . 5  and 3 . 1  fpm, 
i n d i c a t e  a l i n e a r  r e l a t i o n  of t h e  form: log  y = a l o g  X + 
l o g  c as shown i n  F i g .  5 .  E x t r a p o l a t i o n  t o  E = 0 . 1  m l / l  
i n d i c a t e s  t h a t  a holdup t i m e  of about 14 minutes would be re- 
q u i r e d  wi th  V = 1 . 5  fpm, whi le  about 60 minutes would be 
needed wi th  V = 3 . 1  fpm. I t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
en t ra inment  d a t a  r e p o r t e d  p rev ious ly  (ORNL-2025) f o r  400 rpm 
and V = 3 . 1  fpm are i n  close agreement w i t h  t h e  above whi le  
t h o s e  f o r  V = 1 . 5  fpm show ent ra inment  va lues  t h a t  are approx- 
ima te ly  100% greater.  
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KGLASS PIPE 
6" l.'D. 

PHASES OUT 
MIXED :" / " 

N RATJOSOF TURBINE 
D t  Dp:Lb : W: 20 :Is: 5:4 

AQUEOUS IN 

FIG, 4 - DETAILS OF CONTINUOUS MIXER 



TABLE 7 .  ORGANIC ENTRAINMENT DATA % 

Mixer: 3 i n .  t u r b i n e  atAJ-O-rpm ( 0 . 0 0 5  hp/gal)  
Phase r a t i o :  2 . 5  aq/org 

/’ Organic -‘Le 

To ta l  Linear  Holdup Entrainment 
Flow, V e l o c i t y ,  Length T i m e ,  i n  Ra f fha - t$ ,  

min m l / l  gpm f t /min  i n .  

\ 

vnjfl 
1 . 0  0 . 6 6  

q:Yy 

. .  

22  2.8 

4 4  5 . 5  

6 6  8 . 3  

88 ‘ 11. 

22  1 . 2  1. 

4 4  2 . 4  

6 6  3 . 7  

88 4 . 9  

22 0 . 6  

4 4  1 . 2  

66  1 . 8  

88 2 . 4  

7 .  

2 . 0  
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Futu re  Work. The p r e s e n t  s e t t l e r  is no t  s u i t a b l e  f o r  
s t u d y i n g  t h e  e f f e c t  of phase depth on t h e  amount of r e s i d u a l  
en t ra inment  i n  e i ther  phase;  t h e r e f o r e ,  work has been s t a r t e d  
on des ign  of a r e c t a n g u l a r  s e t t l e r ,  1 2  inches  wide,  14 inches  
deep,  and about 66  inches  i n  l e n g t h .  No f u r t h e r  work on phase 
s e p a r a t i o n  wi th  cont inuous  flow c o n d i t i o n s  is planned u n t i l  
t h e  s e t t l e r  has been f a b r i c a t e d  and t e s t e d .  

S l u r r y  E x t r a c t i o n  

The s l u r r y  e x t r a c t i o n  tests t o  d a t e  have shown t h e  en- 
t ra inment  of o rgan ic  i n  t h e  s l u r r y  r a f f i n a t e  ranged from 2 0  t o  
30 ga l  pe r  t o n  of o r e .  A pre l imina ry  c o s t  comparison of 
s l u r r y  e x t r a c t i o n  wi th  e x t r a c t i o n  from c l a r i f i e d  l i q u o r  shows 
t h a t  i t  is necessary  t o  recover  most of t h e  o rgan ic  i n  t h e  
s l u r r y  r a f f i n a t e  i n  o r d e r  f o r  t h e  process  t o  be compe t i t i ve .  
Scout ing  tests have been s t a r t e d  t o  determine whether t h e  
o rgan ic  en t ra inment  is  a s u r f a c e  a d s o r p t i v e  phenomena o r  is  
m e c h a n i c a l  and t o  f i n d  methods of r ecove r ing  t h e  o r g a n i c .  

S e v e r a l  d i f f e r e n t  t r ea tmen t s  of t h e  d i l u t e d  s l u r r y  have 
shown no improvement i n  recovery .  These i n c l u d e  r a i s i n g  t h e  
tempera ture  t o  7OoC, n e u t r a l i z a t i o n  wi th  sodium hydroxide,  
a d d i t i o n  of a w e t t i n g  agent  ( P e n e t r a n t )  and use  of a f loccu-  
l a t i n g  agent  ( J a g u a r  gum) 

f i c i e n t  water s o  t h a t  t h e  s o l i d s  c o n t e n t  is about 5% produces 
a s l u r r y  of low v i s c o s i t y  and e n t r a i n e d  d r o p l e t s  of o rgan ic  
r i se  t o  t h e  s u r f a c e .  By r e p e a t e d  g e n t l e  a g i t a t i o n ,  s e t t l i n g  
and d e c a n t a t i o n  of t h e  o r g a n i c ,  98% of t h e  e n t r a i n e d  o rgan ic  
c a n  be recovered  i n d i c a t i n g  t h a t  t h e  entrainment  is  mechan- 
i c a l  i n  n a t u r e .  

D i l u t i o n  of t h e  s l u r r y  r a f f i n a t e  ( 5 0 %  s o l i d s )  wi th  su f -  

Mild a g i t a t i o n  of t h e  d i l u t e d  s l u r r y  wi th  a r ake  type  
mixer w a s  found t o  be e f f e c t i v e  i n  keeping t h e  s l u r r y  sus- 
pended t o  promote coa lescence  of small  d r o p l e t s  of o rgan ic .  
S t u d i e s  are i n  p rogres s  t o  determine t h e  e f f e c t s  of r a k e  
speed and d i l u t i o n  on t h e  amount of o rgan ic  recovered .  
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