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ABSTRACT 

Progress is reported on certain aspects of the Dapex 

process,  including f u r t h e r  study of miscibility modifiers 

for the kerosene diluent, synergistic extractant combina- 

tions, stripping of extracted uranium, and continuous 

countercurrent demonstration on actual plant liquors, 

Note: 

Mention of any proprietary material by trade name is 
not intended t o  mean that this product alone will perform 
t h e  function for which it is specified. 
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SUMMARY 

S y s t e m a t i c  testing a n d  deve lopmen t  of u ran ium e x t r a c t i o n  
by the Dapex p r o c e s s  h a v e  been c o n t i n u e d ,  The r e s u l t s  o b t a i n e d  
i n  s h d y  of c e r t a i n  a s p e c t s  of t h e  p r o c e s s  are a s  f o l l o w s :  

R e a g e n t s  f o r  M o d i f i c a t i o n  of the O r g a n i c  E x t r a c t a n t  
-.-- 

A s  p-m-eviously r e p o r t e d ,  t h e  sod ium s a l t  o f  dh(  2 - e t h y l -  
a l e x y l $  p h o ~ p h o k ~ c  acid (DZEHPA) s e p a r a t e s  f x - o m  u n m o d i f i e d  
lkesose1ne dBBuent as  a t h i r d  p h a s e s  bart m o d a f i c a t i o a  b y  means 
of c e r t a i n  l o n g - c h a i n  a l c o h o l s  w i l l  maintain m i s c i b i l i t y ,  Over 
->O a d d i t i o n a l  compounds ( a l c o h o l s ,  k e t o n e s ,  e t h e r s ,  e s te rs ,  
n e u t r a l  o r g a n o p h o s p h o r u s  compounds,  h y d r o c a r b o n s ,  and  c h l o r o -  
and n i t s s - ~ h y d ~ o c a k b o n s )  w e r e  tested for their a b i l j t y  to main- 
talr: m i s c i b i l i t y  of 0 , l  M sodium d a ~ Z - e t h y l h e x y l ~ p h o s p h a t e  i n  
k e r o s e n e ,  Qf t h e s e ,  somz p r i m a r y  a l c o h o l s ,  some s e c o n d a r y  
a l c o h o 1 s  w i t h o u t  s e v e r s  b r a n c h i n g ,  a n  a l k y l p h e n s l ,  2 - e t h y l -  
h e x y l c h l o s l d e ,  and  s e v e r a l  of t h e  p h o s p h ~ r u s  compounds were 
effectlare at c o n c e n t r a t i o n s  o f  3 w/v % o r  less ,  The minaimuxn 
effFec$fi;ie m o d i f i e r  c o n c e n t r a t i o n  w a s  d e t e r m i n e d  a s  a function 
of  DZEHPA c o n c e n t r a t i o n  from 0 , l  t o  0,4 M for % e n  of She 
better modif P e r s  - 

E x c e p t i n g  t h e  p h o s p h s r u s  compoznds a l l  t h e  modlf%t?rs 
tesL,sd d e p r e s s e d  t h e  uranium e x t r a c t i o n  power.  E n  c o n t r a s t ,  
e v e r y  comb3nation tested o f  a n e u t r a l  o r g a n o p h o s p h o r u s  m m -  
pound w i t h  DZEHPA showed much greater uranium extraetnon power 
t h a n  c o u l d  be a c c o u n t e d  f o r  as t he  c u m u l a % i v e  exa;raetfon power 
of t h e  t n d a v i d u a l  r e a g e n t s ,  i o c O 9  s h o w e d  a s t r o n g  s y n e r g i s t i c  
enhancement of e x t r a c t i o n .  The m a g n i t u d e  of t h e  enhancement  
v a r i e d  with r e a g e n t  structure9 e,g, 6 -  Z O . - ,  a n d  SO- fo ld  
increase of e x t r a c t i o n  c o e f f i c i e n t  with XffabutylpbosphaLe (TBP)  
d i b u t y l  b u t y l p h o s p h o n a t e  (DBSPIB and  L s l b u t y l p h s s p h B n e  oxzde 
(TBPO] r e s p e c t i v e l y ,  o v e r  tf-rait w i t h  DZEIMPA a l o n e .  The  higher 
s x t r a c t a o n  power allows more c o m p l e t e  exesaction i . m  fewer 
stagesp or e x t e n s i o n  of t h e  Dapex p r o c e s s  t o  l iqussps  stherwlbse 
difficult t o  ex t r ac t ,  S e l e c t i v i t y  f o r  uranibam over C Q R I ~ ~ Q ~  
 ont tam in ants such as i r o n (  1 1 1 )  bl vanadium(  XV) alam%num, 
molybdenum, a n d  t i % a n % u m  w a s  n o t  i m p a i r e d  by addatAon of TBP 
or DBBPp and  vnder  some condi%ions i t  w a s  $mpx.chved, 

L o s s  r a t e s  of s e v e r a l  of the modifiers BO various a q u e o u s  
s o l u t i o n s  w a s  m e a s u r e d ,  The p ~ e w i o u s l y - d e s c r % b s d  meithad f o r  
d e t e r n u n a t i o n  sf modifxer c o n c e n t r a t i o n  B W  t h e  o ~ g a n i c  phase by 
t i  tratforn t o  the c r i t i c a l  r n f s @ j . b i l i t y  p o i n t  has  been d e w e l s p e d  
furit,h.er, and  a d e t a i l e d  p r o c e d u r e  is g iven ,  Some loss rates 
of modifiers ( a n d  o f  D2EHPA) w e r e  a l s o  moasured  asing radio-- 
a c t i v e  traces p’8rssphorus compounds,  The p r e l i m i n a r y  eatatnates 
prev i s r i . s ly  Y e p o r t e d  of r e a g e n t  make-up costs w e r e  e x t e n d e d  t o  
. i n c l u d e  t h e  newer modi f i e r s .  The c o n t r i b u t i o n  $0 total cost 
c.;tfmaled fo r  make-up of d e c y l  o r  t x i d e c y l  a l c o h o l s  1s less 
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t h a n  for t h e  o c t y l  a l c o h o l s  p r e v i o u s l y  r e p o r t e d ,  T h a t  for 
make-up o f  t h e  s y n e r g i s t i c  m o d i f i e r s  is  n o t  much g r e a t e r  
t h a n  f o r  t h e  better a l c o h o l s ,  so  t h a t  t h e  a d v a n t a g e s  i n  
u ran ium e x t r a c t i o n  would a p p e a r  more t h a n  enough t o  o f f s e t  
t h e  cost  d i f f e r e n c e ,  

S t r i p p i n g  of Uranium 

S t r i p p i n g  w i t h  ammonium c a r b o n a t e  i n s t e a d  of sodium 
c a r b o n a t e  o f f e r s  t h e  a d v a n t a g e  o f  a U,08 p r o d u c t  of re la -  
t i v e l y  low c a t i o n  c o n t e n t ,  p o t e n t i a l l y  more s u i t a b l e  f o r  
some o f  t h e  p r o c e s s e s  now b e i n g  c o n s i d e r e d  for  n a n u f a c t u r e  
of p u r e  u ran ium compounds,  A l s o ,  t h e  ammonium s a l t  of D2EHPA 
is m i s c i b l e  i n  k e r o s e n e  m o d i f i e d  w i t h  a smaller  amount of 
d i l u e n t  m o d i f i e r  t h a n  is r e q u i r e d  f o r  m i s c i b i l i t y  of t h e  
sodium s a l t ,  The u s e  o f  ammonium c a r b o n a t e  h a s  b e e n  p romis -  
i n g  i n  b a t c h  tests and  i n  a s i n g l e  c o n t i n u o u s  c o u n t e r c u r r e n t  
r u n B  a l t h o u g h  f u r t h e r  s t u d y  is  r e q u i r e d ,  p a r t i c u l a r l y  of t h e  
c o m p l e t e n e s s  of s t r i p p i n g  o f  e x t r a c t e d  mater ia ls  o t h e r  t h a n  
u r a n i u m ,  Uranium s t r i p p i n g  w a s  e s s e n t i a l l y  c o m p l e t e  i n  b o t h  
t h e  b a t c h  tests a n d  i n  t h e  c o n t i n u o u s  c o u n t e r c u r r e n t  t es t  
( t w o  s t r i p p i n g  s t a g e s )  when s u f f i c i e n t  ammonium c a r b o n a t e  
w a s  s u p p l i e d ,  wh ich  w a s  n o t  much i n  e x c e s s  o f  t h e  s t o i c h i o -  
met r ic  r e q u i r e m e n t  c a l c u l a t e d  o n  basis  of t h e  ammonium con-  
t e n t  a n d  t h e  assumed r e a c t i o n  e q u a t i o n s  p r e v i o u s l y  r e p o r t e d .  
P h a s e  s e p a r a t i o n  w a s  good,, C o n d i t i o n s  for optimum p r o d u c t  
p u r i t y  h a v e  n o t  y e t  b e e n  s t u d i e d ;  i n  a s i n g l e  p r e c i p i t a t i o n  
t e s t  a p o r t i o n  o f  t h e  p r e g n a n t  s t r i p  s o l u t i o n  w a s  f i l t e r e d ,  
t h e n  t r e a t e d  w i t h  steam t o  remove ammonium c a r b o n a t e .  The 
r e s u l t i n g  p r e c i p i t a t e  washed  a n d  d r i e d  a t  12OoC, c o n t a i n e d  
88.8% U,O, 0 , 1 7 %  Fe,O, , 0,14% Al ,O,  and  2.15% NH, . 

A f e w  s t r i p p i n g  tests w i t h  o t h e r  b a s e s  were n o t  p romis -  
i n g ,  Sodium h y d r o x i d e  s o l u t i o n s  g a v e  d i f f i c u l t  p h a s e  s e p a -  
r a t i o n ,  S t r i p p i n g  w a s  n o t  c o m p l e t e  w i t h  s l u r r i e s  o f  
magnesium o x i d e  o r  c a l c i u m  h y d r o x i d e  o r  c a r b o n a t e .  

When t h e  sodium o r  ammonium d i a l k y l p h o s p h a t e  is formed 
i n  t h e  o r g a n i c  p h a s e  d u r i n g  a l k a l i n e  s t r i p p i n g ,  some water 
a n d  some excess b a s e  a l s o  e n t e r  t h e  o r g a n i c  p h a s e .  The ex- 
t e n t  of t h e s e  e x t r a c t i o n s  w a s  measured  u n d e r  s e v e r a l  c o n d f -  
t i o n s  o f  v a r y i n g  c o m p o s i t i o n  a n d  t e m p e r a t u r e ,  The amount o f  
water e x t r a c t e d ,  a n d  h e n c e  t h e  i n c r e a s e  o f  o r g a n i c  volume,  
w a s  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  t h e  DZEBPA c o n c e n t r a t i o n ,  
a n d  w a s  a b o u t  3% f o r  0 . 1  M DZEHPA when t r e a t e d  w i t h  10% 
sod ium c a r b o n a t e  s o l u t i o n T  T h e r e  was a c o r r e s p o n d i n g  de -  
crease i n  a q u e o u s  volume,  t h e  t o t a l  volume r e m a i n i n g  c o n s t a n t .  

Working c u r v e s  w e r e  p r e p a r e d  f o r  c o n v e n i e n t  c s t i m a t i o n  
of sod ium c a r b o n a t e  c o n s u m p t i o n  i n  s t r i p p i n g  a s  a f u n c t i o n  
of DZEHPA concenLrakLon,  u r a n i u m  l o a d i n g ,  a n d  e x c e s s  of 
sod ium c a r b o n a t e  allowed o v e r  s t o i c h i o m e t r i c ,  They a l s o  p r o -  
v i d e  means f o r  e s t i m a t i n g  a n y  e f f e c t s  of t h e  a q u e o u s  volume 



decrease mentioned above on the final uranium concentration 
to be obtained in the loaded strip solution, and on the range 
of initial sodium carbonate concentrations which will produce 
loaded strip solutions within the range of stable sodium 
uranyl tricarbonate solubility, 

Stripping tests with solutions of mineral acids con- 
firrned and extended the results previously reported. 
Stripping coefficients from 0.1 M DZEHPA (unmodified or 
alcohol-modified) were greater tKan unity with concentrations 
of 2 M sulfuric or phosphoric acid or 4 M hydrochloric acid, 
and gznerally increased with increasing zcid concentration. 
However, the dependence of stripping coefficient from 
alcohol-modified DZEHPA on hydrochloric acid concentration 
was complex, showing a local maximum in the range 6-9 M and 
a local minimum in the range 9-11 M. ( A s  a result of This 
behavior, the presence of alcohol Zids stripping at some 
hydrochloric acid concentrations but impairs it at others,) 
I n  the presence of TBP (synergistic extractant combination) 
the stripping coefficients were too low for practicable 
utility, 

Sonie comparisons were made of acid stripping of uranium 
from mono- and dialkylphosphoric acids, The dependence of 
stripping coefficient on hydrochloric acid concentration was 
somewhat higher with the mono than with the dialkyl reagent 
tested, while Its dependence on organic reagent concentration 
was somewhat lower. 

Continuous Countercurrent Tests 

Continuous countercurrent extraction r u n s  (with sodium 
carbonate stripping) were made to compare the performance of 
combinations of DZEWPA with different additives, and to 
demonstrate the processing of two actual plant liquors from 
Western mills, Design and operation of the bench-scale 
extraction equipment is described. Uranium extraction from 
a synthetic liquor (0.5 M sulfate) w a s  99.3% complete in 
four mixer-settler extraztion stages with 0-1 M DZERPA - 
m w / v  % capryl alcohol, 99.9% and > 9 9 @ 9 %  cozplete in 
three stages with, respectively, 0,l M DZEHPA - 3 w/v % TBP 

M DZEHPA - 2.5 w/v % DBBP,  Pfiysical performance 
was good-with all three extractants. 

Extraction from the actual plant liquors was good, and 
conformed to the expected behavior, "Plant D" liquor con- 
tained ( i n t e r  alia) 1 g U/1, 5 g Fell, and 110 g S 0 4 / 1  at 
p H  0 , , 5 ,  Before extraction it was adjusted to 74 g S 0 4 / 1  at 
pfl 1,Z with lime, and iron(II1) was reduced to iron(I1) with 
powdered 8 ~ s n  metal. F i v e  mixer-settles extraction stages 
w f c h  0,l M DZEHPA - 3 w/v % T B P  gave 9904% uranium recovery 
( 6  ppm u Tn raffinate, 5 g u , o ~ / ~  in pregnant organic9 40 g 
U , O , / l  in pregnant sodium carbonate strip), Some of the 
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vanadium w a s  e x t r a c t e d ,  b u t  v e r y  l i t t l e  of t h e  i r o n  o r  
aluminum. Most o f  t h e  t i t a n i u m  a n d  molybdenum w a s  e x t r a c t e d ,  
b u t  t h e  t o t a l  q u a n t i t i e s  p r e s e n t  w e r e  too l o w  t o  be impor-  
t a n t ,  

' ' P l a n t  C" l i q u o r .  c o n t a i n e d  6 g U / 1 ,  0.6 g F e ( I I I ) / l ,  
and  116 g SO,/l a t  pH 0 .15 .  When e x t r a c t e d  as  r e c e i v e d  a n d  
a l s o  when a d j u s t e d  t o  69 Q S O , / l ,  pH 0 .45 ,  f i v e  m i x e r -  
s e t t l e r  e x t r a c t i o n  s t a g e s  w i t h  0 ,16  M D2EHPA - 4 . 7  w/v % TBP 
g a v e  >99.,9% u ran ium e x t r a c t i o n  ("1-ppm U i n  r a f f i n a t e ,  9 g 
U 3 0 , / 1  i n  p r e g n a n t  o r g a n i c ,  5 0  g U308/1 i n  p r e g n a n t  c a r b o n a t e  
s t r i p )  Some vanadium w a s  e x t r a c t e d ,  a n d  a p o r t i o n  of t h i s  
w a s  removed by a c i d  s c r u b b i n g  b e f o r e  s t r i p p i n g .  Uranium 
p r o d u c t  w a s  p r e p a r e d  from t h e  p r e g n a n t  s t r i p  s o l u t i o n s  by 
b o t h  sodium h y d r o x i d e  p r e c i p i t a t i o n  a n d  a c i d i f i c a t i o n -  
ammonium p r e c i p i t a t i o n .  P r o d u c t  g r a d e s  (washed  a n d  d r i e d  
a t  12OoC)  were a b o u t  80% U,O, 

With  both l i q u o r s ,  p h a s e  s e p a r a t i o n  w a s  g o o d ,  a n d  a l l  
e x t r a c t e d  metals w e r e  s t r i p p e d  e s s e n t i a l l y  c o m p l e t e l y  o u t  of 
t h e  r e c y c l e  o r g a n i c ,  

R a t e  o f  P h a s e  S e p a r a t i o n  

One p a r t n c u l a r  c i r c u i t  of " P l a n t  Cvf  p r o d u c e s  a l i q u o r  
by d i r e c t  l e a c h i n g  of s e p a r a t e d  o re  s a n d s ,  wh ich  a t  t i m e s  
h a s  g i v e n  s l o w  p h a s e  s e p m a t i o n  f rom t h e  DZEMPA-TBP-kerosene 
e x t r a c t a n t ,  L a b o r a t o r y  tests on  s a m p l e s  of f fbad ' '  l i q u o r  
f r o m  t h i s  c i r c u i t  showed s l o w  p h a s e  s e p a r a t i o n ,  of v a r y i n g  
d e g r e e s  o f  s e v e r i t y ,  whenever  l i q u o r  a n d  e x t r a c t a n t  were 
mixed w i t h  t h e  e x t r a c t a n t  d i s p e r s e d  a n d  t h e  a q u e o u s  p h a s e  
c o n t i n u o u s ,  T h e s e  same s a m p l e s  a l l  showed r a p i d  s e p a r a t i o n  
when mixed w i t h  t h e  o r g a n i c  p h a s e  c o n t i n u o u s ,  Under t h e  
c o n d i t i o n s  t h a t  g a v e  s l o w  p h a s e  s e p a r a t i o n ,  t h e  s e p a r a t i o n  
w a s  better when t h e  e x t r a c t a n t  d i d  n o t  c o n t 8 i n  a m i s c i b i l i t y  
m o d i f i e r  (TBP o r  a l c o h o l ) .  

S e v e r a l  a i s i a n i c  s u r f a c t a n t s  were f o u n d  t o  increase t h e  
r a t e  of s e p a r a t i o n  a f t e r  a q u e o u s - c o n t i n u o u s  m i x i n g ,  a n d  o n e ,  
Lomar PW, g a v e  s a t i s f a c t o r i l y  r a p i d  s e p a r a t i o n s  u n d e r  n e a r l y  
a l l  c o n d i t i o n s  t e s t e d  when u s e d  a t  c o n c e n t r a t i o n s  a s  l o w  as 
2 0  ppm i n  t h e  a q u e o u s  p h a s e .  However,  i n c r e a s e d  e n t r a i n m e n t  
of o r g a n i c  i n  t h e  r a f f i n a t e  w a s  n o t e d  i n  a c o n t i n u o u s  
c o u n t e r c u r r e n t  e x t r a c t i o n ;  f u r t h e r  t e s t i n g  of  t h i s  e f f e c t  
i s  r e q u i r e d ,  In a s i n g l e  t e s t ,  L o m a r  PW d i d  n o t  a f f e c t  t h e  
s e p a r a t i o n  r a t e  ( a l r e a d y  r a p i d )  a f t e r  o r g a n i c - c o n t i n u o u s  
mixing; ,  

Methods of i d e n t i f y i n g  a n d  c o n t r o l l i n g  t h e  phase -  
c o n t i n u i t y  are  d e s c r i b e d .  



Compar ison  o f  Uranium E x t r a c t i o n  Power of A l k y l p h o s p h o r i c  

A c i d s  

T e s t s  h a v e  b e e n  c o n t i n u e d  c o m p a r i n g  u ran ium e x t r a c t i o n  
by p u r i f i e d  monoa lky l -  a n d  d i a l k y l p h o s p h o r i c  ac ids .  The 
g e n e r a l  r e l a t i o n s h i p s  conformed w i t h  t h o s e  p r e v i o u s l y  
r e p o r t e d ,  T h r o u g h o u t ,  e x t r a c t i o n s  by t h e  monoa lky l  r e a g e n t s  
w e r e  h i g h e r  t h a n  by t h e  c o r r e s p o n d i n g  d i a l k y l  r eagen t s , ,  
E x t r a c t i o n  by t h e  d i a l k y l  r e a g e n t s  was much h i g h e r  when t h e  
d i l u e n t  w a s  k e r o s e n e  t h a n  when i t  w a s  c a r b o n  t e t r a c h l o r i d e ;  
l e s s  d i f f e r e n c e  be tween  t h e  t w o  d i l u e n i t s  w a s  f o u n d  i n  
e x t r a c t i o n  by t h e  monoa lky l  r e a g e n t s ,  A d d i t i o n  of l o n g -  
c h a i n  a l c o h o l  d e p r e s s e d  u ran ium e x t r a c t i o n  power of b o t h  
monoa lky l  a n d  d i a l k y l  r e a g e n t s ,  

The p r e v i o u s l y - n o t e d  c o r r e l a t i o n  be tween  i n c r e a s e d  
b r a n c h i n g ,  decreased r e l a t i v e  ac id  s t r e n g t h ,  a n d  d e c r e a s e d  
u r a n i u m  e x t r a c t i o n  power of d i a l k y l p h o s p h o r i c  acids w a s  
c o n f i r m e d ,  e x c e p t  t h a t  a r e v e r s a l  w a s  e n c o u n t e r e d  i n  extx-ac- 
tiom f rom 1.4 M p h o s p h a t e  s o l u t i o n  by b i s ( d i i s o - b u t y l m e t h y l l -  
p h o s p h o r i c  acia  ( t h e  m o s t  s e v e r e l y  b r a n c h e d  of t h e  r e a g e n t s  
tes ted)  i n  c a r b o n  t e t r a c h l o r i d e .  T h i s  r e a g e n t  i n  k e r o s e n e  
also showed h i g h e r  t h a n  e x p e c t e d  e x t r a c t i o n  of urannum(V1) 
from p h o s p h o r i c  a c i d  s o l u t i o n s  (3-5  M I e  I t  showed s u r p r i s -  
i n g l y  h i g h  e x t r a c t i o n  of uranium(IV)- fsom p h o s p h o r i c  a c i d ,  
i n  c o n t r a s t  t o  t h e  o t h e r  d i a l k y l p h o s p h o r i c  ac ids  tes ted,  
wh ich  extracted less u ran ium(1V)  t h a n  u ran ium(V1)  

The s o u r c e s  and  a p p a r e n t  p u r i t i e s  o f  t h e  a l k y l p h o s p h o r i c  
acids u s e d  are described. F u r t h e r  s t u d y  has  b e e n  made of t h e  
e s t i m a t i o n  of a s m a l l  q u a n t i t y  of m o n o a l k y l p h o s p h o r f c  ac id  i n  
d i a l k y l p h o s p h o r i c  acid by t h e  d i s t o r t i o n  i t  p r o d u c e s  i n  a 
t i t r a t i o n  c u r v e ,  
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INTRODUCTION 

The testing and evaluation of new reagents for t h e  sepa- 
ration o f  uranium, vanadium, thorium, molybdenum, and other 
metal values by solvent extraction from raw maternals and pro- 
cess solutions has been a major a c t i . v i t y  of this laboratory* 
for several years. As a result of t h i s  work several new sol- 
vent extraction processes have been developed for t h e  recovery 
of these materials from acid solutions. Two processes have 
received most of the attention to date: the Dapex process 
utilizing dialkylphosphoric acids and the A m e x  PTQC~SS utiliz- 
ing long chain amines, The Anex process and some of its 
applications are described in other reports from t h i s  
laboratory. 

A s  previously described, ''I the extractant used in the 
Dapex process is a solution of a selected dfalkylphosphoric 
acid in an inert diluent, usually the commercially available 
diQZ-e&hylhexyl)phosphoric ac-sd in kerosene, Uranium is 
stripped from the pregnant extract with either a concentrated 
mineral acid or (preferably) a base, With alkaline stripping 
it is advantageous to modify the kerosene d i l u e n t  so as to  
prevent separation of the alkali dialkylphosphate salt,, 
Several classes of effective modifiers ave been found, Some 
of these depress the uranium extraction power of the extrac- 
tant, but certain others produce a large and useful synergis- 
tic enhancement of uranium extraction power, The Dapex 
process accomplishes selective extraet;Lon of uranium from pro- 
cess solutions containing relatively large quantities of 
contaminating metals, and it provides a means €8~" separate 
recovery of both uranium and vanadium from soliutf.ons i n  which 
t h e y  coexist, It is being used in at least. t w o  Western 
uranium processing plants. 

 he present report is supplementary to O R N E - ~ ~ O ~ ~ ~  on 
certain aspects of the Dapex process, These isaclu 
t i o n  of new miscibility modifiers, alkaline 
sodium carbonate, ammonium carbonate and at g e n t s p  acid 
stripping, phase separation, and f u r t h e r  correlation of 
extraction behavior with molecular structure. 

The scope of this repart I n c l u d e s  bench-scale batch and 
continuous countercurrent process tests with both synthetic 
and actual plant liquors, It does not include sc81e-up test- 
ing, which IS being reported by the Process T e s t  Section, nor 
fundamental investigations of the extraction system which will 
be reported separately. Progress reports on. the extraction of 
vanadium by the Dapex process and on the study of s y n e r g i s t i c  
extractants are in preparatxow, 

*Chemical Development Section C, Chemical Technology Division; 
formerly Raw Materials Section of Materials Chemistry 
Division. 



REAGENTS FOR MODIFICATION OF THE ORGANIC EXTRACTANT 

The u s e  of l o n g  c h a i n  a l c o h o l s ,  added  t o  t h e  o r g a n i c  
p h a s e  t o  p r e v e n t  t h i r d  phase  f o r m a t i o n  d u r i n g  sodium c a r b o n a t e  
s t r i p p i n g  o f  d i a l k y l p h o s p h o r i c  a c i d  e x t r a c t a n t s  i n  t h e  Dapex 
p r o c e s s ,  h a s  b e e n  d e s c r i b e d  i n  ORNL-1903. However,  a l o n g  w i t h  
t h i s  d e s i r a b l e  p r o p e r t y ,  t h e  p a r t i c u l a r  a l c o h o l s  u t i l i z e d  a l s o  
had  t h e  d i s a d v a n t a g e  of d e p r e s s i n g  t h e  uran ium e x t r a c t i o n  
c o e f f i c i e n t .  A l t h o u g h  t h e  magn i tude  of  t h e  e f f e c t  w a s  n o t  
p r o h i b i t i v e  f o r  many a p p l i c a t i o n s ,  t h e  o v e r a l l  p r o c e s s  
e f f i c i e n c y  was n e v e r t h e l e s s  s i g n i f i c a n t l y  r e d u c e d .  

These  r e s u l t s  s u g g e s t e d  a f u r t h e r  s e a r c h  f o r  a d d i t i v e s  
which  wou ld :  

1) p r e v e n t  t h i r d  p h a s e  f o r m a t i o n  d u r i n g  a l k a l i n e  
s t r i p p i n g ,  

2 )  l e a v e  t h e  uran ium e x t r a c t i o n  power u n i m p a i r e d ,  

3 )  l e a v e  s e l e c t i v i t y  f o r  u ran ium u n i m p a i r e d ,  i . e . ,  n o t  
i n c r e a s e  t h e  e x t r a c t i o n  of c o n t a m i n a n t s ,  

4 )  have  l o w  d i s t r i b u t i o n  t o  ( s o l u b i l i t y  i n )  t h e  a q u e o u s  
p h a s e  c o n t a c t e d ,  

5 )  c o n t r i b u t e  l i t t l e  a d d i t i o n a l .  c o s t  t o  t h e  Dapex 
p r o c e s s  

Over 5 0  compounds were examined i n  t h i s  r e g a r d ,  i n c l u d i n g  
a l c o h o l s ,  k e t o n e s  es ters  e t h e r s  n e u t r a l  o r g a n o p h o s p h o r u s  
compounds9 h y d r o c a r b o n s ,  and  chloro-- and  n i t r o h y d r o c a r b o n s .  

Amounts R e q u i r e d  t o  M a i n t a i n  M i s c i b i l i t y  

T a b l e  1 l ists  t h e  compounds s c r e e n e d  and  d e s c r i b e s  the 
p r o c e d u r e  by which  t h e i r  a b i l i t y  t o  p r e v e n t  t h i r d - p h a s e  forma-  
t i o n  w a s  t e s t e d ,  

The amounts  of t h e  p r i m a r y  a l c o h o l s  ( m o l e c u l a r  w e i g h t s  
1 3 0 - 2 0 0 )  r e q u i r e d  t o  m a i n t a i n  m i s c i b i l i t y  o f  0 . 1  M sodium 
d i (  2 - e t h y l h e x y l )  p h o s p h a t e  i n  k e r o s e n e  were b e t w e e n  0 . 8  and 
1 . 5  W/Y %*( 0 . 0 5  a n d  0 , 0 8  M )  I w i t h  o n l y  t h e  h i g h l y  b r a n c h e d  
3-neopentyl-5,5-dimethylh~xanol r e q u i r i n g  more t h a n  1 w/v %. 
Benzy l  a l c o h o l  w a s  a l i t t l e  less  e f f e c t i v e ,  r e q u i r i n g  2 w/v % 
( 0 . 1 9  - M ) .  

The amounts  s e c l u i r e d  of t h e  s e c o n d a r y  a l coho l s  c a p r y l  
( i e e a ,  n - o c t a n o l - 2 )  and  2 - m e t h y l c y c l o h e x a n o l  were 0 . 8  a n d  1 . 0  

w e i g h t  of m o d i f i e r  {grams) 

w e i g h t  of o r g a n i c  p h a s e  ( m l )  
*w/v % =- -_I x 100 



T a b l e  1 

TESTING OF MODIFIERS FOR PREVENTING THIRD-PHASE FORMATION 

P r o c e d u r e  

Equa l  volumes of 0.1 M di(2-ethylhexy1)phosphoric a c i d  an k e r o s e n e  
and 1 0  w / v  sodium c a r b o n a t e  s o l u t i o n  were c o n t a c t e d  t o  form t h r e e  
p h a s e s ,  The m i x t u r e  was t i t r a t e d  w i t h  m o d i f i e r  u n t i l ,  a f t e r  mix ing  
and c e n t r i f u g i n g ,  t h e  t h i r d  p h a s e  j u s t  d i s a p p e a r e d . .  A 1 0  w/v % 
s o l u t i o n  of m o d i f i e r  i n  k e r o s e n e  w a s  u s e d  a s  t i t r a n t  when r e q u i r e -  
ments  were l o w ,  100% m o d i f i e r  b e i n g  u s e d  e l s e w h e r e .  

F i n a l  Conc. 
Mol. Di( 2 - e t h y l h e x y l )  - 
We, p h o s p h o r i c  Acid  (&) 

~P --- M o d i f i e r  

n - Q c t a n o l  
2 - E t  hy 1 he xano 1 
4 -E t h y  lolc t a n s  1 
"Mixed P r imary  Decyl" 
"Mixed P r imary  T-r idecyl t l  
3 -Neopenty l -5 ,5-d imetkylhexanol  

Benzyl  Alcohol 

C a p r y l  
5 -Et hy 1 nonano 1-2 

D i i s o b u t y l c a r b i n o l  
2,6,8-Trimethylnonanol-4 
7-Ethyl-2-methylundeca~ol-4 
3 9 - D i e t h y l t s ~ ~ d e c a n n I - 6  

Alcoho Is - - - -  
1 3  0 
1 3  0 
158 
158 
2 0 0  
2 0 0  

108 

Secondary  A l c o h o l s  
- - . - . - o l - I Y I I  

1 3 0  
172 

144  
186  
2 14 
256 

0 . 1  
0,l 
( 3 , l  
0 * 1  
0 . 1  
0 , 1  

Requi rement  
f o r  

M i s c i b i l i t y  - M w/v % 
I__- 

0.07 0 , 9  
0 * 8  0 . 0 6  

0 . 0 6  0 , 9  
0.05 0 , 8  
0 , 0 5  1 . 0  
0,08 1 . 5  

0 . 1  0 . 1 9  2 . 0  

0 , 1  0 , 0 6  0.8 
0 . 1  0 .15  2 ,s  

0 . 1  0028  4,O 
0 '  1 0 .40  7 - 5  
O " 1  0 , 3 5  7 - 5  

? I 2  

I 
W 

I 



Table 1 (Cont'd.) 

TESTING OF MODIFIERS FOR PREVENTING THIRD-PHASE FORMATION 

Requirement 
for 

Mol. Di( 2-ethylhexy1)- Miscibility 
Final Conc. 

Wt. phosphoric Acid (E) w/v % 

2-Methylcyclohexanol 114 0.1 0 , 0 9  1.0 

P I_ 

Modifier 

Nony lphenol 221 0 . 1  0 . 0 3  0 . 7  

Neutral Organophosphorus Compounds - - - - - - - - - - - - - - - - -  
Tri(n-buty1)phosphate 
Tri( n-amyl) phosphate 
Tri(2-ethylhexy1)phosphate 
Triphenylphosphate 
Tricresylphosphate 

266 
308 
434 
326 
368 

Di-n-butyl n-butylphosphonate 250 
Di ( 2 -e thy lhexy 1) 2 -etlhy lhexy lphosphonate 41 8 
Di-n-butyl benzenephosphonate 270 
Di-n-butyl chloromethylphosphonate 243 

2 . 2  0 . 1  
0.1 0.10 3.1 
0,09 0.21 9.2 

0.08 

)5 * 
>2 0 

1 . 4  0.1 
0.09 0,23 9 . 5  
0.1 0.13 3.5 
0.1 0.06 1.4 

0.06 

Di(2-ethylhexyl) chloromethylphosphonate 355 0.1 0.11 3.7 

n-Butyl di-n-butylphosphinate 
n-Butyl di-n-hexylphosphinate 

Trl( n-butyl) phosphine oxide 
Tri( n-octy1)phosphine oxide 
Tri( n-decyl) phosphine oxide 

234  
290 

218 
386 
470 

0.1 0.04 0 . 9  
0.1 0.03 0.8 

0 . 1  0 . 0 5  1.1 
0 , 0 8  0 .02  O,? 
0.08 0.02 0.8 



Table 1 ( C o n t ' d , )  
_I__ 

TESTING OF MODIFIERS FOR PREVENTING THIRD-PHASE FORMATION 
__c 

Requi rement  

Mol, Di( 2 - e t h y l h e x y l )  - M i s c i b a l i t y  
W t *  p h o s p h o r i c  Acid (hl) -F,F 

F i n a l  Conc, f Or 

- w/v % L- _I_ 

M o d i f i e r  

T r i - n - b u t y l p h o s p h i t e  ( 8 3 % )  250 
Tri( 2 - e t h y l h e x y 1 ) p h o s p h i t e  ( 9 2 % )  418 

M e t h y l i s o p r o p y l  
Methyl  i s o b u  t y  1 
Methyl-n-hexyl  
D i i s o b u t y l  

Di-n-prOpyl 
D i i s o p r o p y l  
Di-n-buty 1 
Benzylmethyl  
p-CTesylmethyl 
B,B - D i c h l o r o e t h y l  
Di -n-bu t y  1 '' ca rb i to1 I t  

Dibutoxy t e t r a g l y c o l  

n-Butyl  acetate  
Isoamyl  acetate  
n-Buty 1 n-bu t y sa t e  
I s o b u t y l  isobutyrate 

Ketones - - - -  
86 

1 0 0  
128  
142 

E t h e r s  - - -  
1 0 2  
102 
1 3  0 
1 2 2  
1 2 2  
14 3 
218 
3 0 6  

116 
1 3 0  
144 
144 

0 , 0 9  0 , 2 7  7 
0.08 0,45 1 9  

0.08 
0 .08  
0 . 0 9  

0.08 

0 . 0 9  
0 , 0 9  

2 . 1  18  
1 . 6  16 
0.4  5 

> 2 0  

0 , 0 9  0 , 6  7 
0-1 0 , 3  4 

>17 
0,08  l"2 ia 



Table 1 (Cont'd.) 

TESTING OF MODIFIERS FOR PREVENTING THIRD-PHASE FORMATION 

Requirement 

Mol. Di( 2-ethylhexyl) - Miscibility 
Final Conc. for 

Wt. phosphoric Acid (&) En w/v % - -P 
Modifier 

Ethyl 'benzoate 
Benzyl acetate 
Diethyl succinate 
Di-n-butyl succinate 
Di -n-bu ty 1 phthalate 
Dioctyl phthalate 

2 -Et hy 1 hexy 1 chloride 
Trichloroethylene 
Carbon tetrachloride 
Benzotrichloride 

1-Nitropropane 
2-Nitropropane 
Nitrobenzene 

Toluene 
Isopropyl benzene 

150 
150 
174 
230 
278 
390 

148 
131 
154 
195 

8 9  
8 9  
123 

92 
120 

0 . 0 9  0 . 8  1 2  
0.08 1-3 19 
0.08 1.1 19 

>2 0 
>2 0 
>20 

0 . 1  0.09 1.3 
>2 0 
>2 0 
>2 0 

> 2 0  
>2 0 
> 2 0  

> 2 0  
0 .08  1.2 14 

*Solubility limit of triphenylphosphate in kerosene is about 5 w/v % *  

. .  
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w / v  9& ( 0 . 0 6  and 0.09 M ) s  similar to the primary alcohols, 
About three times as much 5-ethylnonanol-2 was required, 
although it is structurally similar to capryl alcohol in the 
region of the hydroxy group, Still more was required of the 
heavier and more highly branched alcohols, 4 to 8 w / v  '1% ( 0 , 3  
to 0,4 M) of the 2-methyl-4-hydroxy compounds (diisobutyl 
carbinoT, trimethylnonanol, ethylmethylundecanol) and more 
than 12 w/v % of the diethyltridecanol-6. 

The only phenolic compound tested, nonylphenol,* was even 
more effective than the primary alCohQls, with 0 , 7  w/v % 
( 0 . 0 3  M) required. - 

Of the neutral organophosphorus compounds tested, those 
with at least one straight chain alkyl group bonded directly 
to the phosphorus were similar to the primary alcohols in 
effectiveness, 0.7 to 1.4 w/v % ( 0 0 0 2  to 0 , 0 6  MII) being 
required, The tri(n-alkylbphosphates were a lyttle less 
effective, requiring 2,2 w/v % (0.08 MWI) with butyl and 3 a 1  
w/v % (0.10 M) with amyl, The phosphztes and the phosphonate 
with three 2xethylhexyl groups were poorer? about 10 w/v % 
(90.2 M) required, presumably showing an effect of too much 
branchyng crowded around the central atom. Dibutyl chloro- 
methylphosphonate was similar to dibutyl butylphosphonate, 
while di(2-ethylhexyl) chloromethylphosphonate was a little 
less effective, The two tri-aryl phosphates tested were not 
useful, but dibutyl benzenephosphonate was effective to about 
the same degree as triamylphosphate and di( 2-ethylhexyl) 
chloromethylphosphonate. 

Of the foregoing alkyl phosphorus compoundsj the tri- 
butylphosphate tri( 2-ethylhexyl) phosphate dibutyl b u t y l -  
phosphonate, and the two chloromethylphosphonates are commer- 
cially available, the first two in production quantities and 
the others in experimental quantities" 

2-Ethylhexyl chloride was also effective, with 1,3 w/v 
% ( 0 - 0 9  M). Of the other compounds tested, only isoamyl 
acetate, methylhexyl ketoneS butyl acetate, and dibutyl 
"carbitolP' were able to prevent third phase formation on 
addition of amounts less than 10 w/v % o  

- 

*Koppers G - 5 1 0 2 0 3 0 ;  structure not stated, 
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Measurements  of m o d i f i e r  r e q u i r e m e n t s *  as  a f u n c t i o n  of 
r e a g e n t  (di(2-ethy1hexyl)phosphoric a c i d )  c o n c e n t r a t i o n  have  
been  made f o r  c e r t a i n  o f  t h e  above  compounds and  t h e  r e s u l t s  
a r e  summarized i n  T a b l e  2 by means of c o n s t a n t s  f o r  u s e  i n  a 
s i m p l e  e m p i r i c a l  e q u a t i o n ,  The f o l l o w i n g  p r o c e d u r e  w a s  u s e d  
f o r  m e a s u r i n g  t h e s e  r e q u i r e m e n t s :  

1) P r e p a r e  k e r o s e n e  s o l u t i o n s  h a v i n g  d e s i r e d  r a n g e  of 
c o n c e n t r a t i o n s  of di(2-ethylhexy1)phusphoric a c i d  
( e o g o 9  O o 0 5  t o  O c 5  M)* - 

2) C o n t a c t  a sample  ( e , g , , ,  5 m l )  o f  each r e a g e n t  s o l u -  
t i o n  w i t h  a n  e q u a l  volume of 10% sodium c a r b o n a t e .  

3 )  C e n t r i f u g e  t h e  m i x t u r e  and  o b s e r v e  f o r  t h e  p r e s e n c e  
of a t h i r d  p h a s e ,  

4) When a t h i r d  phase  is  p r e s e n t ,  add  f rom a c a l i b r a t e d  
d r o p p e r  a 10% k e r o s e n e  s o l u t i o n  of t h e  m o d i f i e r  
b e i n g  t e s t e d ,  s h a k i n g  and  c e n t r i f u g i n g  a f t e r  e a c h  
a d d i t i o n  u n t i l  t h e  t h i r d  p h a s e  j u s t  d i s a p p e a r s ,  

5 )  From t h e  volumes  a d d e d  and  t h e  known o r i g i n a l  
r e a g e n t  ( d i i  2 - e t h y l h e x y l )  p h o s p h o r i c  a c i d )  c o n c e n t r a -  
t i o n  c a l c u l a t e  t h e  f i n a l  r e a g e n t  a n d  m o d i f i e r  
c o n c e n t r a t  i o n s  

6 )  P l o t  m o d i f i e r  c o n c e n t r a t i o n  v s ,  f i n a l  r e a g e n t  con-  - ce n t r a t i o n  

S i n c e  m o d i f i e r  r e q u i r e m e n t s  i n c r e a s e  s l i g h t l y  w i t h  i n c r e a s i n g  
t e m p e r a t u r e ,  t h e  c u r v e  s h o u l d  be e s t a b l i s h e d  for t h e  t empera -  
t u r e  a t  which  t h e  e x t r a c t a n t  is  t o  be u s e d ,  

* I t  s h o u l d  b e  n o t e d  t h a t  t h e  m o d i f i e r  r e q u i r e m e n t  a s  d i s -  
c u s s e d  i n  t h i s  s e c t i o n  and  l i s t e d  i n  Table 2 i y t h e  measured  
c r i t i c a l  c o n c e n t r a t i o n  f o r  m i s c i b i l i t y  o f  NaRzP04 a t  t h e  
t e m p e r a t u r e  s p e c i f i e d  a n d  i n  t h e  a b s e n c e  o f  any  o t h e r  
s o l u t e .  The minimum o p e r a t i n g  r e q u i r e m e n t  i n  a p r o c e s s  w i l l ,  
of c o u r s e ,  be  t h i s  c r i t i c a l  c o n c e n t r a t i o n  p l u s  a r e a s o n a b l e  
m a r g i n  t o  c o v e r  v a r i a t i o n s ,  B e s i d e s  t h e  v a r i a t i o n s  t o  be 
e x p e c t e d  i n  c o n c e n t r a t i o n s  , t e m p e r a t u r e ,  e t c ,  m i s c i b i l i t y  
w i l l  a l s o  be  a f f e c t e d  by t h e  amount of u ran ium s t i l l  i n  t h e  
o r g a n i c  p h a s e  when s t r i p p i n g  is p a r t i a l l y  c o m p l e t e d .  F o r  
e x a m p l e ,  i n  s t r i p p i n g  0 , l  M di(2-ethylhexy1)phosphoric a c i d /  
k e r o s e n e g  l o a d e d  t o  6 g U / T ,  w i t h  10% sodium c a r b o n a t e ,  t h e  
c r i t i ca l .  c o n c e n t r a t i o n  of  TBP r e q u i r e d  w a s  found  t o  i n c r e a s e  
w i t h  r e s i d u a l  uran ium a s  follows: 

g U/1 o r g a n i c :  0 0 , 0 3  0 . 0 9  0 , 1 7  0 . 1 9  0 . 2 8  
w/v TBP r e q u i r e d .  2 , 2  2 , 2  2 , 3  2.4 2,5 2 . 7  
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Table 2 

CONCENTRATIONS OF MODIFIERS REQUIRED 

FOR PREVENTING THIRD-PHASE FORMATION 

Minimum* Modifier Concentration = A + E3 M 

where M a molarity of di(2-ethylhexy1)- 

- 
- 

phosphoric acid, between 0 , 1  
and 0.4, in 

Modifier - 
Capryl alcohol 

2-Ethylhexanol 

4 -E thy loc t ano 1 

''Mixed primary decyl alcohols" 

"Mixed primary tridecyl alcohols" 

Tributylphosphate 

Dibutyl, butylphosphonate 

Butyl dibutylphosphinate 

Butyl dihexylphosphinate 

Tributylphosphine oxide 

kerosene 

Temp 
OC 

2 6  

3 0  

2 7  

3 0  

3 0  

2 8  

2 8  

2 8  

2 7  

31 

A 

0 .5  

0 . 6  

0 . 5  

0.4 

0 . 6  

- 

1,7 

0.8  

0 ,3  

0 . 5  

0 . 2  

B A V  B '  - 
4.0 0,040 0 . 3 1  

4.0 0 . 0 4 6  0,31 

4.0 0,032 0,25 

4.6 0 , 0 2 4  0 . 2 9  

4.6 0 , 0 2 9  0 .23  

5 , 3  0,063 0 , 2 0  

5 .2  0,034 0 . 2 1  

6 * 2  0,011 0 , 2 6  

3.1 0.016 0.11 

9 . 0  0 . 0 0 7  0 . 4 1  

*See note, p. 8 ,  

**Minimum Modifier Concentration g i v e n  in 

w/v % with parameters A and B 
molar Concentration with parameters A '  and B y a  
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The r e q u i r e m e n t s  of e a c h  o f  t h e  m o d i f i e r s  t e s t e d  
f o l l o w e d  a s t r a i g h t  l i n e  w i t h i n  t h e  c o n c e n t r a t i o n  r a n g e  
s t u d i e d ,  a n d  on  a molar b a s i s  t h e  e q u a t i o n s  a re  r e m a r k a b l y  
s i m i l a r ,  A p a r t  f rom t h e  o b v i o u s  u s e  of t h e s e  d a t a  i n  c a l c u -  
l a t i n g  t h e  c o m p o s i t i o n s  needed  f o r  mixed e x t r a c t a n t s ,  t h e y  
a l s o  s e r v e  as c a l i b r a t i o n  c u r v e s  i n  t h e  d e t e r m i n a t i o n  of 
m o d i f i e r  c o n c e n t r a t i o n s  i n  unknown s a m p l e s  o f  e x t r a c t a n t s  
( see  be low)  

T r i b u t y l p h o s p h a t e  w a s  a l s o  t e s t e d  f o r  m a i n t a i n i n g  
m i s c i b i l i t y  i n  Napoleum 4 7 0 ,  a h i g h  b o i l i n g  p e t r o l e u m  f r a c t i o n  
m a r k e t e d  by t h e  Deep Rock O i l  Company, The amount of t r i -  
b u t y l p h o s p h a t e  r e q u i r e d  w a s  a p p r o x i m a t e l y  t h e  same as was 
r e q u i r e d  i n  k e r o s e n e ,  

E f f e c t s  of M o d i f i e r s  on  Uranium E x t r a c t i o n  

The e f f e c t s  o f  s e v e r a l  o f  t h e  f o r e g o i n g  m o d i f i e r s  on  
u ran ium e x t r a c t i o n  f rom a c i d i c  s u l f a t e  s o l u t i o n  by 0 . 1  M 
di(2-ethylhexy1)phosphoric a c i d  w a s  examined  i n  s i n g l e  g t a g e  
tests. The r e s u l t i n g  e x t r a c t i o n  c o e f f i c i e n t s  are  shown i n  
T a b l e  3 ,  Two w i d e l y  d i v e r g i n g  e f f e c t s  were f o u n d :  A l l  t h e  
a d d i t i v e s  t e s t e d  e x c e p t  t h e  o r g a n o p h o s p h o r u s  compounds 
d e p r e s s e d  t h e  u ran ium e x t r a c t i o n  c o e f f i c i e n t ;  i n  c o n t r a s t ,  
e v e r y  c o m b i n a t i o n  t e s t e d  o f  a n e u t r a l  o r g a n o p h o s p h o r u s  com- 
pound w i t h  di(2-ethylhexy1)phosphoric a c i d  showed much 
g r e a t e r  u ran ium e x t r a c t i o n  power t h a n  d i d  t h e  a c i d  r e a g e n t  
a l o n e .  S i n c e  t h e s e  n e u t r a l  compounds when u s e d  a l o n e  
e x t r a c t  l i t t l e  u ran ium froin t h i s  t y p e  of s o l u t i o n  (ORNL-2002) , 
t h e  e x t r a c t i o n  power shown by t h e  c o m b i n a t i o n  is a l s o  much 
greater  t h a n  c a n  be a c c o u n t e d  f o r  a s  c u m u l a t i v e  e x t r a c t i o n  
power of t h e  components  a c t i n g  s e p a r a t e l y ,  I n  o t h e r  w o r d s ,  
a s t r o n g  s y n e r g i s t i c  enhancement  is shown, I t  may be n o t e d  
t h a t  t h e  i n c r e a s e  i n  t h e  e x t r a c t i o n  c o e f f i c i e n t  o b s e r v e d  i n  
v a r y i n g  t h e  s y n e r g i s t i c  a d d i t i v e  f rom t r i - n - b u t y l p h o s p h a t e  
t o  t r i - n - b u t y l p h o s p h i n e  o x i d e  is r e m i n i s c e n t  o f  t h e  v a r i a t i o n  
i n  c o e f f i c i e n t  when t h e s e  r e a g e n t s  a l o n e  are used t o  e x t r a c t  
u ran ium f rom a p p r o p r i a t e  s o l u t i o n s ,  ( 2 )  E x t r a c t i o n  c o e f f i -  
c i e n t s  o b t a i n e d  w i t h  o t h e r  a - a l k y l  p h o s p h o r u s  compounds w e r e  
s imi l a r  t o  t h o s e  w i t h  t h e  c o r r e s p o n d i n g  n - b u t y l  compounds. 
R e s u l t s  p a r a l l e l  t o  t h o s e  shown i n  T a b l e  3 f rom weak ly  
a c i d i c  s u l f a t e  s o l u t i o n  have  been  o b t a i n e d  i n  e x t r a c t i o n s  
froin 1 , 5  M s u l f u r i c  a c i d  s o l u t i o n ,  C o m b i n a t i o n s  w i t h  d i b u t y l  
a n d  d i ( 2 - F t h y l h e x y l )  chloromethylphosphonates showed a b o u t  
t h e  same enhancement  of e x t r a c t i o n  power a s  t h o s e  w i t h  
d i b u t y l  b u t y l p h o s p h o n a t e  a n d  t r i b u t y l p h o s p h a t e ,  r e s p e c t i v e l y ,  
Compounds w i t h  t h r e e  2 - e t h y l h e x y l  r a d i c a l s  g a v e  e x t r a c t i o n  
c o e f f i c i e n t s  which  were much lower t h a n  w i t h  t h e  c o r , r e s p s n d i n g  
n - a l k y l  compounds,  b u t  stil.1 c o n s i d e r a b l y  h i g h e r  thar l  w i t h  t h e  
a c i d  r e a g e n t  a l o n e  e 
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Table 3 

EFFECT OF MODIFIER UPON URANIUM EXTRACTION 

Aqueous Phose: 0.5 M SO, pH 1 0.004 M U( VI) 

Organic Phase: Di(2-ethyXhexyl)phosphoric acid and 
modifier in kerosene 

- - 

Phase Ratio: la/10 

Agitation: 10 minutes, wrist-action shaker 

R Q Q ~  Temperature 

A l ~ o h ~ l s  

2 -Ethyl hexansl 0 . 0 4  0.8 

- - - -  

Capryl 0 . 0 6  0 , 8  
"Mixed primary deeylvv 0.05 0 * 8  
''Mixed primary tridecyl" 0.05 1 0 
Benzyl alcshol 0.19 2 . 0  
2-MethylCyClQheXanQl Oo09 1,O 
Nony lphenol 0 - 0 3  0,7 

Di ( 2 -e thy lhexy 1 - 
phosphoric Acid 

E2 - Cone. (bl) 

o o l  

0.1 
0.1 
0.1 
0.1 
0.1 
0,l 
0.1 

TribuQylphosphit,e 
Tsibutylphosphate 
Dibutyl butylphosphonate 
Butyl. dibutylphosphinate 
Tributy lphasphine oxide 

Methyl-n-hexyl ketone 
Isopropyl ether 
Dibutyl. T1carbitsllv 
n-BuPlyl ace ta te  
Hssamyl acetate 
Isopropyl benzene 
2 --Et&y lhexy 1 chloride 

0 * 0 7  7 
0 . 0 8  2 , 2  
0.08  1.4 
0 . 1 0  o o 9  
0 . 0 5  1.1 

Others 
- - I  

0-42 5 
2 . 1  2 1  
0 , 4 3  9 
0 .43  7 
0 . 3 8  4 
1.2 14 
0 , 0 9  1,3 

O " 1  
0 , l  
0.1 
0.1 
0'1 

0-09 
0.07 
0.09 
0 . 0 9  
0.1 
0 ,08  
0.1 

1 3 5  

7 8  
7 0  
7 7  
7 7  
86  
7 8  
97  

700  
800  

3000 
2500 
7 0 0 0  

9 2  
68 
92 
105 
110 

8 8  
7 0  
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The e x t r a c t i o n s  compared i n  T a b l e  3 were a l l  niade a t  
pB I, The r e l a t i v e  e f f e c t s  of c a p r y l  a l c o h o l  and  t r i b u t y l -  
p h o s p h a t e  o n  uranium e x t r a c t i o n  a r e  simnilar a t  o t h e r  pH 
l e v e l s ,  a s  shown i n  F i g u r e  1 by t h e  a p p r o x i m a t e l y  p a r a l l e l  
c u r v e s  from pH 0 , 5  t o  > 2 ,  

I s o t h e r m s  f o r  e x t r a c t i o n  o f  uran ium from a c i d i c  s u l f a t e  
s o l u t i o n  have  been  o b t a i n e d  f o r  t h e  di(2-ethylhexy1)phosphoric 
ac id  - t r i b u t y l p h o s p h a t e  and  t h e  d i (  2 - e t h y l h e x y l )  p h o s p h o r i c  
a c i d  - d i b u t y l  b u t y l p h o s p h o n a t e  s y n e r g i s t i c  e x t r a c t a n t  combi- 
n a t i o n s ,  I n  F i g u r e  2 t h e s e  i s o t h e r m s  a re  compared t o  t h o s e  
o b t a i n e d  w i t h  di(2-ethy1hexyl)phosphoric a c i d  a l o n e  and  
m o d i f i e d  w i t h  c a p r y l  a l c o h o l .  ( T h e  a q u e o u s  s o l u t i o n s  e x t r a c t e d  
were n o t  i d e n t i c a l ,  b u t  w e r e  s u f f i c i e n t l y  s imilar  f o r  com- 
p a r i s o n . )  The extreae l e f t - h a n d  p o r t i o n s  of  t h e s e  c u r v e s  
i l l u s t r a t e  t h e  e f f e c t s  l i s t e d  i n  T a b l e  3 ,  The i n i t i a l  s l o p e s ,  
which  a re  p r o p o r t i o n a l  t o  t h e  e x t r a c t i o n  c o e f f i c i e n t s  o b t a i n e d  
before a n y  l o a d i n g  l i m i t a t i o n  is e n c o u n t e r e d ,  show t h e  
lowered  e x t r a c t i o n  w i t h  c a p r y l  a l c o h o l  and  t h e  enhanced  
e x t r a c t i o n  w i t h  t r i b u t y l p h o s p h a t e  and  d i b u t y l  b u t y l p h o s p h o n a t e ,  
T h i s  h i g h e r  e x t r a c t i o n  power a t  low uranium l e v e l s  c a n  be v e r y  
a d v a n t a g e o u s  i n  c o n t i n u o u s  c o u n t e r c u r r e n t  e x t r a c t i o n  s i n c e  i t  
p r o v i d e s  more e f f i c i e n t  r e d u c t i o n  of r a f f i n a t e  u ran ium l e v e l  
p e r  s t a g e ,  i . e . ,  lower r a f f i n a t e s  c a n  be o b t a i n e d  i n  a set  
number of s t ages ,  o r  f e w e r  s t ages  a re  r e q u i r e d  t o  o b t a i n  a 
s p e c i f i e d  l o w  r a f f i n a t e . .  I t  also p r o v i d e s  o b v i o u s  a d v a n t a g e s  
i n  e x t r a c t i o n  t o  o b t a i n  h i g h  u ran ium l o a d i n g  f rom a v e r y  l o w  
g r a d e  a q u e o u s  l i q u o r ,  or i n  a p p l i c a t i o n  t o  l i q u o r s  u n u s u a l l y  
d i f f i c u l t  t o  e x t r a c t .  

A t  t h e  h i g h e r  uran ium l e v e l s  shown in F i g u r e  2 t h e  
e x t r a c t i o n  i s o t h e r m s  t e n d  t o  c o n v e r g e ,  a s  t h e  e f f e c t s  of 
l o a d i n g  b e g i n  t o  overshadow t h e  e x t r a c t i o n  power,  I t  may be 
n o t e d  t h a t  t h e  c u r v e s  f o r  t h e  s y n e r g i s t i c  c o m b i n a t i o n s  l e v e l e d  
o f f  e v e n  more t h a n  t h e  o t h e r s  i n  t h e  r e g i o n  a b o v e  0 , 2  g 
uran ium p e r  l i t e r  a q u e o u s ,  so t h a t  t h e  u n m o d i f i e d  e x t r a c t a n t  
c r o s s e d  o v e r  t o  a p p r e c i a b l y  h i g h e r  o r g a n i c  uran ium l o a d i n g  
above  a b o u t  0 , 5  g U / 1  a q u e o u s .  A c t u a l l y ,  a l l  t h e  c u r v e s  
c o n t i n u e  t o  rise g r a d u a l l y  a s  t h e  a q u e o u s  uranium l e v e l  is 
i n c r e a s e d  beyond t h e  r a n g e  shown h e r e ,  and  a t  v e r y  h i g h  
a q u e o u s  uranium l e v e l s  ( e . g O 2  5 0  g U / 1 )  t h e y  a p p r o a c h  a n  
a s y m p t o t e  of 1 2  g U / 1  o r g a n i c ,  which i s  t h e  s t o i c h i o m e t r i c  
l o a d i n g  l i m i t  e x p e c t e d  w i t h  0 , 1  M r e a g e n t  i f  two moles of 
di(2-ethylhexy1)pkosphoric a c i d  Zre a s s o c i a t e d  w i t h  e a c h  mole 
o f  uran ium.  

I n  t h e  f o r e g o i n g  p a r a g r a p h s  i t  h a s  b e e n  p o s s i b l e  o n l y  t o  
g i v e  a v e r y  b r i e f  d e s c r i p t i o n  of t h e  s y n e r g i s t i c  enhancement  
of u ran ium e x t r a c t i o n ,  p r e s e n t e d  as  one  a s p e c t  o f  t h e  u s e  of 
m i s c i b i l i t y - m o d i f i e r s ,  E x t e n s i v e  s y s t e m a t i c  and d e v e l o p m e n t a l  
t e s t i n g  h a s  been  c a r r i e d  o u t  w i t h  c e r t a i n  s y n e r g i s t i c  combina-  
t i o n s ,  conc; idered  a s  new and  s i g n i f i c a n t l y  d i f f e r e n t  
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extractants, and this work will be reported separately. 
Since tributylphosphate is commercially available ad; a 
reasonable price, most attention has thus far been directed 
at the tributylphosphate - d i ( 2 - e t h y l h e x y 1 ) p h o s p h o r i c  acid 
system. Dibutyl butylphosphonate, available in experimental 
quantities (potentially available in production quantities at 
a higher price than TBP)? has a l s o  been subjected to process 
testing, and laboratory tests have been recently started with 
the chloromethylphosphonates, 

In contrast to these synergistic combinations with di(2- 
ethylhexyl) phosphoric acid (and other dialkylphosphoric 
acids) the corresponding combinations tested of neutral 
organophosphorus reagents with monoalkylphosphoric acids have 
not shown any enhancement of extraction power, but rather the 
same kind of impairment of extraction as shown by addition 
of, e,g,, alcohols (cf, p. 831 ,  

II 

Effect of Modifiers on Selectivity for Uranium 

The effect of two of the additives described above, tri- 
butyfphosphate and dibutyl butylphosphonate, on the selec- 
tivity of di(2-ethylhexy1)phosphoric acid was investigated by 
contacting the organic solutions with sulfate solutions of 
various cations commonly found in leach 15quors. Results are 
presented in Table 4. The ratios of extraction Coefficients 
show the relative changes caused by addition of the modifiers, 
The coefficients for aluminum, vanadiumaIV) and possibly 
molybdenum were essentially unaffected by addition of these 
modifiers, Extraction of iron(III) and titanium was 
repressed, although further experimental results have suggested 
that this may be a rate rather than an equilibrium difference, 
As previously shown (Table 3 and Figure 2 j 8  the corresponding 
uranium extraction coefficients are increased greatly at low 
uranium loading levels Thus the selectivity of di{ 2-ethyl- 
hexyl) phosphoric acid for uranium over these other metals is 
not impaired: by the addition of tributylphosphate or dibutyl 
butylphosphonate, Under some conditions it will be improved, 
the uranium extraction being increased  while extraction of the 
major interfering contaminants either remains approximately 
the same or (within probable contact t i m e s )  Is decreased, 

L o s s  of Modifiers by Distribution to Acid and Alkaline 

Aqueous Phases 

Because of the importance of reagent losses in the 
economic evaluation of extraction processes9 considerable 
effort has been placed on the establishment of procedures for 
the determination of l o s s  of diluent modifiers from t h e  
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T a b l e  4 

EFFECT OF MODIFIER UPON SELECTIVITY 

O r g a n i c :  

Aqueous : 

C o n t a c t :  

E 2  (Unmod) 

E: (TBP) 

E: (DBBP) 

E 8  (DBBP) 
~2 (UnmoZj- 

0 . 1  & d i (  2 - e t h y 1 h e x y ~ ) p h o s p h o r i e  a c i d  
i n  k e r o s e n e ?  alone o r  m o d i f i e d  w i t h  
3 , O  w/v % t r i h u t y l p h o s p h a t e  o r  2 - 5  
w/v % d i b u t y l  b u t y l p k o s p h o n a t e ,  

0 , 0 2  M metal. i o n  (only one metal 
i o n  pFesent  i n  each t e s t )  0 , 3  - 0 , 5  
M SO* 9 ~ € 1  102 - 1 , 4  - 
A g i t a t e d  by w r i s t - a c t i o n  s h a k e r  for 
i n d i c a t e d  t i m e ,  p h a s e  r a t i o  l a : l o o  

C o n t a c t  
Time mi-n. V (  I V )  

2 0 , 8  
30 0 0 7 

2 0 , 6  
3 0  O j 8  

2 0 . 8  
3 0  1,l  

Fe(  111) 

0,4  
3 , l  

0 . 4  
2 , 3  

0 . 1  
1,7 

1 , o  
0 . 7  

0 ,3  
0 . 5  

A 1  

0 . 0 1  
0 . 0 1  

0 , 0 1  
I- 

o .  0 1  
0 . 0 1  

1 . 0  
--- 

1 . 0  
1 . 0  

Mo 

3 , 7  
3 - 4  

2 , 7  
2 . 5  

§ , 4  
4 , 9  

0 . 7  
0 0 7  

1 , 5  
1 . 4  

- 
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o r g a n i c  p h a s e ,  The most u s e f u l  method c o n t i n u e s  t o  be a n  
i n d i r e c t  measu re  o f  t h e  l o s s  by t i t r a t i o n  o f  t h e  f i n a l  
e x t r a c t a n t  t o  t h e  c r i t i c a l  m i s c i b i l i t y  p o i n t ,  Whi l e  t h e r e  
a re  some o b v i o u s  d i s a d v a n t a g e s  t o  t h i s  me thod ,  i t  a l s o  h a s  
t h e  a d v a n t a g e s  t h a t  i t  is a p p l i c a b l e  t o  a n y  e f f e c t i v e  
m i s c i b i l i t y  m o d i f i e r ,  r e g a r d l e s s  of its c h e m i c a l  c l a s s ,  a n d  
t h a t  t h e  p r o p e r t y  measu red  i n  t h e  a n a l y s i s  is t h e  p r o p e r t y  of 
i n t e r e s t ,  D i r e c t  measu remen t s  of t r i b u t y l p h o s p h a t e  d i s t r i -  
b u t i o n  t o  a q u e o u s  s o l u t i o n s  h a v e  a l s o  been  made u s i n g  
r a d i o a c t i v e  tracer p h o s p h o r u s ,  S e v e r a l  o t h e r  me thods  h a v e  
b e e n  examined  for d i r e c t  o r  i n d i r e c t  measurement  of a l c o h o l  
l o s s ,  b a s e d  on v a r i o u s  p h y s i c a l  o r  ehemxca l  p r o p e r t i e s ,  b u t  
none  of t h e s e  h a v e  y e t  p r o v e d  u s e f u l ,  

I n d i r e c t  Method,  The i n d i r e c t  method f o r  t h e  d e t e s m i n a -  
kion of a l c o h o l  l o s s  p r e s e n t e d  i n  ORNL-1903 can  be a p p l i e d  t o  
m o d i f i e r s  i n  g e n e r a l ,  The a n a l y t i c a l  p r o c e d u r e  is a s  follows: 

D e t e r m i n a t i o n  o f  M o d i f i e s  C o n c e n t r a t i o n  i n  O r g a n i c  

1) C o n t a c t  t h e  reagent-modifier-diluent s a m p l e  
( e , g ,  5 m l )  w i t h  a n  e q u a l  volume of 1 0 %  sodium c a r b o n -  
a t e ,  

2 )  C e n t r i f u g e  t h e  m i x t u r e  a n d  o b s e r v e  f o r  t h e  
p r e s e n c e  o f  a t h i r d  p h a s e ,  

3a) When t h i r d  p h a s e  is p ~ e s e n t ~  a d d  f rom a c a l i -  
b r a t e d  d r o p p e r  a s t a n d a r d  s o l u t i o n  ( e . g o y  1 0  w / v  X )  o f  
t h e  m o d i f i e r  i n  e h e  same d i l u e n t ,  s h a k i n g  a n d  c e n t r i -  
f u g i n g  a f t e r  each a d d i t i o n  u n t i l  t h e  t h i r d  p h a s e  j u s t  
d i s a p p e a r s  

3 b )  If n o  t h i r d  p h a s e  is p r e s e n t ,  add a measu red  
amount of m o d i f i e r - f r e e  d i l u e n t  solution c o n t a i n i n g  t h e  
r e a g e n t  a t  a known c o n c e n t r a t i o n  h i g h e r  t h a n  t h a t  i n  t h e  
o r i g i n a l  s o l u t i o n . ,  Mix,  c e n t r i f u g e  a n d  o b s e r v e  f o r  
t h i r d  p h a s e ,  R e p e a t  u n t i l  a t h i r d  p h a s e  is o b s e r v e d ,  
t h e n  b a c k t i t r a t e  a s  d e s c r i b e d  i n  3a, 

4 )  From volumes  added a n d  t h e  known o r i g i n a l  
r e a g e n t  ( d i a l k y l p h o s p h o r i c  a c i d )  c o n c e n t r a t i o n *  c a l c u l a t e  
t h e  f i n a l  r e a g e n t  c o n c e n t r a t i o n ,  

5 )  D e t e r m i n e  from % h e  m i s c i b i l i t y  c u r v e * *  t h e  

* A s  d e t e r m i n e d  by pH t i t r a t i o n  of a n  a l i q u a t  ~f t h e  
o r g a n i c  p h a s e  

* * E s t a b l i s h e d  as  descr ibed  on  page 8 ,  Since t h e  misci- 
b i l i t y  l i m i t  v a r i e s  s l i g h t l y  with t e m p e r a t u r e ,  t h e  c u r v e  
must  be e s t a b l i s h e d  a t  t h e  same t e m p e r a t u r e  a s  is t o  be 
u s e d  for t h e  a n a l y s i s ,  
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c r i t i c a l  q u a n t i t y  of  m o d i f i e r  r e q u i r e d  t o  m a i n t a i n  
m i s c i b i l i t y  i n  t h e  f i n a l  o r g a n i c  volume,  and  f rom t h i s  
s u b t r a c t  t h e  amount o f  m o d i f i e r  a d d e d  i n  s t e p  3a or  3b.  
The d i f f e r e n c e  is t h e  amount o f  m o d i f i e r  i n  t h e  
o r i g i n a l  s a m p l e .  

The d r o p p e r s  u s e d  e a c h  d e l i v e r e d  c lose to  0 , 0 2 5  m l  p e r  
d r o p .  D u p l i c a t e  a n a l y s e s  by t h i s  p r o c e d u r e  have  b e e n  i n  
r e a s o n a b l e  a g r e e m e n t ,  o r d i n a r i l y  v a r y i n g  no  more t h a n  p l u s  
o r  minus  t h e  e q u i v a l e n t  of a b o u t  o n e  d r o p  o f  t h e  1 0 %  m o d i f i e r  
t i t r a n t  ( c o r r e s p o n d i n g  t o  a b o u t  & 0 . 0 5  w/v % i n  a 5 - m l  
o r g a n i c  s a m p l e )  i n  tests a r r a n g e d  s o  t h a t  o n l y  a s m a l l  volume 
o f  t i t r a n t  w a s  r e q u i r e d ,  T h i s  h a s  b e e n  s u f f i c i e n t  f o r  t h e  
l o s s  ra tes  m e a s u r e d ;  u s e  o f  a m i c r o b u r e t  is a n  o b v i o u s  
r e f i n e m e n t  t o  o b t a i n  h i g h e r  p r e c i s i o n  when n e e d e d .  

L o s s e s  of s e v e r a l  o f  t h e  p r e f e r r e d  m i s c i b i l i t y  m o d i f i e r s  
t o  a c i d i c  s u l f a t e  s o l u t i o n s  a n d  t o  c a r b o n a t e  s o l u t i o n s  were 
measu red  by  s i n g l e - s t a g e  b a t c h  e q u i l i b r a t i o n s  a t  h i g h  a q u e o u s :  
o r g a n i c  r a t i o s ,  The r e s u l t s ,  Tables  5 a n d  6 ,  show e f f e c t s  of 
b o t h  t h e  m o d i f i e r  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  p h a s e  a n d  t h e  
c o m p o s i t i o n  o f  t h e  a q u e o u s  p h a s e .  The r e s u l t s  s u g g e s t  t h a t  
2 - e t h y l h e x a n o l  w a s  l o s t  t o  a c i d i c  s u l f a t e  s o l u t i o n s  a c c o r d i n g  
t o  a r e g u l a r  d i s t r i b u t i o n  law a t  low a l c o h o l  c o n c e n t r a t i o n s  
( F i g u r e  3 ) 9  b u t  l e v e l e d  o f f  a t  h i g h e r  c o n c e n t r a t i o n s  ( a b o u t  
1 1 5  ppm i n  0 . 5  M S O 4 ) .  L o s s  of c a p r y l  a l c o h o l  w a s  s i m i l a r ,  
w h i l e  t h e  higher;-weight  a l c o h o l s  a s  e x p e c t e d  showed much 
l o w e r  l o s s e s ,  D i b u t y l  b u t y l p h o s p h o n a t e  l o s s ,  b e i n g  a b o u t  
25 ppm from two d i f f e r e n t  o r g a n i c  c o n c e n t r a t i o n s ,  a l s o  
a p p e a r e d  t o  be s a t u r a t i o n - l i m i t e d ,  T ~ i b u t y l p h o s p h a t e  loss 
w a s  a t  a b o u t  t h e  same l e v e l .  

L o s s  of a l c o h o l s  to 10% sodium c a r b o n a t e  s o l u t i o n  ( i * e . ,  
/.rl M )  w a s  a l i t t l e  less  t h a n  t o  0 . 5  M s u l f a t e  s o l u t i o n ,  
w h i l z  l o s s  o f  t h e  p h o s p h o r u s  compoundB w a s  s i m i l a r  or a l i t t l e  
h i g h e r  t h a n  t o  t h e  s u l f a t e  s o l u t i o n .  S i n c e  t h e  volume o f  
c a r b o n a t e  s t r i p  s o l u t i o n  e n c o u n t e r e d  w i l l  n o r m a l l y  be much 
smaller  t h a n  t h e  volume of r a f f i n a t e ,  t h e  losses  o f  m o d i f i e r  
t o  t h e  s t r i p  w i l l  be  c o r r e s p o n d i n g l y  less i m p o r t a n t .  

C o n t r i b u t i o n s  o f  m o d i f i e r  l o s s  t o  t h e  c o s t s  o f  t h e  
Dapex p r o c e s s  a re  d i s c u s s e d  b e l o w ,  

Losses i n  C o n t i n u o u s  O p e r a t i o n ,  Whi le  i n  p r i n c i p l e  t h e  
p r e c i s i o n  a n d  s e n s i t i v i t y  of  l o s s  measu remen t s  by s i n g l e -  
s t a g e  b a t c h  e q u i l i b r a t i o n  c o u l d  be improved  i n d e f i n i t e l y  by 
g o i n g  t o  more a n d  more e x t r e m e  a q u e o u s : o r g a n i c  r a t i o s ,  i n  
a c t u a l  p r a c t i c e  v a r i o u s  e x p e r i m e n t a l  d i f f i c u l t i e s  b e g i n  t o  
i n t e r v e n e .  A bet te r  ( a n d  more r e a l i s t i c )  way t o  r e f i n e  t h e  
l o s s  measu remen t s  is t o  f o l l o w  t h e  r e a g e n t  b a l a n c e  t h r o u g h  
a s u f f i c i e n t l y  l a rge  number o f  c y c l e s  o f  c o n t i n u o u s  o p e r a t i o n ,  



Table 5 

MODIFIER LOSS TO ACIDIC SOLUTIONS 

(By decrease in organic phase concentration) 

Organic: 0.1 XI di(2-ethy1hexyl)phosphori.c acid and indicated modifier i n  kerosene - 

Phase 
E q .  Concentrations Aqueous Ratio 

Modifier Composition a/o W/Y % in org ppm in aq** 

0.5 M SO4 pH 1 400 3.5* c 3 5  - Tributylphosphate 

D i b u t y l  butylphosphonate 

Capryl A l e .  

1 0 0  0 . 5  25 f 1 0  
1 0 0  1.1 2 5  +, 5 

I V  

f ?  

I 1  800 0 . 5  2 0  f 5 
1 8  100  1.9* 115  f 15 

4-E thy loc tanol I 1  800 1.8* 4 5  

“Mixed Primary Decy l  Alc. (’ I 1  400 i . a *  C10 

“Mixed Primary Tridecyl Alc. 9 1  400 1.7* <10 

2 -Et hy lhexanol 3 0 0  0. a 40 f 5 
1 1  4 0 0  1 . 4  1 1 0  f 2 0  

1 0 0  1 . 7 *  1110 f 70  
I 1  2 0 0  3 . 5  115 25 
1 1  100  4 . 7  115  f 35 

1 1  

I t  

0 . 2  M sa, PH 1 100  1.3 a 5  f 45  
1 1  100  1 . 7 +  1 2 5  f 4 0  
1 1  100  3 - 8  200 f 4 0  
l ?  100  9 . 5  240  f 25 
11 400 1 4 . 2  2 6 0  f 2 5  

c 
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Table 6 

MODIFIER LOSS TO ALKALINE SOLUTIONS 

(By decrease in organic phase concentration) 

Organic: 0.1 M di(2-ethylhexy1)phosphor.i~ acid and indicated modifier in kerosene - 

Aqueous 
Modifier Composition 

Tributylphosphate 10% Na,CO, 

Dibutyl butylphosphonate I f  

2 -E thy lhexanol 

5% ( N H I  )2CO, 

10% N a 2 C 0 ,  

Capryl Alc. ?l 

4 -Et hy loc tan01 $ ?  

Phase 
Ratio 
a / o  

400  

100 
5 0  

400 

2 0 0  

2 0 0  

- Eq Concentsat ions 
w/v % in org ppm i n  aq* 

2 . 7  3 5  f 2 5  

1.1 25 f 20 
0.5 3 0  f 2 0  

1.1 20 f 10 

1.2 40 f 10 

2.0 (10 

*See note, Table 5. 
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T h i s  h a s  b e e n  done  t h r o u g h  95 c y c l e s  w i t h  0 . 1  M d i ( 2 - e t h y l -  
h e x y 1 ) p h o s p h o r i c  a c i d  - 1 . 5  w/v % c a p r y l  a l c o h E l  i n  k e r o s e n e ,  
as  shown i n  T a b l e  7 ,  T h i s  w a s  a no rma l  e x t r a c t i o n  tes t  f rom 
a s y n t h e t i c  l e a c h  l i q u o r  ( c o m p o s i t i o n  shown i n  t h e  t a b l e ) ;  
p h y s i c a l  o p e r a t i o n  o f  t h e  s y s t e m  was s a t i s f a c t o r y ,  and  
e f f i c i e n t  u ran ium r e c o v e r y  w a s  o b t a i n e d  t h r o u g h o u t  t h e  r u n ,  

The mater ia l  b a l a n c e s  g i v e n  i n  T a b l e  ? show d i s t r i b u t i o n  
( s o l u b i l i t y )  losses a m o u n t i n g  t o  120  ppm c a p r y l  a l c o h o l  a n d  
1 0  ppm r e a g e n t  i n  t h e  r a f f i n a t e ,  Two a s s u m p t i o n s  w e r e  
i n v o l v e d  i n  t h e s e  r e s u l t s ,  (1) t h a t  t h e  d i s t r i b u t i o n  l o s s  t o  
t h e  c a r b o n a t e  s t r i p  s o l u t i o n  was i n  a c c o r d a n c e  w i t h  p r e v i o u s  
m e a s u r e m e n t s ,  a n d  ( 2 )  t h a t  e v a p o r a t i o n  of k e r o s e n e  w a s  
n e g l i g i b l e ,  The f i r s t  a s s u m p t i o n  had a l m o s t  no e f f e c t  on  
t h e  r e s u l t s ,  s i n c e  t h e  volume o f  s t r i p  s o l u t i o n  was so smal l ,  
The s e c o n d  a s s u m p t i o n  had  o n l y  a l i t t l e  e f f e c t  on  t h e  
a l c o h o l  l o s s  r e s u l t s ;  for i n s t a n c e ,  t h e  extreme a l t e r n a t i v e  
a s s u m p t i o n  t h a t  a l l  t h e  u n a c c o u n t e d  volume loss  w a s  due  t o  
e v a p o r a t i o n ,  w i t h  v a n i s h i n g l y  s m a l l  e n t r a i n m e n t ,  would l e a d  
to a r e s u l t  o f  1 2 7  ppm c a p r y l  a l c o h o l  i n  t h e  r a f f i n a t e ,  ( T h e  
r e a g e n t  l o s s  r e s u l t  is a l i t t l e  more s e n s i t i v e  to t h e  assumed 
e v a p o r a t i o n  l o s s ,  becoming 25 i n s t e a d  of P O  ppm f o r  t h e  
extreme a s s u m p t i o n  of a l l  k e r o s e n e  l o s s  by e v a p o r a t i o n ,  The 
v a l u e  of 1 0  ppm is somewhat h i g h e r  t h a n  the v a l u e  i n d i c a t e d  
- ( 5  - by t h e  s i n g l e - s t a g e  b a t c h  e q u i l i b r a t i o n  t es t s  
r e p o r t e d  i n  ORNL-1903 and a l s o  g i v e n  by r a d i o a c t i v e  t racer  
P 3 2  a n a l y s i s  Appendix  C ,  ) 

The v a l u e  o f  1 2 0  ppm c a p r y l  a l c o h o l  i n  0 , 3  M s u l f a t e  
r a f f i n a t e  is i n  f a i r l y  good a g r e e m e n t  w i t h  t h e  lcsses, t 0  
0 - 5  RI s u l f a t e  measu red  by s i n g l e - s t a g e  e q u i l i b r a t i o n  ( T a b l e  5 
a n d  F i g u r e  3 )  a n d  n o t  i n  s e r i o u s  d i s a g r e e m e n t  with t h e  
p r e l i m i n a r y  estimate o f  8 0  pprn i n  0 . 5  M s u l f a t e  r e p o r t e d  i n  - 
QRNL-1903 e 

T h e s e  d a t a  g i v e  110 s u p p a s t  t o  t h e  much h i g h e r  losses  of 
c a p r y l  aLcohol t o  a c i d i c  s o l u t i o n  wh ich  were r e p o r t e d  
r e c e n t l y  f rom a n o t h e r  l a b o r a t o r y  9 ? 3  , n o )  a p p a r e n t s l y  as  8 
result; of a n  a n a l y t i c a l  method b a s e d  o n  a c e t y l a t i o n  r e l a t e d  
t o  t h o s e  m e n t i o n e d  be low,  A c t u a l l y ,  l o s s e s  o f  t h e s e  s h o r t e r  
c h a i n  a l c o h o l s  a re  more of a c a d e m i c  t h a n  p r a c t i c a l  i n t e r e s t  
s i n c e  t h e  n e u t r a l  p h o s p h a t e  compounds or  t h e  longer c h a i n  
a l . c o h o l s  would o r d i n a r i l y  be c h o s e n  f o r  p r o c e s s  u s e ,  However,  
s i n c e  a r e p o r t e d  d i s a g r e e m e n t  e x i s t s ,  some f u r t h e r  a t t e n t i o n  
w i l l ,  as  a matter o f  r e c o r d ,  be g i v e n  t o  measu remen t s  o f  l o w  
m o l e c u l a r  w e i g h t  a l c o h o l  l o s s e s  by d i f f e r e n t  a n a l y t i c a l  
me thods  

A n a l y s i s  by R a d i o a c t i v e  T r a c e r ,  A d i r e c t  measurement  o f  
t h e  t r i b u t y l p h o s p h a t e  l o s t  f rom di(2-ezhylhexyl)pkosphoric 
a c i d  - t r i b u t y l p h o s p h a t e  - k e r o s e n e  s o l u t i o n  t o  v a r i o u s  a q u e o u s  
s o l u t i o n s  w a s  made by Dn'. W. El[, Ba ldwin  o f  t h e  ORNE C h e m i s t r y  



- 24 - 

T a b l e  7 

LOSS OF REAGENT AND MODIFIER I N  

CONTINUOUS COUNTERCURRENT EXTRACTION 

R e t d  from 
Kerosene S e t t  L i n g  

Added Reagent Capry.1 Alcohol  Tank 
C y c l e  N o .  Mil - M g Added w/v %" g Added m l  

I n i t i a l  1940 0.106 6 6 . 1  
I1 
2 0  
2 1  
30  

1 . 7  33 .0  
4 . 7  

1.1 7.9  

6 . 1  
6 1  

3 1  
38 
4 0  
50  
56 

0 e 1 0 1  1 . 4  27  
36 

6 . 1  
1 . 0  8 . 6  

23 

60  
63 
67  
7 1  
77 

8 . 6  
1 . 3  

2 0  
8 . 6  
3 .  ob 

9 . 0 9 6  

200b 0 .095  1 1 . 2 b  

3 .103  

0.100 

81 
82 
83  
9 0  
95 

8 . 6  
3 9  

7.0  26 
1 . 6  

1 , 4  

102 * 2 T o t a l s  i n :  2140 77 .3  

Found : 

Samples  435 
F i n a l  Org 1360 
Total 1 7 9 5  

14 ,O 
0.104c 4 5 . 6  

5 9 . 6  

6 * 1  
1 . 4  1 9  f 2 

25 f 3 

L o s s e s :  

T o t a l  345 
E n t r .  345d 

1 7 . 7  
1 l . l d  

7 7  f 3 
4d 

1" D i s t .  t o  S t r i p  0. 8e  

5 . 8  D i s t .  t o  R a f f .  72 

Conc. i n  R a f f .  120  ppm 
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T a b l e  7 Q C o n t r d d . P  

LOSS OF REAGENT AND MODIFIER I N  

CONTINUOUS COUNTERCURRENT EXTRACTION 

E x t r a c t i o n  C o n d i t i o n s :  

Nominal Flow Rates - 2 0  L i q u o r  : 5 O r g a n i c  : 1 S t r i p .  

L i q u o r ,  g!l: 1 . 2  U s  0,3 F e ( I I I ) ,  2 . 7  F e ( I I ) ,  3 , O  A l ,  0,75 V(1Vts 
0 . 1  Mo, 30 SO,, pH 1 , 3 ;  75-100 ml/min;  604 liters 
t o t a l  

Organic:  Di(2-ethylhexy1)phosphoric acid a n d  c a p r y l  alcohol i n  
k e r o s e n e ;  22-29  ml/min. 

S t r i p :  10% Na ,CO, ;  4-5 ml /min . ;  2 8 , s  liters t o t a l ,  

E x t r a c t i o n :  2 - 2 - 5  mnin/mixer; aq 1 . 5 - 2 , 5 ,  org 3-5 m i n l s e t t l e r ,  
3 stages.  

S t r i p :  5-4 m i n l m i x e r ;  a q  1 7 - 2 2 ,  org 3-4 M i n d s e t t l e r .  2 stages, 

R a f f i n a t e  Holdup:  One hour i n  s e t t l i n g  t a n k .  

Notes: 

a )  U n c e r t a i n t y  i n  c a p r y l  a l c o h o l  d e t e r m i n a t i o n s  e s t i m a t e d  f rom 
o r g a n i c  s a m p l e  volume a n d  modifier t i t r a n t  c o n c e n t r a t i o n  a n d  
volume t o  be less t h a n  f 0 . 2  wdv % ( c f .  p .  1 8 ) .  

c a p r y l  a l c o h o l ,  i n  k e r o s e n e ,  

- 
b)  Added as  0.174 M di(2-ethylhexy1)phosphoric ac id ,  1 . 5  w/v R - 
e )  H i g h e r  M reagent f o u n d  i n  f i n a l  d r a i n e d  o r g a n i c  t h a n  i n  l a s t  

f l o w  s a E p l e  b e c a u s e  of p a r t i a l  h o l d u p  of t h e  c o n c e n t r a t e d  
makeup s o l u t i o n  ( c y c l e  7?) i n  a f l o w  meter. The c o r r e s p o n d i n g  
e f f e c t  on c a p r y l  a l c o h o l  c o n c e n t r a t i o n  was n e g l i g i b l e o  

d) E n t r a i n m e n t  l o s s  ( i n c l u d i n g  75-100 m l  s p i l l s )  assuming 
n e g l i g i b l e  e v a p o r a t i o n  loss  of k e r o s e n e ,  A l l  v e s s e l s  w e r e  
closed w i t h  p l a s t i c  s h e e t i n g .  

e )  E s t i m a t e d  f rom 2 7  ppm di(2-ethylhexy1)phosphoric a c i d  
(ORNL-1903] a n d  40  ppm c a p r y l  a l c o h o l  ( T a b l e  6 )  i n  10% Ma,CO, 
s o l u t i o n ,  
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D i v i s i o n ,  u s i n g  l a b e l e d  P 3 2  t r i b u t y l p h o s p h a t e .  ( 19) The 
r e s u l t s  a r e  shown i n  T a b l e  8 ,  

The l o s s  found  f rom 2 , f  % s o l u t i o n  ( 0 . 1  M d i ( 2 - e t h y l -  
h e x y 1 ) p h o s p h o r i c  a c i d )  t o  O o 5  M s u l f a t e ,  pH ly is i n  f a i r  
a g r e e m e n t  w i t h  t h e  l i m i t  i n d i c z t e d  by i n d i r e c t  measurement  
( T a b l e  5 ) ,  w h i l e  t h e  l o s s  found  t o  10% sodium c a r b o n a t e  
s o l u t i o n  is  c o n s i d e r a b l y  l o w e r  t h a n  found  by i n d i r e c t  
measurement  ( T a b l e  6 ) .  The loss  t o  0 . 5  M s u l f a t e  w a s  c o n s i d e r -  
a b l y  less t h a n  t o  0 .2  M s u l f a t e ,  a n d  losEes were somewhat less 
t o  t h e  a c t u a l  l e a c h  l i T u o r s ,  wh ich  were a t  somewhat h i g h e r  
s u l f a t e  c o n c e n t r a t i o n ,  0 . 7  t o  0 . 9  M a  T h i s  is  i n  a c c o r d  w i t h  
t h e  r e l a t i o n s h i p  g e n e r a l l y  f o u n d ,  That d i s t r i b u t i o n  of t h e  
o r g a n i c  compounds t o  a q u e o u s  s o l u t i o n  d e c r e a s e s  a s  t h e  i o n i c  
c o n c e n t r a t i o n  i n c r e a s e s ,  The r e s u l t s  a l s o  s u g g e s t  l i t t l e  
dependence  on  pH i n  t h e  r a n g e  c o v e r e d ,  

The l o s s  from 5% s o l u t i o n  ( 0 . 3  M d i ( 2 - e t h y l h e x y 1 ) p h o s -  
p h o r i c  a c i d )  t o  1 M W,SO, was close To twice t h a t  from 2 . 5 %  
s o l u t i o n ,  The IosZ t e  sodium c a r b o n a t e  s o l u t i o n  and  t o  S u l f a t e  
l i q u o r  was greater from t h e  5% s o l u t i o n  t h a n  from t h e  2 .5% 
s o l u t i o n ,  b u t  c o n s i d e r a b l y  less t h a n  d o u b l e d .  

Direct  A l c o h o l  A n a l y s i s  The ORNL A n a l y t i c a l  C h e m i s t r y  
D i v i s i o n  h a s  g i v e n  some a t t e n t i o n  t o  t h e  p o s s i b i l i t y  of 
d i r e c t  d e t e r m i n a t i o n  of c a p r y l  a l c o h o l  by e s t e r i f i c a t i o n  or 
by means of some p h y s i  a1  p r o p e r t y .  They r e p o r t e d  t h e  
f o l l o w i n g  c o n c l u s i o n s :  14 1 

"None o f  t h e  methods  for d e t e r m i n i n g  micro amounts  
of a l c o h o l  wh ich  w e r e  i n v e s t i g a t e d  are e n t i r e l y  s a t i s -  
f a c t o r y .  Only t h e  Smi th-Bryant  me thod ,  w i t h  a n d  w i t h o u t  
m o d i f i c a t i o n  [ i . e . ,  methods  ( 2 )  and  ( 3 )  b e l o w J ,  y i e l d s  
r e s u l t s  wh ich  may be c o n s i d e r e d  s a t i s f a c t o r y .  The 
r e s u l t s  wh ich  have  b e e n  o b t a i n e d  by t h i s  method a re  20 
t o  25% l o w  a l t h o u g h  r e l a t i v e l y  r e p r o d u c i b l e e t t  

The methods  examined  were a s  fo l lows:  

1) A c e t y l - a t i o n  w i t h  a c e t i c  a n h y d r i d e  by t h e  method of 
Ogg, P o r t e r ?  and  W i l l i t s . ( 5 7 6 )  Comple te  a c e t y l a t i o n  w a s  n o t  
a t t a i n e d .  End p o i n t s  of t h e  a l k a l i n e t r i c  t i t r a t i o n s  were 
i n d i s t i n c t ,  c a u s i n g  l a r g e  u n c e r t a i n t y  i n  t h e  r e s u l t s  
( d i f f e r e n c e  of t w o  l a r g e  n u m b e r s ) ,  

Back T i t r a t i o n ,  m i n o l e  of C a p r y l  A l c o h o l  
Sample meq of NaOB Added Found 

Kerosene  5 2 , 2  

0 .1  M D2EHPA i n  K e r .  S 2 , 3  
2% C , A .  i n  K e r ,  5 1 . 4  

5 0 . 6  

2% C.A.  and  0 . 1  M 5 1 1  2 
D2EHPA i n  K e r .  5 1 , 9  

I 

- 

0 . 8  
3 . 9  

0 . 8  
3 . 9  

0 . 8  
1 , 6  

1 . 0  
0 . 3  
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Table 8 

LOSS OF TRIBUTYLBHOSPHATE TO AQUEOUS SOLUTIONS 

RADIOACTIVE TRACER ANALYSISa 

Aqueous Phase ppm TBP in A q .  Phase 

0,l M di(2-ethylhexy1)phosphoric acid + 2.5 w/v % TBP*/kerosene - 
0 6 2  SO,, pH 1 48, 44, 3 9  
0.5 E SO4,  p H  1 21, 18, 25 
1 - M H2S04 2 5 ,  2 6  

Liquor I: 0 . 7  SO, pH 0 . 6  1 7 ,  15  
Liquor 1 1 ;  0 . 9  S O a 9  pH 0 - 4  12, 12 
Liquor 111: 0 . 9  S O 4 ,  pH 1 10, 12 
Liquor IV: 1,2 S O 4 ,  pH 0 , 7  21, 17 
Liquor v .  0,7 &J S O 4 ,  pH 1,8 17, 18 

1 0 %  Wa,CO:, 5-12b 

0.3 M di(2-ethy1hexyl)phosphoric acid -+ 5 w/v % TBP*/kerosene - 
42-58' 

Liquor IV: 1.2 M SO,  p~ o., 7 2 7 ,  2 6  

109, Na,CQ, 8-14d 

- 

a) Tests made by Dr, W, H ,  Baldwin, ORNL Chemistry 

b)  Sixteen measurements i n  sodium carbonate solution, including 
strip solutions used after each of the tests with sulfate 
liquors, Average 8 , 5  ppm, 

e )  Five measurements, average 5 0  ppm, 

d )  F i v e  measurements, average llo 0 p p m z  

Liquor (major  constituents): 

PH 
I_ 

Fe - A 1  so4 

111 ( =  I 1  treated with Na,CO,) 7 1  

- V - g/l: eT 
_I_ 

1 (Plant B) 1 , 6  2.7 0 . 7  7 0  0 , 6  
TI ( P l a n t  C) 6 4 0,4 2,8 8 0 - 9 0  0 ,4  

1 , o  
IY ( F l a n t  D) 1 , l  3 , 6  5 , 5  6.2 1 2 0  0.7 
V (:= I V  treated with C a ( O H ) , )  70 1 , 8  
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2 )  A c e t y l a t i o n  w i t h  a c e t y l  c h l o r i d e  by t h e  method o f  
S m i t h  a n d  B r y a n t . ( 7 )  
w a s  a t t a i n e d  f a i r l y  c o n s i s t e n t l y ,  The p r e c i s i o n  l e v e l  o f  
t h e  a l k a l i m e t r i c  t i t r a t i o n s  s t i l l  c o n t r i b u t e d  c o n s i d e r a b l e  
u n c e r t a i n t y  t o  t h e  r e s u l t s  ( d i f f e r e n c e  of t w o  large n u m b e r s ) .  

A c e t y l a t i o n  of about 80% of t h e  a l c o h o l  

Back T i t r a t i o n ,  m n t o l e  of C a p r y l  A l c o h o l  
Sainple meq of NaOH Added Found 

None 3 . 3 0  t o  3 , 3 6 ,  
Ave, 3 , 3 2  

cc 1, 3 , 2 3 ,  3 , 2 7  

C - A .  3 , 2 1  
3 , 1 9  
3 . 2 2  
3 , 1 8  
3 , 1 7  
3 , 2 1  
3 .20  
3 , 2 0  

0.122 
. 1 4 1  

144  
142 
142 
132 

0 1 4 4  
" 1 3 8  

0.100 
0 117 
II 094 
129  

I) 1 4 1  
0 099 
0 115  
, 1 1 0  

C , A .  + CC1, 3 . 2 0  0 144  o o l l o  
3 )  A m o d i f i c a t i o n  o f  t h e  method of Smith and  B r y a n t ,  

I n s t e a d  of h y d r o l y z i n g  and  t i t r a t i n g  t h e  u n r e a c t e d  a c e t y l  
c h l o r i d e ,  i t  w a s  removed by d i s t i l l a t i o n ,  The  es ter  w a s  t h e n  
h y d r o l y z e d ,  a n d  t h e  r e s u l t i n g  ace t i c  a c i d  ( e q u i v a l e n t  t o  t h e  
a l c o h o l  a c e t y l a t e d )  w a s  steam d i s t i l l e d  a n d  t i t r a t e d ,  The 
o v e r a l l  r e s u l t s  a p p e a r e d  a b o u t  t h e  same a s  i n  ( 2 ) .  

mmoles of C a p r y l  A l c o h o l  
Sample Added Found 

C.A.  i n  CC14 0 , 1 4 3  
., 144 

0 , 1 0 2  
D 1 0 1  

CC14 ex t r ac t  O f  C , A .  
from 0 . 5  M Na,S04 s o l n ,  - 

142 0 110  

CC1, ex t r ac t  of C . A ,  -- 
f rom a r a f f i n a t e ,  -- O,12 mmole/100 m l  aq 
O o 5  M S O , ,  pH 1 . 0 6  '' 1 1  - 

The c a p r y l  a l c o h o l  c o n t e n t  o f  t h e  r a f f i n a t e  s a m p l e s  had been 
e s t i m a t e d  a s  120  ppm ( 0 0 0 9  mmole/l00 ma) by d i f f e r e n c e  i n  t h e  
o r g a n i c  p h a s e  c a p r y l  a l c o h o l  c o n c e n t r a t i o n  before and  a f t e r  
e q u i l i b r a t i o n  ( c r i t i c a l  m i s c i b i l i t y  p o i n t  m e t h o d ) ,  

4 )  Direct  g r a v i m e t r i c  d e t e r m i n a t i o n  a f t e r  e x t r a c t i o n  
w i t h  a v o l a t i l e  s o l v e n t  ( c h l o r o f o r m ) ,  E x t r a c t i o n  of t h e  
a l c o h o l  f r o m  a n  a q u e o u s  s o l u t i o n  a p p e a r e d  t o  be e f f e c t i v e ,  but 
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a l a r g e  amount ( e - g , ,  30%) o f  t h e  a l c o h o l  w a s  l o s t  w i t h  t h e  
c h l o r o f o r m  d u r i n g  e v a p o r a t i o n ,  

5 )  E f f e c t s  o n  e l e c t r i c a l  p r o p e r t i e s  o f  k e r o s e n e .  
Measurements  w e r e  t r i e d  w i t h  a F i s h e r  h i g h  f r e q u e n c y  o s c i l l o -  
meter, C a p a c i t a n c e  measu remen t s  showed no c o n s i s t e n t  depend-  
e n c e  on  a l c o h o l  c o n t e n t .  Conduc tance  measu remen t s  d i d  a p p e a r  
t o  show a c o n s i s t e n t  d e p e n d e n c e ,  but too l o w  i n  m a g n i t u d e  t o  
be u s e f u l ,  

( A r b i t r a r y  scale r e a d i n g s )  
Sample Capaca  t a n c e  Conduc tance  

K e r o s e n e  3 2 , 4  2 7 0  

2% C , A ,  i n  K e r ,  3 2 , 7  2 7 8  

0 . 1  M DZEHPA i n  Ker, 3 3 , 9  

2% C . A .  a n d  3 2 - 3  
0 . 1  M DZEHPA i n  K e r ,  

- 

- 

288 

2 9 7  

6 )  E f f e c t  o n  s u r f a c e  t e n s i o n  of t h e  a q u e o u s  s o l u t i o n  
( r a f f i n a t e ) .  The r e s u l t s  w e r e  t o o  d e p e n d e n t  on  t h e  manner of 
t e s t i n g  t o  be a n a l y t i c a l l y  u s e f u l ,  

R e a g e n t  C o s t s  

P r e l i m i n a r y  estimates were r e p o r t e d  i n  ORNE-1903 ( p p .  
77-80) of costs which  i n c l u d e d  2 5g?/lb U3 Os for 2 - e t h y l h e x a n o l ,  
1,6&/lb U,08 for c a p r y l  a lcohol ,  o r  0,6d/lb U,O, f o r  4 - e t h y l -  
o c t a n o l  ( t o g e t h e r  w i t h  1 0 d / l b  U308 f o r  all o t h e r  c h e m i c a l  
c o s t s ) . *  T h e s e  c o s t s  p e r  pound of U , 0 8  c o r r e s p o n d  t o  2 5 6 ,  
l 6 d ,  a n d  68 p e r  1 0 0 0  g a l l o n s  o f  l i q u o r  t r ea t ed ,  of w h i c h  
a p p r o x i m a t e l y  2 # ?  Z b P  a n d  3 $  r e s u l t e d  from t h e  assumed e n -  
t r a i n m e n t  l o s s  a n d  t h e  r e m a i n d e r s  from t h e  losses b y  d i s t r i b u -  
t i o n  t o  r a f f i n a t e  a n d  s t r i p ,  

*The c o n d i t i o n s  s p e c i f i e d  a n d  a s s u m p t i o n s  made fo r  t h e  e s t i -  
mates i n  ORNL-1903 may be  b r i e f l y  summar ized  a s  f o l l o w s :  

L i q u o r :  1 g U / 1  ( 1 . 1 8  g U ~ O ~ / T ) ~  20-50  g so4/1, pw 1-l0?? 

E x t r a c t a n t :  0 . 1  M di(2-ethylhexyljphosphoric a c i d  a n d  2 w/v 

Fe a n d  V r e d u c e d ,  

% a l c o h o r  i n  k e r o s e n e .  Loaded t o  4 g U / l  ( 4 . 7 2  g 
u3 0, / I )  0 

S t r i p :  1 0 %  N a , C 0 3 .  Loaded t o  5 0  g Uz08 C a r b o n a t e  d e s t r o y e d  

E n t r a i n m e n t  Loss :  0 . 0 5  volume p e r c e n t  i n  t h e  r a f f i n a t e ,  

with s u l f u r i c  a c i d ,  u r a n i u m  p r e c i p i t a t e d  w i t h  ammonia,  
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T a b l e  9 p r e s e n t s  t h e  a d d i t i o n a l  estimates o f  c o s t s  f o r  
m i s c i b i l i t y  ( a n d  s y n e r g i s t i c )  m o d i f i e r s  which  c a n  now be made 
on  b a s i s  of t h e  l o s s e s  r e p o r t e d  i n  T a b l e s  5 ,  7 and  8 ,  and on 
t h e  b a s i s  of t h e  same a s s u m p t i o n s  w i t h  r e g a r d  t o  e n t r a i n m e n t .  
A s  b e f o r e ,  t h e  c o s t / l b  U30B is  based  on t h e  a r b i t r a r y  v a l u e  
o f  1 . 1 8  g U , O , / l i t e r  o f  l i q u o r .  

The c o n t r i b u t i o n  of t h e  s y n e r g i s t i c  t y p e  a d d i t i v e s  t o  
t h e  t o t a l  r e a g e n t  cos t  is  n o t  much g r e a t e r  t h a n  for t h e  
a l c o h o l  m o d i f i e r .  I t  is b e l i e v e d  t h a t  t h e  a d v a n t a g e s  i n  
i n c r e a s e d  e x t r a c t i o n  e f f i c i e n c y  would more t h a n  o f f s e t  t h e  
cost d i f f e r e n t i a l ,  



Table 9 

ESTIMATED MAKE-UP COSTS FOR MISCIBILITY MODIFIERS 

Operating Conditions and Assumptions: See footnote, p. 2 9 ,  

cost, fiC 
per 1 0 0 0  gal per 16 u , o , ~  

Loss (ppm) in Raff e 
7intr.a Distr 13 

9 1 2 5  
9 110 

Conc. in Org. 
w/v % 
1,7 

!? 

Liquor 
ill so4 pH- 

0.2 1 
0 . 5  1 

Modifier 
- 

2 -E thy 1 hexano 1 
I ?  

2 8  
2 5  

2 . 8  
2 . 5  

Capryl Alcohol 
I 1  

1 , 9  
1.3 

0 . 5  1 
0 . 3  1 . 3  

1 0  115 
7 1 2 0  

2 0  
20  

2 . 0  
2.1 

"Mixed Primary 
Decyl  A l c . ' l  

"Mixed Primary 
Tridecyl A l c . "  

1.8 0 . 5  1 9 5 3 0 . 3  

1.7 0 . 5  1 9 c 5  c3 4 0 . 3  I 

2 . 5  
1 . 6  I 
1-4 
1 . 4  
1.0 
1 . 0  
1 . 4  

w 
P Tributylphosphate 

I t  

!I  

11 

I t  

I t  

t ?  

2 . 5  
11 

t i  

I t  

I t  

1 1  

I 1  

0 . 2  1 
0 . 5  1 
0 . 7  0.6 
0 . 7  1 . 8  
0 . 9  0.4  
o n 9  1 
1 . 2  0.7 

1 3  
13 
1 3  
1 3  
13 
1 3  
1 3  

45 
25  
2 0  
2 0  
1 2  
1 2  
2 0  

25  
1 6  
14 
1 4  
1 0  
IO 
1 4  

Dibutyl butylphos- 
phonate 1 . 1  0.5  1 6 25  4 . 1  40 

a) Entrainment losses on arbitrary assumption Df 0 ,5  ml organic/liter raffinate. 

b) Distribution losses from Tables 5, 7, and 8. 

c )  Based on estimated prices, ORNL-1903, p. 29. 

d )  Based on arbitrary assumption of 1 , 1 8  g U , O , / " a i t e r  pregnant liquor, 
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STRIPPING OF URANIUM 

Uranium s t r i p p i n g  from t h e  l o a d e d  d i (  2 - e t h y l h e x y l )  phos-  
p h o r i c  a c i d  e x t r a c t a n t  w i t h  b o t h  a l k a l i n e  and  a c i d i c  r e a g e n t s  
was d e s c r i b e d  i n  ORNL-1903, w i t h  p a r t i c u l a r  a t t e n t i o n  t o  t h e  
u s e  of sodium c a r b o n a t e ,  C o n t i n u o u s  c o u n t e r c u r r e n t  tests 
u s i n g  sodium c a r b o n a t e  s t r i p p i n g  a r e  p r e s e n t e d  i n  a n o t h e r  
s e c t i o n  o f  t h i s  r e p o r t .  Working c u r v e s  f o r  t h e  e s t i m a t i o n  of 
sodium c a r b o n a t e  consumpt ion  and  i n i t i a l  c o n c e n t r a t i o n  l i m i t a -  
t i o n s ,  a s  f u n c t i o n s  of t h e  p r o c e s s  v a r i a b l e s ,  a re  g i v e n  i n  
Appendix B o  

S t r i p p i n g  w i t h  Ammonium C a r b o n a t e  

F u r t h e r  s t u d i e s  have  been  made o f  ammonium c a r b o n a t e  s o l u -  
t i o n s *  a s  s t r i p p i n g  a g e n t s  i n  t h e  Dapex p r o c e s s o  A s  r e p o r t e d  
p r e v i o u s l y (  8 )  t h e  ammonium s a l t  of d i (  2 - e t h y l h e x y l )  p h o s p h o r i c  
a c i d ,  u n l i k e  t h e  sodium s a l t ,  is misc ib le  w i t h  k e r o s e n e  a t  
l ea s t  u n d e r  many c o n d i t i o n s , * *  a n d ,  t h u s ,  i f  ammonium c a r b o n a t e  
is u t i l i z e d  f o r  s t r i p p i n g , a  d i l u e n t  m o d i f i e r  may n o t  be 
n e c e s s a r y .  The d i ( 2 - e t h y l h e x y 1 ) p h o s p h o r i c  a c i d  a l o n e  would 
g i v e  uranium e x t r a c t i o n  c o e f f i c i e n t s  c o n s i d e r a b l y  lower t h a n  
f o r  t h e  s y n e r g i s t i c  r e a g e n t  s y s t e m  b u t  s t i l l  c o n s i d e r a b l y  
h i g h e r  t h a n  w i t h  t h e  a l c o h o l - m o d i f i e d  d i l u e n t .  A l s o  t h e  
p o s s i b i l i t y  i s  o f f e r e d  for a d d i n g  s y n e r g i s t i c  r e a g e n t s  i n  
q u a n t i t i e s  be low t h o s e  t h a t  would o r d i n a r i l y  be u s e d  for t h i r d  
p h a s e  p r e v e n t i o n  i n  sodium c a r b o n a t e  s t r i p p i n g ,  b u t  s u f f i c i e n t  
t o  g i v e  sone i n c r e a s e d  e x t r a c t i o n  power a l o n g  w i t h  i n s u r a n c e  

*All t h e  s o l u t i o n s  r e p o r t e d  h e r e  were p r e p a r e d  by d i s s o l v i n g  
r e a g e n t  g r a d e  "ammonium c a r b o n a t e "  i n  water a t  room tempera -  
t u r e .  A s  e x p e c t e d ,  t h e y  were f o u n d  t o  c o n t a i n  excess C O z ,  
i . e . ,  some b i c a r b o n a t e ,  However,  t h e  c o n c e n t r a t i o n s  are 
r e p o r t e d  h e r e  a s  a p p a r e n t  m o l a r i t i e s  of ( N H , ) , C O ,  o n  b a s i s  of 
t h e  t o t a l  NH, c o n t e n t  ( i n c l u d i n g  c a r b a m a t e  n i t r o g e n )  a s  
d e t e r m i n e d  by K j e l d a h l  a n a l y s i s ,  i o e ,  , "(NH4 ) ,CO,"  = 
(E z N H , ) / 2 .  S i n c e  t he  s t o i c h i o m e t r i c  r e a g e n t  r e q u i r e m e n t s  
a r e  a l s o  i n  e f f e c t  c a l c u l a t e d  on b a s i s  o f  t h e  NH, c o n t e n t  
(- cf, E q u a t i o n s  5 and  6 ,  ORNL-1903, p .  38)  t h i s  c o n v e n t i o n  
p r o v i d e s  a c o n s i s t e n t  b a s i s  for r e p o r t i n g  t h e  amounts  of 
excess r e a g e n t  u s e d ,  

**Of a l a r g e  number of p r e l i m i n a r y  ammonium c a r b o n a t e  s t r i p p i n g  
t e s t s ,  m o s t  have  shown no  e v i d e n c e  of t h i r d  p h a s e  f o r m a t i o n .  
However,  i n  a few t e s t s  a t  h i g h  t e m p e r a t u r e s  a n d / o r  h i g h  
r e a g e n t  l e v e l s  a t h i r d  p h a s e  h a s  b e e n  n o t e d  t o  o c c u r ,  A 
t h o r o u g h  s t u d y  of t h e  f a c t o r s  i n f l u e n c i n g  t h i s  f o r m a t i o n  is 
now underway.  
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toward m i s c i b i l i t y  of t h e  arnmsnium d i a l k y l p h o s p h a t e  s a l t , *  
A t  t h e  same t i m e ,  u s e  of ammonia i n s t e a d  o f  sod ium w i l l  p e r m i t  
p r o d u c t i o n  of a U308 p r o d u c t  of h i g h e r  a s s a y  and  r e l a t i v e l y  
l o w  c a t i o n  c o n t e n t .  P p r o d u c t  of t h i s  n a t u r e  would be more 
s u i t a b l e  for some of t h e  p r o c e s s e s  now b e i n g  c o n s i d e r e d  for 
m a n u f a c t u r i n g  p u r e  UF, and  U F , ,  

I n  two series o f  b a t c h  testsp 0 . 1  M DEEHPA i n  k e r o s e n e s  
loaded t o  8 - 7  a n d  t o  4 , l  g U/l, was c o n T a c t e d  b y  0 . 5  M 
ammonium c a r b o n a t e  s o l u t i o n  a t  v a r i o u s  p h a s e  r a x i o s ,  w i t h  t h e  
r e s u l t s  shown i n  Table I10 The uran ium w a s  e f f i c i e n t l y  
s t r i p p e d  when a s u f f i c i e n t  e x c e s s  sf amxonium c a r b o n a t e  was 
s u p p l i e d ,  P r e c i p i t a t e s  formed s l o w l y  ( o v e r n i g h t )  i n  some of 
t h e  s - ~ r i p  s o l u t i o n s  c o n t a c t e d  w i t h  t h e  8 , 7  g Uil o r g a n i c ,  
The p r e c i p i t a t e  w a s  p r o b a b l y  ammonium u r a n y l  t r i c a r b o n a t e ,  No 
p r e c i p i t a t i o n  o c c u r r e d  i n  t h e  s t r i p  s o l u t i o n s  f rom t h e  4 , 1  g 
U / l  o r g a n i c  w i t h i n  2 0  h o u r s  a f t e r  c o n t a c t i n g ,  Ira t h r e e  of 
t h e  tes ts ,  i n d i c a t e d  i n  T a b l e  1 0 ,  s l o w  p h a s e  s e p a r a t i o n s  w e r e  
o b s e r v e d  w h e r e a s  i n  a l l  t h e  o t h e r  tesks shown i n  t h i s  ( a n d  
t h e  f o l l o w i n g )  t a b l e ,  p h a s e  s e p a r a t i o n  w a s  r a p i d  a n d  c l e a n .  
Reasons for t h e  p o o r  s e p a r a t i o n  r a t e s  are  n o t  r e a d i l y  
e x p l a i n a b l e  p a r t i c u l a r l y  i n  v i ew o f  t h e  f ac t  t h a t  t h e  c o n d i -  
k i o n s  of t h e s e  tests w e r e  n o t  a p p r e c i a b l y  d i f f e r e n t  t h a n  
s e v e r a l  o t h e r s  i n  wh ich  goad  s e p a r a t i o n  r a t e s  were o b t a i n e d .  

- 

I n  a n o t h e r  ser ies  o f  b a t c h  t e s t s ,  0 , l  M DZEBPA i n  
k e r o s e n e ,  c o n t a i n i n g  2 , 5  w/v % DBBP** w a s  c z n t a c t e d  by 0 , 5 5  M 
a n d  1,1 M ammonium c a r b o n a t e  s o l u t i o n s  o v e r  a similar  r a n g e  
o f  p h a s e - r a t i o s ,  A s  shown i n  T a b l e  I l l  e f f i c i e n t  u ran ium 
s t r i p p i n g  w a s  a g a i n  a c h i e v e d  w i t h  b o t h  solutions when 
s u f f i c i e n t  e x c e s s  ammonium c a r b o n a t e  w a s  added  t o  the  s y s t e m .  
L o w e r  r e a g e n t  r e q u i r e m e n t s  w o u l d e  of courser be p o s s i b l e  I n  a 
m u l t i s t a g e  o p e r a t i o n ,  Wi th  t h e  1,l M ammonium c a r b o n a t e  
s o l u t i o n ,  u r a n i u m  p r e c i p i t a t i o n  occuF'red d u r i n g  the s t r i p p i n g  
e x c e p t  a t  t he  lowest o r g a n i c - t o - a q u e o u s  phase r a t i s  t e s t e d ,  
p r e s u m a b l y  b e c a u s e  t h e  h i g h  r e a g e n t  c o n c e n t r a t i o n  d e p r e s s e d  
t h e  s o l u b i l i t y  Q €  ammonium u r a n y l  t r i c a r b o n a t e ,  Loss of  d i ( 2 -  
e t h y l h e x y 1 ) p h o s p h o r i c  ac id  i n t o  t h e  Q , 5  M arnmonrum c a r b o n a t e  
s o l u t i o n  of t h e s e  tests w a s  measu red  t~ Fe " 0 . 2 2  g/l, Such 
a lo s s  would be u n i m p o r t a n t  costwise s i n c e  the a q u e o u s  u ran ium 
c o n c e n t r a t i o n  a t  t h i s  p o i n t  is r e l a t i v e l y  high a n d  t h e  volume 

- 

-_ly -- __I-- 

* I n  a n y  cases where  t h i r d  p h a s e  f o r m a t i o n  may t e n d  t o  o c c u r ,  
i t  is assumed t h a t  much l o w e r  q u a n t i t i e s  o f  d s l u e n t  m o d i f i e r  
c o u l d  be u s e d  f o r  m a i n t a i n i n g  m i s c i b i l i t y  of t h e  ammonium 
s a l t  of t h e  r e a g e n t  t h a n  t h o s e  f o u n d  n e c e s s a r y  for t h e  
sod ium s a l t .  

* * T h i s  is  a p p r o x i m a t e l y  t w i c e  t h e  minimum c o n c e n t r a t i o n  of 
DBBP r e q u i r e d  t o  m a i n t a i n  m i s c i b i l i t y  when s o d i u m  c a r b o n a t e  
is used  i n  s t r i p p i n g ,  
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URANIUM STRIPPING BY AMMONIUM CARBONATE 

P h a s e  
R a t i o  

o/a  

1 
2 
3 
4 
5 
6 

0 . 1  M Di(2-ethylhexy1)phosphoric a c i d  i n  k e r o s e n e  ( n o  a d d i t i v e }  ~ 

S t r i p  S o l u t i o n :  + O 0 5  Ma ammonium c a r b o n a t e .  
F i f t e e n  m i n u t e s  a g i t a t i o n  i n  s h a k e r  a t  room t e m p e r a t u r e .  

I n i t i a l  

O r g a n i c  Aqueous 

8 . 7  8 . 6  

u g/1 PH 

7 1  I t  

1 1  1 1  

1 1  IT 

1 1  11 

I 1  1 1  

F i n a l  
PH u g / l  

Aqueous Aqueous 

8 . 5  8 . 5  
8 . 1  1 4 .  O C  
7 , 6  26.7' 
7 . 4  28.7' 
7 , 5  28.7' 
7 , 6  26.5 

u g / l  
Organ i c  

0.031 
0.075 
0.16 
1.63 
2 . 9  
3.6 

% 
S t r i p p e d  

9 9 . 6  
9 9 . 1  
98 .2  
81 .3  
67 
58 

b E x c e s s  
( NH, 1 2  co3 

322% 
111 

4 1  
6 

- 1 4  
-3 0 

1 6 . 1  8 . 5  8 . 4  7 . 1  0.0069 99.9d 360 
2 I 1  11 8 'I 1 13 .4  0 .027  9 9 . 6 d  13 0 

4 I 1  I 1  7 . 6  24 .9  0 .74  8 7 . 9  1 5  
3 I t  1 1  7.7 20 .4  0 . 0 3 0  99.5d 53 

5 7 1  1 1  7.5  22 .0  2 . 4  60 -8 
6 t l  1 )  7 , 6  2 0 . 2  2 .7  56 -24 

a )  "M (NH,  ) 2 C 0 3 ' 7  = ( N  t o t a l  n i t r o g e n  as  NH, ) / 2 ;  see n o t e  p .  32. C o n c e n t r a -  

b)  Excess c a l c u l a t e d  on b a s i s  of u t i l i z i n g  the t o t a l  b a s e  s t r e n g t h ;  c f .  
e q u a t i o n s  5 and  6 ,  ORNL-1903, +'-14% Excess"  = 14% d e f i c i e n c y ,  et= 

G )  P r e c i p i t a t e s  formed on s t a n d i n g  o v e r n i g h t ,  p r o b a b l y  ammonium u r a n y l  
t r i c a r b o n a t e ,  P r e c i p i t a t e s  were r e d i s s o l v e d  f o r  a n a l y s i s .  

d )  Slow s e p a r a t i o n ,  5-8 m i n u t e s .  A l l  o t h e r  s e p a r a t i o n s  i n  30-60 s e c o n d s .  

tions = 0 . 4 7  f o r  f i r s t  s i x  tests and  0.52 a f o r  l a s t  six. 

I 

w 
I& 

I 

. . .  , 



Table 11 

URANIUM STRIPPING BY AMMONIUM CARBONATE 

0.1 - M Dif2-ethylhexy1)phosphoric acid in kerosene plus 2.5 w/v % 
DBBPa loaded to 6.2 g/1 U .  

Contact Time:: 1 5  minutes. 

Phase 
Mb Ratio Initial Final U g/l u g/1 % ExcessC 

o/a PH PH Aqueous Organic Stripped (NH, ) CO, 
II 

1,09 1 8,35 8.4 5 04 0 a 0 0 5 6  99.9 970% 

11 2 l? 8.3 ( d )  0.0085 99.9 440 

( 1  3 l? 8,l ( d )  0.0094 99.8 260 

l? 5 I ?  8 . 0  ( d )  0 013 99.8 110 

1 1  10 11 7.5 ( d )  2.6 58 7 

0.55 1 8,25 8.2 5.3 0.0063 99.9 440 

t ?  2 ? ?  8 .0  12.5 0 . 0 1 0  99.8 170 

I t  3 1 8  7.7 17.8 0 .017  99.7 88 

I? 5 l? 7,3 24.6 1.7 73 8 

a )  Dibutyl butylphosphonate, 
b) "M (NH4 )2C03?? = (N total nitrogen as NH, )/2, See note p .  3 2 .  
c) Egcess calculated-on basis of utilizing total base strength. 

d )  Precipitation of: a water-solut:.e solid occurred. Appeared to be 

- C f .  
equations 5 and 6, ORNL-1903. 

salting o u t  of ammonium uranyl tricarbonate. 

I 

w 
m 

I 
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s n i a P 1 .  I t  h a s  n o t  y e t  b e e n  d e t e r m i n e d  w h e t h e r  any  a p p r e c i a b l e  
amount o f  t h i s  di(2-ethylhexy1)phosphate is c a r r i e d  i n t o  t h e  
u r a n i u m  p r o d u c t ,  I t  may be n o t e d ,  however ,  t h a t  t h e  amount of 
p h o s p h o r u s  i n v o l v e d  is n o t  h i g h  enough t o  c a u s e  s e r i o u s  con-  
tamjnation. If a l l  t h e  0 . 2 2  g/l d i a l k y l p h o s p h a t e  e n t e r e d  t h e  
p r o d u c t ,  f rom a s t r i p  s o l u t i o n  l o a d e d  t o  2 0  g U , O , / l ,  i t  would 
amount to o n l y  a b o u t  O e Z %  Pz05 i n  t h e  p r o d u c t ,  

A s i n g l e  c o n t i n u o u s  c o u n t e r c u r r e n t  r u n  h a s  been  made t h u s  
f a r  w h e r e i n  u ran ium w a s  e x t r a c t e d  f rom a s y n t h e t i c  l e a c h  
l i q u o r  w i t h  0 , 1  M DZEHPA - 0 . 7  w/v % DBBP* i n  k e r o s e n e p  and  
t h e  l o a d e d  o r g a n y c  w a s  s t r i p p e d  w i t h  0 . 5 5  M ammonium c a r b o n a t e o  
( C o n t i n u o u s  c o u n t e r c u r r e n t  tests u s i n g  sodYum c a r b o n a t e  
s t r i p p i n g  a r e  d e s c r i b e d  i n  a s u b s e q u e n t  s e c t i o n , )  O p e r a t i n g  
c o n d i t i o n s  for t h e  c o n t i n u o u s  c o u n t e r c u r r e n t  r u n  a r e  l i s t e d  i n  
Table  1 2  a n d  t h e  d i s t r i b u t i o n  of u ran ium a n d  c o n t a m i n a n t s  i n  
t h e  e x t r a c t t o n  a n d  s t r i p p i n g  s y s t e m s  a f t e r  f o u r  o r g a n i c  c y c l e s  
is shown i n  T a b l e s  1 3  a n d  1 4 ,  N e a r l y  c o m p l e t e  ( 9 9 . 8 7 0 )  
r e c o v e r y  of uranium w a s  a c h i e v e d  i n  t h r e e  e x t r a c t i o n  s t a g e s  
w h i l e  o p e r a t i n g  a t  a f e e d  r a t i o  of 4a/10 ( T a b l e  1 3 1 ,  Examina- 
t i o n  of t h e  s t r i p p i n g  d a t a  i n  T a b l e  1 4  shows t h a t  e s s e n t i a l l y  
c o m p l e t e  s t r i p p i n g  of u ran ium w a s  a c c o n p l i s h e d  i n  t w o  stages 
a t  a f e e d  r a t i o  of 4 O / l a O  The q u a n t i t y  of ammonium c a r b o n a t e  
employed w a s  35-4070 i n  excess  of t h e  c a l c u l a t e d  s t o i c h i o m e t r i c  
r e q u i r e m e n t s  ( c f .  E q u a t i o n s  5 and  6 i n  ORNL-1903), U t i l i z a -  
t i o n  of l e s s e r q u a n t i t i e s  a t  t h e  same c o n d i t i o n s  of o p e r a t i o n  
may have  been  p o s s i b l e ,  and  almost c e r t a i n l y  c o u l d  be  a c h i e v e d  
w i t h  more s t r i p p i n g  s t a g e s  

U n f o r t u n a t e l y ,  d e p e n d a b l e  i n f o r m a t i o n  w a s  n o t  o b t a i n e d  
i n  t h i s  s u n  w i t h  r e s p e c t  t o  t h e  s t r i p p i n g  o f  t h e  small amounts  
o f  aluminum a n d  iron t h a t  had  been  e x t r a c t e d  i n t o  the o r g a n i c  
p h a s e ,  L i t t l e ,  i f  a n y ,  s t r i p p i n g  sf aluminurn is showns  
a l t h o u g h  t h e  c o n c e n t r a t i o n  l e v e l  of aluminum was s o  low as t o  
i n t r o d u c e  c o n s i d e r a b l e  a n a l y t i c a l  u n c e r t a i n t y ,  Only a minor  
amount o f  i r o n  was s t r i p p e d  f rom t h e  o r g a n i c  p h a s e  i n  t h e  
f i r s t  s t r i p p i n g  s t a g e ,  D a t a  on  t h e  i r o n  c o n t e n t  of  t h e  
o r g a n i c  p h a s e  f rom t h e  s e c o n d  s t r i p p i n g  s t a g e  h a s  been  d i s -  
c a r d e d  s i n c e  i t  was d i s c o v e r e d  t h a t  some i r o n  p r e c i p i t a t e d  
from t h e  s a m p l e s  o n  s t a n d i n g  a n d  t h a t  t h e  p r e c i p i t a t e d  i r o n  
w a s  n o t  i n c l u d e d  i n  t h e  a n a l y s e s ,  Nowevery s a m p l e s  of t h e  
p r e g n a n t  e x t r a c t  t a k e n  s e v e r a l  t i m e s  t h r o u g h o u t  t h e  r u n  a l l  
h a d  a p p r o x i m a t e l y  t h e  same i r o n  c o n t e n t  showing t h a t  t h e  i r o n  
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  p h a s e  d i d  n o t  b u i l d  up a s  t h e  
r u n  p r o g r e s s e d ,  P h a s e  s e p a r a t i o n  i n  t h e  e x t r a c t i o n  a n d  
s t r i p p i n g  c i r c u i t s  w a s  good t h r o u g h o u t  t h e  r u n ,  

* T h i s  is a p p r o x i m a t e l y  o n e - h a l f  t h e  minimum c o n c e n t r a t i o n  of 
DBBP r e q u i r e d  t o  m a i n t a i n  m i s c i b i l i t y  when sodium c a r b o n a t e  
is u s e d  i n  s t r i p p i n g ,  a n d  somewhat less  t h a n  t h e  c o n c e n t r a -  
t i o n  which  p r o d u c e s  t h e  maximum s y n e r g i s t i c  enhancement  of 
u r a n i u q  e x t r a c t i o n ,  
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T a b l e  1 2  

OPERATING CONDITIONS FOR 

COUNTERCURRENT AMMONIUM CARBONATE STRIP TEST 

Ex t rac to r s :  

Mixers: 

S e t t l e r s  2 

S t r i p p e r s :  

L i q u o r  Feed  Ratea 
O r g a n i c  Feed  R a t e b  
R e s i d e n c e  Time 
T u r b i n e  Speed  
Working Volume 

Aqueous R e s i d e n c e  Time 
O r g a n i c  R e s i d e n c e  Time 
Working Volume 

Mixers:  0 .54  M ( N H 4  )2C03 Feed RateC 
OrganTc Feed  R a t e  
T u r b i n e  Speed 
R e s i d e n c e  Time 
Working Volume 

S e t t l e r s :  Aqueous R e s i d e n c e  Time 
Organic R e s i d e n c e  Time 
Working Volume 

1 0 0  ml/min 
2 5  ml/min 
3 min 
800-1000 RPM 
N 3 7 5  m l  

1 min 
3 min 
r J 1 7 5  ml 

6 , 3  ml/min 
25 ml/min 
350 RPM 
12 min 
+375 ml 

14 min 
4 min 
+175  m l  

a )  L i q u o r  A n a l y s i s : ,  U 1 . 1 5  g / l  
Eke 2 - 8  

so4 44 

Fe(XIH) O e 3  
A l  3 , O  

PH 1 , 3  

b )  O r g a n i c  0 - 1  M d i (  2 - e t h y l h e x y 1 ) p h o s p h o r i c  a c i d  i n  
k e r o s e n e  c 0-67 w/v "I, d i b u t y l  b u t y l p h o s p h o n a t e ,  

c )  "M (NH4)2C03'' = ( N  t o t a l  n i t r o g e n  as NH,)/2. S e e  n o t e  - 
PT 3 2 .  



T a b l e  1 3  

EXTRACTION CYCLE DATA - 

COUNTERCURRENT AMMONIUM CARBONATE STRIP TEST 

S t a g e  N o ,  1 Stage N o .  2 Stage N o .  3 
811 811 g / l  g / l  811 g / l  % 
O r g .  A q .  Ehl O r g ,  A q ,  E2 O r g .  A q .  E8 E x t r a c t e d  

I_ 

u 5 , 0  0 .49  a 0  1 . 9 6  0 . 0 3 6  54 0 .14  0 .0020 70 9 9 . 8  (1) 

Fe 0 . 3 1  2 . 8  0 . 1 1  0 .35  2 , 8  0.12  0 .29  2 , 8  0 . 1 0  3 ( 2 )  

A 1  0 . 0 1 2  2 . 9  0 .584  0.020 2 . 9  0 . 0 0 7  0.020 2 . 9  0.007 0 . 1  ( 2 )  

(1) Based on head  l i q u o r  a n d  r a f f i n a t e  a n a l y s i s .  

{ 2 )  Based 02.1 l i q u o r  a n d  loaded organic  a n a l y s i s .  

~ i i  a t  R . T .  - 27Oc. 

I 
w 
co 
1 
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T a b l e  14  

S T R I P P I N G  CYCLE DATA - 
COUNTERCURRENT AMMONIUM CARBONATE STRIP TEST 

S t a g e  N o ,  1 S t a g e  N o ,  2 
g /  1 g / l  g/'l g/1 % S t r i p p e d  

Aqueous -- Organic Aaueous O r g a n i c  1 1  
U 1 9 - 8  0 ~ 0 4 0  0 , 4 9  0 0012  99098  

NH, 1 2 , 5  l 6 " 9  

(1) Based OEI. l o a d e d  and  b a r r e n  organic  analyses, 

A ~ B  at R . T . .  - ~ F c ,  
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Recovery  o f  uran ium from t h e  p r e g n a n t  s t r i p  s o l u t i o n  h a s  
n o t  been  s t u d i e d  i n  any  d e t a i l ,  Uranium p r e c i p i t a t i o n  and  
r e c o v e r y  o f  t h e  s t r i p p i n g  r e a g e n t  f o r  r e c y c l e  would p r o b a b l y  
be a c c o m p l i s h e d  by t h e  steam d i s t i l l a t i o n  p r o c e s s  d e s c r i b e d  by 
B a t t e l l e  Memorial I n s t i t u t e  f o r  t h e  t r e a t m e n t  of ammonium 
c a r b o n a t e  l e a c h  l i q u o r s  9 )  I n  i n i t i a l  l a b o r a t o r y  t e s t s  t h e  
s t r i p  s o l u t i o n  from t h e  c o u n t e r c u r r e n t  r u n s  w a s  f i r s $  f i l t e r e d  
t o  remove p r e c i p i t a t e d  c o n t a m i n a n t s  a n d  t h e n  t r e a t e d  w i t h  
steam f o r  one  h o u r ,  The r e s u l t i n g  uranium p r e c i p i t a t e  w a s  
f i l t e r e d ,  washed and  d r i e d  a t  1200C0 A n a l y s e s  of t h e  p r e g n a n t  
s t r i p  s o l u t i o n ,  f i l t r a t e ,  and  d r i e d  p r o d u c t  are shown below: 

% U  X NH, 
g / 1  U g / l  NH, P r e c i p i t a t e d  - V o l a t i l i z e d  

P r e g n a n t  S t r i p  18,O 11,5 --c -_- 
F i l t r a t e  0 . 0 5 3  0 ,46  9 9 * 7 %  9 1% 

P r o d u c t :  88 8% U3 Os 0 I 17% Fe,O,  0 14% A l , 0 3  , 2 15% NH, 

A s  may be o b s e r v e d  t h e  b u l k  of t h e  u ran ium and  ammonia were 
removed from t h e  s o l u t i o n ,  and  a h i g h  g r a d e  p r o d u c t  w a s  o b t a i n e d ,  

I n  v i ew of t h e  p r o m i s i n g  r e s u l t s  t h a t  have  been  o b t a i n e d  
w i t h  ammonium c a r b o n a t e  s t r i p p i n g ,  c o n t i n u e d  s t u d i e s  a re  b e i n g  
made, p a r t i c u l a r l y  w i t h  r e g a r d  t o  o p t i m i z a t i o n  o f  ammonium 
c a r b o n a t e  r e q u i r e m e n t s ,  s t r i p p i n g  of c o n t a m i n a t i n g  meta ls ,  
f ac to r s  a f f e c t i n g  m i s c i b i l i t y  o f  t h e  ammonium d i a l k y l p h o s p h a t e  
s a l t  i n  k e r o s e n e  e t c .  

Sodium Hydroxkde,  A s  p r e v i o u s l y  r e p o r t e d  (ORNE-1903) 5% 
NaOH m T r o n  e x T m v e l y  s t r i p s  uran ium from t h e  o r g a n i c  p h a s e ,  
o f f e r i n g  a p o s s i b i l i t y  of s t r i p p i n g  and  f o r m i n g  a p r o d u c t  
p r e c i p i t a t e  i n  one  o p e r a t i o n .  This p o s s i b i l i t y  w a s  t e s t e d  i n  
a mixer -se t t le r  u n i t  employ ing  O o l  M DZEMPA i n  c a p r y l  a l c o h o l -  
m o d i f i e d  k e r o s e n e  l o a d e d  t o  4 , 5  g uFaniurn p e r  l i t e r ,  o p e r a t e d  
u n d e r  c o n d i t i o n s  t h a t  have  p roven  q u i t e  s a t i s f a c t o r y  for 
N a , C 0 3  s t r i p  s o l u t i o n s  However, a n  e m u l s i o n  formed i n  t h e  
s e t t l e r  which  i n c r e a s e d  u n t i l  t h e  se t t le r  w a s  c o m p l e t e l y  
f i l l e d ,  The p h a s e s  a p p e a r e d  t o  be  c o m p l e t e l y  e m u l s i f i e d ,  T h u s ,  
w h i l e  t h e  c h e m i s t r y  of t h e  NaOH s t r i p  method is s a t i s f a c t o r y ,  
t h e  p h y s i c a l  a s p e c t s  p r e s e n t  a s e v e r e  o p e r a t i o n a l  p rob lem,  

Basic S l u r r i e s .  The s t r i p p i n g  of d i ( 2 - e t h y l h e x y 1 ) p h o s -  
p h o r i c  ac id  s o l u t i o n s  w i t h  some of t h e  r e l a t i v e l y  i n s o l u b l e  
b a s e s  w a s  i n v e s t i g a t e d ,  i n  v iew of t h r e e  p o s s i b l e  a d v a n t a g e s  
o v e r  sodium c a r b o n a t e  s t r i p p i n g :  1) t h e  cost  o f  t h e s e  i n s o l u b l e  
bases p e r  e q u i v a l e n t  of base is s u b s t a n t i a l l y  l ower ,  2 )  t h e  
f i n a l  p r o d u c t  is formed a s  a p r e c i p i t a t e  d i r e c t l y  i n  a one-step 
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s t r i p p i n g  o p e r a t i o n ,  a n d  3 )  t h e  c a l c i u m  a n d  magnesium s a l t s  
of t h e  a l k y l p h o s p h o r i c  a c i d  are  s o l u b l e  i n  k e r o s e n e  w i t h o u t  
n e e d  of m o d i f i e r s ,  

Of t h e  t h r e e  b a s e s  t e s t e d ,  Ca(BW),  MgO, and CaCO, o n l y  
Ca(OH), showed a n y  a p p r e c i a b l e  a b i l i t y  t o  s t r i p  u r a n i u m ,  
p r e c i p i t a t i n g  20-60% from t h e  e x t r a c t  i n  o n e  c o n t a c t ,  N o  
d e f i n i t e  c o r r e l a t i o n  c o u l d  b e  f o u n d  be tween  t h e  amount o f  
u r a n i u m  s t r i p p e d  a n d  s u c h  v a r i a b l e s  a s  c o n c e n t r a t i o n ,  e x c e s s 9  
t e m p e r a t u r e ,  and  t i m e .  I t  is s u g g e s t e d  t h a t  c a l c i u m  d i u r a n a t e  
c o a t e d  t h e  C a ( O H ) ,  p a r t i c l e s  arid i n a c t i v a t e d  them,  

E x t r a c t i o n  0% d h z e r  and F r e e  B a s e  

Volume Changes  o n  N e u t r a l i z a t i o n  s f  D i a l k y l p h o s p h o r i c  
A c i d ,  I t  w a s  o b s e r v e d  d u r i n g  deve lopmen t  of t h e  c r i t i c a l  
__L_ m i s c i b i l i t y  p o i n t  t i t r a t i o n  method f o r  d e t e r m i n a t i o n  of 
m i s c i b i l i t y  m o d i f i e r  c o n t e n t  (ORNt-1903, p 5 9 ;  c f ,  p .  1 7  
a b o v e )  t h a t  t h e  volume of t h e  org;tiiiic p h a s e  c ' t i a n E d  when 
e q u i l i b r a t e d  w i t h  d i f f e r e n t  a q u e o u s  s o l u t i o n s ,  The volume of 
a k e r o s e n e  s o l u t i o n  o f  d i a l k y l p h o s p h o r i c  a c i d  i n c r e a s e d  on 
c o n t a c t  w i t h  a b a s i c  s o l u t i o n ,  w i t h  a n  e q u a l  d e c r e a s e  i n  t h e  
a q u e o u s  volume,  a n d  r e t u r n e d  t o  i t s  o r i g i n a l  volume when re- 
a c i d i f i e d , *  P r o c e s s w i s e ,  t h e  i n c r e a s e  i n  o r g a n i c  volume 
d u r i n g  b a s i c  s t r i p p i n g  may be t r i v i a l ,  but t h e  c o r r e s p o n d i n g  
d e c r e a s e  i n  a q u e o u s  volume can  be s i g n i f i c a n t ,  When h i g h  
u r a n i u m  l o a d i n g s  a n d  h i g h  organic:strip r a t i o s  a re  usedg some 
l i m i t a t i o n  is imposed on  t h e  i n i t s a l  sod ium c a r % o n a t e  concen-  
t r a t i o n  t o  be  u s e d  by t h e  p o s s i b i l i t y  of e x c e e d i n g  t h e  uranyl 
t s i c a r b o n a t e  s o l u b i l i t y  l i m i t  {cf, Appendix  B I G  The t r a n s f e r  
Qf some water t o  t h e  o rgan ic  p h G e  can se t  t h e  l i m i t i n g  
i n i t i a l  sod ium c a r b o n a t e  c o n c e n t r a t i o n  somewhat lower t h a n  i t  
o t h e r w i s e  would be, 

Q u a n t i t a t i v e  measurement  w a s  made o f  t h e  volume c h a n g e s  
i n  s e v e r a l  e q u i l i b r a t i o n s ,  a s  shown i n  T a b l e  15,** The volume 

*To a v o i d  a n y  error  a r i s i n g  f rom c h a n g i n g  v o l u m e p  t h e  p r o -  
c e d u r e  d e v e l o p e d  for  the t i t r a t i o n  s p e c i f i e s  c a l c u l a t i o n  of 
t h e  f i n a l  d i a l k y l p h o s p h a t e  c o n c e n t r a t i o n  f r o m  t h e  known 
original d i a l k y l p h o s p h o r i c  a c i d  C o n c e n t r a t i o n  and  t h e  
volumes  a d d e d .  T h a t  i s ,  t h e  m o l a r i t y  of d i a l k y l p h o s p h o r i c  
a c i d  wh ich  would bo o b t a i n e d  on r e a c i d i f i c a t i o n  is u s e d  i n  
t h e  c r i t i c a l  m i s c i b i l i t y  c a l i b r a t i o n  c u r v e s 3  r a t h e r  t h a n  
t h e  a c t u a l  m o l a r i t y  o f  sod ium d i a l k y l p h o s p h a t e  wh ich  e x i s t s  
when t h e  c r i t i c a l  m i s c i b i l i t y  p o i n t  is reached, 

**Workers  a t   ow Chemica l  ~ompanyllol reported a volume i n -  
crease of 30  m l  p e r  l i t e r  o f  0 , P Z  M d i ( 2 - e t h y 1 h e x y l ) p h o s -  
p h o r i c  a c i d / k e r o s e n e  - 2 v % C a p r y T ' a l c o h o l .  wh ich  i s  i n  
c lose  a g r e e m e n t  w i t h  t h e  f o u r t h  test in T a b l e  1 5 ,  e q u i v a l e n t  
to 3 2  r n l  p e r  l i t e r  of 0 , 1 1 2  M di(2-ethylhexylgphosph~r~~ 
acid/kerosene - 1,O w/v '% 2-Fkhy lhexano1 ,  



T a b l e  1 5  

VOLUME CHANGES ON CONTACT WITH BASIC SOLUTIONS 

Di(2-ethylhexy1)phosphoric a c i d / b e r o s e n e ,  l aq : lo rg  i n i t i a l  

b I n i t ,  Equiln. Org. V o l .  Increase 
D2EHPA Addi t i v e  I n i t .  Aq. Phase  Temp. ' C  m l / m l  

0.224 1 . 5  w/v % 41cc  5 w/v % Na,CO,  0.068 

0 .120 ,  . 1 2 4 ,  .12Ze 

RT 

0.447 None 11 1 0  RT 

0.056 1 , O  w/v % A l e  
11 

91 

11 

. l l 2  1 . 0  'I 

.224 1 . 5  

.447  2 , o  l1 

0 , 0 2 4  
,032  
a 058 
118 

11 11 11 

1'1 11 11 

11 11 11 

I1 1v 11 

RT 
RT 
RT 
RT 

0 .108 ,  .114 ,  . l o 8  
e 111 
' 094 
e 097f 

0.447 5 . 0  'l TBP 
1 1  11 P I  

11 11 17 

446 
.446 
- 4 5 6  5 , 2  l' 11 

I1 11 11 

11 1 1  11 

11 11 1 ?  

lt 1 0 . 3  l1 

5 11 W/V 11 % Ammo 11 Carb. d 

RT 
26O 
5 Oo 
5 Oo 

0.447 None 
.447  17 

RT 
5 Oo 

0 . 1 4 0 ,  .144  
* 1 1 7  

0 ,447  2 .0  w/v % Alc 11 11 11 RT 0 .100 ,  . l o 8  

0.138e 0 ,447  2 .0  w/v % A l c  1 . 0  M NaOH RT 

0 .102e  
0 095 

082 
. 0 9 0 *  

0.447 2.0 w/v % A l c  
.446  5 . 0  l1 TBP 

- 4 5 6  5 .2  l1 11 

1 t  11 11 446 

11 

71 11 11 

v v  11 11 

11 

1 . 5  v 1  

l o  54" 

RT 
26O 
5 0 0  
5 Oo 

0 .082 ,  . 088  0.447 2 , o  1v A l c  11 2 . 0  l1 RT 

. I ,  
, .  , . .  , 
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c h a n g e s  are s e e n  to be  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  t h e  con-  
c e n t r a t i o n  of d i a l k y l p h o s p h a t e ,  The v a r i a t i o n s  be tween  tests 
a t  t h e  same d i a l k y l p h o s p h a t e  c o n c e n t r a t i o n  c o u l d  be a c c i d e n t a l  
v a r i a t i o n s ,  w i t h i n  a c o n s e r v a t i v e  es t imate  of t h e  e x p e c t e d  
a c ~ u r a c y ~  b u t  ( e s p e c i a l l y  i n  view O P  t h e  r e a s o n a b l e  a g r e e m e n t  
among r e p l i c a t e s )  t h e y  do  s u g g e s t  t h a t  t r a n s f e r  o f  water w i t h  
t h e  sodium i o n  w a s  d e c r e a s e d  [ l )  by i n c r e a s e d  c o n c e n t r a t i o n  i n  
t h e  a q u e o u s  p h a s e  ( 2 )  by t h e  p r e s e n c e  o f  TBP, o r  t o  a lesser 
e x t e n t  by t h e  p r e s e n c e  of  a l c o h o l ,  a n d  ( 3 )  by i n c r e a s e  of t h e  
t e m p e r a t u r e .  T r a n s f e r  of water w i t h  t h e  amnnanomkum i o n  a p p e a r e d  
 or? s e n s i t i v e  t o  t h e  p r e s e n c e  o f  a l c o h o l ,  

T r a n s f e r  of E x c e s s  B a s e  t o  t h e  O r g a n i c  P h a s e .  In a d d i t i o n  - 
to thFYiZTea~ c x t r a c t e d - = m e  soEiim d i a l k y l p h o s p h a t e  
s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  sodium h y d r o x i d e  ox" sodium car- 
b o n a t e  a re  also t r a n s f e r r e d  from t h e  s t r i p p i n g  s o l u t i o n  t o  t h e  
k e r o s e n e  p h a s e .  The q u a n t i t i e s  SO t r a n s f e r r e d  were measured  
'by d i r e c t  a n a l y s i s  i n  the t e s t s  shown i n  T a b l e  1 6 ,  T h e s e  w e r e  
s e p a r a t e  tests, w i t h  a s i n g l e  a n a l y s i s  made on e a c h  e q u i l i b r i u m  
o r g a n i c  p h a s e ,  i e. Karl F P s e h e r  t i t r a t i o n  for  w a t e r ,  a c i d  
t i t r a t i o n  f o r  h y d r o x i d e  o r  c a r b o n a t e ,  or  t o t a l  c a r b o n  d i o x i d e  
by d i s p l a c e m e n t  a n d  a b s o r p t i o n ,  Phase  volume c h a n g e s  w e r e  
measu red  a s  shown i n  most  o f  t h e s e  tests ( t h e  o n e s  a l s o  shown 
i n  T a b l e  15) i n  which t h e  p h a s e s  were s e p a r a t e d  by s t a n d i n g  
o v e r n i g h t  i n  s t o p p e r e d  g r a d u a t e d  c y l i n d e r s ,  The o t h e r  e q u i l i -  
b y a t r a n s  were made i n  s e p a r a t o r y  f u n n e l s  which  were c e n t r i f u g e d  
t o  s e p a r a t e  t h e  p h a s e s .  

The q u a n t i t i e s  of e x c e s s  b a s e  f o u n d  were much toe, l a r g e  
t o  be  a s c r i b e d  t o  e n t r a i n m e n t  of t h e  e q u i l i b r i u m  a q u e o u s  p h a s e .  
I t  may be  s u g g e s t e d  t h a t  t h e  sod ium d i a l k y l p h o s p h a t e  e x i s t s  i n  
t h e  k e r o s e n e  p h a s e  as  d i s p e r s e d  a g g r e g a t e s  p e r h a p s  micelles, 
of s u f f i c i e n t l y  i o n i c  n a t u r e  t o  a c c e p t  an a p p r e c i a b l e  d i s t r i -  
b u t i o n  o f  t h c  i n o r g a n i c  i o n s  f r o w  t h e  a q u e o u s  p h a s e ,  I f  t h i s  
is  c o r r e c t ,  t h e  amount o f  excess b a s e  e x t r a c t e d  may be ex- 
p e c t e d  t o  v a r y  d i r e c t l y  w i t h  t h e  d i a l k y l p h o s p h o r i c  a c i d  con-  
c e n t r a t i o n  a n d  w i t h  some f u n c t i o n  of t h e  a q u e o u s  c o m p o s i t i o n ,  
a n d  a l so  t o  be  s e n s i t i v e  t o  p h y s i c a l  c o n d i t i o n s ,  The p r e l i m i -  
nary tests of t e s p e s a t a r e  e f f e c t  i n c l u d e d  I n  T a b l e  16  show a 
small d e c r e a s e  i n  e x t r a c t i o n  o f  sodium c a r b o n a t e  o r  h y d r o x i d e  
o n  r a i s i n g  t h e  t e m p e r a t u r e  t o  50°C.  E s s e n t i a l l y  t h e  same 
sodium c a r b o n a t e  e x t r a c t i o n  was f o u n d  ( a t  room t e m p e r a t u r e )  
w h e t h e r  2 - e t k y l h e x a n o l  or t r i b u t y l p h o s p h a t e  w a s  u s e d  as  t h e  
m i s c i b i l i t y  m o d i f i e r ,  

The sodium found  as  c a r b o n a t e  p l u s  b i c a r b o n a t e ,  ~ d O . 0 5  W 
Na' i n  t h e  f i n a l  o r g a n i c  volume,  c o r r e s p o n d i n g  to 0 . 0 5 5  M on- 
b a s i s  of t h e  o r i g i n a l  vo lumeY amounted t o  1 2 %  excess o v e r  t h a t  
consumed i n  f o r m a t i o n  of t h e  sodium d i a l k y l p h o s p h a t e ,  The 
r e l a t i v e  magn i tude  of t h i s  i n  a s t r i p p i n g  o p e r a t i o n  can be 
i l l u s t r a t e d  by t h e  f o l l o w i n g  t y p i c a l  e x a m p l e ,  A s s m e  0 . 1  M 
d i a l k y l p h o s p h o r i c  ac id  l o a d e d  t o  4 - 5  g U , O , / l i t e r  s t r i p p e a  



T a b l e  1 6  

DIRECT AHALYSES OF ALKALI-STRIPPED ORGANIC PHASES 

I n i t .  E q u i l n .  
O r g ,  Temp. a Method of Found i n  O r g .  Vol. 

I n i t .  A q .  P h a s e  Phase OC A t l a l y s i s  O r g .  Phaseb  I n c r e a s e ,  ';Io 

1 0  w/v % Na,CO, I1  RT K. F i s c h e r  T i t r n .  92 mg H,O/nnl --c 

C -- 
11 

9 

I1 RT Acid T i t r n ,  

11 ? I  I t  26O I t  I t  I I Ia  

?I 11 I t  

I ?  ? I  I I I a  5 Oo I1 I? I t  

I I I b  5 Oo ? t  t?  0.012 g Na,CO, 1 od I ?  1 0 . 3  
. 0 1 6  & NaHCO, 

0.012 Na,CO, 
017 NaHCO, 

I ?  11 I I I b  5 Oo $ f  I t  I t  

1 0  1 1  I ?  I I I a  RT T o t a l  COz 0 , 0 4 1  5 ZCO, - -c 

5 " Amm-Carbo I 5 O0 Acid T i t r n .  ~ 0 , 0 0 8  basee 1 2  

PI 9 9  1 . 0  I t  NaOH I1 RT 

I V  If I1 RT 
I t  1 9  x t  26O S l  I ?  I I I a  

I I I a  5 0 0  
1 . 5 4  If I 1  I I I b  5 Oo 

I I  1 . 5  I s  

? I  I f  

1 1  I 1  

FP I t  VP 

1 1  t f  

T I  I 1  
I r  RT 
I1 RT 

V I  I t  

11 
-2 

2 , o  I '  

~ 0 . 0 1 8  NaOHf 14 

EO 029 WaOHg 1 0  
1 0  
8 

I? 

? I  
0 0 2 3  " 
.020  I' 

. 0 2 3  ? I  9d 

c -- 0 , 0 3 6  *' 11 

9 I t  
D 0 3 0  

I n i t i a l  I o  0 , 4 4 7  & DZEHPA/kerosene, 
O r g a n i c  11, 0 , 4 4 7  I s  / k e r o s e n e  + 2 . 0  w/v 5& 2 - e t h y l h e x a n o l .  
P h a s e s :  I I I a ,  0.446 M 9 s  / k e r o s e n e  i 5 0 w/v 'j% TBP. 

I I Ib ,  0 .456  % / k e r o s e n e  i 5 , 2  w/v ';Io TBP. - 



T a b l e  1 6  ( C o n t ' d , )  

DIRECT ANALYSES OF ALKALI-STRIPPED ORGANIC PHASES 

Notes f o r  T a b l e  1 6 :  

I n i t i a l  p h a s e  r a t i o ,  l:lo P h a s e s  s e p a r a t e d  by s t a n d i n g  o v e r n i g h t  i n  
c y l i n d e r s ,  e x c e p t  a s  n o t e d .  

Tempera tu re :  26O i lo,  50° f 0.5O,  R.T. = 26-31OC. C o n c e n t r a t i o n s  b a s e d  
on volumes a t  260 are shown for t h e  50° e q u i l i b r a t i o n s .  

C o n c e n t r a t i o n s  Found are  b a s e d  on t h e  f i n a l  o r g a n i c  volumes .  

Phases  s e p a r a t e d  by c e n t r i f u g i n g ;  volume changes  n o t  measured .  

Smal l  amounts  ( / < O . l  ml) of 3 r d  p h a s e  p r e s e n t  a t  50° ,  d i s a p p e a r e d  on 
c o o l i n g  t o  26O. 

4 0 , 0 0 4  N b a s e  i n  4 ,84  ml t o p  p h a s e ;  0.014 N b a s e  i n  6 , 3 6  m l  m i d d l e  ( " 3 r d q 1 )  
phase ,  T i t r a t i o n  c u r v e s  d i d  n o t  p e r m i t  s e a r a t e  e s t i m a t i o n  of CO,= a n d  - 
HCO, - 0 

COoOO1 M NaOH i n  2 . 0 1  m l  t o p  p h a s e ;  0 , 0 2 8  M NaOH i n  3 . 6 8  ml m i d d l e  ( "3 rd" )  
phase  - - 
40.003 M NaOH i n  1079 ml t o p  p h a s e ;  0 . 0 4 1  M NaOH i n  3 , 7 2  ml m i d d l e  ( "3 rd" )  
phase  

- - 
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w i t h  1 0  w/v % sodium c a r b o n a t e  s o l u t i o n  a t  20% e x c e s s  o v e r  
t h e  s t o i c h i o m e t r i c  r e q u i r e m e n t  c a l c u l a t e d  from E q u a t i o n s  5 
a n d  6 ,  ORNL-1903. ( T h e s e  c o n d i t i o n s  r e q u i r e  a p h a s e  r a t i o  of 
9 . 6 ° : l a p  a n d  p r o d u c e  a p r e g n a n t  s t r i p  s o l u t i o n  a t  43 g U,O,/ 
l i t e r . )  Then t h e  sod ium c a r b o n a t e  l o s t  t o  t h e  s t r i p p e d  
o r g a n i c  stream, i f  p r o p o r t i o n a l  t o  t h a t  i n  T a b l e  1 4 ,  w i l l  be  
a b o u t  6% of t h e  t o t a l  s u p p l i e d ,  0 , 1 5  l b  Na,CO3/1b U,08 or 
1 / 3 &  p e r  l b  U,08. The e f f e c t i v e  e x c e s s  of sod ium c a r b o n a t e  
i n  t h e  a q u e o u s  s o l u t i o n  w i l l  be  a b o u t  13% i n s t e a d  of 20% o v e r  
s t o i c h i o m e t r i c ,  On t h e  same bas i s ,  t h e  volume of c a r b o n  
d i o x i d e  gas r e l e a s e d  on  r e c y c l e  t o  t h e  a c i d i c  e x t r a c t i o n  
s y s t e m  w i l l  be a b o u t  0 - 2  l i t e r  p e r  l i t e r  of t h e  o r g a n i c  
stream. A l t h o u g h  n o t  n e c e s s a r i l y  i m p o r t a n t  i n  mixer-set t ler  
o p e r a t i o n , *  s u c h  g a s s i n g  m i g h t  be i m p o r t a n t  i n  a column 
o p e r a t i o n ,  F u r t h e r  e x a m i n a t i o n s  are  b e i n g  made o f  t h e  
f a c t o r s  wh ich  c o n t r o l  t h e  t r a n s f e r  o f  c a r b o n a t e  i n t o  t h e  
o r g a n i c  p h a s e .  

S t r i p p i n g  D2EHPA ( w i t h  a n d  w i t h o u t  M o d i f i e r )  w i t h  M i n e r a l  

A c i d s  

Data d e s c r i b i n g  t h e  a b i l i t y  of m i n e r a l  a c i d s  a n d  t h e i r  
s a l t s  t o  s t r i p  u ran ium from di(2-ethy1hexyl)phosphoric a c i d  
w e r e  r e p o r t e d  i n  ORNL-1903. A d d i t i o n a l  s t r i p p i n g  t e s t s  w i t h  
s o l u t i o n s  of t h i s  t y p e  h a v e  now been  made a n d  t h e  r e s u l t s  are  
summar ized  t o g e t h e r  w i t h  some of t h e  p e r t i n e n t  p r e v i o u s  d a t a  
i n  T a b l e  1 7  and  F i g u r e  4, S e v e r a l  o b s e r v a t i o n s  which  may be 
made from t h e  d a t a  are as  follows: 

1) I n  t h e  p r e v i o u s  t e s t s ,  t h e  u ran ium s t r a p p i n g  c o e f f i -  
c i e n t s  by h y d r o c h l o r i c  a c i d  s o l u t i o n s  from d i ( 2 - e t h y l h e x y l ) -  
p h o s p h o r i c  a c i d  i n  k e r o s e n e  m o d i f i e d  w i t h  2 - e t h y l h e x a n o l  w e r e  
f o u n d  t o  be l o w e r  when t h e  h y d r o c h l o r i c  a c i d  c o n c e n t r a t i o n  
w a s  P O  M t h a n  when i t  w a s  6 M ,  a l t h o u g h  s t i l l  c o n s i d e r a b l y  
h i g h e r  n a n  when it  w a s  only-3 M ,  The s u b s e q u e n t  tests a% 
a d d i t i o n a l  h y d r o c h l o r i c  a c i d  c o ’ i c e n t r a t i o n s  h a v e  c o n f i r m e d  
t h e  p r e v i o u s  r e s u l t s .  They show t h a t  t h e  s t r i p p i n g  c o e f f i c i e n t s  
g o  t h r o u g h  maxima i n  t h e  r a n g e  be tween  6 a n d  9 M 9  f o l l o w e d  by 
minima be tween  9 a n d  11 1vI, a n d  t h e n  r ise  a g a i n  Kith i n c r e a s i n g  
h y d r o c h l o r i c  a c i d  c o n c e n T r a t i o n s  u p  t o  t h e  h i g h e s t  t e s t e d ,  
i , e , ,  12  M ,  t h e  maximum c o n c e n t r a t i o n  a v a i l a b l e  w i t h o u t  s p e c i a l  
h a n d l i n g ,  S i m i l a r  r e s u l t s  were o b t a i n e d  when t h e  e x t r a c t a n t  
w a s  m o d i f i e d  w i t h  t r i b u t y l p h o s p h a t e  i n s t e a d  o f  a l c o h o l ,  maxima 
a n d  minima o c c u r r i n g  a t  c l o s e  t o  t h e  same h y d r o c h l o r i c  a c i d  

- 

* T h i s  amount of g a s s i n g  is n o t  n o t i c e d  i n  t h e  b e n c h - s c a l e  mixer- 
se t t le rs .  With o r g a n i c  f l o w  ra tes  i n  t h e  o r d e r  of 2 5  ml/” 
m i n u t e ,  the e s t i m a t e d  c a r b o n  d i o x i d e  evolution is about  5 m l /  
m i n u t e ,  w h e r e a s  a i r  is f r e q u e n t l y  drawn i n t o  t h e  mixers i n  
l a r g e r  vo lumes .  
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U N C  LASS IF IED 

ORNL-LR-DWG. 17378 

......................... 

I I 1 i l 1 1 1  I 

1 201 2 5 IO 20 I 2 5 

ACID CONCENTRATION, MOLES PER LITER 

Figure  4 

U R A N I U M  STRIPPING WITH ACIDS 

-8- 0 . 1  & DZEEHPA, unmodif ied  --I)- 0 . 2  Dr'ERPA, u n ~ ~ i o d i t ~ e d  
4%- " '' t 2 w/v $L 2-Ethylhexanol  --e-- I f  " + 2 . 8  w/v % 2-Ethylhexanol  
4- " r' + 2 , 5  w/v 4 ' I ' r ibuty7phosphai ;c  --c)-- '' ' I  + 3.0 w/v 'i T r i b u t y l p h o s p h a t e  

2 g lJ/J o r g a n i c  phase ,  k e r o s e n e  d i l u e n t  
Aqueous :Organic  Phase R a t i o  - 1 
10 m i n u t e s  a g i t a t i o n  by  w r i s t - a c t l o n  s l l a k e r ,  ~ 5 - 2 9 " ~  



- 5 0  - 

c o n c e n t r a t i o n s ,  A d i f f e r e n t  b u t  p r o b a b l y  r e l a t e d  b e h a v i o r  
w a s  shown by t h e  u n m o d i f i e d  e x t r a c t a n t :  t h e  s t r i p p i n g  
c o e f f i c i e n t s  i n c r e a s e d  u n i f o r m l y  u p  t o  9-10 M h y d r o c h l o r i c  
b e f o r e  r e a c h i n g  m a x i m a ,  a n d  d i d  n o t  show manyma i n  t h e  r a n g e  
t e s t e d .  * 

2 )  Wi th  e f t h e r  m o d i f i e d  or  u n m o d i f i e d  e x t r a c t a n t ,  t h e  
s t r i p p i n g  c o e f f i c i e n t s  for t h e  two d i f f e r e n t  l e v e l s  o f  DZEHPA 
( 0 . 1  a n d  0 . 2  M) were n o t  n e a r l y  as d i f f e r e n t  i n  m a g n i t u d e  a t  
t h e  h i g h e r  as-at t h e  lower h y d r o c h l o r i c  a c i d  c o n c e n t r a t i o n s ,  

3 )  As r e p o r t e d  p r e v g o u s l y ,  t h e  u ran ium e x t r a c t i o n  
c o e f f i c i e n t s  w i t h  D2EHPA from moderake ly  a c i d E m ' ? z n s  are 
l o w e r  w h e A  a l c o h o l s  are p r e s e n t  i n  the d i l u e n t .  Confo rmab ly ,  
in t h e  r a n g e  of 3-6 M H C 1 ,  the s t r i p p i n g  C o e f f i c i e n t s  are  
h i g h e r  f o r  t h e  a l e a h F 1  wodPffed s o l v e n t  than for t h e  unmodi- 
f i e d ,  On t h e  o t h e r  h a n d ,  above a b o u t  6 M WC1, d u e  t o  the 
e f f e c t s  d e s c r i b e d  a b o v e g  the DZEHPA w a s  e a s i l y  s t r i p p e d  
when a l o n e  t h a n  when a l c o h o l  was p r e s e n t ,  

The p r e s e n c e  o f  TBPs a s  d e s c r i b e d  e a r l i e r ,  c a u s e s  a 
c o n s i d e r a b l e  i n c r e a s e  i n  u r a n i u m  e x t r a c t i o n  c o e f f i c i e n t  s o  
t h a t  i n  a l l  cases t h e  s t r i p p i n g  oy TB P m o d i f i e d  s o l v e n t  w a s  
much lower t h a n  f o r  thF%TZX6T m o d i f i e d  s o l v e n t  or f o r  
DZEHPA a l o n e .  The h i g h e s t  s t r i p p i n g  c o e f f i c i e n t s  o b t a i n e d  
i n  t h e  p r e s e n c e  of TBP were too l o w  for e f f e c t i v e  p r a c t i c a b l e  
u t i l i t y ,  

4 )  S t r i p p i n g  c o e f f i c i e n t s  w i t h  s u l f u r i c  a n d  p h o s p h o r i c  
a c i d s  i n c r e a s e d  u n i f o r m l y  f rom a l l  s o l v e n t s  w i t h  i n c r e a s i n g  
a c i d  c o n c e n t r a t i o n  i n  the r a n g e  of 1 , 5  - 6 M a  C o n c e n t r a t i o n s  
a b o v e  t h i s  r a n g e  have  n o t  been  s t u d i e d  w i t h - s u l f u r i c  a c i d ,  

I n  a s i n g l e  series w i t h  p h o s p h o r i c  a c i d  solutions on 
0.2 M DZEHPA m o d i f i e d  w i t h  a l c o h o l ,  n o  u n u s u a l  e f f e c t  was 
n o t e a  u p  t o  a b o u t  1 2  M u  The one  tes t  a t  h i g h e r  c o n c e n t r a t i o n ,  
-15 M, i n d i c a t e s  a d z c r e a s e  i n  s t r i p p i n g  c o e f f i c i e n t  which  
may c E r r e s p a n d  t o  t h a t  f o u n d  w i t h  h y d r o c h l o r i c  a c i d ,  However,  
i t  s h o u l d  be  remembered t h a t  such h i g h  c o e f f i c i e n t s  ( > 5 0 0 )  
a re  i n h e r e n t l y  s u b j e c t  t o  large e x p e r i m e n t a l  eprors9 and  t h i s  
a p p a r e n t  d e c r e a s e  may n o t  b e  real. 

*The s u g g e s t i o n  p r e v i o u s l y  n o t e d  s t i l l  a p p e a r s  p r o b a b l e ,  t h a t  
t h e  d r o p  i n  s t r i p p i n g  power be tween  -7 a n d  1 0  M h y d r o c h l o r i c  
a c i d  m i g h t  be r e l a t e d  t o  t h e  i n c r e a s e  i n  e x t r a c T ' i o n  power 
f o u n d  a t  h i g h  n i t r a t e  c o n c e n t r a t i o n s  (ORNL-1903, p .  5 3 ) ,  The 
- f u r t h e r  s u g g e s t i o n  may be o f f e r e d ,  t h a t  t h e  rise i n  s t r i p p i n g  
power a b o v e  1 0  M h y d r o c h l o r i c  a c i d  m i g h t  r e s u l t  from forma-  
t i o n  of a n  aque'i?us u r a n y l  c h l o r i d e  complex t h a t  i s  u n f a v o r -  
a b l e  f o r  e x t r a c t i o n  by d i a l k y l p h o s p h o r i c  a c i d ,  The p o s s i b l e  
c o r r e l a t i o n  of t h e s e  s t r i p p i n g  d a t a  w i t h  t h e  u r a n y l  c h l o r i d e  
complex c o n s t a n t s  h a s  n o t  y e t  been examined ,  
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S t r i p p i n g  M o n o ( d o d e c y 1 ) p h o s p h o r i c  Ac id  ( D D P A ) ,  Compara- 
t i v e  s t r i p p i n g  tests w i t h  s u l f u r i c  and  h y d r o c h l o r i c  a c i d  w e r e  
made on  t h e  long c h a i n  mono(Z,6,$-trimethylnonyl-4~phosphoric 
a c i d ,  DPPA, which  has been  e x t e n s i v e l y  s t u d i e d  
f o r  p r o c e s s  u s e  by t h e  D o w  Chemica l  Company.* 
d i t i o n s  w e r e  s i m i l a r  t o  t h o s e  of t h e  p r e c e d i n g  
( n o  d i l u e n t  m o d i f i e r  p r e s e n t ) ,  and  the r e s u l t s  
F igwre  5 .  

and d e v e l o p e d  

s t r i p p i n g  tests 
are  compared i n  

The t e s t  Con- 

S t r i p p i n g  c o e f f i c i e n t s  a t  t h e  0 . 1  M a l k y l  
w e r e  h i g h e r  f o r  t h e  d i (  2-ethylhexy1)ph~Ephori.c 

r e a g e n t  l e v e l  
acid t h a n  f o r  

DDPA i n  t h e  c o n c e n t r a t i o n  r a n g e  o f  sai1furP.j-c a c i d  t e s t e d ,  1 . 5  
to 6 M y  and  a l s o  w i t h  h y d r o c h l o r i c  acid up  t o  6 M e  However ,  
t h e  c E r v e s  f o r  t h e  monoa lky l  r e a g e n t  are  s t e e p e r - t h a w  for t h e  
d i a l k y l  r e a g e n t ,  and  t h e  c o e f f i c i e n t s  w e r e  e q u a l  a t  a b o u t  1 0  M 
a c i d .  A d e c r e a s e  i n  t h e  DDPA s t r i p p i n g  c o e f f i c i e n t s  i n  t h e  
most c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  c o r r e s p o n d e d  w i t h  the de-  
crease a l r e a d y  n o t e d  for t h e  di(2-ethylhexy1)pRssphoric a c i d .  
Q u a d r u p l i n g  t h e  c o n c e n t r a t i o n  of DDPA a p p e a r e d  t o  have  close t o  
t h e  same e f f e c t  on l o w e r i n g  t h e  s t r i p p i n g  c o e f f i c i e n t s  a s  
d o u b l i n g  t h e  c o n c e n t r a t i o n  of d i ( 2 - e t h y l h e x y l l p h s s p h o s i c  acid.** 

- 

*Dow Chemica l  Company h a s  p r e v i o u s l y  r e p o r t e d  c o n s i d e r a b l e  i n -  
f o r m a t i o n  w i t h  r e g a r d  t o  s t r i p p i n g  DDPA w i t h  h y d r o c h l o r i c  a c i d .  
B e c a u s e  o f  d i f f e r e n c e s  i n  method o f  p r e p a r a t i o n  of t h e  a l k y l  
r e a g e n t  a n d  d i f f e r e n c e s  i n  t h e  uranium c o n t e n t s  of xhe s y s t e m s  
examined ,  i t  is d i f f i c u l t  t o  compare  r e s u l t s .  However,  e x t r a -  
p o l a t i o n  o f  t h e  two-hour  e x p e r i m e n t s  preselmted here a p p e a r s  t o  
be  c o n s i s t e n t  w i t h  a s t r i p p i n g  i s o t h e r m  f a r  0 . 1  M D 
1 0  M HC1 ( t h r e e - h o u r  c o n t a c t )  p r e s e n t e d  i n  DOW-lT1, 
2 4 , - a f t e r  a l l o w a n c e  f o r  t h e  d i f f e r e n c e  i n  w a n i u m  l e v e l s .  

**S ince  E8(U) is known t o  be p r o p o r t i o n a l  t o  (D2EHI?A]" b n  e x -  
t r a c t i o n  f rom a c i d i c  p e r c h l o r a t e  s o l u t i o n s  (ORNL-dOOZ), t h i s  
o b s e r v a t i o n  m i g h t  s u g g e s t  a c o r r e s p o n d i n g  p r o p o r t i o n a l i t  of 
EgQU) t o  t h e  f i r s t  power of ( D D P A ) .  S t e w a r t  a n d  
r e p o r t e d  p r e l i m i n a r y  s t u d i e s  showing E 4  ( m s n o b a t y l p h o s p h o r i c  
a c i d )  i n  e x t r a c t i o n  from b o t h  low a n d  h igh  a c i d  solutions, 
a n d  p r o p o s e d  t h e  s i m p l e  r e a c t i o n  

kT02*+ + H,BuPO, = U02BuP04 -& 2H" 

f o r  e x t r a c t i o n  f rom a t  l eas t  t h e  high acid s o l u t i o n s .  Tin 
c o n t r a s t ,  t h e  few tests made i n  t h i s  l a b o r a t o r y  have  indi- 
c a t e d  E p r o p o r t i o n a l  t o  a power o f  ( m Q n s a l k y l p h o s p h o r i c  
a c i d )  h i g h e r  t h a n  u n i t y :  e .g .  ( D D P a j " 1 0 5  i n  e x t r a c t i o n  
from 1 M HC104 s o l u t i o n ,  (M2EHPAid1-- i n  e x t r a c t i o n s  f r - s m  
a v a r i e T y  o f  s o l u t i o n s  a t  pH 1.( P However9 t h e r e  w e r e  more 
e x p e r i m e n t a l  u n c e r t a i n t i e s  i n  t h e s e  t es t s  ( e , g ,  r eagen t  
p u r n t y )  t h a n  i n  t h e  tests which  d e f i n e d  %be c o n c e n t s a t ' o n  
d e p e n d e n c e  on DZEHPA. Workers a t  D o w  C h e m i c a l  Companytl49 l-53 
have  d e s c r i b e d  e x t r a c t i o n s  w i t h  DDPA i n  terms of f o r m a t i o n  of 
a r U 0 ,  ( H R P 0 4  )2]  complex ,  w i t h o u t  reporting t h e  reasons for 
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Stripping Rate. Figure 6 demonstrates that equilibrium 
was reached in less than two minutes when di(2-ethylhexy1)- 
phosphoric acid in kerosene (modified or unmodified) was 
stripped with 10 M hydrochloric. Although initial stripping 
of DDPA is probabTy rapid, a slow approach to complete 
equilibrium has been reported f o r  the DDPA with strippin co- 
efficients still increasing after 40 minutes of c o n t a ~ t . 7 ~ ~ ~ ~ ~ )  
In the tests in Figure 5 the DZEHPA and DDPA solvents were con- 
tacted f o r  10 minutes and 120 minutes, respectively> to ensure 
that essentially equilibrium conditions were obtained, 

choosing this formulation. They reported uranium loadings 
reaching 1 Uz1.75 DDPA,(15) which is a little beyond the 
limit expected for a 1:2 complex. In preparation of a 
pregnant organic solution f o r  the stripping tests reported 
here, by extraction from acidic sulfate solution in very 
high uranium concentration (41.8 M U O z S 0 4  + 0 , 5  M H,SQ4 
equilibrium aqueous phase), a uranrum loading of Tnly 1 U: 
1.85 DDPA was reached. These various observations would 
seem to suggest that a 1:l complex may be a significant 
contributor in the extraction, but probably is not the only 
important extracted species. 
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0.2 D2EHPA, unmodified 

2 g U/1 organic phase, kerosene diluent 
Aqueous:Organic Phase Ratio = 1 
Agitation by wrist-action shaker, 25-29OC 



- 55 - 

CONTINUOUS COUNTERCURRENT TESTS 

P r e l i m i n a r y  b e n c h - s c a l e  c o n t i n u o u s  c o u n t e r c u r r e n t  tests 
of t h e  Dapex p r o c e s s  ( a l c o h o l  m o d i f i c a t i o n  of s o l v e n t )  w e r e  
r e p o r t e d  i n  ORNL-1903, t h e  main p u r p o s e  of t h e s e  tests b e i n g  
tQ s t u d y  t h e  t o l e r a n c e  of t h e  p r o c e s s  f o r  iron(II1). S i n c e  
t h a t  t i m e  f u r t h e r  e x p e r i m e n t s  of t h i s  t y p e  have  been  made t o  
i n v e s t i g a t e  s o m e  of t h e  o t h e r  p r o c e s s  v a r i a b l e s  a n d  t o  compare 
t h e  r e l a t i v e  p e r f o r m a n c e  o f  o r g a n i c  s o l u t i o n s  of d i f f e r e n t  
c o m p o s i t i o n s ,  e . g . ,  s y n e r g i s t i c  r e a g e n t s .  

A t y p i c a l  p r o c e s s  c i r c u i t  i s  shown d i a g r a m m a t i c a l l y  i n  
F i g u r e  7 .  Each  b l o c k  i n  t h e  d i a g r a m  r e p r e s e n t s  a mixer a n d  
s e t t l e r  u n i t .  The mixer is a b a f f l e d  beaker  a g i t a t e d  w i t h  a 
t w o  b l a d e  stirrer d r i v e n  by a v a r i a b l e  s p e e d  motoro The 
p h a s e s  wh ich  a r e  combined  i n  t h e  m i x e r ,  s e p a r a t e  i n  t h e  
s e t t l e r ,  o n e  p h a s e  a d v a n c i n g  t o  t h e  n e x t  s tage by g r a v i t y  a n d  
t h e  o t h e r  p h a s e  b e i n g  t r a n s f e r r e d  i n  t h e  o p p o s i t e  d i r e c t i o n  
by means of a microbellows pump. The f l o w  r a t e s  a r e  r e g u l a t e d  
w i t h  f l o w  meters or by m e t e r i n g  pumps, Drawings  o f  t h e  bench-  
sca le  e q u i p m e n t  a l o n g  w i t h  more de t a i l ed  d e s c r i p t i o n s  of t h e  
o p e r a t i o n  are  g i v e n  in Appendix  A .  

When o p e r a t i n g  w i t h  t y p i c a l  W e s t e r n  ore  liquors (-1 g 
U / I ) )  s e v e r a l  vo lumes  of l i q u o r  p e r  volume of organic o r d i -  
n a r i l y  are f e d  t o  t h e  e x t r a c t i o n  s y s t e m  The p r e d o m i n a n t  
p h a s e  ( i n  t h i s  case a q u e o u s )  is u s u a l l y  t h e  c o n t i n u o u s  p h a s e  
i n  t h e  m i x e r ,  Most clear l i q u o r s  g i v e  a r a p i d  a n d  c l e a n  
s e p a r a t i o n  when mixed w i t h  e i t h e r  t h e  o r g a n i c  o r  t h e  a q u e o u s  
p h a s e  c o n t i n u o u s .  A f e w  l i q u o r s  h a v e  been e n c o u n t e r e d  w h i c h  
g a v e  s l a w  b r e a k i n g  e m u l s i o n s  when t h e  a q u e o u s  p h a s e  w a s  con -  
t i n u o u s ;  h o w e v e r ,  these h a v e  s e p a r a t e d  s a t i s f a c t o r i l y  when 
t h e  o r g a n i c  p h a s e  was m a i n t a i n e d  c o n t i n u o u s ,  

I n  order  t o  r e c o v e r  u r a n i u m  from Beach s l u r r i e s  i t  is 
n e c e s s a r y  t o  m a i n t a i n  t h e  o r g a n i c  phase  c o n t i n u o u s  by main-  
t a i n i n g  a h i g h  r a t i o  of o r g a n i c  t o  a q u e o u s  in t h e  mixer t o  
a v o i d  e m u l s i o n  f o r m a t i o n ,  A s  p r e v i o u s l y  descr ibed  by w o r k e r s  
at Dow Chemica l  C o m p a n y , ( l 6 I  t h i s  c a n  be  a s s u r e d  i n  a mixer- 
s e t t l e r  s y s t e m  by i n t r a s t a g e  r e c y c l e  of t h e  o r g a n i c  f rm  t h e  
s e t t l e r  t o  the  mixer,  I n  some o f  t h e  tests s u b s e q n e n t l y  
d e s c r i b e d  i n t r a s t a g e  r e c y c l e  of t h e  o r g a n i c  w a s  p r o v i d e d  t o  
s i m u l a t e  t h e  c o n d i t i o n s  of a s l u r r y  e x t r a c t i o n  p r o c e s s  w i t h  
r e s p e c t  t o  p h a s e  r a t i o ,  r e s i d e n c e  t i m e ,  e t c ,  The e n g i n e e r i n g  
g r o u p  ( P r o c e s s  T e s t  S e c t i o n )  of t h i s  d i v i s i o n  is i n v e s t i g a t i n g  
t h e  m e c h a n i c a l  p r o b l e m s  associated w i t h  s l u r r y  e x t r a c t i o n ,  

S t e a d y  s t a t e  da ta  o n  each process s y s t e m  w e r e  o b t a i n e d  
a f t e r  2 t o  4 o r g a n i c  c y c l e s  had  o c c u r r e d , .  T h i s  w a s  u s u a l l y  
w i t h i n  5 t o  7 h o u r s  a f t e r  s t a r t - u p  d e p e n d i n g  upon t h e  
p a r t i c u l a r  equ ipmen t  a n d  o p e r a t i o n a l  p r o c e d u r e s  u s e d  {see 
Appendix  A ) .  
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Compar i son  of D i f f e r e n t  D i l u e n t  M o d i f i e r s  

U s i n g  e q u i p m e n t  d e s c r i b e d  a b o v e ?  t h e  c o m p a r a t i v e  extrac-  
t i o n  p e r f o r m a n c e  i n  c o n t i n u o u s  c o u n t e r c u r r e n t  o p e r a t i o n  of 
0 . 1  M d i (  2 - e t h y l h e x y l )  p h o s p h o r i c  a c i d  ( D Z E H P A )  i n  k e r o s e n e  
when-modified w i t h  c a p r y l  a l c o h o l ,  t r i b u t y l p h o s p h a t e ,  or  
d i b u t y l  b u t y l p h o s p h o n a t e  w a s  s t u d i e d  on  s y n t h e t i c  l i q u o r s  
c o n t a i n i n g  0 - 5  M s u l f a t e ,  C o m p o s i t i o n s  o f  t h e s e  l i q u o r s  a n d  
t h e  e x t r a c t i o n  aata o b t a i n e d  are  p r e s e n t e d  i n  T a b l e  1 8 ,  

I t  may b e  o b s e r v e d  t h a t  e s s e n t i a l l y  c o m p l e t e  e x t r a c t i o n  
o f  u r a n i u m  w a s  a c h i e v e d  i n  t h r e e  mixer-settler stages w i t h  
t h e  t r i b u t y l p h o s p h a t e  (TBP) a n d  d i b u t y l  b u t y l p h o s p h o n a t e  
(DBBP) m o d i f i e d  o r g a n i c s ,  Wi th  c a p r y l  a l c o h o l ,  a lower 
r e c o v e r y  ( 9 9 . 3 % )  w a s  o b t a i n e d  i n  f o u r  s tages ,  A l t h o u g h  t h e  
o v e r a l l  p e r c e n t  u ran ium r e c o v e r y  f o r  the  t r i b u t y l p h o s p h a t e  
a n d  d i b u t y l  b u t y l p h o s p h o n a t e  r u n s  w a s  e s s e n t i a l l y  t h e  sames 
e x a m i n a t i o n  of t h e  i n t e r s t a g e  d a t a  shows u r a n i u m  d i s t r i b u t i o n  
t h r o u g h o u t  t h e  s y s t e m  t o  be  more f a v o r a b l e  i n  t h e  l a t t e r  case, 
The s u p e r i o r  e x t r a c t i o n  p e r f o r m a n c e  o f  t h e  s o l v e n t  c o n t a i n i n g  
TBP as compared t o  a l c o h o l  a n d  t h e  e v e n  bet ter  p e r f o r m a n c e  
w i t h  DBBP is i n  a g r e e m e n t  w i t h  d a t a  from b a t c h  tests d e s c r i b e d  
i n  p r e v i o u s  s e c t i o n s .  

The o p e r a t i n g  c o n d i t i o n s  fo r  t h e s e  tes ts  are  g i v e n  i n  
T a b l e  1 9 .  O r g a n i c  r e c y c l e  w a s  p r o v i d e d  i n  T e s t s  1 a n d  2 i n  
o r d e r  t o  a p p r o x i m a t e  t h e  c o n d i t i o n s  ( e . g n p  w i t h  r e s p e c t  t o  
h o l d - u p  t i m e  a n d  p h a s e  c o n t i n u i t y )  wh ich  would be e n c o u n t e r e d  
i n  a s l u r r y  e x t r a c t i o n  s y s t e m ,  N o  o r g a n i c  r e c y c l e  w a s  p r o -  
v i d e d  i n  T e s t  No, 3 ,  Rapid  a n d  c l e a n  p h a s e  s e p a r a t i o n  w a s  
o b s e r v e d  i n  a l l  t h r e e  t es t s ,  

S i n c e  t h e  main p u r p o s e  o f  t h e  tests ( T a b l e  I S )  w a s  t o  
compare t h e  e x t r a c t i o n  p e r f o r m a n c e  sf t h e  d i f f e r e n t  s o l v e n t s ,  
no  p a r t i c u l a r  s t u d y  w a s  made o f  t h e  s t r i p p i n g  s t e p  o t h e r  t h a n  
n o t i n g  t h a t  p h y s i c a l  p e r f o r m a n c e  w a s  s a t i s f a c t o r y ,  The 
q u a n t i t i e s  o f  sodium c a r b o n a t e  u t i l i z e d  i n  T e s t s  1 a n d  2 were 
i n  a p p r e c i a b l e  excess o f  t h o s e  r e q u i r e d , a n d  s t r i p p i n g  
e f f i c i e n c i e s  w e r e ,  of c o u r s e ,  v e r y  good.  F u r t h e r  d i s c u s s i o n s  
of sodium c a r b o n a t e  s t r i p p i n g  are  g i v e n  e l s e w h e r e  i n  t h i s  
r e p o r t .  ( p p .  41-47 103- lO7) .  

E x t r a c t i o n  o f  Uranium f r o m  ' ' P l a n t  Dp' L i q u o r  

C o n t i n u o u s  c o u n t e r c u r r e n t  d e m o n s t r a t i o n  o f  t h e  Dapex pro-  
cess for r e c o v e r y  of u ran ium f rom a s a m p l e  o f  l e a c h  l i q u o r  
r e c e i v e d  f rom o n e  of t h e  W e s t e r n  m i l l s  ( d e s i g n a t e d  q B P l a n t  D v v )  
was made u s i n g  0 . 1  M df(2-ethylhexy1)phosphoric a c i d  i n  
k e r o s e n e  -+ 3 w/v % T r i b u t y l p h o s p h a t e .  P r i o r  t o  e x t r a c t i o n  
m o s t  o f  t h e  f e r r i c  i r o n  i n  t h e  l i q u o r  w a s  r e d u c e d  w i t h  
powdered i r o n  a n d  i t s  a c i d i t y  a n d  s u l f a t e  c o n c e n t r a t i o n  w e r e  
a d j u s t e d  by t h e  a d d i t i o n  o f  commercial l i m e ,  A n a l y s e s  of t h e  
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Table 18 (Cont'd.) 

CONTINUOUS COUNTERCURRENT EXTRACTION RUNS: 

COMPARISON OF DIFFERENT DILUENT MODIFIERS 

0.1 Di(2-ethylhexy1)phosphoric Acid in 
Test N o .  3 

Test No. 1 Kerosene + 
Kerosene + Test.No. 2 2.5 w/v % 
1.5 w/v % Kerosene + Dibutyl butyl- 

Capryl Alcohol* 3 w/v % TBP* phosphonate** 

Uranium Recovery 
(Based on Raffinate) 99 .3% 99.9% >99.9% 

Operation of Extraction Organic 
Mixers Recycle 

Liquor Composition: U 1.2 g/l 
Fe(1I) 2 . 7  
Fe(II1) 0 . 3  
A1 3 . 0  

0 . 5  M 
1 . 3  

- 

Organic N o  Organic 
Recycle Recycle 

Sti-ipping: * l o %  Na,CO, at a phase ratio of 50/la: >99.7% of uranium 
stripped in two stages. 

**lo% Na,CO, at a phase ratio of 70/la: 99 .2% of uranium 
stripped i n  two stages. 



T a b l e  1 9  

EXTRACTION CYCLE OPERATING CONDITIONS FOR 

TESTS NOS. 1 ,  2 AND 3 

T e s t  No 
2 2 ,. 

Mixers: 

Feed Rat io  - 
Aqueous/Organic/Organic  R e c y c l e  4/1/19 4/1/19 

Res idence  Time 1) 
Aqueous 
Organ ic  

40  see,  40  sec.  
13  m i n . ( 2 )  1 3  m i n o ( ' )  

S t i r r i n g  Speed 800 RPM 8 0 0  RPM 

S e t t l e r s  : 

Aaueous R e s i d e n c e  Time 1-2 min. 1-2 min.  

O r g a n i c  R e s i d e n c e  Time 10-20 m i n , ( 3 )  10 -20  min. ( 3 )  

5 

4/1/0 

3 min. 
3 min. 

8 0 0  RPM 

1 min. 

3 min .  

(1) C a l c u l a t e d  on  t h e  basis t h a t  t h e  p h a s e  r a t i o  i n  t h e  mixer is t h e  same 
a s  t h e  f e e d  r a t i o  t o  t h e  mixer.  

( 2 )  Organ ic  r e s i d e n c e  t i m e  is a p p r o x i m a t e l y  40 s e c o n d s  i n  each p a s s  
t h r o u g h  the mixer. S i n c e  e a c h  o r g a n i c  i n c r e m e n t  passes t h r o u g h  t h e  
mixer t w e n t y  times b e f o r e  a d v a n c i n g  t o  t h e  n e x t  s t a g e ,  the t o t a l  
r e s i d e n c e  t i m e  is +13 m i n u t e s .  

( 3 )  S i n g l e  pass r e s i d e n c e  t i m e  is 0 , 5  - I m i n u t e .  

1 

CP 
0 

I 

, L . .  I 
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l i q u o r  b e f o r e  a n d  a f t e r  a d j u s t m e n t  are  shown i n  T a b l e  2 0 ,  
The h i g h  c o n c e n t r a t i o n s  o f  vanadium a n d  i r o n  a l o n g  w i t h  
o n l y  moderate c o n c e n t r a t i o n s  o f  u ran ium p o s e  a somewhat 
g r e a t e r  p rob lem t o  t h e  e x t r a c t i o n  p r o c e s s  t h a n  would b e  e n -  
c o u n t e r e d  i n  o t h e r  u ran ium m i l l s ,  

The f i l t e r e d ,  a d j u s t e d  P l a n t  D l i q u o r  w a s  p r o c e s s e d  i n  
t h e  l a b o r a t o r y  c o u n t e r c u r r e n t  a p p a r a t u s  u s i n g  f i v e  m i x e r -  
se t t le r  u n i t s  for e x t r a c t i o n  a n d  t w o  f o r  s t r i p p i n g ,  I n  t h i s  
r u n p  no a t t e m p t  w a s  made t o  m a i n t a i n  t h e  o r g a n i c  p h a s e  con-  
t i n u o u s  i n  e x t r a c t i o n  m i x e r s  by i n t r a s t a g e  s o l v e n t  recyc le ,  
P h y s i c a l  p e r f o r m a n c e  w i t h o u t  p r o v i s i o n s  for s u c h  r e c y c l e  w a s  
q u i t e  s a t i s f a c t o r y  w i t h  t h i s  l i q u o r  s a m p l e ,  The o p e r a t i n g  
c o n d i t i o n s  f o r  t h e  tes t  are  g i v e n  i n  T a b l e  2 1 ,  S t e a d y  s t a g e  
da t a  f o r  t h e  e x t r a c t i o n  o p e r a t i o n  are  shown i n  T a b l e  2 2  a n d  
f o r  s t r i p p i n g  i n  T a b l e  2 3 .  

A s  o b s e r v e d  from T a b l e  2 2 ,  n e a r l y  c o m p l e t e  e x t r a c t i o n  of 
u r a n i u m  w a s  o b t a i n e d  i n  t h e  f i v e  u n i t  e x t r a c t i o n  s y s t e m ,  By 
o p e r a t i n g  t o  g i v e  4 , 3  g U / 1  (-5 g U , 0 8 / 1 ’ j  i n  t h e  p r e g n a n t  
o r g a n i c ,  t h e  a q u e o u s  r a f f i n a t e  c o n t a i n e d  0 . O S b  g U / 1 ,  e q u i v a -  
l e n t  to 9 9 . 4 %  u ran ium r e c o v e r y ,  The e x t r a c t i o n  c o e f f i c i e n t s  
f o r  vanadium were l o w ,  b u t  t h e  a q u e o u s  c o n c e n t r a t i o n  w a s  h i g h  
c a u s i n g  a p p r e c i a b l e  amoun t s  of t h i s  e l e m e n t  t o  be t a k e n  i n t o  
t h e  o r g a n i c  p h a s e ,  A l t h o u g h  a b o u t  h a l f  t h e  vanadium i n l t B a l P y  
ex t rac ted  w a s  rejected f rom t h e  s o l v e n t  8 s  Its uran ium c o n t e n t  
i n c r e a s e d g  t h e  amount r e m a i n i n g  w a s  of s u f f i c i e n t  q u a n t i t y  t o  
t i e  u p  a s i g n i f i c a n t  p o r t i o n  o f  t h e  DZEMPA e x t r a c t a n t , *  

Very l i t t l e  e x t r a c t i o n  o f  i r o n  o r  aluminurn w a s  o b t a i n e d ,  
Much o f  t h e  t i t a n i u m  a n d  m o s t  of t h e  molybdenum w e r e  e x t r a c t e d ;  
h o w e v e r y  t h e  c o n c e n t r a t i o n  l e v e l  of t h e s e  metals w a s  too low 
t o  c a u s e  a n y  i m p o r t a n t  c o m p e t i t i o n  ( w i t h  u r a n i u m )  f o r  t h e  
r e a g e n t  

A s  shown i n  Table  2 3  e s s e n t i a l l y  a l l  of the u r a n i u m ,  
i r o n ,  t i t a n i u m ,  vanadium a n d  molybdenum were removed f rom the 
s o l v e n t  by t h e  sod ium c a r b o n a t e  s t r i p o  The  i r o n ,  t i t a n i u m  and 
p a r t  o f  t h e  vanadium w e r e  p r e c i p i t a t e d  by t h e  a l k a l i n e  solta- 
t i o n  w h e r e a s  t h e  molybdenum a n d  t h e  rest  of t h e  vanadium 
r e m a i n e d  d i s s o l v e d  a l o n g  w i t h  t h e  u r a n i u m ,  S i n c e  t h e  l e v e l  of 
extracted aluminum w a s  so  l o w z  f u r t h e r  a n a l y s e s  f o r  t h i s  meta l  
were n o t  made, I n  o t h e r  tests, it h a s  been  shown t h a t  
a luminum,  l i k e  i r o n  and  t i t a n i u m ,  is a l m o s t  c o m p l e t e l y  p r e c i p k -  
t a t e d  by t h e  a l k a l i n e  s t r i p ,  P h y s i c a l  o p e r a t i o n  of the 

* E x t r a c t i o n  i s o t h e r m  da ta  f o r  P l a n t  D l i q u o r  h a s  shown t h a t  
t h e  p r o p o r t i o n  of e x t r a c t e d  vanadium t o  u ran ium is lower a t  a 
lower l i q u o r  pHo Much o f  t h e  e x t r a c t e d  vanadium c a n  be 
removed f rom t h e  o r g a n i c  p h a s e  by s c r u b b i n g  w i t h  d i l u t e  s u l -  
f u r i c  a c i d  (see s e c t i o n  on  P l a n t  C l i q u o r ) ,  
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T a b l e  2 0  

ANALYSIS OF O R I G I N A L  AND ADJUSTED "PLANT D" LIQUOR 

U 

v 
ZFe  

Fe+++ 

A 1  

T i  

Mo 

5304 

PH 

EMF 

1 . 0 5  

3 * 5  

4.8 

3 . 0  

7 , 3  

0 . 2 4  

0 .012  

110  

0 0 5  

1 . 0 5  

3 . 5  

r ~ 6  

I-a 

rJ7 

0 . 0 7  

0 .008 

74 

1 . 2  

-328 mv* 

L i q u o r  A d j u s t m e n t :  Powdered Fe  u s e d  t o  r e d u c e  
F e ( I I 1 ) ;  Ca(OH), added  t o  
d e c r e a s e  a c i d i t y  a n d  s u l f a t e  
c o n c e n t r a t i o n .  

* P l a t i n u m  v s .  s a t u r a t e d  calomel e l e c t r o d e s ,  The 
s i g n  is tE t  of t h e  p l a t i n u m  e l e c t r o d e .  



T a b l e  2 1  

OPERATING CONDITIONS FOR COUNTERCURRENT 

TESTS WITH "PLANT D" LIQUOR 

E x t r a c t i o n  S t a g e s :  

Feed  R a t i o  a/o 

R e s i d e n c e  Time i n  t h e  Mixer 

S t i r r e r  Speed 

R e s i d e n c e  Time i n  t h e  S e t t l e r  

Aqueous 
O r  g a 11 i c 

S t r i p p i n g  S t a g e s :  

Feed  R a t i o  o/a 

3 . 5 *  

2 min ,  

8 0 0 - 9 0 0  RPM 

2 m i n ,  
3 min.  

9 

R e s i d e n c e  Time in t h e  Mixer 1 3  min.  

Stirrer Speed  350 RPM 

R e s i d e n c e  Time i n  t h e  S e t t l e r  

Aqueous 2 0  min,  
O r g a n i c  6 min.  

* S i n c e  m e c h a n i c a l  d i f f i c u l t i e s  w e r e  e n c o u n t e r e d  i n  
m a i n t a i n i n g  t h e  o r g a n i c  f e e d  r a t e  c o n s t a n t ,  t h i s  va lue  
may be l o w ,  



T a b l e  22 

COUNTERCURRENT TEST WITH "PLANT D" LIQUOR 

EXTRACTION CYCLE DATA 

O r g a n i c :  0 . 1  M Di(2-ethylhexy1)phosphoric a c i d  i n  k e r o s e n e  + 3 w / v  % t r i b u t y l p h o s p h a t e  

Aqueous: A d j u s t e d  " P l a n t  D" l i q u o r  {see T a b l e  20) 

Feed R a t i o :  4a/10 

- 

E x t r a c t  

< t o  
S t r i p p i n g  

C y c l e  

Feed  
Liquor 

\ 

S t a g e  N o .  1 S t a g e  N o .  2 

v 0 .47  v o a 5 9  
Fe 0 . 0 7 5  Fe  0 . 0 8  
T i  0 . 2  
Mo 0 .023  
A 1  0 . 0 1  

U 0 .70  U 8 .37  

- 
! 

t 

U E: 6 U E g  9 

S t a g e  N o ,  3 -- c U 1 , 7  g / l  
V 0 . 8 7  
Fe 0.07 
T i  0.15 

i u 0 . 1 0  

t 
U E: 1 7  

S t a g e  N o .  4 

U 0.52 g/ll 
v 1.00 c 
Fe 0 . 0 6  1 

1 

T i  0.12 1 

U ~ 0.024 

r 
U E: 2 2  

S t a g e  N o ,  5 

Fe 0 . 0 3  I 

rn 
rp 

I 

Ti 0 .04  

T i  0 . 0 5  
Mo 0 . 0 0 1  

U E: 13 

Raf f  i n a t e  
P e r c e n t  E x t r a c t e d  

U 9 9 . 4 %  
v 3 %  
Fe 0.4% 
A l  < O e  1% 
Mo 
T i  30-70%) u n c e r t a i n t i e s  i n  mater ia l  b a l a n c e s .  

70-85%]Closer es t imates  n o t  p o s s i b l e  d u e  t o  

. .  . . I  J . , .  
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T a b l e  2 3  ( C o n t ' d , )  

COUNTERCURRENT TEST WITH "PLANT D" LIQUOR 

STRIPPING CYCLE DATA 

*Based on e x t r a c t  and b a r r e n  o r g a n i c  a n a l y s i s ,  

**This r e p r e s e n t s  a b o u t  §5% of t h e  e x t r a c t e d  v a n a d i  
of p r e c i p i t a t i o n  have  been  n o t e d  i n  o t h e r  t e s t s .  

m. V a r i a b l e  am51 
The p r e c i p i t a t e d  

n t s  

V(1Y) a p p a r e n t l y  t e n d s  t o  r ema in  i n  a c o l l o i d a l  f o r m ,  t h e  d e g r e e  of 
c o a g u l a t i o n  v a r y i n g  w i t h  t i m e ,  t e m p e r a t u r e  and p r e s e n c e  of o the r  
p r e c i p i t a t e s .  A l s o ,  no p r o v i s i o n s  have b e e n  made i n  t h e  tests t o  
p r e v e n t  f o r m a t i o n  of s t a b l e  Y(Y). More d e t a i l e d  s t u d i e s  of f a c t o r s  
i n f l u e n c i n g  t h e  p r e c i p i t a t i o n  o f  vanadium a t  t h i s  p o i n t  are b e i n g  made, 

Note: A poor uranium b a l a n c e  w a s  o b t a i n e d  i n  t h i s  test  due t o  f l o w  
r a t e  v a r i a t i o n s  and p o s s i b l y  a n a l y t i c a l  u n c e r t a i n t i e s .  



s t r i p p i n g  c y c l e  w a s  smoo th  w i t h  t h e  p r e c i p i t a t e d  c o n t a m i -  
n a n t s  s e t t l i n g  r a p i d l y  i n t o  t h e  a q u e o u s  p h a s e ,  The s t r i p p e d  
s o l v e n t  r e t u r n i n g  t o  t h e  e x t r a c t i o n  c y c l e  c o n t a i n e d  o n l y  a 
f ew p a r t s  p e r  m i l l i o n  o f  each o f  t h e  e x t r a c t e d  metals.  

Uranium p r o d u c t  w a s  n o t  p r e p a r e d  f rom t h e  l o a d e d  s t r i p  
s o l u t i o n ,  D i s s o l v e d  vanadium a n d  molybdenum c o u l d  r e p o r t  
i n  t h e  p r o d u c t ,  t h e  amounts  p r o b a b l y  v a r y i n g  w i t h  
t h e  p r o c e d u r e s  u s e d .  S t u d i e s  o f  s e p a r a t i o n s  a c h i e v a b l e  a t  
t h i s  p o i n t  w i t h  d i f f e r e n t  o p e r a t i o n a l  t e c h n i q u e s  are  b e i n g  
made 

R e a g e n t  c o n s u m p t i o n  a n d  t h e  e x c e s s  o f  sodium c a r b o n a t e  
employed  c a n n o t  a c c u r a t e l y  be c a l c u l a t e d  f o r  t h i s  t es t  
b e c a u s e  o f  t h e  p o o r  u r a n i u m  mater ia l  b a l a n c e  wh ich  is 
p r o b a b l y  d u e  t o  f l o w  r a t e  v a r i a t i o n s  a n d  a n a l y t i c a l  u n c e r -  
t a i n t i e s ,  Such  c a l c u l a t i o n s  a re  shown f o r  t h e  c o u n t e r c u r r e n t  
tests w i t h  P l a n t  C l i q u o r  i n  t h e  f o l l o w i n g  s e c t i o n .  

E x t r a c t i o n  of Uranium f rom " P l a n t  C" L i q u o r  

A s a m p l e  of s u l f u r i c  a c i d  l e a c h  l i q u o r  f rom a n o t h e r  
W e s t e r n  m i l l  ( d e s i g n a t e d  " P l a n t  Cfl)  w a s  o b t a i n e d  a n d  t w o  con-  
t i n u o u s  c o u n t e r c u r r e n t  tests were made w i t h  t h e  DZEHPA-TBP 
s o l v e n t .  T h i s  liquor h a s  a s u b s t a n t i a l l y  d i f f e r e n t  composi -  
t i o n  (Tab le  2 4 )  f rom those  p r e v i o u s l y  h a n d l e d  i n  t h a t  t h e  
c o n c e n t r a t i o n s  of u r a n i u m ,  vanadium a n d  f r e e  ac id  (pH = O 0 1 5 )  
a re  c o m p a r a t i v e l y  h i g h ,  B e c a u s e  o f  t h e  h i g h e r  u ran ium 
c o n t e n t ,  somewhat g r e a t e r  t h a n  u s u a l  c o n c e n t r a t i o n s  o f  DZEHPA 
were u s e d  i n  t h e  s o l v e n t  i,e,, 0,16  M )  a l o n g  w i t h  corres- 
p o n d i n g l y  greater c o n c e n t r a t i o n s  o f  TBP (4,7 w/v %) 

I n  b o t h  tests,  s i n c e  t h e  a q u e o u s  c o n c e n t r a t i o n  of 
vanadium w a s  h i g h  a n d  s i g n i f i c a n t  amoun t s  would be extracted 
(see p r e v i o u s  s e c t i o n )  p r o v i s i o n s  w e r e  made f o r  s c r u b b i n g  
vanadium from t h e  p r e g n a n t  s o l v e n t *  S u l f u r i c  acid a t  O a 5  R4 
c o n c e n t r a t i o n  a n d  a t  a volume o f  o n e - t w e l f t h  t h e  o r i g i n a l  
l i q u o r  w a s  u s e d  f o r  t h i s  p u r p o s e ,  t h i s  c o n c e n t r a t i o n  a n d  
volume r a t i o  h a v i n g  p r o v e d  e f f e c t i v e  i n  b a t c h  tests, A smal l  
amount o f  the t o t a l  u r a n i u m  w a s  a l s o  removed f rom t h e  s o l v e n t  
i n  t h i s  s t e p :  therefore ,  t h e  s c r u b  s o l u t i o n  w a s  r e c y c l e d  t o  
t h e  feed l i q u o r  s t ream, A d d i t i o n a l  r e a g e n t  costs  ( f o r  
s u l f u r i c  ac id)  f o r  t h e  s c r u b b i n g  o p e r a t i o n  amounted  t o  o n l y  
a b o u t  0 . 8  c e n t  p e r  pound o f  t o t a l  U,08 p r o c e s s e d .  

- 

I n  t h e  f i r s t  tes t  (No, 2 )  t h e  l i q u o r  w a s  e x t r a c t e d  
d i r e c t l y  as r e c e i v e d  ( p W  = 8 . 1 5 )  u s i n g  f i v e  m i x e r - s e t t l e r  
s tages f o r  e x t r a c t i o n ,  o n e  f o r  s c r u b b i n g  a n d  t w o  f o r  s t r i p p i n g .  
I n  t h e  s e c o n d  t es t  ( N o .  3 )  t h e  l i q u o r  pH w a s  e l e v a t e d  t o  0 , 4 5  
w i t h  l i m e ,  S i n c e  a t  t h i s  h i g h e r  pH t h e  u r a n i u m  e x t r a c t i o n  
c o e f f i c i e n t s  w i l l  be h i g h e r  a n d  a l s o  more vanadium w i l l  be 
e x t r a c t e d ,  one  less e x t r a c t i o n  s t a g e  ( 4 )  a n d  o n e  more 
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Tab le  2 4  

ANALYSIS OF "PLANT C" LIQUOR AS RECEIVED 

g /  1 

5 . 9  

4 . 7  

4 - 3  

0 , 6 0  

2 , 5  

0 . 6 2  

0 . 0 7 7  

0 , 0 1 7  

0 , 2 2  

3 , 4  

1 ' 4  

116  

0 . 1 5  
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s c r u b b i n g  s tage ( 2 )  were employed ,  The o p e r a t i n g  c o n d i t i o n s  
f o r  t h e s e  tes ts  are  g i v e n  i n  T a b l e  2 5 ,  The p h a s e  s e p a r a t i o n  
w a s  e x c e l l e n t  a n d  n o  p r o v i s i o n  f o r  o r g a n i c  r e c y c l e  was made, 
S t e a d y  s t a t e  d a t a  f o r  e a c h  c i r c u i t ,  o b t a i n e d  a f t e r  a p p r o x i -  
m a t e l y  f o u r  o r g a n i c  c y c l e s  had  o c c u r r e d p  a re  g i v e n  i n  
T a b l e s  26  a n d  2 7 ,  

A s  may be o b s e r v e d ,  t h e  u ran ium r e c o v e r y  w a s  v e r y  good 
i n  b a t h  r u n s :  99*98% and  9 9 - 9 9 % ,  r e s p e c t i v e l y ,  w i t h  a l o a d i n g  
l e v e l  of a b o u t  7 , 5  g U / l  b e i n g  m a i n t a i n e d  i n  t h e  p r e g n a n t  
s o l v e n t s ,  The s c r u b b i n g  o p e r a t i o n  removed 50% of t h e  e x -  
t r a c t e d  vanadium i n  tes t  N o ,  2 a n d  80% i n  tes t  N o ,  3 ,  l e a v i n g  
o n l y  s m a l l  a m ~ ~ l n t s  a s  a c o n t a m i n a n t  t o  t h e  u ran ium.  

A s  i n  p r e v i o u s  tests,  e f f i c i e n t  r e m o v a l  of u ran ium a n d  
o t h e r  metals from t h e  s o l v e n t  w a s  o b t a i n e d  i n  t h e  t w o  
s t r i p p i n g  s t a g e s  w i t h  1 0 %  Na,CO, .  The l o a d e d  s t r i p  s o l u t i o n  
c o n t a i n e d  4 0 0 5  g U/l i n  tes t  No, 2 a n d  4 2 , 7  g U / 1  i n  tes t  
N o ,  3 .  A c t u a l  q u a n t i t i e s  of sod ium c a r b o n a t e  u t i l i z e d  were 
a b o u t  2 - 3  a n d  2 , 5  I b s  p e r  pound U,O, or  a b o u t  30-40% i n  e x c e s s  
of t h a t  r e q u i r e d  f o r  s a t i s f a c t i o n  o f  t h e  c h e m i c a l  r e a c t i o n s  
i n v o l v e d ,  Better c a r b o n a t e  u t i l i z a t i o n  c o u l d  be a c h i e v e d  by 
i n c r e a s i n g  t h e  number of s t r i p p i n g  stages a n d  l o a d i n g  t o  a 
h i g h e r  l e v e l  i n  t h e  s t r i p  s o l u t i o n .  The P r o c e s s  T e s t  S e c t i o n  
of t h i s  d i v i s i o n  is now e x a m i n i n g  t h e  optimum s t r i p p i n g  con-  
d i t i o n s  w i t h  Y e s p e c t  t o  r e a g e n t  u t i l i z a t i o n  e f f i c i e n c y ,  
m i x i n g  v a r i a b l e s ,  number o f  s t a g e s ,  e q u i p m e n t  s i z e ,  e tc .  I n  
t h e s e  b e n c h  scale t e s t s ,  t h e  r e s i d e n c e  t i m e  i n  e a c h  mixer of 
t h e  s t r i p p i n g  stage w a s  a b o u t  8 m i n u t e s ,  P r e l i m i n a r y  tes ts  
by t h e  Process T e s t  S e c t i o n  show t h a t  w i t h  p r o p e r  m i x i n g ,  
much l o w e r  t i m e s  are p o s s i b l e  w h i l e  s t i l l  m a i n t a i n i n g  good 
s t r i p p i n g  e f f i c i e n c i e s  i n  two stages w i t h  m o d e r a t e  q u a n t i t i e s  
of e x c e s s  r e a g e n t ,  

Uranium w a s  p r e c i p i t a t e d  f rom t h e  l o a d e d  s t r i p  s o l u t i o n s  
by t w o  d i f f e r e n t  me thods  d e s c r i b e d  i n  T a b l e  2 8 .  I n  a l l  cases 
t h e  p r o d u c t  g r a d e s  were s a t i s f a c t o r y ,  f a l l i n g  i n  t h e  r a n g e  o f  
79-84% U,08. U s e  o f  the a c i d  s c r u b  k e p t  t h e  vanadium c o n t a m i -  
n a t i o n  i n  t h e  p r o d u c t  t o  a l o w  l e v e l  ( 0 - 5 5  - 0 ,71% Vz05 f 
P r o d u c t s  o b t a i n e d  by d i r e c t  p r e c i p i t a t i o n  w i t h  sod ium 
h y d r o x i d e  c o n t a i n e d  o n l y  s l i g h t l y  less vanadium t h a n  t h o s e  
f rom t h e  ac%diff icat ion-armmonia p r e c i p i t a t i o n  me thod ,  
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T a b l e  2 5  

OPERATING CONDITIONS FOR TESTS NOS. 2 

AND 3 WITH "PLANT C" LIQUOR 

E x t r a c t i o n  S t a g e s :  

Feed R a t i o  a /o  

R e s i d e n c e  Time i n  t h e  Mixer  

S t i r r e r  Speed 

R e s i d e n c e  Time i n  t h e  S e t t l e r  

Aqueous 
O r g a n i c  

S t r i p p i n g  S t a g e s :  

Feed  R a t i o  o/a 

R e s i d e n c e  T i m e  i n  t h e  Mixer 

S t i r r e r  Speed 

R e s i d e n c e  T ime  i n  t h e  S e t t l e r  

Aqueous 
Organ i c 

S c r u b b i n g  S t a g e s :  

Feed R a t i o  o/a 

R e s i d e n c e  T i m e  i n  t h e  Mixer 

S t i r r e r  Speed  

R e s i d e n c e  T i m e  i n  t h e  S e t t l e r  

1 . 2  

4 min ,  

800-900 RPM 

2 min. 
2 m i n ,  

4,8 

8 win ,  

350  RPM 

1 5  min. 
6 inin. 

1 0  

8 min. 

800-900 RPM 

Aqueous 
O r g a n i c  

1 5  min ,  
2 min ,  



Table 2 6  

COUNTERCURRENT TEST NO. 2 WITH "PLANT C" LIQUOR AS RECEIVED 

Organic: 0 , 1 6  M Di(2-ethylhexy1)phosphoric acid in kerosene 
+ 4 7 / v  % tributylpkosphate ~ 

Aqueous: "Plant;  C" l i q u o r  (see Table 2 4 )  a 

Feed Rat ios :  Liquor:organic:strip:scrub 1 2 / 1 0 / i 2 ~ 1 / l O  

Strip Solution: 10% sodium carbonate. 

Scrub Solution: O o 5  M HLSO,  

L i q u o r  
- 

Raf f inate 

I 

-3 
i-! 

I 

9 9 . 9 8 %  Uranium 0% Na, C 0 3  
Recovered 

S t r i p  



T a b l e  27 

COUNTERCURRENT TEST NO. 3 WITH "PLANT C" LIQUOR - ADJUSTED 

O r g a n i c :  0.16 M Di(2-ethylhexy1)phosphoric a c i d  in k e r o s e n e  
+ 4.7-w/v % t r i b u t y l p h o s p h a t e .  

Aqueous: " P l a n t  C T S  liquor a d j u s t e d  w i t h  l i m e  t o  pH 0 . 4 5 ,  
SO4 l owered  t o  6 9  g / l .  

Feed Ratios: Liquor:organic:strip:scrub 1 2 / 1 0 / 2 e 1 / 1 0  

S t r i p  S o l u t i o n -  10% Na,CO, .  

Scrub Solution: 0.5 M H, SO4 - 
L i q u o r  

1 S c r u b  S t a g e s  E x t r a c t i o n  Stages I 

N o .  1 N o .  2 I N o .  1 N o .  2 N o .  3 N o .  4 4 
N 

i 

9 9  99% Uranium S t r i p p i n g  S t a g e s  Recover  e d i 
I 

1 0% Na,CO, U 2 . 8  
V C0.05 

U 42 .7  
V 0 . 2 9  

P r e g n a n t  
S t r i p  
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Table 28 

PRODUCT GRADE FROM "PLANT C" LIQUOR TESTS 

Test No, 2 Test No. 3 
Acidification- Acidification- 

MaOH Ammonia NaOH Ammonia 
Ppt. Precipitation Ppt 0 Precipitation 

u3 0 8  81 3% 84% 7 9 0 3 %  7 9 . 3 %  

v, 0 5  0 . 6 8 %  0.71% O , ,  55% 0.71% 

Fe2 0 3  0 0 0 9 %  0 .09% O e 0 2 %  0 s 02% 

A 1 2  0, 0.08% 0 0 0 9 %  0 085% 0 . 0 9 6 %  

Ma 8.3% 3 0 0% 8,3% 2 "  3% 

LOSS Qn 
Ignition 
at 500°C 2.6% 3 e 7% 4 * 6 %  6 2% 

Procedure: The pregnant strip solution w a s  filtered to 
remove basic precipitates. It was then divided i n t o  two 
portions. To one portion a minimum amount of NaOH 
pellets were added to g ive  essentially complete uranium 
precipitation. The other portion was,made acid to pH 2 
with H,SQ4 boiled to drive off CO, and then treated 
with NH,OH to precipitate the uranium product. In each 
case the product obtained was washed w i t h  H , O  and dried 
at 1 2 0 ~ ~ .  

Quantities of Reagents Expended: 

NaOH Precipitation Test No.2 Test No,3 

lb NaOH/lb U,O,  0 ,94  L o 6  

Acidification-Ammonia Precipitation 

Ib H2 SO4 /'ib U3 0, 2-12 2 , P 7  

1b NH,/lb U,Os 0,18 0 - 2 2  
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RATE OF PHASE SEPARATION - _- 

I n  a l i q u i d - l i q u i d  s o l v e n t  e x t r a c t i o n  s y s t e m  t h e  r a t e  of 
d i s e n g a g e m e n t  of t h e  p h a s e s  a f t e r  m i x i n g  is o f  c o n s i d e r a b l e  
i m p o r t a n c e  i n  t h a t  i t  d i c t a t e s  t h e  s i z e ,  a n d  t h u s  t h e  c o s t ,  
of t h e  se t t le rs  r e q u i r e d  t o  h a n d l e  a g i v e n  l i q u i d  t h r o u g h p u t ,  
I n  e a r l i e r  s t u d i e s  of  t h e  Dapex p r o c e s s  a t  t h i s  l a b o r a t o r y ,  
r a p i d  p h a s e  s e p a r a t i o n s  were o b t a i n e d  w i t h  a l l  of t h e  c lear  
l j q u o r  s a m p l e s  t e s t e d ,  These  s a m p l e s  i n c l u d e  a v a r i e t y  of 
s y n t h e t i c  l i q u o r s  a s  w e l l  a s  s a m p l e s  of  p r o c e s s  leach l i q u o r s  
r e c e i v e d  from t w o  o p e r a t i n g  Wes te rn  mills, 

R e c e n t l y ,  i n  e x p e r i a e n t a l  t e s t s  o f  t h e  Dapex p r o c e s s  a t  
o n e  of t h e  Wes te rn  niills ( d e s i g n a t e d  P l a n t  C )  e m u l s i o n  (or 
slow p h a s e  s e p a r a t i o n )  d i f f i c u l t i e s  were o c c a s i o n a l l y  e n -  
c o u n t e r e d  i n  t h e  e x t r a c t i o n  c y c l e  w h i l e  p r o c e s s i n g  l e a c h  
l i q u o r  from one  p a r t i c u l a r  c i r c u i t  o f  t h e  p l a n t ,  I n  t h i s  
p l a n t  t h e  s a n d s  a n d  s l d n i e s  a re  s e p a r a t e d  e a r l y  in t h e  p r o c e s s  
c y c l e . .  The s l i m e  f r a c t i o n  u n d e r g o e s  s e v e r a l  p r o c e s s  o p e r a -  
t i o n s ,  i n c l u d i n g  a h i g h  t e m p e r a t u r e  c a l c i n a t i o n ,  b e f o r e  b e i n g  
l e a c h e d  of its u r a n i u n  c o n t e n t  w i t h  s u l f u r i c  a c i d ,  The 
r e s u l t i n g  9 p s l i m e  l i q u o r ' *  c o n t a i n s  most of t h e  u ran ium and  
c o m p r i s e s  75-800/0 of t h e  t o t a l  volurncz t h r o u g h p u t  of  l i q u o r  i n  
t h e  p l a n t ,  The s a n d  s o l i d s  are  l e a c h e d  d i r e c t l y  w i t h  s u l f u r i c  
a c i d  t o  p r o d u c e  t h e  "sand  l i q u o r 8 "  wh ich  r e p r e s e n t s  t h e  b a l a n c e  
( 2 0 - 2 5 % , )  of t h e  t o t a l  p l a n t  u ran ium l i q u o r  t h r o u g h p u t .  L i t t l e  
d i f f i c u l t y  w i t h  p h a s e  s e p a r a t i o n  h a s  bean  o b s e r v e d  when 
t r e a t i n g  t h e  " s l i m e  l i q u o r "  i r r e s p e c t i v e  of p r o c e s s  c o n d i t i o n s  
( e - g , ,  see s e c t i o n  on c o n t i n u o u s  c o u n t e r c u r r e n t .  tes ts) ,  Poor 
p h a s e  s e p a r a t i o n  h a s ,  however ,  been  o b s e r v e d  p e r i o d i c a l l y  i n  
p r o c e s s  t e s t s  on  t h e  " sand  l ~ y u o r , ~ ~  

I n  v i ew of  t h e  i n c o n s i s t e n t  p e r f o r m a n c e  of t h e  "sand 
l i q u o r  '' s e v e r a l  s a m p l e s  of t h e s e  s o l u t i o n s  which w e r e  known 
t o  be bad  a c t o r s  were o b t a i n e d  f o r  s t u d y  a t  t h i s  l a b o r a t o r y  
( T a b l e  2-91. A number of tests have  bepn c o n d u c t e d  t o  
d e t e r m i n e  t h e  bckavior of v a r d o u s  l i q u o r - o r g a n i c  s y s t e m s  a n d  
t o  s t u d y  t h e  effect o f  c e r t a i n  mjxing v a r i a b l e s  o n  t h e  p h a s e  
s e p a r a t i o n  r a t e .  Al though  t h e  tests c o m p l e t e d  thus f a r  do  
n o t  r e p r e s e n t  a c o m p r e h e n s i v e  i n v e s t i g a t i o n  of t h e  p r o b l e m ,  
t h e y  do s u g g e s t  methods  for a v o i d i n g  t h e  poor  p h a s e  s e p a r a -  
t i o n s  o b s e r v e d  w i t h  t h e  l i q u o r s  m e n t i o n e d  a b o v e ,  A d d i t i o n a l  
s t u d i e s  a r e  b e i n g  made t o  o b t a i n  a more t h o r o u g h  u n d e r s t a n d i n g  
of t h e  v a r i a b l e s  i n v o l v e d  a n d  to determine, i f  p o s s i b l e ,  why 
some l i q u o r s  g i v e  d i f f i c u l t y  w h e r e a s  many o t h e r s  do  n o t ,  

E f f e c t  of Type of D i s p e r s i o n  ( B a t c h  T e s t s )  
1_ __l__al--_l_--= lyl___r.-- 

A se r i e s  of b a t c h  mixe r  tests w e r e  c a r r i e d  o u t  i n  which  
1 4 0  m l  of o r g a n i c  a n d  1 6 0  ml o f  l i q u o r  were c o n t a c t e d  i n  a 
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Table 2 9  

ANALYSIS OF LIQUORS 

U 

CV 11 

V ( V )  q 1  

11 Fe 

A 1  

T i  

Mo 

Ca 

Si 

K 

Mg 

Na 

I 1  

11 

V l  

1 1  

I 1  

I 1  

D l  

11 

I 1  so4 

P l a n t  C Sand Leach Liquors 
E 1 7  18  1 9  2 0  

2 . 8  1 , 8 6  1 , 8 8  1,80 1 . 8 7  

5 .3  2 , 2  2 . 6  2 " 2  2 . 6  

O " O 1  

5 . 6  

5 . 1  

0 . 0 3  

0 - 0 3  

0 . 7  

0 . 3 7  

0 . 6 5  

4,46 

0 0 5 8  

103  1 0 8  1 0 5  1 0 9  95 

Synthetic 
Liquor 

N o ,  1576 

1 . 1 5  

--- 

--- 
2 . 0  

2 , 9  

--- 

4 0 . 7  

1 . 3  a e 9  PO4 

PH 0 . 6  0,4 0 , 3  0,4 0 - 4  1.9 

I 1  
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5 0 0  r n l  b a f f l e d  b e a k e r  a g i t a t e d  by a t w o  b l a d e  s t irrer a t  
8 8 0 - 9 0 0  RPM f o r  t w o  m i n u t e s .  The s t i r rer  w a s  t h e n  s h u t  off 
a n d  t h e  t i m e  r e q u i r e d  for c o m p l e t e  d i sengagemen t  of t h e  t w o  
p h a s e s  was o b s e r v e d .  

The d i s p e r s i o n  d u r i n g  m i x i n g  c a n  b e  of t w o  g e n e r a l  
t y p e s  - aqueous  d r o p l e t s  i n  a c o n t i n u o u s  o r g a n i c  p h a s e  or 
o r g a n i c  d r o p l e t s  i n  a c o n t i n u o u s  a q u e o u s  p h a s e ,  ( I t  h a s  been  
shown p r e v i o u s l y (  l4 9 l a )  t h a t  t h e  t y p e  of d i s p e r s i o n  may 
g r e a t l y  a f f e c t  t h e  r a t e  of p h a s e  s e p a r a t i o n  p a r t i c u l a r l y  i f  
c e r t a i n  s o l n d s  ape p r e s e n t  i n  t h e  s y s t e m , )  I n  t h e  b a t c h  
2ixHng t e s t s  d e s c r i b e d  h e r e  t h e  d e s i r e d  c o n d i t i o n s  o f  p h a s e  
e o n t i n u a t y  were c o n t r o l l e d  by t h e  s t a r t - u p  procedurc?,  
Aqueous c o n t i n u o u s  d i s p e r s i o n s  w e r e  o b t a i n e d  b y  p l a c i n g  t h e  
a q u e o u s  s o l u t i o n  i n  t h e  m i x i n g  v e s s e l ,  s t a r t i n g  t h e  s t i r re rp  
a n d  adding t h e  o r g a n i c  phase  s ' l owl iy .  C o n v e r s e l y ,  o r g a n i c  
c o n t i n u o u s  c o n d i t i o n s  w e r e  e s t a b l i s h e d  by a d d i n g  t h e  o r g a n i c  
s o l u t  io5  to t h e  m i x i n g  v e s s e l  s tar idr ig  t h e  s t irrer and  
s l o w l y  a d d i n g  the  a q u e o u s ,  C o n d u c t o m e t r i c  measurements  
p r o v i d e d  a c o n v e n i e n t  method of c h e c k i n g  which phase  w a s  
c o n t i n u o u s  i n  t h e  mixer, P r o b e  e l e c t r o d e s  a t t a c h e d  t o  a n  
ohmmeter w e ~ e  i n s e r t e d  i n t o  the x i x i n g  v e s s e l ,  The resis- 
t a n c e  of aqueous  c o n t i n u o u s  d i s p e r s i o n s  w a s  i n  t h e  r a n g e  of 
50-300 ohms whereas  o r g a n i c  c o n t i n u o u s  d i s p e r s i o n s  showed a 
r e s i s t a n c e  s e v e r a l  o r d e r s  of magn i tude  greater ,  

I n  T a b l e  3 0  t h c  e f f e c t  of t y p e  of d i s p e r s i o n  on t h e  
p h a s e  s e p a r a t i o n  r a t e  is shown when s e v e y a l  bad  a c t i n g  ? 'sand 
l i q u o r s '  w e r e  c o n t a c t e d  w i t h  0 , l h  M DZEHFA i n  k e r o s e n e  -f 4 
w/v % TBP as  d e s c r j b e d  a b o v e .  Whez t h e  a q u e o u s  p h a s e  w a s  
cont inuoxis  t h e  p h a s e  s e p a r a t i o n  w a s  poor i n  a l l  cases, With 
some of the l i q u o r s ,  s e p a r a t i o n  w a s  a c h i e v e d  i n  8 t o  1 0  
m i n u t e s p  w h i l e  w i t h  o t h e r s  a s e m i - s t a b l e  band of ewnulsions 
formed which  d i d  not break c o m p l e t e l y  e v e n  after v e r y  p r o -  
l o n g e d  standing p e r i o d s ,  When t h e  o r g a n i c  phase  w a s  con-. 
i . i n u o u s 9  good p h a s e  s e p a r a t i o n  (1  - 1 , 5  minu tes ] ,  w a s  o b s e r v e d  
i n  e v e r y  case ,  

C o n t i n u o u s  C o u n t e r c u r r e n t  T e s t  (Organic C o n t i n u o u s )  

As a P u r t h e r  c h e c k  on  t h e  r e s u l t s  f r o m  h a t c h  tests a con-  
tjnpaoua c o u n t e r c u r r e n t  test  w a s  made w i t h  P l a n t  C l i q u o r  
(Sample  E )  u s i n g  t h e  same s o l v e n t  c o m p o s i t i o n ,  i , e , ,  0 - 1 6  M 
DZEWPA i n  k e r o s e n e  + 4 w/v % TBP.  The o r g a n i c  p h a s e  w a s  mr in -  
t a i n e d  c o n t i n u o u s  i n  t h e  mixe r s  by r e c y c l i n g  o r g a n i c  from t h e  
s e t t l e r s  t o  t h e  mixers a s  d e s c r i b e d  i i i  Appendix A ,  S i n c e  t h e  
volu*xac o f  l i q u o r  a v a i l a b l e  w a s  l i m i t e d ,  t h e  t e s t  was c o n c l u d e d  
a f t e r  f o u r  o r g a n i c  c y c l e s ,  Phase s e p a r a t i o n  w a s  s a t i s f a c t o r y  
t h r o u g h o u t  t h e  r u n .  A l though  a small band of e m u l s i o n  
a p p e a r e d  i n  t h e  s e t t l e r s ,  i t  d i d  n o t  i n c r e a s e  i n  s i z e  d u r i n g  
t h e  t e s t ,  These  r e s u l t s  a g a i n  s u g g e s t  t h a t  t h e  v 'sand l i q u o r s p v  
c o u l d  be h a n d l e d  s a t i s f a c t o r i l y  so l o n g  as  o r g a n i c  conr t inuous  



T a b l e  3 0  

EFFECT OF THE TYPE OF DISPERSION ON PHASE SEPARATION RATE 

S e p a r a t i o n  Time i n  Minu tes  
Aqueous P h a s e  C o n t i n u o u s  Organic P h a s e  Continuous 

D u r i n g  Mixing During Mixing  L i q u o r  

P l a n t  C (Sample  E )  20 1 . 5  

“ 18 8 1 I? I 1  

” 1 3  >2 0 1 . 3  l t  I t  

9 1  2 0  1 0  1 9 9  7 1  

Organic: 0 , 1 6  M Di(2-ethylhexyl)phosph~ric a c i d  i n  k e r o s e n e  f 4 w/v % 
t r i b t y l p h o s p h a t e .  
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c o n d i t i o n s  are  m a i n t a i n e d  i n  t h e  m i x e r s .  Of c o u r s e ?  tests of 
l o n g e r  d u r a t i o n  would b e  r e q u i r e d  t o  p r o v e  c o n c l u s i v e l y  l h a t  
t h i s  i s  a n  a d e q u a t e  s o l u t i o n  t o  t h e  p rob lem,  

E f f e c t  of O r g a n i c  P h a s e  Compos i t ion  
I__---- 

O t h e r  b a t c h  t e s t s  have  been  c o n d u c t e d  t o  s t u d y  t h e  p e r -  
fo rmance  o f  o r g a n i c  s o l v e n t s  v a r i a b l e  i n  c o m p o s i t i o n ,  The 
a q u e o u s  s o l u t i o n s  u s e d  i n  t h e s e  cases were t h e  P l a n t  C ? 'sand 
l i q u o r v v  (Sample  E )  and  a s y n t h e t i c  " h i g h  s i l i c a "  l i q u o r  (see 
Tab le  2 9 )  I n  one  series o f  tests w i t h  t h e  d i f f e r e n t  s o l v e n t s ,  
t h e  o r g a n i c  p h a s e  w a s  h e l d  c o n t i n u o u s  d u r i n g  .n ix ing .  

The r e s u l t s  l i s t e d  i n  T a b l e  3 1  show t h a t  a f t e r  o r g a n i c  
c o n t i n u o u s  ;n ix ing  t h e  p h a s e  s e p a r a t i o n s  w e r e  r e a s o n a b l y  r a p i d  
( a n d  c l e a n )  w i t h  a l l  o f  t h e  s o l v e n t s  t e s t e d ,  G e n e r a l l y  
p a r a l l e l  t r e n d s  w e r e  g i v e n  by t h e  s y n t h e t i c  l i q u o r  and  t h e  
a c t u a l  p l a n t  l i q u o r ,  Somewhat more r a p i d  s e p a r a t i o n s  were 
o b s e r v e d  for k e r o s e n e  a l o n e  and  k e r o s e n e  c o n t a i n i n g  o n l y  DZEHPA 
t h a n  for s o l v e n t s  c o n t a i n i n g  a d d i t i o n a l  c o n s t i t u e n t s ,  i , e ,  
a l c o h o l  or s y n e r g i s t i c  a d d i t i v e s ,  Howeverg e v e n  i n  t h e  l a t t e r  
cases t h e  r a t e s  o b s e r v e d  are  a d e q u a t e  for e f f e c t i v e  p r o c e s s  
a p p l i c a t i o n ,  

A f t e r  a q u e o u s  c o n t i n u o u s  m i x i n g ,  t h e  r a t e  of p h a s e  
s e p a r a t i o n  was much more s t r o n g l y  a r f e c t e d  by v a r i a t i o n  i n  
c o m p o s i t i o n  of t h e  o r g a n i c  p h a s e ,  P a r a l l e l .  t r e n d s  w e r e  a g a i n  
o b s e r v e d  w i t h  e a c h  of t h e  two l i q u o r s  t e s t e d ,  When k e r o s e n e  
a l o n e  w a s  mixed w i t h  t h e  l i q u o r s ,  t h e  p h a s e s  s e p a r a t e d  i n  
a p p r o x i m a t e l y  f o u r  m i n u t e s ,  A s o l u t i o d  of 0 , l  M D2EWPA i n  
k e r o s e n e  gave  a much f a s t e r  s e p a r a t i o n  r a t e  (dT m i n u t e )  The 
a d d i t i o n  of c a p r y l  a l c o h o l  o r  t h e  s y n e r g i s t i c  a d d i t i v e s ,  i , e , ,  
TRP or d i b u t y l  b u t y l p h o s p h o n a t e  , had a. s t r o n g  a d v e r s e  e f f e c t  
on  t h e  p h a s e  s e p a r a t i o n  r a t e  u n d e r  t h e s e  p a r t i c u l a r  m i x i n g  
c o n d i t i o n s .  

I n  g e n e r a l - , f r o m  t h e  r e s u l t s  of T a b l e  31  i t  a g a i n  a p p e a r s  
t h a t  t h e  b e s t  f i r s t  c h o i c e  f o r  a w o j d i n g  phase  s e p a r a t i o n  
d i f f i c u l t i e s  w i t h  bad a c t i n g  l i q u o r s  is t o  o p e r a t e  w i t h  
o r g a n i c  c o n t i n u o u s  c o n d i t i o n s  i n  t h e  mixes, When aqueous  
c o n t i n u o u s  m i x i n g  is u s e d  d i f f i c u l t i e s  a re  a p p a r e n t l y  
a l l e v i a t e d  by u t i l i z i n g  k e r o s e n e  s o l u t i o n s  of D Z E H P A ,  w i t h o u t  
a d i l u e n t  a d d i t i v e ,  a s  t h e  e x t r a c t a n t ,  U s e  o f  s u c h  a n  
e x t r a c t a n t  would s a c r i f i c e  t h e  i n c r e a s e d  e x t r a c t i o n  e f f i c i e n c y  
l h a t  c o u l d  be  p r o v i d e d  by t h e  s y n e r g i s t i c  r e a g e n t s ,  T h i s  need  
n o t  be p r o h i b i t i v e ,  however ,  w i t h  l i q u o r s  which  arc? n o t  
p a r t i c u l a r l y  d i f f i c u l t  t o  e x t r a c t ,  A l k a l i n e  s t r i p p i n g  of t h e  
s o l v e n t  migh t  be  a c c o m p l i s h e d  w i t h o u t  t h i r d  phase  f o r m a t i o n  
by u s i n g  ammonium c a r b o n a t e  r a t h e r  t h a n  sodium c a r b o n a t e  a s  
t h e  s t r i p p i n g  r e a g e n t  ( see  s e c t i o n  on  S t r i p p i n g ) ,  



Table  3 1  

EFFECT OF ORGANIC PHASE COMPOSITION ON PMSE SEPARATION RATE 

P h a s e  S e p a r a t i o n  Time i n  M i n u t e s  
P l a n t  C Liquor S y n t h e t i c  L i q u o r  

O r g a n i c  (Sample E )  N o .  1 5 7 6  

O r g a n i c  P h a s e  C o n t i n u o u s  D u r i n g  Mixing - 
Kerosene  0.4 0 .8  

0 . 1  M DZEHPA i n  k e r o s e n e  - 
0 , l  M D2EHPA i n  k e r o s e n e  + 1 , 5  w/v % 

c a r y l  a lcohol  

0 , 2 5  1.1 

1 . 8  2 . 0  

0 . 1  M D2EHPA i n  k e r o s e n e  + 4 w/v % TBP 1 . 9  

0 .1  - M D2EHPA i n  k e r o s e n e  + 0 , 7  w/v % DBBP 1 , 2  

0 . 1  M DZEHPA i n  k e r o s e n e  + 2 . 5  w/v 'j% DBBP 1 .8  

0 , 1 6  M D2EHPA i n  kerosene -t- 4 W/Y % TBP 1 , 6  
- 
- 

1 . 9  

1 .3  

2 , 6  

2 - 0  

Aqueous P h a s e  C o n t i n u o u s  Dur ing  Mixing 

Kerosene 4 4 

0,l M DZEHPA i n  k e r o s e n e  - 1 . 3  

0,I M D2EHPA i n  k e r o s e n e  i- 1 . 5  w/v % 
caFryl alcohol >2 5 

0.1 - M D2EEIPA i n  k e r o s e n e  + 2 . 5  w/v % TBP 20 

$3 0 0,P - M DZEHPA i n  k e r o s e n e  + 2 , 5  w/v % DBBP 

0 .16  M DtEHPA i n  k e r o s e n e  + 4 w/v % TBP 2 0  
I 

1 

>2 5 

3 . 5  

>10 

-- 



A s  p o i n t e d  o u t  p r e v i o u s l y  ( C o n t i n u o u s  C o u n t e r c u r r e n t  
TesLsj s e v e r a J  s y n t h e t l c  l i q u o r s  and  s e v e r a l  p l a n t  l i q u o r s  
have g i v e n  good p h a s e  s e p a r a t i o n  w i t h  t h e  s y n e r g i s t i c  r e a g e n t s  
e v e n  when t h e  aqueous  p h a s e  w a s  c o n t i n u o u s  d u r i n g  m i x i n g .  
The poer s e p a r a t i o n  of s y n t h e t i c  l i q u o r  N o ,  '5'16, a f t e r  
a q u e o u s  c o n t i n u o u s  m i x i n g ,  is  a t t r i b u t e d  t o  t h e  h i g h  s i l i c a  
c o n t e n t ,  S i m i l a r i t y  i n  p e r f o r m a n c e  O P  t h i s  l i q u o r  and  t h e  
P l a n t  C l i q u o r  (Sample  E )  s h o u l d  n o t ,  however ,  be c o n s t r u e d  
a s  e v i d e n c e  t h a t  s i l i c a  i s  r e s p o n s i b l e  Ior  s l o w  phase  
s e p a r a t i o n  i n  t h e  l a t t e r  case ,  N o  c o r r e l a t i o n  h a s  been  found  
between t h e  si1 i ca  c o n c e n t r a t i o n  and  t h e  p h a s e  s e p a r a t i o n  
p r o p e r t i e s  of severa l  p l a n t  l i q u o r s ,  I t  i s ,  of cou1"se9 con-  
c e i v a b l e  t h a t  ari e f f e c t  from s i l i c a  migh t  depend upon i t s  
p h y s i c a l  s t a t e  ra ther  t h a n  i t s  c o n c e n t r a t i o n  l e v e l ,  Some 
f u r t h e r  a t t e n t i o n  may be g i v e n  t o  t h i s  p o s s i b i l i t y .  

E f f e c t  o f  S u r f a c t a n t s  

P r e l i m i n a r y  s t u d i e s  have  been  made of t h e  use o f  s u r f a c e  
a c t i v e  a g e n t s  to accelerate  t h e  r a t e  o f  p h a s e  s e p a r a t i o n  when 
t h e  l i q u o r  and  o r g a n i c  had  been  mixed u n d e r  a q u e o u s  p h a s e  
c o n t i n u o u s  c o n d i l i o n s ,  I n  i n i t i a l  tesLs a number of d i f f e r e n t  
t y p e s  of s u r f a c t a n t s  w e r e  examined  a t  a r e l a t i v e l y  h i g h  con-  
c e n t r a t i c l n  l e v e l  ( Z O O 0  ppm i n  t h e  l i q u o r ) ,  I t  was found  t h a t  
m o s t  b u t  n o t  a l l  o f  t h e  a n i o n i c  a g e n t s  i n c r e a s e d  t h e  r a t e  of 
p h a s e  s e p a r a t i o n  whereas  none of  t h e  c a t i o n i c  or  n o n i o n i c  
s u r f a c t a n t s  c a u s e d  a n y  s i g n i f i c a n t  improvement ,  a t  l ea s t  a t  
t h e  c o n c e n t r a t i o n  l e v e l  s t u d i e d ,  

The more p r o m i s i n g  a n i o n i c  a g e n t s  w e r e  n e x t  t e s t e d  a t  
lower c o n c e n t r a t i o n  l e v e l s  i n  t h e  I k q u o r ,  One of t h e s e ,  
Lomar  PW,* a p p e a r e d  o u t s t a n d i n g  i n  i t s  a b i l i t y  t o  p r e v e n t  o r  
b r e a k  e m u l s i o n s  a t  a l o w  c o n c e n t r a t x o n  level, The e f f e c t  of 
t h i s  r e a g e n t  on  khe p h a s e  s e p a r a t i o n  r a t e  when v a r i o u s  
o r g a n i c  s o l u t i o n s  were c o n t a c t e d  u n d e r  a q u e o u s  c o n t i n u o u s  
m i x i n g  c o n d i t i o n s  w i t h  s e v e r a l  p l a n t  C l q sand  l i q u o r s "  and  
w i t h  t h e  s y n t h e t i c  " h i g h  s i l i c a  l i q u o r "  is shown i n  T a b l e  3 2  
I n  e v e r y  case t h e  a d d i t i o n  o f  1,omar PW g r e a t l y  i n c r e a s e d  t h e  
r a t e  of p h a s e  s e p a r a t i o n , * *  I n  most i n s t a n c e s  a d d i t i o n  of a s  
l i t t l e  a s  2 0  p a r t s  o f  Lomar PW/mil l ion  p a s t s  o f  l i q u o r  w a s  
s u f f i c i e n t  t o  g i v e  a s a t i s f a c t o r i l y  r a p i d  s e p a r a t i o n  r a t e ,  
A t  t h i s  l o w  c o n c e n t r a t i o n  l e v e l  t h e  c o s t  of s u r f a c t a n t  a d d i t i o n  
w s u 1  d be almost n e g l i g i b l e  

*Lomar PW is t h e  sodium s a l t  of eondensed  mono-naphtha lene  
s u l f o n i c  a c i d ,  a v a i l a b l e  from J a c q u e s  Wolf and  Co- a t  a p p r o x i -  
m a t e l y  l6g!/lb,  

**A s i n g l e  t e s t  w a s  made on t h e  P l a n t  C (Sample  1 7 )  l i q u o r  w i t h  
2 5  ppm Lomar PW and  w i t h  o r g a n i c  c o n t i n u o u s  m i x i n g ,  The s o l -  
v e n t  was 0 , 1 6  M DZEHPA 3- f i ~ B T - ? - n T e r o s e n u .  I n  t h i s  
case t h e  p h a s e - - s e p a r a t i o n  r a t e s  a l - r e a d y  r a p i d ,  r e m a i n e d  
u n a f f e c t e d  I 



T a b l e  3 2  

EFFECT OF A D D I T I O N  OF LOMAR PW ON PHASE SEPARATION RATE 

UNDER AQUEOUS CONTINUOUS M I X I N G  CONDITIONS 

P h a s e  S e p a r a t i o n  T i m e  i n  Minu tes  
0 . 1  ?I- D2ERPA 0 . 1  & D2EHPA O,B - M DZEHPA 0 . 1 6  DZEHPA 

i n  Kerosene  
PPN* 

Lomar 
PW 

Added 

None 
1 0  
20 

1 0 0  
200 

None 
1 0  
2 0  
5 0  

None 
1 0  
2 0  
50 

None 
1 0  
20 
50 

None 
1 0  
2 0  
50  

- 
i n  Kerosene  i n  Kerosene  i n  Kerosene  

+ 2 . 5  w/v % 
TBP 

2 0  
-- 

2 . 5  -- 
-- 

4- 1.5 w/v qg 
C a p r y l  A I - c ,  

+ 2 . 5  w/v % 
DBBP 

> 3 0  

l o  
-- 
-- 
-- 

+ 4 w/v %I 

TBP 

20 
2 . 8  
1 . 5  
1 .5  
1 . 5  

>44 
3 
0 , 8  
0 . 5  

8 
1 , 3  
1 . 3  
1 . 3  

> 2 0  
5 
1 
0.5 

10 
1 . 3  
1 , 3  
1 . 3  

-- -- 

L i q u o r  

P l a n t  C (Sample  E )  
I 1  

1 1  

I 7  

I ?  

Kerosene  

4 > 25 

P l a n t  C (Sample  1 7 )  
1% 

? I  

I? 

P l a n t  C (Sample  1 8 )  
t ?  

11 

I? 

P l a n t  C (Sample  1 9 )  
I I  

?I 

I ?  

P l a n t  C (Sample  2 0 )  
?I 

?I 

? t  

S y n t h e t i c  L i q u o r  1576 None 
20 ?t  

2 2 5  
0 . 5  

4 
1 

3 - 5  
-- 

* P a r t s  o f  Lomar PW/mil l ion p a r t s  of l i q u o r ,  
Mixing  C o n d i t i o n s :  Aqueous p h a s e  c o n t i n u o u s  (see p. 7 6 ) .  



- 82" - 

R e s u l t s  from some p r e l i m i n a r y  c a s c a d e  tests i n d i c a t e d  
t h a t  most o f  t h e  Lomar  PY rema ined  i n  t h e  aqueous  phase  when 
i t  w a s  c o n t a c t e d  w i t h  t h e  o r g a n i c  and  t h u s  s h o u l d  be almost 
c o m p l e t e l y  e x p e l l e d  from t h e  e x t r a c t i o n  s y s t e m  w i t h  t h e  
r a f f i n a t e .  O t h e r  t e s t s  showed L o m a r  PW t o  be r e l a t i v e l y  
s t a b l e  i n  P l a n t  C "sand  l i q u o r , "  m a i n t a i n i n g  i t s  e f f e c t i v e -  
n e s s  e v e n  a f t e r  t w e n t y - f o u r  h o u r s  s t a n d i n g .  

C o n t i n u o u s  C o u n t e r c u r r e n t  T e s t s  w i t h  L o m a r  PW S u r f a c t a n t  

To s t u d y  t h e  per formai ice  o f  L o m a r  PW u n d e r  c o n t i n u o u s  
c o u n t e r c u r r e n t  e x t r a c t i o n  c o n d i t i o n s  a s i n g l e  r u n  h a s  been  
made t h u s  f a r  u s i n g  0 . 1 6  M DZEHPA i n  k e r o s e n e  + 4 w/v % TBP 
a s  e x t r a c t i o n  a g e n t  t o  r e c o v e r  u ran ium f rom P l a n t  C " sand  
l i q u o r "  (Sample  1 7 ) .  ( A s  shown i n  Table 3 2 ,  t h i s  l i q u o r -  
o r g a n i c  c o m b i n a t i o n  formed a semi-s table  e m u l s i o n ,  i - e * ,  
s e p a r a t i o n  t i m e  >44 m i n u t e s ,  i n  b a t c h  tests c o n d u c t e d  u n d e r  
a q u e o u s  c o n t i n u o u s  m i x i n g  c o n d i t i o n s  when no Lomar PW was 
p r e s e n t . )  P r i o r  t o  e x t r a c t i o n  t h e  l i q u o r  w a s  d o s e d  w i t h  
3 0  ppm Lomar  PW. A mixer - se t t l e r  s y s t e m  employ ing  f o u r  
e x t r a c t i o n  and  t h r e e  s t r i p p i n g  s t ages  ( 10% Na,CO, ) w a s  
u t  i l  i z e d  

A l t h o u g h  aqueous  c o n t i n u o u s  c o n d i t i o n s  were m a i n t a i n e d  
i n  t h e  e x t r a c t i o n  mixers ,  e m u l s i o n  d i f f i c u l t i e s  were n o t  
e x p e r i e n c e d  o v e r  a p e r i o d  o f  f i f t e e n  h o u r s  o p e r a t i o n  (-5.5 
c o m p l e t e  o r g a n i c  c y c l e s ) ,  I t  was n o t e d  t h a t  e n t r a i n m e n t  of 
o r g a n i c  i n  t h e  r a f f i n a t e  w a s  a p p r e c i a b l y  h i g h e r  t h a n  had 
p r e v i o u s l y  b e e n  o b s e r v e d  i n  s e v e r a l  o t h e r  c o u n t e r c u r r e n t  
tests of t h e  Dapex p r o c e s s ,  However,  a f t e r  s t a n d i n g  one  h o u r  
most of t h e  e n t r a i n e d  o r g a n i c  had s e p a r a t e d  and  c o u l d  be 
r e c o v e r e d  

. 

A n a l y t i c a l  d a t a  a re  n o t  y e t  s u f f i c i e n t l y  c o m p l e t e  t o  
d e f i n i t e l y  show w h e t h e r  o r  n o t  t h e  p r e s e n c e  o f  Lomar PW 
i n f l u e n c e d  u ran ium e x t r a c t i o n  e f f i c i e n c y ,  F u r t h e r  tests 
w i t h  t h i s  r e a g e n t ,  and  p o s s i b l y  o t h e r  s u r f a c t a n t s ,  w i l l  b e  
made e 
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COMPARISON OF URANIUM EXTRACTION ABILITY 

OF SEVERAL ALKYLPHOSPHORIC ACIDS 

I n  ORNL-1903 ( A p p e n d i x  C ) ,  comparisons w e r e  r e p o r t e d  of 
u r a n i u m  e x t r a c t i o n  by s e v e r a l  monoa lky l -  a n d  s e v e r a l  d i a l k y l -  
phosphoric ac ids ,  T h e s e  tes ts  have  b e e n  c o n t i n u e d ,  w i t h  t h e  
r e s u P t s  summarized in T a b l e  33.  The estimates of r e a g e n t  
p u r i t y  g i v e n  i n  ORNL-1903 ( p a  108 fP, p .  117)  a p p l y  also t o  
t h e  tests reposted here. 

The v a r i a t i o n  o f  uranium e x t r a c t i o n  a b d P i t y  w i t h  t y p e  of 
aqueous p h a s e  a n i o n ,  its c o n c e n t r a t i o n ,  a n d  s o l u t i o n  pH$ 
followed the same p a t t e r n s  found p r e v i o u s l y .  T h a t  is, t h e  
e x t r a c t i o n s  increased with i n c r e a s e d  pH a n d  decreased w i t h  
increased c o n c e n t r a t i o n  of s u l f a t e  or p h o s p h a t e ,  p h o s p h a t e  
f m p a i r P n g  %be e x t r a c t i o n  much more t h a n  s u l f a t e ,  

A s  b e f o r e ,  eomparisons were made w i t h  b o t h  c a r b o n  tetra- 
chloride and k e r o s e n e  a s  diluents - c a r b o n  t e t r a c h l o r i d e  
b e c a u s e  i t  h a s  b e e n  t h e  m o s t  general ly  useful d f l u e n t  i n  the 
c o m p a r i s o n  of a w i d e  r a n g e  of r e a g e n t s d  a n d  k e r o s e n e  b e c a u s e  
f t  is t h e  d i l u e n t  of c h o i c e  for process a p p l i c a t i o n  when i t  
can be u s e d .  The e x t r a c t i o n  by t h e  d x a l k y l p h o s p h o r i c  a c i d s  
w a s  g e n e r a l l y  much b e t t e r  i n  k e r o s e n e  t h a n  in. carbon t e t ra -  
c h l o r i d e ,  a n d  v a r i e d  i n  a b o u t  t h e  same way with Teagent 
s t r u c i u r e  i n  b o t h  dilaments (cf, Figure 8 ) .  T h r o u g h o u t ,  
e x t r a c t i o n s  by t h e  m o n o a l k y l r e a g e n t s  w e r e  much higher t h a n  
by the c o r r e s p o n d i n g  d i a l k y l  r e a g e n t s .  The r e l a t i v e  extrac- 
tions by the monoalkyl reagents differed Pese be tween  t h e  
t w o  d i l u e n t s ,  a n d  w h i l e  kerosene was a l i t t l e  better for t h e  
diisobutglmethyl compound, carbon t e t r a c h l o r i d e  was a l i t t l e  
better f o r  t h e  3,S,S-t1- imethglhexyL a n d  Z - e t h y l h e x y l  compounds. 
However,  it c a n n o t  be assumed t h a t  t h e  differences i n  e x t r a c -  
t i o n  S ~ Q W ~  by t h e  differenat monoalllay1 reagents r e f l e c t  
exac~lg their relative c o m p l e x i n g  powers %or u r a n i u m ,  
B e s i d e s  some uncerzainty .in p u r i t y  d i s c u s s e d  p r e v i o u s l y ,  it 
shou ld  be  n o t e d  that much l a r g e r  c o n c e n t r a t i o n s  sf the  mono- 
octy l l  and  -nonyl  r e a g e n t s  t h a n  of the corresponding d i a l k y l  
r e a g e n t s  d i s t r i b u t e  t o  t h e  a q u e o u s  phase ( e o g o D  1 t0 5 g p e r  
l i t e r  of 0,4 M p h o s p h a t e  s o l u t i o n ,  or .+-O.CIl 0 . 0 2  M, erom 
0.1 M organic-solutions, T a b l e  34 ;  cf, Appendix  C j 0  -!This can 
decrzase s i g n i f i c a n t l y  t h e  a c t u a l  c E Y c e n t r a t i o n  of r e a g e n t  in 
t h e  organic phase ,  and i t  a l s o  probably i n t r o d u c e s  competi- 
t i o n  ~f uaklnswn magnitude by complexhg soae uranium in t h e  
aquaous  p h a s e  

The effect o f  alcohol QIB uranium e x t r a c t a s e  by the  mono- 
dodecyl- and ~onotetsadecylphosph~~~c acids was f o u n d  &ca be 
sxml.lar $E n a t u r e  a n d  magniFude t o  t h e  e f fec t  on e x s r a c t l o n  
by d i a l k y l p h o s p h o r i c  a@ids . i1r28  Addition of 5 w/v % ( 0 , 2 7  - MI 
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Table 33 (Cont'd.) 

COMPARISON OF URANIUM EXTRACTION ABILITY OF SOME ALKULPMOSPHORTC ACIDS 

Notes for Table 33: __ -__l____n____ - 
1 0  Minutes agitation by wrist-action shaker (except as noted) room temperature 
P : l O .  

Precipitation ( ? )  40% of uranium removed from aqueous phase. 

Precipitation, 65% of uranium removed from aqueous phase, O03% found in organic 
phase 

Same coefficient found after 1 hour agitation, 

Agitation by 30 minutes gentle rolling. 

Same coefficient found by 30 minutes rolling, 10 minutes shaking, 80 hours 
shaking. 

Dodecyl = 2,6,8-tsimethylnonyl-4. 

Texradecyl = 2-methyl-7-ethylundecyl-4, 
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E X T R A C T I O N  A B I L I T Y  OF DIALKYLPWOSPHORIC A C I D S  V S .  R E L A T I V E  A C I D  STRENGTH 

Aa Ceous Phase  

0 . 5  s o 4 ,  pH 1 

0 . 1  D i a l k y l p h o s p h o r i c  Acid 
In K e r o s e n e  I n  C C l ,  

_I 

- - - .._ [I--- -b 
1 . 5  M S O , ,  p H  1 -___ 
0 . 4  I M PO, ,  pH 1 . 2  A 
1 . 4  M P O 4 ,  p H  1 + 
1 . 4  M PO, 9 VH 1. .+ __....._ 
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2,6,8-trimethylnonanol-4 t o  0 . 1  M m o n o - 2 , 6 , 8 - t f f i ~ e t h y l n o n y l -  
4 - p h o s p h o r i c  a c i d  i n  k e r o s e n e  d e F r e s s e d  t h e  u ran ium e x t r a c t i o n  
c o e f f i c i e n t  ( E 2  o u t  o f  0 . 5  M s u l f a t e  s o l u t i o n  a t  pH 1) f rom 
6 5 0  ( T a b l e  3 3 )  t o  4 0 ,  a n d  a z d i t i o n  o f  5 w/v '% ( 0 . 2 3  M )  2- 
m e t h y l - ' 7 - e t h y l u n d e c a n o l - 4  t o  0 . 1  M mono-2-methyl-7-eThyl- 
u n d e e y l - 4 - p h o s p h o r i c  ac id  d e p r e s s z d  E 8  from 6 0 0  t o  40, The 
same a d d i t i o n s  of a l c o h o l  d e p r e s s e d  E 8  o u t  o f  1,s M s u l f u r i c  
a c i d  s o l u t i o n  by b o t h  r e a g e n t s  f rom a b o u t  7 t o  aboGt 0 . 3 ,  
B o t h  r e a g e n t s ,  w i t h o u t  t h e  d e l i b e r a t e  a d d i t i o n  o f  a l c o h o l ,  
a r e  e s t i m a t e d  t o  c o n t a i n  a b o u t  0 . 0 0 5  M a l c o h o l  i n  t h e  0 . 1  M 
r e a g e n t  s o l u t i o n s ,  o r i g i n a t i n g  from r - s i d n a l  u n r e a c t e d  
alcohol r e m a i n i n g  i n  t h e  r e a g e n t s .  

- 

It was p r e v i o u s l y  n o t e d  t h a t  t h e  u r a n i u m  e x t n - a c t i o n  
powers  of  t h e  d i a l k y l p h o s p h o r i c  a c i d s  t e s t e d  d e c r e a s e d  w i t h  
d e c r e a s i n g  r e l a t i v e  a c i d  s t r e n g t h ,  wh ich  i n  t u r n  d e c r e a s e d  
with i n c r e a s i n g  s e v e r i t y  of b r a n c h i n g ,  The d a t a  p r e v i o u s l y  
p r e s e n t e d  w e r e  f o r  e x t r a c t i o n s  f rom 0 , 5  M s u l f a t e  s o l u t i o n  
i n t o  c a r b o n  t e t r a c h l o r i d e  s o l l i t i o n  (ORNL=l?O3 p .  1 2 1 )  e With 
t h e  e x c e p t i o n  o f  e x t r a c t i o n  f rom t h e  1 . 4  M p h o s p h a t e  s o l u t i o n s  
by  bis(diisobutylmeQhy1)phosphoric a c i d  in c a r b o n  t e t r a -  
c h l o r i d e ,  t h e  same r e l a t i o n s h i p  is f o u n d  t o  h o l d  f o r  a l l  t h e  
e x t r a c t i o n s  l i s t e d  i n  T a b l e  3 3 . *  T h i s  i s  i l l u s t r a t e d  i n  
F i g u r e  8 by t h e  c l o s e  s i m i l a r i t y  o f  a l l  t h e  c u r v e s ,  w i t h  t h e  
e x c e p t i o n  j u s t  m e n t i o n e d ,  ( H e r e  a s  p r e v i o u s l y ,  ''pKAF' is t h e  
measu red  a p p a r e n t  pH a t  h a l f - n e u t r a l i z a t i o n  xn t h e  75-25 
e t h a n o l - w a t e r  m i x t u r e  u s e d  a s  t h e  t i t r a t i o n  medium.) 

Rzlatively h i g h e r  e x t r a c t i o n  by b i s ~ d i i s o b u t y l m e t h y 1 ) -  
p h o s p h o r i c  a c i d  f rom p h o s p h a t e  s o l u t i o n  is a g a i n  shown,  a n d  
t o  a g r e a t e r  d e g r e e ,  i n  e x t r a c t i o n s  from p h o s p h o r i c  a c i d  
s o l u t i o n s  ( T a b l e  3 5 )  e These  e x t r a c t i o n  c o e f f i c i e n t s  f o r  
uraniumfvl) by t h e  d i a l k y l  r e a g e n t s ,  i f  p l o t t e d  on t h e  same 
axes a s  F i g u r e  8 ,  w i l l  f o l l o w  c u r v e s  f a i r l y  similar  t o  t h o s e  
shown f o r  t h e  1 , 4  M p h o s p h a t e  s o l u t i o n s  w i t h  c a r b o n  t e t r a -  
c h l o r i d e ,  E x t r a c t i o n s  of u ran ium(  I V )  w e r e  l o w e r  t h a n  of 
u ran ium(V1)  by t h e  3 , 5 , 5 - t r i m e t h y l h e x y l  a n d  t h e  2 - e t h y l h e x y l  
r e a g e n t s ,  a n d  a l l  of t h e s e  w e r e  too l o w  f o r  o t h e r  t h a n  
a c a d e m i c  i n t e r e s t .  I n  s u r p r i s i n g  c o n t r a s t ,  the e x t r a c t i o n  
of u r a n i u m (  I V )  by t h e  d i i s o b u t y l m e t h y l  r e a g e n t  was found  t o  be 
orders of m a g n i t u d e  h i g h e r .  P r e l i m i n a r y  r e s u l t s  a l s o  s u g g e s t  
t h a t  s y n e r g i s t i c  r e a g e n t  c o m b i n a t i o n s  may g i v e  a d d i t i o n a l  
e x t r a c t i o n  power f o r  u r a n i u m (  I V )  f rom these p h o s p h o r i c  a c i d  
s o l u t i o n s ,  The e x t r a c t i o n  c o e f f i c i e n t s  f o u n d  a p p r o a c h  a l e v e l  
which suggests p o s s i b l e  a p p l i c a t i o n  t o  coinmercial w e t  p r o c e s s  
p h o s p h o r i c  a c i d ,  F u r t h e r  i n v e s t i g a t i o n  will b e  wade o f  t h e  
e x t r a c t i o n  b e h a v i o r  of t h e  p u r e  a l k y l p h o s p h o r i c  a c i d s  f r o m  
such s o P u t  i o n s  

*Amother l a b o r a t o r y  h a s  r e c e n t l y  r e p o r t e d (  lo)  a h i g h e r  o r d e r  
of m a g n i t u d e  o f  u ran ium e x t r a c t i o n  c o e f f i c i e n t  f rom s u l f a t e  
s o l u t i o n  by b i s (  diisobutylmethy1)phosphoric a c i d ,  i..e. E g ( U )  - 6 0 0  from 0 , 7 6  M s u l f a t e  s o l u t i o n  a t  pH 1 by 0 . 1  M r e a g e n t  
in k e r o s e n e ,  No-estimate of t h e  r e a g e n t  p u r i t y  waz g i v e n  in 
t h e  r e p o r t ,  

- -PI- -..- 



T a b l e  3 5  

URANIUM EXTRACTION FROM PHOSPHORIC A C I D  SOLUTIONS -- I_. 

Organic: 0 , 2 5  M Dialkylpbosphoric acid in kerosene. 

Ad~reous ,  0 .0004  M uranium, Phase R a t i o )  aqueous /o rgan ic  = 1 

- 
- 

T e n  minutes agitation i n  wrist-action shaker at room temperature, 

Uranium 
Extraction Coefficient E 8  
3.3 H,PO* 5 , 3  & H,P04 

Dialkylphosphosic Acid Batch No. U (  IV) U( V I )  U( I V )  U ( V I )  

3,5,5-Trimethylhexyl 165 0.2 1 , 7  0 - 0 2  0.1 

2 -E thy lhexy 1 3 03 0-01 0,4 0.001 <O,Ol 

Diisobutylmethyl 3 14 25 0 - 7  4 0.06  

1t  11 p l u s  0.1 h! Bu,PO 6 0  9 4 0.7 - 
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APPENDIX A 

DESIGN ANI) OPERATION OF BENCH SCALE EQUIPMENT - 

I n  F i g u r e  A - 1  a n  i d e a l i z e d  c o u n t e r c u r r e n t  e x t r a c t i o n -  
s t r i p p i n g  c i r c u i t  is i l l u s t r a t e d .  For p u r p o s e s  o f  d i s c u s s i o n ,  
t h r e e  s tages  o f  e x t r a c t i o n  a n d  t w o  of s t r i p p i n g  a r e  shown. 
I n  F i g u r e  A - 2  t h e  same c i r c u i t  is p r e s e n t e d  w i t h  a l l  t h e  
a p p a r a t u s  p o s i t i o n e d  a p p r o x i m a t e l y  a s  i t  would be mounted o n  
zi racku M i x e r - s e t t l e r  u n a t s  are  employed for c o n t a c t i n g  t h e  
phases . .  The a q u e ~ u s  is a l l o w e d  t o  f l o w  f rom s t a g e  t o  s t a g e  
by gravity w h i l e  t h e  o r g a n i c  is advanced  by pumps where  
flecessary, Rotameters are  u s e d  t o  m o n i t o r  t h e  flow of a q u e o u s  
SQlUthOnS i n t o  t h e  s y s t e m t n ,  The f l o w  o f  o r g a n i c  w i t h i n  t h e  
s y s t e m  is r e g u l a t e d  by a d j u s t i n g  t h e  pump f e e d i n g  o r g a n i c  t o  
t h e  e x t r a c t i o n  s y s t e m  t o  g i v e  t h e  d e s i r e d  f l o w  a n d  s e t t i n g  
t h e  o t h e r  pumps s l i g h t l y  f a s t e r  t o  a d v a n c e  a l l  of t h e  o r g a n i c  
t h a t  comes t o  them.  When i t  is  d e s i r e d  t o  o p e r a t e  with t h e  
o r g a n i c  p h a s e  c o n t i n u o u s  i n  t h e  mixers, a n  a d d i t i o n a l  pump i s  
p r o v i d e d  for e a c h  e x t r a c t i o n  s tage  t o  g i v e  i n t r a - s t a g e  r e c y c l e  
of o r g a n i c  from t h e  s e t t l e r  t o  t h e  mixer (see F i g u r e  A - 8 ) .  

I n  F i g u r e s  A - 3  t h r o u g h  A - 7  t h e  i n d i v i d u a l  p i e c e s  of 
equapment  a r e  s k e t c h e d ,  A list o f  t h e  e q u i p m e n t  u s e d  a n d  t h e  
S a u r c e  of s p e c i a l  i t e m s  is also i n c l u d e d  ( T a b l e  A - 1 1 1 ~  F i g u r e  
A - 8  shows a s i n g l e  stages c o n n e c t e d  w i t h  t u b i n g  a n d  r e a d y  f o r  
o p e r a t i o n .  T h e  o p e r a t i o n  of t h e  g r a v i t y  l e g  is i n d i c a t e d ,  
T h i s  d e s i g n *  of a mitier ( u n d e r f e e d - o w e ~ - f l o w )  is f e l t  t o  be 
a d v a n t a g e o u s  s i n c e  s h o r t  c i r c u i t i n g  is minimj-zed a n d  no  
p o s : : i b i l i t y  o f  back  n i x i n g  e x i s t s ,  A l s o ,  s i n c e  t h e  se t t le rs  
a re  i s o l a t e d  from t h e  mixers, t h e  system may be  s a m p l e d  at 
l e i s u r e  a f t e r  shu t -down  t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  
S,hroughout t h e  c i r c u i t .  I n  t h e  d e s i g n  u s e d  i n  the i n i t i a l  
t e s t s  (a t o p  f e e d ,  b o t t o m  o u t l e t  m i x e r )  the se t t l e r s  w e r e  no t  
i s o l a t e d  f rom t h e  m i x e r s  a n d  s t a g e  s a m p l e s  had  t o  be w i t h -  
drawn w h i l e  o p e r a t i n g .  U n l e s s  care is takern i n  w i t h d r a w i n g  
t h e  s a m p l e s  the e q u i l i b r i u m  of t h e  s y s t e m  can be d i s t u r b e d ,  
a n d  s a m p l e s  n o t  c o m p l e t e l y  r e p r e s e n t a t i v e  of st::acay S L E  Le 
o p e r a t i o n  c a n  be o b t a i n e d .  I n  many o f  t h e  tests 2 5 C  ;il 

i n s t e a d  of 5 0 0  m l  se t t l e r s  w e r e  u s e d  where  t h e y  p r o v i d e d  
S ’ u f I i c i e n t  s e t t l i n g  t i m e .  The u s e  of t h e s e  settlers h e l p e d  t o  
r e d u c e  t h e  o r g a n i c  h o l d u p  i n  t h e  s y s t e m -  

When t h e  e q u i p m e n t  h a s  b e e n  a s s e m b l e d  as  shown,  t h e  
f o l l o w i n g  s t e p s  a r e  c a r r i e d  o u t  t o  s e t  fC i n  o p e r a t i o n .  I n t o  
e a c h  mixe r - se t t l e r  compar tment  t h e  o r g a n i c  a n d  a q u e o u s  a re  
p l a c e d  n n  t h e  a p p r o x i m a t e  p r o p o r t i o n s  wh ich  w i l l  be p r e s e n t  

... 

*Recommended by t h e  P r o c e s s  T e s t  S e c t i o n  of t h i s  D i v i s i o n ,  
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<A 
MIXER ( T - 2 )  
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T a b l e  A - 1  

EQUIPMENT 

Equipment  Number 
N o  I) R e q u i r e d  D e s c r i p t i o n  S i z e  

T-1 1 Feed l i q u o r  c o n t a i n e r  1 2  gal c a r b o y  

__D 

T-2 5 Mixers ( see  F i g u r e  A - 3 )  

T-3 5 S e t t l e r s  ( see  F i g u r e  A-4) 

T-4 1 R e s e r v o i r  (see F i g u r e  A - 5 )  

T-5 1 Feed s t r i p  s o l u t i o n  c o n t a i n e r  

T-6 1 T r a p  (see F i g u r e  A - 6 )  

T-7 2 R a f f i n a t e  col lector  

T-8 1 P r e g n a n t  s t r i p  r e c e i v e r  

T-2 -A 5 Agi ta tors  ( see  F i g u r e  A - 7 )  

T-2-B 5 Elbows (see F i g u r e  A - 7 )  

T-3 -A 5 G r a v i t y  l e g  o v e r f l o w  t u b e  
(see F i g u r e  A - 5 )  

F-1 2 Rotameter 

€3-1 4 Corson-Cerveny m i c r o b e l l o w s  pumps 
(Model  1 0 0 0 ,  Type C ,  3/4" x 3" 
bel lows,  R e s e a r c h  A p p l i a n c e  Co. ) 

3 , 5  gal carboy 

5 ga l  c a r b o y  

4 1. b o t t l e  

M - 1  5 S t i r r i n g  motor ( v a r i a b l e  s p e e d ,  
F i s h e r  C a t .  N o .  14-499) 



- 1 0 2  - 

d u r i n g  o p e r a t i o n .  Then t h e  s t i r r i n g  m o t o r s ,  pumps, and  
a q u e o u s  f e e d s  a r e  s t a r t e d .  The i n t e r f a c e  i n  t h e  s e t t l e r s  is 
m a i n t a i n e d  a t  t h e  d e s i r e d  l e v e l  by a d j u s t m e n t  o f  t h e  g r a v i t y  
l e g s ,  If t h e  m i x e r s  are t o  be o p e r a t e d  o r g a n i c  c o n t i n u o u s ,  
a d i f f e r e n t  s t a r t - u p  p r o c e d u r e  is f o l l o w e d ,  The se t t le rs  are 
f i l l e d  a s  b e f o r e  b u t  t h e  m i x e r s  a r e  f i l l e d  w i t h  o r g a n i c  o n l y ,  
Then  t h e  s t i r r i n g  motors, pumps, and  f i n a l l y  a q u e o u s  f e e d s  
a re  s t a r t e d .  T h i s  p r o c e d u r e  is e s s e n t i a 1 , t o  i n s u r e  t h a t  
o r g a n i c  c o n t i n u o u s  c o n d i t i o n s  r e s u l t .  

T o  s h u t  down t h e  a p p a r a t u s ,  f i r s t  t h e  a q u e o u s  a n d  
o r g a n i c  f e e d s  i n t o  t h e  s y s t e m ,  t h e n  t h e  i n t e r - s t a g e  o r g a n i c  
pumps ( a n d  t h e  o r g a n i c  r e c y c l e  pumps i f  i n  u s e ) ,  a n d  f i n a l l y  
t h e  s t i r r i n g  m o t o r s  a re  s t o p p e d ,  

D u r i n g  o p e r a t i o n  t h e  a g i t a t o r s  are r u n  a t  a s p e e d  
s u f f i c i e n t  t o  g i v e  good s t a g e  e f f i c i e n c i e s ,  i , e , ,  g r e a t e r  
t h a n  90%.  The s t a g e  e f f i c i e n c y  is d e t e r m i n e d  by w i t h d r a w i n g  
s a m p l e s  of b o t h  p h a s e s  from t h e  s e t t l e r  a n d  r e c o n t a c t i n g  them 
( a t  a p h a s e  r a t i o  c o r r e s p o n d i n g  t o  t h e  f e e d  r a t i o )  v i g o r o u s l y  
i n  a s e p a r a t o r y  f u n n e l .  The u ran ium d i s t r i b u t i o n  i n  t h i s  
s a m p l e ,  wh ich  is  assumed t o  b e  n e a r  t h e  p o i n t  of maximum 
u r a n j u m  e x t r a c t i o n , *  is  t h e n  compared w i t h  t h e  d i s t r i b u t i o n  
i n  t h e  s e t t l e r  t o  g i v e  t h e  a p p r o x i m a t e  s tage  e f f i c i e n c y .  For 
t h e  equ ipmen t  d e s c r i b e d  i n  F i g u r e s  A - 3  t o  A - 8  and  t h e  f l o w  
r a t e s  g e n e r a l l y  employed (-100 m l  aqueous /min )  m i x i n g  
s p e e d s  of 800-1000 R . P . M .  h a v e  p r o v e d  a d e ' q u a t e .  

+ E q u i l i b r i u m ,  of course,  is n o t  r e a c h e d  s i n c e  t h e  e x t r a c t i o n  
of c e r t a i n  c o n t a m i n a n t s  s u c h  as f e r r i c  i r o n  a n d  aluminum is 
v e r y  s l . o w .  Hence p r o l o n g e d  c o n t a c t  t i m e s  s h o u l d  be  a v o i d e d  
t o  p r e v e n t  e x t r a c t i o n  of c o n t a m i n a n t s  i n  amounts  s u f f i c i e n t  
to i m p a i r  u ran ium e x t r a c t i o n .  
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APPENDIX B 

REAGENT CONSUMPTION AND CONCENTRATION LIMITS 

IN SODIUM CARBONATE STRIPPING 

As described previously, sodium carbonate is consumed 
d u r i n g  stripping by (1) conversion of the uranyl dialkylphos- 
pbate complex to sodium uranyl tricarbonate and sodium 
dialkylphosphate, and (2) neutralization of any uncomplexed 
dialkylphosphoric acid to form additional sodium dialkylphos- 
phate, The chemical equations describing these reactions 
(equations 5 and 6 ,  ORNL-1903) permit calculation of the 
minimum (stoichiometric) sodium carbonate requirement for 
slrfppiag uranium from any given pregnant organic extract, 
Although such calculations are simple and straight-forward, 
they are somewhat inconvenient for evaluating sodium carbonate 
consumptions over ranges of process conditions. Accordingly, 
calculated sodium carbonate consumption data have been 
summarized graphically in Figure B - 1 .  Here the sodium 
carbonate consumption (lb Na,CO3/1b U,O, left ordinate) is 
related directly to the uranium concentration obtained in the 
pregnant organic extract, Variations of dialkylphosphoric 
acid concentration and of the amount of excess sodium 
carbonate allowed Over the stoichiometric minimum are 
included as families of curvesI whose shape and spacing is 
sufficiently uniform to permit ready interpolation when 
required 

Besides estimation of the total amount of sodium 
carbonate required, choice of the concentration at which it 
is to be used  for  stripping can also be important. It is 
advisable, for example, to avoid exceeding the solubility 
limit of sodium uranyl tricarbonate in the final solution,* 
and that solubility limit is lower in the resence of other 
sodium salts including sodium carbonate. f 8 E  Thus, for a 
particular combination of pregnant organic extract) organic: 
aqueous phase ratio, and percent excess sodium carbonate 
allowed, there is a concentration of sodium carbonate strip 
solution which can completely strip the uranium to produce an 
aqueous s o l u t i o n  just saturated with respect to uranium, Use 
of any higher sodium carbonate Concentration might result in 
precipitation of uranium; if precipitation were then prevented 
by using a larger volume of the sodium carbonate solution 

*Metastable sodium uranyl tricarbonate solutions at higher 
than t h e  stable solubility limit are obtained under some con- 
ditions, and hence it might be possible f o r  carbonate strip 
solutions to be loaded beyond t he  limits considered in the 
present calculations. 
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( s t i l l  a t  t h e  h i g h e r  c o n c e n t r a t i o n )  the  n e t  r e s u l t  would be 
t h e  less e f f e c t i v e  u t i l i z a t i o q  of s o d l w  c a r b o n a t e ,  Ca lcu -  
l a ted  v a l u e s  of this upper limit of i n i t i a l  sudium c a r b o n a t e  
concentrat ion are  also shown i n  F i g u r e  B-1 (w/v '$& Na,CO, 
s i g h %  o r d i n a t e )  a g a i n s t  t h e  s a m e  abscissa, C u r v e s  are g i v e n  
for s e v e r a l  d i a l k y l p h o s p h s r i c  a c i d  c o n c e n t r a t i o n s ,  and  f n t e r -  
p o l a t i s n  c a n  be r e a d i l y  made t o  i n t e r m e d i a t e  c o n c e n t r a t i o n s ,  
V a r i a t i o n  of the pe.scen% excess sodium c a r b o n a t e  a l lowed is 
n o t  shown h e r e .  A c t u a l l y ,  t h e  excess allowed does have  some 
e f f e c t  on t h e  c o n c e n t r a t i o n  l i m i t ,  b u t  n o t  s o  much a s  t o  
demand c o n s i d e r a t i o n ,  The curves p l o t t e d  are 9vsafe" v a l u e s ,  
c a l c u l a t e d  at t h e  p e r c e n t  excess (-10-20%) which  set  the 
lowest limitv 

I n  a d d i t i o n  t o  material b a l a n c e s  and  sodium u r a n y l  t r f -  
c a r b o n a t e  s o l u b i l i t y  d a t a ,  t h e  f o r e g o i n g  c a l c u l a t i o n s  r e q u i r e d  
consideration of the c h a n g e  in aqueous v s l u m e  r e s u l t i n g  from 
t r a n s f e r  ~f water t o  t h e  organic p h a s e  when t h e  sodium d i a l k y l -  
p h o s p h a t e  is formed (see s e e t i o n  on S t r i p p i n g ) ,  As shown i n  
Table 1 5 ,  this volume c h a n g e  a p p e a r s  to v a r y  somewhat when 
d i f f e r e n t  m o d i f i e r s  are a d d e d ,  The cu rves  i n  F i g u r e  B-l w e r e  
c a l c u l a t e d  on bas i s  of the  volume changes f o u n d  with d i ( 2 -  
e t h y l h e x y l j p h o s p h o r i c  a c i d  i n  k e r o s e n e  m o d i f i e d  w i t h  2 w/v % 
2 - e t h y l b e x a n o l .  Some d i f f e r e n c e s  c a n  be e x p e c t e d  with o t h e r  
t y p e s  and c o n c e n t r a t i o n s  of m o d i f i e r s ,  b u t  p r o b a b l y  n o t  enough 
to make a s e r i o u s  s h k f t  f rom the c u r v e s  as shown,  

The f i n a l  aqueous uranium c o n ~ e n - t r a t i ~ n  to be e x p e c t e d  
in t h e  s t r i p  s o l u t i o n  e n t e r e d  I n t o  t h e  c a l c u l a t i o n s  f o r  
Figure B-1 ,  but  i t  is n o t  readtly o b t a i n a b l e  f rom t h e  
r e s u l t i n g  c u r v e s ,  (If t h e r e  w e r e  80 aqueous v~lugne c h a n g e ,  
t h e  f i n a l  aqueous uranium c o n c e n t r a t r o n  would of c o u r s e  be 
o b t a i n e d  d i r e c t l y  from t h e  o r g a n i c  uranaum c o n c e n t r a t i o n  a n d  
t h e  p h a s e  ratios or from the l b  Na,CQ9,kfb  U 3 0 ,  a n d  t h e  w/v % 
Na,CO, used,) The p h a s e  volume r a t i o ,  srganic:aqueous 
( i n i t i a l ) ,  r e q u i r e d  for a p a r t i c u l a r  set of c o n d i t i o n s ,  is 
r e a d i l y  o b t a i n e d  f rom t h e  c o n c e n t r a t i o n  of U,OB In t h e  p r e g n a n t  
o r g a n i c ,  t h e  pounds  sf sodium c a r b o n a t e  per  pound U3Q8 and  
the  initial concentration of sodium c a r b o n a t e  in t h e  strip 
solution, The volume r a t i o  o r g a n i c (  initial) : a q u e o u s Q f i n a P )  
which  g i v e s  t h e  f i n a l  aqueous uranium c o n c e n t r a t t o n  d i r e c t l y  
from t h e  p r e g n a n t  o r g a n i c  uranium c o n c e n t r a t i o n ,  c a n  t h e n  be 
o b t a i n e d  by means o f  Figure B - % , *  These c u r v e s  w e r e  c a l c u l a t e d  
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on  t h e  same b a s i s  a s  t h o s e  o f  F i g u r e  B-1. Here a g a i n ,  some 
( b u t  p r o b a b l y  n o t  s e r i o u s )  d i f f e r e n c e  c a n  be e x p e c t e d  w i t h  
o t h e r  t y p e s  and  c o n c e n t r a t i o n s  of m o d i f i e r s .  

I n  g e n e r a l  i t  may be o b s e r v e d  from t h e  data  t h a t ,  u n d e r  
no rma l  p r o c e s s  c i r c u m s t a n c e s ,  t h e  sodium c a r b o n a t e  r e q u i r e -  
men t s  f o r  s t r i p p i n g  are  of a very r e a s o n a b l e  o rder .  For 
e x a m p l e ,  a n  a v e r a g e  l e v e l  of u ran ium e x p e c t e d  i n  t h e  p r e g n a n t  
o r g a n i c  p h a s e  would be a b o u t  5 g U3O8/1 for 0 . 1  M reagentP  
10 g U30,/1 for 0 , 2  M r e a g e n t ,  e t c ,  A t  t h e s e  c o E c e n t r a t i o n s  
t h e  s t o i c h i o m e t r i c  r F q u i r e m e n t  a f  sodium c a r b o n a t e  ( f r o m  
F i g u r e  B-1)  would be 1 . 8 5  l b / l b  of U,08. I n  a c t u a l  p r a c t i c e ,  
a m u l t i s t a g e  o p e r a t i o n  w i t h  e x c e s s  sodium c a r b o n a t e  would b e  
p r o v i d e d  t o  i n s u r e  c o m p l e t e  s t r i p p i n g  and  allow for t h e  small  
amount  of sodium c a r b o n a t e  loss t o  t h e  o r g a n i c  p h a s e  ( s e c t i o n  
on  S t r i p p i n g ) .  An e x c e s s  of 20% o v e r  t h e  s t o i c h i o m e t r i c  
sodium c a r b o n a t e  s h o u l d  be more t h a n  a d e q u a t e  for t h e s e  
p u r p o s e s ,  b r i n g i n g  t h e  t o t a l  consumpt ion  t o  2 , 2  l b  N a , C Q , / l b  
u3 0 8  
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APPENDIX C 

LOSS OF D I (  2-ETHYLHEXYL)PHOSPHORIC A C I D  TO 

AQUEOUS SOLUTIONS 

A d i r e c t  measurement  of the dF( 2 - e t k y l h e x g l )  p h o s p h o r i c  
a c i d  l o s t  from DZEHPA-TBP-kerosene s o l u t i o n  t o  v a r i o u s  a q u e o u s  
s o l a s t i o n s  w a s  made by D r .  W ,  H, B a l  win  of t h e  ORNL C h e m i s t r y  
DuvSsion, u s i n g  l a b e l e d  P 3 2  DZEHPA, f 1 9 6  Icf. measu remen t s  of 
TBP loss ,  T a b l e  8.) The l a b e l e d  r e a g e n t  vG?l? p r e p a r e d  by 
C x a n s e s t e r i f i c a t i o n  o f  l a b e l e d  o r t h o p h o s p h o r i c  a c i d  t o  form 
tri~2-ethylhexyl)phosphate, f o l l o w e d  by c o n t r o l l e d  h y d r o l y s i s  
t o  the d i a l k y l  a c i d  w i t h  e t h a n o l a m i n e ,  and  a n i o n  e x c h a n g e  
p u r i f i c a t i o n .  The k e r o s e n e  s o l u t i o n  w a s  e q u i l i b r a t e d  
s u c c e s s i v e l y  w i t h  s a m p l e s  of t h e  a q u e o u s  s o l u t i o n s  l i s t e d  
( p h a s e  ratio 1 ~ 1 ) ~  s t a r t i n g  w i t h  s o d i u v  c a r b o n a t e ,  a n d  w i t h  
sodium c a r b o n a t e  c o n t a c t e d  a g a i n  a f t e r  e a c h  c o n t a c t  w i t h  a 
s u l f a t e  l i q u o r  The amounts  o f  reagent ,  l o s t  were d e t e r m i n e d  
by c o u n t i n g  t h e  a c t i v i t y  i n  e a c h  a q u e o u s  s a m p l e  a f t e r  e q u i l i -  
b r a t i o n ,  

R e p e a t e d  l o s s  measu remen t s  t o  e a c h  o f  t h e  a c i d i c  s o l u t i o n s  
e x c e p t  L i q u o r  I showed good i n t e r n a l  agreement, With t h a t  
e x c e p t i o n ,  t h e s e  r e s u l t s  agree with the ( 5  ppm r e p o r t e d  i n  
ORNL-1903 

The l o s s  measu remen t s  t o  10% sodjruan c a r b o n a t e  s o l u t i o n  
w e r e  n o t  i n  c lose i n t e r n a l  a g r e e m e n t ,  d e c r e a s i n g  f r o m  -50 t o  
-30 ppw in a n  a p p a r e n t l y  s y s t e m a t i c  manner d u r i n g  the c o u r s e  
of the tests, I f  t h i s  d e c r e a s e  w a s  a c t u a l l y  s y s t e m a t i c ,  i t  
suggests p r e f e r e n t i a l  l o s s  o f  a ( l a b e l e d )  c o n t a r n i n a n t , *  I n  
comparison, t h e  l o s s  t o  10% sodium c a r b o n a t e  p r e v i o u s l y  
measu red  by t i t r a t i o n  of t h e  a c i d  r e m a i n i n g  i n  t h e  o r g a n i c  
p h a s e  ( a t  h i g h  a q u e o u s z o r g a a x c  phas3 r a t i o s ,  w i t h  2 w/v % 
2 - - e t h y l h e x a n o l  u s e d  as  the d i l u e n t  m o d i f i e r  ORNL-1903) w a s  
2 7  ppm, 

* E x a n i n a t i o n  of t h e  e n d - p o i n t  i n f l e c t i o n  of a t i t r a t i o n  c u r v e 9  
a s  d e s c r i b e d  i n  Appendix  D ,  i n d i c a t e s  n o t  m o r e  than a r o u n d  2% 
of mono( 2 - e t k y l h e x y l )  p h o s p h o r i c  a c i d  i n  t h e  d i (  2 - e t h y l h e x y l )  - 
p h o s p h o r i c  a c i d  if t h e s e  t w o  a n d  no o t h e r  a c j d s  w e r e  p r e s e n t .  
T h b s  i t  is p o s s i b l e t h a t  th e a c t u a T T o s s e s  oT--TTiT-- 
? c l d  t o  t h e  a q u e o u s  p h a s e s  may have been  e v e n  l ess  t h a n  the 
v a l u e s  shown i n  T a b l e  C - l ,  

- 
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Table C-3. .- 

LOSS OF B1(2-ETHYLHEXYL]PHOSPHORIC ACID TO AQUEOUS SOLUTIONS 

RADIOACTIVE TRACER ANALYSIS~ 
u_ 

0 - 1  M DZEHP*A + 2.5 w/v % TBPiKerosene, 25OC - 

Aqueous Phase 

8 0  M HC1 - 
Liquor I :  

0 , 7  M S O , ,  pH 0 0 6  - 
Liquor PI: 

1,2 Id SO,, pH 0,15 - 
Liquor 111s 

1.2 M so49 pH O J  - 
10% Na,CQ3 

ppm D2EHPA in Aq. Phase 

0,4 ,  0 , 5 ,  0 * 3 ,  O , h ,  0 .4  

1,4, 1 , 2 ,  1.0 

X42, 0 , 8 ,  1,3 

2 . 9 ,  2,3, 2 , 5  

004,  9 s  5 

4: 4 

3 ,  3 

5 0 - 3 2  
b 

Tests mad b Dr, W. H.,  Baldwin, ORNL Chemistry 
Division, T I 9 7  

Nine measurements in s o d i m  carbonate solution, including 
strip solutions used after each of the tests w i t h  sulfate 
liquors; averagep 40 ppm, The results suggested a 
systematic decrease of loss of P ? 2  to carbonate solution 
during the series of tests. 

Liquors (major constituents): 

I (Plant B) 0 . 9  2 , 2  0 . 6  3 , 4  2 . 3  7 8  0 . 6  

13.5 0.15 11 ( P l a n t  C) 5 . 9  4 , 7  O o 6  2 5 

I11 (Plant D) 1 - 1  3 , 6  5 , 5  6,2 7 8  1.8 
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APPENDIX D 

DETERMINATION OF SMALL AMOUNTS OF 

MON0/2--ETHYLHEXYL)PHOSPHOR%C A C I D  

IN DI(2-ETHYLHEXYL)PHOSPHORIC ACID 

A s  w a s  p r e v i o u s l y  d e s c r i b e d ,  t i t r a t i o n  c u r v e s  f o r  nono- 
a n d  d i a l k y l p h o s p h o r i c  a c i d s  ( f r e e  of p y r o -  and  p o l y p h o s p h o r i c  
a c i d s )  show s h a r p ?  w e l l - d e f i n e d  i n f l e c t i o n s .  The i n f l e c t i o n  
f o r  t h e  s i n g l e  hydrogen  i o n  o f  a d i a l k y l p h o s p h o r i c  a c i d  is  
similar t o  t h a t  €or t h e  s t r o n g e r  of t h e  t w o  hydrogen  i o n s  of 
t h e  c o r r e s p o n d i n g  m o n o a l k y l p h o s p h o r i c  a c i d ,  so t h a t  t i t r a t i o n  
t o  t h e  s u c c e s s i v e  e n d  p o i n t s  f o r  t h e  s t r o n g e r  a n d  weaker  
h y d r o g e n s  p r o v i d e s  a d i f f e r e n t i a l  a n a l y s i s  f o r  mono- and  d i -  
a l - k y l p h o s p h o r i c  a c i d s  i n  m i x t u r e s  which  c o n t a i n  no o t h e r  a c i d s  
a n d  no bases,  When t h e  amount o f  r n o n o a l k y l p h o s p h o r i c  a c i d  i n  
t h e  m i x t u r e  is v e r y  sma l lp  t h e  e n d  p o i n t s  merge a n d  c a n n o t  b e  
r e c o g n i z e d  a s  s e p a r a t e  i n f l e c t i o n s ,  b u t  a p p e a r  as  a s l i g h t l y  
d i s t o r t e d  s i n g l e  i n f l e c t i o n .  D e t e c t i o n  of t h i s  d i s t o r t i o n  w a s  
p r e v i o u s l y  u s e d  a s  a q u a l i t a t i v e  t e s t  (ORNL-1903), w i t h  a n  
e s t i m a t e d  s e n s i t i v i t y  o f  a b o u t  3 meq mono- i n  1 0 0  meq d i a l k y l -  
p h o s p h o r i c  a c i d  ( e . g , ,  a b o u t  1 MI % m o n o ( 2 - e t h y l h e x y 1 ) -  in 
d i (  2 - e t h y l h e x y 1 ) p h o s p h o r i c  a c i d )  . 

F u r t h e r  s t u d y  o f  t h e s e  t i t r a t i o n s  h a s  shown t h a t  c a r b o n  
d i o x i d e  s h o u l d  be  e x c l u d e d ,  t o  a v o i d  downward d r i f t i n g  of t h e  
a p p a r e n t  "pH" ( g l a s s  e l e c t r o d e )  U n l e s s  t h e  t i t r a t i o n  is 
c o m p l e t e d  v e r y  r a p i d l y ,  t h e  d i s t o r t i o n  due  t o  c a r b o n  d i o x i d e  
a b s o r p t i o n  i n t e r f e r e s  w i t h  t h e  d i s t o r t i o n  due  to t h e  weak 
h y d r o g e n  i o n  from a s m a l l  amount of m o n o a l k y l p h o s p h o r i c  a c i d ,  
T i t r a t i o n s  made u n d e r  a n i t r o g e n  a t m o s p h e r e  ( f l o w i n g  
r i t r o g e n  i n  a l o o s e l y  c o v e r e d  b e a k e r )  were f r e e  from pII d r i f t .  

If t h e  s h a p e  of t h e  i n f l e c t i o n  f o r  p u r e  d i a l k y l  a c i d  is 
known a n d  is s u f f i c i e n t l y  r e p r o d u c i b l e ,  e s t i m a t i o n  of t h e  
d e g r e e  o f  d i s t o r t i o n  s h o u l d  p r o v i d e  a r e a s o n a b l e  q u a n t i t a t i v e  
es t imate  of a small  amount o f  monoa lky l  a c i d  p r e s e n t .  Some 
p r e l i m i n a r y  tests of t h i s  p o s s i b i l i t y  have  b e e n  e n c o u r a g i n g .  
Known m i x t u r e s  of mono- a n d  di(2-ethy1hexyl)phosphoric acids 
were t i t r a t e d  i n  70% e t h a n o l  u n d e r  n i t r o g e n ,  When t h e  
i n f l e c t i o n s  were w e l l  s e p a r a t e d  ( w i t h  -425% and  w i t h  - J l O O $  
inonoalkyl  a c i d )  t h e y  were c l o s e  t o  "pM7' 6 , O  and  1 0 . 2 ,  When 
no monoa lky l  ac id  w a s  a d d e d ,  t h e  i n f l e c t i o n  was close t o  "pHP' 
7 , 5 ,  and  t h e  c u r v e  w a s  s t e e p  a l t h o u g h  n o t  q u i t e  v e r t i c a l  
be tween  6 a n d  1 0 .  F o r  t h e  p r e s e n t  c a l c u l a t i o n ,  t h e  t i t e r  a t  
"pH" 6 . 0  w a s  a r b i t r a r i l y  t a k e n  as e q u i v a l e n t  t o  t h e  t o t a l  
stronger hydrogen  i o n ,  a n d  t h e  a d d i t i o n a l  t i t e r  t o  "pHP' 1 0 . 2  
a s  e q u i v a l e n t  t o  t h e  weaker hydrogen  i o n ,  w i t h  the f o l l o w i n g  
r e s u l t s :  
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w t  % Mono* Added: 0 0 . 9  2 - 0  4 . 3  2 3 , l  100 

'' Found: 0 . 5  1 - 5  2-61 5 . 2  2 2 , 8  9 7  T I  f 1  

S i n c e  t h i s  method of c a l c u l a t i o n  is t a n t a m o u n t  t o  t h e  assump- 
tion t h a t  the t i t r a t i o n  c u r v e  s h o u l d  be v e r t i c a l  be tween  6 and  
1 0 , 2  f o r  p u r e  d i a l k y l  a c i d ,  w h e r e a s  a n  a p p r e c i a b l e  s l o p e  
p r o b a b l y  s h o u l d  be e x p e c t e d , * *  the O q 5 %  is i n d i c a t e d  as  a n  
u p p e r  l i m i t  for t h i s  b a t c h  of d i a l k y l  a c i d  ( p r e v i o u s l y  
e s t i m a t e d  a t  < a % ) .  F u r t h e r  tests are needed  t o  d e t e r m i n e  the 
r e p r o d u c i b i l i t y  of bo th  t h e  s l o p e  of t h e  c u r v e  and  t h e  end-  
p o i n t  "pH" l e v e l s  ., 

* M ~ n o ( 2 - e t h y l h e x y l ~ p h o s p h o k i c  a c i d ,  Batch  1 4 5 ,  p r e v i o u s l y  
e s t i m a t e d  t o  c o n t a i n  (5% d i - ,  added  t o  d i ( 2 - e t h y 1 h e x y l ) -  
p h o s p h o r i c  a c i d ,  B a t c h  3 0 3 ,  p r e v i o u s l y  e s t i m a t e d  t o  c o n t a i n  
<I% lTlQrPO--. 

**As p r e v i o u s l y  d e s c r i b e d ,  d i ~ Z - e t h y P h e x y l ~ p h o s p h o r i c  a c i d  
shows a n  a p p a r e n t  PKA ( h a l f - n e u t r a l i z a t i o n  "pH") of about 
3 - 2  i n  t h e  7 5 %  e t h a n o l  s o l u t i o n  u s e d  far t h e s e  t i t r a t i o n s  
(ORNL-1903) The t i t r a t i o n  curve c a l c u l a t e d  f o r  0 , 0 2  N 
a c i d  w i t h  0 . 1  M b a s e ,  u s i n g  PKA = 3 , 2 ,  CH x COH = 
a n d  pH = -log T H ~  shows a nearly s t r a i g h t  p o r t i o n  be tween  
pH 6 and  9 ,  with s l o p e  of I pH u n i t b 0 . 0 1 2  ml t i t r a n t ,  If 
t h i s  be t a k e n  a s  t h e  s l o p e  to be e x p e c t e d  f o r  p u r e  d i ( 2 -  
e t h y l h e x y 1 ) p h o s p h o r i c  a c i d  in t h e  p r e s e n t  t i t r a t i o n s ,  t h e  
c a l c u l a t e d  c o n t e n t s  of m o n o q 2 - e t h y l h e x y l ) p h o s p h Q r ~ c  a c i d  
become - 

Wt % Mono Found: 0 - 2  1 , 2  2 , 3  4 - 9  2 2 , 6  97 
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APPENDIX E 

DESCRIPTION OF REAGENTS 

B a t c h e s  of a l k y l p h o s p h o r i c  a c i d s  ( u s e d  i n  t h e  t e s t s  
r e p o r t e d  h e r e )  which have  n o t  been  p r e v i o u s l y  d e s c r i b e d  a re  
l i s t e d  in T a b l e  E - 1 ,  which may be  compared w i t h  t h e  c o r r e s -  
p o n d i n g  tab le  and  t h e  d i s c u s s i o n  of p u r i t y  l e v e l s  i n  
ORNL-1903 Appendix A .  

The f o l l o w i n g  r e a g e n t  b a t c h e s  were d e s c r i b e d  i n  ORNL-1903 
w i t h  l e t t e r  i n s t e a d  of number b a t c h  d e s i g n a t i o n s .  

L i s t e d  i n  
R e a g e n t  B a t c h  N o .  ORNL-1903 a s  - 

Mono-n-octyl 1 8 5  A 

181 A I 1  D i  

Mono-3,5,5-trimethylhexyl 163  A 

D i  ? I  165 A 

Mono-2 - e t h y l  hexy 1 175  F 

M o n o - d i i s o b u t y l m e t h y l  166 B 

E r r a t u m :  ORNL-1903 p.  1 0 2 ,  for ~ f 4 - e t h y l - l - i s o b u t y l m e t h y l "  
r e a d  V7 '4-e thyl -1- i sobuty loc ty l  If 



T a b l e  E - 1  

DESCRIPTION OF REAGENTS 

Acid  A s g a y  
Mol. Ba tch  Theo meq/g 

W t .  No. meq/gb S t r o n g  Acid  Weak Acid  Source'  Remarks 
II__ 

A l k y l  Group 
_I --_I_z____ 

2-E thy lhexy l  

D i i s o b u t y l m e t h y l  

2 - E t  hy 1 hexy 1 

d Dodecyl 

T e t r a d e c y l e  

3 2 2  3 0 3  3 . 1 1  3 . 0 8  4 0 . 1  C&C 

3 5 0  3 14 2 .86  2 . 7 5  C 0 , l  vc 

Monoa lky lphosphor i c  A c i d s  
-----1----1-1 

210 145 4 , 7 6  4 , 5 0  4 , 4  V 

266 3 2 0  3 , 7 6  3 . 5 9  3 . 5  ORNL 

2 94 3 2 1  J , 4 0  3 . 2 1  3 .2  ORNL 

S e p a r a t e d  a t  ORNL 
from T e r g i t o l  P-28 

S e p a r a t e d  a t  ORNL 
f rom VC-1-119-B 

w 
w 
I 

S e p a r a t e d  a t  ORNL t-.' 
from Victor  E-5877 

S e p a r a t e d  from 
h y d r o l y s i s  p r o d u c t  
of  a l c o h o l - P 2 0 ,  - 
r e a c t i o n  m i x t u r e  

a )  Based on d i f f e r e n t i a l  t i t r a t i o n  i n  75-25 e t h a n o l - w a t e r  m i x t u r e  w i t h  aqueous  sodium 

b )  Far  t h e  d i b a s i c  ( rnonoalkyl )  a c i d s ,  t h e o r e t i c a l  meq of  e i t h e r  t h e  w e a k e r  o r  t h e  s t r o n g e r  

c )  C&C = C a r b i d e  a n d  Carbon C h e m i c a l s  Company 

h y d r o x i d e ,  

i o n i z a b l e  hydrogen ,  

VC = V i r g i n i a - C a r o l i n a  Chemica l  C o r p o r a t i o n  
v = Victor  Chemical  Works 
ORNL = Oak R idge  N a t i o n a l  L a b o r a t o r y  

d )  P r e p a r e d  from 2,6,8-trimethylnonano1-4 by r e a c t i o n  w i t h  P,Q, i n  n -hexane .  Hydrolyzed  

e )  P r e p a r e d  from 2-methyY-7-ethyl undecanol -4  by r e a c t i o n  w i t h  P 3 0 5  i n  k e r o s e n e ,  Hydro- 
f o r  2 h o u r s  w i t h  6 M BC1, P a r t i t i o n e d  between p r o p y l e n e  g l y c o l  and p e t r o l e u m  e t h e r .  

l y z e d  f o r  6 h o u r s  w i t h  1 N H C l ,  P a r t i t i o n e d  be tween p r o p y l e n e g l y c o l  and  p e t r o l e u m  
e t h e r ,  - 


