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ABSTRACT 

S y s t e m a t i c  S t u d i e s .  A series of  e x p e r i m e n t a l  d i l a u r y l p o l y -  
propoxy amines  showed o n l y  f a i r  uranium e x t r a c t i o n  power from 
d i l u t e  s u l f a t e  s o l u t i o n .  The re  w a s  l i t t l e  change  i n  b e h a v i o r  
w i t h  change  i n  propoxy c h a i n  l e n g t h  f r o m  1 t o  40 u n i t s ,  e x c e p t  
t h a t  o n l y  w i t h  t h e  l o n g e s t - c h a i n  sample  were .phase s e , p a r a t i o n s  
good. 

L o s s  of  di(2-ethy1hexyl)phosphoric a c i d  (DZEHPA) from 0 . 1  
M s o l u t i o n  i n  k e r o s e n e  t o  d i l u t e  a c i d i c  s u l f a t e  s o l u t i o n s ,  
measured  by d i s t r i b u t i o n  of P -32- l abe led  r e a g e n t ,  w a s  ;<1 m g / l i t e r  
o f  aqueous  s o l u t i o n  a t  25OC and <5 m g / l i t e r  a t  50OC. The corres- 
ponding  l o s s e s  t o  1 0  M H C 1  s o l u t i o n  were 1 . 5  and 5 m g / l i t e r .  On 
p r o l o n g e d  c o n t a c t  (103 h r )  a s m a l l  b u t  measu rab ly  h i g h e r  concen-  
t r a t i o n  of P-32 w a s  found i n  t h e  aqueous  p h a s e ,  which is a t t r i b -  
u t e d  t o  s l i g h t  (-0.01%) h y d r o l y s i s  of t h e  DZEHPA. 

I n  p r e l i m i n a r y  tests o f  c a t i o n  exchange  between sodium 
di(2-ethylhexy1)phosphate s o l u t i o n s  i n  m o d i f i e d  A m s c o  123-15 and  
aqueous  n e u t r a l - t o - b a s i c  n i t r a t e  s o l u t i o n s ,  s t r o n t i u m  w a s  p r e f e r -  
e n t i a l l y  d i s t r i b u t e d  t o  t h e  o r g a n i c  p h a s e ,  w i t h  Sr/Na s e p a r a t i o n  
f a c t o r s  o f  a b o u t  30. C e s i u m  w a s  e x t r a c t e d  less t h a n  sodium. 

P r o c e s s  Development S t u d i e s .  The i n o r g a n i c  phospha te  con-  
t e n t  of  a Dapex p r o c e s s  vanadium(1V) s t r i p  s o l u t i o n  was d e c r e a s e d  
s u f f i c i e n t l y  by p a s s a g e  th rough  a z i r c o n i u m  o x i d e  column to  
p e r m i t  d i r e c t  ammonia p r e c i p i t a t i o n  o f  a vanadium p r o d u c t  m e e t i n g  
phosphorus  s p e c i f i c a t i o n s .  Losses  of  z i r c o n i u m  t o  t h e  s t r i p  
s o l u t i o n  were l o w .  The phospha te  w a s  p a r t i a l l y  e l u t e d  from t h e  
column w i t h  d i l u t e  sodium hydrox ide .  

S t r i p p i n g  rates of vanadium and c o n t a m i n a n t s  from 0.25 M 
DZEHPA/kerosene w i t h  1 M HzS04 were compared a t  25O and 50OCT i n  
a s t u d y  of t h e  p o s s i b i l i t y  of  a v o i d i n g  c o n t a m i n a n t  b u i l d u p  by 



-4- 

a c i d  s t r i p p i n g  a l o n e .  The s t r i p p i n g  rates of vanadium(IV) ,  
aluminum, and e s p e c i a l l y  i r o n ( I I 1 )  were markedly  i n c r e a s e d  a t  
t h e  h i g h e r  t e m p e r a t u r e .  The rates were e s s e n t i a l l y  t h e  same 
w i t h  or w i t h o u t  TBP (0.2 M )  i n  t h e  o r g a n i c  phase .  - 

E n g i n e e r i n g  S t u d i e s .  Comparison of  t h e  ra te  of  uranium ex- 
t r a c t i o n  by Dapex s o l v e n t  a t  aqueous  t o  s o l v e n t  r a t io s  of  4/1 
and 1/1 shows t h a t  t h e  rate c o n s t a n t s  a g r e e  when a d j u s t e d  f o r  
t h e  f r a c t i o n  o f  aqueous  phase  p r e s e n t  i n  t h e  mixer .  The s t a g e  
e f f i c i e n c y  of  t h e  m i x e r  w i t h  c o n t i n u o u s  f low remained  v i r t u a l l y  
unchanged when t h e  aqueous  f low ra te  was c o n s t a n t  and  t h e  
aqueous  t o  s o l v e n t  r a t i o  i n  t h e  m i x e r  w a s  changed from 4/1 t o  
1/1. 

Fundamental  S t u d i e s .  I n  c o n t i n u e d  s t u d y  by i n f r a r e d  
s p e c t r o p h o t o m e t r y  of  t h e  m o l e c u l a r  a s s o c i a t i o n  between 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  (DZEHPA) and t r i - n - o c t y l p h o s p h i n e  
o x i d e  (TOPO) i n  n -oc tane ,  measurements  o f  t h e  dependence on TOPO 
c o n c e n t r a t i o n  a t - c o n s t a n t  D2EHPA c o n c e n t r a t i o n s  i n d i c a t e d  t h e  
e x i s t e n c e  ofaZ(D2EHPA): (TOPO) complex,  i n  a d d i t i o n  to  t h e  
(DZEHPA):(TOPO) complex p r e v i o u s l y  r e p o r t e d .  The d a t a  are w e l l  
f i t t e d  by v a l u e s  f o r  t h e  f o r m a t i o n  c o n s t a n t s  of  

K1 = (D2EHPA*TOPO)/(D2EHPAz)1/2(TOPO) = 30 i 5 
K, = (D2EHPA2-TOPO)/(D2EHPA,) (TOPO) = 100 f 50 

The c o n c e n t r a t i o n  of  D2EHPAznTOP0 w a s  much lower t h a n  t h a t  of 
D2EHPAoTOP0 over  m o s t  of t h e  r ange  of  s o l u t i o n s  examined. 

1 0 SYSTEMATIC STUDIES 

I n  a d d i t i o n  t o  t h e  s t u d i e s  d e s c r i b e d  below,  s y s t e m a t i c  
s t u d i e s  d u r i n g  t h e  month i n c l u d e d  (1)  p r e l i m i n a r y  s t u d y  of t h e  
a p p l i c a b i l i t y  of amine and organophosphorus  e x t r a c t a n t s  t o  
s e p a r a t i o n s  i n  f u e l  r e p r o c e s s i n g  and  waste d i s p o s a l ,  (2)  t r a c e r  
phosphorus  d e t e r m i n a t i o n  o f  monoa lky lphosphor i c  a c i d  e x t r a c t a n t  
l o s s e s ,  ( 3 )  p u r i f i c a t i o n  methods for ce r t a in  a l k y l a m i n e s ,  and 
(4) uranium e x t r a c t i o n s  w i t h  h i g h  and low c o n c e n t r a t i o n s  of  
N-benzylheptadecylamine. 

1.1 S c r e e n i n g  of  O r g a n o n i t r o g e n  Compounds (J, G. Moore) 

The uranium e x t r a c t i o n  power of a series of propoxy amines* 
(Table  1 . 1 )  w a s  examined as  d e s c r i b e d  i n  p r e v i o u s  month ly  
r e p o r t s .  These  were dilauryl(2-hydroxypropy1)amine and t h e  
c o r r e s p o n d i n g  dilauryl(po1ypropoxy)amines w i t h  2 ,  3 ,  4 ,  1 0 ,  and 
40 propoxy u n i t s  i n  t h e  p o l y e t h e r  c h a i n .  They showed o n l y  f a i r  
u ran ium e x t r a c t i o n  power from t h e  s u l f a t e  test  s o l u t i o n ,  lower  
when i n  k e r o s e n e  t h a n  when i n  benzene.  The h i g h e s t  we igh t  
amine,  212/50, showed less d i f f e r e n c e  , t h a n  t h e  o t h e r s  between 
k e r o s e n e  and  benzene .  I t  a lso gave  good phase  s e p a r a t i o n  i n  
b o t h  benzene  and  k e r o s e n e ,  w h i l e  w i t h  t h e  o t h e r s  s e p a r a t i o n  w a s  

- I  

*Exper imen ta l  amines  s u b m i t t e d  f o r  e v a l u a t i o n  by Armour Chemical 
D i v i s i o n  Chicago 
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T a b l e  1.1 P r e l i m i n a r y  T e s t s  o f  Uranium E x t r a c t i o n s  

from. S u l f a t e  S o l u t i o n s  

. U Extracted and  E x t r a c -  
No. of t i o n  C o e f f .  (o /a )  

Compound Groupsa N o .  - M % Eii ?o E 8  S e p  ' n 

212/11 1 313A 0 . 1  66 2 94 1 5  Poor 
212/12 2. 319A 0 . 0 1  1 3  38 Poor 

212/13 3 320A 0 , 0 1  1 3  Y 39 Poor 

212/14 4 322A 0.1 78 4 96 25 Poor 

212/20 10  323A 0 . 1  77 4 95 20 Poor 
Good 212/50 40 324A 0 . 1  93 1 5  96 25 

- Propoxy B a t c h  Concn, Kerosene Benzene Phase  

Pro pomee na 

0 . 1  67 2 95 20 

0 . 1  65 2 94  1 5  

a D i l a u r y l p r o p o x y a m i n e s ,  (C1 2 H 2 5  )2N(CH2-7HO),H. 
CH3 

poor, e s p e c i a l l y  i n  k e r o s e n e .  The e q u i v a l e n t  w e i g h t s  d e t e r m i n e d  
by direct  t i t r a t i o n  (Tab le  1 . 2 )  are r e a s o n a b l y  c o n s i s t e n t  w i t h  t h e  
t h e o r e t i c a l  v a l u e s  b u t  s u g g e s t  some m i x t u r e  of c h a i n  l e n g t h s  
a n d / o r  t h e  p r e s e n c e  of i n e r t  i m p u r i t i e s .  The good phase  s e p a r a -  
t i o n  o f  t h e  compound w i t h  t h e  h i g h e s t  p r o p o r t i o n  o f  e t h e r  g r o u p s  
s u g g e s t s  t h a t  t h e  e m u l s i o n s  formed by t h e  o t h e r s  m i g h t  be due t o  a 
c h a r a c t e r i s t i c  i m p u r i t y  r a t h e r  t h a n  t o  t h e  e t h e r  c h a i n s .  

T a b l e  1 . 2 .  N e w  O r g a n o n i t r o g e n  Compounds, Assay by 
Direct and  D i f f e r e n t i a l  T i t r a t i o n  

N o .  of % by D i f f e r e n t i a l  E q u i v a l e n t  

P r i m .  Secon.  T e r t .  Theo. Found 
Propox 

Compound Groups 
T i t r a t i o n  Weight  

Propomeen" 
212/11 1 313A 3 9 87 412 408 

2 1 2 / 1 2  2 319A 3 2 95 470 503 

212/13 3 320A 3 2 . 5  94 .5  528 508 

212/14 4 322A - - - 586 637 

212/20 1 0  323A - - 934 950 

212/50 40 324A - - - 2677 2555 
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1 - 2  S o l v e n t  E x t r a c t i o n  Reagent  Losses  t h r o u g h  D i s t r i b u t i o n  t o  
t h e  Aqueous L i q u o r  (J, M. S c h m i t t ,  C ,  A ,  B l a k e ,  W. T, Rainey)  

The l o s s  o f  p u r i f i e d  di(2-ethylhexy1)phosphoric a c i d  (DZEHPA) 
was measured  by d i s t r i b u t i o n  from k e r o s e n e  t o  a c i d i c  s o l u t i o n s  of  
p r o c e s s  i n t e r e s t  u s i n g  r a d i o a c t i v e  tracer a n a l y s i s .  P r e v i o u s  
l o s s e s  i n  b a t c h  e q u i l i b r a t i o n s  were measured by t i t r a t i o n s  o f  t h e  
o r g a n i c  p h a s e  b e f o r e  and  a f t e r  aqueous  c o n t a c t  (ORNL-1903, p .  5 7 )  
and  by u s e  o f  tracer D2EHPA w i t h  a l o w  s p e c i f i c  a c t i v i t y  (ORNL- 
2 1 7 2 ,  p .  1 0 8 ) ,  Al though a l l  t h o s e  losses were l o w  f rom t h e  s t a n d -  
p o i n t  o f  p r o c e s s  economy, < l o  m g / l i t e r ,  t h e y  were n o t  i n  comple t e  
i n t e r n a l  ag reemen t .  The p r e s e n t  measurements  w i t h  D2EHPA c o n t a i n -  
i n g  a h i g h e r  s p e c i f i c  a c t i v i t y  o f  P-32 conf i rmed  t h e  lower o f  t h e  
p r e v i o u s  measurements ,  <1 m g / l i t e r ,  t o  d i l u t e  s u l f u r i c  acid and  
a c i d i c  s u l f a t e  s o l u t i o n s  from 0 , l  M D2EHPA a t  25OC, F u r t h e r  
measurements  a t  h i g h e r  D2EHPA c o n c e n t r a t i o n  and a t  h i g h e r  tempera-  
t u r e  showed losses s t i l l  less t h a n  2 0  m g / l i t e r  from 0 . 4  M D2EHPA 
i n  4 h r  c o n t a c t  a t  50OC. 

- 

D2EHPA Loss  from Kerosene  a t  25OC. The l o s s e s  a t  25OC w i t h  
0 , l  M r e a g e n t  were less t h a n  0 . 7  m g / l i t e r  t o  s e v e r a l  s u l f a t e  s o l u -  
t i o n s  and  1 , 5  m g / l i t e r  t o  10  M H C 1  (Tab le  1 . 3 ) .  I n c r e a s i n g  t h e  
r e a g e n t  c o n c e n t r a t i o n  t o  0,4 i n c r e a s e d  t h e  l o s s e s  i n  n e a r l y  t h e  
s a m e  p r o p o r t i o n ,  Adding t r i b F t y l p h o s p h a t e  (TBP) t o  t h e  o r g a n i c  
p h a s e  d e c r e a s e d  t h e  l o s s  a t  t h e  0,4 M l e v e l ,  w h i l e  t h e  losses a t  
t h e  0 . 1  - M l e v e l  ( a l r e a d y  v e r y  low) were n o t  v i s i b l y  a f f e c t e d .  

A l though  t h e  l o s s e s  a t  1 and  16  h r  (Tab le  1 . 3 )  w e r e  e s s e n -  
t i a l l y  t h e  same as a t  10  min ,  i n d i c a t i n g  no m e a s u r a b l e  d e g r a d a t i o n  
of D2EHPA t o  more w a t e r - s o l u b l e  materials i n  t h a t  t i m e ,  some 
e v i d e n c e  w a s  n o t e d  of d e g r a d a t i o n  i n  -100 h r .  A f t e r  t h r e e  of t h e  
10-min tests were comple t ed  ( 0 , l  M D2EHPA c o n t a c t e d  w i t h  0.5 M 
SO$, 1 . 0  M H2SO4, and  10  M H C l ) ,  t h e  p h a s e s  were p e r m i t t e d  to- 
remain  i n c o n t a c t  w i t h o u t a g i t a t i o n  f o r  4 d a y s ,  A f t e r  t h i s  t i m e  
t h e  phosphorus  a c t i v i t y  ( e q u i v a l e n t  t o  - 3  m g  D Z E H P A / l i t e r )  w a s  
h i g h e r  i n  each aqueous  phase .  A f r e s h  aqueous  s o l u t i o n ,  a f t e r  10- 
min e q u i l i b r a t i o n  w i t h  t h e  s a m e  o r g a n i c  s o l u t i o n ,  showed an  i n t e r -  
m e d i a t e  tracer phosphorus  a c t i v i t y ,  and  s u b s e q u e n t  f r e s h  aqueous  
s o l u t i o n s  (10-min e q u i l i b r a t i o n s )  showed t h e  low l e v e l  o f  phos-  
p h o r u s  a c t i v i t y  o r i g i n a l l y  o b s e r v e d .  T h i s  is a t t r i b u t e d  t o  s l o w  
d e g r a d a t i o n  o f  a s m a l l  amount o f  t h e  D2EHPA (-0,01%),  presumably  
t o  mono(2-ethylhexy1)phosphoric ac id ,  which w a s  n o t  c o m p l e t e l y  
l o s t  t o  1 v o l  o f  aqueous  s o l u t i o n  b u t  w a s  t o  2 v o l .  

- 

D2EHPA Loss f rom Kerosene  a t  5OOC. L o s s  o f  r e a g e n t  from t h e  
o r g a n i c  p h a s e  w a s  somewhat h i g h e r  a t  50 t h a n  a t  25OC (Tab le  1 9 3 ) "  
S i n c e  t h e  5OoC v a l u e s  were from s i n g l e  i n s t e a d  o f  m u l t i p l e  d e t e r -  
m i n a t i o n s ,  s o  t h a t  t h e r e  is no d i r e c t  i n d i c a t i o n  of t h e  r e p r o d u c -  
i b i l i t y  o f  t h e  , d i s t r i b u t i o n s  a t  t h e  h i g h e r  t e m p e r a t u r e ,  c l o s e  
i n t e r c o m p a r i s o n  may n o t  be j u s t i f i e d .  Howeverp t h e  i n c r e a s e d  loss  
t o  b o t h  H2SO4 and H C 1  on i n c r e a s i n g  t h e  c o n t a c t  t i m e  f rom 1 t o  4 
h r  s u g g e s t s  t h a t  a p a r t  o f  t h e  l o s s e s  a t  50OC may be due  t o  s l i g h t  
h y d r o l y s i s  o f  t h e  D2EHPA. The much lower  l o s s  i n  t h e  s i n g l e  test  
w i t h  L i q u o r  A t h a n  t h a t  w i t h  t h e  0 , 5  M s u l f a t e  s o l u t i o n  is s u r -  
p r i s i n g ,  s i n c e  t h e  s o l u t i o n s  are  s i m i i a r  i n  m a j o r  i o n i c  composi- 
t i o n ,  I f  t h i s  low l o s s  v a l u e  is r ea l ,  i t  must  be a t t r i b u t e d  t o  
t h e  e f f e c t s  o f  t h e  e x t r a c t e d  metal i o n s  i n  t h e  o r g a n i c  phase., 
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Table 1.3 D2EHPA Loss from Kerosene Solutions 
to Aqueous Acidic Liquors 

10 min agitation at aqueous/organic phase ratio of 1/1 

Amount D2EHPA Lost to Aqueous Phase, mg/liter 
2 50C" 5 O°C 

0.1 D2EHPA 0.4 x DZEHPA 
0,l M 0 . 1 4  Iif 0.1 M 

No TBP- NO TBP- DZEHPX, 0.4 M-DZEHPA 
4 hr - 1 hr - Aqueous Phase Additive Added Additive Added 4 hr 

0.5 M SO,', 0.5c 0.5 2 --- 4 9 9 
PH-1 

1.0 - M HzSO4 0.4d 0,4 2 0.3 4 5 10 
- 

10 M HC1 1.5e --- 5 2 5 9 17 - 

aAverage of 3-6 determinations, 
bSingle determinations. 
cLoss after 1 hr = 0.4 mg/liter, after 16 hr BE 1 mg/liter. 
'Loss after 1 hr = 0.3 mg/liter, after 16 hr = 0 . 6  mg/liter. 
e L o s s  after 1 hr = 1.1 mg/liter, after 16 hr = 1.5 mg/liter. 
f0,5 M SOT, pH 1, 0.05 g U/12 2 g Fe2+/liter, 0.5 g Fe3+/liter, 

'0,5 M SOT, pH 1, 4.0 g U/1, 2 g FeZi/liter, 0.5 g Fe3+/liter, 

2 Al/liter. 

2 E Al/liter. 
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T e s t  S o l u t i o n s  and  Tracer Reagen t ,  The aqueous  tes t  s o l u -  
t i o n s  were chosen  on  t h e  f o l l o w i n g  bases: 0 , 5  M SOT, DH 1, * ,  

c o r r e s p o n d s  t o  t h e  a n i o n i c  c o n c e n t r a t i o n  and  pH-level o f  many r a w  
materials l e a c h  l i q u o r s ;  1 M HZS04 is a p r o b a b l e  s t r i p p i n g  s o l u -  
t i o n .  f o r  vanadium; 1 0  M HC1- is  a p o t e n t i a l  s t r i p p i n g  s o l u t i o n  f o r  
uran ium;  and  t h e  l a s t  Two s o l u t i o n s  approx ima te  c e r t a i n  t y p i c a l  
p r o c e s s  l i q u o r s ,  B c o r r e s p o n d i n g  t o  t h e  f e e d  c o m p o s i t i o n  and  A t o  
t h e  c o m p o s i t i o n  n e a r  t h e  r a f f i n a t e  end  o f  t h e  e x t r a c t i o n  sys t em.  

The tracer D2EHPA w a s  p r e p a r e d  by r e a c t i o n  o f  2 - e t h y l h e x a n o l  
w i t h  POC1, c o n t a i n i n g  trace amounts o f  P-32. The sodium s a l t  of 
t h e  a c i d  w a s  s e p a r a t e d  from by-product  phosphorus  a c i d s  by e x t r a c -  
t i o n  i n t o  e t h y l  e t h e r  a f te r  n e u t r a l i z a t i o n  w i t h  NaOH. The e t h e r  
p h a s e  w a s  t h e n  a c i d i f i e d  w i t h  H C 1 ,  c o n v e r t i n g , t h e  sodium s a l t  t o  
free DZEHPA, which w a s  s c r u b b e d  s e v e r a l  t i m e s  w i t h  a d d i t i o n a l  H C 1  
and  water. The e t h e r  w a s  e v a p o r a t e d  and  t h e  D2EHPA w a s  d i s s o l v e d  
i n  k e r o s e n e ,  

T i t r a t i o n  of t h e  k e r o s e n e  s o l u t i o n ,  showing less t h a n  0.01 
e q u i v a l e n t  o f  weak hydrogen f o r  e a c h  e q u i v a l e n t  o f  s t r o n g  hydrogen 
p r e s e n t ,  i n d i c a t e d  l o w  a c i d i c  i m p u r i t y ,  D r . . W .  H.  Baldwin o f  t h e  
ORNL Chemis t ry  D i v i s i o n ,  who assisted i n  t h e  s y n t h e s i s  o f  t h e  
r e a g e n t ,  h a s  p r e p a r e d  a s o l i d  cyc lohexy lamine  s a l t  o f  D2EHPA ( 1  
a m i n e / l  DZEHPA) which m e l t s  s h a r p l y  a t  17OoC. Mixed m e l t i n g  
p o i n t s  of t h e  d e r i v a t i v e s  o f  t h e  tracer r e a g e n t  and  o f  DZEHPA p r e -  
p a r e d  from T e r g i t o l  P-28 (sodium di(2-ethylhexy1)phosphate) i n d i -  
c a t e d  i d e n t i t y .  

1 . 3  Stront ium-Sodium and Cesium-Sodium Exchange i n  D i  ( 2 - e t h y l -  
h e x y 1 ) p h o s p h a t e  (C. A .  B l a k e ,  D. E .  Horne r )  

C a t i o n  exchange  w i t h  sodium di(2-ethylhexy1)phosphate (DZEHP) 
i n  m o d i f i e d  Amsco 123-15 s o l u t i o n  w a s  examined as a p o s s i b l e  means 
o f  e x t r a c t ' i n g  r a d i o a c t i v e  s t r o n t i u m  and  ces ium from waste s o l u -  
t i o n s .  P r e l i m i n a r y  tests showed p r e f e r e n t i a l  e x t r a c t i o n  of 
s t r o n t i u m ,  b u t  n o t  o f  c e s i u m ,  o v e r  sodium from n e u t r a l - t o - b a s i c  
n i t r a t e  s o l u t i o n s  

The s e p a r a t i o n  f a c t o r s  f o r  s t r o n t i u m  o v e r  sodium (Tab le  1 . 4 )  
s c a t t e r e d  a round  a l e v e l  o f  a b o u t  30. N o  change  i n  s e p a r a t i o n  w a s  
a p p a r e n t  w i t h  change  o f  D2EHP c o n c e n t r a t i o n  (0 ,1-0 .4  M )  or p H  (-8 
t o  >11 f o r  0 , l  M DZEHP). E q u i l i b r a t i o n  a p p e a r e d  to  bg c o m p l e t e  
i n  10  min;  s h o r T e r  t i m e s  were n o t  t e s t e d ,  P r o v i d e d  t h e  s e p a r a t i o n  
f a c t o r  is s i m i l a r  down t o  l o w  s t r o n t i u m  c o n c e n t r a t i o n s ,  m u l t i s t a g e  
e x t r a c t i o n  s h o u l d  g i v e  e f f e c t i v e  s t r o n t i u m  removal  from a sodium 
n i t r a t e  s o l u t i o n  o f  t h i s  t y p e .  

The s e p a r a t i o n  f a c t o r s  f o r  ces ium o v e r  sodium (Tab le  1 . 5 )  
were less t h a n  u n i t y ,  i n d i c a t i n g  p r e f e r e n t i a l  d i s t r i b u t i o n  o f  
sodium t o  t h e  o r g a n i c  phase .  The s e p a r a t i o n  f a c t o r s  s c a t t e r e d  
a r o u n d  a l e v e l  o f  0 . 4 ,  showing l i t t l e  i f  any  s h i f t  w i t h  cesium 

- l e v e l ,  pH, or c h o i c e  of d i l u e n t  m o d i f i e r .  

The sodium D2EHP s o l u t i o n s  f o r  t h e s e  tests were p r e p a r e d  by 
t r e a t i n g  D2EHP s o l u t i o n s  o f  t h e  s t a t e d  m o l a r i t y  w i t h  15% NaOH. 
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Table 1.4 Strontium-Sodium Exchange in 
Di(2-ethylhexy1)phosphate 

Initial aq. soln.: 1 M NaNO, and 0.1 M Sr(N03)2 
Initial org. soln.: OT1, 0.2, or 0.4 1GfNaR,P04 
in Amsco 123-15 containing 0.15, 0.7, or 0.3 
M TBP 

Phrse ratio, a/o = 1/1, room temperature, agita- 
tion in Burrell shaker 

Separation 

Time Tnit. E'inaT Extracted (Sr/Na)org 

D2EHP 
Concn. 

M Contact PH % of Sr Factor,a - 
2.2 8.7 41 29 0.1 10 min 

0.2 

0.4 

2.2 7.5 38 21 64 hr 

64 hr 6.9 11.4 37 27 

62 32 10 min 2.2 --- 
64 hr 2.2 11.7 71 32 

64 hr 2.2 10.8 74 45 
pF 

82 '2 1 10 min 2.2 --- 

64 hr 2.2 10.9 88 33 
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T a b l e  1 .5  Cesium-Sodium Exchange i n  
Di(2-ethylhexy1)phosphate 

I n i t i a l  aq .  s o l n , :  - 2  M (CsNO,  + NaNO,)  
I n i t i a l  o rg ,  s o l n :  0.1-M Na@,ZX& i n  A m s c o  123-15 

Phase  r a t i o  a/o = 1/1, room t e m p e r a t u r e ,  64 h r  
m o d i f i e d  w i t h  TBP or T r i d e c a n o l  

c o n t a c t  t i m e  i n  B u r r e l l  s h a k e r  

S i l s a r a t i o n  
I n i t ,  Aq, Concn, PH % of cs F k c t o r Y a  
c s s  - M N a ,  M l n i t  F i n a l  E x t r a c t e d  ( C s / N a )  o rg  

0 - 2  1 . 8  8,O 11.8 2 . 3 b  0.34 

1 . 7  --- 9 . 4  Z.3b 0 . 4 1  

1 <. 8 8 - 0  1 1 , 6  1 . 9  

9 .9  ,2 . 5 

0 .31  

0.42 

1 . 9  11.9' . > 1 3  1 . 9  0 .37  

1 .0  1 . 0  7 . 9  1 1 - 7  3.5 0.42 

8 , 8  3 i 8  0.47 --- 00 9 

b D i l u e n t  m o d i f i e d  w i t h  0 - 1  M t r i d e c a n o l  i n  t h e  f i r s t  t w o  tes ts ,  
w i t h  0 , 1 5  M TBP i n  t h e  o t h e r s ,  

NaOH a t  0 . 1  M i n  t h e  i n i t i a l  aqueous  s o l u t i o n .  
- 

C - 
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Some excess sodium hydroxide was extracted into the organic solu- 
tion (ORNL-2172, p. 441, which, on re-equilibration with the 
aqueous test solutions, caused the rather large pH changes noted. 

- 

2.0 PROCESS DEVELOPMENT 

In addition to the studies described below, process develop- 
ment projects during the month included (1) evaluation in con- 
tinuous equipment of the sodium carbonate method for stripping 
thorium from amines, (2) investigation of extraction characteris- 
tics and molybdenum compatibility of some new amines, ( 3 )  study 
of the effect of dissolved silica on phase separation in the Amex 
system, and (4 )  dissolution of uranium from ores by a sodium car- 
bonate pugging treatment. 

2.1 Removal of Phosphate from Dapex Vanadium Strip Solutions 
with Z irconium Oxide ( k s o  G .  Seeley] 

Preliminary studies of methods of controlling the phosphate 
content of Dapex vanadium products to specification limits, i.e., 
P/V,05 = c:O. 05%, were described previously ( ORNL-2399) It was 
shown that, during extraction, important amounts of inorganic phos- 
phate can be transferred from the leach liquor to the solvent 
(presumably by extraction as a cationic metal complex) and subse- 
quently transferred to the sulfuric skid strip solution. 
separation from phosphate was favorable when the vanadium was 
precipitated from the strip solution as "red cake," the phosphate 
was carried almost quantitatively to products derived by precipitating 
vanadium(1V) with ammonia. Since the latter precipitation method 
may have certain advantages with respect to process operation, develop- 
ment of a useful method for separating the phosphate from solution 
prior to vanadium precipitation is desirable. 

Although 

In the course of their investigation of the ion exchange 
properties of various inorganic materials, Kraus and Phillips showed 
hydrous zirconium oxide to have unusual anion exchange properties in 
acidic solutions.* Their work suggested the possibility of removing 
the phosphate from the strip solution by adsorption on a bed of 
zirconium oxide. 

Preparation of the Zirconium Oxide. Two samples of zirconium 
oxide were prepared by dissolving zirconyl chloride in waterp pre- 
cipitating with ammonia to pH 8.5, filtering, and washing. The wet 
cakes were dried** to constant weight at either 200 or  300OC. The 
dried precipitates were ground and passed through a 100 mesh screen. 

K. A. Kraus and He 0. Phillips, ''Anion Exchaqge Properties of 
Hydrous Zirconium Oxide," J. Am. Chem. Soc., 78:  249 (1956). 
According to Kraus and Phillips the temperature at which the pre- 
cipitate is dried determines its degree of activity as an exchanger. 
The adsorptive capacity decreases as the drying temperature is 
increased but this effect does not become excessive below 3OO0C. 

i 

** 



-12-  

A n a l y s e s  showed 

Drying  Temp., C Z r O , ,  % 
Loss o n  I g n i t i o n  

a t  l O O O O C ,  % 0 

2 0 0  8 5 . 9  1 4 . 3  
300 89 .4  1 0 . 6  

Ba tch  T e s t s .  I n  a se r ies  of b a t c h  t e s k s ,  v a r y i n g  amounts of  
t h e  two z i r c o n i u m  oxide samples  were s t i r red  i n  a b e a k e r  f o r  e i t h e r  
5 or 30 min w i t h  s y n t h e t i c  s t r i p  s o l u t i o n s  o f  pH 0 .4  and  1 . 5 .  Both 
s o l u t i o n s  c o n t a i n e d  1.1 g o f  PO4 p e r  l i t e r  a n d ,  e x c e p t  f o r  t h e  pH, 
were s imi l a r  i n  c o m p o s i t i o n .  A f t e r  e a c h  c o n t a c t  t h e  z i r c o n i u m  o x i d e  
w a s  f i l t e r e d  o f f  and t h e  f i l t r a t e s  were a n a l y z e d  f o r  phospha te .  

w i t h  t h e  300 C o x i d e  ( F i g .  2 . 1 ) .  I n  g e n e r a l ,  phospha te  removal  w a s  
more e f f e c t i v e  a t  pH 1 . 5  t h a n  pH 0 . 4  and  a f t e r  30  min c o n t a c t  t h a n  
i n  5 min. I n  t h e  t e s t s  a t  pH 0 .4  ( b u t  n o t  a t  pH 1 . 5 )  z i r con ium and 
phospha te  s l o w l y  p r e c i p i t a t e d  a f t e r  t h e  s o l u t i o n  had been s e p a r a t e d  
from t h e  z i r c o n i u m  o x i d e .  

Phosphahe a d s o r p t i o n  was somewhat h i g h e r  w i t h  t h e  2OO0C t h a n  

Co lumn 'Tes t .  Based on t h e  p r o m i s i n g  b a t c h  t e s t  r e s u l t s ,  a 
column tes t  w a s  made g i t h  a n o t h e r  b a t c h  o f  z i r c o n i u m  o x i d e  which 
had been d r i e d  a t  300 C and s c r e e n e d .  To a v o i d  e x c e s s i v e  r e s i s t a n c e  
t o  s o l u t i o n  f l o w ,  o n l y  t h e  -50+80 mesh f r a c t i o n  w a s  u s e d .  T h i s  
m a t e r i a l  was loaded  i n t o  a g l a s s  column ("0.9 c m  i . d n )  t o  a d e p t h  
of 28 c m .  The t o t a l  we igh t  of t h e  z i r c o n i u m  o x i d e  w a s  27 g and t h e  
w e t  s e t t l e d  volume w a s  a p p r o x i m a t e l y  1 9  m l .  

A s y n t h e t i c  vanadium s t r i p  s o l u t i o n  (pH l o 5 ) ,  s i m i l a r  t o  t h a t  
u s e d  i n  t h e  b a t c h  tests b u t  c o n t a i n i n g  o n l y  0 .55  g o f  PO, p e r  l i t e r ,  
i . e . ,  P/V,08 = 0.31%, was passed  t h r o u g h  the column a t  a f l o w  r a t e  
o f  a p p r o x i m a t e l y  2 . 7  ml/min ( -60  g a l / f t z / h r ) .  Phospha te  a n a l y s e s  o f  
e f f l u e n t  s a m p l e s  showed e s s e n t i a l l y  comple t e  removal  of phospha te  
u n t i l  a b o u t  20 column volumes ( 1 9  m l  e a c h )  of s o l u t i o n  had passed  
t h r o u g h  t h e  column ( F i g .  2 . 2 ) .  A t  t h i s  p o i n t  t h e  phospha te  began t o  
b r e a k  t h r o u g h  s l o w l y ,  i n c r e a s i n g  from 0 . 0 1  g / l i t e r  a f t e r  3 0  column 
volumes t o  0 .04  g / l i t e r  a f t e r  40 column volumes.  The l a t t e r  f i g u r e  
c o r r e s p o n d s  t o  a P/V,Os r a t i o  i n  t h e  s o l u t i o n  of  0.023%, or approx-  
i m a t e l y  h a l f  t h e  a l lowable phosphorus .  The t es t  w a s  d i s c o n t i n u e d  
a f t e r  44 column volumes of s o l u t i o n  had passed  t h e  column. The 
o v e r a l l  removal  of  phospha te  f o r  t h e  t e s t  w a s  a b o u t  98% and t h e  ca l -  
c u l a t e d  a v e r a g e  l o a d i n g  i n  t h e  column w a s  a b o u t  1 6  g of  POk p e r  1000 
g of  a d s o r b e n t .  The z i r c o n i u m  c o n c e n t r a t i o n  i n  t h e  column e f f l u e n t  
d e c r e a s e d  s t e a d i l y  o v e r  most of  t h e  r u n ,  f i n a l l y  a p p e a r i n g  t o  r e a c h  
a c o n s t a n t  v a l u e  of a p p r o x i m a t e l y  0 . 0 1  g / l i t e r :  

Column Volumes 
o f  E f f l u e n t  

9 
1 4  
20 
2 2  
40  
4 1  
43 

.Zr i n  E f f l u e n t ,  
g / l i t e r  

0614 
0 .08  

' 0 . 0 6  
0.04 
0 . 0 1  
0 . 0 1  
0 . 0 1  
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Fig, 2.1 Adsorption of Phosphate on Zirconium Oxide. Synthetic 
strip solution, in g/liter, 31.4 V(IV), 0.63 Fe(III), 0.44 Al, 
1.1 P O 4 ,  98 S O 4 ,  pH 0.4 or 1.5 (pH adjustment made with NH,) 

o zirconium oxide dried at 2OO0C 
0 zirconium oxide dried at 3OO0C 
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F i g ,  2 . 2  A d s o r p t i o n  of Phosphate  on a Column of 
Zirconium Oxide .  S y n t h e t i c  s t r i p  s o l u t i o n ,  g / l i t e r ,  
3 1 . 8  V ( I V ) ,  0 . 6  F e ( I I 1 ) ;  0 . 4  A l ,  0 . 5 5  PO4, 98 S O 4 ,  
pH 1 . 6 ;  z i r c o n i u m  o x i d e  d r i e d  a t  3OO0C, -50+80 mesh,  
w e i g h t  27 g ,  h e i g h t  i n  column 28 cm, w e t  s e t t l e d  volume 
1 9  ml ;  s o l u t i o n  f l o w  rate 2 . 7  ml/min (-60 g a l / f t 2 / h r ) .  



-15- 

8 

. 

The relatively high zirconium losses in the initial period of the 
run can probably be attributed to the presence of zirconium oxide 
fines which gradually-were eliminated as the run progressed. 
Zirconium losses even at the rate of 0.14 g/liter are of minor 
cost significance, corresponding to a zirconium consumption of only 
0.0025 lb per pound of Vz05. 

Following the loading cycle, the column was washed with 8 
column volumes of water and elution of the phosphate with dilute 
caustic was attempted. Phosphate removal during the water wash 
was negligible. Approximately 21 column volumes of 0.1 M NaOH and 
then 9 volumes of 0.5 M NaOH were passed through the colcmn at a 
flow rate of approximaTely 4 ml/min ( - 9 0  gal/ftz/hr). Phosphate 
analyses of small eluate samples taken after passage of the indicated 
column volumes were 

Column Eluate 
Eluant Volumes - PH PO4 Y g/liter 

0.1.M NaOH 3 
5 
10 

’ 12 
15 
17 
19 
21 

c 
2.4 
2.6 

- 
2.6 
4.7 
10.1 
12 * 1 

< 0.005 
C 0.005 
< 0.005 
0.02 
0.16 
0.53 
0.84 
0.64 

0.5 M NaOH 1 12.2 0.58 
2 12,5 2.7 
3 12,5 1.7 
4 12.5 1.2 
6 12.5 0.66 
8 12.5 0.44 
9 12.5 0.37 

- 

On the basis of composite eluate analyses, the total phosphate 
removed from the column in the eluting cycle was approximately 65% 
of that initially adsorbed. This value is being checked by direct 
analysis of the zirconium oxide., 

Methods of increasing the elution efficiency including the use 
of more concentrated caustic solutions, lower elution flow rateso 
and possibly elevated temperatures are being examined. Tests are 
also being made to determine whether the zirconium oxide will main- 
tain its sorption capacity in cyclic operation. 

2.2 Rate of Stripping of Vanadium(IV), Iron(III), and Aluminum 
from Di( 2-ethylhexy1)phosphoric Acid ( F  G o  Seeley) 

In the Dapex process for vanadium recovery as originally pro- 
posed, vanadium( IV) is extracted with 0.2-0,4 M di( 2-ethylhexy1)- 
phosphoric acid (DZEHPA) and stripped with 1 M72S04 at ambient 
temperature, Under these stripping conditiong’, some of the extracted 
impurity metals, such as Fe(III), aluminum, and titanium are not 
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removed e f f e c t i v e l y  from t h e  o r g a n i c  phase .  To p r e v e n t  t h e i r  b u i l d u p  
t o  a p o i n t  o f  e v e n t u a l  i n t e r f e r e n c e  w i t h  e x t r a c t i o n  e f f i c i e n c y ,  a 
f r a c t i o n  of  t h e  s o l v e n t  stream is r e g e n e r a t e d  by c o n t a c t  w i t h  sodium 
c a r b o n a t e  s o l u t i o n  b e f o r e  i t  is r e c y c l e d  t o  t h e  e x t r a c t i o n  sys t em.  

R e c e n t l y ,  t h e  K e r r - M c G e e  O i l  I n d u s t r i e s ,  I n c .  h a s  r e p o r t e d  
( p r i v a t e  communicat ion)  t h a t  1 M H2S04 s t r i p p i n g  a t  h i g h e r  tempera-  
t u r e s  removes t h e  i m p u r i t y  metaTs more e f f e c t i v e l y .  C o n s e q u e n t l y ,  
f u r t h e r  tests have been  made a t  t h i s  l a b o r a t o r y  t o  s t u d y  t h e  e f f e c t  
o f  t e m p e r a t u r e  on  s t r i p p i n g ,  p a r t i c u l a r l y  on  t h e  r e l a t i v e  s t r i p p i n g  
r a t e s  o f  vanad ium(IV) ,  i r o n ( I I I ) ,  and aluminum. These  r e l a t i v e  r a t e s  
a re  i m p o r t a n t  t o  o p e r a t i n g  p r a c t i c e  i n  s e t t i n g  a b a l a n c e  between t h e  
e x t e n t  of  c o n t a m i n a t i o n  of t h e  s t r i p  s o l u t i o n  and  t h e  amount of  s o l -  
v e n t  r e g e n e r a t i o n  r e q u i r e d .  

O r g a n i c  s o l u t i o n s  c o n s i s t i n g  of 0 .25  M D2ZHPA i n  k e r o s e n e  o r  
k e r o s e n e  + 0.2 M TBP* d i l u e n t  were l o a d e d  V i t h  vanad ium(IV) ,  i r o n  
(1111, or a l u m i h m  immedia t e ly  p r i o r  t o  t h e  s t r i p p i n g  t es t s .  The 
e x t r a c t s  were t h e n  s t r i p p e d  by c o n t a c t  w i t h  1 M H2S04 i n  a b a f f l e d  
mixe r  u s i n g  a s t i r r i n g  s p e e d  of - 6 0 0  rpm. SamEles of t h e  mixed p h a s e s  
were wi thdrawn a t  s p e c i f i c  time i n t e r v a l s ,  a l l o w e d  t o  s e p a r a t e  o v e r  a 
p e r i o d  o f  a p p r o x i m a t e l y  1 min ,  and a n a l y z e d .  

S t r i p p i n g  of  Vanadium(1V). Organ ic  eg t rac ts  l o a d e d  w i t h  3 , 5  g 
. V ( I V )  p e r  l i t e r  were s t r i p p e d  a t  25 and  50 C ,  o/a phase  r a t i o  10/1  
( F i g .  2 . 3 ) .  The e q u i l i b r i u m  d i s t r i b u t i o n ,  r e a c h e d  w i t h i n  20 min ,  
w a s  e s s e n t i B l l y  t h e  same a t  b o t h  t e m p e r a t u r e s .  
r a p i d  a t  50 C ,  r e a c h i n g  -85% of its e q u i l i b r i u m  v a l u g  a f t e r  1 min and 
>95% a f t e r  2 . 5  min. S t r i p p i n g  w a s  much slower a t  25 C ,  r e a c h i n g  85% 
o f  e q u i l i b r i u m  o n l y  a f t e r  -5 rnin and  95% a f t e r  - 1 0  min. I n  t h e  
p r e s e n c e  of TBP s l i g h t l y  more vanadium w a s  s t r i p p e d  a t  e q u i l i b r i u m ,  
b u t  t h e  r e l a t i v e  ra tes  w e r e  e s s e n t i a l l y  t h e  same as  i n  its a b s e n c e .  

S t r i p p i n g  w a s  q u i t e  

I t  s h o u l d  be n o t e d  t h a t  t h e  p a r t i c u l a r  r a t e s  i n d i c a t e d  i n  F i g .  
2 . 3  p e r t a i n  o n l y  t o  t h e  p a r t i c u l a r  mix ing  c o n d i t i o n s  used. Much 
fas te r  vanadium s t r i p p i n g ,  a t  room t e m p e r a t u r e ,  h a s  been  g e n e r a l l y  
o b s e r v e d  when mixing  h a s  been  more v i g o r o u s  and  when t h e  phase  r a t i o  
w a s  c l o s e r  t o  u n i t y . * *  

I r o n ( I I 1 )  and  Aluminum S t r i p p i n g .  O r g a n i c  e x t r a c t s  l o a d e d  w i t h  
e i t h e r  l e g  g o f  F e ( I I 1 )  or 0.8 g A l / l i t e r  were s t r i p p e d  a t  25 or 3OoC 
and a t  50 C ,  w i t h  anoa/o phase  r a t i o  of 1/1. 
e x t r e m e l y  s l o w  a t  25 C ( F i g .  2 . 4 ) ,  o n l y  a b o u t  5% of t h e  i r o n  b e i n g  
s t r i p p e d  a f t e r  2 0  min and  10% a f t e r  6 0  min ,  prgsumably s t i l l  f a r  from 
e q u i l i b r i u m .  I n c r e a s i n g  t h e  t e m p e r a t u r e  t o  50 C g r e a t l y  i n c r e a s e d  
t h e  s t r i p p i n g  r a t e ,  w i t h  a p p r o x i m a t e l y  25% of t h e  i r o n  s t r i p p e d  i n  

1 0  min. Beyond 1 0  min ,  t h e  e x t e n t  o f  s t r i p p i n g  from t h e  s o l v e n t s  

I r o n ’ s t r i p p i n g  w a s  

i 
U s e  o f  a d i l u e n t  m o d i f i e r  is recommended t o  p r e v e n t  s e p a r a t i o n  o f  
t h e  sodium s a l t  of DZEHPA as  a t h i r d  1 , iqu id  phase  d u r i n g  a l k a l i n e  
r e g e n e r a t i o n .  Al though bo th -TBp  and  l o n g  c h a i n  a l c o h o l s  are  e f f e c -  
t i v e  m o d i f i e r s ,  TBP is p r e f e r r e d  s i n c e  i t  d o e s  n o t  s i g n i f i c a n t l y  
a f f e c t  vanadium e x t r a c t i o n ,  whereas  . I  t h e  a l c o h o l  s e v e r e l y  d e p r e s s e s  
t h e  vanadium c o e f f i c i e n t .  

I n  s t u d i e s  of t h e  Dapex uranium e x t r a c t i o n  sys t em by t h e  E n g i n e e r i n g  
S e c t i o n  (ORNL-2380), t h e  r a t e  of  mass t r a n s f e r  w a s  dependen t  o n  t h e  
phase  r a t i o  d u r i n g  m i x i n g ,  b e i n g  more r a p i d  a t  a/o phase  r a t i o s  o f  
1/1 t h a n  a t  a r e l a t i v e l y  h i g h  r a t i o ,  e . g . ,  4 /1 .  

**  



.. . 

-17- 

.. 
n w a a 
p: 
B 
v) 

E 
3 

c a c 
3 

n 

n n 

e 
* 

n w a a 
p: 
E 
VI  

zz 
3 

c 
R c 
3 

n 

n n 

8 0  

Kerosene + 0 , 2  M TBP 
diluent 

0.r I I 1 
0 5 10 15 20 

AGITATION TIME, min 

Fig. 2.3 Rate of Vanadium(1V) Stripping from 0.25 M D2EHPA 
with 1.0 M H,SO,. 
liter) mized with 1 vol of 1.0 M H,S04 in a baffled beaker,at 
-600  rpm stirring speed; organic continuous mixing. 
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8 Kerosene + 0 . 2  M TBP - 
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F i g .  2.4 Rate of I r o n ( I I 1 )  S t r i p p i n g  from 0.25 M D2EHPA w i t h  
1 . 0  M H 2 S 0 4 .  Equal volumes of extract  ( - 1 . 2  g Fe(TI1) per  
l iteF) and 1 . 0  M H,S04 mixed i n  a b a f f l e d  beaker  a t  -600  rpm 
s t i r r i n g  s p e e d ;  o r g a n i c  c o n t i n u o u s  m i x i n g .  - 
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w i t h  and  w i t h o u t  TBP d i v e r g e d  w i d e l y ,  w i t h  -50% of  t h e  i r o n  removed 
i n  t h e  p r e s e n c e  o f  TBP and  o n l y  -30% i n  i t s  a b s e n c e ,  i n  60 min. 
The c u r v e s  s u g g e s t  t h a t  t h e  5OoC s t r i p p i n g  w a s  n e a r  e q u i l i b r i u m  a t  
60 min, and i t  w a s  n o t  much less i n  2 0  min t h a n  i n  60 min. 8 

c ,Aluminum w a s  s t r i p p e d  more r a p i d l y  and  more c o m p l e t e l y  t h a n  
i r o n  ( F i g ,  2 . 5 ) .  However, a t  3OoC t h e  r a t e  w a s  s t i l l  r e l a t i v e l y  
s low,  w i t h  -25% s t r i p p e d  i n  1 0  min, 60-75% i n  2 0  min ,  and 85-95% i n  
60 min. A t  50°, >95% s t r i p p i n g  w a s  o b t a i n e d  i n  less  t h a n  1 0  min. 
A t  30OC t h e  r a t e  o f  s t r i p p i n g  w a s  n o t i c e a b l y  f a s t e r  when TBP w a s  
p r e s e n t  i n  t h e  s o l v e n t ,  

The f o r e g o i n g  r e s u l t s  are a l l  from tes ts  made w i t h  t h e  o r g a n i c  
phase  c o n t i n u o u s  i n  t h e  mixer  (see ORNL-2172, p. 76 for p r o c e d u r e ) .  
I n  tests w i t h  t h e  aqueous  phase  c o n t i n u o u s  r e s u l t s  were e s s e n t i a l l y  
t h e  same. 

I n  p r o c e s s  p r a c t i c e ,  t h e  a d v a n t a g e  or d i s a d v a n t a g e  of  t h e  h i g h e r  
i r o n  and  aluminum s t r i p p i n g  r a t e s  o c c u r r i n g  a t  h i g h e r  t e m p e r a t u r e s  
would depend p r i m a r i l y  on  t h e  c h o i c e  of  method f o r  s u b s e q u e n t  r e c o v e r y  
o f  vanadium 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 .  I f  t h e  vanadium is 
r e c o v e r e d  as  " r e d  cake" by a d d i t i o n  o f  sodium c h l o r a t e  t o  t h e  s o l u t i o n  
and  h e a t i n g ,  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  metal c o n t a m i n a n t s  i n  
t h e  s t r i p  s o l u t i o n  c a n  be t o l e r a t e d  s i n c e  s e p a r a t i o n  from vanadium is 
good i n  t h e  p r e c i p i t a t i o n .  I n  t h i s  case, h o t  s t r i p p i n g  would a p p e a r  
advan tageous  b o t h  f o r  improved vanadium s t r i p p i n g  and  f o r  d e c r e a s e d  
need o f  s o l v e n t  r e g e n e r a t i o n .  I n  c o n t r a s t ,  when vanadium is r e c o v e r e d  
by h y d r o l y t i c  p r e c i p i t a t i o n  w i t h  ammonia, most of t h e  i r o n  and aluminum 
a l s o  p r e c i p i t a t e ,  so t h a t  i n c r e a s e d  p r o d u c t  c o n t a m i n a t i o n  would 
p r o b a b l y  ou twe igh  t h e  a d v a n t a g e s  o b t a i n a b l e  from h o t  s t r i p p i n g  when 
ammonia p r e c i p i t a t i o n  is u s e d .  

3.0 ENGINEERING STUDIES 

I n  a d d i t i o n  t o  t h e  s t u d i e s  d e s c r i b e d  below, e n g i n e e r i n g  s t u d i e s  
d u r i n g  t h e  month have  i n c l u d e d  ( 1 )  b a t c h  phase  s e p a r a t i o n  tes ts  for 
compar ison  of  d i f f e r e n t  a m i n e s ,  d i l u e n t s ,  and  m o d i f i e r s  i n  t h e  Amex 
p r o c e s s ,  ( 2 )  d e t e r m i n a t i o n  of f l o w  c a p a c i t y  and  s c a l e - u p  f a c t o r s  f o r  
g r a v i t y  s e t t l e r s  for t h e  e x t r a c t i o n  s e c t i o n  o f  t h e  Amex p r o c e s s ,  and 
( 3 )  e f f e c t  o f  coalescers €or r e c o v e r y  o f  e n t r a i n e d  s o l v e n t  i n  aqueous  
r a f f i n a t e s ,  

3.1 E f f e c t  of Phase  Ra t io  o n  t h e  Rate of  Uranium E x t r a c t i o n  by 
Dapex Type S o l v e n t  ( F  L .  Daley)  

S t u d i e s  o f  t h e  r a t e  of  uranium e x t r a c t i o n  from t y p i c a l  s u l f u r i c  
a c i d  l e a c h  l i q u o r s  by a Dapex t y p e  s o l v e n t  i n  a b a t c h  mixer (ORNL- 
2366) and  unde r  c o n t i n u o u s  f l o w  c o n d i t i o n s  (ORNL-2380) a t  a n  aqueous /  
s o l v e n t  r a t i o  o f  4 /1  were r e p o r t e d  p r e v i o u s l y .  S i m i l a r  s t u d i e s  have  
been  made a t  a n  a q u e o u s / s o l v e n t  r a t i o  o f  1/1 t o  s t u d y  t h e  e f f e c t  of 
phase  r a t i o  on t h e  r a t e  o f  uranium e x t r a c t i o n .  

The tests were conduc ted  i n  a 6 - in .  b a f f l e d  t a n k  mixer  equ ipped  
w i t h  a 3- in .  6-bladed t u r b i n e  as  d e s c r i b e d  i n  ORNL-2269. The 
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Fig. 2.5 Rate of Aluminum Stripping from 0.25 M D2EHPA 
with 1.0 M H,S04.  
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s o l v e n t  w a s  0 . 1  M D2EHPA i n  k e r o s e n e  c o n t a i n i n g  30 g / l i t e r  TBP, The 
c o m p o s i t i o n  of tTie f e e d  l i q u o r ,  i n  g / l i t e r ,  was 1 . 2  U ,  0.3 F e ( I I I ) ,  
1 . 0  V ( I V ) ,  2 - 8  A l ,  50 S O 4 ,  and 1 . 9  PO4 a t  pH 1, The t e s t s  were made 
t o  s i m u l a t e  t h e  l o a d e d  s tage  i n  a 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 i r c u i t  
w i t h  s o l v e n t  r e c y c l e  t o  m a i n t a i n  a n  a q u e o u s / s o l v e n t  r a t i o  of  1/1 i n  
t h e  mixer .  To accompl i sh  t h i s  4 p a r t s  o f  f e e d  l i q u o r  - ( l u 2 1  g o f  
uranium p e r  l i t e r )  were c o n t a c t e d  w i t h  1 p a r t  o f  b a r r e n  s o l v e n t  a n d  
3 p a r t s  of  l o a d e d  s o l v e n t  ( 4 . 0  g of uranium p e r  l i t e r ) .  Complete  
t r a n s f e r  of uranium would g i v e  a s o l v e n t  l oaded  t o  80% o f  t h e  maximum 
e q u i l i b r i u m  l o a d i n g  from t h e  aqueous  f e e d .  The tests were made a t  a 
t e m p e r a t u r e  o f  25 + loco - 

The r a t e  c o n s t a n t  K' w a s  c a l c u l a t e d  from t h e  d a t a  o b t a i n e d  from 
t h e  b a t c h  tes t  i n  t h e  same way as  d e s c r i b e d  i n  ORNL-2269. The ra te  
c o n s t a n t  o b t a i n e d  a t  a n  a q u e o u s / s o l v e n t  r a t i o  of  1/1 and t h e  r a t e  
c o n s t a n t  o b t a i n e d  unde r  s imi la r  c o n d i t i o n s  a t  a n  a q u e o u s / s o l v e n t  r a t i o  
o f  4 / 1  (ORNL-2366) w e r e  a d j u s t e d  f o r  t h e  f r a c t i o n  o f  aqueous  p r e s e n t  
i n  t h e  mixer  ( R / V )  where R is  t h e  volume of aqueous  and  V is t h e  t o t a l  
volume o f  t h e  mixer., The v a l u e s  of K ' R / V  a g r e e d  c l o s e l y :  

Power I n p u t ,  
a/o T u r b i n e  hp/1000 K '  

Run No. Phase  Rat io  Speed ,  rpm ga  1 min-1 K ' R / V  

85 4 / 1  524 20 1.44 
183 1/1 524 20 2 . 1 2  

1 , 1 5  
1 - 0 6  

~ 

For t h e  con t inuous - f low tes ts ,  a t  a n  a q u e o u s / s o l v e n t  r a t i o  of  
1/1, t h e ' a q u e o u s  f l o w  r a t e  w a s  0.243 ga l /min  and  t h e  power i n p u t  w a s  
v a r i e d  from 2.5 t o  2 2 0  hp/1000 g a l .  The mix ing  w a s  c o n t r o l l e d  t o  
g i v e  a s o l v e n t  c o n t i n u o u s  d i s p e r s i o n .  The Murphree s t a g e  e f f i c i e n c y  
w a s  c a l c u l a t e d  ( f o r  t h e  c o n t i n u o u s  f l o w  tests, a t  a n  a q u e o u s / s o l v e n t  
r a t i o  o f . 1 / 1 )  i n  t h e  same way a s  d e s c r i b e d  i n  ORNL-2380. The r e s u l t s  
( T a b l e  3 , l )  show a n  i n c r e a s e  i n  Murphree e f f i c i e n c y  w i t h  i n c r e a s i n g  
power i n p u t  from 57.8% a t  2.5 hp/1000 g a l  t o  88.2% a t  220 hp/1000 g a l .  

T a b l e  3 . 1  Summary o f  R e s u l t s  o f  Cont inuous- f low T e s t s  

Aqueous 
U Conc., g / l i t e r  

Run No. I n  o u t  

672 1 . 2 1  0.565 
673 1 . 2 1  0.450 
6 74 1 . 2 1  0.335 
675 1 . 2 1  0,285 
676 1 . 2 1  0 ,265  

I m p e l l e r  
Speed,  
1" Pm 

i 

262 
. 350 

524 
787 

1170 

Power p e r  Murphree 
Mixer V o l . ,  E x t r a c t i o n  
hp/1000 ga l  E f f i c i e n c y ,  % 

2.5  57 .8  
5 .7  68.8 

2 0  80.6 
67 86.7 

220 88.2 

Comparison o f  " h e s e  r e s u l t s  w i t h  ,hose p r e v i o u s l y  o b t a i n e d  
(ORNL-2380) a t  t h e  same aqueous  f l o w  r a t e  and  a t  a n  a q u e o u s / s o l v e n t  
r a t i o  of 4 / 1  ( T a b l e  3 .2)  shows t h a t  t h e  stage e f f i c i e n c y  was n o t  
g r e a t l y  a f f e c t e d  by c h a n g i n g  t h e  a q u e o u s / s o l v e n t  r a t i o  from 4 /1  t o  
1/1. C o n s e q u e n t l y ,  mixers d e s i g n e d  f o r  a s p e c i f i c  aqueous  f l o w  
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rate should operate at fairly constant efficiency independent of 
the amount of solvent recycle within the limits of phase ratios 
tested. 

Table 3.2 Effect of Phase Ratio on Extraction Efficiency 

Aqueous a/o Murphree Extraction Efficiency, % 

gal/min Ratio 62.5 5.7 20 b (  220 

0.243 1/1 57.8 68.8 80.6 86.7 88.2 
0,237 4/1 66.0 7 5 . 7  77 .4  8 0 . 7  86.1 

Flow Phase Power per Mixer Vol. (hp/1000 gal) 

4.0 FUNDAMENTAL STUDIES 

In addition to the work described below, fundamental projects 
studied during the month have included (1) measurements of aggrega- 
tion of amine saltsnand uranyl-amine salt complexes by light scat- 
tering, (2) measurement of dielectric constants of organic solutions 
of amine salts, and (3) examination of dialkylphosphoric acid--phos- 
phine oxide association by isopiestic measurements. 

4.1 Interaction Between Di(2-ethylhexy1)phosphoric Acid and Tri-n- 
octvlphosphine Oxide in n-Octane ( H  e To Baker9 C. F .  Baes. JF-1 - -  

In the previous report results of an infrared spectrophotometric 
investigation of the interaction between the components of synergistic 
extractants were described. In the case of di(2-ethylhexy1)phosphoric 
acid (A) and tri-n-octylphosphine oxide (B) in n-octane, an inter- 
action product was found by the method of continuous variations in 
which the mole ratio of B/A, ( A  being dimeric) was 2, i.e., the ratio 
B/A = 1. 

For-more detailed examination of this interaction, the concen- 
tration dependence on B was measured at constant concentrations of 
A (Fig. 4.1). As before, the quantity D is the difference between 
the observed absorbency and that expected if the absorbencies of A 
and B were additive (i.ea9 no interaction) in mixed solutions. D 
was measured as a function of the concentration of B at A = 0.1 M 
and A = 0.05 M, Both the appearance of the P-0 band at 1280 cm-T 
associated w i n  the interaction roduct (Fig. 4.1) and the disappear- 
ance of the P=O band at 1233 cm-? associated with A, were measured. 

Assuming the following equilibrium 

(which was suggested by the continuous variation results) to be the 
only important interaction taking place, it may readily be shown 
that D should be proportional to the concentration of AB. There- 
fore, it is possible to calculate a value for ICl from each point on 
the curve upon the choice of a proportionality constant. This 
procedure gives values of K, which vary from 20 to 40. The assump- 
tion that the addition compound is AnBn, where n is an integer 
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i '  
greater than unity, leads to much larger fluctuations in K,(e.g., 
for A2B2, KIvaries by more than a factor of 10). 

The lack of constancy of K: suggests that more than one 
addition compound is formed. The most reasonable choice for the 
additional equilibrium is 

I .  

Thus, one can picture the interaction between A 2  and B as proceeding 
in two steps: 

R3 Pu 

0 '  
0.. , 

R3 PO 
P(OR)2 ___) 2(RO),P? gPR3 

Ho\ 0 

OH---O OH---0 
(RO) 2 p< 

In terms of these reactionsp the present data can be accounted for 
quite satisfactorily. The assumed relation between D, AB, and A2B 
is D a k(A2B + AB). 
100 + 50.  The relative concentrations of A,, A2B and AB-given by 
thesz K values are indicated in Fig. 4.2. It'is seen that the con- 
centration of A2B is never more than -50% of AB and generally it is 
much less than AB ,, Consequently, it is not surprising that the 
formation of A2B was not apparent from the continuous variation 
measurements. 

The resulting K values are KI = 3 0  + 5 and K2 = 
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Fig. 4.2 Dependence of Relative Concentrations of Species in 
Solution on the Total Concentrations of Phosphine Oxide (B) and 
Di( 2-ethylhexy1)phosphoric Acid (A). 


