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ABSTRACT 

A p p r o x i m a t e l y  60 o r g a n o n i t r o g e n  compounds were t e s t e d  
f o r  t h e i r  a b i l i t y  t o  extract  u ran ium from acidic s u l f a t e  
s o l u t i o n .  Those  showing  s i g n i f i c a n t  e x t r a c t i o n  power were 
t e s t e d  w i t h  r e s p e c t  t o  o the r  p e r t i n e n t  e x t r a c t i o n  c h a r a c -  
t e r i s t ics ,  i n c l u d i n g  s o l u b i l i t y  l o s s  t o  a q u e o u s  l i q u o r s ,  
s e l e c t i v i t y  f o r  u r a n i u m ,  a n d  c o m p a t i b i l i t y  w i t h  molybdenum 
l i q u o r s .  A s  i n  p r e v i o u s  s t u d i e s ,  t h e  s i m p l e  a m i n e s  were 
most u s e f u l ,  a number o f  t h e  p r i m a r y ,  s e c o n d a r y ,  and  ter- 
t i a r y  a m i n e s  s h o w i n g  p r o m i s e  as p r a c t i c a b l e  p r o c e s s  extrac- 
t a n t s .  

. 
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1 . 0  INTRODUCTION 

The i n v e s t i g a t i o n  and  e v a l u a t i o n  o f  o r g a n o n i t r o g e n  com- 
pounds  as e x t r a c t a n t s  f o r  t h e  r e c o v e r y  o f  u r a n i u m ,  t h o r i u m ,  
a n d  o t h e r  metals o f  i n t e r e s t  t o  t h e  atomic e n e r g y  program h a v e  
b e e n  c o n d u c t e d  a t  t h i s  l a b o r a t o r y  s i n c e  1952.  B e f o r e  b e i n g  
c o n s i d e r e d  f o r  p r o c e s s  s t u d i e s ,  new r e a g e n t s  are s u b j e c t e d  t o  
s c r e e n i n g  tests, t h e s e  tests b e i n g  d e s i g n e d  t o  e l i m i n a t e  t h e  
less p r o m i s i n g  compounds i n  a s t e p w i s e  manner .  Each r e a g e n t  
is f i r s t  t e s t e d  f o r  its a b i l i t y  t o  ex t rac t  u ran ium from a c i d i c  
s u l f a t e  s o l u t i o n s .  Compounds showing  a p p r e c i a b l e  e x t r a c t i o n  
power are t e s t e d  f o r  o t h e r  i m p o r t a n t  p r o p e r t i e s  s u c h  as d i l -  
u e n t  c o m p a t i b i l i t y ,  s o l u b i l i t y  l o s s  t o  t h e  a q u e o u s  p h a s e ,  and  
s e l e c t i v i t y  f o r  u ran ium.  R e a g e n t s  showing  t h e  g r e a t e s t  
p r o m i s e  i n  t h e  s c r e e n i n g  tests are examined  i n  t h e  p r o c e s s  
deve lopmen t  p rogram.  

R e s u l t s  f rom s c r e e n i n g  s t u d i e s  on  o v e r  200  d i f f e r e n t  com- 
pounds  have  b e e n  r e p o r t e d  p r e v i o u s l y . 1 - 3  
r izes  r e s u l t s  o f  s c r e e n i n g  tests s i n c e  t h a t  t i m e ,  i n c l u d i n g  
tes ts  r e p o r t e d  i n  p r o g r e s s  r e p o r t s  f o r  February-December ,  
1957.  

T h i s  r e p o r t  summa- 

The a u t h o r s  acknowledge  t h e  c o n t r i b u t i o n s  of J o h n  G .  
Moore and  J a n e t  Debnam who p e r f o r m e d  many of t h e  e v a l u a t i o n  
tests. 

2 . 0  PRELIMINARY URANIUM EXTRACTION TESTS 

The a b i l i t y  o f  e a c h  amine  t o  ex t rac t  u ran ium w a s  t e s t e d  
by c o n t a c t i n g  0 . 1  M s o l u t i o n s  of t h e  amine i n  v a r i o u s  d i l -  
u e n t s  w i t h  a n  acidic  s u l f a t e  s o l u t i o n  (1 g o f  u ran ium per 
l i t e r ,  1 S O 4 ,  pH 1) a n d  d e t e r m i n i n g  t h e  u ran ium d i s t r i b u t i o n  
be tween  t h e  p h a s e s .  R e s u l t s  o f  t h e s e  tes ts  are l i s ted  i n  
T a b l e  2 . 1 .  The table  is l o n g  a n d ,  i n  o rder  t o  s i m p l i f y  p r e -  
s e n t a t i o n ,  o b s e r v a t i o n s  and  c o n c l u s i o n s  drawn from these d a t a  
are p r e s e n t e d  below i n  itemized f a s h i o n .  I n f o r m a t i o n  on  
s t r u c t u r e  and  s o u r c e  o f  s u p p l y  o f  e a c h  compound is l i s t e d  i n  
t h e  Appendix (Sec .  7 . 0 ) .  

2 . 1  P r i m a r y  Amines 

I n  a g r e e m e n t  w i t h  p r e v i o u s 1  r e s u l t s ,  b r a n c h e d - c h a i n  p r i -  
mary a m i n e s  g a v e  good u ran ium e x t r a c t i o n  and  p h a s e  s e p a r a t i o n .  
Compounds t e s t e d  i n c l u d e d  a new b a t c h  o f  1 - ( 3 - e t h y l p e n t y 1 ) - 4 -  
e t h y l o c t y l a m i n e  (21F81) and  t w o  new a m i n e s ,  1 - h e p t y l o c t y l a m i n e  
and  1 - u n d e c y l d o d e c y l a m i n e .  

Two s t r a i g h t - c h a i n ,  s l i g h t l y  u n s a t u r a t e d  p r i m a r y  amines  
(Armeen 0 and  Armeen O D ) ,  d e r i v e d  from o l e i c  a c i d ,  w e r e  p o o r  
e x t r a c t a n t s .  A series of a l k y l  e t h e r  a m i n e s  c o u l d  n o t  be  u s e d  
s i n c e  t h e y  formed pe rmanen t  e m u l s i o n s .  
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T a b l e  2 . 1 .  P r e l i m i n a r y  Uranium E x t r a c t i o n  T e s t s  f rom 
S u l f a t e  S o l u t i o n s  w i t h  O r g a n o n i t r o g e n  Compounds 

O r g a n i c :  0 . 1  E amine 
Aqueous: 1 . 0  g of uranium p e r  l i t e r ,  1 a S O 4 ,  pH 1 . 0  
Phase  r a t i o ,  a/o: 1/1 

Uranium E x t r a c t i o n  C o e f f i c i e n t  (EY)  . I_ 

Compound K e r o s e n e  + C h l o r o -  P h a s e  
Compound N o .  Kerosene 3 vo l  % TDA form Benzene S e p a r a t i o n  

A .  P r i m a r y  Amines 
21F81 
1-Hep t y  loc t y  1 
1-Undecy ldodecy l  
Armeen 0 
Armeen OD 
A l k y l  e t h e r  amine 
A l k y l  e t h e r  amine 
A l k y l  e t h e r  amine 

1 2 0 c  
270A 
272A 
2758 
276A 

N o ,  1 304A 
N o .  3 305A 
N o .  4 306A 

25 
35 
35 

0 . 5  
0 . 2  

Emuls ion  
Emuls ion  
Emuls ion  

65 30 
65 30 

100  45 
2 0 . 2  
1 0 . 2  

Emuls ion  Emuls ion  
Emuls ion  Emuls ion  
Emuls ion  Emuls ion  

Good 
Good 
Good 
Good 
Good 
- 

B .  S e c o n d a r y  Amines 
S-24 3 OD 100  - 1 . 5  25 Good 
D i ( 1 - h e p t y l o c t y l )  332A 100  - - 30 Good 

- - 40 Good 
N- (1 -nony ldecy1) -  

Good d o d e c y l  309A 1 2 0  - 2 0  1 1 5  
N- (1 -undecy ldodecy1) -  

d o d e c y l  308A 125  - 20 90 Good 
Di (2 -p ropy l -4 -me thy l -  

Good p e n t y l  1 311A 1 1 0  - 90 1 3 0  
D i  ( t r i d e c y l )  227B 60 75 - 210 Good 
A m b e r l i t e  LA-1 193G 70 - 3 55 Good 

( f o r m e r l y  Amine 193H 70 - - 6 0  Good 

D i ( 1 - n o n y l d e c y l )  341A - 

9D-178) 
A m b e r l i t e  LA-2 3258 1 0  - - 35 Poor i n  

325B 1 0  1 0  - 2 5  k e r o s e n e  



Table 2.1 (Cont'd.) 

Uranium Extraction Coefficient (Eg) 
Compound Kerosene + Chloro- Phase 

Compound No. Kerosene 3 vol '7'0 TDA form Benzene Separation 

Mixed (n-octyl and 
n-decyl) secondary 

N-Benzylisopropyl 
N-Benzyl-1- (3-ethyl- 
pentyl)-4-ethyloctyl 

N-Benzyl-l-isobutyl- 
3,5-dimethylhexyl 

N-Benzyl(1-nonyldecyl) 
N-Benzyl (l-undecyl- 

N-Benzyloctadecyl 
N-Benzyl(1 -me thyl - 
N- (p-sec-amylbenzy1)- 

dodecyl) 

octadecyl) 

1-isobutyl-3,5- 
dimethylhexyl 

hexylmethy1)-1- 
isobutyl-3,5- 
dime thy lhexy 1 

4-RKB-20, N- (l-methyl- 
cyclohexylmethy1)-1- 
isobutyl-3,5-di- 
methylhexyl 

trimethylcyclohexyl- 
methyl)-1-isobutyl- 
3,5-dimethylhexyl 

4-RKB-19, N-cyclohexyl- 
me thyl-1- (3-e thyl- 
pentyl)-4-ethyloctyl 

4-RKB-21, N- (CyClO- 

4-RKB-16, N-(2,4,6- 

298A 

307A 

228B 

244B 
330A 
331A 

3278 

3298 

251B 

2978 

296A 

293A 

2958 

3rd phase 

Nil 

>5000 

1400 
2000 
4000 

- 
0.8 

140 

85 

20 

70 

25 

19 

- 
- 

- 
2000 
2000 

11" 

2. 4c 

- 

- 

130 

Nil 

70 

150 
- 
- 
- 

- 
- 

5 

2 

1.5 

3 

12 

Nil 

2000 

3000 
95 
510 

b 

2000 

90 

90 

25 

25 

95 

Poor in 
benzene 
Good 

Good 

Good 
Good 

Poor in 
kerosene 
Good 

Poor in 
kerosene 

I 
o\ 

Good I 

Good 

Good 

Good 

Good 

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

Uranium E x t r a c t i o n  C o e f f i c i e n t  (E%) 
Compound Kerosene  + C h l o r o -  P h a s e  

Compound NO. K e r o s e n e  3 v o l  % TDA form Benzene  S e D a r a t i o n  

4-RKB-18, N- (1- 
m e t h y l c y c l o h e x y l -  294A 120  
m e  t h y 1  ) -1- ( 3 - e t h y l -  
p e n t y l ) - 4 - e t h y l o c t y l  

t r i m e t h y l c y c l o h e x y l -  292A 1 3 0  
m e t h y l )  -1- ( 3 - e t h y l -  
p e n t y l ) - 4 - e t h y l o c t y l  

S e c o n d a r y  R o s i n  Amine 
X-8523-83-7 2 7 7 8  3 

Ros in  Amine 

R o s i n  Amine 

4-RKB- 1 5  , N- ( 2 , 4 , 6  - 

HX-N-RA-60A 3338 P P t  

P o l y r a d  0100 282A P P t  
HX-N-RA-6 1 A  3348 I n s o l  

Good - 1 35 

Good - 0 . 8  25 

- 8 1 5  Good 
Good i n  

- - 305 benzene  
Good i n  

20d - 180e b e n z e n e  I 

P P t  0 . 7  P o o r  I 
4 - 

C .  T e r t i a r v  Amines 
Alamine 336 
ADM Mixed T e r t i a r y  

299C 
32 8A 

80 
140  

- 
200 

1 1 0  
1 4 0  

Good 
Poor  i n  
k e r o s e n e  
Poor  i n  
k e r o s e n e  

Good 
P o o r  
Good 

D i 1 au  r y  1 -n -bu t y 1 l O l B  55  100 1 8 0  

T r  i l a u  r y 1 
Armeen 3-12 ( t r i l a u r y l )  
Tr i l a u r y  1 
D i  (2-e t h y l h e x y l )  -n- 

h e x y l  
T r i  ( i s o - h e p t y l )  
T r i  ( i s o - o c t y l )  

86B 
86C 
86D 

80 
65 

160  

80 
75 

5 
5 

1 5 0  
1 4 5  
1 8 5  

195A 
326A 
239A 
239B 
239C 

0 . 4  
3 r d  p h a s e  

0 . 6  

0 . 6  
0 . 8  
1 

- 
1 

85 
1 0 0  

95 
60 

Good 
Good 
Good 
Good 
Good 

- 
95 

80 
60 

l O O f  



T a b l e  2 . 1  ( C o n t ' d . )  
Uranium E x t r a c t i o n  C o e f f i c i e n t  (Eg) 

Compound Kerosene + C h l o r o -  P h a s e  
Compound N o .  K e r o s e n e  3 v o l  % TDA form Benzene  S e p a r a t i o n  

T r i s  ( t r i d e c y l )  
Amberlite XE-204 

310A 
253A 
253B 
253C 
2498  

1 4 5  30 
70 
6 0  
90 

0 . 2  65 
3 1 3 0  
3 1 4 0  
- 240 

55 75 

Good 
Good 
Good 
Good 

P o o r  e x c e p t  

Poor e x c e p t  

Very  p o o r  
Poor 
Poor 
Poor 
Poor 
Good 
Poor 
Good 
Good 
Poor 
P o o r  

i n  CHC1, 

i n  CHC1, 

Armeen M-2S 

40 60 Armeen M-2HT 250A 0 . 2  

Propomeen 212 /11  
Propomeen 212/12 
Propomeen 212/13  
Propomeen 212/14  
Propomeen 212/20  
Propomeen 212/50 
RD- 2 8 0 5B 
RD-2806B 
RD-2 80  ?B 
RD- 2 8 0 8B 
P o l y r a d  0200 

313A 
319A 
320A 
3228 
323A 
3248 
300A 
301A 
302A 
303A 
283A 

2 
2 
2 
4 
4 

1 5  
N i l  
N i l  
N i l  

3 r d  p h a s e  
E m u l s i o n  

1 6  
20 
1 5  
25 
20 
25 

N i l  
N i l  
p h a s e  

1 2  
p h a s e  

I 
00 

I - 
- 3 r d  

1 3 r d  
- 

D. M i s c e l l a n e o u s  N i t r o g e n  Compounds 
291A I n s o l  
2478 0 . 6  
105B P P t  
290A I n s o l  
271A 3 r d  p h a s e  

Arquad 1 8  
Q u a t e r n a r y  B-1048 
Arquad 2C 
Arquad 2T 
N , N ' - b i s - ( 1 - h e p t y l -  

Diamine  26 
D i  ( l - a m i n o c y c l o h e x y l -  

m e t h y l  ) amine  
Fa tchemco  DM-Oh 

o c t y 1 ) e t h y l e n e d i a m i n e  

- I n s o l  
0 . 7  0 . 8  
- 0 . 6  
1 0 . 6  
2 3 r d  p h a s e  

- 
Good 
Poor 

E m u l s i o n s  
P o o r  

0 . 6  P P t  
N i l  N i l  

P o o r  
Poor i n  
k e r o s e n e  

E m u l s i o n s  

281A PPt  
312A N i l  

256A N i l  - N i l  
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T a b l e  2 . 1  ( C o n t ' d . )  
Uranium E x t r a c t i o n  C o e f f i c i e n t  (Eg) 

ComDound K e r o s e n e  + C h l o r o -  Phase  
Compound No. K e r o s e n e  3 v o l  % TDA form Benzene S e p a r a t i o n  

D e r i p h a t  150A 2786 I n s o l  - I n s o l  I n s o l  - 
A r n e e l  Si  269A N i l  - N i l  N i l  Good 
A l k y l a n i l i n e  C-5h 254A N i l  - 0 . 1  3 r d  p h a s e  Good 

0. C .  No. 30J 315A I n s o l  - - I n s o l  - 
Emery 578-42-R 2888 Emuls ion  - Emuls ion  Emuls ion  - 

E t h o q u a d  C/25J  314A I n s o l  - - I n s o l  - 

Duomeen T s a l t  o f  Poor i n  

Am i n o p o l y b u  t e n e i  2858 N i l  - N i l  N i l  Good 
I m i d a z o l i n e  from f a t t y  

a c i d  m i x t u r e  and 286A N i l  - - P P t  P o o r  
t r i e t h y l e n e  te  t r a m i n e  

p o l y d o d e c y l - b e n z e n e -  284A N i l  - N i l  N i l  k e r o s e n e  
s u l f o n i c  a c i d 1  

I 
a 

I a 0 . 0 5  g amine  i n  k e r o s e n e  + 1 0  v o l  % TDA. 
b e n z e n e  + 5 v o l  70 TDA. 

' In  k e r o s e n e  + 5 v o l  70 TDA, Eg = 7 0 .  
k e r o s e n e  + 5 v o l  % TDA. 

eExt rac t  fo rmed  a gel  upon s t a n d i n g .  
f 2  v o l  YO c a p r y l  a l c o h o l  added  t o  k e r o s e n e  d i l u e n t .  

g c o n t a i n e d  some i s o p r o p a n o l  s i n c e  t h e  compound w a s  added  as 65% s o l u t i o n  i n  
i s o p r o p a n o l .  

hO. 05 M amine. 
i10 v o l  % amine .  
JAmine c o n c e n t r a t i o n  = 50 g / l i t e r .  
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2 . 2  S e c o n d a r y  Amines 

P e r f o r m a n c e s  o f  t h e  b r a n c h e d - c h a i n  s e c o n d a r y  amines  
were s imi la r  t o  t h o s e  o b s e r v e d  p r e v i o u s l y 1 t 2  w i t h  o t h e r  com- 
pounds o f  t h i s  t y p e .  A new b a t c h  o f  S-24 and  t w o  new a m i n e s ,  
d i ( 1 - h e p t y l o c t y l )  and  d i ( 1 - n o n y l d e c y l ) ,  w i t h  s y m m e t r i c a l  a l k y l  
c h a i n s  j o i n e d  t o  t h e  n i t r o g e n  t h r o u g h  a s e c o n d a r y  c a r b o n  
showed e x t r a c t i o n  c o e f f i c i e n t s  o f  -100 i n  k e r o s e n e  and  -30 i n  
benzene  d i l u e n t .  I n  c o n t r a s t ,  w i t h  c h l o r o f o r m  as t h e  d i l u e n t  
t h e  c o e f f i c i e n t  f o r  S-24 w a s  o n l y  1 . 5 .  With compounds con-  
t a i n i n g  o n e  s t r a i g h t  a l k y l  c h a i n  a n d  one  a l k y l  c h a i n  b r a n c h e d  
close t o  t h e  n i t r o g e n ,  e . g . ,  1-(nonyldecyl)dodecylamine, co- 
e f f i c i e n t s  i n  k e r o s e n e  were a b o u t  t h e  same and  t h e  coef f i -  
c i e n t s  i n  b e n z e n e  and  c h l o r o f o r m  much h i g h e r  t h a n  f o r  S-24. 
Amines w i t h  b r a n c h i n g  f a r t h e r  from t h e  n i t r o g e n ,  d i ( 2 - p r o p y l -  
4 -me thy lpen ty1)amine  and  d i  ( t r i d e c y l ) a m i n e ,  g a v e  h i g h e r  c o e f f  i- 
c i e n t s  i n  benzene  (130-200) t h a n  i n  k e r o s e n e  (60 -110) ,  w h e r e a s  
A m b e r l i t e  LA-1, i n  which b o t h  c h a i n s  are h i g h l y  b r a n c h e d  and  
o n e  is u n s a t u r a t e d ,  gave  a b o u t  t h e  same c o e f f i c i e n t s  ( 6 0 - 7 0 )  
i n  t h e  two d i l u e n t s .  R e s u l t s  w i t h  t w o  b a t c h e s  of t h e  l a t t e r  
compound were i n  ag reemen t  w i t h  t h o s e  for p r e v i o u s '  b a t c h e s .  
A m b e r l i t e  LA-2, which  h a s  one  h i g h l y  b r a n c h e d  a n d  one  s t r a i g h t  
c h a i n ,  w a s  a much weaker  uran ium e x t r a c t a n t  t h a n  Amberlite 
LA-1. P h a s e  s e p a r a t i o n  o f  t h e  f o r m e r ,  which  w a s  s l o w  i n  k e r o -  
s e n e ,  w a s  s a t i s f a c t o r i l y  r a p i d  i n  k e r o s e n e  m o d i f i e d  w i t h  3 v o l  
% t r i d e c a n o l .  

C o e f f i c i e n t s  f o r  a s t r a i g h t  c h a i n  (mixed q - o c t y l  and  n- 
d e c y l )  s e c o n d a r y  amine were r e l a t i v e l y  l o w  (10-20)  i n  k e r o -  
s e n e - a l c o h o l  o r  b e n z e n e  b u t  h i g h  (130)  i n  c h l o r o f o r m  d i l u e n t .  

The e x t r e m e l y  h i g h  e x t r a c t i o n  c o e f f i c i e n t s  (>1000)  
o b t a i n e d  p r e v i o u s l y '  w i t h  N-benzyl-1- (3-ethylpentyl)-4-ethyl- 
o c t y l a m i n e  w e r e  a l so  o b t a i n e d  w i t h  a new s a m p l e  o f  t h i s  com- 
pound.  R e s u l t s  o f  tests w i t h  s e v e r a l  o t h e r  N-benzyl  a l k y l  
s e c o n d a r y  amines  showed t h a t  t h e  s t r u c t u r e  o f  t h e  a l k y l  c h a i n  
and  t h e  c h o i c e  of d i l u e n t  d r a s t i c a l l y  a f f e c t e d  u ran ium extrac- 
t i o n s .  With a s h o r t  a l k y l  c h a i n  (N-benzylisopropylamine), 
e x t r a c t i o n  o f  uran ium w a s  n e g l i g i b l e ,  p r o b a b l y  owing t o  e x -  
cessive l o s s  of amine t o  t h e  aqueous  p h a s e .  B r a n c h i n g  on  t h e  
c a r b o n  a d j a c e n t  t o  t h e  n i t r o g e n  w a s  b e n e f i c i a l ,  t h r e e  com- 
pounds o f  t h i s  t y p e ,  i . e . ,  N-benzyl-l-isobutyl-3,5-dimethyl- 
h e x y l a m i n e ,  N-benzyl-1-nonyldecylamine, and  N-benzyl - l -  
u n d e c y l d o d e c y l a m i n e ,  h a v 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  i n  k e r o -  
s e n e  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  s t r u c t u r a l l y  s imi l a r  
N-benzyl-l-(3-ethylpentyl)-4-ethyloctylamine. N-Benzyloc ta-  
d e c y l a m i n e  w a s  i n s o l u b l e  i n  k e r o s e n e .  M o d i f i c a t i o n  w i t h  1 0  
v o l  % TDA w a s  n e c e s s a r y  t o  k e e p  0 . 0 5  M amine i n  s o l u t i o n  and  
t h e  e x t r a c t i o n  c o e f f i c i e n t  w a s  o n l y  11. I n  b e n z e n e ,  5 v o l  % 
TDA w a s  n e e d e d  t o  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  and t h e  ex- 
t r a c t i o n  c o e f f i c i e n t  ( 0 . 1  amine )  w a s  200. Adding a s m a l l  
amount o f  b r a n c h i n g  t o  t h i s  compound, i . e . ,  N-benzyl-(1-  
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m e t h y l o c t a d e c y l ) a m i n e ,  improved  d i l u e n t  c o m p a t i b i l i t y  and  
r a i s e d  t h e  c o e f f i c i e n t  i n  benzene  t o  2 0 0 0 ,  b u t  t h e  c o e f f i c i e n t  
i n  k e r o s e n e  w a s  <1.  S u b s t i t u t i o n  o f  a n  a l k y l  g r o u p  i n  t h e  
benzene  r i n g  g r e a t l y  i m p a i r e d  e x t r a c t i o n s ,  i . e . ,  N-(e-sec  
amylbenzyl)-l-isobutyl-3,5-dimethylhexylamine (Eg = 1 4 0 )  v s .  
N-benzyl-l-isobutyl-3,5-dimethylhexylamine (E: = 1 4 0 0 ) .  

A series o f  c y c l o h e x y l m e t h y l  compounds showed good ex- 
t r a c t i o n  i n  b e n z e n e  a n d  k e r o s e n e  and  p o o r  e x t r a c t i o n  i n  
c h l o r o f o r m ,  t y p i c a l  b e h a v i o r  f o r  h i g h l y  b r a n c h e d  s e c o n d a r y  
a m i n e s .  None of t h e s e  compounds showed u n u s u a l l y  h i g h  extrac- 
t i o n  c o e f f i c i e n t s ,  i n d i c a t i n g  t h a t  t h e  b e n z e n e  r i n g  i n  t h e  
b e n z y l - s u b s t i t u t e d  compounds ( above )  makes a n  i m p o r t a n t  con-  
t r i b u t i o n  t o  t h e i r  h i g h  e x t r a c t i o n  power .  

T h r e e  s e c o n d a r y  a m i n e s  d e r i v e d  f rom r o s i n  g a v e  good e x -  
t r a c t i o n s  i n  b e n z e n e  b u t  had  p o o r  c o m p a t i b i l i t y  w i t h  k e r o s e n e .  
A r e l a t e d  amine a l so  c a r r y i n g  h y d r o x y l  g r o u p s  ( P o l y r a d  0 1 0 0 )  
g a v e  n e g l i g i b l e  e x t r a c t i o n .  

2 . 3  T e r t i a r y  Amines 

A s  i n  p r e v i o u s  s t u d i e s ,  l o n g - c h a i n  t e r t i a r y  amines  
w i t h  s t r a i g h t  c h a i n s  o r  w i t h  b r a n c h i n g  d i s t a n t  f rom t h e  n i t r o -  
gen  g a v e  good e x t r a c t i o n s  i n  k e r o s e n e ,  k e r o s e n e - a l c o h o l ,  a n d  
b e n z e n e  b u t  much weake r  e x t r a c t i o n s  i n  chloroform. Compounds 
of t h i s  t y p e  t e s t e d  i n c l u d e d  Alamine 3 3 6  (mixed n - o c t y l  and  
n -decy l ) ,  ADM mixed t e r t i a r y  ( d i l a u r y l - n - d e c y l  and  d i l a u r y l - n -  
o c t y l ) ,  d i l a u r y l - n - b u t y l ,  t r i l a u r y l ,  t r i ( i s o - h e p t y l ) ,  t r i ( i s o -  
o c t y l ) ,  t r i s ( t r i d e c y l ) ,  and  A m b e r l i t e  XE-204 ( d i d o d e c e n y l - n -  
b u t y l )  a m i n e s .  C e r t a i n  o f  t h e  a m i n e s ,  i n c l u d i n g  XE-204, d i -  
l a u r y l - n - b u t y l  and t r i  ( i s o - h e p t y l )  , r e q u i r e d  a d d i t i o n  o f  alco- 
h o l  t o  t h e  k e r o s e n e  d i l u e n t  t o  a v o i d  s l o w - b r e a k i n g  e m u l s i o n s  
or t h i r d  p h a s e  f o r m a t i o n .  

Armeen M-2S, a m e t h y l  d i a l k y l  amine  d e r i v e d  f r o m  s o y a , a n d  
Armeen M-2HT, a s i m i l a r  compound d e r i v e d  from h y d r o g e n a t e d  
t a l l o w , s h o w e d  m o d e r a t e  e x t r a c t i o n s  i n  k e r o s e n e  and  good e x t r a c -  
t i o n s  i n  b e n z e n e  and  c h l o r o f o r m .  P h a s e  s e p a r a t i o n  w i t h  t h e s e  
compounds w a s  s l o w  e x c e p t  i n  c h l o r o f o r m .  

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  a t e r t i a r y  amine w i t h  b r a n c h -  
i n g  close t o  t h e  n i t r o g e n ,  di(2-ethylhexyl)-n-hexylamine, w e r e  
l o w  ( 0 . 4 - 1 ) ,  p r o b a b l y  d u e  t o  s te r ic  h i n d r a n c e .  

A ser ies  o f  d i l a u r y l  ( p o l y p r o p o x y )  amines  (Propomeens)  
w i t h  1, 2 ,  3 ,  4 ,  1 0 ,  and  40 p ropoxy  u n i t s  i n  a p o l y e t h e r  c h a i n  
showed o n l y  f a i r  e x t r a c t i o n ,  lower i n  k e r o s e n e  t h a n  i n  b e n z e n e .  
The h i g h e s t  w e i g h t  amine 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  
be tween  b e n z e n e  and  k e r o s e n e ,  and  was t h e  o n l y  o n e  which  d i d  
n o t  form e m u l s i o n s  i n  k e r o s e n e .  A ser ies  o f  a l k y l  ( d i - i s o -  
p r o p o x y )  a m i n e s  were p o o r  e x t r a c t a n t s .  
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2 . 4  M i s c e l l a n e o u s  O r g a n o n i t r o g e n  Compounds 

N o  s i g n i f i c a n t  e x t r a c t i o n  power (E: <1) w a s  shown by a n y  
o f  1 7  compounds e x a m i n e d ,  i n c l u d i n g  s i x  q u a t e r n a r y  ammonium 
compounds.* 

3 . 0  SOLUBILITY LOSS OF AMINES TO AQUEOUS SOLUTIONS 

For economy,  t h e  d i s t r i b u t i o n  l o s s  o f  amine t o  t h e  a q u e o u s  
waste streams mus t  be l o w ,  p a r t i c u l a r l y  when t r e a t i n g  l i q u o r s  
v e r y  d i l u t e  i n  u r a n i u m .  S o l u b i l i t y  l o s s  measu remen t s  f o r  
a m i n e s  which  e x t r a c t e d  u ran ium e f f e c t i v e l y  i n  p r e l i m i n a r y  tests 
(Sec .  2 . 0 )  showed t h a t ,  f o r  most o f  t h e s e  compounds,  l o s s  of 
amine by t h i s  mechanism w a s  s u f f i c i e n t l y  l o w  t o  be o f  o n l y  
minor  economic  i m p o r t a n c e .  

The test  p r o c e d u r e ,  d e s c r i b e d  i n  d e t a i l  i n  p r e v i o u s  
r e p o r t s ,  1-2 c o n s i s t e d  o f  e q u i l i b r a t i o n  o f  t h e  amine  ( d i s s o l v e d  
i n  k e r o s e n e  or k e r o s e n e - a l c o h o l )  w i t h  a s y n t h e t i c  l e a c h  l i q u o r  
o v e r  a r a n g e  of a q u e o u s / o r g a n i c  p h a s e  r a t io s  u p  t o  1 0 0 / 1  or 
h i g h e r ,  r e c o n v e r t i n g  t h e  amine s a l t  t o  f r e e  amine  by c o n t a c t  
w i t h  e x c e s s  base, and d e t e r m i n i n g  t h e  r e s i d u a l  amine  concen-  
t r a t i o n  i n  t h e  s o l v e n t  p h a s e .  P l o t t i n g  t h e  f i n a l  amine c o n c e n -  
t r a t i o n  a g a i n s t  t h e  p h a s e  r a t i o  u s u a l l y  g a v e  a c u r v e  w i t h  a 
r e l a t i v e l y  s t e e p  i n i t i a l  s l o p e ,  which  c h a n g e d  r a t h e r  a b r u p t l y  
t o  a much lower c o n s t a n t  s l o p e  ( F i g .  3 . 1 ) .  The h i g h  l o s s  o f  
amine  t o  t h e  f i r s t  few a q u e o u s  volumes  c o n t a c t e d  is a t t r i b u t e d  
t o  t h e  l o s s  o f  r e l a t i v e l y  w a t e r - s o l u b l e  t i t r a t a b l e  b a s e s  
( p r o b a b l y  l o w - m o l e c u l a r - w e i g h t  a m i n e s )  p r e s e n t  as i m p u r i t i e s .  
T h i s  l o s s  ( t e r m e d  " i n i t i a l  l o s s " )  is e x p r e s s e d  as p e r c e n t  of 
o r i g i n a l  amine  a n d ,  f rom t h e  p r o c e s s  v i e w p o i n t ,  would be  
reflected o n l y  as a moderate i n c r e a s e  i n  t h e  p u r c h a s e  p r i c e  o f  
t h e  amine .  The l o s s  ra te  d e f i n e d  by t h e  l i n e a r  p o r t i o n  o f  t h e  
c u r v e  is t h a t  o f  t h e  p r i n c i p a l  amine and  is t e r m e d  t h e  " s t e a d y -  
s t a t e "  l o s s .  I n  most cases t h e  loss  rate w a s  measu red  t o  
s y n t h e t i c  u r a n i u m - b a r r e n  M a r y s v a l e  leach l i q u o r ,  b u t  some o f  
t h e  p r i m a r y  amines  were tested w i t h  s y n t h e t i c  B l i n d  R i v e r  
l i q u o r s  s i n c e  t h e s e  compounds have  shown u t i l i t y  f o r  r e c o v e r -  
i n g  t h o r i u m  f rom t h i s  s o u r c e .  

Two o f  t h e  p r i m a r y  a m i n e s ,  1 - n o n y l d e c y l  and  l - u n d e c y l -  
d o d e c y l ,  showed n e g l i g i b l e  (<5 ppm) s t e a d y - s t a t e  losses, 

* S i g n i f i c a n t  e x t r a c t i o n  o f  u ran ium from s u l f a t e  s o l u t i o n s  h a s  
been  o b t a i n e d  p r e v i o u s l y ,  however ,  w i t h  o t h e r  q u a t e r n a r y  
ammonium compounds.  I n  a d d i t i o n ,  t h e  u a t e r n a r i e s  are e f f e c -  
t i v e  e x t r a c t a n t s  f o r  u r a n y l  c a r b o n a t e  2-2 and  s t r o n g  e x t r a c -  
t a n t s  for some metal  nitrate^.^ 
p o u n d s ,  A l i q u a t  3 3 6  ( G e n e r a l  M i l l s ) ,  is now c o m m e r c i a l l y  
a v a i l a b l e .  

One of t h e  more u s e f u l  com- 
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of c u r v e  d e f i n e s  
s t e a d y - s t a t e  loss  rate 

PHASE RATIO, a q u e o u s / o r g a n i c  
F i g .  3 . 1  T y p i c a l  amine s o l u b i l i t y  loss c u r v e .  

w h e r e a s  t h e  losses o f  21F81 and  1 - h e p t y l o c t y l a m i n e  were -20 
ppm. A s  w i t h  p r e v i o u s 2  b a t c h e s ,  t h e  i n i t i a l  l o s s  o f  Pr imene  
JM-T ( a  homologous m i x t u r e  of p r i m a r y  a m i n e s )  w a s  h i g h  ( 3 3 % ) .  
The lo s s  rate for t h e  s c r u b b e d  amine d i d  n o t  r e a c h  a s t e a d y -  
s t a t e  v a l u e  b u t  w a s  s t i l l  d e c r e a s i n g  e v e n  a f t e r  c o n t a c t  w i t h  
2000 aqueous  volumes:  

Range of P h a s e  Cumula t ive  L o s s ,  Avera e L o s s  
Ra t ios  ( a / o )  7% o f  i n i t i a l a  amine Rate,g ppm 

0-500 
500-1000 

1000-1500 
1500-2000 

2 7  
41  
48 
5 4  

1 9  
1 0  

5 
4 

a R e f e r s  t o  amine c o n c e n t r a t i o n  a f t e r  s c r u b b i n g  

bTo s y n t h e t i c  B l i n d  R i v e r  l i q u o r ;  a n a l y s i s  i n  

( -0 .1  - M) 

T a b l e  3 . 1 .  

. 
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T a b l e  3 . 1 .  S o l u b i l i t y  L o s s  o f  Amines t o  Aqueous S o l u t i o n s  
O r g a n i c :  0 . 1 0  & amine i n  k e r o s e n e  w i t h  i n d i c a t e d  c o n c e n t r a t i o n  

Aqueous: A - S y n t h e t i c  u r a n i u m - b a r r e n  M a r y s v a l e  l e a c h  l i q u o r  

o f  t r i d e c a n o l  (TDA) 

c o n t a i n i n g  5 . 8  g o f  F e ( I I I ) ,  3 . 3  g o f  A l ,  1 . 7  g o f  F ,  
2 g o f  PO4 and  50  g o f  SO4 p e r  l i t e r ,  pH 0 .9  
- B - S y n t h e t i c  uran ium-  and  t h o r i u m - b a r r e n  B l i n d  R i v e r  
l i q u o r  c o n t a i n i n g  1 . 0  g o f  F e ( I I ) ,  1 . 0  g o f  F e ( I I I ) ,  
1 . 5  g o f  A l ,  and  2 0  g o f  SO4 p e r  l i t e r ,  pH 1 . 4  
- C - S y n t h e t i c  B l i n d  R i v e r  i o n  exchange  e f f l u e n t  con-  
t a i n i n g  2 . 4  g o f  F e ( I I ) ,  0 . 5  g of F e ( I I I ) ,  0 . 9  g o f  
A l ,  0 . 0 3  g of T i ,  0 . 4  g o f  C 1 ,  1 . 0  g of N O 3 ,  a n d  1 5  g 
o f  SO4 p e r  l i t e r ,  pH 1 . 8  

P r o c e d u r e :  O r g a n i c  and  aqueous  e q u i l i b r a t e d  a t  a number o f  
d i f f e r e n t  p h a s e  r a t i o s ;  amine  c o n v e r t e d  t o  f r e e  
amine by c o n t a c t  w i t h  excess b a s e  and  t i t r a t e d  
w i t h  0 . 0 5  g HC104 i n  d i o x a n e  

Amine Loss Maximum 
TDA S t e a d y -  P h a s e  

Comp'd Conc., I n i t i a l ,  S t a t e ,  Ra t io  
Compound N o .  v o l  % Aqueous % ppma ( a / o )  

P r i m a r y  Amines 
21F81 
1 - H e p t y l o c t y l  
1 -Nony ldecy lb  
1 -Nony l d e c  y 1 
1-Undecy ldodecy l  
1 -Undecyldodecylb  
P r imene  JM-T 

1 2 0 c  
270A 
336A 
336B 
2728 
272B 

6E 

A 
A 
B 
B 
A 
B 
C 

0 
0 

<1 
<1 

8 
<1 
3 3c 

1 7  
20  
<5 
<5 
<5 
<5 

"10d 

1 2 5  
100  
200 
400 
100  
200 

2000 

S e c o n d a r y  Amines 
S-24 
D i  ( 1 - h e p t y l o c t y l )  
D i  ( 1 - n o n y l d e c y l )  
N- ( 1 -nony ldecy1) -  

N- ( l - u n d e c y l -  

D i  (2-propyl -4-  

D i  ( t r i d e c y l )  
A m b e r l i t e  LA-1 
A m b e r l i t e  LA-2 

d o d e c y l  

d o d e c y 1 ) d o d e c y l  

m e t h y l p e n t y l )  

9e 
<5 
<5 
<5  

30B 
3328 
341A 
309A 

2 
1 

<1 
<1 

A 
A 
A 
A 

1800 
400 
400 
500 

308A 0 A 11 <5 5 0 0  

311A 0 A >270 5 0 0  

227B 
193H 
325A 
325B 
2988 

2 
6 

<1 
<1 
1 3  

<5 
1 qd 
<5  
< 5  
4 1  

500 
1500 

5 0 0  
5 0 0  
100  Mixed ( n - o c t y l  a n d  

n - d e c y l )  s e c o n -  
d a r y  
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T a b l e  3 . 1  ( C o n t ' d . )  

Amine Loss Maximum 
TDA S t e a d g -  Phase  

Comp'd Conc., I n i t i a l ,  S t a t e ,  Rat io  
Compound N o .  v o l  70 Aqueous % ppma ( 4 0 )  

N-Benzyl-1- (3- 228B 
e t h y l p e n t y 1 ) -  
4 - e t h y l o c t y l  

( 1 - n o n y l d e c y l  ) 

u n d e c y l d o d e c y l )  

N-Benzyl- 330A 

N-Benzyl- (1- 311A 

N-Benzy loc tadecy l  327A 
N-Benzyl-(1- 329A 

N- (p-sec-amyl- 251B 
m e t h y l o c t a d e c y l )  

b e n z y l )  -1-iso- 
b u t y l - 3 , 5 - d i -  
m e t h y l h e x y l  

4-RKB-21 297A 
4-RKB-20 29611 
4-RKB-16 29311 
4-RKB-19 295A 
4-RKB-18 294A 
4-RKB-15 292A 

T e r t i a r y  Amines 

Alamine 336 

ADM Mixed T e r t i a r y  
D i l a u r y l - n - b u t y l  
T r  i 1 a u  r y  1 

T r i  ( i s o - h e p t y l )  
T r i  ( i s o - o c t y l )  
T r i s  ( t r i d e c y l )  
Arnberlite XE-204 
Armeen M-2C 

299A 
299B 
299C 
299D 
3288 
l O l B  

86B 
86C 
86D 

326A 
239C 
310A 
253C 
2488 

0 

3 

3 

1 0  
5 

0 

0 
0 
0 
0 
0 
0 

3 
3 
3 
3 
0 
0 
0 
3 
0 
3 
3 
0 
3 
3 

A 

A 

A 

A 
A 

A 

A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

<1 

2 

<1 

<1 
f 

a 

- 
- 

1 5  
<1 
<1 
<1 

<1 
1 
2 
2 
1 
9 

<1 
< 3  
<1 

g 
4 

<1 
3 
3 

<5 

<5 

<5 

<5  
f 

1 3  

>500 
>500 

100  
5 

<5  
<5 

<5  
<5 
<5 
<5 
< 5  
<5  
<5 
<5 
<5 

-11 gd 
<5  
<5 
1 3  

500 

500 

500 

500 
- 

100  

200 
200 
200  
200 
500 
200 

500 
500 
500 
400 
500 
500 
200  
500 
500 
500 

1400 
500 
400 
100  

a 

b I n i t i a l  amine c o n c e n t r a t i o n  w a s  0 .05  u. 
C I n i t i a l  amine c o n c e n t r a t i o n  w a s  0 .15  E; s c r u b b e d  w i t h  3 0  

P a r t s  of amine p e r  m i l l i o n  pa r t s  o f  a q u e o u s .  

volumes of 0 . 2  M H,SO, which  r e d u c e d  amine c o n c e n t r a t i o n  t o  
0 . 1  (33% loss); s c r u b b e d  amine  u s e d  for s t e a d y - s t a t e  l o s s  
t e s t ;  see t e x t  f o r  a d d i t i o n a l  d a t a .  
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T a b l e  3 . 1  ( C o n t ' d . )  

d N o t  a t r u e  s t e a d y - s t a t e  l o s s  s i n c e  l o s s  c u r v e  w a s  n o t  l i n e a r ;  

e L o s s  c u r v e  n o t  l i n e a r  u n t i l  a f t e r  c o n t a c t  w i t h  s e v e r a l  h u n d r e d  

fFormed pe rmanen t  e m u l s i o n s .  

870% of t h e  i n i t i a l  amine w a s  l o s t  to t h e  f i r s t  100  a q u e o u s  

see t e x t .  

aqueous  vo lumes ;  see t e x t  f o r  a d d i t i o n a l  d a t a .  

volumes a n d  90% t o  2 0 0  volumes .  

E x c l u d i n g  t h e  i n i t i a l  l o s s ,  t h e  a v e r a g e  l o s s  of amine  t o  t h e  
2000  aqueous  volumes w a s  -10 ppm, a l o s s  rate much lower t h a n  
t h a t  e s t i m a t e d  p r e v i o u s l y 2  a t  lower a q u e o u s / o r g a n i c  p h a s e  r a t i o s  
t o  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 .  T h i s  lower l o s s  ra te  
would a l low a p p l i c a t i o n  o f  Pr imene  J M  t o  t h e  r e c o v e r y  o f  t h o r i u m  
from l i q u o r s  more d i l u t e  i n  t h o r i u m  t h a n  had  p r e v i o u s l y  b e e n  
c o n s i d e r e d  e c o n o m i c a l l y  p r a c t i c a b l e .  

A number o f  s e c o n d a r y  amines  i n c l u d i n g  d i ( 1 - h e p t y l o c t y l ) ,  
d i ( 1 - n o n y l d e c y l ) ,  N-(1-nonyldecyl)dodecyl, N-(1-undecyldodecy1)-  
d o d e c y l ,  d i ( t r i d e c y l ) ,  Amberlite LA-2, N - b e n z y l - l - ( 3 - e t h y l -  
p e n t y l ) - 4 - e t h y l o c t y l ,  N - b e n z y l ( 1 - n o n y l d e c y l ) ,  N-benzyl (1-  
u n d e c y l d o d e c y l ) ,  N - b e n z y l o c t a d e c y l ,  4-RKB-18, a n d  4-RKB-15 
showed n e g l i g i b l e  (<5 ppm) s t e a d y - s t a t e  losses. I n  c o n t r a s t ,  
losses o f  di(2-propyl-4-methylpentyl), 4-RKB-21, 4-RKB-20, a n d  
4-RKB-16 amines  were too  h i g h  f o r  t h e s e  compounds t o  b e  o f  
p r a c t i c a b l e  i n t e r e s t .  A s  w i t h  Pr imene  J M ,  t h e  l o s s  ra te  c u r v e  
for A m b e r l i t e  LA-1 (a homologous m i x t u r e  of a m i n e s )  d i d  n o t  
become l i n e a r  e v e n  a f t e r  c o n t a c t  w i t h  1500 a q u e o u s  vo lumes .  
The a v e r a g e  l o s s  t o  t h e  1500  aqueous  vo lumes ,  e x c l u d i n g  t h e  6% 
i n i t i a l  l o s s  t o  t h e  f i r s t  30 vo lumes ,  w a s  -14 ppm. The c u r v e  
f o r  S-24 showed some c u r v a t u r e  up  t o  a p h a s e  r a t i o  o f  s e v e r a l  
h u n d r e d  b u t  f i n a l l y  assumed a c o n s t a n t  s l o p e  e q u i v a l e n t  t o  a 
s t e a d y - s t a t e  l o s s  o f  9 ppm: 

Amine and  Range of P h a s e  C u m u l a t i v e  L o s s ,  Average  L o s s  
D i l u e n t  Ra t ios  ( a / o )  70 o f  i n i t i a l  amine  R a t e , a  ppm 

A m b e r l i t e  LA-1 0-30 6 

i n  k e r o s e n e  200-500 33  
500-1000 5 1  

1000-1500 62 

(comp'd.  193H) 30-200 1 8  

S-24 0-50 2 

i n  k e r o s e n e  250-750 27 
750-1000 33 

1000-1800 53 

(comp'd.  30B) 50-250 11 

- 
23 
1 7  
1 4  

8 

- 
1 3  
11 

9 
9 

a To s y n t h e t i c  M a r y s v a l e  l i q u o r ;  a n a l y s i s  i n  T a b l e  3 . 1 .  
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With t h e  e x c e p t i o n  o f  t r i ( i s o - h e p t y l ) a m i n e ,  wh ich  w a s  
r e a d i l y  l o s t  t o  t h e  aqueous  p h a s e ,  a l l  t e r t i a r y  amines  t e s t e d  
had a n e g l i g i b l e  o r  t o l e r a b l y  l o w  l o s s .  T r i ( i s o - o c t y 1 ) a m i n e  
g a v e  t h e  same t y p e  o f  l o s s  c u r v e  as d e s c r i b e d  above  f o r  
Pr imene  J M  and  Amberlite LA-1. The a v e r a g e  l o s s  t o  t h e  f i r s t  
1400 aqueous  volumes c o n t a c t e d  ( e x c l u d i n g  t h e  i n i t i a l  l o s s  o f  
4%) w a s  -11 ppm. 

Range of Average  
P h a s e  Rat ios  Cumula t ive  L o s s ,  L o s s  R a t e ,  

Amine and  D i l u e n t  ( a / o )  % o f  i n i t i a l  amine PPm 

T r i  ( i s o - o c t y l )  0-50 4 
(comp'd.  239C) 50-400 2 2  
i n  97% ke rosene - -  400-800 3 6  
370 t r i d e c a n o l  800-1400 50 

4 . 0  URANIUM EXTRACTION ISOTHERh'IS 

- 
1 6  
11 

9 

I s o t h e r m s  ( T a b l e  4 . 1 )  for t h e  e x t r a c t i o n  o f  u ran ium from 
a s y n t h e t i c  l e a c h  l i q u o r  ( s y n t h e t i c  M a r y s v a l e  l i q u o r )  w e r e  
d e t e r m i n e d  f o r  1 5  d i f f e r e n t  amines  ( 0 . 1  i n  k e r o s e n e  or 
k e r o s e n e - t r i d e c a n o l  d i l u e n t )  t h a t  p e r f o r m e d  w e l l  i n  t h e  p r e -  
l i m i n a r y  e x t r a c t i o n  tests (Sec .  2 . 0 ) .  I n  g e n e r a l  e x t r a c t i o n  
r e s u l t s  were s imi l a r  t o  those o b t a i n e d  p r e v i o u s l y b  w i t h  com- 
pounds  o f  similar t y p e  and  s t r u c t u r e ,  t h e  N-benzyl b r a n c h e d -  
a l k y l  s e c o n d a r i e s  showing t h e  h i g h e s t  u ran ium e x t r a c t i o n  power 
and  t h e  t e r t i a r y  amines  t h e  b e s t  s e l e c t i v i t y  f o r  u ran ium over  
i r o n ( I I 1 ) .  

A new b a t c h  o f  S-24 amine gave  e x t r a c t i o n  r e s u l t s  a p p r o x i -  
m a t e l y  e q u i v a l e n t  t o  t h o s e  f o r  a p r e v i o u s 6  b a t c h .  T h i s  amine ,  
and  t w o  o t h e r  s e c o n d a r i e s  w i t h  b r a n c h i n g  o f  b o t h  a l k y l  c h a i n s  
close t o  t h e  n i t r o g e n ,  i . e .  , d i ( 1 - h e p t y l o c t y l )  and  d i ( 1 - n o n y l -  
d e c y l )  a m i n e s ,  showed h i g h  e x t r a c t i o n  c o e f f i c i e n t s  ( " 3 0 0 ) ,  
good s e l e c t i v i t y  f o r  uranium o v e r  i r o n ( I I 1 )  , a n d  s a t u r a t i o n  
l o a d i n g s  o f  - 4 . 3  g o f  u ran ium p e r  l i t e r .  

E x t r a c t i o n  r e s u l t s  f o r  A m b e r l i t e  LA-1 were similar t o  
t h o s e  o b t a i n e d  for a p r e v i o u s 6  s a m p l e .  
w e r e  s l i g h t l y  weaker a n d  t h e  s e l e c t i v i t y  s l i g h t l y  p o o r e r  t h a n  
f o r  t h e  s e c o n d a r y  amines  d e s c r i b e d  above .  A d d i t i o n  of 3 vo l  
7' t r i d e c a n o l  t o  t h e  k e r o s e n e  d i l u e n t  l o w e r e d  ex t r ac t ion  co- 
e f f i c i e n t s  f o r  b o t h  u ran ium and  i r o n  by a f ac to r  o f  2 - 3 .  
A m b e r l i t e  LA-2 w a s  more s e l e c t i v e  and  l o a d e d  h i g h e r  w i t h  
u ran ium t h a n  A m b e r l i t e  LA-1 b u t  had  much lower uranium extrac- 
t i o n  c o e f f i c i e n t s  (Eg = 35)  and  slower p h a s e  s e p a r a t i o n .  P h a s e  
s e p a r a t i o n  was f a s t e r  ( b u t  s t i l l  n o t  r a p i d )  and  uranium co- 
e f f i c i e n t s  s l i g h t l y  h i g h e r  w i t h  a l c o h o l  added  t o  t h e  s o l v e n t .  

Uranium e x t r a c t i o n s  

A s  o b s e r v e d  p r e v i o u s l y ,  m o d i f i c a t i o n  o f  t h e  k e r o s e n e  
d i l u e n t  w i t h  a l c o h o l  g r e a t l y  d e p r e s s e d  t h e  e x t r a c t i o n  o f  i r o n  



T a b l e  4 . 1 .  Uranium E x t r a c t i o n  I s o t h e r m s  from S y n t h e t i c  M a r y s v a l e  L i q u o r  

Aqueous:  0 .15 -3 .0  g of U ,  5 . 0 - 5 . 8  g of F e ( I I I ) ,  3 . 3  g of A l ,  50  g of S O 4 ,  2 . 0  g of 

O r g a n i c :  0 . 1 0  amine  i n  k e r o s e n e  w i t h  i n d i c a t e d  c o n c e n t r a t i o n  of t r i d e c a n o l  (TDA) 
P h a s e  r a t i o ,  a/o: 2 /1 ;  c o n t a c t  t i m e :  5 min 

PO4, a n d  1 . 7  g of F per l i t e r ,  p H  0 . 9 0  

P h a s e  Uranium 
E x t r a c t  i o n  Fe i n  TDA S e p ' n  Uranium C o n c . ,  g / l i t e r  

Conc . ,  Time, Head O r g a n i c ,  C o e f f i c i e n t  
Amine v o l  70 min L i q u o r  O r g a n i c  Aqueous g / l i t e r  (E: 1 

D i  ( 1 - h e p t y l o c t y l )  0 
(Compound 332A) 

D i  ( 1 - n o n y l d e c y l )  0 
(Compound 341A) 

S-24 0 <1 

<1 
<1 
<1 
<1 
<1 
<1 

(Compound 30D) <1 

0 . 7  
0 . 8  
0 . 8  
0 .7  
0 . 8  
1 . 0  
1 . 3  
1 . 4  

0 . 6  
0 . 6  
0 . 5  
0 . 5  
0 . 4  
0 . 4  
0 . 5  
0 . 5  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 .60  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 3 0  
0 . 6 1  

2 .0  
2 . 4  
2 . 9  
3 . 9  
4 . 3  

0 . 2 8  
0 . 5 6  
1 . 2  
2 . 0  
2 . 4  
3 .0  
3 . 8  
4 . 3  

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

- 
0 . 0 0 0 9  
0 . 0 0 2  
0 . 0 0 4  
0 .009  
0 .013  
0 . 0 2 1  
0 .066  
0 . 7 9  

0 . 0 0 1  
0 .002  
0 .007  
0 . 0 1 4  
0 . 0 2 4  
0 . 0 3 8  
0 . 1 5  
0 . 8 5  

0 . 0 0 1  
0 .002  
0 .006  
0 . 0 1 3  
0 . 0 2 4  
0 .036  
0 . 1 6  
1 . 0  

- 
0 . 1 8  
0 . 1 3  
0 . 1 0  
0 . 0 8 4  
0 . 0 6 8  
0 .038  
0 . 0 1 0  

0 . 3 2  
0 . 2 7  
0 .22  
0 . 1 7  
0 .12  
0 . 1 0  
0 .050  
0 . 0 2 7  

0 . 2 3  
0 . 2 1  
0 . 1 8  
0 . 1 3  
0 . 0 9 9  
0 . 0 7 5  
0 . 0 2 9  
0 . 0 0 8  

330 
310 

-300 
220 
1 8 0  
1 4 0  

I 
w 

I 

5 9  
5 00 

280 
280 
1 7 0  
1 4 0  
1 0 0  

80  
25 

5 

290 
280 
200 
1 5 0  
1 0 0  

78 
2 4  
4 

I . * I I I 



I t I 1 

T a b l e  4 . 1  ( C o n t ' d . )  
Uranium 

E x t r a c t i o n  
Phase 

Fe i n  TDA S e p ' n  Uranium Conc . ,  g / l i t e r  
Conc . ,  T ime ,  Head O r g a n i c ,  C o e f f i c i e n t  

Amine vo l  70 min L i q u o r  Organic  Aqueous g / l i t e r  (EO, 1 
Amberlite LA-1 0 -1 

(Compound 193H) -1 
-1 
-1 
-1 
-1 
-1 
-1 

3 1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  

Amberlite LA-2 0 >10 
(Compound 325A) >10 

4 
3 . 3  
2 . 0  
1 . 7  
1 . 4  
1 . 2  

3 1 . 2  
1 . 5  
1 . 5  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 .  3 0  
0 . 6 0  

0 . 3 0  
0 . 6 0  
1 . 2  
2 . 0  
2 . 4  
2 . 8  
3 . 3  
3 . 5  

0 .29  
0 . 5 9  
1 . 2  
2 . 1  
2 . 4  
2 . 8  
3 . 3  
3 . 6  

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

0 . 2 8  
0 . 5 7  
1.1 

0 . 0 0 2  
0 . 0 0 3  
0 . 0 0 7  
0 .016  
0 . 0 2 7  
0 .048  
0 . 2 8  
1 . 2  

0 . 0 0 3  
0 . 0 0 7  
0 . 0 1 7  
0 . 0 4 6  
0 .080  
0 . 1 4  
0 . 3 9  
1 . 2  

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

0 . 0 0 7  
0 . 0 1 6  
0 .040  
0 . 0 7 7  

0 . 4 0  
0 . 3 4  
0 . 3 0  
0 . 1 4  
0 . 1 4  
0 . 0 8  
0 .015  
0 . 0 0 5  

0 . 1 9  
0 . 1 6  
0 . 1 3  
0 . 0 8 8  
0 . 0 6 1  
0 . 0 4 0  
0 . 0 4 8  
0 . 0 1 4  

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

0 . 0 7 7  
0 . 0 7 0  
0 . 0 6 0  
0 . 0 4 7  

1 5 0  
200 
1 7 0  
1 2 0  

90 
6 0  
1 2  

3 

1 0 0  
85 
70 
45 
30 
20 

8 
3 

I 
P 
9 

I 

36 
32 
27  
2 1  
18  
1 6  
11 

4 

40 
36 
2 8  
2 3  1 . 5  1 . 0  1 . 8  



T a b l e  4 . 1  ( C o n t ' d . )  

P h a s e  Uranium 
TDA S e p ' n  Uranium Conc . ,  g / l i t e r  Fe  i n  E x t r a c t  i o n  

Conc . ,  Time, Head O r g a n i c ,  C o e f f i c i e n t  
Amine vol  % min L i q u o r  O r g a n i c  Aqueous g / l i ter  (EOa 1 

Amberlite LA-2 3 1 . 5  1 . 2 5  2 . 2  0 . 1 1  0 . 0 3 7  20 
(Compound 325A) 1 . 5  1 . 5 0  2 . 7  0 .16  0 . 0 3 1  1 7  

1 . 5  2 . 0  3 . 3  0 . 3 2  0 . 0 2 4  1 0  
1.1 3 . 0  4 .2  0 . 9 1  0 .010  5 

Amberlite LA-2 3 1 . 5  0 .15  0 . 3 0  0 .009  
(Compound 325B) 1 . 5  0 .30  0 . 5 8  0 .017  

1 . 7  0 . 6 0  1.1 0 . 0 4 4  
1 . 9  1 . 0  1 . 9  0 . 0 8 8  
1 . 7  1 . 2 5  2 . 4  0 . 1 3  
2 . 0  1 . 5 0  2 . 6  0 . 1 7  
1 . 9  2 . 0  3 . 7  0 . 3 3  
2 . 0  3 .0  4 . 1  0 . 9 3  

D i  ( t r i d e c y l )  5 
(Compound 22 7A) 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

0 . 1 5  0 . 3 4  0 .002  
0 . 3 0  0 . 6 0  0 .005  
0 .60  1.1 0 . 0 1 1  
1 . 0  1 . 9  0 . 0 2 6  
1 . 2 5  2 . 3  0 .042  
1 . 5 0  2 . 8  0 .067  
2 . 0  3 . 3  0 . 2 0  
3 .0  3 . 9  0 . 9 0  

0 .084  
0 .078  
0 . 0 6 4  
0 .046  
0 .045  
0 .038  
0 .036  
0 . 0 2 3  

0 .40  
0 . 3 3  
0 . 3 2  
0 . 2 8  
0 .14  
0 . 0 9 0  
0 .026  
0 . 0 0 8  

3 3  
3 4  
25 
22 
1 8  
1 5  
11 

4 

1 7 0  
1 2 0  
1 0 0  

75 
5 5  
40  
1 6  

4 

D i  ( t r i d e c y l )  
(Compound 22 7B) 

0 1 . 3  0 .15  0 . 3 1  0 . 0 0 4  1.1 8 0  
1 . 3  0 .30  0 . 6 3  0 . 0 0 9  0 . 9 0  70  
1 . 5  0 . 6 0  1 . 2  0 .020  0 .77  60 
1 . 4  1 . 0  2 .0  0 . 0 4 3  0 . 5 5  45 
2 . 0  1 . 2 5  2 . 3  0 . 0 7 3  0 . 4 3  30 
2 . 0  1 . 5 0  2 . 9  0 . 0 9 9  0 . 3 1  29 
2 . 0  2 . 0  3 . 7  0 . 2 3  0 . 1 4  1 6  
1 . 7  3 . 0  4 . 3  0 . 9 0  0 . 0 3  5 

I 
N 
0 
I 

t 8 I , 
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T a b l e  4 . 1  ( C o n t ' d . )  

Phase Uranium 
TDA S e p ' n  Uranium Conc . ,  g / l i t e r  Fe i n  Ex t rac t i o n  

C o n c . ,  T ime ,  Head Organ ic ,  C o e f f i c i e n t  
Amine v o l  % min L i q u o r  O r g a n i c  Aqueous g / l i t e r  ( E g )  

D i  ( t r i d e c y l )  5 
(Compound 22 7B) 

N-Benzyl- ( 1 - n o n y l d e c y l )  3 
(Compound 330A) 

N-Benzyl- ( l - u n d e c y l -  3 
dodecyl ) 
(Compound 331A) 

T r i ( i s o - o c t y l )  3 
(Compound 239B) 

1.1 
0 . 8  
0 . 9  
0 . 9  
1 . 0  
1 . 0  
1 . 2  
1.1 

2 . 1  
2 . 5  
2 . 5  
2 . 1  
1 . 9  
1 . 6  
1 . 2  
1 . 2  

1 . 8  
1 . 8  
1 . 6  
1 . 4  
1 . 4  
1 . 3  
1 . 2  
1.1 

<1 
<1 
<1 
<1 

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 .  30  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  

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

0 . 3 0  
0 . 5 5  
1 . 2  
2 . 0  
2 . 5  
2 . 9  
3 . 8  
3 . 9  

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

- 
0 . 6 1  
1 . 2  
2 . 1  

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

0 . 0 0 0 1  
0 . 0 0 0 3  
0 . 0 0 0 9  
0 . 0 0 2  
0 . 0 0 3  
0 . 0 0 4  
0 . 0 8 1  
1.1 

0 . 0 0 0 2  
0 . 0 0 0 3  
0 .0005  
0 . 0 0 2  
0 . 0 0 2  
0 . 0 0 5  
0 . 0 7 6  
1.1 

0 . 0 0 0 9  
0 . 0 0 2  
0 . 0 0 4  
0 . 0 0 8  

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

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

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

0 . 0 1 1  
0 . 0 1 0  
0 . 0 0 8  
0 . 0 1 2  

1 6 0  
1 3 0  
1 1 0  

85  
5 5  
40  
1 8  

4 

3000 
1800  
1300  I 

1000  N 
P 
I 

800 
7 0 0  

45 
4 

1500  
1900  
2400 
1000  
1200  

600 
45 

4 

-330 
300 
300 
260 



T a b l e  4 . 1  ( C o n t ' d . )  
- 

Phase  Uranium 
TDA S e p ' n  Uranium C o n c . ,  g / l i t e r  Fe  i n  E x t r a c t  i o n  

C o n c . ,  Time,  Head O r g a n i c ,  C o e f f i c i e n t  
Amine v o l  70' min .  L i q u o r  O r g a n i c  Aqueous g / i i t e r *  (E:) 

T r i  ( i s o - o c t y l )  3 <1 
(Compound 239B) <1 

<1 
<1 

T r i ( i s o - o c t y l )  3 1 . 0  
(Compound 239C) 1 . 0  

1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  

Alamine 336 
(Compound 2 9 9 A )  

Alamine 6 
(Compound 299C) 

3 1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  

0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
0 . 5  

1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 .15  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 5 0  
2 . 0  
3 . 0  

2 . 6  
3 . 1  
4 . 1  
5 . 4  

0 . 2 5  
0 . 6 0  
1 . 2  
2 . 0  
2 . 4  
2 . 8  
3 . 8  
5 . 0  

0 . 3 3  
0 . 6 6  
1 . 2  
1 . 9  
2 . 4  
2 . 8  
3 . 8  
4 . 8  

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

0 . 0 1 2  
0 . 0 1 9  
0 . 0 4 2  
0 . 4 2  

0 . 0 0 0 8  
0 . 0 0 2  
0 . 0 0 4  
0 . 0 0 8  
0 . 0 1 2  
0 . 0 2 0  
0 . 0 4 6  
0 . 4 1  

0 . 0 0 1  
0 . 0 0 2  
0 . 0 0 5  
0 . 0 1 1  
0 . 0 1 8  
0 . 0 2 5  
0 .062  
0 . 5 0  

0 .0008  
0 . 0 0 2  
0 . 0 0 4  
0 . 0 2 7  
0 . 0 4 4  
0 . 3 9  

0 . 0 0 6  
0 . 0 0 5  
0 . 0 0 4  
0 . 0 0 2  

0 . 0 1 5  
0 . 0 1 3  
0 . 0 1 2  

0 . 0 0 7  
0 . 0 0 6  
0 . 0 0 4  

<O. 003 

0 . 0 2 0  
0 . 0 1 9  
0 . 0 1 8  
0 . 0 1 6  
0 . 0 1 3  
0 . 0 1 1  
0 . 0 0 8  
0 . 0 0 3  

- 

- 
- 
- 
- 
- 
- 

220 
1 6 0  
1 0 0  

1 3  

310 
300 
300 
250 
200 
1 4 0  

8 0  
I 

N 
I 

1 2  N 

330 
330 
240 
1 7 0  
1 3 0  
1 1 0  

60 
1 0  

370 
310 
300 
1 1 0  

95  
1 4  

I 



b . 

T a b l e  4 . 1  ( C o n t ' d . )  

Phase Uranium 
TDA Sep 'n  Uranium Conc . ,  g / l i t e r  Fe i n  E x t r a c t  i o n  

Conc.,  T ime,  Head O r g a n i c ,  Coef f ic ien t  
Amine v o l  % min L i q u o r  O r g a n i c  Aqueous g / l i t e r  (E8 1 

ADM Mixed T e r t i a r y  3 0 . 9  
(Compound 328A) 0 . 8  

0 . 8  
0 . 9  
0 . 5  
0 . 6  
0 . 6  
1 . 0  

D i l a u r y l - n - b u t y l  3 1 . 8  
(Compound 101B) 0 . 8  

1 . 0  
1 . 2  
0 . 8  
1.1 
1 . 2  
1 . 3  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 .30  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

Amber l i te  XE-204 3 1 . 0  0 . 1 5  
(Compound 3538)  1 . 0  0 . 3 0  

1 . 0  0 . 6 0  
1 . 0  1 . 0  
1 . 0  1 . 2 5  
1 . 0  1 . 5 0  
1 . 0  2 . 0  
1 . 0  3 . 0  

0 . 3 2  
0 . 6 2  
1 . 2  
2 . 0  
2 . 5  
3 . 0  
3 . 6  
5 . 1  

0 . 0 0 0 6  
0 . 0 0 1  
0 . 0 0 3  

- 
0 . 0 4 8  
0 . 3 9  

0 . 2 9  0 . 0 0 0 8  
0 . 6 0  0 . 0 0 2  
1 . 2  0 .005  
2 . 1  0 . 0 2 5  
2 . 4  0 . 0 2 8  
2 . 8  0 .040  
3 . 8  0 . 0 8 3  
5 . 1  0 . 3 8  

0 . 2 9  0 . 0 0 1  
0 . 6 2  0 .002  
1 . 2  0 . 0 0 5  
2 . 0  0 . 0 1 3  
2 . 5  0 . 0 1 7  
3 .0  0 . 0 2 4  
3 . 7  0 . 0 5 4  
5 . 1  0 . 3 8  

0 . 0 1 6  
0 .014  
0 . 0 1 4  
0 . 0 1 2  
0 . 0 0 9  
0 . 0 0 8  
0 . 0 0 8  
0 , 0 0 5  

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

0 . 0 2 5  
0 . 0 2 1  
0 . 0 1 8  
0 . 0 1 2  
0 . 0 1 0  
0 . 0 0 8  
0 . 0 0 5  

< O .  005 

530 
600 
400 
- 

- 
75 
1 3  

I 

w 
I 

360 N 
300 
240 

8 5  
85  
70  
45 
1 3  

290 
310 
240 
1 5 0  
1 5 0  
1 2 0  

70 
1 3  



T a b l e  4 . 1  ( C o n t ' d . )  
P h a s e  Uranium 

TDA Sep ' n  Uranium Conc.  , g / l i t e r  Fe i n  E x t r a c t i o n  
C o n c . ,  T ime,  Head Organic ,  C o e f f i c i e n t  

Amine v o l  % min L i q u o r  O r g a n i c  Aqueous g / l i t e r  (E: 1 

Amberlite XE-204 3 1.1 

1 . 8  
1 . 4  
1.1 
1 . 2  
1 . 4  
1 . 6  

(Compound 353C) 1 . 2  

T r i l a u r y l  
(Compound 86B) 

T r i l a u r y l  
(Compound 86D) 

3 

3 6 
6 
6 
8 
6 
6 
5 
4 

0 . 1 5  
0 . 3 0  
0 ,  60 
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 . 3 0  
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 1 5  
0 .  30 
0 . 6 0  
1 . 0  
1 . 2 5  
1 . 5 0  
2 . 0  
3 . 0  

0 . 2 8  
0 . 5 7  
1 . 2  
2 . 0  
2 . 5  
2 . 9  
4 . 0  
5 . 0  

0 .32  
0 . 6 3  
1 . 2  
2 . 0  
2 . 5  
3 . 1  
4 . 0  
5 . 1  

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

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

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

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

0 .026  
0 . 0 2 3  
0 . 0 2 2  
0 . 0 1 6  
0 . 0 1 4  
0 .010  
0 . 0 0 9  
0 . 0 0 6  

0 . 0 2 8  
0 . 0 2 6  
0 . 0 2 3  
0 . 0 2 1  
0 . 0 1 7  
0 . 0 1 5  
0 . 0 1 1  
0 . 0 0 6  

0 . 0 1 8  
0 . 0 1 7  
0 . 0 1 3  
0 . 0 1 1  
0 . 0 1 0  
0 . 0 1 0  
0 . 0 0 8  
0 . 0 0 4  

280 
280 
200 
1 4 0  
1 2 0  
1 0 0  

65 
1 0  

I 
N 

320 
310 I@ 240 I 

290 
1 8 0  
1 6 0  

95 
1 3  

520 
600 
300 
270 
200 
200 
1 4 0  

1 4  

. * 8 
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T a b l e  4 . 1  ( C o n t ' d . )  

P h a s e  Uranium 
TDA S e p ' n  Uranium C o n c . ,  g / l i t e r  F e  i n  E x t r a c t i o n  

C o n c . ,  T ime,  Head O r g a n i c ,  C o e f f i c i e n t  
Amine v o l  % min L i q u o r  O r g a n i c  Aqueous g / l i t e r  (E2 1 

T r i s ( t r i d e c y 1 )  0 1 . 0  0 . 1 5  
(Compound 310A) 1 . 0  0 . 3 0  

1 . 0  0 . 6 0  
1 . 0  1 . 0  
1 . 0  1 . 2 5  
1 . 0  1 . 5 0  
1 . 0  2 . 0  
1 . 0  3 . 0  

T r i s  ( t r i d e c y l )  3 1 . 0  0 . 1 5  
(Compound 310A) 1 . 0  0 . 3 0  

1 . 0  0 . 6 0  
1 . 0  1 . 0  
1 . 0  1 . 2 5  
1 . 0  1 . 5 0  
1 . 0  2 . 0  
1 . 0  3 . 0  

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

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

0 . 0 0 0 4  
0 . 0 0 0 9  
0 . 0 0 3  
0 . 0 0 5  
0 . 0 0 8  
0 . 0 1 2  
0 . 0 3 5  
0 . 5 2  

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

0 . 0 1 7  
0 . 0 1 5  
0 .012  
0 . 0 0 9  
0 . 0 0 7  
0 . 0 0 5  
0 . 0 0 2  
0 . 0 0 1  

0 . 0 0 6  
0 . 0 0 4  
0 . 0 0 3  
0 . 0 0 2  
0 .002  
0 . 0 0 2  
0 . 0 0 1  
0 . 0 0 1  

770 
6 8 0  
430 
400 
310 
260 
1 1 0  

9 

40 0 
320 
300  
2 1 0  
1 3 0  
1 1 0  

4 5  
8 

I 
N 
wl 
I 
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w i t h  d i ( t r i d e c y l ) a m i n e .  With 5 v o l  70 t r i d e c a n o l ,  t h e  selec- 
t i v i t y  o f  t h i s  amine w a s  o n l y  s l i g h t l y  p o o r e r  t h a n  t h a t  of 
Amberlite LA-1 i n  k e r o s e n e .  

The t w o  N-benzyl b r a n c h e d - a l k y l  s e c o n d a r y  a m i n e s ,  N- 
b e n z y l ( 1 - n o n y l d e c y l )  a n d  N-benzyl(1-undecyldodecyl), a v e  e x -  
t r a c t i o n  r e s u l t s  s imi la r  t o  t h o s e  o b t a i n e d  p r e v i o u s l y g  w i t h  
N-benzyl-l-(3-ethylpentyl)-4-ethyloctylamine, uran ium e x t r a c -  
t i o n  c o e f f i c i e n t s  a t  low l o a d i n g  b e i n g  2000-3000. P h a s e  
s e p a r a t i o n ,  which w a s  e x t r e m e l y  s l o w  i n  k e r o s e n e  d i l u e n t ,  w a s  
much f a s t e r  b u t  s t i l l  n o t  r a p i d  w i t h  3 v o l  '7'0 t r i d e c a n o l  added  
t o  t h e  s o l v e n t .  

A l l  t h e  t e r t i a r y  a m i n e s ,  i n c l u d i n g  Alamine 336 ,  ADM mixed 
t e r t i a r y ,  b u t y l d i l a u r y l ,  A m b e r l i t e  XE-204, t r i l a u r y l ,  t r i s ( t r i -  
d e c y l ) ,  and  t w o  new b a t c h e s  o f  t r i ( i s o - o c t y l ) a m i n e ,  showed t h e  
h i g h  uranium e x t r a c t i o n  power (Eg = 250-750) ,  e x c e l l e n t  selec- 
t i v i t y  w i t h  r e s p e c t  t o  i r o n ( I I I ) ,  and  h i g h  u ran ium l o a d i n g s  
("5 g p e r  l i t e r )  o b t a i n e d  p r e v i o u s l y 6  w i t h  t r i - n - o c t y l a m i n e  
and  an  ear l ie r  b a t c h  o f  t r i ( i s o - o c t y 1 ) a m i n e .  PKase s e p a r a t i o n  
w a s  r a p i d  ( 0 . 5 - 1 . 5  m i n )  e x c e p t  f o r  t r i l a u r y l a m i n e ,  which  w a s  
s l o w  (4-8 m i n ) .  

5 . 0  COMPATIBILITY WITH MOLYBDENUM 

I n  a p p l i c a t i o n  of t h e  Amex p r o c e s s  t o  c e r t a i n  molybdenum- 
c o n t a i n i n g  l i q u o r s ,  amine-molybdenum p r e c i p i t a t e s  (p re sumab ly  
h e t e r o p o l y m o l y b d a t e s )  sometimes f o r m e d ,  3 7 5  t h e  t e n d e n c y  f o r  
p r e c i p i t a t i o n  b e i n g  i n f l u e n c e d  by a m i n e - d i l u e n t  c h o i c e ,  
molybdenum c o n c e n t r a t i o n ,  t h e  p r e s e n c e  of p h o s p h a t e  and  vana-  
d ium(V) ,  a n d  t h e  c h o i c e  o f  s t r i p p i n g  me thod ,  With r e s p e c t  t o  
t h e  l a t t e r ,  t h e  t e n d e n c y  t o  p r e c i p i t a t i o n  w a s  u s u a l l y  more 
p ronounced  i n  t h e  c h l o r i d e  s t r i p p i n g  method t h a n  i n  o t h e r  
s t r i p p i n g  me thods .  C o n t i n u e d  tests w i t h  some o f  t h e  amines  
p r e v i o u s l y  t e s t e d  and  w i t h  newer amines  showed t h e  b r a n c h e d  
c h a i n  s e c o n d a r y  amines  t o  have  good molybdenum c o m p a t i b i l i t y  
a l t h o u g h ,  i n  some cases,  amine p r e c i p i t a t i o n  o c c u r r e d  a t  h i g h  
molybdenum l o a d i n g s .  With t h e  e x c e p t i o n  of t r i l a u r y l a m i n e ,  
which  had  a h i g h  molybdenum t o l e r a n c e ,  t h e  t e r t i a r y  amines  
showed r e l a t i v e l y  p o o r  molybdenum c o m p a t i b i l i t y .  

5 . 1  B a t c h  E x t r a c t i o n  and  S t r i p p i n g  T e s t s  

A b a t c h  t e s t i n g  p r o c e d u r e  s imi la r  t o  t h a t  d e s c r i b e d  p r e -  
v i o u s l y 3  w a s  u s e d  t o  compare t h e  r e l a t i v e  s u s c e p t i b i l i t y  of 
v a r i o u s  amines  t o  molybdenum p r e c i p i t a t i o n .  In  t h e s e  t e s t s ,  
0 . 1  M amine s o l u t i o n s  were l o a d e d  w i t h  u ran ium and  molybdenum 
by c o n t a c t  w i t h  a series o f  s y n t h e t i c  l e a c h  l i q u o r s  o f  v a r y i n g  
molybdenum c o n t e n t .  The uranium w a s  s t r i p p e d  by t h r e e  s u c c e s -  
s i v e  c o n t a c t s  w i t h  1 NaC1--0.05 E H , S 0 4  and  t h e  amine  
r e g e n e r a t e d  t o  t h e  f r e e  b a s e  form and  s t r i p p e d  o f  molybdenum by 
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c o n t a c t  w i t h  0 . 3  M Na,CO, .  Each c o n t a c t  w a s  f o r  5 min and 
t h e  o r g a n i c  w a s  a l l o w e d  t o  s t a n d  0 . 5  h r  be tween c o n t a c t s  t o  
d e t e r m i n e  w h e t h e r  or n o t  p r e c i p i t a t i o n  had o c c u r r e d .  I f  p r e -  
c i p i t a t i o n  w a s  n o t i c e d  a t  any  p o i n t  i n  t h e  p r o c e d u r e ,  t h e  test 
w a s  s t o p p e d  and  a sample  o f  t h e  amine t i t r a t e d  f o r  c o m p a r i s o n  
w i t h  t h e  head  o r g a n i c .  The s o l i d s  formed were o f  two g e n e r a l  
t y p e s :  ( 1 )  amber t o  g r e e n ,  gummy p r e c i p i t a t e s  which a p p a r e n t l y  
c o n t a i n e d  amine s i n c e  a s i g n i f i c a n t  amine  l o s s  w a s  o b s e r v e d  i n  
a l m o s t  e v e r y  t es t  i n  which t h e y  formed;  and  ( 2 )  w h i t e  p r e c i p i -  
t a tes ,  much smaller i n  q u a n t i t y  ( p o s s i b l y  o n l y  s l o w - b r e a k i n g  
e m u l s i o n s )  which  may n o t  have  c o n t a i n e d  a m i n e ,  s i n c e  amine 
l o s s e s  where t h e y  formed were w i t h i n  t h e  a n a l y t i c a l  u n c e r t a i n t y  
(2%) o f  t h e  t i t r a t i o n .  T e s t  r e s u l t s  ( T a b l e  5 . 1 )  show a s t r o n g  
dependence  on molybdenum l o a d i n g  o f  t h e  s o l v e n t .  

Amine S-24. P r e c i p i t a t i o n  o c c u r r e d  d u r i n g  e x t r a c t i o n  a t  
t h e  h i g h e s t  molybdenum l o a d i n g ,  " 3  g / l i t e r ,  i n  u n m o d i f i e d  
k e r o s e n e  b u t  n o t  i n  k e r o s e n e  m o d i f i e d  w i t h  2 v o l  % t r i d e c a n o l .  
Trace p r e c i p i t a t i o n  o c c u r r e d  i n  two of  t h e  c h l o r i d e  s t r i p  con-  
t ac t s  and  one  r e g e n e r a t i o n  c o n t a c t  b u t  t i t r a t i o n s  i n d i c a t e d  no 
s i g n i f i c a n t  amine  l o s s .  

D i  ( 1 - h e p t y l o c  t y l  ) amine ,  N-benzyl-  (1 -nony ldecy l  ) amine ,  and  
N-benzyl-  (1-undecyldodecy1)amine. These  a m i n e s ,  which  w e r e  
t e s t e d  o n l y  up t o  a molybdenum l o a d i n g  of " 1 . 2  g / l i t e r  showed 
no s i g n i f i c a n t  amine  l o s s  i n  any  tests. 

D i ( t r i d e c y 1 ) a m i n e .  N o  p r e c i p i t a t i o n  o c c u r r e d  d u r i n g  e x -  
t r a c t i o n  or s t r i p p i n g  a t  molybdenum l o a d i n g s  up  t o  3 g / l i t e r .  
A l though  t r a c e  p r e c i p i t a t i o n  o c c u r r e d  i n  r e g e n e r a t i o n ,  t i t r a -  
t i o n s  showed no s i g n i f i c a n t  amine l o s s .  

A m b e r l i t e  LA-1. P r e c i p i t a t i o n  o c c u r r e d  d u r i n g  e x t r a c t i o n  
a t  t h e  h i g h e s t  molybdenum l o a d i n g ,  " 3  g / l i t e r ,  b u t  n o t  d u r i n g  
c h l o r i d e  s t r i p p i n g  i n  any  tests w i t h  l o a d i n g s  up  t o  1 . 2  
g / l i t e r .  T r a c e  p r e c i p i t a t i o n  o c c u r r e d  d u r i n g  r e g e n e r a t i o n ,  
b u t  t i t r a t i o n s  i n d i c a t e d  no s i g n i f i c a n t  amine l o s s .  

Amberlite LA-2. P r e c i p i t a t i o n  o c c u r r e d  d u r i n g  e x t r a c t i o n  
a t  molybdenum l o a d i n g s  a p p r o a c h i n g  3 g / l i t e r  i n  u n m o d i f i e d  
k e r o s e n e  b u t  n o t  w i t h  2 v o l  7'0 t r i d e c a n o l  added  t o  t h e  s o l v e n t .  
P r e c i p i t a t i o n  w i t h  some amine l o s s  o c c u r r e d  i n  t h e  r e g e n e r a -  
t i o n  s t e p  a t  molybdenum l o a d i n g s  o f  " 1 . 2  g / l i t e r .  

T r i  ( i s o - o c t y 1 ) a m i n e .  I n  k e r o s e n e - a l c o h o l  d i l u e n t ,  p r e -  
c i p i t a t i o n  w i t h  s i g n i f i c a n t  amine  loss  o c c u r r e d  d u r i n g  c h l o r i d e  
s t r i p p i n g  a t  molybdenum l o a d i n g s  a s  low as "0 .5  g / l i t e r  and i n  
t h e  e x t r a c t i o n  s t a g e  a t  l o a d i n g s  o f  " 3  g / l i t e r .  The u s e  of 
Esso heavy  a r o m a t i c  n a p h t h a  as d i l u e n t  d e c r e a s e d  t h e  t endency  
t o  p r e c i p i t a t e  somewhat ,  b u t  severe amine  l o s s  s t i l l  o c c u r r e d  
i n  c h l o r i d e  s t r i p p i n g  a t  molybdenum l o a d i n g s  >1 g / l i t e r .  
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Z dJ, dN dN dN dN OS€ 0'7: 
I:> dN dL dN dN dN Z.1 0% '0 

dL dN dN dN 09 '0 ZZ'O I:> 
I:> dN dN dN dN dN 62'0 11.0 
I:> dN dN dN dN dN ET.0 9SO '0 Z 

- 



T a b l e  5 . 1  ( C o n t ' d . )  

O r g a n i c  Mo Conc. ) O b s e r v a t i o n s a  
TDA) g / l i t e r  C h l o r i d e  S t r i p  

Amine vo l  L i q u o r  E x t r a c t  E x t ' n .  1st 2nd 3rd Regen. 

D i ( t r i d e c y 1 )  0 0 . 0 5 6  0 . 1 4  N P  N P  N P  N P  N P  
(Compound 227A) 0 . 1 1  0 . 3 0  N P  N P  N P  N P  N P  

0 .22  0 . 5 9  N P  N P  N P  N P  TP 
0 . 4 0  1 . 2  N P  N P  N P  N P  TP 
1 . 0  3 . 0  N P  N P  N P  N P  TP  

Amine 
L o s s ,  
% of 
Head 

<1 
<1 
<1 
<1 
<1 

2 0 . 0 5 6  0 . 1 4  N P  N P  N P  N P  N P  <1 
0 . 1 1  0 . 3 0  N P  N P  N P  N P  N P  <1 
0 . 2 2  0 . 5 9  N P  N P  N P  N P  TP <1 
0 . 4 0  1 . 2  N P  N P  N P  N P  TP <1 
1 . 0  3 . 0  N P  N P  N P  N P  T P  <1 

1 
N 

1 

D i ( t r i d e c y 1 )  0 0 . 1 1  0 . 2 7  N P  N P  N P  N P  N P  <1 

0 . 4 0  1 . 2  N P  N P  N P  N P  TP <1 
1 . 0  2 . 9  N P  N P  N P  N P  TP <1 

(Compound 227B) 0 . 2 1  0 . 5 9  N P  N P  N P  N P  TP <1 9 

5 0 . 1 1  0 . 2 4  N P  N P  N P  N P  N P  <1 
0 . 2 1  0 .55  N P  N P  N P  N P  N P  <1 
0 . 4 0  0 . 9 7  N P  N P  N P  N P  TP <1 
1 . 0  2 . 5  N P  N P  N P  N P  TP <1 

Amberlite LA-1 0 0 . 0 5 6  0 . 1 6  N P  N P  N P  N P  TP <1 
(Compound 193D) 0 . 1 1  0 . 2 8  N P  N P  N P  N P  TP 1 

0 . 2 2  0 . 6 0  N P  N P  N P  N P  TP <1 
0 . 4 0  1 . 0  N P  N P  N P  N P  TP 2 

3 - - - - 1 . 0  3 b  P 

A m b e r l i t e  LA-1 2 0 . 0 5 6  0 . 1 3  N P  N P  N P  N P  TP <1 
(Compound 1 9  3D) 0 . 1 1  0 . 2 6  N P  N P  N P  N P  TP 1 

0 . 2 2  0 . 5 6  N P  N P  N P  N P  TP 2 
0 . 4 0  1 . 2  N P  N P  N P  N P  TP 2 

- - 6 1 . 0  3 b  P - - 



T a b l e  5 . 1  ( C o n t ' d . )  
Amine 

O b s e r v a t i o n s a  L o s s ,  
TDA , g / l i t e r  0 70 of 

O r g a n i c  Mo C o n c . ,  

Amine vol  % E x t ' n .  1st 2nd 3 r d  Regen.  Head 

Amber l i t e  LA-2 0 0 . 1 1  0 . 2 5  N P  N P  N P  N P  N P  <1 

0 . 4 0  1 . 2  N P  N P  N P  N P  P 3 
3 

(Compound 325A) 0 . 2 1  0 . 5 4  N P  N P  N P  N P  N P  <1 

- - - - 1 . 0  3 b  P 

3 0 . 1 1  0 . 2 4  N P  N P  N P  N P  N P  <1 
0 . 2 1  0 . 5 5  N P  N P  N P  N P  N P  <1 
0 . 4 0  1.1 N P  N P  N P  N P  N P  <1 
1 . 0  2 . 7  N P  N P  N P  N P  P 2 

N-Benzyl- ( l - n o n y l -  3 0 . 1  0 . 2 5  N P  N P  N P  N P  N P  1 
d e c y l )  0 . 4  1 . 2  N P  N P  N P  N P  N P  <1 
(Compound 330A) w 

N-Benzyl- ( l - u n d e c y l -  3 0 . 1  0 . 2 4  N P  N P  N P  N P  N P  <1 
d o d e c y l  ) 0 . 4  1.1 N P  N P  N P  N P  N P  <1 

1 

0 
1 

(Compound 331A) 

T r i  ( i s o - o c t y l )  5 0 . 0 5 6  0 . 1 2  N P  N P  N P  N P  TP <1 
(Compound 239B) 0 . 1 1  0 . 2 9  N P  N P  N P  N P  TP 1 

0 . 2 2  0 . 5 6  NP N P  N P  P - 3 
- 7 0 . 4 0  0 . 8 7  N P  P 

- - 1 0  
- - 

- - 1 . 0  3b  P 

8 0 .056  0 . 0 9  N P  N P  N P  N P  N P  <1 
0 . 1 1  0 . 2 4  N P  N P  N P  N P  TP <1 
0.22  0 . 4 6  N P  N P  N P  P - 4 

8 0 .40  0 . 7 1  N P  P 
- - 1 0  

- - - 
- - 1 . 0  3b P 
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T a b l e  5 . 1  ( C o n t ’ d . )  
Amine 

O r g a n i c  Mo C o n c . ,  O b s e r v a t i o n s ”  L o s s ,  
TDA, g / l i t e r  C h l o r i d e  S t r i p  7 0  of 

A m i n e  v o l  ‘$I L i q u o r  E x t r a c t  E x t ’ n .  1st 2nd 3rd Regen.  Head 

T r i  ( i s o - o c t y l )  
(Compound 239B) 

Oc 0 . 0 5 6  0 . 1 6  
0 . 1 1  0 . 3 1  
0 . 2 2  0 . 6 2  
0 . 4 0  1 . 2  
1 . 0  3 . 0  

N P  N P  N P  N P  N P  
N P  N P  N P  N P  N P  
N P  N P  N P  N P  N P  
N P  N P  P 
N P  P 

- - 
- - - 

<1 
<1 

2 
7 

20 

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

N P  N P  N P  N P  N P  
N P  N P  N P  N P  N P  
N P  N P  N P  N P  N P  
N P  N P  P 
N P  P 

- - 
- - - 

<1 
<1 
<1 

6 
20 

Alamine 336 
(Compound 2993)  

3 0 . 1 1  0 . 3 0  
0 . 4 4  1 . 2  
1.1 3 . 3  

N P  N P  N P  N P  P 
N P  TP P 
N P  P 

- - 
- - - 

r 
4 1 

1 4  

ADM Mixed T e r t i a r y  
(Compound 328A) 

3 0 . 1  0 . 2 7  
0 . 4  1 . 2  

N P  N P  N P  N P  TP 
N P  N P  N P  P - 

2 
<1 

3 0 . 1  0 . 2 7  
0 . 4  1 . 0  

N P  N P  N P  N P  TP 
N P  N P  N P  N P  P 

2 
5 

B u t y l d i l a u r y l  
(Compound 101B) 

Amberl i te  XE-204 
(Compound 353C) 

3 0 . 1 1  0 . 3 0  
0 . 4 4  1 . 2  
1.1 3 . 3  

N P  N P  N P  N P  P 
N P  N P  N P  P - 
N P  P - - - 

1 
3 

1 2  

T r i l a u r y l  
(Compound 86B) 

3 0 . 1 1  0 . 2 9  
0 . 4 1  1 . 0  

N P  N P  N P  TP N P  
N P  N P  N P  TP N P  

<1 
<1 

5 0 . 1 1  0 . 3 0  
0 . 4 1  1.1 

N P  N P  N P  TP N P  
N P  N P  N P  TP N P  

1 
<1 



T a b l e  5 . 1  ( C o n t ' d .  ) 

Amine 
O r g a n i c  Mo Conc . ,  O b s e r v a t i o n s "  L o s s ,  

TDA , g / l i t e r  C h l o r i d e  S t r i p  % o f  
Amine v o l  '7'0 L i q u o r  E x t r a c t  E x t ' n .  1st 2nd 3 r d  Regen. Head 

T r  i l a u  r y  1 3 0 . 1 1  0 . 2 5  N P  N P  N P  N P  N P  <1 
(Compound 8 6 D )  0 . 2 1  0 . 4 5  N P  N P  N P  N P  N P  <1 

0 . 4 0  1 . 0  N P  N P  N P  N P  TP <1 
1 . 0  2 . 6  N P  N P  N P  N P  TP <I 

5 0 . 1 1  0 . 2 5  N P  N P  N P  N P  N P  <1 
0 . 2 1  0 . 4 6  N P  N P  N P  N P  N P  <1 
0 . 4 0  0 . 8 8  N P  N P  N P  TP N P  <1 I 
1 . 0  2 . 3  N P  N P  N P  TP TP <1 N 

CJ 

I 

T r i s  ( t r i d e c y l )  0 0 . 1  0 .  31 N P  N P  N P  TP N P  2 
(Compound 310A) 0 . 4  1 . 2  N P  TP P - 4 - 

3 0 . 1  0 . 3  N P  N P  N P  TP N P  1 
- 4 0 . 4  1 . 2  N P  TP P - 

a N P  = no p r e c i p i t a t e ;  TP  = trace of w h i t e  material p r e s e n t ,  p o s s i b l y  p r e c i p i t a t e ;  
P = amber t o  g r e e n ,  gummy p r e c i p i t a t e .  

e x t r a c t  i o n .  

sodium c a r b o n a t e  s o l u t i o n s .  

bMolybdenum c o n c e n t r a t i o n  e x p e c t e d  i f  p r e c i p i t a t i o n  had  n o t  o c c u r r e d  d u r i n g  

C D i l u e n t  = E s s o  Heavy Aromatic N a p h t h a ,  s c r u b b e d  b e f o r e  u s e  w i t h  s u l f u r i c  a c i d  and  

, * 



-33- 

Alamine 336.  P r e c i p i t a t i o n  and  amine l o s s  o c c u r r e d  i n  
t h e  r e g e n e r a t i o n  s t e p  a t  a molybdenum l o a d i n g  o f  " 0 . 3  g / l i t e r ,  
i n  c h l o r i d e  s t r i p p i n g  a t  1 . 2  g / l i t e r ,  and  i n  e x t r a c t i o n  a t  "3 
g / l i t e r .  

ADM Mixed T e r t i a r y .  P r e c i p i t a t i o n  o c c u r r e d  i n  r e g e n e r a -  
t i o n  a t  a molybdenum l o a d i n g  o f  " 0 . 3  g / l i t e r  and  i n  c h l o r i d e  
s t r i p p i n g  a t  1 . 2  g / l i t e r ,  b u t  i n d i c a t e d  amine losses were n o t  
s i g n i f i c a n t .  

B u t y l d i l a u r y l a m i n e .  P r e c i p i t a t i o n  and  s i g n i f i c a n t  amine 
l o s s  o c c u r r e d  i n  t h e  r e g e n e r a t i o n  s t e p  a t  a molybdenum l o a d i n g  
o f  "1 g / l i t e r .  

A m b e r l i t e  XE-204. 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  r e g e n e r a -  
t i o n  s t e p  a t  a molybdenum l o a d i n g  o f  0 . 3  g / l i t e r  and  i n  c h l o r i d e  
s t r i p p i n g  a t  1 . 2  g / l i t e r .  

T r i l a u r y l a m i n e .  N o  p r e c i p i t a t i o n  o c c u r r e d  i n  e x t r a c t i o n  
or c h l o r i d e  s t r i p p i n g  e v e n  u p  t o  molybdenum l o a d i n g s  o f  "2 .5  
g / l i t e r .  A l though  trace p r e c i p i t a t i o n  w a s  o b s e r v e d  i n  t h e  
r e g e n e r a t i o n  s t e p ,  t i t r a t i o n s  i n d i c a t e d  no amine l o s s .  

T r i s ( t r i d e c y 1 ) a m i n e .  I n  c h l o r i d e  s t r i p p i n g ,  t race p r e -  
c i p i t a t i o n  o c c u r r e d  a t  a molybdenum l o a d i n g  o f  0 . 3  g / l i t e r  and  
p r e c i p i t a t i o n  w i t h  s i g n i f i c a n t  amine l o s s  a t  1 . 2  g / l i t e r .  

5 . 2  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  

* 

I n  c o n t i n u o u s  tests w i t h  Amine S-24 and  A m b e r l i t e  LA-1,  
no p r e c i p i t a t i o n  o c c u r r e d  i n  d e m o n s t r a t i o n  o f  t h e  Amex p r o c e s s  
f o r  r e c o v e r i n g  uranium and  molybdenum from a s y n t h e t i c  l e a c h  
l i q u o r  s imi la r  t o  t h o s e  o b t a i n e d  by l e a c h i n g  Dako ta  l i g n i t e .  
The l i q u o r  (pH 1 )  c o n t a i n e d ,  i n  grams p e r  l i t e r :  0 . 3  U ,  0 . 3  Mo, 
1 5  F e ( I I I ) ,  5 A l ,  1 0  PO4, and  160 SO4.  Uranium and  molybdenum 
w e r e  c o - e x t r a c t e d  w i t h  0 . 1  M amine i n  k e r o s e n e ,  t h e  l o a d i n g  
b e i n g  a p p r o x i m a t e l y  2 g o f  u ran ium and 2 g o f  molybdenum p e r  
l i t e r .  The uranium w a s  s e l e c t i v e l y  s t r i p p e d  i n  f o u r  s t a g e s  
w i t h  0 . 9  M N a C l - - O . l  M H C 1 ,  and  t h e n  t h e  molybdenum w a s  s t r i p p e d  
i n  t h r e e  s t a g e s  w i t h  D .95  M N a , C 0 3 .  The f l o w  r a t i o s  o f  head  
l i q u o r / o r g a n i c / c h l o r i d e  s t r i p / c a r b o n a t e  s t r i p  w e r e  30/4/1/1.  

I n  g e n e r a l ,  t h e  c o m p a t i b i l i t y  s t u d i e s  d e s c r i b e d  above  
emphas ize  t h a t  c a u t i o n  must  b e  o b s e r v e d  i n  a p p l y i n g  amines  t o  
s o l v e n t  e x t r a c t i o n  r e c o v e r y  of uranium from l i q u o r s  c o n t a i n i n g  
a p p r e c i a b l e  amounts  o f  molybdenum. I t  s h o u l d  b e  emphas ized  
t h a t  t h e  tests are u s e f u l  o n l y  f o r  compar ing  t h e  r e l a t i v e  com- 
p a t i b i l i t y  o f  d i f f e r e n t  amines  w i t h  molybdenum l i q u o r s  u n d e r  
t h e s e  p a r t i c u l a r  t es t  c o n d i t i o n s ,  r a t h e r  t h a n  f o r  d e f i n i n g  t h e  
molybdenum l o a d i n g  o f  t h e  s o l v e n t  t h a t  c a n  b e  t o l e r a t e d  i n  p r o -  
cess p r a c t i c e .  The l a t t e r  is d e p e n d e n t  on  l i q u o r  c o m p o s i t i o n ,  
e . g . ,  c o n c e n t r a t i o n  o f  p h o s p h a t e ,  e t c . ,  and  f o r  maximum s a f e t y ,  
t h e  amine s h o u l d  b e  c h e c k e d  i n  a c o n t i n u o u s  c i r c u i t  w i t h  t h e  
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a c t u a l  l i q u o r  t h a t  is t o  b e  p r o c e s s e d .  R e s u l t s  o f  t h e  above  
and  o t h e r  tes ts  s u g g e s t  t h a t  p r o c e s s  d i f f i c u l t i e s  c a n  b e  
a v o i d e d  by a p p r o p r i a t e  c h o i c e  o f  amine and  s t r i p p i n g  f low-  
s h e e t .  O t h e r   worker^,^ i n  tests w i t h  Alamine 336 ,  w i t h  con-  
d i t i o n s  u n d e r  which  c o p i o u s  amine-molybdenum p r e c i p i t a t i o n  
would be e x p e c t e d ,  p r e v e n t e d  p r e c i p i t a t i o n  by s c r u b b i n g  t h e  
s o l v e n t  w i t h  a d i l u t e  s o l u t i o n  o f  sodium s u l f i d e  or sodium 
hydrogen  s u l f i d e  p r i o r  t o  c h l o r i d e  s t r i p p i n g .  
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7 . 0  APPENDIX 

D e s c r i p t i o n  of O r g a n o n i t r o g e n  Compounds 

A v a i l a b l e  i n f o r m a t i o n  on  t h e  s t r u c t u r e ,  s o u r c e ,  and  p u r i t y  
of t h e  o r g a n o n i t r o g e n  compounds d i s c u s s e d  i n  t h i s  r e p o r t  is 
l i s t e d  i n  T a b l e  7 . 1 .  The p r o c e d u r e s  (nonaqueous  t i t r a t i o n s )  
u s e d  for d e t e r m i n i n g  t h e  e q u i v a l e n t  w e i g h t ,  and  t h e  p r i m a r y ,  
s e c o n d a r y ,  and  t e r t i a r y  amine c o n t e n t  o f  t h e  s a m p l e s  are 
d e s c r i b e d  i n  ORNL-1922. 

I n  t h e  p r e l i m i n a r y  uranium e x t r a c t i o n  tes ts  (Sec .  2 . 0 )  and  
t h e  s o l u b i l i t y  l o s s  measu remen t s  (Sec .  3 . 0 ) ,  t h e  amine s a m p l e s  
were s i m p l y  d i l u t e d  w i t h  d i l u e n t  p r i o r  t o  u s e .  However,  i n  t h e  
tests d e s c r i b e d  i n  S e c s .  4 . 0  and  5 . 0 ,  t h e  a m i n e ,  d i s s o l v e d  i n  
d i l u e n t ,  w a s  s c r u b b e d  w i t h  d i l u t e  s u l f u r i c  a c i d  and  sodium 
c a r b o n a t e  p r i o r  t o  u s e  i n  o r d e r  t o  remove s o l u b l e  i m p u r i t i e s  
t h a t  c o u l d  a f f e c t  tes t  r e s u l t s .  
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T a b l e  7 . 1  D e s c r i p t i o n  of Compounds 

B a t c h  E q u i v .  W t .  Compos i t ion ,  % 
Compound N o .  Source"  Theo. Found RNH2 R 2 N H  R 3 N  Formula  

P r i m a r y  Amines 
CH2 CH3 

I 
21F81 1 2 0 c  C 255 255 >99 - - CH3 CH2 CH2 CH2 CHCH2 CH2 CH-NH 

I 
CH2 CH2 CH (CH2 CH3 ) 2 

- (C9H1 9 )2CH-NH2 - - 1-Nony ldecy l  336A A 284 2 9 1  - - 336B A 284 2 8 6  >99 

1-Undecyl -  272A n 340 368 9 7  2 <1 (C11 H Z  3 )2CH-NH2 
350 9 8  <1 1 

Pr imene  JM-T 6E R - 343 >99 - - R , R : R " - C - N H 2 ,  where  t h e  R ' s  c o n t a i n  
I 
W 
u1 
I 

d o d e c y l  272B A 340 

1 8 - 2 2  c a r b o n  atoms 

Armeen 0 275A A 287 288 - - - R e d  o i l  amine  d e r i v e d  from o l e i c  

Armeen OD 2768  A 265 2 6 6  - - - D i s t i l l e d  Armeen 0 
A l k y l  ether 304A ADM 240-260b 285 - - - R-0-(CH2 ) 3  -NH2 , R p r o b a b l y  C1 

- R-0-  (CH, )3 -NH2 , R p r o b a b l y  C1 

a c i d  

amine  N o .  1 

amine  N o .  3 

amine  N o ,  4 r a t e d  C1, 

A l k y l  e t h e r  305A ADM 310-330b 384 - - 

A l k y l  e t h e r  306A ADM 310-330b 369 - - - R-0-(CH2 ) 3  - N H 2 ,  R p r o b a b l y  u n s a t u -  

S-24 

S e c o n d a r y  Amines 

1 -NH 
354 364 <1 9 8  2 1 (CH3 1 2  CHCHz CHCHZ CH- 

I I 
3 OD C 



Table 7.1 (Cont'd.) 

Batch Equiv. Wt. Composition, 7'0 
Compound No. Source" Theo. Found RNH, R2NH R3N Formula 

Di(tridecy1) 227B C 382 405 4 94 <2 (C13Hz7)2NH, alkyl group derived 
from tetra propylene 

Amberlite LA-1 193G R - 348 - - - (CH, 1 2  
(9D-178) 193H R I 

75 l8 (CH, ),CCH2CCH,CH:CHCH2-NH-CRR'R", - 370 

R ' s  containing 12-14 carbon atoms 
Amberlite LA-2 325A R - 366 1 97 2 C1 ,H,,-NH-CRR'R", R's containing 

325B R - 365 2 91-94 4-7 12-14 carbon atoms 

Di(1-heptyl- 3328 A 438 436 6 91 2 (C7H1 5 ),CH-NH-CH(C~HI 5 1 2  

octyl) 

Di (l-nonyl- 341A A 549 547 3 95 1 (C9H1 9 ),CH-NH-CH(C~HI 9 1 2  

N-(1-nonyl- 309A A 452 450 6 92 2 (C~H~~),CH-NH-CI 2H25 

N- (1-undecyl- 308A A 508 513 17 81 2 ( C ~ I H ~ , ) ~ C H - N H - C ~ ~ H ~ ~  

decyl) 

decy1)dodecyl 

dodecy1)- 
dodecyl 

isopropyl 
Benzyl- 307A S 149 155 - - C6H5 -CH2 -NH-CH(CH3 )2 

CH3 1 
N-Benzyl-1- 244B cu 275 277 5 92 3 

C6H5 -CH2 -NH-CHCH,CHCH,CH(CH, )2 
isobutyl-3,5- 
dime thylhexyl I 

N-Benzyl-1-(3- 228B C 347 357 4 95 e1 CH2 CH3 
ethylpenty1)- 
4-e t hy loc t y 1 

I 
W 
m 
I 



I I 

Table 7.1 (Cont'd.) 

Equiv. Wt. Composition, YO 
Formula a Compound No. Source Theo. Found RNH, R,NH RIN 

Batch 

N-Benzyl(1-nonyl- 330A 
decyl) 330B 

331A N-Benzyl(1- 
undecyldodecyl) 

N-Benzyloctadecyl 3278 

N-Benzyl(1- 32912 
methyloctadecyl) 

4-RKB-21, N- (CyClO- 
hexylmethy1)-1- 2978 
isobutyl-3,5- 
dimethylhexyl 

4-RKB-20, N- (1- 
methylcyclo- 
hexylmethy1)-1- 296A 
isobutyl-3,5- 
dimethylhexyl 

4-RKB-16, N-(2,4,6- 
trimethylcyclo- 
hexylmethy1)-1- 2938 
isobutyl-3,5- 
dime thylhexyl 

4-RKB-19, N-CyClO- 2958 
hexylmethyl-1- (3- 
ethylpenty1)-4- 
ethyloctyl 

A 374 
A 374 

A 430 

A 360 

A 374 

C 282 

C 296 

C 324 

C 352 

379 
388 

435 

379 

351 

281 

295 

326 

349 

95 0 C~HS-CHZ-NH-CI sH37 

94 <1 CH2 CH3 

CH2 (CH2 1 4  CHCH2 -NH-CHCH2 1 CH2 (!!HCH2 CH2 CH2 CH3 

CH2 CH2 CH (CH2 CH3 ) 2 

I 
W 
4 
I 



Table 7.1 (Cont'd.) 
Batch Equiv. Wt . Composition, 7'0 

Compound No. Sourcea Theo. Found RNH, R2NH R3N Formula 

4-RKB-18, N - ( 1 -  
me thylcyclo- 
hexylmethy1)- 
1 - (3 -e thy1 - 
pentyl)-4- 
ethyloctyl 

4-RKB-15, N- 
(2,4,6-tri- 
methylcyclo- 
hexylmethy1)- 
1-(3-ethyl- 
pentyl)-4- 
ethyloctyl 

Di (2-propyl-4- 
methylpentyl) 

Mixed Secondary 
Amine 

N- (p-sec-amyl- 
benzyl)-1- 
isobutyl-3,5- 
dime thylhexyl 

2948 

292A 

311A 

298A 

251A 

N- (2-naphthyl- 
252A methyl)-1-iso- 

butyl-3,5-di- 
methylhexyl 

C 366 363 

C 408 392 

EA 270 275 

GM - 253 

C 346 527 

C 328 340 

CH2 CH3 

97 1 CH.2 (CH2 )4CCH2 1 -NH-CHCH2CH2(!!HCH2CH,CH,CH3 1 

CH3 CH2 CH2 CH (CH2 CH3 ) 2 

CH2CH3 
1 1 

CH3 CH3 CH3 CH2 CH2 CH (CH2 CH3 ) 2 
95 <1 YHCH2CHCH2CHCHCH2-NH-CHCH2CH2CHCH2CH2CH2CH3 1 1 1 

97 <' [,,., 
95 1 Mixed n-bctyl and n-decyl 

1 
w 
03 
1 

, . 



T a b l e  7 . 1  ( C o n t ' d . )  
B a t c h  E q u i v .  W t .  C o m p o s i t i o n ,  'TO 

Compound N o .  Source"  The0 . Found RNH, R 2 N H  R 3 N  Formula  

R o s i n  Amine X8523-83-7 277A H - 5 71 - - 
R o s i n  Amine HX-N-RA-60A 333A H - 390 
R o s i n  Amine HX-N-RA-61A 334A H - 402 - - 

D e r i v a t i v e s  of 
d e h y d r o a b i e t y l a m i n e ;  
s t r u c t u r e s  unknown 

- - 

P o l y r a d  0100 282A H 360b 363 

CH3 T e r t i a r v  Amines 

D i  (2-ethylhexyl ) -n- 195A C 326 319 1 1 0  89  
h e x y l  

T r  i ( 2 -e t h y  l h e x y  1 ) 87A ORNL 354 353 1 
87B EA 354 355 <1 27 73  

T r i  ( i s o - h e p t y l )  326A G 

T r  i - n - o c t y l  125H C 

T r i  ( i s o - o c t y l )  239A C 
239B G 
239C C 

Alamine  336 299D GM 
2993 GM 
299F GM 

ADM Mixed T e r t i a r y  328A ADM 

312 314 2 2 96 (C7Hl5)3N, a l k y l  g r o u p s  
b r a n c h e d  

354 350 3 1 96 (CgH1 7)3N 
354 357 5 2 9 3  (C8H1 7 ) 3 N ,  mixed 8 -ca rbon  
354 353 2 1 96 a l k y l  g r o u p s  b r a n c h e d  
354 358 1 9 89  
- 416 <1 1 98  Mixed n - o c t y l  a n d  n - d e c y l  
- 411  <1 1 9 8  
- 4 1  0 - - - 
- 464 <1 1-4 95-99 A m i x t u r e  of d i l a u r y l  

o c t y l  and  d i l a u r y l  d e c y l  
a m i n e s  

I 
w 
9 
I 



T a b l e  7 . 1  ( C o n t ' d . )  
B a t c h  E q u i v .  W t .  C o m p o s i t i o n ,  '% 

N o .  S o u r c e a  Theo. Found RNH, R 2 N H  R 3 N  Formula  Compound 

T r i - n - d e c y l  8 4D B 438 477 - - - (Cl OH21 )3N 

D i l a u r y l - n - b u t y l  l O l A  ORNL 410 418 1 5 9 3  (C, 2 H 2 5  )2-N-(CqHq) 
l O l B  ADM 410 424 <1 2-5 95-98 

XE-204 ( d i d o d e c e n y l -  253A R 406 413 2 1 97 [ (CH3 ) 3 CCH2 C (CH3 ) 2 CH,CH=CHCH, ] 2-N-C,& 
n -bu t y 1 ) 253B R 406 433 2 7 9 1  

253C R 406 439 - - - 

T r  i l a u r y  1 86B ADM 522 542 2 9 89  (C12H25 ) 3 N  
8 6 C  A 522 600 7 3 89 
86D ADM 522 560 4 3 92 
86DC ADM 522 570 4 5 9 1  

564 566  2 1 97 (C13Hz7)3N w i t h  t h e  a l k y l  g r o u p  I 

d e r i v e d  from t e t r a p r o p y l e n e  0 
T r i s  ( t r i d e c y l )  310A C 

I 

Propomeen 2 1 2 / 1 1 ,  n = l  313A A 412 408 3 9 8 7  (C, 2H25)2-N-(CHzCHO)n-H 
I 
CH3 

Propomeen 212/12 ,  n=2 319A A 470 503  3 2 95 
Propomeen 212/13 ,  n=3 320A A 528 508  3 2 95 
Propomeen 212/14,  n=4 322A A 586 637 - - - 
Propomeen 212/20 ,  n=10 323A A 934 950 - - - 
Propomeen 212/50 ,  n=40 324A A 2677 2555 - - - 

- - - 
[CH,CH(CH, )OI$ RD-2805B, X+Y = 2 300A A - 341  

RD-2806B, X+Y = 5 301A A - 368 
RD-2807B9 X+Y = 8 . 5  302A A - 635 

- - - 
RN - - - ' [ CH2 CH (CH3 101 yH RD-2808B7 X+Y = 1 5  303A A - 1060  - - - 

Armeen M-2C 248A A - 427 6 0 95 R,-N-CH,,  R d e r i v e d  from c o c o n u t  
o i l  

0 98 R2-N-CH, , R d e r i v e d  from s o y a  Armeen M-2S 2 4 9 8  A - 582 3 

. * I 



. . 

T a b l e  7 . 1  ( C o n t ' d . )  
B a t c h  Equiv .  W t .  C o m p o s i t i o n ,  Or, 

Compound N O .  S o u r c e a  Theo. Found RNH, R 2 N H  R 3 N  Formula  

Armeen M-2HT 250A A - 550 4 1 95 R2-N-CH, , R d e r i v e d  from h y d r o g e n a t e d  
t a l l o w  

4 (HOCH2 CH2 ) 2 -N-CH, - P o l y r a d  0200 283A H 402b 419 - - -  

-C (CH3 ) 2 0 H  
@H3 M i s c e l l a n e o u s  O r g a n o n i t r o g e n  Compounds 

Arquad 1 8  29lA A 

Q u a t e r n a r y  B-104 
(Didodeceny l -  

ammonium 
c h l o r i d e )  

d i m e t h y l  247A R 

Arquad 2C 105B A 

Arquad 2T 290A A 

N ,  N ' - b i s -  (1- 

e t h y l e n e -  
d i a m i n e  

h e p t y l o c t y 1 ) -  2 7 1 A  A 

Diamine 2 6  281A GM 

D i  ( l -amino-  
c y c l o h e x y l -  312A D 
m e t h y l )  amine  

- 429 - - -  [ R-N (CH, ) - R ] + C l - ,  R d e r i v e d  from 
c o c o n u t  o i l  

- 647 - - -  [R-N(CH,),-R]+Cl-, R d e r i v e d  from t a l l o w  

H H (C7H1 )2CH-N-CH2CH2-N-CH(C7H1 I 5 )2 
240 192  - - -  

RNH-CH2 CH2 CH2 -NH2 , R d e r i v e d  from t a l low - - -  - 1 8 9  



Table 7 . 1  ( C o n t ' d . )  

B a t c h  E q u i v .  W t .  C o m p o s i t i o n ,  YO 
C o m p o u n d  N o .  Sourcea  T h e o .  Found RNH, R2NH R3N Formula 

O H  
I1 1 

Fatchemco DM-0 25611 U 366 349 - - - 
C1 7 H3 2 -C-N-CH2 CH, CH2 -N (CH3 ) 2 

0 
I1 D e r i p h a t  1 5 0 A  2 7 8 A  GM - 144  - - - 

C1 H, -NH-CH, CH, -C-ONa 

D e r i p h a t  1 6 0  2 8 0 A  GM - 1 3 2  - - - " s o l u b i l i z e d  v e r s i o n  of 
D e r  i p h a  t 1 5  0 A" 

- 0 D e r  ipha  t 1 5 7 2 7 9 A  GM - 1 7 6  - - 
II 

R-NH-CH2CH,-C-ONa, R de r ived  
from t a l low 

A r n e e l  S 2 6 9 8  A - d - - - R-CEN, R de r ived  from soya f a t t y  
I 

N 
acid B 

A l k y l a n i l i n e  C-5 2 5 4 A  M - 1 7 9  - - - R-C6H4-NH2,  R r anges  from C3H7 I 

t o  C9H1 and averages C5H1 

Suconox 1 2  2 6 2 A  S 
0 
I (  - - - 

H-I'j-C-R 2 9 1 b  - 
A v R p r i m a r i l y  C l I H , 3  
OH 

0 Suconox 1 8  26311 s 3 7 5 b  - - - - 
I1 

H-N-C-R 
R approximately e q u a l  

OH pa r t s  of C1 5H31 and 
c1 7 H 3 5  

CH3 ++ 
R-N-CH2 CH, CH2 -N- (CH2 CH2 

- [ c"' - - E t h o q u a d  C / 2 5  3 1 4 A  A - d 

(CH, CH, 0 ) ,H (AH, CH 0 ) yH 
x+v+z = 1 5  

1 



I 

Table 7 . 1  ( C o n t ' d . )  
B a t c h  E q u i v .  W t .  C o m p o s i t i o n ,  7'0 

Compound No. Source"  Theo .  Found RNH, RzNH R,N Formula  

O . C .  No. 30 
Emery 578-41R 
Emery 578-42R 
Emery 578-49R 

315A A - d - - - Arquad C - u r e a  complex  
2878 E - 287 - - - Acetate s a l t s  o f  amine 
28812 E - 429 - - - d e r i v a t i v e s  - 
28911 E - 420 - - - s t r u c t u r e s  unknown 

Duomeen T s a l t  o f  

s u l f o n i c  a c i d  
- - S t r u c t u r e  unknown 

- - S t r u c t u r e  unknown 

a c i d  m i x t u r e  a n d  286A L - 156 - - - S t r u c t u r e  unknown 
t r i e t h y  1 e n  e t e tram i n e  

- d - p o l y d o d e c y l b e n z e n e -  2848 L 

Aminopolybu t e n e  2 8 5 ~  L - d - 
I m i d a z o l  i n e  from f a t t y  

"A = Armour Chemica l  D i v i s i o n ,  C h i c a g o  
ADM = Archer -Dan ie l s -Mid land  C o . ,  M i n n e a p o l i s ,  Minn. 
B = B i o s  Laborator ies ,  N e w  York 
C = Union C a r b i d e  Chemica l s  C o . ,  N e w  York 
CU = Columbia  U n i v e r s i t y ,  N e w  York 
D = E.  I .  d u P o n t  d e  Nemours and  Company, Wi lmington  
E = Emery I n d u s t r i e s ,  I n c . ,  C i n c i n n a t i  
EA = Eastman Chemica l  P r o d u c t s ,  K i n g s p o r t ,  Tenn.  
GM = G e n e r a l  M i l l s ,  I n c . ,  Kankakee ,  I l l .  
G = G u l f  O i l  C o r p . ,  P i t t s b u r g h  
H = H e r c u l e s  Powder C o .  , Wilmington  
L = The L u b r i z o l  C o r p . ,  C l e v e l a n d  
M = Monsanto  Chemica l  C o . ,  S t .  L o u i s  
ORNL = Oak Ridge  N a t i o n a l  L a b o r a t o r y  
R = Rohm and  H a a s  C o . ,  P h i l a d e l p h i a  
S = Sumner Chemica l  C o . ,  I n c . ,  N e w  York 
U = U n i v e r s a l  Chemica l  C o r p . ,  L o n s d a l e ,  R .  I .  

b E q u i v a l e n t  w e i g h t  (or m o l e c u l a r  w e i g h t  o f  n e u t r a l  compound) s u p p l i e d  by v e n d o r .  
C R e f r i g e r a t e d  and  c e n t r i f u g e d  - n o  s o l i d s  p r e s e n t .  
d E q u i v a l e n t  w e i g h t  c o u l d  n o t  be d e t e r m i n e d .  

I 
cp 
w 
I 
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