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FORE WORD 

Through fiscal 1951, the progress of the work on the 
separation of lithium isotopes was reported in the quarter- 
ly progress reports of both the ANP Project and of the 
Materials Chemistry Division At the request of the Oak 
Ridge Operations Office, reports on this work will now 
appear as separate documents under the title of Alloy 
Development Project. The present report describes one 
phase of the work carried out from its inception on 
September 2 4 ,  1951, through December 31, 1951. 
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THE ORGANIC-AMALGAM SYSTEM FOR SEPARATION O F  

LITHIUM ISOTOPES 
.- 

Progress t h r o u g h  December 3 1 ,  1951 

.INTRODUCTION 

G ,  H .  C l e w e t t  

I n  t h e  i n i t i a l  s u r v e y  by t h i s  d i v i s i o n  o f  chemical 
methods  of s e p a r a t i n g  l i t h i u m  i s o t o p e s  i t  w a s  r e c o g n i z e d  
t h a t .  a s t a b l e  s y s t e m  composed of l i t h i u m  amalgam and  o r g a n i c  
s o l v e n t  would s a t i s f y  t h e  r e q u i r e m e n t s  f o r  a s u i t a b l e  s y s t e m .  
T h i s  c o n c l u s i o n  was b a s e d  upon t h e  m o d e r a t e  s u c c e s s  a c h i e v e d  
by Lewis  and McDonaldl u s i n g  l i t h i u m  amalgam v e r s u s  s o l u t i o n s  
of a l i t h i u m  s a l t  i n  a l c o h o l  and d i o x a n e .  The s i d e  r e a c t i o n s  
and  e m u l s i o n  t r o u b l e s  e n c o u n t e r e d  by Lewis  and  McDonald 
p r e v e n t  e x p l o i t a t i o n  of t h e i r  s y s t e m  f o r  large scale  p r o -  
d u c t i o n .  The i n h e r e n t  p o s s i b i l i t i e s ,  however ,  were r e c o g n i z e d  
as b e i n g  great  enough t o  w a r r a n t  a d e t e r m i n e d  s e a r c h  for a 
s o l v e n t  f r e e  of r e a c t i o n .  o r  e m u l s i o n  e f fec ts  i n  c o n t a c t  w i t h  
amalgam. Such a s e a r c h  w a s  c o n d u c t e d  many months ago i n  t h i s  
d i v i s i o n  b u t  i t  o n l y  s e r v e d  t o  f i r m l y -  e s t a b l i s h  t h e  c o n c l u s i o n  
( d i s p r o v e d  by t h e  p r e s e n t ,  work) t h a t  a l l  o r g a n i c s  e i t h e r  
reacted o r  e m u l s i f i e d  w i t h  l i t h i u m  amalgam. T h i s  a p p r o a c h  
t o  t h e  l i t h i u m  i s o t o p e  problem t h e n  l a y  dormant  u n t i l  r e c e n t l y  
as t h e  e l e c t r o e x e h a n g e  method unde rwen t  d e v e l o p m e n t .  

The A m a l g a m - D i  amine  P r o c e s s  

Some r e c e n t  s t u d i e s  by H, H .  G a r r e t s o n *  i n  t h i s  l abo ra to ry  
on e l e c t r o l y s i s  i n  e t h y l e n e d i a m i n e  i n d i c a t e d  t h a t  this s o l v e n t  
exh ib r  ts unusual s t a b i l i t y  w i t h  l i t h i u m  amalgam. E x t e n s i v e  
t e s t s  w e r e  I n i t i a t e d  o n  e t h y l e n e d i a m i n e  i n  c o n t a c t  w i t h  l i t h i u m  
amalgam and n e i t h e r  r e a c t i o n  n o r  e m u l s i f i c a t i o n  c o u l d  be made 
t o  t a k e  p l a c e ,  T t  w a s  t h e n  r e c a l l e d  t h a t  J +  W. Kennedy** had 
s u g g e s t e d  e t h y l e n e d i a m i n e  some months ea r l i e r  t o  t h i s  wri ter  
b u t  t h e  s u g g e s t i o n  had  fiat b e e n  p u r s u e d  b e c a u s e  of t h e  u n i -  
f o r m l y  n e g a t i v e  r e s u l t s  i n  t h e  e a r l y  work.  P l a n s  were made 
t h e n  for  a f u r t h e r  s t u d y  of t h e  s u i t a b i l i t y  o f  t h i s  s y s t e m  

*On l e a v e  from Lynchburg Col lege ,  V i r g i n i a  
**Washington U n i v e r s i t y  St L o u i s  Missouri 
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B e s i d e s  t h e  i n i t i a l  r e q u i r e m e n t  of  s y s t e m  s t a b i l i t y ,  
s e v e r a l  o ther  r e q u i r e m e n t s  m u s t  b e  m e t  i f  a f e a s i b l e  sepa- 
r a t i o n  p r o c e s s  is to emerge .  Two s u c h  r e q u i r e m e n t s  are: 
v e r y  r a p i d  i s o t o p i c  exchange  must t a k e  p l a c e  be tween l i t h i u m  
i n  t h e  t w o  p h a s e s ,  and  t h e  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  
i s o t o p i c  exchange  r e a c t i o n  must  d i f f e r  f rom u n i t y .  These  
r e q u i r e m e n t s  have  s e t  t h e  p a t t e r n  for p r e l i m i n a r y  exami- 
n a t i o n  of t h i s  s y s t e m  as w i t h  any s y s t e m ,  

O n e  of t h e  major a d v a n t a g e s  of t h e  amalgam-dlanine  
s y s t e m  o v e r  t h e  e l e c t r o e x c h a n g e  s y s t e m  is t h e  a b s e n c e  of 
any  t e n d e n c y  f o r  n e t  t r a n s f e r  be tween p h a s e s  which allows 
t,he o r g a n i c  and  amalgam p h a s e s  t o  be  c o n t a c t e d  i n  normal  
l i q u i d - l i q u i d  c o n t a c t i n g  equipment  s u c h  as p u l s e  co lumns  
which have  been shown t o  g i v e  s h o r t  h e i g h t  e q u i v a l e n t s  o f  
t h e o r e t i c a l  s t a g e s .  P u l s e  c o l u m n  equ ipmen t  w a s  t h e r e f o r e  
s e l ec t ed  f o r  p i l o t  p l a n t  s t u d y  of t h e  p r o c e s s  

S i n c e  a l l  c h e m i c a l  exchange p l a n t s  f o r  s e p a r a t i n g  
i s o t . o p e s  r e q u i r e  l a rge  r a t i o s  of i n t e r s t a g e  f l o w  t o  p r o d u c t  
arid waste f l o w ,  some method of  r e f l u x  a t  t h e  t o p  and  bot tom 
of t h e  cascade must  be d e v i s e d .  Tf t h i s  is d i f f i c u l t  o r  
c o s t l y ,  as is u s u a l l y  t h e  case ,  t h e n  t h e  v a r i a t i o n  of t h e  
s e p a r a t i o n  f a c t o r  w i t h  t e m p e r a t u r e  c a n  be u t i l i z e d  i n  a 
' 'Dual  Tempera tu re"  p r o c e s s  which o b v i a t e s  t h e  n e e d  f o r  r e f l u x .  

Al though n o  c l e a r  c u t  a p r i o r i  p r e f e r e n c e  is p o s s i b l e  
betweer, a r e f l u x  p l a n t  o r  d u a l  t e m p e r a t u r e  p l a n t ,  a b r i e f  
e x a m i n a t r o p  of t h e  problems t.o be s o l v e d  i n  e s t a b l i s h i n g  
t h e  t e c h n i c a l  f e a s i b i l i t y  o f  e a c h  method as  a p p l i e d ' t o  t h e  
amalgam--ainine s y s t e m  w i l l  s e r v e  t o  c l a r i f y  t h e  program 
underway a t  p r e s e n t  which  e m p h a s i z e s  t h e  d u a l  t e m p e r a t u r e  
s y s t e m .  

R e f  llJx Process (Schematically r e p r e s e n t e d  in F i g u r e  1) 

E l e c t r o l y s i s  of Lithlum C h l o r i d e  B r i n e  t o  P r o d u c e  Dry 
A m a l g a m .  T h i s  is s o  s i m i l a r  t o  t h e  w e l l  e s t a b l i s h e d  com- 
merciar r u e t h o d s  o f  making p u r e  sodium h y d r o x i d e  by e l e c t r o l y -  
sis o f  sodium c h l o r i d e  b r i n e  i n  a mercu ry  c e l l  t h a t ,  i t  d o e s  
not. a p p e a r  Lo be a maejor prob1e:n. However,  s i n c e  l i t h i u m  
amalgam deco:nposi t i o n  LS much more s e n s i t i v e  t o  c a t a l y s i s  
by b r i n e  i m p u r i t i e s ,  i t  is f e l t  t h a t  some work must  be done  
t o  e s t a b l i s h  t h e  l a rge  sca l e  f e a s i b i l i t y  of t h i s  s t e p .  A 
r e s e a r c h  c o n t r a c t  u n d e r  ORNL is now b e i n g  n e g o t i a t e d  w i t h  
Math ie son  Chemica l  C o r p o r a t i o n  t o  s t u d y  l i t h i u m  c h l o r i d e  
e l e c t r o l y s i s -  T b e r e  is r e a s o n a b l e  a s s u r a n c e  of d r y  amalgam 
emerg ing  f r o m  t h i s  e l ec t ro l . y s1 . s  b y  v i r t u e  of t h e  f reedom 
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from c h l o r i d e  of t h e  sodium h y d r o x i d e  made i n  a Math ie son  
c e l l  s i n c e  t h e  c h l o r i d e  c o n t , e n t  is a d i r e c t  measure  of t h e  
m o b s t u r e  c a r r y - o v e r  in t h e  sodium amalgam T h i s  w i l l  be 
checked  i n  t h e  L i t h i u m  e l e c t r o l y s 1 . s .  

L i t h i u m  C h l o r i d e  B r i n e  Make-up and P u r i f i c a t i o n  Sys tem.  
The Hathieson c o n t r a c t  s h o u l d  s u p p l y  d e s i g n  d a t a  fo r  t h i s  
s t e p  also 

E v a p o r a t i o n ,  F i l t e r i n g ,  and Dry ing  Equipment t o  S e p a r a t e  
----A 

L i C l  from E t h y l e n e  Diamine .  T h i s  a p p e a r s  t o  be t h e  most 
d i f f i c u l t  probTem in t h e  E17 r e f l u x  s t e p s  Because  of t h e  
l a r g e  r e f l u x  ratio r e q u i r e d  i n  any  p r o c e s s  s u c h  as t h i s ,  
t-he amount of amine w h i c h  must be  h a n d l e d  d a i l y  a t  t h i s  p o i n t  
is very l a r g e  and  t h e  equipment  must be of s u c h  d e s i g n  as t o  
e f f ec i  c o m p l e t e  r e c o v e r y  of t h e  s o l v e n t  o r  o p e r a t i n g  c o s t s  
w i  11 be u n r e a s o n a b l y  h i g h .  T h e  EDA must a l s o  be  k e p t  abso -  
l u t e l y  d r y  t h r o u g h  t h e s e  o p e r a t i o n s  o r  a d r y i n g  o p e r a t i o n  
mus t  f o l  low. T h e  L i C 1  s a l t  w h i c h  is r e c o v e r e d  a t  t h i s  p o i n t  
s h o u l d  be r e l a t i v e l y  f ree  of n i t r o g e n  compounds o r  a d d i t i o n a l  
p u r i f i c a t i o n  s t e p s  i n  t h e  b r i n e  cyc le  must be  i n s t a l l e d  t o  
p r e v e n t  t h e  i n t r o d u c t i o n  (of n i t r o g e n  compounds i n  t h e  
e l e c t r o l y s i s  c e l l s ,  Comple te  c o n f i d e n c e  i n  t h e  t e c h n i c a l  
f e a s i b i l i t y  i n  t h i s  c o m b i n a t i o n  of o p e r a t i o n s  would seem t o  
be d i f f i c u l t  t o  e s t a b l i s h  w i t h o u t  e x t e n s i v e  l a r g e  scale t e s t s  

Plan t .  Feed T h i s  is  a s t r a i g h t f o r w a r d  o p e r a t i o n  which 
is s n i a l I  s c a l e a n d  h a s  been  d e m o n s t r a t e d  i n  t h e  e l e c t r o -  
exchange development  p rogram,  I t  a l s o  a p p e a r s  i n  t h e  d u a l -  
t e m p e r a t u r e  p l a n t  

P u l s e  Column Opera t  i o n ,  T h i s  s t e p  i s  common t o  b o t h  
t h e  r a l u x  s y s t e m  and t h e  d u a l  t e m p e r a t u r e  p r o c e s s .  Some 
developmerit work  f o r  opt imum amalgam-amine c o n t a c t i n g  is 
n e c e s s a r y  t o r  e i t h e r  s y s t e m  

Ex6 r a c  L i o n  of Li tbiu:ra f rom Amalgam, C o n v e r s i o n  t o  L i C l ,  
and Dissolution i n  E D A ,  T h i s  is n o t  now b e l i e v e d  t o  be as 
d i f f i c u l t  as i t  f i r s t - a p p e a r s .  T h e  a l k a l i  metal exchange  
between l i t h i u m  amalgaid and s o l i d  sodium c h l o r i d e  i n  t h e  
presenc .e  of d r y  EDA t o  g i v e  a s o l u t i o n  of  L i C l  i n  EDA h a s  
been b r i e f l y  examined a n d  I S  r e p o r t e d  elsewhere i n  t h i s  
document Al though t h i s  exchange  looks u s e f u l  t h e r e  r e m a i n s  
t h e  n e c e s s i t y  f o r  d e v e l o p l n g  s u i t a b l e  equipment.  f o r  p e r -  
formir~g t h i s  o p e r a t i o n  c o n t i n u o u s l y  and c o m p l e t e l y  q u a n t i -  
t a t i v e l y  s i n c e  l o s s e s  h e r e  mean l o s s e s  i n  p r o d u c t .  
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Decomposer t o  Recover  L i O H  P r o d u c t .  T h i s  is a 
s t r a i g h t f o r w a r d  o p e r a t i o n  which lis small  sca le  and  h a s  
been d e m o n s t r a t e d  b o t h  i n  t h e  e l e c t r o e x c h a n g e  program 
and i n  t h e  o p e r a t i o n  of commerc ia l  amalgam c e l l s .  

Dual  Tempera tu re  P r o c e s s  ( S c h e m a t i c a l l y  r e p r e s e n t e d  i n  
F i g u r e  2 )  

T e m p e r a t u r e  C o e f f i c i e n t  of t h e  S e p a r a t i o n  F a c t o r .  
S i n c e  t h i s  p r o c e s s  is b a s e d  upon t h e  decrease i n  s e p a r a t i o n  
f a c t o r  w i t h  r ise  i n  t e m p e r a t u r e  a n  accurate measure  of t h i s  
effec.t is n e c e s s a r y ,  The s e p a r a t i o n  f a c t o r s  a t  26OC and  
99OC have  been measured  and are i n c l u d e d  i n  a n o t h e r  s e c t i o n .  
Measurements  at o t h e r  t e m p e r a t u r e s  are p l a n n e d .  

Amalgam P r e p a r a t i o n  o f  F e e d .  T h i s  a p p e a r s  i n  t h e  r e f l u x  
p r o c e s s  as w e l l  and p r e s e n t s  n o  p rob lem.  

Decomposers f o r  Waste and  P r o d u c t  T h e s e  a p p e a r  i n  t h e  
ref lux  p r o c e s s  as well and  p r e s e n t  no p rob lem.  

Des ign  of Columns, Although columns a p p e a r  i n  b o t h  
s y s t e m s  t h e y  m u s t  be i n s u l a t e d  a g a i n s t  t e m p e r a t u r e  change  i n  
t h e  d u a l  t e m p e r a t u r e  s y s t e m ,  Tt is a l s o  n e c e s s a r y  t o  a c h i e v e  
extserrtelg e f f i c i e n t  c o n t a c t i n g  i n  t h i s  system s i n c e  o n l y  p a r t  
of t h e  maxiaxlum s e p a r a t i v e  e f f e c t  is u t : i l i z e d  which l e a d s  t o  
much g r e a t e r  column r e q u i r e m e n t s  t h a n  i n  t h e  r e f l u x  s y s t e m .  

\ 

Heat E x c h a n g e r s :  Heaterss a n d  C o o l e r s -  T h e s e  p r e s e n t  
R O  u n u s u a l  d e s i g n  problem, 

Column P u l s e r s ,  (No t  i n d i c a t e d  i n  F i g u r e  2 )  S i n c e  much 
l a r g e r  column f lows are  r e q u i r e d  i n  t h e  d u a l  t e m p e r a t u r e  
s y s t e m  the columa pulsers m u s t  be much larger and might  be 
c o n s i d e r e d  t o  be a development  p rob lem.  

Tn i t i  a1 Deve  1 opment Program 

Al though d e t a i l e d  c o s t  estimates h a v e  n o t  been  made 
and  c.annot; b e  made w i t h  c o n f i d e n c e  as y e t  i t  a p p e a r s  t h a t  
t h e  i n i t i a l  c o s t  of a r e f l u x  p l a n t  might  be less t h a n  a 
d u a l  t e m p e r a t u r e  p l an t ; .  However,  t h e  t i m e  and e f f o r t  which 
must be expended i n  development  work on r e f l u x  d e v i c e s  t o  
c l e a r l y  e s r a b l i s h  t h e i r  c o m p l e t e  and  u n q u e s t i o n e d  l a r g e  
s ca l e  f e a s i b i l i t y  looms ra ther  l a r g e -  I n  c o n t r a s t ,  t h e  d u a l  
t e m p e r a t u r e  p r o c e s s  c o n s i s t s  of h e a t  e x c h a n g e r s ,  s imi l a r  
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common equipment  and p u l s e  columns I t  is b e l i e v e d  t h a t  
p u l s e  columns f o r  t h e  amalgam-amine s y s t e m  can b e  r a p i d l y  
deve loped  s i n c e  a l l  t h e  v a r i a b l e s  a f f e c t i n g  column p e r -  
formance w i t h  c e r t a i n  o t h e r  l i q u i d s  have  been  e x t e n s i v e l y  
s t u d i e d  by ORNL, H a n f o r d ,  and  Y - 1 2  e n g i n e e r i n g  g r o u p s .  I t  
a p p e a r s :  t h e r e f o r e ,  t h a t  t h e  f e a s i b i l i t y  of t h e  d u a l  tempera-  
t u r e  system m i g h t  be d e m o n s t r a t e d  a t  an  ear l ie r  d a t e  w h i l e  
e x p e n d i n g  less e f f o r t  on development  work The extreme 
s i m p l i c i t y  of t h i s  t y p e  of s y s t e m  s h o u l d  l e a d  t o  much lower  
o p e r a t i n g  c o s t s  which p r o v i d e s  f u r t h e r  j u s t i f i c a t i o n  f o r  
f a v o r l o g  i t  i n  t h i s  e a r l y  program.  If for any r e a s o n  t h e  
d u a l  t e m p e r a t u r e  method p r o v e s  t o  be i n o p e r a b l e ,  t h e n  t h e  
daxa o b t a i n e d  on f l o w  r a t e s9  s t a g e  h e i g h t s ,  p e r f o r a t e d  p l a t e  
d e s i g n ,  materials of c o n s t r u c t i o n ,  and c o n s i d e r a b l e  p r a c t i c a l  
e x p e r i e n c e  w i t h  pumps and  f l o w  c o n t r o l  d e v i c e s  w i l l  be 
a p p l i c a b l e  t o  t,he r e f l u x  sys t , em.  

I n  a c t u a l i t y ,  t h e  two s y s t e m s  must be  s t u d i e d  s i m u l -  
t ,aneoiisly s i n c e  i t  may be n e c e s s a r y  t o  o p e r a t e  s i n g l e  
columns by r e f l u x  t o  o b t a i n  d a t a  f o r  p r o p e r  d e s i g n  of a d u a l  
t ernpe ra t  u r e  s y s  tern 

w h i c h  i n f l u e n c e  p l a n t  cos* f o r  t h e  d u a l  t e m p e r a t u r e  method 
are  ( a )  s e p a r a t i o n  f a c t o r ,  ( b )  stage h e i g h t ,  and ( c )  
throughput .  The s e p a r a t i o n  f a c t o r  m u s t  be  maximized by 
a c h i e v i n g  t h e  g r e a t e s t  p o s s i b l e  t e m p e r a t u r e  s p a n  be tween 
h o t  a n d  c o l d  t o w e r s .  The ' s tage  h e i g h t  must be minimized  b y  
d e v e l o p i n g  the b e s t  p l a t e  d e s i g n  and  by o p t i m i z i n g  p u l s e  
c h a r a c t e r i s t i c s  and o t h e r  column v a r i a b l e s ,  The t h r o u g h p u t  
must be  maximized n o t  o n l y  by column d e s i g n  and  o p e r a t i o n  
b u t  a l so  by o b t a i r r i n g  t h e  maximum c o n c e n t r a t i o n  of l i t h i u m  
i n  each p h a s e ,  The development  work is p r o c e e d i n g  a l o n g  a l l  
of t h e s e  i m p o r t a n t  l i n e s +  

I t  is o b v i o u s  t h a t  three of t h e  most i m p o r t a n t  f a c t o r s  

The design g r o u p s  a t  K - 2 5  h a v e  been  r e q u e s t e d  t o  d e v e l o p  
a l l  t h e  necessary cascade e q u a t i o n s  fo r  t h e  d u a l  t e m p e r a t u r e  - 
process .) 

P l a n s  are a l s o  underway t o  o b t a i n  as  a c o n s u l t a n t ,  
Dr. J .  S S p e v a c k ,  t h e  o r i g i n a t o r  o f  t h e  d u a l  t e m p e r a t u r e  
method.  
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LABORATORY STUD IES 

H ,  H .  G a r r e t s o n  and J .  S.- 'Drury 

C h o i c e  of  t h e  System b 

I n  u n d e r t a k i n g  a n  i n v e s t i g a t i o n  o f  t h e  thermodynamic 
p r o p e r t i e s  of l i t h i u m  amalgam, a s o l v e n t  i n e r t  toward  t h e  
amalgam and y e t  c a p a b l e  of d l s s o l v i n g  modera t e  amounts o f  
l i t h i u m  s a l t s  was s o u g h t  The work of  Putnam and KobeZ,  
I s b i n  arid Kobe3, and Kennedy4 had showri t ha t ,  anhydrous  
e thy le r i ed ia rn iue  would qeet t h e s e  r e q u i r e m e n t s  

A L O O  m l  sample  of t h e  amine w a s  a v a i l a b l e  i n  t h e  
l a b o r a t o r y  T h i s  s ample  was v e r y  d a r k  c o l o r e d  from c o n t a c t  
w i t h  a b l a c k  r u b b e r  s t o p p e r  and  was p u r i f i e d  by d i s t i l -  
l a t i o n ,  r e f l u x  over s o l i d  sodium h y d r o x i d e  and d r y i n g  w i t h  
c h i p s  of l i t h i u m  metal .  I t  w a s  found t h a t ,  when a n h y d r o u s ,  
l i t h i u m  w a s  a p p r e c i a b l y  s o l u b l e  i n  t h e  amine f o r m i n g  brown, 
b l u e ,  or p u r p l e  s o l u t i o n s  d e p e n d i n g  upon t e m p e r a t u r e  and  
c o n c e n t r a t i o n .  F u r t h e r  l i t h i u m  r e a c t e d  s l o w l y  and  con-  
t i n u o u s l y  w i t h  t h e  anhydrous  amine w i t h  t h e  e v a l u a t i o n  of a 
g a s p  p resumab ly  hydrogen- T h i s  reac t ion  w a s  e x o t h e r m i c  and 
p r o c e e d e d  v e r y  rapidly i n  t h e  w a r m  s o l v e n t .  A f t e r  d r y i n g  
w i t h  lithium m e t a l ,  a w a t e r  w h i t e  l i q u i d  w a s  d i s t i l l e d  o v e r  
boiling at.  1 1 6 - 1  17OC 

Anhydrous l i t h i u m  i o d i d e  and c h l o r i d e  b o t h  r e a c t e d  
w i t h  t h e  anhydrous  e t -hy lened iamine  w i t h  c o n s i d e r a b l e  h e a t  
of s o l v a t i o n .  arid t h e n  d i s s o l v e d  v e r y  s l o w l y  t o  p roduce  
s o l u t i o n  a b o u t  t w o - t e n t h s  molar 

An e l e c t r o l y s i s  c e l l  u s i n g  a p o o l  of l i t h i u m  amalgam 
as a n  anode  and  a p l a t i n u m  w i r e  c a t h o d e  and  a l i t h i u m  i o d i d e  
s o l u t i o n  of e t h y l e n e d i a m i n e  w a s  a r r a n g e d  with a d r y  hydrogen  
a tmosphe re  O n  e l e c t r o l y s i s  l i t h i u m  was d e p o s i t e d  a t  t h e  
p l a t i n u m  c a t h o d e  as w a s  e v i d e n c e d  b y  t h e  c h a r a c t e r i s t i c  b l u e  
co lor  of a s o l u t i o n  of l i t h i u m  metal i n  t h e  r e g i o n  of t h e  
c a t h o d e  An a d h e r i n g  d e p o s i t  on t h e  p l a t i n u m  w a s  n o t  
a c h i e v e d  a p p a r e n t l y  b e c a u s e  of t h e  s o l u b i l i t y  of t h e  l i t h i u m  
i n  t h e  s o l v e n t  An a p p r e c i a b l e  amount o f  me ta l l i c  l i t h i u m  
w a s  t h e n  added t o  t h e  e l e c t r o l y t e  i n  an  attempt t o  e f f e c t  
s a t u r a t i o n ,  b u t  i n  ax) e l e c t r o i y s i s  unde r  t h e s e  c o n d i t i o n s  
no  d e . f i n i t e  a d h e r i n g  d e p o s i t  was a c h i e v e d ,  On p r o l o n g e d  
s t a n d i i i g  f o l l o w i n g  t h i s  e l e c t r o l y s i s ,  t h e  s o l u t i o n  t u r n e d  
from b l u e  to brown and  f i n a l l y  a metal l ic  g r a y  co lo r ,  The 
e l e c t r o l y t e  was t h e n  c a r e f u l l y  d e c a n t e d  from t h e  amalgam and 
d i s t i l l e d  A wat.er w h i t e  p r o d u c t  w a s  o b t a i n e d  b u t  a 

V 
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s u r p r i s i n g l y  l a r g e  g l o b u l e  of mercury  was found t o  have  
d i s t i l l e d  o v e r  w i t h  t h e  a m i n e .  

Since a g i  ta+..ion of t h e  e l e c t r o l y s i s  vessel i n d i c a t e d  
n o  t e n d e n c y  toward e m u l s i f i c a t i o n ,  a smal l  sample  of  one-  
h a l f  molar  l i t h i u m  amalgam was s h a k e n  v i g o r o u s l y  by hand 
w i t h  anhydrous  e t h y l e n e d i a m i n e .  The amalgam c o u l d  be 
b roken  ~ r p  i n t o  f i n e  g l o b u l e s  b u t  these c o a l e s c e d  s l o w l y  on 
s t a n d i n g .  T h i s  w a q  r e p e a t e d  w i t h  amine first c o n t a i n i n g  
d i s s o l v e d  l i t h i u m  i o d i d e  and  a g a i n  w i t h  a m i n e  c o n t a i n i n g  
d i s s o l v e d  lithium c h l o r i d e ,  I n  n e i t h e r  i n s t a n c e  c o u l d  any 
t e n d e n c y  toward  s t a b l e  e m u l s i f i c a t i o n  b e  o b s e r v e d .  Later 
o b s e r v a t i o n s  show t h a r  s a l t  s o l u t i o n s  of e t h y l e n e d i a m i n e  
h a v e  t h e  same p r o p e r t y  of w e t t i n g  a l i t h i u m  amalgam s u r f a c e  
w i t h  a d i s t i n c t  s h e a t h  of s o l u t i o n  t h a t  is s o  c h a r a c t e r i s t i c  
of t h e  amalgam w i t h  water.  and a l c o h o l  s o l u t  i o n s  

Some f u r t h e r  p r e l i m i n a r y  e l e c t r o l y s i s  and e . m . f  s t u d i e s  
have been made i n  t h i s  s y s t e m ,  A l i t h i u r n  c h l o r i d e  s o l u t i o n  
i n  e t h y l e n e d i a m i n e  w a s  e l e c t r o l y z e d  u s i n g  mercury p o o l s  b o t h  
as anode  arrd c a t h o d e  L i t h i u m  amalgam was formed a t  t h e  
c a t h o d e  a n d  a cream c o l o r e d  i n s o l u b l e  mercu ry  s a l t  was 
formed on t h e  anode  In  a s i m i l a r  e x p e r i m e n t  w i t h  l i t h i u m  
i o d i d e ,  solution o f  t h e  anode  o c c u r r e d .  On p r o l o n g e d  
e l e c t r o l y s i s  in t h i s  case a v i s i b l e  t r a n s p o r t  of mercury  
from anode  t o  ca t ,hode  o c c u r r e d .  A trace of a n  i n s o l u b l e  red 
p r e c i p i t a t e  was o b s e r v e d  i n  t h e  cathode compar tmen t .  I n  
t h e s e  e x p e r i m e n t s  the e l e c t r o l y t e  p a t h  from anode  t o  c a t h o d e  
su r faces  was a p p r o x i m a t e l y  t w e l v e  centimeters and  t h e  two 
compartrrrents were separa ted  by a s i n t e r e d  g l a s s  d i s k ,  A t  
twenty  t,o t h i r t y  volts a n d  e l e c t r o d e  s u r f a c e  area of t h r e e  
s q u a r e  c e n t , i m e t e r s ,  c u r r e n t s  of two t o  e igh t .  m i l l i a m p e r e s  
were o b t a i n e d  A l l  these e x p e r i m e n t s  were per formed a t  
room Zemperat,ure unde r  d r y  hydrogen a t m o s p h e r e s  

E.M.F s t u d i e s  d e m o n s t r a t e d  t h a t  lithium a m a l g a m  
e l e c t r o d e s  e s t a b l i s h e d  d e f i n i t e  s t e a d y  and  r e p r o d u c i b l e  
p o t e n t i a l  a g a i n s t  e t h y l e n e d i a m i n e  s o l u t i o n s  of l i t h i u m  
s a l t s  Fur t . he r  i t  was found t h a t  mercury  o v e r l a y e d  w i t h  
t h e  c h i o r i d e  anode  d e p o s i t  p roduced  a n  e l e c t r o d e  w i t h  a 
s t a b l e  potential. These  o b s e r v a t i o n s  i n d i c a t e  a d i r e c t  and 
s i m p l e  e l e c t r o m e t r i c  m e a n s  o f  f o l l o w i n g  t h e  c o n c e n t r a t i o n s  
of l i t h i b m  amalgam a n d  of  l r t h i u m  i o n  i n  e t h y l e n e d i a m i n e  
s o l  u t. i o n s  

1 

8 

I t  h a s  b e e n  o b s e r v e d  t h a t  water s o l u t i o n s  of e t h y l e n e -  
d i amine  r e a c t  w i t h  l i t h i u m  amalgam t o  form a n  a l k y l  ammonium 
amalgam. T h i s  amalgam shows t h e  same i n f l a t i o n  c h a r a c t e r -  
istjcs t h a t  t y p i f y  a n  ammonium amalgam. I t  was o b s e r v e d  i n  
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t h e  e x p e r i m e n t s  f o r  t h e  d e t e r m i n a t i o n  of t h e  i s o t o p i c  
s e p a r a t i o n  f a c t o r  t h a t  a f t e r  t h e  l i t h i u m  amalgam was 
a p p a r e n t l y  c o m p l e t e l y  leached pf i ts l i t h i u m  t h a t  a 
small r e s i d u a l  a c t i v i t y  s t i l l  rema ined  w h i c h  would 
o n l y  r e s p o n d  t o  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h i s  
w a s  a t t r i b u t e d  t o  traces of t h e  a l k y l  ammonium amalgam 
r e s u l t i n g  from traces of m o i s t u r e  u n a v o i d a b l y  a b s o r b e d  
d u r i n g  t h e  m a n i p u l a t i o n  and a g i t a t i o n  of t h e  s y s t e m .  I n  
making t h i s  o b s e r v a t i o n  i t  was n o t i c e d  t h a t  t h e  concen-  
t ra ted h y d r o c h l o r i c  acid would o c c a s s i o n a l l y  d e v e l o p  a 
clear g r e e n  c o l o r  which c o u l d  be a t t r i b u t e d  t o  base metal 
i m p u r i t i e s  i n  small traces i n  t h e  mercu ry .  

P r e p a r a t i o n  of EDA For The D e t e r m i n a t i o n  of The I s o t o p i c  
S e p a r a t i o n  F a c t o r  Exper imeDts  

The e t h y l e n e d i a m i n e  u s e d  i n  t h e  mass t r a n s f e r ,  e q u i l i -  
br ium t i m e  s t u d i e s  and i n  t h e  d e t e r m i n a t i o n  of t h e  i s o t o p i c  I 

s e p a r a t i o n  f a c t o r  e x p e r i m e n t s  w a s  o b t a i n e d  as a n  Eastman 
O r g a n i c  C h e m i c a l  label led as n i n e t y - f i v e  p e r c e n t .  P u r i f i -  

4 c a t i o n  was made b y  a r e f l u x  o v e r  s o l i d  sodium h y d r o x i d e  i n  
e x c e s s  for several  hours f o l l o w e d  by a c a r e f u l  d e c a n t a t i o n  
of t h e  w a r m  s u p e r n a t a n t  l i q u i d  and a r e f l u x  w i t h  sodium 
metal i n  e x c e s s  u n t i l  a d e e p  blue c o l o r  p e r s i s t e d  i n  t h e  
boiling s o l u t i o n .  The e t h y l e n e d i a m i n e  w a s  t h e n  d i s t i l l e d  
d i r e c t l y  i n  a n  a t m o s p h e r e  of  d r y  h e l i u m  i n t o  a l i t e r  f l a s k  
r e c e i v i n g  vessel  which was g l a s s  sealed t o  t h e  c o n d e n s e r .  
A m e r c u r y  t r a p  o u t l e t  w a s  u s e d  on  t h e  bot tom of t h e  r e c e i v e r  
s o  t h a t  t h e  e t h y l e n e d i a m i n e  was stored and c o u l d  be h a n d l e d  
w i t h o u t  c o n t a c t  w i t h  stopcock l u b r i c a n t s .  The  p r o d u c t  t a k e n  
boi led from 115O-117  a 5OC and a p p r o x i m a t e l y  e i g h t y  p e r c e n t  
r e c o v e r y  w a s  o b t a i n e d ,  Amine w h i c h  had been  u s e d  i n  t h e  
e x p e r i m e n t s  and was s t i l l  e s s e n t i a l l y  anhydrous  w a s  r e p r o -  
c e s s e d  i n  t h e  same way e x c e p t  t h a t  t h e  sodium h y d r o x i d e  
r e f l u x  w a s  o m i t t e d .  

V 

The P r e p a r a t i o n  of Amalgam For The D e t e r m i n a t i o n  of The 
I s o t o p T c ~ e p a r a t i o n  Factor E x p e r i m e n t s  

b a t c h e s  of s e v e n  hundred  a n d  f i f t y  m i l l i l i t e r s  each. The 
mercury  was p u r i f i e d  by a g i t a t i o n  w i t h  a i r  and  f i v e  p e r c e n t  
n i t r i c  a c i d  for s e v e r a l  d a y s  and  t h e n  t h o r o u g h l y  washed and 
d r i e d .  A f o u r  mola r  l i t h i u m  h y d r o x i d e  s o l u t i o n  which had been 

The amalg%m u s e d  i n  these  e x p e r i m e n t s  w a s  prepared i n  
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a l l o w e d  t o  c l a r i f y  f o r  s e v e r a l  weeks or l o n g e r  w a s  u s e d  as 
an e l e c t r o l y t e .  E l e c t r o l y s i s  w a s  pe r fo rmed  w i t h  a p l a t i n u m  
anode and w i t h  s l o w  s t i r r i n g  of t h e  mercury  c a t h o d e  b u t  no 
a g i t a t i o n  of t h e  aqueous  e l e c t r o l y t e .  From s e v e n t y  t o  n i n e t y  
p e r c e n t  of t h e  l i t h i u m  was d e p o s i t e d  and amalgams f i v e  t o  s i x -  
t e n t h s  molar  were p r e p a r e d ,  The amalgam w a s  f i l t e r e d  t h r o u g h  
a r e f r a c t o r y  f u n n e l  p r o v i d e d  w i t h  a c o p p e r  t u b e  o u t l e t  t o  re- 
t a r n  m o i s t u r e .  The ama1.ga.m was allowed t o  s e t t l e  unde r  hydrogen  
and t h e n  t r a n s f e r r e d  by g r a v i t y  unde r  hydrogen  t o  a s t o r a g e  
v e s s e l  t h a t  had been warmed and  t h o r o u g h l y  f l u s h e d  w i t h  d r y  
hydrogen .  The hydrogen  used  in these e x p e r i m e n t s  w a s  . p u r i f i e d  
by p a s s a g e  t h r o u g h  a h e a t e d  c o p p e r  c a t a l y s t ,  c o n c e n t r a t e d  s u l -  
f u r i c  a c i d  and  t h e n  t h r o u g h  a chamber packed wit ,h  c o p p e r  wool 
and wet with f r e s h  l i t h i u m  amalgam, The l i t h i u m  amalgam s t o r e d  
u n d e r  these c o n d i t i o n s  d e v e l o p e d  o n l y  a v e r y  t h i n  g r a y  s u r f a c e  
f i l m  on l o n g  s t a n d i n g  aDd no c h a n g e s  i n  c o n c e n t r a t i o n  on s t o r -  
age  c o u l d  be d e t e c t e d .  More d i l u t e  amalgams were p r e p a r e d  
frona this stock by d i l u t i o n  w i t h ,  p u r e  d r y  mercu ry .  

Mass T r a n s f e r  - 
I )  The l i t h i u m  c h l o r i d e  used w a s  B and A R e a g e n t  g r a d e  and 

w a s  d r i e d  i n  a t u b e  f u r n a c e  f o r  one hour  a t  4OO0C i n  an atmos- 
p h e r e  of anhydrous  hydrogen  c h l o r i d e .  A f t e r  f l u s h i n g  w i t h  

moved from t h e  f u r n a c e  and p l a c e d  i n  an  e s l e n m y e r  f l a s k  p r e v i o u s -  
l y  d r i e d  and f i l l e d  with d r y  he l ium.  D r i e d  EDA was added i n  . 
amount ca lcu la ted  t o  p r o d u c e  a s a t u r a t e d  s o l u t i o n .  Af t e r  d i s s o -  
lution of t h e  c h l o r i d e ,  f i v e  i n l s  of t h e  s o l u t i . o n  w e r e  added t o  
a c e n t r i f u g e  T u b e  f i t r ; ed  w i t h  a g round  glass  s t o p p e r .  Approx- 
i m a t e l y  f i v e  m l s  of 0 - 5  I l i t h i u m  amalgam were added and t h e  
c o n t e n t s  of t h e  tube  a g i t a t e d  by hand f o r  20 s e c o n d s .  At t h e  
end of t h i s  p e r i o d  t h e  p h a s e s  were s e p a r a t e d  and g r a v i m e t r i c a l l y  
a n a l y z e d  for litbium b y  w e i g h i n g  Li,S04. The volume of amalgam 
o r i g i n a l l y  t a k e n  w a s  d e t e r m i n e d  by w e i g h i n g  t h e  d r i e d  mercury  
a f t e r  e x t r a c t i m  o f  the l i t h i u m  w i t h  d i l u t e  HC1.  The s m a l l  
error i n t r o d u c e d  by t h e  p a r t i a l  mo la r  volume of t h e  l i t h i u m  
d i s s o l v e d  i n  t h e  mercu ry  %!as i g n o r e d ,  The r e s u l t s  o f  t h i s  
expev imen t  are t a b u l a t e d  in T a b l e  1. 

- d r i e d  h e l i u m  and c o o l i n g ,  t he  d r i e d  l i t h i u m  ch lo r ide  w a s  re- 
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Tab.le I 

Sampie of Sample of Sample of Sample of 
Amalgam EDA Amalgam EDA 
Be f o r e  Before After  After  
Eqi.11 1 E q u i  1 Eqci 11 . E q u i l .  

Vol I ( m l s j  9 . 8 6  5 0  4 98 5 , O  
_.. 

gms L 1 2 S 0 4  0 2 8 9 0  0 . 0 7 2 2  C .  1347  0 . 0 7 3 8  
found 

gms Li/’rnL 0 I 0 0 3 7  0 , 0 0 1 8  0 . 0 0 3 4  0 0 0 1 9  

E q u i  1 i bri um ‘ T i  me 

Afte r  e s t a b l i s h i n g  t.hat no s ign i f i can t -  amount of l i th ium 
t r a n s f e r  o c c u r s ,  even w i t h  a l a r g e  concent.ration d i f f e rence  
between the phases:  t w o  experiments were undertaken t o  de t e r -  
m i n e  the  r a t e  of  exchange of the l i th ium spec ie s  between the 
phases I n  t he  f i r s t  experiment, amalgam containing normal 
l i th ium was e q u i l i b r a t e d  w i  t h  EDA conta in ing  l i t h i u m  ch lo r ide  
enriched i n  L i 7  Samples o f  each phase were taken a t  3 0 ,  6 0 ,  
a n d  I 2 0  s e c o n d  I n t e r v a l s  T h e  lithium content. of these samples 
was analyzed g rav ime t r i ca l ly  as be fo re ,  and i s o t o p i c a l l y  w i t h  
a mass spectrometer t o  determine the extent, of exchange The 
r e s u l t s  of t h i s  experimeat a r e  given i n  Table 2 E s s e n t i a l l y  
,complete exchange was found t o  occur w i t h i n  60  seconds L t .  
a l s o  was f o u n d  poss ib le  t o  obtain an approximation of t h e  
s i n g l e  s t a g e  f r ac t iona t ion  f a c t o r  ( a )  from the r a t i o  of t he  
i so top ic  concent ra t ions  i n  each phase. The values of a = 1,04 
a n d  a = 1 0 5  p roved  t o  t J c ?  i n  good agreement w i t h  values obta in-  
e d  111 l a t e r  w o r k  

A seccnd e x p e r i m e n t  was performed s i m i l a r  t o  the f i r s t  
but d i f f e r i n g  i n  t h a t  11 iLl-111.1m ch lo r ide  enriched i n  L i b  was 
u s e d  i n  t h e  EDA This was e q u i l i b r a t e d  with l ’ t h i u m  amalgam 
of normal  abundance For 1 2 0  seconds 
concentraTed i n  ?he amalgam an overlapping of  the i s o t o p i c  
a s s a y s  i n  each p h a s e  IS t o  be expected i f  exchange is complete 
w i t h i r i  t h i s  t i m e  i n t e r v a l  Reference to Table 3 shows  that  
t h i s  especred overlapping does occur On t h e  bas i s  of t h e  
evidence from these  experiments ,  t h e  i so top ic  exchange between 
the l it11iuri1 spec ie s  i n  the  system was considered t o  be r ap id  

Since Lit is p r e f e r e n t i a l l y  
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Table 2 / 

Exchange Run N o .  I 

Amalgam EDA Amalgam EDA Amalgam EDA Amalgam EDA 
Before Before After After A f t e r  After After After 
Exchange Exchange 30 sec  30 s e c .  60 sec,  60 s e c .  1 2 0  sec .  1 2 0  s e c .  -- -c --- --- 

Total grams L i  0 , 0 2 0 7  0 a 0011  0 . 0 0 9 4  0 . 0 0 2 0  0 . 0 0 8 6  0 . 0 0 2 8  0 . 0 0 9 6  0 ~ 0 0 2 1  
present  

V o l .  each 9 . 7 1  5 . 0  4 . 8 6  5 . 0  4 . 8 3  5 . 0  4 . 9 8  s .0  
phase (mlsj 

gas L i / m l  0 "  0 0 2 1  0 10002 0 . 0 0 1 9  0 . 0 0 0 4  0 , 0 0 1 8  0 . 0 0 0 6  0 . 0 0 1 9  0 . 0 0 0 4  

Ratio L i 6 / L i 7  0 . 6 7 8  0 I 032 0 I 0 7 8  0 . 0 7 1  0 . 0 7 7  0 . 0 7 4  0 . 0 7 6  0 072  
(t 0.001) 
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T a b l e  :3 

Exchange  Run No. 2 

T o t a l  gms L i  p r e s e n t  

V o l .  e a c h  p h a s e  ( m l s )  

G m s  L i / m l  

R a t i o  L i 6 / L i 7  ( +  - 0 .001)  

A m a l g a m  EDA Amalgam EDA 
B e f o r e  Before A f t e r  A f t e r  
Exchange  Exchange  120 sec.  120  sec. 

0 . 0 1 0 3  0 . 0 1 1 4  0 . 0 1 1 1  0 .116  

4 . 7 5  5 . 0  5 . 0 9  5 . 0  

0 . 0 0 2 2  

0 . 0 7 9  0 . 1 1 4  0 .097  0 . 0 9 5  

0 .0023  0 .0022  0 e 0023 

and  e s s e n t i a l l y  c o m p l e t e  w i t h i n  6 0 , s e c o n d s  u n d e r  t h e  c o n d i t i o n s  
o b s e r v e d .  

S e p a r a t i o n  F a c t o r  

A f t e r  d e t e r m i n i n g  t h a t  r a p i d  exchange  o c c u r s  be tween t h e  
l i t h i u m  s p e c i e s  i n  t h e  s y s t e m ,  a b a t c h  r u n  was begun t o  e s t a b l i s h  
t h e  s i n g l e  s tage f r a c t i o n a t i o n  f a c t o r ,  a. The scheme u s e d  is 
diagrammed i n  F i g u r e  3 .  The equ ipmen t  u s e d  c o n s i s t e d  o f  f i v e  
r o u n d  bo t tom f l a s k s  o f  s u i t a b l e  s i z e  f i t t e d  w i t h  a mercury-  
s e a l e d  s t i r re r  and  a n  i n l e t  a n c f o u t l e t  f o r  sweepi ,ng t h e  f l a s k  
w i t h  i n e r t  g a s .  T h e r e  w a s  a c a p i l l a r y  s t o p c o c k  a t  t h e  bo t tom 
of e a c h  f l a s k .  T h i s  a r r a n g e m e n t  e f f e c t i v e l y  p r e v e n t e d  any re- 
a c t i o n  o f  t h e  l i t h i u m  s p e c i e s  w i t h  oxygen n i t r o g e n ,  c a r b o n  d i o x -  
ide, and m o i s t u r e .  However,  t h i s  equ ipmen t  did n o t  p r o v e  t o  
b e  a v e r y  e f f i c i e n t  d e v i c e  f o r  con tac t ing  t h e  two p h a s e s  and  
i n  s p i t e  of t h e  r a p i d  exchange  o f  t h i s  s y s t e m  i t  was la te r  nec-  
e s s a r y  t o  l e n g t h e n  t h e  a g i t a t i o n  t i m e  i n  o r d e r  t o  a t t a i n  i s o t o p i c  
e q u i l i b r i u m .  

To b e g i n  t h e  b a t c h  r u n ,  t w e l v e  h u n d r e d  m l s  o f  amalgam 
0.25M i n  normal  l i t h i u m  were p r e p a r e d  as d e s c r i b e d  ear l ie r .  
S i x  h u n d r e d  m l s  o f  t h i s  s o l u t i o n  were a g i t a t e d  w i t h  600 m l s ’  
o f  a n h y d r o u s  EDA, 0.25M i n  L i C l  u n d e r  a n  a t m o s p h e r e  of d r i e d  
h e l i u m .  The L i C l  i n  t h e  EDA w a s  p r e p a r e d  f rom l i t h i u m  e x t r a c t e d  
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FIGURE 3 FLOW DIAGRAM OF ONE STAGE OF A LITHIUM AMALGAM- 
LITHIUM CHLORIDE-ETHYLENE DIAMINE BATCH RUN 



2 0  

f r o m  t h e  o the r  600 m l s  o f  amalgam. A f t e r  a s u i t a b l e  t i m e ,  
s a m p l e s  w e r e  t a k e n  from e a c h  p h a s e  a n d  t h e  amalgam p h a s e  was 
s p l i t  i n t o  t w o  e q u a l  vo lumes .  One volume was p r e s e r v e d  u n d e r  
d r i e d  h e l i u m  f o r  u s e  i n  t h e  n e x t  p a s s  a n d  t h e  o t h e r  p a r t  was 
l e a c h e d  w i t h  d i l u t e  HC1.  The aqueous  L i e 1  s o l u t i o n  was evapo-  
r a t e d  t o  d r y n e s s ,  t h e n  h e a t e d  t o  2OO0C u n d e r  a stream of  d r y  
h e l i u m  u n t i l  a n h y d r o u s  L i C l  w a s  o b t a i n e d .  S u f f i c i e n t  d r i e d  
EDA was t h e n  added  t o  t h i s  s a l t  t o  p r o d u c e  a 0.25M s o l u t i o n ,  
T h i s  p h a s e  was t h e n  a g i t a t e d  w i t h  t h e  amalgam s o l u t i o n .  T h i s  
r e c y c l i n g  was r e p e a t e d  f i v e  t imes.  The t e m p e r a t u r e  was r e g u -  
l a t e d  t o  p r e v e n t  t h e r m a l  e f f e c t s  f rom e n t e r i n g  i n t o  t h e  measure- 
m e n t s .  The s a m p l e s  o b t a i n e d  were c o n v e r t e d  t o  L i I  and  s u b m i t t e d  
for a n a l y s i s  by t h e  Mass S p e c t r o g r a p h i c  L a b o r a t o r y .  T a b l e  4 
l ists  t h e  i s o t o p i c  c o n c e n t r a t i o n s  o f  t h e s e  s a m p l e s  

T a b l e  4 

B a t c h  Run No I 26O l 0 C  - 

Sampled E q u i l i b r a t i o n  R a t i o  L i 6 / L i 7  + 0 , 0 0 1  
After Time p e r  P a s s  A m  a i g  a m  
P a s s  No. ( m i n )  A m a l g a m  R e  ass ay  e d  -- 

0 

1 

2 

3 

4 

1 5 0  

90  

90 

65 

0 0809 

0 , 0 8 4 1  

0 . 0 8 7 1  

0 . 0 8 5 8  

0 0797 

0 , 0 8 1 1  

0 e 0842 

0 - 0852 

0 .0876  
0 . 0 8 5 6  
0 0862 

30  0 . 0 8 7 3  0 0865 

D i f f e r e n t  mass s p e c t r o m e t e r s  were u s e d  i n  t h e  i n i t i a l  
a n a l y s i s  of these  s a m p l e s  a n d ,  as c a n  be s e e n  from Figure  4 ,  
t h e  p r e c i s i o n  of t h e  I ' e s u l t s  was too p o o r  t o  permit  c o n c l u -  
s i o n s  t o  be drawn from t h e  d a t a .  The s a m p l e s  were r e a s s a y e d  
u s i n g  t h e  same mass s p e c t r o m e t e r  f o r  e a c h  s a m p l e ,  Be t te r  
p r e c i s i o n  r e s u l t e d  and  i t  was p o s s i b l e  t o  c o n c l u d e  t h a t  
i s o t o p i c  e q u i l i b r i u m  had  n o t  been a c h i e v e d  d u r i n g  t h e  l a t t e r  
p a s s e s  of t h i s  r u n .  
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To v e r i f y  t h i s  c o n c l u s i o n ,  a s e c o n d  r u n  w a s  made u n d e r  
s imi l a r  c o n d i t i o n s  except t h a t  the t i m e  o f  a g i t a t i o n  was 
a c h i e v e d  i n  t h i s  r u n  evidenced by  t h e  l i n e a r  r e l a t i o n s h i p  
o f  t h e  da ta  o b t a i n e d .  T h e s e  r e s u l t s  are t a b u l a t e d  i n  T a b l e  5 .  
F igure  5 shows t h e  i s o t o p i c  c o n c e n t r a t i o n  o f  t h e s e  samples 
p l o t t e d  versus  t h e  number of passes. From t h e  average s l o p e s  
of t h e s e  l i n e s ,  a ,  t h e  s i n g l e  st.age f r a c t i o n a t i o n  f a c t o r  a t  
t h i s  t e m p e r a t u r e  may be c a l c u l a t e d  t o  be 1 . 0 5 1 .  The 95% 
c o n f i d e n c e  i n t e r v a l  of a f rom t h e  amalgam s a m p l e s  is ( 1 . 0 4 6 ,  
1 . 0 5 0 )  . T h i s  v a l u e  from t h e  EDA s a m p l e s  is ( 1 , 0 4 1 ,  1 . 0 6 7 ) .  

T a b l e  5 

B a t c h  Run N o  2 27O 2 l 0 C  

E q u i  1 i br  a t ion  A f t e r  
Pass Time per  Pass 
No 0 ( m i n . )  Amalgam 

0 0 .0788 

Ra t io  L i 6 / L i 7  - + 0 . 0 0 1  

EDA - 

1 240 0 .0797  . 0 .0759  

2 240 0 .0820  0 .0780  

3 240 0 .0842 0 .0810  

4 240 0 .0863  0 I 0818 

5 240 0 . 0 8 8 0  0 .0845 

I n  order t o  determine t h e  t e m p e r a t u r e  dependancy  o f  t h e  
f r a c t i o n a t i o n  f a c t o r ,  a t h i r d  b a t c h  r u n  w a s  made i n  which t h e  
t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  9 9 O  2 l 0 C .  O t h e r  c o n d i t i o n s  were 
s imi l a r  t o  t h o s e  which  p r e v a i l e d  i n  t h e  p r e v i o u s  r u n .  Four  
passes were made. A complete a n a l y t i c a l  e v a l u a t i o n  of t h e  
s a m p l e s  t a k e n  is n o t  y e t  a v a i l a b l e  b u t  T a b l e  6 t a b u l a t e s  best 
v a l u e s  f o r  t h e  amalgam samples. These  d a t a  are p l o t t e d  i n  
F i g u r e  6 and  g i v e  a s e p a r a t i o n  fac tor  of 1 . 0 2 8 .  From t h i s  
c u r v e  t h e  9.5% c o n f i d e n c e  i n t e r v a l  f o r  (1: a t  99OC is ( 1 . 0 1 8 ,  
1 . 0 3 9 )  . 
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After 
P a s s  
No. 

Table 6 

Batch Run No. 3 9 9  t 1°C 

Equilibration 
Time per P a s s  

(min) Amalgam 

0.0783 

240 

270 

300 

300 

0.0785 

0.0802 

0.0810 

0.0827 

. 
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P A S S  NUMBER 

F IGURE 6. L I T H I U M  AMALGAN - E T H Y L E N E  
DIAMINE:  L I T H I U M  CHLORIDE. BATCH RUN 3 
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PILOT PLANT STUDIES 

t ’?  J .  Ramsey s 

Introduction 

, 

. 

Y 

Time for construction of a pilot plant based on dual 
temperature pulse columns was extremely limited. Engin- 
eering and construction of the pilot plant began in the middIe 
of November, 1951, the first construction requiring about 
six weeks, A run was attempted with moderate success on 
December 30, 1951. 

Because of the need for haste, most of the engineering 
was dope in the field and simplified construction was used 
wherever possible, I t  was necessary to use material on hand 
in the stores for all construction, and special materials 
which were ordered were added to the system as they were 
received later, Fortunately, many of the pipe fittings were 
on hand in the stores so that shop work and emergency purchases 
were held to a mindmum amount. 

Construction of Pulse Column 

Columns. Tests of metals showed that stainless steel 
could be used for column construction. Glass pipe was ano’ther 
possibility but it was ruled out because of the difficulty 
involved in jacketing glass pipe for heating and cooling., 
One-inch outside diameter S.S. 3 1 6  tubing, with 16 gauge 
walls, was selected for column construction. Columns were 
constructed of four sections, each six feet long, jacketed 
with 1-1/2 inch iron pipe, Thus twenty-four feet of column 
length is provided for each of the hot and cold columns. 
The hot column was jacketed for steam heating, and the cold 
column was ,jacketed for cooling water. 

Pumps. Milton Roy pumps were found to be available for 
constru@tion of the pulse column unit. A duplex Milton Roy 
pump with capacity of 8 gph pel- side was found for pumping 
amalgam, and a duplex Milton Roy pump of 12 gph capacity per 
side was found for pumping amine. Two simplex Milton Roy 
pumps (7/8-inch diameter pistons) with variable speed drives 
were found for use as pulsers. The latter pumps, while having 
stuffing boxes with their inherent disadvantages, were 
available, and it was not possible to order and obtain 
diaphragm type pumps in the time which was available. 
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P l a r e s  The e a r l y  work w i t h  mercury  i n  p u l s e  columns 
had shown-fhat moderate s a t e s  o f  f l o w  c o u l d  be o b t a i n e d  w i t h  
b o t h  mercury  and  l i t h i u m  amalgam on  p l a t e s  a s  f i n e  a s  70-mesh 
s i z e .  S i n c e  s c r e e n s  were a v a i l a b l e  i n  s to re s  i n  t h e  60-mesh 
s i z e ,  t h i s  s i z e  was se lec ted  t o  s t a r t  t e s t s .  O r d e r s  were 
placed f o r  a n  a s so r tmenr ,  o f  v a r i o u s  s i z e s  o f  s c r e e n s  and  
p e r f o r a t e d  p l a t e s  f o r  f u t u r e  t e s t s ,  S t a i n l e s s  s t e e l  was 
selected as s c r e e n  mater ia l  f o r  f i r s t  tests s i n c e  i ts  
r e s i s t a n c e  h a s  been f a i r l y  w e l l  e s t a b l i s h e d .  N i c k e l  s c r e e n s  
and  p l a t e s  may a l s o  be  Esed and  may o f f e r  zidvantage o f  
p r e f e r e n t i a l  w e t t i n g  w i t h  c o n s e q u e n t  e f f e c t  on s t age  h e i g h t  
i n  t h e  p u l s e  c,olumn. 

4 

F i l t e r s .  S i n t e r e d  s t a i n l e s s  s r e e l  f i l t e r s  of  a con-  
v e n i e x - e  were found i n  Y-12 and  were o b t a i n e d  f o r  t e s t i n g  
i n  t h e  p i l o t ,  p l a n t ,  These  a r e  m a n u f a c t u r e d  by t h e  Micro 
Metal l ic  C o r p o r a t i o n  o f  G len  Cover ,  N e w  York ,  Each f i l t e r  
o f f e r s  a n  e f f e c t i v e  f x l t e r  area o f  3-1/2 s q u a r e  f e e t  w i t h  
p a s s a g e  s i ze  o f  2 0  m i c r o n s  i n  a s e l f - c o n t a i n e d  u n i t  4-1/2'' 
d i a m e t e r  and  14 '  l o n g .  F i l t e r s  were i n s t a l l e d  f o r  amalgam 
and amine streams f e e d t n g  t h e  c o l d  p u l s e  co lumn,  

P a c k i n g  and  G a s k e t  Materials.  P a c k i n g  and  g a s k e t  
materials which were t e s t e d  i n c l u d e d  Tygon r u b b e r P  S i l i c o n e  
r u b b e r ,  T e f l o n ,  Kososeal,  p o l y e t h y l e n e ,  and  asbes tos .  These  
mater ia l s  were t e s t e d  w i t h  b o t h  76% e t h y l e n e d i a m i n e  and  1 molar 
l i t h i u m  amalgam w i t h  t h e  a s s i s t a n c e  of t h e  A n a l y t i c a l  D i v i s i o n .  
T e s t s  showed t h a t  l i z h i u m  amalgam reac ts  t o  some e x t e n t  w i t h  
a l l  o f  t h e s e  ma te r i a l s  e x e e p t  a sbes tos .  E t h y l e n e d i a m i n e  
r eac t s  w i t h  a l l  materLals e x c e p t  T e f l o n  and  a sbes tos .  
G a r l o c k  No. 7735 s h e e t  p a c k i n g  m a t e r i a l  which was found t o  
be a v a i l a b l e  a t  Y - 1 2  a p p e a r s  t o  be f a i r l y  r e s i s t a n t  t o  b o t h  
e t h y l e n e d i a m i n e  and  amalgam, T h i s  ma te r i a l  1s r e p o r t e d  by 
t h e  G a r l o c k  Company t o  be composed o f  asbes tos  f l b e r  f i l l e d  
w i t h  GRS r u b b e r . ,  F i r s t  c o n s t r u c t i o n  w a s  made w i t h  g a s k e t s  
c u t  from asbestos  s h e e t  m a t e r i a l ,  and  r e p l a c e m e n t  was l a t e r  
made w i t h  f a c t o r y - p u n c h e d  G a r l o c k  7735 g a s k e t s ,  M i l t o n  Roy 
pumps a r e  packed  w i t h  chevyon- type  b l u e  A f r i c a n  asbestos  
p a c k i n g  which a p p e a r s  s a t i s f a c t o r y .  

P i p e  J o i n t s ,  A l i m i t e d  number o f  p i p e  j o i n t  cement  
m a t e r i a l s g x e T o u n d  t o  be a v a i l a b l e  a t  Y-12. F o r t u n a t e l y ,  
one of t h e s e  w a s  found t o  be r e s i s t a n t  t o  b o t h  e t h y l e n e -  
d i a m i n e  and  amalgam, a p roduc t  known a s  C y l - s e a l  (West C h e s t e r  
Chemica l  Company, West C h e s t e r ,  P e n n s y l v a n i a ) .  The compositi-on 
o f  t h i s  ma te r i a l  is n o t  s p e c i f i e d  a t  p r e s e n t .  Al though Cyl-  
s e a l  p i p e  j o i n z  compound i s  f a i r l y  s a t i s f a c t o r y ,  p i p e  j o i n t s  
and  s t a i n l e s s  s tee l  f i t t i n g s  a r e  p r o n e  t o  l e a k  u n d e r  s e r v i c e  
i n  e t h y l e n e d i a m i n e  u n l e s s  v e r y  c a r e f u l l y  made. A l l -un ion  
c o n s t r u c t i o n  o r  welded  c o n s t s u c a i o n  is  d e s i r e d  whereve r  
p o s s i b l e ,  It is b e l i e v e d  c h a t  b e s t  c o n s t r u c t i o n  f o r  t h e  p i l o t  
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p l a n t  would have  b e e n  t u b i n g  and  t u b i n g  f i t t i n g s ,  w i t h  r i g h t  
a n g l e s  made of t u b i n g  b e n d s ,  S i n c e  t u b i n g  f i t t i n g s  f o r  t h e  
j o b  were n o t  a v a i l a b l e ,  1/4-inc:h s t a i n l e s s  s t e e l  p i p e  w i t h  
t h r e a d e d  ~ o i n t s  w a s  u s e d ,  

Greases, S e v e r a l  g r e a s e s  were on  hand i n  t h e  Y-12 stores 
and  s e v e r a r o t h e r  g r e a s e s  were o r d e r e d  The greases  a v a i l a b l e  
at: Y - 1 %  were s e v e r a l  g r a d e s  of  Keys tone  greases ( K e y s t o n e  
L u b r i c a t i o n  Company, P h i l a d e l p h i a ,  P a . )  and s e v e r a l  a u t o m o t i v e  
l u b r i c a n t s  d b s t a i b u t e d  by t h e  Gulf  O i l  Company o f  P i t t s b u r g h ,  
P a .  Five d . i f f e r e n t -  greases which were recommended by t h e  
Rockwell  Manufac tu , r lng  Company o f  P i t t s b u r g h ,  P a . ,  f o r  u s e  
i n  a l k a l i n e  systems were o r d e r e d  and  tes ted  w i t h  e t h y l e n e -  
d i a m i n e  and  1i.t.hi.um amalgam. A l l  greases t e s t ed  have  a t  l e a s t  
a 1irni . ted s o l u b i l i t y  i n  t h e  p r o c e s s  mater ia ls .  The grease 
w h i c h  a p p e a r s  t o  have  , the  most r e s i s t a n c e  and  t h e  b e s t  
c h a r a c t e r i s t i c s  i s  Keys tone  "Nevastane" h e a v y ,  T h i s  grease 
is be i ,ng  u s e d  t o  l u b r i c a t e  p a c k i n g  o f  p l u n g e r s  i n  M i l t o n  Roy 
pumps 

--- 

P r e p a r a t i o n  of Feed  Mater ia ls  

Amalgam. P r o c e d u r e s  f o r  making l i t h i u m  amalgam from 
l i t h i b a n  h y d r o x i d e  and mercury  i n  e l ec t so l ec t i c  c e l l s  have  
been  v e r y  w e l l  d e v e l o p e d .  An amalgam c e l l  f rom t h e  Elec t ro-  
exchange  Bench s ca l e  w o r k  was a v a i l a b l e  f o r  t h e  d u a l  t empera -  
t u r e  p u l s e  column p r o j e c t .  T h i s  employs  a c a r b o n  e l e c t r o d e  
i n  a p l e x i g l a s s  t r o u g h  w i t h  m u l t i s t a g e  a g i t a t o r s  c o a t e d  w i t h  
Unichrome,  A n i c k e l  e l e c t r o d e  i n  t h e  same.cel1 is a l s o  t o  be 
t es ted  as  a means of e l i m i n a t i n g  f h n e  p a r t i c l e s  o f  c a r b o n  which 
a r e  formed wat,h t h e  g r a p h i t e  e l e c t r o d e ,  

.The amalgam is  s e p a r a t e d  from l i t h i u m  h y d r o x i d e  by d o u b l e  
d e c a n t  a t  i o n .  

E t h y l e n e d i a m i n e ,  P r e p a r a t i o n  o f  e t h y l e n e d i a m i n e  s o l u t i o n s  
f o r  PZItfal p u l s e  column tests w a s  c a r r i e d  o u t  i n  t h e  labora- 
t o r y  a s  is desc r ibed  e l s e w h e r e  i n  t h i s  r e p o r t ,  About 1 2  
l i t e rs  of s o l u t i o n  a re  r e q u i r e d  t o  charge t h e  p u l s e  column 
s y s t e m  

P u l s e  Column T r i a l  Run -- 
A t r i a l  r u n  o f  t h e  p u l s e  column was made December 3 0 ,  1 9 5 1 ,  

u s i n g  60-mesh s c r e e n .  One o f  t h e  most s u c c e s s f u l  a s p e c t s  o f  
t h e  r u n  was s a t i s f a c t o r y  o p e r a t i o n  of M i l t o n  Roy pumps i n  
pumping lithium amalgam t o  a h e i g h t  o f  30  f e e t .  The h e a t  
e x c h a n g e r s  and column j a c k e t  o p e r a t e d  f a i r l y  s a t i s f a c t o r i l y  
i n  c o n t r o l l i n g  t e m p e r a t u r e  a l t h o u g h  b e t t e r  c o n t r o l s  were 
i n d i c a t e d  t o  be d e s i r a b l e .  O p e r a t i o n  o f  t h e  g r a v i t y  l e g ,  
head  t a n k s ,  and f i l t e r s  seemed s a t i s f a c t o r y  a l t h o u g h  c e r t a i n  
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improvements  were i n d i c a t e d ,  s u c h  as  : i n s t a l , l a t i o n  of c h e e k  
v a l v e s  after t h e  pumps and  l o c a t i o n  of t r a p s  a t  cri4;ical  
p o i n t s  i n  t h e  system, F i r s t  o p e r a t i o n  w a s  not. c o m p l e t e l y  
s u c c e s s f u l  inasmuch as  i t  was n o t  pc)ss:ible t o  obtq3.n f l o w  
ra . tes  of g r e a t e r ,  t h a n  50 ccJmin . th rough 60-mesh s c r e e n ,  I t  
is i n d i c a t e d  that f l o w  r a t e s  of from 3 0 8  cc/min t o  500  cc. /min 
of e a c h  l i q u i d  p h a s e  s h o u l d  be prac-k.i.ca1 w i t h  a inore optimum 
s c r e e n  s i z e ,  The first :run was n o t  crar:ried to e q u i l i b r i u m  
and  no s a m p l e s  were su%mi,l:t.ed. ,to the la 'boratory t o  d e t e r m i n e  
i s o t o p i c  s e p a r a t i o n  b e c a u s e  o f  a n  e a r l y  gaske t  f a i l u r e  which 
l i m i t e d  t h e  run  l e n g t h  t o  f o u r  h o u r . s .  

T e m p e r a t u r e  and P r e s s u r e  Con?.:rol - ---- d ------- A__ 

T e m p e r a t u r e  and  p r e s s u r e  c o n t r o l  of .the p u l s e  column 
s y s t e m  are both h i g h l y  i m p o r t a n t .  T h e  p u l s e  column i s  con-  
n e c t e d  40 a c;losed system i n  wh'icn !he p r e s s u r e  is  c o n t r o l l e d  
t o  p r e v e n t  b o i l i n g  of t h e  l i q u i d  i n  t h e  hot co lumn,  P r e s e n t  
c o n s t r u c t i o n  is of s u c h  s t r e n g t h  as  to a l low a b o u t  50 pounds 
p r e s s u r e  i n  t h e  system l.f desired, Cons t ruc . tFon  to a l low 
g r e a t e r  p r e s s u r e s  1.s f e a s i b l e  w i t h  o n l y  s l i g h t  modif i c a  tnon  
i n  t h e  di.r-ecAion of h e a v i e r  fittings. P r e s s w e  i n  the s y s t e m  
is c o n t r o l l e d  by  p r e s s u r e  r e g u l a t i o n  of a h e l i u m  s u p p l y  t a n k ,  

H o t  and  co ld  t e m p e r a t u r e s  are  b o t h  impor t an . t  Temperat .ure  
of t h e  h o r  column must be high enough , to g i v e  mm.nimum sepa ra - l  
t i o n  coeff ic ien- t .  (maximum d i f f e r e n c e  be tween c o l d  and ho t .  
coef f : i c . i e n t s j  and not: h0.t enough ,to c a u s e  vapor  f o r m a t i o n  
which o b s t r u c % s  t h e  p u l s e ,  T e m p e r a t u r e  i n  t h e  co ld  column must 
be low enough ti> g i v e  a good s e p a r a t i o n  fact .or and  ngf-. low 
enough t o  c a u s e  c r y 3 t a l l i . z a . t i o n  o f  t h e  l i t h i u m  c h l o r i d e  from 
t h e  am:i.ne 

H i g h  t e m p e r a t u r e  is c o n t r o l l e d  by f l o w  of steam i n t o  t h e  
j a c k e t s  of hea.t. e x c h a n g e r s  f o r  t h e  two l i q u i d s  and f o r  t h e  
column jacket,.  Steam flow i s  c o n t r o l l e d  by a st,eam p r e s s u r e  
r e g u l a t o r  and  by n e e d l e  v a l v e s  o n  steam l i n e s  g o i n g  i n t . 0  t h e  
j a c k e t s  

A method of c o n t r o l l z n g  u p p e r  t e m p e r a t u r e s  is u s e d  i n  
w h i c h  steam is b l e d  from low pressure l i n e s ,  t h r o u g h  n e e d l e  
valcFeS a t  a l o w  rate i n  o r d e ~  To k e e p  t h e  t e m p e r a t u r e  a t  a 
p o i n t  below 100°C, I t  is b e l i e v e d  t h a t  t e m p e r a t u r e s  i n  t h e  
r a n g e  1 2 O o C . t o  1400C may be r e a c h e d  as o p e r a t i n g  e x p e r i e n c e  
. i s  o b t a i n e d .  I n  tbfs e v e n t ,  c o n s t r u c t i o n  w i l l  b e  made to 
p r o v i d e  p r e s s u r e  . reg .u la tor  v a l v e s  t o  g i v e  c o n t r o l  0.f j a c k e t  
t e m p e r a t u r e  by e q u i l i b r i u m  t e m p e r a t u r e  a t  t h e  steam p r e s s u r e  
f u r n i s h e d  by t h e  r e g u l a 4 o r .  Th..fs method o f  con-trol  o f  t empera -  
t u r e s  above  100°C s h o u l d  be  p r a c t i c a l  and  s h o u l d  be more 
e c o n o m i c a l  t h a n  t e m p e r a t u r e  r e g u l a t , i o n  s y s t e m s  employ ing  
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t e m p e r a t u r e  c o n t r o l l i n g  v a l v e s  or  m o t o r i z e d  steam v a l v e s .  

F-of c o o l i n g  water t o  t h e  coolers is c o n t r o l l e d  by a 
water p r e s s u r e  r e g u l a t o r  and  g l o b e  v a l v e s  on  t h e  l i n e s  t o  
j a c k e t s .  I n  f i r s t  tes ts  c o l d  water t o  t h e  j a c k e t  w a s  c u t  o f f  
so  t h a t  room t e m p e r a t u r e  c o n t r o l l e d  t h e  l o w  t e m p e r a t u r e  column.  

E x p e r i m e n t a l  Program 

I t  is  f i rs t  des i red  t o  o b t a i n  a good e v a l u a t i o n  o f  o v e r -  
a l l  s e p a r a t i o n  i n  a r e a s o n a b l e  e f f i c i e n t  p u l s e  column u s i n g  
a f i x e d  p l a t e  s i z e  and  p u l s e  r a t e .  D u r i n g  t h e  e v a l u a t i o n  
work i t  is e x p e c t e d  t h a t  i t  w i l l  a l so  be p o s s i b l e  t o  b r i n g  
forward any  s p e c i a l  o p e r a t i o n a l  d i f f i c u l t i e s ,  and  t o  e l i m i n a t e  
m e c h a n i c a l  t r o u b l e s  from the  s y s t e m .  Then i t  is p l a n n e d  t o  
make a se r ies  of tests o f  t h e  s y s t e m  t o  f i n d  t h e  best combina- 
t i o n  of f l o w  r a t e s ,  p l a t e  s i ze s ,  and  p u l s e  rates t o  g i v e  t h e  
most e f f i c i e n t  e x c h a n g e ,  and  t h e  most e f f i c i e n t  p l a n t  d e s i g n ,  
Also i t  is p l a n n e d  t o  d e v e l o p  amalgam and  amine p r e p a r a t i o n  
s y s t e m s  f o r  e f f i c i e n t  h a n d l i n g  of materials on  a p i l o t  p l a n t  
s c a l e .  

F i r s t  tests are  t o  be made a t  t o t a l  r e f l u x ,  so  f i r s t  
c o n s t r u c t i o n  d o e s  n o t  i n c l u d e  f e e d  l i n e s  or t a k e - o f f  l i n e s  f o r  
p r o d u c t .  Pumps have  been  l o c a t e d  t o  p r o v i d e  f e e d  t o  columns 
and  a p r e l i m i n a r y  d e s i g n  h a s  been  made. These  l i n e s  w i l l  
be c o n n e c t e d  a s  time p e r m i t s  and  i t  is e x p e c t e d  t h a t  t h e  
equipment  w i l l  b e  r e a d y  by t h e  t i m e  i t  i s  d e s i r e d  t o  o b t a i n  
s e p a r a t i o n  d a t a  a t  v a r i o u s  r a t i o s  of f e e d  t o  t h r o u g h p u t .  

c 
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PREPARATION O F  ANHYDROUS ETHYLENEDIAMINE 

. D .  W .  Kuhn. D .  A .  L e e ,  A .  A .  P a l k o ,  A .  D .  Ryon 

In t roduc .  t. ~ 0 x 1  

I n  o r d e r  EO s u c c e s s f u l l y  employ a s e p a r a t i o n  process 
u s i n g  t .he s y s t e m  l i t h i u m  c h l o r i d e  i n  e t h y l e n e d a a m n n e - l i  thium 
amalgam, t h e  ati.a.i.n.ment and  m a i n t e n a n c e  of a n  a n h y d r o u s  
s y s t e m  must. be a c h i e v e d  To i l l u s t r a t e  tihe l i m i t a t i o n s  i m -  
posed  by t h i s  r e q u i r e m e n t  c.ons1de.r  a s y s  t:em c o n t a i n i n g  0 I 3 
molar 1.ithiu.m amalgam and  a n  e q u a l  volume of e t h y l e n e d i a m i n e ,  
I f  t h e  e t h y l e n e d i a m i n e  were 99.45% p u r e  and  c o n t , a i n e d  o n l y  
0 . 6 %  water?  t h e r e  would be  s u f f i c i e n t .  water p r e s e n t  t o  s t r i p  
t h e  amalgam of all o f  i t ' s  l ~ i ; h % . u m  by  t h e  format:ion o f  l i t h i u m  
hydroxi .de .  Hence water (cannot: be a l l o w e d  e v e n  i n  small  
amounts  The p rob lem f i r s - t  of a l l  is t o  p r e p a r e  d r y  e t h y l e n e -  
d i a m i n e  and d r y  amalgam, and  th.en i n t r o d u c e  t h e s e  i n t o  a d r y  
column sys ' l ; em .and p r e v e n t  a n y  rnoist.ul-e p i ck -up  i n  s u b s e q u e n t  
o p e r a t i o n .  

E t h y l e n e d i a m i n e  1s u s u a l l y  p r e p a r e d  by r .eac- t ing  e t h y l e n e  
d i c h l o r i d e  and a q u e o u s  amrnoniaa5 T h i s ,  of c o u r s e ,  g i v e s  a 
p r o d u c t  c o n t a i . n r n g  water- which  must be s e p a r a t e d  t o  o b t a i n  
a n h y d r o u s  e t h y l e n e d i . a m i n e ,  E t h y l e n e d i a m i n e  and  water form 
a maximum b o i l i n g  m.i .xtuse,  6 T h i s  inaxm.mum b o i l i n g  p o i n t  .is 
I 1 8 , 5 0 C  ( t h e  bo r . l i ng  p o i n t  o f  a n h y d r o u s  e t , hy lened iamrne  is 
1 1 6 . 2 0 C :  and at. t h i s  ? , empesa tu re  t h e  m i x t u r e  c ,on taans  ap-  
p r o x i m a t e l y  8 3 %  e t h y l e n e d i a m i n e  and  1 7 %  water..  T h e r e f o r e ,  
et;hylenedxam?-ne canno? .  tie r e a d i l y  s e p a r a ? . e d  from water by 
f r a  c t. .i o n a  1 d :I- s *: 1 1 1 a 1: xon 

T h e  u e u a l  p r o c e d u x e l  3 f o r  p r e p a r i n g  a n h y d r o u s  e t h y l e n e -  
daamine  Ln Lhe 1.abosato.r-y has  been  t o  re.f l u x  e t h y l e n e d i a m i n e  
monohydra te  w.1i.h ho t :  c o n c e n t r % t e d  NaOY. Th.i,c: s a l t s  o u t  t h e  
ethylenedxam:i.ne and  two p h a s e s  s e p a r a t e ,  a n  amine  p h a s e  and  
a n  a q u e o u s  NaOH p h a s e .  T h e  amine  p h a s e  w h i c h  i s  95% e t h y l -  
ened.Lam:ine 1s du.st:Llled from sodxum y e i l d i m g  a n h y d r o u s  
ethy1.ened 1 i ,l TI t n t2 

-- 
C0.t 11 rsh  , er ~ 3 - 1  ' I - I E . J ~  .scp;.^r-a!led et:hjrlenediaoi.1.ne from 

.- 

w a t e r  k;:j f r ~ c L . ~ O : l z T ' i n ~  o.i+:ev 7';Q N a Q H  .i.n a 6 0 9  merel- co lumn.  
Dens1 t.y mea~ui-emeiit r: ;w'i c? u i e d  i o d e t e r m i n e  r h e  p u r i t y  of 
- t h e  produc. t . 

B a i l a r 8  p r e p a r e d  a n h y d r o u s  e l h y l e n e d i a n i i n e  i n  smal l  
amounts by p r e p a r i , n g  t h e  zxnc  e a h y l e n e d i a m i n e  oxa la te  c.omplex 
s a l t  and d e c o r n p o s ~ n g  i t  a t  Z O O O C -  i n  a vacuum. T h e  e t h y l e n e -  
d:i.am:rne (-01 lt?r:t.ed w a s  r e d i s t . J . l ' l e d  o v e r  sod ium* 
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Py . r i . d r  n e ,  which 1,s sx .mi la r  t o  e thylenediami .ne  :in some 
r e s p e c t s  I h a s  been  suc ' c : e s s fu l ly  s e , p a r a t e d  from wa te r  by 
a z e t r o p i c  d i s 6  I l l a t , . i o n .  9 T h i s  seemed t o  be a good method 
o f  d e h y d r a i . i n g  am?.ne:i, and  e x p e r i m e n t s  wh. i .ch  w i l l  be  d i s c u s s e d  
l a t e r  were i n a u g u r a + e d ,  T h e r e  was no  , i n f o r m a t i o n  found  i n  
t h e  l i t e r a t u r e  on  t h e  p r e p a r a t i o n  of  a n h y d r o u s  e t h y k n e -  
d i a m i n e  b y  azeoi.ropir. d r y i n g .  

The p y e s e n i  p r o c e d u r e  f o r  p r e p a r i n g  a n h y d r o u s  e r h y l e n e -  
di.am.rne is b r . i . e f ly  t o  t r e a t  ethylened.i.am:rne 'monohydrate  
w i t h  s o d i u m  hJ'cirox:i.de t h e n  r e f  l u x ,  w1t.h c a l c i u m  c a r b i d e ,  and  
P i r , n : l l y  c ! ~ s . ! . ~ l l  .from t h e  c a l c i u m  c a r b i . d e ,  

I n  ?.lie sod.iLum h y d r o x i d e  " s a l t i n g  o u t "  s t e p ,  t h e  amount 
of d r y i n g  .is a func.t_i.on o f  t h e  NaOH c o n c e n t r a t i o n ,  S ~ n c e  t h e  
s o l u b i l i t y  of NaOI-I i n  water i n c r e a s e s  s h a r p l y  w i t h  t e m p e r a t u r e ,  
t h e  e thy1ened;amine  monohydra te  is h e a t e d  and  s o l i d  NaOH added .  
Twenty 1iiex-s of e t h y l e n e d i a m i n e  monohydra te  are h e a t e d  i n  a 
monel v e s s e l  t o  80°C,  t h e n  2 0  pounds o f  s o l i d  NaOH are added  
s l o w l y  w i t h  r a p i d  s t i r r i n g  u n t i l  a l l  t h e  NaOH is i n  s o l u t i o n ,  
The amine and  a q u e o u s  NaOH p h a s e s  a r e  s e p a r a t e d ,  

The  95% amine  o b t a i n e d  f rom t h i s  t r e a t m e n t  :is r e f l u x e d  
f o r  15-20 h o u r s  o v e r  r .a lc ium c a r b i d e ,  The r e a c t i o n  is c o m p l e t e  
when no  more a c e t y l e n e  is g i v e n  o f f ,  The amine  is t h e n  
d i s t i l l e d  from o v e r  t h e  CaCz i n t o  a d r y  f l a s k ,  S i n c e e t h y l e n e -  
d i a m i n e  .is ext : remely  h y g r o s c o p i c ?  t h e  r e f l u x  and  d i s t i l l a t i o n  
a p p a r a t u s  is  v e n t e d  t h r o u g h  a c t i v a t e d  a l u m i n a  d r y  t u b e s .  

E thylenedkamnne d r i e d  by t h i s  method does n o t  p r o d u c e  
hydrogen  wit.h sodium me ta l .  A r e l i a b l y  q u a n t i t a t i v e  a n a l y t -  
i c a l  p r o c e d u r e  t o  de t , e rmine  t h e  amount o f  w a t e r  i n  t h e  pro-  
d u c t  w a s  ' n o t  a v a i l a b l e  d u r i n g  t h e s e  e x p e r i m e n t s ,  The A n a l y t -  
i c a l  D i v i s i o n  is work ing  o n  t h i s  p r o b l e m ,  However,  t h e  
sodium t e s t  i s  v e r y  s e n s i t i v e  and  shows w h e t h e r  or n o t  t h e  
amine  is d r y .  

Azeot r o p i c  D i s  t i 1 l a t  i o n  

The s e p a r a t i o n  o f  wat .er  f rom p y r i d i n e  by t h e  a d d i t i o n  o f  
a t h i r d  component whikh forma a n  a z e o t r o p e  w i t h  water h a s  been  
desc r ibed  i n  ?;he l i t e r a t u r e , ?  Any o n e  o f  a list o f  t e n  
o r g a n i c  l i q u i d s  h a s  been  u s e d  s a t , i s f a c t o r i l y  a s  t h e  t h i r d  
component o r  ' ' e n t r a i n e r "  f o r  r.he d e h y d r a t i o n  o f  p y r i d i n e .  
Among t h e s e  e n t r a i n e r s  a r e  i n c l u d e d  b e n z e n e ,  t o l u e n e ,  
d i i s o b u t y l  e t h e r ,  and  m e t h y l  b u l y r a t e .  A s i m i l a r  p r o c e d u r e  
was t r i e d  w i t h  wet. e s h y l e n e d i a m l n e  and  a number o f  o r g a n i c  
l i q u i d s  i n c l u d i n g  b e n z e n e ,  x y l e n e ,  t o l u e n e ,  d i p h e n y l  e t h e r ,  
p h e n o l ,  and  a n i l i n e .  Of t h e s e ,  benzene  and  x y l e n e  b o t h  showed 
p romise  o f  p e r f o r m i n g  s a t i s f a c t o r j . l y e  A f r a c f i o n a t i n g  column 
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2" i n  diameter and  6 '  t a l l ,  packed  w i t h  1 1 2 ' '  R a s c h i g  r i n g s ,  
was u s e d  i n  t h e s e  e x p e r i m e n t s .  R e s u l t s  are n o t  y e t  a v a i l a b l e  
as t o  how d r y  t h e  p r o d u c t  from s u c h  a n  a z e o t r o p i c  d i s t i l l a t i o n  
c a n  b e  o b t a i n e d .  However,  e x p e r i m e n t a l  work w i l l  be  c o n t i n u e d .  

Upon h e a t i n g  a m i x t u r e  of  benzene  w i t h  95% e t h y l e n e d i a m i n e ,  
t h e  d i s t i l l a t e  began  coming o v e r  a t  a t e m p e r a t u r e  of a b o u t  
69OC, and s h o r t l y  t h e r e a f t e r  i n c r e a s e d  t o  76-79OC D u r i n g  t h i s  
t i m e  a two-phase d i s t i l l a t e  w a s  c o l l e c t e d ,  t h e  c o m p o s i t i o n  of 
which was a p p r o x i m a t e l y  98% b e n z e n e ,  1% e t h y l e n e d i a m i n e ,  and 1% 
water. The aqueous  amine l aye r  was wi thdrawn and t h e  benzene  
r e t u r n e d  to t h e  d i s t i l l i n g  f l a s k .  A f t e r  t h e  aqueous  p h a s e  
ceased t o  d i s t i l l  o v e r ,  t h e  t e m p e r a t u r e  r o s e  t o  8OoC and 
bezene  was c o l l e c t e d .  Having s e p a r a t e d  a l l  of the b e z e n e ,  
t h e  t e m p e r a t u r e  i n  t h e  head  of t h e  column a g a t n  r o s e  a b r u p t l y  
t o  115-116OC and e t h y l e n e d i a m i n e  w a s  c o l l e c t e d .  By t h i s  method,  
e t h y l e n e d i a m i n e  of  a p u r i t y  of  98 .5% h a s  been  p r e p a r e d  as 
d e t e r m i n e d  by t i t r a t i o n  w i t h  s t a n d a r d  h y d r o c h l o r i c  a c i d .  A 
m o d i f i e d  K a r l  F i s c h e r  e l e c t r o m e t r i c  t i t r a t i o n  f o r  d e t e r m i n a t i o n  
of  water i n  these  s a m p l e s  h a s  now been d e v e l o p e d ,  and i n  
f u t u r e  e x p e r i m e n t s  t h e  water c o n t e n t  o f  t h e  e t h y l e n e d i a m i n e  
w i l l  be  known w i t h  greater a c c u r a c y .  

A s i m i l a r  a z e o t r o p i c  d i s t i l l a t i o n  p r o c e s s  w a s  c a r r i e d  
o u t  u s i n g  x y l e n e  as t h  e n t r a i n e r .  I n  t h i s  case,  t h e  f i r s t  
p o r t i o n  of d i s t i l l a t e  was c o l l e c t e d  a t  1 1 1 - l l Z o C  and was a g a i n  
a two-phase m i x t u r e  which s e p a r a t e d  i n t o  a x y l e n e  l a y e r  and 
a w a t e r - e t h y l e n e d i a m i n e  l a y e r ,  The c o m p o s i t i o n  of  t h i s  
a z e o t r o p i c  m i x t u r e  was a p p r o x i m a t e l y  13% x y l e n e ,  64% e t h y l e n e -  
d i a m i n e ,  and  23% water. The n e x t  f r a c t i o n  t o  d i s t i T l  o v e r  
w a s  a c l e a r ,  s i n g l e  p h a s e  l i q u i d  c o n t a i n i n g  64% by w e i g h t  
e t h y l e n e d i a m i n e  and 36% x y l e n e ,  which is e x a c t l y  3 moles  of 
e t h y l e n e d i a m i n e  p e r  mole of x y l e n e .  T h i s  f r a c t i o n  was c o l -  
l e c t e d  a t  1 1 2 - 1 / 2  t o  113OC. Then t h e  t e m p e r a t u r e  g r a d u a l l y  
i n c r e a s e d  t o  116OC, by which t i m e  t h e  x y l e n e  had been  removed 
and  t h e  r e m a i n d e r  of t h e  d i s t i l l a t e  s u p p o s e d l y  s h o u l d  have  
been  anhydrous  e t h y l e n e d i a m i n e ,  One sample  of e t h y l e n e d i a m i n e  
p r e p a r e d  by t h e  x y l e n e  d i s t i l l a t i o n  method w a s  found t o  con-  
t a i n  3 . 3 %  water .  I t  is hoped t h a t  e i t h e r  x y l e n e  o r  benzene  
c a n  be made t o  p roduce  a t  least  99% e t h y l e n e d i a m i n e  a f t e r  
f u r t h e r  work w i t h  t h i s  method.  

O t h e r  Methods 

B e s i d e s  c a l c i u m  c a r b i d e ,  o t h e r  s o l i d  d r y i n g  a g e n t s  were 
s t u d i e d .  Barium o x i d e  c o m p l e t e l y  d r i e d  t h e  amine .  When t h e  
amine became d r y  i t  t u r n e d  a b r i l l i a m t  g r e e n .  Bariu.m o x i d e  
i n  lump f o r m . w a s  a v e r y  s u i t a b l e  r e a g e n t ,  b u t  i t  was n o t  as 
a v a i l a b l e  as c a l c i u m  c a r b i d e  and i t  is more e x p e n s i v e .  
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A c t i v a t e d  a l u m i n a  was a l so  t r i e d  a s  a d r y i n g  a g e n t .  I t  
was s l i g h t l y  less e f f i c i e n t  t h a n  CaCz  or BaO. 

S i l i c a  g e l  w a s  t h e  least  s u i t a b l e  of t h e  d r y i n g  a g e n t s  
t e s t e d .  T h i s  is p r o b a b l y  d u e  t o  t h e  a c i d i c  n a t u r e  of S i O z .  

T e s t s  were a t t e m p t e d  w i t h  c a l c i u m  o x i d e ,  b u t  no r e s u l t s  
were o b t a i n e d  b e c a u s e  of t h e  v i o l e n t  bumping of t h e  f l a s k .  
P6wdered c a l c i u m  o x i d e  was a l l  t h a t  w a s  a v a i l a b l e .  Lump 
c a l c i u m  o x i d e  may be s u i t a b l e .  

Ano the r  method which  seemed f e a s i b l e  f o r  d r y i n g  t h e  amine 
w a s  t o  add  a n  es te r  which c o u l d  be h y d r o l y z e d  by t h e  water i n  
t h e  amine t o  g i v e  a n  a l c o h o l  and  a n  a c i d ,  t h e  a c i d  of c o u r s e  
r e a c t i n g  w i t h  t h e  amine t o  form a s a l t .  However, esters 
a l so  react w i t h  amines  t o  form a n  a l c o h o l  and  a n  amide .  One 
p r e l i m i n a r y  t e s t  w i t h  m e t h y l  acetate  w a s  r u n  and  p a r t i a l  d r y i n g  
was o b t a i n e d ,  b u t  t h e  p r o d u c t  c o n t a i n e d  2 t o  3% water. 

For o u r  p r e s e n t  n e e d s ,  t h e  p r e s e n t  p r o c e s s  is q u i t e  
a d e q u a t e ,  However,  for a la rge  p l a n t  a c o n t i n u o u s  p r o c e s s  . 
would be d e s i r a b l e ,  T h e r e f o r e  a n  a z e o t r o p i c  d i s t i l l a t i o n  
p r o c e s s  w i t h  a c o m p l e t e  r e c y c l e  of a l l  p r o c e s s i n g  c h e m i c a l s  
would be e x t r e m e l y  a d v a n t a g e o u s .  R e s e a r c h  o n  t h i s  t y p e  
p r o c e s s  wi 11 be c o n t i n u e d .  
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SOLUBILITY STUDIES 

(3. M o  Begun,  A ,  C, R u t e n b e r g ,  A .  A . .  P a l k o  

I n  c o n s i d e r i n g  the  l i t h i u m  c h l o r i d e - e t h y l e n e  d i a m i n e  
l i t h i u m  amalgam s y s t e m  f o r  t h e  s e p a r a t i o n  o f  l i t h i u m  i s o t o p e s ,  
i t ’ w a s  d e s i r a b l e  t o  o b t a i n  s o 1 u b i l : i t y  d a t a  o n  l i t h i u m  s a l t s  
i n  e t h y l e n e d i a m i n e .  I f  t h e  s o l u b i l i t y  o f  t h e  l i t h i u m  s a l t  i n  
t h e  amine  c o u l d  be i n c r e a s e d  above  . t he  0.30M . f i g u r e  p o s s i b l e  
w i t h  L i C l  a t  2SoC t h e  s i ze  and  c o s t  o f  a p o s s i b l e  p l a n t  c o u l d  
be r e d u c e d .  The l i t e r a t u r e  c o n t a i n s  o n l y  o n e  r e f e r e n c e  t o  s u c h  
s o l u b i 1 i t . y  w0r.k. I s b i n  and  Kobe3 list: t h e  . s o l u b i l i t i e s  of  
L i C l  and L i B r  .in EDA at. 2 5 O C  a s  0 . 3 2  and  0 . 2 8  molar,  
r e s p e c t i v e l y .  

P r e p a r a t i o n  o f  Mate r i a l s  -- _I 

Dry E t h y l e n e d i a m i n e ,  The s t a r t i n g  mater ia l  w a s  C a r b i d e  
and  Carbon C h e m i c a l m p a n y  76% EDA. I t  w a s  h e a t e d  f o r  
s e v e r a l  h o u r s  w i t h  a n  excess of sodium h y d r o x i d e  p e l l e t s .  
Two p h a s e s  a p p e a r e d  and  t h e  a q u e o u s  p h a s e  w a s  removed and  
d i s c a r d e d  w h i l e  t h e  s o l u t i o n  w a s  above  6OoC. The EDA p h a s e  
(now c o n t a i n i n g  a b o u t  5% water) w a s  y e f l u x e d  o v e r  m e t a l l i c  
sodium u n t i l  t h e  EDA t u r n e d  b l u e .  The b l u e  c o l o r  p re sumab ly  
i n d i c a t e s  sodium metal  is d i s s o l v i n g  i n ,  and  o r ,  r e a c t i n g  
w i t h  t h e  a m i n e ,  T h i s  d o e s  n o t  o c c u r  u n t i l  a l l  t h e  water  h a s  
r e a c t e d .  The amine  w a s  d i s t i l l e d  f r o m  t h e  sodium u n d e r  a n  
a t m o s p h e r e  o f  d r y  he l rum.  The d r i e d  amine  was t h e n  r e d i s -  
t i l l e d  f rom sodium a s  needed  i n t o  t h e  f l a s k s  c o n t a i n i n g  t h e  
d r y  l i t h i u m  s a l t s .  

L i t h i u m  S a l t s . .  T h e  f o l l o w i n g  l i t h i u m  s a l t s  were t e s t e d  
f o r  t h e i r s o ’ I u i - t y  i n  EDA: f o r m a t e ,  a c e t a t e ,  p r o p i o n a t e ,  
o x a l a t e ,  h e p t a f l u o b u t y r a t e ,  s u l f a t e ,  n i t r a t e ,  p e r c h l o r a t e ,  
f l u o r i d e ,  and  i o d i d e .  The l i t h i u m  s a l t s  o f  t h e  o r g a n i c  a c i d s  
w e r e  p r e p a r e d  by t h e  a c t i o n  o f  t h e  o r g a n i c  a c i d  upon l i t h i u m  
c a r b o n a t e ,  They were r e c r y s t a l l i z e d  f rom aqueous  s o l u t i o n .  
I n  t h e  case o f  t h e  h e p t a f l u o b u t y r a t e ,  e t h e r  w a s  used  s i n c e  t h e  
. r e c r y s t a l l i z a t i o n  f rom water w a s  r a t h e r  d i f f i c u l t  as syrups 
were formed.  

J 

The l i t h i u m  io.di.de sample  u s e d  was p r e p a r e d  by t h e  
S t a b l e  I so topes  Divis i .o ,n ,  The l i t h i u m  p e r c h 1 o r a t ; e  was pre- 
p a r e d  from p e r c h l o r i c .  a c i d  and  l i t h i u m  h y d r o x i d e ,  a n d  was 
r e c r y s t a l l i z e d  from aqueous  s o l u t i o n ,  The l i t h i u m  s u l f a t e  
was p r e p a r e d  from t h e  c a r b o n a t e  and  w a s .  i n i t i a l l y  d r i e d  i n  a 
m u f f l e  f u r n a c e .  A n a l y t i c a l  g r a d e  l i t h i u m  n i t r a t e  and  f l u o r i d e  
were u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  
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A l l  t h e  above  s a l t s  were g i v e n  a f i n a l  d r y i n g  u n d e r  
I vacuo  w h i l e  b e i n g  h e a t e d  below t h e i r  d e c o m p o s i t i o n  tempera-  

t u r e s .  A t  t h e  c o m p l e t i o n  o f  t h e  d r y i n g  d r y  h e l i u m  gas w a s  
a d m i t t e d  t o  t h e  f l a s k s .  The amine w a s  d i s t i l l e d  d i r e c t l y  
ove r  sodium metal i n t o  t h e s e  f l a s k s .  

S o l u b i l i t y  o f  L i t h i u m  C h l o r i d e  

The s o l u b i l i t y  o f  l i t h i u m  c h l o r i d e  ( a n h y d r o u s )  was 
d e t e r m i n e d  i n  EDA ( a n h y d r o u s )  i n  a t h q r m o s t a t e d  b a t h  unde r  
c o n t i n u o u s  b l a n k e t  o f  d r y  h e l i u m .  The s o l u t i o n  was i n  
c o n t a c t  w i t h  t h e  s o l i d  p h a s e  a t  a l l  times and  was s t i r r e d  
c o n t i n u o u s l y  e x c e p t  when s a m p l e s  were t a k e n .  The s a m p l e s  
were a n a l y z e d  for c h l o r i d e  u s i n g  a m o d i f i e d  Volhard  method 
The r e s u l t s  are  g i v e n  i n  T a b l e  7 .  

Tempera tu re  
( O C )  

a 

T a b l e  7 

S o l .  (moles/ l i ter  measured 
a t  t h e  s a m p l i n g  t e m p . )  

1 2 . 5  0.1486 
2 0  0 .2020  
2 9  , 0.3113 
4 5  0 .6570 
60 1 . 3 6 9  
77 2 .584  
96 4 . 7 4 1  

These  r e s u l t s  a r e  p l o t t e d  i n  F i g u r e  7 .  I t  c a n  be s e e n  
t h a t  a n  i n c r e a s e  i n  t e m p e r a t u r e  would be w e l l  w o r t h  w h i l e  i n  
terms of a d d i t i o n a l  l i t h i u m  c h l o r i d e  s o l u b i l i t y  i n  EDA.  

O t h e r  L i t h i u m  S a l t s  

The s a l t s  were e q u i l i b r a t e d  w i t h  d r y  EDA a t  room tempera-  
t u r e  ( 2 5 - 2 7 O C )  b y  v i g o r o u s l y  s h a k i n g  t h e  f l a s k s  c o n t a i n i n g  
t h e  m i x t u r e  for t h r e e  t o  s i x  h o u r s  i n  a m e c h a n i c a l  s h a k e r .  The 
excess s a l t  w a s  a l l o w e d  t o  s e t t l e  and  t h e  s u p e r n a t a n t  l i q u i d  
w a s  q u i c k l y  f i l t e r e d  and  s a m p l e s  were p i p e t t e d  i n t o  b e a k e r s .  
These  s a m p l e s  were a n a l y z e d  f o r  t h e i r  l i t h i u m  c o n t e n t  by o n e  
o f  t w o  d i f f e r e n t  methods .  

I n  t h e  g r a v i m e t r i c  method,  t h e  l i t h i u m  s a l t  s o l u t i o n s  
were f i r s t  e v a p o r a t e d  t o  d r y n e s s  t o  remove most of t h e  EDA.  
The r e s i d u e s  were t h e n  t r e a t e d  w i t h  n i t r i c  ac id  and  i n  some 
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cases p e r c h l o r i c  ac id  t o  d e s t r o y  any  r e s i d u a l  o r g a n i c  mat te r .  
They were t h e n  fumed down t o  d r y n e s s  s e v e r a l  t i m e s  w i t h  small  
q u a n t i t i e s  o f  s u l f u r i c  a c i d  t o  c o n v e r t  t h e  l i t h i u m  s a l t s  t o .  
t h e  s u l f a t e .  The l i t h i u m  s u l f a t e  s a m p l e s  were t r a n s f e r r e d  
t o  t a r e d  p l a t i n u m  c r u c i b l e s  a n d  i g n i t e d  a t  500OC. A f t e r  
c o o l i n g  t h e  s a m p l e s  were w e i g h e d  as  L i , S 0 4 .  

I n  t h e  v o l u m e t r i c  method t h e  s a m p l e s  were e v a p o r a t e d  t o  
d r y n e s s  as b e f o r e .  They were t h e n  t r e a t e d  w i t h  n i t r i c  a c i d  t o  
d e s t r o y  o r g a n i c  mater.ia1 a n d  f i n a l l y  e v a p o r a t e d  down t h r e e  t o  
f o u r  times w i t h  h y d r o c h l o r i c  a c i d  t o  c o n v e r t  t h e  l i t h i u m  fo  
t h e  c h l o r i d e .  The l a s t  t races  o f  H C 1  were removed by b a k i n g  i n  
a n  o v e n  a t  400OC. The l i t h i u m  c h l o r i d e  s a m p l e s  t h u s  p r e p a r e d  
were t i t r a t e d  w i t h  s i l v e r  n i t r a t e  a n d  p o t a s s i u m  t h i o c y a n a t e  
f o r  c h l o r i d e  c o n t e n t  u s i n g  t h e  V o l h a r d  me thod  w i t h  f e r r i c  
ammonium s u l f a t e  i n d i c a t o r .  The i o d i d  s a m p l e s  were t i t r a t e d  
d i r e c t l y  a s  t h e  i o d i d e  a f t e r  n e u t r a l i z i n g  t h e  excess a m i n e .  
R e s u l t s  are g i v e n  i n  T a b l e  8 .  

- 

T a b l e  8 
I 

S o l u b i l i t y  of a Number o f  L i t h i u m  S a l t s  i n  

Anhydrous  EDA a t  25-27OC 

S a l t  

l i t h i u m  c h l o r i d e  
l i t h i u m  bromide 
l i t h i u m  i o d i d e  
l i t h i u m  f l u o r i d e  
l i t h i u m  s u l f a t e  
l i t h i u m  n i t r a t e  
l i t h i u m  p e r c h l o r a t e  
l i t h i u m  f o r m a t e  
l i t h i u m  acetate  
l i t h i u m  p r o p i o n a t e  
l i t h i u m  oxalate  
l i t h i u m  h e p t a f l u o b u t y r a t e  

Conc.  ( h 4 / 1 )  

0 . 3 2 *  
0 . 2 8 *  
0 . 3 7  

< 0 . 0 0 1  
c o . 0 0 1  

0 . 7 5  
3 . 8  

0 . 3 4  
0 . 2 9  

( 0 . 0 0 1  
3 . 2  

1'. 9 

* I s b i n  a n d  Kobe, JACS 6 7 ,  464-5 ( 1 9 4 5 )  - 

The l i t h i u m  s a l t s  whose s o l u b i l i t i e s  were d e t e r m i n e d  were 
c h o s e n  b e c a u s e  o f  ( a )  p o s s i b i l i t i e s  of h i g h  s o l u b i l i t y  i n  EDA 
b a s e d  on known s o l u b i l i t i e s  i n  o t h e r  s o l v e n t s  a n d  ( b )  some 
p r o m i s e  of s t a b i l i t y  oq i n t i m a t e  a n d  p r o l o n g e d  c o n t a c t  w i t h  
l i t h i u m  amalgam. 
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Stability with Amalgam 

The second phase of the work was to test the stabilities 
of the salt solutions in EDA vs lithium amalgam. Only'salts 
appreciably more soluble than lithium chloride were tested for 
their stability in contact with amalgam. The following salts 
were tested and the results are given below. 

Lithium Nitrate. Immediate reaction with lithium 
amalgam-EDA t urned deep yellow. 

Lithium Heptafluobutyrate. No immediate reaction at 
room temperature. 0 n heating to lOOOC in a water bath for 
several hours the solution turned yellow and a white precip- 
itate appeared. A check on the amalgam showed appreciable 
lithium remained. It is possible that the reaction occurred 
only with the amine, as the heptafluobutyrate in amine turned 
yellow on heating to lOOOC without amalgam present. 

Lithium Perchlorate and Formate. Experiments are in 
progress. 
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ALTERNATE SOLVENTS 

G M .  Begun ,  A .  C .  R u t e n b e r g  

The p o s s i b i l i t y  of u s i n g  a n o t h e r  s o l v e n t  i n  p l a c e  o f  EDA 
h a s  been  g i v e n  c o n s i d e r a t i o n .  A p o s s i b l e  s o l v e n t  must  meet a 
number o f  r e q u i r e m e n t s .  (a) i t .  must d i . s s o l v e  a n  a p p r e c i a b l e  
amount of a s t a b l e  lz!.hium sal!:; ( b )  it must  be  u n a f f e c t e d  by , '  

p r o l o n g e d  a n d  1.nt.i.mate cont :ac t .  w ~ t h  l i t i u m  amalgam? and ( c )  i t  
must. n o t  form a n  e m u l s i o n  when s h a k e n  v i t h  1 i t . h rum amalgam. 

Based  on t h e  assur i ip t ion  t h a t  s o l v e n t - s  of h i g h  d i e l e c t r i c  
c o n s t . a n t .  would.  d i s s o l v e  ion1.c s u b s t a n c e s  s u c h  a s  L i C l ,  
s e v e r a l  non n i t r o g e n  c o n t a i n i n g  s o l v e n t s  were c a r e f u l l y  d r i e d  
arid t h e  s o l u b i l i t y  of L . iC1  was d e t e r m i n e d  3.n them.  E t h y l e n e  

t o  d i s s o l v e  no  L i C 1 .  I t  a p p e a r s  t h a t  t h e  s o l u b i 1 i t . y  of  L i C l  
i n  o r g a n i c  s o 1 v e n t . s  is  a more s p e c i f i c  e f f e c t  p o s s i b l e  
i n v o l v i n g  c o o r d i n a t i o n  w i t h  s p e c , i f i c  f u n c t i o n a l  g r o u p s . .  The 

be d u e  t,o c o o r d i n a t . i o n  w i t h  t h e  n i t r o g e n  a.toms. L i C l  is 
q u i t e  s o l u b l e  i n  p y r . i d i n e  ( 7 3 . 0  M a t  L 5 O C )  I I n  a d d i t i o n ,  i f  
t h e  p y r i d i n e  p h a s e  i s  s a t . u r a t e d  w i t h  L i C l  no  e m u l s i f  f c a t i o n  
w i t h  l i t h i u m  amalgam o c c u r s .  However ,  on  p r o l o n g e d  s h a k i n g  
wi . th  1 i t h i . u m  amalgam, a r e a c t i o n  o c c u r s  w i t h  t h e  p y r i d . i n e  
phase.  becoming  d a r k  ' b l u e  o r  brown a n d  becoming  v i s c o u s "  The 
a d d i t i o n  o f  p y r i d s n e  t o  EDA was f o u n d  t o  d e c r e a s e  t h e  s o l u -  
b x l i t - y  o f  L i C l  i n  EDA 

' d i c h l o r i d e  a n d  I , L ? ,  3 t . r ic .hlos .o  p r o p a n e  were t r i e d  and  f o u n d  

. h i g h  s o l u b i l i t y  o f  L, i .Cl  i n  n i t r o g e n  c o n t a i n i n g  s o l v e n t s  may 

D i e t h y l e n e  t r i a m . i n e  w a s  i . n v e s t i g a t . e d  i n  some d e t a i l  a s  a 
p o s s i b l e  s u b s t i ? , u h e  f o r  E D A .  Due t o  i t s  h i g h e r  b o i l i n g  p o i n t  
( 2 0 7 O C )  : i t  m igh t  b e t t e r  l e n d  i t s e l f  t o  a d u a l  t e m p e r a t u r e  
o p e r a t i o n .  P r e l i m i n a r y  . tests g a v e  i n d i c a t i o n s  of d i s s o l v i n g  
more L i C l  t h a n  E D A ,  

T h e  a m i n e  was v e r y  d r f f i c u l t  t o  d r y .  An i n i t i a l  h e a t i n g  
w i t h  NaOH p e l l e t s  at a r o u n d  140OC f o r  a d a y  d i d  l i t t l e  i f  a n y  
d r y i n g .  D r y i n g  wi-t.h sod ium took many d a y s  a t  1 5 0 °  e v e n  f o r  
smal l  a m o u n t s  of a m i n e .  T h e  s l o w  d r y i n g  a p p e a r e d  t o  b e  d u e  
t o  gaseous hydrogen s u r r o u n d  i n g  t h e  s o d i u m  g l o b u l e s  d u e  t o  
t h e  h i g h  v 1 s c c c . i . t . y  of t.lie 1i .qui .d .  R e d u c i n g  t h e  p r . e s s u r e  
a i d e d  t h e  h y d i , o g e n  e v o l u t i o n  f.r.0111 t h e  s o l u t i o n .  The opt imum 
cond1.tions f o r  inos t r a p i d  d r y  riig were a t e m p e r a t u r e  o f  a b o u t  
1 2 0 O C  a n d  4-5 ctn of' m e r c u r y  p~c!ys i l re  When t h e  p r e s s u r e  was 
too l o w  t h e  boi1 i .ng  poin t ,  of i.he s o l u t i o n  was low. .and  t h e  
r e a c t i o n  w i t h  s o d i u m  s l o w e d  down; w h i l e  a t  h i g h e r  p r e s s u r e s  
t h e  h y d r o g e n  i s  n o t  r e a d i l y  e v o l v e d  f r o m  t h e  s o l u t i o n .  
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Continued purification of t.he amine gave lower solubilities 
for LiC1. The lithium chloride concentration in a saturated 
solution of amine drstilled over sodium was 0 , 2 6  M .  The 
amine decomposes when heated f o r  prolonged periods near its 
boiling poi.nt, but. can be heated at 150° for several days 
with only 51 1 ght coloring. 

The pure amine emulsified on shaking with lithium 
amalgam as did the amine solution saturated with LiC1. The 
wet amine and the very dPy amine did not emulsify with the 
amalgam nearly as badly as the almost dry amine which 
emulsified after a few seconds shaking, I t  i s  possible that 
a distillation met,hod for drying diethylene triamine might be 
successful due t o  i t s  high boiling point, bur. the ease of 
emulsification, moderate thermal stability and comparable 
solubility o f  LfCl t o  EDA do not make it a promising solvent. 

Alpha methyl benzylamine was tried without drying and 
seemed to dissolve o n l y  a small amount of LiC1. No further 
work was done o n  this compound, 

. 
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REFLUX OF AMINE-AMALGAM SYSTEM 

C;. M. Begun, A .  C..  R u t e n b e r g  

I n  o r d e r  .to o p e r a t e  a s i n g l e  t e m p e r a t u r e  i s o t o p i c  
s e p a r a t i o n  column b a s e d  o n  . the  amane-amalgam s y s t e m  i t  is 
n e c e s s a r y  tha t  t h e  mater ia l s  be  r e f . l u x e d  q u a n t i t a t i v e l y  a t  
b o t h  e n d s  of t h e  sys- tem;  :Lee. ,  t h . a t  a t  %he bo t tom o f  t h e  
column t h e  l i t h i u m  metal be q u a n t i t a t i v e l y  removed from t h e  
amalgam and d i s s o l v e d  i n  EDA a s  dky l i t h i u m  c h l o r i d e  and  
t h a t  a t  t h e  t o p  o f  t h e  column th . e  l i t h i u m  c h l o r i d e  be removed 
from t h e  amine p h a s e  and be quantitatively c o n v e r t e d  i n t o  d r y  
amalgam. I t  is p a r t i c u l a r l y  i m p o r t a n t  t h a t  . the  s t r i p p i n g  
be q u a n t i t a t i v e  s i n c . e  both t h e  EDA and  t h e  mercury  a re  
r e u s e d  and  any  l i t h i u m  not, removed w i l l  r e s u l t :  i n  i s o t o p e  
d i l u t i o n  and  r e d u c e  t h e  o v e r - a l l  e f f i c i e n c y  o f  t h e  p r o c e s s .  

R e f l u x  a t  t h e  A m a l g a m  End 

The most o h v i o u s  t y p e  of r e f l u x  f o r  t h i s  end  would i n v o l v e  
l e a c h i n g  t h e  l i t h i u m  o u t  o f  t h e  amalgam w i t h  d i l u t e  H C 1  and 
t h e n  d r y i n g  t h e  r e s u l t i n g  c h l o r i d e  and  d i s s o l v i n g  i t  i n  EDA.  
T h e r e  aye s e v e r a l  p o s s a b l e  o b j e c t i o n s  t o  t h i s  method.  I n  t h e  
f i rs t  p l a c e  a d r y i n g  s t e p  is r n % r o d u c e d  by a d d l n g  water t o  
t h e  s y s t e m  and  g e c o n d l y ,  l i t h i u m  c h l o r i d e  d i s s o l v e s  s l o w l y  
i n  E D A .  

One t y p e  of s y s t e m  which  d o e s  no't r e q u i r e  a d d i n g  water 
t o  t h e  amalgam i s  t h e  r e p l a c e m e n t  o f  l i t h i u m  i n  t h e  amalgam 
by some o t h e r  metal whose s a l t  is d i s s o l v e d  i n  EDA,  T h i s  
r e q u i r e s  t h a t  t h e  p r e s e n c e  of t h i s  a d d i t i o n a l  me ta l l i c  h a l i d e  
d o e s  n o t  i n t e r f e r e  w i t h  t h e  o p e r a t i o n  of t h e  s y s t e m .  S i n c e  
any  s u i t a b l e  metal w i l l  p r e sumab ly  form a more s t a b l e  amalgam 
t h a n  l i t h i u m ,  t h e  s t r i p p i n g  of %he amalgam w i l l  t h e n  b e  more 
d i f f i c u l t .  Among t h e  c h l o r i d e s  c o n s i d e r e d  for p o s s i b l e  u s e  
i n  s u c h  a r e f l u x  method were m e r c u r o u s ,  mercuric, z i n c  and  
sodium.  The mercu ry  s a l t s  were t r i e d  f i r s t  s i n c e  t h e y  would 
i n t r o d u c e  no e x t r a n e o u s  metal  i o n s  i n t o  t h e  amalgam. 
Mercurous  c h l o r i d e  yeacted nmmedlately w i t h  EDA p r o d u e i n g  a 
d a r k  p r e c i p i t a t e .  M e r c u r i c  c h l o r i d e  r e a c t e d  w i t h  EDA when 
h e a t e d  b u t  seemed s t a b l e  a t  room t e m p e r a t u r e .  I t  w a s  no 
s u f f i c i e n t l y  s o l u b l e  i n  EDA,  and  gave  a d a r k  co lor  on  
s h a k i n g  w i t h  amalgam and w a s  t h e r e f o r e  d i s c a r d e d .  Z i n c  
c h l o r i d e  was p r a c t i c a l l y  i n s o l u b l e  i n  EDA and formed a 
voluminous  p r e c i p i t a t e ,  e v i d e n t l y  a n  a d d t i o n  compound w i t h  
EDA a 

The o n l y  s a l t  o f  t h e  g r o u p  which showed p r o m i s e  was 
sodium c h l o r i d e .  Its s o l u b i l i t y  i n  EDA (ea 0.05M) was 
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sufficient so that a fairly rapid substitution might be 
expected to take place if a solution containing excess solid 
salt were used. The moderate solubility insured that the 
concentration of sodium ion in the amine portion of the solu- 
tion would n o t  rise above 0.05M. The sodium amalgam formed 
could be readily stripped by commercial apparatus. 

Two preliminary experiments were tried using sodium 
chloride.. I n  the first; experiment a saturated solution of 
sodium chloride in EDA (containing less sodium than these 
was lithium in the amalgam phase) was placed over lithium 
amalgam and stirred a t  a'moderate rate for 1.5 hours. At 
the end of this period the amine was sampled and a flame 
photometer analysis showed a Li/Na ratio of 350/1. In the 
second experiment an excess of sodium chloride (only partly 
in solution) was shaken vigorously with amalgam for four 
hours, An analysis of the amalgam layer gave a Li/Na ratio 
of 1 / 5 0 0 0 ,  These experiments indicate that almost complete 
replacement of Li by Na occurs in a reasophble period of 
time 

A kinetic run was made to get a better estimate of the 
rate of replacement of lithium in the amalgam phase by sodium 
from sodium chloride in the amine phase. The data for this 
run are given in Table 9 .  An excess of sodium chloride was 
used (undissolved solid present) in the amine phase. The 
amalgam phase contained only lithium at the start of the 
experiment. The two phases were stirred rapidly in a round 
bottom flask under an atmosphere of helium and periodically 
the stirring was interrupted and a sample of the amalgam 
was taken. The amalgam samples were leached with dilute 
HC1 and analyses by flame photometer. Though the rate of 
substitution is a function of the efficiency of agitation, 
this study gives an indication of what might be expected 
for moderate agitation. 

Reflux at the Amine End 

One of the methods considered for reflux at this end 
was evaporation of the amine solution of LiCl and preparation 
of the amalgam from the aqueous chloride. A commercial 
electrolysis cell could be used for the latter portion. 
Drying would have to be done with quantitative removal of 
the amine from the LiCl and with recovery 6f  most of'the 
amine 
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T a b l e  9 __-___ 
K i n e t , i c s  of t h e  R e a c t i o n  L i ( H g )  + N a + ( E D A )  

4 N a ( H g j  + L i . + ( E D A )  at. 26OC -.--- 

tmin 

0 

1 

3 

7 

1 5  

L 1 / N a (  aroalgam) 

149 

2 . 7 9  

9 . 9  x 10-1  

1 . 0 3  x 10-1  

6 . 5  x 10-3 

30 

6 0  

3 . 2  x 10-4 

2 . 2  x 10-4 

S t a r t i n g  ma te r i a l :  126  m l  0 .5M L i ( H g )  and  275 m l  
s a t u r a t e d  N a C l  i n  EDA + 
u n d i s s o l v e d  s o l i d .  

. 
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To avoid decomposition of the amine into high molecular 
weight residqes and for quickest drying, vacuum drying seemed 
desirable. One method attempted was distilling the amine off 
under vacuum using a water bath to heat the distillation 
flask. After all the visible amine was driven off, the flask 
was heated an additional hour to remove the residual amine. 
The LiCl was dissolved in water and titrated with acid. 
Approximately 1/3 molecule of EDA remained per molecule of 
LiC1. I t  appears that the EDA is held as a LiCl solvate and 
more vigorous condJtions are necessary €or its removal. 

A reduced pressure spray drying technique proved more 
successful. An EDA solution of LiCl was dropped slowly into a 
long-necked,round-bottom flask. The flask was heated and 
the system was evacuated with a water aspirator while a small 
amount of dry helium was allowed to bleed in. The EDA 
removed was collected in a trap cooled with acetone-dry ice. 
LiCl produced by t h i s  method showed on titration no amine 
present, and no decomposition products appeared on prolonged 
heating on a hot plate. This experiment suggests the pos- 
sibility of adapaing commercial spray drying apparatus for 
us in such a process. 

The possibility of some sort of electrochemical reflux 
was considered. One problem involved in a method which 
depends upon preparing the amalgam directly by electrolysis 
from the lithium salt dissolved in EDA is the low conductivity 
of the EDA solution when it is depleted in LiC1. Since it is 
essential that all the lithium be removed from the amine it 
would be necessary to add a conducting salt which would not form 
an amalgam at the EMF required to form lithium amalgam. Tetra- 
methyl ammonium ion was suggested and the solubility of some 
of its halides in EDA was determined, The chloride was 
soluble to the extent of 0.0088M (Volhard titration), The 
bromide and iodide were even less soluble, 
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STATIC CORROSION STUDIES 

G. W .  Begun, A. C. Rutenberg 

The ability of a number of materials of construction to 
stand up under prolonged contact with the EDA-amalgam system 
was tested under static conditions at room temperature. The 
materials which would not stand up under this mild test would 
certainly deteriorate rapidly under operating conditions. 

The samples were placed in a vessel containing a mixture 
of 0.3W lithium amalgam and 0.25M LiCl in anhydrous EDA under 
dry helium. The samples floated on the interface and were 
completely covered with amine. The metal samples were cleaned 
and polished with emery cloth before testing. The samples 
were shaken briefly every few days. The following metals 
were tested: 

Cold rolled steel 
Hot r'olled steel 
Haste lloy-C 
Stainless steel, 304, 316, and 321 

After three to four weeks the metals showed no visible signs 
of having reacted and the amine was clear and colorless. 

Tygon and asbestos gasket material were also 'tested. 
After one day the amine in contact with the tygon was light 
brown and the amine in contact with the asbestos was brown 
and cloudy. 
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