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PREFACE 

With t h e  p r o s p e c t  of a n  a c c e l e r a t e d  Orex program i n  
f i s c a l  1 9 5 3  and t h e  a d d i t i o n  of new p e r s o n n e l  requiring 
o r i e n t a t i o n ,  t h i s  s t a t u s  r e p o r t  has been prepa red  for 
a d d i t i o n  t o  t h e  p r e s e n t  r e a d i n g  f i l e ,  

The r e p o r t  summarizes t h e  results of t h e  l a b o r a t o r y  
and i n i t i a l  p i l o t  p l a n t  work c a r r i e d  out during t h e  p e r i o d  
between September 2 4 ,  1 9 5 1 ,  and June  I ,  1952. 

The material  was p r e p a r e d  with the assistance of t h e  
f o l l o w i n g  members of t h e  Materials Chemis t ry  D i v i s i o n :  
G. M. Begun, J. S. Drury ,  H. H.  G a r r e t s o n ,  D. A .  L e e .  
A. A .  Palko, J. W .  Ramsey, A .  C. Rutenberg, and A. D .  Ryon. 
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STATUS REPORT: OREX PROCESS 

TEMPERATURE DEPENDANCY OF 

Using methods described elsewhere' y 2 ,  s i n g l e  stage and 

multistage batch r u n s  were performed t o  determine t h e  tempera- 

ture dependance of the single stage separation factor from 26OC 

to 9 9 O C .  These values are listed in Table I. 

Table 1 

Laboratory Determinations of d 

TempOC d 
Uncertainty in 

OC at 95% 
Confidence Level  

2 6  1.051* 2 .005 

1.054 t .m9 

60 1.044** .f: .004 

7 4  1.031 f . 0 0 7  

87 1.034 -fr .007 

99 1 . 0 2 7 *  2 . 0 0 6  

1.032 f . 0 0 7  

*Four stage batch run 
* * F i v e  stage batch run 

1. Progress Report Alloy Development Project - ORNL-1238, 
2 .  Progress Report Alloy Development Project - ORNL-1306, December 31, 1951 

March 31, 1 9 5 2  
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Each value listed in Table 1 was determined from mass 

spectrographic assays of twelve or sixteen separate samples. 

In Figure 1 ,  the quantity d - 1 has been plotted against 
8 . 9 8  + 7 4 2 8 . 7  has absolute temperature. 

been found to be useful f o r  interpolation between the tempera- 

tures 2OoC and llO°C. It was obtained empirically by fitting ' 

the equation 

The curve, d - 1 = - - 
T T2 

A B  A - 1 = T  + -  
T2 

to the data by means of the least squares method This simple 

approximation can be shown to be in good agreement with the- 

oretical values obtained by Urey on other systems through more 

elaborate calculations3. 

COLUMN DESIGN 

Materials of Construction 

The l-inch D . T .  pilot plant employed 3 1 6  stainless steel 

construction as an arbitrary choice. Subsequent tests on a 

laboratory scale indicated that mild steel was a more active 

catalyst for the reaction between the organic and amalgam 

phases at elevated temperatures than was 316 stainless steel. 

Since the tests were conducted at 115OC and a reaction 

between the phases eventually was obtained in the absence of 

metals it appears desirable to obtain additional data to more 

closely define the maximum temperature that may be employed 

without reaction between the amalgam and EDA phases in the 

3. H . C .  Urey, The Thermodynamic Properties of Isotopic 
Substances, Liversidge Lecture, J.C.S. 1947, 562-581. 

I_. 
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presence  of s t a i n l e s s  s t e e l s  ( 3 0 4 ,  316,  e t c . )  and m i l d  s t ee l .  

I n  t h i s  connec t ion  t h e  e f f ec t  of water and of i m p u r i t i e s  i n  t h e  

amalgam and EDA phases  on t h e  ra te  of decomposi t ion  of t h e  EDA 

phase  s h o u l d  b e  e v a l u a t e d  a t  a s i n g l e  t e m p e r a t u r e  i n  t h e  range  

100 t o  120OC. T e s t s  a l so  s h o u l d  be conducted  t o  de t e rmine  if 

t h e  m i l d  steel w i l l  amalgamate i n  t h i s  sys t em.  

Should t h e  r e s u l t s  of t h e  f o r e g o i n g  tes ts  i n d i c a t e  t h a t  

m i l d  steel may b e  s u i t a b l e  as a c o n s t r u c t i o n  material i t  s h o u l d  

be t es ted  i n  t h e  p i l o t  p l a n t  by i n s t a l l i n g  mi ld  s tee l  s c r e e n s  

i n  t h e  s h o r t  pyrex  glass s e c t i o n  a t  the midpoin t  on both t h e  

hot and c o l d  columns t o  permi t  v i s u a l  o b s e r v a t i o n  of its per- 

f ormance . 

Optimum Screen  Size and Spac ing  

In t h e  1- inch  D.T.  p i l o t  p l a n t  t h e  f o l l o w i n g  s c r e e n  sizes 

( a l l  316 s t a i n l e s s  s tee l )  have been employed: 6 0 ,  40, 2 4 ,  2 0 ,  

and  10 mesh i n  t h e  c o l d  columns and 6 0 ,  4 0 ,  30,  and 2 0  mesh i n  

the  h o t  column. I n d i c a t i o n s  are t h a t  t h e  optimum size l ies  

between 10 and  2 0  mesh i n  the cold column and between 2 0  and 

3 0  mesh i n  t h e  h o t  column. I t  is planned  t o  c o n t i n u e  t h e  test 

of s c r e e n  w i t h i n  t h e  s ize  ranges g i v e n  i n  both t h e  1-Inch D.T.  

columns and t h e  0 . 4 3  i n c h  s i n g l e  column ( r e f l u x  p i f d  p l a n t )  

t o  s e r v e  as a gu ide  i n  t h e  d e s i g n  of l a r g e  columns. The t es t  

program for t h e  l a r g e r  columns s h o u l d  a l so  i n c l u d e  a limited 

s t u d y  of screen s i zes ;  p robab ly  aver t h e  r a n g e s  i n  s c r e e n  s i ze  

g i v e n  i n  t h e  above.  
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B o t h  t h e  l - i n c h  D . T .  columns and  the 0 43-inch s i n g l e  

column employ a s p a c i n g  of l - i n c h  between s c r e e n s .  T e s t s  are 

planned i n  w h i c h  the s p a c i n g  w i l l  be v a r i e d  i n  o r d e r  t o  de- 

t e r m i n e  t h e  optimum s p a c i n g  f o r  the columns i n  bo th  p i l o t  

p l a n t s .  I t  appears  l i k e l y  t h a t  t h e  optimum s p a c i n g  w i l l  de- 

pend on t h e  column s i z e  as  w e l l  as t h e  t e m p e r a t u r e  i n  t h e  

column ( h o t  v s  c o l d )  and t o  some e x t e n t  on t h e  method employed 

t o  s u p p o r t  t h e  s c r e e n s .  To o b t a i n  t h e  d e s i r e d  s c a l e - u p  f a c t o r  

i t  w i l l  be n e c e s s a r y  t o  conduct  a p p r o p r i a t e  s t u d i e s  i n  t h e  

larger p i l o t  p l a n t  i n s t a l l a t i o n s .  

Optimum H e i g h t  of a Column S e c t i o n  

Chemical R e f l u x .  For  a f u l l - s c a l e  p l a n t  o p e r a t i n g  w i t h  

chemica l  reflux t h e  h e i g h t  of a column w i l l  depend e n t i r e l y  on 

t h e  usual economic c o n s i d e r a t i o n s  and  s t r u c t u r a l  problems gov- 

e r n i n g  column c o n s t r u c t i o n  and c a s c a d e  d e s i g n .  

Dual Tempera ture ,  From t h e  a v a i l a b l e  t h e o r y  on t h e  d u a l  

t empera tu re  p r o c e s s  i t  a p p e a r s  l i k e l y  t h a t ,  s i n c e  the equi- 

l i b r i u m  c u r v e s  (&-cold and &-hot) are v e r y  n e a r l y  s t r a i g h t  

l i n e s ,  i t  w i l l  be p o s s i b l e  t o  f i x  t h e  column h e i g h t s  i n  accord-  

ance  w i t h  economic c o n s i d e r a t i o n s  r a t h e r  t h a n  by t h e o r e t i c a l  

l i m i t a t i o n s .  I t  will b e  n e c e s s a r y ,  however,  t o  m a i n t a i n  con- 

t r o l  over t h e  mass f l o w  ra tes  as  c l o s e l y  as p o s s i b l e  i n  order 

t o  achieve t h e  m a x i m u m  s e p a r a t i o n  over a g i v e n  l e n g t h  of 

column. A 1 p e r c e n t  d e v i a t i o n  from t h e  optimum L/V would re- 

duce a 60  s t a g e  column t o  59 e f f e c t i v e  stages w h i l e  2 p e r c e n t  

d e v i a t i o n  would r e d u c e  i t  t o  5 5  s tages .  
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The problem t h e n  r e s o l v e s  i t s e l f  i n t o :  ( a )  f i n d i n g  t h e  

most a c c u r a t e  method f o r  s e p a r a t e l y  m e t e r i n g  and c o n t r o l l i n g  

t h e  amalgam and o r g a n i c  p h a s e s ;  (b) u t i l i z i n g  t h e  a v a i l a b l e  

t h e o r y ,  ca l cu la t e  t h e  economic optimum number of s t a g e s  i n  a 

column s e c t i o n  between stream j u n c t i o n s ;  and ( c )  by e x p e r i -  

ment ,  d e t e r m i n e  t h e  number of a c t u a l  stages i n  columns the  

l e n g t h  of w h i c h  were estimated on t h e  b a s i s  of  t h e  known 

accuracy  of f low c o n t r o l  and a r e a s o n a b l e  estimate of the  

s t a g e  h e i g h t  from a v a i l a b l e  e x p e r i m e n t a l  d a t a .  

The 1- inch  D . T .  p i l o t  p l a n t  employs a column h e i g h t  of 

24 f e e t  which  w a s  t h e  maximum head room a v a i l a b l e .  The p i l o t  

p l a n t  w a s  in o p e r a t i o n  b e f o r e  t h e  mathematical t h e o r y  was de- 

veloped t o  i t 5  p r e s e n t  s t a t e ,  i n  p a r t i c u l a r  t h a t  p a r t  pertain- 

ing t o  t h e  r a t i o  of t h e  flows of the two phases .  For t h i s  

r e a s o n  t h e  f low c o n t r o l  s t u d i e s  have  o n l y  r e c e n t l y  been i n i t i -  

a ted.  U n t i l  more data from t h e  1 - inch  D . T .  p i l o t  plant  and 

t h e  0 .43- inch  s i n g l e  column ( h o t  and c o l d  o p e r a t i o n )  are a v a i l -  

a b l e  i t  is recommended t h a t  a stage h e i g h t  of 8 i n c h e s  ( b a s e d  

o n  1 - i n c h  s c r e e n  s e p a r a t i o n )  be employed as a d e s i g n  v a l u e  for  

t h e  larger p i l o t  p l a n t  columns. 

O t h e r  F a c t o r s  

Heat T r a n s f e r  D a t a .  P r e l i m i n a r y  estimates were made of 

t h e  c o s t  of heating and c o o l i n g  the  i n l e t  and e x i t  streams i n  

the D.T. process.  The heat capacity of t h e  amalgam and EDA 

p h a s e s  are  n o t  known and i n  other  respects t h e  estimate w a s  

o n l y  approx ima te .  For t h i s  r e a s o n  t h e  estimate s h o u l d  be made 

o n  a more thorough bas i s  u s i n g  e x p e r i m e n t a l l y  de te rmined  values 
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of t h e  heat  c a p a c i t y  and v i s c o s i t y  d a t a  of b o t h  t h e  amalgam 

and t h e  EDA phases  o b t a i n e d  over  t h e  range  of t empera tu re  

and c o n c e n t r a t i o n  needed i n  t h i s  work+ 

Gaske t s .  The most s a t i s f a c t o r y  g a s k e t  t e s t e d  t o  d a t e  is 

Gar lock  N .  7 7 3 5  ( a s b e s t o s  f i l l e d  w i t h  GRS r u b b e r ) .  A number 

of o t h e r  materials commonly used  for g a s k e t s  were t r i e d  and 

found u n s a t i s f a c t o r y  (ORNL-1238, page 2 7 ) .  I t  a p p e a r s  de- 

s i r a b l e  t o  c o n t i n u e  t o  f i n d  a g a s k e t  composi t ion  which w i l l  be 

i n e r t  t o  bo th  phases  and which w i l l  n o t  catalyse t h e  r eac t ion  

between t h e  phases  at elevated t e m p e r a t u r e s .  

PUMPING AND FLOW CONTROL 

Pumping and flow c o n t r o l  methods for b o t h  l i t h i u m  amalgam 

and e thy lened iamine  must be deve loped .  Flow cont ro l  of both 

phases  is e q u a l l y  i m p o r t a n t .  Because a comple t e ly  d r y  sys tem 

is n e c e s s a r y  and because  i t  is i m p o r t a n t  t o  minimize losses, 

h i g h l y  e f f i c i e n t  seals around pumping u n i t s  are r e q u i r e d .  

High s p e c i f i c  g r a v i t y  of  amalgam r e s u l t s  i n  r e l a t i v e l y  

h i g h  pumping p r e s s u r e s ,  even a t  i n t e r m e d i a t e  heads (50- foot  

head of H g  co r re sponds  t o  3 0 0  p s i ) .  Thus ,  more s e r i o u s  

problems are  m e t  i n  pumping amalgam t h a n  i n  pumping EDA. I t  

might  be p o s s i b l e  t o  p l a c e  amalgam pumps a t  d i f f e r e n t  l e v e l s  

i n  se r ies  i f  n e c e s s a r y  t o  r e a c h  t h e  t o p  of high columns. 
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Accuracy r equ i r emen t s  i n  f l o w  r a t e  and c o n c e n t r a t i o n  of 

l i t h i u m  are  v e r y  g r e a t ,  c r e a t i n g  a c o n t r o l  problem which is 

a lmost  un ique  i n  chemical p r o d u c t i o n  o p e r a t i o n s .  This is 

p a r t i c u l a r l y  t r u e  i n  t h e  D . T .  s y s t e m .  Flow c o n t r o l  i n  t h e  

r e f l u x  sys tem s h o u l d  be  good, b u t  t h e  extreme accuracy  of t h e  

D . T .  s y s t e m  is n o t  r e q u i r e d ,  The h i g h  accuracy  r equ i r emen t  

r e s u l t s  from t h e  g r e a t  i n f l u e n c e  on s e p a r a t i o n  of the r a t i o  of 

l i t h i u m  th roughpu t s  i n  t h e  two p h a s e s .  T h i s  may be shown on 

t h e  McCabe-Thiele diagram by a n  o p e r a t i n g  l i n e  whose s l o p e  is 

t h e  r a t i o  of l i t h i u m  t h r o u g h p u t s  i n  t h e  two phases  and which 

must l i e  between t h e  e q u i l i b r i u m  c u r v e s  of t h e  h o t  and c o l d  

s y s t e m s .  These c u r v e s  are v e r y  c l o s e  t o g e t h e r  since t h e  coef- 

f i c i e n t s  are n o t  far a p a r t  and b o t h  ve ry  n e a r  u n i t y .  A s l i g h t  

d e v i a t i o n  i n  s l o p e  of t h e  o p e r a t i n g  l i n e  c a u s e s  "pinching" and 

consequent  i n e f f e c t i v e n e s s  of s e p a r a t i o n  s t a g e s .  I t  may be 

shown m a t h e m a t i c a l l y  t h a t  depending on t h e  number of stages of 

a g i v e n  u n i t ,  a f l u c t u a t i o n  i n  th roughpu t  of no more t h a n  5% 

may r e s u l t  i n  reduced  t h e o r e t i c a l  p r o d u c t i o n  of a u n i t  of from 

25-504,. These are  approximate  f i g u r e s  o n l y ,  and t h e  mathemat- 

ics  is b e i n g  r e f i n e d  a t  the p r e s e n t  t i m e .  

I t  may be s e e n  t h a t  a c c u r a t e  c o n t r o l  of L/V ( th roughpu t  

r a t i o ,  l i t h i u m  i n  amine t o  l i t h i u m  i n  amalgam) may be o b t a i n e d  

o n l y  by a c c u r a t e  c o n t r o l  of t w o  s e p a r a t e  f a c t o r s :  flow r a t e ,  

and c o n c e n t r a t i o n  of l i t h i u m ,  i n  each  of t w o  s e p a r a t e  phases .  



12 

In joining s e v e r a l  units in series to form a cascade, there 

will be stream junctions which also must be controlled very 

carefully i n  o r d e r  to maintain good flow control in the 

separate stage units. 

To date, development of pumps and controls has been 

limited. A test loop has been built in Room 25, 9733-1, to 

evaluate different types of pumps handling amalgam and to 

obtain primary information on instruments for measuring and 

controlling flow rate of amalgam. Tests are being run at the 

present time on a standard chemical pump, the Worthington 

3/4-CG-1 stainless steel pump Other pumps which are being 

purchased for later testing are (1) the Chempump, which is a 

newly marketed canned rotor pump, and (2) a special gas-filled 

canned rotor pump being designed by Allis-Chalmers Corporation. 

Pumping in the l-inch pilot plant has been handled by Milton- 

Roy reciprocating pumps, which are good by ordinary standards 

but not satisfactory in this case, and Lapp Pulsafeeders which 

give improved operation by virtue of isolated pumping chambers 

and spring-loaded check valves for improved uniformity of 

flow. It is expected that, by using Lapp Pulsefeeders in the 

range of low flow rates, and the Allis-Chalmers canned rotor 

centrifugal pumps in the range of higher flow rates, the 

pumping problems for both amalgam and ethylenediamine may find 

solution. Centrifugal pumps seem most appropriate €or 
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operation i n  the higher flow ranges, but are not believed 

suitable f o r  operation in pulse columns smaller than about 

three inches in diameter. 

A magnetic induction instrument f o r  measuring and con- 

trolling flow rate is being tested in the 1-inch pulse column. 

This instrument was designed by the Vitro Corporation and is 

being tested in cooperation with representatives of that 

company. This work represents only a beginning of the de- 

velopment work which is needed on f l o w  control. No work has 

been done t o  date on actual instrumental control of streams 

based on measurement by flow meters. 

A preliminary estimate by instrument engineers of the 

ultimate accuracy which may be expected of f l o w  c o n t r o l  by 

instrumentation is plus-or-minus 1 percent. Defining and 

achieving the required degree of accuracy is a development 

task of considerable magnitude. 
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CHEMICAL REFLUX 

Genera l  C o n s i d e r a t i o n s  

Opera t ion  of a c a s c a d e  employing chemica l  r e f l u x  requires 

t h e  following: ( a )  where t h e  cascade narrows above t h e  f e e d  

p o i n t ,  t h e  l i t h i u m  c o n t e n t  of t h a t  p o r t i o n  of t h e  t o t a l  amalgam 

f low i n  e x c e s s  of t h a t  c o n t i n u i n g  on i n  t h e  narrowed column 

must be t r a n s f e r r e d  from t h e  amalgam t o  t h e  incoming ( l i t h i u m  

free) EDA w h i c h  is recycled from t h e  r e f l u x  o p e r a t i o n  a t  t h e  

bottom of t h e  c a s c a d e  as d e s c r i b e d  i n  (b) ; and ( b )  t h e  t o t a l  

l i t h i u m  c o n t e n t  of t h e  EDA phase  l e a v i n g  t h e  s t r i p p i n g  s e c t i o n  

a t  t h e  bottom of c a s c a d e  must be removed and all e x c e p t  t h e  

waste stream must be r e a c t e d  w i t h  t h e  incoming r e c y c l e  mercury 

from t h e  r e f l u x  o p e r a t i o n  d e s c r i b e d  in (a) t o  form lithium 

amalgam. The v a r i o u s  methods t h a t  appear  t o  be f e a s i b l e  f o r  

e f f e c t i n g  reflux are d i s c u s s e d  i n  t h e  f o l l o w i n g .  

Transfer of Lithium from Mercury t o  EDA 

Displacement  w i t h  Sodium C h l o r i d e .  The r e s u l t s  of lab- 

o r a t o r y  t e s t s  i n  which t h e  l i t h i u m  c o n t e n t  of t h e  amalgam 

phase  w a s  d i s p l a c e d  w i t h  sodium by c o n t a c t i n g  l i t h i u m  amalgam 

w i t h  an  EDA s l u r r y  of sodium chlor ide  i n d i c a t e  t h e  p o s s i b i l i t y  

of e f f e c t i n g  r e f l u x  i n  t h i s  manner.  The l a b o r a t o r y  s t u d i e s  

s h o u l d  be extended  t o  d e f i n e  t h e  e f f e c t  of t e m p e r a t u r e ,  

a g i t a t i o n  ( o r  method of c o n t a c t i n g ) ,  and p a r t i c l e  s ize  of 

t h e  N a C l  on t h e  r a t e  of t h e  d i sp l acemen t  r e a c t i o n .  
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T e s t s  on a l a r g e r  sca le  i n  w h i c h  a 0 5- inch p u l s e  column is  

employed t o  e f f e c t  c o u n t e r c u r r e n t  c o n t a c t i n g  of t h e  amalgam 

and EDA N a C l  s l u r r y  are i n  progress. 

Displacement  w i t h  HC1 or NM4C1. The r e s u l t s  of a l i m i t e d  

number of l a b o r a t o r y  tes ts  i n  which a p a r t  of t h e  EDA was con- 

v e r t e d  t o  EDA-HCl by means of anhydrous hydrogen c h l o r i d e  p r i o r  

t o  c o n t a c t i n g  i t  w i t h  lithium-amalgam i n d i c a t e d  t h a t  t h i s  

method may b e  f e a s i b l e  for e f f e c t i n g  t h e  d e s i r e d  r e f l u x . *  

Consequen t ly ,  i t  a p p e a r s  desirable  t o  conduct  t h e  n e c e s s a r y  

l a b o r a t o r y  and small-scale development work t o  p e r m i t  eva lua -  

t i o n  of t h e  method i n  comparison t o  t h e  sodium c h l o r i d e  method. 

The u s e  of ammonium c h l o r i d e  i n s t e a d  of hydrogen c h l o r i d e  

h a s  b e e n  s u g g e s t e d .  r n  t h i s  case t h e  EDA presumably would n o t  

e n t e r  i n t o  r e a c t i o n ;  i n s t e a d ,  an  ammonia-amalgam would be 

formed which ,  although semistable,  may s e r v e  t o  d i s p l a c e  t h e  , 

l i t h i u m  i n  t h e  des i red  manner.  I t  is recommended t h a t  explor- 

a t o r y  tes ts  be conducted t o  demons t r a t e  t h e  proposed reaction 

a n d .  i f  w a r r a n t e d ,  t h e  n e c e s s a r y  development t o  pe rmi t  eva lua -  

t i o n  of t h e  method s h o u l d  be c a r r i e d  o u t .  

T r a n s f e r  of Li thium from EDA t o  Mercury 

Evapora t ion  and S a l t i n g  Out Method, A method i n v o l v i n g  

vacuum e v a p o r a t i o n  of t h e  EDA phase  i n  a s a l t i n g  o u t  t ype  

* I n  one se r ies  of t e s t s  employing mechanica l  a g i t a t i o n  t h e  re- 
s u l t i n g  amalgam was expanded and s e m i s o l i d .  In  subsequen t  
tes ts  u s i n g  s h a k i n g  by hand t h e r e  was no ev idence  of a n  ex- 
panded amalgam 



evaporator, b y - p a s s i n g  a n  sliquot portion of the concentrate 

t o  a crystallizer. and process ing  of the resultant LiC1.2EDA 

to yield EDA recyc le  streams and L i C l  has been proposed as one 

means for effecting the desired recycle utilizing standard pro- 

cess equipment. Preliminary process calculations have been 

made and a tentative flow sheet is available. A discussion of 

the assumptions made and of general considerations follows. 

Under the conditions assumed for the flow diagram a salt- 

out type evaporator will not be necessary as the concentration 

in the evaporator is such that no crystallization of s a l t  oc- 

curs. I f  operation with higher concentration is desired, it 

may be necessary to employ two evaporators in series with the 

more concentrated liquor in a salting out type evaporator. The 

u s e  of the EDA itself to fill the barometric leg requires that 

essentially all noncondensables be absent; this implies a 

stable and essentially pure EDA phase. The formation of a 

solvated solid phase (LiCl 2EDA) requires further processing of 

the salt t o  remove the EDA if it is not practical to carry out 

the crystallization at a temperature that will provide EDA free 

LiC1. The additional processing shown on the flow sheet con- 

sists of a fluidized reactor into which is fed the wet solvate 

countercurrent to benzene vapor. It has been shown in the 

laboratory that the solvate decomposes into EDA and LiCl at a 

temperature of about ZOOOC. It may also be feasible to employ 

spray drying technique without appreciable loss of the expen- 
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s i v e  s o l v e n t  s i n c e  t h e  quantity of mater ia ls  is  r e l a t i v e l y  

s m a l l  In t h e  f i r s t  case a follow-up d i s t i l l a t i o n  s t e p  t o  

s e p a r a t e  t h e  EDA from benzene is r e q u i r e d ;  p r e l i m i n a r y  

estimates indicate t h a t  about  2 0  p l a t e s  w i l l  be n e c e s s a r y  

t o  r e d u c e  t h e  benzene c o n t e n t  of EDA t o  about  . 0 5  mole p e r -  

c e n t .  An est imate  of t h e  cost  of c a r r y i n g  o u t  t h e  reflux 

method s h o u l d  be made a n d ,  i f  economica l ly  a t t r a c t i v e ,  t h e  

n e c e s s a r y  d a t a  and t es t  work s h o u l d  be c a r r i e d  o u t  t o  dem- 

o n s t r a t e  f e a s i b i l i t y  and t o  p r o v i d e  t h e  b a s i s  f o r  a more 

a c c u r a t e  cost a n a l y s i s ,  

Direct E l e c t r o l y s i s .  The p o s s i b i l i t y  of employing a 

d i r e c t  e l e c t r o l y s i s  of l i t h i u m  from t h e  EDA phase  i n t o  t h e  

amalgam phase a p p e a r s  t o  h o l d  promise prov ided  a ce l l  can be 

des igned  t o  employ  a mercury anode as w e l l  as a mercury 

c a t h o d e .  One  p o s s i b i l i t y  is t h a t  of employing a p l a s t i c  

t rough  f i l l e d  with mercury  ( a s  t h e  anode) suspended i n  t h e  

EDA phase  above L i  amalgam. Presumably t h e  r e a c t i o n  would be :  

Cathode .  

Anode : 1 / 2  H g  + C1- -+ 1 / 2  H g C l , *  ( i n s o l u b l e )  

The H & l 2  may t h e n  be u t i l i z e d  i n  t h e  o p p o s i t e  reflux opera-  

Hg + L i f  --+ HgxLi  

t i o n  i n  t h e  same manner as  N H 4 C 1 .  The n e c e s s a r y  s tud ies  

s h o u l d  be carried o u t  to permi t  e v a l u a t i o n  of t h e  method from 

a t e c h n i c a l  s t a n d p o i n t .  

* I f  a doub le  s a l t  such  as L i C 1 - x H g C 1 ,  formed i n  t h e  anode 
pool i t  would be n e c e s s a r y  to d e v i s e  means f o r  t r a n s f e r r i n g  
t h e  L i C l  t o  the amalgam phase .  
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By Other Methods. Precipitation of the Li+ f r o m  the amine 

may a l s o  be possible Further laboratory work on the carbonate 

precipitation with EDA,B,CO, should be done. 

Lithium Trimethyl Stannide 

Work is now in progress to determine the potentialities 

of compounds of the type LiR,Sn, as suggested by Chas. A .  

Kraus, Only very small-scale and semiquantitative experiments 

have been possible so f a r .  The compound in which R is CH3 has 

been prepared and found to give EDA solution one-half to one 

molar in concentration at room temperature. The compound was 

prepared in EDA solution by the reaction of lithium amalgam 

with the dimer of trimethyl tin. 

'This system may establish itself a5 an equilibrium mixture 

though it seems fairly certain that the reaction goes, for all 

practical purposest to completion as written. This reaction 

has been found to proceed very slowly even with vigorous agita- 

tion. The lithium trimethyl stannide solution in EDA was found 

not to b e  stable at 100°C. Electrolysis of the EDA solution, 

using a platinum anode and mercury cathode, proceeded quite 

smoothly at low current density, 10 to 2 0  ma per cm2 , forming 
lithium amalgam and the heavy oily insoluble dimer of trimethyl 

t i n .  At higher current densities and temperatures, side reac- 

tions occurred but the observations were obscured by uncer- 

tainty as to the initial purity and composition of the system. 
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PREPARATION OF THE EDA PHASE - 

G e n e r a l  Cons ider  a t  i o n s  
1 

The  quantity of EDA required i n  e i t h e r  t h e  chemica l  r e f l u x  

or t h e  D.T, s y s t e m  w i l l  be  t h a t  r e q u i r e d  t o  fill t h e  p l a n t  

p r i o r  t o  t h e  s t a r t  of o p e r a t i o n  p l u s  a s u f f i c i e n t  q u a n t i t y  t o  

make u p  p r o c e s s  l o s s e s  over a r e a s o n a b l e  period of t i m e .  The 

i n t e r s t a g e  flow of t h e  EDA phase  on t h e  b a s i s  of a l X  produc- 

t i o n  ra te  w i l l  be about 40 gpm for chemical r e f l u x  and 1 7 0  gpm 

for the D T o  sys t em.  On t h e  assumpt ion  t h a t  the maximum 

p u r i t y  o f  t h e  EDA t h a t  w i l l  b e  commercial ly  a v a i l a b l e  is 

99  p e r  c e n t  o r  less i t  is a p p a r e n t  t h a t :  ( a )  i t  w i l l  be neces- 

s a r y  t o  p r e p a r e  e s s e n t i a l l y  anhydrous material from commercial 

grades s i n c e  any  r ema in ing  water w i l l  react w i t h  the l i t h i u m  

amalgam t o  form l i t h i u m  hydroxide  which is s l i g h t l y  s o l u b l e  

i n  EDA; and (b) s i n c e  t h e  p r e s e n t  c o s t  of t h e  77 percent grade 

is $0.47 p e r  pound of EDA c o n t e n t  and t h a t  of t h e  98-99 p e r c e n t  

grade is $1.00 p e r  pound of E D A ,  the grade  to be purchased  as 

w e l l  as t h e  method employed fo r  p r e p a r i n g  anhydrous material 

w i l l  depend t o  a l a r g e  e x t e n t  on t h e  t o t a l  q u a n t i t y  desired of 

e n r i c h e d  p roduc t  and on t h e  loss of EDA during o p e r a t i o n  of t h e  

cascade. The p o s s i b i l i t y  of d e s i g n i n g  a c a s c a d e  to m a i n t a i n  

t h e  EDA l o s s e s  a t  no more t h a n  0 .1  p e r c e n t  of t h e  i n t e r s t a g e  

flow a p p e a r s  t o  be r e a s o n a b l e  a t  t h i s  stage.  For e s t i m a t i n g  

purposes  a p r o d u c t i o n  ra te  of 10 X ( L i b  p r o d u c t )  is recommended. 
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D r y i n g  EDA 

The possible methods for  p r e p a r i n g  e s s e n t i a l l y  anhydrous 

EDA t h a t  have been  c o n s i d e r e d  t o  d a t e  are d i s c u s s e d  i n  t h e  f o l -  

lowing.  

B a s i c  Oxides .  E s s e n t i a l l y  anhydrous EDA has been p repa red  

by c o n t a c t i n g  t h e  99 p e r c e n t  g r a d e  wi th  barium o x i d e .  Conver- 

s i o n  of t h e  r e s u l t i n g  bar ium hydroxide  t o  t h e  o x i d e  involves a 

somewhat compl i ca t ed  p rocedure  and  f o r  t h i s  r e a s u n  work on t h e  

method was no t  c o n t i n u e d  beyond t h e  p r e l i m i n a r y  stages. B a r i u m  

p e r o x i d e  forms a h y d r a t e  c o n t a i n i n g  8H,O and some e x p l o r a t o r y  

tests s h o u l d  be  carr ied o u t  t o  de t e rmine  i f  t h e  d e s i r e d  h y d r a t e  

can  be formed w i t h o u t  o x i d a t i o n  of t h e  EDA. 

Sodium hydroxide  was p a r t i a l l y  e f f e c t i v e  i n  that t h e  water 

c o n t e n t  of EDA-H,O w a s  reduced  from 2 3  p e r c e n t  t o  4 p e r c e n t .  

A d d i t i o n a l  t r e a t m e n t  of t h e  4 p e r c e n t  p roduc t  w i t h  NaOH was not 

e f f e c t i v e .  

The o x i d e s  of aluminum ( a c t i v a t e d )  and ca l c ium were not 

e f f e c t i v e  i n  t h e  removal of  water from E D A .  However, the t e s t s  

i n v o l v i n g  l i m e  were n o t  e x t e n s i v e  and a d d i t i o n a l  work s h o u l d  be 

c a r r i e d  o u t  t o  more t ho rough ly  e x p l o r e  its p o s s i b i l i t i e s .  

Calcium C a r b i d e  and Metallic Sodium. Calcium-carbide re- 

acted w i t h  t h e  EDA h y d r a t e  t o  form a c e t y l e n e  wi thou t  a p p a r e n t  

e f f e c t  on t h e  EDA. I t  is  no t  known whether o r  not t h e  solid 

phase  was t h e  o x i d e  o r  t h e  hydrox ide  of c a l c i u m .  Gas e v o l u t i o n  

was cop ious  and t h e  r e s u l t i n g  EDA was e s s e n t i a l l y  anhydrous ,  
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Metallic sodium was effective in dehydrating EDA. Row-  

ever, a significant portion of the EDA also was involved in 

the reaction, and its over-all recovery was a t  times as low 

as 60 percent of that charged. 

Azeotropic Distillation. Both benzene and 2-methyl 

furan were effective in dehydrating EDA when azeotropic 

(water azeotrope) distillation w a s  carried out. In both cases 

the aqueous content of the azeotrope is low and for this 

reason it appears that a continuous countercurrent stripping 

operations* may b e  more economical than azeotropic distilla- 

tion. 

Drying EDA With Ethylene Glycol. Preliminary experiments 

show that water can be separated from EDA by extractive d i s -  

tillation using ethylene g l y c o l  as a solvent. One hundred ml. 

ethylenediamine monohydrate and 150 ml. ethylene glycol were 

placed in a f l a s k  and fractionated in a 5/8-inch diameter 

90-inch high column. Water came over first until there w a s  

nw more water in the still pot. At this point, the water 

holdup in the column combined with the EDA fraction to give an 

EDA*H,O fraction. However, t h i s  can be overcome by using the 

regular extractive distillation technique e The EDA-ethylene 

glycol mixture remaining in the p o t  was easily separated by 

distillation of the E D A .  This work should be continued to 

*In a stripping operation, temperatures are employed so that 
the liquid which contains the volatile impurity to be re- 
moved is not volatilized to an appreciable extent. 
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provide data for technical and economic evaluation of the 

method 

Process Development. Results of the exploratory work on 

the various methods indicates that the azeotropic distilla- 

tion and stripping* are likely to be less expensive than other 

methods with the possible exception of calcium carbide treat- 

ment of 98-99 percent grade EDA.  Sufficient data should be 

obtained t o  permit preparation of a cost estimate f o r  these 

two methods which would serve as a basis for evaluation of 

methods which may be proposed in the future. 

Type of Lithium Salt 

Preparation of the EDA phase involves simply the contact- 

ing of the desired salt with anhydrous EDA in a suitable dis- 

solver. The salts which are sufficiently soluble in EDA and 

relatively stable against Li amalgam are the chloride, per- 

chlorate, and t h e  formate. Since these salts are appreciably 

more soluble** at elevated temperatures and the rate of solu- 

tion increases with an increase in temperature the solution 

temperature presumably would be somewhere between 5 0  and 

lO0OC. 

Because, in the reflux process, it will be necessary to 

convert the lithium contained in the amalgam phase to the 

*See footnote on Page 21. 
**Li formate is 1.9 molar + Li perchlorate at 3 , 8  molar at 
room temperature. Since these solutions are viscous, it was 
n o t  considered necessary to study the solubility further. 
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lithium s a l t  d i s s o l v e d  i n  the EDA p h a s e ,  i t  appears t h a t  

l i t h i u m  c h l o r i d e  o n l y  may be used  wi thou t  t h e  c o m p l i c a t i n g  

s t e p s  invo lved  i n  r e g e n e r a t i n g  any o t h e r  l i t h i u m  s a l t .  T h i s  

r e s t r i c t i o n  does no t  a p p l y  t o  t h e  D . T .  p r o c e s s  and e i t h e r  t h e  

fo rma te  ( i f  s t a b l e )  o r  t h e  p e r c h l o r a t e  ( i f  safe)  may be used 

i n  place of t h e  c h l o r i d e .  

Propylene  Diamine 

Propylene  d iamine  ( 1 - 2  d iamine  propane)  p o s s e s s e s  s e v e r a l  

p r o p e r t i e s  t h a t  i n d i c a t e  i t  may prove more s a t i s f a c t o r y  t h a n  

e t h y l e n e  d i a m i n e .  I t  is r e p o r t e d  in t h e  l i t e r a t u r e  t h a t  water 

and PDA can  be s e p a r a t e d  by d i r e c t  d i s t i l l a t i o n .  P r e l i m i n a r y  

tes ts  i n  t h i s  l a b o r a t o r y  conf i rm t h i s  s t a t e m e n t .  Li thium 

c h l o r i d e  h a s  been found t o  be c o n s i d e r a b l y  more s o l u b l e  i n  

anhydrous PDA t h a n  i n  EDA.  

. 8 6  molar and a t  2 5 O C ,  1.09  molar. 

q u i t e  r a p i d l y  w i t h  t e m p e r a t u r e  i n  t h i s  r e g i o n .  No deteriora- 

S o l u b i l i t y  of L i C l  a t  21.3OC is 

The s o l u b i l i t y  is changing  

t i o n  h a s  been n o t i c e d  i n  s t a t i c  sealed bomb tests of t h e  LiCl  

i n  PDA v s  L i  amalgam s y s t e m  a t  100°C f o r  1 2  days  i n  t h e  

p r e s e n c e  of s t a i n l e s s  s tee l  w i r e .  L imi ted  data from a single 

s t a g e  s e p a r a t i o n  exper iment  show t h a t  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  is of t h e  same magnitude as t h a t  of t h e  co r re spond ing  

EDA s y s t e m .  F u r t h e r  work on PDA is under  way. 
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PREPARATION OF AMALGAM PHASE 

Amalnam Preparation 

The quantity of feed required €or a full-scale plant 

operating on either the D.T. or chemical reflux method will 

be about 125 pounds of lithium per day (natural abundance) . 

for a product rate of 1X and a waste concentration of about 

5 percent Lib. This corresponds to a flow rate of about 11 

liters per minute of 0.5 molar amalgam.* Since the Mathieson 

Chemical Company has developed a cell suitable for preparing 

lithium amalgam from LiCl brine it is presumed that no addi- 

tional development work on the large scale will be needed. 

For operation of pilot plants it will be necessary to build 

units capable of preparing lithium-amalgam feed at the desired 

rate.  A 3.5-inch wide, 3-inch deep, and 10.5 feet in length 

amalgamaker has been used successfully at Y-12 on small-scale 

tests. The unit contains 40 agitators and employs carbon 

anodes with the amalgam serving as the cathode. Its capacity 

*=about . 2  liters/minute of 0.5 molar amalgam and a 300 

ampere, 12-volt D . C .  rectifier provides the necessary power. 

A detailed description as well as the performance data for 

the Elex Pilot Plant unit are given in ORNL-1254. 

*The possibility of utilizing the EDA phase as the feed also 
exists and the feasibility should be evaluated after the ne- 
cessary information is available. 
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The possibility of electrolyzing the lithium content of 

the EBA p h a s e  into mercury to form lithium amalgam is dis- 

cussed under the section on chemical reflux. 

Drying Amalgam 

To minimize the possibility of water entering the sys- 

tem, it will be necessary to incorporate a drying step i n  

the pilot plant layout involving the removal of aqueous 

lithium hydroxide from the amalgam phase prior t o  its ihtro- 

duction into the pulse columns. Some of t h e  factors t o  be 

considered are discussed in the following: 

General Considerations. The quantity of water entrained 

in the amalgam as lithium hydroxide solution under ordinary 

conditions of cell operation should be no more than 0.3 6c 

per liter of amalgam. Laboratory studies have shown that: 

(a) the water portion of the aqueous phase reacts with lith- 

ium amalgam to form lithium hydroxide; and (b) mixing of most 

organic liquids with lithium amalgam results either in the 

formation of an emulsion which can be broken only be adding 

water or in reaction between the phases. It is n o t  feasible, 

for instance, to dry the amalgam in a short section of a 

pulse column countercurrent to an organic liquid which has a 

high affinity for water. It may be economically feasible, 

however, to utilize a relatively small volume of the EDA phase 

for drying the amalgam outside the column. 
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One-Inch D . T .  Pilot P l a n t  Method. I n  t h e  1- inch D.T. 

p i l o t  p l a n t  t h e  amalgam is s i p h o n e d  th rough  a U-tube from a 

s t i l l e d  s e c t i o n  of t h e  c e l l .  The amalgam is then washed w i t h  

e t h y l  alcohol Data from p a s t  runs i n d i c a t e  t h a t  this method 

was n o t  comple t e ly  e f f e c t i v e ;  i n  some runs t h e  d e c r e a s e  i n  

l i t h i u m  c o n c e n t r a t i o n  of  t h e  amalgam i n  t h e  sys tem amounted 

t o  as much a s  1 0  p e r c e n t  o v e r  the first  s i x  hour s  w h i l e  i n  

o ther  r u n s  t h e  decrease was n e g l i g i b l e .  

A v a r i a t i o n  i n  t h e  above method h a s  been s u g g e s t e d  which 

i n v o l v e s :  (a) withdrawal of t h e  amalgam from t h e  c e l l  a t  a 

p o i n t  n e a r  t h e  bot tom of t h e  c e l l  through a n i c k e l  t i p  which 

is r e a d i l y  wetted by t h e  amalgam; and ( b )  t r a n s f e r  the amalgam 

through a ba romet r i c  leg i n t o  a t a n k  ( p o s s i b l y  agi ta ted)  which 

is main ta ined  a t  about  5OoC under  a vacuum. I t  would also be 

n e c e s s a r y  t o  withdraw t h e  d r i ed  amalgam through a second 

b a r o m e t r i c  leg and t o  p r o v i d e  means f o r  removal of t h e  solid 

l i t h i u m  hydroxide  from t h e  s u r f a c e  of t h e  amalgam at i n t e r v a l s .  

PRODUCT AND WASTE STREAMS CONVERSION 

Genera l  C o n s i d e r a t i o n s  

In  e i t h e r  t h e  D.T .  or  t h e  C.R. process i t  w i l l  be neces- 

s a r y  t o  o p e r a t e  a cascade w i t h  l i t h i u m  waste wi thdrawal  as 

well as w i t h  p roduc t  withdrawal. Choice of the phase from 
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which to withdraw t h e  product and waste streams for the D.T. 

process depends entirely on the ease with which lithium 

solute is recovered from the solvent. This also is true of 

the product stream of the C.R. process but the waste stream 

must be withdrawn from the EDA phase because of t h e  necessity 

for reflux at the 7-end of the cascade as previously ex- 

plained. 

Tests carried o u t  in connection with the Elex pilot 

plant show t h a t  the amalgam phase is readily and completely 

decomposed in contact with metallized graphite in contact 

with water. For this reason no consideration has been given 

to withdrawing lithium (either product or waste) from the EDA 

phase. 

Amalgam Decomposer 

In the commercial production of sodium hydroxide the 

sodium amalgam is decomposed by percolating it over metal- 

l i zed  (Fe) graphite packing countercurrent to water. I t  was 

decided to build a t e s t  unit employing the principle of the 

sodium amalgam decomposers to determine the feasibility of 

using it as a lithium amalgam decomposer in the Elex pilot 

plant. The unit was 1 2  inches in diameter and 34 inches in 

height and it was filled with + 1/4, -1 mesh graphite which 
p r e v i o u s l y  had been wetted with concentrated F e C 1 ,  solution 

and then heated t o  90O0C in a muffle furnace: The amalgam 
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flowed over a distribution plate at the top, countercurrent 

to distilled water which w a s  introduced at the bottom of the 

unit. The stripped mercury w a s  recycled back to the 7 -  

refluxers while the lithium hydroxide solution was pumped to 

the 6-refluxers. The maximum capacity of the unit has not 

been established; however, it operated successfully over a 

150-hour period with a lithium flow rate in the amalgam 

phase equivalent to 2 moles per minute. 

It may be desirable to obtain more accurate data on 

the capacity of the  metallized graphite in small scale units. 

It is expected that continued operation of the Elex pilot 

plant unit will serve as the b a s i s  for estimating the life of 

the catalyst. 

Mercury Purification. The need for maintaining purity 

requirements on mercury h a s  not been established. Since Na 

and K are present in commercial lithium hydroxide and readily 

electrolyze into mercury to form more stable amalgams than 

does lithium, it appears desirable to incorporate an acid 

wash tower and a follow-up water wash tower in the pilot 

plant layout to minimize the possibility of accumulating 

significant quantities of the metals in the system. This ar- 

rangement has proved to be satisfactory in the Elex pilot 

plant. The two wash towers would be installed in t h e  mercury 

recycle path between the 6-refluxers and the amalgam cells. 
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The same problem may be e n c o u n t e r e d  when u s i n g  l i t h i u m  

c h l o r i d e  b r i n e  as f e e d  t o  t h e  ce l l s .  A t  t h e  ea r l ies t  oppor- 

t u n i t y  i n f o r m a t i o n  s h o u l d  be o b t a i n e d  on t h e  q u a n t i t y  of N a  

and K i n  commercial l i t h i u m  c h l o r i d e .  

S t a b i l i t y  of t h e  EDA Phase* 

The r e s u l t s  of l a b o r a t o r y  s t u d i e s  i n  which t h e  mixed 

EDA and amalgam phases  were sealed i n  s m a l l  g l a s s  "bombs" 

a f t e r  which each  bomb w a s  h e l d  a t  a c o n s t a n t  t e m p e r a t u r e  for  

a p e r i o d  of s e v e r a l  weeks i n d i c a t e d  t h a t  decomposi t ion  of t h e  

EDA phase  s t a r t e d  a t  a t e m p e r a t u r e  of abou t  1 2 0 O C .  

phase a l o n e  was s t a b l e  up t o  18OoC. 

The EDA 

During  D. T .  p i l o t  p l a n t  o p e r a t i o n s  t h e  h o t  column was 

u s u a l l y  ma in ta ined  a t  a t e m p e r a t u r e  of 100°C. A t  the end of 

a r u n  t h e  EDA phase was n o t  d r a i n e d  and t o  s t a r t  a new r u n  

a s u f f i c i e n t  q u a n t i t y  of f r e s h l y  p r e p a r e d  EDA phase  t o  f i l l  

t h e  s y s t e m  was added ( a p p r o x i m a t e l y  1 / 3  of t o t a l  volume),  

Although there were no r u n s  of l o n g e r  d u r a t i o n  t h a n  7 1  hours, 

t h e  cumula t ive  t i m e  f o r  p a r t  of t h e  EDA phase  w a s  somewhat 

l o n g e r  t h a n  t h a t .  

In view of t h e  above i t  a p p e a r s  d e s i r a b l e  t o  c o n t i n u e  

t h e  s t u d y  of t h e  e f f e c t  of t e m p e r a t u r e  on t h e  decomposi t ion  

of t h e  EDA phase  i n  c o n t a c t  w i t h  amalgam. T h i s  may be  done 

~ ~- 

* EDA-lithium c h l o r i d e  s o l u t i o n .  



. 

30 

by carrying out long runs in the D.T. pilot plant  with a 

minimum of s a m p l i n g  or in a separate column designed specif- 

ically for the studies. In the latter, a test loop could be 

employed, consisting of a l - i n c h  column of similar construc- 

tion to t h e  hot column of: the l-inch D.T. p i l o t  plant, with 

no attempt  at isotope separation. 


