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A Reversible Separation Method Process Using 
Nonionic Surfactants 

TONY FLAIM and STIG E. FRIBERG 

DEPARTMENT OE CHEMISTRY 
UNIVERSITY O F  MISSOURI-ROLLA 
ROLLA, MISSOURI 65401 

ABSTRACT 

An e x t r a c t i o n  method f o r  hydrocarbons based on s u r f a c t a n t  asso- 
c i a t i o n  s t r u c t u r e s  i s  p resen ted .  

The p r o c e s s  u t i l i z e s  t h e  s t r o n g  t empera tu re  dependence of t h e  
m i c e l l a r  a s s o c i a t i o n  s t r u c t u r e s  i n  systems of wa te r ,  hydrocarbons 
and non ion ic  s u r f a c t a n t s .  The e x t r a c t i o n  i s  made a t  t h e  
HLB-temperature a t  which l a r g e  amounts of wa te r  and o i l  con- 
c u r r e n t l y  d i s s o l v e  t o  a n  i s o t r o p i c  s o l u t i o n .  

Reduc t ion  of t h e  t empera tu re  ( 2 0 ° C )  c a u s e s  s e p a r a t i o n  of t h e  
hydrocarbon;  a co r re spond ing  i n c r e a s e  g i v e s  s e p a r a t i o n  of pu re  
water. 

In t h i s  a r t i c l e  d e t e r m i n a t i o n s  of t h e  p u r i t y  of t h e  s e p a r a t e d  
phases  are repor t ed .  

INTRODUCTION 

E x t r a c t i o n  and s e p a r a t i o n  p r o c e s s e s  are u s u a l l y  based on t h e  

concep t  of u s i n g  an o r g a n i c  s o l v e n t  €or  e x t r a c t i o n  fol lowed by a 

removal of t h e  s o l v e n t  by d i s t i l l a t i o n .  The c o n d i t i o n s  t h a t  

govern t h e s e  p r o c e s s e s  have by now been ex t r eme ly  w e l l  charac-  

t e r i z e d .  

The s e p a r a t i o n  by d i s t i l l a t i o n  i s  an energy consuming p r o c e s s  

and t h e  r e c e n t  p r i c e  i n c r e a s e s  i n  petroleum coiomodities make 
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1468 FLAIM AND FRIBERG 

s e p a r a t i o n  mechanisms t h a t  u s e  less ene rgy  of  p r i m e  interest .  

W i t h  t h i s  c o n t r i b u t i o n  w e  d e s c r i b e  the b a s i c s  of a new e x t r a c t i o n  

and s e p a r a t i o n  p r o c e s s  t ha t  a p p e a r s  t o  u s e  e x t r e m e l y  small energy 

amounts. 

I t  i s  based on t h e  a s s o c i a t i o n  c o n d i t i o n s  of n o n i o n i c  s u r f a c -  

t a n t s  of the p o l y e t h y l e n e  g l y c o l  a l k y l  e t h e r  t y p e  w i t h  water and  

hydroca rbons .  An i n t r o d u c t o r y  d e s c r i p t i o n  of t h e s e  c o n d i t t o n s  

w i l l  he g i v e n ,  f o l l o w e d  by some a n a l y t i c a l  r e s u l t s  Erom a p r e l i m i -  

na ry  expe r imen t .  

Tempera tu re  Dependence of Micellar S o l u t i o n s  C o n t a i n i n g  Non ion ic  
S u r f a c t a n t s  

P o l y e t h y l e n e  g l y c o l  a l k y l  e t h e r s  show a s t r o n g  t e m p e r a t u r e  

dependence of the i r  s o l u b i l i t y  i n  water and hydroca rbons .  I n  

g e n e r a l ,  the s u r f a c t a n t s  are s o l u b l e  i n  water a t  low t e m p e r a t u r e s  

and i n  hydroca rbon  a t  h i g h  t e m p e r a t u r e s  ( 1 4 ) .  
\ 

A t  a n  i n t e r m e d i a t e  t e m p e r a t u r e  t h e y  show a b a l a n c e d  

s o l u b i l i t y ;  t h i s  t e m p e r a t u r e  l e v e l  has been named t h e  

lI1,R-temperature ( 3 d r o p h i l i c - L i p o p h i l i c  B a l a n c e )  by Shinoda ( 5 ) .  

it t h i s  t e m p e r a t u r e  t h e  phase  c o n d i t i o n s  a c c o r d i n g  t o  Fig.  1 a r e  

found ( 6 - 8 ) .  A t o t a l  c o m p o s i t i o n  marked A i n  the f i g u r e  w i l l  

s e p a r a t e  I n t o  t h r e e  i s o t r o p i c  l i q u i d  p h a s e s  (P ,  Q and R,  Fig.  1 ) .  

P is an  aqueous phase  w i t h  e x t r e m e l y  small amounts oE hydroca rbon  

a n d  s u r f a c t a n t  p r e s e n t .  Q i s  t h e  s u r f a c t a n t  phase  c o n t a i n i n g  

l a r g e  amounts of  water and hydroca rbon  i n  a d d i t i o n  t o  less amount 

o f  s u r f a c t a n t ;  t y p i c a l l y  6 4 L  by we igh t .  R i s  a hydroca rbon  solu-  

t i o n  of some s u r f a c t a n t  and water. 

A r e d u c t i o n  i n  t e m p e r a t u r e  c a u s e s  t h e  area € o r  the s u r f a c t a n t  

phase t o  move toward c o m p o s i t i o n s  w i t h  h i g h e r  water c o n t e n t .  

After a r e d u c t i o n  by a p p r o x i m a t e l y  15"C,  the area of t h e  s u r f a c t a n t  

phase  w i l l  u n i t e  w i t h  the aqueous  c o r n e r  and a s e c t o r i a l  s o l u b i l i t y  

r e g i o n  i s  found F ig .  2 (6-8). T h i s  qeans  t h a t  t h e  former three- 

phase a r e a  now c o n t a i n s  o n l y  two phases ;  a n  aqueous phase  and a 

hydroca rbon  phase.  
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HYDROCARBON 

WATER NONlONlC 
SUR FAC TA N T 

FIGURE 1. A t  t h e  HLB-teinperature 10 g of a t o t a l  composi t ion A 
(water (W) 49.1, hydrocarbon (H) 44.7 and non ion ic  
s u r f a c t a n t  (NS) 6.2 weight  p e r c e n t )  w i l l  s e p a r a t e  I n t o  
t h r e e  phases:  

P 
Q 
R 

(W 100, H <0.01 and NS <0.01 weight  X )  
(W 46.1 ,  H 44.0 and NS 9.9 we igh t  %) 
(W 4.3,  H 90.7 and NS 5.0 weight  %) 

H YOROCARBON 

WATER NONlONlC 
SUR FACTA NT 

FIGURE 2. A f t e r  r e d u c t i o n  of t h e  temperat t i re  ( 15OC) t h e  t h r e e  
phases  are reduced t o  two phases:  

P (W 89.0, H 7.0 and NS 4.0 weight  %) 
Q (W 7.7, H 85.1 and NS 7.2 weight  %) 
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1470 FLAIM AND FRIBERG 

4 c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  t e m p e r a t u r e  c a u s e s  the r e g i o n  

of y u r f a c t a n t  phase  t o  move toward t h e  hydroca rbon  s o l u t i o n  

a r e a  ( 6 - 8 ) .  A f t e r  i t  h a s  j o i n e d  t h i s  a r e a ,  a two-phase sys t em of 

water and a hydrocarbon/water/surfactant s o l u t i o n  i s  p r e s e n t  

(F ig .  3 ) .  

F o r  f u t u r e  d i s c u s s i o n  i t  is e s s e n t i a l  t o  o b s e r v e  t h e  f a c t  t h a t  

l o w e r i n g  t h e  t e m p e r a t u r e  r e s u l t s  i n  most of t h e  s u r f a c t a n t  b e i n g  

d i s s o l v e d  i n  t h e  aqueous  s o l u t i o n  while p r a c t i c a l l y  a l l  of i t  i s  

fourid i n  t h e  hydroca rbon  s o l u t i o n  a t  e l e v a t e d  t e m p e r a t u r e s .  These 

c o n d i t i o n s  form t h e  b a s i s  € o r  a n  e x t r a c t i o n  and s e p a r a t i o n  p r o c e s s  

a c c o r d i n g  t o  t h e  f o l l o w i n g  d e s c r i p t i o n .  

The E x t r a c t i o n  and S e p a r a t i o n  Process 

The e x t r a c t i o n  s t e p  s h o u l d  t a k e  p l a c e  a t  t h e  HLB-temperature. 

An aqiirous s o l u t i o n  of  t h e  s u r f a c t a n t  t h a t  i s  b rough t  i n t o  c o n t a c t  

w i t h  t h e  hydroca rbon  w i l l  s p o n t a n e o u s l y  d i s s o l v e  the l a t t e r  i n t o  

t h e  s u r f a c t a n t  phase.  

S e p a r a t i o n  of t h e  hydroca rbon  t a k e s  p l a c e  at reduced tem- 

p e r . i t u r e ,  when t h e  hydroca rbon  phase w i t h  some d i s s o l v e d  water and 

s u r f a c t a n t  s p o n t a n e o u s l y  s e p a r a t e s .  

F16UKE 3 .  A f t e r  i n c r e a s e  o f  t h e  t e m p e r a t u r e  ( 1 5 ° C )  t h e  two 
p h a s e s  have  the compos i t ion :  

2 (W 100, H (0.01 and NS <0.01 weLght %) 
Q (W 9.0, H 80.0 and NS 11.0 we igh t  %) 
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REVERSIBLE SEPARATION METHOD 1471 

The aqueous phase  may t h e n  he used d i r e c t l y  f o r  a new e x t r a c -  

t i o n  a t  the HLB-temperature. I f  there is a need t o  s e p a r a t e  t h e  

water i n  pu re  forin t h i s  can  be  a c h i e v e d  by r a i s i n g  the tein- 

p e r a t u r e .  

The f o l l o w i n g  p r e l i m i n a r y  e x p e r i m e n t s  N e r e  made i n  o r d e r  t o  

test the v a l i d t t y  o f  the p r o p o s a l s .  

EXPERIMENTAL 

Materials 

The s u r f a c t a n t  was p e n t a  e t h y l e n e  g l y c o l  dodecy l  ether (Nikko l  

>98% a c c o r d i n g  t o  g a s  ch romatography) ,  t h e  decane was A l d r i c h  Gold 

L a b e l  99+% p u r i t y  and t h e  water was doub ly  d i s t i l l e d .  

P h a s e  C o n d i t i o n s  

The water and decane  i n  a 1:l  r a t i o  were mixed w i t h  7% by t o t a l  

we tgh t  of  t h e  s u r f a c t a n t  and l e f t  t o  e q u i l i b r a t e  a t  d i f f e r e n t  t e m -  

p e r a t u r e s .  Fo r  the cases where s t a b l e  emul s ions  were e n c o u n t e r e d  

s e p a r a t i o n  of t h e s e  was a c h i e v e d  by fas t  f r e e z i n g  and thawing. 

The c o n t e n t  oE water and s u r f a c t a n t  i n  t h e  s e p a r a t e d  o i l  phase 

was de te rmined  by IR d i r e c t l y  on the samples  us ing  c a l i b r a t i o n  

c u r v e s  from s p e c t r a  of samples  w i t h  known c o n t e n t  of water and s u r -  

f a c t a n t .  The amount of water was de te rmined  from t h e  abso rbence  

of i t s  symmetr ic  d e f o r m a t i o n  v i b r a t i o n  a t  1640 cm- , t h e  amount of 

s u r f a c t a n t  u s i n g  the CO s t r e t c h i n g  v i b r a t i o n  a t  1118 cti- . 
F o r  samples  w i t h  low water c o n t e n t ,  a c o n f i r m a t o r y  d e t e r -  

m i n a t i o n  was made u s i n g  K a r l  F i s c h e r  t t t r a t t o n .  

RESULTS AND DISCUSSION 

The c loud  p o i n t  of aqueous s o l u t i o n s  of  t h e  s u r f a c t a n t  was 

obse rved  a t  31°C. Three  p h a s e s  i l l u s t r a t i n g  the c o n d i t i o n s  in 

Fig.  1 were Eound a t  36°C. T h i s  t e m p e r a t u r e  is deno ted  as t h e  

HLB-temperature i n  t h i s  i n v e s t i g a t i o n .  
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1472 FLAIM AND FRIBERG 

R e d u c t i o n  of t h e  t e m p e r a t u r e  t o  d i f f e r e n t  l e v e l s  and sepa ra -  

t i o n  gave t h e  water and s u r f a c t a n t  c o n t e n t s  a c c o r d i n g  t o  T a b l e  1. 

The t a b l e  shows on ly  traces of water t o  be  p r e s e n t  Cn the 

s e p a r a t e d  hydroca rbon  a t  reduced t e m p e r a t u r e s .  Va lues  of 0.02 t o  

0.01 p e r c e n t  of water a p p e a r  t o  be a t  a r e a s o n a b l y  low l e v e l .  

The s u r f a c t a n t  c o n t e n t  gas h i g h e r .  The r e d u c t i o n  from 36°C t o  

t h e  lowes t  v a l u e  12'C gave d c o n t e n t  of 0.37% by we igh t .  

The rest o f  t h e  s u r f a c t a n t  s h o u l d  be found i n  t h e  aqueous 

phase.  An e s t i m a t i o n  of t h e  l e v e l  can  b e  made assuming e q u a l  

amounts of  aqueous  and hydroca rbon  phase.  For  t h i s  c o n d i t i o n ,  a 

s u r f a c t a n t  c o n c e n t r a t i o n  of 13.63% shou ld  be i n  the aqueous phase.  

The c o n c e n t r a t i o n  r a t i o  w i l l  he 0.027. 

The s u r f a c t a n t  was added t o  7% by we igh t  on  the t o t a l .  The 

c o n c e n t r a t i o n  of 0.37% i n  t h e  hydroca rbon  phase  ineans t h a t  of t h e  

7 % ,  0.19% w i l l  be l o s t .  T h i s  i n  t u r n  means a l o s s  of 2.6% of t h e  

s u r f a c t a n t  a t  e a c h  s e p a r a t i o n  s t e p .  I f  no s u r f a c t a n t  i s  added, one 

h a l f  of i t  w i l l  be l o s t  a f t e r  26 c o n s e c u t i v e  e x t r a c t i o n s .  

The a n a l y s i s  of  t h e  water s e p a r a t e d  a t  6OoC showed less t h a n  

0.91% by we igh t  o€ s u r f a c t a n t  and e v e n  less  of t h e  hydrocarbon.  

TABLE 1 

S u r E a c t a n t  and Water Con ten t  i n  the O i l  Phase  S e p a r a t e d  a t  Lower 
Tempera tu res .  HLB-t.  = 36OC 

Tempera tu re  T i m e ,  S u r f a c t a n t ,  Water, 
"C h o u r s  we igh t  % w e i g h t  % __ 
30 48 1.3 0.5 
25 16 1 .o 0.02 
20 3 0.6 No d e t .  
20 19  0.6 No d e t .  
17.5 1.5 0.5 0.01 
12 1 0.37 N o  d e t .  

- 

- 

CONCLUSIONS 

The p r e l i m i n a r y  a n a l y s i s  of  a new r e v e r s i b l e  e x t r a c t i o n  and 

s e p a r a t i o n  method f o r  hydroca rbon  showed t h e  water c o n t e n t  t o  he  
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REVERSIBLE SEPARATION METHOD 147 3 

e x t r e m e l y  low i n  the s e p a r a t e d  hydrocarbon.  The amount of  s u r f a c -  

t a n t  was low, 0.4%, b u t  n o t  n e g l i g i b l e .  

The water s e p a r a t e d  a t  h i g h e r  t e m p e r a t u r e s  was e x t r e m e l y  p u r e  

w i t h  on ly  traces of hydroca rbon  and s u r f a c t a n t .  

1. 

2. 

3. 

4. 

5. 
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