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CHAPTER II

2 .1  G e m in i  S u r f a c t a n t

G e m in i  s u r f a c ta n ts ,  s o m e t im e s  a ls o  c a lle d  d im e r ic  s u r f a c ta n ts ,  c o n ta in  tw o  
h y d r o p h o b ic  g ro u p s  ( s o m e tim e s  th re e )  a n d  tw o  h y d r o p h i l ic  g ro u p s  in  th e  m o le c u le ,  
c o n n e c te d  b y  a  l in k a g e  c lo s e  to  th e  h y d r o p h i l ic  g r o u p s . T h e y  th e re f o r e  h a v e  th re e  
s tru c tu ra l  e le m e n ts ,  a  h y d r o p h i l ic  g r o u p , a  h y d r o p h o b ic  g ro u p , a n d  th e i r  l in k a g e  th a t  
m a y  b e  v a r ie d  to  c h a n g e  th e  p r o p e r t ie s  o f  th e  s u r fa c ta n t .  T h e re  h a s  b e e n  c o n s id e ra b le  
in te r e s t  in  th e s e  c o m p o u n d s ,  b o th  a c a d e m ic  a n d  in d u s tr ia l ,  s in c e  it  e x h ib i ts  g r e a te r  
th e  C 2 0  v a lu e s ,  a  m e a s u r e  o f  th e  e f f ic ie n c y  o f  a d s o rp t io n  o f  th e  s u r fa c ta n t  a t  th e  
in te r fa c e , lo w e r  c r i t ic a l  m ic e l le  c o n c e n t r a t io n  (C M C ) , m o r e  e f f e c t iv e  in  r e d u c in g  th e  
o i l /w a te r  in te r fa c ia l  te n s io n  ( IF T ) , b e in g  b e t te r  w e t t in g  a n d  m o re  s t r o n g ly  a d s o rp t io n  
to  f ro m  c lo s e ly  p a c k e d  m o n o la y e r s  a t  h y d r o p h o b ic  s u r f a c e s  th a n  th o s e  o f  c o m p a ra b le  
c o n v e n t io n a l  s u r fa c ta n ts  ( i .e . ,  s u r f a c ta n t s  w i th  s in g le  b u t  s im ila r  h y d r o p h i l ic  a n d  
h y d r o p h o b ic  g r o u p s )  ( M e n g e r  et al. , 1 9 9 3 , M e n g e r  et a l, 2 0 0 0 , C h e n  et al, 2 0 0 7 , 
L in  et al, 2 0 1 1 ,  X u  et a l, 2 0 1 1 , L u  e t  a l,  2 0 1 2 , R o s e n , 2 0 1 2 , รน et a l, 2 0 1 2 ) .

G e m in i su rfa c ta n ts  C o n v e n tio n a l s u rfa c ta n t

Double-chain type Triple-Chain type

F ig u r e  2 .1  C o n v e n t io n a l  a n d  g e m in i  s u r f a c t a n t s . ------------ , h y d r o p h o b ie  grou]
, c o n n e c t in g  g r o u f £ )  , h y d r o p h i l ic  g r o u p  (R o s e n , 2 0 1 2 ) .
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2 .1 .1  S u r fa c e  A c t iv i ty  ( M e n g e r  et al., 2 0 0 0 , R o s e n ,  2 0 1 2 )

T a b l e  2 .1  C r i t ic a l  m ic e l l iz a t io n  C o n c e n t r a t io n s  (C M C )  o f  r e p r e s e n ta t iv e  g e m in i  
s u r f a c t a n t s ^  ( M e n g e r  et al. , 2 0 0 0 )

Entry Surfactant CMC
I C,:Ha,N’(CH,), Br- 16C,;H(,N(CH,), Cl" 223 C,a-U,N-(CH,), Br"4 e  m o s o ,  Na- 8
5IN C,;Hj.K‘(CH,):-(CH,)„-N-(CH,):C,,ir,2Br- l
6 C,,Hj.N-tCH1);-(ClÇ),s-N-(CH,),cï,H;,2 Br ก. 127 C,KrN'(CH,fc-(CHj)s-N-(CH,)jC,,HÜ2Br- 0.003
8 QH,,N 2 Br 559 C„H.,K ■ ( CU.,),"-(CH,>-0-(CH J 2-N ‘ 2 Cl- ท.รIO c,„H„N'(CH ,)_,-(CH,)< -N• ( C H u , ,  2 Br" 0.009

11 C,XwN‘(CH^-(CHjf-0-<CHj):-NyCH,),C,sH„ 2 Br" 0.๓4
12 C;„H„N*(CH,)j-CH,-(CH -0-CH2),-CH;-N *(CH,);C„,H<j2Br 0.0213 c, jH»N - ( CHjf-CH;-CH(OH )—CH J—N * (CHj):C1;Hjj 2 Br - 0.8141-1 Q;Hr,NUCH,)j-CHj-CiHrCH;-N:(CH,):C,;H2.! 0.0315 C,,H3 N+(CH,);-CH,-CH(OH)-CH(OH)-CH2-N‘(CH,)..Ci:H2, 2 Br" 0716 C,jH»N*(CHA-CHj-CHfOH)-CH;-N*(CHjjj-CHJ-CH(OH)-CH!-N'(CH,)2Cl:H3  3 a - 0.517 C12lU0P0;—0-(CH,)r 0-P0,-0C,.ll., 2 Na- 0.418 C1J-l;l0-CH;-CH(0S0r)""CH:-0-(CH;),- ()-CH;-"CH(0S0J-)-CH-OC.„H2, 2 Na* 0.01
[a] Entries I -4  list conventional surfactants for comparison purposes, [b] ท  -  3 -8 . [c] In 0.1 N  NaCI.

S o m e  e x a m p le s  o f  g e m in is  ( p re c e d e d  b y  f o u r  c o n v e n t io n a l  s u r fa c ta n ts  
f o r  c o m p a r is o n  p u r p o s e s )  a r e  s h o w n  in  T a b le  2 .1 . A s  c a n  b e  s e e n  f ro m  th e  d a ta  in  
T a b le  2 .1 ,

^  G e m in is  h a v e  r e m a r k a b ly  lo w  C M C  v a lu e s  c o m p a re d  
w i th  c o r r e s p o n d in g  s u r f a c ta n t s  o f  e q u iv a le n t  c h a in  le n g th . (T h e  c o m p a r i s o n  is , 
ju s t i f ia b ly ,  m a d e  o n  a  “ p e r  io n ic  h e a d g r o u p ”  b a s is  w h ile  n e g le c t in g  th e  s p a c e r .)  F o r  
e x a m p le ,  th e  C M C  in  e n t ry  5 is  16  t im e s  s m a l le r  th a n  in  e n t ry  1, a n d  th e  C M C  in  
e n t ry  18 is  8 0 0  t im e s  s m a l le r  th a n  in  e n t ry  4 .

^  G e m in is  a r e  m o re  r e s p o n s iv e  to  ta i l  len g th *  th a n  
c o n v e n tio n a l  s u r f a c ta n t s .  T h u s ,  in c r e a s in g  th e  ta il  le n g th  b y  f o u r  c a r b o n  a to m s  in  a  
c o n v e n t io n a l  c a t io n ic  s u r f a c ta n t  lo w e r s  th e  C M C  1 6 -fo ld  ( e n tr ie s  1 a n d  3 ) . A  
c o r r e s p o n d in g  ta i l  l e n g th e n in g  in  th e  g e m in i  s e r ie s  lo w e rs  th e  C M C  b y  tw o  o rd e r s  o f  
m a g n i tu d e  ( c o m p a r e  e n t r i e s  5 , 7 , a n d  10).

S o m e  e x a m p le s  o f  g e m in is ,  th e i r  C 20 a n d  C M C  v a lu e s ,  a n d  th o s e  o f  
c o m p a ra b le  c o n v e n t io n a l  s u r f a c t a n t s ,  a re  s h o w n  in  T a b le  2 .2 .  A s  c a n  b e  s e e n  f ro m  
th e  d a ta  in  T a b le  2 .2 ,



5

^  T h e  C 2 0  v a lu e s ,  a  m e a s u r e  o f  th e  e f f ic ie n c y  o f  
a d s o r p t io n  o f  th e  s u r f a c ta n t  a t  th e  in te r fa c e , c a n  b e  tw o  to  th re e  o r d e r s  o f  m a g n i tu d e  
s m a l le r  th a n  th e  C 2 0  v a lu e s  o f  c o m p a ra b le  c o n v e n t io n a l  s u r fa c ta n ts .

^  T h e i r  C M C s  c a n  b e  o n e  to  tw o  o r d e r s  o f  m a g n i tu d e  
s m a l le r  th a n  th o s e  o f  c o m p a ra b le  c o n v e n t io n a l  s u r fa c ta n ts .

T h e  r e a s o n  fo r  th is  g r e a te r  s u r f a c e  a c t iv i ty  o f  g e m in is ,  c o m p a re d  to  
c o m p a ra b le  c o n v e n t io n a l" s u r f a c ta n ts ,  is  th e  la r g e r  to ta l  n u m b e r  o f  c a r b o n  a to m s  in  
th e  h y d ro p h o b ic  c h a in s  o f  th e  g e m in is .  T h e  la r g e r  to ta l  n u m b e r  o f  c a r b o n  a to m s  in  
th e  s u r f a c ta n t  m o le c u le ,  th e  g r e a te r  th e  d i s to r t io n  o f  th e  w a te r  s t r u c tu r e  o f  th e  
a q u e o u s  p h a s e  a n d  th e  g re a te r  th e  te n d e n c y  to  a d s o rb  a t th e  in te r f a c e s  s u r ro u n d in g  
th e  a q u e o u s  p h a s e  o r  to  form - m ic e l le s  in  th e  a q u e o u s  p h a s e , i .e .,  g r e a te r  s u r fa c e  
a c t iv i ty .  T h is  r e s u lts  in  s m a l le r  C 2 0  v a lu e s  a n d  s m a l le r  C M C  v a lu e s .

O n  th e  o th e r  h a n d , in c re a s e  in  th e  to ta l  n u m b e r  o f  c a rb o n  a to m s  in  th e  
h y d r o p h o b ic  c h a in ( s )  o f  th e  s u r f a c ta n t  m o le c u le  d e c re a s e s  th e  s o lu b i l i ty  o f  th e  
s u r f a c ta n t  in  w a te r  a n d  l im i ts  its  s u r fa c e  a c t iv i ty .  W h e n  th e  s u r f a c ta n t  c o n ta in s  tw o  
h y d r o p h i l ic  g ro u p s , h o w e v e r ,  its  s o lu b i l i ty  in  w a te r  in c re a s e s  a n d  th e  m o le c u le  c a n  
a c c o m m o d a te  m o re  c a r b o n  a to m s  in  th e  h y d r o p h o b ic  g r o u p s  w i th o u t  b e c o m in g  
w a te r - in s o lu b le .  C o n s e q u e n t ly ,  g e m in i  s u r f a c ta n t s  a re  m u c h  m o r e  s u r f a c e - a c t iv e  th a n  
th e i r  c o m p a ra b le  c o n v e n t io n a l  s u r f a c ta n ts ,  w h ic h  h a v e  o n ly  h a l f  th e  n u m b e r  o f  
c a r b o n  a to m s  in th e  m o le c u le .  In  a d d it io n , g e m in is  a re  m o r e  w a te r - s o lu b le  th a n  
c o m p a ra b le  c o n v e n t io n a l  s u r fa c ta n ts  a n d  h a v e  m u c h  lo w e r  K r a f f t  p o in ts .

2 .1 .2  S o lu b i l iz a t io n
It h a s  b e e n  s h o w n  th a t  th e  s o lu b i l i z a t io n  in c re a s e s  w ith  th e  a lk y l  c h a in  

le n g th , w h ic h  is  m o s t  l ik e ly  d u e  to  th e  la rg e r  s iz e  o f  th e  m ic e l le  ( T e h ra n i - B a g h a  et 
al, 2 0 1 2 ).



Table 2.2 C20 and CMC Values of Gemini and Comparable Conventional Surfactants at 25 ° c  (Rosen, 2012)

C o m p o u n d M e d iu m C ; o ( l ( r 6) M C M C ( พ - %

[ C 1(,H 2 ,0 C H 2C H ( 0 C H 2C 0 0 N a + ) C H 2 ]20 h 20 4 8 4
C , , H 23C O O ~ N a  ๆ h 20 5 ,0 0 0 2 0 , 0 0 0

[ C io H 2 |O C H 2C H ( O C H 2C H 2C H  2 ร ๐ 3 N a + ] 2 0 h 20 8 3 3
C u H a S O j N a * ' h 20 4 ,4 0 0 9 ,8 0 0
[ C Î 0H 21O C H 2C H  ( S O ” N a + ) C H 2O C H 2l 2 h 20 1 13
C | 2H 25 ร 0 4 N a f h 20 3 . 1 0 0 8 ,2 0 0

[ C | 2 H 25N " ( C H 3) 2C H 2 |2 - 2 B r  1 h 20 — 8 4 0
[ C 12H 25N  + ( C H 3 ) 2C H 2C H O H ] 2 - 2 B r “ h 20 129 7 0 0
C 12H 25 N + ( C H 3 )3 -B r h 20 « 8 ,0 0 0 1 6 ,0 0 0
[ Q  2H 2 5N  (C  h 3) 2c H 2 |2C H O H  • 2 C 1 ~ 0.1 M  N a C l 0 .9 9 .6
[ C 12แ 25N 4' (C  H 3) 2C H 2C H 0 H ] 2 • 2 B r~ 0.1 M  N a C ! 0 .9 21

c ,  2 H 23N  ไ ฒ 3)3 - c r 0.1 A7 N a C l 1 ,9 5 0 5 ,7 6 0
( C | 1H 23 C 0 N H C H [ ( C H : ) 3 N H C ( N H 2) t  |C O N H C H 2) v  2 0 " h 20 1.9

6.V)
9 .5

C | |H Ï i C O N H C H |( C H i ) j N H C ( N H : ' ) l l C O O C H . r C r  
| C | , H 23C O N  H C H  f (C H  2) jN H C (  N H 2R  I C O N H C H i ) ,  • 2 C P

h 20 6 , 0 0 0

0 .0 1  M  N a C l 1 9 .2
C i i H i j c O N H C H K C H i l j N H C f N H i ) ,  I C O O C H j - C r 0 0 1  M  N a C l 5 0 2 7 0
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2 .2  M e th y l  E s t e r  S u l f o n a t e  ( M E S )

A lp h a s u lf o n a te d  m e th y l  e s te r  ( S M E )  is  m o r e  c o m m o n ly  k n o w n  to  th e  
in d u s try  a s  m e th y l  e s te r  s u l fo n a te  ( M E S ) . M E S  is  n e w  ty p e  o f  a n io n ic  s u r fa c ta n t  
w h ic h  is  d e r iv e d  f ro m  b io r e n e w a b le  r e s o u r c e s .  It is  th e  d e r iv a t iv e  o f  M e th y l E s te r  
(M E )  w h ic h  d e r iv e d  f ro m  n a tu r a l  f a ts  a n d  o i ls ,  r e n e w a b le  re s o u rc e s  s u c h  a s  p a lm  o il 
o r  c o c o n u t  o i l .  M E S  w a s  f i r s t  p r o d u c e d  in  th e  m id -1 9 5 0 s ,  s in c e  th e  บ .ร .  D e p a r tm e n t  
o f  A g r ic u l tu r e  w a n te d  to  f in d  th e  u s e s  o f  ta l lo w . S in c e  1 9 8 0 s , M E S  h a s  b e e n  
d e v e lo p e d  i t s  p r o p e r t ie s  a n d  p e r f o rm a n c e  to  b e  b e t te r  th a n  fo rm e r  d u e  to  an- in c re a s e  
o f  p e t ro le u m  a n d  p e t ro c h e m ic a l  p r ic e .

In  th e  fu tu re , M E S  is  e x p e c te d  to  r e p la c e  l in e a r  a lk y lb e n z e n e  s u l fo n a te  
(L A S ) , w h ic h  is  th e  m a in  c o m p o n e n t  in  c o m m e r c ia l  d e te rg e n ts .  T h e  r e a s o n s  a re

^  T h e  lo w  c o s t  o f  p r o d u c in g  M E S  a n d  its  e n v ir o n m e n ta l ly  
f r ie n d ly  p r o p e r t ie s  h a v e  b e e n  th e  d r iv in g  fo rc e  b e h in d  th e  in d u s t r y ’ร in te r e s t  in  
p r o d u c in g  i t  c o m m e rc ia l ly .

^  M E S  h a s  th e  p o te n t ia l  to  b io d e g r a d e ,f a s te r  th a n  L A S .

>  T h e  c o s t  to  m a n u fa c tu r e  M E S  is  lo w e r  th a n  th e  c o s t  to  
m a n u fa c tu r e  L A S  d u e  to  th e  h ig h  c o s t  o f  l in e a r  a lk y l  b e n z e n e  w h ic h  is  p ro d u c e d  
f ro m  p e t ro le u m  fe e d  s to c k s .

^  M E S  a ls o  h a s  r e c e iv e d  w o r ld w id e  r e c o g n it io n  b e c a u s e  o f  its  
e x c e l le n t  d e te rg e n c y  a n d  r e s i s ta n c e  to  w a te r  h a rd n e s s .
( C o h e n  et al, 1 9 9 9 , J o h a n s s o n  et al, 2 0 0 1 , M a u ra d  et a l, 2 0 0 6 , C o h e n  et al., 2 0 0 8 , 
L im  et a l, 2 0 0 9 )

2 .2 .1  M e th o d  o f  M E S  P re p a ra t io n  ( P r e e c h a s i l ,  2 0 0 9 )
M E S  p r o d u c t io n ,  is a  c o m p le x  p r o c e s s  th a t  c o n s is t s  o f  s e v e ra l  

p r o c e s s e s .  F ig u r e  2 .2  is  a  s c h e m a t ic  d ia g r a m  i l lu s t r a t in g  a ll p r o c e s s e s  o f  M E S  
p r o d u c t io n . F ir s t ,  n a tu ra l  f a t  &  o il a re  u s e d  to  p r o d u c e  m e th y l e s te r  k n o w n  as  
b io d ie s e l  b y  e s te r i f ic a t io n  p r o c e s s .  S e c o n d , s u l f u r  t r io x id e  (S O 3 ) is  a d d e d  to  th e  a lp h a  
c a r b o n  o f  a  m e th y l  e s te r  in  s u l fo n a t io n  p r o c e s s .  T h i rd , n e u tr a l iz a t io n  p r o c e s s  is  u s e d  
to  n e u tr a l is e  m e th y l  e s te r  s u l fo n ic  a c id , r e c e iv e d  p r o d u c t  f ro m  s u l f o n a t io n  p ro c e s s . 
F in a l ly ,  M E S  is  p o w d e re d  b y  p o w d e r iz a t io n  p r o c e s s  to  b e  e a sy  to  h a n d le .



CHi-OCO-R
CH -OCO-R
CH2-OCO-R 

N a t u r a l  F a t  &  O i l

E s te r if ic a t io n

R  0พ / -
O — C H  3

M e t h y l  E s t e r

S u l fo n a t io n

R v < 0  C H
S 0 3 N a  0  C H 3

M e t h y l  E s t e r  S u l f o n ic  a c id

N e u tr a l iz a t io n

R

ไ ^ o - c h 3

M e th y l  E s t e r  S u l f o n a t e  ( M E S )  

P o w d e r iz a t io n

V

M E S  P o w d e r

F i g u r e  2 .2  M E S  P ro d u c t io n  P ro c e s s .  ( P r e e c h a s i l ,  2 0 0 9 )
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2 .3  M e t h y l  E s t e r  E th o x y la t e  ( M E E )  (C o x  et a l, 1 9 9 7 , C o x , 1 9 9 8 )

D u r in g  th e  p a s t  d e c a d e  o r  s o , M E E  g a in e d  in c re a s in g  a t te n t io n . T h e  d r iv in g  
fo rc e  f o r  th is  a t t e n t io n  is  tw o fo ld :

^  M e th y l e s te r s  a re  m a jo r  i te m s  o f  c o m m e r c e  a v a i la b le  f ro m  
t r ig ly c e r id e  o i ls  a n d  f ro m  th e  e s te r i f ic a t io n  o f  f a t ty  a c id s .

^  M E E  a ls o  g iv e s  d e te rg e n t  m a n u fa c tu r e r s  a n o th e r  c h o ic e  f ro m  
th e  e th o x y la te  m e n u .

In  th e  f u tu re ,  M E E  is  e x p e c te d  to  r e p la c e  a lc o h o l  e th o x y la te s  ( E O ) , w h ic h  
a re  th e  m a in  c o m p o n e n ts  in  c o m m e r c ia l  d e te rg e n ts  a n d  is  p r o d u c e d  f ro m  p e t ro le u m  
fe e d  s to c k s . T h e  r e a s o n s  a re

^  M E E  c o s t  in  c o m p a r i s o n  to  o th e r  d e te r g e n t  f ro m  p e t ro le u m  
fe e d  s to c k s  d u e  to  a n  in c re a s e  o f  p e t ro le u m  a n d  p e t ro c h e m ic a l  p r ic e .

^  M E E  is  a  f r ie n d ly  e n v i r o n m e n ta l  s u r f a c ta n t  a s  it  is  p ro d u c e d  
f ro m  r e n e w a b le  r e s o u r c e .

^  T h e  o r g a n iz a t io n  f o r  E c o n o m ic  C o o p e r a t io n  a n d  D e v e lo p m e n t  
w o u ld  d e f in e  m e th y l  e s te r  e th o x y la te s  a s  b e in g  “ in h e r e n t ly  b io d e g r a d a b le ”

^  T h e  b e t te r  p r o p e r t ie s  o f  M E E  c o m p a re d  to  a lc o h o l e th o x y la te s
(E O ).
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2 .4  P a lm  O il

P a lm  o il is  th e  m o s t  p o p u la r  v e g e ta b le  o il w o r ld w id e .  R e c e n tly  p a lm  o il 
b e c a m e  n u m b e r  o n e  a s  th e  m o s t  w id e ly  p r o d u c e d  a n d  c o n s u m e d  o il in  th e  w o r ld  as 
s h o w n  in  ta b le  2 .3 . P ro d u c t io n  o f  p a lm  o il is  m o r e  s u s ta in a b le  th a n  c r o p  b a s e d  
v e g e ta b le  o i ls  s u c h  a s  s o y b e a n  a n d  ra p e s e e d . It c o n s u m e s  c o n s id e r a b ly  le s s  e n e r g y  in  
p r o d u c t io n ,  u s e s  le s s  la n d  a n d  g e n e ra te s  m o re  o il p e r  h e c ta re .  O n ly  0 .2 6  h e c ta r e s  o f  
la n d  a re  re q u ire d  to  p r o d u c e  o n e  to n  o f  o i l  f ro m  o il p a lm , w h i le  s o y b e a n , s u n f lo w e r  
a n d  r a p e s e e d  r e q u ire  2 .2 ,  2  a n d  1.5 h e c ta re s  r e s p e c t iv e ly  to  p r o d u c e  o n e  to n  o f  o il 
( P r o d u c ts ,  2 0 1 2 ).

P a lm  o il is  h e a l th y  a n d  v e r s a t i le ,  a n d  it d o e s  n o t  r e q u i r e  h y d r o g e n a t io n  fo r  
m o s t  o f  its  u se  l ik e  a ll  o th e r  v e g e ta b le  o i ls . P a lm  o il h a s  b e e n  d e s ig n a te d  a s  
c h o le s te ro l - f r e e  a n d  d o e s  n o t c o n ta in  t r a n s  fa tty  a c id s .  T h e  o i l  is  w id e ly  u s e d  a s  a  
c o o k in g  o i l ,  a s  an  in g r e d ie n t  in  m a rg a r in e ,  a n d  is  a  c o m p o n e n t  o f  m a n y  p r o c e s s e d  
fo o d s . It is  a lso  u s e d  a s  a  f e e d s to c k  fo r  p r o d u c in g  s o a p s , w a s h in g  p o w d e r s ,  p e r s o n a l  
c a re  p ro d u c ts ,  a n d  b io f u e l  (P r o d u c ts ,  2 0 1 2 ) .

P a lm  o il h a s  a  b a la n c e d  r a t io  o f  u n s a tu ra te d  a n d  s a tu r a te d  fa tty  a c id s .  It 
c o n ta in s  4 0 %  o le ic  a c id ,  1 0 %  l in o le ic  a c id , 4 5 %  p a lm it ic  a c id  a n d  5 %  s te a r ic  a c id  
( P r o d u c ts ,  2 0 1 2 ).

T a b l e  2 .3  W o rld  p r o d u c t io n  a n d  c o n s u m p t io n  o f  th e  m a in  v e g e ta b le  o i ls  
( m i l l io n s  o f  to n n e s )  ( a g r i t r a d e ,  2 0 1 2 )

2009/10 2010/11 2011/12-
Production 138.75 143.94 149.59

1 Palm oil 46.06 49,12 51.49
Soybean oil 38.89 41.38 41.72
Sunflower oil 12.62 12.45 14.63
Rapeseed oil 2 3 7 5 23.62 23.64

C onsum ption 138.11 143.87 149.67
^ a lr r u i i^ ^ 46.45 48.25 51.43

Soybean oil 38.03 41.68 42.28
Sunflower oil 12.94 12.59 14.27
Rapeseed oil 23.23 24.04 23.7
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2 .4 .1  O le ic  A c id
O le ic  a c id  is  a  fa tty  a c id  th a t  o c c u r s  n a tu ra l ly  in  v a r io u s  a n im a l  a n d  

v e g e ta b le  fa ts  a n d  o i ls . It is  a n  o d o r le s s ,  c o lo u r le s s  o i l ,  a l th o u g h  c o m m e r c ia l  s a m p le s  
m a y  b e  y e l lo w is h . In  c h e m ic a l  te r m s , o le ic  a c id  is  c la s s i f ie d  a s  a  m o n o u n s a tu r a te d  
o m e g a -9  fa t ty  a c id , a b b re v ia te d  w i th  a  l ip id  n u m b e r  o f  18:1 c is - 9 . I t h a s  th e  f o rm u la  
C H 3 ( C H 2 ) 7 C H = C H ( C H 2 ) 7C O O H . T h e  te rm  " o le ic "  m e a n s  r e la te d  to , o r  d e r iv e d  
f ro m , o i l  o r  o l iv e , th e  o i l  th a t  is  p r e d o m in a n t ly  c o m p o s e d  o f  o le ic  a c id  ( w ik ip e d ia ,  
2 0 1 3 ) .

F i g u r e  2 .3  S tr u c tu re  o f  o le ic  a c id , ( w ik ip e d ia ,  2 0 1 3 )  

T a b l e  2 .4  P ro p e r t ie s  o f  o le ic  a c id  ( w ik ip e d ia ,  2 0 1 3 )

, . - -« 1 . ; . T - -, •- ... : 1 : - ■ ' i
P r o p e r t i e s

M o le c u la r  f o r m u la C 18H 34O 2

M o la r  m a s s 2 8 2 .4 6  g  m o f 1

D e n s ity 0 .8 9 5  g /m L

M e l t in g  p o in t 1 3 -1 4  ° c ,  2 8 6 -2 8 7  K , 5 5 -5 7  °F

B o il in g  p o in t 3 6 0  °c, 6 3 3  K , 6 8 0  °F

S o lu b i l i ty  in  w a te r I n s o lu b le

S o lu b i l i ty  m e th a n o l S o lu b le
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2 .4 .2  L in o le ic  A c id
L in o le ic  a c id  (L A )  is  a n  u n s a tu ra te d  o m e g a - 6  fa tty  a c id . I t is  a  

c o lo r le s s  l iq u id  a t  ro o m  te m p e ra tu re .  In  p h y s io lo g ic a l  l i te r a tu re ,  it h a s  a  l ip id  
n u m b e r  o f  1 8 :2  c is ,c is -9 ,1 2 . C h e m ic a l ly ,  l in o le ic  a c id  is  a  c a r b o x y l ic  a c id  w i th  a n  
1 8 -c a rb o n  c h a in  a n d  tw o  cis d o u b le  b o n d s ;  th e  f ir s t  d o u b le  b o n d  is  lo c a te d  a t  th e  
s ix th  c a r b o n  f r o m  th e  m e th y l e n d . L in o le ic  a c id  b e lo n g s  to  o n e  o f  th e  tw o  f a m il ie s  
o f  e s s e n t ia l  f a t ty  a c id s .  T h e  b o d y  c a n n o t  s y n th e s iz e  l in o le ic  a c id  f ro m  o th e r  fo o d  
c o m p o n e n ts  .

6
CO
1

H O \ ^  \ 9 ^  ^ 1 2

F i g u r e  2 .4  S t r u c tu r e  o f  l in o le ic  a c id , (w ik ip e d ia ,  2 0 1 3 )  

T a b l e  2 .5  P r o p e r t ie s  o f  l in o le ic  a c id  ( w ik ip e d ia ,  2 0 1 3 )

P r o p e r t i e s

M o le c u la r  f o rm u la C 18H 3 2 O 2

M o la r  m a s s 2 8 0 .4 5  g  m o L 1

A p p e a r a n c e C o lo r le s s  o i l

D e n s i ty 0 .9  g /c m 3

M e l t in g  p o in t - 5  °c (2 3  ° F )  
- 1 2  ๐c  (1 0  °F )

B o i l in g  p o in t 2 3 0  ๐c  (4 4 6  ๐F ) a t  21  m b a r  
2 3 0  °c ( 4 4 6  °F )  a t  16  m m H g

S o lu b i l i ty  in  w a te r 0 .1 3 9  m g /L

V a p o r  p re s s u re 16 T o r r  a t  2 2 9  ๐c
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2 .4 .3  P a lm it ic  A c id
P a lm i t ic  a c id , o r  h e x a d e c a n o ic  a c id  in  I U P A C  n o m e n c la tu r e ,  is th e  

m o s t  c o m m o n  fa tty  a c id  ( s a tu ra te d )  fo u n d  in  a n im a ls ,  p la n t s  a n d  
m ic r o o r g a n i s m s .^  I ts  m o le c u la r  f o rm u la  is  C H 3 ( C H 2 ) i 4 C 0 2 H . A s  its  n a m e  in d ic a te s , 
it  is  a  m a jo r  c o m p o n e n t  o f  th e  o il f ro m  p a lm  tr e e s  ( p a lm  o i l ,  p a lm  k e rn e l ,  a n d  p a lm  
k e rn e l  o i l) ,  b u t  c a n  a lso  b e  fo u n d  in  m e a ts , c h e e s e s ,  b u tte r ,  a n d  d a iry  
p ro d u c ts .  P a lm ita te  is  a  te rm  fo r  th e  s a lts  a n d  e s te r s  o f  p a lm i t i c  a c id . T h e  p a lm ita tQ . 
a n io n  is  th e  o b s e r v e d  fo rm  o f  p a lm it i c  a c id  a t  b a s ic  p H  ( w ik ip e d ia ,  2 0 1 3 ) .

F i g u r e  2 .5  S tr u c tu r e  o f  p a lm it ic  a c id , (w ik ip e d ia ,  2 0 1 3 )  

T a b l e  2 .6  P ro p e r t ie s  o f  p a lm it ic  a c id  ( w ik ip e d ia ,  2 0 1 3 )

P r o p e r t i e s

M o le c u la r  fo rm u la C 16H 3 2 O 2

M o la r  m a s s 2 5 6 .4 2  g /m o l

A p p e a r a n c e W h ite  c ry s ta ls

D e n s i ty 0 .8 5 3  g /c m 3 a t  6 2  ° c

M e l t in g  p o in t 6 2 .9  ° c

B o i l in g  p o in t 3 5 1 -3 5 2  ° c ,  2 1 5  ° c  a t  15 m m H g

S o lu b i l i ty  in  w a te r In s o lu b le

A c id i ty  (pX a) 4 .7 8
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2 .4 .4  S te a r ic  A c id
S te a r ic  a c id  is  th e  s a tu ra te d  fa t ty  a c id  w ith  a n  18 c a rb o n  c h a in  a n d  h a s  

th e  I U P A C  n a m e  o c ta d e c a n o ic  a c id . It is  a  w a x y  s o lid , a n d  i ts  c h e m ic a l  f o r m u la  is 
C H 3( C H 2 ) i6 C 0 2H . I ts  n a m e  c o m e s  f ro m  th e  G r e e k  w o rd  o x é a p  "stéar", w h ic h  m e a n s  
ta l lo w .  T h e  s a l ts  a n d  e s te r s  o f  s te a r ic  a c id  a re  c a l le d  s te a ra te s .  S te a r ic  a c id  is  o n e  o f  
th e  m o s t  c o m m o n  s a tu ra te d  f a t ty  a c id s  fo u n d  in  n a tu r e  f o l lo w in g  p a lm i t i c  a c id  
( w ik ip e d ia ,  2 0 1 3 ) .

F i g u r e  2 .6  S t r u c tu re  o f  s te a r ic  a c id , ( w ik ip e d ia ,  2 0 1 3 )  

T a b l e  2 .7  P ro p e r t ie s  o f  s te a r ic  a c id  (w ik ip e d ia ,  2 0 1 3 )

P r o p e r t i e s

; M o le c u la r  f o r m u la
1 ...........................

C 18H 3 6 O 2
[
M o la r  m a ss 2 8 4 .4 8  g  m o l-1

A p p e a r a n c e w h ite  so lid

D e n s i ty 0 .8 4 7  g /c m 3 a t 7 0  ° c

M e l t in g  p o in t 6 9 .6  ° c ,  34 3  K , 1 5 7  °F

B o il in g  p o in t 3 8 3  ° c ,  6 5 6  K , 72 1  °F

S o lu b i l i ty  in  w a te r 3 m g /L  (2 0  ° C )

R e f ra c t iv e  in d e x  (nD) 1 .4 2 9 9
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T h e s e  f a t ty  a c id s  a re  b o n d e d  in  g r o u p s  o f  th re e  l in k e d  b y  a  g ly c e r in e  
m o le c u le  to  fo rm  a  t r ig ly c e r id e  a s  s h o w n  b e lo w :

__________ f _  1อ ฺแ2 ----- o ------C --------R
๐

C H -----  O ------C ------- r "

_  I  1,,
<ะแ2 ------- O ------- c -------- R 1"

F i g u r e  2 .7  S t r u c tu r e  o f  t r ig ly c e r id e .

W h e re  R 1, R 11, R 111 r e p r e s e n t  f a tty  a c id s  w h ic h  m a y  o r  m a y  n o t  b e  th e  s a m e  (P ic , 
2 0 1 3 )

2 .5  R e m o v a l  o f  O i ly  S o i l  f r o m  F a b r i c s

R e m o v a l  o f  o i ly  so il f ro m  f a b r ic s  is  a  c o m p lic a te d  p r o c e s s  th a t  h a s  b e e n  
s tu d ie d  f o r  m a n y  y e a r s  (H il ly e r , 1 9 0 3 ). S e v e ra l  m e c h a n is m s  c a n  c a u s e  o i ly  so il 
r e m o v a l ,  in c lu d in g  r o l l - u p  o r  ro l l -b a c k ,  e m u ls i f ic a t io n  a n d  s o lu b i l i z a t io n  ( T a n th a k i t  
et a l, 2 0 0 8 ) .

2 .5 .1  R o l l - u p  o r  R o l l - b a c k  M e c h a n is m  ( R o s e n ,  2 0 1 2 )
O i ly  s o i l  is  g e n e ra l ly  r e m o v e d  ~by th e  ro l l -b a c k  m e c h a n is m  in  w h ic h  

th e  c o n ta c t  a n g le  th a t  th e  l iq u id  so i l m a k e s  w i th  th e  s u b s tr a te  is  in c re a s e d  b y  
a d s o r p t io n  o f  s u r f a c t a n t  f ro m  th e  c le a n in g  b a th .

Substrate ('ร) Substrate (ร)

Before adhesion A fte r adhesion

F i g u r e  2 .8  A d h e s io n a l  w e t t in g .  (R o s e n , 2 0 1 2 )
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F ig u re  2 .8  s h o w s  th e  s i tu a t io n  o f  a  l iq u id  so il a d h e r in g  to  a  s u b s t r a te  
in  th e  p r e s e n c e  o f  a ir . T h e  r e v e r s ib le  w o r k  to  r e m o v e  th e  l iq u id  o i ly  so i l (O )  f ro m  th e  
s u b s tr a te  is  g iv e n  b y  th e  e x p re s s io n s

พ o/s(A ) — Ysa  +  Yoa  — Y so (2 -1 )

W o /s(A ) =  Yoa  ( c o s  e  +  1 )  (2 .2 )
W h e re  9 is  th e  c o n ta c t  a n g le .
O n  th e  o th e r  h a n d , i f  th e  a i r  is  r e p la c e d  b y  c le a n in g  b a th  a s  s h o w n  in  F ig u re  2 .8 ,  th e  
w o rk  o f  a d h e s io n  o f  th e  l iq u id  s o i l  fo r  th e  s u b s tr a te  w i l l  b e  n o w  g iv e n  b y  th e  
e x p re s s io n

W o /s(B ) =  Ysb  +  Yob  — Y so (2 -3 )

W o /s(B ) =  Yo b ( c o s  0  +  1 )  (2 .4 )

a n d  th e  c o n ta c t  a n g le  b y  th e  e x p r e s s io n

COS 9 = Ysb~^°- (2 .5 )
' O B

F ig u r e  2 .9  C o n ta c t  a n g le  a t  th e  b a t h - l i q u i d  s o i l - s u b s t r a t e  ju n c t io n .  ( R o s e n , 2 0 1 2 )
A t a  c le a n in g  b a th ,  s u r f a c ta n t s  w i l l  a d s o rb  a t  th e  s u b s t r a t e - b a th  (S B )  

a n d  liq u id  s o i l - b a th  ( O B )  in te r f a c e s  a s  to  r e d u c e  Y s b  a n d  Y o b - R e d u c t io n  in  Y s b  w il l  

a ls o  c a u s e  a  d e c r e a s e  in  c o s  9 a n d  a n  in c r e a s e  in  9, r e s u l t in g  in  th e  o b s e rv e d  r o l l ­
b a c k  o f  th e  l iq u id  so il.

^  I f  th e  c o n ta c t  a n g le  is  18 0°, th e  b a th  w i l l  s p o n ta n e o u s ly  
c o m p le te ly  d is p la c e  th e  l iq u id  s o i l  f ro m  th e  s u b s tra te .
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^  I f  th e  c o n ta c t  a n g le  is  le s s  th a n  1 8 0 °  b u t  m o re  th a n  9 0 °  
a s  s h o w n  in  F ig u re  2 .1 0 ,  th e  s o il w i l l  n o t  b e  d i s p la c e d  s p o n ta n e o u s ly  b u t  c a n  b e  
r e m o v e d  b y  h y d ra u l ic  c u r r e n ts  in  th e  b a th .

F i g u r e  2 .1 0  C o m p le te  r e m o v a l  o f  o i l  d r o p le ts  f ro m  s u b s tr a te  b y  h y d r a u l ic  c u r r e n ts  
( a r ro w s )  w h e n  9 0 °  < 9 < 1 8 0 ° .  ( R o s e n ,  2 0 1 2 )

^  I f  th e  c o n ta c t  a n g le  is  le s s  th a n  9 0 °  a s  s h o w n  in  F ig u re
2 . 1 1 , a t  le a s t  p a r t  o f  th e  o i ly  so il w i l l  r e m a in  a t ta c h e d  to  th e  s u b s tr a te ,  e v e n  w h e n  it  is  
s u b je c te d  to  th e  h y d r a u l ic  c u r r e n ts  o f  th e  b a th , a n d  m e c h a n ic a l  w o rk  o r  s o m e  o th e r  
m e c h a n is m  (e .g ., s o lu b i l i z a t io n )  is  r e q u i r e d  to  r e m o v e  th e  r e s id u a l  s o il f ro m  th e  
s u b s tr a te .

F i g u r e  2 .1 1  R u p tu re  a n d  in c o m p le te  r e m o v a l  o f  la r g e  o i l  d r o p le ts  b y  h y d r a u l ic  
c u r r e n ts  ( a r ro w s )  w h e n  0< 90 ° . A  s m a l l  d r o p le t  r e m a in s  a t ta c h e d  to  th e  s u b s tr a te .  
(R o s e n , 2 0 1 2 )
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2 .5 .2  S o lu b i l iz a t io n  ( T a n th a k i t ,  2 0 0 9 )
S o lu b i l iz a t io n  is  o n e  o f  th e  im p o r ta n t  p r o p e r t ie s  o f  s u r fa c ta n ts  th a t  is 

d i re c t ly  r e la te d  to  m ic e l le  f o rm a t io n . S o lu b i l iz a t io n  m a y  b e  d e f in e d  a s  th e  
s p o n ta n e o u s  d i s s o lv in g  o f  a  s u b s ta n c e  ( s o l id ,  l iq u id , o r  g a s )  b y  r e v e r s ib le  in te r a c t io n  
w i th  th e  m ic e l le s  o f  a  s u r fa c ta n t  in  a  s o lv e n t  to  fo rm  a  th e rm o d y n a m ic a l ly  s ta b le  
is o tr o p ic  s o lu t io n  w i th  re d u c e d  th e rm o d y n a m ic  a c t iv i ty  o f  th e  s o lu b i l i z e d  m a te r ia l .

S o lu b i l iz a t io n  is  d i s t in g u is h e d  f ro m  e m u ls i f i c a t io n  b y  th e  f a c t  th a t  in  
s o lu b i l i z a t io n ,  th e  s o lu b i l i z e d  m a te r ia l  ( th e  ‘s o lu b i l i z a te ’) is  in  th e  s a m e  p h a s e  a s  th e  
s o lu b i l i z in g  s o lu t io n  a n d  th e  s y s te m  is  c o n s e q u e n t ly  th e rm o d y n a m ic a l ly  s ta b le .

In  d e te rg e n c y , w h e re  s o lu b i l i z a t io n  is  b e l ie v e d  to  b e  o n e  o f  th e  m a jo r  
m e c h a n is m s  in v o lv e d  in  th e  r e m o v a l  o f  o i ly  so i l . T h is  is  b a s e d  o n  th e  o b s e rv a t io n  
th a t  o i ly  s o i l  r e m o v a l  f ro m  b o th  h a r d  a n d  te x t i l e  s u r fa c e s  b e c o m e s  s ig n if ic a n t  o n ly  
a b o v e  th e  C M C  fo r  n o n io n ic s  a n d  e v e n  fo r  s o m e  a n io n ic s  h a v in g  lo w  C M C s . A  
c o n s id e ra b le  a m o u n t  o f  r e s e a rc h  h a s  b e e n  d e v o te d  to  th e  r e m o v a l  o f  o i ly  s o i l  b y  
n o n io n ic  s u r fa c ta n ts  a n d  fo u n d  th a t  o p t im a l  o i ly  s o i l  d e te rg e n c y  h a s  b e e n  c o r r e la te d  
w ith  th e  P IT , b o th  f o r  P O E  n o n io n ic  s u r f a c ta n ts  a n d  fo r  P O E  n o n io n i c - a n io n ic  

m ix tu r e s ,  b e c a u s e  Y ow  re a c h e s  i ts  m in im u m  v a lu e  a t  th e  P IT . M o re o v e r ,  th e  

s o lu b i l i z a t io n  o f  n o n p o la r  m a te r ia l  in c re a s e s  m a rk e d ly  w i th  s e p a r a t io n  o f  th e  
s u r f a c ta n t - r ic h  m id d le  p h a s e . T h u s , c o n d i t io n s  a re  o p t im u m  a t th e  P IT  f o r  th e  
r e m o v a l  o f  o i ly  s o il b y  th e  ro l l -b a c k  m e c h a n is m .

T h e  e x te n t  o f  s o lu b i l i z a t io n  o f  th e  o i ly  s o il d e p e n d s  o n  th e  c h e m ic a l  
s tru c tu re  o f  th e  s u r f a c ta n t ,  its  c o n c e n t r a t io n  in  th e  b a th , a n d  th e  te m p e ra tu re .  A t  lo w  
b a th  c o n c e n t r a t io n s  o n ly  a  r e la t iv e ly  s m a ll  a m o u n t  o f  o i ly  s o i l  c a n  b e  s o lu b i l i z e d ,  
w h e re a s  a t  h ig h  s u r f a c ta n t  c o n c e n t r a t io n s  ( 1 0 - 1 0 0  t im e s  th e  C M C ) , s o lu b i l i z a t io n  is 
m o re  s im i la r  to  m ic r o e m u ls io n  f o r m a t io n  a n d  th e  h ig h  c o n c e n t r a t io n  o f  s u r f a c ta n t  
c a n  a c c o m m o d a te  a  m u c h  la rg e r  a m o u n t  o f  o i ly  m a tte r .

2 .5 .3  E m u ls i f ic a t io n  ( T a n th a k i t ,  2 0 0 9 , R o s e n , 2 0 1 2 )
A n  e m u ls io n  is  a  s ig n i f ic a n t ly  s ta b le  s u s p e n s io n  o f  p a r t ic le s  o f  l iq u id  

o f  a  c e r ta in  s iz e  w i th in  a  s e c o n d , im m is c ib le  l iq u id . T h e  te r m  s ig n if ic a n t ly  s ta b le  
m e a n s  r e la t iv e  to  th e  in te n d e d  u se  a n d  m a y  r a n g e  f ro m  a  f e w  m in u te s  to  a  f e w  y e a rs .
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In v e s t ig a to r s  in  th is  f ie ld  d is t in g u is h  b e tw e e n  th re e  d i f f e r e n t  ty p e s  o f  e m u ls io n s , 
b a s e d  u p o n  th e  s iz e  o f  th e  d i s p e r s e d  p a r t ic le s :

( 1 ) m a c r o e m u ls io n s ,  th e  m o s t  w e l l - k n o w n  ty p e , o p a q u e  
e m u ls io n s  w i th  p a r t ic le s  > 4 0 0  n m  (0 .4  m m ) ,  e a s i ly  v i s ib le  u n d e r  a  m ic ro s c o p e .

(2 ) m ic r o e m u ls io n s ,  t r a n s p a re n t  d i s p e r s io n s  w i th  p a r t ic le s  < 1 0 0

n m  ( 0 . 1  m m )  in  s iz e .
(3 )  n a n o e m u ls io n s  ( m in ie m u ls io n s ) ,  a  ty p e  th a t  is  b lu e - w h ite ,  

w i th  p a r t ic le  s iz e s  b e tw e e n  th o s e  o f  th e  f i r s t  tw o  ty p e s  (1 0 0 ^ 1 0 0  n m  [ 0 .1 - 0 .4  m m ]) .

2 .6  M ic r o e m u ls io n

M ic ro e m ù ls io n  is  o n e  ty p e  o f  e m u ls io n s  w h ic h  a re  m is c ib i l i ty  o r  s u s p e n s io n  
a  l iq u id  in  a  s e c o n d  im m is c ib le  l iq u id  w i th  a  ro le  o f  e m u ls i fy in g  a g e n t ,  c la s s i f ie d  b y  
d e p e n d in g  o n  th e  s iz e  o f  th e  d i s p e r s e d  p a r t i c le s  ( th e  p a r t ic le s  th a t  a r e  d is p e r s e d  in  
a n o th e r  l iq u id ) . M ic ro e m u ls o n  h a s  th e  s iz e  o f  d i s p e r s e d  p a r t ic le s  <  1 0 0  n m  (0 .1  p m ) . 
A t  th is  r e s e a rc h  w o rk , tw o  im m is c ib le  l iq u id  a re  o il a n d  w a te r ,  th e  e m u ls i fy in g  a g e n t  
is  s u r fa c ta n t .

S e v e ra l  s p e c ia l  c h a r a c te r i s t ic s  a r e  p r e s e n t  in  m ic r o e m u ls io n :
(1 )  U l t r a lo w  in te r f a c ia l  te n s io n  ( w a te r -o i l  in te r fa c ia l  te n s io n  ~  1 0 ‘3 

m N /ra  w h ic h  is  lo w e r  th a n  o r d in a r y  w a te r - o i l  in te r fa c ia l  te n s io n )
(2 )  H ig h  S o lu b i l iz a t io n  ( th e  n u m b é r s  o f  o i l  c a n  b e  h o ld  in  m ic e l le ,  

c lu s te r s  o f  s u r fa c ta n t ,  to  p r e v e n t  o i l  r e d e p o s i t io n )
(3 )  S p o n ta n e o u s  F o r m a t io n  ( r e q u ir in g  l i t t le  o r  n o  in p u t  o f  

m e c h a n ic a l  e n e rg y  fo r  m ic r o e m u ls io n  f o rm a t io n )
(4 )  T h e r m o d y n a m ic  S ta b i l i ty
(5 )  O p t ic a l ly  C le a r  A p p e a r a n c e
( 6 ) L o w  V is c o s i ty

A s  a  r e s u lt  o f  th e s e  s p e c ia l  c h a r a c te r i s t ic s ,  u s e s  a n d  a p p l ic a t io n s  o f  m ic r o ­
e m u ls io n  h a v e  b e e n  in c r e a s e d  f o r  s u p p ly in g  o f  th e  w o r ld . T h e  a p p l ic a t io n  o f  
m ic r o e m u ls io n  is  n o t o n ly  in  d e t e rg e n c y  a s p e c t  b u t  a ls o  in  s e v e ra l  a s p e c ts  s u c h  a s  
e n h a n c e d  o i l  r e c o v e ry , c o a t in g s  a n d  te x t i l e  f in is h in g , c o s m e t ic s ,  fo o d , 
p h a rm a c e u t ic a ls ,  e tc  ( T o n g c u m p o u  et al. , 2 0 0 3 ,  C h e n  et al., 2 0 0 7 , R o s e n ,  2 0 1 2 ) .
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2 .6 .1  T y p e  o f  M ic r o e m u ls io n s
M ic ro e m u ls io n s  c a n  b e  c la s s i f ie d  in to  f o u r  ty p e s  w h ic h  b a s e  o n  p h a s e  

e q u i l ib r iu m  ( R o s e n , 2 0 1 2 ) ;
1. W in s o r  T y p e  I: T h e r e  a re  tw o  p h a s e s  in  th i s  ty p e  w h ic h  

c o n s is t s  o f  o i l  in  w a te r  (o /w )  p h a s e , o i l  d ro p le ts  ( d is c o n t in u o u s  o r  in n e r  p h a s e )  
d i s p e r s e  in  th e  w a te r  p h a s e  ( c o n t in u o u s  o r  o u te r  p h a s e ) ,  a n  e x c e s s  o il p h a s e . 
S u r fa c ta n t  is  p r e f e re n t ia l ly  s o lu b le  in  w a te r .

2 . W in s o r  T y p e  II: T w o  p h a s e s  a re  p r e s e n t  in  th is  ty p e . W a te r  in  
o i l  (w /o ) , w a te r  d ro p le ts  ( d is c o n t in u o u s  o r  in n e r  p h a s e )  d is p e r s e  in  th e  o i l  p h a s e  
( c o n t in u o u s  o r  o u te r  p h a s e ) ,  c a n  b e  in  e q u i l ib r iu m  w i th  a n  e x c e s s  w a te r  p h a s e . 
S u r fa c ta n t  is  p r e f e re n t ia l ly  s o lu b le  in  o i l .

3 . W in s o r  T y p e  I II : T h is  ty p e  c o n s is ts  o f  th r e e  p h a s e s .  T h e  
m id d le  p h a s e  (o il ,  w a te r , a n d  s u r fa c ta n t )  c a n  b e  in  e q u i l ib r iu m  w i th  b o th  e x c e s s  o f  
w a te r  a n d  o il p h a s e s .

4 . W in s o r  T y p e  IV : T h is  ty p e  h a s  o n ly  o n e  p h a s e  ( s in g le  p h a s e ) .  
O i l ,  w a te r ,  a n d  s u r fa c ta n t  a r e  h o m o g e n e o u s ly  m ix e d .

2 .7  P h a s e  B e h a v io r  a n d  M i c r o e m u l s io n  F o r m a t i o n  ( T o n g c u m p o u  et al. , 2 0 0 3 , 
P re e c h a s i l ,  2 0 0 9 , R o s e n , 2 0 1 2 )

In  th e  p h a s e  t r a n s i t io n  b e h a v io r  a n d  m ic r o e m u ls io n  f o rm a t io n  a re  c o n tr o l le d  
b y  th e  h ÿ d r o p h i le - l ip o p h i le  b a la n c e  ( H L B )  o f  th e  s y s te m . I t m e a n s  th a t  to  a c h ie v e  a  
m ic r o e m u ls io n ,  th e  H L B  o f  th e  s y s te m  m u s t  b e  c h a n g e d  to  b e  s u i ta b le  fo r  f o rm in g  
th a t  m ic r o e m u ls io n .  T h e  H L B  is  th e  b a l a n c e  b e tw e e n  th e  h y d r o p h i l ic  a n d  l ip o p h i l ic  
( h y d ro p h o b ic )  p o r t io n s  o f  s u r fa c ta n t .  T h e r e  a re  s e v e ra l  f a c to r s  th a t  in f lu e n c e  th e  
H L B  a l te ra t io n ;

( 1 ) ty p e  o f  s u r f a c ta n t  a n d  th a t  o f  o i ly  s o i l  ( e a c h  s u r f a c t a n t  a n d  o i ly  s o il 
h a v e  a n  in d iv id u a l  H L B ).

(2 )  E le c t ro ly te  c o n c e n t r a t io n  o r  S a l in i ty  (T h is  f a c to r  is  a lw a y s  u s e d  f o r  
io n ic  s u r f a c ta n t  s y s te m . W h e n  th e  s a l in i ty  is  in c re a s e d , th e  H L B  d e c r e a s e  b e c a u s e  
r e d u c t io n  o f  th e  e le c tr ic a l  in te r a c t io n  o f  th e  io n ic  h e a d  g r o u p  c a n  c a u s e  th e  s u r f a c ta n t
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to  c h a n g e  f ro m  h y d r o p h i l ic  to  l ip o p h i l ic .  O n  th e  o th e r  h a n d , i f  th e  s a l in i ty  is  
d e c re a s e d , th e  H L B  in c re a s e ) .

( 3 )  . T e m p e r a tu r e  ( T e m p e ra tu re  c a n  o f te n  a f fe c t  n o n io n ic  s u r fa c ta n t  
s y s te m . I f  th e  t e m p e ra tu re  is  r a is e d , th e  H L B  d e c r e a s e  d u e  to  th e  in c re a s e d  
d y h y d ra t io n  o f  P O E  c h a in s  w h ic h  in c re a s e s  th e  l ip o p h i l ic .  In  c o n tra s t ,  th e  
te m p e ra tu re  is  lo w e re d , th e  H L B  in c re a s e ) .

( 4 )  . P re s e n t  o f  c o s u r f a c ta n ts  ( I f  a  s y s te m  h a s  tw o  o r  m o re  tw o  
s u r f a c ta n ts  ( w h ic h  h a v e  th e  d i f f e re n t  H L B ) ,  th e  H L B  n u m b e r  o f  th e  m ix tu r e  is  th e  
w e ig h te d  a v e r a g e  o f  th e  in d iv id u a l  H L B  n u m b e r s .

F o r  e x a m p le , i f  a  m ix tu r e  o f  2 0 %  p a r a f f in  w a x  (H L B  =  1 0 ) a n d  8 0 %  
a ro m a tic  m in e ra l  o il (H L B  =  13) is  to  b e  e m u ls i f i e d  th e n  th e  H L B  n u m b e r  o f  th e  
e m u ls i fy in g  a g e n t  c o m b in a t io n  s h o u ld  b e  (1 0  X 0 .2 0 )  +  (1 3  X 0 .8 0 )  =  12 .4 . F o r  th is  
p u rp o s e  a  m ix tu r e  o f  6 0 %  o f  P O E  la u ry l a lc o h o l  m a d e  f ro m  23  m o l o f  e th y le n e  o x id e  
(H L B  =  1 6 .9 )  a n d  4 0 %  P O E  o f  c e ty l a lc o h o l  m a d e  f ro m  2  m o l o f  e th y le n e  o x id e  
(H L B  =  5 .3 )  c o u ld  b e  tr ie d :

H L B  =  (1 6 .9  X 0 .6 0 )  +  (5 .3  X 0 .4 0 )  =  12 .2
T o  d e te rm in e  th e  o p tim u m  e m u ls i f i e r  c o m b in a t io n ,  h o w e v e r ,  v a r io u s  

m ix tu r e s  o f  o th e r  ty p e s  o f  e m u ls i fy in g  a g e n ts  w i th  th e  s a m e  w e ig h te d  a v e ra g e  H L B  
n u m b e r  m u s t  th e n  b e  t r ie d  to  d e te rm in e  w h ic h  s t r u c tu r a l  ty p e s  o f  e m u ls i fy in g  a g e n ts  
g iv e  th e  b e s t  r e s u l t s  w i th  th is  p a r t ic u la r  c o m b in a t io n  o f  e m u ls io n  in g r e d ie n ts ,  s in c e  
th e  H L B  n u m b e r  is  in d ic a t iv e  o n ly  o f  th e  ty p e  o f  e m u ls io n  to  b e  e x p e c te d ,  n o t  th e  
e f f ic ie n c y  o r  e f f e c t iv e n e s s  w i th  w h ic h  it  w i l l  b e  a c c o m p lis h e d .

A s  k n o w n  th e  H L B  c a n  c o n tro l  th e  p h a s e  t r a n s i t io n  b e h a v io r  a n d  m ic r o ­
e m u ls io n  f o rm a t io n . A t h ig h  FILB  v a lu e s ,  o r  lo w  s a l in i ty  o r  lo w  te m p e ra tu re ,  (F ig  
2 .1 2  a n d  2 .1 3  le f t  s id e )  th e  s u r fa c ta n t  is  h y d r o p h i l ic  a n d  is  p r e f e ra b ly  in  th e  w a te r  
p h a s e ,  w h ic h  is  in  e q u i l ib r iu m  w ith  a n  e x c e s s  o il p h a s e  h a v in g  a  v e ry  lo w  s u r fa c ta n t  
c o n c e n t r a t io n .  T h is  is k n o w n  a s  a w in s o r  ty p e  I m ic r o e m u ls io n  o r  W m  o r  a n  o /w  
( o i l - in -w a te r )  m ic r o e m u ls io n .  W ith  f u r th e r  d e c r e a s e  in  H L B  o r  f u r th e r  in c re a s e  in  
t e m p e ra tu re  a n d  s a lin ity , th e  P O E  c h a in  n o n io n ic  s u r f a c ta n t  b e c o m e  m o r e  a n d  m o re  
d e h y d ra te  o r  h e a d  g ro u p  o f  io n ic  s u r f a c t a n t  b e c o m e  m o r e  a n d  m o r e  r e p u ls e , th e  
s u r f a c ta n t  b e c o m e  m o re  l ip o p h i l ic  c a u s in g  th e  v o lu m e  o f  th e  a q u e o u s  p h a s e  W m
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in c re a s e  a n d  th a t  o f  th e  o i l  p h a s e  d e c r e a s e  a n d  a  d e c r e a s e  in  IF T  b e tw e e n  o il a n d  
w a te r  in te r fa c e  ( IF T  0AVm)- (F ig u re  2 .1 2  le f t  s id e )

I f  th e  H L B  is  s t i l l  d e c r e a s in g  o r  t e m p e r a tu r e  o r  s a l in i ty  is  s t i l l  in c re a s in g , 
th e  s y s te m  w il l  s e p a r a te  in to  th re e  p h a s e :  a n  e x c e s s  w a te r  p h a s e  ( พ )  w ith  lo w  
s u r f a c ta n t  c o n c e n t r a t io n ,  a  m id d le  p h a s e  (M )  o r  m ic r o e m u ls io n  p h a s e ,  a n d  e x c e s s  o i l  
p h a s e  (O )  w i th  lo w  s u r f a c ta n t  c o n c e n t ra t io n . T h is  s y s te m  is  k n o w n  a s  w in s o r  ty p e  III  
m ic r o e m u ls io n .  (F ig u re  2 .1 2  m id d le )  T h e  IF T  in  th e  r e g io n  o f  th e  m id d le  p h a s e  o r  
w in s o r  ty p e  III  is  o f te n  a s  lo w  a s  10 ' 3 m N /m , s o - c a l le d  u l t r a lo w  IF T . T h e  lo w e s t  
v a lu e  o f  I F T  w h e re  th e  IF T  b e tw e e n  th e  e x c e s s  o i l  p h a s e  a n d  th e  m id d le  p h a s e  
( IF T 0 /m ) e q u a ls  th e  IF T  b e tw e e n  th e  m id d le  p h a s e  a n d  th e  e x c e s s  w a te r  p h a s e  ( IF T  
M /w ) (F ig u re  2 .2  m id d le ) ,  is  k n o w n  a s  th e  o p t im u m  in te r fa c ia l  te n s io n .  In  a  n o n io n ic  
s u r f a c ta n t  s y s te m , th e  te m p e r a tu r e  th a t  c a n  p r o d u c t  th e  o p t im u m  in te r f a c ia l  t e n s io n  
k n o w in g  a s  th e  p h a s e  in v e r s io n  te m p e ra tu re  (P IT ) .  F o r  th e  a n io n ic  s u r f a c ta n t  s y s te m , 
th e  s a l in i ty  th a t  c a n  m a k e  th e  o p tim u m  in te r f a c ia l  t e n s io n  k n o w in g  a s  o p t im u m  
s a lin ity .

I f  th e  F1LB c o n t in u e s  to  d e c r e a s e  o r  t e m p e r a tu r e  o r  s a l in i ty  c o n t in u e s  to  
in c re a s e . T h e  s u r fa c ta n t  b e c o m e s  m o re  a n d  m o r e  l ip o p h i l ic  a n d  it is  p r e f e ra b ly  in  th e  
o i l  p h a s e . A t  th is  p o in t  th e  m ic e l le s  s ta r t  to  in v e r t  a n d  d is s o lv e  in  th e  e x c e s s  o il 
c a u s in g  th e  v o lu m e  o f  th e  o il p h a s e  (O m )  in c re a s e  a n d  th a t  o f  a q u e o u s  p h a s e  ( พ )  
d e c r e a s e , th e  m id d le  p h a s e  d is a p p e a rs ,  a n d  a  in c re a s e  in  IF T  b e tw e e n  o il a n d  w a te r  
in te r f a c e .( F ig u r e  2 .1 2  a n d  2 .1 3  r ig h t  s id e )
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D e c r e a s i n g  H L B  -------- ►

F i g u r e  2 .1 2  C o r r e la t io n  b e tw e e n  T y p ic a l  p h a s e  b e h a v io r  o f  m ic r o e m u ls io n  a n d  
H L B . ( T o n g c u m p o u  et a l,  2 0 0 3 )

I n c r e a s in g  S a lin ity  -------------- ►
I n c r e a s in g  T e m p e r a t u r e ------------- ►

F i g u r e  2 .1 3  C o rr e la t io n  b e tw e e n  in te r fa c ia l  te n s io n  ( IF T )  a n d  H L B , s a l in i ty ,  
te m p e ra tu re .  (T o n g c u m p o u  et a l, 2 0 0 3 )
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T h e  H L B  v a lu e  fo r  s o m e  ty p e s  o f  n o n io n ic  s u r f a c e - a c t iv e  a g e n ts  c a n  b e  
c a lc u la te d  f ro m  th e i r  s t ru c tu ra l  g ro u p in g s . T h u s , fo r  f a t ty  a c id  e s te r s  o f  m a n y  
p o ly h y d r ic  a lc o h o ls ,

HLB = 2 0  X ( 1  -  ^ )  (2 .6 )

w h e r e  ร  is  th e  s a p o n i f ic a t io n  n u m b e r  o f  th e  e s te r  a n d  A  is  th e  a c id  n u m b e r  o f  th e  
f a t ty  a c id  u s e d  in  th e  e s te r .  F o r  e x a m p le , g ly c e ry l m o n o s te a r a te  h a s  ร  =  1 6 1 , 
A =  19 8 , a n d  h e n c e  H L B  =  3 .8 .

F o r  e s te r s  fo r  w h ic h  g o o d  s a p o n i f ic a t io n  d a ta  a re  n o t  r e a d ily  o b ta in a b le ,  th e  
f o l lo w in g  f o r m u la  c a n  b e  u s e d :

HLB = ~  (2 .7 )

w h e r e  E  is  th e  w e ig h t  p e r c e n ta g e  o f  o x y e th y le n e  c o n te n t  a n d  p  is  th e  w e ig h t  
p e r c e n ta g e  o f  p o ly o l  c o n te n t.

F o r  m a te r ia ls  w h e re  a  P O E  c h a in  is  th e  o n ly  h y d r o p h i l ic  g r o u p , th is  r e d u c e s  
to

HLB = ^  (2 . 8 )

T h u s ,  a  P O E  c e ty l  a lc o h o l m a d e  f ro m  2 0  m o l  o f  e th y le n e  o x id e  (7 7 %  o x y e th y le n e )  
w o u ld  h a v e  a  c a lc u la te d  H L B  o f  15 .4 .

A  c o m m o n ly  u s e d  g e n e ra l  fo rm u la  f o r  n o n io n ic s  is

HLB  =  2 0  X - ^ —  (2 .9 )mh+ml

W h e re  M H is  th e  f o rm u la  w e ig h t  o f  th e  h y d r o p h i l ic  p o r t io n  o f  th e  m o le c u le  a n d  M l  

is  th e  f o r m u la  w e ig h t  o f  th e  l ip o p h i l ic  ( h y d ro p h o b ic )  p o r t io n  o f  th e  m o le c u le .
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2 .8  A p p l i c a t i o n  o f  M i c r o e m u l s io n  f o r  D e t e r g e n c y

D u e  to  th e  c h a r a c te r is t ic  p ro p e r t ie s  o f  m ic r o e m u ls io n  n a m e ly , u l t r a lo w  in  
t e r f a c ia l  te n s io n ,  h ig h  a b i l i ty  fo r  s o l ib i l iz in g  a  c o m p o u n d s  a n d  e tc , m ic r o e m u ls io n  
c a n  h e lp  to  s u p p o r t  th e  d e te rg e n c y  p o w e r  fo r  r e m o v a l  u n w a n te d  m a te r ia l .

T h e re  a re  s e v e ra l r e p o r ts  th a t  e n c o u r a g e  a  u s e  o f  m ic r o e m u ls io n  fo r  
d e te rg e n c y ;

P re e c h a s i l  (2 0 0 9 )  r e p o r te d  th a t  h ig h  e f f ic ie n c y  o f  s o i l  r e m o v a l  f ro m  te x ti le  
f a b r ic s  w a s  fo u n d  w h e n  th e  s u r f a c ta n t  f o r m e d  th e  m ic r o e m u ls io n  w h ic h  it  w a s  
c o m p a r e d  w i th  a  u s e  o f  a  c o m m e r c ia l  l iq u id  d e te rg e n t  fo r  s o i l  r e m o v a l .

T a n th a k i t  et al. ( 2 0 1 0 )  h a v e  s tu d ie d  f a b r ic  d e te r g e n t  u s in g  p a lm  o il. S h e  
f o u n d  th a t  th e  w in s o r  ty p e  III , m id d le  p h a s e ,  m ic r o e m u ls io n  is  a  b e t te r  fo r  
d e te rg e n c y .

T h e  m a x im u m  d e te rg e n c y  p e r f o rm a n c e  c o r r e s p o n d s  to  th e  w in s o r  ty p e  III , 
m id d le  p h a s e , m ic r o e m u ls io n ,  w h ic h  it is  fo rm e d  b y  u s in g  s o d iu m  d io c ty l  
s u l f o s u c c in a te ( A O T ) ,  a lk y l  d ip h e n y l  o x id e  d i s u lf o n a te ( A D P O D S ) ,  a n d  s o rb i ta n  
m o n o o le a te ( s p a n  8 0 ) ,w h e n  it  w a s  c o m p a re d  w i th  a  c o m m e r c ia l  l iq u id  d e te rg e n t  
p r o d u c t  ( T o n g c u m p o u  et al. , 2 0 0 3 ) .
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