
C H A P T E R  II
T H E O R E T IC A L  B A C K G R O U N D  

A N D  L IT E R A T U R E  R E V IE W  R E F E R E N C E S

2.1 S u rfa c ta n ts

As of today surfactants are functionalized for particular uses. They have wide 
variety of applications in different industries and have very important components of 
many products, especially in industrial laundry. One of the most important purposes 
for laundry products is detergency. Detergency is term used to specify abilities of 
surfactant to lift and remove soils from substrates and to suspend the soils which are 
washed off with in cleansing process.

The term “surfactant” is shortened from “surface active agent”. By 
definition, surfactants are compounds that reduce the surface tension of a liquid, 
the interfacial tension between two liquids, or that of between a liquid and a solid 
due to their preference to adsorb or accumulate at surfaces and interfaces or form 
structures to create new molecular surfaces. Surfactants may also function 
as detergents ( for cleansing), wetting agents (in perms), emulsifiers (in creams and 
lotions), foaming agents ( for shampoos), and dispersants (for perfumes and flavors) 
(Brannon e t a l., 2011).

Surfactants are amphipathic molecules which consist of a non-polar 
hydrophobic portion; usually a straight or branched hydrocarbon or fluorocarbon 
chain containing 8-18 carbon atoms, which is attached to a polar or ionic portion 
(hydrophilic). The hydrophilic portion can; therefore, be nonionic, ionic or 
zwitterionic. Figure 2.1 shows a typical structure of a surfactant. The hydrocarbon 
chain interacts weakly with the water molecules in an aqueous environment, whereas 
the polar or ionic head group interacts strongly with water molecules (Tadros e t a l ,
2005).
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F ig u re  2.1 A typical structure of a surfactant.

According to the type of the charge of the hydrophilic head group, 
surfactants can be classified into four types as follow.

2.1.1 Anionic surfactants
The hydrophilic head group is negatively charged. It is effectively for 

particulate soil removal. For example, RCOOTMa+ (soap), RC6H4 S0 3 "Na+ 
(alkylbenzene sulfonate).

2.1.2 Cationic surfactants
The hydrophilic head group is positively charged. It is effectively for 

oily soil removal. For example, RNFI3+C r (salt of a long-chain amine), RN(CH3)3+Cr 
(quaternary ammonium chloride).

M o n o  A lk y l  Q u a te rn a ry  S ystem

F ig u re  2.3 Cationic surfactant.
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2.1.3 Nonionic surfactants
There is no apparent of any electrical charge in the hydrophilic head 

group which makes them resistant to water hardness deactivation. It is effectively for 
grease removal. For example, RCOOCH2CHOHCH2OH (monoglyceride of long- 
chain fatty acid), RC6H4(OC2H4)xOH (polyoxyethylenated alkylphenol).

N o n  Io n ic  S u r fa c ta n ts

Figure 2 .4  Nonionic surfactant.

2.1.4 Amphoteric/zwitterionic surfactants
These surfactants may contain two charged groups o f different sign 

and also have excellent dermatological properties. They are very mild which making 
them particularly suited for using in personal care and household cleaning products. 
They can be anionic (negatively charged), cationic (positively charged) or nonionic 
(no charge) in solution, depending on the acidity or pH of the water 
(Procter&Gamble, 2011). It is effectively for high concentration of electrolytes, 
acids, and alkalis.

A lk y l  B e ta in e

Figure 2.5 Amphoteric/zwitterionic surfactant.

Anionic surfactants are the most important class of surfactants regarding 
volume followed by the nonionic surfactants. Cationic and amphoteric surfactants are 
less important. Surfactants are generally available from two different sources which 
are petrochemicals and oleochemicals. The feedstocks for petrochemicals are crude 
oil and natural gas and that of for oleochemicals are the fats and oils.
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T h e  s o u r c e  o f  o i l s  a n d  f a t s  a r e  v a r i o u s  v e g e t a b l e  a n d  a n i m a l  r a w  m a te r i a l s .  

T h e  v e g e t a b l e  o i l s ;  s o y b e a n ,  p a l m ,  r a p e  s e e d ,  a n d  s u n f l o w e r ,  a r e  t h e  m o s t  i m p o r t a n t  

o n e s  r e g a r d i n g  v o l u m e .  F a t s  a n d  o i l s  a r e  t r i g l y c e r i d e s ;  f o r  e x a m p l e ,  e s t e r s  o f  f a t t y  

a c i d s  a n d  g l y c e r o l .  T h e  c o m p o s i t i o n  o f  t h e  f a t t y  a c i d  i s  d i f f e r e n t  in  t h e  v a r i o u s  f a t s  

a n d  o i l s  a n d  i s  d e c i s i v e  f o r  f u r t h e r  u s a g e .  G e n e r a l l y ,  t h e r e  a r e  t w o  d i f f e r e n t  t y p e s  o f  

f a t t y  a c i d s .  F i r s t ,  t h e  l a u r i c  o i l  t h a t  c o n t a i n s  h i g h  a m o u n t s  o f  l a u r i c  a n d  m e d i u m  

c h a i n  f a t t y  a c i d s  l i k e  m y r i s t i c  a c i d ,  e .g .  c o c o n u t  o i l  a n d  p a l m  k e r n e l  o i l .  S e c o n d ,  t h e  

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

o i l .

B a s e d  o n  f a t s  a n d  o i l s  t h e  t h r e e  t y p e s  o f  o l e o c h e m i c a l  r a w  m a t e r i a l s  a r e  

a v a i l a b l e  w h i c h  a r e  f a t t y  a c i d s ,  f a t t y  a c i d  m e t h y l  e s t e r  a n d  f a t t y  a l c o h o l .  T h e  l a t t e r  

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

( B e h l e r  et a l,  2 0 0 0 ) .

2.2 E x te n d e d  su rfa c ta n ts

E x t e n d e d  s u r f a c t a n t s  a r e  th e  o n e s  t h a t  h a v e  a  d u a l  a n i o n i c  a n d  n o n i o n i c  

c h a r a c t e r ,  a n d  a r e  e x p e c t e d  t o  e x h i b i t  a n  i n t e r m e d i a t e  c h a n g e  in  h y d r o p h i l i c i t y  w i th  

t e m p e r a t u r e .  T h e y  c o n t a i n  i n t e r m e d i a t e  p o l a r i t y  g r o u p s ;  s u c h  a s  s h o r t - c h a i n  

p o l y p r o p y l e n e  o x i d e  ( P O s )  o r  p o l y p r o p y l e n e - p o l y e t h y l e n e  o x i d e  ( P O s - E o s )  g r o u p s ,  

w h i c h  l o c a t e d  b e t w e e n  t h e  c o n v e n t i o n a l  h y d r o p h i l e  a n d  l i p o p h i l e  g r o u p s .

D u e  t o  t h e  p r e s e n c e  o f  i n t e r m e d i a t e - p o l a r i t y  g r o u p s ,  t h e  e x t e n d e d  

s u r f a c t a n t s  d o  n o t  o n l y  i n c r e a s e  t h e  ta i l  l e n g t h  b u t  a l s o  p r o p o s e  a  s m o o t h e r  i n t e r f a c i a l  

t r a n s i t i o n  f r o m  a  p o l a r  a q u e o u s  t o  a  n o n p o l a r  o i l  r e g i o n  w h i c h  r e s u l t e d  in  f o r m in g  

m i d d l e - p h a s e  m i c r o e m u l s i o n s  w i t h  a  s u p e r i o r  s o l u b i l i z a t i o n  a n d  l o w  i n t e r f a c i a l  

t e n s i o n  ( M i n a n a - P e r e z  et a l,  1 9 9 5  a n d  W i t t h a y a p a n y a n o n  et a l,  2 0 0 9 ) .

M i n a n a - P e r e z  et al. ( 1 9 9 5 )  s tu d i e d  t h e  s o l u b i l i z a t i o n  o f  p o l a r  o i l s  w i t h  

e x t e n d e d  s u r f a c t a n t s .  T h e  e x t e n d e d  s u r f a c t a n t s ;  a l k y l  p o l y p r o p y l e n e  o x i d e  e t h e r  

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

i n t e r m e d i a t e  b e h a v i o r  b e t w e e n  a n i o n i c  a n d  n o n i o n i c  s u r f a c t a n t s .  T h e y  s h o w n  t h r e e -  

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

m o n o - ,  a n d  t r i g l y c e r i d e  e s t e r s .
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V e l â s q u e z  et al., ( 2 0 0 9 )  s tu d i e d  t h e  e f f e c t  o f  t e m p e r a t u r e  a n d  o t h e r  v a r i a b l e s  

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

t h e y  f o u n d  t h a t  t h e  C M C  a n d  c l o u d  p o i n t  d e c r e a s e d  w i t h  i n c r e a s i n g  n u m b e r  o f  

p r o p y l e n e  o x i d e  g r o u p s  ( P O N ) ,  i n d i c a t i n g  t h a t  t h e  l i p o p h i l i c i t y  o f  t h e  e x t e n d e d  

s u r f a c t a n t  i n c r e a s e d  a s  P O N  i n c r e a s e s .  M o r e o v e r ,  t h e  s u r f a c t a n t  h y d r o p h i l i c i t y  w a s  

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

b e h a v i o r  o f  a n i o n i c  s p e c i e s ,  p r o b a b l y  d u e  to  t h e  p a r t i a l  h y d r a t i o n  o f  t h e  i n i t i a l l y  f i r s t  

p r o p y l e n e  o x i d e  u n i t  w h i c h  a r e  l o c a t e d  c l o s e  to  t h e  a n i o n i c  h e a d  g r o u p .

P h a n  et al., ( 2 0 1 1 )  i n v e s t i g a t e d  t h e  e f f e c t s  o f  e x t e n d e d  s u r f a c t a n t  s t r u c t u r e  

o n  m i c r o e m u l s i o n  f o r m a t i o n  a n d  I F T  v a l u e s  w i t h  d i f f e r e n t  t r i g l y c e r i d e  o i l .  T h e  

r e s u l t s  s h o w e d  t h a t  a t  l e a s t  8  p r o p y l e n e  o x i d e  g r o u p s  w e r e  r e q u i r e d  t o  o b t a i n  

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

F u r t h e r m o r e ,  t h e  e x t e n d e d  s u r f a c t a n t s  w i t h  h y d r o c a r b o n  b r a n c h i n g  s t r u c t u r e  s e e m  t o  

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

I n  t h i s  r e s e a r c h ,  t h e  e x t e n d e d  s u r f a c t a n t  n a m e d  i s  “ A l f o t e r r a  C i 2 , i 3 - 4 P O -  

S tA f N a ”  w a s  u s e d  t o  s tu d y  m i c r o e m u l s i o n  f o r m a t i o n  a n d  t h e  d e t e r g e n c y  p e r f o r m a n c e  

u n d e r  v a r i o u s  c o n d i t i o n s .

A l f o t e r r a  C i 2 ,i3- 4 P 0 - S 0 4 N a ,  b e t a - B r a n c h e d ,  a l c o h o l  p o l y p r o p o x y  s u l f a t e ,  

o r  B r a n c h e d  a l c o h o l  p r o p o x y l a t e  s u l f a t e ,  s o d i u m  s a l t  i s  t h e  a n i o n i c  s u r f a c t a n t  w h i c h  

h a v i n g  f o u r  g r o u p s  o f  p r o p y l e n e  o x id e  a s  a n  i n t e r m e d i a t e - p o l a r i t y  g r o u p .  I t  i s  u s e d  in  

s o i l  r e m e d i a t i o n  a n d  e n h a n c e d  r e c o v e r y  t e c h n i q u e s .

Propoxylate

F i g u r e  2 .6  T h e  m o l e c u l a r  s t r u c t u r e  o f  A l f o t e r r a .
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2.3 L in k e rs

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

e n h a n c e  t h e  s u r f a c t a n t - o i l  ( l i p o p h i l i c  l i n k e r s )  o r  s u r f a c t a n t - w a t e r  ( h y d r o p h i l i c  

l i n k e r s )  i n t e r a c t i o n s .  G r a c i a a  et a l,  ( 1 9 9 3 )  i n i t i a l l y  i n t r o d u c e d  l o n g  c h a i n  a l c o h o l s  

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

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

c l o s e  t o  t h e  t a i l s  o f  t h e  s u r f a c t a n t s ,  a s  d e p i c t e d  in  t h e  s c h e m a t i c  in  F i g u r e  2 .8  f o r  

o l e y l  a l c o h o l .  T h e  p r e s e n c e  o f  t h e  l i p o p h i l i c  l i n k e r  e x t e n d s  t h e  s u r f a c t a n t  i m p a c t  

d e e p e r  i n t o  t h e  o i l  p h a s e ,  a n d  p r o b a b l y  p r o m o t e s  a d d i t i o n a l  o r i e n t a t i o n  o f  t h e  o i l  

m o l e c u l e s .

E a r l i e r  t h e y  f o u n d  t h a t  a d d i n g  l i p o p h i l i c  l i n k e r s  a l o n e  to  S D F IS -  

t r i c h l o r o e t h y l e n e  m i c r o e m u l s i o n  o n ly  m a r g i n a l l y  e n h a n c e d  t h e  s o l u b i l i z a t i o n  

c a p a c i t y  o f  t h i s  s y s t e m  ( U c h i y a m a  et al, 2 0 0 0 ) .  T h e r e f o r e  i n t r o d u c e d  t h e  h y d r o p h i l i c  

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

o i l  w a t e r  i n t e r f a c e  s o  t h a t  i t s  i n t e r a c t i o n  w i th  o i l  m o l e c u l e s  w o u l d  b e  v e r y  w e a k .

T h e y  p r o p o s e d  t h e  u s e  o f  s o d i u m  m o n o -  a n d  d i - m e t h y l  n a p h t h a l e n e  

s u l f o n a t e  ( S M D N S )  a s  a  h y d r o p h i l i c  l i n k e r ,  a s  d e p i c t e d  i n  F i g u r e  2 .8 .  T h e  a d s o r p t i o n  

o f  t h e  h y d r o p h i l i c  l i n k e r  a t  t h e  o i l / w a t e r  i n t e r f a c e  i n c r e a s e s  t h e  t o t a l  i n t e r f a c i a l  a r e a ,  

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

s o l u b i l i z a t i o n  c a p a c i t y  o f  t h e  s y s t e m .  W h i l e  h y d r o p h i l i c  l i n k e r s  a l o n e  d i d  n o t  

i n c r e a s e  t h e  s o l u b i l i z a t i o n  c a p a c i t y  o f  t h e  m i c r o e m u l s i o n ,  t h e  c o m b i n a t i o n  o f  

l i p o p h i l i c  a n d  h y d r o p h i l i c  l i n k e r s  b e h a v e d  j u s t  l i k e  a  s e l f - a s s e m b l e d  s u r f a c t a n t  a t  t h e  

o i l / w a t e r  i n t e r f a c e ,  a n d  t h e  r e s u l t i n g  s o l u b i l i z a t i o n  e n h a n c e m e n t  w a s  p r o p o r t i o n a l  t o  

t h e  c o m b i n e d  l i n k e r  c o n c e n t r a t i o n  ( A c o s t a  et a l,  2 0 0 2 ) .
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A q u eo u s  P h a s e

S u rfac tan t S D H S

F ig u re  2 .7  S c h e m a t i c  o f  t h e  l i n k e r  e f f e c t ,  s h o w i n g  t h e  s u r f a c t a n t ,  l i p o p h i l i c ,  a n d  

h y d r o p h i l i c  l i n k e r  a t  t h e  o i l / w a t e r  i n t e r f a c e ( U c h i y a m a  et al, 2 0 0 0  ).

2.4 T y p es o f  Soils

S o i l s  c a n  b e  d e f i n e d  a s  t h e  c o n t a m i n a n t  o n  s u b s t r a t e .  I n  g e n e r a l ,  i t  i s  e i t h e r  

c o l o r l e s s  o r  c o l o r e d  a n d  a l s o  s o l u b l e  o r  i n s o l u b l e  i n  w a t e r .  T h e r e  a r e  t h r e e  t y p e s  o f  

s o i l s  w h i c h  a r e  o i l y  a n d  g r e a s y  s o i l s ,  p a r t i c u l a t e  s o i l s  o r  s o l i d  s o i l s ,  a n d  s ta in s .

2 .4 .1  O i l y  S o i l s

O i l y  s o i l s  a r e  m o s t l y  c o m p o s e d  o f  n o n p o l a r  h y d r o c a r b o n s .  T h e y  a r e  

u s u a l l y  l i q u i d  a n d  h i g h l y  h y d r o p h o b i c .  S o ,  t h e y  d o  n o t  d i s s o l v e  w i t h  w a t e r .  F o r  

i n s t a n c e ,  h y d r o c a r b o n s ,  s a t u r a t e d  o r  u n s a t u r a t e d  f a t t y  a c i d s ,  a n d  e s t e r  o f  f a t t y  a c i d s  

a n d  a l c o h o l s .

2 .4 .2  P a r t i c u l a t e  S o i l s  o r  S o l i d  S o i l s

T h e  e x a m p l e s  o f  p a r t i c u l a t e  s o i l s  a r e  d u s t ,  c l a y ,  i r o n ,  d u s t ,  m e ta l  

o x id e ,  a n d  c a r b o n  b l a c k .  T h e r e  a r e  s e v e r a l  p r o p e r t i e s  t h a t  a f f e c t  t h e  d e t e r g e n c y  s u c h  

a s  s i z e ,  s h a p e ,  a n d  s u r f a c e  g e o m e t r y  o f  s o i l .  T h e y  a r e  s o l u b l e  n e i t h e r  i n  w a t e r  n o r  in  

i n o r g a n i c  s o l v e n t s .  T h e y  u s u a l l y  e x h i b i t  a  l a r g e  s u r f a c e  a r e a ,  o n  w h i c h  t h e  o i l s  a n d  

g r e a s e s  a d s o r b  v e r y  s t r o n g l y .  P a r t i c u l a t e  s o i l s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e
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d i f f i c u l t y  o f  r e m o v i n g  o i l y  a n d  g r e a s y  s o i l s  b e c a u s e  t h e y  c o n t r i b u t e  t o  t h e i r  

r i g i d i f i c a t i o n  a n d ,  s o m e t i m e s ,  t h e y  a c t  a s  c a t a l y s t  i n  t h e  o x i d a t i o n / c r o s s - l i n k i n g  o f  

u n s a t u r a t e d  t r i g l y c e r i d e s .  S i n c e  t h e y  a r e  n o t  w a t e r  s o l u b l e ,  t h e  p a r t i c u l a t e  s o i l s  c a n  

b e  r e - d e p o s i t e d  o n  s u r f a c e s  t h a t  h a v e  b e e n  c l e a n e d .  I t  i s  a c c o r d i n g l y  i m p o r t a n t  to  

k e e p  s u c h  s o i l s  e f f e c t i v e l y  d i s p e r s e d  i n  t h e  w a s h i n g  l i q u i d  ( L a n c e ,  1 9 9 4 ) .

2 .4 .3  S t a i n s

C o f f e e ,  t e a ,  b l o o d ,  i n k ,  a n d  f r u i t  j u i c e s  s t a i n s  a r e  t h e  e x a m p l e  o f  

s ta in s .  T h e y  c a n  f o r m  p h y s i c a l  o r  c h e m i c a l  b o n d  w i t h  t h e  s u b s t r a t e  a n d  b r i n g  a b o u t  

t h e  d i f f i c u l t y  i n  s o i l s  r e m o v a l .  T h e r e f o r e ,  t h e  s u b s t r a t e  c a n  b e  d e s t r o y e d  b y  t h i s  t y p e  

o f  s o i l s .

2 . 4 .4  M o n o g l y c e r i d e

M o n o g l y c e r i d e  a r e  s p e c i a l  t y p e s  o f  t h e  s o i l s  w h i c h  t h e  s u b s t a n c e s  

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

a n d  l i q u i d .  F o r  e x a m p l e ,  s t i f f  d o u g h ,  f i r m  g e l a t i n ,  m a r g a r i n e ,  b u t t e r ,  m e th y l  

p a l m i t a t e ,  a n d  e t c .  F o r  e x a m p l e ,  m a r g a r i n e  h a s  a  m e l t i n g  p o i n t  b e t w e e n  3 4  °c t o  3 7  

°c. I f  i t  i s  h e a t e d  o r  p u t  i n  t h e  h o t t e r  s u r r o u n d i n g s ,  i t  g r a d u a l l y  m e l t s  a n d  f i n a l l y  

b e c o m e s  l i q u i d .  O n  t h e  o t h e r  h a n d ,  i f  i t  i s  p u t  a t  t h e  t e m p e r a t u r e  l o w e r  t h a n  i ts  

m e l t i n g  p o i n t ,  i t  b e c o m e s  s o l i d .  T h e s e  t y p e s  o f  s o i l s  b e c o m e  a n  e s s e n t i a l  p r o b l e m  in  

d e t e r g e n t  i n d u s t r y  b e c a u s e  t h e  m o n o g l y c e r i d e  o i l y  s o i l  w i l l  c h a n g e  t h e  s t a t e s  w h e n  

t e m p e r a t u r e  c h a n g e s .

I n  t h i s  r e s e a r c h ,  m e t h y l  p a l m i t a t e ;  o n e  k i n d  o f  m o n o g l y c e r i d e  s o i l ,  

w a s  u s e d  t o  s t u d y  t h e  f o r m a t i o n  o f  m i d d l e - p h a s e  m i c r o e m u l s i o n s  w i t h  t h e  e x t e n d e d  

s u r f a c t a n t s  a n d  l i n k e r s  in  v a r i o u s  c o n d i t i o n s  a n d  a l s o  to  s t u d y  t h e  d e t e r g e n c y  

e f f i c i e n c y  f r o m  t h e  f a b r i c  u n d e r  v a r i o u s  c o n d i t i o n s .

M e t h y l  p a l m i t a t e  o r  p a l m i t i c  a c i d  m e t h y l  e s t e r  i s  a  c o l o r l e s s  l i q u i d  

w i t h  a  b o i l i n g  p o i n t  o f  1 8 5  °c a n d  a  m e l t i n g  p o i n t  o f  2 9  t o  3 5  ๐c. I t  i s  s o l u b l e  in  

a l c o h o l  a n d  e t h e r  a n d  i s  u s e d  i n  t h e  m a n u f a c t u r e  o f  d e t e r g e n t s ,  r e s i n s ,  p l a s t i c i z e r s ,  

l u b r i c a n t s ,  a n d  a n i m a l  f e e d .  T h e  i n f o r m a t i o n  a n d  p r o p e r t i e s  o f  m e t h y l  p a l m i t a t e  a r e  

s h o w n  i n  t h e  T a b l e  2 .1 .
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T a b l e  2 .1  T h e  i n f o r m a t i o n  a n d  p r o p e r t i e s  o f  m e t h y l  p a l m i t a t e  ( C a y m a n ,  2 0 1 1  a n d  

S i g m a - A l d r i c h  2 0 1 1 ) .

In fo rm a tio n  a n d  p ro p e r tie s  o f M eth y l P a lm ita te
1 . S y n o n y m s M e t h y l  h e x a d e c a n o a t e ,  P a l m i t i c  a c i d  

m e th y l  e s t e r .

2 .  C A S  n u m b e r 1 1 2 - 3 9 - 0

3 .  L i n e a r  f o r m u l a C H 3( C H 2) 14C 0 2C H 3

4 . M o l e c u l a r  w e i g h t 2 7 0 .4 5

5 . R e f r a c t i v e  i n d e x « 2 0 / D  1 .4 5 1 2  ( l i t . )

6 . B o i l i n g  p o i n t 1 8 5  ° ( 7 1 0  m m l l g  ( l i t . )

7 .  M e l t i n g  p o i n t 2 9 - 3 5  ° c  ( l i t . )

8 .  D e n s i t y 0 .8 5 2  g / m L  a t  2 5  ° c  ( l i t . )

9 .  A l l e r g e n n o  k n o w n  a l l e r g e n s

1 0 . F l a s h  p o i n t 2 3 5 .4  ๐F  ( 1 1 3  ° C )

1 1 . P e r s o n a l  P r o t e c t i v e  E q u i p m e n t

__i

E y e s h i e l d s ,  G l o v e s ,  t y p e  N 9 5  ( U S ) ,  t y p e  

P I  ( E N  1 4 3 )  r e s p i r a t o r  f i l t e r .

F i g u r e  2 .8  T h e  m o l e c u l a r  s t r u c t u r e  o f  m e t h y l  p a l m i t a t e .

2 .5  M i c r o e m u l s i o n s

M i c r o e m u l s i o n  i s  o n e  t y p e  o f  e m u l s i o n s  w h i c h  a r e  m i s c i b i l i t y  o r  s u s p e n s i o n  

a  l i q u i d  i n  a  s e c o n d  i m m i s c i b l e  l i q u i d  w i t h  a  r o l e  o f  e m u l s i f y i n g  a g e n t ,  c l a s s i f i e d  b y  

d e p e n d i n g  o n  t h e  s i z e  o f  t h e  d i s p e r s e d  p a r t i c l e s  ( t h e  p a r t i c l e s  t h a t  a r e  d i s p e r s e d  in  

a n o t h e r  l i q u i d ) .  M i c r o e m u l s o n  h a s  t h e  s i z e  o f  d i s p e r s e d  p a r t i c l e s  <  1 0 0  n m  (0 .1  p m ) .
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A t  t h i s  r e s e a r c h  w o r k ,  t w o  i m m i s c i b l e  l i q u i d  a r e  o i l  a n d  w a t e r ,  t h e  e m u l s i f y i n g  a g e n t  

i s  s u r f a c t a n t .

S e v e r a l  s p e c i a l  c h a r a c t e r i s t i c s  a r e  p r e s e n t  i n  m i c r o e m u l s i o n :

( 1 )  U l t r a l o w  i n t e r f a c i a l  t e n s i o n  ( w a t e r - o i l  i n t e r f a c i a l  t e n s i o n  ~  1 0 '3 m N / m  w h i c h  i s  

l o w e r  t h a n  o r d i n a r y  w a t e r - o i l  i n t e r f a c i a l  t e n s i o n )

( 2 )  H i g h  S o l u b i l i z a t i o n  ( t h e  n u m b e r s  o f  o i l  c a n  b e  h o l d  i n  m i c e l l e ,  c l u s t e r s  o f  

s u r f a c t a n t ,  t o  p r e v e n t  o i l  r e d e p o s i t i o n )

( 3 )  S p o n t a n e o u s  F o r m a t i o n  ( r e q u i r i n g  l i t t l e  o r  n o  i n p u t  o f  m e c h a n i c a l  e n e r g y  f o r  

m i c r o e m u l s i o n  f o r m a t i o n )

( 4 )  T h e r m o d y n a m i c  S t a b i l i t y

( 5 )  O p t i c a l l y  C l e a r  A p p e a r a n c e

( 6 )  L o w  V i s c o s i t y

A s  a  r e s u l t  o f  t h e s e  s p e c i a l  c h a r a c t e r i s t i c s ,  u s e s  a n d  a p p l i c a t i o n s  o f  

m i c r o e m u l s i o n  h a v e  b e e n  i n c r e a s e d  f o r  s u p p l y i n g  o f  t h e  w o r l d .  T h e  a p p l i c a t i o n  o f  

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

e n h a n c e d  o i l  r e c o v e r y ,  c o a t i n g s  a n d  t e x t i l e  f i n i s h i n g ,  c o s m e t i c s ,  f o o d ,  

p h a r m a c e u t i c a l s ,  e t c . ( K u m a r  e t  a l . )

T h e  s y s t e m s  o f  m i c r o e m u l s i o n s  m a y  b e  w a t e r  c o n t i n u o u s  ( ( ว / พ )  o r  o i l  

c o n t i n u o u s  ( W / O )  a s  s h o w n  in  F i g u r e  2 .9 .  I n  t h e  O i l - i n - W a t e r  ( O / W )  

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

d r o p l e t s  o f  t h e  o i l  p h a s e .  T h e  O / W  m i c r o e m u l s i o n s  w i l l  e x h i b i t  t h e  a b i l i t y  t o  w e t  

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

c h a r a c t e r i s t i c  o f  a n  a q u e o u s  p h a s e .  O n  t h e  o t h e r  h a n d ,  T h e  W / O  m i c r o e m u l s i o n s  w i l l  

e x h i b i t  t h e  a b i l i t y  t o  w e t  h y d r o p h o b i c  s u r f a c e s  o n  c o n t a c t  a n d  w i l l  e x h i b i t  e l e c t r i c a l  

c o n d u c t i v i t i e s  c h a r a c t e r i s t i c  o f  t h e  o i l  p h a s e .  W h e n  t h e  v o l u m e  o f  o i l  a n d  w a t e r  i n  t h e  

m i c r o e m u l s i o n s  a r e  a p p r o x i m a t e l y  e q u a l ,  t h e  m i c r o e m u l s i o n s  m a y  h a v e  a  

b i c o n t i n u o u s  s t r u c t u r e  ( H o l m b e r g  et al., 2 0 0 2 ) .
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W ater
O il -  in  -  W a te r 

m ic ro e m u ls io n m ic ro e m u ls io n

(O /W ) (W /O )

F ig u re  2.9 I l l u s t r a t i o n  o f  t h e  O i l  in  W a t e r  ( O / W )  a n d  t h e  W a t e r  i n  O i l  ( W / O )  

m i c r o e m u l s i o n s .

T h e r e  a r e  f o u r  t y p e s  o f  t h e  W i n s o r - T y p e  m i c r o e m u l s i o n s  w h i c h  a r e  t h e  m o s t  

s t u d i e d  p h a s e  e q u i l i b r i a  o f  m i c r o e m u l s i o n s  a s  s h o w n  in  F i g u r e  2 .1 0 .

2 .5 .1  W i n s o r ’s  T y p e  I

T h i s  t y p e  i s  a n  O i l - i n - W a t e r  m i c r o e m u l s i o n s  in  e q u i l i b r i u m  w i t h

e x c e s s  o i l .

2 .5 .2  W i n s o r ’s  T y p e  II

I t  s h o w s  W a t e r - i n - O i l  m i c r o e m u l s i o n s  i n  e q u i l i b r i u m  w i t h  e x c e s s

w a t e r .

2 .5 .3  W i n s o r ’s  T y p e  I I I

T h i s  t y p e  s h o w s  m i d d l e  p h a s e  m i c r o e m u l s i o n s  in  e q u i l i b r i u m  w i t h  a n  

e x c e s s  o f  b o t h  w a t e r  a n d  o i l .

2 .5 .4  W i n s o r ’s  T y p e  IV

I t  i s  a  s i n g l e  p h a s e  m i c r o e m u l s i o n s .
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F ig u re  2 .10 W i n s o r  c l a s s i f i c a t i o n  a n d  p h a s e  s e q u e n c e  o f  m i c r o e m u l s i o n s  

e n c o u n t e r e d  a s  t e m p e r a t u r e  f o r  n o n i o n i c  s u r f a c t a n t .

F o r  n o n i o n i c  s u r f a c t a n t ,  a  t r a n s f o r m a t i o n  i n  t h e  s y s t e m  f r o m  พ i n s o r ’s  T y p e  

I t o  T y p e  III t o  T y p e  II c a n  b e  a c h i e v e d  b y  p r o g r e s s i v e l y  c h a n g i n g  t e m p e r a t u r e ,  t h e  

m o l e c u l a r  s t r u c t u r e  o f  t h e  s u r f a c t a n t  a n d  c o s u r f a c t a n t ,  t h e  o i l - t o - w a t e r  r a t i o ,  o r  t h e  

s t r u c t u r e  o f  o i l  i n  a  h o m o l o g o u s  s e r i e s .

F o r  a  g i v e n  c h e m i c a l  s y s t e m ,  p h a s e - t y p e  d i a g r a m s  c a n  b e  c o n s t r u c t e d  t h a t  

s h o w  t h e  r e g i m e s  in  w h i c h  e a c h  t y p e  o f  m i c r o e m u l s i o n s  w i l l  e x i s t .  T h e s e  c a n  b e  u s e d  

t o  u n d e r s t a n d  a n d  p r e d i c t  t h e  e f f e c t s  o f ,  f o r  e x a m p l e ,  i n c r e a s i n g  s a l in i ty  o r  

t e m p e r a t u r e ,  w h i c h  t e n d  t o  s h i f t  t h e  m i c r o e m u l s i o n s  t y p e  d i r e c t i o n a l l y  f r o m  T y p e  I t o  

T y p e  III t o  T y p e  II. T y p e  III m i c r o e m u l s i o n s  c a n  b e  t h o u g h t  o f  a s  b i - c o n t i n u o u s  i n  

w h i c h  t h e  a q u e o u s  a n d  o i l  p h a s e s  a r e  m u t u a l l y  i n t e r t w i n e d .

T h e  t r a n s i t i o n  o f  W i n s o r ’ ร T y p e  I - I I I - I I  i n f l u e n c e s  t h e  t w o  i n t e r e s t i n g  

p r o p e r t i e s  o f  m i c r o e m u l s i o n s  w h i c h  a r e  s o l u b i l i z a t i o n  a n d  i n t e r f a c i a l  t e n s i o n  ( I F T ) ,  

d u e  t o  t h e  c h a n g i n g  o f  t h e  m i c r o s t r u c t u r e .  F i g u r e  2 .1 1  s h o w s  t h e  r e l a t i o n s h i p  

b e t w e e n  t h e  t y p e  o f  m i c r o e m u l s i o n s  a n d  t h e  i n t e r f a c i a l  t e n s i o n .
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F ig u re  2.11 P h a s e  b e h a v i o r  s h o w i n g  i n t e r f a c i a l  t e m s i o n  ( I F T )  a s  a  f u n c t i o n  o f  

s c a n n i n g  v a r i a b l e s .  W h e r e  o  i s  o i l ;  พ  i s  w a t e r ;  M  i s  m i d d l e  p h a s e ;  W m  i s  O i l - i n -  

W a t e r  ( O / W )  m i c r o e m u l s i o n s ;  O m  is  W a t e r - i n - O i l  ( W / O )  m i c r o e m u l s i o n s .

T h e  r e g i o n  o n  t h e  l e f t  h a n d  s id e  o f  F i g u r e  2 .1 1  i s  W i n s o r ’ s  T y p e  I w h e r e  

O i l - i n - W a t e r  ( O / W )  m i c r o e m u l s i o n s  e x i s t  a l o n g  w i th  a n  e x c e s s  o i l  p h a s e .  I F T  

b e t w e e n  t h e  e x c e s s  o i l  p h a s e  a n d  t h e  m i c e l l a r  s o l u t i o n  (y 0/m) d e c r e a s e s  w i t h  

i n c r e a s i n g  t e m p e r a t u r e  o r  s a l i n i t y .  W h e n  t h e  m i d d l e  p h a s e  i s  f o r m e d ,  t h e  

m i c r o e m u l s i o n s  b e c o m e  a  b i c o n t i n u o u s  s t r u c t u r e  i n  e q u i l i b r i u m  w i t h  e x c e s s  o f  b o t h  

o i l  a n d  w a t e r  p h a s e s .  I F T  b e t w e e n  t h e  e x c e s s  o i l  a n d  t h e  m i d d l e  p h a s e  ( y 0/m) f u r t h e r  

d e c r e a s e s  w i t h  i n c r e a s i n g  t e m p e r a t u r e  o f  s a l i n i t y  w h i l e  I F T  b e t w e e n  t h e  e x c e s s  w a t e r  

a n d  t h e  m i d d l e  p h a s e s  (y w/m) i s  i n c r e a s e d .  T h e  p o i n t  in  t h e  T y p e  I I I  r e g i o n  w h e r e  y 0/m 

e q u a l s  t o  y w/m i s  k n o w n  a s  t h e  m i n i m u m  I F T  o r  o p t i m u m  s t a t e .

M i c r o e m u l s i o n  a p p l i c a t i o n s  s p a n  m a n y  a r e a s  i n c l u d i n g  e n h a n c e d  o i l  

r e c o v e r y ,  s o i l  a n d  a q u i f e r  d e c o n t a m i n a t i o n  a n d  r e m e d i a t i o n ,  f o o d s ,  p h a r m a c e u t i c a l s  

( d r u g  d e l i v e r y  s y s t e m s ) ,  c o s m e t i c s ,  a n d  p e s t i c i d e s .  T h e  w i d e s p r e a d  i n t e r e s t  i n  

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

t h e i r  h i g h  s o l u b i l i z a t i o n  c a p a c i t y  f o r  h y d r o p h i l i c  a n d  l i p o p h i l i c  c o m p o u n d s ,  t h e i r  

l a r g e  i n t e r f a c i a l  a r e a s ,  t h e  u l t r a - l o w  i n t e r f a c i a l  t e n s i o n s  a c h i e v e d  w h e n  t h e y  c o e x i s t  

w i t h  e x c e s s  a q u e o u s  a n d  o i l  p h a s e s ,  a n d  t h e i r  l o n g - t e r m  s t a b i l i t y .
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2.6 M ech an ism  o f O ily  Soil R em oval

T h e r e  a r e  s e v e r a l  m e c h a n i s m s  i n  o i l y  s o i l  r e m o v a l .  H o w e v e r ,  t h e  t h r e e  

p r i m a r y  m e c h a n i s m s  w i t h  t h e  u s e d  o f  s u r f a c t a n t s  a r e  r o l l - u p  m e c h a n i s m ,  

e m u l s i f i c a t i o n  ( o r  s n a p - o f f  m e c h a n i s m ) ,  a n d  s o l u b i l i z a t i o n .

2 .6 .1  R o l l - u p  M e c h a n i s m

R o l l - u p  o r  r o l l - b a c k  m e c h a n i s m  i s  a  c o m p l e t e  d e t a c h m e n t  o f  o i l y  s o i l  

f r o m  s u b s t r a t e .  T h e  m e c h a n i s m  c a n  r e m o v e  o i l  d r o p l e t  w i t h  t w o  p r o c e s s e s .  F i r s t ,  a n  

i n c r e a s e  i n  t h e  c o n t a c t  a n g l e  b e t w e e n  t h e  o i l  d r o p l e t  a n d  t h e  s u b s t r a t e  d u e  t o  r e d u c e  

in  i n t e r f a c i a l  t e n s i o n  ( I F T )  b e t w e e n  o i l  a n d  w a t e r .  S e c o n d ,  t h e  o c c u r r e n c e  o f  t h e  

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

f o l lo w :

2.6.1.1 The increased contact angle process
T h i s  p r o c e s s  c a n  b e  e x p l a i n e d  b y  Y o u n g ’s  e q u a t i o n  w h i c h  i s  a s

c o s  0 = L s * .z r s o  
y OB

F ig u re  2 .1 2  T h e  c o n t a c t  a n g le  b e t w e e n  a n  o i l  d r o p l e t  a n d  s u b s t r a t e  in  b a t h  

( s u r f a c t a n t  s o l u t i o n ) .

W h e n  s u r f a c t a n t s  a r e  p r e s e n t e d  in  t h e  b a t h  ( B )  o r  s u r f a c t a n t  

s o l u t i o n ,  t h e y  w i l l  a d s o r b  a t  t w o  i n t e r f a c e s .  F i r s t  i n t e r f a c e  i s  i n t e r f a c e  b e t w e e n  

s u b s t r a t e  a n d  b a t h  ( S B ) .  A n o t h e r  is  i n t e r f a c e  b e t w e e n  o i l y  s o i l  a n d  b a t h  ( O B ) .  A s  th e  

r e s u l t ,  t h e  i n t e r f a c i a l  t e n s i o n  ( I F T )  b e t w e e n  t h e  s u b s t r a t e  a n d  t h e  b a t h  (y s b )  a n d  t h a t  

b e t w e e n  o i l y  s o i l  a n d  b a t h  (Yo b )  a r e  r e d u c e d  c a u s i n g  t h e  d e c r e a s e  in  c o s  0  a n d  th e  

i n c r e a s e  i n  0 ,  r e s u l t i n g  o i l y  s o i l  d e t a c h m e n t  f r o m  s u b s t r a t e .  H o w e v e r ,  t h i s
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m e c h a n i s m  w i l l  b e  a c c o m p l i s h e d  w h e n  t h e  c o n t a c t  a n g l e  i s  m o r e  t h a n  9 0 ° .  T h e  

h i g h e r  c o n t a c t  a n g l e ,  t h e  s o i l  i s  m o r e  e a s i l y  r e m o v e d  ( B r o z e  et al., 1 9 9 4 ) .  I f  t h e  

c o n t a c t  a n g l e  i s  1 8 0 °  ( c o s  0  = 1 ) ,  w h ic h  m e a n s  t h a t  t h e  s o i l  w i l l  b e  s p o n t a n e o u s l y  

c o m p l e t e l y  r e m o v e d .  I f  t h e  c o n t a c t  a n g le  i s  b e t w e e n  9 0 °  a n d  1 8 0 ° ,  t h e  s o i l  m u s t  b e  

r e m o v e d  b y  h y d r a u l i c  c u r r e n t s  in  t h e  b a t h  ( F i g u r e  2 .1 3 ) .  I n  c o n t r a s t ,  i f  t h e  c o n ta c t  

a n g l e  i s  l e s s  t h a n  9 0 ° ,  t h e  s o i l  w i l l  n o t  b e  c o m p l e t e l y  r e m o v e d  w h i c h  t h e r e  is  s o m e  

p a r t  o f  t h e  s o i l  r e m a i n i n g  in  t h e  s u b s t r a t e .  T o  r e m o v e  t h e  r e s i d u a l  s o i l ,  m e c h a n i c a l  

w o r k  o r  s o m e  m e c h a n i c a l  ( e .g .  s o l u b i l i z a t i o n )  w i l l  b e  u s e d .

F ig u re  2.13 R o l l - u p  m e c h a n i s m  s h o w s  t h e  c o m p l e t e  r e m o v a l  o f  o i l  d r o p l e t s  f r o m  

t h e  s u b s t r a t e  b y  h y d r a u l i c  c u r r e n t s  w h e n  0  >  9 0 °  ( R o s e n ,  2 0 0 4 ) .

2.6.1.2 Surfactant head group repulsion process
A f t e r  t h e  s u r f a c t a n t s  a d s o r b  a t  s u b s t r a t e - b a t h  i n t e r f a c e  ( S B )  

a n d  o i l y  s o i l - b a t h  i n t e r f a c e  ( O B ) ,  t h e  h e a d  g r o u p  o f  s u r f a c t a n t s  w h i c h  a d s o r b  a t  

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

o i l y  s o i l - b a t h  i n t e r f a c e .  F r o m  t h i s  r e p u l s i o n ,  t h e  o i l  d r o p l e t  c a n  b e  r a i s e d  f r o m  t h e  

s u b s t r a t e .  ( F i g u r e  2 . 1 4 )

F ig u re  2.14 R e p u l s i o n  f o r c e  o f  s u r f a c t a n t  h e a d  g r o u p .
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2 .6 .2  E m u l s i f i c a t i o n  M e c h a n i s m

E m u l s i f i c a t i o n ,  o r  s n a p - o f f ,  o r  n e c k i n g  m e c h a n i s m ,  w i l l  t a k e  p l a c e  

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

9 0 ° .  T h e  p r i n c i p l e  o f  t h i s  m e c h a n i s m  i s  s a m e  a s  r o l l - u p  m e c h a n i s m  b u t  t h e  d i f f e r e n c e  

i s  t h e  c o n t a c t  a n g l e  b e t w e e n  t h e  o i l  s o i l  d r o p l e t  a n d  t h e  s u b s t r a t e .  N e v e r t h e l e s s ,  t h e  

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

s in c e  t h e  s o i l / b a t h  i n t e r f a c i a l  t e n s i o n  i s  d e c r e a s e d ,  b u t  t h e  s u b s t r a t e / b a t h  i n t e r f a c i a l  

t e n s i o n  i s  n o t  c h a n g e d  s u b s t a n t i a l l y  ( F ig u r e  2 .1 5 ) .

F ig u re  2 .15 E m u l s i f i c a t i o n  m e c h a n i s m  s h o w s  p a r t i a l  r e m o v a l  o f  o i l  d r o p l e t s  f r o m  

s u b s t r a t e  0  <  9 0 °  ( R o s e n ,  2 0 0 4 ) .

2 .6 .3  S o l u b i l i z a t i o n  M e c h a n i s m

S o l u b i l i z a t i o n ,  o r  o i l  u p ta k e  c a p a c i t y ,  i s  o i l  a d s o r p t i o n  i n s i d e  t h e  c o r e  

o f  t h e  s u r f a c t a n t  m i c e l l e s .  T h e  r o l e s  o f  t h i s  m e c h a n i s m  a r e ;  ( 1 )  r e m o v e  s m a l l  a m o u n t  

o f  r e s i d u a l  o i l  w h i c h  c a n n o t  b e  r e m o v e d  b y  r o l l - u p  o r  e m u l s i f i c a t i o n  a n d  ( 2 )  p r e v e n t  

t h e  o i l y  s o i l  f r o m  r e d e p o s i t i o n  o n  t h e  s u b s t r a t e .  T h e  s o l u b i l i z a t i o n  d e p e n d s  o n  s e v e r a l  

f a c t o r s ,  s u c h  a s  n a t u r e  o f  o i l  a n d  s u r f a c t a n t ,  s u r f a c t a n t  c o n c e n t r a t i o n ,  e l e c t r o l y t e  

c o n c e n t r a t i o n ,  a n d  t e m p e r a t u r e .  T h e  s o l u b i l i z a t i o n  w i l l  s u b s t a n t i a l l y  b e  o c c u r r e d  

w h e n  t h e  c o n c e n t r a t i o n  o f  s u r f a c t a n t  s o l u t i o n  i s  a b o v e  t h e  c r i t i c a l  m i c e l l e  

c o n c e n t r a t i o n  ( C M C )  w h e r e  s u r f a c t a n t  w i l l  f o r m  m i c e l l e s .  T h e  c a p a c i t y  o f  

s o l u b i l i z e d  o i l  i n  t h e  m i c e l l e  c o r e  d e p e n d s  o n  t h e  c h e m i c a l  s t r u c t u r e  o f  t h e  s u r f a c t a n t ,  

s u r f a c t a n t  c o n c e n t r a t i o n ,  s h a p e  o f  t h e  m i c e l l e s  a n d  t e m p e r a t u r e .  W h e n  t h e  s u r f a c t a n t  

c o n c e n t r a t i o n  i s  l o w ,  t h e  s m a l l  a m o u n t  o f  o i l y  s o i l  c a n  b e  s o l u b i l i z e d .  O n  t h e  o t h e r  

h a n d ,  a t  h i g h  s u r f a c t a n t  c o n c e n t r a t i o n s  ( 1 0 - 1 0 0  t i m e  t h e  C M C ) ,  l a r g e  a m o u n t  o f  o i l y  

s o i l  c a n  a d s o r b  i n  t h e  m i c e l l e  c o r e  w h i c h  i s  s i m i l a r  t o  m i c r o e m u l s i o n  f o r m a t i o n  

( S c h w a r t z ,  1 9 7 2 ) .  T h e  d i f f e r e n c e  b e t w e e n  s o l u b i l i z a t i o n  a n d  e m u l s i f i c a t i o n  i s  t h e
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t h e r m o d y n a m i c  s t a b i l i t y  o f  k e e p i n g  a l l  t h e  o i l y  s o i l  f r o m  r e d e p o s i t i n g  o n  t h e  

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

o n  t h e  s u b s t r a t e .  A n  i m p o r t a n t  o f  s o l u b i l i z a t i o n  i s  n o t  o n l y  i n  d e t e r g e n c y  a s p e c t  b u t  

a l s o  in  p o l y m e r i z a t i o n ,  w a s t e  w a t e r  t r e a t m e n t ,  s e p a r a t i o n  o f  m a t e r i a l s ,  e t c .

(A) (B)

F ig u re  2 .1 6  A )  s o l u b i l i z a t i o n  a n d  B )  e m u l s i f i c a t i o n .

2.7 Soil R e-d ep o sition

A s  a  r e s u l t  o f  n o n - c o n t i n u o u s  p r o c e s s e s  o f  a l m o s t  a l l  c l e a n i n g  a n d  w a s h i n g  

p r o c e s s e s ,  t h e  r e - d e p o s i t i o n  o f  t h e  r e m o v e d  s o i l s  h a s  b e e n  o c c u r r e d  s e v e r a l  t im e s  

b e c a u s e  t h e  c l e a n i n g  a n d  w a s h i n g  p r o c e s s e s  a r e  p e r f o r m e d  w i th  b a t c h  t y p e .  S o ,  t h e y  

a l w a y s  h a v e  t h e  p r o b a b i l i t y  t h a t  t h e  r e m o v e d  s o i l s  f r o m  t h e  s u r f a c e  o f  t h e  s u b s t r a t e  

w i l l  r e - d e p o s i t  o n t o  t h e  s u b s t r a t e  a g a i n  d u e  t o  a  l a c k  o f  s t a b i l i t y  o f  c o l l o i d  in  s o i l s  

d i s p e r s i o n .  F o r  o i l y  s o i l s  r e m o v e d  b y  s o l u b i l i z a t i o n ,  t h e  p r o c e s s  is  

t h e r m o d y n a m i c a l l y  d r i v e n  s o  t h a t  i t  i s  e s s e n t i a l l y  a  o n e - w a y  s t r e e t  a n d  r e - d e p o s i t i o n  

w i l l  b e  m i n i m a l .  O n  t h e  o t h e r  h a n d ,  s o l i d  s o i l s  c a n n o t  b e  s o l u b i l i z e d  a n d  r e ­

d e p o s i t i o n  m u s t  b e  s l o w  d o w n  b y  o t h e r  k i n e t i c a l l y  c o n t r o l l e d  m e a n s .  E m u l s i f i e d  o i l y  

s o i l s ,  w h e r e  t h e y  o c c u r ,  m u s t  b e  h a n d l e d  s i m i l a r l y .  A s  s h o w e d  o u t  e a r l i e r ,  o n e  m a i n  

r o l e  o f  s u r f a c t a n t s  a t  i n t e r f a c e s  o f  s o l i d  i s  to  t e l l  a  d e g r e e  o f  c o l l o i d a l  s t a b i l i t y  to  

d e e p l y  d i v i d e d  p a r t i c l e s  i n  a q u e o u s  s o lu t io n s .

2.8 A p p lica tio n  o f M ic ro em u lsio n  fo r  D ete rg en cy

D u e  t o  t h e  c h a r a c t e r i s t i c  p r o p e r t i e s  o f  m i c r o e m u l s i o n ;  n a m e l y  u l t r a l o w  

i n t e r f a c i a l  t e n s i o n ,  h i g h  a b i l i t y  f o r  s o l i b i l i z i n g  a  c o m p o u n d s  a n d  e t c ,  m i c r o e m u l s i o n  

c a n  h e l p  to  s u p p o r t  t h e  d e t e r g e n c y  p o w e r  f o r  r e m o v a l  u n w a n t e d  m a t e r i a l .
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T h e r e  a r e  s e v e r a l  r e p o r t s  t h a t  e n c o u r a g e  a  u s e  o f  m i c r o e m u l s i o n  f o r  

d e t e r g e n c y  a s  f o l l o w .

S o l a n  e t  a l .  ( 1 9 8 5 )  r e p o r t e d  t h a t  h i g h  e f f i c i e n c y  o f  s o i l  r e m o v a l  f r o m  t e x t i l e  

f a b r i c s  w a s  f o u n d  w h e n  t h e  s u r f a c t a n t  f o r m e d  t h e  m i c r o e m u l s i o n  w h i c h  i t  w a s  

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

A z e m a r  e t  a l .  ( 1 9 9 3 )  h a v e  s tu d i e d  f a b r i c  d e t e r g e n t  u s i n g  p u r e  t r i o l e i n  a s  a  

t r i g l y c e r i d e  o i l  r e p r e s e n t a t i v e .  H e  f o u n d  t h a t  t h e  w i n s o r  t y p e  I I I ,  m i d d l e  p h a s e ,  

m i c r o e m u l s i o n  w a s  b e t t e r  f o r  d e t e r g e n c y .

B o u r r e l  e t  a l .  ( 1 9 9 8 )  r e p o r t e d  t h a t  t h e  l o w e s t  o i l / w a t e r  I F T  a n d  h i g h e s t  o i l  

s o l u b i l i z a t i o n  c o r r e s p o n d e d  t o  m i c r o e m u l s i o n  f o r m a t i o n  b y  u s i n g  A e r o s o l  O T  ( d i ­

o c t y l  s u l f o s u c c i n a t e )  a t  2 0  °c  in  1 0 0  m l  o f  2 5 %  ( w / v )  s o l u t i o n  o f  A e r o s o l  O T  i n  

c a r b o n  t e t r a c h r o r i d e / p a r a f f i n  m i x t u r e .

F r o m  T o n g c u m p o u  ( 2 0 0 2 ) ,  K o r p h o l  ( 2 0 0 3 ) ,  a n d  P a n t i p a  ( 2 0 0 4 )  f o u n d  t h a t  

t h e  m a x i m u m  d e t e r g e n c y  p e r f o r m a n c e  c o r r e s p o n d e d  to  t h e  W i n s o r  t y p e  I I I ;  m i d d l e -  

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

( A O T ) ,  a l k y l  d i p h e n y l  o x i d e  d i s u l f o n a t e  ( A D P O D S ) ,  a n d  s o r b i t a n  m o n o o l e a t e  ( s p a n  

8 0 ) ,  w h e n  i t  w a s  c o m p a r e d  w i t h  a  c o m m e r c i a l  l i q u i d  d e t e r g e n t  p r o d u c t .

2.9 F a c to rs  A ffec tin g  O ily  Soil D etergency

I n  t h e  s t u d y  o f  d e t e r g e n c y  f o r m u l a t i o n  a n d  p e r f o r m a n c e ,  L i n f i e l d  et al., 
( 1 9 6 2 )  f o u n d  t h a t  a g i t a t i o n  s p e e d ,  w a s h i n g  t i m e  a n d  d e t e r g e n t  c o n c e n t r a t i o n  a f f e c t e d  

t h e  d e t e r g e n c y  p e r f o r m a n c e .  W e b b  et al., ( 1 9 9 8 )  s u g g e s t e d  s o i l  r e m o v a l  f r o m  f i b r o u s  

s u b s t r a t e  w a s  d e p e n d e d  o n  t h e  n a t u r e  o f  t h e  s o i l ,  t h e  o r d e r  o f  a p p l i c a t i o n ,  

t e m p e r a t u r e  a n d  t y p e  o f  d e t e r g e n t  f o r m u l a t i o n .

R e c e n t l y ,  G e r m a i n  ( 2 0 0 2 )  c o n d u c t e d  d e t e r g e n c y  e x p e r i m e n t  u s i n g  a  

t e r g o t o m e t e r  a n d  c o n c l u d e d  t h a t  s e v e r a l  f a c t o r s  s u c h  a s  a g i t a t i o n  s p e e d ,  t e m p e r a t u r e ,  

a n d  a m o u n t  o f  d e t e r g e n t  s h o u l d  b e  t a k e n  i n t o  c o n s i d e r a t i o n .

2 .9 .1  S u r f a c t a n t  S y s t e m

O b e n d o r f  et al. ( 1 9 8 2 )  f o u n d  t h a t  t h e  t y p e  o f  s u r f a c t a n t  a f f e c t e d  t h e  

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

a r e  e f f e c t i v e  o n  m o r e  p o l a r  f ib e r .  H o w e v e r ,  t h e r e  w a s  l i t t l e  o r  n o  d i f f e r e n c e  b e t w e e n  

t w o  d e t e r g e n t s  i n  t o t a l  o i l  r e m o v a l  f r o m  t h e  p o l y e s t e r / c o t t o n  f a b r i c .

T h e  e f f e c t  o f  e t h o x y l a t i o n  n u m b e r s  in  n o n i o n i c  s u r f a c t a n t  t o  s o i l  

r e m o v a l  w a s  a l s o  s t u d i e d  b y  W o r m u t h  et al. ( 1 9 9 1 ) .  T h e y  f o u n d  t h a t  t h e  o i l y  s o i l  

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

w h e n  t h e  e t h o x y l a t i o n  n u m b e r s  o f  t h e  c  12-14  a l k y l p o l y g l y c o l  e t h e r  w a s  i n c r e a s e d ,  t h e  

s o l u b i l i z a t i o n  p o w e r  o f  s u r f a c t a n t  d e c r e a s e d  w h i c h  r e s u l t i n g  t h e  d e c r e a s e  i n  o i l y  s o i l  

r e m o v a l .

T h e  e f f e c t s  o f  n o n i o n i c  s u r f a c t a n t  a n d  t e m p e r a t u r e  o n  d e t e r g e n c y  

e f f i c i e n c y  w e r e  s t u d i e d  b y  S o l a n  et al. ( 1 9 8 5 )  f o r  n o n p o l a r  s o i l s  ( h e x a d e c a n e ,  

s q u a l e n e ,  m i n e r a l  o i l )  o n  p o l y e s t e r / c o t t o n  f a b r i c .  I t  w a s  f o u n d  t h a t  t h e  m a x i m u m  

d e t e r g e n c y  e f f i c i e n c y  c o r r e s p o n d e d  w i t h  t h e  p h a s e  i n v e r s i o n  t e m p e r a t u r e  ( P I T ) .  

M o r e o v e r ,  t h e y  r e p o r t e d  t h a t  t h e  o p t i m u m  t e m p e r a t u r e  w a s  i n c r e a s e d  w h e n  th e  

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

T h e  a d v a n t a g e s  o f  u s i n g  s u r f a c t a n t  m i x t u r e s  w e r e  r e p o r t e d  b y  O g in o  

et al. ( 1 9 9 2 ) .  T h e y  f o u n d  t h a t  m i x e d  s u r f a c t a n t  s y s t e m s  g e n e r a l l y  e x e r t  g r e a t e r  t h a n  

s i n g l e  s u r f a c t a n t  s y s t e m s  f o r  e n h a n c i n g  o f  s o l u b i l i z a t i o n .  H o w e v e r ,  t h i s  e n h a n c e m e n t  

d o e s  n o t  a p p l y  t o  a l l  m i x e d  s y s t e m .

G e n e r a l l y ,  a  s u r f a c t a n t  m i x t u r e  t h a t  c a n  e x h i b i t  a  l o w  o i l - w a t e r  

i n t e r f a c i a l  t e n s i o n  i s  c o n s i d e r e d  t o  p r o v i d e  s u p e r i o r  o i l y  s o i l  d e t e r g e n c y .  V e r m a  et al. 
( 1 9 9 8 )  m e a s u r e d  t h e  o i l - w a t e r  i n t e r f a c i a l  t e n s i o n  f o r  a  m i x e d  a n i o n i c / n o n i o n i c  

s u r f a c t a n t  s y s t e m  ( N a L A S / C ] 2E 0 3  a n d  N a L A S / C i 2 E 0 7 )  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  

a n d  t i m e .  T h e  o i l - w a t e r  i n t e r f a c i a l  t e n s i o n  w a s  f o u n d  to  d e c r e a s e  a s  a  f u n c t i o n  o f  

t i m e  f o r  a l l  b l e n d s  c o n t a i n i n g  n o n i o n i c  s u r f a c t a n t .  I t  w a s  p r o p o s e d  t h a t  t h e  d i f f u s i v i t y  

o f  t h i s  h y d r o p h o b i c  f r a c t i o n  i n t o  p h a s e  l e a d  t o  a  d e c r e a s e  i n  o i l - w a t e r  i n t e r f a c i a l  

t e n s i o n .

T h e  i n v e s t i g a t i o n  c o n d u c t e d  b y  G o e l  a l s o  g a v e  s i m i l a r  r e s u l t s .  G o e l  

( 1 9 9 8 )  w a s  r e p o r t e d  t h e  o p t i m a l  E O  m o l e s  ( f o r  m a x i m a l  d e t e r g e n c y )  s h o w e d  a  

m o n o t o n i c a l l y  i n c r e a s i n g  t r e n d  w i t h  i n c r e a s i n g  r a t i o  o f  n o n i o n i c  to  a n i o n i c  

c o n c e n t r a t i o n s  f o r  a  f i x e d  l e v e l  o f  e l e c t r o l y t e .  T h e  o p t i m a l  E O  m o l e s  a l s o  i n c r e a s e d  

w i t h  i n c r e a s i n g  l e v e l  o f  e l e c t r o l y t e  in  t h e  s y s t e m .  H o w e v e r ,  t h e  e f f e c t  o f
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n o n i o n i c / a n i o n i c  r a t i o  w a s  m u c h  s t r o n g e r  t h a n  t h e  e f f e c t  o f  e l e c t r o l y t e s  o n  t h e  

o p t i m a l  E O  m o l e s .

I n  t h e  s a m e  y e a r ,  G o e l  i n v e s t i g a t e d  d e t e r g e n c y  p e r f o r m a n c e  a t  

d i f f e r e n t  r a t i o s  o f  n o n i o n i c  t o  N a L A S  c o n c e n t r a t i o n s .  H e  f o u n d  t h a t  t h e  m i n i m u m  

v a l u e  o f  i n t e r f a c i a l  t e n s i o n  w a s  a  f u n c t i o n  o f  E O  m o l e s  in  t h e  n o n i o n i c  s u r f a c t a n t .  

T h e s e  m i n i m a  w e r e  f o u n d  t o  e x h i b i t  h i g h  s o l u b i l i z a t i o n  o f  o i l y  s o i l  a n d  r e l a t e d  to  

c o r r e s p o n d  t h e  m a x i m u m  i n  d e t e r g e n c y .

I n  2 0 0 3 ,  T o n g c u m p o u  et al., f o u n d  t h a t  t h e  f o r m u l a t i o n  o f  

m i c r o e m u l s i o n  b y  m i x e d  s u r f a c t a n t  s y s t e m  o f  s o d i u m  d i o c t y l  s u l f o s u c c i n a t e  ( A O T ,  a  

s u r f a c t a n t  o f  i n t e r m e d i a t e  H L B ) ,  a l k y l d i p h e n y l o x i d e  d i s u l f o n a t e  ( A D P O D S ,  v e r y  

h y d r o p h i l i c  s u r f a c t a n t ) ,  a n d  s o r b i t a n  m o n o o l e a t e  ( S p a n  8 0 ,  v e r y  h y d r o p h o b i c  

s u r f a c t a n t )  w i t h  m o t o r  o i l  a n d  h e x a d e c a n e  c a n  b e  c o n s i d e r e d  a s  t e m p e r a t u r e -  

i n s e n s i t i v e  s u p p o s e d  b y  t h e  r e s u l t s  o f  S a l a g e r  et al. ( 1 9 7 9 )  a n d  A n t o n  et al. ( 1 9 9 2 ) .  

A n d  s h e  f o u n d  t h a t  i n t e r f a c i a l  t e n s i o n  ( I F T )  v a l u e s  u n d e r  s u p e r s o l u b i l i z a t i o n  ( S P S )  

c o n d i t i o n s  w e r e  n o t  s u b s t a n t i a l l y  w o r s e  t h a n  u n d e r  o p t i m a l  c o n d i t i o n s  i n  a  W i n s o r  

t y p e  I I I  s y s t e m  ( m i d d l e  p h a s e ) .  I n  o t h e r  w o r d s ,  q u i t e  l o w  I F T  c a n  b e  a t t a i n e d  w i t h o u t  

f o r m a t i o n  o f  a  m i d d l e  p h a s e  s u p p o s e d  b y  t h e  r e s u l t s  o f  พ น  et al. ( 2 0 0 0 ) .  I n  a d d i t i o n ,  

t h e  s u p e r s o l u b i l i z a t i o n  r e g i o n  w a s  f o u n d  t o  g i v e  o i l  r e m o v a l  a l m o s t  a s  h i g h  a s  t h a t  in  

t h e  m i d d l e  p h a s e  r e g i o n .  B e s i d e s ,  s h e  f o u n d  t h a t  h e r  m i c r o e m u l s i o n  f o r m a t i o n  

r e q u i r e d  f a i r l y  h i g h  s a l i n i t y  ( 1 6  w t  % )  t o  a c h i e v e  t h e  s u p e r s o l u b i l i z a t i o n  c o n d i t i o n  o r  

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

I n  2 0 0 5 ,  T o n g c u m p o u  et al., f o u n d  t h a t ,  f o r  h e r  m i c r o e m u l s i o n  

f o r m u l a t i o n ,  t h e  o i l  r e m o v a l  i n  t h e  r i n s e  s t e p  w a s  a l m o s t  a s  h i g h  a s  t h a t  i n  t h e  w a s h  

s te p  f o r  b o t h  s u p e r s o l u b i l i z a t i o n  a n d  W i n s o r  t y p e  I I I  r e g i o n .  B e c a u s e  d u r i n g  t h e  

w a s h  s t e p ,  t h e  s p r e a d i n g  e f f e c t  c a n  o c c u r  s u p p o s e d  b y  o t h e r  r e s u l t s  ( T h o m p s o n ,  

1 9 9 4 ;  H e a l y  et a l,  1 9 7 6 ) .

I n  a d d i t i o n ,  K o r p h o l  et al. ( 2 0 0 4 )  f o u n d  o u t  a  m i x e d  s u r f a c t a n t  s y s t e m  

o f  1 .5  w t %  A D P O D S ,  5  w t %  A O T ,  a n d  5  w t %  S p a n  8 0  t h a t  e x h i b i t e d  a  W i n s o r  t y p e  

I I I  m i c r o e m u l s i o n  a t  a  l o w  s a l i n i t y  o f  2 .8 3  w t % .  W i t h  t h i s  s e l e c t e d  f o r m u l a t i o n ,  

d e t e r g e n c y  p e r f o r m a n c e  i n c r e a s e d  w i t h  i n c r e a s i n g  a c t i v e  s u r f a c t a n t  c o n c e n t r a t i o n .
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2.9.2 Nature of Oil
Scott (1963) found that the presence of polar oil enhanced removal of 

nonpolar oil. Before aging, squalene was easier to remove when it was in a mixture 
rather than when it was present as a single soil. However, the effect of mixing on the 
removal of squalene is reversed after aging.

There were a number of research works about polar/nonpolar soils 
removal (Gordon, 1967; Powe, 1963; Morris e t a l., 1982). They conducted that 
residual oily soil contains a greater percentage of nonpolar components than fresh 
oily soil. Polar soils tend to be more easily removed in an aqueous detergent system.

Kissa (1987) claimed oil viscosity affected oil removal, the oil with 
lower viscosity was usually removed more rapidly from the substrate than one with a 
higher viscosity. Interestingly, the viscosity of the emulsion of used motor oil and the 
aqueous detergent solution was found to be five times higher than that of the original 
used motor oil.

The effect of polar soil components on the phase inversion 
temperature and optimum detergency conditions was also studied by Raney and 
Benson (1990). They proposed that the snap-off of the oil drops was resulted from 
the interfacial tension reduction at the soil/water interface, thus influencing the 
removal of nonpolar/polar soil mixtures. It was also suggested that a minimum 
quantity of polar material in the soil might be necessary to attain a high soil removal.

Chi e t a l. (1999) found that highly unsaturated oily soil was easily 
oxidize upon aging resulting in increasing removal whereas saturated oils is 
relatively stable. In addition, they reported that aging made oils to penetrate deeper 
into the fabric and fiber structures resulting in removal more difficult.

2.9.3 M t
Oil removal performance in the presence of electrolytes was reported 

by Webb e t al. (1983). They found that, for the mineral oil, the removal time of the 
mixed system with 0.5 ml NaCl was about half that of the nonionic. They also found 
that an addition of a surface active compound having less active lead to a significant 
increase in the interfacial tension of the mixture and so adversely influenced the oil 
removal.
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Moreover, detergent efficiency as a function of salt was observed to 
be independent on the temperature (Solan e t a l ,  1992). An optimum of detergent 
efficiency was obtained at optimum salinity 10 wt% NaCl which are favorable 
conditions for microemulsion formation.

The effect of temperature and salt concentration on detergency 
efficiency were investigated by Azemar e t al. (1993). They concluded that 
detergency efficiency both with and without electrolyte increased with temperature 
in the same trends and reached an optimum. However, the optimum temperature for 
the maximum detergency efficiency was shifted toward a lower temperature as the 
electrolyte concentration increased (effect of salinity out).

2.9.4 Substrate
The performance relating to soil removal is influenced markedly by 

the nature of the substrate (Christ e t a l ,  1994). Recently, Chi (2001) investigated the 
effect of the substrate on the removal of oily soil and found it was higher for nylon 
than cotton or polyester. Squalene, a nonpolar hydrocarbon, was difficult to remove 
from polyester, a nonpolar substrate. On the other hand, cotton, a very polar substrate 
from polyester, a nonpolar substrate, might be expected to release oily soil fairly well 
in an aqueous detergent system, but this was not the case. Low removal of squalene 
from cotton was thought to be due to morphological characteristics of cotton that 
made oil difficult to be removed.

Soil removal from cotton fabrics that had been chemically modified 
by mercerization and carboxymethylation were studied by Obendorf (2001). It was 
proposed that the carboxymethylation changed the chemistry of the fiber by 
increasing the carboxyl group content, this structure changed was believed to reduce 
the amount of soil deposited in the lumen of fiber. In the mercerization was indicated 
that chemical accessibility and hydrophilicity of the fiber structure influence both 
soil deposition and soil removal of lipid soil.

2.9.5 Water Hardness
Hard water affects detergency in several ways. Incomplete soil 

removal normally occurs when hard water is used in detergency (laundering).
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The presence of polyvalent cations, notably Ca2+ and Mg2+, in the bath 
water is invariably detrimental to the cleaning process for a number of reasons 
(Rosen, 2004):

2 .9 .5 .1  A d so rp tio n  o f  p o ly v a le n t ca tio n s  on to  the n eg a tive ly  ch a rg ed  
su bstra te  a n d  s o i l reduces their electrical potentials, thus impeding soil removal and 
facilitating its redeposition. The detrimental effect attributed to this has been noted 
also in the detergency studied involving only nonionic surfactants.

2 .9 .5 .2  P o lyva len t ca tio n s  can a c t a s  lin kages n eg a tive ly  ch arge  
su b stra te  a n d  n eg a tive ly  ch a rg ed  soil, thus promoting soil redeposition. They can 
also act as linkages between the negatively charged hydrophilic groups of anionic 
surfactants and the negatively charged soil or substrate, causing adsorption of the 
former with their hydrophilic groups oriented toward the latter and their hydrophobic 
groups toward the bath. Adsorption with this orientation results in increases in the 
interfacial tensions at the substrate-bath and soil-bath interfaces, increasing in work 
of adhesion and impeding wetting and oily soil roll back.

2 .9 .5 .3  A d so rp tio n  o f  p o ly v a le n t ca tio n s  on to  s o l id  so il  p a r tic le s  
dispersed in the bath can reduce their (negative) electrical potentials and cause them 
to flocculate and redeposit onto the substrate.

2 .9 .5 .4  A t h igh p o ly v a le n t ca tion  con cen tra tion s, the corresponding 
metal salts of anionic surfactants and other anions (e.g., phosphates, silicates) in the 
bath may precipitate onto the substrate. (Rutkowski, 1971) or produce other 
deleterious effects (Vance, 1969).

Prevention of soil re-deposition can be done by adding of anti-soil re­
deposition agent such as sodium carboxymethyl cellulose into the detergent. This 
agent can prevent the removed soil to redeposit back onto cleaned fabric by 
formation of barrier between suspended soil and cleaned fabric electrostatic
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repulsion for ionic surfactant and stearic hindrance for nonionic surfactants (Fong e t 
a l ,  1953).

2.9.6 Other Factors
In the study of detergency formulation and performance, Linfield e t 

al. (1962) found that an increase in agitation speed, washing time or detergent 
concentration, resulted in increasing detergency performance to the maximum levels. 
They reported that the maximum detergency was obtained at around 150-170 rpm 
and around 15-20 min washing cycle.

Obendorf e t al. (1982) reported both mechanical action and detergent 
concentration affecting the soil removal. An increase in either mechanical action or 
detergent concentration resulted in increasing removal of triolein, but its 
concentration in cotton fibers remained high.

In 1987, Raney e t al. studied the correlation of PIT with detergency 
performance. The maximum detergency in ternary systems was found to occur when 
the temperature was near the PIT of the system composed of water, the surfactant 
and the hydrocarbon soil itself.

Webb e t a l. (1988) reported that builder is another influencing factor 
for enhancing the cleaning efficiency.
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