
CHARPER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1 Microemulsion
M ic r o e m u ls io n  is  o n e  ty p e  o f  e m u ls io n , m isc ib ility  or su sp e n s io n  a liqu id  in  

a se c o n d  im m isc ib le  liq u id  w ith  a ro le  o f  e m u ls ify in g  a g en t, w h ic h  it is  c la s s if ie d  b y  
d e p e n d in g  o n  th e s iz e  o f  th e  d isp ersed  p a rtic le s  (the p a r tic le s  that are d isp ersed  in  
an o th er  liq u id  ). M ic r o e m u lso n  h as the s iz e  o f  d isp ersed  p a rtic le s  <  10 0  n m  (0 .1  p m ). 
A t th is  research  w o rk , tw o  im m isc ib le  liq u id  are o il and w ater , th e  e m u ls ify in g  is  
su rfactant.

S ev era l s p e c ia l ch ara c ter is tic s  are p resen t in m icro em u ls io n :
(1 )  U ltr a lo w  in ter fa c ia l te n s io n  (w a ter -o il in terfac ia l te n s io n  ~  1 0 "3 raN /m  w h ich  

is  lo w e r  than  ord in ary  w a te r -o il in ter fa c ia l ten s io n )
(2 )  H ig h  S o lu b iliz a t io n  (th e  n u m bers o f  o il can  b e h o ld  in m ic e l le , c lu sters  o f  

su rfactan t, to  p rev en t o i l  r e d ep o sitio n )
(3 )  S p o n ta n e o u s  F o rm a tio n  (req u ir in g  litt le  or n o input o f  m e c h a n ic a l en erg y  for  

m ic r o e m u ls io n  fo rm a tio n )
(4 )  T h e r m o d y n a m ic  S ta b ility
(5 )  O p tic a lly  C lea r  A p p ea ra n ce
( 6 ) L o w  V is c o s ity

A s  a re su lt  o f  th e se  sp e c ia l ch a ra cter istics , u se s  and  a p p lic a tio n s  o f  
m ic r o e m u ls io n  h a v e  b e e n  in crea sed  for su p p ly in g  o f  th e  w o rld . T h e  a p p lic a tio n  o f  
m ic r o e m u ls io n  is  n ot o n ly  in  d e te r g e n c y  a sp e c t  but a lso  in  sev era l a sp e c ts  su ch  as  
e n h a n c e d  o il r e c o v e r y , c o a tin g s  and te x t ile  f in ish in g , c o s m e t ic s , fo o d , p h a rm a ceu ti­
c a ls , e tc .(K u m a r  et a l.)

2.1.1 Type of microemulsions
M ic r o e m u ls io n s  ca n  b e c la s s if ie d  in to  fou r ty p e s  w h ic h  b a se  on  p h a se  

eq u ilib r iu m  (W in so r , 1954 );
1. W in so r  T y p e  I: T h ere  are tw o  p h a se s  in  th is  ty p e  w h ic h  c o n s is t s  o f  o il in  

w a ter  (o /w ) , o i l  d ro p le ts  (d isc o n tin u o u s  or in n er  p h ase) d isp erse  in th e  w ater  p h ase  
(c o n tin u o u s  or o u ter  p h a se ) , can  b e  in  eq u ilib r iu m  w ith  an e x c e s s  o il p h a se . S u rfac­
tant is  p r e feren tia lly  s o lu b le  in  w ater.
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2. W in so r  T y p e  II: T w o  p h a ses  are present in  th is  typ e . W ater  in o il (w /o ) ,  
w a ter  d ro p le ts  (d is c o n tin u o u s  or inner p h a se )  d isp erse  in  th e  o il p h a se  (c o n tin u o u s  or 
ou ter  p h a se ) , ca n  b e in  eq u ilib r iu m  w ith  an e x c e s s  w a ter  p h ase . S u rfactan t is  p r e fe ­
ren tia lly  so lu b le  in  o il.

3. W in so r  T y p e  III: T h is ty p e  c o n s is ts  o f  th ree  p h a ses . T h e  m id d le  p h ase  
(o il ,  w ater , an d  su rfa cta n t) can  b e in eq u ilib r iu m  w ith  b oth  e x c e s s  o f  w ater and o il  
p h a ses .

4 . W in so r  T y p e  IV : T h is  typ e  h as o n ly  o n e  p h a se  ( s in g le  p h a se ). O il, w ater , 
and su rfactan t are h o m o g e n e o u s ly  m ix ed .
2.2 Phase Behavior and Microemulsion Formation

In th e p h a se  tran sition  b eh a v io r  and m o c r o e m u ls io n  fo rm a tio n  are c o n ­
tro lled  b y  th e h y d r o p h ile - lip o p h ile  b a la n ce  (H L B ) o f  th e  sy s te m . It m ea n s that 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  sy stem  m u st b e  c h a n g e d  to b e  su ita b le  for  
fo rm in g  that m ic r o e m u ls io n . T h e H L B  is  the b a lan ce  b e tw e e n  th e h y d ro p h ilic  and  
l ip o p h ilic  (h y d r o p h o b ic )  p o rtio n s  o f  surfactant. T here are sev era l fac tors  that in f lu ­
e n c e  the H L B  alteration ; (1 )  typ e o f  su rfactant and that o f  o i ly  s o il (e a c h  surfactant 
and o i ly  s o i l  h a v e  an in d iv id u a l H L B ). (2 )  E lec tro ly te  co n ce n tr a tio n  or S a lin ity  (T h is  
factor  is  a lw a y s  u sed  for io n ic  surfactant sy stem . W h en  th e sa lin ity  is  in crea sed , the  
H L B  d e c r e a se  b e c a u se  red u ction  o f  th e  e lec tr ica l in tera ctio n  o f  th e  io n ic  h ead  group  
can  c a u se  th e  su rfactan t to  ch a n g e  from  h yd ro p h ilic  to  lip o p h ilic . O n  th e  other hand, 
i f  the sa lin ity  is  d e c r e a se d , the H L B  in crea se ). (3 ). T em p era tu re  (T em p eratu re  can  
o fte n  a ffe c t  n o n io n ic  su rfactant sy stem . I f  the tem p era tu re is ra ised , the H L B  d e ­
crea se  d u e  to the in crea sed  d yh yd ra tion  o f  P O E  ch a in s  w h ic h  in c r e a se s  th e  lip o p h ilic . 
In con trast, th e  tem p era tu re  is  lo w ered , th e  H L B  in crea se ). (4 ). P resen t o f  c o su r fa c ­
tan ts ( I f  a s y s te m  h as tw o  or m ore tw o  su rfactants (w h ic h  h a v e  the d ifferen t H L B ). 
th e  H L B  o f  c o su r fa c ta n ts  sy s te m  w ill b e  d ifferen t from  th e  H L B  o f  s in g le  su rfactant).

A s  k n o w n  th e H L B  can  con tro l the p h ase  tra n sitio n  b e h a v io r  and m ic r ie -  
m u ls io n  fo rm a tio n . A t h ig h  H L B  v a lu e s , or lo w  sa lin ity  or lo w  tem p era tu re, (F ig  2.1  
and 2 . 2  le ft  s id e )  the su rfactant is h y d ro p h ilic  and is  p refera b ly  in th e  w ater p h ase , 
w h ic h  is  in  eq u ilib r iu m  w ith  an e x c e s s  o il p h ase  h a v in g  a v e r y  lo w  su rfactant c o n ­
cen tra tion . T h is  is  k n o w n  as a w in so r  ty p e  1 m ic r o e m u ls io n  or W m  or an o /w  (o il-  
in -w a ter) m ic r o e m u ls io n . W ith  further d ecrea se  in L B  or further in crea se  in tern-
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perature an d  sa lin ity , th e  P O E  ch a in  n o n io n ic  su rfactant b e c o m e  m o re  and m o re  d e ­
hydrate or  h ea d  gro u p  o f  io n ic  su rfactant b e c o m e  m ore  and m o r e  rep u lse , th e  su r fa c ­
tant b e c o m e  m o re  lip o p h ilic  ca u sin g  th e v o lu m e  o f  th e  a q u e o u s  p h a se  W ra in crea se  
and that o f  th e  o i l  p h a se  d ecrea se  and a d ecrea se  in  IF T  b e tw e e n  o i l  and w a ter  in ter­
fa ce  (IF T  O /W m ). (F ig u r e  2 .2  left s id e )

I f  th e  PILB is  s till d e crea s in g  or tem peratu re or sa lin ity  is  still in crea s in g , 
the sy s te m  w i l l  sep ara te  in to  three p hase: an e x c e s s  w a ter  p h a se  ( พ )  w ith  lo w  su r fa c ­
tant co n c e n tr a tio n , a m id d le  p h ase  (M ) or m ic r o e m u ls io n  p h a se , and  e x c e s s  o il p h ase  
(O ) w ith  lo w  su rfactan t co n cen tra tion . T h is sy s te m  is  k n o w n  a s w in so r  ty p e  III m i­
c r o e m u ls io n . (F ig u re  2 .1  m id d le ) T h e  IF T  in  the re g io n  o f  th e  m id d le  p h ase  or w in ­
sor ty p e  III is  o fte n  a s  lo w  as 10 ' 3 m N /m , so -  -c a lle d  u ltra lo w  IFT . T h e lo w e s t  v a lu e  
o f  IFT  w h e r e  the IF T  b e tw e e n  the e x c e s s  o il p h ase  and the m id d le  p h ase  (IF T  o/m) 
eq u a ls  th e  IF T  b e tw e e n  th e m id d le  p h a se  and the e x c e s s  w a ter  p h a se  (IF T  M/w ) (F ig ­
ure 2 .2  m id d le ) , is  k n o w n  as the o p tim u m  in terfac ia l ten s io n . In a n o n io n ic  su rfactan t  
sy s te m , th e  tem p era tu re  that can  p rod u ct the o p tim u m  in ter fa c ia l te n s io n  k n o w in g  as 
th e  p h a se  in v e r s io n  tem peratu re (P IT ). For the a n io n ic  su rfactan t sy s te m , the sa lin ity  
that can  m a k e  th e o p tim u m  in terfacia l te n s io n  k n o w in g  as o p tim u m  sa lin ity .

I f  th e  H L B  c o n tin u e s  to d ecr e a se  or tem p era tu re or sa lin ity  co n tin u e s  to  in ­
crea se . T h e  su rfactan t b e c o m e s  m o re  and m ore lip o p h ilic  and  it is p refera b ly  in th e  
o il p h ase . A t  th is  p o in t the m ic e lle s  start to  invert and  d is s o lv e  in  th e  e x c e s s  o i l  c a u s ­
in g  th e v o lu m e  o f  th e  o il p h ase  (O m ) in crea se  and  that o f  a q u e o u s  p h ase  ( พ )  d e ­
crea se , th e  m id d le  p h a se  d isap p ears, and  a in crea se  in  IF T  b e tw e e n  o il  and w a ter  in ­
te r fa c e .(F ig u r e  2.1 and  2 .2  right s id e )

Figure 2 .1  C o rre la tio n  b e tw e e n  T y p ic a l p h ase  b e h a v io r  o f  m ic r o e m u ls io n  and H L B .
D e c re a s in g  H LB  -------►
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Decreasing HLB

Increasing Temperature_______

Figure 2.2 C o rre la tio n  b e tw e e n  in terfacia l te n s io n  (IF T ) and  HLB, S a lin ity , T e m ­
perature.

2.3 Mechanism of Oily Soil Removal
T h ere  are sev era l m e c h a n ism s  in  o i ly  s o il r em o v a l. H o w e v e r , th e  three p ri­

m ary m e c h a n ism s— ro ll-u p , e m u ls if ic a tio n , and so lu b iliz a t io n — w er e  w e l l  a cce p ted  
(V e r m a  e t ah , 1 9 9 8 ; R o se n , 2 0 0 4 )

1. R o ll-u p  M ec h a n ism
R o ll-u p  or  ro ll-b a ck  m e c h a n ism  is c o m p le te  d e ta c h m e n t o f  o i ly  s o i l  from  

su b strate . T h e  m e c h a n ism  can  r e m o v e  o il d rop let w ith  tw o  p r o c e sse s . F irst, an in ­
crea se  in  the c o n ta c t  a n g le  b e tw e e n  the o il d rop let and th e  su b strate  d u e to red u ce  in  
in ter fa c ia l te n s io n  (IF T ) b e tw e e n  o il  and w ater. S e c o n d , the o cc u r r e n c e  o f  th e  rep u l­
s io n  fo r c e  b e tw e e n  h ea d  group  o f  surfactant.

1.1 T h e  in crea sed  c o n ta c t a n g le  p ro c e ss
T h is  p r o c e ss  can  b e  e x p la in ed  b y  Y o u n g ’s e q u a tio n  w h ic h  is  as f o l ­

low ;

c o s  e = ÏSB~ Yso 
y OR
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Figure 2 .3  T h e  co n ta c t  a n g le  b e tw e e n  an o il d rop let and  su b strate  in  b a th  (su rfactan t 
S o lu t io n ) .

W h en  su rfactan ts are p resen t in  th e  bath  ( B )  or su rfa cta n t so lu tio n , 
th e y  w ill  ad sorb  at tw o  in ter fa ces . F irst in ter fa ce  is  in te r fa c e  b e tw e e n  su b strate  and  
bath  (S B ). A n o th e r  is in terfa ce  b e tw een  o i ly  so i l and  b ath  (O B ). A s  th e  resu lt, the  

in ter fa c ia l te n s io n  (IF T ) b e tw e e n  the su b strate and  th e b ath  ( Y s b )  and  that b e tw e e n  

o i ly  s o il and  b ath  ( Y o b )  a re  red u ced  c a u s in g  the d e c r e a se  in  c o s  0  an d  th e  in crea se  in 

0 , re su lt in g  o i ly  s o il d e ta ch m en t from  su b strate. H o w e v e r , th is  m e c h a n is m  w ill be 
a c c o m p lish e d  w h e n  the co n ta c t  a n g le  is m ore  than 9 0 ° . T h e  h ig h er  c o n ta c t  a n g le , the  
so il is  m ore  e a s i ly  r em o v ed  (B r o z e , 1 9 9 4 ). I f  the c o n ta c t  a n g le  is  1 8 0 °  ( c o s  0 = 1 ) ,  
w h ic h  m e a n s  that the so il w i l l  b e  sp o n ta n e o u s ly  c o m p le te ly  rem o v e d . I f  th e  con tact  
a n g le  is  b e tw e e n  9 0 °  and 1 8 0 ° , the so il m u st b e  r e m o v e d  b y  h yd ra u lic  cu rren ts in the  
bath  (F ig u re  3 .2 ) . In con trast, i f  th e  con tact a n g le  is  le s s  than 9 0 ° , th e  s o i l  w i l l  n ot be  
c o m p le te ly  r e m o v e d  w h ic h  there is so m e  part o f  the s o i l  r em a in in g  in  th e  substrate. 
T o  r e m o v e  th e  resid u a l so i l , m ech a n ica l w o rk  or s o m e  m e c h a n ic a l ( e .g . so lu b iliz a ­
tio n  ) w ill  b e  u sed .

Figure 2.4 R o ll-u p  m e c h a n ism  sh o w s  the c o m p le te  r e m o v a l o f  o il d r o p le ts  from  the  
su b strate  b y  h y d ra u lic  currents w h e n  0  >  9 0 °  (R o se n , 2 0 0 4 ) .
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1.2  S u rfactant h ead  group  re p u ls io n  p r o c e ss
A fte r  the su rfactan ts ad sorb  at su b stra te-b a th  in ter fa ce  ( S B )  and o ily  

so il bath in ter fa ce  (O B ), th e  h ead  group  o f  su rfa cta n ts w h ic h  ad sorb  at su b strate-bath  
in terfa ce  r e p u ls in g  w ith  th e  h ead  group  o f  su rfactan ts w h ic h  ad sorb  at o i ly  so il-b a th  
in terfa ce . F rom  th is  r e p u ls io n , th e  o il d rop let can  b e  ra ised  from  th e su b strate . (F ig ­
ure 3 .3 )

Figure 2.5 R e p u ls io n  fo r c e  o f  surfactant h ead  group .

2 . E m u ls if ic a tio n  M ec h a n ism
E m u ls if ic a tio n , or sn a p -o ff , or n e c k in g  m e c h a n ism , w ill  ta k e  p la c e  w h e n  

th e  c o n ta c t a n g le  b e tw e e n  th e o i ly  so il d rop let and th e su b strate  is  le s s  than  9 0 ° . T h e  
p r in c ip le  o f  th is  m e c h a n ism  is  sa m e  a ro ll-u p  m e c h a n ism  b ut th e  d if fe r e n c e  is the  
co n ta c t  a n g le  b e tw e e n  th e o i l  s o i l  d rop let and th e  su b stra te . N e v e r th e le s s ,  the d isa d ­
v a n ta g e  o f  th is  m e c h a n ism  is  s o m e  resid u a l s o il r e m a in in g  o n  the su b stra te  s in c e  the  
so il/b a th  in ter fa c ia l te n s io n  is  d ecrea sed , but th e  su b stra te /b a th  in te r fa c ia l te n s io n  is  
n o t ch a n g e  su b sta n tia lly  (F ig u re  3 .4 ).
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Figure 2.6 E m u ls if ic a tio n  m e c h a n ism  s h o w s  partia l rem o v a l o f  o i l  d rop le ts  from  
su b strate  9  <  9 0 °  (R o se n , 2 0 0 4 ) .

3 . S o lu b iliz a tio n  M e c h a n ism
S o lu b iliz a tio n , or o i l  uptake ca p a c ity , is  o i l  a d so rp tio n  in s id e  th e  core  o f  the  

su rfactant m ic e l le s .  T h e r o le s  o f  th is  m e c h a n ism  are; (1 )  r em o v a l sm a ll am ou n t o f  
resid u a l o i l  w h ic h  can n o t b e  r em o v ed  b y  ro ll-u p  or e m u ls if ic a t io n  an d  ( 2 ) p reven tion  
the o i ly  s o i l  fro m  r e d e p o s it io n  on  the su b strate. T h e  so lu b iliz a t io n  d e p e n d s  on  sev era l 
factors , su ch  as nature o f  o i l  and surfactant, su rfactan t co n c e n tr a tio n , e le c tr o ly te  c o n ­
cen tra tion , and  tem p era tu re. T h e so lu b iliz a tio n  w ill  su b sta n tia lly  o c c u r  w h en  the  
c o n c e n tr a tio n  o f  su rfactant so lu tio n  are a b o v e  the cr itica l m ic e l le  c o n cen tra tio n  
(C M C ) w h e r e  su rfactant w il l  form  m ic e lle s . T h e  c a p a c ity  o f  s o lu b i liz e d  o il in the  
m ic e lle  co r e  d e p e n d s  on  th e  ch e m ic a l structure o f  th e  su rfactan t, su rfa cta n t c o n c e n ­
tration , sh a p e  o f  the m ic e l le s  and tem perature. W h en  th e su rfactant c o n cen tra tio n  is  
lo w , the sm a ll a m o u n t o f  o i ly  so il can  be so lu b iliz e d . O n  th e o th er  h an d , at h ig h  su r­
factan t c o n c e n tr a tio n s  ( 1 0 - 1 0 0  t im e  th e C M C ), large a m o u n t o f  o i ly  s o i l  can  adsorb  
in  the m ic e l le  co r e  w h ic h  is  s im ila r  to m ic r o e m u ls io n  fo rm a tio n  (S c h w a r tz , 1 9 7 2 ). 
T h e d if fe r e n c e  b e tw e e n  s o lu b iliz a tio n  and e m u ls if ic a t io n  is  the th e r m o d y n a m ic  sta ­
b ility  o f  k e e p in g  all the o i ly  so il from  red e p o s it in g  o n  th e  su b strate w h ic h  the e m u ls i­
f ic a tio n  c a n n o t p reven t a ll th e  red ep o sitio n  o f  the o i ly  so i l o n  th e  su b strate . A n  im ­
portant o f  s o lu b iliz a tio n  is  n ot o n ly  in d e te r g e n c y  a sp e c t  but a lso  in  p o ly m e r iz a tio n , 
w a ste  w a ter  treatm en t, sep ara tio n  o f  m ater ia ls , e tc .
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2 .4  A p p lic a t io n  o f  M ic r o e m u ls io n  fo r  D e te r g e n c y
D u e  to the ch a ra cter istic  p rop erties o f  m ic r o e m u ls io n  n a m e ly , u ltra lo w  in ­

terfa c ia l te n s io n , h ig h  a b ility  for s o l ib il iz in g  a c o m p o u n d s  and e tc , m ic r o e m u ls io n  
can  h e lp  to  support the d e te r g e n c y  p o w er  for r em o v a l u n w an ted  m ater ia l.

T h ere  are se v era l reports that en c o u r a g e  a u se  o f  m ic r o e m u ls io n  for d eter­
g en cy ;

S o la n  et ah , ( 1 9 8 5 )  reported  that h ig h  e f f ic ie n c y  o f  so il r e m o v a l from  te x tile  
fab r ics  w a s  fou n d  w h e n  th e  surfactant form ed  the m ic r o e m u ls io n  w h ic h  it w a s  c o m ­
pared w ith  a u sed  o f  a c o m m e r c ia l liq u id  d eterg en t for s o i l  rem o v a l.

A z e m a r  et a l., ( 1 9 9 3 )  h ave s tu d ied  fabric d e te r g e n t u s in g  p u re tr io le in  as a 
tr ig ly cer id e  o il rep resen ta tiv e . H e fou n d  that the w in so r  ty p e  III, m id d le  p h ase , m i­
c r o e m u ls io n  is  a better for d eterg en cy .

T h e  lo w e s t  o il/w a te r  IFT and h ig h e st  o il s o lu b iliz a tio n  co rr e sp o n d  to m ic r o ­
e m u ls io n  fo rm a tio n  w h ic h  B ourrel et a l., (1998) u sed  A e r o s o l O T  (d i-o c ty l su lfo su c -  
c in a te ) at 20°c in 100 m l o f  25% (w t/v o l)  so lu t io n  o f  A e r o s o l O T  in  carb on  tetrach-  
ro r id e/p ara ffin  m ix tu re.

T h e  m a x im u m  d eterg en cy  p erfo rm an ce  c o r r e sp o n d s  to  th e  w in so r  typ e III, 
m id d le  p h a se , m ic r o e m u ls io n , w h ich  it is  form ed  b y  u s in g  so d iu m  d io c ty l su lfo su c -  
c in a te (A O T ), a lk y l d ip h e n y l o x id e  d is u lfo n a te (A D P O D S ), and sorb itan  m o n o o -  
le a te (sp a n  8 0 ) ,w h e n  it w a s  com p ared  w ith  a c o m m e r c ia l liq u id  d eterg en t prod- 
u c t.(T o n g c u m p o u , 2 0 0 2 ;  K orp h o l, 2 0 0 3 ; and P an tip a , 2 0 0 4 )



12

2.5 Factors Affecting Oily Soil Detergency
In the  s tudy  o f  d e te rg en cy  fo rm u la tio n  and  p e rfo rm an ce , L in fie ld  et al. 

(1962) found  tha t a g ita tio n  speed , w ash in g  tim e  an d  d e te rg en t c o n c e n tra tio n  affec ted  
the  d e te rg en cy  p e rfo rm an ce . W ebb et al. (1 9 9 8 ) su g g es ted  so il rem o v a l from  fib rous 
substra te  w as d ep en d ed  on  the  n a tu re  o f  th e  so il, th e  o rd e r o f  a p p lica tio n , tem p e ra ­
ture and  ty p e  o f  d e te rg en t fo rm ula tion .

R ecen tly , G e rm a in  (2002) co n d u c ted  d e te rg e n c y  e x p e rim e n t u sing  a  te rg o - 
to m ete r and  co n c lu d ed  th a t several fac to rs  such  as  ag ita tio n  sp eed , tem p era tu re , and  
am o u n t o f  d e te rg en t sh o u ld  be tak en  in to  co n s id e ra tio n .

1. S u rfac tan t S ystem
O b e n d o rf  et al. (1982) found  th a t the  ty p e  o f  su rfac tan t a ffec ted  the d e te r­

gency  p erfo rm an ce . A n  an io n ic  d e te rg en t w as fo u n d  to  rem o v e  o il fro m  a  co tton  fa­
bric m o re  e ffec tiv e ly  th a n  a non ion ic  de te rg en t. A s ex p ec ted , an io n ic  su rfac tan ts  are 
e ffec tiv e  on  m ore  p o la r  fiber. H o w ever, th e re  w as little  o r no d iffe re n ce  b e tw een  tw o 
d e te rg en ts  in  to ta l oil rem o v al from  the p o ly e s te r /c o tto n  fabric .

T h e  e ffec ts  o f  n o n io n ic  su rfac tan t and  tem p e ra tu re  o n  d e te rg e n c y  e ffic ien cy  
w ere  s tu d ied  by S o lan  e t al. (1988) for n o n p o la r  so ils  (h ex ad ecan e , sq u a len e , m ineral 
o il) on  p o ly es te r/co tto n  fabric . It w as found  th a t th e  m ax im u m  d e te rg e n c y  e ffic ien cy  
co rresp o n d ed  w ith  the  p h ase  in v ersio n  tem p e ra tu re  (P IT ). M o re o v e r,th e y  repo rted  
that th e  o p tim u m  tem p e ra tu re  w as in c reased  w h en  th e  d eg ree  o f  e th o x y la tio n  o f  the 
su rfac tan t increased .

T h e  e ffec t o f  e th o x y la tio n  n u m b ers in  n o n io n ic  su rfac tan t to  soil rem oval 
w as a lso  s tu d ied  by W o rm u th  et al (1991). T h ey  fo u n d  th a t th e  o ily  so il rem oval w as 
in fluenced  by  the  e th o x y la tio n  n u m b ers in n o n io n ic  su rfac tan t b ecau se  w hen  the 
e th o x y la tio n  n u m b ers o f  the  C |2-14 a lk y lp o ly g ly co l e th e r w as in c rea sed , the so lu b ili­
za tio n  p o w e r o f  su rfac tan t d ecreased  w h ich  re su ltin g  th e  d ec rea se  in  o ily  soil rem o v ­
al.

T h e  ad v an tag es  o f  u sing  su rfac tan t m ix tu re s  w ere  re p o rte d  by  O gino  et al. 
(1992). T h ey  found  th a t m ix ed  su rfac tan t sy s tem s g en e ra lly  ex e rt g re a te r  than  sing le  
su rfac tan t sy s tem s for en h an c in g  o f  so lu b iliza tio n . H o w ev er, th is  en h an cem en t does 
no t app ly  to  all m ixed  system .
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G enera lly , a  su rfac tan t m ix tu re  th a t can  e x h ib it a  lo w  o il-w a te r in te rfac ia l 
ten sio n  is co n sid e red  to  p ro v id e  su p e rio r  o ily  so il de te rgency . V e rm a  et al. (1998) 
m easu red  the  o il-w a te r  in te rfac ia l ten sio n  for a m ix ed  an io n ic /n o n io n ic  su rfac tan t 
sy stem  (N a L A S /C 1 2 E 0 3  and  N a L A S /C 1 2 E 0 7 )  as a  fu n c tio n  o f  tem p era tu re  and  
tim e. T h e  o il-w a te r in te rfac ia l ten s io n  w as found  to  d ec rease  as  a  fu n c tio n  o f  tim e  for 
all b len d s  co n ta in in g  n o n io n ic  su rfac tan t. It w as p ro p o sed  th a t th e  d iffu siv ity  o f  th is  
h y d ro p h o b ic  frac tio n  in to  p h ase  lead  to  a d ecrease  in  o il-w a te r  in te rfac ia l tension .

T h e  in v es tig a tio n  co n d u c ted  by G oel a lso  gave  s im ila r  resu lts . G oel (1998) 
w as rep o rted  the o p tim a l E O  m oles (fo r m ax im al d e te rg en cy ) sh o w ed  a m o n o to n ica l-  
ly in c reas in g  tren d  w ith  in c reasin g  ra tio  o f  n o n io n ic  to  an io n ic  co n cen tra tio n s  for a 
fixed  level o f  e lec tro ly te . T he op tim al E O  m o les a lso  in c reased  w ith  in c reasin g  level 
o f  e lec tro ly te  in the  sy stem . H o w ever, th e  e ffec t o f  n o n io n ic /an io n ic  ratio  w as m uch  
s tro n g er th an  the e ffec t o f  e lec tro ly tes  on  the o p tim a l E O  m oles.

In th e  sam e year, G oel in v estig a ted  d e te rg en cy  p e rfo rm an ce  at d iffe ren t ra tio s 
o f  n o n io n ic  to  N aE A S  co n cen tra tio n s . H e found  th a t the  m in im u m  value  o f  in te rfa ­
cial te n s io n  w as a  fu n c tio n  o f  E O  m o les  in the  n o n io n ic  su rfac tan t. T hese  m in im a  
w ere  fo u n d  to  ex h ib it h ig h  so lu b iliz a tio n  o f  o ily  so il and  re la ted  to  co rre sp o n d in g  the 
m ax im a  in  de tergency .

In  2003 , T o n g c u m p o u  et al. found  th a t th e  fo rm u la tio n  o f  m ic ro em u ls io n  by  
m ix ed  su rfac tan t sy s tem  o f  so d iu m  d io c ty l su lfo su cc in a te  (A O T , a  su rfac tan t o f  in ­
te rm ed ia te  H L B ), a lk y ld ip h en y lo x id e  d isu lfo n a te  (A D P O D S , v e ry  h y d ro p h ilic  su r­
fac tan t), and  so rb itan  m o n o o lea te  (S p an  80, very  h y d ro p h o b ic  su rfac tan t)  w ith  m o to r 
oil and  h ex ad ecan e  can  be  co n s id e red  as te m p e ra tu re -  in se n s itiv e  su p p o sed  by  the  
re su lts  o f  S a lag er e t al. (1 9 7 9 ) and  A n to n  et al. (1 9 9 2 ). A nd  sh e  fo u n d  tha t in te rfac ia l 
ten sio n  (IF T ) va lues u n d e r  su p e rso lu b iliz a tio n  (S P S ) co n d itio n s  w ere  no t su b s tan tia l­
ly w o rse  than  u n d er o p tim a l co n d itio n s  in  a W in so r type  III sy s te m  (m id d le  phase). 
In o th e r w o rd s, q u ite  lo w  IF T  can  be a tta in ed  w ith o u t fo rm a tio n  o f  a m idd le  phase  
su p p o sed  by the re su lts  o f  พ น  et al. (2000). In ad d itio n , th e  su p e rso lu b iliz a tio n  re ­
g ion  w as found  to g iv e  o il rem oval a lm o st as h ig h  as th a t in  th e  m id d le  phase  reg ion . 
B esides, she  found  th a t h e r m ic ro em u ls io n  fo rm a tio n  req u ired  fa ir ly  h ig h  sa lin ity  (16 
w t % ) to  ach iev e  the  su p e rso lu b iliz a tio n  co n d itio n  o r o p tim u m  co n d itio n s  tha t it is 
no t p rac tica l fo r real ap p lica tio n .
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In  2005 , T o n g c u m p o u  e t al. found  tha t, fo r her m ic ro e m u ls io n  fo rm u la tion , 
the o il rem o v al in th e  r in se  step  w as a lm o st as h ig h  as that in  th e  w ash  step  fo r bo th  
su p erso lu b iliz a tio n  an d  W in so r ty p e  III reg ion . B ecau se  d u rin g  th e  w ash  step , the 
sp read in g  e ffec t can  o c c u r  su p p o sed  by  o th e r re su lts  (T h o m p so n , 1994; H ea ly  et a l., 
1976)

In ad d itio n , K o rp h o l et al. (2 0 0 4 ) found  o u t a m ixed  su rfac tan t sy stem  o f  1.5 
w t%  A D P O D S , 5 w t%  A O T , and  5 w t%  S pan  80  th a t ex h ib ited  a  W in so r type III 
m ic ro em u ls io n  at a  lo w  sa lin ity  o f  2 .83  w t% . W ith  th is  se lec ted  fo rm u la tio n , d e te r­
gency  p e rfo rm an ce  in c reased  w ith  in c reasin g  ac tiv e  su rfac tan t co n cen tra tio n .

2. N a tu re  o f  O il
S co tt (1 9 6 3 ) fo u n d  that th e  p resen ce  o f  p o la r  oil e n h a n c e d  rem o v al o f  n o n ­

p o la r o il. B efo re  ag in g , sq u a len e  w as ea s ie r  to  rem o v e  w h en  it w as  in a m ix tu re  ra ­
th er th an  w h en  it w as  p re se n t as a  s in g le  so il. H o w ev e r, th e  e ffe c t o f  m ix in g  on  the 
rem o v al o f  sq u a len e  is rev e rsed  a fte r  aging .

T here  w ere  a  n u m b er o f  re sea rch  w o rk s  ab o u t p o la r /n o n p o la r  so ils  rem oval 
(G o rd o n , 1967; P o w e, 1972; M o rris  e t al.. 1982). T h ey  co n d u c ted  tha t residual o ily  
soil co n ta in  a g rea te r  p e rcen tag e  o f  n o n p o la r  co m p o n en ts  th an  fresh  o ily  so il. P o lar 
so ils  ten d  to  be m o re  e a s ily  rem oved  in an  aq u eo u s  d e te rg en t sy stem .

K issa  (1 9 8 7 ) c la im ed  oil v isco sity  a ffec ted  oil rem o v a l, th e  o il w ith  low er 
v isco sity  w as u su a lly  rem o v ed  m o re  rap id ly  fro m  th e  su b stra te  th a n  one  w ith  a  h ig h ­
er v isco sity . In te res tin g ly , the v isco sity  o f  th e  em u ls io n  o f  u sed  m o to r oil and  the 
aq u eo u s d e te rg en t so lu tio n  w as found  to  be five tim es  h ig h er th an  th a t o f  th e  o rig ina l 
used  m o to r oil.

T h e  e ffec t o f  p o la r  soil co m p o n en ts  on  th e  p h ase  in v e rs io n  tem p era tu re  and  
o p tim u m  d e te rg en cy  co n d itio n s  w as a lso  s tu d ied  by  R an ey  and  B en so n  (1990). T hey  
p ro p o sed  th a t the  s n a p -o f f  o f  the  oil d ro p s w as re su lted  from  th e  in te rfac ia l tension  
red u c tio n  a t the  so il/w a te r  in terface , thus in flu en c in g  th e  rem o v a l o f  n o n p o la r/p o la r  
soil m ix tu res. It w as a lso  sug g ested  th a t a  m in im u m  q u an tity  o f  p o la r  m ate ria l in  the  
soil m ig h t be n ecessa ry  to  a tta in  a  h ig h  soil rem o v al.

C h i et al. (1 9 9 8 ) found  th a t h ig h ly  u n sa tu ra te d  o ily  so il w as easily  ox id ize  
upon  ag in g  re su ltin g  in  in c reasin g  rem o v al w h e rea s  sa tu ra ted  o ils  is re la tiv e ly  stab le .
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In ad d itio n , they  re p o r te d  th a t ag in g  m ade o ils  to  p en e tra te  d e e p e r  in to  the  fab ric  and 
fiber s tru c tu res  re su ltin g  in  rem o v a l m o re  d ifficu lt.

3. S a lt
O il rem o v a l p e rfo rm an ce  in  the  p resen ce  o f  e le c tro ly te s  w as rep o rted  by 

W ebb  e t al. (1 9 8 3 ). T h ey  found  th a t, fo r the  m in e ra l o il, th e  rem o v a l tim e  o f  the  
m ix ed  system  w ith  0 .5  m l N aC l w as ab o u t h a lf  th a t o f  th e  n o n io n ic  aloe. T h ey  also  
found  th a t an  a d d itio n  o f  a  su rface  ac tiv e  co m p o u n d  hav in g  le ss  ac tiv e  lead  to  a  sig ­
n ifican t in c rease  in  th e  in te rfac ia l te n s io n  o f  the  m ix tu re  an d  so  ad v e rse ly  in fluenced  
the  oil rem oval.

M o reo v er, d e te rg e n t e ff ic ie n cy  as a  fu n c tio n  o f  sa lt w as  o b serv ed  to  be in ­
d ep en d en t on  the  te m p e ra tu re  (S o lan  e t al., 1992). A n  o p tim u m  o f  d e te rg en t e ff ic ien ­
cy w as o b ta in ed  at o p tim u m  sa lin ity  10% w t N aC l w h ich  are  fa v o ra b le  co n d itio n s  for 
m ic ro e m u ls io n  fo rm atio n .

T h e  e ffec t o f  tem p e ra tu re  an d  sa lt co n cen tra tio n  on  d e te rg en cy  e ffic ien cy  
w ere  in v es tig a ted  by  A z e m a r et a l  (1993). T h ey  co n c lu d ed  th a t d e te rg en cy  e ffic ien ­
cy b o th  w ith  and  w ith o u t e lec tro ly te  in c reased  w ith  te m p e ra tu re  in  the  sam e trends 
and reach ed  an  o p tim u m . H o w ev er, th e  o p tim u m  tem p e ra tu re  fo r th e  m ax im u m  d e ­
te rg en cy  e ffic ien cy  w a s  sh ifted  1 to w ard  a lo w er tem p e ra tu re  as th e  e lec tro ly te  co n ­
cen tra tio n  in creased  (e ffe c t o f  sa lin ity  out).

4. S u b stra te
T h e  p e rfo rm an ce  re la tin g  to  so il rem o v a l is in flu en ced  m ark ed ly  by the  n a ­

ture o f  th e  su b stra te  (C h ris t et al., 1994). R ecen tly , C hi (2 0 0 1 ) in v estig a ted  the  effec t 
o f  the  su b stra te  on  th e  rem o v al o f  u n ag ed  o ily  so il and  found  it w as  h ig h er fo r ny lon  
than  c o tto n  or p o ly este r. S q u a len e , a n o n p o la r  h y d ro ca rb o n , w as  d ifficu lt to  rem o v e  
from  p o ly este r, a n o n p o la r  su b stra te . O n  the  o th e r hand , co tto n , a  v ery  p o la r su b stra te  
from  p o ly este r, a n o n p o la r  su b stra te , m ig h t be ex p ec ted  to  re lea se  o ily  so il fa irly  w ell 
in an  aq u eo u s  d e te rg e n t system , b u t th is  w as no t th e  case. L o w  rem o v a l o f  sq u a len e  
from  c o tto n  w as th o u g h t to  be d u e  to  m o rp h o lo g ica l c h a ra c te ris tic s  o f  co tto n  tha t 
m ade o il d ifficu lt to  b e  rem oved .

Soil rem o v a l fro m  co tto n  fab rics  th a t h ad  b een  c h e m ic a lly  m o d ified  by 
m erce riza tio n  and  ca rb o x y m e th y la tio n  w ere  s tu d ied  by  O b e n d o rf  (2001). It w as p ro ­
p osed  th a t the  ca rb o x y m e th y la tio n  ch an g ed  th e  ch em is try  o f  th e  fib e r by in creasin g
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th e  ca rb o x y l g ro u p  co n ten t, th is  s tru c tu re  ch an g ed  w as b e liev ed  to  reduce  the  am o u n t 
o f  so il d ep o sited  in  th e  lu m en  o f  fiber. In the  m erce riza tio n  w as in d ica ted  tha t ch e m i­
cal access ib ility  an d  h y d ro p h ilic ity  o f  the  fib e r s truc tu re  in flu en ce  bo th  soil d ep o s i­
tio n  an d  soil rem o v a l o f  lip id  soil.

5. W ate r H a rd n e ss
H ard  w a te r  a ffec ts  d e te rg en cy  in severa l w ays. In co m p le te  so il rem oval 

n o rm ally  o ccu rs  w h e n  hard  w a te r is u sed  in d e te rg en cy  (lau n d e rin g ) (P arich a t, 2009).
T he p re se n c e  o f  p o ly v a len t ca tions, n o tab ly  C a2 +  an d  M g2+ , in  the  ba th  

w a te r is in v a riab ly  d e tr im en ta l to  th e  c lean in g  p ro cess fo r a  n u m b er o f  reaso n s  (R o ­
sen, 2004):

5.1 A d so rp tio n  o f  p o ly v a len t ca tio n s  o n to  the  n eg a tiv e ly  ch arged  su b stra te  
and  so il red u ces th e ir  e lec trica l p o ten tia ls , th u s  im p ed in g  so il rem oval and  fac ilita t­
ing  its  red ep o s itio n . T h e  d e trim en ta l e ffec t a ttr ib u ted  to th is  has been  n o ted  a lso  in 
the  d e te rg en cy  s tu d ie d  in v o lv in g  o n ly  n o n io n ic  su rfac tan ts  (P o rte r, 1967; S chw uger, 
1971).

5.2 P o ly v a le n t ca tio n s  can  act as lin k ag es n eg a tiv e ly  charge su b stra te  and 
n eg a tiv e ly  ch a rg ed  so il, thus p ro m o tin g  soil red ep o sitio n  (d eJo n g , 1966). T h ey  can 
a lso  ac t as lin k ag es  b e tw een  the  n eg a tiv e ly  ch arg ed  h y d ro p h ilic  g roups o f  an ion ic  
su rfac tan ts  and  th e  n eg a tiv e ly  ch arg ed  soil o r substra te , c a u s in g  ad so rp tio n  o f  the 
fo rm er w ith  th e ir  h y d ro p h ilic  g ro u p s  o rien ted  to w ard  the  la tte r  and  th e ir  h y d ro p h o b ic  
g ro u p s  to w ard  th e  b a th . A d so rp tio n  w ith  th is  o rien ta tio n  re su lts  in in c reases  in the 
in te rfac ia l te n s io n s  a t th e  su b stra te -b a th  and  so il-b a th  in te rfaces , in c reasin g  in w ork  
o f  ad h esio n  and  im p e d in g  w e ttin g  and  oily  so il ro ll back.

5.3 A d so rp tio n  o f  p o ly v a len t ca tio n s  o n to  so lid  so il pa rtic les  d isp e rsed  in 
the  b a th  can  red u ce  th e ir  (n eg a tiv e ) e lec trica l p o ten tia ls  an d  cau se  them  to flo ccu la te  
and  red ep o s it o n to  th e  substra te .

5.4 A t h ig h  p o ly v a len t ca tio n  co n cen tra tio n s , th e  co rre sp o n d in g  m e ta l sa lts 
o f  an io n ic  su rfac tan ts  an d  o th e r an io n s  (e .g ., p h o sp h a tes , s ilica te s) in the  b a th  m ay 
p rec ip ita te  o n to  th e  su b stra te . (R u tk o w sk i, 1971) o r p ro d u ce  o th e r d e le te rio u s  effec ts 
(V an ce , 1969; B ry sso n , 1971).
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6 O th e r F ac to rs
In the  s tu d y  o f  d e te rg en cy  fo rm u la tio n  and p e rfo rm an ce , L in fie ld  et al. 

(1 9 6 2 ) found  th a t an  increase  in  ag ita tio n  sp eed , w ash in g  tim e  o r d e te rg en t co n cen ­
tra tio n , re su lted  in  in c reas in g  de te rgency  p erfo rm an ce  to  th e  m ax im u m  levels. T hey  
rep o rted  tha t th e  m ax im u m  de te rgency  w as ob ta ined  at a ro u n d  150-170  rp m  and 
a ro u n d  15-20 m in  w ash in g  cycle.

O b e n d o rf  et al. (1 9 8 2 ) repo rted  b o th  m ech an ica l a c tio n  and  d e te rg en t co n ­
cen tra tio n  a ffec tin g  th e  soil rem oval. A n increase  in e ith e r m ech an ica l a c tio n  or d e ­
te rg en t c o n c e n tra tio n  resu lted  in  increasing  rem oval o f  tr io le in , bu t its co n cen tra tio n  
in  c o tto n  fibers rem a in ed  high.

In  1987, R an ey  e t al. s tu d ied  th e  co rre la tio n  o f  P IT  w ith  d e te rg en cy  p erfo rm an ce . 
T h e  m ax im u m  d e te rg e n c y  in te rn a ry  sy stem s w as found  to  o c c u r  w hen  th e  tem p e ra ­
tu re  w as n ea r the  P IT  o f  the sy stem  co m p o sed  o f  w ater, th e  su rfac tan t and  the  h y d ro ­
ca rb o n  so il itself.

W eb b  et al. (1 9 8 8 ) rep o rted  th a t b u ild e r is an o th er in flu e n c in g  fac to r fo r e n h a n c ­
ing  th e  c lean in g  e ffic ien cy .
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