
C H A P T E R  IV

RESULTS AND DISCUSSION

4.1 Microemulsion Formation Study

T o en h an ce  the d e te rg en cy  p e rfo rm an ce , m ic ro em u ls io n  fo rm atio n  is used. 
T h e  m ax im u m  o f  o ily  so il rem o v a l is a ch iev ed  u n d er m ic ro e m u ls io n  co n d itio n . B ut, 
m ic ro e m u ls io n  co n d itio n  d e te rm in a tio n  is v e ry  d ifficu lt s in ce  there  a re  m an y  factors 
a ffe c ted  the  sy stem  such  as ty p e  o f  su rfac tan t, su rfac tan t sy s tem , sa lin ity , tem p e ra ­
tu re  an d  etc. H o w ev er, m ix ed  su rfac tan t sy s tem  is b e liev ed  to  im p ro v e  the  d e te rg en ­
cy  p e rfo rm an ce  b e tte r  th an  sin g le  su rfac tan t sy s tem  (C h an tra , 2003).

To fo rm  m ix ed  su rfac tan t system , s in g le  su rfac tan t sy s tem  m u st be stud ied  
befo re . T h e re fo re , the  s tu d y  o f  sing le  su rfac tan t sy stem  is v e ry  u sefu l fo r m ixed  sy s­
tem . T h e  p u rp o se  o f  s in g le  su rfac tan t sy stem  study  is f in d in g  th e  o p tim u m  su rfac tan t 
c o n cen tra tio n , w h ic h  p ro v id es  the  low est in te rfac ia l ten sio n  and  m a x im u m  oily  soil 
rem o v a l, o f  any  sin g le  su rfac tan ts .

4.1.1 S im d e  S y stem  o f  S u rfac tan t
4.1.1.1 Effect o f MES Concentration

In th is  s tudy , the  M E S  co n cen tra tio n  w as v a ried  from  0.1 
% w t/v  to  10 % w t/v  to  fo rm  m ic ro em u ls io n  w ith  m o to r o il. S ince  th e  sy stem  cou ld  
n o t v e rify  th e  ex is ten ce  o f  a  W in so r T ype III m ic ro em u ls io n , IF T  m e asu rem en t w as 
u sed  in stead  o f  m easu rin g  p h ase  h e igh t ch an g e  in o rd e r to  in d ica te  the  p resen ce  o f  a 
W in so r  T ype III m ic ro em u ls io n . T he resu lts  as  show ed  in  F ig u re  4 .1 , th e  low est IFT  
o f  0 .2 5 3 2  m N /m  w as fo u n d  at 2  % w t/v  M E S  co n cen tra tio n . T h e  IF T  v a lu e s  w ere  no t 
in  th e  u ltra lo w  IF T  range  (1 0 ‘2-1 0 ‘3 m N /m ), su g g estin g  th a t the  p u re  M E S  system  
c a n n o t p ro d u ce  a  W in so r T y p e  III m icro em u lsio n .
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Figure 4.1 In te rfac ia l ten s io n  (IF T ) o f  m o to r oil and  v a rio u s  M E S  co n cen tra tio n  so ­
lu tion .

4.1.1.2 Effect o f salinity
T h e  e ffec t o f  sa lin ity  on  m ic ro em u ls io n  fo rm a tio n  w as stud ied  

by ad d in g  sa lt in  th e  sy stem  is know n as sa lin ity  scan. W h en  in c re a s in g  sa lin ity , the 
m ic ro em u ls io n  sy stem  tran sfo rm s from  a  W in so r T y p e  I m ic ro e m u ls io n  to  a W inso r 
T y p e  111 m ic ro em u ls io n  sin ce  in creasin g  sa lin ity  cau ses  th e  sy stem  b eco m e  m ore  ly- 
p o p h ilic  o r  m o re  su rfac tan t m o v ing  o u t from  the  w a te r p h ase  to  th e  oil phase. A s a 
resu lt, ad d in g  sa lt w ill h e lp  to  reduce  In te rfac ia l te n s io n  (IF T ) s in ce  sa lt reduces the  
rep u ls iv e  fo rce  b e tw een  th e  ch arged  ion ic  su rfac tan t h ead  g ro u p s  w h ic h  can lead to 
d ec reas in g  th e  C M C  and  in creasin g  the  ag g reg a tio n  n u m b er o r  d e c re a s in g  H L B  v a l­
ue (R o sen , 2004).

F rom  the p rev io u s  resu lt, at 2 % w t M E S  co n cen tra tio n , the  
o p tim u m  co n cen tra tio n  w as se lected  fo r th e  sa lin ity  e x p e rim e n t in  o rd er to  find  
w h ich  sa lin ity  co u ld  p ro v id e  the low est IFT.
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Figure 4.2 In te rfac ia l tension  as a  fu n c tio n  o f  sa lin ity  at 2 %  M E S  c o n c e n tra ­
tion.

F ro m  the  study  on  th e  e ffec t o f  sa lin ity , th e  co rre la tio n  o f  IF T  
and  sa lin ity  w ere  p lo tted  as  show ed  in  F ig u re  4 .2 . T h e  resu lt sh o w ed  that w hen  salt 
w as ad ded , th e  IF T  o f  the  system  d id  n o t m u ch  ch an g e  from  th e  sy stem  w ith o u t salt. 
I f  sa lt w as fu rth e r ad d ed  to  the system , IF T  w ould  be co n s tan t and  w h en  the sa lin ity  
ex ceed s  1 % , M E S  so lu tio n  w ill have  v e ry  h igh  v isc o s ity  w h ich  w as no t su itab le  for 
the  d e te rg en cy  ap p lica tio n . T h ere fo re , ad d in g  sa lt in  th is  sy stem  d id  n o t affec t to  d e ­
c rease  IF T  p o ss ib ly  b ecau se  M E S m o lecu le  co n ta in ed  a lot o f  N a + ions from  the  
M E S  p ro d u c tio n  step  o f  neu tra liza tio n .

4.1.1.3 Effect o f EO groups and Concentration o f Alcohol Ethoxylate 
A  n on ion ic  su rfac tan t is b e liev ed  th a t it is g o o d  fo r oil rem o v al 

b ecau se  an  n o n io n ic  su rfac tan t is b e tte r  so lu b iliz in g  ag en ts  th an  ion ic  su rfac tan t. 
M o reo v er, n o n io n ic  su rfac tan ts  have  m u ch  lo w er C M C  th an  ion ic  su rfac tan ts  c o n ­
ta in in g  e q u iv a le n t h y d ro p h o b ic  group.

T o  en h an ce  so lu b ility  o f  su rfac tan ts , th e  s ize  o f  th e  m ice lles  
m u st be in c reased . T h e re fo re , any  fac to rs  th a t cau se  an  in c rease  in e ith e r the d iam e te r 
o f  m ice lle  o r its ag g reg a tio n  num b er a ffec t an in c rea se  in so lu b iliz a tio n  cap ac ity  
w h ich  re su ltin g  an  in c rease  in oil rem o v al e ffic ien cy . F o r A lco h o l E th o x y la te , the
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nu m ber o f  e th y le n e  o x id e  grou p s is  th e  o n e  o f  fa c to rs  that a f fe c ts  s o lu b iliz a tio n  c a ­
p acity  o f  n o n io n ic  su rfactan ts s in c e  a d ecrea se  in  th e  n u m b er o f  e th y le n e  o x id e  group  
ca u se s  an in crea se  in  a g g reg a tio n  n u m b ers w h ic h  re su lt in g  an in crea se  in  s o lu b iliz a ­
tion  ca p a c ity  o f  su rfactan t. M o reo v er , an in crea se  in  th e  n u m b er  o f  e th y le n e  o x id e  
grou p s ap p ears to  d e c r e a se  the a d so rp tio n  e f f ic ie n c y  o f  su rfa cta n t on to  m o st  m a te ­
ria ls a ffe c t in g  a d e c r e a se  in  d e te r g e n c y  (R o se n , 2 0 0 4 ) .  C o n se q u e n tly , a h igh  n u m ber  
o f  e th y le n e  o x id e  gro u p s o f  n o n io n ic  su rfactants are n ot su ita b le  for o i ly  so il r e m o v ­
al.

In  th is  w ork , th e  va rio u s n u m b er o f  e th ly le n e  o x id e  gro u p s o f  
A lc o h o l E th o x y la te  w e r e  s tu d ied  in  order to fin d  th e n u m b er o f  e th y le n e  o x id e  group  
w h ich  p ro v id ed  th e lo w e s t  in terfac ia l te n s io n  w ith  m o to r  o il.

In th is  stu d y , n u m b er o f  e th y le n e  o x id e  (E O ) gro u p s o f  A lc o h o l  
E th o x y la te  (A E ) and A lc o h o l E th o x y la te  c o n c e n tr a tio n  w e r e  v a r ied  from  E O  grou p s  
3 -9  g ro u p s and 0 .5 -1 5  % w t/v  r e sp e c tiv e ly . In ord er to fin d  w h ic h  E O  gro u p s and  
w h ich  A E  c o n cen tra tio n  w ill  g iv e  th e  lo w e s t  IFT.

'5 ! —■ — 5E O  g r o u p s
j —รเร”- ' 7 CO g r o u p s  
j 9E O  g r o u p s
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Figure 4.3 In terfac ia l te n s io n  as a fu n ctio n  o f  A E  e th y le n e  o x id e  (E O ) g ro u p s and  
co n cen tra tion .
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F rom  F ig u re  4 .3 ,  the resu lt sh o w e d  that th e  lo w e s t  IF T  w a s  
fou n d  at A lc o h o l E th o x y la te  w ith  3 E O  grou p s at 15 % w t/v  A E  co n cen tra tio n  but 
th is  resu lt is  n o t s o  c lea r  b eca u se  at th e  sa m e c o n cen tra tio n , th e  IF T  o f  ea ch  A lc o h o l  
E th o x y la te  w ith  d iffe r e n t E O  gro u p s had  a v e r y  c lo s e  v a lu e  to  ea c h  o th er’ร and  from  
the lim ita tio n  o f  th e  in stru m en t, th e  lo w e s t  IF T  w a s  a lso  fo u n d  at A lc o h o l E th o x y la te  
w ith  5 E O  gro u p s at 10  % w t/v  A E  co n cen tra tio n  and th e  IF T  at 5 % w t/v  o f  a ll E O  
grou p s w e r e  v e r y  c lo s e  to  ea ch  o th ers . S o , to  en su re  th is  resu lt that w h ic h  E O  grou p s  
sh o u ld  b e th e  o p tim u m , o n e  m ore  ex p e r im e n t w a s  setu p . In th is  s tu d y , n u m b er o f  
e th y le n e  o x id e  (E O ) gro u p s o f  A lc o h o l E th o x y la te  (A E ) w a s  v a r ied  from  E O  grou p s  
3 -9  g ro u p s and A lc o h o l E th o x y la te  c o n cen tra tio n  w a s  co n sta n t at 5 % w t/v  in order to  
fin d  th e n u m b er o f  E O  gro u p s that p ro v id ed  the lo w e s t  IFT.

Figure 4.4 In terfac ia l te n s io n  as a fu n c tio n  o f  A E  e th y le n e  o x id e  (E O ) gro u p s at 
con stan t 5 % w t/v  A E  co n cen tra tio n .

F rom  F ig u re  4 .4 , th e  lo w e s t  IF T  w a s  fo u n d  at A lc o h o l  
E th o x y la te  w ith  3 E O  gro u p s. T h e  rea so n  that 3 e th y le n e  o x id e  grou p s p ro v id ed  the  
lo w e s t  in ter fa c ia l te n s io n  w a s  e x p la in e d  as the p r e v io u s . F or A lc o h o l E th o x y la te , the  
n u m b er o f  e th y le n e  o x id e  grou p s is  th e  im p ortan t factor  that a ffe c ts  so lu b iliz a tio n  
ca p a c ity  o f  n o n io n ic  su rfactan ts s in c e  a d e c r e a se  in  the n u m b er  o f  e th y le n e  o x id e
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group  c a u se s  an in c r e a se  in  a g g r e g a tio n  n u m b ers w h ic h  resu lt in g  an in c r e a s in g  so lu ­
b iliz a tio n  c a p a c ity  o f  su rfactant an d  in crea se  in  o il rem o v a l e f f ic ie n c y .

4 .1 .2  M ix e d  sy ste m  o f  su rfactan ts
T h e  m ix tu re  o f  su rfactan ts is  b e lie v e d  that it is  the b est sy s te m  to  

re m o v e  o i ly  s o i l  a s  it e x h ib it  a  lo w e r  o il-w a te r  in terfac ia l te n s io n  and greater  s o lu b i­
liz a tio n  than  s in g le  su rfactant sy s te m  (V erm a , 1 9 9 8 , O g in o , K  and M . A b e . 1997 , 
T o n g c u m p o u , 2 0 0 3 ) .

In th is  stu d y , a m ix tu re  o f  A lc o h o l E th o x y la te  w ith  3 E th o x y la te  
grou p s (A E 3 ), a n o n io n ic  su rfactan t and M e ty l E ster S u lfo n a te  (M E S ), an an io n ic  
su rfactant, w a s  u se d  to  fo n n  m ic r o e m u ls io n  w ith  m otor  o il. T h e  w e ig h t ratio  b e tw een  
A E 3  and  M E S  w a s  va r ied  from  p u re A E 3  to pure M E S .

Figure 4.5 In ter fac ia l te n s io n  o f  m ix e d  su rfactant sy s te m  as a fu n ctio n  o f  A E  and  
M E S  w e ig h t  ratio  at co n sta n t 0 .3  % a c tiv e  co n cen tra tio n .

F rom  F igu re  4 .5 , a s  M E S  c o n cen tra tio n  in crea sed , in terfa c ia l te n s io n  
w a s d e c r e a se d  an d  reach ed  the m in im u m  at 8 8 .2 3 /1 1 .7 7  o f  A E 3 /M E S  w e ig h t  ratio. 
T h e e f fe c t  o f  A E 3  c o n cen tra tio n  w a s  greater than  the M E S  co n cen tra tio n , in terfacia l 
te n s io n  o f  m ix e d  sy s te m  w a s  in c r e a s in g  w h e n  th e  e f fe c t  o f  M E S  co n cen tra tio n  b e ­
ca m e  larger. In a d d it io n , the in ter fa c ia l te n s io n  o f  m ix e d  s y s te m s  at the m in im u m  did
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n ot m u c h  c h a n g e  from  the in ter fa c ia l te n s io n  o f  pure A E 3  sy s te m  ( 1 0 0 /0 ) .  A s  the re­
su lts , M E S  d id  n o t m u ch  h e lp  to  red u ce in terfac ia l te n s io n  in  m ic r o e m u ls io n  form a­
tion  o f  m ix e d  sy s te m  p rob a b ly  b e c a u se  A E  w h ic h  had b etter so lu b iliz a tio n  ca p a c ity  
and C M C  p la y e d  an  im p ortan t ro le  in  m ic r o e m u ls io n  fo rm a tio n  and had m o re  d o m i­
n a tio n  in  m ic r o e m u ls io n  fo rm a tio n  than M E S . H o w e v e r , at the o p tim u m  ratio 
sh o w e d  the lo w e s t  in terfa c ia l te n s io n  in  th e  m ix e d  sy s te m  w h ic h  co rr esp o n d ed  to  
s in g le  sy s te m  o f  M E S  and A E .

4.1.2.1 Effect o f salinity to Mixed system
It is m e n tio n e d  that sa lin ity  can  a ffe c t  th e  red u ction  o f  

in ter fa c ia l te n s io n  d u e to th e  red u ction  o f  r e p u ls iv e  fo rce  b e tw e e n  the ch a rg ed  io n ic  
su rfactan t h ead  gro u p s. H o w e v e r , th is  e ffe c t  can n o t m u ch  a ffe c t  the r e d u ctio n  o f  in ­
ter fa c ia l te n s io n  in  M E S  pure sy s te m  but th is  e f fe c t  m ay  a f fe c t  the red u ctio n  o f  in ter­
fac ia l te n s io n  in  m ix e d  sy ste m . T h u s , th is  stu d y  w a s  to fin d  that can  sa lin ity  resu lt the 
red u ction  o f  in ter fa c ia l te n s io n  in m ix e d  sy ste m . T o  stu d y  th is e f fe c t , th e  se le c te d  
fo rm u la tio n  o f  8 8 .2 3  % A E  and  1 1 .7 7  % M E S  c o n cen tra tio n  w h ic h  p ro v id e d  the lo w ­
est in ter fa c ia l te n s io n  w a s  s e le c te d  to vary sa lin ity  from  0 . 1  to  1 % w t/v .

Figure 4.6 In terfac ia l te n s io n  o f  th e  m ix ed  sy s te m  as a fu n c t io n  o f  sa lin ity .

E ffe c t  o f  sa lin ity  to  m ix e d  su rfactant sy s te m  w a s  sh o w e d  in figu re 4 .6 . 
T h e resu lt s h o w e d  that sa lin ity  c o u ld  n ot a ffe c t  th e  red u ctio n  o f  m ix e d  sy s te m  inter­
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fa c ia l te n s io n  b e c a u se  in ter fa c ia l ten s io n  o f  m ix e d  sy s te m  d id  n ot c h a n g e  w ith  the  
in c r e a s in g  sa lin ity . T h ere fo re , th e  e f fe c t  o f  sa lin ity  w o u ld  b e  cu t o f f  in  th e  stu d y  o f  
d e te r g e n c y  p erfo rm a n ce .

4.1.2.2 Effect o f Active surfactant Concentration
T h e se le c te d  form u la tio n  ( 8 8 .2 3 /1 1 .7 7  o f  A E 3 /M E S  ratio ) w a s  

va r ied  % a ctiv e  su rfa cta n t co n cen tra tio n  in ord er to  fin d  th e  o p tim u m  co n cen tra tio n  
for u s in g  in  d e te r g e n c y  ex p er im en t. In th is  stu d y , the to ta l co n cen tra tio n  o f  the s e ­
le c te d  fo rm u la tio n  w a s  v a r ied  fro m  0.1 % to  1 .0  % a c t iv e  co n cen tra tio n . A s  th e  re­
su lts  sh o w e d  in  F ig  4 .7 , the in ter fa c ia l te n s io n  reach ed  a p la tea u  at arou n d  0 .3  % a c ­
t iv e  su rfactan t. T h u s , 0 .3  % a c t iv e  surfactant co n cen tra tio n  w a s  th e  o p tim u m  c o n c e n ­
tration  for further stu d y in g .

crUJ
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Figure 4.7 In ter fac ia l te n s io n  a s  a fu n ctio n  o f  a c t iv e  su rfactan t co n cen tra tio n .

4.2 Detergency Performance Study
4 .2 .1  C o rre la tio n  o f  M ic r o e m u ls io n  F o rm a tio n  and  D e te r g e n c y  P erfo r­
m a n ce

M a x im u m  d e te r g e n c y  p erfo rm an ce  is  b e lie v e d  that it w ill  tak e p la ce  
w h e n  th e lo w e s t  in ter fa c ia l te n s io n  is  p resen t (C hantra, 2 0 0 5 ) .
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4.2.1.1 Effect o f MES Concentration

In th is  s tu d y , the d ifferen t c o n cen tra tio n s  o f  M E S  w er e  varied  
from  1 to  10 % w t/v  for w a sh in g  the fab rics. F igu re 4 .8  sh o w e d  the c o rr e la tio n  o f  in ­
te r fa c ia l te n s io n , d e te r g e n c y  (% ), and o il r em o v a l (% ) as a fu n c tio n  o f  M E S  c o n c e n ­
tration . F rom  th e  resu lts , w h e n  th e in terfa c ia l te n s io n  d e crea sed , d e te r g e n c y  and o il 
r e m o v a l w e r e  in crea sed  u n til th e  M E S  co n cen tra tio n  reach ed  2  % w t/v . A t  th is  p o in t, 
d e te r g e n c y  and  o il  rem o v a l reach ed  a p la tea u  w h ic h  co rr esp o n d ed  to  th e  lo w e s t  in ter­
fa c ia l te n s io n . T h e  m a x im u m  o f  m otor  o il d e terg en cy  and  o il  r em o v a l w e r e  ap p rox­
im a te ly  4 2 .6 8  % and  4 6 .5 5  %, r e sp e c tiv e ly .

MES concentration  (% wt/v)

Figure 4.8 T h e  corre la tio n  b e tw e e n  in ter fa c ia l te n s io n  (IF T ), d e te r g e n c y  (% ), and 
o il  rem o v a l (% ) o f  m otor  o i l  in  pure M E S  sy ste m .

4.2.1.2 Effect o f Alcohol Ethoxylate (AE) Concentration
T o s tu d y  th is  e ffe c t , A lc o h o l E th o x y la te  w h ic h  h a d  e th y le n e  

o x id e  3 g ro u p s (A E 3 ) , w a s  v a r ied  the co n cen tra tio n  from  0 .5  to  15 % w t/v . F igure 4 .9  
sh o w e d  th e co rr e la tio n  o f  in ter fa c ia l te n s io n , d e te r g e n c y , and  o il r e m o v a l as a fu n c ­
t io n  o f  A E 3  co n c e n tr a tio n s . F rom  the resu lts , w h e n  th e in ter fa c ia l te n s io n  d ecreased , 
d e te r g e n c y  and  o il  r em o v a l in crea sed  until A E 3  c o n cen tra tio n  reach ed  15 % w t/v . A t
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th is  p o in t , d e te r g e n c y  an d  o il  rem ov a l had the h ig h e s t  v a lu e  w h ic h  c o rr esp o n d ed  to  
the lo w e s t  in ter fa c ia l te n s io n . T h e m a x im u m  o f  m o to r  o i l  d e te r g e n c y  and  o il  rem o v a l  
w er e  a p p r o x im a te ly  4 7 .1 9  and 4 8 .7 7 % , r e sp e c tiv e ly .

0  5 10  15
AE concentration (%wt/v)

Figure 4.9 T h e  co rr e la tio n  b e tw e e n  in terfac ia l te n s io n  (IF T ). d e te r g e n c y  (% ), and  
o o il  r e m o v a l (% ) o f  m o to r  o i l  in A E  s in g le  sy stem .

4.2.1.3 Effect o f Mixed System
T o  stu d y  the e f fe c t  o f  m ix e d  sy s te m , th e  m ix tu r e s  o f  d ifferen t  

w e ig h t  ratio  b e tw e e n  a lc o h o l e th o x y la te  w ith  3 e th y le n e  o x id e  g ro u p s  (A E 3 )  and  M e ­
th y l E ster  S u lfo n a te  (M E S )  w e r e  prepared  to w a sh  th e s o i le d  fa b r ics . T h e  e x p er im en t  
resu lts  as sh o w e d  in f ig u re  4 .1 0  co u ld  be ex p la in e d  that the in c r e a se d  o f  M E S  c o n ­
cen tra tion  d id  n o t m u ch  h e lp  to red u ce th e in ter fa c ia l te n s io n  o f  m ix e d  sy ste m . H o w ­
ev er , w ith  th e  in cr e a s in g  o f  M E S  co n cen tra tio n  a f fe c te d  an in c r e a se  in  d e te r g e n c y  
(% ) and  o i l  r em o v a l (% ) w h ic h  reach ed  a m a x im u m  at 8 8 .2 3 /1 1 .7 7  A E 3 /M E S  w e ig h t  
ratio w h e r e  th e  m a x im u m  o f  d e te r g e n c y  and o il r e m o v a l w ere  a p p r o x im a te ly  5 7 .8 5  
% and 8 3 .5 1 % , r e sp e c t iv e ly . T h e reaso n  that an in c r e a se  o f  M E S  c o n c e n tr a tio n  in  
m ix e d  sy s te m  h e lp  to  e n h a n c e  d e te r g e n c y  and o i l  rem o v a l but it c o u ld  n ot h e lp  to  
red u ce  th e in ter fa c ia l t e n s io n  o f  m ix e d  sy ste m  p o s s ib ly  b e c a u se  M E S  is  an io n ic  su r­
factan t w h ic h  h as n e g a tiv e  ch arg ed  h ead  group. A fte r  M E S  a d so rb ed  o n  the fabric
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and in  o i ly  s o i l ,  th e  M E S  h ead  group  ad so rb in g  o n  th e  fab ric r e p u lse  w ith  th e M E S  
h ead  gro u p  a d so rb in g  in  o i ly  so il. F rom  th is h ig h  re p u ls io n  fo r c e , th e  o il d rop let is 
m ore ra ised  from  th e  fa b r ic  a ffe c tin g  an in crea se  in  o i l  r em o v a l e f f ic ie n c y .

Figure 4.10 T h e c o rr e la tio n  b e tw een  in terfa c ia l te n s io n  (IF T ) and  % d eterg en c y  o f  
m ix e d  sy s te m .

4.2.1.4 Effect o f Active Surfactant
D u e  to  the resu lts  o f  m ic r o e m u ls io n  fo r m a tio n  an d  d e te r g e n c y  

stu d y , a fo r m u la tio n  o f  8 8 .2 3 /1 1 .7 7  o f  A E 3 /M E S  w e ig h t  ratio  w a s  s e le c te d  for  the  
d e te r g e n c y  e x p e r im e n ts . S in c e  an o p tim u m  su rfactan t c o n c e n tr a tio n  for  h o u se h o ld  
a p p lic a tio n s  is  r e c o m m e n d e d  in the ran ge o f  0 .3 - 0 . 8  % activ e  c o n c e n tr a tio n  o f  c o m ­
m erc ia l d e te r g e n ts  (J a k o b i G ., 1 9 8 7 ), the s tu d y  for  o p tim u m  a c t iv e  su rfactan t c o n ­
cen tra tion  o f  the s e le c te d  form u la tio n s w a s  d eterm in ed .
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Active concentration (wt/v)

Figure 4.11 O il r e m o v a l o f  the se le c te d  form u la tio n  and  c o m m e r c ia l d eterg en t  
p rod u ct a s  a fu n c tio n  o f  a c t iv e  su rfactant co n cen tra tio n .

A s  the resu lts  sh o w e d  in  F ig u re  4 .1 1 , th e  o i l  rem o v a l o f  the  
s e le c te d  fo rm u la tio n  in crea sed  w ith  an in crea sin g  o f  a c tiv e  su rfa cta n t co n cen tra tio n  
and rea c h ed  a p la tea u  at around 0 .3%  a c tiv e  su rfactant co n c e n tr a tio n . T h u s, w e  c o n ­
sid ered  at 0 .3%  w h ic h  p ro v id ed  the o i l  rem ov a l ab ou t 83 .51  % as an o p tim u m  c o n ­
cen tra tio n  for  h o u se h o ld  a p p lica tio n s . M o reo v er , the fo rm u la tio n  sh o w e d  a better  
d e te r g e n c y  p e r fo rm a n ce  than the c o m m e r c ia l d eterg en t w h ic h  reach ed  p la tea u  at 
around  0 .3 %  a c t iv e  su rfa cta n t co n cen tra tion .

4 .2 .2  E ffe c t  o f  T y p e  o f  fab rics on  D e te r g e n c y  P er fo rm a n ce
T y p e  o f  fab rics is  the o n e  o f  factors that can  a f fe c t  th e  d e te r g e n c y  p er­

fo rm a n ce . In th e  s tu d y , three ty p e s  o f  fab rics, c o tto n , c o t to n /p o ly e s te r  b len d , and  p o ­
ly es te r , w e r e  c h o se n  to  in v e stig a te .
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Figure 4.12 C o lo r  m ea su rem en t v a lu e s  (Z -v a lu e s)  o f  fab rics s o i le d  w ith  u sed  m otor  
o il.

T y p e  o f  fab rics w a s  th e  on e  o f  fa c to rs  that ca n  a f fe c t  th e  d e te r g e n c y  
p er fo rm a n ce . In th e  s tu d y , three ty p e s  o f  fab rics , co tto n , c o t to n /p o ly e s te r  b len d , and  
p o ly e s te r , w er e  c h o s e n  to  in v e stig a te . C o lo r  m ea su rem en t ca n  m e a su re  the a m o u n t o f  
m o to r  o i l  that a tta ch ed  o n  the fab ric. C o lo r  m ea su rem en ts  o f  th e  three fab rics; u n ­
s o ile d , s o i le d , and w a sh e d , w ere  m easu red , T h e  L v a lu e  m ea su r e d  w ith  the sp e c tr o ­
p h o to m e te r  rep resen ts  th e  lig h tn ess  o f  the sa m p le  in  a ran ge o f  w h ite  ( 1 0 0 ) to  b lack  
( 0 ), th e  d e te r g e n c y  (% ) c o u ld  m easu re  from  th e d if fe r e n c e  b e tw e e n  b e fo r e -w a sh e d  
and a fte r -w a sh e d  fa b r ic s . T h e m o to r  o il is n ot e a sy  to r e m o v e  b y  lau n d erin g . T h e  
la rg est in crea se  in L v a lu e s  after w a sh in g  w a s  o b se r v e d  for th e  100%  c o tto n  fab ric, 
and litt le  ch a n g e  o c cu rred  w ith  w a sh in g  o f  1 0 0 % p o ly e s te r  fab ric .

T o  c o m p a re  the p ercen ta g e  o f  d e te r g e n c y , th e  s e le c te d  fo rm u la tio n  
w a s  u se d  to  w a sh  th e  s o i le d  fab rics. A s  the resu lt, th e  h ig h e s t  d e te r g e n c y  (% ) w a s
6 4 .1 3  % for c o tto n  an d  o n ly  2 3 .4 2  % and 1 0 .85  % for  b len d  and  p o ly e s te r  r e s p e c t iv e ­
ly . T h e  sa m e  resu lt for  th e  o il r em o v a l, the h ig h e s t  o il r e m o v a l (% ) o f  co tto n , b len d , 
and p o ly e s te r  w er e  8 3 .5 1 % , 3 1 .5 6 % , and 2 1 .4 7 % , r e sp e c tiv e ly .
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Figure 4.13 T h e  p ercen ta g e  d e terg en cy  c o m p a r iso n  o f  th ree  ty p e s  o f  fab rics.

Figure 4.14 T h e  p ercen ta g e  o il r em o v a l c o m p a r iso n  o f  th ree  ty p e s  o f  fab rics.

T h e  resu lts  sh o w e d  that the c o lo r  o f  th e  m o to r  o i l - s o i le d  fab ric  corre­
la ted  w e ll  w ith  th e am o u n t o f  o il that w a s  p resen t on  th e fab ric  (F ig s . 4 .1 3 ,  4 .1 4 , and
4 .1 5 ) .  T h e 100%  c o tto n  sh o w ed  the h ig h e st  d e te r g e n c y  o f  m o to r  o il u p o n  w a sh in g . 
T h is  fou n d  that, w ith  m otor o i l ,  so il reten tion  m easu red  b y  a g ra v im etr ic  m eth o d  w a s  
lo w e r  o n  c e l lu lo s ic  fab rics and c e llu lo s ic  b len d s  than o n  sy n th e tic s . B e c a u se  o f  the  
h ig h  v is c o s ity  o f  a q u e o u s  e m u ls io n s  form ed  b y  m otor  o il and  w a sh  w a ter , o i l-g lo b u le
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or d rop let fo rm a tio n  in  the fab ric  m atrix , i .e ., ro ll-u p , d o e s  n ot p ro ceed  o n  h ydro- 
p h o b ic  f ib ers (p o ly e s te r )  to  th e  ex te n t w h ere  the so il r e m o v a l p r o c e ss  c o u ld  be c o m ­
p le te d  b y  m e c h a n ic a l sh ear  (K is sa  E , 1 9 8 7 ). T h e rea so n  that m otor  o i l  form s an  
e m u ls io n  fa ir ly  e a s i ly  w ith  d eterg en t so lu t io n s  com p a red  to  o th er  c o m m o n  o i ly  s o i ls  
m a y  be the p r e se n c e  o f  d isp ersan t a d d it iv e s  in the m o to r  o i l ,  s in c e  it is  k n o w n  that 
m o to r  o i ls  c o n ta in  d isp ersan t a d d it iv e s  (S a n ja y , 19 94 ).

4 .2 .3  E ffe c t  o f  o il r e d e p o s it io n
S u rfactan ts a s s is t  in  the p rev en tio n  o f  r e d e p o s it io n  o f  s o i l  b y k eep in g  

th e  s o i l  su sp e n d e d  in su rfactan t m ic e l le s  (R e b e c c a , 2 0 0 1 ) .  P atterns in  red ep o sitio n  
w er e  p resen t w ith  th e  in crea se  o f  su rfactant co n cen tra tio n  in  the w a sh  so lu tio n . A s  
th e  su rfactant c o n cen tra tio n  in crea sed  from  lo w  to h ig h , th e  le v e ls  o f  red ep o sitio n  
s ig n if ic a n tly  d e c r e a se  b e c a u se  there is  su ff ic ie n t  su rfa cta n t to  k e e p  th e s o i l  Sus­
p en d ed .

F ig u r e  4 .1 5  T h e  o il r e d e p o s it io n  on  fabric as a fu n c tio n  o f  M E S  co n cen tra tion .

A n io n ic  su rfactan ts are a cc e p te d  to  be g o o d  at p r e v en tin g  r e d ep o sitio n  
o f  o i ly  s o il b y su rrou n d in g  th e  s o i l  w ith  n e g a tiv e ly  ch a rg ed  su rfactan t m o le c u le s  and  
e n h a n c in g  e le c tr o sta tic  r ep u ls io n  o f  the surfactant c o a te d  s o i l  and  th e n e g a tiv e ly  
ch arg ed  fab ric su r fa ce  (B r o z e , 1 9 9 4 ). A t th e  h ig h er  c o n c e n tr a t io n  o f  M E S  there w a s
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a sm aller  in c r e a se  in  the le v e l o f  s o i l  r em o v a l, but a la r g e  d ecr e a se  in  red ep o s it io n  
b eca u se  th e  p r e se n c e  o f  m o re  m ic e lle s  en a b le d  m ore  s o i l  to  b e  su sp en d ed .

A s  the resu lts  from  F ig u re  4 .1 5 , the r e d e p o s it io n  o f  m o to r  o il w a s  s ig ­
n if ica n tly  d e c r e a se d  w ith  an  in crea sin g  o f  M E S  c o n c e n tr a tio n  b e c a u se  o f  the rep u l­
s io n  force .

2 . 5

0 7................................................. .........................Î................................................
0.1 1 10  100  

A E (E 03) c o n c e n tr a t io n  (% w t/v )

F ig u r e  4 .1 6  T h e  o il r e d e p o s it io n  on  fab ric  as a fu n c tio n  o f  A E ( E 0 3 )  co n cen tra tio n .

T h e  o i l  r ed ep o s it io n  for A E ( E 0 3 )  s in g le  s y s te m  d id  n o t appear to b e  
as e f fe c t iv e  at k e e p in g  s o i l  su sp en d ed  a s  M E S . N o n io n ic  su rfa cta n ts p r ev en t r e d e p o ­
s it io n  b y ster ic  h in d ran ce . T h e  s iz e  o f  th e  su rfactan t m o le c u le s  su rrou n d in g  th e so il  
p artic les p r ev en t th em  from  c o m in g  p h y s ic a lly  c lo s e  e n o u g h  to  th e  fab ric  su rfa ce  to  
form  b on d s th ro u gh  v a n  der W aa ls fo rces . (R e b e c c a , 2 0 0 1 )

F rom  F ig u re  4 .1 6 , th e  r e d e p o s it io n  o f  m o to r  o i l  w a s  n o t s ig n if ic a n tly  
d ecrea sed  w ith  an in cr e a s in g  o f  A E ( E 0 3 )  co n cen tra tio n .

T h e  sy s te m s  o f  m ix e d  su rfactan t w e r e  a ls o  stu d ied . T h e  e f fe c t  o f  an i- 
n o n ic  su rfactan t p la y e d  an  im p ortan t ro le  to  p reven t o i l  r e d e p o s it io n
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A E (E 0 3 ) /M E S  r a t io

F ig u r e  4 .1 7  T h e  o i l  r e d e p o s it io n  o n  fab rics as a fu n c tio n  o f  m ix e d  su rfactan t ratios.

A s  a resu lt, th e  o i l  r e d e p o s it io n  w a s  d ra m a tic a lly  d e c rea sed  w h e n  an  
a n io n ic  su rfactan t w a s  ad d ed  to  th e  sy s te m  and  reach ed  th e  m in im u m  at the proper  
fo m u la tio n  ( 8 8 .2 3 /1 1 .7 7 ) .  T h e  o i l  r e d e p o s it io n  w a s  s lig h t ly  in crea sed  but n o t s ig n if i­
c a n tly  w h e n  th e  ratio o f  m ix e d  su rfactant w a s  c h a n g ed . T h e  o il r ed ep o s it io n  o f  
m ix e d  su rfactant sy s te m  is  n o t m u ch  d ifferen t co m p a red  th e s in g le  sy s te m  o f  an 
a n io n ic  su rfactan t, th is  is p o s s ib ly  d u e to th e  a c tio n  o f  th e  a n io n ic  su rfactan t p resen t  
in  th e  m ix e d  sy s te m  and its su p erior  a b ility  to  p reven t r e d e p o s it io n .

4 .2 .4  E ffe c t  o f  R esid u a l S u rfactant A d so rp tio n  o n  F ab ric a fter T ast R in s in g
S in c e  r em a in in g  su rfactan ts o n  th e fabric a fter  w a sh in g  ca n  c a u se  sk in  

irritation  (R o se n , 2 0 0 4 ) . I f  a h ig h  am o u n t o f  su rfactant re m a in s  o n  fab ric a fter w a sh ­
in g , w e  w ill  b e  itc h y  w h e n  w e a r in g  it b e c a u se  the c h a rg e  o f  su rfactan t to u c h e s  the  
sk in  resu ltin g  in  p ro te in  d én atu ra tion . T h ere fo re , th e  s tu d y  o f  th is  e f fe c t  w a s  to k n o w  
w h eth er  th e  su rfactan t rem ain s on  the fab ric a fter  last r in s in g  b e c a u se  a g o o d  d eter­
g en t m u st b e  a b le  to  w e ll r e m o v e  s o i ls  and  a lso  m u st n o t  le a v e  its re s id u e  after last  
r in sin g .

T o  c o n d u ct th is  e f fe c t , a ll su rfactan t s y s te m s  at o p tim u m  a c tiv e  c o n ­
cen tra tion  g iv in g  th e m a x im u m  o il rem o v a l, in c lu d in g  s in g le  sy s te m  o f  A E 3  and  
M E S , m ix tu re  o f  A E 3  and M E S , and c o m m e r c ia l d e terg en t c o n s is t in g  o f  L A S , A E ,
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and L auryl E th er S u lp h a te , w er e  m easu red  by u s in g  H ig h  P erfo rm a n ce  L iqu id  
C h ro m atogra p h y  w ith  L ig h t S ca tter in g  D etec to r  (H P L C /E L S D ) in  ord er to fin d  the  
resid u e  su rfa cta n t in e a c h  step  o f  w a sh in g s . M o reo v er , th is  m eth o d  can  a lso  m easu re  
the am o u n t o f  ea c h  su rfa cta n t ty p e  w ith  a h igh  e f f ic ie n c y . T h e  resu lts  w ere  sh o w n  in  
F igure 4 . 1 8 ,4 .1 9 ,  and  4 .2 0 .

■ 'PON
c(จุ4-»0nj

1  TO 3ๅฐิ
a;a:

0 . 0 9

F ig u r e
tio s.

4 . 1 8

100/0 9677/3.23 8823/11 77 40/60 0 / 1 0 0

AE 3 /M ES  ratio

T h e resid u a l su rfactan t o n  fab rics as a  fu n c tio n  o f  m ix e d  surfactant ra-

F rom  th e resu lts , T h e  tota l resid u e  su rfactan t o n  th e  fabric after last  
rin sin g  w a s  arou n d  0 .0 8  % for all m ix e d  su rfactant ra tio s , th is  a m o u n t w a s  a v ery  lo w  
co n cen tra tio n  as co m p a red  to the 3 .9 0  % o f  c o m m e r c ia l p rod u ct, th u s se le c te d  fo r ­
m u la tio n  w o u ld  n ot c a u se  sk in  irritation  as w e ll. T h e  h ig h er  the co n cen tra tio n  o f  su r­
factan ts, th e  h ig h er  th e  am o u n t o f  th e  su rfactant a d so rp tio n . T h e  am ou n t o f  
A E 3 /M E S  ratio  ad so rb ed  o n to  th e  fab ric w a s  co rre la ted  w e ll  w ith  th e  p repared  w a s h ­
in g  so lu tio n . T h u s, there w a s  a lm o st  th e  sam e a m o u n t o f  total re s id u e  su rfactant on  
the fabric w ith  a d ifferen t w e ig h t ratio  up to th e  w a sh in g  so lu t io n  p rep aration s. 
M o reo v er , A E 3  se e m s  to ad sorb  on  th e co tto n  fab ric  m o re  than M E S  up to their  a d ­
sorp tion  iso th erm .
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F ig u r e  4 .1 9  T h e  res id u a l A E 3  o n  fab rics in e a c h  step  o f  w a sh in g  as a fu n c tio n  o f
m ix e d  su rfa cta n t ratios.

M E S

ecu
CO
03ะวิ30’ฬaice:

96  77/3. 23 88.23/11 77
A E 3 / M E S  r a t i o

0 / 1 0 0

F ig u r e  4 .2 0  T h e  resid u a l M E S  o n  fab rics in e a c h  step  o f  w a sh in g  as a fu n c tio n  o f  
m ix e d  su rfactan t ratios.

A s  th e  resu lts  from  fig u r e  4 .1 9  and 4 .2 0 ,  the d if fe r e n c e  b e tw e e n  the  
am ou n t o f  r e s id u e  su rfactan t after w a sh in g , r in se  1 , and  r in se 2  s te p s  w er e  not s ig n if i-
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can t in  b o th  o f  A E 3  an d  M E S . T h erefo re , the m o st  o f  su rfactant a d so rp tio n  w a s  
fou n d  in  th e  w a sh in g  step  and d e c r e a se d  s lig h tly  in  b oth  r in se  s tep s .
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