
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Cloud-Point Determination

As in figure 4.1, shows the cloud point of different mixed surfactant systems 
as a function of the weight fraction of MES. For any given mixed surfactant system, 
the cloud point tended to increase slightly with increasing MES weight fraction and 
reached a maximum at around a MES weight fraction of 0.7. With increasing EO 
group of AE, the cloud, point increased significantly. Since the cloud point of both 
systems of MES:AE7 and MES:AE9 were found higher than room temperature of 
25-27° C, then, these two systems were selected for further investigation because in 
practical, detergents are mostly used at room temperature, so it should be in homoge
neous phase for convenient usage.

Figure 4.1 Cloud points of mixed surfactants at different MES weight ratio.
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4.2 CMC Results

In this research, the CMC value of MES: AE7 and MES: AE9 at different 
weight ratio were measured. Figure 4.2 and 4.3 show the plots of surface tension and 
equilibrium total surfactant concentration of the systems of MES: AE7 and MES: 
AE9 at a weight ratio of 1:9. The CMC value of the MES: AE7 was found at 33 
pmol/L which is slightly lower than that of the MES: AE9 which was at 36.3 
pmol/L. The lower the CMC value, the lower concentration to form micelle. A sys
tem has a lower CMC value indicates to provide a higher micelle concentration and 
should provide a better oily soil removal. Hence, the mixed surfactant system of 
MES: AE7 at a weight ratio of 1 to 9 was selected for the detergency experiments. 
For the other CMC plots were showed in the appendix A.
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Log MES:AE7 Equilibrium Concentration (pmol/l)

Figure 4.2 Surface tension isotherm of MES: AE7 at weight ratio of 1:9 and 30°c.
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Figure 4.3 Surface tension isotherm of MES: AE7 at weight ratio of 1:9 and 30°c.

Although the selected mixed surfactant system of MES: AE7 (1:9) also con
sisted of anionic surfactant, but it was not concerned for krafft point determination 
which is the property of anionic surfactant because it had only one ratio of this mixed 
surfactant system. So it was not affected that much.

4.3 Detergency Performance Tests

Detergency performance of mixed soil removal can be determined by 3 pa
rameters; %detergency, the amount of oily and particulate soil removal, as well as 
the amount of removed soil re-deposition on fabric.

4.3.1 Detergency Performance of Oily Soil Removal
According to the cloud point and CMC study, the formulation of 

MES: AE7 (1:9) was selected for detergency study because of the minimum surface 
tension. Figure 4.4 shows the % detergency as a function of total surfactant concen
tration. Under the study conditions with the selected formulation (1:9 of MES: AE7), 
% detergency increased with increasing of the total surfactant concentration until it 
reached the plateau at around 0.3% total surfactant concentration (0.03% MES:
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0.27% AE7) for 2 types of fabrics. At this concentration, the maximum % detergency 
of oily soil was given at 68.5% and 60.4% on the cotton and polyester, respectively.

Cotton -* r- Polyester

Figure 4.4 %detergency on both test fabrics at different total concentrations of the 
selected formulationfl :9 of MES: AE7) at 30°c.

The efficiency of oily soil removal can be also determined from the 
amount of attached oily soil residue on the fabric after washing process. The various 
total mixed surfactant concentration of MES: AE7 from 0.02% to 0.5% were used in 
washing experiment to indicate the maximum percentage of oily soil. From figure
4.5, the oil removal efficiency increases with increasing total surfactant concentra
tion and reaches a maximum of 72.5 and 64.7% for the pure cotton and the pure po
lyester fabrics, respectively. The results can be explained that an increase in total sur
factant concentration directly increases the micelle concentration, leading to higher 
oil solubilization. For any given total surfactant concentration, the cotton showed a 
higher oil removal as compared to the polyester because the high hydrophobicity of 
the polyester surface has a stronger bond with the attached oil, leading to being re
moved much more difficultly as compared to that from the pure cotton fabric.
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—*—Cotton fabric —Tit—Polyester fabric

Figure 4.5 E ffe c t  o f  to ta l su rfa cta n t c o n c e n tr a t io n  o n  o i ly  s o i l  r e m o v a l fro m  b oth  
test fa b r ic s  u s in g  th e  s e le c te d  fo r m u la t io n (l  :9 o f  M E S : A E 7 )  at 30°c.

4.3.1.1 Effect o f The Test Fabrics and % Oily Soil Removal
F ig u re  4 .6  s h o w s  th e  o i ly  s o i l  r e m o v a l a s  a fu n c t io n  o f  te st  fa 

b r ics . T h e  o i ly  s o i l  can  b e  r e m o v e d  e a s i ly  fro m  th e  c o tto n  th an  th e p o ly e s te r  b e c a u se  
th e  h y d r o p h o b ic  o i l  ten d s  to  ad h ere  s tr o n g ly  o n  th e  n o n -p o la r  su b stra te  or th e  p o 
ly es te r . S o , th e  o i ly  s o i l  is  e a s ie r  to  r e m o v e  fro m  th e  c o tto n  th an  th e  p o ly e s te r .
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Figure 4.6 E ffe c t  o f  o i ly  so i l r e m o v a l o n  c o tto n  an d  p o ly e s te r  fa b r ics .
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4.3.1.2 Effect o f Single Surfactant and Mixed Surfactant System for 
Oily Soil Removal
A s  m e n tio n e d  ea r lier  that th is  stu d y  u se d  m ix e d  su rfactan t,

1:9 o f  M E S : A E 7  for d e te r g e n c y  p e r fo rm a n ce  e x p e r im e n t  b e c a u se  m ix e d  su rfactan t 
sy s te m  is  b e l ie v e d  to  im p ro v e  th e  d e te r g e n c y  p e r fo r m a n c e  b etter  than  s in g le  su r fa c 
tant sy s te m  a s rep orted  b y  T o n g c u m p o u  et al., 2 0 0 3 .

o f  d iffe r e n t su rfactan t s y s te m s  o n  th e c o tto n  an d  th e  p o ly e s te r , r e s p e c t iv e ly . T w o  
s in g le  su rfactan t sy s te m s: pure A E 7  and  p ure M E S  an d  a m ix e d  su rfa cta n t sy s te m  o f  
1:9 o f  M E S : A E 7  at 0 .3%  tota l su rfactan t c o n c e n tr a t io n s  and  30°c w e r e  u sed  to  o b 
se r v e  th e  % o i ly  so i l r em o v a l o n  b o th  te st  fa b r ic s . F or th e  c o tto n , th e  s e le c te d  fo rm u 
la tio n , 1 :9 o f  M E S : A E 7  g iv e s  th e  m a x im u m  o ily  s o i l  r em o v a l at 7 2 .4 6 %  w h ic h  is  
h ig h er  than that o f  th e  o th er tw o  s in g le  su rfa cta n t s y s te m s , p ure A E 7  and  pure M E S  
that g iv e  6 7 .7 6 %  and 6 5 .9 9 % , r e sp e c tiv e ly . In c a s e  o f  th e  p o ly e s te r , m ix e d  su rfactan t  
sy s te m  a lso  h o ld s  the h ig h e st  % o i ly  so i l r e m o v a l at 6 4 .6 9 %  w h e n  c o m p a r e d  w ith  the  
oth er  tw o  s in g le  su rfactan t sy s te m s .

F ig u re  4 .7  and 4 .8  s h o w  th e % o i ly  so i l r e m o v a l a s  a fu n c tio n

□  P u re  A E 7  (0 .3% w /v)
IS P u re  M E S  (0 .3% w /v)
■  M ixed  su rfa cta n t o f  M E S :A E 7 ,1 :9 (0 .3 % w /v )

7 2 . 4 5 8

o  66
55 64

C o tto n

Figure 4 .7  O ily  s o i l  r em o v a l at d ifferen t su rfa cta n t s y s te m s  o n  c o tto n  fab ric .
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o  P u re  A E 7  (0 .3% w /v)
0  P u re  M E S  (0 .3 % w f v )

■  M ix ed  su rfa cta n t o f  M E S :A E 7 ,1 :9 (0 .3% w /v)
6 4 . 6 6 8

Polyester

Figure 4.8 O ily  s o il r e m o v a l at d ifferen t su rfactan t s y s te m s  o n  p o ly e s te r  fab ric .

4.3.1.3 Effect o f Oily Soil Re-deposition as a Function o f Total Sur
factant Concentration
F ig u re  4 .9  s h o w s  th e r e -d e p o s it io n  o f  o i ly  s o i l  on  b o th  te st  

fa b r ics  as a fu n c tio n  o f  to ta l su rfactant c o n c e n tr a tio n  u s in g  th e  s e le c te d  fo rm u la tio n . 
T h e r e -d e p o s it io n  o f  o i ly  so i l d e c rea sed  s lig h tly  w ith  in c r e a s in g  to ta l su rfactan t c o n 
cen tra tio n . In ter e s t in g ly , for an y  g iv e n  tota l su rfa cta n t c o n c e n tr a t io n , th e  o i ly  re 
d e p o s it io n  w a s  fo u n d  m u c h  h ig h er  o n  th e p o ly e s te r  than that o n  th e  co tto n . T h is  is  
b e c a u se  o f  th e  h y d r o p h o b ic ity  o f  the p o ly e s te r  su r fa c e . T h is  is  a r e a so n  to  e x p la in  
w h y  th e  o i l  r em o v a l for  th e  c o tto n  w a s  fo u n d  to b e  m u c h  h ig h e r  than  th e  p o ly e s te r .
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Figure 4.9 R e -d e p o s it io n  o f  o i ly  s o i l  as a fu n c t io n  o f  to ta l su rfa cta n t co n ce n tr a tio n  
on  b o th  te st  fa b r ics  u s in g  th e s e le c te d  fo r m u la tio n  (1 :9  M E S : A E 7 )  and 3 0 ° c.

4.3.1.4 Comparisons o f % Oily Soil Removal between The Selected 
Formulation and The Commercial Detergent on Test Fabrics 
F ig u re  4 .1 0  and  4 .1 1  s h o w  the d e te r g e n c y  p e r fo rm a n ce  o f  th e  

c o m m e r c ia l d e terg en t in  term s o f  m a x im u m  o i ly  s o i l  r e m o v a l o n  b o th  te st  fa b r ic s  at 
th e  sa m e  o p tim u m  su rfa cta n t co n ce n tr a tio n  o f  0 .3 % . In c o m p a r iso n s  b e tw e e n  th e  tw o  
te st  fa b r ic s , th e  o i ly  s o i l  rem o v a l fro m  the c o tto n  w a s  fou n d  to  h ig h er  than  th e p o 
ly es te r . T h e  resu lts  ca n  b e  e x p la in e d  b y  the fa c t that th e  c o tto n  su r fa ce  is  h y d r o p h ilic  
but th e  p o ly e s te r  su r fa c e  is  h y d ro p h o b ic . W h en  co m p a red  th e resu lts  o f  th e  s e le c te d  
fo rm u la tio n  w ith  th o se  o f  th e  c o m m e r c ia l d e te r g e n t, for an y  g iv e n  test fab ric , th e  s e 
le c te d  fo r m u la tio n  c o u ld  p r o v id e  a m u c h  h ig h e r  o i ly  so il r e m o v a l. T h e  resu lts  can  be  
e x p la in e d  in that th e  s e le c te d  fo rm u la tio n  c o n ta in e d  a s ig n if ic a n t  fra ctio n  o f  th e  A E , 
n o n io n ic  su rfactan t w h ic h  is  g o o d  for o i ly  s o i l  d e te r g e n c y .
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a Mixed surfactant formulation (1:9 of MES:AE7)(0.3 %w/v) 

■ Commercial detergent (0.3 %w/v)

80 7 2 .4 5 8

Cotton

Figure 4.10 O ily  s o i l  r e m o v a l o f  th e  s e le c te d  fo r m u la tio n  and  th e c o m m e r c ia l d e ter 
g e n t  (B r e e z e  E x c e l)  at 0.3% and  30°c o n  c o tto n  fab ric .

B  M ixed surfactant formulation (1:9 o f M E S:A E 7)(0.3 %w/v) 
■  Com m ercial detergen t (0.3% w/v)
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Figure 4.11 O ily  s o il r e m o v a l o f  th e  s e le c te d  fo r m u la tio n  an d  th e  c o m m e r c ia l d e te r 
g e n t  (B r e e z e  E x c e l)  at 0.3% an d  30°c o n  p o ly e s te r  fab ric.

4 .3 .2  D e te r g e n c y  P e r fo r m a n c e  o f  P a rticu la te  S o i l  R e m o v a l
F ig u re  4 .1 2  s h o w s  th e  e f f e c t  o f  to ta l su rfa cta n t c o n c e n tr a t io n  o n  th e  

p a rticu la te  so i l r e m o v a l fro m  b o th  te st  fa b r ic s  u s in g  th e  s e le c te d  fo r m u la tio n  (M E S :  
A E 7 )  at th e  w e ig h t  ratio  o f  1 :9. T h e  p a rticu la te  s o i l  r e m o v a l in c r e a se d  w ith  in c r e a s 
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in g  to ta l su rfa cta n t c o n c e n tr a tio n  and  r e a c h ed  a  m a x im u m  at a to ta l su rfa cta n t c o n 
cen tra tio n  o f  0 .3 %  for  b o th  te st  fa b r ic s . T h e  in c r e a s in g  to ta l su rfa cta n t c o n c e n tr a t io n  
s im p ly  in c r e a se s  th e  su rfa cta n t a d so rp tio n  on  b o th  su r fa c e s  o f  k a o lin ite  an d  te s t  fa 
b r ic s , le a d in g  to  in c r e a s in g  th e r e p u ls io n  fo r c e s  b e tw e e n  th e  k a o lin ite  p a r t ic le s  and  
th e  fab ric  su r fa c e s . In te r e s t in g ly , th e  o p tim u m  to ta l su rfa cta n t c o n c e n tr a t io n s  fo r  b o th  
r e m o v a ls  o f  o i ly  and  p a rticu la te  s o i ls  w e r e  fo u n d  to  b e  th e  sa m e . T h is  is  b e c a u s e  th e  
se le c te d  fo r m u la tio n  o f  M E S : A E 7  at th e  w e ig h t  ra tio  o f  1 :9 ca n  p r o v id e  th e  h ig h e s t  
sy n e r g is t ic  e f fe c t  for b o th  h ig h e s t  su rfa cta n t a d so r p tio n  and  m ic e l le  fo r m a tio n  w h ic h  
in  turn, le a d s  to  b o th  h ig h e s t  r e m o v a ls  o f  o i ly  and p a r ticu la te  so i ls .

—♦ —Cotton fabric —JÉ— Polyester fabric

F ig u r e  4 .1 2  E f fe c t  o f  to ta l su rfa cta n t c o n c e n tr a t io n  o n  p a rticu la te  s o i l  r e m o v a l from  
b o th  te st  fa b r ic s  u s in g  th e  s e le c te d  fo r m u la t io n (l  :9 o f  M E S : A E 7 )  at 30°c.

4.3.2.1 Effect o f The Test Fabrics and % Particulate Soil Removal
F rom  fig u re  4 .1 3 ,  th e  c o tto n  s h o w s  h ig h ly  p e r c e n ta g e  o f  p a rti

c u la te  so i l r e m o v a l than  th e  p o ly e s te r , b e c a u se  th e  h y d r o x y l g ro u p s  ( -O H ) in  th e  c o t 
ton  stru ctu re w h ic h  in cr e a se d  th e h y d r o p h ilic ity  and  w a te r  s o lu b ility . T h e  r e p u ls io n  
b e tw e e n  th e  h ead  gro u p  o f  M E S  a d so rp tio n  o n to  th e  k a o lin ite  su r fa ce  and  th e  
h y d r o p h ilic  su r fa c e  (c o tto n  fa b r ic ) m a y  a ls o  h a s an e f fe c t  o n  th e se  re su lts . H e n c e , th e  
p a rticu la te  s o i l  o n  th e c o tto n  w a s  r e m o v e d  m o re  e a s i ly  than  that fro m  th e  p o ly e s te r .
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F ig u r e  4 .1 3  T h e  e f f e c t  o f  p a rticu la te  s o il r e m o v a l o n  c o tto n  and  p o ly e s te r  fa b r ics .

4.3.2.2 Effect o f Single Surfactant and Mixed Surfactant System for 
Particulate Soil Removal
F ig u re  4 .1 4  and  4 .1 5  s h o w  th e  % p a rticu la te  s o il r e m o v a l as a 

fu n c t io n  o f  d iffe r e n t su rfa cta n t s y s te m s  at 0 .3 %  to ta l su rfactan t c o n c e n tr a t io n  o n  the  
c o tto n  an d  th e  p o ly e s te r , r e sp e c t iv e ly . In c o m p a r iso n s  a m o n g  th e  th ree  su rfactan t  
s y s te m s , th e  m ix e d  su rfa cta n t s y s te m , 1:9 o f  M E S : A E 7  g iv e s  th e  m a x im u m  % k ao -  
l in ite  r e m o v a l at 5 9 .4 9 %  w h ic h  is  h ig h er  th an  th e  o th er  tw o  s in g le  su rfa cta n t s y s 
te m s, p u re A E 7  an d  p u re  M E S . T h e se  resu lts  s h o w  th e  s im ila r  tren d s  a s  co m p a r e d  to  
th e  c a s e  o f  o i ly  s o i l  r e m o v a l.

0  Pure AE7 <0.3%w N)

B Pure MES (0.3%w/v)

■ Mixed surfactant o f MES:AE7,1:9(0.3%w/v)

60

I 50i  45
©  40 36.912

56 .494

Figure 4.14 P a rticu la te  s o i l  r e m o v a l at d ifferen t su rfactan t s y s te m s  o n  c o tto n  fab ric .
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E3 Pure AE7 (0.3% w/v)

ธ) Pure M ES (0.3%wA/)

■  M ixed  surfactant o f M E S :A E 7 ,1 :9(0 .3% w /v)

45

Polyester

F ig u r e  4 .1 5  P articu la te  s o i l  r e m o v a l at d if fe r e n t  su rfa cta n t s y s te m s  o n  p o ly e s te r  fa 
b ric .

4.3.2.3 Effect o f Particulate Soil Re-deposition as a Function o f Total 
Surfactant Concentration
F ig u re  4 .1 6  s h o w s  th e  r e -d e p o s it io n  o f  p a r ticu la te  so i l on  

b o th  te st  fa b r ic s  as a fu n c t io n  o f  to ta l su rfa cta n t c o n c e n tr a t io n  u s in g  th e s e le c te d  
fo rm u la tio n . T h e  e f fe c t  o f  fa b r ic  h y d r o p h ilic ity /h y d r o p h o b ic ity  w a s  fo u n d  to  b e  in 
s ig n if ic a n t . T h e  r e -d e p o s it io n  o f  p articu la te  s o i l  d e c r e a se d  s ig n if ic a n t ly  w ith  in c r e a s
in g  to ta l su rfa cta n t c o n c e n tr a t io n  but it a lm o s t  r e a c h ed  a m a x im u m  b e y o n d  th e  o p ti
m u m  tota l su rfa cta n t c o n c e n tr a t io n  o f  0 .3% .
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F ig u r e  4 .1 6  R e -d e p o s it io n  o f  p articu la te  s o i l  as a fu n c t io n  o f  to ta l su rfa cta n t c o n 
cen tra tion  on  b o th  te st  fa b r ic s  u s in g  th e s e le c te d  fo r m u la tio n  (1 :9  M E S : A E 7 )  and  
30° c.

4.3.2.4 Comparisons of%  Particulate Soil Removal between The Se
lected Formulation and The Commercial Detergent on Test 
Fabrics
F ig u re  4 .1 7  and  4 .1 8  s h o w  th e  d e te r g e n c y  p e r fo r m a n c e  o f  the  

c o m m e r c ia l d e terg en t in  term s o f  m a x im u m  p a rticu la te  so i l r e m o v a l fro m  b o th  te st  
fa b r ics  at th e  sa m e  o p tim u m  su rfactan t c o n c e n tr a t io n  o f  0 .3 % . F o r  b o th  te st  fa b r ics , 
th e  p articu la te  s o il r em o v a l w a s  fo u n d  m u c h  h ig h e r  in  c a s e  o f  u s in g  th e  c o m m e r c ia l  
d eterg en t w h ic h  had an  o p p o s ite  resu lt fro m  th e  o i ly  s o i l  c a se . T h e  resu lts  ca n  b e  e x 
p la in ed  that in  th e  c o m m e r c ia l d e terg en t p ro d u ct c o n ta in s  m o s t ly  th e  a n io n ic  su r fa c 
tant ( lin ea r  a lk y lb e n z e n e  s u lfo n a te )  w h ic h  is  g o o d  for  p a r ticu la te  s o i l  r em o v a l.
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a Mixed surfactant formulation (1:9ofMES:AE7)(0.3% w/v) 

■ Commercial detergentiO.3 %wfv)
100

Cotton fabric

F ig u r e  4 .1 7  P articu la te  s o il r em o v a l o f  th e  s e le c te d  fo r m u la tio n  and  th e  c o m m e r c ia l  
d eterg en t (B r e e z e  E x c e l)  at 0.3% and  30°c on  c o tto n  fab ric .

100 

5  9 0
I  80
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0 Mixed surfactant formulation ( 1:9 of MES:AE7)(0.3 % w M  

■ Commercial detergent (0.3 % w M

9 0 .0 5 3

Polyester fabric

F ig u r e  4 .1 8  P articu la te  s o il r em o v a l o f  th e  s e le c te d  fo rm u la tio n  and th e  c o m m e r c ia l  
d eterg en t (B r e e z e  E x c e l)  at 0.3% an d  30°c o n  p o ly e s te r  fab ric .

4 .3 .3  E ffe c t  o f  D e te r g e n c y  in W a sh in g . 1st R in s in g , and  2 nd R in s in g  S te p s  
F ig u re  4 .1 9  and 4 .2 0  s h o w  th e % c u m u la t iv e  o f  o i ly  and  p a rticu la te  

so il r e m o v a ls  in ea c h  step  o f  d e te r g e n c y  p r o c e ss  o n  b o th  te st  fa b r ics  u s in g  th e  s e 
lec ted  fo rm u la tio n  1:9 o f  M E S : A E 7  at 0 .3%  to ta l su rfa cta n t c o n c e n tr a tio n . T h e  re 
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su it  s h o w e d  that o i ly  an d  p a rticu la te  s o i ls  w e r e  r e m o v e d  in  w a sh in g  s te p  m o re  than  
that in  1 st r in s in g , and  2 nd r in s in g  ste p s  o n  b o th  te st  fa b r ic s  and  th e  % s o il  r e m o v a ls  
w er e  in s ig n if ic a n t  c h a n g e d  in I s’ r in s in g , and 2 nd r in s in g  s tep s .

C o tton  F ab ric  *  P o ly e s te r  F abric

Washing step 1st Rinse step 2nd Rinse step

F ig u r e  4 .1 9  O ily  so il r e m o v a l in  ea c h  d e te r g e n c y  step  u s in g  th e  s e le c te d  fo r m u la 
t io n  at 0.3% and  30°c on  p o ly e s te r  fab ric  o n  c o tto n  and p o ly e s te r  fab rics .

F ig u r e  4 .2 0  P a rticu la te  s o il r e m o v a l in  ea c h  d e te r g e n c y  ste p  u s in g  th e  s e le c te d  fo r 
m u la tio n  at 0.3% and  30°c o n  p o ly e s te r  fab ric  o n  c o tto n  and  p o ly e s te r  fa b r ic s .
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