
CHAPTER III
E X P E R I M E N T A L  P R O C E D U R E S

3 .1  M a t e r i a l s

3 .1 .1  G e m in i  S u r fa c ta n ts
G e m in i  s u r f a c ta n ts  n a m e d  “ F E -1 0 2 0 E ”  a n d  “ F E - 1 0 3 0 E ”  w e re  

s u p p o r te d  b y  M iy o c h i  O il &  F a t C o ., L td . S tru c tu re  a n d  p r o p e r t ie s  o f  th e s e  
s u r f a c ta n t s  a re  s h o w n  in  f ig u re  3.1 a n d  ta b le  3 .1  r e s p e c tiv e ly .

F i g u r e  3 .1  S tru c tu re  o f  F E - ( I+ m ) E  ; ( I+ m  =  2 0 , 3 0 ) .

T a b l e  3 .1  P ro p e r t ie s  o f  F E - ( I+ m ) E

F E - 1 0 2 0 E F E - 1 0 3 0 E
O H V 9 6 .8 6 4 .6
p H ( l % ) 6 . 2 5 .3
C lo u d  p o in t  (d e g re e ) 4 5 7 2
H L B 1 2 .7 15.1
s ta te  (2 5  d e g re e ) L ig h t y e l lo w  liq u id W h ite  l iq u id
c m c  (M ) 3 .6  X  1 0 ' 6 2 .0  X  1 0 ' 6
T c m c  (ทาN /m ) 35 3 7
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3 .1 .2  M e th y l  E s te r  S u l f o n a te  (M E S )
M e th y l  E s te r  S u l f o n a te  (M E S )  w e re  s u p p o r te d  b y  L io n  C o ., L td . 

S tr u c tu re  a n d  p r o p e r t ie s  o f  th e s e  s u r fa c ta n ts  a r e  s h o w n  in  F ig u r e  3 .2  a n d  T a b le  3 .2  
r e s p e c t iv e ly .

F i g u r e  3 .2  S t r u c tu re  o f  M E S . 

T a b l e  3 .2  P ro p e r t ie s  o f  M E S

M E S - 1 4 C M E S - 1 6 C M E S - 1 8 C
W e ig h t ,  g 4 0 0 .0 5 0 0 .0 5 0 0 .0
A c t iv e  in g r e d ie n t ,  w t% 9 9 .8 9 9 .0 9 9 .5
W a te r  c o n te n t ,  w t% 0 . 2 1 . 0 0 .5
T o ta l ,  w t% 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

3 .1 .3  M e th y l  E s te r  E th o x y la te  (M E E )
M e th y l  E s te r  E th o x y la te  ( M E E )  w e re  s u p p o r te d  b y  L io n  C o ., L td . 

S t r u c tu re  a n d  p r o p e r t ie s  o f  th e s e  s u r fa c ta n ts  a r e  s h o w n  in  F ig u r e  3 .3  a n d  T a b le  3 .3  
r e s p e c t iv e ly .

p

R — c —  o —  ( C H 2 — C H 2 — 0 ) x C H 3

F i g u r e  3 .3  S tr u c tu re  o f  M E E .
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T a b l e  3 .3  P ro p e r t ie s  o f  M E E

C 1 2 M E E - 8 E O C 1 2 M E E - 1 4 E O C 1 2 M E E - 1 8 E O
A v e ra g e  E O  n u m b e r 8.3 1 3 .6 17 .6
W e ig h t ,  g 1 0 0 0 1 0 0 0 1 0 0 0

A c t iv e  in g r e d ie n t ,  w t% 91 .1 9 1 .8 9 0 .2
W a te r  c o n te n t ,  w t% 8 .9 8 . 2 9 .8
T o ta l ,  w t% 1 0 0 1 0 0 1 0 0

3 .E 4  P a lm  O il
P a lm  o il ( P a lm  o le in ,  M o ra k o t)  w a s  p u rc h a s e d  f ro m  T e s c o  L o tu s  in  

T h a i la n d  in  2 0 1 3 .
3 .1 .5  D is t i l le d  W a te r

D is t i l le d  w a te r  is  u s e d  to  p r e p a r e  a ll  s o lu t io n s .
3 .1 .6  O i l - S o lu b le  D y e  O i l-R e d -O

O i l - s o lu b le  d y e  O i l - r e d -O  ( s o lv e n t  R e d  2 7 , N o . 2 6 1 2 5 )  w a s  p u rc h a s e d  
f ro m  A ld r ic h  C h e m ic a l  C o m p a n y , In c .

3 .1 .7  F a b r ic
P u r e  c o t to n  a n d  p u re  p o ly e s te r  a r e  o b ta in e d  f ro m  T e s tf a b r ic s ,  In c . 

(M id d le s e x ,  N J ,  U S A )
3 .1 .8  C o m m e r c ia l  G r a d e  L iq u id  D e te rg e n t

C o m m e r c ia l  g r a d e  l iq u id  d e te r g e n t  w a s  p u r c h a s e d  f ro m  a  lo c a l  s to re  
a n d  w a s  te s te d  a s  a  r e p r e s e n ta t iv e  c o m m e rc ia l  l iq u id  d e te rg e n t .

3 .1 .9  D ic h lo r o m e th a n e
A n a ly t ic a l  g ra d e  d ic h lo r o m e th a n e  ( 9 9 .8 %  p u r i ty )  w a s  p u r c h a s e d  

- f ro m  L a b S c a n  A s ia  C o .,L td .
3 .1 .1 0  P ro p a n -2 -o l

A n a ly t ic a l  g r a d e  p ro p a n - 2 - o l  ( 9 9 .8 %  p u r i ty )  w a s  p u r c h a s e d  f ro m  
L a b S c a n  A s ia  C o .,L td .

A ll  th e  m a te r ia ls  w e re  u s e d  a s  r e c e iv e d  w i th o u t  f u r th e r  p u r i f i c a t io n  a n d  fo r  
r e s e a rc h  p u rp o s e s .
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3 .2  E q u i p m e n t

>  S p in n in g  d r o p  te n s io m e te r  ( O p e r a t in g  m a n u a l  D a ta p h y s ic s  
S V T  2 0 )

>  T e m p e r a tu r e -c o n t ro l le d  in c u b a to r  ( B IN D E R , K B 4 0 0 /E 2 )
>  W a te r  B a th
>  T e rg -O -T o m e te r
>  U V /V IS  S p e c t r o p h o to m e te r  ( H e w le t t  P a c k a rd , 8 4 5 2 A )
>  C o lo r im e tr ic  s p e c t r o p h o to m e te r  ,C o lo r f le x  ( H u n te r  L a b )
>  T o ta l  O r g a n ic  C a b o n  A n a ly z e r  (T O C )
>  T e n s io m e te r  ( W ilh e lm y  P la te  m e th o d )

3 .3  E x p e r i m e n t a l  P r o c e d u r e s

T h e  e x p e r im e n t  p a r t  o f  th is  r e s e a rc h  w a s  d iv id e d  in to  th re e  p a r ts . T h e  f i r s t  
p a r t  w a s  to  d e te rm in e  b a s ic  p r o p e r t i e s  o f  s u r fa c ta n ts .  T h e  s e c o n d  p a r t  w a s  to  s tu d y  
th e  p h a s e  b e h a v io r  a n d  m ic r o e m u ls io n  fo rm a t io n  a n d  th e  la s t  p a r t  w a s  d e te rg e n c y  
e x p e r im e n t.

3 .3 .1  B a s ic  P ro p e r ty  S tu d ie s
3.3.1.1 Solubility

>  A n io n ic  S u r fa c ta n t
P r e c ip i ta t io n  p o in t ,  d e f in e d  a s  th e  p o in t  a t  w h ic h  a n  

a q u e o u s  s u r fa c ta n t  s o lu t io n  s e p a r a te s  to  tw o  p h a s e s ,  l iq u id  p h a s e  a n d  s o l id  p h a s e . 
E a c h  s u r f a c ta n t  w a s  v a r ie d  c o n c e n t r a t io n  a n d  w a s  le f t  to  p r e c ip i ta te  a t  ro o m  
te m p e ra tu re .  T h e  p r e c ip i ta t io n  p o in t  w a s  d e te c te d  a s  p r e c ip i ta t io n  c o n c e n t r a t io n  
(% w t/v )  w h e n  s u r f a c ta n t  s o lu t io n  s ta r t  to  p r e c ip i ta te .  In  c o m p a r is io n ,  th e  h ig h e r  
p r e c ip i ta t io n  c o n c e n t r a t io n ,  th e  h ig h e r  s o lu b i l i ty  in  w a te r ,  s in c e  th e  s u r f a c ta n t  
r e m a in s  to  b e  s o lu b le  in  w a te r .

>  N o n io n ic  S u r fa c ta n t
W a te r  s o lu b i l i ty  w a s  e x a m in e d  b y  m e a s u r in g  th e  p o in t  

a t w h ic h  a n  a q u e o u s  s u r f a c ta n t  s o lu t io n  s e p a ra te s  to  tw o  p h a s e s .  E a c h  s u r f a c ta n t  w a s  
v a r ie d  c o n c e n t r a t io n  a n d  w a s  le f t  to  s e p a r a te s  to  tw o  p h a s e s  a t  ro o m  te m p e ra tu re .
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W a te r  s o lu b i l i ty  w a s  e x a m in e d  b y  m e a s u r in g  th e  
in v e rs e  c lo u d  p o in t  b y  h e a t in g  1 %  a q u e o u s  s o lu t io n s  o f  n o n io n ic  s u r f a c ta n ts  a n d  
d e te rm in in g  th e  te m p e ra tu re  a t w h ic h  th e  s o lu t io n  c lo u d s  ( th e  “ c lo u d  p o in t” ).

3.3.1.2 Critical Micelle Concentration (CMC) and Surface Tension 
C r i t ic a l  M ic e lle  C o n c e n tr a t io n  (C M C )  a n d  S u r fa c e  T e n s io n  

w e re  m e a s u r e d  b y  u s in g  a  c o n ta c t  a n g le  m e a s u r e m e n t  in s t r u m e n t  (D S A 1 0  M k 2 , 
K ru s s  G m b H , H a m b e rg )

3 .3 .2  P h a s e  B e h a v io r  a n d  M ic r o e m u ls io n  F o r m a t io n
T h e  d y n a m ic  in te r fa c ia l  te n s io n  ( IF T )  b e tw e e n  a q u e o u s  p h a s e  a n d  th e  

o il p h a s e  w h ic h  w e re  in  e q u i l ib r iu m  a t  d i f f e re n t  c o n d i t io n s  w a s  m e a s u r e d  u s in g  a  
s p in n in g  d r o p  te n s io m e te r  ( O p e r a t in g  m a n u a l D a ta p h y s ic s  S V T  2 0 ). T h e  IF T  
m e a s u r e m e n ts  w e re  m a d e  u s in g  1-2  p L  o f  o il in je c te d  in to  3 0 0  p L  o f  a q u e o u s  p h a s e  
in  c a p i l la ry  tu b e . R e p o r te d  IF T  v a lu e s  w e re  r e c o r d e d  a t  tw e n ty  m in u te s  a f te r  o il 
in je c tio n .

3 .3 .3  D e te rg e n c y  E x p e r im e n ts
3.3.3.1 Fabric Preparation

>  F a b r i c :  P r e - w a s h in g  o f  te s t  f a b r ic s  w a s  d o n e  b e fo re  
s o i l in g  in  o r d e r  to  g e t r id  o f  c o n ta m in a te s .  T h is  m e th o d  w a s  f o l lo w e d  th e  A S T M  
s ta n d a rd  g u id e  D 4 2 6 5 -9 8 .

>  S o i l in g :  T h e  s tu d ie d  o i l  w a s  s ta in e d  b y  th e  o i l  s o lu b le  
O il-R ec ftO  d y e  u s in g  G o e l  ( 1 9 9 8 ) 's  m e th o d  (G o e l , 1 9 9 8 )  b e fo re  b e in g  a p p lie d  o n  th e  
fa b r ic s .

a ) T h e  fa b r ic  w a s  c u t  in to  3 x 4  in c h  s w a tc h e s  in
w ra p  a n d  w e f t  d i re c t io n s .

b ) A p p r o x im a te ly  0 .1  g  o f  th e  o i l - s o lu b le  d y e  w a s  
d is s o lv e d  to  10 0  m L  o f  th e  p a lm  o il.

c ) T h e  o i l  s o lu b le  O i l - R e d - O  d y e  w a s  f i l te re d  u n ti l
c le a r  o f  s o l id s .

d ic h lo ro m e th a n e  to  8 0  m L .
d)

e)

D ilu te  8  m L  o f  c le a r  d y e d  o il w i th  

T h e  s w a tc h e s  w e r e  s o a k e d  in  a  d y e d  o il
s o lu tio n  fo r  a  m in u te .
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f) The soiled swatches were then laid on a flat 
plate in a ventilated hood at room temperature overnight so as to dry the soiled 
swatches.

g) Keep them in a sealed glass container in order
to prevent evaporation.
Note; All swatches were freshly prepared for each batch of laundry experiments.

3.3.3.2 Laundry Procedure
Detergency experiments were accomplished by using a 

Terg-O-Tometer (Copley, DIS 8000) simulating home washing-machine action in a 
bench scale unit. The soiled swatches were put in the bucket of a Terg-O-Tometer. 
The conditions were set at a liter of washing solution, twenty minutes, of washing 
step,' three minutes of first rinse step, and two minutes of second rinse step. All 
washing and rinse steps were conducted at an agitation speed of 1 2 0  rpm and carried 
out at proper washing temperatures.

3.4 Analysis

3.4.1 Detergency Measurement
Detergency performance is determined by reflectance measurement of 

pre-wash and post-wash swatches. Reflectance measurements of the unsoiled 
swatches, the pre-wash soiled swatches and the post-wash soiled swatches were 
conducted by a colorimetric spectrophotometer (Hunter Lab, ColorFlex).The 
percentage of detergency is calculated by the following equation:

% Detergency = [(A-B)/ (Co-B)] xioo
Where ; “A” is the average reflectance of the soiled swatches after

washing.
“B” is the average reflectance of the soiled swatches before

washing.
“Co” is the average reflectance of the unsoiled swatches

before washing.
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3.4.2 Oil Removal Measurement
This measurement was followed Goel (1998)’s method (Goel, 1998). 

Oil removal was characterized by portion of residual oil on the swatches that is 
washed out during the detergency process. The attached oil was extracted from the 
pre-wash soiled swatches by submerging the fabric in propan-2 -ol overnight at room 
temperature. After washing, submerge the post-wash soiled swatches in propan-2-ol 
overnight at room temperature. Then, measure the amount of extracted oil in the 
solution via UV/VIS Spectrophotometer (Hewlett Packard, 8452A). Finally, 
calculate extracted oil concentration from the calibration curve.
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