
CHAPTER III
EXPERIMENTAL

3.1 Materials

3 .1 .1  C e ty ltr im eth y l A m m o n iu m  C h o r id e  (C T A C )
C e ty ltr im ety l a m m o n iu m  c h o r id e  ( C i6 H 3 3 N ( C H 3 ) 3 C 1 ) o b ta in ed  

from  U n ile v e r  T h a i H o ld in g s , L td. w a s  u se d  as th e  c a t io n ic  su rfa cta n t w ith o u t  
further p u r ifica tio n . C T A C  u sed  in  th is  s tu d y  w a s  in a c o m m e r c ia l ly  a v a ila b le  
p ro d u ct fo rm  o f  50%  co n cen tra tio n  in  36%  o f  iso p r o p y l a lc o h o l an d  14%  o f  
w a ter , w h ic h  ap p ears as a y e l lo w is h  v is c o u s  liq u id . T h e  m o le c u la r  w e ig h t  o f  
C T A C  w a s  3 1 9 .5  g / m o l . T h e  stru ctu re o f  C T A C  is sh o w n  in  F ig u re  3 .1
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Figure 3 .1  T h e  c h e m ic a l stru ctu re o f  C T A C .

3 .1 .2 .  B e h e n y ltr im e th y l A m m o n iu m  C h o r id e  (B T A C )
B e h e n y ltr im e ty l a m m o n iu m  c h o r id e  (C 2 2 H 4 5 N  (C H 3 ) 3 C1) w a s  

o b ta in ed  from  U n ile v e r  T h ai H o ld in g s , L td . and u se d  as a n o th er  ty p e  o f  
c a tio n ic  su rfactan t. It w a s  u sed  w ith o u t  further p u r ifica tio n . B T A C  u se d  in th is  
stu d y  w a s  in  a c o m m e r c ia l ly  a v a ila b le  p rod u ct form  o f  at 85%  co n cen tra tio n .
It ap p ea red  as w h ite  so lid . T h e  m o le c u la r  w e ig h t  o f  B T A C  w a s  4 0 3 .5  g /m o l.  
T h e  stru ctu re o f  B T A C  is sh o w n  in F ig u re  3 .2 .
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Figure 3 .2  T h e  c h e m ic a l stru ctu re o f  B T A C .

3 .1 .3  F atty  A lc o h o l (F A )
T h e  fatty  a lc o h o l (F A )  is th e m ix tu re  o f  15%  o f  c e ty l a lc o h o l  

(C H 3 (C H 2 ) , 5 O H ) and 85%  o f  stea ry l a lc o h o l (C H 3 (C H 2 ) i6 O H ) so  it can  b e  
c a lle d  c e to s te a r y l a lc o h o l. It can  b e  u sed  as a th ick en er , a c o e m u ls if ie r , a 
s ta b iliz e r , an o p a c if ie r  for  c o s m e t ic s  an d  to p ic a l p h a r m a c e u tic a l e m u ls io n s .  
T h e  p h y s ic a l sta te  is  w h ite  p e lle t  an d  th e  m e lt in g  p o in t is arou n d  53°c. T h e  
m o le c u la r  w e ig h t  o f  c e ty l a lc o h o l an d  stea ry l a lc o h o l w a s  2 4 2  and 2 6 8  g /m o l  
r e sp e c t iv e ly . It w a s  o b ta in ed  from  U n ile v e r  T h ai H o ld in g s , L td .

3 .1 .4  H y d r o x y e th y l C e llu lo s e  (N a tr a so l)  (H E C )
H y d r o x y e th y l c e l lu lo s e  is a n o n io n ic  w a te r  - s o lu b le  p o ly m e r  

d e r iv e d  fro m  c e llu lo s e .  It w a s  u sed  as a th ic k e n in g  a g e n t or a r h e o lo g y  
m o d if ie r  an d  w a s  o b ta in ed  from  U n ile v e r  T h a i H o ld in g s , L td . Its so lu b ility  
c h a ra c ter is tic s  a l lo w  e a sy  d isp e r s io n  in  h o t or c o ld  w a ter . T h e  p h y s ic a l sta te  o f  
H E C  is  w h ite  gran u lar p o w d e r . T h e  stru ctu re o f  H E C  is  s h o w n  in  F ig u re  3 .3 .
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Figure 3.3 T h e  c h e m ic a l stru ctu re o f  H y d r o x y e th y l c e l lu lo s e .

3 .1 .5  D e io n iz e d  D is t i l le d  W ater
D e io n iz e d  d is t ille d  w a ter  w a s  u sed  as th e  p u re  s o lv e n t  w ith o u t  

further f ilte r in g  or p u r ifica tio n .

3.2 Equipment

3 .2 .1  L a ser  S c a n n in g  M ic r o sc o p e  (L S M )
T h e  L S M  or L a ser  sc a n n in g  m ic r o sc o p e  is  a  n e w  m e th o d  for  

m o r p h o lo g ic a l s tu d ie s  in p o ly m e r  s c ie n c e . T h e  la se r -sc a n n in g  m ic r o s c o p e  
im p r o v e s  th e  r e so lu tio n  o f  a c o n v e n tio n a l lig h t  m ic r o s c o p e  b y  r e p la c in g  th e  
l ig h t  so u r c e  w ith  a sc a n n in g  la ser  an d  b y  in tr o d u c in g  a p in h o le  in  th e  
b a c k fo c a l p la n e . It is  a  p o w e r fu l to o l for  o b ta in in g  d e ta ile d  th r e é -d im e n s io n a l  
in fo r m a tio n  o f  m o r p h o lo g ie s . T o  o p era te  th e  L S M , a la ser  is  sc a n n e d  
h o r iz o n ta lly  o v e r  th e  sa m p le  an d  th e  b ea m  is  red irec ted  b y  a b e a m  sp litter  and  
is  fo c u s e d  o n  th e  sa m p le  w ith  th e  sca n n er  an d  th e  o b je c t iv e  le n s . A  p in h o le  
lo c a te d  in  th e  fo c a l p la n e  in front o f  th e  d e tec to r  e n su r e s  that o n ly  lig h t  
r e f le c te d  an d  v e r y  n arrow  fo c a l p la n e  w il l  reach  th e  d e tec to r . T h e  p in h o le  
e f f e c t iv e ly  su p p r e sse s  lig h t e m a n a tin g  from  o th er  p la n e s  p a s s in g  th ro u g h  th e  
p h o to d e te c to r , s o  that it g rea tly  im p r o v e s  th e  lim ite d  d ep th  o f  p h o to  n o r m a lly  
a v a ila b le  w ith  o p tic a l m ic r o sc o p e s  (A le x a n d e r , 1 9 9 7 ).

T h e  L S M  4 1 0  in v e r se  la ser  sc a n  m ic r o s c o p e ,,  fro m  Z e is s
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In c .,w a s  u se d  to  in v e s t ig a te  th e  structure o f  e m u ls io n . T h is  m ic r o s c o p e  can  b e  
reg a rd ed  as o n e  o f  th e  m o st  im p ortan t e m u ls io n  c h a ra c ter iza tio n  to o l. It can  
g iv e  in fo rm a tio n  ab ou t r e la tiv e  a m o u n ts  o f  o il, w a ter , and  s o lid s  in c lu d in g  th e  
stru ctu re o f  an e m u ls io n  sy s te m . It is  b a se d  o n  th e  A x io v e r t  1 0 0 , 135 or 1 3 5 M  
m ic r o sc o p e  fa m ily . T h is  m ic r o sc o p e  a llo w s  c o n v e n tio n a l m ic r o sc o p e  
te c h n iq u e s  u s in g  th e  u su a l co n tra st m e th o d s  su ch  as b righ t f ie ld , dark fie ld , 
d iffe r e n tia l in ter feren ce  con trast, p h a se  con trast, f lu o r e sc e n c e  an d  p o la r iza tio n .

Basic LSM System. T h is  sy s te m  c o n s is ts  o f  a b e a m  sc a n  sy s te m , a 
d ete c to r  u n it and a co n tro l co m p u ter .

Laser Unit. T h is  part c o n s is ts  o f  o n e  or tw o  in tern a l la sers.
Axiovert 100, 135 or 135 M  m ic r o sc o p e  eq u ip m e n t. T h e se  are 

u sed  for tra n sm itted  lig h t, su p p lem e n te d  b y  th e  c o r r e sp o n d in g  o p tica l 
e q u ip m e n t and b y  v a r io u s lig h tin g  u n its w ith  th e a ff ilia te d  p o w e r  su p p ly  u n its.

Figure 3.4 T h e  g en era l v ie w  o f  th e L S M  sy s te m .

T h e  b a s ic  p r in c ip le  o f  L S M  in v o lv e s  th e  tr a n sm itte d -lig h t and  
th e  sca n n er  sy s te m . In la ser  sc a n n in g  m ic r o sc o p e  a sm a ll ap erture is  p la ced  in 
th e  p la n e  w h e r e  rays c o m in g  from  a particu lar p la n e  in  th e  o b je c t  from  a p o in t. 
T h is  p la n e  is  c a lle d  th e  c o n fo c a l p la n e . A  lig h t d e tec to r  is p la c e d  b eh in d  th e
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aperture. T h e  aperture s e le c t s  o n e  p o in t  (x , y )  in th e  p la n e , an d  a lso  cu ts  o u t  
m o st  o f  th e  lig h t c o m in g  from  o th er  p la n e s  in  th e  sp e c im e n . I f  th e  
illu m in a tio n  is  fo c u s e d  o n to  th e  s e le c te d  p o in t  in  th e  o b je c t , th en  in fo rm a tio n  
c o m e s  from  th e  p o in t  o n ly . S c a n n in g  th e  illu m in a tio n  an d  th e  c o n fo c a l  
aperture to g e th e r  o v e r  X and y  b u ild s  up  a sc a n n e d  im a g e  o f  th e  s e le c te d  p la n e .

3 .2 .2  R h e o m e te r
T h e  flu id  rh eo m eter , m o d e l A R E S , from  R h e o m e tr ic  S c ie n t if ic  

In c ., w a s  u se d  to  m ea su re  th e  r h e o lo g ic a l p ro p ertie s  o f  e m u ls io n  in  o sc illa to r y  
and s tea d y  sta te  m o d e s . F ig u re  3 .5  sh o w s  a m o st c o m m o n  rh eo m eter , a c o n e  
and p la te  rh eo m eter . T h e  te s t  m ateria l is  co n ta in e d  b e tw e e n  a c o n e  an d  p la te , 
w ith  th e  a n g le  b e tw e e n  th e  c o n e  and p la te  b e in g  sm a ll (< 4 ° ) . In th is  w o rk , a 
c o n e -a n d -p la te  rh eo m eter  w ith  a d ia m eter  o f  5 0  m m , a c o n e  a n g le  o f  4 °  and  

g a p  s iz e  o f  0 .0 5 0  ±  1 m m  w a s  u sed . T h e  apparatus c o n s is ts  o f  2  c ircu la r  d isk s , 
a sta tio n a ry  u p p er  p la te  and an  o s c il la t in g  lo w e r  p la te , sep a ra ted  b y  a th in  gap  
w h e r e  th e  sa m p le  is  p la ced . T h e  b o tto m  p la te  o s c i l la te s  at a  fr e q u e n c y  at a 
s p e c if ie d  strain . T h e  top  p la te  is  h e ld  sta tion ary  an d  c o n n e c te d  to  a tran sd u cer , 
w h ic h  m e a su r e s  th e  torq u e. T o rq u e  ca n  b e  c o n v e r te d  to  sh ea r  s tress  and o th er  
v is c o e la s t ic  p ro p er tie s  su ch  as sto ra g e  m o d u lu s  (G '), lo s s  m o d u lu s  (G " ), e tc . as  
fu n c tio n s  o f  freq u en cy .

Figure 3 .5  T h e  c o n e  and p la te  rh eo m eter .
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T h e  R h e o m e te r  w a s  u sed  to  m ea su re  th e  r h e o lo g ic a l b eh a v io r  o f  
m a ter ia l. T h ere  are tw o  d iffe r e n t  m eth o d s  a v a ila b le : s ta tic  m e th o d  or s tea d y  
sta te  m e th o d  d y n a m ic  and m eth o d  or o sc illa to r y  stra in  m eth o d . S ta tic  te s ts  
in v o lv e  th e  im p o s it io n  o f  a s te a d y  sta te  strain  rate (o r  s tr e ss ) . D y n a m ic  te s ts  
in v o lv e  th e  a p p lic a tio n  o f  a h a r m o n ic a lly  v a r y in g  strain .

3.2.2.1 Steady State Method
T h e  s te a d y  sta te  m o d e  m e a su r e s  v is c o s i t y  as fu n c tio n s  o f

stra in  rate. T h e  e q u a tio n s  for  v is c o s ity  ( ๆ ) ,  sh ear  stress  (๙ ) ,  sh ea r  rate ( y ) ,  first  

n o rm a l s tre ss  d if fe r e n c e  at sm a ll a n g le s  ( a )  o f  N e w to n ia n  flu id s  are
ๆ  =  ( 3 a M ) / ( 3 R 3) (3 .1 )
a  =  ( 3 M ) /( 2 tiR 3) (3 .2 )
y  =  d v /d r  =  go/ oc (3 .3 )
๙ 1 - ๙ 2  =  -2 F N/(7lR 2) (3 .4 )

w h e r e  M  is th e  to rq u e  n e e d e d  to  turn th e c o n e , R  is  th e  rad iu s o f  th e  c o n e , V is
th e  lin ea r  v e lo c ity ,  r is  th e d is ta n c e  from  th e  a x is , CÙ is  th e c o n e  ro ta tion a l
fre q u e n c y , F N is  th e  total fo rce  n orm al to  f ix e d  p la te  and G il - g 2 2  is  th e  first
d if fe r e n c e  n o rm a l stress.

3.2.2.2 Dynamic Method
L et y(t') =  yo  e x p (ic o f ) (3 .5 )

w h e r e  i is  V -1, CO is fr eq u en cy  and y 0  is  strain  a m p litu d e . T h e  co r r e sp o n d in g
stra in  rate is g iv e n  b y

y(t') =  icoyo e x p (ic o f ) (3 .6 )
In o sc il la to r y  sh ear , a  c o m p le x  sh ear  m o d u lu s  G* is d e f in e d  as

G (t) =  G * (o )y (t ) (3 .7 )
G * =  G' +  iG" (3 .8 )

w h e r e  G' is  s to ra g e  m o d u lu s  (o r  d y n a m ic  r ig id ity ) w h ic h  in d ic a te s  th e  so lid ity  
and G" is lo s s  m o d u lu s , w h ic h  in d ica te s  th e  f lu id ity
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T h e  m o re  c o n v e n ie n t  c o m p le x  rep resen ta tio n  o f  th e  
o sc il la to r y  m o tio n  as an a ltern a tiv e  to  th e  c o m p le x  sh ea r  m o d u lu s , ca n  b e  
d e f in e d  as " c o m p le x  v isc o s ity "  ( ๆ * )  or th e  ratio  o f  th e  sh ea r  s t r e s s a  to  th e  rate  

o f  sh ea r  y .
a ( t )  =  ๆ * .  y (t) (3 .9 )
ๆ *  = ๆ ' - ๆ "  (3 .1 0 )

w h e r e  ๆ ' is  d y n a m ic  v is c o s ity  (G" =  ๆ '๓ ) and ๆ'' is  s to r a g e  v is c o s i t y  

(G* =  ๆ "๓).
T h e  a ltern a tiv e  m eth o d  o f  ch a r a c te r iz in g  r h e o lo g y  is  to  

p lo t  G' an d  th e  lo s s  a n g le  (ô ) ,  tan ô  can  b e  d e fin e d  as G" d iv id e d  b y  G ’ w h ic h  
rep resen ts  th e  ratio  o f  f lu id ity  to  e la s t ic ity .

3.3 Experimental Conditions

3 .3 .1  C o n d it io n s  in M ic r o sc o p e  M ea su rem en t
E a ch  sa m p le  w a s  p la c e d  o n  a g la s s  s l id e  an d  c o v e r e d  b y  a c o v e r  

g la s s . T h e  s p e c im e n  w a s  th en  p la c e d  on  th e  o b je c t iv e  le n s  in  ord er  to  m ea su re  
th e  stru ctu re o f  e m u ls io n . T h e  m ea su rem en t w a s  p er fo rm ed  in  tra n sm itted -  
lig h t m o d e  and u s in g  th e  c o n fo c a l  p la n e  to  reco n stru c t an im a g e . T h e  
m a g n if ic a t io n  w a s  1 0 0 0  t im es: 1 0  m a g n if ic a t io n  for  th e  o b je c t iv e  le n s  an d  1 0 0  

m a g n if ic a t io n  for  e y e s  p ie c e  len s . T h e  p ic tu re  w a s  ta k en  at th e  p in h o le  o f  10 
and th e  en la r g e m e n t o f  7.

3 .3 .2  C o n d it io n s  in  O sc illa to r y  M ea su rem en ts
3.3.2.1 Dynamic Strain Sweep Default Test

U s u a lly , th e  r h e o lo g ic a l p ro p er tie s  o f  v is c o e la s t ic  
m ateria l are in d e p e n d en t o f  strain  up to  a cr itica l strain . B e y o n d  th is cr itica l 
strain  le v e l ,  th e  m ateria l b e h a v io r  is  n o n lin ea r  and th e  m o d u li d e c lin e . T h u s, 
m e a su r e m e n t o f  th e  strain  a m p litu d e  d e p e n d e n c e  o f  th e  sto r a g e  and lo s s
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m o d u li is  u su a lly  th e  first step  ta k en  in ch a r a c te r iz in g  th e  v is c o e la s t ic  
b eh a v io r . F o r  e x a m p le , a strain  s w e e p  is u se d  to  e s ta b lish  th e  e x te n t  o f  th e  
lin ea r ity  o f  th e  v is c o e la s t ic  r e sp o n se  o f  a m ateria l.

T h e  m ea su r e m e n ts  w e r e  p er fo rm ed  b y  th e  F lu id  
R h e o m e te r  u s in g  th e  c o n e -n -p la te  g e o m e tr y  w ith  a c o n e  a n g le  o f  4 ° and a 

d ia m eter  o f  5 0  m m . T h e  ga p  ran ge w a s  0 .0 5 0 ± 1  m m . T h e  e x p e r im e n ts  w e r e  

carried  o u t at th e freq u en cy  o f  1 .0  rad /s, at th e  tem p era tu re  o f  2 6  ±l°c. In itia l 
strain  an d  fin a l stra in s w e r e  eq u a l to  0 .1  and 100% , r e s p e c t iv e ly .  F o r  th e se  
m e a su r e m e n ts , th e  le v e l  o f  strain  w a s  d e term in ed  in  ord er to  e n su re  that 
m e a su r e m e n ts  w e r e  m a d e  w ith in  th e lin ear  v is c o e la s t ic  r e g im e .

3.3.2.2 Dynamic Frequency Sweep Default Test
A fte r  th e  flu id  lin ear  v is c o e la s t ic  r e g im e  h a s b een  

e s ta b lish e d  b y  a strain  s w e e p , its stru ctu re can  b e  further c h a ra c ter ized  u s in g  a 
fr e q u e n c y  s w e e p  at a strain  b e lo w  th e  cr itica l stra in . T h is  p r o v id e s  m ore  
in fo rm a tio n  ab o u t r h e o lo g ic a l p ro p erties  at d ifferen t le n g th s  o n  t im e  s c a le s . In  
th e  d y n a m ic  freq u en cy  s w e e p  m o d e , m ea su r e m e n ts  w e r e  m a d e  o v e r  a ra n g e  o f  
o s c il la t io n  fr e q u e n c y  at a co n sta n t o s c i l la t io n  a m p litu d e  an d  tem p eratu re .

T h e  m ea su r e m e n ts  w e r e  p e r fo r m e d  b y  th e  F lu id  
R h e o m e te r  u s in g  th e  c o n e -n -p la te  g e o m e tr y  w ith  a c o n e  a n g le  o f  4 ° and a 
d ia m eter  o f  5 0  m m . T h e  ga p  ra n g e  w a s  0 .0 5 0 ± 1  m m . T h e  e x p e r im e n ts  w e r e  

carried  o u t at th e  tem p era tu re  o f  26±1 °c. In itia l fr e q u e n c y  an d  fin a l freq u en cy  
w e r e  eq u a l to  100  an d  0 .1 % , r e sp e c t iv e ly . T h e  v a lu e  o f  stra in  u se d  w a s  c h o se n  
to  b e  w ith in  th e  lin ear  v is c o e la s t ic  r e g im e . In th e se  m e a su r e m e n ts , G ’, G ” , 
tanO =  G ’V G ’, ๆ ” w e r e  d e term in ed  as a fu n c tio n  o f  freq u en cy .
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3 .3 .3  C o n d it io n s  in S tea d y  S h ea r  M e a su r e m e n t (S te a d y  R a te  S w e e p  
T e st)

T h e  m e a su r e m e n ts  w e r e  p er fo rm ed  b y  a F lu id  R h e o m e te r  
u s in g  th e  c o n e -n -p la te  g e o m e tr y  w ith  a c o n e  a n g le  o f  4 ° an d  a d ia m e te r  o f  50  
m m . T h e  ga p  ra n g e  w a s  0 .0 5 0 ± 1  m m . T h e  e x p e r im e n ts  w e r e  carried  o u t at th e  

tem p eratu re  o f  2 6 ± 1  ° c .  In itia l rate and fin a l rates w e r e  e q u a l to  0 .0 1  and 100  
1/s, r e s p e c t iv e ly . T h e  data  m o d e  w a s  t im e  b a sed . T im e  d e la y  an d  m e a su r e m e n t  
t im e s  w e r e  0 .1  an d  1 se c , r e sp e c t iv e ly . T h e  d ir e c tio n  w a s  c lo c k w is e ,  o n ly  o n e  
d ir e c tio n  p er  m ea su rem en t. In th e se  m ea su r e m e n ts , f lo w  c u r v e  o f  v is c o s ity  
v e r su s  sh ea r  rate or v is c o s ity  v e r su s  s tre ss  w a s  o b ta in ed .

3.4 Data Analysis

In th is  w o r k  w e  in v e s t ig a te  th ree  im p ortan t p a ra m eters w h ic h  w e r e  

e n ta n g le m e n t sto ra g e  m o d u lu s  (G N°), B in g h a m  stre ss  (tb) an d  z e r o  sh ear  

v is c o s i t y  ( ๆ 0). G N° c o u ld  b e  d e f in e d  as th e  s to ra g e  m o d u lu s  at 100  r a d /sec . It 
is  referred  to  th e  d y n a m ic  e n ta n g le m e n t n e tw o rk  o f  e m u ls io n s . B in g h a m  stress  
is fo rce  p er  area  req u ired  to  in itia te  th e  f lo w  o f  e m u ls io n s . It w a s  o b ta in ed  
from  th e  p lo t  o f  stress  v e r su s  strain  rate an d  ex tra p o la ted  to  z e r o  sh ea r  rates. 
Z ero  sh ea r  v is c o s it y  is  d e f in e d  as th e  v is c o s i t y  at z e r o  sh ea r  ra tes. In th is  w o rk , 
it w a s  th e  e s t im a te d  v a lu e  at th e  sh ea r  rate 0 . 0 1  s e c '1.
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3.4 Methodology

3 .4 .1  S a m p le  P rep aration  o f  E m u ls io n  o f  C T A C /F A
T h e  m a in  m ix tu re  w a s  h ea ted  to  75  ° c .  T h e n  th e  fa tty  a lc o h o l w a s  

h ea ted  to  75  ° c  b e fo r e  a d d in g  C T A C . A  g la s s  rod  w a s  u se d  to  stir  th e  m ix tu re  
u n til it w a s  m e lte d . A fte r  that th e  m ix tu re  w a s  p o u red  in to  a m a in  m ix e r  b ea k er  
c o n s is t in g  o f  w a te r  at 75  ° c .  A  b la d e  m ix e r  at a s lo w  s p e e d  o f  1 10  rpm  
h o m o g e n iz e d  th e  w h o le  m ix tu re  a b o u t 1 - 2  m in u te s  b e fo r e  th e  sp e e d  w a s  ch a n g e d  
to  2 1 0  rpm  fo r  a p er io d  o f  15 m in u tes .

O n c e  th e  e m u ls io n  o f  C T A C /F A  started  to  form , th e  h ea ter  w a s  turned  
o f f  an d  m o re  w a te r  w a s  a d d ed , w h o s e  tem p eratu re  w a s  c o n tr o lle d  at 4 5  ° c ,  and  
th en  it w a s  c o o le d  d o w n . T h e  m ix tu re  w a s  stirred  at a s lo w  s p e e d  o f  1 10  rpm  for  
a p er io d  o f  10 m in u te s . F in a lly  an e m u ls io n  o f  C T A C /F A  w a s  o b ta in ed  at ro o m  
tem p eratu re .

D ia g r a m  3 .1 : S a m p le  P rep aration  o f  E m u ls io n  o f  C T A C /F A .
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3.4.2 Sample Preparation of Solution of HEC
Water was stirred vigorously until a vortex occurred. Then 

powder of HEC was slowly added into the vortex. The rate of addition was slow 
enough for the particles to disperse in water without lump formation. A blade 
mixer using a high speed of 550 rpm for 30 minutes homogenized the mixture of 
water and HEC. Finally the gel of HEC was obtained at room temperature.

Diagram 3.2: Sample Preparation of Solution of HEC.
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3.4.3 Sample Preparation of Emulsion of CTAC/FA/HEC
The fatty alcohol was heated to 75 °c before adding CTAC. A 

glass rod was used to stir the mixture until it was melted. Then the mixture was 
poured into a main mixer beaker consisting of water and HEC gel then it was 
homogenized at 75 °c. A blade mixer at a slow speed of 110 rpm then 
homogenized the whole mixture about 1 -2 minutes before the speed was changed 
to 210 rpm for a period of 15 minutes.

Once the emulsion of CTAC/FA/HEC started to form, the heater 
was turned off and more water was added, whose temperature was controlled at 
45 °c, and then it was cooled down. The mixture was stirred at a slow speed of 
110 rpm for a period of 10 minutes. Finally an emulsion of CTAC/FA/HEC was 
obtained at room temperature.

Diagram 3.3: Sample Preparation of Emulsion of CTAC/FA/HEC.
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3.4.4 Sample Preparation of Emulsion of BTAC/FA
The Fatty alcohol and BTAC were mixed and heated at 85 °c 

together. A glass rod was used to stir the mixture until it was melted. Then the 
mixture was poured into a main mixer beaker consisting of water at 85 °c. A 
blade mixer at a slow speed of 110 rpm homogenized the whole mixture about 1- 
2 minutes before the speed was changed to 210 rpm for a period of 15 minutes.

Once the emulsion of BTAC/FA started to form, the heater was 
turned off and more water was added, whose temperature was controlled at 
40 °c, and then it was cooled down. The mixture was stirred at a slow speed of 
110 rpm for a period of 10 minutes. Finally an emulsion of BTAC/FA was 
obtained at room temperature.

Diagram  3.4: Sam ple Preparation o f  E m ulsion o f  B T A C /F A .

Fatty Alcohol + BTAC The main mixture (water)

H eated to 85 ° c  and 

stirred by the blade

The mixture of BTAC/FA

Heated to 85 °C
and stirred by a g lass rod until it w as m elt

poured into the m ain m ixer ไ rm ixer at 1 1 0  rpm
-------------------------► stirred at 2 1 0  rpm for 15 m inutes

1
Emulsion of BTAC/FA

co o led  dow n

Emulsion of BTAC/FA
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3.4.5 Sample Preparation of Emulsion of BTAC/FA/HEC
The fatty alcohol and BTAC were heated to 85 ° c .  A glass rod was 

used to stir the mixture until it was melted. Then the mixture was poured into a 
main mixer beaker consisting of water and HEC gel then it was homogenized at 
85 ° c .  A blade mixer at a slow speed of 110 rpm then homogenized the whole 
mixture about 1-2 minutes before the speed was changed to 210 rpm for a period 
of 15 minutes.

Once the emulsion of BTAC/FA/HEC started to form, the heater 
was turned off and more water was added, whose temperature was controlled at 
4 5  ° c ,  and then it was cooled down. The mixture was stirred at a slow speed of 
110 rpm for a period of 10 minutes. Finally an emulsion of BTAC/FA/HEC was 
obtained at room temperature.

Diagram  3.5: Sam ple Preparation o f  Em ulsion o f  B T A C /F A /H E C .
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3.4.6 Sample Preparation of Emulsion for Studying Effect of Annealing 
Temperature
In order to รณdy the effect of annealing. The emulsions were 

heated to 40, 53, and 80 °c respectively. The emulsions were then stirred by the 
blade mixer at a slow speed of 110 rpm for a period of 15 minutes. Finally, the 
emulsions were cooled down to room temperature and allowed to equilibrate for 
1 day before measuring the rheological properties as a function of aging time.

Diagram 3.6: Sample Preparation of Emulsion to รณdy the Effect of Annealing 
Temperature.
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3.4.7 Sample Preparation of Emulsion for Studying the Effect of
Temperature
In this experiment, emulsions were prepared according to the 

preparation methods of CTAC/FA and BTAC/FA emulsions. Then they were 
allowed to age for 14 days. For each system, samples will be characterized for 
rheological properties at 26 °c, 35 °c, 45 °c and 80 °c.

3.4.8 Sample Preparation of Emulsion to Study the Effect of pH
In this experiment, emulsions were prepared according to the 

preparation methods of CTAC/FA and BTAC/FA emulsions. The emulsion was 
adjusted for pH at 3, 5, 7 and 9. The blade mixer at a slow speed of 110 rpm then 
was used to stir the emulsion for a period of 15 minutes. Finally, the emulsion 
was allowed to equilibrate for 14 day before measuring the rheological and 
optical properties.

Diagram 3.7: Sample Preparation of Emulsion to Study the Effect of pH.

1
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