
RESULTS AND DISCUSSION
CHAPTER IV

Rheological and optical behaviors of emulsion systems were 
investigated for the effect of fatty alcohol concentration, the effect of 
temperature, the effect of annealing temperature, and the effect of pH. The 
systems studied were as follow:

Table 4.1 Effect of Fatty Alcohol Concentration
CTAC/FA BTAC/FA
(%wt/wt) (%wt/wt)

1.0/2.0 1.0/2.0
1.0/4.0 1.0/4.0
1.0/5.0 1.0/5.0
1.0/6.0 1.0/6.0

Table 4.2 Effect of Temperature
Temperature (°C) CTAC/FA

(%wt/wt)
BTAC/FA
(%wt/wt)

1.0/2.0 1.0/2.0
26 1.0/4.0 1.0/4.0

1.0/6.0 1.0/6.0
1.0/2.0 1.0/2.0

35 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0
1.0/2.0 1.0/2.0

45 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0
1.0/2.0 1.0/2.0

55 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0



Table 4.3 Effect of Annealing Temperature
Annealing

Temperature
(°C)

CTAC/FA/HEC
(%wt/wt/wt)

BTAC/FA/HEC
(%wt/wt/wt)

26 1.0/2.0/0.5 1.0/2.0/0.5
1.0/4.0/0.5 1.0/4.0/0.5

40 1.0/2.0/0.5 1.0/2.0/0.5
1.0/4.0/0.5 1.0/4.0/0.5

53 1.0/2.0/0.5 1.0/2.0/0.5
1.0/4.0/0.5 1.0/4.0/0.5

80 1.0/2.0/0.5 1.0/2.0/0.5
1.0/4.0/0.5 1.0/4.0/0.5

Table 4.4 Effect of pH
pH CTAC/FA BTAC/FA

(%wt/wt) (%wt/wt)
1.0/2.0 1.0/2.0

3 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0
1.0/2.0 1.0/2.0

5 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0
1.0/2.0 1.0/2.0

7 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0
1.0/2.0 1.0/2.0

9 1.0/4.0 1.0/4.0
1.0/6.0 1.0/6.0
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4.1 Effect of Fatty Alcohol Concentration

Figure 4.1 shows the plot of GN° vs. mole ratio of FA to the 
surfactants or NFA/NCTAC and NFA/NBTAC. The plots indicate that the values of 
Gn° of both emulsions increase with increasing mole ratio of fatty alcohol 
concentration and there is no significant difference in GN° between the 
CTAC/FA and the BTAC/FA emulsions. Figure 4.2 shows a plot of XB vs. 
mole ratio of FA to CTAC and BTAC. Measured values of TB of the 
CTAC/FA emulsions are higher than those of the BTAC/FA emulsions. This 
result is consistent with the previous finding of Barameesangpet (1999) who 
found that the values of GN° and XB of the two emulsions increased with fatty 
alcohol content until reaching the saturation values. Figure 4.3 shows the ๆ0 
versus mole ratio of FA to CTAC and BTAC. At low fatty alcohol 
concentration (2 %wt), ๆ0 of the BTAC/FA emulsions are higher than the 
CTAC/FA emulsions. The ๆ0 of both emulsions increase with fatty alcohol 
concentration and show nearly the same values at the saturation states.

The morphology of these two emulsion systems are shown in Figures
4.4 and 4.5. Figure 4.4 shows micrographs of the CTAC/FA emulsions and 
Figure 4.5 shows micrographs of the BTAC/FA emulsions at various fatty 
alcohol concentrations. For the CTAC/FA emulsions, we can observe a 
lamellar structure occurring in the emulsions at very low fatty alcohol 
concentration (1 %wt) and it changed to a the vesicle structure when fatty 
alcohol was increased (2 %wt). At 4.0 - 5.0 %wt, the emulsions were 
consisted of lamellar aggregate structures with droplets of fatty alcohol 
existing inside. The structures appearing in micrographs at very high fatty 
alcohol concentration (5.0 -  8.0 %wt) suggest a binding between lamellar 
aggregate structures. For the BTAC/FA emulsions, the vesicle structure was 
formed even at very low fatty alcohol concentrations (1.0 -  2.0 %wt). At 4.0 
%wt, the lamellar structure was formed in the shape of sphere surrounded by
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the vesicle structure. These structures may occur because of the hydrophobic 
portions of surfactant molecules at the edge of the lamellar structure did not 
want to expose to water layers. They could avoid water molecules by forming 
into a sphere in order to form a more stable structure. We can see a small 
droplet of fatty alcohol left inside the lamellar structure, in the same manner as 
the CTAC/FA emulsions. At very high fatty alcohol concentrations (5.0 - 8.0 
%wt), the emulsions were consisted of sunflower-like structures or a lamellar 
structures surrounding large fatty alcohol droplets and there was no network 
structure.

The results from optical measurement are consistent with the 
rheological data. As fatty alcohol was increased, there was more fatty alcohol 
to interact with the surfactants so the lamellar or the vesicle structure became 
larger leading to increases in viscosity and elasticity of emulsions. However, 
the values of t B and ๆ0 of the CTAC/FA emulsions at high fatty alcohol 
concentrations were higher than those of the BTAC/FA emulsions due to the 
formation of the network structure.
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F ig u r e  4 .1  G N° v s . fa tty  a lc o h o l c o n c e n tr a tio n  o f  th e C T A C /F A  and  
B T A C /F A  e m u ls io n s  at eq u ilib r iu m .
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Figure 4 .2  XB vs. fa tty  a lco h o l c o n c e n tra tio n  o f  th e  C T A C /F A  an d  B T A C /F A
e m u ls io n s  at e q u ilib riu m .
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Figure 4 .3  ๆ 0  v s . fa tty  a lc o h o l co n cen tra tio n  o f  C T A C /F A  an d  B T A C /F A  
e m u ls io n s  at eq u ilib r iu m .
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(e) (f)

F ig u r e  4 .4 M icro g ra p h s  o f  th e  C T A C /F A  e m u ls io n s  at v a r io u s fa tty  a lc o h o l
c o n c e n tr a tio n s  at eq u ilib r iu m : (a ) C T A C /F A  =  1 .0 /1 .0 ;  (b )  C T A C /F A  =
1 .0 /2 .0 ;  ( c )  C T A C /F A  =  1 .0 /4 .0 ;  (d ) C T A C /F A  =  1 .0 /5 .0 ;  ( e )  C T A C /F A  =  
1 .0 /6 .0 ;  ( f )  C T A C /F A  1 .0 /8 .0 .
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(e) (f)

F ig u r e  4 .5  M icro g ra p h s  o f  th e  B T A C /F A  e m u ls io n s  at v a r io u s  fa tty  a lc o h o l  
c o n c e n tr a tio n s  at eq u ilib r iu m : (a ) B T A C /F A  =  1 .0 /1 .0 ;  (b )  B T A C /F A  =
1 .0 /2 .0 ;  (c )  B T A C /F A  =  1 .0 /4 .0 ;  (d ) B T A C /F A  =  1 .0 /5 .0 ;  ( e )  B T A C /F A  =  
1 .0 /6 .0 ;  ( f )  B T A C /F A  1 .0 /8 .0 .
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4.2 Effect of Temperature

F ig u r e s  4 .6  an d  4 .7  s h o w  G N° v e r su s  tem p era tu re  o f  C T A C /F A  and  
B T A C /F A  e m u ls io n s  at v a r io u s  fa tty  a lc o h o l c o n c e n tr a tio n s . A t  2  % w t o f  fatty  
a lc o h o l c o n c e n tr a tio n , G N° d e c r e a se s  w ith  in c r e a s in g  tem p era tu re  b u t th e  
tem p era tu re  h a s  n o  in f lu e n c e  o n  G N° for  th e  e m u ls io n s  w ith  4  an d  6  % w t o f  
fa tty  a lc o h o l c o n c e n tr a tio n s . T h e  p lo ts  o f  XB v e r su s  tem p era tu re  o f  C T A C /F A  
an d  B T A C /F A  e m u ls io n s  w ith  v a r io u s  fa tty  a lc o h o l c o n c e n tr a tio n s  are sh o w n  
in F ig u r e s  4 .8  an d  4 .9 .  W e  ca n  n o t ic e  that Tg o f  b o th  e m u ls io n s  d o  n o t  v a ry  

w ith  tem p era tu re  at h ig h  fa tty  a lc o h o l co n cen tra tio n  (4 -6  % w t)  b u t Tg s h o w s  a 
s lig h t  d e c r e a se  w ith  tem p era tu re  at lo w  fatty  a lc o h o l c o n c e n tr a tio n  e s p e c ia l ly  

for  th e  C T A C /F A  e m u ls io n . F ig u r e s  4 . 1 0  and 4 . 11  s h o w  ๆ 0  v e r su s  tem p era tu re  

as a fu n c tio n  o f  fa tty  a lc o h o l co n cen tra tio n . T h e  v a lu e s  o f  ๆ 0  o f  b oth  
e m u ls io n s  at a ll fa tty  a lc o h o l c o n c e n tr a tio n s  d o  n o t c h a n g e  m a rk ed ly  w ith  
tem p eratu re . W h en  tem p era tu re  w a s  in c r e a se d  it c a u se d  a red u c tio n  in  th e  
h y d ra tio n  o f  th e  h y d r o p h ilic  g ro u p  o f  su rfactan t, le a d in g  to  th e  d isru p tio n  
b e tw e e n  th e  w a ter  m o le c u le s  an d  th e  p o la r  g rou p  o f  su r fa c ta n ts . B e c a u s e  th ere  
w a s  m o re  a m o u n t o f  w a te r  at lo w  fa tty  a lc o h o l c o n c e n tr a tio n  th an  at h ig h  fatty  
a lc o h o l c o n c e n tr a tio n , w e  ca n  o b se r v e  th e  d e c r e a se  in G N° at lo w  fa tty  a lc o h o l  
c o n c e n tr a tio n . W e  ca n  su m m a r iz e  that th e  h y d ra tio n  fo r c e  is  m o r e  p ro n o u n ce d  
o n ly  at lo w  fa tty  a lc o h o l co n c e n tr a tio n . T h is  s u g g e s ts  that th e  e la s t ic ity  and  
v is c o s ity  o f  b o th  C T A C /F A  and B T A C /F A  e m u ls io n s  e s p e c ia l ly  at h ig h  fatty  
a lc o h o l c o n c e n tr a tio n  ( 4 - 6  % w t) are in d ep en d en t o f  tem p eratu re .
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Figure 4 .6  G N° v s . tem p era tu re  o f  C T A C /F A  e m u ls io n s  at v a r io u s  fa tty  
a lc o h o l c o n c e n tr a tio n s  at eq u ilib r iu m .

Figure 4 .7  G n °  v s . te m p e ra tu re  o f  B T A C /F A  e m u ls io n s  a t v a r io u s  fa tty
a lc o h o l c o n c e n tra tio n s  a t e q u ilib riu m .
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Figure 4.9 XB vs. te m p e ra tu re  o f  B T A C /F A  e m u ls io n s  a t v a r io u s  fa tty  a lc o h o l
c o n c e n tra tio n s  a t e q u ilib riu m .
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F ig u r e  4 .1 0  ๆ 0  v s . tem p era tu re  o f  C T A C /F A  e m u ls io n s  at v a r io u s  fa tty  
a lc o h o l c o n c e n tr a tio n s  at eq u ilib r iu m .

Figure 4.11 ๆ 0 vs. te m p e ra tu re  o f  B T A C /F A  e m u ls io n s  a t v a r io u s  fa tty
a lc o h o l c o n c e n tra tio n s  a t e q u ilib riu m .
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4.3 Effect of Annealing Temperature

T h e  e f f e c t  o f  a n n e a lin g  w a s  s tu d ie d  a fter  th e  e m u ls io n s  w e r e  a n n e a le d  
at 4 0 ,  53  a n d  8 0  ° c  r e s p e c t iv e ly . T h e n  th e  e m u ls io n s  w e r e  c o o le d  d o w n  
n a tu ra lly  to w a rd  r o o m  tem p era tu re . A fte r  c o o lin g , w e  in v e s t ig a te d  th e  
r h e o lo g ic a l a n d  o p tic a l p ro p er tie s  o f  th e  e m u ls io n  s y s te m s  as a  fu n c tio n  o f  

a g in g  t im e . G N°, XB an d  ๆ 0  w e r e  u se d  to  d e sc r ib e  th e  c h a n g e s  in  th e  e m u ls io n  
p ro p erties .

4 .3 .1  C T A C /F A /H E C  E m u ls io n s
F ig u r e s  4 . 1 2  and 4 . 1 3  sh o w  th e  G N° v e r su s  a g in g  t im e  at 

v a r io u s  a n n e a lin g  tem p era tu res  fo r  th e  C T A C /F A  e m u ls io n s  at 1 .0 /2 .0  % w t 
an d  1 .0 /4 .0  % w t r e sp e c t iv e ly . In it ia lly , G N°  at h ig h  fa tty  a lc o h o l  
c o n c e n tr a tio n s  are h ig h e r  th an  G N° at lo w  fa tty  a lc o h o l c o n c e n tr a tio n s  at ab o u t 
o n e  ord er o f  m a g n itu d e . A fte r  th e  e m u ls io n s  w e r e  a n n e a le d  to  4 0  an d  53  ° c ,  
th e  v a lu e s  o f  G N° o f  b o th  tw o  s y s te m s  r e c o v e r e d  th e  in itia l v a lu e s  w ith in  1 d ay  
w h e r e a s  th e  e m u ls io n  a n n e a le d  at 8 0  ° c  ca n n o t rec o v e r . F ig u r e s  4 .1 4  an d  4 . 1 5  

sh o w  XB v e r su s  a g in g  t im e  o f  th e  C T A C /F A /H E C  =  1 .0 /2 .0 /0 .5  % w t e m u ls io n  

co m p a red  w ith  th e  1 .0 /4 .0 /0 .5  % w t e m u ls io n . It ca n  b e  s e e n  that XB o f  b o th  

sy s te m s  d o  n o t c h a n g e  w ith  a n n e a lin g  tem p era tu res . F or th e  p lo ts  o f  ๆ 0  v e r su s  
a g in g  t im e  at lo w  fa tty  a lc o h o l c o n c e n tr a tio n  (C T A C /F A /H E C  =  1 .0 /2 .0 /0 .5 )  

as s h o w n  in  F ig u r e s  4 .1 6 ,  w e  fo u n d  that ๆ 0  d o  n o t c h a n g e  w ith  a n n e a lin g  
tem p eratu re . O n  th e  con trary , at h ig h  fa tty  a lc o h o l c o n c e n tr a tio n  

(C T A C /F A /H E C  =  1 .0 /4 .0 /0 .5 ) ,  th e  v a lu e s  o f  ๆ 0  a n n e a le d  at 8 0  ° c  ca n n o t  
r e c o v e r  th e ir  in itia l v a lu e s  as s h o w n  in  F ig u re  4 .1 7 .

M ic r o g r a p h s  in  F ig u r e s  4 . 1 8  - 4 .2 3  s h o w  th e  liq u id  
c r y sta llin e  stru ctu re  in  th e  fo rm  o f  la m ella r  a g g r e g a te  stru ctu res at lo w  and  
h ig h  fa tty  a lc o h o l c o n c e n tr a tio n s . L arger  stru ctu res a p p ea red  at h ig h  fatty  
a lc o h o l co n c e n tr a tio n . G N° o f  b o th  sy s te m s  d id  n o t v a ry  s ig n if ic a n t ly  w ith
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a n n e a lin g  tem p era tu re  e x c e p t  at 8 0  ° c .  A t th is  tem p era tu re , G N° s h o w s  a 
d ra stic  d e c r e a se  an d  th e y  c a n n o t return to  th e ir  in it ia l v a lu e s . T h e  
m icro g ra p h s  in  F ig u r e s  4 .2 0  an d  4 .2 3  ca n  b e  u se d  to  d e sc r ib e  th e se  
o c c u r r e n c e s . T h ere  are n o  liq u id  c r y s ta llin e  p h a se s  in  th e  e m u ls io n s  a n n ea led  
at 8 0  ° c ,  in stea d  w e  o b se r v e d  iso tr o p ic  d isp e r se d  p h a se s . F o r  th e  a n n e a lin g  
tem p era tu re  h ig h er  th an  th e  m e lt in g  p o in t o f  fa tty  a lc o h o l, 53  ° c ,  th ere  w a s  a 
red u c tio n  in  th e  v is c o s i t y  o f  th e  d isp e r se  p h a se  an d  th e  c o r r e sp o n d in g  c h a n g e  
in  e m u ls io n  r h e o lo g ic a l p ro p ertie s . S o  G N° at 8 0  ° c  are d iffe r e n t  th an  th o se  
a n n e a le d  at o th er  tem p era tu res or u n a n n ea led .
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Figure 4.12 G N° v s . a g in g  t im e  o f  th e  C T A C /F A /H E C  =  1 .0 /2 .0 /0 .5  
e m u ls io n s  at v a r io u s  a n n e a lin g  tem p era tu res .

Figure 4.13 G n° v s . a g in g  tim e  o f  th e  C T A C /F A /H E C
e m u ls io n s  a t v a r io u s  a n n e a lin g  te m p e ra tu re s .

1 .0 /4 .0 /0 .5
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Figure 4.14 X B vs. aging time of the CTAC/FA/HEC = 1.0/2.0/0.5 emulsions 
at various annealing temperatures

Figure 4.15 XB vs. aging time of the CTAC/FA/HEC = 1.0/4.0/0.5 emulsions
at various annealing temperatures.
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Figure 4.16 ๆ0 vs. aging time of the CTAC/FA/HEC = 1.0/2.0/0.5 emulsions 
at various annealing temperatures.

Figure 4.17 r|o vs. aging time of the CTAC/FA/HEC = 1.0/4.0/0.5 emulsions
at various annealing temperatures.
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Figure 4.18 Micrographs of the CTAC/FA/HEC = 1.0/2.0/0.5 emulsions at
the annealing temperature of 40°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days and (d) aging 14 days.
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(c )  (d )

Figure 4.19 Micrographs of the CTAC/FA/HEC = 1.0/2.0/0.5 emulsions at
the annealing temperature of 53°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days and (d) aging 14 days.
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(c )  (d )

Figure 4.20 Micrographs of the CTAC/FA/HEC = 1.0/2.0/0.5 emulsions at
the annealing temperature of 80°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days and (d) aging 14 days.
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(c) (d)
Figure 4.21 Micrographs of the CTAC/FA/HEC = 1.0/4.0/0.5 emulsions at
the annealing temperature of 40°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days and (d) aging 14 days.
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(c) (d)
Figure 4.22 Micrographs of the CTAC/FA/HEC = 1.0/4.0/0.5 emulsions at
the annealing temperature of 53°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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(c) (d)
Figure 4.23 Micrographs of the CTAC/FA/HEC = 1.0/4.0/0.5 emulsions at
the annealing temperature of 80 °c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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4.3.2 BTAC/FA/HEC Emulsions
The Gn° versus aging time of the BTAC/FA/HEC 

= 1.0/2.0/0.5 %wt and E0/4.0/0.5 %wt emulsions at various annealing 
temperatures are shown in Figures 4.24 and 4.25. The values of GN° at high 
fatty alcohol concentrations are much greater than those at low fatty alcohol 
concentrations. It can be seen that for the emulsions annealed at 80 °c, GN° 
did not return to the initial values whereas the emulsions at other temperatures 
did. Gn° recovered to the original values after aging around 1 days. Figures
4.26 and 4.27 show t B versus aging time of BTAC/FA/HEC = 1.0/2.0/0.5 %wt 
and 1.0/4.0/0.5 %wt emulsions. It can be clearly seen that there is no 
significant change in XB with annealing temperature. Figures 4.28 and 4.29 
show ๆ0 versus aging time of the same emulsions. At low fatty alcohol 
concentration, ๆ0 at the annealing temperature of 80 °c seems to be lower than 
those at other annealing temperatures. But at the high fatty alcohol 
concentration (BTAC/FA/HEC = 1.0/4.0/0.5 %wt), the annealing temperature 
has no affect on ๆ0. These results can be explained by using the same 
arguments as those of the CTAC/FA/HEC emulsions.

The micrographs of BTAC/FA/HEC = 1.0/2.0/0.5 %wt and 
1.0/4.0/0.5 %wt emulsions are shown in Figures 4.30 - 4.35. The sizes of the 
lamellar aggregate structure became larger at high fatty alcohol concentration. 
In addition, the structures of the emulsion systems at the annealing 
temperatures of 40 and 53 °c were significantly different from the emulsion 
without annealing (26 °C). Only at the annealing temperature of 80 °c, as 
shown in Figures 4.32 and 4.35, we can observe there was no lamellar 
structure in the emulsion systems. These results are consistent with the 
rheological measurement data. In the BTAC/FA/HEC = 1.0/4.0/0.5 %wt 
emulsion, we observed that the fatty alcohol droplets existed in the emulsion 
system. This was because of BTAC has a longer hydrophobic chain than 
CTAC and interacted with a lesser degree with fatty alcohol, thus we can
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observe fatty alcohol left in the BTAC emulsions more than the CTAC 
emulsions.
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Figure 4.24 GN° vs. aging time of the BTAC/FA/HEC = 1.0/2.0/0.5 
emulsions at various annealing temperatures.

Figure 4.25 GN° vs. aging time of the BTAC/FA/HEC = 1.0/4.0/0.5
emulsions at various annealing temperatures.
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Figure 4.26 XB vs. aging time of the BTAC/FA/HEC = 1.0/2.0/0.5 emulsions 
at various annealing temperatures

c
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Figure 4.27 T B v s . aging time of the BTAC/FA/HEC = 1.0/4.0/0.5 emulsions
at various annealing temperatures.
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Figure 4.28 ๆ0 vs. aging time of the BTAC/FA/HEC = 1.0/2.0/0.5 emulsions 
at various annealing temperatures.

Figure 4.29 ฦ0 vs. aging time of the BTAC/FA/HEC = 1.0/4.0/0.5 emulsions
at various annealing temperatures.
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Figure 4.30 Micrographs of the BTAC/FA/HEC = 1.0/2.0/0.5 emulsions at
the annealing temperature of 40°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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(c ) (d)
Figure 4.31 Micrographs of the BTAC/FA/HEC = 1.0/2.0/0.5 emulsions at
the annealing temperature of 53°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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Figure 4.32 Micrographs of the BTAC/FA/HEC = 1.0/2.0/0.5 emulsions at
the annealing temperature of 80°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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(c) (d)
Figure 4.33 Micrographs of the BTAC/FA/HEC = 1.0/4.0/0.5 emulsions at
the annealing temperature of 40°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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(c) (d)
Figure 4.34 Micrographs of the BTAC/FA/HEC = 1.0/4.0/0.5 emulsions at
the annealing temperature of 53°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.
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(c )  (d )

Figure 4.35 Micrographs of the BTAC/FA/HEC = 1.0/4.0/0.5 emulsions at
the annealing temperature of 80°c at various aging times: (a) without
annealing; (b) aging 1 day; (c) aging 7 days; (d) aging 14 days.



70

4.4 Effect of pH

The rheological and optical properties of the effect of pH were 
studied after the emulsion pH values were adjusted to 3,5,7 and 9 and were 
allowed to equilibrate for 14 days.

Figures 4.36 and 4.37 show GN° versus pH of the CTAC/FA and 
BTAC/FA emulsions at various fatty alcohol concentrations. At any fatty 
alcohol concentrations of both emulsions, GN° appears to be independent on 
pH. This observation is also true for XB and r|o versus pH as shown in Figures
4.38 - 4.41. Micrographs of these two emulsions at various fatty alcohol 
concentrations are illustrated in Figures 4.42 -  4.47. All systems generally 
exhibit unchanged microstructures with pH. These results are consistent with 
the rheological data. It can be summarized that the pH of the emulsion system, 
which contained the cationic surfactants, has no influence on the elasticity and 
viscosity of the product. This was because CTAC and BTAC are cationic 
surfactants in the form of quaternary ammonium salts. They compose of 4 
carbons, which are bonded to a positive N atom. This N atom displays sp3 
bonding so this means that the cationic molecules lack both acidic protons and 
nonbonding electron pairs; therefore they are neutral in water. The positive 
charges of this type of surfactant can remain in acidic, neutral or alkaline 
media and therefore they are unaffected by pH changes.
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F i g u r e  4.36 Gn° vs. pH of the CTAC/FA emulsions at various fatty alcohol 
concentrations at equilibrium.

Figure 4.37 GN° vs. pH of the BTAC/FA emulsions at various fatty alcohol
concentrations at equilibrium.
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F i g u r e  4.38 X B vs. pH of the CTAC/FA emulsions at various fatty alcohol 
concentrations at equilibrium.

Figure 4.39 XB vs. pH of the BTAC/FA emulsions at various fatty alcohol
concentrations at equilibrium.
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F i g u r e  4 .4 0  ๆ0 vs. pH of the CTAC/FA emulsions at various fatty alcohol 
concentrations at equilibrium.

c.
๐SP

1 e + 5

1 e + 4

1 e + 3
2 3 4 5 6 7 8 9 1 0

pH
Figure 4.41 ๆ0 vs. pH of the BTAC/FA emulsions at various fatty alcohol
concentrations at equilibrium.
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Figure 4.42 Micrographs
(a) pH 3; (b) pH 5; (c) pH

of the CTAC/FA 
7 and (d) pH 9.

1.0/2.0 emulsions at various pH:
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Figure 4.43 Micrographs of the CTAC/FA = 1.0/4.0 emulsions at various pH:
(a) pH 3; (b) pH 5; (c) pH 7 and (d) pH 9.
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(c) (d )

Figure 4.44 Micrographs of the CTAC/FA = 1.0/6.0 emulsions at various pH:
(a) pH 3; (b) pH 5; (c) pH 7 and (d) pH 9.
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(c) (d)

F i g u r e  4 .4 5  Micrographs of the BTAC/FA = 1.0/2.0 emulsions at various pH: 
(a) pH 3; (b) pH 5; (c) pH 7 and (d) pH 9.
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(c) (d)
Figure 4.46 Micrographs of the BTAC/FA = 1.0/4.0 emulsions at various pH:
(a) pH 3; (b) pH 5; (c) pH 7 and (d) pH 9.
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(c) (d)
Figure 4.47 Micrographs of the BTAC/FA = 1.0/6.0 emulsions at various pH:
(a) pH 3; (b) pH 5; (c) pH 7 and (d) pH 9.
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