
The aim o f this work was to investigate the microemulsion formation o f 
motor oil with mixed o f alcohol ethoxylate and the lipophilic linker at various 
temperatures. The microemulsion o f surfactant/hydrophilic surfactant/lipophlic 
linker/motor oil/water system to form different W insor types (I, II and III) 
microemulsion were obtained, know as fish diagram. In order to find the suitable 
condition for specific application the effect o f hydrophilic surfactant and 
temperature were studied. Moreover, critical micelle concentration o f added 
hydrophilic surfactant and lipophilic linker into the AE3 was also investigated. In all 
experiments, the surfactant, hydrophilic surfactant and lipophilic linker were 
presented in weight percent per volume of the aqueous solution (%w/v). The 
volumetric o f water to oil equals to 1.

4.1 Microemulsion Phase Diagram

The main purpose o f this section is to plot the microemulsion phase 
diagram (fish diagram) o f this system by plotting as the concentration o f mixed 
surfactants between the surfactant and the hydrophilic surfactant versus the 
concentration o f the lipophilic linker at various hydrophilic surfactants and 
temperatures.

The fish diagram is generally used to determine a minimum surfactant 
concentration required to form a Winsor Type III microemulsion which was known 
as the critical microemulsion concentration (CpC) and solubilization capacity were 
calculated in terms o f the solubilization paramter.

In these research, alcohol ethoxylate with three EO groups (AE3), a 
nonionic surfactant, was used as a main surfactant in microemulsion formation 
because motor oil, used as a model o f oil, has very low hydrophilicity, so to form 
microemulsion with motor oil had to use a lipophilic surfactant as the alcolhol 
ethoxylate with the small number o f EO groups. But AE3 cannot form 
microemulsion by itself, so Span 80 was added into the system as a lipophilic linker
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helped a AE3 to form Winsor Type III microemulsion due to presenting in oil phase 
and increasing the interaction between tail o f AE3 and motor oil. In other word, the 
W insor type III cannot occur without added Span 80.

4.1.1 Effect o f Hydrophilic Surfactant on Fish Diagram
To investigate the effect o f hydrophilic surfactant on fish diagram, the 

microemulsion formation o f AE3/Span 80/motor oil/water system was studied by 
adding AE7, AE9 and MES as the hydrophilic surfactant at 20 °c, 30 °c , 40 °c  and 
50 °c. The results represent in Figure 4.1 to 4.4 and table 4.1 .Oil-in-Water 
microemulsion region (a W insor Type I microemulsion), Water-in-Oil 
microemulsion region (a Winsor Type II microemulsion) and the middle phase 
microemulsion region (a W insor Type III microemulsion) appeared in the phase 
diagrams regions. The head o f the fish is downward and the middle phase 
microemulsion (a Winsor Type III microemulsion) is in the body o f the fish. In the 
body lay above the fish is Water-in-Oil microemulsion region (a Winsor Type II 
microemulsion) and below is Oil-in-water microemulsion region (a W insor Type I 
microemulsion). The single phase microemulsion (a W insor Type IV 
microemulsion) did not present in the phase diagram because o f liquid crystal 
regions occurred. At the critical microemulsion concentration (CpC) or head o f the 
fish is the lowest surfactant concentration required to form the middle phase (a 
W insor Type III microemulsion).

Figure 4.1 illustrated the fish diagram o f AE3/Span80/motor oil/water 
system at 30°c. The microemulsion regions that occurred in this system was only a 
W insor Type II and Type III microemulsion regions without a W insor Type I 
microemulsion region because AE3 and Span 80 were lipophilic surfactants that 
prefer to solubilize in oil phase more than water phase. So the transition o f the 
system started at a W insor Type II microemulsion and increasing the concentration 
o f the AE3 and fepan 80 the microemulsion would transform to a W insor Type III 
microemulsion. But also increasing the concentration o f AE3 and Span 80 a Winsor 
Type I microemulsion did not present in the system.
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Figure 4.1 Fish diagram o f AE3/Span80/motor oil/water system at 30 °c.

Figure 4.2 Fish diagram o f AE3/hydrophilic surfactant/Span 80/motor oil/water 
system at 30 °c.
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Figure 4.2 showed the effect o f the hydrophilic surfactant on fish 
diagram o f AE3/ Span 80/motor oil/ water system at 30°c. Hydrophilic surfactants 
were added in the system were alcohol ethoxylate with seven and nine ethoxylate 
groups (AE7 and AE9) and methyl ester sulfonate (MES). The result showed that a 
W insor Type I occurred in the microemulsion region because the hydrophilic 
surfactants added in the system would increase a hydrophilicity o f the system; 
therefore, the interaction between water and surfactants were improved. In contrast 
at the low-concentration o f Span80 and high concentration o f mixed AEs, 
macroemulsion is presented because motor oil has very high hydrophobicity that 
was very hard to form microemulsiom with water.

Moreover, the hydrophobicity o f the system was decreased by added 
hydrophilic surfactant and total surfactant concentration was not get the 
microemulsion concentration, so the oil drop will solubilize in water phase that was 
covered by the surfactants in the macroemulsion phase.

0 -1 5 10 15 20  25
C o n cen tra tio n  o f  A E 3 and h y d ro p h ilic  su rfacta n t (% w /v )  

------------------------------1---------------------------------------------------------------------------------------------

Figure 4.3 The effect o f various hydrophilic surfactants on phase diagram (fish 
diagram) o f AE3/Span80/motor oil/water at 30 °c.
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Figure 4.3 illustrated the effect o f hydrophilic surfactants on CpC of 
the fish diagram o f AE3/Span80/motor oil/water at 30°c. The weight ratio o f 
AE3:AE7, AE3:AE9 and AE3:MES were 2:1, 5:1 and 10:1, respectively. Those 
ratios were collected from our preliminary results that were not shown here. The 
result shows that the addition o f AE7 as a hydrophilic surfactant provides the most 
significant effect on the reduction in the CpC because the system would have the 
optimum hydrophobic-lipophilic balance (HLB). The system with Span 80 has a 
very low HLB so that the interaction between surfactants and water is decreased. 
When the AE7 was added, the interaction o f the surfactants and water is increased, 
causing the decreased in the CpC o f the system. On the other hand, the CpC value o f 
the system with AE9 addition was not lower than that without added AE9 since the 
addition o f a too high HLB surfactant will decrease the interaction between 
surfactant and oil, therefore the concentration o f alcohol ethoxylate at the first point 
o f forming microemulsion o f  the system was not improved. The addition o f MES 
into the system was found to increase the CpC o f the system. This is because MES is 
an anionic surfactant which the repulsion forces between the head o f the surfactant 
has the significant effect on the adsorption o f the surfactant on the water-oil 
interface. Furthermore, the HLB o f the MES is high but a number o f carbons on the 
tail o f MES are 16 to 18 carbons that higher than a number o f carbons on tail o f  the 
AEs which increasing number o f carbon in the tail will increasing hydrophobic that 
have more effect than hydrophilic effect at the head o f the surfactant. Therefore, the 
system o f AE3/AE7/Span 80/motor oil/water was selected for further investigation. 
The result in the other temperatures showed the same resulted as 30 °c and 
illustrated in Figure 4.4 to Figure 4.6.

{
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0 5 10 15 . 20 25
C o n cen tra tio n  o f  A E 3 an d  h yd rop h ilic  su rfa cta n t (% w /v )

Figure 4.4 The effect o f various hydrophilic surfactants on phase diagram (fish 
diagram) o f AE3/Span80/motor oil/water at 20 °c.

0 5  10 15 20 25
1 C o n cen tra tio n  o f  A E 3 and h y d ro p h ilic  su r fa c ta n t (% w /v )

Figure 4.5 The effect o f various hydrophilic surfactants on phase diagram (fish 
diagram) o f AE3/Span80/motor oil/water at 40 °c.
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Figure 4.6 The effect o f various hydrophilic surfactants on phase diagram (fish 
diagram) o f AE3/Span80/motor oil/water at 50 °c.
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Table 4.1 CpC values o f AE3/Span80/motor oil/water systems at various
hydrophilic surfactants

Surfactant Linker Temperature Hydrophilic C|iC (%w/v)(๐๑ surfactant
N/A 8
AE7 7AE3 Span 80 20 AE9 9
MES 11

■' N/A 7
AE7 5AE3 Span 80 30 AE9 7
MES 10
N/A 5
AE7 3.5AE3 Span 80 40
AE9 5
MES 9
N/A 5
AE7 2AE3 Span 80 50
AE9 3
MES 7

4.1.2 Effect o f Temperature on Fish Diagram
In order to study the effect o f temperature on the fish diagram, the 

microemulsion formation o f surfactant (AE3)/hydrophilic surfactant (AE7, AE9 and 
M ESyiipophilic linker (Span80) /motor oil/water system were investigated at 20 °c, 
30 °c,40 °c  and 50 °c. the result represent in Figure 4.7 to 4.10 and table 4.2

Figure 4.7 illustrated the fish diagram o f AE3/Span80/motor oil/water 
system at different temperature. The head o f the fish is downward. The middle phase 
microemulsion region (a Winsor type III microemulsion) is in the body o f the fish. 
The body lay below the fish is Oil-in-W ater microemulsion region (a W insor type I).
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The temperature showed a significant effect on the critical 
microemulsion concentration (CpC). The CpC decreased with increasing 
temperature. The lowest o f CpC was achieved at 50°c. The result can be explained 
in that the system reached optimum HLB at lower concentration o f alcohol 
ethoxylate due to the dehydration o f EO groups, hence, AE3 became more 
hydrophobic at the high temperature.

F igure 4.7 Fish diagram o f AE3/Span 80/motor oil/water system at different 
temperature.

f
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F igure 4.8 Fish diagram o f AE3/AE7/Span 80/motor oil/water system at different 
temperature.

F igure 4.9 Fish diagram o f AE3/AE9/Span 80/motor oil/water system at different 
temperature.
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Figure 4.8 and 4.9 illustrated the fish diagram of
AE3/AE7/Span80/motor oil/water system and AE3/AE9/Span80/motor oil/water 
system, respectively. The result show that W insor Type I can be formed as the same 
reason that discussed in the effect o f hydrophilic surfactant on fish diagram section. 
Temperature has the significant effect on decreasing CpC. However, a 
macroemulsion was formed at the low temperature (20°c and 30°C), a 
macroemulsion would disappear at the high temperature (40°c and 50°C). The result 
can be explained by the hydrogen bonds were break when the temperature increased; 
therefore the strength o f hydrogen bonds was reduced at higher temperature. In other 
words, AEs become more hydrophibic at higher temperature which had more similar 
polarity with motor oil. So, the system reached hydrophilic-lipophilic balance at 
lower surfactant and lipophilic linker concentrations and the capacity to solubilize 
equal amount o f oil and water increased in temperature.

0  5 10 15 2 0  2 5
T o t a l  c o n c e n t r a t i o n  o f  m i x e d  A E 3  a n d  M E S  ( % w / v )

F igure 4.10 Fish diagram o f AE3/MES/Span 80/motor oil/water system at different 
temperature.
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F ig u re  4 .1 0  illu stra ted  th e  f ish  d ia gram  o f  A E 3 /M E S /S p a n 8 0 /m o to r  
o il/w a te r  sy s te m . T h e  resu lt sh o w e d  that th e  C p C  w ith  in c r e a s in g  th e tem p era tu re  
s lig h tly  d e c r e a se  w h e n  co m p a re  w ith  th e  o th er  s y s te m s  b e c a u se  M E S  w a s  an  a n io n ic  
su rfactant that tem p era tu re  h as le s s  e f fe c t  o n  its h ea d  gro u p . F o r  im p r o v in g  th is  
sy s te m , a d d in g  N a C l in  the sy s te m  w i l l  d e c r e a se  th e  r e p u ls io n  fo r c e  b e tw e e n  th e  
h ead  o f  M E S  and in crea se  the ad so rp tio n  o f  M E S  at th e  in ter fa ce .

Table 4 .2  C p C  v a lu e s  o f  A E 3 /S p a n 8 0 /m o to r  o i l /w a te r  s y s te m s  at v a r io u s  
tem p era tu res

S u rfactan t L in k er H y d r o p h ilic
su rfactan ts T em p era tu re  ( °C ) C p C  (% w /v )

N /A 2 0 8

A E 3 S p an  8 0 N /A 3 0 7
N /A 4 0 5
N /A 5 0 5
A E 7 2 0 7

A E 3 S p an  8 0 A E 7 3 0 5
AE7 4 0 3.5
A E 7 5 0 2
A E 9 2 0 9
A E 9 3 0 7AE3 Span 80 A E 9 4 0 5
A E 9 5 0 3
M ES 2 0 11
M ES 3 0 10AE3 Span 80 M ES 4 0 9
M ES 5 0 7

4.2 Solubilization Parameter (SP)

A fte r  e q u ilib r iu m , the h e ig h t o f  ea c h  liq u id  p h a se  w a s  m ea su r e d  u s in g  a 
ca th eto m eter . T h e  so lu b iliz a t io n  c a p a c it ie s  w e r e  c a lc u la te d  in  term s o f  th e  
S o lu b iliz a t io n  P aram eter , w h ic h  is  th e  v o lu m e  o f  e ith e r  o i l  or w a ter  d is s o lv e d  per  
w e ig h t  o f  to ta l su rfa cta n ts.

I  M j w / X 1
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4 .2 .1  E ffe c t  o f  H y d r o p h ilic  S u rfactan t o n  S P
S o lu b iliz a t io n  P aram eter  (S P )  o f  th e  su rfa cta n t sy s te m  c o n s is t in g  o f  

A E 3 /h y d r o p h ilic  su r fa c ta n t/lip o p h ilic  lin k er /m o to r  o i l/w a te r  sy s te m  w e r e  e x a m in e d  
w ith  th ree  h y d r o p h ilic  su rfactan ts (A E 3 , A E 7  and M E S )  at f ix e d  th e lip o p h ilic  lin k er  
(S p a n  8 0 )  co n ce n tr a tio n  at 7 % w /v . T h e  S P  is  d e fin e d  as th e  v o lu m e  o f  o i l  
s o lu b iliz e d  (S P o )  or w a ter  s o lu b iliz e d  (S P w )  p er w e ig h t  o f  to ta l su rfa cta n t in  tn e  
m ic r e o w m u ls io n  p h a se  (T an T a k it, P. e t ., 2 0 0 9 )

F ig u r e  4 .11  to F ig u re  4 .1 4  illu stra ted  th e  e f fe c t  o f  h y d r o p h ilic  
su rfa cta n ts on  th e  p h a se  b e h a v io r  o f  m o to r  o il in  term  o f  S P o  and  S P w  in  d iffe r e n t  
tem p era tu res. T h e  tr a n sitio n  o f  m ic r o e m u liso n  p h a se  sh if te d  fro m  a W in so r  ty p e  II 
m ic r o e m u ls io n  to  a W in so r  T y p e  III m ic r o e m u ls io n  w ith  in c r e a s in g  c o n c e n tr a t io n  o f  
A E 3  and  h y d r o p h ilic  su rfactant. T h e  S P w  s lig h t ly  in c r e a se d  w ith  in c r e a s in g  A E s  
c o n c e n tr a tio n  w h ile  th e  S P o  w a s  h ig h  in  the W in so r  T y p e  II m ic r o e m u ls io n  and  
d ra m a tic a lly  d ro p p ed  in  the W in so r  T y p e  III m ic r o e m u ls io n  r eg io n . A m o n g  th e  
stu d ied  o f  h y d r o p h ilic  su rfa cta n ts, A E 7  w a s  the m o s t  e f f ic ie n t  to  e n h a n c e  th e  W in so r  
T y p e  III m ic r o e m u ls io n  fo rm a tio n  b e c a u se  it p r o v id e d  th e la rg est m id d le  p h a se  
re g io n  at th e  lo w e s t  c o n cen tra tio n . M o r e o v e r , at th e  lo w  tem p era tu re  (2 0  an d  3 0  °C )  
in the s y s te m s  w ith  A E 7  or A E 9 , m a c r o e m u ls io n  o ccu rred  at lo w  c o n c e n tr a tio n s  
s in c e  b o th  su rfa cta n ts  are h y d r o p h ilic  su rfa cta n ts that ca n  in c r e a se  th e  h y d r o p h ilic ity  
o f  the sy s te m  and in c r e a se  th e  so lu b iliz a t io n  o f  o i l  in  w a te r  p h a se  b u t at lo w  
c o n c e n tr a tio n s  th e  am o u n t o f  th e  su rfa cta n ts is  n o t e n o u g h  to  a d so rp tio n  at th e  o i l  
and w a ter  in ter fa ce , s o  th e  o il ca n  c o m b in e  ea c h  o th er  to  form  a b ig g e r  d rop  an d  sta y  
in  th e  w a ter  p h a se  w ith  th e su rfa cta n ts w h ic h  ap p ea red  turb id , k n o w n  as  
m a c r o e m u ls io n . F u rth erm ore, at the c o n c e n tr a t io n s  o f  m ix e d  A E s , the  
m a c r o e m u ls io n  a ls o  occu rred  d u e  to  th e  lim ita tio n  o f  th e  o i l  s o lu b iliz a t io n  in  w a ter  
p h a se .

f
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□  W ater phase a  Middle phase BO il phase

C o n ce n tr a tio n  o f  AE3 a n d  AE7 (% w /v )
□  turbid liquid phase £3 m acroem ulsion
□  Middle phase ■  Oil phase

C o n ce n tr a tio n  o f  AE3 a n d  AE9 (% w /v)
□  liquid crystal □  Water phase QTurbid liquid
0  Macroemulsion B M iddle phase B O il phase

C o n ce n tr a tio n  o f  AE3 a n d  M ES (% w /v )
□  Water phase DTurbid of w ater phase
B  Middle phase ■  Oil phase

Figure 4.11 S o lu b iliz a t io n  P aram eters (S P )  an d  p h a se  h e ig h t  fra ctio n  a s  a fu n c tio n  
o f  m ix e d  su rfa cta n ts  c o n c e n tr a tio n  c o m p r is in g  A E 3 /h y d r o p h ilic  su r fa c ta n ts /S p a n  
8 0 /m o to r  o i l /w a te r  at 2 0  ๐c  (a -1 )  pure A E 3 , (a -2 )  A E 3  w ith  A E 7 , (a -3 )  A E 3  w ith  
A E 9  and  (a -4 )  A E 3  w ith  M E S .
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Figure 4.12 S o lu b iliz a t io n  P aram eters (S P )  and p h a se  h e ig h t fra c tio n  a s  a fu n c tio ni
o f  m ix e d  su rfa cta n ts c o n c e n tr a tio n  c o m p r is in g  A E 3 /h y d r o p h ilic  su r fa c ta n ts /S p a n  
8 0 /m o to r  o i l/w a te r  at 3 0  ๐c  (b -1 )  pure A E 3 , (b -2 )  A E 3  w ith  A E 7 , (b -3 )  A E 3  w ith  
A E 9  and (b -4 )  A E 3  w ith  M E S .
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Figure 4.13 S o lu b iliz a t io n  P ara m eters (S P )  an d  p h a se  h e ig h t  fra c tio n  as af
fu n c t io n  o f  m ix e d  su rfa cta n ts c o n c e n tr a t io n  c o m p r is in g  A E 3 /h y d r o p h ilic  
su r fa c ta n ts /S p a n  8 0 /m o to r  o il/w a te r  at 4 0  ๐c  ( c -1 )  pure A E 3 , ( c -2 )  A E 3  w ith  
A E 7 , ( c -3 )  A E 3  w ith  A E 9  and  ( c -4 )  A E 3  w ith  M E S .
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Figure 4.14 S o lu b iliz a t io n  P ara m eters (S P )  and  p h a se  h e ig h t  fra c tio n  as a fu n c t io n  
o f  m ix e d  su rfa cta n ts  c o n c e n tr a tio n  c o m p r is in g  A E 3 /h y d r o p h ilic  su r fa c ta n ts /S p a n  
8 0 /m o to r  o i l/w a te r  at 5 0  ๐c  (d -1 )  pure A E 3 , (d -2 )  A E 3  w ith  A E 7 , (d -3 )  A E 3  w ith  
A E 9  and  (d -4 )  A E 3  w ith  M E S .
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4 .2 .2  E f fe c t  o f  T em p era tu re  o n  SP
In ord er to  รณ d y  th e  e f fe c t  o f  tem p era tu re  o n  S P  w e r e  e x a m in e d  at 

fou r  d iffe r e n t tem p era tu re  ( 2 0 ° c ,  3 0 ° c ,  4 0 ° c  and  50 °C ) fo r  c o n sta n t o f  lip h o p h ilic  
lin k er  (S p a n  80 ) c o n c e n tr a tio n  at 7 % w /v  as sa m e  as p r e v io u s  s tu d ied .

F ig u re  4 .1 5  to  F ig u re  4 .1 8  in d ica ted  th e  p h a se  b e h a v io r  o f  m o to r  o il 
in  term s o f  S P w  and  S P o  an d  th e p h a se  h e ig h t  fr a c tio n  o f  w a te r , m id d le  and  o il 
p h a se . T h e  W in so r  ty p e  II m ic r o e m u ls io n  m o v e d  to  th e  W in so r  ty p e  III 
m ic r o e m u ls io n  w h e n  in c r e a s in g  th e  c o n c e n tr a tio n  o f  m ix e d  a lc o h o l e th o x y la te s . A t  
th e  4 0 ° c ,  th e  v o lu m e  fra c tio n  o f  th e  m id d le  p h a se  w a s  larger  th a n  th e o th er  

tem p era tu res. M o r e o v e r , m o s t ly  for  th e  lo w  tem p era tu re  ( 2 0 ° c  an d  3 0 ° C ) , th e  
m a c r o e m u ls io n  are ap p eared  at th e  h ig h  c o n c e n tr a tio n  o f  A E s  an d  lo w  c o n c e n tr a tio n  
o f  S p an  8 0  or  at th e  h ig h  c o n c e n tr a tio n  o f  S p a n 8 0  an d  lo w  c o n c e n tr a t io n  o f  A E 3  but 
it w i l l  d isa p p ea red  at th e  h ig h  tem p era tu re . In th e  c a s e  o f  A E 3  w h ic h  is  h y d r o p h o b ic  
su rfactan t, th e  S P w  s lig h t ly  in cre a se d  an d  th en  r e m a in  c o n sta n t w ith  in c r e a s in g  A E  
c o n c e n tr a tio n  w h ile  th e  S P o  w a s  h ig h  in  th e  w / o  m ic r o e m u ls io n  r e g io n  and  
d ra m a tic a lly  d rop p ed  in  th e  m id d le  p h a se  reg io n . W h ile  a d d in g  A E 7 , A E 9  and  M E S  
w h ic h  are h y d r o p h ilic  su rfactan t in to  th e  sy s te m , th e  S P w  at th e  lo w  tem p era tu re  
(2 0 ° c  and  3 0 °C ) w e r e  in c r e a s in g  w ith  in c r e a s in g  th e  c o c n e tr a t io n  o f  A E s  w h ile  the  
S P o  w a s  h ig h  in  th e  w / o  m ic r o e m u ls io n  r e g io n  an d  d ra m a tic a lly  d ro p p ed  in  th e  
m id d le  p h a se  r e g io n . In  a d d it io n , for  A E 7  s y s te m  at th e  lo w  tem p era tu re  th e  W in so r  
T y p e  I m ic r o e m u ls io n  th e  v a lu e  o f  S P o  b e c a m e  lo w e r  th an  S P w . A t  th e  h ig h e s t  
tem p era tu re  (5 0 ° C ), th e  S P o  w a s  d e c r e a se d  w h e n  c o m p a r e  w ith  th e  lo w  tem p era tu re . 
F rom  th e  r e su lts , th e  resu lt  can  b e  c o n c lu d e d  that tem p era tu re  fa c il ita te s  th e  
so lu b iliz a t io n  o f  o i l ,  h e lp in g  th e fo r m a tio n  o f  a W in so r  T y p e  III m ic r o e m u ls io n .
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Figure 4.15 Solpbilization Parameters (SP) and phase height fraction as a function
o f AE3 concentration comprising AE3/Span 80/motor oil/water: (e-1) at 20 °c, (e-2)
at 30 ๐c , (e-3) at 40 °c, and (e-4) at 50 °c.
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Figure 4.16 S o liib il iz a t io n  P aram eters (S P )  and  p h a se  h e ig h t  fr a c tio n  as a fu n c tio nI
o f  m ix e d  su rfactan ts o f  A E 3  and  A E 7  c o n c e n tr a tio n  c o m p r is in g  A E 3 /A E 7 /S p a n  
8 0 /m o to r  oilA vater: ( f -1 )  at 2 0  °c, ( f -2 )  at 3 0  ๐c , ( f -3 )  at 4 0  ๐c , and  ( f - 4 )  at 5 0  °c.
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C o n c e n tr a tio n  o f  AE3 a n d  AE9 (% w /v)

1 3 5 7 9 11 13 15 17 20
C o n c e n tr a tio n  o f  AE3 a n d  AE9 (% w /v)

C o n ce n tr a tio n  o f  AE3 a n d  AE9 (% w /v )
□  liquid crystal □  Water phase QTurbid liquid 
■  Macroemulsion Q Middle phase ■  Oil phase

£  1 3 5 7 9 11 13 15 17 20
C o n ce n tr a tio n  o f  AE3 a n d  AE9 (% w /v )

□  Water phase QTurbid of water phase
II Middle phase BO il phase

1 3 5 7 9 11 13 15 17 20
C o n c e n tr a tio n  o f  AE3 a n d  AE9 (% w /v)

C o n ce n tr a tio n  o f  AE3 a n d  AE9 (% w /v )
□  W ater phase H M iddle phase BO il phase

1 3 5 7 9 11 13 15 17 20
C o n ce n tr a tio n  o f  AE3 a n d  AE9 (% w /v)

C o n ce n tr a tio n  o f  AE3 a n d  AE9 (% w /v )
□  W ater phase E M iddle phase BO il phase

F igure 4.17 Solubilization Parameters (SP) and phase height fraction as a function
o f mixed surfactants o f AE3 and AE9 concentration comprising AE3/AE9/Span
80/motor oil/water: (h-1) at 20 °c, (h-2) at 30 ๐c ,  (h-3) at 40 ๐c , and (h-4) at 50 °c.
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Figure 4.18 Solubilization Parameters (SP) and phase height fraction as a function
o f mixed surfactants o f AE3 and MES concentration comprising AE3/MES/Span
80/motor oil/water: (i-1) at 20 ๐c , (i-2) at 30 ๐c , (i-3) at 40 °c, and (i-4) at 50 ๐c.
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4 . 3  C r i t i c a l  M i c e l l e  C o n c e n t r a t i o n  ( C M C )

T h e cr it ica l m ic e l le  c o n c e n tr a tio n  (C M C ), o n e  o f  th e  m a in  p ro p er tie s  for  
su rfa cta n ts , is th e  co n ce n tr a tio n  at w h ic h  su rfactan t m o le c u le  in  so lu t io n s  start to  
form  m ic e lle . S u r fa ce  te n s io n s  o f  th e  su rfa cta n t so lu t io n  at d ifferen t c o n c e n tr a tio n s  
w e r e  m ea su red  and  p lo tted  v e r su s  lo g a r ith m ic  c o n c e n tr a tio n s . T h e  p o in t at w h ic h  the  
su r fa c e  te n s io n  le v e ls  o f f  w h e n  su rfactan t c o n c e n tr a t io n  is  in cr e a se d  is  ta k en  as the  
C M C . T h e  su r fa ce  te n s io n  o f  th e  su rfactan t at C M C , ycMC, in d ic a te s  th e  a b ility  o f  
su rfactan t's  lo w e r in g  su rfa ce  te n s io n s , and  a c c o r d in g ly  C M C  in d ic a te s  the  
e f f ic ie n c y .

T h e C M C  o f  m ix e d  su rfa cta n ts  b e tw e e n  A E 3 , h y d r o p h ilic  su rfa cta n ts  (A E 7 ,  
A E 9  and  M E S ) and  lip o p h ilic  lin k er  (S p a n  8 0 )  s y s te m s  are s h o w n  in  F ig u re  4 .1 8 ,
4 .1 9  and 4 .2 0 , r e sp e c t iv e ly . T h e  a p p r o x im a te ly  C M C  v a lu e s  o f  th o se  th ree  sy s te m s  
are 0 .0 0 2 2 ,  0 .0 0 4 ,  and 0 .0 0 5 %  w t /v o l ,  r e s p e c t iv e ly . T h e  C M C  o f  s y s te m s  are 
s lig h t ly  in cre a se d  w ith  in cr e a s in g  E O  c o n te n t  o f  h y d r o p h ilic  su rfa cta n ts . A n  in crea se  
in  th e  E O  c o n ten t w ill  in crea se  w a ter  s o lu b ility  b y  in c r e a s in g  th e in tera c tio n  b e tw e e n  
E O  and  w a ter  m o le c u le  r e su lt in g  in an in c r e a se  th e  a m o u n t o f  e n e r g y  req u ired  to  
d eh y d ra te  th e  m o le c u le  d u rin g  its  form  m ic e l le . T h e  fo r m a tio n  o f  m ic e l le s  rep resen ts  
an  im p o rtan t in ter fa c ia l a c t iv ity  b e c a u se  th e y  e v e n tu a lly  lea d  to  fo r m a tio n  o f  
m ic r o e m u ls io n  and  in  turn to  r e d u ctio n  in IFT .

I



4 8

Figure 4.19 C ritica l m ic e l le  c o n c e n tr a tio n  (C M C ) o f  m ix e d  su r fa c ta n ts  o f  A E 3 ,  
A E 7  and  S p a n  80 sy s te m  at 30 ° c .

Figure 4.20 C ritica l m ic e l le  c o n c e n tr a tio n  (C M C ) o f  m ix e d  su rfa cta n ts  o f  A E 3 ,  
A E 9  and S p a n  8 0  sy s te m  at 3 0  ๐c .
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Figure 4.21 C ritica l m ic e l le  c o n c e n tr a tio n  (C M C ) o f  m ix e d  su rfa cta n ts  o f  A E 3 ,  
M E S  and  S p an  8 0  sy s te m  at 3 0  ๐c .
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