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ABSTRACT
An oil-in-water (O/W) microemulsion was prepared by mixing palm-based methyl esters (PME) with 
water at a 25:75 by weight ratio. The microemulsion was stabilised with C12-14 fatty alcohol ethoxylates 
(FAE) with 7 and 2 moles of ethylene oxide (EO), and palm-methyl ester sulphonate (MES) as mixed 
surfactants, and glycerol-derived co-surfactant (GTBE) and conventional 1,2-hexanediol as the co-
surfactants. The mixtures were agitated vigorously and then stored at ambient temperature and 45oC. 
Phase behaviour of the ternary-phase systems was periodically observed using the polarised light sheets. The 
ternary phase diagrams were then mapped. The physical characterisations of any stable microemulsions, 
such as the conductivity and viscosity solutions were also determined. The optimum concentrations of 
mixed surfactants (MES/ FAE 7/ FAE 2) and GTBE to form stable microemulsions were 20% (w/w) and 
10% (w/w), respectively. A larger microemulsion region was also obtained for other system consisting of 
mixed surfactants (FAE 7/ FAE 2) and GTBE with the optimum concentrations of mixed surfactants and 
co-surfactant for producing full microemulsions were 15% (w/w) and 10% (w/w), respectively. Physical 
characterisations of the stable microemulsion solutions showed that the conductivity values depended on 
the content of aqueous solution, while the viscosity values on the physical structures of microemulsion 
formation. 
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INTRODUCTION

Over these last few decades, microemulsions have 
found increasing use in many fields ranging from 
enhanced oil recovery (Santanna et al., 2009; Nguyen 

et al., 2008) to pharmaceutical (Laurence and Rees, 
2000; Kohsaku and Takayoshi, 2002; Ke et al., 
2005).  Here, we studied the suitability of glycerol 
derived co-surfactant (GTBE) as a co-surfactant 
for producing oil-in-water (O/W) microemulsion 
for diverse applications such as agrochemicals for 
crop care and public health sectors, liquid cleaners 
containing natural insect repellents, etc. 

Generally, a microemulsion is formed when 
the correct mixture of oil, water and amphiphiles 
are mixed together under appropriate agitation 
conditions. The size of a microemulsion droplet 
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is within the range of ~10 -100 nm, thus making 
the microemulsion essentially transparent. The 
inclusion of co-surfactant into these systems 
reduces the interfacial tension to spontaneously 
form thermodynamically stable, low viscosity and 
optically clear solution. The role of medium chain 
alcohols in microemulsions is to destructure any 
liquid crystalline phases and to increase the fluidity 
of the interfacial layer separating the oil and water 
(Fanun, 2008).  

Surfactant acts as a stabiliser in a microemulsion 
system. Selection of a correct surfactant is crucial to 
obtain the low interfacial tension. However, a high 
concentration of surfactant is not preferable since 
it can cause bioincompatibility problems such as 
skin irritation (Alany et al., 2000). Therefore, a co-
surfactant can be included to lower the concentration 
of the surfactant used in the microemulsion system 
(Prince, 1977). Kahlweit et al. (1995; 1996) and Alany 
et al. (2000) found that many short-chained aliphatic 
alcohols are regarded as toxic to end-users and 
aquatic organisms. However, their study showed 
that 1,2-hexanediol, which has similar properties 
to aliphatic alcohols, was an excellent co-surfactant 
in the formation of stable microemulsions, and 
also it was less toxic to end users. The potential of 
1,2-hexanediol as an alternative to replace medium 
chain aliphatic alcohols was also investigated by 
Raman et al. (2008).

A series of glycerol alkyl ether was studied by 
Blute et al. (1998) and Fukuda et al. (1993; 2001). In 
these studies, the branched alkyl tail was believed 
to inhibit the formation of liquid crystal and 
formed thermodynamically stable microemulsion 
at low concentrations of surfactant. In this study, a 
glycerol derivative (defined as GTBE) was used as 
the co-surfactant because of its branched structured 
molecule. This branched molecular co-surfactant 
was obtained from the etherification process of 
short chain polyols with monohydric alcohols in 
the presence of a catalyst under pre-determined 
pressure and temperature (Yusrabbil, 2007). It is a 
water-soluble compound (pH ~5-6) and consists of 
55%-60% GTBE and 30%-35% unreacted glycerol. 
Purification of this product gave 75%-80% GTBE and 
~5% glycerol. According to this invention,   GTBE is 
non-irritant to skin hence safe to end-users. 

This study aims to determine the suitability 
and potential application of GTBE as an alternative 
co-surfactant derived from natural-based glycerol 
in oil-in-water (O/W) microemulsion for diverse 
applications such as agrochemicals for crop care 
and public health sectors, liquid cleaners containing 
natural insect repellents, etc. In addition, the 
potential application of GTBE as cost-effective co-
surfactant in palm-based O/W microemulsion 
for practical applications will be determined. The 
physical properties of the microemulsions such as 
their conductivity and viscosity are also reported.     

MATERIALS AND METHODS

Materials 

Palm fatty acid methyl esters (PME) were 
supplied by Carotech (M) Sdn Bhd. The alkyl alcohol 
ethoxylates (FAE 7 and FAE 2) were provided 
by Emery Oleochemicals (M) Sdn Bhd [formerly 
known as Cognis Oleochemicals (M) Sdn Bhd], and 
the 1,2-hexanediol (AR grade) as the conventional 
co-surfactant was purchased from Chemmart Asia 
Sdn Bhd (manufactured by Sigma-Aldrich). Alpha-
methyl ester sulphonate (µ-MES) as the surfactant 
and glycerol derivative, GTBE, as co-surfactant 
were synthesised in a laboratory of the Advanced 
Oleochemicals Technology Division (AOTD), 
MPOB. 

Methods

The O/W microemulsions were prepared by 
mixing palm oil-based methyl esters (PME) with 
0.01M NaCl solution that was filtered first as the 
aqueous phase at 25:75 ratio. The microemulsions 
were formed by palm-based methyl ester sulphonate 
(MES) and fatty alcohol ethoxylates (FAE) with 7 and 
2 moles of ethylene oxide (EO) as mixed surfactants, 
and GTBE as a natural-based co-surfactant. The 
1,2-hexanediol, the conventional co-surfactant was 
also used as a comparison. 

The formation of O/W microemulsion was also 
studied without the addition of MES. The mixtures 
were mixed vigorously and incubated in water bath 
at 50oC for 2 hr and then kept at ambient temperature 
and 45oC for one month. The phase behaviour of 
the ternary-phase systems was observed using 
polarised light sheets periodically under room 
temperature and 45oC. The ternary phase diagrams 
were then mapped. Later, the full microemulsion 
samples were subjected to conductivity and 
viscosity measurements to determine their physical 
characteristics. 

RESULTS AND DISCUSSION

Ternary Phase Diagram of PME/Water/[FAE 7+FAE 
2]/1,2-Hexanediol and PME/Water/[FAE7 + FAE2 + 
MES]/1,2-Hexanediol

Figure 1 presents the effect of 1,2-hexanediol on 
the ternary phase diagram of PME/[FAE 7+FAE 2] 
water at 25oC and 45oC. The ternary phase diagram 
shows that the minimum concentration of mixed 
surfactant and 1,2-hexanediol to form microemulsion 
solution was 10% (w/w) and 15% (w/w) at 25oC 
(Figure 1a). While at 45oC, the minimum mixed 
surfactants and 1,2-hexanediol concentrations 
required were 15% (w/w) and 20% (w/w), 
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respectively to form stable microemulsion (Figure 
1b). The optimum concentrations of surfactant and 
co-surfactant required to form stable microemulsions 
were 20% (w/w) and 10% (w/w), at 25oC, and 15% 
(w/w) and 20% (w/w) at 45oC, respectively. It is 
shown from the ternary phase diagrams that two/
multiple-phases (or emulsions) region enlarged 
when the temperature was increased a little at 
water-rich corner from room temperature to 45oC. 
The transition phase from microemulsion region to 
two/multiple-phases (or emulsions) region after the 
increase in temperature is due to low concentration 
of surfactant in the microemulsion solution (Ismail, 
2006). This leads to increasing dominance of critical 
fluctuation, i.e., the growth in micelles size is very 
minor but the intermicelar interactions increase 

                                            a) 25oC                                                                                                                        b) 45oC

Figure 1. Effects of 1,2-hexanediol on the triangular phase diagrams of palm-based methyl esters (PME) / fatty alcohol ethoxylates (FAE) 7+ FAE 2] / 
water at a) 25oC and b) 45oC. The  II, III, and I are the two /multiple-phases (or emulsions), liquid crystals, and oil-in-water (O/W) and/or water-in-oil 
(W/O) microemulsion,respectively. The ratio of PME to water was 25:75.

markedly (Corti and Degiogio, 1985; Conroy et al., 
1990). However, liquid crystal region was about the 
same after the increase of temperature. 

Upon addition of MES into PME/[FAE 7+FAE 
2]/water system, we can see in Figure 2 that the 
minimum mixed surfactants required was 15% 
(w/w) and 5% (w/w) of co-surfactant at 25oC 
and 45oC, respectively. On the other hand, the 
optimum concentration of mixed surfactants and 
co-surfactant required to form microemulsion were 
15% (w/w) and 10% (w/w), respectively at both 
temperatures. Comparing Figures 2a and 2b, it was 
shown that the liquid crystal region destabilised to 
form microemulsions when the temperature was 
increased to 45oC. The enlargement of microemulsion 
region after the rise of temperature is due to 

                                            a) 25oC                                                                                                                        b) 45oC

Figure 2. Effects of 1,2-hexanediol on the triangular phase diagram of palm-based methyl esters (PME) / fatty alcohol ethoxylates (FAE) 7+FAE 2+ 
methyl ester sulphonated (MES) / water at i) 25oC and ii) 45oC. The II, III, and I are the two /multiple-phases (or emulsions), liquid crystals, and oil-
in-water (O/W) and/or water-in-oil (W/O) microemulsions, respectively. The ratio of PME to water was 25:75.
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formation of mixed micelles in the mixed surfactants 
system. This result is supported by a research 
conducted by Lim (2001) where enlargement of the 
isotropic solution upon increasing the temperature 
was noted. The isotropic region of sodium salts of 
alpha-sulphonated methyl esters derived from palm 
stearin (α-SMEPS)/commercial surfactants/water 
(H2O) systems above 50 w/w% H2O was constructed 
at different temperature (15oC, 20oC, 25oC, 30oC and 
40oC). The incorporation of commercial surfactants 
has increased the solubility of α-SMEPS. 

The ternary phase diagrams show larger 
microemulsion regions were formed with the 
addition of MES in the system (Figure 2) compared 
to the system without MES (Figure 1). Anionic 
surfactant, MES was used in the mixture of 
surfactants because it gives good detergency 
performance (Schambil and Schwuger, 1990) and 
good biodegradability (Steber and Wierich, 1989). It 
is widely used in detergents, shampoos and other 
cleaning products (Maurad et al., 2006).  Mixture of 
non-ionic surfactant is usually better than individual 
surfactant in lowering the surface properties 
(Wydro and Paluch, 2009). Larger microemulsion 
regions in Figure 2 indicated that MES gave better 
synergistic effect in the mixed surfactants system 
and 1,2-hexanediol to form microemulsions. 

Ternary Phase Diagram of PME/Water/(FAE 7+FAE 
2)/GTBE and PME/Water/(FAE 7+FAE 2+MES)/
GTBE

Figure 3 shows the effect of glycerol-derived 
co-surfactant on the ternary phase diagrams of 
PME/(FAE 7 + FAE 2)/water at 25oC and 45oC. 
The minimum concentration of mixed surfactants 

and co-surfactant required to form microemulsion 
were 15% (w/w) and 10% (w/w), respectively at 
25oC. The same concentrations were also required 
to form microemulsion at 45oC. However, the 
optimum mixed surfactants required to form 
microemulsion was 15% (w/w) and 10% (w/w) at 
25oC and 45oC, respectively. Figures 3a and 3b also 
showed that a slight destabilisation occurred in 
the liquid crystal region, thus small broadening in 
the microemulsion region was observed after the 
increase in temperature. The increase in temperature 
also slightly narrowed the region of two/multiple-
phases (or emulsions). 

The ternary phase diagram of Figure 4 shows 
PME/water/(FAE7+FAE 2+MES)/GTBE at 25oC 
and 45oC. The minimum concentrations of mixed 
surfactants and GTBE required to form microemul-
sion were 20% (w/w) and 10% (w/w), respectively 
at 25oC. While at 45oC, the minimum mixed sur-
factants and GTBE concentrations required were 
15% (w/w) and 20% (w/w), respectively to form mi-
croemulsion. The optimum concentrations to form 
microemulsions were also the same as the minimum 
concentrations at 25oC and 45oC. From the ternary 
phase diagram, it is shown that there was a slight 
expansion in microemulsion regions.

In Figure 4, we can see that inclusion of MES 
increased the surfactant concentration to 20% (w/w) 
compared to without MES. Nevertheless, GTBE gave 
comparable result to 1,2-hexanediol as co-surfactant. 
A series of alkyl glycerol ether was investigated by 
Blute et al. (1998) and Fukuda et al. (1993; 2001). 
According to these studies, the branched alkyl tail 
was believed to restrain the formation of liquid 
crystals to form thermodynamically balanced 
microemulsions at low surfactant concentrations. 

                                                   a) 25oC                                                                                                                 b) 45oC
  
Figure 3. Effects of glycerol-derived co-surfactant (GTBE) on the triangular phase diagrams of palm-based methyl ester (PME) / fatty alcohol ethoxylates 
(FAE) [(FAE) 7+FAE 2] / water at i) 25oC and ii) 45oC. The II, III, and I are the two /multiple-phases (or emulsions), liquid crystals, and oil-in-water 
(O/W) and/or water-in-oil (W/O) microemulsions, respectively. The ratio of PME to water was 25:75.
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Physical Characterisation

Conductivity. The electrical conductivity of the 
microemulsions was measured with a Cole Palmer 
Conductivity meter at 25.0 ± 0.1ºC. The electrode 
probe was calibrated using an aqueous standard 
solution with 1413 μS/cm conductance at 25°C. 
Electrical conductivity measures the ability of 
ions to move in aqueous phase on the local charge 
droplets (Georges and Chen, 1986). Conductivity 
measurements were only done on visibly transparent 
and clear solutions obtained that had been vortexed 
to homogenise and left for one to two days at 
ambient temperature for equilibrium.

Figure 5a shows the conductivity curves for 
microemulsions formed with 1,2-hexanediol as the 
co-surfactant and (FAE 7 + FAE 2 + MES) as the 
mixed surfactants. The curves showed a decrease 
in conductivity with the increase in co-surfactant 
concentrations.  For 10% (w/w) and 30% (w/w) 
of mixed surfactants, the slope of the conductivity 
curves decreased gradually until 40% (w/w) of 
co-surfactant. The curves decreased obviously 
from 40% (w/w) of co-surfactant onwards where 
the slope was steeper. Meanwhile, for 20% (w/w) 
mixed surfactants, the slope of the conductivity 
curve decreased gradually until 30% (w/w) of co-
surfactant and the slope slightly decreased from that 
point onwards. 

These results show that phase transition oc-
curred from normal micellar and/or O/W micro-
emulsion to inverse micellar and/or water-in-oil 
(W/O) microemulsion for 10%, 20% and 30% (w/w) 
of surfactant. The optimum concentration of co-sur-
factant in which the phase transition occurred was at 
40% (w/w) for 30% (w/w) and 40% (w/w) of mixed 
surfactants. However, no obvious phase transition 

had occurred for 40% (w/w) of mixed surfactants. 
Conductivity curves for microemulsions formed 
with 1, 2-hexanediol as the co-surfactant and (FAE 
7 + FAE 2) as the mixed surfactants without inclu-
sion of MES are illustrated in Figure 5b. The conduc-
tivity slopes gradually decreased for 10% (w/w) 
mixed surfactants up to 40% (w/w) of co-surfactant 
and rapidly decreased from there onwards. The con-
ductivity slopes gradually decreased for 20% and 
30% (w/w) of mixed surfactants up to 30% (w/w) 
of co-surfactant and rapidly decreased from there 
onwards. The slope decreased gradually for 40% of 
surfactant from 20% to 50% (w/w) concentrations of 
co-surfactants. 

These results show that phase transitions from 
normal micellar and/or O/W microemulsion to 
inverse micellar and/or W/O microemulsion for 
10%, 20% and 30% (w/w) of mixed surfactants 
occurred at 40%, 30% and 30% (w/w) co-surfactant, 
respectively. On the other hand, phase transition had 
not occurred obviously for 40% of mixed surfactants. 

Figure 6a shows the curves for microemulsion 
formed with GTBE as the co-surfactant and (FAE 
7+FAE 2+MES) as the surfactant. The steepness of 
the conductivity curves decreased gradually for 
10% (w/w) of surfactant up to 70% (w/w) of co-
surfactant and suddenly decreased from 70% (w/w) 
of co-surfactant onwards. As for 20% of mixed 
surfactants, the conductivity slope decreased up to 
40% (w/w) of co-surfactant and slightly decreased 
from 40% (w/w) onwards. Finally, for 30% and 40% 
(w/w) of mixed surfactants, the conductivity slope 
decreased up to 30% (w/w) of co-surfactant and 
rapidly decreased from 30% (w/w) of co-surfactant 
onwards.

The phase transition from normal micellar and/
or O/W microemulsion to inverse micellar and/

                                                   a) 25oC                                                                                                               b) 45oC

Figure 4. Effects of glycerol-derived co-surfactant (GTBE) on the triangular phase diagram of palm-based methyl ester (PME) / [fatty alcohol ethoxylates 
(FAE) 7+FAE 2+ methyl ester sulphonate (MES)] / water at i) 25oC and ii) 45oC. The II, III, and I are the two/multiple-phases (or emulsions), liquid 
crystals, and oil-in-water (O/W) and/or water-in-oil (W/O) microemulsions, respectively. The ratio of PME to water was 25:75.
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or W/O microemulsion for 10% (w/w) of mixed 
surfactants occurred approximately at 70% (w/w) of 
co-surfactant. For 20% (w/w) of mixed surfactants, 
the phase transition occurred at 40% (w/w) of co-
surfactant. Lastly, the phase transition of 30% and 
40% (w/w) of mixed surfactants from normal 
micellar and/or O/W microemulsion to inverse 
micellar and/or W/O microemulsion occurred at 
30% (w/w) of co-surfactant. Thus, the optimum 
concentrations for the phase transition occurred at 
70%, 40%, 30% and 30% (w/w) of co-surfactant for 
10%, 20%, 30% and 40% (w/w) of mixed surfactants, 
respectively. 

The conductivity slopes for microemulsion 
system with GTBE as the co-surfactant and (FAE 
7+FAE 2) as the mixed surfactants are graphically 
depicted in Figure 6b. The curves show that the 
conductivity slope decreased for 10% (w/w) of 
mixed surfactants up to 60% (w/w) of co-surfactant 
and decreased rapidly from 60% of co-surfactant 
onwards where the slope is steeper. For 20% of 

mixed surfactants, the conductivity slope decreased 
up to 50% (w/w) of co-surfactant and decreased 
rapidly from 50% (w/w) of co-surfactant onwards. 
The conductivity slope decreased up to 40% (w/w) 
of co-surfactant for 30% and 40% (w/w) of mixed 
surfactants and decreased rapidly from 40% (w/w) 
of co-surfactant onwards.

The phase transition from normal micellar and/
or O/W microemulsion to inverse micellar and/or 
W/O microemulsion for 10% (w/w) of surfactant 
occurred at 60% (w/w) of co-surfactant. For 20% 
(w/w) of mixed surfactants, the phase transition 
occurred at 50% (w/w) of co-surfactant.  As for 30% 
and 40% (w/w) of mixed surfactants, the phase 
transition occurred at 40% (w/w) of co-surfactant 
from normal micellar and/or O/W microemulsion 
to inverse micellar and/or W/O microemulsion. 
Hence, the optimum concentrations for the phase 
transitions occurred at 60%, 50% and 40% (w/w) of 
co-surfactant for 10%, 20%, 30% and 40% (w/w) of 
mixed surfactants, respectively. 

Figure 5. The conductivity curves for microemulsion systems with 1,2-hexanediol as the co-surfactant with mixed surfactants systems (a) fatty 
alcohol ethoxylates [fatty alcohol ethoxylates (FAE) 7+ FAE 2 + MES] and (b) (FAE7 + FAE2).
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The results showed that the conductivity 
values were dependence on the water content in 
the microemulsion solutions. As the concentrations 
of the co-surfactant increased and the water 
compositions decreased, the conductivity values 
decreased significantly. Therefore, the electrical 
conductivity and ionic motion were affected by 
the water composition in the system.  Additionally, 
conductance in microemulsion solutions was low 
at water-less region than at the water-rich region, 
indicating that higher conductivity values were 
likely a continuous phase (O/W microemulsion) and 
transit to bicontinuous and / or W/O microemulsion 
as the aqueous content decreased (Fanun, 2008; 
Ismail, 2006; Lim, 1999; 2006). Elevated values of 
conductivity can be explained by phenomenon of 
hydration of the surfactant head groups (Baker et al., 
1984). The results obtained were also in agreement 
with previous studies conducted by Pons et al. 
(2003), and Aveyard et al. (1989).

Figure 6. The conductivity curves for microemulsion systems with glycerol-derived co-surfactant (GTBE) as the co-surfactant with mixed surfactants 
systems (a) fatty alcohol ethoxylates (FAE7)+ FAE 2 + methyl ester sulphonated (MES) and (b) (FAE7 + FAE2).
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co-surfactant and (FAE 7+FAE 2) as the mixed 
surfactants. The viscosity curves decreased up to 
30% (w/w) of co-surfactant and increased gradually 
from 30% (w/w) of co-surfactant onwards for 20%, 
30% and 40% (w/w) of mixed surfactants. As for 
10% (w/w) of mixed surfactants, the viscosity slopes 
increased gradually from 20% (w/w) co- surfactant 
onwards.

Figure 8a shows the viscosity curves for 
microemulsion system with GTBE as the co-
surfactant and (FAE 7+FAE 2+MES) as the mixed 
surfactants. For 30% and 40% (w/w) of mixed 
surfactants, the viscosity curves decreased up to 
20% (w/w) of co-surfactant and increased gradually 
from 20% (w/w) of co-surfactant onwards. However, 
for 20% (w/w) of mixed surfactants, the viscosity 
curve decreased up to 30% (w/w) of co-surfactant 
and increased gradually onwards for 30% (w/w) 
of mixed surfactants. As for 10% (w/w) of mixed 
surfactants, viscosity curve directly increased from 
40% (w/w) co-surfactant onwards.

Figure 7. The viscosity curves for microemulsion systems with 1,2-hexanediol as the co-surfactant with mixed surfactants systems (a) fatty alcohol 
ethoxylates (FAE7)+ FAE 2 + methyl ester sulphonate (MES) and (b) (FAE7 + FAE2).

(a)

(b)

Figure 8b shows the viscosity curves for 
microemulsion system with GTBE and (FAE 7+FAE 2) 
as the co-surfactant and mixed surfactants. Viscosity 
curves decreased up to 30% (w/w) of co-surfactant 
for 20%, 30% and 40% (w/w) of mixed surfactants. 
The viscosity curves gradually increased from 30% 
(w/w) co-surfactant onwards for those surfactants. 
However, for 10% (w/w) of mixed surfactants, the 
viscosity curves gradually increased directly from 
40% (w/w) onwards.

It was observed from the viscosity curves 
that the kinematic viscosity of the microemulsion 
solutions decreased gradually and reached the 
transition phase, and then increased obviously 
from the transition phase onwards as shown in 
Figures 7 and 8. The increase in kinematic viscosity 
leads to increasing the diameter of droplets and 
promoting to aggregation of continuous form of 
microemulsion collapsing into bicontinous or W/O 
microemulsion system (Fanun, 2008). This is fairly 
in agreement with other studies investigated by 
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Figure 8. The viscosity curves for microemulsion systems with glycerol-derived co-surfactant (GTBE) as the co-surfactant with mixed surfactants 
systems (a) [fatty alcohol ethoxylates (FAE7)+ FAE 2 + methyl ester sulphonate (MES)] and (b) (FAE7 + FAE2).

Ismail (2006) and Lim (1999; 2006). In addition, the 
viscosities of the microemulsion systems with GTBE 
as the co-surfactant were relatively higher than 
the microemulsion systems with 1, 2-hexanediol 
as the co-surfactant. This might be due to the 
molecular weight of GTBE, which is larger than 
the 1, 2-hexanediol. This is in agreement with a 
previous study which confirmed that the structure 
of co-surfactant essentially influenced the viscosity 
of microemulsions (Lim, 1999).

CONCLUSION

According to the ternary phase diagrams, which 
contained a-MES, the optimum concentration of 
1,2-hexanadiol as a co-surfactant was 10% (w/w) that 
had formed stable microemulsion. Meanwhile, for 
the ternary phase diagrams, which did not contain 
a-MES, the optimum concentration of 1,2-hexanadiol 
was 15% (w/w). On the other hand, the formation 
of stable microemulsion with incorporation of GTBE 

as a co-surfactant, which contained a-MES, the 
optimum concentration of GTBE was 20% (w/w). 
For formation of stable microemulsion without 
a-MES, the optimum concentration of GTBE was 
15% (w/w). The results determined that a-MES 
gives better synergistic effect with 1,2-hexanadiol 
compared to GTBE as the co-surfactant because it 
formed larger microemulsion region in the ternary 
phase diagram studied. 

From the physical characterisation analyses, it 
can be concluded that conductivity and viscosity 
values depend on the content of aqueous and non-
aqueous solutions. Also, viscosity values depend 
on the chemical structure of the substances for 
formation of microemulsion. Nevertheless, the 
increase of conductivity values correlate with 
decreasing viscosity values of the microemulsion 
solutions. Conductivity and viscosity studies 
are important since they give information on the 
internal structures of water solubilised in the 
microemulsion systems (Bisal et al., 1990). These 
mean that phase transitions of microemulsion can 
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be investigated using electrical conductivity and 
viscosity measurements to distinguish formation of 
O/W, bicontinuous and or W/O microemulsions. 

We therefore conclude that GTBE could be used 
as a potential alternative co-surfactant for producing 
palm-based O/W microemulsion products such 
as agrochemicals for crop care and public health 
sectors, liquid cleaners consisting natural insect 
repellent, aerosol-insecticides, etc.

ACKNOWLEDGEMENT

The authors wish to thank the Director-General of 
MPOB for the approval to publish this article.
  

REFERENCES

ALANY, R G; RADES, T; AGATONOVIC-KUSTRIN, 
S; DAVIES, N M and TUCKER, I G (2000). Effects 
of alcohols and diols on the phase behaviour 
of quaternary systems. International Journal of 
Pharmaceutics, 196: 141-145.

AVEYARD, R; BINKS, B P and FLETCHER, P D I 
(1989). Interfacial-tensions and aggregate structure 
in C12E5 oil-water microemulsion systems. Langmuir, 
5: 1210-1217.

BAKER, R C; FLORENCE, A T; OTTEWILL, R H 
and TADROS, T F (1984). Investigations into the 
formation and characterization of microemulsions. 
II. Light scattering conductivity and viscosity 
studies of microemulsions. J. Colloid Interface Science, 
100(2): 332-349.

BISAL, S; BHATTACHARYA P K and MOULIK, S 
P (1990).  Conductivity study of microemulsions. 
Evaluation of hydration of oil/water microemulsions 
applying Bruggeman equation. J. Physical Chemistry, 
94: 4212-4216.

BLUTE, I; KRONBERG, B; SVENSSON, M and 
UNELIUS, R (1998). Phase-behaviour of alkyl 
glycerol ether surfactants. Tenside Surfactant 
Detergent, 35(3): 207-212. 

CONROY, J P; HALL, C; LENG, C A; RENDALL, 
K; WALSH, J and LINDBLOM, J (1990). Nonionic 
surfactant phase behavior. The effect of CH3 capping 
of the terminal OH. Accurate measurements of 
cloud curves. Progress in Colloid and Polymer Science, 
82: 253-262.

CORTI, M and DEGIOGIO, V (1985). Micelar 
properties and critical fluctuations in aqueous 
solutions of non-ionic amphiphiles. J. Physical 
Chemistry, 85: 1442-1445.

FANUN, M (2008). Microemulsions: Properties and 
Application. CRC Press, Florida. p. 69-89.

FUKUDA, K; SODERMAN, O; LINDMAN, B and 
SHINODA, K (1993). Microemulsions formed 
by alkyl polyglycosides an alkyl glycerol ether. 
Langmuir, 9: 2921-2925.

FUKUDA, K; OLSSON, U and UENO, M (2001). 
Microemulsion formed by alkyl polyglucoside and 
an alkyl glycerol ether with weakly charged films. 
Colloids and Surfaces B: Biointerfaces, 20: 129-135.

GEORGES, J and CHEN J W (1986). Microemulsions 
studies: Correlation between viscosity, electrical 
conductivity and electrochemical and fluorescent 
probe measurements. Colloid and Polymer Science, 
264: 896-902.

ISMAIL AB RAMAN (2006). Alternative Co-
surfactants for Preparing Palm-based Microemulsions for 
Practical Applications. Ph.D thesis, Faculty of Science 
and Technology, Universiti Malaysia Terengganu, 
Malaysia. p. 202- 214.

KAHLWEIT, M (1995). How to prepare 
microemulsions at a prescribe temperature, oil and 
brine. J. Physical Chemistry, 99: 1281-1284. 

KAHLWEIT, M; BUSSE, G and FAULHABER, B 
(1996). Preparing nontoxic microemulsions with 
alkyl monoglucosides and the role of alkanediols as 
cosolvents. Langmuir, 12: 861-862.

KE, W T; LIN, S Y; HO, H O and SHEU, M T (2005). 
Physical characterizations of microemulsion systems 
using tocopheryl polyethylene glycol 1000 succinate 
(TPGS) as a surfactant for the oral delivery of protein 
drugs. J. Controlled Release, 102: 489-507.

KOHSAKU, K and TAKAYOSHI, Y (2002). 
Microemulsion formulation for enhanced absorption 
of poorly soluble drug. I. Prescription design. J. 
Controlled Release, 81: 65-74.

LAURENCE, M J and REES, G D (2000). 
Microemulsion-based media as novel drug delivery 
systems. Advanced Drug Delivery Reviews, 45(1): 89-
121.

LIM, W H (1999).  Phase behaviour or and water/
oil microemulsion formation of α-sulfonate methyl 
ester derived from palm stearin/ 1-hexanol/
hydrocarbon/water systems. Langmuir, 15: 7176-
7179. 

LIM, W H (2001). Solubilization properties of alpha-
sulphonated methyl esters derived from palm stearin 



Journal of oil Palm research 26 (3) (sePTemBer 2014)

250

in nonionic surfactant systems. Tenside, Surfactants, 
Detergents, 38(4): 230-233.

LIM, W H (2006). Phase diagram, viscosity and 
conductivity of α-sulfonate methyl esters derived 
from palm stearin/1-butanol/alkane/water 
systems. J. Surfactants and Detergents, 9(4): 349-355.

MAURAD, Z A; GHAZALI, R; SIWAYANAN, P; 
ISMAIL, Z and AHMAD S (2006). Alpha-sulfonated 
methyl esters as an active ingredient in palm-based 
powder detergents. J. Surfactants and Detergents, 9(2): 
161.

NGUYEN, T T; YOUSSEF, N H; MCINERNEY, M J and 
SABATINI, D A (2008). Rhamnolipid biosurfactant 
mixtures for environmental remediation. Water 
Research, 42: 1735-1743.

PONS, R; CARRERA, I; CAELLES, J; ROUCH, J and 
PANIZZA, P (2003). Formation and properties of 
miniemulsions formed by microemulsions dilution. 
Advances in Colloid and Interface Science, 106: 129-146.  

PRINCE, L M (1977). Schulman’s microemulsions. 
Microemulsions: Theory and Practice. Academic Press, 
New York. p. 1-20.

RAMAN, I AB; SUHAIMI, H; LYE, O T and 
AHMAD, S (2008). 1,2 Hexanediol  as an 
Alternative co-surfactant for preparing palm oil-
based microemulsions for practical applications. 
J. Dispersion, Science and Technology (JDST), 29 (7): 
1003-1009.

SANTANNA, V C; CURBELO, F D S; CASTRO 
DANTAS, T N; DANTAS NETO, A A; 
ALBUQUERQUE, H S and GARNICA, A I C (2009). 
Microemulsion flooding for enhanced oil recovery. 
J. petroleum Science and Engineering, 66(3-4): 117-120.

SCHAMBIL, F and SCHWUGER, M J (1990). 
Physico-chemical properties of alpha-sulpho fatty 
acid methyl esters and alpha-sulpho fatty acid di 
salts. Tenside Surfactant Detergent, 27(6): 380-29. 

STEBER J and WIERICH, P (1989). The 
environmental fate of fatty acid a-sulphomethyl 
esters: biodegradation studies with a 14C-labelled 
model surfactant. Tenside Surfactant Detergent, 2: 406-
411.

WYDRO, P and PALUCH, M (2009). The miscibility 
of dodecyltrihydroxyethylammonium bromide with 
cationic, nonionic and anionic surfactants in mixed 
monolayers and micelles. Colloids and Surface A: 
Physicochemical and Engineering Aspects, 348(1-3): 70-
75.

YUSRABIL AMIYATI YUSOF (2007). Process for 
producing etherified compounds from alcohol. 
Patent application No. P120070034.   


