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Abstract

Aim: It is necessary to develop an environmentally friendly type of alkyl polyglycoside (APG) surfactant; this can 
be done by making surfactants using raw materials based on carbohydrates and fatty acids. The longer the carbon 
chain in the fatty acid used, the hydrophilic-lipophilic balance will be smaller so it will be easier in choosing the 
type of surfactant in its use. Until now, there has been no research on the effect of carbon chain length of fatty 
acids used in the formation of surfactants against surfactant properties. The effect of carbon fatty chain length 
on surfactant properties can be studied in the following manner. Preparation of APG surfactants was performed 
with tert-butyl glycoside and various fatty acids (myristic acid, palmitic acid, and oleic acid) using a para-toluene 
sulfonic acid catalyst. Results: Here, there are three reactions, with myristic acid forming tert-butyl miristyl 
glycoside surfactant (TBMG), with palmitic acid formed tert-butyl palmityl glycoside (TBPG), and with oleic 
acid to form tert-butyl oleyl glycoside (TBOG). The surfactant was tested for use as an emulsifier in the water-
xylene emulsion system, then analyzed the percent emulsion stability and hydrophilic-lipophilic balance (HLB). 
Conclusion: It is found that TBOG is more stable compared to TBPG and TBMG, from HLB values for TBPG 
and TBOG surfactants are 3.94 and 3.01 so that this surfactant can be used for water-in-oil type emulsifier, for 
TBMG its HLB value is 11.24 can be used as emulsifier type oil-in-water.
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INTRODUCTION

Surfactants from petroleum and natural 
gas derivatives can cause environmental 
pollution, because after use, it will be 

a difficult waste to degrade. In addition, the 
petroleum used is a source of non-renewable raw 
materials. This is why many people are looking 
for alternative surfactants that are easily degraded 
and derived from renewable raw materials. 
At -present, much developed about the synthesis 
of surfactants with raw materials of carbohydrates, 
the advantage of using carbohydrate raw materials 
is biodegradable and non-toxic.[1] Indonesia is an 
agricultural country that produces agricultural 
waste. Agricultural waste contains a lot of 
carbohydrates composed of cellulose (35–50%), 
hemicellulose (20–35%), and lignin (10–25%), 
while cellulose can be hydrolyzed into glucose.[2]

Alkyl polyglycoside (APG) surfactant is an 
environmentally friendly nonionic surfactant 
since it can be synthesized from raw materials 

based on carbohydrates and fatty alcohols.[3] Until now, 
many APG surfactants have been made which are generally 
carbohydrate-based raw materials such as glucose and dodecanol 
(Adisalamun et al.,2012). These surfactants have a carbon 
chain length of <18, which is less reactive due to the longest 
carbon chain, the APG surfactant becomes more reactive. APG 
surfactants are commonly used as additives, substances for 
emulsion stability in the formulation of some products such as 
herbicide formulations, personal care products, cosmetics, as 
well as for the fabrics of fabrics/textiles.[4]

The surfactant is a molecule having a water-like polar 
hydrophilic group and a non-polar lipophilic group that likes 
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oil so that the surfactant can unite a mixture comprising oil 
and water.[5] Usefulness of surfactant depends on the value 
hydrophilic-lipophilic balance (HLB), for examples, HLB 
value of 1–3 for antifoaming, HLB 2–7 for emulsifier type W/O, 
HLB 7–9 for wetting, HLB 8–18 for emulsifier type O/W, HLB 
13–15 for detergents, and HLB 15–18 for a solvent agent. HLB 
is a number that indicates the ratio between the hydrophilic 
and lipophilic groups in a surfactant. The addition of the 
surfactant in the solution would cause a decrease in surface 
tension, once it reaches a certain concentration, surface tension 
will be constant even if the surfactant concentration increased, 
when the surfactant is added beyond this concentration, the 
surfactant aggregates to form micelles. The concentration 
of micelle formation is called critical micelle concentration 
(CMC).[6] Various surfactant APG other types made from base 
ingredients carbohydrates such as surfactants tert-butyl oleyl 
glycoside (TBOG) and made from the reaction of acetalization 
of glucose with tert-butanol to produce tert-butyl glycosides 
(TBG) are then TBG esterified with oleic acid forming 
surfactant TBOG, TBOG surfactants including APG surfactant 
group.[7] Until now, there has been no research on the effect 
of carbon chain length of fatty acids used in the formation of 
surfactants against surfactant properties.

In the APG surfactant, generally, the longer the carbon chain 
in the lipophilic group the HLB value of the surfactant will 
be smaller so that if used for stabilizing the O/W emulsion 
system will be better.[8] The APG surfactant can be used as 
an emulsifier between oil and water.[9] The emulsion is the 
dispersion of a solution (discontinuous phase) in an immiscible 
liquid (continuous phase). The emulsion is stabilized by the 
emulsifying agent at the interface between the two liquids, 
resulting in an electric barrier preventing the unity of the 
dispersed liquid phase droplets. The demulsification of 
an emulsion occurs when the electric divider is reduced or 
removed, causing the breakage of the emulsion.[10]

The emulsion stability can be maintained by the addition of 
a third agent called emulsifying agent. The components of 
the emulsion can be classified into two types: (1) The basic 
component is the emulsifying agent which must be present in 
the emulsion. It consists of phase dispersed/phase discontinue 
that is liquid divided into small grains into another liquid. The 
continuation phase is the liquid in the emulsion that serves 
as the base material (support) of the emulsion. Emulgators 
are part of an emulsion that serves to stabilize the emulsion. 
(2) Additional components are an additive that is often added 
to the emulsion for better results.[11]

Each emulsifier molecule is divided into two (a) hydrophilic 
group, the water-like emulsifier member and (b) lipophilic 
group, the oil-like emulsifier part. Each group will join its 
preferred liquid, hydrophilic groups in water and lipophilic 
groups into the oil. Thus, the emulsifier seems to be the 
binding rope between oil and water with oil, between the two 
groups will make an equilibrium. Each type of emulgator has 
a balanced price of equal magnitude. The bigger the HLB 

value means, the more water-loving groups, the emulgator is 
more easily soluble in water and vice versa.[12]

Based on the particle size, there are three types of emulsions: 
(1) Macroemulsion, particle size ˃400 nm (0.4 μm), 
(2) microemulsion, particle size 10–100 nm (0.01-0.1 μm), and 
(3) nanoemulsion, particle size 100–400 nm (0.1–0.4 μm). For 
the type of macroemulsion, there are two most common types 
of emulsions oil-in-water (O/W) emulsions and water-in-oil 
emulsions (W/O).[13] Factors affecting emulsification include 
the emulsifier type, the temperature, the volume ratio of the two 
liquid phases, and the properties of the container wall.[14]

Emulsion stability is a system when droplets retain their initial 
properties, because the incorporation of droplets is prevented 
by considerable barrier energy. In general, the energy barrier 
is built with an emulsifying layer formed on the surface of the 
droplets (Kjoniksen et al., 2008). Factors affecting emulsion 
stability include the physical properties of the interface layer; 
the electrical properties of the droplets; continuous phase 
viscosity; distribution of droplet size; volume ratio; and 
temperature (Rosen, 2004; Qiao at al., 2012). A common 
ingredient used as an emulsion stabilizer is surfactant 
because the surfactant is almost absorbed irreversibly at the 
interface. The steric action between the surfactant parts in 
the dispersing medium is important in this stabilization. The 
hydrocarbon chain is blocked in its thermal movement if two 
water droplets close together to close and the hydrophilic head 
group is dehydrated resulting in close contact. Consequently, 
hydration repulsion stabilizes the emulsion.[15]

Emulsion stability refers to the ability of an emulsion to 
resist the changing properties over time. There are four 
types of instability in the emulsion: Flocculation, creaming, 
coalescence, and sedimentation. Flocculation occurs when 
there is an attraction between the droplets, so they form flocks, 
such as bunches of grapes. Coalescence occurs when droplets 
collide with one another and combine to form larger droplets, 
so the average droplet size increases over time. Emulsions can 
also experience creaming, where droplets rise to emulsion 
peaks under the influence of buoyancy, or under the influence 
of centripetal force induced when centrifuges are used.[16]

Surfactants can increase the kinetic stability of the emulsion 
so that the droplet size does not change significantly with 
time; it is then said to be stable. The use of surfactants for 
emulsion stability may be performed on oil and water 
mixtures.[17] Since agricultural waste is composed of cellulose 
and cellulose can be hydrolyzed into glucose, the glucose is 
reacted with tert-butanol to form TBG. In this study, TBG 
was esterified with various fatty acids having different 
carbon chain lengths ranging from C14 to C18, the fatty 
acids used were: (1) C14 (myristic acid) to form a tert-butyl 
miristyl glycoside (TBMG) surfactant, (2) C16 (palmitic acid) 
will form tert-butyl palmityl glycoside (TBPG) surfactant, 
and (3) C18 (oleic acid) to form a tert-butyl oleyl glycoside 
(TBOG) surfactant. From the result of the research, we will 
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find the relationship between carbon chain length at fatty 
acid used for esterification, to percent emulsion stability on 
surfactant stability test, and to other surfactant properties 
(HLB, CMC, surface tension, yield, and emulsifier type).[18,19]

MATERIALS AND METHODS

TBGs (49.5%, made from glucose and tert-butanol reactions), 
oleic acid (merck, 99%), palmitic acid (merck, 99 %), myristic 
acid (merck, 99%), para toluene sulfonic acid (PTSA, merck, 
98.5%), xylene ρ = 0.685, NaOH (merck, 98%), benzene 
(merck, 99.7%), and aquades were used.

Surfactant synthesis

Esterification of 0.01 mole TBG with oleic acid (mole ratio 1:4) 
in 50 ml of benzene solvent and 2% PTSA catalyst with 
stirring 100 rpm for 4 h at 90°C. The residue was neutralized 
with NaOH and evaporated until free of water and free of 
benzene, the result was a TBOG surfactant, then in the same 
way esterification was repeated, but oleic acid was replaced 
by using myristic acid, and the result was a TBMG surfactant, 
then, in the same way, the esterification was repeated using 
palmitic acid, and the result is a TBPG surfactant. Furthermore, 
this surfactant performed an emulsion stability test to calculate 
the percentage of emulsion stability at any given time, surface 
tension to determine the CMC value (surface tension was 
measured using tensiometer du nouy), acid number and sapon 
rate to calculate the HLB value, and the surfactant content 
analyzed using gas chromatography-mass spectrometry.

Making emulsion

Taken 10 ml of aquades was added Erlenmeyer, then 10 ml 
xylene, then added TBOG surfactant was varied, then stirred 
at 10000 rpm for 3 min.

Emulsion stability analysis

The emulsion solution was inserted into the existing volume 
scale reaction tube, then observed the separate xylene volume 
at any given time, then calculated percent of the emulsion 
stability. Determination of emulsion stability in a simple 
way, by measurement based on separation, assuming that the 
perfect emulsion system is worth 100 (Bastian at al., 2012).

Emulsion stability= Xylene volume (Overall-Separation)
XyleneevolumeOverall

×100%

Determination of HLB value

The determination of HLB values can use the following 
formula (Holmberg at al., 2013).

HLB S
A

= −





20 1

Where S = Saponification number, A = Acid number.

RESULTS AND DISCUSSION

Synthesis and surfactant emulsion stability test

In making TBOG surfactant obtained yield 92.20 % 
and TBOG surfactant content is 91.72 %. Furthermore, 
an emulsion stability test was performed on the TBOG 
surfactant. The result of the emulsion stability test on TBOG 
surfactant can be seen in Figure 1.

Synthesis and TBPG surfactant test

In making TBPG surfactant obtained yield 91.41 % and 
TBPG surfactant content is 87 %. Furthermore, an emulsion 
stability test was performed on the TBPG surfactant. The 
result of the emulsion stability test on TBPG surfactant can 
be seen in Figure 2.

Synthesis and TBMG surfactant test

In making TBMG surfactant obtained yield 93.12 % 
and TBMG surfactant content is 89.41 %. Furthermore, 
an emulsion stability test was performed on the TBMG 
surfactant. The result of the emulsion stability test on TBMG 
surfactant can be seen in Figure 3.

From Figures 1-3, it appears that at various surfactant 
concentrations, the longer the emulsion stability becomes 
smaller due to the emulsion destabilization process such 
as cream formation, flocculation, sedimentation, and 
coalescence (Holmberg at al., 2013).

Figure 1: Relationship between percent emulsion stability 
and time for tert-butyl oleyl glucoside
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The greater the surfactant concentration in the emulsion, the 
higher the emulsion stability, the higher the concentration of 
the surfactant, and the downward pressure in the emulsion 
system will be lower so that the emulsion system will be 
more stable. Figures 1, 2, and 3 show that at a concentration 
of 15000 ppm surfactant, showing the most stable emulsion 
system of various surfactants used; this can be illustrated by 
the following Figure 4.

From Figure 4, it appears that emulsion systems using TBOG 
and TBPG surfactants are more stable when compared to 
TBMG surfactants and without surfactants. In Figure 4, it is 
seen that with time, increasing the percentage of emulsion 
stability using the TBMG surfactant decreases faster when 
compared with those using TBOG and TBPG because the 
TBMG surfactant has the shortest lipophilic group, so the 
emulsion system is unstable. In the emulsion system without 
the addition of surfactant, it is seen that with increasing time, 
then the stability percent of the fastest decreases this because 
basically xylene cannot mix with water so that although 
stirred it will quickly separate again.

The stability of the emulsion is influenced by the hydrophilic 
and lipophilic groups owned by the surfactant. In this test, 
water is used as a polar material and xylene as a non-polar 
material, the addition of a surfactant is expected to form 
an emulsion between water and xylene. The addition of a 
surfactant may increase the number of hydrophobic groups 
and lipophilic groups so that the ability to make emulsions 
between water and xylene increases. In emulsion systems 
using TBOG surfactants, it is more stable than TBPG and 
TBMG surfactants. In Figure 3, it is shown that the percentage 
of emulsion stability using TBMG surfactant is the fastest 
decrease when compared with those using TBOG and TBPG 
because the TBMG surfactant has the shortest lipophilic 
group, so the emulsion system is unstable.[20]

The stability of the emulsion is influenced by the hydrophilic 
and hydrophobic groups owned by the surfactant. In this 
test, water is used as a polar material and xylene as a non-
polar material, the addition of a surfactant is expected to 
form an emulsion between water and xylene. The addition 
of a surfactant may increase the number of hydrophobic 

Figure 5: The relationship between surfactant concentrations 
to surface tension

Figure 2: Relationship between percent emulsion stability 
and time for tert-butyl palmityl glucoside

Figure 3: Relationship between percent emulsion stability 
and time for tert-butyl myristyl glucoside surfactant

Figure 4:The relationship between percent emulsion stability 
against time at a concentration of surfactant 15,000 ppm
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groups, so the ability to make emulsions between water 
and xylene increases. The emulsion stability also depends 
on the length of the hydrocarbon chain on fatty acids used. 
In general, emulsion stability increases with increasing 
length of the hydrocarbon chain. This corresponds to steric 
hindrance arising from the length of the hydrocarbon chain. 
Emulsion stability measurements need to be done for further 
applications. Suitable surfactant as an O/W emulsifier is 
widely used in the industry of self-care products, whereas 
suitable surfactant as W/O emulsifier is widely used in the 
food industry (Holmberg at al., 2013).[21]

Determination of CMC value insurfactant

The result of observation test of various surfactant 
concentrations to surface tension can be seen in Figure 5.

From Figure 5, it shows that the greater the surfactant 
concentration in the solution the surface tension inside 
the solution will decrease to a certain concentration point, 
then the surface tension will be constant, at that constant 
point called CMC. This happens because the nature of the 
surfactant can decrease the surface tension. Figure 5 shows 
that the value of CMC for surfactant is TBOG = 0.017 % 
with the lowest surface tension value = 34.4 mN/m, the 
CMC value of the TBPG surfactant is 0.02% with the lowest 
surface tension value = 35.4 mN/m and the CMC value of 
the TBMG surfactant was 0.022 % with the lowest surface 
tension value = 37.1 mN/m.

Determination of HLB value

From the results of the analysis and the calculation results, 
the properties of the three surfactants can be seen in Table 1:

Polar molecules tend to be more soluble in polar solvents 
(water), otherwise non-polar molecules are more soluble 

in non-polar organic solvents (benzene and xylene). 
Determination of HLB values from all three surfactants 
(TBMG, TBPG, and TBOG) is required to determine their 
suitability as emulsifiers. The length of the hydrocarbon 
chain affects the glucose HLB ester value, the longer the 
hydrocarbon chain of a glucose ester the lower the HLB 
value.

Based on Table 1, it can be seen that the TBPG and TBOG 
surfactants having HLB values of 3.94 and 3.01 so that 
these surfactants can be used as W/O type emulsifiers. The 
emulsion with TBOG surfactant is more stable than the 
emulsion with TBPG. This is due to the length of the TBOG 
chain longer than the TBPG surfactant whereas for TBMG 
surfactants having HLB value = 11.24 this can be used as an 
O/W type emulsifier. The emulsion prepared with the TBMG 
surfactant is less stable than the emulsion made with the 
TBPG and TBOG surfactants, thus that the W/O emulsion 
is more stable than the O/W emulsion W/O emulsion with 
concentrations >7500 ppm can last longer, while the O/W 
emulsion can only past for a few minutes.

CONCLUSION

The emulsion stability is proportional to the surfactant 
concentration; the higher the surfactant concentration is, 
the higher the emulsion stability will be. The addition of a 
surfactant may increase the number of hydrophobic groups, 
so the ability to make emulsions between water and xylene 
increases. In the emulsion stability test for TBOG surfactant 
obtained the most stable compared to the TBMG and TBPG 
surfactants, since the emulsion stability also depends on the 
length of the hydrocarbon chain of fatty acids used, in general, 
emulsion stability increases with the increase of hydrocarbon 
chain length. Length of hydrocarbon chain affects the value 
of surfactant HLB, the length of the hydrocarbon chain of a 
glucose ester the lower the HLB value. This is because HLB 
is a value that depends on the ratio between the hydrophilic 
and lipophilic chains of a surfactant molecule. The longer 
the hydrophilic chain is, the higher of HLB value will be. 
Conversely, the length of lipophilic chain (hydrocarbon) is, 
the lower of HLB value will be. Surfactant of TBPG and 
TBOG has HLB values of 3.94 and 3.01 so that this surfactant 
can be used as an emulsifier of W/O type, whereas for TBMG 
surfactants having HLB value = 11.24 this can be used as an 
O/W type emulsifier.[22,23]
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