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ABSTRACT

Greenhouse gas emissions increase with the use of diesel fuel. The reduction of greenhouse gas emissions can be done
by using the desulphuration method. However, low sulfur in diesel fuel causes low lubricity values. One of solutions to
this problem is by adding a bio-additive compound. In this research, the synthesis of 2-hydroxyethyl ester compounds
as a bio-additive obtained by the transesterification reaction of peanut oil with ethylene glycol and K2CO3 catalyst will
be carried out. The simple reflux is used with a molar ratio of ethylene glycol and triglycerides of 10: 1 with K2CO3 of
9% mole of triglycerides. The conversion to the product was 77.47%. Product characterization was carried out using
Mass Spectrometry Gas Chromatography (GC-MS). Based on chromatograms, the total abundance of the 2-

hydroxyethyl ester is 54.69%. This compound can be used as an alternative bio-additive lubricity improver.
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1. INTRODUCTION

Diesel fuel is the fuel used in diesel engines. The use
of diesel engines is commonly used in various sectors of
transportation, industrial equipment, power plants, and
agricultural equipment [1]. However, the use of diesel
fuel can cause environmental degradation with
greenhouse gas emissions which include carbon
monoxide (CO), carbon dioxide (CO2), nitrogen oxides
(NO), nitrogen dioxide (NO2), and sulfur dioxide (SO2).
The release of greenhouse gases into the atmosphere will
trap a lot of heat which leads to environmental disasters
such as the greenhouse effect, global warming, and acid
rain [2].

The reduction of emission of SO as one of particulate
matter can use the desulfurization method. However, this
desulphurization method can actually reduce the lubricity
properties of diesel fuel. Sulfur and aromatic compounds
as natural lubricants for diesel fuel are also lost in the
desulfurization process [3]. In fact, the lubricating
properties of diesel fuel can be used as an engine
lubricant to avoid friction in the engine which will
accelerate wear on the engine [4]. Therefore, a lubricity-

enhancing additive is needed to produce diesel fuel that
is safe for health and the environment [5].

The additive as a lubricant enhancer can be
influenced by the structure and functional groups of the
molecule. One of them is that the presence of an alkyl
ester chain from bio-additive synthesis products can
increase the resulting lubricity value. The addition of 1-
methoxy-alkyl-ester synthesized from canola to diesel
fuel has an effect on increasing the lubricity value which
is marked by decreasing the value of wear scars (wear)
[6]. The wear scar is the value of the wear diameter on
the steel plate used in the lubricity test [7]. The high
lubricity power is indicated by the small wear scar value.
The addition of a hydroxyl group to the bioaditive
substance molecule can increase the lubrication value.
Knothe and Steidley (2005) [8] have reported a neat yield
effect of C3 compounds with OH, NH2, and SH groups
indicating that oxygen increases lubrication more than
nitrogen and sulfur characterized by a smaller wear scar
value.

De Barros et al. [9] reported that the presence of
unsaturated fatty acids higher than saturated fatty acids
can be a factor in increasing diesel oil lubrication.
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Therefore, this research will carry out the
transesterification reaction of triglycerides from peanut
oil and ethylene glycol to produce 2-hydroxyethyl ester.
Based on its structural composition, 2-hydroxyethyl ester
can be used as a lubrication enhancing additive.
Triglycerides from peanut oil are used as starting
materials for the synthesis of lubrication-enhancing bio-
additives because peanuts have a higher unsaturated fatty
acid content than saturated fatty acids [10].

2. MATERIALS AND METHOD

2.1. Materials

The materials used in this study were peanut oil
available in the market. The chemicals used are ethylene
glycol, TLC Silica gel 60 Fus4, K,CO3 KOH, Methanol
(Merck, Darmstadt, Germany). N-hexane (Fulltime,
China). ethyl acetate and anhydrous sodium sulfate
(Na2SO4) (Merck, Darmstadt, Germany). Distilled
water, Whatman filter paper (GE Healthcare), litmus
paper, aluminum foil, 10% HCI.

2.2. Analysis of the Fatty Acid Composition of
Peanut Oil

Qualitative analysis of peanut oil and methanol
transesterification products was accomplished using
GCMS instrumentation (GCMS-QP2010 SE). The
transesterification reaction method was adapted from
Rashid et al. (2008) [11]. Peanut oil (triglycerides) and
methanol reacted with a molar ratio of 1: 6. The catalyst
used is KOH at 1% of the mass of triglycerides (TG). TG
is heated in a reflux flask to 60 ° C. An amount of KOH
in methanol is added to the reflux flask and the reaction
time is conditioned to 2 hours and the temperature is
maintained at 60 ° C. Furthermore, the mixture is cooled
at room temperature and left in a separating funnel
overnight to form two layers. (water layer and organic
layer). The organic layer is separated and the solvent
evaporated using a rotary evaporator. The evaporated
mixture was washed with distilled water, separated from
the water layer and dried with anhydrous Na2S04, then
filtered so that the product of the transesterification
reaction of peanut oil was produced.

2.3. Synthesis of 2-Hydroxyethyl Ester

The synthesis procedure of 2-hydroxyethyl ester
refers to a study adapted from Rezende et al. (2005) [5].
The molar ratio of triglycerides (TG) and ethylene glycol
used was 1:10. A total of 20 grams of the TG sample is
put into a three neck flask equipped with a reflux
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condenser, thermometer and magnetic stirrer heater. The
TG sample was heated to 150 ° C, ethylene glycol and
K2CO3 of 9% mol of TG were added to the three-neck
flask and the reaction time was conditioned for 5 hours
with constant stirring temperature at 500 rpm. After 5
hours, the mixture is cooled at room temperature and
neutralized by adding a 10% HCI solution to pH 7. The
neutral mixture is then extracted with ethyl acetate in a
separating funnel. The product mixture is left for 12
hours to form 2 (two) phases, namely the water phase and
the organic phase. The organic phase is separated,
washed with water and the remaining water is dried over
anhydrous sodium sulfate. Then the mixture is filtered
and the remaining solvent is evaporated using a rotary
evaporator to produce 2-hydroxyethyl ester (HEE)
product.

2.4. Monitoring of Synthesis Products Using
Thin Layer Chromatography (TLC)

The product of 2-hydroxyethyl ester (HEE), together
with triglycerides, and ethylene glycol are dotted
respectively on the TLC plate. Then the plate is inserted
into the chamber and eluted with an eluent mixture (n-
hexane: ethyl acetate 2: 1). The compound stains formed
on the TLC plate were identified by the appearance of
iodine stains to determine whether HEE synthesis
products had been formed.

2.5. Qualitative Analysis of 2-Hydroxyethyl
Ester Product Using GCMS

Qualitative analysis of the 2-hydroxyethyl ester
(HEE) product was carried out using a gas
chromatography instrument with a mass spectrometry
detector (GC-MS QP-2020 NX) and equipped with a
capillary column (Rtx-5MS) with a size (30 m / 0.25
mmlID / 0,25 pm df). HEE sample preparation was
carried out by diluting 0.1 mL of sample in 1 mL of n-
hexane solvent and injecting 1 pL into the GCMS
injector.

3. RESULT AND DISCUSSION
3.1. Result

3.1.1 Identification of Fatty Acid Composition

Identification of the fatty acid composition of peanut
oil in the form of fatty acid methyl esters using the
combined gas chromatography-mass spectroscopy
(GCMS) method obtained the following chromatogram
results:
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Figure 1 Chromatogram of product transesterification from peanut oil and methanol

3.1.2 Synthesis of 2-Hydroxyethyl Ester

the synthesis product in the form of 2-hydroxyethyl ester

(HEE) has been formed as shown in Figure 2 below.

Figure 2 shows that the position of product staining (P) is

not the same as TG and EG as an indicator of the

formation of HEE products. The results displayed on the

TLC plate are strengthened by the results of GCMS

analysis in the form of a chromatogram as shown in TG EG P TG+P
Figure 3.

Product stain

9
Synthesis monitoring using TLC plates showed that A :

Figure 2 TLC of crude product of 2-hydroxyethyl ester.
Abbreviations: TG = Triglyceride; EG= Ethylene
Glycol; P=Product from synthesis
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Figure 3 Chromatogram of HEE product
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3.2 Discussion

3.2.1 Identification of Fatty Acid Composition

The transesterification reaction of peanut oil samples
with methanol aims to determine the fatty acid
composition of the sample. The identification carried out
based on the combined method of gas chromatography-
mass spectroscopy (GCMS) obtained results as shown in
Table 1. Table 1 shows that oleic acid in peanut oil has
the greatest abundance, namely 41.88% followed by
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linoleic acid at 34.67%. These results are consistent with
previous studies that the content of oleic acid and linoleic
acid, which are unsaturated fatty acids in peanut oil, were
respectively 35.6-58.3% and 20.9-43.2% [12]. The
amount of unsaturated fatty acid content in peanut oil has
the potential to be used as a lubricant-enhancing
bioadditive. This is also in accordance with the research
of De Barros et al., 2017 [9] where the presence of
unsaturated fatty acid groups in oleic acid and linoleic
acid has succeeded in increasing the lubricity value of
diesel fuel which is characterized by reduced friction
value on metals.

Table 1. Composition of fatty acid from sample from analysis of GCMS

A 28.8 Palmitic acid 12.35
B 34.8 Stearic acid 4.28
Cc 354 Oleic acid 41.88
D 36.6 Linoleic acid 34.67
E 40.2 Arachidic acid 191
F 40.7 Gadoleic acid 0.82
G 45.4 Behenic acid 3.19
H 50.2 Lignoceric acid 0.90

3.2.2 Synthesis of 2-Hydroxyethyl Ester

Synthesis of 2-hydroxyethyl ester (HEE) was carried
out by transesterification of triglycerides from peanut oil
and ethylene glycol using K2CO3 as a catalyst. Product
monitoring was carried out by thin layer chromatography
with n-hexane: ethyl acetate 2: 1 eluent as shown in
Figure 1. The TLC results showed that the product was
formed which was marked by the appearance of new
stains identified as product (P). Synthesis follows the
following reaction flow.

The 2-hydroxyethyl ester products identified based
on mass spectrum data analysis are shown in Table 2. The
2-hydroxyethyl ester products formed include various
different hydrocarbon chains and there are still side
products in the form of fatty acids. The highest
chromatogram peak is shown at the fourth peak at the
retention time of 24.9 minutes as seen in Figure 3. The
four (D) peaks are 15-octadecenoic acid, 2-hydroxyethyl
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—o—cZ~ OH ~—— I
HC—O0—C—R, + HO \ \/\O—C—R +

Y A, 5h
H,C—0—C~—R,

Triglycerides Ethylene Glycol

2-hydroxy-ethyl ester (HEE)

ester with an abundance of 41.34%. The highest
abundance yields of hydroxy ethyl ester products
correspond to the highest type of fatty acid contained in
peanut oil, namely oleic acid (15-octadecanoic acid) [12].

The second highest abundance of 21.62% was
indicated by a peak of 11 with a retention time of 54.3
minutes. This compound has been identified as a
byproduct of Ethylene Glycol Diester ((E) -2 - ((E) -
octadec-9-enoyloxy) ethyl nonadec-9-enoate). Several
studies that have been published by previous researchers
also stated that the presence of ethylene glycol diester
(EGDE) in synthetic products can actually act as
biolubricants [13]. However, the research that has been
done here shows that the total of all HEE products
produced still shows the majority compared to other
synthetic products. The total abundance value obtained
was 54.69% while the total product conversion formed
was 77.47%.

Ethylene Glycol Diester
(EGDE)

Figure 4 Transesterification reaction of triglycerides and ethylene glycol
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Table 2. Composition of compounds in the crude product
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A 14.6 1.12
B 18.2 0.88
Cc 20.6 7.26
D 24.9 41.34
E 28.7 0.82
F 29.2 1.85
G 32.9 3.27
H 36.3 0.97
| 45.7 0.93
J 49.3 8.99
K 54.3 21.62

Hexadecanoic acid

15-Octadecenoic acid

Hexadecanoic acid, 2-hydroxyethyl ester
15-Octadecenoic acid, 2-hydroxyethyl ester
11,15-octadecadienoic acid-2,3-dihydroxypropy! ester (Monoglyceride)
Eicosanoic acid, 2-hydroxyethyl ester

Docosanoic acid, 2-hydroxyethyl ester

Hexacosanoic acid, 2-hydroxyethyl ester
(11E,15E)-2-(stearoyloxy)ethyl nonadeca-11,15-dienoate
(14E,18E)-2-(palmitoyloxy)ethyl henicosa-14,18-dienoate
(E)-2-((E)-octadec-9-enoyloxy)ethyl nonadec-9-enoate

4. CONCLUSION

The 2-hydroxyethyl ester (HEE) compound as a bio-
additive to increase diesel lubrication was successfully
synthesized through the transesterification reaction of
peanut oil and ethylene glycol with K2CO3 catalyst. This
study resulted in a product conversion of 77.47% with the
total abundance of HEE obtained through GCMS
analysis of 54.69%.
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