Advances in Engineering Research, volume 203
Proceedings of the 2nd Borobudur International Symposium on Science and Technology (BIS-STE 2020)

Synthesis of Acetin: Bio-Based Additive for Low Sulfur
Petrodiesel
R. Arizal Firmansyah2,3 R. Y. Perry Burhan1,2,* Puspa Ratu1 Yulfi Zetra2 Aditya
Dharmawan1
1

Politeknik Energi and Mineral Akamigas, Jl Gajah Mada no 38, Cepu 58315, Indonesia
Department of Chemistry, Institut Teknologi Sepuluh Nopember, Kampus ITS Keputih, Surabaya 60111, Indonesia
3
Department of Chemistry Education, Faculty of Science and Technology, UIN Walisongo, Semarang, 50185,
Indonesia
*
Corresponding author. Email: pburhan@chem.its.ac.id
2

ABSTRACT
Valorisation of glycerol as a by-product of biodiesel production is the main reason researchers to synthesis acetin. It is
known as a cold flow improver and emission CO reducer of petrodiesel. Generally, it can be applied as a supplement to
diesel and biodiesel. Another route to synthesis it is trans-esterification of glycerol with ethyl acetate. In this work, the
product has been synthesized by simple reflux methods. The conversion of glycerol to the product of acetin was 85.82%.
Although the result is not significant, this research revealed that acetin are potentially synthesized from renewable
feedstock using a simple method.
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1. INTRODUCTION
With the growth of the economic sector in Indonesia,
consumption of petrodiesel is predicted will increase by
3.19% every year until 2025 [1]. However, petrodiesel
has produced hydrocarbon gas emission, CO, NOx, and
particulate matter [2], [3]. To overcome these issues,
desulphurization treatment has performed. On the other
hand, it caused the loss of lubricity properties. The
addition of Fatty Acid Methyl Ester (FAME) into it also
has caused the number of problems. The abunandce of
unsaturated fatty acids in FAME was susceptible to
oxidized. Since saturated fatty acids content does not
have good cold flow properties [4], researchers have been
developed additive to eliminate the problems.
Transformation of glycerol as a by-product of
biodiesel production into oxygenated compounds have
been becoming attention researchers [5]–[10]. This effort
has been able to increase the efficiency of biodiesel
production and turn glycerol into chemical more
valuable. Sandesh et al., [9], [10], Veluturla et al., [11],
Reinoso et al., [12] have synthesized acetin using
esterification of glycerol with acetate acid. Another route
to synthesis acetin through trans-esterification of glycerol
with methyl or ethyl acetate [13]–[15]. Nda Umar et al.,

[16], Casas et al., [17] stated that di- and triacetin as cold
improver additive of diesel and biodiesel. Thus, the
researchers have used esterification and transesterification to transform glycerol to petrodiesel or
biodiesel additive. The catalyst was also used varied
namely homogenous and heterogeneous catalysts [18].
Based on the efforts of researchers to address the
problems above, the methods have used are not simple. It
is a necessary special apparatus and reaction condition
although using renewable feedstock (acetate acid or ethyl
acetate). Hence, this study aims to show how to produce
acetin from renewable feedstock by means reflux
method. Then, the produced product is evaluated by Thin
Layer
Chromatography
(TLC)
and
Gas
Chromatography-Mass Spectrometry (GCMS) method.

2. METHOD
2.1. Chemicals
Glycerol, ethyl acetate, and sulfuric acid were for
analysis grade. Sulfuric acid was purchased from Smart
Lab Indonesia while Glycerol and ethyl acetate from
Merck.
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2.2. Experimental Setup
The glycerol ester or acetin was synthesized by the
reflux method only. The amount of glycerol and ethyl
acetate was heated at 70°C in the reactor. The molar ratio
of glycerol to ethyl acetate was chosen 1:10. After this
time was achieved, sulfuric acid as a catalyst was
introduced to the reactor. The system was allowed to
74°C for 10 hours. The products consist of the target
compound, glycerol, and ethyl acetate unreacted were
separated using ethyl acetate 2 x 100 mL, NaHCO3 3 x
20 mL, and NaCl solution 15 mL in separating funnel.
This mixture was settled overnight. Two layers will be
formed. The organic layer was removed and evaporated.
The product was analysed by TLC before GCMS
using chloroform and methanol 5:1 as eluent. The
injection port of GCMS was adjusted to 250°C and
column flow 1.23 mL/min. From 40°C to 180°C with
5°C/min, the column temperature was kept for 5 minutes.
This temperature was increased to 220°C with 10°C/min
and maintained for 10 minutes. The conversion of
glycerol to the product can be calculated by the equation
below,
% 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡
𝑥 100
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑔𝑙𝑦𝑐𝑒𝑟𝑜𝑙

Figure 1 Spots of glycerol (Gly), ethyl acetate (EA),
product (P) and mixture of glycerol-product (Gly+P) on
TLC plate.

(1)

3. RESULT AND DISCUSSION
3.1. Result
Acetin can be synthesized by excess of ethyl acetate
to more acetin are formed. The molar ratio of glycerol to
ethyl acetate is 1:10. The produced product from this
study was monitored by TLC. Two Spots of the product
are formed far above glycerol. A spot of glycerol is
observed from mixture glycerol-product (see Figure 1). It
demonstrated that there is unreacted glycerol from the
system. These spots were investigated further using
GCMS. Peaks of the obtained product have been
identified at 17 and 21 minutes (Figure 2). Reactant was
identified earlier than products.

Figure 2 The Chromatogram of obtained product of
trans-esterification ethyl ecetate with glycerol. (a)
glycerol; (b) monoacetin; (c) triacetin.

3.2. Discussion
Peaks at 17 and 21 minutes (Figure 2) was
investigated further its mass spectra. Monoacetin and
triacetin identified based on M+ 134 and 218
respectively. Monoacetin and triacetin fragmented into a
molecule with m/z 43 (base peak). The other peaks of
monoacetin observed in m/z 103 and 117. While triacetin
peaks characteristic appeared in m/z 103 and 145 (Figure
3).

Figure 3 Mass spectrum of: (a) monoacetin, (b) triacetin
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Acetin has been synthesized by means of transesterification of ethyl acetate with glycerol and
homogeneous acid catalyst. The basic principle of this
reaction is addition-elimination (see Figure 4). Glycerol
was added to the ethyl acetate molecule and ethanol
released from it. Thus, ethanol produced in the system.
In this study, the condition of the reaction was
sufficient to produce acetin. The conversion of glycerol
into acetin in this study was 85.82%. This conversion
indicated that there is glycerol not yet unreacted. It is in
line with the spots on TLC plate. There is a spot of
glycerol in a mixture of product-glycerol spots (Figure

H+

1). Why was it happen? In this work, the system’s
pressure was not performed reduction. It causes the
temperature cannot be raised anymore. Though, the
temperature has an important role in accelerating the
reaction rate. It is the other researchers’ reason in which
reflux system was reduced pressure [14], [19] or under
autogenous pressure [20], [21]. Meireles et al., [14]
reported that acetin could be synthesized successfully at
90°C for 9 hours. The obtained acetin in this study could
be possibly increased by increasing the reaction time, and
the system should be oxygen-free [22]. So, the higher
system’s temperature can be reached.

-H+

H+

EtOH

-EtOH

Figure 4 Reaction mechanism of monoacetin formation from glycerol and homogeneous acid-catalyst. Adapted from
Meireles et al., [14]

4. CONCLUSION
In this study, the conversion of raw material into the
product was 85.82% through a simple reflux method.
This conversion can be increased by expelling oxygen
and reducing the pressure of the reflux system. This
research also revealed that glycerol and ethyl acetate as
renewable feedstock can be used to produce bio-based
additive for low sulfur petrodiesel.
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