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Article Info Abstract
Article history: The increasing use of biodiesel as renewable fuels leads to the increasing of glycerol amount
Accepted as a byproduct of biodiesel production. One of the glycerol derivative products that is
November 2016 environmentally friendly and renewable is glycerol carbonate. Glycerol carbonate is
Approved commonly used as a raw material for polymers, surfactants, emulsifiers, lubricants, paints,
Pulﬁizﬁijon also'used in the gosmetics and pharmaceutical industries. In this study, the research was
June 2017 carried out by using a batch reactor with a three-neck ﬂask equlppeq Wlth reverse coohpg,
Keywords - thermometers, mercury stirrer, and heatlgg mantle with the conditions of the reaction
Amberlyst 36; temperature around 373 — 413 K, mole ratio of reactants of urea: glycerol were 1:0,5, 1:1,
Glycerol; ’ 1:1,5, 1:2 and 1:4 and the concentration of catalyst were 1%, 2%, 3%, 4% and 5%

Glycerol Carbonate; respectively. Reaction was done for four hours. The results showed that the formation of
Urea glycerol carbonate from glycerol and urea using a catalyst Amberlyst 36 is affected by the
catalyst concentration, reaction temperature and the ratio of reactants used. The highest
glycerol conversion was obtained at 55.07% at a temperature of 393 K with mole ratio of urea

and glycerol 1:0,5 and the percentage of catalyst 3% of the amount of glycerol.

INTRODUCTION

Biodiesel is one of potential alternative fuel
to be developed in Indonesia. It is commonly
produced through transesterification process of
vegetable oil using methanol in the presence of
catalyst. Biodiesel production from triglycerides
will generate about 10% (v/v) glycerol as main
byproduct. The surplus of glycerol from biodiesel
production become research focus to find an
innovative way to transform glycerol into more
valuable product. One of this solution is to utilize
glycerol as raw material of glycerol carbonate
production.

Glycerol carbonate is a non-toxic, non-
flammable, possess low vapor pressure, high boiling
point and also moisturizing ability. Glycerol has

many applications in industrial sector, it can be
used as raw material for production of polymer,
surfactant, emulsifier, adhesive, ink, lubricant,
paint, intermediates in cosmetics and pharma-
ceutical industries.

Glycerol carbonate can be synthesized
through (1) glycerol carboxylation with urea (2)
glycerol carboxylation with carbonate sources such
as ethylene carbonate or dimethyl carbonate, and
(3) supercritical reaction of glycerol with carbon
dioxide. Glycerol supercritical reaction with carbon
monoxide catalyzed by n-Bu;Sn(OMe), only
produce glycerol carbonate with 5.72% yield.
Supercritical process from previous study which is
performed at high temperature and pressure still has
not give optimum result (Aresta et al., 2006). Li &
Wang (2011) stated that to obtain sufficiently high
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Figure 1. Possible reaction pathways for the reaction between glycerol and urea.

yield of glycerol carbonate need to be separated
which require high energy. Reactant recycle process
also favor high cost.

There are several reaction steps in
producing glycerol carbonate from glycerol and
urea. Zhang & He (2014) propose reaction steps of
glycerol with urea as shown in Figure 1. Glycerol
and urea is reacted to produce intermediate which
might produce byproduct beside glycerol carbonate.
Glycerol carbonate also able to react with the
reactants to produce another byproduct.

The disadvantages of preparing glycerol
carbonate from glycerol and urea lead to creation of
large amounts of ammonia, which need to be
separated to avoid interference during reaction
process (Claude et al., 2001). According to Aresta
et al. (2009) removal of ammonia during process
can be done by reacting ammonia produced with
carbon monoxide to produce urea. Moreover,
glycerol carbonate production from carboxylation
of glycerol with urea uses easily available and low
cost material.

In this paper, factors affecting production
of glycerol carbonate from reaction between
glycerol and urea over cationic resin solid catalyst

Amberlyst 36 are studied. Ion exchanger solid
catalyst is used in this research due to its advantages
such as ease of separation and reusability. Saturated
solid catalyst can be easily regenerated (Choi et al.,
1996). Amberlyst 36 has been used by several
researcher such as Akbay & Altiokka (2011) which
evaluates the kinetic and thermodynamic
equilibrium of acetic acid esterification process with
n-amyl alcohol using this catalyst. Experimental
results showed that surface reaction kinetics is the
determining step and temperature affects chemical
equilibrium.

MATERIALS AND METHODS

Materials

Glycerol (98%) with density of 1.257 g/ml
was supplied by PT. Brataco Chemical Yogyakarta,
Urea (98.57%). Amberlyst 36 activated by HCL 6
M.

Experimental setup
Experimental setup used in this research is
shown in Figure 2.
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Figure 2. Experimental setup of glycerol carbonate production.

Synthesis of Glycerol Carbonate

Glycerol and amberlyst 36 catalyst based
on research variable were put inside three-neck
flask. Cooling water then turned on and magnetic
stirrer was set to the scale of 375 rpm. Next, heater
was turned on. After it reached the desired
temperature, urea was then poured till it mixed
well. Sample then gradually taken every 30 minutes
for 4 hours at different temperature variable. Once
sampling process is finished, heater and magnetic
stirrer were turned off. Subsequently, cooler was
turned off after temperature getting lower. Samples
were then analyzed using titration method to
measure free glycerol concentration. The
experimental procedures were then repeated for
each variable.

Research Variable

This research was conducted at
temperature of 373 — 413 K. Urea : glycerol molar
ratios used were 1:0.5, 1:1, 1:1.5, 1:2 and 1:4,
amberlyst 36 concentration (%wt) used was 1%,
2%, 3%, 4% and 5% under constant stirring (375

rpm).

Product Analysis

Quantitative analysis of free glycerol in
glycerol carbonate was determine by titration with
sodium thiosulfate (Na.S»0s3). Glycerol conversion
was calculated by substracting starting glycerol with
free glycerol and dividing it by the starting glycerol.
Subsequently, urea conversion can be calculated.

Qualitative analysis were performed by using GC-
MS.

RESULTS AND DISCUSSIONS

Parameters studied in this research were
weight of catalyst, reaction temperature and
reactant molar ratio to the synthesis of glycerol
carbonate.

Effect of Catalyst Weight

The effect of glycerol conversion was
investigated in a range of 1 — 5% (%wt). Other
parameters were set at constant temperature 393 K
and urea to glycerol molar ratio 1:1 with reaction
time for 4 hours.

Figure 3 shows that increasing of catalyst
loading led to gradual increase in glycerol carbonate
conversion. In other words, catalyst addition will
increase rate of reaction. The use of 5% catalyst
loading gave highest glycerol conversion at 43.48%.

The increasing of glycerol conversion at
catalyst loading 3 — 5% is less significant compared
to catalyst loading 1- 3%. This is due to active sites
of catalyst needed by reactant almost reached its
maximum limit.

This results were in line with study of
glycerol carbonate production from glycerol and
urea in the presence of Ni/yALOs; -catalyst
investigated by Damayanti et al. (2012). The
research was conducted by varying Ni/yALO;
catalyst loading to 1, 3 and 5% (%wt glycerol). The
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Figure 3. Glycerol conversion in function of
reaction time at different catalyst
loading.
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Figure 4. Glycerol conversion in function of reaction
time at different urea : glycerol molar
ratio.

w
o

S
(=]

.
o>

2

/-o‘.
&
=
g
m tt
5 20 - t' X 373K
g L X 383K
X
O 20 " e 303K
[e]
E 10 > 4 sl 403K
= |
5 T 413K
06
1

Reaction time (hours)

3 4 5

Figure 5. Glycerol conversion in function of reaction time at different reaction temperature.

best result was obtained at 5% catalyst loading with
glycerol conversion and glycerol carbonate 43.93
and 27.83% respectively at operating temperature
423 K.

Effect of Reactant Molar Ratio

Figure 4 shows that higher urea : glycerol
molar ratio leads to higher glycerol conversion. The
highest glycerol conversion obtained at molar
ration of 1:0.5 at constant 3% (%wt) of catalyst
loading and temperature of 393 K. At this condition
we achieve 55.07% glycerol conversion. Higher
urea to glycerol molar ratio allows more carbonyl
groups produced, so that reaction between glycerol
glycerol and urea will produce glycerol carbonate
easily (Zhang & He, 2014). This results is supported
by Hammond et al. (2011) statement, when urea
becomes limiting reactant there is not enough urea
used in reaction with consequence of reducing
glycerol conversion.

Effect of Temperature

Figure 5 shows the effect of temperature to
glycerol conversion for 4 hours reaction time.
Increasing reaction temperature, lead to dramatic
effect towards glycerol conversion. Particles kinetic
energy will be higher at high temperature resulting

increasing of particle collision and faster reaction
process. In this research, highest glycerol
conversion obtained at reaction temperature of 413
K with 42.75 glycerol conversion.

CONCLUSION

In this study, it can be concluded that
glycerol production is affected by reaction
temperature, urea to glycerol molar ratio and also
catalyst weight. Highest glycerol conversion in this
research was 55.07% obtained at 393 K reaction
temperature, urea to glycerol molar ratio of 1:0.5
and 3% (%wt) catalyst loading to the amount of
glycerol.
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