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Abstract
One of the possible methods to utilize used cooking oil is alcoholysis. Wasted solid catalyst obtained from Pertamina Unit III located in
Palembang was used as catalyst. With this process some benefits might be obtained from these wastes. The alcoholysis of used cooking oil
with ethanol and reactivated wasted solid catalyst at high pressure was conducted in an autoclave provided with manometer, thermometer,
sampling device, heater, and mixer. The experiment was started by filling the autoclave with used cooking oil, alcohol, and catalyst, then
the heater and the mixer were switched on. Samples were taken out at 10 minutes intervals, and after being separated, the bottom layer was
analyzed in order to determine its glycerol content using acetin method. By raising the temperature, catalyst concentration, rate of mixing,
and ethanol-oil ratio, the glyceride conversion increased. The alcoholysis of used cooking oil followed pseudo first order reaction with
respect to the glyceride concentration. The relative favorable process conditions were 60 minutes of reaction time, temperature of 110°C,
catalyst concentration of 2 %, mixing velocity of 310 rpm, and alcohol-oil ratio of 6 mgek/mgek. Under this condition the conversion was
70.09.
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1. Introduction
Petroleum is a non-renewable energy sources. The sources of petroleum decrease with increasing of petroleum consumption. The
petroleum consumption increases with the increasing of population
and development of technology. This has huge implications for the
availability of energy in the future [1]. Therefore, research on alternative renewable energy and its applications developed rapidly in
recent years. Biodiesel is an alternative energy that has been developed extensively to reduce dependence on oil. Biodiesel is a fuel in
the form of metal fatty acid ester produced from a chemical process
between vegetable oil and alcohol. As a fuel, biodiesel can reduce
emissions of unburned hydrocarbons, carbon monoxide, sulfates,
polycyclic aromatic hydrocarbons, polycyclic aromatic hydrocarbons and nitric solid particles. Besides that, biodiesel is a fuel that
is favored due to its environmental friendly [1].
In some countries, biodiesel has been produced and consumed in
large quantities. In 2008, US biodiesel production reached 700 million gallons [2]. Most of the raw materials used in the production of
biodiesel in these countries are soy oil, canola oil, palm oil, and
sunflower seed oil. However, the use of raw materials has become
a new obstacle for food needs. Castor oil has been developed and
uses to overcome these problems [3,5], however castor oil is economically not feasible on a large scale due to the discontinuity of
its supply.
Another way to reduce the viscosity is mixing vegetable oil with
petroleum. However, there is a limitation volume of vegetable oil
in the mixture, for example, 30% volume of palm oil in diesel oil,

on the other hand, biodiesel mixture accuration has no maximal results [6,7]. Therefore, new material for biodiesel is needed.
The use of used cooking oil as a biofuel raw materials is very possible. Used cooking oil has low economic value, it also has carcinogenic properties that is harmful for human body. Therefore, used
cooking oil can be use as raw material for biodiesel production. In
Indonesia, used cooking oil is still controversial. Until now, most
of used cooking oil from large companies was sold to vendors and
use to fry food and some of it was dumped into the sewer. The compound of used cooking oil is very dangerous for human body. Innovation to use used cooking oil into biodiesel is needed. The potential
of palm oil in Indonesia is very large. The consumption of palm oil
in Indonesia in 2006 reached 1.47 million tons and tends to increase
as the increase of population. It is assumed that 20% of used cooking oil was obtained from national total consumption of vegetable
oil, approximately 294,000 tons of used cooking oil was possible to
be processed into biodiesel [8].
Alcoholysis of vegetable oil, such as rubber seed oil, nyampung
seed oil, cotton seed oil, used cooking oil, etc, have been done
widely. The objective of this research is to investigate the alcoholysis of vegetable oil using used cooking oil, solid catalyst, in an autoclave equipped with a stirrer, at high pressure (more than 1 atm).

2. Methodology
Used cooking oil was obtained from vendors in South Sumatera,
especially in Palembang. Analysis results showed the density was
0.924 g/ml, free acid equivalent 0.0313 mgek/g oil, and total acid
equivalent 3.215 mgek/g oil, caloric value 9.98733 cal/g.Ethanol
properties density is 0.7779 gr/cm3 [9]. Solid catalyst, zeolite, was
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obtained from wasted cracking catalyst Pertamina Unit III Palembang, which was dark grey. Used zeolite was heated in an oven at a
temperature higher than 4000 C to remove the adsorbed carbon. After heating, the used zeolite was light grey. Autoclave equipped
with thermal insulation, a stirrer, heater, thermometer, manometer,
and faucets trailer makers [10], [12].

3. Results and discussion
3.1. The influence of reaction temperature
The influence of reaction temperature can be seen in figure 2. The
increase of temperature will increase the conversion, this is because
molecules movement will be faster.Relation between -ln(1-Xa) with
time, resulting linier lines.

Fig. 1: Ethanolysis Reactor of Used Cooking Oil.
Fig. 2: Relationship between –Ln (1-Xa) with Time and Temperature.
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Used cooking oil, ethanol, and solid catalyst were fed into an autoclave. Temperature and mixing speed was kept constant by adjusting the powerstat. Sample was taken every 10 min, then cooled, and
centrifuged to accelerate separation into two layers. Sample was
taken, weighed, and the glycerol level in bottom layer was analyzed
using acetin method [13].
Sample was taken and centrifuged to separate top and bottom layer.
If the boundary between these layers is already clear, the top layer
is taken with a pipette, and the bottom layer weighed again, the residual ethanol was evaporated. 1.3 gr of liquid was taken then inserted into Erlenmeyer, and 3 gr of sodium acetate and 7.5 ml of
acetic acid anhydride was added, respectively. The mixture was
boiled for 1 hour, then cooled to room temperature (500C) then 50
ml of distilled water was added.
The cooled mixture was neutralized with 3 N NaOH fenolptalin until pink color was obtained. 10 ml NaOH 1 N was added after 15
min boiling. Then it was cooled. After cooling, the mixture was titrated with HCl 1 N until the red color disappeared. In addition,
blanko titration, which is the same way with the analysis of hash
but without sample, was also carried out.
Conversion Calculations using the equation:
N0

(1)

k1 = 10103, 3222 e -5092, 8910/T
If this reaction is used to calculate k1 value, , then the average error
k1 research results reached 4.69% and the deviation x ± 3.38%, this
can prove that chemical reactions controls the process.

3.2. The influence of the percentage of catalyst
From figure 3 it appears that the glycerides conversion increases
with increasing percentage of catalyst, because the substances reagent is more activated, so that greater collision occurred.

Fig. 3: Relationship -Ln (1-Xa) with Time and The Percentage of Catalyst.

After k” value obtained with catalyst percentage (H) form a straight
line that can be expressed by equation:
k” = 7,5044(10-3) + 5,0656 (10-3) H
K0 value was not much different compared to k” that does not use
a catalyst. (8, 503(10-3)). This is caused by acidity of alcohol.
Therefore, it is proven that the chemical reaction occurs in the liquid
phase and the order is pseudo against glycerides.

G: amount of glycerol formed, mgek
W1: mass of process sample, g
W2: mass of sample, g
W3: mass of bottom layer, g
W4: mass of bottom layer that was use to analyze, g
Vb: Volume of HCl for blangko titration, ml
Vc: Volume of HCl for sample titration, ml
No: HCL normality, mgek/ml

3.3. Effect of stirring speed

Co nversion, x was calculated using equation:
x= (G-(A1 Vmρm))/ (A2-A1) (Vmρm)
A1: free fatty acid, mgek/g oil
A2: total of fatty acid, mgek/g oil
Vm: volume of oil to process, ml
ρm: used cooking oil mass density, m/ml

From the above data, we can obtain a relationship between reaction
rate, k1, the reaction temperature, T ° K, shown by the equation:

(2)

In figure 4, it can be seen that glycerides conversions increase with
increasing of stirring speed, because more movement of the reactant
molecules occurred, this increase the collosions. However, the increasing of conversions is not high. Thus, it can be said that the
chemical reactions control the overall reaction rate.
If a graph of –ln(1-xA) versus time, t min, was made, it appears that
the points is not much deviate from straight lines (Fig.4). Thus, it
can be concluded that alcoholysis reaction using used cooking oil
and solid catalyst was controlled by chemical reaction of pseudo
first order against glycerides.

International Journal of Engineering & Technology

6911

Mass of
catalyst
Ethanol/oil
mgek/m
g ek
Reaction order
Conversion, %
Fig. 4: Relationship -Ln (1-Xa) with Stirring Speed.

An equation between k” and stirring speed (N) was made,
k” = 1,309 (10-2)N 0,0576
From above equation, a Reynolds index was 0.0576 which is much
lower than 0.5. this clearly shows that the chemical reaction has
important role [12].
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4. Conclusion
Alcoholysis reaction of used cooking oil at high pressure in liquid
phase using wasted cracking catalyst from petroleum plant. The reaction is controlled by chemical reaction of pseudo first order
against glycerides. The best condition was achieved at 110 C, catalyst percentace 2% of oil mass, stirring speed 320 ppm and reactant
ratio 6 mgek/mgek, conversion was 70.99. the resulted ester has almost similar properties to diesel oil.

3.4. Effect of ethanol-oil ratio equivalent
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ethanol-oil ratio equivalent as shown in figure 5. Relation between
–ln(1-xA0 with time, t, was a straight line. This indicates that the
pseudo first order against glycerides.
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