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ABSTRACT: Many low-cost feedstock i.e. used-cooking oil (UCO) for the production of biodiesel fuel (BDF) has contained a large
amount of water and high proportion of free fatty acids (FFAs). Therefore, a pre-treatment process to reduce the water content
(<0.1 wt.%) and FFAs (<2.0 wt.%) were necessary in order to avoid an undesirable side reactions, such as saponification, which
could lead to serious problem of product separation and low fatty acid methyl ester (FAME) yield. . In this study, a pre-treatment
process of used cooking oil as a feedstock for the production of BDF by using various adsorbents such as Activated Carbon (AC) and
various clay minerals, for example Smectite (S), Bentonite (B), Kaolinite (K), and Powdered Earthenware (PE) were evaluated. The
oil obtained from pre-treatment was compared with oil without pre-treatment process. In this study, we reported a basic
difference in material ability to the oil, depending on the adsorption condition with respect to the physico-chemical parameters, e.g.
refractive index (R), density (p), FFAs, and water content (W). The results showed that the water content and FFAs in the oil has
decreased when using AC as an adsorbent compared with clay minerals. However, the refractive index of oil has similar with the oil
without pre-treatment process as well; meanwhile, the density of oil has increased after the pre-treatment process by using clay
minerals.
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1. Introduction

Biodiesel can be obtained through the
transesterification reaction of oil or fat feedstock
containing triglycerides with alcohol. Chemically,
biodiesel is a mixture of methyl esters with long-chain
fatty acids produced from biological sources such as
vegetable oils and animal fats or used cooking oil
(Leung 2010). Biodiesel as an alternative fuel has some
advantages compared to fossil fuel properties, such as
the eco-friendly nature, non toxic, renewable,
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biodegradable, and free of sulfur and other harmful
emissions (Guan & Kusakabe 2009).

Vegetable oil (i.e., palm oil) is raw minerals that
are abundant in Indonesia because of the regular
consumption of Indonesian people to palm cooking oil.
Almost all types of cuisine in the country needs to be
cooked by using palm oil in the processing, so that the
need for cooking oil has increased every year. In 2011
the consumption of cooking oil in Indonesia stands at
7.1 million tons and by 2013 this is reached 8.5 million
tons (Indexmundi 2013). Therefore, the amount of
used-cooking oil also increased as raw material for
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biodiesel. In addition, the utilization of used-cooking oil
as biodiesel diminishes the problem of contamination,
because the reusing of these greases can reduce the
burden of the government in disposing of the waste,
maintaining public sewers, and treating the oil
wastewater.

Use-cooking oils have properties different from
those of refined and crude oils. The high temperatures
of typical cooking processes and water from the foods
accelerate the hydrolysis of triglycerides and increase
the free fatty acid content in the oil. Also, problem with
the stability of the mixtures and increases in the
peroxide value are observed. Likewise, the viscosity,
iodine value, saponification value, and density are
different when refined and crude oils are used (Encinar
etal 2005).

High concentrations of glycerol in biodiesel can
cause problems during storage due to its separation,
and in usage by forming deposits on injection nozzles
and promoting an increase in aldehyde emissions
(Mittelbach 1996). The presence of water in the
biodiesel can cause engine corrosion or side reactions
with glycerides to produce soaps and glycerol.8 Soaps
and free fatty acids cause the deterioration of certain
components of engines (Faccini et al. 2011) Thus, the
pre-treatment used-cooking oil that content of water
amount and free fatty acid are essential for the viability
of biodiesel use and also for the choice of the raw
minerals employed in the transesterification process.

In the present study aimed to investigate the use of
activated carbon and clay minerals (e.g. smectite,
bentonite, kaolinite and powdered earthenware) as
adsorbent for pre-treatment of used-cooking oil as a
source of biodiesel production. Furthermore, the
adsorption condition with respect to the physico-
chemical parameters, e.g. refractive index (R), density
(p), FFAs, and water content (W) were measured.

2. Materials and Methods

2.1 Materials

Used-cooking oil was received from home industry
activities around of Universitas Islam Indonesia (UII)
campus. Bentonite, kaolinite, and smectite were
purchased from Wako Chemicals Ltd., Japan and
activated carbon from Merck, Germany. Powdered
earthenware was prepared by crushed the traditional
earthenware. Other chemicals were purchased from
Merck, Germany.

2.2 Experimental procedures

The process involves direct filtration by using filter
paper. First filtration was carried out to remove solid
particle from oil and the second one was adsorption
process by using adsorbent. Adsorption process was
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carried out in 100 ml beaker glass. 50 g of used-cooking
oil was heated until 100°C. After that, a 5 g of activated
carbon was poured into the oil and then stirred for 80
minutes. The mixture was then filtered and the filtrate
analyzed for its physico-chemical properties including
density, refractive index, water content, and free fatty
acids (FFAs), respectively. A similar procedures were
also prepared for bentonite, smectite, kaolinite and
powdered earthenware.

2.3 Analysis of used-cooking oil

The analytical methods used to determine the
characteristics of the oil are basically those
recommended by the SNI (National Standard of
Indonesia). The following properties of the used-
cooking oil after pre-treatment process were
determined: density (pycnometry), refractive index
(open prism refractometry), free fatty acid (alkaline
titration), and water content (different weight).

3. Result and Discussion

The qualities of pre-treatment of used-cooking oil
were determined by physico-chemical analysis and the
results were shown in the Fig. 1 for FFAs (%) and water
content (%) and Tab. 1 for density (g/ml) and refractive
index, respectively. Fig. 1 shows that the pre-treatment
process for each adsorbent was able to reduce of water
content and free fatty acid (FFA) in the oil significantly,
except for powdered earthenware material. High
decreasing of water content (< 0.1%) and FFAs (0.23%)
in the used-cooking oil was achieved when activated
carbon was used as an adsorbent compared with clay
minerals.
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Fig. 1 The FFAs and water content for used-cooking oil after
adsorption process by using various adsorbent compared with the oil
without pre-treatment process
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Table 1 Physico-chemical parameters used cooking oil purification results
Activated Clay minerals
Parameters uco carbon Bentonite Kaolinite Smectite PE
Density (g/mL) 0.828 0.830 0.931 0.930 0.931 0.935
Refractive index 1.462 1.463 1.463 1.462 1.462 1.463

Activated carbon

Bentonite

Kaolinite Smectite

Fig. 2 Transparency of oil after adsorption processs by using various adsorbents

Several studies have recommended that the free fatty
acid content in the oil should have less than 0.5% and
also be free of water or less than 1%, so that the catalyst
will not react with water that would eliminate the
ability of catalytic process (Freedman et. al. 1984). For
the clay material, the lowest percentage of those
properties was occurred when using powdered
earthenware (PE) as an adsorbent. Tab. 1 shows that
the refractive index of used-cooking oil for each
adsorbent after pre-treatment process was not high
different compared with the oil without pre-treatment
process. Meanwhile, the high density of the oil after pre-
treatment process was occurred because of solubility
effects of clay material in the oil. Fig. 2 shows the
transparency of used-cooking oil after adsorption
process by using various adsorbents. Activated carbon
gives the best results for the clearness of the oil
compared with the clay minerals. The treatment of oil
by using smectite has given a lighter colour than the
other clay minerals. However, the refractive index in the
Tab. 1 was not reflecting for these results. Therefore, it
is concluded that the adsorption process does not
significantly affect the value of the refractive index.

4. Conclusion

The pre-treatment of used-cooking oil by using
activated carbon and clay minerals affected to the oil
properties such as free fatty acid, water content, and
specific gravity. The pre-treatment process by using
activated carbon gives a good quality of used-cooking as

a feed stock of biodiesel production compared with clay
minerals.
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