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CaO is a very good catalyst for oil transesterification reactions into biodiesel, but requires a
reaction time of 2 hours to obtain equilibrium. The time of CaO catalysis reaction can be
accelerated by modifying the CaO catalyst with SrO. Synthesis biodiesel of waste cooking oil
has been successfully conducted by transesterification reaction that used batch reactor
assisted by CaO.SrO catalyst. The aim of this study is to determine the characteristics and
catalytic activity of catalyst in the transesterification reaction. Catalysts have been
successfully synthesized by coprecipitation method with oil to methanol molar ratio of 1:1,
and its calcined at 800°C for 3 hours. Catalyst was characterized by XRD to determine the
crystallinity. The smaller catalyst crystallinity obtained as the decline in intensity and shifts
diffraction angles of CaO modified SrO catalyst. Surface area of catalyst characterized by
SAA, that allow surface area between CaO modified SrO by 10.217 m?/g. Transesterification
reaction performed on variation time (30, 60, 90, 120, 150 minutes), and the catalysts amount
(1, 2, 4, 6, 8% /). The optimum condition of catalytic activity in reaction for 2 hours and

the catalyst amount is 1% "/, of reactants that produce yield of biodiesel is 96.4%.

INTRODUCTION

Biodiesel is based on the methyl ester
vegetable oil, just like the waste cooking oil from
palm oil. Ketaren (2005) stated that waste cooking
oil has FFA content for 5-15%, for the
transesterification reaction can be conducted, then
the FFA number has to be decreased until < 1%, as
the transesterification reaction lasts between the
vegetable oil (which FFA <1%) with metanol using
heterogeneous base catalyst (Hambali et al., 2007).
Heterogeneous base catalyst that can be used in
transesterification, that is metal oxide with the
catalytic activity order BaO > SrO > CaO > MgO
(Liu et al., 2007). Liu et al. (2008) reported that
CaO is one of the heterogeneous catlysts that is
mostly used beacuse it has a high catalytic activity.

CaO can be used as a heterogeneous catalyst with a
slow reaction speed and it costs 2 hours reaction to
reach a balance condition (Liu et al., 2008). Liu et
al. (2007) revealed that the SrO catalytic activity
order is higher than BaO, proved in the
transesterification of soybean oil to biodiesel, the
result of biodiesel is over 95% in 30 minutes.

The catalytic activity of heterogeneous
catalysts can be increased by increasing the
concentration of the active side surface, for example
modification of the CaO catalyst with SrO by the
coprecipitation method. This synthesis method
equal with the making of ZnO catalyst by Kanade
et al. (2006) and the modification follows
Ngamcharussrivichai et al. (2008). So, hopefully
this CaO.SrO catalyst can form a biodiesel with a
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Ca(CH3COO0):.2H20 ¢y + Sr(NO3)2.2H20 o) + 2C:H204.2H20 o) = CaC204.2H20¢) +

(M

SrC,04.2H,0) + 2CH3COOH) + 2HNOs30)+ 2H2Oq)

A
CaC204.2H20)+ SrC204.2H20) =  CaCOsgs) + SrCOs) + 2CO¢ + 4H20(
A
CaCOsit+ SrCO3s — CaOg) + SrOg) + 2CO2q

high yield reaching more than 90% and a short
reaction time.

RESEARCH METHODOLOGY
The instruments used in this research are

AND GR-200 analytic balance, Hotplate magnetic
stirrer, furnace, hydrothermal reactor, memmet

oven,centrifuge, Gas Chromatography (GO)
Hawllett Packard 5890 Series 1II, Gas
Chromatography-Mass Spectroscopy (GC-MS)

Perkin Elmer Clarus 680SQ 8T, instrument X-Ray
Diffraction Phillips Expert (XRD) Philips pW 1800,
Quantachrome Instruments Nova 1000e.

The materials used in this research are
waste cooking oil, aquades, whatman 42 paper,
filter paper, deionize water, activated charcoal
adsorbent, 95% alcohol, and material with grade
pro analysis that is Phenolphthalein Indicator (PP),
metanol, oxalate acid (H2C,04.2H,0), Sr Nitrate
(Sr(NO:3)2.2H20), Ca Acetate (Ca(CH3COO)..
2H,0), NH4 OH liquid, CONHz): (Urea
Anhydrate), acetone (CH3COCHj;), NaOH, KOH.

This research was conducted in 5 steps, the
first step was doing a pretreatment to the waste
cooking oil that would be used in the
transesterification, in the second step, the catalyst
was synthesized with molar ratio of Ca0.SrO
(1:1)using precursor Ca acetate and Sr nitrate in a
hydrothermal reactor and the result was calcined at
800°C for 3 hours. The third step was the
characterized of CaO.SrO (1:1) catalyst using X-
Ray Diffractometer (XRD) to determine the
crystallinity of the catalyst, also using Surface Area
Analyzer to determine the catalyst surface area with
Brunauer-Emmet-TellerlBET)method. The forth step
was doing a biodiesel synthesis with the time
variance of (30, 60, 90, 120, and 150 minutes) and
the amount of CaO.SrO 1:1 catalyst (1, 2, 4, 6, and
8% b/vto the reactant). The reaction was conducted
at 65°C, the mixing speed of 300 rpm, and the the
volume of oil:metanol (1:3). The fifth step was
identifying the result of biodiesel synthesis and
physical  characterize  of biodiesel. = The
identification of the biodiesel synthesis result using
instrumentation of Gas Chromatography-Mass
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Spectroscopy (GC-MS) to determine the
concentration of the methyl ester content in
biodiesel, and the result of biodiesel physical
characterize was adjusted with SNI 04-7182-2006
tested in density, viscosity, and bias index.

RESULTS AND DISCUSSION

The pretreatment of the waste cooking oil
was conducted using 3 steps reaction, that is
despicing (flavor removal), neutralization, and
bleaching (color removal) according to Siswani et al.
(2012). The pretreatment was conducted to reduce
the value number of acid in the waste cooking oil as
the domestic waste product. The number of acid oil
before the pretreatment was conducted was 4.867
mgKOH/gr, and after the pretreatment, the value
number decreased to 0.562 mgKOH/gr. The result
of the acid number decreasing showed a success in
the pretreatment of waste cooking oil and then the
pretreatment oil product was synthesized with
transesterification assisted by CaO.SrO (1:1)
catalyst.

The synthesis of CaO.SrO (1:1) catalyst
was conducted using coprecipitation method with
oxalate acid as the acid precipation agent. The
precursor used was Ca acetate
(Ca(CH;C0O0):.2H:0) and Sr nitrate
(Sr(NO:3)2.2H20). the synthesis began with making
calcium acetate liquid and strontium nitrate by
dissolving each solid to the deionize water until a
liquid was obtained with the molar ratio 1:1, then
oxalate acid was added in the liquid until a turbid
liquid was obtained. The change ofliquid from pure
to turbid showed that the liquid had saturated and
indicated that calcium-strontium oxalate was
formed. The reaction happened in the
coprecipitation as shown by Kanade ez al. (2006) is
shown in Eq. (1) — (3).

Those reaction equation was a
decomposition reaction from calcium oxalate and
strontium oxalate solid to calcium oxide and
strontium oxide solid with calcination treatment in
a high temperature according to (Rahmawati et al.,
2012). The calcination process also affected in the
decomposition of acid oxalate to H2O and CO, like
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the decomposition of acid oxalate as reported by
Barokah & Widiarti (2015) so it did not leave
pollutant in the ZnO and CuO/ZnO. Ca0O.SrO
catalyst as a synthesis product had a X-ray
difraction pattern in Figure 1. The difraction
pattern in Figure 1 showed that CaO.SrO catalyst
was a crystalline catalyst, marked with the high and
sharp peaks in the angle 26 = 15-65°, also it showed
that in the CaO.SrO sample had drifaction peaks
which was similar with the difraction pattern in the
CaO dan SrO sample.
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Figure 1. Difactogram pattern of CaO, SrO,
and CaO.SrO (1:1) catalyst

The difraction peak of CaO as the
calcination product at 800°C for 3 hours was in 20
32.780° and 64.350° and the peak of SrO
appeared in 20 = 25.202° ; 29.643° ; 34.650° and
49.952°. The difraction peak combination of
Ca0.S5rO was also showed with the angle of =
25.223° ; 29.790° ; 31.687° ; 59.478° ; 62.638° ;
64.192°in which the intensity was displaced and
reduced. The increase of crystallinity that was
obtained after the modification process become less
maximal because the calcination temperature was
less maximal so the hydration and recarbonation
happened to the catalyst. The calcination in the less
maximal temoerature can only reach the pore
surface of the catalyst, to increase the purity of the
catalyst from the higher pollutants and did not
damage the catalyst structure. A calcination was
needed at 900°C or above (Zhu et al., 2006).

The characterized of surface area with the
nitrogene adsorption was conducted to the CaO,
SrO, and CaO.SrO (1:1) samples. The result of
surface area measurement with the BET method
from CaO, SrO, and CaO.SrO (1:1) catalyst was
11.400 m?/g, 1.802 m?/g, and 10.217 m?/g. The test
result of CaO.SrO sample showed that a
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combination was occured between CaO modified
by SrO, and produced CaO.SrO surface area that
was 5.6 times bigger than the pure SrO. The CaO
catalyst had a surface area 1.2 times bigger than
Ca0O.SrO catalyst, this result showed that
modifying CaO with Sr species affected the surface
area of CaO and helped to disperse Sr species to the
whole surface of CaO. Yoosuk et al. (2010) stated
the similar thing that Sr species can be dispersed to
the entire surface of MgO so it brought
MgO.SrOcatalyst a bigger surface area than the
pure SrO.

The test of catalytic activity in the
CaO.SrO (1:1) sample in transesterification
reaction of waste cooking oil to biodiesel using
reactor batch method with the time variance and
catalyst amount, to determine the optimum
condition from the test of catakytic activity and the
result was analized with gas chromatography. The
result of optimum transesterification reaction in the
time variace showed in the 120 minutesand the
product area percentage for 0.479%. The optimum
reaction time achieved because the product area
percentage increased along with the duration of
reaction and would decrease after it reached a
balance reaction, so with the increase of reaction
time it would not favorable because it did not
increase the result (Azmi, 2009).

The optimum reaction time would conduct
a further reaction with a variation of catalyst
amount and product area percentage produced for
2.484% in the use of 1% b/v catalyst amount to the
optimum reactant. The product area percentage
continued to decrease as the catalyst amount
increased. The transesterification reaction that is
given a treatment of increasing catalyst amount
showed there was a problem in the contact
(collision) between molecule, because the given
catalyst would precipitate and coagulate in the base
of reaction gourd. This statement was proven by
Wendi et al. (2015) who stated that the effect of the
increase of catalyst amount, the combination of
catalyst and reactant had become too thick, so it
cause trouble in the mixing and demanding of
higher power consumption for the mixing. The
problem would also affect the catalytic activity
from the used catalyst decreased as the decreasing
of catalyst active side function, and the adsorption
process of reactant molecules in the catalyst active
surface would be disturbed by the precipitation
problem of the given catalyst(Arita et al., 2008).
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Figure 2. The Chromatogram of GCMS biodiesel synthesis product

CaOg+ SrOg) + 2C02 — CaCOsg) + SrCO3)
CaCOsi+ SrCOs + 2H20qp — Ca(OH)xs + Sr(OH)xs) + 2COx

The optimized result from
transesterification reaction time variance and
catalyst amount showed that the maximum time of
transesterification reaction and the catalyst amount
of Ca0.SrO (1:1) was 120 minutes (2 hours) and
1%. In that optimized result, a transesterification
reaction was conducted once again, to produce a
biodiesel that was enough to be characterized in its
biodiesel physical. In an optimum condition a pure
biodiesel was produced for 24.1 mL from the
volume of waste cooking oil that was used for about
25 mL. The calculation result found that the
biodiesel yield percentage that was produced was
96.4% and the result of optimum condition was
analyzed with GCMS to determine the metal ester
fat acid components. The biodiesel chromatogram
as the optimized product can be seen in Figure 2.

The chromatogram in Figure 2 showed
four prior peaks in the retention time and
consentration respectively was the first peak with
the retention time of 11.122 minutes for 3.76 %
(methyl miristat), the second peak 13.308 minutes
for 39.81% (methyl palmitat), the third peak 15.224
minutes for 15.87% (methyl linoleat), and the fourth
peak 15.314 minutes for 40.56% (methyl oleat).
This transesterification reaction was using a solid
catalyst heterogeneous base .SrO (1:1), but the
expected catalyst could not be produced because the
difactogram pattern as the product of XRD test
showed the existence of Ca(OH).and CaCQOs. The
fault in the making of this catalyst was analyzed
with  Match! and it proved that there
wereCa(OH).dan CaCO; peaks that was more
dominant than the pure CaO or SrO even CaO.SrO.
Rahmawati et al. (2012) reported that the open
condition of sample when it was characterized by
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XRD was more likely to form Ca(OH), and
CaCOsin reaction with H,O dan CO: from the
atmosphere during the XRD analysis. The reaction
scheme that was occured in the CaO.SrO catalyst
which experience a spontaneous reaction with the
surrounding atmosphere was shown in Eq. (4) and
(5).

The error in the making of CaO.SrO (1:1)
catalyst that produced Ca(OH). did not affect the
methyl ester product. Kouzu et al. (2008) had
reported that Ca(OH): could still be used as a
catalyst in the transesterification reaction of
soybean oil with the biodiesel yield produced
reaching 93% for 3.5 hours. The test of physical
characterization of biodiesel to determine the
physical quality with as required in Indonesian
National Standard (SNI). The data of physical
characterization that was conducted included
density, kinematics viscosity, biodiesel bias index as
can be seen in Table 1.

Table 1 showed the value of biodiesel
density for 0.851 g/mL, this value had decreased
because trigliseride in the oil had converted to
methyl ester that had a lower density than
trigliseride (Kartika & Widyaningsih, 2012). The
viscosity value of biodiesel result of the synthesis
was 2.427 ¢St correspond with the SNI requirement
for biodiesel that is 2.3-6.0 cSt. If the fuel was too
thick, it can be difficult for the current, pumping,
and ignition. If the fuel was too light, it can be
difficult for the distribution of the fuel so it was
difficult to burn and will lead to a leak in the
injection pipe (Setiawati & Edwar, 2012). The
smallest index bias was biodiesel, because the speed
decreased as the heating effect, so the light speed in
the biodiesel was bigger which affected the value of
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Table 1. The Data of Physical Characterization Test

Biodiesel Physical Waste Cooking Oil Biodiesel product Standard Source Biodiesel
Characterization Test treatment
Density (g/mL) 0.901 0.851 0.85-0.89 (SNI 04-7128-2006)
Viscosity (cSt) 20.424 2.427 2.3-6.0 (SNI 04-7128-2006)
Bias index 1.437 1.350 1.3-1.4(Sidjabat, 2004)

bias index become smaller (Sutiah et al., 2008). It
showed the success of transesterification reaction
that was conducted because the transesterification
reaction changed trigliserida to methyl ester which
had a density,kinematics viscosity, and bias index
correspond with SNI 04-7128-2006.

CONCLUSION

Based on the finding and discussion it can
be concluded that CaO.SrO (1:1) catalyst was a
crystalline catalyst, with a small krystal level. The
catalyst surface area was 10.217 m?/g, which
showed a synthesis between CaO modified by SrO
was happening. The optimum condition happened
in the reaction time of 120 minutes and the catalyst
amount of 1% which produced a percentage of
biodiesel yield for 96.4%. the product of
transesterification reaction result that was analyzed
with the GC-MS instrument was methyl meristat,
methyl palmitat, methyl oleat, and methyl stearat.

SUGGESTION

A further experiment was needed with a
different metal oxide catalyst, longer time variance,
higher calcination temperature, further biodiesel
physical characterization to determine the catalytic
activity from the catalyst.
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