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Abstract

This paper explores the using of waste cooking oil (WCO) as an attractive option to reduce the raw material cost for the

biodiesel production. This can be achieved by using two different heterogeneous catalysts Ceria-Magnesium support on

Alumina and Ceria-Cobalt support on Alumina. Full characterization have been carried out of the produced catalyst using

XRD, SEM and Surface area. The optimum conditions for ceria cobalt are 0.3% catalyst (weight % of oil), and methanol/oil

molar ratio 6:1, with temperature 60°C for 1.5 hrs with yield 97% while the same conditions applied for ceria magnesium

as methanol/oil molar ratio 6:1, with temperature 60°C for 2 hrs using 0.5% catalyst (weight % of oil), the yield is 90%.
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Introduction

Human energy needs to spend all the requirements of
life such as houses must be heated, energy is required for
industry and agriculture. All processes that provide us
with the luxuries of every day live we can no longer live
without require energy generation. Fossil fuels are the
main stream of energy from ancient time. But
unfortunately, these fossil fuel reservoirs are dwindling
very fast due to rapid growth in the global population and
industrialization [1]. Biodiesel, a clean renewable and an
alternative fuel derived from vegetable oils, animal fats
and used frying oils. It consists of long-chain fatty acid
methyl esters (FAME), which is chemically produced
through the transesterification reaction of a triglyceride
with an alcohol (methanol is common) in the presence of
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an alkaline or acidic catalyst. It has recently been
considered as the best candidate for a diesel fuel
substitution because it's advantages such as
biodegradability, nontoxicity, and sulfurandaromatic-free
in comparison with petroleum-based fuels. A good
catalytic activity for biodiesel production shows in
traditional homogeneous catalysts (base or acid).
However, the separation of these catalysts from biodiesel
requires washing with water which in turn results in loss
of fatty acid alkyl esters (FAAE), energy consumption, and
generates large amounts of waste water [2,3]. For this
problem, heterogeneous catalysts are recommended in
the biodiesel production process; where they can be
reused repeatedly without any major loss in their

catalytic activity, making the process more economical
[4,5].
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The most commonly used heterogeneous catalysts are
carbonates, alkali and alkaline earth oxides and zeolites,
since high reaction yields (>94%) are achieved and these
are comparable to those reached with homogeneous
catalysts [6-9]. Also, K20/NaX and Na20/NaX have
demonstrated an excellent catalytic activity and high
yields (98%) in the production of biodiesel from
vegetable oils under moderated reaction temperatures
and methanol-oil ratios [10,11]. Among these catalysts
CaO0, ZnO, Al,03, MgO, TiOz2, zeolites [23], and inorganic
heterogeneous catalysts have been used [12-24].
Unfortunately, there are three phases in heterogeneous
catalyzed transesterification process caused a lower
reaction rate due to diffusion limitation so it leads to
achieve a very low catalytic efficiency and needs to be
improved [25].

Transesterification involves the displacement of
alcohol from an ester where the preferred alcohol is
methanol due to cheaper cost and polar nature.
Transesterification tends be to more complex as it
contains two immiscible phases such as oil and methanol.
The metal oxide heterogeneous catalyst consists of
positive metal ions which act as electron acceptors and
negative oxygen ions which act as proton acceptors.
Recently, much interest has been taken in the application
of structure promoters or catalyst supports which can
provide more specific surface area and pores for active
species, in which the O-H groups potentially break into
hydrogencations and methoxide anions, and then
methoxide anions strongly react with large triglyceride
molecules [26].

The present work was focused on synthesis of novel
heterogeneous catalyst for transesterification process
using Ceria-Magnesium support on Alumina (Ce-
Mg/Al203) with percentage 2.5 and Ceria-Cobalt over
Alumina (Ce-Co/Al203) with percentage 3.3 for efficient
production of biodiesel from waste cooking oil. The
produced catalyst was characterized using Scanning
Electron Microscopy (SEM), X-Ray Diffraction (XRD),
Fourier Transform Infra-Red spectroscopy (FTIR) and
Brunauer-Emmett-Teller (BET-surface area). Various
process parameters were also studied and optimized. The
purity of produced biodiesel was characterized using gas
chromatography.

Methods

Materials

Chemicals used for the synthesis of catalyst and
production of biodiesel were purchased from Cerium
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Sulphate (Ce(SO4)2.4H20)-Merck), Magnesium
Nitrate(Mg(NOs)2.H20-].T.Bauer), Alumina(Norton
chemicals), Cobalt nitrate (Co(NO2)2.6H20) and iso-
propanol (VWR chemicals) of analytical grade and used
without further purification. The waste cooking oil used
for biodiesel production was obtained from commercial
cooking unit in Alexandria-Egypt. The collected oil was
subjected to pre-treatment to remove suspended solid
materials.

Catalysts Preparation

Ceria-Magnesium Support on Alumina: The (Ce-
Mg/Al203) with percentage 2.5 was synthesized by Sol-Gel
method. Solution [ was prepared by dissolving 2.85 gm of
ceria sulphate with 15.15gm of magnesium nitrate in 100
ml of iso-propranol with high mixing rate for 15 minutes.
Then add 14 gm of alumina under continuous stirring for
2 hrs. Put the sample in the oven over night at 110 0C
then calcination has been held at 400 0C for 1hr.

Ceria-Cobalt Support on Alumina: The Ceria-Cobalt
over Alumina (Ce-Co/Al203) with percentage 3.3 was
synthesized by Sol-Gel method. Solution I was prepared
by dissolving 2.85 gm of ceria sulphate with 15.15gm of
Cobalt nitrate in 100 ml of iso-propranol with high mixing
rate for 15 minutes. Then add 14 gm of alumina under
continuous stirring for 2 hrs. Put the sample in the oven
over night at 110°C then calcination has been held at
400°C for 2hrs.

Catalysts Characterization: Surface structure and the
morphology of the catalysts were analyzed using different
magnifications of scanning electron microscopy (SEM,
JEOL JSM 6360LA). The Brunauer-Emmett-Teller
(Autosorb-1 Model No. ASIMP.VP4, USA), BET surface of
the catalysts was determined by N2 adsorption-
desorption at - 196°C or 77 K to identify the surface area
and pore volume of the catalysts. Also X-Rays Diffraction
(XRD) is carried out for catalysts to estimate Structure
properties to determine the crystalline phase in a
material.

Feed Stock Preparation: Before using the waste cooking
oil in transesterification process, acid esterification
should be taken place to decrease the acid value of oil that
make the separation easier due to less glycerol formation.
Sulphuric acid 2% by wt. of oil was used.
Transesterfication process takes place in a one liter 3-
neck round bottom flask, 100 ml of waste cooking oil was
heated and stirred in a water bath equipped with
magnetic stirrer (Wisdstir, temperature range up to
400°C and stirring range up to 1700 rpm) to the required
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temperature at 1000 rpm. Catalyst in the ratio (0.3-1 % by
weight of oil) was added to alcohol (4:1-10:1 molar ratio
to oil) then mixture was added to the heated oil. The
product was left in a separating funnel for 12 hours and
then the ester layer was collected after complete
separation by washing with hot water for 5-6 times and
using anhydrous NazS04 for drying.

The yield was determined by measuring the volume of
ester layer (biodiesel) and the conversion was
determined using gas chromatography and quadruple
Mass Spectrometers [GC-MS].

Results and Discussions

Catalysts Characterization

SEM Analysis: In order to know the structure sight of the
two catalysts prepared, Scanning Electron Microscopy
(SEM) was employed to visualize sample morphology. In
the present work, the samples prepared were analyzed by
using SEM "JEOL JSM 6360L. The surface morphology of
the (Ce-Mg/Al203) with percentage 2.5 and (Ce-Co/Al203)
with percentage 3.3 are presented in Figures 1 & 2
Respectively.

BTONNN  tpAeE
Weife  wge 280K

Figure 2: SEM of (Ce-Co/Al203) with 3.3%.

BET Analysis: The Brunauer-Emmett-Teller (BET)
device is used in surface area measurements, pore size
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and volume of powder catalysts as shown in the following
Table 1.
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Type Surface area | Volume | Pore Size
Ce-Mg/AI203, | 5o o /g 10.603 cm3/g| 110.632A
2.5%
Ce-C;)é%/LZO& 236.9m?/g |0.702 cm®/g| 118.43°A

Table 1: The Brunauer-Emmett-Teller (BET) device is
used in surface area measurements, pore size and volume
of powder catalysts.

As shown in the comparing table the surface area of
ceria cobalt is bigger than ceria magnesium, and as the
surface area increase the conversion yield increase. So
theoretically ceria cobalt is supposed to be the best one.

X-Ray Diffract Meter (XRD): X-ray powder diffraction
(XRD) is a rapid analytical technique primarily used for

phase identification of a crystalline material and can
provide information on unit cell dimensions. The analyzed
material is finely ground, homogenized, and average bulk
composition is determined as shown in Figure 3 & 4. The
XRD of Ce-Mg/Al203, 2.5% shows in Figure 3 that the
major peaks for Alumina which appeared at 20 value
ranging ,the diffraction peak at 26 with 33°,45° and 67°,
because alumina is the largest element which have oxides.
While the other peaks are approximately equals for Ceria
& Magnesium oxide. Figure 4 shows the XRD of Ce-
Co/Al203, 3.3% that the major peaks for Alumina because
alumina is the largest element which has oxides. While the
other peaks Ceria is more than cobalt oxide that is
because the source of the x-ray is copper and in the
periodic table Cobalt and copper are very near to each
other.

e
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Figure 3: XRD of Ceria-Magnesium over Alumina (Ce-Mg/Al203) with 2.5%.
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Figure 4: XRD of Ceria-Magnesium over Alumina (Ce-Co/Al203) with 3.3%.

Effect of Reaction Time

The effect of reaction time on the process of
transesterification is shown in Figure 5. The conversion
increases with the time of reaction being a key parameter
for obtaining a good industrial production. The
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conversion rate increases up to 97.6% with the reaction
time increases upto 2.5hrs by using 0.5wt% of oil Ce-
Co/Al203,3.3% while reach to 88% by using 0.5wt% of oil
Ce-Mg/Al203,2.5%. This can attributed to the higher
surface area of the catalyst.

Copyright© Abdelfatah M, et al.



Petroleum & Petrochemical Engineering Journal

100

s —e— Ce-CO/Al203,3.3%

o5 | —® CeMg/Al203,2.5%

94
92
90

88
86
84
82

80

yeild of biodiesl produced ,vol.%

V] 0.5 1 1.5 2 2.5 3

Time, hr

Figure 5: The Effect of Reaction Time on the Process of
Transesterification using (Ce-Mg/Al203), 2.5% and (Ce-
Co/AI203), 3.3%.

Effect of Molar Ratio of Alcohol to Oil

One of the most important variables affecting the yield
of methyl esters is the molar ratio of alcohol to oil.
Transesterification requires 3 mol of alcohol for each
mole of triglyceride to produce 1 mol of glycerol and 3
moles of methyl esters. Industrial processes use 6 mol of
methanol for each mole of triglyceride in order to have a
maximum conversion. The alcohol/triglyceride molar
ratio has to be essentially large. The excess of alcohol is
used in order to shift the reaction equilibrium, to avoid
the reverse reactions and to accelerate the process. The
effect of molar ratio of methanol/oil on the process of
transesterification is shown in Figure 6. As the molar ratio
of methanol/oil increases from 4:1 to 10:1 the yield of
biodiesel increases from 92.6% to 97.4% using 0.3%
catalyst amount for 1.5hrs at 60°C using Ce-Co/Al20s3,
3.3% while from 84% to 96% using 0.5% catalyst amount
for 2 hrs at 60°C using Ce-Mg/Al203, 2.5%.

Effect of Catalyst Amount

An insufficient amount of catalyst results in an
incomplete conversion of the triglycerides into the fatty
acid esters. Figures 7 show the effect of catalyst amount
by wt. % of oil on the yield of biodiesel produced. In the
process, the catalyst should be added into the alcohol first
and then in the oils in order to prevent the hydrolysis
reaction due to the small amount of water formed during
the mixing between the alcohol and the catalyst. In this
way the effect of the alcohol-catalyst mixing are not
influences the product yield. As shown in Figure 7, the
catalyst amount increases from 0.3 to 1 (wt. % of oil), the
yeild of biodiesel produced increses from 82% to 90%
using 6:1 methanol/oil molar ratio for 2hrs.at 60° C using
Ce-Mg/Al203, 2.5% but by using Ce-Co/Al203, 3.3 %, the
yeild of biodiesel produced decrease from 98% to 91.6%
using 6:1 methanol/oil molar ratio for 1.5 hrs. at 60° C.
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Figure 7: The effect of catalyst amount on the process of
Transesterification using (Ce-Mg/Al203), 2.5 % and (Ce-
Co/Al203), 3.3 %.
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Figure 6: The Effect of Methanol/Oil molar ratio On the
Process of Transesterification Using (Ce-Mg/Al203), 2.5
%and (Ce-Co/Al1203), 3.3 %.
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Effect of Temperature

The effect of temperature on the % yield of biodiesel
with varied range of temperature as (35, 45, 60 & 65 °C) is
shown in Figure 8. Transesterfication reaction can take
place at different temperatures depending on the
properties of reactants. In Figure 8, the behaviour of the
two catalysts has the same trend, as temperture increases
from 35°C to65°C, the yeild of biodiesel increases from
74% to 88% using 6:1 methanol/oil molar ratio, 0.5 %
catalyst (%by wt.) for 2hrs using Ce-Mg/Al203, 2.5% but
by using Ce-Co/Al203,3.3%, the yeild of biodiesel
produced increase from 90.2% to 97% using 6:1
methanol/oil molar ratio, 0.3 % catalyst (%by wt.) for 1.5
hrs.
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Figure 8: The effect of temperature on the process of
Transesterification using (Ce-Mg/Al203), 2.5% and (Ce-
Co/Alz03), 3.3%.

Conclusions

The production of fuel quality biodiesel from low-cost
high FFA waste cooking oil was investigated. A two-step
transesterification process was used to convert the high
free fatty acid oil to its ester. Trans-esterification of waste
cooking oil using heterogeneous catalyst was investigated
for optimum reaction conditions. The preliminary
experimental study per- formed in this work has
demonstrated that:

Ceria cobalt has higher surface area and pore volume
than ceria magnesium.

Ceria cobalt used less amount of catalyst than ceria
magnesium to obtain more yield of conversion.

Ceria cobalt is faster than ceria magnesium to achieve
more yield of biodiesel.

The optimum conditions for ceria cobalt are 0.3%
catalyst (weight % of oil), and methanol/oil molar ratio
6:1, with temperature 60°C for 1.5 hrs.

The optimum conditions for ceria magnesium are 0.5%
catalyst (weight % of oil), and methanol/oil molar ratio
10:1, with temperature 60°C for 2 hrs.
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