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Abstract

Industrial waste is produced in large amounts annually; without proper planning, the waste might cause a serious
threat to the environment. Hence, an industrial waste-based heterogeneous magnetic catalyst was synthesized us-
ing carbide lime waste (CLW) as raw material for biodiesel production via transesterification of palm oil. The cata-
lyst was successfully synthesized by the one-step impregnation method and calcination at 600 °C. The synthesized
catalyst, C-CLW/y-Fe203, was characterized by temperature-programmed desorption of carbon dioxide (CO2-TPD),
scanning electron microscopy (SEM), electron dispersive X-ray spectroscopy (EDX), X-ray Diffraction (XRD),
Brunauer-Emmett-Teller (BET), vibrating sample magnetometer (VSM), and Fourier transform infrared spectros-
copy (FT-IR). The catalyst has a specific surface area of 18.54 m2/g and high basicity of 3,637.20 umol/g. The cata-
lytic performance shows that the optimum reaction conditions are 6 wt% catalyst loading, 12:1 methanol to oil mo-
lar ratio with the reaction time of 3 h at 60 °C to produce 90.5% biodiesel yield. The catalyst exhibits good catalytic
activity and magnetism, indicating that the CLW can be a potential raw material for catalyst preparation and ap-
plication in the biodiesel industry.

Copyright © 2021 by Authors, Published by BCREC Group. This is an open access article under the CC BY-SA
License (https://creativecommons.org/licenses/by-sa/4.0).

Keywords: Carbide lime waste; Magnetic; Base catalyst; Transesterification; palm oil

Houw to Cite: S.G. Krishnan, F.-L. Pua, H.-H. Lim (2022). Synthesis of Magnetic Base Catalyst from Industrial
Waste for Transesterification of Palm Oil. Bulletin of Chemical Reaction Engineering & Catalysis, 17(1), 53-64
(doi: 10.9767/berec.17.1.12412.53-64)

Permalink/DOI: https://doi.org/10.9767/bcrec.17.1.12412.53-64

wastewater treatment and other industries
[3,4]. Since the CLW is classified as scheduled
industrial waste in Malaysia, and this Dby-
product continues to be landfilled as solid waste,
that has affected the environment. The utiliza-
tion of this by-product in different fields could
increase its application to preserve the environ-
ment.

Over the years, biodiesel has gained more
importance as an alternative source of energy

1. Introduction

Carbide lime is the by-product of acetylene
production, largely produced every year in Ma-
laysia [1]. Carbide Lime Waste (CLW) composed
by calcium hydroxide (Ca(OHg)), calcium car-
bonate (CaCOs), unreacted carbon and silicates
with ~85-95%, ~1-10% and 1-3%, respectively
[2]. CLW has been used to replace lime in the
agricultural sector, road constructions,

- that has both environmental and health bene-
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fits than fossil fuel. Biodiesel production still de-
mands an improvised industrial process, reduc-
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tion in production cost, and environmental ben-
efits [5]. Biodiesel generates minimal green-
house gases emission of carbon dioxide (CO2),
carbon monoxide (CO), unburned hydrocarbons
and particulate matter to the environment;
hence, biodiesel is considered renewable, biode-
gradable, non-toxic and sustainable [6]. It is
produced from feedstock such as vegetable oils,
animal or greases through conventional meth-
od, transesterification reaction with alcohol,
and catalyst [7]. The catalyst selection is the
most significant factor in biodiesel production.

Catalysts are categorized as homogeneous,
heterogeneous, or enzymatic and are frequently
employed to synthesize biodiesel. Homogeneous
catalysts: sodium hydroxide (NaOH), potassi-
um hydroxide (KOH) and sodium methoxide
(CH30ONa) are the general catalysts reported in
the transesterification process [8,9]. These cat-
alysts are relatively inexpensive and widely ac-
cessible; nevertheless, they may create saponi-
fication and separation problems in the final
product and lower yield [10]. Furthermore, the
catalyst unable to recycle as it is difficult to re-
cover from the reaction mixture. As a result,
these issues may be overcome by replacing ho-
mogeneous catalysts with heterogeneous cata-
lysts. Heterogeneous catalysts are recyclable
and non-corrosive, which is good for the envi-
ronment [11]. Heterogeneous catalysts can be
cost-effective as waste resources such as ashes,
shells, and bones can be potential raw materi-
als [12]. Calcium oxide, CaQ, is the most com-
monly used heterogeneous catalyst in trans-
esterification [13]. Various waste sources such
as eggshells, bones, rocks with calcite and mar-
ble can be easily converted to CaO through the
calcination process [14]. However, separation
and recovery of these catalysts are still chal-
lenging for industrial-scale as it 1is time-
consuming.

Recently, attention was given to synthesize
multifunctional heterogeneous catalysts to
minimize energy consumption in the separation
process and promising catalysts for the trans-
esterification process [15]. Heterogeneous cata-
lyst with magnetic property evades the conven-
tional filtration problem, enable catalyst recy-
clability, high catalyst recovery, and decrease
production time [16]. The potential of heteroge-
neous magnetic catalysts in the transesterifica-
tion process was studied [17,18]. Ali et al. [19],
prepared CaO supported FesOs magnetic nano-
catalyst by chemical precipitation method and
reported that the highest biodiesel yield of
69.7% exhibited using palm seed oil under the
optimized reaction conditions of 10 wt% cata-
lyst loading and 20:1 methanol to oil molar ra-

tio at 65 °C for 5 h. Another study showed that
biodiesel yield for the Stillingia oil of 95% was
obtained using nanomagnetic catalyst KF/CaO-
Fe304 with 4 wt% catalyst loading and 12:1
methanol oil molar ratio at 65 °C for 3 h [20].
Besides, the incorporation of iron oxide (Fe—0)
provides a large amount of active sites that
could advantage a higher catalytic activity
[21].

The present work aims to synthesize indus-
trial waste, CLW supported magnetic base cat-
alyst for biodiesel production. The raw CLW
were calcined at a specific temperature and
time to produce calcined CLW before catalyst
preparation. The catalyst was synthesized by
the one-step impregnation method, and the
properties were characterized. The catalytic
performance was measured by the transesteri-
fication of palm oil. The biodiesel yield was
evaluated using a gas chromatography-flame
ionization detector (GC-FID), and the ester
functional groups were identified by Fourier
Transform Infrared Spectrometry (FT-IR).

2. Materials and Methods
2.1 Materials

Raw carbide lime waste (CLW) is supplied
by the Department of Mineral and Geoscience
(Perak, Malaysia). All the chemicals used were
analytical reagents; Ferric sulfate (Fe3(SO4)2)
and ferrous sulfate heptahydrate (FeSO4.7H20)
used in the catalyst preparation were pur-
chased from Suria Pembekal Umum Sdn. Bhd
(Malaysia).

2.2 Catalyst Preparation

Firstly, raw carbide lime waste was mor-
tared and sieved to a homogeneous size and
calcined at 850 °C for 4 hours before catalyst
preparation. 0.04 M ferric (III) sulfate
(Fe2(S04)3) and 0.02 M ferrous (II) sulfate hep-
tahydrate (FeSO4.7TH20) were dissolved in 50
ml distilled water. 10 ml of ammonium hydrox-
ide was slowly added into the solution and agi-
tated at 60 °C for 0.5 h to produce black precip-
itates. Then, calcined CLW (5 g) was added in-
to the mixture and stirred continuously for 2 h.
The magnetic solid was recovered using a per-
manent magnet, removed the excess solution
and washed with ethanol. The solids were ov-
en-dried at 60 °C overnight.

The oven-dried sample was mortared and
sieved to homogeneous size, then calcined at
600 °C for 3 h. The synthesized catalyst was
stored in a desiccator to avoid contamination
and denoted as C-CLW/y-Fe20s.
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2.3 Catalyst Characterization

The following Hammett indicators and their
associated values were employed to measure
the base strength of the synthesized catalyst:
bromothymol blue (H_7.2), phenolphthalein
(H_9.3), 2,4-dinitroaniline (H_15.0), 4-
nitroaniline (H_18.4), and diphenylamine (H_
22.3). The basic strength test was conducted by
adding 10 ml ethanoic Hammett indicators into
test tubes containing 0.05 g of catalyst. The
mixture was agitated and set idle for 30 mins,
and the changes in the solution’s colour were
observed. The basicity of the catalyst was test-
ed using a Thermo Finnigan TPDRO 1100
equipped with a thermal conductivity detector
and temperature-programmed CO:z desorption
(Universiti Putra Malaysia).

Scanning electron microscopy (SEM) with
electron dispersive X-ray spectroscopy (EDX)
(JSM-6010PLUS/LV, Universiti Tenaga Na-
sional) was used to evaluate the morphology
and elemental content of the catalyst. X-ray dif-
fraction (XRD) was used to analyze the struc-
ture and pattern of the catalyst using X'Pert
Pro, PANalytical (Quantum Skynet). The aver-
age crystalline size was calculated using Debye
Scherrer’s equation (Equation (1)):

D= 0.891
Pcosd

where, D is the average crystalline size, A is the
wavelength = 0.154 nm, 6 is the diffraction an-
gle, and f is the line broadening at half the
maximum intensity (FWHM).

Brunauer-Emmett-Teller (BET) technique
was used to measure the specific surface area
and pore volume by Micromeritics, Model:
ASAP2020, USA (Quantum Skynet). The chem-
ical characteristics of the catalyst were investi-
gated using the conventional KBr technique at
the Faculty of Science, Universiti Malaya, uti-
lizing Fourier transform infrared spectroscopy
(FT-IR; Nicolet 1S10, Thermo Fisher Scientific
Co., Ltd., Waltham, MA). The catalyst’s mag-
netism was characterized by a vibrating sample
magnetometer, VSM (Lake Shore 7400 Series),
at Nanocat Lab, Universiti Malaya.

1)

2.4 Transesterification Reaction

The transesterification study of palm oil
over the C-CLW/y-FezOscatalyst was investi-
gated by the one-factor-at-a-time method. The
catalytic performance was measured using the
traditional reflux system method. 20 g of the
palm o1l with various catalyst loading (1-9
wt%) and methanol to oil molar ratio (10:1—
15:1) with reaction time (2—4 h) were agitated

at constant temperature and speed of 60 °C
and 350 rpm, respectively. Following the reac-
tion, a permanent magnet was used to separate
the solid base catalyst, and the collected liquid
was heated to eliminate excess methanol from
the samples. Finally, the recovered catalyst
was washed and oven-dried for further use.

2.5 Product Characterization

The fatty acid methyl ester (FAME) prod-
ucts were analyzed with a gas chromatog-
raphy-flame ionization detector (GC-FID) to
calculate the biodiesel yield using the equation
(Equation (2)). The chemical characteristics of
the biodiesel sample were identified by Fourier
transform infrared spectroscopy (FT-IR) rang-
ing from 4000 to 400 cm™! at the Institute of
Sustainable Energy, Universiti Tenaga Nasion-
al.

Z A- Acms

C171S

Esteryield,%:( X CE]XVE‘JXIOO 2)
m

where, YA is sum of methyl esters peaks, Acizs

is internal standard (Ci7), Cg: is concentration

of Ci7 solution (mg/mL), Vi; is volume of Ci7 so-

lution (mL), and m is weight of sample (mg).

3. Results and Discussion
3.1 Base Strength Test

The catalytic performance of the solid cata-
lyst in the transesterification process is deter-
mined by its basic properties [22]. The base
strength of the C-CLW/y-Fe20s3catalyst was an-
alyzed using Hammett indicators and is shown
in Table 1. The base strength of the synthe-
sized magnetic solid catalyst is 18.4 < H_ <
22.3, which is considered a strong solid base
catalyst. Comparatively, the calcined CLW had
a base strength of 7.2 < H_ < 9.3. Thus, C-
CLW/y-Fe203 catalyst potential to catalyze
palm oil in the transesterification process.

3.2 Temperature-Programmed Desorption of
Carbon Dioxide (CO2-TPD) Analysis

The basic strength of the C-CLW/y-Fe203
catalyst was evaluated through CO2-TPD anal-
ysis. Figure 1 illustrates the basicity profile of
the synthesized catalyst. According to the pro-

Table 1. Base strength test of C-CLW/y-Fez0s
catalyst.

Sample Basic strength (H_)

Calcined CLW 72<H_<9.3
C-CLW/y-Fe203 18.4<H_<223
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file of CO2 desorption, the catalyst exhibited
strong basicity with Tmax > 700 °C, where the
desorption peak of C-CLW/y-FezOscatalyst was
at 768 °C (3,637.20 umol/g). This peak was at-
tributed to the COz desorption and its interac-
tion with the strong basic sites. It was men-
tioned that the mnarrow peak at high-
temperature 600—850 °C indicates the catalyst
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Figure 1. CO2-TPD profile of C-CLW/y-Fe20s3
catalyst.

has strong basic sites [23]. CaO, the highly
basic oxide, was found on the surface of the cat-
alyst [24]. Meanwhile, the calcined CLW pos-
sessed basicity of 88.44 pumol/g. The result
proved that the synthesized catalyst had
strong basic sites, corresponding to the base
strength test via Hammett indicator and ap-
propriate for use as a base catalyst in the
transesterification reaction.

3.3 Morphology and Elemental Composition
Analyses

SEM micrographs of C-CLW/y-Fe203 cata-
lyst after calcination is shown in Figure 2(a).
The image at low magnification (1000x) shows
that the particles are irregularly distributed
with crystal formation on the calcined CLW.
According to Widayat et al. [25], CaO particles
formed crystal-like structures on the catalyst
surface. While, at high magnification (2500x),
the particles are seen to be in encapsulated
structure. The result shows that an agglomer-
ated structure was formed successfully be-
tween the calcined CLW and y-Fe203 after cal-

; x2.500 10pm

Elements Weight, %  Atomic, %
Carbon, C 8.98 16.29
Oxygen, O 42.64 58.04
Sulphur, S 7.95 54
Calcium, Ca 29.37 15.96
Iron, Fe 11.06 431
Total 100.00

Full Scale 56216 cts Cursor: 0.000 keV]
Figure 2. (a) SEM images and (b) EDX spectrum of C-CLW/y-Fe20s3 catalyst.
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cination. The presence of metal content was
validated by EDX analysis (Figure 2(b)). The
catalyst has high compositions of Ca and O fol-
lowed by Fe on the surface with 29.37 wt%,
42.26 wt% and 11.06 wt%, respectively. Be-
sides, a lower composition of C and S with 8.98
wt% and 7.95 wt%, respectively were identified
in the catalyst surface. Based on the EDX re-
sults, the stoichiometry values of Fe, Ca, and O
are detected. The catalyst mainly consisted of
Fe-based CaO and CaO with a Fe/Ca/O molar
ratio of 1.00/3.70/13.47. It was reported by Sun
et al. that the CazFe205 catalyst has mainly
composed of calcium and iron, which was deter-
mined by EDX analysis [26].

3.4 Structural Analysis

The structural properties of the synthesized
C-CLW/y-Fe203 catalyst are identified by XRD
analysis, as shown in Figure 3. The pattern
showed broad diffraction peaks of 20 at the
range of 15-65° and the diffractogram com-
posed of maghemite, y-Fe203 and calcium oxide,
CaO diffraction peaks. The compounds are as-
signed according to the Inorganic Crystal
Structure Database, where the y-Fe:Os com-
pound is associated with ICSD Card: 98-011-
7730 and CaO with ICSD Card: 98-005-7267.
The peaks corresponding to 26 value of y-Fe20s
identified at 18.1°(111), 25.6° (112), 29.5° (022),
31.5° (122), 34.2° (113), 38.8° (023), 47.3° (024),
48.9° (124), 52.5° (224), 54.6° (015), 55.9°(115),
and 62.7° (144), which are associated with cu-
bic shape. The active phase of cubic CaO was
also identified in the region 20: 31.5° (111),
38.8° (002), and 54.6° (022). The results were in
agreement with the stoichiometry values sug-
gested from EDX analysis. The particle size of
the C-CLW/y-Fe2Oscatalyst was calculated to
be 17.59 nm and indicated high crystalline de-
grees. According to Kholkina et al. [27], the for-

70

A A v-Fe,04
60 1 e CaO

50 A

Intensity (I)

26 (degree)

Figure 3. XRD pattern of C-CLW/y-Fe20s cata-
lyst.

mation of clusters corresponded to small parti-
cle size and a high degree of crystallinity.

3.5 Specific Surface Area Analysis

BET analysis was used to investigate the
specific surface area, pore-volume, and pore
size at liquid N2 temperature (=196 °C), as
shown in Figure 4. The C-CLW/y-Fes03 cata-
lyst exhibited BET specific surface area of
18.54 m2/g with a pore volume of 0.142 cm3/g
and average pore size of 30.77 nm. The pore
size, pore-volume, and specific surface area
were essential factors for the catalyst’s catalyt-
ic efficacy [28]. Based on the pore size distribu-
tion, the catalyst exhibited mesoporous parti-
cles. Therefore, this result shows that the cata-
lyst’s pore size could allow the accessibility of
reactants with active sites in the catalyst,
which enhance the catalytic reaction between
triglyceride and alcohol and provide a higher
yield [29]. Maneerung et al. [30] observed that
the bottom ash-derived CaO catalyst had a
lower specific surface area of 8.98 m2/g and
pore volume of 0.0621 cm3/g after calcination at
800 °C. Hence, the C-CLW/y-Fe203 catalyst
calcined at 600 °C was suitable to exhibit the
catalyst’s catalytic performance.

3.6 Magnetism Analysis

Figure 5 presents the magnetic characteris-
tic of the C-CLW/y-Fez03 catalyst determined
by VSM analysis in the field range +10 kOe.
Theoretically, the y-Fe:O3 has a saturation
magnetization value of about 40 emu/g [31],
and it was noticed that the value reduced to
6.61 emu/g during the catalyst preparation. It
might be due to changes in the interface struc-
ture of the catalyst, which cause the magneti-
zation value to decrease [32]. Besides, the cata-
lyst’s low magnetization could be due to the in-
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Figure 4. N2 adsorption-desorption of C-CLW/y-
Fe20s3 catalyst.
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corporation of y-Fe203 with calcined CLW dur-
ing the process. It is likely related to the SEM
analysis, where the particles are present in
clusters on the surface. Tang et al. [33] men-
tioned that the magnetism of magnetic base
catalyst, Ca/Al/FesOs4 composite catalyst
dropped to 6.34 emu/g after adding metals into
the FesO4 solution. Junior et al. [34] reported
that the magnetization value dropped during
the catalyst preparation was due to the incor-
poration of maghemite in the monoliths. The
monolithic magnetic catalyst had 5.73 emu/g,
which reduced from 32.57 emu/g. Although low
magnetization, the catalyst was still efficiently
removed from the reaction using an external
magnet.

3.7 Chemical Analysis

The functional groups in the synthesized C-
CLW/y-Fe20s3 catalyst were characterized using
FT-IR analysis (Figure 6). The absorption
bands at 3641 cm~! and 675 cm™! correspond to
the hydroxyl group, O—H stretching, which
might be ascribed to the H20 on the catalyst
surface. The bands detected at 1447 cm~! might
be attributed to carbonate COs2- of C-0O
stretching on the catalyst surface [35]. The in-
teraction between catalysts’ active sites with
the atmosphere could be the reason for COs2-
formation. Meanwhile, a significant absorption
band was detected at 1151 cm™!, demonstrating
the hydroxyl functional group in the catalyst
[36]. A weak vibration band at around 878 cm™!
was assigned to the Ca—O bonds [37], which
was according to the XRD and EDX results.
The peak at 595 cm~! corresponds to the Fe—O

stretching vibration of the y-Fe2Os found in the
catalyst [38].

3.8 Effects of Reaction Parameters on Trans-
esterification Reaction

As shown in Figure 7(a-c), the influence of
independent factors such as catalyst loading,
methanol to oil molar ratio, and reaction time
on the transesterification reaction was studied.
The synthesis of fatty acid methyl ester
(FAME) from palm oil was investigated using
these main factors. The transesterification pro-
cess was carried out at 60 °C for 2 h with vari-
ous catalyst loadings (1-9 wt%) and a 10:1
methanol to oil molar ratio. Catalyst enhances
the biodiesel production yield by interacting
with the methanol to form methoxide oil, which
helps break down the fatty acids in the oil to
produce FAME. According to Figure 7(a), the
biodiesel yield increased as the catalyst loading
increased. At 1 wt% catalyst loading, a yield of

Transmittance (%)

=1
(=]

60 T T T r . : T
4000 3645 3290 2935 2580 2225 1870 1515 1160 805 450
Wave numbers (cm)

Figure 6. FT-IR spectrum of C-CLW/y-Fe2Os
catalyst.
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Figure 5. (a) VSM magnetization curve and (b) magnetic separation of C-CLW/y-Fe2Os catalyst.
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74.1% was obtained and increased to 85.5% at
6 wt%. However, a further increase in the cata-
lyst loading decreases the biodiesel yield from
85.5% to 82.8% (9 wt%). It might be related to
reactants-catalyst mixing since increased cata-
lyst loading generates high viscosity with a lim-
ited amount to react, lowering the yield [39].
Hence, 6 wt% catalyst loading was optimum to
provide a higher biodiesel yield.

(a)i00
90
80 —1
70 4
60
50
40 4
30 A
20
10
0

Biodiesel yield, %

3 6 9
% catalyst loading
(b) 100

Biodiesel yield, %

10:01 12:01 15:01
Methanol:0il molar ratio

(c)100
90 A
80 A

I

60
50 4
40 4
30 4
20 A

Biodiesel yield, %

2 3 3
Reaction time, h

Figure 7. The influence of reaction parameter
on transesterification of palm oil (a) catalyst
loading (10:1 methanol to oil molar ratio, 60 °C,
2 h), (b) methanol to oil molar ratio (6 wt% cat-
alyst loading, 60 °C, 2 h), and reaction time
(12:1 methanol to oil molar ratio, 6 wt% cata-
lyst loading, 60 °C).

In theory, a transesterification reaction is
an equilibrium reaction that requires a larger
quantity of alcohol to shift the process toward
biodiesel synthesis [40]. The effect of methanol
to oil molar ratio (10:1-15:1) on transesterifica-
tion reaction was studied with 6 wt% catalyst
loading at 60 °C for 2 h. Figure 7(b) shows that
the biodiesel yield increased from 84.9% to
88.3% as the methanol to oil molar ratio in-
creased from 10:1 to 12:1. The yield was ob-
served to be decreased as the molar ratio in-
creased. It was due to a large amount of meth-
anol and weak interaction with the catalyst. A
high yield may necessitate a longer reaction
time. Hence, the 12:1 methanol to oil molar ra-
tio was chosen as the best parameter from the
optimization study for a better yield. As the
molar ratio increased, the yield was found to be
lower.

The effect of reaction time (2—4 h) on palm
oil transesterification was investigated at 60
°C using a 12:1 methanol to oil molar ratio and
a 6 wt% catalyst loading. As presented in Fig-
ure 7(c), after 2 h of reaction, the biodiesel pro-
duction reached 85.9%, and after 3 h, the yield
increased to 90.5%. However, it was observed
that yield has slightly reduced to 87.3% at 4 h
of reaction time and exhibited that 3 h reaction
time has the maximum yield. The reaction
time for biodiesel production is generally long-
er; for instance, 6 hours of reaction time over
bottom ash derived CaO consumed more time
to produce biodiesel [30]. This study suggests
that 3 h reaction time had considered optimum
to produce biodiesel. Overall, it was discovered
that the C-CLW/y-Fe2O3 catalyst has a high po-
tential for providing a higher yield at the opti-
mized reaction parameters of 6 wt% catalyst
loading, 12:1 methanol to oil molar ratio, and
60 °C reaction temperature for 3 h, resulting in
a higher yield of 90.5% from palm oil trans-
esterification.

90 1

80 4 723

1437

70 1 Jes1 1165
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Figure 8. FT-IR spectrum of palm biodiesel.
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3.9 Characterization of Methyl Esters

Figure 8 illustrates the FT-IR spectra of the
esterified sample. The FT-IR analysis was per-
formed to determine the ester group in the
highest biodiesel yield sample. The absorption
bands at 2924 and 2851 cm~! were assigned to
the CH2 and C—H asymmetric stretching vibra-
tion [41], respectively, whilst a sharp absorp-
tion band indicated the methoxy ester carbonyl
group in the biodiesel at 1740 cm~! [42]. Mean-
while, the bending vibration of the methyl
group was found at the absorption band 1437
cm™! [43] and C-O stretching vibration at 1165
cm~!, which shows the existence of fatty acid
esters in the sample [41]. Besides, methylene
—CHz—, appeared at 723 cm™1, where two car-
bonyl groups are bridged with hydrogen atoms
[44]. The result suggests that the
C-CLW/y-Fe203 catalyst has economic and envi-
ronmental viability as the catalyst was pro-
duced from industrial waste. Besides, it also
has good catalytic characteristics and can be
magnetically separated from the reaction mix-
ture.

3.10 Comparison of Physiochemical Character-
1zes of Magnetic Base Catalysts

The comparison of basic content, porosity
and magnetism of magnetic base catalysts on
biodiesel yields of this work and literature were
shown in Table 2. It shows that the
C-CLW/y-Fe20s3 catalyst prepared from carbide
lime waste is comparable with other catalysts
and exhibited better basicity and magnetism
with high yield. According to the literature, the
magnetic catalyst prepared in this work has
better physiochemical characteristics than oth-
er literature reported. A comparable biodiesel
yield could be expected under a moderate reac-
tion temperature or shorter reaction by using a
C-CLW/y-Fe203 catalyst. This indicates that in-
dustrial waste-derived magnetic base catalysts
can be promising catalysts in biodiesel produc-
tion.

4. Conclusion

A new magnetic solid base catalyst via car-
bide lime waste was synthesized using a one-
step impregnation method. Based on the cata-
lyst characterization results, the catalyst has
high basicity, high surface area and pore size to
allow better interaction between reactants and
catalyst to produce a high yield. The optimal
transesterification reaction parameters of 6
wt% catalyst loading and a 12:1 methanol-to-oil
molar ratio with a 3 h reaction time at 60 °C

generated 90.5% biodiesel yield. The used cata-
lyst was magnetically recovered from the reac-
tion medium using a permanent magnet. This
study indicates the potential to utilize industri-
al waste, carbide lime waste in biodiesel pro-
duction to minimize waste generation and pro-
vide a new solution for Malaysia’s industrial
waste.
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