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Magnetite synthesis using petai (Parkia speciosa) peel extract using the
sonochemical method (Fe;0,-PPE) has been successfully carried out. Fe;0,-PPE
is applied as a catalyst in biodiesel production. This study aimed to determine the
physical and chemical characteristics of Fe;0,-PPE and its ability as a reusable
catalyst in biodiesel production using waste frying oil as the primary raw material.
Characterization of Fe;0,-PPE was carried out using FTIR, XRD, and PSA
instruments. Biodiesel was produced in 3 reaction cycles with the same Fe;0,-PPE
catalyst. The results of the FTIR characterization showed that the Fe;0,-PPE
catalyst had Fe-O bonds from Fe;O, and -OH phenolic groups, -C-0, -C=C
aromatic compounds derived from petai peel extract. The crystal size of the
Fe;0,-PPE catalyst based on the results of calculations using Debye-Scherrer
from the XRD chromatogram is 9.41 nm. The particle size of the Fe;0,-PPE
catalyst based on analysis using PSA was divided into three groups, namely,
5.4 nm, 195 nm, and 2702.6 nm. Fe;0,-PPE was successfully used as a reusable
catalyst for three cycles of biodiesel production using waste frying oil as raw
material. The characteristics of Fe;0,-PPE before and after being used as a
catalyst did not change. Based on GC-MS analysis, the fatty acid methyl ester

(FAME) composition of biodiesel is palmitic acid and oleic acid.

1. Introduction

Research on renewable energy sources has received
severe attention recently due to the increasing global
demand. At the same time, fossil fuels are limited and can
pollute the environment [1]. One of the most developed
renewable energy is biodiesel. Biodiesel is also green fuel
containing fatty acid methyl ester (FAME). Biodiesel is
synthesized through the trans-esterification reaction of
triglyceride oils, such as non-edible or edible vegetable
oils, with alcohol using a catalyst.

The advantages of biodiesel compared to fossil fuels
are that it is non-toxic, comes from renewable resources,
emits fewer air pollutants, has a high cetane number, and
is free of sulfur compounds [1, 2]. The main drawback of

biodiesel production is the high cost of raw materials.
Today’s primary raw materials are vegetable (edible) oils,
such as soybean and palm. It can disrupt food security,
especially in low-income and developing countries [1].
The solution is to seek innovative development of raw
materials that do not interfere with food security and are
environmentally friendly is exciting research to develop.

In this research, the raw material used is waste frying
oil, a household waste that can cause environmental
pollution. Used waste frying oil contains triglycerides
(TG) and free fatty acids (FFA), which can be reacted with
an alcohol to produce methyl esters (biodiesel). The
challenge is that the FFA content in used waste frying oil
is higher than the (TG) content, so selecting a suitable
catalyst is very important to study.
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Conventionally, the catalysts that are widely used are
homogeneous catalysts such as NaOH and H.SO, [3, 4].
This type of catalyst can produce biodiesel with a high
yield and reaction rate but produces a large volume of
wastewater [5]; it can cause soap to form when it reacts
with FFA, so the separation process will be complicated
and cause production costs to increase. It is difficult to
reuse [6]. Enzymatic catalysts have also begun to be
widely developed but require high costs and low reaction
rates [7].

Heterogeneous catalysts are the right choice to
replace homogeneous and enzymatic catalysts [8, 9]. This
catalyst is insoluble in alcohol, so that it can be easily
separated [1]. In addition, this catalyst can be easily
reused (reusable). However, most heterogeneous
catalysts require reusing filtration and centrifugation
processes, which has an impact on increasing operating
time, energy consumption, and production costs. This
problem can be overcome by separating a heterogeneous
catalyst as a magnetic catalyst using an external magnetic
field and reused [10]. Magnetic catalysts can also be used
in mass production with relatively low production costs
[11,12].

This research made a magnetic catalyst based on a
petai (Parkia speciosa) peel modified with magnetite
(Fes0,) using the sonochemical method and used to
produce biodiesel from used waste frying oil as raw
material. Petai peel contains phenolic compounds with
abundant hydroxy groups [13, 14, 15, 16], which can be
heterogeneous catalysts in the (TG)/FFA reaction with
alcohol. Magnetite is an iron oxide compound with
superparamagnetic properties [17, 18,19, 20], making the
catalyst separation process at the end of the reaction
easier. It can be used repeatedly in subsequent synthesis
processes. The novelty of this research is the synthesis
method that uses the sonochemical method and its
application as a reusable catalyst in biodiesel synthesis.

2. Materials and Methods
2.1. Equipment and Materials

The equipment used in this study was a set of
glassware, ahot plate, and an external magnetic field. The
waste frying oil and petai peel used were obtained from
household waste. Chemicals such as methanol (CH;0H),
iron (III) chloride (FeCl;.6H,0), iron (II) sulfate
(FeSO,.7H20), sodium hydroxide (NaOH), sulfuric acid
(H2S0,), 95% ethanol, and phenolphthalein indicator
were of analytical grade and purchased from Merck.
Distilled water with two times distillation was used as a
solvent.

2.2. Extraction of Petai Peel

Petai peel was washed with water and dried in the sun
for 15 days to remove moisture. Furthermore, the dried
petai peel was cut into small pieces and blended. Twenty
grams of petai peel powder were transferred to an
erlenmeyer containing 200 mL of double-distilled water
and boiled for 20 minutes at 60°C. Then, the resulting
extract was filtered using Whatman No. 1 filter paper, and
the filtrate was stored at 4°C for further use.

2.3. Sonochemical Synthesis of Magnetite using Petai
(Parkia speciosa) Peel Extract

Magnetite from petai peel extract (Fe;0,-PPE) was
synthesized using the sonochemical method by providing
a flow of ultrasonic waves with a frequency of 800 kHz. As
much as 1.082 g FeCl;.6H,0/50 mL double-distilled water
was mixed with 0.556 g FeS0,.7H.0/50 mL
double- distilled water. A mixture of Fe3* and Fe>*
solutions was added to 1 M NaOH solution before 15 mL of
petai peel extract was added. The pH of the mixture was
measured, then stirred for 60 minutes at 60°C with
constant stirring. The pH of the mixture was remeasured.
The black precipitate obtained was decanted using an
external magnetic field, then washed with
double- distilled water two times. The precipitate was
dried in an oven at 100°C for 3 hours. The dried precipitate
was weighed, and the yield was measured.

2.4. Characterization of Fe;0,-PPE

Fe;0,-PPE’s functional groups were characterized
using a Fourier transform infrared spectroscopy (FTIR,
Shimadzu Prestige 21), and the crystal size and
crystallinity of Fe;0,-PPE were determined using X-ray
diffraction (XRD, XRD-6000 Shimadzu). The particle size
was analyzed using a particle size analyzer (PSA, Horiba
SZ-100).

2.5. Pre-treatment of Waste Frying Oil Through the
Filtration Method

A 300 mL waste frying oil (WFO) was filtered using
Whatman No. 1 filter paper at room temperature to
separate solid impurities. The filtered WFO was tested for
free fatty acid content.

2.6. Determination of Free Fatty Acid Content from
Waste Frying Oil

Two grams of WFO were dissolved in 50 mL of 95%
ethanol. Then five drops of phenolphthalein indicator
were added and stirred for 30 seconds. The titration using
0.1 N NaOH solution was stopped when the color of the
solution turned pink for about 30 seconds. The volume of
NaOH used to change the color of the solution was
recorded. %FFA of WFO was calculated using Equation (1).

V NaOH x N NaOH x fatty acid molecular weight x 100 % (1)

0, =
YoFFA Weight of WFO (mg)

2.7. Biodiesel Production
2.7.1. Esterification Reaction of WFO

The esterification reaction was performed using a
batch reactor. WFO and methanol were mixed in a ratio of
1:10, and a Fe;0,-PPE catalyst was added with various
concentrations of 5% and 10% by weight of the WFO. The
mixture was stirred for 60 minutes at 60°C. The reaction
mixture was put into a separatory funnel and allowed to
stand for 5 hours until two layers were formed. The
bottom layer was a mixture of catalyst and water, while
the top layer was a mixture of biodiesel, triglycerides, and
residual methanol. Furthermore, the top layer was used
for the transesterification reaction step. The catalyst in
the lower layer was recovered using an external magnetic
field.
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2.7.2. Transesterification Reaction of WFO

The top layer resulting from the esterification
reaction was added with methanol and Fe;0,-PPE catalyst
with the ratio of the top mixture: methanol of 1:5 and 5%
of the top mixture by weight of the top mixture. The
mixture was stirred for 60 minutes at 60°C. The reaction
mixture was put into a separatory funnel and allowed to
stand for 5 hours until two layers were formed. The
bottom layer was a mixture of catalyst and glycerol, while
the top layer was a mixture of biodiesel and residual
methanol. The above mixture was distilled at 60°C to
evaporate the methanol.

2.7.3. Reusability of Fe;0,-PPE Catalyst

Biodiesel production was conducted for three cycles
using the same catalyst. The Fe;0,-PPE catalyst was
recovered using an external magnetic field in each
reaction cycle. Then, the catalyst was rinsed thoroughly
with acetone to remove any organic species adhering to
the catalyst’s surface. After drying at 100°C for 12 hours,
the catalyst obtained was reused for the next biodiesel
production cycle.

3. Results and Discussion
3.1. Characterization of Fe;0,-PPE Catalyst

Fe;0,-PPE catalyst was synthesized using reverse
co-precipitation = with  ultrasonic = wave  flow
(sonochemical method). The sonochemical method is
reported to be able to assist the growth process of
microscopic particles because the flow of ultrasonic
waves can cause extreme conditions, where liquid bubbles
grow and burst at very high temperatures and pressures
at 5000 K and 20 Mpa, followed by very high cooling rates
at 1010 K/s. This extreme condition is referred to as the
phenomenon of acoustic cavitation [21].
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Figure 1. FTIR spectra of the Fe;0,-PPE catalyst

The performance of Fe;0,-PPE as a catalyst was
affected by the presence of the Fe;0,-PPE active site [22].
FTIR was used to determine the type of functional group
Fe;0,-PPE has (the wavelength range is 340—-4000 nm).
Based on Figure 1, the functional groups of Fe;0,-PPE are
the combination of the functional groups of petai peel
extract and pure Fe;0,. The absorption shows the

presence of Fe-O bonds of Fe;0, at wavenumbers of
586.36 cm™ and 347.19 cm (Fe;0,-PPE) and 563.21 and
393.48 cm™ (Fes0;). The absorption in Fe;0,-PPE
experienced a shift due to the interaction between the
pure Fe;0, surface and the organic compounds in the petai
peel extract. The Fe-O bonds are in tetrahedral and
octahedral units. Fe-O bonds in octahedral units are
indicated by absorption at 347.19 cm-?, while Fe-O bonds
in tetrahedral units are indicated by absorption at
586.36 cm™[18, 23, 24, 25].

The absorptions that appeared at 1033.85, 1450.47,
1612.49, 2924.09, and 3410.15 cm™ indicate the presence
of functional groups of organic compounds derived from
petai peel extracts, such as C-0 stretching vibrations, C=C
aromatic compounds, -CH. stretching, and vibrations of
the -OH groups of carboxylic acids, alcohols, and phenols
[26, 27, 28, 29, 30]. Based on the FTIR spectra, the
Fe;0,- PPE magnetic catalyst has been successfully
synthesized using petai peel extract. However, an XRD
analysis was needed to determine the type of iron oxide
formed immiscible with other iron oxides, such as Fe,0s.
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Figure 2. XRD diffractogram of Fe;0,-PPE catalyst

Based on Figure 2, the peaks on the Fe;0,-PPE and
Fe;0, diffractograms appear at nearly the same 26 (Miller
index) values of 30° (220), 35° (311), 43° (400), 53° (422),
57° (511), and 62° (440). However, the peak intensity of
Fe;0,-PPE is lower than that of Fe;0, due to the
interaction of Fe;0, particles with organic compounds in
the petai peel extract, which reduces crystallinity. The
Fe;0,-PPE peaks are more identical to the characteristic
peaks of Fe;0, (JCPDS No. 19-0629) than of A-Fe,O;
(JCPDS No. 39-1346), indicating that the magnetite
(Fe;0,) formed was not mixed with other iron oxides such
as A-Fe,0; (JCPDS No. 39-1346).

The magnetic properties of Fe;0,-PPE will enhance
its catalytic performance. Fe;0, has stronger magnetic
properties than A-Fe,0;. The strong magnetic properties
facilitate the separation process between the adsorbent
and the filtrate using an external magnetic field for the
reuse/regeneration of the catalyst. Based on the XRD
diffractogram, Fe;O,-PPE crystal size information was
determined using Debye—Scherrer’s equation with full
width at half maximum (FWHM = 0.461) of the (311)
reflection. In this study, the Fe;0,-PPE crystal size
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obtained was 8.41nm. Compared to the results of previous
studies (Table 3), the crystal size of Fe;0,-PPE is smaller,
indicating improved crystallinity.

The results of the analysis using PSA are presented in
Figure 3. There were three groups of particle size
distribution from MPet, with percentages of 13.48%,
24.60%, and 74.02% for the 5.4 nm, 195 nm, and
2702.6 nm groups, respectively. Several sizes of
magnetite particles from previous studies are presented
in Table 3.
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Figure 3. Particle size distribution of Fe;0,-PPE catalyst

Table 1. Comparison of crystal and particle sizes of Fe;0,
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3.2. Biodiesel Synthesis using Fe;0,-PPE Catalyst

In this study, Fe;0,-PPE was applied as a catalyst in
synthesizing biodiesel from WFO as a raw material. The
WFO used in this study was sourced from household waste
with a blackish-brown color. The performance of the
Fe;0,-PPE catalyst in biodiesel production is presented in
Figure 4. Based on Figure 4, using the Fe;0,-PPE catalyst

can reduce the % FFA of WFO by around 80%; the initial
% FFA of WFO is 2.08%. This reduction is better when
compared to the sulfuric acid catalyst, which is only about
50%. The Fe;0,-PPE catalyst plays a role in accelerating
the transesterification of triglycerides and the
esterification of free fatty acids (FFA) through their
interactions with alcohols and the carbonyl groups of
triglycerides and free fatty acids. The catalyst can
increase the reaction rate between free fatty acids and
alcohols during the same synthesis time.
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Figure 4. Performance of the Fe;0,-PPE catalyst for
reducing the %FFA of WFO

60

504
40
30+
204
10- I
Jmm HH ,
A B G D

A (waste frying oil, sulfuric acid catalyst)

B (waste frying oil, magnetic catalyst (Fe;OPPE)
C (new cooking oil, sulfuric acid catalyst)

D (new cooking oil, magnetic catalyst (Fe,O,-PPE)

Yield of Biodiesel (%)

Figure 5. Performance of a Fe;0,-PPE catalyst for
biodiesel production

Based on Figure 5, the yield of biodiesel produced
using WFO with a Fe;0,-PPE catalyst is approximately
6%; this value is similar to the yield of biodiesel
synthesized using WFO with a sulfuric acid catalyst,
which is 4%. However, compared to the production of
biodiesel from new cooking oil, the yield of biodiesel
produced with Fe;0,-PPE catalyst is much higher, at 55%,
compared to the sulfuric acid catalyst, which is at 18%. It
means the performance of the Fe;0,-PPE catalyst is much
better than the sulfuric acid catalyst to convert free fatty
acids and triglycerides into biodiesel. The low biodiesel
yield generated from WFO is due to the absence of
triglycerides and free fatty acids in WFO. Allegedly, the
repeated use with heating at high temperatures has
destroyed the triglycerides and free fatty acids in WFO,
making it unusable for biodiesel production. In addition,
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impurities in WFO can prevent the transesterification and
esterification reactions of triglycerides and free fatty
acids into biodiesel. The yield produced from the new
cooking oil raw material is also not optimal because the
mass of the Fe;0,-PPE catalyst has not yet been
optimized. Therefore, it is necessary for future research
to optimize the mass of an enormous catalyst.

3.3. Characterization of the Synthesized Biodiesel
Methyl Ester Using GC-MS

The primary fatty acid methyl esters in biodiesel
cycles 1, 2, and 3 are presented in Tables 2, 3, and 4,
respectively. In cycles 1, 2, and 3, the synthesized
biodiesel has the same fatty acid content, although with
slightly different percentages (Figure 6). The synthesized
biodiesel’s most extensive fatty acid is oleic and
palmitoleic acids. From GC-MS analysis, it can be
concluded that the Fe;0,-PPE catalyst can be used
repeatedly in biodiesel synthesis without affecting the
chemical properties of biodiesel.

Table 2. Main fatty acid methyl esters (FAME) in
biodiesel from cycle 1 with Fe;0,-PPE catalyst

Common
names for
sources of fat

Peak  Area (%) FAME

Table 3. Main fatty acid methyl esters (FAME) in
biodiesel from cycle 2 with Fe;0,-PPE catalyst

Common names
Area

Peak (%) FAME for sofurces of
at
Pentadecanoic acid,
26.159 0.41  14-methyl, methyl Linoleic acid
ester
Pentadecanoic acid,
31133 1.04 14-methyl-, methyl Linoleic acid
ester
9-Hexadecenoic acid, . L
35.181  0.33 methyl ester Palmitoleic acid
Hexadecanoic acid, T
35.742 38.97 methyl ester Palmitoleic acid
36.468 0.77  Octadecanoic acid Oleic acid
9,12-Octadecadienoic L
39.128 11.49 acid, methyl ester Oleic acid
11-Octadecenoic acid, L
39.345 43.31 methyl ester Oleic acid
Octadecanoic acid, L
39.709 158 methyl ester Oleic acid
40.016 0.90 9-Octadecenoic acid Oleic acid

Pentadecanoic acid,

26.171 0.48 14-methyl-, Linoleic acid
methyl ester
Pentadecanoic acid,
31.145 1.17 14-methyl-, Linoleic acid
methyl ester
100 041 9-Hexadecenoic  Palmitoleic
3519 4 acid, methyl ester acid
80 9-Hexadecenoic  Palmitoleic
35.809 43-39 acid, methyl ester acid
39.422 50.31 9-Octadecenoic Oleic acid

acid, methyl ester
Pentadecanoic acid,

39.754 1.12 14-methyl-, Linoleic acid
methyl ester
Oxiraneundecanoic
43.595 2.18 acid, 3-pentyl-, -
methyl ester
60
B palmitoleic acid, methyl ester ' oleic acid, methyl ester
50
40
T 304
©
§ 20
10
0
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Figure 6. The main fatty acid methyl ester content of
biodiesel produced three cycles with Fe;0,-PPE catalyst

Table 4. Main fatty acid methyl esters (FAME) in
biodiesel from cycle 3 with Fe;0,-PPE catalyst

Area Common
Peak FAME names for
(%)
sources of fat
Pentadecanoic
26.151 0.41 acid, 14-methyl-, Linoleic acid
methyl ester
Pentadecanoic
31.127 1.05 acid, 14-methyl-, Linoleic acid
methyl ester
170 o 9-Hexadecenoic Palmitoleic
3517 33 acid, methyl ester acid
60 402 Hexadecanoic Palmitoleic
357 27 acid, methyl ester acid
Hexadecanoic Palmitoleic
36.483 0.65 acid, methyl ester acid
9-0Octadecenoic . .
39.365 40.03 acid, methyl ester Oleic acid
Pentadecanoic
39.714 1.32  acid, 14-methyl-, Linoleic acid
methyl ester
9-0Octadecenoic . .
40.020 0.75 acid, methyl ester Oleic acid
Pentadecanoic
43.506 2.33  acid, 14-methyl-, Linoleic acid

methyl ester

3.4. Testing the Quality of Biodiesel Products with
Fe;0,-PPE as Catalyst

The quality of the synthesized biodiesel was tested
using the parameters of density, moisture content, and
acid number. This test was carried out in production
cycles 1, 2, and 3. The test data is presented in Table 5.
Based on Table 7, the densities of the synthesized
biodiesel in cycles 1 and 2 were within the range of 850 to
890 kg/m3, which meets the SNI requirement However,
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the density of the produced biodiesel in cycle 3 exceeds
the SNI standard. The acid values of biodiesel produced in
cycles 1, 2, and 3 have met the SNI standard below 0.5 mg
KOH/g. However, the water content values of biodiesel
production in cycles 1, 2, and 3 are still above the SNI
standard. Further treatment is needed to remove the
water content of biodiesel.

Table 5. Data on biodiesel quality test results

. Synthesized biodiesel
Parameter  Units SNI
Cycle1 Cycle2 Cycle3
Density ~ kg/m3 %5900_ 861 878 910
Water
content % 0.05  0.77 0.60 0.97
Acid
number mg KOH/g <0.5 0.38 0.38 0.38

3.5. Reusability Studies of Fe;0,-PPE Catalyst

Fe;0,-PPE catalyst reusability studies on biodiesel
production were carried out using the Fe;0,-PPE catalyst
repeatedly in three production cycles. The biodiesel
produced in each cycle was calculated for %FFA
reduction, analyzed using GC-MS, and tested for
biodiesel quality. The results showed no difference in
reducing %FFA at three production cycles. Analysis using
GC-MS showed that the methyl ester compounds of
biodiesel produced in cycles 1, 2, and 3 were palmitoleic
acid, methyl ester, and oleic acid, methyl ester. However,
there is a slight difference in the percent abundance of
biodiesel produced in cycle 3. The percentage abundances
of palmitoleic acid, methyl ester, and oleic acid, methyl
ester are, respectively, 43.39% and 50.31% for cycle 1,
38.97% and 43.31% for cycle 2, and 4£0.27% and 40.03%
for cycle 3. The results of the biodiesel quality test, which
included the acid number parameter, showed no
significant difference between the biodiesel produced in
cycles 1, 2, and 3. However, the density and water content
parameters of biodiesel showed slight differences
between the biodiesel produced in cycle 3 and those
produced in cycles 1 and 2. From the study of the
reusability of the Fe;0,-PPE catalyst in biodiesel
production for three cycles, it can be concluded that the
Fe;0,-PPE catalyst is reusable and can be used repeatedly
in biodiesel production.

4. Conclusion

A reusable Fe;0,-PPE catalyst has been successfully
synthesized using sonochemical methods. The crystal
size of the MPet catalyst produced was 9.41 nm, while the
particle size based on PSA consisted of three groups, i.e.,
5.4 nm, 195 nm, and 2702.6 nm. The yield and reduction
of % FFA of biodiesel produced from three production
cycles using a reusable catalyst based on magnetic petai
peels were similar, and there is no difference in the type
of biodiesel methyl ester produced in three cycles;
however, the biodiesel produced in cycle 3 has a slight
difference in percent abundance. The results of the
biodiesel quality test, which included the acid number
parameter, showed no significant difference between the
biodiesel produced in cycles 1, 2, and 3. However, the

density and water content parameters of biodiesel
showed little difference between the biodiesel produced
in cycle 3 and the biodiesel produced in cycles 1 and 2.
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