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Abstract

Burning coal in a Coal-Fired Power Plant produces by-products like fly ash and bottom ash.
Zeolite synthesized from the ash in Teluk Sirih Coal-Fired Power Plant was applied as a catalyst
in the biodiesel transesterification reaction. Zeolite synthesis used the hydrothermal method
with acid pretreatment. The operating conditions for fly ash zeolite are a 2.4-molar ratio
Si02/AI1203 and a crystallization time of 6 hours. The bottom ash zeolite used a 2.0-molar ratio
SiO2/AI203 and a crystallization time of 8 hours. The performance test of the synthesized
catalyst was carried out in the transesterification reaction using waste cooking oil as a raw
material with a free fatty acid content of 0.7%. The synthesized catalyst was characterized
using x-ray diffraction, scanning electron microscope, and Bruneuer-emmet-teller. The biodiesel
with the highest yield was analyzed based on SNI 7182: 2015. The synthesis results of the
catalyst produced type A zeolite, shown by the typical X-ray diffraction pattern and supported
by the morphological test results using a cube-shaped. The surface area of zeolite fly ash and
bottom ash is 12.87 m2/g and 5.13 m2/g. The test showed fly ash zeolite had the highest
biodiesel yield of 89.66%. Based on the characterization using SNI 7182: 2015, the color and
free glycerol met the standards, while density 40 °C, kinematic viscosity 40 °C, acid number,
total glycerol, methyl ester content, and water content did not meet the standards.

Keywords: biodiesel, fly ash and bottom ash, transesterification reaction, waste cooking oil,

zeolite a
1. Introduction

Biodiesel as an alternative fuel has attracted
global attention to replace conventional diesel
fuel in recent years. Biodiesel is
environmentally friendly and easily degraded,
as indicated by its clean and non-toxic
combustion properties, and also produces less
carbon and SO, emissions (Mahlia et al.,
2020). In addition, biodiesel has
characteristics similar to diesel (Da Costa et
al., 2018). Raw materials for biodiesel can use

As a raw material for biodiesel, WCO can be a
solution to solving environmental problems
and it can reduce 60-70% of the final cost
(Farooq and Ramli., 2015). In addition, WCO
is also easier to find, such as on a household
and restaurant scale, and can also be collected
from small and medium enterprises. Based on
survey results, the potential for WCO in
Indonesia reaches 4,000,000 tons per year
(Renilaili., 2022). Biodiesel can be produced
through a transesterification reaction between

free fatty acids (FFA), animal fats, and triglycerides and alcohol with the help of a
vegetable oils (Dang et al., 2017). catalyst. The catalysts used in biodiesel

transesterification can be homogeneous
More than 95% of the feedstock for biodiesel catalysts, enzymes, and heterogeneous
is dominated by edible oil (Roschat et al., catalysts. Currently, research on the
2017). Using food oil as a raw material for transesterification  of  biodiesel mainly

biodiesel can impact food oil scarcity and high
prices (Suzihaque et al.,, 2022). One
alternative to replace food oil is waste cooking
oil (WCO).
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concentrates on the use of heterogeneous
catalysts. In addition to regenerating a
heterogeneous base catalyst, it performs
4,000 times faster than an acid catalyst
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(Sharma et al., 2008). Several heterogeneous
catalysts have been studied in the
transesterification of biodiesel, such as CaO
(Kesserwan et al., 2020), TiO, (De & Boxi.,
2020), SrO (Li et al., 2020), and including
zeolite (Manique et al., 2017).

Zeolite is a porous crystalline aluminosilicate
material with a three-dimensional framework
structure with uniform molecular dimensional
pores (Indira & Abhitha., 2022). The waste
from burning coal-fired power plants (CFPP),
called fly ash and bottom ash (FABA), rich in
SiO; and Al>0s3, can be used as a source of raw
materials for zeolite because it has a high
surface area, adjustable pore size, and
customizable framework (Bhandari et al.,
2015). Utilizing fly ash as raw material for
zeolite synthesis will not only improve
ecological balance but also add value to FABA
waste. Teluk Sirih coal-fired power plant in
Padang city produces around 5,000 tonnes of
FABA waste per month (Putri et al., 2019).

Zeolite synthesis  generally uses a
hydrothermal process. The source of the raw
material influences the composition of the
zeolite synthesis. Manique et al. (2017) have
studied the synthesis of zeolite by utilizing fly
ash waste from Candiota-Brazil CFPP, with a
Si/Al 3-molar ratio, 24-hour crystallization
time, and 100°C crystallization temperature to
produce sodalite (Manique et al., 2017).
However, very few researchers study the use
of zeolite A from fly ash and bottom ash as a
catalyst in the biodiesel transesterification
reaction.

In this research, the synthesis of zeolite A
from FABA waste from the Teluk Sirih CFPP
was carried out using the hydrothermal
method to be used as a catalyst in the
transesterification process of biodiesel from
waste cooking oil. The synthesized zeolite was
characterized using X-Ray diffraction (XRD),
Scanning Electron Microscope (SEM), and
Brunauer-Emmet-Teller (BET). The resulting
biodiesel was evaluated using SNI 7182:
2015.

2. Methodology
2.1. Materials

Fly ash and bottom ash were collected from
the coal-fired power plant of Teluk Sirih in
Padang City. WCO was collected from Sahabat
Alam Waste Bank in Pariaman City. Other
materials such as distilled water, NaOH,
NaAlO,, methanol, and ethanol were supplied
by CV. Vahana Scientific.
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2.2. FABA Waste Pretreatment Process

The SiO, content in the fly ash and bottom ash
samples of the Teluk Sirih coal-fired power
plant was 25.85% and 40.44%, which are
classified as low-calorie coal (Goembira et al.,
2023). Based on Belviso's (2018) research
results, low-calorie coal has a low SiO; and a
high impurity content (Belviso., 2018). The
presence of impurities in the raw material can
interfere with the crystallization process and
the stability of the zeolite (Ren et al., 2020).
In order to remove impurities and increase the
SiO; content, pretreatment must be carried
out first. The pretreatment procedure was
adapted from Goembira et al. (2023). FABA
was mixed with HCI solution (10%) with the
ratio v/w HCl: FABA 25:1 (L/S) in a beaker.
Then the beaker was put in a water bath at
80°C for 1 hour. FABA was filtered, washed,
repeatedly using distilled water, and dried at
100°C (Goembira et al., 2023).

2.3. Zeolite Synthesis Process
Synthesis of Fly Ash Zeolite

The zeolite synthesis and fly ash composition
used a molar ratio of SiO/Al,0; = 2.4,
Na,0O/SiO, ~ 1.7, and H,O/Na;O =~ 55. The
zeolite synthesis method was adapted from
Manique et al. (2017) and Milton (1959). A
total of 9.63 grams of NaOH was dissolved in
166 ml of H;O. The NaOH solution forms
solution A. The solution was then divided into
solution B and solution C. To solution B, 7.87
grams of NaAlO; was added, while 8.55 grams
of SiO, was added to solution C. Solution C
was poured into solution B, and the moving
process was completed for 15 minutes at a
rotational speed of 300 rpm. After the solution
was homogeneous, the aging process
occurred for 90 hours. Crystallization at 100°C
lasted for 6 hours. The washing process was
running until the zeolite pH was 9. Finally, a
drying process followed at 105°C for 4 hours.

Synthesis of Bottom Ash Zeolite

The composition for synthetic bottom ash
zeolite used a molar ratio of SiOz/Al,03 = 2.0,
Na,0/SiO, ~ 1.7, and a ratio of H,O/Na,O =
55. The zeolite synthesis method was adapted
from Manique et al. (2017) and Milton (1959),
where 8.78 grams of NaOH dissolved in 166
ml of H>O to form solution A. Then the solution
was divided into solution B and solution C.
Solution B was added by 9.44 grams of NaAlO;
while 8.93 grams of SiO, (bottom ash) was
added to solution C. The next step is the same
as the zeolite synthesis process from fly ash
but the crystallization time lasted for 8 hours.
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2.4. Biodiesel Transesterification
Process

FFA Analysis

FFA has an essential role in the
transesterification reaction. The content of FFA
in the feedstock plays a role in determining the
process of making biodiesel. The FFA feedstock
is >2%, and an esterification reaction must be
carried out first to reduce the FFA content,
whereas if the FFA is <2%, the
transesterification reaction can be carried out
immediately (Andrifar et al, 2022). The
analysis procedure and calculation of the FFA
content were adapted from Daramola et al.
(2015). As much as 1 ml WCO was diluted
using 10 ml isopropyl alcohol 99% titrated with
0.1 M NaOH solution drop by drop to the
endpoint of the titration using phenolphthalein
solution as a pH indicator (Daramola et al.,
2015). Calculating the FFA content in the
feedstock can be seen in Equation (1) adapted
from (Daramola et al., 2015).

%FFA = (V — b)x N%

(1)
Where %FFA is the free fatty acid (CigH3403)
content in the feedstock; V is the titrant
volume (25 ml); b is the blank volume (24.7
ml); N is the concentration of titration solution
(0.1 mg/l); and w is the weight of sample
WCO.

Transestterification Process

The procedure for the transesterification
reaction was adapted from Zhang et al.
(2020). Firstly, the waste cooking oil with the
volume measured (30 ml) was transferred into
a three-neck boiling flask and heated to 65°C
with continuous stirring (300 rpm). In the next
step, 50 ml of methanol and 2% wt of catalyst
were added to wco initializing the time of
reaction. It took 45 minutes for the whole
reaction process. At the end of the reaction,
the mixture was transferred to a separatory
funnel and let sit overnight. The obtained
biodiesel was purified with water.

product volume

% Yield = X 100

(2)

feedstock valume

Catalyst Characteristic Analysis

The resulting catalyst was analyzed using X-
ray diffraction (XRD) X'PERT PRO PANalytical
to determine the crystal structure formed. The
analysis was carried out over 2A and angles
from 5-75° with CuK irradiation. The surface
morphology of the zeolite was analyzed by a
Scanning Electron Microscope (SEM) Hitachi
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S-3400N, equipped with an energy-dispersive
X-ray analyzer (EDX) with a Back Scattered
Electron (BSE) detector. The pore size of the
zeolite was analyzed by Brueneur-Emmet-
Teller (BET) and was performed using
Quantachrome Nova 4200e equipment.

Biodiesel Analysis

The resulting biodiesel was analyzed based on
SNI 7182: 2015. Parameters analyzed
included acid number, density, free glycerol,
total glycerol, water and sediment, methyl
ester content, kinematic viscosity, and colour.

3. Results and Discussion

3.1. Characteristics of The Synthesized
Zeolite

Zeolite synthesized from FABA CFPP Teluk
Sirih was denoted by zeolite fly ash (ZFA) and
bottom ash (ZBA). Figure 1 shows the
comparison of the raw FABA color with the
synthesized zeolite. Zeolite fly ash has a grey
color and fine powder.

\
=
@ o

Figure 1. Physical characteristics of raw FABA and
zeolite, (a) fly ash, (b) bottom ash, (c)
ZFA, (d) ZBA

The changes in the properties and color of
zeolite were caused by the operating
conditions and methods used in the zeolite
synthesis process (Kusumawardani et al.,
2023). The results produced greyish-white
zeolite whose colour is similar to the one
obtained by Hidayat et al. (2020). Meanwhile,
bottom ash zeolite has a dark brown color with
a coarser particle shape than fly ash zeolite.

Then, ZFA and ZBA analyzed the
characteristics of the crystals formed using the
XRD instrument. Based on Figure 2, the
results of the characteristics of zeolites ZFA
and ZBA using XRD show that the zeolite
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peaks that appears are zeolite A, mullite, and
quartz. The peaks of zeolite A in ZFA appear
at 26 = 12.33°; 16.01°; 21.66°; 23.89°;
30.71; 33.14. Meanwhile, the peak of zeolite
A in ZBA based on the XRD results appears at
206= 13.86°; 16.04°; 24.36°; 27.86°; 29.85.
According to Indira & Abhitha (2022), the peak
of zeolite A appears at 26 = 7.2°; 10.3°;
12.6°; 16.2°; 21.8°; 24°; 26.2°; 27.2°; 30°;
30.99; 31.1°; 32.6°; 33.4°; and 34.3°.

The purity level of the resulting zeolite is
calculated from the % crystallinity using the
formula adapted from Ren et al. (2020), which
can be seen in Equation (3).

Y. intensity of XRD peak (product)
Y. intensity of XRD peak (standard)

% Cristalinity = x 100 ....

Based on the results of the calculation using
Equation 3, it was found that the %
crystallinity in the fly ash zeolite was 65.63%.
These results indicate that the zeolite is not
pure and contains other impurities such as
quartz which has not been fully converted to
zeolite, and the presence of mullite. The
components have not been wholly converted
due to the low solubility of these minerals in
NaOH (Manique et al., 2017). The bottom ash
zeolite obtained a crystallinity of 36.22%. As
with zeolite fly ash, the crystallinity and quartz
and mullite compounds are still low.

The factors that influence the formation of
zeolite A are the concentration of NaOH and
the time of zeolite crystallization. Research by
Liu et al. (2019) states that the concentration
of NaOH affects the amount of zeolite A
produced; the higher the concentration of
NaOH used, the greater the amount of zeolite
A produced (Liu et al., 2019). Murayama et al.
(2002) in their study obtain that the
concentration of Na* ions in a basic solution is
the main factor that determines the total
reaction rate of zeolite synthesis. Another
factor that drives the formation of zeolite A is
the crystallization time.

Based on the experiments conducted by
Murukutti and Jena (2021), it was discovered
that the best crystallization time in the
synthesis of zeolite A is 6 hours at a
temperature of 100 °C. Research by Liu et al.
(2019) shows that a lot of zeolite A was
formed at 6 hours of crystallization. ZFA and
ZBA also carried out the results of surface
analysis of the catalyst using a Hitachi S-
3400N SEM. Based on Figure 3, it can be seen
that ZFA and ZBA are type A zeolites. The
crystals of zeolite A are cube-shaped (Igbal et
al., 2019; Liu et al., 2019).

48

Intensity (cps)

A
Q A M q,
A AN A

Standar Zeolit A

Lol |[|||||l|||| TR
10 20 30 40 50 60

2theta

(a)

0

- - ’ QM oy

Intensity (cps)

(b)
Figure 2. XRD pattern of (a) ZFA, (b) ZFB.

The presence of quartz and mullite was also
observed in the SEM results which were shown
to be chunks (Liu et al., 2020). From the SEM
results of ZFA and ZBA, it can be seen that the
formed zeolite A is not clear. This is caused by
crystal growth which may be hindered by the
presence of an uneven surface (smaller
crystals), which can be justified by the
presence of impurities in the ash which causes
rapid nucleation (Manique et al., 2017).

Heterogeneous catalyst performance is
determined by selectivity and activity. Both of
these are related to the catalyst's physical
properties, such as the catalyst's surface area
and porosity, size, and distribution, as well as
the morphology and structure of the catalyst
(Haryono et al., 2018). BET analysis was
performed to determine the surface area, pore
diameter, and pore volume of the zeolite.
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(b)

Figure 3. SEM image of (a) ZFA, (b) ZBA.

Based on the test results for zeolite A using N;
adsorption-desorption, the surface area of the
zeolite and the pore volume of the zeolite can
be seen in Table 1. The synthesized catalyst's
characteristics show that the surface area of
ZFA is larger (12.87 m2%/g) than ZBA (5.13
m?2/g). ZFA also has a larger pore volume than
ZBA.

The pore characteristics of the catalyst
material are determined based on the
isotherm curve, which results from a plot of
the volume of N, gas adsorption-desorption in
the pore  material under  Standard
Temperature and Pressure (STP) conditions
against the relative pressure of the gas at
constant temperature (P/Py). The formation
of pores on the catalyst is indicated by the
presence of a "bottled shape" on the curve
(Kunecki et al, 2017). The BET isotherm curve
consists of Type I, II, III, IV, V, and VI curves.
The results of ZFA and ZBA characterization
are depicted in Figure 4.
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Figure 4. N adsorption-desorption isotherms for
ZFA and ZBA

The figure shows that ZFA and ZBA are
categorized into type IV isotherm curves. The
type IV isotherm curve is characterized by the
formation of multilayer hysteresis, which is
indicated by the loss of the saturation point.
From the curve results, the zeolite pore size is
classified as mesoporous with a pore size of 2-
50 nm (Haul., 1969). The formation of
mesopores is characterized by hysteresis
loops at P/Po 0.4 in both fly ash and bottom
ash zeolite. Other similar studies' results also
showed P/Po in the range of 0.4-1 to indicate
a mesoporous type of zeolite (Sholeha., 2017;
Zhang et al., 2020).

3.2. Catalyst Performance Test

The catalyst performance test was completed
using waste cooking oil. The FFA of waste
cooking oil is 0.7%. The operating conditions
of the transesterification reaction were
accomplished at a temperature of 65 °C, a
reaction time of 45 minutes, a 12:1 methanol:
oil ratio, and 2% wt catalyst. Yield of biodiesel
produced can be seen in Table 2. The yield
indicates that ZFA is higher than ZBA. The
high yield on biodiesel with ZFA catalyst is
related to the characteristics of the catalyst
used such as the surface area and pore
volume. In the transesterification reaction, the
reactions occur in the pores and on the surface
of the catalyst so that the surface area and
pore volume affect the biodiesel yield.

Table 1. BET results from FABA zeolites

Surface area

Pore diameter
Pore volume

No Sample (m?/g) nm A (cm?¥/g)
1. ZFA 12.87 11.45 114.5 0.027
2. ZFB 5.13 20.84 204.0 0.019
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Table 2. Catalyst performance test results

No. Sample % Yield
1. ZFA 89.66
2. ZBA 88.83

Large surface area can increase catalytic
activity in biodiesel production because it
allows more contact with reactant molecules
to produce high yields. The pore size of ZFA is
larger than ZBA; according to Haryono et al.
(2018), pore size affects biodiesel yield. The
color of the biodiesel produced from the
catalytic process of the transesterification
reaction can be seen in Figure 5. The biodiesel
from the zeolite fly ash produced has a slightly
brighter color than the zeolite from bottom
ash.

a b C

Figure 5. Biodiesel color (a) WCO, (b) biodiesel with
ZFA zeolite, (c) biodiesel with ZBA zeolite

3.3. Characterization of The Biodiesel

Zeolite fly ash was tested for performance in
producing 2 litres of biodiesel to analyze the
characteristics of biodiesel using SNI
7182:2015. The transesterification occurred
at a temperature of 65°C, a reaction time of
45 minutes, the ratio of methanol: oil of 12:
1, and the weight of the catalyst 2% wt. The
results of biodiesel characterization using SNI
7182: 2015 can be seen in Table 3. The table
presents that some of the test parameters of
the biodiesel produced have not passed the
specified standard limits. These parameters
are density (40 °C), kinematic viscosity, acid
number, total glycerol, and alkyl ester
content.

The high density of biodiesel produced is due
to impurities in biodiesel and the presence of
residual methanol in biodiesel (Setiawati &
Edwar., 2012). The low concentration of
methyl ester is caused by the very short
reaction time; thus, not all triglycerides are
converted to ester alkyl (Elma et al., 2018).

The incomplete separation between biodiesel
and glycerol causes a high total glycerol
content (Zalfiatri et al., 2019).

Table 3. Biodiesel characterization based on SNI

7182: 2015
Parameters Unit Standard Result
Density (40 °C) Kg/m? 860-900 903
Kinematic
viskosity cSt 1.9-6.0 47.700
(40 0C)
Color - 3 L2.500
. mg
Acid number KOH/g 0.500 1.440
Free glycerol % wt 0.020 0.005
Total glycerol % wt 0.240 0.323
Ester alldl o, wt 96500  90.220
content
Water content ppm wt 500 999
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According to Sanjiwani et al. (2015), the
cause of high acid concentration is peroxide
compounds from the oxidation of unsaturated
fatty acids are oxidized to form aldehyde
compounds. Aldehyde will be further oxidized
to form carboxylic acid compounds, which
increase the amount of acid (Sanjiwani et al.,
2015). The high kinematic viscosity is caused
by the presence of OH compounds, which tend
to form hydrogen bonds with hydrogen atoms
(Keera et al., 2018). This research needs to be
further refined to obtain biodiesel that
complies with SNI 7182: 2015.

4. Conclusion

The synthesis of zeolite A from FABA of Teluk
Sirih coal-fired power plant in Padang city to
be used as a catalyst in transesterification has
the potential as a catalyst in the biodiesel
transesterification reaction. The type of
synthetic zeolite produced is zeolite A, with a
purity level of zeolite A fly ash and zeolite A
bottom ash 65.63% and 36.22%,
respectively. The surface shape of the catalyst
from the SEM results is in the cube form with
a surface area of zeolite A fly ash and zeolite
A bottom ash 12.87 m?/g and 5.13 m?/g,
respectively. Testing the performance of
zeolite A fly ash and zeolite A bottom ash
produces biodiesel yields of 89.66% and
88.83%. The characterization results for
biodiesel using zeolite A fly ash based on SNI
7182: 2015 show that several parameters
meet the standards, such as the color and free
glycerol. From the results obtained, it can be
concluded that zeolite A from the synthesis of
FABA waste from the Teluk Sirih PLTU has the
potential as a catalyst in the biodiesel
transesterification reaction for better results.
Further research can be carried out by looking
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for optimum conditions in the biodiesel

transesterification reaction.
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