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Abstract: This research, which explores the potential of activated carbon-supported co-impregnated
metal catalysts, has the potential to significantly contribute to the field of energy systems engineering
and the future of biodiesel production. In this study, spruce sawdust was used to produce activated
carbon. A single-step method was applied for carbonization and activation. Spruce:KOH was adjusted as
1:2 and carbonized at 800 °C for 1 hour under nitrogen gas flow. The metal pairs were prepared with a
1:1 mass ratio for each metal. Then, 10% (w/w) metal pairs such as Cu-Fe, Fe-Zn, and Cu-Zn are
impregnated on activated carbon. The catalysts were calcinated at 550 °C for 3 hours under a nitrogen
atmosphere. Various characterization techniques, such as BET, SEM-EDS, and XRD analysis, were used to
analyze the activity of these heterogeneous catalysts. The catalyst loading was 5% of the oil weight, the
molar ratio of alcohol to oil was 19:1, the reaction temperature was 65 °C, and the reaction time was 3
hours in the esterification reaction of sunflower. According to the results, all metal pairs obtain similar FT-
IR results. The biodiesel yields for Fe-Zn/AC, Cu-Zn/AC, and Cu-Fe/AC were calculated as 74.67%, 89.02%,
and 68.16%, respectively.
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1. INTRODUCTION

One of the most significant biofuels, and one
Due to rapid population growth and Whose §igniﬁcance is grqwing daily, is biodiesel
industrialization, global energy consumption (Asghari et al., 2022; Monika et al., 2023; Pacheco
increases daily, creating a critical energy crisis et al., 2022). Biodiesel is a cleaner-burning, less
(Gupta & Rathod, 2019; Oyekunle et al., 2023a). toxic _alternatwe to petrolleum.dlgsel that can be
Although fossil fuels now lead the energy industry, ~Used in diesel engines either in its pure form or
the trend towards biofuels is growing due to the blended with petroleum diesel (Du et al., 2018).
depletion of fossil fuel sources and the adverse Because of its greater flash point, biodiesel is more
environmental effects (Karabulut et al., 2023; suited for handling and transportation. Moreover,
Monika et al., 2023; Thapa et al., 2018). On the Ccompared to petroleum diesel, it has a better
other hand, the promotion of alternative energy Combustion — emission profile ~ with  reduced
sources has significantly increased over the past €missions of carbon monoxide, particulate matter,
few decades due to growing political and societal ~and unburned hydrocarbons (Patle et al., 2014).
awareness of environmental preservation and Se€veral techniques, such as micro-emulsion,
energy security. Governments, as key players in  Pyrolysis, — transesterification, ~ and in-situ
this transition, are actively promoting and transesterification, can be wused to produce
investing in sustainable energy production by _blodlesel (Ahmed _et aI.,_ 2023). Transesterlﬁcatlon
using biofuels instead of fossil fuels, providing IS the process of dispersing triglyceride and alcohol
reassurance and confidence in the future of energy =~ Molecules, ~usually methanol, to replace the
(Chong et al., 2021; Kazici et al., 2021). glycerol component with the alkyl group from the

alcohol (Asghari et al., 2022). Animal fats and a
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variety of vegetable oils can be used as raw
materials (Li & Liang, 2017; Wahyono et al., 2022).
One of the most critical factors for the
transesterification reaction to proceed is catalyst
addition. In the transesterification process, both
homogeneous and heterogeneous catalysts are
used. (Ahmed et al., 2023).

Typically, homogeneous catalysts used in oil
transesterification include strong acids, strong
bases, and free enzymes, such as KOH, NaOH,
concentrated H2S04, benzenesulfonic  acid,
CHsONa, organic amines, and microbial lipases
(Xie & Li, 2023). These catalysts were selected
because of their catalytic efficiency and capacity
to operate in mild conditions (Angulo et al., 2020;
Atadashi et al., 2013). Disadvantages of the
homogeneous catalyst include the difficulties in
catalyst separation, soap formation, and the use of
low-free fatty acid oil (Munyentwali et al., 2022).
Due to their reusability, simplicity in separation
from products, and high economic efficiency, the
use of heterogeneous catalysts is increasing
(Fonseca et al., 2019; Jayakumar et al., 2021;
Onat, Ahmet Celik, et al., 2024). The process can
be run continuously because heterogeneous
catalysts are simple to remove, recycle, and
regenerate from the reaction. Additionally, they
reduce the waste materials disposed of, avoid
separation issues, and prevent soap formation.
Heterogeneous catalysts have a longer lifespan,
are non-corrosive, and are favorable to the
environment (Dahdah et al., 2020; Oyekunle et al.,
2023a; Tshizanga et al.,, 2017). Additionally,
heterogeneous catalysts had a higher tolerance of
free-fatty acid ratio and water content in the oil
(Mandari & Devarai, 2022). Heterogeneous
catalysts also have some drawbacks compared to
homogeneous catalysts, including lower
selectivity, internal mass transfer limitations, more
district operation parameters, faster deactivation,
longer reaction time, and the existence of big
grains of catalyst (Fonseca et al., 2019; Mbaraka
& Shanks, 2006; Naeem et al., 2021; Oyekunle et
al., 2023a; Pandya et al., 2022; Semwal et al,,
2011). Therefore, it's critical to create a stable
solid catalyst and increase the stability of active
species. Furthermore, the kind of oil feedstock
used, operating parameters of the
transesterification process, and the catalyst's
active site availability all affect a heterogeneous
catalyst's efficiency. The important parameters,
including catalyst loading ratio, the porosity of the
catalyst, the specific surface area of the catalyst,
dimensions and particle size of the catalyst,
calcination temperature and time, reaction time
and temperatures, blending ratio, and alcohol: oil
molar ratios, have a main impact on the yield and
quality of the biodiesel (Ekinci & Onat, 2024;
Osman et al., 2023; Oyekunle et al., 2023b). Metal
hydroxides, metal complexes, metal oxides,
zeolites, hydrotalcite, and supported catalysts are
types of heterogeneous catalysts (Demirci et al.,
2023; Sahin et al., 2020; Semwal et al., 2011). In
addition, supported material is important for
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heterogeneous catalysts. On the other hand, the
support materials offer a uniform dispersion across
a greater surface area, even as they boost the
stability of the catalysts. Between the support
material and the active catalyst, there are
adhesion contacts, van der Waals interactions,
electron transfers, and distinct interphase surface
structures (Hagen, 2005; Mese et al., 2018; Onat,
Izgi, et al., 2024). Support materials include a wide
range of substances, including polymers, zeolites,
graphene oxide, activated carbon, silica, and
alumina (Abbas, 2023; Hoang et al., 2020; Onat et
al., 2024; van Deelen et al., 2019).

Szkudlarek et al. performed 5%Cu-1%Ru/BEA
catalyst for biodiesel production. Reaction
temperature, reaction time, methanol:oil ratio, and
catalyst loading were chosen as 220 °C, 2 h, 9:1,
and 5%, respectively. The maximum biodiesel
yield was 85.1% in these conditions (Szkudlarek et
al., 2024). Farokhi and Saidi tried NiZnFe;04,
CoZnFe;04, and CuZnFe,0, catalysts to produce
biodiesel from neem oil. According to their results
maximum biodiesel yields were found 99.29% for
NiZnFe,0O, catalyst (52.5 min, 16,5:1 methanol:oil
ratio, 4% of catalyst loading, and 78 °C), 93% for
CoZnFe,0, catalyst (61.7 min, 19,9:1 methanol:oil
ratio, 4,5% of catalyst loading, and 78°C), and
90.86% for CuzZnFe,0, catalysts (59.6 min, 21,7:1
methanol:oil ratio, 4,1% of catalyst loading, and
80°C) (Farokhi & Saidi, 2022). Kwong and Yung
studied Ca and Fe catalysts for biodiesel
production. The highest conversion yield was
calculated as 99.5% for Ca/Fe catalyst at 1 hour
reaction time, 120 °C, 20:1 of methanol:oil ratio,
and 6% of catalyst loading (Kwong & Yung, 2015).
Duan et al. used insect lipids to produce biodiesel.
Ce-Cr/Zn catalyst was used in their study. The
highest biodiesel conversion was found as 92.06%
at 65 °C, 2.5% of catalyst loading, 10:1 of
methanol to lipid ratio, and 8 hours of reaction
time (Duan et al., 2024).

In this study, metal pairs, such as Cu-Fe, Cu-Zn,
and Fe-Zn, were co-impregnated on activated
carbon to produce biodiesel from sunflower oil.
Sunflower oil, being an edible oil, offers consistent
chemical composition and quality, which is
essential for evaluating the catalytic performance
of newly developed metallic catalysts. Waste oils
often vary significantly in their composition due to
contaminants, degradation products, and
impurities, which could introduce variability and
affect the interpretation of the catalytic
performance. This work explores the development
and use of co-impregnated metal -catalysts
supported by activated carbon for biodiesel
synthesis, employing a novel combination of metal
pairs and the supported material for the first time
in the literature. The study uses activated carbon
made from spruce sawdust, produced by a single
carbonization and activation phase, as a support
material for metal couples such as Cu-Fe, Fe-Zn,
and Cu-Zn. In the esterification of sunflower oil, the
study looks at these metal pairings' catalytic
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effectiveness for particular reaction parameters,
such as a 19:1 molar ratio of alcohol to oil, 65 °C
temperature, and 5% catalyst loading. Biodiesel
yields are utilized to gauge performance, and
characterization methods, including BET, SEM-EDS,
and XRD, are used to examine the catalysts'
chemical and physical characteristics. The results
of this study provide fresh information on the
complementary effects of these co-impregnated
metals, which are used in combination for the first
time in the synthesis of biodiesel.

2. EXPERIMENTAL SECTION

2.1. Materials

Potassium hydroxide (KOH) and hydrochloric acid
(HCI) were purchased from Merck, methanol
(CH5OH) and zinc nitrate hexahydrate
(Zn(NOs),.6H,0) were purchased from Sigma-
Aldrich, copper nitrate trihydrate (Cu(NOs)..3H,0)
and iron(lll) nitrate nonahydrate (Fe(NOs)s;.9H,0)
were purchased from Zag Chemicals. All chemicals
were used directly without any further purification,
except for the spruce-derived activated carbon,
which was activated before use.

2.2. Catalyst Preparation

Woody-based activated carbon was used as
support material for bimetallic catalysts. Spruce
wood sawdust was used as feedstock. Spruce
sawdust was sieved through a 60-mesh screen
(250 um). The particles smaller than 60 mesh were
used in the experiment. After sieving, spruce
sawdust was dried in the oven at 104 °C for 24 h.
KOH was used as an activation agent to prepare
activated carbon. KOH was first dissolved in
deionized water and mixed with spruce wood
sawdust (2:1, weight ratio) for 24 hours and
constant stirring. The mixture was then placed in
an oven for 24 hours to remove the water. After
drying, the mixture was subjected to calcination in
a tubular furnace at 800 °C for 1 hour under
nitrogen atmosphere to expand the pore size of
the activated carbon. The heating rate was set as
10°C/min. After calcination in the tubular furnace,
the activated carbon was washed with 0.5 M HCI to
remove any residual KOH and then rinsed with
deionized water until the pH reached 7. The
cleaned activated carbon was then placed in an
oven and dried for 24 hours. The activated support
material in this study is called AC.

Co-impregnation method was used for catalyst
synthesis. Zn(NOs),.6H,O, Cu(NOs)..3H,0, and
Fe(NOs)s;.9H,0 were used, and the metal nitrate
ratio was set as 50/50 (w/w) for each metal pair.
First, two metal nitrates were dissolved in
deionized water to a final concentration of 0.1 M.
AC was added to this solution, with the metal
nitrate to AC mass ratio set at 10%. The mixture
was stirred with a magnetic stirrer for 24 hours at
room temperature. Then, the solution was kept in
an oven at 104 °C for 24 hours to evaporate the
water. The dried catalyst was calcinated in a
tubular furnace at 550 °C for 3 hours under
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nitrogen atmosphere, with a heating rate of 10
°C/min. After calcination, three different bimetallic
catalysts were obtained. These catalysts were
named as Cu-Fe/AC, Cu-Zn/AC, and Fe-Zn/AC.

2.3. Catalyst Characterization

To determine catalyst characterization, elemental
analysis, Brunauer-Emmett-Teller (BET) analysis,
scanning electron microscopy (SEM) and energy
dispersive X-ray spectroscopy (EDS), Fourier
Transform Infrared (FTIR), and X-Ray diffraction
analysis (XRD) were applied. Dry sample
composition was determined using an elemental
analyzer (LECO CHNS-932, LECO, USA) to
determine the contents of C, H, N, and S. The
Quantachrome-Autosorb iQ BET analyzer (Anton
Paar, Austria) was used to measure the surface
area and pore structure properties of activated
carbons at 77 K in the relative pressure range of
0.001 to 0.99. The samples were degassed at 180
°C for 24 hours prior to analysis. Fourier Transform
Infrared (FTIR) spectra of catalysts were acquired
by combining a universal attenuated total
reflectance (ATR) sampling equipment with a
diamond crystal with an FTIR analyzer (Perkin
Elmer, USA). The 400-4000 cm™ region of the
spectra was collected at a resolution of 4 cm™. The
surface morphologies of catalysts were examined
using a scanning electron microscope (SEM)
manufactured by Inspect S50 FEI Inc (USA). Using
an X-ray diffractometer (Rigaku Smartlab, Japan)
operating at 40 kV and 30 mA, with a scan range
of 10 to 80 °C, a step width of 0.02 °C, and a scan
speed of 3.035 °C/min, the X-ray diffraction (XRD)
patterns of catalysts were obtained.

2.4. Transesterification of Oil

The transesterification reaction of sunflower oil
and methanol was carried out in a 500-mL, three-
neck, round-bottom flask equipped with a reflux
condenser. The catalyst dosage was 5% of the
weight of the oil, and the molar ratio of the
methanol to oil was 19:1. The reaction was carried
out at 65°C for 180 minutes. After completion, the
catalyst was separated by filtration. The remaining
liquid product, containing biodiesel and glycerol,
was transferred to a separatory funnel to separate
the glycerol phase at the bottom. The upper layer,
biodiesel, was then rinsed in a beaker and heated
at 90 °C to remove residual methanol.

The biodiesel
equation below.
% Yield = Myiodieset/Moit X 100

In this equation, Myidieser @and My were produced
biodiesel and the weight of oil used in the
experiment, respectively.

yield was calculated using the
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3. RESULTS AND DISCUSSION

3.1. Characterization of Catalysts

3.1.1. Elemental Analysis

Elemental analysis was done to find out the
content of C, H, N, and S elements in the sample.
The amount of oxygen in the sample is found by
subtracting the total of C, H, N, and S obtained
from the elemental analysis from 100. According
to elemental analysis, the spruce sawdust includes
47.59% of C, 3.50% of H, 0.00% of N, 0.00% of S,

and 47.51% of O. After activation and
carbonization of spruce sawdust, AC includes
92.85% of C and 7.15% of O.

3.1.2. BET analysis

Based on gas adsorption measurements, BET

theory can be used to calculate the specific

surface area of solid materials. This method can
analyze a wide range of solid matrices, including
catalyst powders and monolithic materials. BET
analysis evaluates both the surface areas of
catalysts and the dimensions of their pores. BET
analysis was done in Autosorb iQ Station 1, the
bath temperature is 77.35 K using 6 mm w/o rod
cell type, with a relative pressure range of 0.001
and 0.99. It was performed after 12 hours of
nitrogen desorption. The results, including the
catalyst pore sizes, are detailed in Table 1.

Table 1: BET analysis results of AC and metal pairs impregnated AC.

Average
Surface pore Radius Total pore Micropore Micropore
Area(m?/g) (A) volume (cm?/g) volume (cm3/g) area (m?/g)
AC 1231.97 955.24 588.40 0.47 1113.77
Cu-Fe/AC 1269.48 937.57 595.10 0.50 1165.72
Cu-Zn/AC 1191.00 935.25 556.90 0.47 1095.76
Fe-Zn/AC 1178.59 939.51 553.70 0.46 1081.00

The analyses showed that the surface area and
pore diameter were similar. This outcome is
expected, as both increases during the activated
carbon  production from spruce sawdust.
Subsequent metal adsorption is not anticipated to
alter the pore diameter significantly. Cu-Zn/AC and
Fe-Zn/AC slightly decreased the surface area,
while Cu-Fe/AC slightly increased. Im et al. tried
Cu-Fe, Cu-Ni, and Cu-Co on Al,O; support, and the
specific surface areas were found to be 141.3
m?/g, 136.1 m?%g, and 133.2 m?/g. The highest
specific surface area was Cu-Fe/ Al,O; (Im et al.,
2024). Alotaibi made a green synthesis
Cu-Zn/zeolite catalyst in their study. Adding Cu-Zn
metals to the bare zeolite support's surface

significantly decreased the surface area from 252
to 165 m?/g (Alotaibi, 2023). One possible cause of
the decreased BET surface area might be the
metals that have been deposited, blocking the
pores in the activated carbon or accumulating on
the support surface (S. Wang et al., 2023).

3.1.3. Scanning Electron Microscopy coupled with
Energy Dispersion Spectroscopy (SEM-EDS)
analysis

SEM-EDS analysis observes the structure of
catalysts and the metals attached to them. The
EDS analysis of activated carbon without metal
loading is shown below.

86



6orand, M. N., Karakurt Cevik, B., Bayrakdar Ates, E. JOTCSB. (2025), 8(1), 83-96. RESEARCH ARTICLE

:E_ .MapSum Spectrum
60-‘ At%
- € 93.0
N 0 70
>40—_
4 -
v -
=%
5 -
20
|[o
0 LI I I N N B I N I N N N I N O Y O I IO L O |
0 5 10 15 keV

Figure 1: SEM-EDS analysis of AC.

Figure 1 shows the SEM-EDS analysis of activated analysis showed that the activated carbon consists
carbon. No metal was detected as expected. Only  of 93% carbon and 7% oxygen.
carbon and oxygen content were considered. The
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Figure 2: SEM-EDS analysis of Cu-Fe/AC.
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Figure 3: SEM-EDS analysis of Cu-Zn/AC.
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Figure 4: SEM-EDS analysis of Fe-Zn/AC.

Table 2: EDS result of Cu-Fe/AC, Cu-Zn/AC, and Fe-Zn/AC catalyst.

Catalyst Cu (%) Zn (%) Fe(%)
Cu-Fe/AC 66.6 334
Cu-Fe/AC 77.7 22.3
Cu-Fe/AC 71.4 28.6
Cu-Zn/AC 44.7 55.3

Cu-Zn/AC 49.9 50.1

Cu-Zn/AC 42.9 57.1

Fe-Zn/AC 58.6 41.4
Fe-Zn/AC 58.5 41.5
Fe-Zn/AC 56.6 43.4

Figures 2, 3, and 4 illustrate the average metal
retention levels determined by the SEM-EDS
method. The retention rates for the Cu-Fe/AC
catalyst do not appear to be very balanced, with
copper retention rates ranging from 66.6% to
77.7%. Meanwhile, iron retention ranges from
33.4% to 22.3%. Given that equal amounts of
metal are loaded during catalyst production, the
catalyst retains less iron relative to copper. SEM-
EDS analysis of Cu-Zn/AC shows that the copper-
zinc retention ratio is more evenly distributed than
the iron-copper retention rate. Copper retention
ranges from approximately 50.1% to 57.1%, while
zinc retention ranges from 49.9% to 42.9%. The
graphs show that the smoother distribution is
achieved by absorbing copper and zinc into
activated carbon. The Fe-Zn/AC SEM-EDS analysis
yielded consistent results. The =zinc retention
ranges between 56.6% and 58.6%, while iron
retention ranges between 43.4% and 41.4%. These
results indicate that activated carbon retains less
iron than zinc and copper. Bimetallic catalysts
cannot have homogeneous metal contents, which
may be caused by the two metals' competing
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adsorption during the adsorption
process (Ucer et al., 2006).

impregnation

SEM images present that activated carbon are
irregular structures with high roughness and have
visible holes and cracks, which increase specific
surface area and pore volume (Bakather, 2024;
Phiri et al., 2023). Dark and white sides explained
the presence of the active sites in the catalyst (Q.
Wang et al., 2023). When we compare the
catalysts, the Cu-Fe/AC and Fe-Zn/AC catalysts
show more cracks and holes, while the Cu-Zn/AC
catalyst has less visible. This also explains why the
surface area of the Cu-Zn/AC catalyst appears
lower in the BET results.

3.1.4. X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) patterns of activated
carbon were obtained using a Rigaku Smartlab X-
ray diffractometer which operates at 40 kV and 30
mA. The device has a scanning range of 10 to 80°,
a width of 0.02°, and a scanning speed of
3.035°/min.
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c) SEM images of Cu-Zn/AC

d) SEM images of Fe-Zn/AC

Figure 5: SEM image of catalyst (2500x).

Figure 6 presents the XRD results for both
unloaded AC and metal pairs loaded ACs. Products

made from activated carbon are mostly
amorphous, while some crystalline material is
present. The prominent XRD peaks at

approximately 26° and 44° indicate an amorphous
structure composed of simultaneously arranged,
aromatic graphene-like sheets (Mallick et al., 2020;
Mopoung & Dejang, 2021). Exhibited phases of
CuO at 26 values of 32.7°, 35.8°, 38.9°, 46.1°,
48.9°, 53.4°, 58.7°, 61.3°, 66.4° and 68.0° (JCPDS
card no. #45-0937) (Bienholz et al., 2010; Charate
et al., 2021) and ZnO at 26 values of 31.9°, 34.1°,
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36.7°, 47.7°, 56.5°, 62.4°, 66.59°, 68.3° and
68.92° (JCPDS card No. #36-1451) (Bel Hadj Tahar
et al., 2008; Skuhrovcové et al., 2019). According
to standard JCPDS card No. #22-1012, the
diffraction peaks at 26 values of 29.95°, 35.30°,
36.98°, 42.82°, 53.21°, 56.64°, 62.27° and 73.63°
can be present to a cubic phase of spinel ZnFe,0,
(lza et al.,, 2020). For CuFe;0, the diffraction
angles (26) 18.61, 30.17, 36.15, 39.01, 44.02,
54.22, and 62.39 complied with the characteristic
data of JCPDS card no#034-0425 (Maleki et al.,
2019).
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Figure 6: XRD results of catalyst.

3.2. Characterization of Biodiesel

3.2.1. FTIR results

The percentage of biodiesel in the sunflower oil
transesterification reaction has been determined
using the FTIR method. Samples were analyzed
using Infrared mid-range in the region extending
from 650-4000 cm™, which covers the absorption
bands characteristic of biodiesel (methyl ester)
and sunflower oil (Foroutan et al., 2022; Santiago-
Torres et al., 2014). FTIR results are shown in
Figure 7.

At approximately 3330 cm™?, a wide vibration band
declares that this structure includes O-H bonds
that correspond to the presence of methanol
(Santiago-Torres et al., 2014). The 3004, 2926, and
2853 cm™! peaks show carboxylic acid compounds.
The firm ester peaks of FTIR are around 1745 cm™
(C=0 bonds) and 1163-1281 cm™ (C-O bonds)
(Lima et al., 2022; Onat & Ekinci, 2024).The
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presence of these peaks confirms the occurrence
of a transesterification reaction and biodiesel
production. The peak at 1015 cm~?, which is not
present in sunflower oil, also confirms biodiesel
production from sunflower oil. The green line
indicates the FTIR results of sunflower biodiesel
from the KOH catalyst. The biodiesel production
parameters are %3 of catalyst loading, 5:1 of
methanol:oil ratio, 65 °C of reaction temperature,
and 90 min of reaction time. The reaction
parameters are standard biodiesel production from
homogeneous basic catalysts. Biodiesel production
from these four catalysts seems to be similar. This
indicates that the quality of the produced biodiesel
is consistent across all these catalysts and this
shows that the biodiesels produced with metallic
catalysts are very similar in bond structure to the
biodiesels produced with homogeneous basic
catalysts.
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Figure 7: FTIR results of biodiesel from Cu-Fe/AC, Fe-Zn/AC, Cu-Zn/AC, and KOH catalysts.

3.3. Yield of Biodiesel

Biodiesel conversion yields are determined based
on the ratio of biodiesel to oil used. In this respect,
the biodiesel conversion rates for Fe-Zn/AC, Cu-

Zn/AC, and Cu-Fe/AC were calculated at 74.67%,
89.02%, and 68.16%, respectively. The Cu-Zn
metal pair achieves the highest conversion.

Table 3: Comparison of the biodiesel yield from sunflower oil with other literature studies.

Catalyst Catalyst Methanol:Oil Time Temp Biodiesel Reference
Type Ratio Molar Ratio (h) (°C) Yield (%)
Ca-Mg-Al 2.5 15:1 6 60 95.00 (Dahdah et al.,
2020)
CaO 3 13:1 1.66 60 94.00 (Granados et
al., 2007)
K>,COs/alumina-silica 2 15:1 0.33 120 97.00 (Luki¢ et al.,
2009)
Waste 2.65 15.2 2.95 80 99.27 (Foroutan et al.,
chalk/CoFe;04/K.CO3 2022)
MgO-La,03 3 18:1 5 60 97.70 (Feyzi et al.,
2017)
CaO derived from 5 15:1 2 60 87.64 (Bedir & Dogan,
sugar industry waste 2021)
catalyst
Ca/Chicken eggshell 9 15:1 8 65 80.20 (Farooq et al.,
2015)
Fe-Zn/AC 5 19:1 3 65 74.67 This study
Cu-Zn/AC 5 19:1 3 65 89.02 This study
Cu-Fe/AC 5 19:1 3 65 68.16 This study
The results show that the Cu-Zn/AC catalyst yields seen from the results of the SEM-EDS analysis of
are consistent with literature values, whereas the Cu-Zn/AC, a homogeneous distribution of the
other two are not. To improve conversion yields, copper-zinc retention ratio and a more
different working conditions must be tested. As homogeneous structure compared to other
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catalyst increased

activity.

types effectively catalytic

4. CONCLUSION

As a result, this study produces biomass-derived
activated carbon and loads it with metal pairs to
use as biodiesel conversion catalysts. Cu, Zn, and
Fe were used as metals. The innovative use of
spruce sawdust-derived activated carbon as a
support for metal pairs such as Cu-Fe, Fe-Zn, and
Cu-Zn marks a novel contribution to the literature.
The results indicate that while activated carbon
formation increased the surface area and pore
diameter, metal impregnation did not significantly
impact these properties. SEM and EDS analysis
show that the metal pair Cu-Zn has the best
distribution over activated carbon. A notable
observation is the low iron retention across the
catalysts; Fe, when paired with Cu or Zn, is less
effectively retained on the activated carbon than
expected. This suggests an uneven distribution of
metals in the activated carbon. The highest
biodiesel conversion was achieved with the Cu-Zn
metal pair, reaching 89.02%, due to the nearly
uniform distribution of copper and zinc on the
surface. In contrast, the Cu-Fe metal pair yielded
the lowest conversion rate at 68.16%. Based on
these results, the effectiveness of the metal pairs
in biodiesel conversion can be ranked as Cu-Zn >
Fe-Zn > Fe-Cu. Despite variations in conversion
yields, the biodiesel content remains consistent,
indicating that all catalysts are effective for
biodiesel production.
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