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Abstract: The province of Burdur is at the forefront of the livestock industry, especially with dairy cattle. it 
is a necessity for Burdur province to use animal manure, convert it into methane gas, and use it as fuel. In 
this study, a laboratory-scale biodigester was set up to produce biogas from cattle feces taken from Burdur 
Mehmet Akif Ersoy University Cattle Farm. γ-Fe2O3, meso-Fe2O3, and meso-Co3O4 nanoparticles (NPs) were 

synthesized and used as catalysts for biogas production. Structural characterizations of catalysts were carried 
out via FT-IR and XRD techniques. The TEM was used to investigate particle size distributions and 
morphology. The average particle sizes of the nanoparticles were determined to be in the range of 20-165 
nm. The bio-digester was kept at a constant temperature of 35 °C for 20 days. It has been determined that 
the obtained biogas has a high methane content of 83–86%. The biogas volume was obtained to be 1.360 
L/kg for γ-Fe2O3, 1.390 L/kg for meso-Fe2O3, and 625-1.250 L/kg for Co3O4. 
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1. INTRODUCTION 
 
Renewable energy helps solve environmental 
problems and support sustainable development. 
Renewable energy sources reduce climate change by 

emitting little greenhouse gas (1). They boost energy 
security by diversifying the energy mix and 
minimizing fossil fuel imports. Renewable energies 
improve air quality and health (2). They also boost 

economic growth, investment, and job creation (3). 
Renewable energy technology advances improves 
efficiency, and lowers costs, making it more 

accessible and profitable. Renewable energies are 
crucial to the climate and ecological goals of the 
Green Deal, such as the European Green Deal. By 
2050, it wants to make Europe the first climate-
neutral continent by focusing on renewable energy 
and energy efficiency. The Green Deal encourages 
renewable energy use to reduce greenhouse gas 

emissions and boost economic growth. It supports 
renewable energy development and implementation 
through policies, financing, and research. Countries 
can fight climate change and promote sustainability 
by supporting the Green Deal (4). Biomass energy is 

a term that encompasses bioenergy and biofuels. 
Bioenergy refers to solid biomass used for domestic 
uses (heating, cooking) and industrial applications 
(heat and power). Biofuels mainly refer to liquid 
biofuels (biodiesel and bioethanol) used in road 

transportation but also include biogas. Biomass 
energy is a renewable resource that has the potential 
to contribute significantly to the world's energy 
needs. Anaerobic digestion (AD) of agricultural 

waste, food waste, and sewage sludge produces 
biogas. Waste management, renewable energy 
generation, methane emission reduction, and 

nutrient recycling are its benefits. Methane in biogas 
is used to generate energy. Electricity, heating, and 
cooking can be made from biogas. The energy 
performance of biogas production can be assessed 
using parasitic energy demand, biogas utilization 
efficiency, and energy output relative to feedstock 
solid mass. These indicators reveal biogas plant 

energy efficiency and performance. Producing biogas 
from organic waste has many benefits. Organic 
waste serves as a valuable substrate for anaerobic 
digestion, a natural process mediated by a diverse 
array of microorganisms. Anaerobic digestion 
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converts organic residues into biogas, and volatile 
fatty acids, which hold potential as clean energy 
sources. The anaerobic digestion process comprises 

four interconnected steps wherein microorganisms in 
each step sequentially convert substrates for 
utilization by subsequent microbial communities (5-
7). It is a complex process in which a diverse 

consortium of microorganisms uses organic waste as 
a substrate to initiate an integrated and multifaceted 
cascade of biochemical reactions in single-stage 
batch reactors, including hydrolysis, acidogenesis, 
acetogenesis, and methanogenesis. After this 
procedure, biogas—an infinite source of renewable 

energy that can be used for thermal applications—is 
produced (8). Biogas installations number 132,000 
worldwide, excluding 50 million micro-scale digesters 
(9). Nanoscale particles or structures make up 
nanocatalysts. These catalysts have unique features 
and advantages due to their compact size and high 

surface area-to-volume ratio. In recent years, 

nanocatalysis has advanced, with many types of 
nanocatalysts being studied for various uses (10). In 
a research pressmud as a substrate for anaerobic 
digestion with a CuO/Cu2O nanocatalyst to improve 
biogas. The aqueous extract of PM and SCB used as 
a reducing agent was used to make CuO/Cu2O 
nanocatalyst. Using 1.0 % CuO/Cu2O nanocatalyst in 

the AD process, a total biogas of 224.7 mL CH4 /g VS 
was reported after 42 days (11). In a different study, 
water is divided electrochemically using a 
nanocatalyst and an external energy source to 
produce hydrogen and oxygen. Copper (Cu) based 
nanostructures have been found to have an impact 

on the stability, immobilization, and recovery of 
enzymes among a variety of investigated 

nanomaterials (12). Furthermore, the inclusion of 
Cu-based nanomaterials may have improved the 
CAZymes' (carbohydrate-active enzymes) functional 
activity, which raises the efficiency of cellulose 
degradation during the enzymatic hydrolysis reaction 

(13). Platinum-based nanocatalysts can boost water-
splitting efficiency. These nanocatalysts increase 
electrochemical reaction activity and energy 
conversion by providing many active sites. Other 
research examines nanocatalysts in organic 
processes. Gold nanoparticles have been widely 
investigated as organic transformation catalysts. 

Gold nanoparticles promote selective and sustained 
reactions due to their unique electrical and structural 
features. Energy applications like fuel cells use 
nanocatalysts. Platinum-based nanocatalysts are 

frequently used in fuel cell technologies due to their 
excellent catalytic activity and stability. These 

nanocatalysts aid electrochemical reactions that 
convert chemical energy to electricity. Research has 
also focused on nanocatalyst synthesis and design. 
Various approaches have been developed to alter 
nanocatalyst size, shape, and composition for 
customized characteristics and better catalytic 
performance. Support materials like carbon 

nanotubes or metal oxides can improve nanocatalyst 
stability and reactivity. Nanocatalysts' small size and 
high surface area-to-volume ratio allow them to 
improve catalytic processes. They are promising for 
water splitting, chemical processes, fuel cells, and 
more. Nanocatalysis research could improve energy 
generation, environmental cleanup, and chemical 

synthesis (14-18). Nanocatalysts can contribute to 
the production efficiency of biogas and other biofuels. 
Nanocatalysts accelerate the degradation of organic 

waste and the creation of methane, the main 
component of biogas. They boost catalytic activity, 
selectivity, and stability. Bharathi et al. (2022) (19) 
employed iron oxide nanoparticles to boost bacterial 

growth, minimize retention time, and produce biogas 
from food waste. Nanocatalysts' high surface area 
and reactivity help convert organic waste into biogas. 
They can boost conversion efficiency, product yield, 
and byproduct reduction. Nanocatalysts can be 
optimized for specific processes and feedstocks by 

changing size, content, and structure. However, 
nanocatalysts for biogas production are still being 
studied. Further research is needed on catalyst 
production, loading optimization, and nanocatalyst-
microbial community interactions. Nanocatalysts' 
environmental impact and cost-effectiveness in 

large-scale biogas generation should also be 

evaluated (20). 
 
In this study, it was aimed to examine the 
contribution of magnetic nanoparticles to the 
production of biogas from cattle manure. Few studies 
are using mesoporous Fe2O3. However, studies on 
biogas production using mesoporous Co3O4 as a 

catalyst have not been found. For this purpose, γ-
Fe2O3, meso-Fe2O3, and meso-Co3O4 NPs were 
synthesized and characterized. The laboratory-scale 
biodigester was designed and set up to produce 
biogas from cattle feces taken from Burdur Mehmet 
Akif Ersoy University Cattle Farm. 

 
2. EXPERIMENTAL SECTION 

 
2.1. Materials 
In the synthesis of metal oxide NPs, iron (III) 
chloride hexahydrate (FeCl3.6H2O, Merck), cobalt 
(III) chloride hexahydrate (CoCl3.6H2O), ethylene 

glycol (99%, Merck), polyethylene glycol (PEG, 1000, 
Merck), sodium acetate trihydrate (CH3COONa. 
3H2O, Sigma Aldrich), and sodium hydroxide (NaOH, 
Merck) were used. 
 
2.2. Instrumentations 
A Bruker AXS-D8 advanced model instrument was 

used in X-ray powder diffraction (XRD) analyses 
performed to elucidate the structures of the 
synthesized metal oxide nanoparticles. X-ray 
diffraction (XRD) studies were performed using a 

nickel filter (0.2 mm) and copper tube (Cu-Kα) 
radiation at 40 kV. XRD data were recorded at a scan 

step of 0.02° and angles of 10° ≤ θ ≤ 90°. FT-IR 
spectra were recorded in the range of 4000-400 cm-

1 using the Shimadzu IRTracer-100 spectrometer. A 
JEOL-JEM-1400 PLUS model Transmission Electron 
Microscopy (TEM) system was used for particle size 
and morphological examinations. 7890A GC 5975C 
MS gas chromatography system combined with the 

Agilent 7697A Headspace was used to determine the 
percentage of methane in the biogas content. The 
headspace vial which contains activated carbon was 
used for sampling. 
 
 
2.3. Method 
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2.3.1. Preparation of nanoparticles 
Generally, in the hydrothermal synthesis method, 
metal oxide nanoparticles are synthesized in an 

aqueous solution of metal salts. The resulting oxide 
is obtained from water as a reservoir. However, in 
this study, the water source during the reaction is 
FeCl3.6H2O and CoCl3. 6H2O. Additionally, 

polyethylene glycol (PEG) added to this reaction is 
used as an oxidant, surfactant, and anti-aggregation 
agent. Thus, it prevents particle accumulation and 
ensures the formation of high surface area Fe2O3 and 
Co3O4. 
 

Synthesis of γ-Fe2O3 nanoparticles 
The hydrothermal synthesis method was used to 
synthesize γ-Fe2O3 nanoparticles (21) FeCl3.6H2O 
(0.99 g) was mixed with ethylene glycol (40mL) until 
dissolved. Sodium acetate (CH3COONa) (3.6 g) and 
polyethylene glycol (PEG-1000) (1 g) were added 

and mixed for 45 minutes. The mixture was 

transferred into a Teflon-lined (50 mL) stainless steel 
autoclave and heated in an oven at 190°C for 5 
hours. The resulting black product was collected by 
decantation, and the product was washed several 
times with ethanol. Then it was dried at 70°C for 12 
hours. 
 

Synthesis of mesoporous Co3O4 nanoparticles 
Mesoporous Co3O4 was synthesized by modifying the 
method given in the literature (22). CoCl3.6H2O (0.99 
g) was dissolved in 40 mL of Ethylene glycol. Sodium 
acetate (CH3COONa) (3.6 g) and polyethylene glycol 
(PEG-1000) (1 g) were added to the first solution and 

mixed for 45 minutes. The mixture was transferred 
into a Teflon-lined (50mL) stainless steel autoclave 

and heated in an oven at 190 °C for 5 hours. The 
resulting black product was collected by decantation, 
and the product was washed several times with 
ethanol. Then it was dried at 70 °C for 12 hours. 
 

Preparation of mesoporous Fe2O3 nanoparticles 
Mesoporous Co3O4 was synthesized by modifying the 
method given in the literature (23). 0.5 g of 
hexadecyltrimethylammonium bromide (CTAB) was 
solved in 96 mL of deionized water. Then 34 mL of 
ethanol and 10 mL of NH3 were added and mixed for 

5 minutes. Finally, 2 mL of tetraethylorthosilicate 
(TEOS) was added and stirred at room temperature 
for 3 hours. Then, it was heated in a muffle furnace 

at 550 °C for 10 hours. MCM-41 was immersed in the 
previously prepared 1.0 M of Fe(NO3)3 solution. 
MCM-41-Fe2O3 was heated again at 550 °C and then 
treated with a 10 M NaOH solution to remove SiO2. 

The obtained mesoporous Fe2O3 nanoparticles were 
washed with deionized water and dried. 
 
2.3.2. Experimental design of AD process 
Collection of samples 
Animal feces with urine were collected from the 

slurry pit at Burdur Mehmet Akif Ersoy University 
(MAKU) Cattle Farm and used for the AD process 
without delay. The pH value was checked before 
biogas production. 
 
Biogas production in a laboratory-scale biodigester 

system 

A laboratory-scale biodigester (total volume is 5.0 L) 
with a 1.0 L working volume was used (Figure 1). The 
outer wall of the biodigester, which was developed 
for this study, contains a water jacket, and the 
ambient temperature is kept under control by 
keeping the water temperature constant with a 
heater. In light of all these explanations, the working 

temperature was determined to be 35 °C, and the 
temperature was kept constant during fermentation. 
500 g of feces were taken and diluted with water. 
The final %TS value of the mixture in the bioreactor 
was set up as 20% for each trial and three replicates 
were performed. The pH value of the feces used in 

the study was 7.35, and the temperature value was 
16.5 °C. Nanocatalysts were added to the bioreactor 

and mixed at a constant temperature for 20 days. To 
disrupt microbial cells and increase the 
biodegradation efficiency of the feces, the aqueous 
feces were mixed at a speed of 6 rpm per minute 
with the propeller mixer mounted on the system 

under mesophilic conditions (35 °C) so as not to 
precipitate. This phase lasted 20 days. The catalyst 
amounts and waiting times used were taken from the 
literature, and the study was completed (24). 0.3 g/L 
catalyst was used in each bioreactor.

 

 
Figure 1: Biogas digester system. 
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A headspace vial which contains activated carbon 
was used for sampling. In the Headspace system, the 
gases are released from activated carbon and they 

were analyzed by Headspace-GC-MS. The amount of 
methane in the resulting biogas was analyzed using 
the 7890A GC 5975C MS gas chromatography 
system combined with the Agilent 7697A Headspace. 

The analysis method is detailed below (25): 
 
Column temperature program: After waiting at 35°C 
for 5 minutes, it reaches 150 °C with an increase of 
5 °C per minute and is kept at this temperature for 
5 minutes. Detector and injector temperatures:    

200 °C and 180 °C, Flow Rate: 25 psi (He), Needle: 

90 °C, transfer line: 120 °C, Vial oven: 85 °C, Ther-
mostat time: 5 minutes, pressurize time: 0.5 
minutes, inject time: 0.08 minutes, Withdraw time: 

0.5 minutes. 
 
The amount of methane in the biogas content ob-
tained without catalyst and with catalyst (γ-Fe2O3, 

Meso-Fe2O3, and Meso-Co3O4) in the biodigester was 
calculated from the peak area using the gas chroma-
togram. In addition, the MS detector connected to 
the system was used to determine which compound 
the relevant peak belonged to. A representative gas 
chromatogram is given in Figure 2.

 

 
Figure 2: Gas chromatogram showing methane content in biogas. 

 

2.4.3. Chemical characterization 
The amount of dry matter, volatile solids, crude 
protein, and crude oil was determined in the collected 
biomass samples (26). Feces samples were dried at 
105 °C for 24 hours and the amount of dry matter 
was calculated. After the dry matter was digested at 

550 °C for 3 hours, the amount of Volatile solid was 
determined by taking the difference between the dry 
matter and ash components. Total Kjeldahl nitrogen 
(TKN) composition was determined according to the 
standard method (27), and crude protein nitrogen 
composition was determined by multiplying the TKN 
value by 6.25. The crude oil was determined by 

dissolving the substrates in diethyl ether according 
to the Soxhlet method (28). 
 
3. RESULTS AND DISCUSSION 
 
3.1. Characterization of Nanoparticles 
3.1.1. XRD results of the nanoparticles 

XRD powder patterns of the nanoparticles were 
recorded in the range of 10-90°. The XRD powder 
pattern of γ-Fe2O3 nanoparticles is given in Figure 3. 

The peaks with (206), (119), (0012), (1115), and 
(4012) hkl values correspond to γ-Fe2O3 
nanoparticles which are in the maghemite structure 

formed (PDF card no: 00-025-1402). These results 
are compatible with the literature (29). The crystal 
system of γ-Fe2O3 is tetragonal, the space group is 
P43212(96) and the cell parameters are a=b=8.34 

Å, c=25.02 Å, α=β=Ɣ=900, V=140.28 Å3. The fact 

that no impurity peaks were found in the powder 
pattern shows that γ-Fe2O3 was synthesized as a 
single phase. 

 
The XRD powder pattern of mesoporous Fe2O3 

nanoparticles is given in Figure 4. In the XRD pattern, 
the peaks obtained with (306), (134), (128), (220), 
(1010), (300), (214), (018), (116), (024), (113), 
(110), (104) and (012) hkl values. These results 

indicate that Fe2O3 is formed in the hematite 
structure (PDF Card no: 00-033-0664) (23). Fe2O3 
was obtained in a rhombohedral crystal system with 
an R-3c (167) space group. Cell parameters are 

a=b= 5.03560 Å, c= 13.74890 Å, α=β=Ɣ=900, V= 

301.93 Å3. There are no impurity peaks were found 
in the powder pattern showing that mesoporous-
Fe2O3 was synthesized as a single phase. 
 
The XRD powder pattern of mesoporous Co3O4 NPs is 
given in Figure 5. All peaks in the XRD pattern show 

that the Co3O4 structure (PDF card no: 00-042-1467) 
is formed in pure form and does not contain any 

impurity peaks (22). The crystal system of Co3O4 is 
cubic, the space group is Fd-3m (227) and the cell 

parameters are a=b=c= 8.03730 Å, α=β=Ɣ=90.0, 

V=524.24 Å3. 
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Figure 3: XRD powder pattern of γ-Fe2O3 nanoparticles. 

 
 

 
Figure 4: XRD powder pattern of mesoporous Fe2O3 nanoparticles. 
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Figure 5: XRD powder pattern of meso-Co3O4 NPs. 

 
3.1.2. FT-IR results of the nanoparticles 

The FTIR spectra of the synthesized nanoparticles 
were taken in the range of 4000-400 cm-1 using KBr 
pellets. The FT-IR spectra of γ-Fe2O3 and 

mesoporous-Fe2O3 nanoparticles are given in Figures 
6 and 7. FT-IR spectra of γ-Fe2O3 and mesoporous-
Fe2O3 nanoparticles are identical because the 
vibrations of the same elements are analyzed. Three 

peaks were observed in the FT-IR spectrum of the 

nanoparticles at 543, 1637, and 3428 cm-1. The peak 

observed at 543 cm-1 corresponds to the symmetric 
vibrations of Fe-O bonds. Water molecules are 
absorbed on the surfaces of Fe2O3 nanoparticles 

(30). Therefore, the peaks observed at 3428 and 
1630 cm-1 in the FTIR spectrum belong to the 
stretching and bending vibrations of water 
molecules, respectively. 

 
Figure 6: FTIR spectrum of γ-Fe2O3 NPs. 
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Figure 7: FTIR spectrum of meso-Fe2O3 NPs. 

 
FT-IR spectrum of mesoporous Co3O4 NPs is given in 
Figure 8. Water molecules are absorbed on the 
surfaces of Co3O4 nanoparticles. Therefore, the peaks 
observed at 3430 and 1635 cm-1 in the FTIR 
spectrum belong to the stretching and bending 

vibrations of water molecules, respectively. The 

broad peaks in the absorption bands around 673 and 
580 cm-1 are due to the stretching vibration of the 
metal-oxygen bond and the IR absorptions of Co3O4. 
The presence of this band indicates that cobalt is in 
a hexagonal oxygen octahedral environment and 

thus Co3O4 is formed (31). 

 
Figure 8: FTIR spectrum of meso-Co3O4 NPs. 

 
3.1.3. Transmission Electron Microscope (TEM) 

Results 
TEM micrographs of meso-Fe2O3 and meso-Co3O4 
NPs used in the study are shown in Figures 9 and 10, 
respectively. In TEM micrographs, it is seen that the 
nanoparticles have a spherical morphology and 
spongy structure. This confirms the mesoporous 

structure of the particles. The advantage of these 

structures is that their catalytic efficiency increases 
due to their large surface area. Particle size analyses 
show that the average grain sizes of meso-Fe2O3 and 
meso-Co3O4 NPs are in the range of 21.37-64.15 nm 
and 164.65 nm, respectively. 
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Figure 9: TEM images of meso-Fe2O3 NPs. 

 

 
Figure 10: TEM images of meso-Co3O4 NPs. 

 
3.2. AD studies 
3.2.1. Chemical content analysis 
In addition to the type of raw material used in biogas 
production (cattle, buffalo, etc.), parameters such as 
dry matter content, volatile solids, nitrogen, crude 
protein, and crude fat ratio are also important. 

Chemical analyses of organic feces were performed, 
and the results are given in Table 1. 
 

Table 1: Chemical composition of feces. 

Parameters  Feces (%) 

Dry matter 8.16 
Volatile solids 6.75 

Ash 1.24 
Total nitrogen (TKN) 1.86 

Crude protein 11.63 
Crude fat 

pH 

1.67 

7.35 

 
An important factor affecting biogas production is the 

solids rate, and the ideal rate for solids concentration 
has been reported as 7%–9% (31). In this study, the 
dry solids (DM) rate was calculated at 8.16%, and 
the ideal solids rate was achieved. 
 
The Biogas production process comprises different 
stages and each stage encompasses numerous 

microbial flora to generate methane gas (32-33). 
Foremost, the mechanism of this process depends on 
the hydrolysis of complex organic material such as 

carbohydrates, lipids, and proteins, and convert 
them into solubilized, simple, and monomeric forms 
of sugar, fatty acids, and amino acids by hydrolytic 
enzymes produced by most of Firmicutes and 
Bacteroides phyla such as clostridium (34). 
Acidogenesis was followed by hydrolysis as an 

intermediatory step by acidogenic bacteria such as 
Advenella faeciporci, Alkalitalea saponilacus, 
Bacteroides caccae, Bifidobacterium animalis, and 
Cloacibacillus porcorum etc. The solubilized product 
after hydrolysis was converted into alcohol and 
volatile fatty acids (35). Later on, further catabolism 
took place by acetogenic bacteria such as 

Anaerovorax odorimutans, Hydrogenophaga 
carboriunda, and Macellibacteroides fermentans, etc, 
which convert alcohols and volatile fatty acids into 

acetate and hydrogen (H2) by organic acid and CO2 
known as acetogenesis. The final step in gas 
production is methanogenesis which refers to the 

production of methane from acetate, hydrogen (H2), 
and CO2 by special types of microbes (36). These 
methanogenic archaeas are categorized as 
hydrogenotrophic, acetoclastic, and methylotrophic, 
which utilized H2 and formate, acetate, and methyl-
containing compounds such as methyl sulfate, 
methylamines, and methanol respectively to produce 

methane CH4 (37). During the process of production 
of clean energy, these above-mentioned four 
different groups of bacteria and archaea cooperate 
and strictly depend on each other to complete this 
cycle. However, to enhance the production of biogas, 
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nanoparticles are used to develop microbes-to-
microbes communication during catalytic reactions. 
Nanoparticles play an important role by rapidly 

donating or accepting electrons by direct interspecies 
electron transfer (DIET) (38) or mediated 
interspecies electron transfer (MIET) mechanism 
(39). However, studies on DIET showed that lag time 

decreased the level of hydraulic retention time and 
increased the stage of methanogenesis to enhance 
the yield of biogas by improving the CH4 purity and 
lowering the inhibitor resistance between microbes. 
In addition, it was found that the addition of metallic 
nanoparticles activates hydrogenotrophic 

methanogens and hydrogen-producing bacteria 
during methanogenesis, which significantly optimize 
traditional anaerobic digestion into a well-established 
energy production technology by enhancing CH4 
generation via CO2 reduction at the electron acceptor 
step supported by methanogenic archaea (40, 41). 

 

During the biogas production process, heavy metals, 
minerals, and detergents have toxic effects on the 
growth of microorganisms depending on their 
concentration. Low concentrations of ammonium, 
calcium, sodium, potassium, magnesium, and sulfur 
contribute to the proliferation of microorganisms. 
Likewise, chromium, copper, iron, etc. while heavy 

metals contribute to the development of 
microorganisms at very low levels, they have a toxic 
effect at high levels and reduce methane production 
efficiency. It has been reported that the use of Fe3O4, 
especially magnetic metal oxide, as a catalyst, 
increases biogas yield (42). It has been reported that 

the activity of autotrophic bacteria increases in the 
presence of a magnetic field between small magnetic 

NPs [43]. The slower proliferation of autotrophic 
bacteria is important for their growth and enrichment 
in the reactor. It has also been noted that 
interactions between magnetic NPs can involve 
activated sludge to create an anoxic environment 

favored by heterotrophic bacteria and eventually 
increase their activity [44]. The stimulatory effects of 
Fe3O4 NPs are attributed to the cellular uptake of NPs 
in methanogens and their association with metabolic 
intermediates and enzyme activity involved in 
manure hydrolysis, acidification, and methanation. It 
has also been reported that the shape and size of 

nanoparticles have an impact on nanoparticle-cell 
interactions and cellular uptake [45]. Cellular uptake 
of spherical nanoparticles with uniform particle size 
distribution is 500% higher than rod-shaped 

nanoparticles because the membrane wrapping time 
is longer for longer particles. Nanoparticle size 

strongly affects membrane receptor binding, 
activation, and protein expression [46]. Based on the 
literature, 0.3 g of catalyst was used in this study 
(15). The volume of biogas produced without using a 
catalyst was measured as 1.060 L/kg on the 20th 
day. The biogas volume obtained when a 0.3 g/L 
catalyst was used was determined to be 1.360 L/kg 

for γ-Fe2O3, 1.390 L/kg for meso-Fe2O3 and 625-
1.250 L/kg for Co3O4. These results showed that the 
magnetic nanoparticles used led to increased 
anaerobic digestion and therefore higher methane 
production and organic matter processing. It has also 
been reported that the release of iron ions from 
magnetic NPs may be responsible for the increased 

bacterial activities [47]. In this study, γ-Fe2O3, 
meso-Fe2O3 and meso-Co3O4 magnetic nanoparticles 
used as catalysts cause the release of iron and cobalt 

ions into the reactor. This situation is also compatible 
with the literature [47]. 
 
3.2.2. Methane analysis in biogas 

The methane amounts in the biogas content obtained 
without catalyst and with catalyst (γ-Fe2O3, Meso-
Fe2O3, and Meso-Co3O4) in the biodigester are given 
in Table 2. 
 

Table 2: Methane amounts in biogas content. 

Sample Methane (%) 

- Fe2O3 85.3 
Meso- Fe2O3 85.7 
Meso-Co3O4 83.4 

Without catalyst 75.4 

 
An increase in methane production was observed 

when the catalyst was used under the same experi-
mental conditions. This increase was determined as 
9.9%, 10.3%, and 8% for γ-Fe2O3, Meso-Fe2O3 and 
Meso-Co3O4 catalysts, respectively. The different ef-
fects of γ-Fe2O3 and Meso-Fe2O3 catalysts under the 
same conditions can be explained by the increase in 
the surface area of the mesoporous structure. 

 
4. CONCLUSION 
 
It is important to utilize watery animal feces on cattle 
farms by turning them into products. Especially 
biogas production is a good alternative to meet the 

increasing energy need. The biogas obtained can be 

used for heating purposes as well as for electricity 
generation. Burdur province is at the forefront of the 
livestock sector, especially with dairy cattle farming, 
and ranks first in Türkiye in terms of the average 
amount of milk obtained from an animal. To avoid 
wasting hydrocarbons, Burdur province must 

increase the number of facilities where farm wastes 
are used and converted into methane gas. 
 
In this study, a laboratory-scale biodigester was 
designed to produce biogas from cattle feces taken 
from Burdur Mehmet Akif Ersoy University Cattle 
Farm and was produced as a prototype for a local 

company. Structural characterizations of the 
catalysts were carried out using FT-IR and XRD 
techniques. XRD powder patterns show that γ-Fe2O3 

is formed in a maghemite structure in a tetragonal 
crystal system with P43212(96) space group (PDF 
card no: 00-025-1402). The mesoporous Fe2O3 

nanoparticles are formed in the hematite structure in 
a rhombohedral crystal structure and an R-3c (167) 
crystal system (PDF Card no: 00-033-0664). Co3O4 
nanoparticles are formed in a cubic crystal system 
with an Fd-3m space group (227) (PDF card no: 00-
042-1467). The average particle sizes of 
nanoparticles were determined to be in the range of 

20-165 nm. The biodigester was kept at a constant 
temperature of 35 °C for 20 days, and the volume of 
gas released was measured. The obtained biogas in 
the biodigester was absorbed into the adsorbent 
material (activated carbon) and analyzed with the 
headspace-GC-MS combined system. In this study, it 
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was observed that spherical γ-Fe2O3, meso-Fe2O3 
and meso-Co3O4 magnetic nanoparticles used as 
nanocatalysts improved biogas and methane 

production. The amount of methane in the biogas 
obtained without using a catalyst was found to be 
75.4%. When γ-Fe2O3, meso-Fe2O3, and meso-Co3O4 
nanoparticles were used as catalysts, the methane 

ratio was calculated as 85.3, 85.7, and 83.4, 
respectively. The results obtained from the study 
showed that in addition to γ-Fe2O3 used as a catalyst 
in biogas production, meso-Fe2O3 and meso-Co3O4 
nanoparticles also have the potential to be used for 
this purpose. 
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