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Abstract. The development of metal-oxide—based materials as catalysts for
biomass conversion into bioenergy is essential to enhance reaction
efficiency and operational stability. Iron (III) oxide (Fe:0s) possesses
favorable redox properties, while graphene provides high electrical
conductivity and large surface area, making their combination a promising
catalytic system. This study aimed to compare the microstructure and
elemental composition of Fe.Os/graphene composites prepared under non-
sintered and sintered conditions as a preliminary step toward a biomass
catalyst. The composites were synthesized by co-precipitation methods and
processed in two conditions: without sintering and with sintering at 600 °C
and 700 °C for 1 h. Surface morphology and elemental distribution were
examined using Scanning Electron Microscopy (SEM) and Energy-
Dispersive X-ray Spectroscopy (EDX). The results reveal that sintering
produced a more homogeneous surface, controlled porosity, and a more
uniform distribution of Fe and O compared with the non-sintered sample.
Quantitative EDX analysis indicated increased oxygen content and
stabilization of the hematite phase at higher sintering temperatures,
supporting the formation of active catalytic sites. These findings confirm
that optimizing the sintering temperature plays a critical role in improving
the microstructural quality of Fe-Os/graphene composites and highlight their
potential as catalytic materials for biomass conversion and sustainable
bioenergy applications.
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1 Introduction

In the context of energy transition and the pursuit of cleaner, renewable sources, the
conversion of biomass into bioenergy has emerged as a rapidly developing research field.
Utilizing biomass as a feedstock for energy production helps reduce carbon footprints and
enhances sustainability. Among various conversion methods, the use of metal oxide—based
materials as catalysts has shown promising potential. Iron oxide, particularly iron (III) oxide
(Fe20s), is well known for its excellent redox properties, thermal stability, and ability to
participate in oxidation—reduction reactions, making it a strong candidate for catalytic
applications in biomass conversion processes [1].

In addition to Fe2Os, graphene has also attracted significant attention in the energy field
due to its high electrical conductivity and large surface area. The combination of Fe2Os and
graphene leads to the development of composites that exhibit strong synergistic effects in
enhancing catalytic performance. Graphene not only improves electron conduction but also
enhances the dispersion of metal oxides during the formation of nanocatalysts [2]. This is
crucial, as increased catalytic activity is associated with the formation of more active sites,
which can enhance the efficiency of the conversion reactions.

Sintering is an important process in the fabrication of Fe.Os/graphene composites, as it
can influence the microstructure and elemental distribution within the material. This process
enhances the interaction between composite particles and plays a key role in controlling
morphological characteristics and grain size. Previous studies have shown that optimized
sintering conditions, both in terms of temperature and duration, can contribute to the
formation of stable hematite phases and increase oxygen content, potentially creating more
active sites [3]. Therefore, a deeper understanding of the relationship between sintering
treatment and the microstructural characteristics of Fe2Os/graphene composites is crucial for
their application in biomass conversion processes [4].

Characterization using Scanning Electron Microscopy (SEM) and Energy Dispersive X-
ray Spectroscopy (EDX) serves as a reliable method for determining surface morphology and
elemental distribution within composites [5]. These techniques allow for precise analysis of
how variations in synthesis conditions can influence material development, with findings
indicating that sintered materials exhibit better structural homogeneity compared to non-
sintered ones [6]. The use of EDX also provides essential information on the composition
and concentration of elements present in the composite, which directly affects the catalytic
effectiveness of the material [7].

By integrating the aforementioned approaches, this study aims to compare and analyze
the microstructural properties and elemental composition of Fe.Os/graphene composites
synthesized under two conditions: without sintering and with sintering at 600 °C and 700 °C.
This study not only seeks to understand the influence of thermal treatment on the physical
and chemical properties of the material but also to identify the potential applications of
Fe2Os/graphene composites in the sustainable conversion of biomass into bioenergy.
Therefore, the findings are expected to provide new insights into the development of more
efficient Fe2Os/graphene-based catalytic materials.

2 Methods

In this study, a systematic procedure was employed to prepare and analyze Fe:Os/graphene
composites under two different conditions: non-sintered and sintered. The proposed
methodology includes synthesis, thermal treatment, and material characterization stages. The
research procedure is illustrated in Figure 1 as follows.
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Fig. 1. Illustration of research procedure

2.1 Synthesis of Fe,0;/Graphene Composites

The materials used in this study include:

® re.0; powder (12 g, Sigma-Aldrich, <5 um, >99% purity) as the iron oxide
precursor,

Graphene nanopowder (0.03 g, >99%),

[
o Ethylene glycol (for analysis) (60 ml) as the dispersing medium,
@ Distilled water (750 ml) as solvent,

[

NaOH solution (5 M) (30 ml) as precipitating agent, and
@ Acetone (30 ml) for cleaning and degreasing purposes.

All reagents were used as received without further purification.

Fe20s/graphene composite precursor was synthesized via a co-precipitation. Initially, 12
g of Fe20s powder was dispersed in 200 ml of ethylene glycol and ultrasonicated for 30
minutes to achieve a uniform suspension. In parallel, 0.03 g of graphene was ultrasonically
dispersed in 100 ml of distilled water for 20 minutes to ensure homogeneity.

Both suspensions were then combined and stirred magnetically at 60 °C for 1 hour to
promote the attachment of Fe2Os particles onto the graphene surface. Subsequently, 30 ml of
NaOH (5 M) solution was added dropwise to adjust the pH to approximately 9-10,
facilitating partial hydroxide interaction and stabilization between Fe and graphene phases.
The mixture was aged for 2 hours under continuous stirring.

After aging, the composite suspension was centrifuged and washed repeatedly with
distilled water and ethanol to remove excess ions and residual base. The resulting precipitate
was oven-dried at 100 °C for 6 hours, forming the Fe.Os/graphene powder precursor.
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2.2 Thermal Treatment (Sintering)

After synthesis, the composite samples were divided into two groups: one group was kept in
a non-sintered condition, while the other underwent the sintering process. Sintering was
carried out at predetermined temperatures of 600 °C and 700 °C for 1 hour. The temperature
and duration of the sintering process were designed to explore the influence of sintering on
the morphology and elemental composition of the composites [8].

2.3 Characterization of Material

The evaluation of surface morphology and chemical composition of the synthesized
composites was carried out using two primary characterization techniques: Scanning
Electron Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy (EDX).

@ SEM was employed to examine the surface morphology, particle size, and elemental
distribution within the samples. The process involved proper sample preparation,
including carbon coating when necessary, to enhance electrical conductivity and
produce clear, high-resolution images [9].

@ EDX was utilized alongside SEM to perform quantitative analysis of the elements
present within the composite. The determination of oxygen and iron concentrations,
as well as the identification of the hematite phase, was conducted to obtain
information regarding the active sites within the composite [10].

2.4 Data Analysis

Data obtained from SEM and EDX analyses were examined to assess the differences in
morphology and elemental composition between the non-sintered and sintered samples [11].
This analysis aimed to determine the relationship between synthesis conditions and the
catalytic performance of the resulting composites. The influence of sintering temperature on
the development of active sites was also evaluated based on the observed changes in the
structure and material properties.

3 Result and Discussion

In this study, the effect of thermal treatment conditions on Fe.Os/graphene composites as
catalytic materials for biomass conversion was investigated. Sintering at 600 °C and 700 °C
was expected to influence the morphology and elemental distribution within the composites,
thereby contributing to improved catalytic performance. The results of the characterization
using Scanning Electron Microscopy (SEM) are presented in Figure 2.
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(c)
Fig 2. SEM Result (a) Fe203-Go Non-Sintered; (b) Fe20s-Go Sintered 600°C 1 hr; (¢) Fe203-Go Sintered
700°C 1 hr
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Characterization results obtained from Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray Spectroscopy (EDX) revealed that the sintering process produced a more
homogeneous surface and a more uniform distribution of Fe and O elements compared to the
non-sintered samples. The EDX analysis results are presented in Table 1.

The effect of sintering on the microstructure can be observed through the improved
surface homogeneity. The sintering process enhances the interaction between graphene and
Fe:0; particles, consistent with the findings of Khan et al. (2019) [12], who reported that
sintering techniques can significantly improve the physical properties of graphene-based
materials, including their microstructural features. However, no other studies were found
directly linking thermal treatment with material stability in this specific context [13].

One of the key findings of this study is the increase in oxygen content observed from
EDX analysis at higher sintering temperatures. This increase indicates the potential formation
of more active sites within the Fe.Os/graphene composite as a result of hematite phase
stabilization. According to previous literature, the dispersion of metal oxides on carbon
matrices can create active sites that enhance reaction efficiency [14]. Hence, the rise in
oxygen content may play a crucial role in improving the catalytic activity of the material.

Table 1. EDX Result

Speciment C (Wt%) O (Wt%) Fe (wt%)
Fe20:-GO Non-Sintered 4.07 14.93 81
Fe203-GO Sintered 600°C 1 hr 5.31 12.76 81.92
Fe20;-GO Sintered 700°C 1 hr 2.94 8.05 89.02

Additionally, SEM and EDX results revealed that the sintered composites exhibited more
controlled porosity. The arrangement of porosity is a key factor in catalytic reactions, as it
allows better substrate accessibility to active sites [15]. Other studies have also noted that
composites with more ordered structures tend to show superior performance in heterogeneous
reactions, supporting the hypothesis that optimizing sintering temperature can directly
influence catalytic performance in biomass conversion processes.

Overall, this study explores the crucial concept that synthesis conditions—particularly
the sintering process—play a key role in developing efficient Fe.Os/graphene composite
materials for biomass conversion. The combination of a well-established hematite phase and
a uniform elemental distribution makes this composite a highly promising candidate for
renewable energy applications. Based on the characterization results, this research provides
deeper insights into the optimization of carbon- and metal oxide—based materials for future
catalytic applications.

4 Conclusion

This study successfully demonstrated that sintering treatment on Fe2Os/graphene
composites has a significant impact on their microstructural characteristics and elemental
composition, supporting the development of high-quality materials for catalytic applications
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in biomass conversion. Characterization results obtained from Scanning Electron
Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy (EDX) revealed that
sintering at 600 °C and 700 °C produced a more homogeneous surface, improved porosity
control, and a more uniform elemental distribution compared to non-sintered samples.

The observed increase in oxygen content in the sintered samples potentially leads to the
formation of more active sites, contributing to enhanced catalytic effects during biomass
conversion processes. This finding aligns with previously published evidence suggesting that
optimization of synthesis conditions—particularly sintering temperature and duration—can
directly influence the effectiveness of materials in renewable energy applications.

Therefore, Fe:Os/graphene composites synthesized through proper methods and
subjected to appropriate thermal treatment exhibit great potential as catalytic materials for
biomass conversion. This study emphasizes the importance of continued research to further
explore the optimization of experimental conditions and the practical applications of this
material in sustainable biocatalytic systems.
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