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Abstract Biochar is a carbon-rich material obtained from the decomposition of biomass through various
thermochemical processes in the absence or limitation of oxygen. Its characteristics and structure are directly
influenced by the type of biomass and the thermal conditions of the process. Considering the wide-ranging role of
biochar in environmental and agricultural fields, a thorough examination of the physical and structural properties
of biochars produced from different biomass sources under varying temperature conditions is essential. This study

K ds: . . .

B;}g;orr y focuses on the production of biochar from plane tree leaves (Platanus orientalis L.) through pyrolysis at three
Pyrolysis, temperatures: 500°C, 550°C, and 600°C. The resulting biochars were analyzed and compared in terms of their
Temperature, physical and microstructural characteristics. According to the results, the biochar produced at 550°C exhibited the

Platanus orientalis L. leaves

highest porosity (74.3%) and the greatest electrical conductivity in aqueous suspension (340.4 pS/cm) compared

to those produced at 500°C and 600°C. These findings indicate that biochar produced at optimal temperature may
demonstrate superior functional qualities. As a result, biochar produced at 550°C, with better physical properties
and desirable surface performance and structure, has more advantages for environmental and agricultural
applications than biochar produced at other temperatures.
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1. INTRODUCTION

In the modern world, rapid population growth and
industrial development have led to a significant rise in
energy demand. Conventional fossil fuels are both
limited in availability and harmful to the environment,
highlighting the urgent need for sustainable and
renewable alternatives (Iwuozor, 2019). Among such
alternatives, biochar is a promising carbon-rich material
produced through the thermal processing of organic
biomass derived from plant or animal sources
(Shakerizadeh et al., 2024). The production of biochar
contributes to environmental sustainability and creates a
multifunctional material with many potential
applications. Biochar is increasingly explored for its
ability to adsorb pollutants such as heavy metals and
pharmaceutical compounds from wastewater, making it
useful for water purification and environmental
remediation (Tan et al., 2022). It also improves soil
health by enhancing nutrient retention, moderating soil
pH, and increasing water-holding capacity, thereby
supporting better plant growth (Zhang et al., 2017). In
addition, biochar shows potential in energy-related
applications, particularly in the production of
supercapacitors and batteries, due to its porous structure
and electrical conductivity. Pyrolysis is a common
method for producing biochar. It involves decomposing

biomass at high temperatures in the absence or near
absence of oxygen. The properties of the resulting
biochar, such as porosity, surface area, and conductivity,
are strongly influenced by factors including the type of
biomass used, the temperature applied, and the rate of
heating. This study presents a comparative analysis of
biochar made from the leaves of the plane tree (Platanus
orientalis L.) wusing three different pyrolysis
temperatures. Key parameters such as apparent density,
true density, total porosity, and electrical conductivity in
water were measured to evaluate the structural and
physical characteristics of the biochar. Using these
leaves as biomass provides a novel and locally adaptable
approach  to  sustainable biochar  production,
transforming organic waste into a valuable material for
environmental and technological applications.

2. MATERIALS AND METHODS

Leaves of Platanus orientalis L., collected from the
Materials and Energy Research Center (Karaj), were
washed, air-dried, and then oven-dried at 70°C for 48
hours. The dried leaves were milled and sieved (<595
pm). The biomass was pyrolyzed in an alumina crucible
at 500°C, 550°C, and 600°C for 30 minutes under an
argon atmosphere, with a heating rate of 5°C/min. The
electrical conductivity of the biochar aqueous
suspension was measured using a CyberScan PCD6500
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(Eutech Instruments, Singapore). SEM images were
obtained using a Cambridge Instruments Stereoscan 360
SEM (England). Apparent density, true density, and
total porosity were determined according to ASTM
D2854-09 and validated by reference to several
reputable research articles.

3. RESULTS AND DISCUSSION

SEM images of the biochars generally reveal
agglomerates with rough and fractured surfaces, which,
due to the presence of irregularities and numerous

cracks, can increase the number of surface active sites
(Figure 1). The electrical conductivity measurements of
the biochar suspensions show that the sample
synthesized at 550°C exhibits the highest conductivity
(340.4 puS/cm) among all samples. This higher
conductivity indicates 1its greater potential for
applications such as wastewater treatment through
electrochemical processes (Figure 2). Furthermore, the
evaluation of other physical properties of the biochars,
including apparent density, true density, and total
porosity, also favored the biochar synthesized at 550°C.
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Figure 2. Electrical conductivity trend of biochar suspensions pyrolyzed at different temperatures.

4. CONCLUSION

This study investigated and compared the physical and
microstructural properties of biochars derived from
Platanus orientalis L. leaves pyrolyzed at 500°C,
550°C, and 600°C. The results showed that the biochar
produced at 550°C exhibited the most favorable
properties, including a porous and rough surface, higher
apparent and true densities, the highest porosity
(74.3%), and the greatest electrical conductivity (340.4
puS/cm), making it more suitable for agricultural and
environmental application.
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