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Article type: Research Article The conversion of biomass into biochar and bio-oil via pyrolysis requires a precise

understanding of the temperature effect on product yield and quality. This study aimed to
investigate the effect of pyrolysis temperature on the properties of biochar and bio-oil derived
from two biomasses, conocarpus and sugarcane bagasse, at 250, 400, and 550°C. After biochar
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and biomass type in determining the quality and physicochemical properties of bio-oil and
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EXTENDED ABSTRACT

Introduction

Pyrolysis is an effective thermochemical method for converting biomass into value-added products such
as biochar and bio-oil. The yield and physicochemical characteristics of these products are strongly influenced
by pyrolysis temperature and biomass type. Therefore, understanding the temperature effect is essential for
improving product quality and optimizing pyrolysis performance. Despite numerous studies on the pyrolysis
of various wastes, most research has focused on common biomass such as wood or certain agricultural wastes.
Limited research has simultaneously investigated both biochar and bio-oil obtained from the pyrolysis of
Conocarpus and sugarcane bagasse. Furthermore, comprehensive characterization—including ash content,
volatile matter, fixed carbon, elemental analysis, electrical conductivity (EC), pH, cation and anion exchange
capacity (CEC/AEC), specific surface area (BET), FE-SEM, and FTIR for biochar, as well as viscosity,
density, CH/O elemental analysis, pH, and water content for bio-oil at different temperatures—has not yet
been adequately reported. Therefore, this study aims to investigate the effect of three temperatures (250, 400,
and 550 °C) on the performance and properties of biochar and bio-oil derived from Conocarpus and sugarcane
bagasse. This evaluation can help to better understand the thermal behavior of these biomasses and develop
their industrial applications.

Materials and Methods

In this study, two biomass feedstocks—Conocarpus (CW) and sugarcane bagasse (SB)—were pyrolyzed
at 250, 400, and 550 °C. The produced biochars were characterized for specific surface area, morphology (FE-
SEM), and surface functional groups (FTIR). In addition, biochar yield, ash content, volatile matter, and fixed
carbon were measured. Elemental composition, pH, electrical conductivity (EC), and cation and anion
exchange capacities (CEC/AEC) were also determined. For bio-oil, yield, water content, viscosity, density,
and pH were evaluated. The experiment was conducted as a factorial experiment in a completely randomized
design with two factors: 1) biomass type at two levels (CW and SB) and 2) pyrolysis temperature at three
levels (250, 400, and 550 °C), with three replications. Treatments were designated as SB250, SB400, SB550,
CWwW250, CW400, and CW550. Data were statistically analyzed using SPSS 26, and means were compared
using Duncan's test at a 5% probability level. Graphs were prepared in Excel.

Results

FTIR results showed a decrease in oxygen-containing functional groups in biochars produced at higher
temperatures. FE-SEM observations confirmed clear morphological changes at high temperatures. Increasing
pyrolysis temperature significantly reduced volatile matter, biochar yield, and CEC, while fixed carbon, pH,
and specific surface area increased significantly. The highest ash percentage was observed in CW550
(Conocarpus biochar at 550 °C), which was three times higher than that of CW250. The highest volatile matter
content was found in SB250 and the lowest in SB550, with a 3.54-fold difference. Fixed carbon content in
sugarcane bagasse showed a 3.64-fold increase when the temperature increased from 250 to 400 °C. The
highest EC value was recorded for CW250 and the lowest for SB550, with the latter being 2.97 times lower,
indicating a statistically significant difference between these two biomass types. The highest CEC was
observed in CW250, which decreased by a factor of 1.45 compared to the lowest value (CW550), attributed to
the removal of reactive oxygen-containing groups at higher temperatures. At 550 °C, Conocarpus biochar
exhibited lower CEC than bagasse biochar, which may be related to differences in mineral composition and
primary structure. The highest AEC was recorded for SB550, and the lowest for CW250, representing a 3.87-
fold difference. The highest specific surface area was observed for SB550, which was 9.8 times higher than
that of CW250. This increase at higher pyrolysis temperatures is attributed to the development of a porous
structure and the formation of new pores. Elemental analysis confirmed an increase in carbon and oxygen
contents and a decrease in hydrogen content and the atomic O/C ratio in both biochar and bio-oil as temperature
increased. Bio-oil yield, water content, and viscosity significantly decreased for both feedstocks. Overall,
Conocarpus—due to its higher lignin content—showed a greater tendency to form a stable solid phase
(biochar), whereas sugarcane bagasse, due to its higher volatile matter content, produced a more dominant bio-
oil fraction.

Conclusion

This study investigated the effect of pyrolysis temperature on the performance and properties of biochar
and bio-oil produced from two lignocellulosic biomasses: Conocarpus and sugarcane bagasse. Surface
property analysis showed that increasing temperature increased specific surface area and developed a porous
structure. BET results and FE-SEM images indicated the formation of more pores and a more regular surface
structure at higher temperatures. Changes in pH and EC showed that biochars produced at higher temperatures
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were more alkaline and exhibited greater potential for environmental applications and soil remediation.
CEC/AEC values indicated improved ion exchange capacity under certain temperature conditions, which plays
an important role in agricultural applications and pollutant treatment. Regarding bio-oil, the results showed
that pyrolysis temperature directly affected its yield, water content, viscosity, density, and elemental
composition. Bio-oils produced at higher temperatures exhibited distinct changes in viscosity, density, and C,
H, and O contents, which can influence fuel quality and upgrading potential. The low pH values of bio-oils
indicate their acidic nature, necessitating upgrading for fuel applications. Overall, both Conocarpus and
sugarcane bagasse demonstrated good potential for biochar and bio-oil production via pyrolysis; however,
biomass type and process temperature play decisive roles in final product quality. The appropriate temperature
can be optimized according to the target application (biochar vs. bio-oil). The findings indicate that both
pyrolysis temperature and biomass type are key factors determining biochar quality and bio-oil
physicochemical properties. Higher temperatures improved biochar stability and surface characteristics while
reducing bio-oil yield and related properties. Therefore, selecting an appropriate pyrolysis temperature should
be based on the intended product and the characteristics of the biomass feedstock.
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