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Abstract

Problem definition and objectives: Today, there is an increasing effort to find and use
biomass fuels as renewable energy sources with the aim of replacing conventional fossil fuels.
Biochar is a porous material, very heterogeneous, and carbon rich, which is produced by biomass
pyrolysis under an environment with anoxic conditions or limited oxygen. Among the recent
applications for this material is its use as an electrode material in supercapacitors with the purpose
of energy storage. The electrical conductivity of the electrode material is a very important factor
for the efficiency of this tool. In this research, the relationship between the structural anisotropy of
spruce wood and the pyrolysis temperature was investigated on the electrical resistance of carbon
electrodes derived from it.

Methodology: Radial and tangential samples were prepared separately from the sections
without defects and knots of the spruce wood. Radial and tangential samples of spruce wood were
pyrolyzed at three different temperatures (700, 800 and 900 °C to investigate the effect of pyrolysis
temperature on the physical and chemical characteristics of biochar. 4-point probe technique was
used to measure electrical resistance. Raman spectroscopy was used to investigate the degree of
graphitization and X-ray diffraction (XRD) was used to investigate the effect of pyrolysis
temperature on the crystallinity of biochar samples obtained from spruce wood. The surface
chemistry and functional groups of the samples were investigated by Fourier transform infrared
(FTIR) spectroscopy.

Results: The results showed that the pyrolysis temperature had a significant negative effect on
the yield and porosity of the prepared biochar and a significant positive effect on its density. Also,
the cutting type had no effect on the efficiency and density of biochar. According to the results, the
shrinkage in three directions followed a similar pattern to that of wood. In all three temperatures in
this study, the highest and lowest shrinkage values were belonged to the tangential and axial
directions, respectively. Also, the results of SEM images of the cross-sectional surface of the
produced spruce biochar samples showed that the anatomical characteristics of wood were
preserved in the biochar. The Raman spectroscopy results indicated a higher degree of
graphitization with an increase in pyrolysis temperature, which led to a decrease in electrical
resistance, or in other words, an increase in electrical conductivity. For both the radial and
tangential sample types, the electrical resistance decreased significantly (p > 0.05) with increasing
temperature; in other words, electrical conductivity increased with temperature. The highest
electrical resistance value (5.46 Q) was related to the tangential direction relative to the charcoal
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rings in the tangential sample at 700°C, and the lowest value (0.05 Q) was related to the direction
perpendicular to the charcoal rings in the radial sample at 900°C.

Conclusion: In general, the increase in pyrolysis temperature and the greater graphitization of
the wood led to a decrease in the electrical resistance of the wood biochar, or in other words, an
increase in its electrical conductivity. Furthermore, wood anisotropy (the difference between radial
and tangential directions) did not have a significant effect on the electrical resistance of the
resulting biochar at temperatures above 700°C.

Keywords: Biochar, Radial cut, Tangential cut, Anisotropy, Pyrolysis.
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