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Abstract— Biochars were prepared from palm shell by heating
at different temperatures in the muffle furnace. The chars were
studied by scanning electron microscopy (SEM) and fourier
transform infrared spectroscopy (FTIR) to investigate
morphology and composition of biochars. The biochars were
pelletized into pellets and the values of dielectric constants were
measured using LCR Digibridge meter. The porous nature and
high dielectric values of palm shell biochar were observed.
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l. INTRODUCTION

Biochar is a solid residue obtained during the thermal
conversion of biomass into fuel product and has been treated
as a lower value byproduct compared to higher valued syngas
and bio-oil [1]. It is produced from biomass compound that
undergo controlled pyrolysis/gasification in the absence of
oxygen under temperature ranging from 300°C to 1000°C[2].
Biochar can contribute to many application. Soil
improvements attributed to the addition of biochar include
increased moisture retention, improved air permeability,
elevated cation exchange capacity, increased buffering of
soluble organic carbon, and synergistic interactions with soil
microbial populations[3]. Biochar is garnering significant
attention in recent years as a significant tool for environmental
management[4]. Biomass provides us with timber, food, feed,
fiber, and energy. World demand for electricity is directly
related to humans increasing need for energy. Development of
new energy generation technologies to satisfy those needs is
increasing as well. Current use of biomass for energy
including industrial steam production and residential heating
could contribute a great deal to global warming and particulate
pollution if directly burned[5]. Up to date, coal burning is one
of the most common methods used to generate electricity. This
method produces greenhouse gases especially CO2, which is
the major cause of global warming. In addition to CO2
generation, some varieties of coal release significant quantities
of sulfur dioxide, which leads to acid rain. Various other
impurities in coal, such as mercury (which is highly toxic) are
also released in the air[6].

In response to the changing global landscape, energy has
become a primary focus of the major world powers and
scientific community. There has been great interest in
developing and refining more efficient energy storage devices.
One such device, the supercapacitor, has matured significantly
over the last decade and emerged with the potential to
facilitate major advances in energy storage[7]. It is postulated
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that any porous, electrically insulating material (e.g., high
surface area powders of silica, titania, etc.), filled with a liquid
containing a high concentration of ionic species will
potentially be an super dielectric material[8].

This paper aimed at characterizing physical and dielectric
properties of of palm shell biochar prepared by heating at
different temperatures (200°C,400 °C,600 °C,800 °C,1000 °C)
for 2 hours.

Il.  EXPERIME PROCEDURE

A. Preparation of the Biochar

Palm fruit, coconut and betel nut were collected. They were
washed with fresh water to remove dirt. After that, the shells
(mesocarp fibers) were taken. They were dried in the sunshine.
The dried shells were cut into small pieces and heated in the
muffle furnace. The heating conditions are at 200°C, 400°C,
600°C,800C and 1000°C for 2hours. The biochar samples were
pelletized by pressing with pelletizer.

B. Characterization Methods

Surface morphology and composition were characterized
using scanning electron microscopy (JSM-5610 LV SEM
system) and fourier transform spectroscopy (FTIR).

The dielectric properties of samples were measured using
LCR Digibridge meter (Digital Impedence Analyzer) over the
frequency range between 1kHz and 100kHz. The lower
frequencies of 100Hz and 120Hz were also used.

I1l.  RESULTS AND DISCUSSION

A. SEM analysis

Scanning electron micrographs for external morphology
of palm shell bio-char at temperatures 200°C, 400°C, 600°C,
800°C and 1000°C for 2h were shown in Fig 1.

From SEM images, it is found that the surface morphology of
biochar changes with temperature.

From Fig, there were longitudinal sheets of pyrolysized
precursor in 200°C biochar. It forms the flaked layers. At 400
°C, the pores of about 10um diameter were found on some
region and there were also flaked layers. The pore area
became larger in 600 °C biochar. At the higher temperature of
800 °C, the pore walls were crushed into pieces and void
spaces were formed among them. The crushed pieces were
distributed uniformly. They were irregular in size. In 1000 °C
palm shell biochar, the crashed pieces became smaller due to
heat treatment.
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Fig.1. SEM images of paim shell biochars Fig.2. FTIR spectra of palm shell biochars
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FTIR analysis

Fig.2. shows FTIR spectra of palm shell biochar at
different temperatures. O-H stretching H bonded vibration of
alcohol and phenol peaks were observed at 200 °C and 400 °C.
At higher temperatures, these peaks disappear which indicate
dehydration. C-N stretching vibration and C=C stretching
vibration were formed at all temperatures. From the
observation, an elevating temperature from 600 to 800°C
generated an increase in characteristic bands, 1500-1400 cm
(aromatic C=C stretching mode) and bands between 1000 and
1100 cm™(C-O stretch and C-N stretch).
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Fig.3.Frequency dependence dielectric constants

TABLE | DIELECTRIC CONSTANTS AT LOW FREQUENCIES
Temperatures( Applied frequency (Hz)
°’C) 100 120

200 425 53.1

400 1.39E+06 1.70E+06
600 3.03E+06 2.80E+06
800 1.18E+07 1.50E+07
1000 3.76E+05 3.47E+05

B. Dielectric properties

Fig.3. shows the effect of frequency on the dielectric
properties of palm hell biochars prepared at different
temperatures. The dielectric constants were generally
decreased with an increase in applied frequency. The
dielectrics of the biochar heated at 200°C were small. The
high dielectric constants were observed in biochars heated
from 400 °C to 1000 °C.
From table I, the dielectric constants were very high at the
low applied frequency of 100Hz and 120Hz for
temperatures from 400°C to 1000°C

The content of carbon was found from FTIR spectra. The high
dielectrics at low applied frequencies were evaluated from
LCR measurement.

ACKNOWLEDGMENT

The authors thank to Universities of Research Centre,
University of Yangon for doing SEM, FTIR tests to examine
the sample.

REFERENCS.

[1] Wan Azlina Wan Ab Karim Ghanil, Praveen Shawn
Fernandezl, Shafreeza Sobril, Jasronita jasni2 “Physical and
Electrochemical Characterization of Palm Kernel Shell Biochar
(PKSB) as sipercapacitor,” MATEC Web of Conference
62, 04003 (2016) ICCFE 2016

[2] S.C.Peterson, M.A. Jackson, S. Kim and D.E Palmquist
,“Increasing biochar surface area: Optimisation of ball milling
parameters/ Powder Technology,pp. 228, 115-120, 2012.

[3] H. McLaughlin, PhD, P.S. Anderson, PhD(2), F.E. Shields(3)
and T.B. Reed, PhD(4)“All Biochars are Not Created Equal, and
How to Tell Them Apart” (October 2009)

[4] K. Vijayaraghavan “Biochar: production strategies, potential
feedstocks and applications” Department of Chemical
Engineering, Indian Institute of Technology Madras, Chennai
600036, India

[5] R. Saidura, E.A. Abdelaziza, A. Demirbasb, M.S. Hossaina, S.
Mekhilefc, Department of Mechanical Engineering, University
of Malaya, 50603 Kuala Lumpur, Malaysia, Sirnak University,
Sirnak, Turkey “A review on biomass as a fuel for boilers”

[6] J. M. Gohlke, R.Thomas, A. Woodward, D.Campbell-Lendrum,
A Priss-ustlin, S.Hales, C. J.Portier, “ Estimating the global
public health implications of electricity and coal consumption.
Environmental Health Perspectives 119”: pp.821 — 826, 2011.

[71 S.M. Halper and C.J. Ellenbogen , “Supercapacitor. A Brief
Overview” Virginia: The MITRE Corporation, 2006.

[8] S. Fromille and J. Phillips “Super Dielectric Materials”, Physics
Department, Naval Postgraduate School, Monterey, CA 93943,
USA; 22 December 2014

IV. CONCLUSION

The porous nature of palm shell biochar was observed
from heating temperatures from 400 °C to 1000°C. This was
consistent with electrode materials which need to be porous.
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