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Abstract

The objective of this research was to study the properties of durian shells biochars prepared 
by the pyrolysis process. The durian shells were contained in a closed chamber and heated 
in an electric furnace at diff erent temperatures which varied from 500 oC to 900 oC for 10 hours. 
After heating, durian shells turned into black color. Density and porosity, surface morphology, 
elemental compositions, and crystalline phases of biochars were investigated by Archimedes 
immersion technique, scanning electron microscope (SEM), Energy dispersive x-ray 
spectrometry (EDX) and X-ray diff ractometer (XRD), respectively. An increase in pyrolysis 
temperature led to yield reduction and an increase in the bulk density of biochars. SEM analysis 
showed the distribution of pore on all biochars fractures with similar apparent porosity values 
of more than 70%. The main elements in all biochars contained carbon (C) and oxygen (O), 
which were studied by EDX analysis. XRD results showed phase formation of carbon in 
biochar, which could form both amorphous and semi-crystalline phases. While oxygen could be 
composed in other elements in biomass through many forms of mineralogical compositions 
as CaCO3 (Calcite), KHCO3 (kalicinite), and Ca3(PO4)2. Moreover, the alkali lignin phase 
appears in biochar at 500 oC and 600 oC conditions because of a highly cross-linked structure 
of the lignin. The CaCO3 and Ca3(PO4)2 phases could decompose at low pyrolysis temperature, 
but KHCO3 phase formed at high temperatures hence the thermal stability of the KHCO3 
phase was higher than CaCO3 and Ca3(PO4)2 phases.
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Introduction 

Currently, severe problems throughout the world are energy crisis, environmental pollution, 
and global warming. The utilization of clean energy sources and the development of 
renewable energy sources can be considered as good choices for alleviating these problems. 
The synthesis of energy storage materials used in supercapacitors and Li-ion batteries is 
essential and challenging [1]. Carbon-based materials fabricated to electrodes show to 
achieve high electrical conductivity, chemical stability, and power density in superconductors. 
The advanced carbon materials such as carbon nanotube and graphene show high 
eff ectiveness for both electrochemical and hybrid supercapacitors. These carbon materials 
however, have limitations of high cost and involve highly toxic oxidants for synthesis 
methods [2]. The objective of this research is to produce carbon-based materials which 
show a porous structure with a high surface, high conductivity, suitable pore size 
distribution, and long-term cyclability from low-cost raw materials by simple synthesis 
methods for use as electrodes.
 Biomass is a low-cost raw carbon material with great potential for synthesizing 
various carbon materials, and it can be converted into biofuels for use as alternative energy 
sources. A wide range of biomass are derived from all types of biological resources such 
as plants, animals, and microbes [3]. There are many biomasses from agricultural waste 
such as coconut shells, rice husks, cane bagasse, bamboo, palm shell, and durian shell 
in Thailand. These wastes are raw carbon materials that can be converted into biochar, which 
is carbon materials.
 Biochar is a carbon-rich material produced from biomass by thermochemical 
conversion as dry carbonization, pyrolysis (gasifi cation), and hydrothermal carbonization 
process. Pyrolysis is the most common method for producing biochar, this method can 
generate biochar by heating biomass under a limited supply of oxygen. There are two types 
of pyrolysis processes: slow pyrolysis and fast pyrolysis, depending on the heating rate and 
soaking time. The diff erence between the two types of processes is the yield of char and tar. 
Slow pyrolysis produce biochar by heating biomass at a low heating rate and long soaking 
time, this process gives high yield biochar at about 20 - 50%. Fast pyrolysis produce biochar 
at a high heating rate (above 200 oC/min) and short soaking time (less than 10 seconds), 
this process gives a high yield of tar but low yield biochar at about 10 - 20% [1], [3] - [4]. 
There are three main components of biomass as cellulose, hemicellulose, and lignin at about 
40 - 60%, 20 - 40%, and 10 - 25%, respectively. In the cell walls of plants, cellulose is 
organized into microfi bril, interrupted by hemicellulose, and surrounded by lignin matrix. 
Cellulose, a natural linear polymer, is the major constituent, has strong fi bers. Hemicelluloses 



46 Characterization of Biochar Derived from Durian Shells by Pyrolysis Process

Sutatip Thonglem and Pratthana Intawin
ISSN 2672-9369 (Online)

have a random amorphous structure with little strength, while lignin is a highly cross-linked 
and three-dimensional structure with high strength. The pyrolysis of biomass can be divided 
into four individual stages with the decomposition of moisture, hemicellulose, cellulose, 
and lignin, respectively [5] - [7].
 The applications of biochar have been studied and reviewed extensively, and are 
applied to  agricultural (soil amendment) and environmental (inorganic pollutant removal) 
benefi ts. For example, the potentials of porous and nutrients-rich of biochar to nutritionally 
enrich soil and in the removal of the cationic compounds from water [8] - [11]. Moreover, 
most of the biochars from  agricultural waste are carbon materials with a porous structure; 
these properties are important properties of high-performance electrode materials [12] - [18]. 
Among the porous biochar from agricultural waste in the study of Daosukho, S., 
Kongkeaw, A., and Oengeaw, U. [10] found that carbon yield percentage of durian shell 
biochar is about 57%, it is less than the carbon yield percentages of bamboo and palm shell 
biochars which are about 65%. But the durian shell biochar showed higher porosity on the 
surface than the other biochars. Therefore the durian shell biochar is an interesting materials 
to be used in high-performance electrode materials.
 The objective of this research was to study the eff ects of pyrolysis temperature on 
the properties of durian shell biochar, a porous carbon material to be used in high-performance 
electrode materials in the next study.

Experiment

 1. Manufacturing
  Durian shell biomass from Uttaradit province, Thailand was chosen for this 
research. Durian shell biochars were produced from durian shell biomass by the pyrolysis 
process, according to the following steps. The biomasses were cleaned in water and dried 
at 100 oC for 24 hours in the oven to eliminate moisture. Then, the dried-biomasses were 
stored into a closed - alumina chamber which did not allow air to enter from outside, and 
then heated in the absence of oxygen at 500 - 900 oC with a low heating rate (10 oC/min) for 
10 hours in the electric furnace.
 2. Characteristics
  Various instruments and techniques were chosen to study the characteristics of 
durian shell biochar as follows:
  The percent yield (%Yield) is the percent ratio of a product yield and raw 
materials yield. It was calculated from the weight of the product as biochar divided by the 
weight of raw material as biomass multiplied by 100%. An electronic balance (Sartorius: 
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Practum224-1s) was used to weigh all the samples equation (1).

 (1)

  The bulk density ( ) and apparent porosity (%AP) of all biochars were 
determined by the Archimedes immersion technique with ASTM C20 standard test 
methods. This technique involves placing a container of the liquid under test on the 
electronic balance and determining the specifi c gravity of samples using the plummet 
(Sartorius: Practum224-1s with YDK03 density kit). Both values are calculated from the 
dry weights (D), saturated weight (W), and suspended weight (S) of biochars. Acetone 
which has a density of 0.7857 g/cm3 ( ) was the chosen medium liquid for this work. 
The biochars were placed in acetone, sonicated in an ultrasonic bath for 3 hours, and 
immersed for 12 hours before weighing. The saturated and suspended weights are the 
weights of the biochars that were weighed in air and acetone, respectively. The formulas for 
these calculations are as follows equation (2) - (3): 
 
 (2)

 (3)

  The morphologies and pore structure were observed by scanning electron 
microscopy (SEM: JEOL, JSM-IT300). The cross-section areas of all biochars were coated 
with gold, Au, metal before examination using the signal of secondary electrons images. 
The elemental compositions were analyzed by energy-dispersive X-ray spectroscopy (EDX), 
which was used together with scanning electron microscopy. Moreover, X-ray diff ractometer 
(XRD: Rigaku, Minifl ex II) was used for the identifi cation of crystalline phases. 

Results and Discussion

 1. Appearances of durian shell biomass and biochars
  The appearance of durian shell biomass and biochars are shown in Figure 1. 
The biomasses were changed to black biochars completely and the weight loss happening 
occurred due to fi ber decomposition of biomass through pyrolysis process. 
  The chemical analysis from the research of Lubis, R., Saragih, S. W., 
Wirjosentono, B., and Eddyanto, E. [19] showed that the fi ber of durian shell biomass contains 
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57 - 64% cellulose, 30.7% hemicellulose, and 13.6% lignin. The decomposition of 
hemicellulose and cellulose occurred quickly, with the weight loss of hemicellulose 
happening at 220 - 315 oC and that of cellulose happening at 315 - 400 oC. Lignin was more 
diffi  cult to decompose and the decomposition happened at a wide temperature range 
between 160 - 900 oC. The main gas products from this process were CO2, CO, and CH4 [5]. 
Therefore, the tendency of biochars to yield decreased with an increase in pyrolysis 
temperature (Table 1) due to the increase of the decomposition of lignin.

 (a) Biomass (b) Biochars at 500 oC (c) Biochars at 600 oC  
 

 (d) Biochars at 700 oC (e) Biochars at 800 oC  (f) Biochars at 900 oC   
Figure 1 Appearances of durian shell biomass and biochars

Table 1  Percent yield of the biochars at diff erent pyrolysis temperatures

 Pyrolysis temperature (oC) Yield (%)
 500 46.96
 600 41.43
 700 37.72
 800 34.44
 900 28.31
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 2. Density and porosity
  The bulk density and apparent porosity of all biochars are shown in Figure 2. 
The durian shell biochars have a low density of about 0.2 - 0.4 g/cm3, and the density value 
increased with an increase in pyrolysis temperature. It can be seen that all biochars show 
similar apparent porosity values of more than 70%. The durian shell biochars showed high 
porosity, which is one of the important properties of materials that can be developed into 
high-performance electrode materials.
 

Figure 2 Bulk density and apparent porosity of the biochars at diff erent pyrolysis temperatures

 3. Morphology
  The cross-section SEM images of all biochars at 1000x magnifi cation are shown 
in Figure 3. Besides, the average pore size of the biochars was analyzed form these SEM 
images using ImageJ software. It was found that the biochars had a highly porous structure 
with numerous hollow cells, which were inherited from the original biomass. The average 
pore size increased with an increase in pyrolysis temperature (Table 2). An increase in 
pyrolysis temperature can also lead to the widening of pore size due to breaking down of 
the walls between adjacent pores [3].
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 (a) 500 oC (b) 600 oC 
 

 (c) 700 oC  (d) 800 oC 

(e) 900 oC 
Figure 3 The cross-section SEM images of durian shell biochars at diff erent pyrolysis 
  temperatures at 1000x magnifi cation
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Table 2  Average pore size of the biochars at diff erent pyrolysis temperatures

 Pyrolysis temperature (oC) Average pore size ( m)
 500 7.28 2.36
 600 8.31 3.05
 700 13.02 4.45
 800 13.69 5.00
 900 15.07 5.08

 

(a) 500 oC

 

(b) 900 oC
Figure 4 The morphologies at 1000x magnifi cation, EDX spectrums and elemental 
  compositions of the biochars which were prepared at 500 oC and 900 oC

 4. Elemental compositions 
  Figure 4 shows the morphologies at 1000x magnifi cation, EDX spectrums, and 
elemental compositions of the biochars which were prepared at 500 oC and 900 oC. It was 
found that the EDX spectrums of both biochars showed similar results. The main element 
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in these biochars was carbon (C) at about 88 - 90 wt%. Also, the spectrums of these biochars 
contained some elements, including oxygen (O) and potassium (K). These results were 
consistent with the other biochar conditions. A previous study found other elements in 
durian biochar such as phosphorus (P), magnesium (Mg), calcium (Ca), aluminum (Al), 
surfer (S), Iron (Fe), Manganese (Mn) and Arsenic (As) [9]. These elements could be 
composed with oxygen or chlorine in the forms to oxides, carbonates, phosphates or chloride 
structures such as KH2PO4 (Archerite), CaCO3 (Calcite), KCaCl3 (Chlorocalcite), KHCO3 
(kalicinite), NH4MgPO4•6H2O (Struvite) and KCl (Sylvite) [9] - [10]. X-ray diff raction 
techniques confi rmed these crystalline phases of biochars in this work.

 5. Crystalline phases
  The XRD patterns of all biochars are shown in Figure 5. Broad peaks atypical 
at 2  about 20 - 30o  and 40 - 50o are observed in the XRD pattern of 500 oC, 700 oC and 
800 oC biochars conditions, which indicated the amorphous state of carbon in biochars. 
While, the XRD patterns of 600 oC and 900 oC biochars conditions indexed sharp peak 
of graphite crystal at 2  = 26.5o (002) and broad peaks atypical at 2  about 40 - 50o of 
amorphous state so, these conditions indicated semi-crystalline state of carbon. Therefore 
the formation of carbon phases in biochar can occur in both amorphous and semi-crystalline 
phases. A review of Lin, W-J., Jiang, H., and Yu, H-Q. [3] said that this semi-crystalline 
structure occurred from the natural structure of biobased polymer derived from the biomass, 
which has mainly amorphous structure, and some local crystalline structure of highly 
conjugated aromatic sheet cross-linked randomly. Moreover, the biochar crystallite can 
increase in size and the entire structure becomes more ordered with increasing pyrolysis 
temperatures. 
  Also, the XRD patterns of 500 oC and 600 oC conditions (Figure 5(a)) indexed 
sharp peaks of many mineralogical compositions as CaCO3 (Calcite), KHCO3 (kalicinite) 
and Ca3(PO4)2. Moreover, the sharp peak at 2  = 31.6o and 2  = 45.4o are indexed on 
XRD patterns of only these biochar conditions. These peaks correspond with alkali lignin 
sharp peak in the research of Ye, X-X., Luo, W., Lin, L., Zhang, Y-Q., and Liu, M-H. [20], 
which studied the preparation of lignin-based dye dispersant from alkali lignin of Masson 
pine sulfi te pulping liquor. Lignin is hard to decompose due to the highly cross-linked 
and three-dimensional structure. The thermogravimetric analysis (TGA) curve in the research 
of Yao, B., Kolla, P., Koodali, R., Balaranjan, S., Shrestha, S., and Smirnova, A. [7] found that the 
decomposition of the original lignin starts at 350 oC and at 480 oC almost 80% of lignin is 
decomposed. The TGA curve in the research of Yang, H., Yan, R., Chen, H., Lee, D. H., 
and Zheng, C. [5] found that the decomposition of lignin happened at a wide temperature 



RMUTI JOURNAL Science and Technology Vol. 13, No. 3, September - December 2020    53 

https://www.tci-thaijo.org/index.php/rmutijo/index

range between 160 - 900 oC. The durian shell fi ber consists of approximately 13.6% lignin 
[19]. So, the possibility of lignin decomposition is not complete at 500 oC and 600 oC.

 

(a) 500 oC and 600 oC

 
(b) 700 oC, 800 oC and 900 oC

Figure 5 The XRD patterns of the biochars at diff erent pyrolysis temperatures

  The XRD patterns of 700 - 900 oC conditions (Figure 5(b)) indexed the sharp 
peaks of KHCO3, which was the major phase. Considering the XRD patterns of all biochars, 
it was found that the pyrolysis temperature aff ects the type of phases in biochars. The CaCO3 
phase was the major phase at 500 oC, the sharp peak intensity of this phase decreased with 
increasing temperatures and disappeared with the heating temperature of 800 oC. 
The results indicated the decomposition of the CaCO3 phase at a high temperature of 
biochar. The decomposition of the CaCO3 phase can be confi rmed by the TGA curve of 
CaCO3 particles in the research of Babou-Kammoe, R., Hamoudi, S., Larachi, F., and 
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Belkacemi, K. [21]. The weight loss of CaCO3 began to occur at the decomposition 
temperature of 552 oC and fi nished at about 740 oC, the products of this decomposition 
are CaO and CO2. The Ca3(PO4)2 phase appeared only in XRD patterns of 500 oC and 
600 oC conditions. The TGA curves of calcium phosphate phase in the research of 
Granados-Correa, F., Bonifacio-Martínez, J., and Serrano-Gómez, J. [22] showed the 
calcium phosphate was stable at temperatures below 600 oC and the phosphate ion 
decomposition observed at 642 and 697 oC. While the KHCO3 phase formed at high 
temperature and a thermal stability higher than CaCO3 and Ca3(PO4)2 phases.

Conclusion

The fi bers of durian shell biomass contain cellulose, hemicellulose, and lignin. All of these 
fi bers can be decomposed to biochars, which are carbon-rich materials with high porosity, 
by pyrolysis process. The decomposition of hemicellulose and cellulose fi bers occurred 
quickly at low temperatures, but lignin is hard to decompose due to its highly cross-linked 
structure, which could use heating temperature of more than 600 oC. The natural structure 
of biobased polymer derived from the biomass can be formed to both amorphous and 
semi-crystalline phases of carbon. While, oxygen could be composed in other elements 
in biomass through many forms of mineralogical compositions as CaCO3, KHCO3, and 
Ca3(PO4)2. The CaCO3 and Ca3(PO4)2 phases can be decomposed at pyrolysis temperature 
lower than 700 oC, but the KHCO3 phase is formed at high temperature and has a thermal 
stability higher than CaCO3 and Ca3(PO4)2 phases.
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