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Abstract
Cassava is one of the top-five most exported agricultural products of Thailand. After 
harvesting the crop there are an estimated 5.5 million metric tons yearly of cassava stumps left 
in the field. The farmer generally gets rid of such waste by burning that causes environmental 
pollution. To solve this problem, a highly efficient, commercial-scale furnace was developed 
to convert useless cassava stumps into high-value activated carbon. The furnace was run for 
30 minutes, operating at a high temperature of about 1,200 °C with physical activation. The 
characteristics of the activated carbon from cassava stumps produced by this furnace were studied. 
The BET surface area value was 110.96 m2/g compared to the Langmuir surface area value of 
118.16 m2 /g.  The BET value is satisfactory for this burning process. An aromatic hydrocarbon 
functional group was found in the activated carbon sample using FT-IR spectroscopy. The 
physical structure of the sample was studied using scanning electron microscopy. The life cycle 
assessment of this research was assessed based on gate-to-gate boundary production of activated 
carbon from cassava stumps. Converting cassava stumps into activated carbon will reduce 
greenhouse gas emissions. The emission factor of the cassava stump furnace is 0.0985 ton CO2eq.

Keywords: Activated carbon; Adsorption; Cassava stump; Environmental cycle assessment; 
Waste to energy
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1. Introduction
In 2020, Thailand exported 2,537,027 

metric tons of fresh and dried cassava worth 
USD 546 million making Thailand the largest 
cassava exporter in the world. Each year, 
the yield from cassava is 30 million metric 
ton (Mmt), with the cassava stumps as 
agricultural waste accounting for about 5.5 
Mmt (Viriyathonphan, 2017). Thai farmers 
have generally paid disposal expenses to get 
rid of this waste to landfill or by burning. In 
landfill, the stumps take about three years 
to decompose, resulting in possible mold 
problems and the development of mutant 
diseases. Therefore, the farmers generally burn 
the cassava stump in the open air which causes 

environmental pollution. To solve this problem, 
there been research into converting the useless 
cassava stump into high value activated carbon 
(AC) not only to reduce global warming but 
also to decrease imports of AC. 

In Thailand, there has been some 
research into AC, mostly produced from 
agricultural materials since the 1900s. 
Due to the various applications of AC, the 
critical factor for effective AC products is 
the type of furnace and activation technique 
(Mopoung, 2015). Nowadays, a smokeless 
kiln called a gasification furnace is widely 
used (Khongkrapan, 2016). Thai researchers 
prefer chemical activation rather than physical 
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activation because the former can utilize a 
small furnace at lower temperature and can 
be investigated in the laboratory. However, 
the disadvantages of chemical activation are 
that it takes a long time to produce the AC, it 
is difficult to prepare the chemical solution, 
and there may be problems with the chemical 
residues (Phuangchik, 2015). Furthermore, 
there has been little interest in Thailand in the 
AC production process using cassava stumps 
as the raw material. 

Conventional furnaces in the production 
process usually have the operating time for 
both carbonization and the activation process 
of at least 2 hours (Tippayawong et al., 
2017). A single step gasification furnace for 
commercial scale was designed in the current 
research to run at a maximum temperature of 
1,200 ̊ C with physical activation occurring in 
a total operating time of 30 minutes. The short 
operating time saves a lot of energy, resulting 
in a low production cost. The AC production 
capacity from this furnace was 10 metric 
ton per day. According to the standards and 
market demand, the characteristics of the AC 
from cassava stumps were investigated and 
compared to samples from relevant research. 
In addition to studying the properties of AC, 
an environmental impact assessment of the 
AC production from cassava stump was 
considered. The evaluation results should help 
to improve and develop the AC production 
process, to obtain a better quality of AC, and 
to reduce the impact on the environment.

2. Materials and methods 

2.1 Sample preparation

To prepare the sample, the moisture content 
of raw material was reduced to 19 – 20%
using sun drying for 3 days. The dirt was 
removed from the raw material before it was 
placed in the furnace. After the furnace had 
been sealed, the temperature of the furnace was 
continuously raised from room temperature 
to 1,200 ˚C in 25 minutes and maintained 
at 1,200 ˚C for 5 minutes. The total time for 
carbonization and activation processes was 
30 minutes. After that, the activated carbon was 
sieved and cooled at room temperature without 
oxygen for 24 hours. 

2.2 Methods
	
The current experiment was carried 

out is accordance with Thailand Industrial 
Standard Institute (TISI) 900 - 2004, in 
which the apparent density and BET value are 
determined as AC efficiency (Institute, 2004). 
The efficiency of activated carbon determines 
the price of activated carbon in the market. 
This standard covers all four types of AC: 
granules, powder, pellets, and sticks.

2.3 Apparent density

The apparent density was determined 
according to the American Water Works 
Association (AWWA) Standard B600-05 for 
the powdered AC method (Association, 2010). 
The apparent density of AC is defined as the 
weight in grams per cubic centimeter (g/cc3) 
of the AC in air. In the experiment, 10 g AC at 
room temperature was placed in a desiccator for 
testing. After that, the AC was transferred to a 50 
mL or 100 mL graduated cylinder, until the entire 
sample was transferred. AC was left for 5 – 10 
minutes to settle (Association, 2010). The volume 
of the settled AC was noted. The apparent density 
on a dry basis was calculated using equation 1:

2.4 Surface area adsorption

Nitrogen adsorption experiments based 
on Brunauer-Emmett-Teller (BET), BET 
Surface area analyzer (Micromeritics, 3Flex 
Surface characterization) were used to study 
the consistency of the surface area related 
to the iodine number. The aims of the BET 
technique are to analyze the pore size 
diameter and to calculate the surface area of 
the AC and the pore volume of different types 
(micropore, mesopore, macropore). The BET 
model applies nitrogen adsorption at different 
pressures at the temperature of liquid nitrogen 
(77 K). The surface area according to BET 
was determined based on the product of the 
cross-sectional area of the nitrogen molecule. 
The BET surface area was calculated using 
equation 2 (Brunauer et al., 1938). The pore 
volume was determined by the commonly 
used nitrogen adsorption isotherm data.
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Table 1. Parameters characterizing porous structure of AC calculated from nitrogen adsorption/
desorption isotherms.

Where
Am = cross sectional area of the adsorbate 
	 in nm2
NA = Avogadro Constant 
	 (6.02214129 x 1,023 mol-1)
Vm = molar volume on a mass basis
S = Slope (cm3/g STP)
yo = Y -intercept (cm3/g STP)

2.5 Fourier-transform infrared spectroscopy

Fourier-transform infrared spectroscopy 
(FT-IR) was used to determine the elements 
and chemical compounds present on the 
surface of the AC and their properties 
that promoted the adsorption capacity 
of the AC. FT-IR was performed on a 
PerkinElmer spectrophotometer operating in 
the transmittance method. The spectra were 
operated in the MID-IR range (400 – 4,000 cm-1)
with a spectral resolution of 4 cm-1. The 
samples were pressed into KBr pellets. The 
ratio of sample-to-KBr was 1.4:100 (0.0007 
g: 0.05 g). 

2.6 Scanning electron microscopy

Scanning electron microscopy (SEM), 
Quanta 450 FEI, was used to study the order 
and porosity structure of AC and compared 
with the quantitative measurement of the 
adsorption properties of AC. The physical 
structure was evaluated using a high vacuum 
voltage and the secondary electrons mode at 
magnifications of 1,500× and 2,000×.

3. Results and Discussion

3.1 N2 adsorption isotherms and physical 
properties

The properties of the AC resulting from 
apparent density and BET model analysis are 
shown in Table 1. The apparent density of AC 
provides a good indication of its absorbency. 
The apparent density also relates to the BET 
model. The total surface area is an important 
indicator of the efficacy of the AC. The AC 
from the cassava stumps had an apparent 
density of 0.3715 g/cc3 and a BET surface 
area of 110.96 ± 0.73 m2/g.

Due to the physical activation at high 
temperatures, the characteristics of the 
AC in the current research were expected 
to have a high surface area based on type 
II adsorption isotherms and multilayered 
adsorption on the surface of the material, 
which may differ depending on the sample 
material (Thommes et al., 2015). The 
adsorption curve increases when the relative 
pressure increases by almost 1, instead 
of a constant amount, when the relative 
pressure increases. As shown in Figure. 1, 
the AC sample had mesopores and narrow 
ranges of hysteresis loops formed caused 
by the condensation of nitrogen gas in the 
pores. The hysteresis loops were of the open 
type, which is a common feature of AC 
where there are mesopores and micropores 
combined. The characteristics indicating 
micropores could also be observed as the 
adsorption volume increased rapidly at low 
relative pressures.



J. Sinlapanuntakul et al. / EnvironmentAsia 16(2) (2023) 162-173

165

Figure 1. Nitrogen adsorption isotherm of cassava stump AC

Table 2. Surface area and volumes of micropores and mesopores of AC sample

Table 2 shows the cassava stump AC 
had a BET surface area value of 110.96 m2/g 
which is quite low. This can be explained 
by the porous structure of the AC produced 
from softwood (such as cassava stumps) is 
destroyed by high temperature resulting in 
fewer micropores in the material.

The cassava stump AC had a surface 
area ratio of micropore-to-mesopore of about 
38:62. From the results, most of the surface 
area of the cassava stump was occupied with 
mesopores. The surface area value depends 
on the surface area of the micropore, which 
indicates the adsorption capacity.

Figure 2(a) shows the distribution of the 
micropores, demonstrating the relationship 
between the nitrogen adsorption volume and 
the pore size. The pore sizes were mostly in 

the range 0.45 – 0.50 nm, which is the range 
of the highest adsorption volume. For the 
distribution of mesopores in Figure 2(b), the 
maximum adsorption volume was in the range 
4.00 – 4.20 nm pore size. 

A summary of the various reports in the 
literature regarding cassava stumps and the 
experimental conditions is shown in Table 3.
In Thailand, cassava stump is one form of 
agricultural waste that is processed into AC. 
However, generally, chemical activation 
agents, such as H3PO4, ZnCl2, and KOH, are 
used to produce AC. Chemical activation takes 
longer to produce AC than physical activation 
because there must be a chemical soaking 
process. Furthermore, there may be chemical 
residues in the AC. However, the chemical 
activation will generate a high surface area 
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Figure 2. Pore distribution curve of AC from cassava stumps: 
(a) micropore distribution; (b) mesopore distribution

at a low activation temperature. The current 
study used physical activation (a one-step 
gasification method) with the activation agent 
being air at high temperature, with the whole 
process taking 30 minutes for AC production. 
The BET surface area of the current work was 
higher than from using physical activation 
but a different activation agent (98 m2/g) 
and higher than that from using chemical 
activation with ZnCl2 (92 m /g), as shown in 
Table 3. This experiment produced AC using 
an industrial-scale charcoal furnace with a 
production capacity of 10 metric tons per day. 
The reference data in Table 3 were produced 
on a laboratory scale.

Figure 3 shows the period of the nitrogen 
adsorption isotherms for the AC from cassava 
stump. Since the period of nitrogen adsorption 
isotherms was short, the porosity structure 
of the cassava stump sample was mainly 
macropores due to the macropores only acting 
as conduits to mesopores or micropores.

3.2 FT-IR analysis
	
The physical and chemical properties 

of the AC were investigated as functional 
groups, polarity, and electrostatic charge. 
These properties are essential parameters 
for determining the adsorption of various 
underlying substances, including some heavy 
metals. These were used in the study of FT-IR 
spectroscopy.

Figure 4 shows the FT-IR spectra 
of AC made from cassava stumps. The 
samples were analyzed using a gasification 
process at high temperatures up to 1,200 ˚C. 

Almost all the chemical functional groups 
had disappeared; however, some functional 
groups were present. The bands between 3,500 
and 3,400 cm-1 corresponding to (-OH) group 
were evident. The (-OH) group was presented 
due to the AC absorbing moisture (Thammee 
et al., 2012). The group of bands at 1,430, 
1,084, and 875 cm-1 of the samples referred 
to aromatic C-C stretch (in-ring) (Sulaiman 
et al., 2012), silica (Si-O) (Thammee et al., 
2012) and oop C-H bending bands (Tho et al., 
2021), respectively. In addition, an aromatic 
hydrocarbon was found on the surface of the 
cassava stump sample, having a characteristic 
odor and being a non-polar covalent molecule. 
Therefore, it is easily soluble in non-polar 
solvents. And silica was found at 1,084 cm-1 
due to the AC was activated at high temperature.

3.3 SEM analysis
	
The physical structure of the sample was 

studied using scanning electron microscopy at 
magnifications of 1500× and 2000×. Figure 5
shows the notably porous structure of the AC 
from cassava stumps. The large pores were 
square, with a thin cell wall, which affected 
the adsorption efficiency of AC, with relevant 
factors being:

1. The wood in cassava stumps is soft 
with a thin cell wall structure. Therefore, in 
the carbonization stage, almost macropores 
occur.

2. The temperature of carbonization and 
physical activation are too high for a short 
time, which destroys the pore structure of 
the AC and removes smaller components. 
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Figure 3. Period of nitrogen adsorption isotherms for AC from cassava stumps.

Table 3. Comparisons of porosity characteristics of AC from cassava stump materials in of 
current work compared with other literature

Additionally, more macropores are generated 
than micropores (Poolprasert, 2020). The 
greater numbers of macropores in the AC 
give it high sensitivity with a low efficiency 
of adsorption (Temyarasilp, 2008).

3. Using air as the gas medium and 
a high temperature for  the physical 
activation process results in a lot of 
ash that can clog the pores and reduce 
adsorption.
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Figure 4. FT-IR spectra (KBr pellets) at 1,200 0C of AC from cassava stump.

Figure 5. Scanning electron micrographs of AC from cassava stumps at high voltage (10.00 kV):
 (a) 1500× magnification; (b) 2000× magnification

3.4 Life cycle assessment

The scope of the environmental cycle 
assessment study for the gate-to-gate 
production process of AC from cassava 
stumps applied in the current research is 
shown in Figure 6 (Arena et al., 2016).

The scope of the environmental cycle 
assessment was specific to the activities 
occurring within the manufacturing plant, 
from the drying process to the production 
of charcoal in the gasification furnace. The 
physical activation of AC used heat up to 

1,200 ˚C, combined with compressed air 
as an activating agent until the process 
of compaction and sizing of the AC was 
completed, as shown in Figure. 7. The AC 
production capacity of the current study 
was 10 kg of cassava stump raw materials 
yielding 1 kg of AC. Many incoming 
resources were used in different quantities 
in each process, such as electricity, water, 
air, gas, and fuel. This process released 
water, CO2, and CO that affected the 
environment, in addition to the AC product 
(Figure. 7).



J. Sinlapanuntakul et al. / EnvironmentAsia 16(2) (2023) 162-173

169

Figure 6. System boundaries for activated carbon production system for environmental cycle 
assessment analysis

Figure 7. AC production

The furnace was an innovation created 
by combining the principle of pyrolysis with 
the gasifier technique. The gasifier process 
reduces greenhouse gases by using volatile 
substances as fuel to increase the temperature 
of the furnace during combustion. The volatile 
substances in cassava stump (up to 75%) 
consisted of hydrogen (H2), methane (CH4), 
and carbon monoxide (CO). This innovative 
process decomposed at least 80% of the 
non-carbon dioxide (CO2) greenhouse gas 
emissions produced using a conventional AC 
furnace.

The pyrolysis process in the furnace 
started at a normal temperature; then, at 
300 °C, the cassava stumps released volatile 

substances. The heat in the furnace with the 
remaining oxygen caused the fuel gases in 
the volatile substances (such as CO, H2, CH4) 
to react chemically. Therefore, CO2 inside 
the furnace is involved in the combustion 
of the volatile substances containing carbon 
as a component. The chemical reaction 
CO + CH4 = CO2 + H2O shows that carbon 
dioxide was generated in the furnace from 
the gasifier technique. Hydrogen, methane, 
carbon monoxide, and water vapor acted as 
fuel gases for combustion in the furnace. 
The fuel gases increased the temperature 
inside the furnace to greater than 1,200 °C, 
reducing greenhouse gases by at least 7% of 
the raw material weight without using any 
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fuel or external energy. The cassava stumps 
were completely converted into AC, so the 
combustion process terminated.

The properties of the AC from wood 
vary according to the burning characteristics 
of  different  furnaces.  The cell  wall 
composition of the wood is primarily 
organic compounds, with carbon as the 
main molecular constituent. When wood 
undergoes pyrolysis, carbon and solids in 
the wood are converted to fixed carbon.

The volatile substances found in AC 
were approximately 7 – 30% by weight, 
which is much less than in wood; when 
the AC was heated above 750 °C, various 
gases were produced, such as carbon 
dioxide (about 9%), carbon monoxide 
(about 20%), hydrogen (about 64%), and 
other hydrocarbons (about 7%). The ash, 
which is part of the inorganic component 
that remains after being heated above 
950 °C, is about 0.5 – 10%, based on the 
detection of inorganic substances in AC. 
Neutron activation analysis identified small 
quantities of inorganic compounds, such as 
Al, Br, and Cu. The assumed composition 
of the cassava stumps used to investigate 
its potential as fuel for heat and electricity 
generation are provided in Table 5.

All  volat i le  substances,  such as 
hydrocarbons, become gaseous in the 
furnace and complete combustion turns 

them into very stable gas. An emissions 
factor is a representative value that attempts 
to relate the quantity of a pollutant released 
to the atmosphere with an activity associated 
with the release of that pollutant. Therefore, 
it is used as a reference to determine the 
emission factor (EF) defined as the weight 
of CO2 produced by activity/ natural weight 
of CO2 in units of g CO2eq or kg CO2eq or t 
CO2eq. 

Normal AC has an EF value of 1.0054 kg
CO2eq (Ecoinvent, 2.2 IPCC 2007 GWP 
100A Update 24Sep 2012).

The fixed carbon value of AC from 
cassava stumps had a lower EF value due 
to removing volatiles substances.

Therefore, when burning the cassava 
stumps in this furnace with an input of s 10 
kg of dried cassava stumps and an output 
of 1 kg of AC, the total remaining carbon 
content in the furnace was 4.612 kg. Thus, 
the remaining carbon burned was 3.612 kg, 
meaning that if 1 kg of AC was converted 
to 3.666 kg CO2, then 10 kg of AC would 
produce 36.666 kg CO2. Therefore, the EF 
of the cassava stump furnace was 3.612 / 
36.666 = 0.0985 kg CO2eq or 0.098 t CO2eq. 
The EF of the AC is the amount of CO2 
produced by burning / amount of naturally 
occurring CO2 = 3.612 / 3.666 = 0.985 kg 
CO2eq.

Table 5 Assumed composition of cassava stump raw material.
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4. Conclusion

This study investigated the characteristics 
and parameters of AC produced from cassava 
stumps prepared using physical activation in 
a specially designed gasification furnace with 
a total operating time of 30 min. The physical 
and chemical properties of AC were tested. 
The efficiency of absorption was measured 
using the BET method, the pore structure of 
the AC was studied using SEM, and FT-IR 
was used to analyze the chemical compounds 
on the surface of the AC. The AC from 
cassava stumps had multilayer adsorption 
indicating the structure consisted mainly of 
macropores. The FT-IR results indicated an 
aromatic C-C stretch (in-ring) function group 
on the AC surface. The quality of the AC was 
consistent with other reports in terms of the 
characteristics of cassava stumps. Although the 
AC made from cassava stumps in this research 
had slightly lower adsorption quality than the 
AC prepared using other furnace designs, the 
current process had the shortest production 
time. Overall, the results indicated that the 
AC made from cassava stumps was suitable 
for applications such as water treatment and 
bleaching. This study was the first to use 
the air-activated preparation method with 
cassava stumps. This innovative development 
should reduce the amount of bio-waste and 
pollution from combustion and increase the 
value of the cassava waste. Furthermore, this 
project contributes to sustainable development 
goals: 1) no poverty; 3) good health and well-
being; 7) affordable and clean energy; 12) 
responsible consumption and production; 13) 
climate action; and 17) partnership for goals 
(Development, 2015). 

The AC produced in this study is a 
commercial product suitable for use in various 
industries. However, this study was undertaken 
in a laboratory and the raw materials were made 
into AC and the characteristics of plant species 
are likely to influence the adsorption properties 
of the AC. In addition, the temperature used to 
activate the carbon may be too high for the short 
production time, resulting in the AC having 
relatively less surface area. It may be necessary 
to use steam and air to increase the surface area 
of the AC, while still using the same time for 
the production process. 

Using combustion to convert cassava 
stumps into AC by this process will reduce 
greenhouse gas emissions. Normally, the 
emission factor of charcoal is 1.0054 kg 
CO2eq (Ecoinvent, 2.2 IPCC 2007 GWP 100A 
Update 24Sep 2012). The emission factor 
of the cassava stump furnace was 0.0985 t 
CO2eq, meaning that 1 t of cassava stumps 
when burned in the developed cassava furnace 
emitted only 0.0985 t CO2 greenhouse gas.  
Furthermore, the emission factor of the AC 
products was 0.985 kg CO2eq, is lower than 
the charcoal value, which means that using 
this AC as a raw material would reduce 
the emission factor in an organization’s 
production process.

Acknowledgment

The authors gratefully acknowledge 
the Graduate School, Kasetsart University, 
Bangkok,  Thai land for  providing a 
scholarship, the Department of Physics, 
Kasetsart University for partial funding, 
the Department of Chemistry, Kasetsart 
University for allowing the use of a 
chemical laboratory under the supervision 
of Assoc. Prof. A. Songsasen, and the 
Science Central Laboratory, Kasetsart 
Universi ty for making available the 
scientific equipment for the advanced 
research. 

References

Achaw OW, Afrane G. The evolution of the 
pore structure of coconut shells during 
the preparation of coconut shell-based 
activated carbons. Microporous and 
Mesoporous Materials 2008; 112: 284-
290.

Association AWW. Powdered activated 
carbon. ANSI/AWWA B600-10. 6666 
West Quincy Avenue Denver, CO 80235-
3098 T 800.926.7337: American Water 
Works Association; 2010. p. 16-17.

Aupparee O, Sirivithayapakorn S. Efficiency 
of bagasse and cassava rhizome activated 
carbon on dyed silk wastewater treatment. 
The Journal of Industrial Technology: 
Suan Sunandha Rajabhat University 2016; 
4(2): 1-14.



J. Sinlapanuntakul et al. / EnvironmentAsia 16(2) (2023) 162-173

172

Brunauer S, Emmett PH, Teller E. Adsorption 
of gases in multimolecular layers. Journal 
of the American Chemical Society 1938; 
60(2): 309-319.

Development UNDoEaSAS. The sustainable 
development  goals  (SDGs) 2015 
[Available from: https://unstats.un.org/
sdgs.

Ello AS, Souza LKC, Trokourey A, Jaroniec 
M. Coconut shell-based microporous 
carbons for CO2 capture. Microporous 
and Mesoporous Materials 2013; 180: 
280-283.

Ganesapillai M, Simha P. The rationale for 
alternative fertilization: Equilibrium 
isotherm, kinetics and mass transfer 
analysis for urea-nitrogen adsorption 
from cow urine. Resource-Efficient 
Technologies 2015; 1: 90-97.

Hata M, Amano Y, Thiravetyan P, Machida 
M. Preparation of bamboo chars and 
bamboo activated carbons to remove color 
and COD from ink wastewater. Water 
Environment Research 2016; 88(1): 87-96.

Hidayu AR, Muda N. Preparation and 
characterization of impregnated activated 
carbon from palm kernel shell and 
coconut shell for CO2 capture. Procedia 
Engineering 2016; 148: 106-113.

Hischier R, Weidema B, Althaus H.-J, Bauer 
C., Doka G., Dones R, Frischknecht R, 
Hellweg S, Humbert S, Jungbluth N, 
Köllner T, Loerincik Y, Margni M. and 
Nemecek T. (2010) Implementation of 
Life Cycle Impact Assessment Methods. 
ecoinvent report No. 3, v2.2. Swiss Centre 
for Life Cycle Inventories, Dübendorf.

Horikawa T, Kitakaze Y, Sekida T, Hayashi 
Ji, Katoh M. Characteristics and humidity 
control capacity of activated carbon from 
bamboo. Bioresource Technology 2010; 
101: 3964-3969.

Huanga YP, Hou CH, Hsi HC, Wu JW. 
Optimization of highly microporous 
activated carbon preparation from Moso 
bamboo using central composite design 
approach. Journal of the Taiwan Institute 
of Chemical Engineers 2015; 1-10.

Institute TIS. Activated carbon. Ministry of 
Industry, Rama 6 Road, Bangkok 10400: 
Thai Industrial Standards Institute (TISI); 
2004.

Khongkrapan P. The study of fumeless charcoal 
retort with rectangular fin installation for 
thermal efficiency and energy saving 
optimization.  12th Conference on Energy 
Network of Thailand; 1 June 2016: Faculty 
of Science, Naresuan University.; 2016. 
p. 632-637.

Li W, Yang K, Peng J, Zhang L, Guo S, Xia H. 
Effects of carbonization temperatures on 
characteristics of porosity in coconut shell 
chars and activated carbons derived from 
carbonized coconut shell chars. industrial 
crops and products 2008; 28: 190-198.

Ma X, Smith LM, Cai L, Shi SQ, Li H, Fei B. 
Preparation of high-performance activated 
carbons using bamboo through one-step 
pyrolysis. BioResources 2019; 14(1): 
688-699.

Meili L, Godoy RPS, Soletti JI, Carvalho 
SHV, Ribeiro LMO, Silva MGC, et al. 
Cassava (Manihot esculenta Crantz) stump 
biochar: Physical/chemical characteristics 
and dye affinity. Chemical Engineering 
Communications 2018; 206: 472-476.

Mopoung S. Activated carbon. Rattanasuwan 
Printing, Phaya Lithai, Muang District, 
Phitsanulok, Thailand. 2015.

Phuangchik T. Activated carbon from bamboo: 
Does the market have a high demand? Thai 
Journal of Science and Technology 2015; 
23(6): 946-954.

Poolprasert P, Chorchong T. Preparation of 
activated carbon from cassava root for 
cadmium removal in aqueous solution 
sample. Journal of Renewable Energy 
and Smart Grid Technology 2020; 15(2): 
26-38.

Purnomo CW, Kesuma EP, Perdana I, Aziz 
M. Lithium recovery from spent Li-ion 
batteries using coconut shell activated 
carbon. Waste Management 2018; 79: 
454-461.

Su W, Zhou L, Zhou Y. Preparation of 
microporous activated carbon from 
coconut shells without activating agents. 
Carbon 2003; 41: 861-863.

Sulaiman NS, Hashim R, Amini MHM, 
Danish M, Sulaiman O. Optimization of 
activated carbon preparation from cassava 
stem using response surface methodology 
on surface area and yield. Journal of 
Cleaner Production 2018; 198: 1422-1430.



J. Sinlapanuntakul et al. / EnvironmentAsia 16(2) (2023) 162-173

173

Temyarasilp P. Preparation and characterization 
of activated carbon from Dendrocalamus 
asper backer and Dendrocalamus latiflorus 
[Thesis]. The Graduate School, Kasetsart 
University: Kasetsart University; 2008.

Thammee N, Kekngoun M, Mopoung S. The 
surface properties of activated carbon 
prepared from the trunk, root and peel of 
cassava. NU Science Journal 2012; 9(1): 
80-97.

Tho PT, Van HT, Nguyen LH, Hoang TK, 
Tran TNH, Nguyen TT, et al. Enhanced 
simultaneous adsorption of As(III), Cd(II), 
Pb(II) and Cr(VI) ions from aqueous 
solution using cassava root husk-derived 
biochar loaded with ZnO nanoparticles. 
RSC Advances 2021; 11: 18881–18897.

Thommes M, Kaneko K, Neimark AV, Olivier 
JP, Rodriguez-Reinoso F, Rouquerol J, et 
al. Physisorption of gases, with special 
reference to the evaluation of surface 
area and pore size distribution (IUPAC 
Technical Report). Pure and Applied 
Chemistry 2015; 87(9-10): 1051-1069.

Ti p p a y a w o n g  N ,  R e r k k r i a n g k r a i a 
P, Aggarangsi P, Pattiya A. Biochar 
production from cassava rhizome in a 
semi-continuous carbonization system. 
Energy Procedia 2017; 141: 109-113.

Tsai WT, Jiang TJ. Mesoporous activated 
carbon produced from coconut shell using 
a single-step physical activation process. 
Biomass Conversion and Biorefinery 
2018; 1-8.

Vilella PC, Lira JA, Azevedo DCS, Bastos-
Neto M, Stefanutti R. Preparation of 
biomass-based activated carbons and 
their evaluation for T biogas upgrading 
purposes. Industrial Crops & Products 
2017; 109: 134-140.

Viriyathonphan P. Activated Carbon: 2017; 
[Available from: www.tomcasava.com]

Wongnate T, Panya P. Production of activated 
carbon from cassava root. The Gloden 
Teak Journal 2011; 17(1): 14-21.

Yang K,  Peng J ,  Xia  H,  Zhang L, 
Srinivasakannan C, Guo S. Textural 
characteristics of activated carbon by 
single step CO2 activation from coconut 
shells. Journal of the Taiwan Institute of 
Chemical Engineers 2010; 41: 367-372.


