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ABSTRACT

This paper aims to review recent studies in preparing activated carbons from different types of agricultural 
wastes in Malaysia and how it can help Malaysia manage agricultural waste. It can be seen that most 
biomasses can be used as precursors to produce activated carbon for a wide range of pollutants 
and this adsorbent can be modified to optimally function depending on the types of pollutants. Under 
optimum dosages, modification through chemical activation using acidic, basic, or drying agents has 
significant effects on the selectivity of the analyte adsorption. The acidic activating agent causes the 
activated carbon to have negatively charged acid groups which enable it to adsorb cationic adsorbate 
while the basic activating agent causes the adsorbent to have a positive surface charge and enable it 
to adsorb anionic adsorbate.

INTRODUCTION

In Malaysia, the agricultural sector contributes 7.3% to the 
Gross Domestic Product (GDP). In 2018, oil palm (37.9%) 
was the major contributor to the GDP of the agricultural 
sector followed by other agricultural products (25.1%) such 
as paddy, cocoa beans, pepper, kenaf (dried stem), and rubber 
which contributed 2.8% per year (Department of Statistics 
Malaysia 2019). Since oil palm is the major contributor, 
77% of total residues are from the oil palm industry, 9.1% 
of rice residues, 8.2% of forestry residues and 5.7% of other 
residues like rubber, cocoa, and coconut  (Griffin et al. 2014). 

The waste management expenditure increased from RM 
755.5 million to RM 789.0 million from the year 2015 to 
2017 and constantly has become a challenge to manage the 
wastes (Department of Statistics Malaysia 2019). In the ag-
ricultural sector, the simplest way to dispose of the wastes is 
through burning but it causes serious air pollution (Teimouri 
et al. 2019). However, agricultural wastes are renewable 
sources that can be converted into energy, bio-based products, 
and value-added products (Marsin et al. 2018). Thus, there 
are many studies and reviews on how these biomasses can 
be useful resources instead of disposing them (Sulaiman et 
al. 2011, Saba et al. 2015, Aditiya et al. 2016). Some stud-
ies used agricultural wastes as potential biosorbent such as 
activated carbon (Teimouri et al. 2019). 

Originally, coal was the best source of activated carbon 
but it is limited and non-renewable. Therefore, agricultural 

waste was used as an alternative source to produce acti-
vated carbon since it is renewable and low-cost (Danish & 
Ahmad 2018). Activated carbons produced from biomasses 
are cheaper compared to commercialized activated carbon 
and can improve the economy by re-using these biomasses. 
Other than that, activated carbon obtained from biomasses 
may have a higher surface area compared to commercialized 
activated carbon. (Maneerung et al. 2016). Most agricultural 
wastes are lignocellulosic material and these types of mate-
rials are suitable to produce activated carbon (Nabais et al. 
2013). Lignocellulosic material is a plant-based material, 
which is made of cellulose, hemicellulose, and lignin (Jiang 
et al. 2020). There are three major categories of this type 
of material which are wood-based like oak, energy crop 
like bamboo, and agricultural waste like palm and rubber 
trees (Ufodike et al. 2020). This paper reviews activated 
carbon produced from agricultural wastes that can be found 
in Malaysia and potentially act as an adsorbent to remove 
environmental pollutants from aqueous solutions. 

Activated Carbon from Agricultural Wastes

Activated carbon can be produced through two types of acti-
vation process namely physical and chemical activation. The 
chemical properties (ash content and surface properties) and 
physical properties (surface area and pore size) depend on 
the types of the activation process. Chemical activation use 
dehydrating agents to impregnate the precursor material. The 
agent can either be acidic or basic depending on the analytes. 
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Li et al. (2008) stated that physical activation involves two 
steps which are carbonization step (400°C - 850°C) and 
activation step (600°C - 900°C). 

Cheah et al. (2013) stated that chemical activation has 
more advantages as it produces activated carbon with a higher 
BET surface area compared to physical activation. Compari-
son of two different studies that used the same precursor (oil 
palm shell), showed that activated carbon from physical acti-
vation obtained a lower BET surface area approximately 151 
m2.g-1 (Abioye & Ani 2015) whereas a study that employed 
chemical activation obtained surface area of 1254 m2.g-1 
surface (Hoseinzadeh Hesas et al. 2013). Besides, chemical 
activation produces a higher yield of activated carbon, has 
less activation time, and provides suitable functional groups 
(Danish & Ahmad 2018).

Chemical activating agents such as phosphoric acid and 
zinc chloride are always used to activate lignocellulosic 
material because these agents would immediately react with 
lignocellulose when mixed together (Yakout & Sharaf El-
Deen 2012). Zinc chloride can produce activated carbon in 
small and uniform-sized micropores (Hoseinzadeh Hesas et 
al. 2013) but phosphoric acid is more preferred because it pro-
duces both mesopores and micropores and safer compared to 
zinc chloride (Yacob et al. 2013). Gueye et al. (2014) reported 
that phosphoric acid depolymerized cellulose, hemicellulose, 
and lignin, which causes the formation of cross-linking 
through dehydration, cyclization, and condensation reaction. 
In addition, phosphoric acid also stimulates the formation of 
phosphate and polyphosphate bridges, which connects and 
cross-links the fragments obtained from macromolecules. 
Hui and Zaini (2015) stated that potassium hydroxide is also 
used to activate lignocellulosic material since it can produce 
well-developed pores and high specific surface areas. Un-
fortunately the activated carbon yield is frequently low. This 
is supported by the study of Foo and Hameed (2011) who 
managed to produce activated carbon with total surface area, 
total pore volume, and average pore size of 807.54 m2.g-1, 
0.45 cm3.g-1, and 2.193 nm respectively.

Besides that, activated carbon can have different types 
of pores based on their pore sizes. Xue et al. (2019) stated 
that pore size can be characterized as ultramicropore (< 0.7 
nm), supermicropore (0.7 nm-2.0 nm), small mesopore (2.0 
nm-2.5 nm) and large mesopore (2.5 nm -50 nm). The types 
of pores depend on activating agents used and also activa-
tion temperature. Heidari et al. (2014) showed that a high 
percentage of micropore can be obtained using potassium 
hydroxide and zinc chloride. For phosphoric acid, mesopores 
can be formed due to the presence of phosphate linkage that 
expands the biomass structure.

Chen et al. (2017) used phosphoric acid activation to 

produce activated carbon with high BET surface area and large 
pore volume. The hydrochar described here can be obtained 
from hydrothermal carbonization of corn cob residue (CCR). 
The porous structure of activated carbons was characterized by 
nitrogen adsorption and scanning electron microscopy (SEM). 
Results showed that the specific surface area and total pore 
volume of activated carbon were increased to 2192 m2.g-1 and 
1.269 cm3.g-1, respectively, under conditions of 400°C, 1 h, 
and an impregnation ratio of 3, from 5.69 m2.g-1 and 0.136 
cm3.g-1 of the starting material. The chemical properties of 
hydrochar and activated carbons were further characterized 
by Fourier transform infrared spectroscopy (FT-IR), which 
confirmed the chemical transformation. Furthermore, the 
localized graphitic nature of the porous carbon was shown by 
the X-ray diffraction pattern. Thus, the adsorption capacity was 
enhanced for activated carbon in comparison with commercial 
carbon. The process of activated carbon preparation provided 
a high value-added application of hydrochar. 

In recent years, many researchers developed activated 
carbon from different types of biomass for various application 
such as adsorption (Kaveeshwar et al. 2018), catalyst supports 
(Mateo et al. 2020), medicine (Lakshmi et al. 2018), electrode 
materials (Tripathi et al. 2020), air filters (Gallego et al. 2013) 
and gas storage (Biloé et al. 2002). This is because activat-
ed carbon can be produced in large quantities (Mateo et al. 
2020). Synthesis of activated carbon from biomass can reduce 
environmental pollution and the cost of disposal (Muniandy 
et al. 2014). Although activated carbons from biomasses are 
used in many industrial applications, the biggest challenge in 
producing activated carbon is the cost of production, uncertain 
methods, and also regeneration process (Danish & Ahmad 
2018).  Table 1 and Table 2 shows properties of activated 
carbon from agricultural wastes produced through chemical 
activation and physical activation respectively. 

Activated Carbon as Adsorbent

In the adsorption process, adsorbent primarily depends on 
the surface chemistry and pore structure of the material. 
Method of activation and nature of precursor tremendously 
affect the surface functional groups and pore structure. The 
surface functional groups provide vital information involv-
ing removal of cationic and anionic adsorbate (Marsin et al. 
2018). For example, when activated carbon is treated with 
acid, the activated carbon will have negatively charged acid 
groups and able to adsorb cationic adsorbate and vice versa 
(Bhatnagar et al. 2013). 

Removal of Dyes using Activated Carbon

Dye is a molecule that contains chromophore and auxo-
chrome. The chromophore group causes the dye to have 
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its own color since it has a double bond that oscillates to 
adsorb light (Liang et al. 2014). Dyes are commonly used in 
foods, clothes, and also medicines which has increased the 
production rate of dyes. Many different types of dyes have 
been produced such as acidic, basic, disperse, azo, anthraqui-
none based and metal complex dyes (Ratna & Padhi 2012). 

Dyes can have health effects due to their toxicity and 
non-biodegradable characteristics (Kalkan et al. 2013). Ex-
amples of health problems are cancer, allergic respiratory 
problem, and skin and mucous membrane irritation (Kausar 
et al. 2018). Besides health effects, dyes also cause environ-
mental pollution as it affects the symbiotic process in water 
as it prevents light penetration and causes the photosynthetic 
activity to decrease (Nidheesh et al. 2018). 

It is difficult to remove dyes using ordinary water treat-
ments due to its complex chemical structure and poor bio-
degradability (Khorasani & Shojaosadati 2019). Therefore, 
a lot of studies have been conducted to find the best methods 
to remove dyes such as flocculation or coagulation (Sharma 
et al. 2011), electrochemical destruction (Narayana & Kari-
yajjanavar 2019), ozonation (Sekar 2008), and ion exchange 

(Yang et al. 2019). However, adsorption is preferable since it 
is more efficient and easier to conduct (Rai et al. 2015). There 
are various adsorbents that have been introduced such as dis-
posable paper cups (Shukla et al. 2020), chitosan/polyamide 
nanofibers (Dotto et al. 2017), and amino grafted MCM-41 
(Rizzi et al. 2019) but activated carbon is still the most used 
adsorbent because of its remarkable characteristics (Ma-
neerung et al. 2016). Table 3 summarizes activated carbon 
from different agricultural wastes for the removal of dyes.

Macedo et al. (2006) prepared mesoporous activated car-
bon from coconut coir dust to remove methylene blue (cation-
ic) and remazol yellow (anionic) dyes. Zinc chloride was used 
as an activating agent with a ratio of 3 ZnCl2:1 coir dust. This 
adsorbent contained both acidic and basic sites which enabled 
it to adsorb both basic and acidic dyes simultaneously. The 
study revealed that the interaction forces between the adsor-
bent and dyes are related to the pH solution which affects the 
charge distribution on the adsorbent surface. The optimum pH 
to adsorb methylene blue was pH 8 while remazol yellow was 
pH 4. In addition, the activated carbon had a short equilibrium 
time (approximately 120 min) to adsorb both dyes. 

Table 1: Properties of activated carbons produced through chemical activation.

Material Agent SBET (m
2.g-1) Reference

Coconut spathe KOH 1705 Prashanthakumar et al. (2018)

Rice husk NaOH 2786 Zhang et al. (2020)

Coconut shell KOH 265 Purnomo et al. (2018)

Oil palm kernel shell H3PO4 630 Yacob et al. (2013)

Cocoa shell H3PO4 1077 Pereira et al. (2014)

Oil palm empty fruit bunch KOH 807.54 Foo and Hameed (2011)

Rubber seed shell KOH 620 Pagketanang et al. (2015)

Oil palm shell ZnCl2 1254 Hoseinzadeh Hesas et al. (2013)

Kenaf stem H3PO4 1154 Meryemoglu et al. (2016)

Table 2: Properties of activated carbons produced through physical activation.

Materials Agent SBET (m2.g-1) Reference

Oil palm empty fruit bunch Steam 718 Kadir et al. (2014)

Rice straw Steam 243 Yang et al. (2020)

Cocoa shell CO2 558.25 Ahmad et al. (2013)

Oil palm shell CO2 151 Abioye and Ani. (2015)

Coconut shell CO2/Steam 610 Chandana et al. (2019)

Rubberwood sawdust CO2 465 Mazlan et al. (2016)

Coconut husk Steam/O2 415.85 Fu et al. (2020)

Oil palm shell CO2 905 Herawan et al. (2013)

Waste tea Steam 995 Zhou et al. (2018)



1176 N.Z. Zabi et al.

Vol. 20, No. 3, 2021 • Nature Environment and Pollution Technology  

Sellaoui et al. (2017) used cocoa shells as a source of 
activated carbon to adsorb reactive violet 5 dye. The ad-
sorption process is described as multilayer adsorption and 
it is thermally activated where the number of dye molecules 
per site increases when the temperature increases. From this 
study, the number of dye molecules per site on cocoa shell 
activated carbon is higher compared to commercialized 
activated carbon due to the interaction between functional 
groups in cocoa shell activated carbon and dye. 

Guo et al. (2020) modified the activated carbon produced 
from peanut shell with FeCl3 and MgCl2 as a bimetallic acti-
vating agent to remove malachite green. Prepared adsorbent 
obtained a total surface area of 633.35 m2.g-1 with a high 
maximum adsorption capacity of 4031.96 mg.g-1. The high 
adsorption rate is due to the increment of the area of the ad-
sorbent rather than the change of contact areas between the 
adsorbent and the dye. The adsorption rate was narrowed to 
the intra-particle diffusion rate of dye molecules compared 
to the availability of active sites. Interactions between MG 
dye and Fe-Mg15 including the H-bonding, π-π stacking, and 
the electrostatic attraction triggered considerable adsorption 
performance. The dominant interaction was the H-bonding 
between Mg-OH and N-containing groups in MG. The chem-
ical regeneration method could not have achieved an effective 
removal of adsorbed malachite green, whereas the adsorptive 
properties of Fe-Mg BACs could be well regenerated via the 
thermal regeneration method. The adsorption for this study 
fits the Freundlich isotherm model. 

Mahamad et al. (2015) used activated carbon produced 
from pineapple biomass to remove methylene blue from an 
aqueous solution. The total surface area of the adsorbent 
was 914.67 m2.g-1 with a maximum adsorption capacity 
of 288.34 mg.g-1. In this study, the mechanism involved in 
the removal of the dye was the migration of dye from the 
bulk of solution and diffusion of the dye through boundary 

layer to surface of the adsorbent and intra-particle diffusion 
of dye into interior pores of adsorbent. The boundary layer 
resistance was affected by the rate of adsorption.

Islam et al. (2017) produced mesoporous activated carbon 
using hydrochar prepared from coconut shell. The maximum 
adsorption capacity was 200.01 mg.g-1 and the total surface 
area of the adsorbent was 876.14 m2.g-1. The adsorption in 
this study fitted the Langmuir isotherm and pseudo-sec-
ond-order model. Results showed higher adsorption of dye 
when pH increased from 7 to 9, due to the high number of 
-OH groups which contributed a slightly negative charge on 
the surface and enhanced the adsorption of the dye.

Removal of Pesticides Using Activated Carbon

Pesticides are chemically prepared from different types of 
substances such as such as fungicides, rodenticides, weed 
killers, insecticides, and antimicrobials (Elhag et al. 2017). 
This organic material is used to kill targeted pests (Chawla 
et al. 2018). Pesticides can be divided into classes which 
are organophosphates, organochlorine, carbamates, chloro-
phenol, and synthetic pyrethroids pesticides (Hamza et al. 
2016). Organophosphorus pesticides (OPs) are the most used 
pesticides in agriculture because it is more biodegradable and 
has shorter persistence compared to organochlorine pesti-
cides (Chen et al. 2010). It protects the crops by inhibiting 
acetylcholinesterase enzyme activity in insects (Sapahin et 
al. 2014).

Nonetheless, continuous and excessive usage of pes-
ticides inadequately can lead to many environmental and 
health problems (Blankson et al. 2016). As a matter of fact, 
improper use of any kind of pesticides can cause agricultur-
al products to have residues of it (Chen et al. 2010). There 
are few major groups of pesticides that are carcinogenic to 
living organisms which are organophosphates, organochlo-
rines, carbamates, and pyrethroids (George & Shukla 2011). 

Table 3: Literature studies on different agricultural wastes for removal of dyes.

Materials Activation method Activation agent Dyes Removal uptake (mg.g-1) Reference 

Oil palm empty 
fruit bunch

Chemical KOH Methylene blue (Cationic) 344.83 Foo and Hameed (2011)

Coconut  coir 
dust

Chemical ZnCl2 Methylene blue 14.36 Macedo et al. (2006)

Remazol yellow (Anionic) n.a.

Cocoa shell Chemical ZnCl2/FeCl3 Reactive violet 5 n.a. Sellaoui et al. (2017)

Peanut shell Chemical FeCl3 /MgCl2 Malachite green (Cationic) 4031.96 Guo et al. (2020)

Pineapple waste Chemical ZnCl2 Methylene blue 288.34 Mahamad et al. (2015)

Oil palm shell Chemical KOH Methylene blue 243.90 Tan et al. (2008)

Coconut shell Chemical KOH Methylene blue 200.01 Islam et al. (2017)

*n.a. – not available
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Besides health problems, pesticides affect the ecosystems as 
well due to their persistent nature. (Marican & Durán-Lara 
2017). Thus, monitoring residues of pesticides in soil, water, 
plants, and food is important. 

There are three types of methods to remove pesticides 
which are biological, chemical, and physical processes (Mojiri 
et al. 2020) For biological processes, Nie et al. (2020) used mi-
croalgae to bioremediate water containing pesticides. Fiorenza 
et al. (2020) used a chemical process to remove pesticides from 
water by molecular imprinting on titanium dioxide photocat-
alyst. For physical processes, the most common technique is 
adsorption. Table 4 summarizes activated carbon from different 
agricultural wastes for the removal of pesticides.

Chang et al. (2014) used rice straw as a precursor to 
remove carbofuran from an aqueous solution. Based on this 
study, the adsorption of the pesticides was optimum at a 
lower pH and temperature. At a high temperature, the target 
molecules eluded from solid phase to bulk phase due to an 
increase in energy while at high pH value. Carbofuran tends 
to deprotonate due to the presence of OH- ions and this causes 
weaker interaction between the neutral molecular form of 
carbofuran with the adsorbent. The adsorption process best 
fits the Langmuir model. The maximum carbofuran adsorp-
tion capacity was 296.52 mg.g-1.

Salman et al. (2011) removed 2,4-dichlorophenoxyacetic 
acid from an aqueous solution. The activated carbon was 
produced from the oil palm frond. Based on the result, the 
adsorption of the pesticides depended on the availability 
of sites on the adsorbent compared to the concentration of 
the pesticides. The adsorption process best fits the Lang-
muir model. Ioannidou et al. (2010) used four agricultural 
residues as sources of activated carbon (olive kernel, corn 
cob, rapeseed stalks. and soya stalks). However, corn cob 
activated carbon had the highest adsorption capacity which 
is 18.9 × 10-2 mg.g-1 since it contains more micropores and 
also spongy like cross-interconnected pores.

Abdelhameed et al. (2020) used orange peel and apricot 
kernel to produce activated carbon for the removal of 

prothiofos and its degradation compounds from an aqueous 
solution. Based on the result, the maximum adsorption 
capacities of the pesticide were 185.9 ± 1.8 mg.g-1 and 145.8 
± 2.4 mg.g-1 for orange peel and apricot kernel, respectively. 
The adsorption process best fits the Langmuir model. The 
adsorption of the pesticides occurs when prothiofos that 
contain P-O functional groups bind with free hydroxyl and 
carboxyl groups of the adsorbent through hydrogen bonds.

Removal of Polycyclic Aromatic Hydrocarbon using 
Activated Carbon

Polycyclic aromatic hydrocarbons (PAHs) are a group of 
compounds, which are composed of two or more fused aro-
matic rings (Cao et al. 2017). PAHs have different functional 
groups in the benzene rings or lateral chains which causes 
it to have different chemical properties (Tsibart & Genna-
diev 2013). PAHs are usually emitted as a mixture and the 
relative molecular concentration ratios are usually treated 
as the characteristics of the emission source (Tobiszewski 
& Namieśnik 2012).  

Every year, there are production and processing of plas-
ticizers, dyes, and pigments that cause the release of PAHs. 
Besides that, PAHs can also enter the environment through 
incomplete combustion processes such as the processing 
of coal and crude oil during refining, coal gasification, and 
coking (Pérez-Gregorio et al. 2010). The prevalence of this 
compound is released into various water bodies which will 
cause serious health and environmental problems (Mojiri et 
al. 2019). PAHs are known for their genotoxic, mutagenic, 
and carcinogenic effects on humans (Idowu et al. 2019). 
Other than that, due to its persistent nature, toxicity and bi-
oaccumulation this compound also affects the environment 
especially soil. 

Thus, it is necessary to remove this compound from the 
environment. Chemical such as chemical precipitation and 
solvent liquid-liquid extraction (Ates & Argun 2018, Naik et 
al. 2017) and biological methods such as phytoremediation 
technology (Włóka et al. 2019) are used to remove PAHs, 

Table 4: Literature studies on different agricultural wastes for removal of pesticides.

Materials Activation method Activation agent Pesticides Removal uptake/
percentage

Reference 

Rice straw Chemical KOH Carbofuran 296.52 mg.g-1 Chang et al. (2014)

Oil palm frond Chemical KOH 2,4-dichlorophenoxyacetic acid 352.89 mg.g-1 Salman et al. (2011)

Corn cobs Physical Steam Bromopropylate 18.9 × 10-2 mg.g-1 Ioannidou et al. (2010)

Orange peel Physical Hot air Prothiofos 185.9 ± 1.8 mg.g-1 Abdelhameed et al. (2020)

Coconut frond Chemical H3PO4 Carbofuran 80% Njoku et al. (2014)

Oil palm shell Chemical NaOH 4-chloroguaiacol 454.45 mg.g-1 Hamad et al. (2010)
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however some of the techniques produce toxic by-products. 
Due to this occurrence, physical methods such as filtration 
(Ndiaye et al. 2005) and adsorption (Kumar et al. 2019) are 
commonly used. Compared to other physical methods, ad-
sorption is the best method because of its safety, affordability, 
universal nature, and simple operation process (Akinpelu et 
al. 2019). Table 5 summarize activated carbon from agricul-
tural waste for the removal of PAHs compounds.

Kumar et al. (2019) used palm shells as a source of ac-
tivated carbon. The activated carbon was modified through 
pyrolysis to increase the adsorption of PAH compounds. 
The activated carbons have been induced with potassium 
hydroxide. Based on the result, the maximum adsorption 
capacity of acenaphthalene for pyrolysis-assisted activated 
carbon (131.7 mg.g-1) was higher than normal activated car-
bon (96.54 mg.g-1) because it had a higher surface area (430 
m2.g-1) compared to normal activated carbon (286 m2.g-1). 
Both adsorption process fits the Freundlich model which 
shows heterogeneous adsorption.

Gupta and Gupta (2015) produced activated carbon 
from banana peel to remove naphthalene, fluorene, and 
phenanthrene from aqueous system. The adsorbent had good 
adsorption capacity and a large BET surface area (>900 m2.g-1). 
Since the adsorption process was endothermic (positive 
enthalpy change, DΔHº), the adsorption of PAH compounds 
was better at a higher temperature. Besides that, a positive 
value of entropy change, DΔSº showed that the adsorption 
process was spontaneous and good affinity between PAHs 
and adsorbent because there was an increase in randomness 
at the interface (solid/liquid). Gupta (2015) used orange rind 
as a source of activated carbon. In this study, the adsorption 
of PAH compounds was preferable at lower pH because 
the adsorbent surface had a more positive charge due to the 
presence of H+ ions and which has led to high interaction 
between the adsorbent surface and π-electron cloud of phe-
nanthrene molecules.

Yakout et al. (2013) used rice husk to produce activated 
carbon. The activated carbon was used to adsorb naphtha-
lene, phenanthrene, and pyrene. Based on the result, the 
adsorption of PAH compounds onto the adsorbent depended 
on the weight and solubility of the adsorbate. There was a 
higher removal rate of pyrene followed by phenanthrene 
and naphthalene. 

Removal of Heavy Metal using Activated Carbon

Heavy metals are metals that have densities greater than 5 
g.cm-3 such as arsenic, cadmium, chromium, mercury, lead, 
copper, zinc, and nickel (Chen et al. 2015). Heavy metal 
pollution is one of the most serious environmental problems. 
Industries such as metal plating, mining operations, surface 
finishing industry, radiator manufacturing, alloy, and bat-
teries industries usually release heavy metals in wastewater 
(Tounsadi et al. 2016). Other than that, nickel and zinc are 
persistent in nature and tend to accumulate in soils and plants 
which can be transferred to living organisms through the food 
chain (Alam et al. 2020). When humans or animals consume 
any of these heavy metals it can cause negative health effects 
like cancer, nausea, vomiting, mental retardation, liver, and 
kidney failure (Masjedi et al. 2020).

Therefore, the removal of heavy metals from the envi-
ronment is important. There are three types of methods to 
remove heavy metal ions which are biological methods such 
as synergistic actions of microorganisms and waste molasses 
(Sun et al. 2020), a chemical method such as joint EDTA-acid 
treatment (Kou et al. 2020), and physical method such as 
adsorption using nanoparticles (Das & Rebecca 2018). Al-
though nowadays, the removal of pollutants using activated 
carbon is considered an effective purification process since 
it can reduce trace amounts of heavy metal to reach envi-
ronmental standards and regulations (Treviño-Cordero et al. 
2013). Table 6 summarizes activated carbon from agricultural 
waste for the removal of heavy metals.

Table 5: Literature studies on different agricultural wastes for removal of PAHs compounds.

Materials Activation method Activation agent PAHs Removal uptake 
(mg.g-1)

Reference

Palm shell Chemical KOH Acenaphthalene 131.7 Kumar et al. (2019)

Banana peel Physical n.a. Naphthalene 333.33 Gupta and Gupta. (2015)

Fluorene 285.71

Phenanthrene 217.39

Orange rind Chemical H3PO4 Phenanthrene 70.92 Gupta (2015)

Rice husk Chemical H3PO4 Naphthalene n.a. Yakout et al. (2013)

Phenanthrene n.a.

Pyrene n.a.

*n.a. – not available
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Chandana et al. (2019) produced activated carbon using 
coconut shells to remove Cr (VI) from industrial overflows. 
The activated carbon was produced through physical acti-
vation with three different types of activating agents. From 
the study, the best activating agent was a mixture of carbon 
dioxide and steam with a surface area of 610 m2.g-1. The 
adsorption of Cr (VI) depended on the pH of the solution and 
showed maximum adsorption capacity (~26 mg.g-1) at pH 2. 

Borhan et al. (2016) prepared activated carbon from rub-
ber seed shells to remove copper (II) and zinc ions from an 
aqueous solution. Based on the result, the highest percentage 
removal of copper (II) ions and zinc ions were 99.6% and 
94%, respectively at the optimum condition of 200 ppm of 
initial concentration, 400 rpm stirring rate, and 45 minutes 
of contact time. This study stated that increasing the stirring 
rate causes a higher rate of diffusion of metal ions. This is 
because there was an enhancement of turbulence and reduc-
tion in thickness of the liquid boundary layer.

Rahman et al.(2014) produced activated carbon from oil 
palm shells and coconut shells to remove nickel (II), lead 
(II), and chromium (IV) ions from aqueous solution. The 
activated carbon from the oil palm shells was activated in 
two different impregnation conditions where the oil palm 
shell powder was either wet or semi-dried with phosphoric 

acid before placing it in the furnace. A comparison between 
prepared and commercial activated carbon was also made in 
this study. Based on the result, prepared activated carbons 
had higher adsorption capacity for Ni (II) and Pb (II) ions 
while commercial activated carbon was able to adsorb more 
Cr (IV) ions although it had lower adsorption capacity in a 
low concentration range. The adsorption process for Ni (II) 
and Pb (II) ions best fits the Langmuir model. For the adsorp-
tion process of Cr (IV) ions, only two adsorbents were used 
which are activated carbon from oil palm shells (semi-dried) 
and commercial activated carbon and the process best fits 
both Langmuir and Freundlich model. This study stated that 
the prepared activated carbon is more suitable to be used in 
drinking water purification compared to commercial activat-
ed carbon since it has a stronger affinity towards all heavy 
metals even at low concentrations. The removal uptake of 
heavy metal ions for every adsorbent is shown in Table 6. 

Chowdhury et al. (2012) used kenaf fiber as a starting 
material to produce activated carbon for the removal of 
copper (II) ions from wastewater. Based on the data, the 
adsorption process best fits the Langmuir model compared to 
Freundlich and this shows that it is a monolayer adsorption 
process. In addition, for kinetic study, the adsorption fits 
pseudo-second-order model where the rate-limiting step 

Table 6: Literature studies on different agricultural wastes for removal of heavy metals.

Materials Activating method Activating agent Heavy metals Removal uptake/percentage Reference

Coconut shell Physical CO2 /steam Cr6+ ~26 mg.g-1 Chandana et al. (2019)

CO2 n.a.

O3 n.a.

Rubber seed shell Chemical KOH Zn2+ 99.6% Borhan et al. (2016)

Cu2+ 94%

Kenaf fibre Chemical KOH Cu2+ n.a. Chowdhury et al. (2012)

Oil palm shell (wet) Chemical H3PO4 Ni2+ 10.83 Rahman et al. (2014)

Pb2+ 74.63

Cr4+ n.a.

O i l  pa lm  she l l 
(semi-dried)

Chemical H3PO4 Ni2+ 19.61 Rahman et al. (2014)

Pb2+ 63.69

Cr4+ 46.30

Coconut shell Chemical H3PO4 Ni2+ 12.18 Rahman et al. (2014)

Pb2+ 73.53

Cr4+ n.a.

Oil  palm empty 
fruit bunch

Chemical NaOH Pb2+ 100% Wahi et al. (2009)

Hg2+ 100%

Cu2+ 25%

*n.a. – not available
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may be chemisorption which involves valency forces through 
sharing and exchange of electrons. 

Wahi et al. (2009) prepared activated carbon from oil 
palm empty fruit bunch for removal of mercury, lead, and 
copper from aqueous solution. The EFB activated carbon 
showed excellent efficiency in removing Pb(II) and Hg(II) 
with a percentage of removal up to 100 % even at low ad-
sorbent dosage. In contrast, only 25 % removal of Cu(II) 
by the EFB activated carbon was observed. The study also 
showed that the adsorption of Hg(II), Pb(II), and Cu(II) by 
EFB activated carbon is dependent on the dosage of adsorbent 
and initial metals concentration. The use of EFB as activated 
carbon is not only effective for Hg(II) and Pb(II) removal 
from wastewater but also helps in solving the problem of 
the over-abundance of EFB as an agricultural waste product. 
Based on the result, the adsorption of lead (II) and mercury 
(II) ions best fits the Freundlich model while the adsorption 
of copper (II) best fits the Langmuir model.

Future Prospect of Activated Carbon from 
Agricultural Waste

For the past years, most of the activated carbon produced 
from agricultural wastes is in powdered form. Recently, many 
studies have shifted their focus in producing activated carbon 
in fiber form and it is known as activated carbon fiber (ACF). 
This material is a combination of activated carbon and carbon 
fiber. Based on a review done by Hassan et al. (2020), there 
was an increasing number of publications (>300) about ACF 
from the year 2017 to 2019. The advantages of this material 
are higher adsorption rates, high accessible porosity, high 
surface area, improved contact efficiencies, adequate design 
flexibility, and easy regeneration. The four major precursors 
for the production of this material are polyacrylonitrile, 
phenolic resins, pitch resins, and bio-based materials mainly 
lignocellulosic. Therefore, for future studies, agricultural 
waste can be used as precursors to determine the best method 
to produce ACF as a highly potential adsorbent.

CONCLUSION

It is proven that agricultural biomasses can be used to pro-
duce activated carbon for the removal of different types of 
pollutants. This adsorbent is cheaper and sometimes even 
better than commercial activated carbon. By utilizing these 
wastes, it can reduce the expenditure for waste manage-
ment and also improve the economy of this country. The 
biomass-based activated carbon can be a better adsorbent 
once surface modification through physiochemical methods 
is done. Different types of biomass require different activa-
tion treatments for optimum removal of targeted pollutants. 
For removal of dyes, chemical activation is preferable and 

adsorption efficiency can be increased by controlling the pH 
of the solution. For the removal of pesticides, the removal 
uptake using chemical activation is higher than physical ac-
tivation since there are more pores formed and the presence 
of suitable active sites to adsorb the pesticides. For removal 
of PAHs compound, chemical activation using acid is pref-
erable since the adsorption of PAHs is based on positive 
charge surface area and π-electron cloud. For the removal of 
heavy metals, using phosphoric acid as an activating agent 
has a high removal uptake of certain heavy metals. Besides 
that, choosing the right precursor is also important for the 
adsorption process because the precursor materials control 
the carbon pore structure.      
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