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Abstract 

 

Preparation of Activated Carbon from Corn Stover at  

Various Temperatures and Catalytic Conditions 

 

Vilaysit Thithai 

Department of International Agricultural Technology 

Graduate School of International Agricultural Technology 

Seoul National University 

 

Biomass based feedstock has emerged as one potential candidates to pave the way 

forward towards bio-economy on a global scale. These bio-based resources can be 

deployed for the production of various sustainable products such as energy, fuels, 

chemicals and even biomaterials. Activated carbon, being one such important 

sustainable product, can also be produced from these resources both globally and 

even locally. Due to its high internal surface area, this has been widely used as 

adsorbent such as soil improvement, heavy metals, wastewater treatment, 

production of fine chemicals & medicines, food & beverage processing and other 

sectors employed this material within their processing units. Among from various 

available biomass resources, corn stover is the most abundant and significant 

commodities found in Asian countries. Therefore, in this study this agricultural 

feedstock as model substrates to study the characteristics of the activated carbons 

produced from them.  
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Preparation of activated carbons from corn stover by chemical activation at various 

types of carbonization temperatures and catalyst reagents were studied. Potassium 

hydroxide (KOH), zinc chloride (ZnCl2) and phosphoric acid (H3PO4) were used as 

catalyst reagents with three different impregnation ratios (1:0, 1:1, 1:3). The 

chemical activation was preformed using a bed type reactors and restricted our 

process retention time of 1 h for all the experiments. The influence of carbonization 

temperatures and catalyst reagents on the structure of activated carbons were 

investigated. For determination of physical and chemical properties of the obtained 

activated carbons, elemental analysis was applied to determine the elemental 

composition (C, H, N, O), surface structure of activated carbons was conducted by 

scanning electron microscopy (SEM) and Brunauer-Emmett Teller (BET) was 

applied to characterized the surface area. The results revealed that ratios of catalyst 

agents have significant effects on the yield of activated carbons as the increasing of 

catalyst ratios showed a decreasing yield of activated carbons. It was found that the 

maximum surface areas of corn stover activated carbons were obtained at the 

carbonization temperature of 700 °C for both ZnCl2 and H3PO4. Meanwhile, it was 

found that the maximum surface area of corn stover activated carbon produced by 

using KOH at 800 °C shown a high surface area of 2370 m2/g. The results shown 

that the surface area was greatly influenced by the catalyst reagent ratios and 

carbonization temperatures.  
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1. Introduction  

 

1.1. Overview of biomass in Laos 

 

Laos is one of the developing country which is located in the middle of Southeast 

Asian region. The country has a total area of 236,800 square kilometers. It is a 

landlocked country which shared border with five countries e.g. China in the north, 

Vietnam in the east, Cambodia in the south, Thailand in the west and Myanmar in 

the northwest (Johnson and Vongkhamheng 2014).  

The increasing of energy consumption due to the increase of global population has 

been causing a shortage of fossil resources. The fossil resources are unstable and 

unsustainable, therefore its price will be increased gradually. Nowadays a lot of 

concerns around the world about the adverse effects of greenhouse gas emissions 

from the burning fossil fuels. In order to handle this problem, many studies on 

renewable energy have tried the conversion of environmentally-friendly biomass 

into many types of biofuels, including bio crude oil, biodiesel, bio alcohol, biochar, 

biogas and syngas, have been produced from various biomass sources using thermo-

chemical and bio-chemical conversion processes as an alternative to fossil fuel 

(Himmel et al. 2007). Hence, there are many countries are trying to support and 

promote via introducing new technologies to utilize renewable resources. 

Particularly, Laos lacks of conventional energy resources such as oil or natural gas 

and 100% of fossil fuels were imported from abroad such as Vietnam and Thailand. 
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The consumption fossil fuel in Laos during 2010 was 561 million liters and rapidly 

increased to 716 million liters by 2015. The agriculture sector is a vital important 

part of economic development and every year, agricultural production generated a 

huge amount of agricultural by-product which can be estimated to 80% of total 

population are related on farming. About 90% of agricultural land is devoted to rice 

production and other main crops e.g. maize, sugarcane, cassava, sweet potatoes, 

mung bean, soybean and coffee and others. The number of biomass energy 

consumption in Laos was covered to 90% of total energy consumption within the 

country. Especially, fuelwood mainly used for cooking or heating in households and 

in some small-scale factories and some has been used agricultural by-product for 

gardening (JICA 2012). The fuelwood consumption was approximately 2.5 million 

tons and accounted for almost 80% of total consumption in the country. It was 

estimated that around 92% of households use wood in a traditional way such as 

cooking. Beyond of wood fuel, the agricultural by-product was estimated 0.3 

million tons available for biofuel products (UN 2015). However, the utilization of 

biomass energy potential in Laos is still low level of technique and as well as 

technologies. Therefore, the Government in Laos has planned for developing a 

strategic reserve of petroleum fuel to help meet the requirement of the country 

during times of crisis that the Government of Laos has provide several schemes for 

promotion of agriculture sector and renewable energy in the country. 
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1.2  Agricultural by-products and their potential utilization 

 

Lignocellulosic biomass is an organic material derived from plants including 

different grassed, stems, trees and residue from the saw mill. By-product which 

produce from agriculture, municipal, and forest can also be utilized (Espinosa et al. 

2017; Kumar et al. 2009; Loow and Wu 2018). The agricultural byproduct is 

composed of three polymers, e.g., cellulose, hemicellulose and lignin, where the 

percentages of the polymers present in a biomass depend in the plant’s age, 

environment and harvest season (Williams et al. 2016). Around 200 billion tons of 

lignicellulosic biomass has been produced worldwide (Zhang 2008). Lignocellulose 

is considered a potential and renewable carbon source for the production of the 

biofuels and many other valuable chemicals (). In general, lignocellulosic biomass 

can be converted into three main types of products such as power or heat energy, 

transportation fuel and valuable chemicals (McKendry 2002).  

Figure 1 presents a diagram of the conversion techniques of biomass obtained from 

various sources and their worth products. The Agricultural by-product can be 

converted into biofuels and bio-products via thermochemical processes or 

biochemical pathways. The major products from thermochemical processes are bio-

oil, biochar and syngas with yields that depend on the process conditions (Bok et al. 

2013; Hwang et al. 2013; Kim et al. 2012). The net carbon dioxide emissions from 

biofuel use are considered as zero or negative because the released of CO2 was 

recycled from the atmosphere captured during photosynthesis (Routa, Kellomäki, 
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and Strandman 2012). Moreover, since agricultural by-product contains a very low 

amount of sulfur and nitrogen thus combustion of biofuels leads to lower emissions 

of harmful gas, such as nitrous oxides (NOx) and sulfur dioxide (SO2), than most of 

fossil fuels (Qian et al. 2015). Thus, such advantages of agricultural by-product 

make it a promising renewable energy resource. Bio-oil and syngas are considered 

as major intermediate products that can be used to create fuels alternative to 

conventional fuels. Numerous studies have been conducted involving upgrading and 

utilization of bio-oil and syngas for various applications (Oh et al. 2016; Xiu and 

Shahbazi 2012). The most common biochar application is soil amendment to 

mitigate greenhouse gas emission and improve soil health. Other applications 

include using biochar as a precursor for making catalysts and contaminant 

adsorbents. These new high-value applications are still in their infancy, and further 

research and development is needed to reach commercialization. Even though, 

charcoal is a carbon material similar to biochar, has been used for centuries, using 

biochar as a sustainable material for these applications (precursor of catalyst and 

contaminant adsorbents, and soil amendment) has only been studied in last few 

years (Xie et al. 2016). 
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Figure 1. Diagram of conversion techniques of biomass obtained from various 

sources and their products  
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1.3. The advantage of activated carbon product 

 

Activated carbon can be prepared from a large variety of carbon containing 

feedstocks via activation procedures (Ahmedna, Marshall, and Rao 2000). The most 

common materials for the commercial production of activated carbon are anthracite, 

bituminous coal, lignite, peat and the lignocellulosic biomass like saw dust and    

coconut shells (Ahmedna et al. 2000; Pollard et al. 1992). Various types of 

agricultural byproduct such as rice straw, corn stover, sugarcane bagasse, nutshells, 

rice hulls, soybean hulls and many others. These feedstocks has great potential for 

the biofuels production since its offer an inexpensive and renewable sources. 

Recently, activated carbon is one of the product from lignocellulosic biomass 

through thermochemical conversion and it has received increasing attention for 

utilization in several applications(El-Sayed, Yehia, and Asaad 2014; Kumar, 

Ramalingam, and Sathishkumar 2011). Activated carbon is pure carbon material 

which show well-developed internal surface area and porosity. These features, along 

with the presence of functional groups on their surface, make possible an effective 

application of this activated carbon in adsorption processes from several pollutants 

removal (Pezoti et al. 2014). Physical and chemical activation could have 

significantly beneficial effects on physicochemical properties of activated carbon, 

through increasing the surface areas, improving pore structures and a rising of pore 

volume, adding surface functional groups, and changing the hydrophobicity of 

activated carbon surface. These changes could result in the enhancement of 
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adsorption ability of activated carbon for various contaminants. Figure 2 describes 

the processes of chemical activation. Chemical activation usually results significant 

improvement on the surface areas and pore structures of activated carbon at 

different extent (Hayashi et al. 2000). All of the activation methods may exert great 

positive influences on the surface functional groups of activated carbon (Hayashi et 

al. 2002). As for the hydrophobicity, it is reported that steam activation and 

acid/alkali treatment may decrease the hydrophobicity of activated carbon. These 

different functions of activation methods on the specific properties of activated 

carbon result in the different adsorption ability of activated carbon for various 

contaminants. The modification of physical properties (surface areas and pore 

structures) may enhance contaminants removal, as it can create microporous and 

mesoporous structures and increase surface area of activated carbon (Nahil and 

Williams 2012). These changes in physical properties may provide more available 

contact sites between activated carbon and contaminants, as well as form easily 

accessible pores structure to contaminants (Inal et al. 2015). Modification of surface 

chemical properties of activated carbon can also have great effects on the 

contaminants removal. The increase of surface functional groups of activated 

carbon (like carboxyl, hydroxyl and amino groups) may provide more bonding sites 

for heavy metals and promote the driving force of metals adsorption onto activated 

carbon including electrostatic attraction, ion exchange, and surface 

complexation(Kiliç, Apaydin-Varol, and Pütün 2012).  
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Figure 2. Chemical activation process for preparing activated carbon derived 

from agricultural by-product 
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1.4. Objectives 

 

Therefore, the objective of this study is to promote and develop agricultural residues 

as renewable energy resources and its potential for biofuel production, including 

biodiesel, bioethanol, biogas and activated carbon from agricultural residues and 

livestock wastes in each region of Lao PDR to achieve the Lao government’s goal 

and strategy plans, as well as to be the information and helpful guideline for further 

alternative energy research development in Lao PDR. 

Agricultural by-product has a great potential as a promising precursor to replace 

coal and conventional raw material for preparing activated carbon. Although 

activation is well-known process but it is not fully understanding of conversion 

mechanism due to the complex of various influence factors. The use of agricultural 

by-product has gained more attention since availability of low-cost precursors is 

necessary for the economic feasibility of large scale activated carbon production 

and environmental-friendly carbon material with great application in many fields.   

In this, effects of various process parameters such as biomass, activation 

temperatures, catalysts and ratio of catalysts. Therefore, to understand more about 

the production process. Thermal gravimetric analysis (TGA) was used for 

investigation of stability of activated carbon. Scanning electron microscopy (SEM) 

was used for surface morphological of carbon product, Brunauer–Emmett–Teller 

(BET) analysis was used to study surface area and porous feature of activated 
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carbon. In addition, the produced activated carbon was utilized as an adsorbent for 

removal of phenol in aqueous solution. 

Thereby, the objectives of this study were: 

(1) To produce activated carbon from corn stover via chemical activation 

process 

(2) To study the effect of various operating parameters e.g. activation 

temperatures, catalyst agents and ratio of catalysts on the surface structure 

of activated carbon 

(3) To evaluate efficiency application of activated carbon for pollution removal 

as biosorbent material  
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2. Literature review 

 

2.1. Activation processes for activated carbon production 

 

2.2.1. Types of activation  

 

Recently, a lot of attention has been paid to the efficient utilization of locally 

agricultural byproducts because they are cheap, abundant and renewable sources 

with high carbon and volatile components. Various agricultural byproduct such as 

grape seed (Al Bahri et al. 2012), rice straw (Oh and Park 2002), wheat straw (Ma 

2017), grain sorghum (Diao, Walawender, and Fan 2002), durian shell (Chandra et 

al. 2009),waste tea (Inal et al. 2015), cassava peel (Sudaryanto et al. 2006), corn cob 

(Song et al. 2013), jackfruit peel (Prahas et al. 2008), coconut shell (Li et al. 2008), 

pomegranate seed (Uçar et al. 2009) have been used as feedstock for activated 

carbon production. The utilization of locally available biomass materials for the 

preparation of activated carbon can be a promising and economical approach for 

adsorbing different purpose pollution from aqueous phase.  

There are two different processes for activated carbon preparation; chemical and 

physical treatment (Chen et al. 2017; Diao et al. 2002; Hayashi et al. 2000; Hwang, 

Sahin, and Choi 2017). Both treatments are responsible in varying the shapes and 

the sizes. In physical treatment, precursors will be first carbonized followed by 

activation step by steam or carbon dioxide. It means that this physical activation 
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involves two steps; carbonization step and activation step. On the other hand, in 

chemical treatment, precursors are impregnated by an activating reagent and 

followed by heating process under an inert atmosphere (Song et al. 2013) . The 

activating reagents could dissolve the cellulosic components of the precursor and 

promoting the formation of crosslinks (Jagtoyen and Derbyshire 1993). 

Nevertheless, chemical activation has shown more advantages over physical 

activation. It needs lower temperatures, produces higher yield, has higher surface 

area, only involves one step, creates well developed micro porosities and reduction 

of mineral matter content as compared to the physical activation. However, there are 

also some disadvantages in chemical activation such as, washing is needed to 

remove the impurities that coming from the activating agents and also the 

corrosiveness properties of the agents (Lillo-Ródenas et al. 2004). 
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2.2.2. The physical activation process 

 

Physical or “thermal” treatment is a two-step process; i.e. carbonization and 

activation (Ahmadpour and Do 1997; Maciá-Agulló et al. 2004; Yang and Lua 

2003). It is basically referred to dry oxidation which involves the reaction between 

the samples and gaseous (CO2 and air), steam or mixture of gaseous and steam at 

temperature reaching above 700 °C. Figure 3 presents briefly diagram of physical 

activation processes. The utilization of CO2 for physical activation has been 

commonly due to its clean, easy to be handled and the activation process can be 

easily controlled at temperature around 800 °C due to its slow reaction rate. A 

greater uniformity of pore also can be achieved with the activation of CO2 as 

compared to steam. Carbonization temperature usually ranges between 400 and 

850 °C and activation temperature generally around 600–900 °C. The purpose of the 

carbonization is to reduce the volatile content of the starting material to convert the 

resulting char with higher content of fixed carbon for activation purpose. During 

carbonization, carbon atoms rearrangement into graphitic-like structure occurs. This 

process will then produce a carbon skeleton which formed by aromatic sheets and 

strips and resembles a mixture of wood shavings and crumpled paper. The 

carbonization process also is intended to create initial porosity in the char. The 

porosity development in this treatment occurs through the selective elimination of 

the more reactive carbon of the structure (Solum et al. 1995). Carbonization is 

basically involved the pyrolytic decomposition of the precursor and non-carbon 
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species elimination. The low molecular weight volatiles will be first released and 

followed by light aromatics and hydrogen gas. This process will result in a fixed 

carbonaceous char produced. The tarry pyrolysis residues will fill the pores which 

formed during carbonization. This carbonaceous form will be activated by 

activation process. In the process, there are formations of pores and vessels due to 

the entrance of the oxidizing gases into the char and removal of the reaction 

products through particles. The gasification process will first eliminate the more 

reactive carbon atoms hence generating porosity. Further gasification will finally 

produce activated carbon with high porosity (Jagtoyen and Derbyshire 1998). The 

type and degree of activation could affect the physical and chemical properties of 

the activated carbon (Ahmadpour and Do 1997). The purpose of activation is 

basically to develop further porosity and creating some ordering of the structure 

which results in a highly porous solid of the activated carbon. 
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Figure 3. The diagram of apparatus for the preparation of activated carbon 

using physical activation 

(Li et al. 2008) 
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2.2.3. The chemical activation process 

 

Chemical activation is also called as wet oxidation requires catalyst to be 

impregnated into the precursor and washed to produce the activated carbon (Inal et 

al. 2015; Prahas et al. 2008).This activation basically involves a relatively low 

temperature range from 400 to 800 °C and basically depends on the action of the 

inorganic additives to degrade and dehydrate the cellulosic materials found in the 

precursor (Okman et al. 2014). Chemical activation has been commonly done at 

450–600 °C. Activating agents basically act as dehydrating agents and oxidants 

which could influence the pyrolytic decomposition as show on the figure 4. It also 

could prevent the formation of the tar or ash hence developing the carbon yield. The 

chemical catalysts (oxidizing agents) that usually used are ZnCl2 (Uçar et al. 2009) , 

H3PO4 (Al Bahri et al. 2012; Diao et al. 2002; Sych et al. 2012) , H2SO4 (Karagöz et 

al. 2008), NaOH (Tseng 2007), KOH (Chandra et al. 2009; Hwang et al. 2017; Oh 

and Park 2002) , and K2CO3 (Hayashi et al. 2002; Okman et al. 2014).  

The surface oxygen functional groups can be introduced to the carbon of the 

precursor when react with activating agents. Always, the final stage in activated 

carbon preparation in chemical activation is the washing step. In this step, the 

activated carbon is basically washed with acid or alkali, depending on the chemical 

reagents used in the preparation, and followed by washing with distilled water. The 

washing step would remove the chemical components or impurities which 

contained in the activated carbon. The porosity of the resulting activated carbon is 
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basically occupied by the chemicals in the carbon structure. Hence, washing step is 

one of the most important steps in the chemical activation to develop porosity in the 

activated carbon.  
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Figure 4. The activation mechanism of KOH on black liquor lignin activated 

carbon 

(Gao et al. 2013) 
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2.3. Effects of operating parameters on the porous structure 

 

Among the chemical activating agents, KOH, ZnCl2 and H3PO4 are commonly used 

for activation purpose for lignocellulosic materials (Figure 5). The use of ZnCl2 

could produce higher surface area as compared to H3PO4. Donald et al.  reported 

that ZnCl2 is efficient in producing microporous structure in the activated carbon 

and producing greater surface area. Whereas, H3PO4 is effectively producing the 

mesopores, and resulting in higher pore volumes and diameter. Nevertheless, H3PO4 

is more preferred since ZnCl2 could give unfriendly environmental impact and the 

activated carbon which produced using ZnCl2 cannot be used in food and 

pharmaceutical industries. The use of H3PO4 also provides easier way to recover the 

carbon product during processing stage which only rinsing with water is needed. It 

also gives higher yield of activated carbon and has non-toxic properties. 

Mechanisms involved by different catalysts are different. For instance, the use of 

ZnCl2 could promote the water molecules extraction from the lignocellulosic 

structures of the parent materials or the precursors, whereas H3PO4 could combine 

chemically within the lignocellulosic structures. Donald et al. proposed that the 

activation by H3PO4 involves the formation of cross-link structures in phosphate 

ester form which directly related to the porosity development. These cross-links 

reach the limit of thermal stability at temperature of 450–500 °C. These cross-links 

would cause contraction at higher temperature hence reducing the porosity 

development. Wang et al. [89] reported that H3PO4 promotes the pyrolictic 
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decomposition and cross-link structure. The decomposition process was attributed 

to the catalytic effect of the H3PO4 on the bond cleavage reactions, while cross-link 

phenomenon was attributed to H3PO4 and biomass interactions which resulting in 

phosphate linkage formation between the fragments present in the biomass. 

Meanwhile, in ZnCl2 activation, the “swelling” effects of the ZnCl2 occur by lateral 

bonds breaking in the cellulose molecules leading to an increased inter- and intra-

voids. The interspaces between carbon layers created by ZnCl2 would develop the 

microporosity. The use of high temperatures is basically to develop the porosity of 

the samples by removing the low-molecular-weight volatile compounds from the 

matrix structure. The chemical treatment has been known to be the most commonly 

used to produce activated carbon due to its lower activation temperature and 

produce better properties of the product as compared to the physical treatment. 

Bello and Ahmad had also stated that chemical activation could improve the pore 

development in the carbon structure. Allwar et al. explained that the use of ZnCl2 

could increase the heat of energy on the pyrolysis process which could help the 

porosity development of the activated carbon. Alothman et al. reported that, ZnCl2 

also could act as a Lewis acid. It increases the reactions of aromatic condensation 

by allowing the evolution of the molecular hydrogen from the hydroaromatic 

structure of the precursor, hence leaving the active sites on the adjacent molecules 

which will undergo the polymerization (aromatization) reactions. In short, ZnCl2 

gives inhibiting effects on the volatile matter which will stabilize the volatile matter 

and eventually will produce the carbon yield. Stated that high mechanical strength 

and high capacities of adsorptive for gases and vapor could be produced by 
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activated carbon treated with ZnCl2. Al-Swaidan and Ahmad found that the use of 

H3PO4 basically requires low activation temperature (usually about 400 °C) and 

could still produce a higher grade of activated carbon. Other than that, H3PO4 has a 

good cation-exchange capability, chemical and thermal stability. The use of KOH as 

activating agents has been found to be effective in activated carbon production with 

a narrow pore size distribution and well-developed porosity. It has been proposed 

that mechanism of activation involving alkaline metal such as KOH; in which the 

alkali metal intercalates in the carbon lattice and will act as electron donor that 

sparks the reaction during gasification. The presence of oxygen in the alkali could 

remove the carbon atoms cross-linking in the crystallites. The liberation of 

potassium metal at high temperature intercalates and forcing a part of the separate 

lamellae of the crystallite. The use of KOH was suggested to be more eco-friendly 

as compared to the ZnCl2. 
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Figure 5. Schematic of the KOH and ZnCl2 activation processes 

(Ma 2017) 
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Carbonization temperature affects the activated carbon produced, followed by 

heating rate, nitrogen flow rate and carbonization time. In general, the increased of 

the temperature would decrease the chars and activated carbons productions. It 

leads to a decreased of the solid yield and an increasing of the liquid and gases. The 

increased of the temperature would increase the ash and fixed carbon percentage 

and decrease the volatile matter, respectively. 

Asadullah et al. studied the effect of temperature on the yield and the properties of 

activated carbon prepared from jute stick char by physical activation. They studied 

on five different temperatures: 700 °C, 750 °C, 800 °C, 850 °C, and 900 °C. They 

found that temperature could affect the yield of activated carbon. The higher 

temperature produced higher activation burn-off which eventually reduced the yield 

of activated carbon. They reported that, the activation burn-off occurred due to the 

steam reforming of char and forming carbon monoxide and hydrogen. They also 

found that there was no relationship between activation burn-off and either BET 

surface area or the iodine number. However, the BET surface area and the iodine 

number decreased after 750 °C. They found that the temperature of 750 °C gave the 

highest BET surface and iodine number compared to others 
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2.4. The advantage of activated carbon product 

 

As discussed above, physical and chemical activation could have significantly 

beneficial effects on activated carbon chemical/physical properties, including 

increasing activated carbon surface areas, improving pore structures, adding surface 

functional groups, and changing the hydrophobicity of activated carbon surface. 

These changes could result in the enhancement of adsorption ability of activated 

carbon for various contaminants. Physical and chemical activation usually have 

significant improvement on the surface areas and pore structures of activated carbon 

at different extent (Jung and Kim, 2014; Lima et al., 2010; Pietrzak et al., 2014; 

Rajapaksha et al., 2015b). All of the activation methods may exert great positive 

influences on the surface functional groups of activated carbon (Ding et al., 2016; 

Shen et al., 2015; Wang et al., 2013). As for the hydrophobicity, it is reported that 

steam activation and acid/alkali treatment may decrease the hydrophobicity of 

activated carbon (Li et al., 2014; Rajapaksha et al., 2015b). These different 

functions of activation methods on the specific properties of activated carbon result 

in the different adsorption ability of activated carbon for various contaminants. The 

activation of activated carbon and the mechanisms of improved adsorption for 

various contaminants are shown in the figure 6. The modification of physical 

properties (surface areas and pore structures) may enhance contaminants removal, 

as it can create microporous and mesoporous structures and increase surface area of 

activated carbon (Jung and Kim, 2014; Lima et al., 2010; Pietrzak et al., 2014; 
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Rajapaksha et al., 2015b). These changes in physical properties may provide more 

available contact sites between activated carbon and contaminants, as well as form 

easily accessible pores structure to contaminants. Modification of surface chemical 

properties of activated carbon can also have great effects on the contaminants 

removal. The increase of surface functional groups of activated carbon (like 

carboxyl, hydroxyl and amino groups) may provide more bonding sites for heavy 

metals and promote the driving force of metals adsorption onto activated carbon 

including electrostatic attraction, ion exchange, and surface complexation 

(Hadjittofi et al., 2014; Song et al., 2014; Wang et al., 2015; Yang and Jiang, 2014). 

Similarly, increased amount of surface functional groups on activated carbon may 

create more active sites for organic contaminants bonding and strengthen the 

reactions between activated carbon and organic contaminants such as electrostatic 

attraction and hydrogen bond (Rajapaksha et al., 2015a; Wang et al., 2013). 

Especially, some modification methods can increase the hydrophobicity of activated 

carbon, which may enhance the hydrophobic interactions between organic 

contaminants and the hydrophobic activated carbon surface (Jung et al., 2015a; Sun 

et al., 2015). 
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Figure 6. A model of porous activated carbon containing different functional 

group 

(Lee, Kim, and Kwon 2017) 
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2.5. Properties and characteristics of activated carbon 

 

Characteristics, it may strongly affect the reactivity and combustion behavior of the 

char. The chars from pyrolysis above 400 °C had a surface area and a high surface 

area formed. In the study of Tsai et al. surface areas were observed to decrease at 

higher pyrolysis temperature and soaking time. The higher surface areas are 

probably due to the opening of the restricted pores. The percentage of micropore 

followed the increase of pyrolysis temperature, but this rate of increase was not as 

fast as the rate of declination in surface areas. The BET surface areas which 

calculated in the research of Tsai et al. were observed to increase at higher 

activation temperature, for both KOH and K2CO3 series, and the maximum rate of 

increase in BET surface area occurred between 650 and 700 °C  

Both the size and distribution of micropores, mesopores and macropores determine 

the adsorptive properties of activated carbon. For instance, small pore size will not 

trap large adsorbate molecules and large pores may not be able to retain small 

adsorbates, whether they are charged, polar molecules or uncharged, non-polar 

compounds. Materials with a greater content of lignin (grape seeds, cherry stones) 

develop activated carbon with macroporous structure, while raw materials with a 

higher content of cellulose (apricot stones, almond shells) yield activated carbon 

with a predominantly microporous structure. 

  



37 

 

 

 

Figure 7. Tracheid cells in parent corn cob and carbon obtained from it. Ratio 

of impregnation indicated under the image. 

(Sych et al. 2012) 
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2.6. Application of activated carbon in waste water treatment 

 

2.6.1. Removal of pollutants from aqueous phase 

 

The aqueous-phase adsorption of both organic and inorganic compounds has been a 

very important application of activated carbon. In fact, it is known that around 80% 

of the world production of activated carbon is used in liquid-phase applications 

(Moreno-Castilla and Rivera-Utrilla, 2001). Also, the treatment of wastewater and 

contaminated groundwater 

Using activated carbon is increasing throughout the world as a result of the limited 

sources of water supply (Meidl, 1997). In such treatments, activated crabon is 

normally used as a primary treatment, preceding other purification processes, or as a 

final tertiary or advanced treatment. When using activated carbon, the adsorption 

process results from interactions between the carbon surface and the adsorbate. 

These interactions can be electrostatic or non-electrostatic. When the adsorbate is an 

electrolyte that dissociates in aqueous solution, electrostatic interactions occur; the 

nature of these interactions, that can be attractive or repulsive, depends on the: (i) 

charge density of the carbon surface; (ii) chemical characteristics of the adsorbate; 

and (iii) ionic strength of the solution. Non-electrostatic interactions are always 

attractive and can include: (i) van der Waals forces; (ii) hydrophobic interactions; 

and (iii) hydrogen bonding. According to Moreno-Castilla (2004), the properties of 

the adsorbate that mainly influence the adsorption process in AC are: (1) molecular 
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size; (2) solubility; (3) pKa; and (4) nature of the substituents (in the case of 

aromatic adsorbates). The molecular size determines the accessibility of the 

adsorbate to the pores of the carbon, the solubility determines the degree of 

hydrophobic interactions between the adsorbate and the carbon surface and pKa 

controls the dissociation of the adsorbate (if it is an electrolyte). When the adsorbate 

is aromatic, the substituents of the aromatic ring have the ability to withdraw or 

release electrons, which therefore affects the non-electrostatic interactions between 

the adsorbate and the activated carbon surface. When the activated crabon is in 

contact with an aqueous solution, an electric charge is generated. This charge results 

from either the dissociation of the surface functional groups of the carbon or the 

adsorption of ions from the solution, and strongly depends on the solution pH and 

on the surface characteristics of the adsorbent (Li et al., 2002). The central issue for 

ion adsorption from an aqueous medium is the understanding of the mechanisms by 

which ionic species become attached to the carbon surface.  
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2.6.2. Adsorption of organic pollutants 

 

The discharge of industrial wastes (generated in chemical industry activities) and 

the leaching from agricultural and forest land (when the application of chemical 

fertilizers and pesticides is made) are the main sources of organic pollution in 

several water streams. The application of conventional biological treatments for the 

removal of organic refractory contaminants from aqueous solutions has proven to be 

very ineffective; therefore, the satisfactory results obtained by using activated 

carbon led to their wide application for the removal and control of synthetic and 

naturally occurring organic chemicals in water (Gupta et al., 2006, 1997a; Li et al., 

2002; Srivastava et al., 1993). 

The most important characteristics of activated carbon in the adsorption of organic 

compounds are pore size distribution, surface chemistry (functionality), and mineral 

matter content. The adsorption capacity depends on the accessibility of the organic 

molecules to the microporosity which depends on their size. Thus, under 

appropriate experimental conditions, small molecules such as phenol can access 

micropores, natural organic matter can access mesopores, and bacteria can only 

access macropores.  
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2.6.3. Adsorption of heavy metals 

 

Industrial activities (e.g. mining, painting, car manufacturing, metal plating, and 

tanneries) and agricultural activities (when fertilizers and fungicidal sprays are 

intensively used) are the main sources of wastes containing heavy metals. Heavy 

metals are considered to be one of the most hazardous water contaminants. 

According to the World Health Organization (WHO) (2004, 2006), among the most 

toxic metals are cadmium, chromium, copper, lead, mercury, and nickel. Up to date, 

many studies report that the removal of heavy metals by activated carbon is 

economically favourable and technically easy (Khezami and Capart, 2005); 

therefore, activated carbon are widely used to treat waters contaminated with heavy 

metals. Additional information regarding the adsorption of heavy metals such as 

cadmium, chromium, mercury, iron, and copper can be found in a review by Huang 

(1978). 

Recently, large number of researchers are still studying the use of activated carbon 

for removing heavy metals (Gupta et al., 1997b; Srivastava et al., 1996). The factors 

that mainly control the extent of adsorption on activated carbon are: (i) the 

chemistry of the metal ion (speciation) or metal ion complex; (ii) the solution pH 

and the point of zero charge of the surface; (iii) the surface area and porosity 

(narrow and wider microporosity); (iv) the surface composition (oxygen 

functionality); and (v) the size of adsorbing species (hydrated ions in the range 1.0–

1.8 nm), mainly for carbons with significant volumes of narrow microporosity. 
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3. Materials and Methods  

 

3.1. Materials  

 

Corn stover (Zea mays) was collected from cropland in Pyeongchang district, 

Gangwon-do province, South Korea. Firstly, the corn stover (CS) was sun-dried and 

then oven-dried at 105 °C again in order to remove moisture. The dried corn stover 

was then ground by using cutting mill machine (PULVERISETTE 19. Fritsch, 

Germany) and then sieved to the particle size of 0.5 mm mesh. The moisture content 

of corn stover was measured using KERN & Sohn GmbH, (D-72336 Balingen, 

Germany).   
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3.2. Characterization of corn stover  

 

The elemental composition analysis (carbon, hydrogen, nitrogen and sulfur) was 

conduct by using US/CHNS-932 (LECO, USA) and the ratio of oxygen was 

calculated by difference, the results are present in Table 1. Compositional analysis 

for holocellulose (the sum of cellulose and hemicellulose), lignin, extractives and 

ash contents of corn stover were determined according to Wise’s method, TAPPI 

method (T222 om88) and National renewable energy laboratory (NREL) standard 

procedures (Table 2), respectively. Inorganic contents were quantified by using 

inductively coupled plasma-emission spectrometer (ICP-ES) analysis. In the 

pretreatment step, 0.5 g of sample was digested with a mixture (10 ml) of HNO3: 

HCL:H2O2 (8:1:1, v/v) using a microwave (Multiwave 3000, Aton Paar) and after 

that diluted with deionized water to 50 ml, followed by filtration using filter paper 

(Whatman No. 42). The samples were then analyzed using ICPS-1000IV instrument 

(shimadzu, Japan), the analytical results are presents in the Table 3. 

Thermogravimetric analysis (TGA) was applied by TGA/DSC 3 + LF-1100 Mettler 

Toledo AG, Switzerland. For TGA experiment used with 10°C min-1 heating rate 

and Nitrogen was used as a carried gas with flow rate of 50 ml/min over a 

temperature range of 25°C - 800°C. respectively. 
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Table 1. Elemental analysis of corn stover 

Elemental composition (wt%)  

Carbon 42.4 ± 0.4 

Hydrogen 6.4 ± 0.2 

Nitrogen 1.1 ± 0.1 

Sulfur 0.5 ± 0.2 

Oxygen* 49.6 ± 0.5 

* By difference  
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Table 2. Components and thermal degradation analysis of corn stover 

 

  

Properties (wt%, dry basis)  

Holocellulose 54.0 ± 0.0 

Lignin 12.6 ± 0.1 

Extractive 29.2 ± 0.1 

Ash 5.6 ± 0.0 

Volatile matter (wt.%) 77.5 ± 0.4 

Fixed carbon (wt.%) 22.4 ± 0.3 
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Table 3. The contents of trace elements in the corn stover 

Inorganic compound analysis (mg L-1)  

Aluminum 36.3 

Calcium 1721 

Copper 4.5 

Iron  57.8 

Magnesium 1047 

Potassium ND* 

Silicon 327.1 

* Not detected 
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3.3. Preparation of activated carbon from corn stover   

 

The preparation of activated carbon from corn stover was accomplished using either 

potassium hydroxide (KOH), zinc chloride (ZnCl2) and phosphoric acid (H3PO4). 

All the catalyst reagents were purchased from Sigma Aldrich. For the preparation, 

10 g of corn stover was physically mixed with activating reagent in the reactor (a 

fixed bed design of stainless steel with 6.5 cm diameter and 17 cm height). For each 

experiment, a mixture of corn stover and catalyst reagents were conduct at different 

ratios of 1:0, 1:1 and 1:3 of the weight of biomass and weight of catalyst reagent, 

respectively. The reactors were sealed and purge with nitrogen about 10 minutes 

before the activation. After the heat of furnace reach at specific temperature, 

reactors were then move into heating furnace. The mixture was carbonized under 

various reaction temperatures of 600 °C, 700 °C and 800 °C for 1 hour (since the 

reactors were move into the furnace) with a constant flow of nitrogen atmosphere. 

The schematic diagram of chemical activation system that use in this study was 

presented in the Figure 8. After activation, the reactors were move from the furnace 

and cooled down at room temperature. The carbonized samples were ground by 

using mortar and pestle and washed with 1 M of HCL solution for 250 mL. 

Subsequently, the samples were repeatedly washed with deionized water several 

time to remove the remaining catalyst agent and impurities until pH of the filtrate 

was approximately 6-7. The washed carbons were dried in an oven at 105 °C for 24 

h. The activated carbons were then ground again by mortar and pestle and stored in 
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desiccator. All experiments were performed with triplication and the produced 

activated carbons were denoted as CSAC, CSACK, CSACZ and CSACP. The first 

two characters, CS represented as corn stover, and AC represented of activated 

carbons and K, Z and P represents as KOH, ZnCl2 and H3PO4, respectively. The 

yield of activated carbon is defined as the weight of resultant activated carbon to the 

original corn stover with both weights are on a dry basis. The product yields were 

calculated according to the following equation: 

Product yields =  
Mass of activated carbon

Mass of corn stover
× 100%  
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Figure 8. Schematic diagram of the experiment for the chemical activation 

system. (1) Furnace; (2) reactor; (3) biomass + catalyst; (4) N2 inlet; (5) N2 

outlet; (6) Flow meter; (7) Thermocouple; (8) controller panel 
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3.4. Characterization of the corn stover activated carbon  

 

3.4.1. Physicochemical analysis  

 

The elemental contents (C, H & N) of the corn stover activated carbon prepared by 

using different types of catalysts and impregnation ratios were determined using the 

US/CHNS-932 (LECO, USA). The thermal gravimetric analysis (TGA) was 

performed by using a same instrument with the feedstock as mention in Section 3.2. 

A field-emission scanning electron microscope (FESEM), using an Auriga 

instrument (Carl Zeiss, Germany) at various magnifications was applied to 

understand the changing of microstructure and surface morp   hology of the corn 

stover activated carbon which occurs during the activation, the analysis was 

performed at the National Instrumentation Center for Environment Management 

(NICEM). Before the analysis, activated carbon was prepared on the sputter coater 

and moved into the Auriga instrument, selecting the image with the of 3,000 and 

10,000 magnifications. For understanding the morphorlogy of the activated carbon  
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3.4.2. Pore structure characterization  

    

The surface features of corn stover activated carbon was characterized by Bru 

nauer–Emmett–Teller (BET) method for specific surface area by nitrogen gas 

adsorption, the Barrett–Joyner– Halenda (BJH) method for pore size and average 

diameter using adsorption branch and the t-plot method was used to evaluated 

micropore structure by using BELSORP-max instrument (MicrotracBEL Crop, 

Japan) with a nitrogen gas adsorption–desorption isotherm at 77 K (-196 °C). 

Before measuring the isotherm, the corn sotver activated carbon was pretreated                                      

at 350 °C for 3 h under vacuum condition, after that it was cooling down at room 

temperature and then purging with the nitrogen gas for cleaning their surface 

features. Thereafter, it was ready for the experiment performance.  
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3.5. Assessment for adsorption process 

3.5.1. Removal of phenol  

 

Phenol was purchased from Sigma-Aldrich. This chemical was used to study 

adsorption capacities of corn stover activated carbon which prepared at various 

carbonization temperatures and catalysts and as well as varieties of impregnation 

ratios. The adsorption experiment was conducted at a constant temperature of 30 °C 

(±2) under continuous shaking. The experiment was performed within various 

operating parameters e.g. concentration of contaminant solutions and contact times 

of 50, 100 and 150 mg/L and 0.5, 1, 3, 5, 7, and 20 h, respectively. For adsorption 

test, 50 mg of activated carbon was placed into the 250 mL flasks and 100 mL of 

contaminant solution was added and mixed in the flasks. Either flask was then 

sealed by parafilm and foil paper. Thereafter, the mixture flask was moved onto a 

shaker machine (DAIHAN Scientific, South Korea), the speed was fixed at 150 rpm. 

At the end of reaction time, the content of each flask was filtered through 0.50 μm 

membrane filter and the filtrate was analyzed using a UV-vis spectrophotometer 

(EVOLUTION 201, USA) at the wavelength of 270 nm. The amount of adsorption 

at equilibrium, qe (mg/g) was calculated as follows; 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒)𝑉

𝑊
 

Where C0 (mg/g) and Ce (mg/g) are the liquid-phased concentration of contaminant 

at initial and equilibrium, respectively. V (L) is the volume of phenol solution and 

W (g) is the mass of activated carbon used. 
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%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =
𝐶0 − 𝐶𝑒

𝐶0
× 100 

Where C0 and Ce are the initial and final (equilibrium) concentrations of 

contaminant (mg/L). 

 

3.5.2. Removal of methylene blue 

 

Methylene blue (MB) was purchased from Sigma-Aldrich ( ). This chemical was 

employed as an adsorbate in the liquid phase adsorption experiment at a 

temperature of 30 °C (±2) within continuously shaking. The different concentrations 

of contaminant solutions (50, 100 and 150 mg/L) and contact times (20, 40, 60, 80, 

100 and 120 min) were investigated. For batch adsorption tests were carried out by 

placing 50 mg of activated carbon into the 250 mL flasks and 100 mL of methylene 

blue solution was added and mixed in the flasks. Each flask was then sealed by 

using a parafilm and foil paper. Subsequently, the mixture flask was moved onto a 

shaker machine (DAIHAN Scientific, South Korea) and agitated at 150 rpm. At the 

end of reaction time, the content of each flask was filtered through a 0.50 μm 

membrane filter. The concentration of methylene blue was analyzed by using the 

UV-vis spectrophotometer (EVOLUTION 201, USA) at the wavelength of 668 nm. 

The percentage of methylene removal was calculated as referred in the section 3.5.1.   
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4.  Results and Discussion 

 

4.1. Yields of corn stover activated carbon  

 

The yields of corn stover activated carbon prepared under various carbonization 

temperatures and catalytic conditions were presented in Table 4. The yields of corn 

stover activated carbon (CSAC) prepared at different carbonization temperatures 

without using catalyst were 28.5 wt%, 28.6 wt% and 26.4 wt% for 600 °C, 700 °C 

and 800 °C, respectively. The results were similar or even greater than previous 

researches (El-Hendawy, Samra, and Girgis 2001; Pezoti et al. 2014) which were 

prepared activated carbon using corncobs and buriti fruits at carbonization 

temperature of 500 °C and 700 °C. The product yields of corn stover activated 

carbons prepared by using KOH as activating reagent (CSACK) with the catalyst 

ratio of 1:1 were dramatically decreased to 12.2 wt%, 10.6 wt% and 10.3 wt% for 

600 °C, 700 °C and 800 °C. Meanwhile, when the catalyst ratio of KOH increased 

resulting yields of corn stover activated carbons were significantly decreased. Thus, 

it could be explained that KOH worked effectively as activating reagent and rate of 

weight loss is high due to the initial large amount of volatiles is easily released with 

the increasing of carbonization temperature. Furthermore, the highest yields of corn 

stover activated carbons prepared by using ZnCl2 and H3PO4 as activating reagents 

(CSACZ & CSACP) were obtained at 600 °C with catalyst ratio of 1:1 of 34.1 wt% 

and 39.3 wt%. At the same time, lower yields of both activated carbons were 
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observed at 800 °C with the catalyst ratio of 1:3 of 31.9 wt% and 35.5 wt% for 

ZnCl2 and H3PO4, respectively. As mention in previous studied (Al Bahri et al. 2012; 

Uçar et al. 2009) producing activated carbons from pomegranate seeds and grape 

seeds using ZnCl2 and H3PO4 at carbonization temperature of 800 °C and 550 °C. 

The results showed that chemical activation by ZnCl2 and H3PO4 produced even 

higher yields of activated carbons compared to activated carbon produced without 

using catalyst reagent. These results could be indicated that both the carbonization 

temperature and catalyst reagent ratio has great impact on the yields of the activated 

carbons. As the increasing of carbonization temperature at the same catalyst reagent 

ratio resulted a decreasing yields of the activated carbons. At the same time, an 

increasing catalyst reagent ratio at the same carbonization led to a decrease in the 

yields of activated carbons.  
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Table 4. Yields of corn stover activate carbon derived from chemical activation 

 

 

 

Sample Temp (°C)  Catalyst ratios 

   No. Cat  KOH  H3PO4  ZnCl2 

   1:0  1:1 1:3  1:1 1:3  1:1 1:3 

 

Activated 

carbon 

600  28.5 ± 0.4  12.2 ± 1.3 5.5 ± 0.4  39.3 ± 0.5 35.0 ± 0.1  34.1 ± 0.4 33.8 ± 0.6 

700  28.6 ± 0.4  10.6 ± 0.4 4.2 ± 0.9  39.0 ± 0.4 33.8 ± 0.2  33.2 ± 0.3 32.2 ± 1.3 

800  26.4 ± 0.1  10.3 ± 0.9 3.0 ± 0.5  35.5 ± 0.6 28.4 ± 2.1  31.9 ± 0.1 31.4 ± 0.8 
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4.2. Physicochemical characterization of corn stover activated 

carbon prepared from chemical activation 

 

4.2.1. Elemental analysis of corn stover activated carbon  

 

Table 5. shows the elemental composition of corn stover activated carbon produced 

under different reaction temperatures, catalysts and catalyst ratios. The elemental 

composition of the corn stover activated carbon produced with ration of (1:0) at 

800 °C show 78.5 wt % for carbon, 0.9 wt% for hydrogen, 2.6 wt% for nitrogen and 

17.9 wt% for oxygen. The elemental of activated carbon produced with KOH of 

ratio (1:1) at 600 at 800 °C show 81.6 wt% for carbon, 1.8 wt% for hydrogen, 2.5 

wt% for nitrogen and 14.5 wt% for oxygen. When temperature increased to 700 °C, 

the carbon content increase to 85.3 wt%, 1.0 wt% for hydrogen content, 1.6 wt% for 

nitrogen and 12.0 wt% for oxygen and when temperature increase to 800 °C, the 

carbon content increase to 89.5 wt%, 0.6 wt% for hydrogen, 1.4 wt% for nitrogen 

and 8.6 wt% for oxygen, respectively. When increasing the ratios of catalyst to (1:3) 

the carbon content slightly decreases to 79.2 wt%, 1.8 wt% for hydrogen content, 

1.7 wt% for nitrogen content and 17.2 wt% for oxygen. The carbon content of 

activated carbon produced without using any catalyst slightly increase due to the 

increasing of temperature as 77.1 wt% for 600 °C, 76.1 wt% for 700 °C and 78.5 wt% 

for 800 °C, respectively. The carbon content of activated carbon produced by using 

KOH with ratio (1:1) started from 81.6 wt% at 600 °C and increase to 89.5 wt% 
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when temperature reach 800 °C. However, when increased catalyst ratio to (1:3) the 

carbon content of activated carbon slightly decreases to 79.2 wt% at 600 °C and 

89.2 wt% for 800 °C. In addition, the carbon content of activated carbon produced 

by using ZnCl2 with ratio (1:1) started from 84.2 wt% for 600 °C and slightly 

decrease to 79.1 wt% when temperature reach 800 °C. while increasing catalyst 

ratio to (1:3) the percentage of carbon content start from 89.0 wt% at 600 °C and 

decrease to 85.3 wt% for 800 °C. The carbon content of activated carbon produced 

by using H3PO4 with ratio (1:1) start from 70.9 wt% at 600 °C and decrease to 67.3 

wt% when temperature reach 800 °C. Meanwhile, when increasing catalyst reagent 

ratio to (1:3) the percentage of carbon start from 77.1 wt% at 600 °C and gradually 

decrease to 71.3 wt% when temperature reach to 800 °C.
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Table 5. Elemental analysis of corn stover activated carbon produced under various parameters 

* By difference  

 

Properties (wt %) Temp (°C)  Catalyst ratios 

   No Cat  KOH  ZnCl2  H3PO4 

   1:0  1:1 1:3  1:1 1:3  1:1 1:3 

 

Carbon 

600  77.1  81.6 79.2  84.2 89.0  70.9 77.1 

700  76.1  85.3 84.1  83.7 87.4  69.3 72.5 

800  78.5  89.5 89.2  79.1 85.3  67.3 71.3 

 

Hydrogen 

600  1.6  1.4 1.8  1.7 1.7  2.0 2.0 

700  1.5  1.0 1.1  1.4 1.3  1.7 1.9 

800  0.9  0.6 0.7  0.7 0.7  1.2 1.3 

 

Nitrogen 

600  2.5  2.5 1.7  2.4 2.4  1.9 1.5 

700  2.4  1.6 1.5  2.6 2.9  2.0 2.1 

800  2.6  1.4 1.5  2.3 1.8  1.9 1.8 

 

Oxygen* 

600  18.7  14.5 17.2  11.7 6.8  25.3 19.5 

700  19.9  12.0 13.2  12.3 8.4  27.1 23.4 

800  17.9  8.6 8.6  17.8 12.2  29.6 25.5 
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4.2.2. Thermal degradation of activated carbon derived from corn stover 

 

Thermal stability was investigated using Thermal gravimetric analysis (TGA) at a 

constant heating rate of 10 °C min. The thermal gravimetric analysis has shown 

both volatile matter and fixed carbon contents in the carbon product at different 

temperatures. Percentage of volatile matter and fixed carbon are given in the Table 6. 

The activated carbons which carbonized without using catalyst result fixed carbon 

content of 82.2 wt% at 600 °C and 83.9 wt% at 800 °C. While the corn stover 

activated carbons obtained from KOH as catalyst reagent of ratio (1:1) were 73.7 wt% 

for 600 °C and it was gradually increased to 84.9 wt% since the carbonization 

temperature reached at 800 °C. Simultaneously, when the catalyst ratio increased to 

(1:3) results of increasing yield of fixed carbon 75.4 wt% for 600 °C and 82.9 wt% 

for 800 °C. Besides that, the fixed carbon content of activated carbons produced 

from ZnCl2 of ratio (1:1) were 80.1 wt% for 600 °C and it was slightly decreased to 

79.8 wt% as the temperature increased to 800 °C. Meanwhile the increasing of 

catalyst ratio to (1:3), the percentage of fixed carbon was 82.7 wt% for 600 °C and 

it was gradually increased to 84.3 wt% for 800 °C. In addition, the percentage of 

fixed carbon of activated carbons prepared by using H3PO4 of ratio (1:1) were 93.6 

wt% for 600 °C and when temperature reached 800 °C, it was slightly decreased to 

89.6 wt%. At the same time, the increasing catalyst ratio to (1:3) the yield of fixed 

carbon was 91.4 wt% for 600 °C and the yields of fixed carbon does not increase 

nor decreased as the rising of carbonization temperatures. 
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Table 6. Thermal gravimetric analysis of corn stover activated carbon 

* No catalyst   

 

 

 

Properties (wt %) Temp (°C) Catalyst ratios 

   No Cat.*  KOH  ZnCl2  H3PO4 

   1:0  1:1 1:3  1:1 1:3  1:1 1:3 

 

Volatile matter 

 

600  17.7  26.2 24.4  19.8 17.2  6.4 8.6 

700  19.9  22.5 21.1  15.9 17.1  11.8 9.2 

800  16.1  15.0 17.0  20.1 15.6  10.3 8.4 

 

Fixed carbon 

 

600  82.2  73.7 75.4  80.1 82.7  93.6 91.4 

700  80.0  77.4 78.8  84.0 82.8  88.1 90.8 

800  83.9  84.9 82.9  79.8 84.3  89.6 91.6 
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4.2.3. Characterization of surface morphology of corn stover activated 

carbon prepared at various carbonization temperatures 

 

The surface morphologies of the corn stover activated carbons were observed by 

field-emission scanning electron microscopy (FESEM), using a SIGMA (Carl 

Zeiss, UK) at various magnifications. This analysis basically used for 

investigating the morphological features and pore shapes of the activated carbons 

and the images are shown in the Figure 9. The examination of surface 

morphology for corn stover activated carbons reveal that irregular porous 

surfaces are developed due to the chemical activation of biomass from corn 

stover. The surface morphologies of corn stover activated carbons prepared by 

KOH as catalyst reagent of ratio (1:3), with various carbonization temperatures 

of (600 °C, 700 °C & 800 °C) shown that the structure of activated carbons was 

neatest hollow structure with hardly any impurity. At the same time, it was 

observed that the shape of activated carbon looks like an egg shell with well-

developed morphologies by the catalytic cracking and created a shape like 

sponge which contained a lot of micropore inside its structure. this is in 

agreement with a previous work (Uçar et al. 2009), preparation of activated 

carbons from pomegranate seeds using ZnCl2 showing that both catalyst reagent 

and carbonization temperature dependent the structure of activate carbons. 
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Figure 9. SEM analysis of activated carbon derived from corn stover 

produced with potassium hydroxide at ratio to (1:3). A-B is represented as 

600 °C, C-D is indicated as 700 °C and E-F is referring to 800 °C 

respectively. 
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4.4. Determination of surface area and pore volume of corn 

stover activated carbon prepared under various parameters 

 

4.4.1. The effect of carbonization temperatures and catalysts on the 

surface area of corn stover activated carbon 

 

The surface areas of corn stover activated carbons prepared at different 

carbonization temperatures and various types of catalyst reagents were shown in the 

Table 7 and Table 8. The corn stover activated carbons prepared at the carbonization 

temperature of 600 °C to 800 °C without catalyst activation results lower surface 

area from 6 – 42 m2 g-1 which is similar to the previous studied (Hayashi et al. 2000). 

Corn stover activated carbon produced by using potassium hydroxide (KOH) as the 

activating reagent with the impregnation ratio of (1:1), it was observed that the high 

surface area was 1481 m2 g-1 at the carbonization temperature of 800 °C. these 

results were even greater as compared to the previous study (Chandra et al. 2009). 

In the meantime, the surface areas of activated carbons rapidly increased as the 

increasing of catalyst reagents to (1:3) resulting the surface areas of 1145 m2 g-1, 

1865 m2 g-1 and 2370 m2 g-1 at 600 °C, 700 °C and 800 °C respectively. The surface 

areas of the corn stover activated carbons produced by using KOH (CSACK) are 

much larger than corn stover activated carbon produced without catalyst reagent 

(CSAC). This is indicated that KOH work effectively as activating reagents above 
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600 °C. The surface areas increase between the temperature 600 °C to 800 °C and 

the maximum surface areas of more than 2000 m2 g-1 is observed at 800 °C.  

On the other hand, using zinc chloride (ZnCl2) and Phosphoric acid (H3PO4) as 

activating reagents with the impregnation ratio of (1:1) the high surface areas of the 

activated carbons were observed prepared carbonization temperature of 800 °C are 

lower compared with the activated carbon produced with KOH. The maximum 

surface areas of corn stover activated carbons prepared by using ZnCl2 (CSACZ) 

and H3PO4 (CSACP) as catalyst reagents were 1326 m2 g-1 and 1027 m2 g-1 at 700 °C 

respectively. This indicated that the activation mechanisms of KOH is different 

from those of ZnCl2 and H3PO4 at carbonization temperature below 700 °C. The 

surface areas increase between the temperature of 600 °C to 700 °C and decrease 

with the further increase of temperature to 800 °C. The surface area is a maximum 

value at the carbonization temperature of 800 °C in alkali metal compound 

activation and at the carbonization temperature of 700 °C for ZnCl2 and H3PO4
 

activation. These results indicate that at temperatures greater than 700 °C, alkali 

metal compound works effectively as activating reagent, whereas ZnCl2 and H3PO4 

work more effectively at temperature below 700 °C. 
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4.4.2. The effect of carbonization temperatures and catalysts on the pore 

volume of corn stover activated carbon  

 

The effect of carbonization temperatures and catalyst reagents on the pore volume 

of produced activated carbons were presented in Table 7 and Table 8. As seen from 

the tables it could be indicate that micropores are well developed in the activated 

carbons prepared in this study.  

The pore volumes (micropore and mesopore) of the corn stover activated carbons 

prepared by using KOH activation commonly increases with an increasing of 

carbonization temperature in the range of 600 °C to 800 °C. This indicates that the 

pores continually enlarge as the increasing of the carbonization temperature. 

Meanwhile, the corn stover activated carbons prepared by using ZnCl2 and H3PO4 

activation did not show a big change between micropores and mesopores with the 

increasing of carbonization temperatures. These results were similar or even greater 

compared to previous researchs (Soleimani and Kaghazchi 2007; Tsai, Chang, and 

Lee 1998). At the carbonization temperature above 700 °C, the structure of corn 

stover activated carbons prepared by using ZnCl2 and H3PO4 were shrinking and as 

well as surface area and pore volumes were decreased. This indicated that the 

activation for both ZnCl2 and H3PO4 were work well as catalyst reagent at the 

carbonization temperature below 700 °C.
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Table 7. Effect of carbonization temperatures on the surface area and pore volume of corn stover a ctivated carbon 

Sample Temp (°C) Ratio Stotal
a (m2/g) Vtotal

b (cm3/g) Vmicro
c (cm3/g) Vmeso

d (cm3/g) Davg
e (nm) 

CSAC 600 1:0 42 - - - 1.42 

CSAC 700 1:0 18 - - - 1.42 

CSAC 800 1:0 6 0.01 - - 8.05 

CSACK 600 1:1 818 0.46 0.05 0.41 2.24 

CSACK 700 1:1 1115 0.60 0.06 0.54 2.17 

CSACK 800 1:1 1482 0.82 0.12 0.70 2.20 

CSACZ 600 1:1 1076 0.73 0.38 0.35 2.70 

CSACZ 700 1:1 959 0.67 0.35 0.32 2.78 

CSACZ 800 1:1 967 0.65 0.32 0.33 2.67 

CSACP 600 1:1 473 0.48 0.38 0.10 4.04 

CSACP 700 1:1 537 0.48 0.34 0.14 3.61 

CSACP 800 1:1 673 0.53 0.33 0.20 3.17 

a BET specific surface area measured by N2
 adsorption data in the P/P0 range from 0.06 to 0.20. b Total pore volume determined 

from the adsorption isotherm at P/P0 = 0.99. c Micropore volume calculated using t-plot method. d Mesopore volume calculated 

by the difference of Vtotal and Vmicro. 
e Average pore diameter was determined using the adsorption data by BJH method.
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Table 8. Effect of catalyst ratios and carbonization temperatures on the surface area of corn stover activated carbon 

Sample Temp (°C) Ratio Stotal
a (m2/g) Vtotal

b (cm3/g) Vmicro
c (cm3/g) Vmeso

d (cm3/g) Davg
e (nm) 

CSACK 600 1:3 1145 0.66 0.18 0.48 2.30 

CSACK 700 1:3 1866 1.16 0.55 0.61 2.49 

CSACK 800 1:3 2370 1.76 1.17 0.59 2.96 

CSACZ 600 1:3 1319 1.34 1.05 0.29 4.08 

CSACZ 700 1:3 1326 1.43 1.15 0.28 4.33 

CSACZ 800 1:3 1314 1.37 1.08 0.29 4.16 

CSACP 600 1:3 928 1.52 1.34 0.18 6.54 

CSACP 700 1:3 1027 1.08 0.84 0.24 4.19 

CSACP 800 1:3 948 0.86 0.62 0.24 3.63 

a BET specific surface area measured by N2
 adsorption data in the P/P0 range from 0.06 to 0.20. b Total pore volume determined 

from the adsorption isotherm at P/P0 = 0.99. c Micropore volume calculated using t-plot method. d Mesopore volume calculated 

by the difference of Vtotal and Vmicro. 
e Average pore diameter was determined using the adsorption data by BJH method. 
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4.5. Adsorption experiments 

 

4.5.1. Removal capacity of phenol contaminant  

 

To investigate characteristic of produced activated carbon derived from chemical 

activation via various processing parameters e.g. carbonization temperatures, 

catalysts and impregnation ratios. For water purification the phenol experiment was 

presented. In order to optimize the design of an adsorption system to remove the 

phenol, it is important to establish the most appropriate correlation for the 

equilibrium data for each system. Contact time is an important parameter to 

determine the equilibrium time of adsorption process. The characteristics of 

activated carbon and its available sorption sites affected the time needed to reach 

the equilibrium. The experimental results for the determination of equilibrium time 

are given in Table 9. and it is obviously seen that adsorption capacity of the corn 

stover activated carbon which prepared under various process parameters did not 

increased as the increasing of contact time as presents in the Figure 10 to Figure 12. 

Large amounts of phenol were removed in the first 30 min and equilibrium was 

reached in 6 h for CSACK, CSACZ and CSACP, respectively. The maximum of 

phenol removal was approximately 12 % for all samples. Since after the equilibrium, 

adsorption efficiency was not increased significantly. The corn stover activated 

carbon sample which produced without using catalyst result adsorption uptake was 

very low. This could be explained that because of their weak-binding interaction on 
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the surface of the activated carbon which causing of lack active site (Hwang et al. 

2017).  

  



72 

Table 9. Comparison of phenol removal onto corn stover activated carbon 

Sample Initial of MB Removal (%) 

CSACK-600-3* 50/ 100 /150 7.2/ 7.4 /8.7 

CSACK-700-3 50/ 100 /150 5.4/ 4.8 /6.0 

CSACK-800-3 50/ 100 /150 4.4/ 4.2 /6.0 

CSACZ-600-3 50/ 100 /150 9.4/ 8.2 /9.1 

CSACZ-700-3 50/ 100 /150 7.2/ 7.7 /8.6 

CSACZ-800-3 50/ 100 /150 8.2/ 7.1 /8.1 

CSACP-600-3 50/ 100 /150 9.1/ 10.6 /10.8 

CSACP-700-3 50/ 100 /150 10.1/ 10.0 /10.7 

CSACP-800-3 50/ 100 /150 10.0/ 9.3 /9.9 

* Corn stover activated carbon prepared by KOH at 600 °C with the impregnation 

ratio of 1:3 
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Figure 10. Effect of contact time of phenol removal onto CSACK 
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Figure 11. Effect of contact time of phenol removal onto CSACZ 
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Figure 12. Effect of contact time of phenol removal onto CSACP 
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4.5.2. Removal capacity of Methylene blue contaminant   

 

To study the adsorption capacity of corn stover activated carbon, methylene blue 

was as contaminant chemical for understanding the adsorption behavior of the 

activated carbons. The contact time between the adsorbent and adsorbate is one of 

the most important parameters that significantly affect the performance of dye 

removal. The effect of contact time on the percentage removal of methylene blue 

was investigate at fixed initial dye concentration (50 mg/L) and adsorbent dose 

(mg/L). as shown in the Table 10. The methylene blue removal increased rapidly for 

CSACK in the first 20 min of contact and more slowly until equilibrium was 

obtained. As shown in the Figure 13. Almost of methylene blue was removed from 

the aqueous solution. This could be explained that by the strong attractive force 

between the positive site of cationic methylene blue and the anionic sites of the corn 

stover activated carbon (El-Sayed et al. 2014). On the other hand, Figure 14 and 

Figure 15 presents the removal rate of methylene blue removal were slow at the 

beginning for CSACZ and CSACP compared to CSACK sample but then the 

adsorption significantly increased with the increasing of contact time until reached 

the equilibrium. The time taken to reached equilibrium was 40 min for CSACK and 

60 min for both CSACZ and CSACP for the dye concentration used, respectively. 

According to the results of this study, it was very similar or even greater than 

previous studies (Khodaie et al. 2013; Kumar et al. 2011). 

Table 10. Comparison of methylene blue onto corn stover activated carbon 
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Sample Initial of MB Removal (%) 

CSACK-600-3* 50/ 100 /150 100.0/ 95.3 /92.2 

CSACK-700-3 50/ 100 /150 100.0/ 98.9 /91.4 

CSACK-800-3 50/ 100 /150 100.0/ 99.8 /93.6 

CSACZ-600-3 50/ 100 /150 80.7/ 88.5 /83.5 

CSACZ-700-3 50/ 100 /150 98.7/ 90.0 /88.3 

CSACZ-800-3 50/ 100 /150 99.9/ 98.6 /98.5 

CSACP-600-3 50/ 100 /150 100.0/ 92.4 /84.0 

CSACP-700-3 50/ 100 /150 99.2/ 78.2 /75.4 

CSACP-800-3 50/ 100 /150 98.4/ 80.4 /70.3 

* Corn stover activated carbon prepared by KOH at 600 °C with the impregnation 

ratio of 1:3 
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Figure 13. Effect of contact time of methylene blue removal onto CSACK 
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Figure 14. Effect of contact time of methylene blue removal onto CSACZ 
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Figure 15. Effect of contact time of methylene blue removal onto CSACP 
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5.  Conclusions 

 

In present study, preparation and characterization of activated carbon from corn 

stover under various carbonization temperatures (600 °C, 700 °C & 800 °C) and 

different types of catalyst reagents (KOH, ZnCl2, H3PO4), with numerous of 

impregnation ratios (1:0, 1:1, 1:3). The yields of corn stover activated carbon 

produced by using KOH as catalyst reagent was less than those of carbonized 

samples for all carbonization temperatures. Particularly, the yields of corn stover 

activated carbon was significantly decreased as the increasing KOH ratio. The 

maximum surface area of corn stover activated carbons were 2370 m2/g, 1326 m2/g 

and 1027 m2/g which obtained from KOH, ZnCl2 and H3PO4, respectively. It was 

observed that the catalyst reagents and carbonization temperatures shown a great 

influence on the properties of activated carbons. The results of the adsorption 

experiment introduce that the corn stover activated carbon prepared by chemical 

activation was use as adsorbent for contaminant removal in the aqueous solution 

and according to the results of the adsorption test, it was observed that corn stover 

activated carbon did not work effective as adsorbent for phenol adsorption which 

approximately 12 % of phenol was removed. In the meantime, the corn stover 

activated carbon work with high effective for methylene blue removal as it can be 

seen that almost of methylene blue was removed or around 100 %. Therefore, it 

could be explained that corn stover activated carbon prepared by using catalyst via 

chemical activation show an effective and alternative as adsorbent for the removal 



82 

of methylene blue from aqueous solution. The utilization of agricultural by-product 

for the production of activated carbon has gained more attention since availability 

of low-cost materials is necessary for the economic feasibility of large scale 

activated carbon production and environmental-friendly carbon material with great 

application in various fields. 
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