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Preparation of Activated Carbon from Wood Waste by Microwave Pyrolysis 

Vannessa Lawai 

Department of Chemistry 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

In this study, activated carbon was prepared from wood wastes that have been treated with 10% HN03 by 
microwave pyrolysis and chemical activation using potassium hydroxide (KOH). Adsorption studies were 
conducted for removing heavy metal Cu (II), Cr (III), and Pb (II) solutions. The parameters investigated were 
adsorbent dosage, agitation time, initial metal concentration and pH. The adsorption study was tested with 
Langmuir and Freundlich isotherm models. Cu (II) and Cr (III) fitted well in Langmuir isotherm model which 
indicates the monolayer adsorption. Pb (II) had a better fit in Freundlich isotherm model that indicates the 
sorption on heterogeneous surface. The surface morphology was determined using SEM and the functional 
groups were determined using FTIR. The use of wood wastes to produce activated carbon leads to the production 
of highly effective adsorbent which was an inexpensive raw material thus helps to reduce the problem of 
abundant of wood waste. 

Keywords: Activated carbon, wood waste, Heavy metals, Langmuir Isotherm, Freundlich Isotherm 

ABSTRAK 

Dalam kajian ini, karbon teraktif disediakan daripada sisa-sisa kayu yang telah dirawat dengan 10% HN03 

melalui proses pirolisis gelombang ketuhar dan pengaktifan bahan lamia iaitu kalium hidroksida (KOH). 
Pengajian jerapan dilakukan bagi menyingkirkan larutan logam berat Cu (II), Cr (III) dan Pb (II). Parameter 
yang digunakan adalah dos penjerap, masa gocakan, kepekatan awal larutan logam berat dan pH. Kajian 
jerapan diuji dengan menggunakan model isoterma Langmuir dan Freundlich. Cu (II) dan Cr (III) menunjukkan 
bahawa kedua-duanya sesuai di dalam model isoterma langmuir dimana jerapan berlaku di lapisan mono. Pb (II) 
menunjukan kesesuaian pada model isoterma Freundlich dim ana jerapan berlaku pada permukaan heterogen. 
Morfologi permukaan ditentukan dengan menggunakan SEM dan kumpulan berfungsi ditentukan dengan 
menggunakan FTIR. Penggunaan sisa-sisa kayu dalam pembuatan karbon teraktif menyumbang kepada 
penghasilan bahan penjerap yang berkesan dimana kos bahan mentah adalah murah dim ana ianya sekaligus 
membantu mengurangkan masalah penghasilan sisa-sisa kayu yang berlebihan. 

Kata kunci: Karbon teraktif, Sisa-sisa kayu, Logam berat, Isoterma Langmuir, Isoterma Freundlich 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of Study 

Heavy metals are natural components of earth's crust which they cannot be degraded and 

destroyed. Heavy metals are harmful to human health if their concentration exceed its 

allowable limits and still can cause contamination to environment due to it is accumulative 

within biological system (Quek et al., 1998). According to Bhatti et al. (2007), heavy metals 

are released into the aqueous environment through a variety of sources such as metal smelters, 

effluents from plastics, textiles, microelectronics, wood preservatives-producing industries, 

usage fertilizers and pesticides. 

Heavy metal contamination of water body has been a great concern as they poses not only 

severe carcinogenic risks to humans, but also have the potential to cause an unacceptable 

ecological risks to plant, animals and microorganisms (Li et al., 2007). Heavy metals such as 

Arsenic (As), Lead (Pb), Cadmium (Cd), Copper (Cu) and Zinc (Zn) are the one that always 

contributes to pollution. Cadmium, lead and mercury are heavy metals that have the greatest 

potential hazard due to their high toxicity (Lodeiro et ai., 2006). There are more but those are 

the most common heavy metals found in wastewater and believed to be unique because of 

their persistency in the environment (Amuda et al., 2007). 
I 
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Nowadays, there are a lot of methods and techniques to remove heavy metals from industrial 

wastewater (Asubiojo & Ajelabi, 2008). As time goes by, the researchers always find a way to 

improve the performance of existing methods by using different precursors. The commonly 

used procedures for removing metal ions from wastewater include chemical precipitation, ion 

exchange, membrane separation, reverse osmosis, evaporation and electrolysis. However, 

these techniques have certain disadvantages such as incomplete removal, high reagent and 

energy requirements, and generation of toxic sludge that require disposal (Chen et al., 2009). 

This technique is also requires a high treatment costs and it will become inefficient when the 

concentration of the heavy metal ion is low, of the order of 1-100 mglL (Bhatti et al., 2007). 

Among chemical precipitation, ion exchange, membrane separation, reverse osmosis, 

evaporation and electrolysis, adsorption has advantages over other techniques. The design is 

simple, sludge-free, it involve low investment in term of both the initial cost and land 

(Viraraghaven & Dronamraju, 1993). Adsorption process which is usually based on activated 

carbon has been long used in removing the color, odor, organic pollution and heavy metal ions 

(Biniak et at., 1997). 

Activated carbon has been known as a highly effective adsorbent where it can effectively 

remove particles, organics and heavy metals in waste water (K vech & TuB, 1998). They have 

been broadly used for decades in the depollution of portable waters and air purification, 

especially for the removal of organic pollutants from water (Seron et at., 1996). Activated 

carbon is an effective adsorbent because it has a large number of cavernous pores (K vech & 

Tull, 1998). They are non-hazardous, processed carbonaceous products with a complex porous 

structure and an internal surface area within the micropores (Biniak et al., 1997). It adsorbs 
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molecules from both liquid and gaseous phases depending upon the pore size distribution of 

the adsorbent (Benaddi et ai., 2000). Activated carbons are highly valuable because of their 

high internal surfaces and active surface which result in higher adsorption capacities. The 

pores provide a large surface area which can range between 500-1500 m2/gram (Metcalf & 

Eddy, 1991) and this is the major factor in the adsorption process. 

In this study, the activated carbon has been prepared via microwave pyrolysis of wood waste. 

The char produced from microwave pyrolysis undergo chemical activation where it has been 

activated using KOH as an activating agent. The activated carbon produced have been tested 

its adsorption capacity with three heavy metal solutions copper (Cu), chromium (Cr) and lead 

(Pb). The effect of adsorption has been determined based on four parameters which are effect 

of adsorbent dosage, effect of agitation time, effect of initial metal concentration and effect of 

pH. The physical and chemical characterization of the raw wood wastes, wood wastes treated 

with 10% HN03, wood char, wood activated carbon (WAC) and commercial activated carbon 

(CAC) have been determined. 

I 

4 




.. .,.j_ . ....'1~ .. _.A.Jl_ .. .."............... ~aL ~ ....... ~a.Xt 


UNIVERSnl MALAYSIA SARAWAK 

1.2 Problem statement 

This era, pollution by metal ions has become a main issue all through many countries because 

of the contents of the metal ions in portable water and wastewater often exceeds the 

admissible sanitary standard (Lodeiro et al., 2006). The problem is that, heavy metal do not 

decay and cannot be destroyed. Since most heavy metals are non-degradable into non-toxic 

end products, the concentrations must be reduced to acceptable levels before being discharged 

into the environment. Otherwise these could pose threats to public health and affect the 

aesthetic quality of potable water (Badmus et al., 2007). Therefore, the removals of these 

unnecessary heavy metals are vital to ecosystem and living things. 

The large quantity of agricultural wastes also has become a major problem to our country. 

Wood waste is one of the natural adsorbent and recently leads to abundance of agricultural 

wastes problem. Although it can decays but it takes time. The wood preservative industry is 

interested in finding a low-cost and environmentally friendly means to dispose of treated wood 

products (Mohan et aI., 2006) and some workers had earlier reported the use of natural 

adsorbents for removal of heavy metals from laboratory-made solutions of heavy metals 

(Asubiojo & Ajelabi, 2008). Therefore, the natural adsorbent that will be used to remove the 

metals from wastewater is wood activated carbon. Activated carbons are non-hazardous, 

processed carbonaceous products with complex porous structure and an internal surface area 

that is predominantly contained within the micropores (Bhatti et al., 2007). Activated carbon 

is one of the natural adsorbent that can be produced from pyrolysis of wood waste. 
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1.3 Research Objectives 

The objectives of this study were to: 

1. 	 Prepare activated carbon from wood waste usmg microwave pyrolysis and chemical 

activation process. 

2. 	 Detennine the physical and chemical characteristic of the raw wood waste, wood waste 

treated with 10% HN03, wood char, wood activated carbon and commercial activated 

carbon. 

3. 	 Conduct adsorption study on the prepared Cu, Cr and Pb heavy metal solutions. 

4. 	 Detennine the adsorption capacity of the prepared activated carbon and commercial 

activated carbon on the effect of adsorbent dosage, agitation time, initial metal 

concentration and pH. 

I 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Heavy metals 

The presence of heavy metal ions in surface water continues to be the most enveloping 

environmental issue of present time (Gupta et aI., 2001). Heavy metals are toxic pollutants 

released into the environment as a result of industrial, mining, and agricultural activities 

(Hawari & Mulligan, 2006). According to Bhatti et al. (2007), heavy metals are released into 

the aqueous environment through many sources such as metal smelters, effluents from plastics, 

textiles, microelectronics, wood preservatives-producing industries, usage fertilizers and 

pesticides. 

Heavy metals can cause health hazards if their concentrations exceed allowable limits. Even 

when the concentration of heavy metals does not exceed limits, there is still potential for long-

term contamination as heavy metals are known to be accumulative in biological system (Quek 

et al., 1998). Cadmium, lead and mercury are the heavy metals with the greatest potential 

hazard due to their high toxicity (Lodeiro et at., 2006). The metals are special because of their 

persistency in the environment. At least 20 of heavy metals are classified as toxic and half of 

these metals are emitted into the environment in an amount that can pose risks to human health 

(Amuda et al., 2007). Heavy metals of serious concern include lead, chromium, mercury, 

uranium, selenium, zinc, arsenic, cadmium, gold, silver, copper, and nickel which are 

carcinogenic and mutagenic (Gupta et al., 2001). 
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2.1.1 Copper, Cu 

Copper (Cu) is the essential trace element of human body, and daily demand of an adult is 

estimated at 20mg. However, excessive copper is more toxic. When the concentration of 

copper in the water is up to O.OlmglL, the self-purification of water is inhibited (Yan et aI., 

2009). Yan et al. (2009) also mentioned that the pollution from copper metal has become a 

major crisis in the environmental view and is harmful to human being. For human, copper are 

an essential element and the body can regulate its level haemostatically, although large, acute 

doses can have harmful, even fatal, effects. In particularly, copper is highly carcinogenic and 

mutagenic in nature (Badmus et al., 2007). 

The mam pollution sources of copper are wastewater from industries of electroplating, 

smelting, hardware, petrochemical and chemical enterprises (Yan et al., 2009). Adsorption of 

copper from wastewater has been studied by using periwinkle shells as the precursor of 

preparing activated carbon (Badmus et al., 2007). 

2.1.2 Chromium, Cr 

Chromium is a naturally occurring element found in rocks, animals, soils and in volcanic dust 

and gases (Harwood, 2002). The element exists mainly in the hexavalent and trivalent forms. 

Hexavalent form is more toxic towards animal and humans than the trivalent. Hexavalent 

chromium is known to be carcinogenic and mutagenic. It is a common contaminant in surface 

water and groundwater resulting from numerous industrial activities such as the preservation 
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of wood, textile dyeing, leather tanning, electroplating, and metal finishing (Wang et al., 

2009), cement and photography industries (Demirbas et al., 2004) and aluminium 

manufacturing (Gupta et al., 2001). 

In industrial wastewater, its concentration range from 0.5 to 270.000 mg/L (Demirbas et al., 

2004). The tolerance limit for Cr (VI) for discharge into inland surface water is 0.1 mg/L and 

in potable water is 0.05 mg/L (Demirbas et al., 2004). Over exposure to chromium dusts and 

mists can cause irritation and corrosion of the skin and the respiratory tract. It probably can 

cause lung carcinoma. However, the ingestion of chromium may cause epigastric pain, nausea, 

vomiting, severe diarrhea, and haemorrhage (Gupta et al., 2001). 

The adsorption of Cr (VI) have been studied by a number of materials such as leaf mould, 

activated groundnut husk carbon, coconut husk, palm pressed fibers, coconut shell activated 

carbon, coconut shell, wood, dust coal activated carbons, coconut jute carbon, coconut tree 

sawdust carbon, sawdust, used tyres carbon, phosphate treated sawdust, cactus, olive 

stone/cake, wool, charcoal, pine needles, rice husk carbon, moss, sphagnum moss peat, 

coconut fibre compost, maize cob, sugar beet pulp, cane bagasse, hazelnut shell carbon, 

almond shell carbon, corncob, quaternized wood, cow dung carbon, waste slurry and carbon 

slurry (Demirbas et at., 2004), and walnut hull (Wang et al., 2009). I 
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2.1.3 Lead, Ph 

Lead is ubiquitous in the environment and is hazardous at high levels. It can be introduced to 

liquid wastes from the manufacturing processes of storage batteries, smelting and refining of 

lead and from the processes of mining (Rashed, 2001), combustion of fossil fuels and metal 

plating (Gupta et at., 2001). 

In water, lead tends to accumulate in aquatic organisms through the food chain and by direct 

uptake (Rashed, 2001). According to Gupta et al. (2001) lead accumulates in human mainly in 

bones, brain, kidney and muscles. Exposure or ingestion of lead can cause many serious 

disorders like anaemia, kidney disease, nervous disorders and death (Gupta et at., 2001), 

hypertension, reproductive disorder and neurological and metabolic problems in humans 

(Rashed, 2001). The tolerance limit for discharge of lead to inland surface water is 0.1 mglL 

and into drinking water is 0.05 mg/L (Gupta et at., 2001). 

Until now, numerous experimental studies on Pb2
+ adsorption by clays, activated carbon, 

activated phosphate, chitosan nanoparticles, peat or peat resin, sawdust, condensed tannin 

resin, biomass, steel slag, dry plants, rice hull ash, etc., have been published (Thu et al., 2010). 

Adsorption of lead ions from polluted water using activated carbon produced from burning 

date pits or stones, ferrite and chelating resin have also been studied (Rashed, 2001). 
I 
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2.2 Activated carbon 

Activated carbon is a crude material from graphite that the structure of graphite gives the 

carbons a very large surface area. They are non-hazardous, processed carbonaceous products 

with an intricate porous structure and an internal surface area that is predominantly contained 

within the micropores (Biniak et al., 2007). It is a black, solid substance that resembles 

granular or powdered charcoal (Nik et al., 2006). According to Seron et al. (1996), activated 

carbon are among the most studied carbon materials due to their superior adsorption properties, 

extended surface area, microporous structure and high degree of surface activity. They have 

been widely used for decades in the depollution of potable waters and air purification, 

especially for the removal of organic pollutants from water. Their high stability towards 

chemicals, radiation and heat, as well as their rigid porous structure and mechanical strength 

making them more advantages over polymeric materials (Bhatti et al., 2007). Activated 

carbons are present in three main forms which are granular activated carbon, powder activated 

carbon and pellet activated carbon. Activated carbon consists mainly of carbon (87 to 97%) 

and other elements such as hydrogen, oxygen, sulfur and nitrogen (Nik et al., 2006). 

The main application of activated carbon is the removal of impurities from gases and liquids 

by an adsorption process. In adsorption from gas phase, mainly mesoporous carbon is used 

whereas mesoporous carbon is used in liquid phase processes (Benaddi et al., 2000). 

Adsorption of lead ions and copper from wastewater using activated carbon that was produced 

by pits or stones, ferrite, chealating resin (Rashed, 200 I) and periwinkle shells (Badmus et al., 

2007). Literature survey indicates that there have been many attempts to obtain low-cost 
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activated carbon or adsorbent from agricultural wastes such as wheat, com straw, olive stones, 

bagasse, birch wood, miscanthus, sunflower shell, pinecone, rapeseed, cotton residues, olive 

residues, pine rayed, eucalyptus maculata, sugar cane bagasse, almond shells, peach stones, 

grape seeds, straw, oat hulls, com stover, apricot stones, cotton stalk, cherry stones, peanut 

hull, nut shells, rice hulls, com hulls, hazelnut shells, pecan shells, rice husks and rice straw 

(Ioannidou & Zabaniotou, 2007). 

Activated carbon can be designed for adsorption of heavy metals by using appropriate 

precursor and optimizing the activation process conditions (Srinivasakannan et at., 2004). The 

methods used are either physical or chemical activation or a combination both of them for 

manufacture from various precursor materials. Physical activation involves carbonization of a 

carbonaceous precursor followed by activation of the resulting char in the presence of some 

activating agent such as CO2 or steam. Meanwhile, chemical activation is a single step method 

of preparation of activated carbon. This step is being the carbonization of the precursor in the 

presence of chemical agents. In physical activation, elimination of a large amount of internal 

carbon mass is required to obtain a well developed carbon structure whereas in the chemical 

activation process, all the chemical agents used are dehydrating agents that influence pyrolytic 

decomposition and inhibit formation of tar (Ahmadpour & Do, 1996). 
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2.3 Adsorption 

Adsorption is a term commonly used for several different processes involving physical as well 

as chemical interactions between the solid surface of a substance and a dissolved metal species 

(Rashed, 2001). Adsorption is the concentration of a substance at the surface or interface. The 

adsorption at a surface or interface is largely as a result of binding forces between atom, 

molecules, and ions of the adsorbate on the surface (Etorki et al., 2010). Adsorption implies 

adhesion meanwhile absorption implies diffusion and dissolution (Viraraghaven & 

Dronamraju, 1993). Although there are many traditional treatment methods such as 

precipitation, oxidation, reduction, electrochemical treatment, reverse osmosis, solvent 

extraction, adsorption, ion-exchange, and evaporation to be used for the metal bearing 

eftluents, adsorption has proved to be the one of the most feasible, simple, selective, cost

effective, ease of operation and high-efficient process for the removal of heavy metals from 

polluted sources (Thu et al., 2010). 

Adsorption of the heavy metal ions from solutions has been studied by others using naturally 

occurring minerals. Pyrolusite has been used for adsorption of Pb, Zn and Mg ions from 

aqueous solution and zeolites have been used for the removal of heavy metals from 

wastewater. Sigworth and Smith (1972), Dabrowshi and Tertykh (1992) and Muscus (1995) 

have also used adsorption techniques for the removal of heavy metals from solutions (Rashed, 

2001). Adsorption processes, usually based on activated carbon have long been used in the 

wastewater industries. 
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2.3.1 Adsorption Isotherm 

Several mathematical models, such as those derived by Langmuir and Freundlich, are capable 

of describing the distribution of metal ions between the liquid phase and the solid phase 

(Maheswari et al., 2008) 

Langmuir Isotherm 

The Langmuir model assumes that uptake of metal ions occurs on a homogeneous surface by 

monolayer adsorption (Amuda et al., 2007). The adsorption cannot proceed beyond monolayer 

coverage and the ability of a molecule to adsorb at a given site is independent of the 

occupation of neighboring sites which there is no interactions between adsorbed molecules 

(Atkins & Paula, 2006). The Langmuir equation is as below: 

...............equation 1 


Where, Ce is the concentration of adsorbate in liquid phase at equilibrium (mg/L). qe is the 

amount of metal ion adsorbed at specified equilibrium (mg/g). Qo and b are the Langmuir 

constant related to the adsorption capacity and energy of adsorption. The Langmuir isotherm 

model can be explained in terms of dimensionless constant separation factor or equilibrium 

parameter R which is defined by 

1
R=- ...............equation 2 


l+b Co 

Where, b is the Langmuir constant (Llmg) and Co is the initial concentration (mg/L). 
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