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Abstract 

A low cost Activated Carbon (AC) was prepared by using waste tyres as raw material for the removal of 

2-chlorophenol (2-CP). The AC adsorbent was prepared and activated by pyrolysis process at 900 ºC un-

der constant nitrogen flow. The physical properties of the AC produced was characterized using X-ray 

Diffraction (XRD), Brunauer-Emmett-Teller (BET), Field Emission Scanning Electron Microsco-

py (FESEM), and Fourier Transform Infra Red (FTIR). The influence of initial adsorbate concentra-

tion, pH and adsorbent dosage on the removal of 2-CP in the batch-operational mode at ambient tem-

perature were also investigated. The results obtained showed the AC presence of an amorphous carbon 

with high BET surface area and a total pore volume of 208 m2.g-1 and 0.5817 cm3, respectively. The 

highest adsorption capacity of 2-CP by the AC absorbent was achieved at an initial concentration of 10 

mg.L-1, pH 5, and adsorbent dosage of 0.5 g in the first 10 min of contact time. This finding proves that 

the low cost-AC produced from waste tyres can be utilized for an effective removal of chemical plant 

wastewater containing toxic chlorine substances. Copyright © 2019 BCREC Group. All rights reserved 
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Research Article 

1. Introduction 

Most phenolic compounds including 2-

chlorophenol (2-CP) are categorized as a major 

pollutant to human being due to its high toxicity 

even at low concentration [1]. The 2-CP has also 

been categorized as an aquatic pollutant as its 

has been discovered that it is being released to 

the surrounding via anthropogenic activities. 
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Continuous discharge of 2-CP will ultimately 

have a negative impact to the aquatic ecosystem  

[2]. Humans who were exposed to high concen-

tration of 2-CP developed adverse effects, such 

as: dizziness, loss of nervous system, decrease in 

capability, difficult in focusing, and irregular 

heartbeat [2,3]. Therefore, it is necessary to 

treat the wastewater containing phenolic com-

pounds before its being released to the river and 

environment. 

Various process, such as: adsorption [4] cata-

lytic wet oxidation [5], biodegradation [6], ozo-

nation, and electrochemical degradation [7], 

have been studied regarding treatment of waste 
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water containing chlorophenol. Among all the 

studied process, adsorption technology for 

treatment of chlorophenol was well-agreed as 

the most significant technique. This is due to 

the fact that properties and types of material 

that were being used as adsorbent plays a cru-

cial role to achieve high chlorophenol removal. 

AC was commonly produced by pyrolysis 

process and is widely used for industrial scale 

as an adsorbent especially for purification or 

separation of liquid and gases [4,8,9]. AC also 

has been proven to be an effective adsorbent 

mainly for organic and inorganic compounds 

due to its large surface area of 3000 m2.g-1, de-

fined porosity, and its unique chemical proper-

ties [10]. The porous structure of AC provides a 

network of interconnected macropores, meso-

pores, micropores that enhances the capacity 

for the adsorption of the organic molecules. 

However, commercial AC requires high produc-

tion costs which tends to be more expensive 

compare to other adsorbent. Therefore, materi-

als rich in carbon content, such as: tyres, which 

can be found abundantly as waste materials 

can be used as an alternative source to produce 

AC. This can be considered as a green ap-

proach, since it can reduce the cost of raw ma-

terial, eliminate fire hazard and addresses so-

lution related to the disposal of pollutant waste 

tyres [10,11]. In this contribution, problematic 

waste tyre was used as raw material in produc-

ing AC adsorbent for treatment of chlorine 

compound, focusing on the effects of process 

conditions on removal of 2-chlorophenol. 

 

2. Materials and Methods 

2.1 Materials 

Pure 2-chlorophenol (2-CP), hydrogen perox-

ide (H2O2), potassium hydroxide (KOH) and hy-

drochloric acid (HCl), purchased from Sigma-

Aldrich. Waste tyre used in this study was tak-

en from BS tyre shop located in Gambang, Pa-

hang. 

2.2 Preparation of AC Adsorbent from Waste 

Tyre 

Initially, the cleaned waste rubber tyre was 

cut to small granulates before being dried at 

110 ºC for 2 h. The granules were then heated 

up to 300 ºC in furnace for 3 h in order to pro-

duce black tire crude oil and distilled diesel oil. 

Next, the activations of char was done by plac-

ing it at into the pyrolysis reactor at 500 ºC for 

5 h with constant nitrogen flow of 200 mL min-

1. The chars were then recovered from the py-

rolysis reactor and was treated with hydrogen 

peroxide, H2O2 (6% concentration) with car-

bon/H2O2 ratio of 1 g 20 m.L-1. The mixture was 

then placed in an oven and heated at 100 ºC for 

24 h. The obtained sample was then washed 

thoroughly with deionized water and dried at 

110 ºC for 2h to form activated carbon. Next, 

the activated carbon was soaked with KOH at 

30 ºC for 30 min with a weight ratio of 1:3 and 

then dried in oven at 60 ºC for 2h. The activa-

tions were taken place at an activation temper-

ature of 900 ºC in the presence of 200 mL.min-1 

nitrogen gas for 3 h. Further modification of 

rubber tyre carbon in creating oxygen surface 

groups was done by acid treatment of 37 M 

HCl. The mixture of carbon and acid solution 

was stirred and heated at 100 ºC for 24 h. The 

resulted sample was then washed and dried at 

100 ºC until a black powder was formed. 

 

2.3 Characterization of AC Adsorbent 

The physical and chemical properties of the 

produced AC were characterized using XRD, 

BET, FESEM, and FTIR. The crystalline struc-

ture of the AC was evaluated by X-ray diffrac-

tion (XRD) in the range of 2θ of 10 – 80º with 

Cu-K radiation ( = 1.5405Å). The specific 

surface area, pore volume, and pore diameter 

of AC were measured at 77 K using AUTO-

SORB-1 model AS1 MP-LP instrument. The 

surface morphology of the AC was viewed by 

field emission scanning electron microscope 

(FESEM), JEOL/JSM-7800F with accelerating 

voltage employed to be in the range of 5-15 kV. 

The IR spectra of the AC adsorbent was meas-

ured on Perkin-Elmer System 2000 spectrome-

ter using the KBr disk method over the range 

of 2000-400 cm-1. 

 

2.4 Batch Adsorption Study of 2-Chlorophenol 

The equilibrium adsorption was studied by 

using batch mode adsorption. A constant mass 

of adsorbent of 0.1 g was contacted with 50 mL 

of 2-CP solutions of 10 mg.L-1. The flasks were 

then sealed properly and placed in an incuba-Figure 1. Schematic diagram for preparation of AC  
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tion shaker for further adsorption process. 

Samples were taken every 5 min until an equi-

librium reaction was achieved, in which at this 

condition, the removal of 2-chlorophenol was 

complete. The sample was filtered through 0.22 

m syringe filter and diluted to the desired con-

centration for analysis. Similar adsorption pro-

cedure was repeated by varying the initial pH 

of 2-CP solution (3, 5, 7, and 10) and adsorbent 

dosage (0.05, 0.1, 0.3, and 0.5) g. 

 

2.5 Analysis of 2-Chlorophenol 

The removal of 2-CP was analysed using 

Varian Cary 1E UV-Vis spectrophotometer, in 

which the wavelength of 2-CP is 284 nm. The 

percentage removals (%R) of 2-chlorophenol by 

AC adsorbent was calculated using Equation 

(1). 

 

(1) 

 

where Co and Ce are the concentrations of liq-

uid-phase at initial and equilibrium states 

(mg.L-1), respectively. The equilibrium amount 

of CPS adsorbed per unit mass of adsorbent, qe 

(mg.g-1), at different 2-CP concentrations was 

identified using Equation (2) 

 

(2) 

 

where qe (mg.g-1) is the adsorbate equilibrium 

amount (CPs) per unit mass of adsorbent (AC); 

V is the volume of the solution (liter) and W is 

the mass of the adsorbent (gram). 

 

3. Results and Discussion 

3.1 Characterization of AC 

Figure 2 shows the XRD pattern for the AC 

adsorbent produced from waste tyre. The result 

indicates the presence of two peaks at 

2 of 25.43 and 43.89º. The peaks pattern indi-

cates the presence of an amorphous carbon 

caused by disordered stacked of carbon ring 

[12]. 

The isotherms produced by AC showed in 

Figure 3 was corresponding to type IV adsorp-

tion characteristics [4,12]. Table 1 summarizes 

the properties of AC produced from waste tyre. 

The results show the adsorbent possessed a 

high surface area of 208 m2.g-1 and total pore 

volume of 0.5817 cm3.g-1 with most of the pores 

in the meso-range. These positive results were 

most probably due to the activation tempera-

ture of 900 ºC that were used during pyrolysis 

process. At 900 ºC, more energy is being sup-

plied for the reaction of steam-carbon, which 

would create new pores and enhance the en-

largement of existing pores. This situation 

leads to the development of more mesopores ra-

ther than micropores. Pejman et al. [13] report-

ed that different surface area of activated car-

bon was correlated with the lower temperature 

Figure 2. XRD analysis of AC 
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Figure 3. N2 adsorption-desorption iso-

therm for AC  

Parameters Value 

BET surface area (m2.g-1) 208 

Pore volume (cm3.g-1) 0.5817 

Average pore diameter (Å) 126 

Mesopore volume (cm3.g-1) 0.5611 

Micropore volume (cm3.g-1) 0.0206 

Table 1. Properties of AC  
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Figure 5. FTIR spectrum of the AC 

Figure 4. FESEM images of AC, under magnification (a) 1000x, (b) 30000x, and (c) 80000x  
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of pyrolysis. Pyrolysis temperature lower than 

900 ºC tends to produce carbonaceous materials 

with lower surface area (<70 m2.g-1) and total 

pore volume of 0.20 cm3.g-1 [13,14]. High sur-

face area of AC produced from waste tyre is be-

lieved to act as an efficient adsorbent for treat-

ment of pollutant in waste water as its can in-

crease the adsorption capacity. 

The surface morphology of the produced AC 

was shown in Figure 4. The result displays the 

porous structure of AC with granular morphol-

ogy. Figure 3 (b) clearly shows the uniform size 

of the morphology which was formed by ag-

glomeration of AC particles. This morphology 

might lead to a high surface area and pore vol-

ume of the material. 

FTIR spectroscopy is an analytical tool for 

qualitatively determine the chemical changes 

and functional group of the adsorbent, and the 

common wavelength present in AC associate to 

specific functional group is summarized in Ta-

ble 2. 

Figure 5 shows the FTIR spectra of synthe-

sized AC from waste tyre. A wide transmit-

tance band was observed at 3200-3600 cm-1 

with a maximum band at 3440 cm-1 [15]. This 

band can be attributed to the O–H stretching 

vibration which was due to the surface of hy-

droxyl groups and chemisorbed water. The 

peaks at 2345 cm-1 and 2665 cm-1 indicate the 

strong bonded functional group of O–H and   

C–H stretching absorption, respectively. The 

band centered on 1992 cm-1 indicates the pres-

ence of aromatic C=C groups (carbonization), 

which proved the presence of carbonization 

processes during the AC synthesis. While, the 

peak at 997 cm-1 represents C–O stretching 

functional group [16,17]. Fingerprint region oc-

curs towards the end. Fingerprint region is the 

region consists of absorptions due to all other 

single bonds (except H-Z), making it often a 

complex region that is very difficult to analyze. 

 

3.2 Adsorption Study on AC 

3.2.1 Effect of initial 2-CP concentration 

The effect of different initial concentration 

of 2-CP on the adsorption capacity of AC is il-

lustrated in Figure 6. The highest adsorption 

performance was achieved at 10 ppm (mg.L-1) 

with 0.1 g of adsorbent dosage. The adsorption 

process of chlorinated hydrocarbons was rapid-

ly increased at initial time of 10 min due to 

high availability of vacant active sites with 

large specific surface area and total pore vol-

ume of AC. However, the adsorption rate re-

duced after 10 min until an equilibrium state 

was achieved. This was correlated with the 

slower internal diffusion process as the repul-

sive forces of solute molecules with AC surfaces 

Wavenumber (cm-1) Functional Group 

1030 – 1155 C–O 

1550 – 1650 NH2 

600 – 400 Aromatic ring 

2500 – 3500 O–H 

2880 – 2500 C–H 

3300 – 3500 N–H 

Table 2. Functional group according to wave-

number [15-17] 

Figure 6. Effect of contact 

time on adsorption at differ-

ent initial concentrations  

Figure 7. Effect of pH on 

removal 2-CP 

Figure 8. Effect of adsor-

bent dosage on removal of 

2-CP  
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in bulk phases became slower [18,19]. Thus, 

longer contact time is required to reach the 

equilibrium when high initial concentration 

was treated. The Langmuir constant, KL for 

Figure 6 was determined using Langmuir 

equation: Ce/qe = 1/qmKL  + Ce/qm, and the value 

is 0.067 L/mg. 

 

3.2.2 Effect of pH 

Figure 7 indicates the influences of pH 3-10 

on adsorption of 2-CP. It is well known that 2-

CP is a weak acid, and removal of 2-CP was as-

sociated with the chlorine detached from the 

phenol aromatic ring [20,21]. The AC removal 

efficiency towards 2-CP showed a positive be-

haviour in acidic condition at pH 3 and 5 com-

pared to neutral (pH 7) and alkali condition 

(pH 10). This was due to the presence of acidic 

solute molecules in the solution. The location of 

AC in acidic solution (pH < 6) makes the outer 

surface of AC being surrounded with H3O+ posi-

tive charge. In this study, 100% removal of 2-

CP by AC were achieved at pH 5 in 30 min. 

This is due to the presence of H3O+ on AC sur-

faces that act as active adsorption sites to in-

teract with 2-CP molecule. This eventually led 

to the increase of adsorption capacity which 

then favoured the removal of 2-CP. While, in 

basic solution of pH 10, the surface of AC rich-

est with negative charges of OHˉ was not effec-

tively reacting with the partial negative charge 

of 2-CP. This resulted in the decrease in ad-

sorption capacity of 2-CP on AC adsorbent. 

 

3.2.3 Effect of AC Adsorbent Dosage 

The effect of AC dosage from 0.05 to 0.5 g to-

wards removal of 2-CP were shown in Figure 8. 

At reaction temperature of 25 ºC, initial con-

centration showed 10 mg.L-1 within 30 min of 

reaction time, the percent removal of 2-CP in-

creased as the adsorbent dosage increased. 

This was related to the high availability of ad-

sorption active sites when more AC was intro-

duced as adsorbent dosage. Therefore, dosage 

amount is directly proportional to the adsorp-

tion capacity. 

 

4. Conclusion 

The AC produced from waste tyre in this re-

search work demonstrated the effective perfor-

mance on removal of chlorine substance from  

2-CP. This was associated with its high surface 

area (208 m2.g-1) and total pore volume (0.5817 

cm3 g-1), which was favorable for interaction of 

chlorine with the AC active sites during ad-

sorption process. Adsorption studies showed 

the rapid chlorine adsorption with almost 

100% removal over 0.5 g AC was achieved at 

initial 2-Cp concentration 10 ppm and pH 5 

within 10 min of contact time. 
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