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Abstract 

In this study, activated carbons (ACs) from oil palm shell (OPS) were prepared 

using the two-stage self-generated atmosphere method, comprising of a semi-

carbonization stage and a chemical activation stage, which were fixed at 300 oC 

and 500 oC respectively. The prepared adsorbents were tested in the removal of 

2,4-dichlorophenol (2,4-DCP) from aqueous solution. The samples were 

impregnated by varying the zinc chloride (ZnCl2) to precursor (OPS) ratio, after 

which, the final products, ACs, underwent several aspects of chemical and 

physical characterizations, i.e. percentage of yield, moisture content, ash 

content, pH, porosity, adsorption kinetics and isotherms (2,4-DCP) and surface 

chemistry of the adsorbent. The results indicated that the percentage of yield, 

moisture content and ash content had increased in proportional to the increase in 

ZnCl2 ratio. It was found that AC4, with the impregnation ration of 1:4 

(OPS:ZnCl2) had the highest adsorption capacity of  26.40 mg/g. While the 

maximum Brunauer, Emmett and Teller (BET) surface area of AC4 was found 

to be around 1020 m2/g. Adsorption studies indicated an increased in adsorption 

capacity in proportional to the increase in adsorbate initial concentration and 

adsorbent dosage, whereas a higher pH decreased the adsorption capacity. The 

adsorption isotherm of all the prepared ACs fitted well to the Langmuir model, 

while the sorption kinetics followed the pseudo-second order, indicating that the 

adsorption was a single layer chemisorption process.  

Keywords: Activated carbon, Two stage self-generated atmosphere; 2,4-dichlorophenol, 

Oil palm shell. 
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Nomenclatures 

𝐴𝑇, K𝐹  KL, n Equation constants 

B Constant related to heat of sorption 

𝐶𝑜  Concentrations of solution at initial, mg/L)  

  𝐶𝑒 Concentrations of solution at equilibrium, mg/L 

𝐶 Plot intercept 

Ce Amount of adsorbate in the solution at equilibrium 

𝑘1 Rate constant for pseudo-first-order, min
-1

  

𝑘2 Rate constant for pseudo-second-order, g/mg min 

𝑘𝑖𝑑 Rate constant for intraparticle diffusion, mg/g min
1/2

 

q
e
 Amount of adsorbate adsorbed 

𝑞𝑒 Amount of 2,4-DCP adsorbed per unit mass of the AC at 

equilibrium  

𝑞𝑡 Amount of 2,4-DCP adsorbed per unit mass of the AC at time  

Q
m

 Amount of adsorbate adsorbed to form monolayer coverage 

𝑅2 Correlation coefficient 

t Time, min 

𝑉 Volume of solution, L  

𝑊 Mass of absorbent, g 

Abbreviations 

2,4-DCP 2,4-dichlorophenol 

AC Activated carbon 

BET Brunauer, Emmett and Teller 

BJH Barret, Joyner and Halenda  

FTIR Fourier transform infrared spectroscopy 

OPS Oil palm shell 

ppb Parts per billion  

SCC Semi-carbonized carbon  

SEM Scanning electron microscope  

1.  Introduction 

 Activated carbon (AC) is a carbonaceous material with extended surface area that 

renders it the ability for adsorbing chemical contaminants in water or air, 

depending on its structure [1]. It has been widely used in the decolorization of 

textile, purification of water, removal of organic pollutants from liquid and gas 

stream and in the removal of fouled smell and taste from drinking water [2-4]. 

Pollutants such as chlorinated phenols are considered as major pollutants in the 

aquatic ecosystem since they are harmful to organisms even at parts per 

billion (ppb) levels [5]. They can be introduced into the environment through 

industrial operations such as industrial effluents, paper pulp bleaching process, 

agricultural runoff, breakdown of chlorophenoxyacetic acid herbicides and water 

disinfection and deodorization processes with chlorine [6]. 

Adsorption by AC is the cheapest and fastest way for the removal of water-

based pollutants [7-11]. As such, the demand for renewable, abundant and low-cost 

lignocellulosic materials to be used as precursor for AC is in great demand. One 

such option is to use Oil palm shell (OPS). In Malaysia, the oil palm milling 

industry generates large quantities of carbonaceous OPS as by-products which 

causes disposal and environment problems [12]. Converting OPS into compost is 
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not recommended due to risk of spreading oil palm related disease to other 

plantations. OPS has 55.7% of carbon content compared to oil-palm fibers (49.6%), 

sugar cane bagasse (53.1%) and coffee shells (50.3%) [13]. Therefore OPS is 

suitable to be used to produce AC with high adsorption ability and as a precursor in 

the production of AC due to their high carbon content [14]. This will solve the 

disposal problem and yield a waste to wealth opportunity for other industries. 

In this study, OPS as raw material was employed to produce AC through 

semi-carbonization and chemical activation by using a two-stage self-generated 

atmosphere method. In the first stage, the precursors was carbonized, then 

impregnated by activating agent, followed by activation at a fixed time duration 

[15]. Zinc chloride (ZnCl2) was used as dehydrating and activating agent because 

it can alter the structure of carbon to form porous structure. ZnCl2 is known as 

strong dehydrator which subtracts hydrogen and oxygen from raw material during 

activation process [16]. Impregnation with ZnCl2 causes dehydration which 

results in charring and aromatization of the carbon skeleton and formation of pore 

structure. This helps to enhance the adsorption capacity of the carbon produced 

[17]. Besides that, hydrochloric acid (HCl) generated during the carbonization in 

the presence of ZnCl2 can reduce the ash content of the carbon obtained. This 

enables lower temperature to be used to prepared a highly developed microporous 

AC. In order to study and evaluate the optimal operation condition in producing 

the best quality of AC, various parameters such as adsorbent dosage and 

impregnation ratio was manipulated to optimize the prepared carbons. Final 

products were characterized in several aspects such as yield and ash content. The 

best AC was chosen to undergo further studies on adsorption isotherm and kinetic  

 

2.  Materials and methods 

2.1. Preparation of AC 

The OPS was obtained from Beaufort Palm Oil Mill in Kampung Batu Tiga, 

Beaufort, Sabah, Malaysia. Prior to semi-carbonization process, raw material was 

washed with distilled water several times and subsequently dried in an oven at 

110 
o
C for 24 hours. This helped to remove any impurities and minimize moisture 

content [18, 19]. After that, the precursor materials were placed inside a muffle 

furnace (model Carbolite RHF 1500) and pyrolysed under self-generated 

atmosphere at 300 
o
C for an hour. The semi-carbonized carbon (SCC) was 

agitated with ZnCl2 aqueous solution of 200 mL at various OPS:ZnCl2 weight 

ratios ranging from 1:1 to 1:5 and labelled as samples AC1-AC5 [19]. All the 

OPS were immersed fully into the solutions of ZnCl2 at 85 
o
C till the solution 

completely dried out. The impregnations were carried out in an orbital shaker and 

subsequently dried at 110 
o
C for 24 hours in an oven. Then the samples were 

activated in a muffle furnace at 500 
o
C for 2 hours.  

 

2.2. Washing process 

The carbonized sample was washed with 0.01 M HCl solution, at 85 
o
C for 30 

minutes to eliminate ZnCl2 in excess. Due to the high solubility of ZnCl2 in 

water, no further washing with water was performed [20]. The pH of each 
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sample was identified and the samples were dried at 110 
o
C for 24 hours to 

obtain the final product.  

 

2.3.  Characterization of AC 

Moisture and ash contents were determined according to ASTM D2867-04 and 

ASTM D2866-94 standards respectively, while the pH was determined according 

to ASTM D3838 -80 standards.  Methods for the determination of the percentage 

of yield, moisture content, ash content and pH had been described in our previous 

works [10, 11]. Surface chemistry of the prepared ACs were analyzed using 

Fourier transform infrared spectroscopy (FTIR) (Thermo Nicolet NEXUS 670) 

analysis where the spectra’s were recorded in the range of 4000-650 cm
-1

. 

Scanning electron microscope (SEM) (JEOL JSM-5610LV, Japan) at 10 kV with 

a different magnification was used to observe the morphological surface of the 

prepared carbon. The specific surface area and the pore-size distribution were 

determined using the Brunauer, Emmet and Teller (BET) and Barret, Joyner and 

Halenda (BJH) methods, respectively. This analysis was done by applying 

nitrogen gas at 77.3 K using Quanta chrome autosorb automated gas sorption 

instrument [9]. 

 

2.4. Batch equilibrium studies 

In this study 2,4-Dichlorophenol (2,4-DCP) was used as the target pollutant. 

Adsorption experiments were conducted in a batch mode using Erlenmeyer flasks 

employing several concentrations (5, 10, 15, 20, 25, 30 mg/L). A calibration 

curve of absorbance versus concentration was constructed using a UV-VIS 

spectrophotometer data at maximum wavelength of 285 nm. All batch adsorption 

experiments were replicated three times with the average taken and plotted into 

graphs.  The adsorption capacity at equilibrium, q
e
 (mg/g) was calculated by 

using Eq. (1). 

 

q
e
 = 

(𝐶𝑜−𝐶𝑒)𝑉

𝑊
                                                                                                (1)

                          

2.5. Effect of initial concentration on adsorption 

600 mL of 2,4-DCP solutions with various initial concentrations (10-40 mg/L) 

were added to flasks containing 0.5 g of the prepared AC. The mixture was stirred 

for 3 hours while samples were extracted at given intervals, filtered and analyzed 

using UV/VIS spectrophotometer.  

 

2.6.  Effect of pH on adsorption 

The concentration of the target pollutant was fixed at 30 mg/L before 0.5 g of AC 

was added into the solution. The pH for each solution was adjusted to the required 

value (3,7 and 9) by adding 5 drops of 0.1 M HCl or 0.1 M NaOH solutions, 

respectively [21]. 
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2.7.  Effect of adsorbent dosage on adsorption 

600 mL of 2,4-DCP solution with initial concentration of 30 mg/L was placed in a 

series of conical flasks with different quantity of adsorbent 0.1, 0.3 and 0.5 g of 

AC. The mixture was stirred for 3 hours while samples were extracted at given 

intervals, filtered and analyzed using UV/VIS spectrophotometer [21]. 

 

2.8. Adsorption isotherm 

Langmuir, Freundlich and Temkin isotherms were applied to obtain the 

experimental equilibrium isotherm data in order to determine the maximum 

chlorophenol adsorption capacity of the prepared carbon [22]. The mathematical 

expressions of these equations can be written as follows [Eqs. (2), (3) and (6)]. 

Langmuir isotherm, q
e
=
QmKLCe

1+KLCe
                                                (2) 

Freundlich isotherm, q
e
=K𝐹Ce

1

n                                 (3) 

 

Temkin isotherm, q
e
 = B ln 𝐴𝑇 + B ln Ce                                          (4) 

 

  

2.9.  Adsorption kinetics 

In order to determine the kinetics and dynamics of the adsorption of 2,4-DCP 

onto AC4, pseudo first-order and pseudo second-order were tested. Both of these 

equations are expressed as follows [Eqs. (5) and (6)] [23]. 

log(𝑞𝑒 − 𝑞𝑡) = log(𝑞𝑒) −
𝑘1

2.303
𝑡                                                                          (5) 

𝑡

𝑞𝑡
=

1

𝑞𝑒
𝑡 +

1

𝑘2𝑞𝑒
2                                (6) 

 

2.10. Determination of rate of transport 

When one species moves from the solution bulk onto the solid phase, a transport 

process called intraparticle diffusion takes place. Intraparticle diffusion model 

was used to determine the rate constant of the transport as follows [Eq.  (7)]  

𝑞𝑡 = 𝑘𝑖𝑑𝑡1/2 + 𝐶                                                                                                   (7) 

3.  Results and discussion 

3.1. Physical characterization  

The yield, moisture and ash content percentage along with pH of AC1-AC5 are 

shown in Table 1. 

As shown in Table 1, AC2 with impregnation ratio of ZnCl2 (1:2) had the 

highest percentage of yield, which was 56.81%. The impregnation ratio of ZnCl2 

played an important role in the yield of AC as its increment increased the 

percentage of yield up to an optimum point. This can be explained by the 

inhibition of rapid release of volatile organic matter by ZnCl2, thus preventing the 
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shrinkage of the precursor and resulting in a higher conversion of product from 

raw material [18]. However, reduction in the percentage of yield occurred after 

the optimum point due to the degradation of ligonocellulosic matrix from the 

precursor resulting in increased pore opening which further intensify the 

dehydration and elimination reactions [24].  

 

Table 1. ACs with their relative yield, moisture, ash and pH. 

Sample 
Yield 

(%) 

Moisture content 

(%) 

 

Ash content 

(%) 
pH 

AC1 5

1.27 

2.60 5.00 6

.11 AC2 5

6.81 

3.60 6.42 5

.77 AC3 4

9.30 

4.81 7.33 5

.41 AC4 4

7.99 

5.40 7.62 5

.34 AC5 4

7.11 

6.59 8.02 5

.26  

The moisture content of ACs showed an increasing trend from AC1 to AC5. 

Impregnation ratio of ZnCl2 played another big role in this aspect. The moisture 

content of ACs increased with the impregnation ratios. AC5 had highest moisture 

content with 6.59% compared to the others. This is due to the increasing 

dehydration rate of ACs with the impregnation ratios [25]. More hydrogen and 

oxygen are being subtracted from raw material during the activation process [26]. 

Ash content of AC increased in proportion to the increased of ZnCl2 ratio. 

AC5 with ZnCl2 impregnation ratio of (5:1) had the highest ash content with 

8.02% as compared to the others. It can be concluded that ZnCl2 is one of the 

constituents in the ash, thus higher ash content was obtained. High impregnation 

ratio of ZnCl2 contributes to high ash content due to the formation of a large 

amount of insoluble inorganic compounds [25]. 

pH of all the prepared ACs ranged from 5.26 to 6.11. AC1 had the highest pH 

value of 6.11 while AC5 had the lowest pH value of 5.26. A decreasing trend of 

pH values was observed regarding to different concentration of ZnCl2. The pH 

value decreased with higher impregnation ratio of ZnCl2. This can be attributed to 

the hydrolysis of the metal salt in the presence of natural alkalinity to form acidic 

metal hydroxides thus reducing the alkalinity of the carbonized shells [25]. 

 

3.2.  Surface functional group of AC 

Figure 1 shows the FTIR spectra for the OPS and the ACs.  The spectra for OPS 

and ACs have three similar spectra at peaks of 1000-1150 cm
-1

, 1600-1630 cm
-1

 and 

3400-3450 cm
-1

. All the spectra showed a wide adsorption band at 1000-1150 cm
-1

 

due to C-O stretching in acid, alcohols, phenols, ethers and esters. There was a 

sharp and strong peak at 1600-1630 cm
-1

 due to C=C aromatic ring stretching 

vibration which is enhanced by polar functional group. Another peak shown at 

approximately 3440 cm
-1

 was attributed to stretching of the O-H hydroxyl groups. 

An adsorption band at approximately 2910 cm
-1

 which was attributed to the 

asymmetric and symmetric C-H stretching was found in the spectrum of raw 

material but not in spectra of ACs. It may due to the strong dehydrating ability of 
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ZnCl2 to remove a large amount of hydrogen from ACs [27]. Besides that, the peak 

at 1740 cm
-1

 which was associated with aldehyde and ketone has disappeared in the 

spectra of ACs. It may due to thermal instability in high temperature, resulting in 

more weakly bound substituent being removed [18, 19, 28]. 

 
 

Fig. 1. Combination of spectra for OPS and ACs. 

 

3.3.  Morphological study of AC  

The SEM was used to identify the porous structure and external surface of the 

AC. The size and distribution of the pores for the samples were prepared under 

different conditions as shown in Fig. 2. 

Figure 2(a) shows the morphological structure of the OPS, which has a few pores 

and resin covered pores on its surface. Figure 2(b) and (c) are the micrographs for 

AC1 and AC2 respectively. AC1 shows tunnel-like structure whereas AC2 shows 

crystalline structure. AC3 has a lot of impurities clogged on the pores as shown in Fig. 

2(d). This may due to the incomplete washing process and ZnCl2 residues left on the 

surface. AC4 shows a surface of numerous micropores on it. The presence of 

micropores can have a great effect on the adsorption of 2,4-DCP. This finding concurs 

with the BET surface area analysis presented in Table 2 and in Fig. 3. While Fig. 2(f) 

shows a very rough surface and surface damage on AC5. There are only few pores on 

the surface and this would affect the adsorption adversely.  
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(a) (b) 

  

(c) (d) 

  

(e) (f) 

Fig. 2. SEM micrographs of (a) OPS (2000X) (b) AC1 (7000X) (c) AC2 

(5000X) (d) AC3 (5000X) (e) AC4 (5000X) (f) AC5 (5000X). 

3.4. Specific surface area and pore-distribution  

AC4 was selected for surface area and pore distribution analysis.  The maximum 

Langmuir surface area of sample AC4 was found to be 1020 m
2
/g and the average 

pore diameter of 24.4 Å which is comparable with the findings of other 
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researchers [8-11, 29-31]. Table 2 represents the porous and surface 

characteristics of AC4. 

Table 2. Surface area, pore volume and pore size of AC4. 

  Surface area  

Langmuir surface area, m
2
/g 1.02x10

3 

BJH method cumulative adsorption surface area, m
2
/g 9.39x10

2 

BJH method cumulative desorption surface area, m
2
/g 9.83x10

2
 

Pore volume 

BJH method cumulative adsorption pore volume, m
3
/g 0.38x10

-2 

BJH method cumulative desorption pore volume, m
3
/g 0.39x10

-2
 

Pore size 

Average pore diameter, Å 24.40 

BJH method adsorption pore diameter (mode), Å  8.84 

BJH method desorption pore diameter (mode), Å 9.15 

Figure 3 shows N2 adsorption-desorption isotherm of AC4 which contains specific 

information on the porosity of the particles at the temperature of liquid nitrogen.  

 

Fig. 3. The N2 adsorption-desorption isotherms of the AC4. 

Figure 3 shows a Type I isotherm with no hysteresis loop. This type of 

isotherm pattern is called a single-molecule adsorption process and it is 

characterized by the continuous increase in the adsorption volume until the 

relative pressure reaches and exceeds a certain value. The isotherm data 

corroborate with the Langmuir isotherm model in section 3.8, indicating 

monolayer coverage with chemisorption adsorption properties and is in 

compliance with the pseudo-second-order reaction kinetics. This is a typical 

adsorption pattern in microporous solids [9, 10]. 
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3.5.  Effect of initial concentration 

Figure 4(a) shows that increasing the concentration of the target pollutant resulted 

in more 2,4-DCP molecules being adsorbed on the 0.5g of AC4 until intial 

concentration of 30ppm. Afterwhich, the adsorption capacity plateaus. This result 

is consistent with the findings reported by other researchers [32].  

 

 
 

(a) (b) 

 

(c) 

Fig. 4. (a) Effect of initial concentration on the adsorption capacity of AC4 

(b) Plot of adsorption capacity against solution pH (c) Effect of adsorbent 

dosage on 2,4-DCP removal efficiency. 

The adsorption uptake at equilibrium, 𝑞𝑒 of AC4 increased from 8.04 to 26.40 

mg/g as the initial concnetration of 2,4-DCP increased from 10 to 30 ppm. It can 

be explained by a large amount of vacant pores on the surface of activated carbon 

at the beginning of adsorption [33]. An increasing concentration gradient between 

adsorbate in solution and adsorbate in the adsorbent exists [34]. As the 

concentration increases, more adsorbate molecules are uptaked by the pores until 

they achieve equilibrium in which no more vacant pores for adsorption. At 40 

ppm concentration of 2,4-DCP, the adsorption uptake of AC remains the same, it 
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is due to all pore sites are being occupied and no more spaces for the remaining of 

adsorbates to adsorb onto, resulting in an equilibrium is achieved. 

 

3.6.  Effect of pH  

The pH of the adsorption medium plays an important role in adsorption of 2,4-

DCP by AC [35]. The effect of pH on adsorption of 2,4-DCP was studied over a 

pH range of 3–9 with the initial concentration of 2,4-DCP  fixed at 30 mg/L. 

Figure 4(b) shows the adsorption capacity of AC decreases with higher pH. 

Acidic medium with pH 3 had the highest adsorption uptake value of 21.60 mg/g 

whereas lowest uptake recorded was at pH 9 with 15.84 mg/g.  It is attributed to 

the 2,4-DCP, which is either neutral or positively charged in lower pH [36]. At 

acidic medium, 2,4-DCP  mostly exists as neutral species and the adsorbent 

surface is positively charged. There is no electrostatic repulsion between the 

adsorbent and adsorbate. Therefore, a strong attraction exists between the 

adsorbate and absorbent. At pH value of 9, the phenol group of the 2,4-DCP 

dissociates and forms phenolate anion while the surface functional groups on AC 

is either neutral or negatively charged [36]. Electrostatic repulsion between the 

same charges of adsorbent and adsorbate reduces the adsorption capacity. Similar 

observation was reported by researchers working with rice husk [37]. 

3.7. Effect of adsorbent dosage 

The effect of adsorbent dosage on the adsorption of 2,4-DCP can be concluded 

from Figure 4(c). The maximum adsorption of 2,4-DCP obtained with 0.5 g of 

AC4 was 73.33%. It can be explained by the number of available pore sites for 

adsorption increase with adsorbent dosage. More adsorbate molecules adsorb onto 

the carbon surface, resulting in a higher percentage of 2,4-DCP removal. 

3.8.  Adsorption isotherms 

The plot for Langmuir, Freundlich and Temkin are shown in Fig. 5 whereas the 

data is shown in Table 3.  

 

Table 3 .Langmuir, Freundlich and Temkin  

adsorption isotherm for adsorption of 2,4 DCP by AC4. 

Sample Langmuir model Freundlich model Temkin model 

AC4 
𝐾𝐿 Q

m
 𝑅2 KF 𝑛 𝑅2 𝐴𝑇 B 𝑅2 

0.2358 33.78 0.9438 102.78 1.994 0.7875 1.741 8.4991 0.8348 

 

The correlation coefficient (𝑅2) values of the isotherm models were used to 

ascertain which one fits the adsorption data of AC4. According to the data shown 

in Table 3, Langmuir model had a better correlation coefficient value, 𝑅2 of 

0.9438. This proved that the surface of AC is flat with no corrugations on it and 

single-layered adsorption occurred on the adsorbing sites of AC4 [29, 30]. 
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(a) (b) 

 
(c) 

Fig. 5. Plot for the adsorption of 2,4-DCP by AC4  

(a) Langmuir isotherm (b) Freundlich isotherm (c) Temkin isotherm.  

3.9. Adsorption kinetics 

In order to determine the kinetics and dynamic of adsorption of 2,4-DCP on the 

AC4, pseudo first-order and pseudo second-order were used. Figures 6(a) and (b) 

show the linear graph of log(𝑞𝑒 − 𝑞𝑡) against 𝑡 for pseudo first-order and  
𝑡

𝑞𝑡
 versus 𝑡 which was constructed for pseudo second-order respectively. Pseudo 

second-order had a higher correlation coefficient value of 0.9125. It showed that 

the kinetics and dynamic of adsorption of 2,4-DCP for AC4 fitted well into 

pseudo second-order.  In this model, the rate-determining step is the surface 

adsorption that is in conformity with chemisorption, where the removal of 2,4-

DCP from its solution was attributed to physicochemical interaction between 

adsorbate and absorbent [38]. 

3.10. Determination of rate of transport 

The transport mechanism was determined by plotting the amount of adsorbed 

species against a function of retention time. Correlation coefficient and their 

relationship were investigated. Figure 7 shows that the plot is a linear step, 

corresponding to the fast uptake of adsorbate and the equation was found to be as 

below [Eq. (8)]. 

𝑞𝑡 = 2.0797𝑡1/2 − 1.0965                                                                                   (8) 
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(a) (b) 

Fig. 6. Plot for the adsorption of 2,4-DCP by AC4  

(a) Pseudo first-order  (b) Pseudo second-order. 

 

 
Fig. 7. Plot of adsorption capacity against 𝒕𝟏/𝟐. 
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the rate-limiting step is not only affected by intrapartice transport, but affected by 

the transport of adsorbate through the particle-sample interphase on the pores as 

well as the availablility of pores on the surface of the adsorbent [38]. 

4.  Conclusions 

In this study, ZnCl2 was used to chemically activate OPS and produce ACs to be 

used for the removal of 2,4-DCP from aqueous medium. AC4 was the best AC, 

which had the highest adsorption capacity. Its adsorption capacity decreased with 

higher pH due to the strong repulsion forces between adsorbate and adsorbent 

surface. Adsorbent dosage had an significant effect on the adsorption as higher 
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dosage would remove more 2,4-DCP from the aqueous medium. The maximum 

BET surface area of AC4 was found to be around 1020 m
2
/g. Adsorption 

equilibrium of AC4 was best described by Langmuir isotherm equation with 

maximum monolayer adsorption capacity of 26.40 mg/g for the removal of 2,4-

DCP from aqueous medium. Besides, Pseudo second-order was found to describe 

the adsorption kinetic best and was in collaboration with BET surface area and 

adsorption isotherms, proving that the chemisorption was the dominant rate-

determining step in this adsorption study.  
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