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Adsorption of Copper (II) Ions onto Surfactant-Modified Oil Palm 

Leaf Powder 

M. Rafatullah·, o. Sulaiman, R. Hashim, M. H. M. Amini and M. Danish 

Division of Bioresource, Paper and Coatings Technology, School of Industrial Technology, 

Universiti Sains Malaysia, 11800 Penang, Malaysia 

ABSTRACT 

Oi l palm leaf powder (OPLP), an agricultural so lid waste was used as adsorbent for the 

removal of copper (II) ions after modification with an anionic surfactant, sod ium dodecyl 

benzene sulfonate (SDBS), CH3(CH2)11 C6H4S03Na. The copper (II) ions adsorption is highl y 

dependent on pH and maximum removal was observed at pH 6, above which copper (II) started 

to precipitate. The equilibrium adsorption data were fi tted into the Langmuir and Freundlich 

isotherms. The Freundlich isotherm model fitted well to data with 0.989 regress ion coeffi cient 

(R2
). The kinetics of the adsorption of copper (II) ions onto the surfactant-modified OPLP was 

best described by a pseudo-second-order model. Comparison of this SDBS-modified-OPLP to 

previously investigated adsorbents showed comparably good result, offering this material as a 

promising adsorbent for the treatment of waste waters containing lower concentrations of copper 

(II) ions. 

Keywords: Oil palm leaf, Surfactant, Adsorption, Copper (II), Kinetic. 
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INTRODUCTION 

Heavy metals are polluting water around the world, creating a world-wide environmental 

problem. Metals such as copper, nickel, lead, mercury, chromium, cadmium and zinc, which 

have been considered as hazardous heavy metals are commonly found in waste. These heavy 

metals are toxic and their presence in steams leads to accumulation in living organisms, causing 

health problems in human beings, plants, and animals.!'1 It has been reported that excessive 

intake of copper by humans may lead to severe mucosal irritation, hepatic and renal damage, 

capi llary damage, gastrointestinal irritation and central nervous system irritationl 2] So the 

removal of these metals from waste water is necessary. Several processes have been suggested to 

remove heavy metals from waste water. These processes include chemical precipitation, ion 

exchange, cementation,l3J coagulation and flocculation, [4J complexation, adosorption, [5, 6]and 

membrane processesYl 

At present, there is growing interest in using low-cost, commercially available materials 

for the adsorption of heavy metals. The use of agricultural wastes for the treatment of polluted 

water is also an attractive and promising option for the environment2
. A wide variety of 

agricu ltural waste materials are being used as low-cost alternatives to expensive adsorbents. 

Attention was given to utilization of oil palm leaf as an adsorbent, Malaysia was the largest 

producer and exporter of palm oil in the world in 2006, comprising of 52 % or 26.3 million 

tonnes of the total world oil and fat production and the demand is forecasted to be increasing 

each year, which means more and more waste will be producedJS] 

To enhance the capacity of adsorbent to adsorb heavy metal IOns, many chemical or 

physical treatment and surface modification methods have been introduced. Among these 

methods, surface modification method using surfactants can significantly enhance the capacities 

2 
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of adsorbent to absorb heavy metal ions.[9-13] Surfactants are chemicals that have molecules w ith 

a hydrophobic tai l and a hydrophilic head, and have been appl ied to modify the surface 

properties of a solid surface. 

In this study, we attempted to improve the capacity of oil palm leaf powder (OPLP) to 

adsorb copper (II) ions. We modified the surface of the OPLP by impregnating it with the 

anionic surfactants sodium dodecyl benzene sulfonate (SDBS). Capacities of the SDBS-

modified-OPLP to adsorb copper (II) ions were examined under various conditions. The 

adsorption isotherms, kinetics and its mechanism at different concentrations are discussed. 

MATERIALS AND METHODS 

Adsorbent Preparation 

Oil palm leaves (Elaeis guineensis) were obtained from an oil palm plantation in Kedah, 

Malaysia. Oi l palm leaves were washed with distilled water to remove dust and so luble 

substances. The leaves were dried, ground and washed thoroughly with disti lled water for several 

times and dried in an oven at 60 ± 5°C for 48 hours. For modification of adsorbent, Sodium 

dodecyl benzene sulfonate (SDBS), (CH3(CH2) II C6H4S03Na) analytical grade from Sigma-

Aldrich were used. Method from Namasivayam and Sureshkumar (2006) [14] was adopted with 

modification of treatment period. Each ten grams of OPLP were mixed with 100 ml of 2 % 

SDSS and stirred using magnetic stirrer for 24 hours. SDBS-modified-OPLP were filtered and 

washed with disti lled water for several times to remove excessive surfactant. SDBS-modified-

OPLP parti cles were dried inside an oven at 50 ± 2°C, sieved to get particle size between 25 0-

500 /lm and stored for furth er studies. 

3 
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Adsorbate Solutions 

Stock solution of metal ions were prepared using copper (II) nitrate hemipentahydrate 

(Cu(N03)2'2.5H20) analytical grade from Sigma-Aldrich, dissolved into distilled water to a 

concentration of 1000 mg/L. Stock solution was further diluted to different desired 

concentrations. 

Batch Adsorption Studies 

Batch adsorption studies were carried out by shaking 0.5 g of the SDBS-modified-OPLP 

with 50 ml of the aqueous solutions of copper (II) in different conical flasks using a temperature-

controlled shaker. The solution-adsorbents mixtures were stirred at 125 rpm and at the end of 

pre-determined time interval the reaction mixtures were filtered out and analyzed for its metal 

ion concentrations using Atomic Absorption Spectrometer, AAS (Analyst 100 Perkin Elmer). 

The adsorption experiments were also conducted to determine the equi librium time (20, 40, 60, 

80, 100, 120, 140, 160, 180 and 300 min.), pH of the solution (2, 3, 4, 5, 6, 7, 8 and 9), initial 

concentrations (1 , 10,25,50, 100 and 200 mg/L) and dosage of the adsorbent (0.5 , 1.0, 1.5,2.0, 

2.5, 3,0, 3.5, 4.0, 4.5 and 5.0 g) for maximum adsorption. All the investigations were carried out 

in triplicate to avoid any discrepancy in experimental results. Metal solution controls were kept 

throughout the experiment to maintain quality control. The percentage of metal adsorption by the 

adsorbents was computed using the equation: 

% adsorption = {(Ci - Ce) / Ci} 100 (1) 

where, Ci and Ce are the initial and equilibrium concentration of metal ion (mg/L) In the 

so lution. 

4 
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RESULTS AND DISCUSSION 

Scanning Electron Microscopy of SDBS-modified-OPLP 

Scanning electron microscopy (Carl-Ziess SMT, Oberkochen, Germany) analysis was 

carried out on SDBS-modified-OPLP to study its surface morphology before and after adsorption 

of copper (II) ions. Figure 1 (a) and 1 (b) shows the SEM micrographs of SDBS-modified-OPLP 

adsorbents before and after copper (II) adsorption. Figure 1 (a) shows that the SDBS- modified-

OPLP consist a rough surface morphology with pores of different sizes. These pores are very 

useful for copper (II) adsorption. Figure 1 (b) shows that the surface of copper (II) loaded SDBS-

modified-OPLP is covered with copper (II) ions. 

Effect of Contact Time and Initial Concentration 

The effect of contact time and initial concentration of copper (II) ions on the percentage 

removal by SDBS-modified-OPLP is shown in Figure 2. The adsorption of copper (II) ions onto 

SDBS-modified-OPLP increases with time and then attains equilibrium value at a time of about 

120 min. The removal of copper (II) ions was found to be dependent on the initial concentration; 

the percent adsorption increasing with increase in initial concentration. Further, the time curve 

shows that the percent removal of copper (II) ions is rapid but it gradually slows down until it 

reaches the equilibrium. At low concentrations the ratio of avai lable surface to the initial copper 

(II) concentration is larger, so the removal becomes independent of initial concentrations. 

However, in the case of higher concentrations this ratio is low; the percentage removal then 

depends upon the initial concentration and had only a small influence on the time of contact 

necessary to reach equilibrium. On changing the initial concentration from I to 200 mg/L, the 

percent removal increased from 93.82 to 98.75 % for a tim p riod of 120 min. The plots are 

5 
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smooth and continuous, suggesting the possible adsorption of copper (II) ions on the surface of 

SDBS-modifi ed-OPLP. Consequently, the concentration of copper (II) will greatly affect the 

extent and rate of copper (II) uptake onto SDBS-modified-OPLP. 

Point of Zero Charge (pHzpc) Determination and Effect of pH 

The effect of pH on the adsorption of copper (1I) ions by SDBS-modified-OPLP was 

studied by varying pH of the solution over the range of 2-9 using different concentration. The 

determination of pHzpc of SDBS-modified-OPLP was performed according to the solid addition 

method. lIS
] 50mL of O.OIM KN03 solution was placed in conical flasks. The initial pH of the 

solutions was adjusted to a value between 2 and 9 by adding 0.1 M HCI or NaOH solutions. 

Then, I g of SDBS-modified-OPLP was added to each flask, strirred and the final pH of the 

solutions was measured after 24 h. The value of pHzpc can be determined from the curve that 

cuts the pHo line of the plot ilpH versus pHo. The pHzpc of an adsorbent is a very important 

characteristic that determines the pH at which the adsorbent surface has net electrical neutrality . 

At thi s value, the acidic or basic functional groups no longer contribute to the pH of the solution. 

The va lue of pHzpc is close to the value of pH of aqueous slurry which is 5.9. The effect of pH 

on the adsorption of copper (II) ions on SDBS-modified-OPLP is presented in Figure 3. It shows 

that the adsorption of copper (II) in the pH range of 2 to 5 varies between 52 % and 80 %. The 

percentage removal of copper (II) ions was minimum at the pH 2 and increased with further 

increase in pH. At pH value lower than 5, the adsorption capacities were found to be low due to 

the competitive adsorption of H03+ ions and metal ions for the same active adsorption site. As 

the pH increased, the adsorption surface become less positive and therefore electrostatic 

attraction between the metal ions and SDBS-modified-OPLP surface is likely to be increased. 

However, at higher pH values of 6 to 9 the metal adsorption decreased. A decrease in adsorption 

6 
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at high pH is due to the formation of soluble hydroxyl complexes. The maximum sorption 

efficiency is around pH 6. 

Effect of Adsorbent Dosage 

Effect of adsorbent dosage on the percent adsorption was conducted to evaluate the 

efficiency of adsorption at different amount of adsorbent. Figure 4 shows the removal of copper 

(11) ions by SDBS-modified-OPLP at different dosage of adsorbent (0.5-5.0 g) at initial 

concentration of 100 mglL of copper (II) solution and 30°C. From figure 4 it was observed that, 

the percentage of copper (II) removal increased from 68.92 to 97.27 % with an increase in 

adsorbent dosage from 0.5 to 5.0 g. The percentage removal increased with the SDBS-modified-

OPLP dosage, the increase in adsorption of copper (II) with adsorbent dosage can be attributed to 

increased surface area and the availability of more adsorption sites. 

Adsorption Isotherm Studies 

To quantify the adsorption capacity of SDBS-modified-OPLP for the removal of copper 

OJ) from aqueous solution, the Freundlich and Langmuir isotherm models were used. 

Freundlich Adsorption Isotherm Model 

The Freundlich model can be applied for non-ideal adsorption on heterogeneous surfaces 

and multilayer adsorption.[l6] According to this model: 

Inqe = InKF + lin InCe (3) 

where, Ce is the equilibrium concentration (mg/L) and qe is the amount adsorbed per specified 

amount of adsorbent (mg/g)., KF is Freundlich equilibrium constant, n is an empirical constant. 

Thus, a plot of lnqe vs InCe should be a straight line with a slope l/n and an intercept of InKF as 

shown in Pi ure 5. The correlation coefficient (R2) val of 0,989 indicated that the adsorption 

7 
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data of copper (II) ions onto SDBS-modified-OPLP was well fitted to the Freundlich isotherm. 

The related parameters were calculated and reported in Table I. The Freundlich type adsorption 

isotherm is an indication of surface heterogeneity of the adsorbent and thus is responsible for 

multilayer adsorption due to the presence of energetically heterogeneous adsorption sites. This 

leads to the conclusion that the surface of SDBD-modified-OPLP is made up of small 

heterogeneous adsorption patches which are very much similar to each other in respect of 

adsorption phenomenon. 

Langmuir Adsorption Isotherm Model 

This model assumes that the adsorptions occur at specific homogeneous sites on the 

adsorbent and is used successfully in many monolayer adsorption processes.l17] The data of the 

equilibrium studies for adsorption of copper (II) onto SDBS-modified-OPLP may follow the 

fo ll owing form of Langmuir model: 

Where, KL is the Langmuir equilibrium constant and b is the amount of adsorbate required to 

form a monolayer. Hence, a plot ofCe/qe vs Ce shou ld be a straight line with a slope (l ib) and an 

intercept as (1/b.Kd as shown in Figure 6. The Langmuir type adsorption isotherm indicates 

surface homogeneity of the adsorbent and hint towards the conclusion that the surface of 

adsorbent is made up of small adsorption patches which are energetically eq uivalent to each 

other in respect to adsorption phenomenon. The values of constants KL and b were calculated 

and reported in Table 1. 

It appears that Freundlich isotherm model best fits the experimental results than 

Langmuir isotherm model over the experimental range with good correlation coefficient 

8 



Technical Report - only for internal use, not meant for distribution. This rep0l1 is being used for 
journal submission 

(R2=O.989). Model constants of both Freundlich and Langmuir along with correlation co-

efficient values are listed in Table I . 

Kinetic Studies 

This study describes the solute uptake rate and evidently this rate controls the residence 

time of adsorbate uptake at the solid-liquid interface. The mechanism of adsorption depends on 

the physical and chemical characteristics of the SDBS-modified-OPLP. In order to determine the 

adsorption kinetics of copper (II), the First-order reversible reaction, pseudo-first order and 

pseudo-second order models were checked. The conformity between experimental data and the 

model predicted values was expressed by correlation coefficient (R2
). 

First-Order-Reversible Model 

A simple first-order reversible reaction model can be expressed as 

~ 
A+SDBS-OPLP B (5) 

( k 
- I 

The rate equation for the reaction is expressed as 

d[B] = _ d[A] = k [A] _ k_ [B] = [A] dXA 

dt dt I I dt 

Here, [8] (mg/g) is the concentration of adsorbate on the adsorbent and [A] (mg/L) is the 

concentration of adsorbate in solution at any time. [Bo] and [Ao] are the initial concentrations of 

the adsorbate on adsorbent and solution, respectively. 

XA= Fraction of adsorbate 

kJ & k-J= Forward and backward rate constants of first order reaction 

Under equilibrium conditions, the rates of forward and backward reactions are equal , therefore: 

9 
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K = [Be] = [Bo] + [Ao]X Ae = ~ 
(' [Ae1 [Ao] - [AO] XAe k_1 

x =K('[Ao] - [Bo] 
Ae KdAo]+[Ao] 

(7) 

In the above reaction Ae represents the equilibrium concentration of solute A and Kc is the 

equilibrium constant. The rate equation in terms of equilibrium convers ion can be obtained from 

eq. (6) and (7): 

(8) 

By rearranging and integrating eq. (8) and substituting k j== k j/Kc, we get 

(9) 

We define here new term fractional attainment of equilibrium, U, and net rate constant kn, 

(10) 

(11 ) 

Eq. (9) can be rewritten with the help of eq. (10) and (l ]) : 

111(1 - U) = - kJ (1 2) 
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Plot of Eq. (1 2) was made for SDBS-modified-OPLP at different concentrations. The 

representation of plot is shown in Figure 7. Approximate linear fits were generally observed for 

different concentrations indicating that adsorption reaction can be approximated to be of the 

first-order reversible kinetics. Correlation coefficients were found to be from 0.937 to 0.981 

which implies there is no good correlation for the first order kinetic model. Constants kn, kl ' k_l 

and Kc were calculated and are summarised in Table 2. 

Pseudo-First-order Model 

The pseudo-first order rate model equation given by Lagergren (1 898) is: lI8
] 

(1 3) 

Where, 

qt = adsorption capacity at time t, in mg/g, qe = adsorption capacity at equilibrium, in mg/g and 

k l ' = rate constant for pseudo first order adsorption, in min.- 1 

Eq. (1 3) on integration under boundary conditions, t = 0 to t = t and qt = 0 to qt = qt gives 

In( qe ) = k;t 
qe - ql 

Above equation can be rearranged to give the following equation: 

(14) 

II 
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Thi s is the most popular form of pseudo-first-order kinetic model equation. Plot ofeq. (14) was 

done for SDBS-modified-OPLP at different concentrations (Figure 8). Approximately linear fits 

were observed for different concentrations. The smallest correlation coefficients were to be 

found from 0.938 to 0.974. Therefore, it can be concluded that although this model does not 

satisfy, but is better than the earlier model. Constants k l ' and correlation coefficients for all 

possib le changes have been calculated and are summarised in Table 2. 

Pseudo-Second-Order Model 

The kinetic data were analyzed using the pseudo-second-order model ll9
] which, can be 

expressed as: 

(1 5) 

Where, qe and qt (in mg/g) are the adsorption capacities at equilibri um and at time t, respectively, 

and k2 is the rate constant of the pseudo- second order reactions, with unit g/mg/min. 

On integrating eq. (15) with boundary conditions t :::: 0 to t:::: t and qt :::: 0 to qt :::: qt we get 

I 1 
---=-+k2t 
(q" - q{) qe 

(16) 

Eq. (16) is the integrated rate law for pseudo second order adsorption . It can be rearrange to the 

linear form given below: 

tIt 
-::::-- + -
q{ k2q; qe 

(17) 

The above equation can be rewritten as fo llows: 

tIl 
-=-+-1 
q{ h qe 

(18) 
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Where, h is initial sorption rate as qt/t~O, hence h = k2 qe2 

Eq. (1 7) does not have the disadvantage of assigning an effective qe if pseudo-second order 

kinetics is applicable, the plot of t/qt against t of eq. (17) should give a linear relationship, from 

which qe, k2 and h can be calculated from the slope and intercept of the plot and there is no need 

to know any parameter beforehand. The sample plot for SDBS-modified-OPLP at different 

concentrations is given in Figure 9 and values for qe, k2 and h were calculated and are reported in 

'fable 2. The correlation coefficient (R2) values for this model are 0.990 to 0.996 which is very 

much close to the ideal correlation coefficient value. Hence it can be establ ished that the 

adsorption of copper (II) ions onto SDBS-modified-OPLP perfectly fo llows the pseudo second 

order kinetic model. 

Comparison With Other Adsorbents 

'fable 3 showed comparison of SDBS-modified-OPLP with vanous adsorbents in 

removal of copper (II) ions from aqueous solution. Adsorption capacity of SDBS-modified-

OPLP is comparably high to some other available adsorbents, showing its advantage over the 

others as water or wastewater cleaning material. 

CONCLUSIONS 

The present study showed that SDBS-modified-OPLP, an agricultural waste material, can 

be used as an adsorbent for the removal of copper (II) ions from aqueous solutions. Equilibrium 

data fitted very well in the Freundlich isotherm equation, confirming the multi layer adsorption 

capacity of copper (II) ions onto SDBS-modified-OPLP with adsorption capacity of 75 .98 mg/g. 

The rate of adsorption was found to conform to pseudo-second-order kinetics with a good 

correlation. Taking into consideration of the above resul ts, it can be on luded that the SDBS-

13 
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modified-OPLP can be an alternative material for more costly adsorbents used for copper (II) 

ions removal in wastewater treatment processes. 
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Figure Captions 

FIG. 1. SEM micrographs of SDBS-modified-OPLP (magnification 500) : (a) before adsorption 

and (b) after adsorption. 

FIG. 2. Effect of contact time and initial concentration for the adsorption of copper (II) ions: pH 

= 6, Temperature = 30°C, Volume of solution = 50 ml, Adsorbent dosage = 10 giL. 

FIG. 3. Effect of solution pH for the adsorption of coper (II) ions: Contact time = 120 min., 

Initial concentration = 100 mglL, Temperature = 30°C, Volume of solution = 50 ml, Adsorbent 

dosage = 10 giL. 

FIG. 4. Effect of adsorbent dosage for the adsorption of copper (II) ions: Contact time = 120 

min., pH = 6, Initial concentration = 100 mglL, Temperature = 30°C, Volume of solution = 50 

ml. 

FIG. 5. Freundlich adsorption isotherm plots for the adsorption of copper (II) ions at 30°C. 

FIG. 6. Langmuir adsorption isotherm plots for the adsorption of copper (II) ions at 30°C. 

FIG. 7. First-order-reversible kinetic plots for copper (II) adsorption onto SDBS-modified-

OPLP. 

FIG. 8. Pseudo-fIrst-order kinetic plots for copper (II) adsorption onto SDBS-modified-OPLP. 

FIG. 9. Pseudo-second-order kinetic plots for copper (II) adsorption onto SDBS-modified-

OPLP. 
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TABLE 1 

Adsorption isotherm constants and correlation coefficients for the adsorption of copper (II) ions 

onto SDBS-modified-OPLP at 30°C 

Freundlich isotherm constants 

KF (mg/g) = 75 .98 

n = 1.146 

R2 = 0.989 

Langmuir isotherm constants 

b (mg/g) = 86.95 

KL (Lim g) = 1.353 

R2 = 0.785 
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TABLE 2 

First-order-reversible-reaction, Pseudo-fIrst-order and pseudo-second-order models for the 

adsorption of copper (II) onto SDBS-modified-OPLP at different concentrations 

Kinetic Models and its Initial concentrations (mg/L) 

Parameters 10 20 50 100 200 

ge, exp. (mg/g) 1.023 1.524 1.820 2.534 3.286 

First-order-reversible-reaction kinetic model 

0.426 0.033 0.031 0.028 0.018 

0.032 0.024 0.023 0.01 9 0.010 

0.010 0.009 0.008 0.009 0.008 

3.2 10 3.01 5 2.654 2.201 1.532 

0.964 0.937 0.98 1 0.954 0.955 

Pseudo-first-order kinetic model 

ge, cal (mg/g) 

k l ' (min-I) 

0.014 0.016 0.025 0.036 0.139 

0.043 0.035 0.030 0.027 0.01 8 

0.971 0.953 0.974 0.93 1 0.956 

Pseudo-second-order kinetic model 

ge, cal (mg/g) 

k2 (g mg- Imin- I
) 

h (mg g- Imin-I) 

0.280 0.5 17 1.077 2.01 2 3.656 

0.223 0.328 0.342 0.268 0.372 

0.017 0.087 0.396 1.084 4.972 

0.990 0.995 0.996 0.992 0.997 
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TABLE 3 

Comparison of adsorption capacities of various adsorbents for copper (II) ions 

Adsorption capacity 
Adsorbents Refferences 

(mg/g) 

SDBS-modified-OPLP 75.98 This study 

Modified bagasse 101.01 (Jiang et aL, 2009)l1J 

Raw bentonite 42.41 (Eren, 2008)120J 

Hazelnut shell activated carbon 51.52 (Demirbas et aL, 2009)l211 

Orange peel 44.28 (Feng et aI. , 2009)l22J 

Chitosan coated PVC beads 87.92 (Pop uri et aL, 2009)l23J 

Unmodified OPLP 11 .22 (Othman et aL, 2010)l24J 

20 



Technical Report - on ly for internal use, not meant for di stribution. This repOli is being used for 
journal submission 

(a) 

(b) 

FIG. 1. SEM micrographs of SDBS-modified-OPLP (magnification 500) : (a) before adsorption 

and (b) after adsorption. 
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FIG. 5. Freundlich adsorption isotherm plots for the adsorption of copper (II) ions at 30°C. 

25 



Technical RepOli - only for internal use, not meant for distribution. This report is being used for 
journal submission 

0.012 • 

0.011 Y 
• 

~ 0.010 • • • .s • • . 
:!r 0.009 
o:::! 
Ol 
E 
;.0.008 

0.007 

0.006 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 

C e (mg/L) 
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Abstract 

Oil palm leaf powders (OPLP), an agricultural waste material, were used as 
new non-conventional and low-cost adsorbents for the removal of copper (II) ions 
from aqueous solution. Batch studies were performed to evaluate and optimize 
the effects of various parameters such as contact time, pH of the solution, ini­
tial metal ion concentrations and adsorbent dosage. Langmuir, Freundlich and 
Temkin isotherms were used to analyze the equilibrium data at different temper­
atures. The experimental data fit well with the Langmuir adsorption isotherm, 
indicating thereby the mono layer adsorption of the copper (II) ions. The mono­
layer sorption capacity of OPLP for copper (II) ions was found to be 11.22 mglg 
at 30°C. The thermodynamic parameters like standard free energy, standard en­
thalpy, and standard entropy changes for the adsorption of copper (II) ions have 
also been computed and discussed. The heat of adsorption [.6.Ho = -39.84 kl/mol] 
implied that the adsorption was exothermic in nature. 

KEYWORDS: oil palm leaf, adsorption, copper (II) , isotherm, thermodynamic 
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1. INTRODUCTION 

Heavy metals are found in the wastewater streams of industrial processes, 
including textiles, metal plating to metal finishing, mining operations, tanneries, 
automotive, battery manufacturing, steel industries, paint manufacturing and 
electronic industries as well as improper disposal of metal based materials (Bryant 
et aI., 1992; Nag, 1995; Shukla et aI., 2002). 

Copper was among the hazardous material that pollute the environment. 
Copper is used as a metal in machinery, construction, transportation and military 
weapons as well as an important component of white gold and other alloys used 
for imitation of jewellery. Containers involving copper materials may contaminate 
the products such as food, water or drink. Copper is essential to human life and 
health however, like all heavy metals, it is also potentially toxic. As an example, 
an intake of excessively large doses by man may lead to severe mucosal irritation, 
a central nervous system irritation, possible necrotic changes in the liver and 
kidney, etc. (Larous et aI., 2005). The permissible limit of Cu is 2.5 mg/L in 
drinking water (Balkose and Baltacioglu, 1992). 

In developed countries, removal of heavy metals from wastewater is 
normally achieved by advanced technologies such as ion exchange, chemical 
precipitation and electrochemical deposition (Jiang et aI., 2009). But these 
technologies do not seem to be economically feasible because of their relatively 
high costs and that developing countries may not afford such technologies. 
Therefore, there is a need to look into alternatives to investigate a low-cost 
method, which is effective and economical. To overcome this difficulty there is a 
strong need to develop cheap adsorbents, which can be used in developing 
countries. 

At present, there is growing interest in using low-cost, commercially 
available materials for the adsorption of heavy metals (Aydin et aI., 2008). The 
use of agricultural wastes for the treatment of polluted water is also an attractive 
and promising option for the environment (Larous et aI., 2005). A wide variety of 
agricultural waste materials such as modified bark (Gloaguen and Morvan, 1997), 
sawdust (Ajmal et aI., 1998; Shukla et aI., 2002; Rafatullah et aI., 2009; Ahmad et 
aI., 2009), orange peel (Feng et aI., 2009), teak leaves powder (King et aI., 2006), 
Pinus sylvestris biomass (Ucun et aI., 2009) soybean straw (Zhu et aI., 2008) 
bagasse (Jiang et aI., 2009), pecan nutshell (Vaghetti et aI., 2009), papaya wood 
(Saeed et aI., 2005) and rubber tree leaf (Ngah and Hanafiah, 2008) are being 
used as low-cost alternatives to expensive adsorbents. 

Attention was given to utilization of oil palm leaf as an adsorbent for 
removal of copper (II) ions from aqueous solution. Malaysia was the largest 
producer and exporter of palm oil in the world in 2006, comprising of 52 % or 
26.3 million tonnes of the total world oil and fat production and the demand is 
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forecasted to be increasing each year, which means more and more waste will be 
produced (Sumathi et al., 2008). Leaf from oil palm tree could be easily obtained 
in large amount and at low cost. Further researches could open possibility of using 
oil palm leaf waste in industrial wastewater pollution management. The aim of 
this paper is to assess the potential of oil palm leaf powders (OPLP) for uptake of 
copper (II) ions from aqueous solutions. The effects of contact time, pH of metal 
solution, dosage of adsorbent and initial concentration of metal ion solution were 
studied. The adsorption isotherm and probable mechanism were explained. The 
thermodynamic parameters for the sorption of copper (II) ions have also been 
computed and discussed. 

2. MATERIALS AND METHODS 

2.1 Adsorbent 

Oil palm leaves (Elaeis guineensis) were used as adsorbent for the sorption of 
copper (II) ions from aqueous solutions. It was collected from Kedah, Malaysia. 
Oil palm leaves were washed with deionized water to remove dust and soluble 
impurities. The leaves were dried, ground and sieved to a constant size of 2S01l­
SOOIl. OPLP was washed extensively again with distilled water for several times 
and dried in an oven at 60±SoC for 48 hours. The OPLP was placed in an airtight 
container for further use. 

2.2 Adsorbate Solutions 

Stock solution of metal ions were prepared by dissolving copper (II) nitrate 
hemipentahydrate (Cu(N03)2·2.SH20 ) into distilled water to a concentration of 
1000mg/L. Stock solution was further diluted to different desired concentrations. 
All the chemicals used were of analytical reagent grade and were obtained from 
Sigma-Aldrich and Fluka (Germany). 

2.3 Scanning Electron Microscopy, Fourier Transform Infrared Study and 
Surface Area Analysis 

Scanning electron microscopy (Carl-Ziess SMT, Oberkochen, Germany) analysis 
was carried out on OPLP to study its surface morphology before and after 
adsorption of copper (II) ions. Fourier Transform Infrared (Nicolet, AVATAR 
FTIR-360) analysis was done on the natural OPLP and copper (II) adsorbed 
OPLP to determine the surface functional groups that might be involved in copper 
(II) ions sorption and the spectra were recorded from 4000 to 400 cm - 1. The 
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surface area of OPLP was determined using a Micromeritics ASAP 2010 gas 
adsorption surface analyzer. 

2.4 Batch Adsorption Studies 

Batch adsorption studies were carried out by shaking 0.5 g of the OPLP with 50 
ml of the aqueous solutions of copper (II) in different conical flasks using a 
temperature-controlled shaker. The solution-adsorbents mixtures were stirred at 
125 rpm and at the end of pre-determined time interval the reaction mixtures were 
filtered out and analyzed for its metal ion concentrations using Atomic 
Absorption Spectrometer, AAS (Analyst 100 Perkin Elmer). The adsorption 
experiments were also conducted to determine the equilibrium time (20, 40, 60, 
80, 100, 120, 140, 160, 180,200 and 240 min.), pH of the solution (1,2,3,4,5,6, 
7 and 8), initial concentrations (1, 10, 25, 50 and 100 mg/L),dosage of the 
adsorbent (0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 g) and temperatures (25, 
30, 40, 50 and 60 DC) for maximum adsorption. All the investigations were 
carried out in triplicate to avoid any discrepancy in experimental results. Metal 
solution controls were kept throughout the experiment to maintain quality control. 
The percentage of metal adsorption by the adsorbents was computed using the 
equation: 

% adsorption = {(Ci - Ce) / Ci} 100 (1) 

where Ci and Ce are the initial and equilibrium concentration of metal ion (mg/L) 
in the solution. 

3. RESULTS AND DISCUSSION 

3.1 Characterization of Adsorbent 

The Brunauer-Emmett-Teller (BET) surface area and average pore diameter were 
determined. The value of BET surface area, under the detection level of the 
apparatus is 1.435 m2g- l

. Pore sizes are classified in accordance with the 
classification adopted by the International Union of Pure and Applied Chemistry 
(IUP AC), that is, micropores ( diameter (d) < 20A), mesopores (20A < d < 500A), 
and macropores (d > 500A). The average p'ore diameter determined by Barrett­
Joiner-Halenda (BJH) method was 62.48 A, suggesting that OPLP consists of 
mesopores. 

The SEM micrograph of OPLP is shown in Figure 1. Figure 1 a shows the 
OPLP possesses a surface morphology with pores of regular sizes. These pores 
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are useful to copper (II) ions adsorption. OPLP loaded with copper (II) ions 
Figure 1 b, however, shows the surface of OPLP is covered with copper (II) ions. 
The surface of copper (II) loaded adsorbent is different from the surface of natural 
adsorbent. 

(a) 

(b) 

Figure 1. SEM micrographs of OPLP (magnification 500): (a) before adsorption 
and (b) after adsorption 
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The FTIR spectrum of OPLP before and after adsorption showed that 
some peaks were altered during the treatment (Figure 2 and Table 1). A peak at 
3420 cm-1 was detected, representing O-H stretching of phenolic group of 
cellulose and lignin. Peaks at 2923 cm-I and 2857 cm-1 showed presence of C-H 
stretching of aliphatic compounds. Peaks were also detected at 1732 cm-1

, 1649 
cm-1 and 1513 cm-I which indicates availability of c=o stretching, -C=C­
stretching and N-O asymmetric stretching of aldehydes, alkenes and nitro 
compounds respectively. C-C stretching of aromatic compound was detected at 
1458 cm-1 whereas CH3 bendin? appeared at 1375 cm-I

• There is C-N stretching 
of aromatic amines at 1325 cm- while peaks at 1239 cm-1 and 1061 cm-1 might 
be C-O stretching of alcohols, carboxylic acids, esters and ethers (Rafatullah et 
aI., 2009). Slight changes were detected within the peaks of FTIR spectrum after 
adsorption process as shown in Figure 2b. Changes in functional groups were 
believed due to involvement of them in sorption process either through chemical 
complexation or through physical Van der Waals forces. The characterization of 
the solid support showed that its morphology is represented by mesopores a fact 
which explain the moderate specific area. An elementary analysis by FTIR 
confirms the presence of the different identified functional groups which are 
responsible for this change. 

. (b) 

i 

1500 1000 500 
\Vavf>U1unb pu (f1u-1) 

Figure 2. FTIR spectra ofOPLP: (a) before adsorption and (b) after adsorption 
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Table 1. FTIR of OPLP 

S. 
Freguency {cm-I

} 

No. 
Before After Differences Assignment 

adsor~tion adsor~tion 

1 3420 3424 -4 O-H stretching 
2 2923 2925 -2 C-H stretching 
3 2857 2859 -2 C-H stretching 
4 2359 N-H stretching 
5 1732 1729 3 C=O stretching 
6 1649 1646 3 -C=C- stretching 
7 1513 1516 -3 N-O asymmetric stretch 
8 1458 1457 1 C-C stretch (in-ring) 
9 1375 1375 0 CH3 bending 
10 1325 C-N stretching 
11 1239 1236 3 C-O stretch 
12 1103 C-O stretch 
13 1061 1052 9 C-O stretch 

3.2 Effect of Contact Time and Initial Metal Concentration 

The effect of time and amount of copper (II) ions adsorbed for different initial 
concentration by OPLP is shown in Figure 3. It can be seen from the figure that 
the adsorption at different concentrations is rapid in the initial stages and 
gradually decreases with the progress of adsorption until the equilibrium is 
reached. The adsorption of copper (II) ions increases with time and attain 
saturation in about 120-180 minutes. The adsorption capacity of copper (II) ions 
is rapid initially but it is constant with lapse of time. The figure reveals that 
maximum adsorption of copper (II) ions was attained after about 120 minutes. 
The rate of adsorption capacity is higher in the beginning due to larger surface 
area of the OPLP being available for the adsorption of the metal ions, and after a 
lapse of time the remaining vacant surface sites are difficult to be occupied due to 
repulsive forces between the solute molecules on the solid and bulk phases. For 
subsequent experiment, the contact time was thus maintained for 180 minutes to 
ensure that equilibrium could be achieved. On changing the initial concentration 
from 1 to 100 mg/L, the amount adsorbed increased from 5.82 to 11.23 mg/g. The 
plots are smooth and continuous, suggesting the possible monolayer adsorption of 
copper (II) ions on the surface of OPLP. Consequently, the concentration of 
copper (II) ions will greatly affect the extent and rate of copper (II) ions uptake 
onto surface ofOPLP. 
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Figure 3. Effect of contact time and initial metal ions concentration on copper (II) 
ions adsorption: pH = 6, Temperature = 30 DC, Volume of solution = 50 ml, 
Adsorbent dosage = 10 giL. 

3.3 Point of Zero Charge (pHpzd Measurements and Effect of pH 

The pH of the solutions has an important variable governing metal adsorption. In 
general, adsorption of cations is favoured at pH > pHpzc. The effect of pH on the 
adsorption of copper (II) ions by OPLP was studied by varying pH of the solution 
over the range of 1-8 using different concentration. The determination of pHpzc of 
OPLP was performed according to the solid addition method [Ngah and Hanafiah, 
2008]. 50mL ofO.OlM KN03 solution was placed in conical flasks in temperature 
controlled shaker. The initial pH of the solutions was adjusted to a value between 
2 and 9 by adding O.lM HCI or NaOH solutions. Then, 1 g of OPLP was added to 
each flask, strirred and the final pH of the solutions was measured after 24 h. The 
value of pHpzc can be determined from the curve that cuts the pHo line of the plot 
~pH versus pHo. The pHpzc of an adsorbent is a very important characteristic that 
determines the pH at which the adsorbent surface has net electrical neutrality. At 
this value, the acidic or basic functional groups no longer contribute to the pH of 
the solution. The value of pHpzc is close to the value of pH of aqueous slurry 
which is 5.9. 

The effect of pH on the adsorption of copper (II) ions on OPLP is 
presented in Figure 4. It shows that the adsorption of the copper (II) ions in the 
pH range of 1 to 5 varies between 15 % and 65 %. The percentage removal of 
copper (II) ions was minimum at the pH 1 and increased with further increase in 
pH. At pH value lower than 3, the adsorption capacities were found to be low due 
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to the competitive adsorption of H03 + ions and metal ions for the same active 
adsorption site (Shukla et aI., 2002). As the pH increased, the adsorption surface 
become less positive and therefore electrostatic attraction between the metal ions 
and OPLP surface is likely to be increased (Rafatullah et aI., 2009). At pH 6 there 
are three species present in solution as suggested by Elliot and Huang in 1981, (i) 
Cu2+ (in very small quantity) and (ii) CuOH+ = CU(OH)2 (in large quantity), These 
species are adsorbed at the surface of adsorbent by ion exchange mechanism with 
the functional groups present in adsorbent or by hydrogen bonding as shown 
below: 

2 (- ROH) + M2+ -7 2 (RO) M + 2H+ } 
- ROH + M(OHt -7 (-RO) M(OH) + H+ 

2 (- ROH) + M (OHh -7 (- ROH)2 + M(OH)2H - bondin 
Ion- exchange 

where M represents the metal ions and R represents the matrix of OPLP, 
respectively. 

However, at higher pH values of 6 to 8 the metal adsorption decreased. A 
decrease in adsorption at high pH is due to the formation of soluble hydroxyl 
complexes. The maximum sorption efficiency is around pH 6 (Ajmal et aI., 1998). 
Therefore, pH 6 was selected to be the optimum pH for further studies. 

90 
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0 2 3 4 5 6 7 8 9 

pH 

Figure 4. Effect of the solution pH on copper (II) ions adsorption: Contact time = 

180 min., Initial concentration = 100 mg/L, Temperature = 30°C, Volume of 
solution = 50 ml, Adsorbent dosage = 10 gIL. 
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3.4. Effect of Adsorbent Dosage 

Adsorbent dosage is an important parameter because it determines the capacity of 
an adsorbent for a given concentration of the adsorbate. The adsorption studies of 
copper (II) ions on OPLP was done at 30°C temperature by varying the quantity 
of adsorbent from 0.1 g to 3.0 g while keeping the volume of the metal solutions 
constant at pH 6. When the adsorbent dosage was increased from 0.1 to 3.0 g the 
amount adsorbed per unit mass of adsorbent decreases considerably as shown in 
Figure 5. The decrease in unit adsorption with increase in the dose of adsorbent is 
due to the increase in active sites on the adsorbent and thus making eaSIer 
penetration of the metal ions to the adsorption sites (Aydin et aI., 2008). 

26 
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Figure 5. Effect of adsorbent dosage on copper (II) ions adsorption: Contact time 
= 180 min., pH = 6, Initial concentration = 100 mg/L, Temperature = 30 °C, 
Volume of solution = 50 mI. 

3.5 Adsorption Behaviour of OPLP (Isotherm Studies) 

To quantify the adsorption capacity of OPLP for the removal of copper (II) from 
aqueous solution, the Langmuir, Freundlich and Temkin isotherm models were 
used. A trial and error procedure was used to detelmine the three isotherms 
parameters by minimizing the respective coeffi cient of determination between 
experimental data and isotherms. 
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3.5.1 Langmuir Model 

This model assumes that the adsorptions occur at specific homogeneous sites on 
the adsorbent and is used successfully in many monolayer adsorption processes 
(Langmuir, 1918). The data of the equilibrium studies for adsorption of copper 
(II) onto OPLP may follow the following form of Langmuir model: 

Ce/Am = (lib) (l /Kd + (lib) (Ce) (2) 

where Ce is the equilibrium concentration (mg/L) and Am is the amount adsorbed 
per unit mass of adsorbent (mg/g), KL is the Langmuir equilibrium constant that is 
related to the heat of adsorption and b is the monolayer capacity. The Langmuir 
type adsorption isotherm indicates surface homogeneity of the adsorbent and hint 
towards the conclusion that the surface of adsorbent is made up of small 
adsorption patches which are energetically equivalent to each other in respect to 
adsorption phenomenon. The correlation coefficient (R 2) values of 0.981 to 0.991 
indicated that the adsorption data of copper (II) ions onto OPLP was well fitted to 
the Langmuir isotherm. The values of constants KL and b were calculated and 
reported in Table 2. 

3.5.2 Freundlich Model 

The Freundlich model can be applied for non-ideal adsorption on heterogeneous 
surfaces and multilayer adsorption (Freundlich, 1906). According to this model : 

Am= (KF) (Ce l/B
) (3) 

In Am = In KF + lin In Ce ( 4) 

where, KF is the measure of sorption capacity, l /n is sorption intensity and rest of 
the terms have the usual significance. The related parameters were calculated and 
reported in Table 2. The Freundlich type adsorption isotherm is an indication of 
surface heterogeneity of the adsorbent and thus is responsible for multilayer 
adsorption due to the presence of energetically heterogeneous adsorption sites. 

3.5.3 Temkin Model 

Temkin and Pyzhev (1 934) considered the effects of indirect adsorbate/adsorbate 
interactions on adsorption isotherms. The Temkin isotherm has been used in the 
form as follows: 

Am = (RT/b) In (KTCe) (5) 
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This equation can be expressed in its linear form as 

Am = B In K T + B In Ce (6) 

where B = (RT/b), KT is the Temkin equilibrium binding constants (Llmg) 
corresponding to the maximum binding energy and constant B is related to heat of 
adsorption. The heat of adsorption of all the molecules in the layer would 
decrease linearly with coverage due to adsorbate/adsorbate interactions. The 
constants KT and B together with the R2 values are shown in Table 2. 

5.-----------------------------~ 

4 

3 

.# ~- E"P"rim"",,1 
- e - Langmuir isotherm 
- A- Freundlich isotherm 
~ Temkin isotherm 

o 10 20 30 40 50 

C
e 
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Figure 6. Adsorption isotherm plots for the adsorption of copper (II) ions at 30°C 

Table 2. Adsorption isotherm constants and correlation coefficients for the 
adsorption of copper (II) ions on OPLP at 30°C 

Adsorption isotherms 
Langmuir adsorption isotherm 
b (mglg) 
KL (L/mg) 
R2 

Freundlich adsor},?tion isotherm 
KF (mglg)(L/mg)1 n 

1 I n 
R2 

Temkin adsorption isotherm 
K T(L/mg) 
B 
R2 

Parameters 

11 .22 
0.393 
0.994 

01.63 
0.080 
0 .966 

0.089 
18.66 
0.989 
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From Table 2, the Langmuir adsorption isotherm model yielded best fit as 
indicated by the highest R2 values at all temperatures compared to the Freundlich 
and Temkin adsorption isotherm models. Table 3 lists a comparison of maximum 
monolayer adsorption capacity of copper (II) ions on various agricultural waste 
adsorbents. OPLP is found to have a relatively good adsorption capacity of 11.22 
mg/g and this indicates that it could be considered a promising material for the 
removal of copper (II) ions from aqueous solutions. 

Table 3. Comparison of maximum adsorption capacities of different adsorbents 
for copper (II) ions 

Adsorption Contact Concentration Temp. 
Adsorbents capacity time range pH range References 

(mg/g} (h} (mglL} (K} 
Shells of wheat 17.42 3 100-500 6 293 -333 Ayd in et aI., 

2008 
Shells ofientiI 09.59 3 100-500 6 293-333 Ayd in et aI. , 

2008 
Shells of rice 02.95 3 100-5 00 6 293-333 Aydin et aI., 

2008 
sawdust 01.79 3 05-50 7 296 Yu et aI. , 

2000 
R ubber tree leaf 08.92 03-10 5 300-320 Ngah and 

Hanafiah , 
2008 

Meranti sawdust 32.05 2 01 -200 6 303 Rafatll ll ah et 
aI. , 2009 

Modified 37.17 25-250 6.6 303-333 Ahmad et 
meranti sawdust aI. , 2009 

Oi l palm leaf 11 .22 3 01 -100 6 303-323 This study 
~owders (OPLP} 

3.6 Effect of Temperature 

Temperature is a highly significant parameter in the adsorption processes. The 
adsorption of copper (II) ions from 25 to 60 DC with a maximum adsorption at 30 
DC is shown in Figure 7. The enhanced adsorption might be due to the desolvation 
of the copper (II) ions, changes in the size of the pores and enhanced rate of 
intraparticle diffusion of copper (II) ions. However, after 30 DC, desorption of the 
copper (II) ions increases leading to a net decrease in adsorption from 30-50 DC. 
The percent adsorption decreases sharply above 30 DC due to enhanced rate of 
desorption. The decreasing trend of adsorption with temperature is mainly due to 
the weakening of adsorptive forces between the active sites of OPLP and the 
copper (II) ions (Helfferich, 1962). The extent of decrease in adsorption of solute 
of definite concentration with increase in temperature depends on the nature of the 
adsorbent-adsorbate system (Panday et aI. , 1986). 
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Figure 7. Effects of temperature on copper (II) ions adsorption: Contact time = 
180 min., pH = 6, Initial concentration = 100 mglL, adsorbent dosage = 10 giL, 
Volume of solution = 50 ml. 

3.7 Thermodynamic Study of Adsorption 

The standard free energy change (60°) is the fundamental criterion of spontaneity 
of a process and can be determined using equilibrium constant as shown below: 

(7) 

where R is the universal gas constant (8.314 Jmor1K-1) and T is the absolute 
temperature (K) and KL is the equilibrium constant. 

Similarly, the standard enthalpy change 6HO from 303 to 323 K was 
computed from the following equation, 

lnKL = 6S ° IR - 6Ho IR T (8) 

A plot of lnKL versus liT should be straight line. 6Ho and 6So values were 
obtained from the slope and intercept of this plot, respectively. The standard free 
energy change (60°), standard enthalpy change (6HO), and standard entropy 
change (6S0), were obtained from the Eq. (7, 8) and their values associated with 
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the adsorption of copper (II) ions onto OPLP are listed in Table 4. Negative 
values of ~GO indicate the feasibility of the process and spontaneous nature of the 
adsorption with a high performance of copper (II) ions for OPLP. Negative value 
of ~HO indicates the exothermic nature of the process, while negative value of 
~So reflects the decrease in the randomness at the solid/liquid interface during the 
sorption process. 

Table 4. Values of thermodynamic parameters for adsorption of copper (II) ions 
on OPLP 

Temp. (K) 
303 
313 
323 

4. CONCLUSIONS 

-8.086 
-6.186 
-4.844 

-39.84 -0.104 0.993 

The present study showed that OPLP, an agricultural waste material, can be used 
as an adsorbent for the removal of copper (II) ions from aqueous solutions. 
Equilibrium data fitted very well in the Langmuir isotherm equation, confirming 
the monolayer adsorption capacity of copper (II) ions onto OPLP of 11.22 mg/g. 
The data obtained from adsorption isotherms at different temperatures were used 
to calculate thermodynamic parameters such as 6Go, ~Ho, and ~SO of adsorption. 
The results indicate that copper (II) ions adsorption onto OPLP is exothermic and 
spontaneous in nature. Taking into consideration of the above results, it can be 
concluded that the OPLP can be an alternative material for more costly adsorbents 
used for copper (II) ions removal in wastewater treatment processes. 
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Oil Palm Biomass- Based 
Adsorbents for the Removal 
of Water Pollutants- A Review 

Tanweer Ahmad, Mohd Rafatullah, Arniza Ghazali, 
Othman Sulaiman, and Rokiah Hashim 
School ofIndustrial Technology, Universiti Sains Malaysia, Penang, Malaysia 

This article presents a review on the role of oil palm biomass (trunks, fronds, leaves, 
empty fruit bunches, shells, etc.) as adsorbents in the removal of water pollutants such 
as acid and basic dyes, heavy metals, phenolic compounds, various gaseous pollutants, 
and so on. Numerous studies on adsorption properties of various low-cost adsorbents, 
such as agricultural wastes and its based activated carbons, have been reported in re­
cent years. Studies have shown that oil palm- based adsorbent, among the low-cost 
adsorbents mentioned, is the most promising adsorbent for removing water pollutants. 
Further, these bioadsorbents can be chemically modified for better efficiency and can 
undergo multiple reuses to enhance their applicability at an industrial scale. It is evi­
dent from a literature survey of more than 100 recent papers that low-cost adsorbents 
have demonstrated outstanding removal capabilities for various pollutants. The con­
clusion is been drawn from the reviewed literature, and suggestions for future research 
are proposed. 

Keywords: adsorption; pollutants; heavy metals; dyes; phenols; low-cost adsorbents; 
oil palm biomass 

1 . INTRODUCTION 

Water is a major source for survival on this planet. Comprising more than 70% 
of the Earth's surface, water is undeniably the most valuable natural resource 
existing on our planet. Without this invaluable compound, the life on the Earth 
would be non-existent. Water is an important and essential component of this 
universe and plays a vital role in the proper functioning of the Earth's ecosys­
tems. Despite this, safe drinking water is not available in some parts of the 
world. The quality of water resources is deteriorating exponentially because 
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of their contamination [1- 3] . The ever-growing population, unplanned urban­
ization, rapid industrialization, and unskilled utilization of natural water re­
sources have led to the destruction of water quality in many parts ofthe world. 
In many developing countries, groundwater provides drinking water for more 
than half of the nation's population and is the sole source of drinking water 
for many rural communities and some large cities. However, due to industrial, 
agricultural, and domestic activities, a variety of chemicals can pass through 
the soil and potentially contaminate the natural water resources and reser­
voirs. In recent years, various toxic chemicals have been widely detected at 
dangerous levels in drinking water in many parts of the world, posing a va­
riety of serious health risks to human beings [4]. Industrial waters and even 
natural waters are often contaminated by toxic or sometimes carcinogenic im­
purities, causing ecological disequilibrium and severe public health problem 
[5-8]. In general, contaminants come under two broad classes: viz. organic and 
inorganic. Some organic pollutants include industrial solvents, volatile organic 
compounds, insecticides, pesticides, and food processing wastes. Inorganic pol­
lutants include gaseous pollutants such as nitrogen oxide, sulphur dioxide, 
hydrogen sulfide, ammonia and ammonium compounds, toxic metals, fertiliz­
ers, and industrial discharges [2]. Many organic and inorganic pollutants have 
been reported in water along with microbial populations. Among these, cer­
tain organic and inorganic pollutants are dangerous because of their highly 
toxic and carcinogenic nature [9] . Moreover, some organics and heavy metal 
ions are not biodegradable or biotransformable and, hence, persist in the envi­
ronment for a long time. Most toxic organic pollutants are pesticides, polynu­
clear aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), poly­
brominated diphenyl ethers (PBDEs), plasticizers, phenols, and drug residues 
whereas toxic metal ions include arsenic, cadmium, chromium, zinc, lead, cop­
per, mercury, and nickel, among others [3, 10- 12]. 

A number of technologies are available with varying degree of success 
to control the pollution, such as chemical precipitation, oxidation, reduction, 
coagulation, ion exchange, reverse osmosis, solvent extraction, flocculation, 
membrane separation, filtration, evaporation, electrolysis, and adsorption, 
which have been used to remove and recover toxic contaminants from indus­
trial effluents [13-24]. However, the shortcomings of most ofthese methods are 
high operational and maintenance costs, generation of toxic sludge, and the 
complicated procedure involved in the treatment. Comparatively, adsorption 
process is considered better in water treatment because of convenience, ease 
of operation, and simplicity of design [25]. Moreover, it is universal in nature 
since it can be applied for the removal of soluble and insoluble contaminants 
and biological pollutants with removal efficiency of 90% to 99%. Activated car­
bon is undoubtedly considered as a universal adsorbent for effluent treatment 
and is commonly used for the removal of various pollutants [26]. However, its 
widespread use in wastewater treatment is sometimes restricted due to its 
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higher cost. A large variety of non-convent ional adsorbents have been exam­
ined for their ability to remove various types of pollutants from water and 
wastewater and have been reviewed extensively [4, 27- 44]. It has been found 
that various low-cost adsorbents developed from different origins show little 
or poor adsorption potential for the removal of various pollutants as compared 
to commercial activated carbon. Therefore, the search for the development of 
low-cost materials as adsorbents as well as the precursor for the production of 
activated carbon is ongoing. 

Among several agricultural wastes studied as adsorbents for the removal 
of pollutants, oil palm biomass has been of great importance as various parts 
such as trunks, fronds, leaves, empty fruit bunches, and shells have been ex­
tensively studied as adsorbents for the removal of diverse types of pollutants. 
Oil palm-based agricultural wastes have gained wide attention as effective ad­
sorbents due to low-cost and significant adsorption potential for the removal 
of various pollutants. The oil palm (Elaeis guineensis) comprises two species 
of the Arecaceae, or palm family. Oil palm grows well in the wet and humid 
tropics, in bands of land extending 10° to the north and also to the south 
of the Equator [45], with a fair amount of sunshine and hot climate coupled 
with temperature averages of 25°C and a high rainfall rate (2.0 mm of rain) 
well distributed throughout the year [46]. The oil palm originates from West 
Mrica where it grows in the wild and later was developed into an agricul­
tural crop. They are produced mainly in South East Asia (Malaysia, Indonesia, 
and Thailand), Africa (Nigeria and Cameroon), America, and several southern 
provinces of China. It was introduced to Malaysia, then Malaya, by the British 
in early 1870s as an ornamental plant. In 1917, the first commercial planting 
took place in Tennamaran Estate in Selangor. Today, 4.49 million hectares of 
land in Malaysia is under oil palm cultivation, producing 17.73 million tons of 
palm oil and 2.13 tons of palm kernel oil. Malaysia is one of the largest pro­
ducers and exporters of palm oil in the world, accounting for 11 % of the world's 
oils and fats production and 27% of export trade of oils and fats . The industry 
provides employment to more than half a million people and livelihood to an 
estimated one million people. Over the past few decades, the Malaysian palm 
oil industry has grown to become a very important agriculture-based industry. 
The palm oil industry is an important contributor to the country's gross do­
mestic product [45]. With the growth of palm oil production in Malaysia, the 
amount of residues generated also shows a corresponding increase. The type of 
biomass produced from the oil palm industry includes trunks, fronds, leaves, 
empty fruit bunches, and shells [47]. In Malaysia, oil palm industries are pro­
ducing huge quantities of non-oil palm biomass of about 90 million tons of lig­
nocellulosic biomass each year, of which about 40 million tons are in the for m 
of empty fruit bunches, trunks, and fronds [48] . The empty fruit bunches rep­
resents about 9% of this total solid waste production. At present, 65% of the 
empty fruit bunches generated is incinerated and the bunch ash is recycled 
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back to the plantation as fertilizer. Palm shells are generated in great quanti­
ties in this economy sector, along with other wastes that are mostly disposed 
without further utilization. It is only in recent years that the interest to palm 
shell has increased, mainly due to the research findings that this material can 
be an excellent source of high-quality and low-cost activated carbon [49]. At 
present, the biomass is either left at the plantation to provide organic nutrients 
to the oil palm trees or is burned illegally or used as solid fuel in the boiler to 
generate steam or electricity at the mills [50] . In addition, oil palm biomass or 
ash derived from it can be converted into adsorbents for the adsorption of toxic 
gases and heavy metals and other pollutants. Some researchers have studied 
the use of oil palm ash as an absorbent for removing pollutant gasses such 
as sulfur dioxides and nitrogen oxides. Oil palm ash is produced after com­
bustion of oil palm fiber and shell as boiler fuel to produce steam for palm oil 
mill consumption. The oil palm ash was found to contain high amount of silica, 
calcium, potassium, and alumina that can be utilized to synthesize active com­
pounds that are responsible for adsorption of various pollutants on the surface 
of adsorbents [51-54]. The application ofthese biomasses for value-added pur­
poses such as in the removal of various water pollutants has been explored and . 
needs further investigation. The abundance and cheap supply of the biomasses 
will justify their use as potential adsorbents for different pollutants [55] . 

No previous review is available where researchers can get an overview of 
the adsorption capacities of various oil palm biomass-based adsorbents used 
for the adsorption of different pollutants. Herein, we provide the first review 
article that provides researchers an overview of the adsorption capacities of 
various oil palm biomass-based adsorbents for the removal of different pollu­
tants (acid and basic dyes, heavy metals, phenolic compounds, various gaseous 
pollutants, etc.). We have incorporated most of the valuable available liter­
ature on adsorption process utilizing various oil palm biomass- based adsor­
bents. This review provides the recent literature demonstrating the usefulness 
of oil palm biomass- based adsorbents in the adsorption of various pollutants. 
A summary of relevant published data (in terms of adsorption capacities, appli­
cable adsorption isotherm models, and kinetic models) with some of the latest 
important results have been discussed. The authors recommend that the re­
ported adsorption capacities be taken as a specific set of conditions rather than 
as maximum adsorption capacities. The reader is strongly encouraged to refer 
to the original research papers for information on experimental conditions. 

2. CHEMICAL COMPOSITION OF OIL PALM BIOMASS 

Oil palm is a lignocellulosic material rich in carbohydrates in the form of 
starch and sugar and containing cellulose, hemicelluloses, and lignin. The 
chemical compositions of different parts of oil palm biomass are presented in 
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Table 1: Chemical Composition of Different Parts of Oil Palm Biomass 

Parts of Oi l 
Palm Biomass 

Bark 
Leaves 
Frond 
Shells 
Mid-part of trunk 
Core-part of trunk 
Empty fruit bunch 
Hardwood 
Softwood 

Extractives 

10.00 
20.60 

3.50 

14.50 
9.10 
3.21 

0.1 - 7.7 
0.2- 8.5 

Chemical Composition Co,{,) 

Holocellulose Cellulose Lignin 

77.82 
47.70 
83. 13 
47.70 
72.60 
50.73 
80.09 
71-89 
60-80 

18.87 
44.53 
47.76 
29.70 
50.2 1 
43.06 
50.49 
31-64 
30-60 

21.85 
27.35 
20.1 5 
53.40 
20.1 5 
22.75 
17.84 
14- 34 
2 1- 37 

Table 1 [56]. Lignocellulosic substances contain three main structural compo­
nents: hemicellulose, cellulose, and lignin. It also contains extractives. Gen­
erally, three main components have high molecular weights and contribute 
much mass, while the extractives are of small molecular size and are available 
in little quantity. Hemicellulose consists of different monosaccharide units. 
The polymer chains of hemicellulose have short branches and are amorphous. 
Because of the amorphous morphology, hemicellulose is partially soluble or 
swell able in water. Hemicellulose is derived mainly from chains of pentose 
sugars and act as the cement material holding together the cellulose and fibers 
[57]. The backbone of the chains of hemicellulose can be a homopolymer (gen­
erally consisting of single sugar repeat unit) or a heteropolymer (mixture of 
different sugars). Hemicellulose is largely soluble in alkali and, as such, is 
more easily hydrolyzed [58, 59]. Cellulose is a linear polymer chain that is 
formed by joining the anhydroglucose units into glucose chains [60]. These an­
hydroglucose units are bound together by ,8-(1, 4)-glycosidic linkages. Due to 
this linkage, cellobiose is established as the repeat unit for cellulose chains. 
By forming intramolecular and intermolecular hydrogen bonds between OH 
groups within the same cellulose chain and the surrounding cellulose chains, 
the chains tend to be alTanged parallel and form a crystalline supramolecu­
lar structure. Cellulose is insoluble in most solvents and has a low accessi­
bility to acid and enzymatic hydrolysis. Chemical modification of cellulose is 
a promising technique for modifying its physical and chemical properties to 
improve the adsorption property toward removal of various pollutants [33]. 
Lignin is a polymer of aromatic compounds. It is a natural polymer, which to­
gether with hemicelluloses, acts as a cementing agent matrix of cellulose fibers 
in the structures of plants. Their functions are to provide structural strength, 
provide sealing of water conducting system that links roots with leaves, and 
protect plants against degradation [61] . Lignin is a macromolecule that con­
sists of alkyl phenols and has a complex three-dimensional structure. The 
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basic chemical phenyl propane units of lignin (primarily syringyl, guaiacyl, 
and p-hydroxy phenol) are bonded together by a set oflinkages to form a very 
complex matrix. This matrix comprises a variety of functional groups, such as 
hydroxyl, methoxyl, and carbonyl, which impart a high polarity to the lignin 
macromolecule [62, 63]. Cellulose and lignin structures were extensively inves­
tigated in the earlier studies [64--66]. Extractives are the organic substances 
that have low molecular weight and are soluble in neutral solvents. Resin (ter­
penes, lignans, and other aromatics), fats, waxes, fatty acids and alcohols, ter­
pentines, tannins, and flavonoids are categorized as extractives [67]. Oil palm 
biomass is now considered to be one of the most promising non-wood lignocel­
lulosic raw materials as adsorbents for the removal of various pollutants . 

3. REVIEW ON ADSORPTION OF WATER POLLUTANTS THROUGH 
DIFFERENT PARTS OF OIL PALM BIOMASS 

Although many review articles have been published on the importance of low­
cost adsorbents in environmental pollution control [27-44], many of them are 
generally either adsorbate-specific or adsorbent-specific. Studies have shown 
that various parts of oil palm biomass can be used as promising adsorbents for 
removing different water pollutants. Not only is oil palm biomass abundant 
but it is actually an efficient adsorbent that is effective to many types of pol­
lutants, such as dyes, heavy metals, phenolic compounds, and various gaseous 
pollutants. To make better utilization of these cheap and abundant wastes, 
it is proposed to convert them into value-added products. Since the price of 
commercial activated carbon has dropped continually over the past decade or 
so, interest is growing in the use of other low-cost and abundantly available 
lignocellulosic materials as precursors for the preparation of activated carbon 
[68] . 

3.1. Adsorption of Dyes Through Oil Palm Biomass 
Dyes are important water pollutants that are generally present in the 

effluents of textile, leather, paper, and dye manufacturing industries. The 
high level of worldwide production and extensive use of dyes generate colored 
wastewaters that cause water pollution. The colored dye effluents are gener­
ally considered to be highly toxic to the aquatic biota and affect the symbiotic 
process by disturbing the natural equilibrium through reduced photosynthetic 
activity due to the coloration of water in streams. Some dyes are reported to 
cause allergy, dermatitis, skin irritation, and cancer in humans [33]. There­
fore, removal of such dyes before discharging them into natural water streams 
is essential. Oil palm biomass-based adsorbents have been widely explored for 
the removal of different classes of dyes. 
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Oil palm biomass was converted into activated carbon for the treatment 
of dyeing industry wastewater by Tan and colleagues [69]. Batch experiments 
were carried out to study the adsorption isotherm and kinetics at 30°C, with 
the initial concentration of 50-500 mglL and solution pH of 6.5. Equilibrium 
data were fitted to Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich 
isotherm models. It was found that the equilibrium data were best repre­
sented by the Langmuir isotherm model, with maximum monolayer adsorp­
tion capacity of 243.90 mg/g at 30°C. The adsorption process was shown to 
be exothermic in nature. The kinetic data were fitted to pseudo-first-order, 
pseudo-second- order and intraparticle diffusion models, and it was found to 
follow closely the pseudo-second- order model. 

Chemically modified, activated carbon oil palm shell was used for the re­
moval of methylene blue by Tan and associates [70] . The activated carbon was 
treated with hydrochloric acid to enhance the adsorption of methylene blue. 
The Fourier transform infrared spectroscopy (FTIR) measurements showed 
that the surface of the activated carbon had more acidic groups such as car­
boxylic and ether. Adsorption equilibrium data were fitted to the Langmuir, 
Freundlich, and Dubinin-Radushkevich isotherm models. The equilibrium 
data for both the untreated and hydrochloric acid treated activated carbons 
were best represented by the Langmuir isotherm. The adsorption capacity of 
treated activated carbon was 303.03 mg/g, which was 24.24% higher compared 
to the untreated activated carbon. The kinetic data were found to follow closely 
the pseudo-second- order model for both activated carbons. The adsorption of 
methylene blue on the treated activated carbon was found to be endothermic 
in nature and was favored by using a higher solution pH. 

Equilibrium and kinetic studies on basic dye adsorption by oil palm fiber 
activated carbon was studied by Tan and colleagues [71] . Oil palm fiber was 
used to prepare activated carbon by physiochemical activation method. The 
Bruna uer-Emmett-Teller (BET) surface area of the prepared activated carbon 
was 1354 m2/g. Scanning electron microscopy (SEM) study showed that the 
activated carbon of oil palm fiber was porous with well-developed pores. The 
main surface functional groups present in the derived activated carbon were 
quinone and aromatic rings. The effects of various parameters such as con­
tact time, initial methylene blue concentration, and temperature were inves­
tigated at solution pH of 6.5. The adsorption capacity was found to increase 
with an increase in the three parameters studied. Equilibrium data were fitted 
to Langmuir, Freundlich, Temkin, and Dubinin- Radushkevich isotherms. The 
equilibrium data were best fitted by the Langmuir isotherm, with maximum 
monolayer adsorption capacity of277.78 mg/g at 30°C. The adsorption kinetics 
was found to follow the pseudo-second- order kinetic model. The positive 6.Ho 

value indicated the endothermic nature of the adsorption interaction, whereas 
the positive 6.8° value showed increased randomness at the solid-solution in­
terface during the adsorption process. The negative value of 6.Go indicated 



o 
N 
.... 
(1) 

.D 
S 
(1) 
u 
(1) 

Q 
00 

184 T. Ahmad et a l. 

the feasibility and the spontaneous nature of the adsorption of methylene blue 
onto the prepared activated carbon. 

Optimization of basic dye removal by oil palm fiber-based activated carbon 
using response surface methodology was investigated [72]. Activated carbon 
was prepared by using physiochemical activation method, which consisted of 
potassium hydroxide treatment and carbon dioxide gasification. The effects of 
three preparation variables- the activation temperature, activation time, and 
chemical impregnation ratio- on methylene blue uptake from aqueous solu­
tions and activated carbon yield were investigated. Based on the central com­
posite design, a quadratic model and a two factor interaction model were re­
spectively developed to correlate the preparation variables to the methylene 
blue uptake and carbon yield. From the analysis of variance (ANOVA), the 
significant factors on each experimental design response were identified. The 
optimum activated carbon prepared from oil palm fiber was obtained by using 
activation temperature of 862°C, activation time of1 h and chemical impregna­
tion ratio of3:l. The optimum activated carbon showed methylene blue uptake 
of 203.83 mg/g and activated carbon yield of 16.50%. The equilibrium data for 
adsorption of methylene blue on the optimum activated carbon were well rep­
resented by the Langmuir isotherm, giving maximum monolayer adsorption 
capacity as high as 400 mg/g at 30°C. 

Activated carbons were prepared from the biomass of oil palm wood via 
two stages- an environmentally friendly pyrolysis pilot plant and an activa­
tion pilot plant [73]. Experimental results showed that pyrolysis and activation 
conditions leading to various final average temperatures had significant effect 
on the properties of activated carbons prepared. Suitable pyrolysis operating 
conditions of 7 m3/h airflow rate for 4 hrs until final average pyrolysis temper­
ature 390°C and activation conditions of 7.45 kg limestone calcined with air­
flow rate 202.4 mUs for 3.5 hrs until final average activation temperature of 
806°C produced an activated carbon yield of 13.7%,68.3% fixed carbon, 16.9% 
volatile matters, 4.3% ash, 10.6% moisture, 1084 m 2/g BET surface area, and a 
micropore surface area of 93l.6 m2/g. Maximum adsorption capacity of me thy­
lene blue was found to be 90.9 mg/g. The high micropore fraction, nitrogen gas 
adsorption isotherm and SEM showed that these activated carbons possessed 
intricate pore network comprising micropores and narrow mesopores. FTIR 
characterization indicated that pyrolysis and activation temperatures affected 
the surface functional groups and maximum methylene blue adsorption was 
dependent on BET surface area. 

The effect of temperature on the sorption of methylene blue from aque­
ous solutions onto palm kernel fiber was investigated [74]. Batch kinetics and 
isotherm studies were performed at temperatures ranging from 299 to 339 K. 
The kinetic data were studied in terms of the pseudo-first-order and pseudo­
second-order kinetic models and the Bangham and intraparticle diffus'o 
models. The pseudo-second- order model best described the sorption process 
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and was employed in predicting the rate constant. In addition activation en­
ergy of sorption has also been determined based on the pseudo-second-order 
rate constant. The isotherm data were analyzed by the Langmuir and Fre­
undlich isotherms. Palm kernel fiber was found to have a Langmuir monolayer 
capacity of 233.41 mg/g at 299 K. The adsorption is endothermic at ambient 
temperature and the computation of the thermodynamic parameters, b.Ho, 
b.so, and b.Gc indicates that the sorption was favorable at all temperatures. 

The kinetics and mechanism of methylene blue sorption from aqueous so­
lution using palm kernel fiber as adsorbent was investigated [75]. Batch ki­
netic experiments were performed and system variables investigated included 
pH and initial dye concentration. Increases in the dye concentration resulted 
in an increase in the amount of dye adsorbed per unit mass of adsorbent for 
all sorbentldye combination. The initial uptake of dye was found to be rapid 
from solutions with lower concentration. The kinetic data were fitted to the 
pseudo-first, pseudo-second, intraparticle diffusion and mass transfer models. 
The pseudo-first-order reaction kinetics fitted to the experimental data only in 
the first 5 min of sorption and then deviated, while the pseudo-second- order 
kinetic model was found to fit the experimental data for the entire sorption 
period with high coefficient of determination. Equations were developed us­
ing the pseudo-second- order model, which predicts the amounts of methylene 
blue at any contact time and initial concentration within the given range. 
This suggests that the sorption of methylene blue onto palm kernel fiber 
follows a chemical activation mechanism. Mass transfer was found to be fa­
vored at high concentrations while intraparticle diffusion was favored at low 
concentrations. 

The adsorption of two reactive dyes, reactive black 5 eRB 5) and reactive 
red E (RR E), onto activated carbon prepared by palm kernel shell (PKSAC) 
was studied by Nourouzi and colleagues [76]. The adsorption capacity of 
PKSAC for RB 5 was higher than that for RR E. It was found that in binary sys­
tem, due to competitive condition, the adsorption capacity of PKSAC for both 
dyes is lower than that in a single system. Adsorption of reactive dyes for sin­
gle system can be represented by the Freundlich and Redlich-Peterson models. 
For binary systems, the equilibrium was described successfully by the modi­
fied extended Freundlich model. The rates of adsorption in the single system 
were found to agree well with the pseudo-second-order kinetic model. Finally, 
the chemical oxygen demand (COD) of the treated reactive dye solutions from 
single and binary systems showed that a minimum 4 gIL dosage ofPKSAC was 
needed to reduce the COD to an acceptable level. 

The rate of adsorption of two reactive dyes, RB 5 and RR E, onto palm ker­
nel shell-based activated carbon was studied [77]. The results showed that the 
external coefficients of mass transfer decreased with increasing initial adsor­
bate concentration. In addition, it was found that the adsorption process was 
better described by using the two resistance models- film-surface diffusion . 
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The removal of Remazol Black 5 (RB 5) from the synthetic wastewater 
using PKSAC was investigated by Zawani and associates [7S]. The optimum 
pH was found at acidic range, pH 2. The results of this study indicated that 
PKSAC can be successfully used for the adsorption of RB 5 from aqueous so­
lutions. Freundlich isotherm fit well with the equilibrium data for adsorption 
ofRB 5 dye, and the maximum adsorption capacity was determined to be 5S.S, 
96.7, and 9S.6 mg/g at 30, 40, and 50°C, respectively. Two simplified kinetic 
models, pseudo-first order and pseudo-second order, were tested. The pseudo­
first-order kinetic model fit very well with the dynamical adsorption behavior 
of RB 5 dye. The negative values of t:,.Gc and t:,.Ho obtained indicated that the 
RB 5 dye adsorption process is spontaneous and exothermic . 

Palm kernel fiber was investigated for its ability to perform as a suitable 
sorbent for anionic dye from aqueous solution [79] . The effect of sorbent 
dose and temperature was investigated using a batch sorption technique. 
The isotherm data were closely fitted to the Langmuir equation, and the dye 
sorption capacity of palm kernel fiber increased as the sorbent dose decreased. 
Maximum saturated monolayer sorption capacity of palm kernel fiber for 
4-bromoaniline-azo-l ,S-dihydronaphthalene-3 ,6-disodiumsulphate was 3S.6 
mg/g. The thermodynamic analysis indicated that the system is spontaneous 
and exothermic, and up to 66.4% of the dye sorbed can be desorbed with 
distilled water. The results revealed the potential of palm kernel fiber as a 
low-cost sorbent for the anionic dye. 

The ability of palm kernel coat (PKC) to abstract Congo Red (CR), an an­
ionic dye, from an aqueous system was studied in a batch adsorption system 
[SO]. The two process variables were optimized: the initial dye concentration 
and adsorbent dosage. Studies on the effect of initial concentration on the dy­
namics of the adsorption process showed that an increase in dye concentration 
resulted in an increase in the amount of dye sorbed per unit mass of adsor­
bent. The initial uptake of dye was found to be rapid at the inception of the 
sorption reaction. It slows down with time as the sorption process proceeds 
and equilibrium is attained. The results obtained when the PKC dosage was 
optimized showed that the amount of CR sorbed per unit (g) of PKC decreased 
with an increase in PKC dosage, while the amount of CR (%) sorbed increased 
with an increase in PKC dosage. An equation was developed using the pseudo­
second-order model, which predicts the amount of CR at any contact time and 
initial concentration within the given range. The rate-limiting step ofthe sorp­
tion reaction was also determined using the intraparticle diffusion, liquid film 
diffusion, and Boyd kinetic models. The results obtained showed that intra­
particle diffusion becomes rate controlling at low concentration, while at high 
concentration film diffusion is the main rate-controlling parameter. The results 
ofthe batch desorption studies showed that chemisorption played a prominent 
role in the sorption process. The elution curve obtained from the continuous 
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desorption studies showed that the elution rate was fast and high elution effi­
ciency could be obtained with 0.1 M CH3COOH as an eluting solvent. 

Oil palm trunk fiber (OPTF) was successfully utilized as a low-cost al­
ternative adsorbent for the removal of hazardous dye malachite green (MG) 
[81]. The operating variables studied were contact time, initial dye concentra­
tion, and solution pH. Equilibrium adsorption data were analyzed by three 
isotherms, namely the Freundlich isotherm, the Langmuir isotherm, and the 
multilayer adsorption isotherm. The best fit to the data was obtained with the 
multilayer adsorption. The monolayer adsorption capacity of OPTF was found 
to be 149.35 mg/g at 30°C. Adsorption kinetic data were modeled using the 
Lagergren pseudo-first- order, Ho's pseudo-second-order and Elovich models . 
It was found that the Lagergren's model could be used for the prediction of the 
system's kinetics. The overall rate of dye uptake was found to be controlled by 
external mass transfer at the beginning of adsorption and then for initial MG 
concentrations of 25, 50, 100, 150, and 300 mglL. The rate-control changed to 
intraparticle diffusion at a later stage, but for initial MG concentrations 200 
and 250 mglL no evidence was found of intraparticle diffusion at any period 
of adsorption. It was found that with increasing the initial concentration of 
MG, the pore-diffusion coefficient increased while the film-diffusion coefficient 
decreased. 

Ahmad and colleagues [82] used oil palm ash as an adsorbent for the re­
moval of direct blue 71 from aqueous solutions. The experimental data were 
analyzed by the Langmuir and Freundlich models of adsorption. Equilibrium 
data fit well with Freundlich model in the range of 50- 600 mglL. The equilib­
rium adsorption capacity of the palm ash was determined with the Langmuir 
equation and was found to be 400.01 mg/g at 30°C. The rates of adsorption were 
found to conform to the pseudo-second-order kinetics with good correlation. 

In the laboratory-scale studies conducted by Isa and associates [83], palm 
ash was effectively used for the removal of disperse blue and disperse red dyes 
from aqueous solutions. The adsorption capacities of the ash for the dyes re­
moval were found to be affected by the solution's pH, with lower pH favoring 
adsorption. This was attributed to the presence of excess positive charge on 
its surface. More than 99% removal was achieved for both the dyes at pH 2. 
The amount of disperse dyes adsorbed increased with the increase in contact 
time and initial dye concentrations. The equilibrium time for both the dyes 
was 60 min. Adsorption of the disperse dyes could be described by both the 
Langmuir and Freundlich isotherms, with the former yielding somewhat bet­
ter fits. The adsorption kinetics followed the pseudo-second-order model in­
dicating that chemisorption was the rate-controlling step in the adsorption of 
the dyes. Column plugging was the main problem encountered due to the fine 
particle size of the ash. Pelletisation of ash using calcium oxide and calcium 
sulfate was not successful. 
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A summary of adsorption capacities of oil palm biomass- based adsorbents 
for different dyes have been presented in Table 2. 

3.2. Adsorption of Heavy Metals Through Oil Palm Biomass 
Heavy metal pollution is one of the most important environmental prob­

lems today. The pollution of water resources due to the indiscriminate disposal 
of metal ions has been causing worldwide concern. Wastewater from many in­
dustries such as metallurgical, tannery, chemical manufacturing, mining, and 
battery manufacturing industries contains one or more toxic metal ions. It 
is therefore, necessary to remove these metal ions from the wastewaters be­
fore releasing into the environment because there is the possibility that these 
metal ions could enter into the food chain through waste discharges into wa­
ter bodies. Oil palm biomass has been extensively investigated as adsorbents 
for the removal of diverse metal ions from water and wastewater by different 
researchers. 

The ability of modified soda lignin (MSL) extracted from oil palm empty 
fruit bunches (EFB) in removing lead (II) ions from aqueous solutions was 
studied by Ibrahim and associates [84]. The effect of contact time, point zero 
charge (pHpzc), and pH of the solution, initial metal ion concentration, and ad­
sorbent dosage on the removal process were investigated. The amount of lead 
(II) ions uptake (mg/g) was found to increase with increase in contact time, 
pH, and initial metal ion concentration. Equilibrium data fit very well in the 
Langmuir isotherm equation, confirming the monolayer adsorption capacity of 
lead (II) ions onto MSL with a monolayer adsorption capacity of 46.72 mg/g at 
47°C. The rate of adsorption was found to follow to pseudo-second-order kinet­
ics with a good correlation. As the concentration of desorbing solutions (HCI, 
HN03 , and EDTA) increases, more lead (II) ions were able to be desorbed. More 
than 80% oflead (II) ions were able to be desorbed from MSL using 0.02 mollL 
HCI, HN03 , and EDTA solutions. This result showed that the test adsorbent 
could be reused without significant losses in its initial adsorption capacity. 

The continuous adsorption of lead ions from aqueous solution on un pre­
treated palm shell activated carbon (PSAC) was studied by Issabayeva and 
associates [49] . It was found that the breakthrough period was shorter at pH 
3 than at pH 5. Increase of the flow rate from 0.5 up to 2.0 LIh accelerated the 
PSAC saturation time at both pHs. Presence of malonic and boric acids did not 
improve adsorption oflead on palm shell-activated carbon. Moreover, presence 
of malonic acids resulted in a shorter breakthrough period at pH 5, compared 
to single lead system. 

Palm shell-activated carbon was impregnated with polyethyleneimine 
(PEl) and the effect of impregnation on batch adsorption of Ni2+, Cd2+, or 
Pb2+ as well as the equilibrium behavior of adsorption of metal ions on 
PEl-impregnated activated carbon were investigated [85]. PEl impregnation 
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Table 2: Adsorption Capacities Of Oil Palm Biomass- Based Adsorbents for the Adsorption of Dyes 

Adsorption 
Adsorbents Adsorbates Capacities (mg/g) 

Oil palm shells activated Methylene blue 243.90 
carbon 

Chemically modified oil palm Methylene blue 303.03 
shells activated carbon 

Oil palm fiber activated Methylene blue 277.78 
carbon 

Oil palm fiber-based Methylene blue 400.00 
a ctivated carbon 

Oil palm wood act ivated Methylene blue 90.90 
carbon 

Oil palm kernel fiber Methylene blue 233.41 
Oil palm kernel shell activated Reactive black 5 81.34 

carbon Reactive red E 42.37 
Oi l palm kernel shell activated Remazol black 5 58.80-98.60 

carbon 
Oi l palm kernel fiber 4-bromoaniline-azo- 1,8- 38.60 

dihydronaphthalene-3,6-
disodiumsulphate 

Palm kernel coat Congo red 66.23 
Oil palm trunk fiber Malachite green 149.35 
Oi l palm ash Direct blue 71 400.01 
Oil palm ash Disperse blue 49.50 

Disperse red 61.35 

References 

(69) 

(70) 

(7l) 

(72) 

(73) 

(74) 
(77) 

(78) 

(79) 

(80) 
(8l) 
(82) 
(83) 
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increased the single metal adsorption capacities of Ni2+ or Cd2+ except for 
Pb2+, where its adsorption capacities were reduced by 16.67% and 19.55% 
for initial solution pH of 3 and 5, respectively. This suggested that PEI­
impregnated activated carbon could be used for selective separation of Pb2+ 
ions from other metal ions. The adsorption data of all the metal ions on both 
virgin and PEl-impregnated activated carbon for both initial solution pH of 3 
and 5 generally fitted the Langmuir and Redlich-Peterson isotherms consider­
ably better than the Freundlich isotherm. 

Pseudo-second-order model for lead ion sorption from aqueous solutions 
onto palm kernel fiber was studied by Ho and Ofomaja [86]. The batch sorp­
tion model, based on a pseudo-second-order mechanism, was applied to predict 
the rate constant of sorption, the equilibrium capacity, and the initial sorption 
rate with the effects of the initial solution pH and fiber dose. Equilibrium con­
centrations were evaluated with the equilibrium capacity obtained from the 
pseudo-second- order rate equation. An isotherm was obtained by changing 
fiber doses using the equilibrium concentration and the equilibrium capacity 
obtained based on the pseudo-second-order constants. 

The kinetics of sorption of a mono-solute of lead ions and of a bi-solute of 
lead and calcium ions onto palm kernel fiber was investigated in a batch sys­
tem [87] . The experimental data were analyzed based on an intraparticle dif­
fusion equation and a pseudo-second- order mechanism, in both the mono- and 
bi-solute sorption systems, in order to predict the rate constant of sorption, the 
equilibrium capacity, and the initial sorption rate. The results indicate that 
the sorption mechanism is described by a pseudo-second-order equation. In­
trap article diffusion was significant in the lower-concentration systems. In ad­
dition, a modified intraparticle diffusion equation was applied to the sorption 
systems. The sorption capacity of lead and the initial sorption rate decreased 
with an increase in calcium concentration. Calcium appears to enhance hydro­
gen release from the surface of the sorbent. 

Abia and Asuquo [88] examined the sorption kinetics of Pb(II) and Cd(lI) 
ions from aqueous solutions using unmodified and chemically (mercaptoacetic 
acid) modified oil palm fruit fiber (MOPF). The results indicated that different 
kinetic parameters were obtained from the four forms of pseudo-second-order 
equations. The chemical modification of the adsorbent increased the equilib­
rium sorption capacity with maximum values of 5.579 mg/g for Pb(II) and 
7.980 mg/g for Cd(II) for the 1.0 MOPF adsorbents. The kinetics of sorption in­
dicated that the pseudo-second-order model can be used to describe the mech­
anism of sorption of Pb(II) and Cd(II) ions. 

Lead (II) and nickel (II) adsorption kinetics from aqueous metal solutions 
using chemically modified and unmodified oil palm fruit fiber (UOPF) adsor­
bents was studied [89]. The adsorbent was chemically modified with 0.5 M and 
1.0 M mercaptoacetic acid (0.5 MOPF and 1.0 MOPF). The removal of the two 
metals was found to increase with an increase in chemical modification, the 
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sequence being 1.0 MOPF > 0.5 MOPF > UOPF. The adsorption of nickel (II) 
was higher than that oflead (II) . The kinetics ofthe adsorption of both metals 
was rapid in the initial stage followed by a slow rate. The adsorption data indi­
cated the applicability of the intraparticle diffusion model for lead (II) removal. 
However, the kinetics of nickel (II) sorption did not follow the intraparticle dif­
fusion model. 

Removal of mercury, lead, and copper from an aqueous solution by acti­
vated carbon of palm oil empty fruit bunch (OPEFB) was studied by Wahi and 
colleagues [90]. The study indicated that the OPEFB-activated carbon pro­
duced through chemical activation by using NaOH as the activating agent 
could be used as an effective adsorbent material for the removal of Hg(II) 
and Pb(II) from wastewater. However, Cu(II) can only be removed at lower 
percentage. From the calculation based on Langmuir isotherm, Hg(II) shows 
the highest adsorption capacity of 52.67 mg/g, followed by Pb(II) and Cu(Il) 
with adsorption capacity of 48.96 mg/g and 0.84 mg/g, respectively. The study 
also showed that the adsorption of Hg(II) , Pb(II) , and Cu(II) by OPEFB­
activated carbon is dependent on the dosage of adsorbent and the initial metals 
concentration. 

Removal of Cr (VI) from aqueous solutions using treated oil palm fiber 
was examined by Isa and associates [91]. Adsorption of Cr (VI) by sulphuric 
acid and heat-treated oil palm fiber was conducted using batch tests. The in­
fluence of pH, contact time, initial chromium concent ration, and adsorbent 
dosage on the removal of Cr (VI) from the solutions was investigated. The Cr 
(VI) adsorption capacity of treated oil palm fiber was favored at low pH, which 
was attributed to the presence of excess positive charge on its surface. Com­
plete removal of Cr (VI) was achieved at pH 1.5. The removal efficiency was 
found to correlate with the initial Cr (VI) concentration, adsorbent dosage, and 
the contact time between Cr (VI) and the adsorbent. Adsorption of chromium 
could be adequately described by both Freundlich and Langmuir adsorption 
isotherms. The Freundlich model presented a slightly better fit. Desorption of 
Cr (VI) was difficult and suggested that treated oil palm fiber may be efficiently 
employed as a single-use adsorbent and may not be suitable for economic 
regeneration. 

Removal of chromium metal ion from industrial wastewater using 
chitosan-coated oil palm shell charcoal was studied [92]. A new composite ad­
sorbent has been prepared by coating chitosan onto acid-treated oil palm shell 
charcoal (AOPSC). Chitosan loading on the AOPSC support is about 21% by 
weight. The shape of the adsorbent is nearly spher ical with particle diam­
eter ranging 100- 150 /tm. The adsorption capacity of the composite biosor­
bent was evaluated by measuring the extent of adsorption of chromium metal 
ions from water under equilibrium conditions at 25°C. Using the Langmuir 
isotherm model, the equilibrium data yielded the following ultimate capacity 
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values for the coated biosorbent on a per gram basis of chitosan: 154 mg/g. 
Bioconversion of Cr (VI) to Cr (III) by chitosan was also observed. Mter the 
biosorbent was saturated with the metal ions, the adsorbent was regenerated 
with 0.1 M sodium hydroxide. The influence of several operational parame­
ters such as dose of adsorbent, agitation speed, initial pH, and contact time 
was investigated. pH is an important parameter for adsorption of metal ions 
from aqueous solution because it affects the solubility of the metal ions, con­
centration of the counter ions on the functional groups of the adsorbent, and 
the degree of ionization of the adsorbate during reaction. The pHpzc value of 
acid treated OPSC was found to be around 4.7. 

Adsorption characteristics of Cr(III) on palm oil fuel ash (POFA) were in­
vestigated by Chu and Hashim [93] . The equilibrium and kinetic properties 
of Cr(IIl) are studied in batch stirred-tank experiments. The extent of Cr(IIl) 
sorption increases on raising solution pH. This occurs as a result of compe­
tition between Cr(IIl) and protons for binding sites on the surface of PO FA. 
The maximum equilibrium uptake capacity at pH 6 is 0.31 mmol/g. A Lang­
muir isotherm model with pH-dependent parameters accounts very well for 
the measured equilibrium data. Modeling studies using a second-order irre­
versible reaction model and a pseudo-first-order kinetic model indicated that 
transient profiles obtained experimentally for a range of initial metal concen­
trations and sorbent dosages are in good agreement with calculated curves of 
both models. The variations in the rate coefficients of the two models with the 
initial metal concentration and sorbent dosage are believed to be brought about 
by the heterogeneous nature of the POFA sorbent and are consistent with the 
interpretation that the sorption of Cr(IIl) on the exterior surface of POFA is 
the rate-limiting step. From an engineering viewpoint, either one of the two 
models could be used for an optimization of contact times in a batch Cr(IIl) 
removal process provided the dependence of the rate coefficient of the model 
on system variables is properly correlated. 

Oil palm leaf powder (OPLP) was used as a low-cost adsorbent for the re­
moval of copper (II) ions from aqueous solution by Sulaiman and associates 
[94]. Batch studies were performed to evaluate and optimize the effects of 
various parameters such as contact time, pH of the solution, initial metal 
ion concentrations, and adsorbent dosage. Langmuir, Freundlich, and Temkin 
isotherms were used to analyze the equilibrium data at different temperatures. 
The experimental data fit well with the Langmuir adsorption isotherm, indi­
cating the mono layer adsorption of the copper (Il) ions. The monolayer sorp­
tion capacity of OPLP for copper (Il) ions was found to be 11.22 mg/g at 30°C. 
The data obtained from adsorption isotherms at different temperatures were 
used to calculate thermodynamic parameters such as ~Go, ,0.Ho, and ~So of 
adsorption. The results indicated that copper (II) ions adsorption onto OPLP 
is exothermic and spontaneous in nature. 
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The adsorption of Cu(II) ions fi'om aqueous solutions by soda lignin as an 
absorbent using a batch adsorption system was examined by Ibrahim and col­
leagues [95]. The soda lignin used in this study was extracted from black liquor 
derived from oil palm empty fruit bunches (EFB) using 20% v/v sulfuric acid. 
The effects of varying experimental parameters such as pH value, adsorbent 
dosage, different concentrations of Cu(II) ions, and agitation period were in­
vestigated. The results revealed that the optimum adsorption of Cu(II) onto 
soda lignin was recorded at a pH of 5.0 at an adsorbent dosage of 0.5 g soda 
lignin and an agitation period of 40 min. The adsorption capacity for Cu(II) 
ions using soda lignin was 7.95 mg/g. The results indicate that the adsorption 
isotherms could be well fitted by the Freundlich equation (based on sorption on 
a heterogeneous surface) while the kinetic experimental data was well corre­
lated with the pseudo-second-order kinetic model, implying that the chemical 
sorption is the rate-limiting step. 

Ho and Ofomaja [96] studied the kinetics of copper ion adsorption on palm 
kernel fiber. Batch kinetics studies were carried out based on the assumption 
of the pseudo-second- order kinetic model, which was developed to predict the 
rate constant of adsorption, the equilibrium adsorption capacity, and initial ad­
sorption rate with the effect of initial copper concentration and reaction tem­
perature. It was also revealed that the copper ions and palm kernel fiber inter­
action is endothermic with activation energy higher than 22 kJ/mol, indicating 
that adsorption is chemical in nature. 

Equilibrium studies of copper ion adsorption onto palm kernel fiber were 
studied by Ofomaja [97] . Batch equilibrium studies were carried out such 
as solution pH, sorbent dose, and sorption temperature. The equilibrium 
sorption data were then analyzed using the Langmuir, Freundlich, Dubinin­
Radushkevich (D-R), and Temkin isotherms. The results revealed that sorption 
was pH-dependent and increased with increasing solution pH above the pHpzc 
of the palm kernel fiber with an optimum dose of 10 g/dm3. The equilibrium 
data were found to fit the Langmuir isotherm model best, with a monolayer 
capacity of 3.17 x 10- 4 mol/g at 339 K. The sorption equilibrium constant in­
creased with increasing temperature, indicating that bond strength between 
sOl'bate and sorbent increased with temperature and sorption was endother­
mic. This was confirmed by the increase in the values of the Temkin isotherm 
constant with increasing temperature. Using the Dubinin-Radushkevich (D-R) 
isotherm parameter, free energy was in the range of 15.7-16.7 kJ/mol, suggest­
ing that the sorption mechanism was ion exchange. Desorption studies showed 
that a high percentage of the copper was des orbed from the adsorbent using 
acid solutions (HCI, HN03, and CH3COOH) and the desorption percentage in­
creased with acid concentration. Desorption of copper ions from palm kernel 
fiber was more efficient using the strong acids and CH3COOH, and this effi­
ciency increased with acid concentration confirming that sorption mechanism 
is mainly by chemical ion exchange. The thermodynamics of the copper ions 
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and palm kernel fiber system indicate that the process is spontaneous and 
endothermic. 

Chu and Hashim [98] presented a surface reaction rate model that can be 
used to describe the batch adsorption of metal ions on oil palm ash. Kinetic 
data of Cu(H) and Ni(H) adsorption on oil palm ash were compared with pre­
diction of the theoretical model following determination of its parameters from 
small-scale experiments. Any batch adsorption systems employing adsorbent 
that exhibits Langmuir-type adsorption can therefore be simulated effectively 
with this model. The model can be used to assess the effects of alteration of 
operational parameters without the need to carry out extensive experimental 
work . 

The efficiency of palm pressed fibers (PPF) in removing nickel(H) and cop­
perCH) ions from solutions was investigated in column experiments by Tan and 
associates [99] . Column studies showed that the sorption of nickelCH) and cop­
perCH) ions are flow r ate and bed depth dependent and can be regenerated at 
least four times without affecting the sorption efficiency of the column. Bed 
depth service time (BDST) studies at various constant flow rates of PPF col­
umn showed that Hutchin's BDST model for activated carbon column can be 
applied to the system studied. Based on this model, PPF column can be reli­
ably scaled up without running a pilot test on a large column. PPF could also be 
placed in the landfill to enhance the immobilization ofnickelCII) and copper(Il) 
ions in the soil system of the landfill area. 

Salamatinia and associates [55] evaluated the efficiency of oil palm bark 
(OPB), oil palm frond (OPF), and empty fruit bunch (EFB) as low-cost adsor­
bents for the removal of Cu and Zn from water. The sorption processes were 
performed in a batch mode with 250 mL Cu and Zn solutions at 100 mglL us­
ing between 0.5 and 1.0 g of sorbent . The samples were tested every 24 hrs up 
to 168 hrs in normal room temperature. No diffusion limitation was observed 
in the sorption process. Zinc removal efficiency of 51.5% and 46.0% with 1.0 g 
of OPF and EFB, respectively, was observed while OPB showed the lowest re­
moval efficiency. For copper, the removal was achieved at 54% for 1.0 g OPF 
and 56.5% using 1.0 g of EFB. Copper showed better sorption on the three 
biomasses. The OPB and EFB introduced excessive amounts of soluble organ­
ics into the water. The experimental data obtained with OPF sorbent could 
fit Freundlich isotherm model better. The result suggested the heterogeneous 
binding sites in the biomass. 

The use of NaOH-treated oil palm frond (OPF) sorbent for Cu and Zn re­
moval and its subsequent regeneration process was reported by Salamatinia 
and colleagues [100]. The regeneration of the spent sorbent was achieved by 
des orbing the metals in O.lM NaOH, ethylenediaminetetraacetic acid (EDTA), 
hydrochloric acid (HCl), and nitr ic acid (HN03) solutions. The reusability 
study ofthe sorbent was conducted using 100 mglL ofCu and Zn at a pH of 4.5 
and 5.5, respectively for 1 h . The r esults were cOlTelated with the mechanism 
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of the metal uptake. The sorption process data satisfactorily fit the Freundlich 
isotherm to suggest heterogeneity in the sorption sites. Because of its relatively 
weaker interactions with sorbent, Zn showed better regeneration efficiency of 
up to 88%. HCI was the best regenerating agent and the same trend was shared 
by both heavy metals. The isotherm and desorption results suggested that ion 
exchange was the main mechanism for the uptake of those metals. The desorp­
tion efficiency dropped by about 20% while the sorption capacity experienced a 
drastic drop after reuse for the fourth cycle. The damage that occurred on the 
heavy metal binding sites by the strong acid was responsible for this drop. 

Activated carbons derived from oil palm empty fruit bunches CEFB) were 
investigated to find the suitability of its application for removal of zinc through 
adsorption process by Alam and associates [101) . The activated carbon pro­
duced was at optimum activation temperature of lOOO°C and at a time of 
30 minutes. The SEM showed the presence of pores with estimated pore size 
between 2.57 to 7.46 /.Lm. The statistical analysis and batch adsorption test 
were done to optimize the activation conditions for activated carbon produc­
tion. The results indicated that activated carbon derived from lOOO°C and for 
30 minutes has maximum adsorption capacity (1.63 mg/g) for the removal of 
zinc (98%) in the aqueous solutions. 

Sugawara and colleagues [102) prepared an adsorbent for the heavy met­
als from palm shell with a simple two-step process using pyrolysis and sulfur 
impregnation. Palm shell was pyrolyzed with three different methods-rapid 
pyrolysis, slow pyrolysis, and KOH pyrolysis-and the prepared char with 
high specific surface area was sulfurized with H2S impregnation to obtain 
the sulfur-impregnated char with the adsorption ability of heavy metals. The 
pyrolysis char with high specific surface area can be obtained by KOH py­
rolysis, which was pre-treated with KOH solution before slow pyrolysis, and 
then added sulfur into KOH pyrolysis char using H2S gas. The sulfur content 
of sulfur-impregnated char increased with increasing the time of H2S treat­
ment, and increased the adsorption amount of Pb2+ from aqueous solution. 
The sulfur-impregnated char was more effective for Pb2+ and Zn2+ adsorption 
than commercial charcoal. 

Kinetics of Cd2+ and Cr3+ adsorption from aqueous solutions using mer­
captoacetic acid modified and unmodified oil palm fruit fiber adsorbents were 
studied by Abia and Asuquo [103). Iqbal and associates [104) studied the very 
new adsorbent petiolar felt-shealth of palm for the removal ofPb2+, Ni2+, Cd2+, 

Cu2+, Cr3+, and Zn2+ from contaminated water. Real-time determination ofki­
netics of adsorption ofPb(II) onto palm shell-based activated carbon using ion 
selective electrode was studied by Aroua and colleagues (105). Palm kernel 
shell and palm kernel husk, two readily available agricultural waste products, 
have been used as low-cost potential adsorbents to remove Cr and Pb from 
drill cuttings by Iyagba and Opete (106). Chu and Hashim (107) studied the 
adsorption and desorption characteristics of zinc on ash particles derived from 
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Table 3: Adsorption Capacities of Oil Palm Biomass- Based Adsorbents for the 
Adsorption of Heavy Meta ls 

Adsorption 
Adsorbents Adsorbates Capacities (mg/g) References 

O il palm frond Zn(\! ) 13.00 (55) 
Cu(\!) 13.80 

O il palm bark Zn(\! ) 06.40 (55) 
Cu(\!) 08.60 

O il palm empty fruit bunch Zn(\! ) 13.20 (55) 
Cu( \! ) 14. 10 

Modified soda lignin of o il palm Pb( \! ) 46.72 (84) 
empty fruit bunch 

O il palm she ll activated carbon Ni( \! ) 05.43-D9.65 (85) 
impregnated w ith CdC\!) 07.57- 13.05 
polyethyleneimine Pb(\! ) 31.75-55.87 

Oil palm fruit fiber Pb(lI) 04.87 (88) 
Cd(lI) 07.20 

Chemically modified o il palm Pb(\!) 05.58 (88) 
fruit fiber CdC\!) 07 .98 

Oil palm empty fruit bunch Hg(\!) 52.67 (90) 
activated carbon Pb( \! ) 48.96 

Cu(\!) 0.84 
Chitosan coated o il palm she ll Cr(VI) 52.68 (92) 

charcoal 
Oil palm fuel ash Cr(lll) 16.12 (93) 
Oil palm leaf powders Cu(\!) 11 .22 (94) 
Soda lignin from oil palm fruit Cu(\!) 07.95 (95) 

empty bunch 
Oil palm kernel fiber Cu(lI) 20. 12 (97) 
Oil palm ash Zn(\!) 04.7 1- 10.66 (107) 

oil palm waste. A summary of adsorption capacities of oil palm biomass based 
adsorbents for different heavy metal ions has been presented in Table 3. 

3.3. Adsorption of Phenolic Compounds Through Oil 
Palm Biomass 
Phenolic compounds are considered to be hazardous wastes when re­

leased into the aquatic environment by industries such as coke ovens in steel 
plants, petroleum refineries, petrochemical, phenolic resin, pharmaceutical, 
and chemical and dye industries [108]. The discharge of phenolic waste into 
waterways may adversely affect human health as well as that of flora and 
fauna. It is imperative to remove phenol up to regulatory standards from 
wastewater before being discharged into waterways. Oil palm biomass-based 
adsorbents have also been explored for the removal of phenolic pollutants from 
water and wastewater. 

Steam-activated carbons from oil-palm shells were prepared and used in 
the adsorption of phenol by Lua and Jia [109] . The BET surface area of the 
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activated carbon was 1183 m2/g and a total pore volume of 0.69 cm3/g using N2 

adsorption at 77 K. The phenol adsorption capacity of the activated carbon is 
a function ofthe solution temperature. The adsorption capacity of the oil palm 
shell- activated carbons decreased from 319 to 157 mg/g when the solution tem­
perature increased from 298 to 323 K, respectively. The adsorption isotherms 
could be described by both the Langmuir-Freundlich and the Langmuir equa­
tions. The overall enthalpy change of the adsorption process based on the oil 
palm shell-activated carbons was - 27 kJ/mol, indicating that adsorption is an 
exothermic process. A new multi pore model was proposed that takes into ac­
count a concentration-dependent surface diffusion coefficient within the parti­
cle. This model is an improvement to the traditional branched pore model. The 
theoretical concentration versus time curve generated by the proposed model 
fitted the experimental data for phenol adsorption reasonably well. 

Jia and Lua [110] presented a model that takes into account a 
concentration-dependent intra-particle effective surface diffusion coefficient in 
the branched pore kinetic model. This model was applied to adsorption data 
obtained from the adsorption of phenol solution by activated carbons prepared 
from oil palm shells. The Langmuir equilibrium isotherm is more accurate 
than the Freundlich isotherm equations to describe the adsorption of aque­
ous phenol onto oil palm shell-activated carbons. The concentration-dependent 
branched pore kinetic model has been shown to be applicable and accurate for 
a wide range of experimental conditions prevailing in the adsorption system 
tested. The fraction of non-micro pore structure has a fundamental and impor­
tant effect on the adsorption process. The validity ofthe model proves that the 
effective surface diffusion coefficient is a concentration-dependent parameter. 

Steam-activated carbons from oil palm shells were pyrolysed under vac­
uum condition as well as in a nitrogen stream by Jia and Lua [111]. For fixed 
steam activation conditions of 900°C and 1 h hold time, the optimum pyrolysis 
conditions under vacuum was 675°C and 2 hrs hold time in which the BET and 
non-micropore surface areas were 988 m2/g and 273 m2/g, respectively. How­
ever, when pyrolysed in a nitrogen stream, the activated carbons yielded BET 
and non-micropore surface areas of 794 m 2/g and 157 m 2/g, respectively, for a 
pyrolysis temperature of 750°C and a hold time of 2 hrs. Under a vacuum en­
vironment, the volatiles released from the oil palm shells during pyrolysis can 
be quickly removed to reduce pore blockage to steam during the subsequent 
activation process. Using the former activated carbons, the maximum phenol 
adsorption capacity was 166 mg/g of activated carbon. For all the phenol ad­
sorption tests conducted, the adsorption capacity was found to be linearly pro­
portional to the BET surface area of the activated carbon. 

The factors affecting the performance of activated carbon prepared from 
oil palm empty fruit bunches for adsorption of phenol were evaluated by Alam 
and colleagues [112]. The activation temperature of the powdered activated 
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carbon (PAC) produced was found to have the most significant effect on the 
yield and adsorption of phenol compared to the activation time and CO2 gas 
flow rate. The preparation conditions of 900·j C activation temperature, 15 min 
activation time, and 0.1 Llmin CO2 gas flow rate gave the best quality PAC 
with higher adsorption capacity and yield. Characterization of PAC produced 
showed that the activation conditions would find good-quality adsorbent with 
the BET surface area of345.1 m2/g and well-forming pores distribution. 

Alam and associates [113] studied the removal of phenol by activated car­
bons prepared from palm oil mill effluent sludge (POME). Four types of acti­
vated carbon were produced from POME sludge: three from thermal activation 
(300, 500, and SOO°C) and one from boiling treatment at 150°C. Among the ac­
tivated carbons, the POME at SOO°C showed good adsorption capacity with 
very low content of phenol released in aqueous solution. A contact time of 6 
hrs was needed for the adsorption of phenol in equilibrium. It was observed 
that the adsorption capacity was higher at lower values of pH 2-3 and higher 
value of initial concentration of phenol 200-300 mglL. The data were well fit by 
Freundlich isotherm and pseudo-second- order kinetic compared to Langmuir 
isotherm and pseudo-first-order kinetic. 

Activated carbons derived from oil palm empty fruit bunches (EFB) were 
investigated to find the suitability of its application for removal of phenol in 
aqueous solution through adsorption process [114]. Three activated carbons 
were derived from thermal activation at 300, 500, and SOO°C and one from 
physical activation (boiling treatment at 150C C). The results revealed that the 
activated carbons at thermal activation of 500 and SOO°C showed good ad­
sorption capacity with very low content of phenol released in aqueous solution 
compared to others. It was observed that the adsorption capacity was higher 
at lower values of pH (2-3) and higher value of initial concentration of phe­
nol (200- 300 mglL). The correlation coefficient showed that the Freundlich 
isotherm and pseudo-second- order kinetic were better fitted than the Lang­
muir isotherm and pseudo-first- order kinetic. 

Ling and colleagues [115] prepared porous carbons from the potassium 
hydroxide (KOH) treated self-adhesive carbon grains (SAGC) of the precar­
bonized oil palm empty fruit bunch for the removal of phenol. The SACG 
were treated with KOH at different percentages (00/0-70% by weight). The 
treated SACG was carbonized at 700°C in nitrogen environment using a multi­
steps heating profile. Characterization by nitrogen adsorption isotherm at 77 K 
showed that the surface area and pore volume ofthe carbon powders increased 
as the percentages of KOH increased-they are dominated by micropores. The 
maximum surface area of 432 m2/g was obtained for the sample treated with 
KOH 70 wt%. Batch adsorption was carried out at room temperature to deter­
mine the adsorption of phenols by the carbon powders. Percentages removal 
of phenols by the carbon powders using adsorption isotherms was found to be 
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increased as the surface area and pore volume increased. The percentages re­
moval of phenol for sample treated with KOH 70 wt% is 72%, which is only 
22% inferior to the commercial carbon. The experimental data of the removal 
equilibrium were correlated by the Freundlich and Langmuir equations, and 
the result showed that the phenol adsorption isotherm of all samples shown to 
fit the Freunlich and Langmuir adsorption isotherm model satisfactorily and 
indicated that the adsorption condition is favorable. 

The potential feasibility of activated carbon derived from oil palm empty 
fruit bunch for the removal of 2, 4-dichlorophenol (2, 4-DCP) from aqueous 
solution was studied by Shaarani and Hameed [116]. The activated carbon 
was prepared via chemical activation with phosphoric acid. The effect of con­
tact time, initial concentration (25-250 mgIL), temperature (30-50°C), and pH 
(2- 12) were investigated. The experimental data were analyzed by the Lang­
muir and Freundlich isotherm models. The equilibrium data were best repre­
sented by Langmuir isotherm model, with a maximum monolayer adsorption 
capacity of 232.56 mg/g at 30c C. The adsorption kinetics was well described by 
the pseudo-second- order kinetic model. 

The adsorption characteristics of 2, 4, 6-trichlorophenol (TCP) on activated 
carbon prepared from oil palm empty fruit bunch were evaluated by Tan and 
colleagues [117]. Adsorption of TCP was found to increase with an increase 
in agitation time, TCP initial concentration, and solution temperature. Acidic 
solution pH was proved to be more favorable for adsorption of TCP on the 
activated carbon. The equilibrium data were best described by the Freundlich 
and Redlich-Peterson isotherm models. The kinetics of the adsorption process 
was found to follow the pseudo-second-order kinetic model. Boyd plot revealed 
that the adsorption of TCP on the activated carbon was mainly governed by 
particle diffusion. The positive ~Ho value indicated that the adsorption process 
was endothermic in nature. Ethanol desorption technique was shown to be a 
promising way to regenerate the spent activated carbon prepared in this study 
by giving relatively high TCP desorption of 99.6%. 

Tan and associates [118] investigated the adsorption potential of oil 
palm shell-based activated carbon to remove 2, 4, 6-trichlorophenol from 
aqueous solution using fixed-bed adsorption column. The effects of 2, 4, 6-
trichlorophenol inlet concentration, feed flow rate, and activated carbon bed 
height on the breakthrough characteristics of the adsorption system were de­
termined. The ethanol desorption technique applied was found to be highly effi­
cient in regenerating the spent oil palm shell- based activated carbon, showing 
TCP desorption of 96.25%. 

The effects of three preparation variables-(i) CO2 activation temperature, 
(ii) CO2 activation time, and (iii) KOH and char impregnation ratio on the 2, 4, 
6-trichlorophenol (TCP) uptake and carbon yield of the activated carbon pre­
pared from oil palm empty fruit bunch-were investigated by Hameed and as­
sociates [119] . Based on the central composite design, two quadratic models 
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were developed to correlate the three preparation variables to the two re­
sponses. The activated carbon preparation conditions were optimized using re­
sponse surface methodology by maximizing both the TCP uptake and activated 
carbon yield within the ranges studied. The optimum conditions for preparing 
activated carbon from EFB for adsorption ofTCP were as follows: CO2 activa­
tion temperature of 814°C, CO2 activation time of 1.9 hrs and impregnation 
ratio of 2.8, which resulted in 168.89 mg/g of TCP uptake and 17.96% of ac­
tivated carbon yield. The textural characterization results revealed that the 
BET surface area of the EFB-based activated carbon prepared was 1141 m2/g, 
with total pore volume of 0.6 cm3/g and average pore diameter of 2.5 nm, in­
dicating that the activated carbon was mesoporous in nature. The activat ed 
carbon produced demonstrated homogeneous pore size distribution with the 
pores arranged in an array of honeycombed structures. 

The adsorption of 4-chloroguaiacol (4CG) onto activated carbon prepared 
from the oil palm shell (OPSAC) was studied by Hamad and colleagues [120] . 
The adsorbent was prepared from oil palm shell raw mat erial impregnated in 
sodium hydroxide (NaOH) solution followed by the pyrolysis and activation 
process at 800°C in N2 and C02 gas separately. The effects of solution pH, 
agit ation t ime, and initial concentration of 4CG were evaluated. 4CG adsorp­
tion uptake was found t o increase with increase in contact time and initial 
concentration, while the high adsorption was obtained in an acidic medium at 
pH = 2. The high BET surface area and the average pore diameter were equal 
to 2247 m2/g and 2.68 nm, respectively. The surface morphology and func­
tional groups of the activated carbon were determined by using scanning elec­
tron microscopy and Fourier transform infrared analysis. The adsorption equi­
librium data were analyzed by Langmuir, Freundlich, and Temkin isotherm 
models. Adsorption data of 4CG from the activated carbon were in agreement 
with Langmuir isotherm, with a maximum monolayer adsorption capacity of 
454.45 mg/g. Adsorption kinetics was found to follow the pseudo-second-order 
model with good correlation coefficients for 4CG. From the results of this study, 
it is concluded that OPSAC is an efficient adsorbent for removing 96.03% of 
30 mglL of 4CG from aqueous solution. 

Statistical optimization of adsorption processes for removal of 2,4-
dichlorophenol by activated carbon derived from oil palm empty fruit bunches 
were investigated by Alam and associates [121]. The activated carbon pro­
duced from empty fruit bunch at 800°C showed a good adsorption capacity 
of 2,4-dichlorophenol. The equilibrium time observed for the activated carbon 
was 8 hrs. The adsorpt ion capacity was observed to be higher at lower pH of 
4 and at higher concentration (250 mglL) of 2,4-dichlorophenol solution with a 
moderate agitation speed of 100 r/min . The regression coefficient showed th at 
Langmuir isotherm fits the results better than the Freundlich isotherm. 

Panumati and colleagues [122] studied the adsorption of phenol from di­
luted aqueous solutions by activated carbons obtained from oil palm shell , and 
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the adsorption of phenol from polluted water was studied by Salim and asso­
ciates [123] through modified oil palm shell. A summary of adsorption capaci­
ties of oil palm biomass based adsorbents for the different phenolic pollutants 
is presented in Table 4. 

3.4. Adsorption of Gaseous Pollutants through Oil Palm Biomass 
The contamination of the atmosphere is one ofthe most important environ­

mental problems and is known to be caused by the progressive industrializa­
tion of the planet. One of the major contributors in atmospheric contamination 
is the emission of sulfur dioxides (SOx) and nitrogen oxides (NOx), which re­
sult in acid rain and ground-layer ozone formation. Fuel combustion processes 
and power plants are the largest contributor of these gases in the form of flue 
gas. Due to its high toxicity and negative impact in the environment, inter­
est in reducing the emissions of these gases has been increasing. Oil palm 
biomass-based activated carbon can be used as an adsorbent for the removal 
of gaseous pollutants. 

Adsorption of sulfur dioxide (S02) onto activated carbons prepared from 
oil-palm shells was investigated by Lua and Guo [124]. Experimental results 
showed that the adsorption temperature and S02 concentration significantly 
determined the amount of S02 adsorbed and the equilibrium time. However, 
sample particle size had minimum effect on the equilibrium time. For the S02 
concentration of 2000 ppm, the adsorption activation energy and frequency 
factor were found to be 12.6 kJ/mol and 3.4 x 103 min-l, respectively. A lin­
early proportional relationship between the BET surface area and the adsorp­
tive capacity of the activated carbon from oil-palm shells was observed. This 
indicates that the adsorptive capacity of the activated carbon is mainly deter­
mined by its textural characteristics. Higher S02 concentration also r esulted 
in the commencement of adsorption for the activated carbon with a lower BET 
surface area. An intraparticle Knudsen diffusion model based on a Freundlich 
isotherm was developed for predicting the amount of S02 adsorbed and the 
S02 concentration profile within the particle. Based on the estimated isotherm 
parameters and diffusion coefficients by experimental data fitting, this model 
could predict the amount adsorbed under different concentrations very well . 
However, this model was unsuitable for the activated carbon prepared from 
oil-palm shells by chemical activation because of the occurrence of chemisorp­
tion, which was related to the nature of the sample surface functional 
groups. 

Oil palm shells pretreated with KOH were used for the preparation of ac­
tivated carbon for the adsorption of S02 [125]. Experimental results showed 
that S02 concentration and adsorption temperature significantly affected the 
amount of S02 adsorbed and the equilibrium time. Higher S02 concentra­
tion and lower adsorption temperature were favorable for adsorption. Sample 
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Table 4: Adsorption\capacities of Oil Palm Biomass- Based Adsorbents for the Adsorption of Phenolic Compounds 

Adsorbents 

Oil palm shell activated carbon 
Oil palm shell activated carbon 
Oil palm empty fruit bunch activated carbon 
Palm oil mill effluent sludge activated carbon 
Oil palm empty fruit bunch activated carbon 
Oil palm empty fruit bunch activated carbon 
Oil palm empty fruit bunch activated carbon 
Oil palm empty fruit bunch activated carbon 
Oil palm empty fruit bunch activated carbon 
Oil palm shell activated carbon 
Oil palm empty fruit bunch activated carbon 

Adsorbates 

Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
Phenol 
2A-dichlorophenol 
2A,6-trichlorophenol 
2A,6-trichlorophenol 
4-chloroguaiacol 
2A-dic hlorophenol 

Adsorption 
Capacities (mg/g) 

319.00 
166.00 
04.87 
12.08 
13.11 

89.29- 91.74 
232.56 
588.24 
168.89 
454.45 

27.25 

References 

(109) 
(111) 
(112) 
(113) 
(114) 
(11 5) 
(116) 
(117) 
(119) 
(1 20) 
(121) 
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particle size only had an effect on the equilibrium time due to the effect of 
the diffusion rate. Desorption at the same temperature for adsorption and a 
higher temperature of 200°C confirmed the presence of chemisorption. Com­
pared with the activated carbon pretreated with 30% phosphoric acid (H3P04) 

that had larger BET and micropore surface areas, the sample impregnated 
with 10% KOH had a higher adsorptive capacity for S02, which was closely 
related to the surface organic functional groups of the sample. 

Microporous activated carbons prepared from palm shell by thermal acti­
vation and their applications to sulfur dioxide adsorption were studied by Guo 
and Lua [126]. The effects of activation temperature on the textural properties 
of the palm shell-activated carbons-namely BET surface area, porosity, and 
microporosity- were investigated. The activated carbons prepared from palm 
shell possessed well-developed porosity (predominantly microporosity), lead­
ing to potential applications in gas-phase adsor ption for air pollution control. 
During the CO2 activation process, as the activation temperature increased 
the sample weight loss was due to the r elease of volatile matter s in a continual 
carbonization process and carbon burn-off through carbon-C02 weak oxida­
tion, r esulting in the development of porosity. The maximum BET surface area 
of the palm shell-activated carbon was 1366 m2/g. Static and dynamic adsorp­
tion tests for sulfur dioxide (S02), a common gaseous pollutant, were carried 
out in a thermogravimetr ic analyzer and a packed column configuration, re­
spectively. The effects of adsorption temperature, adsorbate inlet concentra­
tion, and adsorbate superficial velocity on the adsorptive performance of the 
prepared activated carbons were studied. Microporous oil palm shell-activated 
carbons prepared by physical activation for gas phase adsorption were inves­
tigated by Luo and Guo [127]. The effects of CO2 activation conditions on the 
characteristics of the activated carbon, such as composition, porosity, hardness, 
and internal pore surface area, were investigated in order to optimize prepa­
ration parameters. The activation temperature and hold time were found to 
have important influences on the BET and micropore surface areas of the ac­
tivated carbon. For the parameters investigated, the optimum conditions for 
CO2 activation to derive maximum BET surface area were found to be at an 
activation temperature of 1173 K and a hold time of 30 min, with a heating 
rate of 10 Klmin and a CO2 flow rate of 100 cm3/min. Under these conditions, 
the largest BET surface area for the oil palm shell-activated carbon was 1366 
m2/g. For the kinetic study of the carbon-C02 reaction, theoretical predictions 
using the random pore model agreed very well with the dat a from thermo­
gravimetr ic analyses. The activation reaction rate was found to be dependent 
on both the initial pore structure of the char and the tr ansient pore structure, 
which was progressively developing during the activation process. When S0 2 
gas was used as the adsorbate, a linear relationship between the specific pore 
surface area and the adsorptive capacity of the adsorbent was observed. This 
could be elucidated by the neutral (or slightly acidic) nature of the surface 
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functional groups, as detected by Fourier transform infrared spectroscopy, on 
the oil palm shell-activated carbon. 

Adsorptions of sulphur dioxide onto activated carbon prepared from oil 
palm shells with and without pre-impregnation were studied by Guo and Luo 
[128]. The effects of fixed-bed length, S02 gas superficial velocity, adsorbent 
particle size, and internal pore structure on fixed-bed performance were in­
vestigated. Some characteristic parameters such as the breakthrough time, 
exhaustion time, length of mass transfer zone, adsorptive capacity, and adsorp­
tion rate constant were derived from the breakthrough curves. Tests ofS02 ad­
sorption onto activated carbons prepared from oil palm shells pre-impregnated 
with potassium hydroxide (KOH) and phosphoric acid (H3P04) of different con­
centrations were also carried out. It was found that the fixed-bed performance 
was not only dependent on the operating conditions and the textural proper­
ties of the adsorbent but was also influenced by the surface chemistry of the 
adsorbent, which was related to the type and concentration of the impregnat­
ing agent. 

Preparation and characterization of activated carbons from oil palm stones 
for gas-phase adsorption were studied [129]. Ultimate and proximate analyses, 
pycnometry, mercury porosimetry, surface area and porosimetry, and transmis­
sion electron microscopy were carried out to evaluate the textural properties 
of the activated carbons. The activation temperature and the hold time were 
found to have important influences on the surface area and pore size distri­
bution of the activated carbon. The optimum conditions for CO2 activation to 
derive maximum BET surface area were found to be at an activation tempera­
ture of9008 C and a hold time of 30 min. with a heating rate of lOoC min- 1 and 
CO2 flow rate of 100 cm3/min. Under these conditions, the largest BET surface 
area for the oil palm stone-activated carbon was 1366 m2/g. For chemical char­
acterization, an x-ray diffractometer and an FTIR spectroscope were used to 
identify the inorganic components and surface organic functional groups of the 
activated carbons, respectively. The activation temperature and hold time had 
significant effects on the surface functional groups. For the determination of 
the adsorptive capacity of the activated carbons, adsorption of sulphur dioxide 
was carried out using thermogravimetric analyses. 

Sumathi and colleagues [130] examined the impregnated carbon-based sor­
bents for simultaneous removal of S02 and NOx from simulated flue gas. The 
carbon-based sOl"bents were prepared using PSAC impregnated with several 
metal oxides (Ni, V, Fe, and Ce). The removal of 802 and NOx from the sim­
ulated flue gas was investigated in a fixed-bed reactor. The results showed 
that PSAC impregnated with Ce02 (PSAC-Ce) reported the highest sorption 
capacity among other impregnated metal oxides for the simultaneous removal 
of S02 and NOx. PSAC-Ce showed the longest breakthrough time of 165 and 
115 min for S02 and NOx, respectively. The properties ofthe pure and impreg­
nated PSAC were analyzed by BET, FTIR, and XRF. The physical- chemical 
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features of the PSAC-Ce sorbent indicated a catalytic activity in both the sorp­
tion ofS02 and NOx. The formation of both sulfate (S042- ) and nitrate (N03 - ) 

species on spent PSAC-Ce further prove the catalytic role played by Ce02 . 
The preparation, optimization, and activity of the active adsorbent pre­

pared from oil palm ash for the removal of S02 in the flue gas from the com­
bustion systems were investigated [131]. The adsorbent was prepared from 
oil palm ash, Ca(OHh, and CaS04 using a water hydration process. A cen­
tral composite design was used to study the influence of various adsorbent 
preparation variables: hydration period, amount of oil palm ash, and amount of 
CaS04 on the BET specific surface area of the resulting adsorbent. The surface 
areas of the adsorbents obtained were in the range of 18.7 to 147.2 m2/g. An 
empirical model was then developed to correlate the three adsorbent prepa­
ration variables to the BET surface area. Based on the empirical model, a 
maximum specific surface area of 128.6 m2/g existed with a hydration pe­
riod of 10 hrs, amount of oil palm ash 15.0 g, and amount of CaS04 2.7 g. 
The predicted values were found to agree very well with the experimental re­
sult. The desulfurization activity of the adsorbent derived from oil palm ash! 
Ca(OHh/CaS04 was found to be significantly higher than that of its starting 
materials. 

Zainudin and associates [51] studied the oil palm ash (OPA) as an active 
adsorbent for flue gas desulfurization using hydration process. Active adsor­
bents for dry-type flue gas desulfurization were prepared from OPA, CaO, 
Ca(OHh, and CaS04 using water hydration process. A central composite de­
sign was used to develop an empirical model that correlates the adsorbent 
surface area with the adsorbent preparation variables. The maximum sur­
face area of adsorbent obtained in this study were adsorbent 120.5 m2/g and 
126.0 m2/g. Higher hydration period (30 hrs), ratio of OPA to CaO/Ca(OH)2 
(3 :1), and the use of Ca(OHh instead of CaO as the starting materials 
(Ca(OH)z) were found to give a positive effect on the adsorbent BET surface 
area. The use of Ca(OH)z instead of CaO as the starting material produced 
adsorbent with a higher surface area. The adsorbent with maximum surface 
area of 134.2 m2/g was prepared from Ca(OH)z as the starting material. Ac­
tivity tests showed that the desulfurization activity of adsorbent prepared by 
hydrating OPA with CaO/Ca(OH)z/CaS04 was much higher compared to the 
desulfurization activity of the starting materials. The x-ray diffraction analy­
sis showed that the reactive species in the adsorbent were a complex compound 
containing calcium silicate hydrate or calcium aluminum silicate hydrate. The 
adsorbent prepared from OPNCaS04/CaO or Ca(OH)z was also found to be 
composed of porous structure contributing to its high BET surface area. The 
potassium ions in OPA were found to form reactive species and were proba­
bly involved in the adsorption of S02 together with calcium ions. The reactive 
species in the adsorbent were complex compounds containing Ca, K, Si, AI, 0 
ions, and hydrated water, which have a porous structure. 
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The preparation of activated carbons from extracted oil palm fibers for the 
reduction of nitric oxide was studied [132] . Experimental results showed that 
it was feasible to produce activated carbons from extracted oil palm fibers 
by a two-step procedure involving either physical activation or chemical ac­
tivation with KOH impregnation. The activated carbon with the highest BET 
surface area was obtained by pyrolysis at 750°C for 2 hrs, followed by activa­
tion with CO2 at 850°C for 30 min from the fibers impregnated with 0.10 M 
KOH for 24 hrs. The results from the thermogravimetric study on the reduc­
tion of nitric oxide showed that activated carbons prepared from extracted 
oil palm fibers could reduce NOx appreciably either by reaction with NO at 
high temperatures or by simultaneous reaction and adsorption for a mixture 
of NO and O2. These activated carbons can be potentially used for NOx re­
duction in flue-gas streams from high-temperature combustors or downstream 
of electrostatic precipitators and in some chemical plants operating at room 
temperature. 

The simultaneous occurrence of adsorption and reaction of nitrogen 
monoxide on activated carbon in the presence of oxygen and water vapor in 
a fix-bed reactor has been studied by Klose and Rincon [133]. The study was 
based on the measurement of breakthrough curves at temperatures between 
100 and 150°C and on the subsequent thermal desorption in a fix-bed reac­
tor. The experimental results showed that the reactions on this system in­
clude the simultaneous adsorption, reduction, and catalytic oxidation of NO 
together with the adsorption of created N02. During desorption, N02 reacts to 
NO through a reductive desorption process. An acceleration of the NO oxida­
tion occurs when the saturation level of the adsorbed NO is reached, resulting 
in a maximum on the breakthrough curve. Different adsorbed NO species are 
formed during the process: one thermal unstable NO and three thermal stable 
NO species-N02' NO, and (NOh dimers, respectively. 

Effect of surface chemistry on gas-phase adsorption by activated carbon 
prepared from oil palm stone with pre-impregnation was investigated by Guo 
and Luo [134]. Experimental results showed that activated carbons with suf­
ficient hardness, fairly high BET surface area, and well-developed microp­
orosities can be prepared from oil palm stones pre-impregnated with various 
solutions (ZnCI2, H3P04 , or KOH). Chemical characterization showed that im­
pregnation significantly affected the surface functional groups. The samples 
pretreated with H3P04 presented acidic groups such as phenols and carboxylic 
acids, whereas those with KOH impregnation showed basic groups likely to be 
pyrones (cyclic ketone) and other keto-derivatives of pyran. From adsorption 
tests of N02 and NH3 it was found that the activated carbons pretreated with 
KOH could adsorb more N02 but less NH3 than those pretreated with H3P04 

even though they had almost identical BET surface areas. This indicated that 
the adsorptive capacity ofthe activated carbon was not only determined by its 
textural characteristics but was also related to the surface chemistry, which 
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was relevant to the type of impregnating agent, concentration of impregnation 
solution, and activation temperature. 

Adsorption of ammonia (NH3) onto activated carbons prepared from palm 
shells impregnated with sulfuric acid (H2S04) was invest igated by Guo and 
colleagues [135]. The effects of activation temperature and acid concentration 
on pore surface area development were studied. The relatively large micro­
pore surface areas of the palm shell-activated carbons prepared by H2S04 

activation suggest their potential applications in gas adsorption. Adsorption 
experiments at a fixed temperature showed that the amounts of NH3 adsorbed 
onto the chemically activated carbons, unlike those prepared by CO2 ther­
mal activation, were not solely dependent on the specific pore surface areas 
of the adsorbents. Adsorption and desorption tests also suggested combined 
physisorption and chemisorption of NH3 for the chemically activated carbons. 
The adsorptive capacity of chemisorption increased with the amounts of oxy­
gen, which were present in the form of surface oxygen functional groups as de­
tected by FTIR. The main oxygen functional groups ofthe palm shell-activated 
carbons were presumably phenols, carboxylic acids (or carboxylic anhydrides) , 
and carbonyl groups (either isolated or arranged in quinone-like fashion). Hy­
drogen atoms ofNH3 can strongly interact with oxygen in the form of hydroxyl 
(H-O) and carbonyl (C= O) groups on the adsorbents. NH3 can therefore adsorb 
onto active adsorption sites provided by oxygen functional groups via hydrogen 
bonding. 

Characterization of adsorbent prepared from oil palm shell by CO2 activa­
tion for removal of gaseous pollutants was studied by Guo and Lua [136]. The 
effects of activation temperature on the textural and chemical properties of the 
activated carbon were studied. It was found that significant weight losses oc­
curred during the activation process due to continual release of volatile matter 
and carbon burn-off through weak carbon-C02 oxidation, resulting in an in­
crease of solid density and a decrease of apparent density. Hence, the activated 
carbons prepared from oil palm shells possessed well-developed porosities and 
predominant microporosities, which were verified by SEM and transmission 
electron microscopy, respectively. The predominant micropore development in 
oil palm shell- activated carbons will lead to applications in gas-phase adsorp­
tion for the removal of air pollutants. The relationship between the adsorptive 
capacity for N02 or NH3 and the BET surface area was found to be linearly 
proportional. This was due to the neutr al (or slightly acidic) surface functional 
groups of the oil palm shell-activated carbon as detected by the FTIR. 

Adsorption of hydrogen sulphide (H2S) onto activated carbons derived from 
oil palm shell by thermal or chemical activation method was investigated by 
Guo and colleagues [137]. The activated carbons prepared by KOH and H 2S04 

activation had better dynamic adsorption performances due to longer break­
through times, prolonged exhaustion times, and relatively short mass trans­
fer zone. Therefore, the corresponding adsorption capacities were also larger. 
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An intra-particle Knudsen diffusion model based on a Freundlich isotherm 
was developed for predicting the amount of H2S adsorbed. Desorption tests 
at the same temperature as adsorption (298 K) and at an elevated tempera­
ture (473 K) were carried out to confirm the occurrence of chemisorption and 
oxidation of H2S on the activated carbon. Surface chemistries of the palm 
shell-activated carbons were characterized by FTIR and Boehm titration. It 
was found that uptaking H2S onto the palm shell-activated carbons was due 
to different mechanisms; e.g., physisorption, chemisorptions, and/or H2S oxi­
dation, depending on the activation agent and activation method. 

Activated carbons with relatively high densities and well-developed poros­
ity were prepared from oil palm stones pretreated with H2S04 and KOH im­
pregnations for the removal ofS02 and NH3 [138]. The effects of impregnation 
concentration and soaking time on the textural properties, such as adsorption 
isotherm, porosity, surface area, and pore size distribution, were investigated. 
A reasonably high BET surface area and predominant microporosity of the 
oil palm stone carbons suggested their potential applications in gas-adsorbing 
processes. From adsorption tests of S02 and NH3, it was found that the ac­
tivated carbons pretreated with KOH could adsorb more S02 but less NH3 
than those pretreated with H2S04 , even though they had almost identical BET 
and micropore surface areas. This indicated that the adsorptive capacity of the 
activated carbon was not only determined by its textural characteristics but 
also related to the surface chemistry. Chemical characterization showed that 
impregnation significantly affected the surface chemistry, i.e. inorganic com­
ponent and surface organic functional group. For organic functional groups, 
the samples pretreated with H2S04 presented acidic groups such as phenols 
and carboxylic acids, whereas those with KOH impregnation showed alkaline 
groups suggested to be pyrones (cyclic ketone) and other keto-derivatives of 
pyran. 

Oil palm shell adsorbents prepared by phosphoric acid (H3P04 ) and potas­
sium hydroxide (KOH) activation and their effect on the adsorption capacity 
of nitrogen dioxide (N02 ) and ammonia (NH3) gases were investigated by Guo 
and Lua [139]. The surface areas were increased with the increase of both 
the concentration of the impregnating solution and the soaking time due to 
extended action of the impregnating agent. However, the BET surface area 
decreased when 40% KOH solution was used due to overgasification ofthe pre­
cursor, resulting in detrimental effects on pore evolution. Adsorption and des­
orption tests of nitrogen dioxide (N0 2 ) and ammonia (NH3) gases were used 
to evaluate the adsorptive capacities of the oil palm shell adsorbents. From 
the experimental results, it was found that surface functional groups, which 
were determined by the concentration of impregnation solution and the soak­
ing time, had a significant influence on the adsorptive capacity due to the oc­
currence of chemisorption. Moreover, mechanisms of chemical activation of oil 
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palm shell using H3P04 and KOH for the evolution of porosity and the forma­
tion of surface functional groups were also proposed based on the phenomena 
observed. 

Lua and Guo [140] studied the feasibility of activated carbon prepared from 
oil palm stone by one-step CO2 activation for gaseous pollutant removaL Guo 
and associates [141] also studied the feasibility of activated carbon prepared 
from extracted flesh fiber and seed shell of a palm oil processing milL Tan 
and Ani [142] studied the oil palm shell-based carbon molecular sieves for air 
separation. Later Ahmad and associates [143] studied the adsorption kinetics 
of 02, N2, CO2, and CH4 in carbon molecular sieves produced by oil palm shell. 
Niya and colleagues [144] used the activated carbon prepared from oil palm 
shell impregnated with ZnCh for methane adsorption. Jia and coauthors [145] 
studied the separation of ethane gas by adsorption onto oil palm shell-based 
activated carbon 

3.5. Adsorption of Miscellaneous Pollutants Through Oil 
Palm Biomass 
Salman and Hameed [146] investigated the potential of oil palm 

fronds-activated carbon on the adsorption ofbentazon from aqueous solutions. 
Oil palm fronds (OPF) were used to prepare activated carbon (OPFAC) using 
the physiochemical activation method, which consisted of potassium hydrox­
ide (KOH) treatment and carbon dioxide gasification. The effects of the prepa­
ration variables, which were activation temperature, activation time, and 
chemical impregnation ratios (KOH:char by weight), on the carbon yield and 
bentazon removal were investigated. Based on the central composite design, 
two-factor interaction and quadratic models were, respectively, employed to 
correlate the OPFAC preparation variables to the bentazon removal and car­
bon yield. From the analysis of variance (ANOVA), the most influential factor 
on each experimental design response was identified. The optimum conditions 
for preparing activated carbon from OPF were: (i) activation temperature of 
850°C, (ii) activation time of 1 h, and (iii) KOH and char ratio of 3.75 and l. 
The predicted and experimental results for removal of bentazon and yield of 
OPFAC were 99.85%, 20.5% and 98.1%, 21.6%, respectively. 

Lim and colleagues [147] studied the removal of (¥ and f3 endosulfan from 
water using oil palm shell-activated carbon. They found that removal of f3 en­
dosulfan was significantly more efficient than that of (¥ endosulfan. Kinetic 
equilibrium for f3 endosulfan adsorption onto oil palm shell-activated carbon 
was achieved after 30 min of contact time with a very high capacity of 418 mg/g. 
The adsorption kinetics data fitted the pseudo-second- order model well imply­
ing that chemisorption was the rate-controlling step. Equilibrium adsorption 
data for oil palm shell-activated carbon fitted the Freundlich isotherm better 
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Table 5: Adsorption Isotherm and Kinetic Studies of Different Pollutants onto Oil Palm Biomass-Based Adsorbents 
tv 

0 Applicable 
Isotherm 

Adsorbents Adsorbates Models Applicable Kinetic Models References 

Oil palm shells activated Methylene blue Langmuir Pseudo-second-order (69) 
carbon 

Chemically modified oil Methylene blue Langmuir Pseudo-second-order (70) 
palm shells activated 
carbon 

0 11 palm fiber activated Methylene blue Langmuir Pseudo-second-order (71) 
arbon 

Oil palm fiber-based Methylene blue Langmuir (72) 
activated carbon 

Oil palm wood activated Methylene blue Langmuir (73) 
carbon 

Oil palm kernel fiber Methylene blue Langmuir Pseudo-second-order (74) 
Oil palm kernel fiber Methylene blue Pseudo-second- order (75) 
Oil palm kernel shell Reactive black 5 Freundlich and Pseudo-second-order (76) 

activated carbon Reactive red E Redlich-
Peterson 

Oil palm kernel shell Reactive black 5 Film surface pore diffusion (77) 
activated carbon Reactive red E 

Oi l palm kernel shell Remazol black 5 Freundlich Pseudo-first- order (78) 
activated carbon 

Oi l palm kernel fiber 4-bromoaniline-azo-1 ,8- Langmuir (79) 
dihydronaphthalene-3,6-
disodiumsulphate 

Palm kernel coat Congo red Pseudo-second-order (80) 
Oil palm trunk fiber Malachite green Multilayer Lagergren (81) 

adsorption pseudo-first-order 
Oi l palm ash Direct b lue 71 Freundlich Pseudo-second-order (82) 
Oi l palm ash Disperse blue Langmuir Pseudo-second-order (83) 

Disperse red 
Oil palm frond Zn(ll) Freundlich (55) 

Cu(ll) 
Oil palm bark Zn(lI) Freundlich (55) 

Cu(ll) 



Downloaded by [Universiti Sains Malaysia] at 23:2018 December 2011 

Oil palm empty fruit bunch Zn(ll) Freundlich (55) 
Cu(lI) 

Modified soda lignin of oil Pb(lI) 
palm empty fruit bunc h 

Langmuir Pseudo-second-order (84) 

Oil palm shell activated Ni(ll) Langmuir and (85) 
carbon impregnated Cd(ll) Redlich-
with polyethyleneimine Pb(ll) Peterson 

Oi l palm fruit fiber Pb(ll) Pseudo-second-order (88) 
Cd(lI) 

Chemically modified oil Pb(lI) Pseudo-second order (88) 
palm fruit fiber Cd(ll) 

Oi l palm empty fruit bunc h Hg(lI) Langmuir and (90) 
activated carbon Pb(lI) Freundlic h 

Cu(lI) 
Chitosan coated o il palm Cr(VI) 

shell charcoal 
Langmuir (92) 

Oil palm fuel ash Cr(lll) Langmuir Pseudo-first-order and (93) 
second-order irreversible 
reaction 

Oi l palm leaf powders Cu(ll) Langmuir (94) 
Soda lignin from oil palm Cu(lI) Freundlich Pseudo-second-order (95) 

fruit empty bunch 
Oil palm kernel fiber Cu(lI) Langmuir (97) 
Mercaptoacetic acid Cd(lI) and Cr(llI) Intraparticie diffusion (103) 

modified oil palm fruit 
fiber 

Oil palm shell activated Pb(ll) Pseudo-second-order and (105) 
carbon Elovic 

Palm kernel shell activated Cr(lll) and Pb(ll) Freundlich (106) 
carbon 

Palm kernel husk activated Cr(lll) and Pb(ll) Freundlich (106) 
carbon 

(Continued on next page) 
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Table 5: Adsorption Isotherm and Kinetic Studies of Different Pollutants onto Oil Palm Biomass- Based Adsorbents (Continued) 

Applicable 
Isotherm 

Adsorbents Adsorbates Models Applicable Kinetic Models References 

Oil palm ash Zn(ll) Langmuir and First-order (107) 
extended 
Langmuir-
Freundlich 

Oil palm shell activated Phenol Langmuir and Concentration-dependent (1 09) 
carbon Langmuir- branched pore 

Freundlich 
OPS activated carbon Phenol Langmuir Concentration-dependent (110) 

branched pore 
Palm oil mill effluent sludge Phenol Langmuir and Pseudo-second-order (113) 

activated carbon Freundlich 
Oil palm empty fruit bunch Phenol Freundlich Pseudo-second-order (114) 

activated carbon 
Oil palm empty fruit bunch Phenol Langmuir and (115) 

activated carbon Freundlich 
Oil palm empty fruit bunch 2A-dichlorophenol Langmuir Pseudo-second-order (11 6) 

activated carbon 
Oil palm empty fruit bunch 2A,6-trich lorophenol Freundlich and Pseudo-second-order (11 7) 

activated carbon Redlich-
Peterson 

Oil palm shell activated 4-chloroguaiacol Langmui Pseudo-second-order (119) 
carbon 

Oil palm empty fruit bunch 2A-dichlo rophenol Langmuir (121) 
activated carbon 

Oil palm shell activated Phenol Freundlich (1 22) 
arbon 

Modified oil palm shell Phenol Freundlich (123) 
Oil palm shell activated Endosulfan Freundlich Pseudo-second-order (147) 

carbon 
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than the Langmuir adsorption isotherm, suggesting the existence of multilayer 
adsorption of endosulfan on a relatively heterogeneous oil palm shell-activated 
carbon surface. Adinata and associates [148] studied the palm shell-based ac­
tivated carbon in the production of carbon molecular sieves by the chemical 
vapor deposition method using benzene as a depositing agent. They inves­
tigated the influences of deposition temperature, time, and flow rate of ben­
zene on pore development of carbon molecular sieve and methane adsorption 
capacity. 

Tables 5 sums up various adsorption isotherm models and kinetic models 
for different pollutants onto oil palm biomass- based adsorbents. Some well­
known isotherms such as Freundlich, Langmuir, Redlich-Paterson, Temkin, 
and Dubinin-Radushkevich as well as several adsorption kinetic models 
were established to understand the adsorption kinetics and rate-limiting 
step. These include pseudo-first-order and pseudo-second-order, first-order re­
versible reaction, external mass transfer, Elovich's model, and Film surface 
pore diffusion models. The pseudo-first- order and pseudo-second- order kinetic 
models are the most well liked to study the adsorption kinetics of various 
pollutants. 

4. CONCLUSIONS AND FUTURE DIRECTIONS 

In recent years, increasing costs and environmental considerations have led to 
the use of new low-cost adsorbents derived from renewable resources. In this 
review, applications of oil palm biomass- based adsorbents for the removal of a 
diverse type of pollutants have been reviewed based on a substantial number 
of relevant articles published. The use of oil palm biomass as low-cost adsor­
bents for removing various pollutants from water and wastewater presents 
many attractive features, especially their contribution in the reduction of costs 
for waste disposal, therefore contributing to environmental protection. Al­
though the amount of available literature data for the application of oil palm 
biomass- based adsorbents in water and wastewater treatment is increasing at 
a tremendous pace, there are still several gaps which need more attention. 

The conditions for the production oflow-cost adsorbents after surface mod­
ification for higher uptake of pollutants need to be optimized. Mechanistic 
studies need to be performed in detail to propose a correct binding mecha­
nism of aquatic pollutants with low-cost adsorbents. The potential of low-cost 
adsorbents under multicomponent pollutants needs to be assessed. This would 
make a significant impact on the potential commercial application of low-cost 
adsorbents to industrial system . As evident from the literature survey, no re­
port is available repor ting the removal of anions and radionuclides by oil palm 
biomass-based adsorbents. It is therefore necessary to examine the potential of 
oil palm biomass-based adsorbents for different anions and radionuclides. Few 
reports are available on the removal of pesticides by oil palm biomass-based 
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adsorbent, which needs to be explored in more detail. There is scarce data 
available for the competitive adsorption of pollutants (metal ions adsorption in 
presence of phenols, dyes, and other contaminants and vice-versa). Therefore, 
more research should be conducted in this direction. It is further suggested 
that the research should ,not be limited to only lab scale batch studies, but 
pilot-plant studies should also be conducted utilizing low-cost adsorbents to 
check their feasibility on a commercial scale. 

Little efforts seem to have been made to carry out a cost comparison be­
tween activated carbon and various non-conventional adsorbents. This aspect 
needs to be investigated further in order to promote large-scale use of non­
conventional adsorbents. Despite the scarcity of consistent cost information, 
the widespread uses of low-cost adsorbents in industries for wastewater treat­
ment applications today are strongly recommended due to their local avail­
ability, technical feasibility, engineering applicability, and cost-effectiveness. 
Despite various drawbacks and challenges that currently exist, a widespread 
and great progress in this area can be expected in the future . 

Finally, we wish to comment on zero waste strategy of adsorption process. 
There is a bigger scope of research of utilization of used adsorbents for fur­
ther treatment processes. Another possibility of exploration is the recovery 
cum reuse of adsorbed substances. All future researches might be accompa­
nied by adsorption/desorption and/or adsorption/re-adsorption process so that 
there is no net sludge generation and, if any, it should be minimum. Such a 
strategy will fulfill the goal of zero waste. 
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ABSTRACT 
A novel adsorbent, oi l palm leaves were used to remove copper (II ) ions from aqueous solutions. Oil palm leaves 
were dried, grounded, washed using distilled water and sieved into different sizes. The effects of different system 
variables, viz, contact time, pH, dosage of adsorbent, size of adsorbent particles and initial metal ion concentration 
on biosorption of copper (II) ions were studied. The results showed that the optimum pH value for maximum 
biosorption determined was 6.0 for copper (II) ions. The Langmuir, Freundlich and Temkin adsorption isotherm 
constants were calculated to find their applicability for the system and the results were being discussed. The 
thermodynamic parameters such as free energy, enthalpy and entropy changes for the biosorption of copper (11) ions 
were computed to predict the nature of biosorption process. In conclusion, the oil palm leaves particles were found 
possible to be used as a low cost adsorbent for removal of copper (II) ions from aqueous solution. 

Key words: Biosorption , Copper (II), Isotherm, Oil palm leaf, Thermodynamic. 

INTRODUCTION 
Heavy metals pollution is among global problems exist nowadays. Copper was among the hazardous 

material that pollute the environment which is used as metal in machinery, constlUction, transpOitation and military 
weapons. Consuming food and beverages contaminated with copper will affect the liver badly continued by 
hemolysis and damage to renal tubules, the brain, and other organs (Gaetke and Chow, 2003). Therefore, water or 
waste water should be treated to remove this hazardous material. 

The use of agricultural wastes for the treatment of polluted water is also an attractive and promising option 
for the environment. A wide variety of agricultmal waste materials such as orange peel (Feng et aI. , 2009), soybean 
hull (Ucun et aI. , 2009), pecan nut shell (Veghetti et aI. , 2009), meranti sawdust (Rafatullah et aI. , 2009) and 
soybean straw (Zhu et aI. , 2008) are being used as low-cost alternatives to expensive adsorbents. 

Attention was given to utilization of oil palm leaf as biosorbent for removal of copper (II) ions from 
aqueous solution. The objective of this paper is to assess the potential of oil palm leaf particles for uptake of copper 
(II) ions fi'om aqueous solutions. The effect of temperature, contact time, pH of metal solut ion, dosage of bios or bent, 
size of bios or bent particles and initial concentration of metal ion solution was investigated. The biosorption isotherm 
and probable mechanism are explained. The thermodynamic parameters for the biosorption of copper (II ) ions have 
also been computed and discussed. 

MATERIALS AND METHODS 
Biosorbent and adsorbate solution 

Oil palm leaves (Elaeis guineensis) were used as biosorbent and were obtained from Kedah, Malaysia. 
They were washed with distilled water and left to air dried befo re cutting it into smaller pieces. Leaves were 
grounded using grinder into smaller particles, washed using distilled water and dried in an oven at 60±SoC for 48 
hours (Hameed, 2009). Copper (II) nitrate hemipentahydrate 98% (Sigma-aldrich, Cu(N03)2 ·2.SH20) was used in 
preparing adsorbate solution by diluting Ig of the chemical with 1000ml of dist illed water. Stock so lution was 
further dil uted to different desired concentrations. 

Batch biosorption studies 
Batch biosorption studies were done according to Ahmad et al. (2007). SO ml of fi ve different 

concentrations of Cu (II) ion solution was mixed with O.S mg oil palm leaf particles in stoppered conical fl ask, 
agitated in water bath shaker for different length of times at constant revolution of 12Srpm at 30°C. Then mixtures 
were filtered and filtrate solutions were analysed using atomic absorption spectrometer for their final concentration. 
Different parameters were being studied including the equilibrium time (20, 40, 60, 80, 100, 120, 140, 160, 180,200 
and 240 min .), pH of the solution (2, 3,4, S, 6, 7 and 8), dosage of the adsorbent (0 .1, 0.2, 0.3, 0.4, O.S, 1.0, I. S, 2.0, 
2.S and 3.0 g), size of adsorbent particles (0 .S3 11m- 12S 11m, 12S 11m-2S011m, 2S011m-SOOlllll and SOOlllll- 1 mm) and 
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initial concentrations (I , 10,25,50 and 100 mg/L) for maximum adsorption. Three replicates were done for each 
study to ensure data reliability . Biosorption was expressed in percentage, using the formul a; 

Biosorption, % = (Ci - Ce) / Ci X 100 (1) 
where, Ci and Ce are the initial and equilibrium concentration of metal ions (mg/L) in the solution. 

RESULTS AND DISCUSSION 
Effect of initial metal concentrations and contact time 

The effects of different contact times on biosorption of Cu (II) ions were investigated. Contact times 
between 20 to 240 minutes were chosen and a graph ofbiosorption percentage versus contact time was plotted. Fig. 
I showed biosorption percentage increases gradually as longer contact time was provided unti l it reaches 
equilibrium around 120°C to 180°C. Degradation of particles could be possible reason to explain desorption activity 
after about 180 minutes of contact time. Yu et a!., (2003) reported the same phenomenon in his work to remove 
metal ions fTom aqueous solution using maple sawdust. Fig. 1 also showed the effect of increasing initial 
concentration of metal ions on biosorption percentage. Biosorption was most efficient at lower initial concentrations 
and gradually decreases as the initial concentrations were increased. As concentrations go higher, percentage of 
adsorption become lower as the amount of adsorption sites on the surface of adsorbent was limited to a certain 
amount. 

I •• 
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Figure 1 Effect of initial concentrations and contact time 

Effect of pH on biosorption 
Effect of pH of adsorbate solution is shown in Fig. 2. It shows that the adsorption of the metal in the pH 

range of I to 5 varies between 15 % and 65 %. The percentage removal of copper (II) ions was minimum at the pH I 
and increased with increasing pH. Biosorption efficiency was higher with higher pH value while at low pH value, H+ 
ions were rivall ing with copper cations for biosorption sites in the system (SCiban and Klasnja, 2004). As the pH 
increased, the adsorption surface become less positive and therefore electrostatic attraction between the metal ions 
and OPLP surface is likely to be increased. However, at higher pH values of 6 to 8 the metal adsorption decreased 
due to the fonnation of soluble hydroxyl complexes. The maximum sorption efficiency is detected around pH 6. A 
similar phenomenon was observed for the adsorption of copper (II) ions from aqueous solution by modified bagasse 
(Jiang et a!., 2009). Therefore, pH 6 was selected to be the optimum pH for further studies. 
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Effect of dosage of biosorbent 

I .. 
I 

Figure 2 Effect of pH on biosorption 

Adsorbent dosage is an important parameter because it determines the capacity of an adsorbent for a given 
concentration of the adsorbate. The adsorption studies of copper (II) ions on OPLP were done at 30 DC temperature 
with particle size of 500 /lm - 250 /lm. Several dosages of biosorbent were used in a range of 0.1 g to 3.0 g while 
keeping the volume of the metal solutions constant at pH 6. When the adsorbent dosage was increased from 0.1 to 
3.0 giL, the percentage adsorption generally increases, but the amount adsorbed per unit mass of adsorbent decreases 
considerably as shown in Fig. 3. The increase in the adsorption percentage or decrease in unit adsorption with 
increase in the dose of adsorbent is due to the increase in active sites on the adsorbent and thus making easier 
penetration of the metal ions to the adsorption sites (Aydin et aI., 2008). 

Effect of size of oil palm leaf particles 

: "I 

I·· \ 
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Figure 3 Effect of dosage of adsorbent 

Size of bios or bent particles greatly influences the biosorption rate. Decreasing particle size will increase the 
surface area which contributes to increases of the biosorption 0pp0I1unity at the outer surface of the sawdust 
materials. Intraparticle diffusion from the outer surface into the pores of the material is also possible factor 
increasing the biosorption rate of biosorbent (Shukla et aI., 2002). Fig. 4 clearly showed us that increasing the 
particle size of oil palm leaf particles decreases the biosorption percentage. 
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····W· 
Figure 4 Effect of particle size 

Biosorption behaviour of oil palm leaf particles (isotherm models) 
Langmuir model 

Langmuir model assumes biosorption occurred on homogenous surface of biosorbent at specific locali zed 
site where each site accommodates one and only one adsorbed entity (Bansal and Goyal, 2005). The correlation 
coeffi cient (R2) values were used to judge the applicability of Langmuir model on the biosorption. Fig. 5 showed 
Ce/A m is plotted against Ce, with a slope (l /K d and an intercept at (l /bK L). According to thi s model; 

Ce/Am = (l /k) (l Ib) + (lib) Ce (2) 
Where Ce stands for the equilibrium concentration (mg/L), Am is the amount adsorbed per specified 

amount of biosorbent (mg/g), k is the equilibrium constant and b is the amount of adsorbate required to form 
monolayer. A graph of Ce/Am versus Ce was plotted to obtain values of k and b as reported in Table I . The 
correlation coefficient (R2) values of 0.981 to 0.991 indicated that the adsorption data of copper (II) ions onto oil 
palm leaf particles was well fitted to the Langmuir isotherm. 

Freund lich model 

.. 

[;J' •••• I 
.... '. I 
..... .. I 

Figure 5 Langmuir adsorption isotherm of oil palm leaf particles 

Freundli ch model assumes adsorbate has a heterogeneous surface. Biosorption sites have di fferent 
biosorption energies which are not always available (Walker and Weatherley, 200 I). This model deals with the 
multilayer sorption of the substance on the biosorbent. According to Freundlich model; 

A m = (K)(Ce)lin 
In A m = In k + (lin) In Ce 

Where all terms same like stated before with n stands for an empirical constant. A straight line was 
obtained by plotting In Am versus In Ce graph with a slope of l in and intercept ofln k. A plot of In A m vs In Ce was 
done resulting a straight line w ith a slope lin and an intercept of In K as shown in Fig. 6. The related parameters 
were calcu lated and reported in Table 1. 
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Temkin model 
Temkin isothenn model considered adsorbate - adsorbate interaction on biosorption isotherm (Odaloja et 

al.,2008); 
Am = (RT/b) (KTCe) 
Am = B In K T + B In Ce 

Where B is heat of biosorption (RTIb) and KT as Temkin equilibrium binding constant (Llmg) 
corresponding to the maximum binding energy. Am versus In Ce was plotted to get a straight line graph as shown in 
Fig. 7 for detennination of Band K T values as reported in Table 1. 

Q_.:-
..... 
... ..... 

Figure 6 Freundlich adsorption isothenn of oil palm leaf particles 
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Figure 7 Temkin adsorption isotherm of oil palm leaf particles 

Table 1 Adsorption isothenn constants and correlation coefficients for the adsorption of copper (II) ions on 
OPLP at different tem.Lp_er_a_tu_r_e-,-s _______________ --==--____ _ 

Temperatures 

Quality & Conservation 

Adsorption isotherms and its (0C) 

constants 
0 

Langmuir adsorption isotherm constants 
b (mg/g) 

34.78 
KL (Llmg) 

.109 
R2 

.98 1 
Freundlich adsorr,tion isotherm constants 
Kr (mg/g)(Llmg)l n 

5 0 

70.37 63 .15 

.170 .644 

.985 .991 

.996 .707 .909 
n 

.537 .137 .498 
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R2 

.904 .883 .903 
Temkin adsorption isotherm constants 
Kr (Umg) 

.386 .482 .452 
B 

.240 .742 .080 
R2 

.969 .959 .970 

From Table I, the Langmuir adsorption isotherm model yielded best fit as indicated by the highest R 2 

values at all temperatures compared to the Freundlich and Temkin adsorption isotherm models. Table 2 lists a 
comparison of maximum monolayer adsorption capacity of copper (II) ions on various agricultural waste adsorbents. 
Oil palm leaf particle is found to have a relatively large adsorption capacity of 434.78 mglg and this indicates that it 
could be considered a promising material for the removal of copper (II) ions from aqueous solutions. 

Table 2 Comparison of maximum adsorption capacities of different adsorbents for copper (II) ions 

Adsorbents 

Oil palm leaf powder 
Orange peel 
Soybean hulls 
Pecan nutshell 
Meranti sawdust 
Soybean straw 

Thermodynamic study ofbiosorption 

Maximum monolayer 
adsorption capacity (mg/g) 

434.78 
289.00 
154.90 
91.20 
32.051 
28.60 

References 

This work 
Feng et aI. , 2009 
Ucun et aI. , 2009 
Vaghetti et aI. , 2009 
Rafatullah et aI. , 2009 
Zhu et aI. , 2008 

To evaluate the thermodynamic parameters for the biosorption of copper (II) ions from aqueous solution, 
the biosorption studies were carried out at different temperatures 303K, 318K and 333K. Since Langmuir 
biosorption isotherm is the best fi t so value of b was used in place of K in the calculations of all thermodynamic 
parameters. The spontaneity of a process can be predicted using standard free energy change ( i1GO): 

i1Go = - RT ln K 
Where, R is the universal gas constant (8.3 14 Jmorl K 1

) and T is the absolute temperature (K) and K 
(Llmg) is the Langmuir isotherm constant. Simi larly, the standard enthalpy change i1HO from 303 .15K to 333.15K 
was computed from the fo llowing equation, 

In K = i1so/R - i1WIRT 
A plot of In K versus liT gives a straight line as shown in Fig. 8i1HO and i1S0 values were obtained from 

the slope (i1Ho IR) and intercept of this plot c,.so/R) respectively . The standard free energy change (i1GO), standard 
enthalpy change 0.HO), and standard entropy change (i1S0) were calculated from equation 7 and 8 and its va lues 
associated with the biosorption of copper (II) ions on oil palm leaf particles are listed in Table 3. Negative values of 
i1GO indicate the possibility of the process and spontaneous nature of the biosorption with a high performance of 
copper (II) for oil palm leaf particles. Negative values of i1Go ind icate the feasibi lity of the process and spontaneous 
nature of the adsorption. Positive value of L1HO indicates the endothermic nature of the process, whi le positive value 
of i1S0 refl ects the affin ity of the adsorbents for the copper (II) ions (Panday et aI., 1985; Aydin et aI. , 2008). 
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Figure 8 Plot ofK versus liT 

Table 3 Values of thermodynamic parameters for adsorption of copper (II) ions on OPLP 
Temp. (K) ~Go (kJmor l

) ~Ho (kJmor l
) ~So (kJmoriKi) R2 

3 
03 4.887 

3 
13 6.289 

3 
23 10.274 

69.3 
04 

0.238 
.995 

This study showed that utilisation of oil palm leaf as biosorbent for removal of copper (II) ions from 
aqueous solution. The percent biosorption of copper (II) was found to increase with increase in contact time, pH and 
biosorbent dosage until its equilibrium point. Equilibrium data fitted very well in the Langmuir biosorption isotherm 
with a monolayer sorption capacity of 434 .78 mg/g mg/g at 30°C. The thermodynamic calculations prove 
biosorption process was spontaneous and endothelmic in nature. Considering all the results above, oil palm leaf 
particles could be an alternative biosorbent for copper (II) ions uptakes from aqueous solution which is indeed 
possible to be used in industrial waste water treatment, replacing those costly activated carbons. 
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