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Abstract Color is one of the major remaining contami-

nants in the palm oil mill effluent (POME) following the

conventional treatment of POME. The removal of color

from POME using adsorption on activated carbon was

investigated. The adsorption experimental design was

performed using the standard response surface method

(RSM) design that is central composite design to determine

the optimum process variables for color removal by using

the Design-Expert software (version 7.0. Stat-Ease, trial

version). Besides obtaining optimum values, RSM also has

the advantage of studying the interaction between various

experimental parameters compared to one-factor-at-a-time.

The equilibrium experimental data were analyzed by

Langmuir and Freundlich isotherms. The statistical ana-

lysis showed that the quadratic model as well as the model

terms was significant. The model had very low probability

value (0.0003). The R2 for the model was 0.9184 and the

adjusted R2 was 0.8380. The validation of the model

showed experimental value and predicted value of 0.124

and 0.106, respectively. The optimum conditions suggested

by the model for the process variable were 87.9 min, 4.05

and 7.86 g, for time, pH and granular activated carbon

dose, respectively. The maximum removal obtained at

these conditions was 89.95 %. The adsorption isotherm

data were fitted well to the Langmuir isotherm compared to

Freundlich isotherm with R2 value of 0.850 for the former

and 0.273 for the later.

Keywords Activated carbon � Adsorption � Palm oil mill

effluent � Color � Central composite design � Response

surface method

Introduction

Malaysia is one of the world’s leading producers and

exporters of Palm oil which is an expanding agro-industrial

sector to meet world’s demands (Yusoff 2006). Palm oil

mill effluent (POME) is the most significant source of

pollutants discharged from palm oil mills. Serious envi-

ronmental pollution could result from direct discharge of

POME into the environment (Bello et al. 2013). It is esti-

mated that for 1 ton of crude palm oil produced, 5–7.5 tons

of water are required, and more than 50 % of the water

ends up as POME (Ahmad et al. 2003). Raw POME is a

thick brownish colloidal suspension containing 95–96 %

water, 0.6–0.7 % oil and 4–5 % total solids including

2–4 % suspended solids that mainly consist of debris from

palm fruit mesocarp generated from three main sources,

namely sterilizer condensate, separator sludge and hydro-

cyclone wastewater (Borja and Banks 1994). The current

typical treatment technology of POME consists of biolog-

ical digestion which is a combination of aerobic and

anaerobic ponds. Yet, color remains as one of the constit-

uents of the discharged effluent, which require removal

from environmental and esthetic point of view (Zahrim

et al. 2009). POME due to its color does not only degrade

the esthetic value of the water bodies but also interfere with

the penetration of light into the water, thereby leading to

disturbances in the aquatic ecosystem (Mittal et al. 2010).

There are many processes available for removal of color

from waste effluents, namely chemical oxidation (McClung

and Lemley 1994), foam flotation (Lin and Lo 1996),
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electrolysis (Bousher et al. 1997), biodegradation (Oakes

and Gratton 1998), adsorption (Poulios and Aetopoulou

1999; Ncibi et al. 2007), chemical coagulation (Papic et al.

2000) and photocatalysis (Lopez-Grimau and Gutierrez

2006; Divya et al. 2013). However, adsorption onto acti-

vated carbon seems to be one of the effective and reliable

physicochemical treatment methods (Pala and Tokat 2002;

Mall et al. 2005) and due to economical and environmen-

tally friendly reasons (Toor and Jin 2012).

Adsorption has been considered as the best wastewater

treatment method due to its universality, inexpensiveness

and operational simplicity. Water treatment costs of other

methods previously highlighted could range from 10 to 450

USD per cubic meter besides their operational sophistica-

tion, whereas adsorption cost in water treatment could be

as low as 5.0–200 USD per cubic meter. Adsorption pro-

cess is not only cheap but cost-efficient as well, as the

removal capacities of these adsorbents could be as high as

99.9 % (Ali et al. 2012; Ali 2013).

Adsorption processes could still be cheaper than

expected when the precursors utilized in adsorbent’s pro-

duction are of very cheap and readily available types.

Commercially available activated carbon has long been

used as a standard adsorbent for color removal which still

makes activated carbon expensive despite its universal use.

The development of low-cost activated carbon especially

from wastes has been the focus of various researches

(Gupta et al. 2007).

Gupta et al. (2006) reported the efficient removal of the

complex Brilliant Blue FCF dye from water; this is an

indication that adsorption using low-cost, non-toxic and

readily available adsorbents can stand up to scrutiny

besides others but limited decolorization techniques. Vel-

murugan et al. (2011) also reported similar findings on the

use of alternative low-cost adsorbent for the removal of

Methylene blue.

As observed from previous studies (Karthikeyan et al.

2012), experimental design and optimization using CCD

under response surface method (RSM) is one of the most

efficient and accurate means to experimentally investigate

and evaluate the best effects of necessary operating con-

ditions in utilizing activated carbon for wastewater treat-

ment. Therefore, this research aimed to study the capability

of granular activated carbon for residual color removal

from treated POME. The effects of operating parameters

such as initial pH, time (min) and GAC dose (g) on the

adsorption of color on activated carbon were analyzed

using RSM. The adsorption isotherms were determined and

fitted to Langmuir and Freundlich isotherms. This research

was conducted between March 2012 and May 2013 at

environmental engineering laboratory, biotechnology

engineering department, International Islamic University

Malaysia.

Materials and methods

Preparation of GAC

The GAC, palm kernel based, obtained from KD Tech-

nology Sdn Bhd, Malaysia, was repeatedly washed with

distilled water to remove any kind of impurity in the par-

ticles. The washing continued until the pH of water was

rendered neutral and the water became colorless. Then, the

washed GAC was placed in a preset oven at 105 �C for 1 h

to remove the moisture. The GAC was then placed in a

desiccator to cool down. The samples were stored in Falcon

tubes, with covers closed tightly, for further use.

Preparation of the POME stock solution

The POME was collected from a local industry and was

kept at 4 �C temperature to prevent any changes on its

characteristics. Prior to experimental use, POME was fil-

tered. The filtrate was then diluted to predetermined color

concentrations to set as a stock solution which was used for

further adsorption experiments.

Analytical methods

The initial color of the solution was determined using the

spectrophotometer (HACH, model DR-5000) by measuring

its absorbance and estimating the highest absorbance value.

For the original stock sample, 600 nm wavelength gave the

maximum absorbance of 0.299. Hence, it was set as the

initial POME color concentration (Co).

The percentage removal of color was calculated using

Eq. 1:

Percentage removal ð%Þ ¼ ðCo � CfÞ
Co

� 100 ð1Þ

where, Co = initial concentration of color in POME;

Cf = final concentration of color in POME.

Optimization of adsorption experiment

Adsorption experiments were conducted in batch mode at

room temperature (27 �C), a pH range of 4–8, contact time

(15–120 min) and GAC doses (1–10 g/50 ml of the sample

volume). A series of conical flasks containing 50 ml of the

POME sample with the desired dose of the adsorbent were

set in the incubator at an agitation speed of 150 rpm.

Optimization experiments were designed using the most

popular RSM design which is the central composite design

(CCD). It is well suited for fitting a quadratic surface and

usually works well for the process optimization. The CCD

allows a reasonable amount of information for testing lack

of fit while not involving an unusually large number of
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design points (Özer et al. 2009). Therefore, face centered

composite design (FCCD) with three factors was applied

using Design-Expert� 7.0. The experimental design of

color adsorption on GAC is shown in Table 1. At the end

of each run of CCD, the sample was vacuum filtered using

0.2-lm membrane filter, and the color residual concentra-

tion was measured (Cf).

Adsorption isotherms and adsorption capacity

Palm oil mill effluent was prepared at different dilution

rates and then subjected to a GAC dose of 0.15 g/ml of

POME, pH of 4.0 and 150 rpm agitation speed. The sam-

ples were then set in the shaker for fixed time periods; 5,

10, 15, 30, 45, 60, 75, 90, 105 and 120 min.

The adsorption capacity of GAC was then determined

by Eq. 2:

Adsorption capacity ðg=gÞ ¼ ðCi � CeÞ � V

M
ð2Þ

where Ci = initial concentration of color (absorbance);

Ce = equilibrium concentration of color (absorbance);

V = volume of the POME solution (20 ml); M = weight

of the GACs (3 grams).

The two well-known adsorption models, namely Langmuir

and Freundlich adsorption isotherms were used to model the

experimental data from color adsorption onto GACs.

The Langmuir adsorption isotherm is expressed in

Eq. 3:

Ce

Qe

¼ 1

qmKL

þ C

qm

ð3Þ

where Qe = the adsorption capacity at the equilibrium

solute concentration Ce; qm = Langmuir constant related

to the adsorption capacity; KL = Langmuir constant rela-

ted to energy of adsorption; Ce = the concentration of

color in solution (mg/l).

The Langmuir constants qm and KL were evaluated from

the slope and intercept of the linear equation.

The Freundlich adsorption isotherm is expressed in its

linear from in Eq. 4.

log Qe ¼
1

n
log Ce þ log KF ð4Þ

where Qe = adsorption capacity of GACs at equilibrium

(g/g); Ce = equilibrium concentration of color; KF =

Freundlich constant related to the adsorption capacity;

n = Freundlich constant related to the adsorption intensity.

The adsorption isotherm describes how adsorbates

interact with adsorbents, and therefore, it is critical in

optimizing the use of adsorbents.

Results and discussion

Effect of pH

It is factual that one of the most important factors driving

adsorption efficacy is the pH; however, there are certain

limits at which the pH could be altered due to the unfa-

vorable effects (such as corrosive attack on vessels/reactors

and additional cost for the acidic additives) of too low pH

especially when considering the up scaling of experiments.

It is thereby deemed fit to balance the compromise between

the adsorbent’s effectiveness and lowering of pH; hence,

these findings were done within acceptable pH ranges of

4–8 which is between relatively not highly acidic and less

alkaline. The time and GAC concentration were fixed at

67.5 min and 5.5 g, respectively. It is observed in Fig. 1

that as the pH increased, color removal decreased. The

removal dropped from 85 % at pH 4 to 52 % at pH 8. Color

in POME is a result of the presence of organic materials

such as lignin, phenolics, pectin and carotene, which easily

form negatively charged ions in aqueous state (Bello et al.

2013). Therefore, the low removal of color at high pH

could be explained by electrostatic repulsion with the

negatively charged carbon surface. At low pH, most car-

bons are positively charged, at least in part as a conse-

quence of donor/acceptor interactions between the

graphene layers and the hydronium ions (Leon y Leon et al.

1992). This enhances the electrostatic attraction between

the positively charged carbon and the anions in the solu-

tion. The results indicated the importance of pH as a

parameter affecting the adsorption process due to its effect

on the adsorbent surface charge. The results are in

Table 1 Experimental design of color adsorption on GAC

Independent variable Low actual value High actual value

pH 4 8

Time (min) 15 120

GAC dose (g) 1 10

30

40

50

60

70

80

90

3 4 5 6 7 8 9

C
ol

or
 r

em
ov

al
, %

pH

Fig. 1 Effect of pH on POME color removal
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agreement with the findings of Mohammed (2013). He

studied the effect of pH from 2 to 12 on color removal from

POME by adsorption. Increasing pH value from 2.0 to 8.4

was observed to diminish the adsorption capacity, whereas

the successive increase in pH value up to 12 no longer had

a significant effect on the adsorption capacity. Gupta et al.

(2009) and Baseri et al. (2012) presented comparable

results on dye removal by activated carbon adsorption.

Similar findings were reported by Gupta et al. (2011) on

chromium removal that there was a limit (pH 5) at which

the pH could be increased to get maximum removal effi-

ciency. Mittal et al. (2008) evaluated the effect of pH range

from 1 to 10 in the uptake of azo dye by adsorption and

found out that there was a drastic reduction in the amount

of dye adsorbed as the pH increased. Same reason as pre-

viously given was attributed to the effects of pH. The effect

of pH could also be as a result of the involvement of proton

in the adsorption process over the pH range depicting that

as the pH was gradually increased, the potential or uptake

kept on shifting toward less positive values. Observations

similar to this were reported by Sanghavi and Srivastava

(2010) and Sanghavi et al. (2013).

Effect of GAC dose

The uptake of color increased with GAC dose as shown in

Fig. 2. The dose was varied from 1 to 10 g, while pH and

time were fixed at 6 and 67.5 min, respectively. The higher

uptake at greater GAC dose could be explained by the

increase in active sites accessible for adsorption. This is an

expected pattern, whereby the removal percentage

increased with the increase in adsorbent dose. Furthermore,

it is noticed from Fig. 2 that the uptake increased 60 %

when concentration increased from 2 to 6 g. While the

uptake increased by 20 % when dose increased from 6 to

10 g. This could be explained by the fact that adsorption

equilibrium has been reached between the adsorbent/

POME, thereby preventing further color removal by the

excess adsorbent dose (Mohammed 2013).

Effect of contact time

The percentage of color removal by GAC increased with

contact time as shown in Fig. 3. At lower contact time,

GAC pores are fresh and large surface area is available for

adsorption. The uptake of color was rapid at the initial

period of contact time. Gradually the pores start to be filled

with adsorbate until GAC becomes saturated and finally

color removal decreased markedly, indicating slower

uptake at longer contact time.

Optimization results

Table 2 refers to the corresponding analysis of variance

(ANOVA) for color adsorption capacity with A contact

time (min), B pH, and C GAC dose (g). The Model F value

of 11.92 implies the model is significant. Values of

‘‘Prob [ F’’ less than 0.05 indicate model terms are sig-

nificant. In this case, A, B, C and BC are significant model

terms.

The model equation indicates that the high R2 of 0.9148

showed that 91.48 % of the variations in adsorption

capacity can be explained by the independent variables:

contact time, pH and GAC dose. The model also showed

that R2 is in reasonable agreement with adjusted R2 value

of 0.8380 for color removal. The closer the R2 value to

unity, the better the model. This implies that the theoretical

values will be closer to the experimental values for the

response. According to these criteria, the best model can

therefore be identified.

The regression model for color removal (%) in terms of

the factors to be optimized is developed in Eq. 5:

Removal ¼ 60:49þ 11:8�A� 11:74�Bþ 26:25�C

� 8:40�A�B� 5:56�A�C þ 12:92�B�C

� 9:95�A2þ 10:12�B2� 14:30�C2 ð5Þ

The coefficients with one factor represent the effect of the

particular factor, while the coefficients with two factors
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Fig. 2 Effect of GAC dose on POME color removal
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Fig. 3 Effect of contact time on POME color removal

1298 Int. J. Environ. Sci. Technol. (2015) 12:1295–1302

123



represent the interaction between the two factors. The

positive sign in front of the terms indicates a synergistic

effect, whereas a negative sign indicates an antagonistic

effect (Alkhatib et al. 2011). Hence, as contact time and

dose increases, color removal is expected to increase,

which is contrary to the effect of pH. This behavior is in

agreement with the findings as discussed earlier.

The predicted color removal percentages versus the

observed values are shown in Fig. 4. The predicted values

are calculated using the empirical model as shown in Eq. 5.

It could be observed that the predicted model represents

well over wide range of parameters applied.

The optimum conditions which were recommended by

Design-Expert software were used to verify the model

obtained (Eq. 5). The results are shown in Table 3.

Table 3 shows that the predicted value of color removal

percent is in agreement with the experimental value with a

minor error.

The response surface plots for color removal percent are

shown in Fig. 5. It could be seen from Fig. 5a that color

removal was very low at low activated carbon dose and

contact time. Color removal increased with both dose and

contact time. This is expected as at higher dose, more

surface area is available for adsorption and longer times

increases the interaction between the active surface and

adsorbate allowing more removal to take place. Figure 5b

shows the effect of contact time and pH on color removal.

It can be seen that the color removal increased as pH

increased. The increase in removal with pH is more sig-

nificant at higher contact time. The interaction between pH

and activated carbon dose is shown in Fig. 5c. It could be

observed that although the removal increased with pH, yet

the effect of pH on color removal was more significant at

lower doses.

Adsorption isotherms

Contact time is an important factor influencing the

adsorption equilibrium. The color removal change with

contact time at different initial concentrations is repre-

sented in Fig. 6. It can be seen that contact time of 60 min

was sufficient to achieve equilibrium.

The process was found to be very rapid initially, and a

high percentage of color was removed within few minutes.

Figure 6 (inset) clearly shows that the removal of color was

dependent on its initial concentration (Namasivayam et al.

Table 2 ANOVA for response

surface quadratic model
Source Sum of squares df Mean square F value p value

Prob [ F

Model 13,222.96 9 1,469.22 11.92 0.0003 Significant

A-time 1,393.807 1 1,393.81 11.31 0.0072

B-pH 1,378.088 1 1,378.09 11.18 0.0074

C-GAC dose 6,892.768 1 6,892.77 55.94 \0.0001

AB 564.8949 1 564.89 4.58 0.0579

AC 247.3322 1 247.33 2.01 0.1869

BC 1,334.993 1 1,334.99 10.83 0.0081

A2 272.3437 1 272.34 2.21 0.1679

B2 281.3816 1 281.38 2.28 0.1617

C2 562.2875 1 562.29 4.56 0.0584

R2 0.9148

Adj R2 0.8380

R² = 0.9148 
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Fig. 4 Experimental versus predicted color removal

Table 3 Experimental validation of the empirical model

Contact time

(min)

pH GAC

dose (g)

Experimental

removal (%)

Predicted

removal (%)

67.50 6.0 5.50 0.124 0.106
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2001a, b). As the initial color concentration increased the

removal increased. The increase in adsorption capacity of

adsorbent may be due to the higher probability of collision

between phenol and adsorbent (Alam et al. 2006).

The Langmuir and Freundlich isotherm models were

applied to the experimental data, and using the linear

regression method, the isotherm model constants were

calculated as shown in Table 4. As can be observed, the

Fig. 5 Color percent removal as a function of a AC dose and time, b pH and time and c AC dose and pH
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Fig. 6 Effect of contact time on

color removal at various initial

concentrations. Inset effect of

initial concentration on color

removal
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Langmuir isotherm showed a good agreement with the

experimental data with R2 of 0.85, while Freundlich

showed very low R2 of 0.27. The Freundlich type adsorp-

tion isotherm is an indication of surface heterogeneity of

the adsorbent, while Langmuir model hints surface

homogeneity of the adsorbent (Acar and Eren 2006). KL

(l/mg) for Langmuir isotherm is a constant related to the

affinity of binding sites. Therefore, the high value of KL

implies strong bonding of color on GAC.

Conclusion

Palm oil mill effluent color removal on GAC was studied

using RSM. The removal of color was related to the batch

experiment parameters by quadratic model. The model was

able to predict the experimental data to high accuracy with

R2 of 0.9148. The color removal was highly influenced by

pH, contact time and GAC dose. While removal decreased

with increase in pH, it showed increase with contact time

and GAC dose. The Langmuir and Freundlich isotherm

models were applied to the equilibrium data. The study

showed that POME color can be removed using GAC, and

the adsorption process followed Langmuir isotherm.
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