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ABSTRACT

Activated carbon was prepared from coconut coir and adsorption of reactive dyes Remazol Red F-3B and
Remazol Blue by the activated carbon was examined. Batch adsorption test showed that extent of dye
adsorption was dependent on dye concentration, contact time, pH and carbon dose. Equilibrium adsorption
was attained in 3 h and maximum adsorption occurred in the acidic pH range of 1 to 3. Adsorption capacity
of the activated carbon for the dyes was evaluated by batch equilibrium test and compared with that of a
commercial activated carbon. According to Langmuir and Freundlich adsorption isotherms, the coconut coir
activated carbon showed higher capacity for adsorption of Remazol Red F-3B than that of the commercial
activated carbon. For Remazol Blue, both the activated carbons showed comparable adsorption capacity.
Coconut coir activated carbon is a suitable substitute for commercial activated carbon in the removal of
reactive dyes from aqueous solution.
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INTRODUCTION

Due to their strong interaction with natural and synthetic
fibres, reactive dyes are used for dyeing wool, cotton, ny-
lon, silk, and modified acrylics (Al-Degs et al. 2008). Reac-
tive dyes consist of a chromophore and a functional group
that binds the dyestuff to the fibre. The functional group,
when applied to a fibre in an alkaline dye bath, forms a chemi-
cal bond with a hydroxyl group on the fibre which is much
more resistant to unusual conditions of use than the physi-
cochemical bond between other classes of dyes and cellu-
lose. However, reactive dyes have a low degree of utiliza-
tion, since the functional group also bonds to water, creat-
ing hydrolysis, and hence 10-50% of the dye is unexhausted
and remains in the dye bath waste.

A considerable amount of research on wastewater treat-
ment has focused on the removal of reactive dyes from dye
bath waste, essentially for three reasons: reactive dyes rep-
resent 20-30% of the total dye market, large fraction of reac-
tive dyes (10-50%) are wasted during the dyeing process
and conventional wastewater treatment methods, which rely
on adsorption and biodegradation, were found to be ineffi-
cient for complete elimination of many reactive dyes
(Al-Degs et al. 2008).

Adsorption is an effective treatment method which is
widely used in the removal of contaminants from water and
wastewater. This method has also been proven to be an im-
portant way to treat coloured effluents (Gerçel et al. 2009).

Adsorption of reactive dyes on coal-based commercial acti-
vated carbon has been studied (Al-Degs et al. 2000, 2008).
The use of coal-based commercial activated carbon is lim-
ited because of its relatively high price and its feedstock is
nonrenewable (Gerçel et al. 2009). Low-cost, renewable, and
easily available plant-based materials are to be used as a
source in the production of activated carbon. Adsorption of
reactive dyes on activated carbon prepared from peach stones
(Gerçel et al. 2009), coconut tree flower and jute fibre
(Senthilkumar et al. 2006), coir pith (Santhy & Selvapathy
2006) and bagasse fly ash (Rachakornkij et al. 2004) have
been studied.

In this study, activated carbon was prepared from coco-
nut coir and its capacity for adsorption of reactive dyes from
aqueous solution was studied and compared with that of a
commercial activated carbon.

MATERIALS AND METHODS

Activated carbon: Coconut coir activated carbon was pre-
pared according to a method used by Santhy & Selvapathy
(2006) for preparing coir pith activated carbon. Washed and
dried coconut coir was treated with concentrated sulphuric
acid and kept in a hot-air oven at 105 ± 5°C for 24 h. There-
after, the char was washed with water followed by washing
with 2% sodium bicarbonate solution until effervescence had
ceased and then kept in a 2% sodium bicarbonate solution
overnight. The char was then separated and washed with
water until free from bicarbonate and dried at 105 ± 5°C for
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24 h. It was then subjected to activation at 900°C for 30 min
in an atmosphere of nitrogen. The activated carbon obtained
was repeatedly washed with distilled water and soaked in
10% hydrochloric acid to remove calcium oxide, followed
by repeated washing with water to remove free acid and dry-
ing at 105 ± 5°C for 24 h. The carbon was ground to a finer
size of 0.4-0.5 mm and used in adsorption tests.

A commercial activated carbon (Merck) was obtained
from Benua Sains Sdn. Bhd., Puchong, Selangor, Malaysia
and used as received.
Reactive dyes: Reactive dyes, Remazol Red F-3B (C. I. Re-
active Red 180) and Remazol Blue (C. I. Reactive Blue 19),
were obtained from TCB Batik and Songket Sdn. Bhd., Kuala
Terengganu, Terengganu, Malaysia.

Concentration of dye was determined by measuring the
absorbance at the wavelength of maximum absorbance
(Remazol Red F-3B: 540 nm; Remazol Blue: 600 nm) against
a standard curve.
Adsorption test: Batch adsorption test was carried out by
shaking 100 mL of dye solution with 0.5 g of activated car-
bon in a stoppered glass bottle placed in an orbital shaker at
150 rpm and room temperature (22°C). After a predetermined
contact time, the bottle was removed from the shaker and
the supernatant was filtered through Whatman No. 1 filter
paper and analysed for dye concentration. The effect of con-
tact time (1-4 h), dye concentration (5-40 mg/L), pH (1-10)
and carbon dose (2-12 g/L) on adsorption were evaluated by
batch adsorption test.

Adsorption isotherm was determined by batch equilib-
rium test at the optimum pH and contact time for adsorption
with 100 mL of 10-100 mg/L of dye solution and 1.0 g of
activated carbon for Remazol Red F-3B and 0.6 g of acti-
vated carbon for Remazol Blue.

RESULTS AND DISCUSSION

Effect of contact time and dye concentration: Effects of
contact time and dye concentration on adsorption of Remazol
Red F-3B and Remazol Blue by coconut coir activated car-
bon are shown in Figs. 1 and 2. Extent of dye adsorption
increased with decrease in dye concentration and increase in
contact time. Equilibrium adsorption was attained in 3 h.
Similar results for adsorption of reactive dyes on activated
carbon prepared from peach stones (Gerçel et al. 2009), co-
conut tree flower and jute fibre (Senthilkumar et al. 2006),
coir pith (Santhy & Selvapathy 2006), and bagasse fly ash
(Rachakornkij et al. 2004) have been reported. A contact time
of 3 h was used in all the subsequent adsorption tests.
Effect of pH: Fig. 3 shows the effect of pH on adsorption of
Remazol Red F-3B from a 5 mg/L solution and Remazol

Blue from a 40 mg/L solution by coconut coir activated car-
bon. Maximum adsorption occurred in the acidic pH range
1-3. Similar observations have been reported by Santhy &
Selvapathy (2006) for adsorption of reactive dyes on coir
pith activated carbon. The coconut coir activated carbon is
an H-type activated carbon resulting from activation at high
temperature (900°C) in nitrogen atmosphere and exhibits
positive surface charge in water. In the acidic pH range 1-3,
the positive surface charge increases and this would attract
the negatively charged functional groups on the reactive dyes.
A pH of 3.0 was used in all subsequent adsorption tests.
Effect of carbon dose: Fig. 4 shows the effect of carbon
dose on adsorption of Remazol Red F-3B from a 10 mg/L
solution, and Remazol Blue from a 40 mg/L solution by co-
conut coir activated carbon. Adsorption increased with car-
bon dose and attained 96% for Remazol Blue, and 84% for
Remazol Red F-3B at 10 g/L carbon dose.
Adsorption isotherms: In adsorption in a solid-liquid sys-
tem, the distribution ratio of the solute between the liquid
and the solid phases is a measure of the position of equilib-
rium. The preferred form of depicting this distribution is to
express the quantity qe as a function of Ce at fixed tempera-
ture, the quantity qe being the amount of solute adsorbed per
unit weight of the solid adsorbent, and Ce the concentration
of solute remaining in solution at equilibrium. An expres-
sion of this type is termed an adsorption isotherm (Weber
1972).  The Langmuir adsorption isotherm is
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in which Qo is the number of moles of solute adsorbed
per unit weight of adsorbent in forming a complete monol-
ayer on the surface (monolayer adsorption capacity) and b is
a constant related to the energy of adsorption.

The Freundlich adsorption isotherm is
n

ee KCq /1=

in which K and n are constants, K is roughly an indicator
of adsorption capacity, and 1/n of adsorption intensity.

Adsorption isotherms of Remazol Red F-3B and Remazol
Blue adsorption by the coconut coir activated carbon and
commercial activated carbon were fitted to the linear form
of the Langmuir and Freundlich adsorption isotherms:

(Ce/qe = 1/(bQo)+Ce/Q
o) (Figs. 5 and 6), and

[ ee CnKq log)/1(loglog += ]  (Figs. 7 and 8)

The values of Langmuir constants Qo and b, and
Freundlich constants K and n for Remazol Red F-3B and
Remazol Blue adsorption by the coconut coir activated car-
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Fig. 1:  Effect of contact time and dye concentration on
adsorption of Remazol Red F-3B.  Fig. 2:  Effect of contact time and dye concentration on

adsorption of Remazol Blue.

Fig. 3:  Effect of pH on adsorption of Remazol
Red F-3B and Remazol Blue. Fig. 4:  Effect of carbon dose on adsorption of Remazol

Red F-3B and Remazol Blue.

Fig. 5:  Langmuir adsorption isotherm  for Remazol
Red F-3B adsorption. Fig. 6:  Langmuir adsorption isotherm for

Remazol Blue adsorption.

Fig. 7:  Freundlich adsorption isotherm for Remazol
Red F-3B adsorption.

Fig. 8:  Freundlich adsorption isotherm for
Remazol Blue adsorption.
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bon and commercial activated carbon are given in Tables 1
and 2, respectively. Values of Qo and K indicate that the co-
conut coir activated carbon has higher adsorption capacity
for Remazol Red F-3B than that of the commercial activated
carbon, whereas for Remazol Blue, both activated carbons
have comparable adsorption capacity.

CONCLUSIONS

In adsorption test, the coconut coir activated carbon showed
higher adsorption capacity for Remazol Red F-3B than that
of a commercial activated carbon and comparable adsorp-
tion capacity for Remazol Blue. Coconut coir activated car-
bon is a suitable substitute for commercial activated carbon
in the removal of reactive dyes from aqueous solution.

ACKNOWLEDGEMENT

The authors are thankful to the management and authorities
of the Universiti Technologi PETRONAS (UTP) and the
Civil Engineering Department, UTP for providing facilities
for this research.

REFERENCES

Al-Degs, Y. S., El-Barghouthi, M. I., El-Sheikh, A. H. and Walter, G. M.
2008. Effect of solution pH, ionic strength, and temperature on ad-
sorption behavior of reactive dyes on activated carbon. Dyes and Pig-
ments, 77(1): 16-23.

Al-Degs, Y., Khraisheh, M. A. M., Allen, S. J. and Ahmad, M. N. 2000.
Effect of carbon surface chemistry on the removal of reactive dyes
from aqueous solution. Water Research, 34(3): 927-935.

Al-Degs, Y., Khraisheh, M.A.M., Allen, S.J., Ahmad, M.N. and Walker, G.
M. 2007. Competitive adsorption of reactive dyes from solution: Equi-
librium isotherm studies in single and multisolute systems. Chemical
Engineering Journal, 128(2-3): 163-167.

Gerçel, Ö., Özcan, A., Özcan, A.S. and Gerçel, H.F. 2009. Capacity of ac-
tivated carbon derived from peach stones by K2CO3 in the removal
of acid, reactive and direct dyes from aqueous solution. Journal of
Environmental Engineering ASCE, 135(5): 333-340.

Rachakornkij, M., Ruangchuay, S. and Teachakulwiroj, S. 2004. Removal
of reactive dyes from aqueous solution using bagasse fly ash. Envi-
ronment and Hazard Management, 2(Suppl. 1): 13-24.

Santhy, K. and Selvapathy, P. 2006. Removal of reactive dyes from
wastewater by adsorption on coir pith activated carbon. Bioresource
Technology, 97(11): 1329-1336.

Senthilkumar, S., Kaalamani, P., Porkodi, K., Varadarajan, P.R. and
Subburaam, C.V. 2006. Adsorption of dissolved reactive red dye from
aqueous phase onto activated carbon prepared from agricultural waste.
Bioresource Technology, 9(14): 1618-1625.

Weber, W.J., Jr. 1972. Adsorption. In: Weber, W. J., Jr. (Ed.), Physico-
chemical Processes for Water Quality Control. Wiley-Interscience, New
York, pp. 199-259.

Table 1: Langmuir constants Qo and b for Remazol Red F-3B and Remazol
Blue adsorption.

Activated       Remazol                            Remazol
Carbon                          Red F-3B                               Blue

Qo b Qo b

Coconut coir 2.01 0.52 12.19 0.33
Commercial 1.17 0.27 12.05 0.18

Table 2: Freundlich constants K and 1/n for Remazol Red F-3B and Remazol
Blue adsorption.

Activated        Remazol                             Remazol
Carbon                         Red F-3B                                Blue

K 1/n K 1/n

Coconut coir 0.86 0.21 4.13 0.34
Commercial 0.25 0.45 4.41 0.25


