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bstract

The present paper is aimed to investigate and develop cheap adsorption methods for color removal from wastewater using waste material
awdust as adsorbent. Sawdust, a biosorbent, was successfully utilized in removing a water soluble azo dye, congored from wastewater. The paper
ncorporates effect of pH, temperature, amount of adsorbent, contact time, concentration of adsorbate, particle size on adsorption. Specific rate
onstants of the processes were calculated by kinetic measurements and a first order adsorption kinetics was observed in each case. Langmuir and
reundlich adsorption isotherm models were then applied to calculate thermodynamics parameters as well as to suggest the plausible mechanism

f the ongoing adsorption processes. In order to observe the quality of wastewater COD measurements were also carried out before and after the
reatments. A significant decrease in the COD values was observed, which clearly indicates that adsorption method offer good potential to remove
ongored from wastewater.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The effluents from textile, leather, food processing, dyeing,
osmetics, paper and dye manufacturing industries are impor-
ant sources of dye pollution [1]. Many dyes and their breakdown
roducts may be toxic for living organisms [2]. Therefore, decol-
rization of dyes are important aspects of wastewater treatment
efore discharge. It is difficult to remove the dyes from the efflu-
nt, because dyes are not easily degradable and are generally
ot removed from wastewater by conventional wastewater sys-
ems [3]. Generally, biological aerobic wastewater systems are
ot successful for decolorization of majority of dyes. Therefore,
n order to achieve the desired degree of treatment, it is nec-
ssary to integrate biological, chemical and physical processes
s coagulation, ultra-filtration, electro-chemical adsorption and
hoto-oxidation [4].

Adsorption techniques have potential for removing organics
rom water due to their high efficiency and ability to separate

wide range of chemical compounds [5,6]. Activated carbon

as been widely used as an adsorbent in wastewater treatment
o remove organic and inorganic pollutants [7–14]. Possessing
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igh specific surface area, activated carbon frequently exhibits
igh removal efficiency for most dissolved compounds. It has a
ood capacity for the adsorption of many organic molecules. In
pite of this it suffers from few disadvantages. Activated carbon
s quite expensive, and its regeneration produces additional efflu-
nt and results in considerable loss (10–15%) of the adsorbent.
hus, the use of several low cost adsorbents has been stud-

ed by many researchers. They have studied the feasibility of
sing low cost materials, such as waste orange peel [15], banana
ith [16], cotton waste, rice husk [17], betonite clay [18], neem
eaf powder [19], powdered activated sludge, perlite [20], bam-
oo dust, coconut shell, groundnut shell, rice husk, and straw,
uck weed [21], sewage sludge [22], sawdust carbon [23] and
ram husk [24] as adsorbents for removal of various dyes from
astewaters.
The object of the present investigations has been to evalu-

te the efficiency of removal of congored using activated carbon
AC) and activated sawdust. Activated sawdust (ASD) is, a wood
ased industrial waste material, is easily available, cheap, and
conomically advantageous. In the present study, application of
ctivated sawdust for the removal of dyes from aqueous solution

as been studied and activated carbon was used as a conven-
ional adsorbent to compare the results. The effect of adsorbent
ose, pH, particle size, temperature, initial dye concentration,
nd equilibrium time has been studied.

mailto:rajeevjain54@yahoo.co.in
dx.doi.org/10.1016/j.jhazmat.2007.07.070
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describes maximum adsorption around 99 and 88% for activated
carbon and activated sawdust, respectively, at pH 6.5. Hence, all
the succeeding investigations were performed at pH 6.5 for both
adsorbents.
R. Jain, S. Sikarwar / Journal of Ha

. Materials and methods

The dye congored (A) was obtained from M/s Merck and its
.01 M stock solution was prepared in double distilled water.
o prepare various solutions at desired concentrations from the
tock solution, double distilled water was used for necessary
ilutions. All reagents used in the present work were of analytical
rade.

Adsorbent activated carbon was purchased from M/s Merck
nd used as received, while sawdust was collected from the
ocal wood based industries. The dose of adsorbent was var-
ed from 0.06 to 0.33 g/L for activated carbon and from 0.5
o 3.5 g/L for activated sawdust. All pH measurements were
arried out with a decibel DB 1011 digital pH meter, fitted
ith a glass electrode and COD digestion apparatus (Spectra-
ab-2015 S) was used for determining COD of the solutions.
bsorbance measurements were recorded on a spectronic 20D+

hermospectronic spectrophotometer over the wavelength range
00–600 nm.

.1. Adsorbent development

Sawdust was cleaned, thoroughly washed with distilled
ater, and then dried in an oven. It was further treated with
ydrogen peroxide (100 volumes) for about 24 h to remove all
dhering organic particles and dried at 110 ◦C for 1 h in the vac-
um oven. The material was grounded and sieved to desired
article sizes such as ((<106 BSS mesh), (106–125 BSS mesh),
125–180 BSS mesh), (180–212 BSS mesh), (212–250 BSS
esh), (250–300 BSS mesh), (>300 BSS mesh)). Finally, gran-

les of activated sawdust thus obtained were stored in separate
acuum desiccators until required.

.2. Adsorption studies

The adsorption experiments were carried out in a batch
rocess by using aqueous solution of congored with both the
dsorbents and experiments were conducted to observe the effect
f various parameters such as pH, temperature, particle size,
mount of adsorbent, concentration, and contact time. Adsorp-
ion isotherms were recorded at equilibrium conditions for the
oncentration of dye over range 1 × 10−5 to 9 × 10−5 M at a
xed pH. The selected concentration was ascertained after a
ood deal of examination. Each adsorption study was made in a
echanically agitated 100 mL volumetric flask filled with 30 mL

f a dye solution of desired concentration along with a known
mount of adsorbent. When the equilibrium was established,
upernatant was carefully filtered through Whatmann filter paper

No. 1) saturated with distilled water. To further confirm the
dsorption of dye on the filter, a comparative study was done by
aking a known amount of the dye. Adsorption of dye on filter
aper was not observed.

F
A
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.3. Kinetic studies

For kinetic studies, the batch technique was used due to its
implicity. A series of conical flasks of 100 mL capacity and
ontaining a definite volume of solutions of congored of known
oncentrations were kept in a thermostat shaking water bath.
fter attaining the desired temperature, a known amount of the

dsorbent was added to each flask and the flasks were allowed
o agitate mechanically. At given time intervals the adsorbent
as separated by filtration and the filtrate thus obtained was

nalyzed spectrophotometrically at 498 (λmax) to determine the
quilibrium concentration of the dye. The kinetic studies were
lso carried out under different adsorbate concentrations.

. Results and discussion

.1. Effect of contact time on adsorption process

The effect of contact time on the amount of dye adsorbed
as investigated at the optimum initial concentration of dye
× 10−5 M. The extents of removal (in terms of qe) of congored
y both the adsorbents increases in Fig. 1, and reach a maxi-
um value with increase in contact time. Based on these results,

0 min for AC and 60 min for ASD was taken as the equilibrium
ime in adsorption experiments. The removal of congored from
queous solutions by adsorption on both the adsorbents increases
ith time, till the equilibrium is attained. Similar results have
een reported in literature for adsorption of dyes [25].

.2. The effect of pH

The pH is one the most important factors controlling the
dsorption of dye on to adsorbent. To determine the optimum
H conditions for the adsorption of congored over AC and ASD,
he effect of pH was observed over the entire pH range (2.0–9.0).
he studies were conducted at a fixed concentration of adsor-
ate (6 × 10−5 M) and contact time (20 min for AC and 60 min
or ASD). The results obtained are presented in Fig. 2, which
ig. 1. Effect of contact time on adsorption of congored (6 × 10−5 M) by (a)
C and (b) ASD at 30 ◦C and pH 6.5.
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ig. 2. Effect of pH on amount adsorbed of congored (6 × 10−5 M) by AC and
SD at 30 ◦C.

.3. The effect of adsorbent dose on adsorption process

To optimize the adsorbent dose for the removal of congored
rom its aqueous solutions, adsorption was carried out with dif-
erent adsorbent dosages at different temperatures. The amounts
f the dye removed by adsorption on AC and ASD are pre-
ented in Fig. 3. The dose of adsorbent was varied from 0.06
o 0.33 g/L for AC and from 0.5 to 3.5 g/L for ASD at fixed pH
.5, and adsorbate concentration. The study shows an increase in
dsorption with the increase in dosage of the adsorbent. As the
dsorbent dosage increases, the adsorbent sites available for the

ye molecules also increase and consequently better adsorption
akes place [26]. In case of AC at initial temperature the uptake
f dye increases from 54.7% at 0.06 g/L to 90.7% at 0.33 g/L,
hereas, for ASD percentage removal increases from 30% at

ig. 3. Effect of adsorbent dose on the uptake of congored (6 × 10−5 M) by (a)
C and (b) ASD at pH 6.5 and different temperatures.
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.5 g/L to 70.1% at 3.5 g/L. It was observed that adsorption of
ongored over AC increases from 0.06 to 0.2 g/L and then it
emains constant whereas adsorption over ASD increases from
.5 to 2.5 g/L and then it becomes constant and thereafter it
urther increases at initial temperature. Thus, in all subsequent
tudies the optimum amounts of AC and ASD were chosen as
.2 and 2.5 g/L, respectively. At this amount the adsorption over
oth adsorbents is efficient and save unnecessary use of excess
f adsorbent quantity wise. The half life of the process was
lso determined at varying doses for each adsorbent and it was
pecified that the half life increases with increasing amount.

.4. Effect of initial adsorbate concentration on adsorption
rocess

Initial concentrations of congored were changed in order to
etermine proper congored adsorption keeping the contact time
0 min for AC and 60 min for ASD at a fixed dose 0.2 g/L for AC
nd 2.5 g/L for ASD at pH 6.5. Fig. 4 showed that the amount
dsorbed qe increased with an increase in the dye concentration.
owever, percentage removal rate decreased with an increase in

he dye concentration. It is also noted that the rate of removal the
ye is faster at lower concentration and decreases with increasing
oncentration. It is apparent from the figure that with increasing
oncentration of the dye from 1.0 × 10−5 to 9 × 10−5 M, the
ercentage removal decreases from 99 to 82% for AC and 80 to
5.4% for ASD. Adsorption of the dye was found to increase
inearly with increasing concentration of adsorbate for AC in
he concentration range from 1 × 10−5 to 9 × 10−5 M whereas
or ASD it increases from 1 × 10−5 to 6 × 10−5 M and then it
ecomes constant indicating the maximum adsorption capac-
ty of the adsorbent at 6 × 10−5 M for ASD. Hence, all further
tudies were carried out at concentration 6 × 10−5 M for both
he adsorbents.

.5. Effect of particle size on adsorption process

The variation of the rate of adsorption of the substrate with

ifferent particle size of adsorbent is another method that is use-
ul for the characterization of the rate-limiting mechanism of a
articular system. In the present investigations different particle
izes were taken at a fixed dose (0.5 g/L for AC and 2.5 g/L for

ig. 4. Effect of initial dye concentration on the adsorption of congored
6 × 10−5 M) by AC and ASD at 30 ◦C and pH 6.5.
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ig. 5. Effect of particle size on the adsorption of congored (6 × 10−5 M) by
C and ASD at 30 ◦C and pH 6.5.

SD) and pH (6.5) and adsorption of the dye over both the adsor-
ents was monitored (Fig. 5). For both AC and ASD, adsorption
ecreased with increasing particle size. Maximum adsorption
about 94.5% for AC and 76.6% for ASD) could be achieved
t the particle size (<106 BSS mesh). High adsorption by both
dsorbents with smaller particle sizes is due to the availability
f more specific surface area on the adsorbent [27]. Hence, all
urther studies were carried out using (<106 BSS mesh) size of
ranules of both adsorbents (Fig. 5).

.6. Effect of temperature on adsorption process

Temperature has important effects on the adsorption pro-
ess. As the temperature increases, rate of diffusion of adsorbate
olecules across the external boundary layer and internal pores

f the adsorbent particle increases. Changing to temperature will
hange the equilibrium capacity of the adsorbent for particular
dsorbate [28].

Fig. 6 shows effects of different temperatures for congored
dsorption on both the adsorbents. The rate of uptake of dye
ith both the adsorbents was found to increase with increase in

emperature, thereby indicating the process to be endothermic
n nature.

.7. Adsorption isotherms

The adsorption studies were conducted at a fixed initial
oncentration of congored with varying adsorbent dose. The
quilibrium data were analyzed by Langmuir and Freundlich
sotherms. These isotherms are useful for estimating the total
mount of adsorbent needed to adsorb a required amount of
dsorbate from solution.

.7.1. Langmuir isotherm
Adsorption isotherm data have been described by the Lang-

uir adsorption isotherm [29]. The Langmuir isotherm has been

sed by many workers to study the sorption of a variety of com-
ounds. The model assumes uniform energies of adsorption onto
he surface and no transmigration of adsorbate in the plane of
he surface. The linear form of the isotherm was analyzed in the

s
F
c
r

ig. 6. Effect of temperature on the adsorption of congored (6 × 10−5 M) by (a)
C and (b) ASD at pH 6.5.

ight of the model.

1

qe
= 1

Q0
+ 1

bQ0Ce
(1)

here qe is the amount adsorbed (mol/g) and Ce is the equi-
ibrium concentration of the adsorbate (mol L−1). Q0 and b are
he Langmuir constants related to maximum adsorption capacity
nd energy adsorption, respectively. When 1/qe is plotted against
/Ce, a straight line with slope 1/bQ0 is obtained, which shows
hat the adsorption of congored over AC and ASD follows the
angmuir isotherms in Fig. 7, for both the adsorbents. Langmuir
onstants are calculated and the values of these constants at 30,
0, and 50 ◦C are given in Table 1.

.7.2. Freundlich isotherms
The adsorption data for adsorption over activated carbon and

ctivated sawdust were also found to be fitted to the linear form
f the Freundlich equation [30]

ogqe = log Kf + 1

n
log Ce (2)

here qe is the amount adsorbed (mol/g) and Kf and n are
he Freundlich constants related to the adsorption capacity
nd adsorption intensity, respectively. When log qe was plotted
gainst log Ce, straight line with slope 1/n was obtained, which

hows that the adsorption of dye over AC and ASD follows the
reundlich isotherms. Fig. 8 was used to calculate the Freundlich
onstants Kf and n for activated carbon and activated sawdust,
espectively, and their values are given in Table 2.
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ig. 7. Langmuir adsorption isotherms of congored by (a) AC and (b) ASD at
ifferent temperatures.

.8. Thermodynamic parameters

Thermodynamic parameters for the adsorption of congored
n AC and ASD were calculated using the following equations
nd the values are given in Table 3.

G◦ = −RT ln b (3)
H◦ = −R

[
T2T1

(T2 − T1)

]
ln

(
b2

b1

)
(4)

T
d
d

able 1
angmuir constants for the adsorption of congored over activated carbon (0.2 g/L) an

emperature (◦C) Activated carbon

b (mol g−1) Q0 (L mol−1) R

0 44.369 0.8668 0
0 67.77 0.8107 0
0 199.917 0.5884 0

able 2
reundlich constants for the adsorption of congored over activated carbon (0.2 g/L) a

emperature (◦C) Activated carbon

Kf n R2

0 1.0493 1.4017 0.9
0 1.8369 1.5460 0.8
0 6.1602 1.9120 0.9
ig. 8. Freundlich adsorption isotherms of congored by (a) AC and (b) ASD at
ifferent temperatures.

S◦ = �H◦ − �G◦

T
(5)

he negative values of �G◦ indicate that adsorption of congored
ith both the adsorbents was spontaneous, while positive �H◦
alues indicative of endothermic nature of the adsorption [31].

he negative �S◦ values for the adsorbents show decreased ran-
omness at the solid solution interface during the adsorption of
ye.

d activated sawdust (2.5 g/L) at pH 6.5 and different temperatures

Activated sawdust

2 b (mol g−1) Q0 (L mol−1) R2

.9659 12.959 0.02009 0.859

.8763 20.159 0.01624 0.931

.9025 15.183 0.03810 0.9212

nd activated sawdust (2.5 g/L) at pH 6.5 and different temperatures

Activated sawdust

Kf n R2

636 7.62 × 10−6 0.4501 0.6799
818 57.78 × 10−9 0.3830 0.8913
26 47.51 × 10−6 0.5173 0.8976
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Table 3
Thermodynamic parameters and values of rate constant (Kad) for the uptake of congored over activated carbon (0.2 g/L) and activated sawdust (2.5 g/L) at pH 6.5

Adsorbents −�G◦ (kJ mol−1) �H◦ (kJ mol−1) −�S◦ (J K−1 mol−1) Kad

30 ◦C 40 ◦C 50 ◦C

A 33

A 5
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t

ctivated carbon 9.55 × 103 90.94 × 103

ctivated sawdust 6.45 × 103 23.83 × 103

.9. Adsorption rate constant study

To determine the specific rate constant of adsorption process
f activated carbon and activated sawdust, Lagergren’s first order
ate expression was applied [32] by using following equation:

og(qe − qt) = log qe − Kad

2.303
× t (6)

here qe and qt signify the amount adsorbed at equilibrium
nd time t, respectively. The plots between log (qe − qt) and
were found to be linear for both the systems (Fig. 9). The
orrelation coefficients for AC at 30, 40 and 50 ◦C are 0.9042,
.9816, and 0.90. Whereas for ASD correlation coefficients are
.90, 0.92, and 0.9673 at 30, 40 and 50 ◦C, which clearly confirm
he first order nature of the processes in each case. The Kad
alues evaluated, for each system, from the respective Lagergren

lot are listed in Table 3. For Pseudo second order model, the
orrelation coefficients for both the adsorbents are <0.82 which
hows that the adsorption of congored over both adsorbents is
ot a pseudo second order reaction.

ig. 9. Lagergren plots of congored by (a) AC and (b) ASD at different temper-
tures.

a
v
c
w
a
i
e
s
w

R

1.67 × 103 100.64 × 10−3 74.15 × 10−3 331.67 × 10−3

7.37 × 10−3 6.45 × 103 23.83 × 103 57.37 × 10−3

. Chemical oxygen demand

COD test is widely employed as means of measuring the pol-
ution strength of domestic and industrial wastes. COD of initial
olored, and treated filtrate of AC and ASD solutions was deter-
ined. Usual 2 h open reflux method [33] was applied for the
OD determination and the treated solution showed a significant
ecrease in COD value of the initial color solution (6 × 10−5 M)
rom initial 900 mg/L to final 198 and 242 mg/L of the treated
olution with 89.9 and 73.5% COD removal efficiency, indicat-
ng good potential of employing adsorption.

. Conclusions

On the basis of results obtained, it can be safely concluded
hat both activated carbon and activated sawdust act as potential
dsorbents for the removal of congored from wastewater. Acti-
ated sawdust is a cheap and easily available material that thus
an act as a better replacement for activated carbon. Being a
aste product, the use of activated sawdust as adsorbent would

lso solve their disposal problem. In view of all these findings,
t may be concluded that the developed adsorbent is very useful,
conomic, and reproducible for the removal of congored. This
ystem can be used for the successful removal of congored from
astewater and any other effluent.
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