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ABSTRACT

The potential of tropical fruit waste (durio zibethinus husk, DZH) as a low-cost adsorbent for
removal of disperse blue 60 (DB 60) from an aqueous medium was studied under various
conditions such as effects of adsorbent surface modification, contact time, pH, and tempera-
ture. The removal percentage of DB 60 was enhanced by approximately a factor of six when
using the DZH treated by mineral acid compared to the untreated DZH. The functional
groups of DZH before and after acid treatment were analyzed by Fourier transform infrared
spectroscopy to elucidate these results. The surface structure of the DZH before and after
adsorption was analyzed by field emission scanning electron microscopy. Adsorption equi-
librium isotherms and kinetics of the DZH were studied using Langmuir and Freundlich
models, as well as pseudo-first-order, second-order kinetic and intraparticle diffusion equa-
tions. The Langmuir isotherm model agreed well with the experimental data with a maxi-
mum adsorption capacity (qmax) of 54.6mgg�1. The data followed the pseudo-second-order
equation. Thermodynamic studies showed that the adsorption was endothermic and not
spontaneous at low temperature, and was controlled by a chemisorption process. The results
show that DZH could be used as a low-cost material to compare with activated carbon for
the removal of disperses dyes from effluents.

Keywords: Adsorption; Disperse blue dye; Tropical fruit waste; durio zibethinus; Isotherm;
Kinetic

1. Introduction

Disperse dyes are widely used in a variety of
industries, such as textile, paper and leather. Gener-
ally recognized as non-ionic aromatic compounds,
they have low solubilities in water, but are highly
soluble in organic solvents. The effluents of these
industries may produce harmful effects on the health
of living organisms and the environment if not trea-
ted properly before being discharged into bodies of

water. The effluents can affect aesthetic qualities and
interfere with the transmission of sunlight in streams,
which can reduce photosynthetic activity [1]. There-
fore, the treatment of such industrial dye effluents is
of great interest to decrease the concentrations of the
dyes as required under environmental regulation acts
[2–4].

A number of low-cost alternative adsorbents have
been explored for the removal of disperse dyes but
the adsorption capacity is not very large; to improve
adsorption performance new adsorbents are still
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under development. Durian is a well-known and well-
liked fruit in Malaysia that is cultivated in many areas
and is produced throughout the year. Due to the high
consumption of the fruit, massive amounts of its
wastes are disposed, which creates foul odors that
attract insects. For this reason, discovering uses for its
waste, especially on a large scale, would be beneficial
from an environmental and economical point of view.
It has been reported that durio zibethinus husk (DZH)
largely consists of holocellulose, a-cellulose, lignin,
and hemi-cellulose [5]. These characteristics make it
attractive as an adsorbent for the removal of heavy
metal ions. We recently reported on the ability of
DZH to efficiently recover gold(III) ions from aqueous
solution [6]. However, there is scarce data available
on water-insoluble disperse dye removal using this
abundant tropical fruit waste. Therefore, this study
attempts to determine the potential of the DZH as an
alternative low-cost adsorbent system for the removal
of Dispersed Blue 60 (DB 60) from aqueous solutions.
Fourier transform infrared spectroscopy (FTIR) was
used to elucidate the functional groups and field
emission scanning electron microscopy (FESEM) to
analyze the surface structure of the DZH before and
after the adsorption. The equilibrium, kinetics, and
thermodynamics of the adsorption are also discussed
in detail.

2. Material and methods

2.1. Materials

The species of durian used in this work is durio
zibethinus, which was collected from a local market.
The Dispersed Blue 60 (C20H17N3O5; molecular weight
379.37, Fig. 1) was obtained from the local textile
industry (Ramatex Bhd.) and was used in the condi-
tion it was received. The dye solution was prepared
to the desired concentration using Milli-Q water.

2.2. Preparation of adsorbent

DZH was cut into small pieces to obtain a suitable
size for blending, washed with water to remove any
adhering substances, and oven-dried at 100˚C. The
pieces were then ground to 60-mesh size and oven
dried at 100˚C for 24 h to constant weight before stor-
ing in a plastic bottle. Once in the bottle, the DZH
was ready to be used.

Treated DZH was prepared by suspending 2 g of
powdered DZH in 200mL of 1.0M HCl solution. The
mixture was stirred for 4 h at room temperature and
then filtered. The resulting adsorbent sample was

washed with deionized water several times and oven
dried overnight at 100˚C.

2.3. Characterization of DZH

Infrared spectra of the DZH samples were
obtained using a Fourier transform infrared spectrom-
eter (Spectrum GX, Perkin Elmer, USA). The samples
were prepared as KBr pellets and recorded within the
range of 400–4,000 cm�1 to identify the functional
groups that were responsible for adsorption. The mor-
phological features and surface characteristics of the
samples were obtained from FESEM using a JEOUL
JSM-6701F (Japan) scanning electron microscope at an
accelerating voltage of 15 kV. The samples were
coated with platinum by electro-deposition under vac-
uum prior to analyses.

2.4. Adsorption experiments

A stock solution of DB 60 was prepared by dis-
solving a precise quantity of DB 60 in deionized water
and acetone (80/20, v/v). The stock solution was then
properly wrapped with aluminum foil and stored in a
dark place to prevent direct sunlight, which may
cause decolorization. Other required concentrations
(10–200mgL�1) were prepared by diluting the stock
solution of DB 60. The pH values of the working solu-
tions were adjusted to the desired values with 0.1M
HCl or 0.1M NaOH.

Adsorption studies were conducted in 250mL con-
ical flasks containing 100mL of dye solution with 1.0 g
of DZH. The mixtures were incubated with a stirring
rate of 300 rpm at room temperature (30˚C) and an ini-
tial pH of 9 for 2 h of contact time, which is sufficient
to reach equilibrium. Samples were withdrawn at
appropriate time intervals and centrifuged at
3,000 rpm for 10min, and the amount of dye adsorbed
was determined using a UV–vis spectrophotometer
(Perkin-Elmer, Model Lambda 900, USA) at 585 nm.
At any time, the adsorption capacity of dye adsorbed
(qt, mg g�1) onto DZH was calculated using the
following mass balance equation:

Fig. 1. Dispersed Blue 60.
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qt ¼ ðC0 � CtÞV
W

ð1Þ

where C0 and Ct (mgL�1) are the liquid-phase concen-
trations of dye at time zero and at time t, respectively.
V (L) is the volume of the solution and W (g) is the
mass of DZH used. The dye removal percentage can
be calculated as follows:

Removal ð%Þ ¼ C0 � Ct

C0

� �
� 100 ð2Þ

3. Results and discussion

3.1. Effect of adsorbent surface modification

The efficiency of raw DZH on the removal of DB
60 from aqueous solutions was tested, and the results
are shown in Fig. 2. Only 15% of the DB 60 were
removed from the solution when raw (untreated)
DZH was used. Therefore, further modification of the
DZH was carried out to enhance the electropositivity
of the adsorbent surface. The DZH was treated with
HCl prior to adsorption. A significant enhancement
was observed from which 95% of the maximum
removal percentage of DB 60 was achieved after 2 h of
adsorption when using the treated DZH. The removal
percentage was increased by about six times com-
pared to the adsorption using the untreated DZH.
This was likely due to the increase of positively
charged cellulose on the surface of DZH following the
modification, which provided more attraction sites for

the DB 60 anions. This hypothesis was supported by
FTIR spectra of treated DZH, shown in Fig. 3, which
was compared with spectra from untreated DZH for
the three main absorbance regions. Some peaks clearly
changed in intensity and shifted after the surface
modification, suggesting the participation of certain
functional groups of the lignocellulosic material upon
treatment. At higher absorbance wavelengths (Fig. 3
(a)), the intensity of a strong band at 3,371 cm�1,
which could be attributed to the inter/intrahydrogen
bonded (O–H) stretching absorption, was decreased
and shifted to 3,368 cm�1 [7]. This may be due to the
destruction of the hydrogen bonds between the lignin
and carbohydrate and also between the cellulosic
chains [8]. Both of the adsorption bands at 2,368 cm�1,
which can be assigned to the C=O stretching in ketene
and 1,740 cm�1, C=O stretching in esters, aldehydes,
ketones, and acetyl derivatives, were shifted to 2,340
and 1,728 cm�1, respectively, after the hydrolysis [9].
The strong band at 1,615 cm�1 (Fig. 3(b)) in the spec-
trum of untreated DZH was slightly shifted to higher
wavenumbers in the treated DZH spectrum and
appeared as a weak band at 1,640 cm�1. This may be
ascribed to a deformation occurring in the aryl groups
that were originally present as C=C stretching in the
untreated DZH to form C–C in-plane bending as a
consequence of the HCl treatment [10]. The HCl treat-
ment also changed the relative intensities of the peaks
at lower regions (Fig. 3(c)). The increase in intensity of
the peak at 1,370 cm�1, which could correspond to –
CH bending vibrations, may be due to the introduc-
tion of –CH2, –CH3, and –CH groups to the DZH
surface [11,12]. The peaks in the range of 1,000–
1,250 cm�1 were also increased after the acidic
treatment, which may imply a relative increase in
single-bonded oxygen functional groups, such as
phenols, esters, ethers, and lactones [13].

3.2. Effect of initial pH

The pH of aqueous solutions is an important con-
trolling parameter in the adsorption of textile dyes.
Fig. 4 illustrates the effect of initial pH on the removal
of DB 60 by treated DZH over the pH range of 2–11.
The pH did not seem to affect the removal percentage
significantly, and DB 60 was almost completely
removed from the aqueous solution when the adsorp-
tion was carried out between pH 2 and 9. It is well
known that imides (DB 60) is to be very stable under
acidic conditions, no such electrical repulsion exists,
and thus the packing density on the surface of the
adsorbent was higher [14,15]. In contrast, the imide is
easily hydrolyzed under neutral to alkaline conditions,
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Fig. 2. Effect of DZH surface modification on DB 60
adsorption (T= 30˚C, pH=9, C0 = 50mgL–1, and W= 5 gL–1).
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which lead to the formation of resonance stabilized
nitrogen anion flanked by two carbonyls, with the
negative charge being distributed over the 5 atoms.
Therefore, these anions would bind to the protonated
sites (�OHþ

2 ) on the surface of the treated DZH and
resulted in a higher removal percentage. However,
under strong basic conditions, electrostatic repulsions
between the DB 60 anions and abundant hydroxyl
ions impeded the adsorption process. Thus, pH 9 was

chosen as the appropriate condition in this study
because the actual local textile wastewater is weakly
alkaline. The color change of 50mgL�1 DB 60 at pH 9
is also shown in Fig. 4. The blue color before adsorp-
tion became colorless after 120min of adsorption, veri-
fying that DZH could be used as a potential low-cost
absorbent in removing DB 60.

3.3. Effect of adsorbent mass

The effect of treated DZH dosage on the adsorp-
tion of DB 60 was investigated in the range of 0.1–
1.0 g DZH at room temperature, pH 9, and initial dye
concentrations of 50mgL�1. It was observed from
Fig. 5 that the removal percentage were relatively high
in the range of dosage studied, but there was no sig-
nificant increase in removal when >0.3 g DZH was
used. Additionally, 97% of the maximum removal per-
centage was achieved when 1.0 g of DZH was used.
However, the amount of DB 60 adsorbed per unit
mass of DZH decreased considerably as the adsorbent
dosage increased. A higher dose of absorbent used
resulted in more adsorption sites. This led to a higher
removal percentage of DB 60, but at the same time
resulted in a decrease in adsorption capacity (q).

3.4. Adsorption isotherms

Fig. 6 shows the dependence of the adsorbed
amount of DB 60 on equilibrium concentrations in
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Fig. 4. Effect of pH on the removal of DB 60 onto treated
DZH and color change of DB 60 before and after the
adsorption (T=30˚C, W= 2.5 g L–1, C0 = 50mgL�1, and
time= 120min).
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Fig. 3. FTIR spectra of DZH surface before and after treatment by HCl.
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solution at 30˚C. The adsorption capacity of DB 60
increased with increasing solution concentration
(Fig. 6(a)), and the curves of qe vs. Ce were “L-
shaped” (Fig. 6(b)) according to the classification of
Giles et al. [16]. This was a Langmuir-type isotherm,
suggesting that there was no strong competition
between the solvent and the adsorbate to occupy the
adsorbent surface sites, that is, there was a strong
preferential adsorption of DB 60 [17].

Next, the adsorption isotherms of DB 60 were
interpreted using the well-known Langmuir [18] and
Freundlich [19] equation models to understand the
extent and degree of favorability of adsorption. The
Langmuir isotherm model signifies a monolayer
adsorption. It indicates the surface homogeneity of
adsorbent and hints towards the conclusion that the
adsorbent surface is composed of small adsorption
patches that are energetically equivalent to each other
with respect to adsorption phenomena [20]. The Lang-
muir equation is given by:

1

qe
¼ 1

KLqmCe

þ 1

qm
ð3Þ

where Ce is the concentration of dye solution at equi-
librium (mgL�1), qe and qm are the equilibrium and
maximum amount of dye adsorbed per specified
amount of adsorbent at equilibrium (mgg�1), respec-
tively, and KL is the Langmuir equilibrium constant,
which is related to the energy of adsorption. The
Langmuir constants KL and qm can be determined
from the intercept and slope, respectively, of the
linear plot of 1/qe vs. 1/Ce (Fig. 7(a)) and are pre-
sented in Table 1. A further analysis of the Langmuir

isotherm can be made on the basis of a dimensionless
equilibrium parameter, RL [12], also known as the sep-
aration factor, which is given by Eq. (4):

RL ¼ 1

1þ KLC0

ð4Þ

where C0 (mgL�1) is the highest initial concentration
of adsorbent. The parameter RL indicates the nature of
the isotherm shape to be either favorable (0 <RL < 1),
unfavorable (RL > 1), irreversible (RL = 0), or linear
(RL = 1) [21].

The Freundlich isotherm is an empirical equation
employed to describe heterogeneous systems. The lin-
earized form of the Freundlich model equation is
given as:
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log qe ¼ 1

n
logCe þ logKF ð5Þ

where qe is the amount of dye adsorbed per unit
weight of adsorbent at equilibrium (mgg�1), Ce is
the equilibrium concentration of dye in the solution
(mgL�1), and KF and n are the Freundlich adsorp-
tion isotherm constants, which indicate the capacity
of the adsorbent for the adsorbate and the degree
of nonlinearity between the solution concentration
and amount adsorbed, respectively. The values of
KF and n can be calculated from the intercept and
slope, respectively, of the linear plot between log
qe and log Ce (Fig. 7(b)) and are listed in
Table 1.

The value of RL was 0.024, which indicates that
the DB 60 adsorption behavior onto the adsorbent
could be considered as favorable with a maximum
adsorption capacity (qmax) of 54.6mgg�1. The value n
from the Freundlich equation was between 1 and 10
(i.e. 1/n was less than 1), which also represents a
favorable adsorption [22]. However, it is apparent
from both of the R2 values that the experimental data
were best fit to the Langmuir model (R2 = 0.999)
rather than the Freundlich model (R2 = 0.943). These
results verified that adsorption occurred as the
monolayer dyes adsorbed onto the DZH surface.
Other researchers have also reported a Langmuir
model for the adsorption of disperse dyes [23]. The
maximum adsorption capacity of DZH from Lang-
muir isotherm equation for DB 60 was comparable
and was found to be the higher than that of many
corresponding adsorbents reported in the literature
(Table 2) [23–25].

3.5. Kinetic studies

Kinetic studies are important in dye adsorption to
explain the dye uptake rate, the diffusion process and
also the mechanism of adsorption, which can imply
that the adsorbate either physically or chemically
adsorbs onto the surface of the adsorbent [23]. As
shown in Fig. 2, the adsorption of 50mgL�1 DB 60
using treated DZH progressed rapidly for the first
15min to give a removal of 85% and then gradually
increased to 98% after 120min of contact time. Similar
patterns of adsorption were observed for six different
concentrations ranging from 10–200mgL�1 DB 60
(figure not shown). These results were then used to
analyze the kinetics of adsorption using the three
most widely used equations: Lagergren’s pseudo-first-
order model [26], Ho’s pseudo-second-order model
[27] and Weber and Morris’s intraparticle diffusion
model [28].

The linearized form of Lagergren’s pseudo-first-
order model equation is presented as:
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Fig. 7. Langmuir (a) and Freundlich (b) isotherms for the
removal of DB 60 by treated DZH.

Table 1
The constants of Langmuir and Freundlich isotherms at
30˚C

Adsorption isotherm Constant

Langmuir

qm (mgg�1) 54.6

KL (Lmg�1) 0.205

R2 0.994

RL 0.024

Freundlich

KF 8.59

n 1.27

R2 0.977
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logðq1e � qtÞ ¼ log q1e � k1
2:303

t ð6Þ

where k1 is the rate constant of the pseudo-first-order
model [29]. Plotting the log (q1e�qt) against t should
give a straight line (figure not shown), and the value
of k1 can be calculated from its slope (Table 3).

Ho’s pseudo-second-order model in linearized
form is shown as the following equation,

t

qt
¼ 1

k2q22e
þ t

q2e
ð7Þ

where k2 is the rate constant of the pseudo-second-
order model. The value of k2 can be calculated from
the intercept and slope of the linear plot of t/qt against
t (Fig. 8).

The regression coefficients of the second-order
model were higher than those of the first-order model
for all initial concentrations studied (Table 3), indicat-
ing that the experimental data were best fit to the sec-
ond-order model. The results also demonstrated that
the values of theoretically obtained q2e,cal values were
closer to the experimental qe,exp values at different ini-
tial DB 60 concentrations. Therefore, the pseudo-sec-
ond-order model, rather than the first-order kinetic

model, could better explain the adsorption of DB 60
onto DZH. Similar results have been observed in the
adsorption of disperse dyes onto fungal biomass,
palm oil ash, and bio-sludge [22–24]. From these
observations, the rate of dye adsorption is most likely
controlled by a chemisorption process.

Table 2
Adsorption capacities of various adsorbents for disperse dyes

Dyes Adsorbents qmax (mg/g) References

Disperse blue Palm ash 49.5 [29]

Disperse red 60 Bio-sludge 40.0 ± 0.1 [30]

Disperse blue 60 Bio-sludge 31.3 ± 3.8 [30]

Disperse red 1 Bentonite 22.7 [31]

Disperse red 1 Fly ash 30.0 [31]

Disperse red 1 Slag 33.2 [32]

Disperse blue 60 DZH 54.6 This study

Table 3
Adsorption kinetic parameters for the adsorption of DB 60 onto treated DZH at different initial concentrations

Initial conc.
(mg/L)

qe,exp
(mg/g)

Pseudo-first-order model Pseudo-second-order model Intraparticle diffusion

k1 (1/
min)

q1e,cal
(mg/g)

R2 k2 (g/
mgmin)

q2e,cal
(mg/g)

R2 kP (mg/
gmin1/2)

C
(mg/g)

R2

10 2.00 0.095 1.87 0.882 0.1509 2.06 0.999 0.340 0.270 0.964

30 5.97 0.071 5.14 0.931 0.0474 6.16 0.999 0.993 0.928 0.987

50 9.46 0.090 8.75 0.875 0.0306 9.78 0.999 1.692 1.404 0.967

70 13.0 0.081 12.16 0.883 0.0183 13.55 0.998 2.450 3.366 0.990

100 18.0 0.059 16.64 0.909 0.0082 19.16 0.993 3.684 7.313 0.997

150 21.0 0.055 18.88 0.926 0.0068 22.37 0.993 4.185 8.039 0.996

200 22.0 0.038 20.80 0.953 0.0025 25.51 0.980 4.192 9.711 0.997
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Fig. 8. Pseudo-second-order kinetic plots for DB 60
adsorption onto treated DZH.
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The experimental data were then analyzed by
using the intraparticle diffusion model (Eq. (8)) to
identify the diffusion mechanism of DB 60 onto the
surface of DZH.

qt ¼ kpt
1=2 þ C ð8Þ

The variable kp is the intraparticle diffusion rate
constant (mgg�1min�1/2) and C is a constant for the
measure of the boundary layer thickness (mgg�1),
which both value can be evaluated from the slope and
intercept of the linear plot of qt vs. t1/2, respectively
(Fig. 9). Values of kp and C, are given in Table 3 for
all initial concentrations. If the regression of qt vs. t

1/2

is linear and passes through the origin, then intrapar-
ticle diffusion is the sole rate-limiting step [29]. How-
ever, as shown in Fig. 9, the plots were not linear over
the whole time range and instead seemed to be sepa-
rated into multi-linear curves, indicating that multiple
stages were involved in the adsorption process with a
rapid diffusion rate in the initial stage at each DB 60
concentrations. The first linear portion represents the
fastest step, which corresponds to the diffusion of DB
60 towards DZH. The second line is a delayed process
that represents intra-particle diffusion, while the third
line represents the diffusion through small pores,

which is followed by the establishment of equilibrium
[29] due to the saturation of most of the adsorption
sites [30]. The large values of C suggest that the pro-
cess was largely of surface adsorption [31].

3.6. Thermodynamics studies

The effect of temperature on the adsorption rate of
DB 60 onto DZH was investigated at three different
temperatures (303, 313, and 323K) using initial con-
centration of 50mgL�1 DB 60. As shown in Table 4,
the adsorption capacity of DB 60 increased as the tem-
perature increased, illustrating that the adsorption
process is endothermic in nature. These experimental
data were then used to investigate the thermodynam-
ics parameters for the adsorption.

The thermodynamic parameters, such as Gibbs
free energy change (DG˚), standard enthalpy (DH˚),
and standard entropy (DS˚), can be calculated using
the following equations:

DG� ¼ �RTlnKC ð9Þ

lnKC ¼ �DH�

RT
þ DS�

R
ð10Þ

where KC is the adsorption equilibrium constant,
which is obtained from Eq. (11).

KC ¼ CAe

CSe

ð11Þ

CAe is the amount of dye (mg) adsorbed onto the
adsorbent per L of solution at equilibrium, and CSe is
the equilibrium concentration (mgL�1) of the dye in
the solution. Eq. (10) is the so-called Van’t Hoff equa-
tion and R is the gas constant (8.314 Jmol�1 K�1). The
values of DH˚ (kJmol�1) and DS˚ (kJmol�1) were cal-
culated from the slope and intercept, respectively, of
the plot ln KC vs. 1/T (Fig. 10), and all of the thermo-
dynamic parameters are listed in Table 4. The positive
value of DH˚ signifies the endothermic nature of the
process, which confirms the fact that the adsorption
efficiency increased with increasing temperatures [29].

Table 4
Values of thermodynamic parameters for removal DB 60 by treated DZH

Temperature (K) qe (mgg–1) DG (kJmol–1) DH (kJmol–1) DS (kJmol–1K–1) Ea (kJmol�1)

303 9.80 5.77

313 15.0 7.47 43.8 0.164 51.5

323 19.7 9.04
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Fig. 9. Intraparticle diffusion plots for the adsorption of
DB 60 by treated DZH at 30˚C.
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It is well known that the magnitude of enthalpy can
provide information on the type of adsorption, which

can be either physical or chemical. However, there are
a number of contradictory cases in the literature. In
this study, its magnitude fell into a range of
20.9�418.4 kJmol�1, giving information that the
adsorption of DB 60 onto the DZH surface had taken
place via chemisorption processes [32–38]. This obser-
vation is in agreement with the fact that the process
fit well with the pseudo-second-order kinetic models,
verifying the process was controlled by a chemisorp-
tion mechanism. In addition, the magnitude of the
activation energy may also give the same information
about the type of sorption. The activation energy for
DB 60 adsorption onto DZH was 51.5 kJmol�1

(Table 4) and was derived from the slope of the
Arrhenius plot of ln k2 vs. 1/T (Eq. (12)),

ln k2 ¼ lnA� Ea

RT
ð12Þ

where k2 is the rate constant value for the pseudo-
second-order kinetic model, T is the temperature in
Kelvin, and R is the gas constant (8.314 Jmol�1 K�1).
The magnitude of Ea (between 40 and 800 kJmol�1) also
supports the fact that the adsorption process onto DZH
was due to chemisorption [22]. The positive value of
DS˚ suggested an increasing randomness at the
solid�solution interface during the adsorption of DB
60 onto DZH. All positive values of DG˚ obtained in the
range of temperatures studied here demonstrated that
the adsorption reaction was not spontaneous and that
the system gained energy from an external source [29].

3.7. Proposed mechanism of adsorption of DB 60 onto
DZH

Fig. 11 shows the proposed mechanism of the DB
60 adsorption onto treated DZH and the FTIR spectra
of treated DZH before and after adsorption of the
dye. The peaks at 3,416, 2,912, 2,136, 1,731, 1,638,

Fig. 11. FTIR spectra of treated DZH loaded DB 60 and the
proposed mechanism of the adsorption at 30˚C.

Fig. 12. The FESEM images before (a) and after (b) the adsorption of DB 60 onto treated DZH.
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Fig. 10. Plot of ln KC vs. 1/T for estimation of
thermodynamic parameters.
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1,428, 1,369, 1,318, and 1,244 cm�1, which may corre-
spond to –OH groups, –CH2–groups, C=N stretching,
C=O stretching, C=C group, –OH bending, CH3 defor-
mation, C–N stretching, and C–O stretching, respec-
tively, were slightly shifted and/or decreased in
intensity after adsorption, indicating the possibility of
weak electrostatic interaction between the treated
DZH and the anionic DB 60 molecules [22,39]. The
intensity of the bands observed at 1,162, 1,111, and
1,055 cm�1 was slightly increased and shifted to 1,059,
1,106 and 1,049 cm�1. These spectral changes con-
firmed the possible involvement of amines (C–N)
groups of DB 60 with the protonated DZH surface by
nucleophilic substitution [12,39].

Textural structure analysis by FESEM before
(Fig. 12(a)) and after (Fig. 12(b)) adsorption also indi-
cated that the rough and fibrous surface of the DZH
before the adsorption became smoother and stickier
due to the packing of the dye.

4. Conclusion

This study showed that HCl-treated DZH acts as a
good adsorbent for the removal of DB 60 from aque-
ous solutions. The amount of the dye adsorbed was
found to be dependent on solution pH, contact time,
adsorbent dosage, initial DB 60 concentration, and
temperature. The DB 60 was almost completely
removed from the aqueous solution at optimum con-
ditions of 5 gL�1 treated DZH, pH 9, and 30˚C after
1 h of contact time. Equilibrium data were best
defined by the Langmuir isotherm model, and the
kinetic results were fit to the pseudo-second-order
model. These results indicate that the treated DZH
has potential to be used in dye removal processes
from aqueous solutions.
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