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ABSTRACT

The pistachio shell, an agriculture waste, was studied as a no-cost and readily accessible
potential dye adsorbent for the removal of the commercially important reactive azo dye,
Remazol Red (C.I. 18221) from its aqueous solution. For this purpose, a series of batch
adsorption tests were carried out to assess the effect of various experimental parameters
such as adsorbent concentration, mixing time, initial dye concentration, pH and tempera-
ture. The experimental results indicated that the maximum dye removal could be attained
at pH 2. The equilibrium between the dye and the adsorbent in the solution was established
within 10min. The maximum adsorption capacity of pistachio shell was determined around
108mg g−1 at 20˚C. The pseudo-second-order model provided close fit with the experimen-
tal data (R2 > 0.99) for the reactive dye. Equilibrium data also fitted well to the Freundlich
isotherm model in the studied concentration range of Remazol Red at 20˚C. The negative
values of ΔG indicated that the adsorption process was spontaneous and thermodynami-
cally favorable. Accordingly, the pistachio shell was shown to be a very efficient and
low-cost adsorbent, and a promising alternative for eliminating dyes from industrial
wastewaters.
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1. Introduction

Synthetic dyes are common water pollutants and
they may frequently be found in various quantities in
industrial wastewater, e.g. in various branches of the
textile industry. Reactive azo dyes are one of the most
common synthetic dyes used in the dyeing processes
and as much as 40% of these dyes remain in the efflu-
ents [1]. They differ from all other classes of dyes in
that they bind to the textile fibers such as cotton to

form covalent bonds. They have the favorable
characteristics of bright color, simple application
techniques, and low energy consumption and are used
extensively in textile industries [2]. The entire waste-
water may contain elements like sulfur, naphthol, vat
dyes, nitrates, acetic acid, soaps, and chromium
compounds and heavy metals like copper, arsenic,
lead, cadmium, mercury, nickel, and cobalt and cer-
tain auxiliary chemicals all of which collectively make
the effluent highly toxic [3,4]. This can lead to acute
effects on exposed organisms due to the toxicity
of the dyes, abnormal coloration, and reduction in
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photosynthesis because of the absorbance of light that
enters the water. It is evident; therefore, that the
removal of such colored agents from aqueous solu-
tions is of significant environmental and technical
importance [5]. However, wastewater containing dyes
is very difficult to treat by traditional methods. Since
the dyes are recalcitrant organic molecules, resistant to
aerobic digestion, and are stable to light, heat, and oxi-
dizing agents due to their structure and molecular size
most of the dyes contain aromatic rings, which make
them mutagenic and carcinogenic [6–8].

Many chemical or biological methods have been
used either individually or together for the removal of
colored and colorless organic pollutants from textile
wastewater [9]. Adsorption has been an effective
separation process for a wide variety of applications,
especially for the removal of non-biodegradable
pollutants (including dyes) from wastewater and it is
noted to be superior to other techniques for water
treatment with regard to cost efficiency, eco-friendli-
ness, simplicity of design, ease of operation, and being
insensitive to toxic substances [1,10]. Although acti-
vated carbon and polymer resins are widely used as
adsorbents for removing chemicals from relatively
concentrated wastewaters due to their excellent
adsorption abilities, their high price and the necessity
of regeneration restrict their usage [3,11]. Therefore,
an extensive research has been carried out recently
with the goal to find alternative and less expensive
materials (sorbents) capable to remove chemical sub-
stances from waters. Natural materials and waste
materials from industry or agriculture are typically
classified as non-conventional sorbents because of
their inexpensive production and local availability. In
this context, many studies revealed that other alterna-
tive adsorbents, such as synthetic calcium phosphates
[12], peanut hull [13], wheat straw [14], activated car-
bon from paper mill sludge [15], cellulose [16], native
algae [17], pine cone [18], red mud [19], orange waste
gel [20], peanut shells [21], Agaricus campestris [22],
mesoporous silica [23], cotton seed shell [24], and nat-
ural or modified minerals such as montmorillonite
[25], clinoptilolite [26,27], sepiolite [2,28,29], bentonite
[3,30,31].

The main purpose of the this study is to determine
the adsorption abilities of the pistachio shell, as a
novel adsorbent, for the elimination of Remozal Red
from synthetic aqueous solutions. Because the chemi-
cal pre-treatment may increase the cost of the sorbent
substantially and thus abolish the main advantage of
the non-conventional sorbents, we have focused, in
this study, on an application of the pistachio shell.
The influence of several parameters such as pH,
adsorbent concentration, mixing time, initial dye

concentration, and temperature on the pistachio shell
under kinetic and equilibrium conditions were
investigated. The rate limiting step of the dye onto the
adsorbents was determined from the adsorption
kinetic results. Adsorption isotherm equations were
used to interpret and evaluate the equilibrium data
and thermodynamic parameters were calculated.

2. Experimental

2.1. Materials

The pistachio shell was chosen because of its high
volatility, low ash content, and reasonable good hard-
ness property. It is grown mainly in Iran, USA, Syria,
Turkey, Greece, and Italy. It is one of the most popu-
lar nuts in the world with high nutritional values and
it has a very unique flavor as a snack and a food
ingredient [32]. It contains around 23% protein, 56%
fat, 19% carbohydrate, and 5% moisture [33]. Pistachio
also contains high amounts of K, P, Ca, Mg, and Fe at
different amounts.

The pistachio shell is a low-cost agricultural waste
as well as a profoundly accessible potential dye adsor-
bent in the SE part of Turkey. The samples used in
the experiments were obtained commercially from
Sanliurfa, Turkey. The pistachio shell consists of inter-
nal and external shells. In this study, internal pistachio
shell samples were used. They were washed several
times with distilled water to remove surface impuri-
ties and then dried at 110˚C in an oven for 12 h to
reduce the moisture content. The pistachio shell was
crushed, grounded, and sieved to obtain a particle size
in the range of 250–2,000 μm with a coffee grinder
(waring commercial) to increase the surface area.

The textile reactive azo dye, Remazol Red (C.I.
18221) was provided from Bursa, Turkey and used in
all the adsorption experiments without further
purification. The chemical structure of Remazol Red is
illustrated in Fig. 1. It contains anionic sulfonate
groups to various degrees.

Fig. 1. The general chemical structure of Remazol Red (C.I.
18221).
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2.2. Apparatus and laboratory equipment

Scanning electron microscopy (SEM) has been a
primary tool for characterizing the surface morphol-
ogy and fundamental physical properties of the adsor-
bent surface. It is useful for determining the particle
shape, porosity, and appropriate size distribution of
the adsorbent. The Fourier transform infrared (FTIR)
spectroscopic measurement was carried out with KBr
pellets (2 mg/300mgKBr) on a spectrometer (Model
580, Perkin-Elmer) with a resolution of 4.00 cm−1. All
the absorbance measurements of Remazol Red were
made with a UV–vis spectrophotometer (Shimadzu
T70) at the λmax= 520 nm.

2.3. Methods

Adsorption kinetic experiments for pistachio shell
were carried out by a batch equilibrium technique by
placing a known quantity of the adsorbent in a glass
bottle containing 40mg/L of an aqueous solution of
pistachio shell with a predetermined concentration.
After the solution was prepared, the bottles were
placed on an orbital shaker at 150 rpm at room tem-
perature for 4 h, and then samples were centrifuged at
4,000 rpm for 10min. In order to observe the effects of
experimental deviations/personal error on the dye
removal, each experiment was repeated twice under
the same working conditions. The reproducibility of
the data varied in the range of ±1.5%.

2.4. Adsorption isotherms

The analysis of the isotherm data is important to
develop an equation which accurately represents the
results and which could be used for design purposes.
Adsorption equilibrium is established when the
amount of solute being adsorbed on to the adsorbent
is equal to the amount being desorbed. At this point,
the equilibrium solution concentration remains con-
stant. By plotting solid phase concentration against
liquid phase concentration graphically, it is possible to
depict the equilibrium adsorption density [34]. The
adsorption density, qe (mg/g), was calculated using
the following relationships (Eq. (1)).

qe ¼ ðCi � CeÞ � V

1000�m
(1)

where qe= amount of dye adsorbed per gram of adsor-
bent in mg/g, Ci= initial dye concentration in mg/l,
Ce= equilibrium (residual) dye concentration in mg/l,
V = the volume of the solution in ml, and m =mass of
adsorbent (g).

Adsorption isotherm data of the Remazol Red was
investigated to fit the models of Langmuir and Fre-
undlich. For the non-linear method, a trial and error
procedure, which is applicable to computer operation,
was developed to determine the isotherm parameters
by minimizing the respective coefficient of determina-
tion between experimental data and isotherms using
the solver add-in with Microsoft’s spread-sheet. In
first instance, the Langmuir model assumes that
adsorption occurs in a monolayer where the actives
sites are identical and energetically equivalent. This
isotherm is given by (Eq. (2)):

qe ¼ qmaxKCe

1þ KCe
(2)

where qmax is the maximum adsorption capacity (mg/g)
and K (L/mg) represents the Langmuir equilibrium
constant, respectively. Both qmax and K are obtained
from data correlation. Alternatively, the Freundlich
model is an empirical expression used to describe a
heterogeneous system, which is defined as (Eq. (3)):

qe ¼ KfCe
ð1=nÞ (3)

where Kf and n are Freundlich constants as indicators
of adsorption capacity and adsorption intensity,
respectively. Linear regression was frequently used to
determine the most fitted isotherm. The linear least-
squares method to the linearly transformed isotherm
equations was widely applied to confirm the experi-
mental data and isotherms using coefficient of deter-
mination [35]. However, several studies have shown
that the transformation of non-linear adsorption mod-
els to linear forms usually results in parameter estima-
tion errors and uncertainties [36]. Thus, in this study,
a non-linear regression approach employing a stochas-
tic global optimization method was used to determine
the model parameters of isotherm equations.

To analyze the kinetics of adsorption of different
concentrations of Remazol Red onto the pistachio
shell, the pseudo-first- and second-order-kinetic model
were applied for the interpretation of experimental
data [37]. The linearized form of the pseudo-first-order
model is given by (Eq. (4)):

logðqe � qtÞ ¼ log qe �
k1

2:303

� �
t (4)

where qt is the amount of dye sorbed (mg/g) at time t
(min); qe is the amount of dye sorbed at equilibrium
(mg/g), and k1 is the equilibrium rate constant of
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pseudo-first-order adsorption (min−1). The slopes and
intercepts of plots of log (qe− qt) vs. time were used to
determine the first-order rate constant k1. The second-
order kinetic model [36] is linearized as (Eq. (5)):

t

qt

� �
¼ 1

k2 � qe2
2

 !
þ 1

qe2

� �
t (5)

where k2 is the rate constant of pseudo-second-order
adsorption. The slope and intercepts of plot of t/qt vs.
t was used to calculate the second-order rate constant
k2 and qe2.

2.5. Thermodynamics of adsorption

In order to understand the effect of temperature on
the adsorption process thermodynamic parameters
including change in free energy (ΔG), enthalpy (ΔH),
and entropy (ΔS), were determined by using the
following equations (Eqs. (6–8)) [20,23].

Kc ¼ CAe

Ce

� �
(6)

DG ¼ �RT lnKc (7)

lnKc ¼ ððDSÞ=RÞ � ððDHÞ=RTÞ (8)

where Kc is the equilibrium constant, CAe is the
amount of dye (g) adsorbed on the adsorbent per L of
the solution at equilibrium, Ce is the equilibrium con-
centration (g/L) of the dye in the solution, T is the
solution temperature in Kelvin (K) and R is the gas
constant and is equal to 8.314 J/mol K−1.

3. Results and discussion

3.1. The efficiency of the pistachio shell for Remazol Red
adsorption

The chemical analysis of the pistachio shell was
performed by using an energy dispersive X-ray
spectrometer (Zeiss) attached to a scanning electron
microscope. This photomicrograph shows the fibrous
structure of the pistachio shell. Scanning electron
micrographs of raw and adsorbed pistachio shells
with Remazol Red were shown in Fig. 2. It is clear
from the figure that, the pistachio shells have consid-
erable numbers of pores where, there was a good
possibility for dye to be trapped and adsorbed into
these pores. The SEM picture of the pistachio shells

showed very distinguished dark spots which can be
taken as a sign for the effective adsorption of dye mol-
ecules in the cavities and pores of this adsorbent.
After adsorption, the pores were packed with dyes.

In order to investigate the surface characteristics of
the pistachio shell, FTIR (Perkin–Elmer Spectrophotom-
eter Spectrum One) in the range of 450–4,400 cm−1 was
studied (Fig. 3). The FTIR spectroscopic measurement
was carried out with KBr pellets (2 mg/300mg KBr) on
a spectrometer (Model 580, Perkin–Elmer) with a
resolution of 4.00 cm−1. Infrared spectra were recorded
in the 450–4,400 cm−1 range. The FTIR spectrum of the
pistachio shell showed that the peak positions are at
3,409.77, 2,925.33, 2,855.20, 1,640.97, 1,631.20, 1,547.15,
1,427.27, 1,378.55, 1,329.80, and 1,163.03 cm−1. The band
at 3,409.77 cm−1 is due to O–H and N–H stretching.
The bands at 2,925.33 and 2,855.20 cm−1 correspond to
unsymmetrical and symmetrical aliphatic C–H stretch-
ing, respectively. While the bands at 1,600–1,400 cm−1

reflect carbonyl group stretching (amide) and N–H
bending, respectively, the bands at 1,300–1,100 cm−1

corresponding to C–O bending and indicate the
presence of phenolic groups [38–40].

3.2. The effect of solution pH

In order to determine the pH effect on the adsorp-
tion capacity of the pistachio shell for Remazol Red,
dye solutions were prepared at different pH levels in
the range of 2–10, after introducing adsorbent at 25˚C
and initial dye concentration of 40mg/L. The results
showed that the amount of adsorbed dye on the pista-
chio shell decreased as the pH increased from 2 to 10
as seen in Fig. 4. The percentage of removal increased
to 94% at pH 2 and to 83% at pH 4. Consequently, it
is clear that the optimum pH is 2 and was kept con-
stant during each batch experiment. The variation in
adsorption capacity in this pH range was largely due
to the structural changes being effected in the dye
molecules and the surface adsorption characteristics of
the pistachio shell indicating that the adsorption
capacities of the adsorbents were pH dependent. Simi-
lar observations were reported by other colleagues for
adsorption of dyes indicating that the adsorbent had a
net positive charge on its surface [11,16].

3.3. The effect of temperature

The adsorption studies were carried out at four dif-
ferent temperatures 20, 30, 40, and 50˚C. Compared to
the 30˚C, the adsorption of Remazol Red onto the pista-
chio shell increased at 40˚C. It was observed from the
figure that the maximum adsorption capacity of the dye
increased from 6.06 to 6.10mg/g for the pistachio shell.
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The adsorption density increased with the increasing
temperature, indicating that the adsorption was an
endothermic process. The increase in dye adsorption
with an increasing temperature has been widely
observed in many studies [20,22]. Thermodynamic con-
straints, ΔH and ΔS were calculated from the slope and
intercept of the van’t Hoff plot of ln Kc against 1/T
(Fig. 5). The results were given in Table 1. When the
temperature was increased from 20 to 50˚C, the magni-
tude of free energy change shifted to a high negative
value (from 5.60 to 6.39 kJ/mol) suggesting that the
adsorption of Remazol Red dye adsorption onto the pis-
tachio shell was spontaneous and thermodynamically
favorable. Besides, the change in free energy for physi-
sorption is between 20 and 0 kJ/mol; chemisorption has
a range of 80–400 kJ/mol [34]. The calculated ΔG value
was obtained to be 5.60 kJ/mol for the Remazol Red
dye and this could be considered as physisorption.

3.4. The effect of mixing time

The distribution of adsorbate between adsorbent
and solution is influenced by mixing time. The
adsorption capacity of the pistachio shell vs. the mix-

ing time (from 10 to 240min.) is shown in Fig. 6. The
figure revealed that the adsorption capacity increased
with the mixing time up to 10min. The adsorption of
Remazol Red onto the pistachio shell reached equilib-
rium at 10min. Therefore, the optimum mixing time,
to be used in other studies for further testing, was
chosen as 10min [13,16].

3.5. The effect of adsorbent concentration

In order to determine the effect of adsorbent con-
centration, the adsorbent amount used in the experi-
ments varied from 0.01 to 1 g/L. As the adsorbent
amount was increased from 0.01 to 1 g/L, the percent-
age of dye adsorption was also increased, but the
uptake capacity of the adsorbent decreased. This may
be attributed to the availability of more sorption sites
due to higher amount of the sorbent. At higher adsor-
bent to solute ratios, there is a very fast sorption onto
the sorbent surface that produces a lower solute
concentration in the solution as compared to a lower
sorbent to solute concentration ratio (Fig. 7). The ini-
tial concentration of the dye is a key driving force for
mass diffusion and transfer between the aqueous and

Fig. 2. SEM images of raw and Remazol Red dye adsorbed onto the pistachio shells.
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solid phases. The increase trend indicates that
the absorbing sites of the absorbent were not
saturated [4].

3.6. The effect of initial dye concentration

The effect of initial dye concentration on the
adsorption capacity of pistachio shells was also studied
in the initial concentration range of 50–1,000mg/L.
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Fig. 3. FTIR spectrum of the pistachio shell.

Fig. 4. The effect of solution pH on the adsorption of Rem-
azol Red by the pistachio shell.

Fig. 5. A plot of ln Kc against 1/T for the adsorption of
Remazol Red onto the pistachio shell.
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From Fig. 8, it can be seen that the adsorption capacity
of pistachio shells increases with the increase of the
initial dye concentration. While the adsorption capacity
of Remazol Red on pistachio shells for 10min with the
initial dye concentration at 150mg/L is 19.16mg/g,
this is due to the increase in the concentration gradient
which acts as a increasing driving force to overcome
all mass transfer resistances of the dye molecules
between the aqueous and solid phase, leading to an

increasing equilibrium adsorption until adsorbent satu-
ration is achieved [34]. The adsorption density
increases to 750mg/L with increasing equilibrium con-
centration until 66mg/g above which the adsorption
density remains nearly constant.

3.7. Kinetic studies

To analyze the kinetics of adsorption of different
concentrations of Remazol Red onto the pistachio nut
shell, the pseudo-first- and second-order-kinetic model
were applied for the interpretation of experimental
data [38]. The models were applied to the adsorption
of Remazol Rot by the pistachio nut shell. In order to
quantify the applicability of the model, the correlation
coefficient, R2, was calculated from these plots. The
models were applied to the adsorption of Remazol
Rot by the pistachio shell and the result was presented
in Fig. 9. The fitted linear regression plots showed that
the experimental data had its best fit with the pseudo-
second-order model with higher determination coeffi-
cients (R2 > 0.99) than those of the pseudo-first-order
model. Besides, the qe2 and k2 values of the second-
order model are 6.057mg/g and 0.303 L/g, respec-
tively.

However, the qe value of the pseudo-first-order
model was found negative and showed desorption.
From the results, it is also seen that the equilibrium
adsorption from the pseudo-second-order model are
much close to the experimental data. The calculated
adsorption capacity, qe2, increases with the increase in
the initial dye concentration but there is no linear rela-
tionship with pH and temperature. This suggests that
the pseudo-second-order kinetic model can be applied
to predict the amount of dye adsorbed at different
experimental conditions.

Table 1
The thermodynamic parameters of Remazol Red adsorp-
tion onto the pistachio shell

T (K) Kc ΔG (kJ/mol) ΔH (kJ/mol) ΔS (JK−1/mol)

293 9.97 –5.60 0.03 19.21
303 10.15 –5.82
313 10.51 –6.11
323 9.81 –6.39

Fig. 6. The effect of mixing time on the adsorption of
Remazol Red by the pistachio shell.

Fig. 7. The effect of adsorbent concentration on the adsorp-
tion of Remazol Red by the pistachio shell.

Fig. 8. The effect of initial dye concentration on the
adsorption of Remazol Red by the pistachio shell.
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3.8. Adsorption isotherms

Adsorption isotherm data of Remazol Red was
investigated to fit the models of Langmuir and Fre-
undlich. Figs. 10 and 11 show experimental data
and the predicted equilibrium curve using the
non-linear method for the two-equilibrium isotherm
Freundlich and Langmuir at 20˚C, respectively. The
calculated isotherm constants by the non-linear
method were shown in Table 2. The Freundlich
model appears to fit the experimental data better
than the Langmuir model as reflected with the cor-
relation coefficients in the range of 0.98 (Table 2).
The maximum adsorption capacity of the pistachio
shell was determined as 108.15mg g−1at 20˚C. In the
literature, the maximum adsorption capacity of Remazol
Red on eggshell was found to be 46.9 mg g−1 at 22˚C
[35]. Similar trends were also observed by Gulnaz
et al. [9].

4. Conclusions

In this study, kinetic and equilibrium of Remazol
Red (C.I. 18221) dye adsorption onto the pistachio
shell were carried out as a series of batch adsorption
tests. The characteristics of adsorbent were confirmed
by using FTIR and SEM analysis. The amount of dye
adsorbed was found to depend on the adsorbent con-
centration, mixing time, initial dye concentration, pH
and temperature. The adsorbent was most effective at
pH 2 and 20˚C. The equilibrium between the dye and
the adsorbent in the solution was established within
10min. The pseudo-second-order model provided
close fit with the experimental data (R2 > 0.99) for the
reactive dye. Equilibrium data were also fitted well to
the Freundlich isotherm model. The maximum
adsorption capacity of the pistachio shell was deter-
mined as 108.15 mg g−1 at 20˚C. The negative values of
free energy changes ΔG indicate that the adsorption of
the Remazol Red dye adsorption onto the pistachio
shell was spontaneous and thermodynamically favor-
able. Results showed that the pistachio shell was an
effective adsorbent for the removal of Remazol Red
dye from aqueous solution.

Fig. 9. The pseudo-second-order kinetic plots for the
adsorption of Remazol Red onto the pistachio shell.

Fig. 10. Freundlich plots for the adsorption of Remazol
Red dye onto the pistachio shell.

Fig. 11. Langmuir plots for the adsorption of Remazol Red
onto the pistachio shell.

Table 2
The parameters of the Freundlich and Langmuir iso-
therms*

Adsorbent

Freundlich Langmuir

KF (mg
g−1) n R2

qmax

(mg g−1) KL R2

Pistachio
shell

0.1328 1.65 0.98 108.15 0.006319 0.96

*T = 20˚C, contact time = 10min, adsorbent particle size = 0.025 <X

< 0.5, Ci = 50 ppm.
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