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ABSTRACT

The preparation of activated carbon from walnut shell with ZnCl, activation and its ability to remove
Reactive Red 2 from aqueous solutions was studied through batch and column study. The adsorbent
was characterized with BET, FTIR, and SEM. Batch-adsorption technique was conducted to investi-
gate the effects of parameters namely; pH, absorbent dose, contact time, and initial dye concentration
on the adsorption efficiency. In column study, the effects of initial dye concentration, bed height and
flow rate on Reactive Red 2 (RR2) adsorption were studied. In batch system, the adsorption efficiency
ata dose of 1.5 g/L and pH 2 was achieved by 65.55%. Data were fitted with Langmuir isotherm equi-
librium. The maximum capacity based on Langmuir model was 81.3 mg/g. The results showed that by
increasing the concentration of color on continuous input from 50 to 150 mg/L the adsorption capacity
has increased from 42.18 to 53.72 mg/g, respectively. With the increase in height of column from 2 to
8 cm the adsorption capacity increased from 37.28 to 54.61 mg/g. Furthermore, with increases of flow

rate from 5 to 15 ml/min the adsorption capacity decreased from 51.81 t036.67 mg/g.
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1. Introduction

Use of different chemical compounds in industrial
processes, such as cosmetics, leather, paper and textile
produces large volumes of colored effluents containing
organic and inorganic pollutants that suitable treatment of
them is environmental requirements. The amount of pro-
duced dye is estimated to be 1,000,000 tons per year [1,2].
The first known contaminants in wastewater are dyes,
that small amounts of them in water (less than 1 ppm for
some dyes) is highly visible and undesirable [3]. The COD
of effluent increases because of high concentration of dyes
in the influent of wastewater treatment plants, due to the
complex structure that are stable and non-biodegradable.
They also are toxic, carcinogenic, mutagen and can cause
allergies and skin problems [4]. Furthermore, the dyes
in industrial wastewater due to their toxicity on aquatic
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organisms, impaired performance of sewage treatment sys-
tems, and they are considered for aesthetic environment.
Discharging of colored wastewater into receiving waters
body, may leads to interference phenomena in ecology such
as eutrophication due to the presence of nitrogen [5]. They
can affect aquatic flora and fauna to a great extent [6]. The
concentrations of these contaminants for discharging into
natural resources should be reduced to a set of standards,
because if they cannot be properly removed, have serious
negative effects on human health and environment.

Dye removal can be divided to 3 methods namely; bio-
logical, chemical and physical [7]. Methods that are cur-
rently used for treating dyes have technical and economical
limitations. The most of physicochemical methods have
been used for dye removal from aqueous environments
are expensive, and produce large quantities of sludge. In
addition, some water-soluble dyes cannot be removed com-
pletely by aforementioned methods. Biological removal of
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dyes may be cheaper than physicochemical methods, but
some of the resistant dyes are toxic for microorganisms [8].
Among them the absorption process due to many advan-
tages such as simplicity of design, ease of operation and
insensitivity to toxic substances is preferred over other
methods.

Activated carbon (AC) due to high efficacy has been
widely used for absorption. However, its use is limited
because of high price [9]. In recent years, agricultural
wastes such as rice bran, wheat, barley, rice stalks, wood
waste and bagasse have been used for removal of toxic met-
als and some organic contaminants from aqueous solutions
[10]. Walnut shell due to the high content of carbon and low
ash is suitable for the activated carbon production [11].

Development of low-cost adsorbent for reducing the
cost of adsorption process from agricultural waste could
be a good alternative for commercial activated carbon [12].
Ministry of Agriculture in Iran reported that over 170,000
tons per year walnut produces, which this country has
grade third in world. Therefore, walnut shell as cheap, local
and available waste can be used for producing of activated
carbon [13].

Walnut shell wastes have been used for producing of
AC as adsorbent for the removal of methylene blue from
aqueous solutions. Results of study by Yang and Qiu [11]
showed the highest capacity was 315 mg/g for the opti-
mum dosage of AC. Wang et al. [14] studied the removal
of chromium (VI) from aqueous solution using walnut hull.
The results showed the maximum removal of Cr (VI) was
97.3% at pH 1. In another study Cao et al. [15] investigated
the potential of biosorbent, chem-modified walnut shell for
removal of reactive brilliant red K-2BP.

Most previous studies on the adsorption of dye and
other pollutants on prepared activated carbon by walnut
shell (WSAC) have focused on batch kinetic and batch equi-
librium investigations. However, in full scale the fixed-bed
columns are often preferred, which design and optimiza-
tion of fixed-bed columns are difficult without prior study
in bench and pilot scale. In this regard, the efficiency of acti-
vated carbon prepared from walnut shell for the removal
of Reactive Red 2 (RR2) has been investigated in both batch
and continuous conditions using a laboratory scale fixed
bed column. Furthermore, the main design parameters such
as pH of solution, initial concentration of dye, absorbent
dose, contact time, column bed height, and flow rate of fluid
on RR2 adsorption have been investigated. The isotherms
and kinetics models are used to describe the distribution of
dye between solid phase and the solution and to correlate
the adsorption kinetics data of RR2 onto prepared WSAC.
The processes of removal of the selected dyes on WSAC are
investigated by Thermodynamic studies. The breakthrough
curve for the adsorption of RR2 was studied using Thomas
model.

2. Materials and methods
2.1. Dye and sorbent

All reagents used in this work were analytical reagent
grade. In all experiments, synthetic solution of reactive red
2 as mono azo dye was prepared from the commercial prod-
uct with formula (C H, CLNNa,O.S, ; 98% , MW = 615)
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supplied by E. Merck (Fig. 1). Walnut shell was obtained
from Kermanshah rural area in the western region of Iran.
Walnut shell collected from fallen pieces under the trees or
during industrial process, when corn of walnut has been
separated for using its nut. The walnut wastes were col-
lected in plastic bags and transported to the laboratory
where further testing procedures were carried out.

2.2. Preparation of activated carbon from walnut shell

In order to eliminate waste such as debris and dust,
Walnut well-cleaned and washed and dried at room tem-
perature. Walnut shells were crushed using a regular type
jaw crusher. Crushed shells were dried for 1 h in the oven at
105°C. The activation agent ZnCl, (with 98% purity, Merck
Germany) was used for the preparation of activated carbon
during 24 h with the weight ratio of 1:1 for ZnCl, to walnut
shell.

Then, to perform the activation, Walnut shells were
heated in a furnace to a final temperature of 500°C for 1 h.
For all treatments, the nitrogen gas at flow rate of 150 ml/
min was applied in the reactor to create a condition with-
out oxygen. The samples, was then left to cool at present of
N,, and washed several times to remove residues of ZnCl,.
To remove residue the activated carbon was saturated
into a solution of 1.0 m HCI, then washed with distilled
water until the pH of the solution reached to 7, and dried
in an oven at 105°C. Finally, the prepared activated carbon
crushed and sieved to achieve different size fractions with
0.5-1 mm in diameter.

2.3. Batch equilibrium studies

This empirical study carried out at a laboratory bench
scale by using walnut shell activated carbon (WSAC) for
removing RR2 from aqueous solution. The walnut shall
as granular activated carbon was applied to remove RR2
by using batch and Fixed-Bed reactor. At the first stage of
experimental work, a series of batch tests were employed
to investigate the dye removal from synthetic wastewater.
The adsorption process has been conducted at the different
values of independent variables; pH (2-11), adsorption dos-
age (0.2,04,0.6,0.8,1,1.2, 1.5 mg/L), contact time (5, 30, 60,
90, 120, 150 min), and initial concentration of dye (50, 100,
and 150 mg/L), using a series of Pyrex glass with total vol-

Fig. 1. The structural formula for RR 2.
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ume of 250 mL and working volume of 100 mL, when other
parameters were constant (e.g. ambient temperature (28 +
1°C), and mixing speed 100 rpm). The residual concentration
was determined by measuring its absorbance in a UV-Visi-
ble spectrophotometer (JENWAY 6305, UK) at the maximum
wavelength of 538 nm after centrifuge of sample at 3800 rpm
for 5 min. The thermodynamic study carried out at different
temperatures (20, 30, 40°C) to evaluate of temperature effect.
The amount of adsorbed dye and percentage removal of RR2
were calculated by following equations

C.-C)\Vv
g - &5 )
M
R% == 100 @
G
where C, and C, are the initial, final dye concentrations

(mg/L), respectively; g is the amount of adsorbate per mass
of the adsorbent (mg/g), V is the volume of solution (L);
and M is the mass of adsorbent (g).

2.4. Column studies

The column studies have been conducted in a glass
column made of Pyrex glass tube as fixed bed reactor with
1.2 cm inner diameter and 19.5 cm height. A layer of glass
wool used as supporter at the bottom and top of activated
carbon bed inside column based on desired height of car-
bon (2, 4, 8 cm). At first stage to remove dust on surface
of applied WSAC, distillated water sparged on the bed by
peristaltic pump for 15 min. Then the main part of present
study, investigation of two main variables namely; dye con-
centrations (50, 100 and 150 mg/L), flow rate (5, 10 and 15
ml/min) have been carried out at pH 2. At the outlet of the
column, effluent was collected at regular time intervals (one
hour) and after centrifuge at 3800 rpm for 5 min, the con-
centration of RR2 was measured using a UV-visible spectro-
photometer at 538 nm. All the experiments were carried out
at room temperature (28 + 1°C). The breakpoint and satura-
tion condition was considered when the effluent concentra-
tion reached to 5% and 90% of influent concentration of dye,
respectively. The absorbent behavior has been investigated
by using Tomas Model, which is regular model to predict of
failure curve in column bed of activated carbon. This model
according to Eq. (3) can estimate the value of absorbed dye
per unit mass of adsorbent in the column [16].

h{% - 1] =K, + % ~K,,Ct 3)

e

where K, is the Thomas rate constant (ml/(min mg), g,
maximum adsorption (mg/g) and Q is the volumetric flow
rate (mL/min), M is the total weight of the sorbent loaded
in the column (g), C, and C, are dye concentrations (mg/L)
in the influent and effluent, respectively.

2.5. Thermal regeneration of activated carbon

The regeneration study carried out by adding 300 mg
of activated carbon into a 200 mL dye solution (100 mg/L),

and the suspension was mechanically agitated (100 rpm)
for 145 min at pH 2. The solution was then filtered, and the
concentration of dye was calculated. The used activated
carbon was loaded into the furnace, heated at 500°C for 60
min during sparging N, with 150 ml/min, and then allowed
to cool down at room temperature at present of N,. Subse-
quently, the adsorption experiment was carried out again to
evaluate the regeneration efficiency of carbon, which was
calculated according to the following equation [17]:

R=Me x 100 ()
M

e

where M _and M__are amounts adsorbed on regenerated
and virgin carbon, respectively.

2.6. Characterization of activated carbon

The textural properties of WSAC were investigated by
N, adsorption (at 77K) using Belsorp mini II, Japan (BEL
Japan, Inc.). The surface area were estimated the Brunau-
er-Emmett-Teller (BET) method.

Scanning electron microscopy (SEM) was used to study
surface morphology of both raw walnut shell and WSAC.
The samples were sited under a JEOL JSM field-emission
SEM. During operation, the accelerating voltage of the
instrument was maintained at 15 kV and varying magnifi-
cations were used.

Fourier transform infrared spectroscopy (FTIR) of the
adsorbent was obtained by using an FTIR spectrophotom-
eter (Model: FTIR 2000, Shimadzu IR Prestige, Japan) to
investigate the surface characteristics of absorbant.

3. Result and discussion
3.1. Surface area and pore size distribution

Fig. 2 shows the adsorption isotherm of nitrogen at 77
K. Nitrogen adsorption isotherm is type I, indicating that
most of the openings are in the range of micro-porosity 2
nm. The results show that the produced WSAC has a sur-
face area equal to 1110 m?/g and the pore volume is equal
to 0.453 cm?/g.

Scanning electronic microscopy as primarily tool is
generally used to investigate the morphological and sur-
face characteristics of the adsorbent materials [18,19]. In
this study, the surface structure of WSAC and raw walnut
shell were analyzed and the structure examination can be
observed from the SEM images (Fig. 3a,b). The SEM pic-
tures of adsorbent show very distinguished irregular shape
and dark spots that seem to have some degree of porosity.
The high porosity is result of good activation performance.
Therefore, it can play important role for preparing available
surface for adsorption of RR2 onto WSAC.

At the present research, to determine the chemical struc-
ture and functional groups of the prepared activated carbon
FTIR spectrum of WSAC, has been carried out according to
Fig. 4. A broad band located around 3411 cm™ is typically
attributed to the hydroxyl groups or adsorbed water. The
band around 1047 cm™is usually caused by the stretching
vibration of C==0, while the band around 670 cm™ is fin-
gerprint zone. Dahri et al. (2014) indicates the presence of
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various functional groups at wavelengths 3373 cm™ (O-H
stretch), 2923 cm™ (C-H stretch) [20]. The bands at1625
cm™ probably indicate the bending vibration of H-O-H
from absorbed water and the weak peak at 1453 cm™ was
ascribed to the stretching vibration of C=C in the benzene
[21]. An intense band at around 1051 cm™ can be attributed
to C-O stretching vibrations in alcohols, phenols, ether
or ether groups [15]. The region below 1000 cm~' was the
‘fingerprint zone” and the absorption could not clearly be
assigned to any particular vibration because they corre-
sponded to complex interacting vibration systems [22].

3.2. Effect of contact time

The results showed that with increasing contact time,
removal rate at different concentrations of dye (50-150
mg/L) increased when the other variables were con-
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Fig. 2. Adsorption/desorption isotherm of nitrogen at 77 K.

a

stant. Moreover, as shown in Fig. 5, adsorption efficiency
slowly increased with an increase in contact time within
the first minutes of process. Then, the rate of adsorption
was found to be relatively slow and finally constant.
This is because of a great number of adsorption sites at
the beginning of process, the large difference between
the concentration of dye in the absorbing solution and
its value in the absorbent surface, that dye uptake is
increased. Nevertheless, over time, the gentle slopes
attract to itself that this is due to the development of a
layer of dye onto the adsorbent. Also over time, occupy
the place that left vacant of surface simply is not possi-
ble. Because the adsorption of molecules on the surface
of other molecules in the solution phase is attractive, this
can be case of repulsive onto absorbent surface [23,24].
For absorbent reaching for balance, time happens in the
first 150 min of adsorption and not significant varia-
tion after that. This results has been confirmed by other
researchers that the initial concentration strongly affects
adsorption capacity [25,26]
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Fig. 4. FT-IR spectrum of the adsorbent WSAC.

Fig. 3. Scanning electron microscope photographs of raw walnut shell (a) and prepared activated carbon (b) segment with same

magnification factors.
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Fig. 5. Effect of contact time on adsorption of RR2 onto WAC at
different initial concentrations of RR2 (Absorbent dosage = 1
g/l pH =2).

3.3. Effect of pH

The pH of the solution plays an important role in the
whole process and absorptive capacity. The pH value not
only has effect on surface charge, but also affects the degree
of ionization and dissociation of solute, functional groups
in the active sites of the adsorbent [27,28]. Therefore, pH
as an important factor, which affecting the efficiency of the
system was studied. For determining the optimum pH for
adsorption, 10 pH values have been selected and the pH
of solution was adjusted at the wanted value (2-11). Effect
of pH on the efficiency removal of dye indicated that the
percentage removal of RR2 increased with decreasing pH of
the solution (Fig. 6). This is because at the low pH adsorbent
surface is positively charged and the anionic dye RR2 is the
category caused electrostatic attraction forces between the
adsorbent and color to enhance the absorption capacity.
The study has been done by Zeng on the adsorption of RR2
by using inorgano-organo pillared bentonite, the results
showed that the maximum removal of dye achieved at
acidic pH [29]. Manoochehri et al. (2010) studied the effect
of pH on the removal of Reactive Yellow 15 and Reactive
Black 5 from synthetic textile wastewater by using activated
carbon walnut shell, the results showed that the maximum
removal of dye at pH 2 occurred [30].

3.4. Effect of initial absorbent dose

The results of this investigation according to Fig. 7
showed that with increasing of adsorbent dose the dye
removal increased, however, the adsorption capacity
decreased. The maximum removal rate of 57.47% was
observed when the dose of absorbent was 1.5 g/L. Increas-
ing the amount of absorbent means increasing adsorbent
surface, subsequently increases access to absorption sites
for dye molecules, which can be cause of quick adsorption
of dye. This reduces the available colors for maximum cov-
erage, which leads to a reduction in the amount of adsorbed
dye per unit weight of the absorbent [28]. The absorbent
capacity is affected by changing absorbent dose as absor-
bent dose increased from 0.2 to 1.5 g/1 the absorbent capac-
ity decreased from 53.1 to 38.31 mg/g (Fig. 7). Dahri and
coworkers achieved same result for investigation the effect
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Fig. 6. Effect of pH on adsorption on adsorption of RR2 on
WSAC. (Absorbent dosage = 1 g/l, dye concentration = 100
mg/1, contact time = 145 min).
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Fig. 7. Effect of adsorbent concentrations on the adsorption of
RR2 onto WAC (dye concentrations = 100 mg/l, pH 2, contact
time = 145 min).

of the initial absorbent concentration on the adsorption pro-
cess [20].

3.5. Effect of initial concentration of dye

To investigate the effect of initial dye concentration on
the removal rates, concentrations of 50, 100 and 150 mg/1
of dye when other variables were constant was studied
(Fig. 8). The highest removal efficiency equal to 68.55%
was observed at the best value of variables. However, since
the initial concentration was 150 mg/L the dye removal
decreased to % 49.22. It can be pointed out that adsorbent
has restricted specific adsorption sites and at the low con-
centrations of dye, greater adsorption sites are available on
the adsorbent surface, resulting high rate of absorption. The
effect of initial dye on the adsorption capacity showed that
with increase of dye concentration from 50 to 150 mg/L the
capacity of adsorption increased (Fig. 8), which the high-
est adsorption capacity was equal to 49.22 mg/1. The mass
transfer increases with increasing initial dye concentration,
which this phenomenon has overcome the force of resis-
tance against adsorption, and creates a significant driving
force for the transfer of pollutants from the liquid phase
to the interface adsorbent-liquid, and it increases the effi-
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Fig. 8. Effect of initial dye concentrations on the adsorption of
RR2 on WAC (Absorbent dosage = 1.5 g/1, pH = 2, contact time
=145 min).

ciency of absorption [31]. Same result have been reported
by Auta and Hameed [32].

3.6. Effect of temperature

To investigate the effect of temperature, adsorption
studies of Reactive Red 2 onto activated carbon prepared
from walnut shell was accomplished at three different
temperatures (20, 30, and 40°C). To better understand the
influences of temperature on the adsorption of RR2 on
WSAC, three thermodynamic parameters were examined
for initial concentrations of 100 mg/L, pH 2 and absor-
bent dose of 1.5 g/L, including the changes in enthalpy
(AH®), entropy (AS°) and free energy (AG®°). The changes in
enthalpy and entropy were estimated applying the follow-
ing equations: [15,33].

AG®=-RTInK, 5)
AS®  AH®

Ink,. =22 _ 6

e = R TR ©)

where K. (L/mol) is thermodynamic adsorption equilib-
rium constant and calculated by Eq. (7) below. Here, AS°®
(J/mol K) is standard entropy, AH® is standard enthalpy,
T is the absolute temperature and R is the gas constant
valued 8.314 J/(mol K). The values of AH° and AS° were
determined from the slope and intercept of the fitted curve,
respectively. The Gibbs free energy of adsorption (AG®) sub-
sequently determined from the identified parameters AH°
and AS° by Eq. (5). These values are given in Table 1.

Ko == )

where ¢ is the equilibrium dye concentration on the adsor-
bent (mg/L) and C, is the equilibrium dye concentration in
solution (mg/L).

The positive values of AH° designate an endothermic
adsorption process. The positive value of AS® propose an
increase in RR2 at the solid solution interface during the
adsorption process whereas the negative value of AG®
demonstrations that the adsorption process is spontaneous

Table 1
Thermodynamic parameters for the adsorption of RR2
adsorption onto WAC

AH° AS°® AG®(K]/mol)
(KJ/mol)  (KJ/mol) 595 303 313
2912 101738 22668 91852 210643

in the studied temperature range. The increase in AG® with
temperature indicates that more RR2 adsorbs at higher tem-
peratures [34].

3.7. Adsorption isotherms

The produced activated carbon was tested for its
adsorption capacity. The amount of dye adsorbed can be
determined as a function of the concentration at a constant
temperature, which can be described by adsorption iso-
therms. In this study, analysis of the adsorption isotherms
was carried out by applying the linear Langmuir equation
[Eq. (8)], the Freundlich equation [Eq. (9)] [35] and Temkin
equation [Eq. (10)] [36] as below:

C 1 C

5. QK Q, ®
1
ln(qe):ln(Kf)+;ln(CL,) )

q,= RITTln(KT) + %ln(CE) (10)

where C, (mg/L) is the concentration of the dye at equi-
librium; g, (mg/g) is the amount of dye adsorbed per unit
weight of activated carbon at equilibrium; K; (L/mg) is a
Langmuir constant related to the free energy of adsorption;
and Q_ (mg/g) is the maximum adsorption capacity. K| is
a Freundlich constant indicating the relative adsorption
capacity of the carbon, and 1/# is the adsorption inten-
sity. RT/b = B (J/mol) and A (L/g) are Temkin constants,
which are related to heat of sorption and maximum binding
energy, respectively. R is the gas constant (8.31 ] /mol K) and
T (K) is the absolute temperature.

The Langmuir, Freundlich and Temkin plots for the pro-
cess are presented in Fig. 9, and the isotherm constants and
correlation coefficients are given in Table 2. The Langmuir,
Freundlich and Temkin isotherms of WSAC were found to
be linear over the whole concentration range, and the R?
values showed that the Langmuir model fit better than the
Freundlich and Temkin model. The maximum adsorption
capacities according to Langmuir model for RR2 was deter-
mined as 81.3 mg/g (Table 2). Similar trends were shown
for the adsorption of RR2 onto Hazelnut Shells [37] and
Walnut shell [38].

3.9. Adsorption kinetics

Fitting the experimental data into different kinetic mod-
els enables to study the adsorption rate, model the process
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Fig. 9. Isotherm plots for the adsorption of RR2; a: Langmuir, b: Freundlich, and c¢:Temkin.
Table 2
Isotherm constants and correlation coefficients for the removal of RR2
Langmuir Freundlich Temkin
q, b R? K y n R? B K, R?
(mg/g) (L/mg) (mg/g)(L/mg)®/» (J/mol) (L/g)
81.3 0.017 0.834 7.39 2.35 0.822 17.069 1.65 0.737

and predict information about adsorbent/adsorbate inter-
action [39,40]. Several kinetic models have been applied to
examine the controlling mechanism of dye adsorption from
aqueous solution. In this study pseudo-first-order [19],
pseudo-second—order [41], and intra-particle diffusion [41]
and Elovich kinetic model [18] were applied.

Pseudo-First order model according to Eq. (11) has been
used to investigate the rate constants for adsorption of dye
onto WSAC [42].
Inn(q, -q,)=Ing, - K;t (11)
where k, is the Pseudo-first-order-rate constant, which can
be attained from the slope of the plot In(g, - g,) vs. time.

The coefficients of correlation for the Pseudo-first-or-
der-kinetic model were not high for adsorbent at different
concentrations and the estimated values of g, calculated
from the equation differed from the experimental values
(Table 3), which demonstrates that the model is not suit-
able to describe the adsorption process. Therefore, the
pseudo-second-order model has been developed to explain
adsorption kinetics [Eq. (12)] [43]

t 1 +lt
e

9. K’

(12)

where k, is the second-order-rate constant (g/ mg-min). The
values of k, at different initial dye concentrations was esti-
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Table 3

Kinetic model constants and correlation coefficients for the removal of RR2

Dye Con. Pseudo-first-order Pseudo-second-order Elovich model Intraparticle diffusion
(mg/1) kinetic model kinetic model equation
K, R? K, R? B o R? K, R?
(min™) (g/ mg min) (mg/g min)

50 0.022 0.948 0.002 0.995 5.02 0.3 0.992 3.68 0922

100 0.028 0973 0.001 0.999 9.18 0.22 0.996 3.01 0916

150 0.022 0.985 0.001 0.996 11.02 0.15 0.997 1.65 0.952
mated from the slopes of the respective linear plots of t/q,
vs. t 79 y =0.0392x+ 0.7992

.t .
The results in Fig. 10 show linear plots with very high 6 RE70-9954
values of R? (Table 3) in addition to the good agreement 5 | ¥ =0.0225x+0.5279
between experimental and calculated values of Eq. (12). R?=0.9997
Therefore, the adsorption of RR2 onto WSAC is greatly rep- v 4 ©c=50
resented by the pseudo-second-order kinetic. Similar trends B * c=100
were shown for the adsorption of RR2 onto Metapenaeus A c=150
monoceros shells hazelnut shells [44]. 21 B
Fig. 11 shows a plot of the Elovich equation for the same 1 1 = OR-ES[;‘ ;906'? 908

data. In this case, a linear relationship was obtained between 0 '
adsorbed RR2, g, and In t over the whole adsorption period, 0 5'0 160 1'50 2(')0

with high correlation coefficients (> 0.992) for all the lines
(Table 3). The same type of plot for the adsorption of RR2 on
WSAC at various concentration of dye is shown in Fig. 11.
The linear correlation coefficients were highly significant (>
0.992) and once more demonstrated a high degree of cor-
relation between the experimental data and the theoretical
data predicted by the Elovich model as defined by Eq. (13).
It is clear that a simple Elovich equation may be used to
describe the kinetics of adsorption of RR2 on WAC while an
expression for a fractional power function kinetic reaction
failed. Table 3 lists the kinetic constants obtained from the
Elovich equation.

q, =%ln(oc]3)+%lnt (13)

where o (mg/(g-min)) is the initial adsorption rate of the
Elovich equation, and B (g/mg) is the desorption constant
related to the extent of surface coverage and activation
energy constant for chemisorption [15].

Thus, on increasing the initial RR2 concentration from
50 to 150 mg/L, the value of decreased from 0.3 to 0.15 mg/
(g'min) and the value of  increased from 5 to 11 g/mg.

In order to investigate the mechanism of RR2 adsorp-
tion onto WSAC, intra-particle diffusion based mechanism
was studied. It is proposed that the uptake of the adsorbate
by the adsorbent varies almost proportionately with the
square root of the contact time (#'/?) according to Eq. (14)
[39].

q, =Kt +C (14)
where t (min) is the contact time, g, (mg/g) is the dye
uptake value at time ¢, kp (mg /g min'/?) is the intra-par-
ticle diffusion rate constant determined from the slopes
of the linear plots, C is the constant, which indicates the
thickness of the boundary layer. The larger value of C

Time(min)

Fig. 10. Pseudo second-order kinetics at different RR2 concen-
tration (adsorbent dose: 1 g and pH 2).

60 1
© C=50mg/L
50 - g/
C=100mg/L
40 A C=150mg/L
=
30 4
20 4
10 -
~
0 T T 1
0 2 4 6

Int

Fig. 11. Plots of Elovich for the sorption of RR2 on to WAC (ad-
sorbent dose: 1 g and pH 2).

the greater effect on the boundary layer [45]. Thus, with
increasing the initial RR2 concentration from 50 to 150
mg/L, the value of K (mg/g min) decreased from 3.68 to
1.65 mg/(g-min). The correlation coefficients was 0.95 that
suggest a strong relationship between the parameters and
explains that the process follows intra-particle diffusion
model at the higher concentration of RR2 but not same
as pseudo-second-order model (Table 3). The correlation
coefficient was 0.99, which suggest a strong relationship
between the parameters and explains that the process
follows pseudo-second-order kinetics. The adsorption
kinetic was studied at temperature 28°C; initial dye con-
centration (50, 100 and 150 mg/L); adsorbent dose: 1 g and
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Fig. 12. Intra-particle diffusion equation kinetics at different
RR2 concentration (adsorbent dose: 1 g and pH 2).

pH2. Fig. 10 illustrates the kinetic models that are fitted
to the experimental data. Similarly, all values of different
kinetic parameters, as shown in Table 3 were obtained
from various graphical presentations of kinetic equations.
Data analyzing, mentioned that the highest R? value were
found for the pseudo-order kinetic model.

3.10. Regeneration

Applied WSAC was regenerated by heat recovery and
reused for adsorption. The absorption capacity of regen-
erated WSAC was 32.46 mg/g. However, the RR2 at high
temperatures severance, but due to the closure of a num-
ber of the WSAC pores, absorption capacity decreased. One
very important feature of absorbent for practical applica-
tions is ability of regeneration. The results showed that the
WSAC as well as functionality is restored and reused. The
results showed that there generation of granular activated
carbon had good absorption capacity of 32.46 mg/g, which
is about 85% of initial capacity.

3.11. Column studies
3.11.1. Effect of initial dye concentration

The effect of a variation of the inlet RR2 concentra-
tion from 50 to 150 mg/L have been investigated with
the same adsorbent bed height of 4 cm, when other vari-
able kept constant and solution flow rate was 10 mL/min.
The breakthrough curve based on Thomas model has been
drawn according to Fig. 13. The results showed that high
concentration is cause of shorter time for media saturation
and failure (breakthrough time). The bed adsorption capac-
ity was increased with increasing concentration from 50 to
150 mg/L, that resulting increase in capacity from 42.18 to
53.72 mg/g. With increasing levels of input dye, the slope
of breakthrough curve increased and breakthrough time
occurred at less time in the bed. This mater suggests that
changes in the concentration gradient has effect on break-
through time and saturation time of the bed that can be
explained by increasing the concentration of color, which
can be cause of more absorption of dye molecules by the
absorbent structure. Hence, it can be concluded that the
adsorption process is dependent on the initial concentration

0.8 1

0.6 1

——C0=50mg/L

O
I3} 04 —&—C0=100mg/L
——C0=150mg/L
0.2
0 & T T T T ]
0 5 10 15 20 25 30
Time(h)

Fig. 13. Breakthrough curves for RR2 adsorption on prepared
activated carbon at different initial dye concentrations (Q = 10
mL/min; bed height = 4cm).

of the substrate input. By increasing the initial concentra-
tion of dye (input loading of dye molecules) in the bed the
(thrust to move more mass) driving force for mass transfer
will increased and shorter the length of the mass transfer
resulting the breakthrough in a short time [46,47].

The increasing of concentrations from 50 to 150 mg/L
was cause of maximum adsorption per mass unit of adsor-
bent from 42.18 to 53.72 mg/g of the substrate. Studies by
Chen et al. and Zambrano et al. showed same results at
comparison with present research work [17,48].

3.11.2. Effect of bed height

Fig. 14 show graphical result of breakthrough curve at
different height. The results show by increasing the bed
height from 2 to 8 cm, the adsorption capacity increased from
37.28 to 54.61 mg/g (Table 4). According to Fig. 10, the slope
of the breakthrough curved creased, when the bed height
increased, which may result in more extensive of mass trans-
fer area and increases the time to reach the saturation point
in column. As mentioned by researchers increasing absorp-
tion capacity can be due to adsorption time increasing [32]
and increase in the surface area of adsorbent, which provide
more binding sites for adsorption [49].

3.11.3. Effect of flow rate

Fig. 15 shows results of breakthrough curve at differ-
ent flow conditions. The results showed by increasing the
flow rate, time to break point and saturation was decreased.
Also with increasing flow rate from 5 to 15 mL/min, the
bed capacity adsorption was reduced from 51.81 to 36.67
mg/g (Table 4). This result showed that adsorption process
is dependent on flow rate and with increasing of flow, the
breakthrough curves became steeper and the breakthrough
time will happen at shorter period. The reason for this has
been mentioned at previous research works that when the
input flow rate increase, the imbalance situation between
adsorbent and adsorbate because of not sufficient contact
time will occur, which is result of constant stations in the
fixed bed [47]. Therefore, when the residence time of the
solute in the column is not long enough for adsorption
equilibrium to be reached at that flow rate, the RR2 solu-
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Fig. 14. Breakthrough curves for RR2 adsorption on prepared
activated carbon at different bed heights (Q = 10 mL/min; C =
50 mg/L).

Table 4
The operation parameters of column and Thomas model
h Q CO Kih q[)
(cm)  (mL/min) (mg/L)  (mLmg'min™) (mg/g)
2 10 50 0.0112 37.28
4 10 50 0.015 4218
8 10 50 0.0172 54.61
4 5 50 0.01 51.81
4 15 50 0.017 36.67
4 10 100 0.0064 49.36
4 10 150 0.0052 53.72
1
0.8
- 0.6 —4— (Q=5mL/min
“(-‘f: —=—Q=10mL/min
Y 04 .
—&—(Q=15mL/min
0.2
0 & T T T T T T T J
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Time(h)

Fig. 15. Breakthrough curves for RR2 adsorption on prepared
activated carbon at different flow rate (h = 4 cm; C,;= 50 mg/L).

tion leaves the column before equilibrium occurs [50]. The
results of investigation by different researchers confirm
result of present work [51] and [52].

4. Conclusions

In this study, the adsorption of Reactive Red 2 onto
walnut shell activated carbon in batch and fixed-bed sys-
tems has been investigated. The effect of the initial dye con-
centration and operating parameters on the breakthrough
curves and column adsorption parameters was examined.

The outcomes show that all the parameters have a signifi-
cant effect on the adsorption of RR2 onto walnut shell.

The BET and SEM tests showed that WSAC has suitable
surface area with pore volume of 0.453 cm®/g. The FTIR
spectrum of WSAC, indicates the presence of various func-
tional groups at different wavelengths.

The aforementioned isotherm models confirmed that
the equilibrium data are well represented by Langmuir
model for RR2, which is valid for monolayer adsorption
onto a surface containing a finite number of identical sites.
Kinetics study shows the adsorption reaction follows pseu-
do-second order kinetic model (R?>= 0.999).

The positive values of AH® indicate an endothermic
adsorption process. The positive value of AS°® suggests an
increase in RR2 at the solid solution interface during the
adsorption process.

Tomas model was applied to experimental data
obtained from column studies to predict the breakthrough
curves and to determine the kinetic parameters. The initial
region of the breakthrough curve is well described by the
model for all studied conditions. The strong effect of the
variables suggests that the adsorption of dye onto walnut
shell is influenced by mass transfer limitations, probably
due to the weak intra-particle diffusion of the dye into the
walnut shell pores. The results consistently showed that
the increase in input color and height of the adsorption
capacity of column increased. The results showed that
by increasing of flow rate the adsorption capacity was
reduced.

Due to high absorption capacity of activated carbon of
walnut shell, this material can serve as a good absorbent,
indigenous and available as an alternative to the standard
carbon, for treating water and wastewater.
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