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ABSTRACT
The present study deals with the analysis and adsorption of Basic Yellow 28 (BY28) onto low-cost natural red clay (NRC).
Adsorbent characterized by XRD, SEM, TG/DTA, BET and BJH. The effect of the contact time, the temperature, the initial
concentration, the pH and the adsorbent mass and on adsorption process were investigated using by batch adsorption
technique and then the adsorption isotherm, kinetics, thermodynamics and equilibrium studies were performed. The pH effect
on the removal of BY28 efficiency was not important. It was found that the isotherm model best suited to the equilibrium data
obtained from the adsorption of BY28 on NRC was the pseudo-second order. It was found that the kinetic model best suited to
the data obtained from the adsorption of BY28 on NRC was the Langmuir model. The maximum monolayer adsorption capacity
was 370 mg. g-1. In the thermodynamic studies, it can be said that the adsorption of BY28 onto NRC takes place spontaneously,
physically and endothermic ally. Finally, the use of NRC shows a greater potential for the removal of cationic dyes, as no costly
equipment is required.
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Terminology
BY28 Cationic dye (Basic Yellow 28)
C0
Initially dye concentration (mg.L-1)
Ce
Equilibrium concentration (mg.L-1)
Ct
Concentration at time t (mg.L-1)
Qe
Adsorption capacity at time equilibrium (mg.g-1)
qt
Adsorbed amount at time t (mg.g-1)
qe,cal Calculated adsorption capacity (mg.g-1)
qe,exp Experimental adsorption capacity (mg.g-1)
R2
Linear correlation coefficient
k
Rate constant for the kinetic model (min-1)
k1
Rate constant for the pseudo-first
kinetic model (min-1)
k2
Rate constant for the pseudo-second kinetic
model (g.mg-1.min-1)
α
Elovich parameter (g.mg-1)
β
Elovich parameter (mg.g-1.dk-1)
kdif
Rate coefficient of diffusion (mg.g-1.min-1/2)
C
The Intercept and Relate to the Thickness
of the Boundary Layer
RL
the highest initial concentration (mg/L)
1. INTRODUCTION
As a result of the rapid increase in the use of dyestuff in most
industrial plants, it has caused a significant increase in
environmental pollution. Dyestuffs are greatly used for
tanning, dyeing, textile, cosmetics, printing, food, etc. in
industries [1]. Most of these dyes are harmfull to human
health and the aquatic ecosystems. One of the biggest
problems in the industry is the discharge to receiver medium
of dyestuffs in wastewater [2].
The probable techniques of removal of dyestuffs from
wastewater include adsorption, coagulation, membran
filtration, precipitation, ion exchange, biological processes,
chemical oxidation, etc. Between all these techniques,
adsorption is an effective and cheap process compared to
other expensive techniques. Therefore, recently many cheap
adsorbents were investigated in the removal of dyestuffs. In
the literature, many different adsorbents have been used to
remove dyestuffs in aqueous solutions [3-12].

KL
bT
ε
NRC
Rg
T
V
m
t
Kc
∆G0

Langmuir coefficient (L.mg-1)
İsotherm constant of Temkin
Dubinin–Radushkevich isotherm constant
Natural Red Clay
Gas constant (J/mol K)
Temperature (K)
Volume (L)
Adsorbent mass (g)
Time (min)
Distribution coefficient
Free energy change of Gibbs (kj.mol-1)

∆H0

Enthalpy difference (kj/mol)

∆S0
S
Vp
dp

Entropy difference (j/mol)
Surface Area(m2.g-1)
Pore Volume (cm3.g-1)
Average Por Size (nm)

For all that, it should be beared in mind that the most
commonly used adsorbent is activated carbon. Because it has
properties such as porous structure, high adsorption
capacity and large surface area [13,14]. But, there were
expensive absorbent the materials and it became more and
more important to take into account the cost of treating
contaminated water [15,16].
Natural clays are often used in adsorption processes because
they are cheap, abundant and eco-friendly [17-20].
Therefore, a low cost new adsorbent has been proposed to
remove Basic Yellow 28 (BY28) from wastewater in this
study.
The major purpose present study was to examine the
adsorption of BY28 (Maxilon Golden Yellow GL) taken from
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Mem Textile Plant in Kahramanmaras-Turkey, on natural red
clay (NRC), a clay with majorly smectite taken from the
Oltu/Erzurum region in Turkey.
BY28 is a cationic substance because it forms a positively
charged ion when dissolved in aqueous solutions. Table 1
shows some properties of NRC used as adsorbent. NRC; was
analyzed by techniques such as XRD, SEM, DTA-TGA, BET
and BJH.
Dye
Color index
Stability of pH
K values
F values
λmax
Solubility
Shape Powder

The effect of the contact time, the initial concentration, the
temperature, the pH and the adsorbent mass on adsorption
process were investigated and the adsorption kinetics,
thermodynamics and equilibrium studies were achieved by
batch adsorption technique. Besides, adsorption isotherm
model of this study are compared with various adsorption
isotherm models found in the literature.

Table 1 Properties of BY28 dye and NRC
Max. Golden Yellow GL 200%
Content Quantity %
Basic Yellow 28
Clay
69
3–10
Calcite
17
3.0
feldspar
8
0.46
Quartz
6
437
40 g.L-1 (30 ◦C)
60 g.L-1 (60 ◦C)
80 g.L-1 (90 ◦C)
liquid 200%, powder 200%, particular 200%

2. EXPERIMENTAL
2.1. Materials
In present study, the cationic textile dye, BY28, were
supplied by Mem Textile Plant in Kahramanmaras-Turkey.
Open structure of chemical formula of BY28 The chemical
structures of dyes are given in Fig. 1 and properties are given
Table 1.

Content
Smectite
chlorite
Kaoline
illite

Quantity %
45
27
18
10

NRC (mineral from Oltu/Erzurum region) was used as
adsorbents. The NRC was sieved through -200 mesh sieved,
washed with distilled water and then dried overnight at
105°C. Some information about NRC are given in Table 1-2.
All the chemicals used were of analytical purity.

Table 3 Experimental parameters and values in BY28
adsorption
Parameter
Values
Contact time (dk)
1-5-10-30-60*-120-180
Initial concentration
50-100-200*-300
(mg/L)
temperature ( )
25*-30-35-40
Solution pH
3-4*-7-9-10
Adsorbent mass
0.5-1.0-1.5-2.0*-2.5-3.0-4.0(g/L)
5.0-10.0
* Constant selected values when analyzing the effect of
parameters

Table 2 Quantitative analysis of NRC sample [21].
Content Quantity %
Na2O
0,20
MgO
8,10
Al2O3
14,44
SiO2
41,48
K2O
1,23
CaO
11,14
TiO2
0,53
Fe2O3
9,88
LOI
13

The pH values with a digital pH-meter (model Thermo Orion
3 Star pHmeter) were adjusted by adding a few drops 0.1 M
NaOH or 0.1 M HCl solutions. Adsorption experiments were
carried out at a constant stirring speed of 225 rpm in a
temperature-controlled shaker (Edmund Bühler Gmbh KS15)., The resulting mixture was centrifuged (model Nuve NF
1215 ) at 5000 rpm for 15 min. BY28 Concentration was
found by a Mapada UV spectrophotometer by using
calibration curve at the maximum wavelength corresponding
to BY28 (437 nm).
The percent removal of BY28 was found using Eq. (1):

2.2. Adsorption Studies
All experiments were performed by the batch adsorption
technique. For adsorption researches, the initial
concentration, the contact time, the temperature, the pH and
the adsorbent mass were as 1-180 min, 50–300 mg/L, 3-10,
0.5–10 g/L and 25–40 oC, respectively. The values selected
for these parameters are given in Table 3.

(1)
(mg.L-1)

(mg.L-1)

where C0
and Ct
are the BY28
concentrations at the initially and time t, respectively.
Adsorption capacity at equilibrium, qe (mg.g-1) was fond
from the initial (C0) and equilibrium (Ce) By28
concentrations (mg.L-1) in the solution Eq. (2):
(2)
where, V (L) is the solution volume and m (g) is the NRC
mass.

Fig.1. Open structure of BY28 ( carbon atoms in black,
hydrogen atoms in white, oxygen atoms in red, nitrogen
atoms in blue and sulfur atoms in yellow are shown).

2.3. Characterizations
A specimen was characterized by X-ray diffraction using
Rigaku 2200D/Max, X-ray diffractometer, the radiation used
was Cu Kα (λ= 1.5405 Å) radiation in the 2θ range 0-35° was
used. A ZEISS SIGMA 300 Scanning Electron Microscopy
(SEM) was used to characterize the NRC surface morphology
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in which the sample was prepared and deposited on the
support after mineralization with gold.
Termogravimetry/Differential Thermal Analysis (TG/DTA)
was used on NETZSCH STA 409 PC Luxx with high-resolution.
Under atmospheric pressure, the NRC was analyzed from 20 to
1000 °C at 10 °C min–1 heating rates.

of the isotherm (unfavorable (RL > 1), linear (RL= 1),
favorable (0 < RL < 1) or irreversible (RL= 0)). The
Freundlich isotherm is generally used to define adsorption
properties for the heterogeneous surface and assumes that
adsorption occurs in regions with different adsorption
energy. If n value is bbetween 1 and 10, the adsorbent is
suitable for adsorption.

With Micromeritics 3Flex device, surface area analysis with
Brunauer-Emmett-Teller (BET) and pore size-volume analysis
with Barrett-Joyner-Halenda (BJH) were carried out.

The Temkin isotherm is generally applied to explain
adsorbate– adsorbent interactions. It is characterized by a
homogenous distribution of binding energies.

2.4.

The Dubinin Radushkevich isotherm is mostly tested to
explain the adsorption mechanism and nature (especially on
porous adsorbents) with a Gaussian energy distribution onto
a heterogeneous surface.

Adsorpiton Isotherm, Kinetics and Thermodynamic
Equations
The Langmuir isotherm describes the formation of a
monolayer adsorbate on sites in the adsorbent
quantitatively, and then there are no multiple layers after
this layer. Thereby, it is the most important equations that
give information about the adsorbed molecules and their
distribution between solid and liquid phase at equilibrium.
The parameters in isotherm equations give informations
about surface properties, adsorption mechanisms and
affinities of the adsorbent. The Langmuir isotherm essential
characteristics of can be expressed with a dimensionless
equilibrium parameter (RL). The RL values indicate the type

It is also very important to examine the kinetics to determine
what adsorption mechanism control. So, several kinetic
models have been reported in the literature. In this study,
Elovich, Pseudo-First-Order, Pseudo-Second–Order and
intra-particle diffusion were tested. Therefore, experimental
adsorption isotherms and kinetics are compared with the
isotherms and kinetics given in Table 4 and Table 5,
respectively.

Table 4 Isotherms models commonly used in aqueous solutions.
Isotherms
Mathemetical Equations
Eq.
,

Langmuir

Ref.

(3)

[22]

Freundlich

(4)

[23]

Temkin

(5)

[24]

Dubinin-Radushkevich

(6)

[25]

Table 5 Kinetic models tested experiments
Isotherms
Mathemetical Equations
Pseudo First Order

Eq.

Ref.

(7)

[26]

(8)

[26]

Elovich

(9)

[27]

Interparticle diffusion

(10)

[26]

Pseudo Second Order

In thermodynamic investigations, it should first be decided
whether the adsorption process is spontaneous or not. The
Gibbs free energy change (∆G0) is an indication of
spontaneity and therefore is an important criterion. In order
to determine the ∆G0 of the process, enthalpy change (∆H0)
and entropy change (∆S0) should be founded. At a given
temperature, if ∆G0 is a negative quantity, reactions occur
spontaneously. Additionally, ∆G0 can also be found with Van’t
Hoff equation:
(11)
is adsorption distribution coefficient defined as:
(12)
By combining Eq.11 -12,

∆G0

(13)
3. RESULTS AND DISCUSSION
3.1. NRC Characterization
X-ray diffraction (XRD) pattern of NRC is exhibited in Fig. 2.
XRD pattern of NRC were obtained in three ways: drying at
room temperature, solvation with ethylene glycol and
heating at 550°C for 2 h. Clay minerals were described in the
position of the (001) basal reflections series in the three
(XRD) patterns [28]. Semiquantitative estimates of the basal
reflection peak areas for the major clay mineral groups
(smectite: 2 θ =5.3 (17 Å), illite: 2 θ =8.9 (10 Å), and
kaolinite/chlorite: 2 θ =12.6(7 Å) have been reported [29].

is calculated as follows:
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Fig.2. Typical XRD patterns of NRC
When Fig. 2 is examined, it can be seen that similar
characteristic peaks are formed. In Fig. 3 a-d NRC SEM
Micrograph before and after adsorption, respectively is
showen.

Fig.3. a-b and c-d SEM micrograph of NRC before
and after adsorption, respectively.
It can be seen from Fig. 3. a-b that the adsorbent has a rough
and heterogeneous porous structure. It can also be seen
from Fig. 3. c-d that the dye molecules are more likely to be
adsorbed on to the surface of the adsorbent.
In the DTA-TG analyzes of NRC (Fig. 4.); They reported that
they lost free water in clay structure at 80-100 °C, lost
crystal water between clay layers at 100-300 °C and that
dehydroxylation took place due to endothermic reactions
above 300 °C, thus removing structural water. It is also
expressed that from curve in Fig. 4. is showed
dehydroxylation peaks in illite mineral at 548 °C and
montmorollite mineral at 715 °C .
The NRC surface analysis results are given in Fig. 5 and Table
6.
Table 6 The NRC Surface Analysis Results.
Surface Area(S, Pore Volume (Vp, Average Por Size
m2.g-1)
cm3.g-1)
(dp nm)
41,87
0,046
4,37
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Fig.4. DTA-TG curves for NRC

Fig.5. Adsorption isotherm and pore size distribution plot of nitrogen at 77 K for NRC
3.2.

Effect of initial concentration and contact time on
the adsorption capacity
The change in the adsorption capacity (qt) with contact time
given different initial concentrations (50 - 300 mg.L -1) is
given in Fig. 6. The adsorption rate was high at the beginning
of the process and then the rate of adsorption was becoming
smaller and become stagnanted with the increase in contact
time and eventually the equilibrium was reached. The BY28
amount adsorbed per NRC unit mass at equilibrium
increased with increase in initial concentrations. Increasing
the initial dye concentration means that the adsorbent is
quickly saturated. Because of this, adsorption occurs slowly
in the pores through diffusion of the intraparticles. The steric
repulsion between the solute molecules can also alow down
the adsorption process [30,31].

As shown in Fig. 6., the equilibrium time for BY28 adsorption
on NRC is approximately 60 min, and this time was used in
all subsequent experiments.
3.3. pH effect on the adsorption capacity
The adsorption of BY28 dyes onto NRC was determined by
changing the pH in the range of 3.0–10.0 and given in Fig. 7.
This figure shows that the adsorption process is independent
of pH. The similar phenomenon has been reported by
Turabik and Eren -Afsin [32,33]. In this case, the adsorption
mechanism take places partialy depending on the
noncolumbic interactions by ion exchange in a neutralized
site with an adsorbed cation and partially ion exchange on
the interlayer and on the basal plane surfaces [33]. So, in the
experimental studies, the free pH value of 4.59 was chosen
as the constant parameter.
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3.5. Temperature effect
The temperature effect on the removal efficiency of the BY28
by NRC was examined at 25, 30, 35 and 40°C (Fig.9.). The
results of this figure show that the adsorption capacity (qe)
increased by increasing the temperature from 25 to 40°C. A
similar behavior was observed in a study by Karagozoglu et
al. [36]. With increasing in temperature, the diffusion rate
between the NRC particles and the dye molecules increased
[37]. This situation explains that the adsorption of BY28 at
elevated temperatures is faster than at low temperatures
due to the mobility of the BY28 molecules that increase with
temperature increase [38].
Fig.6. Determination of equilibrium time (free pH 4.59,
adsorbent mass 2.0 g/L, temperature 25℃, strring speed
225 rpm, 50-300 ppm BY28 concentrations)

Fig. 7. Determination of suitable pH (contact time 60 min,
adsorbent mass 2.0 g/L, temperature 25℃ , strring speed
225 rpm, 200 ppm BY28 concentrations)
3.4 NRC mass Effect
The NRC mass effect was examined by changing from 0.5 to
10.0 g/L and was given in Fig.8. As presented in Fig. 8. It
could be clearly seen that the adsorption capacity (qe)
decreases and adsorption percent increases with increasing
in the NRC mass from 0.5 to 10.0 g/L. Regardless of the total
NRC mass; As the surface area decreases, increasing the
amount of adsorbent in a habituated volume decreases the
number of available sites even if the number of adsorption
sites per unit adsorbent mass remains constant [34].
The increased efficiency of removal results from the increase
in adsorbent mass indicating more favorable adsorption
sites and larger adsorption surface [35].

Fig. 9. Effect of adsorbent mass (contact time 60 min, free
pH 4.59, temperature 25 oC, strring speed 225 rpm, 200
ppm BY28 concentrations)
3.6. Analysis of the adsorption kinetics
Four well-known kinetic models presented in Table 7 a-b
were appropriated to investigate the adsorption process
mechanism in the removal of BY28 from aqueous solution by
using NRC as adsorbent. From Eq.7, when
versus t is plotted (Fig.10), values of k1 and
qe can be founded from the intercept and slope of linear
relation. The kinetic constants in Eq.8-10 can be calculated in
the same way. The R2 and kinetic constants for the kinetic
models are listed in Table 7 a-b.
When Table 7 a-b and Fig.10 is examined, the two kinetic
models corresponding to the experimental data are Pseudo
First Order and Pseudo Second Order models. R2 value of the
Pseudo First Order kinetic model is approximately high.
Nonetheless, the founded adsorption capacity from the
Pseudo First Order kinetic model don’t appropriate with the
experimental results. This result displays that the BY28
adsorption onto the NRC may not be fit to the Pseudo First
Order kinetic model. R2 values of the Pseudo Second Order
kinetic model are greater than 0.993 and the values
determined with accounts were found to be in considarable
agreement values determined with experiments, which
shows that the BY28 adsorption onto the NRC may be fit to
the Pseudo Second Order kinetic model. Similar kinetic
results were reported in the removal of BY28 from aqueous
solution by using montmorillonite as adsorbent [39].

Fig. 8. Effect of adsorbent mass (contact time 60 min, free
pH 4.59, temperature 25℃, strring speed 225 rpm, 200
ppm BY28 concentrations)
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a

b

c

d

Fig.10. Kinetics curves for different kinetics models (a –Pseudo First Order, b – Pseudo Second Order, c -Elovich, d –
Intraparticle diffusion,) (adsorbent mass 0.2 g/L, free pH 4.59, temperature 25 , strring speed 225 rpm)
Table 7 Comparison of the kinetic models for BY28 concentrations of at 25 0C.
a
Dye

Pseudo First Order
qe,exp
(mg.g-1)

k1
(min-1)

qe,cal
(mg.g-1)

R2

k2
(g.mg-1.min-1)

qe,cal
(mg.g-1)

R2

50

36.81

0.127

6.683

0.969

0.058

37.175

0.999

100

72.86

0.0164

8.162

0.837

0.017

72.992

0.998

200

135.96

0.0124

26.859

0.676

0.0045

135.135

0.993

300

183.70

0.046

27.422

0.953

0.0067

185.185

0.999

BY
28

b
Dye

BY
28

Pseudo Second Order

C0
(mg.L-1)

Elovich

Intraparticle Diffusion

C0
(mg.L-1)

qe,exp
(mg.g-1)

α
(g.mg-1)

Β
(mg.g-1.dk-1)

R2

kDif
(mg.g-1.min-1/2)

C

R2

50

36.81

4.4 E+11

0.849

0.762

0.383

32.59

0.501

100

72.86

5724065887

0.347

0.711

1.188

62.977

0.756

200

135.96

501878150.5

0.176

0.825

2.216

107.25

0.785

300

183.70

4.4 E+11

0.161

0.922

2.433

158.66

0.885

3.7. Analysis of the adsorption isotherms
Four well-known isotherm models presented in Table 4 were appropriated to investigate the the adsorption process
mechanism in the removal of BY28 from aqueous solution by using NRC as adsorbent. From Eq. 3, when the plot Ce versus
Ce/qe is plotted, the values of qm and KL were founded from the intercept and slope of linear relation. The other isotherm
constants in Eq. 4-6 can be calculated in the same way. The R2 and isotherm constants for the kinetic models are given in Table
8 and Fig. 11.
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Table 8 Isotherm parameters and R2 values of equilibrium isotherm models for the BY28 adsorption onto NRC at 25 0C.
Parameters of isotherm BY28
Langmuir
qm (mg.g-1)
370.4
KL(L.mg-1)
0.0093
RL
0.683
R2
0.994
Freundlich
Kf [ (mg.g-1)( (L.mg-1)-1/n] 6.0757
n
1.346
R2
0.990
Temkin
KT (L.mg-1)
0.14
BT
68.06
R2
0.988
Dubinin-Radushkevich
βDR (×10-6mol2.kj-2)
3.2
qm (mg.g-1)
146.34
R2
0.717
The experimental isotherm model obtained were compared with the models given in Table 8 and Fig. 11. The values of
Freundlich, Langmuir, Dubinin- Radushkevich and Temkin constants and R2 obtained by the statistical analysis. If RL value is in
the range of 0-1, NRC is a suitable adsorbent for BY28 adsorption. At the same time, if n value is greater than 1, NRC may be
said to be a suitable adsorbent for BY28 adsorption. From the Table 10 and Fig. 11., at 25 ° C, the isotherm model best suited to
the adsorption of BY28 on NRC was found to be Langmuir with R2 value of 0.994. Similar results were reported in the literature
[40-44].

Fig.11. Isotherm curves for different isotherms models (a - Langmuir, b - Freundlich, c - Temkin, d - DubininRadushkevich,) (contact time: 60 min, pH: 4.57, dose of adsorbent: 0.2 g, temperature: 25 °C).
3.8 Adsorption thermodynamics
From Eq. 13, when the plot 1/T versus ln Kc is plotted (Fig. 12), the values of ∆H0 and ∆S0 were founded from the intercept and
slope of linear relation and then used to calculate ∆G0 according to Eq. 11. The thermodynamically parameters are presented in
Table 9.
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Fig.12. The plot ln Kc versus 1/T
Table 9 Thermodynamic results in the adsorption of BY28 onto the NRC.
(J.mol-1)
(kJ.mol-1)
(kJ.mol-1)
0
0
0
25 C
25 C 30 C 35 0C 40 0C
15.4
57
-1.6
-1.9
-2.2
-2.5
It can be verified by the positive values of the change of ∆H0
(15.4 kJ.mol-1for NRC) that the adsorption process of BY28
onto NRC is endothermic. The hydration phenomenon of
dyestuff in water clarifies the endothermic of the BY28
adsorption. To ensure that BY28 ions to reach the adsorption
sites and travel through the solution, the BY28 should first
be peeled out of from the hydration shell, which requires
energy input. If the attractive force generated by the
adsorption of BY28 onto the NRC doesn’t exceed the
dehydration energy of the BY28 ions, the overall energy
balance will lead to endothermic behavior [45].
On the basis of ∆H0 value whether the physical adsorption
(20<kJ.mol-1) or the chemical adsorption (80–200 kJ.mol-1)
takes place in the reaction can be inferred because ∆H0 is
associated to the different coactions that are setted between
adsorbent and the adsorbed dye [46]. According to the
presented results, the adsorption process of BY28 onto the
NRC can be said to be carried out by physical adsorption
because the value of ∆H0 is lower than 20 kJ.mol-1.
The positive value of ∆S0 values (57 J.mol-1) for NRC
adsorbent shows that the haphazardness at the solid - liquid
interface during the BY28 adsorption molecules onto the
active sites of the NRC surface is increased. It also proposes
great attention of BY28 towards the adsorbent.
The ∆G0-negative values for the BY28 that are negative
through the completely tested temperature range - confirms
that the adsorption of dyes onto BY28 are favorable and
spontaneous processes at all the experimental temperature.
The values of ∆G0 for BY28 became more negative with the
increase of temperature, which suggested that the
equilibrium capacity was increased. ∆G0 for physical
adsorption is between -20 and 0 kJ.mol-1 and for chemical
adsorption is between -80 to -400 kJ.mol-1 [47]. The
adsorption of BY28 onto NRC was found to be carried out by
physical adsorption, since the values of ∆H0 and ∆G0 for BY28
were in the range of physical adsorption in this study.

3.9. NRC comparison with other low cost adsorbents
Even if adsorption studies are carried out on the same dye
with different adsorbents, it is very difficult to make a
comparison due to the different experimental conditions. So,
the comparison was made only for the maximal monolayer
adsorption capacity. For adsorption BY28 of onto low cost
adsorbents, a comparison of the maximal monolayer
adsorption capacities values founded in this study and
earlier reported in the literature is given in Table 10. When
this table is examined, the value obtained from this study is
higher than the other works except one. According to this
result, NRC adsorbent can be used successfully in the
removal of BY28.
Table 10 The Comparison of the adsorption capacities
obtained from studies to remove BY28
qm
Adsorbent
Isotherm
Ref.
(mg.g-1)
Granula clay
Langmuir
100-780
[48]
Present
NRC
Langmuir
370
study
Bentonite
Langmuir
256.4
[33]
Aluminium-Pillared
135
[49]
Montmorillonite
PMAA
Langmuir
102
[50]
Ca-Bentonite
Langmuir
94.3
[38]
Boron Industry
Generalized
75
[51]
Waste
Clinoptilolite
Langmuir
59.6
[5]
Green Macroalga
Langmuir
35.5
[52]
Green Alga
Freundlich
27
[53]
Persian Kaolin
Langmuir
16.2
[54]
Amberlite XAD-4
Langmuir
14.9
[5]
4. CONCLUSIONS
NRC has been used as an adsorbent with low cost for
removal of cationic dyes BY28 from the aqueous solution.
Adsorption equilibrium time was found as 60 min. The pH
value of the NRC was chosen as 4.59, which is the free pH
value of NRC in aqueous solutions, since the pH effect on the
dye removal efficiency is not significant. R2 values of the
Pseudo Second Order kinetic model are greater than 0.993
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and the values of calculated were found to be in considarable
agreement with the experimental values, which shows that
the BY28 adsorption onto the NRC may be fit to the Pseudo
Second Order kinetic model. The isotherm model best suited
to the adsorption of BY28 on NRC is found to be Langmuir
with R2 value of 0.994. The max. monolayer adsorption
capacity was 370 mg.g-1. The positive values of ∆H0 (15.4
kJ.mol-1for NRC) confirm that adsorption processes of BY28
onto NRC is endothermic. The adsorption of BY28 onto NRC
are favorable and spontaneous processes at all the
experimental temperature, since the negative values of ∆G0
for the BY28 were negative. The adsorption of BY28 onto
NRC was said to be carried out by physical adsorption, since
the values of ∆H0 and ∆G0 for BY28 were in the range of
physical adsorption in this study. Finally, NRC can be
effectively used for the removal of cationic dyes since it is a
low cost and abundant adsorbent.
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