
Introduction

It is well known that textile industries, pulp mills, and 
dyestuff manufacturing units discharge highly colored 
wastewaters that have provoked serious environmental 
concerns all over the world [1]. Various treatment 
processes such as ozonization, photochemical degradation, 
coagulation, ultrafiltration, oxidization, and adsorption 
have been widely investigated for the removal of dyes from 
wastewater. Due to the biological and chemical stability 
of dyestuff in a number of conventional water treatment 
methods, adsorption is considered an attractive and 
favorable alternative. For an efficient adsorption process, 

rapid removal and high adsorption capacity of adsorbent is 
required. The magnetic nanoparticles and their composites 
are extremely useful for the removal of dyes from 
wastewater streams [2]. Clays have often been used for 
the removal of organic pollutants and dyes [3] due to their 
high surface area and cation exchange capability. Clays 
can be modified to improve their sorption capability. One 
of these modification techniques is coating with magnetic 
particles [4]. Use of the magnetic particle in the nano scale 
has gained importance by many researchers. Recently, 
much attention has been paid to nanoparticle adsorbents, 
such as MnO2, CeO2, Fe3O4, TiO2, and MnFe2O4, etc., due 
to their basic properties, very small size, higher surface 
area-to-volume ratio, and unique morphology, which 
result in better kinetics for the adsorption of pollutants 
from aqueous solutions [5]. The extremely fine size of 
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nanoparticles yields favorable characteristics. With a 
reduction in size, more atoms are located on the surface 
of a particle, which results in a notable increase in surface 
area of nanopowders. This imparts a significant change in 
surface energies and surface morphologies [6]. Magnetic 
separation is considered a fast and efficient technique 
for separating magnetic particles. Recently, considerable 
attention has been paid to the application of magnetic 
separation to solve environmental problems [7].

The aim of the present work is to prepare  
MnFe2O4/clay nano composite and biocomposite of clay, 
which possess a high capacity for the removal of basic 
dye. Batch and column adsorption experiments are carried 
out and the adsorption mechanism are studied with the 
help of different models.

Materials and Methods

The native clay used in this research work was obtained 
from Khoshab, Pakistan, and was used without any 
treatment. Agro-wastes (cotton sticks, rice bran, sugarcane 
bagasse, corn cobs, sunflower, and peanut hulls) used in 
this research work were collected from different areas 
of Punjab, Pakistan. All the chemicals and reagents used 
in the present study were of analytical grade and mainly 
purchased from Sigma-Aldrich Chemical Co. (USA) and 
Merck (Germany). 

Preparation of Clay Composite Adsorbents

Magnetic composites of clay were prepared by the  
co-precipitation method. 10 g of clay was added to a 
solution containing manganese (II) chloride and ferric 
chloride at room temperature. The pH was adjusted by 
adding boiling NaOH (5 mol/L) solution to around 10 
and the solution was continuously stirred for 30 min and 
then stopped. After this, the suspension was heated to  
95-100ºC for 2 h. The prepared magnetic composites were 
repeatedly washed with distilled water and dried in an 
oven at 105ºC for 2 h [6]. Biocomposites were prepared 
by making slurry of clay with the biomasses. Firstly, 
screening was performed to find out the biomass with 
maximum adsorption capacity. Then biocomposite was 
prepared by mixing clay with the screened biomass. The 
biocomposite was prepared by making slurry of clay and 
biomass, allowed to cool and, finally ground, it and was 
used for further experiments.

Batch Mode Study

Batch adsorption experiments were carried out using an 
orbital shaker. The effects of adsorbent dose, contact time, 
solution pH, initial dye concentration, and temperature on 
adsorption were investigated. For each experimental run, 
0.05 g adsorbent and 50 mL of Golden XG dye solution 
of known concentration were transferred to a flask and 
agitated in a temperature-controlled shaker at a constant 
speed of 120 rpm with a required adsorption time at 

ambient temperature and required pH. At predetermined 
time intervals, the solutions were centrifuged at  
5,000 rpm for 10 min. The effect of pH on adsorption of 
Golden XGL onto adsorbents was studied over a pH range 
of 2-11 .The pH was adjusted by adding dilute aqueous 
solutions of HCl or NaOH. The effect of adsorbent dose 
was determined in the range of 0.05-0.3 g. The adsorption 
kinetics was determined by analyzing adsorption capacity 
from the aqueous solution at different time intervals  
(10-120 min). For adsorption isotherms, Golden XGL 
dye solution of different concentrations in the range of  
25-400 mg L−1 was agitated until equilibrium was 
achieved. The effect of temperature on the adsorption 
characteristics was investigated by determining the 
adsorption isotherms at 302-337 K. Concentration of 
dye was determined by finding out the absorbance 
characteristic wavelength using a UV-spectrophotometer 
(Schimadzu, Japan). A standard solution of the dye was 
taken and the absorbance was determined at different 
wavelengths to obtain a plot of absorbance versus 
wavelength. The wavelength corresponding to maximum 
absorbance (λ max) was determined from this plot. The λ 
max for Golden XGL was found to be 438 nm. Calibration 
curves were plotted between absorbance and concentration 
of the dye solution. The adsorbed amounts (q) of Golden 
XGL were calculated by the following equation:

              (1)

…where Co and Ce are the initial and equilibrium 
concentrations of dye (mg L−1), W is the mass of adsorbent 
(g), and V is the volume of solution (L).

Effects of presence of electrolytes, heavy metal ions, 
and surfactants were also determined. 

Fixed-Bed Adsorption Experiments

The experiments were conducted in a 20 mm ID and 
43 cm height glass column with an embedded stainless 
steel mesh for supporting the adsorbent layer. Fluidization 
and bypass flow of the system were retarded by 
introducing some glass wool on the mesh. The magnetic 
clay composite adsorbent corresponding to 1, 2, and 3 cm 
bed heights, respectively, were measured into the column. 
Influent flow rate of 1.8, 2.7, and 3.6 mL/min in an upward 
direction with the aid of a peristaltic pump were used each 
for 50, 75, and 100 mg/L initial dye concentrations. The 
effluent Golden XGL dye concentration was measured 
at intervals at maximum wavelength (438 nm) using a 
UV-Vis spectrophotometer (Shimadzu UV/Vis Japan). 
The results of adsorption of basic dyes onto adsorbents 
in a continuous system were presented in the form of 
breakthrough curves that showed the loading behavior of 
dyes to be adsorbed from the solution expressed in terms 
of normalized concentration defined as the ratio of the 
outlet dye concentration to the inlet dye concentration as a 
function of time (Ct/Co vs. t).
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Breakthrough capacity Q0.5 (at 50 % or Ct/Co = 0.5) 
expressed in mg of dye adsorbed per gram of adsorbent 
was calculated by the following equation:

      
(2)

Adsorbent Characterization

FTIR of native clay, MnFe2O4/clay composite 
(composite that showed highest adsorption capacity), and 
dye-loaded composite were carried out to identify the 
chemical functional groups responsible for sorption. FTIR 
data were observed over 400-4,000 cm-1 by preparing KBr 
disks of sorbent material, and spectra were recorded using 
Bio-Rad Merlin software. 

Desorption Study

Golden XGL dye from dye-loaded samples was 
desorbed by using 0.05 N of ETOH, HCl, H2SO4, H3PO4, 
NaCl, and NaOH as an eluent. Sorption procedure  
was studied by adding 0.1 g of selected adsorbent in  
50 mg/L of dye solution at optimized pH and 30ºC for  
three hours. The amount of dye sorbed (mg/g) was 
calculated, then filtered the dye solution and dried the 
dye-loaded adsorbent in an oven at 60ºC and studied 
the desorption process by shaking the dried adsorbent 
with eluents. The amount of dye desorbed (mg/g) was 
again calculated. The percentage age desorption can be 
estimated by using the following equation:

Desorption % = Amount of dye desorbed 
(mg/g) / Amount of dye sorbed (mg/g) ×100    

(3)

Results and Discussion

Effect of pH

In the adsorption process, solution pH is one of 
the imperative parameters that affect the solubility of 
adsorbate, degree of ionization, and surface characteristics 
of the adsorbent [8]. The adsorption capacity of Golden 
XGL dye as a function of pH was determined by varying 
pH of the solutions over a range of 2.0-11 at the initial 
dye concentration of 50 mg/ L and interaction time of  
120 min. The effect of pH on adsorption of Golden 
XGL dye is shown in Fig. 1. Golden XGL dye showed 
a maximum adsorption capacity at pH 9, 6, and 8 with 
native clay, MnFe2O4/clay composite, and biocomposite, 
respectively. Maximum dye removal of Golden XGL i.e., 
23.40 mg/g, was obtained by using MnFe2 O4/clay. Results 
depicted that for native clay and biocomposite alkaline a 
range of pH was more favorable for the removal of Golden 

XGL dye from aqueous media. Silanol groups on this 
surface become increasingly deprotonated as the pH of the 
adsorption system rises, thereby increasing the number of 
negatively charged adsorbent sites. Reduced adsorption of 
dye at acidic pH shows the presence of excess H+ ions that 
compete with dye cations for the adsorption sites [9]. In 
an alkaline medium (pH>7), the surface of clay becomes 
negatively charged and electrostatic repulsion decreases 
with raising pH due to a reduction of positive charge 
density on the sorption edges, thus resulting in increased 
adsorption [10]. A similar theory was proposed by 
several earlier workers for metal adsorption on different 
adsorbents [11-12]. 

Effect of Adsorbent Dose

Adsorbent dose is a significant factor responsible 
for determining adsorption capacity. The results (Fig. 2)  
show that with enhancement in the adsorbent dose, 
adsorption capability of the adsorbent tends to decrease. 
Maximum adsorption capability (mg/g) was obtained 
while using minimum adsorbent doses (0.05 g/ 50 mL) 
with all types of adsorbents. When adsorbent dose  
was increased, adsorption capacity decreased from  
30.64 to 5.64 mg/g (native clay), 42.18 to 8.30 mg/g 
(MnFe2O4/clay composite), and 40.59 to 7.60 mg/g 
(biocomposite) for Golden XGL. Noreen et al. (2013) 
[13] also determined the influence of biosorbent dose on 
removal of Drimarine Black CL-B via using lignocellulosic 
waste. They noticed that biosorption capability of the used 
adsorbents tends to decrease when adsorbent amount 
increases. They attributed this decrease in biosorption 
capacity to the aggregation of biosorbent particles by 
increasing biosorbent dose. Such aggregation results in 
reduction of the effective surface area of biosorbent for 
biosorption and causes enhancement in the diffusion 

Fig. 1. Effect of pH on removal of Golden XGL dye.

Fig. 2. Effect of adsorbent dose on removal of Golden XGL dye.
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path length. Asgher and Bhatti (2011) [14] studied the 
influence of biosorbent dose on adsorptive elimination 
of reactive blue 19 and 49 dyes by utilizing citrus waste. 
The amount of biosorbent was changed from 0.05 to 0.2 g, 
and the biosorbent capacity was observed to be decreasing 
when biosorbent dose was enhanced. 

Effect of Contact Time at Various Initial Dye 
Concentrations and Kinetic Studies

The effect of contact time on the adsorption process of 
Golden XGL dye onto adsorbents at three different initial 
concentrations of dye, i.e., 30, 50, and 70 mg/L at 30ºC 
was studied with optimum adsorbent dose, and the results 
are illustrated in Figs 3-5. It was noticed that adsorption 
was rapid initially, then slowed, and finally reached 
equilibrium. In the case of 30 and 50 mg/L initial dye 
concentrations, the maximum uptake of dye was attained 
at 30 min, while for 70 mg/L equilibrium occurred after  
50 min. Therefore, the contact time of 30-50 min was 

sufficient to attain equilibrium for the adsorption process of 
studied dye, which was selected in the further experiments. 
When initial concentration of dye was 30 mg/L, the 
amount of dye adsorbed at equilibrium was  20.50 mg/g 
(native clay), 28.05 mg/g (MnFe2O4/clay composite), and 
25.20 mg/g (biocomposite); while in the case of 50 mg/L 
initial dye concentration, the observed adsorption capacity 
was 31.49 mg/g (native clay), 44.94 mg/g (MnFe2O4/clay 
composite), and 40.55 mg/g (biocomposite); while using 
70 mg/L initial dye concentration the adsorption capacity 
was 47.90 mg/g (native clay), 59.60 mg/g (MnFe2O4/clay 
composite), and 56.39 mg/g (biocomposite). 

For the purpose of investigation of the rate-controlling 
step in the adsorption mechanism, the kinetic data were 
dealt with pseudo first-order, pseudo second-order, and 
intra particle diffusion kinetic models. The pseudo first-
order model is described in the following equation [4]:

   (4)

The pseudo second-order model is expressed in the 
following equation [5]:

                (5)

…where k1is the rate constant (L/min) while k2 (g/mg min) 
is the rate constant of the pseudo second-order model,  
qe and qt are adsorption capabilities (mg/g) at equilibrium 
and time t (respectively), and t is the interaction time 
(min).

The kinetic parameters calculated from the pseudo 
first- and second-order and intra particle diffusion kinetic 
models are listed in Tables 1-3. 

The results indicate that the pseudo second-order model 
fits the experiment data much better than the pseudo first-
order model, since all of its correlation coefficient (R2) 
values are above 0.998, which are higher than that of the 
pseudo first-order model (below 0.780). In addition, the 
theoretical calculated qe and cal values obtained from the 
pseudo second-order model are closer to the experimental 
ones (qe and exp) than that from the pseudo first-order 
equation. These results indicate that the rate-limiting step 
of the adsorption mechanism for Golden XGL dye was 
chemical adsorption. In order to investigate if film or pore 
diffusion was involved in the adsorption, the intra-particle 
diffusion model was further tested as follows [6]:

                      (6)
 
…where Kpi (mg/g min1/2) shows the rate constant of 
intraparticle diffusion and Ci is the intercept that gives 
information about the boundary layer thickness. Lower 
values of co-relation co-efficient showed that the 
intraparticle diffusion model was not followed well by 
Golden XGL dye. As a summary of the kinetic studies, 
it was implied that chemical chelating reaction between 

Fig. 3. Effect of contact time on removal of Golden XGL dye by 
native clay.

Fig. 4. Effect of contact time on removal of Golden XGL dye by 
MnFe2O4/clay composite.

Fig. 5. Effect of contact time on removal of Golden XGL dye by 
biocomposite.
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dye ions and active points of the adsorbents had effects 
on the adsorption processes [15]. Some previous kinetic 
studies showed similar results. Pan et al. (2012) [16] 
investigated the adsorption of Hg (II) onto the surface of 
mercapto-engineered magnetic Fe3O4 nano adsorbent, and 
the adsorption equilibrium was reached within 1 h. Also, 
adsorption followed the pseudo second-order model. Sadaf 
et al. (2014) [17] investigated the effect of interaction time 
on adsorptive removal of Direct Violet 51 with sugarcane 
bagasse as adsorbent and observed that equilibrium was 
attained within 30 minutes.

Effect of Initial Dye Concentration 
and Isothermal Studies

At the initial stages of the adsorption process, the 
adsorption capacity was enhanced rapidly. The dye 
ions adsorbed on the surface of the adsorbent and after 
saturating the adsorbent surface, ions moved into porous 
sites. The initial concentration of dye plays a significant 
role to reduce the resistance of dye mass transfer among 
the solid and aqueous phases. Thus the adsorption capacity 

was enhanced by increasing the initial dye concentration 
[18]. The results are expressed in Fig. 6. This might be 
due to the increased number of interactions among the 
adsorbent and the ions of dye [19]. Similar results were 
observed while studying biosorption behavior of basic dye 
by using sesame hulls [20]. When initial concentration of 
dye was enhanced from 25-400 mg/L, adsorption capacity  
was enhanced from 12.99-123.54 mg/g (native clay), 
23.59-169.5 mg/g (MnFe2O4/clay composite), and 

C0 
(mg/L)

Pseudo 
first-order

K1
(L/min)

qe  
experimen-

tal 
(mg/g)

qe
calculated 

(mg/g)
R2

Pseudo 
second-
order

K2 
(g/mg min)

qe  
experimen-

tal 
(mg/g)

qe
calculated 

(mg/g)
R2

Intraparticle 
diffusion

Kpi 
(mg/g min1/2)

Ci R2

30 0.0138 20.57 1.233 0.115 0.020 20.57 21.27 0.998 0.490 16.09 0.626

50 0.029 31.49 5.4 0.695 0.008 31.49 33.33 0.998 1.080 21.75 0.600

70 0.032 48 6.66 0.378 0.003 48 52.6 0.998 1.747 31.66 0.806

Table 1. Kinetic modeling of data for the removal of Golden XGL dye by native clay.

Table 2. Kinetic modeling of data for the removal of Golden XGL dye by MnFe2O4/clay composite.

Table 3. Kinetic modeling of data for the removal of Golden XGL dye by biocomposite.

C0 
(mg/L)

Pseudo 
first-order

K1 
(L/min)

qe  
experimen-

tal 
(mg/g)

qe
calculated 

(mg/g)
R2

Pseudo 
second-
order

K2 
(g/mg min)

qe 
experimen

-tal 
(mg/g)

qe
calculated 

(mg/g)
R2

Intraparticle 
diffusion

Kpi 
(mg/g min1/2)

Ci R2

30 0.029 28.07 0.937 0.332 0.042 28.07 28.6 0.999 0.300 25.34 0.603

50 0.043 44.94 3.341 0.583 0.014 44.94 47.61 0.999 0.766 37.99 0.603

70 0.027 60.06 3.784 0.396 0.011 60.06 62.5 0.999 0.798 52.56 0.829

C0 
(mg/L)

Pseudo 
first-order

K1 
(L/min)

qe  
experimen-

tal 
(mg/g)

qe
calculated 

(mg/g)
R2

Pseudo 
second-
order

K2 
(g/mg min)

qe 
experimen

-tal 
(mg/g)

qe
calculated 

(mg/g)
R2

Intraparticle 
diffusion

Kpi 
(mg/g min1/2)

Ci R2

30 0.032 25.28 2.317 0.541 0.020 25.28 26.3 0.999 0.548 20.3 0.575

50 0.050 40.55 6.053 0.735 0.009 40.55 41.66 0.999 1.087 30.66 0.617

70 0.052 56 1.398.9 0.780 0.004 56 58.8 0.999 1.549 41.87 0.808

Fig. 6. Effect of initial dye concentration on removal of Golden 
XGL dye.
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20.59-160.5 mg/g (biocomposite) for Golden XGL 
dye. In order to investigate the interactive behavior 
between the adsorbent and adsorbate at different initial 
dye concentrations, five different isotherm models were 
employed to evaluate the experimental data. The Langmuir 
isotherm assumes that monolayer adsorption takes place on 
an adsorbent that has a structurally homogeneous surface, 
on which the binding sites have the same affinity for 
adsorption, and no interaction occurs between adsorbates 
[21]. The linear form of the Langmuir isotherm is given in 
the following equation:

                     (7)

…where qm shows maximum adsorption capacity (mg/g) 
and b is value for Langmuir constant associated to energy 
of adsorption (L/mg). Numerical values of the Langmuir 
constants and correlation co-efficient, i.e., R2 for the 
adsorption of Golden XGL dye, are mentioned in Table 
4. RL is an imperative feature of the Langmuir adsorption 
isotherm model that could be calculated as shown in 
equation (8) [22]. Furthermore, the degree of suitability of 
adsorbent towards adsorbate could be estimated from the 
values of separation factor constant (RL), which has always 
been used to indicate whether adsorption is favorable or 
not. The value of RL will indicate that the type of isotherm 
is irreversible (RL = 0), favorable (0 < RL < 1), linear  
(RL = 1), or unfavorable (RL > 1), which can be calculated 
from the following equation (8):

                        (8)

…where Co denotes initial concentration of dye and b 
stands for Langmuir constant. The value of RL suggests 
that the adsorption process with all types of adsorbent is 
favorable. The well-known Freundlich isotherm predicts 
that adsorption occurs on an energetically heterogeneous 
surface, on which the adsorbed molecules are interactive 
and the amount of solute adsorbed raises infinitely with 
the increase of the concentration. Its linear equation is 
shown in the following equation (9):

            (9)

…where KF and n are the Freundlich constants related to 
adsorption capacity and intensity, respectively.

The Temkin isotherm model is based on the 
assumption that there is non-distinguishable spreading of 
binding energies over the number of exchanging sites onto 
adsorbent surface. The Temkin isotherm linear form may 
be expressed as (10):

     (10)

…where B = RT/b, T stands for  absolute temperature in 
K, R denotes universal gas constant (8.314 J mol-1 K-1), 
and b is Temkin constant. A expresses the equilibrium 
binding constant and B indicates sorption heat.

The Harkins-Jura isotherm is used to explain the 
multilayered adsorption phenomena. The linear form 
of the Harkins-Jura isotherm is shown in the following 
equation (11):

             (11)

The Doubinin-Radushkevich (D-R) isotherm assumes 
that the surface is not homogenous. It is used to express 
the porosity of apparent free energy.

Isotherm 
models

Golden XGL

Native 
clay

MnFe2O4/clay 
composite Biocomposite

Langmuir

qm
Calculated

(mg/g)
167.7 173.02 167.03

qm 
Experimental

(mg/g)
123.54 169.50 160.50

b 0.018 0.078 0.037

RL 0.526 0.204 0.350

R2 0.834 0.993 0.972

Freundlich

KF 5.1 25.8 13.4

n 1.46 2.3 1.8

R2 0.666 0.816 0.752

Temkin

A 5.5 1.2 2.5

B 39.77 34.43 41.31

R2 0.775 0.791 0.764

Harkins-Jura

A 500 - 1000

B 2.5 - 2

R2 0.354 0.622 0.521

Doubinin-Radushkevich

qm (mg/g) 111.9 109.1 108.6

β (mol2kJ-2) 0.00006 0.0000009 0.000007

E (kJmol-1) 91.74 746.26 267.37

R2 0.943 0.629 0.712

Table 4. Equilibrium modeling of data for the removal of Golden 
XGL dye.
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The (D-R) isotherm model’s (Doubinin-Radushkevich, 
1947) linear form is expressed as (12):

     (12)

…where β is the constant related to adsorption energy, qm 
is the theoretical saturation capacity, and ε is the Polanyi 
potential.

Effect of Temperature and Thermodynamic 
Studies

The effect of temperature on adsorption kinetics was 
determined under isothermal conditions in temperatures 
ranging from 302-337 K. The dependence of adsorption 
capacity on temperature is shown in Fig. 7. The results 
show that adsorption capacity of adsorbents tends to 
decrease with rising temperatures, which indicates that the 
adsorption process of Golden XGL dye was an exothermic 
phenomenon. Golden XGL dye showed the highest 
adsorption capacity at 302 K. The reduction in adsorption 
capability of the dye at higher temperature might be 
attributed to the weakening of adsorptive forces that are 
mainly responsible for the adsorption of dye molecules 
onto the adsorbent surface [23]. The adsorptive removal 
of dye was observed to be decreased from 32.63 to  
23.35 mg/g (native clay), 42.85 to 33.83 mg/g (MnFe2O4/
clay composite), and 41.69 to 32.41 mg/g (biocomposite) 
with a rise in temperature for Golden XGL dye. Kareem 

and Hussien (2012) [24] explored the effect of temperature 
on the exclusion of Rhodamine B, Congo Red, and 
Disperse Blue dyes from water media utilizing flint clay 
as an adsorbent. The results revealed that the percentage 
of adsorbed amounts of these dyes onto the adsorbent was 
decreased with temperature rise of the dye solution (from 
20-40ºC). They observed that a reduction in the adsorption 
capability with a rise in temperature is indicative of the 
exothermic nature of the adsorption phenomenon.

Thermodynamic factors like entropy change (ΔS), 
enthalpy change (ΔH), and Gibbs free energy change 
(ΔG) were calculated from thermal data of Golden XGL 
dye and are expressed in Table 5. The equation is given as 
under (13):

      (13)

…where Kd=qe/Ce R represents the gas constant and T 
shows absolute temperature. The adsorption process 
of Golden XGL dye onto native clay, MnFe2O4/clay 
composite, and biocomposite is exothermic in nature.

Effect of Electrolytes, Heavy Metal Ions, 
and Detergents on the Golden XGL Dye 

Adsorption Process

The effect of the ionic strength on the adsorption 
phenomenon of Golden XGL dye was studied by adding 
different concentrations of electrolytes (ranging from 0.1 
to 0.5 M) AlCl3.6H2O, NaCl, CaCl2.2H2O, MgSO4.7H2O, 
and KNO3 in 50 mg/L each dye solution, containing 
0.05 g/ 50 mL of MnFe2O4/clay composite adsorbent 
(adsorbent that showed highest adsorption capacity). The 
amount of dye adsorbed was observed to be decreased with 
increases in electrolyte concentration (Fig. 8). Various 
heavy metal ions (Pb, Cd, Zn, Co, and Cu) were used in 
different concentrations, i.e., 50-250 mg/L to determine 
the effect of their existence on the adsorptive removal 

Fig. 7. Effect of temperature on removal of Golden XGL dye.

Table 5. Thermodynamic parameters for the removal of Golden XGL.

Temperature 
(K)

Golden XGL

Native clay MnFe2O4/clay composite Biocomposite

∆G°
(kJ/mol)

∆H°
(kJ/mol)

∆S°
(Jmol-1 K-1)

∆G°
(kJ/mol)

∆H°
(kJ/mol)

∆S°
(Jmol-1 K-1)

∆G°
(kJ/mol)

∆H°
(kJ/mol)

∆S°
(Jmol-1 K-1)

302 -1.48 -17.95 -54.54 -4.61 -26.62 -72.83 -4.03 -24.31 -67.12

309 -1.10 -4.10 -3.56

316 -0.72 -3.59 -3.09

323 -0.34 -3.08 -2.62

330 -0.03 -2.57 -2.15

337 -0.42 -2.06 -1.68
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of Golden XGL dye from their aqueous solutions, and 
results are represented in Fig. 9. The result revealed that 
the occurrence of heavy metal ions enhances adsorption of 
Golden XGL dye. Increasing concentrations of metal ions 
causes a further rise in dye removal. The enhancement in 
adsorption capacity with heavy metal ions may be due 
to the interaction among dye molecules and heavy metal 
ions that cause the aggregation or precipitation of dye 
molecules, thus reducing its solubility in solution, which 
results in enhancement of the dye adsorption on adsorbent 
[25]. The effect of surfactants (CTAB, SDS, Tween 80, 
Excel, and Ariel) was studied on the removal of Golden 
XGL dye from their solution. Their results, shown in  
Fig. 10, indicate that the adsorption capacity was 
markedly reduced in the presence of surfactants. Bhatti 
and Nausheen (2015) [26] also observed that the presence 
of surfactants in dye solution causes a remarkable 
reduction in adsorption capacity of agrowaste for removal 
of Terquoise Blue PG dye.

Fixed Bed Adsorption Experiments

Breakthrough curves for Goldeen XGL dye adsorption 
by MnFe2O4/Clay composite were determined. Usually, 
the resulting breakthrough curves show a typical S-shaped 
profile; this behavior shows that it can be associated with 
the molecule of adsorbent [27]. Thus, characteristics 
and concentration gradient of the breakthrough curves 
vary significantly with respect to the bed height of the 
adsorbent, flow rate, and inlet dye concentration.

The adsorption breakthrough curves were obtained 
at different bed heights (1 cm to 3 cm) while keeping 
initial dye concentration and flow rate constant, i.e., 
50 mg/L and 1.8 mL/min, respectively. The results 
revealed that elevation in bed height results in more dye 
removal. In this case, breakthrough times increased with 
elevation of bed height as more binding sites became 
available for adsorption [28]. The increase in the mass 
of adsorbent also resulted in a broadened adsorption 
zone, and therefore a wider mass transfer zone. So the 
steepness of the breakthrough curves depends on bed 
height, which is due to the fact that the bed lengths 
tested are not high enough to ensure a fully developed  
profile, the so-called constant pattern behavior [27]. 
Adsorption columns were performed at different flow  
rates. Column breakthrough time was reduced from 390 
to 130 minutes for Golden XGL with a rise in flow rate  
from 1.8-3.6 mL/min. This might be attributed to the 
reduction in retention time that limited contact of dye 
solution onto the clay composite. Inlet dye concen- 
tration varied from 50 to 100 mg L-1, which shifts the 
breakthrough curve yielding lower breakthrough times. 
The earlier appearance of the breakthrough time with 
increasing inlet dye concentration is due to a faster 
saturation of the available binding sites [29]. The results 
of flow rate optimization, bed height, and initial dye 
concentration while using continuous mode study are 
given in Table 6.

Breakthrough Curves Modeling

Experimental data was treated with a Thomas model 
and BDST model following equations (14) and (15), 
respectively:

 
(14)

…where qo (mg/g) stands for equilibrium dye uptake 
per g of adsorbent, kTh (mL/min mg) denotes Thomas 
rate constant, Q (mL/min) shows  flow rate, Co (mg/L) 

Fig. 9. Effect of the presence of heavy metal ions on adsorption 
potential of MnFe2O4/clay composite for removal of Golden 
XGL dye.

Fig. 8. Effect of the presence of electrolytes on adsorption 
potential of MnFe2O4/clay composite for removal of Golden 
XGL dye. Fig. 10. Effect of the presence of surfactants/detergents on the 

adsorption potential of MnFe2O4/clay composite for removal of 
Golden XGL dye.
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shows inlet dye concentration, Ct (mg/L) is  outlet 
concentration at time t, ttotal (min) stands for flow time, and 
W (g) represents mass of adsorbent. A linear graph of ln  
[(Co/Ct)−1] against time (t) was drawn to determine values 
of kTh and qo using intercept and slope of the plot:

           (15)

…where Co denotes the initial concentration of dye 
(mg/L), Cb represents breakthrough dye concentration 
(mg/L), ka stands for rate constant in BDST model (L/mg/
min), U shows linear velocity (cm/min), No is adsorption 
capacity of the bed (mg/L), Z stands for bed height (cm) 
of the column, and t is time (min). Eq. (15) may be written 
in linear form as:

                     (16)

…where:

               (17)

…and:

  (18)

The results of the Thomas and BDST models are 
reported in Tables 7-8, and it displays that at different 
Ct/Co ratios, and correlation coefficient is higher in the 
case of BDST, which demonstrates good agreement of 
experimental data with the BDST model.

FT-IR Study

FT-IR spectra of the native clay and MnFe2O4/clay 
composite (composite of highest adsorption capacity) 
before and after adsorption of the Golden XGL dye was 
studied in the range 400-4,000 cm-1 (Figs 14-16). The 

peak at 1,382.96 cm-1 was observed due to CH2 bending. 
The peak observed at 2,353.16 cm-1 is due to the presence 
of an N–H bond while around 3,730.33 cm-1 shows the 
O-H stretching vibrations. The peak in the region of 
1,537.27 cm-1 reveals the presence of a benzene ring. 
The peak of around 850 cm-1 is observed due to C-H 
stretching vibration. Quartz shows the characteristic  
peak at 781.17 cm-1

. The peak around 900 cm-1is due to the 
Si-O-Si linkages.

Desorption Study

The effect of different eluents on dye desorption 
was observed by using different chemical agents. The 
dye elution using 0.05 N HCl was optimum, i.e., 33.8% 

Inlet concentration 
(mg/L)

Bed height 
(cm)

Flow rate 
(mL/min)

Treated volume 
(mL)

Breakthrough point 
(50%)
 (min)

Adsorption 
capacity 
(mg/g)

50 1 1.8 234 130 10.81

50 2 1.8 486 270 11.32

50 3 1.8 702 390 12.23

50 3 2.7 567 210 8.45

50 3 3.6 468 130 6.75

75 3 1.8 378 210 13.3

100 3 1.8 198 130 15.8

Table 6. Column data and parameters with different bed heights, flow rate, and inlet concentration for the removal of Golden XGL dye.

Inlet 
conc.

(mg/L)

Bed 
height 
(cm)

Flow 
rate 

(mL/min)

KTh

 (mL/min mg) 
× 103

qo
(mg/g) R2

50 1 1.8 0.38 10.98 0.983

50 2 1.8 0.28 11.77 0.929

50 3 1.8 0.18 12.46 0.971

50 3 2.7 0.30 8.69 0.975

50 3 3.6 0.38 6.94 0.984

75 3 1.8 0.17 13.04 0.973

100 3 1.8 0.15 15.58 0.946

Table 7. Thomas Model parameters for the removal of Golden 
XGL dye.

Ct/Co A B Ka 
(Lmg-1 min-1) 

No 
(mg L-1) R2

0.2 90 43.33 0.0006 1650 0.995

0.4 110 3.333 0.0024 2017 0.997

0.6 150 3.345 0.0025 2751 0.998

Table 8. BDST parameters for the removal of Golden XGL dye.
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followed by H2SO4 (0.05 N), H3PO4 (0.05 N), ETOH 
(0.05 N), NaCl (0.05 N), and NaOH (0.05 N). The 
elution efficacy was further investigated at varying HCl 
concentrations. Maximum dye elution was achieved with 
0.1 N HCl solution, i.e., 57.4%. When HCl concentration 
was further enhanced, less desorption was observed. 
This was attributed to the destruction of the adsorption  
sites onto the adsorbent surface at higher HCl 
concentrations (Table 9).

Conclusions

Removal of Golden XGL dye by native clay and 
clay composites in batch mode and fixed-bed column 
was studied. The batch experimental results showed that 
alkaline pH, low adsorbent dose, contact time of 30-
50 minutes, and low temperature were most favorable 
conditions for dye removal. We concluded that the Dubinin-
Radushkevich model fit successfully to the experimental 
data obtained by native clay, while the Langmuir model 
fit well to the data obtained by clay composites. A pseudo 
second-order kinetic model was fit appropriately to the 
kinetic data. Breakthrough time and breakthrough curves 

Fig. 16. FT-IR Spectrum of Golden XGL dye-loaded MnFe2O4/
clay composite.

Fig. 11. Effect of bed height on removal of Golden XGL dye. 

Fig. 15. FT-IR spectrum of MnFe2O4/clay composite.

Fig. 12. Effect of flow rate on removal of Golden XGL dye.

Fig. 13. Effect of initial dye concentration on removal of Golden 
XGL dye.

Fig. 14. FT-IR spectrum of native clay.

Native clay peak 
(cm-1)

MnFe2O4/clay 
composite peak 

( cm-1)

Golden XGL dye 
loaded composite 

peak (cm-1)

3,730.33 3,732.26 3,730.33

2,551.82 3,127.51 2,667.55

2,351.23 2,353.16 1,838.16

993.31 1,382.96 1,715.58

781.17 989.18 1,537.27

696.30 779.21 850.61

Table 9. FTIR spectra peaks of native clay, MnFe2O4/clay 
composite, and Golden XGL dye loaded composite.
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were strongly influenced by operational conditions, such 
as bed height, flow rate, and initial dye concentration. 
Experimental data fit well to the BDST model. Desorption 
could be successfully carried out using HCl as eluent. 
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