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a b s t r a c t
The Blue XGRRL dye removal efficiency native clay, MnFe2O4/clay composite, and biocomposite 
were studied. The adsorbent was characterized by X-ray diffraction and Fourier-transform infrared 
spectroscopy techniques. Affecting process variables, that is, temperature, pH, composite dose, ini-
tial concentration of dye and contact time were studied for enhanced dye removal. It was observed 
that pH 6–9, 0.05 g adsorbent dosage, 30 min contact time, 200 mg/L dye initial concentration at 
low temperature were the viable conditions for maximum adsorptive removal (49.93 mg/g) of dye. 
Langmuir isotherm along pseudo-second-order kinetic model fitted well to the dye adsorption data. 
Thermodynamic study revealed that the adsorption phenomenon was more viable at low tempera-
tures as shown by lower ∆G° values. The ∆H° indicated the exothermic adsorption process of Blue 
XGRRL dye on to composites. Column bed height, Blue XGRRL dye initial concentration, and flow 
rate were studied in a column adsorption mode and it was observed that higher bed height, higher 
initial dye concentrations and low flow rates were observed to be more complimentary conditions for 
efficient adsorptive removal of dye in the column mode. Clay composite’s efficiency was significantly 
higher vs. biocomposite that could be employed for the adsorptive removal of dyes from wastewater.

Keywords:  Blue XGRRL; Adsorption; Clay composites; Biocomposite; Equilibrium modeling, Kinetics; 
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1. Introduction

Industrialization is one of the main sources of water 
contamination and environmental pollution. In recent years, 
water contamination has become an alarming environmen-
tal dilemma and has engrossed global attention, particularly 
since diverse contaminants are entering into the aquatic 
systems. Dyes are extensively utilized in cosmetics, plastics, 
food, paper, leather, textile, and pharmaceutical industries. 
The pollution is mainly caused by effluents from these 
industries. The presence of dye causes damage to aquatic 

life because dyes in water bodies preclude the light and 
aquatic life affected badly and imposed a negative impact on 
living creatures [1–4]. Mostly the dyes are resistant to bio-
degradation and photodegradation for the remediation of 
dyes [5–9]. Therefore, the treatment of wastewater contains 
dye need efficient techniques to avoid the environmental 
issue [3,10–12].

Various treatment approaches have been utilized for the 
sequestration of contaminants from effluents. Adsorption is 
considered as one of the viable technique vs. other techniques 
such as biodegradation and photodegradation [9,13–25]. 
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Adsorption offers various, that is, flexibility, low operation 
cost, uncomplicated devise, ease in operation, lack of sensi-
tivity for toxic contaminants, easy automation and the ability 
to operate at a very low concentration of pollutants [1,2,4,26]. 
Adsorption uses inexpensive adsorbents, which become 
a feasible option for the adsorptive removal of dyes due to 
their cost-effective, regeneration possibility of the adsor-
bent, abundantly available and opportunity of recovery. 
Adsorbents of smaller particle size not only increase effective 
surface area but also enhance mass transfer efficacy [27–30].

Among the cost-effective materials, clays are natural, 
inexpensive and abundant materials that have an exclu-
sive layered structure, good chemical resistance as well 
as high mechanical strength [31–34]. Studies have shown 
that clays are good adsorbents for the adsorptive removal 
of dyes from textile effluents. To date, the modified adsor-
bents have been prepared and employed successfully for the 
adsorptive removal of pollutants and composite materials 
showed a promising affinity for the adsorption of pollutants 
from wastewater [2,35,36]. Owing to the high reactivity and 
selectivity towards specific contaminants, the composites 
are proved too attractive an alternative for the adsorptive 
removal of pollutants from wastewater [13,14,16,28–30,37].

Based on the aforementioned facts, the present research 
was focused on the preparation of clay composite and bio-
composite. The prepared composites were compared for the 
adsorptive removal of Blue XGRRL dye both in batch and 
column adsorption modes. For batch mode, the process vari-
ables, that is, temperature, Blue XGRRL dye initial concentra-
tion, pH, contact time and composite dose were optimized 
for maximum dye removal, whereas in column bed height, 
initial dye concentration and flow rate were optimized. The 
equilibrium, kinetic and thermodynamic studies were also 
performed for both types of the adsorbent for the evaluation 
of adsorption nature of dye on to composites.

2. Materials and methods

2.1. Chemicals and biomass preparation

The chemicals and reagents used were of analytical grade 
and used without any purification. The natural clay was 
obtained from Khoshab, Pakistan. The rice bran, sunflower, 
cotton sticks, sugarcane bagasse, corn cobs, and peanut hulls 
biomasses were collected from different areas of Faisalabad, 
Punjab, Pakistan. Biomasses were washed water, dried in 
sunlight and overnight at 60°C in the oven.

2.2. Preparation of clay composites

The co-precipitation method was adopted for composites 
preparation. For this, clay (10 g) was mixed thoroughly with 
MnCl2 and FeCl3 (Equal ratio). The pH adjusted to 10 using 
NH4OH and the mixture was stirred for 30 min followed 
by heating for 2 h at 95°C. The composite was washed with 
water (thrice) and dried for 2 h at 105°C [38].

2.3. Preparation of biocomposites

Among, all biomasses screened for dye adsorption, the 
peanut hulls showed higher efficient and this biocompos-
ite was used in subsequent studies. For this, a slurry of clay 

with the biomass was prepared with a 1:1 ratio. The mass 
thus obtained kept for 24 h at 60°C, ground and sieved using 
300 μm OCT-DIGITAL 4527-01 siever.

2.4. Batch experimental program

Blue XGRRL was obtained from Faisalabad, Pakistan 
(local supplier). The dye stock solution (1 g/L) was pre-
pared double distilled water and working concentrations 
(25–400 mg/L) were prepared by dilution. Batch experiments 
were performed for the comparison of adsorption capacity 
of clay in different forms, that is, native clay, MnFe2O4/clay 
composite, and biocomposite. Optimization of pH, Blue 
XGRRL initial concentration, reaction time, composite dose 
and temperature was done. The adsorbent and dye solution 
was mixed in 250 mL capacity conical flasks and placed in 
an orbital shaking incubator (PA250/25H) at 120 rpm for 
pre-determined time intervals. The equilibrium adsorption 
capacity (qe, mg/g) was measured as shown in Eq. (1).

q
C C V
We

e=
−( )0  (1)

where C0 is the Blue XGRRL initial concentration (mg/L), Ce 
is equilibrium Blue XGRRL concentration (mg/L), V and W 
are volume and adsorbent (g), respectively.

2.5. Adsorption kinetics and equilibrium study

Pseudo-first-order [39], pseudo-second-order [40] and 
intraparticle diffusion [41] kinetics models and Langmuir 
[42], Freundlich [43], Temkin [44], Harkins–Jura [45] and 
Dubinin–Radushkevich [46] isotherms were employed on 
Blue XGRRL adsorption data on to composites.

2.6. Adsorption thermodynamics

The thermodynamics of Blue XGRRL dye removal was 
performed in 302 to 337 K under pre-optimized parameters, 
that is, ΔH°, ΔS°, and ΔG° were estimated.

2.7. Column study

The adsorption of Blue XGRRL dye onto composites in a 
continuous system is described in the form of breakthrough 
curves, which could be defined as the ratio of outlet dye con-
centration to the inlet dye concentration with respect to time 
(Ct/C0 vs. t). Q0.5 (breakthrough capacity at 50% or Ct/C0 = 0.5) 
was deduced as per Eq. (2).

Breakthrough capacity =
Breakthrough time at % Flow rate X i50( )× nnitial dye conc

Mass of the adsorbent in the bed
.

 
 (2)

3. Results and discussions

3.1. pH effect on adsorption

The initial pH of the dye solution is an imperative fac-
tor, which affects the adsorption phenomenon, mainly 
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adsorption capability. Solution pH alters owing to (1) charge 
of adsorbent surface (2) adsorbing molecule’s degree of ion-
ization (3) degree of dissociation of functional groups pres-
ent in adsorbent’s active sites [33]. The sequestration of Blue 
XGRRL dye was in 2.0–11 range at 50 mg/L for 120 min. 

pH effect on adsorption of Blue XGRRL dye is depicted 
in Fig. 1a. The results revealed highest dye exclusion with 
native clay, MnFe2O4/clay composite, and biocomposite was 
achieved at pH 9, 6 and 8 respectively. The maximum dye 
removal of Blue XGRRL with MnFe2O4/clay composite was 

Fig. 1. (a) pH effect on Blue XGRRL dye removal, (b) adsorbent dose effect on Blue XGRRL dye removal, (c) contact time effect on 
Blue XGRRL dye removal using clay, (d) contact time effect of on Blue XGRRL dye removal using MnFe2O4/clay composite, (e) contact 
time effect of on the removal on Blue XGRRL dye removal using biocomposite, (f) initial dye concentration effect on Blue XGRRL dye 
removal, and (g) temperature effect on Blue XGRRL dye removal.
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found to be 24.93. Responses revealed that clay and biocom-
posite works well in basic pH. Higher pH causes an increase 
in the amount of OH– ions increasing cationic dye adsorp-
tion capability. In the presence of high acidic conditions, 
H+ ions may compete with cations of basic dyes for the occu-
pation of adsorption sites on adsorbent surface hence low-
ering cationic dye adsorption [47]. Also, the pH of solution 
change disturbs the surface charge present on the adsorbent. 
Negative charges produced on surface oxides of adsorbent 
due to basic medium results in enhanced adsorption of cat-
ionic dye [48]. Optimum cationic dye adsorption as a func-
tion of pH on different adsorbents was stated by various 
investigators [49]. In the case of MnFe2O4/clay composite 
adsorbent, adsorption at pH 6 cannot be explained well, it is 
assumed that another type of adsorption, for example, ion 
exchange, may take place during the adsorption phenome-
non of basic dye onto adsorbent [50]. The adsorption process 
of basic dye on the adsorbent surface might be ascribed to 
the weak electrostatic interactions that take place among the 
molecules of dye and the solid surface [51]. Further adsorp-
tion study was carried out at an optimum pH value.

3.2. Adsorbent dose effect on adsorption

Dose of adsorbent is of paramount importance for the 
determination of adsorption capability for a fixed con-
centration of adsorbate. As the adsorbent dose increased, 
the adsorption capability of adsorbents was decreased 
(Fig. 1b). Maximum adsorption capability was observed at 
0.05 g/50 mL of dose for all clay and composites. The adsorp-
tion decreased with dose as; 34.05 to 7.32 mg/g (clay), 49.57 
to 8.32 mg/g (MnFe2O4/clay composite) 42.24 to 7.94 mg/g 
(biocomposite). The reduction in adsorption capability can 
be attributed to aggregation of adsorbent, thus reducing the 
available surface area for adsorption [52]. Another reason for 
the reduction in the adsorbed dye amount due to an increase 
in adsorbent amount might be responsible for the concen-
tration gradient between adsorbent and adsorbate [53].

3.3. Contact time effect on adsorption

The dye adsorption capability was increased as Blue 
XGRRL dye concentration was increased. The contact time 
effect was highly significant for the sequestration of Blue 
XGRRL dye on to composites (Fig. 1c–e). Results revealed 
that adsorbents possess capabilities for fast dye removal. 
Dyes were rapidly adsorbed in the beginning and with the 
passage of time, the adsorption process was slowed down. 
Equilibrium was achieved in 20–50 min of contact time for all 
types of adsorbents and beyond this, the adsorption did not 
change. It may be due to the fact that initially, boundary layer 
diffusion of the solute molecules takes place due to which 
high diffusion of molecules takes place into the external face 
of adsorbent and then, slow diffusion of molecules of the dye 
takes place to the internal surface [14].

3.4. Initial Blue XGRRL dye concentration effect on adsorption

The Blue XGRRL dye concentration was changed from 
25–400 mg/L at optimized conditions and response is depicted 
in Fig. 1e. As the initial concentration of Blue XGRRL dye 

was increased, the dye sequestration was also enhanced and 
so on. This enhancement was attributed to the force of the 
concentration gradient. The concentration of Blue XGRRL 
dye in the solution was higher and a gradient was developed 
between two phases and thus, adsorption was enhanced 
[15,16]. Hydrophobic interaction between Blue XGRRL dye 
and composite may also exist [54]. After increasing Blue 
XGRRL dye concentration from 25–400 mg/L, the seques-
tration was increased from 15.56–159.4 mg/g (clay), 24.92 to 
175 mg/g (MnFe2O4/clay composite) and 21.61 to 165.1 mg/g 
(biocomposite) for Blue XGRRL dye.

3.5. Temperature effect on adsorption

The influence of temperature on adsorption kinetics was 
determined in the range of 302–337 K and the response thus 
observed is shown in Fig. 1f. The solubility and particularly 
the chemical potential of adsorbate are greatly affected by 
temperature [15,16]. The adsorption capability decreased 
with temperature, which exothermic process. Blue XGRRL 
dye sequestration was higher at 302 K and low sequestra-
tion at elevated temperature might be due to the weakening 
of adsorptive forces [55]. The temperature may cause more 
expansion of pores, which may cause leaching of dye mol-
ecules which are adsorbed onto the adsorbent surface [56]. 
The sequestration was reduced from 34.62 to 30.78 mg/g 
(clay), 49.93 to 48.68 mg/g (MnFe2O4/clay composite) and 
42.92 to 37.03 mg/g (biocomposite) at higher temperature. 
Previously, acid blue 129 on HCl modified bentonite clay 
also showed similar behavior [57]. When the tempera-
ture was increased from 10°C to 40°C the quantity of dye 
adsorbed decreased from 7 to 4.2 mol/g.

3.6. Kinetic studies

Pseudo-first-order kinetic model expression is shown 
in Eq. (3). Where, K1, qe, qt and t are representing rate 
constant, adsorption capability at equilibrium and time, 
respectively.

log log
.

q q q K t
e t e−( )= − ×1 2 303

 (3)

The values obtained after adsorption of Blue XGRRL 
dye by using native clay, MnFe2O4/clay composite, and bio-
composite adsorbents are described in Tables 1–3. Using 
the Lagergren pseudo-first-order model, a graph between 
log(qe – qt) and t revealed a low correlation coefficient (R2) 
and the small value of qe as compared to experimental value 
was observed. So far, the pseudo-first-order kinetic model 
was unable to explain the Blue XGRRL adsorption.

The pathway of adsorption covering the entire series of 
interaction time could be successfully described by the pseu-
do-second-order kinetic model expression is shown in Eq. (4).

t
q K q

t
qt e e









= +

1

2
2

 (4)

where K2 (g/mg min) represents the second-order rate con-
stant. The value of qe (mg/g) and the constant K2 (g/mg h) 
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was obtained from the graph between t/qt vs. t. The K2, qe,exp, 
qe,cal and R2 for adsorption of Blue XGRRL are presented in 
Tables 1–3. It was seen that experimental and qe values are 
close with each other, also R2 values were high for the adsorp-
tion of Blue XGRRL dye. Thus, the pseudo-second-order 

kinetic model explained the XGRRL dye data for clay 
composite and biocomposite.

The rate-controlling steps may be influenced by intra- 
particle diffusion, film diffusion or both of them. The intra-
particle diffusion was also applied to evaluate the rate- 
determining step and relation is shown in Eq. (5):

q K t Ct i= +pi
1 2/  (5)

where Kpi and Ci are representing the rate constant and 
intercept, respectively. The numerical values of Kpi, Ci and 
R2 for Blue XGRRL are presented in Tables 1–3. The intra-
particle diffusion model infers that the graph obtained by 
qt vs. t1/2 is linear. If adsorption reaction could be affected 
by intraparticle diffusion, then a graph between qt and t1/2 is 
linear and particle diffusion is a rate determine step when a 
line intersects origin [58]. The lower value of the correlation 
coefficient (R2) is indicative of the fact that the adsorption 
of Blue XGRRL did not follow the intraparticle diffusion 
kinetic model.

3.7. Isotherm molding

3.7.1. Langmuir isotherm

This isotherm follows the fact that the adsorption phe-
nomenon of solute from liquid solution occurs in the form of 
monolayer onto the surface comprising an indistinguishable 
and energetically equivalent amount of binding sites and 
expression is presented in Eq. (6).

C
q q b

C
q

e

e m

e

m

= +
1  (6)

where qm = maximum adsorption capacity, b is a constant. 
The numerical values of the Langmuir constants and R2 for 
the adsorption of Blue XGRRL dye are depicted in Table 4. 
The R2 showed that the Langmuir isotherm explained the 
dye sequestration well using composite and biocomposite. 
RL was calculated using Eq. (7) [59].

R
bCL = +
1

1 0

 (7)

where RL is a dimensionless constant separation feature for 
an equilibrium factor. C0 stands for the initial concentration 
of dye and the value of b denotes Langmuir constant. RL 
value is basically an indication of the nature of isotherm that 
whether it would be favorable (0 < RL < 1), irreversible RL = 0, 
linear RL = 1 and unfavorable RL > 1. The values of RL range 
from 0–1 with any type of adsorbent which is an indication 
of the fact that adsorption dye occurred favorably on to clay 
composite and biocomposite (Table 4).

3.7.2. Freundlich isotherm

Freundlich isotherm assumes heterogeneous adsor-
bent surface and is used to explain multilayered adsorp-
tion. It is related to the interaction among the adsorbed 

Table 3
Kinetic modeling of Blue XGRRL dye removal using biocomposite

C0 (mg/L) 30 50 70
Pseudo-first-order K1 (L/min) 0.027 0.023 0.055
qe experimental (mg/g) 26.33 42.21 57.07
qe calculated (mg/g) 0.175 0.006 0.922
R2 0.072 0.06 0.250
Pseudo-second-order K2 (g/mg min) 0.034 0.023 0.031
qe experimental (mg/g) 26.33 42.21 57.07
qe calculated (mg/g) 27 43.47 58.8
R2 0.999 0.999 1
Intraparticle diffusion Kpi (mg/g min1/2) 0.382 0.605 0.417
Ci 22.88 36.72 53.30
R2 0.545 0.609 0.553

Table 1
Kinetic modeling of Blue XGRRL dye removal using clay

C0 (mg/L) 30 50 70
Pseudo-first-order K1 (L/min) 0.032 0.055 0.039
qe experimental (mg/g) 19.64 34.42 53.58
qe calculated (mg/g) 2.461 1.161 1.099
R2 0.644 0.245 0.108
Pseudo-second-order K2 (g/mg min) 0.028 0.025 0.009
qe experimental (mg/g) 19.64 34.42 53.58
qe calculated (mg/g) 20 35.71 55.6
R2 0.999 0.999 0.999
Intraparticle diffusion Kpi (mg/g min1/2) 0.426 0.409 0.959
Ci 15.73 30.64 44.26
R2 0.593 0.728 0.767

Table 2
Kinetic modeling of Blue XGRRL dye removal using MnFe2O4/
clay composite

C0 (mg/L) 30 50 70
Pseudo-first-order K1 (L/min) 0.011 0.013 0.110
qe experimental (mg/g) 29.92 49.57 68.77
qe calculated (mg/g) 0.2 0.3 5.95
R2 0.053 0.076 0.667
Pseudo-second-order K2 (g/mg min) 0.272 0.08 0.065
qe experimental (mg/g) 29.92 49.57 68.77
qe calculated (mg/g) 30.3 50 71.4
R2 1 1 1
Intraparticle diffusion Kpi (mg/g min1/2) 0.237 0.233 0.137
Ci 27.83 47.51 67.45
R2 0.431 0.380 0.898
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molecules and the non-uniform dissemination of sorption 
heat over an adsorbent surface. Its mathematical form is 
shown in Eq. (8).

log log logq K
n

Ce F e= +
1  (8)

where KF and n are representing constants. KF reveals adsorp-
tion capability, n represents the variation from the linearity of 
adsorption and is utilized to explain the nature of adsorption 
phenomenon, Ce is Blue XGRRL dye concentration at equilib-
rium and qe is adsorption capacity of Blue XGRRL dye [60]. 
It is considered when n is equal to unity, it means that the 
adsorption phenomenon is linear whereas n less than unity 
reveals the fact that adsorption phenomenon occurs through 
a chemical route; where, n greater than unity is an indica-
tion of favorable adsorption [61]. KF values, R2 and n for Blue 
XGRRL dye are shown in Table 4. Smaller R2 values showed 
that the Freundlich isotherm model did not fit to the dye 
adsorption data, while for native clay adsorbent, higher cor-
relation coefficient value as compared to Langmuir R2 value 
exhibited good fitting of Freundlich isotherm toward the 
experimental data of dye.

3.7.3. Temkin isotherm model

Temkin isotherm assumes non-distinguishable spreading 
of binding energies over different binding sites and mathe-
matical form is shown in Eq. (9).

q B A B Ce e= +ln ln  (9)

where B = RT/b, T is the temperature (K), R is a gas constant 
and b denotes the Temkin constant. A corresponds to equi-
librium binding constant and B provides information of the 
sorption heat. Values of R2 and constants can be determined 
via a plot having lnCe vs. qe. R2 value and other constants are 
mentioned in Table 4. Low R2 values reveal that the exper-
imental result for Blue XGRRL dye did not fit to the dye 
adsorption data on to clay composite and biocomposite in 
case of Temkin isotherm.

3.7.4. Harkins–Jura isotherm model

This isotherm is based on heterogeneous pore distri bution 
and explained the multilayered adsorption process. Harkins–
Jura isotherm linear form is shown Eq. (10). Harkins–Jura’s 

Table 4
Equilibrium modeling of data of Blue XGRRL dye removal

Isotherm models Blue XGRRL

Native clay MnFe2O4/clay  
composite

Biocomposite

Langmuir

qm calculated(mg/g) 190.0 179.20 170.0
qm experimental (mg/g) 159.39 175.71 165.08
b 0.06 0.625 0.052
RL 0.25 0.032 0.277
R2 0.846 0.999 0.986

Freundlich

KF 6.3 66.2 17.5
n 1.4 3.8 1.9
R2 0.862 0.862 0.750

Temkin
A 5.5 37.5 1.6
B 49.59 22.34 39.97
R2 0.742 0.894 0.775

Harkins–Jura

A 500 – 1,000
B 1.5 – 1
R2 0.377 0.574 0.505
Dubinin–Radushkevich
qm (mg/g) 123.6 126.1 113.1
β (mol2kJ–2) 0.00004 0.000004 0.000004
E (kJmol–1) 112.35 0.353 357.14
R2 0.872 0.783 0.849
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constant values are depicted in Table 4. The R2 values for the 
Blue XGRRL dye adsorption data on to clay composite and 
biocomposite revealed the unsuitability of this model.

1 1
2qe

B
A A

Ce=








 −









 log  (10)

3.7.5. Dubinin–Radushkevich (D–R) model

This model assumes the non-homogenous surface of the 
adsorbent. It is utilized for the determination of porosity 
apparent free energy. The D–R isotherm mathematical form 
is depicted in Eq. (11) [46].

ln lnq qe m= −βε2  (11)

where β qm and ε are representing constant, theoretical 
saturation capacity and Polanyi potential:

ε = +








RT

Ce
ln 1 1  (12)

where R = gas constant and T = temperature. The mean free 
energy of adsorption E could be explained as free energy 
change when 1 mole of ions moved from infinity into solu-
tion to the adsorbent. E could be calculated with the help 
of β value using Eq. (13) [62]. D–R parameter values are 
expressed in Table 4. Blue XGRRL dye showed better fit-
ness of this model by native clay adsorbent, while it did 
not explain the dye adsorption data for clay composite and 
biocomposite.

E =
( )

1

2
1 2

β
/  (13)

3.8. Thermodynamic studies

The thermodynamic parameters, that is, ΔS, ΔH, and ΔG 
were estimated (using Eq. (14), R is a gas constant and T is 
absolute temperature) for Blue XGRRL dye and values are 
depicted in Table 5.

ln K S
R

H
R Td

o o

( ) = − ×
∆ ∆ 1  (14)

Adsorption of Blue XGRRL onto native clay, MnFe2O4/
clay composite, and biocomposite was an exothermic pro-
cess, as negative value of ΔH° was observed. ΔS° values 
depict a decrease in disorders at solution/solid interface [63]. 
The negative value of ΔG° reveals that the adsorption phe-
nomenon was spontaneous in nature and these findings are 
in line with a previous report [64].

3.9. Influence of electrolytes

The influence of the ionic strength on uptake of Blue 
XGRRL dye was analyzed by adding different concentra-
tions of electrolyte (ranging from 0.1 to 0.5 M) AlCl3·6H2O, 
NaCl, CaCl2·2H2O, KNO3and MgSO4·7H2O in 50 mg/L of 
dye solution containing 0.05 g/50 mL of MnFe2O4/clay com-
posite adsorbent. The occurrence of electrolytes in solution 
reduced the adsorption capacity of dye. The existence of 
ions may cause vanishing of the electrostatic forces between 
active binding sites and dye molecules, hence the adsorbed 
amount reduces when salt concentration increased (Fig. 2a). 
On the other hand, Safa and Bhatti [65] evaluated the impact 
of different salts on the adsorption phenomena of dyes via 
rice husk adsorbent. Various salts (NaNO3, MgSO4·H2O, 
NH4NO3, CaCl2·2H2O, and NaCl) were utilized in a concen-
tration range of 0.01–0.3 M and results revealed that occur-
rence of the salts boosted biosorption capability of rice husk 
for adsorptive removal of dyes from their aqueous media.

3.10. Influence of heavy metal ions

The removal efficiency adsorbents are affected by 
the occurrence of heavy metal ions in medium and in this 
regard, Cd, Pb, Co, Zn, and Cu effect were studied on 
Blue XGRRL dye sequestration using composites and the 
responses thus obtained are depicted in Fig. 2b. Results 
revealed that adsorption of Blue XGRRL dye was decreased 
by metal ions, which could possibly be due to competition 
with adsorbent molecules for the occupation of binding sites 
of adsorbent of dye molecule and consequently adsorption 

Table 5
Thermodynamic parameters for the removal of Blue XGRRL using composite

Temperature 
(K)

Blue XGRRL

Native clay MnFe2O4/clay composite Biocomposite

∆G° ∆H° ∆S° ∆G° ∆H° ∆S° ∆G° ∆H° ∆S°

(kJ/mol) (kJ/mol) (Jmol–1 K–1) (kJ/mol) (kJ/mol) (Jmol–1 K–1) (kJ/mol) (kJ/mol) (Jmol–1 K–1)

302 –2.04 –8.09 –20.03 –14.89 –64.78 –165.19 –4.46 –17.47 –43.09
309 –1.90 –13.73 –4.16
316 –1.76 –12.57 –3.85
323 –1.62 –11.42 –3.57
330 –1.48 –10.26 –3.26
337 –1.34 –9.11 –2.95
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capability was decreased [66]. Previously, the presence of Cd, 
Co and Pb increased the biosorption capacity, while Cr and 
Cu decreased the adsorption potential of the adsorbent for 
Indosol Black NF dye [55].

3.11. Influence of surfactants/detergents

Various surfactants (CTAB, SDS and Tween 80) and two 
detergents (Excel and Ariel) were utilized (1%) to determine 
their impact on the removal of Blue XGRRL dye on to clay 
composite and biocomposite. The results (Fig. 2c) revealed 
that surfactants in the dye solution also reduced the adsorp-
tion capability of clay composite and biocomposite. This 

may due to the fact that competition between surfactants 
and molecules of dye takes place for binding onto adsor-
bent external [67]. It was also noticed that surfactants 
reduced the sequestration agro-waste for Turquoise Blue 
PG dye [68].

3.12. Column study

3.12.1. Influence of bed height

The adsorption of dye in a column is influenced by the 
amount of adsorbent in column and bed height affect the 
sequestration of dye in a column adsorption mode and 1 

Fig. 2. (a) Electrolytes effect on Blue XGRRL dye removal using of MnFe2O4/clay composite, (b) heavy metal ions effect on Blue XGRRL 
dye removal using MnFe2O4/clay composite, and (c) surfactants/detergents effect on Blue XGRRL dye removal using MnFe2O4/clay 
composite.
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to 3 cm column height was studied at optimum pH, Blue 
XGRRL dye initial dye concentration and flow rate. The 
findings (Fig. 3) showed that the bed height affected the 
dye adsorption. The breakthrough time and adsorption effi-
ciencies observed are depicted in Table 6. When bed height 
was increased, the dye adsorption was enhanced. It may be 
because of the accessibility of a greater number of binding 
sites [69]. Results reveal that with high bed height, break-
through time also increased and this might be a reduction 
in axial dispersion of mass transfer that leads to an upsurge 
in the diffusion of dye molecules. Thus at high bed heights, 
solute gets adequate time for diffusion into adsorbent and 
adsorption efficiency may increase. Previously, the influence 
of bed height was examined by [70] for adsorptive removal 
of nitrophenol using nano iron oxide and alginate micro-
spheres. It was observed that when bed height was increased 
from 2.5–10 cm, the adsorptive removal was also enhanced 
from 46.6% to 62.2%. Chen [71] also investigated the impact 
of bed height in column mode on the adsorptive removal of 
fluoride using Kanuma mud at three-bed heights, that is, 5, 
10, and 15 cm. The breakthrough time was influenced by a 
change in bed height. Sharper breakthrough curves were 

obtained using smaller bed depth. The breakthrough time 
was observed to be decreased when bed depth was decreased 
from 15 to 5 cm because binding sites become constrained at 
smaller bed height.

3.12.2. Influence of flow rate

Flow rates in the range of 1.8–3.6 mL/min were studied 
and the breakthrough curve for a column was obtained from 
plot Ct/C0 (Ct and C0 vs. time and response are shown in 
Fig. 3. The column was observed to perform well during the 
lowest flow rate (1.8 mL/min). Also, the time was reduced 
from 830 to 250 min for Blue XGRRL when the flow rate 
increased 1.8–3.6 mL/min. At higher flow rates, dye ions 
could not get adequate time for diffusion inside the pores of 
clay composite and left the column before reaching steadi-
ness. As(II) sequestration using modified calcined bauxite 
[50] and dye on surfactant-modified zeolite also revealed 
similar adsorption trends [51].

3.12.3. Influence of initial dye concentration

The Blue XGRRL dye initial concentrations were varied 
and other conditions kept constant and responses thus 
obtained are depicted in Fig. 3. The time required for attain-
ing a 50% breakthrough capacity reduced when initial dye 
concentration was increased. It may be due to low concentra-
tion slope that causes sluggish transport owing to lessened 
diffusion coefficient and a lessened mass transfer coeffi-
cient. Adsorption capability of adsorbents was observed to 
be increased when initial concentration was increased. The 
enhancement in dye removal when the initial concentration 
of dye was increased that could be due to the concentration 
difference in Blue XGRRL dye in medium and on the surface 
of the composite [72]. Adsorption capability of the selected 
adsorbent achieved from the column study was less than 
that of attained from the batch mode of study using the same 
initial Blue XGRRL dye concentration. The difference among 
adsorption capacity of adsorbents in continuous and batch 
mode experiments might be due to the reason that the active 
surface area of adsorbents. In continuous column mode, the 
molecules of dye and adsorbent do not find sufficient time of 
contact resulting in lower adsorption capacity [73]. Nawaz 
[74] determined the impact of the initial concentration of 
dye on adsorptive removal of Novacron Golden Yellow dye 
using agricultural waste in the column mode experiments as 
a function of the initial concentration of dye. Results showed 
that breakthrough time reduced by increasing the initial 
concentration.

3.12.4. Thomas model

This model is established on factors that second-order 
reversible reaction kinetics is followed by the rate governing 
force and model the adsorption in packed systems. The linear 
form of the Thomas model is shown in Eq. (15).
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0 0
0
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− × ×Th

Th  (15)Fig. 3. Blue XGRRL dye removal as a function of (a) bed height, 
(b) flow rate, and (c) Blue XGRRL dye initial concentration.
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where q0 = dye uptake, kTh = rate constant; Q = flow rate; 
C0 = inlet dye concentration; Ct = outlet concentration at time 
t; ttotal = flow time, W = adsorbent mass utilized in column. 
A linear graph of ln[(C0/Ct)−1] and time (t) was drawn for 
the determination of values of kTh and q0 values. Obtained 
data for Blue XGRRL dye was fitted to the Thomas model 
(Table 6). kTh values expressed a linear increase by increasing 
the flow rate.

3.12.5. Bed depth service time (BDST) model

The bed depth service time (BDST) model basically 
follows the equation of Bohart–Adams. A selected break-
through point can be obtained by applying this model since 
it gives an idea of column efficacy. The predicted break-
through time during which the used adsorbent possesses 
the aptitude to withstand the adsorptive removal process 
of a fixed quantity of pollutants before revival is the main 
designing of column adsorption mode. This precise duration 
is recognized as the service time of bed. A linear relationship 
between bed height and time was proposed by Hutchins and 
is expressed in Eq. (16).
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where C0 = Blue XGRRL dye initial concentration, Cb = break-
through, ka = rate constant, U = linear velocity, N0 = adsorption 
efficiency, Z = bed height and t = time. The Ct/C0 ratio, R2 are 
higher that demonstrate better agreement of the experimen-
tal dye adsorption data with BDST model (Table 7).

3.13. Characterization of adsorbents

The clay used for the preparation of a composite was 
characterized for its composition and silica, alumina and 

other metal oxides obtained was recorded in the clay sam-
ples (Table 8). A Fourier-transform infrared spectroscopy 
spectrum of the clay and MnFe2O4/clay composite before and 
after Blue XGRRL dye removal revealed various absorption 
peaks due to the presence of different functional groups. 
The peak at 2,300 cm−1 was due to N–H bond, whereas 
3,700 cm−1 peak was due the O–H stretching vibrations and 
at 1,421.5 cm−1 absorption band was due to CH2 bending. 
Peak at 850 cm−1 was assigned to C–H stretching vibration 
and 1,501.18 cm–1 peak was correlated with a benzene ring. 
The quartz peak was recorded at 781.17 cm−1. The Si–O–Si 
peak was observed at 900 cm−1. The X-ray diffraction analy-
sis of clay and composite revealed the existence of the silica 
and alumina as main constituents and sodium, magnesium, 
iron, potassium and calcium oxides were minor constitu-
ents. It has been reported that clay structure is porous, has 
high cationic exchangeability and has a high surface area, 
which offers excellent adsorption properties for different 
pollutants. Results of present investigation also revealed that 
clay showed promising efficiency for dye sequestration and 
clay composite with MnFe2O4 also enhanced the adsorption 

Table 6
Thomas model parameters of Blue XGRRL dye removal

Inlet concentration  
(mg/L)

Bed height  
(cm)

Flow rate  
(mL/min)

kTh  
(mL/min mg) × 103

q0  
(mg/g)

R2

50 1 1.8 0.14 15.48 0.879
50 2 1.8 0.12 18.10 0.797
50 3 1.8 0.10 23.29 0.943
50 3 2.7 0.28 20.40 0.958
50 3 3.6 0.34 17.70 0.915
75 3 1.8 0.09 25.83 0.914
100 3 1.8 0.08 27.62 0.887

Table 7
BDST parameters of Blue XGRRL dye removal

Ct/C0 A B Ka (L mg–1 min–1) N0 (mg L–1) R2

0.2 230 7,172.13 0.0000976 4,218 0.970
0.4 270 90.90 0.000088 4,951 0.964
0.6 300 23.39 –0.000342 5,502 0.964

Table 8
Chemical analysis of clay used for composite preparation

Silicon dioxide 61.64
Aluminium oxide 9.8
Ferric oxide 6.23
Calcium oxide 1.94
Magnesium oxide 2.04
Potassium oxide 3.00
Sodium oxide 1.71
Sulfur trioxide 0.529
Cl 0.187
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capability of clay, which is an indication that inorganic 
moieties [75–78] are efficient to enhance the adsorption 
efficiency of clay and under the current scenario of pollu-
tion [79–85], there is need to prepare and utilize the efficient 
materials for wastewater remediation [2,31,47].

4. Conclusions

Clay composite and biocomposite were prepared and 
employed for the adsorption of Blue XGRRL dye. Results 
revealed that basic dye can be proficiently removed using 
clay composite. The basic pH, low adsorbent dose and low 
temperature were favorable conditions for dye adsorption. 
Among native clay, clay composite and biocomposite, the 
clay composite showed maximum dye removal efficiency of 
49.93 mg/g. Langmuir isotherm and pseudo-second- order 
kinetic model fitted well to the dye adsorption data. The 
thermodynamic study revealed that the dye adsorption was 
feasible at lower temperatures and the process was exother-
mic. Column study results revealed that higher bed heights, 
low flow rates, and higher initial dye concentrations were 
feasible conditions for maximum dye removal. In view of 
promising efficiency, the clay composite could possibly be 
used for dyes removal from textile wastewater.
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