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Abstract
In this study, a new magnetic adsorbent, strontium ferrite-bentonite-CoNiAl composite (SF-B-CoNiAl), was synthesized via
co-precipitation technique and employed for the adsorptive removal of two anionic dyes, Eriochrome Black T (EBT) and
Methyl Orange (MO) fromwater. The surface functionalities, structure and morphology of the new adsorbent (SF-B-CoNiAl)
were evaluated via scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction
(XRD) and Brunauer–Emmett–Teller (BET) surface area analysis. The batch experiments indicated that the experimental
adsorption capacity of SF-B-CoNiAl was 329.61 and 219.56 mg/g for EBT and MO, respectively. Freundlich isotherm best
fitted the experimental data signifying heterogeneous surface with multilayer dyes uptake. The adsorption process of anionic
dyes onto SF-B-CoNiAl involves both physisorption and chemisorption. The kinetic data ofMO and EBT adsorption by SF-B-
CoNiAl were well described by the pseudo-second-order kinetic model. The prepared adsorbent exhibited good recyclability
that demonstrates their potential for application in water purification.

Keywords Strontium ferrite-bentonite-CoNiAl · Magnetic composite · Layered double hydroxides · Anionic dyes ·
Adsorption

1 Introduction

Wastewater discharged from chemical industries has
remained one of the most significant sources of environmen-
tal pollution.Water pollution caused by the dyeing industry is
among the substantialmenace to the ecosystem, in addition to
its impacts on human health [1–5]. The organic dyes (anionic
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and cationic dyes) are frequently employed in various chem-
ical industries such as textile, plastics, rubber, leather, food,
paper andpulp, cosmetics and their release into the ecosystem
[6–9]. The global production of dyes is over 0.7 million ton,
while around 100 ton of dyes is discharged annually as efflu-
ent into watercourses [10–12]. Due to their carcinogenic
nature, the presence of dyes in water even in low concentra-
tions can have adverse environmental impacts. Dyes reduce
the penetration of sunlight into the water, change the color of
water and affect the photosynthetic reaction that harms the
aquatic life [9, 12]. It is, therefore, essential to have an effec-
tive, simple and low-cost technique for the removal of dyes
from wastewater. Eriochrome Black T (EBT) and Methyl
Orange (MO) are examples of azo dyes frequently used in
textile industries [13, 14].

Different treatment techniques, not limited to, biological,
coagulation, flocculation, filtration, ion-exchange and mem-
brane separation, have been employed to decontamination of
dyes-polluted water [15–18]. Most of these traditional meth-
ods have their respective demerits and constraints such as
low efficiency, complexity, high operational cost and less
feasibility for applications on a large scale. Attributed to
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its low operating cost, simple process technique and effec-
tiveness in removing various pollutants from the aqueous
medium, adsorption has enticed a significant consideration
in water treatment [19, 20]. Researchers are in incessant
search to develop novel sustainable, efficient, low-cost and
less toxic adsorbents for water purification. A large number
of adsorbents have been evaluated in the removal of dyes
from wastewater such as activated carbon [21], natural and
synthetic zeolite [22, 23], bentonite(B) [24], chitosan [25],
layered double hydroxides [5, 26], graphene [27], clay [28],
MXenes [29] and fly ash [30].

Layered double hydroxides (LDHs) have been engrossed
substantial consideration in recent times owing to their
applications in numerous areas including water treatment,
supercapacitors catalysis, biomedicine and biosensing [5,
31–41]. The common form of LDHs has the formula:
[
M2+

1−x M
3+
x (OH)2

][
An−
x/n · mH2O

]
, in which M2+ and M3+

are metals with divalent and trivalent ions, x is the molar
ratio of trivalent cations, An− is the anion within the inter-
layer. Currently, LDHs have grabbed an amassed attention
in many applications such as supercapacitors [41], catalysis
[33], biomedicine and biosensing [32] and water treatment
[31]. Inwater remediation applications, LDH-based compos-
ites have emerged as excellent adsorbents for the uptake of
various pollutants from aqueous phase [42, 43]. Likewise,
bentonite entails essentially of clay minerals of the smectite
(montmorillonite) group and has beenwidely employed as an
efficient low-cost adsorbent for the removal of numerous con-
taminants fromwater [44–51]. Strontium ferrite (SrFe12O19)
nanoparticles were also studied by researchers in the various
fields owing to their magnetic characteristics [52–54].

In this work, a new magnetic composite comprising ben-
tonite (B) and strontium ferrite (SF) intercalated into layers
CoNiAl was prepared via co-precipitation technique. The
intercalation of magnetic nanoparticles with bentonite into
the layers of CoNiAl is anticipated to improve the sur-
face characteristics (i.e., surface area, functional groups and
heterogeneity) and adsorption performance of the CoNiAl
for remediation of various pollutants from the water phase.
To the best of our knowledge, this is the first investiga-
tion reporting the synthesis of strontium ferrite decorated
bentonite-CoNiAl magnetic composite. The prepared SF-B-
CoNiAl composite was employed for the adsorptive removal
of MO and EBT dyes from water. The adsorbent was charac-
terized by SEM, FTIR, XRD and BET surface area analysis.
Experiments were performed to investigate the effect of var-
ious process parameters, i.e., initial pH, dye concentration,
contact time, and adsorbent dosage was evaluated on the
adsorption of anionic dyes onto SF-B-CoNiAl in batch exper-
iments. Adsorption equilibrium data were fitted on three
isotherm models, i.e., Langmuir, Freundlich and Temkin
isotherms. The kinetic data MO and EBT adsorption by SF-

B-CoNiAl were evaluated by using pseudo-first-order and
pseudo-second-order kinetic models.

2 Experimental

2.1 Materials

Nickel nitrate hexahydrate (Ni(NO3)2·6H2O), cobalt nitrate
hexahydrate (Co(NO3)2·6H2O), aluminum nitrate nonahy-
drate (Al(NO3)3·9H2O) and strontium ferrite nanopowder
were purchased from Sigma-Aldrich (Germany). Bentonite
(ρ~2.5 g/cm3) was purchased from BDH Chemicals (UK).
Liquid nitrogen (99.998%) was purchased from a local sup-
plier in Dammam, Saudi Arabia. All the chemicals were pure
(>98%) and used as acquired. The properties of model dyes,
i.e., EBT and MO, are presented in Table 1. The stock solu-
tions were prepared by dissolving 1 g of the dye in 1000 mL
of deionized (DI) water. The required dye concentrations
(20–100) mg/L were obtained by dilution of the stock solu-
tion using DI water.

2.2 Synthesis of SF-B-CoNiAl Magnetic Composite

Initially, 250 mg of strontium ferrite and bentonite (50:50)
was ultrasonicated in 80 mL of DI water at 100 amplitude for
30 min. The resultant solution is mixed with a solution pre-
pared by blending of 5.82 g of Ni, 2.91 g of Co and 3.73 g of
Al (the precursor salts) at a ratio of 2:1:1 in 50 mL DI water
at a controlled pH (10) followed by the addition of 2–3 drops
of hydrazine-reducing agent under vigorous stirring. The pH
was controlled by adding 1.0 M NaOH and 1.0 M HNO3

solution using pH meter (C5010, Consort, Belgium). Under
constant magnetic stirring, the suspension was refluxed at
90 °C for 24 h, centrifuged (Sigma 2–16 P, Sigma Laborzen-
trifugen, Germany) at (5000 rpm and 5 min) and cleaned
using pure ethanol and DI water to ensure all contaminations
are eliminated. The magnetic composite obtained was dried
at 90 °C for 24h in anoven (FDL115,Binder,UK).Lastly, the
composite calcination was performed under a nitrogen envi-
ronment using a tubular furnace (NAB 8129, Nabertherm,
Germany) at 350 °C for 3 h.

2.3 Characterization of SF-B-CoNiAl Magnetic
Composite

The synthesized composite was characterized by XRD
(RigakuD/Max-rA rotating anode equippedwithCuKα radi-
ation, λ � 0.1542 nm and 2θ � 2° to 70° at a scanning rate of
3°/min, USA), FTIR (6700Nicolet, Thermo-FTIR spectrom-
eter, 32 scans, resolution of 4 cm−1 from 400 to 4500 cm−1,
USA), SEM(LYRA3,TESCANFieldEmission SEM,Czech
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Table 1 Characteristics of EBT
and MO Dye Chemical formula Molecular weight ňmax (nm) Color index/type

EBT C20H12N3NaO7S 461.38 530 14645/Azo dye

MO C14H14N3NaO3S 327.33 464 13025/Anionic dye

Republic) and BET (Micromeritics, Tristar II series, USA)
surface area analysis.

2.4 Point of Zero Charge Analysis

The point of zero charge (pHPZC) was determined by the
method known as salt addition method. Nearly, 0.0200 g of
adsorbent was added to 10.0 mL of 0.1 M NaCl in 50-mL
plastic tubes. The pHwas adjusted using a pHmeter (C5010,
Consort,Belgium) to 2–12 (±0.1) via 0.1MHNO3 and0.1M
NaOH. The mixture was agitated for 24 h in a shaker (Orbi
shaker BT3000, Benchmark, USA). The final pH was mea-
sured and plotted vs initial pH.

2.5 Batch Adsorption Experiments

Adsorption experiments in the batch mode were employed
to study the effect of key parameters such as reaction time,
initial concentration of dye, initial pH and adsorbent dosage
on the adsorption ofMO and EBT onto SF-B-CoNiAl. About
0.01 g of magnetic composite in 30 mL of a solution of
varying dye concentration (20–200) mg/L was agitated for
10–360 min at 180 rpm at room temperature in 50-mL tubes.
The pH was regulated by using HNO3 and NaOH solutions.
At the end of each test, the spent adsorbent was detached
from the residual dye solution by using centrifugation at
3500 rpm for 5 min. Spectrophotometer (DR 6000, UV–Vis
Hach Lange, UK), set at a wavelength of 464 nm and 530 nm
for MO and EBT, respectively, was utilized to quantify the
residual concentration of dyes. The adsorption performance
was calculated using Eqs. (1, 2).

Adsorption capacity � qe � (Co − Ce)

W
V (1)

Percentage removal � (Co − Ce)

Co
× 100 (2)

where Co and Ce represent initial and equilibrium dye con-
centration (mg/L), respectively, V � volume of dye solution
(L), qe � adsorption capacity at equilibrium (mg/g) and W
� mass of adsorbent (g).

2.6 Kinetic Modeling

The kinetic data acquired at various dye concentrations were
tailored to the linear forms of two most commonly kinetic

models, i.e., pseudo-first order [55, 56] and pseudo-second
order [57], as shown in Eq. (3) and (4), respectively;

ln(qe − qt) � ln qe − k1t (3)

t

qt
� 1

k2q2e
+

t

qe
(4)

where k1 � pseudo-first-order rate constants (min−1) and k2
� pseudo-second-order rate constant (g mg−1 min−1), while
qe (mg g−1) and qt represent the quantity of dye adsorbed
per unit mass of composites at equilibrium and at time t,
respectively. The slope and intercept of linear plots of ln (qe
− qt) vs t and t/qt vs t were used to calculate the parameters
of pseudo-first-order (qe and k1) and pseudo-second-order
(qe and k2) kinetic models.

2.7 IsothermModels

To explore themechanism of adsorption of the dyemolecules
onto SF-B-CoNiAl composite, equilibrium data were fitted
on three isotherm models, i.e., Langmuir [58], Freundlich
[59] andTemkin [60] isotherms. The linear equations of these
three isotherm models are stated as follows:

Langmuir isotherm model :
Ce

qe
� 1

KLqm
+
Ce

qm
(5)

Freundlich isotherm model : ln qe � 1

n
lnCe + ln Kf (6)

Temkin isotherm model : qe �
(
RT

bT

)
ln AT +

(
RT

b

)
lnCe

(7)

where n and K f � Freundlich constants, qm and qe � max-
imum and equilibrium adsorption capacity (mg/g), respec-
tively, KL � Langmuir constant, T � temperature at 298 K,
R � universal gas constant (8.314 J/mol/K), bT � Temkin
isotherm constant, AT � Temkin isotherm equilibrium bind-
ing constant (L/g).

The slope and intercept of linear plots of Ce/qe versus Ce,
lnqe versus lnCe and qe versus lnCe were used to calculate
parameters of Langmuir (qm andKL), Freundlich (n andKF)
and Temkin (bT and AT), respectively.

2.8 Reusability Performance

The adsorption/desorption experiments were executed to
examine the reusability performance of the prepared adsor-
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Fig. 1 a FTIR spectra of SF-B-CoNiAl before and after adsorption of dyes; b XRD patterns of SF-B-CoNiAl

bent.NaOHsolutionof 0.01mol/Lwasused as a regenerating
agent. For desorption experiment, MO and EBT-loaded
adsorbents (50 mg) were added into the Erlenmeyer flasks
comprising of 100 mL solution of regenerating agent. The
suspension was briskly agitated on a temperature-controlled
shaker for 4 h at 275 rpm and centrifuged to obtain the final
solution. After the desorption process, the concentration of
MOandEBTwas determined using (DR6000,UV–VisHach
Lange,UK). The adsorbentswere then splashedwith distilled
water, and restored adsorbents were recycled for four cycles.
The removal percentage was determined using Eq. 2.

3 Results and Discussion

3.1 Characterization of SF-B-CoNiAl Magnetic
Composite

3.1.1 FTIR and XRD Analysis

Figure 1a, b displays the FTIR spectra and XRD pattern
of SF-B-CoNiAl magnetic composite. FTIR spectra of SF-
B-CoNiAl show the broadband at 3450–3650 cm−1 that
corresponds to the OH stretching vibrations. The weak
band at 1649 cm−1 is assigned to H–O–H bending vibra-
tion. The broad peak at 1376 cm−1 is associated with
the symmetric stretching band of interlayer NO3 ions. The
strong, sharp peak observed at 1029 cm−1 is attributed to
Si–O and Si–O–Si stretching vibrations. The peaks appeared
at 550–650 cm−1 are attributed with mixed metal oxides
(MMO) that revealed the interaction of SF with CoNiAl
during calcination. The FTIR spectrum exhibits all the char-
acteristics peak of bentonite, CoNiAl and SF, indicating that
the surface of the composite is abundant with various oxy-
gen functionalities (OH, NO3, Si–O, Si–O–Si and MMO).
These functionalities act as active binding sites and play a

vital role in the dyes sorption performance of the composite.
After adsorption of dyes, the broad peaks at 3450–3650 cm−1

and 1649 cm−1 correspond to hydroxyl groups indicating
the involvement of –OH groups in the dyes adsorption pro-
cess. Likewise, the intensity and wave number Si–O and
Si–O–Si stretching vibration at 1029 cm−1 in SF-B-CoNiAl
are shifted after adsorption of both dyes.

The XRD pattern of SF-B-CoNiAl (Fig. 1b) showed
almost all characteristic peaks, indicating that the composite
is stable after calcination at 500 °C. Theweak peaks observed
between 20° and 30° represent the SiO2 amorphous char-
acteristics. The peaks at 25.4°, 53.4° and 59° are assigned
to Sr2Fe2O4 [61]. The XRD pattern indicated the forma-
tion of mixed metal oxides (MMO) at peaks (34.38°, 37.36°,
43.49°, 63.34°) that are associated with NiO, Co3O4 and
NiO/Co3O4 [40, 62, 63]. The basal plane spacing of these
peaks is obtained as 2.60, 2.4, 2.07, 1.46, respectively.

3.1.2 Surface Morphology and BET Analysis

Figure 2 shows the SEM images of SF-B-CoNiAl magnetic
composite at different magnifications. The magnetic com-
posite exhibits highly rough and porous surface morphology
with tiny particles distributed in the entire surface. This is
attributed to the presence of porous bentonite layers and
strontium ferrite nanoparticles that result in microstructure
surface morphology of composite. The high-magnification
image of SF-B-CoNiAl (Fig. 2) further confirms that the
strontium ferrite nanoparticles are homogenously decorated
on the surface of bentonite-CoNiAl, indicating excellent
intercalation and improved structure characteristics. More-
over, the SEM images after adsorption of MO and EBT
(Fig. 2) indicate the complete transformation of the porous,
rough surface into smooth and homogenous morphology.

The BET specific surface area and pore size of SF-
B-CoNiAl composite were analyzed using an adsorp-
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Fig. 2 SEM images of
SF-B-CoNiAl at different
magnifications before and
adsorption of dyes

tion/desorption isotherm in N2 environment. As presented
in Fig. 3, the isotherm at 0.05–1.0 P/P0 indicates an H3-type
hysteresis loop which depicts a type IV isotherm. The BET
specific surface area for the SF-B-CoNiAl was 206.23 m2/g
that was higher than many adsorbents reported in the liter-
ature [8, 47, 64]. This demonstrates that the SF-B-CoNiAl
composite exhibits mesoporous surface characteristics with
a comparatively high surface area.

3.2 Effect of Adsorption Parameters

3.2.1 Effect of Initial pH

Solution pH is a crucial parameter that influences removal
performance of dyes due to its impact on the adsorbent’s
surface charge, pollutants ionization degree, active sites func-
tional groups dissociation and the dye molecule structure
[3]. The pH impact on the SF-B-CoNiAl adsorptive perfor-
mance was studied at room temperature in the pH range of
2–10 with 30 mg/L concentration of dye (EBT and MO),
an adsorbent dosage of 10 mg, contact time 180 min and
shaking at 180 rpm. The results are shown in Fig. 4a. It was
observed that the removal of MO increased from 33 to 45%
as the pH increased from 2 to 4. At pH>4, the percentage of
MO removal showed a decreasing trend and reduced to 15%

Fig. 3 N2 adsorption–desorption isotherm of SF-B-CoNiAl

removal at pH 10. On the other hand, the removal of EBT
reduced significantly from 69 to 22% with an increase in pH
from 2 to 4. Further increase in pH value to 10 resulted in a
slight change in the removal of EBT. This behavior attributed
to the interaction between adsorbent and dye molecules at
different pHs and can be explained by point of zero charge
(pHPZC) of the adsorbent. Figure 4b shows the pHPZC of
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Fig. 4 a Effect of initial pH on the removal of MO and EBT (C0 �
20 mg/L; T � 298 K; dosage � 10 mg); b point of zero charge of SF-
B-CoNiAl; c effect of adsorbent dosage on MO & EBT removal (C0 �
20 mg/L; T � 298 K; pH � 4 (MO) and 2 (EBT)); d effect of contact

time on MO & EBT removal (C0 � 20 mg/L; T � 298 K; dosage �
10 mg, pH � 4 (MO) and 2 (EBT)); e effect of initial concentration of
MO & EBT on the adsorption capacity (time � 180 min, T � 298 K;
dosage � 10 mg, pH � 4 (MO) and 2 (EBT))
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SF-B-CoNiAl composite estimated using pH drift method is
7.21. At pH<pHPZC (i.e., pH 2–4), the surface of the SF-B-
CoNiAl was positively charged and strong interactions exist
between the adsorbent surface and anionic dyes (MO and
EBT) via electrostatic attractions. When the dye solution pH
was raised, the interaction of adsorbent and adsorbate weak-
ened due to reduction of positively charged sites. Moreover,
the lower removal ofMOandEBT at pH>pHPZC, (higher pH
values) is ascribed to the electrostatic repulsion between the
dyemolecules and negatively charged SF-B-CoNiAl surface.
Other different materials employed for anionic dyes uptake
exhibited similar behavior [36, 65]. The SF-B-CoNiAl com-
posite showed maximum removal of EBT and MO at pH 2
and pH 4, and these values were selected for later adsorption
experiments.

3.2.2 Effect of Adsorbent Dosage

It is well known that the number of accessible active
adsorption sites can considerably affect the efficiency of the
adsorption process. Therefore, the effect of SF-B-CoNiAl
composite dosage (2–25) mg on the adsorptive removal of
dyes (EBT and MO) has been investigated at 20 mg/L of
dye concentration, the contact time of 180 min and pH 4 (for
MO) and 2 (EBT), respectively. As depicted in Fig. 4c, both
dyes (MO and EBT) showed a sharp increase in removal as
the dosage increases from 0 to 10 mg, respectively. This is
due to the increased number of the active adsorption sites
with the increase in magnetic composite dosage resulting in
higher adsorption of dye. Further increase in dosage from 12
to 25 mg showed a slight or gradual increase in R for EBT
and MO, respectively. The maximum removal of 75.85%
and 69.25% for EBT and MO, respectively, was obtained at
dosage 25 mg. Based on dosage results, 10 mg was selected
for equilibrium and kinetic study experiments.

3.2.3 Effect of Contact Time

Under initial dye concentrations of 20 and 100 mg/L, the
influence of adsorption period was evaluated at pH 2 and pH
4 for EBT andMO, respectively, with an adsorbent dosage of
10 mg at varied contact time from 0 to 360 min. The results
presented in Fig. 4d indicate that the removal of both dyes
increased linearly with an increase in contact time from 0 to
60min. Beyond 60-min gradual change in the removal trends
of both dyes is noticeable. The percentage removal values of
(33 and 25%) and (69 and 40%) were obtained for MO and
EBT after 240 min by SF-B-CoNiAl at 20 and 100 mg/L
initial concentrations, respectively. The swift SF-B-CoNiAl
adsorptive performances tailed by slow adsorption could be
allied with the memory effect of CoNiAl along with higher
attractive behaviors between active sites surface functional

groups and the dyes molecules. A contact time of 180 min
was selected and used in the subsequent experiments.

3.2.4 Effect of Initial Concentration

The initial dye concentration in solution has a substantial
effect on the adsorption process, as it linked to the number
of dye molecules and the accessible active sites on the sur-
face of the adsorbent [66]. The effect of dye concentration
on the sorption performance of SF-B-CoNiAl is displayed in
Fig. 4e. Experiments were conducted at concentration rang-
ing from 10 to 200 mg/L, at pH 2 (for EBT) and 4 (for MO),
an adsorbent dosage of 10 mg and contact time of 180 min.
As shown in Fig. 4e, there is a substantial improvement in
adsorption capacity of magnetic adsorbent with the increase
in the initial concentration of both dyes. For instance, the
adsorption capacity of EBTonto SF-B-CoNiAl increased lin-
early when the initial EBT concentration was increased from
10mg/L to 200mg/L. Likewise, the adsorption ofMO on the
SF-B-CoNiAl showed a sharp increase up to an initial con-
centration of 150mg/L and then no changewas observedwith
further increase inMOconcentration to 200mg/L. Themaxi-
mum adsorption capacities for magnetic composite achieved
at an initial concentration of 200 mg/L EBT and MO were
310.25 and 135.23 mg/g, respectively. The higher adsorption
capacity of EBT compared to MO dye was due to the strong
interaction of EBT with the adsorbent functional groups.

3.3 Adsorption Kinetic Modeling

To estimate the dyes (EBT and MO) adsorption rate on
the SF-B-CoNiAl, pseudo-first-order and pseudo-second-
order models were used, and their respected linear plots
are depicted in Fig. 5. The estimated parameters of the
two applied models are given in Table 2. The correlation
coefficient (R2) value at the studied concentration (20 and
100 mg/L) is close to unity for second-order model for
both dyes. Moreover, the root-mean-square error (RMSE) of
pseudo-second-order model is lower compared to pseudo-
first-order model. This suggests that the kinetic data are
well described by pseudo-second order (R2 >0.99) and that
chemisorption mechanisms are involved for MO and EBT
adsorption onto magnetic composite. Based on the assump-
tion of themodel, the adsorption process ofMO and EBT dye
molecules onto SF-B-CoNiAl magnetic composite is mainly
controlled by chemisorption. Previously investigated mag-
netic adsorbents reported similar findings for remediation of
various anionic dyes [67, 68].

3.4 Adsorption IsothermModeling

The linear plots of the isotherm models (Langmuir, Fre-
undlich and Temkin) are displayed in Fig. 6. The estimated
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Fig. 5 Linear plots of (a) pseudo-first-order and b pseudo-second-order model of EBT and MO dye onto SF-B-CoNiAl (Co � 20 and 100 mg/L;
pH 2 (EBT) and 4 (MO); dosage � 5 mg; contact time � 0–240 min)

Table 2 Pseudo-first-order and
pseudo-second-order kinetic
model parameters for adsorption
of MO and EBT onto
SF-B-CoNiAl composite

Dye Co qe (exp) Pseudo-first order RMSE Pseudo-second order RMSE

qe k1 R2 qe k2 R2

MO 20 43.36 330.29 0.12 0.828 2.140 78.74 6.77 0.992 0.096

100 219.56 1719.8 0.13 0.850 2.216 285.71 5.19 0.996 0.018

EBT 20 102.56 804.32 0.13 0.845 2.146 153.84 5.81 0.990 0.055

100 329.61 1939.1 0.13 0.833 2.354 357.14 10.79 0.993 0.019

Fig. 6 Linear plots of Langmuir, Freundlich and Temkin isotherm models of EBT and MO dye onto SF-B-CoNiAl (Co � 10–200) mg/L; contact
time � 240 min; dosage � 5 mg; pH � 2 (EBT) and 4 (MO)

values of isotherm parameters are summarized in Table 3.
The higher values of Freundlich isotherm (R2 >0.99 (MO)
and 0.93 (EBT)) compared to Langmuir (R2 >0.90 (MO)
and 0.41 (EBT)) and Temkin (R2 >0.88 (MO) and 0.82
(EBT)) demonstrate that the sorption of EBT and MO onto
SF-B-CoNiAl is well described by Freundlich isotherm.
This indicates the heterogeneous surface nature of compos-
ite involving multilayer sorption. The respective maximum

adsorption capacity of SF-B- CoNiAl composite calculated
from Langmuir isotherm was 214.59 and 395.25 mg/g for
MO and EBT. Moreover, the values of Freundlich constant
(0>1/n <1) signify the favorability of (MO and EBT)-SF-B-
CoNiAl adsorption system. The isotherm results demonstrate
that the sorption mechanism of dyes involves multilayer
adsorption comprising electrostatic attraction and chemical
interaction between oxygen functionalities of adsorbent and
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Table 3 Adsorption isotherm
parameters of MO and EBT
onto SF-B-CoNiAl composite at
25 °C

Dye Langmuir RMSE Temkin RMSE Freundlich RMSE

KL qm R2 AT bT R2 K f 1/n R2

MO 0.009 214.59 0.904 0.09 0.052 38.64 0.888 17.02 4.64 0.65 0.993 0.08

EBT 0.008 395.25 0.415 0.11 0.041 12.19 0.827 23.28 4.22 0.85 0.934 0.27

Fig. 7 Regeneration cycles of SF-B-CoNiAl for removal of EBT and
MO dye

dye molecules. Similar results have been reported by Rang-
nath Ravi et al. [67].

3.5 Regeneration Performance

Reusability performance is an essential factor, which
assess the suitability of the adsorbent for commercial appli-
cations. Desorption of MO and EBT dye from SF-B-CoNiAl
was carried out by using 0.01 mol/L NaOH solution. The
adsorption efficiency of SF-B-CoNiAl composite for MO
and EBT after each cycle is summarized in Fig. 7. The adsor-
bent displayed relatively stable adsorption performance for
EBT in multiple adsorption/desorption cycles. The SF-B-
CoNiAl exhibited greater adsorption efficiency of approxi-
mately>50% up to three cycles with a reduction of about
15% in percentage removal after the third cycle, whereas the
removal of MO dye was dropped from 33.23 to 10.13% after
three cycles. The reduction in SF-B-CoNiAl of dye may be
attributed due to the loss of dynamic sites during the whole
adsorption–desorption progression. The results showed SF-
B-CoNiAl exhibits better reusability performance of EBT as

well asMOand suggested as a promisingmagnetic adsorbent
for remediation of anionic pollutants.

3.6 Comparison with Other Adsorbents

The sorption performance of magnetic bentonite-CoNiAl
composite for EBT and MO was compared with previously
reported adsorbents (Table 4). The results showed the mag-
netic composite exhibit higher sorption capacity, indicating
highly promising andpotential to use for the decontamination
of anionic dyes. It is important to note that most of the stud-
ies reported the maximum adsorption capacities of various
adsorbents for the removal of EBT and MO dyes at low pH,
i.e., 2–4. This limits the practical applications of these adsor-
bents for real wastewater. Although some studies reported
the successful application of adsorbents for the removal of
dyes at pH 6–6.5 that signify the application of such adsor-
bent in a real situation, the adsorbents surface characteristics
should be modified to enhance their adsorption capacity in
the pH range of 6 to 8.

4 Conclusions

In summary, a new adsorbent (SF-B-CoNiAl) was synthe-
sized and applied for the technique was the removal of
two selected anionic dyes (MO and EBT) from water. The
adsorbent showed tremendous performance and removed a
significant concentration of both the dyes. The superior per-
formance of the prepared adsorbent can be attributed to
the combined characteristics of layered double hydroxide,
bentonite and magnetic nature of the strontium ferrite. Fre-
undlich isotherm model best fitted the experimental adsorp-
tion data for both dyes signifying a multi-layered adsorption
phenomenon. The experimental adsorption capacity of SF-
B-CoNiAl was 329.61 and 219.56 mg/g for EBT and MO,
respectively. The prepared adsorbent was easily regenerated
and employed in three consecutive cycles with a minor loss
in adsorption capacity. On this basis, it was concluded that
the as-prepared SF-B-CoNiAl is a promising candidate for
removing MO and EBT from water.
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Table 4 Comparison of adsorption capacity of other adsorbents for removal of EBT and MO

Adsorbent pH Time (min)/temp (oC) Isotherm model/kinetic model qm (mg/g)* EBT/MO References

Eggshells powder (EgP)/SF 2/– 40/45 Langmuir/pseudo-second order 51.18/– [69]

NiFe2O4 magnetic nanoparticle –/6 10/25 Langmuir/pseudo-second order 47.0/– [70]

Hydrotalcite-like modified
bentonite

–/6.5 20/24 Langmuir/pseudo-second order –/333.3 [71]

Chitosan-saponin-bentonite (CSB)
composite film

–/4–5 180/30 Langmuir/pseudo-second order –/360.9 [72]

Magnetic mesoporous carbon 4 80/25 Langmuir/pseudo-second order –/110.81 [73]

Diatom-silica xerogel-ceria (DXC) 2 60/Room temperature Langmuir/pseudo-second order 47.02/– [74]

SF-B-CoNiAl 2/4 200/25 Freundlich/pseudo-second order 329.61/219.56 (exp) This study

*qm � maximum adsorption capacity
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