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INTRODUCTION

The widespread applications of organic dyes especially
azo dyes in various industries such as textile, leather treatment,
paper, printing, plastics, pharmaceuticals, tannery, solar cells,
etc. [1-8] has resulted in a vast amount of contaminated effl-
uents. Out of 800,000 tons of synthetic dyes that are produced
annually, approximately 30 % of which has been deprived dire-
ctly into the environment. Since the such effluents are highly
toxic, colour-persistent, have high chemical oxygen demand
and low bioavailability, thus untreated wastewater containing
toxic dyes could cause serious water pollution and when being
used for irrigation, render the soil uncultivable. In addition,
dye wastewater is also harmful for human health as they repor-
tedly the cause for various types of cancer, allergy, dermatitis,
mutation and skin irritation [9,10].
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In this paper, a potentiality of magnetic expanded graphite material (EG@CoFe2O4) for the adsorptive removal of Congo red, an anionic
azo dye, from aqueous solution was studied. The experiments were carried out in batch mode in which various experimental conditions
including contact time, initial dye concentration, adsorbent dosage and pH were varied and their influences on the adsorption yield were
investigated. The surface of the adsorbent before and after the removal of the dye was characterized by using FT-IR analysis. Maximum
adsorption of dye was achieved at pH 6. The adsorption capacity of Congo red onto EG@CoFe2O4 was found to be as high as 101.2 (mg/g),
which is higher than the adsorption capacity of the CoFe2O4 (45.7 (mg/g)). These results suggested the use of expanded graphite materials
as an efficient adsorbent for decontamination of Congo red dye from factory effluents.
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Among various treatment techniques for dye wastewater
adsorption emerges due to its advantages including improved
efficiency, potentially low cost and effortless implementation
[11-16]. However, the cost of techniques depends mainly on the
sorbent material used and its requirements on pre-treatment
processes, making material selection for adsorption applications
for Congo red dyeucial. One of the notable adsorbents emerging
in recent literature is expanded graphite. An expanded graphite
is porous and especially effective when it comes to adsorption
of organic compounds such as organic dyes and heavy oils
[17-20]. However, the main drawback of expanded graphite,
which is the small particle size and high dispersion, might restrict
recovery, recyclability and in turn the scalability of the material
in practical applications. To remedy, manipulation of magnetic
properties has been proposed as a feasible strategy to extend its
applications by electromagnetic collection.



In previous reports, successful introduction of CoFe2O4

magnetic particles to expanded graphite via sol-gel method has
been found to enhance magnetism of as-synthesized EG@CoFe2O4

[21,22]. In addition, further sorption evaluation of EG@CoFe2O4

revealed that in comparison with diesel and Congo red dyeude
oil, a material showed greater sorption capacities against fuel
oil, suggesting its suitability for oil spill treatment [23,24]. Despite
that such reported capabilities were insufficient for organic dye
removal from water and required further improvement.

In this study, an adsorption efficacy of magnetic expanded
graphite material (EG@CoFe2O4) for Congo red dye, a typical
anionic dye, from aqueous solution was explored. By perfor-
ming batch operations, influence of various experimental para-
meters including initial dye concentration, material dosage,
initial pH and contact time on the adsorption efficacy was deter-
mined. The obtained results are expected to contribute to improve-
ments on the existing adsorption processes using EG@CoFe2O4

material.

EXPERIMENTAL

Magnetic expanded graphite material (EG@CoFe2O4) was
prepared by adding magnetic particles CoFe2O4 to expanded
graphite through sol-gel process [25,26]. Congo red dye was
purchased from Guangzhou Chemical Reagent Company.
Other chemicals and reagents were of analytical reagent grade
and used without further purification. A multi-parameter anal-
yzer (Consort, Belgium) was utilized to measure pH of the
solutions and NaOH (0.1 M) or HCl (0.1 M) was used to adjust
the initial pH. The UV-visible spectra were recorded using the
UV-visible spectrophotometer within the wavelength range of
200-800 nm.

Batch experiments: A pre-determined amount of dye was
dissolved into distilled water to produce a stock solution of
100 mg/L. Adsorption experiments were performed by mixed
0.05g of EG@CoFe2O4 and CoFe2O4 with 100 mL of Congo
red dye solution in a 250 mL beaker. The equilibrium adsor-
ption capacity and removal efficacy was calculated as follows:
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where Co and Ce are the initial and equilibrium concentration
of Congo red dye (mg/L), respectively; V is the volume of dye
solution, and m is the mass of EG@CoFe2O4 and CoFe2O4,
respectively.

RESULTS AND DISCUSSION

Effect of contact time: Fig. 1 visualized adsorption varia-
tions of Congo red dye onto EG@CoFe2O4 and CoFe2O4 adsor-
bent with respect to different contact times (0-240 min) and
concentrations (20-60 mg/L). In this experiment, a dosage was
kept at 0.05 g. In general, adsorption of both adsorbents showed
positive relationship with time and initial dye concentrations.
In addition, an adsorption equilibrium was attained in both
materials after 1 h of reaction. In comparison with CoFe2O4, a
striking feature of EG@CoFe2O4 was the rapid increase in adsor-
ption capacity, which almost reached the peak swiftly. This was
mainly due to the abundance of active sites on EG@CoFe2O4

surface and weak internal diffusion resistance in the beginning.
The time of 180 min was selected in further experiments because
increasing the time post 30 min had negligible changes in adsor-
ption.

Effect of initial concentration of dye: Since the adsorbate
species that could be adsorbed is limited and proportional to
the adsorbent amount, determining the initial concentration
plays a key role in optimizing the adsorption process. Fig. 2
demonstrates the relationship between the amount of dye adsorbed
(qt) at varying initial dye concentrations (20, 30, 40, 50 and
60 mg/L). Overall, in Congo red dye easing initial concentration
of dye induces noticeable changes on the dye removal. How-
ever, an increase in dye removal slowed down at higher concen-
trations and started to diminish after reaching the equilibrium.
When the initial dye concentration increased from 20 ppm to
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Fig. 1. Effect of contact time on the adsorption of Congo red onto EG@CoFe2O4 and CoFe2O4
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60 mg/L, the sorption capacity of EG@CoFe2O4 increased from
38.25 to 101.2 mg/g while for CoFe2O4 an increase from 28.74
to 38.65 mg/g was observed. Thus, magnetic CoFe2O4 decorated-
exfoliated graphite for adsorptive removal of Congo red dye can
used as adsorbent at higher concentrations than magnetic CoFe2O4.

Influence of pH: Fig. 3 showed an adsorption capacity
of Congo red dye onto EG@CoFe2O4 and CoFe2O4 at different
pH levels. In solution, an existence of molecular ions in the
form of ionization/dissociation can influence on absorbability
of EG@CoFe2O4 and CoFe2O4 for Congo red dye. As seen from
Fig. 3, an adsorption capacity of Congo red dye onto EG@
CoFe2O4 and CoFe2O4 declined rapidly as the pH was elevated
from 2.0 to 12.0. The optimum pH that induces the maximum

adsorption of Congo red dye was 6 and 4 for EG@CoFe2O4 and
CoFe2O4, respectively. This result can be explained due to the
prevalence of proton in aqueous solution at low pH, which
might results in the formation of positive charges on the surface
of EG@CoFe2O4, leading to enriched electrostatic repulsion
between surface of EG@CoFe2O4 and dye molecules [25-27].
This result also suggested that low pH can be unfavourable
for the adsorption of Congo red dye. Similarly, on increasing
the pH of Congo red dye solution induces a decline in the adsor-
ption yield. The main reason is due to electrostatic repulsion
between negative charge Congo red dye molecules and surface
of EG@CoFe2O4. Hence, a weak or neutral acid is a suitable
condition for Congo red dye adsorption toward EG@CoFe2O4.
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Effect of adsorbent dosage: The effect of EG@CoFe2O4

and CoFe2O4 dosage on the removal of Congo red dye in aqueous
solution is shown in Fig. 4. Visually, an optimal dosage for the
highest adsorption yield of Congo red dye (101.2 and 38.9 mg/g
for EG@CoFe2O4 and CoFe2O4, respectively) could be optimum
at 0.05 g/L. With the addition of sorbent mass from 0.03 to
0.05 g, it was found that an absorbability of EG@CoFe2O4

increased from 70.8 to 101.2 mg/g. However, further increasing
a dosage amount from 0.06 and 0.07 g decreased the adsorption
capacity to 90.7 and 80.1 mg/g, respectively. This trend was
also observed similar for CoFe2O4 (Fig. 4b). According to
previous studies [28,29], the initial dose of dye can provide a
limited adsorption site and absorb a fixed amount of adsorbate.
Meanwhile, excessively high adsorbent dosage will decrease
the utilization ratio of active sites, therefore hindering the
equilibrium adsorption capacity of EG@CoFe2O4 adsorbent.
Therefore, a dosage of 0.05 g/L was selected as the optimal
EG@CoFe2O4 dosage for removal of Congo red dye.

FT-IR spectra of EG@CoFe2O4 after adsorption of
Congo red dye: Fig. 5 displayed FT-IR spectra of the as-synthe-
sized EG@CoFe2O4 and the Congo red dye loaded adsorbent
in the wavelength ranging from 4000 to 400 cm-1. The existence
of several peaks could be assigned to various functional groups
that form EG@CoFe2O4 and contribute to the binding of dye
molecules. The characteristic absorbance bands at 3400, 1639
and 1191 cm-1 corresponds to the stretching of O-H, carbonyl
C=C and both C-O-C & C-O, respectively. The absorption peaks
and peak intensity in the spectrum of Congo red dye loaded
EG@CoFe2O4 were different from bare EG@CoFe2O4. This
was consistent with a previous study where saw dust was used
as an adsorbent to remove tartrazine dye from aqueous solution
[30-32]. To be specific, a peak at 1511.9 cm-1 and the peaks
ranges from 698.41 to 880.64 cm-1 found to disappear from
EG@CoFe2O4 spectrum, indicated the degradation Congo red
dye molecules. While a peak at 1511.9 cm-1 represents the
material bond and peaks from 880.64 to 698.41 cm-1 could be

assigned to the benzene ring structures of the parent Congo
red dye. These results suggested the role of functional groups
on the surface of adsorbent in the adsorption process of dye
ions. Since weak electrostatic interaction or van der Waals forces
might be involved in the adsorption process and also concluded
that chemical bonding did not take place.

Comparison with other adsorbents: The maximum Congo
red dye adsorption capacity (Qm) of EG@CoFe2O4 composites
and other synthesized adsorbents are summarized in Table-1.
The maximum monolayer uptake capacity of EG@CoFe2O4

composite was superior to various types of sorbents (magnetic
core-manganese oxide shell, chitosan/montmorillonite nano-
composite, acid-activated bentonite, magnetic (Fe3O4) cellulose
activated carbon, magnetic nanocomposite of activated charcoal,
anilinepropylsilica xerogel), etc. [33-41]. This highlight the
high potential ability of EG@CoFe2O4 composites for the de-
contamination of Congo red dye from industrial discharges.

Conclusion

Magnetic expanded graphite material (EG@CoFe2O4) was
experimentally characterized for removal capacity of anionic
azo dye Congo red from aqueous solutions. It was found that

TABLE-1 
ADSORPTION CAPACITY OF CONGO  
RED ON DIFFERENT ADSORBENTS 

Adsorbent Qm 
(mg/g) 

Ref. 

Magnetic core-manganese oxide shell 42.00 [44] 
Chitosan/montmorillonite nanocomposite 54.52 [45] 
Mesoporous activated carbon 189.00 [46] 
Fe3O4 particles 97.62 [47] 
Acid-activated bentonite 61.50 [48] 
Magnetic (Fe3O4) cellulose activated carbon 66.09 [49] 
Nanosized rod-like hydroxyapatite particles 337.33 [50] 
Magnetic nanocomposite of activated charcoal 46.80 [51] 
Anilinepropylsilica xerogel 22.62 [52] 
EG@CoFe2O4 composites 101.20 This study 
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initial solution pH, initial dye concentrations, contact time,
and adsorbent dose all contribute to the variations in dye adsor-
ption, where initial concentration and pH seemed to be important
parameters. An optimum initial Congo red dye concentration
was 60 mg/L and optimal pH was approximately 6 to achieve
maximum adsorption. In comparison with reported adsorbents
in terms of Congo red dye removal, EG@CoFe2O4 seems to
be a an excellent candidate for removal efficiency of around
101.2 (mg/g) resulting in a nearly colourless solution when
used.
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