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A B S T R A C T

To elucidate the role of cationic dye for the enhanced adsorption of anionic dye over Graphene oxide(GO),
we have made a novel approach to evaluate the adsorption capacity of GO for removal of Congo red (CR)
from aqueous system in presence of Methylene blue (MB). Physicochemical and spectroscopic techniques
have been used to assertion the interaction of dye molecules with the surface of GO. At pH = 2, GO
possessed 96% adsorption capacity towards CR in presence of MB. The existing pH dependant
electrostatic interaction mechanism between CR and MB dye has been explained for enhanced CR
adsorption over GO surface. Fourier transform infrared spectroscopy and Raman spectrum of dye
adsorbed GO also gives well support to evaluate the extent of electrostatic interaction between oxygen
containing functional groups and functional moieties of dye resulting in good adsorption over GO surface.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Graphene oxide (GO), a 2D-allotrope of carbon has stimulated
significant interest in recent years due to its extraordinary
physicochemical and mechanical properties [1–4]. In fact, the
structure of graphite and graphene is almost clear, but the definite
structure of GO hasn’t concluded yet as its structure depends on
the synthesis process and the raw materials used. Generally, it is
accepted that most of oxygen atoms on GO are present in the form
of hydroxyl and epoxide functional groups on its basal planes and a
few in the form of carbonyl and carboxyl groups at the sheet edges
[5]. The presence of these oxygen bearing functional groups on the
GO surface render it as hydrophilic and high negative charge
density in aqueous medium. Through dispersion or stirring, GO
exists as single layer and forms stable colloid in solution phase for
which it can act as weak acid cation resin and adsorbs positively
charged species like organic molecules [6], metal ions [7], polymer
[8] and bio-molecules [9].

As civilisation is developing, the use of several organic dyes is
also increasing in various industries like cosmetics, food, textiles,
paper etc. The wastes from these industries are toxic and
carcinogenic in nature for which they badly influence the quality
of water resulting in various undesirable consequences [10].
Hence, design of efficient, novel and cost effective materials is very
important for dye removal by the process of adsorption, ion
exchange, coagulation, precipitation, oxidation, filtration etc. [11–
13]. Among all the processes, adsorption is versatile and simple,
easy and cost effective. In this regard many groups have reported
the adsorption capacity of GO for the removal of various organic
dyes. Wang et al. has reported GO possesses 351 and 248 mg g�1 for
Methylene blue (MB) and Malachite green (MG) respectively based
on Langmuir isotherm which is much higher than activated carbon
[14]. Sampath et al. investigated both cationic and anionic dye
adsorption over GO and reduced graphene oxide (RGO) and
explained all cationic dyes and anionic dyes can be efficiently
adsorbed over GO and RGO, respectively [15]. Barkauskas et al.
investigated the electrostatic interaction of NH2 and SO3 groups of
Congo red (CR) dye molecule with the oxygen containing
functional of GO in aqueous media [16]. Wang et al. reported
the influence of temperature, pH, ionic strength, and dissolved
organic matter (DOM) content on the adsorption capacity of GO for
MB [17]. Das et al. have studied factors affecting the removal of MG
using GO nano sheets [18]. As mixture of dyes is present in dye
effluents, it is important to develop versatile adsorbents for

* Corresponding author at: Academy of Scientific and Innovative Research
(AcSIR), Council of Scientific and Industrial Research, Anusandhan Bhawan, 2 Rafi
Marg, New Delhi 110 001, India.

E-mail addresses: paridakulamani@yahoo.com, kmparida@immt.res.in
(K.M. Parida).

http://dx.doi.org/10.1016/j.jece.2016.07.011
2213-3437/ã 2016 Elsevier Ltd. All rights reserved.

Journal of Environmental Chemical Engineering 4 (2016) 3498–3511

Contents lists available at ScienceDirect

Journal of Environmental Chemical Engineering

journal homepage: www.elsevier .com/ locate / je ce

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jece.2016.07.011&domain=pdf
mailto:paridakulamani@yahoo.com
mailto:kmparida@immt.res.in
http://dx.doi.org/10.1016/j.jece.2016.07.011
http://dx.doi.org/10.1016/j.jece.2016.07.011
http://www.sciencedirect.com/science/journal/22133437
www.elsevier.com/locate/jece


removal of both cationic and anionic dyes. To the best of our
knowledge no group have investigated the adsorption capacity of
GO towards anionic dye in presence of cationic dye.

Here in, we have studied the effect of MB presence on CR
adsorption over GO. The role of MB for the enhancement of CR
adsorption over GO surface is well explained on the basis of
possible electrostatic interaction mechanism between the existing
chemical structure of dye and GO, ultraviolet–visible spectroscopy
analysis of dye solution, Fourier transform infrared spectroscopy
(FTIR) and Raman analysis of dye adsorbed GO.

2. Experimental

2.1. Materials

Natural graphite powder and potassium permanganate
(KMnO4) were obtained from Sigma Aldrich chemicals; MB and
CR were procured from Alfa Aesar. Sulphuric acid (H2SO4),
Hydrochloric Acid (HCl) and Sodium nitrate (NaNO3) was procured
from Finar Chemicals Limited, Ahmedabad. The chemicals were
used as it is without any further purification.

2.2. Synthesis of GO

GO was prepared by modified Hummers-offman method [19].
About, 0.5 g of graphite powder with 0.5 g of NaNO3was suspended
in 23 ml of concentrated H2SO4, taken in a round bottom flask. It
was stirred for 15 min by a magnetic stirrer and then the container
with the suspended particles was kept in an ice bath. About 4 g of
KMnO4 was added slowly to obtain a purple-green colour solution.
Then it was transferred to a water bath and the temperature was
maintained around 40 �C. It was stirred for 90 min, then 50 mL of
deionised water was added and again stirred for 20 min. Then
20 mL of 30% H2O2 was added slowly to produce a golden- brown
sol. 50 mL of deionised water was added to it and the resultant
solution was centrifuged and washed several times with deionised

water to adjust the pH 6. Finally, the obtained product was dried at
80 �C for 24 h.

2.2.1. Preparation of mixed dye solution
The mixed dye solution of CR with MB i.e. CR + MB was prepared

by mixing 100 ppm solution of CR and MB.

2.3. Adsorption experiment

The adsorption experiment for all the dyes was carried out in
100 ml stopper conical flasks with constant stirring for 1 h in dark
by taking 0.02 g of GO in 20 mL of 100 ppm dye solution. After
completion of the adsorption, the resulting colloidal solution was
centrifuged to separate the GO particles. Then the concentration of
the dye molecule was measured by using ultraviolet–visible
spectrophotometer (Varian Cary 100 spectrophotometer) at
appropriate wave length. The absorbance was measured at lmax

of 497 664, for CR and MB respectively. For kinetics measurement,
samples were withdrawn at regular time intervals and analysed for
dye concentration. The dye loaded adsorbent was further
characterised by FTIR and Raman analysis.

2.4. Analytical characterisation of GO

The prepared GO was characterized by Powder X-ray diffraction
pattern (PXRD), FTIR spectroscopy, and Raman spectroscopy. The
X’pert PRO PANalytical diffractometer (Netherlands) was used to
record the PXRD patterns with automatic control. The analysis
patterns were done with monochromatic Cu-Ka radiation from
2u = 10–70� with a scan rate of 2 min�1. Raman spectra were
recorded using Renishaw inVia Reflex (Serial No.- H33197). Here,
Ar-ion was used as leaser source with wave length of 514 nm. FTIR
spectra in absorbance mode were taken on a FTS 800 (Varian,
Scimitar series (Australia)) in the range 4000–400 cm�1 on a KBr
wafer.

Fig. 1. XRD profile of GO.
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