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A B S T R A C T

Worldwide, the removal of organic effluent dyes from domestic water is of high need due to the lesser avail-
ability of drinking water. In the present work, we reported on the synthesis of partially exfoliated graphite from
corn cob and its ability to adsorb halogenated organic dyes. The synthesis of partially exfoliated graphene (PEG)
showed the ability to adsorb the organic dyes at a quick time of about 5 s, even without any additional me-
chanical and radiation requirements. The adsorptive behavior of partially exfoliated graphite was conducted in
an ambient condition, in the presence of halogenated organic dyes such as Methylene blue (MB) and Rhodamine
B (RhB) as the adsorbate model. From the UV–vis absorption studies, it was observed that 1mg of this sample
had the efficiency to adsorb 0.1 mg/mL of MB and 0.01mg/mL of RhB with the adsorption efficacy of 45 % and
75 %, respectively. The adsorption performance was well fitted with non-linear Gaussian regression plot for MB
(R2=0.9841) and RhB (R2=0.7781).The photoluminescence studies also show that decreases in the intensity
from the initial concentration of the MB and RhB dyes. The deconvoluted photoluminescence spectrum for both
MB and Rh B showed peak broadening with peak shift for MB and the merged peaks for Rh B. The results
suggested that, the partially exfoliated graphite can be utilized as an efficient low cost recyclable adsorbate for
organic dye domestic effluent at low cost and also at a sustainable way. The partially exfoliated graphite also
observed the possibility of hydrogen evolution reaction and opens the option of metal doping for futuristic
applications.

1. Introduction

Organic dyes are widely used in the industries of pharmaceuticals,
food, paper and pulp manufacturing; additives for plastics, dyeing of
cloth, leather treatment and printing industries. During dying process, a
large amount of dye has been mixed as effluent in domestic water
bodies [1–4]. This caused lot of health issues such as skin irritation,
contact dermatitis, permanent blindness, acute tubular necrosis super-
vene, vomiting gastritis, hypertension, vertigo and respiratory distress
[5]. Some of these dyes are highly toxic to the environment as these
highly concentrated colored dyes can inhibit the penetration of sunlight
and oxygen, this in-turn alter the chemical oxygen demand (COD) and
biochemical oxygen demand (BOD) values, essential for aquatic life [6].
In 2012 Rio Earth Summit, the topic of scarcity of non-contaminated
water and growing need of drinking water was taken as one of the main

issue need to be addressed at the earliest [7,8]. Worldwide, nearly
800,000 tons dyes were produced per year and out of this, about 10–15
% dyes are lost during processing in textile industry [9]. Removal of
these kind of halogenated and non-halogenated dyes from industrial
wastewater is very essential, but in most of the cases without neu-
tralization it is often coming out in the form of an effluent and mixed
with domestic water [10,11]. Hence, it is a very essential point to
consider this issue from an environmental and economical concern.
There are several approaches such as photocatalysis [12], thermal
treatments and particulate based filtration, adsorption [13] etc. that led
to eliminate these dyes mixing in domestic water [14]. Among these,
adsorption is the versatile, efficient and cost effective methods for re-
moval of these dyes from the wastewater effluents [15–17]. The dyes
adsorbed by adsorption techniques also have the possibility to recycle
and reuse for future applications. In general, most of the dyes are man-
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made organic chemical contaminants [18], which includes haloge-
nated, non-halogenated and pharmaceutical contaminants. The per-
centage of halogenated contaminants (e.g. Crystal violet, Eosin, Me-
thylene blue, Safranin, Rhodamine B etc.) in textile effluents is higher
compare to non-halogenated and pharmaceutical contaminants
[19–24]

Conventionally, activated carbons are used for water purification
for the particles in the range of 1mm. Carbon based materials such as
graphite, graphene, graphene oxide and carbon nanotubes are widely
used in water purification due to its high surface area, ease of chemical
or physical modification, excellent capacity for microbial disinfection
and removal of both organic and inorganic contaminants
[19,20,25–28]. Among these, carbons based materials, biomass derived
graphene materials for removal of organic contaminants is less ex-
amined [29,30]. Some of the earlier reports on biomass include acti-
vated carbon production from corn cob [31], coconut shell/coir [32],
rice husk [33,34], and wheat bran [35,36], used as sorbents for removal
of water contaminates. The utilization of graphene based compounds
from biomass paves a way to remove or denatures the particular con-
taminate at a cost effective technique [37–39].

Even though, lot of literature are reported on graphene oxide syn-
thesized from graphite source for removal of contaminated dyes
[40–44], very less paper has reported on the property of partially ex-
foliated graphite (PEG). Partially exfoliated graphite can be synthesized
at lesser cost, lesser time and at higher yield compare to graphene
oxide, which needs additional reducing conditions. Herein, we ex-
emplified the possibilities of deriving partially exfoliated graphite corn
cob. Worldwide each year more than 14 million metric tons of corn has
been produced and the cob. However, it has been widely used for li-
vestock with a limited application as manure and toilet papers after
chemical modifications. The PEG obtained from corn cob has been
employed to examine as a low cost absorbent for the removal of halo-
genated contaminant dye such as methylene blue(MB) and Rhodamine
B (RhB).

2. Experimental techniques

2.1. Synthesis of partially exfoliated graphite

All the chemicals were purchased as an analytical grade and used
without further purification. In-house prepared biochar of corn cob is
used as source for synthesis of PEG. Hydrochloric acid (A.R grade),
sulfuric acid (A.R grade), nitric acid (69 %), orthophosphoric acid (88
%), hydrogen peroxide (30 %), and potassium permanganate (98.5 %),
were procured from Merck (U.S.A). Corn was collected from the
farming land of Thiruvannamalai in India and was dried under sunlight.
Once the kernels were dried, it was removed and the corn cob was
sliced into thin pieces and washed with double distilled water to
eliminate the adhered particulates. Dried corn shell of 35 g was sliced
and washed thrice with double distilled to remove the impurities. Later
it was dried overnight at 100 °C to remove the moisture and utilized to
prepare graphite with a yielded of about 6 g.

In details, the washed and dried corn cob was pyrolized at 900ºC for
three hours in the presence of N2/Ar atmospheric to eliminate any or-
ganic polymers and the resultant will be the graphite biochar (Fig. 1a)
[45]. This graphite was used for synthesis of PEG by improved Hum-
mers method [46]. 100mg graphite was taken in 10mL of 1M HNO3 at
75°C and stirred for 1 h. The above mixture was then kept in an ice bath
maintained at 10°C, followed slow addition of 0.3 g of KMnO4and
12mL of H2SO4 and this oxidizing reaction was allowed to happen for
30min. Later 130mL of H3PO4 was added and maintained at the
temperature of 60°C for 24 h, this reaction was completed with addition
of 100mL of H2O2 quenching agent. The resultant PEG was washed
with concentrated HCl to remove any unreacted compounds and wash
with water until it reaches the pH 7 and dried at 120°C for 24 h. The
PEG produced by this method has 75 % yield percentage which is very

high compare to other chemical method of preparing graphene oxide.
Other important advantages of this method are simple protocol, re-
duction of evolution of toxic gases during reaction and can able to
synthesis at the commercial scale. Fig. 1 (b) shows a schematic re-
presentation of synthesis of partially exfoliated graphite from biochar.

2.2. Characterization techniques

Raman spectroscopy (LabRAM-laser wavelength-633 nm, France)
was used to measure the formation of graphite and partially exfoliated
graphite. FTIR spectra were recorded using FTIR spectroscopy (Jasco
FT/IR -6600, U.S.A) in between 4000 to 400 cm−1 to confirm the
functional groups in the graphite, and partially exfoliated graphene
oxide. The morphology of the samples was observed using Scanning
Electron Microscopy (Hitachi-N3400, Singapore). Prior to SEM ana-
lysis, the surface was coated with gold using ion sputtering technique
about 7 s in order to obtain a secondary electron signal.
Photoluminescence analysis was carried out using Molecular devices-
spetraMax equipment and the PL spectra were deconvoluted using fityk
software. Electrocatalytic studies were carried out using Cyclic
Voltammetry (Biologic Instrument - SP 300, France).

2.3. Dye adsorption experiments

Adsorption studies for both methylene blue (MB) and Rhodamine B
(RhB) dye were carried out by the addition of 1mg of partially ex-
foliated graphene oxide to 2mL of different concentration of dyes. The
concentration of MB dyes was prepared with two different concentra-
tions one is1 mg of dye in 10mL of double distilled water and another
in 5mg of dye and Rhodamine B in 500mL of double distilled water.
For Rhodamine B, 5mg dye was dissolved in 500mL of double distilled
water. The concentrations of dyes were measured using UV–vis spec-
troscopy at the wavelength of maximum absorbance intensity. The
adsorption efficiency of the dye was calculated by the following equa-
tion [47,48]:

=
−

×
Co C

Co
adsorption efficiency R (%) [ ( ) ] 100

where Co and C denotes that the initial (before adsorption) and final
(after adsorption) concentration of dyes in mg L−1, respectively.

2.4. HER activity studies

To study on electrocatalysts, the sample ink was prepared in the
ratio of 1:1:1 (water/isopropyl alcohol/Nafion) and then it was soni-
cated for 3 h. From this, 100 μL of prepared solution was added to
prepare slurry into the presence of 5mg of catalyst, which was again
sonicated for 30min. The prepared catalyst ink was then coated on the
GCE and followed by that the modified electrode was allowed to dry it
at room temperature. All the experiments were studied on the GCE in
the presence of 1M of H2SO4 solution using standard three electrode
system at a slow scan rate 5mV S−1 [49].

3. Results and discussions

3.1. Structural analysis

Raman spectroscopy is a sensitive fingerprint technique for the
analysis of carbon and its derivate. Fig. 2(a) shows the Raman spectrum
of graphite and PEG. The characteristic D and G bands for graphite are
at 1324 cm−1 and 1597 cm−1 and for PEG the peaks are at 1340 cm−1

and 1593 cm−1, respectively. The characteristic D band is attributed to
the distortion of carbon structure or defect in layered graphite and the
G band corresponds to ordered graphite layers. The relative Raman
intensity ID/IG ratio for graphite and PEG are 1.2 (higher disorder/de-
fect density), and 0.9, respectively. This indicates that compare to
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graphite, PEG has graphitic nano sheets with increase in magnitude of
graphitization by removal of functional group by exfoliation [50,51]

The typical XRD spectrum of graphite and PEG is shown in Fig. 2
(b), which indicates that graphite and PEG consists of microcrystalline
graphite with hexagonal structure (JCPDS # 656212). It could be
clearly shown there is two broad peaks at 21.8° and 43.7° for graphite
and 23.7° and 42.3° for PEG, corresponding to (002) and (100) planes of
graphene respectively [52]. There is a shift in the (002) plane peak
around 2° towards higher degree depicts that compare to graphite, the
exfoliated PEG shows well-arranged planner arrangement due to che-
mical and thermal treatments. The graphite peak is also showing lesser
intensity compare to PEG and shows similar peak as graphene, due to
the production of graphite from the biomass.

Fig. 2 (c) represents the FTIR spectrum of raw corn cob, graphite,
and PEG. The raw corn cob spectrum has the band around 1628 cm−1

corresponds to the cellulose functional group. The next band approxi-
mately at 1601 cm−1, 1523 cm−1, and 1433 cm−1 refers to the aro-
matic skeletal vibration of lignin, followed by the band around
1322 cm−1, 1245 cm−1, 1154 cm−1 and 1032 cm−1 are the evidences
of hemicellulose. The recorded band at 890 cm−1 corresponds to the β-
(1→4) glycosidic bands between the xylose units in the hemicellulose
[45,53]. The obtained graphite spectra possess quite a broad band
around 1032 cm−1 to 1536 cm−1 is difficult to assign, owing to several
superimposed peaks, the smaller peak at 1685 cm−1 is attributed to C]
O vibration, corresponds to the carbonyls and carboxylic group. The
synthesized PEG has higher intense peak around 1708 cm−1 and
1582 cm−1 compared with graphite, which is evidences, the presence of

higher oxygen functional groups. The peak at 1572 cm−1 and
1712 cm−1 are attributed to C]C stretches with highly conjugated
carboxyl groups and C]O stretching with conjugated aromatics, re-
spectively [45,54].

3.2. Morphological studies

The SEM images of the raw corn, graphite, and partially exfoliated
graphite is given in Fig. 3. The magnified surface of raw corn cob
(Fig. 3a) shows wrinkled double gauze like structure. The thermal
treated graphite surface has a porous structure (Fig. 3b). These porous
structures were formed due to the evaporation of cellulose which was
confirmed from FTIR and the breaking of carbon-carbon bond between
the cellulose structures during pyrolysis. Fig. 3c confirms the formation
of PEG from graphite biochar from the repetitious wrinkles on the
surface. The elemental composition was confirmed from EDAX spec-
trum 3(e–f), which indicates that there exists only carbon in graphite
and carbon with oxygen in PEG.

3.3. Dye adsorption studies

3.3.1. Adsorption of methylene blue dye
The adsorption of organic dye in the presence of PEG at various

concentrations at room temperature was observed and given in Fig. 4.
In this work, adsorbent (PEG) quantity was fixed as 1mg/ 2mL and the
concentration of dyes (methylene blue and Rhodamine B) were varied.
Generally, 10mg/1 L (i.e. 0.02mg/2mL) concentration of dye was used

Fig. 1. Schematic representation of (a) Preparation of graphite from biomass and (b) Synthesis of PEG by improved hummers method.

Fig. 2. (a) Raman spectrum, (b) XRD spectrum and (c) FTIR spectrum of graphite and PEG.
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Fig. 3. SEM images of (a) raw corn cob, (b) graphite, (c) partially exfoliated graphene and their corresponding EDX represented in d to f.

Fig. 4. UV–vis absorption spectrum (a) MB at low concentration(0.02 mg/2mL) in the presence of PEG and its (b) absorption efficacy; (c) MB at higher concentration
(0.19mg/2mL)in the presence of PEG and its (d) absorption efficacy (Inset: photograph of different concentration of MB along with PEG before and after adsorption).
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in most of the literature for dye degradation studies [55–58]. The
measured quantity of the dye was added in the presence of PEG and the
UV spectra were observed at ambient condition. At lower concentra-
tion, there was visible absorption of dye with in few seconds (∼5 s) and
each reading with respect to the increasing in concentration was re-
corded and shown in Fig. 4a and c.

In order to compare our adsorption results with the degradation
results of above mentioned concentration, adsorption gradient studies
with fixed adsorbate (PEG) has been studied and given in Fig. 4a. The
calculated adsorption efficacy for the standard dye concentration
(10mg/1 L) was found to be around 82 % (Fig. 4b), which is very high
compare to the photocatalytic based degradation studies [59–61], that
too within quick adsorption time and without any external photon/
thermal activation. In order to observe the maximum adsorption effi-
cacy of PEG, the concentration was increased 10 times from 0.04mg/
2mLto 0.19mg/2mL and its absorbance spectra (Fig. 4c) was observed
and its respective adsorption efficacy (Fig. 4d) has been calculated.
Even for higher concentration for 0.19mg/2mL, the adsorption effi-
cacy was found to be 35 %, which is very much higher compare to the
earlier reports [59–61]. At higher concentration, the adsorption per-
centage reaches saturated due to accumulation of active sites in PEG by
methylene blue dye.

3.3.2. Adsorption of rhodamine B
Similar to adsorption studies of low concentration of MB with PEG,

RhB was taken at the standard concentration of 10mg/1 L (i.e.
0.02mg/2mL), shown in Fig. 5. The adsorption of Rh B also occurred at
quick time in ambient condition [Fig. 5a]. However, the adsorption
percentage is lesser compare to MB. The maximum adsorption per-
centage for 0.02mg/2mL is 74 %, with the maximum adsorption per-
centage reaches around 80 % for low concentration of dyes, shown in
Fig. 5b. Even though the difference in the adsorption activity between
these two dyes is only around 1.1 %, this small difference could be due
to the interaction of the dyes with the PEG active sites.

3.3.3. Photoluminescence studies of PEG with organic dyes
The photoluminescence emission spectra of MB dye (0.02 mg/

2mL), MB dye (0.02mg/2mL) with PEG and MB dye (0.19 mg/2mL)
excited at λ=625 nm is given in Fig. 6. The emission spectra were
observed to be at 695 nm and 705 nm for pure MB and higher con-
centration of MB with PEG, respectively. There is feeble emission peak
for lower concentration MB is observed compare to pure and higher
concentration of MB with PEG. Further, the deconvolution photo-
luminescence emission spectra of MB and MB (higher conc.) with PEG

has shown two peaks with the χ2= 1. For MB, the maximum energy of
the fitted peaks is at the region of 1.74 eV and 1.79 eV, for MB with
PEG, the peak values are at 1.73 eV and 1.78 eV. This shows that the
peaks are narrowed at higher concentration with shift in the energy
level. The photoluminescence emission spectra of Rh B and Rh B with
PEG, excitation at λ=520nmis given in Fig. 7. The decreases in the
emission intensity of RhB in presence of PEG can be easily compared
that of the earlier adsorption studies. The deconvoluted spectra of pure
Rh B consist of seven peaks, whereas for Rh B with PEG it shows only
three peaks with the maximum energy at 2.15 eV, 2.06 eV and 1.95 eV.
The decrease in the number of peaks may be due to the merging of
peaks at lower intensity with peak broadening compare to the pure dye.

3.3.4. FTIR analysis of organic dye with PEG
Fig. 8a shows the FTIR spectrum of MB dye and MB with PEG. For

pure MB, the band around 2809 cm−1 and 2715 cm−1 corresponds to
the stretching vibration of eCH aromatic and eCH3 methyl group, re-
spectively. Further, the band at 1607 cm−1 to 1351 cm−1 attributed to
the aromatic ring stretching in MB and the band corresponding to the
C]C skeleton of the aromatic ring were obtained at 1171 cm−1 [62].
For Rh B, the bands at 1594 cm−1, 1414 cm−1, 1395 cm−1 and
928 cm−1 confirms the presences of C]C aromatic, eCH3, C]N, and
CeH aromatic vibrations respectively. The absorption band around
1740 cm−1 and 1054 cm−1 ascribed to antisymmetric vibrations of
carboxylic (eCOOH) group, and stretching vibrations of oxygen contain
alkoxy CeO group, respectively, is given in Fig. 8b [47]. After ad-
sorption of both the dyes by PEG, there is no variation in the band
position of the dye molecule, which confirms that the molecule does not
degrade in the presence of PEG and which can be utilized for further
recycling process.

3.4. Hydrogen evaluation studies (HER)

The HER catalytic studies carried out for the graphite and partially
exfoliated graphite is shown in the Fig. 9. The LSV curves (Fig. 9a) of
graphite and PEG showed an onset potential of -0.44 V and -0.59 V,
respectively. The comparison of HER activity with earlier reports is
given in Table 1.

The possible hydrogen evolution reaction mechanism is a combi-
nation of the following reactions as follows,

Reaction mechanism I: Volmer reaction: H3O+ + e−→ Hads +
H2O

Heyrovsky reaction: Hads + H3O+→ H2 + H2O
Reaction mechanism II: Tafel reaction: Hads + Hads→H2

Fig. 5. UV–vis absorption spectrum (a) Rh B in the presence of PEG and its (b) absorption efficacy (Inset: photograph of lower concentration of RhB along with PEG
before and after adsorption).
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The fitted Tafel plot of graphite and PEG with the Tafel equation,
n= a+b log j (where ‘a’ is the constant, b is the Tafel slope and j is the
current density) is given in Fig. 9b. The obtained Tafel slopes are296
mV/dec and 153mV/dec for the graphite and PEG, respectively. From
this, the calculated over potential was 482mV and 269mV for the
graphite and PEG, respectively. Hence from these results it is observed
that, PEG samples have faster catalytic rate and evidenced for higher
HER activity compared to graphite. During the electrochemical per-
formance, in PEG, owing to the nano regime size effect it provides
higher active surface sites and hence there is an occurrence of un-
expectedly continuous hydrogen evolution reaction [26].

4. Conclusion

This work explores the new possibilities of low cost partially

exfoliated graphite prepared from biomass corncob using improved
Hummers method at a higher yield. The prepared partially exfoliated
graphite also showed a potential ability as a cost effective adsorbent for
the removal of halogenated organic dyes from domestic effluents
without additional radiation. The prepared PEG adsorbent showed the
excellent adsorbate efficiency of both dyes in water even in at higher
concentration. From the FTIR results, it was concluded that the dye was
absorbed without any functional damage and hence opens the venture
for the further extraction of dye from PEG by proper chemical methods
and can reuse for useful applications. The photoluminescence studies of
dye and dye with adsorbate was observed with respect to energy var-
iation for the first time. The prepared PEG also opens the other possi-
bility of utilizing as hydrogen generation by suitable combination with
metal ions in future.

Fig. 6. Photoluminescence emission spectra (excitation at 625 nm) of (a) MB with PEG at different concentration, (b) deconvolution spectra of MB (0.02mg/2mL),
and (c) deconvolution spectra of MB (0.19mg/2mL) with PEG.

Fig. 7. Photoluminescence emission spectra (excitation at 520 nm) of (a) Rh B with PEG at different concentration, (b) deconvolution spectra of RhB (0.02mg/2mL)
and (c) deconvolution spectra of Rh B (0.02mg/2mL) with PEG.

Fig. 8. FTIR spectra for (a) MB with PEG and (b) Rh B with PEG.
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