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ABSTRACT

The increasing demands for dye in tanning industries have resulted in unconstrained throwing away of dyes
into water bodies causing enormous environmental pollution. The removal of these dyes from effluents is
mandatory and needs the recommendation of the latest technology and less expensive processes in this regard.
Graphene oxide (GO) was prepared, characterized, and applied in the process of removal of cationic dye. GO
was characterized by FTIR, X-RD, SEM, and TGA and the following functional groups were found: —COOH,
OH, -C=0, and C-O-C. Basic Blue 3 (BB 3) was used as a model synthetic cationic dye. The dye adsorption
studies were carried out in terms of the adsorbent dose, the pH, initial dye concentrations, and contact time.
The removal efficiency for BB 3 was found to be 100% dye concentration up to 600 ppm at pH 7 with 10 mg
(0.1g/L) of the adsorbent, GO, within 6 minutes. In the case of real tannery effluents, the eradication efficiency
was found to be 91.2%. The results revealed that GO was a suitable adsorbent for the removal of cationic dyes
from tannery effluents.
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INTRODUCTION

With the speedy progress of various industries like leather, textiles, paper, and printing the consumption
of dyes has increased and at the same time effluents containing industrial dyes discharged into the water
environment were increasing day by day. These discharged effluents are causing serious water pollution
and posing a dramatically life-threatening complication for the environment. Due to their strong colour and
visual pollution, dyes have the potency to tone down the environment. Many dyes used in leather-dyeing
processes can biologically transform into toxic species and cause interference in the natural photosynthesis
process [1-2]. It is quantified that more than 10,000 tons of dyes are utilized in different industries and
around 100 tons is relieved into water reservoirs annually. Their concentration in effluents usually varies
from 10 to 200 mg L [5]. The untreated dye effluents are the key sources of poor surface-water quality and
this creates new forms of diseases because of the ecological imbalance. Wastewater treatment is the key
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global environmental concern because water problems are becoming increasingly significant worldwide.
Different types of synthetic dyes have been used in various industries which leads to the contamination of
the environment due to harmfulness to the human body, toxicity, and non-biodegradability [2-4]. Leather
dyes are considered the most dangerous hazard for the water environment among various types of water
pollution. Dyes are a common waste of leather processing, even a low concentration (1 ppm) of dye in water
bodies is visible and makes it awful for use. The photosynthetic activities in the ecosystem cannot perform
smoothly because of colouring agents in the water surface; these dyes have complex aromatic formations
that make them fatal, carcinogenic, and non-biodegradable. There are many treatment processes, including
adsorption [6-7] physical and chemical coagulation [8], photocatalytic degradation [9], advanced oxidation
processes [10] and biodegradation [11], which are applied for the removal of colour dyes from industrial
wastewater. Among them, adsorption is the most widely used, suitable, and inexpensive method to remove
heavy metals and organic pollutants including dyes. Moreover, it is cost-effective and has high efficiency.
Graphene oxide (GO) is the most known graphene composite material which is an oxidized product of
graphite. It is a highly oxidized form of graphite which consists of different types of oxygen functionalities. GO
is a compound which has a hexagonal carbon lattice bonded to oxygen-containing groups such as carboxyl
(-COOH), carbonyl (-C=0), epoxy (C-O-C) and hydroxyl (-OH). Graphene oxide (GO) has been considered
widely as a prominent precursor and a starting material for the synthesis of different processable materials
[12-13]. In the treatment of the dye laden wastewater the chemical groups containing oxygen play a signifi-
cantrole as they have large surface area. Many researchers have proclaimed that graphene oxide (GO) can
be utilized as an adsorbent for the decontamination of dye molecules, and heavy metal ions [14-15]. Li et al.
have established that fluoride can be eliminated by using graphene oxide [16] and graphene sponges have
been tested by the hydrothermal analysis of graphene [17]. Graphene-based composites as nano-adsorbents
have tendered prospective advantages for the treatment of various pollutants; for example, the adsorption
capacity of graphene sponges was found to be 184 mg g*, 72.5 mg g?, and 11.5 mg g* for methylene blue,
rhodamine B, and methyl orange respectively [18-19]. Basic Blue is a cationic dye, green and light blue in
colour with the molecular formula C,;H,,CIN;O, M.W: 359.89 g, and CAS Number 4444-00-3.
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Figure 1. Molecular structure of cationic dye, Basic Blue 3 [20]

In this study, we have prepared graphene oxide (GO) and it was synthesized from graphite powder by the
oxidation method. Graphene oxide was characterized by FTIR, SEM, X-RD, UV-visible spectroscopy, and TGA
analysis. The adsorption capability of synthesized GO was assessed in the degradation of a synthetic model
of the cationic dye Basic Blue 3 (BB 3) and also real tannery effluents. The adsorption processes were inves-
tigated in terms of the adsorbent dose, the pH, initial dye concentrations, and contact time.

MATERIALS AND METHODS

Chemicals and reagents

Analytical grade chemicals and reagents were used for all experimental purposes and without any further
purification. The principal raw materials were graphite powder (98% extra pure) which was bought from
Loba Chemie Pvt Ltd. and the cationic dye (Basic Blue 3, CAS number 4444-00-3, linear formula C,,H,,CIN,O,
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M.W.: 359.89 g) was collected from Stahl India Pvt Ltd. The other important chemicals and reagents for the
production of graphene oxide are sodium nitrite (NaNO,), potassium permanganate (KMnO,), sulfuric acid
98% (H,S0,), hydrochloric acid (HCI) and hydrogen peroxide (H,0,).

Instruments and accessories

Graphene oxide was synthesized and analysed using the following instruments and accessories: a digital scale
(XB 220A, Precisa), a hotplate with magnetic digital stirrer ( PA 1180, LK LAB Korea), a pH meter, (HANNA
instruments), a Fourier transform infrared spectrophotometer (FTIR) (Model IRPrestige21, Shimadzu Corpo-
ration, Kyoto Japan), a thermogravimetric analyser (TGA-50, Shimadzu), a UV-visible spectrophotometer
(Model Spectro UV-Vis duel beam, uvs-2700, Labomed, Inc.), X-ray diffraction (Ultima IV, X-ray Diffractom-
eter), scanning electron microscopy (SEM, JSM-6490LA, JEOL). A filter paper (102 qualitative, medium speed,
pore 20-30um) and a petri dish were used to prepare graphene oxide.

Synthesis of graphene oxide (GO)

Graphene oxide was synthesized from natural raw materials - graphite fine powder (98% extra pure) - by
following the Hummer’s method [21]. In detail, 3 g of graphite powder and 2 g of NaNO, were added in 100
ml of sulfuric acid (H,SO,). The mixture was continuously stirred (60 rpm) for 2 hours. Then the mixture was
cooled in an ice bath (below 20 "C) and an oxidizing agent, KMnO,, was slowly added (6 g) while stirring for
1.3 hours. After the reaction was completed, 100 ml of distilled water was added to the above mixture with
continuous stirring and the temperature around 98 °C for 1.3 hours. After that the heater was turned off and
200 ml of distilled water was added and stirred for an hour. 10 ml of hydrogen peroxide (H,0,) (30%) was
added to the mixture to remove the extra potassium per magnetite. In the end, the mixture was cleaned with
HCI (5%) to diverge metal ions and rinsed with distilled water many times. The obtained solid composites
were dried in a vacuum oven at 70 C. Finally, the powder form of graphene oxide (GO) samples were used
for the experimental purpose. The physical appearance of the synthesized graphene oxide is shown in fig. 2.

Figure 2. Optical image of prepared graphene oxide (GO)

Adsorption studies of cationic dye

Preparation of stock solution

Basic Blue 3 (molecular formula: C,,H,sCIN;O; molecular weight: 359.89g; CAS: 4444-00-3; Stahl India Private
Limited) was used to prepare a stock solution of analytical grade. 1 g of BB 3 was dissolved in 1000 ml of
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distilled water to make 1000 mg L*/ 1000 ppm stock solution. Various concentrations of dyes were prepared
by diluting the appropriate amount of the stock solution using the formula V,S,=V,S,, whereS, is the stock
solution’s concentration, V, is the volume of stock solution being diluted, S, is the dilute solution’s concen-
tration, and V, is the volume of the dilute solution. Millimetres (ml) is the unit of volume and milligrams per
litre (mg/L) or ppm is the unit of concentration.

Calibration curve for Basic Blue 3 (BB 3)

The molar absorption coefficient of the BB 3 dye solutions was determined from the calibration curve
(absorbance vs. concentration) by using Beer-Lambert law. Seven different concentrations of 20, 50, 80,
110, 140, 170, and 200 ppm BB 3 solutions were prepared and their absorbance values were determined.
UV-vis spectrophotometer (Model Spectro UV-Vis duel beam, UVS-2700, Labomed, Inc.) was used for the
spectrophotometric determination. It gives distinct characteristics spectra for BB 3 at 654 nm (Fig. 3)
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Figure 3. Absorbance spectrum of Basic Blue 3 at 654 nm for seven different concentrations

Adsorption studies of BB 3

The adsorption of dye (BB 3) onto the synthesized GO was studied at room temperature. A fixed volume (100
mL) of 200 ppm (200 mg L) of dye was taken in a beaker to perform the experimental studies. The following
four parameters: the adsorbent dose, the initial adsorbate concentration, the pH, and contact time have
been investigated in order to explore the adsorption capacity of dye onto the synthesized graphene oxide.
0.1M NaOH or 0.1M HCl solutions were used to calibrate the pH. The percentages of removal efficiency of

BB 3 dye solutions were calculated by using the following equation: %R :Mxloo%, where A, is the
0
initial absorbance (at A,,,,) and A, is the final absorbance at time t in the dye solution respectively [2].

RESULTS AND DISCUSSION
Characterization of synthesis graphene oxide (GO)

FTIR analysis

The FTIR spectra were applied to measure wavelength and intensity which are characteristic for specific
types of molecular vibration and stretching that are used to identify functional groups of GO. The FTIR spec-
trum of GO is illustrated in fig. 4.
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Figure 4. FTIR spectrum of GO

The FTIR spectra of GO indicated the presence of various oxygen-containing functional groups on its surface,
assuring its formation. The strong broad peak centred at 3442 cm™ of stretching vibration of O—H bond
referred to alcohol and carboxylic acid groups as well as adsorbed water molecules [22]. The functional
groups such as hydroxyl, epoxy group, and carboxyl are introduced as characteristic for GO. The peak at
1714 cm™ confirmed the carbonyl group (C=0) present in GO. The peak centred at 1625 cm™ is mainly from
stretching vibration of C=C bond indicating the presence of sp? hybridized carbon along with a contribu-
tion from bending vibration of O-H bond resulting in higher intensity [23]. The peak found at 1000 to 1300
cm™of stretching vibration of the C-O bond referred to the presence of the epoxy group [24]. Therefore, all
the peaks shown in the above figure satisfied the theoretical characteristic peak values of graphene oxide.

XRD analysis

X-ray diffraction (XRD) is the most useful technique for the characterization of general crystalline mate-
rials. The XRD pattern of the synthesized graphene oxide (GO) is shown in fig. 5. The figure exhibits three
major 20 at 26.52, 43.58, and 54.84 angles. The characteristic peak at 26.52 is the major peak. The diffrac-
tion peak at around 26=26° confirmed the modification of graphite to graphene oxide [25]. Moreover, the
characteristic of the XRD pattern also confirms that the synthesized GO is in crystalline form.

Meas. data:S-1

Intensity (counts)
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Figure 5. XRD pattern of GO
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SEM analysis

The surface of the graphene oxide was investigated by scanning electron microscopy. SEM was used to
examine the morphological structures and surface of the analysed samples. Fig. 6 depicts the SEM image
of at low (left) and high magnification (right) of the GO sample. At low magnification, as shown in the first
picture, the surface appeared agglomerate. Additionally, the sample was taken at high magnification to
observe the surface and the observed particles appeared to have clear edges.

15kV  X10,000 1pm 4

Figure 6. SEM images of graphene oxide (GO)

TGA analysis

The percentages of weight loss with the increase in the temperature of GO has been investigated by thermal
gravity analysis. The graph shows 18.27% weight loss within 24 to 483 'C due to the removal of surface
moisture and the interlayer of absorbed water. By increasing the temperature, a large amount of weight
loss occurred and it’s about 74.93% weight loss within 483 to 726 'C due to the decomposition of O,, CO,
carboxylic, and CO, gas. Eventually, it reaches 99.19 % weight at 800 °C.
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Figure 7. TGA diagram of GO

UV- visible absorption analysis

The UV-visible spectroscopy of graphene oxide (GO) is given in fig. 8. From the figure, it is noticed that the
absorption peak of GO appeared near 280 nm, which represents the r-ii” transition in the aromatic C-C
bonds. Moreover, another significant peak was near 320 nm which is assigned to the transitions n-it* [26]
of C=0 bonds.
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Figure 8. UV-visible absorption spectroscopy for GO

Adsorption study of Basic Blue 3 (BB 3) on GO

Molar absorption coefficient

The molar absorption coefficient was determined by using the Beer-Lambert law from the slope of the plot

of absorbance vs. concentration for Basic Blue 3 (BB 3) solutions at seven different concentrations: 20, 50,
80, 110, 140, 170 and 200 ppm. According to the Beer-Lambert law (A=¢ecl), it was found that the molar

absorption coefficient of BB 3, £€=2.072x10° L mol*cm™.

Absorbance of BB 3 solution at different
concentrations
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Figure 9. Absorbance of BB 3 solution’s at different concentrations

Effect of adsorbents dose

The effect of dissimilar adsorbent doses on the adsorption of BB 3 in aqueous solution was carried out by

varying the adsorbent dose from 5 to 12 mg as shown in fig. 10. The doses are added to a series of 100 mL

BB 3 dye solution of 200 ppm concentration at pH 7 and room temperature and stirred for 10 minutes at 120

rpm to get the optimum dose of the adsorbent. From the graph, it is visible that the adsorption efficiency

increases with the increase in the adsorbent dose due to the higher number of available active binding sites

for cations in the dye solution. In the beginning, the adsorption efficiency is 68.1% for a very low amount

of the adsorbent dose (5 mg) and 88.58% for 9 mg of the adsorbent dose and then it increases up to 100%

for the adsorbent dose of 10 mg. Therefore, the optimum dose for the removal of BB 3 was considered to

be 10 mg of GO and used for further adsorption studies.
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Figure 10a. Absorption spectrum of six different Figure 10b. The effect of adsorbent doses vs. removal efficiency
adsorbent doses of GO for BB 3 (%) of BB 3 on GO with an initial dye concentration of 200 ppm
at room temperature and pH7
Effect of pH

The effect of pH on adsorption was studied at room temperature by varying the pH from 2 to 12 to get both
acidic and basic conditions in the initial BB 3 dye solution concentration of 200 ppm and the 10 mg adsorbent
dose. The pH plays an important role in a solution containing ions as it affects the electrostatic interaction
between the adsorbent and the adsorbate. From fig. 11, it is noticeable that the increase in the pH leads
to the increase in removal efficiency. It is also manifested that cationic dyes completely were removed at
the pH range 6 to 12 but at pH 2 the removal was only up to 75.83% and at pH 4 it was up to 86.44%. The
lower pH values lead to protonation of the adsorbent surface; therefore, adsorption efficiency is low due
to the electrostatic repulsion of the cationic dye molecules with the adsorbent surface [27]. The negative
charges escalated when the pH raised and slowly de-protonation occurred in the surface of GO; therefore,
the electrostatic correspondence increases with the cationic dye. The optimum pH value for the adsorption
of BB 3 was found at pH 6 to 12; therefore, we considered pH 7 for adsorption studies.
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Figure 11a. Absorption spectrum of different pH Figure 11b. The effect of pH vs removal efficiency (%) of BB 3
ranges of GO for the removal of BB 3 on GO with an initial dye concentration of 200 ppm and 10 mg

adsorbent dose (0.1 g/l) at room temperature

Effect of contact time

The effect of contact time on the removal of BB 3 with GO was observed by using 100 mL of 200 ppm dye
solution, 10 mg adsorbent dose at pH 7 and at room temperature by varying the contact times. Firstly, the
mixture was stirred for 5 minutes at 120 rpm and then the supernatant was collected in one-minute inter-
vals. Fig. 12 shows that the removal efficiency increased rapidly with contact time for cationic dye BB 3 and
it was found that after 5 minutes of stirring it removed almost 91% of impurities. It was discovered that,
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initially, the rate of binding is high because of a higher number of open active sites which get saturated with

the increase in the stirring time. After 6 minutes, the removal efficiency reached 100%.
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Figure 12a. Absorption spectrum of different time
intervals (0-6 minutes) of GO for BB 3

Figure 12b. The effect of contact time vs. removal efficiency
(%) of BB 3 on GO with an initial dye concentration of 200 ppm,
adsorbent dose 10 mg (0.1 g/I) at room temperature and neutral
pH; under 5 minutes stirring

Effect of initial dye concentration

The experiments were performed to manifest the effect of initial BB 3 dye concentration on adsorption onto
adsorbent GO. For this experiment, the initial concentration of dye was varied from 200 ppm to 1000 ppm
with optimum adsorption dose, time, and pH. It is noticeable from the result that the adsorption efficiency
of BB 3 remained constant up to 600 ppm of dye concentration. Therefore, from fig. 13, it is observed that
the removal efficiency decreased from 100% to 62.02%; this is due to the lack of receivable active binding
sites needed for the high concentration of BB 3 dye solutions. The results also indicated that the higher
uptake of dye at a low concentration of adsorbent may be attributed to the presence of more active binding
sites on the surface of adsorbent GO for a small number of adsorbate species.
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Figure 13a. Absorption spectrum of varying
concentration (200-1000 ppm) of BB 3 adsorbed
by GO

Figure 13b. The effect of initial concentrations of BB 3 vs.
removal efficiency (%) by GO with an adsorbent dose
10 mg (0.1 g/l) at room temperature, neutral pH and time

6 minutes after 5 minutes stirring

Adsorption studies of GO for real tannery effluents containing dyes

The real tannery effluents containing dyes were collected in October 2018 from a tannery estate located in
Savar, Bangladesh. The adsorption tests of tannery effluents were carried out before and after treatment.
50 mL of tannery effluent was taken in a beaker and 10 mg of GO was added. Then the sample was stirred
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for 20 minutes at 300 rpm. The visible colours of the effluent were reduced and the adsorption test was
carried out using a UV-visible spectrometer. It was found that the removal efficiency was 91.2%.

Mella et al. (2018) [28] found that in the treatment of leather-dyeing effluents with the associated process of
coagulation-flocculation/adsorption/ozonation, the removal efficiency of colour was only 61.13%. Harrelkas
et al. (2009) [29] studied the treatment of textile effluents by various combinations of physicochemical
methods by adjoining coagulation/flocculation (CF) with adsorption on activated carbon (AC), and found
that colour reduction was only 50%. These results indicate that the treatment of real tannery dye effluents
by using GO as the adsorbent may be a feasible alternative and even applicable on a large scale.

CONCLUSION

The studies exhibited that GO can be utilized as an efficient adsorbent for the removal of cationic dyes from
tannery effluents. The adsorption performance of GO on the cationic dye BB 3 was found to be 100% by using
only a 10 mg adsorbent dose (0.1g/1) at pH 7, within 6 minutes, with the dye concentration up to 600 ppm.
In the case of real tannery effluents, the removal efficiency was found to be 91.2%. The adsorption result
was showed very fast and this may be due to the electrostatic interaction of oppositely charged molecules
of the cationic dye and GO as the adsorbent along with their i-it interaction and the available binding sites
on the surface of the adsorbent. The results from the experiments specified that GO as an adsorbent might
be the best alternative when it comes to removing the cationic dyes from tannery effluents.
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