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Synthesis, characterization of GO-zinc oxide nanocomposites and their use
as an adsorbent for the removal of organic dyes in industrial effluents
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In this investigation, GO-ZnO nanocomposites were synthesized by using hydrothermal
method. The structure, morphology and optical properties of synthesized nanocomposites
were analyzed through Fourier transformed infrared spectroscopy (FTIR), X-ray
diffraction (XRD), Scanning electronic microscopy (SEM), and UV-Visible spectroscopy.
The XRD pattern confirmed the formation of Graphene decorated with hexagonal ZnO
with high crystallinity. SEM revealed that the graphene paternity image decorated ZnO
uniformly. UV-Visible spectroscopy was utilized to study photocatalytic degradation of
synthesized materials against rhodamine B and methyl blue dyes and good catalytic
activity was observed for both samples. Graphene-ZnO nanocomposites showed higher
catalytic activity than ZnO nanoparticles.
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1. Introduction

Nowadays, pollution of water resources by dyes or dye-based effluent discharged from
many industries is already a worldwide problem. Today, across the world there are more than
10,000 commercially available dyes with over 7x10° tonnes of them being annually synthesized
[1]. Non-biodegradable and toxic nature of most of these synthesized dyes affects water quality at
as little concentration as 1 ppm [2, 3] which poses great environmental concern. Thus, it’s of great
importance, that these dyes should be effectively removed from agueous systems. Over the past
years a large number of processes have been used for the removal of dyes from wastewater such as
biological, chemical precipitation, coagulation/ flocculation, membrane filtration, ion exchange,
electrochemical destruction and adsorption [4, 5]. As all these techniques are non-destructive, so
these techniques need further treatment [6, 7]. In order to remove organic pollutants and toxic
chemicals in the waste water, use of nanoparticles has attained greater attention due to their greater
adsorption activity and potent catalytic activity [8, 9]. As compare to other NPs use of magnetic
NPs and their composites are considered to be more effective for water treatment, because of their
ease in recovery from the solution using magnetic attraction[10,11].Therefore in order to aid this
recovery composite formation , by impregnating these NPs on an adsorbate is much popular now a
days . Moreover these composites, if composed of organic and inorganic sites, have various kinds
of active sites, so behave as potent adsorbents for adsorbing pollutants [12].

Among nanocomposite adsorbents, ZnO composites have been reported to be highly
efficient for treatment of dye polluted water [13-19]. ZnO composites in combination of other
materials like chitosan, graphene, graphene oxides, plyaniline and clay minerals are frequently
used [20-24]. This study reports the synthesis of GO-ZnO nancomposites for the removal of
organic dyes in industrial effluents.
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2. Experimental

2.1. Materials

Precursors used in this work are Graphite Powder, 37% Hydrochloric acid (HCI), 98%
Sulfuric acid (H,SO,4), Hydrogen Peroxide (H,0,), Potassium Permanganate (KMnQ,), Sodium
Nitrate (NaNOs3), Zinc Nitrate Hexahydrate (ZnNO;.6H,0), Absolute Ethanol, Potassium Hydro-
Oxide. All these chemicals were obtained from Sigma Aldrich and used without any further
purification.

2.2. Synthesis of grapheme oxide nanoparticles by Modified Hummer’s Method:

GO was synthesized from graphite fine powder by following modified Hummer’s method
[25, 26]. In this method 4 g of graphite powder, 2 g NaNO;were mixed in 200 ml of H,SO, (98%)
in 1000 ml of volumetric flask and placed in ice bath at (0-5 °C) for 1 hour with continuous
stirring. When 1 hour continuous stirring caused suspension in the flask, then 10 g KMnO,4 was
slowly added into the suspension and again stirred for 1 hour under similar conditions. The ice
bath was then removed; the flask was placed on hot magnetic stirrer (35°C) until it became pasty
brownish and kept under stirring for 2 hours. It was then subsequently diluted with slow addition
of 400 ml water. The reaction temperature was rapidly increased to 98°C and the reaction mixture
adopted brown colour. The reaction mixture was further diluted by 200 ml of water and stirred
continuously. Finally the solution was treated with 20 ml H,0, (30 % aqueous solution) to
complete the oxidation and reduction reactions by appearance of yellow colour. The reaction
product was centrifuged and washed with deionised water and 10% HCI solution repeatedly.
Finally the product GO was obtained as a powder by drying it under vacuum at room temperature.

2.3. Preparation of Graphene-ZnO nanocomposites:

M. Saranya et al [27] method with slight modification was used in which 0.2 g GO was
re-dispersed in 50 ml solution of ethanol and de ionized water (2:3) under sonication for 30 min.
Zn (NO,),.6H,0 was added to the GO arrangement and mixed for 15 minutes to deliver a uniform
dispersion. Dil. NaOH was then added to the blend till a pH of 12 is acquired and stirred for 30
min. The blend was then transferred to a 50 ml Teflon stain less steel autoclave and put in an oven
for 10 hours at 90°C. The precipitates of Gr-ZnO nanocomposite was segregated from this solution
by centrifugation, washed several times with water, ethanol individually and dried over night in an
oven at 70°C temperature.

Proposed Reaction Mechanism:
Graphite Powder + H,SO, + KMnO, + H,0, —— GO + SO, + H,0
GO + Zn(NO3),.6H,0 + 2NaOH ———— GO + Zn(OH), + 2NaNO; + 6H,0
Zn(OH), + 2H,0 ——>  Zn"2+20H!+2H,0
GO + Zn*2+20H! + 2H,0 ————>  GO---Zn(OH), + 2H"!

GO---Zn(OH), ——— GO---ZnO + H,0 + 20H"!

Nanocomposite

2.4. Photocatalytic Degradation Experiment

2.4.1. Preparation of Stock Solutions:

Stock solutions of two organic dyes i.e Rhodamine B and Methylene blue were prepared
by dissolving 1 g of commercially available dyes (Fluka grade) in 1 L of distilled water. The
resultant stock solution has concentration of 1000 mg/L. Standard solutions of desired
concentrations were prepared by appropriate dilution of stock solutions.



1549

2.4.2. Evaluation of photocatalytic activity:

Photocatalytic activity of ZnO and Gr-ZnO nanocomposite were evaluated against RhB
and MB dyes under UV light illumination at 565-660 nm [28]. In photocatalytic test, 2.5mg of
ZnO/Gr-ZnO nanocomposite catalyst was added to 50 ml dye solution (10pg/ml) and magnetically
stirred for 30 min. In order to provide foundation of an adsorption/desorption equilibrium between
the dye and photocatalyst, 120 min are provided before UV light irradiation. 5 ml aliquot was
filtrated to remove the catalyst particles before measuring the absorbance using UV-Vis
spectrophotometer.

3. Results and Discussion

Composite materials based on Graphene were investigated in recent time due to its large
number of applications. Zinc Oxide is an interesting semiconducting material and its
photocatalysts are frequently used for solving environmental issues. The photocatalytic property of
metal oxides is greatly enhanced when it is fused with carbon containing material like grapheme.
Synthesized materials can be characterized by following various techniques.

3.1. FTIR analysis
The FTIR spectra of Graphene Oxide and Gr-ZnO nanocomposite are shown in Figure 3.1.
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Fig. 1. FTIR of Graphene Oxide and Gr-ZnO nanocomposites.

A broad peak appeared at 3280 cm™ in the high frequency area attributed to the stretching
mode of O-H bond [29] and reveals the presence of hydroxyl groups in graphene oxide. The band
observed at 1730 cm™' was assigned to the carboxyl group [30, 31]. The sharp peak found at 1615
cm' is a resonance peak that can be assigned to the stretching and bending vibration of OH groups
of water molecules adsorbed on graphene oxide. The peak at 1178 cm™ represents C-O-C
stretching and the peak at 1071 cm™ corresponds to the vibrational mode of the C-O group [32].

In synthesis of Gr-ZnO nancompsite, removal of oxygen in thermal reduction process of
Graphene oxide can be proved by disappearing —OH peak in its spectrum. It is a great evidence of
formation ZnO nanocompsite on the surface of Graphene Oxide. A significant and strong peak at
575 cm™ is attributed to ZnO nanoparticles [33].

3.2. XRD analysis

3.2.1. Graphene oxide

X-ray diffraction is a technique which contributes detail information about the chemical
composition and crystallographic structure of the materials. It is also a unique tool used to detect
the presence of phases in the material. To obtain the structural information about GO, X-ray
analysis was done. Various diffraction lines were observed in XRD pattern, in which one
prominent diffraction peak centred at 26/° =10.8 having (111) miller indices can be noticed.
Appearance of this peak indicated the complete oxidation of graphite into GO as shown in Figure
2.



1550

Intensity (au)

-GO

0 20 40

2 Theta

60 80 100

Fig. 2. XRD Pattern of GO-NP.

Table 1. Claculation of Miller Indices through Xrd Diffraction Pattern of GO-NPs.

0 0 . 5 1x Sin* @ 2x Sin 0 3x Sin’ 0 Whole
20/ o/ Sin‘g Sin%0,,, Sin%0,, Sin%0,,, integers HkI
10.8908 5.4454 0.0090 1 2 3 3 111
20.1314 10.0657 0.0305 3.3888 6.7776 10.1664 10 331
26.7412 13.3706 0.0534 5.9333 11.8666 17.7999 18 411

The Grain size (D) of the synthesized GO-NPs and interlayer distance can be calculated as
shown in Table 2.

Table 2. Claculation of Material Parameters with the help of 26/’ values.

20/° FWHM Intensity d-spacing Grain size
[°2Th.] counts [A] (D) (nm)
10.8908 0.1979 100.00 4.99484 7.0382
20.1314 0.2303 26.09 4.24377 6.1148
26.7412 0.1279 20.00 3.33380 11.1431

10.8908 to 11.1431 nm at 26/° = 26.7412 respectively.

3.2.2. RGO-ZnO nanocomposite
In XRD spectrum of RGO-ZnO nanocomposite, a weak and broad peak at 26/°= 10.9

It is obvious from above table that range of grain size was found to be 7.0382 nm at 26/° =

indicating the reduction of GO into graphene and the disordered stacking of graphene sheet into

the nanocomposite as shown in Figure 3.
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Fig. 3. XRD Pattern of RGO-ZnO Nanocomposite.

This diminished peak intensity at 26/°= 10.9 in RGO-ZnO spectrum might be linked with
the interactions between graphene and metal oxide [34]. Another prominent diffraction peak
around at 26/°=26 appears due to the shifting of GO into RGO-ZnO nanocomposite material [35].
The diffraction peak in Fig 3, situated at 26/°=26 is substantially stronger than GO peak in Fig
which may be due to the correlation of graphene with ZnO in a composite material.

Table 3. Claculation of Miller Indices through Xrd Diffraction Pattern of RGO-ZnO.

20/° 0/° Sin% 1"5%21(;—:“ ZXS%%& 3X3i3n"+;ngn ix::/;goelis HKI
108765 | 54382 | 0.0089 1 2 3 3 111
209333 | 104666 | 00330 | 3.7078 7.4156 11.1234 1 311
267832 | 133916 | 00536 | 6.0224 12,0448 18.0672 18 11
471460 | 235730 | 01599 | 17.9662 35.9324 53.8086 54 721

The XRD pattern of composite material indicates that material is well crystallized. In Fig
2, all 20/° values correspond to the formation phase of RGO-ZnO. The restacking of carbon sheet
is prevented after the formation of composite material due to the formation of ZnO nano particles
within its crystalline structure. The Grain size (D) of the synthesized composite material and
interlayer distance can be calculated as shown in Table 4.

Table 4. Claculation of Material Parameters with the help of 26/’ values.

20/° FWHM Intensity d-spacing Grain size
[°2Th.] counts [A] (D) (nm)
10.8765 0.1371 23.00 3.24410 10.1592
20.9333 0.2563 36.09 3.10321 5.4098
26.7832 0.1535 65.01 3.33772 9.2856
47.1460 0.3582 21.10 1.90864 4.2233
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The range of grain size calculated was found in the range of 4.2233 nm at 20/° = 47.1460
to 10.1592 nm at 26/° = 10.8765 respectively.

3.3.DSC & TGA

TGA was used to analyze the reduction process from GO into RGO and to investigate the
stability of synthesized material. DSC/ TGA curve of RGO-ZnO composite material is shown
below:
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Fig. 4. DSC/ TGA of RGrO-ZnO Nanocomposite.

A combine plot of DSC/ TGA was obtained for the composite material in which sample
was heated at temperature 700 °C by an increase of 10 °C temperature per minute in the air.
Normally no decomposition essentially occurs after 700 °C, which is in perfect agreement with the
report of Shamsuzzaman et al [36]. We know that thermal degradation and weight loss occurs by
varying temperature [37]. In the above plot of RGO-ZnO, the main weight loss was noticed in the
temperature range of 30-420 °C. Weight loss in temperature range of 30-150 °C might be due to
moisture and solvent adsorbed between graphene layers in the composite material. Similarly the
weight loss from 150-420 °C is due to the loss of oxygen-containing groups in GO. Unstable
carbon remaining in structure and pyrolysis of oxygen functional groups in the main structure
yield CO and CO, above 420 °C. From 450 °C to onward there is no further weight loss which
confirms the complete conversion of nano composite into stable ZnO nanoparticles.

3.4. Photocatalytic activity of GO-ZnO Nanocomposite against organic dyes

Graphene based metal oxides show good photocatalytic properties. It is commonly
observed that most dyes are resistant to photolytic degradation and mainly N-containing dyes such
as MB show this behaviour. In this study, therefore, MB was chosen as a model contaminant along
with RhB to evaluate the photocatalytic activity of synthesized material. Photocatlytic behaviour
of GO-ZnO for the degradation and removal of organic dyes from industrial effluents can be
studied by varying different factors like contact time, dosage concentration etc.

Percentage degradation of organic dye was calculated by using the relation,

% age degradation = [(Aq — Ay) / Ag] x 100
Where Ay is absorbance of dye at initial stage and A.is the absorbance of dye at time “t”.

3.4.1. Time dependent Photocatalytic activity

The effect of contact time on degradation of organic dyes was examined in the range of 10
min to 180 min at room temperature while concentration of photocatalyst was kept constant. In
order to study photocatalytic behaviour of GrO-ZnO nanocomposite, the photodegradation of Rh-
B and MB utilizing synthesized nanocomposite photocatalyst were explored under UV light. The
absorbance spectra of pure Rh-B, MB and with photocatalyst in UV light exposure are given
bellow,
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Fig. 5. Absorbance spectra and photodegradation pattern of RhB and MB; (a) Absorbance spectra
showing time dependent photocatalysis of RhB dye on exposure of UV light; (b) Graph depicting RhB
dye photodegradation by using GrO-ZnO NC; (c) Absorbance spectra showing time dependent
photocatalysis of MB dye on exposure of UV light; (d) Graph depicting MB dye photodegradation by
using GrO-ZnO NC.

Fig 5(a) and 5(c) show the UV-Vis absorption spectra of RhB, MB and removal efficiency
of both these dyes without using synthesized materials under UV irradiation, darkness and by
using GrO-ZnO nanocomposite in darkness and in the presence of UV irradiation are shown in Fig
5(b) and 5(d) respectively. GrO-ZnO in darkness and UV radiations alone did not show any
significant adsorption of RhB and MB. The addition of GrO-ZnO into RhB solution and MB
solution under UV light irradiation increased the removal efficiency after 180 min by up to 95%
and 99%, respectively. It is obvious that photocatalytic degradation increases by increasing time.
A comparison of results between the dark and light irradiation conditions clearly demonstrated that
most of the dyes (RhB and MB) removal was due to photocatalytic degradation by the GrO-ZnO
nanocomposite. Under UV conditions, there is a high removal efficiency of dyes because of the
high photon energy in UV light and nanocomposite material also has a large surface area, that’s
why photodegradation could occur more strongly than in darkness or UV irradiation alone.

3.4.2. Effect of dosage concentration on Photocatalytic activity:
There is a regular increase in percentage degradation of RhB and MB by increasing
dosage of photocatalyst from 1mg/L to 15mg/L as shown in Figure 6.
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Fig. 6. Effect of dosage concentration on photodegradation of RhB and MB.

The increased GrO-ZnO nanocomposite dosage led to more active sites for adsorption and
thus more moiety availability for photocatalytic degradation of RhB and MB molecules. The
maximum percentage degradation efficiency recorded in case of RhB and MB was about 85% and
92% respectively. It was noticed in both cases that the removal efficiency of both dyes decreased
as the dosage loading was increased above 15mg/L. The excessive increase in the amount of
suspended nanocomposite material may disturb the penetration of visible light into the reaction
system and cause considerable decrease in photo degradation process. Thus 15mg/L dosage of
GO-Zn0 was found to be most suitable for the removal of organic dyes i.e RhB and MB.

4. Conclusion

GO-ZnO nanocomposite was successfully synthesized by following Hummer’s method.
Different techniques including FTIR, XRD studies and TGA were utilized to study the properties
of composite material and to confirm its formation. Synthesized material was used as a
photocatalyst to remove RhB and MB dyes from their solutions. Removal efficiency of both dyes
by using GO-ZnO as a photocatalyst was evaluated by varying time and dosage concentration. The
optimum conditions for maximum removal efficiency of both organic dyes by using GO-ZnO
nanocomposite as a photocatalyst was observed by giving 180 min contact time and 15mg/L
dosage concentration.
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