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The photocatalytic degradation of hexavalent chromium using GO-ZrO; nanocomposite, the GO- ZrO;
nanocomposite was prepared by hydrothermal method and prepared GO-ZrO. nanocomposite was
characterized by X-ray diffractometer (XRD), field emission scanning electron microscope (FE-SEM)
with energy dispersive absorption X-ray spectroscopy (EDAX), transmission electron microscope

(TEM), UV-Vis spectrophotometer, respectively. The results show that in the nanocomposite the ZrO:
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nanoparticles were densely coated on the GO nanosheets, which display a good combination between
graphene and ZrO: nanoparticles. The GO-ZrO: nanocomposite exhibits an enhanced photocatalytic
performance in the reduction of Cr(VI) with removal rate 98% under UV light irradiation.

1. Introduction

Nowadays, the rapid change in environment affected by pollution is a
key factor contributing to the global warming. Among the various types of
the environmental pollution, water pollution is the most important. Water
is majorly polluted by a various chemicals around the world owing to the
rapid industrialization and urbanization [1]. The heavy metals are well
known water pollutants, which are highly toxic and carcinogenetic and
resistant to direct degradation or reduction by day-light driven and are
consequently classified as importunate pollutants [2]. Chromium is a
widespread pollutant in the environment which commonly originates
from the wastewater produced from tanning, electroplating, water cooling
and other industries [3]. The release and subsequent accumulation of
these toxic compounds in aquatic media create extreme risk to the

environment. Chromium have two most common oxidation states. Cr(VI)
is more toxic than Cr(III) because it is carcinogenic and mutagenic to living
organisms[4,5]. The department of health and human services (DHHS) and
U.S. environmental protection agency (EPA) have identified Cr(VI) as a
carcinogenic element and allowed limiting concentration as<100 mg/L in
drinking water[6]. Therefore, the removal of Cr(VI) is imperative to meet
the discharge levels. The most current efficient and economical method to
remove heavy metals by photocatalytic degradation using day-light driven
in the presence of an appropriate photocatalyst that is able to promote the
reduction of toxic metals to favorable byproducts.

Among the carbon materials, graphene has become a rising star due to
its unique two-dimensional (2D) structure, high electron conductivity and
mobility, and high surface area [7-9]. Especially, graphene- based
semiconductor composite photocatalysts have been extensively applied to
photocatalytic degradation of organic compounds, solar cells, water
splitting to hydrogen and selective organic transformations [7, 8, 10-19].
In fact, graphene based metal oxides nanocomposites have also attracted
research attention in recent years. For example Madadrang et al,, [20]
introduced the high adsorption behavior of EDTA-GO nanocomposite for
the removal of Pb(II) in aqueous solution. Zhao et al., [21] reported that
highly dispersed sulfonated graphene nanosheets showed very high
adsorption capacities for the removal of naphthalene and 1-naphthol from
aqueous solutions. Wen et al, [22] have been reported the LDH/Go
nanocomposites showed much higher adsorption capacity and excellent
ability to removal of As(V) from aqueous solutions. Li et al., [23] have been
prepared that GO/Fe304 nanosheets can be used that as an sorbent for the
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simple and rapid removal of Cu(Il) from aqueous solution. Thakur et al.,
[24] reported that sulfur/reduced graphene oxide nanohybrid for
effective removal of mercury ions from water at around pH 6-8. Fan et al,,
[25] have been reported the synthesis of graphene oxide decorated with
magnetic cyclo dextrin for fast chromium removal. Zhu et al., [26] have
reported the one-pot synthesis of magnetic graphene nanocomposites
decorated with core @ double-shell nanoparticles for fast chromium
removal. The development of nanomaterials has acquired great
significance in recent years due to their high efficiency and fast rates on
water treatment. However, the study of graphene based nanocomposites
for waste water treatment is still in the early stage.

In this present work, we have reported a hydrothermal method for the
synthesis of high-efficiency graphene-based zirconiumoxide (GO-ZrOz)
nanocomposites with short time, high adsorption capacity for the removal
of chromium(VI) from aqueous water.

2. Experimental Methods

2.1 Synthesis of Graphite Oxide

Graphite oxide was synthesized from graphite, using a modified
hummer’s method [27]. In a typical procedure, about 5 g of graphite
powder was added to 115 mL of concentrated (98%) H:SO4 in an ice bath
with stirring for 30 min. A 15 g of KMnO4 was added slowly to the above
mixture with stirring and cooling for 30 min. Subsequently, 2.5 g of NaNOs
was added with continuous stirring for 1 hr. So that the temperature of the
mixture maintained below 15 °C during that time. The temperature of
mixture then raised to 40 °C with water bath, and the mixture was
continuously stirred for 30 min. After that, the mixture was diluted by
800~1000 mL of distilled water, the temperature of which then raised to
98 °C. The mixture was then added by H.0: (30%) until gas evolution
ceased followed by filtering. The color of the dispersion turned from black
to yellow. The product was washed repeatedly with 1 M HCl (5%) and
distilled water until the pH value of the product arrived at near 7. Then the
product was dried in an air oven at 60 °C to obtain graphite oxide.

2.2 Synthesis of GO-ZrOz Nanocomposite

To synthesis GO-ZrO; composite, synthesized graphite oxide (20 mg)
dissolved in 20 ml distilled water and sonication for 1 hr to get suspension
GO. And then mixed zirconium nitrate was dissolved in distilled water and
zirconium hydroxide was precipitated by drop wise addition of sodium
hydroxide (maintaining constant pH about 11) with stirring. The mixture
was transferred autoclave for hydrothermal treatmentat 170 °C for 24 hrs.
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The final resulting mixture was washed with distilled water then dried at
80 °C for overnight in hot air oven. The synthesis procedure was shown in
below (Fig. 1).
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Fig. 1 Illustration of chemical route synthesis of GO-ZrOz nanocomposite

2.3 Characterization of Photocatalysts

The structure and morphology of the samples were characterized by X-
ray diffractometry (XRD) Bruker D8 using CuKal (1.5406 A) and Ka2
(1.54439 A) radiations, scanning electron microscope (SEM) imaging with
energy dispersive spectroscopy (EDS) using a carl zeiss model ultra 55
microscope operating at 5 and 20 kV, and transmission electron
microscope (TEM) measurements were performed on a Tecnai G2FEI F12
I at 200 kV. Raman spectra were recorded using a WiTec alpha 200 SNOM
system. Nitrogen adsorption and desorption experiments were carried out
on micromeritics ASAP 2020 analyzer. The samples were out gassed at
150 °C for 12 hr in a dynamic vacuum before physisorption measurements.
The specific surface area was calculated using Brunauere Emmette Teller
(BET) method. A photoluminescence spectrum (PL) was recorded by using
Jobinyvon Flurolog-3 spectrofluorometer with YSOW Xenon lamp as used
broad band source. Shimadzu-1800 UV-visible Spectrometer to determine
the concentration of heavy metal ions. pH of the solution was calculated by
Elico pH meter.

2.4 Photocatalytic Activity Studies

The photodegradation tests of heavy metal Cr(VI) ions were performed
using the GO, Zr0Oz, GO-ZrO; and mechanical mixture of GO and ZrO: solids
according to the following procedure: The photocatalyst powder (0.03 g)
was dispersed in a 100 mL sealed glass beaker containing 30 mL of Cr(VI)
solution with concentration of 0.014 g/L in glass beaker. The mixture was
sonicated for 5 min and stirred for 30 min in the dark in order to reach
adsorption-desorption equilibrium. At the given time intervals a sample of
3 mL was taken from the mixture and immediately centrifuged to remove
the dispersed photocatalysts. The concentration of the clean transparent
solution was analyzed by checking the absorbance at 400 nm for Cr(VI)
with the UV-vis spectrophotometer, which denoted as C:. The
reproducibility was checked by repeating the measurements atleast three
times and was found to be within the acceptable limit (+ 5%).

3. Results and Discussion

The synthesized graphite oxide and GO-ZrO; were first characterized
with XRD. As displayed in (Fig. 2b), the pattern of graphite oxide has a
typical characteristic peak centered at 2 theta = 9.92°. The most intense
peak for graphite at 2 Theta = 26.37° is absent in the GO sample,
confirming the high quality of graphite oxide. In the pattern of graphite
oxide, the reappearance of the diffraction line at 24.37° and disappearance
of the diffraction peak at 9.92° give evidence that the graphite oxide was
restored the ordered crystal structure. From (Fig. 2c) gives the XRD
patterns of as-synthesized GO-ZrO;. The dominant peaks located at ca.
24.06°, 24.45°, 28.18° 31.47° and 51.20° are indexed to (011), (110),
(111), (111) and (221) crystallographic planes of monoclinic ZrO:
consistent with GO-ZrO; composite. Through search and contrast via the
JADE 5.0 database, it was found that the XRD pattern matched the standard
XRD pattern (JCPDS No. 83-0937), the corresponding diffraction is
indexed in (Fig. 2c), and no characteristic peaks of impurities are
observed, suggesting pure ZrO: was prepared [28]. Notably, no typical
diffraction peaks of the GO are observed in the GO-ZrO.. The reason can be
attributed to the fact that the low amount and the relatively low diffraction
intensity of GO.
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Fig. 2 XRD pattern of the (a) GO-Zr02, (b) graphite oxide and (b) graphite.
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Raman spectroscopy is a powerful and widely used technique for
characterizing the sp? and sp3 hybridized carbon atoms contained in
graphene oxide to identify disorder and defect structures. Generally in GO
based samples, the disorder-induced D bands arise from the tangential
stretch and sp3-hybridized carbon and the G band represents the
crystalline graphite with Ez;zone center mode; moreover, the Ip/Ic ratio
depends strongly on the amount of disorder in the graphitic material. The
In/Ig ratio should increase when more defects are introduced into GO.
According to (Fig. 3), the Ip/Ic ratio of GO-ZrO2 composite is 0.992 which
is higher than the 0.970 calculated from GO. That is to say, ZrO:
modification can be effective in bringing an amount of defects into the
structure of GO [29].
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Fig. 3 Raman Spectra of (a) Graphite, (b) Graphite Oxide, and GO-ZnO>

Fig. 4 (a) SEM image and (b) EDS spectrum of GO-ZrO:
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The SEM of nanocomposite was taken as powder synthesized, images
were taken on carbon tape. From the (Fig. 4a) shows the SEM images. It is
unambiguous that the morphology of intercalated nanocomposite
particles are really in nanosize and it shows the clumsy morphology due
to the aggregation of particles in the solution while synthesis. From (Fig.
4b) shows the energy dispersive spectrum (EDS) results of the GO-ZrO.
nanocomposite. Zr, O and C elements are observed.

From (Fig. 5) illustrates the typical TEM images of GO-ZrO:
nanocomposite. It can be clearly seen that the exfoliated GO sheet was
decorated by hexagonal shape of ZrOz, with size range between 10-75 nm.
From (Fig. 5d) displays selective area electron diffraction (SAED) pattern
of hybrid material shows the fusion of super lattices which are
characteristic nature of the layer structure of any kind of materials.

Fig. 5 (a), (b), (c) TEM images and (d) SEAD pattern of GO-ZrOa.

HR-TEM images of the GO-ZrO; fusion material show springes in 5 nm
range we observed this kind of springes only in the case of material is
crystalline nature. From the P-XRD we observed the crystalline nature of
the hybrid material as well as graphene oxide this is confirmed by HR-
TEM. In HR-TEM we observed springes on ZrO2 shows hexagonal form
(Fig. 6).
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Fig. 6 HRTEM images of GO-ZrOx.
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Fig. 7 (a) Nitrogen adsorption-desorption isotherms and (b) photoluminescence
spectra of ZrO2 and GO-ZrO2 composite.

We have carried out the Brunauer-Emmett-Teller (BET) analysis to
understand the specific surface area of the as prepared GO and GO-ZrO:
composites and the corresponding nitrogen adsorption-desorption
isotherm curves are shown in (Fig. 7a). Surface area of GO-ZrO; (207.1
m?g1) was higher than that of GO (186 m2g!) due to the high density of
Zr0O; hexagonal shaped nanocrystals. The high surface area of GO-ZrO:
suggests enhanced photocatalytic activity of inorganic pollutants

degradation. From (Fig. 7b) shows the emission spectra of ZrO; and GO-
ZrO,; samples, respectively. The samples show a strong broad-band
emission ranging from 350 to 600 nm centered at 388 nm. The emission
peak and strength depends upon the species and densities of PL. High
crystal quality and quantum confinement in the nanostructures are two
factors favoring the increase of the intensity of light emission at room
temperature. Also, the observed PL emission peak of ZrO at 388 nm is in
good agreement with that of ZrO2 nanoparticles at 387 nm [30].

3.1 Photocatalytic Activity of GO-ZrO;

From (Figs. 8a and b) shows the change in the UV-Vis absorbance
spectra of Cr(VI) solution with different irradiation intervals over the GO-
Zr0z samples. As mentioned in the experimental section, the catalyst was
equilibrated with the Cr(VI) ions to check for adsorption of the heavy
metal on the solid photocatalyst. The UV-Vis absorption spectra of Cr(VI)
have a characteristic peak at 398 nm. The UV-Vis results indicate that
Cr(VD)was degraded during the reaction. The decrease in the absorbance
of the solution was due to the destruction of the homo and hetero-
polyaromatic rings present in the Cr(VI) ions.
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Fig. 8 The progress of UV-Vis spectra for Cr(VI) solution with (a) ZrOz (b) GO-ZrO:
(c) comparision study of Photocatalytic activity (d) three cycles of GO-ZrO: in
photodegradition of Cr(VI).

The photocatalytic activity of the GO-ZrO; samples was determined by
monitoring the degradation of the Cr(VI) ions. A blank experiment was
carried out to confirm that the photodegradation reaction did not proceed
without the presence of catalyst. The photocatalytic degradation of Cr(VI)
in aqueous solution under the solar light irradiation was carried out at
regular time intervals was shown in Fig. 8c. The absorption of these
solutions decreased gradually with irradiation time. The characteristic
absorption of Cr(VI)almost disappeared after about 70 min, and the color
of Cr(VI) solution changed gradually from yellow blue to colorless after
irradiation for 70 min. At concentration 0.014 g/L of Cr(VI) ions
degradation was 98%, which shows the GO-ZrO: Ncs was excellent
photocatalyst. The ZrO. shows the degradation of Cr(VI) removal is 45%,
graphite oxide removal is 22% and mechanical mixing of GO+ZrO2 is 62%.
The GO-ZrO, composite material possesses much higher photocatalytic
activity than pure ZrO2, GO and mechanical mixture of GO+ZrO,. The
catalyst was found to be active for three cycles without any major
deactivation, and more than 95% degradation was achieved in all
experiments within 70 min using the GO-ZrO; catalyst. The reusability of
the GO-ZrOznanocomposite was ascribed to the low photo-corrosive effect
and high catalytic stability of the synthesized GO-ZrO; sample.

Fig. 9 has explained the mechanism of high photocatalyticactivity for
GO-Zr0.. Under solar light, the photoelectron and hole are emitted. Then
the photoelectron is transferred to GO to resist the recombination
photoelectron and hole because it is energetically favorable. The
transferred photoelectrons react with the absorbed O on the surface of
GO to form -OH, which is used to degrade heavy metal Cr(VI) ion.
Additionally, the remaining hole in ZrO2 takes part in the redox reaction to
generate -OH, Owing to the high specific surface area and superior electron
mobility of GO, an appropriate integration of GO and ZrO; would give rise
to a hybrid nanocomposite to achieve high photodegradation activity [31].
In this case, the recombination of photo-generated electrons and holes is
suppressed, and their lifetime is prolonged. GO hybridized ZrO: exhibited
enhanced photocatalytic efficiency for the degradation of inorganic
pollutants.
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Fig. 9 Proposed mechanism of Cr(VI) removable by GO/ZrOz nanocomposite.

4. Conclusion

GO-ZrO; nanocomposite was successfully synthesized via
hydrothermal. The experimental results indicate that (i) GO-ZrO:
nanocomposite exhibit high-quality photocatalytic performance. (ii) The
high photocatalytic performance is ascribed to the increased light
absorption intensity and range as well as the reduction of photoelectron-
hole pair recombination in ZrO. with the introduction of GO-ZrO:
nanocomposite achieves a highest Cr(VI) removal rate of 98%. Our
findings provide necessary information to understand the mechanism in
enhanced photocatalytic property in GO-ZrO system and to guide further
research for effective and efficient photo catalysts. It is expected that GO-
ZrOz can be applied as novel adsorbent for Cr(VI) removal from
wastewater.
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