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Abstract
In the present work, we report the comparative study of photocatalytic degradation of Rhodamine B (RhB) dye
in aqueous solution by using ZnO-graphene nanaocomposites obtained using two different natural reducing
agents namely Grape and Eichhornia crassipes. Graphene oxide (GO) was synthesized by Hummer’s method
followed by reduction of the graphene oxide using natural reducing agents Grape and Eichhornia crassipes. The
two samples of graphene oxide (Gr-rGO and Ei-rGO) were treated with ZnO to form a rGO-ZnO nanocompos-
ites. The dye degradation was observed by the decrease in the absorption and decolorization in the presence of
visible light. The degradation efficiency was found to be dependent on the concentration of rGO-ZnO nano-
composites added to the dye solution. The Ei-rGO has a higher adsorbing capacity due to its large surface area.
A degradation efficiency of 67% was achieved by ZnO alone, whereas with the rGO-ZnO nanocomposite, the
photocatalytic degradation efficiency for removal of RhB dye was found to be enhanced. The degradation
efficiency was 70.0% and 97.5% with Gr-rGO-ZnO and Ei-rGO-ZnO nanocomposites respectively. The en-
hanced photocatalytic activity of Ei-rGO-ZnO composites could be attributed to the strong interaction with
the ZnO and the defect sites available in Ei-rGO.
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Introduction

Dyes are organic compounds which are used to colour
fibers. Dye can be classified as natural and synthetic.
Synthetic dyes are manmade dyes, obtained from re-
sources like petroleum by product, earth minerals and
various chemicals. Synthetic dyes are most commonly
used in textile industries, due to their color flexibility
and improved fastness [1, 2]. Textiles industries use
synthetic dyes in large quantities and the dye effluent
from these dye houses pose many of environmental
problems [3–5]. Removal of dye from dye house efflu-
ents by degradation has been actively pursued by many
re-searchers as dyes are carcinogenic [6–9]. Untreated
dye effluent, can cause lots of damage to water bodies.
The con t am ina t ed wa t e r i s un f i t f o r human
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consumption. It causes lots of harmful health issues to
human beings such as cancer, dermatitis, respiratory dis-
eases, allergic reaction in eyes, skin irritation, and irri-
tation to mucus membrane and the upper respiratory
tract. [10–13].

Waste water management is essential to tackle these
health problems. Many methods are reported in litera-
ture for waste water treatment. Some of the methods are
chlorination [14], adsorption [15, 16] carbon filtering
[17], desalination [18], distillation [19], electrode ioni-
zation [20], etc., Apart from these methods photocata-
lytic treatment is a well-established technique for pollut-
ant degradation in dye effluents [21]. Photocatalysis in-
volves the passage of light onto a semiconductor oxide/
sulphide layer resulting in movement of electrons from
the valance band to the conductance band. Superoxide
anions and hydroxide radicals which have potential ox-
idizing and reducing abilities are generated by the pho-
tocatalytic setup when the electron hole pairs developed
react with the oxygen and water molecules [22].

In recent studies, a semiconductor in combination
with some other materials to form a composite for bet-
ter photocatalytic functioning has been employed [23,
24]. In this work, we have used reduced GO and ZnO
composite as photocatalyst for the photocalatytic degra-
dation of RhB dye. The rGO is a thin layer of pure
carbon and it is a single, tightly packed layer of both
carbon atoms that are bonded together in a hexagonal
honeycomb lattice. [25]. It is a good conductor of heat
at room temperature and electricity [26]. The synthesis
of rGO employing eco-friendly approach is a prominent
methodology for research among the scientists. It has a
huge number of applications in supercapacitors [27],
batteries [28], transistors [29], solar cells [30] and sen-
sors [31]. The production of reduced graphene oxide is
carried out by many methods such as electrochemical
reduction [32], reduction of GO by hydrazine [33], re-
duction of GO by thiourea [34], reduction of GO by
sodium borohydride [35], reduction of GO via bacterial
respiration [36], reduction of GO via l-ascorbic acid
[37], reduction of GO by hydrazine hydrate [38] and
thermal reduction of GO [39]. These known methods
of reduction that employ the usage of chemical reducing
agents are toxic in nature, harmful to the environment
and lead to the formation of irreversible agglomerates
that cause surface modification of the GO [40]. These
considerations led us to develop a cost effective and
eco- friendly method for the reduction of GO to rGO
using fresh grapes and Eichhornia crassipes leaf extract
as a reducing agent. The reduced GO was derived using
two different natural reducing agents Grape and
Eichhornia crassipes and their performances have been
compared.

Experimental

Materials

Graphite powder, ethanol, hydrazine mono hydrate, po-
tassium permanganate, sulphuric acid, hydrochloric acid,
and hydrogen peroxide purchased from Merck, Steinem,
Germany were used in this study. Grape was purchased
from the local market in Karunya nagar, Coimbatore,
South India. The Plant Eichhornia crassipes (mart.)
Solms -Laub.was collected from the Ukkadam pond,
Coimbatore, South India. This plant was identified and
certified (BSI/SRC/5/23/2011–12/Tech-145) by Botanical
Survey of India, Coimbatore. The specimen of the plant
was stored in the herbarium (Acc.No. 006149) of
Bharathiar University, Coimbatore.

Synthesis of GO

Graphene Oxide was synthesized using the Modified
Hummer’s method [41]. In this method, graphite flakes
were dissolved in concentrated sulphuric acid at 0-5 °C.
After a few minutes sodium nitrate solution was mixed
with the graphite solution and stirred continuously for
2 h. Then, potassium permanganate (0.5 mol) was
added in regular intervals of time (half an hour). After
the addition of KMnO4 a pasty brownish product was
formed, and it was stirred for 2 days. After stirring, the
solution was diluted with water and treated with 30%
H2O2 (10 ml). The product became yellow in colour.
Then it was washed with 10% HCl and water, filtered
and dried to get the powder form of Graphene Oxide.

Plant extract preparation

Fresh grapes (Vitis vinifera) and Eichhornia crassipes
leaf were collected from the Western Ghats forest
around Coimbatore region of South India. The fresh
grapes and Eichhornia crassipes leaf were washed thor-
oughly to remove debris from its parts. The fresh clean
parts of grapes and Eichhornia crassipes leaf were cut
into small pieces and dried at 40 °C in N2 atm for a
few days. The dried parts were taken in a Soxhlet ap-
paratus and using ethanol as the solvent, the Soxhlet
extraction was carried out. The extract was collected
and the solvent was removed using a Rotary evaporator
(Equitron). The aqueous extract was dried and filtered
using a Whatman filter paper (0.1 μm in pore size).

Synthesis of rGO

Two varieties of rGOwere synthesized, using natural reducing
agents like Grape and Eichhornia crassipes [42, 43]. 40 ml of
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the dispersed Graphene Oxide was obtained by sonication and
30 ml of Grape extract and 30 ml of Eichhornia crassipes
extracts were obtained by the soxhlet method. Graphene oxide
solution was treated with these two extracts separately in a
separate round bottom flask and it was refluxed at 80 °C for
5 h. The colour of the solution changed after 5 h from brown
to black, indicating the reduction of Graphene Oxide by the
natural reducing agents and the product was filtered and dried
to get the powder form of r-GO,which was characterized.

Preparation of ZnO/rGO nanocomposites

Ei-rGO-ZnO and Gr-rGO-ZnO nanocomposites were
prepared by following the chemical precipitation meth-
od. 0.1 M Zinc acetate dihydrate with calculated
(0.05 g) amount of corresponding rGO was stirred mag-
netically for 30 min at 80 °C. To this 0.2 M NaOH
solution was added and stirred continuously for 3 h.
Finally, the precipitate was washed a number of times
with water and ethanol. The resultant product Ei-rGO-
ZnO and Gr-rGO-ZnO were dried in an oven at 80 °C
for 4 h. Likewise, pure ZnO nanoparticles were pre-
pared by the above mentioned method without the ad-
dition of rGO [44].

Photocatalytic experiment

The photocatalytic activity of rGO-ZnO nanocomposite was
evaluated by inspecting the photo degradation of RhB as a
model pollutant under visible-light irradiation using a 70 W
CFL lamp (λ > 400 nm 70 WBCB22 220–240 V Philips
India). In a typical procedure, calculated amount of the syn-
thesized nanocomposite was dispersed in a 100 ml cylindrical
vessel. The aqueous solution of the organic dye was prepared
in 1× 10−5 M concentration. Prior to irradiation, the mixture
was magnetically stirred for 10 min in the dark to allow
adsorption-desorption equilibrium of RhB on the surface of
the photocatalyst. After that, the dye solution was irradiated
with light using a 70 W CFL lamp. At regular time intervals,
3 ml aliquots were withdrawn and the concentration of the
sample was analyzed using a UV-Visble spectrophotometer.
The percentage of decolourisation of RhB was calculated
using the equation

%D ¼ A0−Atð Þ x100=A0 ð1Þ

Where, A0 is the initial concentration and At is the equilib-
rium concentration at time‘t’.

Characterization

The Fourier transform infrared spectroscopy (FT-IR) was
used for IR characterization in the range 4000–400 cm−1

using a Shimadzu FT-IR (Japan) spectrophotometer.The
X-ray diffraction studies were performed using a
Shimadzu XRD 6000 (Japan) equipment. SEM (JEOL-
ASM 6390 (Japan)) and TEM (JEM 2100) techniques
were used for surface morphology studies. UV-Visible
spectrophotometer (Jasco V-630, Japan) was employed
for absorption spectral studies and a Shimadzu (DTG-
60) Japan made instrument for thermal stability
measurements.

Results and discussion

XRD analysis

Fig. 1 shows the crystalline properties of ZnO and rGO-
ZnO nanocomposite as analyzed by the powder X-ray
diffraction technique. Intense crystalline peak occurs at
26.0, which represents the hexagonal structure of the
graphite and the peak shifts to 10.5 for Graphite
Oxide due to the oxidation of graphite. At the time of

Fig. 1 XRD analysis: XRD for ZnO, Gr-rGO-ZnO, Ei-rGO-ZnO
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oxidation the oxygen containing functional groups (C-
OH, C-O-C, C-OOH) are intercalated with the graphite
sheet and due to this intercalation, the d-spacing value
is found to be expanded. After the reduction of
Graphene Oxide by Grape and Eichhornia crassipes ex-
tract the peak shifts to 24.5, indicating the reducing
property of Grape and Eichhornia crassipes extract
[45]. In the XRD pattern of the ZnO nanoparticles
(Fig. 1), the peaks at 31.7, 34.3,36.2, 47.4, 56.5, 62.7,
66.3, 67.8, 69.0, 72.4, 76.8, 81.2 and 89.4 correspond
to (110), (002), (101), (102), (110), (103), (200), (112),
(201), (004), (202), (104) and (203) crystalline planes of
ZnO [46, 47]. All diffraction peaks in the XRD pattern
of pure ZnO agree well with that of the hexagonal
primitive ZnO phase (JCPDS 89–1397). A diffraction
peak around 2θ = 20–25° in the XRD pattern of the
ZnO-rGO hybrid can be attributed to the (002) peak
of the rGO.

HR-TEM analysis

Fig. 2a shows the TEM micro graphs of GO, in which the
multiple sheeted structure of GO is clearly understood by the
folding and wrinkle in the micrograph. In Fig. 2b and c the
TEM micro graphs of rGO, the well exfoliated single sheeted
structure is observed. The absence of wrinkle and folding
suggest that the GO has been reduced to rGO by the removal
of oxygen functionalities on its surface. The SAED pattern of
GO shows multiple rings indicating the presence of multiple
sheeted structure in GO. The SAED pattern of rGO structure
shows sharp rings, indicating a short- range ordered rGO
structure. The TEM micro graphs clearly bring out the reduc-
tion of GO to rGO by the natural reducing agents.

SEM micrographs

The surface morphology of the prepared rGO and rGO
based composite catalysts was investigated by SEM, it
is shown in Fig. 3. SEM pictures of two different types
of rGO prepared from two different natural reducing
agents namely Grapes and Eichhornia crassipes, are
shown in Fig. 2 (a) and (c) and they show the morphol-
ogy of rGO. The synthesized rGO-ZnO composites (Fig.
2 (b) (d)) show a homogeneously distributed pattern. It
is clearly observed that the surface of layered rGO nano
sheet is packed densely by triangle shaped ZnO nano-
particles, which displays a good distribution of ZnO in
the rGO. The morphological study clearly shows the
formation of rGO-ZnO composites.

EDS was studied for understanding the elemental
distribution. In Table 1 the presence of the element
Zn on the rGO surface goes to confirm the formation
of rGO-ZnO composites. From Table 1, it is seen that
the elemental atomic % of Zn is around 3.85 and
3.99% on the surface of Gr-rGO and Ei-rGO nanocom-
posites respectively. The weight % of rGO-ZnO com-
posites are 41.17, 27.43 and 31.40 for C, O and Zn
respectively.

FT-IR spectra

The FTIR spectra of the GO, ZnO and rGO-ZnO nano-
composites are shown in Fig. 4. From the spectra the
GO sample absorption band at 3400 cm-1 can be
assigned to the O–H group stretching vibrations, the
absorption peak at 1600 and 1500 cm-1can be assigned
to C=O and C=C stretching of carboxylic and/or car-
bonyl moiety functional groups respectively. The peaks
at 1000 and 900 cm-1are due to the stretching of C–OH
and C–O groups respectively. The peaks around 2900
and 2800 cm−1can be assigned to the asymmetric and
symmetric vibrations of C–H band respectively. After
the reduction of GO with the natural reducing agents
Grape and Eichhornia crassipes extract, the intensity
of the band for oxygen functional groups are found to
decrease, which goes to prove that during the reduction
there is a reduction in oxygen functionality in the GO
[48]. In the ZnO spectra the strong absorption band in
the range of <500 cm−1 corresponds to the vibrations of
ZnO bonds. The FTIR spectrum of the rGO-ZnO nano-
composite shows a broad peak at 3400 cm−1, which can
be attributed to the O–H stretching vibration of the C–
OH groups and water. In addition, the nanocomposite
spectrum shows a strong absorption band in the range
of <500 cm−1 which is due to the vibrations of the ZnO
bonds, and which also goes to confirm the rGO-ZnO
nanocomposite formation.

Fig. 2 High resolution-transmission electron microscope for (a) GO (b)
Ei-rGO (c) Gr-rGO
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Optical imaging

The effectiveness of the formation of the rGO-ZnO nanocom-
posite can be seen in the optical imaging micrographs. Fig. 5a
show the optical image of ZnO, which has a glittering appear-
ance and Fig. 5b and c reveal the optical image of Gr-rGO and
Ei-rGO and it clearly shows the presence of the sheeted form
of rGO. The functionalized form of ZnO with rGO can be
understood from the optical imaging picture (5d) and (4e).
All these micrographs are useful for understanding the forma-
tion of rGO-ZnO nanocomposites.

Photoluminescence (PL) spectral studies

In this study, it is observed that the rGO-ZnO compos-
ite shows decreased emission intensity due to the inhi-
bition of photogenerated carrier’s recombination. ZnO
has a high intensity peak and when it is treated with
the two types of rGO (Grape and Eichhornia
crassipes) it shows different types of intensity peaks.
The Ei-rGO-ZnO composite shows a low intensity
peak when compared with the Gr-rGO-ZnO composite.
Therefore it is understood that the Ei-rGO-ZnO com-
posite has more photogenerated carrier inhibition abil-
ity when compared to the Gr-rGO-ZnO composite, as
shown in Fig. 6.

UV–vis spectra

The absorption spectra of graphene oxide, ZnO, reduced
graphene oxide and rGO-ZnO composite are shown in
Fig. 7. Graphene oxide and ZnO show a characteristic

Table 1 EDS value for Gr-rGO, Gr-rGO-ZnO, Ei-rGO, Ei-rGO-ZnO

Gr-rGO Gr-rGO-ZnO Ei-rGO Ei-rGO-ZnO

Carbon (Atomic %) 71.77 55.89 67.01 51.88

Oxygen (Atomic %) 28.23 40.26 32.99 44.13

Zinc (Atomic %) – 3.85 – 3.99

J Environ Health Sci Engineer (2019) 17:195–207 199

Fig. 3 SEM analysis: a SEM for Gr-rGO, (b) Gr-rGO-ZnO (c) SEM for Ei-rGO (d) Ei-rGO-ZnO



peak at 230 nm and 380 nm. The graphene oxide which
is converted into two types of reduced graphene oxide
by two different natural reducing agents namely Grape
and Eichhornia crassipes, shows a characteristic peak at
270 nm. These reduced graphene oxides when treated
with ZnO, show two characteristic peaks at 270 nm
and 380 nm. UV-vis spectra is used to understand the
photodegrading ability of the materials.

Proposed reaction mechanism for the reduction
of graphene oxide by green extract

GO reacts with the reducing agents (grapes and
Eichhornia crassipes leaf) present in the green extract
Fig. 8. The alcohol group interacts with the epoxide
group of GO. Due to the nuleophlic action of the O–
H groups and removal of water, the epoxide group and
phenolic groups of GO produce the intermediate. After
3 h of the reduction process, the rGO is formed along
with the oxidized form.

Photocatalytic activity

Fig. 9 illustrates the photocatalytic activity of ZnO, Gr-rGO-
ZnO and Ei-rGO-ZnO samples under visible light irradiation.
It is witnessed that without any photocatalyst, there was no
obvious degradation of RhB even after 120 min of visible-
light irradiation. The band gap of ZnO and nanocomposites
was estimated from the absorption edge of their respectiveFig. 4 FT-IR for Gr-rGO-ZnO, Ei-rGO-ZnO and ZnO

Fig. 5 Optical Imaging (a) ZnO, (b) Gr-rGO, (c) Ei-rGO (d) Gr-rGO-ZnO (e) Ei-rGO-ZnO

200 J Environ Health Sci Engineer (2019) 17:195–207



absorption spectra. The band gap of ZnO, Gr-rGO-ZnO and
Ei-rGO-ZnO are estimated to be 3.05 eV, 3.02 eV, and 2.98 eV
respectively. The observed red shift in the absorption edge of
the nanocomposites compared to the bare ZnO indicates that
the synthesized nanocomposites can be used as photocatalysts
and the composites could absorb more photons (visible light)

than bare ZnO. Hence, the red shift observed in the absorption
spectrum might enhance the photocatalytic efficiency. The
removal rate of RhB for bare ZnO is 67%. The percentage
degradation was enhanced to 97.5% when Ei-rGO-ZnO was
added and a 70.0% degradation was achieved when the same
amount of Gr-rGO-ZnO was added under similar conditions
because of its higher band gap value compare to that of Ei-
rGO-ZnO. The enhanced photocatalytic activity of Ei-rGO-
ZnO composites could be attributed to the strong interaction
with the ZnO and the defect sites available in Ei-rGO. After
the irradiation of light, the electrons from the valence band of
ZnO may be excited to its conduction band and consequently
to the Ei-rGO. The molecules of MB can be transferred to the
surface of the Ei-rGO-ZnO composites by means of p-p con-
jugation between the dye and the aromatic regions of Ei-rGO.
The increase in number of holes initiates an oxidative pathway
and therefore the adsorbed dye can be oxidized, as a result of
which the photoactive radicals generated during the reaction
produce CO2, H2O, and other intermediates, finally leading to
the degradation ofMB. This observation could be attributed to
the increased active sites presence on the Ei-rGO-ZnO sur-
face. Additionally, in the PL spectral studies it is observed that

Fig. 6 PL Spectra for Gr-rGO-ZnO, Ei-rGO-ZnO, ZnO

Fig. 9 Photocatalytic efficiency of Ei-rGO-ZnO, Gr-rGO-ZnO, ZnO and
light in the degradation of RhB under visible light irradiationFig. 7 UV Spectra for Gr-rGO-ZnO, Ei-rGO-ZnO, ZnO

Fig. 8 Plausible mechanism for the reduction of GO
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Ei-rGO-ZnO has greater inhibition ability for the electron hole
pair recombination, which will lead to enhanced photocatalyt-
ic activity. The inhibition of the recombination of
photogenerated radicals leads to greater concentration of hy-
droxyl and superoxide radicals which facilitates high degra-
dation efficiency. These results clearly show that the Ei-rGO-
ZnO composite has a higher photocatalytic activity than the
Gr-rGO-ZnO nanocomposite [49]. The pH variation showed
that the degradation was efficient only at pH 7.

Effect of catalyst dosages

The photocatalyst degradation of RhB is strongly influenced
by the amount of catalyst required for the photocatalytic reac-
tion. As we have observed that Ei-rGO-ZnO showed a better
photocatalytic activity towards the degradation of RhB, it is
necessary to optimize the amount of catalyst required for a
better degradation rate of RhB. Hence the effect of catalyst
dosage on the photocatalytic degradation of RhB (1 X
10−5 M) was investigated. It can be seen in (Fig. 10) that the
percentage degradation of RhB dye enhanced from 34.92 to
98.78 with increasing dosages of Ei-rGO-ZnO respectively

from 10 mg to 20 mg which can be explained by the fact that
the number of photo generated e−-h+ pairs correspondingly
increased with the increase of the catalyst dosage. However,
further increase in the catalyst dosages from 20 mg to 50 mg
led to a decline in the degradation percentage to 60.55 and
73.36 (50 mg) compared to a high value of 98.78 for 20 mg.
Normally the increase in the amount of the catalyst increases
the number of active sites which in turn increases the amount
of. OH and -.O2 radicals which would degrade RhB. But when
the concentration of the catalyst increases above the optimum
value, the percentage degradation decreases, due to the scat-
tering effect of light by the catalyst particles. Sun et al. have
reported that the excess catalyst prevented the penetration of
the light, thus decreasing the primary oxidants in the photo-
catalytic system i.e. hydroxy radicals, which in turn decrease
the percentage of degradation [46]. Also the excess amount of
catalyst beyond the optimum concentration would agglomer-
ate and render the catalyst surface unavailable for photon ab-
sorption resulting in decline in the photodegradation efficien-
cy. Therefore, in this case, the optimal dosage of netted-
shaped Ei-rGO-ZnO for RhB degradation is 20 mg/50 ml.

UV-vis absorption spectroscopy

Generally, photocatalytic degradation of RhB follows
two mechanisms. i) attack of OH radical on the chro-
mophore aromatic ring with hypochromic shift ii) suc-
cessive de-ethylation from the aromatic ring leading to
intermediate products with hypsochromic shift [50].
Fig. 11 exhibits the absorption spectra of RhB using
rGO-ZnOa and the absorption peak at 554 nm decreased
gradually with hypochromic shift and was nearly wiped
out totally after 120 min of irradiation in the presence
of both Gr-rGO-ZnO and Ei-rGO-ZnO nanocomposites,
this confirms that degradation occurs through the aro-
matic ring opening of RhB dye for both the prepared
catalysts. Further, no new absorption bands are seen inFig. 11 Temporal changes of UV–VIS spectra of RhB

Fig. 12 Percentage degradation of TOC during photodegradation of RhB
in presence of rGO-ZnO

Fig. 10 The degradation of RhB dye solution using Ei-rGO-ZnO under
visible light irradiation. RhB = [1 × 10−5 M], Temp = 35 ± 1 °C
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the visible regions, which indicate the complete degra-
dation of the RhB during the reaction.

Total organic carbon (TOC)

During photodegradation of organic dyes some interme-
diates are formed that may be even more toxic than the
initial compound. Therefore, TOC study was carried out
to find the mineralization of RhB under visible light
irradiation. Fig. 12 shows the initial dye TOC value
and the value after degradation by both Gr-rGO-ZnO
and Ei-rGO-ZnO composites under visible light irradia-
tion. The results show that RhB dye was mineralized as
indicated by the negligible TOC valueswhen compared
with the initial dye concentration.

Mass spectra

The degradation of the RhB dye by photocatalysis was studies
using the mass spectrophotometry, shows in Fig. 13. Some of
the intermediated formed during the degradation were identi-
fied to be 9-(2-carboxyphenyl)-6-(diethylamino)-3H-xanthen-
3-iminium (m/z-1 = 386 m/z), N-(6-(dimethylamino)-4H-
xanthen-3(10aH)-ylidene)-N-ethylethanaminium (m/z-1 =
297), 2-(methoxycarbonyl) benzoic acid (m/z-1 = 180),
4-(ethyl(methyl)amino)benzene-1,2-diol (m/z-1 = 168),
adipic acid (m/z-1 = 145), glutaric acid (m/z-1 = 131),
Benzoic acid (m/z-1 = 121), Hexanoic acid (m/z-1 = 116),
(E)-5,5-diaminopenta-2,4-dien-1-ol (m/z-1 = 113), (E)-pent-

3-ene-1,3-diol (m/z-1 = 101). Based on the intermediates
formed, a plausible mechanism for the degradation is given
in Fig. 14 [44, 51–54].

rGO−ZnOþ Visible light→rGO hþð Þ þ ZnO e−ð Þ ð2Þ

rGO hþð Þ þ H2O → OH: þ Hþ ð3Þ

e− þ O2 → O2
:− ð4Þ

O2
:− þ H20 → OOH: þ OH− ð5Þ

OOH: þ H20 → H2O2 þ OH ð6Þ

H2O2 → OH: þ OH ð7Þ

OH: þ RhB → CO2 þ H20 ð8Þ

Plausible photodegradation mechanism

Generally, the improved photocatalytic activity of
rGO-ZnO under visible light irradiation owing to its
adsorption capacity, absorption of visible light capa-
bil i ty and the suppression of recombination of

Fig. 13 MS spectra of (a) RhB
and (b) end products of the
photocatalytic degradation of
RhB
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Fig. 15 Schematic representation of Rhodamine B dye degradation under visible light irradiation
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Fig. 14 Plausible mechanism for the degradation of RhB dye



electron hole pair. Fig. 15 shows the general mecha-
nism of photodegradation of RhB under visible light
irradiation. Initially, the excess of dyes are absorbed
by the rGO-ZnO due to its large surface area. Then
the electrons excited from RhB can be transferred to
the rGO after the irradiation. Further, the electron
transfer to ZnO conduction band, results in the reac-
tion with the dissolved oxygen to give reactive oxy-
gen species which can degrade the RhB. Meanwhile,
the hole h+ in the valence band of ZnO can oxidize
the dye molecules directly. All these observations
suggest that the photocatalytic activity of rGO-ZnO
is enhanced due to the presence of rGO nanoparticles
[55, 56].

Stability and reusability of photocatalyst

The stability and reusability of the photocatalyst was
investigated by using the catalyst for four consecutive
degradation reactions on RhB dye. All the four experi-
ment carried out were under the same reaction condi-
tions. After the completion of the degradation process in
each reaction, the degraded solution was filtered and the
left over catalyst was collected and it was dried under
high vacuum. Then this collected catalyst was used for
the next the degradation reaction of RhB dye. This ex-
periment was repeated nearly four times with the same
catalyst. From Fig. 16, it is observed that the catalytic
efficiency of the used catalyst were 98%, 96%, 93%
and 92% for the 1st, 2nd, 3rd and 4th cycle respective-
ly. Therefore, it is evidence that the catalytic efficiency
of the catalyst was almost retained even upto the fourth
cycle. These results clearly show that the Ei-rGO-ZnO
photocatalyst has good stability and reusability in the
photocatalytic process [57].

Conclusion

In conclusion, Graphene oxide was synthesized by
Hummers methods and it was converted into reduced
graphene oxide using eco friendly reducing agents like
Grapes and Eichhornia crassipes. These two rGO’s
were treated with ZnO to form the Gr-rGO-ZnO and
Ei-rGO-ZnO nanocomposites. The photocatalytic degra-
dation efficiency of Gr-rGO-ZnO and Ei-rGO-ZnO
nanocomposite was studied on RhB dye under the vis-
ible light irradiation condition. Our results confirm that
Ei-rGO-ZnO nanocomposite had higher degradation ef-
ficiency than the rGO-ZnO nanocomposite. These re-
sults can lead to improved development of photocata-
lyt ic degradat ion of organic dyes using cheap
materials.
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