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The current research focuses on the hydrothermal production of a nanocomposite based on graphene
oxide and Pd/ZnO nanorodes (GO/Pd/ZnQO) for the photocatalytic degradation of Direct Red 23
(DR23) from textile effluent under UV light irradiation. XRD and SEM analyses revealed that the
Pd/ZnO nanorods were anchored onto the crumpled-like characteristics of GO nanosheets in the
GO/Pd/ZnO nanocomposite. The optical band gap values for ZnO nanorods, Pd/ZnO nanorods, and
GO/Pd/ZnO nanocomposite were found to be 3.10, 3.01, and 2.95 eV, respectively, showing that the
GO/Pd/ZnO nanocomposite exhibits a lower band gap than pure ZnO and Pd/ZnO nanorods. EIS
measurements revealed a reduction in charge transfer resistance with the addition of Pd and GO
nanosheets to the ZnO structure. The photocatalytic performance of photocatalysts for the degradation
of 100 ml of 80 mg/l DR23 solution under UV light irradiation revealed that after 60 minutes of UV
light irradiation, ZnO nanorods, Pd/ZnO nanorods, and GO/Pd/ZnO nanocomposite achieved 63.0%,
75.9%, and 84.7% DR23 degradation efficiency, respectively. The complete treatment is achieved after
145, 125, and 120 minutes of UV light irradiation on ZnO nanorods, Pd/ZnO nanorods, and
GO/Pd/ZnO nanocomposite, respectively, indicating the high photocatalytic efficiency of GO/Pd/ZnO
nanocomposite compared to other photocatalysts reported in the literature due to synergetic action
between GO, Pd, and ZnO The produced photocatalysts in this study were found to be effective in
treating the DR23 pollutant in textile wastewater.
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1. INTRODUCTION

The most common synthetic colorants are direct azo dyes, which are widely used in the textile,
cotton, paper, leather, wool, silk, nylon, printing, and paper industries [1-3]. They're also employed as
biological stains and pH indicators. Direct dyes are also utilized in low-cost viscose or mixed curtain
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textiles, upholstery, and carpets [4, 5]. Because of their good substantial properties for cellulosic textile
materials like cotton and viscose rayon, direct dyes are also known as substantive dyes [6, 7]. This
group of dyes gets its name from the fact that they have a direct affinity for cellulose fibers when
applied from an aqueous solution [8-10].

Direct dyes have high water solubility, making it difficult to remove them using traditional
procedures [11-13]. Color pollution from industrial and textile dyes causes not only aesthetic damage
to bodies of water, but also reduces light penetration into the water, preventing submerged plants and
algae from capturing the necessary light for photosynthesis and lowering dissolved oxygen levels,
which is a dangerous situation for aquatic ecosystems [14-16]. Furthermore, they have been proven to
include carcinogens, function as toxic and mutagenic agents, and can induce allergies such as contact
dermatitis and respiratory disorders, as well as allergic reactions in the eyes, skin irritation, and
irritation of the mucous membrane and upper respiratory tract [17-19].

To safeguard the environment, wastewater linked with industrial and textile colors must be
cleaned before release by successfully eliminating dye [20-22]. As a result, numerous studies have
been conducted to treat dye-contaminated industrial wastewaters using chemical oxidation methods,
coagulation and electrocoagulation, Fenton and electro-Fenton oxidation techniques, flocculation,
membrane filtration, adsorption, and biological, electrochemical, and photocatalytic treatment methods
[23-25]. Among all the ways of decolorization of dyes, the photocatalytic treatment technique is the
best choice for dye degradation, with the greatest outcomes for all types of dissolved organic and
inorganic material degradation [26, 27]. The photocatalytic technique is a low-cost method that
employs semiconductors like TiO2, ZnO, WO3, and CdS, as well as a light source, to form photo-
excited carriers, resulting in the generation of hydroxyl radicals, superoxide radical anions, and
hydroperoxyl radicals as the main reactive species in photocatalytic oxidation reactions [28, 29].
However, the practical use of photocatalysts is very limited due to the fast recombination rate of photo-
generated carriers, and, thereby, many studies have been conducted on the synthesis of nanostructured
photocatalysts to decrease the recombination rate of photogenerated charge carriers and promote the
practical use of photocatalytic systems for the treatment of wastewater [30, 31].

Direct Red 23 (DR23; disodium; 7-[[6-[(4-acetamidophenyl)diazenyl]-5-hydroxy-7-
sulfonatonaphthalen-2-yl]carbamoylamino]-4-hydroxy-3-phenyldiazenylnaphthalene-2-sulfonate) is an
azo naphtalene dye that is the most frequently used anionic dye in the textile industry. It has been used
for cellulose fiber dyeing, also used for silk, wool, paper and pulp dyeing. DR23 has been utilized to
the manufacture colors that have pigment [32]. Several studies have been performed to investigate the
photocatalytic degradation of DR23 using TiO2 and ZnO based nanocomposites [33-44]. Some of
these dye-photodegradations are based on DR23 oxidation in the presence of hydrogen peroxide [40-
44]. This research concentrated on the simple synthesis of low-cost photocatalysts for the degradation
of DR23 in the absence of hydrogen peroxide. Therefore, the present work has been focused on the
synthesis of GO/Pd/ZnO nanocomposite based on hydrothermal process and its application to the
photocatalytic degradation of DR23 from textile wastewater under UV light irradiation.
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2. EXPERIMENTAL

2.1. Synthesis of GO/Pd/ZnO nanorods

GO/Pd/ZnO nanorods were synthesized using the hydrothermal method as follows [45]: for
synthesis of ZnO nanorods, 50 ml of 30g/I zinc nitrate (98.0%, Shandong Energy Chemical Co., Ltd.,
China) aqueous solution was added to 10 ml of n-butanol (99.0%, Sigma-Aldrich), and the mixture
was magnetically stirred for 120 minutes to obtain a homogenous solution. Next, 20 ml of 1mM
sodium citrate (99.0%, Sigma-Aldrich) solution was added to the homogenous solution, and
magnetically stirred for 60 minutes. The solution was then stirred for 60 minutes after 2 ml of 0.5
NaOH (99.0%, Shandong Energy Chemical Co., Ltd., China) solution was added. The solution was
then transferred to a 100 ml Teflon-lined stainless steel autoclave and heated to 130 °C for 10 hours.
After cooling, the resultant precipitates were collected and washed with deionized water and ethanol
three times, and dried at 70 °C for 12 hours.

To make Pd/ZnO nanorods, 50 ml of acetone (99.0%, Shandong Baovi Energy Technology
Co., Ltd., China) solution was mixed with 1g of prepared ZnO nanorods powder and 1g of palladium
nitrate dehydrate (40%, Sigma-Aldrich), which was then calcined at 450 °C for 120 minutes in an
argon environment. The GO/Pd/ZnO nanorods were made by ultrasonically mixing 300 mg of Pd/ZnO
powder with 20 ml of 5 g/l GO solution (99%, Luoyang Tongrun Info Technology Co., Ltd., China).
The suspension was then placed in a 100 mL Teflon-lined stainless steel autoclave and heated to
200°C for 10 hours. The resulting precipitates were washed several times with deionized water and
ethanol after hydrothermal reactions, and the GO/Pd/ZnO nanorods were dried in an oven at 85 °C for
8 hours.

2.2. Characterization

The crystal structures of the produced nanorods were studied using an X-ray diffractometer
(XRD, Thermo X'TRA X-ray diffractometer employing CuK radiation). Scanning electron microscopy
was used to examine the morphology of nanostructures (SEM; JSM-6490LV, Japan). A
spectrophotometer was used to measure the UV-visible absorption spectra of the samples (Spectra Max
Plus 384, Molecular Devices Co., Sunnyvale, CA). Experiments in electrochemical impedance
spectroscopy (EIS) were performed on a potentiostat/galvanostat (Autolab® model PGSTAT 10N, Eco
Chemie, Netherlands) with an electrochemical cell containing a ZnO, Pd/ZnO, and GO/Pd/ZnO
nanostructures modified glassy carbon electrode (GCE) as the working electrode, a platinum plate as
the counter electrode, and an Ag/AgCl electrode as a reference electrode. EIS experiments were carried
out in a 0.25 M Na>SO4 (>99%, Sigma-Aldrich) solution by applying an AC voltage of 5 mV in the
frequency range from 10° Hz to 10 Hz. The fitting of the result data in EIS experiments and the
equivalent circuit were performed using the ZView?2 software. For modification of the GCE surface
with synthesized nanostructures, 30 g/l of synthesized nanostructure suspension was dropped on the
GCE surface and dried at room temperature.
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2.3. Study the photocatalytic Activity

The degradation of DR23 under UV irradiation at room temperature using a UV lamp was used
to study the photocatalytic performance of photocatalysts (ZnO nanorods, Pd/ZnO nanorods, and
GO/Pd/Zn0O nanocomposite) (L000W, 365 nm, Hebei Flash Cure Optoelectronic Technology Co., Ltd.,
China). In a typical procedure, 100 ml of 80 mg/l DR23 (content 30%, Sigma-Aldrich) solution was
mixed with 0.5 g/1 photocatalyst. After that, the photocatalyst and DR23 solution were maintained in
the dark for one hour to ensure that the DR23 on the photocatalyst surface was in adsorption—
desorption equilibrium before irradiation. The combination was then subjected to UV radiation in
order to breakdown the DR23 solution. The distance between the surface of the UV lamp and the
surface of the DR23 solution was 8 cm. During all photocatalytic measurements, the mixture of
photocatalyst and DR23 solution was continuously stirred. After irradiation with UV light at a given
time interval, the irradiated samples were filtered through a filter paper (50 pm, Whatman) and
centrifuged at 1500 rpm for 10 minutes to remove photocatalyst particles from the dye solution, and
the concentration of DR23 in irradiated DR23 solutions was determined using UV-vis absorbance at
Amax =512 nm [33, 46]. The degradation efficiency of the dye can be determined as follows [47, 48]:

Degradation efficiency (%) = I"I;It x 100 = % x 100
0

0

Where |, and I; are the absorbance intensity of the DR23 at initial and after irradiation UV
light at time t, and C, and Cqare the corresponded concentration of the DR23 solution at initial and
after irradiation UV light at time t, respectively.

3. RESULTS AND DISCUSSION

3.1. Study of morphology and structure of synthesized nanostructures

The XRD patterns of ZnO nanorods, Pd/ZnO nanorods and GO/Pd/ZnO nanocomposite are
exhibited in Figures 1a, 1b, and 1c, respectively. As shown from Figure 1a, the XRD pattern of ZnO
nanorods reveals the diffraction peaks at 31.66°, 34.56°, 36.05°, 47.51°, 56.43°, 62.67°, 67.76°, 68.95°
and 76.59° which are attributed to (100), (002), (101), (102), (110), (103), (112), (201) and (202)
planes of the hexagonal wurtzite structure of ZnO (JCPDS card no. 36-1451) [49, 50]. XRD pattern of
Pd/ZnO nanorods in Figure 1b depicts two additional peaks at 40.02° and 46.56° which correspond to
(111) and (200) reflections of face centered cubic (fcc) structure of Pd (JCPDS card no. 05-0681) [51],
implying the introduction of Pd nanoparticles into the ZnO wurtzite structure. The XRD pattern of the
GO/Pd/ZnO nanocomposite in Figure 1c shows one additional peak at 23.35° which is indexed to
(002) planes of GO [52, 53].
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Figure 1. The XRD patterns of (a) ZnO nanorods, (b) Pd/ZnO nanorods and (c) GO/Pd/ZnO
nanocomposite.

Figure 2. The SEM images of (a) ZnO nanorods, (b) GO/Pd/ZnO nanocomposite.

Figure 2 shows SEM images of ZnO nanorods and GO/Pd/ZnO nanocomposite, respectively.
Figure 2a shows a SEM image of ZnO nanorods manufactured in a flawless hexagonal shape with an
average diameter of 70 nm. The strong physical bonding between the Pd/ZnO nanorods and GO
nanosheets is visible in the SEM images of the GO/Pd/ZnO nanocomposite in Figure 2c. As can be
shown, anchoring Pd/ZnO nanorods to GO nanosheets increases porosity and creates more active sites
on the nanocomposite's surface, increasing the effective surface area. Furthermore, XRD and SEM
studies show that the GO/Pd/ZnO nanocomposite was successfully synthesized.

3.2. Study of optical properties

Figure 3a shows the UV-visible absorption spectra of ZnO nanorods, Pd/ZnO nanorods and
GO/Pd/ZnO nanocomposite. As observed, the absorption edges of Pd/ZnO nanorods and GO/Pd/ZnO
nanocomposite are slightly red-shifted toward the pure ZnO nanorods which is associated with two
integrative factors [54, 55]: (i) the formation of impurity levels near the valence band and the
formation of defect states such as oxygen vacancies, zinc vacancies, zinc interstitials, and oxygen
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interstitials as trapped states that act as electron sinks, lowering the recombination rate of photo-
excited holes in the valance band and electrons in the conduction band and extending the lifetime of
photo-excited charge carriers, thereby improving photocatalytic performance [56, 57]. Moreover,
oxygen vacancy defects are useful for improving light absorption of the ZnO matrix due to the
presence of the d—d transition of free Zn [58]. (ii) The intimate interfacial interaction between Pd, GO
and ZnO. Studies have indicated that the interaction between the surface defects of ZnO and the =n-
electron of GO, and n—=* transition of aromatic C—C bonds and n—m* transitions of C=0 bonds of GO
in the nanocomposite structure can lead to a red-shift of the absorption band-edge [59, 60]. Certainly,
the red-shift of the light absorption edge to the visible light region reveals that the GO/Pd/ZnO
nanocomposite could present the photocatalytic activity under visible light irradiation [54, 61]. On the
other hand, reports have indicated that the conduction band and valence band of ZnO are -4.05 eV and
-7.25 eV, respectively, and the work functions of GO is —4.42 e¢V. Thus, on the basis of the relevant
band positions of ZnO and GO, photo-excited electrons easily transfer from the ZnO conduction band
to GO, implying the efficient separation of the photo-excited electron and holes and hindering the
charge recombination in electron-transfer processes [53, 62]. Figure 3b shows the Tauc plot of ZnO
nanorods, Pd/ZnO nanorods and GO/Pd/ZnO nanocomposite which is used for the determination of
band gap value of samples through the following formula [63-65]:

(ahv)>=B(hv—E) (2

Where hv and o and hv are absorbance and photon energy, respectively. B is the proportionality
constant and E refers to the optical band gap. The optical band gap is obtained by extrapolating the
linear part of curve (ahv)? as a function of the intercept energy X axis (hv). As found, the optical band
gap values are obtained at 3.10, 3.01 and 2.95 eV for ZnO nanorods, Pd/ZnO nanorods and
GO/Pd/ZnO nanocomposite, respectively, indicating the GO/Pd/ZnO nanocomposite exhibits a
narrower band gap when compared to pure ZnO and Pd/ZnO nanorods. This phenomenon can be
explained by the formation of Zn—O-C chemical bonds in the GO/Pd/ZnO nanocomposite [60, 66].
Incorporation of Pd metal and GO as conductive nanomaterials narrows the band gap of
nanocomposite and extends light absorption to longer wavelengths [53, 58]. High conductivity also
inhibits recombination and the longer wavelength light absorption can lead to a larger number of
photo-generated electrons from valence to conduction band.



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220647 7

(a) (b)
Zno
Zn0
-~ ——Pd/Zn0
s Pd/zn0 —— GO/Pd/Zn0
o —— GO/Pd/Zn0
@ >
Q
£ E
3 -
<]
7]
2
<
T T T T g T T T T T
300 400 500 2.0 25 3.0 3.5 4.0

Wavelength ( hm) hv (eV)

Figure 3. (a) UV-visible absorption spectra and (b) Tauc plot of ZnO nanorods, Pd/ZnO nanorods and
GO/Pd/Zn0O nanocomposite.

3.3. Electrochemical study

By applying an AC voltage of 5 mV in the frequency range of 10° Hz to 102 Hz, EIS studies
were conducted to study the impedance properties and charge transfer across the synthesized
photocatalysts in a 0.25 M Na2SO4 solution. The Nyquist plots are shown in Figure 4a, with
semicircle curves for all samples in the high frequency range, followed by an inclined line in the low
frequency region. The resistance to electron passage at the interface is proportional to the diameter of
the semicircle. As can be seen, the semicircle radius of ZnO nanorods is the biggest, signifying the
strongest charge transfer resistance. A significant decrease in the semicircle radius is observed for
Pd/ZnO nanorods and especially for GO/Pd/ZnO nanocomposite. The equivalent circuit and the results
of fitting parameters for Nyquist plots are presented in the inset of Figure 4a and Table 2 which
contains Rt as charge transfer resistance, Rs as electrolyte resistance, Cdl as double layer capacitor, Zw
as Warburg impedance referred to an inclined straight line at the low frequency range that is
characteristic of the diffusion-limiting step of the electrochemical process [67-69]. Due to the use of
the same electrolyte in all samples, the Rs value was found to be nearly constant. Furthermore, studies
show that adding Pd and GO nanosheets to the ZnO structure increases capacitance and decreases Rt,
implying that the charge carrier transfer rate is improved and charge recombination is reduced.
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Figure 4. (a) Nyquist plots (inset: used equivalent circuit) and (b) bode plots.

Table 1. The obtained values for fitting data of the circuit elements.

Sample Rs(Q) Ca (nF) R¢ (k)
ZnO 32.02 1.29 1.982
Pd/ZnO 32.63 1.49 1.701
GO/Pd/ZnO 31.61 1.50 1.198

On the other hand, it could be related to the GO/Pd/ZnO nanocomposite’s outstanding
separation and transfer of photo-excited charge carriers [70, 71]. Figure 4b shows the obtained Bode
plots of ZnO nanorods, Pd/ZnO nanorods and GO/Pd/ZnO nanocomposite which contain one phase
angle peak corresponding to one constant time at the frequency range from 1 to 10% Hz, and indicating
that the electron transfer processes occurred at the electrode/electrolyte interface [72, 73].

3.4. Study the photocatalytic performance

Figure 5 depicts the findings of the research on the photocatalytic activity of ZnO nanorods,
Pd/ZnO nanorods, and GO/Pd/ZnO nanocomposite for the degradation of 100 ml of 80 mg/l DR23
solution in darkness and UV light. Figures 5a and 5b, respectively, indicate the deterioration efficiency
in terms of time under UV light irradiation. To investigate the effect of light and photocatalyst on
DR23 degradation, the degradation efficiency in terms of time under dark for all samples (in the first
60 minutes) is less than 0.85%, while the degradation efficiency in the absence of photocatalyst (blank
sample) is 1.95% after 170 minutes in the dark. However, the remarkable degradation is observed after
irradiation with UV light in the first minutes, as observed from Figure 5a, the degradation efficiency is
obtained 10.2%, 15.3% and 26.7% using ZnO nanorods, Pd/ZnO nanorods and GO/Pd/ZnO
nanocomposite after 10 minutes of irradiation with UV light, respectively. These observations reveal
the great roles of UV light and photocatalysts in the degradation of DR23 solution.



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220647 9

Furthermore, Figure 5a shows that after 60 minutes of UV light irradiation, ZnO nanorods,
Pd/ZnO nanorods, and GO/Pd/ZnO nanocomposite have 63.0%, 75.9%, and 84.7% DR23 degradation
efficiency, respectively, and complete treatment is achieved after 145, 125, and 120 minutes of UV
light irradiation on ZnO nanorods, Pd/ZnO nanorods, As can be seen from the photocatalytic activity
of the samples, the GO/Pd/ZnO nanocomposite has a higher rate of dye degradation, which can be
attributed to its improved surface roughness and porosity, which increases the overall surface area and
thus the exposed surface area towards the light source, and thus increases the overall active site surface
area available for photocatalytic degradation [74-76]. The photocatalytic degradation of DR23 may
occur according to the following mechanism: First, when a photon irradiates a photocatalytic system,
the photon energy (hv) is equal to or higher than the band gap of the semiconductor, an electron in the
valence band can be excited to the conduction band with the simultaneous generation of a hole in the
valence band. The photo-excited electron and hole pair result in the generation of hydroxyl radicals,
superoxide radical anions and hydroperoxyl radicals, which are the main reactive species in
photocatalytic oxidation reactions [77, 78]. The incorporation of GO nanosheets and Pd particles into
the ZnO structure narrows the band gap of the nanocomposite, resulting in the formation of defects
states and impurity levels in the conduction band and near the valence band that act as trapping centers
for photo-generated electrons, effectively separating the photo-generated electron—hole pairs and
resulting in high photocatalytic activity [79]. The presence of GO nanosheets and Pd particles in
nanocomposite, results in higher hydroxide and superoxide radical concentrations and enhances the
photocatalytic activity [56]. It is found that the photocatalytic studies results are in good accordance
with SEM, EIS and optical studies.

- Dark
w W oqme

< 1 o"o'gvo’

_ / A
% 80 /O / /O
e | O‘/o’o
® 60 / 7 /
é i O./O
©
E 40 O/. /O —O—GO/Pd/zn0
§ O/.jo —— :ngnO

20 - #O —@— blank
0 H- 0000000000000 0000000
T

y ! T g T ’ T : T y T . T .
-60 -30 0 30 60 20 120 150
Time ( minutes )

Figure 5. The photocatalytic activity of ZnO nanorods, Pd/ZnO nanorods and GO/Pd/ZnO
nanocomposite for degradation of 100 ml of 80 mg/l DR23 solution under darkness and UV
light irradiation

Table 2 compares the performance of various photocatalysts reported in the literature with that
of this study for the degradation of DR23, indicating that the GO/Pd/ZnO nanocomposite has a high
photocatalytic efficiency due to the synergetic action of GO, Pd, and ZnO, as well as efficient
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separation of electron—hole pairs due to the formation of an intermediate band in the nanocomposite's

energy band-gap.

Table 2. Comparison between performance of reported different photocatalysts in the literatures and
this study for degradation of DR23.

Photocatalyst DR23 Light Degradatio | Removal | Ref.

content | source |n time | efficienc

(mg/l) (minute) y (%)
GO/Pd/ZnO 80 uv 120 100 This
Pd/ZnO 125 100 work
ZnO 145 100
Ag-doped TiO> 162 uv 20 54 [34]
TiO 122 uv 360 97.9 [39]
Ce-doped ZnO 40 uv 70 99.5 [33]
Zn0O 40 uv 110 100 [36]
INVO4-TiO2 20 visible | 60 94 [35]
TiO 20 uv 180 54.2 [37]
Ti0,/S,06% 20 uv 35 89.9 [38]

In a prepared genuine sample of textile wastewater, the usefulness of the produced
photocatalysts for the degradation of DR23 was studied. Figure 6 shows the photocatalytic activity of
ZnO nanorods, Pd/ZnO nanorods, and GO/Pd/ZnO nanocomposite for the degradation of a 100 ml of
80 mg/l DR23 solution prepared from a real sample of textile wastewater under UV light irradiation,
with complete treatment after 155, 135, and 125 minutes, respectively. As seen, the degradation rate of
a prepared real is different on three photocatalysts, and the fastest complete degradation of prepared
real sample occurred on GO/Pd/ZnO nanocomposite (125 minutes), and the slowest degradation is
obtained using ZnO nanorods (155 minutes). Figure 5 (dye solution prepared with deionized water)
and Figure 6 (total treatment of dye solution prepared real sample of textile wastewater) show that total
treatment of dye solution prepared with a real sample of textile wastewater requires more time on all
photocatalyst, which can be attributed to the presence of organic and inorganic pollutants in
wastewater. According to the findings, the photocatalyst produced in this work can be used to
remediate the DR23 pollutant in textile wastewater.
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Figure 6. The photocatalytic performance of ZnO nanorods, Pd/ZnO nanorods and GO/Pd/ZnO
nanocomposite for degradation of 100 ml of 80 mg/l DR23 solution prepared real sample of
textile wastewater under UV light irradiation.

4. CONCLUSION

In this study, the hydrothermal production of GO/Pd/ZnO nanocomposite and its application to
the photocatalytic degradation of DR23 from textile wastewater under UV light irradiation were
presented. The Pd/ZnO nanorods anchored onto the crumpled-like characteristics of the GO
nanosheets, revealing the strong physical connection between the Pd/ZnO nanorods and GO
nanosheets, according to the results of structural investigations. The absorption edges of Pd/ZnO
nanorods and GO/Pd/ZnO nanocomposite were slightly red-shifted toward pure ZnO nanorods, and the
optical band gap values for ZnO nanorods, Pd/ZnO nanorods, and GO/Pd/ZnO nanocomposite were
3.10, 3.01, and 2.95 eV, respectively, indicating that the GO/Pd/ZnO nanocomposite exhibits a
narrower band gap when compared to pure ZnO and Pd/ZnO nanorods. With the addition of Pd and
GO nanosheets to the ZnO structure, EIS measurements revealed a reduction in charge transfer
resistance, indicating that the charge carrier transfer rate and charge recombination in the GO/Pd/ZnO
nanocomposite are improved. Study the photocatalytic performance of photocatalysts for degradation
of 100 ml of 80 mg/l DR23 solution under UV light irradiation showed that 63.0%, 75.9% and 84.7%
degradation efficiency of DR23 is obtained for ZnO nanorods, Pd/ZnO nanorods and GO/Pd/ZnO
nanocomposite after 60 minutes of UV light irradiation, respectively, and complete treatment is
attained after 145, 125 and 120 minutes UV light irradiation on ZnO nanorods, Pd/ZnO nanorods and
GO/Pd/ZnO nanocomposite, respectively, indicated to great photocatalytic efficiency of GO/Pd/ZnO
nanocomposite compared to reported different photocatalysts in the literature because of the synergetic
action between GO, Pd and ZnO, and efficient separation of the electron-hole pairs due to formation
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of intermediate band in energy band-gap of nanocomposite. Results showed that the developed
photocatalysts in this study can be used for the treatment of the DR23 pollutant in textile wastewater.
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