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Abstract

Co-precipitation method was used to prepare non-stoichiometric pristine copper and iron layered
double hydroxide (LDH) doped with zirconium and embedded with reduced graphene oxide. The
composite materials (ZrRGOCuFe LDHSs) were studied for the photodegradation of methylene
blue (MB) dye as a model contaminant from an aqueous solution. These composites were fully
characterized by X-rays diffraction (XRD), Scanning electron microscopy (SEM), Energy
Dispersive X-ray Spectroscopy (EDX), Fourier transform infrared spectroscopy (FTIR),
photoluminescence (PL), Raman spectroscopy and Electrochemical Impedance Spectroscopy
(EIS). The results of Raman, Photoluminescence and Electrochemical Impedance Spectroscopy
revealed the presence of oxygen defects level in the composites. Such defects are believed to be
essential for boosting the catalytic potential of the composites. The secondary pollution
manifested by transition metal ions is usually tackled by inducing heterogeneous catalysis.
Herein, pristine CuFe LDH has been doped with Zr and RGO moieties to realize heterogeneous
catalysis within ZrRGOCuFe LDH dopants. An admirable band ranging between 1.74-2.0 eV
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was obtained for the doped materials. The remarkable photodegradation efficiency of 95.2% was
achieved by using heterogeneous photocatlyst ZrosRGOCuFe LDH within 75 minutes by using
1.0 g/L of the photocatalyst for the degradation of methylene blue dye solution of 10 ppm at pH
7.0 under visible light irradiation. The total organic content (TOC) analysis has revealed removal
of 92% organic content from an sstability and reusability capacity of the catalyst even after three
successive cycles. The reaction kinetics and proposed photocatalytic mechanism were also
explained in detail.

Keywords: Co-precipitation; Dye degradation; Heterogeneous catalysis; Methylene blue; LDHs;
ZrRGOCuFe LDH

1. Introduction

The tremendous use of dyes in plastic, rubber, food, cosmetics, textile, carpet, leather, paint,
printing, photo electrochemical cell and the paper industries has raised the production of dye
wastewater [1-5].The majority of the synthetic dyes are non-biodegradable, however upon
mixing in water impart intense colour.The coloured water results in the permeation of light
which may endanger living organisms in water bodies [6]. Methylene blue (MB) a cationic dye is
being used mostly in dying of cotton, silk and wood. However, its direct disposal poses potential
danger to the environment and disturbs the balance of the ecosystem [7-9].Thus, discharges
containing significant amount of methylene blue dye are required to be treated prior to their
disposal into the water bodies. Various methods have been employed for the extraction of
methylene blue dye from the effluent water, physical, chemical and biological modes involving
biodegradation,noxidation, reverse-osmosis, adsorption, photodegradation, ion exchange,
coagulation and evaporation [10-13]. Among these, photodegradation is regarded as the superior

method because it has power to oxidize the concerned pollutant completely within short period
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of time. . Layered double hydroxide (LDH) is an emerging class of cationic clays widely used as
a photocatalyst or the photocatalyst carrier owning to their nontoxicity and the superior
adsorption ability [14]. These are synthetic as well as occur abundantly in nature and represented
with general formula of [M?*1xM**x (OH) 2] *** (A™)xn.yH20. Where, M"" and M"" represent
metal cations which are octahedrally bonded to the OH" in the brucite-like sheets [15-17]. In
formula M?* / M3 ratio could be greater than two, may comprise of divalent (Mg?*, Cu?®*) and
trivalent (Fe*, AIP) metal cations [18]. LDHs as a whole bears positive charge but additional
anions (COs%, NOs?) along with H20 molecules are located in the interlayer to stabilize the
charge imbalance [19]. The orientation and size of anions and the hydrates determine the
interlayer of the LDH. LDHs and their derivatives have been used as heterogeneous catalysts
[20]. These are being explored for tackling environmental problems such as removal of
polychlorinated biphenyls, phenols, nitrates and carbon dioxide. Numerous other applications
have also been reported regarding energy fuels and super capacitor [21-23]. General methods for
the preparation of LDHSs include sol-gel, co-precipitation, hydrothermal and pulsed laser ablation
[24-27]. As LDHs possess low band gap energy, these could easily be excited by the exposure of
UV-visible radiation thus making feasible water reduction and photocatalytic degradation. It has
been discovered that the introduction of a heterojunction within a compound may act as the co-
catalyst for the separation of photo-excitation [28]. Furthermore, the doping of Zr with graphen
embedded CuFe LDH causes rapid charge transfer due to synergic effect created by zirconium
and reduced graphene oxide [29, 30]. In this research, pristine CuFe LDH and its derivative
heterogeneous ZrRGOCuFe LDHs were explored for the enhanced degradation of methylene
blue dye. The composites ZrRGOCuFe LDHs are found more effective with respect to the

degradation of MB than earlier cited CuFe LDHSs and its derivatives. Those may require Hz20z,
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UV radiations or persulphate for effective photodegradation [31-33].While, ZrRGOCuFe LDHs
demonstrates enhanced photodegradation of MB under the visible light irradiation.

2. Experimental section

2.1. Chemicals

Copper nitrate trihydrate (99%), sodium hydroxide (95%), sodium carbonate (99.9%), KOH
(99%), ethanol (99.5%), KMnO4 (> 99%), calcium chloride (99%) were obtained from Merck,
ferric nitrate nonahydrate (99.5%) received from bio-WORLD, while, Zirconium nitrate
pentahydrate (99.5%), NaHB4 (99%) and hydrogen peroxide (30%) were purchased from Sigma-
Aldrich. Graphite powder (99.99%) and phosphoric acid (85%) were supplied by BDH
chemicals Ltd. Throughout, deionized water was used.

2.2. Synthesis of graphene oxide

Graphene oxide (GO) was synthesized by the treatment of graphite powder by modified
hummers method [34]. Briefly, 122 ml of concentrated sulphuric acid and 14 ml of phosphoric
acid were mixed and stirred for 20 minutes. Then, added 1.0 g of graphite powder in the mixture
of acids with continuous stirring mode. After that, 6.0 g of KMnO4 powder was slowly added
into the above mentioned mixture and stirred vigorously for six hours. For the removal of excess
of KMnOs, 3.0 ml of hydrogen peroxide was added drop wise and stirred for 15 minutes. The
suspension was allowed to cool at the room temperature. Next, 50 ml of HCI (2M) solution and
140 ml of water were added and stirring continued for 20 minutes. Afterwards, the suspension
was centrifuged for 15 minutes at 6000 rpm. The residue was collected and washed with HCI and
water and dried in a vacuum oven at 60 °C for 24 hours.

2.3. Synthesis of reduced graphene oxide
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For the preparation of Reduced Graphene Oxide (RGO), typically 0.5 g of graphene oxide was
added in 100 ml of deionized water. Next, 1.15 g of sodium borohydride was dissolved in 15 ml
cold water was slowly added in the mixture. Then, 0.90 g of calcium chloride was added into as
prepared mixture and aged at room temperature for 24 hours. Furthermore, the suspension was
washed with water to maintain pH 6. Next, 5.0 g of ascorbic was added into the above
suspension and stirred for 30 minutes, the color of suspension changed to dark black. Finally, it
was washed and centrifuged to get RGO. Thus, obtained product was dried at 80 “C for six hours
in the vacuum oven [35].

2.4. Synthesis of CuFe LDH

In a typical procedure, CuFe LDH was prepared by mixing 2.41g (0.01M) of copper nitrate
trihydrate and 4.84g (0.012M) of iron nitrate nonahydrate in 100 ml of deionized water, the
overall mole ratio of M?*/ M3" was maintained at 0.83.The pH of the solution was adjusted at 9.0
by addition of 1.0 M sodium hydroxide and 0.01M sodium carbonate solution. Then, it was aged
for 24 hours at room temperature. Further, the suspension was filtered and washed with
deionized water and ethanol. The resulting product was heated at 80 °C for 12 hours in the oven.
2.5. Formation of ZrRGOCuFe LDHs composite

Heterogeneous ZrRGOCuFe LDH composites were prepared by co-precipitation method.
Typically, 0.15g of pristine reduced graphene oxide was added into 50 ml of ethanol and then
sonicated for 60 min for homogenization. Afterwards, suspension was transferred to three necked
500 ml flask and denoted by the component A. Further, 1.6g of as- synthesized CuFe LDH was
dissolved into 50 ml of deionized water and sonicated this was recognized as the component B.
Furthermore, added the component B into the component A and this was termed as the

component C. The Changing amounts of zirconium nitrate pentahydrated solution (x= 0.004 and
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0.006 M) were also added to the above mixture. The pH of the solution was adjusted to 8.5 by
addition of 1.0 M KOH solution drop wise. The reaction was carried out under the protection
nitrogen for first two hours to check the formation of excessive amount of corresponding metal
oxides. As a whole solution mixture was refluxed for 6 hours at the temperature of 60°C. Then,
the product was collected by centrifugation and washing with ethanol and water thrice. Finally,
the product was heated in the oven for 6 hours at 110 °C and the product was crushed into the

powder for further use.

Fe(NO3)3.9H20

Hummers
technique

-

Graphite

ZrRGOCuFe LDH

Fig. 1. Schematic portrayal for the formation of ZrRGOCuFe layered double hydroxide composites

The product was denoted as ZrosRGOCuFe LDH and ZrosRGOCuFe LDH. The schematic
portrayal for the formation of ZrRGOCuFe layered double hydroxides nanocomposite has been
demonstrated in the Fig. 1.

2.5. Characterization methods of catalysts
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The X-Rays Diffraction (XRD) pattern of precursor and products were obtained by using Bruker
D8 Advanced Powder X-rays diffractometer in 20° range 10-70° (Cu Ko radiation, A=1.54178
A°). The morphology of the materials was revealed by Scanning Electron Microscopy (SEM,
TESCAN MIRA3 LMU) at applied voltage was 20 KV. The absorbance properties of samples
were carried out using CeCil CE 7400 UV-Visible spectrophotometer. The electrochemical
properties were determined at the room temperature by the use of Autolab PGSTAT12 (three
electrodes system). Photoluminescence (PL) spectrum was performed by Cary Eclipse (MY
18060003) fluorescence spectrophotometer while FTIR spectrum was measured in Tensor
Bruker (Germany). A Raman spectrum of samples was measured by using Raman spectrometer
(Lab RAM, HR800) with a He-Ne laser source (633nm) as an excitation source. A multi N/C UV
HS TOC Analyzer from Analytik Jena was further used to investigate photomineralization of the
methylene blue dye.

2.6. Evaluation of catalytic activity with ZrRGOCuFe LDHs composites

The degradation of methylene blue (MB) dye was carried out in a 100 cm? glass beaker. To
evaluate photodegradation of MB with ZrRGOCuFe LDHs, blank experiment was conducted
without addition of the photocatalyst. No significant photodegradation was noticed on exposing
the solution to the visible light radiation. This indicated that methylene blue dye is very stable in
aqueous medium under visible light in the absence of ZrRGOCuFe LDHs. The dye solution of
20 ml having 10 and 40 ppm concentration at different pH values was separately mixed into 0.02
of the photocatalyst. Afterwards, the suspension was kept into the dark for 30 minutes for the
adsorption and desorption equilibrium process to take place under continuous magnetically
stirring conditions. It was irradiated with 200 watts ordinary light tungsten bulb for certain time

duration. The distance between the radiation source and the suspension was adjusted to 15
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centimeters. Further, the solution was centrifuged at 6000 rpm for 13 minutes, filtered and finally
analyzed for the determination of the degradation. The photodegradation was calculated by using

equation (1) [36].

% degradation of methylene blue dye = C"—C_C x100 Q)

Where, C,the initial concentration of the dye and C is the final concentration of the dye.
3. Results and discussion
The UV-visible spectra of the samples were taken to find their optical properties. Variation in

band edges were observed, further band gap energy was calculated using equation (2) [37].

(ahv) = A (hv-Eg) "/ hv (2)

Where, a = coefficient of absorption and A= independent energy constant h= Planck’s constant
v=light n=2 is case of direct transition and Eq = band gap energy, respectively. Fig. 2a and b
describe the UV-Visible and band gaps of precursors and the doped materials. The band of
zirconium nitrate pentahydrate and reduced graphene oxide (RGO) was calculated as 3.0 eV and
1.51 eV. The band gap of the precursor CuFe LDH was calculated as 1.75 eV. The bands gaps of
doped samples Zro4RGOCuFe LDH and ZrosRGOCuFe LDH were estimated as 2.0 and 1.74
eV, respectively. The decreasing trend of band gap energy in the doped samples was attributed to
increase in the zirconium content which may narrow down the valence band. All the band gaps
of the precursors and doped materials lie in the visible absorption region.

X-rays diffraction spectroscopy was employed for the determination of crystal structure and
lattice parameters [38]. The CuFe LDH exhibits XRD reflections at 26= 12.8°, 25.6 °, 35.55°,

41.91 and 49.23° which corresponded to the standard reflections of (JCPDS 41-1428) [39-41]. In
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the composite ZrRGOCuFe LDH, the presence of two peaks at 26= 25°, 30° was ascribed to
reduced graphene oxide and ZrO2, respectively. The X-RD patterns of the dopants and precursors
have been described in Fig. 2(c). The average crystallite size was determined by applying

Debye-Scherer formula with respect to most intense peak observed in the pristine CuFe LDH

[42]. CuFe LDH —— CuFe LDH (b)
(a) ——RGO
——RGO
Zr(NO3);.5H,0 ZriNO3)4-SH,0
__ka = Zry JRGOCuFe LDH ——Z,9 4RGOCuFe LDH
BCos6 2 Zr, (RGOCuFe LDH | 5 Zry (RGOCuFe LDH
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s S
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—_—
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()
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Fig. 2. (@) Absorbance (b) Tauc plot of compounds of precursors and composite (¢) XRD patterns of pristine CuFe

LDH and composites (d) PL spectra of CuFe LDH and composite
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The average crystallite size, k is the crystallite shape factor, A= 1.540 nm wave length of Cu Ka
wavelength, B is the width of diffraction peak and 6 Bragg’s angle. The average crystallite Size
was found 17.43 nm for CuFe LDH. While in sample Fig. 2(c) the most intense peaks are
observed at 20= 66.30° and 66.40° so the calculated average crystallite size is 19.83 and 19.84
nm, respectively.

Along with providing insight into defect state of semiconductors, photoluminescent properties
explained the effect of impurities on defect state. A single excitation wave length of 300 nm was
employed at room temperature (25°C) to obtain photo luminescent spectra CuFe LDH and
ZrosRGOCuFe LDH showed distinct emission spectra visible region at wavelengths of 597 and
572 nm, respectively as depicted in Fig. 2(d). These emissions could be ascribed to the presence
of oxygen vacancy defects (VO-) in the ZrRGOCuFe LDHs [43].The photoluminescence
spectroscopy revealed the charge separation in as-synthesized material ZrRGOCuFe LDHs,
which provides onus for superior photocatalytic activities.

Fig. 3(a) explains the Raman spectra for the pristine CuFe LDH and dopant and nanocomposite
ZrosRGOCuFe LDH. Raman spectroscopy is very highly sensitive and non-destructive technique
used to find phase transition, bond vibration and the occurrence of oxygen defects in the
composites. Seven peaks were identified in the pure compound, five at the frequency of 529,
624, 784, 1118, and 1309, 1392 and 1464 cm™. In case of dopant, two peaks were observed at
239.5, 303, 450, 1074, 1112, 1309, 1464 cm™. The peak appearing at 529 cm™ was ascribed to
brucite like structure of layered double hydroxide.

The distortion in the region of 529-620 cm™ was assigned to the stretching symmetry of the M-O
(Fe**/ Cu 2* or Cu ) bond in the CuFe LDH. A weak single peak centered at 784 cm™ was

designated to the presence of M-O bond in the pristine LDH. However, remaining three stronger

10
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spectra at 1309,1392 and 1464 cm™ related to the symmetrical stretching and translational
vibration modes of intercalated CO32 anions [44, 45].

Electrochemical Impedance Spectroscopy (EIS) was also carried out to investigate charge
transfer process between electrolyte and electrode interfaces. Fig. 3(b) exhibited EIS spectra of
CuFe LDH and ZrosRGOCuFe LDH. The smaller arc diameter in the Nyquist plots indicated the
presence of smaller charge resistance and faster electronic transport in the ZrRGOCuFe LDHs
[46]. As a result of low resistant and accelerated charge transfer ZrRGOCuFe LDHs

demonstrated an efficient catalytic activity.

9
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Fig.3. (a) Raman spectrum of the precursor CuFe LDH and ZrRGOCuFe LDHs composite (b) EIS Nyquist plot of

precursor and composite (c) FTIR spectra of precursors and composite

Fourier Transform Spectroscopy (FTIR) provides information about the presence of functional
groups in the materials. In Fig. 3(c) the peaks appearing at 1020, 1319, 1605, 2360 and 3410 cm"
! was ascribed to the presence of RGO. The layered hydroxide CuFe exhibited peaks at 1356,
1645, 2362 and 3395 cm™, while composite ZrRGOCuFe LDH material showed peaks at 1120,
1368, 1640, 2364 and 3380 cm™. The peaks in the range of 1120 and 1645 cm™were attributed
to C=0 and C-N vibrations, while a prominent peak at 1356 cm™ in CuFe LDH was
corresponded to vibrations of COs? interlayer anions. However, the broad absorption peaks
ranging from 3380 to 3410 cm™ were assigned to O-H stretching vibrations layered hydroxides
[47, 48].

Scanning Electron Microscopic (SEM) and Energy Dispersive X-ray (EDX) microanalysis of
ZrRGOCuFe LDHs composite are presented in Fig.4(a-e). The SEM images of CuFe LDH
exhibt layered structure with small pores, overall it seems similar to honey comb. On the other
hand, ZrRGOCuFe LDH appear like rod, some particle also exist in irregular shapes particles.
The samples ZrRGOCuFe LDHs composite were analyzed using a primary beam voltage of 20
KV. The blends of CuFe LDH with RGO and Zr afforded the composite material that revealed
layered structure with deposition of Zr on the top in the form of irregular patches. These may be
due to immature doping of the composite.

Energy Dispersive X-ray microanalysis of ZrRGOCuFe LDH (Fig.4g) composite has exhibited
the presence of Cu, Fe, O, C and Zr. The stoichiometric ratios of the precursors in the EDX
micrograph demonstrated a successful synthesis of the composite. EDX is the surface analysis

technique used for the comparison of elements in the given material.

12
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309  composite.

310 3.1 Photocatalytic dye degradation studies
311  The photocatalytic activity of MB dye was carried out under the same experimental conditions to

312 assess the influence of visible light. The visible light is believed to photosensitize the dye. The
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load of the dye, time duration and pH plays dictating role in the degradation process. The
methylene blue showed two characteristic peaks at 292 and 665 nm. A gradual decrease in the
absorption intensity was observed in response to the increase in the exposure time [14]. Firstly,
degradation of MB by CuFe LDH alone was explored and it was barely 41.56%. In order to
enhance its photocatalytic effect; CuFe LDH was doped with RGO and Zr moieties. In this
regard, it was noticed that Zro4sRGOCuFe LDH is relatively less efficient regarding the
photodegradation of MB dye compared to Zro.sRGOCuFe LDH. It degraded 91.5% of MB dye
compared to 95.2% of ZosRGCu-Fe LDH under similar conditions. Several parameters affect the

degradation of MB dye that will be thoroughly discussed in the upcoming sections.

3.2 Effect of pH

The pH is very important parameter which provides insight into the surface and charge properties
of the catalyst. The effect of pH was evaluated per catalytic degradation of MB dye as the
degradation of dye varied with the change of pH. Figs. 5 and 6 exhibit the degradation efficiency
of methylene blue from pH 3.0 to 9.0 under visible light irradiation. It is established that the
degradation rate enormously increased from pH 3 to 7.0 and then apparently decreased from 7.0
to 9.0.The catalyst showed peak up the degradation efficiency upto 95.2% at pH 7.0 but
relatively lower at pH 3.0, 4.5 and 9.5.

This performance dwindle was due to leaching of ions from the composite under the influence of
harsh acidic conditions. At the basic pH the catalytic efficiency noticed glaring decrease due to
the weaker electrostatic force of attraction between negatively charged photocatalyst and the dye

[49-51].

14



337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

1009 (a) 952% 0 (b) 81.14%
80 = 77.13%
TIT% e R

75% o B A 20 B 68.1%

xxxxxxxx

ptetele’s

xxxxxx

% Degradation
=

% Degradation

(=]
[—]
A
R
2
Tos

xxxxxxxx

xxxxxxxx

8 9 10 2 3 4 5 6 7 8 9 10

Fig. 5. (a) and (b) Effect of pH on the degradation of MB dye at 10 and 40 ppm dye solutions
3.3 Effect of dye concentration

Two different dye concentrations, 10 and 40 ppm were adopted to evaluate the degradation
efficiency. It was discovered that the catalyst exhibited superior photodegradation performance
at the lower dye concentrations. But at the higher dye concentration, the catalyst became passive
and its photocatalytic potential decreased. It was due to diminishing transparency of waste water;
consequently the light will not penetrate the solution to interact with the photocatalyst.
Moreover, dye molecules accumulated on the surface of the photocatalyst resulting in the lower
catalytic efficiency. Therefore, the degradation performance decreased on increasing

concentration of solution from 10 to 40 ppm as depicted in Fig. 6(a-d) and 7(a-d).
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Fig. 6. (a-d) Photodegradation of 10 ppm MB dye at different tested parameters (pH and illumination time)

3.4 Effect of illumination time on dye degradation

The effect of illumination time on the degradation of MB dye appeared in Fig. 6 and 7. This in
turn showed that an increase of illumination time from zero to 75 minutes would increase the
degradation percentage of methylene blue dye using ZrossSRGOCuFe LDH composite. This can
be attributed to activation of the photocatalyst by the absorbing the light radiations. Moreover, no

noticeable photodegradation of dye was observed beyond the aforementioned time.
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Fig. 7. (a-d) Photodegradation of 40 ppm MB dye at different tested parameters (pH and illumination time)

Table 1 Comparison of degradation performance of Z RGCu-Fe LDH composite and cited literature

Photocatalyst

Ag/Ag,0/BiNbO,4

2Bi/CN
ZNo.98Mng 020

0.2CdS/Mg-Al

ND/ LDH

Zros RGOCuFe LDH

Light source

LED(84W)

LED(18W)

uv(sw, C)
(Hg-lamp )
Visible radiation

UV(500WXe lamp)

Visible
(200W bulb)

TC

Concentration

(ppm)

10
10

10

10

10

Degradation time/
Efficiency

240 min/ 84%

60 min/ 92%
120 min/ 99%

90 min/ 94.78%

120 min/ 93.5%

75 min/ 95.2%

k (mint)

0.0061

0.040
0.030

0.01168

0.0233

0.044862

Reference

[52]

[53]
[36]

[14]
[54]

This work
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From Table 1 it is evident that the degradation results of ZrosRGOCuFe LDH are comparable to
reported results for the degradation of MB dye but its superiority lies in its lower degradation
time span and higher rate constant value (0.044862 min). Furthermore, ZrRGOCuFe LDHs
composite are visible light active materials as compared to majority of reported photocatalysts
requiring UV radiation source or any chemical agents for improving photocatalytic performance
of the catalysts.

3.5. Kinetic studies

The first order study for the removal of methylene blue dye was performed under varying
conditions of pH and dye concentration. It has been revealed the degradation of organic
pollutants such as dyes obey first order kinetics; conveniently pseudo first is augmented to fit
experimental data of MB dye. Hence, Langmuir-Hinshelwood model is employed for the

determination of rate and kinetics of dye degradation by using equation (4) [55].

In CyC = - kt 4

Where, Ct denotes the concentration of dye solution at a specific time interval, C_ is the initial
concentration and k is the pseudo first order rate constant minute™. Table 2 presents the kinetic
parameters related to the isotherms explored at different pH values and dye concentrations. It
was noticed that correlation coefficient (R?) values range between 0.94725 and 0.99978 for the
first order kinetics of MB degradation. These values indicated the importance of Langmuir-
Hinshelwood model to explain first order kinetics for the degradation of MB dye; further Fig. 8

(a and b) supported the suitability of pseudo first order kinetics to explain degradation of dye.
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441
442 Fig. 8. (a) and ( b) Pseudo first order kinetics of dye solution
443
444 Table 2 Results of first order kinetic of methylene blue dye degradation
Photocatalyst (g/L) | C, (MB) ppm | Initial pH | Pseudo first order k(min?) | R?
1.0 10 3 0.017042 0.94725
1.0 10 45 0.029755 0.9515
1.0 10 7 0.044862 0.99542
1.0 10 9 0.011285 0.97126
1.0 40 3 0.014601 0.95808
1.0 40 4.5 0.018931 0.96533
1.0 40 7 0.020382 0.993
1.0 40 9 0.01262 0.99978
445
446 3.6 Reusability of the photocatalyst
447  The catalytic deactivation was attributed to deposition of carbonaceous materials on the active
448  sites of the photocatalyst and partial leaching of active metals from the surface into the reaction
449  into the mixture. The used catalyst was centrifuged, separated and then washed with absolute
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alcohol and deionized several times, finally dried in an oven at 120 °C for six hours [56]. The
reusability of the catalyst ZrRGOCuFe LDH was tested by repeating the degradation of MB
solution three times with used catalyst at a pH of 7.0 with a catalyst dosage of 1.0g /L. A drastic
decrease in the photodegradation has been observed from first to third reusability run, efficiency
falls from 95.5 to 65.75 % as shown in Fig.9a. Multiple use of catalyst retarded its ability to
exhibit splendid catalytic effect corresponding to entangling of the wreckage of dye on the
surface of ZrRGOCuFe LDH composite. The conformity of Zro.sRGOCuFe LDH composite has
shown the capacity of being used for multiple times.

3.7 Stability of the photocatalyst

The stability of the photocatalyst was investigated ZrRGOCuFe LDH for the rea- time
application. The doped photocatalyst remained suspended for 2 hours in an aqueous phase which
depicts higher dispersion in the water. However, removal efficiency decreased to 87% of the
initial 95.2%.

3.7 Determination of total organic content (TOC)

The total carbon analysis was carried out to find mineralization of methylene blue dye. As
evident from Fig. 11, the absolute TOC value of the dye C1 (10ppm) decreases from 9.8 to 0.85
mg/L with the photomineralization efficiency of 92 % (inset of Fig.9c). However, when the dye
concentration is increased C2(40ppm) while retaining the same amount of photocatalyst, the
absolute TOC value decreases from 39.1 to 15.12 mg/L photomineralization efficiency is
somewhat decreased to 62 % which is attributed to the unavailability of enough active sites on
the catalyst surface to carry out the reaction of interest. Moreover, these results also show some
leftover TOC in both of these samples which might correspond to the formation of reaction

intermediates before they are completely mineralized.
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Moreover, these results also show some leftover TOC in both of these samples which might
correspond to the formation of reaction intermediates before they are completely mineralized.

The demineralization of MB degradationas as determined by using following relationship [57],

TOC init—TOC eq
= ———x1
TOC init 00 )

Where a represents to the percent mineralization of the MB dye. TOC init and TOCeq describes

the initial organic carbon content and equilibrium carbon, respectively.
3.8 Effect of ions and radicals on the adsorption of the of methylene blue dye

The ions and radicals play a substantial role in the degradation of the dyes. The plausible
mechanism for the degradation process may be explained based trapping experiments [58]. This
aspect may prove useful for the practical degradation of methylene blue dye in the wastewater.
Upon irradiation with the suitable light radiations, the photocatalyst may yield three active
species such as H* (hole), -OH (hydroxyl radical), and superoxide (O2"). The species are regarded
as essential for the degradation of organic dyes [59]. The trapping activity was performed
individually by using different types of scavengers. For this, 1mmol L? of EDTA-2Na and
isopropanol (IP) solutions were employed as the scavengers of holes (h™) and hydroxyl radicals
(‘OH), respectively. Methylene blue dye solution of 10 ppm and a dye dosage of 1.0 g/L at the
pH of 7.0 were specified for the experimentation. A significant suppression in the photocatalytic
degradation of MB dye solution was obtained by using different reactive compounds. The
suppression in the dye degradation could be ascribed to holes (h*) and hydroxyl radicals (OH),
respectively. The effect of peroxide (‘O2") on the degradation of MB dye was investigated by
using p-benzoquinone (PBQ). Comparatively, an enhanced suppression in the degradation of MB

dye solution was noticed in case of PBQ. Overall, IP, EDTA-2Na and PBQ dye solutions have
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manifested suppression of 18%, 31.5% and 46% in the degradation of MB, respectively. It has
been revealed from the above dye degradation results that holes and hydroxyl radicals promote
the photocatalytic degradation of MB dye, while .O2" serves the role of the secondary specie
regarding its share in the degradation of dyes. The effect of scavengers on the degradation of MB

dye has shown in Fig. 9(b).
3.9 Effect of foreign ions on the degradation of MB dye

The effect of foreign ions on the degradation of MB dye solution was evaluated by using an
aqueous solution of 1.0 ml of 10 mM solution of different compounds. The most common
interfering species include CI, NOs', S20s* and Ca?* [60]. Methylene blue dye solution of 10
ppm and a dye dosage of 1.0 g/L at the pH of 7.0 was stirred for with 1 ml solution of interfering
species and stirred for 75 min, followed the same procedure as used for the degradation of dye.
The suppression or enhancement effect on the degradation was represented in Fig.9 d. It was
revealed that anions promoted the degradation of dye but cations inhibited the degradation
process. This study can be applied for the determination of role interfering in the degradation of

organic dyes.
3.11. Proposed mechanism for the dye degradation

Reactive species such as holes (h*), hydroxyl (OH") and superoxide radicals play a notable role
in the initiation of photocatalytic degradation of dye. Upon visible light radiation, valence band
(VB) electrons get excited and promoted to the conduction band (CB); consequently, a hole was
generated in the valence band. Thus reducing molecular oxygen to (.O2") radical, moreover, OH
radical generated by the reaction of hole (h*) in the valence band by the reaction water [56, 61] .

Both RGO and Cu play crucial role as a vital catalytic agent in the composite ZrRGOCuFe LDH.
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Both CuO and RGO may be involved in the production of photo-induced electron and a hole-

pair in the presence of visible light radiations. Copper oxide was considered to be the donor of

electron while RGO is described as electron acceptor. As per evidence, electron from the

conduction band of CuO and Fe203 in ZrRGOCuFe LDHs composite moved towards the

conduction band of RGO due to its low level. The electron thus obtained from RGO react with

O2 to generate superoxide radicals contrarily holes attacks water or OH to raise ‘OH radicals.

Moreover, Cu (1) could reduce Fe (I11) to Fe (1) [62-66] . In addition to splendid photocatalytic

efficiency of RGO and Zr doped CuFe LDH under visible light conditions, these species exhibit

efficient degradation of methylene blue. The reaction kinetics of photocatalytic degradation of

MB dye is thoroughly presented in the following;

Cu?* e — Cu**

Fe** +e — Fe?*

Zr** + 4e” — Zr

RGO (1e) + O2 — RGO+ 02

Zr/ Cu-Fe (1) + O2 — Zr/ Cu-Fe + Oz

202 +2H20 — 20H + H202 + O2

202 +2H20 - OH+ OH + 02

Zr/ Cu-Fe (h™) + H20 or OH" — Zr/ Cu-Fe + OH
‘O2+ Methylene blue dye — Degraded products
e” + Methylene blue dye — Degraded products

‘OH + Methylene blue dye — Degraded products

(a)
(b)
(©
(d)
()
(9)
(h)

1)
(k)
0]
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The photocatalytic mechanism of ZrRGOCuFe LDHs composite is schematically presented in

Fig. 10
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Fig. 10. Proposed mechanism of heterojunction ZrRGOCuFe LDHs composite

4. Conclusions

The heterogeneous photocatalyst ZrRGOCuFe LDHs composite was successfully prepared via
facile doping of pristine Cu-Fe by co-precipitation method and its respective products were
characterized by FTIR, UV-visible spectroscopy XRD, SEM, EDX, PL, Raman, and EIS. The
photodegradation of methylene blue was carried out under varying conditions of dye

concentrations such as 10 and 40 ppm, pH 3, 4.5,7 and 9 while the amount of the photocatalyst
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was maintained at 1.0 g/L. The precursor Cu-Fe LDH was found to be less effective for the
degradation of methylene blue dye solution within 75 min. But ZrosRGOCuFe LDH composite
degraded 95.2% of 10 ppm MB dye solution under same conditions. The impressive results of
photodegradation revealed that ZrosRGOCuFe LDH composite demonstrated excellent
degradation under visible light irradiation and at 25°C. The improved photocatalytic activity was
attributed to the synergetic effect between CuFe LDH and RGO which augmented separation and
transference of charge. It held relatively good stability and reusability regarding its
photodegradation capability even after three successive cycles. The possible degradation method
was also explored for the photodegradation by ZrRGOCuFe LDHs composite. In short,
ZrosRGOCuFe LDH composite, the visible light- driven photocatalyst is worth exploring
candidate in the practical wastewater.
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