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ABSTRACT: In this research, pure-phased NiosCuosCr.0s synthesis via solid-state method
successfully. In the other part, the photocatalytic activity of synthesized NigsCuosCr204
was investigated in various aspects by using Malachite green as a pollutant and compared
with the number of previous photocatalysts. The Photocatalysis process is a promising technique
for solving many current environmental and energy issues. The environmental pollutant, especially
water contaminates, can influence human health, animals, and the ecosystem. Dye as one of the
most important pollutants has investigated in this study. In this study, purification and crystal
structure of material have been determined by X-Ray powder Diffraction (XRD) method. The results
showed that the synthesized NiosCuosCro04 was crystallized in tetragonal structure with space
group | 41/AMD. The morphology of obtained materials was modified by Field Emission Scanning
Electron Microscope (FESEM). Also, the material was characterized by Fourier-Transform InfraRed

(FT-IR) spectroscopy and Thermo Gravimetric Analysis (TGA).
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INTRODUCTION

Spinel-type metal oxides with general formula AB2O4
have attracted increasing attention due to their various
applications like optical, electrical, magnetic, and catalytic
properties [1, 2]. There are two types of cations in normal
spinel structure, A%* and B®*, which A?* ions occupy
tetrahedral sites and B%* ions occupy octahedral sites [3].
Copper chromite is one of these normal spinel metal oxides
with c/a <1 (where a and c are lattice constants

in a unit cell along the x- and z-axes respectively) [4].
This chromite can be used as a versatile catalyst
for the oxidation of CO which is wildly used in space
launch vehicles [5] and catalyzed hydrogenation process
in oil industries [6, 7]. In the other side, studying
magnetic properties of copper chromite reviled that it has
ferromagnetic property in some cases and paramagnetic
property in some other cases, even though the number of
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studies show that it is ferrimagnetic [8, 9]. Also, CuCr,04
is a p-type semiconductor which has been widely studied
as photocatalyst, and its 1.4ev band gape make it highly
activated under visible light [10, 11].

The most common methods which have been used
for synthesizing copper chromite are: hydrothermal [6],
co-precipitation [12, 13], sol-gel [14], thermal decomposition [15],
solid state [11] and so on. In this study, ceramic synthesis
or solid-state has been used, as solventless techniques which
need high reaction temperature to diffuse of ions.

NiosCuosCr,04 is the chromite which has been
considered in this study, in which Ni*2 and Cu®* occupy
tetrahedral sites contemporaneously. This chromite
has been synthesized via solid state method [8, 16] which
is used in this study. There are other researches that some
properties of this chromite were compared; for example,
the catalyzed burning rate of ammonium perchlorate
and polystyrene solid composite caparison shew that
NigsCuosCr.04 has better performance than CuCr.O4 [16].
Also, these two chromite doesn’t have any specific
difference in magnetic properties [8].

The contamination of water is an important issue
which has been tried to eliminate them to the pacification
of water in recent years [17]. The concentration and type
of these pollutants mainly change due to the function of
the demands of manufacturing [18]. There are various
methods that have been developed to remove textile dyes
like; chemical oxidation technology[19], adsorption [20],
photocatalysis [21] and so on.

Toxic dyes are perpetually left in the industrial waste
waters. As a result of their aromatic structures,
the photodegradation of them is significant [20]. The pollutant
which is assessed in this study is malachite green (MG),
a toxic cationic triphenylmethane dye that is widely used
in food coloring, textile, and ceramics industry.

In the present work, the effect of doping Ni?* in the
spinel structure of CuCr.O4 has been investigated. In the first
step, the pure phased NigsCuosCr:0Os is synthesized
successfully. In the next step, it is tried to assess the
photocatalytic activity of NigsCugsCr.04 for degradation
of an aniline dye (malachite green) with the assistance of H;O».

EXPERIMENTAL SECTION
Materials and methods

All chemicals were of analytical grade, obtained from
commercial sources (Merck company), used without
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Scheme 1: Mechanism of photocatalytic activity
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Fig. 1: Chemical structure of malachite green.

further purification. Also, the MG or N-[4-[[4-
(dimethylamino) phenyl] phenylmethylene]-2,5-
cyclohexadien-1-ylidene]-N-methyl-oxalate, was prepared
from Merck and its structure is presented in Fig. 1.
Phase identifications were performed on a powder
X-ray diffractometer D5000 (Siemens AG, Munich,
Germany) using CuKa radiation in the range 26 =10-90°
and the XRD data was analyzed by using X’Pert
package and Fullprof program. The morphology
of the obtained materials was examined with a field
emission scanning electron microscope (Hitachi FE-SEM
model S-4160). FT-IR spectra were recorded on
a Tensor 27 (Bruker Corporation, Germany) in the range
400-4000 cm™. The thermogravimetric analysis (TGA)
has been recorded by STA PT 1600 thermal analysis
performed between 25-800°C with the 5°C/min constant
rate of heating under the air atmosphere in alumina pan.
For controlling photodegradation of Malachite green
is used UV-vis diffuse reflectance spectra which
were recorded by UV-Visible spectra (Shimadzu
UV-1650 PC).
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Fig. 2: Calculated PXRD pattern for Rietveld profile
of synthesized Nio.sCuo.sCr204

Synthesis of Nio.sCuo.5Cr204

In this method, at first 0.5 mmol Cu(NOs), and
0.5 mmol of Ni(NO3), and 2 mmol Cr(NO3z), were added
to platinum crucibles and heated in a furnace maintained
at 900°C for 8 h. After the final heat treatment,
it was cooled to room temperature at a rate of 2°/min.
The obtained NigsCugsCr.04 was collected.

RESULTS AND DISCUSSION
PXRD analysis

The XRD diffraction pattern of synthesized
NiosCuosCro04 is presented in Fig. 2. The investigation
of XRD data has been done by X’Pert High Score
package and Fullprof program [22]. Identification of
structure and crystal information confirms the formation
of single phase NipsCuosCr.04. The results demonstrate
that all the diffraction peaks of NigsCugsCr:04 can be
quite well indexed in tetragonal structure (space group I
41/A M D) and the best fit with the least difference
is carried out (Fig. 2). Complete adaptability and perfect
performance in Rietveld refinement require the best
amount of initial values and type of space group, which
are taken from X’Pert package. The refined lattice
parameters are: a =b =5.9879 and ¢ = 7.9958.

The crystallite size of particles can be calculated
by Scherrer’s equation [23]

D=0.942/(Bcos0) 1)

In this equation, D show particle size, 1 is X-ray
wavelength (0.154 nm) and, B is broadening at half
the maximum intensity of the peak. The largest peak
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is located at 35.3572°. The obtained average crystallite size
of the synthesized NigsCuosCr.04 nanoparticle is
44.51nm.

Morphological analysis

For studying the morphology and the sizes of
the synthesized material, FE-SEM was used. Fig. 3 shows
various magnificent of Nickle copper chromite.
This figure demonstrates micro multi-dimensional particles
that the approximate size of them is about 250 nm.

ThermoGravimetric Analysis (TGA) analysis
ThermoGravimetric Analysis (TGA)/ Differential
Thermal Analysis (DTA) is a method which is used
for determining characteristics of the material by gaining
weight as a result of increasing temperature. Fig. 4 shows
the TGA and DTA analysis of synthesized
NiosCuosCr,0s. The TGA has two important sections,
the first part is related to dehydration of physically
absorption water that belongs to less than 200°C,
and after that its weight loss is less than 10% up to 800°C.

Fourier Transform InfraRed (FT-IR) spectroscopy
analysis

FT-IR spectra of as-prepared NigsCuosCr04 with the
wave number range 400-4000 cm™ is observed in Fig. 5.
There is a peak located at 3153 cm™ that is attributed
to O-H bond stretching. Also, the peak located at 1660 cm™
refers to bond bending of H,O. Two sharp peaks
at 613cm™ and 501 cm™ corresponding to Ni-O stretching
bond, Ni-O and Cu-O vibration bond [24, 25]. Also, these
two sharp vibration bands demonstrate the lattice
vibrations of tetragonal in spinel structure.

UV-vis diffuse reflectance analysis

The band gap energy (Eg) of NigsCuosCr0s4
is determined by Tauc model which is used in
semiconductor material commonly [26]

(ahu)]/rzA(hu—Eg) 4)

Which o is linear absorption coefficient of the
material; h is Plank's constant; v is photon’s frequency;
A is proportionally constant; Eg4 is band gap energy. The
value of exponent (r) depends on forbidden or allowed
electron transition that causes to create 4 stats: directly
allowed transition (r = 1/2), directly forbidden transition
(r = 3/2), indirectly allowed transition (r = 2), indirectly
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Fig. 3: FESEM images of the hydrothermally synthesized NiosCuos5Cr204 nanomaterials.

forbidden transition (r = 3). The value of Direct band gap
energy can be calculated by using the (ahv)? versus hv
plot and extrapolating a straight line on a curve with
the x-axis. According to the UV-vis diffuse reflectance
analysis, the band gap of synthesized NiosCugsCr,04 is
about 1.62 eV. It means that the narrow band gap
doesn’t need high energetic light sources for photocatalytic
degradation, so that the irradiation would be done
by visible light.

Photocatalyst activity of NiosCuosCr204

The photocatalytic activities of synthesized material
were investigated by an Aniline dye pollutant -Malachite
green- under 5 FPL 36W 70LM and room temperature.

Effect of catalyst concentration

Obee and Hay’s studies shew that the higher initial
catalyst concentration leads to increasing the reaction rate
of a reaction like photooxidation of ethylene [27, 28].
Also, many other research proofed them, but Cao’s
research shew that this enhancement has occurred up to

14

the specific initial amount of catalyst [29]; for example,
in photo-oxidation of ethylene, the reaction rate wasn’t
increased when the initial concentration of 1-butene was
higher than 7 ppm.

The effect of catalyst dosage on photodegradation
of MG has been investigated in this part. Fig. 7
demonstrates the kinetic data diagram of different
amount of NigsCuosCr,0s on the rate of photo-
degradation. It is found that the reaction rate has been
increased up to 0.02g of catalyst, after that the reaction
rate remains stable. The possible reason for increasing
photo-degradation efficiency by adding the mass
of catalyst can be justified that the higher amount
of catalyst leads to more transformation of electrons
and better separation of electrons-holes. Fig. 8 shows
the linear changes of LnCo/C; versus time that confirm
the first-order reaction. the rate constants for 0.005g,
0.01g, 0.02g, 0.03g and 0.04g of NigsCugsCr.04 are
0.1947, 0.2258, 0.2812, 0.3034 and .3044 minY,
respectively. The last two numbers confirm the stable
condition of the reaction. Also, Fig. 9 shows the
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Fig. 4: Black: TGA. Blue: DTA pattern of Nio5CuosCr20a4.
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decrease of the absorption peak of Malachite green
at A=617 nm.

Effect of H202

The H0, in the reaction process, convert to
hydroxyl radicals. To direct relationship between
attending OHe and progressing photooxidative
degradation of MG, the various amount of H:0;
was added to the solution [30]. According to Fig. 10,
this  first order Kkinetic diagram shows that
The NiopsCuosCr.04 had low rate photocatalytic activity
in the absence of H,0,. But in the presence of various
amount of H,O, the photocatalytic activity is improved.
The degradation rate constant is shown in Fig. 11 when
the H,O, dosage increased from 0.2 to 0.5 mL,
the constant rate increase from 0.0205 to 0.0676 min.
The additional dosage of H20,, from 0.5mL to 1mL
doesn’t show a significant increasing in reaction rate and,
k is the change from 0.0676 to 0.0771 min-L,

At the last part, the reusability of this metal oxide
was investigated in five cycles. Reusability of the catalysts
is one of the most important factors to make it as a useful
economical catalyst. So, checking the recyclability
is a significant test. High photocatalytic activity of
Nio.sCuo.sCr204 leads to high recyclability which is shewn
in Fig. 12. The yield of the product approximately didn’t
change a lot -that was more than 90% after five times,
that is an emphasis on its recyclability without lacking
obvious activity.

The photocatalytic activity of NigsCuosCr20a
in decolorization performance of MG is compared
with other metal oxide. As it’s seen, this nano metal
oxide has high efficiency rather than the others.

CONCLUSIONS

The of NiosCuosCr,0s nano-scale metal oxide
has been successfully synthesized by solid-state method.
The multi-dimensions morphology obtain from this
process. This sample is used for photodegradation
of an aniline dye -MG-. All data of photocatalytic activity
were studied by the Langmuir-Hinshelwood pseudo
first-order kinetic model and compared with other metal
oxide. The synthesized NiosCuosCr.O4 had reasonable
photodegradation ability as compared with other metal
oxides.
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Table 1: Comparison aspect of the photocatalytic degradation of the NiosCuosCr204 with other metal oxide.

4 Catalyst time Catalyst suspension (g) in 100mL sol Efficiency ref N
Nig.5CUo5Cr204 80 0.03 100 This work

Pd/WO3 180 0.015 50% [31]
Fe,0;@SBA 60 0.35 69% [32]
Feo.01Ni0.01ZnoesO/PAM 240 25 92.13% [33]
BiWOs 75 0.01 100% [34]
TiO,/WO3 30 0.01 99% [35]

K Fe,03/Sn0O, 360 0.02 86 [36] /
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