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ABSTRACT

Inthe present work, the sol-gel derived powders of the chemical form FeCr,0,@ZnO@MgO core-shell, have
been synthesized and used as a photocatalyst. The synthesized core-shell nanoparticles are characterized
by various analytical techniques including FTIR, XRD, SEM-EDAX, and HR-TEM-SEAD. The successful
performance of synthesized core-shell photocatalyst FeCr,0,@ZnO@MgO has been also demonstrated
for the complete mineralization of Orange G dye. The effect of various operational parameters used in
dye degradation such as concentration of dye, light intensity, amount of photocatalyst, the effect of light,
and effect of electrolyte has been studied on the rate of reaction. TEM analysis clearly shows two layers of
Zn0 and MgO on FeCr,0,. The highest degradation rate was found with the concentration of Orange G dye
10 ppm, 0.8 g of FeCr,0,@ZnO@MgO, and time 50 min. The recyclability of the photocatalyst, FeCr,0,@
ZnO@MgO was performed up to four runs. The degradation mechanism has been established by using
LC-MS analysis and it was used to track the numerous intermediate products formed during Orange G dye

degradation.
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INTRODUCTION

Water pollution has become a major worldwide
problem due to rapid industrial growth. Apart
from various aqueous pollutants, hazardous metal
ions and dyes have provoked increasing public
contact due to their wide use in many industries
including pharmaceutical, printing, textile, food,
and leather industry. The report in literature
reveals that a large amount of dyes (nearly 20%)
of worldwide production is discharged by textile
factories because of incomplete exhaustion of
coloring materials and washing operations [1,2].
Further, it is also reported that a large number of
dyes and their metabolites have been reported to
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be hazardous, toxic, mutagenic, and carcinogenic
[3.4].

The high concentration of organics in the
effluents and the stability of modern synthetic
dyes make the conventional biological methods
for wastewater treatment ineffective for the
complete color removal and degradation of organic
pollutants [5,6]. Environmental pollution has been
increasing and steps towards the development of
low-cost materials to overcome these problems
have gained importance [7-10]. Besides this, some
dyes in particular form can undergo anaerobic
decoloration to potentially carcinogenic amines
[11]. Consequently, there is a considerable need
to treat these colored effluents before discharging
them to various water bodies. Advanced oxidation
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processes (AOPs) employing heterogeneous
catalysts have emerged as potentially destructive
technologies leading to the complete removal
of most organic pollutants [12-14]. In tropical
countries like India, where an ample amount of
sunlight is available, photocatalysis involving
sunlight will be economical and preferable,
unlike other energy-intensive irradiation sources.
Among the various semiconductors employed,
TiO, and ZnO are well-known photocatalysts
for the degradation of several environmental
contaminants due to their high photosensitivity,
stability, and large bandgap [15-20]. Hence, it
is essential to develop an effective photocatalyst
for the degradation of organic pollutants under
sunlight/visible light irradiation. Heterogeneous
photocatalysis employing aqueous suspension
of ZnO through the illumination of sunlight is
relatively significant among the AOP removal of
textile dyes from wastewater because of its mild
operating conditions [21]. The photocatalytic
efficiency of semiconductor metal oxide in the
presence of visible irradiation has been reported
in the literature for the degradation of organic
dyes [22-24]. Core-shell multifunctional magnetic
nanoparticles have a wide variety of applications
including catalysis, magnetic separation, and
numerous biomedical uses [25-28]. By contrast,
GeO, is a dielectric semiconductor oxide with a
broadband (~3.4 eV) [29], which has high catalytic
activity in the ultraviolet region (A< 350 nm).

The present work focuses on the preparation
and investigation of iron (II) chromite-based
nanoparticles which are coated by ZnO and
MgO forming core-shell FeCr,0,@ZnO@MgO.
The application of a ZnO coating layer between
iron (II) chromite and MgO may reduce the
recombination process between MgO and iron
(II) chromite. The goal of the present work is to
test this new FeCr,0,@ZnO@MgO core-shell
nanostructures as photocatalysts for the photo-
oxidation of Orange G dye, under UV light
and evaluate their potential as magnetically
retrievable and re-usable photocatalysts. The iron
(IT) chromite core material was selected because
it is more thermally stable for the preparation
of core-shell. This particular dye was chosen
because it has a variety of functional groups such
as the sulfonate, aryl, hydroxyl, and azo groups.
The degraded products were analyzed by LC-MS
and intermediate products formed are separated
and characterized. LC-MS study enabled us to
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establish the mechanistic pathway for degradation
of Orange G dye.

METHODS AND MATERIALS
Materials

The FeCr,0,, FeCr,0,@Zn0O, and FeCr,0,@
ZnO@MgO  core-shell nanoparticles  were

prepared from the chemicals without further
purification. The chemicals used are Ferric nitrate
Fe(NO,),.6H,0, Chromium nitrate Cr(NO,)..
9H,0, Zinc nitrate Zn(NO,),.6H,0, Magnesium
nitrate Mg(NO,),.6H,0, Triton-X-100, and Orange
G dye analytical grade were purchased from Sigma-
Aldrich.

EXPERIMENTAL
Synthesis of FeCr,0, Nanoparticles

The nanoparticle FeCr,0O, was synthesized
by the sol-gel method using Ferric nitrate Fe
(NO,),9H,0 (1 M) and Chromium nitrate Cr
(NO,),.6H,O (2 M) as precursors and Triton X-100
was dissolved in 100 ml double distilled water.
NaOH solution (1.5 M) was slowly dropped under
vigorous stirring to obtain a precipitate solution
with a pH of 12. The solution was transferred in a
Steel lined Teflon autoclave and kept at 121 °C for a
period of 24 hrs in the oven. The resultant gel was
filtered and repeatedly washed with double distilled
water. Subsequently, the washed precipitate was
dried at 110 °C for 6 hrs and calcined at 800 °C for
another 4 hrs.

Synthesis of FeCr,0,@ZnO Core-Shell Nanoparticles

The ZnO coating was performed by dissolving,
FeCr,0, (1 M) and Zinc nitrate Zn (NO,),.9H,0 (2
M) in 100 ml double distilled water. Further NaOH
solution (1 M) was added dropwise under vigorous
stirring for 1 hour to obtain a precipitate. The slurry
obtained was refluxed at 120 °C for 24 hrs. The
precipitate was washed by using double distilled
water and dried at 110 °C for 2 hrs, then calcined at
850 °C for 6 hrs to remove organic matter.

Synthesis  of FeCr,0,@ZnO@MgO  Core-Shell
Nanoparticles

The FeCr,0,@ZnO@MgO Core-Shell
Nanoparticles were prepared by dissolving
FeCr,0,@Zn0O (1 M) and Magnesium nitrate
Mg (NO,),.9H,0 (2 M) into 100 ml NaOH (1 M)
solution under vigorous shaking. Then obtained
material was stirred for 2 hrs and kept in a steel-
lined Teflon autoclave in the oven at 121 °C for
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24 hrs. When the reaction was completed, the
precipitate obtained was filtered and washed with
deionized water, and dried at 110 °C for 6 hrs.
The dried product was ground in mortar- pestle
to prepare fine powder. The resulting brown
polycrystalline product was heated at 900 °C for 6
hrs in a muffle furnace.

CHARACTERIZATION

All synthesized nanoparticles were
characterized by appropriate analytical techniques
including FTIR, XRD, SEM-EDAX, and HR-
TEM-SEAD analysis. IR study (KBr pellets)
was performed on a Shimadzu 8400S FTIR
spectrometer in the range of 4000 to 400 cm™. The
phase purity of the product was confirmed by X-ray
powder diffraction pattern using Rigaku Ultima
IV copper instrument operating at 25 kV and 25
mA using Ka radiation with wavelength k = 0.154
nm. SEM-EDAX analysis was carried by scanning
electron microscope JEOL-6390LA equipment,
transmission electron microscope (HRTEM-
JEOL/JEM 2100, operating voltages 200kV, LaB6
Electron gun, Point resolution 0.23 nm Lattice
resolution 0.14 nm) instrument.

PHOTOCATALYSIS

In the current work, the photodegradation
of Orange G dye was concentrated by utilizing
Synthesized Core-Shell nanoparticles. Four kinds of
perception were recorded. In the principal test, 50
ml 10 ppm solution of Orange G dye was irradiated
in a photoreactor utilizing 0.8 g of FeCr,0,@ZnO@
MgO Core-Shell nanoparticles as a photocatalyst.
The subsequent trial was completed without light.
In the third test, just Orange G dye solution without
catalyst was irradiated with UV-visible light in a
photoreactor. The fourth examination was done
without light without Catalyst. The abatement in
absorbance because of mineralization of Orange
G dye was recorded on a double-beam UV-visible
spectrophotometer (Systronic) after each 10 min.

HPLC-MS ANALYSIS OF ORANGE G DYE-
DEGRADED SOLUTION

The chromatographic trials with HPLC-UV-
visible framework were done on HPLC (Water,
840) utilizing water a Nestgroup C-18 reverse-
phase section (2 by 25 cm). The samples were
eluted with a linear gradient of (CH,),CO/H,O
45/55% to 90/10%. The slope elution was from 5 to
90% in 30 min, the stream rate was 0.5 ml/min and
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the injection volume was 100 pl. The peaks were
observed at 475 nm with a detection range between
220 and 680 nm. The slope HPLC partition was
combined with an ion trap mass spectrometer
(water). The mass spectrometer was outfitted with
electrospray ionization sources and operated in
positive polarity. The mass reach was from 50 to 500
m/z. Tandem mass analysis was finished utilizing
the auto mass mode, where helium gas was utilized
as collision gas.

RESULTS AND DISCUSSION
FT-IR Spectroscopy

The FTIR analysis, as the main reference, was
usedtostudythemolecularstructure,demonstrating
each stretching mode in nanoparticles, as presented
in Fig 1. The FTIR spectrum of nanoparticles was
analyzed in the range of 400-4000 cm™. The peaks
in Fig.1(a) located at 3450 cm™ correspond to the
O-H stretching functional group. Nonetheless, the
OH bending functional group is shown at 1650
cm™.  Also, the peaks at 950 cm™ correspond to
the C-H bending functional group. Transmission
peaks at 700 and 418 cm™ correspond to spectra
that have tetrahedral and octahedral oxygen-metal
M-O bonds. This range shows the characteristics of
atomic vibrations in the tetrahedral and octahedral
positions in the cubic structure [30]. Fig.1(b)
shows synthesized FeCr,0,@ZnO nanoparticles.
Peaks at 3353.65 and 3440.43 cm™ represent the
bending vibration of H,0 and the presence of OH
stretching in ZnO. Peaks in the range of 400-600
cm™' represent the characteristic metal-oxygen
(M-0) vibrational modes.

The peak at 470 cm ™ indicates the development
of ZnO [31]. The formation of FeCr,0,@ZnO@
MgO nanoparticles has shown in Fig.1(c). The
peak at 580 cm™ is assigned to the Mg-O stretching
vibration in Mg (OH),. The absorption peak at
1510 cm™ is due to the bending vibration of the
(OH) bond. The peak at 878 cm™ signifies the out-
of-plane aromatic stretching of MgO [32].

X-Ray Diffraction Studies (XRD)

XRD analysis, which is the most useful
technique for the identification of crystalline
structure, was employed to study the obtained
sample. The crystalline structure of the as-prepared
FeCr,O, nanostructure was recognized by XRD
analysis. Fig. 2(a) indicates that the pattern matches
the JCPDS 24-0512 [33] file identifying FeCr,O,.
Based on the XRD analysis the crystal structure of
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Fig. 2. XRD pattern of a) FeCr,0,, b) FeCr,0,@Zn0, and ¢) FeCr,0,@ZnO@MgO

the FeCr,0, is cubic spinel. Fig. 2(b) shows XRD
patterns of the products after subsequent thermal
decomposition of ZnO in the presence of magnetite
cores. Fig. 2(b) depicts the presence of seven new
sharp and strong diffraction peaks along with hkl
planes at 31.90, 34.48, 36.10, 47.35, 56.82, 62.96,
and 68.98 were observed.

The position and relative intensity of these
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new peaks match well with (1 00), (002), (10 1),
(102),(110),(103),and (11 2) planes of the
standard data for the hexagonal wurtzite structure
of the bulk ZnO (JCPDS file No. 36-1451) [31]. No
peaks corresponding to the impurities are detected,
indicating that FeCr,0,@ZnO heterostructure
was formed during the decomposition process.
In the case of FeCr,0,@ZnO@MgO core-shell
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nanoparticles arrays, the XRD pattern, Fig. 2(c)
shows the coexistence of ZnO and MgO phases,
indicating that MgO was coated on the ZnO
nanoparticles. The (0 0 2) strongest diffraction
peak appearing in both XRD patterns indicated
that the nanoparticles are preferentially oriented
in the c-axis direction. Moreover, we can observe
that the (0 0 2) peak position slightly shifts from
34.48 to 34.91 due to the MgO coating on the
ZnO nanoparticles, and one more new sharp and
strongest diffraction peak appear at 42.90 and this
new peak matches well with (2 0 0) [34].

Scanning Electron Microscopy (SEM)

The scanning electron microscopy (SEM)
image of the FeCr,0, nanoparticle shows a
spongy structure, but the obtained particle size
and particle distribution were larger. In order to
prove the existence of the elemental analysis EDX
analysis was applied. This analysis confirms that the
presence of elements in this sample is Fe, Cr, and O
only with appropriate proportion Fig. 3(a).

Fig. 3(b) gives the typical SEM image
of FeCr,0,@ZnO nanoparticles and gives
information on the morphology of the sample
prone to aggregation due to the surface area to
volume ratio which is spherical and granular for
both resolutions. The larger particle size of the
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b) FeCr,0,@Zn0, and c) FeCr,0,@ZnO@MgO

nanostructure was observed flower-shaped and
EDX analysis confirms Zn, Fe, Cr, and O elements
are present. Fig. 3(c) shows the morphology of
FeCr,0,@ZnO@MgO  core-shell nanoparticles.
Furthermore, to reaffirm the formation of the core-
shell nanoparticles EDX analysis data was taken
in Fig. 3(c) confirmed the presence of Zn and Mg
elements at every point which signifies the coating
of MgO on ZnO nanoparticles.

Transmission Electron Microscopy (TEM)

The TEM analysis of FeCr,0, nanoparticles
prepared at 800 °Cis illustrated in Fig. 4(a), These
particles possess a regular cubic structure and a
uniform width. The surfaces of the cubes were
equal and the boundaries of them are evident
and the particle size of FeCr,0, is 98 nm. The
SAED pattern in Fig. 4(a), which was parallel to
the uprightness axis of the cube surface, indicates
that the cubes were single crystalline. Fig. 4(b)
shows representative TEM and SEAD patterns
of as-prepared magnetite Cores. After thermal
decomposition it is seen that the zinc precursor
in the presence of FeCr,O, cores, layers of ZnO
shells were deposited on the surface of magnetite
cores, the particle size obtains for FeCr,0,@ZnO
is 54 nm. Fig. 4(c) shows the TEM images of the
core-shell structured nanoparticles. It can be seen
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Fig. 4. TEM and SEAD analysis of a) FeCr,O,, b
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Fig. 5. Graphs showing the dye degradation in presence of FeCr,0,@ZnO@MgO without UV light.

that the sizes of the resulting nanoparticles while
the resulting nanoparticles still retain their spheral
morphology. The particle size of synthesized
FeCr,0,@ZnO@MgO nanoparticle is 23nm. From
a higher resolution TEM image, the core-shell
structure of the particles can be identified. This
indicated that MgO is selectively deposited on
the FeCr,0,@ZnO cores instead of homogeneous
nucleation and growth in solution.

Photocatalytic Activity of Synthesized Nanoparticles
The photocatalytic property of FeCr,0,@ZnO@
MgO core-shell nanoparticles was investigated
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by the photodegradation of Orange G dye. The
photodegradation of dye was studied by measuring
the absorbance every 10 min using a double beam
spectrophotometer. The photodegradation of
Orange G dye 10 ppm using FeCr,0,@ZnO@MgO
core-shell 0.5 g nanoparticles as photocatalyst.
Fig. 5 indicates there is no effect on absorbance
in presence of FeCr,0,@ZnO@MgO core-shell
nanoparticles in dark and absence of UV-Visible
light, respectively.

In the next experiment very small change in
absorbance is recorded when dye solution 10 ppm
was irradiated under visible light in the absence
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Fig. 7. Graphs showing the dye degradation in presence of FeCr,0,@ZnO@MgO Core-shell nanoparticles with UV light.

of FeCr,0,@ZnO@MgO core-shell Nanoparticles
(Fig.6). Fig. 7 reveals the degradation of Orange G
dye 10 ppm before and after exposure to the visible
light and FeCr,0,@ZnO@MgO core-shell 0.5 g
nanoparticles as a Photocatalyst. It is observed that
with increasing time of irradiation, this increase
in degradation may be due to an increase in the
ejection of the number of photons and electrons
in the conduction band and the valence band,
respectively. The chromophoric absorption peak at
475 nm could be assigned to the n-m* transition of
the -N=N- group [35-37]. During the degradation
process, the dark colorization in the Orange G dye
solution was completely diminished. The color
of the solution (absorbance 475 nm) decreased
remarkably reaching a discoloration. This shows
that the chromophore and conjugated system were
being destroyed. Fig. 7 confirms that within 50 min
the absorbance peak in the presence of FeCr,0,@
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ZnO@MgO core-shell nanoparticles is completely
diminished.

Effect of Dye Concentration

The photocatalytic degradation of Orange G
dye with various concentrations (10 to 50 ppm)
was studied with the stacking of 0.2 g FeCr,0,@
ZnO@MgO core-shell nanoparticles in 100 ml dye
solution. Fig. 8 shows that when the concentration
of Orange G dye increases, the degradation
efficiency of the dye decreases gradually. It was
suggested that at a lower concentration of the dye,
the photocatalytic response rate is around relative
to the dye concentration.

Effect of Amount of Catalyst

To examine the photocatalytic degradation of
Orange G dye, the streamlining of photocatalyst
is a significant factor. Fig. 9 shows the variation in
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Fig. 9. Effect of amount of FeCr,0,@ZnO@MgO Core-Shell nanoparticles on dye degradation.

the amount of Photocatalyst (0.2 to 1.0 g) with 10
ppm dye solution in the presence of UV or visible
light. As the amount of Photocatalyst increases,
the degradation efliciency increases up to 0.8 g
of catalyst, further the increase in the amount of
catalyst decreases the photodegradation. Because
the photons are get scattered on excess addition
of photocatalyst from its surface and hence
degradation rate decreases [38]. Fig. 9 affirms that
within 50 min the absorbance reaches a minimum
in the presence of 0.8 g FeCr,0,@ZnO@MgO core-
shell nanoparticles.

Effect of Electrolytes
The presence of inorganic anions like chloride,
sulfate, carbonate, nitrate, and phosphate are
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impressively basic in wastewaters and normal
water. The significance of anions’ impact on
the photodegradation of pollutants has been
remarkably recognized due to the occurrence
of the competitive adsorption, resulting in the
inhibitive effect on the photoreaction of organic
pollutants. Fig. 10 shows the effects of different
anions (i.e. Cl, SO,? HCO,, NO, and PO,-’) at
the same concentration of 0.05 M. Compared to
the without anion test in the aqueous Orange G dye
solutions, the existence of all anions reduced the
dye degradation to a certain degree.

Among them, the strongest inhibition of
Orange G dye degradation resulted from HCO,
due to its ionic properties, as like SO,? HCO, can
inhibit the photodegradation of the Orange G dye
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Fig. 10. Effect of Electrolyte for degradation of Orange G dye in presence of FeCr,0,@ZnO@MgO

through competitive adsorption with the Orange
G dye on the catalyst surface due to the higher
ionic strength and trapping positive holes (h*) and
hydroxyl radical (*OH), where HCO, can be led to
the generation of less reactive radical HCO,". The
divalence charge of HCO, can lead to the stronger
binding of the HCO,  with the photocatalyst,
as compared with the single valence ions such
as CI, and PO,? thus resulting in the stronger
competitive adsorption. For the addition of PO,?,
the behavior of PO, *ions is similar to HCO," ions,
in that the PO,-* reacted with h* and *OH to form
PO,-%, less reactive than that of h* and "OH. The
formation of inorganic radical anions under these
circumstances was also reported in some literature
[39,40]. The addition of NO, to the Orange G dye
solution in this study showed a minor effect on
the photocatalytic degradation of Orange G dye
only. The presence of NO," had a negligible effect
on the photodegradation of Orange G dye under
UV light irradiation, the observed inhibition effect
may be therefore explained by the combination
of the competitive adsorption and the formation
of less reactive radicals during the photocatalytic
reactions.

Degradation Mechanism of Orange G dye

The photocatalytic degradation mechanism for
Orange G dye in presence of core-shell FeCr,0,@
ZnO@MgO is given below
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hy
Core-shell catalyst——»  ecg+hvs*

Oxygen ion absorption
(02)ads+ €cB —» O

Neutralization of “OH group into "OH radical
by photo holes.
(H:0 <> H* + °OH)us + hys* —> H* + OH

Oxidation of Orange G dye via successive
attacks by *OH radicals.

R+ hygt — R+ H20

or by direct reaction with holes

R+ hvg"*— > R° ——> degraded products

Lastly, holes react directly with carboxylic acid,
producing CO, by the photo-Kolbe process.

‘OH+RH — H.0+°R

‘R+02 —> ROO® —> CO2

Compare Photocatalytic Efficiency of Synthesised
Nanoparticles

Efficiency checks the synthesized photocatalyst,
the photocatalytic degradation checked by the same
concentration of Orange G dye (10 ppm) by loading
same amount (0.8g) of synthesized photocatalyst in
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100 ml Orange G dye solution.

Fig. 11 shows that the rapid degradation of
dye in presence of synthesized FeCr,0,@ZnO@
MgO core-Shell nanoparticles as a photocatalyst
is more efficient than FeCr,0,@ZnO and FeCr,0,
nanoparticles. In comparison, the rate of Orange G
dye degradation is faster in presence of FeCr,0,@
ZnO@MgO because ZnO and MgO coating
catalyzing the photo-oxidation process of the dye
molecule faster. Further, it is also concluded that
the particle size of FeCr,0,@ZnO@MgO is smaller
as compared to other products and hence the
surface area is more for faster degradation.
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Recyclability of Photocatalyst

Degradation of Orange G dye Fig. 12 shows the
recyclability of FeCr,0,@ZnO@MgO Core-Shell
nanoparticles for the degradation of Orange G dye.
After every run, this photocatalyst was separated
from dye solution using the centrifugation method,
washed with distilled water, dried at 150 °C in an
oven and calcined at 600 °C in a muffle furnace
for removing organic matter, and this activated
photocatalyst was redistributed in fresh Orange
G dye solution. We observed that in each run the
extent of catalyst loss may cause a decrease in
degradation.

173




Borhade Ashok V. et al. / Synthesis, Characterization and Photocatalytic study of FeCr,0,@ZnO@MgO Core

i

E

il
! (2)
e
4t
é LY
& dted
b
FEECT
e
Toea A
1 Saa
e e
sos 8 '
i
g [Tl 1 Jmll 1 [
C S 13m0 B0 T 30 0 249 M0 280 00 D0 MM MO MO 40 4m sap a0 *]

Tii

ORI 1 7 o P A7 ST, el I L DAL 0 (L1 A B 1 e

Fig. 13. LC-MS of (a) Before degradation of Orange G dye, (b) After degradation of Orange G dye.
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Fig. 14. Degradation mechanism of Orange G dye.

LC-MS OF DEGRADED ORANGE G DYE

The mechanism for the degradation of
Orange G dye was established by using liquid
chromatography-mass  spectroscopy (LC-MS).
The LC-MS recorded before degradation is shown
in Fig. 13(a). A broad peak of Orange G dye was
observed at 453 m/z, and completely degraded
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Orange G dye is shown in Fig. 13(b). The Orange G
dye degradation pathway is represented in Fig. 14.
The structure of different products was suggested
based on HPLC-MS fragmentation. In the present
molecule, peaks of Orange G dye were observed
at 461 m/z; before irradiation, only parent dye is
present as expected. There are several fragments at
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373 m/z, 283 m/z, 261 m/z, 239 m/z, 227 m/z, 202
m/z, 195 m/z, 175 m/z, and 111 m/z that occur after
the degradation of Orange G dye.

CONCLUSIONS

In the present investigation, normal spinel
nanocrystalline pure Iron (II) chromite coated with
Zinc oxide and Magnesium oxide core-shell has
been synthesized by the sol-gel method. Synthesis
of FeCr,0,@ZnO@MgO core-shell nanoparticles
confirmed through FT-IR, XRD, SEM-EDX, and
HR-TEM-SAED analysis. Synthesized FeCr,0,@
ZnO@MgO  core-shell nanoparticles  were
found to be a better photocatalyst in UV light
for the degradation of Orange G dye. Orange
G dye solutions of lower concentration were
completely mineralized by Photocatalyst under
UV light irradiation. The degraded products
were analyzed using liquid chromatography-mass
spectroscopy (LCMS). The analysis revealed that
the photocatalytic degradation of the Orange
G dye molecule resulted in the formation of
intermediate products such as substituted aromatic
hydroxylamine, nitroso, and phenol compounds.
The highest degradation of Orange G dye was found
at 0.8 g FeCr,0,@ZnO@MgO, 10 ppm Orange G
dye, and the time required is only 50 min.
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