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The study involved the preparation of CoFe,O, -CNT nanocomposites through the dispersion of CNT
and ferrites into Xylene. Cobalt ferrites were synthesized using a chemical co-precipitation method. The
main objective was to investigate the structural, optical, and photocatalytic properties of the synthesized
nanocomposites using Rose Bengal dye as a model pollutant. Structural analysis was conducted using
Transmission Electron Microscopy (TEM) and XRD, confirming the formation of a Single-phase spinal
structure of ferrites and nanocomposites with an average particle size of around 25 nm. UV-Vis. spectros-
copy and Photoluminescence (PL) were used to study the optical properties of the samples, indicating
that the bandgap of the sample is within the visible range, making it suitable for visible light photocatal-
ysis. The band gap shifted to a slightly lower side after the formation of the nanocomposite, and the PL
revealed that recombination time increased after the formation of nanocomposites compared to pure
CoFe,0,. FTIR spectroscopy confirmed the formation of the spinal structure of ferrites and identified
various bonds present in the sample. The photocatalytic activity of the sample showed a significant in-
crease in the dye degradation capacity of ferrites. This increase in photocatalytic activity was consistent
with earlier results obtained by PL spectroscopy, which confirmed the formation of a Z-scheme visible

light photocatalyst.

Keywords: CNT, Nanocomposites, Z-Scheme photocatalyst, Solar energy

How to cite this article

Vikas V., Rana P. S., Solar Driven photocatalysis using CoFe,0,-CNT nanocomposites for degradation of hazardous Rose
Bengal dye. J. Water Environ. Nanotechnol., 2023; 8(2): 164-177 DOI: 10.22090/jwent.2023.02.006

INTRODUCTION

Both developing and developed worlds are
concerned about water pollution caused by
industrial, domestic, agricultural, and commercial
activities. Around 2.2 million people die due to
bad-quality water every year. Around 1 billion
people consume unhealthy water every day [1]. In
four highly populous developing countries named
China, India, Indonesia, and Brazil, aquatic life is
under threat as dissolved oxygen levels are very
low [2]. Being one of the most necessary gifts of
nature, poor quality of water harm all kind of life.
One of the major contributors to water pollution is
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the textile industry. This industry is very important
for the economic growth of a country. The biggest
exporter of all kinds of textiles is China followed by
E.U,, India and then U.S.A [3]. The textile industry
generates around one trillion dollars annually
and contributes to 7% of the world’s total export.
This industry engages around 35 million workers
around the globe [4]. Dyeing is an important step in
this industry. Once the final product is ready, these
dyes and chemicals are discharged and become
part of textile effluent [5], [6]. These dyes which are
used to give various magnificent colors to textiles
are very harmful to both human beings and nature.
Dyes are highly soluble in water so removing them
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Fig. 1: Mechanism of Photocatalysis

using conventional methods is very difficult [7].
This color linked to dyes not only imparts aesthetic
damage to water bodies but also reduces the rate of
photosynthesis by preventing sunlight to penetrate
water hence reducing in dissolved oxygen rate
thereby harming entire aquatic life as all forms of
aquatic life are closely related to each other [8].
Scientists are constantly working to find a
reliable solution to treat industrial wastewater
[9]-[19]. The advanced Oxidation Process (AOP)
seems to be a promising way to remove these
harmful contaminants from water. This process
relies on highly reactive hydroxyl ions («OH)
to oxidize the organic (sometimes inorganic)
pollutants from water which cannot be removed
by traditional techniques [20]-[23]. Using the
light wave of suitable frequency to perform AOP
is called photocatalysis. Much Attention is being
paid recently to developing photocatalysts to treat
wastewater and for hydrogen generation [24]-
[26]. Water purification is one of the most useful
applications of photocatalysis. Photocatalysis
happens by utilizing an electromagnetic wave of
suitable energy to produce electron-hole pairs in
the semiconductor. Electrons and holes help to
produce superoxide and hydroxyl radicals which
attack on dye to degrade it into water, CO, and
other less harmful byproducts as shown in Fig. 1.
Metal oxides seemed to be promising photocatalyst
but it suffers from two major drawbacks. Recovery
of metal oxide after treatment of wastewater is not
very easy and hence, it can’t be employed for large-
scale water purification. The band gap of metal
oxides lies in UV and most of the UV radiation
from the sun is blocked by the ozone layer so they
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don’t reach the earth’s surface we have to depend
on UV lamp to make it work as photocatalyst and
hence power consumption is also a major drawback
of this photocatalyst [27], [28]. Ferrites fulfill the
above two conditions as they are paramagnetic so
they can be separated after treatment of wastewater
just by using strong magnets [29]. The band gap
of ferrites also lies in the visible so it can harness
sunlight to act as a photocatalyst without any
external power source other than the sun [13], [22],
[30]. This low value of band gap has one drawback
and that is a higher rate of recombination of
electrons and holes. Hence electrons and holes are
available only for a very short period to perform
photocatalysis and hence the rate of degradation
of dye is very less [31], [32]. The above problem
is solved by making a Z-Scheme heterojunction
photocatalyst by anchoring ferrite nanoparticles on
the CNT matrix. It provides an alternative path for
electrons to return to the valance band and hence
it increases the value of recombination time [33],
[34]. CNTs have a very high value of surface area
so it also helps in the adsorption of dyes on their
surface hence we get the better photocatalytic
activity of synthesized nanocomposites. Ferrites
get attracted to magnets so nanoparticles can be
easily removed by applying an external magnetic
field and can be used again. Hence the problem of
recovery of the sample is eliminated by a significant
amount.

In this present study, we studied the effect
of the formation of a z-scheme photocatalyst
on the photocatalytic performance of CoFe,O,
for the removal of harmful Rose Bengal dye.
To our knowledge, it has not been reported
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yet about the photocatalytic application of Co
Ferrite nanocomposite with CNT. Various factors
responsible for this change in photocatalytic
activity are studied with the help of XRD, TEM,
FT-IR, UV-Vis, Photoluminescence, and VSM. The
z-scheme mechanism is proposed to explain why
photogenerated electron-hole pairs have longer
recombination times. The photocatalytic activity
was studied in the presence of sunlight with
continuous stirring using a non-magnetic stirrer.
Recovery of the sample was studied by using the
same photocatalyst again for three consecutive
cycles. The research methodology for this work is
shown in Fig. 2.

EXPERIMENTAL
Materials

Following precursors were used for the
preparation of CoFe204 and its nanocomposites
with  CNT: Fe(NO,),.3H,0 manufactured by
Sigma Aldrich having purity >98%, Co(NO,),.6H
from SRL Chemicals having purity > 98%, Multi-
Walled Carbon Nano Tubes (MWCNT) having
-COOH Functional group attached to them with
outer diameter 30-50 nm and length 10-30 pM
Manufactured by SRL Chemicals, Xylene is used
from fisher scientific.

Synthesis of cobalt ferrite (CoF)

Cobalt Ferrite nanoparticles were synthesized
by the chemical co-precipitation method. Aqueous
solutions of Fe(NO,),.3H,0 and Co(NO,),.6H,0
were mixed in different beakers according to the
stoichiometric ratio. Both solutions were placed on
a magnetic stirrer and stirred individually at 50°C
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for 15 minutes. Both solutions were then mixed
and stirring was continued for 30 minutes. 10 ml of
oleic acid was then added to prevent agglomeration.
The sample was further heated for 30 more minutes
at the same temperature. The magnetic bead was
then removed to prevent the sticking of ferrites
to the magnetic bead. Ammonia was then used
as a precipitating agent and added dropwise to the
sample along with manual stirring. pH was monitored
closely as ammonia is being added to the sample.
We will notice that precipitates will start forming.
Ammonia addition is stopped once the pH level
reaches 10. The sample was then dried at 80°C
for 2 hours to remove residual water present in
the sample. The sample was then washed several
times with distilled water to remove any dissolved
impurities. The sample was then further dried at
80°C for two hours and then crushed finely using
a mortar and pestle. Annealing was done at 400°C
for proper phase growth.

Fabrication of cobalt ferrite-CNT nanocomposites
(CoF-CNT)

MWCNT functionalized with ~-COOH group
were dispersed in Xylene by sonication for 30
minutes. Ferrites were also dispersed in Xylene
in another beaker by sonication for 30 minutes.
Ferrite dispersion was then added dropwise into
CNT dispersion. The obtained dispersion was then
left to dry in a hot air oven at 80°C for 12 hours. The
obtained powder was then crushed and annealed at
400°C for 2 hours in a tubular furnace.

Characterization of sample
Following characterization methods were used
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Fig. 3: XRD data of CoF and CoF-CNT

to study various properties of nanoparticles:

X-Ray Diffraction (XRD)

X-ray diffraction (XRD) was performed on the
samples using a Rigaku Ultima IV diffractometer (A
= 1.54 A of Cu-ka radiation) at room temperature
with a copper anti-cathode operated at 40 kV and
40 mA. The purpose of this analysis was to identify
whether the structure of the samples was crystalline
or amorphous. The powder samples were evenly
distributed on a neutral quartz glass sample holder
and exposed to a k-alpha radiation source. The
diffraction scans were conducted over a range of
angles from 10° to 80°. The average crystallite size
was calculated by using Debye-Scherrer’s formula

kA
=— 1
b Bcosbzqq W
where A = 1.5406 is the wavelength of CuKa
radiations, k=0.9 is the shape factor, and 9311
and f are Bragg’s angle and FWHM respectively
corresponding to the plane (311) [35].

Fourier Transform Infrared Spectroscopy (FTIR)

Material analysts utilize FTIR to identify the
Various bonds present in a given sample. To obtain
the FTIR spectra of a sample, we used Perkin Elmer
FTIR Spectrum 2 instrument and record the data
within the 4000cm-1 to 400 cm-1 wavenumber
range. The FTIR spectra are obtained by combining
the sample with KBr powder at a 5:95 ratio to
create KBr pellets using a hydraulic press-assisted
pelletizer.

UV-Vis analysis
Analysis of optical absorption spectra is a very
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efficient tool for understanding the band structure
and energy gap of spinal structure materials [36].
UV-Vis analysis was done using Shimadzu UV
3600 I PLUS UV-Vis spectrometer. The band gap is
calculated using a tauc plot. The general equation
of the Tauc plot method is given by,

(ahv)'= K (hv — Ey) (3)

Here ‘hv’ is the incident photon energy, ‘o
is the absorption coefficient, ‘E’ is the bandgap
energy, ‘K is an energy-independent constant, and
‘w’ is the nature of the transition. Any one of the
following four values can describe the nature of the
transition, n [37],

n =2 - direct allowed transition

n=1/2- Indirect allowed transition

n=2/3- Forbidden Direct Transition

n=1/3- Forbidden Indirect Transition

Photoluminescence (PL)

Photoluminescence ~ (PL)  spectra  were
obtained using a Horiba Scientific Flouromax+
spectrofluorometer. PL is a widely used tool to
study the efficiency of charge carrier trapping
and to understand the fate of charge carriers and
their recombination in semiconductors [38], [39].
PL gives all information by studying the emission
of light from a material after it has been excited
by an external energy source. When a material is
excited, its electrons are promoted to higher energy
states. As the electrons relax back to their ground
state, they emit energy in the form of light. The
emitted light can be measured and analyzed to
obtain information about the electronic and optical
properties of the material.
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Fig. 4: FTIR Spectra of CoF

Transmission Electron Microscopy (TEM)

TEM is a powerful analytical technique that
allows for high-resolution imaging of the internal
structure and composition of materials. It works
by passing a beam of electrons through a thin
sample, which interacts with the nanoparticles to
produce an image. When the electron beam passes
through the sample, it interacts with the atoms
within the material. This interaction scatters the
electrons and produces a pattern of bright and dark
areas, which can be captured by the detector and
used to generate an image. Transmission Electron
Microscopy (TEM) images were obtained using
JEOL JEM-1400 plus having 120 kV accelerating
voltage.

Vibrating Sample Magnetometry (VSM)

Vibrating Sample Magnetometry (VSM) is
a commonly used experimental technique to
measure the magnetic properties of materials. In
VSM analysis, a sample is placed in a magnetic field
and subjected to a small oscillating magnetic field
perpendicular to the applied field. The resulting
changes in the magnetic moment of the sample are
measured using a highly sensitive detector, such as
a Hall sensor or a magnetometer. VSM data was
obtained using CFMS from cryogenic limited, UK
at IIT Delhi Sonipat Campus at room temperature.

RESULTS AND DISCUSSION
X-Ray diffraction (XRD) analysis

Fig. 3 shows the XRD pattern of CoFe,O, and
their nanocomposites with CNT. Indexing of
diffraction peaks was done at various 20 values
and all Characteristic peaks which belong to planes
(220), (311), (400), (422), (511), and (440) can be
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indexed in the single-phase lattice. The position and
relative intensity of all peaks correspond well with
standard data of Cobalt ferrite powder diffraction
data (JCPDS card no. 22-1086). Various peaks
are labeled in the graph. No diffraction peak for
any other phase or any other material is observed
which indicates that there was no secondary phase
or any impurity precipitates in the sample. The
most intense peak (311) was used to find crystallite
size (D). we found that the average crystallite size
for CoF is 20.14 nm. Lattice parameter (a) was
calculated using the interplanar spacing d (A)

a=dvh?+ k% + 12 (2)
ais found to be 8.402 ° A

FTIR Spectroscopy

FTIR analysis was done with Perkin-Elmer
Frontier. KBr pellets were used and data was
recorded in the Wavenumber range 400-4000 cm™1
and is shown in Fig. 4. FTIR spectra show various
functional groups attached as shown in Table
1 below and indicated on the graph. The peak at
467 Cm™', v,, shows intrinsic metal-oxygen bond
stretching vibrations at octahedral sites, and that at
586 Cm™, v, shows intrinsic Metal-oxygen bond
stretching vibrations at tetrahedral sites. These
peaks are the main metal-oxygen bond peaks that
are seen for all spinal ferrites so they confirm the
formation of the spinal structure of ferrites [40].
The peak at 1104 Cm™ is because of the C-O-C
bond. At 1383 Cm™, the peak is due to the nitrate
group present as residue. The peak at 1623 Cm™'
and 3414 Cm™ is because of water absorbed by
KBr. The peak at 2854 and 2924 corresponds to
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Table 1. Various bonds present in the sample as confirmed by FTIR Spectroscopy

Wavenumber (Cm ')

Bond

467 Metal-Oxygen bonds at Octahedral sites
586 Metal-Oxygen bonds at Tetrahedral
sites
1104 C-0-C
1383 Nitrate group present as residue
1623 H-O-H
2854 C-H
2924 C-H
3414 H-O-H
2.5
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Fig. 5: UV-Vis Spectra of CoF-CNT with Tauc Plot

symmetric and anti-symmetric bond stretching of
the C-H bond [41].

UV-Vis Analysis

UV-Vis spectroscopy output is shown in Fig. 5
for CoF and CoF-CNT respectively. The optical
absorption data shows that in the case of both CoF
and CoF- CNT, we do not get any steep edges or
shoulder-like structures, indicating that visible
light absorption is due to intrinsic band transition
and may not be due to surface states [42]. For a
normal spinal-type material (CoF), Octahedral
and tetrahedral sites are occupied by Fe’* and Co**
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respectively [43]. In general, the band structure of
CoF was explained by using the oxygen 2p orbital
as the valance band and the Fe 3d orbital as the
conduction band [44]. The absorption in the area
of visible light may be caused by electron excitation
from the 2p orbital of oxygen to the 3d level of Fe.
In the case of CoF-CNT, we get some intermediate
state between this energy gap which provides an
alternative path for electrons to recombine, and
hence band gap gets reduced slightly. UV-Vis
spectra show that the band gap of synthesized
nanoparticles lies in the visible light region of the
electromagnetic spectrum. (ahv)" was plotted as a
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Table 2. Various magnetic parameters of the sample

Sample Name  Saturation Magnetization (M) Retentivity (M:) Coercivity (H)
CoF 88.08 33.18 -1350
CoF-CNT 44.69 19.38 -1507
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Fig. 6: PL spectra of CoF and CoF-CNT

function of the photon energy hv for different n and
we found that the best linear fit was obtained for
n=2 so we came to know that it is a direct allowed
band gap. The linear part was extrapolated to the
point where it intersects the x-axis and that point
gives the value of the band gap of the material as
shown in the inset images of the graph. The band
gap of CoFis 2.15 eV and is 2 eV for CoF-CNT. The
band gap is slightly decreasing after the formation
of nanocomposites. This value of bandgap confirms
that our sample can be used for solar-driven
photocatalytic application.

Photoluminescence

Fig. 6 shows the photoluminescence spectra of
CoFand CoF-CNT. PL spectra show that the sample
emits at around 664 nm when excited at a suitable
frequency. Peak intensity is found to decrease
in the case of nanocomposites. This decrease in
the peak of PL spectra for nanocomposites is in
good agreement with the theory. The decrease
in peak intensity shows that the rate of radiative
transition has decreased due to the trapping of
charge carriers. this confirms that the formation
of nanocomposites hinders the recombination rate
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and hence it improves photocatalytic activity [39],
[45]. This is in good agreement with experimental
data obtained from photocatalysis experiments.
Hence it is confirmed that CoF-CNT 2.5% forms a
better visible light photocatalyst.

Transmission Electron Microscopy

Fig. 7 shows TEM images of CoF and CoF-
CNT. Carbon Nanotubes (CNT) can be seen clearly
in TEM images. CoF nanoparticles can also be seen
clearly in images and it is also observed that CoF is
anchored to CNT at various points. This confirms
the formation of nanocomposites. Fig. 8 shows the
size distribution chart for CoF nanoparticles. It was
found that the average size of CoF nanoparticles is
around 25 nm.

Vibrating Sample Magnetometry (VSM) Analysis
The room temperature magnetic hysteresis loop
hasbeen shown in Fig. 9 which indicates ferrimagnetic
behavior marked by the appearance of the hysteresis
loopi.e.,non-zerovaluesof coercivityandretentivity.
Various magnetic parameters corresponding to the
plots are listed in Table 2. It has been found that
the value of Saturation Magnetization (M) and

J. Water Environ. Nanotechnol., 8(2): 164-177 Spring 2023



V. Vikas, P. S. Rana / Solar Driven photocatalysis using CoFe,0,-CNT nanocomposites

el Reila 153 — 4y Rotis_168

5 o

153651050121 H=120.007 162241 1500121 ok

T e I oy TEM Mode: meging Dirsct fsg: 30000
K41 B8 X204 63 - 676 Hl
) 1y
imoeese nibcrse

150, Lo 0 1 Carves XREIVorkGE. Engoreosy
s

s X8
Surs 100 o Shpuni, Nl G Gannrs. 135, No Shigny,

060 Gair: 1. B 1
Contat

Jyet Rlils_155

poi Rotis_16°
coz
55198 05-0012¢ -1 180520 050021
TEN eas: megng TER o Imaging
K343Y- 3978 X130.87 ¥ 78137
e '
o-cese nocrse
e YRUTMAGE, Exgzsurains) 930 Gain: 1, B 1 G XSG, Expomye: 200G . B |
Gururs: 1.15. No Stuparing, Novrl Conbsst Garrns: 1,15, Na Shigeiy

Fig. 7: TEM images of CoF and CoF-CNT at various scales

No. of particles

30
Size (nm)

Fig. 8: Size distribution of nanoparticles as observed by TEM

J. Water Environ. Nanotechnol., 8(2): 164-177 Spring 2023




V. Vikas, P. S. Rana / Solar Driven photocatalysis using Cofe,0,-CNT nanocomposites

100 4

80

60 /
H=-1350.84 ¢
:

T T
5000 10000

T
-5000

T
-10000

Magnetisation (emu/g)

Magnetic Field (Oe)

a) CoF

Magnetisation (emu/g)

100
80

60 4
1I=-1507.53

-100 -
Magnetic Field (Oe)

b) CoF-CNT

Fig. 9: VSM Data for a) CoF and b)CoF-CNT

100
B CoF
—®— CoF-CNT 2.5%
80
£ e0-
-
<
=
<
5
8 40
a
<
20
04
: T
0 20 40

T T

80 100

Time (Minutes)
Fig. 10: Photocatalysis data of CoF and Cof-CNT

remanent magnetization (M) has decreased after
the formation of nanocomposites. This can be
attributed to the presence of non-magnetic CNTs
and structural deformation in the structure of the
ferrite. Although pure CNTs are not magnetic by
nature, when a magnetic field is present, the non-
magnetic particles act as voids and disrupt the
magnetic circuits, which causes magnetization
to decline [46]. Structural deformation occurs
because of the interaction between oxygen and the
transition metal (in this case, cobalt) in the cubic
lattice, which lowers the magnetic moment of the
nanoparticles [46], [47].
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Photocatalytic activity

Photocatalysis was performed by direct irradiation
under sunlight at DCRUST Murthal having latitude
29.0272° N and longitude 77.0621° E. Sunlight
intensity was measured using a flux meter and
found to average around 93000 Lux. The band gap
of synthesized nanoparticles lies well in the visible
light range of the Electromagnetic Spectrum so
natural sunlight was used for photocatalysis. 50
mg of CoF was mixed in 100 ml of 10 ppm Rose
Bengal dye (5g/L) and stirred using a mechanical
stirrer in the dark for 30 minutes to achieve
adsorption-desorption equilibrium. Then the
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sample was placed under direct sunlight and
stirring was continued. 5 ml sample was taken at
regular intervals to find the amount of degradation
with time. This sample is then placed under the
magnetic influence to remove the photocatalyst
present in them. UV was then done immediately to
get the exact percentage of degradation of the dye.
The same process was repeated for CoF-CNT and
it was found that CoF-CNT is more effective in the
photocatalytic degradation of dye as shown in Fig.
10. Percentage degradation was calculated using
the formula

%Degradation = (1 — Cg) X 100 (4)
0

Where C, is the initial concentration and C is
the concentration at that instant of time. It was
found that 87% of dye was degraded in 90 minutes
of irradiation by CoF-CNT nanocomposites which
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is better than CoF nanoparticles which degrade
around 73% of dye at the same time. This higher
efficiency is attributed to the longer recombination
time of electrons and holes in photocatalysts [48].
A comparison table is shown below to show the
efficiency of various photocatalysts based on ferrite
nanoparticles. Kinetics data was obtained by using
a graph of In(C/C) according to Langmuir- The
hinshelwood kinetic model. The rate of reaction
can be obtained as:

_dc _ kKC
T dt | 1+KC

T (5)
The variables in the equation are r, which
represents the rate of the reactant in milligrams per
liter per minute; C, the concentration of the reactant
in milligrams per liter; t, the illumination time; k,
the rate constant of the reaction in milligrams per
liter per minute; and K, the adsorption coefficient
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Table 3. Summary of recently used ferrite nanocomposites in wastewater treatment and their corresponding efficiency

Type of ferrite Pollutant Contact Time Catalyst dose Pollutant Light Removal Ref.
nanoparticle (min) (gl Concentration source Capacity
(mg1")

Ag/Ti02/NiFe204 Methyl Orange 120 1 10 Visible light 90% [50]
Fes04/TiO2 Methylene Blue 240 0.2 10 UV Light 50% [51]
ZnFe;04/TiO2 RhB 90 0.45 4.8 UV Light 81% [52]
MgFe;O4 Methylene Blue 240 0.2 10 Visible Light 85% [53]
MoS2/CoFexO4 RhB 90 0.6 5 Sunlight 78% [54]
CoFe:04/CNT Rose Bengal 90 0.5 50 Sunlight 87%

(This work)

of the reactant in liters per milligram. When
the concentration of the chemical C is low, the
equation can be simplified to an apparent first-
order equation[49]:

In2 = kt (6)
n—=
C

The value of R-square for photocatalytic
degradation of Rose Bengal dye was 0.96 and
0.99 for straight line fit using CoF and CoF-CNT
respectively. This suggests that the reaction follows
first-order kinetics.

Recovery of Sample

Recovery of the sample was studied by using
the same photocatalyst for the degradation of dye
for 3 consecutive cycles. Each cycle is of 90 minutes.
The photocatalyst was first mixed with 100 ml of
10ppm dye solution and stirred under the dark
for 15 minutes to achieve adsorption-desorption
equilibrium. The sample was then exposed to light
and stirring was continued. After 90 minutes, a
strong neodymium magnet was placed under the
beaker and the sample was allowed to settle for
5 minutes. Then a reading was taken from that
solution and the remaining solution was poured
out of the beaker. 100 ml of dye solution was again
added to this beaker and the same sample was used
todegrade this dye. This cycleis again repeated to get
one more result. This mechanism of photocatalysis
and recovery of the sample is illustrated in Fig. 11
For the first cycle, the sample was able to degrade
dye up to 87% of the dye in 90 minutes. Similarly,
for the second and third cycles, the sample was able
to degrade at 85.5% and 83% respectively as shown
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in Fig. 12. This confirms that our sample can be
used as a reusable photocatalyst. The Summary of
recently used ferrite nanocomposites in wastewater
treatment and their corresponding efficiency is
shown in Table 3.

CONCLUSION

CNT-Ferrite  nanocomposites have  been
synthesized successfully as confirmed by the XRD
and TEM data. TEM shows that nanocomposites
have been synthesized successfully and XRD
confirms the formation of the spinal structure of
nanoparticles and the size of particles is around
25 nm. FTIR further confirms the formation of
spinal structure as a Metal-Oxygen bond can be
seen for both tetrahedral and octahedral voids.
The band gap of synthesized nanoparticles lies
in the visible range as confirmed by UV-Vis
spectroscopy data hence sample can act as a solar
active photocatalyst. Photocatalytic activity has
been increased in the case of nanocomposite. This
can be attributed to the formation of a Z-scheme
heterojunction photocatalyst. due to the formation
of z scheme heterojunction photocatalyst, the
recombination of electrons and holes is hindered,
and hence electrons and holes are separated for a
longer period which results in better photocatalytic
activity of nanocomposites. Recovery of the sample
is possible because of the ferrimagnetic behavior
of synthesized nanoparticles as confirmed by VSM
analysis. Hence our material can act as an efficient
and reusable photocatalyst under solar irradiation
thereby utilizing solar energy and using it for
removal of organic dyes from textile wastewater.
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