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INTRODUCTION

Nanosized spinel ferrite particles, an example of delicate
magnetic materials with basic formula CoCdFe2O4. It is consi-
dered one of the most important committed transition metal
oxides (TMO) for pseudo-capacitive energy storage. On account
of the most drawing in class of materials appropriate to their
pleasant and critical properties, for example, low-liquefying
point, high particular heating, large development coefficient,
low immersion magnetic moment and low magnetic progress
temperature [1,2]. Remarkable electrical and magnetic properties
of ferrites comprise upon the nature of the ions, here changes and
their dispersion among tetrahedral and octahedral geometries
[3-5].

A ferrite is a substance compound of earthen ware materials
with iron(III) oxide (Fe2O3) as its principal part. Ferrites are
typically non-conductive ferrimagnetic earthen ware mixes got
from iron oxides, for example, hematite (Fe2O3) or magnetite
(Fe2O4) as well as oxides of other metals. Nanotechnology is
one of the fundamental logical fields today since it gathers
between learning from the fields of chemistry, physics, biology,
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engineering and medicine. The implementation and utilization
of nanomaterials are wide, for example, in electronic and mechanical
gadgets, optical magnetic part, tissue designing magnetic stock-
piling frameworks and magnetic bounce back imaging [6,7].
      Nanotechnology and material innovation are new system
for synthesis and treatment manipulation and organization utili-
zing natures have structure prevent (atoms, particles or large
scale atoms) for the clever design of practical materials, compo-
nents and regulation with alluring characteristics and capacities
[8,9]. Ferrites are notable magnetic nanomaterials contem-
plated as a documentation media appropriate to their excellent
physical properties. These properties make ferrites a typical
contender for technical applications, for example, magnetic
reverberation imaging upgrade, catalysis, sensors and pigments
[10]. Mixed spinel ferrites have been considered widely out
of the most recent couple of years because of their plausibility
applications. Spinel ferrites have the compound formula
Co1-xCdxFe2O4. In spinel ferrite, oxygen shapes confront focus
cubic lattice with divalent cations at tetrahedral and octahedral
position. Cobalt ferrite (CoFe2O4) has an opposite spinel struc-
ture with the preference of Co2+ for the most part on octahedral



position [11-14], while cadmium ferrite (CdFe2O4) has simple
spinel structure, in which Co2+ mainly occupy tetrahedral
position [11,15].

In this work, Co1-xCdxFe2O4 nanoferrites where (x = 0.0,
0.2, 0.5 and 0.8) were synthesized using co-precipitation methods.
X-ray diffraction (XRD) was utilized as a part of request to
research the basic of Cd substituted cadmium nanoferrites and
to decide the lattice parameters and the space gather symmetry.
Ultraviolet visible spectrometer (UV-visible) and Fourier
transform infrared spectroscopy (FTIR) were utilized to charac-
terize the optical properties of crystallite nanoparticles.

EXPERIMENTAL

In the synthesis of Co1-xCdxFe2O4 following chemicals
were used without further purification. The chemicals viz.,
Co(NO3)2, Cd(NO3)2, Fe(NO3)3·9H2O and NaOH were procured
from Merck. The deionized water is used throughout the experi-
mental work.

Synthesis of spinel: The analytical grade used in prepara-
tion of CoCd ferrite (Co1-xCdxFe2O4) nanoparticles with structure
(x = 0.0, 0.2, 0.5 and 0.8) was set up by the co-precipitation
method. Fig. 1 demonstrates the synthesis flow-planner for nano-
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Fig. 1. Synthesis scheme for nanoparticles

particles generation. The solution of Fe(NO3)3·9H2O (1 M, 25
mL), Co(NO3)2 (0.5 M, 25 mL) and Cd(NO3)2 were first blended
and afterward slowly added NaOH (2 M, 25 mL) solution under
stirring of 3000 rpm for 30 min to get a mixture of pH 11-13.
The colloidal solution was then kept in a water bath at 80 ºC
for 1 h to remove excess NaNO3 from the powder. The precipitate
was washed 10 times with hot deionized water until the filtrate
had a pH 7 [16,17]. At that point, the samples were dried and
ignition to absolute powder and more grounded to 600 ºC for
3 h in a temperature-controlled mute heater Vulcan A-550 at a
heating rate 10 ºC/min.

The X-ray investigation was perfomed to affirm to purity
of the synthesize materials by Shimadzu 6000 X-ray diffrac-
tometer of a wavelength λ = 0.15406 nm source, FTIR spectro-
scopy (FTIR-8400S, Shimadzu), scanning electron microscopy
(SEM), energy dispersive spectroscopy (EDS), atomic force
microscope (AFM) and high-performance liquid chromato-
graphy (HPLC), while the assimilation of solution with various
focus was calculated utilizing T80 UV/Vis spectrometer PG
instruments.

RESULTS AND DISCUSSION

X-ray diffraction: To evaluate the crystal structure, the
lattice section parameters and the space, a mass symmetry is
significant in the investigation of structural, electrical and
optical properties of ferrite nanoparticles. The results of single
Co1-xCdxFe2O4 is affirmed in the wake of breaking down the
X-ray diffraction pattern. The crystal structure is observed to be
cubic with space gathering. Fig. 2 shows the X-ray diffraction
pattern of Co1-xCdxFe2O4 nanoparticles having different
composition (x= 0.0, 0.2, 0.5 and 0.8). The crystallite size, 2θ
(deg) and FWHM (deg) are shown in Table-1. The crystal size
is computed by utilizing the Debye-Scherer's equation:

D = K λ/β cos θ
where D is the average particle size (nm), K is the dimension
shape factor 0.9, λ is X-ray wavelength of CuKα, β is the
linear broadening at half the maximum intensity (radians) and
θ is the Bragg angle.

Table-1 shows the average molecule size of nanocrystalline
samples calculated from the XRD information utilizing Scherer

TABLE-1 
PARTICLE SIZE (D) OF CoFe2O4 AND Co1-XCdXFe2O4 

No. Samples 2θ (°) FWHM (°) Crystal  
size (nm) 

1 CoFe2O4 
35.5982 
62.7759 
57.1717 

0.17310 
0.22760 
0.21000 

58.98 
79.73 
72.91 

2 CdFe2O4 
34.1200 
33.0099 
35.6339 

0.37860 
0.30480 
0.30930 

26.48 
32.47 
34.19 

3 Co0.2Cd0.8Fe2O4 
33.0088 
38.3017 
55.2976 

0.25780 
0.26670 
0.41670 

38.38 
39.64 
34.97 

4 Co0.5Cd0.5Fe2O4 
33.0137 
34.9723 
38.3132 

0.26060 
0.55770 
0.31280 

37.98 
18.16 
33.82 

5 Co0.8Cd0.2Fe2O4 
35.1693 
29.8435 
62.0037 

0.92330 
0.80000 
1.42000 

21.98 
23.91 
24.89 
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Fig. 2. X-ray patterns of Co1-xCdxFe2O4 nano-ferrites for (a) CoFe2O4, (b)
Co0.2Cd0.8Fe2O4, (c) Co0.5Cd0.5Fe2O4, (d) Co0.8Cd0.2Fe2O4

condition and found to be within the range (18.16-39.64 nm).
The increased size with Cd2+ might be due to the fact that Cd2+

ions are bigger than Co2+ ions. Addition of Cd2+ at the detriment
of Co2+ in the ferrite is expected to increase the lattice constant,
which are smaller than (100 nm) in nanoscale [18].

Fig. 2 showed that CdFe2O4 is polycrystalline for cadmium
and haematite (Fe2O4) by matching the patterns with the ASTM
card by number 22-1063 (cadmium) and number 87-1164
(Fe2O4). From Fig. 2, it is also appeared that cadmium (Cd2+)
is higher than the ratio of haematite (Fe2O4).

FT-IR analysis: The infrared spectra of spinel Co1-xCdxFe2O4

with different ratio (0.2:0.8, 0.5:0.5, 0.8:0.2) with calcination
temperatures 600 ºC were performed in the 4000-400 cm-1

range. The groups (ν1, ν2) are observed in the range 1651.12-
1506.46 cm-1 and 667.39-412.78 cm-1, separately. These groups
are due to O-H extending vibration of free retained water and
demonstrates the presence of hydroxyl groups in the synthe-
sized ferrites [19,20]. The band (ν3) for the samples are observed
around 1651.12 cm-1 and is ascribed to the C=O extending
vibration of carboxyl group. In range 1558.54-1506.46 cm-1,
the band (ν4) is due to extending vibration of nitrate group
[21,22]. In the range of 800-400 cm-1, two principle ingestion
groups with low intensity are seen around 412.78 and 667.39
cm-1 and might be is caused by metal oxygen vibration in the
octahedral site. The ν1, ν2, ν3, ν4 and ν5 are retention groups
around 1651.12-1558.54, 1539.25-1506.46, 615.31-590.24
and 572.88-412.78 cm-1, respectively for the samples which
are due to the vibration of tetrahedral and octahedral metal
oxygen (M-O) groups in the lattices of combined nanocrystals.

Scanning electron microscopy (SEM): Fig. 3 shows the
scanning electron micrographs of Co1-xCdxFe2O4 (x = 0.0, 0.2,
0.5 and 0.8).The grains are arbitrarily circulated and agglo-
merated. The particles are isolated as crystallite size increased
due to substitution. The clearly separated porous bunch of Cd
substituted CoFe2O4 are seen at 0.2 Cd doping having crystallite
size of 39.64 nm. The porosity of this sample helps in keeping
away from the distortion losses and also the isolated particle
improves the transportation properties. Hence, substitution of
Cd agglomeration becomes more because of the decrease in
crystallite size.

Energy dispersive X-ray spectroscopy (EDS): The EDS
analyses for coated Fe2O4 and spinel Co1-xCdxFe2O4 were perfo-
rmed. The EDS results are shown in Fig. 4.

Dielectric constant measurements: It can be seen from
Fig. 5, the real and imaginary permittivity versus log frequency

 

Fig. 3. SEM images of Co1-xCdxFe2O4 nano-ferrites for x = 0.0, 0.2, 0.5
and 0.8
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Fig. 4. EDS images of Co1-xCdxFe2O4 nano-ferrites for x = 0.0, 0.2, 0.5 and
0.8

of CoFe2O4, individually, increase with decreasing frequency.
The estimation performed at room temperature, subsequently,
its effect on the permittivity activities can be disregarded.

The CoFe2O4 permittivity is represented by the quantify
the orientable diploes present in the framework and their capacity
to situate under unapplied electric field. At low frequencies of
applied voltage, all the free dipolar  ions gathered in CoFe2O4

can fix themselves bringing about a higher permittivity esteem
at these frequencies.

As the electric field frequency increases, the greater dipolar
makes difficult to fix a distinguishable speed from the exch-
anging field, hence the commitments of these dipolar gathering
to the permittivity continues diminishing bringing a persistently
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decreasing permittivity of CoFe2O4 system at higher frequ-
encies [23].  The electrical conductivity relies upon the quantity
of progress transporters and frequency of connected electric
field on CoFe2O4.

Electric measurements of spinel Co1-xCdxFe2O4 compo-
sites: Fig. 6 portrayed the variety of real part of dielectric
permittivity (ε′) with frequency for spinel Co1-xCdxFe2O4 compo-
sites, separately at room temperature. At low frequencies, permi-
ttivity reached higher qualities, in all cases, which decreased
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Fig. 6. Real permittivity, imaginary permittivity and AC conductivity versus
log frequency for Co0.5Cd0.5Fe2O4

quickly with frequency expanding. This is sensible since at
low frequency area, the rotation of field is moderate, giving
therefore enough time to changeless and induced dipoles to
adjust themselves in connection to the connected, prompting
to upgraded polarization.

Improved estimations of dielectric permittivity (ε′) parti-
cularly at low frequencies can be come back to interfacial polari-
zation and/or anode polarization. Terminal polarization is related
to the development of room changes at anode interfaces and
depicted by high estimations of both real and imaginary part
of dielectric permittivity [24,25].

Atomic force microscopy (AFM): Atomic force micro-
scope (AFM) is a technique used to analyze the morphology
of surface [26], which let us to see and measure structure of
surface with high reliability and arrangement of individual
atoms/molecules in the structure [27,28]. AFM depends on
measuring  the force between tip and surface of sample [29]
(Fig. 7).

HPLC Chromatographic analyses: The course of photo-
lysis process of spinel Co1-xCdxFe2O4 on phenol red surface
was also monitored by HPLC chromatogram of spinel irradi-
ation. Before irradiation, HPLC chromatogram showed the
absorbance peak, which appeared at retention time of 3.34
min and after irradiation the intensity of this peak is gradually
decreased with irradiation time.

Effect of spinel mass: Using different amount of catalyst
(0.01, 0.1, 0.15, 0.2, 0.25 and 0.3 g), the effect on the photode-
gradation efficiency on phenol red was studied by taking
different masses of catalyst ranged from 0 and 10 ppm of
phenol red solution under UV light at 25 ºC for 60 min. Fig. 8
showed that due to increased activity of Co1-xCdxFe2O4 results
in the high efficient removal of phenol red. This may be
protruded from the increase in the number of active sites
available on the surface of catalyst for the reaction. For high
amount of catalyst more than 0.2 g, photodegradation efficiency
was decreased suitable to an agglomeration causing the increase
particle size and decreased in particular surface area which
leads to decrease in the quantity of surface dynamiclocales
[30,31] as well high amounts of catalyst lead to increase of
light diffusion. This tends to decrease the passing of irradiation
through the sample. Therefore, the most effective photodegra-
dation of Co0.5Cd0.5Fe2O4 was observed with 0.2 g of catalyst
weight [32,33].

Effect of concentration of CoCdFe2O4: At different
concen-trations of Co0.5Cd0.5Fe2O4 (5, 10, 30, 50, 70 ppm) with
0.2 g of catalyst, the results showed an increase of photocata-
lytic degradation process when initial concentration of spinel
Co1-xCdxFe2O4 increased because molecules of Co0.5Cd0.5Fe2O4

are photosensitive and when concentration increased more
photons would be absorbed which lead to decreased deepness
of light passage and low light transmittance [34,35]. As seen
from Fig. 9, the optimum initial concentration of spinel Co1-xCdx

Fe2O4 is 10 ppm, because it results higher photocatalytic degra-
dation than other concentrations of Co0.5Cd0.5Fe2O4.

Effect of temperature: The  photocatalytic degradation
rate of spinel using catalyst at different temperature ranging
from 20 to 50 ºC were investigated. Fig. 10 shows the effect of
different temperatures on the photocatalytic degradation rate
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Fig. 7. AFM 2-D, 3-D and diameter images of (a) CoFe2O4, (b) Co0.2Cd0.8Fe2O4, (c) Co0.5Cd0.5Fe2O4, (d) Co0.8Cd0.2Fe2O4
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of spinel at a fixed initial concentration 10 ppm and 0.2 g
Co0.5Cd0.5Fe2O4 catalyst. It is found that the photocatalytic
degradation rate of spinel increases with temperature increase
because increased temperature cause to increase generate free
radicals and this lead to decrease in recombination process  [36].

Effect of pH: The photocatalytic degradation rate of spinel
is highly influenced by the value of pH of the reaction mixture.
The photodegradation efficiencies of spinel with different pH
values for reaction mixture are shown in Fig. 11. The degradation
efficiency of the spinel was increased with increase in pH and
the highest spinel degradation efficiency at pH 9. By increasing
pH 11 of reaction mixture leads to decrease in photodegrada-
tion efficiency. The reduction in the removal efficiency of spinel
at high pH values can be attributed due to the repulsion forces
which are initiated between the negatively charged surface
and the anionic groups present in spinel molecules. In addition
to that decrease in the photocatalytic activity of spinel can be
due to increase in the rate of recombination between (e− /h+) pairs
[37].
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Conclusion

In this work, Co1-xCdxFe2O4 nanoparticles was prepared
by co-precipitation method. The results showed that (0.5:0.5)
ratio is more active than other ratio. The ability of spinel
Co1-xCdxFe2O4 for photodegradation is achieved  at 79.31 % at
optimum condition of 0.2 g (spinel), concentration of salt
10 ppm, temperature 25 ºC, pH 9  having radiation time of
60 min. The FT-IR spectra indicated two characteristic metal
oxygen vibrational bands. The average particle size of nano-
particles are in the range of 18.16-39.64 nm as analyzed by
XRD and EDS techniques. The dielectric constant and loss
tangent δ decreases with frequency, whereas conductivity
increases with increase in frequency.
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