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H. T. Ali*, N. Amin®, M. Akhtar®, M. I. Arshad”’, M. K. Athar®, N. A. Morley",
M. Yusaf’, Z. Latif’, K. Mehmood®

“Department of Mechanical Engineering, College of Engineering, Taif University,
Taif 21944, Saudi Arabia

"Department of Physics, Government College University, Faisalabad, Pakistan
38000

‘Department of Materials Science and Engineering, The University of Sheffield,
UK, S1 3JD

‘Department of Clinical Pharmacy, College of Pharmacy, Taif University, Taif
21944, Saudi Arabia

The Nickel substituted Cu-Co-Zn-Ce nano ferrites, Zng;5C0q45Cuo40xNix Fe; g5Ceo 1504
with x=0, 0.1, 0.20, 0.30, 0.40, were synthesized using the coprecipitation technique. The
sample were sintered at 900 °C for 5h. The structural, electrical, dielectric and magnetic
properties of all the prepared samples were characterized by XRD, SMU2401, UV-Vis and
FTIR. The powder X-ray diffraction patterns of all the prepared samples confirmed the
formation of single-phase cubic spinel structures. These samples further characterized for
the electrical properties by using two-probe type method. The DC resistivity of all the
ferrite composition decreased as the temperature increased, showing their semiconductor
nature. UV-Vis and FTIR confirmed the substitution of nickel in Cu-Co-Zn-Ce ferrites.
From UV-Vis it is observed that the optical band gap changes from 3.9 eV to 5.3 eV with
addition of Ni. FTIR analysis revealed that a strong variation on tetrahedral absorption
frequency band is present which is due to the replacement of Ni on Cu. All these results
suggested that these materials can be used for wastewater treatment.
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1. Introduction

In the modern era, ferrites are emerging in high frequency applications. By nature, they
attract magnets and iron composed materials. They have many advantages in comparison to other
types of magnetic materials e.g. high electrical resistivity and low eddy current losses. Spinel
ferrites have FCC structure and formula can be represented as MFe,O,. There is occurrence of two
kinds of interstitials positions within these lattices and they are engaged by metal cations. Each
unit cell contains 96 interstitial sites from which 64 tetrahedral (A) and 32 octahedral (B) sites. At
high frequencies, because of their soft magnetic properties and high electrical resistivity spinal
ferrites can be used in multilayer chip-inductors and surface mount devices [1, 2]. Much work has
been done by doping cerium in soft ferrites but no specific work is done on cerium doped Cu-Co-
Zn-Ce nano ferrites, Zng ;5C0q.45Cug 40.Nix Fe; ssCep 1504 with x=0, 0.1, 0.20, 0.30, 0.40 ferrites. Cu-Ni-
Zn-Co -Ce ferrites have no inherent toxicity and this material is synthesized by Co-precipitation
technique which is commonly used for making stoichiometric calculations to form homogeneous
nanoparticles [3-4]. The optical and structural properties depend upon the kind of positive ions and
their distribution between octahedral and tetrahedral sites [4-5]. To improve their physical
characteristics, the synthesized ferrites were formed by different methods including sol-gel [6], co-
precipitation [7], hydrothermal [8], auto combustion [9], electrochemical [10], precursor [11] and
micro-emulsion methods [12]. The chemical co-precipitation method is a largely preferable
method due to its simplicity and good control on the crystalline size for synthesized nanoparticles
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in addition to other properties of materials. This chemical method is to prepared nanoparticles in a
larger amount in a relatively short interval of time. The chemical co-precipitation is the best
suitable, inexpensive, simplest,, and easiest method [13 -15].

In this research work, Nickel substituted Cu-Co-Zn-Ce nano ferrites, Zng;5C00.45Cug.40.xNix
Fe, g5Ceo.1504 with x=0, 0.1, 0.20, 0.30, 0.40, (Vi doped CCZC-ferrite) were synthesized by employing
co-precipitation method. In this study we investigate the structural, optical and electrical properties
of nickel doped CCZC-ferrites with addition of nickel.

2. Materials and methods

The Ni doped CCZC-ferrite were synthesized by co-precipitation technique. By making
stoichiometric calculation the raw material used for the fabrication of nanoparticles were Cobalt
Nitrate hexahydrate (Co (NOj;),.6H,0), Iron Chloride Hexahydrate. (Fe (NO3);.9H,0), Cerium
Nitrate hexahydrate (Ce(NO3);.6H,0), Zinc Nitrate (Zn (NOs),), Copper Nitrate (Co (NO;),) and
Nickel Nitrate (Ni (NO3),). These precursors were dissolved in 100 ml water and then stirred the
solution to make a homogeneous mixture by magnetic stirring for 50 minutes and 0.35 mole
NaOH is mixed in the solution to maintain the pH 7. After stirring the solution is put in the water
bath for overnight then the material was washed with ethanol three to four times to remove the
impurities. To dry the samples all the samples were put into oven for 24 hours at 80 °C. After that
the materials were sintered at 900 °C for 5 hr and grinded. These samples were characterized by
characterized by XRD (X-ray diffract meter), FTIR (Fourier Transmission electron microscope),
IV Two probe characterization technique.

3. Result and discussion
3.1. X-Ray Diffraction Analysis

Crystalline Structure and formation of spinel structure has been investigated by XRD.
Figures Showed the XRD pattern of synthesized nanoparticles that contain Ni doped CCZC-ferrite
which synthesized by coprecipitation method. The different peaks with planes
(220),(311),(400),(511) confirms the formation of single phase spinel ferrite. The X-ray diffraction
peak (311) was used to calculate the crystallite size using the Debye—Scherrer Equation [16].

0.914
- L cosB (1)

Where D represents crystallite size, A is the wavelength of X-rays and its value is 1.542A
and £ is full width at half maximum of XRD peaks. All diffraction peaks representing advanced
degree of crystallinity with well-defined peaks. The crystallite size was varied with the insertion of
Ni in CCZC-ferrite (as shown in Fig. 2). It may be due to the incorporation of Ni in ferrite lattice.
The lattice constant (@) was estimated using equation [17, 18];

Goxp = A VRZ + K2 + 2 )

Here, i k [ is the miller indices of the planes. The interplanar distance (d) is to be determined by
using the Braggs equation that is given below [19,20];

2dsinf = ni 3)
where 7 is the order of reflection. The volume of the unit cell (V) was estimated via the below

equation [21]; ,
Veeu = a 4)
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The lattice constant, interplanar distance, and unit cell volume were reduced with increasing the Ni
percentage. The increase in lattice parameters may be due to the incorporation of Ni in CCZC-

ferrite.
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Fig. 1. Combined XRD pattern of Ni doped CCZC-ferrite

For the higher concentration of Nickel x=0.2, 0.40, the increasing trend in the lattice parameter
may be owed to variations in cationic distributions. Similar results have been reported by other
researchers [19, 20]. The theoretical values of all the fabricated compositions were calculated

using relation (5) [21].

where 7, represents ionic radius at tetrahedral A-site, rz represents the ionic radius at octahedral

aen = 372 [(a + Ro) + V315 + Ro))

B-site and R, is known as an oxygen ion radius (1.32A).

37 o
36
35
3]
33
32
31
30

29 —

28

—u— Crystallite size D (nm)
—O— Exp Lattice Constant
—a—Th Lattice Constant

- 8.44

- 8.36

- 8.30

Fig. 2. Crystallite size and Lattice constants (Gexp, Acy) as a function of concentration

0.0 0.2 0.4

Composition (x)

of Ni of Ni doped CCZC-ferrite

846

- 8.42
38401

- 8.38

s34

-8.32]

- 8.37

- 8.36

- 8.35

- 8.34

- 8.33

- 8.32

)



68

X-ray density was evaluated using the equations (6) [22] and values were given in table 1.

di =1y (©)
where M represents the molecular weight of the synthesized compositions, N is the Avogadro’s
number (6.0221x1023 g/mol-1), V stands for unit cell volume [23]. Table 1 shows the variations
of X-ray density with the increasing concentration of Nickel content x=0.0-0.40. Several other
parameters like specific surface area (S), packing factor (p) and strain (¢) were calculated using
equations (7) to (9) [24], and listed in Table 1.

6000
=0 (7
D
p=2 (8)
1
£€=— )
Table 1. XRD parameters of Ni doped CCZC-ferrite.
Composition X-Ray ., | Packin Specific
(x) 20 hkl Density ::;IIIEIE% of unit g Strain Surface
Factor Area
0 4.46
35.28 311 598.53 28.01 0.153 24.67
0.15 4.57
35.95 311 594.64 38.68 0.156 34.85
0.30 35.41 311 4.53 585.67 32.16 | 0.159 45.79
045 35.51 311 4.52 580.15 3834 | 0.157 | 37.46
0.60 35.86 311 441 573.15 43.06 | 0.155 | 34.59

3.2. UV-visible spectroscopy

The optical band gap energy was obtained from UV-Vis plots of the synthesized Ni doped
CCZC-ferrites. All the samples were dissolved in deionized water to do the UV-Vis spectroscopy.
The absorption coefficient of fabricated material was found using the following relation (10) [25].

o= 2.303i0g(A) (10)

where, A stands for optical absorbance, while t represents pallet thickness. The bandgap energy
and absorption coefficient are associated with the following relation (11) [26] as.

ahv = B(hv — Eg)m (1D

Here, B is a constant term, hv is the incident photon energy. the constant m is dependent
on the nature of the transition between valence and conduction band, for direct bandgap materials
m is taken to be % while for indirect bandgap materials m takes the value 2. Fig. 3 shows the
bandgap energy vs Ni concentration.
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Fig. 3. Pattern of Bandgap energy (eV) of Ni doped CCZC-ferrite.

3.3. Current Voltage Analysis
The current voltage (I-V) characteristics were done by SMU 2401 of Ni doped CCZC-
ferrite. To obtain the DC resistivity following relation is used [27,28].

p=" (12)

Here R was found by relation R= 1/slope of I-V graph, Where A represents the area of
pellets and L represents the thickness of the pellet. The resistivity increases with an increase in
temperature up to a specific temperature after that, the resistivity starts decreasing with a further
increase in temperature. This transition point is called curie temperature. The curie temperature
lies between 323K and 353K. The relation between resistivity and temperature is given by
Equation (13) [29].

p = poexp (&) (13)

where p is electrical resistivity, p,is the resistivity at infinite temperature, AE is activation energy
and Ky is Boltzmann’s constant.
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Fig. 4. Graph of p vs. Ni concentration of Ni doped CCZC-ferrite.
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The activation energy was determined using equation (13). It is also evident from fig. 5
that activation energy for the paramagnetic region is greater than the activation energy for the
ferrimagnetic region. This may be ascribed to the ordered magnetic domains in the ferrimagnetic
region while randomly oriented magnetic domains in the paramagnetic region so more energy are
required for the ions to jump from one cation to another [30].
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Fig. 5. Graph of activation energy of ferrimagnetic region (Eg) and paramagnetic region (Ep) with
concentration (x) of Ni doped CCZC-ferrite.

3.4. FTIR analysis

FTIR analysis was performed for investigating the chemical functional groups of
synthesized nano ferrites of Ni doped CCZC-ferrite. The lower frequency absorption band (V)
exhibited in the range of 417 cm™ to 422 cm™ while the upper-frequency absorption band (V) is in
the range of 560 cm’! to 690 cm'l, the values of V; and V, and their relative intensities are given in
Fig. 6. A slight variation in V; is observed but V; has great variations in Ni doped CCZC-ferrite. it
has been reported that band which was observed in the high-frequency region is related to the
tetrahedral site (A-site), while the band detected in low-frequency region is connected to the
octahedral site (B-site) [26-29]. The high-frequency band observed from 560 cm™ to 690 cm™ may
be ascribed to stretching vibrations of tetrahedral site metal-oxygen bonding, which confirms the
replacement of Cu with Ni. The tetrahedral site stretching vibrations first shifted to higher values
from x=0 to x=0.20 and then decreased for the concentration x=0.40.
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Fig. 6. Variation Frequency absorption bands (V; and V,) with Ni of Nickel doped CCZC-ferrites.
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4. Conclusion

Co-precipitation technique was employed for the fabrication of Ni*" doped spinel soft
ferrites with chemical composition Zng15C0¢.45Cug.40-xNix Fejg5Ceq 1504 with x=0, 0.1, 0.20, 0.30, 0.40
nanoparticles annealed at 1173 K for 5 hours. XRD patterns exhibited the formation of the cubic
spinel structure of the synthesized specimen. The crystallite size and lattice parameter have a
decreasing trend with the inclusion of Ni*" content from x=0 to x=0.20, then an increasing trend
was found with the further increase on Ni*" up to x=0.40. The DC resistivity decreased from x= 0
to x=0.20 after that the resistivity increased up to x=0.40. The bandgap energy increased from x=0
to x=0.20 after that its decreased upto x= 0.40. The activation energy decreased with increase of
Ni concentration. A strong variation on tetrahedral absorption band confirmed the substitution of
Ni on tetra site. All these results revealed that these materials may be utilized for waste water
treatment.
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