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ABSTRACT 
One-dimensional (1D) nanomaterials such as nanotubes, nanowires, nanofibers and nanobelts have drawn considerable attention 

over the past few decades. The nanonickel-zinc ferrite (Ni1-xZnxFe2O4), with (x=0, 0.25, 0.5, 0.75), was prepared by electrospinning 

technique. Zinc nitrate hexahydrate, nickel nitrate hexahydrate, iron nitrate nonahydrate, PolyvinylpyrrolidonePVP and N, N-

dimethylformamide (DMF) were used as precursor materials. Crystallization behavior of the precursor was studied by X-ray 

diffraction (XRD). Nanofibers phases can change from amorphous to spinel ferrite depending on the calcination temperature at 

(700 °C) and crystallite size by Scherrer’s formula about (23.75) nm, while Morphological and structural properties were 

investigated by scanning electron microscopy (SEM), transmission electron microscopy (TEM), and Raman analysis microscopy 

tests. Finally, our results showed that the electrospinning method leads to obtain nanofibers of nickel zinc ferrite with good 

controllable stoichiometry at low temperature. The morphology and diameters of the fibers are largely affectedby the calcination 

temperature, increasing calcination temperature, the morphology of the calcined fibbers gradually transforms from a porous 

structure to a necklace-like nanostructure. The Ni1-xZnxFe2O4 fibers are mainly necklace- like nanofibers. 

 

KEYWORDS:  ferrite, electrospinning, SEM, TEM, XRD, Raman, microscopy. 
 

INTRODUCTION 
 

Nanoscale havebasic kinds of building blocks first zero-dimensional materials (0D) included nanoparticles, 
nano-clusters, and nanocrystals. Second unidimensional ones (1D) contained nanowires, nanofibers, and 
nanotubes [1]. 

Nanoparticles are quasi-zero-dimensional(0D) in which all characteristic linear dimensions are of the same 
order of magnitude that means the shape of nanoparticles like spheroids, as a rule[2,3]. 

Nanofibers are fibers have a diameter less than 1 micron. In a few years, nanofiber has become very 
important for scientists and companies because of its characteristics like very small diameter, tiny pore size, 
large surface area,etc.  [4]. 

Ferrites are ferromagnetic ceramics found potential applications in making many devices such as permanent 
magnets, memory storage devices, microwave devices, and for the telecommunication equipment purposes. The 
importance of ferrites possess is their wide range of electrical and magnetic properties. The advantage of 
ferritesis their high efficiency, low cost and easy to manufacture. The basic electrical and magnetic properties of 
ferrites are that, they are sensitive to methods of preparation and associated parameters, type and amount of 
dopant, and the distribution of cations over the available sites. The selection of dopant is also important criteria 
in governing the properties of ferrite materials [5]. 
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The general formula of ferrite is M'M"2O4, whereM' is adivalent metal ions such as(Fe2+, Mg2+, Ni2+, Co2+, 
Zn2+, Cu2+) andM"isiron, chromium, manganese, etc. (trivalent metal ions); that is, Fe3+, Cr3+, Al3+, Mn3+[6]. 

Nickel – zinc- ferrite had spinel structure:Normal spinel structure, where all Me2+ ions occupy A sites; 
structural formula of such ferrites is Me2+[Fe2

3+] O4
2−. This type of distribution takes place in zinc ferrites 

Zn2+[Fe2+Fe3+]O4
2−[7]. 

Inversed spinel structure, where all Me2+ are in B-positions and Fe3+ions are equally distributed 
betweenAand B-sites: structural formula of these ferrites are Fe3+[Me2+Fe3+] O4

2−. Magnetite Fe3O4, ferrites 
NiFe2O4 and CoFe2O4 have inversed spinel structure. 

Mixed spinel structure, when cations Me2+ and Fe3+ occupy both A and B positions; structural formula of 
this ferrite is Me1−x

2+Fex
3+ [Mex

2+Fe2−x 
3+] O4

2−, where x is the degree of inversion [8]. 
The spinel structure in which the sites occupied by the cations are of two types, tetrahedral and octahedral 

sites. Nickel and Zinc are known to have strong preference for the tetrahedral and octahedral sites, 
respectively.The compositional variation in these ferrites results in the redistribution of metal ions over the 
tetrahedral and octahedral sites, which can modify the properties of ferrites. The physical properties of these 
ferrite nanoparticles can be also designedby changing the parameters such as composition or by the synthesis 
method. There are various methods for the synthesis of ferrite nanoparticles, which includes sol-gel, oxidation, 
hydrothermal, ball milling and chemical coprecipitation method [9-19]. 

Electrospinning is one of the simplest methods to producevery fine fibers from a precursor solution or 
liquid. Electrospinning has explored as a high efficiency method for the generation of 1D ceramic 
nanofibers.Materials in nanofiber form have an exceptionally high specific surface area, which enables a high 
proportion of atoms to be on the fiber surface. This will result in quantum efficiency, nanoscale effect of 
unusually high surface energy, surface reactivity, high thermal and electrical conductivity, and high strength 
[20]. 

In this search, the nanonickel-zinc ferrite (Ni1-xZnxFe2O4) has fabricated using the electrospinning process 
of sol–gel solution. There are few studies of nickel- zinc ferrite by electrospinning technique,S. Nilmoung, 
andothers [2009] have successfully fabricated Carbon/NiFe2O4 composite nanofibers with polyacrylonitrile 
(PAN) [21], and Xiang Jun and others [2009] have prepared Ni- Zn ferrite 
(Ni0.5Zn0.5Fe2O4)/polyvinylpyrrolidone composite fibers by sol–gel assisted electrospinning[22]. 

 
MATERIALS AND METHODS 

 
2.1. Materials: 

The raw materials used in this study are presented in table (1).  
 
Table 1: the raw materials used. 

Raw materials Formulation Molecular 
weight 
 (g/mol) 

Purity % Physical  
state 

Origin 
manufacturing 

Iron (III) nitrate nonahydrate Fe (NO ᴣ)ᴣ.9H2O 404.00 99 Solid China 
Nickel nitrate hexahydrate Ni(NO3)2.6H2O 290.79 99.5 Solid China 
Zinc nitrate hexahydrate  Zn(NO3)2.6H2O 297.4815 99 Solid China 
Polyvinylpyrrolidone (C6H9NO)n 30 k 99.9 Solid China 
N,N-dimethylformamide DMF C3H8O2 73.8 99.9 Liquid India 

 
2.2. Synthesis of Nix Zn1-x Fe2 O4 ferrite nanofibers: 

In this study, the NixZn1-xFe2O4 ferrite nanofibers was synthesized by sol-gelbased electrospinning.The 
starting materials Ni(NO3)2.6H2O or Zn (NO3)2.6H2O mixed with Fe (NO3)2.9H2O and dissolved in DMF 
(C3H8O2) for 2hrsby using hot plate magnetic stirrer, type (Stuart SB 162-3, England), with an initial ratio of Ni 
to Fe of [1(1−x) : 2] so for five scales of x. After a period of aging, 4g polyvinylpyrrolidone (PVP) was added to 
the solution, which is then stirred continuously for 4hrs, resulting in a homogeneous Ni1-xZnxFe2O4 precursor 
solution.  

 
2.3. Electrospinning process: 

By using electrospinning device,  type (NaBond, Nano-fiber, Electro-spinning Unit installation guide, 
China), the precursor solution of composite Nix Zn1-x Fe2O4/PVP are loaded into a syringe (10 ml) with a 
stainlesssteel needle and the distance between needle stage and dram type collector was (15cm). High voltage 
(20 KV) was supplied to the needle to createapotential difference between the needle and the collector, while the 
flow rateof solution was (0.3 ml/hr.) at room temperature. 
 
 
 



55-48, Pages: 6201 June) 8(10. Advances in Natural and Applied Sciences /6201 et al., Fadhil A. Chayad                   50 

 

 

 

2.4. Drying and Firing processes: 
The thin film of ferrite/ PVP composite nanofibers formedby electrospinning process, which allowedto the 

initial ferrite particles, which are deposited on the surface and inside the nanofibers of thin film.To obtain the 
powder of Ni1-xZnxFe2O4ferrite must be remove PVP from the as-spun nanofibers, so the thin film dried at 
250ºCfor 2h by using porcelain basin using oven dryer type (memmertGmbh+Co.KG, universal oven 
(UIS),Germany).  

The dried Ni1-xZnxFe2O4ferrite heatedat 700 ºC for2hinair by using furnace to obtain the NFO, and NZFO 
nanofiber by using Furnace up to 1600°C for pyrolysis, type (Protherm, Turky). The heating rate was kept at 5 
ºC/min. 

 
2.5. Characterizations: 

The structure of the NiFe2O4 nanoparticles was characterized by the X-ray diffraction (XRD), type 
(Shimadzo, XRD6000, diffractometer, Japan). X-rays are generated using Copper (Cu-Kα) radiation at 30 kV, 
40 mA and wavelength (λ = 1.5406 Å), radiation to generate diffraction patterns from powder crystalline 
samples at ambient temperature in a 2θ range of 10° to 70°. Themicrostructure and particle size of the 
nanocrystals were investigated by scanning electron microscopy (FE-SEM)with energy dispersive X-ray 
spectroscopy (EDS), type (MIRA3 TESCAN- RMRC) (TM - 1000 Hitachi table top Japan), and transmission 
electron microscopy (TEM) images that were obtained using a Transmission electron microscope (TEM), model 
(CM120), type (Philips – Holand)acceleration voltage: 20, 40, 60 80 100 120kV, beam source: LaB6 filament, 
twin lens resolution: Pointwise 0.34 nm, and linear 0.20 nm.Raman spectroscopy is a spectroscopic technique 
used in condensed matter physics and chemistry to study vibrational, rotational, and other low-frequency modes 
in a system, the parameters of this test are Exposure Time (10000 ms), Laser Wavelength (1064 nm) , Laser 
Power (490 mW), and Average Number (1). 

 
RUSTLES AND DISCUSSION 

 
3.1. XRD Analysis: 

Generally, XRD can be used to characterize the crystallinity of nanoparticles. Fig. (1) showsXRD patterns 
of nickel zinc ferrite powder samples after being calcined at 700 ºC for 2 hour, comparing with standard JCDPS 
card. The d values and intensitiesof observed diffraction peaks matches well with JCPDS card no. 52-0278 of 
the nickel zinc ferrite having Fd-3m space group.It gives the major phases in allpreparations was the spinel 
phase (Nickel zinc ferrite) at the peaks (220), (311), (222), (400), (422), (511), and (440). 

The crystallite sizewere characterized by XRD for structural determination and estimation ofcrystallite size 
by using Scherrer’s formula at the peak (311): 
 
D XRD = 0.89 λ / β cosθ                                                    (1)  
 
 Where λ is wavelength of X-ray radiation used in Å, θ is the diffraction angle, β is the full width at half 
maximum (FWHM) in radians in the 2θ scale, DXRDis the crystallite size in nm [23].It was shown that crystalline 
size decreased from 28.07 nm to 23.275 nm,withincreasing the concentration of Zn+2 in the lattice substitution to 
Ni+2[17]. 

 The lattice parameter of the as-prepared sample, according to the cubic crystal structure was calculated 
from the main peak of spinel structure (311) using equation: 
 

� = �√ℎ
2 + �2 + �2                                                                 (2) 

 
where “d” is the interplanar distance, “h, k and l” are the miller 

indices and “a” is the lattice parameter [24].The constant was found to decreasing with increasing the 
concentration of Ni+2which may be to the smaller ionic radii of Ni2+ ions (0.69Å) compared to Zn2+ (0.74 Å) 
cations[18]. The increasing in average crystalline size and lattice constant may be because of using high 
calcination temperature reached to 700 °C. The structural parameters calculated from the diffraction pattern 
shown in Table 2. 
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Fig. 1: XRD patterns of nickel -zinc ferrite calcinated at 700 °C samples: 
    a- NiFe2O4, b- Ni0.75Zn0.25Fe2O4,c- Ni0.5Zn0.5Fe2O4, d- Ni0.25Zn0.75Fe2O4 
  

Table 2: Structural parameters of Ni1-xZnxFe2O4 calcinated at 700°C. 
Ni1-xZnxFe2O4 DXRD (nm) a (Å) 
NiFe2O4 28.07 8.346 
Ni0.75Zn0.25Fe2O4 27.24 8.391 
Ni0.5Zn0.5Fe2O4 26.85 8.42 
Ni0.25Zn0.75Fe2O4 23.75 8.41 

 

3.2.FE- Scanning Electron Microscopy (Fe-SEM) analysis: 
The scanning electron microscope (FE- SEM) used to study the surface morphology of resulted nanofibers, 

from this technique can calculate the grain size, which formed nanofibers of samples, which shown in rang of 
(21.09 - 66.26) nm. Fig. (2)is explained the FE-SEM images for samplescalcined at 700 °C.From Fig. (2-a) 
SEM image is shown the grain size about (35.77-44.76) nm, which depended on the size of Ni+2and the 
calcination temperature. Further the SEM image of Fig(2- b, c, d) are shown the grain size decreased with 
increased the Zn +2 concentration and the change in grain size depend the Zn +2 concentration replaced of Ni+2 in 
spite of big size of Zn +2 to the Ni+2. 

The fiber morphology gradually transforms from a porous structure to a necklace-like nanostructure due to 
growth of the spinel grains. When calcination temperature increases, the fibers are mainly necklace-like well-
crystallized nanofibers.The formation of necklace-likemorphology may be attributed to the asymmetric 
shrinkage of spinelduring the thermal decomposition and crystallization process of composite fibers. At the 
time, rapid of growth grains occurs during calcinations at high temperatures, then the nanofibers will be unstable 
and droop grain boundary occurs to relieve the strain energy[22]. 

The formation of necklace-like nanofibers in samples, which clearly shown in Figs (2-a), (2-b), and (2-c). 
Fig (2-d) is shown the FE-SEM images for (Ni0.5Zn0.75Fe2O4), but necklace-like crystallized nanofibers is not 
formed because high the Zn +2 concentration.  
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From FE-SEM images can notice the grains size increased with calcination temperature increased and after 
the necklace-like crystallized nanofibers formed. Also can calculated the diameters of nanofibers around (~ 30 
to 60 nm) and the length of fibers around (~ 0.5 to 1 μm).  

The substitution of zinc ions (Zn+2) of nickel ions (Ni+2) in the spinel lattice is led to decrease the grains 
size, reduce grains growth, retard the transition from the amorphous nature of dried fibers to crystalline 
structure, and late the necklace – like fibers form. 

The stoichiometry of the powder samples prepared by electrospinningmethod is checked by EDX analysis. 
EDXpatterns ofthe samples are shown in Fig.(3),and is given the elements present in the samples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a b 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
c                                                                      d 
 

Fig. 2: FE-SEM of nickel -zinc ferrite calcinated at 700 °C samples: 
    a- NiFe2O4, b- Ni0.75Zn0.25Fe2O4, c- Ni0.5Zn0.5Fe2O4, d- Ni0.25Zn0.75Fe2O4 

 
a                                                                              b 

Fig. 3: EDS of nickel- zinc ferrite calcinated at 700 °C samples: 
a- NiFe2O4, b- Ni0.5Zn0.5Fe2O4 
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3.3. Transmission electron microscopy analysis: 
TEM is provided insight into the morphologies and structural details of thesamples. Fig.(4) shows the TEM 

images of NiFe2O4 and Ni0.5Zn0.5Fe2O4samples calcinated at 700 °C, which exhibited the size of nanoparticles 
which formed nickel –zinc nanofibers of ferrite by TEM micrograph isabout (28.95nm) for NiFe2O4, while for 
Ni0.5Zn0.5Fe2O4(26.32nm)similar trend with the size calculated by Scherer formula. The images show almost 
particles are spherical in shape. The slight agglomeration of the nanoparticles has been observed from the TEM 
micrographs, whichmay be due to the Vander Waals forces and magnetic interaction between these magnetic 
nanoparticles [18]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4: TEM of nickel- zinc ferrite calcinated at 700 °C samples: 

    a- NiFe2O4, b- Ni0.5Zn0.5Fe2O4 
 
3.4. Raman microscopy analysis: 

Raman Spectroscopy is sensitive to the atomic displacements that carried out Raman spectroscopy to 
explore the structural transition.The Raman spectra of all samples in the frequency range 200 ∼2000 cm−1 at 
room temperature are shown in Fig. (5). There are three first-order Raman active modes (A1g+Eg+3T2g), and all 
these modes are observed at ambient conditions. The A1gmode is related to symmetric stretching of oxygen 
atoms along Fe-O bonds, Egmode is related to symmetric bending of oxygen with respect to Fe and T2gmode is 
related to asymmetric stretching of Fe [25]. In cubic spinelstructure is involved[Zn2+

1-xFe1+x
3+]A [Ni x

2+Fe1-x
3+]B 

ferrites, which Zn ions are occupiedtetrahedral (A) sites, Ni ions are occupied octahedral (B) sites and Fe3+ions 
are distributed between tetrahedral and octahedral sites, and the other low frequency modes are  performed the 
characteristics of the octahedral group (B-site) of ferrites [26]. 

From the Fig. (5-a)the peaks cleared and has high intensity and good crystallinityRaman shift is occurred 
between 326 cm-1 to ~ 600cm-1, which shown the presence of spinal phase of nanofibers ferrite. Fig. (5-b) is 
represented Raman Shift of Ni0.5Zn0.5Fe2O4 nanofibers noticed the intensity and crystallinity less than of 
NiFe2O4 because ofsubstitution of Zn+2 on Ni+2 in spinel lattice. 
 
Conclusions: 

Thenanofibers of nickel-zinc ferrite (Ni1-xZnxFe2O4), with (x=0, 0.25, 0.5, 0.75) calcined at 700 ◦C for 2 h, 
was prepared by electrospinning technique with a pure cubic spinel structure. The morphology and diameters of 
the fibers are largely affected by the calcination temperature. With increasing calcination temperature, the 
morphology of the calcined fibres gradually transforms from a porous structure to a necklace-like nanostructure. 
The Ni1-xZnxFe2O4fibres are mainly necklacelikenanofibres with diameters around (~ 30 to 60 nm) and the 
length of fibers around (~ 0.5 to 1 μm). The TEM images is exhibited the  grain size which formed nickel –zinc 
nanofibers of ferrite is decreased with increased Zn+2 ions by TEM micrograph is about (28.95nm) for NiFe2O4, 
while for Ni0.5Zn0.5Fe2O4 (26.32nm).Furthermore, Raman analysis is indicatedtohigh intensity and good 
crystallinity, presence of spinal phase of nanofibers ferrite, and crystallinity less with increased substitution of 
Zn+2 on Ni+2 in spinel lattice. 

For future work we canbe studying the effect of varying process parameters (such: applied voltage, needle – 
collector distance, feed rate, etc.) on structure and characterization of nanofibers that prepared by using 
electrospinning technique.Furthermore, studying the dielectric and optical properties of nanofibers of ferrite. 
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Fig. 5: Raman analysis of nickel- zinc ferrite calcinated at 700 °C samples: 

    a- NiFe2O4, b- Ni0.5Zn0.5Fe2O4 
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