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ABSTRACT:

The nanofibers of nickel ferrite (NiFe,O,) was prepared by electrospinning technique.
Nickel nitrate hexahydrate, iron nitrate nonahydrate, Polyvinylpyrrolidone (PVP) and N-
dimethylformamide (DMF) were used as precursor materials. Crystallization behavior of the
nanofibers was studied by X-ray diffraction (XRD). Nanofibers phases can change from
amorphous to spinel ferrite depending on the calcination temperature at (500°C, 600°C, 700
°C) and crystallite size by Scherrer’s formula about (18.26 — 28.10) nm, while
morphological and structural properties were investigated by scanning electron microscopy
(SEM). Magnetization measurements were carried out on a vibrating sample magenometer
(VSM), which revealed saturation magnetization of the samples were strongly dependent on
the calcination temperature. Finally, our results showed that the electrospinning method
leads to obtain nanofibers of nickel ferrite with good controllable stoichiometry at low
temperature.
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INTRODUCTION :-
Nanoscale have basic kinds of building blocks first zero-dimensional materials (0D)

included nanoparticles, nano-clusters, and nanocrystals. Second unidimensional ones (1D)
contained nanowires, nanofibers, and nanotubes [Moreno, Ferrari, 2011] .

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 [Gubin,2009][Gubin, et al, 2005] . 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. [Cengiz, et al., 2009].

Ferrites find potential applications for making many devices such as permanent magnets,
memory storage devices, microwave devices, and for the telecommunication equipment
purpose. The importance of ferrites lies in the fact that they possess wide range of electrical
and magnetic properties [Goldman, 2006].

The general formula of ferrite is M'M",0,, where M' is a divalent metal ions such as (Fe**,
Mg®*, Ni%*, Co®*, Zn**, Cu?") and M" is iron, chromium, manganese, etc. (trivalent metal
ions); that is, Fe**, Cr¥*, AI**, Mn** [Srivastava, et al., 2012].

The ferrites are involved dominant compound of Fe,O3, are contained three groups namely
Spinal, Garnet, and hexagonal ferrites [Goldman, 2006] . Normal spinel structure, where all
Me?* ions occupy A sites; structural formula of such ferrites is Me?* [Fe,**] O,%". This type
of distribution takes place in zinc ferrites Zn?* [Fe**Fe®"] 0, [Mastai, 2012].Inversed spinel
structure, where all Me?* are in B-positions and Fe®" ions are equally distributed between A
and B-sites: structural formula of these ferrites are Fe**[Me?*Fe**] 0,%". Magnetite Fe3O.,
ferrites NiFe,O,4 and CoFe,O4 have inversed spinel structure. Mixed spinel structure, when
cations Me?* and Fe®* occupy both A and B positions; structural formula of this ferrite is
Me; 2 Fe, 3" [Me 2 Fe,« **] 04*, where x is the degree of inversion [George, Juang, 2006]
. The spinel structure in which the sites occupied by the cations are of two types, tetrahedral
and octahedral sites. 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 designed by
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 co-precipitation method [Morrison, et al., 2004]. B.
P. Jacob, et al, have prepared very small size of nanoparticles of Nickel ferrite of by using
sol-gel combustion and co-precipitation techniques [Jacob, et al, 2011]. M. G. Naseri, et al,
have synthesized nanocrystals of Nickel ferrite from metal nitrates with various of
concentrations of PVP for comparison and in the absence of PVP as an aqueous solution,
followed by calcination process at different temperatures from (623 to 823)] [Naseri, et al.,
2013]. A. Kumar, et al, have synthesizes a series of nickel doped zinc ferrite NixZn;xFe,O4
(0 <x <0.6) nanoparticles by using sol-gel process [Kumar, et al., 2015,] . Electrospinning
is one of the simplest methods to produce very 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
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quantum efficiency, nanoscale effect of unusually high surface energy, surface reactivity,
high thermal and electrical conductivity, and high strength [He, et al., 2008].

In this search, the nano nickel-zinc ferrite (NiFe,O4) has fabricated using the

electrospinning process of sol-gel solution. There are few studies of nickel ferrite by
electrospinning technique. S. Maensiri, et al, have fabricated and calcinated the as-spun
MgFe,O4/ PVP composite nanofibers at (500-800) °C in air for 2 h resulted in developed
spinel (MgFe;O4) magnesium nanoferrite. Nanoparticles (MgFe,O, ) crystallite size
increased from 15 + 4 to 24 £ 3 nm with increasing calcination temperature from (500 to
800)°C. Results of magnetization showed a ferromagnetic behavior of the calcinated
composite nanofibers, which showed an increasing in the tendency of (Ms) with the
enhancement of crystallinity, and crystallite size [Maensiri, et al, 2009].
S. Nilmoung, et al, have successfully fabricated Carbon/NiFe,O, composite nanofibers with
polyacrylonitrile (PAN) by using electrospinning method. The morphologies and the crystal
size of as-spun and carbonized composite samples have influenced the stabilization time and
the carbonization temperature (800-900-1000) °C. Carbonization in argon atmosphere at
1000 °C to PAN/NiFe,O4 formed full phase of NiFe,O, embedded carbon fibers. The
samples stabilized at 280 °C for 0.5 h and 2 h had the average crystallite size was ( 30.9 and
30.1) nm and showed ferromagnetism behavior having saturation magnetizations (Ms) of
(0.36 and 3.40) emu/q, respectively [Nilmoung, et al, 2009]. X. Jun, et al, have prepared
Ni- Zn ferrite/ polyvinylpyrrolidone composite fibers by sol-gel assisted electrospinning.
NigsZngsFe,04 nanofibers had pure cubic spinel structure effected subsequently by
calcination temperatures. The magnetic behavior found that the grain sizes of the nanofibers
increase significantly and the nanofibers morphology gradually transforms from a porous
structure to a necklace-like nanostructure with the increase of calcination temperature. The
NigsZng sFe204 nanofibers obtained at 1000 -C for 2 h are characterized by a necklace-like
morphology and diameters of 100-200 nm. Ms of the random nanofibers is increased when
the calcination temperature increased. Hc reached a maximum at a calcination temperature
of 600 -C. Due to the shape anisotropy, the aligned nanofibers exhibited an obvious
magnetic anisotropy and the ease magnetizing direction was parallel to the nanofibers axis.
[Jun, et al., 2009]

MATERIALS AND METHODS :-

Materials
The raw materials used in this study are presented in Table (1).

Synthesis of NiFe, O, ferrite nanofibers

In this study, the Fe,O, ferrite nanofibers was synthesized by sol-gel based
electrospinning. The starting materials Ni(NO3),.6H,O mixed with Fe (NO3),.9H,O and
dissolved in DMF (C3HgO,) for 2hrs by using hot plate magnetic stirrer, type (Stuart SB
162-3, England), with an initial ratio of Ni to Fe of [1: 2]. After a period of aging, 49
polyvinylpyrrolidone (PVP) was added to the solution, which is then stirred continuously for
4hrs, resulting in a homogeneous NiFe,O,4 precursor solution.
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Electrospinning process :

By using electrospinning device, type (NaBond, Nano-fiber, Electro-spinning Unit
installation guide, China), the precursor solution of composite NiFe,O,4/PVP are loaded into
a syringe (10 ml) with a stainless steel needle and the distance between needle stage and
dram type collector was (15cm). High voltage (20 KV) was supplied to the needle to create a
potential difference between the needle and the collector, while the flow rate of solution was
(0.3 ml/hr) at room temperature.

Drying and Firing processes

The thin film of ferrite/ PVP composite nanofibers formed by electrospinning
process, which allowed to the initial ferrite particles, which are deposited on the surface and
inside the nanofibers of thin film. To obtain the powder of NiFe,O, ferrite must be remove
PVP from the as-spun nanofibers, so the thin film dried at 250 °C for 2h by using porcelain
basin using oven dryer type (memmert Gmbh+Co.KG, universal oven (UIS),Germany). The
dried NiFe O, ferrite heated at (500°C, 600°C, 700 °C) for 2h in air by using furnace to
obtain the NFO nanofiber by using Furnace up to 1600°C for pyrolysis, type (Protherm,
Turky). The heating rate was kept at 5 °C/min.

Characterizations:

The structure of the NiFe,O, nanoparticles was characterized by the X-ray diffraction
(XRD), type (Shimadzo, XRD6000, diffractometer, Japan). X-rays are generated using
Copper (Cu-Ko) radiation at 30 kV, 40 mA and wavelength (A = 1.5406 A), radiation to
generate diffraction patterns from powder crystalline samples at ambient temperature in a 20
range of 10° to 70°. The microstructure 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 tabletop Japan).
Magnetization measurements were conducted using a vibrating sample magnetometer
(VSM), model (Mdkft), type (Danesh-pajoohe kashan Co. - Iran), at room temperature

RUSTLES AND DISCUSSION :

XRD Aanalysis :

Generally, XRD can be used to characterize the crystallinity of nanoparticles. Fig.
(1) is shown XRD patterns of nickel zinc ferrite powder samples after being calcined at
(500°C, 600°C, 700 °C) for 2 hour, comparing with standard JCDPS card. The d values and
intensities of observed diffraction peaks matches well with JCPDS card no. 52-0278 of the
nickel ferrite having Fd-3m space group. It gives the major phases in all preparations was
the spinel phase (Nickel ferrite) at the peaks (220), (311), (222), (400), (422), (511), and
(440). It is the only phase (NiFeO,) appeared in all the prepared samples. No foreign phases
are detected, proving the phase purity of the samples.
At increasing the calcination temperatures, causes the peaks will become sharper and
narrow, and this reflects a higher crystallinity and increase the grain size. The conventional
methods are needed to high calcination temperatures and long heating time [Nilmoung, et
al., 2009], by electrospinning method, ferrite phase can be produced at low temperature and
short time [Jun, et al., 2009 ]. The crystallite size were characterized by XRD for structural
determination and estimation of crystallite size by using Scherrer’s formula at the peak (311)

D xrp = 0.89 L/ B cosd 1)

Where A is wavelength of X-ray radiation used in A, 0 is the diffraction angle, P is the full
width at half maximum (FWHM) in radians in the 20 scale, Dxrp is the crystallite size in nm
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[Cullity, 1967]. These measurements show the increasing in crystallite size of nickel ferrite
with increasing calcination temperatures around (18.26 — 28.10) nm.

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:

a=dVh’+k*+1° @)

where “d” is the interplanar distance, “h, k and 1”” are the miller indices and “a” is the lattice
parameter [Fultz, Howe, 2013]. The changing in parameter (a) is obviously explained the
fluctuation in the size of nickel ferrite structure because of increasing the calcination
temperatures. The structural parameters calculated from the diffraction pattern shown in
Table 2.

FE- Scanning Electron Microscopy (Fe-SEM) analysis:

The scanning electron microscope (FE- SEM) used to study the surface morphology
of resulted nanofibers. Fig. (2) is explained the FE-SEM images for NiFeO, samples
calcined at (500- 600 -700) °C, from this technique can calculate the grain size, which
formed nanofibers of samples, which shown in rang of (24.51-44.76) nm.

The surface of dried NiFe,O4/PVP composite fibers is smooth due to the amorphous nature
of the composite fibers and their diameters. The fiber diameters gradually decrease with
increasing calcination temperature. The fiber surface shrinks and becomes largely porous
owing to the evaporation of PVVP and crystallization of spinel, and the pores on fiber surfaces
disappear and the fiber diameters decreased. The cross section of the fibers obtained at this
temperature is composed of only several grains. The fiber morphology gradually transforms
from a porous structure to a necklace-like nanostructure due to growth of the ferrite grains.
When calcination temperature increases, the fibers are mainly necklace-like well-crystallized
nanofibers. The formation of necklace-like morphology may be attributed to the asymmetric
shrinkage of spinel during 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 [Lu, et al., 2006].

The formation of necklace-like nanofibers in samples, which clearly appeared in FE-SEM
images for nickel ferrite (NiFe,O,4) samples calcinated at (500 °C, 600 °C, 700 °C) for 2
hours.

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 (~ 80 to 200 nm) and the length of fibers around (~ 1 to
higher of 10 pm).

Fig. (3) is revealed the chemical identify of (NiFe,O,4) nanofibers, which is formed by
electrospinning technique and calcinated at (500 °C, 700 °C) for 2 hours. This analysis is
achieved by EDX technique .

Vibrating Samples Magnometer (VSM) measurement:

Magnetic characterization of the samples are performed by VSM at room
temperature with a maximum applied field of 10 kOe. Fig. (4) is shown typical magnetic
hysteresis loops of nickel ferrite (NiFe,O,) samples prepared by electrospinning method and
calcinated at (500 — 600 -700) °C. The saturation of magnetic values are affected by
increasing the calcination temperature because of gradual increase in crystallinity and
particle size [Moeen, et al., 2010]. The saturation magnetization (Ms) is increased as
calcination temperature increases. This phenomenon may be attributed to the enhancement
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of the fiber purity and crystallinity and a decreasing proportion of the pinned surface
magnetic moments in overall magnetization as the nanocrystals grow in size[Jun, et al.,
2009][Song, Zhang, 2004], that as shown Table (3).

When the calcination temperature is increased, the nanocrystals contained in fibers are
larger than the single-domain size and reach multi-domains due to the increase in grain size,
and the formation of domain walls will cause the coercivity to decrease [Jun, et al.,
2009][Maaz, et al., 2007].

The decreasing of coercivity is usually attributed to a switch of the magnetization process
from domain rotation to domain wall motion. At the same time, with further increase in the
calcination temperature, the concentration of impurities and defects of these nanofibers will
gradually decrease, because there is an improvement in the nanofibers crystallization, and
will be reduce the resistance of domain wall motion and consequently leads to a monotonous
decrease in coercivity [Jun, et al., 2009] [Jun, et al., 2009].

The magnetization is depended on particle size that the smaller particles have the higher the
remnant magnetization. This is led to the smaller particles act as a single magnetic domains,
whereas larger particles work as multiple domains [Nilmoung, et al., 2009].

CONCLUSIONS :-

The nanofibers of nickel-zinc ferrite (NiFe,O,) calcined at (500, 600, and 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 fibers gradually
transforms from a porous structure to a necklace-like nanostructure. The NiFe,O4 fibers are
mainly necklace like nanofibers with diameters around (~ 80 to 200 nm) and the length of
fibers around (~ 1 more than 10 um). The magnetic measurements are shown that the
saturation magnetization of the nickel ferrite nanofibers increases with increasing
temperature, while the coercivity decrease as the calcination temperature increase. The
aligned NiFe,O4 nanofibers are exhibited soft ferrite with cubic spinel structure.
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Figure (1): XRD patterns of nickel ferrite (NiFe,O,) samples calcinated at:
a- 500 °C, b- 600 °C, c- 700 °C
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Figure (2): FE-SEM images of nickel ferrite (NiFe,O,) sample calcinated at:
a- 500 °C, b- 600 °C, c- 700 °C
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Figure (3): EDX of nickel ferrite (NiFe,O,) samples calcinated at:
a- 500 °C, b- 700 °C
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Figure (4): Room temperature hysteresis loop of nickel ferrite ( NiFe;O,)
samples calcinated at:

a- 500 °C,

b- 600 °C,

c- 700 °C
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Table (1) the raw materials used.

Raw materials Formulation Molecula | Purity [ Physical | Origin
rweight | % state manufacturing
(g/mol)

Iron (111) nitrate Fe (NO 3)3.9H,0 | 404.00 99 Solid China

nonahydrate

Nickel nitrate Ni(NO3),.6H,0 290.79 99.5 Solid China

hexahydrate

Polyvinylpyrrolidone (CsHgNO),, 30k 99.9 Solid China

N,N- C3HgO, 73.8 99.9 Liquid India

dimethylformamide

DMF

Table (2) the structural parameters of NiFe,O, calcinated at (500 -600 — 700) °C.

Calcination Dxro (NM) a(A)
temp.(°C)
500 18.26 8.41
600 26.24 8.36
700 28.10 8.34

Table (3) Magnetic properties of NiFe,O4 nanofibers

Calcination Ms (emu/g) Mr (emu/qg) Hc(Oe)
temp.(°C)
500 34.203 14.867 179.181
600 35.479 13.008 166.382
700 37.081 13.752 162.116
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