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Abstract
The strontium hexaferrite fibers (SrFe12O19) were synthesized by electrospinning using iron (III)
nitrate, strontium nitrate and polyacrylonitrile (PAN) as precursors. The as-spun fibers were calcined at
900, 1000 and 1100 ºC for 8 h in air. The as-spun and calcined fibers were characterized by
thermogravimetric-differential thermal analysis (TG-DTA), X-ray diffraction (XRD), Field emission
scanning electron microscopy (FE-SEM), Fourier transform infrared spectroscopy (FT-IR) and
UV-Visible diffuse reflectance spectroscopy (UV-Vis DRS). The TG-DTA results showed that
completely decomposition of PAN and formation of the crystallization occurred above 500 ºC. The
XRD and FT-IR results confirmed the crystalline phases of SrFe12O19 and impurity phase of -Fe2O3
were detected. FE-SEM images showed that the SrFe12O19 fibers had porosity and rough surface with
diameter about 500 – 1200 nm. UV-Vis DRS spectra showed that SrFe12O19 fibers exhibit the
absorption bands in range of ultraviolet and visible light regions. The band gap energy of SrFe 12O19
fibers is about 2.00 eV in different temperatures.
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Introduction
The M-type nanohexaferites (M = Pb, Sr and
Ba) plays an important role in hare magnetic
materials. The M-hexaferrites have much attention
due to their high coercivity, magnetization, and
magnetocrystalline anisotropy, which can be used
as permanent magnets [1]. The M-hexaferrites are
more used in high density recordings media,
permanent magnets, data storage devices and
microwave frequency in electrical devices [1].
The strontium hexaferrite (SrFe12O19) with
hexagonal magnetoplumbite structure is typical
hard magnetic material with a high saturation
magnetization, coercivity, Curie temperature and
magnetocrystalline anisotropy [2]. The SrFe12O19
is attractive due to its good chemical stability,
mechanical hardness, low cost, low density, large
electrical resistivity and high microwave
magnetic losses [3]. The SrFe12O19 has been

synthesized in various methods including citrate
sol-gel combustion approach [1], sol-gel routh [4],
solid phase method [5], co-precipitation method
[6], hydrothermal process [7], ceramic route [8],
and electrospinning [2]. One dimensional (1D)
nanostructures have the advantages of high aspect
ratio, high interfacial area, and shortest pathway
for ion diffusion, compared with other
nanostructures [9]. The electrospinning is a new,
simple, versatile and cost-effective method for
fabricating ultrafine fibers with diameters ranging
from tens of nanometers to submicrometer [10].
With the high surface area, tunable porosity,
electrospun fibers have been applied in several
fields, such as tissue engineering, biosensors,
filtration, wound dressings, drug delivery,
enzyme immobilization and electronic devices
[11]. In the paper, we report the strontium
hexaferrite fibers prepared by combination of
electrospinning and calcination processes.
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The thermal stability, crystalline phase,
morphology, functional groups, and optical
properties were investigated.

Materials and Methods
The strontium hexaferrite (SrFe12O19) fibers
were synthesized by electrospinning and
calcination processes. In a typical procedure,
strontium nitrate (Sr(NO3)2, Acros Organics) and
Iron(III) nitrate nonahydrate (Fe(NO3)3 · 9H2O,
Carlo Erba reagents) in a molar ratio
corresponding to the nominal composition of
SrFe12O19 were dissolved in 10 mL of N,NDimethylformamide (DMF, HCON(CH3)2, Acros
Erba) and magnetic stirring for 1 h to get a clear
solution. Then, 0.65 g of polyacrylonitrile (PAN,
Mw = 150000 Sigma Aldrich) were added to above
solution with continuous stirring for 12 to obtain
mixed solution. The mixed solution was loaded
into a plastic syringe with a stainless steel needle.
A voltage of 17 kV was applied between the
needle tip and collector. The tip and collector were
fixed at 15 cm. The as-spun fibers were calcined at
900, 1000 and 1100 ºC for 8 h in air.
The thermal property of the as-spun fibers was
recorded by thermogravimetric and differential
thermal analysis (TG-DTA, Thermo plus TG8120,
Rigaku, Japan). The crystalline phases were
performed by by X-ray diffraction (XRD, Phillips,
X pert’ MPD, Netherlands) using CuKα radiation
with λ = 0.15418 nm. The morphology of fibers
was observed by Field emission scanning electron
microscopy (FE-SEM, JSM 6335 F, Japan).
UV-Vis diffuse reflectance spectra (UV-Vis DRS)
were recorded using UV-Vis spectrophotometer
(T90+, PG Instruments, United kingdom) attached
to an integrating sphere with BaSO4 as a reference.
The functional groups of the samples were carried
out by Fourier transform infrared spectroscopy
(FT-IR, Bruker, Tensor II, Germany).

Results and Discussion
Fig. 1 shows TG-DTA curves of the as-spun
fibers. The TGA curve exhibits three steps of
weight loss processes. The first minor step of
weight loss (~18%) below 173 ºC is ascribed to
the evaporation of the absorbed water and trapped
solvent in the as-spun fibers [12]. The second step
of weight loss (~50%) at 174 – 350 ºC was due to
the decomposition of nitrile groups, and the
cyclization of the nitrile groups of PAN [12  13].
The third step of weight loss at 351 – 500 ºC
corresponded to completely decomposition of the
PAN main chain, which was in agreement with
DTA curve. The strong exothermic peaks at 318

and 479 ºC were attributed to the cyclization of
the nitrile groups of PAN and the transformation
of the amorphous phase to crystalline phase [13].
The broad exothermic peaks at 601 and 800 ºC
were attributed the formation of the metal oxide
and the oxidation of carbon, carbon monoxide,
respectively [13]. No further significant weight
loss is observed above 500 ºC, indicating that the
completely decomposition of PAN and organic
compounds resulting the formation of SrFe12O19
fibers.

Fig. 1 TG-DTA curves of as-spun fibers.
Fig. 2 shows the XRD patterns of SrFe12O19
fibers calcined at 900  1100 ºC for 8 h in the air.
The XRD pattern of the as-spun fibers (Fig. 2a)
showed that no diffraction patterns were observed
due to amorphous nature of the polymer. The
peak at 2θ = 17° corresponding to the
orthorhombic PAN (110) reflection were detected
[14]. At the calcination temperature of 900 ºC
(Fig. 2b), characteristic diffraction patterns are in
good agreement with hexagonal structure of
SrFe12O19 phases (JCPDS Card 33-1340, space
group P63/mmc (194)) and impurity phase of  Fe2O3 (JCPDS Card 33-0064) were detected [5].
The impurity phase of  -Fe2O3 is due to the loss
of Sr ions in the thermal decomposition process,
which caused the surplus Fe ions changed to
Fe2O3 eventually [15]. After
increasing
calcination at 1000 and 1100 ºC (Figs. 4 c and d),
the diffraction peaks became sharper with higher
intensity, indicating increased crystallinity of
SrFe12O19.
Fig. 3 shows FT-IR spectra of the as-spun
fibers and SrFe12O19 fibers at different
temperatures. It can be seen that the absorption
bands of the as-spun fibers in ranging from 1000
to 2500 cm1 are attributed to stretching
and bending vibration of PAN [13]. The peak at
2243 cm1 is assigned to the stretching vibration
of nitrile groups ( C  N ) in PAN chain [16].
The peak at 1451 cm1 is assigned to symmetrical
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bending vibration of methylene groups [16]. The
peaks at 1334 and 3426 cm1 are attributed to
NO 3- and OH stretching vibration [13]. It was
seen that the absorption bands of PAN
disappeared due to decomposition of PAN at high
temperature. After the calcination at 900, 1000
and 1100 ºC, the peaks at 435, 561, and 608 cm1
are assigned to stretching vibrations of SrFe12O19
[17].

crystallization of inorganic phases as shown in
Fig. 4b. The fiber diameter decreased to 580 nm
due to burn out of PAN and formation of
SrFe12O19 fibers. When increase calcination to
1000 ºC, the fiber appear the shrinkage with
diameter about 526 nm. Moreover, it revealed
that SrFe12O19 fibers were made up of several
particles connected together to formation of the
fibers. Further increasing the calcination
temperature to 1100 ºC (Fig. 4d), the fibers were
transformed to curled surface like largely linked
poly crystalline particles with an average
diameter of 785 nm. The increasing of the fiber
diameter is due to increasing of the grain sizes
and the improvement of the crystallizations.

Fig. 2 XRD patterns of SrFe12O19 fibers: (a) asspun fibers, (b) fibers calcined at 900 ºC,
(c) fibers calcined at 1000 ºC and (d) fibers
calcined at 1100 ºC.
Fig. 4 FE-SEM images of SrFe12O19 fibers:
(a) the as-spun fibers, (b) fibers calcined at 900,
(c) 1000 and (d) 1100 ºC.

Fig. 3 FT-IR spectra of the as-spun fibers and
SrFe12O19 fibers at different temperatures.
The surface morphology of the as-spun and
SrFe12O19 fibers are shown in Fig. 4. The as-spun
fibers (Fig. 4a) appear to be smooth surface
without any bead due to the amorphous nature of
the polymer. The average diameter of the as-spun
fibers is about 885 nm. After the as-spun fibers
calcined at 900 ºC, it observed that the fibers
became rougher and porous due to calcination
because of the decomposition of PAN and the

Fig. 5 UV-Vis DRS spectra of SrFe12O19 fibers
calcined at different temperatures.
The UV-Vis DRS spectra of SrFe12O19
fibers are shown in Fig.5. The absorption spectra
of SrFe12O19 fibers revealed that the absorption
bands are in range of visible light and strong
absorption in UV light region. It was observed
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that the intensity of absorption peaks of SrFe12O19
fibers were increased with increasing calcination
temperature.

function was
[18, 20]:

F ( R) 

evaluated

following

(1  R) 2
2R

formula

(2)

where R is the absorption value.
The Eg was estimated by plotting [ F ( R)h ]2
versus h by extrapolating the tangent line of the
curve to zero. The values of Eg were 2.09, 2.04
and 2.00 eV calcined at 900, 1000 and 1100 ºC,
respectively. Mishra et al. [21] reported that
SrFe12O19 powders exhibit the direct (Ed) and
indirect band gap energies (Eind) of 1.70 eV and
0.83 eV, respectively. The band gap energy
showed tendency increase due to the different of
crystallite size, particle size, porosity and
preparation method.

Conclusion
In summary, SrFe12O19 fibers were successfully
synthesized by combined electrospinning and
calcination processes. XRD and FT-IR results
showed that crystalline phases SrFe12O19 were
obtained at high temperature. SEM images
revealed the 1D nanostructure with porosity and
shrinkage due to decomposition of PAN and
formation of SrFe12O19 fibers. The optical
properties showed that calcined fibers exhibits
the absorption bands in visible light and strong
absorption in UV light regions. The band gap
energies of the samples were decreased with the
increasing
calcination
temperature.
The
electrospinning might open a new route for the
fibrous technology and applications in electronic
devices.
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Fig. 6 Band gap energy of SrFe12O19 fibers
calcined at (a) 900, (b) 1000 and (c) 1100 ºC.
The band gap energy (Eg) of SrFe12O19
fibers at different temperatures are shown in Fig.
6. A Tauc plot was evaluated the band gap energy
of SrFe12O19 fibers is shown in Fig. 6. The band
gap energy was calculated from the relation [18,
19]:

[ F ( R)h ]2  A(h  Eg )

(1)

where h , A and F ( R ) denote the photon
energy, the proportionality constant and KubelkaMunk function, respectively. The Kubelka-Munk
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