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1 Introduction

Abstract: BiFeO3 nanofibers of different morphologies and
dimensions were produced by electrospinning varying
the collector and thermal treatment. By thermogravimetric analyses (TGA) the thermal behavior of the as-spun
nanofibers was studied. The morphology of the nanofibers
was examined by transmission and scanning electron microscopy (TEM and SEM, respectively) while the chemical
composition and crystal structure were analyzed by energy dispersive x-ray spectrometry (EDS) and wide angle
x-ray diffraction (WAXD). A vibrating sample magnetometer (VSM) was used to evaluate the magnetic properties.
Different types of mats with different nanofibers´ dimensions were obtained; while some nanofibers were interconnected, others were completely separated and aligned.
The thinnest nanofibers were obtained using an aluminum
substrate with folds and after annealing at 550∘ C. All samples annealed at this temperature formed pure BiFeO3 ,
while samples annealed at 550 and 750∘ C formed an additional Bi2 Fe4 O9 phase. No iron impurities were detected;
the crystallite size of all the nanofibers was between 30
and 36 nm. The saturation magnetization increased with
the decrease of the nanofiber´s diameter and increase of
nanofibers interconnectivity. Thus, this ferromagnetism
behavior was attributed to the suppression of the spiral
spin structure of BiFeO3 (which has a 62 nm period) and
to the morphology of interconnected nanofibers.

BiFeO3 is a room temperature multiferroic material, with
a rhombohedral distorted perovskite structure, that possesses two or more of the primary ferroic (for example, ferroelectric and (weak) ferromagnetic) properties [1]. It has
been widely studied due to its potential use for information storage applications [2, 3] and low band gap; thus,
its ferroelectric [4–7], ferromagnetic [8–11] and photovoltaic [12–14] properties have been analyzed. The BiFeO3
perovskite is particularly interesting because having ferroelectric and ferromagnetic properties, it can display
magneto-electric coupling, that is, the capacity to control
electrical polarization by application of a magnetic field
and control magnetism by the application of an electric
field [3, 15]. Zhao et al. [15] first shown this coupling in
600 nm films of BiFeO3 ; the antiferromagnetic (AFM) domain switching induced by ferroelectric polarization was
observed. Ke et al. [16] prepared films of 200 and 800 nm
of this material using a sputtering technique on (001) oriented SrTiO3 substrates; the films showed one, two and
multi-AFM domain structures, depending on the substrate
orientation and number of ferroelectric domains.
Bulk BiFeO3 has G-type AFM behavior below the Neel
temperature (approximately 370∘ C) which is due to the
combined formation of a spiral spin configuration (with
a periodic length of 62 nm) [17, 18] with Fe3+ -O-Fe3+ antisymmetric exchange interactions (Dzyaloshinskii-Moriya
interactions) [10, 19, 20]. Thus, one way to avoid its AFM
is to suppress the formation of the helicoidally spin array, synthesizing, for example, nanoparticles with diameters lower than the period length [19–23], substituting
the Bi sites for alkaline earth metals (Ba, Ca or Sr) [24]
or the Fe ions for Co ions [25]. In this regard, the electrospinning of nanofibers of BiFeO3 seems to have the
potential to produce nanostructures with improved mag-
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netic properties [26–30]. Wang et al. [26], for example, obtained electrospun nanofibers of BiFeO3 with high magnetic properties after thermal treatment in Ar atmosphere,
while Baji et al. [27] also obtained high magnetic properties on electrospun fibers annealed in air. Song et al. [28]
made a throughout analysis of the influence of the polymer
concentration, applied electric field (voltage V/work distance d) and annealing temperature on the structure and
magnetic properties of electrospun BiFeO3 nanofibers. The
best magnetic nanofibers were the ones obtained by using
13.8 wt. % of poly (vinylpyrrolidone) (PVP), an electric field
of 1.8 kV/cm and an annealing temperature of 550∘ C. Wu
et al. [29] also obtained high magnetic BiFeO3 nanofibers
by varying the annealing temperature; the best annealing temperature was 500∘ C. Sakar et al. [30] changed
the applied electric field to obtain different morphologies (agglomerated nanofibers, nanofibers, nanorods and
nanobelts); the nanobelts displayed the best magnetic
properties. Thus, it seems that the morphology of the
nanofibers also plays a role in the optimization of the magnetic properties. However, the influence of the collector
type on this morphology has not been studied. Therefore,
in this work, the morphology of BiFeO3 nanofibers was
varied by changing the collector type and annealing temperature and the influence of this morphology on the magnetic properties were evaluated.

2 Experimental
The starting materials were Bi (NO3 )3 · 5 H2 O (Bi), Fe
(NO3 )3 · 9 H2 O (Fe) and PVP, from Sigma Aldrich. The
molecular weight average of PVP was 1.300.000 and the
purity of both nitrates was >98%. All the solvents were also
from Sigma Aldrich. Two types of electrospinning solutions were tested and multiple types of collectors; the thermal treatment of the as- spun nanofibers was also changed
using a furnace with air atmosphere.

2.1 Electrospinning solutions
As said before, two different electrospinning solutions
were prepared:
Solution A: 4 g of Bi and 3 g of Fe were dissolved
in 10 ml of 2-methoxyethanol (Sigma-Aldrich); afterwards,
2.5 ml glacial acetic acid and 0.025 ml ethanolamine were
also added. Another solution of 2.4 g of PVP dissolved in
20 ml of 3:1 dimethylformamide (DMF)/acetone was prepared [26–29]. Both solutions were mixed and stirred for

3 h until complete homogeneity and transparency were observed; the final solution was named Solution A.
Solution B: 1 g of Bi and 1 g of Fe were dissolved in 5
ml of acetic acid. Another solution of 1 g of PVP in 5 ml
of deionized water was also prepared [30]. Both solutions
were mixed and stirred during 2h until complete homogeneity and transparency were observed; the final solution
was named Solution B.

2.2 Collector type
The following (grounded) collectors were used: Al foil
(A1); Al with 1 cm spaced folds (A2); Cu wires on Cu adhesive tapes 1 cm spaced (Cu1); glass slide (G) on top of Al
foil; Al foil (AR) rotating at 1800 rpm in an in-house built
drum collector [31–33]. The glass slides were cleaned with
acetone to eliminate oil residues.

2.3 Thermal treatment
The as spun nanofibers were transferred to alumina crucibles and thermal treated as follows:
– Thermal treatment 1 (TT1): Heating from room temperature up to 350∘ C at 20∘ C/min and left at this last
temperature for 30 min. In a second step, heating
from 350 to 550∘ C at 10∘ C/min and left at this last
temperature for 2 h.
– Thermal treatment 2 (TT2): Heating from room temperature up to 550∘ C at 20∘ C/min and left at this last
temperature for 30 min. In a second step, heating
from 550 up to 750∘ C at 10∘ C/min and left at this last
temperature for 2 h.
– Thermal treatment 3 (TT3): Heating from room temperature up to 550 ∘ C at 10∘ C/min and left at this last
temperature for 3 h.
All the solutions were electrospun using a 5 ml syringe
with a stainless steel needle (diameter 0.5 mm), at room
temperature.
Solution A with collectors A1, G and AR was electrospun without using a syringe pump; instead, a mass equivalent to 1N was used to pump the gel. The high voltage
source was from Glassman, model PS/EH30R03.0-22; the
humidity was between 50-60% R.H., and the applied electric field was 2.8 kV/cm. By using this last set-up, the maximum voltage of the source was applied; thus, to use lower
voltages, Solution B was prepared.
Solution B with collectors A2 and Cu1 was electrospun
using a syringe pump from Braintree Scientific Inc (USA)
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and a high voltage source from Gamma High Voltage Research (USA), with humidity of 40% R.H.; the applied electrical fields when the collectors A2 and Cu1 were used were
1.16 and 1.25 kV/cm, respectively.
Some of the as-spun nanofibers were collected on
transmission electron microscopy Cu grids to observe their
morphology before hitting the collector. The nanofibers
were named as shown in Table 1.
Table 1: Nanofiber mats produced in this work.

Sample
1
2
3
4
5
6
7
8

Solution
A
A
A
A
A
A
B
B

Collector
A1
A1
G
G
AR
AR
Cu1
A2

Thermal treatment
TT1
TT2
TT1
TT2
TT1
TT2
TT3
TT3

2.4 Thermogravimetric Analysis (TGA)
The as-spun nanofibers were studied by thermogravimetric analysis to detect mainly PVP volatilization. An equipment from Shimadzu model TGA-50, with air atmosphere
and Pt cell was used, at a heating rate of 10∘ C/min between
room temperature and 850∘ C.

2.5 Scanning electron (SEM) and
transmission electron microscopy (TEM)
The morphology of the as spun and thermal treated
nanofibers was analyzed by SEM using equipment from
Philips, model XL-30 FEG and FEI NovaNanoSEM 430 and
by TEM using equipment FEI, model Magellan 400L and
TECNAI LaB6-ASTAR. The nanofibers were glued to the
sample holder using a double face conductive carbon tape;
afterwards the edges were covered with Ag and the samples were vacuum Au/Pd sputtered. The average diameter
and diameters´ distribution of the nanofibers were calculated using SEM and TEM micrographs and the software
Image Pro-Plus 4.5.
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2.6 Wide Angle X-rays diffraction (WAXD)
The crystalline structure of the thermal treated nanofibers
was analyzed by WAXD using two equipment: Rigaku,
model Geiger-Flex and XRD-PANalytical X’Pert Powder,
both operating with Cu Kα radiation, λ = 0.15418 nm and
scanning rate of 0.032∘ /s.

2.7 Energy Dispersive X-ray Spectrometry
(EDS)
To map the main constituent elements of the nanofibers,
EDS was used (FEI, model Inspect S50, operating at 25 kV);
the samples were deposited on 200 mesh copper grids.

2.8 Magnetic Properties
The magnetic properties of some of the samples were studied using a Vibrating Sample Magnetometer (VSM). The
sample was maintained between two pairs of Helmholtz
coils (a region with homogeneous magnetic field) and it
was allowed to oscillate or vibrate, which induced an electric current in the detection coils. From this signal, it was
possible to determine the sample´s magnetization. The
magnetization measurement was obtained from the magnetic hysteresis curve of the sample. First, the magnetic
field was increased from 0 Oe up to 10,000 Oe (virgin
curve); afterwards, the magnetic field went from +10,000
Oe to −10,000 Oe and finally the magnetic field went from
−10,000 Oe up to +10,000 Oe again. Thus, in this hysteresis curve, three points were analyzed: saturation magnetization (Ms ), remnant magnetization (Mr ) and coercive
field (Hc ). The saturation magnetization is the maximum
value of the magnetization that the sample achieves, independent of the value of the applied magnetic field (the
magnetic domains are aligned along the magnetic field).
When the magnetic field is removed, a residual or remnant magnetization is retained (that is, the material is magnetized). In addition, when the magnetic field is applied
in the opposite direction, the magnetic domains begin to
align along that direction and at a given value (coercive
field) the magnetization is zero.
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3 Results
3.1 PVP volatilization by TGA analyses
Figure 1 shows the TGA analyses (mass loss TG and mass
loss rate DTG) of the as-spun nanofibers made from Solution A; these nanofibers had four main volatilization temperatures: between 32-99∘ C, at 161.3∘ C, at 291.5∘ C and between 350-450∘ C. The first volatilization can be credited
mainly to water and residual acetone evaporation; the second one to the volatilization of the other residual solvents
DMF (b.p. = 153∘ C), 2-methoxyethanol (b.p. = 125∘ C) and
ethanolamine (b.p. = 170∘ C). The third temperature corresponds to the beginning of the PVP evaporation, which
continues to volatilize up to 350 and 450∘ C. After 450∘ C,
no further volatilization occurs and approximately 33% of
residual solid remains. The as spun nanofibers from Solution B only had water and acetic acid (b.p. = 118∘ C) as
volatiles. Thus, to evaporate all the organic material, the
as spun nanofibers must be heated above 450-500∘ C.

Figure 2: As-spun samples of Solution A: a) Collected on a TEM Cu
grid; b) Collected on G.
Figure 1: TGA of the as-spun nanofibers from Solution A.

3.2 Morphology of the as-spun nanofibers
Figure 2a shows micrographs of the as spun nanofibers
from Solution A collected in the TEM Cu grid, before hitting the collector A1; the nanofibers formed a network of
smooth and homogeneous fibers, with an average diameter of 594 nm. Figure 2b show the as spun nanofibers collected on G; a network of flat nanofibers (average diameter
of 315 nm) was obtained.

3.3 Morphology of the thermal treated
samples
As expected, all samples shrink during thermal treatment.
Figure 3 shows SEM micrographs of Sample 1. Macroscopically, the samples formed a network of cylindrical
nanofibers as seen in Figure 3a and 3b, with average diameter of 265 nm. These nanofibers were poly crystalline that
is, having a microstructure of individual grains connected
with grain boundaries, as seen in Figure 3c.
Sample 2, on the other hand, did not form nanofibers.
Instead, an interconnected porous and flake-like shape
structure was obtained, as seen in Figure 4a; some
nanofibers, however, on the surface of the flake-like structures were observed, as shown in Figure 4b.
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Figure 3: Sample 1: a) Network of nanofibers (inset is Figure 3b); b) Nanofibers; c) Polycrystalline nanofibers.

Figure 4: Sample 2: a) Porous and flake-like structure (inset is Figure 4b); b) Some nanofibers on the surface.

Sample 3, after sintering, lost the flat nanofiber´s
network structure (seen in Figure 2b) forming an aligned
fibrous structure as shown in Figure 5a; the aligned
nanofibers were inter-connected one to another, through a

“veil”, as observed in Figures 5b, 5c and 5d. The nanofibers
were also polycrystalline, as shown in Figure 5e.
Figure 6 shows the morphology of Sample 4; no
nanofibers were formed, but instead flake-like structures

78 | G. H. F. Melo et al.

Figure 5: Sample 3: a) Fibrous structure, b), c), d), e) Inter-connected polycrystalline nanofibers.
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stable metal clusters [38]. Thus, when the PVP-metal ions
solution hit the glass electrode, it spread more than in the
Al foil forming flatter and thinner fibers (as shown in Figure 2b), which, after sintering formed an inter-connected
structure (nanofibers linked by a veil).
Figures 8a and 8b show micrographs of Sample 7,
while Figures 8c and 8d of Sample 8; both samples developed networks of flat poly (granular) nanofibers. Sample
7 had a more continuous fibrillary structure with average
diameter of 117 ± 14 nm while Sample 8 had a less continuous and more globular structure than Sample 7, with
average diameter of 114 ± 13 nm.
The average diameter of the nanofibers and the range
of diameters of each sample are shown in Table 2. Sample
8 had the thinnest nanofibers.

3.4 Crystalline structure of the thermal
treated samples

Figure 6: Sample 4: a) Flake-like structure, b) Polycrystalline flakes.

(Figure 6a) composed of multiple grains (Figure 6b) were
obtained.
Figure 7 shows the morphology of Sample 5. The rotation of the collector aligned the nanofibers in the direction of rotation, as observed in Figure 7a; the nanofibers
were again poly (granular), separated from each other, as
shown in Figure 7b but the grains were very small (less
than 10 nm of diameter) as shown in Figure 7c and 7d. The
same morphology was observed in Sample 6 (not shown).
The difference in morphologies between Sample 1,
Sample 3 and Sample 5 can be attributed to the difference in wettability and thermal conductivity of the collectors. Glass slides have a higher water wettability than Al
foils [34, 35] but a much lower thermal conductivity. The
macromolecules of PVP are known to immobilize iron ions
by weak interactions [36] or steric hindrance [37] acting as
nanoreactors for the synthesis of nanoparticles by forming

In order to analyze the influence of both collector type and
thermal treatment on the crystal structure of the samples,
WAXD analyses were done. Figure 9 shows the WAXD of
Samples 1 to 5 while Figure 9b shows the WAXD of Samples 7 and 8:
Samples 1, 3, 5, 7 and 8 are constituted of pure BiFeO3
with a rhombohedral symmetry (space group R3c) structure (by comparing with JCPDS N∘ . 86-1518) while Samples 2 and 4 have an additional Bi2 Fe4 O9 phase. The peak
splitting at approximately 31-32∘ (110) shows that a rhombohedral structure was developed instead of a pseudocubic one. The crystallite size d of each sample calculated
from the [012] diffraction plane using the Debye-Scherrer
Kλ
, where K is an adimensional shape
equation (d = βcosθ
factor, λ is the x-rays wavelength, β is the line broadening
at half the maximum intensity (FWHM) and θ is the Bragg
angle) is also shown in Table 2. The crystallite size of all
the samples was between 30 and 36 nm.
The formation of iron oxides impurities (αFe2 O3 ,
𝛾 FeO3 and/or Fe3 O4 ) was also analyzed. To distinguish between 𝛾 FeO3 and Fe3 O4 by X-rays, however, was difficult
because both compounds have cubic structure and close
lattice parameters [39], but distinction between αFe2 O3
and Fe3 O4 was done. αFe2 O3 has distinct peaks at 33.15
and 35.61∘ , which corresponds to planes [104] and [110],
respectively, while Fe3 O4 has distinct peaks at 35.58 and
62.82∘ , which corresponds to crystallographic planes [311]
and [440], respectively. None of these peaks was found in
our samples; that is, none of these impurities was present
in the samples (at least in amounts detectable by the
WAXD).
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Table 2: Morphology, average diameter, range of diameters and crystallites sizes of the samples.

Sample

Morphology of the sample

1

Network of separated cylindrical
nanofibers
Flake-like shape structures
Fibrous and aligned structure with “veil”
interconnected nanofibers
Flake-like structure
Aligned and separated nanofibers.
Aligned and separated nanofibers
Network of separated flat nanofibers
Network of separated flat nanofibers

2
3
4
5
6
7
8

Average
nanofibers
diameter (nm)
272 ± 100

Range of
diameters (nm)

Crystallite size d
(nm)

100-780

36.2

195 ± 14

-

36.0

343 ± 65
117 ± 14
114 ± 13

200-460
93-139
93-139

35.9
30.5
33.3

Figure 7: Sample 5: a) Aligned and separated nanofibers; b) Poly (crystalline) nanofibers. c), d) Structure of one nanofiber.
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Figure 8: a) Sample 7: Network of nanofibers; b) Sample 7: Polycrystalline nanofiber; c) Sample 8: Network of nanofibers; d), e) Sample 8:
Polycrystalline nanofiber.
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3.6 Magnetic Properties
Figure 11 shows the magnetization as a function of applied
magnetic field at 300 K for Samples 1, 3 and 5. The inset shows the hysteresis loop in the low magnetic field region. It is worthwhile to recall that no magnetic spatial
anisotropy was detected.
As observed, all the samples exhibited clear hysteresis loops, typical of weak ferromagnetism with Sample
3 (static glass substrate) displaying the highest saturated
magnetization Ms (approximately 3.42 emu/g) as shown
in Table 4. The saturation magnetization of bulk BiFeO3
is approximately 0.1 emu/g [19], that is, 34 times lower
than of these nanofibers. The samples with Al substrate
(Samples 1 and 5) had, on the other hand, a slight decrease in magnetic properties. This difference in magnetic
behavior can be associated to the morphology and dimensionality of the nanofibers in each sample.
Table 4: Magnetic properties of the samples.

Sample
Sample 1 (A1, TT1)
Sample 3 (G, TT1)
Sample 5 (AR, TT1)
Figure 9: a) Wide angle x-rays of: a) Samples 1 to 5; b) Samples 7
and 8.

3.5 EDS analyses
Figure 10a shows the EDS analyses of some regions of
Sample 1 while Figure 10b shows the EDS analyses of
some regions of Sample 3. The EDS analyses of the other
samples were similar, with the percentages of each element given in Table 3; in all the samples, the ratio Bi/Fe
1/1 was preserved.
Table 3: EDS analyses of Samples 1, 3 and 5.

Element
O
Fe
Bi
Total

wt%
70.175 ± 5.015
6.69 ± 0.91
23.175 ± 4.06
100

Atomic %
94.93 ± 1.075
2.63 ± 0.51
2.43 ± 0.565
100

Ms
(emu/g)
2.02
3.42
1.80

Mr
(emu/g)
0.53
1.00
0.46

Hc (Oe)
208.50
208.50
208.50

For 0D nanoparticles, for example, Mazumder et
al. [19], Park et al. [20], and others [40] found an increase of
Ms with the decrease in particle size at the nanoscale level.
This increase was attributed to the contribution of surface
spins [20], to the suppression of spin spiral order [40],
strain lattice and oxygen deficiency [19]. The values of Ms
found in those studies, however, are very different for a
same particle size. For example, in one study [19] values
of Ms between 0.4 and 0.09 emu/g for particles between 4
and 40 nm were found, while in another one [20] values
of Ms between 1.55 and 0.35 emu/g for particles between
14 and 245 nm were measured. Other studies report Ms of
0.41 emu/g for particle size of 77 nm [24], of 0.04875 emu/g
for particles of 43 nm [41] and of 3.5 emu/g for particles between 100-200 nm [42]. All these nanoparticles were practically isolated from each other, with no interface between
them, which makes the surface effects more prominent.
Our samples, however, are constituted of long interconnected polycrystalline nanofibers; that is, the crystallites
within each nanofiber, in contact with each other, developed a high interfacial area. Thus, these nanofibers are in
fact 1D structures, in which the nanogranular boundaries
play a more important role. In addition, it is known, that in
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Figure 10: EDS mapping of oxygen (O), bismuth (Bi) and iron (Fe) of: a) Sample 1; b) Sample 3.
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Figure 11: Magnetization as a function of magnetic field at 300 K of
Samples 1, 3 and 5. The inset shows the hysteresis loop in the low
magnetic field region.

a 0D nanoparticle, the demagnetization factor is the same
in all directions (1/3); however, in an infinite cylinder, this
factor is zero in the direction parallel to the cylinder height
and ½ in the perpendicular direction. Therefore, ideally, a
cylinder (or nanofiber) magnetization would be easier in
the direction parallel to the height relative to the perpendicular direction, and the coercive field would be higher
along this direction. In a sphere, this does not happen, because the coercive field would be equal in all directions.
There are essentially four ways to increase the ferromagnetism in BiFeO3 [10]: 1) By increasing the surface induced magnetization, which results from noncompensated spins; 2) By increasing spin canting [25]; 3)
By suppressing the spiral spin configuration; 4) By increasing oxygen deficiency. Reducing the size of the ferromagnetic phase can reduce the AFM domains and increase
the ferromagnetism by increasing surface induced magnetization and suppression of the helicoidally spin configuration. Thus, as said before, nanoparticles and nanofibers
of BiFeO3 could have enhanced magnetic properties. Studies of the magnetic properties of nanofibers of BiFeO3
have shown improved magnetic properties, even when
the fibers´ diameters were higher than 62 nm. For example, Wang et al. [26] found Ms equals to 4.4 emu/g for
nanofibers between 100 and 370 nm of diameter and grain
sizes of 90 nm, while Baji et al. [27] found Ms equals to
1.34 emu/g for nanofibers of 180 nm diameter, but with
grain size of 30 nm. In addition, Song et al. [28] found
Ms of 28.8 emu/g for nanofibers of diameters of 200 nm,
while Wu et al. [29] observed an improvement on magnetic
properties in nanofibers of approximately 100 nm diameter. Sakar et al. [30] also observed the improvement of
magnetic properties in fibers, rods and belts, finding that

the nanobelts structures with dimensions between 100
and 150 nm had the highest Ms (approximately 1 emu/g).
This enhancement was attributed to their confined dimensions, which facilitated the surging of more ferromagnetic spins on the surface. Zhang et al. [43] found values of approximately 0.01 emu/g for 100 nm nanofibers,
while Bharathkumar et al. [44] and Xie et al. [45] measured
Ms values of approximately 0.6 emu/g and 4 emu/g for
nanofibers of 100-200 and 100-300 nm diameter, respectively.
As shown by the micrographs, the sample formed on
the glass collector (Sample 3) had an aligned fibrous structure, where nanofibers of approximately 195 nm of diameter were inter-connected by a “veil” of lower thickness. The
sample with the A1 collector (Sample 1) was constituted
of a network of separated nanofibers without a preferred
alignment, with an average diameter of 272 nm. Mats of
aligned and separated nanofibers with average diameter of
343 nm formed the sample in the AR collector (Sample 5).
Thus, an increase in Ms with the decrease in nanofiber´s
diameter was observed. In addition, the crystallite size of
all the nanofibers was between 30 and 36 nm. Thus, it
can be concluded that the increase in Ms was probably
due to the suppression of the spiral spin configuration (because the crystallite size was lower than 62 nm) but also to
the morphology of the mats of nanofibers. Samples 1 and
Sample 5 developed well-defined nanofibers, which were
separated from each other, while Sample 3 did not. Probably, being the nanofibers well defined as in Samples 1 and
5, the interaction energy between them could decrease the
magnetization because they could couple as in an antiferromagnetic. In the case of Sample 3, this possibility would
be lower, because the sample is more homogeneous due to
its inter-connectivity. A scheme of this probable behavior
is shown in Figure 12:

Figure 12: Scheme of the probable magnetic behavior of the samples. The crystallites were enlarged for better understanding.
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Thus, the improved magnetic properties of the
nanofibers of this study can be correlated to the dimensions of their constituent crystallites (which allowed the
suppression of the spiral spin structure) and to the morphology of the nanofibers´ mats (separated nanofibers
versus inter-connected ones), but not to the formation of
iron oxides.

4 Conclusions
BiFeO3 nanofibers of different morphologies and dimensions were produced by electrospinning varying the collector type and thermal treatment. The thinnest nanofibers
(114 nm of diameter) were obtained using an aluminum
substrate with folds and annealing at 550∘ C during 3 h. All
the samples annealed only at 550∘ C formed pure BiFeO3 ,
while the samples annealed at 550∘ C followed by heating
at 750∘ C during 2 h formed an additional Bi2 Fe4 O9 phase.
No αFe2 O3 and Fe3 O4 impurities phases were detected
in the samples. The crystallite size of all the nanofibers
was between 30 and 36 nm. The magnetic properties of
some of the nanofibers were measured; the highest saturation magnetization was displayed by the sample with
the lowest diameter (195 nm), but with inter-connected
nanofibers. This magnetization saturation was attributed
to the suppression of the AFM spiral spin structure of
62 nm period and to the morphology of inter-connected
nanofibers (which increased the sample´s homogeneity),
but not to the presence of iron oxides, because no iron impurities were detected.
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