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Effect of Strontium Substitution on 
Microstructure and Magnetic Properties of 

Electrospinning BaFe12O19 Nanofibers
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Abstract: Barium ferrite micro/nano fibers were successfully prepared via the electrostatic spinning by 
using dimethyl formamide (DMF) as the solvent, and poly vinyl pyrrolidone (PVP) as the spinning auxiliaries. 
Effects of strontium substitution on the structure, morphology, and magnetic properties were investigated by 
scanning electron microscope (SEM), X-ray diffraction analysis (XRD), and vibration sample magnetometer 
(VSM). XRD patterns of the samples confirm that pure barium ferrite fibers form, and the Sr substitution 
makes the main peaks (110), (107), and (114) move to right slightly. Also, the FE-SEM images show that the 
Sr substituted fibers can keep complete fibrous morphology. Moreover, the VSM results demonstrate that the 
saturation magnetization can reach 56.7 emu/g when the fibers are calcined at 800℃.

Key words:  electrostatic spinning; Sr substituted barium ferrite fibers; magnetic properties

©Wuhan University of Technology and Springer Verlag Berlin Heidelberg 2017
(Received: Oct. 20, 2016; Accepted: Dec. 9, 2016)
HOU Chuanxin(侯传信): E-mail: 15275319606@163.com
*Corresponding author: DANG Feng(党锋): Ph D；Prof.; 

E-mail: dangfeng@sdu.edu.cn
Funded by the Qilu Program in Shandong University 

and the Natural Science Foundation of Shandong Province 
(ZR2014EMM001)

DOI   10.1007/s11595-017-1682-y

Introduction

Nanofibers are One-dimensional nanomaterials, 
including nanotubes, nanowires, nanoribbons, 
nanorods, etc[1]. Due to the high length-diameter ratio 
and anisotropy characteristics, nanofibers have many 
special properties, such as thermal properties, optical 
properties, electrical properties, magnetic properties, 
chemical properties and some other properties. As a 
result, one-dimensional nanomaterials have drawn 
more attention in the field of nanometer materials by 
scientists in recent years[2] .

The magnetic properties of materials have been 
studied for many years[3-7].   It is widely accepted 
that two categories of ferrites, hard ferrites with 
high coercivity and soft ferrites with low coercivity 
presented in front of us. BaFe12O19 is a kind of hard 
magnetic material of M-type hexaferrites, which has 
been widely used in lots of technological applications, 
such as permanent magnets, microwave devices, 

magneto-optics, magnetic recording medium sensors 
and some other aspects, due to their excellent chemical 
stability and high uniaxial magnetic crystalline 
anisotropy. However, the high specific gravity of 
single-phase, just like microwave absorbing and 
shielding materials has limited its applications in 
many fields. With the development of modern science 
and technology, all kinds of electronic and electrical 
devices have become an indispensable part of people’s 
daily life and social development. At the same time, 
the electromagnetic radiation and interference caused 
by these devices during work process also lead to the 
increasing deterioration of people’s living space, and 
not only affect communication, but also pose a threat to 
human health. Electromagnetic shielding is one of the 
main means to restrain electromagnetic interference and 
realize the protection of electromagnetic radiation[8]. 
Owing to the distinctive crystal structure, barium 
ferrites have high saturation magnetization, excellent 
chemical stability, high coercive force, and large uni-
axial magnetic anisotropy. Furthermore, the production 
of low cost barium ferrites makes it play an important 
role in the production of hard magnetic materials, 
electromagnetic shielding magnetic, recording media 
and microwave devices[9-11]. Up to now, there have 
been a vast number of researches on barium ferrites, 
especially the one-dimensional nanomaterials of barium 
ferrites in virtue of their potential applications[12] .
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The performance of barium ferrites depends 
strongly on their structure, chemistry, morphology and 
doping elements, which often result from the methods 
of synthesis. Until now, a great deal of work has been 
done to investigate its properties by changing the me-
thods of preparation of the one-dimensional nanomate-
rials of barium ferrites (such as solid-state reaction, sol-
gel method, molten-salt synthesis, solvothermal, and 
electrospinning[13,14]), chemical composition, doping 
elements, sintering temperature, time, etc[15-17]. Among 
all the synthetic methods, electrostatic spinning has 
attracted great enthusiasm for the researcheres and 
scientists because this method is not only simple to 
handle, easy to regulate the operating parameters, but 
also can be used to obtain well-proportioned sized 
nanofibers with the submicron range consistently and 
produce all kinds of fibers of materials, including or-
ganic materials, inorganic materials, metals, compo-
sites, etc[18,19]. which are difficult to obtained by other 
methods. Meanwhile, with the development of elec-
trospinning technology,  it has become one of the most 
indispensable methods for the preparation of inorganic 
materials nowadays[20-22],  just like Ag-ZnO, TiO2, NiO-
SnO2 and BaFe12O19.

Several kinds of factors will influence the mor-
phology, phase composition and properties of the 
BaFe12O19, such as the solvent, dopings, temperature, 
electrospinning parameters, and the content of PVP. In 
this work, barium ferrites were obtained by adding Sr[23] 
element aiming to research the effect of Sr element on 
the properties of BaFe12O19 by a combined technique 
of electrostatic spinning and high-temperature heating 
treatment. The results showed that the Sr substituted 
fibers (BaSrFe12O19) can keep complete fibrous mor-
phology and enhance the the saturation magnetization 
of pure BaFe12O19.

2  Experimental

A certain amount (a molar ratio of Fe/Ba was 
11.5:1) of barium nitrate [Ba(NO3)2, AR], ferric nitrate 
[Fe(NO3)3]·9H2O, AR] and strontium nitrate [Sr(NO3)2, 
AR] were dissolved in 20.0 mL dimethyl formamide 
(DMF). After they were dissolved completely, moderate 
amount of PVP was added and then stirred until a ho-
mogeneous transparent brown solution formed. The 
precursor solution was prepared and set for a few hours 
in order to eliminate  air bubbles.

In a typical electrospinning process, the spinneret 
containing the precursor solution had an inner diameter 

of about 1 mm. A distance of 15 cm and voltage 
of 13 kV were maintained between the tip of the 
spinneret and the collector. After completing to collect 
precursor fibers, they were dried in a drying oven in air 
atmosphere at 80℃ firstly and then calcined at 800 ℃ 
for 2 h in a muffle furnace to obtain the BaFe12O19 and 
BaSrFe12O19 fibers[24].

The phase compositions of barium ferrites were 
investigated by X-ray diffraction (XRD, XD-3, China) 
with Cu Kα (λ=1.540 Å) radiation over Bragg angle 
ranging from 10 to 90°. The SEM images of barium 
ferrites were investigated by a scanning electron 
microscope (SEM). The magnetic hysteresis loops of 
the magnets were measured using a vibrating sample 
magnetometer (VSM, HH-15) in applied maximum 
magnetic field up to 1.2 T[25] at room temperature. 

3  Results and discussion

Fig.1 shows the X-ray diffraction patterns of Sr 
substituted barium ferrite fibers calcined at different 
tempreture.  Combined with our previous work, 
pure barium ferrite fibers are achieved after calcined 
at different tempreture of 800, 900, and 1 000 ℃, 
respectively. And Sr substitution makes the main peaks 
(110), (107), and (114) move to right slightly because 
positions of the barium elements were occupied by 
strontium elements partly[23]. All the strong diffrac-
tion peaks of samples can be perfectly indexed as the 
magneto-plumbite structure for BaFe12O19. No other 
characteristic peaks for impurity are observed. But the 
diffraction peaks of  samples calcined at 900 ℃ and 1 
000 ℃ are stronger than samples calcined at 800 ℃. 
It is proved that when the calcination temperature in-
creases, the crystallinity of the sample increases.

SEM images of the Sr substituted barium ferrite 

Fig.1 XRD patterns of Sr substituted barium ferrite fibers calcined 
at different temperatures
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precursor fibers (a, b) and Sr substituted barium ferrite 
fibers calcined at different temperatures are shown in 
Fig.2. Meanwhile, it must be pointed out that different 
morphology (Figs.2(a) and 2(b)) can be obtained 
by the same solution under different environmental 
conditions. Due to the high concentration of PVP, the 
solvent evaporates slowly, coupled with the impact 
of environmental conditions. With the same spinning 
solution, fibers with different morphology were 
obtained. As can be seen from image (a), the diameter 
of precursor fibers is around 0.6 μm. The morphology 

of ferrite looks like ribbons as shown in Fig.2(b) and 
the diameter of precursor is around 6 μm. After the 
precursor fibers were calcined at 800, 900, and 1000 
℃, respectively, the fibers remain intact basically. At 
the same time, it is indicated that the fibers are indeed 
composited of particles of different sizes which are 
interrelated. In the flowing heat treatment processes, 
PVP and the remainder solvents were all evaporated 
and the inorganic salt crystallized. All of these lead to 
the rough surfaces that can be seen from Fig.2[26,27].

VSM technique was used to explore the dynami-
cal magnetic properties of the Sr substituted barium 
ferrite fibers. The hysteresis loops were measured to 
determine the magnetic parameters such as the specific 
saturation magnetization (Ms), remanent magnetization 
(Mr) and coercivity (Hc). Fig.3 shows representative hy-
steresis curves of the Sr substituted barium ferrite fibers 
calcined at 800 ℃ measured at room temperature. And 
the detailed Ms, Mr, Hc/Oe and Mr/Ms values of the fer-
rite fibers calcined  at different temperature are shown 
in Table 1. It can be seen from Fig.3 that the saturation 
magnetization of the sample calcined at 800 ℃ is the 
highest. Because the morphology of the sample calci-
ned at 800 ℃ is banded the grain size of BaSrFe12O19 
is smaller than 100 nm. As can be seen from Table 1, 
the saturation magnetization of Sr substituted barium 
ferrite fibers decreases with increasing temperature. 
The coercive force increases firstly, and then decreases 
with the increasing temperature. The value of Mr/Ms in-
creases with doping Sr compared with pure BaFe12O19, 
and increases with increasing calcined temperature. 
When the calcined teperature is 800℃, the Sr substi-
tuted barium ferrite fibers have small grain size which 
has resulted in  the higher saturation magnetization and 
lower coercivity.

4  Conclusions

Sr substituted barium ferrite micro/nano fibers 
were obtained by the electrostatic spinning method. 
Compared with pure BaFe12O19, the main peaks of 

Table 1  Value of magnetic properties of the sample 1

Sample Calcinate 
temperature/℃

Ms

/(emu/g)
Mr

/(emu/g)
Hc

/(Oe) Mr/Ms

BaFe12O19 800 54.69 29.99 4300 0.548

BaSrFe12O19 800 56.70 33.79 3463 0.596

BaSrFe12O19 900 47.60 28.79 4529 0.605

BaSrFe12O19 1000 46.80 28.79 3962 0.615

Fig.2 SEM images of BaSrFe12O19 ferrites: (a, b) precursor fibers; (c, 
d) fibers calcined at 800 ℃; (e, f) fibers calcined at 900 ℃; (g, 
h) fibers calcined at 1 000℃

Fig.3 Hysteresis loops of Sr substituted barium ferrite fibers 
measured at room temperature
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XRD of Sr substituted barium ferrite micro/nano fibers 
move to right slightly due to the positions of barium 
elements occupied by doping Sr elements partly. The 
Sr substituted fibers can keep complete fibrous mor-
phology. When the calcined teperature is 800 ℃, the Sr 
substituted barium ferrite fibers have small grain size 
which has resulted in the higher saturation magnetizati-
on and lower coercivity. The VSM results demonstrated 
that the saturation magnetization can reach 56.7 emu/g 
and the coercivity can reduce to 3463 Oe.
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