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Due to the wide range of applications of strontium ferrite in various industries and the increasing demand 

for lightweight devices with enhanced magnetic properties, this study aims to fabricate and optimize the 

magnetic performance of strontium ferrite nanofibers using the electrospinning method. The purpose of 
this research is to investigate the effects of different polyvinylpyrrolidone (PVP) concentrations and 

electrospinning parameters—such as applied voltage, feed rate, and the distance between the collector and 

nozzle—on the microstructure and magnetic properties of the nanofibers. The results of energy-dispersive 
spectroscopy (EDS) confirmed the presence of Fe, O, and Sr elements, while X-ray diffraction (XRD) 

analysis indicated the successful synthesis of single-phase strontium ferrite. Field-emission scanning 

electron microscopy (FE-SEM) images showed that optimizing the electrospinning parameters resulted in 
nanofibers with diameters of less than 100 nm and considerable lengths. Vibrating sample magnetometry 

(VSM) analysis of the optimized sample yielded a saturation magnetization of 60 A·m²/kg, residual 

magnetization of 23 A·m²/kg, and a coercivity of 4.29×10⁵ A/m. The high coercivity is attributed to shape 
anisotropy in the nanofibers. These results demonstrate that, by carefully adjusting electrospinning 

parameters, strontium ferrite nanofibers with desirable magnetic properties can be successfully fabricated. 
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1. INTRODUCTION 
Magnetic ferrites are essential ceramic materials 

widely used in industry and technology. Among the 

various ferrites, M-type ferrites, including strontium 

ferrite, are considered hard magnetic materials with a 

hexagonal magnetoplumbite structure (Pullar et al., 

2012). Strontium ferrite, with the molecular formula 

SrFe₁₂O₁₉, exhibits excellent magnetic properties such as 

high saturation magnetization, excellent coercivity, a 

large anisotropy constant along the c-axis, a high Curie 

temperature, desirable chemical stability, and high 

corrosion resistance. These properties make it a 

promising material for future applications (Lu et al., 

2011; Shen et al., 2010). Strontium ferrite is used in 

electromagnetic wave absorption, permanent magnets, 

microwave-generating devices, high-density magnetic 

memories, sound recording devices, small electric 

motors, telecommunications and electronics industries, 

and sensors (Jing et al., 2015; Gupta et al., 2024; Liu et 

al., 2015). However, the bulk form of strontium ferrite 

presents limitations, such as high weight, which restricts 

its application in adsorbent technologies. As a result, 

reducing the material’s weight while maintaining its 

beneficial properties has become a critical challenge in 
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extending its potential applications (Shen et al., 2012). 

Various morphologies, including nanoparticles, thin 

layers, and nanofibers, have been explored to overcome 

this limitation, utilizing techniques such as drawing 

(Ramakrishna et al., 2005), solvothermal synthesis, 

precursor thermal decomposition (Wang et al., 2002), 

laser ablation (Morales et al., 1998), and electrospinning. 

Among these, the electrospinning technique stands out as 

a versatile method for producing one-dimensional 

nanostructures, such as nanotubes, nanofibers, and 

nanoribbons. It enables the fabrication of fibers with 

diameters ranging from micrometers to nanometers and 

has garnered significant attention due to its simplicity and 

widespread use (Yang et al., 2014). The resulting 

nanofibers exhibit unique properties, including a high 

specific surface area and a high aspect ratio (Dabirian et 

al., 2010). Moreover, in magnetic nanofibers, shape 

anisotropy plays a more significant role than in 

nanoparticles and bulk samples, which further enhances 

their magnetic performance (Mathews et al., 2021). 

Although significant research has been conducted on 

fabricating strontium ferrite nanofibers, many studies 

have focused on optimizing the processing conditions 

and analyzing the influence of temperature on 

morphology and magnetic properties. For instance, in 

2009, Shen et al. prepared composite fibers of 

SrFe₁₂O₁₉/polyvinylpyrrolidone using sol-gel-assisted 

electrospinning, revealing the critical role of calcination 

temperature in determining fiber characteristics (Cong-ju 

et al., 2011). However, more detailed investigations are 

needed to enhance the magnetic properties of strontium 

ferrite nanofibers by optimizing electrospinning 

parameters. This study addresses this gap by synthesizing 

strontium ferrite nanofibers through electrospinning, 

with careful control of the solution preparation and key 

electrospinning parameters, such as applied voltage, 

nozzle-to-collector distance, and flow rate. 

Microstructural analyses were performed using X-ray 

diffraction (XRD) and field emission scanning electron 

microscopy (FE-SEM) to characterize the morphology 

and diameter of the nanofibers. Additionally, the 

magnetic properties were evaluated using a vibrating 

sample magnetometer (VSM). 

2. MATERIALS AND METHODS 
1.2. Materials 

Strontium (II) nitrate hexahydrate (99%, Merck Co.) 

and iron (III) nitrate nonahydrate (99%, Merck Co.) were 

used as the metal precursors. Citric acid anhydrous 

(C₆H₈O₇·H₂O, 99%, Merck Co.) was also employed as a 

chelating agent. Polyvinylpyrrolidone (PVP, Mw = 

500,000, Merck Co.) was utilized as a polymer-based 

matrix. N, N-dimethylformamide (DMF, 99.5%, Merck 

Co.), ethanol (C₂H₅OH, 99.5%, Merck Co.), and 

deionized water were used as solvents. 

2.2. Synthesis 
Strontium ferrite nanofibers were synthesized 

through a multi-step process, beginning with the 

preparation of an electrospinning solution using the sol-

gel method. A polymer solution was first prepared by 

dissolving varying amounts of polyvinylpyrrolidone 

(PVP) in a mixture of 7 ml deionized water and 13 ml 

ethanol, resulting in a polymer solution of different 

concentrations. The water content in the solution is a 

critical factor that influences the hydrolysis rate of the 

metal precursors during the sol-gel process. Hydrolysis, 

the reaction between water and metal precursors, plays a 

key role in forming metal hydroxides that transition into 

the oxide phase. Water acts as a catalyst in this reaction, 

and its amount affects the hydrolysis rate. Higher water 

content generally speeds up hydrolysis, leading to the 

formation of hydroxyl groups and early gelation. 

However, excessive water may result in incomplete 

gelation or the formation of undesirable phases that 

negatively impact the material properties. 

The ferrite solution was then prepared by dissolving 

0.2 g of strontium nitrate hexahydrate, 4.6 g of iron 

nitrate nonahydrate, and a specified amount of citric acid 

as a chelating agent in a mixture of 10 ml 

dimethylformamide (DMF) and 5 ml deionized water. 

The solution was stirred for 20 hours to ensure thorough 

mixing. The presence of water is essential for 

hydrolyzing the metal salts, facilitating the formation of 

a stable gel. The hydrolysis rate, influenced by the water 

content, determines how quickly the ferrite network 

forms, affecting the final structural and magnetic 

properties of the nanofibers (Huang et al., 2024; Kim et 

al., 2024). The resulting ferrite solution was loaded into 

a plastic syringe with a stainless-steel needle, which was 

fixed to a digitally controlled syringe pump as part of the 

electrospinning apparatus. Electrospinning was 

performed by applying varying voltages, flow rates, and 

distances between the nozzle tip and an aluminum 

collector drum. Different concentrations of PVP and 

electrospinning parameters were used to produce the 

nanofiber samples. 

After electrospinning, the obtained nanofiber mats 

were dried in air at 200 °C for 5 hours. The dried mats 

were then calcined in air at 800 °C with a heating rate of 

3 °C/min for 3 hours to ensure complete crystallization 

of the strontium ferrite phase.  

3.2. Characterization 
The synthesized nanofibers were analyzed by X-ray 

diffraction using an X’Pert Pro X-ray diffractometer 

(ASENWARE) with Cu Kα radiation (λ = 0.154 nm) at a 

generator voltage of 40 kV. The morphology of the 

electrospun nanofibers was investigated by field 

emission scanning electron microscopy (FE-SEM: 

MIRA3 TESCAN). The magnetic properties of the 

SrFe12O19 nanofibers were measured at room temperature 

using a vibrating sample magnetometer (VSM; 
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Meghnatis Daghigh Kavir Co., Iran) with a maximum 

applied field of 8 ×105 A/m.  

3. RESULTS AND DISCUSSION 
1.3. Structural Investigation 

Figure 1 shows the X-ray diffraction pattern of 

strontium ferrite nanofibers with different concentrations 

of polymer after calcination at 800 °C for 3 hours. As 

shown in the figure, the high intensity of the peaks related 

to the (110), (017), and (114) planes indicates the 

formation of strontium ferrite nanofibers with a 

magnetoplumbite structure, free from impurities. The 

lattice parameter and crystallite size, obtained using the 

Scherrer equation, are reported in Table 1. 

K

Lcos


 =


 (1) 

where β is the full width at half maximum (FWHM) 

of the diffraction peak, λ the X-ray wavelength in 

nanometers (nm), L the crystallite size, and K a constant 

related to crystallite shape, typically taken as 0.9. 

2 2 2n
a h k l

2sin


= + +


 (2) 

where n is the order of reflection (usually n=1 for the 

first order), λ the wavelength of the X-ray, d the 

interplanar spacing, and θ the Bragg angle.  

 
Figure 1. XRD patterns of the SrFe12O19 nanofibers with 

different concentrations of PVP, calcined at 800 °C for 3 hours 

TABLE 1. Crystallite size (L) and lattice parameter of the 

randomly oriented nanofibers with different concentrations of 

PVP 

L (Å) V (Å3) c/a c (Å) a (Å) wt% PVP 

593 

639 

361 

494.93 

494.93 

493.04 

3.99 

3.99 

4 

20.87 

20.87 

20.88 

5.23 

5.23 

5.22 

 8  

10 

12 

2.3. Morphological Study 
FE-SEM images of electrospun SrFe12O19 nanofibers 

are shown in Figures 2 and 3. Data obtained from the 

images indicate that the average diameter of the fibers is 

less than 100 nm. Figure 2, which pertains to SrFe12O19 

nanofibers with PVP concentrations of 8 wt% and 12 

wt%, shows that the diameter of the nanofibers increased 

from 65 nm to 73 nm with increasing polymer 

concentration. Higher polymer concentration increases 

the viscosity of the electrospinning solution. Increased 

viscosity results in greater chain entanglement within the 

solution, which helps form more stable and thicker jets 

during electrospinning, leading to larger fiber diameters  

 

Figure 2. FE-SEM images of SrFe12O19 nanofibers obtained at 

nozzle tip to collector distance of 19 cm, flow rate of 1 ml/h, 15 

kV voltage, and various concentration of polymer: (a) 8 wt% 

PVP, (b) 12 wt% PVP 

 

Figure 3. FE-SEM images of sintered SrFe12O19 nanofibers 

with 12 wt% PVP obtained at nozzle tip to collector distance of 

19 cm, flow rate of 1 ml/h, and various voltages: (a) 13 kV, (b) 

15 kV, (c) 18 kV, and (d) 21 kV 

(Huang et al., 2003). Increased polymer concentration 

can also affect the solution's conductivity. Although this 

can sometimes lead to finer fibers, the dominant effect in 

many cases is that higher viscosity overrides the 

influence of conductivity, resulting in thicker fibers (Mit-

uppatham et al., 2004) . Figure 3 shows SrFe12O19 
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nanofibers produced at different applied voltages during 

electrospinning: (a) 13 kV, (b) 15 kV, (c) 18 kV, and (d) 

21 kV. As shown in Figure 3, with an increase in voltage 

from 13 kV to 18 kV, the diameter of the nanofibers 

decreases. With an increase in the applied voltage, the 

electrostatic force increases, resulting in greater 

stretching of the solution and a decrease in fiber diameter. 

At a voltage of 21 kV, bead structures are formed instead 

of fiber structures. This occurs because, at very high 

voltages, the stretching force becomes excessive, leading 

to jet instability and the formation of beads instead of 

continuous fibers (Deitzel et al. 2001).  

3.3. Magnetic Properties 
The magnetic properties of the SrFe12O19 nanofibers 

were measured using VSM at room temperature. The 

pertinent details of coercivity (Hc), saturation 

magnetization (Ms), and remanent magnetization (Mr) 

are shown in Table 2. The results demonstrate good 

single-phase magnetic behavior, with all hysteresis loops 

exhibiting hard magnetic characteristics. Figure 4(a) 

shows the hysteresis loops of the nanofibers obtained at 

two applied voltages during electrospinning, 15 kV and 

18 kV. With increasing applied voltage and decreasing 

nanofiber diameter, the coercivity increases from 

3.84×105 A/m to 4.10×105 A/m according to Equation 

(3).  

c

s0

K L
H

M D

 
 
 




 (3) 

where K is the anisotropy constant, μ0 the 

permeability of free space, Ms the saturation 

magnetization, L the characteristic length over which 

domain walls move, and D the particle diameter (Supekar 

et al., 2024). 

Figure 4(b) shows the hysteresis loops of strontium 

ferrite nanofibers produced at different feed rates. The 

coercivity (Hc) consistently decreases from 3.90 × 10⁵ 

A/m to 3.83 × 10⁵ A/m as the feed rate increases from 0.5 

ml/h to 1.5 ml/h. This decrease in Hc can also be 

explained by Equation (3). The diameter of the 

nanofibers increases with an increasing flow rate because 

the jet takes longer to dry at higher flow rates (Na et al., 

2018). Magnetic hysteresis loops of strontium ferrite 

nanofibers produced at different distances between the 

collector and nozzle tip are exhibited in Figure 4(c). The 

increase in coercivity from 7 cm to 15 cm indicates that, 

with increasing distance, the fibers have more time to 

solidify and form a more uniform structure. This reduces 

surface defects and allows for a more consistent magnetic 

domain structure, increasing coercivity (Y et al., 2004). 

This trend aligns with the understanding that better-

formed nanofibers with fewer defects and more uniform 

sizes have higher coercivity due to more stable magnetic 

domains (Pillay et al., 2013).  

 
Figure 4. (a) Hysteresis loops of the randomly oriented 

SrFe12O19 nanofibers obtained at 15 kV and 18 kV applied 

voltages. (b) Hysteresis loops of nanofibers obtained at 0.5 

ml/h, 1 ml/h and 1.5 ml/h flow rates. (c) Hysteresis loops of 

nanofibers obtained at different distances between nozzle tip 

and collector. (d) Hysteresis loop of nanofibers with 8 wt% PVP 
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The decrease in coercivity at 19 cm suggests that, at 

this longer distance, the benefits of increased evaporation 

time are outweighed by other factors such as jet 

instability or over-evaporation. This could lead to fibers 

with more surface defects or inconsistent diameters, 

reducing coercivity (Teo et al., 2006).  

This result highlights the importance of balancing the 

distance to optimize fiber uniformity and magnetic 

properties (Sill et al., 2008). Figure 4(d) shows the 

hysteresis loops of the strontium ferrite nanofibers 

obtained at polymer concentrations of 8 wt%. As shown 

in Table 2, with increasing amounts of PVP, the fiber 

diameter increases, causing the Hc to decrease from 4.20 

× 10⁵ A/m to 3.84 × 10⁵ A/m according to Equation (3). 

Since the nanofibers are not fully saturated in the VSM 

analysis, the Law of Approach to Saturation (LAS), as 

shown in Equation (4), was used for an accurate 

determination of the saturation magnetization. The 

magnetic properties of all samples are reported in table 2. 

( ) s 2

a b
M H M 1 H

H H
= − − +

 
 
 

 (4) 

where M(H) presents the magnetization at a given 

applied magnetic field (H), Ms stands for the saturation 

magnetization, and a and b are fitting parameters that 

account for deviations from saturation. The terms 
𝑎

𝐻
 and 

𝑏

𝐻2
 represent the approach to saturation. As H increases, 

these terms decrease, causing the magnetization to 

approach Ms. The term ℵH accounts for the linear 

increase in magnetization with the applied field due to the 

linear response of some magnetic moments not aligned 

with the applied field (Chitra Devi et al., 2019).

TABLE 2. magnetic properties of the randomly oriented SrFe12O19 nanofibers 

Sample 
Ms (VSM) (A.m2/kg) & 

(emu/g) 

Ms(LAS) (A.m2/kg) & 

(emu/g) 

Mr (A.m2/kg) & 

(emu/g) 
Hc (A/m) (Oe) 

8 wt% PVP 47 68 28 
4.20 × 105  

5281 

12 wt% PVP 33 54 20 
3.84 × 105 

4828 

Voltage of 15 kV 33 54 20 
3.84 × 105 

4828 

Voltage of 18 kV 39 62 24 
4.10 × 105 

5153 

Flow rate of 0.5 ml/h 38 65 19 
3.90 × 105 

4899 

Flow rate of 1.0 ml/h 33 54 20 
3.84 × 105 

4828 

Flow rate of 1.5 ml/h 28 46 16 
3.83 × 105 

4814 

Distance of 7 cm 41 63 33 
3.70 × 105 

4643 

Distance of 11 cm 38 62 22 
4.12 × 105 

5184 

Distance of 15 cm 39 60 23 
4.29 × 105 

5390 

Distance of 19 cm 33 54 20 
3.84 × 105 

4828 

4. CONCLUSION(S) 
In this study, electrospinning was utilized to fabricate 

strontium ferrite nanofibers, which were subsequently 

calcined at 800°C. X-ray diffraction (XRD) confirmed 

the formation of a single-phase structure. Investigations 

into the magnetic and structural properties using FE-

SEM, XRD, and VSM revealed significant outcomes. 

Higher polymer concentrations in the electrospinning 

solution were correlated with larger nanofiber diameters, 

with notable effects on coercivity observed in samples 

containing PVP concentrations of 8 wt% and 12 wt%. 

The optimized sample, processed at 800°C with 12 wt% 

PVP, exhibited excellent magnetic properties, achieving 

a coercivity of 4.29×105A/m and a saturation 

magnetization of 60.05 A·m²/kg. Additionally, 

increasing the electrospinning voltage effectively 

reduced nanofiber diameters. This was evident in SEM 

images, where distinctive bead-like structures appeared 

at 21 kV. These findings underscore the potential of 

electrospinning for precisely tailoring the magnetic and 

structural characteristics of strontium ferrite nanofibers, 

presenting promising possibilities for applications in 

advanced magnetic materials. 
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NOMENCLATURE 
a and b 

in Equation (4) 

Fitting parameters in LAS equation 

a and c 

in Table (1) 

Lattice parameters for unit cell dimensions 

d Interplanar spacing 

D Fiber diameter impacting magnetic properties 

DMF N, N-dimethylformamide, a solvent 

EDS Energy-dispersive X-ray spectroscopy 

FE-SEM Field emission scanning electron microscopy diameter 

Hc Field strength needed to demagnetize 

K Anisotropy constant 

L Average crystal size 
LAS Method for determining saturation magnetization, 

particularly when full saturation isn't reached in 

VSM’s range 
M(H) Magnetization at a given field 

Miller Indices  Crystal planes orientation notation 

Mr Magnetization left after the field is removed 
Ms Maximum magnetization achievable 

Ms (LAS) Saturation magnetization using LAS method 

PVP Polyvinylpyrrolidone, a polymer-based matrix 
SrFe12O19 Strontium ferrite 

V Unit cell volume 

VSM Vibrating sample magnetometer 
XRD X-ray diffraction 

β Full width at half maximum (FWHM) of the 

diffraction peak 
λ X-ray wavelength 

μ0 Magnetic field production constant 

ℵ Accounts for linear magnetization increase in LAS 
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