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Abstract 
   This study endeavors to investigate the influence of calcination temperatures (650, 750 & 850°C) on 

the strontium ferrite (SrFe2O4) nanoparticles synthesized by the co-precipitation method. The prepared 

powder samples were characterized by various measurement techniques such as X-ray diffractometer 

(XRD), scanning electron microscopy (SEM), thermo gravimetric analysis (TGA), and vibrating sample 

magnetometer (VSM). Initially, the XRD patterns were confirmed the presence of spinel SrFe2O4 phases. 

Overall, the number of diffraction peaks increased due to the enhancement of calcination temperature. 

The SEM morphological features are shown the spherical-shaped nanoparticles with less agglomeration. 

Considerably, the agglomeration between the nanoparticles increased due to the higher calcination 

temperatures. However, the structural and morphological investigation was helpful and carried out for 

the TGA and VSM investigation. At 850°C calcination temperature, TGA revealed 5.8% of weight loss 

and VSM endorsed the magnetic properties such as high saturation magnetization (Ms), remanent 

magnetization (Mr) and coercivity (Hc) come out to be 37.26 emu/g, 19.788 emu/g and 6188.4 Oe, 

respectively. 
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1. INRODUCTION 

   The strontium ferrite (SrFe2O4) materials 

have great fundamentals, an abundance of 

raw material, low manufacturing cost, and 

stable properties that are technologically 

applied in permanent material applications 

such as photocatalyst (biodiesel), optical, 

electronic and magnetic (regarding media) 

properties [1-4]. Also, the ferrites are 

classified into two different types like soft 

and hard magnets. The magnetic property 

of nanoscale materials has been depending 

on the pH, particle size, precursor, 

solvents, and the amount of interactions, 

calcination (or preparation) temperatures 

and preparation of methods. The various 

synthesis and deposition techniques 

including the co-precipitation, salt-melt, 

sonochemistry, micro emulation, 

hydrothermal, sol-gel, sol-gel auto-

combustion, glass crystallization, the 

mechanical alloying methods and 

ultrasound-assisted synthesis methods have 

been successfully used to develop the 

efficient strontium ferrite nanostructures 

[5-14]. Compared to the above methods, 

the co-precipitation method is simple, 

promising and easy to synthesis ferrite 

nanoparticles. The solvent plays a pivotal 

role and is studied by various solvents in 

the preparation of ferrite nanostructures 

like acetonitrile, formamide, N, N-

dimethyl formamide, water, ethylene 

glycol and glycerol, dimethylacetamide, 

aqueous NH3, (NH4)2CO3, NH4Ac, 

NH4HCO3 and N-methyl acetamide [15]. 

The co-precipitation method is well-
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established and used to synthesis important 

oxide materials due to its simple and good 

control of grain size.  Ghahfarokhi et al. 

(2020) prepared 10-25 nm size of SrFe2O4 

nanoparticles using sol-gel method using 

ethylene glycol as a surfactant. X-ray 

diffraction (XRD) pattern revealed the 

cubic spinel- SrFe2O4 structures and field 

emission scanning electron microscopy 

(FESEM) morphological image confirmed 

the reduced particle size by the addition of 

ethylene glycol surfactant. The ultraviolet-

visible spectroscopy and vibrating sample 

magnetometer (VSM) results depict a 

wider energy gap and improved magnetic 

properties due to the increment of 

surfactant addition [16]. Zafar et al. (2018) 

synthesized SrFe2O4nanoferrites and 

SrFe2O4/ground eggshell nanocomposites 

using micro emulation and solvothermal 

methods. The prepared samples were 

utilized as an efficient adsorbent for 

anionic dye, eriochrome black T, and 

cationic dye methylene blue. The 

SrFe2O4nanoferrite and SrFe2O4/ground 

eggshell nano-composites powders were 

tuned and proved as efficient adsorbents 

[17]. Yasmin et al. (2018) investigated the 

structural and magnetic properties of Cr-

doped SrFe2O4 clusters using the sol-gel 

auto-combustion method. XRD pattern 

reveals that crystallite size and lattice 

parameters were improved with the effect 

of Cr-substitution increment. SEM 

micrographs showed inhomogeneous 

grains with agglomeration and VSM 

studies confirmed the soft magnetic 

properties [18]. Zhang et al. (2016) 

investigated the SrFe2O4/reduced graphene 

oxide (RGO) composite prepared using an 

ultrasonic-assisted sol-gel process and 

studied the photocatalytic performance. 

The experimental studies showed great 

applied potential in environmental 

purification due to its improved 

photocatalysis, easy separation and good 

reusability [19]. Ali Ghasemi (2012) 

prepared the SrFe2O4 nanoparticles and 

thin films (on a silicon wafer) using sol-gel 

and thermal oxidation methods. The 

narrow size particle distribution with an 

average particle size of 50 nm was 

confirmed by transmission electron 

microscopy (TEM). Pardeshi and Pawar 

(2011) synthesized spinel-type SrFe2O4 

catalyst using citrate gel method. They 

have investigated the optimization and 

effects of different environmental 

conditions on styrene conversion and 

product distributions. After the 18 hrs 

chemical reaction, the maximum 

benzaldehyde yield was received at 70°C 

using water solvent over 0.1 g of catalyst 

[20]. 

In this study, SrFe2O4 nanoparticles 

were synthesized via the chemical co-

precipitation method. The influences of 

different calcination temperatures (650, 

750, and 850°C) were investigated on the 

SrFe2O4 nanoparticles by their structural 

(XRD), morphological (SEM), and 

magnetic (VSM) properties. The required 

synthesis materials and preparation 

methods are discussed in section 2 and the 

results are discussed in section 3. Finally, 

summarize the work in section 4.  

 

2. EXPERIMENTAL APPROACH 

2.1. Materials  

   The analytical grade raw materials were 

accurately weighted for the preparation of 

SrFe2O4 nanoparticles. Initially, strontium 

nitrate (Sr(NO3)2) and ferric nitrate 

(Fe(NO3).9H2O) are the primary sources of 

the materials. Next, ethylene glycol, 

distilled water, and ethanol procured to 

carry out the experimental work. 

2.2 Synthesis & Characterizations  

   The SrFe2O4 nanoparticles were 

synthesized by using the co-precipitation 

method as depicted in Figure 1. Strontium 

nitrate and ferric nitrate are used as the 

primary source materials. Strontium nitrate 

is used for strontium species and ferric 

nitrate is used for iron species.  

Additionally, ethylene glycol was used 

chemicals for the synthesis as a surfactant 

and solvent. Among various solvents 

(methanol, formamide, ethylene glycol, 
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dimethyl acetamide, glycerol etc.), mostly 

ethylene glycol (C3H6O2) is one of the best 

due to their formation of inter- and 

intramolecular hydrogen bonds and self-

assembly of surfactants [15]. The co-

precipitation method is simple to 

synthesize SrFe2O4 nanoparticles. All 

starting precursors were high purity 

compounds.  First, 0.846 g Sr(NO3)2 and 

1.6 g of Fe(NO3).9H2O with Sr:Fe, atomic 

ratio of 1:2 were dissolved in ethylene 

glycol by maintaining gentle heat and 

stirring. Using a magnetic stirrer, the 

solution stirred for 2 hrs at room 

temperature. Finally, observed gelatinous 

precipitates were washed by several times 

using distilled water and ethanol. Further, 

the obtained precipitates were dried at 

room temperature. Thereafter, the dried 

powders were calcinated (muffle furnace) 

at 650, 750 and 850oC for 2 hrs. 

Ultimately, the prepared SrFe2O4 

nanopowder was collected when the 

temperature cooled down to the room 

temperature. The following chemical 

reaction occurred during the synthesis 

process is given below, 

 
𝑆𝑟(𝑁𝑂3)2 + 2𝐹𝑒(𝑁𝑂3)2. 9𝐻2𝑂 + 𝐶2𝐻6𝑂2  → 𝑆𝑟𝐹𝑒2𝑂4 + 6𝐻𝑁𝑂3 + 7𝐻2𝑂 + 𝐶2𝐻10 

 

Figure 1. The procedural steps of SrFe2O4 nanoparticles with different calcination 

temperatures. 
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   After the preparation of the samples, 

tested for their structural, functional, 

magnetic, and morphological properties of 

the SrFe2O4 nanoparticles by using an X-

ray diffractometer (Rigaku Ultima III, 

Japan), Fourier transform infrared (Perkin 

Elmer-LS 45, USA) spectroscopy, 

vibrating sample magnetometer 

(Lakeshore, USA; Model 7404) and 

scanning electron microscopy (FBI 

Quanta).  

 

3. RESULTS AND DISCUSSION 

3.1. Results of X-ray Diffraction (XRD) 

   Figure 2 (a)-(c) shows the XRD patterns 

of prepared samples were calcinated at 

650, 750, and 850°C. The sharp and 

relative intensities of all diffraction peaks 

of SrFe2O4 nanoparticles are well aligned 

with the (002), (311), (331), (420), (520), 

and (440) planes matching with the 

standard JCPDS card no. 00-01-1027. It is 

indicated that the diffraction peaks are 

indexed by the formation of spinel SrFe2O4 

structure [21-23]. With the influence of 

enhanced calcination temperatures, the 

intensity of diffraction peaks increased 

obviously and no other impurity peaks 

were presented. The average crystallite 

size can be calculated using the Scherrer’s 

equation as follows,   

D = 
K

 Cos
 

   Where ‘D’ is the crystalline size of the 

particles, ‘K’ is a constant (k=0.89), ‘’ is 

the wavelength of Cu Kα radiation, ‘’ is 

the full-width half-maximum (FWHM) of 

the peak, and ‘’ is Bragg’s angle. Further, 

the lattice constant ‘a’, ‘b’ & ‘c’ is 

calculated such as 8.03, 18.02 and 5.45 A° 

were similar to the M-type strontium 

ferrite phase and evidenced the presence of 

materials [24]. Kahlenberg (2001) and 

Berthet (1992) reported the same 

crystallographic data of SrFe2O4 phases 

and compared them [25-26].   

 

 

Figure 2. XRD spectrum of SrFe2O4 nanoparticles a) 650ºC, b) 750ºC and c) 850ºC.  

 

3.2. Results of Scanning Electron 

Microscopy (SEM) 

Figure 3(a)-(c) shows the surface 

morphology of the various calcined 
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SrFe2O4 nanoparticles were explored by 

SEM. Figure 3(a)-(c) shows the spherical 

nanoparticles with the agglomareted 

nanoparticles due to magentic properties 

among the particles. With the effect of 

calcination temperature, observed the same 

nature (size) of the particles with some 

agglomeration. Usually, the magnetic 

nanoparticles are agglomerated with the 

effect of dipole-dipole interaction between 

the nanoparticles. This interaction 

generates a negative effect on the various 

applications. The different morphological 

investigations employed by Zhang et al. 

(2016) [19].  The agglomerates could be 

reduced by covering the particle surface 

with surfactants (non-magnetic/non-

metallic compounds). Surfactant materials 

include hydrophilic head and hydrophobic 

tails [27-31]. Larger particles, as well as 

large pores, were located at the 

agglomeration junctions. Here, ethylene 

glycol acts as a solvent as well as a 

surfactant due to the size of the 

nanoparticles decreased. However, the 

nanoparticles size enhanced with water 

solvent based strontium ferrite 

nanoparticles as reported [32].  

 

   

 

Figure 3. SEM images of SrFe2O4 nanoparticles 650°C (a), 750°C (b) and 850°C (c). 
 

   Natarajan and Wang (2000) reported that 

the aggregation (cluster) performance is 

due to the selection of surfactant, solvent 

dielectric constant, and less magnitude of 

the hydrocarbon mixed solvent interfacial 

tension [15]. Sivanadhan (2021) reported 

highly agglomerated SrFe2O4 nanoparticles 

(size, 112-130 nm) with the effect of water 

(a) (b) 

(c) 
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medium [32]. Among various solvents, 

ethylene glycol is a suitable choice for the 

preparation of ferrite nanoparticles.   

3.3. Results of Thermogravimetric 

Analysis (TGA) 

   The weight loss (%)  as a function of 

temperature using thermogravimetric 

analysis (TGA)  is shown in Figure 4. It is 

the TGA analysis curve of the SrFe2O4 

nanoparticles which is calcinated at 850°C. 

This curve shows four distinct steps of 

weight loss. 

 

Figure 4. TGA curve of as-prepared SrFe2O4 nanoparticles (850°C).  

 

Figure 5. Hysteresis loop of SrFe2O4 nanoparticles at 850°C calcination temperature.  
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   The first step weight loss is between 50 

to 100°C due to adsorptions of water 

molecules and the second step the weight 

loss between 350 to 400°C which is due 

to hydroxyl ions (O-H) [33]. The weight 

loss of 550 to 580°C and 640 to 710°C 

due to the decomposition of nitrates and 

metal nitrate. Saleh et al. reported the 

formation of strontium oxide phases 

depending on the reaction temperature 

and the molar ratio among the reactants.  

The monoferrite (SrFe2O4) formation 

obtained from 592 to 765°C [34-35]. 

 

3.4. Results of Vibrating Sample 

Magnetometer (VSM) 

   The magnetic properties are saturation 

magnetization (Ms), remanent 

magnetization (Mr), and coercivity (Hc,) 

increasing with the effect of calcination 

temperatures.  

 

Table 1.  The list of coercivity of 

strontium ferrite nanoparticles. 
Tem

p.  

(oC) 

Nanopart

icles  

Coerciv

ity  

(Oe) 

Solvent Ref. 

850 SrFe2O4 5662 Water [32] 

1000 SrFe12O1

9 

4900 Water [5] 

800 5000 

700  SrFe2O4 299 Water [19] 

950  SrFe12O1

9 

3500 Tween-80, 

DI Water 

[33] 

1100  2375 

700  SrFe2O4 709 DI water [21] 

453 

440 

15 

137 

 

   These magnetic properties are 

depending on the size of the 

nanoparticles, magneto-crystalline 

anisotropy, preparation/ calcination 

temperatures, the effects of tilting, the 

distribution of cations, and the degree 

crystallinity as reported by Ghahfarokhi 

and Shobegar (2020) [21]. Consequently, 

the magnetocrystalline value is increasing 

with the effect of the highest calcination 

temperature [5].  Here, VSM studies 

revealed the hysteresis curve of SrFe2O4 

nanoparticles prepared under the 

conditions of Fe3+/ Sr2+ mole ratio and 

calcination temperature which was 

calcinated at 850°C as shown in Figure 5. 

The improved coercivity (6188.4 Oe), 

remanent magnetization (19.788 emu/g), 

and the saturation magnetization (37.26 

emu/g) reached a maximum as compared 

to water solvent [32]. Vogel and Evans 

(1979) investigated the SrFe2O4 

composition and improved the complex 

chemical and physical interactions that 

could lead the superior magnetic 

properties [36]. The coercivity of 

different strontium ferrite, and calcination 

temperatures as compared (Table-1). 

Accordingly, coercivity, remanent 

magnetization and saturation 

magnetization of SrFe2O4 nanoparticles 

can be useful in various applications. The 

spinel strontium ferrites were found as 

highly active in catalytic, permanent 

magnetic, hard magnetic devices, and 

microwave applications [19, 37-39]. The 

magnetic properties of nanoparticles are 

varied by size which could play 

significant role in physics [40-44]. By 

comparing other methods [40], this co-

precipitation method is a good candidate 

for the preparation of nano material 

structures because it is a relatively easy, 

low-cost and reproducibility.   

 

4. CONCLUSION 

   In summary, the strontium ferrite 

(SrFe2O4) nanoparticles were synthesized 

by the co-precipitation method. The 

primary source materials are strontium 

nitrate and ferric nitrate. The prepared 
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samples were calcinated at three different 

temperatures. The spinel SrFe2O4 phase 

was confirmed with the XRD diffraction 

spectra. SEM morphological 

investigation revealed small spherical-

shaped nanoparticles, and some 

agglomeration. The average particle size 

of 117, 24, and 19 nm corresponds to the 

calcination temperature of 650, 750, and 

850°C. The reduced thermal properties 

were noticed with the effect of the 

highest calcination temperature by the 

TGA. The VSM magnetic study indicated 

magnetic properties such as the HC 

(6188.4 Oe), HS (37.26), and Mr (19.78). 

Accordingly, we studied spinel SrFe2O4 

nanoparticles that can be tested for 

various applications such as a 

photocatalyst.  
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