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Abstract 

Strontium ferrite nanoparticles were synthesized in the presence of strontium ferricarboxylate 

precursor by using thermolysis precursor route. Simultaneous Thermogravimetry-Differential 

Scanning Calorimetry was used to study and analyze the thermolysis process. X-ray diffraction 

study reveals the formation homogenous spinel type cubic structure of the strontium ferrite 

nanoparticles. A reaction pathway was identified from the thermal decomposition of strontium 

hexapropionato ferrate(III) precursor to the final product. Mӧssbauer parameters were 

analyzed for the precursor, intermediates, final product and compared with the literature 

reported values. 

 

 

Introduction 

Ferrite nanoparticles are called magnetic nanoparticles and have received a considerable amount 

of attention due to their wide applications in various fields, ranging from biomedical via 

electronics towards industrial [1-5]. These are considered as metal oxides that are categorized 

commonly in the spinels with general formula AB2O4, in which A and B are the metal cations 

placed at the crystallographic sites known as tetrahedral (A site) and octahedral (B site). The 

cations placed in these crystallographic symmetries are tetrahedrally and octahedrally bonded to 

oxygen atoms. Depending upon the distribution of cations, they exhibit different properties such 

as magnetic, dielectric and optical. Further, irrespective of their spinel structure, ferrite 

nanoparticles show a wide range of applications such as catalyst, waste water treatments, 

ferrofluids, and electronic devices [6-8], each application requires ferrites to display different 

properties.  

In recent decades, pure alkali, transition and mixed metal ferrite nanoparticles have gained a lot 

of attention after the literature survey. Nanosized lithium ferrites have displayed exceptional 

magnetic properties that makes them promising candidate to be used as contracting agents in 

magnetic resonance imaging, as magnetic carriers in biomedical applications [9]. Similarly, 

transition metal ferrite nanoparticles such as Mn2+, Fe2+, Co2+, Ni2+, Cu2+, and Zn2+ have been 

reported by many scientists with wide range of applications such as photo-catalytic degradation, 

magnetic cores in transformers and generators, depending upon the properties varying from high 

magnetic permeability, low cost to high temperature stability [10-11].   

Researchers have published various articles showing many ferrite nanoparticles with different 

synthetic methods. Methods used for preparing the ferrites are co-precipitation, hydrothermal, 
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auto-combustion, sol-gel, sonochemical, microwave assisted, polyol [12-16], out of which four 

methods mentioned first are the most common ones. These synthetic methods have both 

advantages as well as disadvantages. Advantages of these techniques are higher yields, milder 

reaction conditions, improved selectivity but certain disadvantages are crystal defects induced in 

the final products, high temperature is required, reaction time. Therefore, no method has been 

reported in the literature with complete advantages only. Keeping in view, we tried to adopt 

thermal decomposition method to prepare strontium ferrite using its ferri-hexapropionato 

counterpart. In order perform thermal decomposition, thermal technique such as simultaneous 

thermogravimetric along with differential thermal analysis has been adopted. The choosing of 

correct synthetic method plays a critical role for preparing the ferrite nanoparticles with desired 

properties and displaying the applications.   

Materials and Methods 

All the chemicals such as strontium nitrate (>99.9 %), ferric chloride (97 %), propionic acid 

(>99.5 %) were obtained from Sigma Aldrich and were used without further purification. 

Strontium ferricarboxylate precursor, Sr3[Fe(CH3CH2COO)6]2 was prepared by mixing solutions 

of salts of ferric chloride with strontium nitrate in their respective stoichiometry. Solution of 

carboxylic acid was added dropwise in order to obtain the desired precursor. The obtained 

solution mixture was stirred and the temperature 60˚C is maintained till it changed into the 

transparent solution. Further, the obtained solution mixture was heated on water bath in order to 

obtain the product with brown color. The product was filtered using filter paper, washed with 

water and at last, kept in vacuum desiccator for overnight.  

Thermal analysis was performed using Simultaneous non-isothermal thermograms 

(TG/DTG/DTA-DSC) were recorded on a Pyris Diamond Model (Perkin Elmer) and SDT Q600 

(TA instruments) at a heating rate of 5oC min-1 in flowing air atmosphere. Final strontium ferrite 

obtained from thermal decomposition was confirmed using Panalytical (PW3064) X-ray 

diffractometer, Mӧssbauer spectrometer. 

 

Results and Discussion 

Mӧssbauer spectrum of the as-synthesized precursor (Fig. 1) indicate a doublet with δ values lie 

between 0.32-0.36 mm/s and Δ values lying between 0.40-0.51 mm/s [17]. The obtained values 

are attributed to the high spin nature of Fe (III) with octahedral symmetry in which iron is 

bonded to six propionate ligands through oxygen atom of carboxylate groups.  
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Fig. 1 Mӧssbauer spectrum of the as-synthesized precursor. 

Figure 2 displays the simultaneous thermal curves of strontium hexa (propionato) ferrate(III) 

precursor in aerial atmosphere with heating rate of 10 °C per min. The precursor remains stable 

till 360°C of temperature, the dehydrated precursor undergoes an oxidative decay with loss in the 

weight of 45.66 % around 475°C revealing the formation of Fe2O3 and strontium oxalate 

(calculated weight loss = 45.83%). Corresponding to this step, there exist a DTG peak and a 

strong exotherm centered at 400°C. The formation of α-Fe2O3 has been confirmed by analyzing 

the Mössbauer spectrum (Figure 3) of the obtained residue by calcining the precursor around 

500°C. The central quadrupole doublet is observed that appears due to the nuclei of the ions 

present on the surface and the effective magnetic field associated with them. Mössbauer 

parameters (Table 1) are in agreement to those reported for α-Fe2O3 particles [13] with average 

particle size lies between 15-20 nm. At higher temperature (800°C), strontium oxalate 

decomposes to strontium carbonate. As heating continues, strontium carbonate and α- Fe2O3 

undergo a reaction above 800°C to form Sr2Fe2O5 as supported by a mass loss of 58.16 % (calc. 

loss= 58.80 %) and an exothermic region in DTA. The left product i.e. SrCO3 in the final 

thermolysis step was treated with 2N HNO3 to get the pure final ferrite, Sr2Fe2O5, followed by 

repeated washings with distilled water. Based on the above observations, the proposed reaction 

pathway of aerial thermolysis for strontium hexa(propionato)ferrate(III) precursor is: 

Sr3 [Fe(CH3CH2COO)6]2 3SrC2O4 + -Fe2O3 + gaseous          

                                    products

3SrCO3 + -Fe2O3 Sr2Fe2O5 + SrCO3

   475C

800°C

3SrC2O4 3SrCO3 + 3CO
800C
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Fig. 2 Thermolysis graph of strontium hexa(propionato) ferrate(III) precursor. 

 

Fig. 3 Room temperature Mӧssbauer spectrum of the intermediate calcined at 500o C. 

Table 1. Mӧssbauer parameters of the intermediates and final products measured at 300K. 
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Temp. of 

Calcination 

(°C) 

# 

(mm/s) 

∆ 

(mm/s) 

B* 

 (T) 

Cationic (Fe3+) 

distribution 

(%) 

Assignment 

500 

850 

0.31 

0.28 

0.32 

0.14 

0.76 

0.47 

0.39 

0.23 

49.8 

48.7  

46.7  

--(CD) 

----- 

46.5 (oct) 

35.9 (tet) 

      17.6 

α-Fe2O3 

Sr2Fe2O5 

 

 

 

Fig. 4  Room temperature Mӧssbauer spectrum of strontium ferrite. 

The formation of the strontium ferrite has been proved by reporting Mossbauer spectrum (Fig. 4) 

at room temperature and analyzing Mӧssbauer parameters. The spectrum consists of two six line 

patterns super positioned on each other, also known as hyperfine sextets. The peaks seen in the 

sextet are both intense as well as broad that can be correlated to the nuclei of the inner ions and 

surface ions respectively of the nanoparticles. In spite of the fact, the latter will most likely 

contribute towards the sharing of effective magnetic fields and maybe isomer shifts as well as 

quadrupole splittings to the spectrum, the software fitted Lorentzian curves are sensibly 

acceptable. From the investigated spectrum, the Mӧssbauer parameters are deduced and given in 

Table 1. The shape of the Mӧssbauer spectrum resemble to that of the reported spectra [19].  
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Fig. 5 Powder XRD pattern of the as synthesized strontium ferrite. 

Powder XRD pattern (Fig. 5) displays different reflections indexed by respective miller indices 

(hkl values). All the broad peaks indicates their nanocrystalline nature of the formed ferrite. 

Further, it also confirmed the spinel type phase of the ferrite with Fd3M space group i.e. cubic 

structure. Further, the intensity of the prominent reflection peak of cubic and homogenous spinel 

ferrite at 311 plane can be distinguishable as a proportion of its extent of crystalline nature [20-

24]. 

Conclusion 

Thermolysis of strontium hexapropionato(III) ferrate precursor lead to the formation of strontium 

ferrite, confirmed by simultaneous thermal analysis (TG-DTG-DSC), Mӧssbauer study and X-

ray diffraction powder pattern. The process used proves to be advantageous as compared to the 

conventional methods, as improved yield of product was obtained with minimal crystal defects. 

The intermediates obtained during thermal decomposition process was confirmed by Mӧssbauer 

parameters and compared with the reported values, were found to be in agreement. X-ray 

diffraction pattern of strontium ferrite confirms the cubic spinel phase and nanocrystalline 

nature.  
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