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Abstract 

A new method of synthesis of nanosized nickel ferrite with spinel structure is converted, using organic 
matrix. The role of the organic matrix performs pre-synthesized cation exchange material having a high 
exchange capacity. In contrast to the known methods of deposition of metal hydroxides by ion exchange 
materials, a method is proposed for synthesis based on cationic exchange of protons of the ion exchanger for 
metal ions (iron and nickel) from a solution. The synthesis consists in gradual treatment of cation-exchange 
material in the H-form, solutions of salts of the respective metals. Cation exchange resin containing metal ions 
in equimolar proportions is subjected to annealing, resulting in complete combustion of the organic matrix and 
the formation of the phase ferrite of Nickel. It is established that the sequence of addition of salts does not 
affect the phase composition of the final product.  

The obtained samples were examined by Х-ray diffraction, scanning electron microscopy. X-ray phase 
analysis revealed the formation of spinel structure with space group Fd3m. The average size of crystallites, 
calculated using the equation of Debye-Scherrer width of the X-ray peaks depends on the annealing 
temperature and varies from 20 nm at 500 ºC to 100nm at 1000 ºC. The parameter α of the cubic spinel lattice 
made up 8.33 Å. Thermogravimetric studies showed that when heated, the resin treated with salts of metals, 
there is a flow of sequential processes decomposition of cation, combustion, carbon residue, decomposition of 
the chloride and finally sulphate of iron and Nickel with formation to 815 °C phases ferrite nickel. 

The main advantage of the proposed method is the high degree of homogenization of initial components 
and a sufficiently low temperature synthesis. It is shown that by using this method it is possible to obtain 
nanosized ferrite powder of nickel. 

 
References 
[1] O.V. Galtseva. Solid-phase synthesis of lithium ferrites in a beam of accelerated electrons [Text]: abstract 

on. dis. for a job. uch. step. Cand. those. Sciences 05.17.11. Tomsk. 2009. 160p. (russian) 
[2] J.G.S. Duque, E.A. Souza, C.T. Meneses, L. Kubota. Magnetic properties of NiFe2O4 nanoparticles 

produced by a new chemical method. Physica. 2007. Vol.B 398. P.287-290. 
[3] J.Y. Patil, D.Y. Nadargi, J.L. Gurav, I.S. Mulla, S.S. Suryavanshi. Synthesis of glycine combusted 

NiFe2O4 spinel ferrite: A highly versatile gas sensor. Materials Letters. 2014. Vol.124. P.144-147. 
[4] R. Benrabaa et al. Nickel ferrite spinel as catalyst precursor in the dry reforming of methane: Synthesis, 

characterization and catalytic properties. Journal of Natural Gas Chemistry. 2012. Vol.21. P.595-604. 
[5] H. Zhao, Z. Zheng, K.W. Wong et al. Fabrication and Electrochemical Performance of Nickel Ferrite 

Nanoparticles as Anode Material in Lithium Ion Batteries. Electrochem. Commun. 2007. Vol.9. No.10. 
P.2606-2610. 

[6] M.A. Gabal, S. Kosa, T.S. E.l. Muttairi. Magnetic dilution effect of nano-crystalline NiFe2O4 synthesized 
via sucrose-assisted combustion route. Ceramics International. 2014. Vol.40. P.675-681. 



CATION-EXCHANGE SYNTHESIS OF NICKEL FERRITE ON AN ORGANIC MATRIX ___________________ 104-110 

©Бутлеровские сообщения. 2017. Т.52. №10. _____________ E-mail:  journal.bc@gmail.com ______________ 105  

[7] S.P. Gubin, Yu.A. Koksharov, G.B. Khomutov, G.Yu. Yurkov. Magnetic nanoparticles: methods of 
obtaining, structure, properties. Uspekhi Khimii. 2005. Vol.74. P.539-574. (russian) 

[8] M.M. Hessien, Nasser Y. Mostafa, Omar H. Abd-Elkader. Influence of carboxylic acid type on 
microstructure and magnetic properties of polymeric complex sol–gel driven NiFe2O4. Journal of 
Magnetism and Magnetic Materials. 2016. Vol.398. P.109-115. 

[9] R. Sen, P. Jain, R. Patidar, S. Srivastava, R. Rana, N.Gupta, Synthesis and Characterization of Nickel 
Ferrite (NiFe2O4) Nanoparticles Prepared by Sol- Gel Method. Materials Today: Proceedings. 2015. 
Vol.2. P.3750-3757. 

[10] M. Liu, L. Yang, L. Zhang. Functionalization of magnetic hollow porous oval shape NiFe2O4 as a 
highly selective sorbent for the simultaneous determination of five heavy metals in real samples.  
Talanta. 2016. P.161. P.288-296. 

[11] C.N. Chinnasamy, A. Narayanasamy, N. Ponpandian et al. Mixed Spinel Structure in Nanocrystalline. 
NiFe2O4. Phys. Rev. B. 2001. Vol.63. P.184108-184113. 

[12] L. Chen, Y. Yuan, H. Peng, X. Lu, Z. Luo. The production of flower-like NiFe2O4 superstructures 
consisting of nanosheets via the thermolysis of a heterometallic oxo-centered trinuclear complex 
Materials Letters. 2012. Vol.67. P.311-314. 

[13] J. Wang, F. Ren, B. Jia, X. Liu. Solvothermal synthesis and characterization of NiFe2O4 nanospheres 
with adjustable sizes. Solid State Communications. 2010. Vol.150. P.1141-1144. 

[14] Yu.A. Mirgorod, N.A. Borsch, V.M. Fedosyuk, G.Yu. Yurkov. Magnetic properties of nickel ferrite 
nanoparticles obtained by the flotation-extraction method. Inorg. Materials. 2012. Vol.48. No.12. 
P.1375-1380. (russian) 

[15] S. Feng, W. Yang, Z. Wang. Synthesis of porous NiFe2O4 microparticles and its catalytic properties for 
methane combustion. Materials Science and Engineering B. 2011. Vol.176. P.1509-1512. 

[16] M.A.F. Ramalho, L. Gama, S.G. Antonio et al. X-Ray Diffraction and Mossbauer Spectra of Nickel 
Ferrite. Prepared by Combustion Reaction. J. Mater. Sci. 2007. Vol.42. P.3603-3606. 
 

 
 


