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Abstract— Background: Nanosized spinel ferrite particles, a 

kind of soft magnetic materials with structure formula of  

MFe2O4 (M = divalent metal ion, eg. Mn, Mg, Zn, Ni, Co, Cu, 

etc.), are one of the most attracting class of materials due to 

their interesting and important properties such as low melting 

point, high specific heating, large expansion coefficient, low 

saturation magnetic moment and low magnetic transition 

temperature, etc [1], [2]. Because of these properties, the spinel 

ferrites have many technical applications such as in 

photoelectric device [3], catalysis [4], sensors [5], nano devices 

[6], microwave devices [7], [8] and magnetic pigments [9]. 

In this work, the synthesis of Fe3O4, NiFe2O4, MgFe2O4 

nano-particles by coprecipitation method is reported. The 

influence of gamma radiation on magnetic properties of these 

superparamagnetic nano-particles is examined. 

Methods: The samples were prepared  by coprecipitation route. 

The X-Ray Diffraction (XRD), Scanning Electron Microscopy 

(SEM), Vibrating Sample Magnetometer (VSM) were used to 

characterized the samples. In this study, we used 60Co gamma 

radiation to emit on superparamagnetic materials. 

Results: The result of XRD showed that the products were pure 

Fe3O4, NiFe2O4, MgFe2O4 particles. The hysteresis loop 

obtained from VSM measurements showed Fe3O4, NiFe2O4, 

MgFe2O4 superparamagnetic nanoparticles have an inverse 

spinel structure. From the SEM micrographs, it is proved that 

the nanoparticles obtained are cube like and rather uniform. 

The average particle size was changed under affecting of 

radiating and found to be in the range of 52  54 nm that 

increased up to 48.6  112% of 52  54 nm that increased up to 

48.6  112%.  

Conclusions: Nanosized ferrite particles were synthesized with 

coprecipitation route and were irradiated by 60Co gamma 

radiation source. The result showed that magnetic properties 

and particles size changed.   

 
Index terms –  ferrite nanoparticles, magnetic properties, 

nanostructure. 

 

I. INTRODUCTION 

The study of effecting of gamma radiation on magnetic 

properties of ferrite materials is one of the most attracting 

issues. Many researches had proved that magnetic 

properties of bulk form of the ferrite materials are 

unchangeable under effecting of radiating [10], [11], [12] 

but they are changeable on nanosized ferrite particles [13]. 

The purpose of this work is to investigate magnetic 

properties and to examine change in the size of 

nanoparticles Fe3O4, NiFe2O4, MgFe2O4 under the 

influence of gamma radiation. Investigations on nanosized 

particles are carried out by XRD, SEM and VSM 

techniques. 

II. EXPERIMENTAL SIGN 

A. Synthesis of Fe3O4 

A mixture of FeCl2.4H2O and FeCl3.6H2O [Fe2+: Fe3+ = 

1:2]  were mixed with distilled water to make the orange 

solution of salt. This solution was mixed with NaOH (4M) 

and stirred by ultrasonic agitator at 800C. The change in 

color of solution is from orange to brown and finnally 

products were black. The black precipitate was filtered off, 

washed with distilled water in magnetic field several times 

and dried in a vacuum oven at 800C for 12 hours. Next, 

samples were fine crushed and final products obtained 

were a fine black powder. These samples were analysed 

structure using XRD technique. The result of XRD showed 

that the broad feature of XRD lines is an indicative of 

nanosized Fe3O4 ferrite (about 2025  2 nm) and the 

pattern shows the existence of single-phase cubic inverse 

spinel structure. 

The chemical reaction of Fe3O4 precipitation is expected 

below: 

 3 2 2 2 3 4 22 .6 .6 8 H 8 22FeCl H O FeCl H O NaO Fe O NaCl H O      

B. Synthesis of NiFe2O4 and MgFe2O4 

Also we prepared NiFe2O4 and MgFe2O4 nanoparticles via 

co-precipitation process.  

A (400 ml) solution of ion chloride (FeCl3.6H2O) and a 

(200 ml) solution of nickel chloride (NiCl2.6H2O) in 

distilled water were mixed with stirring to manufacture 

NiFe2O4 nanoparticles. 

 A (400 ml) solution of ion chloride (FeCl3.6H2O) and a 

(200 ml) solution of magnesium chloride (MgCl2.6H2O) in 

distilled water were mixed with stirring to manufacture 

MgFe2O4 nanoparticles.  

(6M) NaOH was used to adjust the pH at 13. The processes 

were performed as above (synthesis Fe3O4) at 1000C. 

The chemical reaction of NiFe2O4 and MgFe2O4  

precipitation is expected: 

2FeCl3.6H2O + NiCl2. 6H2O + 8NaOH  NiFe2O4+ 8NaCl 

+22H2O 

2FeCl3.6H2O + MgCl2.6H2O +8NaOHMgFe2O4 +8NaCl 

+22H2O 

The result of XRD showed that the sizes of NiFe2O4 and 

MgFe2O4 magnetic nanoparticles are 2732  2nm and 

3539  2nm. The pattern showed that these 

superparamagnetic nanoparticles are single phase cubic 

inverse spinel structure. 

A 60Co radiation was used as a radiator. The above products 

were exposed to gamma radiation with dose after from 

10002000 kGy.
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III. RESULT AND DISCUSSION 

A. Magnetic properties 

Figures 1, 2, 3 shows the hysteresis loop obtained from VSM 

measurements for Fe3O4, NiFe2O4 and MgFe2O4 nano 

particles. The magnetic properties of them with an inverse 

spinel structure can be explained in term of cations 

distribution and magnetization originates from Fe3+ ions at 

both tetrahedral and octahedral sites and Ni2+, Mg2+ ions in 

octahedral sites [4], [5]. Hysteresis loops in fig 1, 2, 3 are 

typical for soft magnetic materials and the ―s‖ shape of curves 

together with the coercity = zero indicate the presence of 

small magnetic particles exhibiting superparamagnetic 

behaviors [16]. This behavior is an important property for 

magnetic targeting carriers [17]. The saturation 

magnetization (Ms) values of products are listed in table 1, the 

saturation magnetization changes under affecting of 

radiation. 

Table 1: The saturation magnetization (Ms) of Fe3O4, 

NiFe2O4 and MgFe2O4 nano particles before and after 

irradiating: 

 Ms (emu/g) 

Before and 

after 

irradiating 

Fe3O4 

 

NiFe2O4 

 

MgFe2O4 

 

Before 39.67 

 0.06 

40.50  

 0.04 

 3,75 

0,12 

1000 kGy 37.19 

 0.09 

41.63  

 0.1 

 3,92 

0,09 

1500 kGy 39.93 

 0.12 

40.98  

 0.06 

 3,84 

0,05 

2000 kGy 46.08 

 0.08 

40.87 

  0.1 

 4,03 

0,07 

 

B. Morphology microstructure: 

To investigate the morphology and particle size of products, 

the SEM images of samples were obtained and are shown in 

figures 4, 5, 6. From the SEM micrographs, it is clear that the 

nanoparticles obtained are cube like and rather uniform. 

Average grain size obtained from SEM image of sample 

Fe3O4 is approximately 53 nm and of sample NiFe2O4 is 

about 54 nm and of the sample MgFe2O4 is about 52 nm, 

which is in good agreement with size determination by 

Scherrer equation from XRD pattern.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 
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  Fig.1: Hysteresis loop of Fe3O4 

Fig. 4: SEM of  53 nm Fe3O4  

Fig. 5: SEM of  54 nm NiFe2O4  

Fig. 6: SEM of  52 nm MgFe2O4  
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The saturation magnetization of Fe3O4, NiFe2O4 and 

MgFe2O4 superparamagnetic materials changes under 

effecting of gamma irradiation. It agrees well with the results 

of [4]. 

The size of Fe3O4, NiFe2O4 and MgFe2O4 superparamagnetic 

nanoparticles before and after irradiating shows the change is 

significant. 

ACKNOWLEDGEMENT 

The authors would like to thank to Ho Chi Minh City 

Institute of Physics and Research and Development Center 

for Radiation Technology for their support to finish this 

work. 

 

REFERENCES 

[1] Xu Q, Wei Y, Liu Y, Ji X, Yang L, Gu M: Preparation of Mg/Fe spinel 

ferrite nanoparticles from Mg/Fe-LDH microcrystallites under mild 

conditions. Solid State Sci 2009, 11(2):472-478. Publisher Full Text 

[2] Tian MB: Magnetic Material. Beijing: Tsinghua University Press; 

2001. 

[3]  Hu J, Li L-s, Yang W, Manna L, Wang L-w, Alivisatos AP: Linearly 

Polarized Emission from Colloidal Semiconductor Quantum Rods. 

Science 2001, 292(5524):2060-2063. PubMed Abstract | Publisher Fu

ll Text. 

[4] Sloczynski J, Janas J, Machej T, Rynkowski J, Stoch J: Catalytic 

activity of chromium spinels in SCR of NO with NH3. Appl Catal 

B 2000, 24(1):45-60. Publisher Full Text. 

[5] Pena MA, Fierro JLG: Chemical Structures and Performance of 

Perovskite Oxides. Chem 

Rev 2001, 101(7):1981-2018. PubMed Abstract | Publisher Full Text. 

[6] Ajayan PM, Redlich P, Ru"hle M: Structure of carbon nanotube-based 

nanocomposites. J Micro 1997, 185(2):275-282. Publisher Full Text. 

[7] Baykal A, Kasapoglun , Durmus Z, Kavas H, Toprak MS, Koseoglu 

Y: CTAB-Assisted Hydrothermal Synthesis and Magnetic 

Characterization of NiXCo1-xFe2O4Nanoparticles (x = 0.0, 0.6, 1.0). 

Turk J Chem 2009, 33:33-45. 

[8] Gunjakar JL, More AM, Gurav KV, Lokhande CD: Chemical synthesis 

of spinel nickel ferrite (NiFe2O4) nano-sheets. Appl Surf 

Sci 2008, 254(18):5844-5848. Publisher Full Text. 

 

[9] Wang X, Yang G, Zhang Z, Yan L, Meng J: Synthesis of 

strong-magnetic nanosized black pigment ZnxFe3-xO4. Dyes 

Pigm 2007, 74(2):269-272. Publisher Full Text. 

[10]  R.S.Gao et al. Journal of Magneticsm and magnetic materials 302 

(2006) 156-159.  

J. Alderman, P.K.Job and J.Puhl,Nucl.Instrum.Methods A 481 (2002), 

p.9. 

[11] S.Roath, Journal of Magnetism and Magnetic Materials 1993, 122, 

329. 

C.M. Sorensen, in nanoscale Materials in chemistry (Ed.: 

K.J.Klabundle), John Wiley and Sons, Inc., New York, 2001,pp.169. 

[12] E.P. Wohlfarth, Journal of Magnetism and Magnetic Materials 1983, 

39. 

J.Popplewel, L.Sakhnini, Journal of Magnetism and magnetic 

Materials 1995,149,72 

[13] Nguyen Mong Giao, Nguyen lam Thu Trang, Nguyen Thi Ai Thu, The 

first step in studying the influence of gamma radiation on magnetic 

properties of CoFe2O4 nano-particles  IC/2010/065 pp1-6 

[14] Nathani H, Gubbala S, Misra RDK: Magnetic behavior of 

nanocrystalline nickel ferrite: Part I. The effect of surface roughness. 

[15] Kodama RH, Berkowitz AE, McNiff JEJ, Foner S: Surface Spin 

Disorder in NiFe2O4Nanoparticles. 

Phys Rev Lett 1996, 77(2):394-397. PubMed Abstract/ Publisher Full 

Text. 

[16] Manova E, Tsoncheva T, Estournes C, Paneva D, Tenchev K, Mitov I, 

Petrov L: Nanosized iron and iron-cobalt spinel oxides as catalysts for 

methanol decomposition. Appl Catal A 2006, 300 (2):170-180. 

Publisher Full Text. 

[17] Li G-y, Jiang Y-r, Huang K-l, Ding P, Chen J: Preparation and 

properties of magnetic Fe3O4-chitosan nanoparticles. 

J Alloys Compd 2008, 466(1-2):451-456. Publisher Full Text  

 

 

AUTHORS BIOGRAPHY 

 

 

 
 

 
Nguyen Thi Ai Thu. In 2011 she received her Ph.D 

degree from University of Science of Nuclear 

Physics – Saigon City – South Vietnam and in 2013 

she became member of American Nuclear Society 

(ANS) – USA. Currently, she is studying and 

working in University of Science and Saigon 

University – Saigon City – South Viet Nam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1016/j.solidstatesciences.2008.07.004
http://journal.chemistrycentral.com/pubmed/11337589
http://dx.doi.org/10.1126/science.1060810
http://dx.doi.org/10.1126/science.1060810
http://dx.doi.org/10.1016/S0926-3373(99)00093-4
http://journal.chemistrycentral.com/pubmed/11710238
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&cmd=prlinks&retmode=ref&id=11710238
http://dx.doi.org/10.1046/j.1365-2818.1997.1670730.x
http://dx.doi.org/10.1016/j.apsusc.2008.03.065
http://dx.doi.org/10.1016/j.dyepig.2006.02.004
http://dx.doi.org/10.1016/j.jallcom.2007.11.100

