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INFLUENCE OF SUBSTITUTED ELEMENTS ON REFLECTION LOSS OF Ba-FERRITE NANOPARTICLE

Due to the rapid development of the information communication industries, it is expected that next-generation mobile 
communication devices in the data communication environment will be used at the same time in the L~X band (1–12 GHz). To 
mutual electric wave interference prevention, research on wave absorbers in L~X band is needed. In this paper, barium ferrite was 
researched as L~X band wave absorber. The Barium ferrite (BaM, Ba ferrite) substituted by divalent ions (Co2+, Cu2+, Ni2+, Zn2+) 
and tetravalent ion (Ti4+). The substituted Ba ferrite nanoparticles were fabricated by sol-gel process. Lattice parameter, particle 
size, magnetic properties, and reflection loss were analyzed by X-ray diffraction (X-RD), a Vibrating Sample Magnetometer (VSM), 
and a Network Analyzer. Lattice parameter of Ba ferrite was changed 0.0005 to 0.0078 Å in a-b direction, and 0.0187 to0.0445 Å 
in c-direction by substituted elements, and it influenced on magnetic anisotropy. In addition, Co-Ti substitution elements influenced 
that coercive force decrease 5,739 to 2,240 Oe. Moreover, reflection loss frequencies were shifted from 16.3 GHz to 14.4 and 
17.4 GHz by substituted elements Co-Ti and Zn-Ti.

Keywords: Ba ferrite, Substitutional m-type ferrite, reflection loss, sol-gel, additional atom.

1. Introduction

Due to the rapid development of the Information commu-
nication industries, the demanded of information communica-
tion device are increasing rapidly. In addition, the frequency 
distribution has reached its limit, and wave interference between 
device make devices to malfunctions. Therefore, wave absorber 
materials are needed in order to eliminate unnecessary frequen-
cies. Ferrite has been widely used as wave absorber material 
[1]. Ferrite has a different structure and different natural reso-
nance frequency due to its composition and additive elements. 
BaFe12O19 has wave absorption band of several gigahertz, as 
it has high coercive force and high magnetic anisotropy [2] by 
the Fe3+ ion on the 2b, 4f2 site in its magnetoplumbite structure. 
Thus, if the Fe3+ ion on the 2b, 4f2 site is substituted by metal 
ion having a different magnetic moment, the coercive force and 
magnetic anisotropy of BaM are changed by effect of substituted 
metal ion. It is known that if a Co2+ ion were substituted on the 2b 
and 4f2 site, then the coercive force would decrease. The Fe3+ ion 
must be substituted by a combination of divalent ion (Co2+, Cu2+, 
Ni2+, Zn2+) and tetravalent ion (Zr4+, Sn4+, Ru4+, Ti4+) according 
to electronic valence adjustment. The Ti4+ tetravalent ion has an 
ion radius, 0.605Å and electronegativity, 1.54, it is smaller than 
these of Fe3+ion. Thus, the Ti4+ ion can be used as a substitute 
for the Fe3+ion on the ferrite structure [3-11]. In this study, we 
investigated wave absorption range change of of BaFe10XTiO19 

(XTiM, X = Co, Cu, Ni, Zn) nanopowder according to change 
of magnetization easy axis by combination of divalent element 
(Co, Cu, Ni, Zn) and tetravalent element (Ti). BaFe10XTiO19 
nanopowder was fabricated by sol-gel process. Crystal structure 
and lattice parameter were examined by X-ray diffraction (X-
RD), particle size and sharp were examined by SEM, magnetic 
properties was examined by Vibrating Sample Magnetometer 
(VSM), and reflection loss was examined by Network Analyzer.

2. Experimental

BaFe12O19, BaFe10XTiO19 (X = Co, Cu, Ni, Zn) nanoparticles 
were prepared by sol-gel process. Iron nitrate (Fe(NO3)3·9H2O), 
Barium nitrate (Ba(NO3)2), Cobalt acetate (Co(CH3COO)2), 
Titanium isopropoxide (Ti[OCH(CH3)2]4), Nickel acetate 
(Ni(CH3COO)2·XH2O), Zinc acetate (Zn(CH3COO)2·2H2O), 
and Cu acetate ((CH3COO)2Cu) were used as starting materi-
als. They were mixed by stoichiometric ratio in deionized water 
(D.I), and then citric acid and ethylene glycol were added to the 
mixture. Then, the acidity of the mixture was adjusted to pH 6 
by an ammonia solution. The mixture was heated and refluxed 
at 85°C for 15hours until it became a sol. The sol was evapo-
rated at 100°C until it was transformed to gel on a hot plate. 
The gel was annealed in the atmosphere at 900°C for 3hours, 
and then it was cooled down to room temperature in a furnace. 
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Fig. 3. SEM image X20,000 (a) BaM, (b) CoTiM, (c) CuTiM, (d) NiTiM, (e) ZnTiM

Fig. 4. B-H hysteresis loop of BaM and XTiM (X = Co, Cu, Ni, Zn) Fig. 5. Reflection loss BaM and XTiM (X = Co, Cu, Ni, Zn)
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nance frequency of CuTiM, NiTiM, and ZnTiM were shifted 
up to 16.8, 17.2, and 17.4 GHz, respectively. It was caused by 
increase of magnetic anisotropy and saturation magnetization. 
It was confirmed that the decrease of coercive force of CoTiM 
made natural resonance frequency to lower frequency 14.4 GHz 
than 16.3 GHz of BaM.
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