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0.83369+10 for NiFe;O4 and 0.83401+10> nm for Nig 9Zng 1FesOy4, which are
consistent with the values obtained by other authors (ICPD 10-325; ICPD 22-
-1012).

(a) (b)
Fig. 1. SEM Images of the nanocrystalline mechano-synthesized samples after 50 h of milling:
a) sample 2 (NiFe,Oy4) and b) sample 3 (Niy 9Zng ;Fe,0y).

(a) (b)
Fig. 2. TEM Images of the nanocrystalline mechano-synthesized samples after 50 h of
milling: a) sample 2 (NiFe,O4) and b) sample 3 (Niy 9Zng ;Fe,04).

Crystallite sizes of the powders were calculated from the XRD data by means
of the Scherrer Equation:22

094
BcosOg
where S is the crystallite grain size, 4 is the wavelength of the X-ray source, 0p is

the Bragg angle of the considered XRD peaks, and B represents the full width at
half maximum (FWHM) line broadening obtained as follows:

B*=Bx-B? )

(1
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where By, is the FWHM line broadening of the material and Bg represents the
FWHM line broadening of the internal standard (a-Al,O3). The resulting values
of crystallite size obtained from the strongest (111) reflections were in the range
of 10—15 nm for NiFe,O4 and Nig 9Zng 1Fe;0g4.
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Fig. 3. XRD Patterns of the mechano-synthesized samples after 50 h of milling:
a) sample 2 (NiFe,0O,4) and b) sample 3 (Nij 9Zng ;Fe,0y).
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The complex permittivity and permeability values of all ferrite samples were
obtained from measurements conducted using an HP 8510 Network Analyzer
system. From the obtained frequency dependence of the permittivity and permea-
bility, the EMR attenuation coefficient o was calculated using the formula:

o =27f \ HoEo N Er My | 2 X

X\/(tan O, tan & —1)+(1+tan2 6, tan2 J; + tan2 J,, + tan2 & )

3)

where the loss tangents are defined by tan &, = 4"/ and tan & = &"/&' (' and
&' being the real parts, and 4" and &" the imaginary parts of the permeability and
permittivity, respectively).

The real and complex parts of the permittivity exhibited frequency depen-
dency in all three samples, but without any marked maximum values; hence all
the examined materials could be used as wide-range absorbents. Samples 1 and 3
exhibited higher values of the real part of the permittivity than those of sample 2.
Conversely, sample 2 exhibited higher values of the imaginary part of the permit-
tivity than the other two sample types (Fig. 4). The real part of the permeability
was the highest in sample 3, and the lowest in sample 2. Sample 1 and sample 2
exhibited higher values of the imaginary part of permeability than those of samp-
le 3 (Fig. 5).
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Fig. 4. Values of the real, &' (a), and the imaginary part, &" (b), of permittivity for the ferrite
samples: < — Nij ;Zng gFe,04 (sample 1) obtained by the standard sintering route, (] —
NiFe,04 (sample 2) and B — Ni; ;Zng gFe,0, (sample 3) obtained mechano-chemically.
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Fig. 5. Values of the real, /' (a), and the imaginary part, 4" (b), of permeability for ferrite
samples: < — Nig 1 Zng gFe,04 (sample 1) obtained by the standard sintering route, (1 —
NiFe,04 (sample 2) and B — Nij ;Zn gFe,0, (sample 3) obtained mechano-chemically.

The values of the EMR attenuation coefficient (&) calculated from expres-
sion (3) are presented in Fig. 6, in linear and log scales. It may be concluded that
the EMR attenuation coefficient depended more on the method of preparation,
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Fig. 6. Values of EMR attenuation coefficient (a) for <& — Nig ;Zng gFe,O,4 (sample 1)
obtained by the standard sintering route, [J — NiFe,O,4 (sample 2) and Bl — Nij ;Zng 9Fe,04
(sample 3), presented in a) linear and b) logarithmic scale.
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i.e., on powder particle morphology than on the chemical content of the samples.
It can be seen in Figure 6b that the change of attenuation coefficient for sample 2
was within 30 dB, for sample 3 between 20 and 30 dB, and for sample 1 between
10 and 30 dB. The higher values of the EMR attenuation coefficient observed for
samples 2 and 3, obtained by the mechano-chemical process, are the result of the
extremely high specific granule surface (granule-weight to granule-surface ratio),
as well as of the large number of dislocations and impurities in the crystal struc-
ture concentrated at the granule surfaces, which is typical for powders obtained
mechano-chemically. Larger granules present in sample 1 resulted in lower va-
lues of the EMR attenuation coefficient.

CONCLUSION

Based on the obtained results, it can be concluded that the nickel ferrite
(NiFeyO4) produced by the mechano-chemical process gave better results with
respect to EMR attenuation than the nickel-zinc ferrite obtained by both the clas-
sic and mechano-chemical sintering process. For the mechano-chemically pre-
pared nickel ferrite samples, the EMR attenuation coefficient showed a practi-
cally constant value (within a 30 dB margin) over the whole frequency range (7—
—12 GHz), which places these soft ferrites among the most favorable wide-range
microwave absorbents. The configuration of the soft ferrites obtained by this me-
thod is a single-layer one, as opposed to the complex multi-layer configurations
applied hitherto. Final judgment on the applicability of these materials for wide-
range radar absorbers demands an extension of this investigation toward higher
frequencies.

Acknowledgements. The Ministry of Education and Science of the Republic of Serbia
supported this work.

U3BOA

MEXAHOXEMMJCKA CUHTE3A HUKAJI 1 HUKAJI-LIMHK ®EPUTHUX [TPAXOBA CA
NICOLSON-ROSS AHAJIM30M ABCOPITHNOHUX KOEOUITNJIEHATA

YEJIOMUP JOBAJIEKUR', AJIEKCAHJIAP C. HUKOJIMR?, MAJA TPY IEH-ITABJIOBUR’
1 MUOJIPAT B. TIABJIOBUR®

' Uncmuimyim 3a myamiuoucyuiisunapra uciipaxcusarsa, Krnesa Buwecaasa Ia, 11001 Beozpad, > Xemujcxu
akyaimein, Ciniyoenitcxu wipz 12—16, 11001 Beozpao u 3Eﬂe}aﬂp0mexmmxu ¢hakyaitieid,
B. Kpawa Aaexcanopa 73, 11001 Beozpao

VY HoBHje BpeMme nosehaH je MHTepec 3a MPOHAIAKEHe HOBUX METO/A 33 CHHTE3y HHUKal-(e-
puta (NiFe,O4) u Hukan—uuHk-peputHux (Ni,Zn;_Fe,04) mpaxosa, 30or ynmennne na Gpuznika
U XEMHjCKa CBOjCTBa OBHX ,,MEKHX® MarHeTHHX MaTepHjajla y MHOTOME 3aBHCE O] YCIJoBa
npunpeme. JlobujeHn GpepuTHN MPaxoBH, OMUCAHH Yy OBOM Pajy, CHHTETHCAHH CY: 1) KIaCHYHOM
npouexypom cunrepoBama (Ni,Zn_Fe,04, x = 0,9 nnu 2) cuHTE30M y IUIAHETAPHOM MIIMHY
(NiFe,O4 u NiZn;_Fe,04). IIpoceuna BenuuuHa yecTHIA JOOMjEHUX HPBOM METOAOM H3HOCH
3—5 um, mok npyra Merona naje decrune ennunae 10-12 nm. Kapaxrepusanuja y3opaka npahena
je ckenmpajyhom enextpoHckoM MuKpockonrjoM (SEM), TpaHCMHCHOHOM €JIEKTPOHCKOM MHUKPO-
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ckojoM (TEM), xao u mudpaxumonom aHammsom X-3panuma (XRD). Peannun m nmarnaapau
JIeNoBH Koe(uImjeHaTa IEPMUTHBHOCTH M MEPMEaOMITHOCTH CYy MEPEHU Ha JOOWjEHUM Y30pIiMa
HUKaJ U HUKan-IHUHK-(eputa y ppexksentHoM omcery 7—-12 GHz . Ha ocHOBy mobujeHux pe3yd-
Tata, u3pauyHatd cy EMR ancopnunoHu KoeHIMjeHTH 3a CBe J00ujeHe y30pKe. 3aKk/bydeHo je Ja
j€ HauMH IpumpeMe, Kao U no0ujeHa Benu4yrHa dectuna, yrudy Ha EMR amcoprmone koeduiy-
jeHTe HUKaJ U HUKaJ-IIMHK-(epuTa.
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(ITIpumubeHo 2. MapTa, peBraupaHo 6. maja 2011)
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