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1. Introduction and theoretical assumptions

This work is focused on the investigation of irafidiency effect in the NiZn ferrites
characterised by the spinel structure and chenaicadposition (Nd.33ZNo.67)1+xF&x0a with
x = 0.00, 0.08, 0.12 and 0.20 ions per formula (nitu.) on resulting electromagnetic
properties of prepared ferrite samples. The infheeof various ratios of divalent ions®Xand
Zr?* to trivalent ions F& on hysteresis loop parameters of the samples cebj¢o thermal
treatment at 1000°C and 1200°C was studied.

Spinel NiZn ferrites appertain to the group of Wwydesed soft magnetic materials and
thanks to their excellent magnetic properties {elggh initial permeability, electrical
resistivity, low magnetic and dielectric loss, ethey are promising for high-frequency as well
as many other applications in electronic devicé® magnetic and electrical properties of the
ferrites are noticeably influenced by the microstuwe, chemical composition and
redistribution of cations within tetrahedral andadedral sites of spinel lattice. The small iron
deficiency in NiZn ferrite affects its electromagjneand structural properties and, as a
consequence, the electrical resistivity is incrdabige to the change of chemical composition
and hopping of electrons betweerfFand F&" ions within both sublattices [1]. However, the
presence of minor second phase - zincite (ZnO)chvis created besides major spinel phase
in Fe-deficient NiZn ferrites, plays an importaaoter as a grain growth inhibitor and thereby
positive influences sintering and densification3g,

2. Experimental details

The Nizn ferrite samples with the deficiency ofnrawere synthesized by innovative
glycine-nitrate-acetate process which belongs tntgbal wet methods of the preparation of
the ceramic materials [4]. The calculated amourftsawv salts as Ni(Ng)..6H.O and
Zn(CHsCOO).2H,0O were dissolved in water solution of glycine X#H.COOH and added
into highly concentrated water solution of Fe@®H.O. The homogenised mixture of metal-
nitrate-acetate-glycine precursor was dried andadifganic components of precursor were
eliminated by means of auto-combustion reactiom gdwder obtained from auto-combustion
reaction was mixed with polyvinyl alcohol actinglaading material and pressed at 200 MPa
in order to get tablets with the diameter 15 mme Tdblets were thermally treated at 1000°C
or 1200°C for 6 hours; subsequently the circulde lweas drilled into the centre of the tablets
by means of water-beam drilling machine. The stawgkof tablets sintered at temperature
1200°C achieved ~30%; samples calcined at 1000*@ wierinked by about ~20%. Ring-
shaped samples prepared this way with the outeredex of about 12 mm and inner diameter
of 6 mm (or 10.5 mm and of 5 mm for samples prepate 1200°C) were used for the
measurement of hysteresis loops.

The magnetic properties of prepared ferrites wgeenened by means of experimental
equipment built-up from commercially available mshents along with hardware modules and
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components developed at our institution contraigaustomized software. Sets of hysteresis
loops measured at feedback-controlled sinusoidaitieg field waveform shape with
amplitudeHmax changing from 2000 down to 10 A/m with 10 A/m stepre measured. The
frequency used was 50 Hz, thus the dynamic effecthe investigated materials can be
neglected. Various magnetic parameters were el idsim these loops.

3. Resultsand discussion

In Fig.1 combined influence of sintering temperatalong with iron deficiency on the
hysteresis loops is demonstrated. As can be seéfgitha corresponding to the samples
sintered at lower temperatur® € 1000°C) the maximum flux densBaxatHmax=2000 A/m
reaches only about 100 mT. In this case, the ocardilc almost does not depend gnonly
the remanent magnetic flux dendBychanges with decreasing of iron contents in thepsa
Situation becomes very complicated in case of sasngintered at 1200°C, where the
coercivity monotonously increases withmeanwhile the remanent flux density decreases,
Fig.1b. Also, the maximum flux densities signifidgnincreased. This complexity can be
explained by widely known correlation among thercogty, saturation magnetic polarisation
Is and the first anisotropy constdfi
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since the magnetic anisotropy, represented byirtsteahisotropy constant is influenced by the
size of ferrite particles (which varies with thendations during the fabrication), significantly
affects the coercivity and initial permeability,, [6]. The shape of hysteresis loop is thus
dependent upon multiple mutually coupled factors.
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Fig.1: The hysteresis loops of gN&Zo.67)1+xFe2xO4 ferrites.

The dependencies of amplitude permeabiliiyupon exciting field amplitudémax
obtained from the sets of minor hysteresis loogsséwown in Fig.2. From these curves, the
initial permeabilityzs was found as an extrapolation to zero fields. €wedues were compared
to those directly measured at weak fields (1 A/nthwo significant differences (less than 1-
2%). Again, complicated behaviour, observable alyelaom the shape of hysteresis loops,
depending on the sample composition as well asrangttemperature can be seen. Especially,
huge increase of the peak value of amplitude pdoitiyaas well as the initial permeability
associated with higher sintering temperature, regcim some cases more than one order, is
visible. One can see also substantially increasétksg of the amplitude permeability in all the
interval of exciting fields of the samples sinterad 1200°C comparing to 1000°C. The
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variations due to different sintering temperatwras be explained by the anisotropy effects
that become more significant in the samples witdacrystalline grains, since the average
grain sizeD dependence upofls in these materials can be usually fitted by theosd-order
polynomial function, [6, 7]. Another important eftecan be observed when the iron content
decreases - 8 = 1000°C the iron deficiency increases the perihiggbmeanwhile in case of
samples withls = 1200°C the amplitude permeability at weak fiali@ereases. Influence of
iron deficiency can be attributed to the rearrang@nof Ni, Zn and Fe ions within basic
crystalline cell depending on the chemical compmsitresulting in changes of magnetic
moments per unit cell corresponding to individuablattices. Also, spin canting can be
important and the presence of zincite influenceslibhaviour as well.
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Fig.2: The amplitude permeability as a function of exgifield amplitude.

Important magnetic parameters, including the hgsisrloop ared representing the
energy density or total power losses, obtained fittben measured hysteresis loops and
permeability dependencies are summarised in TablksIcan be seen, in case of samples
sintered at 1000°C the changes of parameters matleasing iron deficiency are less evident
than for 1200°C; at higher sintering temperatuee tiodifications are more pronounced and
nearly linear By, Hc), or quadratic £). On the other hand, the hysteresis loop @jeas a
function of x shows qualitatively similar trend regardless af #interig temperature. Thus,
elevated sintering temperatures offer the possiliti manage the magnetic parameters with
more finely and precisely.

Tab. 1.The properties of prepared (\N&Zno.e7)1+xFe2-xOs ferrites.
Ts X Br Hec A 7
(°C) i./f.u. (mT) (A/m) | (3/nP) (-)
1000 0.00 29.46 486.1 89.7 22
1000 0.08 42.87 469.9 135.6 38
1000 0.12 39.15 473.7 123.5 34
1000 0.20 37.01 475.4 132.5 33
1200 0.00 81.02 92.1 67.3 329
1200 0.08 75.75 193.5 117.8f 172
1200 0.12 60.13 206.7 102.3] 130
1200 0.20 45.84 241.6 90.1 76
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4. Conclusions

Experimental results presented in this work cleatgmonstrate the influence of
chemical composition along with thermal treatmethe prepared materials with the aim of
demonstrate the posibilities how to create materid@voted to the needs of any specific
application simply by replacing iron by Ni and Zons as well as by varying sintering
temperature.

Slight changes of constituing elements as welrapggration technology steps can bring
about significant changes of resulting properties the variations in crystalline structure
associated with the relocation of magnetic and magnetic ions into both sublattices of
ferrimagnetic material with spinel structure. Detdiknowledge and better understanding of
all the physical-chemical mechanisms associatel thi¢ crystalline structure, particle size
distribution, etc. allows the improvement of pregieom procedure management leading to
precisely targeted material properties.

Higher sintering temperature appears to be morgaroant from the point of view of
controlling final magnetic parameters, since thegdme more sensitive to the changes in
chemical composition, in this case carried outrimyeasing the iron deficiency. On the other
hand, higher temperatures mean higher energy cgigmin mass production, thus the
compromise needs to be found between the energpr#srand the effectivity of material
parameters handling. Moreover, if one asks for natewith the amplitude permeability less
dependent upon applied field, lower sintering terapges are better since the dependencies
of permeabilty upon applied field are flatter thhose at higher temperatures.
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