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The influence of titanium oxide additions on magnetoelectric effect in bulk PZT850 —
nickel ferrite composites has been studied. It has been found that the bulk composite
doping with titanium oxide in an amount up to 6 % increases the magnetoelectric voltage
coefficient by 30-40 %, magnetoelectric polarization by 80-150 %, dielectric constant by
45-80 % . These results are explained by formation of a phase interlayer enriched in
titanium oxide, which prevents the mutual solubility of the phases.

HccaenoBano BiusHME JO00ABOK OKCHAA TUTAHA HA MACHHATORJEKTPHUUYECKHUIl a)(PeKT B 00beM-
HBIX KOMIIO3UIIMOHHBLIX Marepuanax PZT850 — deppur HuKead. YCTAHOBIEHO, UTO JIETMPOBA-
HIe 00'beMHBIX KOMIIOSHIIMOHHBIX MATEPHAJIOB OKKMCBHIO TUTAHA B KosmuecTBe 1m0 6 % yBenmuu-
BAET MAUHHUTOJIEKTPUUYECKUN KoadpduiuenT mo Hamnpskenuio Ha 30—-40 %, MarHuTosaeKTpH-
yecKuil Koodunument mo mouaspusanuu Ha 80-150 %, IueIeKTPUUECKYIO ITPOHUIAEMOCTh Ha
45-80 % . ITonyuenHsIil pesynbTaT 00BACHSIETCA OOpasoBaHueM Me:K(hasHOM Ipocioiiku, obGora-

MIEHHOI OKCHIOM TUTAHA, KOTOpas IIPEHATCTBYeT B3AMMHOMY PAaCTBOPEHUIO (as.

1. Introduction

The sintering of bulk ferrite — piezoelec-
tric composites is accompanied by mutual dis-
solution of phases and cross-doping of initial
components resulting in reduced magnetoelec-
tric (ME) effect [1, 2]. It is known that intro-
duction of additions allows to influence the
ceramics sintering and to improve its proper-
ties. This problem was not considered with
due attention in the field of bulk composite
preparation [3]. Therefore, it is of interest to
study properties of the bulk composites ob-
tained using various additions.

2. Experiment

This paper presents the research results
on titanium oxide addition influence on the
ME characteristics of bulk composites in the
lead zirconate titanate — nickel ferrite sys-
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tem. The material used was the composite
ceramics based on the industrial piezo-
ceramics PZT850 and modified nickel fer-
rite NiFe; gCoq 9204 with the ferrite to pie-
zoelectric ratio 25:75 (Composition 1) and
50:50 (Composition 2). The amount of TiO,
additions was 0.5, 1, 2, 4, 6 and 8 wt.%
with respect to ferrite with piezoelectric.
The ME effect was studied by measuring the
alternating voltage that appeared in the
sample under the simultaneous influence of
variable and constant magnetic fields. The
ME voltage coefficient dE/dH was deter-
mined proceeding from the sample thickness
h, voltage dV and the variable magnetic
field intensity dH, dE/dH = dV/(h-dH). The
investigations have been carried out for two
different sample orientations at 1 kHz fre-
quency. In one case, the electric polariza-
tion vector was perpendicular to magnetic
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Fig. 1. ME voltage coefficient dependences on TiO, content for bulk composites of Compositions 1
(a) and 2 (b): curve 1 — transverse; 2 — longitudinal.
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Fig. 2. ME polarization coefficient dependences on TiO, content for bulk composites of Composi-
tions 1 (a) and 2 (b): curve I — transverse; 2 — longitudinal.

fields (transverse effect), while in other
case, parallel thereto (longitudinal effect).
Basing on the data obtained, the values of
the ME polarization coefficient o =
4ndP/dH have been calculated.

3. Discussion

The study results on the influence of ti-
tanium oxide additions on the ME voltage
coefficient are presented in Fig. 1. The dia-
gram shows that the titanium oxide intro-
duction additions in the first composition
increases the mentioned coefficient by
30 % . For the second composition, this pa-
rameter increases by 40 %. As to the ME
polarization coefficient (Fig. 2), the tita-
nium oxide addition increase that coeffi-
cient for the first composition up to 80 %,
for the second one, by a factor of about 2.5.
To understand the mechanism of this phe-
nomenon, we consider the effect of titanium
oxide on the dielectric properties of the
studied materials.
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One of necessary conditions for the exist-
ence ME effect is the material polarization.
The ME effect depends on the value of po-
larization. The existence of the magnetic
phase reduces the composite resistivity as
compared to the pure piezoelectric material,
thus worsening the polarization conditions.
Therefore, we used the modified nickel fer-
rite (N|Fe1gC000204) having a hlgh resistiv-
ity. In addition, the titanium oxide intro-
duction increases the composite resistivity
by 2 to 8 times. This results in a reduction
of the leakage currents during the polariza-
tion and, as a consequence, in enhanced pie-
zoelectric and ME characteristics.

The investigation of dielectric properties
has shown that the introduction of titanium
oxide additions causes an increase of dielec-
tric permeability for the first composition
by 50 %, while for the second, by 70 %. It
is also accompanied by a halved dielectric
loss tangent (Fig. 3). Let the possible causes
of this phenomenon be considered. The com-
posite material consists of two phases: mag-
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Fig. 8. Dependences of dielectric permeability (a) and dielectric loss tangent (b) on TiO, content for
bulk composites of Compositions 1 ( curve 1) and 2 (curve 2).

netic and piezoelectric. It is well-known
that dielectric permeability of ferrite can
reach tens and hundreds of thousands. How-
ever, it is always accompanied by increase
of dielectric loss tangent. In our case, the
dielectric loss tangent decreases. Hence, the
magnetic phase cannot be responsible for
this phenomenon. The studies on the influ-
ence of titanium oxide additions on the
PZT850 dielectric properties have not re-
vealed any increase in the piezoceramics di-
electric permeability. Therefore, that the
obtained result can be assumed to be a con-
sequence of the two-phase structure pres-
ence in the investigated materials and ex-
plained as follows.

An interphase layer is formed during the
bulk composite sintering. The titanium
oxide additions increase its resistance and
prevent the mutual dissolution of phases.
The consequence is the increase in specific
resistance, dielectric permeability and re-
duction of dielectric loss tangent of the
composites. These parameters affect directly
the ME coefficents, promoting their growth.
The investigation of the sintering tempera-
ture influence on the dielectric permeability
has confirmed this mechanism. The dielec-
tric permeability of the investigated materi-

als decreases with the sintering temperature
elevation. In the composites modified with
titanium oxide, this dependence is less pro-
nounced as compared to the initial materi-
als. Similar results were obtained in a study
of ceramic composite materials for the bar-
ium titanate — nickel ferrite system. Such
regularities can be assumed to be relevant
to all bulk composites on the basis of
perovskite and spinel materials.

4. Conclusions

The influence of titanium oxide addition
on the ME effect in bulk composites has
shown an increase of the ME voltage coeffi-
cient by 30-40% . For ME polarization coef-
ficient, this increase was from 80 to 150 %.
The obtained results are explained by the
formation of an interphase layer enriched in
titanium oxide, which prevents the mutual
dissolution of the phases.
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Bnaue noMimioK OKCHAY THUTAHY Ha BJACTHBOCTI
KepaMiKu IIUPKOHAT-THTAHAT CBUHIIO-(epHUT HiKeTI0

B.M.Jlanemin, Juxc.Cpinieacan

Iocuim:KeHO BILINB IOMIIIIOK OKCHAY THUTAHY Ha MArHiToeJeKTpudHuil edeKT B 00’ eMHHX
Komnosuuiinux wmarepiamax PZT850 — depur Hikearo. BcramosieHo, 1o JeryBaHHS
00’¢MHNX KOMIIOBUIIIAHMX MaTepiasiB OKCHAOM THUTAHY B KiabkocTi 1o 6 % 306iabirye margi-
ToeseKTpuuHuil KoedimieHT sa Hampyroio Ha 30—-40 %, marmiToemekTpuuHuii KoedimieHr sa
nonsipusaniero Ha 80-150 %, miexexkrpuunmy nponumkHicTs — Ha 45-80 % . Omep:xanuii pe-
3yJIBTAT IOSICHIOETHLCS YTBOPEHHAM MiK(pasoBOro mpoIiapky, 30araueHoro OKCHIOM TUTAHY,
KU [ePelIKoAKae B3a€MHOMY POSUMHEHHIO (as.
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