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ABSTRACT. The system (1-x)Bao7SrosTiO3.x MgZrOs where x=0.15; 0.20; 0.25; 0.30; 0.35 mol at calcination temperature T=1300; 1350; 1400°C for 4 hours was
synthesized. The most important electric characteristics: relative dielectric permittivity (e:), dielectric losses (tan 8) and specific volume resistivity (p.) were studiedat at
frequency 1 kHz. The system 0.7Bao7SrosTiO3.035MgZrOs has &=1050, low dielectric losses tan 3=42.10+4, in the temperature range 20-120°C temperature
coefficient of the permitivity TKe—0, and py=108 O cm. Those values make it suitable for production of thermal stability capacitors as well as capacitors with low

dielectric losses working at high frequencies.

U3CNEOBAHE OUENEKTPUYHUTE CBOMCTBA HA (1-x)Bao7SrosTiO:xMgZrOs. KEPAMUKA MOJTYYEHA MO NEPOKCOMETO[,

PE3IOME. lMonyyeHa e no nepokco meton cuctemata (1-x)BaozSrosTiOs-xMgZrOs. M3cnensanm ca Han-BaxHUTE €NEKTPUYHW XapakTepUCTUKW: ANeneKTpuYHaTa
NPOHNLIAEMOCT (&r) 1 AnenekTpudHuTe 3arybum (tan §), obemHo cneumdmyHo cbnpoTuBnerme (py) npu yectota 1kHz 3a cnegHUs TemnepaTypeH PexnM Ha u3nuiaxe
Ha kepamukata: 1300, 1350, 1400°C 3a Bpeme 4 vaca . Kepamuunusi matepuan cbe cbetas 0.7Bao7SrosTiOs-0.3MgZrOs usneyen npu 1400°C uma &=1050, Hucku
[venekTpuyHm 3arybu tan 5=42.104, 3a TemnepatypHus uitepan ot 20 go 120°C uma TemnepaTypeH koeduLMeHT Ha AnenekTpuyHaTa npoHuuaemoct TKe—0 n
pv=108 Q cm. Te3u JaHHM ro NpaBsT NOAXOAsILY 32 NPOM3BOACTBOTO HA TEPMOCTAOMIHI KOHAEH3aTOPH, KaKTO 1 3@ KOHAEH3ATOPU C HUCKM ANENEKTPUYHY 3aryou.

Introduction peroxocompounds in the process of the reaction are
amorphous precipitate. They were calcinated respectively at
The investigation aims to study the materials suitable for the T=600°C for BaTiOs and T=650°C for SrTiOs. The size of the

production of thermal stability capacitors with low dielectric particles is less than 1um and no milling is needed. The
losses. In many publications by substitution of BaTiOs with: titanates were proved by x-ray investigation with TUR-U-62
CaTiOs, SrTiOs (Tabata and Kawai, 1997; Cramer et al., 2003), apparatus. MgZrOs is obtained by classical methods. MgO and
MgTiOs (Parvanova, 2002), Nd203 (Kohler et al., 1996), Bi-Os ZrO2 with 99% purity were used. The last mentioned were
(Yi Zhi et al., 1998), ZnTiOs, NiTiOs (Parvanova, 2002), La20s, calcinated at 1400°C for 4 hours. The obtained MgZrOs was
Cr20s (Fukunaga et al., 2003; Wang et al., 2001) it is achieved milled in planetary ball mill. A system with the composition (1-
to smoothen the maximum of the dielectric permittivity (e) in ~ X)Bao7SrosTiOs.x MgZrOs where x=0.15; 0.20; 0.25; 0.30; 0.35

the range of the Curie temperature and decrease the dielectric mol was obtained.
losses. The powders were pressed at P=200.105Pa. 10% polyvinyl
The system Bao7SrosTiOs is obtained by the peroxomethod. alcohol is used as a plastificator. 6 mm high discs with 10mm
By adding different concentration of MgZrOs the last mentioned diameter were prepared. They were calcinated at Tca= 1300;
properties is aimed to be attained. In the reference data about 1350 and 1400°C for 4 hours on air. The temperature
the synthesis and the dielectric properties of the system (1-x) ~ Tca=360°C was kept for half an hour to evaporate the
BaoSroaTiOs.x MgZrOs is missing. The synthesized material is plastificator. Aiming to provide a good contact during the
of scientific and practical interest to be studied as it has been electric measurements the discs were metaled with silver
obtained by peroxomethod. This method has a lot of paste. The temperature dependence of the capacity and
advantages in comparison with the classical ones. The dielectric losses (tand) were tested at a frequency of 1 kHz by
temperature of synthesis is considerably lower, the obtained using a General Radio impedance meter (model 1687). The
titanates has higher purity, they are fine crystalline with temperature dependence of the capacity was measured in a
homogeneous grain-size composition. Heraeus Votsch temperature chamber in a temperature range

from 20°C to +120°C at steps of 5°C.

Experimental
Result and discussion

The starting BaTiOs and SrTiOs were prepared by

peroxomethod (Genov et al., 1988; Maneva and Parvanova, The dependence between the relative dielectric permittivity at
1995). The peroxomethod is based the interaction of TiCls T=20°C for the system composition and the calcination
solution and 17% solution of BaClz and Sr(NO3) and H202 and ~ temperature is presented on fig.1 from the figure it is obvious
NHs soluton up to pH=9. The obtained intermediate that r at T=20°C strongly depends on the ceramic composition
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and at x=0.15 mol it has maximum value. However, over the
given the value for "x" the dielectric permittivity decreases
monotonously and it is explained by the increasing of MgZrOs
concentration having considerably lower . The composition
0.65Bao7Sro3Ti03.035MgZrOs has times lower &=1050 in
comparison with BaorSro3TiOs (e=3450 according the data by
Parvanova 2002). On the figure it is seen that the dielectric
permittivity slightly depends on the temperature of calcination.
It has maximum value at 1400°C &=3400. Tca=1300°Cis
insufficient for the formation of isomorphous structure of the
ceramic (&=2100).
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Fig. 1. Dependence of the dielectric permittivity . of the materials on the
concentration of MgZrOs and calcination temperature
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Fig. 2. Dependence of the dielectric losses tan & of the materials on the
concentration of MgZrOs and calcination temperature

The graphical dependence between the dielectric losses of
the system composition and calcination temperature is given
on fig.2. It is seen on it that the losses follow the pattern of the
dielectric permittivity.It is known that MgZrOs has low dielectric
losses. That is why the system (1-x)Bao.7Sro3TiO3.x MgZrOs
would have decreasingly losses having increased the MgZrOs
concentration. The increased dielectric losses having

increased the temperature of calcination probably due to the
structure defects caused by the high temperature calcination
(Tca=1400°C). Similar dependence is discussed by Jlin and
Wu, 1990. The increasing of the ceramic conductivity is also
confirmed by fig.3. It shows the dependence between the
specific volume resistivity at the temperature of calcination and
the system composition (x). It is seen on the figure that pv
depends at the same extent on Tca and on the composition of
the studied system. Having compared fig. 2 and 3 it is seen
that the dielectric losses are mostly losses of conductivity. The
temperature dependence between the relative dielectric
permittivity and the system composition at Tca=1400°C is
presented on fig. 4. It follows form the figure that increasing the
"x" value the maximum of the Curie temperature gradually
decreases and it seems that the depressor character of
MgZrOs is observed. It leads to improving the temperature
stability of the capacitors.

10,0
10

—&— 1300°C
—e&— 1350°C
—A— 1400°C

v
= = =
o,0,0
o
T T

Resistivity p. ,Q cm
(2]
(63)

W=y
o

ool A/

10

0,30 0,35

Composition x, mol

55 1 1 1
10 0,15 0,20 0,25

Fig. 3. Dependence of the resistivity p, of materials on the concentration
of MgZrO; and calcination temperature
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Fig. 4. Dependence of the dielectric permittivity &: on the concentration of

the MgZrOs calcinated at a temperature of 1400°C; 1) x=0.15 mol; 2)
x=0.20 mol; 3) x=0.25 mol; 4) x=0.30 mol; 5) x=0.35 mol
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The substitution of BaTiOs with SrTiOs lead to the Curie
temperature to the lower values. Similar dependence is
discussed by Parvanova 2003. For x=0.35 mol the relative
dielectric permittivity is constant with the temperature change
i.e. temperature coefficient of dielectric permittivity TKer—0.
The composition x=0.30 mol in the range of 20-80°C has
TKer=5200.10-6°C.

The system 0.65Bao7Sro3Ti03.0.35MgZrOs obtained at
Tca=1400°C is suitable for the production of thermal stability
capacitors with low dielectric losses. The system in the
temperature range 20-120°C has &=1050, TKe—0 and very
good dielectric losses tan5=42.104.

Conclusion

The system (1-x)Bao.7SrosTiOs.x MgZrOs where x=0.15; 0.20;
0.25; 0.30; 0.35 mol at calcination temperature T=1300; 1350;
1400°C for 4 hours was synthesized.

The most important electric characteristics relative dielectric
permittivity (er), dielectric losses (tan &) and specific volume
resistivity (pv) were studied.

The system 0.7BaorSro.3TiO3.035MgZrOs has &=1050, low
dielectric losses tan3=42.104, in the temperature range 20-
120°C TKer—0, and pyv=108 Q3 cm. Those values make it
suitable for production of thermal stability capacitors as well as
capacitors with low dielectric losses working at high
frequencies.
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