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A complex-composition ceramic condenser material based on barium titanate and a
ceramic resonator material based on barium-neodymium titanate are obtained and investi-
gated. Developed are glass technological additions which introduction into the raw mate-
rial lowers the ceramics sintering temperature by 200-250°C, increases the density and
diminishes the porosity of the ceramics samples, their electrophysical parameters remain-

ing unchanged.

ITonyyen m mcciaemoBaH KepaMUUYeCKUI KOHAEHCATOPHBIN MaTepuaJs CJIOMKHOTO COCTaBa Ha
OCHOBEe THUTaHATa 06apusa M KepaMHUUeCKHI pPe30OHATOPHBIN MaTepuasJ Ha OCHOBE THUTaHATa
bapus-Heoguma. PaspaboTaHbl CTEKJIOBUAHBIE TeXHOJOTHUECKNE NO00ABKU, BBeJIEHNE KOTOPBIX
B IIUXTY CHHUJKAET TeMIlepaTypy chnekanumsa kKepamuku Ha 200-250°C, yBenuuumBaeT IIJIOT-
HOCTb WM yMEHBIIIaeT IIOPUCTOCTh KepaMHUEeCKUX 00pasIoB 0e3 yXyAIIeHUsS UX 3JIeKTPohusu-

YEeCKHUX ITapaMeTpOB.

As a rule, condenser ceramics with high
values of permittivity is obtained on the
base of barium titanate which belongs to
class 2 according to the temperature coeffi-
cient of capacitance (TCC).

However, many technical applications
call for materials with higher temperature
stability, i.e. TCC class 1 compounds.
Among the latter, there should be men-
tioned the materials based on complex rare-
earth titanates which perovskite-like struc-
ture is stabilized by rare-earth metal ions,
e.g. barium-neodymium titanate
BaNd,TigO44 [1].

The main difficulty at the obtaining of
ceramic condenser materials on the base of
barium titanate and barium-neodymium ti-
tanate is a high sintering temperature
(1350°C and more). At the same time, avail-
able in the literature are the data on the
possibility to lower the sintering tempera-
ture by introducing fusible technological
additions, which form liquid phase on the
grain surface [2—4].

The goal of the present work is to inves-
tigate the technological conditions of the
obtaining of ceramic condenser materials on
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the base of barium and barium-neodymium
titanate with low sintering temperatures.

The technological procedures providing
an essential decrease of the sintering tem-
perature were worked out on barium-neo-
dymium titanate (BNT) and the industrial
composition consisting of barium titanate
(BT) 89 mass % with the additions of cal-
cium, zirconium, neodymium, niobium,
zine, yttrium oxides.

The samples to be investigated were ob-
tained using the conventional ceramic tech-
nique by solid-phase synthesis of the mix-
tures of metal oxides and carbonates taken
in stoichiometric proportion.

The conditions of synthesis and sintering
were chosen from the results of thermo-
gravimetric, dilatometric and X-ray investi-
gations. Differential thermal analysis was
realized on MOM OD-103 derivatograph in
the temperature range from 20°C to 1300°C
at 5-10°C/min heating rates. Dilatometric
measurements were carried out on NETZCH
402 ED dilatometer at the same tempera-
tures and heating rates. X-ray investiga-
tions were realized on D-500 SIEMENS dif-
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Fig. 1. Dilatometric curves for BT-based ma-
terials synthesized at 1300°C. Additions: 1 —
without, 2 — LiF and B,03, 3 — SiO, and

B,O,, 4 — GA-1, 5 — GA-2.

fractometer in filtered Cu K, radiation. The
samples’ microstructure was studied using
the microscope ISM-820 with microanalysis
means.

The sintering temperature was chosen
from the results of dilatometric investiga-
tion, the quality of the sintered samples
was controlled by X-ray method and com-
pared with the results of density and poros-
ity measurements. The samples were sin-
tered in modernized furnaces, the tempera-
ture being maintained to an accuracy of
+2°C.

The values of open porosity and density
were measured by the method of hydrostatic
weighing.

To determine dielectric properties, the
ceramic disks were coated with electrodes
by firing silver paste on their surface at
700°C.

Synthesis of BT- and BNT-based ceramic
materials was carried out in the tempera-
ture range from 950 to 1300°C and from
1300 to 1330°C, respectively. According to
the data of X-ray phase analysis, for BT the
system of X-ray patterns which corresponds
to the perovskite-like crystal structure of
barium titanate is observed only after syn-
thesis at 1300°C. The optimum tempera-
ture for the synthesis of BNT material
(with a content of the main substance not
smaller than 96 %) is 1330°C.

To determine the optimum sintering tem-
perature, dilatometric shrinkage curves
were obtained for BT material synthesized
at 1300°C (Fig. 1, curve 1) and for BNT
material synthesized at 1330°C (Fig. 2,
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Fig. 2. Dilatometric curves for BNT materials
synthesized at 1330°C. Additions: I — with-
out, 2 — GA-1, 3 — GA-2, 4 — GA-3.

curve 1). As seen from these figures, with-
out using technological additions BT- and
BNT-based ceramic samples can be sintered
at a temperature not lower than 1300°C and
1350°C, respectively.

To decrease the sintering temperature of
the ceramic samples, we tested different
technological additions. In particular, com-
plex additions containing LiF, SiO, and
B,O3; were introduced into synthesized BT
material. The dilatometric curves are shown
in Fig. 1 (curves 2,3). As is seen, these ad-
ditions allow to lower the sintering tem-
perature down to 1100-1150°C. At the next
stage of our investigation the technological
additions decreasing the sintering tempera-
ture were introduced in the form of spe-
cially prepared glasses on the base of LiF,
Zn0, Bi,03, B,0O,.

Presented in Fig. 1 (curve 4) is the dila-
tometric curve obtained while introducing
the glass addition LiF-B,05;-Bi,O5 (GA-1)
into synthesized BT material. As seen from
this dependence, the process of sintering
takes place at 1000°C, the degree of sinter-
ing shrinkage reaches 12 %, the density of
the ceramic samples at the said temperature
runs into 97 % of the theoretical value. In
the case when the same glass addition is
introduced into synthesized BNT material
(Fig. 2, curve 2), the ceramic sample is sin-
tered at a temperature higher than 1100°C,
the degree of shrinkage being 10 %.

Shown in Fig. 1 (curve 5) and Fig. 2
(curve 3) are the dilatometric curves ob-
tained for BT and BNT materials containing
the glass addition B,03-Bi,O3-Zn0O (GA-2)
conventionally used in ceramic condensers
based on barium titanate for lowering the
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Fig. 3. Temperature dependences of relative
permittivity for the industrial BT-based ma-
terial (curve 1) and for BT ceramics with low
sintering temperature (curve 2).

sintering temperature. The presented de-
pendences show that for BT ceramics such
an addition also allows to decrease the sin-
tering temperature down to 1000°C,
whereas for BNT this temperature cannot
be lower than 1100-1150°C.

On the base of the above-mentioned ox-
ides we synthesized a glass addition con-
taining alkali earth elements (GA-3). Its in-
troduction into BNT (Fig. 2, curve 4) al-
lowed to obtain a ceramic material sintered
at 1050°C. Its degree of sintering shrinkage
is 12 %, the density is maximal (95 % of
the theoretical value), the porosity being
minimal.

Microstructure investigations show that
the introduction of glass additions favors
the formation of needle-like grains of BNT

ceramics and diminution of their size,
whereas BT ceramics shows a closely packed
structure without visible pores.

Presented in Fig. 3 are relative changes
in permittivity for one of the capacitor ma-
terials we have developed on the base of BT
with a low sintering temperature (curve 2).
For comparison, similar data are shown for
industrial BT-based material (curve 1). As
is seen, the developed material has better
temperature characteristics.

The permittivity of the developed ce-
ramic material based on BNT with a low
sintering temperature is equal to 150 (MPO
group of the &€ temperature coefficient).

Obtained is a complex-composition con-
denser material based on BT and a resona-
tor ceramic material based on BNT. The in-
troduction of glass additions into sintered
BT and BNT materials leads to improve-
ment of their producibility, in particular, to
an essential decrease of the sintering tem-
perature, widening of the temperature in-
terval of sintering, increase of the density
and diminution of the porosity of the ce-
ramic samples.
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KonneHcaTopHa Ta pe3oHATOPHA KepaMika
3 HU3BKOI0 TEeMIIEepPATypOI0 CHiKaHHA

0.0.Boék, T.I'.Jeinexa, BM.Iwyx, II.B.Mameiliwenro

Opmep:xaHO Ta AOCJIimKeHO KepaMiuHMU MaTepiaJ Ha OCHOBI TuTaHaTy Oapiio Ta Kepamiu-
HUU pe30HATOPHUII MaTepiaJ Ha OCHOBI TuraHary Oapiilo-Heomumy. Po3po6JyieHO CKJIOBUIHI
TEeXHOJIOTiYHi AOMIIIKM, JOJaBaHHSA AKMUX Yy IINUXTY SHUKYE TeMIepaTypy CIiKaHHA Kepami-
ku Ha 200-250°C, 30iablIye I'yCTUHY Ta IOPHCTICTh KepaMiuyHMX 3pasKiB 0e3 MOTipIneHHS iX

eJIeKTpo(i3MUYHUX ITapaMeTpiB.
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