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The  crystallization  and  the  resultant  dielectric ~ properties  for  the
(Ca,S1,Ba)O-AL0O5-S10,-Ta,0; glass systems were examined to develop new glass-ceramics as
dielectrics. The samples, which containing Ta,O; in the range of 0-17.1 mol%, were prepared by
conventional melt-quench method. Obtained glasses were milled under 44um in size, pelleted
into disks and sintered at 1000°C for 2hr in air atmosphere. The rod-like particles of a few Wm in
length, micro particles of about 0.1-0.5Um in size and needle-like particles of about 0.5 in length
were precipitated in the sintered samples and the number of the micro particles increased and of
the rod like particles decreased with increasing Ta,O; content. The major precipitated phases
were identified as BaALSi,Oss.s., CaTa,Os.s.and StrTa,O,;s.s. by XRD method. The amount of
CaTa,Ogs.s. and SrTa,O,;s.s. phases precipitated in the sintered samples were increased with
increasing Ta,0O; content, and also the dielectric constant increased from 7 to 17, and the TCD
changed from +100ppm/°C to -150ppm/°C.

Introduction

The dielectric properties of glass-ceramics can be controlled by the composition of
precipitated crystalline phases. The relationships between precipitated phases and dielectric
properties on glass-ceramics were already reported in previous papers and the most of
precipitated phases reported in those papers were titanate crystals (1-5). It is expected as new
dielectrics, if the dielectric properties of glass ceramics are controllable by the composition of
precipitated phases except titanate. Therefore, the crystallization and the resultant dielectric
properties for the (Ca,Sr,Ba)O-Al,0;-Si0,-Ta,O; glass systems were examined to develop new
glass-ceramics as dielectrics.

Experimental procedure
Preparation of Samples
The samples having chemical composition of 0.4(Ca,,,S1,5,Ba,;)O + 0.1ALO; + 0.5810,+xTa,O;4
as shown in Table 1 were examined. The x-value, Ta,O; content, was changed in the range of 0 —
17.1 mol%

Table 1 Chemical compositions for the samples TO-T17.

. melting
mol ratio
temperatur
CaO SrO BaO Al,O; SiO, Ta,Os e

TO 7.3 20.0 113 9.4 52.0 0.0 1600
T1 7.3 20.0 113 94 52.0 1.0 1600
T2 7.3 200 113 94 52.0 2.0 1600
T3 7.3 20.0 11.3 9.4 52.0 3.0 1600
T4 7.3 200 113 9.4 52.0 3.9 1600
T5 7.3 200 113 94 520 49 1600
T6 7.3 200 113 9.4 52.0 59 1600
T7 7.3 200 113 94 52.0 6.8 1600
T9 7.3 200 113 9.4 52.0 8.6 1650
Ti1 7.3 20.0 113 94 520 114 1650
T17 7.3 20.0 11.3 94 520 17.1 1650

(here after TO—T17). Raw materials mixture was melted in an alumina crucible at 1600°C or
1650°C and the melt was cast on an iron plate. Clear glass was obtained for the sample TO-T11
and partially crystallization occurred for T17. Obtained glass samples were milled under 44 um in



size. Those glass powders were pelletted into disks (10 mm in diameter and 1 mm in thickness)
and these specimens were sintered at 1000°C for 2 hr in air atmosphere. Heating and cooling rate
of sintering process were 5°C/min. The fractured sutrface of sintered specimen was chemically
etched with 0.5 vol% HF solution for observation of microstructures.

Characterization of samples

Glass transition temperatures (Tg), temperatures at the onset of crystallization exo-therm (Tc)
and melting temperature (Tm) of the glass samples were examined with Differential Scanning
Calorimeter (DSC: Seiko Ins. Inc., DSC320) at the heating rate of 200°C/min. Precipitated
crystalline phases in the sintered samples were examined with X-ray diffraction meter (XRD:
Rigaku, RINT2500) and microstructures of sintered samples were observed with scanning
electron microscope (SEM: Hitachi, S-4000). Dielectric properties of sintered samples were
measured using Ag electrode and LCR meter (HP, 4284A) at temperatures ranging from -55°C to
+125°C.

Results and discussion

Crystallization temperature and precipitated phases

The glass transition temperature (Tg) increased form 759°C to 838°C with increasing x value,
while crystallization temperature increased from 1010°C (T0) to 1087°C (T6) then decreased to
1026°C (T'17) as shown in Fig. 1.
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Fig 1 . Tgand Tep of sintered samples depending
on 'I‘a2(')5 content.

W:Tg @: Tcpl, O: Tep2.



:; F T .J; 2,

E‘ 1 T3
.% lJJLM_MJ\_n_ILM_.nIiM.
- i W T M Jtﬁ

-

\_._A..IL

T9

T11

[} = @ n T13
20 30 40 50 60

20/°

Fig.2. XRD patterns of the samples sintered at 1000°C.
O:h-AS, @:m-AS,[1:CT2, WM:ST4, V:SrTiO;

XRD patterns for the sintered samples TO-T17 were shown in Fig. 2. BaAlSi,O4 phase
precipitated in the whole samples as major phase and CaTa,O, phase and StTa,O,, phase
precipitated in the sample T3-T17 and peak intensity of diffraction of CaTa,O and SrTa,O,,
increased with increasing x value. However, there are differences between observed data and
those of JCPDS cards for BaAlSi,Og, CaTa,O, and SrTa,O,, phases. Those differences probably
shows that Ca and Sr substituted for a part of Ba in BaAlLSi,Oy phase, Sr and Ba substituted for a
part of Ca in CaTa,O, phase and Ca and Ba substituted for a part of SrTa,O,,phase. These facts
means that these precipitated phases were solid-solutions such as (Ca,Sr,Ba)AlLSi, Oy (hare after
AS), (Ca,Sr,Ba)Ta,O (hare after CT2) and (Ca,Sr,Ba)Ta,0O,, (hare after ST4).

Microstructure of sintered samples

The SEM micro-photographs for the chemically etched fracture surfaces of sintered samples TO,
T6 and T11 are shown in Fig. 3.




Fig.3. SEM photographs of the fractured and
chemically-etched samples.

For the sample T17 no sintering was occurred, because for this composition glass phase was not
obtained in this study. Larger number of rod-like particles of about 2-4um in length and about
0.5um in width and particles of about a few [im in size were observed for the samples T0. Those
particles are regarded as AS because AS phase which having the hexagonal or monoclinic
structure precipitated in the sample TO as major phase and hexagonal BaALSi,O4 phase grow
having flake shape (6). Needle-like particles of about 0.5Um in length with dendritic arrangement,
smaller particles of about 0.2-0.5um in size and few number of rod-like particles of about 2ium in
length and about 0.2um in width were observed for the sample T6. Larger number of micro
particles of less than 0.1Uum in size with spherically agglomerated was observed for the sample
T11. The number of the micro particles increased and of the rod-like particles decreased with
increasing Ta,O; content.

Dielectric properties

The dielectric constant and TCD of the sintered samples are shown in Fig. 4.

The dielectric constant slightly increased from 7.6 to 16.9 and TCD changed from 86 to
-147ppm/°C with increase x value. However, small deviation between the expected line and
observed value of the dielectric constant at the sample T17 was observed. This deviation was
owing to non-dense microstructure of sample having large amount of pores. Furthermore, the
deviation of TCD at the samples T1 and T2 were owing to the precipitated phase changed from
hexagonal-(Ca,Sr,Ba)AlSi,O4 (h-AS) phase to monoclinic-(Ca,Sr,Ba)ALSi,O4 (m-AS) phase. The
relationship between the dielectric properties of samples and the diffraction peak area of 32.5°
corresponding to CT2 and ST4 was shown in Fig. 5.
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Fig. 4. Dielectric constant and TCD of the samples Fig. 3. Dielectric constant and TCD versus diffraction
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The observed linear relationships were probably shows that the dielectric properties of the
crystallized samples depend on the volume of precipitated CT2 and ST4 phases in the samples.

Conclusion

The crystallization of sample glasses and dielectric properties of those crystallized samples
having chemical composition of (Ca,Sr,Ba)O-Al,0;-SiO,+xTa,0; were studied. The linear
relationships between the dielectric properties of crystallized samples and the diffraction peak
area of precipitated CT2 and ST4 phases in the samples were observed. From the mentioned
above, the dielectric properties of sample in which CT2 and ST4 phase precipitated is able to
control of the volume of those phases which depend on Ta,O; content of the samples. The
crystallized glass-ceramics precipitated CT2 and ST4 phases having comparatively high dielectric
constant and controllable TCD value in wide range were able to expect as the new dielectrics.
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