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ABSTRACT

The evolutions of phase, microstructure and dieleétric properties of
Ba(Mg;3Nb,;3)03-BaTiOs solid solutions were investigated. Two different processes
in mixed-oxide routes were carried out, those being direct mixing of all the oxides to
form xBa(Mg1,3Nby3)03-(1-x)BaTiOs, where 0 < x < 0.07 (called P1) and formation
of BaTiO; (BT) and Ba(Mg;sNby3)O; (BMN) performed prior to mixing the
appropriate ratios of BT and BMN to form xBa(Mg1;3Nb2/3)03-(1-x)BaTiO;, (called
P2). In both P1 and P2 processes, the coexistence of tetragonal and cubic phases was
found for low additions (0 < x < 0.04) while for high additions (x > 0.04) the
specimens showed the tetragonal-cubic phase transformation at room temperature.

When x = 0.07, P! sample transformed to rhombohedral phase at room temperature.
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The lattice parameter, ¢/a, and grain size decreased with increasing x. The grain
growth inhibition was significant at x = 0.04 due to the second phase acting as pinches
at grain boundary. Point analysis, EPMA, indicated that the second phase of Pl
sample was BagTi;7Os whereas those of P2 sample were the coexistence of
BagTi17049 and BagMgTi;;0z7. The slightly excess TiO: in the system segregated at
grain boundary promoted densification at 1350 °C. The impact of processing
conditibns on the ceramic dielectric properties were also investigated. The diffuse
phase transition could occur in both P1 and P2 samples depending on the additive
content {x > 0.02) and processing conditions. The maximum dielectric constant
obtained for P1 specimens was 40,000 (x = 0.02, T. ~98 °C) and for P2 specimens
was 13,300 (x = 0.05, T, ~ 18 °C). Overall, P1 ceramics exhibited higher dielectric
constant, better diffuse phase transition and dielectric constant-temperature
characteristic (possesses X7R characteristic for x = 0.04).

The effect of sintering aids, BiO3/Li;CO3; and PbO, on the phase
formation, microstructure and dielectric properties of cerami-cs in the (100-x)
[0.bZBa(Mg;;3Nb2/3)03-0.98BaTi03]- xBi;03/Li;CO; system, S1, and the (100-x-y)
[0.02Ba(Mg3Nb,2)03-0.98BaTiO;]- xBi,03/Li;CO; — yPbO system, S2, obtained by
P1 process has also been studied. Investigation of S1 ceramics revealed that the
coexistence of tetragonal and cubic phases diminished with increasing amount of
Bi,03/Li,CO; and became pseudocubic as thombohedral phase at x = 10. Moreover,
the secondary phase, identified as Ba,BisTisO1s, was found at grain boundary and for
higher sintering temperatures there appeared to be another secondary phase,
LiBasBiz0y1, segregated at intergranular region acting as an inhibitor of grain growth.

The grain size was significantly decreased from 5.54 pm of pure
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0.02Ba(Mg;3Nby3)03-0.98BaTiOsto around 1.2 pm. The & and T, also decreased
significantly compared to those of 0.02Ba(Mg;3Nb23)03-0.98BaTiOsdue to lattice
distortion and phase transformation. Specimens with optimum amount of additives
seemed to be those containing 3 wt% Bix03/LiaCO; which depicted the reasonably

high &, value of about 11,880! and low sintering temperature of 950 °C.

Unfortunately, the tand value of these specimens were slightly high of (~ &) due to
lattice distortion and chemically defect species of Bij, .V, , Liy, and ¥,,” which lead

to leakage conductivity.

The densification of S2 ceramics was found to begin at ~ 850°C indicating
that the sintering aids used could significantly reduce the sintering temperature of the
ceramics. However, the density was slightly decreased from 5.8 g/em® of pure
0.02Ba(Mg;3Nby;3)0;-0.98BaTiO: to 5.6 glem®.  The 0.02Ba(Mgi;sNby3)0s-
0.98BaTi0;-2.63Bi;03/L1,CO3-0.87PbO ceramic exhibited the tetragonal-cubic:‘phase
transformation and X-ray diffractometry confirmed the presence of secondary phases
ideptiﬁed as LiBasBi;041, BaBisTisOg and Ballig in S2 ceramics. Inhibition of grain
growth was observed and subsequently the average grain sizes of all specimens with
various flux contents were not larger than 6 pm but the grain size distribution was
quite homogeneous. In general, the &, values of the S2 ceramics were considerably
decreased except for the 0.02Ba(Mg;;3Nby;3)03-0.98BaTiOs-2.63Bi,05/Li,COs3-
0.87PbQ ceramic whose & was relatively high (>16,500) and invaried over the

temperature range around 100 °C to 225 C°.
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