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Abstract

Transparent disordered BMT ceramics were obtained by solid state reaction. Sn** ions were incorporated to make the B site of the perovskite
structure disordered. The stoichiometric powder mixture with and without Sn doping was calcinated at 1300 °C, respectively and they were both
characterized. After dry pressing, the pellets with Sn doping were sintered at 1600 °C in oxygen atmosphere for 4 h. The grain size of the
transparent ceramics is around 12 pm. No pores were detected in or among the grains. The inline transmittance of the material is 66% at 580 nm.

The refractive index is 2.09 at 1600 nm.
© 2010 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Ordered Ba(Mg;,3Ta,/3)O5 (abbreviated as BMT) was one of
the most important microwave dielectric materials [1] because
of its highest Q value and higher dielectric constant among
microwave materials. Recently disordered transparent BMT
ceramic was reported [2] to be an excellent optical material, but
no detail information is available.

BMT [3] is one of the order—disorder perovskite-type oxide
compounds like barium zinc tantalite (BZT). While pure
barium zinc niobate (BZN) [3] has a disordered perovskite
structure. When disordered, they have cubic unit cells with
ap = 0.4095 nm and Pm3m symmetry. The ordered compounds
adopt a trigonal symmetry owing to a rhombohedral distortion
along a [1 1 1] direction of the cubic cell (shown in Fig. 1).

Cubic phase is one of the basic requirements for making
transparent ceramics, such as MgAl,04 [4], Y,03 [5], YAG [6]
and so on. Though alumina ceramic can be fully densified now,
it is still translucent [7] due to its birefringence resulting from
the intrinsic hexagonal structure.
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Only if the optical axes of the hexagonal phase are oriented
to be parallel to each other, alumina will be transparency [8]. So
in order to produce transparent ceramic, it is better to obtain
disorder perovskite-type BMT.

To make BMT disordered or ordered completely is not an
easy task. The size and valency of B site ions [3] from
A(B'B")Oj5 are the main factors that determine the ordered or
disordered structure. If the difference between B’ and B” in size
and valency is small, it is disordered, like BZN (Zn** and Nb>*
seen in Table 1). In nature, the radius of some ions are similar,
like Ba**, Pb** and La®" for 12 coordination number, or Mg*",
Ta>*, Sn**, Nb°*, Zn®>* and Zr** for 6 coordination number
(shown in Table 1) [9]. These kinds of ions always substitute
each other to form isomorphism, like PLZT [10], BLZN [11].
PLZT [10] is another interesting pseudo-cubic phase per-
ovskite-type transparent ceramic. Pb®* ion has the similar size
of ion radium to La>* ion. When La®* ion is doped, PZT phase is
transformed from tetragonal to fake cubic phase. With the
increase of La* ion content, the optical birefringence of PLZT
transparent ceramic deceases correspondingly [12], and the
inline transmittance increases. In this paper we choose Sn** ion
with ion radium of 0.69 10%, which is just between the ion radium
of Mg?* and Ta*. The Sn** ion is used to reduce the difference
between Mg”* ion and Ta>* ion both in ion radium and valency.
Then disordered transparent BMT ceramics can be fabricated.
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Fig. 1. Lattice structure of the disordered (a) and ordered (b) BMT.

Table 1

Ton radium (A).

Coordination number (CN) Ba2* Pb** La** Mg** Ta>* Sn* Nb>* Zn%* 7t
VI 0.72 0.64 0.69 0.64 0.74 0.72
XII 1.61 1.49 1.36

2. Experiment procedure
2.1. Starting materials

Commercial barium carbonate and magnesium carbonate
powder (Tianjin Guangfu Fine Chemical Research Institute,
China, 99.99% purity), and a commercial tantalum oxide
(CongHua tantalum & Niobium Smeltery, China, 99.99%
purity) with a surface area of 6.61 m%g were used as the
starting materials. SnO, (Tianjin Guangfu Fine Chemical
Research Institute, China, 99.99% purity) was added as
sintering additive and one of the components.

2.2. Production processing

The starting powders with the stoichiometric ratio of BMT
and some SnO, (10 at% of B site) were first ball-milled in a
polyethylene bottle with zirconia balls in alcohol for 48 h. Then
the alcohol was removed by drying the milled slurry at 80 °C
for 24 h in an oven. The dried powder mixture was ground and
sieved through 200 mesh screen. Then the powder mixture was
calcinated at 800, 1000, 1100, 1200 and 1300 °C in flowing
oxygen for 4 h. The calcinated powders were dry pressed into
¢20 mm pellets in a steel mold and then cold isostatically
pressed at 250 MPa. The pellets were then sintered at 1600 °C
in oxygen atmosphere for 4 h. The sintered samples were
ground and polished to transparent pellets. The polished surface
was thermal etched at 1500 °C in oxygen atmosphere for 2 h.

2.3. Characterization

Differential thermal analysis (TG/DTA) of the mixture
powder was conducted using a TG/DTA analyzer (Netzsch,

Germany). The calcinated powders were analyzed by X-ray
diffraction (Model D/MAX-2550 V, Rigaku, Japan), and the
microstructures were observed by transmission electron
microscope (JEM-200CX, JEOL, Tokyo, Japan). BET was
used to obtain the specific surface area of calcinated
powders. Surface and fracture surface microstructures of
the specimens were observed by EPMA (Model JXA-8100,
JEOL, Japan), while mirror-polished surface was thermal
etched at 1500 °C for 2 h in alumina crucible. The grain sizes
were measured by the linear-intercept method and calculated
from G = 1.5L, where G is the average grain size and L is the
average intercept length. Mirror-polished samples on both
surfaces were used to measure the optical transmittance
(Model U-2800 Spectrophotometer, Hitachi, Japan). Spectro-
scopic phase modulated ellipsometry (UVISEE/460VISA-
GAS, JOBIN YVON) was used to detect the refractive
indices of transparent ceramics.

3. Results and discussion

TG/DTA curves (Fig. 2) of the mixture powder show three
endothermic peaks up to 1200 °C, with a total weight loss of
15.6%. This weight loss is very close to that of the theoretical
calculation (15.46%) of the mixture powder with a composition
of [BaCOj3] 0.1[SnO,] 0.3[MgCOs] 0.3[TayOs]. The first
endothermic peak, located at about 412 °C, is caused by the
decomposition of MgCOj3;, meanwhile the mass loss is 4.4%,
similar to the theoretical value. The second endothermic peak is
located at about 828 °C. It is caused by the decomposition of
BaCOj; and by the formation of BMT and other phases [13]. The
BMT phase can be detected on the XRD curves in Fig. 3, when
the temperature is higher than 800 °C. The third endothermic
peak [14] in Fig. 2, at about 1090 °C, may be caused by the
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Fig. 2. TG/DTA curves of the mixture powder (10 °C/min).

transformation from satellite phases (like BayTa;Oo¢ and
BasTas045) to BMT phase.

The XRD results (Fig. 3) reveal that the crystallization of the
mixture powder started between 800 and 1000 °C, at which
point the Ba;Ta,Oy, BasTa,O,5 and BMT phases were
presented [15], corresponding to the TG/TDA observation.
When calcined at 1200 °C, it resulted in an almost-complete
phase conversion to BMT, and only a very small amount of
satellite phase remained. The powder mixture was completely
transformed to BMT at 1300 °C.

It is difficult to obtain pure ordered perovskite-type or
disordered type. Most frequently, it is in the intermediate of the
disorder-order type [3]. Many works have been done to make an
ordered structure [15-17]. Fig. 4 shows the XRD spectra of
BMT with and without Sn doping. The XRD results of BMT
with Sn show cubic (or pseudo-cubic) phase with the space
group as Pm3m (JCPDS No. 65-3240). And BMT without Sn
show some kind of hexagonal phase (JCPDS No. 29-0203).
When Sn is added, the order—disorder perovskite-type of BMT
will tend to be disordered. In Fig. 1(b), the lattice structure of
BMT is ordered. When Sn with similar properties like Ta>* and
Mg** is added Fig. 4(a), the lattice structure transformed to be
disordered. For ordered sample, it is hexagonal phase. Much
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Fig. 3. XRD spectra of the powders calcined at different temperatures.
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Fig. 4. XRD spectra of BMT powder with and without Sn doping.

weak peaks will appear on the XRD curves compared to that of
the disordered pseudo-cubic phase. This is due to the lattice
distortion, which makes some coincident crystal planes
differed. Planes (1 10), (101) and (01 1) of pseudo-cubic
phase BMT are coincide (only (1 1 0) peak) on the XRD curves,
but they show (1 1 0) and (1 0 1) peaks when it transforms to
hexagonal phase. S parameter [18] is used to evaluate the cation
ordering:

(T100/1110) gbs
(1100/1110)ga

where the theoretical value of completely ordered structure
(I1 9 o/l1 1 0) 1s 8.14%, the less value S is, the more disordered
the samples will be. In Fig. 4, the S value of BMT with Sn is
0.30, the S value without Sn is 0.76, which means that the
addition of Sn can lead to a more disordered structure.

The TEM photograph of the as-synthesised Sn doped BMT
powder after calcinations at 1300 °C for 4 h is shown in Fig. 5.
The crystalline size is about 40 nm. BET results show that the

Fig. 5. TEM photographs of the mixture powder after calcinations at 1300 °C
for 4 h.
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Fig. 6. The EPMA photograph of the fracture surface of Sn doped BMT
ceramic after sintering at 1600 °C in oxygen atmosphere for 4 h.

specific surface area of the powder is 2.5 m2/g. The Dggr
(powder size calculated by specific surface) is estimated to be
about 330 nm, which provide enough energy for sintering. The
difference between the crystalline size and Dyt was caused by
the particle consolidation.

Fig. 6 shows the EPMA microstructure of the fracture
surface of Sn doped BMT ceramic after sintering at 1600 °C for
4 h. Some place of the fracture surface is smooth and some is
rough. That means the fracture mode of this material is a
combination of both transgranular and intergranular facture. No
pores can be detected in or among the grains.

After sintered and thermal etched, the micrograph of the
mirror-polished surfaces of the Sn doped BMT transparent
ceramics is shown in Fig. 7. No abnormal grain growth was
founed. The grain size is about 12 + 4 um. There are two
phases on the micrograph. According to the results of EDS, the
light color phase contains 12 at% of B site (see in Table 1) Sn
doped BMT material (spectrum 1), while Ta and Mg contains
61 and 27 at%, respectively, by EDX detecting. The deep color
phase is mainly composed of Ba, Al and O (spectrum 2), the
ratio of Ba and Al is 1:2. It is proposed that the deep phase is
mainly BaAl,O4 based on BaO-Al,O5 phase diagram [19]. It
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Fig. 8. Sn element distribution spectra in more than 10 grains by element line
scan.

was developed during the thermal etching because alumina
crucible might react with the sample. Fig. 8 shows the Sn
element distribution between more than 10 grains. It is detected
that Sn element was equally distributed both in grains and grain
boundaries. The zigzag curve in Fig. 8 is mainly caused by the
machine error.

Fig. 9 shows in-line transmittance (I//I;) of the Sn doped
BMT transparent ceramics after sintering at 1600 °C in oxygen
atmosphere for 4 h. The sample was 0.5 mm thick. And the
transmittance at 600 nm was 66%. While the BMT pellets
without Sn doping just show translucent after the same
operations. And pellets with Sn but sintered at air atmosphere
are just translucent, also. This is because nitrogen and other gas
cannot dissolve in the oxide freely like oxygen during the
sintering progress. The pores cannot be eliminated clearly if it
is sintered in air. And MgO and SnO would evaporate at high
temperature if the oxygen partial pressure is not high enough.
That would cause the appearance of vancancies which act as the
scattering centers and lead to the decrease of the inline
transmittance. The existence of pores and its partially ordered
property would be the two main reasons to affect the
transparency.
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Fig. 7. The EPMA photograph and EDS analysis of the polished surface of Sn doped BMT ceramic after sintering at 1600 °C in oxygen atmosphere for 4 h and

thermal etching.
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Fig. 9. Optical inline transmittance spectra of Sn doped BMT transparent
ceramic at a thickness of 0.5 mm.
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Fig. 10. The refractive indices of the Sn doped BMT ceramic.

Fig. 10 shows the refractive indices of the Sn doped BMT
ceramic at different wavelength. Since Ta has a big atomic
weight, the material has high refractive index, 2.09 at 1600 nm.
The refractive indices increase with the increasing of the
wavelength, which is very interesting.

4. Conclusions

(1) Perovskite-type BMT ceramic can be transparent if it shows
disordered pseudo-cubic phase.

(2) Sn** ion can substitute Mg?* and Ta>* in B site, and make
the perovskite-type disordered.

(3) Sn doped BMT transparent ceramic is obtained after
sintering in oxygen atmosphere at 1600 °C for 4 h, while
the BMT ceramic without Sn doping is only translucent
after all the same operations.
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