Effects of a BO3 additive on the sintering properties of \@/€ramics
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Abstract

WO;3; ceramics were sintered at various temperaturds aviBO; additive, and W@

sintering was observed at temperatures above #iett@atment temperature of 900 °C.

For the WQ ceramic with BOs; (heat-treated for 20 h), a dense microstructuté& wi

crystal facets was formed, while the numbers oépalecreased. The dielectric constant

of the sintered W@ceramic with BO3; additive was twice as large as that withop®B

KEYWORDS: A. ceramics, B. microstructure C. elentrmicroscopy, D. dielectric

properties



1. Introduction

Monoclinic tungsten trioxide (W%) has a high dielectric constant [1-4], thus YO

ceramic is a promising candidate compound for nseeramic capacitors. Previously,

we fabricated non-doped (W or phosphorus-doped ,{¥1,03) tungsten trioxide

ceramics and evaluated their dielectric propefbe$]. In these reports, Wi&eramics

were sintered at 1000 °C for 24 h. Figure 1 showsoas-sectional SEM image of a

sample heat-treated at these conditions. Thoughtsfjrain growth was observed for

this sample, several pores were also observed.

In order to improve sinterability, many sinterinddéives were tested in previous

investigations, including CuO [7], MgO [8], and®; [9]. Cu and Mg form a complex

oxide with WQ. Thus, in the present report, we examined thecesffef BO3; additive

on sintering W@ ceramics, and evaluated the electrical propexieshe resulting

samples.

2. Experimental procedure

The starting materials were WQNako Pure Chemical Industries, Ltd., Japan) and

B,O; (Wako Pure Chemical Industries, Ltd., Japan) posidéhese powders were

mixed with a BO3; content of 5 wt%. A binder solution of aqueous PNVAs added to



the mixture, which was then die-pressed at 15 MParoduce a pellet. The precursor

pellet was sintered at 850~950 °C for 2~20 h, ar@;\&dkramics were fabricated. For

comparison with previous investigations, a Y\illet was also sintered at 1000 °C for

24 h without BO3 addition.

The microstructure of the resulting specimens whseoved using scanning

electron microscopy (SEM, S-3200N; Hitachi Ltd.pda). The crystal structure of the

specimens was determined using X-ray diffractiorR[DX Miniflex; Rigaku Corp.,

Japan at room temperature with CuK Dielectric measurements were performed at

room temperature using an LCR meter (HP 4284A,; ld#vidackard Inc., USA).

3. Results and discussion

A WO3 and BO3; powder mixture was made into pellets by die-pregsand the

pellets were sintered at 850~950 °C for 2 h. Figupresents the cross-sectional SEM

images of the resulting specimens. Grain growthsanigring were not observed for the

specimen heat-treated at 850 °C, but were obseimedhe specimens heat-treated

above 900 °C. Inhomogeneous grain growth was obddr the specimen heat-treated

at 950 °C. These results suggested that the smisafiiering temperature of W®,03

pellets was 900 °C.



Thus, for further study, W£B,03; mixture pellets were sintered at 900 °C for

2~20 h, and Figure 3 shows cross-sectional SEM ésay the resulting specimens.

Increased sintering time resulted in grain growitthe WG; ceramic. For the specimen

heat-treated for 20 h, a dense microstructure wnyistal facets was observed and the

numbers of pores decreased. Thus, the ideal sigtame for WQ with B,O3; additive

at 900 °C was taken as 20 h.

Figure 4 illustrates XRD patterns for these WEO3 pellets and the source WO

powder. The XRD peaks for both specimens indicat@toclinic WQ, single phase

(JCPDS 72-1465), which suggests that the;Wid not react with the 5.

Dielectric constants were then measured for the€es-B§Os; ceramics. For

comparison, dielectric constants of the YW&ramic heat-treated at 1000 °C for 24 h

without B,O3; additive were also measured. Figure 5 presentdiéhectric properties of

both specimens. This measurement was carried oubcah temperature, and both

samples exhibited remarkably large dielectric camst because the temperature of the

sample (20 °C) was near the dielectric anomaly e¥atpre for non-doped WQ6].

Compared to the non-B; specimen, the specimen heat-treated witd;Bshowed

larger dielectric constants for all measured fregies. Additionally, from the SEM

images (Fig.1 and Fig. 4(c)), the specimen sintenga B,O; showed high sinterability



compared with the non-B3; specimen, which explains the increased dielectric

constants observed in the former. The dielectrss lwas comparable to the dielectric

constant for both samples, so th&©Badditive was assumed to affect the dielectric,loss

which affects electrical conductivity, in sinterdtD; ceramics.

4. Conclusion

WO;3; ceramics were sintered with a@ additive, with optimal results for samples

prepared at 900 °C for 20 h. Here, the Y\l not react to the 3 additive, and was

highly dense compared to its noa€l counterpart. Similarly, the dielectric constant of

the WQ-B,O3; ceramic was larger than that of the specimen withB,Os. In

conclusion, using 3 as an additive not only lowers the sintering terapee for WQ

but also improves the sinterability and electrpatformance of W@
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Figure captions

Fig. 1. An SEM image of the W{&eramic sintered at 1000 °C for 24 h.

Fig. 2. SEM images of the Wi@eramics with BO3; additives sintered at (a) 850 °C, (b)

900 °C and (c) 950 °C for 2 h.

Fig. 3. SEM images of the Wi@eramics with BO3; additives sintered at 900 °C for (a)

5h, (b) 10 h and (c) 20 h.

Fig. 4. XRD patterns for the Wi&eramics with BOz additives sintered (a) at 1000 °C

for 24 h and (b) 900 °C for 20 h.

Fig. 5. Dielectric constant and loss of the YWf@ramics sintered at (a) 1000 °C for 24 h

without B,O3 additive and (b) 900 °C for 20 h with@; additives sintered.



Fig.l1.
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An SEM image of the WO, ceramic
sintered at 1000 C for 24 h.



Fig. 2.
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SEM images of the WO, ceramics with B,O,
additivessintered at () 850° C, (b) 900° C
and (c) 950° Cfor 2h.



Fig. 3.
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SEM images of the WO, ceramics with B,O,
additives sintered at 900 ° C for (a) 5h, (b) 10
hand (c) 20 h.
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XRD patterns for the WO, ceramics with
B,O, additives sintered (&) at 1000 ° C for
24 hand (b) 900° C for 20 h.
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Dielectric constant and loss of the WO,
ceramics sintered at (a) 1000° Cfor 24 h
without B,O, additive and (b) 900° C for 20
h with B,O, additives.



