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Preparation method for large amount of negative thermal expansion oxide, ZrW;Og, with
high purity has been developed. From TG-DTA data of ZrO, and WO3 mixture, it was revealed
that heat-treatment at 1200 C and successive rapid quenching to room temperature is necessary
for preparation of ZrW,Os by solid state reaction of ZrO, and WOs;. Employing Pt crucible
covered with Pt plate, large ZrW>Og ceramic with high density could be synthesized although
press process using mold was not employed. Using quenching process of melt prepared with
heating ZrW,0s powder above melting point determined by TG-DTA measurement, the specimen
with high density and negative thermal expansion could be prepared. The specimen was composed
of ZrW,0Og grains with 10 ~25 um diameter and ZrO, or WO3 ones with ~1 um diameter, to
which smaller negative thermal expansion of the specimen than that of ZrW»Os ceramic could
be ascribed. Materials with tailored thermal expansion coefficient have been prepared by intentional
hybridization at optimum ratio of ZrO> and ZrW;0Os with cosintering. Using Al;O3 as sintering
aid, density of the cosintered specimen increased due to generation of liquid phase of Al,(WO4);
during sintering.
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Fig.1 DTA curves of ZrO, and WO3 powdery mixture

with molar ratio of 1/2. Solid and dashed curves
represent measurement with heating rate of 10 K

min ! and cooling rate of 5 Kmin ~!, respectively.
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Fig.2 Weight variation of mixture of ZrO, and WO3
by time at 1200C. The measurements were
carried out with (a) sample exposed to air and

(b) sample sealed in Pt cell.
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Fig.3 Appearance of ZrW:Ogs specimen

prepared by using press-free process.
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Fig.4 X-ray diffraction pattern of the specimen depicted
in Fig.3. All peaks are indexed as cubic symmetry,

indicating ZrW,Og single phase.
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Fig.5 TG-DTA curves of ZrW>0Og measured under static

air at heating rate of 10°C min-—'.
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Fig.6 Appearance of the specimen prepared by rapid
quenching of ZrW,;0g melt. Sintered body of

ZrW»,0s is also shown for comparison.
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Fig.7 (a) Thermal expansion behavior of the specimen
as-prepared from ZrW,Og melt. Solid and dashed
curves represent results obtained in heating and
cooling, respectively. (b) Result of dilatometry
succeeding to measurement depicted in (a). Solid
and dashed curves represent results obtained in

heating and cooling, respectively.
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Fig.8 Thermal expansion behavior of the specimen

prepared by melt quenching method followed by

annealing at 200 C for 6 h in air. (solid curve)

Thermal expansion of sintered ZrW,Og is

represented by dashed curve for comparison.
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Fig.9 SEM image of polished fracture surface of the
specimen prepared by rapid quenching of ZrW,0g
melt followed by annealing at 200 C for 6 h in
air. Two kinds of grains, one with 10 ~15 um
and the other ~1 wm at boundary of former grain,

were observed.
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Fig.10 Phase diagram of ZrO,-WO3 system proposed by
Chang et al.'» Arrows represent process for

the melt quenching method.
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Fig.11 Thermal expansion behavior of ZrO,/ZrW,0g

hybridized specimen. The weight ratio of
Zr0,/ZrW,0y is 2/1. Thermal expansions of ZrO,

and ZrW;,0g are shown for comparison.
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Fig.12 SEM image of the hybridized sample depicted
in Fig.11.
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Fig.13 TG-DTA curves of the mixture of Al,O3; and
WOs. The ratio of AI/W is 2/3. DTA peak and
TG anomaly was observed at 1200 C.
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Fig.14 SEM image of the ZrO,/ZrW,0s cosintered
specimen with addition of trace amount of Al,O3.
Larger grains and fewer pores than those of
specimen without addition of AlO3; were

observed.
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Fig.15 (a) Thermal expansion behaviors of ZrO,/ZrW,0g cosintered specimens prepared with trace amount of Al,O3

addition. ZrO,/ZrW;,0Og ratios are shown as parameters. (b) Variation of thermal expansion coefficients of the

composites on ZrO»/(ZrO, +ZrW,0g3) ratios.
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