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Thermal Conductivities of SUS304/PSZ Composite Materials
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Synopsis :

Key words :

The effective thermal conductivity and thermal anisotropy of SUS304/PSZ composite materials produced by three
different sample preparation processes have been systematically determined by the laser-flash method in the tempera-
ture range from room temperature to 1280K. The results obtained are summarized as follows. 1) The thermal
conductivity of SUS304/PSZ composite materials increases with increasing the volume fraction of SUS304. 2)
Temperature dependence of thermal conductivity of SUS304/PSZ composite materials also changes with increasing the
volume fraction of SUS304. This is attributed to the thermal properties of the components of SUS304(positive) and PSZ
(slightly negative). 3) Samples having small fractions of pore show higher thermal conductivity values. 4) The thermal
anisotropy is not observed in the samples prepared by sintering at atmospheric pressure. On the other hand, the thermal
anisotropy is clearly found in the samples prepared by sintering at 20 MPa. This would be attributed to the preferential
orientation of PSZ particles in the direction perpendicular to the direction of applied pressure. 5) Estimation for thermal
conductivity values has also been made using the equivalent inclusion method in the composition range with relatively
low concentration of dispersed phase, because it is difficult to apply this method to the sample where direct contact
between dispersed phases is realized. Fair agreement between the estimated and experimental values was found.

thermal conductivity ; partially stabilized zirconia; SUS304 ; effective thermal conductivity ; composite materials ;

conductive heat transfer ; laser flash method ; thermal anisotropy ; equivalent inclusion method.
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Table 1. Volume fractions of constituent phases
for samples of Types A and B.

A (SUS304-3um/PSZ-0.07 )
Phase Volume fraction (%)
SUS304/(SUS304+PSZ) | 0 20 40 60 80

100

SUS304 0.0 198 39.0 582 758 93.8
PSZ 84.5 79.3 585 38.8 19.0 0.0
Pore [185 09 25 3.0 52 6.2
B (SUS304-34m/PSZ-0.18um)

Phase Volume fraction (%)

§US304/(SUS304+PSZ) 0 20 40 60 80 100
SUS304 0.0 19.7 383 559 727 93.0
PSZ 94.7 788 574 37.3 182 0.0
Pore 53 15 43 68 91 7.0

Table 2. Volume fractions of constituent phases
for samples (Type A,,).

Abp (SUS304-3um/PSZ-0.07um : Hot press)
Phase Volume fraction (%)
SUS304/(SUS304+PSZ) 0 10 20 30 40 50 60 70 8 90

100

SUS304 00 98 199 295 394 48.6 567 67.5 78.6 86.0 98.9
PSZ 89.3 88.7 79.6 68.9 59.1 48.6 37.8 289 19.7 95 0.0
Pore 107 15 05 16 15 28 55 36 1.7 45 11
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Fig. 1. Microstructures of SUS304/PSZ composite
samples(Type B). PSZ phase(gray), SUS304
phase(white) and pore(black).

Sample A Sample B

SUS304/PSZ-8/2

Fig. 2. Microstructures of SUS304/PSZ composite
samples(Types A,B and A,,. PSZ
phase(gray), SUS304 phase(white) and
pore(black).



Table 3. Heat capacity of sample B: Measured
values were obtained using DSC, calcu-
lated values were estimated from eq.(3).

SUS304/(SUS304+PSZ)
0% 40% 50%  80%
0.534 0.508
0.505 0.546
0.543 0.584
0.574 0.606
0.617 0.590 0.636
0.613 0.619

kJ/(kg-K)

Temperature

400 K 0.563
0.536
0.583

0.599

0.566
0.562
0.597
0.619
0.616
0.629

Measured
Calculated
Measured
Calculated
Measured
Calculated

500 K

600 K
0.594
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Fig. 3. Model of the microstructures of SUS304/
PSZ composite for the equivalent inclusion
method.
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Fig. 4. Distribution of aspect ratios.

Table 4. Aspect ratios of samples.

Sample SUS304/(SUS304+PSZ)
10% 20% 30% 70% 80% 90%
A — 102 — — 104 —
B — L14 — — 109 —
Anp 0.60 0.64 0.76 0.83 0.80 0.81
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