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ABSTRACT

Hardness change by simulated complete firing cycle and holding condition in an Ag-Pd-In metal-
ceramic alloy was elucidated by characterizing the changes in hardness, microstructure and crystal structure
after simulated complete firing with various cooling rates (ice quenching, quick cooling, stages 0, 1, 2
and 3) and holding conditions to identify the most effective condition for practical use, The maximum
hardness value was obtained at stage O after simulated firing, And the most effective starting tempe-
rature for firing was 550 €. The Vickers hardness value of the solution-treated specimen increased from
185 (Hv) to 254 (Hv) by degassing treatment, The hardness increase in the degassing stage of the
simulated firing seemed to be caused by the lattice distortion which is related to the precipitation in the
alloy. After that, by the repetitive firing, the hardness value of the tested alloy decreased gradually, resulting
in a softening effect. By holding the specimen at 450-600 € after simulated firing, the hardness
increased apparently. The most effective holding condition were obtained at 600 € for 15 min,
Therefore, holding treatment at 600 T for 15 min after simulated complete firing is recommended to
improve hardness of the Ag-Pd-In metal-ceramic alloy.
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Table 1, Chemical composition of the specimen

Composition Ag Pd
wt% 460 429
at% 464 439

Au Sn Ir
20 10 01
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Table 2, Hardness at each cooling rate during simulated degassing treatment
cooling rate Ice quenching Quick cooling stage 0 stage 1 stage 2 stage 3
hardness 180.7 2397 2539 2298 2181 206 4
(Hv) (x222) (+3.09) (+2.89) (+£1.89 (+3.55) (+£2.20)
4 23 AR 40 kv, BAF 30 mA, FAEE dopry] 98 850 TolA 1083 &AstA e AlE
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Figure 1, [sochronal age-hardening curves of the specimens
aged in the temperature range of 250 ¢ to 550 ¢ for 10
min and 20 min (5.T . solution treatment).
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Table 3, Hardness after degassing treatment at each start temperature

start temperature(tc) 500 550 600 650
hardness 2410 2539 247 1 2393
(Hv) (228 (289 (+1.52) (£2,07)
Table 4, Simulated complete firing cycle
Firina cveles Pre-drying Heat rate Final temp, Hold time Vacuum time Hardness

9 oy (min) ('¢/min) (t) (min) (min) (Hv)
. ) 2539
Degassing 0 70 950 0 5:43 (+2.89)
. 2333
Wash 2 70 940 1 6:34 (+4.99)
. 224 2
Opaque 2 70 930 1 6:26 (+328)
) ) 220 1
Main bake 4 70 920 1 6:17 (+3.16)
. ) 2106
Correction 4 70 910 1 6:09 (+2.41)
) 198.8
Glaze 0 70 900 0 5:00 (+368)
, 2144
Glaze only 0 70 900 0 5:00 (+139)
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Figure 2. FE-SEM micrographs of 8,000x(1) and 30.000x(2) for the specimens after simulated complete firing, A:

ST, B: complete firing, C: glaze only,
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Figure 3, Variations of XRD patterns for the specimens after simulated firing,

Figure 4, FE-SEM micrograph of specimen after solution treatment at 850 ¢ for 10 min,
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Table 5, EDS analysis at the regions marked in Figure 4
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at% Ag Pd In Au Sn Ir
P1 8.15 70.31 2154 0 0 0
p2 8.17 69.52 22 31 0 0 0
M1 5262 4144 417 177 0 0
M2 5165 4204 457 175 0 0
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Figure 5, Variation of the FWHM obtained from the 111 diffraction peak of the «
phase for the specimens after simulated firing.
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Figure 6, Isothermal age-hardening curves of the specimens after simulated complete firing,
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