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ABSTRACT

The effect of cooling rate and firing stage on the hardness and microstructure of the firing simulated
Au-Pt-Pd metal-ceramic alloy was investigated by means of hardness test, field emission scanning electron
microscopic observations, X-ray diffraction analysis. The effective cooling rate for hardening of alloy
during simulated porcelain firing was quick cooling and stage 0, and the hardening effect became weak
as the cooling rate became slower than stage 0., The hardness of the firing simulated specimen until
final glazing stage was slightly lower than that of only glazing treated specimen. Thus, repetitive firing
decreased the hardness of the Au-Pt-Pd metal-ceramic alloy., By oxidation treatment which is the first
firing stage, the formation of fine grain interior precipitates was observed, which resulted in apparent
hardening by severe lattice distortion, By repetitive firing or by reducing the cooling speed, the grain
interior precipitates became coarse, which resulted in softening of the Au-Pt-Pd metal-ceramic alloy,

KEY WORDS: cooling rate, Au-Pt-Pd metal-ceramic alloy, simulated porcelain firing cycle, grain interior
precipitates, hardening
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Table 1, Chemical composition of the specimen
Composition Au Pt Pd In Ag Sn Cu Ir Fe
wt, % 76,6 99 93 17 12 0.56 03 027 017
at.% 68.61 895 15,42 261 196 083 083 025 054
Table 2, Simulated complete firing cycle
. Pre-drying Heat rate . o Hold time Vacuum time
Firing cycles (min) ( C/min) Final temp, (° C) (i) (min) Vaccum level
Oxidation 0 60 950 0 0 0
1st opaque 0 60 940 1 07:30 70
2nd opaque 0 60 930 1 07:20 70
Main bake 5 60 920 1 12:10 70
Correction 5 60 910 1 12:00 70
Claze 2 60 900 0 08:50 0
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Figure 1, Hardness change with simulated complete firing
cycle.
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Table 3. Hardness at each cooling rate during simulated oxidation treatment

Cooling rate Ice quenching  Quick cooling Stage 0 Stage 1 Stage 2 Stage 3
Herchess (HV) 1257 22513 22659 20163 17487 1737
(+2.31) (+1.66) (+2.92) (+1.46) (+2.56) (+14)
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Figure 2, Varnations of XRD patterns by fiing simulation,
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Figure 3. Varnation of the FWHM obtained from the 1771
diffraction peak of the a phase for the specimens after
Simulated firing,
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Figure 4, FE-SEM micrographs of 8000x (1), 60000x (2) for
the solution-treated specimens (a) after oxidation treatrment
at cooling stage 0 (b) and stage 3 (c).
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Figure 6, FE-SEM micrographs of 8000x (1) 60000x (2)
for the specimens after firing simulation, a: main bake, b:
glaze, c: glaze only.
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