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ABSTRACT

The aim of present study was to evaluate the effect of complete firing cycle and rebake on the
hardness and microstructure of a Pd-Ag-Au metal-ceramic alloy, In the solution-treated specimen, the
matrix was composed of the Pd-Ag-based phase with a face centered cubic structure, and the particle-
like structures were composed of the Pd3(In,Sn) phase with a face centered tetragonal structure, And
this two-phased microstructure was maintained after complete firing cycle and rebake. The increase in
hardness after oxidation treatment was resulted from the grain interior precipitation of the Pd3(In,Sn)
phase in the Pd-Ag-based matrix. The decrease in hardness by subsequent firing schedule was resulted
from the homogenization of grain interior precipitates and microstructural coarsening of the particle-like

structures,

Key words : Pd-Ag-Au metal-ceramic alloy, complete firing cycle, rebake, precipitation, coarsening,
cooling rate
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Table 1, Chemical composition of the specimen alloy.

Composition Pd Ag Au In Sn Ga Pt Ru
wt,% 52 20 152 6 54 1 02 02
at.% 564 214 89 6 53 17 0.1 02
Table 2, Complete firing cycle,
Firing cycles Pre(;c:mng 3:::3 He?:';:?]i;? s il te(rg;))erature Hold time  Vacuum level
Oxidation 0 0 95 980 5min 50
Wash 1 1 Q0 935 1sec 50
Opaque 2 3 55 930 1sec 50
Main bake 3 5 50 925 1sec 50
Correction 2 3 55 920 1sec 50
Claze 1 1 75 900 0 0
Rebake(1) 3 5 50 925 1sec 50
Rebake(2) 3 5 50 925 1sec 50
Rebake(3) 3 5 50 925 1sec 50
Campbell & Pelletier, 1992; Campbell 5, 1995; Fischer XHE I;LCI %H:él'
o, 2000; Wang & Liu, 2006; Liu & Wang, 2007). &
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Table 3, Hardness at each cooling rate during simulated glaze treatment,

Cooling rate Quick cooling Stage 0 Stage 1 Stage 2 Stage 3
301.8a 296.3a,b 305.4a 292 4b 293 5b
(+2.3) (£3.7) (£5.1) (+4.6) (£6.6)

Kruskal-wallis test was performed to compare the groups (p=0.001¢0.05).
45 The same letters indicate no significant difference between groups by Bonferroni correction method.

Hardness(Hv)

Table 4, Hardness changes during complete firing cycle,

;2{;% Oxidation ~Wash  Opaque Main bake Correction Glaze  Rebake(l) Rebake(?) Rebake(3)
Hard ness ~ 2872a  2827a  2834a  2757ap  2697ab  2634b  2856a o844a  2615ab
(HY) (£67)  (£66)  (+36)  (+15) (472)  (+48) (£33) (+38) (+£6.4)

Kruskal-wallis test was performed to compare the groups (p=0,000¢0.1).
2" The same letters indicate no significant difference between groups by Bonferroni correction method,
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Figure 1, FE-SEM micrographs of 38,000x (1) 15000x (2)
and 60,000x (3) for the specimens after simulated complete
finng and rebake, a: ST, b: Oxigation, c. Main bake, ad:
Glaze, e: Rebake(3rqd)
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Figure 2. FE-SEM micrograph for the specimen of 8000x
for the specimen after solution treatment. The part indicated
by the arrow was measured by EDS analysisiM : matrix, P:
particle).

Table 5, EDS analysis at the regions marked in Figure 2,
'?:ﬂ',z;‘ Pd Ag Au In Sn Ga Pt Ru
M1 512 278 129 35 27 19 - -
M2 505 274 134 48 26 13 - -
M3 518 271 129 47 18 17 - -
P1 706 37 4 84 94 39 - -
P2 726 5 41 68 75 4 - -
P3 688 47 77 8 38 - -
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Figure 3 FE-SEM micrograph for the specimen of 8000x
for the specimen after simulated firing, The part indicated
by the arrow was measured by EDS analysis/ M : matrix,
P : particle)
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Table 6, EDS analysis at the regions marked in Figure 3,

Region

(at.%) PA Ag Au In Sn Ga Pt Ru
M1 49 328 145 22 - 15 - -
M2 498 322 149 31 - - - -
P1 72 34 34 79 85 36 - 12
P2 737 35 34 72 85 37 - -
P38 725 35 34 86 84 36 - -
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Figure 4. Variations of XRD pattemns for the Solution- treated
specimen after simulated firing.
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