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ABSTRACT

Precipitation hardening by simulated complete firing and holding condition in a silver-free metal-ceramic
alloy of Pd-Cu-In-Ga system was investigated by means of hardness test, field emission scanning
electron microscopic observations, X-ray diffraction analysis and energy dispersive X-ray spectrometer
analysis. Most effective condition for hardening of alloy was obtained at cooling rate of stage 1 (firing
chamber opens about 70 mm) and starting temperature of 600C. After simulated degassing treatment,
the hardness value of solution treated specimen decreased by about 20 Hv, and during the simulated
complete firing cycle, such a low hardness value was maintained. By holding the specimen at 600
and 700 after simulated complete firing, the hardness increased apparently, However, the decrease in
hardness by overaging occurred within 30 min at the holding temperature of 700C. The age-hardening
of a silver-free Pd-Cu-In-Ga alloy resulted from precipitation of the CuPd phase containing Ga and In
from the Pd-rich matrix,
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Table 1, Chemical composition of the specimen

Composition Pd Cu In Ga
wt% 77.00 10,00 550 490
wt% 7754 10,07 5,54 493
at% 7173 15.60 475 6.96

Au Pt Ru Sn Ir
1.00 090 (1 4 4
1.01 091
0.50 046
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Table 2, Hardness at each cooling rate during simulated glaze treatment

cooling rate ice quenching  quick cooling stage 0 stage 1 stage 2 stage 3
hardness 2701 2739 . 3210 3042 3058
(Hv) (£1.55) (£2.39) (£5.18) (£3.98) (£6.48) (£5.07)
Table 3, Hardness after glaze treatment at each start temperature
start temp,(c) 550 600 650 700
hardness(Hv) 3001 (+£2.72) 3210 (+£398) 3197 (£4.21) 3062 (+4.74)
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Table 4, Simulated complete firing cycle

Time at final Vacuum

Firing cycles Star: o(;a)amp_ Pr(?-n(:irny)ing I-;izca;mri?‘t)e Fina; o;cc)amp_ temp, time Ha:gr‘:;ass
(min) (min)

Degassing 650 0 70 1,010 5 0 (i5243%)
Wash 600 2 70 980 1 6:26 5&7@%
Opaque 600 3 70 970 1 6:17 é‘fg%)

Main bake 600 5 70 960 1 609 (i‘?_%

Correction 600 4 70 950 1 6:00 (iif)f('))
Glaze 600 1 70 910 1 0 (i%%%)

?lﬁgaf]i%? 650 0 70 1,010 0 0 (iZéA(r))
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Figure 1, Hardness changes of specimens during holding
at 600t and 700t after simulated complete firing,
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Figure 2. FE-SEM micrographs of 3,000x(1) 9000x(2)
and 30.000x(3) for the specimens after simulated complete
firing, A: solution freatment(S.T,) B: degassing(hold), C: main
bake, D: glaze, E. degassingino hold),

Figure 32 Hoadd @AE EH F 600ttt 70
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5, 2005).

Figure 3 FE-SEM micrographs of 3.000x(1) 9.000x(2)
and 30,000x(3) for the specimens after holding at 600c
and 700c for 830 min after simulated complete firing, A:
600t¢, B: 700t,
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Figure 4. Vanations of XRD pattemns for the specimens
after simulated complete firng and holding at 700t for 30
min,

Figure 5, FE-SEM micrographs of specimen after solution
treatment at 980t for 10 min (A) degassing (B) and
holding at 700tc for 30 min after simulated complete fiing

(©.

Table 5, EDS analysis at the regions marked in Figure 5-A

at% Pd Cu In Ga Au Pt
M1 7143 1684 425 647 051 050
M2 7059 1653 452 730 049 057

Table 6, EDS analysis at the regions marked in Figure 5-B

at% Pd Cu In Ga Au Pt
M1 6929 1813 420 751 041 0.46
M2 6810 1912 405 781 055 037
P1 5066 2638 281 1085 001 029
P2 6126 2534 280 1031 000 029

Table 7, EDS analysis at the regions marked in Figure 5-C

at% Pd Cu In Ga Au Pt
M1 7063 1772 406 677 041 0.41
M2 7316 1497 453 622 063 049
P1 6403 2391 292 829 040 045
P2 6236 2680 303 882 000 000

Figure 6 R F 700ColA 3083t AFSH Al
Hol 7|Ao} AEEol gk EDS line 4 Adolr}, n|
a0l Augt e AAFoR 1EA EEEHo] 9l
Gax Cu7} 358 H9elA ot =& w8 Yl
o} Cudl BEE Pd, In} IS JERAAL, HE
EoA Curt FHSE o] It WA silver-free
Pd-Culn-GaZl =A& =2 k= Pdrich 7]A]ol|A
Ga®} Ino] LEE CuPdde] MER Qg Ao Uepitt,
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Figure 6, FE-SEM micrograph and EDS profiles by line
analysis for each component of the specimen after simulated
complete firing and then holding at 700t for 30 min,
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