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The effect of cooling rate on hardness and microstructure
of a metal—-ceramic Au—Pt—Pd alloy during simulated firing

Ji-In Jeong, Hye-Jeong Shin, Yong-Hoon Kwon, Hyo-Joung Seol’

Department of Dental Materials, School of Dentistry,
Pusan National University, Yangsan-si, Korea

In this study, Au-Pt-Pd metal-ceramic alloy was examined by varying cooling rate during simulated porcelain firing cycles
to investigate the effect of cooling rate on hardness and related microstructure during simulated firing, The final hardness was
different according to the cooling rate after the simulated porcelain firing cycles. The reduction in hardness value was smaller
after cooling at the faster cooling rate (Stage 0) than the value after slower rate (Stage 3). In the ice-quenched specimens
after oxidation treatment (OXI-IQ), homogenization was slightly occurred, and the hardness decreased apparently compared
to that of the as-cast specimens (AS-CAST). In the specimens cooled at Stage 0 and Stage 3 after oxidation, the hardness increased
apparently compared to the ice-quenched specimens, even though the hardness decreased later by further firing simulation.,
The final hardness was lower in the specimen cooled at the slower rate (Stage 3) than the faster rate (Stage 0), and it seems
to be due to the coarsening of the microstructure. The matrix and precipitates were consisted of FCC (face-centered-cubic)
structure rich in Au, The Au content was higher in the matrix and the Pt content was higher in the precipitates, which corresponded
to the Au-Pt binary phase diagram.
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Table 1. Chemical composition of the specimen alloy

Composition Au Pt Pd Ag In Cu Sn Ir Fe
wt % 76.60 9.90 9.30 120 170 (1 (1 1 (1
at.% 68.38 8.92 15,37 196 2.60
Table 2, Simulated porcelain-firing cycles
Firing Predrying Heat rate  Start temp, Final temp,  Hold time LT ST Ll
ovcles (min) (‘c/min) (c) (c) (min) level vacuum release
y (inHG) () ()
Oxidation 0 55 650 950 0 - - -
Wash 5 55 500 940 2 55 500 940
Opaque 5 55 500 920 2 55 500 920
Main Bake 7 55 650 900 0 55 650 900
Glaze 5 55 650 880 0 - - -
Table 3. Cooling rate during simulated porcelain-firing cycles
Cooling rate Stage 0 Stage 1 Stage 2 Stage 3
Firing chamber moves y - . .
Condition immediately to ubper Firing chamber opens Firing chamber opens  Firing chamber remains
Y Ny PP about 70mm about 50mm closed
end position
ZF 37fe] AP olgstlor, Alnit Fes 7314 54 5 X-4 3| &4
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AAE FAAAE N 7 (SM-6700F, Jeol, Akishima,
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Table 4. Tests of main effects (firing step, cooling rate) and two-factor interactions on hardness

Factor SSQ df MS F(P)
(Stazzogrjgs{:;(z . 8503.563 1 8503.563 1?8:%07)?5
(O;Lj”;‘go:fé?:ze) 20433.705 4 5608426 2(%%3(%?*4
e wre  « wm

* Statistically significant difference (p(0.05). Statistical significance was analyzed by a RMANOVA (Repeated Measure ANOVA) at a=0,05, SSQ, sum
of square; df, degrees of freedom; MS, mean of square; F, variance ratio (between-group variability/within-group variability); P, probability,
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Table 5. Statistics of hardness as a function of cooling rate and firing step

Hardness (HV, M+SD)

Cooling rate
Oxidation Wash Opaque Main Bake Glaze
Stage 0 204 84+1 84% 205.66+1.61% 205.58+124% 182.37+1.68% 182.30+1.66™
Stage 3 17563+2.13" 17507 +1.73" 17416134 156.01+2.18™ 15657 +135™

* The values was expressed as mean + standard deviation, Statistical significance was analyzed by a RMANOVA (Repeated Measure ANOVA) at
a=0.05, followed by tests of within subjects contrasts and Tukey HSD test for multiple comparisons, Same uppercase letters indicate that there are
no statistical differences between the cooling rate (Stage 0, Stage 3) and same lowercase letters indicate that there are no statistical differences among

firing steps (Oxidation-Glaze).

210 — ~ Oxidation wésh Opague

Tl
T

200 [

F As-cast

190 [
X -bake Gla

180 | =

=

e

|

_ stage 0
170 |

Hardness(HV)

Stage 3

L Ice quenching
140 | i

130_........i............
Firing step

Figure 1. Changes in hardness of the specimens during the
porcelain-firing simulation (with the standard deviation marked
in).
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Figure 2, Microstructure after oxidation: As-cast, ice-quenched after oxidation (OXI-IQ), cooled at Stage 0 after oxidation (OXI-Stage
0) and cooled at Stage 3 after oxidation (OXI-Stage 3) at magnifications of x3,000 (left), X15,000 (right).
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Figure 3, Microstructure after glaze: Glaze treatment of Stage 0 (GLAZE-Stage 0) and glaze treatment of Stage 3 (GLAZE-Stage 3)

at magnifications of x3,000 (left), x15,000 (right).

Table 6, EDS analysis at regions marked in Figure 3

Region (at%) Au Pt Pd Ag In Sn Cu, Ir, Fe
GLAZE. M 651419 187404  135+14 07+13 14413 06+1.1 0
Stage 0 P 532417 261404  160+06 0 37+03 10417 0
GLAZE. M 650420  202+13 128407 08+14 13412 0 0
Stage 3 = 543+23  253+12 154406 0 43405 08+14 0

* The values was expressed as mean + standard deviation, EDS analysis was performed on three randomly selected sites for each of the two regions

(M: matrix, P: precipitate).
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