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ABSTRACT

The aim of present study is to evaluate the changes in hardness and microstructure of the Au-Pd-Ag

metal-ceramic alloy for fusing porcelain after simulated complete firing with controlled cooling rate,
rebake and holding treatment at various condition by means of a Vickers hardness test, microscopic
observation, X-ray diffraction study, and dispersive X-ray spectrometry analysis.

The hardness value increased by the oxidation treatment, and then decreased slightly during simulated
complete firing, The hardness value of the specimen rebaked by three times after simulated complete
firing was similar with that of the specimen after complete firing, therefore the hardness decrease was

irrelevant to repetitive firing, The particle-like precipitate increased from the oxidation stage, and it was

maintained during the complete firing, the repetitive firing and the holding treatment, The hardness
increased when the specimens were holding-treated at the temperatures of 400T, 500C, 600C and 70

0C for 35 min after complete firing. For the specimen treated at the holding temperature of 700, the
holding time was efficient under 25 min, because the hardness began to decrease after 25 min by a rapid
atomic diffusion at the temperature, In the process of making a prosthesis, the efficient application of
the holding time and the holding temperature further enhance the mechanical properties of the material,

ultimately, it can contribute extending the life of the prosthesis,

: cooling rate, firing cycle, hardness and microstructure, holding time, rebake
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Table 1, Chemical composition of the specimen alloy

AL ofzavks E9J7]oA A Este] AbslEE A
& ARG 2 T Ane) ASEHE Uehhs W
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Dentsply, Germany)ol|x] WZt&EEE gelste] A/dskad
o Y4&es mE W7Zb (quick cooling, FAI™E A4
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Al dl TEEE, wE Yzl 3
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600, 700C)2 Aelslte] AlH-E 1|

3. ZEA|E (Hardness test)

ZAY 24z DAE A7) W AR o
3o} m)AAEAMVK-H1, Akashi Co., Japan)& AR23}o]
Vickers AES &4 0}9&1;]. 234 27& 3= 300 o),
B3[AIZE 1020]22 5 0 Fage
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4. MAEEFAIMAISAD|A (Field emission
scanning electron microscope, FE-SEM) 2H&t
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Composition Au Pd
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Ag In Ga
10 838 14
12.09 10 262
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Figure 1, Isothermal age-hardening curve of the specimen

alloy aged at 620t
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Table 2, Hardness at each cooling rate during simulated oxidation treatment at idle temperature of 600°c

Cooling rate Quick cooling Stage 0 Stage 1 Stage 2 Stage 3 p-value
o 294 5° 204 3 299 9 280 4° 280 4° .
Oxidation treatment(Hv) (+46) (+2.4) (+30) (+56) (+56) <0.001
* Kruskal-wallis test was performed to compare the groups.
% The same letters indicate no significant difference between groups by Tukey B,
Table 3, Hardness at each idle temperature after glazing treatment
Idle temperature(c) 400 500 600
o 2858 2980 2999
Oxidation (Hv) (+2.2) (+39) (+30)
Table 4, Hardness changes by simulated complete firing cycle & rebake
. Prg— Dry Heat rate A Hold time Hardness
Firing- cycles drying . . temper-ature . Vaccum- level
. (min) (‘¢/min) (min) (Hv)
(min) ()
. 2999
Oxidation 0 0 95 940 0 0 (+30)
2886
Wash 1 1 0 935 1 50 (+50)
2861
Opaque 2 3 55 930 1 50 (+46)
; 284 4
Main bake 3 5 50 925 1 50 (+20)
. 280.1
Correction 2 3 55 920 1 50 (+36)
2820
Glaze 1 1 75 900 0 0 (+46)
2876
Rebake(1) 3 5 50 925 1 50 (+53)
2854
Rebake(2) 3 5 50 925 1 50 (+37)
287 1
Rebake(3) 3 5 50 925 1 50 (+43)
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Figure 2. FE-SEM micrographs of 5,000x (1) 20,000x (Z)and 50,000x (8) for the
specimens after simulated complete firing & Rebake A: S.T., B: Oxiaation, C: Main

bake, D. Glaze, E. Rebake
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Figure 3 Changes of the XRD pattern by simulated complete
fiing & rebake

Figure 3 &A|3tAeld Al (S.T.),
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3 AlH (Full cycle), 28] AAHE EH F 33 dkE
2738 Al (Rebake)o] X311 w3 olr}, &A|5kA 2
Al® H—t— HAFT} an = 3,999 AQ) WA AR}
a; 7Fo] 5 ol3ltt. Figure 29] SAskA{z]d A4
ZAA c}?‘[‘ PaAEn A ARzloA= 713 9o Y=k
727t BEEo] A|Ho] 2 HOR o]FHEE & F
At 1 EAlsAEE e AlHAAE A 29
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Figure 4. Hardness changes of specimens during holding at
400~700t after simulated complete firing

5 Rojad = AFAEl wE Xk,

oMz & ALEEO| He)

BE RoAAHAIE AZl AJES 400 ~700C e 2
oM Afste] A=dsts AFstort. 1 A= Figure
49} 2ty 2AE HolA complete firing cycleS W
5 zF AJES 400C, 500, 600T, 700ColA 2zt 35
st ARt AxE SAste] mlwgk A3, BE
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] ]

Ao o]e Azl %01”3} wzha] 700T o4
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Figure 5, FE-SEM micrographs of 5,000x (1) 20000x (2) and 50,000x (3) for

specimens after holding at 400 ~ 700t A: 400c, B: 500t C: 600, D: 700t

Figure 6, FE-SEM micrographs for specimens after solution-treatment (A) simulated complete firing (B), and
holding at 700t for 35 min after simulated complete firing (C)

7F 400~700C A AlFEE AN BEEJAL, Figure
29| gAIZHA ] & aAe B AR mAlTER A
stk 53] 700Cex e Tk YAFTEIE 719
Ul gol BxHo] gIglal 400~600C M AlFE AlA
Ho zdishe ol Byl ol mAlTtxe] )
sh= 71A9 ARte] AWE TAaAFo RN Al s
S doAr} (Udoh %, 1984; Hisatsune %, 1997; Hamasaki

o, 1998; Lee 5, 2004; Seol &, 2005).
Flgure 02 EAsA ] AR (A)2F Ko AT A
A B) 2 ®2oxA T 700CoA 358 AFS
Al (O8] AAMEFARN ARloltt. EDS w414
= 247} Table 6(A), 7(B), 8(C)oll YeRH AT} 843}
Ak Al (AF 71A (m)ek gARTFE p)E o
A8, Table 604 YAFETZ2E= Pd Fhgo] &
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Table 6. EDS analysis at the regions marked in Fig. 6 (specimens solution-treated: A)

Region(at%) Pd Au
m1 427 346
m2 445 326
pi 559 190
p2 552 19.1

Ag In Ga

156 71 -

13,6 74 19
39 16.2 50
33 170 55

Table 7, EDS analysis at the regions marked in Fig. 6 (simulated complete firing :B)

Region(at%) Pd Au
m1 470 305
p1 60.6 175
p2 575 173

Ag In Ga
17 84 24
- 157 6.2
28 158 6.7

Table 8, EDS analysis at the regions marked in Fig. 6 (holding at 700«c for 35 min after simulated complete firing :C)

Region(at%) Pd Au
m1 487 268
pi 570 174
p2 58.1 179

THAe A e 2] xR HAAS] 9k In 7
Ga 7} A S7kek ¥HH Auet Age] 2 A &9
o, wEbe dAR= Au, Ag, GaEs L83 Pdsin 02 A
Z} @} (Massalski, 1990). 7]1A] (m)& YAkl H|F Pd,
In, Ga2] $=Fo] &3l Au9} Ag«] sFo] A =%
o Pd7t FE YAEFR E¥EL SeHE st
Il e A Hlaske] 7)A|olx Pde| ko] =7
UgtEd], ol A2MEgEA 7Y '3 A7) AR
Qlate] 71Ale] 4tEol e A2 PR T x| THHE
Pd 927t HEHE Ao A4HY, A 7A= F2
Aug} AgE o] Folz] glrkal AZbET)

2oide AR AE BoXE BASAHEE AlA
W §AEE A7E BgokTable 7), 71A (m)ojA]
o] Pd, In, Ga Fo] B F7FetGiH. oldgh B3
2ojrd 3 ARE AR A E Yehdth aEa
molad 5 700CeA 3587 ARS AlA (OddAME
Table 83 o], 7]A] (m)olAle] Pd, In, Gad] =77}
OE FAsteleh. ole 71AY] BHd AEd A&
dFo g Mol (Seol &, 2009; Vermilyea 5, 2010), wh
A AEE2 YA TRl 240l Ak Ao A7t

g},

e g

Ag In Ga
96 107 42
36 164 56
26 159 56
2 o
el B A x7] AbslebAE] dAlE AA
A glaze QAZFA Aol w2 Ao &%
o] #z= At
. HAF glaze 7HA] BXATAIE AR AJAT ol&

A 33] main bake?] AAAAZE HFEALATE A
Hol ATk Z xolE Holx grom wbA
ofg] H HlEAA 3= Zo] AR S §ukEHR|

sk,

C5agre] NEgel sk naTae Wil

e As T ARstetAe] @A dAFE dof
v o] dAle] 249 wHEAAd 9 ARSHES AA
T wskglo]l A=A

o AaAE B AL 400C, 500T, 600C, 700C
|4 24z 35H EoF AlRe Ay ZE 2xdA F
It s 740] =2l =

H:T

2

A AFARES AReES 28408 Hegtd o
2 Az JAd JAe PPAIIT FFHoR B
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