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ABSTRACT

In the present study, the effect of simulated firing cycle on age-hardenability of Au-Cu-Zn alloy
containing Cr at intraoral temperature was evaluated by means of hardness test, X-ray diffraction (XRD)
study, scanning electron microscopic (SEM) observation, electron probe micro analysis (EPMA) and
differential thermal analysis (DTA) after solution-treatment and then aging at intraoral temperature after
simulated firing cycle, The Au-Cu-Zn alloy containing 10-15 at.% Cr was softened during simulated
firing, and was hardened during cooling process after simulated firing, The hardening effect during
cooling process of the Au-Cu-Zn alloy containing 10-15 at.% Cr after simulated firing cycle decreased
apparently by the repetitive firing, The Cr addition up to 15 at.% instead of Cu in AuCu-20Zn (at,%)
alloy did not result in appreciable change of the order-disorder transition temperature and solidus
temperature, The age-hardenability at intraoral temperature of Au-Cu-Zn alloy containing 10-15 at.% Cr
decreased apparently after solution-treatment and then simulated firing and aging at intraoral temperature,
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1, NERE

el Au (99.5%) B Cu (99.9+9%), Zn (99.99%),
Cr (99%) (A Johnson Matthey Com,, the United Kingdom)
o & FE5S ARESEY] Table 190 Yehd 2714 249

AEEE A g ALe 9 B A

ol FFEYs T IFFETEX|(Heraeus combila-
bor CL-G94, Germany)Z A&sle] JIEE AZ3HY
t} gFo] AAE WA AuCu I = 11 8 122419
@70l 7Fse Au-Cu 297 F=ell AuCu 1T & ¢33}
A8l ofdds AUk As VI1Eo= da, o]
< = "l &g 15atwrbA] #Hrkeke] 10C-2029F
15C-20Z e A2Fstsict.

Table 1. Chemical composition of the specimen alloy

Specimen composition Au Cu Zn Cr

(at.%)
10C-20Z 40 30 20 10
156C-20Z 40 25 20 15

2, 2-A| HZEE9L AdupHo| wE AT

10C-20Z9}F 15C-202 &= BAISkA 2] F firing cycle
o] mpA|E A2l glazing THAIE ThFsl WSR2 A
g3 - Vickers FEE A8t Hilo] FstadE
s da4E5es BAEgt YaAEEs iR x
dstal, Z4zte] el WSt weE o2 i (ice
quenching), stage O(chamber7} ¢+73] dH), stage 1
(chamber7} 70mm ¥d), stage 2(chamber’} &3l 4
oz TR} (Table 2). 7P &9 Wakse
oM Aol we Brsts dolrr] s &A3t
A2l MRS EAY 242l Yl Table 3] yehd
simulated complete firing cycled] wel 4438}l Vickers
AcE 2450,

oM & P 2EoMO| AgFsts

w
I 1
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7 @349 W& T olA simulated complete firing
cycled] we} 2738t Ztztel A AlHE 37 Co
Zof| RISt dFd 7 Vickers RS S4sle] R
2 F AT HalE B

4, XM3|EEM (X-ray diffraction analysis)

TN Fdelrt o= HetA] Y EI=AE
ZAkE] Y8 8A13kA 8] & simulated complete firing
cycled]] wheh 223k 37 €of Fzo dFU HiE
Al A XA 3)H AR (XPERT-PRO, Philips, Netherlands)
£ ARgste] XASHAE S AlEGT. 54 e o
At 30 kv, TR/ 40 mA, FAREE 19(20/min) oL,
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Table 2, cooling rate during simulated firing

cooling rate ice quenching stage 0 stage 1 stage 2
"y quenching into flrlng ghamber moves firing chamber opens firing chamber remains
condition ) . immediately to upper
iced brine o about 70 mm closed
end position
Table 3, Simulated complete firing cycle
Firing cvcle Start temp, Drying time Heating rate Final temp. Time at final temp, Vacuum time
g oy (c) (min) (c/min) (c) (min) (min)
Degassing 700 0 70 960 5 0
Wash 500 2 70 950 1 1
Opaque 500 3 70 940 1 1
Main bake 500 5 55 920 1 1
Correction 500 4 55 910 1 1
Glazing 500 1 70 890 1 0

Ni ZHE $H4gF Cu K& ARE3E3H

5. FAMHXIe0lAd2kEt (Scanning electron micro-
scopic (SEM) observation)

AAGEFARIAREN S HEE 98l degassings &
A s HRE HAepIE A e ¢
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Ashekg #Esly) f5) dnks BshA| ke AlEE
HJske] FARHAARAR] A (SM-6490LV, Jeol, Japan)S ARE-
kol 7k&535E 15 kve] 2Ho® eIt

= r

MN

6. MAIEED|AEY

(Electron probe micro analysis, EPMA)

Complete firing cycles W AlHo] #Fwo| AAdH
Astetel A Ak ffste] FARAAEW] G
AREEE AlEE R ARBSEe] HARR]R| 24 7](SX100,
CAMECA, france)E ARE3le] 7F&EAY 15 kve] 274
N ARE BHSA

7. NXIEEM (Differential thermal analysis, DTA)

Cro] 3 AlRe] §48E A8 et w3
Aol thake] AlxFEEA7] (DTA7, Perkin Elmer, U.S.A)
=2 ARg3Fe] ARFGEX (differential thermal analysis)<
AlBEodtt, BdAsLEE 10 TR HELE 1200 €
7HA &7kt
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7] 93 Fes R $ AEE ST 2494
Bstoll 7 &aARl WAEEE FA8H7|918) Table 2

3 ™, Z¥zke] eAl=

| 74 (ice quenching),

0SHAl (ZAIF 24=7) ehds] o), 197 (A1 &
=27} 70mm GE), 22 (EAE 27 23 dH)
TE3CE. WAE T wE AERstE goln)
A3l AlEE 700 TollA 1587+ &AstA 2] § Table 3
o Yeld simulated complete firing cycle®] whAEigh
ARl glazing?g(500 CTE ARLER dHe] 890 C7HA|
T 70 TH Fste] 123 FA)S AZRS Z2te] Wt
&2 500 C7HA WA 7l & 2714 bench cooling
sto] Axg S48ttt 1 A¥= Table 49 YERIS)
o} AJHE10C-2028}F 15C-202Z 700 ColA 1583F 84
A T)3 A% Aer: Z 150 (£5.1) Hve}
158 (£3.3) HV Stk glazing?ds 7% § 2] 9
Zreweg WZhAI7l A3 WZ&EEE ice quenching(F
oz S wie= AlHE10C-20Z8}F 15G-20Z0014 700 €
A 1587 SAISA P AFTEY o Y AEgS
YERALE o= 890 CollA] 1383F A8 glazing¥}
o] 700 THT} LA gASAE, & dstdA st
= 395 Yehlo] deel Bs dstd AdE vy
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Table 4, Hardness of 10C-20Z and 15C-20Z at each
cooling rate during simulated glazing treatment after
solution-treatment at 700 <.

Cooling lce
rate uenchin Stage 0 Stage 1 Stage 2
Hardness(HV) q 9
10C-20Z 1356 1718 1953 193
(S.T:150£51) (£2.3) (£145) (£127) (£155)
15C-20Z 1411 159 1598 147
(S.T:158+323) (£7) (£9.7)  (£65) (£95)

Table 5, Hardness of 10C-20Z and 15C-20Z at cooling
rate of stage 1 after simulated firing

Hardness (HV) 10C-20Z 15C-20Z
Degassing 222 (£138) 149 (£11.1)
Wash 1798 (+119) 1407 (£9.25)
Opaque 165 (+24.3) 136.8 (+16.2)
Main bake 1369 (+£16.6) 1485 (£20.1)
Correction 1316 (+8.8) 1323 (+19)
Glazing 131 (£194) 1395 (£7.3)
SAsA e Al

A 10C-20Z9} 15C-20 oxAdetal 19Ae] W
T2 Y7kt & ATE =H5e] 1 dPE Table 59
eRHATE AlE 10C-20Z9A = degassing THAIoA] 222
(+13.8) HVEl= =2 A= Yehisieoy, 2 24
of SAE AXHUA AmFe]l AA3] spste] HF
glazingdAllA= 131 (£19.4) HVEl= w2 45 YEt
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Figure 1, Isothermal age-hardening curves of the specimens
aged at 37 t after solution-treatment at 700 ¢ and
Simulated complete firing cycle.
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Figure 2, SEM micrographs after degassing for the 10C-
207 (a) and 15C-20Z (b) solution-treated at 700 ¢ before
polishing (1) and after polishing (2).
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Figure 3. XRD pattemns of the specimen 10C-20Z (1)
solution-treated at 700 ¢, (2): solution-treated at 700 ©
and then aged at 37 t for 8 days after simulated firing
cycle,

3. 37 cOoMe| Aol 2=l AFO| HHE
oI5t XM 3|HAIS

Figure 3% A8 10C-2022 tjekst 2ol A3t
F 34 xH3d =38s vepdth (D2 855 700

Table 6, EPMA analysis after degassing for the 10C-20Z (a) and 15C-20Z (b) solution-treated at 700 ¢ before

polishing (1) and after polishing (2).

element a-1 b-1 b-2
Cu 03(+0.1) 29.2(+0.94) 0.3(£0.13) 282(£13)
Cr 42 4(£21) 265(£03) 51.6(£8.5) 43(+102)
Zn 0.52(£0.15) 20.2(=0.36) 0.32(£0.1) 16(+0.7)
0] 56.6(+19) 11.6(=1.1) 47(+8.7) 114(+24)
Au 02(+0.1) 36.4(+0.52) 0.79(£0.47) 40.13(+097)
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CoM &ASA R Folal, (2= 700 TollA &A
sAEet 5 RoaAdas 7131 F 37 oA 8 Uzt
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= A & Fske FelA ofn] AuCu AV
o] Aol mleksiAl o] FolxHt (Seol &, 2002a). 700
TN AP F RS 7A 37 TolM AlEA
23 2= AuCu TraPde] Aol BEEA gsken,

977 o] "ozl o]Foid QIolth ujehA
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Figure 4, XRD pattemns of the specimen 15C-20Z (1)
Solution-treated at 700 ¢, (2): solution-treated at 700 ©¢
and then aged at 37 t for 8 days after simulated firing
cycle,
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I} (a+AuCu )7Ae] Ao 33k} (Massalski TB,
1990; Seol %, 2002¢), 847 C FtolA] & st o] oy
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Figure 5, DTA curve for the AuCu-20zn alloy

Figure 6= AJ# 10C-20Z2] A} dE-4] =3
T2 AuCu-20Zn (at.%) Faold Fele] g 29 tjal
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Figure 6, DTA curve for the specimen 10C-20Z,
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Figure 7, DTA curve for the specimen 15C-20Z,
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