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ABSTRACT

Changes in hardness and microstructure of a solution-treated Au-Pd-In alloy for porcelain bonding

during porcelain firing simulation were elucidated by means of hardness test, field emission scanning
electron microscope (FE-SEM) observations, X-ray diffraction (XRD) analysis and energy dispersive
spectrometer (EDS) analysis. The most effective hardening of alloy during cooling after porcelain firing

was obtained when the firing chamber moved immediately to upper end position and then air cooled,

In the solution-treated specimen after casting, the hardness decreased dramatically, However, after

degassing treatment which is the first firing stage, the hardness value of solution-treated specimen

increased rapidly, and such a high hardness was maintained during the consecutive firing stages. In a

Cu-free Au-Pd-In alloy for porcelain bonding, the hardening effect of the solution treatment on

simulated porcelain firing was caused by the grain interior precipitates of fine scale, which was

composed of the ordered Ga,Pds phase containing Au and In. From the above results, solution

treatment is recommended to improve hardness of the Au-Pd-In alloy during porcelain firing.

KEY WORDS: solution treatment, porcelain firing simulation, Au-Pd-In alloy for porcelain bonding,

cooling rate, microstructural change
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A7 =2 A 7HAL Atk (Naylor, 1992). &gt
Pd-AgAl a2 GAEstelx g WHEZh AV)A] e
AE LEAE AEAEZ HA et (Massalski,
1990). o] H AuPdA F=& Pd-AgA FHHET
SHo] ¥, Au, PdE FAEOE Sn, Ga, In 182
Ru Fo] m&F H7be Zlo] AgHt), oud we-Alzt
28 FEo ARgsolE S830] e wolA uWlg
W FebEs Wkt 8838S wo AR &4 A
Ao =EEE B9 HRsag) Aol HASHA U=
2 3o} 3t} (Roberts 5, 2009). I F&-Agt]g
T Fe Bo F o s o ;o oz wo
23 FZE ARE B9t sag resistance’} FA &t
(Chew =, 1990; O'Brien, 2002). o= HAEo] A=
G32E 59 o #AE oIt (Tuccillo?} Nielsen,
1967; Iwashita &, 1977). ol&lgt ZAIE 53171 23l
w&-Aet dae AxE Eol7] 93 ot At
o]Fo]x gk} (Koike, 1997; Liu®} Wang, 2007; Fischer2}
Fleetwood, 2000), Liu and WangS XAH 24 Ao
pre-heat treatment®] &332 Pd-free high gold dental
alloyg ZAslsle 2oz ®Hashltt, 22 olzfst &
A7t g5 24 § AR Wt vXe dF
ZEA] g3kt

B AFoME Au-PdIndl F&-AEE dEE 2
T Al EE Aldete o] 24 HF Bt FE
7Aste dovlE o aRHRIAE getry] SEiA Fx
T BAIHE g Al A BA weE AErse)
AT, AATE, 9ARE HIE B8k
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Table 2, Simulated complete firing cycle

for ceramics, PEM)¢] Au-Pd-InA] &&-Ag4g 3=
(Aurolite 45, Aurium research, USA)© 2 high noble?]
A Fo] H7bEe] Al 82 white colord] ol
el Azl th2H, gl feles HMels 1,190
~1,290 Colil F2LEE 1370 colth. T 2L
Table 13} Zt},

Table 1, Chemical composition of the specimen

Composition  Au Pd In Ag Ga Ru
wt,% 4500 4000 850 49 150 010
at.% 3061 5037 992 609 28 013

o] FZ= 95l sheet wax (sheet wax, Dae-dong
industry, Korea)Z ARE38Fa] 10 x 10 X 0.8 mm =]
of Wie] FES ARstolt. S wEt FUAE Al
31, olakd Adt wlEA] (Univest, Shofu, Japan)& wj
=3} 4%+ (PUMA-012, Dae-dong industry, Korea) Sk
& PJAaFZ7] (Centrifugal casting machine, Osung,

Korea)2 FZ3Ict. F2AIE 50 pm ALO;E sand

W] AlEE F2 T FF A7|Re0A 980 CollA
| LAF kel oJgt AsE WAlst
7] 93l WG ol A HshrlA FEske] A8k
2] (solution treatment, S.T.)E A|&¥&}&ch oluf 714
sk &t Al AkslE WAE] fJste] o=t &4
7]ol|4] Aleg3t itk
el Azt a34E Jehlle WaEEe 2 A
eg ) S F2 F A & AEs 2A
2l 2AE (Multimat 2 touch, Dentsply, Germany)©ilA]
thekst WaEwel A Al RER ekt HA
o

Wzpswel 4 A 25 2§ Table 29] &

Fiing oyl SO lomP.  Pre-dying - Heat rae
Degassing 650 0 70
Wash 550 2 70
Opagque 550 3 70
Main bake 550 5 70
Correction 550 4 70
Glaze 550 1 70

Final temp, Time at final temp, Vacuum time

(c) (min) (min)
1,010 0 0

980 1 7:09
970 1 7:00
960 1 6:51
950 1 6:43
910 1 0
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Table 3, Hardness at each cooling rate during simulated degassing treatment

Cooling rate Ice quenching  Quick cooling Stage 0 Stage 1 Stage 2 Stage 3
Hardness 2026 2551 2379 224 1 2104
(HV) (+2.67) (+4.36) (+297) (+2.35) (£4.77) (+4.67)
HABE ete] melae AW, &, degassing AN ATE B3t
Fge T Azl A 2 Al
3. AEAIH Za 9 o

24 F PEg Tl Amgoz s

4, MAHEE FAIMXIEDIE 2 (Field emission
scanning electron microscope observation)
FAE AR B2 fl8] 2 (as-cast)
b AIEY Fx2 5 ASAE (ST AlEE ok
Al BHE wAInk 1E ARSEEe] Al
dot. AHem vk AlEES 10% KCN +
10% (NH)S,0s0 2 F 21dgh BAadog g F2

AlFH

dxjzle] mE 2o WHal2 Ak YF FHS
FAAZL W3] AlEE AANE FARARNE (SM-
6700F, Jeol, Japan)g AR&3le] 7F&ASt 15 kvel =H
o= wEst

ol

g &
b

M ox
o

3
g

Tl

5 XM 3™ 2AM (X-ray diffraction analysis)

FZ (as-cast) g A|FF Fx 5 GAsHA Y (S.T)
g AAE Rojad g F W AlEE XA 3E
2] (XPERT-PRO, Philips, Netherlands)E A3} XA
A dde Aldskit. 54 20 B3t 40 kv,
A 30 mA, FAEE 1° (20/min)o] 1L, Ni HHE &%
gk Cu Keld& ARE-sESIct.

6. HiX| 24k XM =& =4 (Energy dispe-
rsive spectrometer analysis)

Ao e i WskE T4 A A
5 FAAARR)E Do) ABT ABS T)2 A
o oyx] EiH xa BF7] (INCA xsight, Oxford
Instruments Ltd,, UK)E ARE3}e] 7140 15 kv %

1. dAEEe &Y AE2Eo| WE 2 #He

Au-Pd-InA] &Mt e 2 T YA
et Astell 7P aaARl WAEEE dolry] s
T2 5 980 CollA] 10%3F BAskA 2] & AlH (207.0
+1.18 HV)S XA AAR0] Yl Table 29| &4 ©
A 5 A DAY degassing 22| (650 CTE &4 AlFR2
T2 3k 1,010 CT7HA] 2 70 T )5 3t o
e WAEER 600 C7HA WAAZ] § A7 bench
cooling 8t} AEE A4t 1 23+ Table 30
HERASITE

WEeE wE o2 38 (ice quenching), WE
W7} (quick cooling: ¥M™ 2A27F A8 A A
oA oF 7] §9), 09A (A 22T $h 3]
g2, 19 (ZAYE 2A427F 70mm E9), 294 (E
A 2A27F somm FR), 3l (A 2420 2
3 AR F AR ek 7 A F v
AA 71 e AEgke yepldaL, we Wz o
M 7 =& #e UEIY S8 ARe A5
Ak A FdA wAs HolA g ve Ax
S WYt (Kim 5, 2014), W Yzt dARc 9z
&o7l “HASE AEge Yold, wE Wzt dAld
A ] st 7 @kt

2 e 2 3 B H™Y 24 AFREE
gdolfl7] 3l 500 € ~700 T2 ARLmoA 24 A
S degassing TS ARSI W EE )
G99 Aeghs B9 wE Yzt dAZ A
Aot I AF= Table 40 eI 24 AR E
7F 500 C~650 CY weo] ALZS A= H|SS
700 ColxE ot w2 Amghs YERALE olest
AZEHE B Ao Fae] AR A F
stdAe] 27550 CollA 1587 XEhH 22 2%
2l 550 CTE A ARER el
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Table 4, Hardness after simulated degassing treatment at
each start temperature

Start temp(¢) 500 550 600 650 700

2688 2556 2575 2651 2440

HardnesstN) (14.08) (+5.36) (+3.36) (+436) (1229

2. 29| 2o o|xl= ExztAz2|el H2t 2ut

Ro] Ao mA= gAstA g 3t aIE got
B7] Q8 Fx (as-cast) ¢ A|HF Fx F SAstAz
(solution treatment, S.T.) 3+ A|He] R iAo wWE
Are] Hals dolrsitt Haol Frghs JeEd
WAEEel W g dAst 550 ¢ &4 AlFRE
2 duol =AE SFAITIA 9 dElolA Table 2]
2AEHR B s Aldete] AxRstE S4skqlrt
I A Table 59 JeERAY, F23F A|H (as-cast)
M= opaque HHE AAWA FE7} 2520 HVE &
AstA stk 2 F VA 24 S AREA
AE7y A FRaske] 2269 HVZFA] Holxltth, whetba
HEFHOZE A HHo] FxI AHe AE WHIE
A o)A des & F UMY Fx2 F EAFA
g g Al S.TOME SAIS Al s Aot oF
207 HVE Solx o} 24 A ©@7191 degassing ZHg ol
osiM HA3] B3Pt dofut Brrt 255 HVHA A
SHAAL, A A HA B9t =2 BERke] FAIEI

Table 5, Hardness changes of the specimen during simulated
complete firing

Hardness(HV)
Specimen : Main
Degassing Opaque bake Glaze
As-cast 2251 2520 237 4 2269
2198+562) (+421) (£514) (x321) (472
ST, 2551 251 1 2596 2564
(2070+£1.18) (+436) (£2.73) (£104) (£2.14)

3. 29| &4 wE o|MFx A

FZ (as-cast) § AlHTY F=x T &AFAHE (S.T)
gk AlEel EA- &Y B B TR WsE
#3590}, Figure 12 as-cast A|H] EAH 24 &
QbS] mAlTZE Bisfolth. As-cast A|H (A2 TFH T
ZE o|FaL lom Al MEEo] Ja YA FHel
3 3 cubic T2 dAF] HE=E SR A
o ddl o= ZAFE cubic

nAE Ao Uehdth g FRE AEEel 7ol

HHEA 3It, Degassing (B)ell oJ3] A|He] F= W
sk= A g, olde] mAlFERE as-cast AlHI
Z Aok {3 Degassing IET Aegho] =&
main bake (C)IMT YAl HEE2 U2 ol AR
oy, YduldlE F2 YR MEEC] flofAlaL mlAg
PR HEFo] 714 AAE Ha et Ul HEE
o] A7) degassing AlHY= @] Fdskel. o] 25
Bl Al#Ho] main bakeZ}A|e] 24 HHE AAE B
cubic 52 YAFF o] MEEE0] 7|A] Y= o} Eofzt
T WARANA thA] AEHT] AR es A4
o}, olmje] Axfte Fxg AERUE oF 17 HV #38t
d JogRY, nAlgt A&de] Aol FHe 7|A
AANHEYS G838 Aog Bl Glaze 223 AJA
(D)€ main bake 3F A]H (C)ol] vlal Y cubic Z-&

ARG HEmol st Hol A, 28 S i

o] 71RO FADollE wAIgE AEEo] YeRtA] edtt.
olglgt ME=o] Zushe ot Ax ks doFie
o), o]2%H A&Ee| xzusle= AT AR v
71X} MEE ko] AWe WARS A, AAEHE
UL dashs Aow AL (Lee 5, 2004; Seol
5, 2005).

Figure 1. Microstrutural changes auring fiing simulation of
the solution treated (S.T) specimen at magnification of
25800x(1), 8000x(2) and 35000x(3) A: as-cast B:
degassing, C. main bake, D: glaze,

Figure 2= 2% % 843148 3 A TAH &
4 Bote] mAlFE Wslolth, =2 & &AskAE (A)
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ghell 9J3)| Figure 1-A9] as-cast AHoIA] A=A ¢
A g AW AEEe] ZAWRE Fob TR ui o
At olHet mAlFRe dHstE s EAstA g
gk AlHAME T2 AJEREG oF 15 HVARS A% &
7ol dojydtt, AHAwol FA3 F/1E YERH degassing
@A B)eME AAHAE WA AEEe] AL
AUell= F% % degassing 3+ AJ#H (Figure 1-B)olA
Bl A3 AR Z7)9F BeFe] YuliAEEe] AAHS
2 Ut T2eig 2 Abele] 71RO BADelE ofF
Ak A MEEe] #FHIAY. olgg Aol F
Z & gA3lxe] A ¢l degassing 3+ A|HET} &
Azkxgl 3k AlHo] Fe AxE yehd delog Azt
k. Main bake 3 AlH (O)dMe dUl HEE =]
7} degassing A 2|gh AlETH 23l BlwA ddstn ¢
A HEEE V1A FoR vA] Fol Eort 7| Al
Aok, 2gjar 714 Atolol] o} wAlgk YAFE AEE]
ods] YTt Cubic F& A8 AE=e 277t
Zrolr e FF AlHS main bake @A (Figure
1-0)ellxe] ®sel frAfatglovt, Awmgke] ztol7b
olf= &AlgkA gl & AlHANE e 7]A] Apol
nAgE MEEe 71R1gk AoR AZbEt, Glaze A2lgh
Al D)elME G HEEo] Al Bol BAENL,
YU cubic 52 YA HEEE I zdigt =AU

Figure 2. Microstrutural changes during firing simulation of
the as-cast specimen at magnification of 2500x(1)
8000x(2) and 35000x(3) A: as-cast B: degassing, C:
main bake, D. glaze

ol BEE sPAE Foeg Hou, JA f Wl ¥
Zoll o} wAlgE Ak HE=ol ¥ Bel A" A
o] A% P& Hwsitha AzEd. wehd Fx2 F &
7 Aol A S ARE Aol 24 F WAl
A rARE ) HEEe] A Bel deA dxE

FeAHE & AT

A

4. ROIAN WE HHTRS} AEFO| Hal

FZ (as-cast) g AlHH} F2 F §ASPA ] S.T.) g
Al 2d FAo whE XRD Wsks #EECh Figure
38 FZ 3 A|HS degassing, main bake, glazeZ7}A]
Agfgk $of XA 34 =Fort. Fxg FHoME F
H o] AT R Pd-Aurich afo]lomn, o]
HAPSFE awy = 3.9958 Ao|Slth 1 flof sPu=
FAE A o] A&l gk okt 3]dado] YER
T}, 1 o]Fo] degassing, main bake, glazeZ7}A|9] A
S AR XA 3" 2ol e] Wak= gldich

Figure 4= T2 & 8A8}x e 3 A|HE degassing,
main bake, glaze7}A] A2jgk o XA 3jd w=yo|r}.
T2 5 A e AR am =
3.9931 A°] WAIETES Pd-Aurich ¢ Tdge=
ol Folz] it A4 S AXUA 2L HEHE
2 FADo] AEHem 3] /A7) Figure 3¢]
shsE A" AN X9 Fdsklth wEbA
BE AlEY mlAlFRoA e gekst Boke] &
% =

(e}
BF e Jo olfoldl A & & Atk

1Ma

Glaze

Main bake

Degassing

Intensity (A.U.)

111 a
200 a

\
LJL As-cast
|

35 40 45 50 55
Diffraction angle, 26 (deg.)

Figure 3 \Variations of XRD pattems for the as-cast
specimen auring simulated complete finng.
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Figure 4, Vanations of XRD patterns for the solution-treated
(S.T.) specimen auring simulated complete firing.

oA ik XA #FRA7E ARshe] el )
2 vAzZe] AEdsts #Eeglt. Figue S& &
T wolide] A WA}l degassing M| (A)9} EoA
JS 2l AJE (B)Y AAMEFALARKER A Alzlo]
o PR BE (M 7)A], P AEE)Y] 9AEAS 3
o] 2 A= Table 60 YeERJRITE Degassing 2]
(We} Heads B AE B9 7IA (erME
Table 19] 3= 24 &) 2 Aolg YehfA] &
et Degassing A2 (A9} ZoAAdS W AlH (B)
o] HNEE PN Aul Age HASEal P9} Gaxe
Z7hslglon, B3] nEdiel Gag 2 Foz Zvlet

S

et olde] EDs AERH AEde] 4L Auet Ing
88 GaPdsE o] FolHE AoE AAHITH (Khalaff
9} Schubert, 1974).

Figure 5, FE-SEM micrographs of the as-cast specimens
after simulated complete fiing for the EDS analysis: (A)
degassing (B) complete finng,

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

at.% Au Pd In Ag Ga Ru

A M 3190 4965 1161 532 152 0
P 2333 5717 1130 0 820 0
B M 3187 4958 1167 450 238 0
P 2210 5812 1053 271 6.54 0
g =
[ -
Au-Pd-InA] H&-AEE =S T2 ¢ x84
E A= Ao 24 A ZoF dFe] AHzlE do

P BHAIAE Qour) SdalN Tz F 8AIs
Azl @ Al 24 #4 5 Axdslel vATE
247z, RarE wes v ges pe A9

5 A3

el A
cooling

1 ¥4E5es IAY 247 s g9
E F71E FUAA YAAZIE quick
A7t el Astel 7Y B30l

2, &2 F EASAY g AHKE AxT) gelxle
v &4 A SAIRD degassing ol of3ix] w4 3]
Bt dofv Brvt sk, A A 33
B =2 AEgo] FAEHAY

T 273 Aol gAsHEE AAE

T WARA A mAIgE JUll HAEE] AP Bol

doA Axg Al

Aol A

i
o
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