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The hardening effect by ice—quenching after oxidation of a Pd—Ag—Sn—Au
metal—ceramic alloy during porcelain firing simulation

Hye-Jeong Shin, Min-Jung Kim, Yong-Hoon Kwon, Hyung-ll Kim, Hyo-Joung Seol

Department of Dental materials and BK21 PLUS Project, School of Dentistry, Pusan National University,
49 Busandaehak-ro, Yangsan-si, Gyeongsangnam-do, 50012, South Korea

The hardening effect by ice-quenching after oxidation of a Pd-Ag-Sn-Au metal-ceramic alloy during porcelain firing simulation was

investigated by means of hardness test, field emission scanning electron microscopic observations, and X-ray diffraction analysis. The

hardness decreased by ice-quenching after oxidation, which was induced by the homogenization of the ice-quenched specimen. The

decreased hardness by ice-quenching after oxidation was recovered from the wash stage which was the first stage of the remaining

firing process for bonding porcelain, After wash stage, the hardness of the ice-quenched specimens decreased during the subsequent

porcelain firing process. But the final hardness of the ice-quenched specimens after oxidation was higher than that of the specimens

cooled at stage 0 after oxidation, The increase in hardness of the specimens during the first firing process was caused by the lattice

strains generated at the interface between the face-centered cubic Pd-Ag-rich matrix and the face-centered tetragonal Pds(Sn, Ga, In)

precipitate, The decrease in hardness of the specimens during the remaining firing process was caused by the microstructural coarsening.
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Table 1, Chemical composition of the specimen alloy
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1. AglstZ (Specimen alloy)

B ASoA] ARE-E= a2 Pd-Ag-Sn-AuA| w<4-AlEhd]

71
TF 1,293C ~ 1,328.0C oJt}f 25+ 1,376 ~
colth. a2l AL Table 13} 2t}

2. 9x2| (Heat—treatment)

A FFE 1380 T Fastel e F Huol
A3} E3HE Uehhs W £58 315 913 Table 29
CliR YASER WA 2 AR A4S F

Composition Pd Ag Au Sn In Ga
wt % 56 22 10 75 35 1
at.% 592 2294 571 711 343 161
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Table 2, Cooling rate during simulated porcelain firing cycles

Cooling rate Ice-quenching Stage 0 Stage 1 Stage 2 Stage 3
Firing chamber -
L , ) Firing chamber . y
", Quenching into moves immediately Firing chamber Firing chamber
Condition ) ) opens about .
ice brine to upper end 20mm about 50mm remains closed
position
Table 3. Simulated porcelain firing cycles
. . Vaccum Vaccum
Sy el Pre- Heat rate Start temp,  Final temp, Hold time fime level
drying (min * C/min °C ° C min ,
rying (min)  ( C/min) () e (min) i) (pa)
Oxidation 0 70 600 1000 10 0 0
Wash 2 70 600 950 1 6:00 50
Opaque 2 70 600 930 1 5:43 50
Main bake 4 70 600 920 1 5:34 50
Correction 4 70 600 910 1 5:26 50
Glaze 0 70 600 900 0 417 0

FHa1e] Astads Ueplls WAEER FUste] Table 39
2AER glaze AR EA- A2 (Multimat 2 touch,
Densply, Germany)& AR8-3te] RoaAdS SE3FTh

3. 4 Al& (Hardness test)

EAY 2ARA A © 2z Al s nlad =
(MVK-H1, Akashi Co., Japan)Z AR5} Vickers AES &
Aapieh, 24 238 300 of FhARE 10Z20]1L, 3 AH

sle] s7lle] e A F Hts ol AR gow
sk
4. MAHE ZAMEXIEO0|ZA 2HE (Field emission

scanning electron microscope observation)

ZA- 2Ad=ReM GA- | 2F Al oz
APIRFAR 7 HES AdYEL] flete] AlEe] BHE wA)
nl7lg AMgate] el ddvkelinh, ARo R dvke AR
S 10% KCN + 10% (NH),S,0s0.2 ¥ A5 3
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HE FANF BN e AES HASE FAL
A1) (JSM-6700F, Jeol, Japan)S AFg-8Fe] 712 15
kve] 7oz st
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5. XM 3|" &M (X—ray diffraction analysis)

IA-E 2AR2AA DA ZF AJE gis) XM 31E
ZFX|(XPERT-PRO, Philips, Netherlands)& A8-3F] XX 3]
A ARS Adslth 5 22 B 40 kv, BF
30 mA, FAKEE 1° 26 /min)o|2L, NiZHE £33 Cu Ka
A& ARSIt

6. OILX| 24 XM 22 24 (Energy dispersive
spectrometer analysis)

AJRS] A B S8l AAME FARIARERA
Zhol] ARESH WO 2 AJHE At ouA] 4 X
E347] (INCA x-sight, Oxford Instruments Ltd,, UK)E A
sfo] Mgt 15 kve] Z7lold ATE RS
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A HF BEEG U S el o]’k AvtEiE,
T4 AlEfE Pd-Ag-Sn-AuA| Fae] Beo)AA Al AkskAE]

T 58S Al wE e st a3t SRIEITh
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Z-Aghe8 $a(eon F, 2014) M= BRI E STk
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Figure 1. Change in hardness according to the cooling rates

after oxidation,
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Figure 2, Change in the hardness of the specimens during
porcelain firing simulation,
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(Field emission scanning electron microscopy, FE-SEM) ¥
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Sardol wE miAlTE HEkE #ER Aoty T2 Al HERY] FH7PF HAsIaL, TRl vARE A HEe
@M= A 2 duoll a1 22 EEo] FZEJTE o] T AAdEo] SUSiTh oHE AR AR HEEe]
stage 002 Y2k Al b= T2 AF@EY A AEeE 3 T At A Aos AEII A

Figure 3, Microstructural changes in the
as-cast specimen during porcelain firing
simulation [(a): as-cast, (b): cooled at stage 0
after oxidation, (c): wash treated specimen of
(b), (d): complete firing simulated specimen
of (o), (e): ice-quenched after oxidation, (f):
wash treated specimen of (e), and (g):
complete firing simulated specimen of (f)] at
magnifications of x1000 (1), x10000 (2),
X 30000 (3).




HA(b)E wash*]g] & § stage 022 YA AJH (M=
Al b)AETE A D o] MEEo] st w= B
< Btk AH(OE glaze7}A] HE RoJAdES ehmgh A9
(DoM= 9A & Juie] AE=2] Z2717F Al (09lA Kt
Z7Fete] st t] wel] & Ao] 1t
FE3 S ARk $ FE8s AlF(e) M= AkskA
3 stage 002 Yzt AJHb)EY} JANEES] H717}
Faatadet. AlEb)e] 71A]elx veRd miAlEE i AEE
Al (e)olA = HEBH TR gl wEhA, AkslA
IEE Jull AEEo] 717 W= aLg-x]o] Frrt "o
= Ao 2 Yepdt) AJH(e)E wash 28] & stage 002
Zkgk Al oMM el AE=o] T =] e
, YA HEEo] Zist Hof AH(0)e] mAlT =t FA
P FEE BArh AsiAe] & FEgh AlEE gaze7bA] B
3 AF3H AN E A B YUl HEEe] Zdis)
7 AR T wo] Zlg=o] AL

oo 2HE|, AkslAe] § F#sk AJH B3] stage 02
2 Y7k A 71A mASE AEEe] U Be] AH
o] RIS o|2HE AskAe] k= w1t Fae] *E
s} Ho] AstE AL, AFstAE] § Washs FgolA Faol
&S & 7 ASE olHg AEF e A8 S
o] diFA<l Aspr|de shta wElA] JriVermilyea 5,
1996; Seol, 5 2011; Kim %, 2014; Kim 5, 2015). 3H,
ojgfgh AEES HojaA S ARl wt HA o)
H=dl(lee 5, 2004; Seol 5, 2005; Kim 5, 2007; Seol
5, 2008; Park 5, 2008), o]#st Zist= MEE} 7|X]
Ate] A WAE FHAA A7t HERS SRR A%
= 2 HEo] JrKOtha 5, 1975; Jeon
S 2008; Yu 5, 2008; Cho %, 2011; Kim %, 2016).
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Figure 4, XRD changes in the as-cast specimen during porcelain
firing simulation[(a): ice-quenched after oxidation, (b): wash
treated specimen of (a), (c): complete firing simulated specimen
of (b), (d): cooled at stage 0 after oxidation and then complete
firing simulated].
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Figure 5. Microstructure after complete firing simulation of the
ice-quenched specimen after oxidation (M : matrix, P @ grain
boundary precipitates, and PP : particle-like precipitates),

ﬁ,}é.j:}_ %(M: 7];] P: 0174] Hxﬂ PP o1;<}53 H;«H)J
S Akl 1 ZIHE Table 490 YERASIH AES=(P
PP)SX= Z1A|(M)ell HIg Pdo} snol Al 57k, Agg]r
Aue FA| ARtk oUA] Bk XA B A At
XA SRR EIE 235t AHshE, 7)1A]+= Pd-Agrich
9] fe.c 7% aAoly, HEEL Pdy(Sn,Ga,ln)o|Fo%
fot, 729 BAro|tHVillars®} Calvert, 1985; Cho%} Cho,
2015).
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Table 4, EDS analysis after complete firing simulation of the ice-quenched specimen after oxidation,

Region (at,%) Pd Ag Au Sn In Ga
M 1 614 2263 7.07 505 178 207
M 2 60.35 2533 8.31 44 0 1.61
P 1 7567 296 2 17 3.05 462
P2 82.35 0 239 1127 0 3.99
PP 1 7430 42 224 12,13 352 3.61
PP 2 75,02 372 252 1138 355 3.81
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