/i \

Check for
updates

CHetx|2f2H 2. 8k5 2| 46(4) : 229-242, 2019

Korean Journal of Dental Materials (Korean J Dent Mater
ISSN:2384-4434 (Print); 2384-3268 (Online)

Available online at http://www.kadm.org
http://dx.doi.org/10.14815/kjdm.2019.46.4.229

Pd-Ag-In—GaZl 3&-MEILE $Fe| Bo| AMu} W2l 02 ZE ¥
olu| 7ze]

Changes in hardness and microstructure of a Pd—Ag—In—Ga—based metal—ceramic
alloy during porcelain firing simulation and subsequent cooling

Hye-Jeong Shin, Yong-Hoon Kwon, Hyo-Joung Seol”

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

In this experiment, the alloy having the composition of 49.5Pd-40Ag-9In-1Ga (wt.%) was used to find the most effective
cooling rate for the hardening of alloy during porcelain firing simulation. In each stage of firing simulation, ice-quenching
or cooling at the most effective cooling rate for hardening of the alloy was done after firing to observe changes in the hardness
and associated microstructures during the firing and subsequent cooling. For this purpose, the firing simulated alloy was characterized
by analyzing the changes in hardness, microstructure, crystal structure and the elemental distribution, The hardness of alloy
decreased by cooling after oxidation treatment, which was induced by the homogenization of the specimen, In this alloy, the
most effective cooling rate for alloy hardening after oxidation treatment was Stage 0. During the porcelain firing simulation
until the final firing stage, the cooling rate was set to Stage 0, and the complete firing simulation was performed until the
final firing stage, Glaze. As a result, the final hardness of the metal substructure obtained after complete firing simulation was
lower than that of the as-cast specimen, The decrease in hardness caused by the porcelain firing simulation results from a
reduction in the interface between the precipitates of face-centered tetragonal structures and the matrix of face-centered cubic
structures as the precipitates coarsen,

Key words : Cooling rate, Homogenization, Porcelain firing simulation, Precipitation

Hye-Jeong Shin (ORCID: 0000-0001-7631-9964)  Correspondence: Hyo-Joung Seol (ORCID: 0000-0002-6177-2616)

Yong Hoon Kwon (ORCID: 0000-0001-8097-2114) D49, Busandaehak-ro, Yangsan-si, Gyeongsangnam-do, 50612,
Republic of Korea
Affiliation: Department of Dental materials, Institute of Translational Dental
Sciences, School of Dentistry, Pusan National University, Republic of Korea
Tel: +82-51-510-8229, Fax: +82-51-510-8228
E-mail: seol222@pusan.ac. kr

Received: Nov, 05, 2019; Revised: Dec. 09, 2019; Accepted: Dec, 09, 2019


https://crossmark.crossref.org/dialog/?doi=10.14815/kjdm.2019.46.4.229&domain=http://ksdm1966.com/&uri_scheme=http:&cm_version=v1.5

A AL e A3
Ao 24 x|ofe] 3
Azt F4-AlEh 8 el *1-%3101 ok =
e w5 s T2E fd A TAIE
’gste] 2o} Fej R vhe= AF 2 Al A
w&-AlEbE a2 Aleke e A7) H-r
o 2 Heste] 7AA A4S A7
Je AEEA AREHIATK, 2). = Aﬂf’f} &2
17}3}5 Tl Bl 74%11”01 73k thA
7} Bl ek i 2490 A
:L/\ k“p/]_u]_gh 6‘]—:—150] xgxx].goqr,].'
0] o] A pd-AgA FEAle}
2 50~60 wt.%%] Pd, 30~40 wt. %]
A3l BAFS 93l n|E YAER

of X

0110

R4

b ool b o
P

>~mSL_1

!L_,

4] 3] Uro].
Pd-AgAl H4- HlEH%
o] A% A=t
o i = QAL
Pd-AgA| T&-Aleh)E- 3
A2 Qs Bt sl Aol % BaEA
o] 61Pd-23.4Ag-3Au-10In-2,5Ga-0, 1Ru(wt,%)2] <-4

o=

N =

P8 o] Re| e e Ak E rA 724 Hﬂﬁkﬂl

ek Agelx] Ko e W] wE Fee] A
Bl7go] Bl QIuke). Tk 2Ado] 49.6Pd-27.8Ag-13.5Au-
4,65n-4 4In-0. 1Ru(wt.%)¢l =& FX & &A3} g
g AIAgste] 2ol e HPstal 1o mE FA=
E‘i:@‘r-‘% e Ao E o] &4 XS wE e
T apdo]l YERETH9). 1E|al Z2AJo] 52.2Pd-21.5Ag-

52.2
15Au-6In-4Sn-1Ga-0. 3Ru(wt.%)¢! =& FFoA 43}
Ae)gt § Faste] Be] A4S skl 1o e A=
WEHE AulR el o el wet el At
skt Aa7F YERRTHI0). 240 53Pd-38.2A8-7Sn
1In(wt,%)8] $+¢] 2o A & Y7k &5

o
=

230

B
H

=
=

A&Yst= Ao Tael A
th(11), FAo] 79Pd-8Cu-4.9Ga-
wt.%)]] S5 4ksl A7 & %4

FAHYT 7

[e)
=

8 e BAR ARTEE 2] S8
1,000C Fo oA oy H A ==, A
T W7t AN Aot dsdhe Ao ® G UTkis,
14), webr, Pd-AgAl T&-Alehe] & FolA] ofe] W
e 24 A I 5o Yk BHelA T dstet
et wbgd Ao ® dqgEHAY. & AfdMe 240
49.5Pd-40Ag-9In-1Ga(wt.%0)Q] T=-& ol-&afo], 1o &4
Al ghel Awdsdl adE veilis W7 58 doll

aL, Bof 2] Zh dAlolAM e st 7 Al
B &g sy Fa@ste] &4 AT I F9
W7t go] i ] A= 9 ol AAE njA| 2o
W3 Bt o] & sk,

R

q)

yul

Pd-Ag-In-Ga-RuA| &&-Al2ha]-&
(Type IV)o] THAurium 49, Research, U,S.A,).

o= Zﬂ ZAb e g8l 77 ks 1,150T~
1245CoIH, £ 25+ 1 3500%~ e 2L
Table 13} 2t} AZAPA Alg = S (vl whet
A a0 E RIS AR, AU HEAE
Agste] BAR10X10x05 mm)e] ABL W)L,

]

719452 7] (Millenium R-HD, Reddish stone, Ttaly) 2
FraQ. ofF T2 ARE Aeow AWt



=S 1350C o)A F231e] Table 29l whe} Roj 24 EA-E 22 A EQ] 3 @A wet A €
H&O EAY AT RE SR &2 FHE 20 Y 4 AES 1,000 2 1,500 28 AEE Rl =
23Ysk3e}. Table 29] 24 2AEFL TAY 3T VITA  (SiC) A= Ho|H S Algate] 7Aooz dvlste] FW

VM13(VITA VM13, VITA Zahnfabirk H Rauter GmbH & A8 A A g 3 n| A2 A (MVK-H1, Akashi Co.,

Co.KG, Germeny)9] A4 2AEE 7|ECo & 3 Tokyo, Japan)& Vickers 75‘51% =3}k
2] AR AR kst A dAlex= S AlzAL "h** 300 gf, FeprRES 1022 3t SAIGAL, B=
o] WAjol we} ETAH AAZ(Multimat 2 touch, Densply, L2 7o) PES AT & dojRA Pt Fo 2 FHY

Konstanz, Germany)S ©]-83}¢] 1,010C oA 557F 2391
o] 4ks} AelE g3t Aksl Ml & ¥t S -
£ A= ¥3ks glst] fIs) Table 39] 5714 LJH

D
ra
=
0z
1]
Sk
x
ra
Ral
i
E
oM
i
ua

wolaAe) 8 2 Age] RS vl olule)

sew Wbzt W Sed fe gl 7

= 8=
3 vl A& Al
3ol & 71 Azt a9t Hold Wk 228 MeEst] A 2 e e
Ao 2 AlHe B F2AE A
29 AAS Ayt

Table 1. Chemical composition of the specimen alloy

2 10% KCN+10% (NH)4S:0s
Pehelch. EA $4 5

Composition Pd Ag In Ga Ru
wt % 4955 40,00 9.00 1,00 05
at.% 35,13 5134 10,82 199 072
Table 2, Simulated porcelain-firing cycles
Hold time at
. Dry-out time Heat rate Start temp, Final temp. Vacuum level Vacuum
Firing cycles . . 5 5 frnal temp. )
(min) (‘c/min) (c) (c) . (hpa) release (‘¢)
(min)
Oxidation 0 55 650 1010 5 0 -
Wash 2 75 500 890 2 960 890
Opaque 2 75 500 890 1 960 890
Main bake 6 55 500 880 1 960 880
Glaze 0 80 500 880 2 0 -
Table 3, Cooling rate for bench-cooling during porcelain-firing simulation
Cooling rate  Ice-quenching Stage 0 Stage 1 Stage 2 Stage 3
, Firing chamber moves Firing chamber Firing chamber Firing chamber
" Quenching . . _
Condition ) ) ) immediately to upper opens about opens about remains
into ice brine ",
end position 70mm 50mm closed
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Figure 1, Hardness as a function of cooling rate after oxidation
(with the standard deviation marked in).

Table 4, Satistics of hardness as a function of cooling rate after oxidation

Cooling rate Ice-Quenching Stage 0

Stage 1 Stage 2 Stage 3

Hardness 166.24+4 05 31198+781°

30512+4.19° 273.86+624° 265.66-+5.80°

“The values are expressed as mean + standard deviation, Statistical significance was analyzed by a one-way ANOVA at a = 0,05, followed by

a Tukey HSD test for multiple-comparisons,

ano Statistically significant difference in the hardness, Same lowercase letters indicate that there are no statistical differences among groups.
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Table 5, Statistics of hardness as a function of firing step
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Figure 3. Microstructure after oxidation: As-cast, ice-quenched after oxidation (Oxi-IQ) and bench-cooled at Stage 0 after oxidation

(Oxi-S0) at magnifacations of x4,000(left), X 20,000(right).
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Figure 4, Microstructure after wash and glaze: ice-quenched after wash (Wash-1Q), bench-cooled at Stage 0 after wash (Wash-S0),
ice-quenched after glaze (Glaze-1Q) and bench-cooled at Stage 0 after glaze (Glaze-S0) at magnifacations of X4,000 (left), x /20,000
(right).
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Figure 5. Change in XRD patterns during porcelain-firing
simulation: ice-quenched after oxidation (Oxi-IQ, bench-cooled
at Stage O after oxidation (Oxi-S0), ice-quenched after wash
(Wash-1Q), bench-cooled at Stage 0 after wash (Wash-S0),
ice-quenched after glaze (Glaze-IQ) and bench-cooled at Stage
0 after glaze (Glaze-S0).

Figure 6. FE-SEM image after oxidation and glaze: ice-quenched after oxidation (Oxi-IQ) and bench-cooled at Stage 0 after glaze
(Glaze-S0) at magnification of X 10,000, M: matrix, P: precipitate,
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