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Effects of repeated casting on hardness of a Pd—Ag—Au metal—ceramic alloy
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Dental alloy manufacturers advise against the reuse of previously melted alloy. However, for economic and environmental reasons,

dental laboratories often reuse the casting surplus, The purpose of present study is to find out the reason in hardness change of

a Pd-Ag-Au-In-Sn metal-ceramic alloy by recasting. Hardness decreased with increase in casting frequency. At the same time, the micro-

structure of all recasted specimen showed complex microstructural features. The recasted specimens were composed of the matrix

and the particle-like structures covered with fine precipitates, The decrease in hardness by recasting was caused by the decrease of

nuclei concentration by repeated melting and resultant increase in grain size, The precipitates covered with the particle-like structures

showed no microstructural change by the repeated casting up to 5 times. It was indicated that the precipitates were not related to

the change in hardness by recasting.
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Il. MATERIALS AND METHODS

Table 1, Chemical composition of the specimen alloy.
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£ AT AME e AR TE 1SO 22674(2000)
/ Type Vo] sj9sl= Pd-AgAl =A1& T=(Esteticor N2,
Cendres+Métaux, Swiss) . & Au(gold)7} A%ko 2 3hf-5d
A Pde] $Heke 291 wiale] AFs: ol Fae] A=A
o) w2 Tgo] g E=lbS= 1,150~1,265 Co|H, %
T FEE= 895 Mpaolth §e] AL Table 13} 2t}

2. A HM|ZHSpecimen preparation)

Al AR Sfste] oA AlEE i FRs
Al&atsitt. X378 S2(dental wax)E ]88t 4 mm x
2 mme] 2] o] 1 mmel o] FE= JES A
ZkslaTt, <1XFA wiEA (HeraMoldVest, Heraeus Co.,
Germany)& ARE3te] AZAR] Ao whe} T (wax
M=kt e TR kA Edi(Mult-
orifice gas-oxygen torch, Dentsply Co., USA)E AR&-51e] 3t

pattern)<-

5 59 F 94527 ](Kerr/Sybron, Romulus, MI, USA)S

olg3ltt. Fx ¥, AW (bench-cooling)o] o]F-o1% 0,
Z}zre] AL A E AT Fo 259 AlH7E Fl
AlFo] oot webx F 1~53]9] F25 e,

] 43]e] T2 A 9]o] IpAo] TITHE AR H Sl

3. A= A|&(Hardness test)

F201~53)E AZ] Zhzhe] W Aol tiste] md =
AMVK-H1, Akashi Co,, Japan)S AR&-3}e] H]F2(Vickers)
AEE A3y SAZRAL 55 300 gf, FHAIRE 102

oz, e S FAT F, 1 WHLE ToH] AEGhe

Composition Pd Ag Au In Sn Ga Pt Ru
wt% 52 20 152 6 54 1 02 02
at% 56.4 214 89 6 53 17 0.1 02
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4, MALEFAXAIS0|E HE(Field emission
scanning electron microscopic, FE—SEM)

AAGEAAAEN] B2 99 T2 0 AFEE B
o AEe] ERE HA)E Al Sae R Qs

At Ao g Anpe AlFE-S 10% KCN(potassium cyanide)
+ 10% (NH,),S,0s(ammonium persulfate) ©. 2 & A3} H
Aefo g S FAAZT dAedl uhE 2] WstE
ZAFE7) S, Beks AR W] AEE AMETA
A&7 7 (FE-SEM)(JSM-6700F, JEOL, Japan)S ARg-a}e]
7R 15 kve] 2oz sk

5. XMg|A™ A&8(X—Ray Diffraction)

)

kel AJES xA3A AX|(XPERT-PRO,  Philips,
Netherlands) & ARg-ate] X438 A3ES Aldstdlth. 24
202 WA 40 kv, WF 30 mA, FAKRE 17 (20 /min)
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6. O|LX| 2AF XM B2 HAM(Energy Dispersive
X—Ray Spectrometer)

WHEF o) mhE o] WskE EA4sk] ffste] A
STFARIAAN] B gl ARSSE AlHS IR ARE-ste] o
A 2418 XA B337](INCA x-sight, Oxford Instruments
Ltd,, UK)E ALgske] 7FEAt 15 kve] ZdoA Al s
ATt

lll. RESULTS

1. 4
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Figure 1, Hardness changes of the cast and recast specimens.

329

Second Third

Fourth Fifth

Casts



Z}Z} 303.4(+4. 5) Hve} 301, 5(+5 4) HvZ 7HA4ste], & =}
o2 UehiA &ttt Ange 33 FRE ZaA
292.6(+4.7) HvZ 7HAasllon, 43)9} 53] 25 T8 4
Tgke 747} 277.7(£5.7) Hy, 279(£5.1) Hv7kA] "olzl A
< 3l 3 & QT

2. OMITZ

Figure 2 WHESF2E X|8)st AJHe] AALETAARE
w7 Apxloltt, ZH2t 13)(A), 23](B), 33](C), 43](D) L&]aL
53|(B)Y] F27} o] Foil AHES 4008H(1), 3,0009H(2),

11,0000 (3) 2 B3ty B AlHS wAlskaL g

Figure 2, FE-SEM micrographs of 400X (1), 3,000x (2) and 15,000% (3) for the cast and recast specimens, A:First cast

, B:Second
cast, C'Third cast, D:Fourth cast, E:Fifth cast,
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YAF (particle-like) 7329} 1 AFO]E W9+ 7]A](matrix)
2 O] FA JUJTHAE). F231571 Eofdol wet A+
TF20] A7)7} Z7VEFITHA-1/E-). o8 &= Eslg
< o, JAY T2 Uiie dvbdo g BlERKblock-
like) 729 MEE2 FHo] ISt} 18l A 7=
Atole] 7AE F23157} Boldol ulel 24 (lamella) O 2

LA o] THA-3/E-3).
3. 2d3=x

HREF2d mhE AR H3kE doliy] flste] XAl

g %S ARk o n, 1 A3HE Figure 30 VFERYIATE,
sl o] Ao} B, AR, el 24 55 28 sk
A% A, BE ARA F e, B)o] &S & T
Aok F dT A At o 34 et a2
ST}V ax0 = 3.9782 AQ1 WAIIHKface-centered cubic,
f.e.c)Tzde) olelst Axet 3 ofet 394 des
UEPH B2 a0 = 4.115 A, aiy = 3,745 AQl WA

=

5%

¥ Moo b o

i)

(face-centered tetragonal, f,c.t,) 7%= YERIT) Pinasco &
(1999)9l|4] B8F8l (Pd, Ag)-based TL-E&HA|(f.c.c)e] HAAS
(3.985 Ao} o) 248 e W, a3 Pd-Agbased
9IS BT S A3k

4. o

HI

Figure 49} 5+ 242} 139} 53] F231 A|H AAET
ARAAFAR7 ARlolt, sl FREe] R4S EDSE =
Aatlon, I A= 242} Table 29} 3¢ Wbl 13]
T8 A A FRA)E e A fA
oLk, PR T2 Atele] 7IA(B)= pde] gkl TS &
%oH, 71X BT Agt Aue] FHERE WAl Sn FhFo] AthA]
O 2 E9IT} 53] Fxg AR YR FRoAE ARl A
o] gheFol 13] Fx3 Al FARIA W, ZIAB) oM =
Sn FAEFRIAL, Gad] FS SHCH
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Figure 3, Variations of XRD patterns for the cast and recast specimens. AFirst cast, B:Second cast, C:Third cast, D:Fourth cast, E-Fifth cast,
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Figure 4, FE-SEM micrograph of 3000 % for the first cast specimen,

Table 2, EDS analysis at the regions marked in Figure 4.
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Figure 5, FE-SEM micrograph of 3000% for the fifth cast specimen,

Table 3, EDS analysis at the regions marked in Figure 5.

Fzz'?"l/j)n PA A3 AU In S Ga F::tgl/o)n PA A3 AU In S Ga
A 575 188 84 55 58 40 Al 602 163 84 61 54 36
A0 608 193 94 47 46 11 A2 558 218 105 60 40 19
A3 608 186 100 62 44 - A3 585 217 100 40 42 16
B1 77 49 34 68 93 39 B1 698 63 38 61 72 68
B2 677 67 36 76 104 40 B2 744 - 36 54 84 82
B3 723 62 40 62 87 36 B3 696 62 35 64 75 68

IV. DISCUSSION

G2 T2 AFZ(recasting)= A-&-8-(melting) 3}
A 27| 3K re-solidification) ] AL &l o] Fo|A =], o]
FE B3 v el 249 AR 18]
ZH 9] et gekd ¢ vk 2eal g EeA -
7IAA AgEE oleldt HHoA WskE A B AR
of WstERE JIS Wt Maksimovie 5(2015)9] <5}
W 17kE F3F(high-gold alloy) & AF=x3s A3} 24
He| o] BT 2u AlFEE QIS BB S
7hH= A9 (dislocation) ] )55 Wty AEdess do
Akl 21t} Horasawa2}l Marek (20042 Ag-Pd 3=
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2 AFEE Fal AgHe] /ddete] [ ofso] golsiAl
Hou) o] FAAH] FHo = 3l A=A A
o2 A} Ao Bl s18t} Reisbick¥} Brantley
(1995)°] <J3hH Type 1<) F3a ATzl wet 2 2
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226742000001 <J3FH  type Vel &3h= A8 gl 87

3

~
E;E

2
o
r9, on

N

r

1

;
il ot
Lo

off



o A TR FERIETE SRR wet 1 =20 S
stk olHE A Fx 719 Tk ol =uiMkaL
U= 71A]eke] A WHAS THAAA AHM Y] Axt HEH
o] sja¥le] BEahdS FEATKSeol &, 2005; Kim <,
2014). 2H =27 AHS sk I} Y&
of o]&s=tl(Horasawa} Marek, 2004), ¥ A& = Y
&g Yo A AR e s o,
AAY 3719 #o)7} A A(nuclei concentration)] 7Ha
14 719083 Ao Fekdn) webs RhEFz) nkE
Sk v 8808 Qg YA axe) o wet
AH| 77k 718 AollA 7190 AE & 5 Stk

Pinasco 5(1999)9l] &JsPd Pd-Ag-Sn-In Tl F2E
B3l tde] miAlxZ o] BRI, 53, 7|A1e] A HA
oA Tt FEje] AE=at 22o] WEEHATRL Barslel
o}, Zefut o] gk mAlRZ] dEE el 9, XRDS} AR
Aofla] F513E Aol & HolA| kL, Wb a fec 71A9h
B tetragonal phase®] 7 7O 2 o]FoJx] QJrial Bt
£ AN Eg nAl Rl Btekal XRDE] 414
I, fece TEY i fot TR B F Avte
AT e 92 s VR o 42 Al iR
& ZRABAL lE A FEE o] F= Ae & T e
ol YA FEolM Pd, Ag, Aug] FHe] =9 EDS 4
AIebe AE7itt whd, BAge] AN ol vrEste.
B, PdE F2 F3laL, Ag, Aue] o] FriHo s vk
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1 yfellse EDSEA oA 53] S35t wle} 7]#]oflA Sne]
At Gasl S7PF BEEATE Sn, Gat Pdef Hgtshd
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Schubert, 1974; Guo &, 2003; Seol &, 2011; Wu 5, 2014),
£ A= 71A7)F v AL HES 2R8I wiEe]
Amdslols 27 Jlefsl) ghe Aoz g

V. CONCLUSION

56Pd-21Ag-9Au-6In-55n(at%0)d] =44 =S AR5l
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