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Age hardening on Ag-Pd-Cu-Au alloys

—Retardation of grain boundary reactions by addition
of small amounts of other metals —
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(Director: Prof, Hiroki OHNO)

Abstract

Grain interior and grain boundary reactions of four .types of alloys (Au-Ag-Pd-Cu
alloys containing 0-40 9% Au, Ag-Pd-Cu alloys with other added elements, PdCu ordered
alloys with 1.5%Sn, and Ag-7%Cu alloys with 1.5%Sn) were investigated by electric
resistivity measurements, hardness tests, optical microscopic observations, X-ray
diffraction, and TEM.

Internal strain resulting from continous precipitation did not develop to become the
effective driving force of nucleation of nodules in Au-Ag-Pd-Cu alloys containing 0-40
%Au.

The growth rate of nodules with Sn addition was 1/18 of that in Ag-Pd-Cu alloy
without Sn addition.

The ordering process was found to be accelerated by addition of Sn for the PdCu
ordered alloy.

Retardation due to the Sn addition shows that grain interior reactions are accelerated
by the Sn addition resulting in a decrease in the chemical driving force for the Ag-7%
Cu alloy with 1.5Sn.
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It was established that grain

interior hardening reactions

in Ag-Pd-Cu alloys

containing 40%Au were effectively accelerated by addition of Cr.

Key wards : age hardening, small amounts adding, Ag-Pd-Cu alloy, grain boundary

reaction.
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Fig. 3 : Electric resistivity(a), hardness(b), and
area fraction of nodules{(c) at various
aging temperatures of alloys containing
30% Au.
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Fig. 5 : Relationship between nodule width (w)

and aging time in Ag-Pd-Cu alloys with
added elements at 400°C.
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Fig. 8 Microstructures of Ag-7%Cu alloys aged
at 300°C for 60 min.
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Fig. 9: Electric resisitivity (a), hardness(b), and
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Fig. 11: Electric resistivity (a) and hardness (b)
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Fig. 12 : Transmission electron micrograph (a)

and selected area electron diffraction
pattern (b) in the alloy with 1.5% Sn
aged at 400°C for 600 min.

HExN5,

Fig.121%, 1.5% &ML 72 c>n T,
400°CT60053 K% L 733 & OB REF R85
— %Y. LIAAHRAIFES IR L, <1000 AHH
WEEZFTH2REEZRLTWS, CrelmLr:
BE, XERETZ &> TRBHOH L WSO
B VT, BLXRms hzCro L Rt
BURCrEBHOHIc L2 b0 TIdR <, B
S ICLLAHAIFE DO IR L 2 2 & NE RS
FHEFF/SY — i & > THERI NI,

6. TTVIEHAT

KRBT 2 —#HDOEREIT> T& /-
BT, ABICELIECRELRD S, /3T
VU LGEEIZ1 %D P EHEMU AL
SLEE (900°C) RHEL 72 & 25, HEHERLL T



10 B 3/ 88885 Y7 AGSOMERMITEIC L ZRFRIGOME & 2 DA H =X L

LEol, FNEBEAEHOAENEF = v 7
LB ENZ VL, £ &h, BRCOAEREN
BRI IC A > TO O E R ERERD
TIREERIE 2V T A D L, EDE, Ag-1.0%
PO T878°CIC b i BTFEE L Tz,

1 % DEINET 6 &8 O EEIRE 20058
CHETTAZEREWEDEVIAADWITZ
oz,

BRI 2% OFRZSBMEI»ER, #
BahtTwi,

Wilmizy = 9V 3 v 2HR LT 28R
WWERLTWS, Hidd s LEHICAIGE 2 RE
SR LTS ORIE TR 1K E TTW,
BrHOHABHICHEETY, RECHESP LR
LTw3 Zer2RWELR, B, =
BUCHE U 72 720 TR L BRI L 12D TH
3, ZOEEDEE, ERLVIRED, BiF
{LALEE % O BALBRE IS L TWweDTH
%, METH, NiTigBhb&wPLLaNi:&RE
L&Y b TRt & pEE eI, %7
F (FER I AR RN R AR RPIRBLR M R
rahiz, I Lob izt Rks I &
%, B o THREEDTOELVDHDT
b5

i

KT, FRKS5 3 AI9ARS s L (BF)
DEMF TSR VT LAEEORN - RRKIG
RIZTHRIMTHROEE) 2BEHLIbDTH S,

W % ZITT 512 b1 D REREIE ¥R AR5
BEgg 0o, BYIR2 JIEERZI L E T, B
WIITE LA TR 2L, BHOBERLET,
7z, BRLPE LRBREEZ T > BB
Wb EDELEBEL ETEY, 351, REOREES
AT B E > L AEREZARMICEHBL 9, &
B, KRR, XEMERERREHS ERPIFA,
RIF059, 614 & U63EE), ¥ o RFRRIFFFEMB & (¥
WITHEE) Lo TETENZ 2T %0

(162)

SEXE

1. WS, EHEE D R0, 2 -8, IE,
Bl 1972.

2 . JLEHIFL © ¥IEES, 149153, 77 %, W,
1980.

3. HEWIEE, FHEH D GEONH, 223-224, A
&, W, 1972.

4. B 3h, MEEEX, TAHER, KB Rkt
F& 7 2 Y LGS DRI RIET SRED
WE, HASRBE¥SRE, 531 14—17, 1989.

5. TR, FHEE G20, 243-24,
&, ®y, 1972.

6. Hornbogen,E. : Uber den Beginn der
tbersattigten
Mischkristallen, Z. Metallk.,56:133-154,1965.
7. Geisler, A.H.:Phase Transformation in
Solids, 432-433, John Wiley & Sons, New

York,1951.

8. TOKMEE, KM, RFEX: Cu2%BeD&E®
DORFRIGEINTHIC B L IZTIRIMTROEE, HEK
EBESEE, 44 1160—169, 1980.

9 . Kawashima,I. Araki,Y. and Ohno,H. :
Retardation of grain boundary reaction in Ag

Ausscheidung aus

-Pd-Cu alloy by additions of small amounts of
other elements, Journal of Materials Science,
26:1113-1118,1991.

10. Cahn,J.W. I The
boundary nucleated reactions,Acta Met., 4:449
-459,1956.

11. Cahn,J.W. : On the kinetics of the pearlite
reaction, Trans. AIME.,209:140-144,1957.

12. =KME, KEER | Cu-SieS& O A RISET
HeEFNIIBLIETB, PHEMOEE, HEAERER
455k, 48 1347—355, 1984.

13. =AHEE, JbilZER], REFFEX | Cu-30%Ni-0.5%
Be& & OR FKIGRH I 8B XI5 ARNORE,
HALBE¥ S5, 441 170—179, 1984,

14. Hansen,M. : Constitution of binary alloys
ond  ed.,52-53, McGraw-Hill, New York,
1958.

15. Kawashima,l. Araki,Y. and Ohno,H. :
Effects of Sn addition on the ordering process

kinetics of  grain

of PdCu ordered alloys, Journal of Materials
Science, 28:3957-3961,1993.

16. Kawashima,I. Araki,Y. and Ohno,H.:
Retardation of grain boundary reactions in Ag



HIGASHI NIPPON DENTAL JOURNAL VOL.12,NO.2, DEC,1993 11

-Cu alloys by Sn addition, Materials
Transactions, JIM., 34:438-442,1993.

17. & 3h, FoARER, KEFSME - 0.01lmass%AlG
e & % Ag-Pd-Cuf& & DR AKICHIEIZNE, RE
MEE - B8, 12 1 399—405, 1993.

18. Kawashima,l. Ohno,H. and Araki,Y.:

Effect on the grain interior and grain

(163)

boundary reactions by Cr addition to low gold
content alloys, Journal of Materials Science,in
press.

19. Hansen,M. : Constitution of Binary Alloys
2nd  ed.,39-40, McGraw-Hill, New York,
1958.



