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Phase transformation and grain boundary precipitation related to
the age-hardening of an Au-Ag-Cu-Pt-Zn alloy for crown and
bridge fabrication

Mi-Hyang Cho

Department of Dental Laboratory science, Wonkwang Health Science University

[Abstract]

Purpose: The age-hardening mechanism of an Au-Ag-Cu-Pt-Zn alloy for crown and bridge fabrication was
investigated by means of hardness test, X-ray diffraction study and field emission scanning electron microscopic
observation.

Methods: Before hardness testing, the specimens were solution treated and then were rapidly quenched into ice
brine, and were subsequently aged isothermally at 400-450°C for various periods of time in a molten salt bath and
then quenched into ice brain. Hardness measurements were made using a Vickers microhardness tester. The
specimens were examined at 15 kV using a field emission scanning electron microscope.

Results: By the isothermal aging of the solution-treated specimen at 450°C, the hardness increased rapidly in the
early stage of aging process and reached a maximum hardness value. After that, the hardness decreased slowly with
prolonged aging. However, the relatively high hardness value was obtained even with 20,000 min aging. By aging
the solution-treated specimen, the f.c.c. Au-Ag-rich av phase was transformed into the Au-Ag-rich a1 phase and the
AuCu I ordered phase.

Conclusion: The hardness increase in the early stage of aging process was attributed to the formation of lattice
strains by the precipitation of the Cu-rich phase and then subsequent ordering into the AuCu I -type phase. The
decrease in hardness in the later stage of aging process was due to the release of coherency strains by the coarsening
of tweed structure in the grain interior and by the growth and coarsening of the lamellar structure in the grain
boundary. The increase of inter-lamellar space contributed slightly to the softening compared to the growth of
lamellar structure toward the grain interior.
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Table 1. Chemical composition of the specimen alloy

Cempesitien Au Ag Cu Pt Zn
wt.% 720 137 9.8 3.6 0.9
at.% 539 187 227 27 2.0
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Fig. 1. Isochronal age—hardening curves of the specimen
alloy aged in the temperature ranges of 250C to
500°C for 10min and 30min.

2. BB FxZ o =t

AlaAe]o] whE Az HIkE XAE deow
ZAVHAEE (Fig. 32 750°CollA 1087 gA8kA 2w
FIAIRE 450CollA S2A a4 5= 53¢ UYEh+=
A3)d =30 M3kE Hola gk, AISA g E &
TAEE af GY4S Udeiislen, dad+=
(face—centered cubic, f.c.c)2 ¥ a2 AAFE7H

a200 = 3.982 A% & &R3F Au-Ag-richo| i,

>

A a0 = 4.003 ARl Au—Ag-rich a’d¥ HAA
H

ML (face—centered tetragonal cubic, f.c.t.)Z H

O

2
A a =3.946 A, c=3.658 A% AuCul 2149 2
ol A=A Al AT F7tel whE AR ¥
St (Table 2yl UERHSITH

oo} WA wlA|lF28] WIS S| flgke] 1A
HPAF FAPAARE R RS AlET

348 gt xint 7|2 S K]

HardnaaaHV

140

0 -

Bguing tima frein)

Fig. 2. Isothermal age—hardening curves of the specimen
alloy aged at 400°C and 500°C
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Fig. 3. Variations of the XRD pattern during the
isothermal aging at 450°C with aging time
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Table 2. Changes in lattice parameter of the specimen alloy during aging process

Aolv

- ol 8) a(A) AuCuI(A)
SHIsHH2| (ST) 3982 - -
10 2 3978 3 -
100 & 3979 4,020 «= 3950, ¢ = 3651
10,000 £ - 4008 «= 3941, ¢ = 3654
20,000 & - 4,003 «= 3946, c = 3658
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Fig. 4. FE-SEM micrographs of specimens (A) solution—treated at 750°C for 10 min and aged at 450°C for (B) 100 min,

(© 1000 min, (0) 10000 min and (E) 20000 min. (1):

X3,000; (2): X15,000;(3): X50,000
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