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Table 1. Composition of alloys studied. (% )
Comp osi-
tion Ag Pd In Zn
Alloys
Alloy 1 75 25 — —
Alloy 2 70 25 4 1
Alloy 3 70 25 2.5 2.5
Alloy 4 70 25 1 4
Alloy 5 low content gold alloy
(Ag-Pd-Au)
Alloy 6 A.D.A. type III gold alloy.
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(b) Epoxy resin molded corrosion test specimen.

Corrosion test equipment and specimens.
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for wax pattern (b).
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Table 2. Tarnishing scoring system by Hodges.

No. Metallic Luster
0 | luster retained
1 | very slight duliness in patches
2 | very slight dullness over entire surface
3 | moderate dullness
4 | very dull
5 | deeply colored opaque surface
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Table 3. The results of the tarnish ing test.

Alloys hrs 1 18 48 72 168
75Ag-25Pd 0o 0 1 1 1
70Ag-25Pd-4In-1Zn 0 1 2 3 3
70Ag-25Pd-2.5In-2.5Zn0 1 2 2 3
70Ag25Pd-1ln-4Zn 0 1 1 1 1
Ag-Pd-Au o 0 0 0 1
o 0o 0 0

ADA type III gold 0

(in 0.1% Na_S$ at 37°C)
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Fig. 3. Micrographs of tarnished surfaces of various alloys.

After 3 days of immersion
in 0.1% Na, S solution'at 37°C.
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Fig. 4. Forward scan potentiodynamic polari-
zation curves of various alloys.
Alloy 1. 75Ag-25Pd
Alloy 2. 70Ag-25Pd-4In-1Zn
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Fig. 6. The effect of In content on the hardness

of various states of Ag-25Pd-1Zn-xIn
system. The hardness of as cast speci-
men is also higher than that of the aged
one, As In content is increased, the
hardness is more sharply increased.
In can be a effective strengthener
of the system.
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The effect of alloying elements on the
peak current density of as cast speci-
mens. As the content of In is increas};d.
The peak current density is decreased.
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Fig. 7. The effect on In content on the tensile
strength of Ag-25Pd-1Zn-xIn system,
Tensile strength and hardness have
similar behavior in this system,
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Fig. 8. The combined effect of In and Zn on
the hardness of various states of Ag-
25Pd-xZn-yIn system. The hardness
of the aged specimen of Ag-25Pd-2.5Zn-
2.5In is higher than that of the cast

state.
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Fig. 9. The effect of aging temperature on the
hardness of Ag-25Pd-2.5Zn-2.5In. (Aging

time is 30 min.) As temperature is
increased, the hardness is also increased.

The phenomena is due to the preci-
pitation hardening of this system.
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Fig. 10. The effect of aging time on the hard-
ness of Ag-25Pd-2.5Zn-2.5In. (Aging
temperature is 450°C.) As the aging
tims is increased, the hardness is in-
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Table 4. Standard electrode potentials for various
metals at 25°C.

Au At Pd Ag Sn In Zn
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Fig. 11. X-ray diffraction charts of various
states of Ag-25Pd-2.5Zn-2.5In system.
(a) cast state
(b) solution treated state
{c) over aged state (450°C, 8 hrs.)
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Table 5. The results of X-ray diffraction of Ag-25Pd-2.5Zn-2.5In system.

Calculated inter-
State 00 Inten- Measured InterPlaner Inter?laner Diffra- | planer spacing of
sity interplaner | spacing of | spacing of cting |70/95 Ag-25/95
spacing (A)| Ag(A) Pd(A) Pd(A)
38.7 60 2.327 2.359 2.246 - | (111) 2.329
Cast 44.7 25 2.027 2.044 1.945 (200) 2.018
state 65.3 10 1.430 1.445 1.376 (220) 1.426
78.4 12 1.220 1.231 1.173 (311) 1.126
82.5 6 1.169 1.179 1.123 (222) 1.164
38.7 67 2.327 (111) 2.329
Solution{ 44.7 23 2,027 (200) 2.018
treated | g53 | g9 1.430 (220) 1.426
state
78.4 10 1.220 (311) 1.216
82.5 6 1.169 (222) 1.164
30.7* | 10 2.912
34.0% 8 2.637
34.5% 7 2.600
38.7 72 2.327 (111) 2.329
44.7 33 2.027 (200) 2.018
50.2* 1.817
Over- A5.0% 8 1.435
aged 65.3 20 1.430 (200) 1.426
state 78.4 | 18 1.220 (311) 1.216
82.5 4 1.169 (222) 1.164
83.0% 7 1.163

* New developed peaks in overaged state

2. 5%HE - 2. 5% el g4 Rt stele] 3ol B8
HE % %%ol2 g

a cal=%§ d Ag+%§d ) oF TRETRECPRTRRTRTET IS (3)

LREEEANA FHES WHEERE d cale Table5
Ao} zo| EBE BIEERIBEMESH M UL
A gk

B LT IREES A= EEREe RA =t
1 peak?d] IEL o] gl oy (111)H 9] peak
intensity 2] 8Mtr} BEESgrl o) EEAKS
segregation®] %717 o Fol BEs+ R%o2 ¥
Qich.

BEsshE S o 2 A7) ity EERE #ilsh
293t EEfF S ASTM card® FIA st Al 2% pe-
ak Al —FEle oAiskxl @ S =

—104 —

T Her w0 —H 5= ASTM cards
BE 4+ A9tk webd & HHgpe BEAR
X-45 Efdatas = MRS TATAER ) 28 M2
AAE YL ¢ 4+ Asieh

KR RS MMt AM BEY &R
% SRR "l HUIT EEe LS B
¢ 4 olgivh Fig 129 (a) BikiGel 4 AHSS
B R rh AlSo) S8 AkSrol gl HiBolw C
MRS (EAEES] ol P Hflo] BEEEN ¥
srolch, HEMLIEEE=" EstAEel ko] Mulst
W, HHEE AuEEER (o)dlA 24 ko] A
el whe ool EES Folen Y3, AR

2 e
= (d) 9] RAolAE 2358 A8 sr-Litude] Al



Fig. 13. Electon probe micro analysis site

(a)
1.

2.
3.
4.

Solution treated state
Irregular white ppt.
Matrix next to ppt.
Black matrix

White matrix

Over aged state
Irregular white ppt.
Matrix next to ppt.
White matrix

Black matrix



Table 6. Results of electron probe micro analysis of Ag-25Pd-2.5Zn-2.5In system. (%)

State Site Ag Pd In Zn
1. Trregular white ppt. 26.75 54.7 7.77 10.78
Solution 2. Matrix next to ppt. 87.96 12.03 0 0.01
treated state 3. Black matrix 74.19 22.8 1.66 1.36
4. White matrix 76.35 23.57 0.07 0.02
1. Irregular white ppt. 24,98 55.53 8.0 11.49
Over aged 2. Matrix next to ppt. 83.69 15.77 0 0.55
state 3. White matrix 70.71 27.47 0.56 1.30
4. Black matrix 71.47 25.68 1.02 1.84
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— ABSTRACT -

EFFECTS OF ALLOYING ELEMENTS ON VARIOUS PROPERTIES OF
DENTAL SILVER-PALLADIUM ALLOYS.

Chun Jin Kim, Nam Soo Park

Department of Prosthodontics, Division of Dentistry, Kyung Hee University.

Even though the tarnishing and corrosion problems characteristic with dental silver-palladium
alloy are not yet fully solved, it is recently widely used because of its low cost. However the
effects of major alloying elements on the various properties of this system are not fully under-
stood. The object of this research is to clarify the effects of In and Zn additives on the corrosion
and tarnishing resistances and precipitation hardening behavior of this sytem, using electrodynamic
polarization, immersion, and Vicker’s microhardness test and X-ray diffraction and electron probe
micro analysis methods.

The obtained results were as follows :

1. As indium content is increased, both the corrosion resistance in Cl-solution and microhardness

are also increased while the tarnishing resistance is decreased.

2. As Zinc content is increased, the corrosion resistance is decreased, but tarnishing resistance
is increased.

3. At 70Ag-25Pd-2.5Zn-2.5In composition, the precipitation*harding behavior was mot signifi-
cant. The optimum aging temperature was 450°C and the time was 2 hrs. The resulting
specimen of this work carried 180VHN,

4. Under the heat treatment, the changes in the mechanical property are due to the changes
in the shape and composition of dendrite matrix, namely, it is because of the precipitation
hardening behavior which has been proved by electron probe micro analysis and optical

microscopic finding.
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