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=Abstract=

Effects of Indium and Tin on Interfacial
Property of Porcelain Fused to Low Gold Alloys

Sang-Yong Nam, Dong-Ju Kwak, Suk-Min Chung

Dept. of Dental Laboratory Technology, Taegu Health College

This study was performed to observe the micro-structure change of surface, behavior of oxide
change of element, the component transformation of the alloy and the bonding strength between the
porcelain interface in order to investigate effects of indium, tin on interfacial properties of porcelain
fused to low gold alloy. Hardness of castings was measured with a micro-Vicker’s hardness tester.

The compositional change of the surface of heat-treated specimen was analyzed with an EDS and
an EPMA.

The interfacial shear bonding strength between alloy specimen and fused porcelain was measured
with a mechanical testing system(MTS 858.20).
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The results were as follows :

1) The hardness value of alloy increased as increasing amount of indium addition.

2} The formation of oxidation increased as increasing indium and tin contents after heat treatment.

3) Diffusion of indium and tin elements increased as increasing indium and tin contents in

metal-porcelain surface after porcelain fused to metal firing.

4) The most interfacial shear bonding strength was increased as increasing a composition of

adding elements, and a heat-treatment time, and an oxygen partial pressure.

From the results of this study it was found that the addition of alloying elements such as indium
and tin increase hardness of as-cast alloy, produce surface oxide layer of adding elements by

heat-treatment which may improve interfacial bonding strength between alloy and porcelain.

Key Words : hardness value, surface oxider layer, bonding strength, heat-treatment.
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Table 1. Specimen group and chemical composition of

specimens.
Compasition Weight Percent(wt%)
ngoilllnp Au | Pd | Ag{ In | Sn | Cu Remarks

Control | 50 333,167 - - -
In -3 50 3131157 3 | - | -
In -6 50 129411471 6 | - | -
In -9 50 (2731137, 9 | - | -
Sn-3 | 50 (313{157{ - | 3 | -
Sn -6 50 (294147 - 6 -
Sn 9 50 (273137} - 9 -
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Figure 1. Hardness of as-cast Au-Pd-Ag-In alloys.
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Figure 2. Hardness of as-cast Au-Pd-Ag-Sn alloys.
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Figure 3. Optical micrographs on surface picture of
Au-Pd-Ag-In{(In-3) alloy specimens.(200 X )
{A:No heat-treatment;
B, C, D, E:Heat-treated at 1000C
B:Smin in vacuum, C:10min in vacuum,
D:15min in vacuum, E:10min in air)
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(E)

Figure 4. Optical micrographs on surface picture of
Au-Pd-Ag-Sn(Sn-3) alloy specimens.(200X)
(A:No heat-treatment;
B, C, D, E:Heat-treated at 10007
B:5min in vacuum, C:10min in vacuum,
D:15min in vacuum, E:10min in air)
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Table 2. The EDS resuit of the matrix part of the
Au-Pd-Ag-In alloy specimen.

(unit:wt %)
Specimmen omposition | pg | Ag | W
In0 51.82 | 3580 | 12.38
In-3 49.89 | 3244 | 1486 | 281
In-6 5128 | 2848 | 14.50 | 5.74
In9 5025 | 2797 | 1305 | 8.73

Table 3. The EDS result of the oxide layer of the
Au-Pd-Ag-In alloy specimen.

(unit:wt %)
Secimen posidon) | pd | Ag | I | O
n0 5236 | 33.65 | 13.99
-3 50.71 | 32.13 | 1458 | 2.58
n6 39.49 | 1800 | 11.89 | 2850 | 2.10
n-9 3377 | 13.04 | 928 | 4161 | 228
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Table 4. The EDS result of the matrix part of the
Au-Pd-Ag-Sn alloy specimen.

(unit:wt%)
. omposition Au Pd Ag In
Specimen
Sn-0 51.82 | 3580 | 12.38
Sn-3 5158 | 3325 | 1517
Sn-6 5039 | 3069 | 1348 | 5.4
Sn-9 5270 | 2531 | 1402 | 797

Table 5. The EDS result of the oxide layer of the
Au-Pd-Ag-Sn alloy specimen.

(unit:wt%)

M Av | Pd | Ag | Sn | O
S0 | 5236 | 3365 | 1399

Sn3 | 4420 | 22.89 | 1351 | 1646 | 294

Sn6 | 4332|1457 | 1129|2779 | 303

si9 | 3702|3855 | 8271595 | 012
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Table 6. Shear bonding strength of the heat-treated porcelain fused metal specimens.

(unit:MPa)
Condition |\ oo heat-treated time at 1,000°C (28" vacuum) | heat-treated at 1,000°C,10min
Sample O feal freatment [ sin 10min 15min (in Air)
Control 34.1(5.08) 30.1(737) | 2796.11) | 311207 29.5(691)
In-3 26.5(3.47) £27(1443) | 360(17.39) | 384257 30.6(6.19)
In-6 41.4(13.71) 59.5(649) | 443(1001) | 34.52.76) 56.6(13.21)
n-9 48.7(18.26) 721632 | 747(17.73) | 59.1(19.80) 67.8(8.47)
Sn-3 29.1(10.04) 345(5.61) | 41.0(1027) | 40.1(12.61) 43.7(20.26)
Sn-6 427(80.8) 377(2734) | 643(2339) | 53.109.18) 64.8(18.15)
$n-9 54.9(16.30) 705(1546) | 67.6(31.61) | 71.6(7.93) 86.8(19.29)

* . Figures in parenthesis are standard deviation.
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Figure 7. Shear bonding strength of Au-Pd-Ag-In alloys.
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Figure 8. Shear bonding strength of Au-Pd-Ag-Sn alloys.
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