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57 ABSTRACT 

A composite electrical contact material consisting of 
an alloy composed of 6 to 12 weight percent of in 
dium, and 0.5 to 5 weight percent of tin, the balance 
being silver, said alloy being formed into a strip or 
electrical contact shape and subjected to internal oxi 
dation. Less than 0.5 weight percent of an element of 
the iron family is added to the alloy when it contains 
more than 2.5 weight percent of tin. 

5 Claims, No Drawings 
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SILVER-METAL OXDE CONTACT MATERIALS 

This invention relates to silver-metal oxide contact 
materials. 
While silver-cadmium oxicies are popular as a conn 

posite contact material, practical examples of the 
contact material consisting of silver and oxides other 
than cadmium oxides that may be produced by the 
method of internal oxidation are rather few. In effect, 
material consisting of silver and cadmium oxides which 
are internally oxidized has excellent anti-fusibility and, 
for this reason, it is considered an indispensable mate 
rial for producing electrical contacts to be used for in 
dustrial devices especially under medium load operat 
ing conditions. Many other oxides treated in the past in 
various literature were used practically for producing 
electrical contacts by the internal oxidation process on 
very rare occasions, owing to the weakness observed in 
contact resistance, anti-wed characteristic, Service life 
and other requirements for electrical contacts. 
Among these oxides, indium oxides are noticeable 

ones, because a silver alloy containing as much as 12 
weight percent of indium is internally oxicizable and, 
further because this alloy has preference over silver 
cadmium alloy from the view point of combatting the 
problem of pollution. This alloy, however, has not been 
adopted widely by reason of the formation of acicular 
structures in the matrix in the course of the internal oX 
idation, thereby inhibiting the formation of dispersed 
nuclei of oxidized precipitates therein. The addition of 
trace amounts of such elements as Mn, Co, Mg, Zr (or 
the metals of iron group into the alloy would work to 
a considerable extent for comminuting crystals or re 
tarding the growth of coarse crystals. The alloy inter 
nally oxidized with the addition of such metallic ele 
ments had, indeed, an improved structure, however, it 
was still inferior to the Ag-CdO alloy of comparable 
composition in point of anti-weld characteristic and an 
ti-arc properties. Though it was impossible to deter 
mine whether the produced indium oxide was either 
InO, in O or InO, because of the low partial pressure 
of oxygen penetrated to the alloy, this result was 
against our theoretical assumption that the refractory 
properties of the indium oxide having the highest oxide 
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acteristic of the contact material thus obtained were 
found to be equal or even superior to those of silver 
admium alloy material having comparable composi 

tion. It is found that when the weight percentage of tin 
falls below ().5 weight %, the refractoriness of the mate 
rial is adversely affected on account of the lowered 
oxide concentration. It is also found that addition of 
more than 2.5 weight % of tin retards the progress of 
the internal oxidation and, as in the case of the Ag-CdC) 
alloy, the aforementioned elements, such as those of 
the iron family, have to be added in trace amounts to 
make the structure more uniform or even. 
The excellent properties of the contact material of 

this invention are exhibited especially in cases where 
high current-breaking performance is required. This 
improved anti-weld characteristic of the contact mate 
rial of the present invention may be attributed to the 
fact that when the indium oxide has expelled its oxygen 
in the silver matrix and has been turned into solid sol 
ute, its vapor pressure becomes low, and re-oxidization 
takes place due to the elevated temperature caused by 
arc generation, and thus the oxide concentration on the 
surface of the material is not lowered as in the case of 
Ag-CdO alloy material and contacts made thereof. 

EXAMPLE 
The metal alloys having the compositions shown in 

the following Table I were formed by melting them 
into plates clad with silver on their back surfaces. 
These test samples, 6 mm in diameter and 1.5 mm in 
thickness, were subjected to an internal oxidation at 
about 700°C and under the pressure of 3 atm of oxy 
gen. The samples were tested as to their hardness, 
ASTM wear rate and anti-weld characteristic. The test 
results are given in said Table 1, by which it is con 
firmed that the same value of anti-weld characteristic 
as that of Ag-CdO alloy material having comparable 
composition could be obtained by addition of ().5 to 2.5 
weight% of Sn, and that the stable indium oxides could 
be obtained by oxidizing indium with such annount of 
Sn. These results clearly show that the Ag-in alloy ma 
terial can be used satisfactorily for Ag-CdC alloy mate 
rial, to say nothing of valuable effects on combatting 
the problem of environmental pollution. 

Table 1 

Samples Hardness 
(HRF) 

Wear Amount (mg.) 
on ASTM test 

Current (A) for the 
occurrence of Weiding 

Ag-Cd 10% 
Ag-In 10% 
Ag-Cd 10%, Ni ().2% 
Ag-ln 10%, Ni ().2% 
Ag-Cd 10%, Sn 2%, Co ().9% 
Ag-In 10%, Sn 2%, Co ().1% 
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3,000 
2000 
2000 
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concentration must be better than those of CdC). 
The inventor has made a study of components which 

can be added to a silver-indium alloy for improving the 
refractory property of indium oxides thereof, and has 
found that the addition of Sn is effective for the pur 
pose. 
Accordingly, in this invention, indium oxides are pre 

cipitated in the silver matrix as compound oxides with 
Sn with the progress of the internal oxidation, by add 
ing Sn in more than ().5 weight percent, thus producing 
the hard contact material dispersed with refractory ox 
ides. The hardness, refractoriness and anti-weld char 
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Table 2 

Samples Number ( Occurrence of Weld 

( . ) Ag-Cd 15% 4 
(2) Ag-ln 2% 8 
(3) Ag-in ()%, Sn 3%, Ni ().2% () 

The ASTM wear amounts in Table l were measured 
under the following conditions: 
Voltage: 210 V, Current: 50 A, Load: L (pf -0.2), 
Operating frequency: 60 times/min., Total operation 
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times: 100,000, Contact pressure: 400 g., and Open 
ing 

force: 600 g. 
The current in Table at which welding occured on the 
samples, was measured under the following conditions: 
Contact pressure: 400 g., Discharge current: V=10, 
20, 30, 40, 50, 60, 70, 80, 100, 110, 120, 130, 140, 
150, 160, and Peak current: Inh=28.6 V(A) 

EXAMPLE 2 

A further comparative test was carried out on the an 
tiweld characteristic of the known silver-cadmium and 
silverindium oxide alloy materials and the present in 
vention contact material obtained by conducting the 
internal oxidation with the material consisting of 8 to 
12% of indium, 2.6 to 5% of Sn, and less than ().5 
weight% of the elements of the iron group, the balance 
being silver. The result of the test is given in the Table 
2 at page 5. The test conditions for the Table 2 are as 
follows: 

Voltage: D.C. 200 V, Initial current: 5,700 A, and 
Contact pressure: 200 g. 

Occurrence of welding was measured 20 times for five 
specimens of each test sample. The sample (3) in the 
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Table 2 represents a product of this invention obtained 
through the internal oxidation of the material of the 
composition given in said Table, which was 6 mm in di 
ameter and 2 mm in thickness. 
What is claimed is: 
1. A composite electrical contact material consisting 

of an alloy composed of 6 to 12 weight percent of in 
dium, and 0.5 to 5 weight percent of tin, the balance 
being silver, said alloy being formed into a desired con 
figuration and subjected to an internal oxidation. 

2. A composite electrical contact material as claimed 
in claim 1, in which the alloy contains less than 0.5 
weight percent of clement of the iron family. 

3. A composite electrical contact material as claimed 
in claim 2, in which indium is contained in the alloy at 
8 to 12 weight percent, and tin is contained at 2.6 to 5 
weight percent. ... . . . 

4. A composite electrical contact material as claimed 
in claim 2, wherein the alloy contains more than 2.5 
weight percent of tin. . . . . . 

5. A composite electrical contact material as claimed 
in claim 1, wherein the alloy contains less than 0.5% of 
nickel. 
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