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This invention relates to electrical contact

elements suitable for use in making and breaking
electric current and 1s concerned in particular

with the improvement of electrical contacts of .

- Silver or the like,
 Electrical ccntacts of siiver have found the

widest general use, as silver has excellent electric
current carrying capacity and is relatively cheap,
compared with other contact materials, such as
platinum and the like. However, silver con-
tacts, including fine silver contacts, suffer from
the disadvantages of welding or sticking, coning
and cratering as well as metal transfer from one
contact to the other, and such disadvantages are
magnified when heavy electric currents are em-
ployed, thus limiting the field of usefulness of such
contacts both with respect to the life and the

number of possible uses and applications thereof.

Attempts have, therefore, been made to 1mprove
silver and the like contacts, primarily by incor-
poration of other metals, in one form or another,
with a view to modifying the properties of such
contacts - and decreasing such shortcomings.
Some notable success has been achieved in one
direction or another but further improvements
are desirable in order to expand the usefulness of
electrical contacts of silver or the like into the
field of heavy electric currents and in order to
increase the useful life of electrical contact
elements.

It is, therefore, one prime object of the present
invention to Improve silver contacts. It is another
object of the invention to provide silver contacts
- having a longer useful life than has heretofore
been associated with silver contacts. It is a fur-
ther object of the invention to provide such silver
contacts which shall have, throughout their use-
ful life, a high degree of reliability in operation,
substantially free from welding or sticking, de-
formation and metal transfer. Other objects and
advantages of the electrical contacts of the inven-
tion will appear from the descripticn thereof here-
inafter following.

I have found that silver contacts can be im-
proved substantially, and the objects of the in-
vention achieved, by incorporating therein tin

oxide, Sn0Oz, in finely divided form. Such con-

tacts consisting of a mixture of silver and tin oxide

are best manufactured by methods of powder

metallurgy. Electrical contacts made from a com-

pressed and sintered mixture containing a sub-

stantial portion of silver and another portion of
tin oxide, with or without the admixture of other
suitable metals, exhibit superior properties in

that while they retain the high current carrying -
capacity characteristic of silver contacts, they

have practically no tendency to weld or stick, or
to become deiormed by the formation of cones
and craters, and are useful even with heavy
currents. Furthermore, I have found that these
contacts do not show recrystallization of the sil-
~ ver at normal annealing and soldering tempera-
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tures and that they possess, therefore, a high
degree of hardness not only initially but also
after annealing or soldering, whereas other silver
contacts suffer from recrystallization on heating,
thus lowering part of their initial hardness.
Thus no difficulties are experienced in hard
soldering electrical contacts of the invention; in
fact a perfect bond is obtained without deleteri-
ously affecting the hardness of the silver con-
tacts of the invention.,

For purposes of illustrating the contact of the
invention I have shown two forms of contacts in
the accompanying drawing in which: |
Fig. 1 is a perspectwe view of one type of ccn-

tact and

Fig. 2 is a perspective view of another type of
contact, and |
Fig. 3 represents a sectional view of a contact

- system in a solenoid operated breaker relay.
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The contacts shown in the drawing comprise
the contact element | which in Fig. 1 consists of a
single disc of compressed sintered powder mix-
ture in accordance with the invention and which
in Fig. 2 consists of a surface layer 2 of compressed

sintered powder mixture in accordance with the

invention and a backing layer 3 of silver or other
conductive material. In Fig. 3 I have shown a
contact system comprising contacts | positioned
on a stationary contact arm 4 and cooperating
contacts '’ pcsiticned on a solenoid cperated
breaker relay b.

It might be noted that the compcnents silver
and tin oxide are initially in finely divided form.
For instance 979% of the tin oxide particles have
a particle size of between 4.6 and 13 microns and

- 72% of the particles have a particle size of approx-
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imately 6.5 microns. In providing the mixture of
silver and fin oxide I may employ any suitable
proportions of silver and tin oxide. The com-
pressed and sintered contacts may contain as little
as 0.1% or as much as 50% tin oxide, by weight,
the particular percentage usually depending on
the specific use for which the contacts are de-
signed, but in general an incorporation of 2% to
109 tin oxide will satisfy most uses. Many of
the powder mixtures, after pressing and sinter-

- Ing, are advantageously swaged, rolled, drawn
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or otherwise formed, as desired, while in other
cases pressing and sintering, with or without re-
pressing and resintering, is sufficient.

The following example will illustrate the

method of making electrical contacts according tc- |

the invention:
Frample

- A 5 ounce bar composition was made by mixing
0.5 ounce SnO:2 and 4.5 ounces fine silver powder,

- 300 mesh size, for 12 hours. The bar was pressed

60

ina 9%’ X %’ x 4’ die under a pressure of 20
tons per square inch. Sintering took place for 1
hour at 850° C. in an inert atmosphere. The bar
was then reduced in 5% passes with regular an-
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neals in between; on rolling the hardness in-
creased to Rockwell ¥ 85, dropping to F 80 at
470° C., F 'ib at 620° C., and ¥ 64 at 900° C. The
sheet was rolled to 0.075’’ and electrical contact

discs were blanked out.
Electrical contacts made in accordance with the

‘above example and containing various quantities.

of tin oxide were tested under various electrical

operating conditions. For purposes of illustrating

the suitability of these contacts under severe op-
erating condltions, where contacts of fine silver
as such would fail, I have summarized in the fol-
lowing tables test results in the heavy current
~ field and using direct current. In the tests thus
reported I use standard solenoid operated, plunger
type relay breakers, at 75 amps. and 30 v. D. C. in
Table 1 and at 200 amps and 30 v. in Table 2.
- The contact pressure was 300 grams in the experi-
 ments reported in Table 1 and 1400 to 1800 grams
in the experiments reported in Table 2. The ex-
periments reported involve 50,000 cycles of makes

and breaks, 68 cycles per minute in the experi-

ments of Table 1 and 60 cycles per minute in the
experiments of Table 2, followed by 50 to 1000
cycles under 125 amps. overload in case of Table 1
and by 50 cycles under 800 amps. overload in case
of Table 2. In the experiments reported in Table
2 there are furthermore included 1000 cycles un-
der g 22"’ vacuum

230 What T claim is:
| Millivolts 1. An electrical contact for making and break-
. Contact | Cycles | Load ﬂﬂtfgfsc;tn' ing electric current formed of compressed and
| end of test sintered silver powder containing distributed
| - therethrough tin oxide constltutmg from 0.1% to
TABLE 1 35 10% by weight of the whole.
- - 2. An electrical contact for making and break-
| | l Amps. ing electric current, formed of a compressed and
989 Ag—2% S10%- - oo | {50;% 15 43-50 sintered metal powder taken from the group con-
o ~ sisting of silver and copper and containing dis-
07.5% Ag—2.5% SN2 - oo il BN 43-69 - : A
270 S . ,000 | 125 69 40 tributed therethrough tin oxide constituting from
05% Ag—5% Sn03. oo looceooo. K000 | 152 ST8 0,19 to 10% of the whole.
08% Ag—1% Ru—1% SnOs._.—..___.. 50,0001 75 60-62 MAX JOSEPH STUMBOCK.
- REFERENCES CITED
) TABLE 2 " 45 The following references are of record in the
| I : fille of this patent:
0597, g_5% SnOz--_‘....-__-_...- _________ l 5“'028 % } 50 UNITED STATES PATENTS
97.5% Ag—2.5% SnOz.....__...... {500 | 200 } 60 Number - Name Date
50 2057604  Zickrick _.——__._____ Oct. 13, 1936
The operation of the electrical contacts during g’égg’ggi EBESEI ebal. o II\I;}V' 21,1939
the lengthy test performed under the unusually "oA 1 HOEH e e 4y 14’.1940
o . 2,241,262 Keitel _____ . May 6, 1941
severe conditions specified was eXxcellent and =
showed complete absence of sticking throughout - 2,307,668 COX oo Jan. o, 1343
- 95 92.319,259 Peterson .o ___

the period tested. The condition of the electrical
contacts upon the termination of the tests showed
the absence of any cones, craters or the like in the

tests reported in Table 1; in the tests reported in
Table 2 there was observed a slight roughening of

the surface at the end of the test period but the
contacts were free from cones and craters.

The contacts of the invention may also contain

admixtures of other metals, such as noble metals,

for instance platinum group metals, as men-
tioned for instance in the case of one contact re-
ported in Table 1 which contained 1% ruthenium,
or suitable base metals such as copper, nickel, etc.
Also the incorporation of tin oxide, as specified, is
applicable to electrical contacts of materials other
than fine silver, such for example as copper,
nickel, noble metals, or refractory metals.

The exact functioning of the tin oxide, as dis-
tinguished from other admixtures, in bringing
about the improvements hereinabove described
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has not yet been fully ascertained. It might be
noted, however, that the improvements described
are observed only upon the admixture of tin oxide
and are entirely absent in case of incorporation
of tin itself or other compounds of tin.

As previously stated the electrical contacts of
the invention may be used as such or in the form
of composite structures consisting of a surface

- layer of silver tin oxide mixture which is then
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molded or soldered onto a layer of dissimilar ma-
terial such as silver. It is thus possible, in the
case of composite contact structures, to obtain
various modifications of the overall properties of
the contact, for instance, to produce a contact

with a contact face of silver tin oxide mixture and

a backing of the highly conductive silver, or cop-

per, thereby endowing the contact with greater

overall conductivity similar to that of fine silver or

- copper contacts, possessing freedom from pitting,
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sticking, etc., or by using a backing of higher elec-
trical resmtance to facilitate resistance welding of
the composite contact. |

The electrical contacts of the invention may be
used either in pairs or as one confact element of
a pair in which the other electrical contact con-
sists of a dissimilar material such for example as
palladium silver alloy, silver ruthenium alloy,
compressed and sintered mixture of silver and
carbonyl iron, fine silver, etc.
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