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Th1s inventmn relates to mternal oxidation of
metal bodies.

An object of this invention is to provide an
improved method of forming bodies of meta,l-
motal oxide combinations.

" Further objects will be apparent from the fol-
lowing specification and claims.

Metal-metal oxide combinations have boen
‘made heretofore by mixing powders of the metal
and the metal oxide in the desired proportions,
and thereafter pressing and sintering this mix-
ture. This method cannot be depended upon to
provide umformlty and consistent operating

characteristics in the resultant material because
of the difficulty in obtaining a uniform m1xture |

of the powders, because of variations in the pow-
ders themselves, and because of variations in: ap-
parent density of the powder mix which may re-
sult in ‘variations in the size and/or density of
the finished compacts. -

This invention provides a method of forming
motal-metal ox1do combmatlons which obvmtes

c_usse_d above and pl‘omdos mota,l-me_tal oxlde%

combinations having uniformity and consistent
operating characteristics.

The method of this invention consists essen-
tially in utilizing a product in which the element
or elements to be oxidized are contained in their

elementary metallic state and oxidizing these :

elements without changing their distribution in
the product and Wlthout affecting the othor ele-
some form of oxygen throughout the product
through the apphcatmn of heat, with or w1thout

ambient pressuro in excess of normol or atmos--

.....

pheric pressure.

e e

da,tlon to produoe a useful produot through the

preparation of any metal-metal oxide oombma- |

tion by internal‘oxidation of one or more of:the

- 'metals in-an alloy under conditions -which: will--

not harmfully affect the remaining metal or
‘metals, or the distribution relatlon of the com-
bination components.

- As an example, in illustration of the 1nvention,
the preparation of silver-cadmium oxide for
‘electrical contact material, w111 be described
‘herein.

platmum group metals and their alloys, in com-
bination with cadmium to produce a cadmium

oxide containing body, or in combination with
other metals, for example, lead, thallium, and
copper, capable of being oxidized by such treat-

ment, as desired. The oxidizing conditions of

pressure, heat, and oxygen application are altered
to suit the particular reqmrements of the metals
being treated,

The materml to be treated does not need to be
melted in order to be oxidized. In many cases,
the metal to be oxidized has a higher melting
point than the matrix. The melting point of
silver is 961° C. and silver is used as a matrix

with metals to be oxidized dispersed therein such ' |

as thorium, melting point 1845° C. and berylllum
melting point. 1284° C.

- Materials composed of silver and cadmlum
oxide have been in use for some time. A material

of 909 silver and 109 cadmium oxide has found

wide usage in heavy duty contacts in mrcraft
relays -
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mixiture Into compacts of predetermined size,
shape, and density, sintering the pressed com-
pacts in an oxidizing atmosphere at a tempera-
ture in the range of 700° C.-900° C. and repressing:
the sintered compacts to a predetermined density.
This method has the disadvantages previously

- generally discussed herein relative to formlng

metal-metal oxide combinations.
In carrying out the present invention the com-
bmmg of the silver and cadmium to provide the

- product to be internally oxidized is preferably

accomplished by alloying, but may bo accome-
plished by mixing and pressing, or mlxmg, press-

‘ing, and sintering. -

Heat and ambient pressure are mmultaneously
applied to this silver-cadmium alloy or composi-
tion, with the heat sufficient to oxidize the cad-

-mium-without-melting- the silver, and the pr os- '

sure sufficient to prevent boiling off of the cad-
mium. The ambient pressure is applied through

a pressure medium which is itself, or which acts

as a vehicle for an oxidizing agent to be diffused
throughout the silver-cadmium product so that
the cadmium is oxidized. The silver remains in
its initial state, or is only harmlessly affected by

In general, the matrix materlal such as the zg9 the treatment and the oomponont d1str1but1on
silver may be any metal ha.vmg 8 h1gh d1ffusmn | |
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_oxides and tho d1spersed material, such as the
cadmium, may be any.material havmg a high
affinity for oxygen and a tendency to form stable
oxides. For example, instead of silver, other
metals which are not affected by oxidizing treat-
ments at the particular temperature of oxidations

may be used, such as gold and palladium. and

at ordinary or atmospherm pressures. In some
cases, however, it has been found advantageous
fo use pressures higher than atmospheric pres-
sures. - This is particularly the case if elements
which would have a very high vapor pressure are

‘oxidized. Experiments furthermore, have indi-

cated that the oxidation process can be con-
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siderably speeded up by utilizing pressures higher
than atmospheric pressures.

The oxidizing agent may be pure oxygen,
atomic oxygen, air, steam, ozone, oxidizing solu-
tions or baths of oxidizing salts.

The resulting silver-cadmium oxide material
has a very uniform distribution of cadmium
oxide throughout the silver body. The cadmium
oxide particlzs are desirably smaller than those
in silver-cadmium oxide made by powder metal-
lurgy methods.

Silver-cadmium oxide contacts made by this
new method have been tested in an aircraft relay

-under 150 ampeares inductive load and found to

he superior to silver-cadmium oxide contacts

method.

Fabrication of these new method contacts has
been carried out as follows:

Silver-cadmium alloy strip containing 10.87%
cadmium by analysis, was heated at 750° C.-800°
C. for approximately 42 hours in an atmosphere
of oxygen at normal atmospheric pressure. The

- strip was approximately %’’ thick x 17 wide.

The electrical conductivity of the strip increased
from about 449% I. A. C. S. to 81.5% I. A.C. S.
The cadmium oxide by analysis was 10.23%.
Four discs approximately 34"’ in diameter were
cut from the oxidized strin. 'These were sllver
brazed to relay contact blanks and machined to
approximately .040’’ thick.

These contacts withstood 50,000 operations in
an aireraft relay under the 150 ampere inductive

- load test with no sticking and with considerably

lezs electrical erosion and less transfer than that
shown by material of similar composition made
by rowder metallurgy methods. As compared
with other contact materials under similar tests,
the above material showed less electrical erosion
and less transfer.

Examples of how the oxidation of the cadmium
may be performed are:

(1) The silver-cadmium alloy is subjected to
heating at a temperature from 200° C. to a tem-
perature just below the melting point of the alloy
in an air atmosphere under normal atmospheric
pressure.

(2) The silver-cadmium alloy is heated as in
inethod 1 except in an atmosphere of oxygen.

(3) The silver-cadmium alloy is heated in a
sealed pressure-tight container in gn atmosshere
of air, oxygen, or steam. The container is
equipped with suitable valves for maintaining any
desired pressure and for regulating the flow of

the oxidizing medium through the container, if ;

such a flow is desired. A temperature just kelow
the melting point of the alloy is employed.
In using the method of Example 3 above in oxi-

dlzmg cadmium in silver- cadmmm oxygen dif-
fuses through the silver body 1ap1d1y at elevated
temperatures and atmospheric pressure 18 nor-
mally sufficient to keep the cadmium from boil-
ing out during the treatment.

The container is charged with silver-cadmium
alloy and heated to approximately 800° C. At
this temperature, pressure inside the container is
about 2.5 atmospheres.

When using air as the oxidizing agent, atmos-

~pheric pressure is normally sufficient. If greater

pressure is needed, compressed air may be in-
jected into the container. If oxygen is used, the
container is first evacuated and then filled with
oxygen, or merely flushed out with oxygen and
then closed so that pressure can be built up as
desired.

—made-—by- the-above- described—powder-miXing.
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Such conditions of temperature, pressure, and
atmosphere as are suitable for causing complete
oxidation of the cadmium throughout the cad-
mium-silver alloy are employed.

Discs for electrical contacts are punched from
silver-cadmium oXxide strip processed as above,
or cut from rod so processed.

According to this invention, the oxidizable ma-
terials are completely oxidized, and, as in silver
alloys, solid solution elements are removed from
the silver, resulting in electrical conductivities
equivalent to the silver percentages contained in
the materials.

What is claimed is: -

1. An electrical contactor for switches, relays,

-.and-the.like, comprising a.make-and-break con- ..

tact consisting of a silver-cadmium oxide com-
position having a structure obtained by internal
oxidation of a cast silver-cadmium alloy through-
out the alloy, said composition being character-
ized by a silver matrix of coarse grain structure
and by the presence of amorphous particles of
cadmium oxide uniformly distributed throughout
said matrix and being further characterized by a
density, ultimate strength, ductility and resist-
ance to erosion which are considerably higher
than those of silver-cadmium oxide contacts of
identical composition formed by powder metallur-
gical procedures.

2. An electrical contactor for switches, relays
and the like, comprising a metal base, and a
make-and-break contact conductively bonded to
said base, said contact consisting of a silver-cad-
mium oxide composition having a structure ob-
tained by internal oxidation of a cast silver-cad-
mium alloy throughout the alloy, said composi-
tion being characterized by a silver matrix of
coarse grain structure and by the preszence of
amorphous particles of cadmium oxide uniforms-
ly distributed throughout said matrix and being
further characterized by a density, ultimate
strength, ductility and resistance to erosion which
are considerably higher than those of silver-cad-
mium oxide contacts of identical composition
formed by powder metallurgical procedures.

ARNOLD S. DOTY.,
WILLIAM E. LYNCH.
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