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This invention relates to alloys and more par-
ticularly to alloys for electric resistance units.

In the manufacture of electrical “resistance
units, and alloy having the property of resist-
ing oxidation at high temperature is ‘essential.
The alloys forming the subject matter of this
inventidon are’ characterized by ability to resist
oxidation and by & prolonged life, exceeding that
of other known alloys when atsed under high tem-
perature conditions. Since the Introduttion -of
nlckel>chromium-iron alloysas electric resistance
units, many -developments " have’ oteurted that
have improvetl thelr resistance to oxtdation: - In
a number -of -prior patents 1 have discloved and
claimed various aloying additlony of calcium,
gzirconium and aluminum which greatly im-
prave the life ‘of heating elements.” It has also
been propbsed to add rare -earth metals, such as
cerlum, to  nitkel«chromime-iron alluys to im~
prove the life of the heating slements. - :

I have found that when caltium and Aluminum
as well as rare earth metals are ‘added to nickel-
chromlum-fron aNeys, better results are obtainead
than if the calcium, zirconium, aluminum group
or the rare earths are used alone. The present
invention is, therefore, directed to the addition
of small quantities of the rare earths with cal-
cium and aluminum to ‘nickel-chromium-iron
alloys. 1 have found that such combination
of addition elements greatly increases the period
of life of nickel-chromium-iron alloys when €In-
ployed under conditions where they are subjected
to high temperatures. The alloys forming the
subject matter of the present fnvention may also
contain small amounts of elther silicon or man-
ganese or both of these elements. The rare earth
metals may be added as “Misch Metal” having an
approximate composition of 45 percent cerlum, 30
percent lanthanum, 20 percent ytterblum and
didymium. Although it is convenient to add the
rare earth metals in the form of “Misch Metal,”
1 do not restrict myself to the use of this mate-
rtal as one or more of the rare earth metals may
be added singly and its eflect is of a similar
nature. The additions may be used to advantage
with the nickel-chromium-iron alloys of which
the best known examples are the alloys of 30 to
70 percent nickel, 10 to 256 percent chromium.
balance iron. However, the proportions of these
alloys may be varied with the nickel forming 2
substantial part of the alloys. The claims of this
application are directed to an alloy containing 8¢
to 70 percent nickel. Alloys containing from 30
to 50 percent nickel form the subject matter of
a divisional application, Serial No. 252,198, filed
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October 18, 1951. The proportions of these al-
loys may also be varied with the nickel, however,
forming a substantial part of the alloys and the
nickel-chromium content being such that the
alloys have the characteristics of non-ferrous
alloys.

In the examples hereinafter described, the ad-
ditions were made to the alloys conslsting of sub-
stantially 60 percent nickel, 15 percent chromium
and balance iron. Rare earth ‘metals, such as
Misch Metal, with calclum and hluminum may
be added to such alloys with or without silicon.
The proportions of nickel in siich alloys may vary
from 50 to 70 percent and the chromium from
10 to 20 percent with the balance iron. Employ-
ing nickel-chromiurm-iron alloys of these pro-
portions, I have added calcium, aluminum and
Misch Metal In the quantities or ‘amounts here-
fnafter mentioned.

In preparing alloys containing the addition ele-
ments above mentfoned, the ‘quantities of such
addition elements are subtracted from the iron
content. For example, when additions are made
to base alloys containing 50 to 70 percent nickel,
10 to 25 percent chromium, the final alloys will
contaln 50 to 70 percent nickel, 10 to 25 percent
chromium, the addition elements calclum, alu-
minum and the rare earth metals in the per-
centages hereinafter stated, and the balance iron.
While the proportions of calcium, aluminum and
rare earth metals may vary within certain limits,
1 have found that the best results are obtalned

when these materials are present in the final al-
loys within the following limits:

CaleiMe o cecemcammmmmmm e mmm e 01-20%
AlUMINUM. _ o cemmemmmmmm e 01-1.0%
Rare Earth Metals. ..o comcmmem-- Trace-0.50%

1f the alloys contain manganese, silicon, or
carbon, they may be present within the follow-
ing limits:

MAanganese._ ... --------=="""7 02-4.0%
SilICON o o oom o mmmem = ST 20-3.0%
CaTbON - e eeem e 0.25% max.

While alloys having the nroperties deslired to
a very high degree are obtained within the limts
before mentioned, the preferred range of addi-
tion elements is as follows:

Calcium. oo e 03-07%
Aluminum._._._ .. .. ...-- . 07-40%
Rare Earth Metals. __ .. _. - Trace-020%
Manganese.. .- .- __ - 05-1%
SIHEON o e e oo T 15-2.0%
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Alloys so prepared have been tested for resist-
ance to oxidation at high temperature by the
method approved by the American.Soclety for
Testing Materlals Accelerated Life Testfor Me-
tallic Materials, B76£39. In condieting such fest,
the alloy is produced in the form of a wire, drawn
to & diameter of approximately .025'° and tested
at a temperature of 2050° ¥. The “useful life”
in hours for wire of prior compositions in cur-
rent production containing .04 percent calcium,
.10 percent zirconium and 12 percent aluminum
is of the order of 200 hours. The useful life
of alloys of the present invention, according to
the above described test, is of the order of 500
to 700 hours. Thus, the useful life is increased
250 to 300 percent over that of the alloys con-
taining the calclum, zirconium, aluminum group
when the rare earth metals are added with cal-
cium and aluminum in the proportions herein
stated. ’ -

The alloys are prepared in the usual manner
by placing the ingredients in a bath, heating un-
til the alloying elements become molten and then
pouring. In adding rare earth metals to a mol-
ten bath, it is necessary to add considerably
larger quantities than will be found in the cast
metal because they vaporize readily and pass
out of the bath. In many instances, with addi-
tions of the rare earth metals only a spectro-
graphic trace of one or more of the rare earth
metals is found in the cast material. The pres-
ence of such traces, however, in combination with
caleilum and sluminum, greatly increases the
oxidation resistance of the alloys. The rare
earth metals may be added in amounts suffi-
clent to leave a residue in the cast alloys up to
2 percent but in most instances the use of such
amounts is not necessary.

In the test referred to above the increase of
electrical resistance at temperature with time
is plotted and an increase of 10 percent in re-
sistance is known as the *“useful life.” The life
of the tested specimen to burn-out is known as
“total life.”

The invention may be employed in connection
with the 35-15 alloys in which the alloys con-
tain 30 to 40% nickel, 10 to 25% chromium, and
balance iron. The addition elements are present
in substantially the same proportions as hereto-
fore stated in connection with the 60-15 alloys,
which contain substantially 60% nickel, sub-
stantially 10 to 20% chromium, balance iron.

I elaim:

1. A nickel - chromium - iron alloy consisting
essentially of 50 to 70 percent nickel, 10 to 25
percent chromium, .01 to .20 percent caleium, .01
to 1.0 percent aluminum, & trace to .50 percent
of a rare earth metal, balance essentially iron,

- “essentially of 50 to 70 percept pic}
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3. A nickel - ghromium - fron gifloy consisting
61, 10 to 25 per-
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cent chromium, substantially ¥&:
07 to..40 percent aluminum
cent of ‘a Fare earth nietafy
iron. .

3. A nickel - chromium - iron alloy consisting
essentially of substantially 60 percent nickel, sub-
stantially 15 percent chromium, .01 to .20 per-
cent caleium, .01 to 1.0 percent aluminum, s trace
to .50 percent of a rare earth metal, balance essen-
tially iron.

4. A nickel ~ thomium -iron alloy consisting
essentially of substantially 60 percent nickel, sub-
stantially 15 percent chromium, substantially .04
percent calcium, .07 to 40 percent aluminum, a
trace to .20 percent of a rare earth metal, balance
essentially fron. ’

5. A nickel - chromium - iron alloy consisting
essentially of 50 to 70 percent nickel, 10 to 25
percent chromium, .01 to 20 percent caleium,
.01 to 1.0 percent aluminum, a trace to .50 percent
of cerfum and lanthahum, balance essentially
{ron.

6. A nickel - chromium - iron alloy consisting
essentially of substantially 60 percent nickel, sub-
stantially 15 percent chromium, .01 to .20 per-
cent caleium, .01 to 1.0 percent aluminum, a trace
to .50 percent of cerfum and lanthanum, balance
essentially iron. : .

7. A nickel - chromium - iron alloy consisting
essentially of 60 to 70 pereent nickel, 10 to 25
percent chromium, substantially .04 percent cal-
cium, .07 to .40 percent aluminum, a trace to .20
percent of cerium and lanthanum, balance essen-
tially iron. . .. .

8. A nickel - chromium - iron alloy consisting
essentially of substantially 60 percent nickel, sub-
stantially 15 percent chromium, substantially .04
percent calcium, .07 to 40 percent aluminum, a
trace to .20 percent of cerlum and lanthanum,
balance essentially iron.
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