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1

The present invention relates to heat resistant
alloys and, particularly to heat resistant alloys
used for the manufacture of articles which are
subjected in use to repeated heating and cocling,
such as electrical resistance elements.

Tt is an object of the invention to improve heat
resistant alloys that the effective 1ife of articles
made therefrom will be increased.

T+ is another object of the present invention
to provide an improved heat resistant alloy with
an increased life which can be made on an in-
dustrial scale with conventional equipment.

The invention zlso contemplates the provi-
sion of a method for imparting to heat resistant
alloys increased service life.

Other objects and advantages of the jnvention
will become apparent from the following de-
scription.

According to the present invention increased
life is imparted to a heat resistant alloy by add-
ing thorium and one or more alkaline earth met-
als to the molten alloy prior to casting. The
quantity that is added to a heat resistant alloy
is such that only a small residue remains in the
finished alloy as explained more fully herein-
after. It is preferred to control the residue of
thorium remaining in the alloy to an amount of
from about 0.01% to about 0.5% in the presence
of residual amounts of an alkaline earth metal or
metals, such as calcium.

Tn carrying the invention into practice, the
molten alloy is preferably subjected to a pre-
liminary treatment before the addition of the
thorium for deoxidizing, desulphurizing or
other purposes, or to improve the forgeability.
This treatment may be effected with highly re-
active elements, such as calcium for deoxidizing
purposes and for improvement in the forgeabil-
ity, and elements such as phosphorus, arsenic
and/or antimony for rendering objectionable
constituents innocuous. The preliminary treat-
ment may also include the use of supplementary
scavangers such as manganese, magnesium and
silicon: Further the alloy itself may contain, in
addition to the necessary elements that com-
pose it and render it heat resistant, such elements
as cobalt, molybdenum, titanium, tungsten, alu-
minum and zirconium. The actual addition of
the thorium is accompanied by one or more of
the alkaline earth metals in elementary, al-
joyed or combined form and may also ke accom-
panied by one or more of the commercial solid
elements of group V of the periodic table, par-
ticularly phosphorus, arsenic and/or antimony.
If thorium alone is used, and especially when a
substantial amount of impurities ¢in particular,
oxides) is present, there is a tendency for the
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compounds formed by interaction between the
thorium and the impurities to remain in the melt,
resulting in the production of an unclean alloy.
On the other hand, by preliminary treatment
with an alkaline earth metal such as calcium
or an alloy thereof, for instance, calcium silicide,
as described in U. S. Patent specification No.
1,824,966, the major portion of the impurities
may be eliminated prior to the introductior of
the thorium so that not only may the requisite
amount of thorium be substantially reduced with
o corresponding saving in cost, but the risk of
any appreciable inclusions of undesired thorium
compounds in the final alloy is practically elimi-
nated and improved service life is also obtained.
Tn the aforesaid patent it was disclosed that the
molten metal was treated with an alkaline earth
metal such as calcium in amounts within the
range of about 0.005% to about 05%. It is
found to be particularly advantageous to add
caleium in such a quantity and in such a se-
quence with the thorium that there is a residue
of thorium and of calcium in the finished alloy.
The preferred residue of thorium in the alloy is
from about 0.05% to about 0.20%.

In addition to thorium and alkaline earth
metal, one or more rare earth metals, for ex-
ample cerium, may be present in amounts of
about 0.01% to about 0.45%. Preferably, the
total of thorium and rare earth metal does not
exceed 0.5%. When the expression “rare earth
metal” is used herein, it is intended to include
not only the elements usually called rare earth
metals, but also scandium, yttrium and hafnium.

A particular advantage of the use of thorium
is that when an amount is present or has been
added which will give a define improvement in
life the workability of the alloy is not substan-
tially impaired.

Tt has been found that when an alkaline earth
metal is present, the forgeability is improved
when there is a small residue of one or more of
the elements of group V, particularly phosphorus,
arsenic, and/or antimony in the alloy, and that
in the presence of these elements larger amounts
of alkaline earth metal may be incorporated in
the alloy without deleterious effect upon the
working properties. Thus, in the case of the well
known 809 nickel-20% chromium heat resist-
ant alloy, improved life is obtained by adding
enough ‘thorium and alkaline earth metal to
leave about 0.01% to about 0.5% or more thorium
and about 0.001% to about 0.05% or more alka-
line earth metal. When arsenic is also present
in the alloy in amounts of about 0.02% to about
0.10%, the forgeability is improved.
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The amount of thorium to be added to the melt
to produce the desired result or to leave the de-
sired quantity in the finished alloy depends upon
the melting conditions, i. e. the type of furnace,
the composition and pressure of the surrounding
atmosphere, the condition of the lining, the speed
of melting,
casting conditions, and other similar factors, and
even if the loss of thorium during melting is
exceptionally small, so that the amount of residual
thorium is distinctly greater than is expécted, the
resultant alloy may still be easily worked owing
to the small extent to which the workability is
effected. In cases when unusually high losses are
expected or when high forgeability is not required,
as much as 5% of thorium may be added to the
melt to obtain higher percentages in the finished
alloy.  Owing to the highly reactive nature of
thorium, precautions should be taken to ensure
that the addition penetrates into and is distrib-
uted in the molten metal; for example, the ad-
dition may be plunged to the bottom of the molten
metal,

It has been found that the molten alloy may
. contain substantial amounts of carbon without
harm. This fact is of great importance, because
it allows. scrap metal that is contaminated with
oil or other carbonaceous material to be used in
the production of the molten alley. Thus, the
finished alloy may contain as much as 0.25%
carbon. However, the breferred alloys in their
finished state contain no .carbon or an amouht
thereof not exceeding 0.15%. When oily or car-
bonaceous scrap is used the carbon content may,
if desired, be adjusted by any suitable treatment.

The way in which the thorium and alkaline
earth metals act is not at present fully under-
stood. It is possible that their deoxidising, de-
sulphurising or similar actions play an important
part during the melting operation, or that they
may react with materials present st the time of
melting and thus introduce beneficial amounts of
elements that otherwise would not be present in
the molten melta, or again that when present in
the solid alloy they affect the way in which the
alloy oxidises or affect the properties of the sur-
face film formed by such oxidation. Whatever
the mechanism, reactions take . place when tho-
rium is added in the bresence of alkaline earth
metal such as calcium, and it is found to be im-
portant to hold the molten alloy for sufficient time
to allow these reactions to broceed to an ade-
quate extent before the alloy is cast. :

In producing the alloys contemplated by the
present invention, the ingredients may be added
in any suitable form. Thus, they may be added
in an elementary, alloyed or combined form,

For the purpose of giving those skilleq in the
art, a better understanding of the invention, the
following illustrative -examples will be given in
connection with the manufacture of typical heat
resistant nickel-chromium alloys for the produc-
tion of electrical resistance heating elements.

Ezxamyple 1

About eight hundred pounds of nickel are
melted and 0.5% manganese and 0.2% silicon are
added followed by about two hundred pounds of
chromium and the whole is melted. Then about
6 pounds of calcium silicide containing 25% to
35% calcium are added and the melt is held for
from two to ten minutes to allow reactions to pro-
ceed. Next about 1 pound of thorium is added
and the melt is held for about two minutes for
reactions to proceed, and is adjusted to the cast-

the nature of the raw materials, the
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ing temperature. The liquid metal is then poured
into a ladle, a further about 1 to about 1% pounds
of thorium are added, the metal is allowed to
stand in the ladle for irom about two to about
five minutes and the metal ig then cast into in-
gots. An alloy made in this manner will contain

about

: Per cent
Nickel 80
Chromium 19.83
Thorium e 0.1
Calcium - :
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Ezxample 2

The procedure is the same as in Example 1 until
the metal is in the ladle. Then about % pound
of calcium silicide is added followed by about
0.05% of arsenic and about 1 pound of thorium
and the metal is then cast into ingots. An alloy
made in this manner will contain about

. Per cent .
Niekel _____________ 80
Chromivm . ___________ T 19.76
Thortum —____________ T 0.1
Calcium 0.1
Arsenic __ 0.04

Emample 3

About one thousand pounds of 80/20 nickel-
chromium scrap metal are melted, the scrap being
selected so that allowing for the carbonaceous
residue derived from oil or other material in or
on the scrap, the liguid metal will contain 0.075%
carbon. The remaining treatment is the same as
that in Example 1.

An alloy made in this manner will contain
about

Per cent
Nickel 80
Chromivm ... _____-._ 19.7
Carbon ... _.________ T 0.075
Thorium . ____________ T 0.1
Calcjum ______________ T 0.07

Example ¢

Scrap is melted as in Example 8 and is treated
in the furnace with about § pounds of calcium
silicide. When sufficient time has been allowed
for reactions to take place about 0.05% metallic
arsenic is added and the metal is poured into
the ladle. About % pound of calcium silicide and
about 2% pounds of thorium sre added in the
ladle and the metal is cast into ingots. An alloy
made in this manner will contain about

Per cent
Nickel —____________ 80
Chromium —____._______ 7 19.63
Catbon _.________ T 0.075
Thorium __________ . T 0.15
Caleium _________.____ T 0.1
Arsenic ... T 0.045

Ezxample 5

A thousand pound melt of cemmercially pure
nickel-chromium or consisting. partly of com-
mercially pure nickel ang chromium, and partly
of scrap is prepared. Abhout 6 pounds of calcium
silicide and about 1 pound of thorium are added
and the molten metal is poured into the ladle.
From about % pound to about 1 bound of caleium
silicide is added in the ladle followed by from
about % to about 2 pounds of thorium. The
Imolten metal is alloweq to stand in the ladle for
from about two to about five minutes and is
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then cast into ingots. An alloy made in this
manner will contain about

Per cent
NiCKel oo e mmm e — e — 80
Chromium -..- - ~- 1975
Thorium ——-—- —— .. 01
CalCiUmM o oo cmm e — == 0.15

Example 6

Tn the production of a thousand pound heat of
5 nickel-chromium alloy containing about 85%
nickel and about 15% chromium, abouf eight
hundred and fifty pounds of nickel are melfed
and about 0.5% manganese and about 0.2% sili-
con are added followed by one hundred and fitty
pounds of ehromium and the whole is melted.
To the molten metal is added about one pound
of calcium as calcium silicide containing about
259 to about 35% calcium and the melt is held
for from about two to about ten minutes to allow
reactions to proceed, An addition of about two
pounds of thorium is then made and the melt
held for apout one to shout two minutes for re-
actions to proceed, The metal is then cast into
ingots. Tt is desirable to make the caleium and
thorium additions partly in the furnace and
partly in the ladle. Thus, in carrying out the
above procedure about 1, pound of the calcium,
as calcium silicide, is added in the furnace fol-
lowed by an addition of about 1, pound of the
thorium: the remainder of the additions is made
in the ladle. An alloy made in accordance with
the foregoing procedure will contain ahout

Per cent
NiCKE] oo oo mmmmm e 84
Chromium — - e 15.75
THOTIUITL - o e e m e e o == 0.1
CalCitifl e — 0.15
Exzample 7

Tn the production of an alloy containing about
65% nickel. about 15% chromium and about 20%
iron, a molten bath of said alloy is established in
the usual manner. The procedure for the cal-
cium and thorium additions is the same as in
Example 6 except that about 0.05% of arsenic is
also included in the molten metal. About 0.2%
caleium and about 0.2% thorium are added to
the molten bath in accordance with the proce-
dure set forth in Bxample §. The fina] solidified
alloy will contain about

Per cent
NICKE] e 64.8
CHAroMitm - oo e m e m e m = 15
TION, e e e 20
TROFIUIM - e e m = m 0.1
ClCIUNL oo mm e e 0.07
ATrSeniC e 0.04

The invention has been described in connection
with certain alloys that are commonly used for
the manufacture of heating elements in tape or
wire form, but all heat resisting alloys of the
nickel-chromium or nickel-chromium-iron types
as well as nickel-free heat resisting alloys such as
chromium-iron alloys may be treated as described
hereinbefore. Thus, the present jnvention is par-
ticularly applicable to the well known heat re-
sistant alloys available for use at elevated tem-
peratures in excess of about 500° C., for example
for use as eleciric resistance elements. As those
skilled in the art know such alloys contain about
109 to about 30% chromium, preferably about
129 to about 20%, and the balance metal of the
iron group. Commercial alloys may also contain
substantial amounts of manganese, silicon, cop-
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per, molybdenum, tungsten, aluminum, and the
like in amounts up to about 109% or even more.
Heat resistant alloys have heen classified in three
groups, For instance, Hunter and Jones in an
article entitled “Some electrical properties of
high-resistance alloys” in the Proceedings of the
American Society for Testing Materials, vol. 24,
1924, part II, page 401, stated on page 407 as
follows:

«For convenience in classification the alloys are
divided into three sub-groups:

1. Nickel-chromium alloys;
9. Nickel-iron-chromium alloys;
3. Tron-chromium alloys.”

Tt is well recognized that the nickel-chromium
and nickel-chromium-iron alloys have similar
properties and are therefore frequently referred
to by those skilled in the art as nickel-chromium
alloys. Hunter and Jones stated that binary
nickel-chromium alloys containing up to 30%
chromium had been made and that the commer-

" cial alloys usually contained 15% to 20% chro-
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mivm. The authors also stated that a well known
nickel-chromium-iron alloy contained about 60%
nickel, 26% iron and 12% chromium while an-
other common alloy contained less iron and more
chromium. The iron-chromium alloys, it was
stated were inferior to the nickel-chromium alloys
and contained about 22% chromium. It was also
pointed out that many of the alloys were worked
under the Marsh patent. The Marsh TUnited
States Patent No. 811,859 of 1908 disclosed the
use of nickel-chromium alloys for electric resist-
ance elements. Marsh’s alloys contained over
509, nickel or cobalt or both and less than 50%
chromium but preferably contained less than 256%
chromium and more than 75% nickel. As ex-
amples, the 90/10 and 85/15 nickel-chromium
alloys were cited. It was later determined that
the best alloy of the series was the 80/20 nickel-
chromium alloy. ZILiddell’s Handbook of Non-
werrous Metallurgy, McGraw-Hill, 1926, vol, 2,
page 1315, referred to the nickel-chromium and
nickel-chromium-iron alloys and stated that the
commercial alloys contain 5 to 20% chromium,
5 to 409 iron and the balance nickel.  The
Dempster United States Patent No. 901,428 of
1908 had disclosed the use of nickel-chromium-
iron-alloys for electric resistance elements. The
alloys contained more than 109, and less than
509 iron, for example, 20% iron. A typical alloy
was composed of 62% nickel, 20% iron, 12.6%
chromium and about 5% manganese. “The Book
of Stainless Steels” edited by Thum and published
by the American Society for Steel Treating, 1933,
first edition, page 426, contains a section on
«wlectric Resistors” in which typical compositions
of some commercial alloys are given. It is point-
ed out that the alloys may contain mangarese,
silicon, aluminum, molybdenum, COPDET, ete., in
various amounts up to about 10%. The present
invention is applicable to alloys of the aforemen-
tioned character. Such alloys include the group

‘eontaining about 10% to about 30% chromium

with about 90% to about T0% nickel constituting
the ba'ance. Small amounts of iron and the like,
for example, about 0.1% or less and up to a few
percent, may appear in the alloys due to com-
mercial production methods and the amounts
contained in the materials used to make the al-
loys. Another common group of alloys to which
the present invention is applicable contain about
109 to about 30% chromium, about 5% up to
about 509% iron and the balance nickel. The iron
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content is preferably not greater than about 259 " =Table IIT-
or 30% and the nickel content is preferably not :
less than about 509,. While the nickel-contain- ) . . . .
ing alloys are preferred for high temperature Frymple Nickel | Chromium| Iron | Thorium Caletum
service, for example as electrical resistors, the 5 -
nickel-free iron-chromium alloys also find appli- Per cent | Per cont | Per cent | Per cent | Per cent
~ cations. Such alloys contain about 10% to about o B Bl o1
30% chromium and the balance iron and often g; %g 2-8 8 }8 8- (1)35
contain in addition about 5% to about 10% alu- 36.8 18 45 0.10 0.10
minum, for example an alloy with about 20% 15 19.8 65 0.10 0.10
chromium, about 5% aluminum and the balance
. Table IV
Example No. Nickel | Chromfum | " Iron | Thorium Calcium | Arsenic |Phosphorus| Antimony
Per cent| Per cent | Per cent Per cent | Per cent | Per cent | Per cent Per cent
65 14.75 20 0.10 . 0.
65 14.65 20 0.10
65 15 19.8 0.10
65 15 19.8 0.10

iron. Tt has been mentioned that the alloys may
contain carbon, magnesium, titanium, zirconium,
mmanganese, silicon, copper, molybdenum, tung-
sten, aluminum, and the like in small amounts
and in some instances, for example aluminum,
molybdenum and the like, in amountsup to about
109% or more. i

In accordance with the bresent invention, the
well known alloys such as referred to hereinbefore
contain one or more alkaline earth metals for
e€xample calcium, in a small but effective amount,
say from about 0.001¢ up to about 0.5% and
thorium in a small but effective amount, say from
about 0.01% up to about 0.5%. Improved forge-
ability is obtained when the alloys contain, in
addition to thorium and alkaline earth metal one
or more of the elements phosphorus, arsenic
and/or antimony within the range of about 0.02%
to about 0.1%. In preparing the alloys contem-
plated by the present invention, it is highly de-
sirable that alkaline earth metal or metals, say
calcium or calcium silicide, be incorporated in
the molten metal prior to the addition of thorium.
In this manner very few deleterious impurities
remain in the solidified ingot and a product is
obtained " after being' subjected to mechanical
working operations which is substantially free
from deleterious surface defects such as cracks
and the like.

The following examples showing approximate
bercentage figures are llustrative of alloys made
in accordance with the bresent invention.

Table I
Example No. Nickel | Chromium | Thorium | Caleium
Per cent | Per cent | Per cent Per cent
80 19.8 0.05 0.05
80 19.8 0.05 0.075
80 19.8 0.10 0.10
80 19.8 0.05 0.15
80 19.75 0.10 0.15
80 19.65° 0.10 0.25
80 19.5 0.20 0.25
80 19.2 0.50 0.25
80 19.05 0. 50 0.45
Table 17
Example Nickel | Chro- | Tho- | Cal- [ Arse- | Phos- Anti-
No. mium { rium |cium| nie phorus | mony
Per Per Per | Per | Per Per Per
cent cent cent | cent | cent cent cent
80| 19.7 0.05 | 0.15 0.05 | |..__.__.
80| 19.7 0.05 10,15 _______ 0.03 (.. _.__
80| 19.7 0.05 10151 _______f . . 0.03
80 19.55 0.10 | 0.25 0.07 ||l
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Heat resistant alloys made in accordance with
the present invention and containing small
amounts of alkaline earth meta] and thorium
possess improved service life over those contain-
ing alkaline earth metal alone or thorium alone
or alkaline earth metal and rare earth metals
such as cerium. The following schedule is. illus-
trative of the improved life period, for example, of
an’alloy consisting essentially of 80% nickel and

20% chromium, under similar experimental con-
ditions, :
Life zg
. 1200° C.
Additions (Bash &
. Harsch)
Hours
With about0.1% caleinm @lone)-.._ . ... 110
With about 0.1% thorium @lone).___________T777777" 100
With about 0.03%, calcium and 0.07% cerfum_.__..___ 150
With about 0.03%, calciam and 0.07% thorium__.__.__ 350

This application is a continuation in part of
our copending patent application Serial No.
71,114, filed May 4, 1936, which issued as U. S.
Patent No. 2,304,353 on December 8, 1942,

Although the present invention has been de-
scribed in conjunction with preferred embodi-
ments, it is to be understood that modifications
and variations may be resorted to without depart-
Ing from the spirit and scope of the invention, as
those skilled in the art will readily understand.
Such variations and modifications apparent to
those gkilled in the art are considered to be with-
in the purview and scope of the appended claims.

We claim: o

1. A heat resistant alloy comprising about 20%
chromium, about 0.001% to about 0.5% calcium,
about 0.01% to about 0.5% thorium, and the
balance substantially nickel.

2. A heat resistant alloy comprising about 20%
chromium, about 0.001% to about 0.5% calcium,
about 0.01% to about 0.5% thorium, about 0.029%
to about 0.1% of at least one of the commercial
solid elements of group V of the periodic table,
and the balance substantially nickel, '

3. A heat resistant alloy -comprising about 10%
to about 30% chromium, about 0.001% to about
0.5% calcium, about 0.01% to 0.5% thorium, and
the balance substantially nickel. -

4. A heat resistant alloy comprising about 109
to about 309 chromium, about 0.001% to about
0.5% alkaline earth metal, about 0.01% to about
0.5% thorium, and the balance substantially
nickel.
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5. A heat resistant alloy comprising about 10%
to about 30% chromium, aboub 0.001% to aboub
0.5% alkaline earth metal, about 0.01% to about
0.5%
least one of the commercial solid elements of
group V of the periodic table, and the balanee
substantially nickel.

6. A heat resistant alloy comprising about 10%
to about 30% chromium, aboui 0.1% to about
509 iron, about 0.601% to about 0.5% alkaline
earth metal, about 0.01% to about 0.5% thorium,
and the balance substantially nickel.

7. A heat resistant alloy comprising about 10%
to about 30% chromium, about 0.1% to-about 50%
iron, about 0.001% to about 0.5% alkaline earth
metal, about 0.01% to about 0.5% thorium, about
0.029% to about 0.1% of at least one of the com-
mercial solid elements of group V of the periodic
table, and the balance substantially nickel.

8. A heat resistant alloy comprising about 10%
to about 30% chromium, about 0.001% to about
0.59 alkaline earth metal, about 0.01% to about
0.5% thorium, and the balance substantially all
metal of the iron group and at least 50% of which
is nickel.

9. A heat resistant alloy comprising about 10%
to about 309 chromium, about 0.1% to 50% iron,
about 0.001% to about 0.5% calcium, about 0.01%
to about 0.5% thorium, about 0.02% to about
0.19% arsenic and the balance substantially nickel.

10. An electric resistance element made of a
heat resistant alloy comprising about 20% chro-
mium, about 0.061% to about 0.5% calcium, about
0.01% to about 0.5% thorium, and the balance
substantially nickel.

11. An electric resistance element made of a
heat resistant alloy comprising about 10% to
about 30% chromium, about 0.001% to about
0.5% alkaline earth metal, about 0.01% to about
0.5% thorium, and the balance substantially
nickel.

12. An electric resistance element made of a
heat resistant alloy comprising about 15% chro-
mium, about 25% iron, about 0.001% to about
0.5% calcium, about 0.01% to about 0.5% thorium,
and the balance substantially nickel. .

13. A heat resistant alloy comprising ahout
10% to about 30% chromium, about 0.19% to
509 iron, about 0.001% to about 0.5% calcium,
shout 0.019 to about 0.5% thorium, about 0.02%
to about 0.1% of at least one of the commercial
solid elements of group V of the periodic table,
and the balance substantially nickel. )

14, An electric resistance element made of
heat resistant alloy comprising about 15% chro-
mium, about 25% iron, about 0.001% to about
0.5% calcium, about 0.01% to about 0.5% thorium,
about 0.02% to about 0.1% of at least one of the
commercial solid elements of group V of the
periodic table and the balance substantially
nickel.

15. A method of imparting increased service
1ife to a heat resistant nickel-chromium alloy
which comprises first preparing a molten bath
of nickel-chromium alloy consisting of about 80%
nickel and about 20% of chromium, then treat-
ing said molten bath with such a small and con-
trolled quantity of at least one of the alkaline
earth metals as to leave a residue of about 0.001%
to about 0.05% in said bath, and incorporating
o small and restricted quantity of thorium in
said treated bath as to leave a residue of about
0.01% to about 0.5% therein, whereby a finished
alloy is produced which has increased service
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10
life when subjected in use to repeated heating
and cooling. -

16. A method of imparting increased service
life to a heat resistant nickel-chromium alloy
which comprises first establishing a molten bath
of nickel-chromium alloy, then treating said
molten bath with a small and controlled quantity
of at least one of the alakaline earth metals so
as to leave o residue of about 0.001% to about
0.5% in said bath, and incorporating a small and
restricted quantity of thorium in said treated
bath as to leave a residue of about 0.01% to about
0.5% therein, whereby a finished alloy is pro-
duced whieh has inereased service life when sub-
jected in use to repeated heating and cooling.

17. A method of imparting increased service
life to g heat resistant chromium alloy which
comprises first establishing a-melt of the chro-
mium alloy, then treating said molten bath with
at least one alkaline earth metal in such con-
troiled and restricted quantity that only a small
residue of about 0.001% to about 0.65% remains
in the melt after the treatment, adding a small
and controlled amount of at least one of the -
commercial solid elements of group V of the peri-
odic table to the melt as to render objectionable
constituents innocuous and to leave a residue of
about.0.02% to about 0.1%, and incorporating in
said treated melt thorium in such a controlled
and restricted quantity that a small residue re-
mains and casting the molten metal whereby a
finished alloy is produced which has increased
service life when subjected in use to repeated
heating and cooling.

18. A method of imparting increased service
life to a heat resistant chromium alloy which com-~
prises first establishing a melt of the chromium
alloy, then treating said molten bath with at least
one alkaline earth metal in such controlled and
restricted amounts as to leave a residue of about
0.001% to about 0.5% in the melt after the treat-
ment, and then incorporating such a small and
restricted quantity of thorium in said treated bath
as to leave a residue of about 0.01% to about 0.5%
therein, whereby a finished alloy is produced which
has increased service life when subjected in use
to repeated heating and cooling.

19. As g new article of manufacture, a heat re-
sistant structure possessing increased service life
when subject in use to repeated heating and
cooling and constituted of a heat-resistant nickel
alloy consisting of about 80% nickel and about
20% chromium, at least one of the commercial
solid elements of group V of the periodic table
in small and controlled amounts within a range
of about 0.02% to about 0.1%, thorium in a small
and controlled amount within.a range of about
0.01% to about 0.5%, and at least one alkaline
earth metal in a small and controlled quantity
and within a range of about 0.001% to abouti
0.05%.

20. A heat resistant alloy comprising about
109% to 30% chromium, abecut 0.001% to 05%
alkaline earth metal, about 0.01% to 0.5% tho-
rium, about 0.02% to 0.1% of at least one of the
commercial solid elements of group V of the peri-
odic table, and the balance substantially all metal
of the iron group.

21. A heat resistant alloy comprising about
10% to 30% chromium, about 0.1% to 50% iron,
about 0.0019% to 0.5% calcium, about 0.01% to
0.59% thorium, and the balance substentially
nickel.

22. A heat resistant alloy comprising aboub
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10% to 30% chromium, about 0.1% to 50% iron,
about 0.001% to 0.5% caleium, about. 0.01% to
0.5% thorium, about 0.02% to 0.1% phosphorus,
and the balance substantially. nickel, :

23. A heat resistant alloy comprising about
10% to 30% chromium, about 0.1% to 50% -iron,
about 0.001% to 0.5% calcium, about 0.01% to
0.5% thorium, about 0.02% to 0.1% antimony,
and the balance substantially nickel.

24. An electric resistance element made of an 10

alloy comprising about 20% chromium, about
0.001% to 0.5% calecium, ghout 0.01% to 0.5%
thorium, about 0.02% to about 0.1% of at least one
of the commercial solid elements of group V of

12
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