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4 Claims.
1

This invention relates to an improvement in
heat-resisting alloys and has for an object to
provide procedure for increasing the resistance
to deformation of such alloys when subjected to
stresses at high temperatures.

A further object of the invention is to pro-
duce g procedure for increasing the high tem-
perature, creep strength of heat-resisting alloys.

Hesat-resisting alloy steels, like other steels,
are Increasingly susceptible to deformation at
higher temperatures, with the result that the
creep strength and the rupture strength of such
steels decrease as the temperature of the steel
increases. An object of the present invention,
therefore, is to improve the high temperature
characteristics of heat-resisting steels in order
that they will be more effective for the intended
purposes when subjected to load while existing
at temperatures ranging from about 1300° P. to
about 1550° P.

Thr above and other objects are accomplished
by means of & procedure hereinafter set forth
and defined.

In the drawing accompanying and forming a
part hereof, I have included curves which visu-
ally indicate the improvement in the high tem-
perature strength of heat-resisting alloys result-
ing from the treatment herein outlined as an
embodiment of my invention.

This figure gives the results in hours to rup-
ture, when samples heat treated from a series of
temperatures were subjected toc constant loads
at a temperature of 1500° F.

My invention involves the discovery that the
strength of heat-resisting alloys is improved and
that such alloys are rendered more resistant to
distortion at high temperatures by being sub-
Jected to a high temperature heat treatment
followed by a rapid cooling such as is obtained
by water quenching, where this procedure is
followed by an aging treatment at a tempera-
ture within the range of from about 1300° F. to
about 1550° F. That is to say, I have discovered
that a treatment, such as is herein defined, will
improve the high temperature strength—includ-
ing the creep strength—of heat-resisting alloys.

While my invention may be effectively em-
ployed in connection with various types of heat-
resisting alloys, I have carried on extensive in-
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vestigations in connection with alloys such as
those including

Percent
Carbon ... .. 0.20- 0.60
Chromium ________________________ 12.00-22.00
Nickel . __ 10.00--30.00
Molybdenum .. __ .~ 2.00- 6.00
Tungsten . ___ 2.00- 6.00
Columbium _______________________ 2.00- 6.00

with the remainder principally iron, except for
usual impurities in common amounts.

The graph reproduced in the accompanying
drawing, is based on the application of my in-
vention to a ferrous alloy containing 0.46 % car-
bon, 0.61% manganese, 0.69% silicon, 13.96%
chromium, 20.23% nickel, 3.65% molybdenum,
3.1 % tungsten and 4.20% columbium, with the
remainder principally iron except for the usual
impurities in common amounts. This alloy was
partially fabricated by rolling and forging into
sections of the deSired size and shape which were
then heated to the temperatures indicated by the
following table, water quenched, and then ma-
chined to form test pieces of the desired size.
The test pieces were aged for approximately
sixteen hours at 1500° F. before testing.

The high temperature heat treatment was in
each instance accomplished within a gas muffle

80 furnace and the section treated was maintained
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at the high temperature for about one hour.
While the quenching at the high temperature is
preferably a water quench, an oil or air gquench
may be employed. It should, however, be noted
that rapid cooling is essential for satisfactory
results and that a water quench appears to be
the most effective.

The aging is also an important and an essen-
tial step in the procedure. Where the material
is to be employed at a temperature within the
range of from 1350° F. to 1550° F.,, the aging is
accomplished at the temperature of use. That
is to say, where the alloy is to be employed at a
temperature of 1500° F., it is aged by being sub-
jected to that temperature for approximately
sixteen Hours and then air-cooled. The aging
treatment may be resorted to at any time after
the high temperature solution treatment. The
period of this treatment is not highly critical
but about sixteen hours is indicated as desirable.
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In the following table, I have set forth the
temperature of quench, the load in pounds per
square inch to which each test plece was sub-
jected, the time to rupture in hours, the percent-
age of elongation under load and the percentage
of reduction in area at the time of rupture. The
tests were made while the test pleces were main-
tained at 1500° F. The test pleces had a gauge
length of 4’ and a cross-section of one-tenth
of a square inch.

Load

Tempersture of quench

None (as rolled):
Honrs

Elongation
Reduction_ . _......-as
2160° F.:

Elongation_ ... .._-.- percent_.
Reduction. ..o --.--
2175° F.x

Elongation.__ ... peroent._.
. Reduction. ... -
2200° F.:
FOUTS. o oo
Elongation_.......---- percent..
Reduetion .. o cooooooo do_...

B

Elongation___ R

Reduction._ ... .....-..-d
2250° F.:

) s (11 1 2 IV

Elougation___ ... percent.

Reduetion._ ... d

BoOUrs. . ocoeoommcmmmm e nae o

Elongation...___._... percent.

Reduetlon. oo do___
2300° F.:

Elongation_.. ....- -
Reduetion._ - .. ..o 0.
2350° F.:

Elongation___..._...... percept..
Reduetion_. . ..o._.....d0o___.

Elongation..... R

Reduetion .. __...... - do. . 8
2400° F.:

Hours..... -

Elongation..

Reduction. .

The foregoing table discloses that the high tem-
perature strength of the alloy is increased as
the temperature of the heat treatment is in-
creased. It also discloses that the percentage of
elongation and the percentage of reduction in
area decreases with the temperature of the high
temperature or solution treatment, with the re-
sult that the exact temperature employed will be
governed by the particular alloy involved and the
characteristics to be developed in the alloy.

I have also employed the procedure above-out-
lined on alloys such as above-defined but which
also include from about 5% to about 30% of co-
balt. The cobalt-bearing alloys respond effec-
tively to the treatment, making it apparent that
the rupture strength—at high temperatures—of
austenitic chrome-nickel-cobalt, heat-resisting
alloys is also improved by my procedure.

Analysis of the results discloses that the creep
strength of the alloys is substantially increased by
a short time temperature heat treatment at tem-
peratures in excess of 2150° F. and that the creep
strength is materially improved as the tempera-
ture of the short time heat treament is increased
above 2200° F. 'The creep strength or the ability
to resist distortion under load is progressively
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improved by & very high temperature heat treat-
ment in excess of 2350° F. On the other hand,
the material reduction in the ductility of the alloy
occasioned by heat treatments above 2350° F.
make It apparent that the range of utility of the
alloy is somewhat reduced by such treatment,
even though Its rupture strength and {ts ability
to resist distortion are increased.

For this reason, it 1s apparent that some further
investigation may be required for the purpose of
determining the particular temperature to be em-
ployed In vonnection with the high temperature
solution treatment, in order to obtain the desired
physical characteristics for each particular al-
loy. It, however, can be definitely stated that
the high temperature strength of heat-resisting
alloys of the chrome-nickel, austenitic type is
materially improved by the treatment herein set
forth, where the high temperatures employed are
within the range of from about 2200° F. to about
2350° F. The accompanying graph also indicates
that some improvement is obtained by solution
treatment at lower temperatures,

It might also be stated that it is preferable to
subject articles made from heat-resisting alloys
to the high temperature heat treatment after
rolling and/ forging operations have been com-
pleted. This is made more or less apparent by
the effect of the heat treatment. It, however,
may be stated that such fabrication operations as
machining, grinding and drilling may be per-
formed after the high temperature heat treat-
ment and either before or after the aging treat-
ment.

While T have outlined a procedure for improv-
ing the high temperature strength of heat-re-
sisting alloys, it will be apparent that various
changes in some of the individual steps of my
improved procedure may be resorted to without
departing from the spirit and scope of my inven-
tion as defined by the appended claims.

What I claim is:

1. A method of increasing the high tempera-
ture creep strength of an alloy containing chro-
mium within the range of from about 12% to 22%,
nickel within the range of from about 10% to 30%
molybdenum, tungsten and columbium each
within the range of from about 2% to 6%, carbon
within the range of from about 0.20% to 0.60%
with the remainder substantially all iron, which
consists in subjecting the same to a short time
heat treatment at a temperature within the range
of from about 2150° F. to 2400° F., followed by a
rapid cooling and then subjecting the same to a
heat treatment within the range of from about
1350°.F. to about 1550° F. for approximately six-
teen hours.

2. A method of increasing the load carrying
ability of an alloy consisting of chromium within
the range of from about 12% to 22%, nickel with-
in the range of from about 10% to 30%, molyb-
denum, tungsten and columbium each within the
range of from about 2% to 6%, carbon within the
range of from about 0.20% to about 0.60% with
the remainder substantially all iron, which con-
sists in subjecting the same to a temperature of
at least 2150° F., followed by a quick cooling and
then subjecting such alloy to an aging heat treat-
ment within the range of from about 1350° F. to
about 1550° F. and for approximately sixteen
hours.

3. A method of increasing the resistance to
deformation, at elevated temperatures, of at least
a partially fabricated article made from an alloy
consisting of chromium within the range of from
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about 12% to 22%, nickel within the range of
from about 10% to 30% molybdenum, tungsien
and columbium each within the range of from
about 2% to 6%, carbon within the range of
from about 0.209% to 0.60% with the remainder
substantially all iron, which consists in subjecting
such article to a short time heat treatment within
the range of from about 2150° F. to 2400° P, fol-
lowed by a water quench and then subjecting the
same to an aging treatment for approximately
sixteen hours at a temperature within the range
of from about 1350° F', to about 1550° P,

4. A method of improving the high tempera-
ture, rupture and creep strength of an article

6 )
within the range of from about 12% to 22%,
nickel within the range of from 10% to 30%,
molybdenum, tungsten and columbium each
within the range of from about 2% to 6%, carbon
within the range of from about 0.20% to 0.60%
with the remainder substantially all iron, which
consists in subjecting such article to a heat treat-
ment at a temperature in excess of 2150° F., fol-
lowed by a water quench and then, after complete

10 fabrication of such article, subjecting it to a heat

treatment for approximately sixteen hours at
about the temperature to which it will be sub-
jected during use.

' GUNTHER MOHLING

made from an alloy consisting of chromium 135
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