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This. invention relates to. steels that combine
desirable properties at normal temperatures- wu:h

excellent high temperature properties.

Certain parts of jet engine and gas turbines,

such as their Totors, parts of . aireraft - super-

chargers, and related devices operate at. high

stress and elevated temperatures. Various. steels
have beerni developed for such purposes, for in-
stance the well-known. steel alloy disclesed. in.
United States. Patent No. 2,398,702. In general,

the steels used for such purposes up to- the pres—

ent time have been highly alloyed, and it is
characteristic of them that they are very diffi-
cult to fabricate, they require special heat treat-
ments of long duration and, in some instances,
are rather complicated, or because being highly
alloyed they are a drain on strategic metals.

The present shortage of certain critieal metals.

has created. the need for steels of low alloy. con-
tent. that are adapted to replace the highly al-
loyed: steels used up to the present time for the
foregoing and related purposes.
there is a demand for steels confaining a maxi-
mum of & per cent of alloying elements, which
possess a 1000-hour rupture strength at 1100°
of at least 40,000 pounds per square inch (p..s..1.),
and which also possess good ductility to fracture

at 1100° . Steels meeting this. combination of

requirements have not been available hereto-
fore.

It is among the objects of the invention to. pro-
vide low alloy steel articles for high temperature
use having a satisfactory combination of high
temperature properties, and particularly a rup-
ture strength at 1000 hours and 1100° F. of 40,000,

or more, pounds per square inch, coupled with.

desirable ductility to fractule under those cop-
ditions.

A further object is to provide steel articles: in
accordance with the foregoing abject that like-

wise possess desirable mechanical properties. ah’

normal temperatures.

Still another object is to provide steel articles.

embodying the foregoing objects and whose. pron-
erties are developed by a simple and shorf. heat
treatment.

Yet another object is to provide steel articles

in accordance with the foregoing objects con-
taining not over about 5. per cent of alloy eontent.

The invention is predicated upon my. discovery
that its stated objects are attained with steels

containing from about 0.15:-to 0.5 per cent of car- -

bon, frem 0:0005- to-0.004 per cent of boron, from
about 0.75 to 2.5 per cent of chromium, from
about 0.2 10 2.0 per cent of nranganese, from.abaut
0.25 t0.1.0 per cent of molybdenum, from about
0.1.ta 1.5 per cent of silicon, from about 0.2-to- 1.0
per cent of vanadium, and titanium from about

In particulaz,.
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1 to 6 times the amount of carbon. The: re-
mainder of the steels consist of iron: together

" with impurities and elements in amounts that
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do-not adversely affect the properties that char-
acterize- the -steels of this invention. For full

- development of those properties the steels should

contain not over about 0.04 per cent.each of phos~
phorus-and sulfur..

Within the foregoing limits I now prefer that
the steels contain from: aheut 0:20 to 0.35 per ecent
of. carbon, from 0.001 to 0.003 per cent ef Horomn,.
from: about 1 to 2 per cent of chromium, from
about. 0.5 to 1.0 per cent of manganese, from
about 0.4 to 0.6 per cent of molybdenum,; from
about: 0.5 to- 1.0 per cent of silicon, fromy about
0.7 tor 0.9 'per cent of vanadium, and titanium
from: 1 to 4 times the amount of carbon.

Steels of the foregoing composition are read-
ily fabricated by all hot forming operations such,
for example, as forging, sheet rolling, and pierc-
ing into seamless tubes. Likewise, they can be
welded readily.

The. best combination of strength and ductility
at. both. room temperature and at 1100° F. is
developed by air cooling, or normalizing, fol-
lowed. by tempering to about 302/365 Brinell.
This. heat treatment produces a martensitie
strueture. For maximum ductility in the rupture.
test at 11.00° F. sections up to 2 inches the: steels
are-normalized at 1800° F. and tempered at 1200°
F. This gives a 1000-hour rupture. strength: of
the order of 40,000 p. s. i. If & 10C0-hour rup-
ture strength in excess of 45,000 p. s. I is

‘desired, with possibly some sacrifice of duc—

tility, the normalizing temperature should be
increased: to 1950° F., followed by tempering at
1200° F. Por larger section sizes the normaliz-
ing temperature can be increased, or an oil
quench: from 1800° F. or 1200° P. followed by

- tempering, without impairing the room tempera-

ture or 1100° P. properties.

The excellent. properties of these steels at ele-
vated temperatures are characteristically exem-
plified by the properties of a steel in accordanee
with the invention and containing 0.22 per cent
of carbon, 0.002 per cent of boron, 1.60 per cent
of chromium, 0.57 per cent of manganese, 0.48
per cent of molybdenum, 0.77 per cent of silicon,
0.78 per cent of vanadium, and 0.35 per cent of
of titanium. This steel when normalized fiom
1800> F, and tempered 6 hours at 1200° . had
the following room temperature properties:

Tensile strength_ .. ______ p. s. i... 150,000
0.2.%- Yield strength. ..o ___ .. p. s. i 139,250
Elongation in: 2"/ oo .per cent_ .. 155
Reduction: of area______.___._____ do__.__ 5%7.1

Brinell hardness________ . ___._____ 311/321
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Furthermore, considering their low alloy con-
tent the steels of this invention possess unusually
high rupture strength and duetility to fracture
at failure. Thus the foregoing steel when heat
treated as described had a rupture strength of
440,000 p. s. i. in 1000 hours at 1100° F., while
the ductility at fracture was 21.0 per cent. Sur-
prisingly enough, the ductility is four times that
of a steel of essentially the same composition
but containing no boron or titanium, the 1000

hour rupture strength at 1100° F. of which was™

35,000 p. s. i, and the elongation at rupture 5.0
per cent, when normalized at 1800° F. and fem-
pered at 1200° F.

The same steel when normalized from 1950° F.
and tempered 6 hours at 1250° F. gave the fol-
lowing room temperature properties:

Tensile strength . _________ p.s.i__ 152,500
0.29 Yield strength ____________ do____ 137,000
Elongation in 2" _________.___ per cent.... 15
Reduction of area —— .o ______ do———_ 55
Brinell hardness oo 302/311

while the 1000-hour rupture strength at 1100° F.
was 48,000 p. s. i. and the elongation at rupture
was 5%.

Thus the rupture strength after 1000 hours at
1100° P. is greater than that had by the milder
heat treatment while the ductility is equal to that
of a comparable steel without boron and titanium.

Thus the steels of this invention containing
exceedingly small amounts of boron and small
amounts of titanium are much more useful for
work at 1100° F., than similar steels without boron
and titanium. And the range of boron stated is
critical for when the boron content exceeds 0.005
per cent the high temperature (1100° .) strength
is impaired, and the hot working properties are
likewise affected adversely, so much so that at
0.01 per cent of boron the hot working tempera-
ture must be held below 2000° F. Moreover,
when heat treated as described the products pos-
sess high tensile strength at room temperature,
stress-rupture strength in 1000 hours at 1100° F.
of at least 40,000 p. s. i. and elongation at rupture
of at least 5 percent and as great as 20 per cent.

The high temperature properties of these steels
adapt them to the making of parts that are sub-
jected to high stress at such high temperatures as
11006° P., and obviously they represent a major
saving of critical alloying elements in comparison
with the presently used alloy steels containing
several times as much as alloy content as is pres-
ent in these steels. The properties of these steels
adapt them excellently for other purposes also,
such as for aircraft brake dises.

According - to the provisions of the patent
statutes, I have explained the prineciple and mode
of practicing my invention and have described
what I now consider to represent its best embodi-
ment. However, I desire to have it understood
that, within the scope of the appended claims, the
invention may be practiced otherwise than as
specifically described.

Iclaim:

1. Steel adapted for operation at elevated tem-
peratures up to at least 1100° F. which as nor-
malized from about 1800° F. and tempered at
1200° F. to 311 to 321 Brinell has room tempera-
ture tensile strength of about 150,000 pounds per
square inch, and has a rupture strength in 1000
hours at 1100° F. of at least about 40,000 pounds
per square inch and elongation at rupture of
about 21 per cent, and having substantially the
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following composition: carbonn 0.15 to 0.5 per
cent, boron 0.0005 to 0.004 per cent, chromium
0.75 to 2.5 per cent, manganese 0.2 to 2 per cent,
molybdenum 0.25 to 1 per cent, silicon 0.1 to 1.5
per cent, vanadium 0.2 to 1 per cent, and titanium
from 1 to 6 times the amount of carbon, and the
remainder iron together with impurities and ele-
ments in a total amount that does not impair the
stated properties.

2. Steel adapted for operation at elevated tem-
peratures up to at least 1100° F. which as nor-
malized from about 1800° F. and tempered at
1200° B, to 311 to 321 Brinell has room tempera-
ture tensile strength of about 150,000 pounds per
square inch, and has a rupture strength in 1000
hours at 1100° P, of at least about 40,000 pounds
per square inch and elongation at rupture of
about 21 per cent, and having substantially the
following composition: carbon 0.2 to 0.35 per
cent, boron 0.001 to 0.003 per cent, chromium 1.0
to 2.0 per cent, manganese 0.5 to 1 per cent,
molybdenum 0.4 to 0.6 per cent, silicon 0.5 fo 1.0
per cent, vanadium 0.7 to 0.9 per cent, and tita-
nium from 1 to 4 times the amount of carbon,
and the remainder iron together with impurities
and elements in a total amount that does not
impair the stated properties.

3. A hot worked and heat treated steel article
for operation at elevated temperatures up to at
least 1100° F., the article having been normalized
from about 1800° F.. and tempered at about 1200°
. to 311 to 321 Brinell and having rocom tem-
perature tensile strength of about 150,000 pounds
per square inch, a rupture strength in 1000 hours
at 1100° F. of at least about 40,000 pounds per
square inch and elongation at rupture of about
21 per cent, and having substantially the fol-
lowing composition: carbon 0.15 to 0.5 per cent,
boron 0.0005 to 0.004 per ceunt, chromium 0.75 to
2.5 per cent, manganese 0.2 to 2 per cent, molyb~
denum 0.25 to 1 per cent, silicon 0.1 to 1.5 per
cent, vanadium 0.2 tc 1 per cent, and titanium
from 1 to 6 times the amount of carbon, and the
remainder iron together with impurities and ele-
ments in a total amount thai does not impair
the stated properties.

4. A hot worked and heat treated steel article
for operation ai elevated temperatures up to at
least 1100° P. the article having been normalized
from about 1800° F. and tempered at about 1200°
P. to 311 to 321 Brinell, and having room tem-
perature tensile strength of about 150,000 pounds
per square inch and a rupture strength in 1000
hours at 1100° F. of at least about 40,000 pounds
per square inch and elongation at rupture in
excess of about 9 per cent, and having substan-
tially the following composition: carbon 0.2 to
0.35 per cent, boron 0.001 to 0.003 per cent, chro-
mium 1.0 to 2.0 per cent, manganese 0.5 to 1
per cent, molybdenum 0.4 to 0.6 per cent, silicon
0.5 to 1.0 per cent, vanadium 0.7 to 0.9 per cent,
and titanium from 1 to 4 times the amount of
carbon, and the remainder iron together with
impurities and elements in a total amount that
does not impair the stated properties.
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