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[57) ABSTRACT

Chromium-nickel-manganese steel characterized by
good welding properties, which steel in the as-welded
condition enjoys a combination of strength, ductility
and impact resistance, along with good resistance to
intergranular corrosion and good resistance to general
corrosive attack. The steel contains about 20% to 25%
chromium, about 6% to 17% nickel, about 3.5% to 7%
manganese, about .15% to .50% nitrogen, with carbon
not exceeding about .08, and with at least one of the
three ingredients molybdenum, columbium and vana-
dium. For a best combination of properties at least
two of the three ingredients are employed.

3 Claims, No Drawings
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HIGH STRENGTH CORROSION-RESISTANT
STAINLESS STEEL

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

In introduction, our invention relates to the alloy
steels and, more especially, to the high-strength stain-
less steels.

One of the objects of our invention is the provision of
a stainless steel which is substantially austenitic under
all conditions, which readily lends itself to hot-working
into plate, sheet, strip or rod and wire products and
which, moreover, is readily rolled or drawn in the cold-
mill as in the production of cold-rolled plate, sheet and
strip and cold-drawn rods and wire.

Another object is the provision of such an alloy steel
which is readily fabricated into a host of articles and
products of ultimate use, as by pressing, bending, cut-
ting, blanking, tapping and the like and, moreover, 1s
readily welded by conventional welding techniques,
which fabricated articles and products possess high
strength in combination with good corrosion-resistance
and good resistance to intercrystalline corrosion in the
as-welded condition without necessity for hardening
heat-treatment.

A further object is the provision of an austenitic
stainless steel which preferably, although not necessar-
ily, is fully austenitic and free of delta-ferrite at ele-
vated temperatures, at room temperatures and at cryo-
genic temperatures, which austenitic structure s fully
retained even after drastic cold-reduction.

Other objects of our invention will become apparent
during the course of the disclosure which follows.

Accordingly, then, our invention will be seen to re-
side in the combination of the ingredients making up
our novel steel and the relationship between each of
the same with one or more of the others, and in the
various articles and products fashioned thereof, all as
more particularly described herein and set forth in the
claims at the end of this specification.

BACKGROUND OF THE INVENTION

Now in order to better understand certain features of
our invention, it may be well to note at this point that
there are a great many alloys presently available for
duties in the aerospace industries, the chemical indus-
tries, and others where strength, resistance to corro-
sion, ease of fabrication, and the like are required. And
many of these are suited to applications where there
are encountered high temperatures in use and where
there additionally are encountered corrosive atmos-
pheres—atmospheres containing chlorides and atmo-
spheres of a general oxidizing character. We refer par-
ticularly to certain of the nickel-base alloys such as
“Inconel 625" (20% chromium, 9% molybdenum, 3%
columbium. 3% iron, and remainder nickel). These
alloys, because of the high nickel content, are costly.

A further class of alloys is the chromium-nickel aus-
tenitic stainless steels, notably AISI Type 304 (18% to
20% chromium, 8% to 12% nickel, manganese 2%
max., carbon 0.08% max., and remainder iron), Type
347 (17% to 19% chromium, 9% to 13% nickel, 2%
max. manganese, carbon 0.08% max., with columbium-
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tantalum at least 10 times the carbon content, and
remainder iron). A further and more important stain-
less steel is the Type 316 (16% to 18% chromium, 10%
to 14% nickel, 2% to 3% molybdenum, 2% max. man-
ganese, carbon .08% max., and remainder iron).

A still further stainless steel is the Armco 21-6-9
(20.25% chromium, 6.5% nickel, 9% manganese, 15%
to .40% nitrogen, carbon not cxceeding .08%, and
rematinder iron).

Although the austenitic chromium-nickel stainless
steels referred to are less costly than the nickel-base
alloys, they either are lacking in weldability, are char-
acterized by a low ratio of strength-to-weight, or have
insufficient strength to meet the requirements of many
applications.

Accordingly, it is one of the objects of our invention
to provide a chromium-nickel stainless steel which is
significantly leaner than the nickel-base alloys, which
chromium-nickel stainless steel is substantially austen-
itic under all conditions, which readily lends 1tself to
conversion in the hot-mill and the cold-mill, which
lends itself to a variety of forming and fabricating oper-
ations, which is readily weldable, and which in welded
condition is resistant to intercrystalline corrosion and
to the general corrosion conditions encountered in the
aerospace, the chemical, and a variety of industries in
which welded assemblies are required.

SUMMARY OF THE INVENTION

Referring now more especially to the practice of our
invention, we provide an alloy steel essentially consist-
ing of the ingredients chromium, nickel, manganese,
and nitrogen, with one or more of molybdenum, colum-
bium and vanadium, and the remainder substantially
iron. The chromium content of our steel ranges from
about 20% to about 25%, the nickel from about 6% to
about 17%, the manganese from about 3.5% to about
7% and for best results to a figure less than 6% (notably
5.9%), the molybdenum from about .5% to about 4%,
the nitrogen from about .15% to about .50%, with co-
lumbium -optional up to about .4% where vanadium 1s
present in the amount of .05% to about .5%, and co-
lumbium about .1% to about .7% where vanadium 1s
optional in amounts up to about .5%, with remainder
substantially iron. Where both columbium about .1% to
about .4% and vanadium about .05% to about .5% are
present in our steel the ingredient molybdenum 1s op-
tional; it may be employed in amounts up to about 4%,
preferably less than 3%. In short, at least one of the
ingredients molybdenum, columbium and vanadium 1s
employed. The steel enjoying the best combination of
properties, however, essentially contains at least two of
the three ingredients, especially the ingredient molyb-
denum and one or both of columbium and vanadium,
as appears more fully hereinafter.

The carbon content of our steel is less than .08% and
usually is less than .06%, preferably about .03% to
.06%. Silicon may be present in amounts up to about
1% under some circumstances, although the sihcon
content desirably is maintained at a value under .5%,
preferably about .25% to about .4% for best results.

Phosphorus and sulphur, commonly present in all
stainless steels, are present in our steel up to about
.060% phosphorus and up to about 0.30% sulphur. We
endeavor, however, to maintain a sulphur content not
exceeding about 0.20% and preferably not over about
.005% in order to assure a freedom from stringer inclu-
sions in certain applications. The ingredient titanium,
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which frequently 1s employed in certain of the stainless
steels for special purposes, 1s particularly avoided 1n
our steel, for we find that titanium 1s inchined to give
dirty metal with resulting adverse effect on corrosion-
resistance.

Fach of the several ingredients chromium, nickel
manganese, molybdenum andfor columbium and/or
vanadium and nitrogen 1s critical to the steel of our
invention. None of these may be dispensed with. And
by the same token, the percentage ranges of none may
be departed from without a loss or sacrifice of one or
more of the desried properties.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

While the alloy steel of our invention 1n broadest
aspects 1s defined above, a best combination of proper-
ties 1s had in a steel of more limited composition range.
Thus a preferred steel according to our invention es-
sentially consists of about 21% to about 25% chro-
mium, about 7.5% to about 16% nickel (especially
about 9.5% to about 15.5% nickel), about 4% to less
than 6% manganese, at least two of the ingredients
molybdenum, columbium and vanadium, with molyb-
denum about 1% to about 3% (or about 1.5% to about
2.5% molybdenum), about .2% to about .4% colum-
bium, about .1% to about .5% vanadium, about .20% to
about .40% nitrogen, silicon less than .5% (especially
not over .4% and preferably .23% to .4%), carbon not
over about .06% (especially carbon about .03% to
about .06% ), and remainder essentially iron. This steel
is possessed of good corrosion-resistance even after a
welding operation, this along with good mechanical
properties.

In a further preferred steel, we employ about 20.5%
to about 25% chromium, about (1% to about 13%
nickel, about 4.5% to about 5.5% manganese, about
.5% to about 2.53% molybdenum, about .20% to about
A40% columbium and/or about 0.5% to about .40%
vanadium, about .20% to about .40% nitrogen, carbon
up to about .05%, and remainder essentially iron. The
preferred steel additionally is found to be wholly aus-
tenitic and non-magnetic, even after having suftered a
cold-reduction of as much as 60%.

In another steel we employ about 23% to about 25%
chromium, about 11.5% to about 15.5% nickel, about
4.5% to about 5.5% manganese, about 1.5% to about
2.5% molybdenum, about .15% to about .30% colum-
bium, about .10% to about .50% vanadium, about .30%
to about .40% nitrogen, carbon not exceeding about
.05%, and remainder essentially iron. This steel too 1s
free of ferrite. A further ferrite-free steel, that 1s, a steel
which is wholly austenitic, essentially consists of about
23.5% to about 24.5% chromium, about |13% to about
15.5% nickel, about 4.5% to about 5.5% manganese,
about 1.75% to about 2.25% molybdenum, about .15%
to about .30% columbium, about .10% to about .30%
vanadium, about .30% to about .40% nitrogen, with a
carbon content not exceeding about .06%, and remain-
der essentially iron. A still further steel which, although
not entirely free of ferrite nevertheless s useful in most
applications, essentially consists of about 23% to 24%
chromium, about 9.5% to about 10.5% nickel, about
4.5% to 5.5% manganese, about 1.75% to about 2.25%
molybdenum, about .15% to about .25% columbium,
about .15% to about .25% vanadium, about .30% to
about .40% nitrogen, with carbon not exceeding about
.06%, and remainder substantially all iron. This steel 1s
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of desired corrosion-resistance and strength, and addu-
tionally 1s of minimum cost; 1.e., It requires a minimuim
of the costly alloying ingredients nickel, molybdenum,
columbium and vanadium. Other particular steels ac-
cording to our invention are described herematter.

As noted above, the chromium, the nickel, the man-
ganese, the molybdenum, the columbium, the vana-
dium, and the nitrogen contents of our steel are in
every sense critical, and so too the carbon content. For
we find that where the ranges of any one of these pur-
posefully added ingredients are departed from there 18
a loss or sacrifice of one or more of the desired proper-
ttes. Thus, as to the chromtum content, where the chro-
mium is less than about 20% there 1s a loss of the de-
sired general corrosion-resisting properties. Moreover,
with insufficient chromium there s a loss of its stabiiiz-
ing effect on the austenitic structure and a decrease
the capacity for nitrogen. In point of fact, we find that
with less than about 23% chromium, and certainly less
than 20.5% chromium, the metal in the as-welded con-
dition 1s inclined to lose the desired resistance to corro-
sion. With an excess of chromium, that 1s, chromium
exceeding about 25%, it becomes necessary to intro-
duce an excessive nickel content in order to preserve
the austenitic balance. And as a further matter, with
the excess chromium the workability of the metal di-
rectly sutfers, that is, it becomes difficult to work in the
hot-mill and in the cold-mill as well. Moreover, with an
excess chromium content delta-ferrite appears, which
causes further difficulties m the hot-muli, the metal
being inclined to split and tear.

The nickel content of our steel ranges from about 6%
to about 17%, preferably about 9.5% to about 15.5%,
as noted. For we fined that with a nickel content less
than about 6%, and generally where less than about
9.5% and certainly where less than about 8%, the steel
loses its austenitic character, that 1s, delta-ferrite ap-
pears and the steel becomes slightly magnetic. And
with an excess of nickel, that is, nickel exceeding about
17%, or even where 1n excess of about 15.5% or about
16%, there 1s a loss of strength which we 1n part attri-
bute to the restricting effect of nickel on the selubility
for carbon and mtrogen. It 1s our view that nickel is
desirably kept down to such level as to balance the
chromium and molybdenum contents of the steel and
maintain the desired fully austenitic structure. Any
excess of nickel, of course, makes the steel unnecessar-
1ly costly.

While the manganese content of our steel ranges
from about 3.5% to about 7% and especially to some-
thing short of 6% (notably 5.9%), we prefer a manga-
nese content from about 4% to less than 6% or even
about 4.5% to about 5.5%. With a manganese content
short of about 3.5% it becomes difficuit to retain the
necessary nitrogen content and the metal is inclined to
become gassy and porous, with undesired loss of me-
chanical properties. And, too, with insufficient manga-
nese the weldability of the metal directly suffers. On
the other hand, with an excessively high manganese
content, that ts, a manganese content of 6% or more,
and certainly a manganese content exceeding about
7%, the steel 1s inclined to become ferritic and the
corrosion-resisting characteristics are adversely af-
fected. Particularly, the steel loses its resistance to
intercrystalline corrosion, especially in the sensitized
condition, that 1s, after heating at a temperature of
about 1250° F., as encountered, for example, in a weld-
ing operation.
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For a best combination of properties molybdenum 1s
employed in our steel, this in an amount of about .5%
to about 4%, and more especially in the amount of
about 1.5% to about 3% or about 1.5% to 2.5%. We
find that molybdenum gives a higher tolerance for car-
bon and as a result improves the resistance to intercrys-
talline corrosion following welding or other heating. At
least about 1% molybednum usually is necessary to give
any significant benefit. The ingredient molybdenum
also contributes to the strength of the steel, improves
the general corrosion-resistance, and lowers the ten-
dency of the metal to pit in corrosive media. Where
molybdenum is present in an amount exceeding about
4% or even about 3%, it becomes difficult to maintain
the austenitic structure of the metal without resorting
to an increase in nickel, this at further cost and other
undesired result. Actually, we find little increased ben-
efit with a molybdenum content over about 2.5%.
Where one or more of the desired properties of our
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steel may be sacrificed in favor of a- lower cost the 20

molybdenum may be omitted in favor of an addition of
both columbium and vanadium as pointed to above and

more fully developed hereinafter. -
Both the nitrogen content and the carbon content of

our steel likewise are critical. As noted, we employ a 23

nitrogen content in the amount of about .15% to about
.50%, more especially about .20% to about .40%, al-
though a best combination of properties is had with a
nitrogen content of about .30% to about .40%. Nitro-
gen serves to increase the strength of the steel, this
without adversely affecting either the general corro-
sion-resistance of the metal or the resistance to inter-
crystalline corrosion following a welding or other heat-
ing. With a nitrogen content less than about .20%, and

certainly with a nitrogen content less than about .15%,
there is no significant benefit. But where the nitrogen
content exceeds about .40%, and especially where it
exceeds about .50%, the corrosion-resistance suffers
and, too, there is the danger of the metal becoming
gassy, with untoward results as noted above.

The carbon content of our steel preferably is main-
tained at a value not exceeding .05%. For with this
carbon content the steel is essentially insensitive to
intercrystalline corrosion, although it may amount to as
much as .06% where the chromium content and the
molybdenum content are on the high side. And where
the columbium and vanadium contents also are on the
high side, the carbon content may very well amount to
something less than .08%. With a carbon content of
.08% or more the corrosion-resisting properties di-
rectly suffer; more particularly, there is a loss of the
general corrosion-resisting characteristics of the steel
as well as a loss of its resistance to intercrystalline at-
tack. Certain benefits are had by employing at least
about .03% carbon, this ranging up to about .06%; a
purposeful carbon content helps to maintain the de-
sired austenitic structure and lend strength to the

metal.
As indicated above, for best results, one or both of
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columbium and vanadium are employed in our steel. 60

(Where molybdenum is omitted from the steel both
columbium and vanadium are used together, as noted
above.) Where vanadium is present in the amount of
about .05% to about .5%, columbium is employed In

amounts up to about .4%. And where columbium is 65

employed in amounts of about .2% to about .4%, vana-
dium may be used in amounts up to about .5%. An
excess of vanadium as well as an excess of columbium

6

imbalances the alloy steel, requiring further nickel
additions, with the resultant disadvantages noted
above, all without significant benefit.

We feel that the desired columbium addition very
well may interact with the molybdenum present in the
preferred steel, giving some solution-hardening effect.
Regardless of theoretical considerations, however, the
columbium addition, although significantly less than
the stoichiometric requirement of the carbon present,
contributes to the strength of the steel and at the same
time gives resistance to intercrystalline corrosion. We
find too, that the columbium-bearing steel i1s of some-
what finer grain structure, especially in the flat-rolled
products, particularly sheet and strip.

A best combination of mechanical strength and cor-

rosion-resistance is has where both columbium and

vanadium are employed in the steel, the columbium
there being in the amount of about .15% to about .30%
and the vanadium being in the amount of about .10% to
about .30%. |

In our steel the ingredient silicon usually 1s employed
in purposeful amount. In general this amounts to about

.25% to about .40%, although for certain applications,
i.e., resistance to corrosion by the combustion products
of the leaded fuels, silicon may be as low as .1%, or
even less. Silicon permissibly may be employed in
amounts up to .50% as a maximum, however, for we
find that with higher silicon contents, that is, silicon
above .50%, and certainly in amounts exceeding .7%,
there is an inclination toward the development of the
sigma phase. And we find that intergranular corrosive
attack of the metal increases where the silicon content
is in excess of .50%. Silicon in the amount of about
.40% serves to assure clean metal, metal substantially

free of oxide inclusions.

The phosphorus and sulphur contents of our steel are
low, the phosphorus being permissibly present 1n
amounts up to .030% and the sulphur an amounts up to
.020%. Larger amounts of these ingredients appear to
lower the general corrosion-resisting qualities of the
steel.

As a matter of convenience the steel of our invention
is melted in the electric arc furnace or in the induction
furnace in accordance with known melting practices.
The vacuum furnace, however, generally i1s not suited
to the melting of our steel because the vacuum opera-
tion eliminates some of the nitrogen and manganese
necessary and essential to the steel.

Following melting, the steel is cast into ingots which
in due course are converted into slabs, blooms and
billets. As desired, these are reheated and the metal
hot-rolled into plate, sheet, strip, bars, rod and wire.
These products conveniently are further converted into
cold-rolled plate, sheet and strip or cold-drawn wire.
The metal works well in both the hot-mill and the cold-
mill. Of course, it will be understood that, where de-
sired, the billets may be converted into forging stock
and fashioned into a variety of products. Also, it will be
understood that the metal may be remelted and cast
into a variety of cast articles. Both the forgings and the
castings may be finished by known machining and fin-
1ishing operations.

The steel of our invention is supplied to various cus-
tomer fabricators in the form of plate, sheet, strip, bars,
rod, wire and the like. It is supplied in the hot-rolled
condition or, as desired, it is supplied in the cold-rolled
or cold drawn, annealed and pickled condition, with
annealing at a temperature of about 1700° to 2100° F.
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Or, of course, the steel may be supplied the customer
in the form of sheet and strip which have been lightly
cold-rolled following annealing and pickling.

The steel of our invention readily lends itself to a
variety of forming operations as noted above, 1e.,
pressing, bending, drawing, shearing and threading.
Moreover, it readily may be brazed or welded as in the
fabrication of a variety of products, apparatus and
equipment of ultimate use.

As particularly illustrative of the steels of our inven-
tion there is presented below in Table I(a) a series of
chromium-nickel-manganese-molybdenum-nitrogen
alloy steels of closely related compositions. Most of
these steels are of such chemical composition that
there is enjoyed a combination of many, if not all, of
the desired properties of our preferred steel, and are
considered to be according to our invention. The oth-
ers are of such composition that they are deficient 1n
properties, with composition falling outside ot the ac-
ceptable steels of our invention in the matter of one or

more of the ingredients employed.
TABLE I{a)

il

Chemical Composition of Ten Chromium-Nickel-Manganese-
Muolybdenum-Nitrogen Alloy Steels

Heat _
Na. C Mn Cr Ni N Mo Ch
R63R4 032 432 1763 7.15 27 2.81 —
R63I82 038 4.18  1B.26 8.09 28 2.83 —
RoIRI' 42 440 20.13 9.12 27 2.81 —
R6765Y 030 S06  21.R] 100 .88 28 2.75 36
R6766% (33 522 2316 12.29 31 2.84 —
R6a767' 036 515 2310 12.22 31 2.82 29
R6o8442 028 S04 21.33 11.20 30 2.%1 22
Rox452 (O30 S.28 2296 12.80 37 2.82 —
RGE62T 024 S.02 22.¥] 12.67 29 2.14 16
022 498 2321 26 2.14 31

R6B63? 12.24

ISteels of the mvenuon.
eecls of the invention having a hest combinalion of properties.
NOTE: All heats: phosphorus, 020% max.; sulphur, 15% m ax. . silicon, .40% max.

The differences between the properties of an accept-
able steel according to our invention and the steels
which are not acceptable in terms of structure, resis-
tance to corrosion in the presence of nitric acid in the
sensitized condition, and resistance to corrosion in the
presence of ferric sulphate (Fe,(SO,);)-sulfuric acid
(H,SO,) that condition, both as measured in inches per
month (IPM), will be apparent from a study of the
Table I(b) below in which these properties are set
forth. The tests reported were had on bar specimens
sensitized by heating at a temperature of 1250° F. for

one hour and cooling n air.
TABLE 1(b)
Percent Ferrite and Rate of Intercrystalline Attack on the Steels of
Table 1{a}
Percent Huey rate-IPM? Fe, (SO,),- 1PM,

Heat No. ferrite sensitized sensitized
R6384 (O 0031 0017
R6382 0 0044 0028
R6383° < | 1075 0054
R6765° 2.5 0123 0013
R6766% 1.5 001 012
R6767° 5 0191 D016
R68444 1 Q001 0017
R6g454 <1 0005 0009
Ro¥621 3 D016 0008

10
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TABLE 1(b)-continued

Percent Ferrite and Rate of Intercrystalline Attack on the Steels of

- o

Table 1(a)
Percent Huey rate-IPM? Fe,{ SO ),-IPM,
Heat No. ferrite sensitized sensitized
Ro68631 4.5 0009 O0O0)8

'Huey rate-IPM. atlack of samples by boiling nitric acid as measured in inches per
month.

e, (SO, ),-IIPM. attack of samples by ferriv sulphate-H,50, as measurcd in inches
per muonth {(Streicher test).

Kteels of the invention.

sSrecls of the invention having a best combination of propertics,

The mechanical properties of the steels of Table I(a)
in bar form are set out below in Table I(c). While none
of these steels is possessed of sufficient yield strength to
be suited to all applications of the best steel according
to our invention, these steels nevertheless are possessed
of a good combination of resistance to corrosive attack

0 in a sensitized condition, a minor amount of ferrite, and
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good ductility, as well as good impact strength at cryo-
genic temperatures, temperatures as low as -320° F.

TABLE I(c)

Room Temperature Mechanical Properties of the Steels of
Table 1{a) and Impact Properties at —320°F.
Ultimate 0.2%
tensile yield Percent Percent Charpy
strength strength  elonga- reduction V-notch
Heat No. (k.s.i.) {k.s.1.) tion In areu (ft./1bs.)
R6384 106 54 50 72.5 L0
R6382 107 54.5 50 73 117
R6383! 108 55 49.5 74 107
R6765! 1 19 62 43 65 29
R67662 113.5 56 48.5 71 89
R6767* 122 66.5 42 63.5 26
R68447% 119 63.5 45.5 66 —_
R68452 119.5 63.5 48 79 —_
R6B62? 117 60.5 45.5 68 —
R6B63? 117

60.5 42 65.5 —

'Steels of the invention.
Steels of the invention having a best combination of properes.

In studying the test data presented above in Tables
I(b) and I(c) it becomes readily apparent that the steels
of the lower chromium contents are singularly deficient
in resistance to corrosive attack in the sensitized condi-
tion, that is, the condition following a welding opera-
tion. An acceptable steel is characterized by a Huey

rate of attack no greater than .0020 inch per month.
The steels of Heat Nos. R6384 and R6382, with chro-

mium contents of 17.63% and 18.26% respectively,
nickel contents correspondingly of 7.15% and 8.09%,
carbon in the amount of about .04%, manganese about
4.2% nitrogen about .27% and molybdenum about
2.82%, show Huey rates respectively of .0031 and
.0044 IPM. And although the ferrite content is low, the
steels are unacceptable for use in the as-welded condi-
tion. The steels of Heat Nos. R6383, R6765 and R6767
of the higher chromium contents 20.13%, 21.81% and
23.10% respectively, and the higher nickel contents
9.12%, 10.88% and 12.22 %, have even higher Huey
rates. We feel that the somewhat higher carbon content
of the steel of Heat No. R6383 for i1ts chromium con-
tent (.042% carbon with 20.13% chromium) works
against the resistance to corrosive attack in the sensi-
tized condition. Although the steels of Heat Nos.
R6765 and R6767 additionally contain the ingredient
columbium, and both steels possess the same or greater
strength than the others listed, it rather clearly appears
that the higher columbium content does not benefit the
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resistance to corrosive attack. Because of the greater
strength in combination with greater ductility had in
these three steels, however, they are suited to many
useful applications where welding 1s not mvolved.

The five steels R6766, R6844, R6845, R6862 and
R6863, steels which enjoy a best combination of prop-
erties, have chromium contents ranging from the
21.339% chromium of the steel of Heat No. R6844, with
a nickel content of 11.20%, to 23.21% chromium with
a nickel content of 12.24% for the steel of Heat No.
R6863. The carbon contents of these five steels range
from .033% for Heat No. R6766 down to .022% for
Heat No. R6863. The manganese contents all are on
the order of about 5%, with nitrogen about .3% and
molybdenum about 2.8% (although the Heat Nos.
R6862 and R6863 are of lower molybdenum content),
some with and some without a columbium addition. All
five steels are characterized by a low rate of corrosive
attack in sensitized condition, as well as being substan-
tially austenitic, that s, with a ferrite content not ex-
ceeding about 5%. Moreover, the strength is high, this
being best for the steels with a columbium content, that
is, a columbium content of .16% for the Heat No.
R6862 and .31% for the Heat No. R6363.

The steel according to our invention, which is char-
acterized by a combination of resistance to intergranu-
lar corrosive attack in the sensitized condition, a sub-
stantially austenitic structure and good tensile proper-
ties, employs a chromium content of about 21% to 23%
or more, a nickel content of about 11% to about 13%,
along with a carbon content not exceeding about .04%,
a manganese content of about 5%, a nitrogen content

of about .3%, a molybdenum content of about 2% to
about 3%, with or without a columbium content of
about .1% to about .3%. More broadly, such as steel
essentially consists of about 21% to about 24% chro-
mium, about 11% to about 13% nickel, about 4.5% to
about 5.5% manganese, carbon not exceeding about
.05%, a silicon content not exceeding .4%, with about
.25% to about .4% nitrogen, about 2% to about 3%
molybdenum, with or without columbium up to about
4%, and remainder substantially all iron.

A more preferred steel, a steel which is wholly aus-
tenitic under all conditions and which is virtually insen-
sitive to corrosive attack in the sensitized condition 1s
illustrated in the six examples of specific steels set out
in Table II(a) below. Such a steel essentially consists of
about 23% to about 24% chromium, about 15% to
about 16% nickel, about 4.5% to 5.5% manganese,
about .025% to .035% carbon, about .3% to .4% nitro-
gen, about 2.5% to 3%

TABLE ll(a)

Six Chromium-Nickel-Manganese -Molybdenum-Nitrogen Steels Ac-
cording to the invention
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The structure of the steels of Table 1l(a) in bar form,
as well as their Huey rates and resistance to attack by
ferric sulphate are set out in Table li(b) below:

TABLE Il(b}

Structure and Rate of Attack in Sensitized Condition of the
Steels of TABLE H{a)

FE‘E( SO.;}-;]PM '

sensitized

Huey rate-IPM,
sensitized

Percent

Heat No. fernte

R6908!
R6909'
R6910°
R6911!
R6912’
R6913°

O
(
O
¢
¢
0

(004
(007
(007
(0304
0007
0007

0007
Q008
(OO
0007
Q0U7
0008

ISteels of the invention having a best combinalion of properties.

The mechanical properties of the steels of Table II(a)
in bar form are given below m Table ll(¢). They are
suited to many applications where a wholly austenitic
steel enjoying great resistance to corrosive attack in the
sensitized condition, along with good impact strength
at low temperatures, 1s required.

TABLE 1I(c)

Room Temperature Mechanical Propertics of the Steels of
Table [i(a) and Impact Propertics at —320° F.

Ultimate 0.2%
tenstle yield Percent Pcrecent Churpy
strength strength  elonga- reduction  V-notch
Heat No. (k.s.1.) {k.s1) tion 1 arca {ft./1bs.)
R6908! 116 558.5 49.5 68.5 99
R6909! 124 65 40).5 64 42
R6910! 123 64 38.5 36 23
R6911° 119.5 38.5 ) 72 [ 20)
R6912! 128.5 67.5 42.5 6.5 15
R6913! 129.5 69 18 56.5 1Y

Heat No. C Mn Cr Ni N Mo Chb
R6908! G30 4.99 23.63 15.28 30 273 .02 60
R6909! 031 395 23.56 15.25 29 2713 .23
R69 10! 027 5.00 23.97 15.35 28 273 .41
R691 ! 033 4.95 23.45 15.50 35 273 .04
R69121 031 4.95 231.86 15.27 34 274 .22
R6913! 020 5.04 21.85 15.35 13 270 .43

65

ISteels of the invention having a4 best combinaton of properties.

NOTE: All heats: phosphorus, about .0 15%; sulphur, about O07% ¢ silicon, about

3% .

'Steels of the invention having a best combination of propertics.

In studying the test results set out in Table II(b) and
[I(c) above 1t will be noted that all steels of Table Il(a)
are wholly austenitic and are possessed of extremely
low rates of attack in boiling nitric acid and n ferric
sulphate-sulphuric acid while in the sensitized condi-
tion, and while of modest strength, are characternized by
good ductility and impact resistance, this latter perhaps
excepting the two steels of Heat Nos. R6910 and
R6913 of high columbium content. We feel that while
columbium contributes to tensile strength, 1t adversely
affects impact resistance at cryogenic temperatures.

The preferred steel according to our invention repre-
sents a best combination of austenitic structure, virtual
freedom from intergranular attack in the sensitized
condition, that is, a low Huey rate of attack, a minimum
of precipitated carbides after sensitization as reflected
by the Solar Carbide rating ', and good mechanical
properties, both at room temperatures and at high tem-
peratures as well. Some thirty-six chromium-nickel-
manganese-nitrogen stainless steels in the form of
sheet, seven of which steels are of chemical composi-
tion according to our preferred steel and twenty-one of
which generally answer to the requirements of our
invention, with the remaining eight steels being of simi-
lar composition except one or more of the ingredients
fall outside the composition range of the steels of our

invention, are set out below 1in Table Il(a).

' Test developed by Solar Aircraft Co., San Diego, Calif.: Electrolylic
etch in 10% chromic acid solution; view at SO0X: rate 1 to 6 on the
basis of | being for no carbides showing and 6 for a continuous network
of carbides.
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TABLE l(a)
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gen stainiess steels

Chemical compuosition of thirty-six chromium-nickel-manganese-nitro-

12

Heat No. C Mn Cr N1 Mo N Ch V
21 Cr-6 Ni-3 10 4 Mn
42K7-2 £572 320 210 bH.(4 — A £y —
42%7-3 Q52 11K 21.08 6.00 —_— At 14 24
42493-1] 144 124 2112 6.06 212 33 — —
4293.3 049 3.27 21.20 H.04 2.17 33 16 18
43031 46 387 21.34 6.5 — 31 e —
4303-2¢ 146 A K3 21,272 646 — 3 U6 —
4303-3* 46 J.BO 21.22 6.073 — Ry 14 2
431311 AR 4.04 2108 6. 0% — =B — 26
4304-1' 11443 3R 21.08 &0 2.16 A — —
33(33-2F 4 3 3 RGO 20,70 6, (H) 2.1 3 181 —_
43013-3! 044 1.96 2(3.50 5.94 2,113 30 1 2K
432011 151 4 .42 2100 6.04 224 32 e 26
21 Cr-9 Ni-4 Mn
43110-1 £50 3 RT 20,60 Y 03 — 32 — —
431§-21 S50 3R 21.14 942 — 32 ,l —
4211-3% 50 3.8 21.04 K.OX —_ 32 13 20
$321-1! 54 4 .05 21.40 4y.04 — KR! — 2
4312-1! 049 410 21.12 894 R 332 — -
4312-2¢ BT, 4. .04 210K ¥.499 2.1 32 {19 —
4312-3+ g R 31984 2076 .43 2,109 32 12 7
4321-2! 1152 4013 2100 R G3 2. 10 Al — AT
21 Cr-6 Ni-6 Mn
42K9-] d g 6.0 | 2192 6. 10 — 2Y — —
4IKG.2° D45 5.94 21.16 6 (32 — 30 4154 —
F2HY- 31 045 5,78 203K 5.97 — 1Y 13 20
331421 47 5.69 21.30 6.1 — 32 — 32
4291} 046 SR 2120 6.5 200 .30 — _
4249171-2 046 5.64 21.22 6.5 2.06 30 LR —_
42491-3" 1146 ST 21.34 601 2.06 34D 14 A4
4320-2! 082 567 21.56 6 12 220 33 — A
21 Cr-9 Ni-6 Mn
329(0)-1 Ad T 5749 200 96 X.99 — 24 — —
329(.2! Od6 5.75 21 1% &.917 — 24 09 —
42903 3! 04K 575 2110 K.U6 — 29 43 2T
Ji19-3! 147 567 21.26 B.53 — 32 o 2
42034 {48 583 200,78 4.5 212 29 — -
42492.2¢ A4y 575 20 7% K .94y 2. 15 29 A9 —
J292-34 U4y 575 2112 K49 2.14 29 13 2
4320-3% ATSE) 5.64 21.56 .61 22 A2 e 36
Steels of the invention.
teels of the invention having a best combination of properties.
NOTE Al heats phosphorus about QU 2% sulphur about LUORG, silicon about . 40%.
The Huey rating in IPM for the steels in sensitized
condition. that is, sensitized at 1250° F. for one hour TABLE IIi(b)-continued
_ : . -C O
and air cooled. the Solar Carbide rating of these steels 45 0) inue
in the sensitized condition, the ferrite content, and the Corrosion-resistance in sensitized condition, ferrite content and
percent magnetism of the steels in a 60% cold-rolied magnetism of the steels of Table 1 (u)
condition and 1n the annealed and p]Ck]ﬁd condition Sensitized Percent Magnetixm
‘ N - Huey Solur  Percent 60% cold  Annealed
AT gIven below in Table HI{b). Heat No. 1IPM carbide  ferrite reduction and pickled
50
TABLE IIi(b) 4311-32 0020 C4 0 3 3
, . . . L iy 4 4321-1° 0016 C3 0 3 3
Corrosion-resistance in sensitized condition, ferrite content and NENE - ; |
. A i 43121 (008 C1 G 4 3
magnetism of the steels of Tabie I {a} 4312-71 0015 Cl 0 4 3
2 1 .
Sensitized Percent Magnetism j:,ﬁ:, ggé; {(E‘: E i’ _1"
Huey Solar Percent 60% cold Annealed el | s 3
Heat No. IPN carbide  ferrite  reduction  and pickled 33
_ 21 Cr-6 Ni-6 Mn
21 Cr-6 Niej to 4 Mn 4289- 1 0009 ' ( 3 3
J42R87-2 13039 C1 { 4 3 42842 0T 3 {j 3 3
4287-3 033 2 ¥ 4 3 4289-3! 0009 (4 (} 3 3
4203-1 0027 C1 6 o 5 4319-2! 0011 C3 () 4 4
4293.3 036 2 ¥ | 2 ¥ 429511 (032 1 K 12 4
4303-1 D011 C3 0 3 3 60 429)-2! 047 C 1 i O 13 | ()
3303-21 O 2 C3 O 3 3 4291-3! U047 Cl | {) 16 12
430337 Q013 (3 {) 3 3 4320-2! {134 C3 | 4 | 4 10
431311 LHORL {2 () 4 3
3304-1" (OR (] 6 G 5 11 Cr-U Ni-6 Mn
- el (036 ‘ 8 L 6 _ |
4304-2 0036 ¢! ; 4290-) 0014 C 0 3 1
4304-3 0040 C2 § 12 g | .
4320-1! 0052 C3 10 13 9 65 3290-< VOTH Cl ( 3 3
i e ) * 4290-3! 0013 C] ¥ 3 3
. 1 4319-3° LH AT C3 () 4 4
21 Cr-9 Ni-4 Mn 4292-1" 0011 C2 | 3 3
4311-1 00T C3 0 3 3 4292.2¢ 0010 Cl l 3 3
4311-2" 022 4 () 3 3 4242-3¢ D00y C1 i 3 3
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TABLE HI(b)-continued are virtually insensitive to intergranular corrosion In
— —~ the sensitized condition and which possess a yield
C{:rmsinn-resi&;tancg in sensitized cnndi*t‘!un.k ferrite content and strength Of at least 751000 p31 at room temperatu res

magnetism of the steels of Table Il (a) : o
- and at least 40,000 p.s.i. at a temperature of 1000” F.

Sensitized Percent Magnetism 5 These are the steels of Heat Nos. 4303-3, 4311-3,
Huey Solar  Percent 60% cold Annealed
Heat No. IPM carbide ferrite reduction and pickled 43 12"‘25 4312"'33 4292"21 4292-3 and 4320—%-
110.32 0008 cl p p . All seven of the above steels have a chromium con-

— tent of about 20.5% to about 22%, a nickel content of

e o1 the N, i about 6% to about 9%, a manganese content of about
S O on aaving St combination O properues, 10 3 | 8‘7 . . .
8% to something just short of 6%, with a carbon

NOTE: A reading of 3 to 4 denotes a non-magnetic material.
content not exceeding about .05%, a nitrogen content

. . of about .3% and with two or more of the ingredients
The mechanical properties of the steels of Table molybdenum, columbium and vanadium, and the re-

iti(a) in_sheet form are set out in Table lli(c) below, mainder substantially all iron. Now the steel of Heat
these being the 0.2% yield str§ngth, the ultimate tensile |« No. 4303-3 ¢ omainsythe o re;iients chromium. nickel
strength, the percent elongation in 27, and the Rock- " 2 oo carbon and n%tro en in the amounts of
well hardness at room temperature conditions (75° F.); abougt 1% ::hromium about 6‘?% nickel. about 4% man-

and the 0.2% yield strength, the ultimate tensile 1 -
strength and the percent elor%;aticn in 2" at a tempera- ganese, about .05% carbon, together with both of the
ingredients columbium and vanadium, one in the

ture of 10007 F. amount of about .15% and the other in the amount of

TABLE TII(c)

Mechanicul properties of the steels of Table Ill(a) both at 75° F. and

el -

1.000G° F.
75°F. |  OOO°F.
0.2% Uit. (0.2% UL
yield tens. Percent yiekd tens. Percent
Heat Str. ., str., elong. Rock-  str., str., elong.
No. K s.. K s.1. in 2 welly, K s.i. K s.1. in 2"
21 Cr-6 Ni-3 to 4 Mn
4287-2 84.4 127.4 41 23C  46.7 81.8 36
4287-3 87.0 130.1 4() 27C 420 84.2 33
4293-] 87.5 131.5 37 27C  41.8 89.8 33
4293-3 93.0 136.5 38 29C 429 90.5 32
4303-1 $5.4 118.6 47 96.5 343 75.1 4()
4303-21 RB.5 126.4 42 99 38.6 78.9 36
4303-3¢ R5.4 130.6 39 25C 41.5 82.8 35
4313-1° 70.4 114.5 49 98 327 76.6 39
4304-1! 83.4 129.0 41 24C 39.2 85.8 37
4304.2! 89.5 i33.6 42 27C 457 R7.8 33
4304.3! 918K 135.5 38 25C  50.9 1.3 30
4320-1" 79.0 125.8 42 25C 40.3 85.2 33
_ ~ 21 Cr-9 Ni-4 Mn . _
4311-1 75.6 118.9 43 98 359 79.2 38
4311-2! 79.5 123.3 41 08.5 42.5 83.2 36
4311-32 87.7 127.1 39 25C 450 87.2 34
4321-1! 7009 1147 44 96 320 717.5 41
4312-1! 77.5 20.7 41 96 37.9 R4.7 34
4312-2% 86.6 27.7 40 26C 454 90.4 3t
4312-32 88.8 30.7 37 25C 493 931.6 32
4321-21 74.9 19.4 43 98 37.1 84.5 36
_ _ 21 Cr-6 Ni-6 Mn
4289-1 63.5 09.1 51 95 27.6 70.2 43
4289.21 73.4 7.8 44 98 313 74.3 36
4289-3! 76.6 121.3 41 100 35.2 79.9 35
4319-2¢ 70.7 14,2 48 98 343 75.0 42
4291-|! 77.9 21.7 42 22C 3709 82.6 37
4291-.2! 83.2 127.0 40 24C 424 85.7 33
4291-3! 87.2 128.5 37 26C 439 87.1 32
4320.21 83.1 128.3 4() 25C 490 89.0 34
21 Cr-9 Ni-6 Mn _
4290-1 63.0 107.3 47 95 286 73.3 40
4290-21 74.1 117.4 42 98 340 78.9 36
4290-3! 78.3 121.7 40 22C 369 §2.3 36
4319-3! 68.6 112.8 47 96 319 77.0 41
4292-1? 72.8 117.2 43 98 348 82.6 36
4292.2¢ K(.6 122.7 4] 100 41i.9 87.4 34
4292-37 83.3 125.2 40 23C 417 88.9 30
4820)-32 77.1 121.1 42 21C  40.6 86.9 34

'Steels of the invention,
ISteels of the invention having a best combination of prope rties.

Of the thirty-six chromium-nickel-manganese-nitro- about .2%. Molybdenum is absent. Similarly, the steel
gen steels set out above in Tables II(a), (b) and (c), ©5 of Heat No. 4311-3, while of like chromium, manga-
there are only seven which enjoy a best combination of nese, carbon, nitrogen, columbium and vanadium con-
properties, that is, steels which enjoy a substantially tents, with an absence of molybdenum, employs nickel
wholly austenitic structure under all conditions, which in the amount of about 9%. The steels of Heats 4312-2
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and 4312-3, while similarly employing about 21%
chromium, about 9% nickel, about 4% manganese,
about .05% carbon, about .3% nitrogen, both employ
molybdenum in the amount of about 2.2%, with the
one additionally employing columbium in the amount
of .1% and the other additionally employing both of the
ingredients columbium in the amount of about .1% and
vanadium in the amount of about .2%. The steels of
Heat Nos. 4292-2, 4292-3 and 4320-3. while also
employing about 21% chromium, about 9% nickel,
about .05% carbon, about .3% nitrogen and a molybde-
num content of about 2%, employ the ingredient man-
ganese is an amount just short of 6%. In addition to
molybdenum, the first steel employs columbium 1n the
amount of about .1%, the third steel the ingredient
vanadium in an amount of about .4% and the second
steel both of the ingredients columbium and vanadium,

one in the amount of about .1% and the other in the
amount of about .2%.

It will be noted that all of the steels of Heat Nos.
4287-2. 4287-3, 4293-1 and 4293-3 are deficient,
employing a chromium content of about 21%, a nickel
content of about 6%, a carbon content of about .05%,
a nitrogen of some 3.18% to 3.30%, with or without the
further ingredients molybdenum, columbium and vana-
dium. The steel of Heat No. 4303-1 likewise 1s defi-
cient having in its composition none of the ingredients
molybdenum, columbium and vanadium. The five
steels either are lacking in resistance to intergranular
attack in the sensitized condition or are possessed of
insufficient yield strength at high temperatures.

The remaining five steels of the 21% chromium, 6%
nickel, 3% to 4% manganese group wherein there 1s
employed at least one of the ingredients molybdenum,
columbium and vanadium answer to the requirements
of our invention and are suited to many useful applica-
tions. And, as noted above, one of these steels (Heat
No. 4303-3), with both columbium and vanadium but
without molybdenum, enjoys a best combination of
properties. The single Heat No. 4304-3 employing all
three of molybdenum, columbium and vanadium, while
of greatest strength, has a rather high Huey rate and is
substantially magnetic. Nevertheless, as noted, the steel
is suited to many applications.

The steels having a chromium content of about 21%,
with a manganese content of about 4% and a nickel
content of about 9% are in full accordance with the
teachings of our invention where they employ both
columium and vanadium with molybdenum absent
(Heat 4311-3) or with molybdenum present (Heat
4312-3). The same may be said for the steel containing
molybdenum together with columbium (Heat 4312-2).
The steel (Heat 4321-2) with the molybdenum and
vanadium additions but without a columbium addition,
while suited to many applications, does not enjoy the
best combination of properties had in the others. The
steel of Heat No. 4311-1 employing none of the ingre-
dients molybdenum, columbium and vanadium, is defi-
cient in properties and lies outside the scope of our

invention.
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The various steels having a chromium content of
about 21%, a nickel content of about 6%, a carbon
content of about .05%. with the higher manganese
content of about 6%, and a nitrogen content of about
3%, with one or more of the ingredients molybdenum,
columbium and vanadium, while either somewhat lack-
ing in yield strength at high temperatures or at room
temperatures (Heat Nos. 4289-1, 4289-2, 4289-3,
4313-2, 4319-2 and 4291-1) or subject to objection-
able intercrystalline corrosion in the sensitized condi-
tion (Heat Nos. 4291-1, 4291-2, 4291-3 and 4320-2),
nevertheless are suited to many applications. The steel
in which none of molybdenum, columbium and vana-
dium is present (Heat No. 4289-1) is deficient and falls
outside the scope of our tnvention.

The steels having the higher nickel content of about
9%, with a chromium content of about 21%, a manga-
nese content of about 6%, a carbon content of about
05%, and a nitrogen content of about .3% (Heat Nos.
4292-2.4292-3 and 4320-3) enjoy a best combination
of properties only where there additionally 1s included
the ingredient molybdenum in the amount of about 2%

and one or both of the ingredients columbium and
vanadium. Nevertheless the steels containing one or
both of columbium and vanadium without molybde-
num (Heat Nos. 4290-2, 4290-3 and 4319-3) as well
as the steel with molybdenum but without either co-
lumbium or vanadium (Heat No. 4292-1) are suited to
many uses. The steel which contains none of the ingre-
dients molybdenum, columbium, and vanadium (Heat
No. 4290-1) 1s deficient.

For a best combination or properties the steel of our
invention employs a manganese content of at least
3.5% to somewhat less than 6%, with a nickel content
of some 6% to 9%, along with a chromium content of
about 20.5% to 22%, a carbon content not exceeding
about .06%, a nitrogen content of about .3%, say .25%
to .4%, with at least two of the ingredients molybde-
num, columbium and vanadium, the molybdenum in
the amount of about 1.5% to 2.5%, the columbium in
the amount of about .2% to about .4% and the vana-
dium in the amount of about .1% to about .5%. The
phosphorus, the sulphur and the silicon contents are
low, as noted above.

As illustrative of the steels of our invention which are
not wholly austenitic but which nevertheless are char-
acterized by good resistance to corrosive attack in the
sensitive condition and by good yield strength, both at
room temperatures and at elevated temperatures, at-
tention is directed to the chromium-nickel-manganese-
molybdenum-nitrogen steels set out 1n Table 1V(a)
below. These steels additionally contain one or both of
the ingredients columbium and vanadium in differing
amounts. While many of the steels of the Table IV(a),
particularly those with the lower chromium contents,
are objectionably subject to corrosive attack in the
sensitized condition, others of the steels of somewhat
higher chromium content, or which additionally con-
tain the ingredient vanadium, are found acceptable.

TABLE 1V(a)

L P i

Chemical composition of twenty-four chromium-nickel-manganese-
molybdenum-nitrogen steels containing columbium and/or vanadium

Heat No. C Mn Cr N1 Mo N Cb v
21.53 1024 Cr-7.5 Ni-5 Mn .

4451-1" 052 4.78 21.7 7.46 1.02 .32 26 —

4451-2* 049 4.86 22.6 71.43 }.02 30 23 —_

4451-3* 048 4, H) 23.0 7.53 i1 31 23 —
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TABLE IV(a)-continued

Chemical composition of twenty-four chromium-nickel-mangianese-
molybdenum-nitrogen steels containing columbium and/or vanadium

Heat No. C Mn Cr N1 Mo N Cb V
4459-17 053 485 21.64 7.54 [.02 .29 .24 22
4459-2°% 054 4.83 22.44 7.50 1.02 .29 25 21
4459-3°% 053 4.84 23.84 7.52 1.00 30 24 20
21.5 to 24 Cr-9 Ni-5 Mn L
4453-1" 051 4.82 21.7 8.98 .02 .29 26 —
4453-2° (50 4.88 22.5 ().01 1.02 .30 .26 —
4453-32 050 5.06 23.7 9.03 .01 30 26 —
4454-1! (053 4.83 21.8 .97 99 26 26 20
4454-2°¢ (53 4.72 22.3 9.03 1.00 .26 25 AY
4454-3% (54 4.72 23.5 9.12 99 27 .24 A8
22 Cr-8 Ni-5 Mn
4455-1°% (55 4.96 22.5 7.5 .05 .32 200 —
4455-2% 054 4,78 22.2 791 .03 30 44 —
4455-3% (54 4.8Y 22.1 7.96 1.03 31 .69 —
22 Cr-7.5 Ni-5 Mn
4456-1? 054 4.86 21.9 7.32 1.05 27 A7 Al
4456-2! 053 4.85 22.0 7.34 1.03 28 19 25
4456-3* 054 4.75 21.8 7.30 1.03 27 18 39
4457-1* 053 5.01 21.7 7.41 1.01 .30 70 1
4457-2° 0351 4.96 2L.5 1.35 1.01 30 71 .23
4457-32 053 4.78 21.3 1.28 .01 30 70 38
4458-1°% 055 5:04 22.2 7.42 1.02 31 — A5
4458-2° (54 4.98 21.9 7.36 1.02 31 — .30
4458-3° £53 4.89 7.42 1.02 31 — 48

22.1

'Stecls of the invention,
*Steels of the invention having a best combination of propertics.
NOTE: All heats phosphorus about .002%, sulphur about .008% and silicon about .4%.

The ferrite content, the magnetic content of the steel

in the cold-rolled condition, that 1s, with a reduction of
about 60%, and the Huey rate in inches per month in 30

TABLE 1V(b)-continued

Ferrite content, magnetism and
Hucy rutes of the steels of Table TV (a)

the sensitized condition, that is, heating at 1250° F. for Percent
one hour and air cooling, are given below in Table magnetism Sunsitized
Percent as cold- Hucy rate,
IV(b) Heat No. ferrite rolled iPM
TABLE IV(b) 15 22 Cr-7.5 Ni-5 Mn
. | .
Ferrite content, magnetism and 4':',151622 g : :‘;::'I':
Hucy rates of the steels of Table [V (a) 4456-32 ) 9 0020
Percen it 5 9 0023
magnetism Sensitized j:g; ;2 5 ] 0019
Percent as cold- Hucy rate, 445732 5 ' 4 0018
Heat No. ferrite Hmlled IPM 50 445K.12 : A VO0L
21.5 10 24 Cr-7.5 Ni-5 Mn 4458-2° 2 > 0007
4451-1" 5 a 4030 4458-3° 2 5 001
4451 ‘2: B b4 0016 'Steels of the invention.
j:g;'?z ]2 l; gg?g 2S1eels of the invention having a hest combtnation of properties.
4459-22 5 12 0014 )

-32 | (008 : . .. .
4392 i 2,_5210 24 Cr.9 Ni-5 Mn > The mechanical properties of the chromium-nickel-
4453-11 : 3 ) 0030 manganese-molybdenum-nitrogen steels of Table
4453-2/ 5 6 0029 IV(a) in sheet form are given below in Table IV(c),
jﬂi:?] ‘5’ ”2,: 33;’? these including the 0.2% yield strength in kilopounds
4454.2? 7 8 0015 per square inch, the ultimate tensile strength in kilo-
4454-3° 12 16 4008 0 bounds per square inch and the percent elongation in

22 Cr-8 Ni-5 Mn po Pet 54 P &
4455. |2 K 2 - 0020 2"', both at the room temperature and at elevated tem-
4455-2 6 9 0019 perature, that is, a temperature of 1000° F., as well as
4455-32 12 11 0014 the Rockwell hardness of the steels at room tempera-
ture.
TABLE 1V(c)
Mechanical properties of the steels of Table IV(a} both at room tempera-
iure and at elevated temperature
Room temprature 1,000°F,
(0.2% Ult. 0.2% U,
yield tens. Percent yield tens. Percent
str., str., elong. Rock- str., str., elong.
Heat No. K s.1. K s.i. in 2"/ wellc K s.i. K s.i. in 2°'
B 21.5 to 24 Cr-7.5 Ni-5 MN
4451-11 86.6 }27.1 39 25 42.7 85.4 34
4451.2% 029 1 30.7 38 2] 52.3 86X i3
4451-3° 0D4.9 [33.1 37 26 34.3 87.3 32
4459-| 97.5 132.8 37 27 526  B7.6 31
4459-2° 97.7 132.2 36 27 548  87.5 3
4459-3 101.3 [ 341 34 30 60.{) R8.] il

21.5 to 24 Cr-9 Ni-5 Mn
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TABLE IV(c)-continued
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Mcchanical properties of the steels of Table 1V{a) both a1 room tempera-
ture and at elevated temperature
Room temprature

| OOO°F.

0.2% Ult. (1. 2% L1t

yield tens. Poercent vicld tens, Percent

str., sty .. elong. Raock- str., Str.. elong.
Heat No. K 51 K s.1 m 2"’ well ¢ Kk s.1. K s.1. in 2°
4453-1° 87.1 126.7 R 23 50.5 K6.5 31
4453-21 X0 9 1283 38 25 49 1 K5 8 32
4453-3¢ 90.5 1295 36 24 51.5 561 31
4454-1° 791 1220 4() 22 43 1) Bd | 30
4454.-2¢ 2.4 1231 34 23 47.5 K4 .6 30
4454-3¢ 8.0 121.8 36 26 52.6 6.7 31

22 Cr-8 Ni-5 Mn
4455-1° 89.7 128.2 19 26 481 K6.8 32
4455-2¢ 93.0) 129 K 37 27 52.6 K67 32
4455-3% K8.7 126.5 36 27 52.8 85.7 3]
22 Cr-7.5 Ni-5 Mn

4456-1" 92.5 129 .4 39 25 48.7 5.1 3i
4456-2°2 933 128.6 3K 25 49 .7 6.3 30
4456-32 231 1283 37 26 5006 86 .9 32
4457-1" 932 1312 34 26 53.7 §5.3 2R
4457-2° D1.6 130.G 35 26 53.3 86.0 28
4457-31 2.6 129 8 34 26 53.1 7.2 29
4458-1° 7R.K |22 .1 43 20 40).6 832 35
445%-2! 79 .6 124 U 472 20 37.4 K2 K 37
4458-3° 86 X | 28 Y 3G 24 44 9 KA. 4 34

'Steels of the invention.
Sicels of the invenlion having a hest combination of properties,

Consideration of the steels of Table 1V(a), particu-
larly with regard to the Huey rates, rather quickly re-
veals that those steels having a chromium content of
about 22% and less (Heat Nos. 4451-1, 4453-1,
4453-2, 44541, 44561, 4457-1 and 4458-2), with a
nickel content of about 7.53% to about 9%, a manganese
content of about 5%, and a molybdenum content of
about 1%, with a nitrogen content of about .3% and a
carbon content of about .05%, and additionally con-
taining columbium about .2% to about .3% (about .7%
columbium for Heat No. 4457-1 and no columbium tor
Heat No. 4458-2), are objectionably attacked by boil-
ing nitric acid while in the sensitized condition. These
steels nevertheless are of high strength and good ductil-
ity and are suited to numerous applications.

The steels of composition like the foregoing except
for a somewhat higher chromium content, about 22.4%
to about 23.0% (Heat Nos. 4451-2 and 4451-3), as
well as those of like nickel, manganese, molybdenum,
nitrogen and carbon contents and chromium contents
just below and just above 22%, that is, about 21.5% to
about 24%, but additionally containing vanadium
about .2% (Heat Nos. 4459-1,4459-2 and 4459-3)are
characterized lowered rates of intergranular attack n
sensitized condition. Such steels, more broadly, essen-
tially consist of about 21.5% to about 24% chromium,
about 7% to about 8% nickel, about 4.5% to 5.5%
manganese, about .2% to about .40% nitrogen, about
3% to about 1.5% molybdenum, about .2% to about
4% columbium, about .1% to about .4% vanadium,
carbon not exceeding about .06% and remainder iron.

The steels having substantially higher nickel content,
that is, a nickel content of about 9%, are seen to have
an objectionably high rate of corrostve attack in the
sensitized condition until the chromium content
amounts to about 23.7% and more {(Heat No. 4453-3),
although where the ingredient vanadium additionally 1s
present a somewhat lesser chromium content, that 1s,
22.3%. is found sufficient (Heat Nos. 4434-2 and
4454-3). We feel that the small amount of vanadium
requires a somewhat lower chromium content or an

increase in nickel. These steels of the higher mickel
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contents, then, essentially consist of about 22% to
about 24% chromium, about 9% to about 10% nickel,
about 4.5% to about 5.5% manganese, about .2% to
about .4% nitrogen, about 1% to about 2% molybde-
num, about .2% to about .4% columbium, about .1% to
about .4% vanadium, with carbon not exceeding about
.05%, and remainder iron.

Steels of the intermediate nickel contents, that is,
nickel contents of about 8% (Heat Nos. 4455-1,
4455-2 and 4455-3) are found satisfactory even with a
chromium content as low as 22.1% where the colum-
bium content has been significantly increased {Heat
No. 4455-3). Although the rate of corrosive attack 1s
lessened somewhat by the increased columbium con-
tent, it appears that columbium bests serves to increase
the yield strength at elevated temperatures, this as seen
by comparing the elevated temperature yield strengths
(Table IV(c) of the Heat Nos. 4455-1, 4455-2 and
4455-3 as they increase from 48.1 k.s.1 to 528 k.1
with the increase in columbium from .20% for the Heat
No. 4455-1 to .69% for the steel of heat No. 4455-3, in

short from about .2% to about .7% columbium.
The steels having a nickel level of about 7.3% and as

much as 21.7% chromium {(Heat Nos. 4456-1 and
4457-1 and containing both columbium and vanadium
are sensitive to Intercrystalline attack in the sensitized
condition unless the vanadium 1s present in an amount
of at least about .2% {(Heat Nos. 4456-2, 4456-3,
4457-2 and 4457-3). 1t 15 noted that the low vanadium
content, that is, about .1 % (Heat No. 4457-1) the steel
1s characterized by an objectionably high rate of attack
even through the columbium content amounts to about
J%. Although the steels of the 7.3% nickel content 1n
which columbium 1s absent but in which vanadium is
present (Heat Nos. 4458-1, 4458-2 and 4458-3) ¢l
are characterized by good resistance to corrosive at-
tack in the sensitized condition, the heat No. 4458-2
appears to possess somewhat lower yield strength at
elevated temperatures (37,400 p.s.1.).

A best combination of properties 1s had with the
steels containing columbium, and particularly those
containing both columbium and vanadium, as noted
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above, the columbium being in the amount of about
15% to .5%. or even .7%, and the vanadium from
about .1% to .5%. The principal disadvantage in em-
ploying the excessively high columbium content, that
is, columbium exceeding about .4%, is that the steel
becomes unduly magnetic as a result of pulling carbon
out of solution and thereby decreasing the austenite
potential deriving from the presence of carbon in sohd
solution (compare Heat Nos. 4455-2 and 4455-3 with
Heat No. 4455-1). Additionally, an excessive colum-
bium content promotes the formation of ferrite.

A good combination of resistance to corrosive attack
in the sensitive as-welded condition of the metal 1in

10

22

of about .3% to .4%, with one or both of the ingredients
columbium and vanadium. The columbium content
ranges from about .1% to about .3% and the vanadium
content ranges from about .2% to about .4%. The phos-
phorus and sulphur contents are low and the silicon
content is about .4%, or not exceeding .5%. Some
twelve chromium-nickel-manganese-molybdenum-
nitrogen stainless steels in sheet form, most of which
enjoy the desired best combination of properties ac-
cording to our invention but others of which are of such
composition that one or more of the desired properties
are lost, although these steels are suited to many applh-
cations, are set out below in Table V(a).

TABLE V{(a)

Chemical composition of twelve chromium-nickel-manganese-molyb-

denum-nitrogen stainless steels

Heat No. C Mn Cr Ni Mo N Ch \Y
4639-1! 052 5.02 - 23.89 9.01 2.11 38 22 —
4639-12 051 4.90 23.82 10.37 2.12 38 22 —
4639-3% 050 4 89 23.75 11.49 2.14 38 21 —
4640-1"1 052 4.87 24.11 9.09 2.13 36 — 23
. 464()-22 052 5.03 21.08 10.37 2.13 35 — 24
4641)-3° 051 4 .90 24.04 11.59 2.14 .35 — 26
4641-11 052 4 .94 24.08 9.08 2.14 .35 20} 2
4641-2° 052 4,92 24 .00 10.59 2.12 .34 18 21
4641-32 049 492 23.97 [1.57 2.14 .35 19 24
4642-1°2 054 497 24.00 13.02 2.08 .34 21 25
4642-22 050 4 .94 24.00 14.24 2.14 .34 19 24
049 4.92 23.97 15.37 2.14 .34 21 22

4642-3%

iCtecls of the invention.

2Steels of the invention having a best combination of properties.
NOTE: All heats phosphorus about (003%, sulphur about .010%, silicon about .40% .

combination with good general resistance to corrosive
attack and to pitting, together with good tensile
strength at room temperature and at elevated tempera-
tures is had in the steels having a carbon content not
exceeding about .06%, and preferably not exceeding
about .05% (although preferably being at least .03%),
this with a chromium content of about 22.5% to 24.5%,
a manganese content of about 4.5% to 5.5%, a mckel
content of about 7.5% to some 15.5%, a molybdenum
content of about .5% to something less than 3%, a
nitrogen content of about .3% to about .4%, with co-
lumbium and/or vanadium, with the columbium in the
amount of about .1% to .5%, particularly .2% to .4%,
and the vanadium from about .1% to .5%, and remain-
der substantially all iron. The sulphur, the phosphorus
and the silicon contents are low, the phosphorus being
up to about .060%, the sulphur up to about .030% and
the silicon up to about .40%, in any event, a figure
below .5%, and certainly below 1%.

A best combination according to our invention not
only is either substantially or fully austenitic under all
conditions, but also is comparatively insensitive to In-
tercrystalline corrosion in the sensitized condition, 18
possessed of high strength at room temperatures and at
elevated temperatures as well, has a high level of gen-
eral resistance to corrosion, and is particularly free ot
pitting under the corrosive conditions encountered 1n
use. Such a steel employs a molybdenum content of
about 1.5% to about 2.5%, along with a chromium

content of some 23.5% to about 24.5%, a nickel con- ©> square

tent of at least about 9.5% up to about 15.5%, a manga-
nese content of about 4.5% to about 5.5%, a carbon
content not exceeding about .06%, a nitrogen content
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The amount of ferrite present in the steels of Table
V(a) and the percent magnetism in the cold-rolled
condition, that is, with a cold-reduction of 60%, as well
as the Huey rate in IPM and the Solar Carbide rating,
both in the sensitized condition, that is, treatment at
1250° F. for one hour and air cooling, are given below
in Table V(b).

TABLE V(b)

Ferrite content, magnetism and
corrosion-resistance in sensitized condi-
tion of the steels of Table V(a)

nki L

55

Percent
magnetism Sensitized

Percent as cold Huey rate, Solar
Heat No. ferrite rolled IPM carbide
4639-1! 3 9 0050 C-3
46319-2% 2 5 0018 C-3
4639-3* 0 3 0013 C-3
4640-1* 5 13 0022 C-2
4640-2¢ 3 8 0008 C-1
4640-3° 2 4 0005 C-1
4641-1' 10 14 0028 C-1
4641-2*% 5 8 0011 C-1
4641-3* 2 4 0008 C-1
4642-12 0 3 0021 C-3
4642-2% 0 3 0010 C-3
4642.3% 0 3 0014 C-3

1Steel of the invention.

60 ?Steel of the invention having a best combination of properties.

e

The mechanical properties of the twelve steels of

Table V(a), both at 75° F. and at 1000° F., these 1n-
cluding the 0.2% yield strength in kilopounds per
inch, the ultimate tensile strength in kilopounds
per square inch, the percent elongation in 2" under
both conditions of temperature, and the Rockwell

hardness at 75° F., are given below in Table V(c).
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Mechanical properties of the steels of Tuble Via)

both at 75°F. and 1.000°F

75°F. I‘,{}{](J“Fﬂ

().2% Ult. 0.2% Ult.

yield tens. Percent vield lens, Percent

sir.. sir., clong. Rock- sir., str., elong.
Heat No. K s.. K s.t in 2° well, K s.1. K s.i. in 2"
4639-1" 5.7 |37 .8 34 25 55.1 3.8 312
36392 933 136.5 34 23 50.8 94 2 312
4634.3° 91.4 13585 35 22.5 50.5 9315 33
46411 R7.6 134 3 36 22.5 50.7 9.4 5
464()-2¢ ¥3.0 131.7 39 2€).5 47 4 X0 3 14
464()-37 7169 128 .0) 4() 1K 46.6 R7.7 ix
4641-1"! 912 137.1 32 25 56.2 2. ¥ 32
4641-2° KE.O 133.2 36 273 49 5 G2.5 28
4641-3* 8RS 2 1331 35 22 47.7 92.0 28
4642-1% 5.1 132.5 36 2 50.0 94 4 3{)
4642-2° RS2 1320 35 2 500.2 95.0 32
4642-1% RA6.3 1332 315 21.8 49 2 4.1 31

'Steels of invention.
Steels of the invention having a best combination of propertics.

A study of the steels of Table V(a) this with respect
to structure, resistance to corrosion in the sensitized
condition and tensile properties as given in Tables V(b)
and V(c) immediately reveals that the chromium-nick-
el-manganese-molybdenum-nitrogen steels of our in-
vention with chromium from about 23.5% to 24.5%,
manganese about 4.5% to 5.5%, molybdenum about
2%, that1s, 1.75% to 2.25%, nitrogen about .3% to .4%,
carbon not exceeding about .05%, with one or both of
the ingredients columbium about .15% to about .25%
and vanadium about .15% to about .30% employs
something more than 9% nickel to achieve the desired
corrosion-resistance in the sensitized condition. In this

25

30

A best steel according to our invention, in addition to
enjoying a surprising combination of strength, ductility,
resistance to corrosion in the sensitized condition, and
a substantially fully austenitic structure even after dras-
tic cold-reduction, also 1s characterized by good resis-
tance to corrosive attack by common acids and salts,
such as sulphuric acid, hydrochloric acid and ferric
chloride. A comparison between the corrosion-resist-

ing qualities of our steel, of compositions as set out in
Table V(a) below, and those of the well-known AISI

Type 316, a steel widely used because of its superior

corrosion-resisting charactenistics, i1s given below in
Table VI(b).

TABLE Vi(a)}

Chemical composition of six steels according to the invention and of the

known Type 316

Heat No. C Mn Si Cr N N Mo Ch v
R6766 033 5.22 30 23.16 12.29 31 2.84 — —
R6767 036 5.15 32 23.10 12.22 3] 2 .84 29 —_—
R697 I D56 5.36 42 23.77 13.68 31 1.98 21 .20
R6972 58 5.30 43 23.84 13.65 A3 2.20 23 21
R69Y713 050 5.46 41 . 23.35 13.72 33 2.42 21 21
R6U74 055 5.14 473 23.90 13.57 32 . 2.63 24 20
Type 316 44328 054 1.74 12 17.51 13.09 — 2.82 — —

NOTE: All heats phospharus .020% max., sulpbhor (1 5% max.

regard 1t 1s noted that the steels having a nickel content
of about 9.1% (Heat Nos. 4639-], 4640-1 and
4641-1) are characterized by Huey rates and ferrite
contents in the cold-rolled condition as shown by the
magnetic test which may be unacceptable for many
applications.

The steels with nickel contents of 10% and above, it
will be noted, are characterized by low Huey rates, low
ferrite contents, low magnetism 1n the cold-rolled con-
dition, and high yield strength, both at room tempera-
tures and at elevated temperatures. It 1s to be particu-
larly noted that it 1s the steels having a nickel content of
some [1.3% to 15.5% which are substantially wholly
austenitic (Heat Nos. 4639-3, 4640-3, 4641-3,
46421, 4642-2 and 4642-3), the wholly austensitic
structure being assured in the three latter steels
wherein the nickel ranges from about 13% to 15.5%
and wherein there is contained both of the ingredients
columbium and vanadium in the amounts noted above.
Best strength, however, is had in those steels wherein
columbium about .15% to about .25% 1s present but
vanadium is absent and wherein the nickel content is
on the low side (Heat No. R4639-1).
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The percent ferrite content of the steels of the inven-
tion and that of Type 316 reported in Table VI(a)
above, as well as the attack by a 10% ferric chloride
solution as measured in grams per square inch for a
50-hour exposure, the attack as measured in inches per
year by a hot 5% sulphuric acid solution by a hot 1%
hydrochloric acid solution, each as an average of five
48-hour periods, are given below in Table VI(b).

TABLE VI(b)

Ferrite content and general corrosion-

resisting properties of the steels of
Table Vi(a)

| 0% 5% 15

FeCl, H,SO, HCl

Percent 50 hr. RO°C. 80°C

Heat No. ferrite gm./in.* IPY! 1IPY?
R6766 1.5 0 0 O
R6767 5 0 0 0
R6G71 t () O O
R6972 0 0 0 0
R6973 ¢ 0 O O
R6974 () () () 0
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TABLE VI(b)-continued

Ferrite content and general corrosion-
resisting properties of the steels of

Table Vi{a)
10% 3% 1 O
FeCl, H,S0, HCl
Percent 50 hr. 8O°C. 8O°C
Heat No. ferrite gm./in.* IPY! IPY!
Type 316 44328 G 099 0-.047() (}-.29%0()

'Average of five 4K-hr. periods,
NOTE:

Specimens are electrolytically activated for the 3rd, 4th and 5th periods. Where

specimens exhibited both active and passive conditions, hoth rates are shown,

It will be seen from the results reported in Table
VI(b) above that while the steel of Type 316 suffers a
joss of .0099 gram per square inch after 50 hours in a
10% ferric chloride solution, our steel is immune to
such attack. And while the Steel of Type 316 for an
average of five 48-hour periods in a hot 5% sulphuric
acid solution (80° C.) suffers a loss of .0470 inch per
year and in a hot 1% solution of hydrochloric acid (80°
C.) an attack at the rate of .2980 inch per year, the
steel of our invention is immune to both, suffering no
measurable attack. Also, it will be noted that while two
of the steels of our invention (Heat Nos. R6766 and
R6767) contain a small amount of ferrite, the best

steels with a somewhat higher nickel content are free of

ferrite, as is the steel of Type 316.

A best steel according to our invention, with good
general corrosion characteristics as noted above, essen-
tially consists of about 23% to about 24% chromium,
about 12% to about 14% nickel (more especially about
13% to about 14% nickel), about 4.5% to about 5.5%
manganese, about .2% to about .4% nitrogen, about
1.7% to about 2.9% molybdenum (more especially
1.75% to 2.75% molybdenum), about .1% to about .4%
columbium (more especially about .2% to about .3%
columbium), with or without about .1% to about .4%
vanadium (especially about .1% to about .3% vana-
dium included), carbon not exceeding .67%, and re-
mainder substantially iron.

Thus, in conclusion, it will be seen that we provide n
our invention an austenitic chromium-nickel-man-
ganese-nitrogen stainless steel with one or more, and
for a best combination of properties, two or more of the
additional ingredients molybdenum, columbium and
vanadium. In this steel there are had the various objects
hereinbefore set forth, together with many and new and
unforeseen advantages. The steel of our invention en-
joying a best combination of properties 1s fully austen-
itic under all conditions and, moreover, is resistant to
intergranular attack in the sensitized condition, that s,
in an as-welded condition. Moreover, the steel enjoying
the best combination of properties is possessed of good
tensile strength and good yield strength, both at room
temperatures and at elevated temperatures as well.

Our steel in the form of flat-rolled products or, 1n-
deed, in the form of drawn, forged or cast products,
lends itself to a variety of forming, shaping and machin-
ing operations as well as brazing, welding, and the like,
in the production of a variety of products destined for
use in the aerospace, the chemical and the petroleum
industries. In the aircraft industry our steel I1s particu-
larly suited to the production of ducting and tubing
operating at elevated temperatures, that is, tempera-
tures approaching 1000° F., the ducting and tubing
being utilized either in the annealed condition or in the
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cold-drawn condition. It is particularly suited for pneu-
matic and structural ducts. Our steel also is suited to
use in the form of clamps and bellows. Moreover, it 18
suited to the production of tankage for defoliation
chemicals, as well as tankage, tubing, bellows and the
like in various cryogenic applications.

In short, our steel is eminently suited to the many
varying applications where standard austenitic stainless
steels are used but where additional strength and/or
less weight are found desirable, tor our steel enjoys a
rather high ratio of strength to weight. And, as noted
above, the steel is characterized by resistance to inter-
crystalline corrosion in the sensitized condition, that 1s,
in the condition following a welding operation, as well
as good general corrosion-resistance under the condi-
tions encountered in use.

Inasmuch as there are many embodiments which may
be made of our invention, and since there are many
variations which may be made in the embodumnents set
out above, it will be understood that all matter de-
scribed herein is to be interpreted as illustrative and not
by way of limitation.

We claim as our invention:

I 1. Alloy steel of improved resistance to intergranus-
lar corrosion having a tensile strength exceeding some
100,000 p.s.i. at room temperature together with an
elongation in 2'’ of at least about 30% and essentially
consisting of about 20.5% to about 25% chromium,
about 6% to about 17% nickel, about 3.5% to about 7%
manganese, about .15% to about .50% nitrogen, at least
two ingredients selected from the group consisting of
molybdenum, columbium and vanadium wherein mo-
lybdenum is about .5% to about 4%, columbtum about
.1% to about .7% and vanadium about .05% to about
.5%, with carbon less than .08%, silicon not exceeding
about .7% and remainder substantially all iron. J

I 2. Alloy steel of improved resistance to intergranu-
lar corrosion having a tensile strength exceeding some
100,000 p.s.i. at room temperatures together with an
elongation in 2'’ of at least about 30% and essentially
consisting of chromium about 21% to about 25%,
nickel about 7.5% to about 16%, manganese about 4%
to less than 6%, nitrogen about .20% to about .40%, at
least two ingredients selected from the group consisting
of molybdenum, columbium and vanadium wherein
molybdenum is about 1% to about 3%, columbium
about .2% to about .4% and vanadium about .1% to
about .5%, with carbon not exceeding .03%, silicon up
to about .4%, and remainder substantially all iron. J

[ 3. Alloy steel of improved resistance to intergranu-
lar corrosion having a tensile strength of at least about
125,000 p.s.i. with an elongation in 2'’ of at least about
30% and essentially consisting of about 22.5% to about
24.5% chromium, about 7.5% to about 15.5% nickel,
about 4.5% to about 5.5% manganese, about .3% to
about .4% nitrogen, about .5% to less than 3% molyb-
denum, at least one of the ingredients selected from the
group consisting of columbium and vanadium wherein
columbium is about .1% to about .5% and vanadium
about .1% to about .5%, carbon not exceeding about
.06%, silicon less than .5%, and remainder substantially
all iron. }

4. Alloy steel of improved corrosion-resistance to-
gether with strength and ductility and essentially con-
sisting of about 23% to about 25% chromium, about
9.5% to about 15.5% nickel, about 4% to less than 6%
manganese, about .20% to about .40% nitrogen, about
1.5% to about 2.5% molybdenum, about .2% to about
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4% columbium, about .1% to about .5% vanadium,
about .03% to about .06% carbon, about .25% to about
4% silicon, and remainder substantially all iron.

L 5. Alloy steel of improved resistance to intergranu-
lar corrosion having a tensile strength exceeding some
100,000 p.s.i. at room temperatures together with an
elongation 1n 2'" of at least about 30% and essentially
consisting of about 20.5% to about 23% chromium,
about 11% to about 13% nickel, about 4.5% to about
5.5% manganese, about .20% to about .40% nitrogen, U
about 1.3% to about 2.5% molybdenum, at least one ot
the ingredients selected from the group consisting ot
columbium and vanadium wherein columbium 1s about
20% to about .40% and vanadium about .03% to about
.40%, carbon not exceeding about .05%, and remain- 13
der substantially all iron. ]

[ 6. Alloy steel of improved resistance to intergranus-
lar corrosion having a tensile strength exceeding some
100,000 p.s.i. at room temperatures together with an
elongation in 2'' of at least about 30% and essentially 29
consisting of about 23% to about 25% chromium,
about [1.5% to about 15.5% mckel, about 4.5% to
about 5.5¢% manganese, about .30% to about .40%
nitrogen, about 1.5% to about 2.5% molybdenum, at
least one of the ingredients selected from the group 2>
consisting of columbium and vanadium wherein colum-
bium is about .15% to about .30% and vanadium about
10% to about .50%, with carbon not exceeding about
05%, and remainder substantially all iron. J

[7. Alloy steel of improved corrosion-resistance 3
together with strength and ductility and essentially
consisting of about 23.5% to about 24.5% chromium,
about 13% to about 15.5% nickel, about 4.5% to about
5.5% manganese, about .30% to about .40% mtrogen,
about 1.75% to about 2.25% molybdenum, about .15% 33
to about .30% columbium, about .10% to about .30%
vanadium, with carbon not exceeding about .06%, and
remainder substantially all iron.d

[ 8. Alloy steel of improved corrosion-resistance
together with strength and ductility and essentially 40
consisting of about 23% to about 24% chromium,
about 9.5% to about 10.5% nickel, about 4.5% to about
5.5% manganese, about .30% to about .40% mtrogen,
about 1.75% to about 2.25% molybdenum, about .15%
to about .25% columbium, about .15% to about .25% 4>
vanadium, carbon not exceeding about .06%, and re-
mainder substantially all iron. ]

£9. Alloy steel of improved corrosion-resistance
together with strength and ductility and essentially
consisting of about 21% to about 24% chromium, >0
about 11% to about 13% nickel, about 4.5% to about
5.5% manganese, about .25% to about .4% nitrogen,
about 2% to about 3% molybdenum, columbium about
1% to about .4%, carbon not exceeding about .05%,
siicon not exceeding about .4%, and remainder sub- 33
stantially all iron. }

[ 10. Alloy steel of improved corrosion-resistance
together with strength and ductility and essentially
consisting of about 23% to about 24% chromium,
about 15% to about 16% nickel, about 4.5% to about 60
5.5% manganese, about .3% to about .4% nitrogen,
about 2.5% to about 3% molybdenum, columbium
about .1% to about .5%, about .025% to about .035%
carbon, and remainder substantially all iron. ]

[11. Alloy steel of improved resistance to intergran- 63
ular corrosion having a tensile strength exceeding some
100,000 p.s.i. at room temperatures together with an
elongation in 2°° of at least about 30% and essentially
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consisting of about 20.5% to about 22% chromium,
about 6% to about 9% nickel, about 3.5% to less than
6% manganese, about .25% to about .4% nitrogen, with
at least two of the ingredients selected from the group
consisting of molybdenum, columbium and vanadium
wherein molybdenum 1s about 1.5% to about 2.5%,
columbium about .2% to about .4% and vanadium
about .1% to about .5%, carbon not exceeding about
.06%, and remainder substantially all iron. 1

[ 12. Alloy steel of improved reststance to intergran-
ular corrosion having a tensile strength of at least about
125,000 p.s.1. with an elongation in 2" of at least about
30% and essentially consisting of about 23.5% to about
24.5% chromium, about 9.5% to about 15.5% nickel,
about 4.5% to about 5.5% manganese, about .3% to
about .4% nitrogen, about 1.5% to about 2.5% molyb-
denum, at least one of the ingredients selected from the
eroup consisting of columbium and vanadium wherein
columbium is about .1% to about .3% and vanadium
about .2% to about .4%, carbon not exceeding about
.06%, and remainder substantially all iron.}

[ 13. Alloy steel of improved resistance to intergran-
ular corrosion having a tensile strength of at least about
125,000 p.s.i. with an elongation in 2"’ of at least about
30% and essentially consisting of about 23.5% to about
24.5% chromium, about 10% to about 12% nickel,
about 4.5% to about 5.5% manganese, about .3% to
about .4% nitrogen, about 1.75% to about 2.25% mo-
lvbdenum, at least one of the ingredients selected from
the group consisting of columbium and vanadium
wherein columbium is about .15% to about .25% and
vanadium about .15% to about .30% ., carbon not ex-
ceeding about .05%, and remainder substantially all
iron.J

£14. Alioy steel of improved corrosion-resistance
together with strength and ductility and essentially
consisting of about 21.5% to about 24% chromium,
about 7% to about 8% nickel, about 4.5% to about
5.5% manganese, about .2% to about .4% nitrogen,
about .5% to about 1.5% molybdenum, about .2% to
about .4% columbium, about .1% to about .4% vana-
dium, carbon not exceeding about 0.6%, and remain-
der substantially all iron. }

L 15. Alloy steel of improved corrosion-resistance
together with strength and ductility and essentially
consisting of about 22% to about 24% chromium,
about 9% to about 10% nickel, about 4.5% to about
5.5% manganese, about .2% to about .4% nitrogen,
about 1% to about 2% molybdenum, about .2% to
about .4% columbium, about .1% to about .4% vana-
dium, carbon not exceeding about .053%, and remain-
der substantially all iron. }

[ 16. Alloy steel of improved corrosion-resistance
together with strength and ductility and essentially
consisting of about 23% to about 24% chromium,
about 12% to about 14% nickel, about 4.5% to about
5.5% manganese, about .2% to about .4% nitrogen,
about 1.7% to about 2.9% molybdenum, about .1% to
about .4% columbium, with or without about .19% to
about .4% vanadium, carbon not exceeding about
06%, and remainder substantially all iron. J

L 17. Alloy steel of improved corrosion-resistance
together with strength and ductility and essentially
consisting of about 23% to about 24% chromium,
about 13% to about 14% nickel, about 4.5% to about
5.5% manganese, about .2% to about .4% mnitrogen,
about 1.75% to about 2.75% molybdenum, about .2%
to about .3% columbium, about .1% to about .3% vana-
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dium, with carbon not exceeding about .06%, and re-
mainder substantially all iron. }

18. Substantially austenitic alloy steel of improved
resistance 1o intercrystalline corrosion in the welded
condition, said steel having a tensile strength exceeding
some 100,000 p.s.i. at room temperature together with
an elongation in 2"’ of at least about 30% and essentially
consisting of about 20.5% to 25% chromium, about 6%
1o about 17% nickel, about 3.5% to about 7% manga-
nese, about 0.15% to about 0.50% nitrogen, about 0.5%
to about 4% molvbdenum, about 0.05% to about 0.5%
vanadium, with carbon about 0.03% to 0.06%, silicon
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not exceeding about 0.7% and remainder substantially all
tron.

19. Alloy steel according to claim 18, essenttally con-
sisting of about 20.5% to 25% chromium, about 6% to
about 17% nickel, about 3.5% to about 7% munganese,
about 0.15% to about 0.50% nitrogen, about 0.5% to
about 4% molybdenum, about 0.1% to about 0.7% co-
lumbium. about 0.05% to about 0.5% vanadium, with
carbon about 0.03% to 0.06%, silicon not exceeding

about 0.7% and remainder substantially all iron.
% % * % X
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