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1

My application for patent is a continuation-
in-part of my copending application, Serial No.
695,216 filed September 6, 1946, and entitled
Stainless steel and method and also it is a con-
tinuation-in-part of my copending application,
Serial No. 695,217 of the same date and title, and
the invention relates to chromium-nickel stain-
less steels of low-carbon content, more particu-
larly to a method for conditioning the steels to
the hardenable or hardened state, and to the re-
sulting products and manufactures themselves.

An object of my invention is the provision of
chromium-nickel stainless steels which are amen-
able to hardening by heat treatment from a
soft, formable and machinable condition.

Another object is the provision of chromium-
nickel stainless steels so proportioned in composi-
tion as to be consistently and reliably produced
to analysis specification and of such composition
as to be amenable to annealing, and working and
fabricating in the annealed condition, and there-
after to hardening treatment without, however,
being unduly sensitive to cold weather' in the pre-
fabricated condition.

A further object of my invention is the provi-
sion of a simple, practical and reliable method
for conditioning chromium-nickel stainless steels
to a workable state suited for such operations as

cold working, forming, stamping, punching, spin-

ning, drawing, bending, heading, and machining,
and to the hardened state by heat exchange treat-
ment at temperatures sufficiently low to avoid
substantial warping and the formation of heat
scale.

A still further object of my invention is the
provision of hardened chromium-nickel stainless
steels, as for example cold worked and hardened
articles and products, which are characterized by
excellent physical properties including high yield
strength and high ultimate strength.

Other objects in part will be obvious and in
part pointed out hereinafter.

The invention accordingly consists in the com-
bination of elements, composition of ingredients,
and in the several method steps and the relation
of each of the same to one or more of the others
as described herein, and in the resulting articles
and products had thereby, the scope of the appli-
cation of which is indicated in the following
claims.

The single figure of the accompanying draw-
ing graphically represents proportions of chro-
mium and nickel which are employed in the com-
position of my stainless alloy steel, as will be
pointed out more fully Lereinafter.
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As conducive to a clearer understanding of
certain features of my invention, it may be noted
at this point that the better known chromium-
nickel stainless steels, as for example the 18%
chromium-8% nickel steels, are stably austenitic
at room temperatures and do not appreciably
respond to hardening by heat treatment. They
do attain hardness by cold working but, in actual
practice, there are sharp limitations upon the
possible use of this property to achieve desired
hardness. The products so hardened are under
strain, and the customary annealing treatment to
relieve the strain tends to reduce the hardness.
There are many valuable properties of the steels,
for instance cold workability as by rolling, swag-
ing, cold heading and drawing, machinability,
and, as well, many additional features such as
excellent resistance to corrosion, which place the
steels in very considerable demand.

In accordance with the general definition of
stainless steels, the chromium-nickel varieties
frequently include additions of such elements as
copper, manganese, silicon, cobalt, molybdenum,
tungsten, vanadium, titanium, columbmm and
sulphur, for special purposes. Some few of the
chromium-nickel stainless steels have been known
to respond to hardening by heat treatment, this
by virtue of the addition of titanium or colum-

‘bium in well studied proportionment with other

elements present coupled with a critical form of
heat treatment to effect precipitation hardening.
Columbium and titanium, however, are relatively
expensive materials. The chromium-nickel-
titanium  or chromium-nickel-columbium stain-
less steels, moreover, usually contain stress laden
ferrite as an essential to hardenability from the
annealed condition. When the steels are pro-
duced to such composition as to present a com-
paratively soft, substantially fully austenitic
structure at about room temperatures after an-
nealing, they are more amenable to cold working
and forming operations, but hardenability by heat
treatment is usually sacrificed.

The production and treatment of certain
grades of stainless steels heretofore has involved
the introduction of aluminum into the steel melt
for serving as a deoxidizing material, and also as
an alloying element to develop an aluminum-
containing oxide film on the metal which is re-
sistant to heat and corrosion. The alloying of
aluminum with suitable quantities of other in-
cluded elements of the steel is known to impart

high temperature properties which, depending

upon degree, have justified the production from
the metal of such articles as heat engine valves,
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tnrbme blades, and the like.. Aluminum, in many

.of the stainless steels is said’ by previous investi-

gators to-.-exert: an impairing effect - upon. the. =

ability of these steels to harden.. I find that this
by far is not true of all stainless steels; instead, s
aluminum . offers great benefits as a relatively”

cheap hardening agent when properly correlated:
with other elements in the steel

Now in my parent. copending - applications »

Serial Nos. 695,216 and 695,217, I describe cer-

tain -chromium-nickel-aluminum stainless steels

of alnmimxm, silicon or molybdenum. the: replace-

ment being_approximately on a Tto 1 ratfo\withq. .

respect to. chromium and for such. purpese as--
maintaining a - dwired relation between  the. -
austenite and ferrite forming ‘components of the
steel substantially as would be achieved by rigid
adherence to- the: .diagram. Simila.rly, I oc-

_easionally -add several or:all .of the replacement -

" elements. in~ partial - substltution -for the chro-

10

and methods of hardening the same, some of

which steels unfortunately are inclined to pre-
maturely harden upon encountering intensely

cold weather. Thus, where these steels are sub-:

Jected to sub-zero weather, as in shipment, sub-
stantial hardening may be encountered. This

hardening, of course, results in subsequent diffi-
culties in machining, forming or other fabricat-§

ing operations.

Accordingly, one-of the objects of my mven-]
tion is the provision of a chromium-nickel-.
aluminum stainless steel and method, which steel

is readily fabricated into a host of different prod-

ucts hardenable at temperatures sufficiently low

to avoid substantial scaling and distortion due

to heat effect, and yet which are sufficiently

stable in the prehardened and prefabricated con-

dition that premature hardening is not en-:
countered in cold weather as in shipping for'

example.

Referring now more particularly to the prac-
tice of my invention, I provide an especial qual-
ity of chromium-nickel stainless steel which,
through the close correlation of amounts of chro-

mium and nickel, with critical amounts of the’

ingredients aluminum and carbon, in the com-
position thereof, is highly suitable for fabrica-
tion in the relatively soft condition and for sub-
sequent hardening by heat exchange treatment
to a corresponding condition of increased tensile
strength and yield strength.

" In the practice of my inventlon I provide
stainless steel in which the chromium and nicke!

contents are in substantial accord with the ab-

scissa and ordinate of any given point of area

ABCD in the accompanying diagram, and which
. further contains anywhere from about 0.02% to

0.12% carbon, aluminum from about 0.50% to

. 2.50%, from incidental amounts up to about 8.0%
- manganese, from incidental amounts up to ap-
. proximately 2.0% silicon, with or without molyb-
. denum ranging up to about 3.0% illustratively to .

enhance corrosion resistance of the steel, and

i the remainder substantially all iron. In -this,
* however, should the carbon, aluminum, silicon,
‘or manganese content be somewhat different
i from the amount upon which the accompanying
. diagram is based (the basis of the diagram being
' amounts of actual chromium and nickel as called
for, about 0.06% to 0.08% carbon, 0.60% to 1.0% -
¢ aluminum, incidental amounts of manganese and :
. silicon up to 1.0% each, sulphur and phosphorus

up to 0.040% each, and the remainder substan-

- tially all iron) or should molybdenum be used,

mium. Thepractice of substlt_ution I find is'par-

ticularly advantageous where either the. alu-

- minum- or silicon is to  exceed about - 1.0%, or :

where molybdenum is a constituent of the steel.
Following substitution, the actual chromium con-
tent of the steel may at times be somewhat below
those amounts prescribed by area ABCD in the

" diagram and still, in view of the effect of the

substituted element or elements, be in substan-
tial accord with the area.

Where the permissible quantity of carbon ex-
ceeds about 0.08%, or where more -than small
amounts of manganese are present (say for ex-
ample amounts in excess of about 1.0%) I usually

- employ a proportionally decreased quantity of

nickel in the steel as compared with the ac-
companying diagram. The actual nickel con-
tent of the steel, however, is importantly not less

" than about 3.5% after substitution. Should the
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permissible quantity. of carbon be on the low
side, i. e. below about 0.06%, I usually increase
the nickel content as compared with the diagram,
or even at times instead increase the man-
ganese content. For each part of nickel I add
about 2 parts manganese or on the order of about
1/20 to 1/30 part carbon as the substantial equiv-
alent. The actual nickel content of the steel,
after partial substitution, consequently may on
occasions fall even considerably outside those
amounts prescribed by area ABCD in the dia-

40 gram or remain inside and still, in view of the
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I find it preferable to modify the chromium or

. nickel content of the steel, or both of the con-

tents as the case may be, so as to achieve chro-

. mium-like and nickel-like .components in the °

. steel which are substantially equivalent respec- |

tively in ferrite and austenite-forming relation
i to those amounts of chromium and nickel and of
. the other elements represented in the diagram.
- For example, I often replace a part of the chro-
. mium called for in the diagram with a quantity

[{]

substituted element or elements and the con-
tributed effect thereof, be in substantial accord
with the area.

Where desired the steel contains such addi-
tion elements as - sulphur and/or selenium in
amounts sufficient to enhance free-machining
properties, The value of such elements is real-
ized especially in machining the steel in the an-
nealed state.

In accordance with the preferred practice of
my invention, I produce a stainless steel con-

_taining chromium and nickel in amounts substan-

tially in accord with the abscissa and ordinate
respectlvely of any given point substantially fall-
ing within area ABCD in the accompanying dia-
gram, the amounts advantageously being about
16.5% to 17.5% actual chromium and approxi-
mately 6.75% to 7.5% actual nickel as represented
by the area ABCD. The steel, also preferably con-
tains, on the basis of the diagram, aluminum in-
amounts between about 0.60% and 1.1%, carbon
within the approximate range of 0.06% to 0.08%,
and the remainder substantially all iron. There
are preferably small amounts of such elements as
manganese, silicon, sulphur and phosphorus in
the steel, as for example manganese and silicon
each not exceeding about 1.0% and sulphur and
phosphorus each up to about 0.040%.

To condition the steel, either as wrought or
cast, for subsequent forming and fabrication and
for hardening of the formed and fabricated prod-
ucts, I heat the metal in a temperature range
preferably not lower than about 1800° F. and ex-
tending up to about 2000° ¥, for such time as
to achieve an austenitic aluminum-soluble condi-
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tion which is retainable down to substantially
below ordinary room temperature. This heating
is in the nature of an annealing treatment. To
achieve the annealing, I usually adjust the metal
to temperature and maintain or hold the same
at temperature as in a conventional heat-treat-
ing furnace for a suitable period of time. The
holding time as applied to the steel is not too
critical. About one-half hour usually is quite
satisfactory from the standpoint of economy and
of ensuring adequate solubility of the aluminum.
I then quench the annealed metal as in air, oil
or water, preferably to around room temperature.
As a result of the annealing and quenching, the
stainless steel displays a soft, substantially fully
austenitic structure, is ductile, has good direc-
tional properties, hardnesses usually below about
Rockwell B-92, and readily lends itself to form-
ing, machining, and the like. ‘

I find, as briefly rioted above, that with the
quenching, however, certain internal stresses ap-
parently are set up in the steel which permit the
- transformation from austenite to martensite up-
on subsequent severe cooling. Thus, in shipping
the steel during unusually cold winter weather, I
note that a hardening occurs which in many cases
is most objectionable. Under unusual conditions,
the hardness had may amount to as much as
Rockwell C-30. This hardening notably increases
the difficulties of the forming, machining or like
operations.

In accordance with my invention, I subject the
steel, following the annealing and quenching
steps, to a stabilizing treatment, this by heating
the steel to a temperature of some 600° F. to 1100°
F. for a short period of time. Ordinarily, heating
at a temperature of 900° F. for about one hour
is found to give good results. Where the lower
temperatures are employed, however, a longer
period of time is used and conversely where the
higher temperature is used less time of treatment
is required. ‘This treatment leaves the steel with
substantially no change in hardness or other phy-
sical properties.

My stainless steel at any time subsequent to -

the stabilizing treatment and prior to the heat
exchange hardening treatments, is machined,
formed or worked as desired. My steel in the
form of bars, wire, rounds, sheet, strip or plate

may be fabricated into various ultimate articles :

of use. I frequently provide shapes of a more in-
tricate character, illustratively trim and struc-
tural members such as parts for aireraft includ-
ing those components requiring great strength

from the standpoints of yield, in tension and com~ :

pression coupled with toughness and corrosion
resistance. I provide cold-headed bolts and
screws, as for example those eventually to include
- hardened shanks; surgical instruments and den-
tal tools; valve and valve seats; die blocks; and
the like. In all of these articles of ultimate uss,
I take advantage of the excellent workability and
formability of the soft annealed metal through
such operations as cold-forming, upsetting, draw-
ing, spinning, stamping, punching, machining,
and other steps consistent with the properties of
the metal. Although I prefer to conduct the
working and fabricating operations prior to any
‘hardening treatment, I may delay part or all of
the forming and fabricating operations until af-
ter the achievement of a preliminary hardening
pre-treatment now to be described.
“To preliminarily harden the annealed and sta-
bilized chromium - nickel - aluminum stainless
steel, as after the forming and fabricating steps
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illustratively conducted before undertaking the
hardening treatment, I subject the steel to a heat
exchange treatment consisting either of heating
the steel to substantial temperatures or of cooling
it to very low temperatures. For the one, I re-
heat. it, fllustratively in the same heat-treating
furnace employed for the annealing, this time up
to within the approximate temperature range of
1200° F. to 1600° F., preferably up to about 1400°
F., and there hold the metal to desired tempera-
ture or temperatures for approximately 14 hour
or more. During the holding operation, as for ex-
ample with the steel at around 1400° F.,, there re-
sults a precipitation of carbides, possibly some
precipitation of aluminum compounds, and a
raising of the transformation point of the aus-
tenitic matrix. The steel, upon cooling, conse-
quently transforms to include a “soft” marten-
site-like constituent. The transformation ocecurs
at quite low temperaturc such as between about
175° F. and 225° .  Thus, at the completion of
the reheating stay, I quench the steel as in air,
oil or water with the result that transformation
does occur above room temperature to achieve a
partial hardening of the metal, or of the articles
made thereof as described hereinbefore. Hard-
nesses after this transformation vary in or near
the range of Rockwell C-24 to C-28 depending
upon the particular composition and the condi-
tions of treatment within the limits noted.

Where I employ a low temperature heat ex-
change treatment, I cold-treat the metal, as in
fabricated condition, at temperatures of about
—30° F. to —100° F. or lower, this preferably
being in a suitable cooling compartment, or the
like. A satisfactory temperature is —60° F. It
will be understood that because of the extremely
low temperature required, my steel does not pre-
liminarily harden to any substantial extent dur-
ing shipment even under the most severe cold
weather conditions.

In preliminarily hardening the steel.by cold
treatment, a holding time of about 14 hour or
more at cooling temperatures within the cooling
range noted is preferred to effect phase transfor-
mation and the preliminary hardening. The
cooling medium illustratively is dry ice in acetone.
Hardnesses of the chromium-nickel stainless steel
after this transformation vary in or near the
range of Rockwell C-32 to C-36 depending upon
the particular composition and conditions of
treatment within the limits mentioned.

The chromium-nickel-aluminum stainless steel
in the preliminarily hardened condition whether
by heat treatment or by cold treatment, retains
a reasonable amount of workability and’ forma-
bility, illustratively cold rolling or drawing prop-
erties, and the steel is machinable and may be
fabricated as by cutting, punching, drilling, and
the like. It is for this reason and also the possi-
bility of further hardening the metal without
phase transformation and changes in dimensions
of the metal accompanying transformation that
I frequently put off all or part of certain forming
and fabricating operations to be accomplished on
the same until after the preliminary hardening
treatment, and then produce any of 2 wide variety
of articles and products, as to substantially fin-
ished dimensions, of the partially hardened steel.

When transformation has been achieved by the
heat exchange treatment as described, and ap-
propriate working and forming operations effect-
ed where desired, the alloy steel then is ready for
positive precipitation hardening treatment. In
performing this operation, representing a further
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part of my conditioning treatment, I heat the

steel within a temperature range of about 750°

F. to approximately 1000° F,, preferably at /about
900° F.,.and there hold the same at temperature
for about one hour. The time of holding under

treatment, however, may vary from approximate-

ly one-half hour for the high temperature of
1000° F. to some five hours or more for the low

temperature of 750° F., this with satisfactory re- :

sults. About one hour treatment at 900° F. is
preferred, however.
part a material gain in hardness to the metal.
This hardness, I find, upon quenching the metal
as in air, oil or water from the hardening tem-
peratures, comes within the approximate range
of C-40 to C-46 Rockwell. A precipitated alu-
minum-rich phase is instrumental to the hard-
ness. This I believe to be an aluminum-nickel
compound.

In the precipitation hardened condition which
results from the heating at 750° F. to 1000° F
the so-conditioned steel or steel products are very
strong both in tension and compression, have

The treatment serves to im- |

15

20

high yield strength, good directional qualities,

and are quite resistant to corrosion. The steel

emerges from the preliminary hardening treat- -

.. ment and precipitation hardening heat treatment
substantially free of heat scale and unwarped by
heat at the low temperatures employed.

As illustrative of the stainless steel and method

2, :By combmed cold treatment and heat treat-
ment

F. Samples of E
Then precipltatlon
hardened ' 900°

E. Samples of B.

Heat No. cold-treated ~30°

F. 20 min. 1 hr. air cooled
C35 C43
C34 C42
C34 C41

Although the hardness values for the samples
in the pre-treated condition differ somewhat,
being softer for those treated at 1400° F., for one
hour than those treated at —35° F. for twenty
minutes, the final hardness values following final
precipitation hardening are the same.

As ‘a matter of interest the hardness had
where the stabilizing treatment is omitted is
given in Table IV below.

TABLE IV

Hardness of unstabilized steels as compared to
stabilized steels

25 ’ G. Samplesof A (un- Samples of
Heat N stabllized) subjecbed (Stabilized) subjected
C35 B
C33 B79
C30 B75

of my invention, three samples of stainless steel :

of composition noted in Table I were subjected

to various conditions of heat-treatment with the |

results as reported below in Tables IT and II1.
TABLE I

Composition of stainless steels tested

HeatNo. | C |Ma| P | 8 ISi or | Ni| Al

068 | .67 |.024 | .019 | .73 | 16.55 | 6.88 | .87

“060 | 161|020 | J015 | -43 | 16.84 | 7,01 | 102

“057 | 71| 024 | l010 | 155 |16.77 | 706 | .85
TABLE IT

33

10

" Hardness of annealed samples and of samples

stabilized following annealing

B. Samples of A,
‘1 A, Heated 1900° F. .
Heat No. 3% hr. and water isntgb%deb?ffegg
quenched and air cooled
- T Rockwell BSO_.._.._ : B0
[ 1) 8 & S Rockwell B79_______ B79
[ 1 GO Rockwell B75..._- B75

It will be seen that with the stabilizing treat-

' ~ ‘ment there is substantially no change in hardness.

TABLE II

60

" Hardness of annealed and étabilzzed samples of |

B given heat exchange treatment and then pre-
cipitation hardened

1. By combined double heat-treatment:

65

F. 70

c. Somples of 3| D, Somples ot O
: retreated . en precipitation -
. Heat No. . 3 hrs. water | hardened 900°
quenched 1 br. air cooled
¢z o3
© 028 C42
Cc28 C43

{ ]

The superior working and forming character-
istics of the stabilized steels are evident.

The close correlation of aluminum, a coms-
paratively cheap material, with other elements
in the steel accordingly enables a commercially
valuable hardening effect, which becomes active
with proper treatment of the metal from a soft
workable or worked condition. It will further
be appreciated that the aluminum contributes
to heat resistance and to the prevention of heat
scale formation as during the low temperature
precipitation hardening heat in the vicinity of
750° F. to 1000° F. and in the resulting precipi-
tation hardened, corrosion resistant products.

' Thus, it will be seen that in this invention there
is provided an improved precipitation hardening
stainless steel and method of treating the same
in which the various objects hereinbefore. noted
together with many thoroughly practical ad-
vantages are successfully achieved. It will be
seen that the method makes possible the pro-
vision of wrought or cast chromium-nickel-
aluminum stainless steel subjected to any of a
number of forming, machining or fabricating op-
erations and effectively and reliably hardened by
heat exchange either at substantial temperatures
or at low temperatures. Likewise, it will be seen
that my method is readily practiced, and enables
the production of chromium-nickel grade stain-
less steel of hardened quality with a minimum
of any such treatment as pickling, and other-
wise is quite suitable for commercial use. It will
further be noted that the steels provided have
good directional properties, are quite soft and
ductile in the annealed condition and in the an-
nealed and stabilized condition, and are harden-
able to a condition of reasonable ductility and
high yield and ultimate strengths.

As many possible embodiments may be made
of my invention and as many changes may be
made in the embodiment hereinbefore set forth,
it is to be understood that all matter described
herein is to be interpreted as illustrative and not
as a limitation.
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I claim:

1. In a method of hardening chromium-
nickel alloy stainless steel, the art which in-
¢ludes providing a steel containing chromium
and nickel in substantial accord with area ABCD
of the accompanying diagram, aluminum in

amounts between about 0.50% to 2.50%, and -

from incidental amounts up to approximately
2.0% silicon, manganese from incidental amounts
up to approximately 8.0%, and carbon between
about 0.02% and 0.12%, and the remainder sub-
stantially all iron; then annealing and quench-
ing the steel to provide an austenitic aluminum-
soluble structure transformable below usual room
temperature; heating the steel to a temperature
of about 600° F. to 1100° F, to stabilize the same;
subjecting said steel to heat exchange pre-treat-
ment at such temperatures and for long enough
time to achieve transformation; and heating the
transformed alloy at a sufficiently high tem-
perature and for & sufficient period of time to
precipitate an aluminum compound and obtain
& substantial increase in the hardness of the
steel.

2. In a method of hardening chromium-nickel
alloy stainless steel, the art which includes pro-
viding a steel containing about 16.5% to 17.5%
chromium, with about 6.75% to 7.5% nickel,
aluminum in amounts between about 0.60% to
1.1%, and about 0.06% to 0.08% carbon, and the
remainder substantially all iron; then annealing
- and quenching the steel to provide an austenitic

aluminum-soluble structure transformable below
usual room temperature; heating the steel to a
temperature of 600° F. to 1100° F. to stabilize the
~same; subjecting said steel to heat exchange pre-
treatment consisting of cold treatment below
.about —30° F. for sufficient time to achieve
transformation; and finally heating the trans-
formed alloy at a sufficiently high temperature
for a sufficient period of time to precipitate an
aluminum compound and obtainl a substantial
increase in hardness of the steel.

10
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3. In the production of hardened chromium- .

nickel alloy stainless steel articles and products,
the art which includes providing a steel contain-
ing about 16.5% to 17.5% chromium, with about
6.75% to 71.5% nickel, aluminum in amounts be-
tween about 0.60% and 1.1%, and about 0.06%
t0 0.08% carbon, and the remainder substantially
all iron; annealing said steel at approximately
1800° F. to 2000° F. and quenching the same to
provide an austenitic aluminum-soluble struc-
ture transformable below usual room-tempera-
ture; stabilizing the steel by treatment at 600° F.
to 1100° F'; fabricating articies and products of
the austenitic stabilized steel; subjecting said
fabricated articles and products to heat exchange
pre-freatment at 1200° F. to 1600° F. for sufficient
time to achieve transformation; and heating the
transformed articles or products within the ap-
proximate temperature range of 750° F, to 1000°
F. for a sufficient period of time to precipitate
&an aluminum compound and obtain a substantial
increase in hardness of the articles and products.

4, An annealed and stabilized chromium-
nickel stainless steel susceptible to aluminum-
precipitation-hardening by heat exchange treat-
ment from the annealed and stabilized condition
involving a preiiminary heat-exchange treat-
ment followed by final precipitation hardening
heat treatment, said steel containing the chro-
mium-like components aiuminum in the amount
of about 050% to 2.50%, silicon from incidental
amounts up to about 2.0% based on total content

45

&0

of the steel, and the remainder substantially all
chromium, said components in total meeting the
terms for chromium of area ABCD of the ac-
companying diagram, said chromium and silicon
serving as a substitute for chromium on about a 1
to 1 ratio; the nickel-like components carbon in
the amount of about 0.02% to 0.12%, manganese
from incidental amounts up to 8.0%, and the re-
mainder substantially all nickel in actual amount
not less than about 3.5%, said nickel-like com-
ponents in total meeting the terms for nickel of
area ABCD of the accompanying diagram, and
said carbon and manganese serving as a substi-
tute for nickel on the ratios of about /20 to /3
part carbon to 1, and approximately 2 parts
manganese to 1; and the remainder substan-
tially all iron,

5. An annealed and stabilized chromium-
nickel stainless steel of substantially fully aus-
tenitic structure at usual room temperatures,
said steel containing about 165% to 17.5%
chromium, about 6.75% to 7.5% nickel, aluminum
between about 0.60% and 1.1%, about 0.06% to
0.08% carbon, and the remainder substantially
all iron, and the steel being susceptible to harden-
ing by heat exchange treatment involving pre-
treatment at 1200° F. to 1600° F., after the an-
nealing and stabilizing followed by final pre-
cipitation hardening.

6. A chromium-nickel stainless steel alumi-
num-precipitation-hardened by heat exchange
treatment involving preliminary treatment below
about —30° F. from the annealed and stabilized
condition followed by precipitation-hardening
final heat treatment, said steel containing chro-
mium and nickel in amounts substantially in ac-
cordance with area ABCD in the accompanying
diagram, carbon between about 0.02% to 0.12%,
about 0.50% to 2.50% aluminum, from incidental
amounts up to approximately 8.09, manganese,
from incidental amounts up to about 2.0% silicon,
and the remainder substantially all iron, said
aluminum being precipitated as aluminum com-
pound within the matrix of the steel to give sub-
stantial hardness.

7. In the production of & stabilized precipita-
tion-hardenable chromium-nickel alloy stainless
steel, the art which includes providing a steel
containing the chromium-like components alu-
minum in the amount of about 0.05% to 2.50%,
silicon from incidental amounts up to about 2.0%

‘based on total content of the steel, and the re-

mainder substantially all chromium, said com-
ponents in total meeting the terms for chromium
of area ABCD of the accompanying diagram, said
chromium and silicon serving as a substitute for
chromium on about a 1 to 1 ratio; the nickel-like
components carbon in the amount of about 0.02%
to 0.12%, manganese from incidental amounts -
up to 8.0%, and the remainder substantially all
nickel in actual amount not less than about
3.5%, said nickel-like components in total meet-

- ing the terms for nickel of area ABCD of the
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accompanying diagram, and said carbon and
manganese serving as a substitute for nickel on
the ratios of about */20 to /30 part carbon to 1,
and approximately 2 parts manganese to 1; and
the remainder substantially all iron; annealing
and quenching the steel to provide an austenitic
aluminum-soluble structure transiormable be-
low usual room temperature; and heating the
steel to a temperature of 600° F. to 1100° F. to

stabilize the same.
) GEORGE N, GOLLER,
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