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This invention relates to metallurgy and, in
particular, to ferrous metal alloys.

One object of this invention is to provide s
process of heat-treating an alloy steel which will
cause it to maintain its hardness and strength
and resist wear, distortion and permanent size
changes while operating at or being subjected to
higher temperatures than are normally encoun-
tered in moving steel parts or those in contact
with moving parts.

Another object is to provide such a process
wherein the alloy steel may be heat-treated at
substantially normal temperatures and with or-
dinary heat-treating equipment rather than by
the expensive and rapidly deteriorating equip-
ment at the high temperatures required for heat-
treating high speed and other high alloy steels
that possess high hardness at elevated temperg-
tures. v

aAnother object is to provide such a process re-
sulting in an alloy steel which may be easily and
rapldly carburized to give the surface & high car-
bon content and after heat treatment, a high
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suriace hardness which will render it especially

suitable for use in locations requiring a high order
of wear-resistance, such as in bearings and
especially anti-friction bearings, the alloy being
capable of absorbing carbon readily from the gas,
liquid or solid compounds ordinarily used in car-
burizing steel,

Another object is to provide a method of tem-
pering such an alloy steel that decomposes the
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austenite by increments, thus controlling the ex- -

vent of internal stresses and danger of cracking

and damsege to the sirength of the parts treated.

This is g division of my co-pending application
Serial No. 69,049, filed January 3, 1949, for Alloy
Steel, now abandoned.

The ordinary carbon and alloy steels used in
machine parts in contact under rolling or sliding
movement, such
their high hardness if subjected to excessive tem-
peratures, that is, above 300 or 350° P normally

‘used for drawing or tempering such parts. Tem-

peratures above the previous draw temperature
temper or soften the parts so that they gall or
seize in operation. Certain alloy steels do resist
such softening, some as high as 1000° to 1200° .,
but for reasons stated below they are used chiefly
for tools and dies. | |

The essential slloying elements added to carbon
steel to maintain high hardness Or produce sec-
ondary hardness (an increase in hardness when

tempering temperature is increased) are the car-

as anti-friction bearings, lose
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used along with other carbide formers, chiefly
chromium and vanadium. The complex salloy
carbides formed by these elements require high
heat treating temperatures, Irequently 2200°-
2400° F,, to put them into solution and to develop
secondary hardening power. The special furnaces
and equipment required:sre eéxpensive to main-
tain—factors which, handicap these steels in a
highly competitive market. Nickel is ordinarily
not used, or is only occasionally used and then
only to a limited amount, in such steels since it
tends to retain, after quenching, an excessive
amount of austenite, resulting in a structure with
low indentation hardness as measured by the
Brinell or Rockwell test. Although austenitic
steels are file hard, they are subject to plastic flow
and change of shape under pressure.

A high carbon content is necessary to develop
high hardness. Hardness throughout may be de-
sired for some purposes, but for other applica-
tions merely a high surface hardness is sufficient
Or may even be desirable. The carbide forming
elements previously mentioned belong to the s0-
called Gamma loop closing group, or those which
either prevent the absorption of carbon while
the steel is in the solid condition or raise the
temperature of its absorption beyond that possi-
ble to use in ordinary production carburizing:
furnaces. 'As such steels must be made by adding
the carbon to the molten bath, they have a high
carbon content all the way through, as originally
made. High carbon, together with high alloy
content, however, makes machining difficult and
such steels are not easily processed by drilling,
turning, shaping or the like and, indeed, require
long, expensive annealing treatments to make
these operations possible. |

The alloy steel of the present invention is de-
signed to eliminate these difficulties and provide
& more practical alloy having the advantages set
forth in the foregoing objects. The composition
developed is the result of extensive research into
the effects of the individual elements and the
effect of combinations of two or more in numerous
experimental melts of steel, as determined by tests
on samples thereof. - | |

The most suitable steel for attaining the op-

Jects of the present invention has been deter- .

mined as one containing molybdenum, nickel and
chromium as alloying elements. Molybdenum is
an effective carbide forming element imparting
Sécondary hardness or high hardness after tem-
Pering up to 1000° F. or higher, and at the same
time it Is the most readily available of such ele-

bide forming elements tungsten and molybdenum 55 ments in time of national emergency. Nickel ia
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also an essential element in this steel, Nickel is

an austenite forming element and increases car-
bon or carbide solubility at lower temperatures,
offsetting the reverse effect of molybdenum and
chromium.,

Thus, the addition of nickel makes a higher
alloy steel that can be carburized and heat treat-
ed at normal temperatures in ordinary produc-
tion furnaces. The possibility of carburizing, in
turn, permits the use of low carbon steels that
can be more readily annealed, machined, cold
formed, etc. These case hardened steels have the
same advantages of the lower alloy case hardened
steels, that is, a high carbon content, hard and
wear resistant surface and a tough core. HoOw-
ever, & steel made with high carbon content will
possess the temperature resisting properties
after suitable heat treatment, and may be used if
processing difficulties are not too much of a
handicap. Molybdenum and nickel in suitable
amounts will produce & steel of good character-
istics, but it has been found that the addition of
chromium increases the hardness at any given
temperature by a few points in Rockwell C hard-
ness. Chromium also can be used to replace some
of the molybdenum otherwise required, an ad-
vantage because of the greater cost of the latter.

The preferred composition of the non-ferrous
ingredients of the alloy steel of this invention and
the preferable range, as expressed as percentages
of the total alloy, areé as follows:

ey ———— L —G

Composition Range

Percent Percent
Nicke]l . ccocemrrmmamemaremmaneonssmmomaon=" 3.00 | 1.00 to 4.00
Chromiim. . ccccrcecmmcrammmreommemmommm= 1.50 | 1.00 to 3.00
Molybdenum. _...-cccce-emcemumnanmmmmmens 5.00 | 2.00t0 6.00
CAIDON -« cccmcccmemommmromammmeo oo .15 | 0.05to 0.30
MANEBNeIL cocmrmamommmmmmmemmosom oo .50 | 0.20 to 1.00
Qil{EO e cccccememceciumem—ememmmsemacoc==os .30 | 0.10 t0 0.75

The alloy of the present invention also contains
phosphorus and sulphur as impurities which it is
desired to keep below .0259%. Aluminum or va-
nadium, or their oxides, used as grain refiners,
may also be present in small amounts. The per-
centages of manganese and silicon are not critical
but are listed as being present in all heat treat-
able steels to produce sound metal. Carbon is
listed as that preferred for carburizing. It is not
the intention, however, to limit this invention by
requiring carburizing since, after suitable anneal-
ing, the alloy with high carbon content would be
machined and subsequently hardened without
carburizing.

The steel of the present invention can be made
in the usual production melting furnaces for
higher alloy content steels which, because of cer-
tain components of their alloy content, particu-
larly chromium, are ordinarily electrically heat-
ed in arc or induction furnaces. The steel is pref-
erably made according to fine grained practice 1o
permit direct quenching from carburizing tem-
perature, although reheating after carburizing
may he employed. Carburizing may be done by
means of any of the commercial carburizing
compounds, gaseous, Jiquid or solid, within the
usual commercial range of 1650° to 1800° F. with
the latter preferred, especially when the alloy
content is toward the high side of the range.
The steel carburizes nearly as rapidly as the com-
mercial carburizing steels of lower alloy content.
The actual time depends on the depth of the case
(or surface layer) required by the design of the
part. Partsare cooled from the carburizing tem-
perature, or after reheating to a similar range, at
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a rate to provide an austenite structure in the

case or surface layer. This can be done by oll
quenching or cooling in alr. Alr cooling in sizes

up to 2’’ round has been employed. Very large

sizes, however, would require an oil quench. The
alloy content is balanced 8o that austenite will
be retained when the steel is cooled, but not so
stable that it will not be converted to martensite
on tempering or require excessive time to do 50.

Because of the plastic flow of the austenite and
the highly stable austenite produced as a result
of the nickel content, the tempering procedure is
an important part of this invention and differs
trom that usually employed. According to the
present invention, austenite is converted to mar-
tensite or other constituents of high Rockwell
hardness by multiple treatments in the range of
600 to 1200° FP. One treatment may result in
high hardness, but requires an excessively long
time, especially with the alloy content at the
high limits, and leaves the martensite in an
untempered, highly stressed, brittle condition.
To avoid this at least two and preferably several
tempering treatments are required. Less total
time is required by several short treatments than
by fewer longer treatments. Between treatments
the steel is cooled to approximately room tem-
perature but the time at room temperature is not
critical. By a choice of tempering temperature
and time at heat, any desired percent of the
austenite can be decomposed in any one treat-
ment. The next treatment tempers the mar-
tensite formed, hence the stresses produced and
the danger of cracking can bhe precisely con-
trolled. This treatment also produces & part rel-
atively free from distortion of shape.

Parts treated in this manner, according to the
nresent invention, with five tempering treatments
of two hours each at 1000° F. will have a final
hardness in the range of 55 to 65 Rockwell C
hardness, depending on the actual analysis, with-
in the range of this invention. Further repeti-
tions or very long holds at 1000° F. will produce
only a minor drop in hardness in the order of
1 to 5 points Rockwell C. Parts tempered five P
hour periods at 1000° F. are very stable in hard-
ness when reheated to lower temperatures, for ex-
ample, parts 60Rc remained unchanged when
given single treatments up to 60 hours or re-
peated treatments totalling 100 hours at 900° F.
The structure of the case or surface layer, s
quenched, is austenite and carbide. After tem-
pering this becomes carbide and martensite or
other hard decomposition products. For maxi-
mum stability of hardness and size over extend-
ed periods of time, austenite is completely decom-
posed by the tempering treatments. If the op-
erating temperature of the part is considerably
below the tempering temperature employed, com-
plete decomposition of the austenite is not nec-
essary, but the major portion must be decomposed
to develop high Rockwell hardness and prevent
plastic flow under pressure.

‘What I claim is:

1. A process of heat-treating an alloy steel
essentially consisting of approximately 3.00%
nickel, approximately 1.50% chromium, approxi-
mately 5.00% molybdenum, approximately 0.15%
carbon, approximately 0.50% manganese, ap-
proximately 0.30% silicon, the remainder sub-
stantially all iron, sald heat-treating Dprocess
comprising carburizing the steel within the tem-
perature range of 1650° to 1800° F.,, air or liquid
quenching the steel after carburizing, alternately
and repeatedly heating the steel to a temperature
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within the temperature range of 6§00° to 1200° P
and cooling the stee] to approximately room tem-
perature between successive heatings to convert
the austenite to martensite a portion at a time

whereby to prevent excessive hardness, stress and § of claim

size changes during each such heating and cool-
ing step, so that the surface of the steel possesses,
at high operating temperatures, high hardness
and resistance to wear such as required by parts
in contact under rolling or sliding movement.

2. A process of heat-treating an alloy steel
essentially consisting of 1.00% to 4.00% nickel,
1.00% to 3.009% chromium, 2.00% to 6.00% mo-
lybdenum, 0.05% to 0.30% carbon, 0.20% to0 1.00%
manganese, 0.10% to0 0.75% silicon, the remainder
substantially all iron, saig heat-treating process
comprising carburizing the steel within the tem-
DPeraturc vange of 1650° to 1800° F., air or liquid
quenching the steel after carburizing, alternately
and repeatedly heating the steel to a temperature
within the temperature range of 600° to 1200° F.
and cooling the steel to approximately room tem-
perature between successive heatings to convert
the austenite to martensite g portion at a time
whereby to prevent excessive hardness, stress and
size changes during each such heating and cool-
ing step, so that the surface of the steel possesses,
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at high operating temperatures, higsh hardness
and resistance to wear such as required by parts
in contact under rolling or sliding movement,

3. An alloy steel article produced by the process

1. |
ORIN W. McMULLAN.
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