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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] This invention resides in the field of steel alloys,
particularly those of high strength, toughness, corrosion
resistance, and cold formability, and also in the technol-
ogy of the processing of steel alloys to form microstruc-
tures that provide the steel with particular physical and
chemical properties.

2. Description of the Prior Art

�[0002] Steel alloys of high strength and toughness and
cold formability whose microstructures are composites
of martensite and austenite phases are disclosed in the
following-�United States patents (all assigned to The Re-
gents of the University of California):�

4,170,497 (Gareth Thomas and Bangaru V. N. Rao),
issued October 9, 1979 on an application filed Au-
gust 24,1977
4,170,499 (Gareth Thomas and Bangaru V. N. Rao),
issued October 9, 1979 on an application filed Sep-
tember 14,1978 as a continuation in- �part of the
above application filed on August 24,1977
4,619,714 (Gareth Thomas, Jae- �Hwan Ahn, and
Nack-�Joon Kim), issued October 28, 1986 on an ap-
plication filed November 29,1984, as a continuation-
in- �part of an application filed on August 6,1984
4,671,827 (Gareth Thomas, Nack J. Kim, and Ram-
amoorthy Ramesh), issued June 9, 1987 on an ap-
plication filed on October 11, 1985

�[0003] The microstructure plays a key role in estab-
lishing the properties of a particular steel alloy, and thus
strength and toughness of the alloy depend not only on
the selection and amounts of the alloying elements, but
also on the crystalline phases present and their arrange-
ment. Alloys intended for use in certain environments
require higher strength and toughness, and in general a
combination of properties that are often in conflict, since
certain alloying elements that contribute to one property
may detract from another.
�[0004] The alloys disclosed in the patents listed above
are carbon steel alloys that have microstructures con-
sisting of laths of martensite alternating with thin films of
austenite and dispersed with fine grains of carbides pro-
duced by autotempering. The arrangement in which laths
of one phase are separated by thin films of the other is
referred to as a "dislocated lath" structure, and is formed
by first heating the alloy into the austenite range, then
cooling the alloy below a phase transition temperature
into a range in which austenite transforms to martensite,
accompanied by rolling to achieve the desired shape of
the product and to refine the alternating lath and thin film

arrangement. This microstructure is preferable to the al-
ternative of a twinned martensite structure, since the lath
structure has a greater toughness. The patents also dis-
close that excess carbon in the lath regions precipitates
during the cooling process to form cementite (iron car-
bide, Fe3C) by a phenomenon known as "autotemper-
ing." These autotempered carbides are believed to con-
tribute to the toughness of the steel.
�[0005] The dislocated lath structure produces a high-
strength steel that is both tough and ductile, qualities that
are needed for resistance to crack propagation and for
sufficient formability to permit the successful fabrication
of engineering components from the steel. Controlling
the martensite phase to achieve a dislocated lath struc-
ture rather than a twinned structure is one of the most
effective means of achieving the necessary levels of
strength and toughness, while the thin films of retained
austenite contribute the qualities of ductility and forma-
bility. Achieving this dislocated lath microstructure rather
than the less desirable twinned structure requires a care-
ful selection of the alloy composition, since the alloy com-
position affects the martensite start temperature, com-
monly referred to as Ms, which is the temperature at which
the martensite phase first begins to form. The martensite
transition temperature is one of the factors that determine
whether a twinned structure or a dislocated lath structure
will be formed during the phase transition.
�[0006] In many applications, the ability to resist corro-
sion is highly important to the success of the steel com-
ponent. This is particularly true in steel-�reinforced con-
crete in view of the porosity of concrete, and in steel that
is used in moist environments in general. In view of the
ever-�present concerns about corrosion, there is a con-
tinuing effort to develop steel alloys with improved cor-
rosion resistance. These and other matters in regard to
the production of steel of high strength and toughness
that is also resistant to corrosion are addressed by the
present invention.
�[0007] US 5129966 describes a method for enhancing
the mechanical properties of a high strength, low alloy,
low to medium carbon steel casting of the Fe/Cr/C type
containing 0.1 to 0.5% Si by weight together with a small
amount of Cu and Ni. This enhances by stability of the
retained austenite based on quenching. The resulting
fine grained microstructure also includes small quantities
of Al, Ti and Nb.

SUMMARY OF THE INVENTION

�[0008] The present invention provides a process for
manufacturing a high- �strength, corrosion- �resistant,
tough alloy carbon steel, comprising:�

(a) forming an alloy composition consisting of iron
and at least one alloying element comprising carbon
in proportions selected to provide said alloy compo-
sition with a martensite transition range having a
martensite start temperature Ms (11) of at least
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350°C;

(b) heating said alloy composition to a temperature
sufficiently high to cause austenitization thereof, un-
der conditions causing said alloy composition to as-
sume a homogeneous austenite phase (12) with all
alloying elements in solution; and

(c) cooling said homogeneous austenite phase (12)
through said martensite transition range, to achieve
a microstructure containing laths of martensite (21)
alternating with films of retained austenite (22);

characterised in that:�

said alloy composition comprises a carbon content
of 0.01-0.35% by weight and either a chromium con-
tent of 1-13% by weight or a silicon content of 0.5-2%
by weight;
the proportions selected during stage (a) permit air-
cooling of said alloy composition through said mar-
tensite transition range without forming carbides; the
cooling of stage (c) is at a cooling rate to avoid the
occurrence of autotempering and to achieve a micro-
structure containing substantially no carbides, ni-
trides, or carbonitrides.

�[0009] The invention further provides a product obtain-
able by the previously described process and comprising
a carbon content of 0.01-0.35% by weight and either a
chromium content of 1-13% by weight or a silicon content
of 0.5-2% by weight, having a martensite start tempera-
ture Ms (11) of at least 350°C and wherein the micro-
structure comprises substantially no carbides, nitrides,
or carbonitrides.
�[0010] The invention further provides a product obtain-
able by the previously described process and comprising
from 0.05% to 0.2% by weight carbon and from 6% to
12% by weight chromium.
�[0011] The invention further provides a product obtain-
able by the previously described process and comprising
from 0.05% to 0.2% by weight carbon and up to 2% by
weight silicon.
�[0012] The invention further provides a product obtain-
able by the previously described process in which step
(b) is performed at a maximum temperature of 1150°C
and said films of retained austenite (22) constitute a max-
imum of 5% of said microstructure of step (c).
�[0013] The invention further provides a product obtain-
able by the previously described process, and wherein
step (c) is performed by quenching in water, and com-
prising 0.05% to 0.1% by weight carbon, a member se-
lected from the group consisting of silicon and chromium
at a concentration of at least 2% by weight, and manga-
nese at a concentration of at least 0.5% by weight, and
wherein the microstructure comprises substantially no
carbides, nitrides, or carbonitrides.
�[0014] The invention further provides a product obtain-

able by the previously described process, and wherein
step (c) is performed by quenching in water, and com-
prising 0.05% to 0.1% by weight carbon, a member se-
lected from the group consisting of silicon and chromium
at a concentration of 2% by weight, and manganese at
a concentration of 0.5% by weight, and wherein the
microstructure comprises substantially no carbides, ni-
trides, or carbonitrides.
�[0015] The invention further provides a product obtain-
able by the previously described process, and wherein
step (c) is performed by air cooling, and comprising
0.03% to 0.05% by weight carbon, chromium at a con-
centration of from 8% to 12% by weight, and manganese
at a concentration of from 0.2% to 0.5% by weight, and
wherein the microstructure comprises substantially no
carbides, nitrides, or carbonitrides.
�[0016] It has now been discovered that corrosion in a
dislocated lath structure can be reduced by eliminating
the presence of precipitates such as carbides, nitrides,
and carbonitrides from the structure, including those that
are produced by autotempering and also including trans-
formation products such as bainite and pearlite contain-
ing carbides, nitrides or carbonitrides of different mor-
phologies depending on composition, cooling rate, and
other parameters of the alloying process. It has been
discovered that the interfaces between the small crystals
of these precipitates and the martensite phase through
which the,�precipitates are dispersed promote corrosion
by acting as galvanic cells, and that pitting of the steel
begins at these interfaces. Accordingly, the present in-
vention resides in part in an alloy steel with a dislocated
lath microstructure that does not contain carbides, ni-
trides or carbonitrides, as well as a method for forming
an alloy steel of this microstructure. The invention also
resides in the discovery that this type of microstructure
can be achieved by limiting the choice and the amounts
of the alloying elements such that the martensite start
temperature M is 3 50°C or greater. Still further, the in-
vention resides in the discovery that while autotempering
and other means of carbide, nitride or carbonitride pre-
cipitation in a dislocated lath structure can be avoided by
a rapid cooling rate, certain alloy compositions will pro-
duce a dislocated lath structure free of autotempered
products and precipitates in general simply by air cooling.
These and other objects, features, and advantages of
the invention will be better understood by the description
that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0017]

FIG. 1 is a phase transformation kinetic diagram
demonstrating the alloy processing procedures and
conditions of this invention.
FIG. 2 is a sketch representing the microstructure of
the alloy composition of this invention.
FIG. 3 is a plot of stress vs. strain for four alloys in
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accordance with this invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

�[0018] Autotempering of an alloy composition occurs
when a phase that is under stress due to supersaturation
with an alloying element is relieved of its stress by pre-
cipitating the excess amount of the alloying element as
a compound with another element of the alloy composi-
tion in such a manner that the resulting compound resides
in isolated regions dispersed throughout the phase while
the remainder of the phase reverts to a saturated condi-
tion. Autotempering will thus cause excess carbon to pre-
cipitate as iron carbide (Fe3C). If chromium is present as
an additional alloying element, some of the excess car-
bon may also precipitate as trichromium dicarbide
(Cr3C2), and similar carbides may precipitate with other
alloying elements. Autotempering will also cause excess
nitrogen to precipitate as either nitrides or carbonitrides.
All of these precipitates are collectively referred to herein
as "autotempering (or autotempered) products" and it is
the avoidance of these products and other transformation
products that include precipitates that is achieved by the
present invention as a means of accomplishing its goal
of lessening the susceptibility of the alloy to corrosion.
�[0019] The avoidance of the formation of autotem-
pered products and carbides, nitrides and carbonitrides
in general is achieved in accordance with this invention
by appropriate selection of an alloy composition and a
cooling rate through the martensite transition range. The
phase transitions that occur upon cooling an alloy from
the austenite phase are governed by the cooling rate at
any particular stage of the cooling, and the transitions
are commonly represented by phase transformation ki-
netic diagrams with temperature as the vertical axis and
time as the horizontal axis, showing the different phases
in different regions of the diagram, the lines between the
regions representing the conditions at which transitions
from one phase to another occur. The locations of the
boundary lines in the phase diagram and thus the regions
that are defined by the boundary lines vary with the alloy
composition.
�[0020] An example of such a phase diagram is shown
in FIG. 1. The martensite transition range is represented
by the area below a horizontal line 11 which represents
the martensite start temperature Ms, and the region 12
above this line is the region in which the austenite phase
prevails. A C-�shaped curve 13 within the region 12 above
the Ms line divides the austenite region into two subre-
gions. The subregion 14 to the left of the "C" is that in
which the alloy remains entirely in the austenite phase,
while the subregion 15 to the right of the "C" is that in
which autotempered products and other transformation
products that contain carbides, nitrides or carbonitrides
of various morphologies, such as bainite and pearlite,
form within the austenite phase. The position of the Ms
line and the position and curvature of the "C" curve will
vary with the choice of alloying elements and the amounts

of each.
�[0021] The avoidance of the formation of autotemper-
ing products is thus achieved by selecting a cooling re-
gime which avoids intersection with or passage through
the autotempered products subregion 15 (inside the
curve of the "C"). If for example a constant cooling rate
is used, the cooling regime will be represented by a
straight line that is well into the austenite regime 14 at
time zero and has a constant (negative) slope. The upper
limit of cooling rates that will avoid the autotempered
products subregion 15 is represented by the line 16 in
the Figure which is tangential to the "C" curve. To avoid
the formation of autotempered products or carbides in
general, a cooling rate must be used that is represented
by a line to the left of the limit line 16 (i.e., one starting
at the same time-�zero point but having a steeper slope).
�[0022] Depending on the alloy composition, therefore,
a cooling rate that is sufficiently great to meet this re-
quirement may be one that requires water cooling or one
that can be achieved with air cooling. In general, if the
levels of certain alloying elements in an alloy composition
that is air- �coolable and still has a sufficiently high cooling
rate are lowered, it will be necessary to raise the levels
of other alloying elements to retain the ability to use air
cooling. For example, the lowering of one or more of such
alloying elements as carbon, chromium, or silicon may
be compensated for by raising the level of an element
such as manganese.
�[0023] Alloy compositions for example that contain (i)
from about 0.05% to about 0.1% carbon, (ii) either silicon
or chomium at a concentration of at least about 2%, and
(iii) manganese at a concentration of at least about 0.5%,
all by weight (the remainder being iron), are preferably
cooled by a water quench. Specific examples of these
alloy compositions are (A) an alloy in which the alloying
elements are 2% silicon, 0.5% manganese, and 0.1 %
carbon, and (B) an alloy in which the alloying elements
are 2% chromium, 0.5% manganese, and 0.05% carbon
(all by weight with iron as the remainder). Examples of
alloy compositions that can be cooled by air cooling while
still avoiding the formation of autotempered products are
those that contain as alloying elements 0.03% to 0.05%
carbon, 8% to 12% chromium, and 0.2% to 0.5% man-
ganese, all by weight (the remainder being iron). Specific
examples of these alloy compositions are (A) those con-
taining 0.05% carbon, 8% chromium, and 0.5% manga-
nese, and (B) those containing 0.03% carbon, 12% chro-
mium, and 0.2% manganese.
�[0024] As stated above, the avoidance of twinning dur-
ing the phase transition is achieved by using an alloy
composition that has a martensite start temperature Ms
of 350°C or greater. A preferred means of achieving this
result is by use of an alloy composition that contains car-
bon as an alloying element at a concentration of from
0.01% to 0.35%, more preferably from 0.05% to 0.20%,
or from 0.02% to 0.15%, all by weight. Examples of other
alloying elements that may also be included are chromi-
um, silicon, manganese, nickel, molybdenum, cobalt,
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aluminum, and nitrogen, either singly or in combinations.
Chromium is particularly preferred for its passivating ca-
pability as a further means of imparting corrosion resist-
ance to the steel.
�[0025] When chromium is included, its content may
vary, but in most cases chromium will constitute an
amount within the range of 1% to 13% by weight. A pre-
ferred range for the chromium content is 6% to 12% by
weight, and a more preferred range is about 8% to 10%
by weight. When silicon is present, its concentration may
vary as well. Silicon is preferably present at a maximum
of 2% by weight, and most preferably from 0.5% to 2.0%
by weight.
�[0026] In accordance with these procedures, the heat-
ing of the alloy composition to the austenite phase is pref-
erably performed at a temperature up to about 1150°C,
or more preferably within the range of from about 900°C
to about 1150°C. The alloy is then held at this austeniti-
zation temperature for a sufficient period of time to
achieve substantially full orientation of the elements ac-
cording to the crystal structure of the austenite phase.
Rolling is performed in a controlled manner at one or
more stages during the austenitization and cooling pro-
cedures to deform the crystal grains and store strain en-
ergy into the grains, and to guide the newly forming mar-
tensite phase into a dislocated lath arrangement of mar-
tensite laths separated by thin films of retained austenite.
Rolling at the austenitization temperature aids in the dif-
fusion of the alloying elements to form a homogeneous
austenite crystalline phase. This is generally achieved
by rolling to reductions of 10% or greater, and preferably
to reductions ranging from about 30% to about 60%.
�[0027] Partial cooling followed by further rolling may
then take place, guiding the grains and crystal structure
toward the dislocated lath arrangement, followed by final
cooling in a manner that will achieve a cooling rate that
avoids regions in which autotempered or transformation
products will be formed, as described above. The thick-
nesses of the dislocated laths of martensite and the
austenite films will vary with the alloy composition and
the processing conditions and are not critical to this in-
vention. In most cases, however, the retained austenite
films will constitute from about 0.5% to about 15% by
volume of the microstructure, preferably from about 3%
to about 10%, and most preferably a maximum of about
5%. FIG. 2 is a sketch of the dislocated lath structure of
the alloy, with substantially parallel laths 21 consisting of
grains of martensite-�phase crystals, the laths separated
by thin films 22 of retained austenite phase. Notable in
this structure is the absence of carbides and of precipi-
tates in general (including nitrides and carbonitrides),
which appear in the prior art structures as additional nee-
dle-�like structures of a considerably smaller size scale
than the two phases shown and dispersed throughout
the dislocated martensite laths. The absence of these
precipitates contributes significantly to the corrosion re-
sistance of the alloy. The desired microstructure is also
obtained by casting such steels, and by cooling at rates

fast enough to achieve the microstructure depicted in
FIG. 2, as stated above.
�[0028] FIG. 3 is a plot of stress vs. strain for the micro-
structures of four alloys within the scope of the present
invention, all four of which are of the dislocated lath ar-
rangement and free of autotempered products. Each al-
loy has 0.05% carbon, with varying amounts of chromi-
um, the squares representing 2% chromium, the triangles
4%,� the circles 6% and the smooth line 8%. The area
under each stress-�strain curve is a measure of the tough-
ness of the steel, and it will be noted that each increase
in the chromium content produces an increase in the area
and hence the toughness, and yet all four chromium lev-
els exhibit a curve with substantial area underneath and
hence high toughness.
�[0029] The steel alloys of this invention are particularly
useful in products that require high tensile strengths and
are manufactured by processes involving cold forming
operations, since the microstructure of the alloys lends
itself particularly well to cold forming. Examples of such
products are sheet metal for automobiles and wire or
rods such as for radially reinforced automobile tires.
�[0030] The foregoing is offered primarily for purposes
of illustration. Further modifications and variations of the
various parameters of the alloy composition and the
processing procedures and conditions may be made that
still embody the basic and novel concepts of this inven-
tion. These will readily occur to those skilled in the art
and are included within the scope of this invention.

Claims

1. A process for manufacturing a high-�strength, corro-
sion-�resistant, tough alloy carbon steel, comprising:�

(a) forming an alloy composition consisting of
iron and at least one alloying element compris-
ing carbon in proportions selected to provide
said alloy composition with a martensite transi-
tion range having a martensite start temperature
Ms (11) of at least 350°C;
(b) heating said alloy composition to a temper-
ature sufficiently high to cause austenitization
thereof, under conditions causing said alloy
composition to assume a homogeneous austen-
ite phase (12) with all alloying elements in solu-
tion; and
(c) cooling said homogeneous austenite phase
(12) through said martensite transition range, to
achieve a microstructure containing laths of
martensite (21) alternating with films of retained
austenite (22);

characterised in that: �

said alloy composition comprises a carbon con-
tent of 0.01-0.35% by weight and either a chro-
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mium content of 1-13% by weight or a silicon
content of 0.5-2% by weight;
the proportions selected during stage (a) permit
air-�cooling of said alloy composition through
said martensite transition range without forming
carbides;
the cooling of stage (c) is at a cooling rate to
avoid the occurrence of autotempering and to
achieve a microstructure containing substantial-
ly no carbides, nitrides, or carbonitrides.

2. A process in accordance with claim 1 in which said
carbon constitutes from 0.05% to 0.20% by weight
of said alloy composition.

3. A process in accordance with claim 1 in which said
carbon constitutes from 0.02% to 0.15% by weight
of said alloy composition.

4. A process in accordance with claim 1 in which said
chromium constitutes from 6% to 12% by weight of
said alloy composition.

5. A process in accordance with claim 1 in which said
chromium constitutes from 8% to 10% by weight of
said alloy composition.

6. A process in accordance with claim 1 in which said
at least one alloying element further comprises sili-
con of 2.0% by weight of said alloy composition.

7. A process in accordance with claim 1 in which said
at least one alloying element further comprises ni-
trogen, and said cooling rate of step (c) is sufficiently
fast to achieve a microstructure containing laths of
martensite (21) alternating with films of retained
austenite (22) and containing substantially no car-
bides, nitrides, or carbonitrides.

8. A process in accordance with claim 1 in which step
(b) is performed at a temperature within the range
of from 900°C to 1150°C.

9. A process in accordance with claim 1 in which step
(b) is performed at a temperature of a maximum of
1150°C.

10. A process in accordance with claim 1 in which said
films of retained austenite (22) constitute from 0.5%
to 15% of said microstructure of step (c).

11. A process in accordance with claim 1 in which said
films of retained austenite (22) constitute from 3%
to 10% of said microstructure of step (c).

12. A process in accordance with claim 1 in which said
films of retained austenite (22) constitute a maximum
of 5% of said microstructure of step (c).

13. A process in accordance with claim 1 in which said
carbon constitutes from 0.05% to 0.1% by weight of
said alloy composition and said at least one alloying
element further comprises (i) a member selected
from the group consisting of silicon and chromium
at a concentration of at least 2% by weight and (ii)
manganese at a concentration of at least 0.5% by
weight, and step (c) is performed by quenching in
water.

14. A process in accordance with claim 1 in which said
carbon constitutes from 0.05% to 0.1% by weight of
said alloy composition and said at least one alloying
element further comprises (i) a member selected
from the group consisting of silicon and chromium
at a concentration of 2% by weight and (ii) manga-
nese at a concentration of 0.5% by weight, and step
(c) is performed by quenching in water.

15. A process in accordance with claim 1 in which said
carbon constitutes from 0.03% to 0.05% by weight
of said alloy composition and said at least one alloy-
ing element further comprises (i) chromium at a con-
centration of from 8% to 12% by weight and (ii) man-
ganese at a concentration of from 0.2% to 0.5% by
weight, and step (c) is performed by air cooling.

16. A product obtainable by the process of claim 1 having
a microstructure containing laths of martensite (21)
alternating with films of retained austenite (22); com-
prising a carbon content of 0.01-0.35% by weight
and either a chromium content of 1-13% by weight
or a silicon content of 0.5-2% by weight, having a
martensite start temperature Ms (11) of at least
350°C and wherein the microstructure comprises
substantially no carbides, nitrides, or carbonitrides.

Patentansprüche

1. Verfahren zur Herstellung eines hochfesten, korro-
sionsresistenten, hartlegierten Kohlenstoff-�Stahls,
umfassend:�

(a) Bilden einer Legierungszusammensetzung,
die aus Eisen und mindestens einem Legie-
rungselement besteht, umfassend Kohlenstoff
in Anteilen, die ausgewählt sind, um die Legie-
rungszusammensetzung mit einem Martensit-
Übergangsbereich, der eine Martensitstarttem-
peratur Ms (11) von mindestens 350°C hat, be-
reitzustellen;
(b) Erwärmen der Legierungszusammenset-
zung auf eine Temperatur, die hoch genug ist,
um Austenitisierung davon zu verursachen, un-
ter Bedingungen, die dazu führen, dass die Le-
gierungszusammensetzung in eine homogene
austenitische Phase (12) übergeht, wobei alle
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Legierungselemente in Lösung sind; und
(c) Abkühlen der homogenen austenitischen
Phase (12) durch den Martensit-�Übergangsbe-
reich, um eine Mikrostruktur zu erreichen, die
Latten an Martensit (21) enthält, die sich mit Fil-
men von Restaustenit (22) abwechseln; �
dadurch gekennzeichent, dass:�
die Legierungszusammensetzung einen Koh-
lenstoffgehalt von 0,01 -0,35 Gew.-�% und ent-
weder einen Chromgehalt von 1 -13 Gew.-�%
oder einen Siliziumgehalt von 0,5 -2 Gew.-�%
umfasst; �
die Anteile, die während des Stadiums (a) aus-
gewählt werden, Luftkühlung der Legierungszu-
sammensetzung durch den Martensit-�Über-
gangsbereich erlaubt, ohne Carbide zu bilden;�
das Abkühlen in Stadium (c) bei einer Abkühl-
geschwindigkeit stattfindet, die das Auftreten
von Autohärtung vermeidet und eine Mikrostruk-
tur zu erreichen, die im Wesentlichen keine Car-
bide, Nitride oder Carbonitride enthält.

2. Verfahren nach Anspruch 1, wobei der Kohlenstoff
von 0,05 Gew.-�% bis 0,20 Gew.- �% der Legierungs-
zusammensetzung ausmacht.

3. Verfahren nach Anspruch 1, wobei der Kohlenstoff
von 0,02 Gew.-�% bis 0,15 Gew.- �% der Legierungs-
zusammensetzung ausmacht.

4. Verfahren nach Anspruch 1, wobei das Chrom von
6 Gew.- �% bis 12 Gew.-�% der Legierungszusammen-
setzung ausmacht.

5. Verfahren nach Anspruch 1, wobei das Chrom von
8 Gew.- �% bis 10 Gew.-�% der Legierungszusammen-
setzung ausmacht.

6. Verfahren nach Anspruch 1, wobei das mindestens
eine Legierungselement weiter Silizium von 2,0
Gew.- �% der Legierungszusammensetzung umfasst.

7. Verfahren nach Anspruch 1, wobei das mindestens
eine Legierungselement weiter Stickstoff umfasst,
und die Abkühlgeschwindigkeit von Schritt (c)
schnell genug ist, eine Mikrostruktur zu erreichen,
die Latten an Martensit (21) enthält, die sich mit Fil-
men von Restaustenit (22) abwechseln und im We-
sentlichen keine Carbide, Nitride oder Carbonitride
enthält.

8. Verfahren nach Anspruch 1, wobei Schritt (b) bei ei-
ner Temperatur innerhalb des Bereichs von 900°C
bis 1150°C durchgeführt wird.

9. Verfahren nach Anspruch 1, wobei Schritt (b) bei ei-
ner Temperatur von maximal 1150°C durchgeführt
wird.

10. Verfahren nach Anspruch 1, wobei die Filme an
Restaustenit (22) von 0,5% bis 15% der Mikrostruk-
tur aus Schritt (c) ausmachen.

11. Verfahren nach Anspruch 1, wobei die Filme an
Restaustenit (22) von 3% bis 10% der Mikrostruktur
aus Schritt (c) ausmachen.

12. Verfahren nach Anspruch 1, wobei die Filme an
Restaustenit (22) ein Maximum von 5% der Mikro-
struktur aus Schritt (c) ausmachen.

13. Verfahren nach Anspruch 1, wobei der Kohlenstoff
von 0,05 Gew.-�% bis 0,1 Gew.-�% der Legierungszu-
sammensetzung ausmacht und das mindestens ei-
ne Legierungselement weiter (i) ein Element um-
fasst, das aus der Gruppe bestehend aus Silizium
und Chrom in einer Konzentration von mindestens
2 Gew.- �% ausgewählt ist und (ii) Mangan in einer
Konzentration von mindestens 0,5 Gew.-�%, und
Schritt (c) durch Quenchen in Wasser durchgeführt
wird.

14. Verfahren nach Anspruch 1, wobei der Kohlenstoff
von 0,05 Gew.-�% bis 0,1 Gew.-�% der Legierungszu-
sammensetzung ausmacht und das mindestens ei-
ne Legierungselement weiter (i) ein Element um-
fasst, das aus der Gruppe bestehend aus Silizium
und Chrom in einer Konzentration von 2 Gew.-�%
ausgewählt ist und (ii) Mangan in einer Konzentrati-
on von 0,5 Gew.-�%, und Schritt (c) durch Quenchen
in Wasser durchgeführt wird.

15. Verfahren nach Anspruch 1, wobei der Kohlenstoff
von 0,03 Gew.-�% bis 0,05 Gew.- �% der Legierungs-
zusammensetzung ausmacht und das mindestens
eine Legierungselement weiter (i) Chrom in einer
Konzentration von 8 Gew.-�% bis 12 Gew. �% und (ii)
Mangan in einer Konzentration von 0,2 Gew.-�% bis
0,5 Gew.-�% umfasst, und Schritt (c) durch Luftab-
kühlung durchgeführt wird.

16. Produkt, erhältlich durch das Verfahren von An-
spruch 1, mit einer Mikrostruktur, die Latten an Mar-
tensit (21) enthält, die sich mit Filmen von Restau-
stenit (22) abwechseln;� umfassend einen Kohlen-
stoffgehalt von 0,01 -0,35 Gew.-�% und entweder ei-
nen Chromgehalt von 1-13 Gew.-�% oder einen Sili-
ziumgehalt von 0,5 -2 Gew.-�% mit einer Marten-
sitstarttemperatur Ms (11) von mindestens 350°C,
und worin die Mikrostruktur im Wesentlichen keine
Carbide, Nitride oder Carbonitride enthält.

Revendications

1. Procédé pour la production d’un acier au carbone
allié tenace de grande résistance mécanique et ré-
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sistant à la corrosion, comprenant :�

(a) la formation d’une composition d’alliage con-
sistant en fer et au moins un élément d’alliage
comprenant du carbone en des proportions
choisies pour conférer à ladite composition d’al-
liage une plage de transition de martensite ayant
une température de début de martensite Ms (11)
d’au moins 350°C ;
(b) le chauffage de ladite composition d’alliage
à une température suffisamment élevée pour
provoquer son austénitisation, dans des condi-
tions amenant ladite composition d’alliage à ac-
quérir une phase d’austénite homogène (12)
avec tous les éléments d’alliage en solution ; et
(c) le refroidissement de ladite phase d’austéni-
te homogène (12) sur ladite plage de transition
de martensite, pour parvenir à une microstruc-
ture contenant des lames de martensite (21) al-
ternant avec des films d’austénite retenue (22) ;

caractérisé en ce que : �

ladite composition d’alliage a une teneur en car-
bone de 0,01 à 0,35 % en poids et soit une teneur
en chrome de 1 à 13 % en poids, soit une teneur
en silicium de 0,5 à 2 % en poids ;
les proportions choisies au cours de l’étape (a)
permettent le refroidissement par air de ladite
composition d’alliage sur ladite plage de transi-
tion de martensite sans formation de carbures ;
le refroidissement de l’étape (c) est effectué à
une vitesse de refroidissement choisie de ma-
nière à éviter l’apparition d’un autorevenu et à
obtenir une microstructure contenant une quan-
tité substantiellement nulle de carbures, de ni-
trures ou de carbonitrures.

2. Procédé suivant la revendication 1, dans lequel ledit
carbone représente 0,05 % à 0,20 % en poids de
ladite composition d’alliage.

3. Procédé suivant la revendication 1, dans lequel ledit
carbone représente 0,02 % à 0,15 % en poids de
ladite composition d’alliage.

4. Procédé suivant la revendication 1, dans lequel ledit
chrome représente 6 % à 12 % en poids de ladite
composition d’alliage.

5. Procédé suivant la revendication 1, dans lequel ledit
chrome représente 8 % à 10 % en poids de ladite
composition d’alliage.

6. Procédé suivant la revendication 1, dans lequel ledit
au moins un élément d’alliage comprend en outre
du silicium en une quantité de 2,0 % en poids de
ladite composition d’alliage.

7. Procédé suivant la revendication 1, dans lequel ledit
au moins un élément d’alliage comprend en outre
de l’azote, et ladite vitesse de refroidissement de
l’étape (c) est suffisamment grande pour obtenir une
microstructure contenant des lames de martensite
(21) alternant avec des films d’austénite retenue (22)
et contenant une quantité substantiellement nulle de
carbures, de nitrures ou de carbonitrures.

8. Procédé suivant la revendication 1, dans lequel l’éta-
pe (b) est mise en oeuvre à une température com-
prise dans l’intervalle de 900°C à 1150°C.

9. Procédé suivant la revendication 1, dans lequel l’éta-
pe (b) est mise en oeuvre à une température au maxi-
mum de 1150°C.

10. Procédé suivant la revendication 1, dans lequel les-
dits films d’austénite retenue (22) représentent 0,5
% à 15 % de ladite microstructure de l’étape (c).

11. Procédé suivant la revendication 1, dans lequel les-
dits films d’austénite retenue (22) représentent 3 %
à 10 % de ladite microstructure de l’étape (c).

12. Procédé suivant la revendication 1, dans lequel les-
dits films d’austénite retenue (22) représentent au
maximum 5 % de ladite microstructure de l’étape (c).

13. Procédé suivant la revendication 1, dans lequel ledit
carbone représente 0,05 % à 0,1 % en poids de ladite
composition d’alliage et ledit au moins élément d’al-
liage comprend en outre (i) un membre choisi dans
le groupe consistant en le silicium et le chrome à une
concentration d’au moins 2 % en poids et (ii) le man-
ganèse à une concentration d’au moins 0,5 % en
poids, et l’étape (c) est mise en oeuvre par trempe
dans l’eau.

14. Procédé suivant la revendication 1, dans lequel ledit
carbone représente 0,05 % à 0,1 % en poids de ladite
composition d’alliage et ledit au moins un élément
d’alliage comprend en outre (i) un membre choisi
dans le groupe consistant en le silicium et le chrome
à une concentration de 2 % en poids et (ii) le man-
ganèse à une concentration de 0,5 % en poids, et
l’étape (c) est mise en oeuvre par trempe dans l’eau.

15. Procédé suivant la revendication 1, dans lequel ledit
carbone représente 0,03 % à 0,05 % en poids de
ladite composition d’alliage et ledit au moins un élé-
ment d’alliage comprend en outre (i) du chrome à
une concentration de 8 % à 12 % en poids et (ii) du
manganèse à une concentration de 0,2 % à 0,5 %
en poids, et l’étape (c) est mise en oeuvre par refroi-
dissement par air.

16. Produit pouvant être obtenu par le procédé de la
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revendication 1, ayant une microstructure contenant
des lames de martensite (21) alternant avec des
films d’austénite retenue (22) ; ayant une teneur en
carbone de 0,01 à 0,35 % en poids et soit une teneur
en chrome de 1 à 13 % en poids, soit une teneur en
silicium de 0,5 à 2 % en poids, ayant une température
de début de martensite Ms (11) d’au moins 350°C et
dans lequel la microstructure comprend une quantité
substantiellement nulle de carbures, de nitrures ou
de carbonitrures.
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