
EP 0 459 547 B1 Description TECHNICAL FIELD 5     This invention relates a
precipitation-hardenable tool steel intended for plastic forming tools
manufac- tured therefrom. The tool steel at the manufacturing of the tool
and prior to hardening through ageing treatment but after solution heat
treatment and cooling to room temperature, has a hardness of less than 40
HRC, but after the manufacturing of the tool and the subsequent
age-hardening treatment, i.e. in the precipitation-hardened condition, is
harder than 45 HRC. The steel also has a high corrosion resistance and 10
a toughness sufficient for plastic forming tools. BACKGROUND OF THE
INVENTION Tools (moulds) made from tool steel are used for the forming of
plastic articles, e.g. for injection 15  moulding and compression moulding.
These tools often are very large and, at the same time, they may have a
very complicated design. During the plastic forming operation, the tools
are subjected to high stress: in the first place mechanical stress but also
in the form of chemical attacks. This can cause different types of damages
of the tools, above all of the following nature: 20    - abrasion, -
plastic deformation (impressions), - rupture (fatigue), and - corrosion.
The features of the tool steel have significant importance for the
resistance of the tools against these 25  types of damages. In principle a
perfect tool steel shall be hard, tough and corrosion resistant in order to
produce plastic forming tools which have a high capacity and at the same
time a good reliability. Another important thing is that complicated tools
shall be able to be manufactured in a resonably simple manner, e.g. through
cuffing operations. This implies that the tool steel if possible should
satisfy the following conditions: so    - It shall be soft (< 40 HRC) when
the tool is being manufactured, i.e. in the starting condition. - It shall
be possible to make the steel hard (< 45 HRC) by means of a simple heat
treatment of the finished tool without any changes of the shape or of the
dimensions of the tool which would require complicated adjustments. If all
these aspects are considered, the following combination of the desired
features may be listed for 35  the perfect tool steel for plastic forming:
1 - Hardness < 40 HRC in the starting condition. 2 - Hardness > 45 HRC,
preferably about 50 HRC, shall be achieved through a simple heat treatment.
3 - It shall be possible to provide an even hardness also in the case of
very large dimensions (large size tools). 40    4 - The increase of the
hardness shall be achieved without any complicating changes of shape or
volume. 5 - The steel shall have a high corrosion resistance, i.e. be of
the stainless type. 6 - The steel shall have a sufficient toughness. 7 -
The steel shall be able to be afforded an extra good wear resistance
through e.g. any simple surface 45   treatment. Since a good corrosion
resistance is a primary requirement, a steel of this type has to be found
within the category of steels which includes stainless steels, i.e. steels
having a chromium content > 10%. There exist today a large number of more
or less commercially established stainless steels. A thorough technical
evaluation of the steel types which already exist can be summed up in the
following way as far as the 50  desired features are concerned (1-7 above):
- Austenitic, ferritic, and ferritic-austenitic stainless steel grades do
not have qualifications to fulfill the requirement as far as hardness is
concerned (2), not even precipitation-hardenable variants. - Martensitic
stainless steels based on carbon martensite, so called 13% chromium steels
etc., have 



better conditions to provide the desired combination of features. Due to
the fact that they have to be 55      hardened and tempered in order to
fulfill the requirements as far as hardnesses are concerned (1 and 2) they
will, however, not satisfy the requirement as far as the shape and size
stability (4) is concerned. Besides, these steel usually have a weak
corrosion resistance. 2    EP 0 459 547 B1 - Precipitation-hardenable
stainless steels based on low carbon martensite, so called PH-steels,
generally have the best conditions to fulfill the desired combination of
features. There exist at least about twenty variants of these types of
steel today. Generally it is a question of minor modifications of the three
main types 17 - 4 PH, 17 - 7 PH, and 15 - 5 PH where the first number
indicates the 5       chromium content and the second number indicates the
nickel content. Usually copper or aluminum is used as a precipitation
hardening alloy additive. Generally these steels have good corrosion resis-
tance. A review of established PH-steels, however, indicates that as a
matter of fact there today does not exist any steel grade which can fulfill
all the above mentioned requirements. A common disadvantage of these steels
is that they usually cannot provide a sufficient precipitation-hardening 10
effect, i.e. they cannot satisfy the important hardness condition (2). The
situation prior to the present invention thus was that there was no
suitable steel available which could satisfy all the desired features. In
connection herewith, reference is made to GB-A-1 056 561, which discloses a
precipitation-hardenable chromium-nickel-aluminium stainless steel. is
BRIEF DESCRIPTION OF THE INVENTION An objective of the invention is to
provide a new, specially composed stainless precipitation-hardenable steel,
based on low carbon martensite, which steel shall be able to satisfy all
the conditions (1-7) which have been mentioned above. 20     In order to
satisfy the demands (1-4 above) as far as the hardness is concerned, the
steel should have the following characteristic features: - An austenitic
matrix at high temperatures (> [err]). - A low content of primary ferrite
([err]-ferrite) i.e. not more than 5%  and preferably no measurable amounts
of primary ferrite. 25    - A very high hardenability, i.e. ability to form
martensite, even when the article has very large dimensions, by cooling
from high temperatures. - A sufficiently low hardness of the obtained
martensite in the untempered condition (< 40 HRC). - An ability to achieve
sufficient hardness (> 45 HRC) by a simple heat treatment of the untempered
martensite, e.g. by ageing treatment at a fairly low temperature. 30    - A
suitable content of rest austenite, preferably 5-20%, in the aged condition
in order to provide sufficient toughness. A too high content of ferrite
causes uneven hardness, particularly when the steel tool has large
dimensions, as well as problems in the hot working (forging, rolling) of
the steel, while a too high content of rest austenite causes a too low
hardness, and a too low content of rest austenite will give the steel an 35
unsufficient toughness. The invention is defined in claim 1 and preferred
embodiments are shown in claims 2-11. In order to achieve all the above
mentioned desired features in combination with good resistance to corrosion
it is necessary to provide a complicated interaction between several
critical alloying elements and a strong optimization of their contents in
the steel composition. The steel has the following composition: 40
0.01-0.08 C, max 1 Si, max 2 Mn, 9-13 Cr, 7-11 Ni, max 1 Mo, 1.4-2.2 Al,
and balance iron, apart from impurities. As the different alloying elements
in the steel interact with each other in a manner which may be defined as
synergistic it is difficult to value the importance of every single
element. Nevertheless an attempt 



to make such analysis is made in the following. 45 Carbon The carbon
content has significant importance for the hardenability of the steel in
the starting condition, i.e. for the hardness of the untempered martensite
which is obtained by cooling from hot working so  temperature to room
temperature. This hardness is strongly increased by increasing the carbon
content. For this reason the carbon content has to be kept low and must not
exceed 0.08%, preferably not exceed 0.06%. For metallurgical reasons
relating to the manufacturing of the steel, however, a certain amount of
carbon should exist in the steel and also in order that the steel shall not
be to soft. Therefore the steel should contain at least 0.01% carbon.
Carbon also counteracts the formation of ferrite, which is favourable. 55
An optimal content of carbon is 0.02-0.06%. 3    EP 0 459 547 B1 Silicon
This element has no significant importance to the invention but may be
added as a desoxidizing agent to the molten steel in a manner which is
conventional in stainless steel making practice. However, silicon is 5  a
strong ferrite stabilizer. The content of silicon should therefore be
limited to not more than about 1%. Manganese Manganese is another element
which has no significant importance in this steel. It is true that 10
manganese like nickel is an austenite stabilizer but its effect is not as
strong as that of nickel. Manganese further lowers the - [err] and[err] -
temperatures more than nickel does which is unfavourable. The role of
manganese in the steel is therefore limited to its use as a desulphurizer
by forming manganese sulphide in a manner know per se. If however, the
alloy is intentionally alloyed with sulphur, which is conventional for
improving the cuttability of steel, an increased content of manganese may
be considered. The steel is according to the invention therefore may
contain from traces up to 2% Mn. Chromium The most important purposes of
chromium in the steel are to give the steel a good corrosion resistance 20
and a good hardenability. In order to give the steel a sufficient corrosion
resistance there is needed at least 9% chromium, preferably at least 10%
chromium, which at the same time gives a basis for a high hardenability.
Chromium as an alloying element in steel, however, is ferrite stabilizing
at high temperatures and it also moves the transformation of austenite to
martensite against lower temperatures (reduces [err] and [err]). This
implies that chromium has a tendency to increase [err]-ferrite as well as
rest austenite in an 25 unfavourable manner. For these reasons the chromium
content must be limited to max 13%. An optimal range of the chromium
content is 11-12%. Nickel 30     Nickel is a multi-purpose element in the
steel. Like chromium, nickel increases the hardenability and improves the
corrosion resistance. Further, the toughness of the martensite is increased
by addition of this element. What makes the use of nickel necessary
according to the invention, however, is on one hand its austenite
stabilizing effect, which reduces the amount of [err]-ferrite in the steel,
and on the other hand that nickel in combination with aluminum is
responsible for the precipitation-hardening. This sets the lower limit 35
for the nickel content. Like chromium, however, nickel also reduces [err]
and[err] which causes an increased content of rest austenite. This sets the
upper limit for a conceivable nickel content. The effect of nickel upon the
existence of [err]-ferrite and rest austenite, respectively, is shown in
table 2 (compare steels 1-4 and 6-7, respectively). The useful region of
the nickel content according to the invention therefore is as narrow as 7-
11%, preferably 8-10%, more preferably 8.5-9.5%. 40 Molybdenum 



Molybdenum like silicon is a comparatively strong ferrite stabilizer, which
limits the content of this element to max 1%. Smaller additions of
molybdenum, however, are favourably i.a. for counteracting the 45
destruction (recovery) of the martensitic structure during ageing
treatment. The steel according to the invention therefore preferably may
contain 0.1-0.6% molybdenum. Aluminum so     This element in combination
with nickel can form an intermetallic phase (NiAI). This phase has a high
solubility in austenite but can give finely dispersed precipitations
causing strong precipitation-hardening effects (increase of hardness) in
martensite and ferrite by ageing treatment. This makes aluminum a key
element in the invention, which sets a lower limit for the content of
aluminum to at least 1.4%, preferably at least 1.6% Al. Aluminum, however,
is strongly ferrite stabilizing and it therefore may easily increase the
risk 55 for undesired amounts of [err]-ferrite in the steel. This strongly
limits the content of aluminum. The steel therefore should not contain more
than max 2.2% Al, preferably max 2.0% Al. 4    EP 0 459 547 B1 Nitrogen The
steel must not contain nitrogen in amounts more than what is unavoidably
dissolved in the steel during its manufacturing, since nitrogen may form
hard nitrides which impair the polishability of the steel, 5  which is
unfavourable, as the steel shall be used for the manufacturing of plastic
forming tools. Niobium, titanium, tantalum, zirconium A stabilizing of the
steel by means of strong carbide and nitride formers, like niobium,
titanium, 10 tantalum, and zirconium, would give rise to very hard carbide
and nitride particles. Such particles are unfavourable for the intended use
of the steel as plastic forming tools, which shall be able to be polished
to a high surface finish. The steel therefore must not contain more than
unavoidable traces of niobium, titanium, tantalum, or zirconium. 15 Sulphur
Sulphur possibly may be included in the steel composition in order to
improve the cuttability of the steel in a manner known per se. The content
of sulphur, however, should not exceed 0.1%. 20 Copper From an economical
point of view it is important that the steel does not contain any elements
which would make it difficult to reuse as return scrap. Copper is an
element which from this reason is not desired in the steel. As a matter of
fact it is a purpose of the invention to provide the features (1-7)
mentioned in the 25 preamble without any additions of copper to the steel.
In spite of the fact that it is very well known that copper may have a
favourable inpact upon the precipitation-hardenability it is therefore a
characteristic feature of the invention that the steel does not contain
copper more than as an unavoidable impurity. EXPERIMENTS AND RESULTS 30 The
composition of the steels which have been examined are listed in table 1.
Besides the alloying elements mentioned in the table the steels only
contained iron and impurities. The alloys were manufac- tured in the form
of 50 kg laboratory melts which were casted to 50 kg ingots. The ingots
were hot forged from about [err] to flat bars having a cross section 125x40
mm. The bars thereafter were cooled freely 35 in air to room temperatur.
Table 1 Chemical composition (weight-%) of examined steel alloys 40 Steel
C        Si       Mn       Cr        Ni     Mo       Al        Cu 1
0.054     0.41    0.33     11.5      7.3    0.51     2.13     - 2     0.052
0.33    0.31     11.5      8.3    0.32     2.10     - 



45          3      0.053     0.31    0.30     11.5      9.3    0.32
2.06     - 4     0.051     0.28    0.28     11.4    10.4    0.31      2.04
- 5     0.060     0.43    0.34     11.6      9.2    0.32      1.77    - 6
0.024     0.38     1.03    11.4      9.3    0.26     2.00     - 7     0.025
0.39    0.37     11.5    11.4    0.26      2.10     - 50           8
0.053     0.37    0.35     11.2      6.3    0.54      1.50    2.91 9
0.025     0.39     1.08    11.8      8.3    0.26      1.80    3.01 10
0.052     0.37    0.32      9.7      7.2    0.50     2.20 11     0.038
0.30    0.32     11.2      9.3    0.30     1.40 55     The hardness of the
steel alloys was measured in the starting condition (forged and air cooled
to room temperatur) and then in the ageing treated condition ([err]/2 h,
followed by air cooling to room temperature). Further the amounts of
ferrite and rest austenite in the alloys after ageing treatment were
measured. In table 1, the Cu-alloyed steels 8 and 9, do not fall within the
scope of the present invention. 5    EP 0 459 547 B1 The measured values
are shown in table 2. Table 2 5 Hardnesses and the content of ferrite and
rest austenite of the examined steel alloys 10 U = Starting condition A =
ageing treated condition 15 Steel          Hardness         Hardness
Ferrite        Rest austenite (U)             (A)              (U)
(U) HRC             HRC              %               % 20 1             37
49                14             1 2             37               51
3             3 25 3             36               51                 2
12 4             30               43               > 0.5          25 5
34               46                 0.5          17 30      6
30               50               > 0.5          12 7             28
40               > 0.5          30 8             39               51
1             4 35      9             31               50               >
0.5          18 10             37               50                 8
3 11             35               47               > 0.5          15 40
From table 2 is apparent that steels having a composition according to the
invention can satisfy the demands (1-3 above) as far as the hardness is
concerned. In order to examine if also other demands (4-7 above) can be
satisfied, measurements were performed of the change of volume in
connection with the ageing treatment, corrosion testing, toughness testing,
and nitrogen experiment, essentially with steels Nos. 45 2 and 3 in table
1. The results are summed up in the following way: Ageing treatment brings
about a uniform shrinking in all directions of < 0.10% (typically 0.05%).
This 



implies that the steel has an extremely good dimension stability as
compared to conventional tool steels subjected to hardening and tempering.
Corrosion tests in salt-fog-chambers and corrosions tests of the type
registering polarization graphs 50 indicated that steels according to the
invention have a surprisingly good corrosion resistance, even better than
e.g. grade 17 - 4 PH which contains 17% chromium. This surprisingly high
corrosion resistance is likely to be due to a favourable synergetic effect
of the unique combination of the contents of Cr, Ni and Al, which is
characteristic in for the present invention. Impact strength tests were
performed subsequent to ageing treatments to various hardnesses in the 55
range 40 - 51 HRC. The impact strength dropped with increased hardness
level in a manner which is normal for steel. The toughness level was at
level with what is normal for e.g. tough hardening steels and is quite
sufficient for the use for plastic forming tools.    EP 0 459 547 B1 Gas
nitriding, which is a simple and established surface treatment method, was
examined. The results indicate that steels according to the invention have
very good nitridability, and that extremely hard (1400 HV) and wear
resistant nitriding layers may be achieved. The reason for this unique
feature of a stainless steel is the high content of aluminum, which as a
matter of fact makes steel according to the invention 5  stainless
"nitriding steels". What is interesting with using nitriding as a method of
increasing the wear resistance of the steel according to the invention is
that the ageing treatment and the nitriding can be performed as a single
procedure which implies substantial simplification in many applications. In
the optimization of the composition of the steel, which is expressed in the
indicated contents in the 10 appending claims, it has been considered that
the experiments have been made in the form of compara- tively small
laboratory charges. For the production in full scale one has to realize
that larger dimensions will give a lower precipitation-hardening effect,
i.e. a somewhat lower hardness after ageing treatment than what is stated
in table 2. For example, steel No. 11 in tables 1-2 should not satisfy the
demand as far as hardness is concerned (> 45 HRC) if the steel article has
large dimensions. 15 Claims 1. Precipitation-hardenable tool steel intended
for manufacturing plastic forming tools therefrom, the said tool steel at
the manufacturing of the tool and prior to hardening through ageing
treatment but after 20     solution heat treatment and cooling to room
temperature having a hardness legs than 40 HRC, but after the manufacturing
of the tool and the subsequent age hardening treatment, i.e. in a
precipitation hardened condition, being harder than 45 HRC and having a
high corrosion resistance and a toughness sufficient for plastic forming
tools, wherein the steel contains in weight-% 0.01-0.08 C, 25     max 1 Si,
max 2 Mn, 9 - 13 Cr, 7- 11 Ni, max 1 Mo, 30     optionally sulphur in an
amount of max 0.1 % in order to improve the cuttability of the steel 1.4 -
2.2 Al, and balance iron apart from impurities, and wherein the steel has a
substantially martensitic structure containing 5-20 % rest austenite and
not more than 5 % ferrite in the precipitation hardened condition. 35  2.
Steel according to claim 1, which contains 0.01 - 0.07 C. 3. Steel
according to claim 1, which contains at least 10 Cr. 4. Steel according to
claim 1, which contains 11-12 Cr. 



40 5. Steel according to claim 1, which contains 8-10 Ni. 6. Steel
according to claim 5, which contains 8.5-9.5 Ni. 45  7. Steel according to
claim 1, which contains 0.1-0.6 Mo. 8. Steel according to claim 1, which
contains 1.6-2.0 Al. 9. Steel according to any one of claims 1 to 8, which
has been subjected to precipitation treatment 50     through ageing at a
temperature of [err] for at least 30 min and not more than 4 h. 10. A
plastic forming tool made of the steel according to any one of claims 1 to
9. 11. The tool according to claim 10, which has a hard and wear-resistant
nitriding surface layer. 55 7    EP 0 459 547 B1 Gas nitriding, which is a
simple and established surface treatment method, was examined. The results
indicate that steels according to the invention have very good
nitridability, and that extremely hard (1400 HV) and wear resistant
nitriding layers may be achieved. The reason for this unique feature of a
stainless steel is the high content of aluminum, which as a matter of fact
makes steel according to the invention 5  stainless "nitriding steels".
What is interesting with using nitriding as a method of increasing the wear
resistance of the steel according to the invention is that the ageing
treatment and the nitriding can be performed as a single procedure which
implies substantial simplification in many applications. In the
optimization of the composition of the steel, which is expressed in the
indicated contents in the 10 appending claims, it has been considered that
the experiments have been made in the form of compara- tively small
laboratory charges. For the production in full scale one has to realize
that larger dimensions will give a lower precipitation-hardening effect,
i.e. a somewhat lower hardness after ageing treatment than what is stated
in table 2. For example, steel No. 11 in tables 1-2 should not satisfy the
demand as far as hardness is concerned (> 45 HRC) if the steel article has
large dimensions. Claims 1. Precipitation-hardenable tool steel intended
for manufacturing plastic forming tools therefrom, the said tool steel at
the manufacturing of the tool and prior to hardening through ageing
treatment but after 20     solution heat treatment and cooling to room
temperature having a hardness legs than 40 HRC, but after the manufacturing
of the tool and the subsequent age hardening treatment, i.e. in a
precipitation hardened condition, being harder than 45 HRC and having a
high corrosion resistance and a toughness sufficient for plastic forming
tools, wherein the steel contains in weight-% 0.01-0.08 C, 25     max 1 Si,
max 2 Mn, 9 - 13 Cr, 7-11 Ni, max 1 Mo, so     optionally sulphur in an
amount of max 0.1 % in order to improve the cuttability of the steel 1.4 -
2.2 Al, and balance iron apart from impurities, and wherein the steel has a
substantially martensitic structure containing 5-20 % rest austenite and
not more than 5 % ferrite in the precipitation hardened condition. 35  2.
Steel according to claim 1, which contains 0.01 - 0.07 C. 3. Steel
according to claim 1, which contains at least 10 Cr. 4. Steel according to
claim 1, which contains 11-12 Cr. 40 



5. Steel according to claim 1, which contains 8-10 Ni. 6. Steel according
to claim 5, which contains 8.5-9.5 Ni. 45  7. Steel according to claim 1,
which contains 0.1-0.6 Mo. 8 Steel according to claim 1, which contains
1.6-2.0 Al. 9. Steel according to any one of claims 1 to 8, which has been
subjected to precipitation treatment so     through ageing at a temperature
of [err] for at least 30 min and not more than 4 h. 10. A plastic forming
tool made of the steel according to any one of claims 1 to 9. 11. The tool
according to claim 10, which has a hard and wear-resistant nitriding
surface layer. 55 7 *   C   L  M  S    *    EP 0 459 547 B1 Patentanspruche
1. Ausscheidungsh~rtbarer Werkzeugstahl fOr die Herstellung von
Kunststoff-Formwerkzeugen, der bei der Herstellung des Werkzeugs vor der
Aushartung durch eine Alterungsbehandlung jedoch nach dem 5
LosungsglOhen und Abkahlen auf Raumtemperatur eine Harte von weniger als 40
HRC (Rockwell C- Harte) aufweist, der jedoch nach der Herstellung des
Werkzeugs und nach der Alterungsaushartung, d.h. im
ausscheidungsgegehirteten Zustand, hirter als 45 HRC ist und der eine hohe
Korrosionsbe- stindigkeit und ausreichende Zahigkeit fUr
Kunststoff-Formwerkzeuge aufweist, wobei der Stahl in Gewichtsprozent
enthalt 10     0,01 - 0,08 % C max. 1 % Si max. 2 % Mn 9 - 13 % Cr 7- 11%
Ni 15     max. 1 % Mo ggf. Schwsfel in einer Menge von max. 0,1 % zur
Verbesserung der Zerspanbarkeit des Stahis 1,4- 2,2 % Al und Rest Eisen,
abgesehen von Verunreinigungen und wobei der Stahl im
ausscheidungsgeharteten Zustand ein im wesentlichen martensitisches Gefuge
20     mit 5-20 % Rest-Austenit und nicht mehr als 5 % Ferrit enthalt. 2.
Stahl gemaB Anspruch 1 mit 0,01-0,07 % C. 3. Stahl gemif3 Anspruch 1 mit
wenigstens 10 % Cr. 25 4. Stahl gemAB Anspruch 1 mit 11-12 % Cr. 5. Stahl
gemaB Anspruch 1 mit 8-10 % Ni. 30  6. Stahl gemaB Anspruch 5 mit 8,5-9,5 %
Ni. 7. Stahl gemaB Anspruch 1 mit 0,1-0,6 Mo. & Stahl gemaB Anspruch 1 mit
1,6-2,0 Al. 35 9. Stahl gemif einem der AnsprUche 1-8, der einer
Ausscheidungsbehandlung durch Glahen bei einer Temperatur von 475-550 *C
flr mindestens 30 Minuten und nicht mehr als 4 Stunden unterworfen wurde.
40  10. Kunststoff-Formwerkzeug, hergestellt aus dem Stahl gemAB einem der
Ansprlche 1-9. 11. Werkzeug gemfiB Anspruch 10, das eine harte und
verschleiflfeste, nitrierte Oberflachenschicht autweist. 45 Revendlcations 



1. Acier pour outils a durcissement par precipitation destin4 & la
fabrication d'outils de fagonnage de plastique, ledit acier pour outils au
moment de la fabrication de l'outil et avant durcissement par
vieillissement mais apres recuit de mise en solution et refroidissement &
temperature ambiante ayant 50     une duretd inferieure a 40 HRC, mais
apres la fabrication de l'outil et le durcissement par vieillissement
ulterieur, c'est-&-dire dans un 4tat durci par precipitation, ayant une
durete supdrieure a 45 HRC et ayant une resistance & la corrosion et une
resilience suffisantes pour des outils de fagonnage de plastique, dans
lequel l'acier a une teneur en pourcentages en poids de: C:    0,01 a 0,08,
55        Si:    1 au maximum, Mn:   2 au maximum, Cr:    9a 13, Ni:
7a11, 8    EP 0 459 547 B1 Mo:   1 au maximum, avec du soufre en option en
une quantite de 0,1 % au maximum afin d'ameliorer la capacite de coupe de
I'acier, Al:   1,4A2,2,et 5      la quantit6 complementaire consistant en
du fer independamment d'impuretes, et dans lequel I'acier a une structure
sensiblement martensitique renfermant de 5 A 20 % de reste d'austenite et 5
% au plus de ferrite dans l'etat durci par precipitation. 2. Acier selon la
revendication 1, qui renferme de 0,01 a 0,07 % en poids de C. 10 3. Acier
selon la revendication 1, qui renferme au moins 10% en poids de Cr. 4.
Acier solon la revendication 1, qui renferme de 11 a 12 % en poids de Cr.
15  5. Acier salon la revendication 1, qui renferme de 8 & 10 % en poids de
Ni. 6. Acier selon la revendication 5, qui renferme de 8,5 & 9,5 % en poids
de Ni. 7. Acier solon la revendication 1, qui renferme de 0,1 a 0,6 % en
poids de Mo. 20 8. Acier selon la revendication 1, qui renferme de 1,6 & 2
% en poids de Al. 9. Acier selon l'une quelconque des revendications 1 & 8,
qui a ete soumis a un traitement de precipitation par vietillssement & une
temp~rature de 475 *C & 550 * C pendant au moins 30 minutes et 25     4
heures au plus. 10. Outil de fagonnage de plastique fait de l'acier solon
lune quelconque des revendications 1 & 9. 11. Outil solon la revendication
10, qui comporte une couche de surface nitruree dure et resistant &
l'usure. 30 35 40 45 50 55 9                I 111111111111111111 DIll 11Iii
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