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(54) Title: STEEL ARTICLE

(57) Abstract: The invention concerns an article of a steel which is characterized in that it consists of an alloy which contains in
weight-%: 1.2-2.0 C, 0.1-1.5 Si, 0.1-2.0 Mn, max. 0.2 N, max. 0.25 S, 4-8 Cr, 0.5-3.5 (Mo+W/2), 5-8 V, max. 1.0 Nb, balance
essentially only iron and unavoidable impurities, and that the steel has a micro-structure obtainable by a manufacturing of the steel
which comprises spray forming of an ingot, the micro-structure of which contains 8-15 vol-% carbides of essentially only MC-type
where M substantially consists of vanadium, of which carbides at least 80 vol-% have a substantially rounded shape and a size in the

longest extension of the carbides amounting to 1-20 pm.
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STEEL ARTICLE

TECHNICAL FIELD

The invention concerns a steel article having excellent wear resistance, good
hardenability and tempering resistance, and adequate hardness and good toughness not
only in the longitudinal direction of the steel material, i.e. in its working direction, but
also in the transversal direction, and which also is favourable from a cost point of view;
features which make the steel suitable to be used within several fields of application,
including the following:

e clements, e.g. screws and barrels for feeding and conducting plastic masses in
machines for the manufacturing of plastic components, e.g. elements in injecting
moulding and extrusion assemblies,

e mould tools and tool parts for injection moulding of plastic materials,

e wear parts, e.g. details in pumps for feeding wearing media, as well as other
wear parts in machines,

e knives with good toughness for disintegrating, e.g., plastic materials and wood,
comprising also chipper knives,

¢ hot work tools,

e trimming tools for burring cast or pressed articles, which may be hot or cold, and

e sleeves for composite rolls included in rolling mills.

BACKGROUND OF THE INVENTION

For some of the above mentioned fields of application there is presently used a steel of a
conventional kind of type ATSI D2 but also powder metallurgy manufactured high speed
steels and cold work steels having a high content of carbides.

However, there is a demand of a qualified steel which does not require powder
metallurgy manufacturing but which may be manufactured in a way which affords some
desirable features of the steel and of the article that is made of the steel, at the same time
as the manufacturing should be advantageous from an economical point of view. More
specifically there is demand of a steel which affords an excellent wear resistance, good
hardenability, good ductility and machinability, adequate hardness and good tempering
resistance, which makes the steel suitable for articles within the above mentioned fields
of application.
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DISCLOSURE OF THE INVENTION

Tt the purpose of the invention to provide a steel article which satisfies the above
mentioned demands. This can be achieved therein that the article is made of a spray-
formed steel material having a chemical composition in weight-% and a micro-structure
which is stated in the appending patent claims.

Further, as far as the included alloy elements in the steel are concerned, the following
applies.

Carbon shall exist in a sufficient amount in the steel in order, in the hardened and
tempered condition of the steel, to form 8-15 vol-%, preferably 10-14.5 vol-%, MC-
carbides, where M substantially is vanadium, and also exist in solid solution in the
martensitic matrix of the steel in the hardened condition of the steel in an amount of 0.1-
0.5 weight-%, preferably 0.15-0.35 weight-%. Suitably, the content of the dissolved
carbon in the matrix of the steel is about 0.25 %. The total amount of carbon in the steel,
i.e. carbon that is dissolved in the matrix of the steel plus that carbon which is bound in
the carbides, shall be at least 1.2 %, preferably at least 1.3 %, while the maximal content
of carbon may amount to 2.0 %, preferably max 1.9 %. Suitably, the carbon content is
1.4-1.8 %, nominally 1.60-1.70 %.

The article according to the invention is manufactured by a technique which comprises
spray forming, in which drops of molten metal is sprayed against a rotating substrate on
which the drops rapidly solidify in order to form a successively growing ingot. The
ingot subsequently can be hot worked by forging and/or rolling to desired shape. The
said carbides are formed at the solidification of the drops, and as the ingot is formed of
the drops, the carbides are evenly distributed in the ingot and thence in the finished
product. Due to the controlled rate of solidification, which is slower than when metal
powder is produced by atomising a stream of molten metal and rapid cooling of the
formed drops, but essentially more rapid than in conventional ingot manufacturing,
continuous casting and/or ESR-remelting, the carbides have sufficient time to grow to a
size which has turned out to be very advantageous for the article of the invention. Thus
the MC-carbides, which consist of primary carbides which are difficult to dissolve, are
caused to achieve an essentially rounded shape. Individual carbides méy be larger than
20 pm in the longest extension of the carbide, and many carbides may be smaller than 1
pm, but at least 80 vol-% of the MC-carbides get a size in the longest extension of the
carbides amounting to 1-20 pm, preferably larger than 3 um. A typical size is 6-8 pm.
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Nitrogen optionally may be added to the steel in connection with the spray forming in a
maximal amount of 0.20 %. According to the preferred embodiment of the invention,
however, nitrogen is not intentionally added to the steel but nevertheless exists as an
unavoidable element in an amount of max. 0.15 %, normally max. 0.12 %, and is at that
level not any harmful ingredient. In the above mentioned volume content of MC-
carbides, thus also a minor fraction of carbonitrides may be included.

Silicon is present as a residue from the manufacturing of the steel and normally exists in
an amount of at least 0.1 %, possibly at least 0.2 %. The silicon increases the carbon
activity in steel and may therefore contribute to the achievement of an adequate
hardness of the steel. If the content is higher, embrittlement problems may arise.
Further, silicon is a strong ferrite former and must therefore not exist in amounts
exceeding 1.5 %. Preferably, the steel does not contain more than 1.0 % silicon, suitably
max. 0.65 % silicon. A nominal silicon content is 0.35 %.

Also manganese is present as a residue from the manufacturing of the steel and binds
those amounts of sulphur which may exist in low amounts in the steel by forming
manganese sulphide. Manganese therefore should exist in an amount of at least 0.1 %,
preferably in an amount of at least 0.2 %. Manganese also improves the hardenability,
which is favourable, but must not be present in amounts exceeding 2.0 % in order that
embrittlement problems shall be avoided. Preferably, the steel does not contain more
than max. 1.0 % Mn. A nominal manganese content is 0.5 %.

Chromium shall exist in an amount of at least 4 %, preferably in an amount of at least
4.2 %, suitably at least 4.5 %, in order to provide a desired hardenability to the steel.
The term hardenability means the capacity to provide a high hardness more or less deep
in the article which is being hardened. The hardenability shall be sufficient in order that
the article shall be able to be through hardened even when the article has large
dimensions, without the employment of very rapid cooling in oil or water at the
hardening operation, which might cause dimension changes. The working hardness, i.e.
the hardness of the steel after hardening and tempering, shall be 45-60 HRC.
Chromium, however, is a strong ferrite former. In order to avoid ferrite in the steel after
hardening from 980 to 1150°C, the chromium content must not exceed 8 %, preferably
max. 6.5 %, suitably max. 5.5 %. A suitable chromium content is 5.0 %.

Vanadium shall exist in the steel in an amount of 5.0-8.0 % in order together with
carbon and optionally nitrogen to form said MC-carbides or carbonitrides in the
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martensitic matrix of the steel in the hardened and tempered condition of the steel.
Preferably, the steel contains at least 6.0 and max. 7.8 % V. A suitable vanadium
content is 6.8-7.6 %, nominally 7.3 %.

In principle, vanadium may be replaced by niobium for the formation of MC-carbides,
but for this twice as much niobium is required a compared with vanadium, which is a
drawback. Further, niobium has the effect that the carbides will get a more edgy shape
and be larger that pure vanadium carbides, which may initiate ruptures or chippings and
therefore reduce the thoughness of the material. This may be particularly serious in the
steel of the invention, the composition of which has been optimised for the purpose of
providing an excellent wear resistance in combination with a high hardness and
tempering resistance, as far as the mechanical features of the material are concerned.
The steel therefore, according to an aspect of the invention, must not contain more than
max 0.1 % niobium, preferably max 0.04 % niobium. Further, according to the same
aspect of the invention, niobium may be tolerated only as an unavoidable impurity in
the form of a residual element from the raw materials which are used in connection with
the manufacturing of the steel.

However, according to a variant of the invention, the steel may contain niobium in an
amount up to max. 1.0 %, preferably max. 0.5 %, suitably max. 0.3 %. It can namely be
assumed, that the harmful effect of niobium essentially can be inhibited by the high
content of vanadium of the steel. This idea is based on the assumption that pure niobium
carbides and/or carbonitrides hardly will appear in the steel. It is true that niobium
carbides and/or niobium carbonitrides may be formed initially in the steel, but it is
believed that vanadium carbides and/or vanadium carbonitrides will be built to such an
extent on such initially formed niobium carbides and/or niobium carbonitrides that the
harmful effect which would be due to the more egdy shape of the pure niobium carbides
and/or carbonitrides essentially is eliminated. The same consideration applies if MC-
carbides are formed in the form of mixed compounds of vanadium, niobium and carbon
as well as corresponding mixed carbonitrides, wherefore in both cases the content of
niobium is considered to be so small that, according to said variant of the invention, the
negative roll of the niobium can be neglected.

Molybdenum shall exist in an amount of at least 0.5 %, preferably at least 1.5 %, in
order to afford the steel a desired hardenability in combination with chromium and the
limited amount of manganese. However, molybdenum is a strong ferrite former. The
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steel therefore must not contain more than 3.5 % Mo, preferably max. 2.8 %.
Nominally, the steel contains 2.3 % Mo.

In principle, molybdenum may completely or partly be replaced by tungsten, but for this
twice as much tungsten is required as compared with molybdenum, which is a
drawback. Also the use of any produced scrap will become more difficult. Therefore
tungsten should not exist in an amount of more than max. 1.0 %, preferably max. 0.5
*%. Most conveniently, the steel should not contain any intentionally added tungsten,
which according to the most preferred embodiment of the invention is tolerated only as
an unavoidable impurity in the form of a residue from the raw materials which are used
in connection with the manufacturing of the steel.

Besides the mentioned alloy elements the steel does not need, and should not, contain
any more alloy elements in significant amounts. Some elements are definitely
undesired, because they may have undesired influence on the features of the steel. This
is true, e.g., as far as phosphorus is concerned, which should be kept at as low level as .
possible, preferably at max 0.03 %, in order not to have an unfavourable effect on the
toughness of the steel. Also sulphur in most respects is an undesired element, but its
negative effect on, in the first place, the toughness, essentially can be neutralised by
means of manganese, which forms essentially harmless manganese sulphides, wherefore
sulphur may be tolerated in a maximal amount of 0.25 %, preferably max. 0.15 %, in
order to improve the machinability of the steel. Normally the steel, however, does not
contain more than max. 0.08 %, preferably max. 0.03 %, and most conveniently max.
0.02% S.

Further features and aspects of the invention will be apparent from the following
description of performed experiments and from the appending patent claims.

BRIEF DESCRIPTION OF DRAWINGS
In the following description of performed experiments, reference will be made to the
accompanying drawings, in which

Fig. 1 is a photography which shows the micro-structure of a portion of an article
according to the invention,

Fig. 2 shows the micro-structure of a portion of an article of a reference steel at the
same scale as Fig. 1,
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Fig. 3 in the form of a bar chart shows the size distribution of carbides in a material
according to the invention and in a reference material,

Fig. 4 shows a number of tempering curves, which illustrate the influence of the
austenitising and the tempering temperatures on the hardness of a steel according
to the invention, '

Fig. 5 shows a number of tempering curves which illustrate the influence of the
austenitising and tempering temperatures on the hardness of a steel according to
the invention and of two examined reference materials,

Fig. 6 shows CCT-diagrams, which illustrate the hardenability of a steel according to
the invention and of a reference steel,

Fig. 7 shows the influence of heat treatment and dimensions of the articles on the
ductility of some examined materials, and

Fig. 8 in the form of a bar chart illustrates the abrasive wear resistances of a steel
according to the invention and of a reference steel.

DESCRIPTION OF PERFORMED TESTS

Materials

The material — the steel/the article — according to the invention may have the following
nominal, chemical composition in weight-% according to a preferred embodiment: 1.60
C, 0.25 Si, 0.75 Mn, < 0.020 P, < 0.060 S, 5.00 Cr, 2.30 Mo, 7.30 V, < 0.005 Ni, <
0.005 Ti, < 0.30 Ni, <0.25 Cu <0.020 Al £0.10 N balance iron and other impurities
than the above mentioned. The performed tests aim at evaluating a material which
closely corresponds with the above nominal composition, by comparing the material
with some known reference materials which represent closest prior art.

The chemical compositions of the materials which are included in the test series are
given in Table 1. Steel No. 1 has a composition according to the invention. This steel
has been manufactured according to the so called spray forming technique, which also is
known as the OSPRAY-method, according to which an ingot, which rotates about its
longitudinal axis, successively is established from a molten material which in the form
of drops which are sprayed against the growing end of the ingot that is produced
continuously, the drops being caused to solidify comparatively rapidly once they have
hit the substrate, however not as fast as when powder is produced and not as slow as in
connection with conventional manufacturing of ingots or in connection with continuous
casting. More specifically, the drops are caused to solidify so rapidly that formed MC-
carbides will grow to the desired size according to the invention. The spray-formed
ingot of steel No. 1 had a mass of about 2380 kg. The diameter of the ingot was about
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500 mm. The spray-formed ingot was heated to a forging temperature of 1100°C-
1150°C and was forged to the shape of blanks having the final diamention @ 330, 105,
and 76.5 mm, respectively.

Table 1 gives the analyzed composition of the spray-formed ingot according to the
invention, steel No. 1, and of the analyzed composition of a commercially available
steel, steel No. 2. Steel No. 3 is the nominal composition of the last mentioned steel
according to the specification of the manufacturer. Steel No. 4 states the composition of
still another commercially available steel. Steels No. 2, 3 and 4 are powder metallurgy
manufactured steels. Besides the elements stated in Table 1, the steels only contain iron
and other, unavoidable impurities than those which are stated in the Table.
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In the studies which shall be described in the following, steels No. 1 and 2 were tested

with reference to

e micro-structure

o hardness versus austenitising and tempering temperature
¢ hardenability

o ductility

e abrasive wear resistance

As a comparison there has in one of the studies — the hardness versus austenitising and
tempering temperature — also been included information concerning steel No. 4

according to the specifications of the manufacturer.

Micro-structure

Fig. 1 shows a scanning electron microscopical picture of the micro-structure of a rod
having the dimension @ 105 mm made of steel No. 1. The material was hardened from
Ta =1050°C/30 min and tempered at 525°C/2 x 2 h to a hardness of 56 HRC. Fig. 2
shows the micro-structure of steel No. 2, which had the shape of a rod with the
dimension @ 75 mm, after hardening from T, = 1060°C/60 min + tempering 525°C/2 x
2 h to a hardness of 54.5 HRC. Primary carbides of MC-type could be observed in the
spray-formed material, Fig. 1, where M substantially consists of vanadium. The great
majority of the carbides had sizes within the range of about 1-20 um. The size
distribution, however, was considerable as is shown by the bar chart in Fig. 3. The main
part of the carbide volume thus represents carbide sizes between 2.0 and 10.0 pm and
within that range there is a clear tendency that the carbides typically, i.e. the main part
of the carbides with reference to volume, have a size between 3.0 and 7.5 um. The total
carbide volume was determined by the manual point counting method in a scanning
electron microscope tobe 13.1 vol-% MC-carbides in steel No. 1 and to be 15.4 vol-%
in steel No. 2, respectively. In steel No. 2, however, the micro-structure was of a type
which is typical for powder metallurgy manufactured steels, which means that all
carbides were very small, max. about 3 um. The great majority of the carbides had sizes
within the range 0.5-2.0 pm and were evenly distributed in the matrix of the steel
independent of the heat treatment. This can be observed visually by studying the micro
photograph, Fig. 2, and is also evident from the bar chart in Fig. 3. The bar chart shows
that the great majority of the MC-carbides in steel No. 2 had sizes between 0.5 and 2.0
um.
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Hardness afier heat treatment

The blanks which were made of steel No. 1 had a hardness (Brinell hardness) of 190-
230 HB, typically about 200-215 HB in the soft annealed condition, independent of the
dimensions of the blanks. The hardness of steel No. 2 was somewhat higher in the soft
annealed condition; about 235 HB.

The influence of the tempering temperature on the hardness of steel No. 1 of two blanks
which had different dimensions, @ 105 mm and @ 330 mm, after austenitising at
different temperatures between 1000 and 1150°C is shown in Fig. 4. The highest
hardness was reached after austenitising at 1150°C and tempering at 550°C, 2 x 2 h. The
lowest hardness was achieved after hardening from 1000°C. The curves in the diagram
in Fig. 4 also show that a desired working hardness between 45 and 60 HRC can be
achieved through choice of a tempering temperature between 525 and 650°C after
hardening from temperatures between 1000 and 1150°C. The difference in hardness
between the two dimensions @ 105 mm and @ 330 mm, lies within the marginal of error
of the hardness measurement.

Fig. 5 illustrates the difference in response to tempering between steels No. 1 and No. 4.
The curve of steel No. 2 is based on only two points. The curves in the diagram show
that steel No. 1 gives a higher hardness than at least steel No. 4 afier hardening from
essentially the same austenitising temperatures. The tempering resistance of steel No. 1
also was better than that of steel No. 4. The article made of steel No. 1 consisted of a
blank with the dimension @ 105 mm.

Hardenabilit
The hardness of steels No. 1 and No. 2 versus the required time for cooling from 800 to

500°C is shown graphically in Fig. 6. From that chart can be stated that the
hardenability of the spray-formed material No. 1 was definitely better than that of the
powder metallurgy manufactured material No. 2 which had a higher content of
vanadium and MC-carbides.

Toughness

The impact energy was measured using un-notched test specimens after hardening from
1050°C/30 min + 1150°C/10 min for steel No. 1 and varying tempering temperatures,
and after hardening from 1060°C/60 min + 540°C/2 x 2 h and 1180°C/10 min + 550°C/2
x 2 h for steel No. 2 for varying rod dimensions of the two steels. The test specimens
were taken in the centre of the rods in the most critical direction, i.e. the transversal
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direction. The results are apparent from Fig. 7, which shows that the ductility is slightly
reduced when the hardness is increased, but generally speaking the ductility of the two
steels is equally good. The impact energy at all measurements exceeded 10 J for all test
specimens in the transversal direction, which satisfies the criteria of acceptable impact
toughness as far as the intended fields of application of the article of the steel are

concerned.

Abrasive wear

The wear resistance was examined in the form of a pin-to-pin test using SiOz as an
abrasive agent. As far as the dimensions and heat treatments of the examined materials
are concerned the following applies.

Steel No. 1, © 105 mm
a) 1050°C/30 min + 600°C/2 x 2 h; 48,7 HRC
¢) 1050°C/30 min + 525°C/2 x 2 h; 55,9 HRC

Steel No. 2, @ 75mm
b) 1060°C/60 min + 540°C/2 x 2 h; 54,7 HRC
d) 1180°C/10 min + 550°C/2 x 2 h; 58,7 HRC

The results are apparent from the bar chart in Fig. 8. This chart illustrates that the
materials No. 1 according to the invention, the bars a and ¢, in spite of a lower hardness
and a lower total volume content of carbide, exhibited a wear resistance which was
equally good as that of the comparative materials No. 2, the bars b and d.

DISCUSSION

The described experiments show that of the steel according to the invention there can be
made articles having a very high wear resistance, which can be attributed in the first
place to the material’s content of MC-carbides in a sufficient amount and of a suitable
size. Another important factor is the hardenability of the steel, which is very good and
better than that of comparable steels. Hardnesses between 45 and 60 HRC adapted to
the intended use of the material can be achieved through choice of austenitising and/or
tempering temperature at the same time as an excellent wear resistance is maintained.
The invention thus affords a pronounced flexibility as far as adaptability of the
usefulness of the steel for different applications is concerned, through choice of a
suitable heat treatment. Another important factor for the feasibility of the steel is its



WO 02/086177 PCT/SE02/00714

10

15

20

25

30

12

manufacturing, which is based on the spray-forming technique, which is essentially
more economical than powder metallurgy manufacturing.

Tt should also be realized that the article according to the invention may have any
conceivable shape, including spray formed ingots, blanks in the form of, e.g., plates,
bars, blocks, or the like, which normally are delivered by the steel manufacturer in the
soft annealed condition with a hardness of 190-230 HB, typically about 200-215 HB to
the customers for machining to final product shape, as well as the final product which
has been hardened and tempered to intended hardness for the application in question.
Depending on the desired hardness for the intended application, the following heat
treatments may be suitable:

o for maximal toughness: 1050°C/30 min + 590°C/2 x 2 h, which gives about 50
HRC

o for optimal combination of toughness and wear resistance: 1120°C/15 min +
540°C/2 x 2 h, which gives about 56 HRC

o for maximal wear resistance: 1150°C/10 min + 540°C/2 x 2 h, which gives about
ca. 60 HRC.

The experiments thus have shown that the material according to the invention has a
number of favourable features as compared with the reference materials:

o higher hardness after a comparable heat treatment

e better wear resistance

e at least equally good wear resistance

e better hardenability

e comparable toughness in the most critical direction; the transverse direction
e lower production costs
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CLAIMS

1. Steel article, characterized inthatit consists of an alloy which contains in

weight-%;

1.2-2.0C

0.1-1.5 Si

0.1-2.0 Mn

max 0.2 N

max 0.25 S

4-8 Cr

0.5-3.5 Mo+W/2)
5-8V

balance essentially only iron and unavoidable impurities, and that the steel has a micro-
structure obtainable by a manufacturing of the steel which comprises spray forming of
an ingot, the micro-structure of which contains 8-15 vol-% carbides of essentially only
MC-type where M substantially consists of vanadium, of which carbides at least 80 vol-
% have a substantially rounded shape and a size in the longest extension of the carbides
amounting to 1-20 ym.

2. Article according to claim 1, characterized inthat it consist of an alloy which
contains in weight-%:

1.2-2.0C

0.1-1.5 Si

0.1-2.0 Mn

max 0.2 N

max 0.25 S

4-8 Cr

0.5-3.5 (Mo+W/2)
5-8V

max. 1.0 Nb

balance essentially only iron and unavoidable impurities.

3. Article according to claim2, characterized inthat it contains max. 0.5 Nb.



WO 02/086177 PCT/SE02/00714

10

15

20

25

30

35

14

4. Article according to claim 3, characterized inthat it contains max. 0.3 Nb.
5. Article according to claim 4, characterized inthat it contains max. 0.1 Nb.

6. Article according to claim 5,characterized in that it has not contain any

intentionally added niobium.

- 7. Article according to claim 1, characterize d inthat the micro-structure

contains 10-14.5 vol-% MC-carbides, of which the main part with reference to volume
has a size in the longest extensions of the carbides larger than 3.0 pm and max. 10 pm.

8. Article according to claim 7, characterized inthat it after hardening and
tempering has a hardness of 45-60 HRC.

9. Article according to claim 8, characterize d inthat the martensitic matrix of
the steel after hardening and tempering contains 0.1-0.5 weight-% C in solid solution.

10. Article according to any of claims 1-9, characterized in that the total content
of C in the steel is at least 1.3 %, preferably at least 1.4 %.

11. Article according to any of claims 1-10, characterized inthat the total
content of C in the steel is max. 1.9 %, preferably max. 1.8 %.

12. Article according to any of claims 1-11, characterized inthat the steel
contains 0.1-1.0 Si, preferably max. 0.65 % Si.

13. Article according to any of claims 1-12, characterized inthat the steel
contains 0.2-1.5 Mn.

14. Article according to any of claims 1-13, characterized inthat the steel
contains at least 4.2 % Cr.

15. Article according to any of claims 1-14, characterized inthat the steel
contains max. 6.5 % Cr.
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16. Article according to claim 15, characterized in that the steel contains 4.5-5.5
% Cr.

17. Article according to any of claims 1-15, characterized in that the steel
contains at least 6.0 % V.

18. Article according to any of claims 1-17, characterized inthat the steel
contains max. 7.8 % V.

19. Article according to claim 17 and 18, characterized inthat the steel contains
6.8-76% V.

20. Article according to any of claims 1-20, characterized inthat that steel does
not contain more than max. 0.04 Nb.

21. Article according to any of claims 1-20, characterized in that the steel
contains at least 1.5 % Mo.

22. Article according to any of claims 1-21, characterized inthat that steel
contains 1.8-2.8 % Mo.

23. Article according to any of claims 1-22, characterized inthat that steel does
not contain more than max. 1.0 % W, preferably max. 0.5 % W.

24. Article according to any of claims 1-23, characterized in that the steel does
not contain more than max. 0.15 S, preferably max. 0.08 S.

25. Article according to any of claims 8-24, characterized inthatit after
hardening from an austenitising temperature in the temperature range 1000-1150°C and
tempering at a temperature in the temperature range between 590-640°C, 2 x 2 h, has a
hardness of 48-53 HRC.

26. Article according to any of claims 8-24, characterized inthat it after
hardening from an austenitising temperature in the temperature range 1000-1150°C and
tempering at a temperature in the temperature range between 540-610°C, 2 x 2 h, has a
hardness of 54-58 HRC.
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27. Article according to any of claims 8-24, characterized inthat it after
hardening from an austenitising temperature in the temperature range 1050-1150°C and
tempering at a temperature in the temperature range between 540-580°C, 2 x 2 h, has a
hardness of 58-60 HRC.
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