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1
COLD WORK STEEL AND COLD WORK TOOL

TECHNICAL FIELD

The invention concerns a cold work steel i.e. a steel intended to be used for working
materials in the cold condition of the material. Punches and dies for cold forging and
other cold-pressing tools, cold-extrusion tools and thread rolling dies, but also cutting
tools, e.g. knives, such as sharing knives for cutting sheet, circular cutters, and the like
are typical examples of the use of the steel. The invention also concerns the use of the

steel for the manufacturing of cold work tools as well as tools made of the steel.

BACKGROUND OF THE INVENTION
It is the purpose of the invention to provide a cold work steel which be used inter afia
for the above applications and which therefore should have the following features:

¢ Good ductility/toughness

e Good hardenability allowing through hardening in connection with conventional
hardening in a vacuum furnace of products with thicknesses up to at least 300
mm,

* Adequate hardness, at least 60 HRC, after hardening and high temperature
tempering, which gives a high resistance against plastic deformation and, at
least as far as certain applications are concerned, also an adequate wear
resistance without nitriding or surface coating with titanium carbide and/or
titanium nitride or the like by means of e.g. PVD- or CVD-technique,

e Good tempering resistance in order to allow nitriding or surface coating with
titanium carbide and/or titanium nitride or the like by e.g. any of said techniques
without reduction of the hardness of the material, for applications which require

particularly good wear resistance of the tool.

Other important product features are:
* Good dimension stability during heat treatment,
* Long fatigue life,
« Good grindability, machinability, spark machinability, and polishability.

Specifically, the invention aims at providing a matrix steel which can be employed for
the above applications, i.e. a steel which in its in use condition is essentially void of
primary carbides and which in the in use condition has a matrix consisting of tempered
martensite.

WORKIRNC page 129 Aug 06.doc
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DISCLOSURE OF THE INVENTION

According to the invention, there is provided cold work steel, essentially void of primary
carbides, after hardening and high temperature tempering at 500-600°C, and after being hot
worked, having a hardness of 60-63 HRC and a ductility in the transverse direction greater than
50J, wherein the steel has the following chemical composition in weight-%:

0.60-0.85 C

from traces to 0.3 (Si+Al)

0.1-2.0 Mn

4.5-55Cr

w
1.5-2.6 (M0+7), however max. 1.0 W

0.42-0.65 V
max. 0.1 of each of Nb, Ti, and Zr
max. 2.0 Co
max. 2.0 Ni

balance essentially only iron and unavoidable impurities.

21 umcn03
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As far as the individual elements of the steel alloy and their mutual interaction are

concerned, the following applies.

The steel of the invention shall, as above mentioned, not contain any primary carbides
or only an extremely low content of primary carbides, i.e. be essentially void of primary
carbides, but nevertheless have a wear resistance wlich is adequate for most
applications. This can be achieved by an adequate hardness within the range 57-63
HRC, suitably 60-62 HRC, in the hardened and high temperature tempered condition of
the steel, at the same time as the steel shall have a very good toughness. In order to
achieve this, the steel contains carbon and vanadium in well balanced amounts. Thus the
steel contain at least 0.60 %, preferably at least 0.63 %, and suitably at Jeast 0.68 % C.
Further the steel should contain at least 0.30 %, preferably at least 0.35 %, and suitably
ul loast 0.42 % V. This makes it possible thet the martensitic matriy in the hardened and
tempered condition of the steel will contain sufficient amount of carbon in solid solution
in order to give said hardness to the matrix, and also that an adequate amouat of
secondarily precipitated, very small, hardness increasing vanadium carbides will be
formed in the matrix of the steel. Moreover, very small, primary precipitated vanadium
carbides exist in the steel, which contribute to the prevention of grain growth during the
heat treatment. Any other carbides than vanadium carbides should not exist. In order to
achieve said conditions, the steel must not contain more than 0.85 %, preferably max.
0.80 %, and suitably max. 0.78 % C, while the vanadium content may amount to max.
0.65 %, preferably max. 0.60 %, and suitably max. 0.55 %. Nominaily, the steel
contains 0.72 % C and 0.50 % V. The content of carbon in solid solution in the
hardened and high temperature tempered condition of the steel nominatly amounts to

about 0.67 %.

Silicon exists at least in a measurable amount as a residual element from the
manufacturing of the steel and is present in an amount from traces up to max. 1.5 %.
Silicon, however, impairs the toughness of the steel and should therefore not exist in an
amount exceeding 1.0 %, preferzbly max. 0.5 %. Normally, silicon exists in a minimum
amount of at least 0.05 %. An effect of silicon is that it increases the carbon activity in
the steel and therefore contributes to affording the steel a desired bardness. Another
positive effect of silicon is that it may improve the machinability of the steel, Therefore
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it may be advantages that the steel contains silicon in an amount of at least 0.1 %.
Nominally the stecl contains 0.2 % silicon.

Aluminium to some extent may have the same or similar effect as silicon at least in a
steel of the present type. Both can be used as oxidation agents in connection with the
manufacturing of the steel. Both are ferrite formers and may provide a dissolution
hardening cffeet in the matrix of the steel. Silicon therefore may be partly replaced by
aluminium up to an amount of max. 1.0%. Aluminium in the steel, however, makes it
necessary that the steel is very well deoxidised and has a very low content of nitrogen,
because aluminium oxides and aluminium nitrides otherwise would form, which would
reduce the ductility/toughness of the steel considerably. Therefore, the steel should
normally not contain more than max., 1.0% Al preferably max. 0.3%. In a preferred
embodiment, the steel contains max. 0.1% and most conveniently max. 0.03% AL

Manganese, chromium and molybdenum shall exist in a steel in a sufficient amount in
order to give the steel an adequate hardenability. Manganese also has the function of
binding the extremely low contents of sulphur which may exist in the steel to form
manganese sulphides. Manganese therefore, shall exist in an amount of 0.1-2.0%,
preferably in an amount of 0.2-1.5%. Suitably, the steel contains at least 0.25% and
max. 1.0% manganese. A nominal manganese content is 0.50%.

Chromium shall exist in a minimum amount of 3.0%, preferably at least 4.0% and
suitably at least 4.5% in order to give the steel a desired hardenability when the steel
contains manganese and chromium in amounts which are characteristic for the steel.
Maximally, the steel may contain 7.0%, preferably max. 6.0% and suitably max. 5.5%
chromium.

Also molybdenum shall exist in an adequate amount in the steel in order to afford,
together with in the first place chromium, the steel a desired hardenability and also to
give it a desired secondary hardening. Molybdenum in too high contents, however,
causes precipitation of MG6C catbides, which preferably should not exist in the steel.
With this background, the steel therefore shall contain at least 1.5% and max. 4.0% Mo.
Preferably, the steel contains at least 1.8% and max. 3.2% Mo, suitably at least 2.1%
and max. 2.6% Mo in order that the steel shall not be caused to contain undesired M6C
carbides at the cost of and/or in addition to the desired amount of MC carbides.
Molybdenum in principal completely or partly may be replaced by tungsten for the
achievement of a desired hardenability, but this requires twice as much tungsten as
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molybdenum which is a drawback. Also recirculation of scrap which is produced in
connection with the manufacturing of the steel is made more difficult if the steel
contains substantial contents of tungsten. Therefore, tungsten should not exist in an
amount of more than max. 1.0%, preferably max. 0.3%, suitably max. 0.1%. Most
conveniently, the steel should not contain any intentionally added amount of tungsten,
which in the most preferred embodiment of the steel should not be tolerated more than
as an impurity in the form of a residual element emanating from used raw materials for
the manufacturing of the steel.

Tn addition to the said elements, the steel normally need not contain any further,
intentionally added alloy elements. Cobalt, for example, is an element which normally
is not required for the achievement of the desired features of the steel. However, cobalt
may optionally be present in an amount of max. 2.0%, preferably max. 0.7%, in order to
further improve the tempering resistance. Normally, however, the steel does not contain
any cobalt exceeding impurity level. Another element which normally need not exist in
the stecl, but which optionally may be present, is nickel, in order to improve the
ductility of the steel. At too high contents of nickel, however, there is a risk of
formation of retained austenite. Therefore the nickel content must not exceed max.
2.0%, preferably max. 1.0%, suitably max. 0.7%. If an effective content of nickel is
considered to be desired in the steel, the content e.g. may amount to 0.30-0.70%,
suitably to about 0.5%. In a preferred embodiment, when it is considered that the steel
has a sufficient ductility/toughness also without nickel, the steel, in relation to cost
reasons, should not contain nickel in amounts exceeding that content of nickel which the
steel unavoidably will contain in the form of an impurity from used raw materials, i.c.
less than 0.30%.

Further, the steel in a manner per se, can optionally be alloyed with very small contents
of different elements in order to improve the features of the steel in various respects,
e.g. its hardenability, or for facilitating the manufacturing of the steel. For example, the
steel may optionally be alloyed with boron in contents up to about 30 ppm in order to
improve the hot ductility of the steel.

Other elements, on the other hand, are explicitly undesired. Thus, the steel does not
contain any other strong carbide formers than vanadium. Niobium, titanium, and
Zirconium, for example, are explicitly undesired. Their carbides are more stabile than
vanadium carbide and require higher temperature than vanadium catbide in order to be
dissolved at the hardening operation, While vanadium carbides begin to be dissolved at
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1000°C and are in effect completely dissolved at 1100°C, niobium carbides do not start
to be dissolved until at about 1050°C. Titanium carbides and zirconium carbides are
even more stabile and do not start to be dissolved until temperatures above 1200°C are
reached and are not completely dissolved until in the molten condition of the steel.
Strong carbide and nitride formers other than vanadium, particularly titanium,
zirconium, and niobium, therefore must not exist in amounts above 0.1%, preferably
max. 0.03%, suitably max. 0.010%. Most conveniently, the steel does not contain more
than max. 0.005% of each of said elements. Also the contents of phosphorus, sulphur,
nitrogen and oxygen are kept at a very low level in the steel in order to maximise the
ductility and toughness of the steel. Thus, phosphorus may exist as an unavoidable
impurity in a maximum amount of 0.035%, preferably max. 0.015%, suitably max.
0.010%. Oxygen may exist in a maxima!l amount of 0.0020% (20 ppm), preferably max.
0.0015% (15 ppm), suitably max. 0.0010% (10 ppm). Nitrogen may exist in an amount
of max. 0.030%, preferably max. 0.015%, suitably max. 0.010%.

If the steel is not sulphurised in order to improve the machinability of the stecl, the steel
contains max. 0.03% sulphur, preferably max. 0.010% S, suitably max. 0.003% (30
ppm) sulphur, However, one may conceive to improve the machinability of the steel by
intentional addition of sulphur in an amount above 0.03%, preferably above 0.10% up to
max. 0.30% sulphur. If the steel is sulphurised, it may in 2 manner known per se also
contain 5-75 ppm Ca and 50-100 ppm oxygen, preferably 5-50 ppm Ca and 60-90 ppm
oxygen.

During the manufacturing of the steel, there are produced ingots or blanks having a
mass exceeding 100 kg, preferably up to 10 tons and thicknesses exceeding about 200
mm, preferably up to at least 300 or 350 mm. Preferably, conventional melt
metallurgical manufacturing is employed via ingot casting, suitably bottom casting.
Also continuous casting may be employed, provided it is followed by recasting to
desired dimensions according to above, e.g. by ESR remelting. Powder metallurgy
manufacturing or spray forming are unnecessarily expensive processes and do not give
any advantages which motivate the cost. The produced ingots are hot worked to desired
dimensions, when also the cast structure is broken down.

The structure of the hot worked material can be normalised in difforent ways by heat
treatment in order to optimise the homogeneity of the material, e.g. by homogenisation
treatment at high temperature, suitably at 1200-1300°C. The steel is normally delivered
by the steel manufacturer to the customer in the soft annealed condition of the steel;
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hardness about 200-230 HB, normally 210-220 HB. The tools are normally
manufactured by machining operations in the soft annealed condition of the steel, but it
is also conceivable per se to manufacture the tools by conventional machining
operations or by spark machining in the hardened and tempered condition of the steel.

The heat treatment of the manufactured tools is normally carried out by the customer,
preferably in a vacuum furnace, by hardening from a temperature between 950-1100°C,
suitably at 1020-1050°C, for complete dissolution of existing carbides, for a period of
time between 15 min to 2 h, preferably for 15-60 min, followed by cooling to 20-70°C,
and high temperature tempering at 500-600°C, suitably at 520-560°C.

In the soft annealed condition of the steel, the steel has a ferritic matrix containing
evenly distributed, small carbides, which may be of different kind. In the hardened and
not tempered condition, the steel has a matrix consisting of untempered martensite. In
terms of calculation by known theoretical calculations, the steel at equilibrium contains
about 0.6 vol-% MC carbides. At high temperature tempering, an additional
precipitation of MC carbides is obtained, which affords the steel iis intended hardness.
These carbides have a sub microscopic size. The amount of carbides is therefore
impossible to state by conventional microscopic studies. If the temperature is increased
too much, the MC carbides are caused to be more coarse and become instable, which
instead causes rapidly growing chromium carbides to be established, which is not
desired. For these reasons, it is important that the tempering is performed at the above
mentioned temperatures and holding times as far as the alloy composition of the steel of
the invention is concerned.

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

BRIEF DESCRIPTION OF DRAWINGS

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

Fig. 1-Fig. 5 concern investigations of steels manufactured at a laboratory scale, where
Fig. 1 is a chart illustrating the influence of the tempering temperature on the examined
steels,

Fig. 2 is a chart illustrating the hardenability of the examined steels,
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Fig. 3 is a chart illustrating the ductility in terms of impact toughness of examined
materials versus the hardness of samples hardened in a vacuum furnace at different
cooling times,

Fig. 4 isabar chart showing the ductility and the hardness of examined steel after a
specific heat treatment, and

Fig. 5 is a chart illustrating the hot ductility of examined steels in the cast and forged
condition, respectively, of the steel, and

Fig. 6 and Fig. 7 concern examinations of steels manufactured at a production scale,
where Fig. 6 illustrates the ductility of samples of examined steels, taken in some
different positions in manufactured bars, and

Fig. 7 shows the microstructure of a steel according to the invention after heat
treatment.

DESCRIPTION OF PERFORMED EXPERIMENTS

Experiments at a laboratory scale

Materials

Four steel alloys were manufactured in the form of laboratory ingots having a mass of
50 kg. The chemical compositions are given in Table 1. The sulphur content could not
be maintained at a desirably low level because of the limitations of the manufactuting
technique. The content of oxygen and of other impurities than those which are given in
the table have not been analysed. The following process sequence was applied:
homogenisation treatment for 10 h at 1270°C/air, forging to 60x60 mm, regeneration
treatment 1050°C/2h/air, and soft annealing 850°C/2h, cooling 10°C/h to 600°C, then
free in air.

-10-
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The above materials were examined with reference to hardness after soft annealing,
micro-structure after different heat treatments, hardness after hardening and tempering,
hardenability, jmpact toughness, wear resistance, and hot ductility. These investigations
are reported in the following. Moreover, theoretical equilibrium calculations were
carried out by the Thermo-Cale method with reference to the content of dissolved
carbon and carbide fraction at the indicated austenitising temperaturc for the steels
having the aimed compositions according to table 2.

Table 2
Chemical composition, weight-%, of Thermo-Calc-studied alloys

Steel C Si Mn P S Cr Mo \4

072 100 075 10.02 10.005 |2.60 225 10.50

071 [0.20 050 10.02 10005 |5.00 [230 |0.55

0.74 |1.00 |0.50 [0.02 [0.005 [5.00 (230 |0.55

0 [~ | (W

0.65 [1.50 1040 {0.02 |0.005 |420 (280 ([1.80

The content of dissolved carbon at the austenitising temperature, T, and vol-% MC at
T are stated in table 3 below.

Table3
T, (°C) % Cvid T, vol-% MC vid T,
5 1050/30 min 0.63 1.01
6 1050/30 min 0.65 0.72
7 1050/30 min 0.64 1.04
8 1150/10 min 0.38 2.87
Soft annealed hardness

The soft annealed hardness, Brinell hardness (HB), of the examined alloys 1-4 is given
in table 4.

-12-
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Table 4

Soft annealed hardness
Steel Hardness (HB)
1 218

2 208

3 217

4 22

Micro-structure

The micro-structure was examined in the soft annealed condition after heat treatment to
60-61 HRC. These studies evidenced that the micro-structure in the hardened and
tempered condition consisted of tempered martensite, Primary carbides oceurred only in
steel 4. These carbides were of type MC. Any titanium carbides, -nitrides and/or -
carbonitrides were not detected in any alloy.

Hardening and tempering

The steels 1-3 were austenitised at 1050°C/30 min and stec! 4 was austenised at
1150°C/10 min, air cooled to ambient temperature and annealed twice at different
tempering temperatures, each time for 2 hours. The influence of the tempering
temperature on the hardness is shown in Fig. 1. This figure indicates that the steels 2
and 3 have a potentiality to attain a desired hardness after high temperature tempering at
500-600°C, preferably at 520-560°C, suitably 520-540°C. An optimum for maximal
hardness is achieved by tempering 2t a temperature of about 525°C as far as the steels 2
and 3 are concerned. This is particularly important for matrix steels, which require
nitriding or surface coating at a temperature in the order of 500°C or higher for the
achievement of a wear resistance which is required for certain tool applications. At
these temperatures, it is thus achieved a pronounced secondary hardening due to the
precipitation of MC-carbides. As is apparent from the chart in Fig. 1, hardness
exceeding 60 HRC is guaranteed by tempeting even up 10 about 580°C, which is
advantageous, because it makes it possible to perform the surface coating within a rather
wide temperature range without causing the hardness of the tool to be too low. Ifa
higher hardness is aimed at, more carbone and more carbide forming element must be
added to the alloy. This, however, would cause a risk for the formation of primary
carbides, which can not be dissolved by annealing, This is exemplified by steel 4, which
requires a very high austenitising temperature, which causes a number of drawbacks;
requirernent of an unconventional hardening technique applied by the tool maker,

hardening tensions, dimension changes, and 1isk of fissures.

-13-
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Hardenability

A comparison of the hardenability of the examined alloys 1-4, employing plotied data
from CCT-diagrams, is shown in Fig. 2. As is shown by the diagram, steel No. 2 has the
best hardenability, but also steel No. 3 has better conditions for the formation of
martensite when the steel is slowly cooled from the austenitising temperaturc in
comparison with steel No. 1 and definitely in comparison with steel No. 4.

Ductility

The ductility in terms of absorbed impact energy for un-notched test rods at 20°C,
hardened in a vacuum furnace at different cooling times, and tempered to different
hardnesses, is shown in Fig. 3. The best toughness, when the hardness exceeded 60
HRC was achieved for steel No. 2, and this effect was even more pronounced when the
hardness exceeded 61 HRC. In order further to analyse the toughness conditions at the
said hardnesses, the steels 1-4 were also compared in a bar chart, Fig. 4. In this case, the
steels 1-4 were cooled from the above mentioned austenitising temperature during 706
seconds from 800°C to 500°C, and, after continued cooling to room temperature, the
steels were tempered at 525-540°C/2x2 h. Fig. 4 shows that the best toughness, when
the hardnesses were comparable, was achieved with steel 2.

Hot ductility

The hot ductility is an important parameter for, among other things, the production
economy of a steel. Hot ductility tests were performed after homogenisation treatment
for 10 h at 1270°C/air of steels in the cast and forged condition, respectively. For the
forged condition, also regeneration treatment at 1050°C/2h and sofi annealing are
applied. The holding time at the test temperature was 4 min, except for steel 1 and 3 in
their cast conditions, and for temperatures equal or higher than 1200°C for forged
materials. The rcason for this is that these two steels wete heavily oxidised, which made
a correct measuring of the area contraction impossible. Steel 2, which had a low silicon
content, on the other hand, did not give rise to any noteworthy oxidation. This steel also
had a better hot ductility than steels No. 1 and 3 in the cast as well as in the forged
conditions. About 50°C higher test temperature could be allowed for steel 2. The results
are illustrated in Fig, 5.
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Abrasive wear

The wear resistance was examined via pin-against-disc test with Si02 as an abrasive
ywear agent. Steel 4 had the best wear resistance, The other steel alloys were equally
good.

DISCUSSION

Comparative studies of the examined steels were carried out for the evaluation of the
above reported results. Table 5 shows the content of dissolved carbon, weight-%, and
the content of MC-carbides, vol-%, at 1050°C, when equilibrium is assumed to apply
for the steels 1-3 and 5-7, and at 1150°C for the steels 4 and 8. The values of the aimed
compositions of the steels 5-8 are given as a reference in the table. It is noticeable that
steel 2 has a substantially lower MC-content than the intended content because the
vanadium content is lower than according to the nominal composition of that steel, steel
6 which contained 0.65 vol-% MC at Ta.

Table §

The content of dissolved carbon, weight-%, and carbon fraction, vol-%, at the indicated
austenitising temperature for the examined alloys 1-4 in comparison with the aimed
compositions 5-8 of these alloys.

Steel | Optimal T, (°C) %CatT, %MCatT,
5 1050/30 min 0.64 0.89
1 1050/30 min 0.60 0.87
6 1050/30 min 0.65 0.65
2 1050/30 min 0.66 032
7 1050/30 min 0.65 097
3 1050/30 min 0.63 0.95
8 1150/30 min 037 2.83
4 1150/30 min 0.30 271

A comparison of the features of the examined alloys 1-4 is given in table 6. In this table
the alloys have been afforded marks varying between 1-4, were 1=lowest and 4 = best.
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Table 6
Comparison of features of examined steel
Steel No: 1 2 3 4
Hardenability 2 4 3
Dimension stability
at heat treatment 2 4 3 1
Hardness after high- |4 4 4 4 (however only after hardening from high
temperature temperature)
hardening
Ductilitet/Toughness |2 4 3 1
Wear resistance 2 2 2 4
Fatigue life 4 4 4 2
Pressure strenght 4 4 4 4
Grindability 4 4 4 2
Machineability 4 3 4 2
Spark machineability |4 4 4 4
Polishability 4 4 4 3
Production economy |3 4 4 2

As is apparent from table 6, steel No. 2 has a betier combination of features than the
other examined and evaluated materials. Particularly, it is better as far as the most
important product features are concerned. Possibly, the lower content of MC-carbides is
an unfavourable aspect of steel 2, because it might reduce the resistance against grain
growth, It is therefore an experience of the experiments that the vanadium content
should be increased from nominally 0.40% to 0.50% in order to give a wider margin
against grain growth during heat treatment. The experiments also indicate that an
narrow range exists for the vanadium content for the provision of a desired resistance
against grain growth without causing the carbide content to be too high with reference
to the toughness of the steel and also that the carbon content should be increased to
nominally 0.72% and be maintained within a rather narrow range about that content for
the provision of 60-62 HRC after heat treatment. The contents of P, 8, N, and O should
be kept at a very low level in order to maximise ductility and toughness. Other carbide-
and nitride formers such as Ti, Zr, and Nb should most conveniently be restricted to
max, 0.005%. Against this background, a cold work steel according to the invention
should have the nominal composition given in table 7.
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Table 7
Nominal composition, weight-%, of a steel according to the invention, steel No. 9, and
amount of dissolved C and amount of carbides, vol-%, at 1050°C

C Si |Mn |P S C |Mo |V IN o] C* | MC*

vol-%

0.72 1020 [0.50 |<0.010 |0.0010 |50 {230 [0.50 [<0.010 [<0.0010 [0.67 |0.6

Balance iron and anavoidable impurities
* Theoretically calculated at equilibrium according to the Thermo-Cale method.

Experiments at a production scale

A 65 ton production heat was manufactured in an electric arc furnace, the aimed
composition of the heat corresponding to steel No. 9 according to table 7. A number of
ingots were made of the molten metal, and the ingots were forged to the shape of bars
having different dimensions, including bars with the dimensions & 330 mm and & 254
mm, respectively, steel No. 10 and No. 11 in table 8. In the same table, also the
chemical composition of a reference material, steel No. 12, is given, That material had
the shape of a forged bar with the dimension & 330 mm. In table 8, not only phosphorus
and sulphur are impurities. Also tungsten, cobalt, titanium, niobium, copper, aluminium,
nitrogen, and oxygen in the given amounts are impurities. Other impurities are not
indicated but lie below allowed levels. The balance was iron.

Test rods were taken out from the manufactured bats. Fig. 7 shows the microstructure of
the steel in a sample taken in the centre of the bar of steel No. 11. The sample was
hardened by austenitising at 1025°C/30 min, air cooling and subsequently annealed at
525°C/2x2 h. As is apparent from the figure, the steel had an even microstructure
consisting of tempered martensite without any primary catbides.

The ductility was investigated by impact tests performed on un-notched test rods taken
from the bars in the most critical positions and the most critical direction, respectively.
The test rods of steel No. 10 and No. 11 were hardened to 61.0 HRC (Rockwell
hardness), and 60.5 HRC, respectively, by austenitising at 1025°C/30 min air cooling
and tempering at 525°C/2x2 h. The samples of steel No. 12 were hardened to 60.2 HRC
by austenitising at 1050°C/30 min, air cooling and tempering at 550°C/2x2 h. The
absorbed impact energies are shown in the bar chart in Fig. 6. In the chart, the
denominations CR1 and CR2 are employed, where
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CR1 means test rod from round bar, taken in the surface of the bar in the longitudinal
direction of the bar and with the impact direction in the square direction of the bar (next
most unfavourable conditions), and

CR2 means test rod from round baz, taken in the centre of the bar and in other respects
according to CR1 (most unfavourable conditions).

As s apparent from the diagram in Fig. 6, a superiorly much better ductility was
measured for the steels according to the invention than for the reference material when
the hardness of the steels of the invention were equal or even slightly higher than the
hardness of the reference material, as a result of comparable impact test with un-
notched, hardened and tempered samples of steels manufactured at a production scale.
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The claims defining the invention are as follows:

1. Cold work steel essentially void of primary carbides, after hardening and high
temperature tempering at 500-600°C, and after being hot worked, having a hardness of 60-63
HRC and a ductility in the transverse direction greater than 50J, wherein the steel has the
following chemical composition in weight-%:

0.60-0.85 C

from traces to 0.3 (Si+Al)

0.1-2.0 Mn

4.5-5.5 Cr

W
1.5-2.6 (Mo+ ?), however max. 1.0 W

0.42-0.65V
max. 0.1 of each of Nb, Ti, and Zr
max. 2.0 Co
max. 2.0 Ni

balance essentially only iron and unavoidable impurities.

2. Cold work steel according to claim 1, wherein the steel contains at least 0.63, suitably at
least 0.68 C.

3. Cold work steel according to claim 2, wherein the steel contains max. 0.8, suitably max.
0.78 C.

4. Cold work steel according to any one of claims 1 to 3, wherein the steel contains max.

0.60, suitably max. 0.55 V.

5. Cold work steel according to any one of claims 1 to 4, wherein the steel contains 0.72 C
and 0.50 V.
6. Cold work steel according to any one of claims 1 to 5, wherein the steel contains at lcast

0.05 and max. 1.0 Si.

7. Cold work steel according to claim 6, wherein the steel contains at least 0.1, preferably

at least 0.2 and max. 0.5 Si.

pages 19 D
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8. Cold work steel according to any one of claims 1 to 7, wherein the steel contains max.

1.0, preferably max. 0.3, suitably 0.1, and most conveniently max. 0.03 Al,

9. Cold work steel according to any one of claims 1 to 8, wherein the steel contains at least

1.8 and max 3.2 Mo.

10. Cold work steel according to claim 9, wherein the steel contains at least 2.1 and max.
2.6 Mo.
1. Cold work steel according to claim 9 or claim 10, wherein the steel contains max. 0.3,

suitably max. 0.1 W.

12. Cold work steel according to claim 11, wherein the steel does not contain tungsten
exceeding an impurity level obtained from any unintentionally added tungsten in the form of a

residual element emanating from said raw materials for the manufacture of the steel.

13. Cold work steel according to any one of claims 1 to 12, wherein the steel contains max.
0.7 Co.

14, Cold work steel according to claim 13, wherein the steel does not contain cobalt
exceeding an impurity level obtained from any unintentionally added cobalt in the form of a

residual element emanating from used raw materials for the manufacture of the steel.

15. Cold work steel according to any one of claims 1 to 14, wherein the steel contains
max.1.0 Ni

16. Cold work steel according to claim 15, wherein the steel contains max. 0.7 Ni.

17. Cold work steel according to claim 16, wherein the steel does not contain nickel

exceeding an impurity level obtained from any unintentionally added nickel in the form of a

residual element emanating from used raw materials for the manufacture of the steel.

18. Cold work steel according to any one of the preceding claims, wherein the content of

each of the elements titanium, zirconium, and niobium does not exceed 0.03%.

19. Cold work steel according to claim 18, wherein the content of each of the elements

titanium, zirconium and niobium does not exceed 0.01, preferably does not exceed 0.005 %.
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20. Cold work steel according to any one of claims 1 to 19, wherein the steel does not

contain more than max. 0.035, preferably max. 0.015, and suitably max. 0.010 P.

21. Cold work steel according to any one of claims 1 to 20, wherein the steel contains max.

20, preferably max. 10 ppm O.

22. Cold work steel according to any one of claims 1 to 21, wherein the steel contains max.

30, preferably max. 15 and suitably max. 10 ppm N.

23. Cold work steel according to any one of claims 1 to 22, wherein the steel contains max.

0.03 %, preferably max. 0.01 %, and suitably max. 30 ppm S.

24. Cold work steel according to any one of claims 1 to 23, wherein the steel contains 0.10-
0.30S.
25. Cold work steel according to claim 24, wherein the steel contains 5 to 75 ppm Ca and

50 to 100 ppm O, preferably 5 to 50 ppm Ca and preferably 60 to 90 ppm O.

26. Cold work steel according to any one of claims | to 25, wherein the steel after

hardening and high temperature tempering at 520 to 560°C, has a hardness of 60 to 62 HRC.

27. Cold work tool manufactured of a cold work steel according to any of claims 1 to 26.

28. Cold work tool according to claim 27, wherein after hardening and high temperature
tempering at 520 to 560°C, the steel has a hardness of 60 to 62 HRC.

29. Cold work steel according to claim 1, substantially as herein described with reference to

any one of the embodiments illustrated by any one of the accompanying drawings.
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