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V, bal dfce B G%@HNP@HrTHEBgVEW@NmI amounts. Al so high speed steels
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its use condition.

20  For the above and other applications there is to a great extent used a cold work steel
which is known under its trade name Sverker 21®, which is a conventionally
manufactured steel having the composition 1.55 C, 0.3 Si, 0.3 Mn, 12.0 Cr, 0.8 Mo, 0.8
V, balance iron and impurities in normal amounts. For cold work tools there is also used
the powder metallurgy manufactured tool steel which is known by its trade name

25  Vanadis 4®, which contains 1.5 C, 1.0 Si, 0.4 Mn, 8.0 Cr, 1.5 Mo, 4.0 V, balance iron
and impurities in normal amounts. Also high speed steels are employed, such as those
high speed steels which are known under the trade names ASP®2023 and ASP®2053.
The former one has the nominal composition 1.28 C, 4.2 Cr, 5.0 Mo, 6.4 W, 3.1 V,
while the latter one has the nominal composition 2.45 C, 4.2 Cr, 3.1 Mo, 4.2 W, 8.0V,

30  wherein the balance in both the steels is iron, normal amounts of Mn and Si and
normally existing impurities.

The above mentioned and other steels available on the market place satisfy high
requirements on abrasive wear resistance, toughness and other features. However, they
35  do not satisfy high requirements on adhesive wear resistance, which often is a
dominating problem in connection with different types of cold forming tool
applications, such as pressing of sheets, pipe bending, and cold-extrusion. These
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conposition contains in weight-%20 1-2.5 C 1-3.5 N. 0.05-1.7 Mh 0.05-1.2
Si  3-610Cr BRIEEF PISOLOSURBOWHHRINVENTION2 Nb) bal ance iron and
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very high resistance to adhesive wear in combination with other desirable features of

cold work tools, such as adequate toughness, hardness, and resistance to abrasive wear.
The steel shall, after pressing the powder to form a consolidated body through hot

15  isostatic compaction (HIP-ing), be able to be hot worked through forging, rolling, and
extrusion or be used in the as HIP-ed condition.

These and other objectives can be achieved therein that the high speed steel, with
reference to its chemical composition contains in weight-%
20 1-25C
1-3.5N
0.05-1.7 Mn
0.05-1.2 Si
3-6 Cr
25 2-5Mo
0.5-5W
6.2-17 (V + 2 Nb)
balance iron and unavoidable impurities in normal amounts, wherein the amount of, on

. N
one hand, the carbon equivalent, Ceq, expressed as Ceq = 14, and, on the other

30  hand, the vanadium equivalent, Veq, expressed as Veq = V + 2 Nb, shall be balanced
relative to each other such that the amounts of said elements, expressed in terms of said
equivalent, will lie within the area A1-B1-C1-D1-A1 in the system of co-ordinates in
Fig. 1, in which Ceq/Veg-co-ordinates of the points A1-D1 are
Al:4.5/17

35 BIl:5.5/17
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A1:4.5/17 A2:4.6/17 A3:4.75/17 B2:5.3/17 B1:5.5/17
A17:4.35/16.5 |[A2:4.45/16.5 |A3’:4.6/16.5 |B2’:5.15/16.5 |B1’:5.35/16.5
Al°*:4.2/16 A2°°:4.3/16 A3:4.5/16 B2:5.0/16 B1°°:5.2/16
F1°°:3.8/14.5 |F2”:3.9/14.5 |F3’:4.05/14.5 |E2:4.6/14.5 |E1°°:4.8/14.5
F1':3.65/14 F2°:3.75/14 F3’:3.9/14 E2’:4.45/14 E1’:4.65/14
F1:3.55/13.5  |F2:3.65/13.5 |F3:3.8/13.5 E2:4.35/13.5 |E1:4.55/13.5
F1°°:3.25/12.5 |F2’:3.35/12.5 |F3’°*:3.5/12.5 |E2°°*:4.05/12.5 |E1>"":4.25/12.5
F1'":3.1/12 F2":3.2/12 F3'":3.35/12 E2"7:3.9/12 E17:4.1/12
G1V:2.7/10.5 |G2':2.8/10.5 |G37:2.95/10.5 |H2":3.5/10.5 |HI1V:3.7/10.5
G1°:2.55/10 |G2’’:2.65/10 [G3°°’:2.8/10  |H27’:3.35/10 |H1°7’:3.55/10
G1:2.4/9.5 G2:2.5/9.5 G3:2.65/9.5 H2:3.2/9.5 H1:3.4/9.5
G1°:2.27/9 G2’:2.37/9 G3°:2.52/9 H2’:3.07/9 H1’:3.27/9
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carbon shall exist in an amount of at least 1 weight-% and max 2.5 weight-%.

15
In said hard matter of MX-type, i.e. vanadium and/or niobium carbonitrides, X shall
consist of 30-50 weight-% carbon and 50-70 weight-% nitrogen, wherein the ratio
weight-% N/weight-% C of the amounts of nitrogen and carbon which are present in
said carbonitrides of MX-type shall satisfy the conditions:

20

weight — %N _
weight — %C

1.0<

The amount of nitrogen which exists in the steel in its molten state prior to gas
granulation and the amount of nitrogen which is added to the steel by nitriding the gas
granulated steel powder, which is the greater part, essentially combine with vanadium
25  and/or niobium to form said carbonitrides. The amount of nitrogen which remains in the
matrix of the steel and/or which possibly form nitrides with other existing elements,
shall be practically negligible in comparison with the amount of nitrogen in said
carbonitrides. For the achievement of the desired carbonitrides of MX-type, the content
of nitrogen therefore shall amount to at least 1 weight-% and max 3.5 weight-%.
30
Silicon exists in an amount of at least 0.05, preferably at least 0.1% as a residual
product from the deoxidation of the steel melt and can be tolerated in amounts up to
1.7%, preferably max 1.2%, normally max 0.7%.
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concerned, the expressi ] i
optimal hardness after hardening and tempering and also provide a small amount of

hard MgC-particles. Molybdenum should exist in an amount of at least 2%, preferably at
least 2.5% and suitably at least 3.0%. Tungsten should exist in an amount of at least

20 0.5%, preferably in an amount of at least 2.0 %, and suitably at least 2.5% and most
conveniently at least 3.0%. The contents of each of molybdenum and tungsten should
not exceed 5%, preferably not exceed 4.0%. As far as molybdenum and tungsten are
concerned, the expression

Moeg= Mo + %

25  should lie in the range 2.25-7.5%, preferably within the range 4-6%. The content of
MgC-carbines, where M substantially consists of molybdenum and tungsten, should
totally amount to 3.5 vol-% or to 10-30% of the total volume content of (MX+MC)-
phase.

30  Vanadium shall exist in the steel in a lowest amount of 6.2% and max 17% in order,
together with carbon and nitrogen, to form very hard vanadium carbonitrides, i.e. hard
matter of MX-type, where M essentially is vanadium and X is carbon and nitrogen in
the weight ratios which have been mentioned in the foregoing. Possibly, vanadium may
entirely or partially be replaced by niobium. The maximally allowed niobium content is

35  1.0%, preferably max 0.5%. Suitably, however, the steel does not contain any
intentionally added niobium, because that can make the scrap handling in a steel work
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According to a first variant of the invention, the vanadium content shall be 6.2-9.5%.

This implies, according to the widest aspect on this first variant, that the co-ordinates of
the carbon and vanadium equivalents shall lie within the area G1-H1-C1-D1-G1 in the
20  system of co-ordinates in Fig. 1.

Limiting aspects on this first variant are stated in the subseeuent claims 7-12. Within the
frame of the most limited aspect on this first variant is a steel having the following
preferred, nominal composition: 1.3 C, 1.4 N, (Ceq about 2.5) 0.5 Si, 0.3 Mn, 4.2 Cr,

25 3.0 Mo, 4.0 W, 8.0 V, balance iron and normally existing impurities. Such a steel can be
employed for most of the mentioned fields of use for which the steel is intended.

According to a second variant of the invention, the steel shall contain 13.5-17 (V + 2
Nb). This implies, according to the widest aspect on this variant, that the co-ordinates of
30 the carbon and vanadium equivalents shall lie within the area A1-B1-E1-F1-A1l in the
system of co-ordinates in Fig. 1. Limiting aspects of this second variant are stated in the
subsequent claims 14-19. Within the frame of this most limited, preferred composition
according to this second aspect is a steel with the following preferred, nominal
composition: 2.0 C, 3.0 N, (Ceq about 4.6), 0.5 Si, 0.3 Mn, 4.2 Cr, 3.0 Mo, 4.0 W, 15.0
35 'V, balance iron and normally existing impurities. A steel having this composition is
particularly suited to be employed for the manufacturing of tools which are subjected to
particularly heavy adhesive wear and differs from the foregoing preferred composition
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0.5 Si, O. shidffirstdaarlty, 10 3.0 Mo, 4.0 W 11.0 V, balance iron and nornally
exi sting irrpurities. A steel of that Kkind provides a better hot

wor kability than the highly alloyed steel according to said second vari ant
and al ko aTbetechmicaldeatunce of the stecbcanrherdasertbddaasfoldwsyed steel according to
said first variant. 15 The technical features of the steel can be described

as follows: - The steel consists of a powder netall ur manuf actured hi gh
speed st eel , -t héhe geelgonsignpba pevdsr IBFtaUHgé’HanQOHEe(i 8@

di stinguis hed bylley duntpositian @i iwhigh in the first place is distinguished by a hlgh vanadlum
content. In its delivery condition the steel has a substantially ferritic matrix,

20 which contains a considerable amount of carbonitrides, in the first place
vanadium carbonitrides, which are fine-grained and evenly distributed in the
steel. ‘

- After dissolution treatment in the temperature range 1000-1180°C, preferably in
the range 1050-1150°C, and cooling to room temperature, the matrix of the steel

25 has a predominantly martensitic structure but with a high content of retained
austenite. Part of the carbonitrides and of the carbides which also exist in the
steel, are dissolved, but 15-30 vol-% fine-grained, evenly distributed vanadium
carbonitrides remain in the steel.

- The hardness is increased to 58-66 HRC (the hardness within this range depends

30 on the austenitising temperature) through tempering to a temperature within the
temperature range 500-600°C because the retained austenite essentially has been
eliminated and been transformed to martensite and by secondary precipitation of
in the first place vanadium carbonitrides.

- Because, in the first place, of the large content of vanadium carbonitrides, the

35 hardened and tempered steel is afforded a very high wear resistance at room
temperature, and because of its combination of alloy elements, the steel in other
respects is afforded a combination of hardness and toughness which is adequate



content. In its delivery condition the steel has a substantially ferritic
matri x, 20 which contains a considerable anount of carbonitrides, in the
first place vanadium carbonitrides, which are fine-grained and evenly

di stributegq steel. - After dissolution treatnent. i
tenperaturgmygﬁggglooo-1180C, preferably if the range 1050?E&§§€W"%ﬁa

cooling to roomtenperature, the matrix of the steel 25 has a

predom nantly martensitic structure but with a high content of retained
austenite. Part of the carbonitrides and of the carbides which al so exi st
in the steel, are dissolved, but 15-30 vol-%fine-grained, evenly

di stributed vanadium carbonitrides remain in the steel. - The hardness is

i ncreased to 58-@6%&46%1&%%%& Whith has BdthndridgE&d ﬁlﬁﬂspfé%mb%%o il he
er I'n the

austenitising terTQ ature) through tenpering to a tenperature wt
tenperature rang@ 500- 600C because the retained austenite essentiall y has
been elimnated and been transforned to martensite and by secondary

ipitati [Nt first place vanadi um carhonitrjdes, - Becausg, in
Phe trst pf ik en gpddacl® o e iy Bai car S ettt S s o Pingana: eviet 2
har dened arid preparsdiind conesntional, melt oxadaltirgicaleway, hilgteimtlermelewils petrce at Iro_om
t t :  of s ' WeloP . t steel in
othor 1 os pasReh CRERY AR ol Sl AL piuy !ﬁgg%%ﬁ§§%0§§%%%§§ whi ch
i s adequat elisAplvsd /iy Y mmoltenpster]. Srivly the etir alieying plemepisarpadisgeditosdek t ool s
whi ch has heatentiic® aedtdted nGail Bt Syt thd¥pecifie® tbntedtd SvHitDhre SRESH

teel of the_jnyention can he nuf acturéd i.n the followng way. A nelt 5
issegr egar edBithf ePEB‘#RPéﬁl?%%gr‘?fH?r@F fn‘ﬁite"gﬁrlellﬂ#‘ﬁ?’@gla mEi3l poXysE. oV HCh fan b ¢
wi |l gd0 a camiedrangéma knovwewhy woughh grhaekitionbf e xeertof ﬁ%éﬁ?ﬂeﬁ&by@ﬁ&ﬁh@ﬂf of

It t : | V. ' e te eel.. .while. the other
1 oying ellinied Orfotl ARl L ESIdhBlo BERrmlE which 208 #, ol aim 1
or to any dritighparseistbe 50 ealleddkiRprosesst(iAska Stosa Brosess)l Therpotwtier tiesimrdent
clai ms. Frq@tidle powBerigahB€ e hiax2B0TRA. Barl G RE 8?@&9% all%é{’itﬁngi]@rto &n 10
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t echni dde \riménié gaswccarding toiahy adchpiyue wifich dlgo SRy GalkheinASRORE R66%E (Asea
Stora Proc eféﬁl}ququ@hPcﬂvlqg be ier?xp?oiy%%{ %jayt % Hentioned for example the technique which
is disclosed in SE-C-462 837 or the technique which is described in MPR July, 1986 p.
527-530. Preferably there is used a gas mixture of ammonia and hydrogen gas which is
caused to flow through a hot powder bed in a rotating reactor at 550-600°C. The
20 ammonia reacts at this temperature at the surface of the steel powder according to the
reaction 2NH3 — 3H, + 2N (steel). Dissolved nitrogen then will diffuse from the
surface into the powder grains. At the exit of the reactor the gas consists of a mixture of

nitrogen, hydrogen, and a smaller amount of residual ammonia. The method allows a
manufacturing of a nitrided material with a very accurate control of the content of

25  nitrogen. A powder which is alloyed with nitrogen in this or in any other way is mixed
with a powder which is not alloyed with nitrogen but which in other respects has
preferably the same composition as the nitrogen alloyed powder, so that the mixture
will get a desired mean nitrogen content according to the invention. This mixture is
charged in sheet capsules which are closed and are hot isostatically compacted

30  according to a known technique, preferably according to the technique which has been
mentioned in the foregoing and which is known under the name ASP (Asea Stora
Process), for the achievement of a consolidated body of a nitrogen alloyed high speed
steel of the invention. This body can be hot worked through rolling and/or forging to
desired dimension. During the process of consolidation and at the subsequent hot

35 working, existing variations as far as the content of nitrogen in the starting material for
the hot working are concerned, are levelled out so that all parts of the body will get an
essentially equally high content of nitrogen.



sui t abl e powder gauge, e.g. max 250 m Part of the powder is alloyed with
nitrogen through solid phase nitriding by neans of a nitrogen carrying
gas, e.g. nitrogen and/or 15 amoni a gas according to any techni que which
al so may bwoloogyels Anong known techni quesy which can be enppeysgoomysoe
mentioned for exanple the technique which is disclosed in SE-C 462 837 or
the technique which is described in MPR July, 1986 p. 527-530. Preferably
there is used a gas m xture of ammoni a and hydrogen gas which is caused to
fl ow through a hot powder bed in a rotating reactor at 550-600C. The 20
anmoni a reacts at this tenperature at the surface of the steel powder
according to the reaction 2NH3 --> 3H2 + 2N (steel). Dissolved nitrogen
then will diffuse fromthe surface into the powder grains. At the exit of
the react OBRIRE IESCRIPNION OF BRAWINGUr e of nitrogen, hydrogen, and a
smal | er ampupt of residual ammonia. The nethod allows a manufacturing of a
nitrided idlaWiResh a very accurate control of the content of 25

ni trogen. Riawdiya dibgam 1ﬂ1&st@dﬂn@}t@§|cdﬂtédis o thb ROGBmEts b e el Whicie Ot her
d wth nitrogen but which in

d h [
\S?Kelr Srggs)p()gct sWIhQ‘se Ig%ﬁé?%?@ﬁ’?v@ %‘E%rﬂﬁcg‘ﬁf%‘ﬁo the hygh ?HeP‘? dgelPtal | oyed

powder, so that theenveintipoy e will get a desired nean nitrogen content

i ch are Hsgeq’ “é%%*é‘q%‘“%g B I s e RS B TR PR S

known techni que, O%% equpleef spe wprﬁmggtqtbeuwenm@cmdque whi ch has been
ment i oned Fig, Bhelsfa%mpmo &ﬁuvﬁh e IRANEubRASHS 4 B8 lr}g'{ﬁex?
Stora rocess), for the .ac jbeve of a consol | dat ed %o of a nltrogen

al 1 oyell hi gh spe®ifr hot workipg by ‘?rﬁ arderBe.  Thi s body can be hot wor ked
through rolling and/or forg| ng to desired dinmension. During the process of

consol i dat C?%ﬂp}' t ki ng, existing variations as
far as thebggn en ﬁh}’ roge%%ﬁt%ﬂmmé material for the hot
wor ki ng ar ﬁhee}mca&@gmpamgon expressed inoweight % difthe ekdmined steelsfard gigetndy wi | |

t
I%%T / gn eg{g{{% i ;FE&E?}%EE%%G@F?%Q&W%H% %v@ﬁ i tﬂgﬁeg)l%\r& thél%ﬂgéssorﬁy 1is a

di agr am i | fQ3R I PR RorgRally %@Bnégéﬂrétﬁ?lspf@*ﬂ“qﬁﬁé gt?@éﬂ“%l ch are
5 the i anmgF@ﬁhe@xpmm&ltthIdyar\ﬂlntwdllo% Nok. MKty emsifled drstddl it cofangs

steel of toqge mvggt%n' Qfkel alloys Nos. 7 and 8 are analysed compositions of reference
materials, more particularly the commercially available steels ASP® 2023 and ASP®
2053, respectively.
20
Table 1 Chemical composition in weight-% of examined steels

Steel alloy |C N Si Mn |Cr Mo |W A\ Ceq |Bal
No.

1 0.78 [0.65 (0.56 |0.40 |3.89 |4.89 |6.12 |[3.02 |1.34 |Fe
2 042 [1.04 (041 031 (4.05 |495 |6.39 |293 |[1.31 |”

3 1.28 |1.34 {049 |0.32 (437 |3.08 [4.12 [7.84 243 |»

4 192 1282 (044 |036 [4.18 [3.17 |4.76 |15.2 |434 |~»

5 1.26 |1.39 1052 |0.28 [4.26 |(2.97 |3.30 |8.20 |245 |~

6 206 (295 |038 [0.25 |430 |2.96 |3.35 |15.6 (459 |»

7 1.28 10.04 |0.62 [0.28 |4.10 |5.05 |6.35 |3.12 |1.31 |»

8 245 10.05 |0.53 |031 [4.17 |[3.08 [4.25 |7.94 |249 |»

Ceq = C+-1-2N.
14



Fig. 2 is a diagramillustrating the hardness versus different tenpering
tenperatures of a couple of steels according to the invention; and Fig. 3
is a mcro photograph showing the mcrostructure of a steel of the

i nvention r hot working but before, hardeni ng. DES

PERFORMED @3’[‘:@% NTS The chemgcal corrposﬁq on expressed in V\i %Oﬁ/‘ of the
exam ned steels are given in Table 1 below Besides the elenents which are
given in the table, the steel alloys only 15 contained inpurities in
anounts normal |y occurring in steel production. Steel alloys Nos. 1-6 are
experinmental alloys, while alloys Nos. 3-6 are exanples of steels according

to the invention. Steel alloys Nos. 7 and 8 are anal ysed conpositions of
ref erence rrateri als, nore particularly the commercially avail able steels
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powder 1hi ovaswdeut’#7€dThe ammonia reacted at said temperature as is was transported

through the bed so that there was achieved a mixture of ammonia, nitrogen, and »
hydrogen gas, which flew through the powder bed. The activity of the nitrogen was very
high during these conditions, and the taking up of nitrogen in the steel powder was very
good.

15
Then the nitrogen alloyed powders were mixed with corresponding steel powders which
had not been alloyed with nitrogen, in order to form powder mixtures with varying
contents of nitrogen. These powder mixtures then were filled in capsules and were
compacted hot isostatically at 1150°C and a pressure of 1000 bar to form consolidated

20  bodies of nitrogen alloyed high speed steel alloys.

After HIP-ing (hot isostatic pressing) the blanks had a diameter of about 130 mm and a
length of about 600 mm. The materials were forged, whereafier they were soft annealed,
hardened and tempered. Then the materials were analysed with reference to their

25 chemical composition, as has been shown in Table 1 above.

During initial studies it was stated that steels Nos. 1 and 2 did not achieve desired
properties, wherefore they were not studied more in detail. The initial studies, on the
other hand, showed promising results as far as the steels Nos. 3-6 were concerned.

30  Among these steels, the materials made of the steel alloys Nos. 5 and 6 were studied
more closely and were subjected to mechanical tests, wear tests, un-notched impact
tests, and metallographic structure studies. Also the reference materials which were
made of the steel alloys Nos. 7 and 8 were subjected to said material tests.

35  Theresults of the forging tests are given in Table 2.
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Initial di &tkemagEalt 0 130 nm Materi al Step 1. forged to Step 2: forged
to Remarks Steel No. 5 0 = 60 nm 30 x 30 nm Forgeable in both

10  Then the influence of the austenitising temperature on the hardness of steels No. 5 and

No. 6 with and without deep cooling was examined. The following results were
achieved.

Table 3 Hardness, HRC, of examined steels after hardening

15
Material Austenitising treatment
1000°C/30 1050°C/30 min. |[1100°C/15 min. | 1150°C/10 min.
min.
Steel No. 5 65.5 66.0 66.9 66.5
Hardened,
cooled in air
Steel No. 5 65.9 66.5 66.9 67.1
Hardened,
deep cooled
Steel No. 6 67.7 66.5 62.4 60.0
Hardened,
cooled in air
Steel No. 6 69.8 69.7 69.2 68.5
Hardened,
deep cooled




steps Steel No. 6 0 = 55 M 60 x 65 x 15 mm Forgeable in step 1. Difficult
to forge in step 2. Steel No. 5 could be forged w thout problenms, while
steel No. 6, which was 5 substantially nore alloyed, exhibited a
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cracked an artly into pieces. The r&ason for this ma

hi gh anbunt of hard matter of MX-type of the material; about.a.thlrd of the
volunme of the material. 10 Then the influence of the austenitising
tenperature on the hardness of steels No. 5 and No. 6 with and w thout
deep cooling was exami ned. The followi ng results were achieved. Table 3
Har dness, HRC, of exam ned steels after hardening 15 Material Austenitisin
treat ment 1A8BGppArehDHOEAROtablenit lslaﬂgeteaﬁNm @whﬂehm herdehing fromt @doodo. 5

| IN05659665669
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No. 6 which after eni n nlflcan
i ncrease aflC@PCABERS MalsHAl ﬁgvere chosen which had been hardened from 1000°C for 30
minutes and cooled to room temperature. The results are shown in Fig. 2. As s apparent
from this figure, the hardness of steel No. 5 as well as of No. 6 is slightly decreased up
to a tempering temperature of 500-520°C but is strongly decreased at higher tempering
temperatures.
10
Then the impact toughness was examined in terms of impact energy for un-notched test
specimens. The specimens were taken in the longitudinal direction of the forged
materials. The materials had been hardened by austenitising at 1000°C/30 min followed
by cooling to room temperature, and had been tempered 2 times at 525°C for 2 hours |
15 with intermediate cooling in air. Hardness and impact energy of the experimental
materials are given in Table 4. Also the measured values of the reference materials,
steels No. 7 and No. 8 after hardening from 1100°C/30 min and 1075°C/30 min,
respectively, + tempering, 560°C/3 x 1 hour are given in the table.

20  Table 4 Hardness and impact energy of the experimental materials

Material Hardness, HRC Impact energy, J
Steel No. 5 62.0 18
Steel No. 6 64.5 8
Steel No. 7 62.0 55
Steel No. 8 62.0 45

The nitrided experimental materials No. 5 and No. 6 exhibit low fracture energies in
comparison with the reference materials No. 7 and No. 8 which were taken from a full
25  scale production. The reason for this can be due to the much higher contents of hard
matter in the experimental materials and also to the fact that the experimental materials,
which were manufactured at a laboratory scale, have extraordinary high contents of
oxygen, 495 ppm and 570 ppm, respectively, as compared with 50 ppm which is a more
typical oxygen content in production materials. However, the measured impact energies
30  of the experimental materials may be acceptable in view of those applications for which
the high speed steel of the invention are intended, particularly in consideration of the
higher impact energy which can be expected at a full scale production of the materials.



For the subsequent investigation of the hardness in dependency of different
tenpering 5 tenperatures materials were chosen which had been hardened
from 1000C for 30 mnutes and cooled to roomtenperature. The results are

shown in RygyoosepdS i S apparent fromthis figure, the hardgass ofqsi-eel
ng

No. 5 as well as of No. 6 is slightly decr¥ased up to a tenperi
tenperature of 500-520C but is strongly decreased at higher tenpering
tenperatures. 10 Then the inpact toughness was exam ned in ternms of inpact
energy for un-notched test specinens. The specinmens were taken in the

| ongi tudi nal direction of the forged materials. The materials had been
har dened by austenitising at 1000C/ 30 mn followed by cooling to room
tenperature, and had been tenpered 2 tines at 525C for 2 hours 15 with

i nt er medi at 00l i in air. Hardness a [ ct energy of the experinental
materi al s a&’é T 'nﬂn?gmeewqﬁr reRistance I‘?gﬂ‘ﬁéﬁ% 8@@5’1"&1@@%@“@1@&0? eftheence
mat eri al s, mattadb © ddhesive aredr, Nnls Gerf hade fon coldmidiRinkoFRhdldHHuBRnHcN and
1075C/ 30 mp,. e i.vel +. t erin 6 3 1.hour are given in the
table, 20 TRiResFAT Kr st houdinet RSl MR o Ois o AR iR odPUR: er i ol <
Mat eri aP HapnslssvesHRE puepradn whiehrthy/tools waeendunial, had 6 AufibddofSepahteNo. 6
64.5 8 St %&ss@&ﬁoﬁs,@l&e‘heﬁémﬂﬁ%&ﬂt?m 1f EndPZ-Sadon TG Bitafib Gy ri ment al
materi al s . 5 and. 'No. 6 exhibit low fracture energres in conpdrison with
the ref er erfSBEHRACE B1VAF & SWess Whighin tRpns of adheeiNe Wearis ebeutrd timesasdatgglas in 25

scal e produedtioarn. TRE & oraas part,fviliich kas nfsdb fdeh the@xhidel Mndtatedls RoANGE] of
i n,.t he ri nent al nd al so to the fact

contents of har,d matter ex terial )

that the eXdul8AYHEAD HHleraliymeter OP%% W@Tﬁmﬁg @rﬁéﬁnaimdaaf‘%igl@)troitory
scal e, 1Aavd6eéxnmadihdiresalty ateistdteccimrifabiet 8. of oxygen, 495 ppm and 570 ppm
respectively, as conpared with 50 ppmwhich is a nore typical oxygen
content in production materials. However, the nmeasured inpact energies 30
of the expdrabiedtWorkingdife of thetgglsfaumber pf pryssings) ofidiffersnt tdvd smaterials

appl i cat i Ofsed Rir diapPressilifofiGhespEREInKsEslecp! the invention are intended,
particularly in consideration of the higher inpact energy which can be

expect ed gt—a—Fful——secaleproducti-onof the materials :
Material Press station | Surface treatment | Number of pressings
Steel No. 5 1 None >1.500.000*
Steel No. 6 2 “ ' >700.000*
Steel No. 7 1 “ 51160**
Steel No. 7 2 « 18000**

15 1. When the results were evaluated. ** Whereafter the tool was worn out.

The press result of the nitrogen alloyed steel No. 5 of the invention implied an increase
of the working life of the tool of at least 30 times as compared with the reference
material No. 7. The tool then still was operative in the press and the life time test

20  continued. Also the material No. 6 of the invention had a superior wear resistance, i.e. at
least 40 times longer life time than the reference material No. 7. In this connection it
should also be notified that the lower impact energy of the materials of the invention in
comparison with the reference materials did not cause any problems in the very
demanding application.

25
The microstructure of the materials were examined by a scanning electron microscope
(SEM). Fig. 3 shows the microstructure of steel No. 6 after HIP-ing and subsequent
forging. The vanadium carbonitrides are visible in the figure as black, evenly distributed
islands in the grey austenite. Structure examinations of steel No. 5 showed a similar

30  distribution of the vanadium carbonitrides. The only thing which from a structural point
of view differs the two materials 5 and 6 of the invention from each other is that steel
No. 6 contains about 70% more of the MX-phase than steel No. 5. The majority of the



WO 00/ 79015 13 PCT/ SEQCQ/ 01247 For the eval uation of the wear resistance of
the steels, particularly the resistance of the materials to adhesive wear,
tools were made for cold working of sheets of austenitic stainless steel
for punp hwosongrs nore particularly tools; for deep draw ngpef/spesne’d
rotor sleeves. The press, in which the tooﬂs wer e nounted, had a nunber of
separate press stations, here denoninated station 1 and 2. Station 2 was a
station which by experience gives a stress which in terns of adhesive wear
is about 3 tinmes as large as in station 1. The working part, which was
made fromthe exam ned materials, consisted of a ring having an outer

di aneter of 90 mm_ an inner dianeter of 64 nm and a height of 10 46.5 nm
The resul t scashanitzidas kafl 4 diamatsr of Betwerbl -2 1Bn\Mokeover, lin bethafeel Ne. 4 amd No.
(nunber of PRRESKASSIN i . NRiceEd essi ng
of sl eeves %f tainLesggggg%ﬁﬁ%g?%?Pg€BgressE%?g%ﬁéﬁﬁ_up%ggggﬁﬁgb ment
Number of prESSarRIscipitgtions wilh ansxtensionof show@e3 poubut vatheesry Swall ghickness;
>700. 000* S thidknlig.of 6néd ofa ewltehthldQim. Steel No. 7 2 fit 1 18000** 15 1.
When thg results were evaluated. ** Whereafter the tool was worn out. The
press résult of the nitrogen alloyed steel No. 5 of the invention inplied
an increase of the working |[ife of the tool of at least 30 tines as

conpared with the reference material No. 7. The tool then still was
operative in the press and the life time test 20 continued. Al so the
material No. 6 of the invention had a superior wear resistance, i.e. at

| east 40 times longer life time than the reference material No. 7. In this
connection it should also be notified that the | ower inpact energy of the
materials of the invention in conparison with the reference naterials did
not cause any problens in the very demanding application. 25 The

m crostructure of the materials were exam ned by a scanning el ectron

m croscope (SEM. Fig. 3 shows the mcrostructure of steel No. 6 after

H P-ing and subsequent forging. The vanadi um carbonitrides are visible in
the figure as black, evenly distributed islands in the grey austenite.
Structure exam nations of steel No. 5 showed a simlar



30 distribution of the vanadi um carbonitrides. The only thing which froma
structural point of viewdiffers the two materials 5 and 6 of the
invention fromeach other is that steel No. 6 contains about 70% nore of

t he I\/D(—phaﬁ,g) steel No. 5. The majority of the WO 00/ 79 4
PCT/ SECQO 01 Zf{?n%ggr bonitrides had a dianetler of between 1- ZQ@S%R%({'%“JVH,

in both steel No. 4 and No. 5 there was found a m nor phase portion of
M6C- car bi des, which had the shape of lanellar precipitations with an
extensi on of about 2-3 pmbut with very small thickness; a thickness of
one or a fewtenth of a pm 5 WD 00/79015 15 PCT/ SEQCQ 01247 PATENT CLAI M5
1. Powder netal |l urgy manufactured high speed steel with a high content of
ni trogen i rpaAtEeTICArAMES a body formed through consolidation of alloyed
net al powder, cgar cter.i e din that the high speed steel, with
reference to FPYWIER BY %%W?‘ih‘gh@%?érﬁe&i Wathijahi gle Fepttent ofgnitreges i
1-3.5 N 0. 05tk f@rmi/bf a Bodbfotmed Sirodgh @mnbolidatior 0B allbyeddndtafpoWdirZc £ 46V + 2
Nb) bal ance irgn %Qd unﬂgotiﬁgaﬁ%ﬁ in%)#sréi%i e‘.(s%i 0 nor mal, r’r‘gount , Wwherein the
amount of , . CRIBKI® §4 Btgshe Rk apecd secloy B rriagnraaiits phomesal comRpTiERT ed as
Ceq = 14 , andontans inheeightH%r hand, the vanadi um equival ent, Veq, expressed
as Veq = V + g Np-~ are balanced relative to each other such that the
anounts of said elenents, expressed in terns of said equivalent, will lie
within the ar&3-N -Bi -C 1-D 1-Al in the systemof co-ordinates in Fig.
1, in which tpesGemiieq- co-ordi nates of the points Al-D1 are 20 Al: 4.5/17

0.05-1.2 Si
10 3-6Cr
' 2-5 Mo
0.5-5W
6.2-17 (V + 2 Nb)

balance iron and unavoidable impurities in normal amounts, wherein the amount of,
12

15 on one hand, the carbon equivalent, Ceq, expressed as Ceq = * 14, and, on the

other hand, the vanadium equivalent, Veq, expressed as Veq =V + 2 Nb, are
balanced relative to each other such that the amounts of said elements, expressed in
terms of said equivalent, will lie within the area A1-B1-C1-D1-Al in the system of
co-ordinates in Fig. 1, in which the Ceq/Veg-co-ordinates of the points A1-D1 are
20 Al: 4.5/17
B1:5.5/17
Cl1:2.5/6.2
D1 1.5/6.2
and that the high speed steel with reference to its structure, in the hardened and
25 tempered condition of the steel, contains 12-40 vol-% of hard matter consisting of
particles of MX-type, which are evenly distributed in the matrix of the steel, M in
said matter of MX-type essentially consisting of vanadium and/or niobium, and X
consisting of 30-50 weight-% carbon and 50-70 weight-% nitrogen.

30 2. Ahigh speed steel according to claim 1,characterised in that the co-
efficients of the carbon and vanadium equivalents lie within the area A2-B1-C1-D2-
A2 in the system of co-ordinates in Fig. 1, in which the Ceg/Veq co-ordinates of the
points A2 and D2 are:
A2:4.6/17

35 D2:1.6/6.2



Bl1: 5.5/17 C 1. 2.5/6.2 D 11.5/6.2 and that the high speed steel wth
reference to its structure, in the hardened and 25 tenpered condition of
the steel, contains 12-40 vol -% of hard matter consisting of particles of
MX-type, wivoob/evie evenly distributed in qge matri x of the p&eskoodykdn
said matter of MX-type essentially consisting of vanadi um and/ or ni obi um
and X consisting of 30-50 wei ght-% carbon and 50-70 wei ght-% nitrogen. 30
2. A high speed steel according toclaiml, char acteri sedin
that the co- efficients of the carbon and vanadi um equivalents lie within
the area A2-Bl1-Cl-D2- A2 in the systemof co-ordinates in Fig. 1, in which
the Ceq/ Veq co-ordinates of the points A2 and D2 are: A2:4.6/17 35
D2:1.6/6.2 WD 00/ 79015 16 PCT/ SEQCQ 01247 3. A high speed steel according

to claim2g calgigy speéd fiell aecardingstoaaﬂn'znchfaqiaéh@rf; cﬂf{rfhtﬁhtﬁé go0f the

contents of carbon and vana lumequivalents l1e wt

B1- Cl- D3- A3 SiiigigRts of thegsontsnts . caragn sad éénqdﬁlrmegmvelepﬁ lw]w@ﬁnttmaareé‘e?fVeq co

5 ordinates @1-Cha)m3rm&hé@smoﬁ& SfdenatesAR Fg. A5 Whibl the d&f $edco-4- A high
speed st eel ac ordln to claégl dég}h aracteri sedinthat the co
10 ef fiti ent OTOPIERE gﬁﬁpgﬁ? FelarBEn and vanadi um equival ents lie within
the area A2- &24Q3/102- A2 in the systemof co-ordinates in Fig. 1 in which

t he Ceq/ Veq ?gs %gaat es of the points B2 and C2 are: B2:5.3/17
C2:2.3/6.2 'é’ “hi gh speed steel according to claims 3 and 4, c har a
cteri sedinthat the co- efficients of the contents of carbon and

vanadi um equwﬁigmbsed dt€el Wbédriiingib Blah Gac Al &2t &2 PBaAR thit thd-Syst em of

co-or dié‘ ates Ifgm g of tjhe contents of carbon and vanadium equlvalents lie within the area A2-
B2-C2-D2-A2 in the system of co-ordinates in Fig. 1 in which the Ceq/Veq co-
ordinates of the points B2 and C2 are:
B2:5.3/17
C2:2.3/6.2

15
5. A high speed steel according to claims 3and4,characterised in that the co-

efficients of the contents of carbon and vanadium equivalents lie within the area A3-
B2-C2-D3-A3 in the system of co-ordinates in Fig. 1.

20 6. A high speed steel according to claim 1,characterised in thatit contains 6.2-
9.5 (V+2 Nb), and that the co-efficients of the contents of the carbon and vanadium
equivalents lie within the area G1-H1-C1-D1-G1, in which the Ceg/Veq co-
ordinates of the points G1 and H1 are:

G1:2.4/9.5

25 H1:3.4/9.5

7. A high speed steel according to claim 6,characterised in that the co-
efficients of the contents of the carbon and vanadium equivalents lie within the area
G2-H1-C1-D2-G2 in the system of co-ordinates in Fig. 1, in which the Ceq/Veq co-

30 ordinate of the corner point G2 is 2.5/9.5.

8. A high speed steel according to claim 7,characterised in that the co-
effcients of the contents of the carbon and vanadium equivalents lie within the area
G2-H2-C2-D2-G2 in the system of co-ordinates in Fig. 1, in which the Ceq/Veq co-

35 ordinate of the corner point H2 is 3.2/9.5.



20 6. A high speed steel according toclaiml, char acteri sedin
that it contains 6.2- 9.5 (V+2 Nb), and that the co-efficients of the
contents of the carbon and vanadium equivalents |[ie within the area G -H
1-C 1-DI & oo/bdd1svhi ch the Ceq/ Veq co or di1 ates of the poi ngSr/§8o0ath7 HL
are: Gl:2.4/9.5 25 H:3.4/9.5 7. A high sgeed steel according to claim®é,
characteri sedinthat the co- efficients of the contents of the
carbon and vanadi um equivalents lie within the area &-Hl-O-D2-& in the
system of co-ordinates in Fig. 1, in which the Ceq/Veq co- 30 ordinate of
the coner point & is 2.5/9.5. 8. A high speed steel according to claim7,
characteri sedinthat the co- effcients of the contents of the
carbon and Q/aAad'thspeeqﬂiedeoemtdmg toecladink Ti andt8n e haa eac t &21 $H2 dGa-thax-th2 chn t he

system of co- [ \le nat e of
Syt em or oo UG 3%l Bt o AL bR B SRRR SRl
speed st eel a@édﬂh‘ﬁddDS-ﬁbnahwsfknaﬂﬁC@OId@aﬁesaanlg Ig in which the €eq/Vggica- t hat
the co effici g,ragrﬁté)gf&,g@oﬁ cﬁﬁ'tt(§3 of 2 4§ scar bon and vanadi um equi val ent's

lie within the area - -&3 I'n the systemof co-ordinates in Fig.
1, in which the Oeq/Veq co- ord| nate of the corner point G3 is 2.65/9.5. 5

10. A hi gh 19pged }Siﬁeﬂsﬁsmb&ldﬁ@tbfbleﬁﬁg%ﬁar@dl@rfs adqntthawie¢o-s edin

t hat the co- fl C of .the nte 0 car ban .and..va m
equi val ent's I'F {stﬂr}ﬁﬁ???é‘teéﬂt %&8 ﬁq‘PN%le’Q? @ﬁ&’b‘?a’ © area
co- ordi nat es GB3-H2-§2-123- GBGnIHcsystdmgfmﬁqndmhtestmdihgdccor ding to any of
clains 6-10, c har act eri sedinthat it contains 7-9 (V +2 Nb).
12. A high speed steel according to an¥ of claim®6-10, char act er i s ed
in thatOit 11cthigh me¢suelglcsorémg4toznwb clang 6-10A¢ hiagte Strewics &4 daithatdcor di ng
to claiml, cCedhtAnd78(W42Rb). i s e din that it contains 13.5-17 (V + 2
Nb) and that the co-ordinates of the carbon and vanadi um equivalents lie
within the area Al -B 1-E|I-F I-A in the systemof co-ordinates in

12. A high speed steel according to any of claim 6-10,characterised in thatit

contains 7.4-8.6 (V + 2 Nb.

15
13. A high speed steel according to claim 1,characterised in that it contains
13.5-17 (V + 2 Nb) and that the co-ordinates of the carbon and vanadium
equivalents lie within the area A1-B1-E1-F1-Al in the system of co-ordinates in
Fig. 1, in which the Ceq/Veq co-ordinates of the corner points E1 and F1 are:
20 E1:4.55/13.5

F1:3.55/13.5

14. A high speed steel according to claim 13,characterised in that the co-
ordinates of the contents of the carbon and vanadium equivalents lie within the area
25 A2-B1-E1-F2-A2 in system of co-ordinates in Fig. 1, in which the Ceq/Veq co-
ordinate of the corner point F2 is 3.65/13.5.

15. A high speed steel according to claim 14,characterised in that the co-
ordinates of the contents of the carbon and vanadium equivalents lie within the area
30 A3-B1-E1-F3-A3 in system of co-ordinates in Fig. 1, in which the Ceq/Veq co-
ordinate of the corner point F3 is 3.8/13.5.

16. A high speed steel according to any of claims 14 and 15,characterised in
that the co-ordinates of the contents of the carbon and vanadium equivalents lie
35 within the area A2-B2-E2-F2-A2.



Fig. 1, in which the Ceq/Veq co-ordinates of the corner points El and F1
are: 20 El:4.55/13.5 F1:3.55/13.5 14. A high speed steel according to
claiml13, char acter i sedinthat the co ordinates of the
contents rbon and vanadi um equival ents lie within
A2- B1- E1- ggox@ﬁ9n§systentof co-ordinates iAd8Fig. 1, in mhichgfﬁg&%@a7VEq
co- ordinate of the corner point F2 is 3.65/13.5. 15. A high speed steel
according toclaiml14, char acter i sedinthat the co- ordinates
of the contents of the carbon and vanadi um equivalents lie within the area
30 A3-Bl1-E1-F3-A3 in systemof co-ordinates in Fig. 1, in which the Ceq/Veq
co ordinate of the conmer point F3 is 3.8/13.5. 16. A high speed st eel
according to7a8 t hat
‘higH spebd@bted atéording é«%gn%g)f aaﬂ%§ lnsaaéfrfll d1t6 gh uF \eragll Bhis [ie

t he co-ordi nattg tetgf the contents e carbo vana
35 within t he DR fo-opdinates qfthocontegts eﬁﬂrp@@@n@adpewdsm@qmymﬁts lie7. A

hi gh speed st eeithinckeurdh AG-BDEAIEE-AB 1&&@%&50@3%&&&&?%& acter.l
s edin that the co-ordinates of the confents of the car and vanadi um

equivalents lie wthin the area A3-B2-E2-F3-A3 in the system of

co- or di nat ed8ik th'thpead stée! becordinpitg nys pReldingst 1921 7, @4CHF 4t BE £l @ ed¥n Hat £ ai N5
13-17, ¢ h a rg 14916’5 dig)ln that it contains 14-16.5 (V + 2 Nb).
19. A high speed accor |ng to any of clainms 13-17, char act e

rise din that it contal ns 14.5-16 (V + 2 Nb). 10 20. A high speed steel
accordi ng twqtm @stéuacd @ng td afy 6f d1 d { t

13.5 (V + 2 g@ﬂs§e§z£§ Q?. gﬁggef?fym en?linso tjhghgc}rat%c't%r?ggda#n&létgﬂtbon
and the vana & " 2 within the area F 1-E1-H1-Gl1-F 1. 15 21.
A hi gh Hpeed steel according to claim20, char acteri sedin that
the co- effjgi f. the carbon and vana unteqU|vaIents
lie within t [eﬂégﬁ SB&EZJ?%II g%l%ﬁﬂéﬁﬁq n ﬁﬁlréh’ IETdSF & iR Ehat Fcogtains St
claim 21, ¢ hl13-5(Vat+@ Nb)eand thatshe cotefficietinf theeontent 6f efd dachoanind thé the
contents of tRanfRkRRAANEnN AR IRAEY R #tR1 dEryi th in the area

9m

15 21. A high speed steel according to claim 20, characterised in that the co-

efficients of the contents of the carbon and vanadium equivalents lie within the area
F2-E1-HI1-E2-F2. |

22. A high speed steel according to claim 21, characterised in that the co-
20 efficients of the contents of the carbon and vanadium equivalents lie with in the area
F3-E1-H1-G3-F3.

23. A high speed steel according to any of claims 21 and 22, characterised in
that the co-efficients of the contents of the carbon and vanadium equivalents lie with
25 in the area F2-E2-H2-G2-F2.

24. A high speed steel according to claim 23, characterisedd in that the co-
efficients of the contents of the carbon and vanadium equivalents lie with in the area
F3-E2-H2-G3-F3.

30

25. A high speed steel according to any of claims 20-24, characterised in thatit

contains 10-12.5 (V + 2 Nb).

26. A high speed steel according to any of claims 20-24, charac terised inthatit
35 contains 10.5-12 (V + 2 Nb).



F3-El- H1- G3-F3. 23. A high speed steel according to any of clainms 21 and
22, char acteri sedin that the co-efficients of the contents of
t he carbon and vanadi um equivalents lie with 25 in the area

F2- E2- H2- &, . A high speed steel according to claim?2 act
eris e(%’dj%ﬂg\& hat the co- efficients ol9the contents of gFﬁéEEOA@B@n and
vanadi um equi valents lie with in the area F3-E2-H2-G3-F3. 30 25. A high
speed steel according to any of clains 20-24, char act er i s e d in that
it contains 10-12.5 (V + 2 Nb). 26. A high speed steel according to any of
clainms 20-24, char acteri sedinthat it 35 contains 10.5-12 (V
+ 2 Nb). WD 00/ 79015 19 PCT/ SEQQ 01247 27. A high speed steel according to
any of claipp 25, L] i -hat, 4 i -Q. % Si
o of or abl y mest, nspedRedgtocying 15 afl SULBR- 6, HEPRR AT el n BT -
1- 26, charact é&onfalfés(bl‘él-Qi'thbWﬁﬁfeﬁaglyfaa?b@n'{%ishs max. 1.0 M, preferably nax.
0.5 M. 29. A high speed steel according to any of clains 1-26, ¢ har ac
t eri se in.that it .contains 3.5-5 C, preferably max. 4.5 Cr. 10 30.
A hi gh spectt-<b Bish Resctenl AgRRr Bl Ay otuiainsd 4S5 & ER&t Aaee d it |
that it 5 cont zonwimtmdxed$XMA, prefepatdy araab0.y MnO Mo and at |east 2.0,
suitably at least 2.5 and nost suitably at least 3.0 W 31. A high speed
steel according to any of claims 1-26, c har act er i s edin that
the 15 cond®dt Bighfspessatteeh poaording tb amydefedaimet] -26 cdeair £¢¢ epii efeat abthat itot

exceed 4% 32.cofvaldis@l5-5 02t fel®PY nagCAKENY any of clainms 30 and 31, ¢ h a
racteri sedinthat % NmMm%Wb+5 1 lies within the range 2.25-7.5%

preferably within the range 4- 6% 20 33. A high speed steel according to
ﬁnydof ké] aiiglsﬁﬁhigﬁ,spebdh;t@l Ecoardingt(ﬁarfydfc&iﬁsd—i@cltﬂh?i%&hgrﬁte@einﬁxﬂtﬁhe as
ardened an r itiQn ipns 14-23 - %. matters

consi sting of Eg@%@ﬁ&%@%ww@@%@@ﬂ? @“Jadffti‘fa}silg t‘?—iﬁtaﬁY gt %as}éérapg of the

st eel . most suitably at least 3.0 W.

31. A high speed steel according to any of claims 1-26, characterised in that the
15 contents of each of Mo and W does not exceed 5%, preferably not exceed 4%.

32. A high speed steelna}ccording any of claims 30 and 31,characterised in that
% Moe=%Mo+5 3 lies within the range 2.25-7.5%, preferably within the range 4-

6%.
20
33. A high speed steel according to any of claims 6-12,characterised in that the
steel in the as hardened and tempered condition contains 14-23 vol-% hard matters
consisting of particles of MX-type evenly distributed in the matrix of the steel.

25  34. A high speed steel according to any of claims 13-19,characterised in that
the steel in the as hardened and tempered condition contains 23-38 vol-% hard
matters consisting of particles of MX-type evenly distributed in the matrix of the
steel.

30  35. A high speed steel according to any of claims 20-26, characterised in that
the steel in the as hardened and tempered condition contains 18-27 vol-% hard
matters consisting of particles of MX-type evenly distributed in the matrix of the
steel.



25 34. A high speed steel according to any of clains 13-19, c har act e
ri sedinthat the steel in the as hardened and tenpered condition
contains 23-38 vol-%hard natters consisting of particles of MX-type

evenly di swog%(ﬁg inthe matrix of the steel. 30 35. A hi gg'ﬁ’g?ﬁﬁ‘ﬂz‘?’t eel
0 | at 't

accordi ng any of clainms 20-26, ¢ h ar cterised he
steel in the as hardened and tenpered condition contains 18-27 vol -% hard
matters consisting of particles of MX-type evenly distributed in the matrix
of the steel. WD 00/79015 20 PCT/ SEOQQ 01247 36. A high speed steel
according to any of clainms 1-35, char acteri sedinthat it in
the as hardened and tenpered condition contains 3-5 vol -% M6C- car bi des,

Wheref N:i_s3€wtihitg§rspwﬂdteel Wo@did%War@ q?f?olaiﬁsgtgﬂ) c?p@fﬁlpt%E?glseﬁfc;ﬁpﬁlgﬁ?g to
any of clains.1:35, a.r C r i..s e din_tha esi des

carboni tri des l%p%l\?&p%/éég?d %&@"‘é‘l’ﬁﬁ@&s&"ﬂl&ﬂ? FOtpRs i3's;] Wla%%ﬁg‘ﬁﬁﬁbﬂ%swbﬁﬁ bi des
of MeC-type, WhermbiantalipMetaadiWally Mo and W the total anount of
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of M¢C-type, where M is substantially Mo and W, the total amount of MC-carbides
corresponding to 10-30% of the total content of (MX+MsC)-phase.

10 38. A high speed steel according to any of the preceding claimé, characterised
in that it in the as hardened and tempered condition contains 0.40-0.60%, preferably
0.47-0.54% of carbon which is dissolved in the matrix.
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