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the material, which may cause a total failure. Moreover, the wear resistance is not quite
satisfactory. Powder metallurgy manufactured steels on the other hand, which contain
20  high contents of vanadium, satisfy high demands as far as toughness as well as wear
resistance are concerned, but are expensive, It is conventional to design cold rolling
rolls made of compound materials, wherein a wear resistant outer material, which
usually consists of a high alloyed steel, is united through casting or in any other mode
with a core made of a tougher material, which usually is less alloyed. In this way it is
25  possible to obtain a roll with good wear resistance and toughness. On among several
disadvantages is that the manufacturing is expensive. Therefore it exists a demand of

materials which do not require powder metallurgy manufacture or compounding
technique but which nevertheless satisfy the demands which are raised on cold work .
steels, among them toughness and wear resistance.
30 -
BRIEF DISCLOSURE OF THE INVENTION
The purpose of the invention is to address the above problems and provide a new steel
material which can be employed for cold work tools, particularly for cold rolling rolls,
and which has a satisfactory toughness, hardenability, and wear resistance. In the first
35  place the invention aims at providing a material for solid working rolls and/or for
supporting rolls for cold rolling of steel strips. “Solid” is this context means rolls which
do not consist of compound materials. This and other objectives of the invention can be
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at least about 90 vol-% of the MC-carbides have a size which is larger than 3 pm but

smaller than 25 um, preferably smaller than 20 um. Prior to tempering, the martensite

contains 0.50-0.70 weight-% C. Size in this text means the longest extension of the
25  carbide particle in any direction in a studied section of the material.

For the achievement of the said carbide dispersion in the matrix of the steel, a number
of techniques which may be known per se can be employed for the production of steel
ingots, from which the steel product is manufactured. In the first place the so called

30  spray forming technique is recommended, which is also known as the OSPREY-
method, according to which an ingot rotating about its longitudinal axis successively is
established therein that molten metal in the form of drops is sprayed against the growing
end of the ingot which continuously is being manufactured, wherein the drops are
caused to solidify comparatively fast once they have hit the substrate, however not as

35 fast as in connection with powder manufacturing and not as slow as in connection with
conventional manufacturing of ingots or in connection with continuous casting. Another
technique which possibly might be employed is ESR-remelting (Electro Slag
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be replaced by the double amount of niobium.

20
According to a second preferred embodiment, the steel contains 1.1-1.3 C, nominally
about 1.2 C, in combination with 2.0-3.0 V, nominally about 2.3 V in order to provide a
| total content of MC-carbides amounting to 5-7 vol-%, preferably about 6 vol-% MC-
carbides, in which the vanadium partly can be replaced by the double amount of

25  niobium.

According to all embodiments, the hardened, martensitic matrix of the steel contains
0.50-0.70 % C prior to tempering.

30  Silicon, which partly can be replaced by aluminium, shall, together with possibly
existing aluminium, exist in a total amount of 0.5-2.0 %, preferably in a an amount of
0.7-1.5 %, suitably in an amount of 0.8-1.2 % or in a nominal amount of about 1.0 % in
order to increase the carbon activity in the steel and hence contribute to the achievement
of an adequate hardness of the steel without creating brittleness problems because of

35  dissolution hardening at too high contents of silicon. The aluminium content, however,
must not exceed 1.0 %. Preferably, the steel does not contain more than max 0.1 % Al



about 1.2 C, in conbination with 2.0-3.0 V, nomnally about 2.3 V in order
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fast cool i ng considaribly largessiasiobjgots wilout requiring very fast cooling in oil or water during
the hardening operation, which could cause dimensional changes, and for the provision
20 of a hardness of 60-64 HRC, normally 62-64 HRC, in the cross section of the object. If
the object is induction hardened, higher hardnesses possibly may be achieved, about 65-
67 HRC, but also as far as induction hardened objects are concerned, the hardness in the
surface layer normally is 62-64 HRC. In order that the desired hardenability shall be
achieved for certain, when the steel has the manganese and molybdenum contents in
25  question, the chromium content shall amount to at least 4.0 %, preferably to at least 4.4
%. At the same time, the chromium must not exceed 5.5 %, preferably amount to max
5.2 % in order that non-desired chromium carbides shall not be formed in the steel.

Vanadium shall exist in the steel in an content of at least 2.0 % and max 4.5 % in order,
30 together with carbon, to form said MC-carbides in the tough hardened, martensitic
matrix of the steel. As has been mentioned in the foregoing, the steel according to the
first preferred embodiment of the invention contains 3-4.5 V, preferably 3.4-4.0 V,
nominally about 3.7 V, in combination with an adequate amount of carbon in order to
provide a total amount of MC-carbides amounting to 8-12, preferably 9-11 vol-% in the
35 hardened and tempered condition. According to the second, above mentioned,
conceivable embodiment, the steel contains 2.0-3.0 V, nominally about 2-3 V, in
combination with the amount of carbon which has been mentioned in the foregoing in
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would be 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 in the most preferred embodiment should not be

tolerated in amounts more than as an impurity in the form of residual elements from the

25  raw materials used for the manufacturing of the steel.

The steel need not, and should not, contain any more alloying elements in significant
amounts in addition to the above mentioned alloying elements. Some elements are
definitely undesired, because they have an undesired influence on the features of the
30 steel. This e.g. is the case for phosphorous which should be kept as low as possible in
order not to impair the toughness of the steel. Also sulphur is an undesired element, but
its negative impact on the toughness can substantially be neutralised by means of
manganese, which forms essentially harmless manganese sulphides. Sulphur therefore
can be tolerated in a maximum amount of 0.2 %, preferably max 0.05 %, and suitably
35 max 0.02 %. Other elements, such as nickel, copper, cobalt, and other may exist at
_ impurity levels in the form of residual elements from used raw materials in connection
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Fig. 6 shows the microstructure of a steel material according to the invention in a
studied section of the material.

DESCRIPTION OF PERFORMED EXPERIMENTS

25  Eight 50 kg laboratory heats were produced. The compositions of the steel, weight-%
for the alloying elements and vol-% for the carbide content, are given in Table 1. The
heats were forged to the shape of bars of size 60 x 60 mm.



acconpanyi ng drawings, in which 10 Fig. 1 is a diagramwhich shows the

I nfl uence of the tenpering tenperature on the hardness of the exam ned
steels, Fig. 2 shows, at a larger scale, the peak region of the tenpering
curves i n P¥QIVZ54990f those steels which have the hi ghest PRASEMDILSy al ues,
Fig. 3 is a bar chart show ng the toughngss of the exam ned steels versus
the 15 inpact energy, Fig. 4 is a bar chart which shows the abrasive wear
resi stance of the examned steels, Fig. 5is a diagramwhich illustrates
the ductility, neasured through inpact tests wth un-notched specinens,
versus the weBsble si st ance of the exam ned 20 steels, and Fig. 6 shows the
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Tabl e 1. The|nohpat s} werfe fqrged to|the|shape af bars jof $ize |60 X|dofensym WO
01/ 25499 PCTLSH Qa8 7! Table Commositidn ofi exlherinential al¥eki&s

wei ght - 9% Stkd [PR %7 07 po8 HOp04P v B+ INE [RA%C| %8188 |%° ¢ [981 - phdvol - %

carbide No Fanfsent | Mol 0% |Lss0 80000 | /@7 (5.544] 107 §0.00 | O@5| 0068 (b S.143 (5716 |0. 52
0.02 0.58 0. 30'1?’20 820980 e tboP e P00 98 Pa _”0.80’ D I74T F30970. 02
10.58 4.6 1.1 57 B 1030 1°%6] 0 76 6 60l 00d 0 407 B 51 18”2 K 0 g3
0.80 4.6 1.9 6. B%204[1£626-70 |8# (P90 | P68, PEY (5?300?5“31.025?) %6 5861, 990. 03
0.59 3.6 6. 39 Y0305 16030.15L [6és [n.o1D | noHb4.93. 0E2 [B.6200&034.058[dh 8G03. 64.00. 03
0.54 9.0 0 9'% 1030 | 1.51 1.20 10.67 |0.014 [0.006 )14.59 |[3.50 |3.62 |0.05 [0.57 {9.5 0 9.5

7 11030 {1.57 [1.02 |0.66 |0.017 {0.006 |5.0]1 [3.52 |3.99 |0.05 {0.55 }|10.2 0 10.2

8 11030 J11.15 [1.12 [0.64 [0.010 [0.005 |4.46 [2.80 {2.12 {0.02 |0.6]1 |5.5 0 535

5  *calculated content of carbon dissolved in the matrix of the tempered martensite.

In Table 1, steel Nos. 1-4 are reference materials, while the steels Nos 5-8 have
compositions according to the invention. More particularly, steels Nos. 5, 6, and 7 are
examples of compositions according to said first preferred embodiment of the steel,
10  while steel No. 8 is an example of the said, second conceivable embodiment of the steel
of the invention. The manufactured experimental alloys were examined with reference
to
- hardness (HB) after soft annealing, _
- microstructure after heat treatment; TA=1030°C/30 min/air + 525°C/2x2h,
15 - hardoess after autenitising at TA=1030°C/30 min/air + 525°C/2x2h,
- hardness after tempering at 200°C, 300°C, 400°C, 500°C, 525°, 600°C/2x2h,
TA=1030°C/30 min/air,
- hardenability,
- resistance to abrasive wear,
20 - toughness

SOFT ANNEALED TOUGHNESS
The soft annealed toughness of steel alloys Nos. 1 and 4-8 is shown in Table 2. The
hardness can be regarded as normal in view of the carbide and vanadium content of the

25  alloys.



6 1030 1.51 1.20 0.67 0.014 0.006 4.59 3.50 3.62 0.05 0.57 9.5 0 9.5 7
1030 1.57 1.02 0.66 0.017 10.006 5.01 3.52 3.99 0.05 0.55 10.2 0 10.2 8
1030 1.15 1.12 0.64 0.010 0.005 4.46 2.80 2.12 0.02 0.61 5.5 0 5.5 5
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martensite. In Table 1, steel Nos. 1-4 arﬁ reference materials, while the
steels Nos 5-8 have conpositions accordihg to the invention. Mre
particularly, steels Nos. 5, 6, and 7 are exanples of conpositions
according to said first preferred enbodi ment of the steel, 10 while steel
No. 8 is an erﬂpBe of the said, second conceivabl e enbodi nent of the steel
of the invent S&@ drmp?ﬂ% tured experinental alloys were exam ned with
reference to - ness § after soft annealing, mcrostructure after
heat treat ment: TA 1030C/30 minlair + 525C/ 2x2h, 15 - hardness after

aut eni ti si ng|&teel=1030C/ 30 JHAaédmsy (HB)525C/ 2x2h, - hardness after tenpering
at 200C, 300¢; 400C, 500C, 5@a, 600C 2x2h, |TA=1030C/30 min/air, -

har denabi | i t y;—reststance—to—abrastve—wear, 20 - toughness SOFT ANNEALED
TOUGHNESS Thé#soft anneal ed 233ghness of steel alloys Nos. | and 4-8 is
shown in Tablg 2. The hardnegs can be regarded as normal in view of the
car bi de and nadi um contentlrzg the 25 artoys. WO 01/ 25499 PCT/ SE00/ 01868

8 Table 2 SeHt—annealed—hrardress—Steel—Ne—Hardness (HB) 1 224 4 223 5
249 6 1257 7 259
8 241

5 MICROSTRUCTURE
The microstructure after a heat treatment consisting of autenitising at 980-1030°C/30
min + tempering at 500-525°C/2x2h was examined by light-optical microscope studies
and through Thgrmo—Calc calculations of the various alloy variants. The amount of
carbides was increased with an elevated content of chromium and vanadium. Stee] No.
10 4 and No. 7 had the largest amount of carbide phase, see Table 1.

HARDNESS VERSUS TEMPERING TEMPERATURE

The influence of the tempering temperature on the hardness of the examined steels,

which were austenitised at a number of different austenitising temperatures, is shown in
15  the diagrams in Fig. 1 and Fig. 2. The requirement of a hardness of at least 60 HRC

after tempering was achieved by a comfortable margin as far as all the steel variants of

the invention are concerned after autenitising at 1030°C/30 min and tempering at 525-

550°C/2x2h.

20 HARDENARILITY
The hardenability of the steels was measured through comparative dilatometer
measurements. The measured hardness values are stated in Table 3.



7 259 8 241 5 M CROSTRUCTURE The m crostructure after a heat treatnent
consisting of autenitising at 980-1030C/30 mn + tenpering at

500- 525C 2x2h was exami ned by light-optical mcroscope studies and through
Ther no- Cal W@ 81259t i ons of the various alloy variants. TRESEHPME of

carbi des was increased with an el evated gontent of chrom um and vanadi um
Steel No. 10 4 and No. 7 had the | argest anmount of carbi de phase, see Table
1. HARDNESS VERSUS TEMPERI NG TEMPERATURE The i nfluence of the tenpering
tenperature on the hardness of the exam ned steels, which were

austeni ti sed Babl@3nunber of different austenitising tenperatures, is shown
in 15 the d%ﬁ?ﬁ ds hebited tn &iHokibidr tedts The requirement of a har dness of
at | east 60 ter tenpering was achieved by a confortable margin as far
as all the s pt-s—ef—+he—+nventi on are concerned after
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HARDENABI LI TlY The har denabi | id4gy of theg steels was neasured through
conparative ditat Ullb‘L —ITeasur ements.| The neasured hardness val ues are
stated in TahLe & WDI01/254932pCT/5EQ0/ 01868 O Table 3 Hardness as
measured in dil atpnetgr test$92Steel No Hardness HV 1 Q1 542 4 572 5 592
6 599 7 627 8 572 As corgggred w tlh steel No. 1, the other alloys had
an i nproved hardenabi-Hi-ty-

(J.UI

O

627
572

o0 \19;

As compared with steel No. 1, the other alloys had an improved hardenability.
Particularly, steel No. 6, which has a higher Mo content, had an improved hardenability.

TOUGHNESS
10  The results of impact tests at room temperature with un-notched test specimens of the

examined steels are stated in Fig. 3. The toughness was decreased as the carbide content
was increased. However, particularly steel No. 8 had a very good toughness in view of
the fact that the hardness is as high as 62 HRC as compared with 56.5 HRC for steel
No. 1.

15

ABRASIVE WEAR
The wear resistance was examined via pin-to-disc-test with SiO; as an abrasive agent.

The wear resistance was strongly increased with an increased content of vanadium, as is
illustrated in Fig. 4.

20
DISCUSSION — FEATURE PROFILE
Table 1 shows the content of carbon, MC (vanadium carbide), M3C (cementite), and
total carbide content at a number of different autenitising temperatures, where an
equilibrium is believed to exist for the different alloys.

25
Fig. 5 illustrates the relation between ductility as measured through impact tests with
un-notched test specimens and the wear resistance, pin-to-disc-test with SiO, of the

examined alloys.



Particularly, steel No. 6, which has a higher Mo content, had an inproved
hardenability. TOUGHNESS 10 The results of inpact tests at room
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e Jvmigg{’ma(l)%%‘fs%%ﬁswe ‘Flg Xﬁ? -% and t he

4, in which the ¢hem ca sed in weight
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On the basis of the experiences from the studies of the materials which were produced

at a laboratory scale, then two full scale heats were manufactured through the spray

forming technique. Each heat had the weight 2300 kg and the diameter 500 mm. The
15 chemical compositions of the steels are given in Table 5.

Table 5
Chemical composition, weight-%, of materials produced through spray forming

Steel C Si Mn P ] Cr Mo Vv N

heat

No.
122 1.36 0.67 0.58 0.017 [0.011 |4.60 2.90 2.60 0.046
126 1.50 1.00 0.59 0.020 {0.017 |4.62 3.40 4.0 0.04

20
These heats were forged at the temperature 1130°C to the shape of bars of final size &
250 mm. From these bars, there were taken test specimens, the microstructures of which
were examined. These studies showed that the carbides adjacent to the surface of the
bars were smaller than in the central parts of the bars, which is a natural consequence of

25  the cooling rate of the heats. In the surface, the majority of the carbides thus could be
smaller than 3 um, but through studies of a plurality of samples taken at different depths
over the cross sections of the bars, it could be stated that the size in the main part of the
bars satisfied the requirements that at least 50 vol-%, and as a matter of fact at least 80
vol-% of the carbides had sizes within the size range 3-25 um, normally within the



10 Steel alloy CSi Mn PSC Mo VNCM Typel 1,22 1,0 0,6 0,01 0, 001
416- 2,8 2,3 0,01 0,64 5,9 Tell 1,51 1,00,6 0,01 0,001 4,6 3,2 3,7 0,01
0,57 9,4 On the basis of the experiences fromthe studies of the materials
whi ch were woeot2sé®d at a | aboratory scale, then two ful I[PCESEIDIBEAt S wer e
manuf actured t hrough the spray formng technique. Each heat had the wei ght
2300 kg and the dianeter 500 mm The 15"t heni cal conpositions of the
steels are given in Table 5. Table 5 Chem cal conposition, weight-% of

mat eri al s produced through spray formng Steel CS M PS O M V N heat
No. 122 1. 36rdg63-20 poBpridr GilheaOtr@tment obthe Parg @s welbas afteplgdeninpiand. 50 1. 00
0.59 0.020 0. eénéz 3.40 4.0 0.04 20 These heats were forged at the
tenperature 1 Ct0 the shape of bars of final size 0 250 mm Fromthese
bars, there were taken test specinens, the mcrostructures of which were
exam ned. Thedi. 6 shoWsabe mivostoctudeptrior todanianibg dubtempi¢ringaria saraple whichdes ace of
the bars yer ﬁeeﬁqmehqm%gﬁft&ﬁgpab%ﬁ%ﬁﬁhaﬁgoﬁst@i hédRobfIeS, Which is a

nat ural consequence 0 cooling rate of the heats. In the surface,
the mpjority of the carbides thus could be smaller than 3 p.m but through
studies of a plurality of sanples taken at different depths over the cross
sections of the bars, it could be stated that the size in the main part of
the bars satisfied the requirenents that at |east 50 vol-% and as a
matter of fact at least 80 vol-%of the carbides had sizes within the size
range 3-25 pm normally within the WO 01/ 25499 PCT/ SEOQ' 01868 11 range
3-20 }un prior to heat treatnent of the bars as well as after hardeni ng and
tenpering. Fig. 6 shows the mcrostructure prior to hardening and tenpering
of a sample which has 5 been taken in the centre of a bar which was nade

fromsteel heat No. 126.



WD 01/ 25499 PCT/ SEOQ 01868 12 PATENT CLAIMS 1. Steel material, c har a
cteri sedinthat it consists of a steel having the fol |l ow ng

chem cal conmposition in weight-% 1.0-1.9 C, 0.5-2.0 Si, 1-1.5 M1, 4.0-
5.5 Cr, 2.%0035¥%b + 2' ), however max 1.0 W5 2.0-4.5 (PQTLFEWE“Y however
max 1. 0 No, balance iron and inpurities j)n normal amounts in the form of
residual elenents from the manufacturing of the steel, and with a

m crostructure, which in the hardened and tenpered condition of the steel
contains 5-12_vol -% MC- car bi des, of which at |east 50 vol-% preferably at
| east about 8BAYENIGLLAMYS a size which is larger than 3 )Am 10 but smaller
than 25 m pref Steebingtesisint harr atchian i 20 dnin tien it cosistoof 4 e ravirey thag,

0.50-0. 70 wei ghtg; Y&ﬂ#&&ﬁnaa‘i"@&ﬁ;}bs@ @@&g{mdm é#%ﬁarot NBi48 Nl dde

har dened condltlo materia accor ing toclaimil, c
haract er556ra5#0Meh )bbowmmbow35 1.7 15 C and 3.0-4.5 V.
3. Steel material accordpgg to“claim?2, char acter i sedinthat
it containg 1. 4(20156¥+C——é,th0mb¢rynwst10ﬁh,st 1.45 C, and 3.4-4.0 V, and a
total content of MC-carbi“des anounting to 8-12, preferably 9-11 vol-% 20
4. Steel materi dalapesconding impwitich & nerbal agnonmta iy the feym ofgesiuial gergents fromt hat
:vt: CO”L ah ns 1. 1x1;letx§anu€acaﬂﬁg%fﬁre%teex %dﬁ@iﬁ%o&fcﬂfe?%ﬁﬁ%%ﬁ%ne@%%ent of

- car bi des anoyntin e eri r.di o any
N o bl e AMOUBLAAR &y ot bealoofia? s 17V REYe LS, AR
0.7-1.5, sui tab|59 vol-%, nreferai it leagt abSpteRd)| vohift, bes adizewlioh mlﬁgerttbﬁna%wnof
clainms 1-% ¢ hbatgm@eﬁmhnzs fim{ pr&fe&b@ﬂn&u&manzdﬁm@ulﬁmmo&ﬂfp

repl aced by al urgéaldjzp a?glm%X%mbo ﬁu{_’r} ?hlssolvt WSt ai N o b6 Inr%ta%haera 30 1.0,

preferably nmax erlal any of
claims 1-6, c hcenditignofthestesl. | s e d in that the steel contains at |east
0.2 % M, preferably0311|\/h suitably0408|\/h 35 8. Steel materi al

according to ém)éteef mgéeﬁél%co}dg to cl!a]mal % r% tetilseld th tﬁatqt éogta&tﬂqtﬁ 1.7

15 Cand 3.0-4.5 V.

3. Steel material according to claim 2, characterised in thatit contains 1.40-
1.65 C, suitably at least 1.45 C, and 3.4-4.0 V, and a total content of MC-carbides
amounting to 8-12, preferably 9-11 vol-%.
20 _
4, Steel material accordingtoclaim 1,characterised in thatitcontains 1.1-1.3
C and 2.0-3.0 V in order to provide a total content of MC-carbides amounting to 5-7
vol-%.

25 5. Steel material according to any of claims 1-4,characterised in that the steel
contains 0.7-1.5, suitably 0.8-1.2 % Si.

6. Steel material according to any of claims 1-5,characterised in that the
silicon partly is replaced by aluminium, however, the steel not contammg more than

30 1.0, preferably max. 0.1 % aluminium.

7. Steel material according to any of claims 1-6,characterised in that the steel
contains at least 0.2 % Mn, preferably 0.3-1.1 Mn, suitably 0.4-0.8 Mn.

35 8. Steel material according to any of claims 1-7,characterised in thatit
contains 4.4-5.2 % Cr.
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contains 4.4-5.2 % Cr. This Sheet Has Been Replaced | | ~~l~~ [1I~I1"~~II
L 1 1111 111112121211212132132 INME > i 1 1 1 WO 01/ 25499
PCT/ SE00/ 01868 13 9. Steel material according to any of clains 1-8, ¢ h a
ract e nwoomgesswed in that the steel contains 2.5-3.6 or/spseisssabl y
2.75-3.25 % Mb. 5 10. Use of a steel material according to any of clains
1-9 for cold work tools. 11. Use accordintto claim 10 for honbgenous rolls
for cold rolling of nmetal strips. 12. Method for the manufacturing of a
steel product, char acteri sedinthat a steel 10 nelt is
prepared having a chem cal conposition in weight- %accor ding to any of

claims 1-9, that_an ingot is. manufac ed f this

convent i onal Png%?d"lf’éfg‘f’h‘fﬁorswgé‘bﬂ‘[ﬂ“%ﬁ%%s ]cg’sctrﬂ P %‘re 1rf’r o%&hggg'pﬁflte?lorm ng,
that the ingot icontansRed’.6 o, prefrabdd2.73-836 Y%sMape t hrough plastic working
and/ or machi ning, that the thus obt ained product is heat treated through

autenitising at 100Q-1100C an erin 500 60 r the achi evenent

of a matriR céﬂs‘?%ﬂfﬁéte@fmﬁt@'ﬂg %ﬁ??‘gh%[qaém%hégf?rrf‘jﬁ rgrtr?aoﬁﬁ’i X 5-12 vol -%

MC-car bi des, at least 50 vol-% preferably at |east about 80 vol- %the

car bi des havi R @se%l:go‘?dl}ﬁ%{océihifn%lféxr H%ﬁfog%rﬁﬁ@ro'fls rRuld r&l bﬂﬁethlrb%ﬁb525 m
eel

preferably srra Ier than 20 gm 20 13 product, c acteri s
edinthat it is manufactured according to the method accordl ng to clalm
12, and that theMehod fox thefmanhfactetingf acstaet prodiect,8-h2x a c yarrdiserda bl thatqa steel vol - 9

MC- car bi dgﬁ and rﬁaﬁts I'e? e@ﬁ&vﬁﬁg‘?&h@ﬂm@f Wpoﬁﬁﬁﬂﬁ%@@t%ﬁﬁc&dﬂ% to @ny&F 0. 70

wei ght - % di ssol v . I . sed
inthat it is nd‘iﬂ?r‘éi’tg ’da“d?}%%}sdﬁ?faf%m{&r@ ﬁlé%rﬁatd& éﬁ c%wgm}of’ i oél m 12
and that the matcastingof coipusisseasting pr t@roughm@nfongmgctbﬁgh%msotes wmkﬁ@@nsu te,
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carbon. 30 C L product is heat treated through autenitising at 1000-1100°C and tempering at 500-
15 600°C for the achievement of a matrix consisting of tempered martensite and in the
matrix 5-12 vol-% MC-carbides, at least 50 vol-%, preferably at least about 80 vol-

9% of the carbides having a size which is larger than 3 pm but smaller than 25 pum,

preferably smaller than 20 pm.

20  13. Steel product,characterised inthat itis manufactured according to the
method according to claim 12, and that the matrix of the stecl contains 8-12,
preferably 9-11 vol-% MC-carbides and that the martensite after hardening contains
0.50-0.70 weight-% dissolved carbon.

25  14. Steel product,characterised inthat it is manufactured according to the

method according to claim 12 and that the matrix of the steel after hardening
consists of martensite, which contains 5-7 vol-% MC-carbides and 0.50-0.70

weight-% dissolved carbon.

30
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