WO 02/ 070769 1 PCT/ SE02/ 00372 STEEL ARTI CLE TECHNI CAL FIELD 5 The
i nvention concerns an article nmade of steel having features which are
desi rabl avé orz/o7opdsasti ¢ noul d steels intended to be used fpeT/anye/872t he
following fields of application: elenments, e.g. screws and barrels for
feedi ng and conducting plastic masses in rmachines for the manufacturing of
pl asti c conponents, e.g. elenents in injection 10 noul ding and extrusion
assenblies, and nould tools and tool parts for injection noulding of
plastic materials. Particularly the invention concerns objects of steel
havi ng excel REBELWERTICIFS| st ance, good corrosion resi stance,
hardenability, and tenpering resistance as well as adequate 15 toughness;
features which nake the steel suitable to be enployed within said fields of
application. The use of steel articles according to the invention, however,
is not limteg ﬁh@: P Hris! ds of application but can be enployed also for
a variety of other applications where said featyres arge pece &ar r
desi rabl 3 eThe inysnten %oricwnﬁ@ﬁﬁgﬂci%ma%%fcﬂ%g hapang featpres hic "3%! g%ar
par ts in rraNprlammaﬂm deieintended B sed fdrgy of theTBléwiaR feldseof agllﬂ icBAGIKGROUND
OF THE | NVENTI ON For parts of the above nentioned fields of application
there is today used a steel which is known under the trade nane ELMAXTM
which is a highs ab]eﬁ;ead; egosudms z{rlettlmh‘elsrfgtyfeedﬁngaﬁdicmdwﬂng plastic masses in

chrom um vanadi um ‘[}q%!
corrosi on resistance. %'?‘gl S ee%ﬁ%s %%oﬂ@@%%ﬂ%?%ﬁ%%;}%rﬂntsgﬁﬂue%n
conposi ti®n in menmdl%atld@dmswmasseslbhee aBdI\/h 18.0 Cr, 1.0 M, 3.0V,

bal ance iron and h{aawobls%d todl Wr&eﬁje&}fﬁ AolliHE ofpistié fatephRNCe and
corrosion resistance, which makes a manufacturing of noulds for plastic

nmoul ding having a long working life possible. The steel is used e.g. in
the el ect r0niP@rticﬁIiﬂ?tthellnfvemtldrf@nmﬁuﬁb}ectwa ﬂgel(hﬁvmglmbéllags\zveamemm,, 30

t t f. but
st iy, - @pB crByRURNEARE haidkhbiy AnaTERp R keSS e A B
t he same 16i nmtoumbnedspfentosas whick mkaﬂmes’caelssmabbste bmenmlloyfedwﬂmn saHbﬁeldeﬂf
there is ad H@e ubRITiR u%E %?lsteglaa‘fﬂl gé[rdldté tol%ﬁé TnSEntfATROW&et. qyn&flmuted

excel | ent reS|s ance ena enperlng resi St ance, .and
corrosion r e§‘i’ %%%ﬁé’é‘s of ppplicrden B‘Ftlcﬁnb%ﬁméloé{ﬁ@ Alse far pcyrristy Qi QtharePRIigtions r el

for feeding angreandifaturatardhadhdaty or desirable, e.g. details in pumps for feeding wearing
media and for wear parts in machines and other equipments, just to mention some.

20
BACKGROUND OF THE INVENTION
For parts of the above mentioned fields of application there is today used a steel which
is known under the trade name ELMAX™, which is a high alloyed, powder metallurgy
manufactured chromium-~-vanadium-molybdenum steel having good wear resistance and
25  corrosion resistance. The steel has the following nominal chemical composition in
weight-%: 1.7 C, 0.8 Si, 0.3 Mn, 18.0 Cr, 1.0 Mo, 3.0 V, balance iron and impurities.
The steel has a high wear resistance and corrosion resistance, which makes a
manufacturing of moulds for plastic moulding having a long working life possible. The
steel is used e.g. in the electronic industry for the manufacturing of couplings, contacts,
30 resistances, and integrated circuits, but can also be used in the food industry, where
corrosion resistance is required from sanitary reasons, at the same time as the wear
resistance is an essential factor.

However, there is a demand for a steel having a still better combination of excellent

35  wear resistance, hardenability, tempering resistance, and corrosion resistance,
particularly for elements such as screws and barrels for feeding and conducting plastic
masses in equipments for injection moulding of plastic materials.
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20  carbon may amount to 2.5%, preferably not more than 2.3%.

The article of the invention is manufactured by a technique which includes spray
forming, in which drops of molten metal are sprayed against a rotating substrate on
which the drops rapidly solidify to form a successively growing ingot. The ingot then

25  can be hot worked by forging and/or rolling to desired shape. At the solidification of the
drops said carbides are formed, which are evenly distributed in the ingot and thence in
the final product. Due to the controlled rate of solidification of the drops, which is
slower than during manufacturing of metal powder by atomising a stream of molten
metal and rapid cooling of the formed droplets, but essentially more rapid than during

30  conventional ingot manufacturing, continuous casting and/or ESR-remelting, the
carbides have sufficient time to grow to a size which has turned out to be very
favourable in the article according to the invention. Thus the MC-carbides can be
caused to achieve an essentially rounded shape, such that at least 80 vol-% of the MC-
carbides obtain a size in the longest extension of the carbides amounting to 1-10 pm,

35  preferably at least 5 pm, while the M7Cs-carbides typically achieve a more elongated
shape than the MC-carbides, such that at least 80 vol-% of the MC-carbides get a
maximum extension which amounts to 3-50 pm, preferably at least 10 pm.



carbides obtain a size in the | ongest extension of the carbides anmounting
to 1-10 m 35 preferably at least 5 gm while the M/C3-carbides typically
achi eve avovoreroedsongated shape than the Q/C-carbi des, suchCTREN2/@872] east 80
vol - % of the MC-carbides get a naxi mum extensi on which anounts to 3-50 m
preferably at least 10 m WD 02/070769 3 PCT/ SE02/ 00372 N trogen
optionally may be added to the steel in connection with the spray form ng
to a nmaximal anount of 0.20% According to the preferred enbodi ment of the
i nvention, however, nitrogen is not intentionally added to the steel but
wll nevert hB]'ltﬁégen@pt@hal@Smay‘lbe umazd @ thelztee] @l nmettion withnthe spray forafingraxa

0. 15% | | 0.1 th
contrary. 1 nEHirER SRR ey P00e ASoor G 1 B preBr PR bbb AR B0bnicht, | 12
and chr oni umhcaewomitrogeteis nphmmtlbmaﬂaitaddcd toi thi steelrtivie Wﬂl Tlfh‘(ﬁgthalessrﬁw s an
fraction of Q@J&?&giﬁ%‘%ﬂﬂ% gﬁohﬁl“df 4%t REnaRe K TeYE, Onads iteh WoE

contents of fcon 1s present as_a residue from
t he manuf act ahpimfubingregienit Eethegaptrary; @P sitrogenFay hayea fayqueahie pitecthy at

least 0.1% psafiss dladivdt ahE@FbmBn? 8arbdhigidet id Qdii%mﬁtfdrﬁﬁxﬂi?&arbdﬁﬁ Thas hon
activity in the sieel

d therefore contri affordin e steel an
adequat e har SRR a%?ﬁgﬁ‘irtb@%m eﬁﬂ‘aéf F‘?Cthfc’)g Zl?e oHIME egl ?
however, is aombiite 0ME1 andtMd,(secarbides. and nust therefore not exi st |n
amounts above 2.0% Preferably, the steel does not 15 contain nore than max

1.0% silicon. Manganese al so exists as a residue fromthe manufacturing of
t he st eell0an@ilisondspresent ab avesidvs dronsthefmanufashuringdfiteshsted pnd xists nprmallyein

steel by for %Q oﬁm&%%a @T‘%P?ﬂeﬁ:@ab] &ﬁ@&%%ﬁ THRANRLR iforeIeHihd cBbbit 10

an anount of east 1% erab In an nt of at, | eas 2%

Manganese al §6t“f3"i’5’dﬁﬁhee§te?1ﬁ§ Hﬁ#@ﬁ’aﬁ’@? Tibuies t E‘fﬁi"‘i&tﬂe pleslanradgquate Eadgnﬁ‘?ﬁst

20'[ f exi tS)][ | nv@(&%aﬁs@?%ﬂ&r@e&%ﬁ prdb[dﬂﬁr Sﬂféoﬁ\/lwwbveﬂlli)da §ttdngrfa'ﬁilte fopinep| ens.
referably, ste

content of m?ﬂ‘g efe 01§ _ngg}ga%gg%g ﬁawn%%&bjf}' (r% %{heérg@ 8?1‘[’0@0? a;t

| east 129 prefitemanbne than max dPdusiticat at | east 13%in order to afford the
steel a desirable corrosion resistance. Furhter chromumis an i rrportant
carbide former and fornms M/C3-carbi des together with carbon,

carbi des in Aansereseialie sxisthesiaresidns Famiheimenelasiuring of *é\ets‘esﬂelemégmd%themear
resi stance. "1&haRBLERCES] h@xtmamhmy @k@mttﬁé s&a%m%ﬁﬁﬁ&mn@aﬁ&e sdlpBideer m
4
1

hardenabi 1 X HEchs e 20 CaRREL (1oL, 260 00,5 90 Bl © ©
20  amount of at least 0.2%. Manganese also promotes the hardenability, which is
favourable, but must not exist in amounts above 2.0% in order to avoid embrittlement
problems. Preferably, the steel does not contain more than max 1.0% Mn. A nominal
content of manganese is 0.5%.

25  Chromium shall exist in an amount of at least 12%, preferably in an amount of at least
13% in order to afford the steel a desirable corrosion resistance. Furhter chromium is an
important carbide former and forms M;Cs-carbides together with carbon, which
carbides in combination with the MC-carbides contribute to a desired wear resistance.
Chromium also strongly promotes the hardenability. The term hardenability means the

30  capacity of achieving a high hardness more or less deep in the article that shall be
hardened. The hardenability shall be sufficient for the article to be through hardened
even if the article has comparatively large dimensions, without employing very rapid
cooling in oil or water at the hardening operation, which might cause dimension
changes. The hardness in the steel shall be at least 55 HRC, suitably 58-64 HRC, after

35  tempering. Chromium, however, is a strong ferrite former. In order to avoid ferrite after
hardening from 1020-1150°C, the chromium content must not exceed 16%, preferably
max 15.5%. A suitable chromium content is 13.2-14.5%, nominally 14.0%.
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20 Molybdenum shall exist in an amount of at least 2.1%, preferably at least 2.3%, in order

to afford the steel a desired hardenability in combination with chromium and the limited
amount of manganese. Molybdenum also contributes to the corrosion resistance of the
steel but is a strong ferrite former. The steel therefore must not contain more than 3.5%
Mo, preferably max 3.0, suitably max 2.5%.

25 .
In principle, molybdenum may completely or partly be replaced by tungsten, but for this
twice as much tungsten is required as compared with molybdenum, which is a
drawback. Also the use of any scrap will become more difficult. Therefore tungsten
should not exist in an amount of more than max 1.0%, preferably max 0.5%. Most

30  conveniently, the steel should not contain any intentionally added tungsten, which
according to the most preferred embodiment of the invention is tolerated only as an
unavoidable impurity in the form of a residual element from the raw materials which are
used in connection with the manufacturing of the steel.

35  Besides the mentioned alloy elements the steel does not need, and should not, contain
any more alloy elements in significant amounts. Some elements are definitely
undesired, because they may have an undesired influence on the features of the steel.
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20 Fig.3 shows a section of the curves of Fig. 2 at a larger scale,
Fig. 4 inthe form of a chart illustrates the hardenability of a steel according to the
invention and of two reference materials with data from CCT- diagrams,
Fig. 5 shows the abrasive wear resistance of a steel according to the invention and of
two reference materials, and
25 Fig. 6 illustrates the corrosion resistance of the examined materials in the form of the
' corrosion current, I;, from the polarisation curves of the materials.

DESCRIPTION OF PERFORMED TESTS
Materials

30  The chemical compositions of the materials which are included in the test series are
stated in Table 1. Steels No. 1 and 2 are reference materials. Both are powder
metallurgy manufactured. Steel No. 1 is a commercial steel of type ELMAX™, which
has been mentioned in the description of the background of the invention, and steel No.
2 is another commercially available steel. Steels No. 3A and No. 4A refer to aimed

35  compositions, while steel No. 3 and No. 4 are analysed compositions of two steels, the
contents of vanadium of which lie in the lower and the upper section, respectively, of
the widest aspects of the chemical composition of the steel of which the article
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0.015 0. 104 Fe and unavoi dabl e
Table 1 Chemical composition, weight-%

Steel,| C Si | Mn S Ctr |Mo| V | Nb N Balance

No.

1 1.71 1 0.84 1 0.30 | 0.019 | 17.9 | 1.08 | 3.01 [0.015| 0.104 Fe and
unavoidable
impurities

2 2411029 ]043 | 0.019 | 13.1 | 1.12 | 7.91 ]10.003 | 0.083 -7

3A* | 1.85] 0.50 | 0.40 [<0.020| 14.0 | 2.30 | 6.00 - <0.10 -
3 193 1061]039] 0.019 | 13.7 232|564 | 0.02 0.10 -
4A* 1235|050 040 |<0.020] 144 | 230 | 8.20 - <0.10 -
4 o

20 * Aimed compositions

In the studies which shall be explained in the following, steels No. 1, 2 and 3 were
tested with reference to
e micro-structure
25 e hardness versus austenitising and tempering temperature
e hardenability
e ductility



inmpurities 2 2.41 0.29 0.43 0.019 13.1 1.12 7.91 0.003 0.083 -"- 3A* 1.85

0.50 0.40 < 0.020 14.0 2.30 6.00 - < 0.10 ='- 3 1.93 0.61 0.39 0.019 13.7
2.32 5. 64v00DQ@7006910 -7- 4A* 2.35 0.50 0.40 < 0.020 14.4 2rG0SBI2203722 < 0. 10
-"- 4 =- 20 * Ained conpositions In the ¢t udi es which shall be expl ai ned

in the followng, steels No. 1, 2 and 3 were tested with reference to

m cro-structure 25 hardness versus austenitising and tenpering tenperature
hardenability ductility WO 02/070769 7 PCT/ SE02/ 00372 abr asi ve wear

resi stance corrosion resistance Mcro-structure 5 The mcro-structure of
steels No. 1 and gbrasive Wehicekisthide powder netal | urgy manuf actured steels,
which inplies that all. carbides are very small, nmax about 3 pm and evenly
distributed in % hETYMESFAIE e st eel i ndependent of its heat treatnent.
The m cro- structure in the hardened, TA = 1120C/30 min. and tenpered, -
525C/ 2 x 2 hMi&%r-‘&E H gg, of steel No. 3 is apparent fromFig. 1, which

shows a port ) centre of an 10 exam ned bar having the craoss
section 350 ¥hegigomimuciure efttcelsdyo.i kangr2 isiupieal den povider exstallyeaysmanufacpred
{errper |e|d mar Et‘églih\izﬁich g (Rl !%ﬁﬂbﬁ&;shré:@ér? 's%ﬁﬁ,trﬁiix Mout Ipe, Qﬁi/év'gﬁly? o

ypi cal ly royn shape and. a sj ze rom abo mup,to abou m
and chrom ugdsgﬁ?“ﬁ?ﬁé‘é,ﬁe W@‘C,x,"fﬁ}éﬁﬁtﬁgl egg%p&g@psg}epg,tr%gpgntgiﬁ%ma- shape.
The size of tthectelerintctmrdacd)iTies 1 1E0SCraxminband teidpered 5270V » 2th) eomddtidr, €  of
the bar. Int f ace, of bar_. whi.ch al so. xam.ned- _but which
i's not shown Ofﬁe S‘ﬁ@"-g’i %Wﬁaée,n%?r Rélhlrg\}}é-' ﬁc‘g}}l\é\gﬂa‘éosw Sgas&)(v%\té%‘\?ﬁ]atg? ? %Hé{%c(%ragm um

car bi desl@wer exauiredwhait haymgl theerosagsction 3¥oxi63.6 nym Indhemarixt of thosigel, Fhich30
pm respecti ¥&lyst &%E&a‘?ﬁea?ﬂaﬁ&e,cﬁfé%ﬁ%da cé?ﬁid&é‘@fM@dt?rgJﬁ ﬁé?vé'rg%genced

that the structure Is ver ven over t nole cross sect
car bi de cont &ipicallydowndedishang a8 2size ob&iom aboyt dumapi te marabrBl Quin, &0 canni ng

chromium carbides, MCs, having a substantially more extended shape. The size of the

chromium carbides was max about 15 x 50 um in the centre of the bar. In the surface of
15  the bar, which also was examined but which is not shown in any picture, the MC-
carbides as well as the chromium carbides were somewhat smaller; up to about 6 pm
and up to about 8 x 30 pm, respectively. A macro-etched cross section of the rod also
“evidenced that the structure is very even over the whole cross section.

20  The carbide content was examined by the point calculation method in a scanning
electron microscope. The measured total content of carbides in steel No. 3 was 20.4%,
of which 15.4% were rich in chromium (M7C3) and 5% were rich in vanadium (MC).
As far as steel No. 2 is concerned, the measured total content of carbides was 23.9 vol-
%, of which 13.1% were rich in chromium (M7Cs) and 10.8% were rich in vanadium

25  (MC). The measured total content of carbides in steel No. 1 was 14%, of which 13%
were rich in chromium (M7Cs) and 1% was rich in vanadium (MC). All carbide contents
refer to vol-%. The heat treatment condition was T4 = 1120°C/30 min. +250°C/2x 2 h
for steel No. 2 and steel No. 3 and T4 = 105C/30 min. + 250°C/2 x 2 h for steel No. 1.

30 Hardness after heat treatment

In the soft annealed condition, the steel according to the invention has a hardness
(Brinell-hardness) of 200-300 HB, typically about 250 HB. The influence of the
tempering temperature on the hardness after austenitising between 1080 and 1150°C is
shown in Fig. 2. Steel No. 3 exhibits a stronger secondary hardening than the two

35  reference steels 1 and 2 after austenitising at 1120 and 1150°C and reaches a hardness
of 63 HRC after tempering at 5252 x 2 h. A section of the region which comprises the
hump on the tempering curves is shown at a larger scale in Fig. 3. Steel No. 2 had the



el ectron m croscope. The neasured total content of carbides in steel No. 3
was 20.4% of which 15.4% were rich in chrom um (M/C3) and 5% were rich in
vanadi umwWom/0707¢8s far as steel No. 2 is concerned, the npe@FSE@dsT al
content of carbides was 23.9 vol- % of ich 13. 1% were rich in chrom um
(MrC3) and 10.8% were rich in vanadium 25 (MC). The neasured total content
of carbides in steel No. 1 was 14% of which 13% were rich in chrom um
(MrC3) and 1% was rich in vanadium (MJ). Al carbide contents refer to

vol -% The heat treatnent condition was TA =1120C/ 30 mn. + 25002 x 2 h
for steel NOsanRe Bﬁtdnes‘saehteéld\loaﬁmdaﬂ's@etﬁtislﬁ@ﬁlﬁaom rbut & sitBsG@tiallxia®ven f or
steel No. 0 Hardn h t t .l n the soft anneal ed

condi tion, Fleén%einé‘glresé% rbCF aflllebOth &gﬁé\&({ ﬁ\?délgﬁ\?or% has a hardness

(Brinell -har dness) of 200-300 HB, typically about 250 BB. The influence of
the tenperi ture on the hardness after austenitisi ng between 1080
and 1150C i Eﬁgﬁ%c%@iﬁc Fig. 2. Steel_ No. 3 exhibits a strq) er secondary
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02/ 070769 8 PCT/ SEQ2/ 00372 sane hardness as steel No. 1 after

austeniti si ng, ﬁgl %%goc but a substantially |ower tenpering resistance

t han both st 1 and No. 3. Hardenability 5 The hardness versus the
requi r ed1@ i mdhe émpacs ehérgy vas exangoed, uo-modeditest smwnsg)pmgmse@aﬁqr hardeping. 4.
It is appareginf Tgmltlhosc/gbﬁﬁﬂfar@@édstm b%@@nﬁmﬁréﬁﬁr mio@@hol\lﬁm 31is

significantly bet anﬁ hat of steel No. 1’ and much better than that of
steel No. 2. TeSPEigis §%f stes! Ngel V@W%Eﬁ‘%‘%#’%%ﬁ“ﬁé etWFRD KBY éMed t est

speci mens besaq’(usmé didhessionefthebdrnd thd dxamided ﬁeelﬂ%&@(r&()vmeal fvberesdre ehes
Nos. 2 and 3 a steel No.. 1

t I
after varyind® SP r'l"rﬁnS’F@ cr%lg’raﬁat%%‘ g@’“ﬁ@?%ec:?g i h‘éﬁ t%’dgg@ IRt Sher i on
of the bdp oalltehanawdrstaebd:xmedai 10 htmelidongituainab shmplese mdi ady satisfhes the esul t s

are not full feﬁmr J ; ct
ener gy of 15¥g exefl‘%lbirﬁe stee%lgﬁeaxc'(t:{eoegﬂllI gbsb%) ?&% ﬁ?tk}égﬁzgeln%lu lzﬁlg}?’?
sanpl es, whi @pplicstion pf the artirde aeprding fofheinventiotas appr ovabl e i npact

toughness is concerned for the intended field of application of the

article accor%l etv(?let he i nventi on.

20  The wear resistance was examined in the form of a pin-to-pin test using SiO, as an
abrasive agent. As far as the dimensions and hardening temperatures of the examined
samples are concerned the following applies. Steel No. 1: & 38 mm/T s = 1100°/30 min;
steel No. 2: @ 37 mm/T 4 = 1120°C/30 min; steel No. 3: 350 x 63.5 mm/Tx =
1120°C/30 min. The results are apparent from the bar chart in Fig. 5. This chart:

25  illustrates that steel No. 3 for all tempering temperatures exhibited the by far best wear
resistance.

Corrosion resistance .
The corrosion resistance was measured via potential curves in 0.05 M H,SO,, pH = 1.2.
30 I at the active peak defines the relative corrosion resistance, which means that the
corrosion current should be as low as possible. In the bar chart in Fig. 6, the different
materials are compared as a function of the heat treatment condition. Steel No. 3 had the
best corrosion resistance after tempering up to at least 400°C. After tempering at 525°C,
the corrosion resistance was reduced for all examined materials; steel No. 3 slightly
35  more than steel No. 2 and considerably more than steel No. 1. It should, however, be
observed, as far as this comparison is concerned, that steel No. 3 after tempering had an
essentially higher hardness than the comparative materials.



Abr asi ve wear 20 The wear resistance was examned in the formof a
pin-to-pin test using Si02 as an abrasive agent. As far as the dinensions
and har dewd ngotoeevper at ures of the exam ned sanples are cPOTSER&d3IT2he
following applies. Steel No. 1: 0 38 mm TA =1100/30 min; steel No. 2: 0 37
m TA =1120C/ 30 min; steel No. 3: 350 x 63.5 nm TA = 11200/ 30 nin. The
results are apparent fromthe bar chart in Fig. 5. This chart, 25
illustrates that steel No. 3 for all tenpering tenperatures exhibited the
by far best wear resistance. Corrosion resistance The corrosion resistance
was neasur edpy@upstexti al curves in 0.05 M H2SO4, pH = 1.2. 30 Icr at the
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400C and har e f be 500
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requi r enent slsn(% ° ¥ Oco?ar k)hsain(?r?Wd?rerg?ts rr%Xé“"d‘é‘?%%“{ "&i st. The invention thus

provides a pronounced flexibility with
It should also be realised that the article according to the invention may have any

conceivable shape, including spray formed ingots, blanks in the form of| e.g., plates,
20  bars, blocks, or the like, which normally are delivered by the steel manufacturer in the
soft annealed condition with a hardness of 200-300 HB, typically about 250 HB to the
customers for machining to final product shape, as well as the final product which has
been hardened and tempered to intended hardness for the application in question.



reference to the adaptility of the useful ness of the steel for various
applications by choice of a suitable heat treatnent. Another inportant
factor faovootieroa®abi lity of the steel 15 is its manufact uPCTgE2WI0B2h | S
based on the spray form ng techni que, whiléh is essentially npre econonical
t han powder netal |l urgy manufacturing. It should al so be realised that the
article according to the invention nmay have any conceivabl e shape,

i ncluding spray formed ingots, blanks in the formof, e.g., plates, 20
bars, blocks, or the Iike, which normally are delivered by the steel

manuf act ur erci ATiRe soft anneal ed condition with a hardness of 200-3 00 HB,

typically abou 50.HB to the, K custaners f.or machining to,final aduct
shape, as V\/e1~I§t8‘§ aftllfée’fqm%lfaﬁli&ﬁbﬁ?%v\mtiﬁ Iﬁﬁ%nswgse(gﬁnﬁg%gﬁlec C&H@?‘{Selgmered
to i ntended Wweigtin®ss for the application in question. W 02/070769
PCT/SEOZ/OOS??_ZéLgr CLAIM5 1. Steel article, char acteri sedin
that it consists an alloy which contains in weight -%1.7-2.5 C 5
0.1-2.0 § 0142080 M» max 0.2 N max 0.2 $ 12-16 O 10 2.1-3.5 (M +
W2) 5-8V 5}}?9 b bal ance essentially only iron and unavoi dabl e
inpurities, and that the steel has a mcro- structure obtainable by a
manuf act uri nﬁlalsﬁ-gcwe steel which conprises spray formng of 15 an ingot,
the m cro-stadgtour € of which contains 14-25 vol - % carbi des of mainly MC
type, where %slg tantially consists of vanadium of which carbides at

| east 80 vol =9% ve a substantially rounded shape and a size in the

| ongest &t e2didA (bfo +M&2kar bi des anpbunting to 1-10 m and M/C3-car bi des,
where M substanially consists of chrom um which carbides typically have
a nore el ongated shape than the MC-carbi des, 20 of which MC- carbi des at

| east 80 vol mxWal/Bba naxi mal extension amounting to 3-50

balance essentially only iron and unavoidable impurities, and that the steel has a micro-
structure obtainable by a manufacturing of the steel which comprises spray forming of

15  aningot, the micro-structure of which contains 14-25 vol-% carbides of mainly MC-
type, where M substantially consists of vanadium, of which carbides at least 80 vol-%
have a substantially rounded shape and a size in the longest extension of the carbides
amounting to 1-10 pum, and MCs-carbides, where M substantially consists of
chromium, which carbides typically have a more elongated shape than the MC-carbides,

20  of which MC-carbides at least 80 vol-% have a maximal extension amounting to 3-50
um.

2. Article according toclaim 1, characterised inthat the micro-structure
contains 3-8 vol-% MC-carbides and 10-20 vol-% M;Cs-carbides.

25
3. Article according to claim2, characterised inthatit after hardening and
tempering has a hardness of 55 to 64 HRC.

4. Article according to claim 3, characterised inthat the martensitic matrix of
30  the steel after hardening and tempering contains 0.2-0.7 weight-% C in solid solution.

5. Article according to any of claims 1-4,characterised inthat the total content
of C in the steel is at least 1.8%.

35 6. Article according to any of claims 1-4, characterised inthat the total content
of C in the steel is max 2.3%.



m 2. Article according toclaiml, char acteri sedinthat the
m cro-structure contains 3-8 vol - % MC-car bi des and 10-20 vol -%

M/ C3- car Wwalex0702® 3. Article according to claim2, ¢ h a PCHSE0200872r | S €
dinthat it after hardening and tenperilhg has a hardness of 55 to 64 HRC.
4. Article according toclaim3, char acter i sedinthat the
martensitic matrix of 30 the steel after hardening and tenpering contains
0.2-0.7 weight -%Cin solid solution. 5. Article according to any of
clainms 1-4, c har act er i s edinthat the total content of Cin the

steel is at 1, %‘ﬁ&lekc@c/ﬁn%ﬁogn%éf d1higdsQ -6.CaPs fhBY elrQ s iPbhatthékte®l cbnthinst h a

racter e total content of Cin the steel is max
2.3% WO 02/%2‘(17‘@@SPCT/ SE02/ 00372 11 7. Article according to any of clains
1-6, char acteri sedinthat the steel contains 0.2-1.0%Si. 8.

Article acco n a c t at
the steel %t‘%‘ft ﬂl§ acgor@ngt? aeﬁﬂkﬂgmlﬁl Arctctf%fgca{c?crdrsé’%g {hg{tgggt%gfco fhn&sh
1-8, ¢ h5a ro.2-1c0% Mnr i s e d in that the steel contains at |east 13%Cr.
10 10. Article according to any of clainms 1-9, char acteri sedin
that the steel contains max 15.5% Cr. 11. Article accordi n% to claim110, c
har act % Aticlegcgodingtornnof eliass-8eq h 2 sacdierd se3l m thatythg steel contatns o
Article accopdbpgiin @ny of clainms 1-10, char acter i sedinthat
the steel contains at least 6.1% V. 13. Article according to any of clains
1-11, character i s e din that the steel 20 contains max 7.5% V. 14.

Articl e mccordiAgicle@icedrdinggo by afclaitd,1-% dh @r b ca e its eal in thatsthesdel n t hat
t he steel cont,[al ns 6. § Z/%A)V 25 15. Article accordi ng to any of clains
12-14, ¢ h 2P mEXISPATE o 4" i'n " that the steel does

11. Article according to claim 10, characterised inthatthe steel contains 13.2-
14.5% Cr.
15
12. Article according to any of claims 1-10, characterised inthat the steel
_contains at least 6.1% V.

13. Article according to any of claims 1-11,characterised in that the steel
20  contains max 7.5% V.

14. Article according to claims 12 and 14, characterised in that the steel
contains 6.3-7.3% V.

25  15. Article according to any of claims 12-14,characterised inthat the steel does
not contain more than max 0.04 Nb.

16. Article according to any of claims 1-15,characterised in that the steel
contains at least 2.3% Mo.

30
17. Article according to any of claims 1-15, characterised inthat the steel
contains max 3.0% Mo.

18. Article according to any of claims 1-17,characterised inthat the steel does
35  not contain more than max 1.0% W, preferably max 0.5% W.



not contain nore than max 0.04 Nb. 16. Article according to any of clains
1-15, char acteri sedinthat the steel <contains at |least 2.3%
Mo. 30 1®WwoMiocdse according to any of clainms 1-15, ¢ h aPCT/SE@/M3R r i S e
din that the steel contains max 3.0% Mi2 18. Article according to any of
clainms 1-17, characterised in that the steel does 35 not contain nore than
max 1.0% W preferably max 0.5% W WD 02/070769 PCT/ SE02/ 00372 12 19.
Article according to any of clains 1-18, char act er i s edin that
the steel does not contain nore than max 0.1% S, preferably max 0.05% S.

20. Article ,according. t n i - 19, C: i in
Chat 1t af oo At AlkarpB L o of AIR-r%, Fha £ 0o Br Ly 8 aCinetd die bed g 0
has a har dnews coitaiB5né2 thanR@ax préd Sraefesablt mpe 84568 HRC. 21. Article

according to any of clains 3-19, character i s e din that it after

har deni ng and tenpering at a te Ciagature bet ween 380 arAd. 4'F~'1>OC S a
har dness of 295Artige gocarging toamy ;s 3549, £ Ak 2 ghe HREe dol thatth 3iter o

accor di ng t Quapdwnirf arél t@hnBEriss #% te@pratrd bétweer 180-220°Cshae athatdhedshsHt55i82 af t er
har deni ng fr}ﬁg\ba tfnﬁgra tér etr?g en 480 and 520C has a hardness of 60-63
HRC. 15 23.tHArt PETEaR¥ @breay any of claims 3-19, char act er i s e
dinthat it after hardening froma tenperature between 510 and 530C has a
hardness betyean; 41 .80 dinf 4o b ot claims 3-19, characterised inthatit after
hardening and tempering at a temperature between 380 and 450°C has a hardness of 55-
10 62 HRC, preferably at least 59 HRC.

22. Article according to any of claims 3-19, characterised inthatit after
hardening from a temperature between 480 and 520°C has a hardness of 60-63 HRC.

15 23. Article according to any of claims 3-19, characterised inthatit after
hardening from a temperature between 510 and 530°C has a hardness between 61 and
64 HRC.



