EP 0 459 547 Bl Description TECHNI CAL FIELD 5 This invention relates a
preci pi tation-hardenabl e tool steel_ _intended for plastic formng tools
manuf ac- tured therefrom The tool EE&4H9 %4 Blhe nanufact uri ng of the tool
and prior to hardening through ageing treatnent but after solution heat
treat nent gagy ‘“ﬁ" ing to roomtenperature, has a hardness of |ess than 40
HRC, but after the manufacturing of the tool and the subsequent

-age- har denfishNiceagipnt . i.e. in the precipitation-hardened condition, is
harder than 45 HRC. The steel also has a high corrosion resistance and 10
a tot&ﬂh ess I fnvéritioi tolatedra miécipRitiof-hdr@uniid) Polt | FitenddA Gt GRSkINGIniidg tddmanutac-
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pl asti c ar #eathedthut efteg solition hdatyeatienioand £&oling1o uidoth tagperatdte, has1P hadreswot lasothhrd4ong.
These t ool BRGf tue aftarrtee wanufactuamgyef theidgol avd thia ssussageentt agewharderingytreament) &e.cin dhe
very conpl precititatibndierdéngd coridition, ischatdarthan 453HAC Thetas! aisp hap e high casrosior lesistange
ar e subijreca tedghnessisitffidient for plastic forming thads. f | r st pl ace mechani cal stress but al so
in the formof chem cal attacks. This can cause drfferent types of damages

of the t ooPACKGROYNE Off THEJNVENFON o| | owi ng nat ure: - abrasion, -

pl astic deformatrond% res I ons - rupture fat and, - corrosion.
The features ldp),ppdeckqm, °°h gﬁﬁ 'éﬁ?tf“’?' fﬂ%ﬂ rtiglgs. g, dor injection
resi st ar’n"bem8tf o10) ss«‘%a{?% )&5%%9"6 | g% © sF'f‘fe ﬂ?‘F PVTY a
per\«f ect to ra gls u §I O.Qr ntl? crhgn?cral to
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tinme a goo or,ee b d" vy er [ rrportan hing 1's corrp 1At et('*] tools
haI\L»‘b o & actured in a resonably si rrpl e manner, e.g. through
cuffing oper atp|a§};g%efo;mh§, (nfPRistisgy, t hat the tool steel if possi bl e shoul d
satisfy the f qloh\aigle @i tions: so -1t shall be soft (< 40 HRC) when
the tool is .bephgionranufactured, i.e. in the starting condition. - It shall

be possi bl e trhe fakiLs bie Tdorsdbel hﬁé QighificadtSmplin@ncelTyr thee RBiStar2b ofiths itdbR agaifist Bese
treat nepd wpestdidarhages. i prihciple Gl pevibdt falistech shall Bk dargasugh fand bgrosidraresstant inodrdelr e
di mensi onsproducé plestit torhingvioble hivtohavela higigcapacity ergigp the cabeelinenaigaod teliahiitys. | f al |
t hese aspect d\nainee irgpontant ghinge &, thatpemblizhted) taots cshalobeh abienta b meifiufactueedde i resagably
feat ures nemplbaanres toacithfoggh @Bing bipeeatipnsy Thiscitplies diat e toel steebif Pqskible shogldfsefistyithey :
1 - Har dnefoliowing4onditips: i n t he starting condition. 2 - Hardness > 45 HRC,
preferally abdihalthy spiRc 404iRG) vhepdhe rseeeejmewraswggﬁs 8. I8 thenstegting, eagditions eat ment .
3 - 1t shall” Béhﬁ'd%esﬂﬁ'tée tognake §ipi ¥Re! biand (S, BnHR( Y feeges of|assimple, heah isatmenpof e
very |arge di #@ F&r?bw' 'P'étr ¥ clanges of g skigpe of gf the digensiogs, af the, jopl which wopld rqquire

har d h ||°° leated Aol ho f sh
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t he star"’?tlg'gge oot | Tor X'g% have a sufficient toughness. 7 -

The steel shal |l m}‘s’%« f he: ﬁétsﬁ‘aait,sach PRl B
thr OUQh €. 9.3 Af'shaiPb sgbléte o infeRsio erze
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resist ance iggyg Prinary requi rerrent a steel o I's type has to ound
within the cat @Slﬂfn)ére&He ot WRE hatansky GHQII ibB GBS wihodl BlyCsbpliceffg! chandes 8f siabe 6l S
havi ng a chngineim content > 10% There exist today a | arge nunber of nore
or | ess conTeime sleblshaifad Highltoflosoh Adsidtaft®Si.eSbedt . stalebsigprugh t echni cal
eval uati on f - Thh etesitsealil hate\yg@Bicied tobbhnasdst eady exi st can be sumred up in the
fol | owi ng wah/- e sfealrshallsbetdhle thBe afidelsd areekirh gardinearsesistance hroogh exg ainy Smple abiasee) :
- Austemitideatmentritic, and ferritic-austenitic stainless steel grades do
not have qualSinté & geddoauosiop résistande| i a plirary raquifementen stead of thia typa Hashta rbe fiavnd within
concer ned @ yategepn of stpelp whishoioplydes steinless-staglsdiensiesischaying  ghrergium content P dA%; Thege

st ai nl ess 9t iday plage umber eLIPYS A Ingfracmmaeicialy, estoblished stainlpss Siosle: Wy thereughiteshnical s

et c. hav evaluatron of the steel types which already exist can be summed up in the following way as far as the
50 desnred features are concerned (1-7 above):
- Austenitic, ferritic, and ferritic-austenitic stainless steel grades do not have qualifications to fulfill the
requirement as far as hardness is concerned (2), not even precipitation-hardenable variants.
- Martensitic stainless steels based on carbon martensite, so called 13% chromium stesls etc., have
better conditions to provide the desired combination of features. Due to the fact that they have to be
55 hardened and tempered in order to fulfill the requirements as far as hardnesses are concerned (1 and
2) they will, however, not satisfy the requirement as far as the shape and size stability (4) is
concerned. Besides, these steel usually have a weak corrosion resistance.



better ‘conditions to provide the desired conmbination of features. Due to

the fact that they have to be 55 har dened and tenpered in order to
fulfill the requirenents as far as hEPOASISREBY ¢ concerned (1 and 2) they
will, however, not satisfy the requirenent as far as the shape and size

stability (4) .l sreaaaﬁ&maﬁﬂnabﬁeaa.m@sé stdelb® Bif3od off tbw 31881 Infartbid m@ PH-stoels,
corrosi on resi Shéiafafly have the Hebt ddnditons EAEZIﬂIEtLe deditb® Edribina ﬂn'&%f@@%ﬁl@ 8 xfst at least
stainl ess st eel gdPwbily RiRaktOW tedd HHdR IFRES RIS, b@neraﬁ?lt 5@ JuEflor- 6t mido? Rbdifications of
general Iy have inganrbe tkinQ@ied iy i-oNsh,t@ 1 1ibh) dnld 16165 B8 WnbrS GheCMEHUMBAr! iftlitafdt the
f eat ur es. sTher ecigdrhitrh cértent &IXke s%bcﬁufnurﬁw Mbiatdsathd Mckbicoftbnt LURBME codppBass althinum is
st eel™ oday. Geuntiaiks|ayprodipitatin dargeryt dieyadiftivéiGansrallyBitbisé 518618 have gobd cdridsiord REISE
main types 17 - taficePAlrevibw of estabiitied BHdtedls howdverPindivdiertiat bid@ mbiter 8t fadl thstetbday does
i ndi cates the 5not exist amhstesli gradec whittegén &dfitl dllhtbe bove ndentionsh arquirerdentsa tAe Sonbrih
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provi de a new. Ap&Sstemitid Matﬁm@ﬁ%pafa@egkm @Y eci pi tati on- hardenabl e st eel ,
based on | ow canhem comént @Nlihdly ekt GI¥erilef B8, rohdlole #sh 893! dhdl Persradly #é yneaélkabm
the conditions é&moudts ob\printaly fveiée been nentioned above. 20 In order to
satisfy the demands Kigh Aaradrabilty, ias abity t6 3ori harfensiteN@®6 when GRN&EICRES, venh Rirge
steel shoul d hatimedsives, bp téaiing from Hidhateragstaturesst i ¢ f eatures: - An austenitic
matri x at hi gh Aevificientyt low badriess ¢f dheroplpined maktehsiteyinctbenentanipeell conditionai<\#0HRCY.i t e
([err]-ferrite)An allity foorchipyer sufiicient hargfess fnéb IR@fhyracdihgle hent frestment atthe urteranereds
of primary ferrmerensibge.g. by ageingrestipent iatshiakiplondempstalure. y, i.e. ability to form
mart ensi t®, evef\ sifpble coptantaf trest lpustaniies pyaierably Br2Qfe 1A theo AGPd cneaditionyin etlel forygovide
from high terrpe?‘-ﬂtclﬁi’té%"gh"es% sufficiently | ow hardness of the obtained
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the steelo Wiilodsa, R 118iGRaCOMh RIS 6F 71189, b St M8 1142.£ AU &RSbafand eofb % from
har dness, an.dplm.ésoo | ow content of rest austenite will gl ve the steel an 35
unsuf fi ci ent t Adighb ruEeRnt dlbfing Blumélits Mrthé Stosl Atéract Ghith Rachl GtheMinl a akIngP WhIcR fag Ghe
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nment i oned désmekecsuéreamblysisis made io thetsellowitg.on Wi t h good resi stance to corrosion
it is nece€ssary to provide a conplicated interaction between several
critical all|@¥tang el enents and a strong optim zation of their contents in

t he steel corrp05|t|on The steel has the follow ng conposition: 40
0.01-0.08 C, nfe cebey °°"ﬁ>at>8132 s'ﬂmf'ca'yml@mmce fop the harignabiliy of the sigpl inthesstapting caydition,
and bal ance 'P'r f?h the, ypipmPeRed duartensite f“ﬁ@h (ﬁ phigiped, by &P?"B@/lf'ﬁ@ hott voEking s
in the st¥el™ ‘WB P[V e frpinessis Str b&ﬁ'c {naihe capn eRptents Eor
synergistic ﬁ'&'ﬁa on ' £37eqM ey |“h§ei‘ é":?” r"E'ﬁhE‘?é 96‘?99 %’Pfﬁ plg, not exceed

etall r ical r atmg to actunng of the ste ver, a c rtaln amount of
el ement. ngfmngoﬁl exl |n %e ggﬁand also in order that the steel shall not be to soft. Therefore the steel
should contain at least 0.01% carbon. Carbon also counteracts the formation of ferrite, which is favourable.

85 An optimal content of carbon is 0.02-0.06%.



to make such analysis is made in the follow ng. 45 Carbon The carbon
content has significant inportance for .the hardenability of the steel in
the starting condition, i.e. for t P RAPHPHRT of the unt enpered nmartensite
whi ch is obtained by cooling fromhot working so tenperature to room
tenper at ur &uedi S hardness is strongly increased by increasing the carbon
content. For this reason the carbon content has to be kept | ow and nmust not

exceed 0. 08%TnRreRhidAteHal Yo BigHifictnt GRRAarde BBORE infeRlion DRt Aky BY Muschls 4 ERS@IYg agent
relating t @ thémolSARIEIAR & Wiahide whlkh ik BehvaisiRl in sBRMEVRIsl making PrdeteNHANSRI Hiicd is
car bon . shoulslongXerste stabiilizbdEheSdofent ofslidordhu thbreferedB imftddas ndt irethaabot Bl | not
be to~soft. Therefore the steel should contain at |east 0.01% carbon.

Car bon al sMangameser acts the fornation of ferrite, which is favourable. 55
An. optimal content of carbon is 0.02-0.06% .3 EP 0 459 547 Bl Silicon
Thi s el enent Ngaganpas isi gnihéri elemant jwhish rhas ma esignificanh émportaneetin dhis steél. ey tioe that
added ago amgegangse dikeznickg! is g pustenity stabilizanbli itsreffent isolot asstrangnasrined of nigklc Marigenese
convent i on&rtherdowersyihe - My and Me o ftempareiureg moreathen oiekel dagauwbich is usfavquisble. The rBle ofy
strong fer fMapganase inihe pigel s therpfere dritadeintis use as p dpslphuriser dy lfsming aeegapgse sphide in
limted t aﬂa?ﬂ"%?%' Fteha‘h hgwener. f%a"Wﬁg‘éﬂME'vrﬂw g Wi euiRhyr. wWhigh is epnventianab fer

whi ch has P l ?pﬁegﬂt 2 (ereRspd qontent f dpanganpse may pp gansidargd. Ty steel
nmanganese F?cﬁrg'" °e1""ﬁ"§°"é Tﬁ%f"@%f"t"@'"s‘f’f’ﬁﬂmﬁsi‘gp oM ts effect is not as
strong as lmf' ni ckel . Manganese further lowers the - [err] and[err] -

terrperatures rmre than nickel does which is unfavourable. The role of
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be consi deeyit alsbirhoved Be brarisrmatiénOds diisiaitd © rﬂah&sltd"éﬁ@ﬁ&t'l&@r {foB&raires Fodl®% M, and
contain frem Thigamsied hat chréftiudyihas @eAdshdyMo likReds® SHeritéa® Wolk 3k 68t laPASHRS i fin
chrom ums i pnfévowalid medneaiFar these géasensttiecchBin@h conteyd Mdst ®OMIMASH 1 Maxe13t%S AaBEtnal 0
and a goodrange o ¢heahiomiutmcontbm isoride. t o gi ve the steel a sufficient corrosion
resi stance there is needéd at |east 9% chromium preferably at |east 10%
chrom um WMWe®h at the same tinme gives a basis for a high hardenability.
Chromium as an alloying element in steel, however, is ferrite stabilizing
at high%® er dickel iy & nullirpyrppse elrasst heateql. ke chigmisme pigkel Ingreases the erdenabilite and
mart ensi t e ?sn@? °?"8§!H} ’°§'§?ﬂ§%r'=é!f“?ﬁ die ‘("fgé’éﬁﬁ% efcthe @arjepsity igjingreased by, adylitiprsof this

i nplies t h&'? foeerding, fo-the @Y‘?"%Q“F BYweyerds gg onghiand fis
rest auste s{eEm i rfgﬁ r°f 5‘798119 ks eds é‘é%ﬂ’hg‘et%@’ band &t um
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cont ent ® I

steel . Li kg %ﬁ&a{& um.fe r?sts t"° 8 fr?;jgha o | "?%C'Lt%ﬂé"? £ ?&%;?f.'d

Cor &‘d’ Si 0N FeGSictvbR) Fho u H”e k;l tot#la &is'as ndrfo%' a}Sed
di ti ofeRipreidbly 108l TRidke necessar y

accordl kg to the invention, hovvever |s on one hand |ts austenlte

st abi | i zi ngowbdenaim, Whi ch reduces the amount of [err]-ferrite in the steel,
and on the other hand that nickel in conbination with alum numis

responsi bl e Malybddnam pikee siliqon tisa & i compdraivelhe Sirong ferrith istbiBaat, Swhich Ginkt© eI cohtort o thid
for the nieérednt bomdette. Sndlléreadditions wi tolybdeawwe \hewever) re Kavburahs ia. ok dolt@eaciingritid
and[ er r 5 whdstréetiona (1epowend rof ithicmartensitit gwcttre rduringl ageing ttregtonsrite et sloel Bhdoslingetd shet he
upper | i mi inventian therefese preferablly may pontdined. 1-gearolybdendthe ef f ect of ni ckel upon the
exi stence of [err]-ferrite and rest austenite, respectively, is shown in
table 2 (cB Wﬂ'&}"@‘steels 1-4 and 6-7, respectively). The useful region of

t he ni ckel c te t accor g to the i nvention therefore is as narrow as 7-

11% pr ge }4 f’? fgmsangntg'%etaum plmq ke Aii$Phase has a high
ln ail te but can glve fmely dispersed precipitations causing $trong precipitation-hardening

effects (increase of hardness) in martensite and ferrite by ageing treatment. This makes aluminum a key
element in the invention, which sets a lower limit for the content of aluminum to at least 1.4%, preferably at
least 1.6% Al. Aluminum, however, is strongly ferrite stabilizing and it therefore may easily increase the risk

s5 for undesired amounts of s-ferrite in the sieel. This strongly limits the content of aluminum. The steel
therefore should not contain more than max 2.2% Al, preferably max 2.0% Al.



Mol ybdenum i ke silicon is a conparatively strong ferrite stabilizer, which
limts thé content of this element to max 1% Snaller additions of

nol ybdenum however, are favourably EPQ 450 5A7 Blunt er act | ng the 45
destruction (recovery) of the martensitic structure during ageing

treat ment. T‘B'ﬁg eel according to the invention therefore preferably may
contain 0.1 nol ybdenum Al um num so . This elenent in conbination

W th nickel cafnd Qédimak Ao{l&&]{amer{.@gbd fn aRHBEREMEDItEh what 9 Lisv B RBR SiddGsodan thb Sl
sol ubi ity igunfded RiHulaBlultg! sifcd hit@hehtmdy! 1B Hard hifiB&! wiRd uﬁﬁa‘?rcth&i‘&léﬁablﬁ{?%f the steel,

causing Stsr Ojfichi @fdvBlirdoRt! bsPhis 168l SHINbEGse fok 86 Iranfdchffdd pRstRfforMp WagsSs) i N
martemsite and ferrite by ageing treatnent. This makes al um num a key

el ement i n tinebiwmystakiug tantaldincHircenium a | ower |imt for the content of
alumnumto at least 1.4% preferably at least 1.6% A . Al um num however,
I's strongly feArstabiizisg abthei staehfy anmedns 0f stlosg eérbide andh yitrida Joringrs,| ke rrdohivien, titagium,
ri sk 55 f or tenmalesianddircomivomweuld bivé aise o Yesywr hard sarbide fahdk niiide @hrticlash Sechspartisleg lase
limts the cunavewabledér tae iptanded tse of the steples|plasticderaing ftaslssWhighl shallagt able dg beapatishae toe
t han max 2. 28high su’rfﬁ%ﬁ'@'ﬁ*hﬂ]"? stpalx thorefgrs, myst ngt contagpmeye A% upavpidaife fgpqes of @iebigme
steel nust rifANURLRAELEN. ®ZIHYBN i n anbunts nore than what is unavoi dably

di ssolved in_ the steel during its manufacturing, since nitrogen may form
har4 nitri’sde§"'W't'i’ch i mpai r the poI i shability of the steel, 5 which is
unfavour abl e, the ed for th rranufa turin | ast i
forfng Cooi s bR e St SR RS e ool
steél by means o Forde - an POT PR

titane ffl ltalum and zirconium would give rlseto very hard car bi de
and nltrl e pa tlcles Such particles are unfavourable for the intended use

of the steel agmoml MSdchiomical Pk 8f TPk T impbHahtthat 1R dtoeP BoeB RbEcohi@in Ry BiBhbrtd Watlch
to a high sukduRGRakb it /it to FolRe 8¢ Rfn SchBI CpBdr % dilbidmeRiOdhich FoiahisreBIdh & rdof@diired
unavoi dabl e ih iRGRSI. A a MitwP bt it is) 4 FuFiose 8t tHearVbrtibh! ) pra¥ide e féalikds {117) rlentionbid i ér
Sul phur pg&s sprémplenwtiold @ny Bdktionbes! coppet RS btedt In GEISID Fel fadd Mhat A iDVeAL Well Khown that
| nprove the apper adaly| Hateya ddvoirdbds Bpaze Lponthed praEipiatioh-hrdensbilitp 6t is Jwrefoté1@ charadieisic
of sul phur, faswevichg in@hiionltict the tteat xigesadt ddntaifvcoppbr M ihert asfahanavaidakdsciopaitg. c al
point of viewit is inportant that the steel does not contain any el enents
whi ch woul d PIEBIMENTANPIRESULTSt 0 reuse as return scrap. Copper is an

el ement wkich fromthis reason is not desired in the steel. As a matter of
fact it is a pﬁ'?eg%@%‘fm t%@elﬁﬁﬂ%mh!cb Mayepbegh @xamined tarpclisied 4 trbleg- qﬁ&s'de the alloying
nenti oned i rlemMpats yop tahje tthaoieelssenly @a@weq infsand fmRrugiinge Fheraljoys erasmanyfac-
In spite of ft"ﬁ% '“rfa%P"? Q{aﬁo '1%'@3;0' Z‘S Ich werR GaRP A0 ke iy T'“?TE i were hot forged
favour abl e |'F?g"a uBth «gatﬁ’F'@ VNG 5P TeHar SRR Thy bRis theraties werercgpled tipely
charact er Pt "Pé?i"tnj ? The invention that the steel does not contain
copper nore than as an unavoi dabl e i npuri %o 1EXPERI MENTS AND RESULTS 30 The
conposi tion of the steels which have been exam ned are listed in table 1.
Besitgtés the all

cont ai ned, r on an&hemigal gqmpjosition (Weight-%) ¢f gyamined steelialigyaf ac- tured in the form
of 50 kg | abor at ostyemelds vvh &h Werqnncastqgil t of Snikg| imgot b. aThe (i ngpt $ _
wer e hot forged[from auoum frerri—to fiatrarsravrmnorea—crops—Sectom25x40
nm The bars thé¢reaftler re | dd gfataeelyn 5 fin’d r| t%k opnftdnpet at uf.
Table 1 Chem call c MHog. ichto-'35 of11 X ajm rz d st }ﬂ | g/s 40 St el
C 8 ( ] Mo ) a1
0.051 8 . 114 4 . :
0.054  0.41 43 oooy 11 §3 0279 1120.b155 | 203 fg; » © 9.052
0.33 0.31 1¢-3 o024 § 'g 0.43 11.2- 10 93 | 026 | 200 | -
7 -0.025 0.39 0.37 115 114 0.26 210 -
50 8 0.053 0.37 0.35 1.2 6.3 0.54 1.50 201
9 0.025 0.39 1.08 118 83 0.26 1.80 3.01
10 0.052 0.37 0.32 9.7 7.2 0.50 220 -
11 0.038 0.30 0.32 1.2 9.3 0.30 1.40 -
85 The hardness of the steel alloys was measured in the starting condition (forged and ‘air cooled to room

temperatur) and then in the ageing treated condition (500-525°C/2 h, followed by air cooling to room
temperature). Further the amounts of ferrite and rest austenite in the alloys after ageing freatment were
measured. In table 1, the Cu-alloyed steels 8 and 9, do not fall within the scope of the present invention. _
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45 3 0. 053 0.31 0. 30 11.5 9.3 0.32

2.06 - 4 0.051 0.28. 0.28 11. 4 10. 4 0.31 2. 04
- 5 . 0.060 0. 43 0.34  FER0A59647BY ) 0. 32 1,77 - 6
0.024 0. 38 1.03 11. 4 9.3 0. 26 2.00 - 7 ‘0. 025
0. 39 0. ; 26 2.10 - 50 8

0. 053 ogr.z%?eas“%f’%‘?s a'e%%l"q'."btab'g 276.3  0.54 1.50 2.91 9

0.025 0. 39 1.08 11. 8 8.3 0. 26 1. 80 3.01 10

0. 052 0. Igble 20. 32 9.7 7.2 0. 50 2.20 11 0.038

0.30, . 9.32 11.2 9.3 0. 30 1.40 55 The hardness of the

st eel~4l | oys was neasured in the starting condition (forged and air cool ed

to room t enp&PEEARSFes AMdt Hish cPRtanfee Jermige: prhredt AumtAnIte P R r]/ 2 h,
fol l onwed by akémfieal stx@1tamvogom tenperature). Further the amounts of
ferrite and rest austenite in the alloys after ageing treatnent were
nmeasured? In table 1, the Cu-alloyed steels 8 and 9, do not fall wthin the
scope of theUpecsmrtingicendiitdon 5 EP 0 459 547 Bl The neasured val ues

are shown in t__(;_lb% ﬁ 12l & ZomailtdLgnesses and the content of ferrite and
rest austeni tAe ogeét1 & exanined stael all oys 10 U = Starting condition A =

ageing treated condition 15 Steel Har dness Har dness
Fersite ®  steReSt aushgrdress(U) Hardness Fedrite ” ZOR?LSt aubtdnite a7
(§)-HRC 4 W L W4, 0 51

3 ° 3253 HRC 36HRC % 51 % 2

12 & 30 . 43 > 0.5 25 5

34 46 05 +7—36 )

30 50 > 0.5 12 7 28

40 1 > 0.5 g7 30 & 1439 1 51

1 4 35 9 - 31 ‘ 50 >
0.5 =5 £8 10 37 37 S %0 3 8

3 11 3 35 36 151 2 > 0.5 12 15 40

Fromtable 2 i,s apparen othat steeI‘ﬁ3 havi ng a (;osr]:g)sition gccordi ng to the
i nvention can satisfy the demands (I-3 above) as far as tﬁe har dness i s
concerned. InSorder to 8anine if a0 ot her denifds (4-71&bove) can be
satisfi e, negsurenentsgyere perforgged of the ghgnge of vebune in
connection with the ageing treatnent, corrosion testing, toughness testing,
and nitrogen éxperinment 28essential 14 with steePs®™s. 45 8%and 3 in table
1. The resultg are summsd up in thesfoll ow ng way: Agei ng areatnment brings
about a unifogm shri nki in all directions of < 10% (typically 0.05%.
apout agnitog '3y oct 0% 18

10 37 50 8 3

(U 11 35 a7 > 0.5 15

From table 2 is apparent that steels having a composition according to the invention can satisfy the
demands (1-3 above) as far as the hardness is concerned. In order to examine if also other demands (4-7
-above) can be satisfied, measurements were performed of the change of volume in connection with the
ageing treatment, corrosion testing, toughness testing, and nitrogen experiment, essentially with steels Nos.

45 2and 3 in table 1. The results are summed up in the following way:

Ageing treatment brings about a uniform shrinking in all directions of < 0.10% (typically 0.05%). This
implies that the steel has an extremely good dimension stability as compared to conventional tool steels
subjected to hardening and tempering.

Corrosion tests in salt-fog-chambers and corrosions tests of the type registering polarization graphs

50 indicated that steels according to the invention have a surprisingly good corrosion resistance, even better
than e.g. grade 17 - 4 PH which contains 17% chromium. This surprisingly high corrosion resistance is
likely to be due to a favourable synergetic effect of the unique combination of the contents of Cr, Ni and Al,
which is characteristic in for the present invention.

Impact strength tests were performed subsequent to ageing treatments to various hardnesses in the

s5 range 40 - 51 HRC. The impact strength dropped with increased hardness level in a manner which is
normal for steel. The toughness level was at level with what is normal for e.g. tough hardening steels and is
quite sufficient for the use for plastic forming tools.



inplies that the steel has an extrenely good dinension stability as
conpared- to conventional tool-steels gplyfptfaggo hardening and tenpering.
Corrosi'on tests in salt-fog-chanbers and corrosions tests of the type

regi stering polarization graphs 50 indicated that steels according to the

i nventi on have Gessitiding, whichyisya sroplel aoestablisherhsurfess tedatieoiometendewashaxtrieed. Thesesults
e.g. grade lihdicatd tiaHstabls etrovingttaithesnvbiiiin diaveovenugaod Tiviidsbilinraod ithat exdpomelin ihgrd (1400
corrosi on rediViangnwear jesistantittiding layeremalulee achievedi Fheorgaseh ifas this unique deajurs effaf stainless
of the uni quéteeldeiieriigh enmtept oftaluminuig. whigk gs gfmatipr ofNct sakes/gtoel apcoding jta; the invention
char acfier i &t istinless 'F‘!Sfl'd"lgr%eelﬁr esent invention. I npact strength tests were

per formed subsetfifd it integpstingeviftyusnaciitridiag 8% atreptRody qf direoaping Hi el esistance b thassteel
range 40 - 52"%9 tqﬁlga In ?,"c 'ss‘E‘ﬁ"té 99ingy ‘g@ﬂt Wdt*PP f“ﬂE’F‘%ég’eHe Iﬁ'm%s a single
level in a nﬁf?ﬁnt’

I|f| i
| evel wi th what i °g asg?i r ‘ﬁﬁ%ﬁﬂ?‘*&éﬁlcﬂi av'('? % at ?0[" s n:g ;;e-
f]:JI ];: g: ﬁgt f \Ee P aII %%‘ra.{ P h g§§ 8 , in ?Df?s eone h h;’ n lons will
exam ned. Twé Ligis ' Fs.as teem E i @g .gbp%'" b@vat?hat

very good ni "h&-’d is cbr‘ic\émeé‘ st ).f%éié% c){e a“ Wear
resistant ,pitriding layers may be achi eved The reason for thi s uni que

feature of acudimsnl ess steel is the high content of al uni num which as a
rratt,er of . fact makes steel according to the invention 5 stainless

"ni Lriding stieepméipitaidhaiardesabiertbat sBsitintagietMidr manidaciging) blastic donnig &sdisahei@iofO the @hid
i ncr éasi ng t he walateer aisthe mandatutifg bihibe 3dobedd @mioc @ ithrdaging thrduble ageingetrvbireht bus after
t hat the agei ngsdutigelieattrsatngntandivecling torroain tetppeaturet@avingea havdneedegeshan 40 IHRG! laut after
procedur e whi chthé mgnifecuring (o tthzen toplagndsthenshiisbqueatt agenhardeninguirpatmprd] iecdnt e gmesipitétion
t he opti m zat i ofgrdehed ¢paditiannbring hajdenthast 45 HRC andchaling MQ'EPP"IOSOTE&W@GSW § taughhess
i ndi cat ed cont ewvfisientrforigsticiforming seqin Wheyeie thaistes), copteingjn yvelgte¥h consi der ed t hat
t he experi nent SOWaQ/Q;a(FJeen made in the formof conpara- tively snall
| abor at or ¥ char§&s! Sicor t he production in full scale one has to realize
that |arger di A Mirs wi || give a |l ower precipitation-hardening effect,
i.e. a somewhat’] r hardness after ageing treatnent.than what is stat ed

intable 2. For’e |l e, steel No. 11 in tables 125hou|d not satisfy the

demand a ar i article ha
S o gém?‘@gd S ..'1§ ROREN IS neg 9% %50 B%ﬁ he U%Llﬁ. _ s

| arge di nénsio ETAS Gl mb BN gds
for ‘manuf act ur'&ﬂstﬁ"trﬁﬁtﬁéﬁerﬁsﬂf&r&rﬁlﬂﬁ% n%w b3ty sfe ?eaﬁa;)ﬁ fe w5 Qo;i?nfgﬂn the

t he manuf act uri gekightioh Merdbried comfifdn.Pr i Or 0 hardenl ng through agei ng

4@

treatnment but after 20 solution heat treatnent and cooling to room
t enper at urse RAVEIELY actoltig dESH 1, @B dohmis .61 HI%Z cbut after the manufacturing
of the tool and the subsequent age hardening treatnent, i.e. in a

preci pitati os. heteal ecveding anclaiini 10whictmhiags Atdsadero crhan 45 HRC and having a

hi gh_gorrosi on resistance and a toughness sufficient for plastic formng

t ool S, whereidn $tbabaccowling taclzitnadi which sontaibs §12G6 0. 01- 0. 08 C, 25 max 1 Si,
max 2 Wvh, 99 - 13 C, 7- 11 Ni, max 1 Mo, 30 optionally sul phur in an
amount of naR OStie'%@Winert‘tl‘é?imﬂowﬁ"?hﬂ’ﬁ'ﬂ@s%%N'buttabi lity of the steel 1.4 -
2.2 Al, and hal ance iron apart frominpurities, and wherei-n the steel has a
substantial | § nﬁ?ﬂ'é‘f?gﬁdtnp@ ?"F‘l?(:’f’ﬂ?'b"°8§3‘ﬁf§f?ﬁ15ﬁ‘ﬂ; 5-20 % rest austenite and
not nore thag ferrlt |In t1he {aﬁ hzro har dened condition. 35 2.
Steel accdtdi ng D 2PN, °a'%r"c"i’{ °8H F 8. - 0.07 C 3. Steel
according to cl§é§1ac'lcmWei&gi,gqnw}é%n%sllg%% 10 Cr. 4. Steel according to

claim 1, which contalns

9. Steel according to any one of claims 1 to 8, which has been subjected to precipitation treatment
50 through ageing at a temperature of 475-550 * C for at least 30 min and not more than 4 h,

10. A plastic forming tool made of the steel according to any one of claims 1 to 9.

11. The tool according to claim 10, which has a hard and wear-resistant nitriding surface layer.
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40 5. Steel according to claim1, which contai ns 8-10 Ni. 6. Steel
according to claim5, which contains_8.5-9.5 N. 45 7. Steel according to
claim.l, which contains 0.1-0.6 M. ?oﬁ%ﬁ"%ﬂccordl ng to claim1, which
contains 1.6-2.0 Al. 9. Steel according to any one of clains 1 to 8, which

has been subj eglQlidy, MGk Bls @Eg‘éﬂ Lhfghed s Oﬁiao?{?eatmem fbthé @k Qrﬁ.'n&ﬂ Tgeﬁ reSlilts
tenper at ur e j{afcath @Haf Jl@ﬁcc mé tl hhvél X dithdaBility, " ufht renlngly 1400
plastic for mviighdt el reSRER nfiding lbe 2EHE4! 'Tﬂ&reﬁaébn%%hu@&ﬁ‘qu@ toaturedbf ids®
9. 11. The tRalis #ahoRBntid? aﬁJnﬁhtm h 280H @hite B6tadt rRbIstedD dccoRIfME 16 S| ifvbioh
ni tridi ngs s éfahRSEitriding lsteel®® 7 EP 0 459 547 Bl Gas nitriding, which is a
si np¢ and estik lisS inbsting I'With QBing MvRingBsta MBthGO6F, inch&Sing MidWeae ehsisthie df AiteUstbed
i ndi cat e t hatcoslingab Shecinvtioni i @hat thetaeing fesmidnt aml e viliding rcsin §6 @ekformed as a single
ni tri dabi | i {pyogcedaredvhich &bpliesdubstantidl wimiplificatio§ iy bpflicatiord. wear resi st ant

ni tridi ng | aydn sheroptimiatioracftthecgopyiositibh of the atedwhichris eXpressedrin the indicated contenisfin the
st ai nl esgostaprehdingsclaing ithhag lheancgensidereddiat e srpanioants hive bhenamade imthetferm of) Confinarat
makes steel teabosmal faheratony chagssi oy éhatproduction in dullsbalg ensdias fqirealizedhat igrast dimpnsions will
What is i nt @iveatavagpredinitatiopbarding ieffect. die.mpomewhat Inwar ligrdnass affenegeing §pavgent Hian wiakh r
resi stance & sttpbinsialle 2. Eoryampie, pleploNe-Hid ip dablogt1r5phopld nohsafisty pthe demand, gs far as
treat ment affigeRRiesqpacPred o LB hibe plaq! pdpinbrr e dmenshe} e procedure which
inplies s st ??t' nt|aI sinplificati‘on in many applications. In the

optim zatio T4t he conposition of the steel, which is expressed in the

i ndi cat ed 90" ol el 8P RSN ol e aa.ctafﬁmgg%@% eQﬁOﬁdms hak

t hé& experi rrent e tb t afte

| abbeat ory ch agogﬁé\ h Feat}na réai fdml tbhnpe I'Jre Fefoiig § 1 :ﬂe:"'
that |arger dif@nmh@ihuriig thG'tHd? aﬁd trQV‘Q;BseQﬁe%%&H hédenRg taathdRN|.d1Gn &f dré&fphtation
i . e. a sonmewhagardeRMEdondiith ARG harddriith 48 BRC ABY hdvingh R borfoiaireviltatce b a%@dhﬁ‘éi

in table 2. Foguigisihe pRsticIrmy ke, whbibinithb disdPéoRaind mavelghox| d not satisfy the
demand as far @m-gowginess is concerned (> 45 HRC) if the steel article has

| arge di rensi omax 18 ai s 1. Precipitation-hardenabl e tool steel intended
for manuf act urmax phastic formng tools therefrom the said tool steel at

t he manuf act ur9 ntg &f the tool and prior to hardening through ageing

treat nent but af tigh. solution heat treatnent and cooling to room _
t enper at ur e havdrigMe hardness | egs than 40 HRC, but after the manufacturing
of the td8l anepionaly siphy dnanamouny Mwémwgerﬁqwmﬁecut@bl@v in a
precipitation Hapei&leld!-¢ onti? thh Aad bslangegiraRagrae fromnimpuritiss, Lqnd: vihieeeinn g stegl hes a
hi gh corr osi ons“P%%’i‘@'V&WE%"s‘élﬁ8’“&‘"’["(5’8@}1’!?!%95%2%?%’?%‘ gystenite ang notgpose thar5 pedprfie i the
tool's, wher ei nP'eqpisatiop aardengdieandifions i n wei ght - % 0. 01-0. 08 C, 25 mx 1 Si,
max 2 M, 9 optionally sul phur in an

anount of e %eﬂaﬁb’dwgé"’éﬁé’?"t macﬁﬁ%rp%'{fé)@hgwﬁttabi lity of the steel 1.4 -
2.2 A, andgba} t@J‘g&on{ng é?a‘ﬂﬁ'itwhcﬁ%ﬂtéum't'{éésrtll@ér and wherein the steel has a

sube antlally mar t ensi ructure contalning 5-20 % rest austenite and

not re thgn éeg%gcg,@fnbioedd"g1tmhggrﬁ£ﬁsgl11@uon hardened condition. 35 2.
Steel accgrding to claim1, which contains 0.01 - 0.07 C. 3. Steel

accordi ng t @. cétédl Bacdrding v drd"m ¢ Oitichichraindts-foamst 10 Cr. 4. Steel according to
claim1, which contains 11-12 Cr. 40
6. Steel according to claim 5, which contains 8.5-9.5 Ni.
45 7. Steel according to claim 1, which contains 0.1-0.6 Mo.
8. Steel according to claim 1, which contains 1.6-2.0 Al.

9. Steel according to any one of claims 1 to 8, which has been subjected to precipitation treatment
50 through ageing at a temperature of 475-550 ° C for at least 30 min and not more than 4 h.

10. A plastic forming tool made of the steel according to any one of claims 1 fo 9.

11. The tool according to claim 10, which has a hard and wear-resistant nitriding surface layer.
55
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57 Steel according to claim1, which contains 8-10 Ni. 6. Steel according
to claim5, which contains 8. 5 9. SEE 1;5%314 Steel according to claiml,
whi ch contains 0.1-0.6 M. 8 Steel ER& ﬁé%o claim1, which contains
1.6-2.0 Al. 9. Steel according to any one of clains 1 to 8, which has been
subj ect ed pﬁeﬁg%mmation treatment so t hrough ageing at a tenperature
of [err] for at lTeast 30 mn and not nore than 4 h. 10. A plastic formng

tool nmade @f Au@nekduRGiharBaieOWeHRgstdI B tie RHMeIig voh RiEtoh-Forthwdrkzelden, ddi BeildeO!
accordi ng t 0 HelsRdhg W@lkzﬁthbsh@ﬁ dét ARRsuREurdiEdiie AIRRInGsbalkbndIigt j5dodh MEch dem
surface 4 ayel'Lﬁsu.ﬁﬁsgilhé‘n undAbkihien ald Rdumtempdratur eifi”HEHeARR Wardider Bt 48aHREN{RatkwBIr oche
1. Ar<schei dHige heufwels e jeddét Kath \deiS HadtéliuigtlesONerkzekigsine Inbahndpr Wibstungsaushartung,
Kunst st of f - Fathrine aksacheig@ysgegerdindia Zidtand, Héntes tals| 45 LHRE isesnd \4br diaecbole Kopasioosbi-
Aushar t ung dstéptiigleit rved AbsreichenigsZibigkeitdiiu KonsjstettGoimwaidzeugel eufwdist, wobei der Stahl in
Losungsgl Cherfewictisptérlentiehibiiit auf Raunt enperatur eine Harte von weniger als 40
HRC ( Ro¢kwel 10.0C- 008 P4 @) auf wei st, der jedoch nach der Herstellung des

Wer kzeugs und@falch Ser AIterungsaushartung, d.h. im

ausschei dungé’@é %Mt et en Zustand, hirter als 45 HRC i st und der eine hohe
Kor r osi onsbe-2"dBi*hfi gkei t und ausrei chende Zahigkeit fUr

Kunststgff F('Ynari\}?% euge auf wei st, wobei der Stahl in Gew chtsprozent
ﬁ"nt.?glt 10 f érwe Lin elh?r%negg%von 0]1 [) Tr Vg?ﬁgrﬁréget/er yhrspanbar gd(%)%arhls7 11%
Ver‘besserungﬁq rEl ﬁrag ﬁ(,&.%&un% %ﬁlhl s 1,4- 2,2 %AI und Rest Ei sen,
abdesehen Vorlm§ %Nl& H%é‘é&hdﬂ&& ﬁétendﬁkbarﬁ élh'm \lvé.rxbntllchen martensitisches Geflige
ausée‘helzpungslg HoGAudbhtluAd ick Wahr 45 93 F6t entrglREN NMartensitisches Gef uge
20 mt 5-20 %Rest Austenit und nicht nmehr als 5 % Ferrit enthalt. 2.
St ahl gemaB @mpgeuﬁbAaspmcﬁme,ln.epﬁ%e@C 3. Stahl gem f3 Anspruch 1 mt
weni gstens 10 % C. 25 4. Stahl gemAB Anspruch 1 mt 11-12 % C. 5. Stahl
genmaB Ansps.ucStahllgefisB Aflspiich Yamiitiwenigdions 680 %trahl gemaB Anspruch 5 mit 8,5-9,5 %
Ni. 7. &ahl gemaB Anspruch 1 mt 0,1-0,6 Mb. & Stahl gemaB Anspruch 1 mt
1,6-2,0 Al 4. 3ehbger@8 Aldprugle imit 1&128nGrder  Anspr Uche 1-8, der einer

Ausschei dungsbehandl ung durch d ahen bei einer Tenperatur von 475-550 *C
flr m ndes¥-erPahb@®mép Aogpaxh himit 808MNI. nehr al s 4 Stunden unterworfen wurde.
40 10. Kunststoff-Formwerkzeug, hergestellt aus dem Stahl gemAB ei nem der
Anspr | che §- Ptahhgemafnserehiy MYEwG % Mspruch 10, das eine harte und

verschl ei f I fest e, rgl trierte Cherfl achenschicht autweist. 45 Revendl cations
Stahl gem3B Anspruch 1 mit 0,1-0,6 Mo. : .

8. Stahl gem&B Anspruch 1 mit 1,6-2,0 Al
85
9. Stahl gem#8 einem der Ansprliche 1-8, der einer Ausscheidungsbehandiung durch Gllhen bei einer
Temperatur von 475-550°C flir mindestens 30 Minuten und nicht mehr als 4 Stunden unterworfen
wurde.

40 10. Kunststoff-Formwerkzeug, hergestellt aus dem Stahl gemé&B sinem der Anspriiche 1-9.

11. Werkzeug gem#B Anspruch 10, das eine harte und verschleiBfeste, nitrierte Oberflichenschicht
aufweist.

45 Revendications

1. Acier pour outils & durcissement par précipitation destiné & la fabrication d'outils de fagonnage de
plastique, ledit acier pour outils au moment de la fabrication de I'outil et avant durcissement par
vieillissement mais aprés recuit de mise en solution et refroidissement & température ambiante ayant

§0 une dureté inférieure 4 40 HRC, mais aprés la fabrication de I'outil et le durcissement par visillissement
uliérieur, c'est-a-dire dans un état durci par précipitation, ayant une dureté supérieure & 45 HRC et
ayant une résistance & la corrosion et une résilience suffisantes pour des outils de fagonnage de
plastique, dans lequel I'acier a une teneur en pourcentages en poids de :

CG: 0,01 4 0,08,

55 Si: 1 au maximum,
Mn: 2 au maximum,
Cr: 9318,
Ni: 7411,

; AR 0
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1. Acier pour outils a durcissement par precipitation destind & |l a :
fabrication d outils de fagonnage d I j , ledit acier pour outils au
nonent de |la fabrication de |'outil Eg?) @gﬂ?gjurci ssenent par

vieillissenent mais apres recuit de mse en solution et refroidissenment &

t enperat ure anbjgnt €43y Adlimad, une duretd inferieure a 40 HRC, mais
apres ta fabriaRldBund®n |optﬂ>HTeh lunéSduahis 816, bSRRBIHumRAR d¥indliotol laaRidM e coupe -

ul terieur, c' @glacrdi re dans un 4tat dur Ci par precipitation, ayant une
durete supdrl eUAE a 143 FRGtet ayant une resistance & |l a corrosion et une
res L\gf enge sufid quastid e&mpldmeitairdacdnsiiittint érsdudier ihdégenaaragent dimpuletis] ét Gure, loqiéi'acier a

| equ | ' aci elnastutiereisensibiomedimaptensitiq@nbiegrmant @ 5[ha20cks del easte(d'austénitd e04 %aaulphidS,
55 Si : doe ferrite dans et idurpirpar vripitatioR. au maxi mum Cr: 9a 13, Ni:

7all, 8 EP 0 459 547 Bl Mb: 1 au maxi num avec du soufre en option en
une quantit? deleGselon i renendicasioni Al seinfermeddech| 4 W7k oh poidsdedti te de coupe de

| ' acier, 1Al : 1,4A2,2, et 5 la quantit6 conpl enentaire consistant en.
du fer |nde?)eﬁﬂ&'rﬁ?@ﬂia'ﬂ’el‘qi‘iﬂﬁ"e‘tE'ﬁ"’“@fmm"lséaﬁé‘ PPidyge @ a une structure
sensi bl enent martensiti que renfermant de 5 A 20 % de reste d austenite et 5
% au plus db FePrselop lageyyadigation 1, aui gapfepme doqt ép?e"b?'b?‘f"g*tqe&‘r 2. Acier selon la
revendi catl de .0 dﬁ de C. 10 3. Acier

seton la're geﬁ&? sgtépgr{evfme‘ﬁge r’g‘ﬂfé‘gﬁlée%?os%ml ns"ﬂ?)'8 *n p0| ds de Cr. 4.
Acjer sol O”s'%.FPs‘éBFFL'rS\;%Ld.&go .ﬂVénfeﬁrﬁé‘Je%“fsﬁ'geén#g%a poen poids de Q.

15 5. Acier sa a reven fron I ren & 10 % en poi ds de

6. Aci ey, %&L&Blohﬁréx%}{&&ﬁénqa&m%feﬁne&&mi@@@@éd&.ﬂ@eﬁlﬁ & 9,5 %en poids
dekNaf 74 Acier solon [a revendication 1, qui renferne de 0,1 a 0,6 % en

"poi ds de Mbg, ABeSselof\irVendidli, b rénRURIEY 15684 b @enlpoigddé Al enferne de 1,6 & 2

% en poids de Al. 9. Acier selon |I'une quel conque des revendications 1 & 8,
qui a ete SRUIRLSr SeldhNIinb aqubledhiBid deke rgvbrdithidhs at & G8) qoink & Sbumid ASETBiemént Ldde
t enp~r at ur e deréédigtatidnCpak vibiliSseinerT Auae thenpérainte deRTSIC BE50MT peiidadt a8 imoitid 30 minuiés et
heures aes pl ug.hedés au@iusi | de fagonnage de plastique fait de |'acier solon

| une quel conque des revendications 1 & 9. 11. Qutil solon |la revendication
10, qui conffeOull da fagonnegecdeclaginue tait e Lasiensalon lfumecquelcanguecdes reveridisations 1 X.9.

| "usure. 30 35 40 45 50 55 9 . | 11111111211112121111 DIElL 2110
* C L 1pOutilgelon la revendication 10, qui comporte une couche de surface nitrurée dure et résistant & l'usure.
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