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requiring a steel for nolds making it possible to obtain 10 nol ds

havi ng a honbgeneous hardness concerning thickness (from30 to 35 Hrc), a

t hi,ckness possi By lfépq@mﬂgrpwgmmo mm or even nore.
BACKGROUND OF THE | NVENTI ON The out goi ng production tines
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probl ens as regar ds na thons., a
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steel for |arge, m)llf maki ng possi bl e to obtain ﬂ st eel
resol vi ng t heseidithd | evgT-epanding molor vchlclc scctor 14nds InFEsAsgY  pechpiporeennemiy - og

in that the st e@ﬂallb@c@béré"uﬂ:?&snhgl bR feng 8! 40 fdrm8fds making it po«‘ﬂh@% robﬁun
furnace foll owed g%/ a secondary rretal | urgi cal operation in a heatin

this 25 10 davion apkgmagencsius &Mucsbwomrmm@mkramﬁﬁmmé@a@§ﬂrlgcbfa

less than 1 For{h’ibgh&s Béshut cﬁcndi%upm 700 bl bSeve®fnofs, M Xture having the
foll owi ng wei ghted conpositrlon

BACKGROUND OF THE INVENTION

15 The outgoing production times for a vehicle, always beccoming shorter and
shorter, also pose probloms as regards the management of real time modifications, as

well as machinability and weldability.

SUMMARY OF THE INVENTION

20
The present invention concerns a method for producing a steel for large molds
muking it possiblc to obiain a steel resolving these difficulties.
This mcthod is characterized in that the steel is obtained by being melted in an
electric furnace followed by a scecondary metallurgical operation in a heating ladle, this
25 opcration being followed by an under vacuum degassing of less than 1 torr, in fact 0.2

. ' torrs, of a mixture having the following weighted composition :

e
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W de bracket
1to 3%

[err] 0.400% 5
[err] 0.015%

Preferred bracket
1.50-2% .

0, 050- 0. 150%
[err] 0.008%

2 to 2.40% 1.50 to 3.5%
0.35 - 0.50% 0.25 to 1%
0.100 - 0.150% OvasfancscO. 250%
100 to 200 ppm 100 to 300 10

Copper Silicon

N: ¢ lr<g|gen Phosphorus

Oxygen Chromium

gg:— glnum Molyhdenum

Car bon Niobium

Sul fur . o
20 Al uni nunjitanium or zirconium

[err] 250 fpm ppm

characteristic of_ the production of

nganese
Sili conl\ﬁtal
Phosphor us
Chr oPreferreéd bracket ~ Widc bracket
Mol ybdenum
Ni obi um
Ti t anijwm-ae4 2| r coni Ungn 3%
ppm i f neces
< 0, 10859-0.150% #%ﬁ&ifoo 300%
[err] Q. O/ o 0. 300%
[err] 3,0(?6&/9 é@gi‘]/o m 10
[err]21Q04pTdm liO{Oé‘ri"/ﬁ 80 ppm

Sto p [ Q. P

20 to%g!a 'B)BJP%% %1%4%"3‘ /50 ppm
0. 15 tnoo0-20%% O. ](DI(IOO-(DZW
[err] 0.005% 0. 050%

l?(bﬁ( r2]00'.) B’“ppm 11')() 300

The conplenent in iron and the inpurities

st eel . It is

subsequent | y possif B@S$Y subrit the ingot obtained after degassing to a 26
remel ting processe (ﬁéma consumabl e el ectrode uqqpfo(?».{/acuum or L§qsde,s! ag, the
e

i ngot bel

used as a consunabl e el e¢tro

al so possible to Nigketit the ingot to a first \56&:20!DMrenelt|nsg0am%then to a

2 etoel Tor mol o RETGin Tt has the fol lowi AGORM o el SRLBE
conposi ti om: Oxygen % 20 ppm = 80 ppm
Calcium 5 to 20 ppm < 30 ppm
Boron 20 to 30 ppm 15 to 50 ppm
Carbon 0.15t0 0.20% 0.101 0.25%
Sulfur < 0.005% < 0,050%
20 Aluminum < 40 ppm <250 ppm

The complement is iron and the impurities characteristic of the production of

steel.

1t is subscquently possible to submit the ingol obtained afler degassing 1o a

26 remelting process by a consumable clectrode under vacuum or under slag, the ingot

being used as a consumable clccirode.

It is also possible to submit the ingot to a first vacuum remelting and then to a

second slag remelting process.

o

The invention also concerns a steel for molds, wherein it has the following

30 weighted compaosition ;



3 Preferred bracket

W de bracket Manganese 3 1.50 -2%
1 to 3% ‘ Silicon 0. 050- 0. 150%

[err] 0.400% 5 Phosphor us Preferred bracket ~ Wide brablanir ] 0. 008%
[err] 0.015% Chrom um : 2 to 2.40%
1.50 to 3.5% Mol ybdenum 0.35 - 0.50%
0.25 to 1% , obi um o 0,100 - 0.150%
0. 100-. 250% Mang"n&lkﬁ tani um or zirconi um 1.50 - 2% o 3% 100 to
200 ppm 10Gilicwn300 10 ppm 0.050-pfl S¢fdc essary0.400%

Copper [errlQ. % - berr] 0.300%
Nickel §  Phosphorus [er]r:%“éQ%OO% "°'?'§r/€ ] 0.300%

Ni t rogen Chromium - < 302pp2n0% 1.50[tedr5p4 80 ppm 15
Oxygen [err m r] 80 ppm
Cal ci um Molybdenum 5 tB%O%%Bprﬁp 0"[%%’?" 30 ppm

Bor on Niobium 20 pQoB00NEO% - 0.106-250950 ppm
Car bon 0.15 to 0.20% 0.10 to 0.25%

Sul fur Titanium or zirconium [err] O.0¥59200ppm [edPd ©. 3800 20
Al um num [err] 40 ppm s 250 ppm

The conp1|°emant RP¥ i ron and ‘the i npurities characteristic of the production
of Stiffdcessary ' In the steel of the invention, the

manganese sul fides appear in the formof full o ' Lbut ed gl obes
and t he gl obul af?"p(ﬂk'ri des are preferably encaﬁé%lloéf’ed by cagﬁ%(%dl%)

sul fides. This Nitk@#! posses doubl e hardeni ng,0200%% | mary har@zoihg by
hardening the solid sol ution by inserting boron débrinrl}g
ausl eni ti zati orNIfR&or eci pi tation during t h&3qPeRch =30 P deni ng of

M23 typgghoro- qg{)&'hges (RO 6. These extreggb;bpfni ne preciggd gnes
germ nate during e extrenely energetic quench hardening to the austenity

grain 30 Cdddundari es owing to their céibed0spmuct ure 3t pPntent er ed
par aneter f acesmgr[,gr r]10.6 Alerr]. 20 10 30 ppm IS 10 50 ppm
Carbon 0.15 to 0.20% 0.1010 0.25%
Sulfur < 0.005% < 0,050%
20 Aluminum < 40 ppm < 250 ppm

The complement is iron and the impuritics characteristic of the production of

steel.
In the steel of the invention, the manganese sulfides appear in the form of fully
25 “distributed globes and the globular oxides arc preferably encapsulated by calcium

sulfides. This steel posses double hardening, a primary hardening by hardening the solid
solution by inserting boron during auslenitization and precipitation during the quench
hardening of M23 1ype boro-carbides (B.C) -rfi. These extremely finc precipitates
germinate during the extremely energetic quench hardening to the austenity grain

30 boundarics owing to their cubic structurc with centercd parameter faces a= 10,6 A®,



4 These boro-carbides are in orientation relation and in
coherence with the austenite of Yne of the two grains. This
primary- hardening is foll owed by a secondary hardeni ng due to a
di spersi on nai N Nes@hokadapli@&Sere Sﬁén‘iiﬁifén réthéiéh AHAGR! dd reﬁ&rm\ Pt fubdfifte of
precipitated honogeneously during an annealing. The ni obium an
essential di spupnsgifdheciwergssins. Thig primary hacdoningds frdlowed by paq:qondffry prrdeniog teg t he
steel of the inyepyi r t O _ of
the grains and g,l soh Esmhmﬁlg@% o%t Uu&ﬁ gf[tarlj ng'nﬁ'ltj 3 blﬁgi\z;nte ga?b% tng nl']cs Zpa{-ﬁlga?#ﬂ.ztfs
phenonena. homogcneduslyl dringamesnnelingh dhel elmbblm,l any Lsysf:nttm ehwblseild démeie

' den

i bt um Bt e o o€ e CRS g ho scst of iAo el part IF o Sofiri or e

nmanuf act uri ng thﬁe @megmﬂi& dhtlahb ravmattim;mﬁtaﬁﬁg derirgaretty SiallitAiRn Phekonidng 2l
characteristics oned bel The steel of

t he invention pBég‘ggﬁb%théfl?&el‘@’rﬁ'ﬁ‘yéﬁtq“{ tl‘ﬂ%’ ol ghe frvention and: BIRUPkSE iapfgcondary
on machi ni ng anﬂarﬂ@m%%rl@g Q{S{h\éem?ﬂxﬁm' §Ihgh Sl lﬁh”otf ahk %oidnr |9‘ﬂtﬁ'ldhﬁi¥mal in

polishing (grain > 1 a grain dianond polishing of
8[err] or i ndeetasjlagturjng the stcel afithgdnvention mfmﬂm@memhe mechanical charjpgrigtioss >
60 Rc. mentianc clo‘:vl'he mechani cal characteristics obtained for the
product treated B b genl ng and precipitation between 400[err]C
and 600C are the foITlteWtfegof the invention pu‘l?esmséxaﬂmﬂt aptitddeaa tchomichEgrahul9idh

N/ err] 2%. [ err

Bl (Tr:{gat i on, thi 3'?(“‘@%‘2“'85 F'@L't‘ °LFﬁ"T"éW‘]° !LtdL 'tﬂb}ff‘ﬁf qu P"]’“'ﬁ&fﬁr ip 200,

val ue in KU, thfotis@es by 6igFa¢ Hiamond ?dstrshmi;Q,rmlraneruém;) B od® Bk ffride-hardenced,
Brinell hardnes '%Q?ﬁle” = 10 mm/ 3.000Kg - 290 to 330 -

Thi s steel neet t 6h8&ment al properties for nolds: for the nost part

pol i shabyg ity and gr'ﬁ{BJJnééHdHoLl)’oHdh@iéﬁﬂ:& Qblaild hamaaegsaﬁcv bt by ﬁ&aw'g;

and as regards its inclusionary property
al | shaping casaM, Plcmwlwnabctwgcn 400P¢ a6 QBC procthe fqllengjt by

Enr;:a(rjlrrggrrechanl Cgcelslance (o tractiod ggg&k(?r mati on, such as forging, rolling or

Elastic limit 0.2% = 800 N/mm?
Elongation, thickness direction ~ 10% min 5%

20 Resilicnce - value in KU, thickness direction ~ 10 min Joules : § Joules
Brinell hardness in €3 = 10 mm / 3.000Kg - 290 10 330 -

This steel meets two fundamenial properlies for molds : for the most part
polishability and granulability linked to the homogencity of its structure and as regards
its inclusionary property.

25 For all shaping cascs, its shaping is preferably carried out by thermo-mechanical

transformation, such as forging, rolling or molding.
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WHAT 1S CLAIMED I S: 1. Method for produgi st eel for
| arge nolds, wherein it is obtained by : mel ti ngnj"nﬂ“rﬂmﬂﬁmw c
furnace foll owed by a secondary metal | urgi cal operati ony T ar wea T i iEak

heating‘ladle, this operation being followed by a vacuum degassi ng of |ess

than 1 torr, 10 in fact 0.2torrs, of a m xture having the foll ow ng

wei ght ed conposi tion: Manganese |l to

3% Silicon [err] 0.400%

Phosphor us [err] 0.015% 15 Chr om um _

1.50 to 3.5% Mol ybdenum. - 0.25to 1%

Ni obi um o 0.100 - 0.250% Ti t ani um or
5 HAT IS CL ; :

zi rconi um W s A]MEDISlOO to 300 ppm i f necessary 20

Copper [err] 0.300% Ni ckel

< 0. 300% Nitr n, . , < 8

Oxygen Yo li ReLtHoa for producing a gtee! Ffﬁfnlarge molds, “d?ﬁTeg] [I;)}pm,rg obtained by

[err] 30 ppm 25melting it BP&MBlectric furnace followed by a sccondary metalturgical t«?eéﬁmpﬂml
Car bon ) ) . 0.10 to 0.25% Sul fur
[err] 0.050% heating ladig. {his gpgrtion being followed by a vacuum degassing[of desp tRB0 fopm

10 in fact 0.2 torrs, of a mixture having the following weighted composition :
Manganese 1 3%
Silicon £0.400%
Phosphorus £0.015%

15 Chromium 1.50t0 3.5%
Molybdenum 0.25t0 1%
Niobium 0.100 - 0.250%
Titanium or zirconium 100 to 300 ppm
il necessary

20 Copper | < 0.300%
Nickel _ < 0.300%
Nitrogen : < 80 ppm
Oxygen < 80 ppm
Calcium £ 30 ppm

25 Boron 15 10 50 ppm
Carbon 01010 0.25%
Sulfur | < 0.050%

Aluminum SéSO ppm



The conplenent is iron and the inpurities characteri smmﬁmmumri tion
of st eel . 2. Met hpd accordi erein

-the ingot obtained is subjected by dega35| ng *to‘a lreﬁ‘el in§ by
consunabl e el ectrode_under vacuum or under, sl ag ot used
as an el ectrode. The complement is ison pt H‘Gd’“ﬁ%’éﬁsoﬁ“ﬂ'@“ﬁﬁs‘lﬂ of 'l’ffi‘m Haneph
t he ingot obtaigeg after degassing is subjected to a first

remel ting by a consumabl e el ectrode under vacuum and to a second

renel ting by a consuhadftbodpeordiogiéo ghirerl. sthatpin the ingot obtained is subjectgdbyod
according to ONgeeRfsino

out by ther mo. mecsﬁ%hl Elg ipgér?‘ans 9y %:ﬁhfﬁblcW(f@d@umﬁ%aﬂmgﬁl %‘gl&&br

| ar ge nol&ds, whisgetiused 4s dnauh.ctrhdaa.f ol | owi ng conposition:

Z/gngggs/osi 5 PHY %ﬁg?chgccnrding to claim 2, 1w};[e9eil§ %‘)le ingot (1htainediS Ig*c.:r ]%g@“ﬁi%df
Chr onmi um subjected to a first remelting by a consurhalflf efe@rodie @Mder vacuum and M ygoGNUM
0.25 to 1% Ni obi um 0. 100- 0. 250%
Ti tani um or zi r@mﬂ‘ﬁ‘ihby 8 consumable clectrode under slag. 100 to 300 ppm 20 i f
&iegﬁzlsar y LOABERRAd according to ane of the prcccdmgbclanmq whergin “h;\ﬁ"thgg‘gi’ﬁ' i) 0%
< 80 ppnto out by@)@}:@gwmchamcal transformation. [err] 80 ppm
égr on Cal ci um 5. Steel for large molds, wherein Hgds[the &8]0@% (lnn?}%slﬂgm Car bon |
0.10 to 0.25% Sul fur [err] 0.050%
Al'um num_ Manganese [erlrlL 32450 ppm 30_
Silicon <0.400%
15 Phosphorus | £0.015%
Chromium 1.50 10 3.5%
Molybdcnum 02510 1%
Niobium 0.100 - 0.250%
Titanium or zirconium 100 to0 300 ppm
20 if necessary
Copper £ 0.300%
Nickel _ <0.300%
Nitrogen < 80 ppm
Oxygen £ 80 ppm
25 Calcium | =30 ppm
Boron 15 to 50 ppm
Carbon _ 0.10 10 0.25%
Sulfur <0.050%
Aluminum % 250 ppm
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7 The conplenent is iron and the i ristic
or the production of steel . rTE"I umﬂm mﬂﬁﬁ

ol ds according to claim5, wherein it has the foll owkngt t

conposi tion: I\/anganese 1.50 - ZW?
Silicon The complement is iron and) HH@Sigw0ridGOgaracteristic of thg sprhstiens ©
[err]0.008% Chrom um 2 to 2.40% 10
Mol ybdenum steel, 0.35- 0.50% Ni obi um
0.100 - 0.150% 6. Steelt MAIAIEE Moldii deedingnto claim 5, whercin it lm the followig)
to 200 ppm I f necessary Copper

[err] 0.100% 15 compositigngkel < 0.200%

Ni t rogen 5 [err] 30 ppm Oxygen

[err] 20 ppm Cal ci um 5to 20 ppm
Bor on Manganesc 20 to B ppth 20 Car bon

0.15 to 0.20% - Sul fur o

[err]0.005% Sili 'CON Al umi mum 0.050-0.130% [errr] 40 ppm

The conpl enent i Phogphdruand the i npurities chat8O0%i stic of the production
of 25 st eel

Chromium 210 2.40%

10 Molybdenum 0.35 - 0.50%
Niobium 0.100 - 0,150%
Titanium or zirconium 100 to 200 ppm
if necessary
Copper £0.100%

15 Nickel < 0.200%
Nitrogen < 30 ppm
Oxygen . <20 ppm
Calcium 5% 20 ppm
Boron 20 10 30 ppm

20 Carbon 0.15100.20%
Sulfur _ £ 0.005%
Aluminum ' <40 ppm

The complement is iron and the impurities characteristic of the production of

25 steel



