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MEZTHOD FOR MANUFACTURING OF STRIPE of low carbon hot rolied steel, comprising 8 heatng step at & sredetermined
rate o 1'he :i-'mfaaiirig lemperature of 700 74008 codling o alyumotsinkovaniva temperalure alyumotsinkovanie and lempering al
300400 ° characterized in that the heating is camied out first al a speed of 7.9 1808 /3 W 200 600 © €, and then al a speed
of 0.8~-3.3 C /s 1o the annealing temperature, holding for 47-84 5, cooling from the annealing temperature is camied out at g

speed of 2712 * 0 /s 10 500-800 ° C.
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METHOD OF MANUFACTUREZ OF THE STRUCTURE FROM LOW-CARBON HOT-ROLLEDR 8TeiL

The invention relates to metaiiurgy, in particitar the production of slrips with alyumotsinkovy coating, and can be used in the
produsciion of hot-rotied low-carbon steel sheels with alvumaisinkovkey coating on the units of continucus hot alumunikovaniva,

Sheet sieel with an alumina-zine coaling used in mechanical enginearing must have a high corresion resistancs, stampability,
prevent the coating from peeling off from the base during processing by stamping and be characierized by the pllowing quality
indicators (Table 1),

Tae depth of the hole according 10 Sriksen in the table. 1 is indicaled for 4 2.8 mm sheet, Viclations of the integrily of the coating
during this lest ars not aliowed,

The corrosion resistance K is determined actording 1o the method TU-14-11-247-88 by the weighl oss of the sample for 3 hours
in a solstion of 20 g /I NaCl §.1% H202.

Tne production tachnoiogy of the strips wilh the complex of properiies indicated in Table 1 Gsually includes hot rolling, pickling,
poid roliing, cleaning, heat treatment, aluminum zincing, tempering and tempearing [1] At the same time, the additional operation
of cold rolling lengthens the production oycie, increases energy cosis, the cosi of rental and the price finished produsis, worsens
the environmental situation.

A known method for the production of strips of miid steel, including hot rolling of the stes! with a rolling end temperature of
TRO-820 © C) cooling and winding at a roli al 8280-880 ° £, cold relling, continuous amealing according 10 the made: i‘:eaﬂnq ata
spead of 12418 " €/ 510 B20-680 ° © |, holding at this temperature for 45-88 s and then codling firsi al a speed 0f 8127 C /7
280~800 ° © and then at a spead of 1-4 ° © /5 [2] The disadvantages of this method are that the strip after the hot Zincing haﬁ
insufficient quaiity coating {due to delaminations and low corrosion resistance), as well as poor farmabilily.

Tnare s also known g method of producing strips of mild stea! for tinning, inoiuding cold rolling of hot rolled sivips, continuous
heat freatment with two-stage heating: first up to 480-520 ° aqd ihen at a speed of 1.5-3.5 ° O/ s ¢ an annealing femperature
of 640-880 ° € afier then the sirip is conled slowiy with a8 spead of 0.8-1.7 © C /5 0 480-520 ° £ {3] This method fumed oul o
b unsuitable for the production of hotrolled sirips with an alumino-zine coating due 1o insufficient formability of the substrate,
delamination of the coating during stamping.

Ciosest to the present inveniion & a method for the produstion of sirips of low-carbon holrolled stael with alvurmnotsinkovym
coating. The method includes continuous heat treatment by multi-stage heating: first al a rate of 25 ° C 7 s {0 480-480 ° C,
holding, then at g speed of 89 ° O/ 5 10 an annealing tempergiure of 710-738 ° C, after which the strip is cooled at g raie of
4.5-5.5 7 C S with hol-dip galvanizing temperature of 480-484 © C, coaled by the meihod of immersion in the moiien metai of the
coatng and released at 3DG-400 ° C {4] The disadvantages of the prototype method are that wien using & cold-rolled strip of
low carbon steel as the steel basis with zinc-coatad: temporary ensile strengin and vield strength are higher than the allowable
vaiues, the relative elongation and depth of the Eriksen well are insufficient, When stamping parts, there are gaps in the steel
hase, the appearance of coating delamination, which is unasceptable.

The purpose of the invention to improve the quslity of coating and stampabiiily bands. ArcelorMittal Ex. 2001
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The goal is achieved by the fact that in the Known method of producing strips from low-carbon hot rolled steel with an
sluming zing coating ncluding continuous heal treatment by mullistage healing at regulated speeds up to an annealing
500-600 © C, and then ai a rale of 8.7-3.3 7 C/ 3 {0 the annaaling lemperature at which the strip s kept 47-84¢, and cooling
petore hot zine heating lead to 500800 ° C

Known and proposed lechnical solutions have {ne following common faatures. Both of them are methods for the produdtion
of strips of miid hotorolied stee! with alyumotsinkovym coating. 2oth inolude continuous heat treatment by multisiage heating
at reguigied rates to an anneagling femperature of 7006-7480 ° C. In both cases, the strip is provided with a cooling rate of
2.7-127° C [ 5, subseguent not-dip gaivanizing and tempering of the coated sinp al 30G-480 ° &,

The differences of the proposad method sonsist in the fact that hegling s st camied cul st arale 0F 7818 C/ s o
500-600 © O whereas inthe Known one al g rale of 25 ° £ /5 t0 480-480 ° . In the proposed meithod, after the temperature
of ihe {irst stage is reached, the heating rate is reduced 10 8.7-3.3 7 C 7 35, whils in the weil-known method they are held al a
ponstant temperature, atter which heating s continuead at a rate of 3-8 ° © /7 5 10 the annealing temperature.

It the proposed method, the strig s maintained at the annealing lemperature Tor 47-84 5, which is nol in the known method,
Andd finally, in the proposed method, the cooling is carmried out to 500-800 ° C, and in the known way 10 480-480C ° C,

Tne essence of lne proposed lechnical solution 18 as foliows.

Hot-rolled low-carbon steel is a Terrdle-prariile two phase mixiure was struclurally Tree cementite and has anisciropy of
mechanical progerties caused by hot deformation textured. Heatling at 7,9-1208 / s 1o 200-8000S rapidiy cooled hot rolled
steel provides eguiaxed ferrite grains, coaguiation carbides, Subseaguent heating af & rale of $.7-3.3 ° £ /< ensures uniform
growth of ferrite grains, decomposition of lameliar periite and a change in s momhology, Exiract 7003-74008 3l the
annealing temperaiure and the subsequent cooling al a rate reguiated §.7-3,303 / s can fomm an oplimal {in ferms of
formabiity) steel microstructure, enabling increase leksturylil} orysialiographic orentation as well as ine adhesion of molian
alaminum with zine 1o the strip, At a temperature 300-80008 stiip during hot 300-400 coatings during tempearing it provides
the best coating qualily and finish holt-aging stesl, which leads 1o the conservation of its mechanical properties during the
furiner transport, siorage and procassing.

ft was astablished experimentally that the neating in the first slage at 2 vate 7.89-1808 / 5 10 the beginning of the percolation
500-60005 provides zakristallizalst processes in areas oF maximum struciural defecls of hot melal rapddly cooied, By
increasing ine heating rate of 18 7 or more decrease in temperabure lass than 5300 ° O the mechanical properties afler
alyurnotsinkovaniya bands do not match, resulting in degradation of formability. A decrease in the heating rate of less than
7.8 ° C {3 or an increase in temperalure of more than 680 ° C contribiftes 1o the formation of different grain sizes,
deterioration of stampabiity and quality of the coating.

reheat rate, annealing lemperature and hoiding time at this temperatire is determined combination of mechanical properliss
of ine sirp after alyumotsinkovaniva, ihe nature of ine microstructire and sirengih of the ooating adhesion 10 the sieel
substraie, The process of hot galvanizing and subsequent lempenng moreases the sirength of hol-rolied steel, reduces s
ductility and stampability. Therefore, the mechanical properties of the stee base before coating should be higher than the
raguirements in Tabie 1.

LI

When a reheat rate 3,368 7 with an annealing temperature below 70 O and residence time of less than 47¢, as
axperiments have shown, the mechanical propenties of the finished sirip are unsatisfaciory: strength vahlies exceed
permissible, and ine ductiiity and hole depin less richsen selpoints, It furns oul fing-grained mugresiruciure with 8 poinis of
ferite grain, which containg clusters of carbides in the malrix. Carbon does not have lime o Jdiffuse over long distances, o
coaguiate, the matrix s not cleared. in addition 10 hardening, such steal falls {0 combine satisfactorily with the aluminous-
zinG coating.

Reduced reheat rate less 8,703 7 5, increasing the annealing temperatwre or more residence time 74008 more 84c¢, as
axperiments nave shown, increases the inequigranular, weakening the imtergranular bonds, reduciion of formability and
coating ruptures during forming due (o uneven deformation.

The temperature of the melal before hot zine oxidalion besides ihe mechanical properties determings the guality of the hot
coaling, Al temperatures beiow 5800 strip alyumoisinkovym coaling guality is poor, bul at a lemperature of more iron sirip
2000 is intensive mileraction of aluminum and zing, the coirpsion resisiance deteriorates coating balh conlaminated
alyumotsinkovaniya unit,

PRI me KB, Slab of mild sisel with a secltion of 200x1400 mm of the following chemical composition, wi, © .07 3: 8.03 Mn
0,94 Or 0.04 Ni 0.04 Al 0.04 N2 0.007 heated in rehieating furnace to 128005 and rofied on a continusus miAFGSIoFMIittalsEx. 2001
Posco Co. LTD. v. ArcelorMittal
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hand section 2 X x13530 mm. The temperature of the rolling end is maintained at 840 ° O, Then the strip is rapidiy conled
with water to 630 ° & and wound into a roll. After cooiing roll it is mounied on the unwinder unit and subjected 1o an
sichig suifuric-acid pickiing for descaling with simultanecus rimming the side adges 1o oblain the bandwidth of 1300
i, which after washing s wound into a rolb

Then ine roll s mounied on the deceiler of a continuous 1ot galvanizing unit (ANGAY,

in Ang performed trimming to 1250 mm strip width and surface chemical ireatment is camied out in strips of brush-
washing machines in a water solision of caustic soda with trisodium phosphaie, Alter cleaning, the sirip s washed with
waler and dried with air st 85 ° C.

The cleaned strip is fad to a continuous funace, where the strip is healed in sieps in a proteciive and reducing
atmosphere, first with a speed of V1 1353 °C /510 T 350 ° . Then the strip is reheated at arate ofV22° O/ s to
an annealing temperature of To 720 ° C, at which it is held for about 70 ° O After compietion of the exposure, the strip is
cooled at a rate of Vo, 7.4 ° O/ wilh jets of protective gas 10 3 temmperaiure of TC of 550 ° € and cosgted with an alumo-~
zing alioy by immrersion into the mell of the iollowing composition, wi

Zn Fe S Al 43,1 3,85 1.48 Base The sirip afier the hot coating s cooled 10 g lemperature Tol tempering st 350 ° C, at
whicn # s kept for 100 5. Heleased ready-made sirip is wound into a roll and transporied {0 the consuymer

in tab. 2 shows the options for the implementation of ine proposed method and the prototype method, and in table 3 the
guaity indicators of hot-rolled stnigs with a Zinc-coated coaling,

From tab, 3 it follows that in the case of the implementation of the proposaed method {(options 2-4), the quality of {ne
saating and the stampability of the sirips are improved, as evidenced by the best combination of mechanical properting
and maximum corosion resistance. For exorbitant values of the stated paramesters {options 1.5-11}, there i3 a decrease
in the quality of the coating and the stampability of the strips. When implementing the proioiype method {option 123, the
coating quaity and the stampability of the strips are unsatisfaciony,

Technical and economic advantages of the proposed method conaist in the fact that heating first with a spead 6f 7.8-18 °
G510 500800 ° O reheating wiln a speed 07 3.7-3.3 “ ©/ ¢ 1o 700-748 ° C, hoiding at this temperature 47 -84¢, cooling
atarate of 2712 7 C /s 1o 500-6030 © © and lempering of the metal with a coaling at 300-400 ° C ensurs e production
of high-guality alumine-zine coating and high formability of hot-rolled strip of mild steel. This aliows 1o exciude the
aperation of cold roing from the tachnoiogical cycle.

ArcelorMittal Ex. 2001
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{54) CNOCOE NPOUIBOHGCTBA NGOG M3 MAHOYINIEPOLMCTOW IOPAYEKATAHCH CTANM

{57) Pechepar:

HMsolpereHve OTHOCWTCH K METANTYPIWM, 8
YECTHOCTH K NOAY-HeHr0 ipfelylelel o
ANOMCUMHKOBEIM  NOKDLITHEM, W MOMRT STk
UOCNOAEI0BAHD NP MONYHYSHAM TORANSKATaHOM
MENOYIISpOANcTORA TIACTOBOR orann G
BIIOMOLUMHKOBEIM  NOKpHITMEM  Ha  arperarax
HEMDEPLIBHOID OPRYEIS  AMDMOLMHKOBRAHYR
Cnab vs ManoyrieponMeTi CTaNA CoURHNEM
200 x 1400 MM pascrpesainT B nevy fo 1280°C
W NPOKaTLIBAKT 8 nonocy ceserHvem Z2 x 1350
MM Temnaparypy KOHLS NPOKaTRA
nopneoriaeaeT pasHoi 840°C. 3artem nenocy
YOKODEHHD OXNankialotT Bodol ac 636°C w
cMaTEIRaT 2 pynoH. Tocne oxnawaeHws

DYAOHE  YyOARAKT  OKaMMy.  3atem  DYNoH
YOTAHABIMBAGT HE [a3MaToiBaTens arperara
HENPEDBIBHOMO TORFYerc anioMOUWHKORaHWA.
QuUULLRHHYIC TIONOCY HANPARANIOT CTYNeHYarD 3
ALNTHO-BOCCTAHOBUTENEHOW aTmocdepe,
gHadane oo ckopooteo 135°Cle po 8550°C,
sgreM co  oropocThio 2°Clc po T20°C wu
BrifiepuusaloT  7°C. OnakaeHus  pepyT <o
CHOQOCTRIO 7,4°C/C CTOYAMM 3ALMTHOM 1a3a Ao
580°C v NOKPHIBRIOT ANOMOUAHKOBEIM CMTaBoM.
(ocne ropAYverd NoKRRITHA NCNOCY OXNaXaawT
i0 TeMNepaTY i CTIYoKa 350°C n
seigepysaoT  100°C.  OrnyileHHyo  nonocy
CMBTHhIBRIOT B8 pPYNoH. 3 Tabn.
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MEO@DGT%H"‘.E OTHOCKMTCH K MeTannypriv, B

38TemM CO CKOPOCTbID 8-9°9C e o TeMR2DaTYOR

HACTHOCTM K TOMyuBHWAKG - nonoc - G omkra  710-730°C,  noone  dera  nonocy
SIHOMOUMHKOBEIM  TOKDEITUEM, 1 MOKST GbiTh . ,

4 i P : il oxna;mam oo ckopoctbid  4.5-5 8%k a0
MCTIOMB3OEAHO npw MPOV3RCASTES

FODH‘«:EKHT&HHD% MaﬂOyFﬂSDQﬂMCTO% TTACTGBOR

TeMNesaTy bl TORAYSTD UHKoBaHAA

CTEMA  ©  AMNDMOUMHKCELIM - TOKPLITUEM  H3 5 4,@@ 480 "t,,vx-|q:<px;‘:|a_am’r METDHDM i“” /HEHIAS B
arperarax HENPEPLIEHOD FOpRUEro OBCHNAB MaTANIE NOKPHTUR ¥ OTIIVCKaT Npu
AMOMCUMHKOBAHWA. 300-400°C [4] -
JvcTosas  Cfalls © AMoMOLMHKOBSLIM HegocTatian cnocoba-npoToTuna
AOKOLITAGM, MOTONLAYEMER B MALLIMHOCTDORHWA, AAKNOHAIOTER 8 TOM, ~TO AP UCNOnL3cBaRHK 8
pO¥HE  DORENATE  BRCOKOR  KOPUOIMCHHO o KAYSCTBE CTEMbHOR ODHOBR! KOTCAHDKATEHO
GTOMKOCTBIO, LUTEMIYEMOCTSIo, He LOAyCKaTh Y nomockl ¥3  MANOYIMepomMcTOR  cTani  He
CTCNCBHUA  MOKPHTUR DT 0OCHOBRI NPy ofecneusasTen Tpelyemoro KauecTaa nonas ¢
neperaboTke WTAMACBKON ¢ XapakKTepnaosaTLes AniOMOUMHKOBRIM - TOKDLITAGM.  BPEMEHHOE
CRIeAYIOLLMMM NOKEZaTeNAMI KauecTaa (Ta6n. 1), CONPOTHRNEHUES DAIDEIBY M NRSASN TEKYHSCTI
FnybnHa nyssn no Spukcesy 8 Tadn. i BbILE HONYCTUMBX 3HAUSHIR, OTHOCUTErBHUS
YKa3aHa  ANA  WMCT3  TOMMHoR 2.0 mwm 15 YOVHEHME WM myOsHa  JIYHKM  JpurcenHa
HapyiieHrs CrnOLHOCTA NGKDSITHS [pH 3TOM HELGETATOMHBL, TIPW LWLITAMNOBKE A8TANESH WMeoT
MCTIBTAHIN HE FONyCKaoToR. MECTO [aspbiBhl CTANBHOM CCHOBEI, NOABNSHIA
Koppoauowiyi CroikooTs K onpeneRmwT OTCHOSHNA NOKDBITHS, YTO HELOMYCTHMO,
cornacHo MeToavke TY-14-11-247-88 no noTepe Llans weodpeTeHns NoBbieHne KadeoTRa
eca ofpasua 3a 2 4 B pacteope 50 r/n Nall DOKPLITHR # LITAMIYEMDCTH NOROC.
0,4% Holo. 20 _l.drﬂb OOCTMIRETCA TeM, YTO B M3BECTHOM
Tayuar fon et . arocobe NEOMSBOACT BE nonoe "3
vKae[;::;;OrT Taﬂﬁm_?asr;g;;"l?‘xii{of‘j\rjmggmzw‘g MANOYINSROHMSTOR  ropaHeraraHol  otant o
GBEIMHD  BIITIOMEET  TOPAYWWI0  NIRCKaTHY, GIHOMOUAHKOBRIM  MOKDLITAEM,  BRITCUSIGLIEM
TpaEneHe, XOMOOHY!® NPOKATKY, OUMCTKY, Honpeouewro _TEPMOOGW’?T“?’ nyres\fa -
TEPMOABPABETKY, AMIOMOLMHKOBAHMS, STAVEK U e Harpasa b3
ppecovpenry [1] Fipu GTOM AGRONHUTENBHES 25 PEINa8MEHTUOORBHHEIMKA  CKOPOCTAMU A0 €3
ONepauMs  XONOmHOM MpOKATKA  YAIMHFAeT TeMNepaTypel oTkyra 700-740°C, oxnaxaeHns
NPOVSBOACTBEHHbIR el yReM-MBaeT 0O GKOpOCTBIO  2,7-12°Ce,  mpsuee
BHEICIATRATE, CefecTOMMDCTE NNOKATA K LGHY anMoMOUMHKDBEHWE W oriyok npu 300-400°C, e
FOTOBOE ARGOYKLWN, YXYBULBSET SKONOTHHeckyD HAMGEB  OCYLIBCTBMAKT 00 CKOPOCTLH
CuTyauinio. 5 30 7913 °%jc mo B00-800°C, a aaTem oo [ ¥e)
M:saeameH CAOSo6 NPOMABOACTBA NONCC 13 cropocteie (,7-3,3°CIC A0 TEMNEPAETYDE 0T,
MANOYrNepnancTON GTEI, BRITICHSICLMA APM KOTOROH MOMooy BhiASpKMBAICT 47-0d4c, a Xy ]
FORANYID MPORATKY NOAKATA © TemMiepaTypol oXT@NaEHe nepen FODAMM s
KoHLE npokatie 780-820°C, oxnaxienue W AFIOMOLMHKORSHIEM BBAYT A0 500-800°C.
CMOTRY B pynoH npm 820-880°C, xonopHyw . M3880THOR ¥ NPSANOXMBHHDE TeXHVUUeCKs =5
NPOKATIY, HEMDEDRIBHBIA OTHKUT o DeXUMY! 35 DELUSHNA UMSIDT Credyolune COWKne NRUBHEKA.
Harpes ¢o ckopecTeio 12-18°Cic mo §20-680°C, DOfa oMW sENFI0TE] srocobaMu NPDOH3BOACTRA &
BLIAEDMHA NDK 2TOW TeMNEpaType B TeusHWe NoNOC W3 ManCyrNepofucTol ropsueKaTaHo! P
45-65 ¢ 1 NOCREAYIOWRE CXASKASHUS RHaYaIe TN G ANCMOLMHKOBbLIM  NokpoiTiem. (ha
£O CKODOCTRC B-129Cie Ao 560-800°C, a satem BRIKOMRIOT  HBMPEPRIBHYIC  TepMoodpaloTiy
oo L';‘{‘O;")f‘OTb‘O 1-4%C/c 2] 4o DyTemM MHOQrOCTYNISHYATOMG Harpesa o3 oo
HedooTaTky MIBenTHOM onaeola cocToaT B PeMaMeHTURoBaHHLIMA - CRODDGTAMA - 10
TGM, uTO  Nonoea  NoChie  ropsuera Temnepawpb! TR 700-740°C. B ofoux A
ArMOMOLMHKOBRAHWS VieeT HeO0CTaTOMHO Chysadax NPedycMOTOeHO CXINERKBeHne Nonockl
BBICOKOE  KAYRCTBD NOKPBLITUR  (BCNasTRvES CO  cropoCTeo  2,7-12%Cic,  nocnagymulee
CGTCRCEHUA W HU3KCR KOPPOSUCHHCOR oTofikocTu), FOUAYGS AMOMOUMHKORAHME 1 DTIYCK NoNccs ©
& TAIOKE NNOXYI0 LUTaMNyeMocTs. # noKpLITHEM e 300-400°C
MapacreH Taoke onooel  npovsoacTsa OTnW-AR NReONONMEHHGIG onooofa cosToaT B
noOADG Ma  ManymepopacTy  crany  ans TOM, YTO Harpes BHaNane OCYUIeCTBRFIT Co
PYREHMS, BKNOHMBIDILMA  XONCOHYIO  IROKETKY ckopocTsio 7.9-19°Cic o 500-800°C, Torna
ropauskaraex — fof0C,  HEMpepbiBHyl0 KAK B W3BECTHOM 0O CHODOCTHIO 255C/e ao
TepMooDRa30CTIY ¢ ABYXCTYNGHHETHIM Harpesom: - 3040070, B NDednoKeHHOM Cocote foens
BHauane 40 480-5209C, @ 33TeM GO CKOROCTLID FAYU . B IPSHNOIKCHHON ohoso _? noche
153 5°Clo o reMHEpaTY b U ,am,mx{emm TEMNeRaTYPhl NEePROA  CTYNEHM
6.40 6o -ﬁ“ patyp b CKOROCTL Harpeba cHuwaioT go 0,7-3,3%Cle,
BE0 nNocng “erc nonocy aaMednaHHo TOMIB KAK B W3RECTHOM ASNAKT BLIAEPKKY 1pK
OXRAKARIOT ©O  ckopocTeie  0,8-1.7°C/c go NOCTORHHOE  TEeMIeDaType,  Nocne uero
480-520°C (3] A DPOAOIKEIT Harpes co skopocTeio 8-8°Cle ao
LanHeid cnocod oKasanoR HenpurogeHd ans T remnepaTyRsl CTHWE.
NPOMBCACTBA  MOpAYSKaTaHLX  nonos ¢ B npennoieHHom  crocofie  nonooy
BIHOMOLIMHKOBRIM AIOKDBITREM W3-3a BLJEDRMESIOT NIPW  TEVMNEpAaTYpe OhKUrE B
HEJOCTaTOHHON LTAMIAYSMOCT OCHOBH, TeuaHWe 47-34 ©, YTO B W3BECTHOM cnocabe
QTCNOeHW  NMOKDLITKE MDY LITAMIOBKS. HeT. W, HakoHsy, B NS ANOKEHHOM cnaocote
HanbBones  OnuakaM K npegnaraemomy B0 oxXnamieMWs BesyT mo  500-600°C, & B
ABFASTCH cnoco@u NPOMSBOACTBR NONOC #a HIBSCTHOM 10 4 C4BOCQ
[TeP0LACTO! "‘_E.’:)“"P cTand © ~
R PIRILE DRLIBHWS CORTOUT B cnsﬂrvmu‘em
HENPEPLIBHYIO ""CO@pdbOTW _ ﬂf"TeM FoprdexkaTaHas ManoyrmepcausTas orans
MHOFOCTyHEH‘JaTr‘W‘ Harpesa.  BHa43ne oo AOSACTARNAGT W3 cebRn  AByXbEAHYIO
ckopocTeio 26°CIc po 480-490°C, BoInOpIKY, cbeppmm..—..epmmvm CMECH GO CTPYKTYPRHO
-3
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caelonRsm USMEHTUTOM v
BHU3OTPONNSH MEXIHABCHIMX CBOWCTE,
obycrosnaHuo? TEKET rapsidei
decopmaunia. Harpes co ekopooTe 7,8-19°Cle
a0 500C-600°C ELICTPOOX BN AEHHOR
FopANeraTaHoR crany ofecnaurRasT nonyJyeHms
PABHOOCHEX DEPPUTHEIX 38D8H, HOarynayWic
Kapbraos. (ocnenyiouii Harpee oo CROPOCTEI
0,7-3,3°C/c obecreunpasT paBHOMERHLIR DPOCT
sepeH  chepputa, pacnag nnacthevaToro
NepwTa ¥ pameHeHne 8o MopdOnonm,
Brifiepkya noy rTeMnepartype omxura 700-740°C
w nocnenyiclles PETEMEHTUEOBAHHOS
cxXnamKiasHue oo ckopooTeio  (3,7-3,3°Cic
NO3RCNSCT ohCpMUPOBATE CNTUManeHY (o
TOUKMA 30BHUR LLITBMIVEMOCTU) MUKDOCTRYKTYRY
Craim, YBENIHATE ONarOnpuATHYID
KpueTarnorpadi-eckyy  CPHEHTRPOBKY
TekeTypeiill}  a Take aareanmo  pacnniasa
SIHOMWHMA  © UuHioM K nonoce. Tipy
TeMnepaType nonocki 500-800°C 8 npouecce
ropaLerc nokpsitua 300-400 °C npu oTnycke
COBCHEUBASTOR HAWTYYILIES KEUSCTED TOpRYere
NOKOLITAR 1A 33BSDILSIOTSH NPOUSGCH! STEPEHUS
cTan, YTC  MDMBOBWT K CcOXpaHeHw &8
MEXGHUHECIKAX  CBOMCTB NPy JankbHerlem
TREHRCNORTUIOBAHIM, XPDAaHSHERR W rieepepa@cmcse
SKCNepuMeHTANbHC  YCTaHORNeHe, YT
HAMMER H3 NE8PSCh CTYNeHW CC  OROPODCTHIO
7919 po 500-600°C
Hauano RRCTEKAHWA
akpucTannvlaun B MecTax Haubonbllvx
AedheKTon  CTRYETYPEL  GhiCTROOXMBNASHHOMD
ropauekaTaHoro  Metanna. Fiph yeenuqeHdr
cropocTh Harpera Soree 19°C WK CcHMKEHWK
TeMnepaTyps  Mmexee S00°C  mexawudeckua
CRCHCTBa NONOC NCCNEe aNCMOLWHKCEBAHWA He
COOTBETCTBYIOT  3afaHHsLIM, YTO [PMBOGAT K

cbnapaset

obecneqvsaeT
npoueccos

YXYALEHWIG WITAMITYEMOCTH CHibraHue
oxopocT  Harpeea MeHee 7 8%Clc unu
nogeiilienue  TeMmnepaType  Gonese  800°C

cRocoGoTRYeT OOPASOBAHKIO FA3HO3RDHUCTIGTH,

VXYALLSHWIO  WTAMNYSMOCTY WM KaqecTEa
NOKOBITAS.
CrOPOCTs NORTOPHOIG Harpees,

TeMneaTyoa Qs ¥ BReMd BeifleKK Tn

STOR TeMnepaTtype onpedensior  KOMMNeKe
MEXGHMHCKAX caooTR Oonockt nocne

AMOMOUMHKCRAHMA, XapakTen MUKDOCTRVETYD U
APOYHOCTE CUENNSHUE NOKPRITUR 0O CTANBHOR
CCHOBOW. [EOUScT TCpAYerc anMoLMHKCBaRKA
W NCCReRYILMA OTIYCK NOBRIUSIT NPGYHODTR

ropsdeKaTaHo i crany, CHYX@IDT e

MNACTUYHCCTE W LWUTBMIYEMOCTE,  (T03TOMY
MEXAHUYSoKME CROWCTES  CTaMbHOW  OCHOBL
nepenl  NOKebLITHEM 0K DulTe  Bbillg

TpeGoRanryi, ocbycnoRNaHKsX B Tabn. 1.

flpn cKopocT NOBTCPHCTS Harpesa tonee
3,3°Cle TemniepaType oTHMra Huwe 700°C A
BpeMeHK BhieDiKs MeHes 47C, Kak noxkasany
SHCNEPUMEHTS MEXIHAHECKNE CBOROTRE
FCTORBOR HEYLOBNRETBOPMTENBHb!
noKasarenu ApOYHOCTH NPEBLILIBINT
AONYCTAMEIE, @ PAACTUYHOCTE U rySKHS NYHKA
SpMKceHa  MeHee  33aHHBIX  2HaYeHWMH.
(lony4asTer MENKoISPHUCTER MAKROCTDYETY DS C
9 Gannow 3epHa eppuTa, KCTOPas COOSDMKUT
cHONnesns xaplbnaos B marprue. Yimspop He
yorenaatT  puddpyHavpoRate  Ha  Sorbsuive
LAcCTORAHWR, KOaTyn¥poBats, Matphda He
cupiaHa. TIoMUMD YROOYHSHWA Takas orasib
HEYICENSTBORUTENEHE  COSAMHESTCH O
SITOMCUWHKOBBIM TOKDEITAEM.
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CHKEHMEe CKCPOCTH TNOBTORHOMC Harpera
meres 0,7°Clc,  yBenudsHue TemnepaTypsl
arkra Gones 740°C WNy BLeMEHW BLLASDHKKA
Bonee 94, K8 NOKA3ANM  SHONEPUMEHTHI,
IPUBOSMT ¥ YBENMUSHUK DPA3HOSSLHWCTOCTH,
DCASDNERUKD MEXIRDSHNEX CRA3BH CHIMRHAKD
WITBMAYEMOSTH W D33DbiBaM NOKDBITUR  Npw

LITBMIOBKS BOMeAcTeME HEPABHOMSPHOH
nedopMalmi.

TemnepaTypa MeTalia nepel [opsqvm
BNIOMOLUMHKORBHMEM  NOMAMO  MEXAHWIBCKUX
CROUCTE  ONpPejeNseT K3YECTBO rOpAYEo

NoKpEITAR, (DK Temnepatype nonockl HWKe
500 °C kavecTBO  aliCMOLAHKOBOMD TOKPRLITUS
HEYODEAETBOLWUTENLHOE, & NDW TeMNepaType
nonocet Sonse  800°C  mastT  MHTEHOKMEBHOES
B3AUMOLEGACTEYAE ANIOMKRNE W LKHKS C KeNSsoM,
YXYOLIBRTCH  KOPPO3WOHH3A  CTORKOOTE
NOKPLITAR, 33TPAHRETON  B3HHA arperara
SIOMOUUHKOBRHWA

Mo ume o Cneb W3 MaNOYIMepoOoncToR
crany  caqervanm 20001400 MM anafiyiniuerc
XUMAYBCKOTO oocTara, mac. © C,07 Si 0,03 Mn
0,84 Cr 0,04 Ni 0,04 A} 0,04 Ng 6,007

PA3CIEEeRanT B METOAWYSCKOW neun go
1280 90w ppokateiEsOT HB  HENPePLIRHOM
wupokononooHoM  orade 1700 8 nonosy
oceveHraM 2 x x1350 MM, TemnepaTtypy KoHUa
NROKaTHA NOAGSRMUBRIOT DasHOR 840°C. 3atem
NOADCY YOKGREHHD OXINEMNEIoT 80A0H Lo 630°0
W CMEThIBAIOT B pyncH. [locne oxnamaeHus
pYNoHa 70 YCTaHaBvBAIoT Ha paaMaTeiBaTen
TREBMNEHOTS arperara " NOGABEDr30T
CEDHOKRUCAIOTHOMY TRaRNeHWD ANS yEaneHus
CKalMHLl ¢ OGHOBPeMEHHCR 00peskol BOKORLIX
KPOMOK S8 NONyYSHAs LvDrHe nonocs! 1300
MM, KOTODRYID NOSTE NPOMBIBRM CMETRIBET B
DYNOH,

3atem DYSIOH YOTaH3ENMBRIOT Ha
[83amaThiBITENL 3perars RENPEPLIBHOID
rOPSYSrc artoMOoUMHKoRaHA {AHTA).

Ha AHIA oCyWecTBAT chpaaky KPpomMoK 40
WHPKMHE Tonocel 1250 wm 1 OCYILecTBRNRT
XAMMUSCKYIO  CHACTIY  NOBSPXHOCTA NONRCG B
WETOMHO-MCEMHRIX  MAWKMHAX B BGATHOM
pBCTROpE Kay CTIHYBCKOH coan c
TprHaTpuiadnaarom. [ocne ourucTid nonaocy
NPOMBIBST BOAOH W CyiliaT Bo34YXOM npy 95°C.

OHULEHHYID NONCCY NOJAKT B NEOXGRHYVIO
nevs, A8 NONOCY HarpeBalT OTYReHYaTo B
3AUNTHO-BOCCTAHCBUTENLHONW aTmocthepe,
BHAYANE CC CKOPOCTLIO Vi, 1 13,5%Cic oo Ty, ¢ 580
SC. Barem NONOCY NOBTOPRHO HBIpeBaeT oo
CEOROOTR Vi  2°Cic [0 TeMnepartypol
orrura T, 720°C, npy KOTOROR BRIDBRKUEADT B
TeusHUe 1, 70C. Floone saBepilleHna BbIISDKKA

NCHOCY CXNKARKOT CO CROPOCTRID Vo, f,4°C/
CTRYSIMK  3SWMTHOIC 338 A0 TemnepaTypb
Ty B50°C w1 nowphiBaT  AMDMOUMHEOSHIM
CII3BOM METOLOM NOIMIKEHWR B pacnniase
CHELYICLIeTT CooTass, Mac.,

Zn Fe SiAl

43,1 0,65 1,48 CcHosa

Moncoy oo ropsuers foKPsITyR
OXFIBMABIT A0 TeMnepaTyphl Tem, OTNYCK3
350 °C, npwu KoTopoR ebigepawusawt 100
CTNYILeHHYIC FOTCBYK NOMOCY CMAaTLIEaT B
PYFOH M TRAHCMOPTURYICT NoTReBUTERK.

B rabn. 2 npuseneHs! BApKAHTEl peanvsaynm
npeanwkerHHero cnocoba v onocoba-NpoToTing,
a B 1abn.3 NoKasaTeny KauecTBa ropAYSKaTaHbLIX
NONOS ¢ MIIOMOLUMHKOBEIM NOKDRTASM.
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WMz Tabn. 3 cnegyer, uio B8 cnyyas
pceanuaalyis NpeANMKEHHO0 cnocoba

{(BapuaHThl 2-4) obecneurBasTos NOBRILLEHWE
KauenTRE NOKPEITUR W WTAMIVEeMOOTI oNos, O
UEM  CBWASTENLCTBYET  HAaWNYYWAZ  KOMNNSKs
MEXBHWHSCKAX  CBDWCTR W MEKCHMARLHMAN
KOPPOSKOHHAR CTORKOCTE. [pW sanpeieneHix
IHAHSHATX 3aABNSHHEIX NAPAMETOOR (BARHSHTH
1,5-11) vMeRT MeCTS CHUKESHWS  K3-ecTea
NOKOLITAR 4 WTamiyeMosTy  nonoc.  Tlpu
CEANN3ALMA cnoceBa-neeToTuna (BapuanTt 12}
KEMECTEC NOKPHITUA 1 LLT3MNIYEMOCTE NCNoc
NONYHENTCA HEYAORNSTROPUTENEHON
TeXHUKO-KOHOMKHECINS  NPeuMYILecTRa

MPeLNoMeHHOTo cnocoba COCTOAT B TOM, TG
HApeR BHauane oo SKopocTsly 7,3-18°C/ie mo
£500-800°C, NOBTOpPHLIA HargeR co CKOPOSTRIC
(0,7-3,3°Clc po 700-740°C, Boigepixa non 31Ol
TeMneparype 47-94¢, oxfaxgeHse co
CROpOCThIO 2,7-12%C/c no 500-600°C w oTnvek
MeTanma  ©  NoEpbituem  now  300-400°C
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obecnaynBanTt
SNHOMOUAHKOROIC
HITaMNyeMOnTE

NOoNy4eHWe  K3USCTBEHHCIC

NCKPBITUS M BLICORY
OOAUSKATAHEX  MONMOC  #3
MANOYIMEPoANcTeOR  oTam.  3Te  neaEponsaeT
WOKTHOYATE M3 TEXHONOIAYECKOIC  UuMKna
CNapaiVKe XONOAHOW MDOKATKY.

$opuyna uaobpeTenua:

CMOCOE MPOMEBOACTBA NONOC 43
MANOY MEPORVCTON TOPAYEKATAROW
CTAJM, Bnouawmi cTyneHyaTsid Harpes ¢
AANAHHLIMI - CKOPOSTAMY 4G  TeMneparyph
oniUra 700 740°C, OXNamLeHRe Ao
TeMNepaTypsl BHOMOLRHKORAHMS,
aNOMoUMBEDSaHE M oTNyok Npr 300 400°C,
OTIIMYRICLIMACH TEM, 4TC Harpas COYILecTRAMIOT
cHadana oo ckopesTek 7,9 18°%Cle go 500
800 °C, @ aarem oo ckopocThio 0.8 3 3°Ci: ao
TEMNEPETYDE! OTHIAIR, BRIDSDHKKY B TeusHKe 47 -
G4c, oxnaweHye C TeMNepaTyPhl OTHWIa BagyT
co ckepooTed 2,7 12°Cic po 500 600°C.
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Tabnawuya 1

Noxasareni Ka4eCTRa MACTOR ¢ AMOMOUMHKOBLIM NOKDLITUEM

2 bl Q -
Ce, KF /M~ Oy, K1/ aasa” da, % TaybBuna nyrkm KopposwonHan
no Ipurceny CTORKOOTS, K
MM r {0
3643 28-27 He menee 30 He manee 11 He Bonse 3

'
Ll
v
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TaBnwusa 2

Pawur NEOU3BOLACTES TORRYSKATAHEX NMOACC € SAKMOUMHKORRIM AOKDLITHEM

Nerfo | Vi °C | The 9C |Vh2, °Clel To, °C To. C Voxn., Tw °C | Tom, °C
OCJIC
1 20 450 40 690 a5 13 480 410
2 19 500 3.3 TO0 84 12 500 400
3 1315 550 2.0 720 70 7.4 550 350
4 7.8 800 0.7 740 47 2.7 8§00 300
5 7.7 G20 0.5 750 45 25 620 280
& 20 20 21 710 55 11 510 340
7 75 480 3.1 735 85 2.9 RGO 360
8 18 580 35 830 48 10 520 3480
9 8.0 501 0.5 750 92 3.2 510 350
i0 18 600 3.2 T00 45 11 449G 380
11 8,2 520 8.8 740 a6 2.8 810 330
12 {npo- 25 484 g 720 5.0 470 350
TOTHI} A
€3
Mpusmeusnue BapuanT 12 NpeayCMaTHUBART BHASDKYY NDOAOAKHTEALHOCTEG 8 ¢ NoCne
nNepBoi CTYNEHY Harpesa.
&3
Xy
Tabanwua 3 e
&3
MlokasaTeny kauaCTas ropRYeKaTaH B NoON0E © 3AOMOUMHKOBMM NOKDEITHEM <F
3
MNen/n o, &1 /ap” Gy, Kt /s’ da, % £, M K, r/m* e
1 47 41 22 7 1,58
2 43 97 31 11 1.27 o
3 39 36 - as 12 0,98 t
4 38 28 36 12 1.23
5 42 27 28 16 151
& 44 38 29 10 1,62
7 358 27 30 11 1.75
8 a5 39 25 b 1.60
3 34 26 a0 10 1.80
i0 35 27 29 g 1,48
11 45 38 8 10 1.71
12 48 29 19 3] 1,79
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[54] % AR&FR

[57] HE

AR R T T A s R R VR A R
(EfAHtl, —MFESEERNZM, PIWAREN
JERALALE) SR . HRAARRYE, AR UM
T —FiE TR R A ( Hd Y ) PR R AN AR B AR
- EEAR, KW P EEBERBE L ERE R, AR
HEIRM T IX PR & T . AN, AR
RALT —Fh B EMR, EH TR A
1) FOLBE 2 TH) & b I N I LA S AW, AR W
KERAHE T —Fh B A0 5 1F B S i 8 ot 1 R A
HISEEH - KRR, HiaEm, RXEHE
T LA D0 SR PO SR R A SR 1) VU V8 s T e P 1)
MENEEBERAPR, HAREL T XA
X L EH Fe- Al-#RERE, URE, ZERE
FEARENT 0.1% /) Mn F1 Cr, DURETH, X

3R 7% AR i R AL AR

HAMS4 C: 0.05-0.7%. Si: 0.05 -1%. Mn:
0.5-3%., P: ANTFTO0.1%. S:
Al: AKF0.2%,
THIIGE: Ti:
Mo: A~ KT 1%,

ANT 0. 1%F0
AT & —FhEk £ Ak g L
0.01 -0.8%. Cr: AN KF 3% Fn
PAMEW 2 LA FREA 1: Ti+0.5
XMn +Cr+0.5 X Mo >0.4---1,

WOk
=

2 120 |-
o100 -

5y
& 80
& g0t

L0
20+

0 L L '
s} 0.2 0.4 a.3 0.8 3

Mn+Cr <&/ (%)
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1. —FEFHRANAENREEE N R RN BENEES
SEBEMNAR, HSTETEZRERMRE LAT Fe-Al- A RHE
B, ZBEPEEELEKT 0.1% Mn H Cr.

2. —FEAHNF R AR AR e i R T A ® R R B
EEERPMIR, HFFEETEXMNRKRET LAH Fe-Al-ERE
B, UUREB I, ZEEPEFLEEKRT 0.1%8 Mn ¥ Cr, LURE,
ZMREFHE C: 0.05-0.7%-+ Si: 0.05-1%. Mn: 0.5-3%. P: ="&\ET
0.1%. S: AT 0.1%H Al: FETF 02%, MINEEH—FEREH
EEHUTHITE: Ti: 0.01-0.8%. Cr: A& T 3% Fl Mo: A&ET 1%,
LAEHE U TRER 1:

Ti+0.5xMn+Cr+0.5xM0o>04 ..1

3. WAFER 2 MRF AR A F6 RS R k8 &R
EREREEEERANMR, HIFEET, UREMW, SHEEF—
MEEZMIEBUTHITE: N: AHET 0.1%. Nb: FET 0.1%. V:
AEF 0.1%. Ni: A& TF 1%. Cu: RAETF 1%. B: 0.0003-0.03%.
Sn: A&EF 0.1%F Sb: A& TF 0.1%.

4. WARIESK 1 B EF 7R i R EE fS i R vh i R R
EHETESSEROMNKR, HISEET, LURRW, Z4HMEH: C:
0.15-0.55%-. Si: A"®ETF 0.5%. Mn: 0.2-3%. P: ANETF 0.1%. S:
ARETF 0.04%. Al: 0.01-0.1%F N: F&ETF 0.01%, FHEEH—#
BREMIEBLITHITE: B: 0.0002-0.0050%. Ti: 0.01-0.8%-. Cr:
AETF 2% Mo: A#ET 1%~ Ni: A"ET 1%. Cu: A& T 0.5%H
Sn: A&ET 0.2%.

5. WRRESKR 1-4 E—IRE RS 7 00 i Foes g s i R
MR BRENEE S SERRNAIR, BISEETHIE Fe-Al- kR4
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BiEEH 1-20%1 Si.

6. WAHER 1-5 F—TWATFERERERHFNEREESS
RENRE, B4STEET Fe- AR REETH AIRKEARAE T IS ER
%o

7. WALRIER 1-6 £ —IE R V05 AT H it 0 0 8 fa i J6G ot
M ERENEEEASBRNPIR, HFFEE TR Fe-Al-ARE
BiXRE&F Zn: 1-50%F Mg: 0.1-10% —F B EH .

8. WIALFIE R 1-7 /F—TAR R P07 00 24 0 W R U5 iR R ok
M ERENEEES SR RNMR, HAFEE TR Fe-Al- A RE
B/ R 3-35 pm.

o, —FETEBEAESENEETESEERMOMNAR, HIFE
EFHAT: IREEH LNEED Fe-Al ARMER: £ZEBET@E
FIEEMARANAT 2 um EARTRREEN 52 —HOSRESEERE:
FIZSFAETHNETE DD KA ERMN.

10, tAUFIER 0 WA TR BERESHNEEEE2ERIN
B, S EETHRERE LNESERRERENERELEYEZ TEH
e EE B P EF Sio

11. WAFIESR 9 5% 10 MATEBEERFERHFNEFTBEESEK
AR, HASMEETARBREHEHEKEREATT 200,

12, —FESIREMNFERERESH, 2080 2HmHF
SR 1-11 F£—ITRE 8B R ET

13. WARIER 12 MERERESH, HISTEETERREN
E/AH>—#45 AR EREHR 1-200 pm FEK.

14, —FhESRERERERBEL L, o, 7ERARE T
ZAZEERLER, FTANKERTEH Al 4NERBESF AN
F 0.05 EE%K CEAPAS KN HIBK, HFHRBELUT AL
B. C F1 D £ it A A KN B R 4F T itz J5 8 1 I 6 s B B Ak
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B, HHEIBEHEL—MIERMET 10°C/APR A IR T A4l
A (800°C, 13 4344). B (900°C, 6 #4#H). C(1,050°C, 1.5 43%¥). D
(1,200°C, 0.3 53#h).
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02812036. 1 w B H 1/44 7

WEES A RN B RE SR R BH R 80T A AR R W
MR RN ETH

BRI,

AEEH R —-HETESSEROMR, ER T B L &REH
P B E R R (BIEE TS REA) LLRFTRRIR K
Sl&TE, AAHE, AR R -HEERREQORG (WKESF
M) LR T 6 &XHEFRIM .

BHREKR

HTHRBKEESEESSRFEEE), ERATFRENFARA
HRTTEL IR, RTT, —ARUR, REMBGREKER, MicE
A AERE, FERRBEESR. ELEE-HENAF®HRE. BN
Rt R0 AR B s T RO AR AR .

8 ik ) SR g — R T R B — R R R R ALY K
%4 i TRIP (AR B AE 884 )4, 3¢ FL Bl TRIP R E{E A HRES .
R, RAATLUER TRIP 4R&1 & R B ERF R 1,000 MPa REEE
MR, (BB LURIEE &RE AR R IFH R, Film, BER
{€F 1,500 MPa MR BEMR. TH, BLERTERUFRBRE
E P B ) R

& THRROXENE, §—MHEETE, ER—MEEAIFIREE
HMTE, RB—MHARBEMEREENTR. HERFEFQFT
2 2000-234153 AFF T —F7E I R i 2 A AR I+ 7 F R B A 1) ==
A ERMINEEN TE. ZRTENENETELEAEHNTH
14y, FEEREARIEETE R INAZANIR, I RRECEARNAET
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VESRAL ISR E .

EAEXRFEFATFE 2000-87183 iR H T —FHER IR,
HhERAEE THEREBERESEKTERETHEREE, 57
EEESRAAERE. AT, BT ERBHNBRETRE —EN
RR 1o

Ve h—F AR IZERIGHI T E, ZESCHR(SAE, 2001-01-0078)F 2 FF
T—MIE, EREARNAZTERECALMAEETRER, RiEE
JE i gk B RA AR A

ZTEEITERREMET 800°CH B T ML RRBAFTYIH
MEgE, IXREEUR R T BRI RE N E, FEERBZ R
B K. RTT, BT RIS RERSPMS, FLARKREREE
AL ABREATEASEFREXERILY. & LR
(SAE, 2001-01-0078)iE 2 FF T — Fh3Ms i £ 1A (8] X F E AL R 8
ETE. o

Foh, ATURBM TARRKETRE: CER TRRARZE,
T 5T R 4 AR R D B R T A HI AT K - XL T, &
IS B NERAR, AT UMM B E®RENIX IS rEE. HERT
HF| A FE 2000-83640 AFTXE—FMITEF N FEARSEE
0.15-0.5%B941H% .

Z—EJ:ianEﬁ&ﬂtﬂPé}?FT—,-ﬂﬁwﬁﬁi%%ﬂ—ﬁ%%ﬁ%&%ﬂﬁﬁﬁ
FHRERMOTE. R, EXEREFERP, BN/ EMIT
800°C R BN, ZEXEETIE A Fe ¥ B EXR T BB ERRER AL
&), RXFHEHRZA “BEEEREE". BTEXMESERRE
BieuiE AN, B e AR URAE, FwREW ARt
S REE. BMEAREAREE, FEWES W R T I EM
IR b e S T A T S AR AR (B, B SR SE AR SRR BB K
(zalvannealed)$RAR)Z It . MM, EREMEZ SR
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BEEm R e, HEUHFRR (Bl B RTFIRRIRD o, 2
RIS T NIX B VR R AE T 1) 8 5E, H EL R {3 BE LU A4 B
JR TR B R B A B AR FIB KR R .

MmE, WEERENEEHRAERR L, FEESIBEEBER
HIAJEEtE. XEHT, REMEBEETUELZHRENML, HE2
Epr EAHEUT BN FREHITHNT, FEFEMREEES TEMT
MEIRH iR E R RSB RE. LIENF—NTRER, SEE
(KA, A ERERNERTERD REHMBIESH, HIN N
BT EH T+ &

R B ER

A RIFNAD T RR R FBHT THRAAR, H R LUES
EREREEHNRRE LEMESR Mn 81 Cr EKXT 0.1%K)
Fe-Al-1E F k% BH K7 FIBE S T8 R il KR e R (plated steel
sheet). ZITHMEAFHIMPLEMMZ SR E-HREE S ILEE
G REE, FRiZMEYIER M, EitrEm TR 5 FTr=4Rs.
ARAEXNBEEEERAPBREIEEET AIMFe B EDH70%
FRRENIR. MH, BT XEERFHERMRENES, BEILER
MR MR EETT 4R, 3+ BB SR it T K. b 7T B Al
JETE Rt FI R, B Mn IMABIFTRE S SHREETREEERH
#. RE Mn FIZHEEEA SR, ERE N Mn BEIEHSEENS
#{F Fe-Al- AR BEMBABITERPRMWBENIER, FERT %
ThEEZ Ab, Mn i A] DA HI7E BERR 25 4b 38 (TR AT RO TR AL 22 ) BE R &b
2 Rk .

BT C. Si. Mn. P. SHAlLfRERFERNA S, FIA Ti.
Cr M Mo(HMARBME), PEHILUTERX 1:

Ti+0.5xMn + Cr+ 0.5xMo>0.4 .. 1
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M A] ARG AR HAR R e 2t , UL N T2 /5 B #vi

vt BIXEE TR INE T Al 71 Fe Z B RIF 8, I HaX#ELURBIE
FEEER AN, Fe M Al ZEIHRNMERENABH#IT, Eit
JUF AR B BN .

mEe, ZERAHAANCIREBEILIMA N. Nb. V. Ni, Cu. B. Sn
F1 Sb ENH 5y, FILAKE EMR ARG R .

SHFERN, §&ABEZEHBRERRE Si BEFHEM, FA
AN Zn. Mg % 0] LUIRB B Rttt b T IS & Bz,
EEBTH Al EEARAKRT 35%EEEMN., MH, ABEEWEmE
KIAERE, Fe-AIERESEEMNEEEREZ 3-35 um.

ME, ATk LRRAE, XRBAF@AAFART SEULBZE
EREEEARMMARAOATMIEMNREE, HFREBUTER. 81, A
TRESEREEMERMNELE, FENy %M, B2, ATE
EESHRABENERENZBFEERE, FREN TS, HRIEmR
HEER®E. FFAREHKEEMAR, FBEETFREENNT 1
pm RFELFFIE T EEETHIREE T B

st ATRBRLERAE, ZREAFAHART EEULEZE
EREREARMNEMEIM ITHEMER, FREBUTHMIR. B, &
TAEIN# &G BREM T LB IEBEEEHE. HEEEREE, BEM
TTREM#IEHEEH WL, HEMEERZTN, FAHIRRIE
AR ERMAESEE. ARKENESWT:

() —"HEFRANRESN B HRENFRENETESER
RO, HAFEETEZNRARE LR Fe-Al-RRER, ZE
BEFEHLSEKXKT 0.1%K Mn # Cr.

Q) —MHEFRRNH I ENBESHEmENSRENES
BEEBRPIANR, HIFEETEZ NIRRT LRHE Fe-Al-FRE
B, LUREW, ZBEETEHLSBAT 0.1%8 Mn M Cr, LARET,
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ZPREH C: 0.05-0.7%- Si: 0.05-1%. Mn: 0.5-3%. P: A&ET
0.1%-. S: FETF 0.1%H Al: RETF 02%, WINEEH —FPal L
EEUTFTHTTE: Ti: 0.01-0.8%. Cr: A& T 3% f Mo: A&mF 1%.
LAMERHELLTER 1:

Ti+0.5xMn+Cr+05xMo>04  ..1

(3) WME Q)T EF R T KR bt s 48 5 i R Th 4 0 B R
MRS SRR, HSTEETIZNESHCURE)—FEK
ZHMIEEUTHTE: N: RA&ET 0.1%. Nb: A&T 0.1%. V:
B F 0.1%-. Ni: AN&ETF 1% Cu: A&ET 1%. B: 0.0003-0.03%. Sn:
AET 0.1%M Sb: AET 0.1%.

(4) 0ZE(1)IA B A L 5 RO TR R0 vl 8 5 T FIR T 1k B R B R
MEFEEEERENHAR, HSTEETZHNEHLUEEW): C:
0.15-0.55%. Si: @ F 0.5%. Mn: 0.2-3%. P: A"@ET 0.1%. S:
AET 0.04%. Al: 0.01-0.1%F1I N: R&ET 0.01%, HFEELEHF—M
LMk B LI FHITEE: B: 0.0002-0.0050%. Ti: 0.01-0.8%. Cr:
AEF 2%. Mo: I”"ET 1% Ni: F"@ETF 1% Cu: A&ETF 0.5%M
Sn: A@ET 0.2%.

(5) I (1)-(4)TAE— 19 B 5 0 H RS 5 i 8 it AG
BIRENEEESSERRNMIR, K EAETHR Fe-Al- A REER
&7 1-20%M] Si.

6) MB-G)RA-—ETEBERESHNEETESEER
HISRAR, JUSIEZE T TR Fe-Al-BREETH AIRERART 35 ER
Y%

(7) W (1)-(6)TRAE— B B TR 5 B0 T R e RO 4 S5 VG ol 7
BEIRENETES SRR, T TR Fe-AI-FERBEE
&% Zn: 1-50%F Mg: 0.1-10%F B3—FalmiFt.

(8) W1 (1)-(7)TRAE— B B DR 7 0 T 8 o 0 Wit o8 i i J8 ot 1 Y
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FORENETES SRR, HLIFMEE TR Fe-Al- A REEMN
JEE & 3-35 um.

) —MEATHRBERERHHNETE B RMIR, HEFTE
ETERE: EHROREOLEEH Fe-Al HAMEE: T XBETH
HIBEEMR/NT 2 um ERKFREEFEN+HZ —MEEEE; A
EZHREAETHEERD RBAHABRNEREMN.

(10) WMEBEO)IRMATREBEREBHNERBESE RN
W, K EETHARKRA LMESSRREEMERE{EMETH
HFAEESTH Sio

(11) ﬂu%(9)@2(10)1ﬁm%%E?E/ﬁﬁi%ﬁ#ﬂ%&ﬁ%&éﬁ%%
FIEAER, HAFHEETHREGHEKEEA&T 2000

(12) —MEBERESRY, HEETKEAWBED)-QDIE—K
P LE R B D —EB 5 BRI BT FE AT

(13) WFEANDMHOFBERESTMH, HIFEETERRANE D
—#49r EAH BN 1-200 um KEE.

(14) — M EBERFEBGOHRBBTIE, P, EXHBEE
HIERI & ZREBE, TANREESESEADT 0.05 EE%HY
C BN L Al AFEHARKISRTHEHIBRA, ZHEHREHLUT
%4 A. B. C 1 D BB 8] B KB I HhS4 F inf 2z 581 [ Bl A B
MmERK, 3FHEAREHHIES—BI>EMET 10T/ HER
T H:

A (800°C, 13 434¥). B (900°C, 6 4r%h). C (1,050°C, 1.5 4r¥f). D
(1,200°C, 0.3 48P

B B BT 3R
1 RERESSERERST Mn 1 Cr 195 BXIm5EE 5 R 8 th
MR EmREE.
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B2 Z2E7R Ni. Cufl Sn WIMABERER B AR
K.

3 ZESS Ni. Cu 1 Sn MDA B SR EWE it [ IR
AHE.

B4 ZERCrfl Mo WIMABESBEm B2 BHXRKE.

&5 Z2E~ Cr # Mo FIMA B SWERERRMmMTEZEFRAN

6 £ 950°CHIAE T Fe-Al-Si-fx R =4EE .

B 7 RERESRFEHMBERBEHERR AL — LR E
FOR BT R TFER).

SRET/MIEEESHEERNTMITHZENXANE.

F 9 RETHEITR%*EMEABNERAEREHEI— K6
IR A (R F S BRTFER).

E 10 £ B A4 & B RR e T R E R E .

B 11 RExR T AR BMAEES mAEEZERRANE.

SEREA & B 8 B 73X

LA 1

TR T & HF MR FEE R

C: XRBEMARERBZ EESRETF 1,000 MPa KIE R,
HEATESRBEMZ GERELNFHUBHLEHWEUREIEES
RAHRKEHTREN. EXHELT, CEEADT 0.05%2H
HE, FEANTHREHMREERE, ZTEADT 0.1%FHE. 5
— T, BME C EBWMER/NT 0.7%, HIREMEMHIF B BB T~
A REERsE, EHE FREE 0.7%.

Si: BF Si FEXNEFEF/EFTHFEZHR, BUHANAEARNT
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0.05% R FEAEH]. R0, AEHS B XHAR Si ZEHRRE L KIS E
SR H AR EEYERE. A, SiMEBEE 1%.

Mn: Mn 225 BCHRIRTRELERTE. FFE, Mn tBER
IEH S(R—MATERA )T IBIRMILATRTR. Ak, H
IIABADTF 0.5%2MiER. TTH, MnEBLERZE KR,
ST, BHF Mn IMARBE 3%FEEEXZ EHTPHaERT, EHit
=EREANHE LR

Ti: Ti XEHENRHEEWE K. 8T 900 CHEETEERN
FAMNRGERT, FUOARBAMER, ARHERHENEDA
Ti, #BEMAEAR/DTF 0.01%RFIZHREHEL. KW, HT
Ti 5 CEMTC, BETHMTFRENCHVE, HtO&HHENT Ti K
IAERMIC HE. MHE, Ti MEWEL 0.8%MEMNKEHM, H
WA EHE RN LB,

Cr: 5 Mn I Ti £l CrEFFRBFEZSHIMAME. R,
Mn @I ZERR I RE LR ENE LM EEERZ®, 5
RE SitHE. WA, Cr 2—MHENGIHMTE, HHEMACI R
L IRETE 3%.

Mo: 5 Mn. Ti M Cr #8ftl, Mo L BRI TIRESHEEZE KT
., FEEMARBER. R, 6T Mo 2 —MEXNZHNTE,
HHEKESHEM, FHE EREE 1%.

EARES, REMARGERZ G #AMERTTE, & T,
Mn. Cr f1 Mo, HFHi#ELL TRER:

Ti+0.5xMn+Cr+0.5xMo > 0.4,

B, Ti F1 Cr EFEm#AAF R LEERERIRR. mH,
Mn A LUAE ST K B b in A 3F B X3 S JEE /T F

AREER P. SH Al IMABMT. R0, BT P AIREN
RIRERMRMEFIRE, FH S FEPHZHR, HENS—THE
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T = EMR. st B/RFBERNEUZEMNG FH Ni. Nb. V. N, Cu.
B. Sn 1 Sb FHy—FPE L. Ni f Cu M4BT EetEHF R, FA
B &R EE L. _

EFEBHELT, PEREBEEEAENZE, RAEWMESER
. EXLEERT, HESMBHEZESESKREES Mn M Cr
FERZE. HXETENERNDT 0.1%5, KRB RIFIWEE R
FErmtE. fE5MA Mn F0 Cr BIFR, BWMAST SUEMBEIImMA
BEMPRTE, FAREEXMARTRNF 01%, XPAMFZER
—FER A IR B iZKR. 24 1-5 MEAFTTLUREFET —NMES & RE
Bh, XEATHEENRRE. P4, mikHE. dTEREMK
TR AR, EEES e, MG ETERSARE S um
RE WX SR LRI 5 NS ERE W EPMA EB
FIFEBRNE e, FrEILFE, AT AE. EnEmmad,
ERBEENIERT, BEMA S, AT, StHLEEESEERER
W. HEBEA 1-20%, 3B 1-5 HHEEEERERE TR Si BT L
FRXHZTEL. RE 1-5 K Fe-Al-xZEE T U RBARBI AR,
E Fe-Al-Si-ERESEBREE. Fe,Als. FeAl;. Fe;Al. FeAl,
R Al BREE, %, EFEEXEHBET, REMiIAM AR
TANF 0.1%, FaTLIRBRENBESHBEHE. ETHFEFEM
B RS8R —#8, B F 251 Mn J1 Cr BRI TR ARSI E i,
HEBHIRE R —FERME, Fka R\ AR BIEFESIHE,
WL EREHLINZ 5 DR AFENT, HFE I FEME, ATLIRBE A
FR, HEiXFM, TUHTHE. MHE, AT REMHRZEREH
FIARARTE, MEMERTEA 2-3%089 nitral 7%, XE & TFAMZIEE,
RAEMERH XS BINEM Al KIS A2 AR E.

BEMAREEWR @M. TEE. TN THSESE. mBEHA
BR/N, MEEWHBWMESRE, MWmRAK, AIEHEF AN TSR
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ETFTAMIM, ERETEMRZENEHPEARNEESEEBRER
BTRE.

P IER AR MRS, FATTUMERAAREE., BEE. K
TR, EERIEUS—EROFTEFE. BRI BB 24E
HH iR REE, HELEWE Al-10%Si HTE8&Y, XPEFH
Fe {E AR REIAR A, FRTXEZS, CEMETMA Cr # Mn
REsEEREmt. EAKERMmTE, #5F Mg, Ti. Zn. Sb.
Sn. Cu. Ni. Co. In. Bi. BE&#H 1%, #HREBRERTEH Al
fHR%, IBATTLIFEHIXETE.

AEPAREFIEXEEHMAEMGLAE. EAHBEHMAHE,
HEFFTIESE Niv Cu. Cr B Fe %, HAXEPERREIMTLURA. 4
KRG, HETRRLELE. HEEELAHEHSESE, BETEN
IEAEARFN 1, ERBTEVMAESHE A, HiteRENEDN.
ETHMILE, XEEUTXNATENER, RESHF=MEHLE
A, Fin B AR LEE. aUMEATHERERELELSMIHE
CEAE., WATUTEFERAELSE. Ak, MoS, FR4HE, |
TEHIB.

KT 2

TH#HHERARAKNEREITN 2 PATHEGHER.

N 2—MA B S TRFLENMA B B ZHHIT AT,
BR, XA BHAHBIKRN, LFHEMTIHMAR. &R, F
ERHRBERLEN TIN BEMFERERRSE, FEREI B
. EHEit, X EREE 0.1%. |

MO B £5 TIREERISREBERZ ER AR aTEdt, F
BATHRBIEKER, HWALTEADT 0.0002%. KM, 3XMAR
doRE, FAEABENAENBiZMREM. Hik, X ELRERE

ArcelorMittal Ex. 2001
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0.03%.

Ni. Cu 1 Sn B HFERBINHZ f5 8 E H e B A T s & iR
mEAEE S S EEENRERIERARGERSHKE, HHATF
EMNSRBRESRMERH R MRS EEEEEN. ETXET
#, BEIEHEE Ni. CuF Sn KIIMABIREBHE 2 513 PramgR,
AL TR P FIR AR 2 5 R L AR BE T AR T R W R S R
e, ZERBAAERR, ATREBLAKE, NEAMA Ni. Cu #l Sn,
DEEAIT A EERX 3. X8, RAELHESIFARE&ETUE
B 57, {8 A B 7E MR R B 2 S5 3T 0 T 8988 4 BIFE S Sk VR HL AR
% i 1% ok RO B S TS AR bk

(Ni+0.5%Cu+3xSn) 20.012 ...3

ZF Ni. Cuf Sn PHIE—F, MALTER Ni FHXLEHNRM
B AN, Cuf Sn AEF-4AREMBMENEE, BkE—x
EH LB AELE 1.0%. 1% M 0.2%.

AR B ER Bl & £ FREHF A GNE, B T HEMENE
() 51 2 e -

¥ARE LRARRREE, HBAEHRFER, BEXEEMNHRZ
&, EREBAHFEMHNFR, #f. XB, JLERGEIRAEEL
HIHCER M EMHZ ERAZ NNt ER. TH, BhHEE
R e, BRE BB R, LIEH LR 1,000-1,300C FIEEM .

ZTF %L, o7 LR E AL B AR S A e LT
BB FREE S, BEBEF RN EARERE, UEEHR
AT R BE MR T A3 HHEE

KRBT EHITRHZ EHAH, EXMEL T, NETERL
B, REEXANBEREERNMET 550C. B—HE, MEAH
BENE, BHEEHIZHR, DHRNEREZANREESESE T
750°C.

ArcelorMittal Ex. 2001
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BB PRI FLAN BT, BB B, JFERE TR
4R A BR Rl TR ARSE- N IEBTT S, B LMERI B . 6D,
EEEAHMERT, SaT SiREEN 5-12%R4:E M, TEEe-
FELCERT, BHP Zn IREHN 40-50% 25 ER.

XE, EFRELAEPHSK, LR AF ISP RES S
SRR EE A R R IS AR AT, REABFEME
. Eit, EEFEARENEREAEESG RS, 3 B Rk
ERZH T, |

£ LEMER&4T, EBREY TRE N MRERE#ITSRAR
4, (BREMES A Ni FifE. Fe RSN ETSRMBREURESR
SEMERERT, WA= AR E K I,

T, BMEZ Mg #1 Zn GIEEEE S E Mg BIEES-FaE
B, NS i B3 B 8T U178 A AU AR 4RAR .

KT 3

THEAMBELHETX 3 PRESKHBATNATNES.

C TEMMANER N ERH S REE, FERERAER
B, FHEREMAERDT 0.15%URIEREAKT 1,200 MPa.
F—HE, mEMARETEK, JLERGEFRIEFPEREAEE, Bk
H ERRETE 0.55%- :

Si B—FERIRMAITE, I BT LUERHR K s AR 555
. R, MRHAMALE, Mam@EERER®R, BHX LREE
0.5%.

Mn IIARA TRIEE ZHANEEZTCE THRAFRE.

Y4 C BXER Mn FIMARDE, FEFERLANERNBEGKTE
B U ERRESRARS)AARRBIRESH, BHLRKBREIL
FABEREMRIE . ENREREN 1.4 mm ERT, ACFHERAE

ArcelorMittal Ex. 2001
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EEHVEEAE T 500°C/&. AT RRXMIIEE, BEREIMARAD
F 02%. B—HHE, W2 Mn BAK, FUEARM, THZME
. BEik, X EREE 3%.

S R—RM AW ama s B3 I8TmIEZROTE. Eit,
EERTAMEELE. Bl EERREERET 0.04%, BT
MITHMTE, FEEERELSBRET 0.04%.

P 22— MR TTE, 3 B AT LU XHE B A A ¥ AR AR 558
BE. R, WRLMABEIAK, I4zE#EL oA 5L AR ML=
AReE, HEHBENRE FRERE 0.1%.

Al HEBRER, HATRRXHHEE, EXAT Al TELRAT
0.005%. H— 5, EMARBIL 0.1%EFBELY-ERAELEYEM,
FERREEREEQEE, EE EREE 0.10%.

Cr 1 Mo A EREMAJE 9 FE 4 A5 #A a1 i o3 il fn
HHA A A S EE R NRSRA T RTRAMRENER, HEaT
AT B R BB S S TR A I R EE . X T Xkt
£, BEITME Cr F1 Mo HIMNABIKBHE 2 713 PR R,
P AL AR R Y S B S R EE T R i e RN T TR R
& KA RARERIMA Cr # Mo. X B, RAELMFFHRTK%&
14T IS M7, {6 FE AR B BiE AR S 22 5 0 T A9 HB 4 OAR & SRR A
R TR R i AR S R R

%tF Cr fl Mo & —#, AR Cr SHE S HE B E
Hhn, 3 Eit B Mo [E/EIXEM RN B ERANM. FHitE—
LR LRS- ETE 2.0%M 1.0%.

SR TAMEEENNHNE. F@ctha® Ni, FEmER
BENMEERA, RarERE.

AR BB AR A0 & AR B I A AE , (B THSMEEMRIE
£y 1] 28 %A

ArcelorMittal Ex. 2001
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HRE LREGHMEE, FFHTEHTR, BEKEENHRZ
G, BRAERAHAFEMBKTEE, B5. XB, JLPREIRHMEREL
BIHPRAM B MR Z EEHZ AMOERMNER. TH, BmMEE
MFE, BEREERAESRE, HEKILATAE 1,000-1,300CHTEER .

ETHEL, o7 LUK E AL BE R AR AR S M SL
FLBIRIESE DG BERESFRNMREREMERE, EEHIREL
Bt imEAMET A3 HULERE.

KAFEMITIEHITRILZFRIRE . EXMHEL T, NEFERR
RAEEE, NEHZANRERRENMET 550C. H—J5m, MR
RENRERS, BRBEEHNZHN, HHRERZANREZFHESST
750°C.

RBBPAEHEBAFLLEET S, ATUEREMRTIE FERETRK
FEELESE T RNES-SFLENS, BT EREMRTE. 8,
EEELEMERT, EEh Si REHN 5-12%REEH, HEEE
-4, R Zn IREA 40-50% 2 E1ER .

X B, MeEEAES IR, TER AT IERFIESERE
BERFRFEFILFHEEBERZHITEE, RERFEMAK
. Hit, EAFERANFREATERFAMESG, FAREEAE
ERZEFHR.

ZEEERESZET, EREZ NRAXNNRERAITSETH
%, [EEH0MEFA Ni AR, Fe AN ESRBEELIESSH
WHERRN, BAEENERNRE.

TH, BfES Mg M Zn BEEBEENE Mg BB ER-FHaE
RS, AEr=45E /R B BT UUHIE AT R RAHRR.

SCiE 5 4
BB EEF A HETRAEEE, Bl Fe-AIRREE,

ArcelorMittal Ex. 2001
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H BRI Al BEEHITEARAKRT 35%, FHHIE Fe-AlLRHEEH
K Fe+Fe; Al MRHE Al 71 Si), XSS H FetFe;Al 2 4+
HEEHKEEEML, E2ZN TR RBER R AT I THR
it FE% b

C: XRPMPREMEZERFMMET 1,000 MPa ) E5RAE,
HEHEBIHIZEREAHNIHEBELHWFEURTIERD KEH
B AT ERB . AT XM, C EBLFEADT 0.05%. H—H
M, G0 C EBMMERPT 0.7%, ZREWFF AT =418
Besg, HibH FREZ 0.7%.

B C Z A HARE B AR S, BREREHFEW Si. Mn. P.
Al. N. Cr. Mo. Ti. Nb. B. Ni. Cu. V. Sn. Sb &R TEENM
ATTEREATERMIFATTE. XETRAITUEBRTFEIMA.
LR : Mn 1B EREEAESEHFE: Cr. Ti 1 Mo ASEE B
HHEFEERR: FE N M CuiREmEmE. XMANEBGCHEE:
Mn: 0.5-3%. Si: AN&ETF 1%. P: A& TF 0.1%. S: F&ETF 0.1%.
Al: R"&ETF 0.1%. N: A&EF 0.01%-. Cr: ~"&ET 2% Mo: ~ET
0.5%-+ Ti: AFmT 0.5%. Nb: A@mT 0.1%. B: A& T 0.05%-. Ni:
AETF 1%. Cu: ~"mTF 1% V: A&ET 0.1%- Sn: ANET 0.1%H
Sb: AEF 0.1%.

n AR, RN/, BASER Fe+FeAl XK. 7
XFMEXT, RENARERKT 120 gm’ 2EEK.

PR TR AR E, FETTLUMEARREE. BEE. B
TR, LB EUF SR TESS. BT B EF
R rE_REEE, HFAEEW Al-10%Si ATE®Y, Kb E5FH
Fe fEARTBRNINE. EXFHERT, ENHRZE SiHASTER
FH Si BT UBEHSEH T, 2R, Fet+Fe;Al KPR Si 8K
F 15% , FHEEZERENSi P ER. EARTHEMTE, ¥

ArcelorMittal Ex. 2001
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H Mn. Cr. Mg. Ti. Zn. Sb. Sn. Cu. Ni. Co. In. Bi. {B&#H
+%, HEREREETEH Al A, BATLlERAXETE. N
A Zn Fl Mg BESETE R HUBT 14T 8574 AR T, Io NG B X £ 5 3R (3
HRENEREBFEESE Zn 1 Mg HEEERT =40 RY
B, %%, Eit, Zn WINABARNT 60%3F H Mg BIIABA/PNTF
10% BN,

A RBPEHRFIEEEOTLAEMSAE. EHBETLE,
HEFTURE Ni. Cu. CrEt Fe %, JFHIXLEPETHIIMATLUARA. 1
R TE, HERFTERLAE. MIBEELAESE, BEXEY
IEESBROLE, ERHTHEIMEZHAHEL, BEENEAEN.
ETHRELCE, ZERBINATHENES, RESTHE=NErLE
HE, FllnaBEBREEE. W LMEFRAXHEREREEAE SN
HeE4®E. &S] UFHEMASME. Z8iLiE. MoS; FHILHE,
B EXE.

LT S

LN 5 F, BEENE-ERESMAMBIRH . 4308
RHBE-FREBRIE—FERMMFELEREEUHIEES.

Si: Si REBHBULRFREE-FRNAEER(—HBaTEEE MK
ZEKFRELLERNEREMLEYHRAENEE. mE, @i
A Mg, 5 Si EEATHK MgSi, BRBRE THEmE. A TEFX
LR, EMABRSDT 1%REXN. TEMA Si #5888 A7A,
FHZG Si RAEEEE LA RN, EFEREMmEZR. Eitk, XE
FRETE 15%.

Mg: E.401 Mg ReSs A hiR W S ohdE, (SRR R IRRE
o FEARE T FER Mg,Si, BB K3 % hn 3 B R it
RE. AT RIEW R, Mg KIMABASNT 0.5%. HTITEMA
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FERERNRE LR ERBNE TS, B mAR
FEEAKRT 10%. A THGERRTHEAL. DALE Ca (BAXTF
0.5%)RE /W, FHRTLIIMAKREX —EH/ Ca.

Zn: Zn EFH Al SN ERAM B, 3+ HEFMHIERMNR HmH
M. 3 Zn MABANNTF 1 %X EHRAHEI, HEHZnER
20-60%BT IR\ RAEMERE. AT, MAEREIT 60%E, HEMmERNK
Zi. Hit, Zn BRI TRAE LRI AIELE 1% 1 60%.

B FRE A AR NEE B-ERYRR G E— T4, EEH
ZIERAEEAREAHTEHEREITEKL B ZEHEIERD KAR
. T RIEERG RS K RE, ME D KAEK & 2 LA/ T 60%4EE
AXF, GRANE S CEAETHEMMZIER, ZEAXAFEEHME
MEHEHER SRS L.

THEAR 6
TEHRELHEAR 6 PEFTHRNABZHRER.
ARPUAREETEBESSURNERALSYERNE

EHIRAARWERAZ AEET—EEARDT 2 um ERKTH
RERH 42 — RSB AR, B, 4 1-10%8 Al ZEETEEA
EETH. BT Al 24h, ZEEAMBTUEH Si. HEERSER
AF 1 oyme HEERET, WRRKEAEENEERAT LEKE
B, BAFGKESRBZEEHIEMRE. 5—HE, aTFEER,
R AERE, BAMROBESH. Nk, BERL ERARKFHRR
EEM+a2—. B, SEETRSEEHE—BENR, FHE
ERIER T, EMRAEEZ ANAE ENES SR REEGE S
SRV HaTEK, MBZBEEKTE, BARRNATMIESR,
3 H, BEHZEMAL 10%8 Si EHHEEZEEME. E4RY
o, HFREBIEESAASAUT FEAMTEENE, FHEE

ArcelorMittal Ex. 2001
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gERS PN Si, BREFEEIA Si R Y 6 .

EARES, RIJ\ERBEE, REREEEHBEESHT 200.
wn EErd, ZERENLEASEEMTHRMEMIER. Hik, L
WiZERKM. R, HZESFHERBNLTEW Al Si FiT, €
Hb o SRk A AR |

BTk, #RESRAFRNOICHN. B, XTH4ELH, @
FARBPEFARBEMR TRIP RAGEREMN@BERE, HFETEK
WERIRAE, MAEM C BANMT 0.05%, READT 0.1%. ETHF
WEETE, BEMA Si. Mn. Ti. B. Cr. Mo, Al. P. S. N %
TTE. SiEEFSENHATEN, Mnf B EFMNTR&AELE. Ti.
Si. Cr. Mo 1 Al BEHEZ BFREN#EFTR.

EFEEREMOME, TR, BEEEXES Al @A
&1 Si. fERHEMATE, HEHE Cr. Mg. Ti. Sb. Sn. Zn %,
HAREZEETEHR Al AL, BACNMAMEH. R0, Zn K93
SAR, AR RFARN, EmHAHPE Zn ERHRE L-ESE, X
PETEESIBREI S IREH. Hik, EMAERDT 60%EFHEK,

RS S REERTEMNAE S H FeAls.FeyAls . Fe;AlL Fe,AlsSi
%, XA TUBRTREREESEW, (BRIXEHKEHIFRES
RIFRM. MEAMIEESH Al F Fe #gak, F A Si MAZIEEH+
B, HEEHEZ 5-10%8 Si. XETEEMFHART HEADT 90%. T
B, TTUREBRELERELSMHLN AL, EREREHE/)D, EAETRE
BN ITERE .

2 THMENEREHENEE. BiEREAms, A
J& 9 2% nital ThZIE, EREMMBRIKEEENEE. R0,
TE— ML ERENEZI SR EILEMERAFRAER, EXMER
T, B4EA EPMA 4+#f. X, B Fe f Al Z ERBUT EERE
RTUEGHEELEEE. BTN EL 5 RV 1 EEHF

99 ArcelorMittal Ex. 2001
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THEISEFHEHTREGERN EERRERWE. TE, ERMNA
FEHDREHBBIESHEAR, 37 600] LUET A SR BREHEER
%I BB ER B Z S .

B7ERTARBHEHMEEH. EELRAELRAMNBIBE, 0
RYE EPMA EBSTHE R, TEREENA Sum MEFSHE. &
AXHE 7 9, #7551 BEEH Al: 26.85%- Si: 9.83%- Fe: 59.92%
Hk: w75 2 BRERN Al: 49.54%. Si: 3.11%. Fe: 44.89%:; #%
5 3 BEREBCH Al 30.75%- Si: 8.88%. Fe: 56.91%; #x%5 4 BiR
MK Al: 9.59%. Si: 2.92%. Fe: 84.02%.

BJE, M TREMNRAIMMBMAENFZAF, XMARMANTERE
FERIRIBR G A T IRIBEEMLE W, B EAMERRRRAEM\E, HFA
BEVERAME TS 30°C/R—RHEAER . XERTHMAN, HEXNTR
FREFMTELHENN, T ERDRAARKNEREHEZTUAES
10C/MAIAHIEETIRE, NEES—FAT, EXAHEERNK
F 100C/#, XBRRFHER. ATREFFEENSRESE, TE
fE AR RAEN.

TR 7
TE#AELHA R 7 PR RRARSENES.
ERPR—FHEXRBMZERENMETH 1,000 Mpa M EmBREKS

SRR, FARRELZHRIEFHBREMBLE, BETRELR A
A KTRBENR, XN, SHETREEHDREHARKES
. Hik, EeZERMAREEANKT 250, 268 RS 4 5K 5E B
ER. ATHRBZEE, CEH0.05%EHEEN. ETHRHHE T
, WASMNKBEG, BRELEMHILE Si. Mn. Ti. B. Cr. Mo.
Al. P, S. N%¥. Si EEFHFHEFEAI, Mn B HF TIREHEE
L. Ti. Siv Cr. Mo M Al BREHEZ FREMHERTE.

ArcelorMittal Ex. 2001
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TH, ARPHMREERMANREA LF —TEH Al 7 Fe ARH
BEEEEREEE, HAXESSBREEMNBEEREZE 3-35 um, £
3% 3-18 um. W _EFTA, X—REIRELERITIEE. BERERE M
EFOT B B FE A BERN. B, H¥EE/NTF 3 um i, AEEIRK
8 R I S R it vt . FRIREREETAM Si K1E
AT, WHESHREE. B sErmeElFEEANLR. SAERE
FEARKTF 35 pm B, T LASRAS 58 SIS AR B 80 7T s 1R e (R AR 5T 4m):
3 B M ead EEARAT 18 um B, ATLAERE 5 #iE & &L B P HIRAE
BILY ] S48 4. BTLIHE FeAl;. FeyAls. Fe;Al. Fe,AlsSi BEHAE
& 2. ME, E&4¢tENEENZ R FELTUEEMIRAMNERT
Al FIBRE 15 EBIFE .

BE, TEEBHRT, Fe-Al-ARAEEWBESETARKIBIRT I
T, FEit, 2¥KEMA Si UiEae&REKFRETMIE.
ERELER T, aTHREESEEZAFESUEERAZEL
AN TR, EHARESEHNEEMA Si. KRG, FE LHRATLAIOA Si.
TEST SRR AT R N EIE R T, B TEZR FTHTNI, Bk
Si KA A AT >, #EFE Cr. Mg. Ti. Sb. Sn. Zn FEABEET
METIATE, FEREZEEXTER Al AN, FaXETEHR
FTUAEA. ST, Zn M AK, SFEASTRERN, ZEMHHAE Zn
EEFE RSN, XHEEESIRES | EER. Eik, KMAER
/NF 60%ZAEARH .

AR FRESHECEBOPAENGLE, LLREHIHEHRER
BN T IE RS TR (EABREEAE, HETRBRALE, &
e B SETENIFAESMAE, AT, ETHREAHE,
#8 HATAMRBESR, ESHFNENEEEE, FlinEgs
B ih st | AT DUEF A IS8 B AL B B T LI BohEEm AR, A
7E BB 2 J5 W — BB A A AR AR I B B AR B A R MR R R fR AR

ArcelorMittal Ex. 2001
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it ASERS M, ERBRERW.

SRR (0 5 & 5 R A FUE . T DU A H RN a1 RO 24
&M, FETRBEEHRITES, BREFEFABT I, ATRE
FTELKER P BE. BRTRLES. EABBRZATHNTRLEAER
A Ni %, HATTLUKHE.

InHERH HIARAR B9 7 R IR R B AE - BT LR —Frin e
BB, EF RN, FRNAE. EXERET, SEMRE
A R AR A CBEAT I

LA 8

THRERETHESR 8 PRATHRAGFHED.

i EETR, AR \E—FEIMHZ SRAFEHNERRR, 25
BHESIENWH, FaEEREAUMRERRBRENTS, FERNK
FI4R 9y T AR B AT AL e . S8 T2 ZE K, R C Bh b
F 0.05%, MESRPTF 0.1%. EFHRFHHETE, EFFEHTE
Si. Mn. Ti. B. Cr. Mo. Al. P. S. N %. Si EEFHHATHE
%, Mn B &HMTEATEILIE. Ti. Si. Cr. Mo M Al 2EEH
Z R AERTTE.

mHaZ EERBDLETUREEBESHRREREA ST FeAl.
Fe,Als. FesAl. Fe,AlsSi . XEMABTUBRAXEAZESEH,
(B R IX AR B LM HEAAE BRI, 2L H s FE 1 Al M Fe #aRk, FF
B Si MARSEER TR, HPEEY 5-10%8 Si. XLETRERN
BHHBP ERDT 90%. MH, EEEZHETRIEEERRERRE
HEEZE, THEEPRSZERMNT. XEET, 3 Al XKEE
FERM LA, alEHERIBEEE R i .

ZFF AR M MMFNAH K4, XTInHFAH A E R R KR
Hl. TUSEALE MMM R, FIWmEXRSFFmH. BEm#H.

ArcelorMittal Ex. 2001
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FEA0#EE . OB R NPGUER B H RS MfvERE L FROKRERRT
MR EFEMRR. FERE, ErhEErmEgc, EETRMK
EIAA 8 8948 E Mt B AR IF . B KBTE 800-1,200°CHITEEM,
PLi%€ 900-1,000°C, 3} HEEMRRFFMRE ZBETCERFELLY/L
8P, AT, FHEETERRTERE, HBrEXFERELFKTL
T U944 HIEFIE]: A (800°C 13 4481).B (900°C.6 51+%4).C (1,050 C.
1.5 434F)F1 D (1,200°C. 0.3 %),

R, BRKMERRBMESEGAEMMEEZZHR. BLE
950°C Fin#t 5-8 4r4FATLUIRB LR L BB HWEEM TN, X—FM4
RIEAINE SMHEN. BILEWLR ERKZ R HERF W,
FHEATIRBABREMLE ), ERAHFERENMET 10C/H. XK
FMEty, HFAENEE RFUEAENFARKERT, BIMEESY
IOC/HHAHIEERTHAI LKA ETEH D RAHRMIFATEM, B
EEF—IFRT, BIENSRERSEHEE KL 30C/E.

Tk, LLSEREGIEFEAMBEAR KA.

SCHEH 1

SHE A YR BRI AR (JF 1.8 mm)FIA LR (E 1.2 mm)(AF
R 1 FiRBIRA B F B & L AEL A FLIE IR PR 8588 . R |
FRIZE 1. 3. 5. 7819 SEAEHAR, KEWRAHMNKR. E&HE
WA, FHIESMPERFENEL, EREZERXRASBERE
(gas wiping method)# FE B KT B AR T4 40 gm’, FHAEMZ
J&, B4 H1 IS T FHE I (zero-spangle)Ab BB . T RIS H AR
Al-10%Si-2%Fe. SE¥A 5 ) Fe & ik % & F4E & (I4AMR R AT 88 4
REFHY . EEIIMBE, BERBEHRGEE. PO I HIFE
EE AR AT AR v . R AR T T

YEAERFRREE&URTE, BEEMERTE 950°C T I 30 44,

ArcelorMittal Ex. 2001
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ZJEWRH, FAMZERSKE TELBABNERMERZ 6., AHIE
R 100C/H. AIRVFNTAREBEENRE. H4, M 100g BT T
MEMRBEBEAEREE. 25, BRREZEH TESNLEL
H, FHEF, WMEEXN 20 um KB E F R TR E©Nippon Paint Co.,
Ltd.; powernix 110), #tfE, HAEVIH+FRRZEEZ 20 Reymidh
RIEJ1S-22371), HMUETFHVIEHWIOBEHEE. X8, +5FF
PIEIFIRE R L) SO um. Fik, BHICFRERE S0um BEIMERAE
B HEEE. TH, X 7T 3K%E Fe-Al &REIEMLEYF R Mn # Cr £
WE, EKZE, EAREE S pm IFHX BTN 5 N2
HIER4Y, 1P EPMA it E &4 —FE &k ME Mn 1 Cr BB, iF
MERRTR 2.

i i B VRN PR v

O: WHHE

A: NI GIR R

X: FPEHERE

W S PR i O VR R A

O: RHEEA KT 80 um

X: JRHIRE KT 80 um

E—EAE+FREUBNERE. )
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1

] WEHBR(ER%)
5| C Si {Mn| P S Al N Ti | Cr | Mo B | Ti*
1 {023]0.12(1.21]0.02]0.009 [0.03]0.0040.02]/013[ - [0.002 |0.76
2 {0.21 | 0.20 | 0.81 | 0.02 [ 0.007 { 0.05 ] 0.004 [ 0.22 | 0.20 | - - 0.83
3 1017 0.15|1.24 | 0.01 | 0.008 | 0.03]0.003 |0.01f1.10} - | 0.0008 | 1.73
4 1042 | 0.7 |2.41[0.01] 0.009 | 0.01]|0.003{066|021]| - | 0.001 |2.08
5 10.23]0.31|1.54|0.02| 0.007 | 0.05]0.003 [0.02}0.44 | - 0.002 | 1.23
6 | 025018 (1.22{0.01{ 0.01 |[0.04]0.003 {002} 0.66 | 0.20 | 0.005 | 1.29
7 1]024] 02 |0.41)0.01| 0.02 |0.05]0.004 |0.09}0.10]0.15] 0.01 | 047
8|02 02]243]001] 001 [004[0003]|009]021} - | 00008 ]| 152
9 {003] 01 | 14 [002] 001 |0.03]0.004{025[0.15| - | 0.0003 | 1.1
10023 ]0.12] 0.3 |0.01] 0.008 | 0.05 | 0.003 | 0.03 ] 0.23 ] - - 0.41
11 {0.24 | 0.10 | 0.51 | 0.01 | 0.008 | 0.03 | 0.004 | 0.05] 0.03 | - | 0.0022 | 0.34

7L 1) Ti*: Ti+ 0.5Mn + Cr + 0.5Mo

X2 |

Gk Mn+Cr & i # it WEREE | WA R

1 0.4 0 515 o

2 0.22 o) 480 0

3 0.96 0 405 o)

4 0.85 ] 766 o]

5 0.30 0 511 0

6 0.30 o 548 ]

7 0.15 0] 539 0

8 0.78 0 466 ]

9 0.44 0 200 0

10 0.19 o) 311 0

11 0.21 A 522 0

= C B, %k 9 M8tk, HIEEMREE. —8Uisk, &l
o ICEREE SR UL 3 18 BIHEM KR RI{EMPa), FH BEEMER T,
K BB NN 600 Mpa K AIHIRE . HIEXKEREITE (Hi40 Mn.
B %) HIMMAR/ES, W% 10 S, B C B RMBAREFR K
MR, HEZEEE-EERELBTREM. MH, #£ Ti*: Ti+0.5xMn

28
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+Cr+0.5xMo ME/PNHIERT, WE 11 SR, MHZ EHEEHE
HEMBHE—EEE LBTER 5 18 SHE+P, HPpixeerw
FEWMP RIS BE L3346, F8A . T H RIS R v &1
EREREFMEGER.

ETkR, 1 PEALKEHHE 71 SHREEXTESH
Al-10%Si-2%Fe 3 HHEFMA Mn 1 Cr KR P HEHE. BHERNTR
BREE M 60 gm®, FAKBRITFHIBESIM. FEMPZ EHAR
FAREERTE 900°C T K 2 40¢h. AHIERREY 100°C/#>. AT AP
] Mn 1 Cr IEFEMERT~TR 3. JAE&BELLEYWHE Mn F
Cr FIE/NF, W2 1| SRR, WEEWEmEE, EREEHEBP
Mn 2 Cr Byin A B, KRR Es. KNERELEYA Mn
MCr HESWMEENBHEHENXATRTHE 3. VERKEBREET

JE TR BE Mn 0 Cr BN .
£3 B
W BEAPAENE®) | #REMECEYWATTENRE (%) | BEER
Mn Cr Mn Cr - e
1 0 0 0.08 0 X
2 0.1 0 0.11 0 o)
3 0.2 0 0.24 0 0
4 0.4 0.05 0.51 0.08 o)
5 0.6 0 0.73 0 o)
6 0.8 0.1 0.75 0.14 o)
KHER 2

BE 4 PHAFAFARAMLEARBPELE, BRMNHE
1,050-1,250°CHRE, Z/E#Hil. BF. »B5.. B.k. £Fagas
(BB EE SR 48-9F: 8" Galvalium ®"), Z /5 LA 0.8% K145 % (reduction
rate) 2 B k4L, TTH, EAENESHITE, HXBRTMAE
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900-1,000 CHRE, 7EIXEE THREE S 948, Z EHAERMERBIT
JERIAE, R RERMEE. et e f i & 18 o M FL et
REVBIER T UIEREE S, H H MM RaR R R FHITH . ZRR R R
JIS-Z2201 BEEMUIFIRL 5 MRAK . FHigM JIS-Z22241 FErR A
ETIEHTH. WMERRFTERS.
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100 - - 100 | 200 | S€000| 920'0( s€0'0| 6000 8000 o0sz| ozo| +veo Al
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0100 — | L2000 | 010 | STO [SE000| TZOO| vZ0'0| €200| 8100] 60| Si0| 120 4
Z10'0 — | 08000 200 | Z00 | ¥Z000| 0Z00| $Z0'0| 0Z0'0| 0200 s01| o0z0| zz0 I

NaZh'€—1L | us g 16) IN N 1L v d S U IS 0 2
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x5
M| WE B | RERE | B | RBZ YP TS BRE | m&ER
5| BE | 8F AT AN | (MPa) | (MPa) | /& | it &4k
) | (O) TS BB i 0 1
(Mpa) )
1| 630 | 780 58 560 950 1250 | 1580 0 o)
610 | 775 | % Galvalium | 550 950 1255 | 1600 0 o)
2 | 680 | 760 HEER 550 950 1220 | 1610 o) o)
650 | 780 | #¥Galvalium | 558 950 1210 | 1590 6] o)
3] 620 | 730 BEER 570 950 1280 | 1550 0 (0]
630 | 730 | #fGalvalium | 564 950 1270 | 1540 6] o
4 | 650 | 830 W 500 980 1110 | 1310 0 o)
660 | 840 | #Galvalium | 508 980 1100 | 1320 0 (0]
5| 630 | 770 Lk 603 950 1480 | 1830 o) o)
640 | 770 | % Galvalium | 605 950 1490 | 1820 o] 0]
6 | 650 | 775 k] 654 940 1610 | 1990 (0] o)
660 | 780 | #¥Galvalium| 660 940 1620 | 1980 0 o)
7 | 650 | 760 P 780 910 1850 | 2100 0] o
650 | 760 | @ Galvalium | 774 910 1820 | 2120 0 o)
8 | 650 | 790 kS 553 950 750 980 o) 0
9 | 630 | 800 Likis 558 950 1210 | 1540 X O
10| 640 | 780 iR 554 950 1240 | 1580 0 o]
630 | 775 | #¥Galvalium | 550 950 1230 | 1575 0 (o)
11 { 650 | 760 ] 572 950 1200 | 1510 0] o
650 | 760 | #Galvalium| 563 950 1205 | 1520 (0] o)
12| 620 | 730 e 595 950 1270 | 1560 o o
630 | 730 | #Galvalium | 598 950 1275 | 1570 0 0

M E 81 A B BA TR 225 in T 3 4 VI ERBE &, IR VRUTPE N B BY
Z B R R E N R v I S e R it . B FRERE R
BEERREEIEE: 95%, BE: 40°C)FFLEE 3 RRIVF R & R

M RS LTI FRUR, REEEERF

=]
22

ZRFEE 30 REIME

R (JIS-Z2134) R VA BT R thtE. RABESE TRITREEA
XA T AmEEE, HEMEEER 15 pm. A AN A BT HHRTE i
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R, FERAPRC O B X Skbrid, HIPMIRHER: X RARREL
%, ORKRBELE. FAFE, WISTAINTEE S @, FEH
Frid O. ABK X SRR, HiFdnER: ORFBELAKRT 2mm, A
REREGKT 2mmEAKRT 4mm, FH X AREDLKT 4 mm. B
1-7 SMRANESRRATRTBENEIMN, FEEXRAFTRIEEMA
HI&E TEFRAEHREREREZ EA URIERBE, H, &
RIETH Rt AR S i R T AR A . XE, BF 7 S
RIERT, EERTEILEFHFEAEES BFXRARRNTE)T
FERAMRKBIER, FH, EXFERT, BTHEEBEERS, B
WA VRTIX et fE. 7228 8 A1 9 SHRRIIELL T, s A Al 25 4% B
FridEIveE A . &R, £ 8 SWNERT, MEBAREZEHBECK
FRFF—PBIRK, FEEANE 9 SHWAMER T, TERIERE
i % ek 4 R BE ¥4 UG ol

LG 3

¥R o6 PARARABEAIARLELARMNPAFE, BRMHE
1,050-1,250 CHIMRE, Z/E#%.. B, “Wil. Bk, @F B
(BEEHEESE-9), ZEU 08%MKEERLEZFE k3. MH, 1EX
ENESUTE, BXEMRMHRE 900-1,000C KERE, EiXEE
TREFS o8, 2EAZERMNERFITESIME, REHEEERE.
Xt KM BE B9 B E BB I M ELBI TR IE 4 £ R3S VI &, FERTH
FEINFLHRAR AT . ZIRR B 1K JIS-Z2201 MR IFIAK 5 MRk
5 5 H LR J1S-22241 FETRBIRIE HEBITH . MG RRTER 7.
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M Il BB R (8] 22 52 00 T B3R 43 VIERHE &, A EE BB R 2 S5 VF
Y18 20 R TE 1 BE A AR FE I 3 T AN R FE i AR i . B EAE R
FreE 3 REBFERRGEIHBE: 95%, BAE: 40C)RIFNM R BT E
it RS LI TFREUIR, REEIEFERERFFLE 30 R
W% 2R R I (JIS-Z2134) R VP e 88 /s T FR itk » K FH PR & F AR IR 4E
FIXFEL T HIBER, FEBEERE 15 um. AHESM A BT HARSE
ek tE, RS O B X #rid, HIFMirHER: X AARKRELAHE,
O RREBFLF. FH, ARSI A RN R tt, #/ARE O.
ABL X #7id, HIFIRHER: O RFEMHAKTF 2 mm, ARRELK
F2mm EARKTF 4mm, FHXARELSKT 4 mm. F 1-9 SHWE
HHEXARPFRTCEANN, FEESFXKARRTGEARNFFTE
PR EMREREBAEZ ETURIERBE, MH, ERFMEM
PEFNBR G R e tE AR T &, £ 10 SHNKEALT, IR
20 RO B A R BA BT R RTE B, R b TEVE AR ALE 4R 3 7 e M R ER fiS

SCHESY 4
StV Rk KB BAAR (E 1.8 mm)FIA (LR (E 1.2 mm)(AH
% 8 Frm A4 BB B A EL A Sl 418 M m B 8. & 8
FIE 1. 3. 5 f1 7 SRASLMKR, LTHEMLFK. TERSEE
i, FRIEEAPERPENER, EREZ FETSEEEEEH
EHERAREFR EHL 80 gm®, HFAEHZIE, KERA
HEZTHLAE. HNEBRAKRE Al-10%Si-2%Fe. #EHTH
Fe £ MR ENMEETHNRRAEAMRENAS. BEINE
5, BERBERES. HERTRI.
VRHT B 149 B PR SR 4AR RO RTRE AL MERD VT N T ik . ET AN T #
BB FIROe: fEAERE &M AR, BEERRE RSP
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w8 E33/44m|

950°C T hn# 10 53-8F, Z /w1, FETH BN BN BRI R > 6
(RHER: £930°C/H), BHANERR, ZEHEHAIZIHHFRR.

i EL, AN 100 g B T 3E MR RS 4 REE .

A0 T H g VR bR
A: FEAERIGE
X: FEARRIME
Z* 8
s WELAR ER%)
C | si|mn| P S Al N Ti | Cr [ Mo | B
1 |023]012]121]002] 0009 | 003 | 0004 | 002]013] - | 0.002
2 | 021020081 |002]| 0007 | 005 | 0004 | 022020/ - ]
3 |017]015]1.24 | 0.01 | 0008 | 003 | 0003 | 001 | 1.10| - |o0.0008
4 |023]031|1.54]002] 0007 | 005 | 0003 | 002]044]| - | 0.002
5 | 025|018 ]122]001] 001 | 004 | 0.003 | 002|066 | 020 | 0.005
6 |024| 02 ]095|001| 002 | 005 | 0.004 | 009 05 | 015 ]| 0.01
7 | 02 | 02 | 243|001| 001 | 004 | 0003 | 0.09] 021 ] - |[o0.0008
8 |004| 01 | 1.4 |002] 001 | 003 | 0.004 | 025|0.15| - |o0.0003
£9
] AN LY Fe-Al #E+ /7 Al B (%) g
1 0 15 515
2 0 15 480
3 0 15 405
4 o 15 511
5 0 15 548
6 o 15 539
7 o 15 466
8 o 15 209

3 C BMEXER, WE 8 SWMPw, HEBEHMHEIMNE. —&
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X, B4 CAERE Ll 3 18 BB kb iR A FI{E(MPa), FHH
FEXFEL T, HKBRE U 600 Mpa R HIMIRE. 7EAE 1-7 W
FIEM T, BEMTTNIHSERBFNSGR. #H EPMA E&4%
FEME LT Fe-Al BET Al MR, FHEZERY 15%. X8, %
ERAEGENRIE 10 um FHTBEASTTEKEHFMEBED S
ARG FH A T BIE FHIRE .

BETXR, RSPARLEFIME 1| SPRAEEH Al-10%Si-2%Fe
HEREIE R B, 3 MR B A S — T 467E 60 g/m” £ 200 g/m’
2 18] . K5 B B IR1B A FE R ZE K P 950°C T n#h, [FIAT B35 B at(a],
A HF RV rT i T, BT sERe] 4 958 1 TP riR a5 s
U E Fe-Al BZEF Al (& . WX 10 FAAR, KA THE T Fe-Al
HET Al MR, AL AlHEBARKTF 35%0, KB RFMIE NI
A, Fe-Al 2+ Al WEBARTFTRNEBFEFEHNE, B oT IR
RN B EEERK, JEITER S, HH Fe-Al B2
b Al FIBRED.

# 10
R A& (gm?) 12 B st ) Fe-Al EE+ A Itk
Al 158 (%)
1 60 0 36 A
2 60 1 29 0
3 60 2 17 (0]
4 80 0 38 X
5 80 1 35 A
6 80 2 20 o)
7 120 2 42 X
8 120 4 36 X
9 120 6 15 O
10 200 5 44 X
11 200 10 38 X
12 200 15 377 X
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L 5

XHE S B B IANR (B 1.8 mm)FAAFLHIR(E 1.2 mm)(AEF
1l FIRMNARFBETERBELNA L EFB)ENRRE
Al-Si-Mg. £ 11 ¥ A. C. Ef G SEAFLR, HERZIELH
R FEPGE AN, FAERAPTERPEIES, ARBEZ/FET
SGEEEHEENTRRARESAE 40 gm’, FEEKZE, ¥
HRAHAN LT EFHLELE. O EEAKE
Al-8%Si-6%Mg-1%Fe-0.1%Ca. G+ H Fe 2B REMEH TR
SRAR A AT 58 S Hb SR ML P H 4 . RSN BRI E RIHREF, BE
REBEREE, XMEFRATHHIZRERTE 12,

P4 B B 5175 B PR SR 4RAR B T BB Ak PR RO R Tt . T TR VP
Wi7iE. EAEREESALTE, BiZREERRESR 5%hHNT,
SRIGTE 950°C T hn#h 5 04, Z/EHAH, RBTHLBAMRZIE. ©
HERRY 30C/A. WIRMERAHZ S FIFES LIV Fom 2k, R
&, B AERE R 2 3 RMBERERRAEXTEE: 95%, IR :40°C)
SRIFM BER R, e EH+FRUE, RAFELEFRE
FZILE 30 KAWL R B JIS-Z2134) RPNk a i Wit . KA
BT HAREENIFHER TSR EREREER 1S um. WH,
BN 100 g ATl SR AL RTER.

it #rE B PR B v

O: RIF

A: EERMALFAEREREE

X: P44 Ya(red scales)

R i B ot VRO AR HE

O: BRI

A: FEHLEE

R JE W R i B PR AR AE
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O : MEEMLNAKT 1 mm
O: WERMAKXT 2mm
A: iﬁﬂﬁﬁ& 2-4 mm
X: WEESKT 4mm
x 11
! C Si Mn P S Al N Ti Cr Mo Ni B
=
A 1021 |0.20 {081 {0.02 |0.007 |0.05 | 0.004 0.05 0.20 - - 0.0005
B [0.17 | 0.15 | 1.24 | 0.01 | 0.008 | 0.03 | 0.003 0.15 1.10 - - 0.0008
C [042 |07 |241 |00l |0.009 |0.01 |0.003 |046 0.21 - - |0.001
D [023 |031 | 154 |0.02 {0.007 |04 0.003 0.24 0.44 - - 0.002
E [0.25 ]0.18 |1.22 {0.01 |0.01 0.04 | 0.003 0.003 | 0.66 | 0.20 - 0.005
F [024 |0.2 |0.95 |0.01 |0.02 |0.05]0.004 |[0.001 - 0.15 | 0.33 | 0.01
G | 0.08 | 0.1 1.4 0.02 | 0.01 0.03 | 0.004 0.25 0.15 - 0.0003
H [024 |0.10 {031 |0.01 |0.008 |0.03 |0.004 |0.21 0.03 - 0.0001
+ 12
W FANARES | #EWRMEMT YR i R v HREE
1 A 0 0 485 (0)
2 B e] o] 401 (0)
3 C O (@] 769 (0)
4 D O O 509 (0)
S E O [0 544 (O)
6 F o o) 540 (0)
7 G 6) (o) 289 (X)
8 H 0 o) 301 (X)

Y4 C BEX/ME, W 7 SWEPHN, NEREBLBMEE. —
ARUCE, B4 RBEERRLL 3 FEEIEM B ER{EMP), FH
FEIXFRIEM T, FIFBE LY 800 Mpa R A IR . S KFRE
JCEW Mn. BEHE/NE, 05 8 SHIR, BIME C E Kt ARIRST
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BB R EHE 1-6 SPRKERT, HPXENFPMANTER
& %4154, 7820 Mn-B-K R Mo-Cr-Ni- A RHIER T, RERHEE
WMt ERBFHNE R,

KRG, X 11 PR E, MEAREETROBAHARNIZEL
KM FREEARSRERRMEGEZ AN R. BEARSEERTELRE
ZEIMRXRICETER 13. XB, 8—MHRTHRERBEREE 470-510
HITEE A .

LR 8 SMIR(BT Mg-Zn- A R)MTERT, MEMEEE. 55—
T, 547 SHMR(ET Si-Mg- R ETFMRHKW R, FFE,
% 1-3 SHRUER T Si-Mg-Zn-1& R) B/~ 7 KM 8 th o4

13

% | EROERTEEY) VR T i R o W S i R
5| Si Mg | Zn Ca

1 2 3 40 | 0.1 o) O
2] 5 7 20 | 0.1 0 @)
3 8 6 10 - (o) ©
4 1 12 8 0.1 0 ©
5 8 6 0.1 o) ©
6 6 3 o) ©
71 9 0.5 - O ©
8 - 1 3 X X

SEHER 6

SHE 96 (LR (B 1.2 mm)(R B X 14 FrnKRE R GHE
T E M BEL ARSI M ARERS. EREEER, FHHEE
AP iE B R R 2, ZE RS Y BRI S B R B AR R A
BEF-THL 60 gm’, FHAEKZE, BRRAMNHLZRRNIF
AR, HRTRBER AR Al-10%Si-2%Fe. AT K Fe RBERE
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DESCRIPTION

HIGH-STRENGTH ALLOYED ALUMINUM-SYSTEM PLATED STEEL SHEET
AND HIGH-STRENGTH AUTOMOTIVE PART EXCELTLENT IN HEAT
RESISTANCE AND AFTER-PAINTING CORROSION RESISTANCE

Technical Field

The present invention relates to an alloyed
aluminum-system plated steel sheet suitable for a member,
which is produced by a high-temperature press and
requires strength, as represented by a structural member
for an automotive part, and a method of producing the
same and, in particular, to a member which requires high
strength such as an undercarriage component of an
automobile or the like, and a steel material used for
producing the same.

Background Art

For pursuing the weight reduction of an automobile,
originating from global environmental problems, a steel
sheet used for an automobile is required to have the
highest possible strength. However, in general, when the
strengthening of a steel sheet is enhanced, elongation
and an r-value are lowered and thus formability is
deteriorated. Therefore, a steel sheet is desired to
have high-strength, high formability and shape fixability
simultaneously.

One solution to the problem is a TRIP
(Transformation Induced Plasticity) steel produced by
using the martensite transformation of retained austenite
and the application of a TRIP steel is increasing
recently. However, though it is possible to produce a
1,000 MPa class high-strength steel sheet excellent in
formability using a TRIP steel, it is difficult to secure
good formability in a higher-strength steel sheet, for
example, an ultra-high-strength steel sheet having a
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strength of not lower than 1,500 MPa. Moreover, it is
difficult to solve the problem of the shape fixability by
that technology.

To cope with the problems, there is a warm press
technology which is a technology attracting attention
recently as another means which reconciles high-strength
and high formability. A technology of increasing
strength by forming a steel sheet while warm and making
use of the heat generated during the forming is disclosed
in Japanese Unexamined Patent Publication No. 2000-
234153, This technology aims at increasing strength by
controlling components in a steel appropriately, heating
the steel sheet in the temperature range of ferrite and
making use of the precipitation strengthening in the
temperature range.

In Japanese Unexamined Patent Publication No. 2000-
87183, proposed is a high-strength steel sheet wherein
the yield strength at a temperature during forming is
decreased far lower than the yield strength at the room
temperature, aiming at improving the accuracy of press
forming. However, there may be a limitation in the
strength obtained by this technology.

As a technology which overcomes this drawback, a
technology of heating a steel sheet to the temperature
range where austenite single phase is formed and then
cooling it during press forming is disclosed in the
literature (SAE, 2001-01-0078).

This is a technology of obtaining desired material
properties by forming a steel sheet in the state of
heating it to a high temperature of not lower than 800°C,
by so doing, solving the forming problem of a high-
strength steel sheet, and then quenching it in the
cooling after forming. However, as the technology
involves heating in the atmosphere, oxides are generated
on the surface of a steel sheet and it is required to
remove the oxides in a downstream process. A technology
of applying aluminum plating for suppressing the
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oxidation during heating is also disclosed in the
aforementioned literature (SAE, 2001-01-0078).

As another means, a means of obtaining high strength
by, after forming a steel sheet at the room temperature,
heating rapidly and cooling rapidly a part of the steel
sheet and thus quenching it can be adopted. In this
case, by heating the steel sheet locally, it i1s possible
to enhance the strength of only the portion where high
strength is required. Japanese Unexamined Patent
Publication No. 2000-83640 discloses such a technology
and a steel sheet containing carbon at 0.15 to 0.5% is
used therefor.

A hot forming technology and a technology of
applying an aluminum plated steel sheet in the hot
forming are disclosed in the aforementioned prior arts.
However, in the prior arts, when a steel sheet is heated
to a high temperature of not lower than 800°C, Fe
diffuses up to the surface for a short period of time and
an aluminum plated layer changes to an intermetallic
compound, hereinafter called "alloyed aluminum-system
plated layer". Since the alloyed aluminum-system plated
layer is very hard and brittle, sometimes it generates
cracks and peels off in the state of powder, and
therefore the deterioration of corrosion resistance after
painting has been a concern. Even when cracks are not
generated, there have been cases where an aluminum plated
steel sheet is inferior to another surface treated steel
sheet, for example, a hot-dip galvanized steel sheet or a
hot-dip galvannealed steel sheet, in after-painting
corrosion resistance. More specifically, after-painting
corrosion resistance is evaluated after a forming at a
high temperature and, when scratches, such as cutting in
a cross shape, are provided, the corrosion of the base
steel has been apt to propagate from the portion in the
direction of the depth and to advance more than the case
of a hot-dip galvanized or hot-dip galvannealed steel
sheet of a sacrificial corrosion prevention type.
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Further, there also is the possibility that the
exfoliated plated layer piles up on dies and causes flaws
during pressing. This is because, though the plated
layer can withstand the working of a hot forming, it is
practically difficult to work the whole part while it is
hot and there is the problem of the plated layer being
apt to peel off at the portion where the working has been
delayed and the temperature has dropped. Another problem
here is that, when the temperature drops, the base steel
constitutes a hard structure mainly composed of
martensite as a result of guenching, and therefore the
stress is apt to escalate.

Disclosure of the Invention

The present inventors conducted a basic study for
solving the aforementioned problems, and found that a
plated steel sheet excellent in after-painting corrosion
resistance could be produced by applying an Fe-Al-system
coating containing Mn and Cr of more than 0.1% in total
on the surface of a steel sheet after a high temperature
forming. An aluminum-system plated layer after being
subjected to a hot forming and being rapidly heated
locally is transformed into an alloyed aluminum-system
plated layer up to its surface, and the compound is very
brittle and thus tends to generate cracks during working.
The aluminum-system plated steel sheet defined in the
present invention means a plated steel sheet having a
plated layer composed of Al and Fe content of at least
70%. Further, since the layer has a nobler electric
potential than the base steel sheet, the corrosion of the
base steel is initiated starting from the cracks and
after-painting corrosion resistance is apt to
deteriorate. For avoiding the deterioration of the
after-painting corrosion resistance, Mn addition to the
alloyed aluminum-system plated layer is very effective.
Though the function of Mn is not clarified yet, it is
said that Mn plays the roll of bringing the electric
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potential of an Fe-Al-system plated layer close to that
of the steel sheet by controlling the electric potential
of the alloy layer, and, in addition to the function,
there is also the possibility that Mn controls also the
shape of phosphate crystals in a phosphating treatment
which is a pre-painting treatment.

Extremely excellent heat resistance, in particular,
heat resistance after working, can be obtained by
specifying the amounts of C, Si, Mn, P, 8 and Al as base
steel components and by adding Ti, Cr and Mo, which
addition was effective, so as to satisfy the following
equation 1:

Ti + 0.5xMn + Cr + 0.5xMo > 0.4 ... 1

It is estimated that those elements accelerate the
diffusion between Al and Fe, and, by so doing, even when
cracks are generated in a plated layer, the reaction
between Fe and Al proceeds from the circumference of the
cracks and therefore the base steel is hardly exposed.

Further, the present inventors also obtained the
knowledge that, by adding N, Nb, Vv, Ni, Cu, B, Sn and Sb
as steel components, further excellent after-painting
corrosion resistance could be obtained.

In the meantime, it is advantageous for a plated
layer after alloying treatment to contain Si further, and
furthermore, better corrosion resistance is obtained by
adding 2Zn, Mg, etc. It is important that Al content in
an alloy layer is not more than 35% in view of
suppressing cracks in the alloy layer. Further, it is
desirable that the thickness of an Fe-Al-system alloy
layer is 3 to 35 um from the viewpoint of after-painting
corrosion resistance.

Further, for overcoming the above-mentioned
problems, the present inventors studied in detail the
factors influencing the workability of an aluminum-system
plated steel sheet after alloying treatment, and obtained
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the following knowledge. That is, since both an alloyed
aluminum-system plated layer and a base steel are hard,
the internal stress increases, but, since a soft layer
exists between the alloyed aluminum-system plated layer
and the base steel, the stress is mitigated and therefore
exfoliétion resistance is improved markedly. The soft
layer is composed of a ferrite phase, and it is estimated
that the fact that the thickness of the soft layer is not

less than 1 um prevents the cracks in the alloyed layer

propagating up to the base steel.

In addition, for overcoming the above-mentioned
problems, the present inventors studied in detail the
factors influencing the workability of an aluminum-system
plated steel sheet after alloying treatment, and obtained
the following knowledge. That is, it is possible to
prevent the exfoliation of a plated layer by optimizing
the heating conditions. The reason is not clear but it
is estimated that a plated layer is alloyed according to
heating conditions, the phase structure changes
complicatedly, and there is an appropriate phase
structure for securing workability. The gist of the
present invention is as follows:

(1) A high-strength alloyed aluminum-system plated
steel sheet excellent in after-painting corrosion
resistance, characterized by having an Fe-Al-system
coating containing Mn and Cr of more than 0.1% in total
on the surface of the steel sheet.

(2) A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance, characterized by having an
Fe-Al-system coating containing, in mass, Mn and Cr of
more than 0.1% in total on the surface of the steel
containing, in mass, C: 0.05 to 0.7%, Si: 0.05 to 1%, Mn:
0.5 to 3%, P: not more than 0.1%, S: not more than 0.1%
and Al: not more than 0.2%, and, in addition, one or more
element(s) selected from among Ti: 0.01 to 0.8%, Cr: not
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more than 3% and Mo: not more than 1%, so as to satisfy

the following equation 1:

Ti + 0.5xMn + Cr + 0.5xMo > 0.4 ... 1

(3) A high~strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to the item (2),
characterized in that the steel further contains, in
mass, one or more element(s) selected from among N: not
more than 0.1%, Nb: not more than 0.1%, V: not more than
0.1%, Ni: not more than 1%, Cu: not more than 1%, B:
0.0003 to 0.03%, Sn: not more than 0.1% and Sb: not more
than 0.1%.

(4) A high-strength alloyved aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to the item (1),
characterized in that the steel contains, in mass, C:
0.15 to 0.55%, Si: not more than 0.5%, Mn: 0.2 to 3%, P:
not more than 0.1%, S: not more than 0.04%, Al: 0.01 to
0.1% and N: not more than 0.01%, and also one or more
element(s) selected from among B: 0.0002 to 0.0050%, Ti:
0.01 to 0.8%, Cr: not more than 2%, Mo: not more than 1%,
Ni: not more than 1%, Cu: not more than 0.5% and Sn: not
more than 0.2%.

(5) A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to any one of the
items (1) to (4), characterized in that the Fe-Al-system
coating further contains Si of 1 to 20%.

(6) An alloyed aluminum-gsystem plated steel sheet
for high-strength automotive members according to any one
of the items (1) to (5), characterized in that Al
concentration in the Fe-Al-system coating layer is not
more than 35% in weight.
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(7) A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to any one of the
items (1) to (6), characterized in that the Fe-Al-system
coating further contains either one or both of Zn: 1 to
50% and Mg: 0.1 to 10%.

(8) An alloyed high-strength aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to any one of the
items (1) to (7), characterized in that the thickness of

the Fe-Al-system coating layer is 3 to 35 pm.

(9) An alloyed aluminum-system plated steel sheet
for high-strength automotive members, characterized by
having: a coating layer mainly composed of Fe-Al on the
surface of the steel sheet; a ferrite layer having a

thickness from not less than 2 um to not more than one

tenth of the steel sheet thickness at the underside of
the coating layer; and the base steel mainly composed of
martensite at the underside of the ferrite layer.

(10) An alloyed aluminum-system plated steel sheet
for high-strength automotive members according to the
item (9), characterized in that the alloyed aluminum-
system plated layer on the surface of the steel sheet and
the ferrite layer at the underside of the intermetallic
compound layer contain 8i.

(11) An alloyed aluminum-system plated steel sheet
for high-strength automotive members according to the
item (9) or (10), characterized in that the hardness of
the ferrite phase is not higher than 200.

(12) A high-strength automotive part formed by press
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forming, at least a portion of which is composed of a
steel according to any one of the items (1) to (1l1).

(13) A high-strength automotive part according to
the item (12), characterized by having a coated film 1 to

200 um in thickness on at least a part of the surface.

(14) A hot forming method for a high-strength
automotive member, wherein, when‘the automotive member is
produced by a hot forming using a steel sheet produced by
plating a steel containing C of not less than 0.05% in
weight as a steel component with a metal mainly composed
of Al, the member is formed by press forming after heated
on the heating condition of the longer time period side
than the following regions, A, B, C and D, and at least a
part of the member is cooled at a cooling rate of not
lower than 10°C/sec.:

A (800°C, 13 min.), B (900°Cc, 6 min.), C (1,050°C,
1.5 min.), D (1,200°C, 0.3 min.).

Brief Description of the Drawings

Fig. 1 is a graph showing the influence of the total
amount of Mn and Cr in an alloyed aluminum-system plated
layer on after-painting corrosion resistance.

Fig. 2 is a graph showing the relation between the
addition amount of Ni, Cu and Sn and bare corrosion
resistance.

Fig. 3 is a graph showing the relation between the
addition amount of Ni, Cu and Sn and after-painting
corrosion resistance.

Fig. 4 is a graph showing the relation between the
addition amount of Cr and Mo and bare corrosion
resistance.

Fig. 5 is a graph showing the relation between the
addition amount of Cr and Mo and after-painting corrosion
resistance.

Fig. 6 is the Fe-Al-Si-system ternary phase diagram
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at the temperature of 950°C.

Fig. 7 is a photograph (back scattered election
image) showing an example of structures according to the
present invention, taken by an optical microscope.

Fig. 8 is a graph showing the relation between the
thickness of an outer layer and the workability of a
plated layer.

Fig. 9 is a photograph (back scattered electron
image) showing an example of metallic structures
according to the present invention, taken by a
microscope.

Fig. 10 is a view showing a shape obtained by
forming a steel sheet according to the present invention.

Fig. 11 is a graph showing the relation between a
heating time and a heating temperature according to the
present invention.

Best Mode for Carrying out the Invention
Embodiment 1

Chemical compositions of steel sheets used in the
present invention will be explained hereunder.

C: A steel sheet according to the present invention
has a high-strength of not lower than 1,000 MPa after
forming and is obtained by rapidly cooling it after a
high temperature press and thus transforming the
structure thereof into a structure mainly composed of
martensite. In that sense, a C content of not less than
0.05% is desirable, and, for obtaining a high-strength
stably, the content of not less than 0.1% is more
desirable. On the other hand, even though C content is
increased to not less than 0.7%, the strength is
saturated and also weld cracking tends to be generated,
and therefore the upper limit is set at 0.7%.

Si: Since too low an Si content causes fatigue
property to deteriorate, the addition amount of not less
than 0.05% is desirable. However, Si is also an element
which forms a stable oxide film on the surface of a steel
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sheet during recrystallizing annealing and hinders
aluminum plating properties. For that reason, the upper
limit of Si is set at 1%.

Mn: Mn is well known as an element which enhances
the hardenability of a steel sheet. Also, Mn is an
element which is necessary for preventing hot
embrittlement caused by S which is an unavoidable
impurity. For that reason, the addition amount of not
less than 0.5% is preferable. Further, Mn also enhances
heat resistance after aluminum plating. However, since
Mn addition amount exceeding 3% causes the impact
property after quenching to deteriorate, the value is
determined to be the upper limit.

Ti: Ti affects the heat resistance of an aluminum
plated layer most. In the case where a steel sheet is
used in such a temperature range as exceeding 900°C, as
is the case of the present invention, Ti addition is
preferable from the viewpoint of heat resistance, and an
addition amount of not less than 0.01% is desirable for
achieving the effect. However, since Ti forms TiC with C
and decreases the amount of C which contributes to
strength, it is necessary to increase C amount
corresponding to the Ti addition amount. Further, the
effect of Ti is saturated in the amount of about 0.8%,
and therefore this value is determined to be the upper
limit.

Cr: Cr, like Mn and Ti, contribute to the
improvement of the heat resistance after aluminum
plating. However, Mn deteriorates aluminum plating
properties by forming a stable oxide film on the surface
of a steel sheet, in the same way as Si. Further, Cr is
a relatively expensive element, and therefore the upper
limit is set at 3% when it is added.

Mo: Mo, like Mn, Ti and Cr, also contributes to the
improvement of the heat resistance after aluminum plating
and its addition is desirable. However, since Mo is a
relatively expensive element and the effect is saturated,
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the upper limit is set at 1%,

In the present invention, it is preferable to add
the elements which improve the heat resistance after
aluminum plating, such as Ti, Mn, Cr and Mo, in a manner
of satisfying the following expression:

Ti+0.5xMn+Cr+0.5xMo > 0.4.

In particular, Ti and Cr have an effect against the
exfoliation of a plated layer during heating. Further,
Mn may be added relatively abundantly and greatly
contributes to heat resistance.

The present invention prescribes that P, S and Al
are further added in a steel. However, since P and Al
deteriorate the ductility and fatigue strength of a steel
and S deteriorates toughness thereof, an upper limit is
determined for each of them. In addition, one or more of
Ni, Nb, Vv, N, Cu, B, Sn and Sb can be contained in a
steel as occasion demands. Ni and Cu contribute to the
corrosion resistance of a steel and B improves
hardenability.

On many occasions, a steel sheet is used after an
aluminum plated layer is alloved and then it is painted.
On those occasions, after-painting corrosion resistance
is affected by the amounts of Mn and Cr in an alloyed
aluminum-system plated layer. When the amount of these
elements is not less than 0.1%, good after-painting
corrosion resistance is obtained. As the methods of
adding Mn and Cr, there are a method of diffusing steel
components and a method of adding them in a plating bath,
and either of the methods can achieve the effect as long
as the addition amount is not less than 0.1%. It is
known that one to five phases can coexist in an alloyed
aluminum-system plated layer depending on the deposit
amount of plating, the steel composition, the heating
conditions and the like. Since the influence of phases
in the vicinity of a surface is particularly large, when
analyzing them, it is preferable to judge by measuring
them at about 5 portions on a cross-section in the region
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within 5 um in depth from the surface using a means such

as the EPMA quantitative analysis or the like, and by
calculating the average thereof. As is stated later, in
case of hot dip aluminum plating, it is common to add Si
and, at that time, Si is further contained in the alloyed
aluminum-system plated layer. The amount is about 1 to
20% and the Si amount in the alloyed aluminum-system
plated layer of one to five phases may vary considerably.
Though an Fe-Al-system coating of one to five phases can
have various compositions, such as an Fe-Al-Si-system
alloyed aluminum-system plated layer, Fe,Al,, FeAl,,

Fe,Al, FeAl, Al dissolved ferrite, or the like, in any of
the compositions, stable after-painting corrosion
resistance can be obtained as long as the total amount of
Mn and Cr is not less than 0.1%. With regard to which
phase should be analyzed when a plurality of phases
exist, since the knowledge that Mn and Cr contribute to
the improvement of after-painting corrosion resistance
was obtained and the corrosion phenomenon is a
macroscopic phenomenon, the present inventors think that;
general information can be obtained by analyzing them at
about 5 portions at random, even when a plurality of
phases exist, and calculating the average thereof and, by
so doing, the judgement can be made. Further, it is
prescribed that a cross-section is etched with nitral of
2 to 3% for observing the cross-section of a structure
after heating. This is because the interface between a
base metal and Al dissolved ferrite, which is formed
particularly when the heating time is longer, cannot be
observed without etching.

The deposit amount of aluminum plating affects
corrosion resistance, weldability, workability and the
like. If the deposit amount is too small, after-painting
corrosion resistance is insufficient, and if it is too
large, weldability and workability deteriorate. With
regard to workability, it is because a brittle alloyed
aluminum~system plated layer tends to peel off during the
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press after heating.

A method of aluminum plating is not specifically
restricted, and the hot dip plating method, the
electroplating method, the vacuum deposition method, the
clad method or the like can be employed. The method most
widely employed industrially at present is the hot dip
plating method, and usually Al-10%Si is frequently used
in a plating bath and Fe is contained therein as an
unavoidable impurity. It was already described before
that, in addition to those, the addition of Cr and Mn
improves after-painting corrosion resistance. As other
additional elements, Mg, Ti, %n, Sb, 8Sn, Cu, Ni, Co, In,
Bi, misch metal, etc. are nominated, and those elements
may be applied as long as the plated layer is mainly
composed of Al.

The present invention does not specifically define a
pre—-treatment and a post-treatment of aluminum plating.
As a plating pre-treatment, a pre-plating of Ni, Cu, Cr,
or Fe, or the like is nominated, and any of those can be
adopted. As a plating post-treatment, a chromate
treatment, a resin coating treatment or the like is
nominated aiming at primary rust prevention and
lubricity, but an organic resin is not preferable because
it disappears when heated. With regard to a chromate
treatment, considering the recent regulation against
hexavalent chrome, a treatment f£ilm containing trivalent
chrome, such as electrolytic chromate or the like, is
preferable. Another post-treatment other than an
inorganic-system chromate treatment can be applied. It
is also possible to apply a treatment of alumina, silica,
MoS, or the like, beforehand, aiming at lubricity.

Embodiment 2

The reason why the steel components are regulated in
Embodiment 2 according to the present invention will be
described hereunder.

N is an element unavoidably included and is not
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specifically prescribed when B is not added, but, when B
is added and the amount is excessively large, the
addition amount of Ti must be increased. As a result,
there is a problem that the amount of resultantly
generated TiN increases and hot cracking occurs, and that
costs increase also. Therefore, the upper limit is set
at 0.1%.

B is added for enhancing hardenability at cooling
during or after press forming, and, for achieving the
effect, the addition of not less than 0.0002% is
necessary. However, when the addition amount is
excessive, there is a problem of hot cracking and the
effect is saturated. Therefore, the upper limit is set
at 0.03%.

Ni, Cu and Sn have the effect of changing the state
of surface cracking during press forming after high
temperature heating by changing the state of alloying an
aluminum plated layer during the high temperature
heating, and are important since they lead to an
improvement of after-painting corrosion resistance of a
formed product. With regard to those elements, from the
results shown in Figs. 2 and 3 which were obtained by
measuring the addition amounts of Ni, Cu and Sn, and bare
corrosion resistance and after-painting corrosion
resistance of the samples after high temperature forming
in a laboratory test, the present inventors found that,
for obtaining above-mentioned effects, Ni, Cu and Sn had
to be added so that they might satisfy the equation 3.
Here, the bare corrosion resistance and the after-
painting corrosion resistance were evaluated by the
method examined under the conditions shown in Example,
using samples taken from the portions to which working
was applied after high temperature forming.

(Ni+0.5xCu+3%xSn) & 0.012 ... 3

With regard to each of Ni, Cu and Sn, an excessive
addition of Ni makes the effects saturated and causes a
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cost increase, Cu and Sn have the problem of generating
surface cracking and, therefore, the upper limit of each
element is set at 1.0%, 1% and 0.2%, respectively.

The production conditions of a steel sheet according
to the present invention is not specifically prescribed,
but preferable production conditions will be explained
hereunder.

A steel having components as described above was
cast, and the obtained hot slab, directly or after
heated, or the slab once coocled and reheated, was hot-~
rolled. Here, the difference in the properties of the
steel between the direct rolling of the hot slab and the
rolling after reheating is scarcely recognized. Further,
the reheating temperature is not specified, but it is
preferable to regulate it in the range from 1,000 to
1,300°C, taking productivity into consideration.

With regard to hot-rolling, either a regular hot-
rolling process or a continuous hot-rolling process
wherein slabs are connected with each other and rolled at
the finish rolling can be adopted. It is preferable to
control the finishing temperature at the hot-rolling to
not lower than Ar3 transformation temperature taking the
productivity and the accuracy of the sheet thickness into
consideration.

The cooling after hot~rolling is carried out by a
usual method. In that case, it is preferable to control
the coiling temperature to not lower than 550°C from the
viewpoint of productivity. On the other hand, if the
coiling temperature is too high, pickling capability
deteriorates, and therefore it is preferable to control
the coiling temperature to not higher than 750°C.

For a pickling process or a cold-rolling process, a
usual method may be employed, and, for a subsequent
aluminum plating process or a subsequent aluminum-zinc
plating process, a usual method may be employed too.

That is, in case of an aluminum plating process, Si
concentration of 5 to 12% in a plating bath is
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appropriate, and, in case of an aluminum-zinc plating
process, Zn concentration of 40 to 50% in a plating bath
is appropriate.

Here, with regard to the atmosphere in a plating
process, plating can be carried out using either a
continuous plating equipment having a non-oxidizing
furnace or a continuous plating equipment not having a
non-oxidizing furnace as long as usual conditions are
preserved. Therefore, no specific control is required in
the production of a product according to the present
invention and thus the productivity is not hindered.

In the above production conditions, metal pre-
plating is not applied to the surface of a steel sheet
before plating, but no specific problem arises even when
Ni pre-plating, Fe pre-plating, or another metal pre-
plating which improves plating properties is employed.

Further, even when Mg and Zn are included in an
aluminum plated layer or Mg is included in an aluminum-
zinc plated layer, no specific problem occurs and a steel
sheet having similar properties can be produced.
Embodiment 3 '

Firstly, the reason why the steel components are
regulated in Embodiment 3 according to the present
invention will be described hereunder.

C is an element which is added for making a
structure after cooling composed of martensite and
securing material quality, and the addition amount of not
less than 0.15% is required for securing a strength of
not lower than 1,200 MPa. On the other hand, if the
addition amount is excessive, the strength against impact
deformation is hardly secured and, therefore, the upper
limit is set at 0.55%.

Si is a solute strengthening element and can
increase the strength of a steel sheet at a relatively
low cost. However, if it is added excessively, plating
properties are deteriorated, and therefore the upper
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limit is set at 0.5%.

Mn is added for making it possible to secure the ‘
strength after cooling in a wide range of cooling rates.

When the C amount is large but the addition amount
of Mn is small, a martensite structure cannot be obtained
in a usual range of cooling rate, which range can be
obtained during press forming, and therefore the strength
is hardly secured. The range of cooling rates cited here
is not higher than 500°C/sec. in the case of the sheet
thickness of 1.4 mm. To demonstrate such function, the
addition amount of not less than 0.2% is required. On
the other hand, if the Mn amount is too large, not only
the cost increases but also the effect is saturated.
Therefore, the upper limit is set at 3%.

S is an element which is included unavoidably and
causes the deterioration of workability. Therefore, it
is necessary to decrease the amount as much as possible.
By decreasing the amount to not more than 0.04%, the
problem of the workability is eliminated and therefore
the range is determined to be not more than 0.04%.

P is a solute strengthening element and can increase
the strength of a steel sheet at a relatively low cost.
However, if the addition amount increases too much,
cracks are generated during hot-rolling or cold-rolling
caused by the embrittlement, and therefore the upper
limit is set at 0.1%.

Al is used as a deoxidizing agent and, for
demonstrating the effect, an Al content of not less than
0.005% in a steel is required. On the other hand, the
addition amount exceeding 0.1% causes the increase of
oxide-system inclusions and a problem of the
deterioration of surface gquality, and therefore the upper
limit is set at 0.10%.

Cr and Mo have the effect of changing the state of
surface cracking during press forming after a high
temperature heating by changing the state of alloying an
aluminum plated layer during the high temperature
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heating, and are important since they lead to the
improvement of after-painting corrosion resistance of a
formed product. With regard to those elements, from the
results shown in Figs. 2 and 3, which were obtained by
measuring the addition amounts of Cr and Mo, and bare
corrosion resistance and after-painting corrosion
resistance of the samples after high temperature forming
in a laboratory test, the present inventors found that Cr
and Mo had to be added. Here, the bare corrosion
resistance and the after-painting corrosion resistance
were evaluated by the method examined under the
conditions shown in Example, using samples taken from the
portions to which working was applied after high
temperature forming.

With regard to each of Cr and Mo, an excessive
addition of Cr causes problems in plating properties and
cost increase and Mo makes the effects saturated and
causes cost increase. Therefore, the upper limit of each
element is set at 2.0% and 1.0%, respectively.

Other components are not specifically prescribed.

Ni is included unavoidably, and, if the amount is within
the usual range, no problem arises.

The production conditions of a steel sheet according
to the present invention are not specifically prescribed,
but preferable production conditions will be explained
hereunder.

A steel having components as described above was
cast, and the obtained hot slab, directly or after being
heated, or the slab once cooled and reheated, was hot-
rolled. Here, the difference in the properties of the
steel between the direct rolling of the hot slab and the
rolling after reheating is scarcely recognized. Further,
the reheating temperature is not specified, but it is
preferable to regulate it in the range from 1,000 to
1,300°C taking the productivity into consideration.

with regard to hot-rolling, either a regular hot-
rolling process or a continuous hot-rolling process
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wherein slabs are connected with each other and rolled at
the finish rolling can be adopted. It is preferable to
control the finishing temperature at the hot-rolling to
not lower than Ar3 transformation temperature taking the
productivity and the accuracy of the sheet thickness into
consideration.

The cooling after hot-rolling is carried out by a
usual method. In that case, it 1s preferable to control
the coiling temperature to not lower than 550°C from the
viewpoint of productivity. On the other hand, if the
coiling temperature is too high, pickling capability
deteriorates, and therefore it is preferable to control
the coiling temperature to not higher than 750°C.

For a pickling process or a cold-rolling process, a
usual method may be employed, and, for a subsequent
aluminum plating process or a subsequent aluminum-zinc
plating process, a usual method may be employed too.

That is, in case of an aluminum plating process, Si
concentration of 5 to 12% in a plating bath is
appropriate and, in case of an aluminum-zinc plating
process, Zn concentration of 40 to 50% in a plating bath
is appropriate. |

Here, with regard to the atmosphere in a plating
process, plating can be carried out using either a
continuous plating equipment having a non-oxidizing
furnace or a continuous plating equipment not having a
non-oxidizing furnace as long as usual conditions are
preserved. Therefore, no specific control is required in
the production of a product according to the present
invention and thus the productivity is not hindered.

In the above production conditions, metal pre-
plating is not applied to the surface of a steel sheet
before plating, but no specific problem arises even when
Ni pre-plating, Fe pre-plating, or another metal pre-
plating which improves plating properties is employed.
Further, even when Mg and Zn are included in an aluminum
plated layer or Mg is included in an aluminum-zinc plated
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layer, no specific problem occurs and a steel sheet
having similar properties can be produced.

Embodiment 4

By heating an aluminum plated layer and thus
converting it into an alloy layer, namely an Fe-Al-system
coating layer, and also by controlling the Al amount to
not more than 35% and thus converting the Fe-Al-system
coating layer into Fe+Fe,Al wherein Al and Si are
dissolved, obtained are far more excellent workability
and corrosion resistance at a portion which is subjected
to working than those of a plated layer which contains
other phases than Fe+FezAl.

C: A steel sheet according to the present invention
has a high-strength of not lower than 1,000 MPa after
forming and is obtained by rapidly cooling it after a hot
press and thus transforming the structure thereof into a
structure mainly composed of martensite. To do so, a C
content of not less than 0.05% is necessary. On the
other hand, even though the C content is increased to not
less than 0.7%, the strength is saturated and also weld
cracking tends to be generated, and therefore the upper
limit is set at 0.7%.

Steel components except C are not specifically
prescribed, but elements such as Si, Mn, P, Al, N, Cr,
Mo, Ti, Nb, B, Ni, Cu, V, Sn, Sb, etc., are nominated as
addition elements or unavoidable impurity elements.
Those elements may be added as occasion demands.
Examples are: Mn and B are effective in hardenability;
Cr, Ti and Mo are effective in the heat resistance of an
aluminum plated layer; and Ni and Cu improve corrosion
resistance. The desirable ranges of their addition are
Mn: 0.5 to 3%, Si: not more than 1%, P: not more than
0.1%, S: not more than 0.1%, Al: not more than 0.1%, N:
not more than 0.01%, Cr: not more than 2%, Mo: not more
than 0.5%, Ti: not more than 0.5%, Nb: not more than
0.1%, B: not more than 0.05%, Ni: not more than 1%, Cu:
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not more than 1%, V: not more than 0.1%, Sn: not more
than 0.1% and Sb: not more than 0.1%.

As stated above, the smaller the deposit amount of
aluminum plating is, the more easily an Fe+FejAl region
is formed. In that sense, it is desirable that the
deposit amount is not more than 120 g/m® per both sides.

A method of aluminum plating is not specifically
restricted, and the hot dip plating method, the
electroplating method, the vacuum deposition method, the
clad method or the like can be employed. The method most
widely employed industrially at present‘is the hot dip
plating method, and usually Al-10%Si is frequently used
in a plating bath and Fe is contained therein as an
unavoidable impurity. In this case, Si enters into an
alloy layer after heating and the Si amount may vary
depending on the phase structure. However, the Si amount
in the Fe+Fe,Al region is not more than 15% and therefore
the value is determined to be the upper limit of Si. As
other additional elements, Mn, Cr, Mg, Ti, %n, Sb, Sn,
Cu, Ni, Co, In, Bi, misch metal, etc. are nominated, and
those elements may be applied as long as the plated layer
is mainly composed of Al. The addition of Zn and Mg is
effective in making red rust hardly generated. However,
the excessive addition of those elements, whose vapor
pressures are high, causes the generation of fumes
containing Zn and Mg, the generation of powdery
substances on the surface caused by 2Zn and Mg, and the
like. Therefore, a Zn addition of not less than 60% and
a Mg addition of not less than 10% are not desirable.

The present invention does not specifically define a
pre-treatment and a post-treatment of aluminum plating.
As a plating pre-treatment, a pre-plating of Ni, Cu, Cr,
or Fe, or the like is nominated, and any of these can be
adopted. As a plating post-treatment, a chromate
treatment, a resin coating treatment or the like is
nominated aiming at primary rust prevention and
lubricity, but an organic resin is not preferable because

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01377
Page 434 of 1430



WO 02/103073 PCT/JP02/05978

10

15

20

25

30

35

- 23 -

it disappears when heated. With regard to a chromate
treatment, considering the recent regulation against
hexavalent chrome, a treatment f£ilm containing trivalent
chrome, such as electrolytic chromate or the like, is
preferable. Another post-treatment other than an
inorganic-system chromate treatment can be applied. It
is also possible to apply a treatment of alumina, silica,
MoS, or the like beforehand aiming at lubricity.

Embodiment 5

In Embodiment 5, the restriction of the composition
of an aluminum-system plated layer will be explained.

The aluminum-system plated layer cited here means a
plated layer which is not heated yet and thus not alloyed
vet.

Si: Si is effective in decreasing the thickness of
an alloy layer (a layer composed of an intermetallic
compound formed at an interface between a plated layer
and a steel sheet) of aluminum-system plating. Further,
Si forms Mg,Si by adding Mg complexly and is effective in
improving corrosion resistance. To enjoy the effects,
the addition of not less than 1% is effective. An
excessive addition of Si causes the rise of a melting
point and, when 81 single phase crystallizes at the
plated layer, it causes the deterioration of corrosion
resistance. Therefore, the upper limit is set at 15%.

Mg: It is known that Mg is effective in improving
corrosion resistance particularly under a salt damage
environment. By forming Mg,Si particularly, a emission
efficiency into an environment is increased and corrosion
resistance is improved. For securing corrosion
resistance, a Mg amount of not less than 0.5% is added.
Since an excessive addition causes fierce oxidation at
the surface of a plating bath and a rise in the melting
point of the plating bath, the addition amount is
determined to be not more than 10%. For suppressing the
oxidation of the surface of a plating bath, the addition
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of a small amount of Ca (not more than 0.5%) is
effective, and about this amount of Ca may be added.

Zn: Zn has an electric potential more basic than
that of Al or steel and a function of suppressing the
corrosion of a base steel. The effects begin to appear
when Zn addition amount is not less than 1% and the best
properties are obtained when Zn amount is 20 to 60%.
However, with the addition amount exceeding 60%,
corrosion resistance is rather deteriorated. Therefore,
the lower limit and the upper limit of Zn amount are set
at 1% and 60%, respectively.

When a part 1s practically produced using an
aluminum-system plated steel sheet according to the
present invention, guenching is carried out by rapidly
cooling the part with the dies after press, and thus the
structure is mainly composed of martensite. For securing
a sufficient strength as a member, the percentage of
martensite is determined to be not less than 60% in
volume. Here, the percentage of martensite is calculated
by polishing and etching a specimen and, after that,
observing it with an optical microscope and using image
analysis.

Embodiment 6

The reason why the components of a steel sheet and
the like are regulated in Embodiment 6 will be described
hereunder.

A steel sheet according to the present invention has
a soft ferrite layer having a thickness from not less

than 2 um to not more than one tenth of a steel sheet

thickness at the interface between an intermetallic
compound layer formed by alloying an aluminum plated
layer and a base steel mainly composed of martensite.
Usually, Al of about 1 to 10% exists in the ferrite
layer. The ferrite phase can also contain Si, in
addition to Al. The thickness is limited to not less
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than 1 um. The reason is that, if the thickness of the

soft ferrite layer is not more than the above thickness,
the exfoliation resistance of the plated layer is not
sufficiently obtained. On the other hand, this layer is
soft and, if it is too thick, the strength of the whole
steel sheet is deteriorated. For that reason, the upper
limit is determined to be not more than one tenth of the
steel sheet thickness. Usually, an aluminum plated steel
sheet is often produced by the hot dip plating method,
and, in this case, an alloyed aluminum-system plated
layer (called "alloy layexr") at the interface between the
steel sheet and the plated layer tends to grow. If the
layer grows excessively, the workability of the steel
sheet is deteriorated and, therefore, the aluminum plated
steel sheet is produced in a plating bath wherein si of
about 10% is added. In the present invention, as an
aluminum plated steel sheet is worked in the hot after
the whole plated layer is alloyed by heating, Si is not
necessarily required to be added in the plating bath, but
there is no specific problem even when Si is added.

In the present invention, it is desirable that the
hardness of a ferrite layer is not higher than 200 in
terms of Vickers hardness. As stated above, the layer
plays a role of preventing a hard alloy layer from
peeling off during working. For that reason, it is
preferable that the layer is soft. However, as the layer
contains solute strengthening elements such as Al, Si,
etc., it is harder than a usual ferrite layer.

Next, other components related to the present
invention will be described hereunder. Firstly, with
regard to steel components, as the present invention aims
at a high-strength region which cannot be obtained with a
regular TRIP steel or the like and the enhancement of
strength by quenching, it is desirable that C amount is
not less than 0.05%, preferably not less than 0.1%. With
regard to other elements in a steel, the elements of Si,
Mn, Ti, B, Cr, Mo, Al, P, S, N, etc. are used usually.
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Si is effective in fatigue property, and Mn and B
contribute to the improvement of hardenability. Ti, Si,
Cr, Mo and Al are elements which improve heat resistance
after aluminum plating.

With regard to the construction of an aluminum
plated layer, an aluminum plated layer is mainly composed
of Al and may contain Si as stated above. As other
addition elements, Cr, Mg, Ti, Sb, Sn, Zn, etc. are
nominated, and those are applicable as long as the plated
layer is mainly composed of Al. However, Zn has a low
boiling point and, when added excessively, Zn generates
zinc powder on the surface during heating and that causes
galling during pressing. Therefore, the addition amount
of not less than 60% is not desirable.

FeAl,, Fe,Al;, Fe,Al, Fe,AlsSi, etc. are generated as
an element of the alloyed aluminum-system plated layer.
Those phases tend to form a multi-lavered structure in a
laminar manner, but the structures of the phases are not
specifically regulated. When the composition is mainly
composed of Al and Fe, and Si is added in an aluminum
plating bath, Si of about 5 to 10% is contained. Those
elements account for not less than 90% of the composition
in total. Further, a small amount of not-alloyed Al may
remain, but it does not affect the properties of an
aluminum plated steel sheet as long as the amount is
small.

The thickness of a ferrite layer is measured with an
optical microscope. The thickness of a ferrite layer is
clearly observed by polishing a cross-section and, after
that, etching it with nital at about 2%. However, there
is a case where the boundary with an intermetallic
compound layer is hardly observed, and, in that case,
EPMA analysis is additionally adopted. By so doing, a
ferrite layer can easily be identified from the
difference between the radiation strength of Fe and that
of Al. It is determined that the measurement of the
thickness of a ferrite layer is carried out by measuring
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the thickness at about 5 portions at random and
calculating the average value. Further, a base steel
consists of a structure mainly composed of martensite,
and the structure can be observed, for example, by
etching it with picral and using an optical microscope.
Fig. 7 shows an example of structures according to
the present invention. Two layers are recognized at the

interface, and, as a result of quantitative analysis with
an EPMA, the lower layer is a ferrite layer about 5 um in

thickness. Here, in Fig. 7, the reference numeral 1
shows the layer composed of Al: 26.85%, Si: 9.83%, Fe:
59.92%; the reference numeral 2 the layer composed of Al:
49.54%, Si: 3.11%, Fe: 44.89%; the reference numeral 3
the layer composed of Al: 30.75%, Si: 8.88%, Fe: 56.91%;
and the reference numeral 4 the layer composed of Al:
9.59%, Si: 2.92%, Fe: 84.02%.

Finally, with regard to the heating and cooling
conditions of a plated steel sheet, a method of heating
and cooling is not specifically defined. For obtaining a
hardened structure, a cooling rate affects it largely as
a matter of course, and a cooling rate of not lower than
about 30°C/sec. is desirable. This depends on steel
components, and, in case of a steel having good
hardenability, a desired structure mainly composed of
martensite can be obtained even at a cooling rate of
about 10°C/sec., or, in another case, a cooling rate of
not lower than 100°C/sec. is required depending on a
steel grade. For obtaining a desired thickness of a
ferrite layer, the optimization of heating conditions is
required.

Embodiment 7

The reason why the components of a steel sheet and
the like are regulated in Embodiment 7 will be described
hereunder.

The present invention is a high-strength steel sheet
having a high-strength of not lower than about 1,000 MPa
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after forming, and is the steel sheet obtained by rapidly
cooling it after it is subjected to hot press or partial
rapid heating, thus gquenching it and, by so doing,
transforming it into a structure mainly composed of
martensite. Therefore, the hardness of a base steel is
determined to be not lower than 250. The hardness is
measured in terms of Vickers hardness. For obtaining the
hardness, a C amount of 0.05% is desirable. With regard
to other elements in a stéel, no specific restriction is
determined, but the elements of Si, Mn, Ti, B, Cr, Mo,
Al, P, 8, N, etc. are used usually. Si is effective in
fatigue property, and Mn and B contribute to the
improvement of hardenability. Ti, Si, Cr, Mo and Al are
elements which improve heat resistance after aluminum
plating.

Further, in the present invention, a steel sheet has
an alloyed aluminum~system plated layer mainly composed
of Al and Fe on the surface of the base steel and the
thickness of the alloyed aluminum-system plated layer is

limited to 3 to 35 um, preferably 3 to 18 um. The

restriction is determined considering the balance among
weldability, after-painting corrosion resistance and heat
resistance, as described above. That is, when the
thickness of a layer is less than 3 um, sufficient after-
painting corrosion resistance and heat resistance cannot
be obtained. In case of not adding Si to an aluminum
plated layer in particular, the deterioration of heat
resistance is remarkable. The upper limit of the
thickness is determined by spot weldability. A spot
weldability (electrode life) identical with a galvanized
steel sheet can be obtained when the plating thickness is
not more than 35 um, and a spot weldability identical

with a hot dip alloyed zinc-coated steel sheet can be
obtained when the plating thickness is not more than 18
um. FeAl,, Fe,Al;, Fe;Al, Fe,Al,Si, etc. can be formed as

alloyed layers. Further, the formation of a ferrite
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layer containing Al is recognized very often at the
interface between the alloyed layer and the base steel.

Usually, in an aluminum plated steel sheet, an Fe-
Al-system ally layer tends to grow and deteriorate
workability. Therefore, it often happens that Si is
added for suppressing the growth of the alloy layer and
improving workability. In case of hot press, since a
steel sheet is worked in the hot after the aluminum
plated layer is heated and alloyed up to the surface, Si
is not particularly required to be added. However, Si
may be added as a matter of course. In case of rapidly
heating a part of a steel sheet, since working is applied
at the room temperature, Si addition is indispensable.
Cr, Mg, Ti, Sb, Sn, Zn, etc. are nominated as other
addition elements in an aluminum plated layer, and those
elements are applicable as long as the plated layer is
mainly composed of Al. However, Zn has a low boiling
point and, when added excessively, Zn generates zinc
powder on the surface during heating and that causes
galling during press. Therefore, the addition amount of
not less than 60% is not desirable.

The present invention does not specifically define a
pre-~treatment and a post-treatment of plating, a heating ‘
method of a steel sheet during pressing and a cooling
method thereof. As a plating post-treatment, a chromate
treatment, a resin coating treatment or the like is
nominated aiming at primary rust prevention and
lubricity. However, with regard to a chromate treatment,
considering the recent regulation against hexavalent
chrome, a treatment film containing trivalent chrome,
such as electrolytic chromate or the like, is preferable.
A resin coating treatment is effective in improving
formability in general and it is particularly effective
when a part of a steel sheet is rapidly heated after
forming. When a steel sheet is heated and then formed, a
resin f£ilm is decomposed and therefore has no effect.

A method of producing an aluminum plated steel sheet

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01377

Page 441 of 1430



WO 02/103073 PCT/JP02/05978

10

15

20

25

30

35

- 30 -

is not prescribed either. Regular steelmaking conditions
and hot-rolling conditions may be applied. An aluminum
plating is carried out by the hot dip plating method
usually, but a method is not limited to it and an
electroplating in nonaqueous solvent, a vapor deposition
treatment or the like can be used. As a pre-treatment
before plating, Ni pre-plating or the like is nominated,
and it can be adopted.

A method of heating or cooling a steel sheet is not
particularly prescribed either. A heating means such as
electric heating, heating in a furnace, high-frequency
heating or the like may be adopted. Among those means,
high-frequency heating is appropriate for rapidly heating
a part of a steel sheet.

Embodiment 8

The reason why the components of a steel sheet and
the like are regulated in Embodiment 8 will be described
hereunder.

As stated above, the present invention is a
technology which secures a desired strength by forming an
aluminum plated steel sheet while hot after heating it,
cooling it immediately after that, and thus quenching it,
and the components of the steel sheet are required to
grant excellent hardenability to the steel sheet. To
meet the requirement, a C amount of not less than 0.05%,
preferably not less than 0.1%, is required. With regard
to other elements in a steel, the elements of Si, Mn, 7Ti,
B, Cr, Mo, Al, P, S, N, etc. are used as usual. Si is
effective in fatigue property, and Mn and B contribute to
the improvement of hardenability. Ti, Si, Cr, Mo and Al
are elements which improve heat resistance after aluminum
plating.

An element of an alloyed aluminum-system plated
layer, such as FeAl;, Fe,Al,, Fe,Al, Fe,Al,Si, etc. can be
generated on a surface after heating. Those phases tend
to form a multi~layered structure in a laminar manner,
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but the structures of the phases are not specifically
regulated. When the composition is mainly composed of Al
and Fe and, Si is added in an aluminum plating bath, Si
of about 5 to 10% is contained. Those elements account
for not less than 90% of the composition in total.
Further, it is determined that an aluminum plated steel
sheet is subjected to press working after the plated
layer is transformed into an alloyed aluminum-system
plated layer up to the surface by heating. This is
because, when Al remains abundantly on the surface,
weldability and after-painting corrosion resistance are
deteriorated.

With regard to the heating and cooling conditions in
the present invention, a method of heating and that of
cooling are not particularly restricted. Any one of
heating in an atmospheric furnace, induction heating,
electric heating or the like may be used. A heating rate
at this time is not restricted either. The heating rate
largely depends on the thickness and shape of a steel
sheet as a matter of course. New knowledge was obtained
that, the longer the retention time in a furnace was, the
better the plating adhesiveness during subsequent forming
was. The heating temperature is in the range roughly
from 800 to 1,200°C, preferably 900 to 1,000°C, and it is
important to retain a steel sheet within this temperature
range for about several minutes. However, the retention
time depends on temperature, and it is determined that
the retention time must be longer than the four points of
A (800°C, 13 min.), B (900°C, 6 min.), C (1,050°C, 1.5
min.) and D (1,200°C, 0.3 min.).

However, a longer retention time causes the
deterioration of the productivity in press forming. A
practically sufficient plating adhesiveness can be
obtained by a heating at 950°C for 5 to 8 min., which
condition is determined as a point of compromise. A
hardened structure is largely affected by a cooling rate
as a matter of course, and, to obtain the hardened

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01377
Page 443 of 1430



WO 02/103073 PCT/JP02/05978

10

15

20

25

30

35

- 32 -

structure, a cooling rate of not lower than 10°C/sec. is
required. This depends on steel components, and, in case
of a steel sheet having good hardenability, a desired
structure mainly composed of martensite can be obtained
even at a cooling rate of about 10°C/sec., or, in another
case, a cooling rate of about 30°C/sec. is required
depending on the steel grade.

Next, the present invention will hereunder be
explained in detail based on Examples.

Example 1

Hot dip aluminum plating was applied to pickled
steel sheets (1.8 mm in thickness) and cold-rolled steel
sheets (1.2 mm in thickness) as the materials, having
steel compositions shown in Table 1 and being produced
through regular hot-~rolling and cold-rolling processes.
Nos. 1, 3, 5, 7 and 9 in Table 1 are cold-rolled steel
sheets, and the rests are hot-rolled steel sheets. In
the hot dip aluminum plating, a line of non-oxidizing
furnace-reducing furnace type was used, a deposit amount
of plating was adjusted to 40 g/m® per one side by the
gas wiping method after plating, and, after that, the
steel sheets were cooled and subjected to a zero-spangle
treatment. The plating bath composition at the time was
Al-10%Si-2%Fe. Fe in the bath is a component unavoidably
supplied by the plating apparatus and the steel sheets in
the bath. The plating appearance was good without having
non-plating defects or the like. The hardenability and
heat resistance of the hot dip aluminum plated steel
sheets thus produced were evaluated. The evaluation
methods are shown below.

As substantial alloying process, an aluminum plated
steel sheet was heated at 950°C for 30 minutes and
thereafter cooled while inserted between dies made of
steel under a nitrogen atmosphere. The cooling rate was
100°C/sec. The exfoliation of a plated later of a steel
sheet was evaluated visually. Further, Vickers hardness
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at the cross-section of a steel sheet was measured
imposing a load of 100 g. Thereafter, a steel sheet was
subjected to a chemical treatment which was commonly used
for aluminum plating, a steel sheet and zinc plating,
coated with a cationic electrodeposition paint (Nippon
Paint Co., Ltd.; powernix 110) in the thickness of 20 um,
baked, and subjected to a salt spray test (JIS-%2371) for
20 days after being cut in a cross shape, and the
corrosion depth from the portion cut in a cross shape was

measured. Here, the depth of the cut in a cross shape

was about 50 um, Therefore, a value obtained by

subtracting 50 um from a recorded value is a true
corrosion depth. Further, for obtaining the
concentrations of Mn and Cr in an Fe-Al intermetallic
compound, the amounts of Mn and Cr were measured by
gquantitatively analyzing a specimen after quenched at 5
portions in a cross-sectlon after polished in the region
from the surface to the depth of 5 um, using an EPMA.
The evaluation results are shown in Table 2.
Evaluation criteria of heat resistance
O: No exfoliation
/A: Partial exfoliation from edges
X: Exfoliation generated
Evaluation criteria of after-painting corrosion
resistance

O: Corrosion depth not more than 80 pm

X: Corrosion depth more than 80 pm

(Each value includes the depth of a cut in a

cross shape.)

[Tables 1 and 2]
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No Chemical composition (mass%)
c Si Mn P s al N Ti Cr Mo B Tik
1/0.23|0.12{1.21|0.02{0.009/0.030.004}0.02|0.13| - |0.002 |0.76
2(0.2110.2010.81{0.02(0.007{0.05(0.004({0.22(0.20 - -~ 0.83
3/0.17]0.15[1.24[0.01(0.008/0.03(0.003|0.01|1.10] - 0.0008|1.73
410,42 0.7 2.41 /0.01 |0.009|0.01 |0.003]0.66[|0.21 - 0.001 |2.08
5|0.23|/0.31(1.54(0.02(0.007/0.050.003/0.02|0.44| - |0.002 [1.23
610.25]0.18}1.22}0.01]0.01 [ 0.0410.003/0.02|0.66]0.20)0.005 [1.29
7{0.24 (0.2 0.4110.01)0.02 |0.05(0.004{0.09(0.10(0.15(0.01 Q.47
8 10.2 0.2 |12.43(0.01(0.01 {0.04(0.003/0.09]0.21 - 0.0008|1.52
9(10.03/10.1 1.4 (0.02(0.01 [0.03[0.004|0.25|0.15 - 0.0003]1.1
10 {0.2310.1210.3 [0.011]0.008({0.05(0.003/0.03]0.23 - ~ 0.41
1110.24/0.10/0.51/0.011]0.008/0.03/0.004/0.05/0.03 = 0.0022|0.34
Note 1) Ti*: Ti + 0.5Mn + Cr + 0.5Mo
Table 2
No. |Mn + Cr amount|Heat Vickers [After-painting
resistance jhardness|corrosion registance

1 0.4 O 515 O

2 0.22 @) 480 @)

3 0.96 O 405 O

4 0.85 O 766 O

5 0.30 O 511 @)

6 0.30 O 548 O

7 0.15 O 539 )

8 0.78 ) 466 @)

9 0.44 ) 200 O

10 0.19 O 311 O

11 0.21 JAN 522 ®)

When the C amount is excessively low as in the No. 9
steel sheet, the strength lowers. In general, a value
close to material strength (MPa) is obtained by multiply
a Vickers hardness by 3, and, in this case, a strength of
only 600 MPa class at the most is obtained. When the
addition amounts of the elements effective in quenching,
such as Mn, B, etc., are small like No. 10 steel sheet,
quenching effect is not obtained even though the C amount
is large and the strength tends to decrease to some
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extent. Further, in the case where the value of Ti*: Ti
+ 0.5xMn + Cr + 0.5xMo is low like No. 11 steel sheet,
the plated layer peels off after heating and the heat
resistance tends to deteriorate to some extent. In case
of Nos. 1 to 8 steel sheets wherein the addition amounts
of the elements in the steels are properly controlled,
all of strength, heat resistance and after-painting
corrosion resistance show good results.

Next, No. 7 steel sheet of this Example in Table 1
was plated in a plating bath which mainly contained Al-
10%Si-2%Fe and in which Mn and Cr were added. The
deposit amount of the plating was 60 g/m?> per one side,
and good plating appearance was obtained. The steel
sheet was quenched with dies after heated at 900°C for 2
minutes. The cooling rate was about 100°C/sec. The
amounts of Mn and Cr in the bath at this time and the
evaluation results are shown in Table 3. When the
amounts of Mn and Cr in the intermetallic compound are
small like No 1 steel sheet, after-painting corrosion
resistance is inferior, but the corrosion resistance
improves with the increase of the addition amounts of Mn
and Cr in the plating bath. The relation between the
amounts of Mn and Cr in the intermetallic compound and
the after-painting corrosion resistance at this time are
shown in Fig. 3. It is understood that the after-
painting corrosion resistance improves with the increase
of the amounts of Mn and Cr.

[Table 3]
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Table 3
No. | Amount of element |Amount of element in After-
in bath (%) |intermetallic compound (%) |Painting

corrosion
Mn Cr Mn Cr resistance

1 0 0 0.08 0 X

2 0.1 0 0.11 0 O

3 0.2 0 0.24 0 O

4 0.4 0.05 0.51 0.08 O

5 0.6 0 0.73 0 O

6 0.8 0.1 0.75 0.14 O

Example 2

The steels having various chemical compositions as
shown in Table 4 were cast, heated again to a temperature
of 1,050 to 1,250°C, thereafter hot-rolled, pickled,
cold-rolled, annealed, subjected to a plating treatment
(aluminum plating or aluminum-zinc plating: "Galvalium®"
plating), and thereafter subjected to temper rolling at
the reduction rate of 0.8%. Further, as alloying
process, these steel sheets were heated to a temperature
of 900 to 1,000°C, retained for 5 minutes at the
temperature, thereafter subjected to press forming with
dies of the room temperature, and then subjected to the
investigation on the properties. The investigation on
material properties was carried out by cutting out the
specimens from the portions which were rapidly cooled at
the press and applying a tensile test thereto. The test
was carried out by cutting the specimens into No. 5 test
pieces according to JIS-Z2201 and following the test
method described in JIS-%Z2241. The evaluation results
are shown in Table 5.

[Tables 4 and 5]
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Table 4
;2661 clsilm| s | p | AL |m | § | N |c | B | Sn|Ti-3.40m

1 10.2200.20]1.05]0.020(0.020]0.025]0.020 l0.0024] 0.02 [ 0.02 [0.0030] - | 0.012

2 lo.21]0.15]0.9¢T0.018]0.0230.02410.02210.0035] 0.25 | 0.10 [0.0027] - | 0.010

3 10.22]0.15]0.940.018] 0,023 [0.02¢ |0.022 [0.0025] 0.01 | 0.01 [0.0027] 0.01 | 0,013

1 10.16]0.4811.70]0.009] 0.015 | 0.021]0.017(0.0025] 0.80 | 0.02 [0.0002] - | 0.008

5 10.35]0.05[1.00]0.015] 0.0120.030]0.020]0.0028] 002 | 0.01 [0.0020] - | 0.010

6 10.53]0.1011.10(0.010(0.020]0.026]0.2000.0022] 0.02 ] 0.01 [0.0010] 0.05 | 0.193

7 10.5300.1000.300.010]0.0200.03010.020]0.0020] 0.90 ] 0.02 [0.0047] - | 0.013

3 10.22]0.20]1.00]0.002]0.015]0.035]0.0050.0034] 0.02 | 0.02 [0.0005] - | ~0.007

9 10.21]0.20]1.10]0.022]0.021]0.028]0.020 10.0026] 0.00 ] 0.02 [0.0020] - | ¢.011 | !

10 10.22]0.20(2.00[0.010]0.020]0.03010.020]0.0033] 0.01 [0.01] - | - | o0.009 | ¥

11 10.350.152.10[0.012]0.0130.0230.018 [0.0028] 0.05 [ 0.01 | - [0.01] 0.008 | |,

12 10.24]0.20(2.50]0.008]0.009]0.035]0.026 [0.0035] 0.02 [ 0,01 - | - | 0.014
!
0
e
3
¥
)
2
3

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01377

Page 449 of 1430



WO 02/103073

PCT/JP02/05978

- 38 -
Table 5
Steel|Coiling({Anneal-| Kind of |[TS Heating| YP TS Bare |Aftex-—
No . temper-|ing plating [before |temper-|{(MPa) | (MPa) |corro-|paint-
ature |temper- forming|ature sion |ing
ature before resis-|corro-
forming tance |sion
resist-
(°c) (°c) (Mpa) (°C) ance
1 630 780 [Aluminum 560 950 1250 1580 e ®)
plating
610 775 Galvalium 550 950 1255 1600 o) e
plating
2 680 760 |Aluminum 550 950 1220 { 1610 o e
plating
650 780 Galvalium 558 950 1210 | 1590 ') o)
plating
3 620 730 |Aluminum 570 950 1280 | 1550 o ')
plating
630 730 Galvalium 564 950 1270 | 1540 e )
plating
4 650 830 (Aluminum 500 980 1110 | 1310 ') '®)
plating
660 840 Galvalium 508 980 1100 | 1320 @) o
plating
5 630 770 Aluminum 603 950 1480 | 1830 @) ')
plating
640 770 Galvalium 605 950 1490 1820 ®) o)
plating
6 650 775 |Aluminum 654 940 1610 | 1990 o) e
plating
660 780 Galvalium 660 940 1620 | 1980 O e)
plating
7 650 760 |Aluminum 780 910 1850 | 2100 ®) 'e)
plating
650 760 Galvalium 774 910 1820 | 2120 ') ')
plating
8 650 790 |Aluminum 553 950 750 980 e e
plating
9 630 800 |Aluminum 558 950 1210 | 1540 P o
plating
10 640 780 |Aluminum 554 950 1240 | 1580 ®) e}
plating
630 775 Galvalium| 5850 950 1230 | 1575 ) '®)
plating
11 650 760 |Aluminum 572 950 1200 | 1510 ) o
plating
650 760 Galvalium| 563 950 1205 | 1520 ') '®)
plating
12 620 730 |Aluminum 595 950 1270 | 1560 o o
plating
630 730 Galvalium| 598 950 1275 | 1570 O o
plating
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Specimens were cut out from the portions which
underwent working during press forming and bare corrosion
resistance and after-painting corrosion resistance were
evaluated as the surface properties after high
temperature forming. The bare corrosion resistance was
evaluated by subjecting the specimens to a moisture tank
test (relative humidity: 95%, temperature: 40°C) for 3
days, and the after-painting corrosion resistance was
evaluated by subjecting the specimens to a salt spray
test (JIS-22134) for 30 days after the specimens were cut
in a cross shape. A cationic electrodeposition paint was
adopted as the painting in this case and the painting

thickness was 15 um. The bare corrosion resistance was

judged from the appearance using a mark O or X, and the
evaluation criteria were: X for the occurrence of red
rust and O for no red rust. Likewise, the after-
painting corrosion resistance was judged from the
appearance using a mark O, A or X, and the evaluation

criteria were: O for blistering of not more than 2 mm,
/\ for blistering from more than 2 mm to not more than 4
mm, and X for blistering of more than 4 mm. Nos. 1 to 7
steels are the steels having the components within the
range specified in the present invention, and all steel
sheets produced on the conditions within the range
specified in the present invention can secure high
strength after high temperature forming and, moreover,
have no problem with respect to both the bare corrosion
resistance and the after-painting corrosion resistance.
Here, in case of No. 7 steel, the results of the steel
sheet produced on the conditions where the annealing
temperature deviates from the range specified in the
present invention is also shown, and, in this case, as
the strength of the steel sheet is too high, the
evaluation of the properties is not carried out
thereafter. 1In case of Nos. 8 and 9 steels, the steel
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compositions deviate from the range specified in the
present invention. As a result, in case of No. 8 steel,
the strength after high temperature forming, which is one
of the targets of the present invention, is low, and, in
the case of No. 9 steel, the bare corrosion resistance
and the after-painting corrosion resistance are not
secured.

Example 3

The steels having various chemical compositions as
shown in Table 6 were cast, heated again to a temperature
of 1,050 to 1,250°C, thereafter hot-rolled, pickled,
cold-rolled, annealed, subjected to a plating treatment
(aluminum plating or aluminum-zinc plating), and
thereafter subjected to temper rolling at the reduction
rate of 0.8%. Further, as substantial alloying process,
these steel sheets were heated to a temperature of 900 to
1,000°C, retained for 5 minutes at this temperature,
thereafter subjected to press forming with dies of the
room temperature, and then subjected to the investigation
on the properties. The investigation on material
properties was carried out by cutting out specimens from
the portions which were rapidly cooled at the press and
applying a tensile test thereto. The test was carried
out by cutting the specimens into No. 5 test pieces
according to JIS-Z2201 and following the test method
described in JIS-Z2241. The evaluation results are shown
in Table 7.

[Tables 6 and 7]
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Steel
No.

51

Mn

Al

Cr

Mo

Cr+7xMo

Remarks

0.16

0.20

0.72

0.006

0.020

0.035

0.0025

1,00

0.18

2,260

Invented
example

0.21

0.21

0.68

0.008

0.018

0.032

0.0030

0.95

0.15

2.000

0,50

0.25

0.75

0.006

0,020

0.026

0,0028

0.98

0.17

2.170

Invented
exanple
Invented
example

0.23

0.20

1.50

0.010

0.015

0.030

0.0030

0.32

0.00

0.320

Invented
example

0.22

0,45

2.20

0.009

0.010

0,038

0.0035

0.00

0.05

0.350

Invented
example

0.23

0.15

0.30

0.008

0.012

0.032

0.0026

1.90

0.00

1,900

Invented
exanmple

0.21

0.20

0.50

0.008

0.010

0.033

0.0028

0.00

0.80

5.600

Invented
example

0.22

0.21

0.65

0.006

0.015

0.032

0.0030

0,10

0.02

0.240

Invented
example

0.22

0.20

0070

0.008

0.014

0.025

0.0025

0.25

0,00

0.250

Invented
example

10

0.21

0.18

0.45

0.010

0.012

0.028

0.0025

0.00

0.03

0.210

Comparative
example

8L6S0/TOAI/LDdA
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Table 7
Steel|Coiling|Anneal~ Kind of TS Heating| YP TS |Bare |After- Remarks
No temper-|ing plating before tenper—-| (MPa) | (MPa) |corro- |paint-
ature temper~ formingature sion ing
ature bafore regis~|corro-
forming tance |sion
resist-
(°C) °c) (Mpa) (°C) ance
1 630 780 Aluminum 565 980 1080 | 1280 Te) '®) Invented
plating example
620 780 Alumninum- 560 980 1090 | 1270 o O Invented
zinc plating example
2 650 770 Aluminum 605 950 1290 ; 1560 Ie) O Invented
plating example
650 765 Aluminum- 600 950 1285 | 1580 Ie) O Invented
zinc plating example
3 635 740 Aluninum 725 930 1705 | 1890 o o) Invented
plating example
630 750 Aluminum~ 750 930 1700 | 1900 o) O Invented
zinc plating example
4 645 775 Aluminum 500 950 1390 | 1610 O Is) Invented
plating example
650 780 Aluminum- 508 950 1400 | 1600 Ie) O Invented
zinc plating example
5 630 770 Aluminum 603 950 1300 | 1550 o) O Invented
plating example
630 770 Aluminum- 605 950 1320 | 1555 O o) Invented
zinc platin example
6 650 770 Aluminum 654 950 1390 | 1620 o) O Invented
lating example
640 760 Aluminum- 660 850 1380 | 1620 o) e} Invented
zinc plating example
7 640 770 Aluminum 780 950 1320 | 1510 o O Invented
plating example
650 760 Aluminum- 774 950 1325 | 1520 o) o) Invented
zinc plating example
8 630 765 Aluminum 553 950 1320 | 1580 O o) Invented
lating example
635 760 Aluminum— 555 950 1310 { 1570 O ') Invented
zing plating! example
9 640 770 Aluminum 558 950 1340 | 1575 o) ) Invented
plating example
645 770 Aluminum- 562 950 1350 | 1585 O ®) Invented
zinc plating example
10 630 765 Aluminum 554 950 1350 | 1595 X X Comparative
plating exanmple
640 760 [Aluminum- 550 950 1330 { 1530 X X |[Comparative
zing plating example
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Specimens were cut out from the portions which
underwent working during press forming and bare corrosion
resistance and after-painting corrosion resistance were
evaluated as the surface properties after high
temperature forming. The bare corrosion resistance was
evaluated by subjecting the specimens to a moisture tank
test (relative humidity: 95%, temperature: 40°C) for 3
days, and the after-painting corrosion resistance was
evaluated by subjecting the specimens to a salt spray
test (JIS-Z2134) for 30 days after the specimens were cut
in a cross shape. A cationic electrodeposition paint was
adopted as the painting in this case and the painting

thickness was 15 um. The bare corrosion resistance was

judged from the appearance using a mark O or X, and the
evaluation criteria were: X for the occurrence of red
rust and O for no red rust. Likewise, the after-
painting corrosion resistance was judged from the
appearance using a mark O, A or X, and the evaluation
criteria were: O for blistering of not more than 2 mm,
A for blistering from more than 2 mm to not more than 4
mm, and X for blistering of more than 4 mm. Nos. 1 to 9
steels are the steels having the components within the
range specified in the present invention, and all steel
sheets produced on the conditions within the range
specified in the present invention can secure high
strength after high temperature forming, and moreover
have no problem with respect to both the bare corrosion
resistance and the after-painting corrosion resistance.
In case of the No. 10 steel, the steel composition
deviates from the range specified in the present
invention and therefore the bare corrosion resistance and
the after-painting corrosion resistance are not secured.

Example 4
Hot dip aluminum plating was applied to pickled
steel sheets (1.8 mm in thickness) and cold-rolled steel
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sheets (1.2 mm in thickness) as the materials having
steel compositions shown in Table 8 and being produced
through regular hot-rolling and cold-rolling processes.
Nos. 1, 3, 5 and 7 in Table 8 are cold-rolled steel
sheets, and the rest are hot-rolled steel sheets. In the
hot dip aluminum plating, a line of non-oxidizing
furnace-reducing furnace type was used, a deposit amount
of plating was adjusted to 80 g/m® per both sides by the
gas wiping method after plating, and, after that, the
steel sheets were cooled and subjected to a zero-spangle
treatment. The plating bath composition at the time was
Al-10%Si-2%Fe. Fe in the bath is a component unavoidably
supplied from the plating apparatus and the steel sheets
in the bath. Plating appearance was good without having
non-plating defects or the like. The properties are
shown in Table 9.

The hardenability and workability of the hot dip
aluminum plated steel sheets thus produced were
evaluated. The workability was evaluated by heating an
aluminum plated steel sheet at 950°C for 10 minutes under
the atmosphere, as substantial alloying process,
thereafter cooling it while inserting it between dies
made of steel (cooling rate: about 30°C/sec.), cooling it
to the room temperature, and thereafter subjecting it to
an impact test. Further, Vickers hardness at the cross-
section of a steel sheet was measured by imposing a load
of 100 g.

Evaluation criteria of workability

O: No exfoliation
/A\: Cracks generated
X: Powdery exfoliation generated

[Tables 8 and 9]
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Table 8
No Chemical composition (wt%)
c Si Mn P S al N Ti Cr | Mo B
1(0.23|0.12[1.21[0.02[0.009/0.03/0.004}0.02{0.13| - |0.002
20.21]0.20/0.81)|0.020.007[0.05(0.004/0.22]|0.20| - -
3/0.17]0.15(1,24|0.01(0.008/0.03]0.003]0.01|1.120] - |0.0008
4/0.23/0.31]1.54|0.02)0.007/0.05(0.003/0.02]0.44| - |0.002
510.25(0.18|1.22|0.01]0.01 [0.04 |0.003|0.02|0.66|0.20|0.005
610.24|0.2 |0.95/0.0110.02 |0.05{0.004{0.09|0.5 [0.15|0.01
7]0.2 |0.2 [2.43]0.01|0.01 |0.04|0.003/0.09]0.21| - j0.o0008
8/0.04/0.2 | 1.4 |0.02]0.01 |0.03/0.004/0.25/0.15| - [0.0003
Table 9
No. |Workability |Al amount in Fe-Al coating (%) |Vickers hardness
1 Q 15 515
2 O 15 480
3 O 15 405
4 O 15 511
5 O 15 548
6 0] 15 539
7 ) 15 466
8 ®) 15 209

When the C amount is rather low as in the No. 8
steel, the strength is rather low. In general, a value
close to the tensile strength (MPa) of a material is
obtained by multiplying a Vickers hardness by 3, and, in
this case, a strength of only 600 MPa class at the most
is obtained. In case of Nos. 1 to 7 steels, both
strength and workability show good results. The Al
amount in the Fe-Al coating layer in this case is
quantitatively analyzed using an EPMA, and the value is
around 15%. Here, the value is obtained by analyzing 5
portions in a cross—-section of a specimen after quenching
in the range from the surface to the depth of 10 um and

averaging the analysis data.

Next, No. 1 steel sheet of this Example in Table 8
was plated with a metal mainly composed of Al-10%Si-2%Fe
and the deposit amount of the plating was varied from 60
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to 200 g/m® per both sides. The samples thus obtained
were heated at 950°C under the atmosphere with the
retention time being changed, the workability was
evaluated with an impact test, and the Al amount in the
Fe-Al coating layer was measured by the method described
in the item 1 of Example 4. As shown in Table 10, the
workability depends on the Al amount in the Fe-Al coating
layer, and, when the Al amount is not more than 35%, good
workability is obtained. Further, the Al amount in the
Fe-Al coating layer depends on the deposit amount and the
retention time, and it can be understood that, the
smaller the deposit amount is and the longer the
retention time i1s, the more the diffusion proceeds and
the smaller the Al amount in the Fe-Al coating layer is.

[Table 10]
Table 10
No. |Deposit amount| Retention |Al amount in Workability
(g/m?) time Fe-Al coating (%)
1 60 0 36 JAN
2 60 1 29 O
3 60 2 17 O
4 80 0 38 X
5 80 1 35 A
6 80 2 20 O
7 120 2 42 X
8 120 4 36 X
2 120 6 15 9,
10 200 5 44 X
11 200 10 38 X
12 200 15 377 X

Example 5

Hot dip Al-Si-Mg plating was applied to pickled
steel sheets (1.8 mm in thickness) and cold-rolled steel
sheets (1.2 mm in thickness) as the materials, having
steel compositions shown in Table 11 and being produced
through regular hot-rolling and cold-rolling processes.
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A, C, E and G in Table 11 are cold-rolled steel sheets,
and the rest are hot-rolled steel sheets. In the hot dip
plating, a line of non-oxidizing furnace-reducing furnace
type was used, a deposit amount of plating was adjusted
to 40 g/m® per one side by the gas wiping method after
plating, and, after that, the steel sheets were cooled
and subjected to a zero-spangle treatment. The plating
bath composition at the time was Al-8%Si-6%Mg-1%Fe-
0.1%Ca. Fe in the bath is a component unavoidably
supplied from the plating apparatus and the steel sheets
in the bath. Plating appearance showed a spangle pattern
and was good without having non-plating defects or the
like. The production conditions in this case are shown
in Table 12.

The hardenability and corrosion resistance of the
hot dip plated steel sheets thus produced were evaluated.
The evaluation methods are described below. The hot dip
plated steel sheets were subjected to 5% tensile stress,
then heated at 950°C for 5 minutes, and, as substantial
alloying process, thereafter cooled while inserted
between steel sheets. The cooling rate was about
30°C/sec. The heat resistance was evaluated by visually
observing the specimens after cooling. Then, the bare
corrosion resistance was evaluated by subjecting the
specimens to a moisture tank test (relative humidity:
95%, temperature: 40°C) for 3 days, and the after-
painting corrosion resistance was evaluated by subjecting
the specimens to a salt spray test (JIS-Z2134) for 30
days after the specimens were cut in a cross shape. A
cationic electrodeposition paint was adopted as the
painting in this case and the painting thickness was 15
um. Further, the Vickers hardness of a steel sheet was
measured by imposing a load of 100 g.

Evaluation criteria of heat resistance

O: Good
/\: Crack-shaped patterns generated on the
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surface
X: Red scales generated
Evaluation criteria of bare corrosion resistance
O: Good
5 /A\: Red rust generated
Evaluation criteria of after-painting corrosion
resistance
©: Paint blister not more than 1 mm
O: Paint blister not more than 2 mm
10 /A: Paint blister 2 to 4 mm
X: Paint blister more than 4 mm

[Tables 11 and 12]

Table 11
Steel i
code c Si | Mn P S Al N Ti Cr | Mo | Ni B
A 10.21]|0.200.81/0.02]|0.007]0.05[0.004/0.05 |0.20] - - 10.00C5
B |0.17]0.15(1.24|0.01(0.008|0.03|0.003|0.15 |1.10]| - - |o.o008
C |0.4210.7 ]2.41/0.01/0.009,0.01/0.003|0.46 |0.21] - - |0.001
D |0.23]|0.31/1.54|/0.02[0.007|0.4 |0.003|0.24 |0.44| - - |o0.002
E 0.25)0.18]1.22/0.01]/0.01 [0.04(0.003|0.003|0.66/0.20}, — |0.005
| ¥ |0,24/0.2 |0.95/0.01]0.02 |0.05,0.004/0.001] - ]0.15/0.33/0.01
G |0.08(0.1 |1.4 }0.02]|0.01 |0.03|0.004|0.25 |0.15]| - 0.0003
H |0.24{0.10(/0.31]/0.01[0.008[0.03/0.004[0.21 |0.03| - 0.0001
15
Table 12
No.| Code of Bare After-painting vickers
applied steel |corrosion corrosion hardness
resistance resistance
1 A O ' @) 485 (0O)
2 B O O 401 (O)
3 C o O 769 (O)
4 D O O 509 (O)
5 E O ®) 544 (0O)
6 F ) @) 540 (O)
7 G O O 289 (X))
8 H ®) O 301 (X)

When the C amount is too small as in the No. 7 steel

sheet, sufficient strength is not obtained. In general,
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a value close to material strength (MPa) is obtained by
multiplying a Vickers hardness by 3, and, in this case, a
strength of only 800 MPa class at the most is obtained.
Further, when the amounts of the elements effective in

5 guenching, such as Mn, B, etc., are small as in No. 8
steel sheet, the guenching effect is not obtained even

though the C amount is large. In case of Nos. 1 to 6

steel sheets wherein the addition amounts of the elements

in the steels are properly controlled, both strength and
10 corrosion resistance show good results in either the case
of the Mn-B-system or the Mo-Cr-Ni-system.

Then, using steel E in Table 11, the relation
between the plating compositions and the properties of
the plated steel sheets was investigated with the
15 compositions in the plating bath of the hot dip plating
line being varied. The relation between the compositions
of the plated layers and the properties thereof after
plating is summarized in Table 13. Here, the Vickers

hardness was in the range from 470 to 510 in each case.

20 In case of a No. 8 steel sheet, which is of Mg-Zn-

system, corrosion resistance is poor. On the other hand,
Nos. 4 to 7 steel sheets, which are of Si-Mg-system, show
excellent corrosion resistance. Likewise, Nos. 1 to 3
steel sheets, which are of Si-Mg-Zn-system, show

25 excellent corrosion resistance.

[Table 13]
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Table 13
No. Composition of plated Bare corrosion |After—-painting
laver (mass %) resistance corrosion
Si Mg Zn Ca resistance
1 2 3 40 0.1 O ©
2 5 7 20 0.1 O ©
3 8 6 10 O ©
4 12 8 - 0.1 O ©
5 8 6 - 0.1 O ©
6 6 3 - - O ©
7 9 0.5 - - O ©
8 - 1 3 - X X
Example 6

Hot dip aluminum plating was applied to cold-rolled
steel sheets (1.2 mm in thickness) as the materials,
having a steel composition shown in Table 14 and being
produced through regular hot-rolling and cold-rolling
processes. In the hot dip aluminum plating, a line of
non-oxidizing furnace-reducing furnace type was used, a
deposit amount of plating was adjusted to 60 g/m® per one
side by the gas wiping method after plating, and, after
that, the steel sheets were cooled and subjected to a
zero-spangle treatment. The plating bath composition at
the time was AlL-10%Si-2%Fe. Fe in the bath is a
component unavoidably supplied from the plating apparatus
and the steel sheets in the bath. The plating appearance
was good without having non-plating defects or the like.
The aluminum plated steel sheets thus produced were
heated to 950°C, and, as substantial alloying process,
the workability (exfoliation resistance) of the plated
layers during air-cooling was evaluated.

At this time, the thickness of the ferrite layers
was varied by varying the heating times and heating
patterns. Working was applied by an impact test, the
exfoliation state was visually judged with the working
temperature being varied during cooling, and the
workability of the plated layers was evaluated at the
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lowest temperature where the exfoliation of a plated
layer did not occur. Here, in case of this steel, the
hardenability was good even at the cooling rate of
10°C/sec. and a structure mainly composed of martensite
was obtained even in case of air-cooling. The relation
between the thickness of the intermediate ferrite layer
and the lowest temperature where good working can be
obtained in this case is shown in Fig. 8.

As shown in Fig. 8, it is understood that, when the

thickness of a ferrite layer is not less than 2 um,

preferably not less than 4 um, the exfoliation resistance
of a plated layer improves. When the thickness of a
ferrite layer is about 0.5 um, powdery exfoliation of a
plated layer is observed even in the case of the working
at 800°C. Further, as substantial alloying process, the
workability of a plated layer depends on the deposit
amount of plating. Even though the thickness of a
ferrite layer is 2 um, when the deposit amount is 30 g/m?
per one side, the lowest temperature where good working
is obtained is about 500°C. Further, the structure of
the base steel at the time was analyzed by the
observation with an optical microscope and the subsequent
image analysis, and not less than 80% of the structure
was composed of martensite under all conditions.

[Table 14]
Table 14

C Si Mn P s Al N Ti Cr Mo B
0.36/0.21]10.65]10.02 {0.006|0.027|0.003 |0.002(1.01]0.16|0.0001

Example 7

Hot dip aluminum plating was applied to pickled
steel sheets (1.8 mm in thickness) and cold-rolled steel
sheets (1.2 mm in thickness) as the materials, having
steel compositions shown in Table 15 and being produced

~through regular hot-rolling and cold-rolling processes.
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Nos. 1, 3 and 5 in Table 15 are cold-rolled steel sheets,
and the rests are hot-rolled steel sheets. In the hot
dip aluminum plating, a line of non-oxidizing furnace-
reducing furnace type was used, a deposit amount of
plating was adjusted to 60 g/m* per one side by the gas
wiping method after plating, and, after that, the steel
sheets were cooled and subjected to a zero-spangle
treatment. The plating bath composition at the time was
Al-10%8i-2%Fe. Plating appearance was good without
having non-plating defects or the like. The hot dip
aluminum plated steel sheets thus produced were heated to
950°C, and, as substantial alloying process, thereafter
subjected to press forming at the time when the
temperature reached about 600°C while cooled by water-—
cooled dies. The exfoliation state of a plated layer at
the portion to which bending working was applied was
visually judged and the exfoliation of a plated layer was
not observed for all steel sheets. At the time, the
thickness of the ferrite layers was 10 to 20 um, and the

martensite percentage in all base steels was not less
than 80%. Here, the cooling rate was about 150°C/sec.

[Table 15]
Table 15

No. c Si | Mn P s Al N Ti Cr Mo B

1 [0.22(0.20(0.94/0.02[0.00710.025[0.003|0.22 [0.05|/0.0020.0017
2 (0.16]|0.17|0.69|0.02}0.007|0.0370.004]0.002]0.98| 0.17 |0.0001
3 |0.20|0.20/0.67/0.02/0.006| 0.033|0.003|0.002]|0.96| 0.17 |0,0002
4 |0.22]0.15/0.88)0.03)/0.007 ] 0.022)0.004]0.55 ]0.12| 0.01 ]0.0005
5 |0.25]|0.55(0.72[0.02[0.009(0.025 /0.003(0.31 |0.58| 0.12 |0.0020
Example 8

Hot dip aluminum plating was applied to cold-rolled
steel sheets (1.2 mm in thickness) as the materials,
having a steel composition shown in Table 16 and being
produced through regular hot-rolling and cold-rolling
processes. In the hot dip aluminum plating, a line of
non-oxidizing furnace-reducing furnace type was used, the
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deposit amounts of plating were adjusted to 30 to 80 g/m?
per one side by the gas wiping method after plating, and,
after that, the steel sheets were cooled and subjected to
a zero-spangle treatment. The plating bath composition
at the time was Al-10%Si-2%Fe. Fe in the bath is a
component unavoidably supplied from the plating apparatus
and the steel sheets in the bath. Plating appearance was
good without having non-plating defects or the like.

The hardness after quenching, the thickness of the
intermetallic compounds, weldability, heat resistance and
after-painting corrosion resistance of the aluminum
plated steel sheets thus produced were evaluated. The
quenching was applied by heating a steel sheet at 950°C
for 0.5 to 20 minutes in the atmosphere, and, as
substantial alloying process, thereafter pressing the
steel sheet in the state of a plane sheet with dies and
cooling it. At the time, the cooling rate was about
300°C/sec. By so doing, gquenched steel sheets having
alloy layers different in thickness and alloyed up to the
surface were obtained by changing the deposit amounts and
heating times. Here, the appearance of all steel sheets
was almost homogenous. The evaluation methods and the
evaluation criteria of the properties are shown below.

{Table 16]
Table 16

Nunmber C Si Mn P S Al N Ti Cr Mo B

1 0.22]10.2010.94{0.02 |[0.007]| 0.025 (0.003]0.22 |0.05[0.002(0.0017

[Hardness ]

Vickers hardness was measured at the center portion
in the cross-section of a steel sheet by imposing a load
of 100 g.

[Thickness of intermetallic compound]

The thickness of an intermetallic compound was
measured by observing the cross-section of a steel sheet
using a microscope, then etching it with 2% nitral, and
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thereafter analyzing the structure using an EPMA. An
example of the analysis is shown in Fig. 9. The
reference numeral 1 shows the layer composed of Al:
26.85%, Si: 9.83%, Fe: 59.92%; the reference numeral 2
the layer composed of Al: 49.54%, Si: 3.11%, Fe: 44.87%;
the reference numeral 3 the layer composed of 2Al: 30.75%,
Si: 8.88%, Fe: 56.91%; and the reference numeral 4 the
layer composed of Al: 9.59%, Si: 2.92%, Fe: 84.02%.
[Weldability]
Spot weldability was evaluated on the following

conditions:

Electrode; Dome electrode made of alumina

dispersed copper and having an electrode tip of 6¢-40R,

Pressure; 600 kgf,

Welding current; 10 kA,

Welding time; 12 cycles (60 Hz).
Evaluation criteria

O: Consecutive spot welding of more than 2,000

cycles

/A: Consecutive spot welding of 1,200 to 2,000
cycles

X: Consecutive spot welding of less than 1,200
cycles

[After~painting corrosion resistance]

A steel sheet was subjected to a chemical treatment
for about 2 minutes in a chemical treatment liguid, which
was commonly used for aluminum plating a steel sheet and
zinc plating, then coated with a cationic

electrodeposition paint of 20 um in thickness, baked at

140°C for 20 minutes, and thereafter subjected to a salt
spray test for 20 days after cut in a c¢cross shape, and
the after-painting corrosion resistance was judged by the
corrosion depth at the portion cut in a cross shape.
Here, the depth of the cut in a cross shape with a cutter

was about 50 um. Therefore, a value obtained by

subtracting 50 um from a measured value is a true
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corrosion depth.
The evaluation results are summarized in Table 17.
Evaluation criteria

O: Corrosion depth not more than 80 pm

X: Corrosion depth more than 80 um

[Table 17]
Table 17
No. | Thickness of |Hardness of Spot After-painting
alloy layer |base material |weldability|corrosion
~(um) (HV) resistance
1 2 397 O X
2 5 395 ©) O
3 10 399 O )
4 17 401 O @)
5 25 398 AN O
6 32 399 AN S,
7 38 397 X O

As shown in Table 17, when the thickness of an alloy
layer is small, the steel sheet tends to be excellent in
spot weldability but to be inferior in after-painting
corrosion resistance. When the thickness is too thin
like No. 1 steel sheet, the steel sheet is inferior in
after-painting corrosion resistance, and when the
thickness is too heavy like No. 7 steel sheet, the steel
sheet is inferior in spot weldability. In case of Nos. 5
and 6 steel sheets too, the steel sheets tend to be
inferior in spot weldability. Therefore, when spot
weldability is regarded as important, it is desirable to
make the thickness of an alloy layer rather thin.

Example 9

Steel sheets made of the steels shown in Table 18
were plated with a metal mainly composed of Al-10%Si-
2%Fe, and good plating appearance was obtained. The
thickness of the alloyed layers after guenched on the
same conditions as the item 1 of Example 7 was measured
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and the values were within the range from 8 to 15 um.
With respect to those steel sheets, the same evaluation
items as the item 1 of Example 7 were evaluated. As a
result, all of the steel sheets obtained the evaluation
results which correspond to the evaluation rank O of
Example 1, and showed good weldability and good after-
painting corrosion resistance.

[(Table 18]
Table 18
No. C Si Mn P S Al N Ti Cr Mo B
1 0.22|0.20/0.94|10.02(0.007(0.025 |0.003[0.22 |0.05|0.002|0.0017
2 0.160.17/0,69]0.02 |0,007| 0,037 (0.00410.002|0,98(0.17 (0.0001
3 0.20(0.20]0.67]0.02 0.006| 0.033 |0.003(0.002 0.96 0.17 |0.0002
4 0.36)0.21)0.65(/0.020.006] 0,027 10.003)0.002(1.01/0.16 |0.0001
5 0.2210.15/0.88|0.03 (0.007{0.022 |0.004|0.55 |0.12!0.01 [0.0005
6 0.25(0.55|0,72|0.02 10,009/ 0,052 ]0.003|0.31 |0.58|0.12 |[0.0020
7 0.2310.18{0.21/0.03/0.007| 0.025 10.003(0.27 |0.03{0.01 {0.0022

Example 10

Hot dip aluminum plating was applied to cold-rolled
steel sheets (1.2 mm in thickness) as the materials
having a steel composition shown in Table 19 and being
produced through regular hot-rolling and cold-rolling
processes. In the hot dip aluminum plating, a line of
non-oxidizing furnace-reducing furnace type was used, a
deposit amount of plating was adjusted to 60 g/m® per one
side by the gas wiping method after plating, and, after
that, the steel sheets were cooled and subjected to a
zero-spangle treatment. The plating bath composition at
the time was Al-10%5i-2%Fe. Fe in the bath is a
component unavoidably supplied from the plating apparatus
and the steel sheets in the bath. The plating appearance
was good without having non-plating defects or the like.
The hot dip aluminum plated steel sheets thus produced
were heated in the atmosphere, then retained at wvarious
temperatures, and formed into the shape shown in Fig. 10.
At the time, the steel sheets were cooled with water-
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cooled dies. The heating rate was about 5 to 10°C/sec.,
and the cooling rate was, though it varied with the
portions, about 100°C/sec. at a portion where cooling
rate was high and about 20°C/sec. at a portion where

5 cooling rate was low. The workability (exfoliation
resistance) of a plated laver at the time was evaluated.
The exfoliation of the plated layers was formed in a
shape of streak or in a shape of spot on the compressed
surface. The relation between the heating conditions and

10 the state of the exfoliation of the plated layers is
shown in Table 20. Further, the heating conditions
according to the present invention are shown in Fig. 11.

[Tables 19 and 20]

15 Table 19
c Si | Mn P i S a1l N i Cr Mo B
0.2410.2110.95 0.02|0.006 0.027 |0.003|0.002(1.01|/ 0.16 [0.0018
Table 20
No. | Heating temperature |[Heating time|Adhesiveness
(°e) (min.)
1 800. 20 JAN
2 850 15 ®,
3 900 13 O
4 950 8 O
5 1000 6 O
6 1050 4 O
7 1100 2 O
8 900 5 X
9 1000 2 X

Evaluation criteria of adhesiveness
20 O: No exfoliation of plated layer
/A\: Cracks generated partially in plated layer
X: Exfoliation of plated layer generated
As shown in Table 20, the adhesiveness 1is not
regarded yet as perfect even after heating for 20 minutes
25 when the temperature is as low as 800°C as substantial
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alloying process. When a heating temperature rises, good
adhesiveness is obtained with a retention time of not
more than 10 minutes. Adhesiveness is still insufficient
when the retention time is 5 minutes at 900°C, or 2

5 minutes at 1,000°C as substantial alloying process.

Industrial Applicability

As stated above, the present invention provides a
hot press method for forming a high-strength automotive
10 part, and will greatly contribute to the weight reduction
of an automobile in the future.
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CLATMS

1. A high-strength alloyed aluminum-system plated
steel sheet excellent in after-painting corrosion
resistance, characterized by having an Fe-Al-system
coating containing Mn and Cr of more than 0.1% in total
on the surface of the steel sheet.

2. A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance, characterized by having an
Fe-Al~system coating containing, in mass, Mn and Cr of
more than 0.1% in total on the surface of the steel
containing, in mass, C: 0.05 to 0.7%, Si: 0.05 to 1%, Mn:
0.5 to 3%, P: not more than 0.1%, S: not more than 0.1%
and Al: not more than 0.2%, and, in addition, one or more
element(s) selected from among Ti: 0.01 to 0.8%, Cr: not
more than 3% and Mo: not more than 1%, so as to satisfy
the following expression (1):

Ti + 0.5xMn + Cr + 0.5xMo > 0.4 ... 1

3. A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to claim 2,
characterized in that the steel further contains, in
mass, one or more element(s) selected from among N: not
more than 0.1%, Nb: not more than 0.1%, V: not more than
0.1%, Ni: not more than 1%, Cu: not more than 1%, B:
0.0003 to 0.03%, Sn: not more than 0.1% and Sb: not more
than 0.1%.

4, A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to claim 1,
characterized in that the steel contains, in mass, C:
0.15 to 0.55%, Si: not more than 0.5%, Mn: 0.2 to 3%, P:
not more than 0.1%, S: not more than 0.04%, Al: 0.01 to
0.1% and N: not more than 0.01%, and also one or more
element(s) selected from among B: 0.0002 to 0.0050%, Ti:
0.01 to 0.8%, Cr: not more than 2%, Mo: not more than 1%,

Ni: not more than 1%, Cu: not more than 0.5% and Sn: not
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more than 0.2%.

5. A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to any one of
claims 1 to 4, characterized in that the Fe-Al-system
coating further contains Si of 1 to 20%.

6. An alloyed aluminum-system plated steel sheet
for high-strength automotive members according to any one
of claims 1 to 5, characterized in that Al concentration
in the Fe-~Al-system coating layer is not more than 35% in
weight.

7. A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to any one of
claims 1 to 6, characterized in that the Fe-Al-system
coating further contains either one or both of Zn: 1 to
50% and Mg: 0.1 to 10%.

8. A high-strength alloyed aluminum-system plated
steel sheet excellent in heat resistance and after-
painting corrosion resistance according to any one of
claims 1 to 7, characterized in that the thickness of £he

Fe-~-Al-system coating layer is 3 to 35 um.

9. An alloyed aluminum-system plated steel sheet
for high-strength automotive members, characterized by
having: a coating layer mainly composed of Fe-Al on the
surface of the steel sheet; a ferrite layer having a

thickness from not less than 2 pm to not more than one

tenth of the steel sheet thickness at the underside of
the coating layer; and the base steel mainly composed of
martensite at the underside of the ferrite layer.

10. An alloyed aluminum-system plated steel sheet
for high-strength automotive members according to claim
9, characterized in that the alloyed aluminum-system
plated layer on the surface of the steel sheet and the
ferrite layer at the underside of the intermetallic
compound layer contain Si.
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11. An alloyed aluminum-system plated steel sheet
for high-strength automotive members according to claim 9
or 10, characterized in that the hardness of the ferrite
phase is not higher than 200.

5 12. A high-strength automotive part formed by press
forming, at least a portion of which is composed of a
steel according to any one of claims 1 to 11.

13. A high-strength automotive part according to
claim 12, characterized by having a coated film 1 to 200

10 um in thickness on at least a part of the surface.

14. A hot press method for a high-strength
automotive member, wherein, when the automotive member is
produced by a hot press using a steel sheet produced by
plating a steel containing C of not less than 0.05% in
15 weight as a steel component with a metal mainly composed
of Al, the member is formed by press forming after heated
on the heating condition of the longer time period side
than the following regions, A, B, C and D, and at least a
part of the member is cooled at a cooling rate of not

20 lower than 10°C/sec.:

A (800°C, 13 min.), B (900°C, 6 min.), C
(1,050°¢, 1.5 min.), D (1,200°C, 0.3 min.).
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=== (57) Abstract: 'I'he invention relates to a method for the production of press-hardened components, more particularly press-hardened
—— components of the bodywork of an automobile, consisting of a semi-finished product (2) made of non-hardened, sheet steel which
=i Can be deformed when warm, in addition Lo a press-hardened component produced according to said method. The inventive method

< consists of several steps. The semi-finished product (2), which is pre-coated with a first coating (33), is used to form a component

blank (10) in a cold-forming method, especially a drawing process. The edge-side of the component blank (10) is cut to form an edge
€ contour (12') approximately corresponding to the component (1) which is to be produced. The cut component blank (17) is heated
=¥ and is press-hardened in a warm forming tool (23), whereupon the press-hardened component blank (18) is provided with a second
anti-corrosion coating (34) in a coating step.

(57) Zusammenfassung: Die Erfindung betrifft ein Verfahren zur Herstellung von pressgehirteten Bauteilen, insbesondere eines
Karosseriebauteils, aus einem Halbzeug (2) aus ungehértetem, warm umformbaren Stahlblech, sowie ein nach diesem Verfahren her-
& gestelltes pressgehirtetes Bauteil. In dem Verfahren werden verschiedene Verfahrensschritte ausgefithrt. Aus dem mit einer ersten
Schicht (33) vorbeschichteten Halbzeug (2) wird durch ein Kaltumformverfahren, insbesondere ein Ziehverfahren, ein Bauteil-Roh-
ling (10) geformt. Der Bauteil-Rohling (10) wird randseitig auf eine dem herzustellenden Bauteil (1) ndherungsweise entsprechende
Randkontur (12°) beschnitten. Der beschnittene Bauteil-Rohling (17) wird erwirmt und in einem Warmumform-Werkzeug (23)
pressgehdrtet, anschlieBend wird der pressgehirtete Bauteil-Rohling (18) in einem Beschichtungsschritt mit einer zweiten vor Kor-
g rosion schiitzenden Schicht (34) iiberzogen.
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Pressgehdrtetes Bauteil und Verfahren zur Herstellung

eines pressgsgehdrteten Bauteils

Die Erfindung betrifft ein pressgehdrtetes Bauteil sowie ein
vVerfahren zur Herstellung eines pressgehlrteten Bauteils ge-

méfs den Oberbegriffen der unabhangigen Anspriuche.

An Steifigkeit und Festigkeit von Karosseriebauteilen werden
im Fahrzeugbau zunehmend hohe Anforderungen gestellt. Gleich-
zeitig wird jedoch im Interesse einer Gewichtsminimierung ei-
ne Verringerung der Materialdicke angestrebt. Eine L&sung zur
Erfiillung der widersprichlichen Anforderungen bieten hochfes-
te und hdéchstfeste Stahlwerkstoffe, welche die Herstellung
von Bauteilen mit sehr hohe Festigkeiten bei gleichzeitiger
geringer Materialdicke ermdglichen. Durch eine geeignete Wahl
von Prozegsparametern wahrend eines bei diesen Werkstoffen
iblichen Warmumformens kdnnen Festigkeits- und Zahigkeitswer-

te eines Bauteils gezielt eingestellt werden.

Ein solcher Werkstoff ist z.B. der von der Firma Usinor unter
dem Handelsnamen Usibor 1500 vertriebene vorbeschichtete
Borastahl. Der Stahl ist mit einer AlSi-Beschichtung versehen,
die unter anderem im Rahmen der spatere WArmebehandlung vor-

teilhafte korrosionshemmende Eigenschaften zeigt.
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Zur Herstellung eines solchen Bauteils mit Hilfe der Warmum-
formung wird zundchst aus einem Coil eine Platine ausge-
schnitten, die anschliefend oberhalb der Geflgeumwandlungs-
temperatur des Stahlwerkstoffs, oberhalb derer das Werkstoff-
geflige im austenitischen Zustand vorliegt, erwadrmt, im exr-
wdrmten Zustand in ein Umformwerkzeug eingelegt und in die
gewlinechte Bauteilform umgeformt und unter mechanischer Fi-
xierung des gewlinschten Umformzustands abgeklhlt, wobeili eine

Vergltung bzw. Hartung des Bauteils erfolgt.

Oftmals wird das Bauteil vor der elgentlichen Warmumformung
einem Vorformschritt oder einem Beschneidungsschritt unterzo-
gen. Dies ist beispielsweise in der DE 101 49 221 C1l be-
schrieben. Ein solches Verfahren kann jedoch Probleme hin-
gichtlich der Korrosgion zur Folge haben, dé eine Ublicherwei-
se aufgebrachte Bandbeschichtung beim Vorformen beschidigt
wird. Ein Ubliches Vorformen und Beschneiden der Bauteile be-
gonders bei vorbeschichteten hochfesten Stahlen wie Usi-

boxr 1500 PC, welcher eine AlSi-Begchichtung aufweist, wird

daher unterlassen.

Aufgabe der Erfindung ist, ein pressgehirtetes Bauteil sowie
ein Herstellverfahren flr pressgehdrtete Bauteile anzugeben,
welches einen sicheren Xorrosionsschutz £f£lUr wvorbeschichtete,

warm umformbare Stdhle ermdglicht.

Die Aufgabe wird erfindungsgemafs mit den Merkmalen der unab-

héngigen Anspriiche 1, 2 und 8 geldst.

Eine erste Ausfihrungsform des erfindungsgeméfen Verfahrens
zur Herstellung von pressgehdrteten Bauteilen umfasst die
folgenden Verfahrensschritte: aus dem vorbeschichteten Halb-
zeug wird durch ein Kaltumformverfahren, insbesondere ein

Ziehverfahren, ein Bautell-Rohling geformt; der Bauteil-
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Rohling wird randseitig auf eine dem herzustellenden Bauteil
ndherungsweise entsprechende Berandungskontur beschnitten;
der beschnittene Bauteil-Rohling wird erwdrmt und in einem
Warmumform-Werkzeug pressgehartet; der pressgehartete Bau-
teil-Rohling wird in einem Beschichtungsschritt mit einer vor

Korrosion schiitzenden Schicht tiberzogen.

Diese Ausgestaltung der Erfindung ermdglicht einerseits, den
Bauteil-Herstellungsprozess so zu gestalten, dass auf die
verfahrenstechnisch aufwidndige und kostenintensive abschlie-
Bende BReschneiden des gehdrteten Bauteills verzichtet werden
kann. Die Randbereiche werden daher bereits im ungeharteten
Zustand des Bauteils abgeschnitten und nicht erst - wie her-
kémmlicherweise beim Warmumformen dublich - nach dem Erwar-
mungs- und Harteprozess. Indem das Werkstlck bereits im wei-
chen Zustand beschnitten wird, sind wesentlich geringere
Schneidkré&fte als zum kalten Schneiden gehirteter Werkstoffe
erforderlich, was zu eilnem verminderten Werkzeugverschleifl
und zu einer Reduktion der Instandhaltungskosten der Schneid-
werkzeuge flUhrt. Weiterhin wird beim Beschneiden des hochfes-
ten Werkstoffs im ungehdrteten Zustand die Gefahr einer
schnellen Rissbildung aufgrund der hohen Kerbempfindlichkeit

dieser Werkstoffe erheblich reduziert.

Die auf dem Halbzeug vorgesehene Vorbeschichtung vermeidet
ein Verzundern des beschnittenen Bauteil-Rohlings bei dem
Harteprozess, und die Anforderungen an eine inerte Atmosphire
beim Harten kdénnen verringert werden. AuRerdem verhindert die
Vorbeschichtung eine Entkohlung des Werkstoffs beim HArten.
Nach dem HArteprozess wird erfindungsgemif? eine weitere wvor
Korrosion schiitzende Schicht aufgebracht, so dass das Bauteil

vollstandig, also auch an den Kanten, beschichtet ist.
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In einer weiteren Ausfihrungsform des erfindungsgeméfien Ver-
fahrens zur Herstellung von pressgehdrteten Bauteilen werden
die folgenden Verfahrensschritte durchgefthrt: das mit einer
ersten Schicht vorbeschichtete Halbzeug wird erwdrmt und in
einem Warmumform-Werkzeug pressgehdrtet; der auf diese Weise
erzeugte Bauteil-Rohling wird randseitig auf eine dem herzu-
stellenden Bauteil entsprechende Berandungskontur beschnit-
ten; der pressgehdrtete, beschnittene Bauteil-Rohling wird in
einem Beschichtungsschritt mit einer =zweiten vor Korrosion

gchlitzenden Schicht Uberzogen.

In dieser Ausflihrungsform erfolgt das Beschneiden des gehir-
teten Bauteilils vorzugswelse mit Hilfe eines Laser- oder des
Wasserstrahl-Schneideverfahrens, durch die ein hochwertiger
Beschnitt der Bauteillkanten erreicht werden kann. bas nach-
folgende Aufbringen der zweiten Korrosionsschutzschicht
stellt sicher, dass das RBauteil auch im Bereich der beschnit-

tenen Rander gegen Korrosion geschitzt ist.

Wird die Schicht mit einem Feuerverzinkungs-Verfahren auf den
pressgehidrteten Bautell-Rohling aufgebracht, kann eine vor
Korrosion schiitzende Schicht aus Zink in einem geeignet in
einen Fertigungsprozess integrierbaren Beschichtungsverfahren

aufgebracht werden.

Wird die Schicht mit einem thermischen Diffusions-Verfahren
auf den pressgeharteten Bauteil-Rohling aufgebracht, kann ein
gut steuerbares Verfahren eingesetzt werden, mit dem vorzugs-
weise eine Schicht aus Zink oder einer Zinklegierung aufge-
bracht werden kann, das auch flUr komplexe Bauteil-Geometrien
und zur Kantenschichtung geeignet ist. Die Schichtdicke kann
gezielt zwischen einigen pm und Uber 100 um eingestellt wexr-
den. BEine thermische Belastung des Bauteils ist gering. Bau-

teile kOGnnen unabhidngig wvon ihrer Grdéffe, den Abmessungen,
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Konfiguration, Komplexitdt und Gewicht beschichtet werden.
Eine Reinigung vor dem Beschichtungsschritt mit einer Tro-
ckenreinigung, insbesondere ein Strahlen des pressgehlrteten
Bauteil-Rohlings mit Glaspartikeln oder Zinkpartikeln, kann
entfallen, da durch die Vorbegchichtung ein Verzundern des
Bauteil-Rohlings bei der Warmumformung im wesentlichen unter-
bleibt. Dadurch wird ein Prozessschritt eingespart; zusitz-
lich wird vermieden, dass ein zwar dgeringer, aber mbglicher-
weise stdrender Bauteilverzug durch eln Strahlen der Bauteile

mit Partikeln entsteht.

Bei einer Vorbeschichtung mit einer aluminiumhaltigen
Schicht, wvorzugsweise aug AlSi, und einer =zinkhaltigen Be-
schichtung ergibt sich eine gute Haftung zwischen den beiden
Beschichtungen. Zusatzlich ergibt sich ein guter Schutz des
Werkstoffs gegen Wasserstoffversprddung, gegen die insbeson-
dere Zink den Werkstoff schliitzen kann. Die =zweite Schicht,
die auf die erste S8Schicht der Vorbeschichtung aufgebracht
ist, sorgt flir eine Kantenbeschichtung und fir eine Beschich-
tung solcher Bexeiche, beil denen die erste Schicht der Vorbe-
gchichtung =z.B. bei der Vor-Umformung abgeplatzt ist oder

durch zu hohe Reibung rissig wurde.

Wird der Bauteil-Rohling nach dem Beschichtungsschritt wvon
Rickstanden gereinigt, beispielsweige mit Ultraschall, und
passiviert, wird eine Oberfl&che gebildet, die einen guten
Haftgrund fir Beschichtungen, insbesondere CGrundierungen wvon

Lacken oder Lacke selbst, ergibt.

Vorteilhaft wird der Bauteil-Rohling nach dem Beschichtungs-
gchritt getempert. Besonders vorteilhaft ist, wenn dexr Rau-
teil-Rohling mit einer =zinkhaltigen Schicht beschichtet ist,
da an der Oberflache ein Oxid gebildet wird, welches als

Haftgrund geeignet ist.
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Ein erfindungsgemifRes pressgehdrtetes Bauteil, insbesondere

ein Karosseriebauteill, aus einem Halbzeug aus ungehirtetem

warm umformbaren Stahlbkblech, ist nach zumindest einer der

Weiterbildungen des erfindungsgemifien Verfahrens hergestellt.

Ein solches Bauteil ist besonders geeignet mit einer entspre-

chenden Serienfertigung in groffen Stlckzahlen herstellbar und

verbindet eine vorteilhafte GCewichtsminderung des Bauteils

mit einem ausgezeichneten Korrosiomsschutz.

Weitere Vorteile und Ausgestaltungen der Erfindung sind den

weiteren Ansprlichen und der Beschreibung zu entnehmen.

Im folgenden ist die Erfindung anhand eines in einer Zeich-

nung dargestellten Ausfihrungsbeispiels ndher erliutert.

Dabei zeigen:

Fig.

Fig.

Fig.

1l ein Verfahrensschema des erfindungsgeméffen Verfahrens

2

3

eines pressgeharteten Bauteils mit la: Zuschneiden
der Platine (Schritt I); 1b: Kaltumformung (Schritt
II); 1lc: Beschneiden der Rander (Schritt III); 1d:
Warmumformung (Schrxritt IV); le: Beschichtung (Schritt
V); 1f: alternatives Verfahren zu Beschichtung
(8chxitt V') ;

perspektivische Ansichten ausgewdhlter Zwischenstufen
bei der Herstellung eines Bauteils mit 2a: ein vorbe-
schichtetes Halbzeug; 2b: ein daraue geformter Bau-
teil-Rohling; 2c: ein beschnittener Bauteil-Rohling;
2d: ein beschichteter Bauteil-Rohling;

einen alternativen Verfahrensablauf zur Herstellung
eines pressgehdrteten Bauteils mit la: zZuschneiden
der Platine (Schritt I); 1b: Warmumformung (Schritt
II’); lc: Beschneiden der Ré&nder (Schritt IITI’); 1d:
Beschichtung (Schritt IV’).
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Die Figuren la bis le zeigen schematisch ein erfindungsgema-
Beg Verfahren zur Hersgtellung eines rdumlich geformten,
pressgehdrteten Bauteilils 1 aue einem Halbzeug 2. Im vorlie-
genden Ausfihrungsbeispiel wird als Halbzeug 2 eine Platine 3
verwendet, welche aus einem abgewickelten Coil 5 ausgeschnit-
ten wird. Alternativ kann als Halbzeug 2 auch ein Verbund-
blech zum Einsatz kommen, wie es z.B. in der DE 100 49 660 Al
beschrieben ist und das aus einem Basisblech und mindestens
einem Verstlrkungsblech besteht. Weiterhin kann als Halbzeug
2 auch ein Taylored Blank verwendet werden, welches aus meh-
reren zusammen dgeschweifiten Blechen unterschiedlicher Materi-
alstirke und/oder unterschiedlicher Materialbeschaffenheit
besteht. Alternativ kann das Halbzeug 2 ein durch ein belie-
biges Umformverfahren hergestelltes dreidimensionai geformtes
Blechteil sein, welches mit Hilfe des erfindungsgemdfRen Ver-
fahrens eine weitere Umformung sowie eine Festigkeits-

und/oder Steifigkeitserhdhung erfahren soll.

Das Halbzeug 2 besteht aus einem ungehfrtetem, warm umformba-
ren Stahlblech. Ein besonders bevorzugter Werkstoff ist ein
borhaltiger Verglutungsstahl, z.B. Usibor 1500, Usibor 1500 P
oder Usibor 1500 PC, welche von der Firma Usinor unter diesen

Handelsnamen vertrieben werden.

In einem ersten Prozessschritt I wird die Platine 3 (Fig. 1la)
aus einem abgewickelten und gerade gerichteten Abschnitt ei-
nes Coils 5 aus einem vorbeschichteten, warm umformbaren
Blech ausgeschnitten. Vorzugsweise ist die Beschichtung eine
Beschichtung aus Aluminium oder einer Aluminiumlegierung,
insbesondere einer siliziumhaltigen Aluminiumlegierung Alsi.
Der warm umformbare Werkstoff befindet sich zu diesem Zeit-
punkt in einem ungehdrteten Zustand, so dass Platine 3 prob-

lemlogs mit Hilfe konventioneller mechanischer Schneidmittel
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4, z.B. einer Hubschere, ausgeschnitten werden kann. Im GrofZ-
serieneinsatz erfolgt das Zuschneiden der Platine 3 vorteil-
hafterweise mit Hilfe einer Platinenpresse 6, welche eine au-
tomatigierte zZufithrung des Coils 5 und ein automatisches Aus-
stanzen und Abfihren der ausgeschnittenen Platine 3 gewahr-
leistet. Die auf diese Weise ausgeschnittene Platine 3 ist in
Fig.2a in einer sgchematischen perspektivischen Ansicht darge-

stellt.

Die ausgeschnittenen Platinen 3 werden auf einem Stapel 7 ab-
gelegt und in gestapelter Form einer Kaltumformstation 8 zu-
geflhrt (Fig. 1b). Hier wird in einem zweiten Prozessschritt
ITI aus der Platine 3 mit Hilfe des XKXaltumform-Werkzeugs 8,
_beispielsweisg einem zweistufigen Tiefziehwerkzeug 9, ein
Bauteil-Rohling 10 geformt. Tﬁn>eine qualitativ hochwertige
Ausformung der Bauteilgeometrie gewdhrleisten zu konnen,
weist die Platine 3 Randbereiche 11 auf, die Uber eine AuRen-
kontur 12 des zu formenden Bauteils 1 hinausragen. Im Rahmen
dieses Kaltumformprozesses (Prozesssgchritt II) wird der Bau-
teil-Rohling 10 endkonturnah ausgeformt. Unter ,endkonturnah®
soll dabei verstanden werden, dass diejenigen Teile der Geo-
metrie des fertigen Bauteils 1, welche mit einem makroskopi-
gchen Materialfluss einhergehen, nach Abgchluss des Kaltum-
formprozesses vollstadndig in den Bauteil-Rohling 10 einge-
formt sind. Nach Abschluss des Kaltumformprozesses sind somit
zur Herstellung der dreidimensionalen Form des Bauteils 1 nur
noch geringe Formanpassungen notwendig, welche einen minima-
len (lokalen) Materialfluss erfordern; der Bauteil-Rohling 10

ist in Fig. 2b dargestellt.

Je nach Komplexitdt des Bauteils 1 kann die endkonturnahe
Formgebung in einem einzigen Tiefziehschritt erfolgen, oder
sie kann mehrstufig erfolgen (Fig. 1b). AnschlieRBend an den

Kaltumformprozess wixrd der Bauteil-Rohling 10 in eine
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Schneidvorrichtung 15 eingelegt und dort beschnitten (Pro-
zessschritt III, Fig. 1c). Der Werkstoff befindet sich zu
diesem Zeitpunkt immer noch im ungehlrteten Zustand, daher
kann das Beschneiden mit Hilfe konventioneller mechanischer
Schneidmittel 14, wie etwa Schneidmesser, Abkant- und/oder

Stanzwerkzeugen, erfolgen.

Flir das Beschneiden kann, wie in Fig. 1c gezéigt, eine sepa-
rate Schneidvorrichtung 15 vorgesehen sein. Alternativ kdnnen
die Schneidmittel 14 in die letzte Stufe 9’ des Tiefziehwerk-
zeugs 9 integriert sein, so dass in der letzten Tiefziehstufe
9 zusatzlich zu der Fertigformung des Blechteil-Rohlings 10

auch das randseitige Beschneiden erfolgt.

Durch den Xaltumformprozess und daé Begchneiden (Prozegs-
schritte II und III) wird aus der Platine 3 ein endkonturnah
beschnittener Rauteil-Rohling 17 hergestellt der sowochl in
Bezug auf seine dreidimensionale Form als auch in Bezug auf
geine Randkontur 12’ nur wenig von der gewlnschten Form des
Bauteils 1 abweicht. Die abgeschnittenen Randbereiche 11 wer-
den in der Schneidvorrichtung 15 abgefihrt; der Bauteil-
Rohling 17 (Fig. 2¢) wird mit Hilfe eines Manipulators 19 aus
der Schneidvorrichtung 15 entnommen und dem nachsten Prozess-

schritt IV zugefiihrt.

In einer besonders vorteilhaften Alternative sind die Pro-
zegsgechritte II und III in einer einzigen Bearbeitungsstation
integriert, in der das Umformen und Schneiden vollautomatisch
vorgenommen wird. Die Entnahme des Bauteil-Rohlings 17 aus
der Bearbeitungsstation kann automatisiert erfolgen oder es
kann eine manuelle Entnahme und Abstapelung der Bauteil-

Rohlinge 17 erfolgen.
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In dem folgenden Prozessgschritt IV (Fig. 1d) wird der be-
schnittene Bauteil-Rohling 17 einer Warmumformung in einem
Warmumformbereich 26 unterzogen, im Rahmen derer er auf eine
endglltige Form des Bauteils 1 ausgeformt und gehirtet wird.
Der besgschnittene Bauteil-Rohling 17 wird von einem Manipula-
tor 20 in einen Durchlaufofen 21 eingelegt, wo er auf eine
Temperatur erhitzt wird, die oberhalb der Geflgeumwandlungs-
temperatur in den austenitischen Zustand liegt; je nach
Stahlsorte entspficht dies einer Erhitzung auf einé Tempera-
tur zwischen 700°C und 1100°C. Fir einen bevorzugten Werk-
stoff eines borhaltigen Stahls, insbesondere Usibor 1500P,
ist ein glUnstiger Bereich zwischen 900°C und 1000°C. Die At-
mosphare des Durchlaufofens kann durch Zugabe eines Schutzga-
ses inertisiert werden, durch die Vorbeschichtung der Plati-
nen 3 wird jedoch bereits zumindest ein ganzflachiges Verzun-

dern der Rohlingsoberflache verhindert.

Die unbeschichteten Schnittstellen der Randkontur 12’ der be-
schnittenen Bauteil-Rohlinge 17 stellen nuxr einen sehr gerin-
gen Flachenanteil des Bauteil-Rohlings 17 dar, so dass eine
Haftung einer spater aufgebrachten Schicht praktisch nicht
beeinflusst wird. Ein geeignetes Schutzgas zur Inertisierung

ist z.B. Kohlendioxid oder Stickstoff.

Der erhitzte beschnittene Bauteil-Rohling 17 wird dann mit
Hilfe eines Manipulators 22 in ein Warmumform-Werkzeug 23
eingelegt, in dem die dreidimensionale Gestalt und die Rand-
kontur 12’ des beschnittenen Bauteil-Rohlings 17 auf ihr ge-
winschtes Mafd gebracht werden. Da der beschnittene Bauteil-
Rohling 17 bereits endkonturnahe MafRe aufweist, ist wahrend
der Warmumformung nur noch eine geringe Formanpassung notwen-
dig. Im Warmumform-Werkzeug 23 wird der begchnittene Bauteil-
Rohling 17 fertig geformt und schnell abgeklihlt, wodurch ein

feinkdrniges martensitisches oder bainitisches Werkstoffgefii-
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ge eingestellt wird. Dieser Schritt entspricht einer Hartung
des Bauteil-Rohlings 18 und ermdglicht eine gezielte Einstel-
lung der Werkstofffestigkeit. Einzelheiten eines golchen Hir-
tungsprozesses sind z.B. in der DE 100 49 660 Al beschrieben.
Es kann sowohl der ganze Bauteil-Rohling 17 gehartet werden,
als auch lediglich lokal an ausgewdhlten Stellen des Bauteil-
Rohlings 17 eine Hartung vorgenommen werden. Ist der ge-
winschte Hartungsgrad des Bauteil-Rohlings 18 erreicht, wird
der gehartete Bauteil-Rohling 18 mit einem Manipulator aus
dem Warmumform-Werkzeug 23 genommen und gegebenenfalls bis
zur weiteren Verarbeitung gestapelt. Wegen dem dem Warmum-
form-Prozess vorgelagerten endkonturnahen Beschneiden des
Bauteil-Rohlings 10 sowile der Formanpasgsung der Randkontur
127 im wWarmumform-Werkzeug 23 weist das Bauteil 18 nach Ab-
schluss des Warmumform-Prozesses bereits die gewlinschte Au-
Benkontur 24 des fertigen Bauteils 1 auf, so dass nach der
Warmumformung kein zeitaufwdndiges Beschneiden des Bauteil-

randes notwendig ist.

Um eine schnelle Abschreckung des Bauteil-Rohlings 18 im Zuge
der Warmumformung zu erreichen, kann der Bauteil-Rohling 18
in einem gekthlten Warmumform-Werkzeug 23 abgeschreckt wer-
den. Da die Oberfldche durch die Schicht 33 der Vorbeschich-
tung nicht verzundert, kann eine anschlieffende Reinigung ent-
fallen.

Da kein Laserschneiden des gehdrteten Bauteil-Rohlings 18 er-
folgen muss, sind die Taktzeiten im Fertigungsverfahren vor-
teilhaft kurz. Im Verfahrensablauf ist nunmehr das Abktihlen
des Bauteil-Rohlings 18 ein mdglicher Engpass. Um diesen 3zu
entscharfen, kdénnen lufthédrtende oder wasserhirtende Werk-
stoffe flhr die Bauteile 1 eingesetzt werden. Der Bauteil-
Rohling 18 braucht dann nur soweit abzukthlen, bis eine aus-

reichende Warmfestigkeit, Steifigkeit und damit verbundene
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Maffhaltigkeit des Bauteil-Rohlings 18 erxrreicht ist. Dann kann
der Bauteil-Rohling 18 aus dem Werkzeug 23 entnommen wexrden,
so dass der weitere Warmebehandlungsvorgang an der Luft oder
in Wasser auBerhalb des Werkzeugs 23 erfolgt, das dann nach
einigen Sekunden sehr schnell wieder zur Aufnahme weiterer

Bauteil-~Rohlinge 17 zur Verfligung steht.

In einem weiteren Prozessschritt V (Fig. le) wird der press-
gehdrtete Bauteil-Rohling 18 in einem Begchichtungsverfahren
mit einer eine Korrosion des Bauteils 1 verhindernden Schicht
34 Uberzogen. Dazu werden Trommeln 31 mit den pressgehirteten
Bauteil-Rohlingen 18 sowie einem zinkhaltigen Pulver, wvor-
zugsweise eine Zinklegierung oder eine zinkhaltige Mischung,
beschickt, geschlossen und in eine Beschichtungsanlage 30
eingebracht. Dort werden die Bauteil-Rohlinge 18 langsam mit
etwa 5-10 K/min unter langsamer Rotation der Trommeln 31 auf
etwa 300°C erwdrmt. In diesem thermischen Diffusionsverfahren
verteilt sich das Zink bzw. die Zinklegierung im wesentlichen
homogen Uber die gesamte Oberflache der Bauteil-Rohlinge 18
und verbindet sich mit der Oberfléche. Bei einer aluminium-
haltigen Vorbeschichtung der Platinen 3 bildet sich eine aus-
gezeichnete Haftung zwischen der Vorbeschichtung, insbesonde-
re AlSi und der zinkhaltigen Schicht 34 aus. Gleichzeitig
werden auch die unbeschichteten Schnittkanten mit der =zink-

haltigen Schicht 34 Uberzogen.

In Abhé&ngigkeit der Zusammensetzung des Pulvers, der Zeit und
der Temperatur stellt sich auf den Bauteil-Rohlingen 18 eine
gleichméflige Schichtdicke ein, die beliebig zwischen einigen
pm und Uber 100 um, bevorzugt zwischen 5 upum und 120 um, ein-
gestellt werden kann. Die Schicht 34 ist schweiffbar und er-
gibt eine Zugfestigkeit, die flir ein Bauteil 1 aus BTR 165

mehr als 1300 MPa betragen kann. Bei dem thermischen Diffusi-
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onsverfahren fallen praktisch keine Ricksténde oder Emissio-

nen in die Umwelt an.

Das Beschichtungsverfahren wird mit einem Passivierungsvor-
gang in einer angrenzenden Passivierungsstation 35 abge-
schlossen, beil dem die Trommeln 31 aus der Beschichtungsanla-
ge 30 ausgeschleust, in einer Kuhlstation 36 gekthlt, in ei-
ner Reilnigungsstation 37 mit Ultraschall von Riickstanden des
Beschichtungspulvers befreit und in einer Temperstation 38
bei einer Temperatur wvon etwa 200°C fir etwa 1 h getempert
werden, wobei die Schicht 34 passiviert wird. Gegebenenfalls
kédnnen auch geeignete Passivierungszusatze zugegeben werden.
Dann kénnen die fertigen korrosionsgeschiitzten Bauteile 1 aus

der Trommel 31 entnommen werden.

In einer alternativen Ausgestaltung (Prozessschritt V’, Fig.
1f) wird die =zinkhaltige Schicht 34 mit einem Feuerverzin-
kungs-Verfahren in einem Beschichtungsbereich 40 auf den
pressgehirteten Bauteil-Rohling 18 aufgebracht. Bauteil-
Rohlinge 18 werden in ein Tauchgeh&use 41 eingehéngt, welches
die Bauteil-Rohlinge 18 durch mehrere Stationen des Beschich-
tungsbereichs 40 transportiert. In einer Flux-Station 42 wer-
den die Bauteil-Rohlinge 18 in ein geeignet temperiertes
Flussmittelbad gehdngt, vorzugsweise mit Zinkchlorid bei etwa
360°C, dann in einer Trockenstation 43 getrocknet, vorzugs-
weige bei 80°C und anschlieffend in ein Verzinkungsbad 44 bei
etwa 400-450°C eingetaucht und verzinkt. Dann kdnnen die fer-

tigen Bauteile 1 aus dem Tauchgehduse 31 entnommen werden.

Figuren 3a bis 3d zeigen schematisch einen alternativen Ver-
fahrensablauf zur Herstellung eines raumlich geformten,
pressgehdrteten Bauteils 1 aus einem Halbzeug 2, insbesondere
aug einer vorbeschichteten Platine 3. Ebensgo wie im Ausfih-

rungsbeispiel der Figuren la bis le wird auch hier in einem
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ersten Prozessschritt (Fig. 3a) die Platine 3 in der Plati-
nenpresse 6 aus einem vorbeschichteten, warm umformbaren
Blech ausgeschnitten. Anschliefend wird die beschichtete Pla-
tine 3 einem Warmumformschritt unterzogen (Fig. 3b). Hierzu
wird die Platine 3 von einem Manipulator 20’ in einen Durch-
laufofen 21’ eingelegt, in dem die Platine 3 auf eine Tempe-
ratur erwdrmt wird, die oberhalb der Ubergangstemperatur in
den austenitischen Geflgezustand liegt. Anschlieflend wird die
erhitzte Platine 3 in ein Warmumformwerkzeug 23’ eingelegt,
in dem ausg der Platine 3 ein Bauteill-Rohling 10’ der ge-
wingchten dreidimensionalen Form ausgeformt wird; dabei wird
der Bauteil-Rohling 10’ so schnell abgekthlt, dass er eine
(bauteilweite oder lokale) Hartung erfdhrt. Der Durchlaufofen
21’ und das Warmumformwerkzeug 23’ kdénnen sich in einer
Schutzgasatmosphare 26’ befinden, durch die Vorbeschichtung
der Platinen 3 wird jedoch eine ganzflachige Verzunderung der

Platinen 3 wvermieden.

Dann wird der geh&rtete Bauteil-Rohling 10’ an eine Schneid-
vorrichtung 15’ Ubergeben (Fig. 3¢), in der der Bautedil-
Rohling 10’ randseitig beschnitten wird, um einen Rohling 18’
mit Randkontur 12 zu erzeugen. Das Beschneiden erfolgt wvor-
zugsweise mit einem Laser 14’. Die abgeschnittenen Randberei-
che 11’ werden entsorgt. In dem anschliefBenden Prozessschritt
der Figur 3d wird der pressgehartete und beschnittene Rohling
18’ - analog zu der Prozessstufe V oder V'’ der Figuren le

bzw. 1f - in einer Beschichtungsanlage 30 beschichtet.

Das presggehirtete, beschichtete Bauteil 1 ist insbesondere
als Karosseriebauteil im Fahrzeugbau geeignet, welche in gro-
Ben Stickzahlen hergestellt werden. Das erfindungsgemiffe Ver-
fahren ermdglicht eine vorteilhafte Prozegsflhrung mit kurzen
Taktzeiten, alle Prozessschritte haben Industrialisierungspo-

tential. Trotz Verwendung eines vorbeschichteten Werkstoffs
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igst ein Einsatz einer konventionellen Vor-Umformung mdglich.
Durch das nachtrigliche Aufbringen eines =zusdtzlichen Korro-
sionsschutzes wird ein konventionelles Umformen und Beschnei-
den auch bei hochfesten Werkstoffen mbéglich, so dass - bei
Verwendung des Herstellungsverfahrens gemidfd Figur 1 - das bei
grofRen Stilickzahlen aufwidndige Laserschneiden kostenglinstig
ersetzt werden kann. Blechbauteile kdénnen durch diese Ferti-
gungsmethode bereits in der Entwicklung durch konventionelle
Unmform-Simulation auf ihre Herstellung abgesichert werden.
Hinzu kommt eine glnstige Verbindung der Korrosionsschutzeil-
genschaften der Vorbeschichtung 33 einerseits mit denen der
Schicht 34 mit dem Vorteil der Kantenbeschichtung, insbeson-
dere bei AlSi-Schichten 33 in Verbindung mit Zinkschichten
34. In einem Fahrzeug wiederum, das aus solchen Bauteilen ge-
figt ist, wird der Kraftstoffverbrauch durch die Verminderung
des Gewichts der Bauteile gesenkt, da diese wesentlich dinner
sein kénnen als konventionelle Blechteile, wahrend gleichzei-
tig die passive Sicherheit erhdéht wird, da die Bauteile eine

sehr hohe Festigkeit aufweisen.
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Patentansprliche

1. Verfahren zur Herstellung von pressgehdrteten Bauteilen,
insbesondere eines Karosseriebauteils, aus einem Halbzeug
(2) aus ungehdrtetem, warm umformbaren Stahlblech,
dadurch gekennzedlichnet,
dass folgende Verfahrensschritte ausgefiihrt werden
- aus dem mit einer ersten Schicht (33) wvorbeschichteten

Halbzeug (2) wird durch ein Kaltumformverfahren, ins-
besondere ein Ziehverfahren, ein Bauteil-Rohling (10)
geformt;

- der Bauteil-Rohling (10) wird randseitig auf eine dem
herzustellenden Bauteil (1) nédherungsweise entspre-
chende Randkontur (12’) beschnitten;

- der beschnittene Bauteil-Rohling (17) wird erwadrmt und
in einem Warmumform-Werkzeug (23) pressgehirtet;

- der pressgehirtete Bauteil-Rohling (18) wird in einem
Begchichtungsschritt mit einer zweiten, vor Korrosion

gchiit zenden Schicht (34) Uberzogen.

2. Verfahren zur Herstellung von pressgehdrteten Bauteilen,
insbesondere eines Karosseriebauteils, aus einem Halbzeug
(2) aus ungehértetem, warm umformbaren Stahlblech,
dadurch gekennzedichnet,

dass folgende Verfahrensschritte ausgefihrt werden
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- das mit einexr ersten Schicht (33) vorbeschichtete
Halbzeug (2) wird erwdrmt und in einem Warmumform-
Werkzeug (23) pressgehartet;

- der auf diese Weise erzeugte pressgehirtete Bauteil-
Rohling (10’) wird randseitig auf eine dem herzustel-
lenden Bauteil (1) entsprechende Randkontur (12) be-
schnitten;

- der pressgehdrtete Bauteil-Rohling (18’) wird in einem
Beschichtungsschritt mit eilner zweiten, vor Korrosion

schlitzenden Schicht (34) Uberzogen.

3. Verfahren nach Anspruch 1 oder 2,
dadurch gekennzedichnet,
dass die Schicht (34) mit einem Feuerverzinkupgs—
Verfahren auf den pressgeharteten Bauteil-Rohling
(18,18") aufgebracht wird.

4. Verfahren nach Anspruch 1 oder 2,
daducrch gekennzedilichnet,
dass die Schicht (34) mit einem thermischen Diffusions-
Verfahren auf den pressgeharteten Bauteil-Rohling
(18,18") aufgebracht wird.

5. Verfahren nach zumindest einem der vorangegangenern An-
spriche,
dadurch gekennzedichnet,

dass die Schicht (34) sowohl auf der Vorbeschichtung (33)
als auch auf unbeschichteten Bereichen des Bauteil-

Rohlings (18,18’') abgeschieden wird.

6. Verfahren nach zumindest einem der vorangegangenen An-
gpriche,
dadurch gekennzedichnet,

dass der beschichtete Bauteil-Rohling (18,18’) nach dem

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01377

Page 501 of 1430



WO 2005/009642 PCT/EP2004/008087

18

Beschichtungsschritt von RlUcksténden des Beschichtungs-

schritts gereinigt wird.

7. Verfahren nach zumindest einem der vorangegangerien An-
spriche,
dadurch gekennzeilichnet,

dags der beschichtete Bauteil-Rohling (18,18‘) nach dem

Beschichtungsschritt getempert wird.

8. Pressgechértetes Bauteil, insbesondere Karosseriebauteil,
aus einem Halbzeug (2) aus ungehartetem, warm umformba-
ren, mit einer Korrosionsschutzschicht (33) vorbeschich-
teten Stahlblech,
dadurch gekennzeilichnet,
dass es nach dem Verfahren nach zumindest einem der vo-

rangegangenen Angprliche hergestellt ist.

9. Pregssgehdrtetes Bauteil nach Anspruch 8,
dadurch gekennzeilchnet,
dass ein Uberzug aus einer ersten, aluminiumhaltigen
Schicht (33) und einer darlUber angeordneten zweiten,
zinkhaltigen Schicht (34) auf dem Bauteil abgeschieden

ist.
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Abstract of JPHTTIS8283 (A)

PROBLEM TO BE B0LVED: To produce a precoated aluminum alloy shee! suitable for
an automobils body withow! the coating film being released or cracked even when used
for the part {o be formsd {0 a high degres, good in appearance and sxcellent in
formability and corrosion resistance. SOLUTION: This precosaied aluminum alloy shest
gxcalient in formability and corresion resistance has a chemical film on one or both
sides of an aluminum alloy sheet contg. »>=0.8 wi.% Mg and further a resin coating film
therson. The resin film has an slastic proportionat imit in 8 tensiie test and 20-300
kg/mm<2> tensile slastic modulus. The resin coating film should have 15% elastic Hmit
slongation and an vield slongation in the tensile tast,
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DESCRIPTION JPH11156283

{0001}

BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a
precoated aluminum alloy sheet excellent in formability and corrosion resistance for use in a part
for forming a product by drawing such as an inner plate and an outer plate for automobiles,
Coated aluminum alloy sheet.

10002]

2. Bescription of the Related Art As an automobile material to be used for forming a product by
performing drawing such as an inner plate and an outer plate for automobiles, for example,
Japanese Patent Application Laid-Open No. 89-193286 discloses a method of applying a specific
resin coating By coating the membrane, a precoated steel sheet excellent in draw formability is
disclosed.

10003]

On the other hand, in recent years, aluminum or aluminum alloy plates have been increasingly
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used for car bodies in order to reduce the weight of the car body. In applying the precoated
aluminum alioy sheet to the drawing portion, in the conventional technique, a coating film with a
high elongation rate by a tensile test of a coating film and a coating film with a good T-bending
test result are selected, and a cylindrical diaphragm or a square tube throttling test And applied it
to the drawing section with good evaluation results.

{0004}

However, Japanese Unexamined Patent Publication No. 9-193286 is a technique for a steel plate.
In the case of an aluminum alloy plate, the chemical conversion property is poor as compared
with the steel plate, and corrosion resistance is also lowered when the chemical conversion
treatment is bad .

{0005]

Prawing is a deformation mode in which tensile and compressive distortion is generated in an
aluminum alloy sheet, has good bending workahility, and is sufficiently applied to drawing in a
coating film which merely stretches In many cases, the coating film peels off after processing.
SUMMARY OF THE INVENTION An object of the present invention is to provide a precoated
aluminum alloy sheet excellent in draw formability with no appearance of coating film peeling,
cracking of a coating film and the like when a precoated aluminum alloy sheet is applied to a
drawing part It is in.

{0006]

BISCLOSURE OF THE INVENTION The present inventors have studied various resin coating films
in order to obtain a precoated aluminum alloy sheet excellent in draw formability. As a result, it
was found that by specifying the physical properties of the resin coating film, it can be
sufficiently adapted for drawing. The present invention is based on this finding and its gist is as
follows.

10007}
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(1) A precoated aluminum alloy sheet having a chemical conversion treatment film on one side or
both sides of an Mg-containing aluminum alloy plate of 0.5 wt% or more and further coated with
a resin coating film thereon, wherein the resin coating film A precoated aluminumn alloy sheet
excellent in moldability and corrosion resistance characterized by having an elastic proportion
limit in a tensile test and having a tensile modulus of 20 to 300 kg / mm 2.

{0008]

(2} The precoated aluminum alloy sheet as described in (1) above, which is excellent in
formability and corrosion resistance, characterized in that the resin coating film has an elastic
limit elongation of 15% or less in a tensile test. (3) The precoated aluminum alloy sheet as
described in (1) or (2) above, wherein the resin coating film has a yield point elongation in a
tensile test.

{0009]

{4) A panel material for an automobile body which is excellent in formability and corrosion
resistance, characterized by using any one of the precoated aluminum alloy plates (1) to (3).

{0010}

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The aluminum alloy sheet to be
applied to the precoated aluminum alloy sheet of the present invention is an Mg-containing
aluminum alloy sheet of 0.5 wt% or more, which is not particularly restricted, but in particular
5000 Based aluminum alloy plate or 6000 series aluminum alloy plate is preferable.

10011]

{n the aluminum alloy sheet, it is necessary to have a chemical conversion treatment film in
order to have good coating film adhesion and corrosion resistance. The chemical conversion
treatment {film may be either a chromate film or a nonchromate film including a zinc phosphate
film. The chromate film or nonchromate film is preferably 5 to 150 mg / m 2, and the zinc
phosphate film is preferably 0.5 to 2 g / m 2. If the chemical conversion coating amount is less
ArcelorMittal Ex. 2001
Posco Co. LTD. v. ArcelorMittal

IPR2024-01377
Page 534 of 1430

20-08-2017 3



than the lower limit value, the corrosion resistance becomes insufficient. On the other hand, if it
exceeds the upper limit value, the adhesion will decrease.

10012]

In the precoated aluminum alloy sheet of the present invention, the tensile properties of the resin
coating {ilm to be coated on the aluminum alloy plate are defined in order to improve the draw
formahility. The resin coating film of the present invention has an elastic proportion limit in the
tensile test and restricts the tensile elastic modulus to the range of 20 to 300 kg / mm <2> in
order to secure draw formability. A resin coating film deviating from this condition is not
preferable because sufficient drawability can not be obtained and wrinkles are peeled off or
peeled off at the drawing portion.

100 13]

In the resin coating film, it is preferable to set the elastic limit elongation to 15% or less in order
to make the draw formability good, and above this range, cracking will occur at the corner
portion at the corner portion undesirably. On the other hand, the total elongation is preferably
15% or more. In addition, the resin coating film preferably has a yield point elongation when
subjected to a tensile test, in order to further improve the drawability. If it has a yield point
elongation, the film does not crumple or peel off at the drawing part when crimped, and does not
crack at the corner part.

10014]

The reason why the tensile properties of the resin coating film is defined as described above is
unknown for the reason why drawability is excellent, but when the aluminum alloy plate receives
tensile and compression in the draw forming mode, the aluminum alloy sheet Of the resin coating
film also deforms smoothly following the deformation of the aluminum alloy sheet, so that the
above conditions are considered to work well. The resin used as a coating film is not particularly
limited, but polyester resin, acrylic resin, epoxy resin, or the like can be used. In order to impart
the tensile properties to these resins, means for increasing the Tg of the resin coating film,
adding a curing agent to the resin, increasing the baking temperature of the coating film to
increase the crosslinking density of the coating {ilm, etc. The tensile properties arc obtained by
combining these as necessary.
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{0015}

EXAMPLES The A6008 alloy and the A5182 alloy plate having a plate thickness of 1.0 mm were
subjected to a chemical conversion treatment, a polyester-based primer coating film was applied
thereon to a thickness of 5 g m, and a coating having mechanical characteristic values shown in
Table 1 The film was coated with a film thickness of 15 g m to prepare a precoated aluminum

alloy plate. After that, a rectangular tube molding test was carried out and the destruction form

of the coating film at the corner narrowed part was observed. As a coating film, a paint based on

a high molecular weight polyester resin was used.

10016]

Regarding the mechanical property value of the coating film, firstly a coating film was coated on
a Tetlon sheet with a bar coater to a film thickness of 15 g m, and after baking, the coating film
was peeled off from the Teflon sheet to prepare a free film of the coating {ilm A test piece of 10
o X 50 mym was prepared from the film and subjected to a tensile test. The tensile test was
conducted at room temperature at a tensile speed of 10 mm / min using "TENSILON CT-10T"
manufactured by Orientec Co., Ltd,, and tensile properties were obtained from the load-
elongation of the coating film.

10017]

The prismatic squeezing conditions were as follows: a punch size: [ | 70 mm, a punch shoulder R:
2 mam, a punch corner R 10 vam, using a blank size: [ 140 mm, BHF: 5 ¢, molding height: 30
nm, The appearance of the corner narrowed portion was observed and judged according to the
following criteria.  : No peeling of the coating film or cracking of the coating film was observed.
O: Coating film peeling and cracking of the coating film were observed a litide, but there was no
problem. A: Coating film peeling and film cracking were both observed. X: Coating film peeling,
coating Table 1 shows the evaluation results in which film cracking is greatly observed. As is
apparent from this table, the elastic proportion limit exists in the stress-elongation diagram, the
coating film having the tensile elastic modulus of 20 to 300 kg / mm Z is excellent in draw
formability, the appearance is good, the coating film peeling, the coating film Cracks are not
observed. In addition, as long as the resin has a limit elongation of elasticity of 15% or less and /
or a yield point elongation appears and a total elongation is 15% or more, the resin has
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satisfactory drawability and in particular, a resin satisfying all the above conditions , Peeling of
the coating film and cracking of the coating film are not observed at all.

10018]

Intercoat paint (film thickness 35 ym) and top coat (film thickness 35 g m) similar to panel
materials for automobiles were applied to the precoated aluminum alloy, and then corrosion
resistance and adhesion were performed. The corrosion resistance was evaluated by cross-
cutting with a NT cutter on the top coat painted film, followed by one cycle of salt spray (5% NaCl
aqueous solution, 35 ° €., 24 hr}) — wet test (50 ° C. 85% RH, 120 hr}, 8 cydles were carried
out and the maximum expansion width of the swelling width of the coating film from the cross-
cut portion was evaluated. Evaluation was evaluated as O: swollen width less than 1 mm, A:
blister width 1 mm or more and less than 3 mm, > swollen width 3 mm or more.

10019]

{Coating adhesion was evaluated by immersing the sample on which the top coat was applied for
10 days in distilled water at 40 °  C. and immediately cutting the coating so that 100 squares of
I mm X 1 mn square were cut with NT cutter, The remainder of the grid of the grid was
observed. Evaluation was made as follows: A: no cross-cut peeling, A: cross-cut area peeling area
was less than 5%, x: cross-cut peeling area was 5% or more.

10020}

As described above, the precoated aluminum alloy sheet of the present invention does not cause
peeling of the coating film or cracking of the coating film even by drawing processing by
specitying the tensile properties of the coating film. This makes it possible to use a precoated
aluminum alloy sheet even in severe forming processing parts such as deep drawing and the
application of the precoated aluminum alloy sheet is expanded. In addition, products currently
used for prefabricated aluminum alloy sheets for bending processing can also be manufactured
by drawing. the degree of freedom also increases in terms of product design, and the processing
shape can be selected in a wider range. Therefore, it can be said that the present invention is an
invention of extremely high industrial value.
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CLAIMS JPH11156293

(1]

1. A precoated aluminum alloy sheet having a chemical conversion treatment film on one side or
both sides of an Mg-containing aluminum alloy plate of 0.5 wt% or more and further coated with
a resin coating film thereon, wherein in the tensile test the resin coating film A precoated
alumninum alloy sheet excellent in formability and corrosion resistance characterized by having
an elastic proportion limit and having a tensile modulus of 20 to 300 kg / mm 2.

The precoated aluminum alloy sheet excellent in moldability and corrosion resistance according
to claim 1, wherein the resin coating film has an elastic limit elongation of 15% or less in a
tensile test.

A precoated aluminum alloy sheet excellent in formability and corrosion resistance according to
claim 1 or 2, wherein the resin coating film has a yield point elongation in a tensile test.
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A panel material for an automobile body which is excellent in formability and corrosion
resistance, characterized by using the precoated aluminum alloy plate according to any one of
claims 1 to 3.
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&) Hot dip aluminum coated chromium alloy steel.

@ Continuous hot dip aluminum coated fertitic chromium alloy steel strip. Strip is cleaned by heating to a
temperature no greater than about 850° C in a direct fired furnace. The cleaned strip is further heated in a
N protective atmosphers containing at least 95% by volume hydrogen, cooled in the protective hydrogen
<atmosphere to near or slightly above the melting point of an aluminum coating metal, and passed into a bath of
the aluminum coating metal. The low direct fired furnace cleaning temperature and hydrogen protective
00 atmosphere provides good wetting of a chromium alloy steel surface to prevent uncoated areas or pin holes in

[™the aluminum coated layer.
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HQT DIP ALUMINUM COATED CHROMIUM ALLOY STEEL

BACKGROUND OF THE INVENTION

This invention relates to a continuously hot dipped metailic coated ferritic chromium alloy ferrous base
strip and a process to enhance the wetting of the strip surface with molien aluminum.

Hot dip aluminum coated steel sxhibits a high corrosion resistance to salt and finds various applications
in automotive exhaust systems and combustion equipment. In recent years, exhaust system requirements
have increased with respect to durability and aesthetics. For this reason, there has become a need 1o
increase high temperature oxidation resistance and salt corrosion resistance by replacing aluminum coated
low carbon or low alloy steels with aluminum coated chromium alloy steels. For high temperature oxidation,
at least part of the aluminum coating layer can be diffused into the iron base by the heat during use to form
an Fe-Al alloy layer. If uncoated areas are present in the aluminum coating layer, accelerated oxidation
leading to a perforation of the base msetal may result if the Fe-Al alloy is not continuously formed on the
base metal. For lower temperatures, the aluminum coating layer acts as a barrier protection for atmaspheric
conditions and as a cathodic coating in high salf environments. Again, if uncoated areas are present,
accelerated corrosion may occur leading to failure of the coated structure.

It is well known to hot dip metallic coat low carbon steel sirip without a flux by subjecting the strip to a
preliminary treatment which provides a clean surface free of oil, dirt and iron oxide which is readily wettable
by the coating metal. One type of preliminary in-line anneal treatment for low carbon steel is described in
U.S. patent 3,320,085 issued to C. A, Turner, Jr. The Turner process, also known as the Selas process, for
preparation of low carbon stes! strip for hot dip metallic coating includes passing the strip through a direct
fired furnace having an atmosphere heated fo a temperature of at least 2400°F (1316’ C). The atmosphers
is formed from the gaseous products of combustion of fuel and air and has no free oxygen. The fuel-air
ratio is controlled to provide the necessary reducing characteristics for effecting cleaning of the steel strip.
The fuel-air ratio is reguiated to provide a slight excess of fuel so that there is no free oxygen but excess
combustibles in the form of carbon monoxide and hydrogen. Maintaining a furnace atmosphere of at least
1316° C having at least 3% excess combustibles is reducing to steel up to 1700  F (927  C). Turner
teaches his cleaned strip is then passed through a sealed delivery duct having a neutral or protective
atmosphere prior to passing the cleaned strip into a coating pot. For coating with molten zinc, Turner
teaches heating the strip up to 1000 F (538" C). For coating with molten aluminum, Turner teaches heating
the strip within the temperature range of 1250-1300° F (677-704° C) in the direct fired furnacs since the
atmosphere is still reducing to the steel at these temperatures.

Modern direct fired furnaces include an additional furnace section normally heated with radiant tubes.
This furnace section contains the same neutral or reducing protective atmosphere, e.g. 75% nitrogen -~ 25%
hydrogen, as the delivery duct described above.

U.S. patent No. 3,925,579 issued to C. Flinchum et al describes an in-line pretreaiment for hot dip
aluminum coating low alloy steel strip to enhance wettability by the coating metal. The steel contains one or
more of up to 5% chromium, up to 3% aluminum, up to 2% silicon and up to 1% titanium, all percentages
by weight. The strip is heated to a temperature above 1100° F (593" C) in an atmosphere oxidizing to iron
{o form a surface oxide layer, further treated under conditions which reduce the iron oxide whereby the
surface layer is reduced to a pure iron matrix containing a uniform dispersion of oxides of the alloying
elements.

The problems associated with nonwetting of aluminum coatings onto ferritic chromium alloy steel are
also well known. Hot dip aluminum coatings have poor wetability fo ferritic chromium ailoy steel base
metals and normally have uncoated or bare spots in the aluminum coating layer. By poor adherence is
meant flaking or crazing of the coating during bending the strip. To overcome the adherence problem, some
have proposed heat treating the aluminum coated steel to anchor the coating layer to the base metal.
Others lightly reroll the coated chromium ailoy steel to bond the aluminum coating. Finally, those concerned
about uncoated spots have generally avoided continuous hot dip coating. Rather, batch type hot dip coating
or spray coating processes have been used. For example, after a chromium alloy steel article has been
fabricated, it is dipped for an extended period of time within an aluminum coating bath to form a very thick
coating layer. )

U.S. patent 4,675,214 issued to F. M. Kilbane et al, incorporated hersin by reference, proposes a
solution for enhancing the wetting of ferritic chromium alloy steel strip continuously coated with hot dip
aluminum coaiings. The Kilbane process includes cleaning a ferritic chromium alloy steel and passing the
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cleaned steel through a protective hydrogen atmosphere substantially void of nitrogen prior to entry of the
steel into an aluminum coating bath. This process resulted in improved wetting of ferritic chromium alloy
stesl so long as the steel was not cleaned by heating to an elevated temperature in a direct fired furnace.
Accordmg to Tumer a direct fired furnace havmg an atmosphere with at least 3% combustibles heated fo
2400°F (1316° C) is reducing to steel up to 1700° F (927" C). Nevertheless, heating ferritic chromium alloy
steel at temperatures about 1250 F (677 C) and above in a direct fired furnace whose atmosphers has no
free oxygen and subsequently passing the steel through a protective atmosphere of substantially pure
hydrogen immediately prior to hot dip coating with aluminum still had large uncoated areas. Not being
bound by theory, it is believed a direct fired furnace atmosphere having no free oxygen does have
significant oxidizing potential due to the presence of water and apparently is oxidizing to the chromium
contained in a chromium alloy ferrous sirip. The chromium oxide formed on the surface of the strip
apparently is not removed sufficiently by the protective hydrogen atmosphere prior to entry into the coating
bath thereby preventing complete wetting of the strip surface.

BRIEF SUMMARY OF THE INVENTION

The invention relates to a continuous hot dip aluminum coated ferritic chromium alloy steel strip heated
in a direct fired furnace by the combustion of fuel and air whersin the gaseous products of combustion have
no free oxygen. The surface of the sirip is heated to a temperature sufficient to remove oil, dirt, iron oxide,
and the like but below a temperature causing excessive oxidation of chromium in the strip base metal. The
strip is further heated in another furnace portion and is cooled, if necessary, to near or slightly above the
melting point of an aluminum coating metal. The strip is then passed through a protective atmosphere of at
least 95% by volume hydrogen and then into a molten bath of the aluminum coating metal to deposit a
layer of the coating metal on the strip.

It is a principal object of this invention to form hot dip aluminum coated ferritic chromium alloy steels
having enhanced wetling by the coating metal.

It is another object of the invention to form a hot dip aluminum coating on a chromium alloy steel strip
cleaned in a direct fired furnace.

It is a further object of the invention to form a hot dip aluminum coating on a deep drawing chromium
alloy steel strip that is annealed in-line on the coating line. ’

One feature of the invention is to clean a ferritic chromium alloy steel strip having enhanced wetting by
an aluminum coating by heating the strip in a direct fired furnace on an aluminum coating line below a
temperature creating excessive oxidation of chromium contained in the strip.

Another feature of the invention is to further heat the cleaned chromium alloy steel strip to a fully
annealed condition in another furnace portion having a protective atmosphere containing at least about 95%
by volume hydrogen..

Another feature of the invention is to supply less than 80% of the total thermal energy required to fully
anneal the deep drawing ferritic chromium alioy steel strip in the direct fired furnace of the aluminum
coating line.

Another feature of the invention is to maintain the cleaned chromium alloy steel strip in a protective
atmosphere containing at least about 95% by volume hydrogen, less than 200 ppm oxygen, and having a
dew point less than +40°F (+4° C) until the cleaned strip is passed into the aluminum coating metal.

Another feature of the invention is to fully anneal and cocl the heated chromium alloy steel strip m a
protect:ve atmosphere containing at least 95% by volume hydrogen having a dew point no greater than 0°F
(-18° C), pass the strip through a snout containing a protectlve atmosphere containing at least 97% by
volume hydrogen having a dew point no greater than -20°F (-29°C), and then dip the strip into the
aluminum coating metal.

Advantages of the invention are elimination of uncoated areas and Improved adherence to ferritic
chromium alloy steel strip cleaned in a direct fired furnace and continuously hot dip coated with aluminum.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic view of a ferrous base strip being processed through a hot dip aluminum
coating line incorporating the present invention;
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FIG. 2 is a partial schematic view of the coating line of FIG. 1 showing an entry snout and coating
pot.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

.

Referring now to FIG. 1, reference numeral 10 denotes a coil of steel with strip 11 passing therefrom
and around rollers 12, 13 and 14 before entering the top of first furnace section 15. First furnace section 15
is a direct fired type heated by the combustion of fuel and air. The ratio of fuel and air is in a proportion so
that the gaseous products of combustion have no free oxygen and preferably at least 3% by volume excess
combustibles. The atmosphere in furnace 15 is heated prsferably to greater.than 2400° F (1316 C) and
strip 11 maintained at sufficient speed so that the strip surface temperature is not excessiviey oxidizing to
chromium while removing surface contaminants such as rolling miil oil films, dirt, iron oxide, and the like.
Except for a brief period of time as explained in detail later, the strip should not be heated to a temperature
above about 1200° F (849° C) and preferrably not above about 1150° F (621° C) while in furnace 15.

The second section of the furnace denoted by numeral 16 may be of a radiant tube type. The
temperature of strip 11 is further heated to at least about the melting point of an aluminum coating metal,
i.e. 1200 F (649" C), and up to about 1750 F (955 C) reaching a maximum temperature at about point 18.
A protective atmosphere including at least about 95% by volume hydrogen preferably is maintained in
furnace section 18 as well as succeeding sections of the furnace described below.

Sections 20 and 22 of the furnace are cooling zones. Strip 11 passes from furnace portion 22, over
turndown roller 24, through snout 26 and info coating pot 28 containing molten aluminum. The strip remains
in the coating pot a very short time, i.e. 2-5 seconds. Strip 11 containing a layer of coating metal on both
sides is vertically withdrawn from coating pot 28. The coating layers are solidified and the coated strip is
passed around turning roller 32 and coiled for storage or further processing as a coil 34. As noted above,
furnace sections 20, 22 and 26 contain the protective hydrogen atmosphere.

Referring now to FIG. 2, snout 26 is protected from the atmosphere by having its lower or exit end 26a
submerged below surface 44 of aluminum coating metal 42. Suitably mounted for rotation are pot rollers 36

~ and 38 and stabilizer roller 40. The weight of coating metal 42 remaining on strip 11 as it is withdrawn from

coating pot 28 is controlled by finishing means such as jet knives 30. Strip 11 is cooled to a temperature
near or slightly above the meiting point of the aluminum coating metal in furnace portions 20, 22 and 26
before entering coating pot 28. This temperature may be as low as 1150 F (820" C) for aluminum ailoy
coating metals, e.g. Type 1 containing about 10% by weight silicon, to as high as about 1350 F (732" C)
for commercially pure aluminum coating metal, e.g. Type 2.

The apparatus shown in FIG. 2 is for two-side coating using air finishing. As will be understood by those
skilled in the art, finishing using a sealed enclosure containing a nonoxidizing atmosphere may also be
used.

Hydrogen gas of commercial purity may be introduced into the furnace sections through inlets 27 in
snout 26 preferrably to achieve a protective hydrogen atmosphere containing less than about 200 ppm

" oxygen and having a dew point no greater than +40°F (+4° C). Depending upon factors such as hydrogen

flow rate and furnace volume, additional hydrogen inlets may be required in furnace sections 18, 20 and 22.

Ferritic chromium alloy steels as defined herein include iron based magnetic materials characterized by
a body centerad cubic structure and having about .5 weight % or more chromium. For example, the present
invention has particular usefulness for hot dip aluminum coated ferritic stainless steel having up to about
35% by weight chromium and is used in automotive exhaust applications including heavy gauge engine
exhaust pipes having thicknesses of 1.2 mm or more, foil having thicknesses less than .25 mm cold
reduced from aluminized strip used as catalyst supports for catalytic converters, and fully annealed strip
deeply drawn into parts requiring light weight aluminum coatings, e.g. no greater than 185 gm/m? total both
sides, such as manifolds, muffler parts, catalytic converters, resonators, and the like. By full annealing is
meant the strip is heated to at least about 830" C in furnace 16 and will have at least about 25% elongation
as measured in a tensile test.Type 409 ferritic stainless steel is particularly preferred as the starting material
for the present invention. This steel has a nominal composition of about 11% by weight chromium, about
0.5% by weight silicon, and remainder essentially iron. More broadly, a ferritic steel containing from about
10.0% to about 14.5% by weight chromium, about 0.1% to 1.0% by weight silicon, and remainder
essentially iron, is preferred.

The following are nonlimiting examples illustrating the invention:
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Example 1

A 1.02 mm thick by 122 cm wide Type 409 stainless steel strip was coated with pure molten aluminum
coating (Type 2) at a temperature of 699-704° C using the coating line in FIGS. 1 and 2. Hydrogen of
commercial purity was flowed at a rate of about 380 m3¥hr into snout 26 and an atmosphere of 75% by
volume nitrogen and 25% by volume hydrogen was maintained in furnace por’uon 16. The dew point of the
pure protective hydrogen atmosphere in snout 26 was initially +48°F (+9° C). The fuel to air ratio in direct
fired furnace portion 15 was controlled to have about 5% by volume excess combustibles. For various strip
speeds and temperatures, the following visual observations were made:

Sample | Speed | DFF("Cy | RT('C)™ | Oxide™ Coating Condition
(m/min)

A 37 760 917 Dark Blue | random un-coated areas

B 46 704 917 Light Blue | random un-coated areas

C 55 649 871 Gold uncoated strip edge only

D 37 649 871 Gold good coating

* Strip temperature in furnace portion 15.
= Strip tempevrature in furnace portion 16
= Surface appearance as sirip 11 passed from furnace 15

As demonstrated above, a ferritic chromium alloy steel is oxidized when heated to a temperature of at
least 649" C in an atmosphere of combustion products having no free oxygen. The dew point of the
hydrogen atmosphere in snout 26 increased to a maximum of about +58°F (+14 C) as a resuit of at least
some of the iron and/or chromium oxide be:ng reduced to metal and water by the hydrogen atmosphere.
Samples A and B heated to at least 704° C in the direct fired furnace were excessively oxidized and not
properly wetted by the aluminum coating metal. The amount of oxidation to the strip when heated to 649° C
in the direct fired furnace was marginally excessive as demonstrated by poor coating wetting along one
edge of Sample C. Using a very dry protective hydrogen atmosphers, e.g. dew point no greaier than 0" F (-
19° C), throughout furnace portions 16, 20, 22 and snout 26 probably would have sufficiently removed the

" oxide on Sample C to result in better wetting of the aluminum coating metal. Contrary to conventional

wisdom for low carbon steel, ferritic chromium stesl is readily oxidized in an atmosphere having no free
oxygen and excess combustibles when heated to at least 649° C.

Example 2

A 1.64 mm thick by 94 cm wide coil of Type 409 stainless steel was coated with 183 gm/m? of Type 2
aluminum (total both sides) under similar conditions to that of Example 1 except the pure protective
hydrogen atmosphere also was maintained in furnace portion 16 and cooling zones 20, 22. Pnor to passmg
this coil through the coating line, the dew point of the hydrogen atmosphere in snout 26 was -9°F (- -23° Q).
The following coating observations were made for various strip temperatures:

Sample | DFF("C) | RT(°C) | Coating Appearance

A 817 208 poor,frequent uncoated spots
B 620 841 good,infrequent uncoated spots
Example 3
5
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Three coils of Type 409 stainless steel were processed and coated with 137 gm/m? Type 2 aluminum
(total both sides) under similar conditions as in Example 2 except the dew point of the hydrogen
atmosphere in snout 26 was -50" F (-46° C) and the dew point in radiant tube furnace portion 16 was -4 F
(-20 ’ C). The following coating observations were made for various sirip temperatures:

Sample | Thickness | Width DFF(" C) RT(° C) | Coating Appearance
{mm) (cm)
A 14 117 676 8g2 Some uncoated spots
B 1.3 91 677 902 Scattered uncoated spots esp.10 cm from one edge
C 1.4 76 604 871 No uncoated spots

As clearly demonstrated in Examples 1-3, heating the strip to temperatures of at least 676" C in the
direct fired furnace caused excessive oxidation of the sirip. Using a very dry protective hydrogen
atmosphere throughout the furnace portions 16, 20, 22 and snout 26 did not suificiently remove the oxides
to achieve good coating metal wetting. On the other hand, heating the strip to no greater than about 650° C
in the direct fired furnace and further heating the strip to temperatures greater than about 830°C in the
radiant tube furnace resulted in adherent aluminum coatings having minimal uncoated areas on a fully
annealed strip capable of being deeply drawn without flaking or crazing the coating.

" Example 4

A 1.08 mm thick by 76 cm wide Type 409 stainless steel coil was also successfully continuously hot
dip coated with 119 gm/m? (total both sides) of an aluminum alloy (Type 1) centaining 9% by weight silicon.
Operating conditions were the same as in Example 2. The strip was heated to about 627" C in furnace
portion 15 and to 829° C in furnace portion 16. Very few uncoated areas were observed.

Examples 5-10

Examples 5 through 10 ars for .38 mm thick by 12.7 cm wide strip for ferritic, low carbon, titanium
stabilized steels containing 2.01, 4.22 and 5.99% by weight chromium. These samples were continuously
hot dip aluminum coated (Type 2) on a laboratory coating line similar to that shown in FIGS. 1 and 2 and
under conditions similar to those for Example 2. Weights of coating were not measured.

No. | % Cr| Speed DFF | % Hz"| Condition
(mmin) | (o)

2.0t 7.6 1204 25 | Poor Coating
4.22 12.2 1093 25 | Poor Coating
5.99 12.2 1193 25 | Poor Coating
2.0t 9.1 1227 100 | Very good coating

No. | % Cr | Speed DFF | % Hz2™ Condition
(m/min) | (CCy

9 4.22 9.1 1238 100 | Good coating
10 5.99 9.1 - 100 | Good coating

@~ o u,

* Furnace Zone temperatures
= Hydrogen content in protective aimosphere

While sirip temperatures out of the direct fired furnace were not measured, the data clearly supports the
use of a 100% by volume hydrogen atmosphere in all areas of the furnace except the dirsct fired portion.

.
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Sincs the chromium content was lowered in Examples 5-10 from previous examples (11% by weight), it is
reasonable to expect less dependence on direct fired furnace strip exit temperature with the lower
chromium ailoys (2, 4, 6% by weight). In other words, there would be less oxidation potential with less
chromium content.

As noted above, a direct fired atmosphere of the gaseous products of combusﬂon of fuel and air having
no free oxygen is oxidizing to ferritic chromium alloy steel at about 1200° F (849 C). Accordingly, the strip
temperature in direct fired furnace 15 should not exceed this temperature, particularly for ferritic stainless
steel having chromium Content of 10% by weight or more. Preferably, this strip cleaning temperature should
not exceed about 1150° F (621 ° C). Nevertheless, the strip temperature on occasion will exceed 649° C
resulting from strip width and/or gauge changes. Brief exclusions, i.e. less than 10 minutes of temperature
about or slightly above 849° C, can be tolerated by carefully controlling the protective atmosphere
conditions throughout furnace portion 18, cooling zones 20, 22 and snout 26. By maintaining a protective
atmosphere containing at least about 95% by volume hydrogen in furnace portion 16, cooling zones 20, 22
and snout 26, minimal oxidization of strip 11 in furnace portion 15 can be removed. In this regard, we have
determined it to be especially bensficial to maintain extremely low dew points in the protective hydrogen
atmosphere to compensate for water formation as iron and/or chromium oxide is reduced by hydrogen in
the protective atmosphers. Preferably, the protective atmosphere in snout 26 contains at Ieast 97% by
volume hydrogen and the dew point should not exceed about -20°F (-29° C). A dew point of 0°F (-18°C)
preferably should be maintained in furnace portion 16 and cooling zonss 20, 22.

As disclosed in U.S. patent 4,675,214, the reactivity of the aluminum coatlng metal mcreases at
elevated temperatures. Accordingly, maintaining the aluminum coating at 1280-1320° F (693-716 C) also
helps to remove any residual surface oxide not removed by the protective atmosphere. However, removal of
oxide from the strip surface while submerged in the aluminum coating metal bath is undesirable because
the reduced oxide forms aluminum oxide (dross) on the surface of the coating bath. Aluminum oxide can
also cause uncoated areas by attachment as fragments to the strip as it emerges from the coating pot
preventing metallurgical bonding of the aluminum coating metal to the steel strip.

The teachmgs of the present invention are especially impartant when high strip temperatures, e.g
greater than 830° C, are required for fuil annealing to produce deep drawing strip for high formability
products. For high temperature annealing for low carban steel strip, up to about 90% of the total heat input
to the strip is accomplished in the direct fired portion of the furnace. The tables below show the percent of
total thermal content achieved in the direct fired furnace portion for low carbon steel (prior art) and for
ferritic chromium alloy steel (invention).

Prior Art
f(mm) w(cm) Xw s(mpm) T4 (° C) Tg(' C) MW/Hr. MW/Hr. | % T2"
To T4 To T2
81 76 62 95 760 857 3.9 4.4 88.4
1.40 76 106 64 749 857 4.4 5.0 87.0
1.75 86 151 43 760 857 4.3 4.9 88.4
Invention
- 81 76 62 64 624 831 2.1 29 745
1.40 76 106 40 628 832 2.3 341 74.8
1.75 86 151 33 631 849 2.8 3.8 73.6
= strip thickness
w = strip width
= strip speed through furnace
T, = strip temperature in direct fired furnace
Te = strip temperature in radiant tube heated furnace

* = % total thermal content

As demonstrated above, nearly 80% of total thermal content for fully annealed low carbon steel is
achieved in the direct fired portion of the furnace while less than 80% of total thermal content for fully

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01377

Page 603 of 1430



10

15

20

25

30

35

40

45

50

58

EP Q 356 783 A2

annealed hot dip aluminum coated chromium alloy steel can be achieved in the direct fired portion of the
furnace if excessive oxidation is to be avoided. In other words, for fully annealed strip of the invention, the
maximum allowed direct fired furnace strip temperature must be less than that necessary to provide at least
80% of total thermal input.

Various modifications can be made to the invention without departing from the spirit and scope of it so
long as the chromium alloy steel sirip is not heated to a temperature excessively oxidizing to the strip in a
direct fired furnace and is passed through a protective atmosphere containing at least about 95% by
volume hydrogen prior to entry into the coating metal bath. For example, the hydrogen aimosphere can be
used throughout any heating and cooling portions of the coating line between the direct fired furnace and
the coating pot delivery duct. The coating metal can include pure aluminum and aluminum base alloys. The
coating metal weight may be controlled by finishing in air or a sealed enclosure. Therefore, the limits of the
invention should be determined from the appended claims.

Claims

1. A method of continuous hot dip coating a steel strip with aluminum, comprising the steps of:
heating a ferritic chromium alloy steel strip in an atmosphere formed by the gaseous products of the
combustion of fuel and air wherein said atmosphere has no free oxygen and the temperature of said strip is
insufficient to excessively oxidize chromium in said strip,
passing said strip through a protective atmosphere having at least about 85% by volume hydrogen,
dipping said strip into a molten bath of an aluminum coating metal to deposit a coating layer on said strip,
said coating layer being substantially free of uncoated areas and tightly adherent to said cleaned strip.

2. A method of continuous hot dip coating a steel strip with aluminum, comprising the steps of:
heating a ferritic chromium alloy steel strip in an atmosphere formed by the gaseous preducts of the
combustion of fuel and air wherein said atmosphere has no free oxygen and the temperature of said strip is
insufficient to excessiviey oxidize chromium in said strip,
further heating said strip to a temperature no less than about the melting point of an aluminum coating
metal,
cooling said strip if necessary to near or slightly above said meiting point,
passing said strip through a protective atmosphere having at least about 85% by volume hydrogen,
dipping said strip into a molten bath of said coating metal to deposit a coating layer on said strip,
said coating layer being substantially free of uncoated areas and tightly adherent to said strip.

3. A method of continuous hot dip coating a steel sirip with aluminum, comprising the steps of:
heating a ferritic chromium alloy steel strip to a temperature no greater than about 650" C by direct
combustion of fuel and air wherein the gaseous products of said combustion have no free oxygen,
further heating said strip to a temperature of at least about 830 C, cooling said strip to a temperature near
or slightly above the melting point of an aluminum coating metal,
passing said strip through a protective atmosphere having at 1. st about 85% by volume hydrogen,
dipping said strip into a molten bath of said coating metal to deposit a coating tayer on said strip,
said coating layer being substantially free of uncoated areas and tightly adherent to said strip.

4. The method of claim 3 wherein said strip is heated to no greater than about 621 C by said direct
combustion of fuel and air.

5. The method of claim 3 wherein said sirip is further heated to a temperature of 845°C to 955 C in
said atmosphere.

6. The method of claim 3 wherein said strip is cocled in said atmosphere.

7. The method of claim 3 wherein said atmosphere has less than about 200 ppm oxygen and a dew
point of less than about +4° C.

8. The method of claim 3 wherein said coating metal is substantially pure aluminum.

9. The method of claim 3 wherein said strip includes at least 10% by weight chromium.

10. A methad of continuous hot dip coating a steel strip with aluminum, comprising the steps of:
heating a ferritic chromium alloy steel strip in a first furnace portion of the direct fired type,
further heating said strip in a second furnace portion,
said heating in said first furnace portion providing less than 80% of the total thermal content of said strip
after said further heating in said second furnace pertion,
cooling said strip to a temperature near or slightly above the melting point of an aluminum coating metal,
passing said strip through a protective atmosphere having at least about 95% by volume hydrogen,
dipping said sirip into a molten bath of said coating metal to deposit a coating layer on said strip,
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said coating layer being substantially free of uncoated areas and tightly adherent to said strip.

11. A method of continuous hot dip coating a steel strip with aluminum, comprising the steps of:
heating a ferritic chromium alloy steel strip in a first furnace portion of the direct fired type,
the temperature of said strip being insufficient to excessively oxidize the chromium m said strip,
fully annealing said strip by further heating to a temperature no less than about 830° G in a second furmnace
portion,
said strip temperature in said first furnace portion providing less than 80% of the total thermal content
required for said full annealing of said strip,
cooling said strip in a protective aimosphere containing at least about 95% by volume hydrogen to a
temperature near or slightly about the meiting point of an aluminum coating metai,
dipping said strip into a moiten bath of said coating metal to deposit a coating layer on said strip,
said coating layer being substantially free of uncoated areas and tightly adherent to said strip.

12. The method of claim 11 wherein said strip temperature in said first furnace portion is less than
about 850° C.

13. The method of claim 12 wherein said second furnace portion contains said atmosphere.

14. The method of claim 13 wherein said cooled strip is maintained in said atmosphere containing at
least about 97% by volume hydrogen until dipped into said bath.

15. The method of claim 14 wherein said atmosphere contains less than 200 ppm oxygen and has a
dew point less than about -18°C.

16. A method of continuous hot dip coating a steel strip with aluminum, comprising the steps of:
heating a ferritic chromium alloy steel strip in a first furnace portion of the direct firad type,
the temperature of said strip being insufficient to excessively oxidize the chromium in said strip,
fully annealing said strip in a second furnace portion by heating said strip to a temperature no.less than
about 830° C.,
cooling said strip to near or slightly above the melting point of an aluminum coating metal,
passing said strip through a protective atmosphere containing at least about 95% by volume hydrogen,
dipping said strip into a molten bath of said coating metal to deposit a coating layer on said strip,
said coating layer being substantially free of uncoated areas and tightly adherent to said strip.

17. The method of ciaim 16 wherein said strip is maintained in said atmosphere during said full
annealing and said cooling.

18. The method of claim 17 wherein said atmosphere has less than 200 ppm oxygen and a dew point
less than about -18" C.

19. A method of continucus hot dip coating a steel strip with aluminum, comprising the steps of:
heating a ferritic chromnum alloy steel strip in a first furnace portion of the direct fired type tc a temperature
no greater than about 650° C,
further heating said strip to a temperature at least about 830" C in a second furnace portion containing a
protective atmosphere of at least about 95% by volume hydrogen having a dew point no greater than
-18°¢C,
cooling said strip in said atmosphere to near or slightly above the melting point of an aluminum coating
metal,
passing said strip through an enclosed snout containing said atmosphere and into a moiten bath of said
coating metal to deposit a coating layer on said strip,
said atmosphere in said snout having at least about 97% by volume hydrogen having a dew point no
greater than -29°C,
said coating layer being substantially free of uncoated areas and tightly adherent to said strip.

20. A deep drawable aluminum coated strip made by the process of claim 16.

21. The strip of claim 20 including at least 10% by weight chromium having high corrosion resistance to
salt and high temperature oxidation resistance.
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BMt—F OE—ANLL25~-40% Al89 R &, H iz ) ) E &Y s E ik
AR EAK.

6. mBRAER2MEGERLLEMH, LT, ALSi-Fed £ £ £ 5
ZRH{—F e EATME, EFV—AFTHECLS25-40%Al, HAH
BEARTREKRE.

7. B A ZR2TEGEREMYF, L P, Al-Si-Feb £ £t E
AR AR B A,

8. JwBRAZR2IENEREML, K, SELLI5-50%
Fe.

9. —FELEHHF, i

—ARERE; o

—ABRTHREKRELR B LGAI-Si-Fed £ &, #%Al-Si-Fed 42 E
BAASELH, RS ELHBOE - ANAEREAKBEGRNE, —AKH
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REEERABOGINE, RE—ABRTAERSEZNGTIEE, A
HEHNEELLS85~-95%gFe, M TR EECS25~-40%65A1, HATEE
St EagRE EL R E K.

10. —FremEnat 5%, o

VA 1~ 10T /sec & B A 69 A ok F m 2k 3 32 48 48 4448

Bz k2 EEAKEIN~9S0CHBEELEHARANSHRETREY
2~ 8 4-4F;

L5~ 15C/sec EA A4 HERFZRZIERLMRLHE 700 -
800°C &9 & F & B N &R A

AE 700~ 800C 852 B % Bl B ¥z A ZE L MR AT R ZHK;
For

X 20~ 100C/sec SEHAWAHERERHERAMEBRYGRZESA
A 700~ 800C &R E L B MR KA KT RF T 300C 69K 1%

-4y
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BEBEM AL > T ik

XWAHEF

AEXPFEA—FEBERNFALEFF k. LREK®BHE, KXH
R — AT E SRR AT R e R e L, H H A AL-Si-Fed-4
AL ERTEEUARSGRBHE. THRERPRESEGES LML
Bl B TAFHEHHF.

H A& & ] W35 A 7 No.2000-204463 2 7 T —F A Z E 4 i, X
FREE THEER LA FERESRE, FELETREH Ho4s
FELEMANTHRIRG T AK), NX—AEA, XHARKTART
miﬁ‘lzda:m\ I!J H?ﬁ» Fm:ﬂ‘:ﬁ?fo

VR %3

CELERZEREPABR THESPAERK IR EIFAI-Fes 2 E
ERBHEFTEORSRIRAEE—LXFHE. Eh, BELEEAE ML
PHTFAE FEARAHEEZHRFTHEECHLEUBAREAS GG
Pk, W TEREGREKFALE—NEBEAOENREFHRLSY,
AT S —ARA. Ak, RZEEMRESRA LS R4.

AEXPRG—ABGRARBE—FHELBEE, B REERIFELERE
LTRAEE., FRLEAFARAAEZ T R ANBERERSLETS

WEFEBAXAG—AFTE, —HEBLEARCE: —4PREKE;
Foe— AR THEIKREG L@ LYALSI-Fed £ &, A2 E0L—A
MR KR EG R G EA BN, BEINTRFTREKEY
BE. BBEXTIAFTELEEENSO S ¥ A KR, #Al-Si-Fe
SEEBEADTRE TS00mg/dm* 8 L £ %,

HFEAXANGF —AFTEK, —HEBEHNHIEFTFTXEHE: R
E1-10C/sectiERE A mBE b R ZIELMARGFE —F 2
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%, PREAZEEAMEI-ISOCHBRELEHAG SO EZETHR
H2-8048 % —53%:%%;, 2S5~ 15C/secit B P69 A 3p ik 3§ M
ZEREMABRANETI-S80CHEERBANRENE = F7E%2%;
700~ 800 CHBELEARZRAZIELERBRERAAEZHL KRG FE W
FkEE; VAAVA20~ 1007C /secit Bl A ag A dpik 2R B R LB K
PFERMMMTO0~ 800CHy R LB AREAH ERTREF T300
CTHEAREEFH T 'L

B ) 5 B

A1 &k 7 ERERALY EHF LK1 P LM G XAF 6 RKp
R e5EAE, MAAARAE BTN

B 2AZ % 7R K169 EHI No. 1P o5 — AL M4k o 69 48 2 04 0L 4
MR L.

B2BR A THMAIFH E#INo2 F o — AL H4F 6548 &6y
MR K.

A3 AT AANERFTEPHERMSE TP EERELBED
38 0 T B MR AR e AR 6 R

B4R k& LT EFOIRMRXIGERG KL

BsSR &= REFTREFHMXIGLERG L2,

K % ik

B, REERARLEIRTHEEZIARZEGE P, R
BEEEHENRSG, RREBRABEXBESAHE. L —FF A4
AHEELE (M THRRXAUBEEE), F—HRABRTAIZIELS
SitJALSIS L2 AEELE (A THMBMELE) BRIFALPG ALk
#l, KRR ELSIiHMmA (K3~ 11%65Si) & #4858 M.

MEETREMSL, A HER I LAY ERPEEIARG
B FALFet 20 A K, FEHLA TRFABENRE I RE
bk, EXHRZELEAR T, EAEEFRAERKEZ NG IR b H
A AL-Si-Fed 42 &.
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LEARZLEHT, SXHEEGAZEERRETALEY,
Al-Si-FeE2 2 ¥k HLmy R ARkt mAit. B2ARTEEL N
BE—AH TP aEEH, ZELEARCE N TRALEREKE R
W 69 iX #F Al-Si-Fe &.

fd T 2 Mk ALSi-Fed kg 29, AlE LG ALK EZ N
GMEY B EZHALSI-Fe= T4 E MALAH. ¥l 4oaFeAlSita
( alpha FeAlSi). BFeAlSi#8 ( beta FeAlSi) #FvyFeAlSif8 ( gamma
FeAlSi). ifid # & W M e Al-Si-Fed 2 E LA HiX 25 RS
MR ERER, FAETRERLE. RELREPMEEREST OLA
£ 5.

K Al-Si-Fed 2 B ERIMEARGRER, A THBTAREY
TR, KRB RTEEFALGTHEME, Al-Si-Fed £ &M £ &
AL FOORBEBERBRETERNFZ A, B, EXZEH P,
EMAFELEZ NG TR AL, BRALAWAEIRGEERG R K
BORBRIRE. BRRETAGIEAEFMBEAT ZE2GREEAEOG
AR EREN, EREZHEBF, ZBRBAEORFEFTRRA T4
BEXERENGS0Y%. R TREBEEME6 X Foi4s T Lt £ R
RIBEEREM PRI ESRITE, AXMA THILES XL
BRE R 6B 69 30T Ak .

AENI RO EERESLETHA, AT T TR
FEREIL, AR ag¥h, NEEERMRBEEBZINGRESD
35, Ak, LEAADERTRAMALDGEETF TR F500mg/dm’.
AXFEAF P, W@, QibBHEE "HEZLH, £950C Fit
THAERZ AR EFERLEZ Y RAFREINGR T E.

EREMGHANEF R ZLFE. BE, FRXUNGKARAFR
& (1) BEHBERHANEOBETHSHFetd &k, SFHABEY
FAEFefoSit§REMKE. (2) EXHBFALT, REEESLMHET R
WENREAGRYHBEHBENSTM, A ERRGEERKR T
FHRARGKESWE. (3) A, BdEMIASZORESEZEA
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SR ETHHEEENR, XX TFeW Py kK EFAAETHLIREZLR
L kY W

W FFeA 1k E6 54, 5 AR EAR4AR GG ZAL-Si-Fed £ &E#
)AL, HEAE5MEMEEATE, FRAREEZHIRE. BKH, Fed
TR EERAES~95%. YFed EAX—CHAN, 5AKAKER
R EGREF TR TEETFHEEG80% (300~ 400Hv). %
Fet 4 %/ T85% b, HFe Iy B TEH ELEBITFHRXRBAS. H
Fetd 42 K T95% 8, Fe®Fy # I B, FHMFAINSERKIK, &K
BUESELEMTHESETHOREME. EXAAET, REFZ AR
B, TMaS %A TEFT WER(FETE5H).

it A o FeRAKRNG T #, HAI-Si-Fet & £k, Rm,
FetJiL B #H K AIN S EF KA ERBEATHOKFIRT. KB
PR A EEE, ATRFEZKBREGAIS S, HFBATHEARKARX
KA ERGE, 2VEZEXRESEQSELER T —EF, ik
FAIG SR EZA25-40% GEEA. AT T25% 8, wEMK
HRE., SAISFH40% R E XN, RFEGRALTFAAE, 805
MERGHENT X,

EOLSZERELSHBRIRD xn%&ﬂﬁﬁﬁﬁﬁmﬁﬁﬁ
T, EHEMRKERTGORANEFEREEL ORI EZ N AL —
AXEATHE., ik, ZEPHAEXEY—ATHESH25~-40%
Al

W RRE AR Kok Fe5 B EEHLLL, RETHERE
M., 2 ALISI-FeE BB ESTRIRZIEL RYGAIEE, K
T ALK AFH THRAIE. thn, ELFHBLEELELRT
BB RE FAARKETAEEERGKRA.

Wit ALISI-FeE EA RS2 REELH Pl B HASHRRAL
SHRY ANERELEH, BRETRAREIHR, OLBFRINENH 2
EHEMUREER, FRAATHRKRIMHANIERKRGEST, 3 TLE
S PRI L AR 65 BT 4 k.
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YFe S S MEBEERNEERAARY H M R FeZ a8 6214
SRR muy, EEMGRAEFER D, BT ML RBATIFE.
B EEEBREIEFTHOFedI R EEIS~50% 9ERAA, TAK
TIHRERREFABEREESR K., GEBRALA £ EL4H 65 AL-Si-Fe
B, RHEBIHRAEAFed TogkEMHIEGAISI-Fe&, TRAHRAEAR
AEX—EERAGEEFeX EAEE. ¥ RN EFety R E ) T35% B,
WHEEORERALSY. SRIIETHFSRAXTS0% B, AlSE48
3¢, b IF B AR PE T R

MR TELYE, TRAES e E@E, £ 8 LELELAFALSi-Fed 4
EERENY. 4, BEETFTLASIHHERZEREMIKLAL~- 10
ClsechIiE Fm# £900~950CHBRELEBRAG—ARET, FtBLER
FEHMEETHEIFL-SHHAOFREHRA(REFEEN). EXFHFHFALT,
L HZE BB AI0TC /sech vy m H ik £ £ 3 F900T 65 3
B, EEAFTARFB . Ik FIKT1ClsecH, HEELHK
f4b. BRAHERFOASZEEKTI0CH, AEKRMH P oy R K4k
ARKE, RERGFHEALHAGREEE. S &HHEEKXTIS0
TH, BEFARAZRAGEAER, FEFeFHTERERNL
BENET. SAENGHAEAETHRFEGENE T2454 8, Al-Si-Fed
LENHBREFAALS. SATSHEET A GERE RS 4 KT,
HEFEAMN, FASLBAREREGIRZLERAGA.

ERFAELEZELEANERLEZE, BRBA T E ER
MEHI., EmBEIEP, FEAH., EXFHFBFALT, REBZEH
Alpig B E LS~ 15C/sectiE B A, ABRATEG R ETHTAE
M LI MATRE GG B ik A, 454k BIKTS5Crsecty, EEHE
WEFRE. FTII5Crsec L Gk RAdp, FLATERFLHF.

HAREHXRG R BEELLET00~800C ey iR EEH T 4549,
ERBEAEZE, HAE R IAT0 - 8007C 2220 ~ 100TC /secty it &,
ik A BKTRF T3I00C o2 ., @ iX fkikAdp, M EKH
AL, AHFEFATRLEEHRGALSI-Fed 2K, FALEKBRMEN
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Ky hs. ARG ERLFHA TAERAHAGEFERRALLR
RGe, MO THBRHARABRERALYN. WTERXFo#H; Hivig
TEEGERA, FiIAREZESTS00C T A BEH,. X EIKTT00
CHBRETHFEARRBENANY, ¥ THRASELMTHFREE XK.
Y RBEAZEGAIEEILT20C/secH, OGHRAGHETRAS,
FHFe® I F#iIE. SRR EAZEGAIiE F1L100C /secttf, &
FEEZRELFEEPHALHEARTARERS TR EH ., Hig A
ENTFRFTI0CHEEAZNSH LG T E4H. oF L4285 K4
%6 A5 AT

T @&y £69 E R T RHATHA.

(MRXDATESFHATEFTERBRBHENH, F AT RE .
FE oM Ao M R R ATAFL.

[ Hr 3K 6 #2448 A48 ]

A TEEAORAHRMARS: 0.22%C. 0.22%Si. 1.0%Mn. 0.015%P.
0.007%S.

WA EE: 1.4mm.

LY ETASIKE: 5%.

BEEWMEE: 10~ 20pm.

[#X3#] NEXERZEEAREDT AL EIOMMm. KE
160mm#g-FAR, ETRFHTHRARLE, SFERBEIFHFEHK.
Rig, oLEENRS . BE. RBMHE,. RESEPTFERES]:

TR
< &5 A4F>
ik % 3 S 8C /sec
Ha 3k 08 B 900~ 950TC
B4 B 1) 2~ 10min
HoRAdpig & 7C /sec
AR I s R 720TC
Wik 237 I %6 i 720C
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kb Hpik F: 30C/sec

Adpsk k6B B 100C

[MEXLR] A1AFETHXGLE. ERIPHHMARAT,
BEYTENRWERERAEAMHGMEKERSFGE. K10 —4
2 EEHY, EINRSAFSHBESNEIFENT];, —ABEELEH
Feis (%) 7, HA#HS>HALSFEEF]. AL (INNER) 7. #
— ¢ £ (INTER1) %, % =% HE (INTER2) %. =¥ HE
( INTER3) #|#$+3F B (OUTER) #l; —AMEERMHHGEE (Hv)
|, —AEEGHE (Hv) 7, ZF#ESARKEN. F¥H7. R
RAEHAHAHER (%) 57, —ARAHEF (mg/dm®) 7]; —
ABRBEEET;, —ANARBERET;, - AIFRHBEET].

<BRBHE>SRBEHAZE, LAISIi-Fed 2 EPRETRE. A
S A MARER SRR AREHER A EE, FEAVEER. BA—
5RBFEHNEMERELEGEPMBFRATESE, FHFAL. B
TNo2Z M4z 4, HHHEAAEBRITFRBHRE, No 284K EEL
WOEE, BEENFHEERREARMAMBEEXR, FRLEEEEL
HPEXTEEEBEWNS0% 6§ EA K ELE G KR F 6 EAR L
XK. BA-—ARBGHTF, B2ARTEARLGNo 1 &EMH F oI &
MM, SFLE2BER T EF RGN 2&MAFTHEERBRLEH.

<H RS A O ERFRITHIIS 22371H T EF B 4k
KB (SST), UM EBFALHHAGRESME. £X, No3&H4 AR
BEEGR BB, ENo3&Mu Ty, WTEASGUERETAFGN
it K B vAFed S ¥ B, SFHRRERINE T LA T RIK.

<IFERESETESFHTHAHAE TS ZEHHRATEENEF. S
EERENHKAE MY, EFTEBAZSRIIABREREMA TS
i&. B, A TERBRESHTHATEE, A81F.538 X3 IS 723140
PHAGFI AR AEDGEB A, BRESASEF N A HTIFEEE.
WIFNOIZEMY WAL ENKAAKXYS500, EFIEIFEGKEZ
T, FTANo3Z MM #H A AR ESEF A AXAE. & TH T No3%#H
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Yz e M, B EHB R FHAH3000, X P) H 2P A AGKF,
FHAEZSELEREE. B, BRNo3EXHZIEHMHNAEBERAESE.
Et, M XOLFEFTERLEEZGRIFHNE KK BFed i #E48 A
®ALH, deNo3XAMH, FEBEESN T K. ENo3IXAAW MBS
R EYKRE, K@M, No3RHFGARBHARI. HL, Nol3k#
BiEST—REM.

[ 33344 ]

EARMH g2 M ( F1.2mm) = B A 440MPa
REREGEDGGAHMH (F£2.0mm)

;% 5.98kN

i JE: 50Hz

£ Ft: 3Hz

i 9kA *18Hz

B 21Hz

(RXK2) AL RAREM K169 XHNo. 1R F XS AT#H L&A
MR ZEERKR, IR FETREEGHRZELARTE
TREAHTHAAESE LT GOHERTICK,. HILA TS T LEH,KH4
Fo bR XA GG R A2 LR, FHATALEFGSRAZERLRBG AL
th X 45500.%, WmRERXLPAH T XHEEZREI0005XE 5.

(33X 51)

AEAHA BaAR (1.2¢) f= LA 440MPakd 31 3% B 6§ GAMH
(2.0t)

)23 610kgf

i1 JE: S0cyc

B - 3cyc

if 9KA x18cyc
B 21cye

(BX3) BRZELMABRLEISOCTHREEARAEAKEG R, ¥
BAL-Si-Fed 2 &, #AASLELHATEMREEE. KRG, *iRM
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it A, AEXEESLE Y& AW E ik B k4 (paintability) X
Mgk A, EREATFAE2Y. A, R ESTH I A AP G
BIFFHFHAATR =N AL E R ERERNETHERXRING
REE.

ME2T 4, BEAYHEEFXTS500mg/dm’, ERBEEYT 4%
MALEFRE. EXAAAB TG EXET, EERSEHRITLS,
FHBEEMBARAERER LSS,

ERBEALXPVEIESFEHELBEMLEP, REAIKKELY
Al-Si-Fed £ BB E MBRfo 4l B2 M B R FE, fF LIR@MARZ i
EEEFQEEAGEEMAENRERE., mE, BE&L2ENALDE
K., A, KEXRFETURSGABHRERLERE, HELETF
A ZfFed 2, FMNKFIRBREfIFHEER

EREARPERFESALEFTFTEF, FEEACLSIHHF4S
EENMMBITRLERE, BERAEHK, FHLREAI, BQH, E4
FHAETARSGRB M., REMHAE. FEEREPRT L.

AW iFA20025F7A 118 wiE 69 8 K5 5| ¥ # No.2002 - 2027704
k. %8B AE A PiHEN0.2002-202770585 & FR A E A K I A I £
5.

RELmaBd S AKX MK EERFECLEMNEALBIHATT 5
W, BEXAXARBRTLEZEFR. BELERK, KaRERA
AT LR ERFTEFEEFARPEE. ARXVUGEHARTH
o9 AUA] T K 3t AT RRE.
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Abstract of FR2ZTI0O0TE AT

A steeal sirip containing at least 0.1 wi%
Mn is prefreated prior to hot dip coating
with Al or Al alloy. During the
pretreatments which consist of cleaning,
heat freatment and cooling, the
atmosphare is mainiained as completely
non-reducing. Coating esp. stainless and
alloy stesls. By avoiding the use of
hydrogen containing atmosphsras, the
process becomes more sconomic and the
security of the process is improved.
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Notice

This translation is machine-generated. It cannot be guaranteed that i is intelligible, accurate,
compilete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation cutput.

DESCRIPTION FR2720079

The present invention relates to a method for coating aluminum or aluminum alloys by hot dipping
a piece, in particular a strip, of steel containing at least 0.1% by weight of manganese, in particular
Of stainless steel and / or alloy.

in general, in order to carry out 2 metal coating by dipping a stesl part, the part {0 be coaled is
prepared and quenched in a coating bath, that is 0 say a bath of molien metal.

The preparation of said part generally comprises a number of successive treatments.

Thus, for example, to prepare the said part, its surface is cleaned, heated and then cocled. The
cieaning of the surface can be carried out in particular by chemical treatment of degreasing, by
heat freaiment calied preheating or even by physical treatment. intended 10 recrysiallize the sieel
which composes the part; 1t is thus carried out for a time and in accordance with a temperature
profile determining the mechanical properties of said part.

The cooling is intended to bring the femperature of the part to a temperature close to that of the
bath of molten metal, It is generally conducted under a jet of cold gas.
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When the coating is based on aluminum and the parts {0 be coated are made of stainless sieel
and / or alloy, in particular containing af least 0.1% manganese, it is known {0 carry out the
preparation of the part, in particular the last Such as heating and cooling, under a reducing
atmosphere, in particular containing hydrogen.

Indeed, the part 1o be coated has on the surface traces of oxides of the alloying elements of said
stainiess steel and / or alloy, The cleaning freatment, particularly when carried out by preheating,
further oxidizes said surface; it is known that these oxides, and in particular chromium oxides, can
prevent the molten metal in the bath from properly wetling the surface of the strip at the moment of
dipping, which is defrimental to the quality of the coating obtained, in particular ai the level of lis
adherence {0 the piece and its geometrical homogeneity.

This arrangement concerning the atmosphere of the preparation treatments is therefore usefui for
reducing the oxides of the alloying elements of the steel, in particular chromium, which are located
on the surface of the part to be coated and for substantially improving the guality of the coating In

particular with regard {o its adhesion 10 the workpiece and its geometrical homogeneity.

Thus, itis known 1o use hydrogen in large proportions in the cooling and heating atmosphere in
order to reduce, at the surface of the part 10 be coated, the oxides initially present or which have
formed during the previous treatments of the preparation; But the use of hydrogen presents
serious economic and safety disadvantages.

French FPal. No. 2,664,617, filed on July 18, 1990 in the names of SOLLAC and UGINE SA,
describes such a process and has the advaniage over prior art methods of avoiding the use of
atmospheres Reducing agents containing high proportions of hydrogen, in the preparation of a
part io be coated, in particular at the time of cooling.

This document describes a preparation process for the aluminum coating by dipping a stainless
steel strip in which said strip is preheated in a non-oxidizing atmosphere at a lower temperaiure
than in the prior art, said strip In a non-oxidizing atmosphere which may be reductive and contain
hydrogen, and said strip is cooled in a non-reactive atmosphere, such as nitrogen, and may
contain hydrogen.

Thus, due o a lower temperature and a non-oxidizing atmosphere during preheating, the
formation of oxides on the surface of the strip is limiled and the subsequent ireatments can
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advantageously be carried out under less reducing atmospheres, thus containing less hydrogen
than Those which are commonily used before, while obtaining a coating of aluminum of good
guality, in particular of good adhesion and good homogeneity.

Nevertheless, in this process, the counterpart of the lower temperature and the non-oxidizing
atmosphere of the preheating may be a reduction in the gualily of the cleaning, in particular when
bodies that clog the surface of the part, in particular fat bodies, Are not completely decomposed
under these new preheating conditions.

It may also be necessary to extend the duration of the preheating treatment to obtain a sufficient
guality of the cleaning, buf this lengthening of the treatment time is detrimental {0 the productivity.

Moreover, in particular for heating and cooling freatments, it is often necessary 1o use hydrogen,
although obvicusly in smaller proportions than before; Therefore, the disadvantages associated
with the use of hydrogen have not been totally eliminated and which relate to the safety and cost
of the instaliations.

The object of the invention is 10 avoid the use of hydrogen during the preparation of a pari, in
particular a strip, of stainless steel and / or alloy containing at least 0.1% manganese for a coating
with Tempered aluminum or aluminum alloys.

Another object of the invention is to facilitate the processing of the preparation of such a strip, and
in particular to ensure both the quality of the cleaning and the productivity.

To this end, the subject of the invention is a process for the coating of aluminum or aluminum alloy
by hot dipping of a piece, in particular of a strip, of stesl containing at least 0.1% by weight Of
manganese, in particular of stainless and / or alloyed steel, in which the strip is prepared before
coating in a sequence of treatments carried out under a controlled atmosphere and then the strip
is guenched in a bath of molten aluminum or aluminum alloy, characterized In that said
atmospheres are all non-reducing.

The process according to the invention may comprise one or more of the following characteristics:

the hydrogen concentrations of the atmospheres of the said treatments are all less than or egual

{0 4%, the said treatments are thermal treatments, Cooling, the heating and cooling atmospheres
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contain more than 96% nitrogen.

BRIEF DESCRIPTION OF THE DRAWINGS The invention will now be described in more detail
with reference to the accompanying drawing, which shows a schematic view of a preparation
installation and a continuous dip coating instaliation of a metal strip.

As shown in the single FIGURE, the continuous preparation plant designated as a whole by the
reference 1 comprises a preheating fumace 2, a heat treatment furnace 3, a cooling chamber 4,
installed upstream of a dip coating instailation designated as a whole by the reference 5, it
comprises web support rollers 17 distributed throughout the installation and defining the web path.

The dip coating instaliation 5 is known per se and will not be described herein in detail, in a
conventional manner, it comprises a soaking vessel containing the coating bath 8, made of
aluminum or molten aluminum alloy, and spinning ejectors 7.

The preheating furmace 2 is a direct flame fumace having an air inlet 8, burner ramps 9 arranged
on either side of the strip path, and a gas discharge, in particular combustion ; The preheating
furnace 2 further comprises a strip inlet 11 and a strip outlet 12 opening directly into the heat
treatment fumace 3.

The heat freatment furnace 3 is equipped with radiant tubes and a controlled atmosphere, in
particular by a treatment gas inlet 13; its outlet opens directly into the cooling chamber 4.

The cooling chamber 4 is provided with ramps of cooling gas ejectors 14 arranged on either side
of the strip path, the ejectors of which are oriented towards the strip path; The cooling chamber 4
is also provided with a gas exhaust chimney 15 and opens out via a strip outlet channel 16 below
the level of the free surface of the liguid metal 6§ of the coating installation 5.

The preparation plant also includes means for measuring the temperature of the atmosphere and
the strip, means for measuring dew points and for controlling the humidity level, which are installed
in the preheating furmnace 2, Heat treaiment furnace 3, and the cooling chamber 4; These means
are known per se and are not shown here.
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The cooling gas ejector ramps 14 and the treatment gas inlet 132 are connected to gas supply
means which are not shown here.

In order to proceed with the dip coating of a band B of stainless steel and / or alioy containing at
least 0.1% manganese, said sirip is prepared according to the following sequence: said strip is
preheated between the bumer ramps 9 of A preheating fumace 2 supplied with an excess of at
least 2% of fuel with respect {0 the stoichiometric combustion conditions in a non-oxidizing
atmosphere, the temperature of which is generally between 8000C and 13000C; in this way, the
temperature of the strip at the cutlet of the preheating furnace 2 is greater than the decomposition
temperature of the bodies which are clogging the surface of the strip, in particular fatty
substances, and generally situated between 4000C and 7000C; The surface of said strip is then
cleaned.

The said strip is heat-treated in the heat freatment fumace 3 for a fime sufficient for the measured
temperature of said strip at the outlet of the heat treatment furnace 3 {0 be greater than the
recrystallization temperature of the stainless steel and / or alloy Of the strip, that is 1o say generally
between 7500C and 9500C, and in order {0 obiain the required mechanical properties of the strip;
The temperature of the atmosphere of the heat treatment fumace is thus established between
8500C and 10000C and, moreover, its dew point between -450C and -250C.

This heat ireatment is carried out under a non-reducing atmosphere; By means of the gas supply
means, a non-reducing treaiment gas, in this case nitrogen containing less than 0.1% hydrogen, is
injected into the heat treatment furnace 3 via the gas inlet 13, Such that said furnace 3 is under
overpressure with respect to the preheating furnace 2 and the cooling chamber 4.

Without departing from the invention, i is possibie to use as nitrogen-treating gas coniaining 4%
hydrogen, Even at these concentrations, the use of hydrogen does not have any drawbacks with
regard to the safely and cost of the installations.

Said strip is cooled between the ramps of cooling gas ejectors 14 in the cooling chamber 4 under
a non-reducing atmosphere; By virtue of the gas supply means, the ramps 14 are in fact supplied
with non-reducing cooling gas, in this case nitrogen at ambient temperature containing less than
0.1% hydrogen, at a flow rate such that the measured temperature Of the strip at the outlet of said
chamber 4 is close {o that of the bath of molten metal 8, that is to say generally between 6700C
and 7000C; The dew point is set between -300C and -150C.
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The cooling and, in part, treatment gases are evacuated via the exhaust stack 15; The other part
of the process gas is discharged via the exhaust stack 10 of the preheating furnace 2.

The strip emerges from the preparation installation 1 via the cutlet channel 16 of the cooling
chamber 4 and therefore immediately dips into the liguid metal bath 8 of the coating instaliation 5.

Thus, during the preparation of the strip for the coating, since there is no upper limit temperature
for preheating, it is advantageously possible to carry out a higher temperaiure to ensure both the
quality of the deaning and a good productivity .

Thus, during the preparation of the strip for the coating, the use of hydrogen and the
disadvantages associated with its use, in terms of safety and cost, are avoided completely.

The handling of the sirip preparation treatments for the dip coating is greatly faciiitated.

After the strip has been prepared, the strip is then dipped by a method known per se which is not
described herein in detail, The wiper ejectors 7 are in particular adjusted to obtain the desired
coating thickness, for example about twenty micrometers.

The Applicant was surprised o note that while the strip preparation treatments were all carried out
in the absence of hydregen and in a non-reducing atmosphere, the coating of aluminum or
atuminum alloy made by dipping according to Methods otherwise known 1o have good geometric
homogeneity and good adhesion to the stainless steel and / or alloy band B provided that said
steel contains at least 0.1% manganese; This result is all the more surprising since the preparation
conditions are not able to totally prevent the formation of oxides or even to reduce them to the
surface of the strip.

EXAMPLE 1 A strip of alloy steel with a thickness of 1 mm having a manganese content of
0.178% is taken.

The other alloying elements are in particular: 51 0.37% - Cr 0.84% - Al: 0.8% - Ti: 0.32% - Nb:
0.21%.
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Using the installation described above, the process according to the invention is carried out under
the foliowing conditions of preparation and coating: Preheating fumace 2: - strip temperature at the
outlet of the furnace: 6500C.

Heater oven 3 - Qutlet temperature of oven: 8500 C.

- composition of the atmosphere: Nitrogen.

- dew point: -300C.

Cooling chamber 4 - strip temperature at chamber outlet: 8800C.

- composition of the atmosphere: Nitrogen.

- dew point: -250C.

Coating bath 8 - composition: Al 87.6% - St 9.1% - Fe: 3.3%.

- immersion time: 3 8.

The wiping ejectors 7 are set to load the strip about 126 ¢ / m 2 in double face with a coating
which has the following composition: Al 86.8% Si. 8% Fe: 7.2%.

The adhesion and the homogeneity in the thickness of the coating are then measured by the
following methods: - ASTM standard adhesion test No. A 463 488: the method consists in folding
at a temperature of 1800 ° C a sample of coated strip with a diameter corresponding o two Times
the thickness of the sample; The test is positive if no scaling of the coating can be detected after
folding.
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The adhesion tests carried out on samples of the strip thus prepared and coated according to the
invention are positive.

- Measurement of thickness or load of coating according to ASTM standard nOA 428-99: the
method is based on the weight measurement of several samples before and after chemical
stripping of the coating.

The loading measurements carried out on three samples of the strip, thus prepared and coated
according to the invention, gave 120 g/ m 2 as the results; 123 g/ m2; 121 g/ m2 ... and
correspond o good homogeneity.

EXAMPLE 2 A strip of stainless steel F17T of thickness 1.4 mm having a manganese content of
0.45% is taken.

The other alloying elements are in particular. Cr: 17.7% - 51 0.44% - Ti: 0.29% ~ Nby: 0.62%.

Using the installation described above, the process according to the invention is carried out under
the same preparation and coating conditions as in Example 1.

The wiping ejectors 7 are set to load the strip about 120 g / m 2 in double face with a coating
which has the following composition: Al 86.8% Si: 8% Fe: 7.2%.

The adherence and the homogeneily in thickness of the coating are then measured by the same
methods as in Example 1. The adhesion tests carried out on samples of the strip thus prepared
and coated according to the invention are positive.

The load measuremenis carried out on three samples of the strip, thus prepared and coated
according to the invention, gave 122 ¢/ m 2 as the results; 124 g/ m2; 121 g/ m2 ... and
correspond o good homogeneity.
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Patent Transiate

Powersd by EPQ and Google

Notice

This translation is machine-generated. It cannot be guaranteed that i is intelligible, accurate,
compilete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation cutput.

CLAIMS FR2720079

CLAIMS

A method for hot-dip coating a workpiece, in particular a strip, made of steel containing at least
0.1% by weight of manganese, in particular of stainless steel and / or alloy, in which the strip is
prepared before coating According to a sequence of treatments carried out under a controlied
atmosphere and then the strip is quenched in a bath of aluminum or of a molten aluminum alloy,
characterized in that the atmospheres of said treatments are all non-reducing.

Process according to claim 1, characterized in that the hydrogen concentrations of the
atmospheres of said treatmenis are all less than or equal o 4%.
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Process according to claim 1 or 2, characterized in that said treatments are heat treatments.

A process according 1o claim 3, characlierized in thal, when said trealment segquence includes
heating and cogling, the heating and cooling aimospheres contain more than 86% nitrogen.
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Procédd de revélement d'aluminium par trempe & chaud dune pidcs, notamment d'une bands, en acler

" contenant au molns 0,1 % en polds de manganése

Dans ce procédé, on prépare la bande avant le revéie-
nient sulvant une séquence de traitements sous atmosphé-
res toutes non réductrices puis on rempe la bande dans un
bain Jdaiuminium  ou  dalliage daluminium  fondu
Simplification et sécwritd de lg préparation pour le revéte-
mart au trempé.

, notamment en acler Inoxydable eliou allié.
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La présente invention est relative & un procédé de revétement
d’aluminium ou d'alliages d'aluminium par trempé & chaud d'une pidcs,
notamment d'une bande, en acier contenant au meins §,1% en poids
de mangandse, notamment en acier inoxydable et/ou allié,

D'une manidre générale, pour procéder & un revétement mérallique
au wempé d'une pidce en acier, on prépare la pidce & revétir et on la
trempe dans un bain de revéiement, ¢'est & dive ici un bain de métal
fondu.

La préparation de ladits piéce comporie généralement un certain
nombre de traitements successifs.

Ainsi par exemple, pour préparer ladite pidgce, on netioie sa surface,
on ia chauffe , puis on la refroidit .

le nettovage de la surface psut &tre notamment réalis€ par
traitement chimigque de dégraisssage, par traitement thermique appelé
préchauffage, voire par traitement physigue |

Le chauffage est destiné 3 recristalliser I"acier qui compose la pigce
; it est ainsi effectué pendant une durée et selon un profil de température
déterminant pour les propriétés mécaniques de ladite pidce,

La refroidissement est desting & ramener la tempédraturs de la pidce
& une température proche de celle du bain de métal fondu ; slle est
généralement conduite sous jet de gaz froid.

Lorsgue le revéiement est & base d'aluminium et que leg pidces 3
revétir sont en acier inoxydable at/ou allié, notamment contenant au
moins 8,1 % de manganése, i est connu de réaliser la préparation de la
piéce, en particulier les dernidres étapes comme le chauffage et le
refroidissement, sous une atmosphére réductrice, notamment contenant
de Phydrogéne,

En effet, la pidéce 2 revétir présente en surface des traces d'oxydes
des éléments d'alliages dudit acier inoxydable et/ou allié ; le traltement de
nettovage, en particulier lorsqu’il est réalisé par préchauffage, oxyde
encore davaniage ladite surface ; il est connu que ces oxydes, &t en
particulier les oxydes de chrome, peuvent empécher s métal fondy du
bein de mouiller convenablement la surface de la bande au moment du
trampé, ce qui est préjudiciable 3 la qualité du revétement obtenu,
notamment au niveau de son adhérence 3 la pidce et de son homogénéitd
géométrigue.
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Cette disposition concernant [atmosphére des traitements de
préparation est donc utile pour réduire les oxydes des éléments d'alliages
de 'acier, notamment de chrome, qui se trouvent 3 Ia surface de ia pidce
& revétir et pour améliorer sensiblement Iz qualité du revétement au
trempé, notamment au niveau de son adhérence & la pidce et de son
homogénéité géométrigus.

Ainsi, il est connu d'utiliser de I'hydrogéne en fortes proportions
dans "atmosphére de refroidissement et de chauffage pour réduire, 3 la
surface de Iz pidce & revitir, les oxydes initislement présents ou qui se
sont formés lors des traitements précédents de la préparation ; magis

Futilisation d'hydrogéne présente de graves inconvénients économiques

gt de sécurité.

Le brevet frangais n°2 664 G17 déposé le 16/07/30 aux noms des
Sociéiés SOLLAC et UGINE S.A. décrit un tel procédé et présente
Favantage, par rapport aux procédés de art antédrieur,  d’éviter
Putilisation d'atmosphéres réductrices contenant de fortes proportions
d'hydrogéne, lors de fa préparation d'une piéce & revétir, en particulier au
moment du refroidissement.

Ce document décrit un procédé de préparation pour le revétement
d'aluminium au trempé d'une bande d'acier inpxydable dans lequel on
préchauffe ladite bande dans une atmosphdre non oxydanie & une
températurs plus basse gue dans ["art antérisur, on chauffe ladite bande
dans une atmosphére non oxydanie, pouvant &tre réductrice et contenir
de "hydrogéne, et on refroidit ladite bande dans une atmosphére non
réactive, comme de "azote, et pouvant contenir de 'hydrogéne.

Ainsi, grice & une température plus basse &1 une atmosphére non
pxydante au préchauffage, on limite la formation d'oxydes & Ia surface de
iz bande ¢t on peut avantageusement effectuer les traitements ultérieurs
sous des aimosphéres moins réducirices, donc contenant moins
d'hydrogéne que celles couramment utilisées auparavant, tout en
obtenant un revétement d'aluminium de bonne gualité, en particulier de
bonne adhérence et de bonne homogénéité.

Méanmoins, dans ce procédé, la contrepartie de Iz température plus
basse et de "atmosphére non oxydante du préchauffage peut 8tre uns
diminution de la gualité du nettovage, en particulier lorsque des corps
encrassant la surface de la pigce, notamment des corps gras, ne sont pas
totalement décomposés dans ces nouvelles conditdons de préchauffage.
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# peut &ire é&galement nécessaire de prolonger la durde du
traitement de préchauffage pour obtenir une qualité suffisante du
netioyage, mais cet aliongement de la durée du traitement est
préjudiciable 3 la productivité,

Par ailleurs, notamment pour les traitements de chauffage et de
refroidissemant, il reste souvent nécessaire d'utiliser de "hydrogéne, bien
gu’évidemment en plus faibles proportions gu’auparavant ; on n'a dong
pas totalement supprimé les inconvénients Ké a Putilisation d'hydrogéne,
et qui concernent la sécurité et le colt des installations.

Llinvention a pour but d'éviter "utilisation d'hydrogéne lors de la
préparation d'une pidce, notamment d'une bande, en acier inoxydable
et/ou allié contenant au moins 0,1 % de mangandse pour un revétement
au rempé d’aluminium ou d'alliages d'aluminium.

Llinvention a également pour bul de faciliter la conduite dss
traitements de préparation d'une telle bande, et en particulier d'assurer &
la fois la qualité du nettoyage et la productivité.

A cet effet, Uinvention a pour objet un procédé de revétement
d’sluminium ou d'alliage d'aluminium par trempé 3 chaud d'une piéce,
notamment d'une bande, en acier contenant au moins 0,1% en poids de
manganése, notamment en acier inoxydable et/ou allié dans lequel on
prépare la bande avant le rev8tement suivant une séquence de
traiternents effectuds sous atmosphére conirdiée puis on trempe la bande
dans un bain d'aluminium ou d'alliage d’aluminium fondu, caractérisé en
ce que lesdites atmosphéres sont toutes non réductrices.

Le procédd suivant Pinvention peutl comporter ung ou plusieurs des
caractéristiques suivantes

- les concentrations en hydrogéne des atmosphéres desdits
traitements sont toutes inférieures ou égales 3 4 %,

- lesdits traitements sont des traitements thermiques,

- lorsque ladite séguence de traitements componte un chauffage et
un refreidissement, les atmosphéres de chauffage et de refroidissement
contiennent plus de 98 % d'azots.

Linvention va maintenant étre décrite plus en détail en regard de la
figure annexée , qui représente uns vue schématique d'une instaliation de
préparation et d'une instalistion de revétement au trempé en continu
d¢'une bande métalligue.
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Comme représenté & la Figure unigue, installation de préparation
en continu désignée dans son ensemble par la référence 1 comprend .

- un four de préchauffage 2,

- un four de traitement thermigue 3,

- ung chambre de refroidissement 4,

Ladite installation de préparation est instaliée en amont d'une
installation de revétement au trempé désignde dans son ensemble par ia
rétérence 5 ; slle comporte des rouleawx-support de bande 17 répartis
dans toute Finstallation et qui définissent le chemin de bande.

L'instaliation de revétement au trempé 5 est connue par elle-méme
et ne sera pas décrite ici en détall ; d'une manidre classique, elle
comporte un récipient de trempage contenant le bain € de revétement,
composé d’aluminium ou d’alliage d'aluminium en fusion, et des éjecteurs
d'essorage 7.

Le four de préchauffage 2 est un four 3 flamme directe comportant
une entrée d'air 8, des rampes de brilsurs 8 disposées de part et d'autre
du chemin de bande, et une cheminée 10 d'évacuation des gaz, en
particulier de combustion ; le four de préchauffage 2 comporte encore
une entrée de bande 11 8t une sortie de bande 12 débouchant
dirsctemnent dans le four de traitemant thermigus 3.

Le four de traitement thermique 3 est & tubes radiants et 3
atmosphére contriée, en particulier par une entrée de gaz de traitement
13 ; sa sortie débouche directement dans la chambre de
refroidissement 4.

La chambre de refroidissement 4 ast dotée de rampes d'éjecteurs
de gaz de refroidissement 14 disposées de part et d’autre du chemin de
bande, dont les éjecteurs sont orientés vers le chemin de bande ; la
chambre de refroidissement 4 est également dotée d'une cheminde
d’évacuation des gaz 15 et débouche par un canal de sortie de bande 16
sous le niveau de la surface libre du métal liquide 6 de installation de
revétement 5.

L'installation de préparation comporie également des movens de
mesure de température de 'atmosphére et de Iz bande, des moyens de
mesure des points de rosée et de contrdle du taux d'humidité, qui sont
instaliés dans le four de préchauffage 2, le four de traitement thermigue
3, et iz chambre de refroidissement 4 ; c8s moyens 500t CONNUS en SuUX-
mémes ot ne sont pas représentss icl.
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Les rampes d'éjecteurs de gaz de refroidissement 14 et 'entrée de
gaz de traiternant 13 sont reliés & des moyens d'alimentation en gaz qui
ne sont pas représentés icl.

Afin de procéder au revétement au trempé d'une bande B d'acier
inoxydable et/ou allié contenant au moins §,1% de manganése , on
prépare ladite bande seclon la séquence suivante :

- on préchauffe ladite bande entre les rampes de brileurs 9 du four de
préchauffage 2 alimenté en excés d'au moins 2 % de carburant par
rapport aux conditions stoschiométriques de combustion dans une
atmosphére non oxydante dont la température ast généralement située
entre 8O0°C et 1300°C ; de cette manidre, la température de la bande &
la sortie du four de préchauffage 2 est supérieure 3 la température de
décomposition des corps encrassant ia surface de la bande, notamment
des corps gras, et généralement situde entre 400°C et 700°C ; Ia surface
de ladite bande est alors netioyée.

- on traite thermiguement ladite bande dans k& four de traftement
thermique 3 pendant une durée suffisante pour que la température
mesurée de iadite bande 3 la sortie du four de traitement thermique 3 soit
supérieure & Ia température de recristallisation de acier inoxydable et/ou
aliié de la bande, c’ast 3 dire en général comprise entre 750°C et 950°C,
et pour obtenir les propridtés mécaniques requises de la bande ; on étabilit
donc la température de Patmosphére du four de traiterment thermigue
entre 850°%C et 1000°C et, par ailleurs, son point de rosée entre -45°C et
-25°C,

On effectue ledit waitement thermigue sous ung atmosphére non
réductrice ; grice au moyen d'alimentation en gaz, on injecte dans le four
de traitement thermigue 3 par 'entrée de gaz 13 un gaz de traitement non
réducteur, icl de Pazote contenant moins de 0,1% d'hydrogéne, 3 un
débit tel que ledit four 3 soit en surpression par rapport au four de
préchauffage 2 et 3 la chambre de refroidissement 4.

Sans se départir de Pinvention, il est possible d’utiliser comme gaz de
traiternent de Vazote contenant 4% d'hydrogéne ; méme & ces
concentrations, utilisation d'hydrogéne ne présente en effet aucun
inconvénient guam & la séourité et au colt des instaliations.

- on refroidit ladite bande entre les rampes d'djecteurs de gaz de
refroidissement 14 dans la chambre de rsfroidissement 4 sous une
atmosphére non réductrice ; gréce aux moyens d'alimentation en gaz, on

ArcelorMittal Ex. 2001
Posco Co. LTD. v. ArcelorMittal

IPR2024-01377
Page 640 of 1430



10

i3

20

25

3B

33

2720079

$
alimente en effet les rampes 14 en gaz de refroidissement non réducteur,
ici de Pazote 3 température ambiante contenant mwoins de $,1%
d'hydrogéne, & un débit tel que la température mesurée de la bande a la
sartie de ladite chambre 4 soit proche de celle du bain de métal fondu 6,
c'est & dire en génédral comprise entre 670°C et 700°C ; on régle le point
de rosée entre -30°C et -15°C.
Les gaz de refroidissement et, en partie, de traitement s'évacuent par la
cheminée d'évacuation 18 ; "autre partie des gaz de traitement s'évacue
par la cheminde d'évacuation 10 du four de préchauffage 2.
La bande ressort de I'instaliation de préparation 1 par le canal de sortie
16 de Iz chambre de refroidissement 4 et trempe donc immédiatement
dans le bain de métal liguide § de 'installation de revétemeant B.

Ainsi, lors de la préparation de la bande pour le revétement,
puisqu'il n'y a pas de température limite supérieure de préchauffage, on
peut avaniageusement procéder & une température plus élevée pour
assurer 3 la fois la qualité du nettoyage et une bonne productivité,

Ainsi également, lors de la préparation de la bande pour le
rav@tement, on  évite totalement Futilisation d’hydrogéne et les
inconvénients liés & son utilisation, aux plans de la séourité et des codts.

La conduite des traitements de préparation de la bande pour le
revitement au trempé est largement facilitde.

Aprés la préparation de la bande, on procéde ensuite au revélament
au trempé de la bande selon un procédé connu en lui-méme qui n'est pas
décrit ici en détail ; on régle en particulier les éjecteurs d’essorage 7 pour
obienir I'épaisseur de revétement souhaitée, par exemple de environ vingt
micrométres.

La Demanderesse a constaté avec surprise que, slors gue les
traitements de préparation de a2 bande ont tous été conduits en absence
d'hydrogéne et en atmosphére non réductrice, le revétement d'aluminium
ou d'alliage d’aluminium réalisé au trempé selon des méthodes connues
par ailleurs présente une bonne homogénéité géométrique et une bonne
adhérence sur la bande B d'acier inoxydable et/ou allié 3 condition gue
ledit acier contisnne au moins 0,1 % de mangandse ; ce résultal est
d'autant plus surprenant que les conditions de préparation ne sont aptes
ni & empécher totalement ia formation d'oxydes, ni méme 3 les réduire 3
la surface de la bande.
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Exemple 1

On prend un bande d’acier allié d'épaisseur 1 mm dont {a teneur en
manganése est de 0,178 %.

Les autres éléments d'alliage sont notamment © 8i: 8,37 % - Cr:
0,84 %-A1:09%-Ti:032%-Nb:0,21 %.

En utilisant Pinstaliation décrite ci-dessus, on procéde seion
Pinvention dans les conditions suivantes de préparation ei de
revétement ©

. Four de préchauffage 2 .

- température de bande en sortie de four : 650°C.
. Four de chauffage 3 :

- température de bande en sortie de four : 850°C.

- gomposition de Patmosphére © Azots.

- point de rosée @ -30°C.

. Chambre de refroidissement 4 .

- température de bande en sortie de chambre : 880°C.
- composition de 'atmosphére « Azote,
- point de rosée : -25°C.

. Bain de revétement 6 :

- gomposition : Al 87,8 % -8i: 2,1 % - Fe : 3.3 %.
- durée d'immersion : 3 5.

On rédgle les éjecteurs d'essorage 7 pour charger ia bande de
120 g/m2 environ en double face d'un revétement qui présente la
composition suivante Al 888 % -5i: 6% -Fe: 7,2 %.

On mesure ensuite "adhérance et 'homogénédité en épaisseur du

revitemnent par les méthodes suivantes .
- Test d'adhérence normalisé ASTM n® A 463 488 : Iz méthode consiste
au pliage 3 180°C d'un échantillon de bande revétue selon un diamétre
correspondant & deux fois 'épaisseur de I"échantillon ; e test est positif si
aucun écaillage du revétement ne peut &ire décelé aprés pliage.

Les tests d'adhérence effectués sur des échantilions de la bands,
ginsi préparde et revéius selon 'invention, sont positifs.

- Mesure d'épaisseur ou de charge de revétement selon Ia norme ASTM
n%A 428-89 : la méthode ast basée sur la masure de poids de plusieurs
échantilions avant 1 aprés décapage chimigue du revétement.

Les mesures de charge effectuées sur trgis échantilions de la
bande, sainsi préparde et revéiue selon [invention, donnent comme
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résultats : 120 g/m2 ; 123 g/m2 ; 121 g/m2 ... et correspondent & une
bonne homogénéité,
Exgmple 2

On prend un bande d’acier inoxydable F17T d'épaisseur 1.4 mm
dont la teneur en mangandss est de 0,45 %.

Les autres éléments d'alliage sont notamment @ Cr 0 17,7 % - 8i .
0,44 % -Ti:0,28 % - Nb: 0,82 %.
En utilisant I"instaliation décrite ci-dessus, on procéde selon Vinvention
dans les mémes conditions de préparation et de revétement que dans
Fexemple 1.

On régle les éjecteurs d’essorage 7 pour charger la bande de
120 g/m2 environ en double face d’un revétement qui présente I3
composition suivamte 1 Al B88 % -Si 6% -Fe: 7,2 %.

On mesure ensuite "adhérence et 'homogénéité en épaisseur du
rovétemnent par les mémes méthodes que dans exemple 1.
- Les tests d'adhérence effeciués sur des échantilions de la bande, ainsi
préparée et revétue selon invention, sont positifs.
- Les mesures de charge effectuées sur trois échantillons de la bande,
ainsi préparée et revéiue selon 'invention, donnent comme résultats
122 g/im2 ; 124 g/m2 ; 121 g/m2 ... et correspondent 3 une bonne
homogéndits.
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REVENDICATIONS

1.- Procédé de revétement par trempé & chaud d'une pidce,
notamment d'une bande, en acier contenant au moins 0,1% en poids de
manganése, notamment en acier inoxydable et/ou aillié dans lequel on
prépare la bande avant le revétement suivant une séguence de
traitements effectués sous atmosphére contrdiée puis on trempe la bande
dans un bain d'aluminium ou d'alliage d’'aluminium fondu, caractérisé en
ce que les atmosphéres desdits traitements sont toutes non réductrices.

2.- Procédé selon la revendication 1 caractérisé en ce gque les
concentrations en hydrogéne des atmosphéres desdits traitements sont
toutes inférieures ou égales 3 4 %.

3.- Procédé selon la revendication 1 ou 2 caractérisé en c¢e que
lesdits traitements sont des traitements thermigues.

4.- Procédé selon la revendication 3 caractérisé en ce gue, lorsgue
ladite séquence de (raitements comporte un chauffage et un
refroidissement, les atmosphéres de chauffage et de refroidissement
contiennent plus de 36 % d'azotle.
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DESCRIPTION FR1297906

A method of hot forging of steel products and a novel industrial product obtained by this process. it
is known that a large number of objects made of steel or ferrous alloys are obtained by hot
deformation of pre-heated blanks.

The main difficully encountered during this manufacture results from the fact that an oxide film
spontaneously forms on the metal when it is carried to the deformation temperature in the
presence of Atmospheric oxygen.

During the hot deformation, which is oblained either by striking on the blank of the successive
blows or by causing a progressive flow of the metal, the oxide film which is not malleable is scaled
And comes off by putting a new surface of the metal back into the bubble again. </ P>

The presence of these scabs or oxide films generally designated by the name of scale, offers
many disadvantages among which can be mentioned: A decarburization of the superficial layer of
the metal, the carbon contained in this layer Being burnt by the oxygen supplied by the oxide;
Grain magnification; intergranular oxidation of the metal underiayer; A poor surface condition of
the finished article which requires extensive polishing or cleaning fo remove the defeciive layers
both in appearance and dimensions of the part oblained and in terms of metaliurgical qualities Of
that part; A significant loss of metal by oxidation; A modification of the contents of the superficial
layers of filler metals, such as chromium, copper, nickel, etc.
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it also happens that the oxide films become embedded in the {ools serving to deform the metal
and cause o0 rapid wear or delerioration of these. </ P> As can be seen, these disadvantages
are numerous and they have a threefold consegquence: lowering the intrinsic qualities of the object
obtained, less careful finishing of this article, wear and deterioration of the tooling.

We have already proposed various solutions to try 1o remedy these drawbacks: It is possible to
brush the oxidized blanks during their reheating, <BR> <BR> <BR> <BR> <BR> <BR> <BR>»
<BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> <BR> {0 remove the
oxide layer, Higher temperature and consequently resulls in greater oxide formation.

it has also been proposed to carry out the reheating of the blank in a controlied non-oxidizing

atmosphere, but this solution requires the servitude of expensive equipment and if it makes it

possible to reduce the thickness of the oxide films during reheating, In no way suppresses the
reoxidation during deformation.

it has been thought {0 considerably reduce the reheating time by induction heating of the room,
but this process is expensive and may not be suifable for parts of any size.

Finally, it was also considered o cover the blank with a protective copper, chromium or copper
base coating. Nickel, but such a praciice could not develop because it is costly and presents major
difficuities.

The present invention relates to a method of manufacturing by deformation of steel paris
previocusly protected from oxidation by a proteclive layer.

The present invention relates to a novel process for the hot deformation of steel products. This
process being essentially characterized in that before the deformation is carried out, the blank is
encrusted with an aluminum-based coating preferably made by dipping the blank Of an aluminum
base coating preferably made by dipping the blank in a liguid bath of the metal constituting the
coating.

in the case of hot deformation of the blanks provided with a protective coating conforming o the
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invention, it is found that the coating deforms at the same time as the blank, Makes it possible o
obtain excellent protection against oxidation and a defined product itself coated with a thin film of
aluminum alloy <B> to </ B> alioy.

This result is unexpected, since it has long been known that at rocom temperature the iron-
aluminum alloys are very fragile and crack when they wish to impose the least deformation on
them. in particular, the Fe-Al and Fe 3 -Al compounds have a high hardness and are very fragile.

However, experience has shown that by operating under the conditions conforming o the
invention, these aluminum-based alloys have a plasticity comparable 10 The metal in which the
blank is made and that it is possible to retain the protective coating until the last stage of
manufacture.

The subject of the present invention is also the novel industrial product which constitutes an object
of iron or ferrous ailoy obtained by hot deformation in accordance with the process indicated
above,

in order to better understand the invention, several embodiments will be described in a non-
limiting manner.

To check the deformability of the luminium alloy protective film, which is the main characteristic of
the invention, a mild steel tensile test piece, coated with an aluminum-silicon alloy, is taken. <B> to
<> 13 </ > </ B> Ye of silicon; This test piece is heated 10 a temperature of <1000> 1 </ B> 200
<8> 3C, </ B> and then broken.

{tis found that the test piece exiends from 80 to 100% and that the protective film remains visibie
over the entire surface of the test piece, Test piece, even in the area located near the break that
has been subjected {6 the necking.

The average analysis of the films indicates about 30 to 50% of Al and 50 to 70% of iron for the
coating obtained on a sheet 4 mm soft steel. The thickness of this layer is approximately .10 mm
after holding for 5 minutes, and 0.05 mm at End of 1 minute of holding in the molten aluminum
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bath <89.5 <I>% </ {> at 800 </ B> OC.

By laminating <B> 1000 OC </ B> from 4 10 2 mm thick, the sheet always remains covered with an
Al-Fe alloy, but this film contains only < B> 10 </ B> lyso of Al, the thickness always being <0.10
mm. </ P> <p align = "JUSTIFY"™> This ability of steel to form with the Al </ B> rich coating during
hot deformation of the increasingly diluted alioys, To considerably increase the covering power of
the initial layer whose surface thus increases as the deformation of the part increases.

in order to manufacture by heat deformation and conformably {0 the invention, a product such as a
key is firstly laundered Of the blank, either by shot blasting, by sandblasting, or by chemical or
electrolytic pickling.

The chemical pickling can for example be achieved by immersing the blank in a dilute hydrochloric
acid bath of from 10 {o 15 at a temperature of 200 and optionally added Nitric acid, hydrofluoric
acid, or tin chioride.

{tis also possible to pick the biank from a concentrated zinc chicride base or even from a
concentrated zinc chioride stream. Melted directly on the blank.

In this case, when the preform is subseguently quenched in the aluminum bath, an excellent
bonding of the alioy layer to the base is achieved, Aluminum oxide due {o the presence of the zinc
which is combined on the one hand with the iron of the blank and on the other hand the aluminum
of the protective layer.

However, since the presence of the aforementioned stream has the disadvantage of producing
acid chioride smoke, it is possible, if desired after pickling, to coat the zinc blank, either by
Immersion thereof in zinc <B> o </ B> the liquid state, or by elecirolysis.

it is important to note that when the blank is subjecied to a diffusion process at a higher
temperature than at 800 ° C. </ B> the zinc distils and only the aluminum-iron alloy remains on
the part.

The blank has been thoroughly etched and is freg of any oxide or grease deposiis or coatings of
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any kind and is carefully dried, preferably by preheating to a temperature of < 100 to </ B> 200
<B> OC, </ B> to remove any moisture without causing a film of oxide.

in order to carry out the protective coating on the aluminum base, the pre-heated blank is
immersed in the alloy bath carried at </ B> B> temperature between 600 and 8001, for a time
which is in the order of a few seconds when a coating of < 2 microns thick, but which can reach a
few minutes in the case of higher thicknesses, for example 0.10-0J5 mm.

The bath in which the plumbing is quenched may consist of pure aluminum or aluminum alioys
and less than 15% silicon, aluminum and less than 20% ) Of zine. Of aluminum and less than 8
per cent of copper, aluminum and less than 57 per cent calcium, or aluminum and about 2 per
cent manganese, Nickel, chromium, etc.

However, among all these alloys, itis recommended {0 use an aluminum alloy and from <3> {o </
B> 13% </ B> of silicon, an aluminum alioy and > From 3 </ B> <Br o <i> 5 </ > </ B> lyo of zinc
or pure aluminum.

When removing the blank after its immersion in the aluminum alloy bath, it is necessary to ensure
that the films which cover the bath are not entrained with the blank. It is possible to separate these
films just before the immersion or the emergence of the blank, either by blowing argon or using
thin sheeis. It is sometimes necessary 10 rapidly brush the blank when it is cooled to remove
dandruff or lumps from the <B> through </ B> The height of the oxidized layer of the bath may
have been deposited.

When the biank is thus covered and preheated, it is placed in an oven which carries the
deformation temperature. This temperaiure is generally higher than 850 QC and can even reach
<1250 OC. </ B>

When the blank has been brought {0 the desired temperature throughout its mass, it is then
passed {o the press, the lubrication being carried out with graphite or resistant greases < B> o </
B> heat. The forging is stopped at a temperature close 1o the steel transformation point, but this
temperature may be less than the point Ac '(for example 700 or 600) OC). </ B>

In the single FIGURE of the drawing, the variations in the hardness of the surface layers of a
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forged flat key made of semi-hard steel are shown, on the one hand according to FiG. And, on the
other hand, without coating.

This key is made using a semi-hard steel whose composition is as follows: Carbon <B>: <U> 0.35
</ U» </ B> <P>%; </ > Manganese <B>: 0.80 lyo, Chrome <B>: 0.80 </ B>%; Vanadium <B>: <i>
0.10%; </ I> Silicon <B>: 0.3 </ B> 170.

The coating is obtained by immersing the blank for a pericd of 1 1o 2 minutes ina bath at a
temperature of 750 to 800.degree. C. </ B> Maximum, having the following composition: <BR> Al
</ B> 98-99%; Fe <B> 05to<i>1 </I> </ B> 170, f 0.5 <B> at 1%. </ B>

in the figure, the distance in mm counted from the surface, from the point at which the hardness
was measured, was represented on the abscissa. The numerals representing the Vickers micro-
hardness measured with a load of 100 grams were plotted on the ordinate. </ B>

The curve <B> 1 </ B> represents the hardness in the case of the key fabricated according to the
invention. Curve 2 shows the hardness in the case of a forged key in a conventional manner.

it should be noted first of gli that the hardness of the base metal is about 280 Vickers.

in the case of curve 2, which has a normal forging, the hardness decreases as the soft edge
approaches a value of 200 Vickers. This decrease in hardness corresponds o a decarburization of
the stesl due to the presence of the oxide layer.

On the other hand, in the case of curve <B> 1, </ B>, which corresponds {o the key manufactured
in conformity with <BR> <BR> <BR> <BR> According to the invention, the hardness increases
considerably as soon as the edge of the workpiece approaches <B> o </ B> less than 0.1 <B>
mm </ B> To 400 Vickers at least.

The key obtained according to the invention therefore has a surface coating of very high hardness.
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Excellent results have been obtained by forging, in accordance with the invention, a steel knife
with chromium and 0.2% carbon, and A steel chisel with <0.6 </ B> 170 of carbon, <B> 0.5 </ B>
<{>% of manganese and <B> 0.35 </ B> 510 of silicon.

It will be seen that the objects produced by het deformation in accordance with the invention have
a very hard surface coating which makes it possible to give, The hard layer provides a protection
against subseqguent corrosion of the object.

Moreover, during the hot forming, the protective coating avoids, as explained above, any oxidation
of the underlying metal while facilitating the deformation of the metal.

it will be undersiood that the embodiments described above are given only by way of examples
and will be able to receive any desired modifications without departing for this purpose from the
scope of the invention.

Among the varicus modeas of hot plastic deformation, the process described is not limited to
striking and forging operations but can aiso be used for spinning and laminating operations, for
example.
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CLAIMS FR1297906

The present invention relates to a novel process for the manufacture of objects made of ferrous
metals obtained by hot deformation, in particular in the range from 600 to 800.degree. To 1250 </
B> O, this process being essentially characterized in that, prior to forging, the blank is coated
with an aluminum-based protective layer, this process possibly also having the The following
characteristics are taken individually or in combination: <B> 10 </ B> The protective layeris
obtained by immersing the previously pickled blank in an aluminum bath 98-88, 8 </ B> 170 or
dan, a molten aluminum alioy, For an unalioyed carbon steel blank, a bath consisting of an
aluminum alloy and of silicon is used; <B> 30 </ B> For a low alloy steel, a bath containing an
aluminum, copper and zing alloy is used, The coating bath may consist of alloys of aluminum and
silicon, zinc, magnesium, copper, calcium, manganese; <BR> <BR> <BR> <BR>»> <BR> <BR>
<BR> <BR> <BR> <BR>» <BR> <BR> <BR> <BR> <BR> <BR>» «BR> <BR> <BR> <BR> <BR>
<BR> <BR> <BR> <BR> <BR> <BH> <BR> <BR> <BR> <BR> <BR With added nitric acid,
hydrofiuoric acid and tin chioride, if necessary; <BR> <BR> <BR> <BR> <BR> <BR> Before
immersion, the blank, after being pickled, is coated with a zinc laver facilitating the attachment of
the protective coating <B> {0 </ B> > Aluminum base; <B> 70 </ B> Before immersion, the blank,
afier being piclkded, is coated with a layer of tin {0 facilitate aftachment of the proteciive coating to
<{ B> Al base. B. The new industrial product consisting of an object obtained from a preform by
hot deformation, essentially characterized by the fact that most of its Surface is provided with an
aluminum-based coating, this coating having a high hardness and aliowing the object in guestion
to better withstand <B> to </ B> the attack of the external agents {rust for exampie) whiie having a
better appearance due {0 the polishing which ii is possibie to confer on it in a durable manner.
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(Brevet d'inverion dont la délivrance a é6 ajournée en exéeution de Uarticle 11, §
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.
¢y

de ln loi du 5 juillet 1844 modifide par la loi du 7 avril 1902.)

On sait qu'un grand nombre dobjets en aeler
ou en alliages ferreux dobticnnent par déformation
4 chaud §’ébauches préalablement réchauffées.

La difficulté puncipsle que Pon rencontre lovs
de cetie fabrication découle du fait quiune pelficule
{oxyde se forme spontanément sur le métal lorsque
celui-ci est porié 3 la température de déformation
en présence de Poxygine atwosphérigue.

Lors de la déformation 3 chaud, gui est chienze
soit en frappant sur Uébauche des coups successifs,
30it en proveguant un écoulement progressif du mé-
tal, Ja pellicule doxyde gui est pen malléable
s'éenille et se détache en metiant ainel 3 nu ume
nouvelle surface du métal qui & nouvean se réoxyde:

La présence de ces erofites ou pellicules doxyde
généralement désignfes sous le nom de calamine,
offre de nombreux inconvénients parmi lesquels on
peui citer :

Une décarburation de la couche superficielle du
métal, I carbons contenu dans sette couche Stant
briilé par Voxygéne apporté par Poxyde;

Un grossissement du grain;

Une oxydation intergranulaive de la sous-couche
du métal;

Un mauvais état de surface de Particle fini qui
exige un polissage ou un netfoyage important pour
enlever les couches défeciuenses tant aum peint de
vue de Taspect ef des dimensions de la pidee
obtenne, gn'au point de vue des qualites métallue-
gigues de cette piéoe;

Une perte Importante de méial par oxydation;

Une modification des tencurs des couches super-
ficielles en métaux d'apport, tels gue le chrome, le
cuivre, le nickel, efe

T arrive également gue les pellicules doxyde
sincrustent dans les outils servant & la déformation
du métal et provoguent une usure trop rapide om
une détérioration de ceux-ci.

2 - 41874

Comine on le voit, ces imconvénients sont nom-
breux et ils ont une iriple conséquence : abaissement
des qualités intrinségues de U'objet obtenu, finftion
meins soignée de cet ariicle, usure ef détérioration
de Poutillage.

On a déja propesé diverses solutions pour tenter
de remédier 3 ces inconvénients :

B est possible de brosser les ébanches oxydées
fors de leur réchauifage, de manifre 3 enlever la
couche d'oxyde, mais une telle opération fait perdre
un femps important ef provoque une diminuton
notable de la température de la pitee, ce qui exige
un réchauffage 4 ume température plus Eevée et
entraine par conséquent une formation plus grande
doxyde,

On & également proposé Fellectuer le réchanllage
de Tébauche dans une atmosphére contrdlée non
oxydante, mais cette solution nécessite la servitude
d'éguipements cofiteux et &1 elle permet de réduire
Vépaisseur des pellicules d’oxyde lors du réchauffage,
efle ue supprime en rien la réoxydation en cours de
déformation.

Ou a songd 3 réduire considérablement le temps
de réchauffage en procédant au chanffage de la
pidce par induction, mals ce prooddé est coliteux et
ne peut pas convenir aux pitces de toutes dimen-
sions,

Fanfin, on a également songé & recouvrir 'ébauche
& V'aide d'wn revBtement protectenr 4 base de cuivye,
de chrome on de nicksl, mais une telle pratique n'a
pu se développer car elle est cofiteuse ef présente
dimportantes  difficuligs,

La présente invention comcerne um procedé de
fabrication par déformation de piéoes sidérurgiques
préalablement protégées de Poxydation par une cou-
che protectrice.

" La présenie invention a pour objet un nouvean
procédé de déformation & chand de produits sidé-

Prix du foscicule: 2 WF
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rurgiques, ce procédé é&tant essentlellement carac-
térisé par le fait qavant deffectuer Is déformation,
on entoure Pébanche d'un revétement 4 base d’alumi-
nium réalisé de préférence par trempage de Uébau-
che d’un revétement 3 base d’aluminimn réalisé
de préférence par trempage de Pébauche dans un
bain liqguide du métal constituant le reviiement.

Lors de la déformation & chaud des £hauches
munies dun revéiement de protection conforme 3
FPinvention, on constate que le revitement se déforme
en méme temps que Pébauche, ce qui permet dobte-
nir une excellente protection contre Poxydation et
un produit défini lul-mdme revétn dune mince
peilicule d'alliage & base d'aluminium.

Ce résultat tount 3 fait inattendu, car on sait
depnis longtemps quw'd tempéraiure ambiante les
alliages fer-aluminium sont trés fragiles et se fissp-
rent lorsqu'on désive leur imposer la meindre défor-
mation. En particulier, les composés Fe-Al of Fel.
Al présentent une grande dureté et sont trés fragiles.

Cependant, Pexpérience a montré gu’en opfrant
dans les conditions conformes & Pinventlon, ces
alliages & base daluminium ont une plasticité com-
parable & celle du métal duns lequel est faite Pébay.
che et qu’il est possible de conserver le revétement
protecteur jusquan dernier stade de la fabricatton.

La présente mvention a également pour objet ko
prodeit industriel nouvean gue constitue un objet
en fer ou alliage lerreux obtenu par défoumation
4 chaud conformément an procédé indigué ci-dessus.

Drans Je but de mieux faire comprendre Pinvention,
on va décrire & ttre d'illustration et sans swcun
coractére Hmitatif plusieurs modes de mise en
@uvre. :
Pour vérifier Ta capacité de déformatien de la

peliicale protecirice d’alliage daluminivm, qui st
la raractéristique principale de Vinvention, on prend
nne éprouvette de traction en acier doux, revéiue
dun afliage dlumininm-sliciom 3 18 % de silicium;
on chauffe cetfe éprouvette 3 une température de
1000 3 1200°C, puis on fa casse

On constaie que Péprouvette s'allonge de 90 3
160 % ot que Ia pellicule protecirise reste visible
sur toute la surface de Péprouvetle, méme dans la
partie sitnée & proximité de la cassure qui 2 &é
soumise & la siriction.

L analyse moyenne des pellicules indigque environ
30 2 50% LAl et 50 & 70% de fer pour le
revdlement obfenu sur une 8le en acler doux de
4 mm. L'épaisseur de cette couche est d'environ
0,10 mm au bout de 5 minutes de maintien, of de
(4,05 mm au bout de 1 wminute de malntien dans le
bain fondu delvminivm 99,5 % 4 800 °C,

Par laminage &3 1000°C de 4 4 2 mm d'épale-
seur, o tle demenre toujours recouverte dun
allinge ALFe, mals cetie pellicule ne renferme plus

que 10% &AL, Pépaissenr Sant towjowrs de
0,18 mm,

[N S

Cette faculté de Tacier de former avee le revéie-
ment riche en Al au cours de la déformation 3

- chaud des alliages de plus en plus diluds permet

danguenter considérablement lo pouvoir couvrant
de la couche initiale dont la surface augmente ainsi
an fur et 4 mesure de la déformation de la pidoe.

Pour fabriquer par déformation & chaud, et son-
formément 4 Tinvention, un produit tel qu'une clf,
on procéde tout d’abord au blanchissage de Iéban-
che, soit par grenaillage, soit par sablage, soit
encors par décapage chimique ou électrolytique.

Le décapage chimigue pent par exemple fire
obtenn en immergeant Iébauche dans un hain
Facide chiorhydrigue dilué de 10 3 15%. 3 ks
température de 20°, ef éventuellewent additionnd
dacide nitrique, dacide fluorhydrique, ou de chlo-
rure d’étain. .

11 est également possible de procéder au décapage
de Pébauche & Vaide dun fux i base de cldorure
de zinc concentré ou méme fondu directement sur
Vébauche.

Dans ce cas, lorsque V'ébauche est ultériearement
trempée dans le bain 3 base aluminiom, on obtient
un excellent accrochage de la conche de Falliage 3
base Faluminium en raison de la présence du zine
qui s'allie d'une part au fer de Pébauche, &t d'autre
part & Paluminiom de la couche de protection.

Toutefois, comme la présence du Auz précité &
Vincowvénient de dégager des fumfes acides de
chlorure daluminiom, on pent, si on Is désire, aprés
décapage, revétir Pébauche de zine, solt par fmmer-
sion de celleei dans du zine & Pétat quide, soit par
élecirolyss,

Il convient de remarquer gue lorsgue I'éhauche est
soumise & un fraitement de diffusion 3 une tempé-
vature supérieure & 800 °(, le zine distille et i me
este sur la pldce que Ualliage alumintum-fer.

D’ébauche, ayant &t parfsitement décapée et se
présentant ssus oxyde nil dépdt ou endult gras
d’aucune sorle, est scigneusement séchée, de préfé-
rence par un préchauffage & une température den-
viron 100 4 200°C, de maniére 3 chasser foute
trace d’humiditd sans provoquer Ia formation dun
in Poxyde.

Pour effectusr le revélement protecienr & base
daluminium, on procdde A Pimmersion de Pébanche
ainsi préchauffée dans le bain d'alliage porté 3 une
texnpérature comprise eptre 600 ef B00° pendant un
temps gui est de Pordre de guelques secondes lors-
gu'on désire un revdtement de 1 & 2 microns d'épais-
sewr, mads gqui peut atteindre guelques minutes
dans le cas de plus fortes épaisseurs, 0,13:0.18 mm
par exemple.

Le bain dans lequel on trempe Fébauche peut
&tre constitué par de Valurinium pur ou par des
allisges daluminium et de moins de 15 % de sili-
cium, d’aluminium et de moins de 20 % de zine,
Faluminium et de moins de 8 % de cuivre, d'alw-
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niinfunt e de moins de 20 % de caleium, ou encore
d'aluminium et d'environ 2% de manganése, de
kel, de chrome, elc.

pendant, parmi tous ces alliages, il est recom-
mandé dutiliser un alliage d'aluminium ot de § 2
13 % de sificinm, wn alliage daluminium et de 3
4 5% de zine ou de Paluminium pur.

Lorsqu’on vetire Pébanche aprés son immersion
dans lo bain d'allisge d'alumintum, il faut veiller
3 ce que les pellicules qui recouvrent Iz bain ne
solent pas entrainées avec Pébauche. I est possible
d'écarter ces pellicules juste avant Pimmersion ou
Pémersion de Pébauche solt par soufBape dargon,
soit & Vaide de i8les minces. I est guelquefois
néesgsaire de procéder également & wn brossage
rapide de Pébanche lors de son refvoidissement pour
enlever les pellicules ou grumeaux gue le passage
a la hautenr de la couche oxydée de bain a pe
déposer,

Lorsque Vébauche est ainsl recouverte ef pré-
chaufide, elle est placée dans un four gui Ia perts
4 la température de déformation. Cette température
est généralement supérieure 3 850 °C ot peut méme
atteindre 1 258 °C.

Lorsque U'ébauche a &6 portée & la température
voulue dans toute sa masse, elle est ensuite passée
3 la presse, la lubrification Stent effestuée avec du
graphite ou des graisses résistant & la chalenr. Ou
arrdte le forgeage & une température voisine du
point de transformation de P'acier, cette température
pouvant &ve cependant inférieure au point Al
{par exemple T00 ou 600 °C).

On a représent® sur la figure unigue du dessin
tes variations de la dureté des couches superficielles
d'mne «lé plate forgée en acier mi-dur, d'ume pant
conformément 4 Pinvention, et d'autre part sans
procéder an reviiement.

Colte clé est réalisée 3 Paide dun scier mi-dur
dont Ia composition est la suivante «

Carbone : 0,35 %;

Mangandse : (0,90 %;

Chrome @ 0,80 %

Vanadium : 0,10 %;

Siliciom ¢ 0,3 %.

Le revitement est obtenu en immwergsant I'éhau-
che pendant une durée de 1 3 2 mivutes dans un
bain & une température de 750 4 800 °C marimum,
ayant la composition saivante :

Al: 9899 %;

Fe:05321%;

Si:054l1%.

Sur la figure, on a veprésenté en ahscisses la dis-
tance en mm comptde ¥ partiv de la sarface, du
point auguel on a mesuré la duretd. On a porté en
ordonndes les chiffres représentant la wmicro-duveté
Vickers mesurée avee une charge de 100 g

La courbe 1 veprésente la duretd dans le cas de
Ia clé fabriguée conformément 3 Pinvention.

e Qs

[1.297.906]
La courbe 2 représente lz dureté dams le cas
dune cle forgée d'une manidve classique,

On remarque tont d’abord gue Ia dureté du méal
de bhase est d'environ 280 Vickers.

Dans le cas de la courbe 2, qui présente un for-
geage normal, la dureté diminue au fur et & mesure
gue Fon se rapproche du bhord tendre vers une
valeur de Pordre de 200 Vickers. Cette diminntion
de la dureté correspond & yne décarburation de Pasler
due & la présence de la sonche Poxyde.

‘On remarque par contrs, daps le cas de la
courbe 1, qui correspond 3 la clé fabriguée confor-
mément & Pinvention, que la dureté oroft tris nota-
blement dés que Pon se rapproche & moins de
%1 um du bord de la pides pour atteindre des
valeurs allant jusqu'd 400 Vickers au moins,

La clé obtenue conformément i Pinvention pré-
sente done wn revéiewent superficied dune Erds
grande dureté.

Dexceflents réaultats ont ét6 obienus en forgeant,
conformément 4 Plovention, vn couteaw en acier
comportant 13 % de chrome et 0,2 % de carbone, et
un ciseau en acier comportant 0,6 % da carbone,
0,5 % de mangandse ot 0,35 % de silicium,

On voit que les objets fabriquée par déformation
4 chaud conformément 3 Vinvention présentent un
revétement superficiel trés dur qui permet de don-
ner & U'ehiet fini un poli particulidrement intéres.
sant, cette conche dure assurant d’aillewss upe pro-
tection contre Ia corrosion wltérieure de cet objet.

De plus, lors de Is formation & chaud, le revéte-
ment protecteur évite, comme cela a 8 expliqué plus
baut, toute oxydation du métal sous-jacent tout en
facilitant la d&formation du métal.

I est bien entendu que les modes de mise en
eivre indiqués ci-dessus ne sont donnds qu'd titve
d’exemples et pourront recevolr toutes modifications
désirables sans sortir pour cela du cadre de Pin-
vention.

Parmi les différents modes de déformation plas-
tique 3 chand, le procédé déerit nest pas limitd anx
opérations de frappe et de forgeage, mais peut
également &tre utilisd pour celles de filage at de
laminage pav exewmple,

RESUME

La présente invention a pour chijet :

A. Ur nouvean procéddé pour fabriquer des ohjets
en mélaux ferreux obtenus par déformation & chaud
en particolier dans Vintervalle de 600 & 1250 °(,
ce procédé tant essentiellement caractérisé par Je
fait qu'avant forgeage on enrche P'ébauche d'une
couche de protection & base d’aluminium, ce procédé
pouvant présenter en outre les caractéristiques sui-
vanies prises isolément ou en combinaison :

1° La couche protecirice est obtenuve en immer-
geant ébauche préalablement décapée dans un bain
d’aluminiom 98-99,0 9% ou dans un allisge dalumi-
nium en fusion;
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2° Pour une dbauche en acier aw carbone non
allié on wilise un bain constitud par un alliage
Faluminium. ef de 13 % de siliciom;

3¢ Pour un acier faiblement allié, on uiilise un
bain contenant un alliage daluminiom, de cuivre et
de zinc}

4 Le bain de revétement peut éire constitué par
des alliages Falumininm et de silichum, zine, magné-
sium, cuivre, calelum, manganése;

5° L’ébhanche est décapée par immersion dans un
bain & 20° constitué par de Pacide chlorhydrique
4 une concenlration de 10 & 15 %, additionné
dacide nitrigue, dacide Buorhydrigue et de chlo-
rure d'4tain si néeessalre;

6° Préalablement & P'iramersion, I'ébauche, aprés
avolr &6 décapée, est revéiue d'une couche de zine
facilitant Pacerochage du rev@lement protecteur 4
base &alumininm;

[ A

7° Préalablement & Pimmersion, Pébauche, aprés
avoir #4é décapée, est revétue d'une conche détain
facilitant Vacorochage du revétement protecteur &
base d'AL

B. Le produit mdusiriel nouvean que constitue
un objet obteny & partir d'une &hauche par défor-
mage & chaud, essenticllement caractérisé par le
fait que la plus grande partie de sa surfave est munie
dun revitement 4 hase d’aluminium, ce reviiement
présentant une grands dureié et permettant 3 Pobjet
en guestion de micux résister & Pattague des agents
exérieurs (rouille par exemple) tout en ayani un
meilleur aspect dif au polissage qu’il est possible de
lui conférer de manidre durable,

Gasron BEAUTHILDUMONTEL
Par procuration

Alain Casaronecs

Pour s venic des faseienles, s'adresser & PImermismiz Namowmais, 27, rue de la Convention, Paris (15%.
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& component s produced from a strip of rolled (especially hot-rolled) sheet steel, by
coating with aluminum or its alloy and pressing operations. The process involves: (a)
soating the rolled sheet with & metal or an alloy assuring protection of the surface and
the steel; {b} raising the tempsrature of the coated sheet for forming; {¢} produging, at
the surface, an intermetaliic alloy composite asswring protection against corrosion and
decarburation of the sieel, with the intermetallic composite able {0 assure a lubrication
function; {d} forming the costad sheet, notably by pressing; {8) cooling the formad
compaonsnt in order to confer increased hardness of the stes! and increased surface
hardness in the coating. The melal used for coaling the stesl shest is aluminum or an
aluminum alloy, so that the intermetaliic alloy composite is made up of aluminum, iron
and silicon.
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This translation is machine-generated. It cannot be guaranteed that i is intelligible, accurate,
compilete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation cutput.

DESCRIPTION FR2787735

Method for producing a workpiece from a strip of sheet steel
Roiled and in particular hot-rolled.

The invention relates to a method for producing a workpiece from a strip of laminated steel sheet,
in particular hot-rolied. The steel sheets (0 be subjected o high temperature forming and / or heat
treatment are not delivered coated for considerations of coating resistance during heat treatment.
The coating is therefore carried out on a finishad part, which requires careful cleaning of the
surfaces and of the hollow parts. This cleaning requires the use of acids and bases whose
recycling and storage are a major financial burden and pose risks for operators and the
gnvircnment. In addition, the heat freatment must be carmied oul under controlled atmosphere in
order to avoid decarburization and oxidation of the steel. Then, in the case of hot forming, the
scale, by virtue of its abrasive power, damages the shaping tools, which reduces the guality of the
dimensionally and aesthetically obtained parts or requires frequent and expensive Tool repairs.

Finally, in order to increase their resistance (o corrosion, the parts thus obtained must be
subjected to an expensive post-treatment, the application of which is difficult, if not impossible,
especially in the case of
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Parts having hollows.

SUMMARY OF THE INVENTION The object of the invention is to propose laminated steel sheets
from 0.2 mm to about 20 mm thick, coated, in particular after hot rolling, and subjected to shaping,
either hot or cold Followed by heat treatment, the temperature increase to be ensured without
decarburization of the steel of the sheet without oxidation of the surface of the sheet before, during
and after the hot forming and

Or heat treatment.

The invention relates to a method for producing a workpiece from a strip of rolled steel sheet, in
particular hot-rolled, which is characterized in that: the laminated sheet is coated with a metai or
Of a metal alloy providing protection of the surface and the steel, the coated sheet is subjected {o
a temperature increase for its shaping, an intermetallic alloy compound is thus produced on the
surface, Protection against corrosion, against the decarburization of steel, the intermetallic
compound being capable of performing a lubricating function, the shaping is carried out, in
particular by stamping, the workpieces is cooled to give high mechanical hardness characieristics
of the Steel and high surface hardness of the coating. The other characteristics of the invention
are: the hot-rolled sheet is coated after hot rolling and pickling; the metal or the metallic coating
alloy is aluminum or a

alurninum ailoy.

- intermetallic alloy is a compound based mainly on aluminum, iron and silicon, - metal or metal
alloy coating and

hot.

The coated sheet is subjecied o a temperature rise of more than 700 ° C. before shaping and / or
heat treatment,

The coated shest is hot stamped.
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The part obtained in particular by pressing is cooled to undergo

Quenching, at a rate greater than the critical quenching rate.

The invention also relates {0 a hot-rolled sheet, in particular a hot-rolled sheet, comprising a
coating of metal or a metal alloy depoesited on the surface, for the hot production of an intermetallic
compound, the intermetailic compound providing a corrosion protection against a barrier against
The decarburization of steel from the sheet metal, the lubrication during the hot forming of the
sheet metal, and the finished workpiece after shaping and cooling of the high mechanical
hardness characteristics of the steel, A high surface hardness of the surface of

Said finished part.

Another characteristic of the invention is: the sheet comprises a surface deposition of aluminum or
of an aluminum alloy. The invention also relates o the use of sheet metal in hot forming, in
particular by stamping parts having high mechanical characteristics in hardness and high
characteristics of

Hardness on the surface ensuring a very good resistance to abrasion.

The description which follows will make the invention well understood.

The process according to the invention consists in coating a steel, in particular hot-rolled, for heat
freatment and or hot forming, with a metal or a metal alloy such as aluminum or an aluminum alloy
composed, for example, of aluminum And silicon. The metal or metal alloy coating is chosen s0 as
to have corrosion protection and {o withstand high temperature. In the case of a heat treaiment, or
an increase in temperature for shaping, the coating forms an alloy layer having a high resistance
{0 corrosion, abrasion, wear and fatigue. The coating does not modify the formability properties of
the steel and thus allows a wide variety of cold and hot shaping. After hot rolling the strip can be
pickied and cold-rolled before being coated. In the case where the sheet is cold-rolled,

it can be annealed before being coated.
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The laminated sheet can be coated with, for example, the following two types of metal alioy:

Alloy N 1: 5i: 9% to 10%; Fe: 2% t0 3.5%; Balance: Al and impurities.

Alloy N 2: Fe: 2% to 4%, Balance: Al and impurities.

For the alioy NO1, the thickness of the coating is between 5 um and 100 um, and preferably
between 10 um and 25 um. For the N 2 alloy, the thickness of the coating is between 15 um and
100 um and preferably between

Pm and 50 um.

For shaping or heat treatment, the sheet is subjected {0 a temperature rise preferably comprised
between 750 ° C. and 1200 ° C. in an oven comprising an atmosphere requiring no further control
due 1o the oxidation barrier formed by the coaling. When the temperature is raised, the aluminum-
based coating is transformed into a layer alioyed on the surface comprising different phases
depending on the temperature treatment and having a high hardness

Which may exceed 600 HY 100 q.

According to the process of the invention, sheets having a thickness of between 0.2 mm and 20
mm can be produced having good

Shaping properties as well as good corrosion resistance.

The coated sheets delivered have a high resistance to corrosion during temperature rise, shaping,

Heat treatments, and when using the finished formed paris.
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in addition {0 corrosion, the presence of the coating during heat treatments or hot forming
processes avoids the decarburization of the base steel. This has an undeniable advantage in the
case of hot forming, for example in a pressing press. In fact, the intermetaliic alloy formed avoids
the formation of the scale, the wear of the tools by the scale, and thus makes it possible 1o
lengthen the average life of said tools. It has been noted that the hot-formed intermetallic alloy has
a high temperature lubricant function. Moreover, the protective effect against the decarburization
of the intermetallic alioy makes it possible {0 use a high-temperaiure furnace exceeding 900 ° C.
with an uncontrolied atmosphere, even for heating times of several hours. At the end of the
furnace, it is no longer necessary to strike the piece oblained, thus saving due {o the removal of
the pickling bath

Of the finished parts.

Due to the characteristics of the costing after raising the temperature, the parts obtained have an
increased resistance {o fatigue, wear, abrasion and corrosion. In addition, the coating is weldable

Before and after raising the temperature.

The steel of the sheet provides, by quenching effect on cooling, the high mechanical
characteristics of the part obiained after shaping, the coating being transformed into a hot
intermetallic alioy ensuring for its part, due o its qualities of lubricant and Resistance to friction, an
improvement in the shaping, in parficular, in the

[1]

10 field of hot stamping.

in one embodiment, a sheet of hot-rolled steel sheet of the following composition by weight is

used: carbon: 8.15% to 0.25%, manganese: 0.8% {o 1.5%, silicon: 1% to 0.35%, chromium: 6.01%

to 0.2%, titanium: less than 0.1%, aluminum: less than 0.1%, phosphorus: less than 0.05%, sulfur

fess OfF 0.03%, boron: 0.0005% to 0.01%, the sheet strip is coated with an N 1 or 2 alloy coating,

the sheet is austenitized at 950 C prior to forming and quenched in the sheet, The coating serving

as a lubricant during shaping, in addition to its functions of protection against cold corrosion, hot
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and against decarburization. When tempering, the alloy coating does not interfere with the
extraction of heat by the tool and may favor it. After forming and guenching, it is no longer
necessary to sirike the piece or {o protect it.

The basic coating provides protection throughout the process.
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CLAIMS FR2787735

CLAIMS.

(2]

Process for producing a workpiece from a strip of laminated steel sheet, in particular hot-rolled,
characterized in that: the laminated sheet is coated with a metal or a metal alioy providing
protection of The surface and the steel the coated sheet is subjected 1o a temperature increase
for its shaping, an intermetallic alloy compound is thus produced on the surface, providing
protection against corrosion, against decarburization Of the steel, the intermetallic compound
being capable of performing a lubricating funciion, the shaping is effected in particular by
stamping, the shaped part is cooled to impart high mechanical hardness characteristics of the
steel and a high surface hardness of coating. 2. Process according to Claim 1, characterized in
that the hot-rolled sheet is coated immediately afier hot rolling, 3. Process according to Claim 1,
characterized in that the metal or the metallic coating alloy is aluminum or an aluminum alloy.

[4]

4. Process according {o Claim 1, characterized in that the alloy
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Intermetailic compound is a compound based on aluminum, iron and silicon.

Process according to Claim 1, characterized in that the coating of

Metal or metal alloy and made with hot dip.

A process according to claim 1, characterized in that the coated shest is subjected to a
temperature increase of more than 700 ° C before the

Shaping and / or heat treatment.

Method according to Claim 1, characterized in that the coated sheet

Is stamped hot.

Process according o claim 1, characterized in that the part oblained, in particular, by stamping, is
cooled {o undergo a guench,

Velocity higher than the critical guenching rate.
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A hot-rolied sheet, in particular a hot-rolled sheet, having a metal or metal alloy coating deposiied
on the surface for hot-drawing an intermetallic compound, the intermetallic compound providing a
corrosion protection barrier against the decarburization of steel Of the sheet metal, lubrication
during the hot forming of the sheei, and on the finished part, after shaping and cooling, the high
mechanical properties of steel hardness aswell as a

Surface hardness of the surface of said finished part.

10.

Hot-rolled sheet according to claim 9, characterized in that it comprises a surface deposition of
aluminum or of an aluminum ailoy.

11.

Use of the sheet according to claim @ or 10 in the arrangement

In particular by stamping parts having high mechanical characteristics in hardness and high
characteristics of

Hardness on the surface ensuring a very good resistance to abrasion.
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@ PROCEDE DE REALISATION DPUNE PIECE A PARTIR DPUNE BANDE DE TOLE D’ACIER LAMINEE ET
NOTAMMENT LAMINEE A CHAUD.

\0_) Procede de realisation d'une piece 2 partir d'une ban-
de de t6le d’acier laminge et notarmment iaminée a chaud,
caractérisée en ce que:

- on revét la tole laminée d’un métal ou d'un alliage mé-
talligue assurant ung protection de la surface et de Tacier,

- on soumet la wie ravétue & une Slévation en tempéra-
fure pour sa mise en forme,

- on réalise, de ce fait un composé allis intermétaliique,
en surface, assurant une protection contre la corresion, con-
tre la décarburation de Facier, le composé intermétallique
pouvant assurer une fonction de lubrification,

- on gffectue [a mise en forme notamment par emboutis-
sage,

- on refroidit la piece formée pour conférer des caracté-
ristigues mécaniques de duraté élevées de Pacier et une du-
reté superficielie dlevée du revéterment.
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Procédé de réalisation d'une pidce 3 partir d'une bande de t8le d’acler

jaminde et notammaeant laminée 3 chaud.

L'invention concerns un procédé de réalisation d'une pidce a partir
d’une bande de tdle d'acier laminée et notamment laminge & chaud.

Les t0les en acier devant subir un formage a haute température et ou
un  fraitement thermigue ne sont pas livrées revétues pour des
considérations de tenue du revétement lors du traitement thermigue. Le
revBtement est donc effectuéd sur pidce finie ce qui nécessite un nettoyage
soigné des surfaces et des parties creuses. Ce nettovage requiert
Vutilisation d’acides et ou da bases dont le recyclage et le stockage sont
une charge financigre importante et présentent des risques pour les
opérateurs et pour Venvironnement. De plus, le traitement thermique doit
étre effectud sous atmosphére contrdlée afin d'éviter toute décarburation
et oxydation de ‘acler. Ensuite, dang le cas du formage & chaud, la
calamine, de par son pouveir abrasif, endommage les outils de mise en
forme, ce qui diminue la qualité des piéces obtenues du point de vue
dimensionnel et esthétique, ou oblige 3 de fréquentes et colteuses
réparations d’cutils. Enfin, pour augmenter leur résistance 3 la corrosion,

les pidces ainsi obtenues doivent recevoir un post traitement colteux dont

Vapplication est difficile, voire impossible, en particulier dans le cas de |

pigces comportant des creux.

Le but de linvention est de proposer des tdles d’acier laminées de
0,2 mm & environ 20 mm d'épaisseur, revétues notamment aprés
laminage a chaud, et devant subir une mise en forme, soit 3 chaud, soit a
froid suivie d'un traltement thermique, "élévation de température devant
étre assurée sans décarburation de 'acier de la tdle, sans oxydation de la
surface de ladite Glg, avant, pendant et aprés 1a mise en forme 3 chaud et
ou ig traitement tharmigue,

L'invention a pour objet un procédé de réalisation d’une pidce &
partir d’'une bande de 1dle d'acier laminée et notamment laminée 3 chaud et

qui se caractérise en ce gue:
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- pn revét la tdle lamingée d'un métal ou d’un alliage métallique assurant
une protection de la surface et de Vacier,
- on soumet [a t8le revétue 3 une élévation en température pour sa mise en
forme,
- gn réalise, de ce fait un composé allié imermétaliique, en surface,
assurant ung protection contre la corrosion, contre la décarburation da
Facier, le composé intermétalliqgue pouvant assurer une fonction de
iubrification,
- on effectue la mise en forme notamment par emboutissage,
- on refroidit la pidce formée pour canférer des caractéristiques mécanigues
de dureté élevées de Vacler et une duretd superficielle élevée du
revétement.

l.es autres caractéristiques de invention sont:
- on revét la tdle laminée & chaud aprés laminage a chaud &t décapage,
- le métal ou alliage métallique de revétement est de aluminium ou un
alilage d'sluminium.
- {'alliage  interméitallique est un composé 4 base principalement
d"aluminium, de fer et de silicium,
- e revétement de métal ou d'alliage métalliqua et effectué au trempé 3
chaud.
- la tdle revéiue st soumise 3 une élévation de température supérieure 3
700°C avant Ia mise an forme et ou le traltemant thermique,
- la t8le revétue est emboutie & chaud,
- lg piece obtenue notamment par emboutissage est refroidie pour subir
une trempe, & une vitesse supérieure 3 la vitesse critique de trempe.

Liinvention concerne également une tdle laminde notamment & chaud
comportant un revétement de métal ou d'alliage métaliique déposé en
surface, pour la réalisation 4 chaud d'un composé intermétallique, le
composé intermétailique assurant, une protection contre la corrosion, une
barridre contre la décarburation de acler de la tdle, une lubrification lors
de fa mise en forme 3 chaud de la t0le, et sur la piéce finie, aprés mise en

forme et refroidissement, des caractéristigues mécaniqgues de duretd de
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Facier é&levées ainsi gu'une dureté superficieile élevée de la surface de
ladite piace finie.

Une autre caractéristique de Vinvention est:
- {a tdle comporte un dépdt en surface d’aluminium ou d'un alliage
d’aluminium.

L'invention concerne encore Vutilisation de la tdle dans la mise en
forme & chaud notamment par emboutissage de pieéces de hautes

caractdristigues mécanigques en dureté et de hautes caractéristiques de

“'dureté en surface assurant une trés bonne tenue a V'abrasion.

La description qui suit fera bien comprendre Uinvention.

Le procédé selon l'invention consiste & revétir un acier notamment
laminé 3 chaud, pour traitement thermigus et ou formage a8 chaud, avec un
métal ou un alliage métallique tels gue de Valuminium ou un alliiage
d'aluminium composé par exemple d'aluminium et de silicium, Le
revétement de métal pu d’alliage métallique est choisi de manidre a avolr
une protection contre la corrosion st de maniére & résister & une haute
température. Lors d’un iraitement thermigue, ou d’une élévation de
température pour 13 mise en forme, le revétement forme une couche alliée
présentant une grande résistance 3 1a corrosion, a ["abrasion, & 'usure 8t 3
la fatigue. Le revétement ne rmodifie pas les propriétés de formabilité de
Facier et autorise ainsi une grande variéié de mise en forme 3 froid et 2
chaud.

Aprés laminage & chaud la bande peut étre décapée et laminge 2
froid avant d’&tre revétue. Dans le cas ou iz tdle est laminée 3 froid, cells
o peut &tre recuite avant d’étre revéiue,

On peut revélir iz tdle laminge avec, par exemple, les deux types
d'alliage métallique suivants:

Alliage N®1: Si: 9% 3 10%; Fe: 2% 2 3,5%; Soide: Al et des impuretés.
Alliage N°2: Fa: 2% & 4%: Solde: Al et des impuretés.
Pour Valliage N®1 I'épaisseur du revétemant est compris entre 5 um et 100

ym, et de préférence entre 10 pm et 25 ym. Pour Palliage N®2 Vépaisseur

ArcelorMittal Ex. 2001
Posco Co. LTD. v. ArcelorMittal

IPR2024-01377

Page 674 of 1430



i0

20

23

30

2787735

4
du revétement est compris entre 15 ym et 100 ym, et de préférence entre
30 pym et 5O um.

Pour Ia mise en forme ou le traitement thermique, l1a 1dle est soumise
& une &lévation de température comprise de préférence antre 750°C st
1200°C dans un four compaortant une atmosphére ne nécessitant plus de
contréle du fait de la barridre & 'oxydation formée par le revérement. Lors
de Pélévation de iz température, le revétement & base d'aluminium se
transforme en une couche alliée an surface comportant différentes phases
dépendant du traitement en température et présentant une grande dureté
pouvant dépasser 600 HV 100g.

Selon le procédé de linvention, on peut produire des tdles dont
"épaisseur est comprise entre $,2 mm et 20 mm, avant de bonnes
proprigtds de rmise en forme ainsi qu'une bonne résistance a Ia corrosion,

Les toles livrées revétues, présentent une résistance importante 3 la
corrpsion pendant les élévations de température, la mise en forme, les
traitements thermiques, et lors de [‘utilisation des pidces formées finies.

La présence du revétement lors de traitements thermiques ou de
formagas & chaud permet d’'éviter en plus de la corrosion, la décarburation
de V'acier de base. Cela & un avantage indéniable dans le cas d'une mise en
forrme & chaud par exemple dans une presse d'emboutissage. En effet,
I"alliage intermétallique formé évite, la formation de la calamine, Vusurse des
putils par la calamine, et permet de ce fait, un allongement de la vie
movyenne desdits outils. Il a été remarqué que l"alliage intermétallique formé
a chaud, a une fonction de lubrifiant 3 haute température. De plus, effet
de protection contre la décarburation de l'alliage intermétallique permet
"'ugage de four hauts temnpérature dépassant 300°C ayant une atmoasphére
non contrélée, et cela, méme pour des temps de chauffe de plusieurs
heures.

En sortie de four, il nest plus nécessaire de décaper la pidéce
obtenue, d’olb une éconoamle du fait de la suppression du bain de décapage

des pidces finies.
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De par les caractéristiqgues du revétement aprés élévation de
température, les piéces obtenues ont une résistance accrue 3 la fatigue, a
Fusure, & Vabrasion et 3 la corrosion. De plus, le revétement est soudable
avant et apras élévation de température.

L'acier de la thle assure, par effet de trempe au refroidissement, des
caractéristiques mécaniques élevées de la piéce obtenue aprés mise en
forme, le revétement transformé en un alliage intermétallique & chaud
assurant pour 5a part, du fait de ses qualitds de lubrifiant et de résistance
aux frottement, une amélioration de la mise an forme, notamment, das:asﬂ la
domaine de "'emboutissage 3 chaud,

Dans un exemple de réalisation, on utilise une bande de tdle laminée
a chaud en acler de composition pondérale suivante:
carbone: 0,15% & 0,25%,
manganése: 0,8% a 1,5%,
silicium: 0,1% & 0,35%,
chrome: 8,01% 4 0,2%,
titane: moins de 0,1%,
aluminium: maeins de 0,1%,
phosphore: moins ds §,05%,
soufre: moins de 0,03%,
bore : 3,0005% & 0,01%,
on revél la bande de t8le d’un revétemant de type alliage N°1 ou 2,
on austénitise ia idle & 930°C avant formage et trempe dans Poutll, e
revétament assurant un réle de lubrifiant lors de la mise en forme, en pius
de ses fonctions de protection contre 13 corresion 2 froid, & chaud et
contre la décarburation. Lors de la trempe, le revéiement allié ng géne pas
Vextraction de la chaleur par Voutil et peut la favoriser. Aprés formage st
trempe, i n'est plus nécassaire de décaper la pidce ou de la protéger, le

revétement de base assurant la protection tout au long du procédé.
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REVENDICATIONS.

1. Procédé de réalisation d’une pidce & partir d’une bande de tdle d'acier
laminge et notamment [aminée 3 chaud, caractérisée an ce que:

- on revél la tole laminde d'un métal ou d'un alliage métallique assurant
une protection de la surface et de "acier,

- on soumet a3 t8le revétue & une élévation en tampérature pour 58 mise en

forme,

- on réalise, de ce fait un composé allié intermétaliique, en surface,
assurant une protection contre ia corresion, contre la décarburation de
acier, le composé intermétallique pouvant assurer une fonction de
ubrification,

- on effectue la mise en forme notamment par emboutissage,

- on refroidit 1a piéce formée pour conférer des caractéristiques mécaniques
de dureté ¢glevées de {'acier et une dureté superficielle élevée du

revéiement,

2. Procédé selon la revendication 1 caractérisé en ce gue on revét le téle

laminge 2 chaud immédiatement aprés laminage & chaud,

3. Procédé selon la revendication 1 caraciérisé en ce que le métal ou
Valliage métallique de revéiement est de Valuminium ou un alliage

d atuminium.

4. Proceédé selon la revendication 1 caractérisé en ce que Valliage

intermétaliique est un composé & base d'aluminium, de fer et de silicium.

B. Procédé selon la revendication 1 caractérisé en ce que le revétement de

métal ou d'alliage métallique et effectud au trempé 3 chaud.
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6. Procédé selon la revendication 1 caractérisé en ce gue la t8le revérue

st soumise & une élévation de température supérieure 3 700°C avant la

mise en forme et ou e traitement thermique,

7. Procéde selon ia revendication 1 caractérisé en ce que iz tdle revéiue

gst emboutie & chaud.

8. Procédé selon la revendication 1 caractérisé en ce gue 1a piéce oblenue
notamment’ par emboutissage est refroidie pour subir une trempe, 3 une

vitesse supérieure a la vitessa ¢ritique de trempe.

8. Téle laminée notamment & chaud comporiant un revétement de métal
ou d’alliage métallique déposé en surface, pour la réalisation & chaud d’un
composé  intermétaliique, le composé intermétallique assurant, une
protection contre la corrosion, une barridre contre la décarburation de
I"acier de la tdle, une lubrification lors de la mise en forme 3 chaud de la
tdle, et sur la pidce finle, aprés mise en forme et refroidissement, des
cargetéristigues mécaniques de dureté de ['acier édlevées ainsi gu'une

dureté superficielle dlevée de la surface de ladite pidce finie,

10. Téle laminée 3 chaud selon la revendication 9 caractérisée en ce
qu'elle comporte un dépdt en surface d'aluminium ou d’un alliage

d’aluminium,

11. Utilisation de la t8le selon les revendications 9 ou 10 dans la mise en
forme & chaud notamment par emboutissage de pidces de haules
caractéristiques meécaniques en dureté et de hautes caractéristiques de

duretd en surface assurant une trés bonne tenusg & Fabrasion.
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Description

[0001] The invention concerns a process for
manufacturing a part from a strip of hot-rolled sheet

EP 1013 785 B1
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- the metal or metal alloy coating is made of
aluminum or aluminum alloy,

- the intermetallic alloy is a compound principally
based on aluminum, iron and silicon,

steel. 5 - the metal or metal alloy coating is hot-dipped,
[0002] Steel sheets having to undergo forming at - the coated sheet is heated to a temperature above
high temperature or heat treatment are not delivered 700°C before forming,
coated because of resistance of the coating during - the coated sheet is hot-stamped,
the heat treatment. The coating is thercfore - the stamped part is quench-cooled at a rate above
undcrtaken on the finished part, which rcequircs 10 the critical quench ratc.
careful cleaning of surfaces and grooved parts. This
cleaning requires the use of acids or bases, recycling [0006] The invention also concerns a hot-rolled
and storage of which entail a significant financial sheet comprising a metal or metal alloy coating
expense and present risks for the operators and for deposited on the surface, for the hot manufacture of
the environment. Furthermore, the heat treatment 15 an intermetallic compound, the intermetallic
must be undertaken in a controlled environment to compound providing protection against corrosion, a
avoid any decarburation and oxidation of the steel. barrier against decarburation of the steel sheet,
Then, in the case of hot forming, the carbon deposit, lubrication upon hot forming of the sheet, and on the
owing to its abrasive power, damages the forming finished part, after forming and cooling, a high
tools, which reduces the quality of the parts 20 degree of mechanical hardness of the steel and a
obtained from a dimensional and aesthetic point of high degree of superficial hardness of the surface of
view, or requires frequent and costly tool repairs. the said finished part.
Lastly, to increase their resistance to corrosion, the [0007] Another feature of the invention is:
parts thus obtained must undergo costly post-
treatment, application of which is difficult, even 25 - the sheet comprises an aluminum or aluminum
impossible, particularly in the case of parts alloy surface deposit.
comprising grooves.
[0003] The aim ofthe invention is to propose rolled [0008] The invention also concerns the use of the
steel sheets of a thickness of 0.2 mm to around 20 sheet in the hot forming by stamping parts with a
mm, coated after hot-rolling, and having to undergo 30 high degree of mechanical hardness and a high
forming, either hot or cold, followed by heat degree of surface hardness providing very good
treatment, with the temperature having to be resistance to abrasion.
increased without decarburation of the sheet steel, The following description will help better
without oxidation of thc surfacc of the said shect, undcrstand thc invention.
before, during and after the hot forming or the heat 35 [0009] The process according to the invention
treatment. consists of coating a hot-rolled steel sheet, for heat
[0004] The invention has the purpose of a process treatment or hot forming, with a metal or metal alloy
for manufacturing a part from a strip of hot-rolled such as aluminum or an aluminum alloy composed
sheet steel and which is characterized in that: for example of aluminum and silicon. The metal or
40 metal alloy coating is chosen to provide protection
- the rolled sheet is coated with a metal or a metal against corrosion and to withstand a high
alloy providing protection of the surface and the tempcraturc. Upon hcat trcatment, or an incrcasc in
steel, temperature for forming, the coating forms an
- the temperature of the coated sheet 1s increased alloyed layer presenting a high resistance to
for its forming, 45 corrosion, abrasion, wear and fatigue. The coating
- this creates an alloyed intermetallic compound, does not change the formability properties of the
providing protection against corrosion, and steel, and thus allows a great variety of hot and cold
against decarburation of the steel, it being forming.
possible for said intermetallic compound to [0010] After hot-rolling the strip can be pickled
providc a lubricating function, 50 and cold-rollcd beforc being coated.
- the forming is undertaken by stamping, [0011] The rolled steel can be coated, for example,
- the part formed is cooled so as to confer a high with the following two types of metal alloy:
degree of mechanical hardness of the steel and a
high degree of superficial hardness of the Alloy no. 1: Si: 9% to 10%; Fe: 2% to 3.5%;
coating. 55 Balance: Al and impurities.
Alloy no. 2: Fe: 2% to 4%; Balance: Al and
[0005] The other features of the invention are: impurities.
- the hot-rolled sheet is coated after hot-rolling
and pickling, ArcelorMittal Ex. 2001
Posco Co. LTD. v. ArcelorMittal
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For alloy no. 1 the thickness of the coating is
between 5 wm and 100 um, and preferably between
10 pm and 25 pm. For alloy no. 2 the thickness of
the coating is between 15 pm and 100 pm, and

EP 1013 785 B1
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carbon: 0.15% to 0.25%,
mangancsc: 0.8% to 1.5%,
silicon: 0.1% to 0.35%,
chromium: 0.01% to 0.2%

>

preferably between 30 pm and 50 pm. 5 titanium: less than 0.1%,
[0012] For the forming or heat treatment the sheet aluminum: less than 0.1%,
is heated to a high temperature, preferably between phosphorus: less than 0.05%,
750°C and 1200°C, in a furnace comprising an sulfur: less than 0.03%,
atmosphere no longer requiring control owing to the boron: 0.0005% to 0.01%,
barricr to oxidation formcd by thc coating. Upon 10
increasing the temperature, the aluminum-based the sheet strip is coated with a coating of alloy no. 1
coating transformed into an alloyed layer on the or no. 2,
surface comprising various phases depending on the the sheet 1s austenitized at 950°C before forming
heat treatment and presenting a high degree of and quenching in the tool, with the coating
hardness that can exceed 600 HV 100g. 15 providing a role of lubricant upon forming, in
[0013] According to the process of the invention, addition to its functions of protection against cold
sheets can be produced of a thickness between 0.2 and hot corrosion and against decarburation. Upon
mm and 20 mm, having good forming properties quenching, the alloy coating does not hinder the
and good resistance to corrosion. extraction of the heat by the tool and can favor it.
[0014] The sheets delivered coated present a high 20 After forming and quenching, it is no longer
resistance to corrosion during temperature necessary to pickle the part or to protect it, as the
increases, forming, heat treatments, and upon use of base coating provides protection throughout the
the finished formed parts. process.
[0015] The presence of the coating during heat
treatments or hot forming makes it possible to 25
avoid, in addition to corrosion, decarburation of the Claims
base stecl. This has an undeniable advantage in the
case of hot forming in a stamping press. Indeed, the 1. Process of producing a part from a strip of hot-
intermetallic alloy formed avoids the formation of rolled steel sheet, characterized in that:
carbon deposit and therefore the wear of tools by the 30
carbon deposit, and duec to this lengthens the - the rolled sheet is coated with an aluminum
average life of the said tools. It has been noted that alloy containing 9 to 10% silicon and 2 to
the hot formed intermetallic alloy provides a 3.5% 1iron, the balance consisting of
lubricating function at high tcmpcraturc. aluminum and impuritics, as a laycr having a
Furthermore, the protective effect against 35 thickness between 5 and 100 pm, or with an
decarburation of the intermetallic alloy enables the aluminum alloy containing 2 to 4% iron, the
use of the furnace at a high temperature exceeding balance consisting of aluminum and
900°C and having an uncontrolled atmosphere, even impurities, as a layer having a thickness
for heating times of several hours. between 15 and 100 pum, the coating with the
[0016] On leaving the furnace, it is no longer 40 aluminum alloy being carried out by hot-dip
necessary to pickle the part obtained, hence a saving coating, immediately after hot-rolling and
owing to the removal of the pickling bath for the pickling;
finished parts. - the coated sheet 1s heated to a temperature
[0017] Owing to the characteristics of the coating above 700°C before the forming operation
after increasing the temperature, the parts obtained 45 until consequently producing an alloyed
have increased resistance to fatigue, wear, abrasion intermetallic compound based on aluminum,
and corrosion. Furthermore, the coating can be iron and silicon on the surface, protecting the
welded before and after raising the temperature. steel from corrosion and from decarburation,
[0018] The sheet steel, through the effect of the it being possible for said intermetallic
quench  cooling, providcs high mcchanical 50 compound to providc a lubricating function;
characteristics of the part obtained after forming, the - the part 1s hot-stamped; and
coating transformed into an intermetallic alloy when - the formed part is quench-cooled at a rate
hot providing, owing to its qualities of lubricant and above the critical quench rate.
resistance to friction, an improvement of the
forming in the area of the hot stamping. 55 2. Hot-rolled steel sheet having a coating
[0019] In one embodiment, a hot-rolled sheet steel consisting of an alloyed intermetallic compound,
strip is used of the following weight composition: based on aluminum, iron and silicon, on the
surfacc,
ArcelorMittal Ex. 2001
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said coating being obtained by the heat
treatment of said sheet precoated with an
aluminum alloy containing 9 to 10% silicon and
2 to 3.5% iron, the balance consisting of

aluminum and impurities, as a layer having a
thickness between 5 and 100 pm, or with an
aluminum alloy containing 2 to 4% iron, thc

EP 1013 785 B1
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balance consisting of aluminum and impurities,
as a laycr having a thickncss between 15 and 100
um, said coating thickness between 15 and 100
pum, said coating being deposited by hot-dip

aluminum and impurities, as a layer having a 5 coating, immediately after the hot-rolling and
thickness between 5 and 100 um, or with an pickling, and said heat treatment being carried
aluminum alloy containing 2 to 4% iron, the out at a temperature above 700°C.
balance consisting of aluminum and impurities,
as a layer having a thickness between 15 and . Part obtained by hot-stamping the sheet
100 um, said coating thickncss between 15 and 10 according to Claim 2, followed by a quench at a
100 pm, said coating being deposited by hot-dip rate above the critical quench rate.
coating, immediately after the hot-rolling and
pickling, and said heat treatment being carried Claims
out at a temperature above 700°C.
15 1. Process of producing a part from a strip of hot-
Part obtained by hot-stamping the sheet rolled steel sheet, characterized in that:
according to Claim 2, followed by a quench at a
rate above the critical quench rate. - the rolled sheet is coated with an aluminum
alloy containing 9 to 10% silicon and 2 to
Claims 20 3.5% 1iron, the balance consisting of
aluminum and impurities, as a layer having a
1. Process of producing a part from a strip of hot- thickness between 5 and 100 pm, or with an
rolled steel sheet, characterized in that: aluminum alloy containing 2 to 4% iron, the
balance consisting of aluminum and
- the rolled sheet is coated with an aluminum 25 impurities, as a layer having a thickness
alloy containing 9 to 10% silicon and 2 to between 15 and 100 um, the coating with the
3.5% 1ron, the balance consisting of aluminum alloy being carried out by hot-dip
aluminum and impurities, as a layer having a coating, immediately after hot-rolling and
thickness between 5 and 100 pm, or with an pickling;
aluminum alloy containing 2 to 4% iron, the 30 - the coated sheet is heated to a temperature
balance consisting of aluminum and above 700°C before the forming operation
impurities, as a layer having a thickness until consequently producing an alloyed
between 15 and 100 um, the coating with the intermetallic compound based on aluminum,
aluminum alloy becing carricd out by hot-dip iron and silicon on the surfacc, protccting the
coating, immediately after hot-rolling and 35 steel from corrosion and from decarburation,
pickling; it being possible for said intermetallic
- the coated sheet is heated to a temperature compound to provide a lubricating function;
above 700°C before the forming operation - the part is hot-stamped; and
until consequently producing an alloyed - the formed part is quench-cooled at a rate
intermetallic compound based on aluminum, 40 above the critical quench rate.
iron and silicon on the surface, protecting the
steel from corrosion and from decarburation, Hot-rolled steel sheet having a coating
it being possible for said intermetallic consisting of an alloyed intermetallic
compound to provide a lubricating function; compound, based on aluminum, iron and
- the part is hot-stamped; and 45 silicon, on the surface, said coating being
- the formed part is quench-cooled at a rate obtained by the heat treatment of said sheet
above the critical quench rate. precoated with an aluminum alloy containing 9
to 10% silicon and 2 to 3.5% iron, the balance
2. Hot-rolled stecl sheet having a coating consisting of aluminum and impurities, as a
consisting of an alloycd intcrmctallic compound, 50 laycr having a thickness between 5 and 100 pum,
based on aluminum, iron and silicon, on the or with an aluminum alloy containing 2 to 4%
surface, said coating being obtained by the heat iron, the balance consisting of aluminum and
treatment of said sheet precoated with an impurities, as a layer having a thickness
aluminum alloy containing 9 to 10% silicon and between 15 and 100 pm, said coating thickness
2 to 3.5% iron, the balance consisting of 55 between 15 and 100 um, said coating being

deposited by hot-dip coating, immediately after
the hot-rolling and pickling, and said heat
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treatment being carried out at a temperature
above 700°C.

Part obtained by hot-stamping the sheet

according to Claim 2, followed by a quench at a 5

rate above the critical quench rate.
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[ Eve Hecht, declare the following:
1. Iam over 18 years of age and competent to make this declaration.

2. lam a qualified French to English translator as certified by the American Translators
Association.

3, I have translated the attached document dated-12/21/1999 in connection with
European Patent Application number: 99403227.4.

4. Taffirm that the translated text has been translated and edited to the best ofmy
ability and knowledge to accurately reflect the content, meaning, and style ofthe
original text. Ihereby certify under penalty of perjury under the laws of the United
States of America that the foregoing constitutes, pursuant to my knowledge and belief, a
true and correct translation ofthe original document.

4. Tdeclare that all statements made herein of my knowledge are true, and that all
statements made on information and belief are believed to be true, and that these
statements were made with the knowledge that willful false statements and the like are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the
United States Code.
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Description - le métal ou l'alliage métallique de revétement est de
'aluminium ou un alliage d'aluminium.
[0001] L’invention concerne un procédé de réalisation - lalliage intermétallique est un composé a base prin-

d’une piéce a partir d’'une bande de tdle d’acier laminée

cipalement d’aluminium, de fer et de silicium,

a chaud. 5 - lerevétementde métal ou d’alliage métallique et ef-
[0002] Les tbles en acier devant subir un formage a fectué au trempé a chaud.
haute température et ou un traitement thermique ne sont - lat6le revétue est soumise a une élévation de tem-
pas livrées revétues pour des considérations de tenue pérature supérieure a 700°C avant la mise en forme,
du revétement lors du traitement thermique. Le revéte- - latble revétue est emboutie a chaud.
ment est donc effectué sur piéce finie ce qui nécessite 70 -  lapiéce obtenue paremboutissage est refroidie pour
un nettoyage soigné des surfaces et des parties creuses. subir une trempe, a une vitesse supérieure a la vi-
Ce nettoyage requiert I'utilisation d’acides et ou de bases tesse critique de trempe.
dont le recyclage et le stockage sont une charge finan-
ciére importante et présentent des risques pour les opé- [0006] L’invention concerne également une tble lami-
rateurs et pour I'environnement. De plus, le traitement 75 née achaud comportant un revétement de métal ou d’al-
thermique doit étre effectué sous atmospheére contrblée liage métallique déposé en surface, pour la réalisation a
afin d’éviter toute décarburation et oxydation de I'acier. chaud d’'un composé intermétallique, le composé inter-
Ensuite, dans le cas du formage a chaud, la calamine, métallique assurant, une protection contre la corrosion,
de par son pouvoir abrasif, endommage les outils de mise une barriére contre la décarburation de I'acier de la tdle,
en forme, ce qui diminue la qualité des pieces obtenues 20 une lubrification lors de la mise en forme a chaud de la
du point de vue dimensionnel et esthétique, ou oblige a tole, et sur la piéce finie, aprés mise en forme et refroi-
de fréquentes et colteuses réparations d’outils. Enfin, dissement, des caractéristiques mécaniques de dureté
pour augmenter leur résistance a la corrosion, les piéces de I'acier élevées ainsiqu’une dureté superficielle élevée
ainsi obtenues doivent recevoir un post traitement co(- de la surface de ladite piéce finie.
teux dont I'application est difficile, voire impossible, en 25 [0007] Une autre caractéristique de l'invention est:
particulier dans le cas de piéces comportant des creux.
[0003] Le butde l'invention est de proposer des tbles - latdle comporte un dépbt en surface d’aluminiumou
d’acierlaminées de 0,2 mm & environ20 mmd’'épaisseur, d’un alliage d’aluminium.
revétues aprés laminage a chaud, et devant subir une
mise en forme, soit a chaud, soit a froid suivie d’'un trai- 30 [0008] L’invention concerne encore ['utilisation de la
tement thermique, I'élévation de température devant étre tole dans la mise en forme a chaud par emboutissage
assurée sans décarburation de l'acier de la tble, sans de pieces de hautes caractéristiques mécaniques en du-
oxydation de la surface de ladite t6le, avant, pendant et reté et de hautes caractéristiques de dureté en surface
apres la mise en forme a chaud et ou le traitement ther- assurant une trés bonne tenue a I'abrasion.
mique. 35 La description qui suit fera bien comprendre l'invention.
[0004] L’invention a pour objet un procédé de réalisa- [0009] Le procédé selon I'invention consiste a revétir
tion d’'une piéce a partir d'une bande de tole d’acier la- un acier laminé a chaud, pour traitement thermique et ou
minée a chaud et qui se caractérise en ce que: formage a chaud, avec un métal ou un alliage métallique
tels que de l'aluminium ou un alliage d’aluminium com-
- onrevét la tble laminée d'un métal ou d’'un alliage 40 posé par exemple d’aluminium et de silicium. Le revéte-
métallique assurant une protection de la surface et ment de métal ou d’alliage métallique est choisi de ma-
de I'acier, niere a avoir une protection contre la corrosion et de ma-
- onsoumet la tble revétue a une élévation en tempé- niere a résister a une haute température. Lors d'un trai-
rature pour sa mise en forme, tement thermique, ou d’'une élévation de température
- on réalise, de ce fait un composé allié intermétalli- 45 pour la mise en forme, le revétement forme une couche
que, en surface, assurant une protection contre la alliée présentant une grande résistance a la corrosion,
corrosion, contre la décarburation de I'acier, le com- a l'abrasion, a l'usure et a la fatigue. Le revétement ne
posé intermétallique pouvant assurer une fonction modifie pas les propriétés de formabilité de I'acier et auto-
de lubrification, rise ainsi une grande variété de mise en forme a froid et
- on effectue la mise en forme par emboutissage, 50 3 chaud.
- on refroidit la piece formée pour conférer des carac- [0010] Aprés laminage a chaud la bande peut étre dé-
téristiques mécaniques de dureté élevées de I'acier capée et laminée a froid avant d’étre revétue.
et une dureté superficielle élevée du revétement. [0011] On peut revétir la tdle laminée avec, par exem-
ple, les deux types d’alliage métallique suivants:
[0005] Les autres caractéristiques de I'invention sont: 55

- onrevét la tole laminée a chaud aprés laminage a
chaud et décapage,

Alliage N°1: Si: 9% a 10%; Fe: 2% a 3,5%; Solde:
Al et des impuretés.
Alliage N°2:Fe: 2% a 4%:; Solde: Aletdesimpuretés.
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