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:1-, - % STAINLESS STEEL FOR GASKETS AND PRODUCTI ON THERE&QO# 777

Technical Field The present invention relates to a /P05 cps.
Jartensitic-ferritic dupl ex- phase stainless steel which is inexpensive
but has high 5 hardness, good workability, and good corrosion resistance.

At also relates -to a nethod for the,production of a sheet of such a

stainl ess steel. The stainless steel s particularly suitable for use in
the fabrication of engine gaskets for aut onobiles or the like. 10
Background of thespAMEIHS®P STEEL FOR GASKEES Jaék PRODUCTION OTHEREOPY/ t s of
aut onoti ve engi nes. The gaskets are positioned between a cylindef head
and an engi ne bl ock which define a conbustion chanber of an autonotive
engi ne. AsTeaboicah Figldes 1(a) and 1(b), an engine gasket 1 15 is a .
sealing -nmenber fRYi PPedEnOPERVEALZonRETALEENEHAA! MaRBEnditicCEbguligicshape
wi th the sane_diangter asﬁiﬂiﬁg%llnde

_ of .the, .engine,,and, al nnul ar
bead 3 whi ¥WP1eX7PRABGSE ySteeieE%FﬁB 18 égegBegﬁFyguRBgtﬁ@sobéﬂpng.
Thle_ bgas ﬁhéﬁ@ﬁéﬁ@gsgeﬁd womg?balkisygcanat gbedcoopresier kebistantke It
cylinder head an engi ne apd_b Kk Laterstkice ephet to
prevent af?%afﬁbigﬁ? ggnﬁu@??ﬁﬁdgggf %gélﬁﬁégﬁg é%ﬁ §%dglﬁh§§%a??n§ﬁ§ﬂl
fronlthg canbtsinbesshsaheel . ?he staﬂnhasgrggeeioisfggrtégpﬂgglyuch a
gaSket_Is;sﬁfﬁégigrfor_user HUgﬁsdfaﬂrEéXEiBthfSéﬁﬁﬂﬂéhgégkghshibﬁnes5)
sufficient to _retain a bead agal nst conpression, along wth good :
wor kabi | i t §utomghiilgsoarcEheodibf -resi st ance. In order to neet the

-above-descri bed requi renents, a net ast abl e austenitic stainless steel,

such ag SFEE@Q&Eounatgknkﬁésgﬁggﬁkigﬂich is a O- and N -added stainless
st eel, 30 f : engi ne gaskets. - Deformation of such
a steel by col dEngirengaskets asecéMROrsANENGaERE PEaBIREMOTiVERBFLNFRe
net ast abl erREs§88kbesi Arkhpodetobied Beedebfl a cyllangber Keha@ ERGL @fsite:

e onnes | Sndloe: hlogRuwhich ddliRe a combustitn SAAnBAY 8F'afl BulbmbRiYe
engine. As shown in Figures 1(a) and 1(b), an engine gasket 1
15 is a sealing member having an opening 2, which generally has a
circular shape with the same diameter as the cylinder of the
engine, and an annular bead 3 which is a ridge formed by
‘beading so as to surround the opening. The bead 3 functions as
a seal since it is compressed between the cylinder head and
20 engine block and blocks fhe interstice therebetween to prevent
1eakage_of combustion gas, cooling water, and lubricating oil
from the combustion chamber.
A material for fabricating such a gasket is, therefore,
required to have high strength (high hardness) sufficient to
25 retain a bead against compression, along with good workability
:.%gduéééq.cqrrOSion resistance.
.4, .In"order to meet the above-described requirements, a
“:;fﬁégésfable austenitic stainless steel, such as SUS 301
l .fgépéiﬁﬁ%sshsteel which is a Cr- and Ni-added stainless steel,
30 :hagibeen used to fabricate engine gaskets. Deformation of such
Lfé:éfeei by cold working, such as cold rolling and beading,
“éauées the metastable austenite in the deformed area to
transform to martensite which has a greater hardness. Thus,
the steel can exhibit a high work hardenability with good
35 workability.
However, such a staihless-steel has the disadvantage that
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85 workability. However, such a stainless steel has the

di sadvant age t hat -2- Its
.properties, particularly hardness may fluctuate greatly, since the

i ncreased hardness of the steel obtained by working may vary
significantly depending on the working,ratio of the steel and the
tenperature at which the steel is subjécted to 5 working. Therefore, the
quality, particularly sealing quality of gaskets made fromthe steel may

fluctuate :§t§npf:b§é£{:i¥s, paﬁaﬂehearﬂysnéyaﬂéagemay fhatthheengreatapl, e
austenitic st ee

t t
Furthernnr%ln?ﬁetﬁe %?%E?aﬁﬁﬂté?ﬁgnﬁgFZ? 2E§ ﬁ%gi;oﬁt§%§§5 &ﬁlgﬁrklng
Fxpenzlvetmaﬁ vanye?ygnﬁﬂiogntbytﬂependﬂngtbnnthesWsrkingheagaekefsthe
n order e
teel havi A5t ailcrnn FafpBREPhFe ac Wi cHIERD tolR 18 Shbi6cEM, BoOPh
fabri cabi oworkiragi nEherefarket thenquapihysepputiavlaphyi §§@l@aﬁquu§1@:§¥n

No. 7- 15 gf¢ §§§£é€§5ﬁadénf98ﬂe£ﬂé sfBbi eRalt Etust@hbbessghl eebalidty.

i mproved resiStance to _stress corrosion cracking over the
above- deschnotliered isadvantaget &6 thatsthenretastable. aHStﬁBF569eFte?9 L8

rel ativel ysggey EﬂbﬁéhtéVgtﬂeBsgbobﬂbgﬂéﬁscﬁhbhlng ntheaﬁetmOrénatnéess
st-eel by neans of guepchi ng, which cauies 20 tggi Bﬁ ion to form hard
te

narten3|tlﬁtﬁﬁﬁsﬁgntﬁﬁP?h%rﬁBFge amopnE, Qf sPif ng§x8§83ﬁ¥eVe
since 10 cothésebg addényg to theil peddacbioh obsespeﬁsthe fiaskets.

However, since fgrégaéktLﬁtagggnafgﬁ ﬁ%ggg ggogggﬁgheg ?hbas decr eased

eIongatlon and 18 Icu essenfi al at the quenched
nartensut|maste951be03abpenleg8tgteelhbaV1ngeatﬁeﬁPer8¢ mé#§8ﬂ§h§l§fter

quenchi ng. s&ﬁét{ifét has bééﬁt ?‘Ea?oaedsm Efié E&BQH@thBnCQEt éngfinbhe st eel
and may cause enbrittl enen e_st car bi des

ye to
or a |oss BFSEBFFoéPoﬂaP€§P§?aﬁ€EeBBeAPBiEﬁ@tF8PnﬁFng88?“ “defi ci ent
phases;tsesmiswsa(iggm)theIﬂegeﬁetamp nhreenbides. stainless Bt8elPhaent No.

5,624,504 dlsgggggsre51s 5888' %éggtlgrros1on cracking over the
above-~described metastable austenitic stainless steel.
Moreover, it is relatively easy to achieve a high hardness with
martensitic stainless steel by means of quenching, which causes

20 transformation to form hard martensitic phases. Furthermore, '
martensitic steel is less expensive since it contains a very
limited amount of expensive Ni. _

However, since martensitic stainless steel as quenched has
a decreased elongation and is difficult to work, it is

25 essential that the quenched martensitic steel be subjected to
heat treatment for tempering after quenching. Such heat
treatment adds to the production costs of the steel and may
cause embrittlement of the steel due to deposition of carbides
or a loss of corrosion resistance due to the formation of Cr-

30 deficient phases resulting from the deposition of carbides.

U.S. Patent No. 5,624,504 discloses a martensitic-ferritic
duplex-phase stainless steel which contains C, 8i, Mn, P, S,
Ni, Cr, N, B and Cu as essential alloying elements. The
fraction of the martensite in the steel structure is selected

35 so as to provide the steel with high strength, and the grain
size of the martensite is as small as 10 pm or less to assure
good workability. The steel has a low carbon content of up to



dupl ex- phase stainless steel which contains C, Si, M, P, S Ni, C, N,

B and Cu as essential alloying elenents. The fraction of the martensite
.in the steel structure is selected 35 so as to provide the steel with high
strength, and the grain size of the nartensite is as small as 10 [err]m
or less to assure good morkabilitXB_The steel has a | ow carbon content
.sof up to ' - 3- 0. 10% by wei ght.
This patent does not teach that the steel is suitable for use in the

fabricatiof, phs 39ykebSght. This Thatent@b6si 8ol BE8EhT Bha® the steel is
hi gh- performance.” | ess eggen5|v stalnLess steel #%t engi ne gaskets
whi ch can #eitabledferuse insthe| fabrfgarion of gask@EE€e and ot her objects

gnd advant ages ﬂﬁué?etm%ﬁéeﬂé a nésdefbroa Wigh-perfppmance,fleast he

escription as set fort bel pw. Sunmar I [ 1 The

pr esent iﬁ%%ﬂ??%ﬁvﬁr%é?ﬂﬂéeﬁsl%ggeﬁxﬁgﬁs?leng ﬁé?%%ﬁgi?¥§9#e§$?tgg

dup!ex-@hapnoémeedlﬁnsassElegumaanee.for. use in the fabrication of

engi ne gaskets, mf Séséﬁﬁ'oﬁﬁefnaﬁggéés angna&@ﬂﬁth%eﬁaafeﬁﬂébbiegéﬁh
workabrl'irty an 00

strength with goo r go corrosidn resistance as quenched
(without timpenthen wibl benappayenrt fremabhecdasstiPbiann@pt 8/t fPEth

stai nl ess g&e&k. The present inventors found that when quenching
occurs starting froma tenperature in the two-phase regi on of
austenite plus ferrite rather than in the higher-tenperature, austenitic

si ngl e- phaSempany opf | kheuEnventddfer that the 20 austenite in the

austenj i c-ferrphb CodepbRit- PRASALSbhUBLEVEdES a 1bEanekpefisdveo nartensite
havi ng hi gh hardness tg forma éwo- ﬁgase gttu ture gf rtegsbie | us
forrite, (RRrteRaltingfasritic QURlRRaPharecALRLPLCPE, FEERL HAFARL L0k
steel exhifgésigothe fabpibabibntyfwehghnesgaskétsiebhet stéehbr beaimproved

Paci stancis thafoiPoben, FRbTbAE RadhnaueChRREl R, (BBR nERkaRT Ty pd o

good corrosion resistance as quenched (without tempering),

15 contrary to the above-described martensitic stainless steel.

The present inventors found that when quenching occurs
starting from a temperature in the two-phase region of
austenite plus ferrite rather than in the higher-temperature,
austenitic single-phase region in such a manner that the

20 austenite in the austenitic-ferritic duplex-phase structure is
transformed to martensite having high hardness to form a two-
phase structure of martensite plus ferrite, the resulting as-
quenched martensitic-ferritic duplex-phase steel exhibits good
workability which is sufficient to fabricate gaskets, and it

25 still maintains high hardness and good corrosion resistance,
provided that the hardness and the fraction of martensite of
the steel are within specific ranges.

‘The present invention provides for a less expensive
stainless steel suitable for use in the fabrication of gaskets,

30 with addition of a minimized amount of expensive metals such as
nickel.

In one aspect, the present invention relates to a
stainless steel suitable for use in the fabrication of gaskets,
particularly engine gaskets, which has a chemical composition

35 comprising on a weight basis:

C + N: 0.1% - 0.3%,



the.steel are within specific ranges[ The present invention

provides for a |l ess expensive stainless steel suitable for use in the _
fabrication of gaskets, 30 with addition of a mnimzed anount of expensive
metal s such as ni ckel . I n one aspect, the present invention
relates to a stainless steel suitaple for use in the fabrication of
gasket s, particularly engi ne gaskets, which has a chenical conposition
35 conprising on a wei ght basis: - C+ N 0.1%- 0.3%

-4- Sis Wt géf@gt%rt{}@gh% Mh: not greater than 0.7%
Cr: 10%- 17% and "5 the steel having a structure
consi sting esséffti Ay Q)‘Feé?‘?%’i"n@l}&m} * 80% by vol ume of nmartensite, the
bal ance bei ng fcﬁflia% ans, éndfckers hardness in the range of from 300
“to 500. Pr ef 6 narten3|te (martensitic phases) in the stee

structure has . Kn ers hartiness in the range of from300 to 10 600.
Pr ef er dbl yl;he heter kdianing s chericture ovposistbng essemtiallygofsEoomi 40ty

on a WEIg 1% r er
than 0 509 ?(ﬂsby %olume ofr e:g%?e%:.@e Ehe Opatance belnﬁsf?{:f%f &4

Ni: 0 - 0.@®%Wickers hardne%ﬁe“br"—%r@@%n%ﬁt%’-‘%@l%@9eﬁ°f$%9nthe gr oup

ConS'St'rmbfgferaﬁiy,\ﬁﬁémhaiteﬁbiﬁéZ(ﬁ@@t@néﬂtﬁé pRéses) ihhehbasbsed
being iron and |neV|tabIe|

present i MU RASF sV ggﬁé%ﬁd%ardne?%rl%r%ﬂ%c?%ﬁégeéfafﬁgﬁggoéhggl

sheet BOIi ted®d e for use in the ~fabrication of gaskets, which conprises .
the steps.of: Preferably, the steel has a chemical composition
consisting essentially, on a weight basis, of:
" C + N: 0.1% - 0.3%, '
Si: not greater than 0.5%,
15 Mn: not greater than 0.7%,
Cr: 10% - 17%,
Ni: 0 - 0.6%, and
one or more elements selected from the group consisting of
Nb, V and Ti: 0 to 2.0% in total,
20 the balance being iron and inevitable impurities.
~ In another aspect, the present invention provides a method
for producing a stainless steel sheet suitable for use in the
fabrication of gaskets, which comprises the steps of:
‘preparing a steel having the above-described chemical

- 25 composition,
applying working to the steel to form a sheet having a
predetermined thickness, and
subjecting the steel sheet to final heat treatment at a
temperature in the range of from 850°C to 1000°C followed by
30 quenching.
The term "steel sheet" used herein encompasses a steel
strlp, coil, and the like. o
In still another aspect, the present invention provides a
gasket, particularly engine gasket, having at least one bead,
35 the gasket being made from the above-described stainless steel.
In a broad sense, the present invention relates to a
stainless steel gasket having at least one bead for sealing,



preparing a steel having the above-descri bed chem cal 25 conposition,

applying working to the steel to forma sheet having a pr edet er m ned

.t hi ckness, and subjecting the steel sheet to final heat treatnent

at a tenperature in the range of from850[err]C to 1000[err]C fol |l owed

by 30 quenchi ng. The tern1"stge| sheet" used herein enconpasses a
‘st eel strip, coil, and the like. In still another aspect, the

present invention provides a gasket, particularly engi ne gasket, having

at !e?st Oﬂnebeadlnﬁéshhsteaiknavbﬁgnanhadeqﬁéﬁahéaemabeéﬁsdesentbeeitic
stal nl ess

t t | at
tora o Fubfenzehare rerhBrirohauinaspopshEicR i¥pokher BFOREAR, o o o
-5- ineentapnlpsevsdeelshahlaggaakat,qpenthedlau&yeengnne gasketbc
dupl ex- phagg; § ﬂrfgtﬂége §p§Eé§iCﬁLb¥ngtQem§£€aﬁgit1c fbﬁ¥§€&b°”
provi des such a gas y en made from
a steel 5hadrillﬂbe&-lﬂh¢$§n§t¥UEtm§erMllUhlgh megtensshaséoypres,earérpm #Akch

narten5|tet50g@§| gsvéiﬁﬂé49%bthe berdetuby, VEhé”Bt@EltHSvihﬁUStVEékeEQe
st eel haV|ng ers dness_in the. ran ge _of from 3007t

Pref erabl y ?H@ness hﬁrFBﬁsF?PSepﬂ§s§§°mn3pﬂet§tégp ha€€e§eVPP&¥r§hﬁardness
in the maﬁﬂgﬁsgtlaoﬁhaseéoﬂn the stebli Rhvbeacvipkees hhrdhesbr aw ape

Fi gure 1(a IS a_sc an view of an engi ne gasket, and Figure
1(b) is an %ﬂgﬁrﬁidgggaé bve view of a portion cut out fromthe
.engi nel@asket . : Flgure 2 is a cross-sectional view of a beaded

rectangulagrlef pggér eggnoﬁfaﬁhgenﬁgﬁinggeel sheet to show t he shape of a
bead. i ect OL hardgggs nget
steel on the begagﬂﬁ?g%féifﬁé?'5%¥Eééé@%%ga 8B rFiB¥ePEneRopRELne 9

and Figure 1(b) is an enlarged perspective view of a portion

cut out from the engine gasket.

15 Figure 2 is a cross-sectional view of a beaded rectangular

test piece of an Fe-13Cr steel sheet to show the shape of a

bead.

Figure'3 is a graph showing the effect of hardness of a
steel on the bead height after release of a compression force

20 applied to a beaded test piece in such a manner that the test
piece is made completely flat.

Figure 4 is a graph showing the effect of ffaction of
martensite and hardness of a steel on occurrence of fracture
during beading. |

25 Figure 5 is a graph showing the effect of fraction and
hardness of martensite in a steel on occurrence of fracture
during beading.

Figure 6 is a graph showing the effect of temperature of
heat treatment on the corrosion resistance of a test_piece of

30 an Fe-13Cr steel in a salt spray test (JIS 2-2371).

Detailed Description of the Invention

The stainless steel according to the present invention has
a chemical composition comprising on a weight basis:
C + N: 0.1% - 0.3%,
35 Si: not greater than 0.5%,
Mn: not greater than 0.7%,
Cr: 10% - 17%, and



20 -applied to a beaded test piece in such a manner that the test pi ece

I's made conpletely flat. ' Figure 4 is a graph showi ng the effect of
fraction of martensite and hardness of a steel on occurrence of fracture
during beading. 25 Figure 5 is a graph showing the effect of fraction
and = hardness of martensite in a stegl on occurrence of fracture.

during beadi ng. Figure 6 is a graph show ng the effect of
tenperature of heat treatment on the corrosion resistance of a test

pi ece of 30 an Nk: 18G- 8t6®} in a salt spray test (JI'sS z-2371). i
Det ai | ed ription of _th accor di ng
to the prggéﬁti?n%é ?8 aéhépéﬂgﬁgéc g%?%a av1n gli %ngg§n%P$é nﬁt g

wei ght bastf:martensite plup ﬂennite01mwwh36h the Brachbongofamartehante

0. 5% is ff@h i@@ Qéegéﬁrb§hagl£hggband (2) GVlC%Qﬁ@ h&Z?ﬁﬁQQd&Hv

- 6- It"is an uenc st ee avi
t wo- phade 2f r%‘étlﬁ%s"— 3°Q)fa%ri“én‘§?$'é P00s f@?f?éamﬂfvm?bﬁ !lﬂlétﬁnﬁbteohnof

mart ensi t eche tWéhﬁﬁé@&4@@§ﬁétﬁEB@KHsVQ'vﬂEkeEthéﬁdnésyr6fe£§ basseeseo
(Hv) 5 of é;%EaSt 30€b nd at nost 500. Preferably, the martensite in
I

t he two- pHi% 18t @0%as a Vickers hardness of at |east 300 and at

nost 600. The dwﬁmrﬁfﬂncmmp@simmsmtmﬂntmé Qﬂ@lg16$@|ﬁﬁéeﬁt@ﬁhlémhiﬁh
expg { rcent ed, as descri be

the fol LowrtRreeasd UF WioRE Sefldnt §, 8 F1ECe S8 A6°GaaPRtnad fovd) £af

ni t r ogkh (ﬁbeeﬁ¢lmmwmngensasen$o harden by addition thereof in a snall

anount . The efjfecd s19f- ¢.34hese two el ements are al nost equival ent to each

other. |f Fhe5 tot al content of C+ Nis less than 0.1% it nmay be

i mpossi bl e Both carbon (C) and nitrogen (N) allow martensite to

harden by addition thereof in a small amount. The effects of
these two elements are almost equivalent to each other. If the
15 total content of C + N is less than 0.1%, it may be impossible
to obtain a desired hardness of at least Hv 300 by guenching.
A total content of C + N in excess of 0.3% makes the steel too
hard, thereby adversely affecting its workability. Therefore,
the total content of C + N is at least 0.1% and at most 0.3%
20 and preferably at least 0.12% and at most 0.25%.

Preferably, the carbon content is in the range of from
0.10% to 0.20% and more preferably from 0.10 to 0.15%, and the
nitrbgen content is usually in the range of from 0.02% to 0.09%
and particularly from 0.02% to 0.07%.

25 Si: <0.5% |

Silicon (Si) also allows martensite to harden. Addition
of Si in excess of 0.5% causes the steel to have a deteriorated
workability. Therefore, the Si content is not greater than
0.5% and preferably in the range of 0.2% to 0.4%.

30 Mn: <0.7% :

Manganese (Mn) serves to extend the austenitic phase
region of a steel formed at high temperatures and lower the
temperature above which the austenite is stable. As a result,
Mn is effective for increasing the fraction of martensite in

35 the duplex-phase structure of the steel formed by quenching. .
However,_addition'of more than 0.7% Mn may cause the formation
of an a steel having a martensitic single-phase structure by



to ebtain a desired hardness of at |least Hv 300 by quenching. A total

content of C+ N in excess of 0.3% nakes the steel too hard, thereby
.adversely affecting its workability. Therefore, the total content of C
+ Nis at least 0.1% and at nost 0.3% 20 and preferably at |east 0.12% and
at nost 0. 25% Preferably, thg_carbon content is in the range of
from 0.10%to 0.20% and nore preferably fromO0.10 to 0.15% and the
nitrogen content is usually in the range of fromO0.02%to 0.09% and

parti cul arqiehching, Othetebd. @é’%riér&mbethé0w5%cab111ty ofi theopté&si)

also allo tensite_to _harden n excess of
causes th2£%53é+°?o G 3383f§+Y3f¥t arge aWBPﬁﬁbP? #9 m?ﬂe?@?ﬁ?egh?he Si
content |sfmmmagxeatef ahsbeel if.€Richdresifleadbaystenihe appgarsfafité¥oto
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i's effeCtla{ﬁdfﬁfeféﬁéBBflm the tangéien of29®rtengisg.in 35 the
dupl ex- pha e Si@¥CtuL?BOf the steel formed by quenching. However,

addi tion 7% NMh nmay cause the formation of an a steel_
havi ng a nartenShrmmlﬁmngmf)pﬂasanSésﬂéﬁUialb@lement for stalnless steel.
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content is not greater an O. and pre e ran
to 0.5% transfonmation7bp martensiteefi m(@§tegl'aﬁ whight SaLoEE oAbt

for stainligsgh Stdfiperaturdsyi én@na@aleioh egbtmdP0 €hahS19ENErahby B8G8Esary
to assure ﬂhlo stal h] ess steel ffective cprrosi on,resistance

However , e fermatian of A gyepgh? bRl havLng F%t?é?%ﬁdaPﬁEeBéEFFed
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desired hardness. Therefore, Cr is present in the steel in an
amount of from 10% to 17% and preferably from 12% to 15%.
Ni: 0% - 0.6%
‘Like Mn, nickel (Ni) also extends the austenitic phase
20 region of a steel appearing at high temperatures, and Ni may
optionally be added in an amount of up to 0.6% in order to
lower the temperature above which the austenite is stable and
increase the fraction of martensite in the duplex-phase
structure of the steel formed by quenching. However, addition
25 of more than 0.6% Ni causes the formation of a quenched steel
having a martensitic single-phase structure, thereby
deteriorating the workability of the steel. Therefore, when
added, Ni is present in an amount of not greater than 0.6% and
preferably not greater than 0.5%. |
30 The hardness of the duplex-phase stainless steel according
to the present invention primarily depends on the hardness and
fraction of martensite (martensitic phases) in the steel. As
can be suggested from the foregoing, the hardness of the
martensite can be tailored primarily by the contents of C, N,
35 and Si; while the fraction of martensite can be tailored
primarily by the contents of Cr, Mn, and Ni.
The steel composition may consist essentially of the above



hi gh tenperatures, and addition of nore than 17% C may cause t he
formati on of a quenched steel having retained austenitic 15 phases, which
make it difficult or inpossible to achieve the desi red hardness.
Therefore, O is present in the steel in an anount of from10%to 17%
and preferably from12%to 15% _0%- 0.6% Li ke Mh, nicke
{Ni) also extends the austenitic phase 20 region of a steel appearing at

hi gh tenperatures, and Ni may optionally be added in an anount of up to
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than 0. 6% ibr cexamplé heat oleast oonef edemenbchetlested| fromhthengraup
martensiti ngl e- ph t t er n
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C Si Mn P S Cr Ni Ti N Vv
0.13 0.29 0.43 0.018 0.0009 13.0 0.29 0.012 O0.06 0.08

Samples of the resulting steel sheet were finally
20 subjected to quenching after heating at different temperatures
to provide the samples with varying values for martensite
fraction and hardness (Hv) of the martensite and the steel.
The martensite fraction (in volume percent) of the
resulting as-quenched steel was determined by determining the
25 fraction of ferrite in the steel by means of a ferrite meter
and subtracting the ferrite fraction (in volume percent) from
100.
The Vickers hardness of the steel was measured by a
Vickers hardness tester having a pyramidal diamond indenter in
30 a manner kriown per se. The Vickers hardness tester was also
used to measure the hardness of martensite in the steel in the
following manner. A sample steel sheet was polished and then
etched to reveal martensitic phases, which could be readily
distinguished from ferritic phases. The diamond indenter of -
35 the tester was positioned on a martensitic phase of the sample
to apply a load which is low enough to leave a small '



to tthe present invention will be described by referring to sone 10

experinents, the results of which are shown in Figures 3 to 5. I n

the experinents, an Fe-13Cr steel having the conposition shown in Table

1 bel ow was cast into an ingot, whi ch was subjected to hot rolling and

cold rolling to forma sheet havingga desired thickness (= 0.2 mmin

t hese 15 experinents). Table 1 C
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The results of the bead height after release of the
compression force are shown in Figure 3 as a function of
hardness of the test piece (steel). As can be seen from Figure
3, the bead height, which had been the same value of 0.3 mm for

20 all test pieces prior to compression, was in the range of from
0.06 mm to 0.15 mm after compression.

Test pieces having an Hv value of at least 300 maintained
a bead height of 0.10 mm or greater after compression,
indicating that they could serve as effective sealing members.

25 Some of test pieces having a value for Hv in excess of 500 were
~ fractured while they were subjected to beading.

Figure 4 shows the effect of the martensite fraction and
hardness of a steel on occurrence of fracture during beading.
Although the hardness of a steel tends to increase as the

30 martensite fraction increases, steels having a given martensite
fraction gave values for hardness which varied in a relatively
wide range. Fracture in the deformed area was frequently
observed with those samples having a martensite fraction
exceeding 80% by volume or a hardness exceeding Hv 500.

35 Figure 5 shows the effect of the martensite fraction and
hardness of martensite and tﬁat of a steel on occurrence of
fracture during beading. As can be seen from this figure, no



5 steel sheet. Each test piece was deforned by beading on a nold press

to forma strai ght bead which had the cross-sectional shape shown in
_Figure 2 and which ran perpendicularly to the | onger sides of the
rectangl e. The beaded test piece was visually observed to determne if
any fracture in the deformed 10 area opgurred. The bead of the
test piece was then conpressed on a conpression testing machine until
t he bead was made conpletely flat. After the conpression force was
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no 15 maintaining effective sealing perfé@mance. Preferably the

martensitic phases of the steel has a Vickers hardness of from
300 to 600.
The martensitic-ferritic duplex-phase stainless steel

having the above-described chemical composition, hardness, and

20 martensite fraction can be produced by preparing a steel having
the above-described chemical composition, applying working to
the steel to give a sheet having a predetermined thickness, and
finally subjecting the steel sheet to quenching after heating
at a temperature in the range of from 850°C to 1000°C.

25 . The steel sheet to be subjected to quenching may be a cold
rolled steel sheet which usually has a thickness in the range
of from 0.1 mm to 0.3 mm.

Figure 6 shows the effect of heating temperature for

quenching on corrosion resistance of steel sheet samples

30 prepared in the manner described above. Namely, the samples
were cold-rolled steel sheets which had the chemical
composition shown in Table 1 above and which had been quenched
after heating at different temperatures. Some of the steel
sheet samples which had been quenched after heating at 1000°C

35 were then subjected to tempering in the temperature range of
from 400°C to 600°C. The corrosion resistance was tested in
accordance with the salt spray test specified in the



or little fracture occurred when the martensite had a Vickers har dness
of not greater than 600 and the martensite fraction was not greater than
.80% The workability of a martensitic-ferritic dupl ex-phase 5
stainl ess steel appears to be influenced by both the hardness of the
martensite and the fraction of martengiie. When the fraction of
martensite is |l ess than 40% by volune, it is difficult to give a steel
havi ng a hardness of at | east Hv 300 by quenching. 10 Based on the
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t est speci betdeen 866°C and 1000°C. The duratlon of heating is preferably

at least 10 seconds and the subsequent quenching is preferably

performed at a cooling rate of at least 10°C per second,

20 although these parameters may vary depending on the steel

composition and the heating temperature for quenching.

The present invention can stably provide a less expensive
stainless steel which is of high performance sufficient for use
in the fabrication of gaskets having at least one bead (ridge

25 formed by beading) for sealing, particularly engine gaskets
suitable for use in gasoline engines for automobiles or the
like.

" The shape of the gaskets is not critical. 1In general, an
engine gasket is rectangular or square in shape and has one or

30 more openings, the number of which corresponds to the number of
cylinders in the engine. Each opening is surrounded by at
least one bead for sealing, which normally has a semicircular,
semielliptic or rectangular cross section rather than a
triangular cross section as shown in Figure 1(b). Generally,

35 the height of the bead is in the range of from 0.15 mm to 0.40
mﬁ, while the width thereof is from 1.0 mm to 5.0 mm.

Engine gaskets can be fabricated from the above-described



specification JI'S Z-2371 and given a rating fromO (worst) to 10 (best)
according to that specification. As can be seen from Figure 6, when
the heating tenperature for quenching was bel ow 850[err]C, the corrosion
resi stance becane 5 significantly worse. Simlarly, the corrosion

resi stance was significantly deter*grated by subjecting the quenched

St eel sheet to tenpering. This is ought to be attributable to the
formati on of Cr-deficient phases due to deposition of chrom um
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rolled steel sheet was heated at a temperature in the range of
from 750°C to 1050°C for 10 seconds and then quenched by air
cooling.

20 The quenched steel sheet was then tested for Vickers
hardness (Hv) of the steel and of the martensitic phases and
for martensite fraction in the manner described in the above,
and for corrosion resistance in a salt spray test (JIS Z-2371).

Five rectangular test pieces cut out of each quenched

25 steel sheet were deformed by beading on a mold press to form a
straight bead having the cross-sectional shape shown in Figure
2, and they were visually observed to determine if fracture of
the sheet occurred in the deformed area.

. The test results are also given in Table 2, in which the

30 results of fracture are expressed as the number of fractured
test pieces among the five pieces tested. The results of
corrosion resistance are expressed as a rating from 0 (worst)
to 10 (best) according to the JIS specification.



-12-- stai nl ess steel sheet in a conventional nmanner. For exanple,
the steel sheet can be subjected to blanking to forma bl ank havi ng one
or nore opening, and then to beading to forma bead surroundi ng each
opening and optionally to folding to forma 5 folded end. Normally, such a -
beaded bl ank is assenbled with one or. nore beaded or non-beaded bl anks
by stacking to fabricate an engine“éésket. The surface of the steel
sheet except for the béaded area nmay be coated with a rubber to
i nprove the sealing performance of the gasket, particularly 10 agai nst

|
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13- [err] -14- As can be

seen from Table 2, the steel sheets according to the present invention
(A2 to A5 and B2 to B5) exhibited a high har dness and good corrosion
resistance with mnimzed or no occurrence of fracture by beading. 5
In contrast, those steels conprising mpye than 90% martensite and havi ng
a hardness of higher than Hv 500 (D4, F4, 4, and H4) frequently
resulted in fracture by beadi ng. Such a fracture occurred also with a-

?teei_having au?@rQQQSEegﬁ%@ﬁﬁfrom EanneFa,SGgeabtéengbhééssnactending to

raction S no reat er t han % (E4), a i i h t eel . whj ad. heen

heated at ‘&€ Pr?%ﬂ%%r%?ﬁ?%thﬁﬁvéggo%é5%$rT%af%&Aéﬂeﬁgiiﬁﬁhf§g£§§dgégfgﬁ

Those kaedhesshacd dood beenrbsbordresistanopewathrmibinbreds0feno] C for

guenchi ng u@ﬁQnSEJOEO +gcggﬁeag§dﬂg§d?ngesired har dness of at | east
| a 0 a dete

Hv 300 by guéenchrng and SO S forgtgd 15 corrosion resistance.
Wi | e the i nveninorombrapbenthiesersbeels ncevpriging nogg thang§ops

oot 11 o CABcEaEtaTiAe pbens ik bl 00 nighéEoinea 8g SopLfee, P
ig t he artGQhagnquﬁé)gﬁgquépgiyoﬁggufgeg ES fraggugésggogeagigg?sesaéhl

fracture occurred also with a steel having a hardness greater
than Hv 500 although its martensite fraction was not greater
10 than 80% (E4), and with a steel which had been heated at a
temperature above 1000°C for quenching (A7 and B6). Those
steels which had been heated at a temperature below 850°C for
quenching (Al and Bl) could not produce a desired hardness of
at least Hv 300 by quenching and also showed a deteriorated

fed
a

15 corrosion resistance.

While the invention has been described in some detail by
way of illustration and example, the invention is not
restricted to the specific embodiments set forth. It should be
understood by those skilled in the art that numerous variations

20 and modifications may be made to the invention without
departing from the spirit or scope of the invention as broadly
described.



20 and nodifications may be nade to the invention wthout
fromthe spirit or scope of tﬁé"Tnvention as broadly
- 15- d thuH%heet Has Been Replacec A gasket nmade froma stai

havi ng at or sealing, the stainless steertavtrg—a -
chem cal corrposgnmﬂﬂ“l [E ! g on a V\g ght basis: 5 Cot N0 190 o
0. 3% than 0. Mh: not| PHYIGASIKEET: ARS BEEN

0.7% Cr: 10%- 17% and Ni: 0- 0.6% 10 thacpiget
havi ng a sgragmyee consisting essentially of from 40%

of martensite, the balance being ferrite, and a Vickers hardness in the
range of from 300 to 500. 2. The gasket according to Claiml

wherein the chektcal 2 gasketpwadei §nowf at Rtaindpasesteelecandchayingsat

essenti al | Yyea88 6né5béﬁﬂgbbrb§§hilnﬁﬁ the stainteds stgeiﬂhavgnéﬂﬁ
Si: not greater than 0. 5% not greater than 0. /% Cr:

10% - 179% Shgmical ngpgs%tBogggo§33131ng on gnphweiy ﬁDPéséFenents sel ect ed
fromth® group consnstong%oi 0. 3Nb V and Ti: not greater than 2.0%in
total, é #ance eln rog gd i nevitable inpurities.

3. The gasket tiotd n% B3LeFaFi?® 8r23rwherein the 25 martensite of the
steel has a Vidmezsnoargneaternthan 0anye of from 300 to 600.

4. A gasket nﬁéfgf{8§1§ f§§1n£§§s steel and having at
Ni: 0 - 0.6%,
10 the steel having a structure consisting essentially of from 40%
to 80% by volume of martensite, the balance being ferrite, and
a Vickers hardness in the range of from 300 to 500.

2. The gasket according to Claim 1 wherein the chemical
composition of the stainless steel consists essentially, on a
15 weight basis, of:
C+ N: 0.1% - 0.3%,
Si: not greater than 0.5%,
Mn: not greater than 0.7%,
Cr: 10% - 17%,
20 Ni: 0 - 0.6%, and
one or more elements selected from the group consisting of
Nb, V and Ti: 0 to 2.0% in total,
the balance being iron and inevitable impurities.

3. The gasket according to Claim 1 or 2 wherein the
25 martensite of the steel has a Vickers hardness in the range of
from 300 to 600.

4. A gasket made from a stainless steel and having at
least one bead for sealing, the stainless steel having a '
- structure consisting essentially of from 40% to 80% by volume
30 of martensite, the balance being ferrite, and a Vickers
hardness in the range of from 300 to 500.

5. A gasket made from a stainless steel and having at
least one bead for sealing, said stainless steel having an as-
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l east one bead for sealing, the stalnless steel having a L.qu:u e .
consi sting essentlally of from40%to 80% by vol ume 30 of nm éW%ﬁfe+;tﬁéiBEEN

bal ance j a Vickers hardness in the rang¢ of fREMARED
to 500. T“lﬂ” ﬁ”“, ImI" ket rrade froma stainless steel and havimg at
| east one head for®sealing, said stalq¢ ss steel having an as- :
|

- 16- qguenched martensitic-ferritic dupl ex-phase structure.

6. A stainless steel for use in the fabrication of the gasket, which
has a chenq&eﬁcﬁéapmértéﬂglegapféﬁrﬂelendapmexgbnase strhgguge. 5 C
+ N 0.1%- 0.3% Si: not greater than 0.5% Nh: not
greater than O. 7@6 Cr: 10% - 17%

and 6%
10 and a steeIGStru%t%F%l%bﬂ§$sﬁtﬂ©1e§§€nﬁﬁﬁl+9 BhefFGF¥H9§@%Bn89@6the

by vol ure g sKBE | eRiER, habea behanteabebblpbSitidh, conpreseny on a wbagheg
a Vickers hardness in the range of fron1308 to 500. 7. The

stainl ess B#8E$2according to O aim6 wherein the martensite of the
steel has a V'qke+snhaodness On3she range of 15 from 300 to 600.

8. The stainl r.d t aim6 or 7 wherein t he

chem cal conpos oﬁé E?% 8re§§%%t?a$¥ on a wei ght basis, of:

C+ N 0.1%- OM@@@notzgreater Ehann657§;eater than 0.5% : Mh: not
greater than 0.4 10% - 17%, nd10% - 17% Ni: 0 - 0.6% and

one or nore el enents sel ected | ron1the group consisting of 25 Nb, V and
Ti: not greaterNiha® 2.09%%n total,

10 and a steel structure consisting essentially of from 40% to 80%
by volume of martensite, the balance being ferrite, the steel
having a Vickers hardness in the range of from 300 to 500.

7. The stainless steel according to Claim 6 wherein the
martensite of the steel has a Vickers hardness in the range of
15 from 300 to 600.

8. The stainless steel according to Claim 6 or 7 wherein
the chemical composition consists essentially, on a weight
basis, of: _

C + N: 0.1% - 0.3%,

20 Si: not greater than 0.5%,

Mn: not greater than 0.7%,

Cr: 10% - 17%,

Ni: 0 - 0.6%, and

one or more elements selected from the group consisting of

25 Nb, Vand Ti: 0 to 2.0% in total,
the balance being iron and inevitable impurities.

9. A method for producing a stainless steel sheet for
use in the fabrication of the gasket, which comprises the steps
of:

30 preparlng a steel hav1ng a chemical composition comprising
on a weight basis:

C + N: 0.1% - 0.3%,

Si: not greater than 0.5%,

Mn: not greater than 0.7%, Sheet Has Been Replacet

" i




the bal ance being iron and inevitable inpurities. d
for producing a stainless steel sheet for use in the f G?H% % BEEN
1 he gasket, which conprises the steps of : pre arln %

havi ng a chemnical conposition conprising on a melghL_DééLE_________T__
C+ N 0.1%- 0.3% Si: not 95anerthan0 5%

greater than 0.7% N0 - 0. 6% <o HINIAIH R b A

the steel to focgyalgheetthV|aada predet ermi ned thi ¢knessy

subj ecting the teeh] geé to final heat treatment at a tenperature
in the range of "ffo %F]C to 1000[err]C fol |l owed by quenchi ng.
10. The nethodappmyidgngorhlﬁbatﬁ1ﬁhahstebm tbe fokmmacsheet havdagpasi tion
consists e b S, 10 C+ N 0.1%- 0.3%
Si: not gr %?g%t?%ﬁinsa EElgﬁhggE gﬁh Vh: not greater than 0.7%

Cr: 10%- 17% SubJectlng khe gteed. shpet to final haetotrmtmealtemnas

sel ect ed ffeﬂpébswfeusz cenél $hhge 8F £ ? Qﬁo than
2.0%in to&génch ng. " he ba?ance bg?ﬂgspgé%wgﬁ |i€§ata e |npu?'t|es
i

10. The method according to Claim 9 wherein the chemical
composition consists essentially, on a weight basis, of:
10 C + N: 0.1% - 0.3%,
Si: not greater than 0.5%,
Mn: not greater than 0.7%,
Cr: 10% - 17%,
Ni: 0 - 0.6%,
15 one or more elements selected from the group consisting of
Nb, V and Ti: 0 to 2.0% in total,
the balance being iron and inevitable impurities.

iThis Sheet Has Been Rerlacea




