AUSTENI TI C STAI NLESS STEEL TECHNI CAL FI ELD [0001] The
present invention relates to an austenitic stainless
steel, particularly to an austenitic stainless steel
whi ch contains C-fixing elements. Mre particularly,
the present invention relates to an austenitic
stainless steel, which contains Cfixing elenents and
can be applied in manufacturing heating furnace pipes
and the like whi glysrENTTed STARVESSHEPREL oIl ers,
petrol eum refining and petrochem cal plants. Still nore
AECHNICAL FIELRe present invention relates to an
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nts and shows excellent |iquation cracking
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BACKGROUNBAR®Nt after welding. [0004] 1 Concerning
the cracking in the Heat Affected Zone (hereinafter
[0002]

Due to the recent growing demand for energy, new power plant
boilers, petroleum refining and petrochemical plants have been built. An
austenitic stainless steel to be used in these manufacturing heating furnace
pipes and the like, for use in those facilities is required to have not only
excellent corrosion resistance but also excellent high temperature strength.
[0003]

In such a technological background, for example, the Non-Patent
Document 1 proposes a highly corrosion resistant austenitic stainless steel,
having a reduced content of C together with N which is set at a level within
a specified range, and containing Nb as a C-fixing element at a level within
a specified range, thereby having excellent stress corrosion cracking
resistance and high temperature strength, and showing no sensitizing even
after a long period of aging without post heat treatment after welding.

[0004]
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referred to as "HAZ") of the austenitic stainless stee
whi ch contains GC-fixing elenments after wel ding, the
Non- Pat ent Docunment 2 declares that the carbide

di ssolution in welding thernmal cycles and reheating to
the M23C6 precipitation tenperature in the subsequent
cycles lead to the formation of a sensitizing region,
resulting in an intergranul ar corrosion cracking called
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[0006]

On the other hand, in the Non-Patent Document 5, it is pointed out
that the weld zone of the 18% Cr-8% Ni type austenitic stainless heat
resistant steels, undergo intergranular cracking in the HAZ after a long
period of heating.

[0007]

The Patent Document 1 discloses a stainless steel in which the
C-fixing element is utilized. More concretely, it discloses a “stainless steel
highly resistant to intergranular corrosion and intergranular stress
corrosion cracking” having a specified chemical composition with Nb/C > 4
and N/C > 5. In the description that follows, “stress corrosion cracking” is
referred to as “SCC”.

[0008]

Further, the Patent Document 2 discloses an “austenitic stainless
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sul fidation resistance and SCC resi stance and is suited
for use in a high tenperature environnent of 350C or

hi gher where C - and S coexist" as resulting fromthe
achi evement of the sulfidation resistance under high
tenperature and high pressure conditions by an

i ncreased Cr content, inprovenent in chloride SCC

resi stance by the conbined effect of increases in C
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Non-Patent Document 2: Kazutoshi Nishimoto et al., Sutenresuko
no Yosetsu (Welding of Stainless Steel) (2000), p. 114 [Sanpo Publications,
Inc.]

Non-Patent Document 3: Yoshikuni Nakao et al., Journal of the JWS,
Vol. 51 (1982), No. 1, p. 64

Non-Patent Document 4: Yoshikuni Nakao et al., Journal of the JWS,
Vol. 51 (1982), No. 12, p. 989

Non-Patent Document 5: R. N. Younger et al.: Journal of the Iron
and Steel Institute, October (1960), p. 188
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0010]

The technique disclosed in the above-mentioned Non-Patent
Document 1 is effective in reducing the solidification cracking susceptibility

in the weld metal, since the C content is reduced to a low level and the



austenitic stainless steel containing the Cfixing

el ement described in the Non-Patent Docunent 1 is

i ndeed excellent in corrosion resistance and has
excel l ent high tenperature strength, but the said
austenitic stainless steel cannot avoid the
above-nentioned two kinds of cracking in the HAZ just
after fabrication by the high heat input TIG wel ding
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content is reduced to a level of 0.5%or less in order
periodpi wse atdvighdemperatagpst ance. I1n addition, when the
m#]g)ni tic stainless steels disclosed in the

-Patent Docunment 3 and the Non-Patent Docunent 4 are
used 1 The! iftetdBnila RBHBfA LANKINL RDOMAGE (1R Non-Patent
requi red, the dccurrence of sensitrzing corrosion iIn
Dweundhtal2sds cquitet differevioi Geth thacCliqhdgolC eeickdg on Sgrain
hi gh. [.001%] Al t hough the above-nentioned Non-Patent
bogunderies DfsHade srhicht pegurs ubiringrwelding befies espesure to the
NbC act as.factors influencing the cracking 4 in the
CErosive eqyaronmentpentiope ﬁboﬁ%chani sns t hereof .
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cunment 5 is nothing but a neans for avoiding
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heating; it is not always applicable to cope with the
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the HAZ when the C content is in a high C range exceeding 0.1%, and also

the Nb is in a high Nb range exceeding 1%. However, the occurrence of the
liquation cracking in the HAZ cannot be avoided as yet in a region where
the C content is reduced to a level of lower than 0.05% and also the Nb
content is reduced to a level of 0.5% or less in order to improve corrosion
resistance. In addition, when the austenitic stainless steels disclosed in
the Non-Patent Document 3 and the Non-Patent Document 4 are used in
the fields where corrosion resistance is required, the occurrence of
sensitizing corrosion in the HAZ also cannot be avoided, since the C content
is high.
[0013]

Although the above-mentioned Non-Patent Document 5 suggests

that such carbides as M23Cs and NbC act as factors influencing the cracking
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just after welding. [0014] Regarding the steel proposed
in the Patent Docunent 1, the polythionic acid SCC
resi stance thereof is enhanced by reducing the C
content and increasing the N content. However, such
nmeasures al one cannot suppress polythionic acid SCC
under server conditions as well. Furthernore, the nere
C content reduction and N content increase cannot
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i established. [0017] In view of the
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and embrittling cracking resistance thereof cannot be simultaneously
enhanced. Moreover, the steel cannot be suppressed from undergoing SCC,
in particular polythionic acid SCC, under severer conditions.

[0016]

The phenomena of the liquation cracking in the HAZ and the
cracking in the HAZ during a long period of use in highly corrosion resistant
austenitic stainless steels, in which C-fixing elements are utilized, have
been known for long time, as mentioned above. As for the liquation
cracking in the HAZ, however, neither the mechanisms of occurrence of the
liquation cracking in an area in which the C content is low and the content
of the C-fixing element is also low, nor the measures thereof have yet been
established. As for the cracking in the HAZ during a long period of use as

well, no complete mechanisms have yet been clarified and, further, the

measures thereof, in particular the measures from the material viewpoint,



cracking in the HAZ on the occasion of welding, and
noreover is excellent in enbrittling cracking
resistance in the HAZ during a | ong period of use at
hi gh tenperatures and is highly resistant to corrosion,
in particular to polythionic acid SCC. MEANS FOR
SOLVI NG THE PROBLEMS [0018] The present inventors nmade
detail ed i nvestigations concerning the nechanisnms of

he occurrence qof . l.iguation cracking, enbrittling
bf"%ﬁ‘f’ﬁﬁet ‘?‘F’dlf)%la&llﬁﬁ%(ﬂi c acid SCC in order to provide
fqt)l stenitic stainless steel which has C-fixing
enents and can be suppressed from undergoi ng
|i quat IoRiew af khe Gibove ihentibedbtate ofedfthing it is an objective of
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tled girasgnti snvaeingor 66 qm)mﬂet anaausﬂenquratsrcwmleﬁrsastaeh gﬁhlch has
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cracking” for short) and is highly resistant to
high asinperaturepaand cwl kighily reelsydmi o0i coresion, SGC. particular to
[0019] As a result, the followng findings (a) and (b)
pelythionicacidfiGEned concerning the occurrence of

MR BORCSOL NG, e QB REME o ot Tover than

Fb(ﬁ%‘}/ in particular |Iower than 0.04% and al so have
ow contents of C-fixing elenments, the Cr

car bonThé ipdesenty Afielitdmkt fade dé'tﬁﬂ@ﬂ&hﬂesﬂi@&ﬂi&@d céScerning the
since the carbides resulting from binding of the said
menhanmgls of dhenencugrense G)thgquatlow gracking, texabuittling cracking

ga PO IO Al e B prdas [ PG, 4t AHSHa PR Grainless steel
%}%433)0 IP(%%bé:%ﬁlefn'thé (? éeﬁ) q&cgu%?ggﬁeﬁh‘ﬂ nﬁhﬁnderegomg
ani sns 0 ccurrence o i guati on cracking ar
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above-nentioned Non-Patent Docunment 3 and Non- Patent
in the HAZ after welding” is also referred to as “liquation cracking” for

short) and also can be suppressed from undergoing embrittling cracking in
the HAZ during a long period of use at high temperatures (hereinafter
“embrittling cracking in the HAZ during a long period of use at high
temperatures” is also referred to as “embrittling cracking” for short) and is
highly resistant to corrosion, in particular to polythionic acid SCC.
[0019]

As a result, the following findings (a) and (b) were first obtained
concerning the occurrence of liquation cracking.
[0020]

(2) In a case of austenitic stainless steels which have a C content
lower than 0.05%, in particular lower than 0.04%, and also have low
contents of C-fixing elements, the Cr carbonitrides precipitate on the grain

boundaries, since the carbides resulting from binding of the said C-fixing



Docunent 4, that is to say, the mechanisns of the
occurrence involving the fusion of the |ow nelting
poi nt compounds such as NbC and/or the Laves phase
that has precipitated on the grain boundaries. [00221
Then, further exam nations and investigati ons were nade
and the following findings (c) to (h) were obtained.
[00231 (c) When austenitic stainless steels, having a
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by wel @) nFhehexbort dycling, (a)handidates nihatl ¢hentmechanisms of
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i ng point, very coarse and, accordingly,

fusidmof tharlew fleltghgdipoiRpdompbufds dueh gy Kbl wndéstugied Laves
[00241 (d) Upon heating at high tenperatures, the

phésexihag halsqrenipitatad onttihe gratmhoundamresli ssol ved wit hin
rgzﬂs, di ffuse within grains and segregate on the

8}0' boundaries. In addition, in the area heated to

just DPREH! Bithol BLLG BB hud | [SeSELAG8: 368 Rhdbfd the

grain ecoines nmar as a resul

fllloWifig i saN (M do Gh) Whfe ebtwshal. grains. Consequently,
it 7 1s presuned that the extent of such segregation

©#028he grain boundaries is higher conpared with other

ar eas. 51 (e) Therefore, in the HAZ heated. to just )
e ow ehaVhen: AHgtepatin staiess fteqlsadiaving (a anigrpsizugture in
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conpared with other areaS heated to | ower
content lower than 0.05%, in particular lower than 0.04%, as mentioned
above, and have low contents of C-fixing elements are heated to high
temperatures by welding thermal cycles, the C-fixing element carbides such
as NbC, which have primarily precipitated within the grains are dissolved.
Consequently, the pinning effect of the precipitates on the crystal grain
growth is lost and the crystal grains in the HAZ, which are heated to just
below the melting point, become very coarse and, accordingly, the surface
area of grain boundaries are markedly reduced.
[0024]

(d) Upon heating at high temperatures, the C-fixing elements and
the C that have dissolved within grains, diffuse within grains and segregate
on the grain boundaries. In addition, in the area heated to just below the

melting point, the surface area of the grain boundaries becomes markedly

reduced as a result of the coarsening of the crystal grains. Consequently, it



tenperatures, and the very nelting point of the grain
boundaries falls. [00261 (fl Such elenents as P and S,
bei ng contained in the base netal, which show a marked
tendency toward segregati on on grain boundaries al so
segregate to the grain boundaries in HAZ Therefore,
the nelting point of grain boundaries in the
coarse-grained HAZ falls markedly. [00271 (g) The said
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hYHFSodpdrld with Ofher AR3§, and thereafter. Then the
gral n boundari es are]ilquefled and the [|iquation

tooaski ng nenti oned herei nabove occurs. [00281 (h) In

or der toTprevent the above-nentioned |iquation _ _
cr acki (e Therefoxe, ipr deuHdd heatetldotingebelow the melting peint, the
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region. Therefore, in order to prevent |iquation
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&}esi tance, it is effective to reduce inpurity
nts such as P and Sin the steel and at the sane
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grdigiheyndpoesin the coqrre-gnazped HAY falls magkedlyt he sai d
@gﬁ%rg ttling cracking is poor in ductility, and

ntrations of such elenents as P, S, Sn and so on,

whi ch (2) The said crystal grain boundaries, which have lower melting

points, are melted upon heating in the welding thermal cycles in the second
pass and thereafter. Then the grain boundaries are liquefied and the
liguation cracking mentioned hereinabove occurs.

[0028]

(h) In order to prevent the above-mentioned liquation cracking, it is
presumably effective to increase the contents of the C-fixing elements to
thereby stabilize the carbides until higher temperatures. On the other
hand, when the content of C-fixing elements is excessive, it is feared that
the corrosion resistance deteriorates due to the increase in the
Cr-sensitizing region. Therefore, in order to prevent liquation cracking in
the HAZ while maintaining high corrosion resistance, it is effective to
reduce impurity elements such as P and S in the steel and at the same time
optimize the content of C-fixing elements.

[0029]

As for the above-mentioned embrittling cracking, the following



act on grain boundaries as enbrittl enent-causing
el ements, are found on the fractured surface. [0032]
(k) The mcrostructure in the vicinity of the said
cracki ng shows a |arge anount of carbides and nitrides
that have precipitated wwthin crystal grains. [0033]
Based on the above findings (i) to (k), the present
inventors drew the follow ng conclusions (1) to (n)
oncer ni\n e nechani s of occurrence of the said
ﬁnﬁimast%).t%g&@wge&ioﬂg@nfggszq (1) During wel di ng ther mal
oS and t he subsequent use at high tenperatures,
such el enents as P, S and Sn, which act on grain

bounda) €Bhe asaidMeimBridtEaBN crackifizNec@lreMBAt $he crystal grain
segregate to the grain boundaries. In particular,

bonesdareé e nf bhe seegileddearsergraied HAZ hwhidans exgestdnta high
HAZ which has a small _surface area of grain boundaries
tarapenatures Guang the wplding. poundari es become markedly
Em%r'ttled. [0035] (m Wen external stress is applied

I'ng the use at high tenperatures, the intragranul ar
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acicon grain theundaries fasc embirittlement:chusihng ielethenitsgraap found on
ﬁ% darie apd an orifice develops at the grain

8SlYree suLid¢et hi s | eads a easy occurrence of the

'3§]enbri ttling cracking. In particular, the said

stress concentration on the grain boundary interface
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there. [0036] (n) Regarding the cracking which shows

Y08 m | ar cracking node to the above-nentioned
mg'ﬂttling cracking, for exanple, there is the SR

Based on the above findings (i) to (k), the present inventors drew the
following conclusions (1) to (n) concerning the mechanisms of occurrence of
the said embrittling cracking.

[0034]

(1) During welding thermal cycles and the subsequent use at high
temperatures, such elements as P, S and Sn, which act on grain boundaries
as embrittlement-causing elements, segregate to the grain boundaries. In
particular, these elements segregate markedly to the coarse-grained HAZ
which has a small surface area of grain boundaries and, therefore, the grain
boundaries become markedly embrittled.

[0035]

(m) When external stress is applied during the use at high
temperatures, the intragranular deformation is suppressed by a large
amount of intragranular precipitates of carbonitrides and nitrides, typically

carbide-fixing element carbides such as NbC and TiC. Therefore, stress



M

cracking in low alloy steels nentioned by Ito et al. in
the Journal of the JW5  Vol. 41 (1972), No. 1, p. 59.
However, the said SR cracking in those Iow alloy
steels is a cracking which occurs in the step of a
short period SR heat treatnent after welding and is
quite different in timng fromthe above-nentioned
enbrittling cracking which occurs in the HAZ during the

| on ri.od of use at .hi e ratu ok L] .
RSB pBiur 5 e ALl T e SR ub e lh Bundaries
Lol hhi 6rifft€ TRYeIoH! HE @hengrdifehiRadAALS B  this leads a easy
occurrence of SR cracking Therein are quite different

beamrehasof the shitl embaitthing icrackingos Tn yeirticalamtthe said stress
the intention of the present invention. Therefore, as
gomeentration osothes grainneounstaryriateface iepeomptrsl imareas where

gﬁove-rre tioned, SR %racki ng in |lowall og steels as . d HAZ

RIFTYRiRh R digpsieds 13584 aselty She foavesgraige :
ol . . : :

e e b AR GAOY Gl REEHERAR iy B

(Bowgsjquently, in order to prevent this kind of

enbrittling cracking, it is effective to take the

f ol | owlmgRegmsling $he Trackidg<@hich<dhovia phe aimilan ahcking mode

i ntyagranul ar carbjde _precipitation by reducing.the,
@ ikhe mboye meentignad embapihng cragsinge r. examply, thege is the SR

EPARIRE D hoyd Ay SLECTE Ryl ot R0k, i e et o2 he W,
VBE &1 %Psb'zf)ﬁ[ BQ3 A, pS5TEMHLARGEr, ANRVEaid! sRha%ctEﬁggf'un those low

reveal ed that the reduction in'the 10 conten t hose

alleysbdals Wh aadraskigigeghich dceugs an tho aves af aeshoetipetiodsSR heat
enbrittle grain boundaries, such as P, S and Sn, is
trepgment c alier o weddingr earthris pruitendiffegenbt in t Hming from the

R o i UL B o
%(ﬁiéép%&?t?&‘ bfuse at@x‘fﬁl;{zérggb?ﬁtgrg%i gﬁpﬁﬁdﬁfoxﬁ AL A8 Rtal of the

Xi'ng el ene I quat1 on cracki ng
said Iow tahleysstedlsehifs iat fdrritly afiastngtiufe hihd tniethynisms of

[0038] Furthernore, the follow ng finding (0) was )
pesuarenae ebide rarhekinghtheren dirpolyithi didfezent iftprgahose in the
ngt%%tic microstructure, which is the intention of the present invention.
Therefore, as a matter of course, the measure for preventing the
above-mentioned SR cracking in low alloy steels as such, cannot be applied
as a measure for preventing the embrittling cracking which occurs in the
HAZ during a long period of use at high temperatures. Consequently, in
order to prevent this kind of embrittling cracking, it is effective to take the
following measures <1> and <2>:

<1> Suppression of intragranular carbide precipitation by reducing the
content of C-fixing elements;

<2> Reduction of the content of such elements as P, S and Sn, which act on
grain boundaries as embrittlement-causing elements, in the steel:

[0037]

As mentioned above, it has been revealed that the reduction in the

10



(o) Wien the content of inpurity elenents showi ng a
tendency toward segregation to grain boundaries, such
as P, S, Sn, Sb and Pb, is high, the polythionic acid
SCC resistance, in particular in the HAZ, deteriorates.
I ntergranul ar SCC such as polythionic acid SCCis a
corrosion generally caused by synergistic actions of
intergranular corrosion and stress. Therefore,

?‘lﬂﬁﬁg?)g U e | Hgmeps Tnich  Serernt 1 sraty houndfGes and thus
F ?{tg{ewhﬁb?ﬁﬁgﬁﬁggtélﬁﬂ &P 4 Y'Y ﬁé{ls @ﬁfgm &s a measure for

ranular corrosion a

p@éml@mg bbils ¢hé 1&@@&6}{ ickadlaflg dfber wWel@ing' aﬁdltafe &abrittling
In a polythionic acid environnent be pronoted by those

ssavking dhi theadtAD ndurih® 0t ApnOrperivel ofipmesat ikight temperatures.

th the abqve-nenti ned i quation _cracki g and
gﬁamqvmr ﬁaemehg rﬁogmnbéeoftpﬁb@/é%tf@ang pmgnks, oppthe said

E@%ﬂ#léﬁ?%%@ﬁﬁ%’ gt N eam b ind AR5 e e g

roved, by optim zing the anmount of carbide
preci pitates within the grains and at the sane tine by

r educi Rgrtheenexé ethe folfowingefigdiagulopiwaegbtegnéd eonceriing the
present inventors made detailed investigations in
aidrydtionistackdiFC€ont ent | evel s of Nb, Ti, Ta, Zr, Hf
@b%gg whi ch are C-fixing elenents, and al so of S, P,
b, Pb, Zn and As, which segregate in grain

DUt TR K Uabbe o Bl BRERE BpgEeg tehency
R A d@ikregd ¥4 ghath Bourdadls, bAcPRSTEB, SROSH 4MEPD, is high,

above- rrentl oned | ’'quation cracking and embrittling
theaphiytbioandacid SEr weestahee, pol patticwax imthel IBEE, deteriorates.

eS|stani is |npor ant to rest 6t t he contents
tepgraqulag, SC& suoh, ay poliuonic ag e’{né sWg R RPAFQSiQR generally
ed BgHn egglssp%”dac%'&%' bF! gbtgg?‘laguﬁsf‘”@&frb@ﬁn Wl fress.

respectlve Sp I'C ranges.

Theretoiess ARRbhEN eﬁaeabﬁy&la@smg IRRIVEP thd\@ Hotll yé®een fully
followed by P and Sn. Therefore, in order to prevent

¢laeifwidovid- me ndonsickedred t vinatki siniee dtthec natdrgmgnu]mi segregation of
{xrrlrglag\t/; efements fggl]lltgpel fntggérgnﬁﬁ% (goeri(l)sslf)g r;i(;l% the grain boundary
itself is embrittled, the intergranular SCC in a polythionic acid environment
be promoted by those synergistic actions.

[0040]

On the supposition that both the above-mentioned liquation
cracking and embrittling cracking might be prevented, and also the required
level of strength might be secured and the SCC resistance in a polythionic
acid environment might be improved, by optimizing the amount of carbide
precipitates within the grains and at the same time by reducing the extent
of intergranular segregation, the present inventors made detailed
investigations in search of optimum content levels of Nb, T4, Ta, Zr, Hf and V,
which are C-fixing elements, and also of S, P, Sn, Sb, Pb, Zn and As, which

segregate in grain boundaries and embrittle grain boundaries. As a result,
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becones essential, in addition to restricting the
contents of the respective elenents, that the val ue of
the paraneter F1 defined by the formula (1) given
bel ow as derived by taking into consideration the

wei ghts of the influences of the respective el enents
shoul d be not nore than 0.075; in the fornula, each

el enent synbol represents the content by mass percent

f .element c er.ned: :

the blforbe por At ATUReRIRd Phere phtainedooas) (1)
[m%ru/in particular, the contents of No, Ti, Ta, Zr, Hf
and 'V, which are the C-fixing elenents, are adjusted

Wi t hi n(p) gap&ieler t6 piBeehT béth tlanabsvearar@itibned liguitieh cracking
contents of the above-nentioned el enents P, S, Sn, Sb,

2bd embratttingcracktingramskyr egprovetthe gody thibwic redad SE€ raststance,
T L AT e
SEEeokGH oREg BoBalREbrAgR. Enbles B IR Ma, within
AU ORpEaRe LA™ among the above- mentoned

[D042ti ng el ements exerts the greatest influence,

followed by Ta, Nb, Zr and HE Therefore, in 12 order
to seclw Ampeg the elomentstmenijonediabove S isphevmostbagaful one,

IR b 5 ObAR o S5 TS S6esbond
Pl SRS Sy BB PRI AOR 5 e i

bémddesseatisd, M allfiod a6 aeBhritin? tHefcoReshtBYoft R respective
formula (2) given below as derived by taking into

elemsindes shatophe valuwiofjithe wdramheter 1 efined by theeformula (1)
respectjve el enent shoyl d be not |ess than, 0.05, gnd
swsnug_f}@wv AerfleTiYetbrhst GAkigL Fatop Gontideratiqny the weights of the
11 o N
FfhlnhP gt P AL e PB4 S50l S RPN HET 5 i e

f_lf_)%nfulwpedth-r@l_eme&ft s&nﬂfoﬁ'&eﬁ%@sei‘iti M/lelgc)rllt_en;c] bgrzﬁnass E&Qﬁzﬁl of the
bb;kg&gzigggggyentlon as been acconplished on the

F1=S8+{(P + Sn)/2} + {(As + Zn + Pb + Sb)/5} - ().

[0043]

(r) When, in particular, the contents of Nb, Ti, Ta, Zr, Hf and V,
which are the C-fixing elements, are adjusted within respective specific
ranges according to the contents of the above-mentioned elements P, S, Sn,
Sb, Pb, Zn and As, which segregate to grain boundaries and embrittle grain
boundaries, it becomes possible to secure the required level of strength and
improve the SCC resistance in a polythionic acid environment and, in
addition, prevent both the above-mentioned liquation cracking and
embrittling cracking.

[0044]

(s) Ti, in particular, among the above-mentioned C-fixing elements

exerts the greatest influence, followed by Ta, Nb, Zr and Hf. Therefore, in

12



above-descri bed findings. The main points of the
present invention are austenitic stainless steels
shown in the following (1) to (3). [0046] (1) An
austenitic stainless steel, which conprises by nass
percent, C. less than 0.04% Si: not nore than 1.5%
Mh: not nore than 2% C: 15 to 25% N: 6 to 30% N
O 02 to 0.35% sol. Al: not nore than 0.03% and further

PR Fnd R L i i o

h 0%, Tauan %
B 90 Anft s ORI AR 2P <l (L Rfrons he
kbowdithentivmedi twes kinds Wi edackig, cmtlenés%eﬁflaP i, addlition to

As, Zn, Pb and Sb anong the inpurities are P. not nore
rétnictingathe Sontents rofrthet respectivgoglegantsothatnthee valwenof the

Parahater B dstiRd,bo (o JoHmalaskD Sisearhslew tash g’%"%ﬁ%&’ taking
?}E‘cg ‘%Ogﬂ%faé%gﬁgﬁftg{ nﬁ ﬁ?%ol%zth di?‘or wﬁgeg ?g@ﬁg‘ t1" }g(lf@fn}%yelements

sRAdtHeoRst ks théh 0705 Ahd tRe & ??ef?inﬁt thdreto %hzsuﬂ be set at [1.7
F1=S+{ (P+Sn)/ 2} +{ (As+Zn+Pb+Sb

F2oMoF I+ the forhnulay/ehoh eleme(lﬂ)synib‘d)ltﬂeprésemw ithe comjent by
and (2), each element synbol represents the 13 content

@,asmgcq@érqféh@ edfmepfecaicerer’ concer ned. [0047] (2)

ausigni {4 C [, nprlses by mass
per cenFE ]gi) i@ ?ﬁgjﬁ%§%§3+ gmb re than 1.5%
ot nore than 2% Cr: 15 to 25% Ni: 6 to 13% N
.02°to 0.1% sol. Al: not nore than 0.03% and further

cont ai The qreserit ﬁmvealtﬁirf:miaetbe@ﬁheahﬁplhéheﬂnoﬂbthmd»hsis of the
nore than_O. 5% Ti: not nore than 0.4% V: not nore
abeve desemibetdafindingspoThe meainopoints g the prassnd invemtion are

RUSRFIRE sl FLAET: FhowRa e (KRR Lo 0P P, 5, Sn.

n, Pb and Sb anong the inpurities are P. not nore
than ' 0.04% S: not nore than 0.03% Sn: not nore than

0 1% A3 :Amatust@iitictdtainlOsD el ZRhidhotompres DFNmAsO Percent,
not nore than 0.01% and Sb: not nmore than 0. 01%

inﬁsﬁ thand).¢¢%, 8i- 1ot mexe Han éleﬁi%,rM@ net pmeuthemﬂ%y r- 15 to
ég‘%, f\]OJ é?&“’bﬁ%, fI\?rdTH.% %o E)]'o)5°/%l sol rrrllil)lt ?n(gre th%%t(l).ag% ancf further

contains one or more elements selected from Nb: not more than 0.5%, Ti: not
more than 0.4%, V: not more than 0.4%, Ta: not more than 0.2%, Hf: not
more than 0.2% and Zr: not more than 0.2%, with the balance being Fe and
impurities, in which the contents of P, S, Sn, As, Zn, Pb and Sb among the
impurities are P: not more than 0.04%, S: not more than 0.03%, Sn: not
more than 0.1%, As: not more than 0.01%, Zn: not more than 0.01%, Pb: not
more than 0.01% and Sb: not more than 0.01%, and the values of F1 and F2
defined respectively by the following formula (1) and formula (2) satisfy the
conditions F1 <0.075 and 0.05<F2<1.7-9 x F1;

F1=S+{(P +Sn)/2} + {(As + Zn + Pb + Sb)/5} -+ (1),

F2 =Nb + Ta + Zr + Hf + 2Ti + (V/10) - (2);

In the formulas (1) and (2), each element symbol represents the

13



conditions FI < 0.075 and 0.05 < 102< 1.7 - 9 x FlI; Fi1=
S+ {(P+5Sn)/2} + {(As + Zn + Pb + Sb)/5} ... (1), F2
=N+ Ta + Zr + H + 2Ti + (V/10) ... (2); In the
formulas (1) and (2), each el enment synbol represents
the content by mass percent of the el enent concer ned.
[0048] (3) The austenitic stainless steel according to
the above (1) or (2), which contains, by mass percent,

one or .nore el enments,Qf ane or nore roups sel ected
POoRE Y TR SPELERt f the SFOURY PRECR el ow i n | fed of
t of Fe: First group: Cu: not nore than 4% Mb:

not nore than 59 W not nore than 5% and Co: not nore

than 1¢) AecantesitRustaimesd eteclpwhitihaomPriztad%y anrds percent,
Third group: Ca: not nore than 0.02% M. not nore than
€ bt 0.pa¥e Sé'amatimere tleam 1.5%1 My mot mhere than2%, Cr: 15 to

491.. The t " ent " (herei
Peleryich tog e Nepilzto G35 spbrAT Rigt alets: iy 0§ and further
| negl udi Y | ' I ivel ..
EONATR SneciF e denmbnin vl 1 FERY AR LB ERRE A Bl Ti mot
glor@ad 01496 VOohat mGRNERH 0U%! TR Abt W6 tHard DRMEMS: not
[ 0050] Hereinafter, the above-nentioned inventions (1)
hwre3hand).2%egind @rt het nmows thant0.2%s wdtlnlthe babdmel Ieing e and

referred to as "the present invention (1)" to "the
popysities; vy arhiclh the gpntents 9id 19, 2n.yAs, TAsyPhrand Sb among the

R SELATHY 48 AR 4B B, o
%g)\?g fRLhL!E }fb‘é %x'tsn }‘1655 totk&RhA @6 k%r,] 2P h8F aiire tRA&NG. 0P%, Pb: not

exce | quatl on Ccracking resi st ance and
aigre ithhhi0101%raak Sbunstemozé ahag 0.0 1pandite 2aibwes ¢hB1 and F2

nor eover they have excellent polythionic acid S
AeSned aesmectivelynby he ol matladhhand fmykach‘@maltysfy the
L5320 F1P< USFH and 0.05 < F2 < 1.7- 9 x FL;

F1=S8+{(P+Sn)/2} + {(As + Zn + Pb + Sb)/5} -~ (1),

F2 = Nb + Ta + Zr + Hf + 2Ti + (V/10) - (2);

In the formulas (1) and (2), each element symbol represents the
content by mass percent of the element concerned.

[0048]

(8) The austenitic stainless steel according to the above (1) or (2),
which contains, by mass percent, one or more elements of one or more
groups selected from the first to third groups listed below in lieu of a part of
Fe:

First group: Cu: not more than 4%, Mo: not more than 5%, W: not
more than 5% and Co: not more than 1%;

Second group: B: not more than 0.012%; and

Third group: Ca: not more than 0.02%, Mg: not more than 0.02% and
rare earth element: not more than 0.1%.

[0049]

The term “rare earth element” (hereinafter referred to as “REM”)

14
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as raw materials for various apparatuses which are used
in a sulfide-containing environnent at high

tenperatures for a long period of tine; for exanple in
power plant boilers, petroleumrefining and

petrochem cal plants and so on. BEST MODES FOR CARRYI NG
QUT THE | NVENTION [0052] In the follow ng, the reasons
for restri cting the contents of the conponent elenents

of th tainless.steels ig th sent

P50 Ep Gneiil of B BleRts FRBEEg oy § dniE 1EBRGRd, gollectively,
AR tHePRERLeor s TR ned oy dphle (FEEMEhLRF gREEY the total
Eﬁ@mntMth@nmbﬁ&ome@EM,l ng corrosion resistance, in
particul ar polythionic acid SCC resistance, the

tepadnt of Cis desirably as |low as possible so that

for med éfn%rb%a%%qpéigtﬁhéﬁtlbgggﬁfaﬁ (3G eafated to the
BeRmifE Aol ol il e R Bl Fhevons imyentiop (0" t0

FiHe prénk i id9entbh '35‘ tx‘@@g&ftﬁ}e Ie UiedeaYe (‘s‘éﬁderthﬁé'é icBBectively
to | npr ovenents I n enper at ure strengt

Téfersddotoeas ‘ftherprb@t\ammnbn’t of securing hi gh
ten erature strength content of C corresponding to
EGHBHF THE Nor ni ng elenments is preferable
L(?(L%]he pur pose of strengt heni ng by carbi des which

pitate within the grains. However, when the C
cont enfrhel §uEHES! g@amld%spgfée'lé: ut)iarth%t Iﬁ'egé}ﬂ:t GRVehBYE! have

of 0.05% or nore, causes an i1 ncrease’'in

sxcdRmit i ligudtion t:fadkehg réSistalidel £18d iediibittdialg crackiity rédistance
addi tion, causes nmarked deterioration in corrosion
e sveldczoneT s faereovendhey hawe emcellsmtt n@lyphmmld SCC

|nvent|on set to less than 0,05% nt ent

S Etng? Bt highSearoaspuiecSaep i (ORI AGy ST S A be used
resfilyd N e

tg ﬁan g’eo%ﬁ? g?hiééec%o%tent ‘%é Xﬁggllsagpfésl) n&o}ﬁceﬁpﬁaé’%er a%?y n a

belhlet dvannathifg %erdntbryhent @k ciighatenypéyaturey fort Aalong period of

0.02% [0054] Si: not nore than 1.5% )
time; for example in power plant boilers, petroleum refining and

petrochemical plants and so on.

BEST MODES FOR CARRYING OUT THE INVENTION
[0052]

In the following, the reasons for restricting the contents of the
component elements of the austenitic stainless steels in the present
invention are described in detail. In the following description, the symbol
“%” for the content of each element means “% by mass”.

[0053]

C: less than 0.05%

From the viewpoint of securing corrosion resistance, in particular
polythionic acid SCC resistance, the content of C is desirably as low as
possible so that the sensitizing due to precipitation of Cr carbides formed by

its binding to Cr may be suppressed. On the other hand, C is an element
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Si is an elenment which has a deoxidizing effect during
the step of nelting the austenitic stainless steels.
It is also effective in increasing the oxidation

resi stance, steam oxidation resistance and so on.
However, when the content thereof is excessive, in
particular at a content |evel exceeding 1.5% it
causes a nmarked increase in weld cracking

Btmeen pustaniGriospipBesind epdoft (g shben okt dPEming fine
9 &es g]ﬁh?;hﬂ{ee grﬁﬁ% ﬁ@?%ﬁgtcom:rlﬁht ?grﬁ)efmbi’ov‘b%eﬁ@ér& high

ontent 0 abl'y"not nore

téiﬁperh%armtﬁexfg‘thf erbfidpforel fiome th@ afiewPonfiYof Qecubimg high
other hand, in order to ensure the above-nenti oned

taefxﬁpenaeture)fst&ngthhea | comdent iafi C cbrresporslingoio ethe icontent of
limt of .the

bly set to 0.02% JThe |o
AR ormingRlemenis a3 gsﬁmblf%%e r (thesByrPeRe of Strcpgthening by

2% t f
ARG e R R HAC BB, SOV T Bontent
Ishgxcré%lv@ofrk bﬁ&l@lﬂ' tidteneste et of @08% Br mdére, C causes an
deoxi dation during the step of melting. However, if the

honess imfsubteptibitiepds ®¥d bbligifeatioascitaeking and in addition,
preci pitation_of such internetallic conpound hases as
eheses praaked adeteziorationuiye soarasiat agsistance. oud ﬂ%%f@r%\nﬂle C

SHHBRF of fhe PTRiat PERBGPANG) Shorntd les8dhgh QOBY%., Lhe content
bt @i msrﬁtembg}g%g@gg%v%l er 40k 8ord B QRRRObS the

IS set t'o not ret he cont'ent o

prexeat dhbontion (MPie set haNeds $han 1084%0Wdthe tontendfoftOds still
Mh content is preferably set to 0.02% and the | ower

o preferably Inss tham 6:03% endonestimeferabh poompye thaw9e)2%.
ﬁ?&‘l 5to 25% Cr is an essential elenment for ensuring
xi dation resistance and corrosion resistance at

hi gh tgm%gﬂd%%aﬁnpyyl n order to obtain the said

ef fects, I'S necessary that the C content be not

| ess t&aﬂs &ﬁ%lefﬂé\fﬁ\/\ﬁhmh hhen Hé@udfﬂﬂﬁ%@ﬁeﬁ:ﬂ@lﬁﬁﬁfg tBe step of
excessive, in particular at a content Tevel exceeding

medting the @tu@temtlatSéalrﬂm steelsi | ilt §s alsoteffectivetiprincreasing the
B8 o3 el STBSRALULSS, and e causes 2 dRLLease o,
the content thereof is excessive, in particular at a content level exceeding
1.5%, it causes a marked increase in weld cracking susceptibility and, since
Si is a ferrite-forming element, it deteriorates the stability of the austenite
phase. Therefore, the content of Si is set to not more than 1.5%. The
content of Si is preferably not more than 1%, more preferably not more than
0.75%. On the other hand, in order to ensure the above-mentioned effects
of Si, the lower limit of the Si content is preferably set to 0.02%. The lower
limit of the Si content is more preferably 0.1%.
[0055]

Mn: not more than 2%

Mn is an austenite-forming element and, at the same time, it is an

element effective in preventing the hot working brittleness due to S and in
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content of Cr is set to 15 to 25% The preferable | ower
limt of the C content is 17% and the preferable
upper limt thereof is 20% [0057] Ni: 6 to 30% N is
an essential elenent for ensuring a stable austenitic
m crostructure and is also an essential elenment for
ensuring the mcrostructural stability during a | ong
period of use and thus obtaining the desired |evel of

SR ST Ut A SRR RSl o v
¥lls 2% | mg£%§t£%e %'ci}ﬁgé%[%x? of sﬁEh Hﬁfer#ﬁet%agi%@&npound

olsrecfwre ative t ower Imt o

phAasNds the & phape @3Ndlso RYAB4I Qdeckdnsklia toubhheswaad ductility
the addition of the expensive elenment Ni in an anount

due de dhe gdesodonasionl insmicroatruictinad atability at ddgh temperatures in
Therefore, the Ni content of the preset jnvention (1

fases@l UsG 11p & gib%mpq#?éutrpﬁewupnmqntof T{l}%e Ffe’ca’rﬁ %&ﬂtent of
| refera set % anrdl the 7114 e
Mo B foichT BbL R chncels 2y’ FSuRRRREMA by blblefaBl Adtmore
f124H A% 0f TheNRwkasan of @Hﬁ WIhO&rteht i$ tp%;@fer&@lszet to 0.02%

t013% The upper limt of the NN content is noSt

anéfthe ddowor Haiit bHtHe’Mn ddigehvisemore préfeedbly 1%L
fontE‘nt is preferably set to 7% and the lower Iimt of
Q56N content is nore preferably 9% [0058] N 0.02

t 00. 35&;,!\5(# ﬁb?&yaust enite-formng elenment and is an
el enent’’s %in the matrix and precipitates as the

e Bfefin the matrix and precipitates as
ci Tt ya A S har oy o At OF sARREiE ASTplilRon resistance and

&drradion theeiseadd at thigh sufdpehfiitel Yand, e eflelr etot olsthiMNthe said
required to be not |ess than 0.02% However, when the
effeatnt 6ris riesessarg bt she Lirocantent bemasdess than 16%6. nddewever,

B3R B Tebe? thhnees e tenbe! TBe paniomee b coptent leve
SERERLAOB, Tt WfelBiade e BRBIRD dhithe ByfidfiteCitidd RO hieh

forPerta®uibs3Did tHAS calisvies deérdake @h crbép Mreaptlent Thérefore, the
pre erablérset to 0.04% and the lower Timt of the N

curterhiof | Gr nemset goel 2rtab2§%0. UBss piferaljpdower niimitobf the Cr
(t:or}leterl}lt fso °zr21tnd axe preferable upper limit thereof is 20%.
[0057]

Ni: 6 to 30%

Ni is an essential element for ensuring a stable austenitic
microstructure and is also an essential element for ensuring the
microstructural stability during a long period of use and thus obtaining the
desired level of creep strength. However, in order to obtain the said effects,
the balance with the Cr content mentioned above is important and a Ni
content of not less than 6% is required relative to the lower limit of the Cr
content in the present invention. On the other hand, the addition of the
expensive element Ni in an amount exceeding 30% results in an increase in

cost. Therefore, the Ni content of the preset invention (1) is set to 6 to 30%.

The upper limit of the Ni content is preferably set to 20% and the upper
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preferably set to 0.3% and the upper limt of the N
content is nore preferably 0.1% [0059] Sol. Al: not
nore than 0.03% Al has a deoxi di zing effect but, at

hi gh additional levels, it markedly inpairs the

cl eanliness and deteriorates the workability and
ductility; in parti cul ar, when the Al content exceeds

0. 03% as sol. Al ("acid- soluble Al" , |t causes a
decr.ease in workabi l.i t
Chif &f ghe Nighatendn fape prerergbly E\9° refcfenthte Nypentent of

RS AR Lo 80 g e

tdiftens @4 Iﬁﬁsthi@feQﬁbly &M&f%abﬂeQO%Qﬁﬁﬁlt[&%@] ND@@ntent is
or nore elenents selected from Nb: not nore than 0.5%

preferadily se8torGleand dhe dowtes limihof theoNs cohtentOs4dpreTpreferably
not nore than 0.2% Hf not nore than 0.2% and Zr: not
ﬂtf’rethanOZ%Nb Ti, V, Ta, Hf and Zr, which are the
@Jml ng el enments, constitute an inportant group of

nts which formthe basis of the present
i nvent Nop.o2lfidigdes t0 say, when these el enments bind to
Cto form carb| es and the carbides precipitate within

grai nsN isheén pluetdnitd-firntingafleinbat @nd Badmictasennsélable in the
grai n boundaries is suppressed and the sensitizing is

pradvizrandi pregipithtascas thegfing @adbcanmdemwnﬂnncthe grains and thus
%@SI st ance can .be ensured Fur

h
SRR TG RRUTE A CFEEDSHER TSt eiar%r Pb.tw(béalwlme pffects
r egﬁ}tw %E%%&%eﬁ't t())v\;[]\?lstl% ‘i%rd%%e{% 49@? ¢h&5619.02%. However,

wever e conten

wh@ma,memtdoﬁm Bl 3B EHiPe,| EnBYUE AS®n¥Ent Ieh'@l ef &foRk WhhAr0.35%,
tenperature of the said carbides in the welding thernal

Cychégiddssese fofmeedfan ethe herasegbegadames oind hdherefore, the

N LS T VAL U

§e9?sﬁﬁ? 2 Q0R ”@Hﬁ%e 't%[er 80‘1&889 ofci‘%”ﬁsegé‘te% '0’02%39 35%. The
ion crac gralr n boundari

R%WRISinet éﬂHemerdasalteﬁml ;ﬁ"éféxﬁbl}h Se tRX0. ou%/sﬁd WRb déwer limit of
can be prevented. However, on the other hand, the

theer Ni cbagentr isanpre pteefemhiﬁﬁsﬂﬁ%l yThetlmpler lgn#i ofsha¥ colln@nt is
ﬁr%tfér% rlg? nsl;Jeltair:o OI()e 5‘% r;%tdl ?:ﬂe 3p1§]elrn?16nruetdo t%r etl)\}/ co%%ggtl 1S more
preferably 0.1%.

[0059]

Sol. Al: not more than 0.03%

Al has a deoxidizing effect but, at high additional levels, it markedly
impairs the cleanliness and deteriorates the workability and ductility; in
particular, when the Al content exceeds 0.03% as sol. Al (“acid-soluble Al"), it
causes a marked decrease in workability and ductility. Therefore, the
content of sol. Al is set to not more than 0.03%. The lower limit of the
sol.Al content is not particularly restricted, however the lower limit of the
sol.Al content is preferably 0.0005%.

[0060]

One or more elements selected from Nb: not more than 0.5%, Ti: not
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further stress concentration on the grain boundary
interface that has becone fragile due to the
segregation of the inpurity elenments to be nmentioned

| ater herein, the result of the enbrittling cracking in
the coarse-grained HAZ during a |long period of use at
hi gh tenperatures is pronoted. Furthernore, the
Cr-sensitized region is enlarged, such as in the

G aRapidoh BT nph rorEoHi Dkter 081 ephiefe fin 0296, HE not

i 0 Vlﬁﬁ{‘ exceeds 0.5% or
%{rg tpﬁhq{:%ﬁten Z%?ﬁ)ég{gﬁxt Q{af%g%jg V exceeds 0.4% and,
furtheNb, Thev TheHf aadtZ)twikth eaehhefC-TRindibléinents! constitute
exceeds 0. 2% t he above- nenti oned har nf ul i nfluences

hacimpostiaghi graamntof dlemreattsr whichn formethe obasisuof the present

high | evel of . corrosign resistance and to Sﬂ?
poertione |Thatasitersayr adwenntheserelements binytafdate m carbides

50 it SHEOISES R, ”%1% grts! e BrpndtEfion e Cx

I : : . . X

b@cT%J ZJ(% Q@’é %'Minng%nt 1§s %?p]%}regs/@ndo;gnr% :’cgb gﬁﬁﬁtlzmg is

9re?npénté'ﬂ aﬁ@thdmkehiglﬁlbxﬂelawmr&ﬁon Fekistiic® td@rbe ensured.
2% [0061] The upper Ilimt of each of the contents of

Fluetlmmmrenehe iabove maezitéonadt sarhides éhat diave mctmtatedswnhm
0.4% f r 3% for Ti, 0.2%for V, 0.15% ﬁ
5“!1!9%% B CPPtré ‘élteotol%lPB‘P"eHlent[ BDGEE}GPTHHQE}EE}& gveyee When
nggﬂfetn't ﬁ# ?Bo&eaﬂle%%{&lael e]?eﬁ&éﬁtg n& &lee 1ve tlbe dissolution
I'na e

nore o apove-men

ﬁiﬁﬁ&'ﬂtﬁr@%f’e%@dsdclﬂoéﬁrbmes Th the J@ldlﬁ% ﬁfé‘i"mzfﬂ cycles rises.

However, in order to secure excellent ythionic acid

$ﬁél'efem dharsegregatiors ofi eheabavq*mdrmtmnetdeeleaiam&oéauded by the
ai d paraneter F2. _nentioned herei nabove shoul d be set

fsiwssa]athne@ thqwbui@@raﬁhe graingpedares ineqy &eérqewamed HAZ

cking s t.1bi ust af e
£ BUIcRH, S ERESRItely, rhe JRpjdifor it o {1 X bilthdaries,
ahe td @ﬁﬁésdrb rfbtth@fmht@ydlé’é Hietlﬁéc néﬂ?l f“v&%l K¢ pFevented.
shoul d set to . , escrlbe | at er
Heweivar, oﬁOﬂﬁS]}then' hhndpltheeaarbldesepreompntatd elxsesswely within
necessary to restrict the _contents of P, = S, . Sn,

grRinprand dthey intregranyar; deformation dy hadered ethten%hy t ¢Ausing
further stress concentration on the grain boundary interface that has
become fragile due to the segregation of the impurity elements to be
mentioned later herein, the result of the embrittling cracking in the
coarse-grained HAZ during a long period of use at high temperatures is
promoted. Furthermore, the Cr-sensitized region is enlarged, such as in
the so-called “knife line attack”, resulting in marked deterioration of the
corrosion resistance. In particular, when the content of Nb exceeds 0.5% or
when the content of each of Ti and V exceeds 0.4% and, further, when the
content of each of Ta, Hf and Zr exceeds 0.2%, the above-mentioned harmful
influences become significant. Therefore, in order to ensure a high level of
corrosion resistance and to suppress both the liquation cracking after

welding and the embrittling cracking during a long period of use, the
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specified | evels. [0064] That is to say, all of the
above-nenti oned el enents segregate on the grain
boundaries in the coarse-grai ned HAZ duri ng wel di ng
thermal cycles or during the subsequent use at high
tenperatures, and |lower the nelting point of the grain
boundari es together with the binding force of the grain
boundari es, and thus, cause liquation cracking due to
fusion of the grain boundaries in the coarse-grained

V\%HArﬁgﬁg Xl?%? :Nbér:lf)l A ?‘?‘{ ilﬁlanca’/ ik & sétnto 5@ ?oﬂ]o%é ILTﬁ‘y I%thmore

ep o) ng ‘crac dar use at

tRAP . g%u 1S not M@GEiHdP0.4% 8§35 q108 | xﬁHFé”tﬁaﬂ? A% €Ta: not more
intergranul ar corrosion and lower the strength of

olisn 0.296 UHGatdtasoreatichnt 020 find &rt aadmiode than 022%.
ﬁet erioration in polythionic acid SCC resistance.
fore, first, it is necessary to restrict t he

t th : t
"7 BTt D bl R pone

EREEAR38 plefidhly a%”fo 18% g%{ﬁf&hﬂ’g 8 13‘3%%% Oﬁ%& PR fofY! 6.15%

fd}erggloemtfﬁrm@ddo@q% ﬁ,lgcme S exerts the nost harm‘ul
i nfl uence on the liquation cracking in the

e-grained HAZ after welding and on the
enbr i ttl%l ng c acki ng and pol ythionic acid SCC
resi st’S eesf@a ﬁé the Péﬁ%?lﬁei“i“(ﬁiltﬁm u-‘@@ cepialpyealyppne or a

har, nf ul %t nfl uences

d
B?rsbmt%? P Tt of I aBifer Rt thed e Hent selecteg from

KRt V! TRIHET, Zf‘g BHFefbss GntdRdbf s ef,lﬁnfe_f&ceuent polythionic
pol ythi'oni ¢ aci resistance as well, it is

aeideSGEarrgsishanice, Imels/ﬂéceesa:xfy thwt theraiaé of thé saikpatrametbr F2
her ei nabove should be not nore than 0.075 and that this

peniiened rhq:rfinabwpeqlwwl(bbetssatttnenqsaleawéh@n 0-05 agidpin @rder to
f di t T 9 X FL]. T .

el %ﬁecaa%ﬁ%é% P iR e b'éﬁzi’wxsf abisE M olfng, ang during

f

BobRBSEREATELE) i) ndllgy 0D Go RS INERT e WU 1k

eflned
erld[p‘iran{e(t&' F23hbhl?d be séf Bs[1t7 20 x PH, as 8b3drBdd later herein.

ﬁ) cefds . 075, it becones

In the present invention, it is necessary to restrict the contents of P,
S, Sn, As, Zn, Pb and Sb among the impurities to not more than the
specified levels.

[0064]

That is to say, all of the above-mentioned elements segregate on the
grain boundaries in the coarse-grained HAZ during welding thermal cycles
or during the subsequent use at high temperatures, and lower the melting
point of the grain boundaries together with the binding force of the grain
boundaries, and thus, cause liquation cracking due to fusion of the grain
boundaries in the coarse-grained HAZ upon exposure to thermal cycles in
the next layer welding step or embrittling cracking during use at high
temperatures. In addition, these elements promote intergranular corrosion

and lower the strength of grain boundaries, and therefore lead to the
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I mpossi ble to prevent the decrease in grain boundary

bi nding force and, therefore, the occurrence of

liquation cracking in the coarse-grained HAZ after
wel di ng, and of enbrittling cracking during a |ong

period of use. Further, the deterioration in

pol yt hi oni ¢ acid SCC resi stance cannot be avoi ded.
Therefore, it is necessary that the value of the

ar amet er sho |.d be set to not nDre t 075.
ﬁgteﬁ}%%‘f)abllé ROk 1%1@ pa G remistange. ﬁﬂ@ef@e,.@m it is

BEFIREH. P res Mo En P B RSy 3564 £°TF?§%SV%’D?I§H of Yhan 0.04%,
g e i e

fornula (2), that I's to say, by [Nb + Ta + Zr

Zht not @BreOfHan 0D1%Qt Pheast idoze t!liaﬁ50 O2%cahd Si: not more than

poI yt hi oni c acid SCC resi stance can be ensured. And,
et he val ue of F2 satisfies the condition of not

méthan [1.7 - 9 x FI] inrelation to the

nmentioned paraneter Fl, it becones possi ble to
h
oo s hei i VB el LA, bl SRRSO e dormt

anflwdifteRA tirdlighatiss crﬁ&ﬁﬁ@]m&h@'ﬁoﬁ?ﬁe gﬁﬁﬁ@&mrﬂfté}%é‘ldmg
above, the austenitic stainless steels according to

ahd anﬁmeembrm/lm’g crackifg andnublythioniceacid ISGe desstanve during

ones which, contain the above-nmentioned elenents Cto
3olong merigd Bf mseniglloweds b&cthevharreﬁﬂt @rﬂue«n&ﬁ@% Byagd Sn. In

t her contaln 0 rmreeeme ect
ey To JHYPAE B0, fhd hitioErBeR b Befe dfibbion, Bk ie  and
b n [ n
éﬁ‘ﬂlbgfhtﬂ%%%" g%rﬁzlkgﬁ% ﬁh& %;fso b 'lﬂlﬂ:rﬁvé‘ ﬁl’lé ggb‘lgrﬁ%io%%o 4dd SCC
pedistgnicbeas mpell,i it mi marcessuryhthaﬁ hlee rvalas pefc the eparameter F1
cont ent ranges and the_ values of FI and F2 defined

mensiedy deyeippbeve shevdd f be rmtagnm) thag 0075 g sﬂl?t this

PGUBTIPTHEL drcrlntion do dhd iremeter 12 Shauldbseisty b5 andition
Fﬂ‘faqn? —igyani]i onpedd re(?ﬁlréﬁl%nf’é' %%g% éx?Yaﬁﬂneg%k(v@) can

urther selectively contain, accor ing one or

fopes] el enent s of each of the follow ng groups of
elements in

The value of the parameter F1: not more than 0.075

When the value of F1 defined by the said formula (1), that is to say,
by [S + {(P + Sn)/2} + {(As + Zn + Pb + Sb)/5}], exceeds 0.075, it becomes
impossible to prevent the decrease in grain boundary binding force and,
therefore, the occurrence of liquation cracking in the coarse-grained HAZ
after welding, and of embrittling cracking during a long period of use.
Further, the deterioration in polythionic acid SCC resistance cannot be
avoided. Therefore, it is necessary that the value of the parameter F1
should be set to not more than 0.075. It is preferable that the value of the
parameter F1 is reduced as low as possible.
[0067]

The value of the parameter F2: not less than 0.05 to not more than
[1.7-9x F1]
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PRS-

lieu of a part of Fe: First group: Cu: not nore than
4% Md: not nore than 5% W not nore than 5% and Co:
not nore than 1% Second group: B: not nore than
0.012% and Third group: Ca: not nore than 0.02% M:
not nore than 0.02% and REM not nore than 0.1%
[0070] That is to say, one or nore of the first to
third groups of elenents nay be added, as opti onal
to the above-nentioned steels and

el ene s),

Cher ebw(lmﬁhﬂ velseldfL e by Thersaif doB OV (o Ebbitets 2,
g’) @Yqbng Eﬁﬁ%t S,ﬁﬁ Jfﬁ eﬁgr}%zﬂelgl\}gel ﬁeoc)[s ﬂ{ﬂ.rg@%nexcellent
TR )

sdtigfibethe chaditiore ofhbeahos tkamhdnci rRg9ther i ﬁhrelatmn to the

tenperature strength. In order to obtain this effect,
abevesmiedtionedparamesgr Bd, Hdokwdnies pdseikde e lprevent the liquation

the eby . contalned therein e el ene whi ch are in
ng dn Bhe rears sraipgd Hé%{:lrarfEfé’d Wq%m &nd theoemprittling
nor e recipitates finely at high
fréiﬁkg}ga%pggaihggrpeqrg% f ‘is an effective el enent
' enhances high tenperature strength. Cu is al so

effective in stabilizing the austenite phase. However,

when t Feors othleerdasohs untisnéd cibeasgedhe tdietdnitiehetainless steels
preci pitation becones excessiyve and_ t he susceptibility

aecoping ttomher;geemfcmwegtnonsﬂﬂaan@ d2kareydefineshasitire ones which

I NCrea

ReaBnLha AbovRahetiea Flamety Coto & nhﬁtv}tﬁh@?ﬁ%msn@cﬂve
R ORISRl R
TRV, iy, ¢t Had Z6 Seit HREthed P pépectiob coltdrit ﬁﬁ&%@rﬁw}%lﬁeﬁalance
to not nore than 3% and the content of Cu is

being Fe and impurities, in which the contents of P, S, Sn, As, Zn, Pb and Sb
among the impurities are within their respective content ranges, and the
values of F1 and F2 defined respectively by the said formulas (1) and (2)
satisfy the conditions F1 <0.075 and 0.05 <F2<1.7-9x F1.

[0069]

The austenitic stainless steels according to the present invention (1)
or the present invention (2) can further selectively contain, according to
need, one or more elements of each of the following groups of elements in
lieu of a part of Fe:

First group: Cu: not more than 4%, Mo: not more than 5%, W: not
more than 5% and Co: not more than 1%;

Second group: B: not more than 0.012%; and

Third group: Ca: not more than 0.02%, Mg: not more than 0.02% and
REM: not more than 0.1%.

[0070]

That is to say, one or more of the first to third groups of elements

may be added, as optional element(s), to the above-mentioned steels and
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nore preferably not nore than 2% On the other hand, in
order to ensure the above-nentioned effects, the |ower
limt of the Cu content is preferably set to 0.02% and
the lower limt of the Cu content is nore preferably
0.05% [0074] Md: not nore than 5% Mo di ssolves in the
matrix and is an el enent which nakes a «contribution to
t he enhancenent of high tenperature strength, in
particular to the enhancenent of creep strength at
khepebycoptaineditbereind is also 23 effective in

mressi ng the precipitation of Cr carbides on the

z 14 boundari es. However, when the content of M is

i ncrea : : L t H 2

deteri gﬁgtaé’ tgbg I%%@tg&]f%&eg%t?é%%l ésiglrng%%% ﬁ;ﬂll ;b%reg{fﬁ%l?lefig) v?/,low'
foget72]nor eover, the susceptibility to enbrittling
cracking in the coarse-grained HAZ increases. In

par ti ciimt ,grabhphCubh ot andbenthard 486 Mot met snaks thdre 5%, W: not
creep_ strength markedly deteriorates and, at the sane
mare, thapd % andepmnatimorethan Tbrittiing cracking in

Ther e ot b N, 3V 20465 BERE BRHeSHe obFhs BtFL bxoup, ifadded,
Rk t@@ﬁeéthg&eﬁ%%ngl?%eﬂg{ﬁg?ﬂ ht%‘;r]noé\é}a'tﬁreogﬁfeﬁ?g}?.l Y Qrder to

nore than 1. I n order ensure

bbeaiabyeeffedt] thoegdideéleatdnts nidye bk cMlided tol thiet steélstdirl tereby
content is preferably set to 0.05% [0075] W not nore
tontaised \therein. dTheotlements, whichhearei 3o she fixst group, are now
| ement. whiich..makes a contribution to the enhancenent

psqribpd wedefailat ure strength, in particular to the
mcenent of creep strength at high tenperatures.

wever, when the content of Wis increased, the

st abi | Ty nef nidr*e tRHAI®HI t € phase deteriorates;, hence
the creep strength is rather |ow, and noreover, the

susc epCthptécﬁyitattesei_ihelm at iagh dergieratures. t Rberefore, Cu is an
SBRes U Teh phrsbis eomin Sl
SBEEIEIT R, B, MO FRERRALE, ARG b b o

oRC oBacrRRckEdtNe NC@NShase DPREGIBItALIBN bécothés exdbiRive taiRl the
content of Wis set to not nore than 5% The
susceptibility to embrittling cracking in the coarse-grained HAZ increases;
in particular when the content of Cu exceeds 4%, the susceptibility to
embrittling cracking in the coarse-grained HAZ becomes markedly higher.
Therefore, if Cu is added, the content of Cu is set to not more than 4%. The
content of Cu is preferably set to not more than 3% and the content of Cu is
more preferably not more than 2%. On the other hand, in order to ensure
the above-mentioned effects, the lower limit of the Cu content is preferably
set to 0.02% and the lower limit of the Cu content is more preferably 0.05%.
[0074]

Mo: not more than 5%

Mo dissolves in the matrix and is an element which makes a

contribution to the enhancement of high temperature strength, in particular

to the enhancement of creep strength at high temperatures. Mo is also
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content of Wis preferably set to not nore than 3% and
the content of Wis nore preferably not nore than
1.5% On the other hand, in order to ensure the
above-nentioned effects, the lower Iimt of the W
content is preferably set to 0.05% [0076] Co: not
nore than 1% Like Ni, Co increases the stability of the
austenite phase and nakes 24 a contribution to the

PRGN ERPEFANEE dPETBRECIBHANORNGF APy arDHipe o the grain
bRSPARRES  SRBNERb WEGFBhe chERM T M 18P EGE g ability of
%}O{é ahBRSRSPhdR' &&ghﬁréﬁ%@r R88&Sthe 8BS s ergth fis gﬁ’tﬁléi low, and

ded, the content of is set to not nore than 1%

Btﬁeovmt g¢ht @fsc@pubﬂnprﬁf efbritylingtcrhokingt in rthe ecoabgergrained
0.8% and the content of Co is nore preferably not nore
¥4 inoresges.onln martichlar, Hahen tlhﬁ emdent 1of Mosexeeedneb%, the

above- ned e cts the lower Iimt of the
ewerﬁ%%gt& %fﬁ?’ St e’ElBrfEfeés%nd[ 0¥ 7]t ﬁ?héaQ‘?ee?lgﬂe the
ot IO t r
Sheds LR feﬂ%l%&%?l enGreitiyé B e Bls AR 17 becomes
Mhrk\é\ﬂﬂﬂﬂlg@ér THerIbreSet MYiva A, tBe &ﬁteﬂ@éﬁMbﬁ@Qset to not
0.012% B, which is the elenent of the second group, if
atite dhana8%t hd'hef dadent of Mo ne @gefeeabliygndmmoge atihan 1 5% On

boundaries. In order to obtain this effect,
Hlori ohero hand, sm@éd%r sm@nsuee by abowe an%@on%reéﬁeﬁts éhe lower

E@p B Uy M bgttent FPRTRRPY Re b0 0%, &' seor cgat o5 on

drgrsgrain boundarles and al so di sperses carbi des
preC|p|tat|ng on the grain boundaries finely, and is an
el emenW:whit ahoreethas 5% contribution to strengthening
the grain_boundaries. However, an _ excessive addition

of B | Yuadsp dtﬁ@Oh@Btnh‘ghmnmrvofantdhts gna¢lementnwhichesnakes a
{:%trﬁg.{;t | ngeabef e Vw(‘é;}ngqerﬁc tteglfpe?aée&(r%es géc’ngotho 11% I{artlcular
to the enhancement of creep strength at high temperatures. However,
when the content of W is increased, the stability of the austenite phase
deteriorates;, hence the creep strength is rather low, and moreover, the
susceptibility to embrittling cracking in the coarse-grained HAZ increases.
In particular, when the content of W exceeds 5%, the creep strength
markedly deteriorates and, at the same time, the susceptibility to
embrittling cracking in the coarse-grained HAZ becomes markedly higher.
Therefore, if W is added, the content of W is set to not more than 5%. The
content of W is preferably set to not more than 3% and the content of W is
more preferably not more than 1.5%. On the other hand, in order to ensure
the above-mentioned effects, the lower limit of the W content is preferably
set to 0.05%.

[0076]

Co: not more than 1%

Like Ni, Co increases the stability of the austenite phase and makes
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boundary nelting point becones remarkabl e, and
therefore, in the step of welding, the liquation
cracking on the grain boundaries in the HAZ vicinity
to the fusion line occurs. Therefore, if B is added,
the content of Bis set to not nore than 0.012% The
content of Bis preferably not nore than 0.005% and
nore preferably not nore than 0.0045% On the other
hand, i.n  order to ensure th? above-nenti oned eff

. ct
(REPTEHRILION () thegnhancemeans AELHED tomPRTatE REreRth. s Hlowever,

TG P bbb o Ny o oo
Sle8ARBYS ahenerdAd ihlcest. Can I\}lﬁ‘ﬁ‘tic‘ﬁ%l? whtanthfedidént ¥Co exceeds

not nore than 0.02% and RE not nore than 0.1% Each
di% Cehe bostandriRdW Hacrepses.efEherefafe, ih €otisi adiegl; ahe,confent of
added, has the effect of increasing the hot

Vvie kaBet ta ot morer dhan 1%. opkha eontent of g éxpreferablyed to not
el ement s be ed tqQ the eel s and ther

oot e T ¥ornd 108 Toarepb Rt TIC TS MReepialEratiY (g more than
ke q . . : .

54, 5048, 4 BN ALPLD Ll bof QBRI et
$Be loweP fisniB0f ehd €6lcofferitiBpR¥feRably et t@.03%! kabi lity.
Cais also effective, although to a slight extent, in

rl6@%el ng the possibility of the enbrittling cracking

in the coarse-grajned HAZ which s caused by, the
segr egdieostestls Dlohe Haregent Anyentemr can . consaiay only sepe or a

e ssive addition of ayses. deteri of at

P HARMEn I oVh oBonBle GIPEALRTAERAOAGL N, B3N andiCe
dbpogglean! i ness, due to the binding thereof to oxygen;
in particular, when the content of Ca exceeds 0.02%

t he detSecowd gtoup! Bifndthmorectlean0i0d2%s nar kedl y

i ncreases and the hot workability rather deteriorates.

Ther ef éhavhich isghelemaat of the seenmdegougy, itbadded dhas the effect
A oliBeac e e graln bUTAE 8L nd et o hestylh Bt B may

Sid ged ;188 féRk [ feerbfyerB! WHith 9f in th
tq{wée Ca E&;ﬁtﬁg%ﬁ?ls prde erai??yése%ﬁ%eg 0. %Ol%ghd t%e $in the
Isewsrd grouy, ivhowhexplainedriheletails nore preferably

?0899 >%

B: not more than 0.012%

B segregates on the grain boundaries and also disperses carbides
precipitating on the grain boundaries finely, and is an element which makes
a contribution to strengthening the grain boundaries. However, an
excessive addition of B lowers the melting point of the grain boundaries; in
particular, when the content of B exceeds 0.012%, the decrease of the grain
boundary melting point becomes remarkable, and therefore, in the step of
welding, the liquation cracking on the grain boundaries in the HAZ vicinity
to the fusion line occurs. Therefore, if B is added, the content of B is set to
not more than 0.012%. The content of B is preferably not more than

0.005% and more preferably not more than 0.0045%. On the other hand, in

order to ensure the above-mentioned effect, the lower limit of the B content
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[0082] My: not nore than 0.02% My al so has a high
affinity for S and so, it has an effect of inproving
the hot workability. My is also effective, although to
a slight extent, in reducing the possibility of the
enbrittling cracking in the coarse-grained 26 HAZ
which is caused by the segregation of S on the grain
boundari es. However, an exceSS|ve addltlon of

cause eri orat i nes e e bindin

5 cnataly %Y ge 6899?‘r ar hWer %@%Eﬁt@me% i’ more
ef{e?éﬁ@e@ 902% t he deterl oration of the cleanliness

ncreases and the hot workability rather

dedgoli orates. Therefore, if My is added, the content

of Mg is set to not nore than 0.02% The content of My

is prdherdgroupianenmr marbabefiefidselértetlfeomt Gar nbtanmbre than

in order to ensure the above-nentioned effects, the

1060, Mgnnptmomﬁbang) e3%tand REMpnel moxe than 8;1%; o

0. 0001% [ O than 0, 1% REM:h h

affi nil%(?c}{‘ of ) NfiiHng MM ReiBe lBe Rist ot gpqh@$ g quadded
|

8 poss."%ﬁﬁkﬁp ihbiohsirBVhé he! SBrEISiEES. Va bRI&eS %@&n this

enbrlt |ng cracking in

RPRES the! sHid lle bkt Vi ayhbé addad I8Gheystbéle arsk ﬂh@@myl @hntained
of S on the grain boundaries. However, an excessive

alierdinonThefel@Ekhts kichdetecin theathiod group) awnhowedascribed in
\(;I‘*F ,&o the binding thereof to oxygen; in particular,
&Mlt he content of REM exceeds O. 1% the
qﬁ‘égﬂ' oration of the cleanliness markedly increases and
ot workability rather deteriorates. Therefore, if

REM i s (3488 mdrBanaad.ep, of REMis set to not nore
than 0.1% The content of REMis preferably not nore

than Ca0bés aGughluffiaityeforSiadd sopitohakeantedfeet sfiimpiriveng the
above-nenti oned effects the lower_ limt of the REM

dwhmerkabiityy efariaigls effactive, elthough tp @odightextent, éadyducmg

B S B C BR K Bl et i, 4 Va cRaseein 1242 which
‘i@'cbﬁﬁéd %' ¥he 3BSkciBioREM SCHRLER! BANSOUNMRERNt HYwer, an

one or theé total content of two or nore of the
excessive addition of Ca causes deterioration of cleanliness, in other words,
an increase of the index of cleanliness, due to the binding thereof to oxygen;
in particular, when the content of Ca exceeds 0.02%, the deterioration of the
cleanliness markedly increases and the hot workability rather deteriorates.
Therefore, if Ca is added, the content of Ca is set to not more than 0.02%.
The content of Ca is preferably not more than 0.01%. On the other hand, in
order to ensure the above-mentioned effects, the lower limit of the Ca
content is preferably set to 0.0001% and the lower limit of the Ca content is
more preferably 0.0005%.
[0082]

Mg: not more than 0.02%

Mg also has a high affinity for S and so, it has an effect of improving
the hot workability. Mg is also effective, although to a slight extent, in

reducing the possibility of the embrittling cracking in the coarse-grained
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REM [0085] The steels of the present invention can
contain only one or a conbination of two or nore of
t he above-nentioned Ca, My and REM 27 [0086] Fromthe
reasons mentioned above, the austenitic stainless stee
according to the present invention (3) is defined as
the one which contains one or nore el enents of one or
nore groups selected fromthe first to third groups

lListed belowin lieu of a part of Fe Ln th%%aust.en'tic .

HALWhich 3§ capsed dp t enfFaresgtien pﬁeéemﬁ' v EFifioRogrgaries.
- FLr up; 1:Cu. %, +:\VR: {

HoahAy, Spibeit figtin SN TG Ser Sttt bR of AlarTiicls due

$6 CtRAbH{AHE : thRredto rass&/&,geﬁ;hﬁ{l parbiédl4r, antten’ Rhe deoditOntd of Mg

Ca: not nore than 0.02% My: not nore than 0.02% and

Rikbéedsod.08%, ehe hdetefiodRtion 008HE cldamlmess anatkedly increases and
stainless steels, according to the present inventions

thy het porkabiity eathendleteriorgtese| dberefgre,.nd Mayis added, the
terial b dinth | ti d on,t :
PRl cob Mg Ferth TanBOkaRara dhaindiydbe. T0¢; Fatont ot Mg is
| f hefhandl
{fﬁéfefrﬁb‘fyaﬁot. Hlfe ﬂg&‘ﬁ ?gqll%'\(/)vi P%”t%lﬁgepﬁanﬁ, 12 0fdePecP R REe the

impurities m above- nment 1 oned

ra®sPe-ahé MeorielNeffSots NEHE P limibf thy Mg thdien@ id Prefoably set
not nore than 0.01% Zn: not nore than 0.01% Pb: not

#010e0001¥an 0. 01% and Sb: not nore than 0.01% and t he
X@I ues of FI and F2 respectively defined by the said
088l a (1) and fornmula (2) satisfy the conditions Fl

< 0.0 n .05 F2 .7 - 9 x FlI, respectively and

t hen @@l ﬁﬁpﬁ%e%?%roﬁa °s using an el ectric furnace,

an ACDRENNR&SaHigh MERity Br"9eard £4)083asNew leffedt 8F #Rproving
a bloomor a billet is produced by casting the nolten

e dlot wdrkahility. pREM i cildayeffestblet innrpdurcime ke posdibiley of the
i ngot by the so-called "ingot nmaking nethod" and

suHraittipg gcrasking, gnt theo coaseigrakiady, which is caused by the
segregation of S on the grain boundaries. However, an excessive addition
of REM causes deterioration of cleanliness due to the binding thereof to
oxygen; in particular, when the content of REM exceeds 0.1%, the
deterioration of the cleanliness markedly increases and the hot workability
rather deteriorates. Therefore, if REM is added, the content of REM is set
to not more than 0.1%. The content of REM is preferably not more than
0.05%. On the other hand, in order to ensure the above-mentioned effects,
the lower limit of the REM content is preferably set to 0.001%.

[0084]

As already mentioned hereinabove, the term “REM” refers to a total
of 17 elements including Sc, Y and lanthanoid collectively, and the REM
content means the content of one or the total content of two or more of the
REM.

[0085]

The steels of the present invention can contain only one or a

combination of two or more of the above-mentioned Ca, Mg and REM.
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conti nuous casting. Then, in the case of plate

manuf acturing, for exanple, the said raw material is

subjected to hot rolling into a plate or a coil shaped

sheet. O, in the case of pipe manufacturing, for

I nstance, any of such raw 28 materials is subjected to

hot working into a tubular product by the hot

extrusi on pi pe manufacturing process or Mannesmann pi pe

u@ggépcturlng process. [0089] That is to say, the hot
i'ng may use any hot working process. For exanple,

in a caygmiRe ere*a@@né IrR&htiPREH Whbove S the HRénikicPSta@hless steel
tube, the hot working may include the hot extrusion

picperding tb ahe resentpimeasidon (s elefimeddadvhé bae which contains
Ugi ne- Sej our net process, the hot pushin i pe .
reReUATaRI00¢ ielementscelsene endare gIHUPE @relch@{) ﬁam the first to third

UL S BRIRE R e gt BrRAEN R Rcle. SRIGn I plaiibss steel
rRbbidide RS gﬁf%é??sgﬁltmfn A eDTD): Mandrel M1l rolling

process- or ere the final product.

I s a sttt @loabe C\rndth@ete thhf 4% MY ridtNgof@YhaA BWAW: not
the typical process of manufacturing a steel plate or

anbuet thaml $%chst €el nothmere tlmarwdbd;. [ 0090] The end
tenperature_of the hot working is n(())t naotlcularly
def i ne ecorafhgrcﬁuy %@%r@?@rﬂkﬂwo‘@éﬁz@ | ess than

1000C. i S b use if t ture o

ot worDihh e G2 e ahoreoire 6D ATRSHR MoEs Py Bgaze and
R PR ot deshah d\.lh?%.Tl and V becones insuffi CI ent, and
therefore the <creep strength and ductility may be
i[6p8dlr ed. [0091] The col d working can be carried out

after the hot working. For instance, in a case where

the fi dde @M@Q&c s&alaleess@épelp; gécqxdmm@ the regemtginventions

\gﬂ Ee@ FWX \bﬁn ot ‘ih by a‘?ﬁ %‘?ﬂ g‘\{\n% a‘%gp El%gglrlflﬁugoagé Wsb89n the

AR ®ED 'b%@?% oﬁ%e%5{11t§ Qf bére%ufhﬁat&_@aﬂ@d aﬁagy@eg g? that, in

and/ or the 'ing pl pe manufacturing process

pactiealarntier eoxttbﬁts‘ of8h, AsOANCPbisndaShtaardngithé ¢mpurities may
sheet, the_cold working may include the typical
;faléc‘wbnbfthﬁaﬁbﬁwm@mwged respective [ranges,ebpmehyin'j pot more

%ﬁan '0.1%, As: not more than 0.01%, Zn: not more than 0.01%, Pb: not more
than 0.01% and Sb: not more than 0.01% and the values of F1 and F2
respectively defined by the said formula (1) and formula (2) satisfy the
conditions F1 < 0.075 and 0.05 < F2 < 1.7 — 9 x F1, respectively and then
melting the materials using an electric furnace, an AOD furnace or a VOD
furnace.

[0088]

Next, a slab, a bloom or a billet is produced by casting the molten
metal, which is prepared by a melting process, into an ingot by the so-called
“ingot making method” and subjecting the ingot to hot working, or by
continuous casting. Then, in the case of plate manufacturing, for example,
the said raw material is subjected to hot rolling into a plate or a coil shaped

sheet. Or, in the case of pipe manufacturing, for instance, any of such raw
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Furthernore, in order to honogenize the mcrostructure
and to further stabilize the strength, it is
preferable to apply strains on the nmaterials and 29
then to performa heat treatnent for obtaining the
recrystallization and uniformgrains. In order to
apply strains, it is recommended that the fina

working in the case of cold morking be carried out at a

rate of reducgtion_.in area not | ess than % 9
materiala)is namieqted donbat Wy gtln‘éo a*'o&‘&‘@‘ﬁ@ﬁ Oéivégqmﬁle hot

kin the f heat treatngnt_ after r
S Rime bSita M Rbodkss B MkpRGb by k¥ chfhfagturin
ﬁgc@g. a heati ng tenperature of not |less than 1000C.
he upper limt of the said heating tenperature is not
ja089lcul arly defined, but a terrperature exceedi ng
1350C nay cause not onIy hi tenperature
i nt er gridwadiartocsase ithagh Qtrwar emiayr uge enyohotdwerking process.

t also, very coar Mor eqver,
S aeBle R rene eE%ﬁif'eh al ey iny 3 keeloue ob hahg, the hot

f e fo [
SEOARLL iy BURIE! 56, MRS RSl e Shabl ! Boceos
fr@bfé%%f&i EYARhES Ué}hlé&geﬁ&iﬁletth%rﬁée%%enihé NKeRt bAshing pipe
nore specifically hese  exanpl es are, however, by no
meamsfakctudihg dprazesd) e andipre thef rdlhﬂgplp&p@ManufaImrmg process

MPLES [0094] Austenitic stainless steels Al to AlO
Nannesmannss MBei ngranifacining c aprosesijosreprssentedowpy  the

inm_ Tabl
P@%ﬁ%s‘ﬁ%m FA0E M Sofin¥ et "oERhg MGabohanhipndrel Mill
HENiSE ke oo [iRp9! 193G, SrHM® thE ] hrofft fsiPBtoel plate

ubj ected to a heat treatnent conprl eat I ng
@t sh6f) Gheflodt! wordngymamntigclude dhienypiiad prbb&ts&ﬂ'fmanufacturmg
subj ected to machi ni ng roduce steel plates having a
@lﬁteklmslgge@rai@trml,ledateﬂl@ghetom@n mm and a | ength of
ﬁ@mgm [0095] The steels Al to A10 shown in Tables 1

are steels having

The end temperature of the hot working is not particularly defined,

but may be preferably set to not less than 1000°C. This is because if the
end temperature of the hot working is less than 1000°C, the dissolution of
the carbonitrides of Nb, Ti and V becomes insufficient, and therefore the
creep strength and ductility may be impaired.

[0091]

The cold working can be carried out after the hot working. For
instance, in a case where the final product is a steel pipe or tube, the cold
working may include the cold drawing pipe manufacturing process in which
the raw pipe produced by the above-mentioned hot working is subjected to
drawing and/or the cold rolling pipe manufacturing process. In a case
where the final product is a steel plate or sheet, the cold working may
include the typical process of manufacturing a cold rolled steel sheet in coil.
Furthermore, in order to homogenize the microstructure and to further

stabilize the strength, it is preferable to apply strains on the materials and
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chem cal conpositions which fall wthin the range

regul ated by the present 30 invention. On the other

hand, the steels Bl to B5 are steels of conparative

exanpl es in which one or nore of the contents of the
conponent elenents and the values of the paraneters F1

and F2 are out of the ranges regulated by the present
invention. [00961 [Table 11 31 v v N11 mmmer .-+ N
8%9%0\6\%31&91*19 @Q}@ﬁatotr%agmgnt fgb%@%)@ng/lp% Og’e@rﬁo Ot@llgagiogl and

005 RORERTEORIS. - 102 51 3 N-OF, GHEE S MINIRRG finer

Qvérkig On Mh@’cﬁsé\lo@ cHldwerRing l% @aﬁ‘i’edrbuﬂ‘ ad aor&eQ)fQ'eQu@tmn in
OO Om4) E,L, o00O0O 000o0omo Q

er@a@fﬁoﬁ)ld%s@hﬁn(lo%.x 00O00O0 A ++ 0Or-i ~-t o o N
f00525°0°0 0 0 00 0"~ 6 % 0000000000600 ND

(rjl Ot Og‘h@ﬁ%ﬁbé@o&@gﬁp%gﬂﬁ tHeAalggvrg'lrnpegqtil(\)ln{and rplortnvg(])rlﬂing or
the final heat treatment after a further cold working following the hot
working may be carried out at a heating temperature of not less than
1000°C. The upper limit of the said heating temperature is not particularly
defined, but a temperature exceeding 1350°C may cause not only high
temperature intergranular cracking or a deterioration of ductility but also
very coarse crystal grains. Moreover, the said temperature may cause a
marked deterioration of workability. Therefore, the upper limit of the
heating temperature is preferably set to 1350°C.

[0093]

The following examples illustrate the present invention more
specifically. These examples are, however, by no means limited to the scope
of the present invention.

EXAMPLES
[0094]

Austenitic stainless steels Al to A10 and Bl to B5 having the
chemical compositions shown in Tables 1 and 2 were melted using an
electric furnace and cast to form ingots. Each ingot was hot worked by a
hot forging and a hot rolling, and then, was subjected to a heat treatment
comprising heating at 1100°C, followed by water cooling and, thereafter
subjected to machining to produce steel plates having a thickness of 20 mm,
a width of 50 mm and a length of 100 mm.

[0095]
The steels Al to A10 shown in Tables 1 and 2 are steels having

chemical compositions which fall within the range regulated by the present
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angle of 30 in the longitudinal direction and a root
thickness of 1 nm Then each of them was subjected to
four side-restrained welding onto a conmercial SMA00C
steel plate, 25 mmin thickness, 200 mmin wi dth and
200 mMmmin length, as standardized in JIS G 3106 (2004)
using "DNi CrFe-3" defined in JIS Z 3224 (1999) as a
covered el ectrode. [0099] Thereafter, each steel plate
\C@ﬁ bjected to nultilayer welding in the groove
ﬂg]ua wel ding wire having the chem cal conpositions

shown i T b Ld t u r

neat i AR ahnatPeoHAR FiAde UF et e o BHG s T'B1 to B
TedteemackiRd forlprePidRRs ehtlp Bf hekywithss shape Pt gioee with an
Fe and inpurities CSI Mi PSN C No N 0.0320.32
larfgle.di130°0ir0 @Be dofgitudiGil dire@ién Bhd pOfdt] thiekmesst bfel mm.
above we] di ng procedure, 10 test speci nens for

i et seeh cafuthers pwas anbjested dp tome pidprestraimed welding onto a
taken fr t. ohj d. bj dto _.
<Eorperar SPROC el ol Shifg: MhariekBre UlcRhpgvidth and
s 1 ?ﬁ‘l@x‘i‘gﬁh‘,’ rastéﬂﬁng%dsﬁ? 919G 3164 ?(EOQ@ ﬁéiﬁgk"m@iche-S”
In the coa

oar se-grai ne using an optical m cr8scope

adefmedaaniIS Z 3222 1§1999)220a cotd?é@2]ectiwld. esul ts of the

above-nentioned |iquation cracking investigation are
dA699l i n Tabl e 4. The synmbol "o0" in the colum

[ quat TIPreRReR 97 tvateebBLae ige SHbigered fio TBltilgyer welding in
ﬁ?}lglc 9 gez u%ﬁ{g( 4 Q&el&%gﬁé%&%@igglﬁeﬁgn{@& gééﬂ‘g(?éipé@; gpown in

_ Crac Serve N on
thiblé &5 by SHRCTIG Nweldifd QRétHolaRhBe khd H¥ag iput condition of 20

kd/cm.
[0100]
[Table 3]

Table 3

Chemical composition (% by mass) The balance: Fe and impurities
C Si Mn P S Ni Cr Nb N
0.032 | 0.32 | 1.5 | 0.0156 | 0.003 | 6.95 | 19.37 | 0.38 | 0.19

[0101]

After the above welding procedure, 10 test specimens for
microstructure observations of the joint section were taken from each test
object and were subjected to sectional mirror-like polishing and then to
etching and observed for the occurrence of liquation cracking in the
coarse-grained HAZ using an optical microscope at a magnification of 500.

[0102]
The results of the above-mentioned liquation cracking investigation

are shown in Table 4. The symbol “o” in the column “liquation cracking” in
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Test Steel Liquation Enbrittling SSC Creep Note No.

cracki ng cracking resistance characteristics 1 Al o a o
0 2A2 0000 3A30000 49MAM00005AS000
o lnventive 6 A6 0 0 O o exanple 7 A7 0 0 0 0 8 AB 0
000 9A90000 10A100000 11 * BI AXADo0 12
* B2 AAAo Conparative 13 * B3 A AXx o exanple 14 *
B4AAx015*BSooOXTherrark*indicatesfalling

%tb% 91 cea[tgggg#g R }%‘Iﬁ%&lﬁl &tjl%ﬂufé/ whaldSoH ?\?é%f!tha all trllle 10 test

iKVent i on. 'S eVl

|speeidri ot tBE et afe GHEd1S ﬁnﬂrthengr%bd‘lb‘Q\” 1ﬂ1dic@tésothml ¢hAcking

are taken as inventive exanples and in which t

staecdlssetVed n i oncworodithg tést spbeinperesent | nvent| on

\(/rere used. [0105] The restraint-wel ded joint specinens
103lhed fromthe steels Al to Al0 and Bl to B5 in the

manner 'ﬂebnls 4cTned above were subjected to aging heat

treatm£ t*1550C for 10000 hours. In order to observe

the mcrostructure of the joint section, 4 test

speci nens were taken fromeach 35 test object. The

section of each speci nen wlasblerirror-1i ke polished, then

et ched and observed for the occurrence of enbrittling

Cr ffekd M@tebin lﬁlﬁkﬁxtm&"ﬁﬂlﬁ&‘dﬂ{ algaged HAZ|gakNg an opli Rate
m rhaRSqoPe ¢ ra%klg?qm ra%:k%?é I D&sfg{anéeoo'characteristics
1 Al 0 o o 0
2 A2 0 ) o o
3 A3 o o o o
4 A4 0 o o o
b A5 ) o o o Inventive
6 A6 ) o o o example
7 A7 ) o o o
8 A8 ) o o o
9 A9 o o o o
10 Al0 o o o o
11 |* B1 A X A o
12 |* B2 A A A o Comparative
13 |* B3 A A X 0 example
14 |* B4 A A X )
15 |* BbH ) o ) X
The mark * indicates falling outside the conditions regulated by the present
invention.
[0104]

From Table 4, it is evident that no liquation cracking occurred in
Test Nos. 1 to 10 which are taken as inventive examples and in which the
steels A1 to A10 according to the present invention were used.
[0105]

The restraint-welded joint specimens obtained from the steels Al to
A10 and B1 to B5 in the manner mentioned above were subjected to aging
heat treatment at 550°C for 10000 hours. In order to observe the

microstructure of the joint section, 4 test specimens were taken from each
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[0106] The results of the above-nentioned enbrittling
cracking investigation are also shown in Table 4. The
synmbol "o0" in the colum "enbrittling cracking"
indicates that no enbrittling cracking was observed in
all the 4 test specinens for the relevant steels. The
synbol "A" indicates that cracking was observed in one
or two test specinmens and the synbol "x" indicates

ok b PR BRST  hioRh WRAHSOEABRCROAG, ther
] | ! e ng
FIQR 20 ohGeRRl KirCihe | ol EindlSE chubifyetihe S adifEfin the
tc0artbOraera] Muﬁﬁlgté}?oﬁfi@&l%icrbé‘eb?@tdt@ gfietesh of 500.
|

[0108] Fromthe data gi ven above, I's evident that,
i[01@6lder to ensure the excellent |iquation cracking

resi stance and the excellent enbrittlin cracki ng .
resi st dmee desulty Il othp peaahoya mentiered n empbritiling ¢ wacking

iRt afhg %% $ho PQ?}%H%W ot T By=e b i polumn
\I;\_'gnyggtljﬁ:%g %Miﬂg’ Endithics ﬁél%?'n({ Q%:%%ittl'fﬂ%ltcgg%mggw%sl 8bserved

nts were prepare rom e ste

anGIBihd 9 t&¥t specifend oryhearelsiatit ReedIBt eThalsybdd At hedicates
sane welding conditions as the above-nentioned

that cxrickingwiagabsprvead ;1 exe eptwotast specimess maidrthevgyambol “X”
appl i ed. The fqllow ng test specimens were taken from

(2 qqatqsetgxlat@@ nE AP eheg gﬁgpgrmgr@rt,eggpmplmens.

rﬁﬁbﬂt ance and the high tenperature strength

£ aracteristics (i.e. the "creep characteristics").

[ 0110] FrbmOTHSIE 4 9t is4SSEN tHHa® s hBFitflThg &%ickidN&Ro occurred
the so-called "U bend test specinens”, nanely

ieJeanliosat te 18pehichpaei takon ,asZnventive eikbhmples and iR6vHiOh the
mmin width and 75 mMmmin length and restrained at a
staslsd 1dp Al hascopiling totheqiresens inyentiongvers wsed- cent er,
E@ﬁ\ﬁ]used. They were imersed in the Wackenroder's

ion (solution prepared by blowi ng a | arge anount

of  H2Pr8@StHd X aPgiveh HHRVE Jitae WM tSak! IPBrfr €2k Bire the
prepared by bl ow ng

excellent liquation cracking resistance and the excellent embrittling
cracking resistance during a long period of use in the HAZ, the conditions
concerning not only the contents of the respective component elements, but
also the parameters F1 and F2 should be satisfied.

[0109]

Furthermore, welded joints were prepared from the steels Al to A10
and B1 to B5 using the same welding material under the same welding
conditions as the above-mentioned restraint-welded joints except that no
restraint was applied. The following test specimens were taken from each
test object and evaluated for corrosion resistance and the high temperature
strength characteristics (i.e. the “creep characteristics”).

[0110]

In order to investigate corrosion resistance, the so-called “U-bend

test specimens”, namely rectangular shaped specimens, 2 mm in thickness,
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SO2 gas into distilled water) at 700C for 1000, 3000 or
5000 hours and then observed under an optica

m croscope at a magnification of 500 for the

occurrence of cracking to evaluate the pol ythionic acid
SCC resistance of each welded joint. [0111] In order
to investigate high tenperature strength
characteristics, round bar creep test specinens having

L1el. ti 6 i i d 60 [
RoRgeh in frigh8 ane i e It FRA Semauiedat & Trdlys of 5 mm
re test i f - :
e U, R 1 O SR, o
vhs Wedkehesder!)golubidf(stlatioh pidparéddy IHpRinganiangs amount of

j udged "accept abl e" as capabl e of accon‘gl i shing the )
dbSegas wetooh saturatedsaqueovsnsantionnof HaS®2prepared byl blowing

S BT 035 B S SO e
SHSEAFN ATl 5%, bbef BEFEReoP LR BTGRP iRy e
SedtRercd bE cm% BV A08E ﬁg& Yol Rbsicasdid SCE resistance of
resi stance, in ich the synbol® "0o" means that no

enele wietdedojotmt.r ed during 5000 hours of inmmersion. The

sgnbil "0" nmeans that cracking was observed during 3000
13 of inmmersion and the synbol "x" means that

cr acki s observed duri 1000 hours .of i sion. . ..
Fur t helT APASY g TosPaigatechiglh terpgraiire stepnegtdh chpqptéristics,

PP biyp B8t shOAdd b AMBEY foldll HFGHYE AP diameter
BHAtBD enrhi ifElet@sh | Wth tHJRIPANE AU the tdhkdBlwede ds¥d, and a

the corrosion resistance, it was found from Table 4
cresp rigituce sesti wgs carued eut durdengobditioroof 60@C and 200 MPa.

rS}igé)Er in Test Nos. 13 and 14 _which are taken as

%F petwedamescanpet lass tharPO0Rhaurscthe test specimen was
| NG L »Hent s..of n . thg. . [0

RO S e AN RS BHORRE of I pFesne

upRGhtion. was al so found that, cracking occurred during

3000 hours of imersion in Test Nos. 11 and 12 which
2]

The results of the above-mentioned investigations of polythionic acid
SCC resistance and high temperature strength characteristics (i.e. creep
characteristics) are also shown in Table 4. The column “SCC resistance” in
Table 4 means the above-mentioned polythionic acid SCC resistance, in
which the symbol “o” means that no cracking occurred during 5000 hours of
immersion. The symbol “A” means that cracking was observed during 3000
hours of immersion and the symbol “x” means that cracking was observed
during 1000 hours of immersion. Further, in the column “Creep
characteristics”, the symbol “o” means that the rupture time was not less
than 5000 hours and the symbol “X” means that the rupture time was less
than 5000 hours.
[0113]

As for the corrosion resistance, it was found from Table 4 that
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taken as conparative exanples and in which the steels
Bl and B2, having the values of paraneter F1 and
paraneter F2 fall outside the range regulated by the
present invention respectively, were used. Therefore,
it is clear that these steels are inferior in
corrosion resistance (polythionic acid SCC
resistance). As for the high tenperature strength

CORAEL RS0 PAS D B S ERGEO0E e 1
wiAth |a?% en Bs %&Brﬁﬁ@e ﬁi&ﬁél%’sancg Y Widch BRe Btee®'B8Mnd B4,
t e va ated by the t

l'ess an t e regu presen

ihaversd theakcbatentvas Nibeghd Clanreedubet hpyper limits edgdated by the
that this steel is inferior in high tenperature .
Oeseandtioyestion gespedbiveiiRiwere ARl CABWasTatso ffoundi that eracking

B DB S o S i 5 R YA Vi ar
SRR o R A5 SR By S B, naving

KRS $41A86 CooPArAingherdt FPRE WaRatidteN WP fafORESHHE N range

they can be Used as raw matérials for various

appalasddibe shetlpreserstr ®iveationi lespectbudly,i wierecasddai rThegefore, it is

environnment at high tenperatures for a |long period of . .

cleas; thagthesesisieds iane pg&s:rorpunamrrb@pneneg}st@@@er (nalpthionic acid

reflni ng andy, petrochen cal, plants and so gn.. 38 AT .

SECToReBors: A8 I the bt e eatufé pudBet shiracfphitics, the
' el 0 I

FapRlzp e W flags RELEB000 Hours (BTt 0. b Jfch S gplieh as

gb%lgﬁréﬁvégwﬁm le QndZint WhiclB3 86 s6c¥l B3\ haviak ther N dondént less

.03% and further contains one or nore elenents
thamcthe abm Negulatednobe theinpfeseit Tnvestigatiomr avas used.

an 0.4% V. not, nore than 0.4% .Ta: .not nore. than
Eo35pdiqnthn it forleandintonnis; seal 35 AnUROTRchighajemperature

0 -tk .1 he bal ance being Fe and inpurities, in
%%t%ée&%%ntents of P, S, Sn, As, Zn, Pb and Sb anong

TNDUSTRIALIAPBLICABELITYt nore than 0.04% S: not nore
than 0.03% Sn: not nore than 0.1% As: not nore than

% Zn: not nore than 0.01% Pb: not nore than

0.01% '?'ﬂd Sh: nqt, nore {han 0. ?1% and t he val ues of. Fl

and F2The austenitic stainless steels of the present invention have
excellent liquation cracking resistance and embrittling cracking resistance
in a weld zone, and moreover they have excellent polythionic acid SCC
resistance and high temperature strength. Consequently, they can be used
as raw materials for various apparatuses which are wused in a
sulfide-containing environment at high temperatures for a long period of

time; for example in power plant boilers, petroleum refining and

petrochemical plants and so on.
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defined respectively by the followng fornula (1) and
formula (2) satisfy the conditions FI :S 0.075 and
0.05:5 F2 <1.7 - 9x FI; F1
=S+{(P+Sn)/ 2} +{ (As+Zn+Pb+Sb)/5} (1), F2 = No + Ta +
Zr + H + 2Ti + (V/10) ... (2); wherein each el enent
synbol in the fornulas (1) and (2) represents the
content by mass percent of the el enent concerned. 2. An

FAEI CLANELAS 5, L 5 b e
: 0
o ozt e B, ) eBfficefrintess el Which opthrisds b mablindient, C:

Genat thaihs 0 049, 081 ok meFec i 1.598) M asbtf mowe Pbbanrﬁ%, Cr 15 to
nore than 0.5% Ti: not nore than 0.4% V: not nore

265 Ni: 6% 305, Nod.02dod.85%nsd. AYyndtfmors thamﬂé)&’manfi further

PanGaiEs oA Pt FRATe SRt epteaEoBOND PR LmaFe Fham0- i, Ti: mot
b

S B Lot IS U R 7 A Fhgb oI o

gbc;re/"th%ﬁ 0.29% aft?ﬁ 7% hgﬁﬁl&qu;é‘isl @Q%, 'W&h TRE DAl e 961%%6 and

not nore an 0.01% an nore than 0.0

amguiitesy dh welsichfthel coabehis2of Bl SlﬁdAé £2pePbi ared Bbymong the
the foll ow n% formula (1) and forml a (2) satisfy the
tmpuritiesnarerP: otomors thad 0.0d%s-S‘Faok morg than 0.04%, Sn: not

;ipr§+%§P+Sw ﬁ%%mg%l‘g/f/i@;ls(? 2) ‘90)( éz)n (twa:,ép(glenth@élcq)mlt%,-i’b not
S TP ahd 6ol BOR A3 1Ak GALESGIES and P2

cont en nmass péercent 0 concerne
aeﬁﬁb& rasifdceively By ThaifbllewinsiRalulaqaP addBrinls (2 satisfy the
or 2, which contains, by nmass percent, one or nore

ed)mhﬁmhg» Ib1f<@rﬁé75|)andrﬂr(h5 giupd. 7|sél >ed‘t1?d fromt h;e first
' [ ' Fe:
First -gé"“%% + Sab Bl dEAs nam 400 WD TBh et

% 9 ; han 1%
ge(z:ond NE’@ES ?qﬁﬁ*% ﬁﬁglggt"p;ﬁdt Tﬁlnrd (zgroup

GherBit eHEH @1éMeAt Ayddhl Mgthé‘%nﬂma% (f)aﬁ.‘n@ ©%%piskents the

rare earth el enent: "not nore than
content by mass percent of the element concerned

2. An austenitic stainless steel, which comprises by mass percent, C:
less than 0.05%, Si: not more than 1.5%, Mn: not more than 2%, Cr: 15 to
25%, Ni: 6 to 13%, N: 0.02 to 0.1%, sol. Al: not more than 0.03% and further
contains one or more elements selected from Nb: not more than 0.5%, Ti: not
more than 0.4%, V: not more than 0.4%, Ta: not more than 0.2%, Hf: not
more than 0.2% and Zr: not more than 0.2%, with the balance being Fe and
impurities, in which the contents of P, S, Sn, As, Zn, Pb and Sb among the
impurities are P: not more than 0.04%, S: not more than 0.03%, Sn: not
more than 0.1%, As: not more than 0.01%, Zn: not more than 0.01%, Pb: not
more than 0.01% and Sb: not more than 0.01%, and the values of F1 and F2
defined respectively by the following formula (1) and formula (2) satisfy the
conditions F1 <0.075 and 0.05<F2<1.7-9x F1;

=S + {(P + Sn)/2} + {(As + Zn + Pb + Sb)/5} - (1),
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F2 = Nb + Ta + Zr + Hf + 2Ti + (V/10) - (2);
wherein each element symbol in the formulas (1) and (2) represents the
content by mass percent of the element concerned.

3. The austenitic stainless steel according to claim 1 or 2, which
contains, by mass percent, one or more elements of one or more groups
selected from the first to third groups listed below in lieu of a part of Fe:

First group: Cu: not more than 4%, Mo: not more than 5%, W: not
more than 5% and Co: not more than 1%;

Second group: B: not more than 0.012%; and

Third group: Ca: not more than 0.02%, Mg: not more than 0.02% and

rare earth element: not more than 0.1%.
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