AUSTENI TI C STAI NLESS STEEL LOW 1 N N CKEL CONTAI NI NG
STABI LI ZI NG ELEMENTS CROSS- REFERENCE TO RELATED
WERWRIEATS ONS [ 0001] The present application cP@i/ns2008/054396

priority under 35 U.S.C. 119(e) to co-pending U S.

Provi sional Patent Application Serial No. 61/015, 264,
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FIELD (HeTRAUNQIGYEf aust eni t e- pronoting and st abilizing

el enments, such as nickel, manganese, and nitrogen, to

H008}v addict prosmt discloswirei tebesotontn mgptaliteretnindsss stech  &s particular,

thedisf AT, SRAE™ o o R T T Rt RS S S RhS s somposiion

includi®d 446 thi¢k] ahd MAGIFHLY GRRE 1AW, @mprdied sk efthpdrature Fropertles and at
structure provides the steel Mﬁth hi ghly desirab

least corptrabliccenrrqsianpegsistanse i forawbdity ypropeghnagigtive to higher nickel
ductility, and formability. [0004] A specific exanple
"of an austenitic stainless steel is AISI Type 316

pEsCRIETIg WT@E?&@@@@W@E’M@%%@? rcont i ni ng

all o The ranges of all oying ?redl ents in this

H903 arf%eu%%lm aStHalesty %t?ﬁlﬁ W]é ahgeMRiBaars | dd hilghly desirable

ars iet:
propertf%@ gértslihg% eﬂ{ g%éguls ﬁag’l&?ﬁ, Mg Q)g rl?&usﬁﬁagk ﬁ)ﬂ&ﬁlon’s% TiRse steels
possessrmh@a mes@psmop pé llr,onahlai inbalaogeinbycthetaddit®n dfanstexiseyptoeoting and

contribute
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promoting elements, such as chromium and molybdenum, which enhance corrosion resistance,
to be made while maintaining an austenitic structure at room temperature. The austenitic
structure provides the steel with highly desirable mechanical properties, particularly toughness,
ductility, and formability.

[0004] A specific example of an austenitic stainless steel is AISI Type 316 stainless
steel (UNS S31600), which is a 16-18% chromium, 10-14% nickel, and 2-3% molybdenum-
containing alloy. The ranges of alloying ingredients in this alloy are maintained within the
ranges specified in order to maintain a stable austenitic structure. As is understood by one
skilled in the art, nickel, manganese, copper, and nitrogen contents, for example, contribute to
the stability of the austenitic structure. However, the rising costs of nickel and molybdenum
have created the need for cost-effective alternatives to S31600 which still exhibit high

corrosion resistance and good formability.
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alloy having a combination of improved elevated temperature properties similar to S31635 and
both corrosion resistance and formability properties similar to S31600, while containing a
lower amount of nickel and molybdenum so as to be cost-effective. In particular, there is a
need for such an alloy to have, unlike duplex alloys, a temperature application range
comparable to that of standard austenitic stainless steels, for example from cryogenic
temperatures up to 1300°F.

[0008] Accordingly, the present invention provides a solution that is not currently
available in the marketplace, which is a formable stabilized austenitic stainless steel alloy
composition that has comparable corrosion resistance properties and improved elevated

temperature properties to S31600 and S31635, while providing raw material cost savings.
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in weight %, up to 0.10 C, 2.0-8.0 Mn, up to 1.00 Si, 16.0-22.0 Cr, 1.0-7.0 Ni, 0.40-2.0 Mo, up
to 1.00 Cu, 0.08-0.30 N, (7.5(%C)) < (Nb + Ti+ V +Ta + Zr) < 1.5, 0.05-0.60 W, up to 1.0 Co,
up to 0.040 P, up to 0.030 S, and up to 0.008 B, iron and impurities. Certain embodiments of the
austenitic stainless steel may include tungsten such that 0.5 < (Mo + W/2) < 2.3. Certain
embodiments of the austenitic stainless steel may include cobalt such that 1.0 < (Ni + Co) < 8.0.
Certain embodiments of the austenitic stainless steel may include at least 0.1% niobium, or may
include niobium in a concentration of at least (7.5(%C)).

[0012] In an alternative embodiment of the present invention, an austenitic stainless

steel includes, in weight %, up to 0.08 C, 3.5-6.5 Mn, up to 1.00 Si, 17.0-21.0 Cr, 0.5-2.0 Mo,
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DETAILED DESCRIPTION OF THE INVENTION

[0016] In the present description and in the claims, other than in the operating
examples or where otherwise indicated, all numbers expressing quantities or characteristics of
ingredients and products, processing conditions, and the like are to be understood as being
modified in all instances by the term “about”. Accordingly, unless indicated to the contrary, any
numerical parameters set forth in the following description and the attached claims are

approximations that may vary depending upon the desired properties one secks to obtain in the
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0.40-2.0 Mo, up to 1.00 Cu, 0.08-0.30 N, (7.5( %C)) <(Nb + Ti + V +Ta + Zr) < 1.5, 0.05-0.60
W, up to 1.0 Co, up to 0.040 P, up to 0.030 S, and up to 0.008 B, iron and impurities. Certain
embodiments of the austenitic stainless steel may include tungsten such that
0.5 <(Mo + W/2) <2.3. Certain embodiments of the austenitic stainless steel may include cobalt
such that 1.0 < (Ni + Co) < 8.0. Certain embodiments of the austenitic stainless steel may
include at least 0.1% niobium, or may include niobium in a concentration of at least (7.5(%C)).

[0020] In an alternative embodiment of the present invention, an austenitic stainless

steel includes, in weight %, up to 0.08 C, 3.5-6.5 Mn, up to 1.00 Si, 17.0-21.0 Cr, 0.5-2.0 Mo,
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embodifdent af theembmhonetitesSlocfontdmaa naayshee hiot Yocorshess. nSeheslpstceeﬁnimize the
i ncl u sten such that 0.5 <

..ma$/ g .+W2§)<4..0.
reactivigyaph cartging éfbﬂ FrRENty pvIgh o iy Ay aspistS oY1) Hipase balapegein the alloy.
In certa‘i@)ém'bﬂ&lrﬂé‘ﬁ?s Rb&dctSUER bitfiod aR FaldlNed byCR)usting-tRe S content to

Certain enbodi nents of the austenitic st a| ess st eel
0.5-1.0%vay i nclude at |east 0.1% ni obium or may include
niobiumin a

Mn: 2.0-9.0%

[0023] Mn stabilizes the austenitic phase and generally increases the solubility of
nitrogen, a beneficial alloying element. To sufficiently produce these effects, a Mn content of
not less than 2.0% is required. Both manganese and nitrogen are effective substitutes for the
more expensive element, nickel. However, having greater than 9.0% Mn degrades the material's
workability and its corrosion resistance in certain environments. Also, because of the difficulty
in decarburizing stainless steels with high levels of Mn, such as greater than 9.0%, high Mn

levels significantly increase the processing costs of manufacturing the material. Accordingly, in



concentration of at least (7.5(%)). C up to 0.20%
[0021] C acts to stabilize the austenite phase and

w0 ndoolos2498 t he def ormati on-i nduced martensitic PCT/US2008/054396
transformati on. However, C also increases the
probability of form ng chrom um carbi des, especially
duri ng wel ding, which reduces corrosion resistance and

order toggrggg{gfgqﬁg%céﬁ g Eﬁ%ﬁgﬁdi 3 I%/ @ﬁitstp}ggeéé gs[%gaiaé)ai_ngﬁ)os}i ai_i{i]tllyfflsnarpstltleerenllechanical
propertREROMUL ABAENIAE sthlifesh BB NRNprebdie iR RGN thOlin Fe v % Reat 2.0-9.0%.
0.10% or less. Alternatively, the content of C may be

In an crob@Bgtcsy thedds comentrragy be2.0-808%% araltcewtvelgimays 3 62%0%
[0022] Having greater than 2% Si pronotes the
Nr]iﬂyﬂo tion of enbrittling phases, such as sigm, and
*Uredlces the solubility of nitrogen in the alloy. S

p00249] st ak lkasz €% Whis réqtifcditd ctapitias ehe AR@n@cehber with@ipect to both
. 2% Si requires additional austenite stabilizers to.
ferrite apgj RtEGNAIte Framation-e M plse agtsde enhanee dpughngisyandifpgmability. However,
S | 1Li.Chi j . stieel ..o j ti
due to EREANELCHBh RO BFTICRUCR logfrilio 16 BETInT MUEA ccnt as low as
possibld. haltSbugloNnestd Nayasbbe padialsidistituessior Sii, Ingh psvetsoof Mn and N will

.mnimze the reactivity of certain_alloying_el epent
result inigqor e E?(f’]ré d ek hatdsnifes rdpHag i meTﬁﬁeﬁ% the alloy must
include@ h@¥imuh c6RIhRibreIPRIEBRIde FPeacBfift SoabRity. The inventors
addition are bal anced by adjusting the Si conten¥ to

have fodn&-thHatObh-7M% rangR-&. Wedr002 Ipedvin sddatvnt k& other defined ranges of

austeniti c phase and general | i ncreases, .t.he
clomen§ 9 b BT IRGeRSIG Rt fod BERRu s aord e better than
those ofl RightH ditlcdl @nbysy NERSMUELy! e 28 stBhitie Glagnlesd shR] 6O éschHf invention
not less than 2.0%is required. Both nmanganese and

has 1.017i¢ Yooy inan embplisaqni.the Mipantent graysberb9-6t¥re mor e

expensi ve el ement, nickel. However, having greater
Cr: 16.042810%. 0% Mh degrades the material's workability and
sion, resistance in certain enyiron

| ts. ,
W025F ° &StomdEH T HBPAR romONPRy S HOMEC Ky HAPIST Agels by forming o

passive 1A 64 @RSalRlyeRkfcdM 08 aliottd @VEASIRS thVhustShigd phse with respect to
greater than 9.0% h%%p M | evels significantly
9

martensitig frasé@metien pAb éesisiag Ce sstequistd teamneniae edpdiptg cpiesion resistance.

On the Gh&" Illa%ld' b@bca%% @r nlglay poI &?ﬁld%ﬁﬂt% ostaﬁ)ril(i)% r{l)@r.b ln"fl&l? %XE&%ﬁng 23%
CcOrr osi oh re_S| stance, “phase Dbal ance, uctiti y an

require® tReiddigshannad costly alloying elements, such as nickel or cobalt, to keep the

ferrite content acceptably low. Having more than 23% Cr also makes the formation of

undesirable phases, such as sigma, more likely. Accordingly, the austenitic stainless steel of the

present invention has 16.0-23.0% Cr. In an embodiment, the Cr content may be 16.0-22.0%, or

alternatively may be 17.0-21.0%.

N: 0.05-0.35%

[0026] N is included in the present alloy as a partial replacement for the austenite
stabilizing element Ni and the corrosion resistance enhancing element Mo. N also improves
alloy strength. At least 0.05% N is necessary for strength and corrosion resistance and to
stabilize the austenitic phase. The addition of more than 0.35% N may exceed the solubility of N

during melting and welding, which results in porosity due to nitrogen gas bubbles. Even if the



properties in the austenitic stainless steel of the

present invention, the Mi level is set at 2.0-9.0% 1In
wa@eooeiokxags nent, the Mh content may be 2. 0- 8. 0% CDUS2008/054396

alternatively may be 3.5-6.5% N : 1.0-7.0%[0024] At

|l east 1% N is required to stabilize the austenitic

phase with respect to both ferrite and nartensite

formation, N also acts to enhance t ess and .
solabilso g Pt §CePpaeY CoRGE WGFHE Bl QT Fiogr e ggppensity for
the pre@pitdtionkst nitride padticlesiwiabh %e%r‘adé‘se@cﬂrésﬁ)% RakigkBte &N fRBhAness. The

as |low as possible. Although Mh and N may be partia
present gupgotars baveglefapmingd, thatiagh cheterd up ©f0. MYo anebmpambld with the Nb levels

in o B R S BB Rp o B i prcipies
Accordin@f), UBE adstEAiNE RHRIERNEQNoTahé Phestht Mverdt@nPhaVv d8-0f33% N. In an
acceptable formabilit The inventors have found that

embodimeetvhed%cp%tﬁ@tén@rbw-ogﬁrﬁ%’/e used in addition to the
ot her defined ranges of elenents to achieve an all oy
. ' corrosion resistance and formability as good as
Mo: upgl? '(gg)ter t han t hose of higher nickel alloys.
ARG} di riiHey prebdme iavstt@ni doughtstaalinlie s Moeebntofit dhéehe alloy while
: . ) oA :
it R S Bk o s SOP BT e i th
forms dH thk Ssuf8dedr LQinld¥PAlcklsCRId" R8lceR dBilsE hAREE cdifosion by the action of
stainless steels by formng a passive filmon the
chloridesl | loyordentbanbgain Gresaletfoctachlo may bt addddi inghishevention up to a level of

o stenitic phase with respect tepsjt.ic :
3.0%. MGG b G U B bRt & 20 o8k iy e apvide the
requirc@® B e Siah &SInQB bRt iSh 3G ethe PropeP 8mOEMe b 1#BFhium and nitrogen.

because Cr is a powerful ferrite stabilizer, a C ,
A Mo cesieneptcceding 8dl'ngaupsssieteeriaties of het werdpbilionbywncrassiag the fraction
. ] ' . : ni or a .
of s ASHIK, BHL 1 B FLERP AT 1o, P GRUERU s i
likelihobl @ f@@%nLrdeRtGRdultkesndtildc iphnsat sueh BfsighaphiseabA&ordingly, the
phases, such as sggna, more |likely. Accordingly, t

) he
austenitig, stefess; fed t innosision sefelic Besenh dNynERB NRas| WY dht3- Gl Mo.  In an
. 0] i . 0
omtos 15 18 G 2RoB3 oL A0SR B kb gl 1
Co: uplth 1®°05- 0. 35% [ 0026] N is included in the present

I as . a partial replacenent for the austenit ..
?AOZgY Co acts as a substitute for n?ciel to stablliize the austenite p%ase. The addition

of cobalt also acts to increase the strength of the material. The upper limit of cobalt is preferably

1.0%.

B: up to 0.01%

[0029] Additions as low as 0.0005% B may be added to improve the hot workability
and surface quality of stainless steels. However, additions of more than 0.01% degrades the
corrosion resistance and workability of the alloy. Accordingly, the austenitic stainless steel
composition of the present invention has up to 0.01% B. In an embodiment, the B content may

be up to 0.008%, or may be up to 0.005%.



stabilizing elenent NI and the corrosion resistance
enhanci ng el enent Mb. N al so inproves all oy strength.
waRoobesps 0. 05% N i s necessary for strength anpPiCT/US2008/054396

corrosion resistance and to stabilize the austenitic
phase. The addition of nore than 0.35% N may exceed
the solubility of N during nelting and wel di ng, which
results in porosity due to nitrogen gas bubbles. Even

C i f gp solubility limt is not exceeded, a N content of

u: updp 387; 't han 0.35% i ncreases the propensity for the

F0080] Pi t@&t isain Aktehitd §thistBzRanl infdyase, usdld it FeptiR8h dBdEFon of the nickel
corrosion resistance and toughnéss. The present

in this jalgrnitoslso h@D@VG%tC@Yfmlﬂlédeﬁlﬁ&ﬁcealnl\lf@@ﬁmé rRnvipnINenty . Yosmproves

forrnablth?]y 158 ge?(f‘lrlg n? gﬁe S km P e1|r evgllolwgyleerr acﬁﬁtlons ngrnore tﬁan 44, Cu have

been siav@Rirtdicdethpriggi \Qbﬂkabl(hSy ofcaeicitidaghtyinldsh 8tarlsSt eXucbidingly, the
stainless steel of the present invention has
austenite girdesysHsN campositiogndloticniresentt iecnogohse i ey 0teCu. In an

embodlgregfgtgl c%gtéht MQ}I] be'ﬂgtt(?)l %0/0% [0027] The present

I nvéntors sought mt the Mo content of the alloy
mhlle mai nt ai ni ng acceptabl e properties. M is
W:up 6f4.8%¢i ve in stabilizing the passive oxide filmthat

LT "WinFEYiRe & S plsCre R ) AT aTig i 1o e g Sisence t

chloridd Eltﬁﬁgiﬁ{d &yiebt&irdkidh eﬁenﬁglfa%tr%dudgtteﬁﬁi%c@ %‘or%‘i’%ﬁéj phde formation
Is 1nvention up to a level of 3.0% Due t S cost,

when subﬁéltw é@ﬂnehiodm bé&logeser2 agdifionh p € morg tlme%am@' tasluce the hot
t anc

d
Workabgr OVI I’Y W ?ﬁolr{hﬁglygﬂbr%ursltegﬂ cu%%m?e8§ S gee_'ll Or%ll{?ﬁ%tlgﬁ 0of the present

inventidH marsqw@aa 4.0% Mo, nofH @fbodexe@eW athtcht Ay GRWSES0.60%.
deterioration of hot morkability by increasing the

0.5 <(Md a8y 29& 24 solldlflcatlon ferrite to potentially
detrinental |evels. High M content also increases the

[0032] i hd\ddlybfierfum mihgingetce ey bashsfficetier imettailizing the passive oxide

ses s hase.
fim thI8RER o HE Sy osTPafERCs ARSI ER hpintnBinecsaggpion by the
action dfth@MdcONSHRs WRs iprexilfecMphall Bs affic@ivO @By WRMpht) dsheo MP increasing
content may be about 0.40-2.0% or alternatively ma

corrosigyeregisgncg dpogmigpatiqyppok G\/Iq+W@%)[b@'Lﬁg% IS HEEd tg royide the necessary

conrosma1 g%té‘%t&#he fgggle%rc lﬁglf tgoto tﬁ{&bﬂl MG 1&1?1?:2 ?Stthg nl'ﬂle(ﬁhood of forming

thon of al'so a 0 I'ncreas
1nterrnetd111@ pﬁefs&ﬂ@td\toofmlidhewnf&ﬁﬁrels ahe hotheorkigiBty dfithe tnaedrial. Therefore, the
referably 1.0%
cornblnatlon 0% (M0+€V/2) 1es preferab]Ty legs than 5%. In an embodiment, molybdenum and
tungsten may be present such that 0.5 < (Mo + W/2) < 2.3, or alternatively such that

0.5 < (Mo + W/2) < 4.0.

1.0<(Ni+Co)<8.0

[0033] Nickel and cobalt both act to stabilize the austenitic phase with respect to
ferrite formation. At least 1% (Ni + Co) is required to stabilize the austenitic phase in the
presence of ferrite stabilizing elements such as Cr and Mo, which must be added to ensure proper
corrosion resistance. However, both Ni and Co are costly elements, so it is desirable to keep the

(Ni + Co) content less than 8%. In an embodiment, the (Ni + Co) content may be greater than



B: up to 0.01%[0029] Additions as |ow as 0.0005% B

may be added to inprove the hot workability and
wabagrIgual ity of stainless steels. However, PCT/US2008/054396

additions of nore than 0.01% degrades the corrosion

resi stance and workability of the alloy. Accordingly,

the austenitic stainless steel conposition of the

resent ipvention has up to 0.01%B. In an enbodi nent,
4096b@ﬂ@“é&ﬁﬁhgént may be up to 0.008% or may be up to

0.005% Cu: up to 3.0%[0030] Cu is an austenite

(7.5(%EHpo (N Zeri - and-TRy ZRp<ysed to replace a portion of the
nickel in this alloy. It also inproves corrosion

W81kt artle reantsr il chbgnednd foon sy sxtent nitipgepviesform carbides and
carboni%({/e\g\?ng J%hl’eI fé%vé I%¥ Isrrngﬁi Lf)gllftlrc]:%st I"‘%Ieiet aﬁa%é}?%ff%%v%lygﬂge%y hhg V\fﬁrrnation of

ons nore ave-peen S

deleterib@s Elagthen tchbidw@tdundp kidiatddt tgm@tradits keiidei dhdSduaingl ved8ing, which

) steels. Accordingly, the austenitic stainless steel )

improvesoths 8P tEMPERINf SOBPEeR Fsistagent A PREKGsp when Preduced using an
. I i e 0

efectin et A OB gy 5 G G patay Saful g g, A

minimuaf additiybd® (ki %C) provades Moy sresitemarfdeb for avbiyosriedgom of C present

. itting and crevice corrosion. W al.so reduce = .
dlSSOlVl{)(%H&E?] &;tq&o Flcl%l}eé ﬁeéfeglgrg\ib f)v&)lf ﬁ%qugﬁ% 13l Ws30; 1f {5t degirable to keep
the Nb {cBhteAPl¥PARAUMR Y, HOWRYL e nRAM \Ll‘liﬁﬁ‘ ?orfﬁl{ stABlcCeatlacy, HYERYg but not

~ reduce the hot workability of the alloy. Accordingly, '
limited théi, MaJieemid Zrmay bé addedsn sttstiutioofpogobivon Kéwevee such substitutes

resct RSP U LG nd o 8 b SRR il o,
such ad 4Bl cdvBidMbany M BRdidvWRgsd BivAtechiinbd ehdtebi dén loff the weight
stabilizing the passive oxide filmthat forns on

t he
percentages oA &, 81, st and£s shaubkbe manvaipedoindbe sanggaf ns(%C)) up to 1.5%.
it L NIINo] agl i f | prj de Lnece -
sutcd BERELDS, EYEOENEE Y 11T 251 L9001 PEbiiShy oSl i,
(7.5(%@Y) < (§beadi AgVCET4 8SZONE ek Stlaneetainapesriidnahbalimeits, the alloy
5% is required to provide the necessar

includeé Q/E llzg\élzo)o]r? ﬁ\ﬂ%s iagd dircim poievierightngysentieenel Michl Nb Tal and Zris in
e G PISERCING ) L1 U0 RATARASLSHIRLEN 6 1w e
present tolnéy aminerdieatal infheites @rare mamtained at levels as low as practical. In certain
embodiments, in order to optimize the room temperature corrosion resistance, elevated
temperature strength, creep resistance, and weldabilty properties of the alloy, certain
embodiments of the alloy include a Nb content of at least (7.5(%C)), and Ti, V, Ta, and Zr are
present only as incidental impurities. The present inventors have determined that a Nb content
up to 1.5% is compatible with the alloy’s N content of 0.05-0.35% in that the combination does
not result in a level of niobium carbonitride precipitates that unacceptably degrades creep
resistance.

[0035] The balance of the stabilized austenitic stainless steel of the present invention
includes iron and unavoidable impurities, such as phosphorus and sulfur. The unavoidable

impurities are preferably kept to the lowest practical and economically justifiable level, as

understood by one skilled in the art.
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conbi nation of (Mo+W2) is preferably less than 5% In

an enbodi nent, nol ybdenum and tungsten may be present
wgo@mh/ogtaat 0.5 < (M + W2) < 2.3, or alternatPOPUS2008/054396

such that 0.5 < (Mo + W2) <4.0. 1.0 < (N + Co) <

8.0 [0033] N ckel and cobalt both act to stabilize the

austenitic phase mﬁth respect to ferrite formation. At

1% (N requj stabilize the
EBBL o Bt ps B i e b B bR, Rebydsy §1 ShSuld be kept 10 low
levels. Stabilizing el ements such as C and Md, which nust be
added to ensure proper corrosion resistance. However,
HBBH] Ni dst@oh@deausmttlwsteﬂnm s, ofsthei presest dashtietbien also be

defined e%%%”r %a% ﬂgatttﬁgrb[h Cég%’]pte 1SS+ AGY hess 1[;[1 n‘él%g{)%}% é?r example, pitting
resistant& @(ﬁlﬂvﬁ%o@@ﬁmib@ﬁ S‘eﬁlkbalﬂJrﬂbe@%nd(MD@({t%/ érat’uré No + Ti +V
+Ta + Zr) < 1.5 [0034] Nb reacts with carbon, and to a
038k pitting treggience equivelanee arusmlgss(BRHen) provides a relative
rankingp%??ﬁ{g:atélso St ? eﬂe@tetdh esﬁs?a{rt{ezlc} g{}ot spﬁﬁéé f gc?{ncgs{lo% qﬁ' Tgh?ér?de containing
environ@iedhet @he dighee InhieoBREm marH@ttdleﬂleohﬂpbagd ebevsbe des1stance of the alloy.
tenperature serV| nd during wel ding, which inproves
The PREN&ap b ilcrlase) b G SOy BRI X esi st ance. These
particles, mhen produced using an effective heat
treat meripp,can,@h-$9(% M) VR @hRyat ed tenperature
strength and creep resi stance. A mnimum addition of

7.5 x ?&f provi des for one atomof Nb for every one
03/ of Adtgynatevshit, adfastas|afddds E%{V\ﬁecaﬁteheaatddeéntghbfr above formula to

take ingE 40P and ritcate FROTNERED PG s THIRG! dbrospndpe pitting
resistan@t @B iHcIitedls hid 19 soab helfegrdficdess ad AR kadlbﬂlﬂnbiytw&@ht When
limted to Ti, V, Ta, and Zr may be adde

tungstes dgpEicludgd i ther eiCukation; the PikREgEptanes e elgnee inugbss is designated
as PRE&?@ﬁfchWFEﬁc@E{eS ti’fe%lfo@w#%% fHl Nb and therefore are

ontrol Lo de a b |aI ef fect, such az
that ¢ R ot R g TEErede: JBgegrmned,

r should be ntalned in e, range
[hagf 5y ingSieR 5ot e g it riepeay e iiep e (B ppyed alioy. As

such, tl(l te'h thay heVaddba sk o £rlibstitdte S thélyB&SHudl o SPPAEE TEQEScd pitting
(@{%En< (Nb + Ti +V +Ta + ZrZ>< 1.0% In certain
res1stanp¢ efAscotting t Bt enpation, twhee Téahlwﬁyg trdreae o f aungswasﬂhould be added

e sum of ercent

for evel%i' B’gﬁﬁl}lll%lﬁé%lo Xt chum I‘SGH}OHG& to malnt% thg Same p1t§ gg resmtance The alloy
of the present invention has a PREw value of greater than 22, preferably as high as 30.

[0041] The alloy of the invention also may be defined by its ferrite number. A
positive ferrite number generally correlates to the presence of ferrite, which improves an
alloy’s solidification properties and helps to inhibit hot cracking of the alloy during hot
working and welding operations. A small amount of ferrite is thus desired in the initial
solidified microstructure for good castability and for prevention of hot-cracking during
welding. On the other hand, too much ferrite can result in problems during service, including
but not limited to, microstructural instability, limited ductility, and impaired high temperature

mechanical properties. The ferrite number can be calculated using the following equation:
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the range of (7.5(%)) up to 1.5%or 1.0% In certain
enbodi nents, Ti, V, Ta, and Zr are present only as

w0 p@otgabal i nmpurities or are maintai ned at | eRET/ESHG8/054396
| ow as practical. In certain enbodinents, in order to
optim ze the roomtenperature corrosion resistance,
el evated tenperature strength, creep resistance, and

i | ' f h i
F&%ﬁ%ﬁ' 5P PR TER Pt ne APl TabR Mt 0ziCu)-28.6
east (7.5(%)), and Ti, V, Ta, and Zr are present
The aﬂemf the Nresenbahcation hatie fords nurAkerpployR e 0nparebY a positive

beAE i nedudh@ts a No content up to 1.5%is
e e(’:onpea?%gﬁqe% tﬁu ﬂe alloy's N content of 0.05-0.35%in

{002] t helteohi)natmperatioe 1 aotallogsivldefinad as Ity edm@drature at which

i obi um rbonitride reC| ates t ceptahl y
cold de@%ﬁ?&ﬁ’é@ i %ewﬂi sshlibadEn {O@a%fsqn Egé%aﬂaﬁ%a Sfhiicifg martensite.
The loNe@Pitel 280, ,24sheRhiutC 8! A B8R $E88hntOh LhRePIIRENd martensite
i nvention includes iron and unavoi dabl e inpurities,

transfomp@j@nastshstgmotoumaan@sltgLﬂofmatlonthgulgmav@ ldmist evork hardemng rate,

whieh (Bt e FaFrdpisePRhber abine Sen BiRhsf OB g calculatca
accordif@® thifbll@dlingrequixnart . [0036] El ements that formvery

stabl e n|tr|§ such as Al, should be kept to | ow

MY S I(‘FC) 4 @Pﬁlﬂ@(@mﬁ%{s )I -%%M@lwﬁqdr) Q. §('N?i) f‘1|7el~°(€u2) 18.5(Mo)

steel of the present invention can so be defined

The alllgﬂ g?&%ﬁﬁ%sérﬁ %V&%@Htlﬁag % Mbe &[ng&%t{deeoc‘f e af I B %rr?geérably less

or exanple resi stance equi val
than abowrdd@YG. ferrite nunber, and MD30 tenperature. [0038]
The pitting resistance e ui vaI ence nunber (PRE N)
provides a relative r ank 5LES all oy's expected

[(ﬁﬁBFt angfht q Qﬂlctlﬁélé@gth%o&;rﬁﬁds@ﬁbd Narfl calculated ararneter values for
chl ori de-contai ni ng envi ronnent. The hi gher tﬁ PRE N,

InventivhAllbgt térandtﬁbr@qymeeﬁllwrﬁﬁél)@rsalééﬁ,532616@@ apfd §20¢00.
can e calc ted thefollovv|

fddi4%| a-lipl%ggg% Aloys +]5’ 3\)(%651&{'_ 18 a( %ﬁe Vacuul% furnace and

poured 'ﬁitb 80NBtiAsR. Y Thése iR€dtO e RS relhd@fed ((Hho€ 8dllc o destREe hifuterial about
the above fornula to take into account the presence of

0:250" thlg i hferind v s K gstednhhpiebledsSameofilet miyral was cold
rolled to??i(ﬁ)t' Iat\ﬂllgﬁagrgdmteaﬂe%aﬁna r ag%olsd ﬂonlgd\}\ﬁ a(%%uér 6]6116” fifck. The cold
rolled material was annealed and pickled. Cornparatlve Alloys S31600, S31635, S21600, and
S20100 are commercially available and the data shown for these alloys were taken from
published literature or measured from testing of material recently produced for commercial
sale.

[0045] The calculated PREw values for each alloy are shown in Table 1. Using the
equation discussed herein above, the alloys having a PREw greater than 24.0 would be
expected to have better resistance to chloride pitting than Comparative Alloy S31635 material,
while those having a lower PREw would pit more easily.

[0046] The ferrite number for each alloy in Table 1 has also been calculated. The

ferrite number for each of Inventive Alloys 1-5 is in the preferred range of less than 10.
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tungsten is included in the calculation, the pitting

resi stance equi val ence nunber is designated as PREw,
wWoi00/083498 cal cul ated by the foll ow ng fornul a: PCRES2008/054396

=0Cr +3. 3(%wW) + 1.65(%N + 16 (%\) [0040] Tungsten

serves a simlar purpose as nol ybdenumin the invented

alloy. As such tungsten rmy be added as a substitute

E@éﬂ;ml %Ig@ é% 8? r}%\éllieda fchtéa la g q@g‘éhte:a%og%lq Rable 1. According

to the WRuBAbnP Qﬁ{f@ﬁ‘fve K 1dyd qg§t1?a@t1§ﬂé}w thvRBtiAdAadyS #Tan&%eENhibit similar
percent of nol ybdenum renobved to maintain %, he sane

resistange ta magjenseisifetnaaie, to Thenpardtoy Atfoysiis 1 pP@erh3 163dent i on
Tabl ﬂas a PREw val ue of greater than 22, preferably as

rah ac 20 00411 Tha all av Af ha |n\lan+| on alecn MMy
L} Hll AT =AY LUU_rJ- LILILA 2 AT T Uy \v A | L U1 AT U TTWA

be defined by Mweptifeg¥lpyst e nunber.| A pos@W@?WV@M‘IYﬁe
nunber gerlfr ajly|cosrelates |tos thﬁgww eSRRCcE 0hicn $20100

faor v h by Ay g an 411 Nl Ay £l s
ICIIILC, VIIL«IIIIIUVC\ [¢8 0] IIU JIIUIII\JCllIUII

gr oper ti'es| ahd® h hel P4t o G%hi| bt 0617 Er 48R ng 6t"th
ahl oy durijng sRot | woirki mg sand wel ding oper atlions. Al 67
DIIU.I I AalTuu It Uf CT1 I I. q I IS I. IIUD LIUDI I UU | thc I III I d.I
Sbl i di fi%ed| n’Tro| st’Pluctul? fof’godd cadrhbill i 'y’ and **
fcor presenti ox of hed - ¢r aaki|ng2dunsng wet dijng.io.On | heiss
UE 'n_e hqnu, Ls(gu lqul feT IS.ISI T can lle.bul llO; T PT 06'%i (530
urimng Seryice ncludiing” byt "no Pimit'8d tlo
Nb Ccr pstsuct ural | nseabi|l l.ctoy, i m|ted|ductil|i tyys and o026
Lmal T ey hF Oy, LETDRLATYr e, MeCami Gl | prapenTT &g, e,

erriite nunber can %p ¢a atedlusing the foll ow g
equat i on3 FN=80B4( Cros+1 |58 +M70+ | 2T | +0915CH) 032, 4p( Ni-is
HUN] +of)l 0 éi\m o2 ) 520 ooTﬁf o 10y, Q1 [theg present,,
———inventionhasa territe nunber off uptto 101 preferably
& positPye r?tQW‘é)e‘ 0008r ¢ optef erdbl VOQIJOWO“S t ou-agLo 0.0010
[OO042T , The| VD30 { enper 4t e | of al) o@I Il oy.14 s [defyhped| as

+tho 1 rFature—at whiadah ~~AllA A~Nfl A t1 AN cl QﬁO/ \A |!

anno
CRLEA ISR N o \,I VA/RIEEY 2N EEAVAVA | AV IEav puy | UI Ty T Ot

resul tOOPlﬂ a °t0?1én >f(bOP1ﬁat i"8H? of*°5098YF | t &> ay st‘éﬁISt e| t G0
rart ens,t e. Et]e omlr th@al I\/DBQal,t enper atyyr e |i s,gat he Bal
h ans;f?ﬂ"?mt i %I%? ?e%?sét anCSéO o’ttan t’éhsi t°¢* f gr mdtf on|  *1°
cesul t s n| acloower owor ik har deman raf e, _whilch resu|ts _
1 guud formabit ty,—e9 pcu at VARLILL cH-aw g
dbplicafi ons.”MDBO i's ¢alcullated|accordi*thg lto the
ol | pwisng equatl bn:7.sMD30 66 Q) 37 413 {462( CtN) 9. 2[ Si p3

0.02

D

4.1

PI{]E:SV; I Iv12|29 ) J"52314\ ) 3 e |2\3“6) ) ;47; H g.%" _24.01 85t “3/99) 19.7
MDs, 19.3 6.6 17.2 222 | 462 | 3 724 217.4 0.7
RMCI 0.63 0.63 0.62 059 | 060 | 096 1.00 0.80 0.41
Yield 47.0 47.0 46.1 484 | 537 | 435 415 55 83
Tensile 102.0 105.5 104.5 1059 | 1064 | 90.6 92.0 100 100
%E 43 49 48 41 49 56 67 45 56
OCH 0.42 0.39 0.40 0.41 043 | 045

[0048] Table 1 also shows a raw material cost index (RMCI), which compares the
material costs for each alloy to that of Comparative Alloy S31635. The RMCI was calculated
by multiplying the average October 2007 cost for the raw materials Fe, Cr, Mn, Ni, Mo, W,

and Co by the percent of each element contained in the alloy and dividing by the cost of the
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The alloy of the present invention has a MD30

tenperature of less than 20 C, preferably |ess than
wW@b@ans249O C. EXAMPLES [0043] Tabl e 1 incl udespees2008/054396

conpositions and cal cul ated paraneter val ues for

Inventive Alloys 1-5 and Conparative Alloys S31600,

S31635, S21600, and S20100. [0044] Inventive Alloys

1-5 were nmelted i SIZ cuum f ur nace
raw maéqg@lsplaﬁ%tapqrﬁttnée égoy §3?€g§gté chla FI@ Silueg shqw, Inventive Alloys

1-5 has raﬁ IU@@tI 8¢1a0¢chan @t 69, HHi@fmbMhsRhe gé‘& & f MRl 8% @htcARQWbntained therein
0" thick. This material was anneal ed, bl asted, and

are lessmh@m( |6é°d) ofSbase of Carthparatmeg AHP@IS3WaS. cbhat armwleeldl ctulld be made that

has S8R Kb D 55U g, ATNGORRT A 4 gVt By P by materal cos
is surprasii}eal dewadil apti€ibhied fronp Ry iae Al | oys S3 1600, S3
1635, S21600, and S20100 are conmercially avail able

HIMOt he Ther meddispisnl Propeitine o6 Imicniye Alleye 1t akeye becarmeasured and

compaurg&J PA 'th%g oﬁlh{e?{ ? QP Exealgﬁler@&?ge{rggvg A ?g% §?ﬁ$(ﬂ? < ?%)50 433%1 600, and

rla uced comre
SzolooThﬁhef: aleasiired eidlPRMNgHAIte8de fsatn@Rcheradnt @Yonghtiors basw R4inch gage
[ t he equatlon dlscussed her ei n above

Table 1. in .
length, ppE Ofjen &yéﬁlﬁlggt #g showrel Igbleat- e he fraplolsty Wt Pendyisted on 0.100

Cc I t
s AL TRLE i STk P sl Lo Dddcap

were rdmam nuteaial bWeeﬁm#()oww @0f0-inchotheke all| tysts B}@&Aﬁ@rfdfhed at room

fe er f or h allo n Tab | so
temperqiie, i 0gf eAaagn SRl Hoatoldu S HTEm idRnlegTngth, ksi;
elongatﬁlnl ?&%eﬂt 5)15&1 el\%ghaghﬂorlﬁd‘h%g redls eaﬂ% 8én fR%$ thchafta, the Inventive
val ues were also calculated for the

Alloys, aimﬂoy@aﬁwumammx@nmve Adlows diand % exbihded a¢mmrablcmﬁ@pertles to those of
entlve Al |

the cornrne&c%fly 3% 1@% N3, 6%? Imata’lalt IT% IInven‘MY RrY]lg}/% ﬂgﬂe}zer 11%1?'uded less than

I't7°si reS|s ance

half thd eérnBAtr&font 6 fioRAHNAL AINE siphlRYS S Eesd GAyERREuR3thA® 38 Comparative
Table 1 [0048] Table 1 also shows a raw material cost

Alloy S3hede Tirvaeyificomtivciawes ppneeagationeofithe epithy alloywesclgragnts nickel and

molybd%%@ﬁ iebl®in %Ltotlnl](? h?\/lg? of %%E V&lld%‘Jslép ¥nd3 al 03¢ 4?-%23%5 than for

was cal c ylng the average Cc
Compai200d Alsy $dIr63the Daspltﬁfaﬂmm albstaraiallCr redibed Neveldvof Vickel and

molybdenum, however, Inventive Alloys 4 and 5 had an austenitic microstructure and exhibited
yield and tensile strength significantly better than for Comparative Alloy S31635.

[0050] The potential uses of these new alloys are numerous. As described and
evidenced above, the austenitic stainless steel compositions described herein are capable of
replacing S31600 and notably S31635 in many applications. Additionally, due to the high cost
of nickel and molybdenum, a significant cost savings will be recognized by switching from
S31600 and S31635 to the inventive alloy composition. Another benefit is, because these
alloys are fully austenitic, they will not be susceptible to either a sharp ductile-to-brittle
transition (DBT) at sub-zero temperature or 885°F embrittlement at elevated temperatures.
Therefore, unlike duplex alloys, they can be used at temperatures above 650°F and are prime
candidate materials for low temperature and cryogenic applications. It is expected that the

corrosion resistance, formability, and processability of the alloys described herein will be very
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and Co by the percent of each elenment contained in the
alloy and dividing by the cost of theraw materials in
w@ormpasabs ve Al l oy S3 1635. As the cal cul at ed PEI/USD08/054396
show, Inventive Alloys 1-5 has an RMCI of |ess than
0. 65, which neans the cost of the raw materials
contained therein are | ess than 65% of those in
Conparative loy S3 1635. That, a materi al coul d. be
close (GoaBC ottt oRNERF Y Blser SRSt CORDIHSAPBE I o apByfacture for
which &3 633 &coRdifil ABI fiCAREdNY diSUGurd AVbUIRLRT hatictRAY ddantageous
surpri'sing and was not anticipated fromthe prior art.
include[ fy0493mpiseflersbleannecstorp fayperonmasycekhaustant ather applieagions, bellows,

... 1-5 have bheen asur ed .and conpared. to t.hgse )
flexible et Sy es e e s ruRuEda ol &ay aeily gganufacture
these addsther HBIUCHOT maREFSER1LOOM tHglldBagbsrathg)tb @hdp@ldne gt bsure using

tensile strength, percent elongation over a 2-inch
convenigeny Meswgelring fshmagesn cup hei ght are shown in Tabl e

et I y t 10Q" .
ST POAF 5 B BT A0 0, 9 o o i
numbert ¢l @kbimphte,Sthosenell dldemal) sletl iaube tedstaat wervallrappredinte that various
mat eri al between 0.040-and 0, 050-inch thick. Al tests i
changesgrte geparBhnEyl Bet e %ﬁﬁék&tl@ o tha gy sghat e _g%ﬁnadescrlbed
and illdsﬁat%—@@eﬁiﬁlgﬁ?eoea@aéé)t) MWRe skl Gn it %@,%Ja angl,d etﬁé%ik‘l@ations will
strength, ksi; elongation, percent; Q’sen cup height,
remain iwithive she pisncga abé ssepenoff thompreshet distlasure he expressad ihgeein and in the

| oys, and in, particul Inventive Alloys 4 and 5, . .
appendl T odt CotiPiine raes dhEant & ehbs @GR not limited to the
particul6OBHBE Eindhis MiRYARLY 3Pk oPdrakbBRerBE 8L Blinted & oNYRBE ¥8ifications

Al'l oys, however, included |ess than half the
that arecpitfe the priticime ofd piopk eff thnidvention, &9 dalinkil darhe¢ glaines slt will also be

.ol ybdenum,than. i n Conpar ative All S3 1635, Th .
apprem%?%ry??'ﬁlg%saen 131@6"1 e oML heniry e et ectcg?s?lf’ ;?meo"dlments above
withoutalep @¥inf Gro@t SRR iR Gkiot candpibbibdenum i s such t hat

the RMCI of Conparative Alloys 4 and 5 at | east 40%

| ess than for Conparative Alloy S3 1635. Despite their

substantially reduced | evels of nickel and nol ybdenum

however, Inventive Alloys 4 and 5 had an austenitic

m crostructure and exhibited yield and tensile

strength significantly better than for Conparative

Al'l oy S3 1635. [0050] The potential uses of these new

al l oys are nunerous. As described and evi denced above,

the austenitic stainless steel conpositions described

herein are capable of replacing S3 1600 and notably S3

1635 in many applications. Additionally, due to the

hi gh cost of nickel and nol ybdenum a significant cost

savings wll be recognized by switching from
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S3 1600 and S3 1635 to the inventive alloy
conposition. Another benefit is, because these alloys
w@e@ofsd4hy austenitic, they will not be susceppPCDhUS2008054396

either a sharp ductile-to-brittle transition (DBT) at

sub-zero tenperature or 885 F enbrittl enent at

el evated tenperatures. Therefore, unlike duplex

al | oys, they can be used at tenperatures above 650 F
CLAJN@ﬂd are prinme candidate materials for |ow tenperature

d cryogenic applications. It is expected that the

We clai@®@r rosi on resi stance, formability, and processability

of the alloys described herein will be veryclose to

t hose of standard austenitic stainless steels

Speci Ancusieniticl enlgss siep epaWEsE, foveighi ¥h upHe 030 6y3.0-9.0 Mn,
ondi t e [ S
w0 SRR 2L 8 PO RIE DM TV, M50 35 N w0 40w
(7.5(%€)) ex(Ndl e TC OV €TA 0173) £0r5, apt@d0t iBy @p ex h8udd, ivndndihpurities.
applications, bellows, flexible pipe, and chi mey/fl ue

i ner Those . havi ordinary. skill.my readily
han uf i@? ?J‘fséenﬂthfe%t%mg?g%“%‘i REFOTANE{TR Flégnngf WHERF act ur e
fromthe alloysoacconging/)e 4.be present disclosure
usi ng conventional manufacturing techni ques. [0051]
Although the foregoi ng description has necessarily

Br esehbedussanitjc Hainjess stee] apempiag o Flasndodhersit s, t hose
of ordinary skijplsd heytgleygnt art will appreciate
that various chahgégw§n t& “appar atus and net hods and
ot her details of the exanples that have been descri bed
and i Thesustenitedsthioloss steetmycdrdinguel elaby 1t Wbsreinski | | ed i n
the art, and all ,su difieations will remain wthin
the principle a%g-s@§§g88*—?%% present disclosure as
expressed herein and in the appended clains. It is
snder Sheagkteritiestaihsestedl hatortiing tpclagent whevemnti on i s
not limted to tge 8$rtich§r enbodi nents di scl osed or
i ncor porat ed hef&iHNEUEC) S 7Pt ended to cover

nmodi fications that are within the principle and scope

8f thené BYRMiIiOBindss A8kl AQErdiNg td6lafth 3l WBving b PREL value greater

al so be appreciated by those skilled in the art that
than 22changes coul d be made to the enbodi ments above without

departing fromthe broad i nventive concept

her egf . GLAl . c| aj : a i.tic stainless

ool ?Ié%n‘prt 2y cnég{\$1n}%ﬁ£ s Fla@c? lu%ﬁ%% .20 C, 2.0-9.0

Mh, up to 2(D58kC))I6Nb 2316 WCrrTat. Y Z.10.Ni, up to 3.0

Mo, up to 3.0 Cu, 0.05-0.35 N, upto 4.0 W (7.5(%))

g (()Nggfl-e g¢56%itg%égi?1}?s%§%%liozgféinsl’1, lcjé’mf)r?sigg QtjleaBs’[ 01 q\l‘tg.o

9. The austenitic stainless steel of claim 1, wherein

(7.5(%C)) <Nb < 1.5.

10. The austenitic stainless steel according to claim 1, having a PREw value of greater
than 22 up to 30.

11. The austenitic stainless steel according to claim 1, having a ferrite number less
than 10.
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2. The austenitic stainless steel according to claim
1, wherein: 0.5 < (M + W2) <5.0. 3. The austenitic

wGer@9res steel according to claiml, wherei nPCDUS2088/054396

to 10.

(Mo + W2) < 4.0. 4. The austenitic stainless stee

according to claim1, wherein: 1.0 < (N + Co) < 8.0.

5. The austenitic stainless steel according to claim

1, wherein: 4.0 < (N + Co) < 7.5. 6. The austenitic
ai nl.ess ste or dj Vln

Th ue 155 autefit siTSS SlehPofluf,fPikiet 15f pipatither than 0 wp

steel of claim1, mhereln. (7.5(%)) < (No + Ti + V

+Ta + Zr) < 1.0. 8. The austenitic stainless steel of

claiml, conprising at least 0.1 Np. 9. The austenltlc

$8.ai niThe gusignatag stainlcss spehof clajgnds baving 7 faptaayumbenpt X up to 5.

1.5. 10. The austenitic stainless steel according to

g%.?i ﬁﬁte % ﬂé’ﬂiﬁ@ sﬁhﬁg@@te\éﬁh%ﬂr(ﬂ %% et g hlaélﬂg%zl\/ﬂﬁo LQlue of less

e austenitic stainle steel ‘accor

than abelt0AC1, having a ferrite nunber |ess than 10. 12 The

-10°C.

austenitic stainless steel of cIain11 havi ng a

iggtr Ie&ﬁ? ?@nggtg? g %Egtﬁélga[%g%t% ‘lﬁptgfqu I ngvlinﬁ§q§1)3o value less than

ferrite nunber of 3 up to 5. 14. The austenltlc
stainless steel according to claim11, having a MD30
val ue of |ess than about 200C. 15. The austenitic

$6.ai niTbe guderde staades dicaboftdaigl hicemprisigwimtg tal MB30
val ue |l ess than -100C

17. The austenitic stainless steel of claim 1, comprising 0.5 to 1.0 Si.

18. The austenitic stainless steel of claim 1, comprising 2.0 to 8.0 Mn.

19. The austenitic stainless steel of claim 1, comprising 3.5 to 6.5 Mn.

20. The austenitic stainless steel of claim 1, comprising 4.0 to 6.5 Ni.

21. The austenitic stainless steel of claim 1, comprising 17.0 to 21.0 Cr.

22. The austenitic stainless steel of claim 1, comprising 0.4 to 2.0 Mo.

23. The austenitic stainless steel of claim 1, comprising 0.5 to 2.0 Mo.

24. The austenitic stainless steel of claim 1, comprising, in weight %, up to 0.10 C,

2.0-8.0 Mn, up to 1.00 Si, 16.0-22.0 Cr, 1.0-7.0 Ni, 0.40-2.0 Mo, up to 1.00 Cu, 0.08-0.30 N,
(7.5(% C)) < (Nb + Ti + V +Ta + Zr) < 1.5, 0.05-0.60 W, up to 1.0 Co, up to 0.040 P, up to

0.030 S, up to 0.008 B, iron, and incidental impurities.

25. The austenitic stainless steel of claim 24, wherein:
0.5<(Mo+ W/2)<23.

26. The austenitic stainless steel of claim 24, wherein:
1.0 <(Ni + Co) <8.0.
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16. The austenitic stainless steel of claimi1l,
conprising up to 0.10 C 17. The austenitic stainless
wat@elosahs cl aim 1, conprising 0.5 to 1.0 Si. 1BCT/URM08/054396
austenitic stainless steel of claim1, conprising 2.0
to 8.0 Mh. 19. The austenitic stainless steel of claim
1, conprising 3.5 to 6.5 M. 20. The austenitic
ain ss steel of, clai ,, CO risin 4.0.to
312" THER Suirdie siPbict: Srlobtt R Mo gttt gt 61 R
conpr|3|ng 17.0 to 21.0 Cr. 22. The austenitic

sg ai nires sustdn@®d st@hleSd @bdNok claGRPAr WhéBH: 0.4 to 2.0 M.
23. The austenitic stainless steel of claim1,

conprising 0.5 to(25@°WB <3< lthe austenitic stainless
steel of claim1l1, conprising, in weight % up to 0.10

% 2. Qh% \gst%mt I\X)Qtalntl&s ]ste%pgis&lam}q OQ%I%&lgn in v;e(lgntz’ )Jp to 0.08 C,
3.5-6. SC)\/)n <upNmp +.00 §i, Vl?-([fél-l() Ay, 6.512.6, Mn,08:006.60 SWNiup0.08-0.30 N,

754 B el 8 Gt 20 ed o 00 Clos o fsh sy Bido s. ron, ana

1nc1den§alﬁh frs Steel of claim24, wherein: 0.5 < (M + W2)
.3. 26. The austenitic stainless steel of claim 24,
mhereln. 1.0 < (N + Co) < 8.0.27. The austenitic
80.ai nilhe gussandieq staihless spehofglaim@fpwhermy at | east 0.1
Nb. 28. The austenitic stainless steel of claim 24,
wherein: (7.5(%)) 0.5\6 (Mo1: 9/2p94.0The austenitic
stainless steel of claim1, conprising, in weight %

08 C. .3, .tg,1.00 Si, 17.0-21.0 Cr,
3 ' 8 f\‘)bStenl“‘bSt%mg’S%St%q Ofgﬁﬁtg%8 el Nas . (7.5(% Q) <

(Nb + Ti +V +Ta + Z 01.0Cu, upto
0.050 P, up to 0.036{§<(Fe3ﬁk”§§aglnC|dentaI
impurities. 30. The austenitic stainless steel of

g ai MrRY austdi@i &ithlinlels Stedt o(f Maird 2W compristhlat 1&%t 0.The.

austenitic stainless steel of cl a|n129 wher ei n;:

33. The austenitic stainless steel of claim 29, wherein:
(7.5(%C)) <Nb < 1.5.

34.  An article of manufacture including an austenitic stainless steel comprising, in
weight %, up to 0.20 C, 2.0-9.0 Mn, up to 2.0 Si, 16.0-23.0 Cr, 1.0-7.0 Ni, up to 3.0 Mo, up to
3.0 Cu, 0.05-0.35 N, up to 4.0 W, (7.5(%C)) <(Nb + Ti+ V +Ta + Zr) < 1.5, up to 0.01 B, up to

1.0 Co, iron and impurities.

35. The article of manufacture of claim 34, wherein the austenitic stainless steel

comprises at least 0.1 Nb.

36. The article of manufacture of claim 34, wherein the authentic stainless includes

Nb in the range of (7.5(%C)) <Nb < 1.5.

37. The article of manufacture of claim 34, wherein the article is adapted for use in at

least one of low temperature and cryogenic environments.
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4.0 < (N + Co) < 7.5. 32. The austenitic stainless
steel of claim?29, conprising at least 0.1 No. 33. The

wan@vesiss c stai nl ess steel of claim?29, wher eP@T/US2008/054396

(7.5(%)) Nb < 1.5. 34. An article of manufacture
i ncluding an austenitic stainless steel conprising, in
weight % up to 0.20 C, 2.0-9.0 WMh, up to 2.0 Si,

.0-23.0 Cr, 1.0-7.0 Ni, ) 3.0 M, .0 3.0 Cu,
$§05 éﬁ% grtmle B%mtaau&c@relv\?f gl-gll’% g&cyv?lergm( ‘mgpqﬁlglp 1§ sg}quq% from the

group cbnébilngofla BexiBR dRAnletOl aBellBRs ! O 1dxiBlcGpe,id &Hmﬁ@? liner, and a flue

liner.

inpurities. 35. The article of manufacture of claim
34, wherein the austenitic stainless steel conprises
at least 0.1 Nb. 36. The article of manufacture of
claim 34, wherein the authentic stainless includes Nb
in the range of (7.5(%)) < Nb < 1.5. 37. The article
of manufacture of claim 34, wherein the article is
adapted for use in at |east one of |ow tenperature and
cryogeni c environnments. 38. The article of manufacture
of claim34, wherein the article is selected fromthe
group consisting of a flexible connector, a bellows, a
flexible pipe, a chimmey liner, and a flue |iner.
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