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20 BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
The present invention relates generally to duplex stainless
steels. In particular, the present invention relates to duplex stainless steels
25 that can be an economical altemative to certain known duplex stainless
steels, while also providing improved corrosion resistance relative to certain
austenitic stainless steels, such as the Type 304, 316 and 317 austenitic
stainless steels. The present invention is also directed to a method of
manufacturing the duplex stainless steels of the invention. The duplex
30 stainless steels of the present invention find application in, for example,
corrosive environments and into articles of manufacture, such as, for

example, strip, bar, plate, sheet, castings, pipe or tube.



DESCRI PTI ON OF THE | NVENTI ON BACKGROUND Dupl ex stainless steels are alloys
that contain a mcrostructure consisting of a m xture of austeniteU%lg 2006
ferrite phases. CGenerally, they exhibit certain characteristics of W
phases, along with relatively higher strength 5 and ductility. Various
dupl ex stainless steels have been proposed, sone of whi ch are described In

U S. Pat eq,g%{,\%;sa , 650, 709, 4, 340, 432, 4,798, 635, §8§§U§2§63ﬁ%d238’508’

5,298, 093 04, and 6, 096, 441. Early dupl ex aIon erate
resi stance to general corrosion and chloride stress corrosion cracking, but
suffered a substantial 10 | oss of properties when used in the as-wel ded

condition. Presently, DESCRIPTION OFTISE INVENTIONBACKSROUNMD gener ati on dupl ex
stainless steels is available under the trademark AL 2205 (UNS S31803

and/ or 32205) from All G_T)lhﬁé)b'stélmélss@reel%f@él ogé traP corfthih ahigrd@fuctfiennsy| vani a.

This duplex stainless steel is a nomnal 22% chrom um 5.5% nickel, 3%

ol ybdenunm  artgngtRra hiRaest diitals g Fe'ﬂ&ﬁ pRESA. dEmoRaI BB BRnisies! st ance

in many environnments that is superior tot Type 304 16 a

austent i ¢t fohlfi3hatioRibfsdrBbEhasd ot 3n Bl Af AiferGBgA! 20cs herein

are wei ght percentages of total \ivel ght

ni L1 ogen- eha 'b{‘ﬁﬂ%ugfdfﬂf.g?f?rﬁ)t&@g\%ﬁﬁ§ta§1t|éas§|stetehsaﬁ o BREN biopblicy, SBRaY! orgical

benefits o rogen corrosion e an wel ded

Convent | onal - TGYCAR e | balrd KOE Sk Doy g A P68 01 ool 1 7
orten, veed | RSP R Rohed kbl BeRi B G pponent s, as vell a5 2
corrosion and chioride Earf v u%leioaﬁloy Sha?inmg e?a(ftle( res?stgr;c«sa(%cgenergl | mportant. The 2
corrosion and chloride stress corrosion cracking, but suffered a substantial
10 loss of properties when used in the as-welded condition. Presently, one of the
most widely used second-generation duplex stainiess steels is available under
the trademark AL 2205 (UNS $31803 and/or 32205) from Allegheny Ludium
Corporation, Pittsburgh, Pennsylvania. This duplex stainless steel is a
nominal 22% chromium, 5.5% nickel, 3% molybdenum, and 0.16% nitrogen
15 alloy that provides corrosion resistance in many environments that is superior
to the Type 304, 316 and 317 austenitic stainless steels (Unless otherwise
noted all percentages herein are weight percentages of total alloy weight). AL
2205, which is a nitrogen-enhanced duplex stainless steel that imparts the
metallurgical benefits of nitrogen to improve corrosion performance and as-
20  welded properties, also exhibits a yield strength that is more than double that
of conventional austenitic stainless steeis. This duplex stainless steel is often
used in the form of welded pipe or tubular components, as well as a formed
éhd Welded sheet prdduct in environments where resistance to general

corrosion and chloride stress corrosion cracking (“SCC”) is important. The



0 2 MAR 2006 WD 03/038136 PCT/ US02/ 06366 increased strength creates
opportunities for reduction In tube wall thickness and resists handﬁ?@ﬂR?WS
darmage. As just indicated, AL 2205 has been w dely accepted by tube

pi pe end users, partlcularly as a |l ow cost replacenent to Type 316 5
stainless steel when SCCis a concern. This is due, in large part, to the
fact thatweé\bsodg@p is significantly nore resistant topgy ﬁdzﬁ%e@o”os' on t han
the Type 316 and Type 317 austenitic stainless steels. I'S superi or
resistance to chloride-ion crevice corrosion is illustrated in the table
bel ow, which shows the results of ASTM Procedure (48B using a 10%ferric

chl ori de sol utinereaseBratrehfthld8atéeopportunitibior rbeustinui tube wailtRickedst 0 i s by
wei ght for the hexahydrate salt and is equivalent to an approxi mtely 6% by

wei ght sol uti (m]dcrésigtbmaaalh-}gct[me ferric chloride salt. Cre rl arrosl '"Dto
fn OoFo rlc | lorid ' Fh fl i o , COaCorrosion {r | E"'" ~~ +F~I
131 1 ~ ~w f7 1i 1"3 Rsjustindigamed 3UE2X5 Has Bedn Wity sbLE5RE by ADe
and pipe end users, particularly as a low cost replacement to Type 316
5 stainless steel when SCC is a concemn. This is due, in large part, to the fact
that AL 2205 is significantly more resistant to crevice corrosion than the Type
316 and Type 317 austenitic stainless steels. This superior resistance to
chloride-ion crevice corrosion is illustrated in the table below, which shows the
results of ASTM Procedure G488 using a 10% ferric chloride solution. The
10 | 10% ferric chioride solution referred to is by weight for the hexahydrate salt

and is equivalent to an approximately 6% by weight solution of the anhydrous

ferric chloride salt.

Type 316 27°F (-3°C)
Type 317 35°F (2°C)
AL 2205 68°F (20°C)

However, the extraordinary corrosion resistance (and other
properties) of AL 2205 may be greater than Is required in some applications.
15  In certain SCC applications, while AL 2205 would provide an acceptable
technical solution, it may not be an economical replacement alloy for Type

304 stainless steel. The higher cost of AL 2205 is due primarily to the



AL 220568F (20C) However, the extraordinary corrosion resistance (and ot her
properties) of AL 2205 may be greater than Is required in sone appli O@MR%&E
15 In certain SCC applications, while AL 2205 woul d provi de an accetqt
technical solution, it may not be an econom cal replacenent alloy for Type
304 stainless steel. The higher cost of AL 2205 is due primarily to the 3 0
2 MAR 2008y/2,08k33038136 PCTI USO2/ 06366 anmounts of the é{.,th g el ements

ni ckel (nom nal 5.5% and nol ybdenum (nom nal 3% . TFI |s desirable to
provi de a wel dabl e, formabl e duplex stainless steel that has greater
corrosion resistance than the Type 304, Type 5 316 or Type 317 austenitic
stai nl ess st edmountiiofiag aleying elementenickal Mnai@:ﬁ%bmd mblybdanue cormonl y used
AL 2205 dupl ex stainless steel. SUMVARY OF THE | NVENTI ON The present

i nvention rel dnewineb3%).dupl ex stainl ess steel 10 exhibiting corrosion

resi stance and having reduced anounts of the alloying elenments nickel and

nol ybdenum rel ati ve to Thusek istispirable ot rovides wekiable| formablacupiékng AL 2205.
Accordi ng to one enbodi nent of the present invention, the duplex stainless

steel conpri sestginless staelghathaelgmatérconpsmmre@ls%ceﬂtanethé Typea8®RTypd 5 per cent
to less than 19 percent chromum 1 percent to |less than 3 15 percent

ni ckel ; up s o A6 Tpe G¢NbusterifrsisinRss gesidtand nidyhave aldwaprédittionp to 0.35
percent nitrogen, up to 2 percent silicon, up to 1.5 percent nol ybdenum up

to 0.5 percentcogpipaRthe mrhm@us?edmrmstdt@m%témlesa%téa. 0. 05 percent

SUMMARY OF THE INVENTION
The present invention relates to a duplex stainless stee!

10 exhibiting corrosion resistance and having reduced amounts of the alloying
elements nickel and molybdenum relative to other duplex stainless steels,
inciuding AL 2205. According to one embodiment of the present invention,
the duplex stainless steel comprises, in weight percent, up to 0.06 percent
carbon; 15 percent to less than 18 percent chromium; 1 percent to iess than 3

15 percent nickel; up to 3.75 percent manganese; greater than 0.12 percent up io
0.35 percent nitrogen, up to 2 percent silicon, up to 1.5 percent molybdenum;
up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05 percent
phosphorous; up to 0.005 percent sulfur; up to 0.03 percent boron; iron and
incidental impurities. According to another smbodiment of the present

20 invention, the duplex stainless steel comprises, in weight percent: up to 0.06
percent carbon; 15 percent to 25 percent chromium; 1 percent fo less than 2.5
percent nickel; up to 3.75 percent manganese,; greater than 0.12 percent to
(.35 percent nitrogen; up to 2 percent silicon; up to 1.5 percent molybdenum;

up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05 percent



phosphorous; up to 0.005 percent sulfur; up to 0.03 percent boron; iron and
I ncidental inpurities. According to another enbodi nent of the preseﬂhg%&zmm
i nvention, the duplex stainless steel conprises, in weight percent: (o]
0.06 percent carbon; 15 percent to 25 percent chromum 1 percent to |ess
than 2.5 percent nickel; up to 3.75 percent manganese; greater than 0.12

percent t percent nitrogen; up to 2 percent sili . to 1.5
per cent nooyog'géﬁﬁsm up to 0.5 percent copper; up to B‘l;gg%g?dége%nt cobalt; up

to 0.05 percent 0 2 MAR 2006 WD 031038136 PCT/ US02106366 phosphorous; up to
0. 005 percent sulfur, 0.001 percent to 0.0035 percent boron; iron and

i nci dent al i mphoesphogaus; Hp t0.60% percentysatfura®.00 h percenttto @i0D8Apement t he present

i nvention, the duplex stainless steel conprises, in weight percent, up to
0. 06 percent dardmiron 2bd neidestat inporitiess Adcbmingé y6t sretieerwmbobdimentofn 1 5
percent to |l ess than 3 percent nickel; up to 3.75 percent manganese; greater

than 0.12 per dempresenttiovedtion tiredupex stainlesogesl, comprises, I weightgidrednt] i con; up
to 1.5 percent nolybdenum up to 0.5 percent copper; up to 0.2 percent

cobalt; up t qplo@D6Rres babe sty Rreant to less than 21 8QferdeRE siRBimiumt!f ur, 0. 001
percent to 0.0035 percent boron; iron and incidental inpurities. 10 The

present i nwentjepidnbloiBsd A BYRrdept MEke);Ups 3915 pereunt AhyafesesSytebteps, for
exanple, strip, bar, plate, sheet, castings, tubing, or pipinhg fabricated

fromor incl UC{E&I@OHE‘?S%R{@(to%ﬁﬁér@é&gﬁgsgﬂé;ﬁ?%ztﬂé‘?ce?ﬁﬁﬁé‘d?ﬁ upkdrvention. The

articles formed of t dupl'ex stalnles of 'the present 1nvention may

Conar o o, oruls ENEREORR 50 1 05TRRER ABbon 102 e Polher O
methods for NG dhRlrEht 3hodgRbRRR; o BY.005 ddlcdtREiED.851 pdlESGRts! N9 to the
0.0035 percent boron; iron and incidental impurities.
10 The present invention also relates to articles of manufacture
such as, for example, strip, bar, plate, sheet, castings, tubing, or piping
fabricated from or including the dublex stainless steels of the present'
invention. The articles formed of the duplex stainless steels of the present
invention may be particularly advantageous when intended for service in
15  chioride containing environments. Furthermore, the present invention relates
to methods for making duplex stainless steels. In particular, according to the
method of the present invention, a duplex stainless steel having a chemistry
as previously described is provided and is subject to processing, including
solution annealing and cooling. The stesl may be further processed to an

20  article of manufacture or into any other desired form.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to duplex stainless steels

characterized by including reduced amounts of the alloying elements nickel



met hod of the present invention, a duplex stainless steel having a chem stry
as previously described is provided and is subject to processing, ipglyug |@%
sol ution annealing and cooling. The steel may be further processed to an
article of manufacture or into any other desired form DETAILED DESCRI PTI ON
OF THE | NVENTI ON The present invention relates to duplex stainless steels
char act er kgfidoliag NCl udi ng reduced anounts of the all gypighGisgeENts nickel 5
0 2 MAR 2006 WO 03/038136 PCT/ US02106366 and nolybdenun1refat|ve to certain
known dupl ex stainless steels, including AL 2205. In particular, the duplex
stainless steel of the present invention contains, in weight percent: |ess

than 3 per centanti miibdeHish fefstive td@sitak @omﬁ%fuﬁ%ﬂfstdméé@@@éwrmclﬁﬁﬁgﬂdi ng to

one particul ar enbodi nent of the present i nvention, the dupI exX stainless
st eel COWD“SeRL22@5V‘Iﬂ'ﬂ&hlcul%‘?ﬁﬁ@ﬂﬁple#ﬁah%s@sl@@lof@[‘i‘éﬁr%@% fsh 15 percent
to less than 19 percent chromum 1 percent to less t percent ni ckel ;

up to 3.75 per%cﬁvgémm%it@ﬁ?ﬁeirc&{tqgésethaﬁ Q%?rcgnﬂﬁckepﬁﬁffa% h‘éﬁ Jt!? 0.35 per cent

nitrogen; up t percen I con er cent énum up to 0.5

per Cent COBDE ot %esrd@aggbae%enq.ae%b% A B8l RS ERr o

up to 0.005 percen boron; Iron ci dent al
o €5 Ao A e Ao SRR R BRL o
o Con 15kl B 5 T SR A 52 1.0
up to 0.35 per I%gs? Ehagl‘dt preo ent nchgI up t023 Pf {,é:rgéﬁt msa{nlg!a\r?gsne gregte;[r(t)han 0. 1f ercent
percent up to 0.35 percent nitrogen; up to 2 percent silicon, up to 1.5 percent
molybdenum; up to 0.5 percent copper; up to 0.2 percent cobalt, up to 0.05
10  percent phosphorous; up to 0.005 percent sulfur; up to 0.03 percent boron;
iron and incidental impurities. According to another embodiment of the
present invention, the duplex stainless steel includes, in weight percent; up to
0.06 percent carbon; 15 percent to 25 percent chromium; 1 percent to less
than 2.5 percent nickel; up to 3.75 percent manganese; greater than 0.12
15  percent up to 0.35 percent nitrogen; up fo 2 percent silicon; up to 1.5 percent
molybdenum; up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05
percent phosphorous; up to 0.005 percent sulfur; 0.001 percent to 0.0035
percent boron; iron and incidental impurities. According to yet another
embodiment of the present invention, the duplex stainless steel comprises, in
20  weight percent: up to 0.06 percent carbon; 15 percent to less than 21.5
percent chromium; 1 to less than 3 percent nickel; up to 3.75 percent
manganese; greater than 0.12 percent up to 0.35 percent nifrogen; up to 2
percent silicon; up to 1.5 percent molybdenum,; up to 0.5 percent copper; up

to 0.2 percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent



nol ybdenumy up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05
percent phosphorous; up to 0.005 percent sulfur; 0.001 percent to O.[0PR&R 708
percent boron; iron and incidental inpurities. According to yet another
enbodi mrent of the present invention, the duplex stainless steel conprises,
in 20 wei ght percent: up to 0.06 percent carbon; 15 percent to | ess than
21.5 pergihk omun | to less than 3 percent nickgl, 3. 75 percent
manganese; grggﬁgr than 0.12 percent up to Dﬂ35rperse§%yH#§?%§%n; up to 2
percent silicon; up to 1.5 percent nolybdenum up to 0.5 percent copper; up
to 0.2 percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent 6

02 MAR2 6 WD 00381024 nURIROTEE Sefcentbbrof; irdh A Indigs A Wnpliftie: 0035

percent boron; iron and Incidental inpurities. It will be understood that

in the steel clO#MAE drideRgoddthbt if B $t68] compodiiins jusirargtad asfbonsi | 1 con,
nmol ybdenumy copper, cobalt, phosphorus, sulfur and, in one enbodi nent only,

boron, are opth@ﬁ@dnese,rgn%ﬁ,%aymenm@@plﬁﬁIcobé‘u, gﬁ&aﬁams%mﬁ ghdligss steels

of the present invention preferably include the austenite and ferrite

phases, each ighflté}ﬁbgmg@ﬁ?,égggo\c{eg@dg@gﬁal p&%‘r’(@s@fﬂ’(@&&é‘? in the anneal ed

condition. Enbodi nents o upl ex " stainl'ess steels are’ wel dabl e,

Type 304, 316 and 317 aUlt et anes? HEEE e PRteelFL OB HSERET 1o T he
rvent  on may TRERCRE slefle EHEITe PhAYS, B e Telon e SatAfE Ves s are
knoun 10 e ks B RS SRR o o e R S unl,
stainless steels are weldable, formable materials that may exhibit greater
corrosion resistance than the Type 304, 316 and 317 austenitic stainiess
10 steels. In addition to the above elemental ranges, the duplex stainless steels
of the present invention may include various other alloying elements and
additives as are known in the art. Embodiments of the duplex stainless steels
of the invention may be less costly to produce than the commonly used AL
2205 alloy and certain other duplex stainless steels, because of a lower
15 content of alloying elements, particularly nickel and molybdenum.
Nevertheless, an enhanced level of corrosion resistance over the Type 304,
316 and 317 austenitic stainless steels is expected from the duplex stainless
steels of the present invention. Moreover, the duplex stainless steels of the
present invention provide a stable austenité phase (with respect to
20 deformation induced martensite) and the desired level of corrosion resistance.
Below, the nickel and molybdenum content of certain embodiments of the

present invention are compared to AL 2205.



2205 alloy and certain other duplex stainless steels, because of a | ower
content of alloying elenents, particularly nickel and nol ybdenum UZ&@QZ%U
Nevert hel ess, an enhanced | evel of corrosion resistance over the Type

316 and 317 austenitic stainless steels is expected fromthe dupl ex
stainless steels of the present invention. Mreover, the duplex stainless
st eel s of wd@nsfiieesent 1 nvention provide a stable aus],@ﬂhgﬁ se (with
respect to 20 deformation induced martensite) and the de5|re -l evel of
corrosion resistance. Below, the nickel and nol ybdenum content of certain
enbodi nents of the present invention are conpared to AL 2205. 7 D 2 MAR
2666 WD 031038136 PCT1US02106366 Anpunts.of Alloying Elamnts NIl and Ito (in

Wi ght Percent) Alloy, Pr eegnt vent | 5% norji nal 1 %
- less than 3% Mi3% W“@Ffé%&@y&'@?ﬁﬁgﬁ @@%8?&3&‘3@5‘%0@' ticost] of
production as conpare the cur ost] of AL, 2 s expeciled t hat
t he dupl ex stainl|ess: °é’3'i' réfgé% ent. { nVenﬂ%ﬁ M“I P %l bit

pi tting/crevice gorr ot PBW eSI $tance that ils 5 S|gn|f|cantly greater| than

t he Type 304, 31 and 31/ aust én st.al nI ess el s S expectied,
however, that thed steel S of the B]ng% m?'m)entlona% lhﬁUlLé‘/‘?educec

corrosion resist ﬂnce, %i& gr eat ers‘%tn ﬁﬁnapj or mabi [l tL}/ptoﬁf_aé]%AL

Despite an expected lower cost of production as compared to
the current cost of AL 2205, it is expected that the duplex stainless steels of
the present invention will exhibit pitting/crevice corrosion resistance that is

5 significantly greater than the Type 304, 316 and 317 austenitic stainless
steels. It is expected, however, that the steels of the present invention will
have reduced corrosion resistance, but greater stretch formability than AL
2205 due to the lower content of nicke! and molybdenum in the steels of the
present invention. Thus, the duplex stainless steel of the present invention

10  may be particularly advantageous as a lower cost alternative to AL 2205 in
less demanding applications in which AL 2205 is now used.

According to various embodiment of the present invention, the
duplex stainless steel may comprise, in weight percent, up to 0.03% C, at
least 17% Cr, at least 1.5% Ni, up to 2% Mn, up to 1% Si, 1% to 1.5% Mo,

15 and‘lor 0.001% to 0.0035% B, Thus, depending on the particular embodiment
of the present invention employed as a result of the corrosion resistance
requirements of the particular application, the duplex stainless steel of the
present invention may be less costly fo prodiice than AL"2205 and other

duplex stainless steels.



2205 due to the | ower content of nickel and nol ybdenumin the steel s of the
present invention. Thus, the duplex stainless steel of the present TJV l%dsﬂlﬂﬁ
10 may be particularly advant ageous as a lower cost alternative to AL 2

in |ess demandi ng applications in which AL 2205 is now used. According to
vari ous enbodi ment of the present invention, the duplex stainless steel may

conpri se, waowehight percent, up to 0.03% C, at | east f(f%ug at least 1.5%
Ni, up to 2% Nh, up to 1 %Si, 1 %to 1.5% N, 15 and/Sr O 00T % to 0.0035%

B. Thus, depending on the particular enbodi nent of the present invention
enpl oyed as a result of the corrosion resistance requirenments of the

particul ar applicati on, Thépredemlivensénalsd fsstosiolicled oftrhﬁuffﬂft&%em I nvention
may be |less costly to produce t han- AL 22D5 and-oti r- duplex stainless

steels. 8 0 2 bR a30RP eXdnfl3 1S bak piitd /sheb2ddings iy, Bﬁﬁ%ﬁﬁg i nvention

also relates to articles of manufacture such as:. for exa strip, bar,

plate, sheet, é‘cﬁﬁﬂds@&%f oﬁaHBhéﬂﬁgt gfé'x%'td?ﬁesscé?ém? ﬂﬁ Fnt lh\?%tlﬂﬂ' ng the

dupl ex stainl ess steel s of the pres I nventi on

ebodi ment . Of ARRIGHERRHe dRKAIAABS tHelFoh rfhoﬂfthéaﬁm%factwe 'S

conposed of or includes a starnl'ess s conprising, in weight

percent: U IO5 t O GntEctif IE €0fhp tﬂé @r mt%dé)?% ﬁﬁﬂg)k&tgmlle%%% egpgélrl?é'gs&gfo ercent

chrom um 1 percent to less ercent nic cent

per cent sl cﬁﬁw@pﬁ?@*&fﬂg?ﬂéé&@@ﬁ?’e‘wp@@aﬁﬁ Reh(i5 s T B0 i c‘c’,Bpé? “up
10 to 0.2 percﬁé?’&en‘f%Rl%lrﬁlum“ P pér%er%tglr’esg% ?pergen? %Eglrou%?’yg percent 005

per cent

manganese; greater than 0.12 percent up to 0.35 percent nitrogen; up to 2
percent silicon; up to 1.5 percent molybdenum; up to 0.5 percent copper; up

10 to 0.2 percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent
sulfur; up to 0.03 percent boron; iron and incidental impurities. According to
another embodiment of the present invention, the article of manufacture is
composed of or includes a duplex stainless steel comprising, in weight
percant: up to 0.068 percent carbon; 15 percent to 25 percent chromium; 1

15 percent to less than 2.5 percent nickel; up to 3.75 percent manganese;
greater than 0.12 percent up to 0.35 percent nitrogen; up to 2 p.ercent silicon;
up to 1.5 percent molybdenum; up to 0.5 percent copper; up to 0.2 percent
cobait; up to 0.05 percent phosphorous; up to 0.005 percent sulfur; 0.001
percent to 0.0035 percent boron; iron and incidental impurities. According to

20 yet another embodiment of the present invention, the article of manufacture is
composed of or includes a duplex stainless steel comprising, in weight
percent: up to 0.06 percent carbon; 15 percent {o less than 21.5 percent
chromium; 1 percent to less than 3 percent nickel; up to 3.75 percent o

manganese; greater than 0.12 percent up to 0.35 percent nitrogen; up to 2



sul fur; up to 0.03 percent boron; iron and incidental inpurities. According
to another enbodi nent of the present invention, the article of nanw@z r@
is conposed of or includes a duplex stainless steel conprising, in ﬁ@ﬂg b
percent: up to 0.08 percent carbon; 15 percent to 25 percent chromum 1 15
percent to less than 2.5 percent nickel; up to 3.75 percent nanganese;

greater tRQajpfessls percent up to 0.35 percent nitrogenpcisobfsigg PEr cent
silicon; up to 1.5 percent nolybdenum up to 0.5 percent copper, up to 0.2

percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent sulfur;
0.001 percent to 0.0035 percent boron; iron and incidental inpurities.

According to 2brierit siicer; uerto ¢ Bmetanemolybieriuie UPRE 88 Berédht 8figepiup the article
of manufacture is conposed of or includes a duplex stainless steel

conpri sing, i nows gércentR@bAIE b to U@S%r&n@&d@?ﬁ&ﬁlﬁﬁ: upd6 BYO5 pbReRET CeNt to
| ess than 21.5 percent ‘chromum 1 percent to |less than -3 percent nickel;

Up 10 3.75 pergt, oGRS 0.06F Aot BaonroharROh GERaHAlAic: 35 Per cent
aitrogen: up toan G pERCRH B 0, Qi jeRton} B drobvard Usozlo%%%&'g'grgcent

silicon; up to 1.5 per Cﬂ‘éddﬁ?&h)’thﬂ?@éﬁhi nfiéh Féia‘ie?ﬁf&ﬁg{h{;gg&gﬁékgg;f to 0.2

percent cobalt; up to 0.05 percen osphorous; up to sul fur,

0,903 percent. 4 8, e P3RS LREohBnETn Wolodtith 185! HERHerkdiPHbkd’ oS, |1

addi tion, the present Tnvention reldtes . a dupl ex
and Tees t han hBRMELAS neontFloRbuoR T RS o et BBkl of (e
Compr i si ng, 1 rTGERRY ey Penrcs Bude SaPleBn FBRLE PENIeYs Dercent to I ess
cofnprising, in weight percent: up to 0.06 percent carbon; 15 percent to less
than 19 percent chromium; 1 percent to less than 3 percent nickel; up to 3.75
10 percent manganese; greater than 0.12 percent up to 0.35 percent nitrogen; up
to 2 percent silicon; up to 1.5 percent molybdenum; up to 0.5 percent copper;
up to 0.2 percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent
sulfur; up to 0.03 percent boron; iron and incidental impurities, is provided.
The duplex stainless steel is subsequently solution annealed and then cooled.
15 According to another embodiment of the method of the present
invention, a duplex stainless steel is provided comprising, in weight percent:
up to 0.06 percent carbon; 15 percent to 25 percent chromium; 1 percent to
less than 2.5 percent nicke!l; up to 3.75 percent manganese; greater than 0.12
percent up to 0.35 percent nitrogen; up to 2 percent silicon; up to 1.5 percent
20  molybdenum; up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05
percent phosphorous; up to 0.005 percent sulfur, 0.001 percent to 0.0035
percent boron; iron and incidental impurities is provided. The duplex stainless

steel is solution subsequently annealed and cooled. According to yet another

embodiment of the method of the present invention, a duplex stainless steel is
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than 19 percent chromum 1 percent to |ess than 3 percent nickel; up to
3.75 10 percent manganese; greater than 0.12 percent up to 0.35 perc y
nitrogen;, up to 2 percent silicon; up to 1.5 percent nol ybdenum uﬁf? AR 2095
percent copper; up to 0.2 percent cobalt; up to 0.05 percent phosphorous;
up to 0.005 percent sulfur; up to 0.03 percent boron; iron and incidental

i mpuri ti esyo dspagisovi ded.  The dupl ex stainless steel psrashsgauently
sol uti on anneal ed and then cool ed. 15 Accordi ng to another enpodi nent of the

met hod of the present invention, a duplex stainless steel is provided
conprising, in weight percent: up to 0.06 percent carbon; 15 percent to 25

per cent chr oniproyiddd gumprising, inoveigit percehtanp B 6.0p perent carbark db pettent 0 3. 75
per cent manganese; greater than 0.12 percent up to 0.35 percent nitrogen;

up to 2 per certb lassltharo2t.5 pprcent chrémipsy ¢ paicedCo Nays \tdled pefcentihidkel; 0. 5 per cent
copper; up to 0.2 percent cobalt; up to 0.05 percent phosphorous; up to

0. 005 percent uptof3rs p&c&ﬂha@gamt,gr@ate@tr@afﬁﬁlz pRESR 0D 190138 Perden®n and

incidental inpurities is provided. The duplex stainless steel is solution

subsequent |y afiiieinedp fNE perRetflicoiupab 915 kréeht HRlybABRAIMEIp to®Eodi ment of

the method of the present invention, a duplex stainless steel 1s 10 0 2 MAR

2006 VID 0319380e3EThd307 BE350erBR bR RIDS Boftnt isHkgH, yper cent: up

to 0.06 percent carbon; 15 percent to 1.5 '‘percent ¢hfom um 1

peroent (o | €8 i berbdiFLARFL0 A1 iftant 1PoYSS GordhtBESHE b HRNGNCS S,

greater than 0.12 percent up : per cen rogen;  up to 2 percent

et Lo ol RS lesTBPIAARR Tho el 8 o loR fABEEoE2C T L,
0. 001 percent én%eglegpgi% Aefent boron; iron and ‘
[n any of the above methods, other processing techniques and

10  steps known to those in the art may be used. For example, the steels may be
further processed using known techniques to prbvida an article of
manufacture, such as those mentioned above, or into any other desired form.

it is to be understood that the present description iliustrates
aspects of the invention relevant to a clear understanding of the invention.

15 Certain aspects of the invention that would be apparent to those of ordinary
skill in the art and that, therefore, would not facilitate a better understanding of
the invention have not been presented in order to simplify the present
description. Although the present invention has been described in connection
with only certain embodiments, those of ordinary skill in the art will, upon

20  considering the foregoing description, recognize that many embodiments,
modifications, and variations of the invention may be made. All such
variations and modifications of the invention are covered by the foregoing

description and the follonHQ ciaiﬁs.
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incidental inpurities, is provided. The steel is subsequently solution
~anneal ed, and coaled. In any of the above nethods, other processing
technlques and 10 steps known to those in the art nay be used. For @;£WBﬂgﬁ
‘the steels may be further processed using known techni ques to provide an
article of nmanufacture, such as those nentioned above, or into any other
desired form It is to be understood that the present description
illustrates aspects of the invention relevant to a clear understandi ng of
the invention. 15 Certain aspects @Al i nvention that woul d be apparent
to those of ordinary skill in the ar nd that, therefore, would not
facilitate a better understanding of the invention have not been presented
in order to sinplify the present description. Al though the present
i nventi on has been described in connection wth only certain enbodi nents,
those of ordinary skill in the art wll, upon 20 considering the foregoing
description, recognize that nmany enbodi nents, nodifications, and variations
of the invention may be made. Al such variations and nodifications of the
invention are covered by the foregoing description and the follow ng
clains.1.11 0A AubkR 8D CLAEMCdMphsidgphexeighbpaicens gt ©ed.06 grpcdrsti gaghom;n

wei ght per cent o 0.06 percent rpbon;, 15 to |less than 19 r cent
Chr ot 8 101566 Ak 8D eieerd REPEBHD: e B8h e SRIFCRRARKS. i Slebianinup
perce”tto@f‘g?@?&ﬁwt ngér?gj’élrf‘egse‘i Q?éht@r ﬂﬂ%n@%%ﬁgo%ﬁ%@@éﬂt r‘!"t'r(5$é)r9%t gup to 2

percent si rcent nolyb m up 't ceént” copper; up
to 0.2 pqaeerctemhcm'obml tb;1.ﬁpnetr©erﬂ roslybeement upho Hphpe et cuppero uP. 10db2 per cent
sul fur ;peljrge%toco%aqt?up to 0.05 percent phosphorous; up to 0.005 percent sulfur; up to 0.03
percent boron; iron and incidental impurities, wherein the duplex stainless steel
comprises ferrite and austenite that is subStantially stable with respect to

deformation induced martensitic transformation.

2. The duplex stainless steel of claim 1 comprising up to 0.03 percent carbon.
3. The duplex stainless steel of claim 1 comprising 17 to less than 19 percent
chromium.

4. The duplex stainiess steel of claim 1 comprising 1.5 to less than 2.75 percent
nicke!.

5. The duplex stainless steel of claim 1 comprising greater than 0.12 to 0.20

percent nitrogen.

6. The duplex stainless steel of claim 1 comprising up to 1 percent silicon.

7. The duplex stainless steel of claim 1 comprising 1 to 1.5 percent molybdenum.

12



percent boron; iron and incidental inpurities, wherein the duplex stainless
steel conprises ferrite and austenite that is substantially stable YM?WNRZG%
respect to deformation induced martensitic transformation. 2. The dupl ex
*stainless steel of claim1 conprising up to 0.03 percent carbon. 3. The
dupl ex stainless steel of claiml conprising 17 to |l ess than 19 percent
chromum 4. The duplex stainless steel of claim1l conprising 1.5 to |less
than 2.75 percent nickel. 5. The duplex stainless steel of claiml
conprising greater than 0.12 to 0.20 percent nitrogen. 6. The dupl ex
stainless steel of claiml conprising up to 1 percent silicon. 7. The dupl ex
stainless steel of claiml conprising 1 to 1.5 percent nolybdenum 12 0 2
MAR 2006 8. The dupl ex stainless steel of claimi conprising 0.001 to 0.0035
percent boron. 9. An article of manufacture including a dupl ex stainless

st eel 1%0”p”rﬁé’& éﬁs%h@%%sté’@rcﬁ%% "r‘l‘?:oF@:» 9@0%@%‘@0{6?% certhdr g.'nezs

t han per cent rom um | ess ent nic reater t
up to 3.75 percent nanganese; greater than 0 12 up to 0.35 percent

nitrogen;, up to 2 percent silicon to 1.5 percent nolybdenum up to 0.5
percent: copﬁ@ramﬁl? et ?fé\“??eWPfU@HE%ﬁthW ﬁ@‘@e%sﬁﬁﬁ'&@ﬁﬂprﬁ%ﬁﬂw up

to 0. Ogérceﬂ?vbﬁg% 09 Eléfcen‘t’a HeorP 1%?109@5§ﬁ'55n hl)? Qe hif HoAHGm ':F%q@%[ﬁﬁ%n

impurities, rein ex stai nl ess stee conpr|se ferrlte an
aust end tperctmatmckselsgbsaamnthaﬁ PyipsibedhV & pencérit mesgactsé ardeferthat iCot upduced
rrartenltlctransforrratlon 0. Th rtlcle of claim9 églnthe artolgle

i s sel SCOHECRBIMIRIGY HRbiC R§f%eﬁ 'CP”O‘_’ED 19t d pErGRIt MYlyapenuay, ygio
casti ngerdePicBEpBRLPIPbMpercent cobalt; up 1o 0.05 percent phosphorous; up 1o 0.005

percent sulfur; up to 0.03 percent boron; iron and incidental impurities, wherein the
duplex stainless steel comprise ferrite and austenite that is substantially stable

with respect to deformation induced martensitic transformation.

10.  The article of claim 9 wherein the article is selected from the group consisiirg o1

strip, bar, plate, sheet, casting, iubing and piping.

11. A method fer making a duplex stainless steel, the process comprising: .
providing a duplex stainless steel comprising, in weight percent, up 1o 0.06
perceni carbon, 15 10 less than 19 percent chromium, 1 to less than 3
percent nickel, greater than 2 up 10 3.75 percent manganese, gresler
than 0.12 up 1o 0.35 percent nitrogen, up 10 2 percent silicon, up 10 1.5
percent molybdenum, up 1o 0.5 percent copper, up 10 0.2 percent
cobalt, up to 0.05 percent phosphorous, up to 0.005 percent sulfur, up
1o 0.03 percent boron, iron end incidental impurities;
solution annealing the steel; and
cooling the steel;
wherein the duplex stainless steel comprises ferrite and austenite that is
substantially stable with respect to deformation induced martensitic

transformation.
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1 1. Anmethod for meking a duplex stainless steel, the process conprising .
provi ding a duplex stainless steel conprising, in melght percent, up to
percent carbon, 15 to |l ess than 19 percent chromium 1 to |ess than[BZMARZ%ﬁ
per cent nickel, greater than 2 up to 3.75 percent nanganese, greater than
0.12 up to 0.35 percent nitrogen, up to 2 percent silicon, up to 1.5

percent nol ybdenum up to 0.5 percent copper, up to 0.2 percent cobalt, up
to 0.05 percent phosphorous, up to 0.005 percent sulfur, up to 0.03 percent
boron, iron and incidental inpurities; solution annealing the steel; and
cooling the steel; wherein the duplex stainless steel conprises ferrite and
austenite that is substantially stable with respect to deformation induced
martensitic transformation. 13 0 2 MAR 2006 12, A duplex stainless steel
conprising, in weight percent: up to 0.06 percent carbon; 15 to 25 percent
chromum 1 to less than 2.5 percent nickel; greater than 2 up to 3.75

per cent nanganese greater than 0.12 up to 0.35 percent nitrogen; up to 2

perceng, Si i t r, up
S o2 o g 0ed A SRR AR erl B oo 0 FRER CAOBRT . |
sul fury5@ QBJpéroeﬂt Eir3miumeriaenesdiaone . SigepoedttickaIcgrdatdrahan s id 8.¢S,
wherein the duplex stainless steel conprises ferrite and austenite that is

subst aR@icent W%Q?(ﬂeée\/\me@t?reg\?@cq 1?6’? 9t 89 PEIGHBI r‘l'tmﬂﬁibdlpriﬁr?c BREEDT ¢
t f f t
0r ggs ge}pg%ﬁlt car bonpgﬁ&%ﬂfi”@ﬁ%aﬁhl ex ‘st al nIFgegls:e@t eog}l of c%a?%%g}oﬂgr |u§| ng

17 to Q@ozﬂitan.q:emm&)lﬁrmmcem phosphorous up to 0.005 percent sulfur; 0.001 to 0.0035
percent boron; iron and incidental impurities, wherein the dupiex stainless steel
comprises ferrite and austenite that is substantially stable with respect to
deformation induced martensitic transformation.

13. The duplex stainless steel of claim 12 comprising up to 0.03 percent carbon.

14.  The duplex stainless steel of claim 12 comprising 17 to 20 percent chromium.

15.  The duplex stainless steel of claim 12 comprising 1.5 to less than 2.5 percent

nickel.

16.  The duplex stainless steel of claim 12 comprising greater than 0.12 up to 0.20

percent nitrogen.
17.  The duplex stainless steel of claim 12 comprising up to 1 percent silicon.
18.  The duplex stainless steel of claim 12 comprising 1 to 1.5 percent molybdenum.

19.  An article of manufacture including a duplex stainless steel comprising, in weight

percent: up to 0.06 percent carbon; 15 to 25 percent chromium; 1 to less than 2.5

14



A15. The duplex stainless steel of claim12 conprising 1.5 to less than 2.5
percent nickel. 16. The duplex stainless steel of claim12 conprisin%
greater than 0.12 up to 0.20 percent nitrogen. 17. The dupl ex stalnlé%MﬁRZWS
"steel of claim12 conprising up to 1 percent silicon. 18. The dupl ex
stainless steel of claim12 conprising 1 to 1.5 percent nolybdenum 19. An
article of manufacture including a duplex stainless steel conprising, in

wei ght percent: up to 0.06 percent carbon; 15 to 25 percent chromum | to
|l ess than 2.5 14 0 2 MAR 2006 percent nickel; up to 3.75 percent manganese;
greater than 0.12 up to 0.35 percent nitrogen; up to 2 percent silicon; up
to 1.5 percent nol ybdenum up to 0.5 percent copper; up to 0.2 percent
cobalt; up to 0.05 percent phosphorous; up to 0.005 percent sulfur; 0,001
to 0.0035 percent boron, iron and incidental inpurities, wherein the duplex

stainl ess steel conpris ferrite and austenite tha bstantially stable
W L h AR EbetePgPrn ﬁﬁﬁf?‘?iﬁdl?%ﬂg%ﬁj@e@é?%ﬁ%“ﬁ% AZraie ol bsfertne

ticl I
articlg obeg L?rbst r%?pé’r"@%ﬁteénrtq?gt% @L"jgite%éﬁt r%% 8% Lg;md B SERURt

consi stin cast| and piping. |
met hoctoppeekamgo du&pbevcesmt aobbbs&p &t 8dl5 pdfreen’ephoslplwmpsl spng . @oopedieny a

TEr e
gr eat %uﬁl@ﬁr&télﬁ‘l@sg%tgeﬁéouﬁl@frm f%@@%%@sﬁsﬂzrn‘?%t ﬁ{attlg%'?lk%tégna}lg stté’blg 35

percent nitrogen, up t rcent silicon, upt .5 percent denum up
to O. SprrreepEcmqu@rfprmptmo mdzlqedrmentertsobalttanajprtrmncfn 05 percent
phosphorous, up to 0.005 percent sulfur, 0.001 to 0.0035

20. The article of claim 19 wherein said article is selected from the group consisting

of strip, bar, plate, sheet, casting, tubing and piping.

N
-3

A method for meking & duplex stainless steel, the method comprising:
providing a duplex stainless steel comprising, in weight percent, up 1o 0.06
percent carbon, 15 10 25 percent chromium, 1 ic less than 2.5 percent
nickel, greater than 2 up o 3.75 percent manganese, greater than 0.12
up 1o 0.35 percent nitrogen, up 1o 2 percent silicon, up to 1.5 percent
molybdenum, up to 0.5 percent copper, up 1o 0.2 percent cobali, up to
0.05 percent phosphorous, up 1o 0.005 percent suifur, 0.001 10 0.0035
percent boron, ircn and incidental impurities;
solution annealing the sieel; and
cooling the steel,
- wherein the duplex stainless steel comprises ferrite and austenite that is

substantially stable with respect to deformation induced martensitic transformation.

22. A duplex stainiess steel comprising, in weight percent: up to 0.06 percent carbon;
15 10 less than 21.5 percent chromium; 1 1o less than 3 percent nickel; greater than 2 up

to 3.75 percent manganese; grealer than 0.12 up to 0.35 percent nitrogen; upto 2
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percent boron, iron and incidental inpurities; solution annealing the steel;
and cooling the steel; wherein the duplex stainless steel conprises ferrite

"and austenite that is substantially stable with respect to defor mati
i nduced martensitic transformati on. 22. A dupl ex stainless steel ﬁﬁfm%ﬁm@
in weight percent: up to 0.06 percent carbon; 15 to |ess than 21 5 percent
chromum 1 to less than 3 percent nickel; greater than 2 up to 3.75

per cent manganese; greater than 0.12 up to 0.35 percent nitrogen; up to 2 15
0 2 MAR 2006 percent silicon; up to 1.5 percent nolybdenum up to 0.5
percent copper; up to 0.2 percent cobalt; up to 0.05 percent phosphorous;
up to 0.005 percent sulfur; 0.001 to 0.0035 percent boron; iron and
incidental inpurities, wherein the duplex stainless steel conprise ferrite
and austenite that is substantially stable with respect to defornmation

i nduced martensitic transformation. 23. The dupl ex stainless steel of claim

22 24. dupl | | of
ol ai m B9GP 38 e 5 POt S reANPOEH B Biie O HECTORRE CHRBRE LR Al eos
st eel Bér&sjn@'cﬁbgﬁ Sﬁ%"@'(ﬁ ggrc%n%ﬁé?s@hc?réu@erﬁ%‘b J05CkSent g@lfurT@eOGjlutB' ex

stai nl ess st eel claim 22 conprising greater than 0.12 up to’0.20 percent
ni t rog@rﬁ)OSﬁ?peﬂileet dupﬂrexrositmmlresrhersalempwmteej aher@p anbnpmxngtanm)less 1

percent silicon. p stainl ess steel cl ai rising 1 to
D bt P yisadsatc 260 b tapite ol Brs Rl aShlR At FeRe<idp ex
stal nl gsfth 86bnGAMRILE Adrdnd il iEHsiopRLERRL: uP o O.00 percent carbon,
15 to 21.5 percent chrom um l'ess than 3 percent nickel; greater than
2 up to 3.75 percent manganese; greater than 0.12 up to

23.  The duplex stainless steel of claim 22 comprising up to 0.03 percent carbon.
24.  The duplex stainless steel of claim 22 comprising 17 to 20 percent chromium.
25. The duplex stainless steel of claim 22 comprising 1.5 10 2.75 percent nickel. -

- 26.  The duplex stainless steel of claim 22 comprising greater than 0.12 up 10 0.20

percent nitrogen.
27, The duplex stainless steel of claim 22 comprising up 1o 1 percenti silicon.

28.  The duplex stainless steel of claim 22 comprising 1 1o 1.5 perceni molybdenum.

28.  An ericle of manufacture including a duplex stainless steel comprising, in weight
percent: up to 0.06 percent carbon; 15 10 21.5 percent chromium; 1 to less than 3
percent nickel; greater than 2 up to 3.75 percent manganese; greater than 0.12 up 1o
0.35 percent nitrogen; up 1o 2 percent silicon; up to 1.5 percent molybdenum, up 1o 0.5
percent copper; up to 0.2 perceni cobah, up 1o 0.05 percent phosphorous; up 10 0.005

percent sulfur; 0.001 to 0.0035 percent boron; iron and incidental impurities, wherein
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0.35 percent nitrogen; up to 2 percent silicon; up to 1.5 percent

nol ybdenunmi up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05
per cent phosphorous; up to 0.005 percent sulfur; 0.001 to 0.0035 percent
boron; iron and incidental inpurities, wherein 16 0 2 MAR 2006 the dupM&k 2008
stainless steel conprises ferrite and austenite that is substantially

stable with respect to deformation induced martensitic transformation. 30.
The article of claim?29 wherein said article is selected fromthe group
consisting of strip, bar, plate, sheet, casting, tubing and piping. 31. A
met hod for making a dupl ex stainless steel, the nmethod conprising: providing
a dupl ex stainless steel conprising, in weight percent, up to 0.06 percent
carbon, 15 to 21.5 percent chromum 1 to |l ess than 3 percent nickel,
greater than 2 up to 3.75 percent nanganese, greater than 0.12 n a ,nt up 1
|0 v..~.~ percent nitrogen, up to ~ < percent silicon, up + ~0o 1 .., N~
percent nol ybdenum up to 0.5 percent copper, up to 0.2 percent cobalt, up
to 0.08 gertenstandephsterisiomprisesfe0t® ped cerstesité tloat is0s 0B tandiably0035

percent, haron, iron apd incidental jnpurifies; sql.ution annealing the steel;
and CB‘cﬂqﬁﬁd’V?HJ%P‘S&P?‘? \ﬁﬁi‘?@'f‘ﬁ%'f’ﬁ'e"gﬁtﬁeé"@“a‘?’fﬁ'Bgér@?%@'m@ Wi ses ferrite
and austenite that is substantially stable with respect to deformation

i nduced martensitic transformation, 17 o
The article of claim 29 wherein said arlicle is selected from the group consisting

of strip, bar, plate, sheet, casling, tubing and piping.

31. A method for meking a duplex stainless sieel, the method comprising:
providing a dupiex stainless steel comprising, in weight percent, up 1o 0.06
percent carbon, 1510 21.5 percent chromium, 1 to less than 3 percent
nickel, greater than 2 up to 3.75 percent manganese, greater than 0.12
up to 0.35 percent nitrogen, up to 2 percent silicon, up to 1.5 percent
molybdenum, up to 0.5 percent copper, up to 0.2 percent coball, up 1o
0.05 percent phosphorous, up to 0.005 percent suifur, 0.001 to C.0035
percent boron, iron and incideniat impurities;
solulion annealing the steel; and
cooling ithe sieel;
wherein the duplex stainless steel comprises ferrite and austenite thatis
substantially stable with respect to deformation induced martensitic

transformation.
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