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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 alternative 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.



consisting of a mxture of austenite and ferrite phases. Cenerally, they
exhibit certain characteristics of both phases, along with relatively

hi gher stwergwnssi3 and ductility. Various dupl ex stainl essPsTashzod’ecve been
proposed, sonme of which are described in U S. Patent Nos. 3,650,709,
4,340,432, 4,798,635, 4,828,630, 5,238,508, 5,298,093, 5,624,504, and

6, 096, 441. Early duplex alloys had noderate resistance to general

corrosi on and chl ori de DESGREFTON 05 DHEINVENTIPN BACKGRGND a
substantial 10 | oss of properties when used in the as-wel ded condition.

Presently, one of the mDuplexbsiiilgssisiedssaeaulidyytnatrcuntain almidrestrattarel ess
steels is avail able under the trademark AL 2205 (UNS S31803 and/or 32205)

from Al | eghenyohidlingor SenRAIBIDf AsteitblatRifetite JrRIBBSY Io@rally, They elhiBltex

stainless steel 1s a nomnal 22% chrom um 5.5% ni ckel, 3% rol ybdenum and

0. 16% ni tr oge . a . ' ' . ' i

environrent t’;’eElﬁ%?'wﬁ“a&égfee?f%?s“’{)f%&ﬂ?@%é@@pﬁWﬁf?‘a{éﬁﬂéﬁfh§a§?§%tﬁ ¢
eSS, 0t her e pnoted a ercent ages herein are wei

per cent age3 O]anidl{%’tl‘l’g{r R AR ‘ﬁfmﬁ?x s{@nlegg&elﬁm\@] ?%ﬁgr%qsreggéﬂmgrﬁfancgd

dupl ex stainless steel that inparts the netall ur8i cal benefits of nitrogen

to inprove cowhigh are geseriraseinde Saf@tert Nes. \Gh2fbd0DrHaéP1ides 4, 883 dxhi bi t s

a yield strength that is nore than double that of conventional austenitic

st ai nl ess st ed 828,68055,26p8|508, §;208093,5,824604) andb61086,44ced in the form of
wel ded pi pe or tubular conponents, as well as a forned and wel ded sheet

product in enyi ronment s B&?{@%@ﬁbﬁ@@ﬁ@ hodeeater rebistaifde todepieraind chl ori de
stress corrosion cracking SCC') is inmportant. The 2 WO 03/038136
PCT/ US02/ 06366, r0sion and chioride 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 stainless steels is available under
the trademark AL 2205 (UNS S$31803 and/or 32205) from Allegheny Ludlum
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 steels. This duplex stainless steel is often
used in the form of welded pipe or tubular components, as well as a formed

and welded sheet product in environments where resistance to general

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



I ncreased strength creates opportunities for reduction in tube wall

t hi ckness and resists handling damage. As just indicated, AL 2205 has been
wi del y acwoptmsBiby tube and pipe end users, particul arlyPa3/z02/0686€0St
repl acenent to Type 316 5 stainless steel when SCCis a concern. This is
due, in large part, to the fact that AL 2205 is significantly nore
resistant to crevice corrosion than the Type 316 and Type 317 austenitic
st ai nl ess st edcreaddd strengthrdreatesesgiporanitiestfor rechiction dretubenwall thickress
corrosion is illustrated in the table below, which shows the results of

ASTM Pr ocedur%_n%ggis@hggdm,g]@g{mggé_ri c chloride solution. The 10 10%ferric
chloride solution referred to is by weight for the hexahydrate salt and is

equi val ent to an appr oxi 9 [ At
ferric chloride salt. O@P%tmgg}éﬁg%i%}%Q%gé? 25?#%%8%%%&'%%8%3‘0?3?196 Al | oy
Tenper at ure of set of, Crevice.Cqrrosig T 316 27F (- T, 317 35F
Ezczj Ah 2205 HEPIPY FE ung@ﬁgy 8§@QWr%?DSﬁ5‘?@3‘&%’F‘F8é'i°gﬁ)ﬂee§f§t ance
and other properties) of AL 2205 may be greater than is required jn sone
appl i cati ofs. staipless sieglveien SEE igFhroreaoddls Rfiuee "A@r@%d?ﬁﬂmféﬂﬁ@ ’JEPBvi de
an acceptabl e technical solution, it may not be an econom cal repl acenent
al l oy for Typdhat3al 2204iisksignificanty imoreiresisiagiiéo crayite edrrogion fom the tyre
primarily to the 3 WD 03/038136 PCT/ US02/ 06366

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 G48B using a 10% ferric chloride solution. The

10  10% ferric chloride solution referred to is by weight for the hexahydrate salt
and is equivalent to an approximately 6% by weight solution of the anhydrous

ferric chioride salt.

Corrosion Data in 10% Ferric Chloride

of Crevice Corrosion

27°F (-3°C)

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



amounts of the alloying el enents nickel (nomnal 5.5% and nol ybdenum
(nomnal 3% . Thus, it is desirable to provide a wel dable, formable duplex
st ai nl essweotodmssiBhat has greater corrosion resistance thamrcrhusodggses 304,
Type 5 316 or Type 317 austenitic stainless steels and nay have a | ower
production cost than the commonly used AL 2205 dupl ex stainless steel.
SUMWWARY OF THE | NVENTI ON The present invention relates to a dupl ex

stai nl ess st e@Maniaohihg ?“WQ:SH"E%W%H'Q“@H@@H@@ arfe) #nel medybdegused

amounts of the all oyi /g el ements nickel and nol ybdenumrel ative to other
dupl ex st ai nl é8eminadd’). i ncluding AL 2205. According to one enbodi nent of
the present invention, the duplex stainless steel conprises, in weight

percent, U|0 to 0.06 per CRmnis, itdadbsirabld o peovidant Wéldélelesfdrh@blelau;ﬂekcent
chromum 1 percent to |ess than 3 15 percent nickel; up to 3.75 percent

manganese; gr%@élﬁfes%rb?ébl(ihé%#@‘é%fﬁrd&?rds%n %s%@aﬁ’c%ﬁ%’htthé"ly B, | el0 2

percent silicon, 5 percent nol ybdenunt up to per;

up to 0.2 er {

pbrcent suPfur O} Pfﬁ?%%é‘c"ﬂaﬁeﬁgﬁts‘?%gfe% %‘??é'gﬁ“?ﬁﬁgi?ﬁ%??%e'ﬁ?@rb??@hc%ﬁi
According to ano %%modl nmen of t/l;\p Qégsen (% vention, t he dupl ex
stai nl ess st e&PS § gégmrinﬁn é %S?'@ sg#eher cent car bon;
15 percent to 25 percent chromum 1 percent to |ess than 2.5 per cent

ni ckel; up to 3.75 percent manganese; greater than 0.12 percent to 0.35

percent nitrogen; up to 2 percent silicon; up to 1.5 percent nol ybdenum
up to 0.5 percent copper; up tSUMZARY OFNTHEIDMBENTIONto 0. 05 percent 4

The present invention relates to a duplex stainless steel

10 exhibiting corrosion resistance and having reduced amounts of the alloying
elements nickel and molybdenum relative to other duplex stainless steels,
including 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 19 percent chromium; 1 percent to less than 3

15  percent nickel; 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 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 embodiment 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 to less than 2.5
percent nickel; up to 3.75 percent manganese; greater than 0.12 percent to
0.35 percent nitrogen; up to 2 percehf silicon; up to 1.5 percent molybdenum;

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



WO 03/ 038136 PCT/ US02/ 06366 phosphorous; up to 0.005 percent sul fur, 0.001
percent to 0.0035 percent boron; iron and incidental inpurities. According
to yet arwohemn3dsbodi nent of the present invention, the deplrasozo@sal ess
steel conprises, in weight percent, up to 0.06 percent carbon; 15 percent
to less than 21.5 percent chromium 1 5 percent to |ess than 3 percent

ni ckel; up to 3.75 percent nganese; greater than 0.12 percent up to 0.35
percent nit roé’g‘ﬁ?pbgr%; Epﬁ‘gﬁc@}é} percenteiury.00d percentie Q@935 rerGEBlenum
up to 0.5 percent copper; up to 0.2 percent cobalt; up to 0.05 percent
phosphorous; Herew imroasd pwidsnial ispurities. Acooming ta et anatheNebadinpantadnt
boron; iron and incidental inpurities. 10 The present invention also

relates to arthebesserft imemiibactherduplexstairiess sieel exmprikes, if twdight ftent,
pl ate, sheet, castings, tubing, or piping fabricated fromor Including the

dupl ex st ai nl pSio%.66perédnticBfodH; EFEpdrcehibaBES an 718 gk @sofnfired of

the duplex stainless steels of the present invention may be particularly
advant ageoys ' | L ' i.ni.ng.
envi ronments. HercrtdbEREhen 8t AEkbh ybite S PRErE B sk Be: wsateror
maki ng dupl ex ,stai.nless steels. | articular, according tg the nethod of
the present i r’i@%’?}br Per&eﬂﬁ}ﬂﬁ)(i& Os’{éﬁgﬁchggmirpggp, 'H%g‘? 2@’ CH ooy Yp tas
previ ously described is provided and is subject to processing, including
sol uti on annedl-? P§reatd nedybdermiTie ta; 0 Sepereapt erpHair vmée Ot prressberhalt;an 20
article of manufacture or into any other desired form DETAI LED
DESCRI PTI ON CrpTidED. 0 SERGerdphdsphoraeseup to OvEE pencentsulfiers01001dhgrtent to
stainless steels characterized by including reduced amounts of the
al I oyi ng el en@ng@3% petcint 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 duplex 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  chloride 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 steel 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



5 WD 03/038136 PCT/US02/ 06366 and nol ybdenumrel ative to certain known
dupl ex stainless steels, including AL 2205. In particular, the dupl ex

st ai nl esswetoa®ssiad t he present invention contains, in weiPghtusproent : | ess
than 3 percent nickel and less than 1.5 percent nol ybdenum According to
one particul ar enbodi nent of the present 5 invention, the duplex stainless
steel conprises, in weight percent: up to 0.06 percent carbon; 15 percent

to l'ess than léngeaictgidentint estative tolceredin khbwnlupl@s stainless SteRY, arihidiRgckel ;
up to 3.75 percent manganese; greater than 0.12 percent up to 0.35 peéercent

nitrogen; up tR 2208 48 MartdiAC ok dlh'pﬁle%(%té'inl%stg%fé‘oe?ggthléaﬁe\é@ﬂ?i'ﬁ\}%tib‘rﬁ’ to 0.5

percent copper; up to 0.2 percent cobalt, u percent

phosphorous; u Q. : : t ron;- iron
and i nci dent al &fr?trfg)'& r%?\&g@ﬂgggfé%e&?.ﬂég#@agnu%p%gcre%ﬁ%ggf%(ﬂesgﬁﬁ?lﬂ3.5 pr esent

I nvention, the duplex stajnless, steel includes, in weight percent: up to

0. 06 percent c%?rﬁgﬂlfem?g’ LBkt Aferrdmgitorne partichishemiodimsat efdhe Rreseriss
than 2.5 percent nickel; up to 3.75 percent nmanganese, greater than 0.12 15
percent up 3t o iovestigsitbeuplex staipgss scqgeItczs)nzlormsGarhwei.gh%J pewent:ugp t0.065
percent nolybdenum up to 0.5 percent copper; up to 0.2 percent cobalt; up
to 0.05 percepércephbsaibonpds pewertitdo (es3thapdOgmrtesidHromium; 0@ergsitdéent to
0. 0035 percent boron; iron and incidental inpurities. According to yet

anot her  enbodigBEMa®B petGetiiigaN up tB/S.gBi cehtRafgMhese; grédiet izh g4 e

conprises, in 20 weight percent: up to 0.06 percent carbofi; 15 percent to
| ess than 21.5 ) . e : t Rl . o]
575 percent Rabenfalo BBt firkBghrds o IBercbSIRER uALS (3 peiRnl

nitrogen, up tr%o?ybdenum; 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 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; 0.001 percent to 0.0035
percent boron; iron and incidental impurities. According fo 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 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



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 WO 03/ 0881383865/ US02/ 06366 sul fur; 0.001 percent to OPQOABOpesscent
boron; iron and incidental inpurities. It will be*understood that in the
steel conpositions just recited, carbon, manganese, silicon, nolybdenum
copper, cobalt, phosphorus, sulfur and, in one enbodi nent only, boron, are
opti onal conposuiut;s0.601 tpeecearntde 0.0 STpercdopbanons ran minddscidertal snpdritidse
present invention preferably include the austenite and ferrite phases,

each in the ranggl Bé ubgerfesd &fton ailst8ledhipysition®jushrdditedabadahed
condi ti on. Enbodi ments of the duplex stainless steels are weldabl e,

f bl ter 3 ikl ' i St n th

Type 304, 316 "Manoas, sTRbnr Hederting XoBber BhaiuReRS P abd
b I t al t h I t ai nl t eel f .th t

"vent | on may 0T PRBGARPNERY Sdten: 2 SyiRE EoBReReaarint s ves as are

known in the art. Enbodinents of the duplex stainless steels of the

i nvention Ray be | ess cobh® gupleXstainlass sterls of Hie pwsaphinyentien praferabhns

al loy and certain other duplex stainless steels, because of a |ower 15
content of al liogiudg thé awusterite grut terdtel Ehasgs néadtein thadangéd pbletwean 20%
Nevert hel ess, an enhanced | evel of corrosion resistance over the Type 304,

316 and 317 ausice80Y% by sbkinme iBstheirtelated cormiitiat t Echbodimetsef dig daplex
stainless steels of the present invention. Mreover, the duplex stainless

espect 1o 20 STRTRNY PoR a0 Pep KRR AR MR, bRIB RIS
corrosion resisfa0G8n resistance than the Type 304, 316 and 317 austenitic stainless
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 austenite 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.



Bel ow, the nickel and nol ybdenum content of certain enbodi nents of the
present invention are conpared to AL 2205. 7 WD 03/038136 PCT/ US02/ 06366
Anount s oWoABlssiBerg El enents NI and Mo (1 n Wi ght Percent PCTAISODY30E AL
2205 Present Invention Elenment NI 5.5% nomnal 1 %- |ess than 3% ™M 3%
nomnal up to 1.5% Despite an expected | ower cost of production as
conpared to the current cost of AL 2205, it is expected that the duplex
stainless steels of the present invention will exhibit pitting/crevice

Sﬁ&rgiif’Quéka?E?‘1?&%@%0@8@8”“ smettslicerd o (3 Wsiaht ¥tzenth |

steels of the preEent I VENT T On nave requced-caorrosion Fesi st ance,

but greater stretch fdWlayngity thanAhI320§205 due to Ruesendfieyentp ent of
ni ckel and nol ybd numﬁlﬁmem stepls of the priesent invention. Thus, the
dupl ex stai nl ess steet—of—the—present—irnventian-10-may—be—particutarty
advant ageous as a | ower Mbst altprdath neminalAl 2205 |ih%-|l@§Sthm1r§%d| ng
appl i cati ons i n wa-eh—AL—2205—+shrowdused—Aegording—to—vartous—enbodirent
of the present inyentiorlothe dupl3% ramainal esls steel mayp tohdhse, in

wei ght percent, up—+t6-0-03%GC—at—east—1+%CO—at—teast—3-5%N-—up—t62%

Mi, up to 1 %Si, %to 1. 5%|\/b 15 and/or 0.001 %to 0.0035%B. Thus,

depending on the paf“cgg LA EROCL B0 1 Rfor' (Rt BF SREAMAOR 4L MohhrglRb OV e

as a result of the corr

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 nickel 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/or 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 produce than AL"22057and other

duplex stainless steels.



requi renents of the particular application, the duplex stainless steel of
the present invention nay be |less costly to produce-th-an AL-2205

and- ot herwodapssas6 st ai nl ess steels. 8 WO 03/038136 PCT/ US®RITAG8566:366 he
present invention also relates to articles of manufacture such as, for
exanple, strip, bar, plate, sheet, castings, tubing, and piping conposed
of or including the duplex stainless steels of the present invention.

Accordi ng to one enbodi nEiv pedsent invienéior @ilsd relatet ito artidiéeofumanafasteie 5
manuf acture is conposed of or includes a duplex stainless steel conprising,

in wei ght per cqdh as!Hof &x&mpR, BRI BAF, ;ﬂaﬂébgﬁéet,léaﬂﬁg‘s‘?Mbiﬁ@,u%rﬁfgipgﬁ@g 19

percent chromium 1 percent to |ess than 3 percent nickel;

percent nmang : . 0 t. ni en;
ip 102 por oamgendt BROFTchioRy e et seMicsslidorifeRESY Ry
copper; up 10 (o 0.2 percent cohalt: to 0. 05, percent , phosphorous; up to
0. 005 percent quﬂrfil@,g;towet %mgpg@%r‘ﬁ'h‘? pﬁﬁegg!rﬁqepﬁﬂnat}?& e?'ﬁ@?dgnt al

i mpurities. According to another enbodi nent of the present invention, the
articl e of SmantipAefaghyreiis copmnased & opindidesyz dunlex daiplasssteecamprisiag.st eel
conprising, in weight percent: up to 0.06 percent carbon; 15 percent to 25

per cent chr om iniweightlpereent ampt tot 06 gescartizart®rg 1bepareant toileetharut®t o 3. 75
percent manganese; greater than 0.12 percent up to 0.35 percent nitrogen;

up to 2 percengergbhi GRdmMiubP 1tperéedt tbeeSLMan®pyRean Hitkel Riptte 75 ppeickrnt
copper; up to 0.2 percent <cobalt; up to 0.05 percent phosphorous; up to

e T ishheod PRS2 b8cBnfp DS boRRSoh 65152

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
percent: up to 0.06 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
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

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 to less than 21.5 percent

chromium; 1 percent to less than 3 percent nickel; up to 3.75 percent

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



20 yet anot her enbodi nent of the present invention, the article of

manuf acture is conposed of or includes a duplex stainless steel
conpri si YO 031038186 ght percent: up to 0.06 percent carbonPCIASpROGeNt tO

| ess than 21.5 percent chromunm 1 percent to |less than 3 percent nickel;
up to 3.75 percent mnmanganese; greater than 0.12 percent up to 0.35 percent
nitrogen; up to 2 9 WO 03/038136 PCT/ US02/ 06366 percent silicon; up to 1.5

percent nol ybdssvesnt sificé up o REpeetdnteasipbdenws; up to 0.2poeeatodpsstbapt ; up
to 0.05 percent phosphorous; up to 0.005 percent sulfur; 0.001 percent to

0: 0030 per conttormLibroditibAfidup B DU dreht i dioRSus; b BI04 BBradr®

present invention relates to a nethod Tor nma ex stainless
steel includin jn Lght r ' ) cent. ni | . and.| ess
than 1. 5 per coror PRI EHRARAE 20009, 69 st Abror BEh AR OB Bl im Bl a o
the present invention, a duplex stainless steel is provided conprising, in
wei ght percent: up to 0.6 T‘%ﬁ%‘e&ﬁ ;'n‘@%BBr'@'@E?S metiod forgnaking
percent chromium 1 percent to |ess than 3 percent nickel; up to 3.75 10
per cent marfganasiupleyaiugsstsiaeal iocludinge ircwatght peraent:. 18ss farce perasnt ininieh;
up to 2 percent silicon; up to 1.5 percent nolybdenum up to 0.5 percent

copper; up tocafid Bgseharrt5 peloEnt malybdemudn.0Acpendirento g epitbodirent ofithéo
0. 005 percent sulfur; up to 0.03 percent boron; iron and incidental

inpurities, ismaidd 8ethe prébentdHbéionS badupI&S StaRilesd stetl BUhof@BaNnt | y
sol ution anneal ed and then cool ed. 15 According to another enbodi nent of

h hod of . ' ian, : . ded
compr i i ng, 1 S0P AROp A et BalgeRF uefo Bt AR 15 fEahftolki | 0 72s

percent chrom fhan 1]9 Bgrrc%%%hrto?nium; 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 nickel; 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

10



| ess 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 percent silicon; up to
1.5 percewD 0303813¢ ybdenum up to 0.5 percent copper; up t®@Cl/Bopescent
cobalt; up to 0.05 percent phosphorous; up to 0.005 percent sul fur; 0.001
percent to 0.0035 percent boron; iron and incidental inpurities is

provi ded. The duplex stainless steel is solution subsequently anneal ed and
cool ed. Accor diragided opapriging, e weightipsiceninup ¢é OtQtepencehbcarbbnt he peresrdnt
invention, a duplex stainless steel is 10 WD 03/038136 PCT/ US02/ 06366

provi ded conprtbgésgihan Weipghtemehesmium;uppéedt ftblepsititans peacdifimickds;
percent to less than 21.5 percent chromum 1 percent to |less than 3

per cent nicke'uptdl:@.ﬁsg)g céﬁtmsﬁgﬁgésgggmaempmz%te%eﬁtm@;tofb.é@rp@%&ﬁnt up

to 0.35 percent nitrogen; upt cent silicon; up to 1.5 percent

0. 0% per cent _ HBSSRY 2 bRy SEBBGcan K1 ehetuenPbBBRE G Bhito b 1o

0. 0035 percent boron; iron and__ ncidental . rities, is ovi ded. The
steel 15 sdbscRRIEARI SRS n0-2RATERNEeRDalin P do O CPeTcenbRISSANATRES v e
met hods, other processing techni ques and 10 stegs known to those in the
art may be usée@.0.69% percantisulfut, ROGH pericentin0.0835 Ppereaiboperidessand usi ng
known t echniques to provide an article of manufacture, such as those

ment i oned aboviacidental ivhpuriiiys, ¢ pevidiesi Tiesl sfeet i subiseqsently belutioder st ood
that the present description illustrates aspects of the invention rel evant

to a clear undgifdaaedlidiyl &olede i nvention. 15 Certain aspects of the
i nvention that woul d be apparent to those of ordinary

In 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 pfovide an article of
manufacture, such as those mentioned 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 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

vwith 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 foIIowing claims.

11



skill in the art and that, therefore, would not facilitate a better
under st andi ng of the invention have not been presented in order to
sinplify wbaspssasent description. Al though the present i meaniSonm3h@s been
described in connection wth only certain enbodi nents, those of ordinary
skill in the art will, upon 20 considering the foregoing description,
recogni ze that many enbodi nents, nodifications, and variations of the
invention may be made. Al such vari L AIMS and nodifications of the
invention are covered by the foregoing description and the follow ng
clainms. 11 WO\Wa/d)3igE36 PCT/ US02/ 06366 CLAIMS We claim 1. A duplex
stainless steel conprising, in weight percent: up to 0.06 percent:- carbon;

15 10 Less than 19 RERGRNSAMAR 4Bb) dorkid)fn vidia fupereeplion okel : up

to 3.75 percent nmanga greater tha percent ni trogen
up to 2 perce i1 ; n 5 percent
copper: Up Lo h08 p&éﬁ?%ﬁn%a*‘@%ﬁ%oqsgg it agpcp%n? gﬁﬂ}%"‘dﬁbﬁ‘pi?ﬂ?ga ap to

0. 005 percent uI fur; E ge_lgent ron; iron and gm dSnta

i mpurities. ﬁ*He”) RRAGE §<“'§F%'r HPé% egfces "@”Q?Hﬁecﬂfﬁﬁﬁr ulr to 0.03
percent car bon 3. The duplex stainless steel of claim1l conprising 17 to
| ess than 19 yietc@3S rereent nifrogen; umte depresot siigpnl W to d1dcpercent cl aim 1

conprising 1.5 to less than
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.

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 stainless steel of claim 1 comprising 1.5 to less than

2.75 percent nickel.

5. The duplex stainless steel of claim 1 comprising up to 2 percent
manganese.
6. The duplex stainless steel of claim 1 comprising greater than

0.12 to 0.20 percent nitrogen.

12



2.75 percent nickel. 5. The duplex stainless steel of claimIl conprising up
to 2 percent nanganese. 6. The duplex stainless steel of claiml
conpri si Nyogseattias than 0.12 to 0.20 percent nitrogen. 1PCWDSOB9E388136
PCT/ US02/ 06366 7. The duplex stainless steel of claim1l conprising up to 1
percent silicon. 8 The duplex stainless steel of claiml1 conprising 1 to
1.5 percent nolybdenum 9. The dupl ex stainless steel of claim1l
conprising 0.001 to 0.0035 percent boron. 10. A duplex stainless steel
conprising, in weight percent: up to 0.03 percent carbon; 17 to |ess than
19 percent chrdm unThé doiplex stabdess steel & dainpécoaprisingclgeto 1yeréent2 per cent
manganese; greater than 0.12 wup to 0.20 percent nitrogen; up to 1 percent
silicon; 1 up &ificdn 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 Lo 8.03 THELEBNL SOk LE8NGA PEbHRREH, LIBYId hsyy 11 A

article of manu’facture [ 'ng a ex s conprising, in
wei ght percent ; B@g} 06 percent carbon; 15 to less than 19 percent
chromium 1 toMo e[an'h 3 percent nickel; up to 3.75 percent manganese;
greater than 0.12 up to 0.35 percent nitrogen; up

9. The duplex stainless steel of claim 1 comprising 0.001 to 0.0035

percent boron.

10. A duplex stainless steel comprising, in weight percent: up to
0.03 percent carbon; 17 to less than 19 percent chromium; 1.5 to less
than 2.75 percent nickel; up to 2 percent manganese; greater than 0.12
up to 0.20 percent nitrogen; up to 1 percent silicon; 1 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.

11.  An article of manufacture including a duplex stainless steel
comprising, in weight percent: up to 0.06 percent carbon; 15 to less
than 19 percent chromium; 1 to less than 3 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 molybdenum; up to 0.5 percent

copper; up to 0.2 percent cobalt; up to 0.05 percent phosphorous; up to ‘

13



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 13
WO 03/ 038wB®3P88154JS02/ 06366 0. 005 percent sul fur; up to @®COAISPEIGSeNt

boron; iron and incidental inpurities. 12. The article of claim1l wherein
the article is selected fromthe group consisting of strip, bar, plate,
sheet, casting, tubing and piping. 13. A nethod for nmaking a dupl ex

st ai nl ess st ee0.006hzerpenicastir; uptpoiOSi peycemirlorodj inop and indidental ai nl ess
steel conprising, in weight percent, up to 0.06 percent carbon, 15 to |ess
than 19 percenimpw@itie@m um | to less than 3 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 nolybdenum up to 0.5 percent copper,
up to 0.2 percent cobalt up to 0.05 percent phosphorous, up to 0.005

percent SuL st el 5%?@”ﬁ%gf‘%h{%ﬂ%ﬂ@@d'sisré cieeé‘ Sy

st ai nl ess st eel co risin wei ght per : e_rg:ent car bon;
15 to 25 perceff %ﬁ'ﬂlﬂ% qusttgm sPiefRy$ .95 C%EP%&HP'% PPN to 3.75
per cent manganese; greater than 0.12 up to 0.35 percent nitrogen; up to 2
percent silicon; up to 1.5 percent
13. A method for making a duplex stainless steel, the process
comprising:
providing a duplex stainless steel comprising, in weight
percent, up to 0.06 percent carbon, 15 to less than 19 percent
chromium, 1 to less than 3 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 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;
solution annealing the sfeel; and

cooling the steel.

14. 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
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

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

14



nol ybdenumi up to 0.5 percent copper; up to 0.2 percent cobalt; up to 14 WO
03/ 038136 PCT/ US02/ 06366 0.05 percent phosphorous; up to 0.005 percent

sul fur; OwWO00Y03813©. 0035 percent boron; iron and inci dent RCTiULPLUOG36E es. 15.
The dupl ex stainless steel of claim14 conprising up to 0.03 percent
carbon. 16. The duplex stainless steel of claim114 conprising 17 to 20
percent chromum 17. The duplex stainless steel of claim14 conprising 1.5

to less than 0.05 pencerhphosphiosdus; 1. toThe0S pptramnt stbimi0ed®! ®t@eb3sf claim
14 conprising up to 2 percent manganese. 19. The dupl ex stainless steel of

clai m 14 conpr paiceat BoR:; dontdrRiNincllehtal #aplAtids. 20 percent nitrogen. 20. The
dupl ex stainless steel of claim 14 conprising up to 1 percent silicon. 21.

The dupl ex stainless steel of claim14 conprising 1 to 1.5 percent
nol ybdenum 15 WO 03/038136 PCT/ US02/ 06366 22. A duplex stainless steel

i sing, i i - 0. bon; 20
chrom um 1. 5 151 edheRFlRfeota s deft S HARLAS ST (At mangancse:
greater than 0.12 UP t%
percent carbon.

16.  The duplex stainless steel of claim 14 comprising 17 to 20

percent chromium.

17.  The duplex stainless steel of claim 14 comprising 1.5 to less

than 2.5 percent nickel.

18.  The duplex stainless steel of claim 14 comprising up to 2

percent manganese.

19.  The duplex stainless steel of claim 14 comprising greater than

0.12 up to 0.20 percent nitrogen.

20.  The duplex stainless steel of claim 14 comprising up to 1

percent silicon.

21.  The duplex stainless steel of claim 14 comprising 1 to 1.5

percent molybdenum.
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0.20 percent nitrogen; up to 1 percent silicon; | to 1.5 percent

nol ybdenunm | ess than 0.5 percent copper; |less than 0.2 percent cobalt; up
to 0.05 pwooanssiphosphorous; up to 0.005 percent sul fur; POTOGL2/0436¢ O

0. 0035 percent boron; iron and incidental inpurities. 23. An article of
manuf acture including a duplex stainless steel conprising, in weight
percent: up to 0.06 percent carbon; 15 to 25 percent chromun 1 to |less
than 2.5 perceR®. ni &kadupleystainless Bteghepmprisingrimyeaight ercprateto t han 0. 12
up to 0.35 percent nitrogen; up to 2 percent silicon; up to 1.5 percent

mol ybdenum  upOtG8 Pefzepecadon; 17epRerperodnttchrOmiurRS1 SabllesOPfRInt2 5up to 0. 05
percent phosphorous; up to 0.005 percent sulfur; 0.001 to 0.0035 percent

boron, iron anﬁei’d&it%ﬁfﬁe%'upfo”?Eé*&én@%an@%ne@ﬁ%@%&éﬁbggt@H%bﬁ‘itg‘ 22 wherein

said article is selected-fromt group~consisting o ., bar, plate,

sheet, casting j o]l S, hod ,f.or ki ng.,a dupl ex

stai nl ess st eep;éqjﬁé%?ﬁgtg%‘gﬁhggﬁgiﬁ’ge:rc%tor@’c@?'nd "8 1d€§?5§?q§t ai nl ess steel
conprising, in i ght ercent, to 0.06 percent carbon, 15 to 25 percent
chromium 1 tomﬁ\‘ﬁ&s]ﬂﬂlﬁgf'@%@w é%ﬂ?%g@'ﬂ' ; lepg dhan Bgperceniper cent

ni ckel, up to 3.75 percent manganese, pgreat er than 0.12 up to 0.35 percent
nitrogen, up t&obalsdirtn®.08inareent phaspherouss uppe0c@ef persepbaelfun up to 0.5

percent copper, up to 0.2 percent cobalt, up to 0.05 percent phosphorous,
up to 0.005 pefOdiHhi up i D035 percent boron; iron and incidental impurities.

23.  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 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 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 to 0.0035 percent boron, iron and incidental

impurities.

24.  The article of claim 22 wherein said article is selected from the

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

25. A method for making a duplex stainless steel, the method
comprising:
providing a duplex stainless steel comprising, in weight

percent, up to 0.06 percent carbon, 15 to 25 percent chromium, 1 to
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0.001 to 0.0035 percent boron, iron and incidental inmpurities; solution
annealing the steel; and cooling the steel. 26. A duplex stainless steel
conpri si NyO 03038186 ght percent: up to 0.06 percent carbonPCTHSID04366Ss t han
21.5 percent chromium 1 to less than 3 percent nickel; up to 3.75 percent
manganese; greater than 0.12 wup to 0.35 percent nitrogen; up to 2 percent
silicon; up to 1.5 percent nolybdenum up to 0.5 percent copper; up to 0.2
per cent cobal t lesgghan 2.9Hpeseptnokel, uptoHhd percent opariganéséNgrepéarcent

sul fur; 0.001 to 0.0035 percent boron; iron and incidental inpurities. 27.

The dupl ex st athane8.d 2supetl 0.86 pareéntriifogsniip B NPertdnt Siliop RET.seNt
carbon. 28. The duplex stainless steel of claim26 conprising 17 to 20

percent chrom SHiph Y o%%:% i nprising 1.5
to 2.75 per ceﬁtg}cr?i% gg‘e?%l? V\O%B%%ggﬂﬁgé%&% U %%G?G%Q%B%Ee%e dupl ex

stai nl ess stee i i Sl 0 r nganese. 31. The

dupl ex stainl eéggésq’g‘léﬁoorqﬁgIp%?%@%ggﬂgéj@é’iﬁshag6&@:1@3%?%%998%&{’2 up to 0.20

F grlcen;coep ::te:]? g ﬁqﬁtgrpag&%lépcl:een)t( b%}’oar%,?lloﬁsasn lln?:%en?afl ir%lp(a‘Iri’trirc]esz;6 conprising up
solution annealing the steel; and

cooling the steel.

26. A duplex stainless steel comprising, in weight percent: up to
0.06 percent carbon; 15 to less than 21.5 percent chromium; 1 to less
than 3 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
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 to 0.0035

percent boron; iron and incidental impurities.

27. The duplex stainless steel of claim 26 comprising up to 0.03

percent carbon.

28.  The duplex stainiess steel of claim 26 comprising 17 to 20

percent chromium.

29.  The duplex stainless steel of claim 26 comprising 1.5 t0 2.75

percent nickel.

17



33. The duplex stainless steel of claim?26 conprising 1 to 1.5 percent

nol ybdenum 34. A dupl ex stainless steel conprising, in weight percent: up
to 0.03 werosmesgidcar bon; 17 to 20 percent chromum 1.5 t@CTase2/odian 2. 75
percent nickel; up to 2 percent manganese; greater than 0.12 up to 0.20
percent nitrogen; up to 1 percent silicon; 1 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 up to 0.0035 percent boron;
iron and incidental inpurities. 35. An article of manufacture including a

dupl ex stainl e$S6. st #ak duplexpstabilexs stesl ofailgift 26 ebafpiisingip t®20. 06 per cent
carbon; 15 to 21.5 percent chromum 1 to |ess than 3 percent nickel; up

to 3.75 percenperckBt Warf@h@38136 PCT/ US02/ 06366 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; 0.001 to 0.0035
percent boron; ,iron

nd, i ncidental inpuritie 36. The article of claim 35
wherein said aPticl gﬁ?éj@@%%?l%ﬁeﬁsr%tﬁg&’féla'a} QQSOHM@I"QSJW@"%W@E‘H p, bar,
pl ate, sheet, casti n?, tubing and piping. 37. A nethod for making a dupl ex
stai nl ess st eeP;12 welaBiA0oRereeninitregad: provi di ng a dupl ex stainl ess steel
conprising, in weight

32.  The duplex stainless steel of claim 26 comprising up fo 1

percent silicon.

33.  The duplex stainless steel of claim 26 comprising 1 to 1.5

percent molybdenum.

34. A duplex stainless steel comprising, in weight percent: up to
0.03 percent carbon; 17 to 20 percent chromium; 1.5 to less than 2.75
percent nickel; up to 2 percent manganese; greater than 0.12 up to
0.20 percent nitrogen; up to 1 percent silicon; 1 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 up to

0.0035 percent boron; iron and incidental impurities.

35.  An article of manufacture including a duplex stainless steel
comprising, in weight percent; up to 0.06 percent carbon; 15 to 21 .574 |

percent chromium; 1 to less than 3 percent nickel; up to 3.75 percent
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percent, up to 0.06 percent carbon, 15 to 21.5 percent chromum | to |ess
than 3 percent nickel, up to 3.75 percent manganese, greater than 0.12 up
to 0.35 pwowa/ssiaétrogen, up to 2 percent silicon,'up to PCI/USeL/eEnt

nol ybdenum 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; solution annealing the steel; and
cool i ng t he stemngah8se; 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 cobalt; up to 0.05 percent phosphorous; up to
0.005 percent sulfur; 0.001 to 0.0035 percent boron; iron and incidental

impurities.

36. The article of claim 35 wherein said article is selected from the

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

37. A method for making a duplex stainless steel, the method
comprising:

providing a duplex stainless steel comprising, in weight
percent, up to 0.06 percent carbon, 15 to 21.5 percent chromium, 1 to
less than 3 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 molybdenum, up to 0.5 percent cqpper, 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 impurities;

solution annealing the steel; and

cooling the steel.
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