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BACKGROUND COF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present

i nvention

rel ates gewanBaBi?zgsto a duplex stainless steel. |In particwcarysor/bsopr esent

invention relates to a duplex stainless steel
alternative to certain known dupl ex stainless steels,

i nproved corrosion resistance relative to certain austenitic stainless
steels, such as the Al SI Type 304, 316 and 317 austenitic stainless
steels. The present invention is also directed to a nethod of

manuf acturing the duplex stainless steel of the invention. The dupl ex 30
stainless steel of the present invention finds application in, for exanple,
corrosive &nvironments and may be fabri cHiT&& into articles of nanufacture,
such as, for exanple, strip, bar, plate, sheet, casting, pipe or tube.
03/ 033755 PCT/ US02/ 08605 DESCRI PTDaplerStdinfesstedTI ON BACKGROUND Dupl ex

stainless steels are alloys that contain a mcrostructure

m xture of austenite and ferrite phases. CGenerally, they exhibit
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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates generally to a duplex stainless
steel. In particular, the present invention relates to a duplex stainless steel
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 AISI Type 304, 316 and 317 austenitic
stainléss steels. The present invention is also directed to a method of
manufacturing the duplex stainless steel of the invention. The duplex
stainless steel of the present invention finds application in, for example,
corrosive environments and may be fabricated into articles of manufacture,

such as, for example, strip, bar, plate, sheet, casting, pipe or tube.
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whi | e al so providing
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certain characteristics of both phases, along with relatively higher
strength 5 and ductility. Various duplex stainless steels have been

pr oposed, woasw3zbs which are described in U S Patent Nos.PCI/EH08609,
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
corrosion and chloride stress corrosion cracking, but suffered a

substantial 10 | oss of DRSGRIRTION QReHEINVENTIONBASKGRROMND ondi t i on.

Presently,

one of the

nost wi dely used second-generation dupl ex stainless

steel s i s avail abl e undB®uplexstaintesicstecls ate al3PStHANONEHLE RicrstvLREUre32205)

from Al |l egheny Ludlum Corporation, Pittsburgh, Pennsylvania. This duplex

stai nl ess st egbnsistify BPEMIMure SPaGSteniié WY ferrddpRhss! Geﬁ&@dﬁ?,'nt}ﬁ%g%éﬁmit and

0.16% nitrogen 15 alloy that provides corrosion resistance

Ctai il eos. st er e[\ FFERBEREfs of i Biacter PP atyal b SrbnBif " €

wei ght per%
nitrogen-e

ParB gty o ou? g Blex SFE< stafls Hat ek hraBobt dome of cal

benefits of nitrogen to inprove corrosion 20 perfornmance and as-wel ded

properties, aWhirtbang dgsceibgdyn &) Rateahhios. 8/680,7109, 434043247 9%6Bbe t hat

of conventional austenitic stainless steels. This duplex stainless steel

i s often used4i828,630,f%238,608&R88093i pb24;504, land5,0884pbnent s, as wel |
a formed and wel ded sheet product in environnments where resistance to

general corrosion and cEaflyiduplestalRys hedrmodérte fesistihtwtd g&tdra) 2

10

15

20

corrosion and chloride stress corrosion cracking, but suffered a substantial
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 S31803 and/or S32205) from Allegheny Ludium
Corporation, Pittsburgh, Pennsylvania. This duplex stainless steel is a
nominal 22% chromium, 5.5% nickel, 3% molybdenum, and 0.16% nitrogen
alloy that provides corrosion resistance in many environments that is superior
to the AISI 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-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”)

as



WO 03/ 033755 PCT/ US02/ 08605 is inportant. The increased strength creates
opportunities for reduction in tube wall thickness and resists handling
damage. A¥Qa3sB37sHdi cat ed, AL 2205 has been w del y accept edTiysor/odses and
pi pe end users, particularly as a | ow cost replacenent to Type 316 5
stainless steel when SCCis a concern. This is due, in large part, to the
fact that AL 2205 is s%%nlflcantly nore resistant to crevice corrosion

than the Type IS BROrEaMY &éngﬁsa@ﬁr@n@h%eateéuqnp@stynﬁméosredumlsn #uperi or
resistance to chloride-ion crevice corrosion is illustrated in the table

bel ow, whi ch $thewatl thicknessiandresiste\BandiPgdamage. A8B using a 10% ferric
chloride solution. The 10 10% ferric chloride solution referred to is by

wei ght for the hexahydr isqusthticatti] AL 0B haabesr Mdbl?%céé}ﬁée vyabe!l y 6%
by weight solution of the anhydrous ferric chloride salt. MX/ =s-,

G evice Gor rocran e el (rERH aﬁ@‘*’ﬁ’%ﬁ%ﬁ%ﬁ 7"5@%“:?\1?%%%?1@2;02386 :’f
AL 2205 ey be i ear o WRSRRCEI BbBSIG TORE AR dadRianl CIR et °

certain SCC appl,iga whil e AL 2205 woul d provi de an acceptabl e
t echni cal sol qtotﬁ, 5?&’1 ieSioRcantly mere Esidantigi crewge soERreion than &e f¥pe 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 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 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, 316 or 317 stainless steel. The higher cost of AL 2205 is due primarily to



304, 316 or 317 stainless steel. The higher cost of AL 2205 is due
primarily to 3 WD 03/033755 PCT/ US02/ 08605 the anmounts of the all oying

el enent s woaeB376mom nal 5.5% and nol ybdenum (nom nal 3%CT/UNo2r88605t i s
desirable to provide a wel dable, formable duplex stainless steel that has
greater corrosion resistance than the Type 304, Type 5 316 or Type 317
austenitic stainless steels, and has a | ower production cost than the
comonl y usedthq ameustsieithe,allsyinoplemgnts riekel (nguinahRGGFamHmalyhdUNON The
present invention relates to a duplex stainless steel 10 conprising, in

wei ght per cenfnomjnal 3%). 06 percent carbon; 15 up to less than 25 percent
chrom um greater than 3 up to 6 percent nickel; up to 3.75 percent

manganese; 0.14 up to OTBGspielCddyirable foqsrelidedweriabld offable Hupl&ON;
greater than 1.4 up to less than 2.5 percent nolybdenum up to | ess than

0.5 percent  gHRRREs st H’%t'h%%%réé‘l%?chr?siBﬁrrggg%fﬁggﬁ%% t#g&§3840§ﬁ reent

phosphorous; 15 up to 0.005 percent sulftur; ( : perc .
= vl dabl e 1 nRLbaPErE SR SBibks S’ dd e By dp i e aance
Acoor di g to B BareuOal wHibat 25 AP IoTRaBISSEES0 | nventi on, the
dupl ex stainless steel nay conprise, in weight percent, up to
SUMMARY OF THE INVENTION
The present invention relates to a duplex stainless steel

10 comprising, in weight percent, up to 0.06 percent carbon; 15 up to less than
25 percent chromium; greater than 3 up to 6 percent nickel; up to 3.75 percent
manganese; 0.14 up to 0.35 percent nitrogen; up to 2 percent silicon; greater
than 1.4 up to less than 2.5 percent molybdenum; up to less than 0.5 percent
copper; up to less than 0.2 percent cobalt; up to 0.05 percent phosphorous;

15  up to 0.005 percent sulfur; 0.001 up to 0.0035 percent boron; and iron and
incidental impurities. This duplex stainless steel is a weldable, formable steel
that can exhibit greater corrosion resistance than Type 304, Type 316 and
Type 317 austenitic stainless steels.

According to one particular embodiment of the present

20 invention, the duplex stainless steel may comprise, in weight percent, up to
0.03 percent carbon; 19.5 up to 22.5 percent chromium; greater than 3 up to 4
percent nickel; up to 2 percent manganese; 0.14 up to 0.20 percent nitrogen;

up to 1 percent silicon; 1.5 up to 2.0 percent molybdenum; up to 0.4 percent



0. 03 percent carbon; 19.5 up to 22.5 percent chromum greater than 3 up to
4 percent nickel; up to 2 percent nanganese; 0.14 up to 0.20 percent

ni t rogen; wouwp/83751 percent silicon; 1.5 up to 2.0 percent pealysSoziessosn up to
0.4 percent 4 WD 03/033755 PCT/ US02/ 08605 copper; up to 0.3 percent
phosphorous; 0.001 percent sulfur; and 0.0015 up to 0.0030 percent boron;

iron and incidental inpurities. Al so, the duplex stainless steel of the
present i nvenCPBREMBP 10 Lo pPegent phaspharpyy: BP01 peregstt gutfur @nddh©01%ippt o
0. 03 percent carbon; 19.5 up to 5 22.5 percent chromum greater than 3 up

to 4 percent 001880 pescert borparicemandinaidandaldmparitiesup to 0. 20 percent
nitrogen; up to 1 percent silicon; 1.5 up to 2.0 percent nolybdenum up-to

0.4 percent copper; up sd)tRe daplexrstainiete spuioptss pfoseAtinBhtsmmasul f ur
and 0.0015 up to 0.0030 percent boron; iron and incidental inpurities. 10

The present | gyR&Li Ossetiafy bEliRWaTgHt PefédrtCliS o 9f0t3l’Ee’}HéﬁtCéé|‘68n; faghpAe for

exanple, strips, bars, plates, sheets, castings, I ng, or piping

nventton. > TR8-SpecBfit eoRfiug Srsatf Bénch o b 3Rt doR 6 £ peRt
Cervice in chIRABoEe- DA e 048 Ferarh GHABIARS PIA TApRPenbHIad - hBsent

invention relates to a nmethod for making a duplex stainless steel.
Accordi ng to thé.Ohremeeat melvbeenpiesierte 0.4 peraenbeopper; up to 0.3 percent

phosphorous; 0.001 percent sulfur; and 0.0015 up to 0.0030 percent boron;
iron and incidental impurities.

10 The present invention also relates to articles of manufacture
such as, for example, strips, bars, plates, sheets, castings, tubing, or piping
fabricated from or including the duplex stainless steel 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 chloride containing

15  environments.

In addition, the present invention relates to a method for making
a duplex stainless steel. According to the method of the present invention, a
duplex stainless steel is provided comprising up to 0.06 percent carbon; 15 up
to less than 25 percent chromium; greater than 3 up to 6 percent nickel; up to

20  3.75 percent manganese; 0.14 up to 0.35 percent nitrogen; up to 2 percent
silicon; greater than 1.4 up to less than 2.5 percent molybdenum; up to less
than 0.5 percent copper; up to less than 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. The steel is solution annealed and cooled. The



dupl ex stainless steel is provided conprising up to 0.06 percent carbon; 15
up to less than 25 percent chromum greater than 3 up to 6 percent

ni ckel ; uwotod/028753. 75 percent manganese; 0.14 up to 0.35 pemrasot/osedir ogen;
up to 2 percent silicon; greater than 1.4 up to less than 2.5 percent

nol ybdenumy up to less than 0.5 percent copper; up to less than 0.2
percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent

sul fur; 0.001stgel mayhehsthesoreesasedde @n;articleef manufactureloninkd anyothert i es.
The steel is solution anneal ed and cool ed. The 5 WD 03/ 033755

PCT/ US02/ 08608eskectdrmmay be further processed to an article of manufacture
or into any other desired form DETAILED DESCRI PTI ON OF THE | NVENTI ON 5
The present invention relates to a duplex stainless steel conprising, in
wei ght percent, up to 0.06 percent carbon; 15 up to less than 25 percent

chrom um greater than 3ggF’TAtll9Eﬁ @@g@m&-@]ﬁlﬁwﬁoyﬁﬁT@percent

manganese; 0.14 up to O. percent ni percent silicon;
greater than 1.4 up to-less than 2. 5 pergcent, nolybdenuny up to |ess than
0.5 percent 10 copper; Jbetpde?%’gémﬁ{i'ﬁgd?%?%pc%ﬁ’i‘l‘pgéb%?‘f‘!esﬁﬁtt?ﬂ 0. 05
per cent phosphorous; up to 0.005 percent sulfur; 0.001 up to 0.0035
per cent bor onCOMPHEINGn H Weight germeat, un@ﬁ-pﬁip@g¢emwerbm;é£tum@ legptean
stainl ess steel of the present invention preferably contains each of the
aust eni t e and2beger¢cent ghinarmise; gneatdrdham 3rupetodd perent pickel) Updo @. BD pelnent
volune in the anneal ed condition. The
manganese; 0.14 up to 0.35 percent nitrogen; up to 2 percent silicon; greater
than 1.4 up to less than 2.5 percent molybdenum; up to less than 0.5 percent
10 copper; up to less than 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. The foregoing duplex stainless steel of the present
invention preferably contains each of the austenite and ferrite phases, in the
range of between 20% and 80% by volume in the annealed condition. The
15 duplex stainless steel of the invention is a weldable, formable material that
may exhibit greater corrosion resistance than Type 304, Type 316 and Type
317 austenitic stainless steels.
According to certain embodiments of the present invention, the
duplex stainless steel may comprise, in weight percent, up to 0.03 percent
20  carbon; 19.5 up to 22.5 percent chromium; 3 up to 4 percent nickel; up to 2
percent manganese; 0.14 up to 0.20 percent nitrogen; up to 1 percent silicon;
1.5 up to 2.0 percent molybdenum; up to 0.4 percent copper; up to 0.3
percent phosphorous; 0.001 percent sulfur; and/or 0.0015 up to 0.0030

percent boron; iron and incidental impurities. These ranges may be



15 dupl ex stainless steel of the invention is a weldable, formable materi al
that my exhibit greater corrosion resistance than Type 304, Type 316 and

Type 317weushastssi c stainless steels. According to certaipeTarsdomoenent s of

the present invention, the duplex stainless steel may conprise, in weight

percent, up to 0.03 percent 20 carbon; 19.5 up to 22.5 percent chrom um 3
up to 4 percent nickel; up to 2 percent nanganese; 0.14 up to 0.20 percent

ni trogen; up verticupastycowelt ssited tootubing uSes thatoeguite pethcfermabitityysasienum up to
0.4 percent copper; up to 0.3 percent phosphorous; 0.001 percent sulfur;

and/ or 0. 0015strpngth, &HA8 Iainting requirsdieelsiaficorddionnesieiticel THBUri ties.
These ranges may be 6 WO 03/ 033755 PCT/ US02/ 08605 particularly well suited

for tubing usgﬁpfe&gsgairﬁ},ﬁis'ié‘elt?ﬂttﬁb PFHS‘».@\?Hv'\ehﬁoﬁ%elei.ﬁ&q@g%ﬁag%it(ﬂegft ai nl ess

mai ntai ni ng requir evel s of corrosion resistan

steel of the L pvent i vari QL al | gyi

2ddi ti ons. andBLgaePoUEES i adiies s Mot Pt “InSariod@entss ne
dupl ex stajnle steel of .the ese i nvention nay be | ess costly to
produce than Pﬁ&%@?ﬁ%ﬁﬁ{ﬁ"ﬂ]@%ﬂg{@@?g %@ﬂﬁﬁ?@%”%’&loﬁ‘l r03¥ betlges coehilgse of a
| ower content of alloying additions, particularly nickel and nol ybdenum
Nevert hel ess, Prafucgitppeihe cammaniy used AL 2205 duplex stadmess ateehbecauss of &

provides a stable austenite phase (with respect to deformation-induced
mart ensi t e) almverGantentdd sillogidglaeiditions{ padiculasiyaricket anhdtmolgbdemahow, t he

ni ckel and nol ybdenum
Nevertheless, the duplex stainless steel of the present invention still provides
a stable austenite phase (with respect to deformation-induced martensite) and
10  the desired level of corrosion resistance. Below, the nickel and molybdenum

content of certain embodiments of the present invention are compared to AL

2205.

Ni Greater than 3.0 to 4.0

R & 2

5.5% nominal

Mo 1.5t02.0 3% nominal

Despite the reduced level of nickel and molybdenum compared
to AL 2205, evaluated embodiments of the duplex stainless steel of the
15 present invention exhibit pitting/crevice corrosion resistance that is
significantly greater than Type 304, 316 and 317 austenitic stainless steels.
As is known in the art, the Type 316 and 317 stainless steels are more

resistant to pitting/crevice corrosion than Type 304 stainless steel.



content of certain enbodi nents of the present invention are conpared to AL
2205. Av T ~4mou s O Elenment Ni antf M{lrk .".e It Percent) Alloy
nmbodnent wotle3sDepl ex= AL_ 2205 Al loy of the Present | nvearamsaz/o8bi Ni

G eater than 3.0 to 4.0 5.5%nomnal M 1.5 to 2.0 3% nom nal Despite the
reduced | evel of nickel and nol ybdenum conpared to AL 2205, eval uated
enbodi nents of the duplex stainless steel of the 15 present invention

exhi bit pitting/crevi ceAscan exaroplerefdhe paesent imantion, thei preséntdavéntyrgr eat er
than Type 304, 316 and 317 austenitic stainless steels. As is known in the

art, the Typepdducenida Rédt stadoplesstainlees stedl eontaIMng,riﬁwégl\aAzBﬁerb@nt
pitting/crevice corrosion than Type 304 stainless steel. 7 03/ 033755

PCT/ US02/ 08609 018, 2BrS50rR D246 Thah ﬁe?@ie%[zgg EHS%H(?BUS} 'B0BAESETMur,

i nventors produced a heat of a duplex sta steel contarning, I'n weight
Cul fur, " 0. a5t IRER: o8 TR ARAARE 24k siels ERER MENRS ey DheiBhim
0.21% 5 copper, 0.166% nitrogen, and 0.0016% boron (hereinafter “Example 1”). As is
illustrated below, this embodiment of the duplex stainless steel of the present
invention exhibits significantly greater resistance to pitting corrosion than Type
316 and 317 austenitic stainless steels, while, due to the reduced nickel and

molybdenum content, maintaining a lower production cost as compared to AL

10 2205.

Type 316 Stainless Steel 59°F (15.0°C)

Type 317 Stainless Steel 66°F (18.9°C)
Example 1 88.3°F (31.3°C)

The CPT of Type 316 and 317 austenitic stainless steels is
based on ASTM procedure G-48A. According to this procedure, a sample of
the material is immersed in a beaker containing a 6% solution of ferric
chloride for 72 hours at the desired temperature and then evaluated for signs

15  of pitting. By repeating the test at increasing temperatures, the temperature
at which pitting initiates can be determined. The CPT of Example 1 was

measured by ASTM procedure G150. According to this procedure, the same



5 copper, 0.166% nitrogen, and 0.0016% boron (hereinafter "Exanple 1 "). As
is illustrated bel ow, this enbodi nent of the duplex stainless steel of the
present wowsngi’eh exhibits significantly greater resistarca/uso2/psedsi ng
corrosion than Type 316 and 317 austenitic stainless steels, while, due to
t he reduced nickel and nolybdenum content, maintaining a | ower production
cost as conpared to AL 10 2205. Pitting. Corr05|on -tag-e Alloy r -31
Pitting Tenpevatgs EPT, datermingg by 28T Mipaocadise G5#8Alis Heterimedby pEieg 317
Stainless Steel 66F (18.9C) Exanple 1 88.3F (31.3C) The CPT of Type 316

and 317 aust eaidanspletoiitind amderdldebn dlectrdvheatical tehSoManing admbrRirG 48A.
According to this procedure, a sanple of the material is inmersed in a

beaker cont al fagditofinfey®.8% BwelgHtPéddiim GHbrRId diufiH ard st rzég% 4 he

desired tenperature and then evaluated for signs 15 of pit

Pt 10 gt O Ty TR Bt
e S8 o A il b e B 5GP R Q0870
determ ned by eprksgllartlt?re the current increases rapidly and exceeds a 100 microamps per
square centimeter threshold. This temperature is recorded as the CPT.
Pitting on the specimen is then visually confirmed.
In addition, the present inventors also developed another duplex
10  stainless steel within the present invention, containing, in weight percent,
0.021% carbon, 0.50% manganese, 0.022% phosphorous, 0.0014% sulfur,
0.44% silicon, 20.25% chromium, 3.27% nickel, 1.80% molybdenum, 0.21%
copper, 0.167% nitrogen, and 0.0016% boron (hereinafter “Example 2") was
produced and various mechanical properties of the steel were evaluated. The
15 results are illustrated below. As expected, the mechanical properties of
Example 2 exceeded the minimum requirements of ASTM specification A240
for AL 2205. Moreover, although the yield and tensile strengths for Example 2
were lower than AL 2205, they are comparable. Importantly, however, these
values were substantially greater than the minimum strength requirements of

20 ASTM specification A 240 for Type 304, 316, and 317 austenitic stainless

steels.



a sanple of the material in an electrochem cal cell containing 1 nolar
(approxi mately 5.8% by wei ght) sodi um chl oride solution and polarized to a
pot ent i alwofo3p385 nV vs. SCE. The tenperature of the sol uticarusogzosentr eased
at 5the rate of 1 C per minute, and the corrosion current is nonitored. At
sonme tenperature the current increases rapidly and exceeds a 100 m croanps
per square centineter threshold. This tenperature is recorded as the CPT.
Pitting on the specinen is then visually confirmed. In addition, the

10 stainl ess steel

present inventors al so devel oped anot her duplex wi thin

t he present 0. 50%
manganese, O.
chrom um 3. 3% ogen,
and 0. 0016% . __“f—:?_—“——“ i
nmec hanl Cal (;) ; atancaanc \Q..?Z g / ) 04:; :,J} 3 i Dm}’m m
i|lustrated H dicldiStichgth ‘ﬁ)\ nSi I I o dation 2
exceeded t he l D@% ‘L 2205.
Mor eover, al gfrougit aia e ST O TS O N eToT ——ar e
| ower than AL b Mamumc rrparaéd I rrporta ngl?é ever hese
val ues were s,utﬂfl4a8talraié$§/8§g&bater t han 9 e mninu Wength r%% i renents of
20 ASTM speciH+eatteor—A—240—For—Type-—304.—316 and 317 aystenitic st@inl ess
steels. 9 WO| RBTNAV 250 ROminkipAZ/ 086
316 Stainless Steel "50,000 75,000 40.0
ASTM A 240 Minimum
317 Stainless Steel 30,000 75,000 35.0
ASTM A 240 Minimum
AL 2205 Duplex 65,000 90,000 25
Stainless Steel
AL 2205 Stainless 85,000 125,000 30
Steel
Example 2 83,500 114,000 37

Thus, the duplex stainless steel of the present invention may
provide a lower cost alternative to AL 2205. As illustrated by Examples 1 and
5 ‘ 2 of the present invention, embodiments of the duplex stainless steel of the
present invention exhibit mechanical properties comparable to AL 2205 along
with resistance to pitting/crevice corrosion that is significantly greater than the
Type 316 and 317 stainless steels.
The present invention also relates to articles of manufacture
10  such as, for example, strips, bars, plates, sheets, castings, tubing, or piping
composed of or including the duplex stainless steel of the present invention.

According to these embodiments of the present invention, the article of

10



ee | operti sroto Os |l i to T(r) algto Sr gh ASTM A 240 M ni mum
30,000 75,000 40.0 304 Stainless Steel ASTM A 240 M ni num 30, 000 75, 000
40.0 316wstoaiosd7ess St eel ASTM A 240 M ni num 30, 000 75, 00@C3HIS02/08805

Stai nl ess Steel ASTM A 240 M ni num 65, 000 90, 000 25 AL 2205 Dupl ex

Stainl ess Steel AL 2205 St ai nl ess 85,000 125,000 30 Steel Exanple 2 83,500

114,000 37 T t al,pl teel of t resen nventi on nmay

provi de a Iome%lgn(%atr{é% ﬁ@f%@bﬁfeﬁ @iﬁ@og‘%& quptgP?rgﬁgijs'hWrE)ﬁiﬁﬁﬂeés 1 I
d5 2 of th ent ventlon enmbodi nents of the dupl ex stainless stee

g? t he greseﬁrfgr? ﬁ\sﬂe‘l’ﬁ’ Fcb S8 iR 2d Pr%@ﬁﬁﬂ“@bﬂbdﬁf‘lé%PPlt@éescﬁanarfhﬁlpem@tAL

2205 along wth resistance to pitting/crevice corrosion that is
si gni fi cant | y cgpeer ¢ip toress thas 0.2\peecedt €obalt; \Biltd @.08iperearst phiospherous;

up to 0.005 percent sulfur; and 0.001 up to 0.0035 percent boron: iron and
5 incidental impurities. The articles formed of the duplex stainless steel of the
present invention may be particularly advantageous for service in chloride
containing environments.
In addition, the present invention relates to a method for making
a duplex stainless steel. According to the method of the present in;/ention, a
10  duplex stainless steel is provided comprising, in weight percent, up to 0.06
percent carbon; 15 up to less than 25 percent chromium; greater than 3 up to
6 percent nickel; up to 3.75 percent manganese; 0.14 up to 0.35 percent
nitrogen; up to 2 percent silicon; greater than 1.4 up to less than 2.5 percent
molybdenum; up to less than 0.5 percent copper; up to less than 0.2 percent
15  cobalt; up to 0.05 percent phosphorous; up to 0.005 percent sulfur; and 0.001
up to 0.0035 percent boron; iron and incidental impurities. According to the
method, the steel is subsequently solution annealed and then cooled. The
steel may be further processed using techniques known to those of ordinary
skill in the art to an article of manufacture, such as those mentioned above, or
20 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.
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

11



The present invention also relates to articles of manufacture 10 such as,
for exanple, strips, bars, plates, sheets, castings, tubing, or piping
conposed wb oa03378El udi ng t he dupl ex stainless steel of theCprEsspogeos
invention. According to these enbodi nents of the present invention, the
article of 10 WD 03/033755 PCT/ US02/ 08605 nmanganese; 0.14 up to 0.35
percent nitrogen; up . to 2 percent silicon; greater than 1.4 up to |ess
than 2.5 per c& INYENeR Bavanot peen Preseatedmrordes topsimpdift thecamppent up t o

| ess than 0.2 percent cobalt; up to 0.05 percent phosphorous; wup to 0.005
per cent sul f udesarniptian. 0dithayght the(preSa® ipeantienthdsobesn désaibedrid conheetichent al
inpurities. The articles forned of the duplex stainless steel of the

present i nvenWimrbrﬂwehein@ﬁbb@iﬁiq’#ﬁé,ﬁh@@bf@ﬂém?%_km% tREaMIVAR, dpbrehl ori de
cont ai ning environnments. In addition, the present invention relates to a

met hod for ”alébﬂgidegn&%é ?&g?%i@b@e@éﬁ?tﬁ}rﬁ%cfoeﬁﬁfél’ﬂ@t %%@B@@ﬁéﬁ d of the

present invention, stal nl ess s S provi ing, in
i ght . . t bon: 15 to | t 5 t
onrom um or evefediBn® 3 PR GHE RVenBn ey B it AU cont

manganese; 0.14 up to 0,35 rcent nitrogen; up to 2 percent silijcon;
greater than yaga{?must%ncﬂ HE@%Q@Z!H"%P@“}%PH@WO“%W&é@ﬂlwt%fqrggp@gs t han
0.5 percent copper; up to less than 0.2 percent 15 cobalt; up to 0.05

per cent phospHeseiRtionand hedfolowingeslaims. sul fur; and 0.001 up to 0.0035
percent boron; iron and incidental inpurities. According to the

12



nmet hod, the steel is subsequently solution anneal ed and then cool ed. The
steel may be further processed using techni ques known to those of ordinary
skill in wbe3amsi’sio an article of manufacture, such as these/ussnoscohed
above, or 20 into any other desired form It is to be understood that the
present description illustrates aspects of the invention relevant to a

cl ear understandi ng of the inventi on.CLAIMS ai n aspects of the invention
that woul d be apparent to those of ordinary skill in the art and that,

t her ef ol¢e clsiil d not facilitate a better understanding of 11 WO 03/ 033755
PCT/ US02/ 08605 the invention have not been presented in order to sinplify
t he pregent I Ridi 1 r i j cri.bed
- connacti of Tul e i Seel PG, RLBIA! pplbeh o8 198 pefcE AR
the art ,w || C idering the foregoi scription, recognize that
many eng?”é!pntgdgggn}?q&ﬁgfcggk F@W@'”%&fﬁﬁrﬂﬁnﬁgw tqﬁicfﬂﬁt\/@ﬁ'ﬁqu y be
made. ALl__such variations an&i modi fi cations of the invention are covered
by the PJri%ﬁCﬁaf mMaagaresR:i bt 4Rdond pelaeshnigdenapo 2 peregnteiices3 755
PCT/ US02/ 08605 CLAIMS We claim 1. A duplex stainless steel conprising,

i n wei gBregier hant1.4 up todess thenpd b pencent amdlybgdenum; up to less than 0.5 percent

copper; up to less than 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.

2. The duplex stainless steel of claim 1 comprising up to 0.03 percent carbon.

3. The duplex stainless steel of claim 1 comprising 19.5 up to 22.5 percent
chromium.

4. The duplex stainless steel of claim 1 comprising greater than 3 up to 4 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 0.14 up to 0.20 percent nitrogen.
7. The duplex stainless steel of claim 1 comprising up to 1 percent silicon.

13



15 up to less than 25 percent chromum greater than 3 up to 6 percent
nickel; up to 3.75 percent manganese; 0.14 up to 0.35 percent nitrogen; up
to 2 percwoto3@si’ston; greater than 1.4 up to | ess than 2PETaS0Z/EssHS

nol ybdenumi up to less than 0.5 percent copper; up to less than 0.2
percent cobalt; up to 0.05 percent phosphorous; up to 0.005 percent

sul fur; 80. 00Theplupte)0stadisspeteckot claior drpmprisingghd upito 210Eerkemtpuri ti es.

2. The duplex stainless steel of claim1 conprising up to 0.03 percent

car bon. malybdeminslupl ex stainl ess steel of claim1l conprising 19.5 up to
22.5 percent chromum 4. The duplex stainless steel of claim21 conprising
greater than 3 up to 4 percent nickel. 5. The duplex stainless steel of
claiml conprising up to 2 percent manganese. 6. The dupl ex stainl ess steel

of claigml c rj si 14 up t 420 percent.nitr . 7. The dupl ex

st ai nl e85 st gg? dé‘%léc}?atlgfﬂ} Sscgtﬁﬁf‘?g(f'ﬂ@ Eﬁofrli)"f"}?elr'%ggﬁﬁs‘??rp‘é%‘?om?rm

03/ 033755 PCT/ US02/ 08605 8. The duplex stainless steel of claim1l
conprising 1.5 up to 2.0 percent nolybdenum 9. The dupl ex stainl ess steel
of claim1 conprising up to 0.4 percent copper. 10. The dupl ex stainless

st eel oflOcl ailThe Huptsrpstayiless steet of daioB1 sompsisingoinw kpb H3qercentighospheralisp| ex
stainless steel of claim1l conprising up to 0.001 percent sulfur. 12. The
dupl ex stainless steel of claiml conprising 0.0015 up to 0.003 percent

bor on.

11.  The duplex stainless steel of claim 1 comprising up to 0.001 percent sulfur.

12.  The duplex stainless steel of claim 1 comprising 0.0015 up to 0.003 percent

boron.
13.  The duplex stainless steel of claim 1 wherein the steel is weldable and formable.

14. A duplex stainless steel consisting essentially of, in weight percent: up to 0.06
percent carbon; 15 up to less than 25 percent chromium; greater than 3 up to 6 percent
nickel; up to 3.75 percent manganese; 0.14 up to 0.35 percent nitrogen; up to 2 percent
silicon; greater than 1.4 up to less than 2.5 percent molybdenum; up to less than 0.5
percent copper; up to less than 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.

15. A duplex stainless steel comprising, in weight percent: up to 0.03 percent carbon;

19.5 up to 22.5 percent chromium; greater than 3 up to 4 percent nickel; up to 2 percent

14



13. The dupl ex stainless steel of claim1l wherein the steel is weldable and
formable. 14. A duplex stainless steel consisting essentially of, in

wei ght pewoasto33’ap to 0. 06 percent carbon; 15 up to | ess Pdrarso2bseper cent
chromium greater than 3 up to 6 percent nickel; up to 3.75 percent
manganese; 0.14 up to 0.35 percent nitrogen; up to 2 percent silicon;

gr eat er mangangse; Qip4tup toed 20 tpeaser? nitrqgeng eptto rtoperbeistsiidony .5 apkegs t han
0.5 percent copper; up to less than 0.2 percent cobalt; up to 0.05 percent

phosphopetsent HiblybdernRQ8s P =M Y éMrcprelg,q)éssUﬂhahQ).Q p@@@e%lt RBb&Rp kP on:
iron and incidental inpurities. 5. A dupl ex stainless steel conprising,

in wei ght . . I : ) > ent
chr o o e Rt PhedpHofot GOPFLETSD (s R pent tbrany for And A dtE N
03/0337E§ PﬁE{U802/08605 manganese; 0.14 up to 0.20 percent nitrogen; up
to 1 pe R 3‘Iicon; 1.5 up to 2 percent nolybdenum |ess than 0.4
percent copper; less than 0.2 percent cobalt; up to 0.03 percent
phosphorous; 0.001 up to 0.0035 percent boron; iron and incidental
inmpurities. 16. An article of manufacture including a duplex stainless

st eel cdfpri dnagticlemfeayactupe includingip duplex stsintesscsiae! aomnprising, 6 weighto

| ess than 25 percent chromum greater than 3 up to 6 percent nickel, up

to 3. 75pprmeatnp to@@fhpeent Sarbdnypsup 0185 than@percent ¢HBaTumY gréater?
percent silicon, greater than 1.4 up to less than 2.5 percent nol ybdenum

up to | g 3 0pho @ SerBBARCAbkeICAPRSB.754brkEnt MaRghhede, ©. %4 eg"t&@rﬁs G&R8hE . up
to 0.05 percent phosphorous, up to 0.005 percent sulfur, 0.001 up to 0.0035

per cent nitkdeANup t6 9hetbéht ifd e Bitel (HBH1.4 Lo less than 2.5 percent
molybdenum, up to less than 0.5 percent copper, up to less than 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.

17.  The article of claim 16 wherein said steel is in the form of an article selected from

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

18. A method for making a duplex stainless steel, the process comprising:
providing a duplex stainless steel alloy comprising, in weight percent, up
to 0.06 percent carbon, 15 up to less than 25 percent chromium,
greater than 3 up to 6 percent nickel, up to 3.75 percent
manganese, 0.14 up to 0.35 percent nitrogen, up to 2 percent
silicon, greater than 1.4 up to less than 2.5 percent molybdenum,

up to less than 0.5 percent copper, up to less than 0.2 percent

15



17. The article of claim 16 wherein said steel is in the formof an article
selected from the group consisting of strip, bar, plate, sheet, casting,

t ubi ng andomi3PBsrgs 18. A nmethod for maeking a dupl ex stai nlpegguHL/e®s t he
process conprising: providing a duplex stainless steel alloy conprising,
in weight percent, up to 0.06 percent carbon, 15 up to less than 25
percent chromium gr eaokalttupato BOSperaent phospreoTbus] wiktd 0.006 pedcéntBulfur,

per cent manganese, 0.14 up to 0.35 percent nitrogen, up to 2 percent

silicon, greater than 0.0b1uip {00886 peb@ht BoborSoreatd iHRidehes itid to
| ess than 0.5 percent coppgf? up to less than 0.2 percent 15 Gﬁﬁ%g? 3755

PCT/ US02/ 08605 ¢ : [ t phosphorous, up to 0.005 percent
sul fur, 0.001 upg§@h%vS®§§5@g$g§%$8§%%§ﬁ; iron and incidental inpurities;

sol ution annealingoém%;ﬁﬁﬁﬁgéland cooling the steel. 16
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