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present i nwenBioesvssel ates generally to a dupl ex stainless stEeko2bBs
particular, the present invention relates to a duplex stainless steel 25
that can be an econom cal alternative to certain known duplex stainless
steels, while also providing inproved corrosion resistance relative to
certain austenitic stainless steels, such as the AISI Type 304, 316 and
317 austenitic stainless steels. The present invention is also directed to
a nethod of rmanufacturing the duplex stainless steel of the invention. The
dupl ex 30 stainless steel of the present invention finds application in,
for exanple5 corrosive environnents and WeEbe fabricated into articles of
manuf acture, such as, for exanple, strip, bar, plate, sheet, casting, pipe
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20 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

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 AlSI Type 304, 316 and 317 austenitic
stainléss steels. The present invention is also directed to a method of
manufacturing the dupilex stainless steel of the invention. The duplex

30 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.




DESCRI PTI ON OF THE | NVENTI ON BACKGROUND Dupl ex stainless steels are zl I olP/s
that contain a mcrostructure consisting of a mxture of austenite AcAUb 2004

ferrite ph . erally, they exhibit certain characteristi bot h
phases, al gﬁ‘g%ﬁ]t h‘%r el atively higher strength 5 and ductili fpﬁﬁ@%{]%%(l?%

dupl ex stainless steels have 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, arﬁlEgdpﬁprdﬂaoﬁqrAg_llgggmgﬁ ég§ﬁ%@mer ate

resi stance to general corrosion and chlori Ss C racki ng,

but suffered a substantizﬂ) 110 Igss of s;grqgerti s when used in the as-wel ded
condition. Presently, one?UPerFANIESSSRENETS allowrithas coni@ingarpicaastaistarepl ex
stainless steels is available under the trademark AL 2205 (UNS S31803

and/ or S32205) FANSHRUAG A ehaixtute efl austetit pod ferritm phases. sBangtally, they exhibit
Pennsyl vani a. This duplex stainless steel is a nomnal 22% chrom um 5.5%

ni ckel , 3% nol yledtaiuchametenstics @f both plyases, Bfora) Wil rélbﬂ%el?rm{;'r'hé}@reﬁgm osi on
resi stance in many environnents that is superior to the AISI Type 304, 316

and 317 austenidriddedtiity) ¥afogs aaplex(SHIhRSS stod18 a0k $HReRr8 !
per cent ages herein are !Cvei ght per!():ent ages of total all qu}rv\g?% t')S.OHA?_OEZO&

which is a nitrmgﬁ;af,%élB@g&%@%%t%ét?hghﬁésa,%ﬁefog g%%%f{,gﬁ%ﬁge and

nmet al | urgi cal benefits o rogen rove 'corro

Goubl e that  of BreRAP; Brae A urde Po¥ Flodatules oAb hi s Guplex
stainless steel is often used in the formof welded pipe or tubular
conponent s, Early duplex alloys had moderate resistance to general
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 stainless steels is available under
the trademark AL 2205 (UNS $31803 and/or $S32205) 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 AIS| 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
20 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 well as a forned and wel ded sheet product in environnments where

resi stance to general corrosion and chloride stress corrosion cracking aAut 2004
("scc) 2 3755 2 7 AUG 2004 PCT/ US02/ 08605 is inmpo

i ncreased %@Z({&?%:’cr eates opportunities for reduction in E%ﬁ@g%-gpﬁ

t hi ckness and resists handling damage. As just indicated, AL 2205 has been
w dely accepted by tube and pipe end users, particularly as a | ow cost

epl acement. Lo TS, TR RCRRE AR UiEReSEhpbRACORG TR B | ©

due, in large part, to the fact that AC 2

resistant to creyi L.on thapn the Type 316 and Type 317 austenitic
stai nl ess st eelhgt.\)/é %’%"E‘R@Bﬁéﬁo%?a {@?t& gﬁgé}?@ ga"@ﬂeori de-ion crevice
corrosion is illustrated jn the table below, which shows the results of
ASTM Procedure G48B usi ndSiusbndicated. Al 205 has heenwidsly acasstecbby bdae erri ¢
chloride solution referred to is by weight for the hexahydrate salt and is
equi val ent to @ndgppe exdmgess paticwarines giowsuistirépacemenhts aygyat®us
ferric chloride salt. However, the extraordinary corrosion resistance (and

other propertistsinlesh stéel2Witn SBYL isea gormairer Thivaik due, irefliigé art tb SRt
applications. 15 In certain SCC applications, while AL 2205 -woul d provi de

an g;cggﬁ a_tFIySe thACAIN 0285 i Signiflc@Rtly MorB7¥sisRint RS cANIGFEAINIRIER P Ne2RRIE N
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 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 Incertain 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 WO 03/033755 2 7 AUG 2004 PCT/ US02/ 08605 the anmount sy pfaUGIH8)4

al | oyi ng e{y@y@Bhkssei ckel (nom nal 5.5% and nol ybdenum (nogi-Ralsesiées Thus,
it is desirable to provide a wel dable, formable duplex stailnless 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 commonly usies afodRof thephioyird aleferns nﬁk@ﬁ{norﬁd%@%ﬁnaﬁ%l&m ON

The present invention relates to a duplex stainless steel 10 conprising, in
wei ght percent (SR £3G/P6 percent carbon; 15 up to less than 25 percent
chrom um greater than up to 6 percent nickel; up to 3.75 percent

manganese; 0.14 up to O. er,cent nitraqgen; . to rcent siljicon;
greater than 1.4 up to Iglﬁ'g‘gs'ftﬂiﬁeﬁ'.r%blﬁga(f’é‘?ﬁ'ggrﬁVB@@EMNGF@%dl”@?é‘ t han
0.5 percent coPper, usgeto | ess than 0.2 percent cobalt; up to 0.05 percent
phosphor ous; 15t3ipless steeldhatRasgipatengarigsionresigtange thartheoBrpead4chipe
boron; and iron and incidental inpurities. This duplex stainless steel is
a wel dabl e, 5f oShédrel yeed17 atbtmniticastaipldsshiteelgr and dascolones ippoduativnstcshce
than Type 304, Type 316 and Type 317 austenitic stainless steels.

than the commonly used AL 2205 duplex stainless steel.

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 upto 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 stainliess steels.

According to one particular embodiment of the present

20  invention, the dupiex stainless steel may comprise, in weight percent, up to

0.03 percent carbon; 19.5 up to 22.5 percent chromium; greaterthan 3up 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




According to one particul ar enbodi nrent of the present 20 invention, the
dupl ex stainless steel may conprise, in weight percent, up to 0.03 pef ?bml 0
cen

carbon; 19 22.5 percent chromum greater than 3 up -
ni ckel ; “tﬁ)o&gmtﬁl’elr cent nmanganese; 0.14 up to 0.20 percent P&fruéoze(ﬁ?

1 percent silicon; 1.5 up to 2.0 percent nol ybdenum up to 0.4 percent 4 V\D
03/ 033755 27AUGR004 PCT/ US02/ 08605 copper; up to 0.3 percent phosphorous;

0. 001 percent sgddpér; uptflo& Qé}éénlgﬂ'no%o%lﬁgé%meﬁ%ﬁht Qrﬂfd?nﬁndi Db 13

i ncidental inpurities. Al so, | ex stainless steel e presen

| nvention may _quﬁt‘% Bgf‘&%‘?b%l gro‘ﬁfand Al gahtrmgﬁr]rlﬁ up to 0.03

percent carbon; per cent c rom greater than 3 up to 4

percent nickel; up to 2 pgerce anes 0.14 u to 0.20 percent

nitrogen; up to 1 per cent‘g@Pl ero‘ﬂ‘ﬂpqu gtqjﬁesst%tegt heRIESENHBYSHIRNGAY up t o
0.4 percent copper; up to 0.3 percent phosphorous; 0.001 percent sul fur;
and 0.0015 up teorsiEssepialyat injeisht peicesh uprie 0.83ipeesrniicarbnruriots ep.to10
The present invention also relates to articles of manufacture such as, for

exanmpl e, st i pR2.bpescentlchr@miurahgreater thas Biupds, 4 pah:iengnicmel;mJipﬁbFBJpercent
fabricated fromor including the duplex stainless steel of the present

invention. Themangaséss of 4 040 0f20 PErcdHPhiB¥gEh 2 PtE S Dt &Ef! shiceh: 4 eup
present invention Tray
to 2.0 percent molybdenum; up to 0.4 percent copper; 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 stainiess 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 1o 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 coocled. The




be particularly advantageous when intended for service in chloride
containing 15 environnents. In addition, the present invention rel al édUpgllh
a method f gy gRdss@ @ dupl ex stainless st eel . Accordi ng toékﬁﬁﬁmg%ggd of

t he present |nvent|on a duplex stainless steel is provided conmprising up
to 0.06 percent carbon 15 up to less than 25 percent chrom um greater
than 3 up to 6 percent nickel; up to 20 3.75 percent nanganese; 0.14 up to

0.35 percent nigtseitaRy beMubtBie? pREESEY to 8h4r6a8 ofgﬁé%ﬂIfﬁétuFé‘aP nloéng%tﬁé)r

| ess than 2.5 percent” nol ybdenumy up to less than 0.5 perc ent
to |l ess than O. d%sf(i}% cobalt; up to 0.05 percent phosphorous up to
0. 005 percent sultur; 0.001 up to 0. 0035 percent boron; iron and

i nci dent al inpurltles The steel is solution anneal ed and cool ed. The 5 27
AUG 2004 WD 03/033755 PCT/ US02/ 08605 steel may be further processed to an
article of manufacture or into any other desired form DETAILED DESCRI PTI ON
OF THE | NVENTI ON 5 The pr d2ehfILEN &rSGRIFECRY & THEINWEINEIONt ai nl ess

steel conprising, in weight percent, up to 0.06 percent carbon; 15 up to

|l ess than 235 percent chriine prasegt énteatioh helated tona HapRxResiRRIYs sﬂ!é@lke| up
to 3.75 percent nanganese; 0.14 up to 0.35 percent nitrogen; up to 2

ESF fgnf ezlsl j[ ﬁgrrssors;ﬁrﬁ%ggj;ggrﬁé@ﬁt BerteHR ubQo!(BO6 pbRaht Tarbdit &S R REGHUM
25 percent chromium; greater than 3 up to 6 percent nicketl; 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 motybdenum; 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




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:%%ég%?m4
iron and {ReiGpMs_l inpurities. The foregoing duplex Stainh?ﬁﬁséﬁﬁﬁk of

the present 1 nvention preferably contains each of the austenite and’

ferrite phases, in the range of between 20% and 80% by volunme in the
anneal ed condition. The 15 duplex stainless steel of the invention is a

wel dabl e, for al |l [.Qn _resi stance
than Type 04, PRyRTEEWeR sl for EBiaihe by Rdtlp Mo Byl 8
According to ce&taiﬂbgﬁgggineqts.of t he rez&gt I nvention, the duplex

stai nl ess st eelSUf5§ rnamn ?'H"\ﬂeﬁE&Ht’egéﬁ'V pf CoIposion feistapescdhe 20
carbon; 19.5 up to 22.5 percent chromum 3 up to 4 percent nickel; up to 2
per cent nanganéi@lexstainiess steebobibeguesanttinygntiongeay ingudevariper etbat
silicon; 1.5 up to 2.0 percent nol ybdenum up to 0.4 percent copper; up to
0.3 percent platispingraxditiorts &l agditives bs sné koownadmtheart0 ThA$ 5e mibotion€ht8030
percent boron; iron and incidental inpurities. These ranges nay be 6 2 7

AUG 2004 W05 03/d) 8 aﬁﬁﬁggtéiﬁfé%gclﬁéﬁ?of W8 presdn@inventibh mAbé fsf Qsuf ubi ng

uses that require both formability and strength, while ‘maintaining
required |evel ﬁ:r%u&é)fﬁa(?lstrgg:orn’ﬁ%bﬁ & ALTB805 %@e%téﬁwﬁ%ﬁl stag) t?éc%@ke % ot he
present invention may I nclude various other ~alloying additlons an

additives as arlgwlérn 8(‘3'\41\(3}1{] oft arﬂﬁ)y?r{é adJiEHr?s, pe:arlT'R((;)uquﬂrq?/3 rqtlc?(el and molybdenum.

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 3.0t0 4.0 5.5% nominal
Mo 1.5102.0 3% nominal

Despite the reduced levet 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.




5 of the duplex stainless steel of the present invention may be | ess costly
to produce than the comonly used AL 2205 dupl ex stainless steel beQ&auggh 2004
of a | owen <. of alloying additions articularly nic

W B 894s yi ng , P y %J s
nmol ybdenum verfheless, t he dupl ex stainless steel of thé’ /@Qgﬁﬁmh
I nvention still provides a stable austenite phase (wth respect to
def ormati on-i nduced martensite) and 10 the desired | evel of corrosion

ol monts of the presentSian, SndR o HE Bieterd MehTbar ineS5 B nentoes

enbodi mrents of the present invention are

El emrents Ni and I | ght. Percent) . Enbodi nents of the Duplex AL 2205
Alloy Alloy ofpﬁﬁﬁggﬁﬁ&vﬁ qfrﬂ/@fﬂq%ﬁ%a'“'ﬁﬁs &leel captaiag, 'Q.Veﬁlggt Reient, 5%
nomnal Mo 1.5 to 2.0 3% nom nal Despite the reduced | evel of nickel and
mol ybdenum conp&Pdg% earban, 92465, reangangsed 0412286 phesphorofist dO0B4R: sulfur,
stainless steel of the 15 present invention exhibit pitting/crevice

corrosion resi s@.468siihan, 26.18% chmofiomn 81249 miedet, 1 .88 mbRRIeA0M, (34 fesand
317 austenitic stainless steels. As is known in the art, the Type 316 and

317 stainl ess sé@fler, 61667 hRrogeS AL B0 1% Rorbh KB eIfRief SELONhPRSI 9N Adign
Type 304 stainless steel. o
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




7 2 7 AUG 2004 WD 03/033755 PCT/ US02/ 08605 As an exanpl e of the present
I nvention, the present inventors produced a heat of a duplex stai nglezsﬁuﬁ 2004

st eel contgi.nj LN weight percent, 0.018% carbon, 0.46% -
0. 022% pho@%ﬂé‘%ﬁ’s”? 0.0034% sul fur, 0.45%silicon, 20. 18%@#@%@3’?}1 53, 24%

ni ckel , 1.84% nol ybdenum 0.21 %5 copper, 0.166% nitrogen, and 0.0016%
boron (hereinafter "Exanple 1"). As is illustrated below this enbodi nent

of Lhe. dupl xSkt hefhinel h RSP SRy Sl R SUML by,

significantly greater r'esistance

317 austenitic _stainless steels, while, due to the reduced nickel and

ol ybdenum conPetMP T IRE riatRgaL A Secfs el LR bipsped to AL
10 2205. The CPT of Type 316 and 317 austenitic stainless steels is based
on ASTM pr oced(?Rproxugatelyse 8 By weight) sadiunpelledde selutignsaandopaaded tcha
material is imersed in a beaker containing a 6% solution of ferric

chloride for 7potentict obt700en\desi SEE. t EnpEmaperaturand thd eolutivalis) ricesh Seor at
signs 15 of pitting. By repeating the test at increasing tenperatures, the

tenperatures athahitelbfAFCtpeminditd, Adetherddfori@irtsntiid ftbnitbhéd. CRT sGhe
Exanple 1 was neasured by ASTM procedure G150. According to'this

procedure, thesage b, MOnB¥ it Ircreases 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 ancther 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 Examptle 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.




2 7 AUG 2004 PCT/US02/ 08605 val ue, CPT, determ ned by ASTM procedure G 48A
is determined by placing a sanple of the material in an el ectrochent dadib /it
cell cont aj Iar (approxi mately 5.8% by melght) sod

sol ution ahgi%%1arlzed to a potential of +700 nV vs. ?# ”&nhﬁ%?ature
of the solution is increased at 5 the rate of 1C per n1nute and the
corrosion current is nonitored. At sone tenperature the current increases
rapi dly and exceeds a 100 m croanps per square centineter threshold. This
tenperature is recorded as the CPT. Pitting on the speC|nen is then

visual |y conf i aaace e e e e e n L o ent__inve ont or o

anot her dupl exj : oo
cont ai ni ng, i njg
PhOSPOr OUS, (] !kel,

1. 80% ol ybdeniists f i C}i}‘ - ﬁ: [!__
(hereinafter QT ol A ez :; es
of the steel I @J.@"M@‘M (_g@lﬂ:jfk? ﬂ(ff_fﬂ@m

expected, the § B
cati pn ~A240 . recver [T | uh
%%ﬁﬁ for EdOGOE 2 vera's,m@r tthan £4.02205}
ra o f" however, thes¢ values wgre substantjally

requirenents c
the yield and |t
t hey are conpg

greater than t(ﬁ | rrum st;"!r;%r’:‘gt I Tequi rements of 20ASTMgpecifiecat+on A
240 for Type 3 Maust enigpigpest ai nl| es
yp 316 Stamless Steel 30, 60C° 5,000 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




steels. 9 2 7 AUG "1004 WO 03/033755 PCT' /1 J S02/08605 Mechani cal PropWes
Standard or Alloy0.2% OffsetUtimate Yield StrengthTensile% El ongati @ry a6 2004

Strength 249 M ni nunB0, 00075 40 0000 304 Stainl ess SeelgozbiM A
240 M ni rru%négg,s@éms 40 0000 316 Stainless Steel,. ASTM A 240 ‘

M ni mun80, 00075 35 0000 317 Stainless Steel,. ASTM A 240 M ni nunb5, 00090

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 suifur; 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 servi(-:é 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.vention, 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 1o 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.
Cenain 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
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25 000 AL 2205 Dupl ex, Stainless Steel AL 2205 Stainl ess85,000125, 00030

St eel Exanpl e 283, 500114, 00037 Thus, the duplex stainless steel of t AUG 7004
present inygNidR3,48Yy provide a lower cost alternative to

illustrat egqu Exanples 1 and 5 2 of the present inventi on,%&%@?@rseﬁfs of
t he dupl ex stainless steel of the present invention exhibit nechani cal
properties conparable to AL 2205 along wth resistance to pitting/crevice
corrosion that the igvemtidr Bavd hyt Bé&RbRIsehi@intdi8er i &
stainless steels. The present invent Fon al so rel at gﬁﬁﬁlgﬁégﬁreeé%g%

manuf acture 1 SUCHBR, I [ . rs,. plates, sheets, )
castings, tubi gdg oﬁt'gﬁpiﬂg{"“@ﬁﬁpﬁg?&s@‘ "ﬁ)‘}r)e?ft'ﬁgm tﬁ%"{ﬂ%’“ﬁlﬂﬁ"é? CONRPRIIRR s
steel of the present invention. . According to these enbodi nents of the
present inventi‘ﬁﬁr,‘of"Yec ?’P&"@’Qﬁ'”‘f@?%‘é&@%@'ﬁﬂ?wSV'IIA&‘J@Q@OM!“, upon

PCT/ US02/ 08605 manganese; 0.14 up to 0.35 percent nitrogen; up to 2 percent
silicon; great ggonsidering the foregoing description, recognize that many embodiments,

5 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 following claims.
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than 1.4 up to less than 2.5 percent nol ybdenum up to less than 0.5

percent copper; up to less than 0.2 percent cobalt; up to 0.05 percqqﬁAU52m4
phosphorous; up to 0.005 percent sulfur; and 0.001 up to 0.0035 percent
boron; iron and 5 incidental inpurities. The articles fornmed of the duplex
stainless steel of the present invention may be particul arly advant ageous
for service in chloride containing environnents. In addition, the present

i nvention rel gfeslaim: a nethod for making a dupl ex stainless steel.

According to the nethod of the present invention, a 10 duplex stainless

steel ‘I's provided oodmdiesidifinidds YBEOHmBRYAENIN \{vﬁgnrﬁgjeg%&ﬁ: BE1E @6 pardm:

15 up to less than percent chrom un Qgreater to 6 percent

ni ckel; up to 3.75 rcent anese; . 0.14 up to,0.35 rcen itrogen;. u

Lo’ per cont SAINGEGHD G LaPer DREEM CHBIY Fiealeh tian 508 13 lessahen #Bercel®
nmol ybdenumy up to less than 0.5 percent copper; up to | ess than 0.2 percent
15 cobal t; upnicted..@btop27Seprrcphbepin@anese; U4t vp o 06 perceah nitsxgeny tp tark

0.001 wup to 0.0035 percent boron; iron and incidental inpurities.

According to bréﬁ:erﬁ%ili&@ﬂ; ghdetes tieml 1i4sups tb kagueahl 5 selrugntanoybaealad uprtd
then cooled. The steel may be further processed using techni ques known to

hose menti onledSxBa0-> GerEatf Cotir, b (T il CoTip PRI KSR g Pefcent

t hose nmenti one ove, an esir

o e e S RS SR 5 5% TR 2 edopep: ron

aspects of the invention that woul d be apparent to those of ordinary
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 15 up to less than 21

percent chromium.

4. The duplex stainless steel of claim 1 comprising greater than 3 up to 3.5

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.
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skill in the art and that, therefore, would not facilitate a better
understanding of 11 2 7 AUG 2004 WO 03/033755 PCT/ 11502/ 08605 the 77 Aub 2004
i nvention have not been presented in order to sinplify the present
description. Although the present invention has been described in

connection wth only certain enbodi nents, those of ordinary skill in the
art will, upon considering the foregoing description, recognize that many

enbodi nents, & ”Dd'fﬂéégb%ggalt?@ﬁr&s\@éb%ﬂ Q@8%n af cIrhSridiAY et toon pBRYE & liFRAe

Al such wvariations an Ications of the invention are covered by the
foregoing description and the followng clainms. 12 2 7 AUG 2604 W claim

| . A duplex stainless steel conprising, in weight percent: up to 0.06
percent carbon; 15 up to 22.5 percent chromum greater than 3 up to |ess
than 4 percent. ni cke dupiextda®les @i@eb@fmlamﬁg@r@@@smg 1123 upgorpOpessent
percent nitrogen; up to 2 percent silicon; greater than 1.4 up to |ess
than 2.5 percenglypBesbgenum up to |ess than 0.5 percent copper; up to

| ess than 0.2 percent cobalt; up to 0.05 percent phosphorous-, up to 0.005
percent sul fur; 0.001 up to 0 0035 percent boron; iron and incidental
inmpurities. 2. The dupl ex stainless steel of clain11 conprising up to 0.03

percent car bo%. The duplex stainless steel of claim 1 comprising up to 0.4 percent copper.

10.  The duplex stainless stee! of claim 1 comprising up to 0.03 percent

phosphorous.
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 22.5 percent chromium; greater than 3 up to less
than 4 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

14



3. The duplex stainless steel of claim1l conprising 15 up to |less than 21
percent chrom um 4. The duplex stainless steel of claim1l conprisi AU 7004
greater than 3 up to 3.5 percent nickel. 5. The duplex stainless stee
claim1l conprising up to 2 percent manganese. 6. The dupl ex stainless steel
of claim1 conprising 0.14 up to 0.20 percent nitrogen. 13 2 7 A0O6 2004 7.
gheTﬂupgexlstainlesF steel of claim1 conprising up to 1 percent silicon.

e duplex s nl ess of .claim1 conpri.si .o u to .0
ol ybenuim  oCObRL: e GOE Bardine SeBPharsiay Ui &1 PSPt BB 6
percent copper. 10 The dupl ex stainless steel of claiml conprising up to
0.03 percent PHORYHh peoeent boran; mpre agdpnedestahimpeEsest eel of claim |
conprising up to 0.001 percent sulfur. 12. The duplex stainless steel of
claim1l conprising 0.0015 up to 0.003 percent boron. 13. The dupl ex
stainless steel of claim1l wherein the steel is weldable and formable. 14.

:[Aodupl ex stai nless gLeele LAAHISLd 8BePESRIPHsHY, Yn Weight hMeEAN UPRSI 68 pertdnt
carbon; 15 up to less than 21 percent chromium; greater than 3 up to less than 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 percent molybdenum; less 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 impurities.

16.  An article of manufacture including a duplex stainless steel comprising, in
weight percent up to 0.06 percent carbon, 15 up to 22.5 percent chromium, greater
than 3 up to less than 4 percent nickel, up to 3.75 percent manganese, 0.14upto
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 cobait, 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,

15



0. 06 percent carbon; 15 up to 22.5 percent chromum greater than 3 up to

| ess than 4 percent nickel; up to 3.75 percent manganese; 0.14 up #d Rl 304
percent nitrogen; up to 2 percent silicon; greater than 1.4 up to |ess
than 2.5 percent nolybdenum up to less than 0.5 percent copper; up to

| ess than 0.2 percent 14 2 7 AUG 2004 cobalt; up to 0.05 percent
phosphorous; up to 0.005 percent sulfur; 0.001 up to 0.0035 percent boron;

iron andincidgntal inmpuritie t%.O % B i €5 e 0 ticir irh,n
wei ght percent: up to 0.03 pe Eet 2 X it 0 é 8 perc it
chromum greater than 3 up to less than 4 percent nickel; up to 2 percent
manganese; 0.14 up to 0.20 peBteAer han dgero laps than 4 psesEmicks!) v dn3- 40 5
up to 2 percent nol ybdenum less than 0.4 percent copper; less than 0.2
percent cobalt; up to 0.03 peper@Entphasgdreseys;1Dup@d OURS perceresBogergupeta 2
boron; iron and incidental inpurities. 16. An article of manufacture

i ncluding a dupl ex stainless sbrpaintGiidBh! §tdtfer tHan YAl tio RRSARAR 2P pefent
0. 06 percent carbon, 15 up to 22.5 percent chromum greater than 3 up to

| ess than 4 percent nickel, up. t .75 _percent n e 0.14 up t
percent nitrogen, up to 2 per E’&%?@‘?W’BOW? ?%Peesgﬁgﬁﬁ?ﬂifﬁ)e{g%ntucpoq ol gggg{%gn
2.5 percent nolybdenum up to less than 0.5 percent copper, up to |ess
than 0.2 percent cobalt, up tharo0@speyeepkbapbahitbieo? Saderggnt Bhesrimous, up to
percent sulfur, 0.001 up to 0.0035 percent boron; iron and incidental
inpurities. 17. The article o0.00%percett sbkureiOrOGhud tsDe@d3% peraert verbmrinan
of an article selected
and incidental impurities;
solution annealing the steel; and

cooling the steel.

19.  The duptlex stainless steel of claim 3 comprising 15 up to 20.5 weight

percent chromium.

20. The duplex stainless steel of claim 3 comprising greater than 3 up to 3.5

weight percent nicket.

21.  The duplex stainless steel of claim 1 wherein the steel includes no more

than an incidental amount of tungsten.
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fromthe group consisting of strip, bar, plate, sheet, casting, tubing and
pi ping. 18. A nethod for making a dupl ex stainless steel, the process] AUG 2004
conprising: providing a duplex stainless steel alloy conprising, in weight
percent, 15 7 7 AUG 2004 up to 0.06 percent carbon, 15 up to 22.5 percent
chromum greater than 3 up to less than 4 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 t . e Al
| ess than 0.5“ger cgﬂle éBB\?ér%ta%eﬁsoéﬁslg@{]dgﬁiﬂQ&Oj]%fr)getwgg‘%é%g%w{&f1%3’4% less
0. 05 percent phosphorous, up to 0.005 percent sulfur, 0.001 up to 0.0035
per cent bor onthan g weigit PREGRIENEPMiWPuri ti es; sol ution annealing the
steel; and cooling the steel. 19. The dupl ex stainless steel of claims3
conprising 15 up to 20.5 wei ght percent chromium 20. The dupl ex stainless
steel of claim3 conprising greater than 3 up to 3.5 wei ght percent nickel.
21. The duplex stainless steel of claiml wherein the steel includes no
nore than an incidental anmount of tungsten. 16

23. The duplex stainiess steel of claim 22 consisting essentially of 15 up to 20.5

weight percent chromium.

24.  The duplex stainless steel of ctaim 14 consisting essentially of greater than

3 up to 3.5 weight percent nickel.

25.  The duplex stainless steei of claim 22 consisting essentially of greater than

3 up to 3.5 weight percent nickel.

26. The duplex stainless steel of claim 14 consisting essentiaily of up to 0.4

weight percent copper.

27.  The duplex stainless steel of claim 15 comprising 15 up to 20.5 weight

percent chromium.
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2 7 AUG 2004 22. The dupl ex stainless steel of claim 14 consisting
essentially of 15 up to less than 21 wei ght percent chrom um 23. Th?7 67004
dupl ex stainless steel of claim?22 consisting essentially of 15 up to 23{5
wei ght percent chrom um 24. The duplex stainless steel of claim 14
consisting essentially of greater than 3 up to 3.5 wei ght percent nickel.

25. The dupl ex stainless steel of claim?22 consisting essentially of

greater than 3aip tonhd.dapl StAiniess ea of'i:lf%'l?ﬁH-s Q&npﬁéﬁ\ﬁg@eb@% AN PES3.5

steel of claim 14 consisting essentially of up to 0.4 weight percent

copper. 27. The_ duplex stainl ess steel of claim15 conprising 15 up to 20.5
wei ght percentwﬁﬁgﬁgﬁg[ﬁﬁntw ‘:1‘_7 AUG 2004 28. The dupl ex stai gl ess gt eel of
claim15 conprising greater than 3 up to 3.5 weight percent nickel. 29. The
dupl ex stainless steel of claim27 conprising greater than 3 up to 3.5
wei ght percent nickel. 30. The dupl ex stainless steel of claim 15
conprising up to 0.4 weight percent copper. 31. The dupl ex stainless steel
of claim 15 wherein the steel includes no nore

29.  The duplex stainiess steel of claim 27 comprising greater than 3 up to 3.5

weight percent nickel.

30. The duplex stainless steel of claim 15 comprising up to 0.4 weight percent

copper.

31. The duplex stainless steel of claim 15 wherein the steel includes no more

than an incidental amount of tungsten.

32.  The article of manufacture of claim 16 wherein said duplex stainless steel

comprises 15 up to less than 21 weight percent chromium.

33. The article of manufacture of claim 32 wherein said duplex stainless steel

comprises 15 up to 20.5 weight percent chromium.
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than an incidental anmount of tungsten. 32. The article of manufacture of
claim 16 wherein said duplex stainless steel conprises 15 up to | esszthat 7004
21 wei ght percent chromium 33. The article of manufacture of claim 32
wherein said duplex stainless steel conprises 15 up to 20.5 wei ght percent
chromum 18 2 7 AUG 2004 34. The article of manufacture of claim16

wherein said dupl ex stainless steel conprises greater than 3 up to 3.5

wei ght percent3fi ckehe ﬁﬁcleﬂ?@néﬁ&fe@hﬁe@ff cTEU @ GlHerSinQfaid b@br@x@amsest@a
sai d dupl ex stainless steel corrprlses greater than 3 up to 3.5 weight

percent i okeloiQrisdy Bralibt My 3o Brs5 U FodloeBLAIEREO uherein said

article of manufacture of cIa|n116 wherein said dupl ex stainless steel
conprises no nore than an incidental ampunt of tungsten. 38. The nmet hod of
claim 18 wherein said duplex stainless steel conprises 15 up to | ess than
21 wei ght percent chromum 39. The nethod of claim 38 wherein said duplex
stainless steel conprises 15 up to 20.5 wei ght percent chromum 19 2 7 AUG
2094 40, The rdf.hodTbé articlenf Banufackire of slaimBipwbereinasaid duplext gainless steel
conprises 3 up

comprises greater than 3 up to 3.5 weight percent nickel.

36. The article of manufacture of claim 16 wherein said duplex stainless steel

comprises up to 0.4 weight percent copper.

37. The article of manufacture of claim 16 wherein said duplex stainless steel

comprises no more than an incidental amount of tungsten.

38. The method of claim 18 wherein said duplex stainless steel comprises 15 up

to less than 21 weight percent chromium.

39. The method of claim 38 wherein said duplex stainless steel comprises 15 up

to 20.5 weight percent chromium.
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to 3.5 weight percent nickel. 41. The nmethod of claim38 wherein said
dupl ex stainless steel conprises 3 up to 3.5 weight percent nickel .7 24246700
met hod of claim 18 wherein said duplex stainless steel conprises up to 0.4
wei ght percent copper. 43. The nethod of claim 18 wherein said dupl ex
stainl ess steel includes no nore than an incidental anobunt of tungsten. 20

40.  The method of claim 18 wherein said duplex stainless steel comprises 3 up

to 3.5 weight percent nickel.

41.  The method of claim 38 wherein said duplex stainless steel comprises 3 up

to 3.5 weight percent nickel.

42.  The method of claim 18 wherein said duplex stainless steel comprises up to

0.4 weight percent copper.

43. The method of claim 18 wherein said duplex stainless steel includes no

more than an incidental amount of tungsten.

20




