WD 03/ 020994 PCT/ SE02/ 01564 1 DUPLEX STEEL ALLOY TECHNI CAL FI ELD OF THE

| NVENTI ON The present invention relates to a stainless steel alloy, closer
5 det er M wodsm@upl ex stainless steel alloy with ferriticraasEenitse£ nmatri x
and with high resistance to corrosion in conbination with good structural
stability and hotworkability, particularly a duplex stainless steel with a
content of ferrite of 40- 65 vol une-% ahd a wel | bal anced conposition,

whi ch inparlgg,PL%QgTéRtAﬁ&al corrosion properties, which make it nore
suitable for use 1n chloride-containing 10 environnments than earlier been

consi dered being possi ble. BACKGROUND OF THE | NVENTI ON Over the recent
years, the environnments in which corrosion resistant netallic materials

wer e used, ' requi renents on the corrosion
properties m&@gﬁﬁﬁﬁﬁ?‘é@c\ﬁ%ﬂ?gﬁ properties increased. Duplex
steel alloys, whi chThergesshibléstivndeteato aataintasatstee alloyusioser t hat used
steel grades, as for exanple high allaqyed gustenitic teels. ni - base
al | oys or detasminggn C&lﬂ'@_&/@é"ﬂ‘?%"@?' aj?‘/)é{ Vﬁ'& Feé?ﬁ?fﬁf'é@nﬁcdﬂ?tsr?(lﬂrﬁ\mh

devel opment,q 200 &5 APLLPOGGN IFPEHbRalioh vitheyd s@stiamml emilRy ange in

chloride-c Ining environments 1s the so-called Pitting Reslstance
Equi val ent hoabdrkawiligt @ariRRErly awuplek staintssisteel with arEatant o fesniloal b
where the percentages for each el enent all.ude ta ' - 125 A
i gher  namBpnEHMESbR] Aue e aerears el inBals B el
particul ar ' bEldsN@/h& maké @inorBuidie friugk ialchivridecaritainimt s,
whi ch affeg?ﬁtgﬁﬁo@%rggggtgrsfy, are accor di ng to the formula Cr, My, N An
exanpl @0f oensitchmentst ein eaytierdecdnscansidriad DEinthPe$RI0141, whi ch hereby

through this reference is included in this description. This steel grade
wi th the denotation SAF2507 (UNS 30 S32750) was nmainly alloyed with high

contents ofgAdKAMDBRD OF THEIINVENMOeuent |y devel oped agai nst this
property with above ood resistance to corrosi quiicr?ccm ari de

al |
envi ronnents. WO 03/@2@98& recemtseary, thegavirgnments in w orrosion
resistant metallic materials were used, became more aggressive, the

15 requirements on the corrosion properties as well as on their mechanical
properties increased. Duplex steel alloys, which were established as an
alternative to until that used steel grades, as for example high alloyed austenitic
steels, nickel-base alloys or other high alloyed steels, are not exempted from
this development.

20 An established measure for the corrosion resistance in chloride-containing
environments is the so-called Pitting Resistance Equivalent (abbreviated PRE),
which is defined as

PRE=%Cr+3,3%Mo+16%N
where the percentages for each element allude to weight-percent.

25 A higher numerical value indicates a better corrosion resistance in particular
against pitting corrosion. The essential alloying elements, which affect this
property, are according to the formula Cr, Mo, N. An example for such a steel
grade is evident from EP0220141, which hereby through this reference is
included in this description. This steel grade with the denotation SAF2507 (UNS

30  S32750) was mainly alloyed with high contents of Cr, Mo and N. ltis
consequently developed against this property with above all good resistance to

corrosion in chloride environments.



In recent tines also the elenents Cu and Whave shown to be efficient
alloying additions for further optim zation of the steel's corrosion
properti esoiog/ozdbori de environnents. The el enent W has byPChSROb@SHM used as
substitute for a portion of Mp, as for exanple in the conmmercial alloy DP3W
5 (UNS S39274) or Zeronl OO, which cont aiE 2,0%respectively 0,7% W The

| ater contains even 0,7% Cu with the pufpose to increase the corrosion

resistance of the alloy in acid environments. The alloying addition of
tungsten |ed to a fuht maendnssaisaetic edemenés CreandlY\ehaeg shown &obeosi on

resi stance apd. th t he,..PRE- 1 I he. 10 P formul a..which al so
makes t he rgﬁ'ﬁ né%@ﬁﬁég@éﬁ/\tg)éﬁ f?ﬁé"%ﬁ? PéﬁWi,zea%Sﬁ %@e&?wc&%{sw&pal | oys
corrosion rpRipErieER cHiedde ehvirdTRRRECT HS el R4/ by I\ beasiligsedss
described for exanple in EP 0 545 753. This publication refers_to a duplex

stai nl ess apylstituietfar gavstien pfMongs drcxasiapleds tha comarietal akoy BE3Ye
bove-d | - 0 3 .03 iy
method of cLPSS SR R0 o, HftE SaaF2 Bt FSHuiRUEY 0 1 \REIRE 0P

corrosi on resmntairan@en 0,7¢hCorwitle theepwrposa e icsead e theSAdr&0bressisthhcd of

menti oned, whi CE) conposi tion appears fromEP O 708 845. This alloy, which
i s char act ef1SRIPW) AHGRBYIIUYAERMEt s of Cr 20 and N conpared to for exanpl e

SAF2507, has shown b?h@%ll%?@?fﬁc@iﬁdﬁ c?f"lhﬁ?%’(%ﬁ led 8 a4SRhENdSRYSSREAEN e

where resistance to interg ar corros and corrosion I n anmbnhi um
car bamat e | seskuierfuothacogpsiontresistanas agidstheeekhyi thie PRBrfoopiuladothsi st ance in

chloride-co Lning environnents, 25 US-A-4 985 091 describes an a

"t endedd T of R B iRaIbE Bp 2l dhS P Rlip e R AIVERD Fi RiRRSe SMEY e
mai nly int epgd §0dndhe oY EbABsiBhiIrESStankt digarepr i marily intended as
alternative to recently used austenitic steels. US-A-6 048 413 describes a

dupl ex stainless alloy asPREVérH&I+3.8(TodloL8YoWM)11656Nt ai nl ess steel s,
i ntended fo se_ i Ml or i de- MY [ Nt : T i,sadvant age
T ended (oL R B E L 1 RIE TEER B VEATER S e 520
appear ance @fiplbRisthinkds Rillby iith deHepallEhalrbiéd Boaesdht@bpeities WO 03/ 020994
PCT/ SE02/ 01564 3 in the steel, as for exanple si gmaEphase, especially
after héat - {heabpoMg-desgtibed gescribed steel grades have a PRE-number, irrespective

method of calculation, which lies above 40.

From the alloys with good corrosion resistance in chloride
environments also SAF 2906 shall be mentioned, which composition appears
from EP 0 708 845. This alloy, which is characterized by higher contents of Cr
20 and N compared to for example SAF2507, has shown being especially suitable
for use in environments, where resistance to intergranular corrosion and
corrosion in ammonium carbamate is of importance, but it has also a high

corrosion resistance in chloride-containing environments.

25 US-A-4 985 091 describes an alloy intended for use in hydrochloric
and sulfuric acid environments, where mainly intergranular corrosion arises. It is
primarily intended as alternative to recently used austenitic steels.

US-A-6 048 413 describes a duplex stainless alloy as alternative to
austenitic stainless steels, intended for use in chloride-containing environments.

30

The disadvantage with the above-described alloys, all with high

PRE-numbers, is the appearance of hard and brittle intermetallic precipitations



for exanple by wel ding under later processing. That results in a harder
material wth poorer workability and finally a deteriorated corrosion
resi st ancwo osm2meder to further inprove anong others the PCTISENZ0IS6er r osi on
5 resistance of duplex stainless steels, an increase of the PRE-nunber in
both the ferrite phase and the austenite phase is required, wthout for
that sake jeopardizing the structural 3tability or workability of the
material. If the conposition in the two phases is not equivalent with

regard 1o iififhedfddvas gt d@NIRIE skRERASE Ssspeniillpliier hbagertingsushssnsi i ve
for pitting and crevice 10 corrosion. Consequently, the phascféwhl ch gs nor e
sensitive far exampbs bpweldiogundes datenprocessing ahieal reskits & @ fardgrieielph)

stability is, decrease . the, .hi t LIMVREY OF THE
| NVENTI ON Mghpoorer WW%?B%B? %n%ﬂngwgaet%pr%g%ggﬁﬁ IFelgnvent i'on to provide
a dupl ex stainl ess| bR tafdrther itprefe anong othayb thepittisg carrosisnst ance i n

conbi nation with inproved nechani cal properties an i ch is.ms

appr oprs at eedigtancs of duplex ﬁmlml@ﬁﬁﬁfﬁ@S,vﬁfb'ﬂére@Sﬁicgﬁﬁ? g’éﬁ\y@wm@fﬂ rrBaélner al
corrosion gnd. | ocalized Lrosi | i fbothacsal e in

chl ori de- cg?ﬁ %rﬁﬁe@a&%ﬁr}aﬁﬁﬁeﬂfggﬂ?ﬁﬁﬁﬁg r%ﬁ%tr?%%o c}%g_ct ofa t he present

i nvention jeypeidivingehe sttuptueal stabisityndrassrkabiil ofdheapateiriah letheont ent  of
ferrite in the range of 40 to 65 vol L%ma-% ar%d ﬁl} PRE—nﬁnB,ger (%[yeat | east

bet ween 46campostiondn His e RBagES IsdtEIUNRIPT AT Fedard KA e AdYewi t h an
optinumrelati. ' R U@ fidstmardsemfivd Rripiftiag landtdreviceinge of
0,90 to 1, @{)yng{;‘gﬁgﬁg@%@gﬂgﬁﬁsg 9 a;md 1, 05. Se25 It is rja f%rjt her obj ect of
t he presenicotrovient Conséquantlyy treephastuphish is siciesessiivetted0m@BIofy with a

i gher t haHeotaSep 168 BrRBPyCR Gl M aa: Srly sfpaiedbyheT) val ue

Crevi ce- cOLk QS| QHJ‘.W ire (henceforth abbreviated CCT) value of | owest
50C in G%Pfle%fé?? preferably at least 60Cin 6% FeC 3. 30 It is a further
object of the present invention to' provide an alloy with inpact strength

of at 1 casSIIMART RIRFEASESTRN, o 05/ 020004 PCT/ SE021 01564 4 For it
hi gh alkoyi ng cont entjs th&eférataT bisjlecesithe Gregeritdnventioprtegeavide mvadupiexn
shows remarkably good workability, in particular 'h%)e\tnvc\:%rih%%in{lcjirtﬂtio%nvgitﬁhal |
stainless steel alloy, which shows high corrosion resis
improved mechanical properties and which is most appropriate for use in
environments where a high resistance to general corrosion and localized
corrosion is required, such as for example in chloride-containing environments.
20 It is another object of the present invention to provide a duplex
stainless steel alloy with a content of ferrite in the range of 40 to 65 volume-%
and a PRE-number of at least between 46 and 50 in both the austenite and
ferrite phase and with an optimum relationship between PRE austenite and
PRE ferrite in the range of 0,90 to 1,15; preferably between 0,9 and 1,05.
25 It is a further object of the present invention to provide a duplex
stainless steel alloy with a Critical Pitting Corrosion Temperature (henceforth
abbreviated CPT) value higher than 90°C, preferably higher than 95°C and a
Critical Crevice-corrosion Temperature (henceforth abbreviated CCT) value of
lowest 50°C in 6% FeCls, preferably at least 60°C in 6% FeCls.
30 It is a further object of the present invention to provide an alloy with
impact strength of at least 100 J at room temperature and an elongation after

tensile test of at least 25% at room temperature.



t hereby be very suitable to be used for exanple the production of bars,
tubes, such as wel ded and seam ess tubes, plate, strip, wire, welding
wire, 5 cwogsemwmbd ve parts, such as for exanpl e punps, valpegsgEofbanges and
couplings. These objects are fulfilled according to the present invention
with duplex stainless steel alloys, which contain (in weight-% up to
0,03%C, upto 0,5%Si, 24,0-30,0%Cr,44,9-10,0% Ni, 3,0-5,0% M,
0,28-0,5%N, 0-3,0% M, 0-0,0030%B, up to 0,010% S, 0-0,03% A, 0-0,010%

Ca, 0-3, 0%W; h0g O3 tRYmaterid) 2R caiimito thalprasentfeventibni nevi t abl e
i mpuriti esf?w%@?o%@ BTON' OF THE DRAW NGs@;i gure 1 %gg T-val ues
t

from t est ssiodws hembestbhgaadswiorkabilisy.rip daricadanmtyorkedility in "Green
Deat h"-sol yt i d, wit h | |1
ns the ni cieispebeTenlSiitalis fo.be Pell Rucsaphie o prickiplion or Bafs. 305,58 e
attai ned witdh 584/ PaRd sbhmidsedubes hiAGT bl 8fre, nesding wire, Gr een

Deat h"-solution for the test heats conpared vm't[] thﬁ dupl ex stéa@l SAF2507
as wel |5 ascohstruaiveaparts sueh asforeB@anale PANRS, yEMVES3 andEoURINgSye

amount of erosion i Efg%ﬁﬁﬁ&aég?ﬁzﬁo@é?%cafdiﬁfg?ﬁ{e%"éé@“p‘f“ﬁgﬁﬁn witgure 4

shows the results fr esting nost of the heats.

DETAI LED DEgoRKRThIRN serstdaiiallbPs/mfitiboatain (in wedightets) cipdevb0derendp ior k has
surprisingly shown that one by neans of a - ba| j [ of the
el enents CB,5%tHI, M,P-W,O%qchﬂdg'@d)ao/éjﬁ’ é&-éww%ﬁﬁﬁéﬁ\g%@%mf t he
el ements ip IRl epid 639 MhoadoeoRt&s0-3,0%N\Y, OF,0%si on

resi st ant @a@@ﬁ?gﬁ’%éﬁt@gmaﬁsf gsq’g%nhfiéqnt’ _anount Qf_ sigma phase in the
materi ah. The 0OBBES Cal, 0dhB% Re, lbdlance edrglinaviiad®impyfitiesshi ch enabl es
extruding to seam ess tubes. It shows that with the intention to obtain a
conbi nati on of high corrosion resistance in connection with good

structural el N T8t TR peRwNGson of the alloying elenents in
WO 03/ 0209&?%@9%&%%%64 5 the material is required. The all oy

according to the invention contains (in weight- ): C Max 0,03% 5 Si Mx
0.5% M O_F?QL?%H shows CPT-values from tests of the test heats in the modified ASTM
15 G48C test in "Green Death"-solution compared with the duplex steels SAF2507,
SAF 2906 as well as the high alloyed austenitic steel 654SMO.
Figure 2 shows CPT-values attained with the help of the modified ASTM G48C
test in " Green Death"-solution for the test heats compared with the duplex steel
SAF2507 as well as the austenitic steel 654SMO.
20 Figure 3 shows the average amount of erosion in mm/year in 2%HCIl at a
temperature of 75°C.

Figure 4 shows the results from hot ductility testing for most of the heats.

DETAILED DESCRIPTION OF THE INVENTION

25 A systematic development work has surprisingly shown that one by
means of a well-balanced combination of the elements Cr, Mo, Ni, N, Mn and
Co can obtain optimal dispensation of the elements in the ferrite and austenite,
which enables a very corrosion resistant material with only an insignificant
amount of sigma phase in the material. The material obtains also good

30  workability, which enables extruding to seamless tubes. It shows that with the
intention to obtain a combination of high corrosion resistance in connection with

good structural stability a much narrow combination of the alloying elements in



Cr 24,0-30,0% N 4,9-10,0% M 3,0-5,0% 10 N 0,28-0,5% B 0-0,0030% S max
0,010% Co 0-3,5% WO0-3,0%15 Cu 0-2,0% Ru 0-0,3% Al 0-0,03% Ca

0- 0, 010%weloanzwodFe and normal occurring inmpurities and addirtSEon&LS6avher eby
the content 20 of ferrite is 40-65 volunme-% Carbon (C) has |imted
solubility in both ferrite and austenite. The limted solubility inplies a
risk of precipitation of chrom um carbides and the content should
therefore not exceed 0,03 weight-% preferably not exceed 0,02 weight- 25
% Silicon, Sl hibgated TRy diRoiding 29 ews inventibw cotieirs (m vigit on as
well as it “increases the flowabil'ity durrng production and wel di ng.
However, t®p high contents of Si lead to precipitation of unwanted
internetallic phase, wherefore 30 the content is limted to max 0,5

wei ght-% preferably max 0,3 weight-% WD 03/020994 PCT/ SE02/ 01564 6
Manganese ¢M) is added in ogggro,¢3%i ncrease the N-solubility in the
material. “However, it has shown that Mh only has a limted influence on
the N-sol i lity in the typMasf0,al oy in question. Instead there are found
ot her el egﬁnts wi t h hi gher 'pr_lfsl 2nce on the solubility. Besides, Mi in
combi nati oM™wi t h hi gh content's “6t"5 sul fur can give rise to formation of
manganese ggl fides, which acp4@s- 30)0% ation- points for pitting corrosion.
The content of M should therefore be linmted to between 0-3,0 weight-%
pref erabl yNO, 5-1, 2 wei ght - % 4&w HP¥an () is a nuch active el ement in
order to i&i%rove t he resistagccp_ﬁ@%a 10 majority of corrosion types.

Furt hernor€,” a high content of chromuminplies that one gets a very good
N-solupiliNy in the material 0,2BW85%t is desirable to

B 0-0,0030%
S max 0,010%
Co 0-3,5%
W 0-3,0%
15 Cu 0-2,0%
Ru 0-0,3%
Al 0-0,03%
Ca 0-0,010%

balance Fe and normal occurring impurities and additions, whereby the content

20 of ferrite is 40-65 volume-%.

Carbon (C) has limited solubility in both ferrite and austenite. The limited
solubility implies a risk of precipitation of chromium carbides and the content
should therefore not exceed 0,03 weight-%, preferably not exceed 0,02 weight-

25 %.

Silicon (Si) is utilized as desoxidation agent in the steel production as well as it
increases the flowability during production and welding. However, too high
contents of Si lead to precipitation of unwanted intermetaliic phase, wherefore

30 the content is limited to max 0,5 weight-%, preferably max 0,3 weight-%.



keep the Cr-content as high as possible in order to i nprove the corrosion
resi stance. For very good anpbunts of corrosion resistance the content of
chromi umwbaealozhobe at | east 24,0 weight-% preferably 27, @CTARBDOMRE ght -

15 However, high contents of C increase the risk for internetallic
precipitations, for what reason the content of chrom um nust be limted up
to max 30,0 weight-% N ckel N is use@d as austenite stabilizing el enent
and is added in suitable contents in order to obtain the desired content

of ferrit eMa'ngaﬁ’éétﬂMﬁgls%o%dﬂntd?éeﬁl@ ideshEsedhe N—mlubmmlnrihbema!beeai t he

austenitic tic phase with between 40-65 vqu - % rrlte an
addi ti on oHobeverdrhas shaven thatdiigbnlyhas 2 kmited influsncem (he 0(1:}1 YW ght - %

s required. Mol ybdenum (M) S a9 Aeklele ol RITFRLoMAE sréméfpﬁmm.gm

resi stance envitonments as as preéeferably
i n reduci nﬂuﬂaehé’éon/ehé @elulbhmlBé@d@mmem cornbinatibn néth leighwionterthiaf t he

Cr t ent , that th k f t talli
or oci pi t B0k dan)e e to TEAIBRTBHANeR S AL 20 FLRPIA™S hou o
lie in the r%éﬁgﬁ)r%flt\t]@g gﬁﬁo&owegﬂ% corterR of W%Lﬁd théreforé beeibidd t% i n

particul ar P4 i trogen is a very active el enent,

whi ch i ncr gagpser 18, @WeiglﬁJ%npn’eésnathSGLZV\teh@h’Ls%ruct ural stability as well
as the strength of the material. Further, a hi gh N WD 03/ 020994
PCT/ SE02/ 01564 7 content inproves the recovering of the austenite after

wel di ng, ‘M@;ﬁ E@E &@r) |$%C}ﬂu9ﬁ %Bf?vé b%?né’ﬂttiﬁ‘bftlérﬂé lrgff&@thieQ"eQistarice torder to

obtain a g east O, wei ght N shoul d be added. At
hi gh coot emigjonty chbhesronstypéerurﬂ‘mmope teahngbrpomemimf&lﬁr@muw fmpkess

i ncreases, espeC|aIIy when si usl s hi gh.
Further, athat@mergetssvaty gioﬂﬂrﬂlj W@ ""[%8 ?tsei'af H{h%pgr%oglg%@%cé easeg
because of | N infortiBetsimrovEdine colresienr easons t he
N- cont ent g%@ﬁﬂ?@?%@ﬁ%rﬁgsq?%ﬁ Ir?%x)bdgglg Wiglgr %meYeLgTb?;% >0,35 - 0,45

wei ght - % Nresstadded:orl\lerB@D@d Frepunts Oéaaﬁasuoﬁ resig et O he
L i VB AP 0 2 20 St

wel dabi lit Si st nce ef eri orat e.

-Srhle][ ef Q?e l-’ié?/?e\l%@ﬂﬁlgﬂtcoﬂfem@b@@rmabsb tre risknfor édetroelidoBecipiteligis for 15
ul fur

S) influences the corrosion_ resist egat i vel for
sol ubl e ) what reason the content of chromium must eﬁlml{]quup to meX( ?é(o weléﬂtr%
Nickel (Ni) is used as austenite stabilizing element and is added in suitable
contents in order to obtain the desired content of ferrite. In order to obtain the
20 desired relationship between the austenitic and the ferritic phase with between
40-65 volume-% ferrite, an addition of between 4,9-10,0 weight-% nickel,

preferably 4,9-8,0 weight-%, is required.

Molybdenum (Mo) is an active element which improves the resistance to

25 corrosion in chloride environments as well as preferably in reducing acids. A too
high Mo-content in combination with that the Cr-contents are high, implies that
the risk for intermetallic precipitations increases. The Mo-content in the present
invention should lie in the range of 3,0-5,0 weight-%, preferably 3,6-4,7 weight-
%, in particular 4,0-4,3 weight-%.

30
Nitrogen (N) is a very active element, which increases the corrosion resistance,

the structural stability as well as the strength of the material. Further, a high N-



sul fides. Further, the hot workability detoriates, for what reason the
content of sulfur is limted to max 0,010 weight-% Cobalt (Co) is added
in order woonpMeve forenost the structural stability as WeTISE0Z@5es t he
corrosion resistance. Co is an austenite-stabilizing elenent. In order to
obtain effect should at least 0,5 weight-% preferably at least 1,5

wei ght - % be added. Because cobalt is a’relatively expensive el enent, the
addition of cobalt 1is therefor limted to max 3,5 weight-% 25 Tungsten

i ncreases I bR elrRcBdrr nflistsIaNe Afteransldivgy, whickBgives he

addi tion Oég}ﬁgléﬁmpgﬁ cont?er%{:g{léor;ﬂ ﬂ?\tggten i n conbi nat im?n Wlfg} t]g t %he Cr-
content's agoodpfopestiddwitiinttbemeldedjdinty oidesir obtain aigaodr¢figet ﬁl,a

i nt talli i.pitati ' sy 0t t
| nvent i on st erweo N Snopl e SARE]. AfiaGh SORRMED! N B BRIBY L8 .,
0,5 and 1, §e&ii@libn %F cRRNGARPERrides iABrrdes nespetellytwhémpinuitaneneslydher al

corrosion resistance in acid environnents such as sul furi.c ac‘l( At the

sane tisTe Ghromitinucondent is highnbusibeozobigh Nepnised snpliesihat e Py al
tability. Ho hi t f i | i ilit
w1 Do Lxeeii el el ot efddeBR SbRY of Winfs sthelbkerdl |1 Ly

vei ght - % tHsefreaabhy tHeaN weaterd shoalkidod lifitae itg htaxod, 5avetght ¥niniefelaRly i s
added in order to increase the corrosion resistance. Because rutheniumis
a very expeflsibe0.ébavaight:%tNds é@‘ﬁ?@nt should be linited to max O, 3

wei ght-% preferably nore than O and up to 0,1 weight-% Al um num (Al) and
Cal cium (Ca) are used as desoxidation agents at the steel 10 production.
The corg enBopdn M) iskaded iberderrto iratease exhotvoskatiiityiaf 1he mateidefrt 8o 1 it

the form itrides, Ca h ble eff 2e hatductility.

Hovever | 1 Heo tiahs e ben e uel AL d vigoms G Bediider

avol d = an UBHANMAErgERINhepbioRs, e cbhtehef poRistioul bidimitddota 6,008por ( ant
(0]

in order to ai n good nechanical properties and corrosion properties as
wel | as goewigitt®abi lity. Froma corrosion point of view and a point of
view of weldability a content of ferrite between 40-65%is desirable in
order to obtain good properties. Further, high contents of ferrite inply

that the i pagh & hFnehBedthd eyrréGonessistanes negatiedly bydotrhiagraedilieance t o
20 hydrogen- uced brittleness rigsks deteriorati naq[. The cont eqt f.ferrite
IS sulfides. Further, the hot workability detoriates, for what reason the conten of

sulfur is limited to max 0,010 weight-%.

Cobalt (Co) is added in order to improve foremost the structural stability as well
70 as the corrosion resistance. Co is an austenite-stabilizing element. In order to
obtain effect should at least 0,5 weight-%, preferably at least 1,5 weight-% be

added. Because cobalt is a relatively expensive element, the addition of cobalt

is therefor limited to max 3,5 weight-%.

25  Tungsten increases the resistance to pitting- and crevice corrosion. But the
addition of too high contents of tungsten in combination with that the Cr-
contents as well as Mo-contents are high, means that the risk for intermetallic
precipitations increases. The W-content in the present invention should lie in the
range of 0-3,0 weight-%, preferably between 0,5 and 1,8 weight-%.

30
Copper is added in order to improve the general corrosion resistance in acid

environments such as sulfuric acid. At the same time Cu influences the



therefore 40-65 volune-% preferably 42-60 volume-% in particular 45-55
vol unme- % DESCRI PTI ON OF PREFERED EVMBCODI EMENTS 25 I n the exanpl es bel ow t he
conposi t iwp oef2@9hunber of test heats is presented, whiclRCrISE0xe1Ses e t he
effect of different alloying elenents on the properties. Heat 605182
represents a reference conposition and is consequently not a part of the
field of this invention. Neither shall §he remaining heats be considered
limting the invention, wthout only specifying exanples of 30 heats, which

| Tustrat estm}ﬁuﬂanéﬁdﬁnt?ma%@érdhm dontérte ofIGi imsply Tt tlae«sohcﬂ selubMRE- nunber s
or -val ues consider al ways amount's cal cul ated acgordi

n
PREW f or ma, baaemeetdmi.l erefostheﬁur@pn’@%rc"h@mdl Re imHed o %"%%%"20994
PCT/ SE02/ 01564 s according to this exanpl e were
produced b @é%f?f?m l?\/P éé %‘hdgi’t%z‘k’?'ﬁﬁ?r@ | aboratory, which were
hotforged to round bars. Those 5 were hotextruded to bars (round bars as

well as flat bars), where test material was taken out fr mth A bars.
Furt hers onRutleniumat(Rud is adgedingrdeniencreasedhs °@6r°&'%rersl ?1? %pg‘ge

wher eaf t er rt h |[m|*¢@j tonax 0,3
engi neeri n'&’ﬁ 'c?fae%%/%%hgﬁbreﬁggéﬁlé%ngfeggﬁg?ﬂg}bgd to be

r epr esent aweigelt.fo,erpﬁéﬁ@rabtyemareimamro and bipdgd), 1 seight-%f or exanpl e for the
production 10 of seanl ess tubes by the extrusion nethod, followed by cold
rolling. Table 1 shows the corrp05|t|on of the first batch of test heats.
Table 1. Caypo: i : %re‘ﬁ(@é@@fs JesorrpitioNmgentd\at the siéelo V La
Ti N 605183 v ;.unu 01002004001001036@%0195
0,97 2j0 90 Ebc&&tlénOTDhé comtethVAbslfmn@ be1inoitesbtoomas 0,@bwewnt-Po Gy omerid s 0o

400 1,00 1,01 0,04 0.0 4 I 0,99 0,10
0.07 0.01 bmaisfhe f%“‘“@dé‘fé@gﬁsg?gés?%g%g%??e 86‘3&0"'@@‘ h%g g“" 4 001 0. 04
0,28 6051&@;\/\%&9 #e OF- can?e?at éh&ild(be(likni‘ﬂed)ﬁ) 0,030 Weight-% Blordent a\8He187

294 27,74 779353 08 0. 01 0 06 0.01 0,01 0, 44 605153 2. 78 27,85 6, 93

4,03 1,01 anamerﬁed@mru,ocﬁﬁlag 34 605182 0,17 23,48 7,88 5,75 0,01 0,05
0,04 0,01 0,10 0, 26

15 The content of ferrite is important in order to obtain good mechanical properties
and corrosion properties as well as good weldability. From a corrosion point of
view and a point of view of weldability a content of ferrite between 40-65% is
desirable in order to obtain good properties. Further, high contents of ferrite
imply that the impact strength at low temperatures as well as the resistance to

20  hydrogen-induced brittieness risks deteriorating. The content of ferrite is
therefore 40-65 volume-%, preferably 42-60 volume-%, in particular 45-55

volume-%.

DESCRIPTION OF PREFERED EMBODIEMENTS
25 In the examples below the composition of a number of test heats is
presented, which illustrate the effect of different alloying elements on the
properties. Heat 605182 represents a reference composition and is
consequently not a part of the field of this invention. Neither shall the remaining
heats be considered limiting the invention, without only specifying examples of
30 heats, which illustrate the invention according to the claims.
The specified PRE-numbers or -values consider always amounts calculated

according to the PREW-formula, even though this is not explicitly mentioned.



15 I n purpose to investigate the structural stability sanples fromevery
heat were anneal ed at 900-1150C with steps of 50C as well as they were
guenched wp 0ai020994 espective water. At the | owest tenperat @CeESEINtBSshetallic
phase was formed. The |owest tenperature, where the anount of intermetallic
20 phase becane insignificant, was determned with the help of studies in
light optical mcroscope. New sanples $romrespective heat were anneal ed
afterwards at said tenperature under five mnutes, whereafter the sanples
were cooled down with the constant cooling rate of -140c/mn to room
tenperature. Subsequently, the area fraction of sigma phase in the

mat eri al s BXAMRLErM ned 25 with digital scanning of the pictures with

back-scattering ele ns, Jn.a

sppear from Tabi ALY T e e e
cal cul at ed v ¥ dk gl MR MEALali dratorpr whieh we etrmromu/tmm ddzetra GRS Ef
TCFE99) baged on ‘g,%ar argterlgtlc dz;(?m)unlts fror Ci fLTned erlae ntsolrnstﬁgl

di ffer eﬂt waré hotextsidettitabass (eund Hafhas wed 25 tr“j‘rs WheLe st ma ?g?l t he
si gma phas ere h

st Puct ur ar dedafef pJt Plaing il RS RIRRCF oHife flalBhahore el -+ ax a
605193 110@6foréoR rolipfy tb@kqnla@é)wt%eafﬂe?cfmthémest srierigavas e opt. 11000

5min 18% 1061 605178 1100C, 5nin 4‘V 103 605183 105
605184 1106@Msnmaterialengaeersg ¢ %hgrﬂrﬂc%s%@a’b@% 005%%5‘%@

smin 3, 5% I}%ﬁ% r@[%ﬁ%% %Pgﬁtegéﬁtleﬂ?n ﬁ ggépgéaléhﬁ)r%ﬁﬁﬂéf&fthébr@ductlon

I nvesti gat ran mat er i al O with regard to the
struct gpal of selmnlddsytubés ey thaiestrusionaethbd, folawed diyteald reffing Tphase in

t he sanples, which were heat nd h bef
corrosi on SESVEHRE cmo&:ﬁ @’é[‘?ﬁéﬁ%ﬁﬁﬁwﬁ%ﬁﬁ |§h0\r/\/§15f0r exampl e the

Table 1. Composition for test heats, weight-%.

Heat Mn Cr Ni Mo | W Co |V La Ti N

605193 | 1,03 | 27,90 | 8,80 | 4,00 | 0,01 | 0,02 | 0,04 | 0,01 0,01 | 0,36
605195 | 0,97 | 27,90 | 9,80 | 4,00 | 0,01 | 0,97 | 0,55 | 0,01 0,35 | 0,48
605197 | 1,07 | 28,40 | 8,00 | 4,00 [ 1,00 | 1,01 | 0,04 | 0,01 0,01 | 0,44
605178 | 0,91 | 27,94 [ 7,26 | 4,01 | 0,99 | 0,10 | 0,07 | 0,01 0,03 | 0,44
605183 | 1,02 | 28,71 | 6,49 [ 4,03 | 0,01 | 1,00 | 0,04 | 0,01 | 0,04 0,28
605184 | 0,99 | 28,09 | 7,83 | 4,01 [ 0,01 [ 0,03 | 0,54 | 0,01 0,01 | 0,44
605187 | 2,94 | 27,74 | 4,93 [ 3,98 | 0,01 | 0,98 | 0,06 | 0,01 0,01 | 0,44
605153 | 2,78 | 27,85 | 6,93 | 4,03 [ 1,01 | 0,02 | 0,06 | 0,02 0,01 | 0,34
605182 | 0,17 | 23,48 | 7,88 | 5,75 | 0,01 | 0,05 | 0,04 | 0,01 | O, 10 | 0,26

15
In purpose to investigate the structural stability samples from every

heat were annealed at 900-1150°C with steps of 50°C as well as they were
quenched in air, respective water. At the lowest temperatures intermetallic
phase was formed. The lowest temperature, where the amount of intermetallic

20 phase became insignificant, was determined with the help of studies in light
optical microscope. New samples from respective heat were annealed
afterwards at said temperature under five minutes, whereafter the samples were
cooled down with the constant cooling rate of -140°c/min to room temperature.
S.ubsequently, the area fraction of sigma phase in the materials was determined

25  with digital scanning of the pictures with back-scattering electrons in a scanning

electron microscope. The results appear from Table 2.



calculated with Therno-Calc does not directly coincide with the

anounts of sigma phase, however it is disti n%:/t that the test hea’[rga\?mu'[ﬁdt he
15 | onestwoaBeioat ed Tnax sigma contain the | owest anpunt PET(Ee2/pisese
during this investigation. The pitting corrosion properties of all heats
were tested for ranking in the so-called "G een Death"-solution, which
consists of 1 %eCl3, 1 %Cud 2, 11 % HOSO4, 1,2%HC . The test brocedure
is equivalent to the p| tting corrosion 20 testing according to ASTM (A8C,

however, it will ak[greal waldl cdlfulhted waeT ThemagGzis (T@ veierh
Deat h"-sol uti on. Furtﬁ some of the heats were tested accordin
ASTM=8C (thetmeuwwamc daéabe)se Wrwalﬁ&lﬁ%%ﬂqaéeﬁ@ﬂ @ara%@fﬁam%“ %\IaCI (6

tests per

i et ng. Tebal sparted BismeRsdinng AR Ribions Tl Hdha I Meitdditng
25 PREWN erbfdre ﬁ)r%é’%(i)d}@?\é%@l\ihhéw hiheligsolvihg tampessituiesrindicatehe al | oy
as WO 03/0 94 PCT/ SEQ2/ 0156 11 well as for austenite and ferrite. The

i ndexi rig aloptes stretieral stabititye ferrite and gamma refers to the austenite.
Table 3. Heat PRE PREy PRE y/ PRE CPT C CPT C CPT C a PRE a Mdified ASTM
48 C 3% NaCO ASTM (A8C 6% FeCl 3 Green death 605193 51,3 49,0 0, 9552 46,9

90/ 90 64 $gpRE9b 51,5 48,9 0,9495 48,7 90/90 95 6
50 3 90/ 90 _>95 >95 605178 50 7 52 5 1 _0355-49-8 —105127n§3 gog§8:73 1808728 9

1, 0000 46,5 85H8s8t 90 93 Heﬁﬁﬁmﬁ@t Q RAngﬁicﬂﬁél’)A’tlcl ‘_mﬁ'XIQ)) 72 605187 48,0
54,4 1, 1333 48001980/ 7% 77‘10@‘6}3@”’“'—?4 4 AR 55% 8493 e k 70 85 62 654SND
90/ 85 SAF2/507 606190 SAF2d60°GEnsn ' 32% M (74

605197 1100°C, 5min 18% 1061

605178 1100°C, 5min 14% 1038

605183 1050°C, 5min 0,4% 997

605184 1100°C, 5min 0,4% 999

605187 1050°C, 5min 0,3% 962

605153 1100°C, 5min 3,5% 1032

605182 1100°C, 5min 2.0% 1028

The purpose of this investigation is to be able to rank the material
10  with regard to the structural stability, i.e. this is not the real content of sigma
phase in the samples, which were heat treated and quenched before for
example the corrosion testing. One can see that Tmax Sigma, which was
calculated with Thermo-Calc does not directly coincide with the measured
amounts of sigma phase, however it is distinct that the test heats with the
15  lowest calculated Tmax Sigma contain the lowest amount sigma phase during
this investigation.
The pitting corrosion properties of all heats were tested for ranking
in the so-called "Green Death"-solution, which consists of 1%FeClz, 1%CuCls,
11% H,S04, 1,2% HCL. The test procedure is equivalent to the pitting corrosion
20  testing according to ASTM G48C, however, it will be carried out in the more
aggressive "Green Death"-solution. Further, some of the heats were tested
according to ASTMG48C (2 tests per heat). Also the electrochemical testing in
3%NaCl (6 tests per heat) was carried out. The results in form of the Critical
Pitting Temperature (CPT) from all tests appear from Table 3, such as the
75  PREW-number (Cr+3,3(Mo+0,5W)+16N) for the total composition of the alloy as



It is established that there exists a linear ratio between the | owest
PRE- nunber in the austenite or ferrite and the CPT-value in the dupl ex
steel, bwDoBlz9Lsults in Table 3 show that the PRE-nunmb@CTrs@n2/esbel y
explains the 10 CPT-values. In Figure 1 the CPT-values fromtest in the
nodi fied ASTM A8C test are shown diagrammatically. The dupl ex steels
SAF2507, SAF2906 as well as the high all oyed austenitic steel 654SMO are
included as reference. It is distinct fromthese results that all test
material s 2l lifidi®dng ApHd 1efi€ td e feBAIE2AIDY as wel |
as SAFZQOéﬁgEurt(ﬁlérl%ﬁo?rgs%drgéé?@t g‘ggtlﬁest % g)aterl als show CPT results in
t he nmodi f i grnAaTifes48C e austendane | evel as or in excess of 654SMO. The
test heat 605183, alloyed with cobalt shows good structural stability at a
controlled cooling rate of (-140C/ mn) in spite that it contains high
contents of tggéom umas well as of nolybdenum shows better results than
SAF2507 an 2906. It appears fromthis In\/gvflnafinnl t hat—5 F;Pogg h PRE

d t ddleat R&i nPRREe CPREyAl UBRE By OCO E
oes no y exp In al pes Q@%@Cp spéﬁnﬁ%we (k)gf/p![\l

austenit/RRE ferr{te is of exPREfe weight rPeLE| es e Hi gher
al l oyed duplex steels, and a very parrow g evel i ng |bet ween |t he
al l oyi ng |elepents—s—teguted 0 tJu ntnls optimijmraii o, which
lies betV\.u:E 52% glg‘t’ zggcf‘ g‘gigg’ Jgggl D %ggm nut taneouslly obsain PRE
val ues of & \g ‘AJ531§I 029994 1 HGh7oEP30 91504 gbRo46. | The>gzel at| onsdhi p |PRE
aust eni t / RRiSE A @hAST (G gas4 N ube nhdi Tasmd  ASTM GABC tlest 94 or |t he
test heat s gz g8 VEg bl “@lal €[ F,00dd1€ [ 96 5eNgT h gaissr oo t elwper at ur e 9B RT)|, 100C
and 200C arghstdlE |28 bMIaqy SUA@AEE N aB.3r opm teergoer af ure (RT) havé@2been
det er m neddg@isAl I 2Bgal|$4 4and 111335hovs,0as | averoade apount for thr dé tests.
Tensi | e t egpsseECi BRR (|B25CH0)840®r ¢ 468nuf act®®7@d fom 88xtruded®Bars, 0
20mm whi clgeaef® heattrleat ed [at tenperatunes WESording ta Taple 2 in 20

m nutes fol$amsd7 by codling down inleither aif0/@r water (60 , 05197,
605184). Thearssalts of| the tlests ane present®®$%n Table 4
resultssof the tensile test show that the contents of chronium nltrogen
and tungsten strongly influence the inpact strength of the material.

Besi des 605153, all heats fulfill the requirenent of a 25% el ongation at

tensile testing at [QQEktdLREMES BHa tifereiKists tDlinear ratio between the lowest

PRE-number in the austenite or ferrite and the CPT-value in the duplex steel,
but the results in Table 3 show that the PRE-number not solely explains the

10 CPT-values. In Figure 1 the CPT-values from test in the modified ASTM G48C
test are shown diagrammatically. The duplex steels SAF2507, SAF2906 as well
as the high alloyed austenitic steel 654SMO are included as reference. It is
distinct from these results that all test materials show better CPT in the modified
ASTM G48C than SAF2507 as well as SAF2906. Furthermore some of the test

15 materials show CPT results in the modified ASTM G48C at the same level as or
in excess of 654SMO. The test heat 605183, alloyed with cobalt shows good
structural stability at a controlled cooling rate of (-140°C/min) in spite that it
contains high contents of chromium as well as of molybdenum, shows better
results than SAF2507 and SAF2906. It appears from this investigation that a

20  high PRE does not solely explain the CPT values, without the relationship PRE
austenit/PRE ferrite is of extreme weight for the properties of the higher alloyed

duplex steels, and a very narrow and exact leveling between the alloying

elements is required in order to obtain this optimum ratio, which lies between
0,9-1,15; preferably 0,9-1,05 and simultaneously obtain PRE values of above



Tabl e 4. | npact strength Heat Tenperature 0.2 ~, 0 RmAS Z MPa

(MPa) (% (99 605193 RT 652 791 916 29,7 ?I?g 100?0513 646 818 3((),4 %%6( Nggz)c
511 583 7§6 02928986 605195 RT 671 773 910 38,0 66 100C S5@8THBF2/@26t 39, 3 68
200C 504 563 769 38,1 64 605197 RT 701 799 939 38,4 66 100C 564 652 844
40,7 69 200C 502 577 802 35,0 65 605178 RT 712 828 925 27,0 37 100C 596
677 829 31,9 45 200C 535 608 763 27,1136 605183 RT 677 775 882 32,4 67
100C 560 642 788 33,0 59 200C 499 578 737 29,9 52 605184 RT 702 793 915

32,5 60 10 9 - : i i

, Bd87 RT 679
777 803 3y R LD B e e e L e '8 56 605153
RT 715 8450911 @A8T t24t for BitesT Bestgds givendp, Takdeg 3WO 03/ 020994

PCT/ SE02/ 01564 13 200C 532 611 749 23,7 31 605182 RT 627 754 903 28,4
, , 4 43
100C 493 621 802 31,8 42 Table 5. Inpact Strength Heat Annealing Cooling

I mpact Anneal i ng Coph RetehfPedtroom@eHipdrattve ¢RT), M A0CCrarm] 260°Ceand the
5 impact strength at room temperature (RT) have been determined for all heats
and is shown as average amount for three tests.
Tensile test specimen (DR-5C50) were manufactured from
extruded bars, @ 20mm, which were heattreated at temperatures according to
Table 2 in 20 minutes followed by cooling down in either air or water (605195,
10 605197, 605184). The results of the tests are presented in Table 4 and 5. The
results of the tensile test show that the contents of chromium, nitrogen and
tungsten strongly influence the impact strength of the material. Besides 605153,
all heats fulfill the requirement of a 25% elongation at tensile testing at room

temperature (RT).

15
Table 4. Impact strength
Heat Temperature |Ryo2 Rp1o Rm A5 Z
(MPa) |(MPa) |[(MPa) [(%) |(%)
605193 RT 652 791 916 29,7 |38
100°C 513 646 818 30,4 |36
200°C 511 583 756 29,8 |36
605195 RT 671 773 910 38,0 |66
100°C 563 637 825 39,3 |68
200°C 504 563 769 38,1 |64
605197 RT 701 799 939 38,4 |66
100°C 564 652 844 40,7 169
200°C 502 577 802 35,0 |65
605178 RT 712 828 925 27,0 |37
100°C 596 677 829 31,9 |45
200°C 535 608 763 271 |36
605183 RT 677 775 882 324 |67
100°C 560 642 788 33,0 |59
200°C 499 578 737 29,9 |52
605184 RT 702 793 915 32,5 |60
100°C 569 8657 821 34,5 |61
200°C 526 581 774 316 |56
605187 RT 679 777 893 35,7 |61
100°C 513 628 799 38,9 |64
200°C 505 558 743 35,8 |58
605153 RT 715 845 917 20,7 |24
100°C 572 692 817 29,3 |27




J J 605193 1100/20 Air 35 1100/20 Water 242 605195 1150/ 20 Water 223
605197 1100/ 20 Water 254 1130/20 Water 259 605178 1100/20 Air 62 1100/ 20
Water 234v080628%4 1050/ 20 Air 79 1050/20 Water 244 605182CIBBOZ/@GB64Nat er 81
1100/ 20 Air 78 605187 1050/20 Air 51 1100/20 Water 95 605153 1100/20 Air
50 1100/20 Water 246 605182 1100/20 Air 22 1100/20 Water 324 5 This

i nvestigation shows very distinct that Mat er quenching is certainly
necessary in prder to obtain the best structure and consequently good

val ues faor—tte TTRGRPEE STTee@l N [ghe rEvol remm [ 10DJ at test at room
temeraturg@ginu Rt eats [§pss (7§45, @oeeept [daeat [4805184 and 605187, where
certainly the—10jighger TT[ESs VETghNealgophe fAQUI [anent. Table 6 shows the
resul ts frlemthe—TFungsten=tnert=tGas Temel ting test (henceforth-abbreviated
TIG, where the heats 605193, 605183, 605184 as well as 605253 show a good
rs]truc]Eurehl nbLhe heat affected zone (Heat Affected 15 Zone,
enceforth-abbreviated HAZ). The Ti- containing heats show Tin in HAZ. A

t oo high cﬂiﬁblﬁi%dmpéﬁﬂsﬂﬁﬂg%en cont ent resultg in precipitation of Cr2 N,
whi ch shall be avoi ded because it detoriates the properties of the

material. Table 6. Heat Precipitation Protective gas Ar (99,99% 6051
33 HAZ: OK GO&LopAmRAinglaeapingholmeast of Amedling (Cepliphhs Megb197 HAZ: Snal |
anounts of| Cr2N | i°@migt gi ns, bt stigagth miclAC/mMIV51 78 HAZ:S“%‘@N n 8-grains
ot herwi se |[OK_ WD 03/ 020994 PCT/ SEQd#l0156 14 bos1g3lHaRl o 605184 HAZS OK
605187 HAZIGOTOBN|'AA0/2® HAKr t hb el ngrByA0 |[Waer —| " 242 '

605195 [1150/20 |Water 223 | ’

605197 {1100/20 Water 254 1130/20 Water 259

605178 |1100/20 |Air 62 1100/20 Water 234

605183 |1050/20  |Air 79 1050/20 Water 244

605184 |[1100/20 Water 81 1100/20 Air 78

605187 [1050/20  |Air 51 1100/20 Water 95

605153 [1100/20 Air 50 1100/20 Water 248

605182 {1100/20 Air 22 1100/20 Water 324

This investigation shows very distinct that water quenching is certainly
necessary in order to obtain the best structure and consequently good values
for the impact strength. The requirement is 100J at test at room temperature
and all heats pass this, except heat 605184 and 605187, where certainly the

10 latter lies very near the requirement.

Table 6 shows the results from the Tungsten-Inert-Gas remelting
test (henceforth-abbreviated TIG), where the heats 605193, 605183, 605184 as
well as 605253 show a good structure in the heat affected zone (Heat Affected

15  Zone, henceforth-abbreviated HAZ). The Ti- containing heats show Tin in HAZ.
A too high chromium- and nitrogen content results in precipitation of Crz N,

which shall be avoided because it detoriates the properties of the material.

Table 6.

Heat Precipitations
Protective gas Ar (99,99%)

605193 |HAZ: OK

605195 |HAZ: Large amounts of TIN and c-phase

605197 |HAZ: Small amounts of CryN in §-grains, but not much
605178 |HAZ: Cr.N in 8-grains, otherwise OK




no precipitations farther out 605153 HAZ: OK 605182 HAZ: Ti N and decorated
grai nboundaries 6/6 EXAMPLE 2 In the bel ownenti oned exanpl e the
conposi t iwo 08/02@94 urt her nunber of test heats produced WPCA/SEbBOS6H pose to
find the optimum5 conposition is given. These heats are nodified starting
out fromthe properties of the heats with good structural stability as
wel | as high corrosion resistance, frodfthe results, which were shown in
exanple 1. Al heats in Table 7 are included in the conposition according
to the present i faoetas gnaz\iere heats 1-8 are included into a statistical
test nodel, whil ¢sobte Niear.OKe to n are additional 10 test alloys within the
scope of this inyEeig7oNHAZA OMNR&E nedr tHeandltilgpaids wer e produded by casting of
270kg i ngots, whi ch weneprbatifatorgdatthrbioout ound bars. Those were extruded to
bars, wherefrom |G08$i3 sEADIAS were taken. Afterwards the bar was anneal ed
before col d rolliaeg1&0o HAY:AIN bat decovated gretbodnddiesdfd er t hat |furt her test
materi al was taken out. Table 7 15 shows the conposition for these test
heats. Table 7. Heat Mi O N Mo WCo Cu Ru B N 1 605258 1,1 29,0 6,5
4,23 1,5 0,l08ABRLE48 2 605249 1,0 28,8 7,0 4,23 1,5 0,0026 0,38 3 605259

024" 5 605250 1.1 98 He P hiprgdoagiHle ejcopBafieldf afeheb  CO°
4,24 1,5 0, R@RBe0of38st e pPedudaddwilty i mrpoéemﬁﬁdmh@ppﬂﬁmno 43 8 605252

284 6.9 4.23.0,5 0,008 0,37 e 60525 6.9 6,5 1 0021
8 f S60529BPasiipb @vVen.sihese @%S@f%tf@@%@dé‘ é féon? tg% EOP@r@ess 91,0

(2) é0019 tﬁé fggasﬁ\gﬁlg@gﬁ s@rg%g.lrgl éaﬁlllé/ &% well ad: rﬁgﬁ) cBfé8ich: réQistdn'&e605253
69

1,1
0,3
1,0
1,0 605266 1,1 30, 4,02 0,0018 0,38 k
605 1,0 mamahé,r@stBt,sQWh]gmwezreDshp\mmHOexamﬂe1 'All heats in Table 7 are

included in the composition according to the present invention, where heats 1-8

052

are included into a statistical test model, while the heats e to n are additional
10 test alloyé within the scope of this invention.

A number of test heats were produced by casting of 270kg ingots,
which were hotforged to round bars. Those were extruded to bars, wherefrom
test samples were taken. Afterwards the bar was annealed before cold rolling to
flat bars was executed, after that further test material was taken out. Table 7

15 shows the composition for these test heats.

Table 7.
Heat Mn | Cr Ni Mo w Co | Cu Ru |B N
1 605258 1,1 29,0 |65 |4.23 1,5 0,0018 | 0,46
2 605249 10 1288 |70 |4.23 1,5 0,0026 | 0,38
3 605259 1.1 290 |68 |4,23 0,6 0,0019 | 0,45
4 605260 1.1 27,5 |59 |4,°22 1,5 0,0020 | 0,44
5 605250 1,1 288 |76 |4,°24 0,6 0,0019 | 0,40
6 605251 1,0 | 28,1 6,5 |424 1,5 0,0021 | 0,38
7 605261 1,0 1278 |6,1 422 0,6 0,0021 { 0,43
8 605252 1,1 284 |69 1423 0,5 0,0018 | 0,37
e 605254 1.1 269 (65 |48 1,0 0,0021 | 0,38
f 605255 1,0 1286 (6,5 |40 3,0 0,0020 | 0,31
g 605262 27 276 |69 |39 1,0 1,0 0,0019 | 0,36
h 605263 1,0 | 287 66 |40 1,0 1,0 0,0020 | 0,40
in 605253 1,0 (288 |70 |4,16 1,5 0,0019 | 0,37
i 605266 1,1 300 |71 4,02 0,0018 | 0,38
k 605269 1,0 | 28,5 7,0 | 3,97 1,0 1,0 0,0020 | 0,45
| 605268 1,1 282 |66 |40 1,0 1,0 | 1,0 0,0021 | 0,43
m 605270 1,0 1288 |70 |42 1,5 0,1 0,0021 | 0,41
n 605267 1,1 293 |65 1|4.23 1,5 0,0019 | 0,38




| 605268 1,1 28,2 6,6 4,0 1,0 1,0 1,0 0,0021 0,43 m 60527

4,2 1,5 0,1 0,0021 0,41 n 605267 1,1 29,3 6,5 4,23 1,5 0,80%:90022’88&)’0
03/ 020994WD@INSEOL/ 01564 15 Table 8. Thermo-Cal ¢ Vari ancasskorimsba a T- C
PRE total PRE a PREy Tnax Tnax enpirical sigma Cr2N 1 46 50 50,2 47,8
50,5 1006 1123 2 52 50 49,1 48,4 49,8 1019 1084 3 45 50 50,2 47,9 52,6
1007 1097 4 46 50 49,2 46,5 49,8 986 1321 5 47 50 49,1 48 5 49,7 1028
1038 6 52 50 48,1 47,1 49,2 998 1086 7 44 50 49,2 46,6 52:0 985 1081 8
46 50 48,1 47,2 49,1 1008 1044 e 46 53 49,3 48,4 49,5 1010 1099 f 65 52
46,7 47,2 46,1 1008 1090 48 51 48,4 48,4 48,3 1039 979 h 50 53 50,0 48,4
51,7 1035 T418E 8. TheEnb6Lale, 1 48,4 49,8 1019 1084 5 Ther no- Cal c-val ues
according to Table 8 (T-C version N thernodynam ¢ dat abase for steel
TCFE99) are based on characteristic ampunts for all specified elenents in
the dif f ereyWaT L@t aRs | «fe PReReEwfer| PROs therE err| Texand alBPehite is
bfased on tthei r equdibiiédli Um conpgsition at 1100C. 10 T %9798 g iC2N he
di ssol vi ng fenpeiagur e T dmot he 959178 _phas4.8 whel 80.hi gh| di088q| vil
tenperat urigs indiigate oweo struciOural sy4iA | i tV49.8he di stHRhut i8¢ bf t he
al | oyi ng dlEMent §4bn t he |fs0rrit 6-50@nd auk$ehi t ef 53fhase watdl aril Bl wi t h

|

mi cr opr obd 4anal ysi8, the |BOsul t 5 4Fnear 4% Tapt®Bo |15 9% Ble 62! Lot
Phase Cr N MDAW Co CU5N 60597995 Ferr|4%529 84%73 4l1g 10 B, AD 11
Austenite 2.3 1.|427.3 31401 5 48d 474 1492 1 98 [ 1086 I

7 44 50 "49,2 46,6 52,0 985 1081

8 46 50 48,1 472 491 1008 1044

e 46 53 49,3 48,4 49,5 1010 1099

f 65 52 46,7 472 46,1 1008 1090

g 48 51 48,4 48,4 48,3 1039 979

h 50 53 50,0 48,4 51,7 1035 1087

i 52 50 491 48 4 49,8 1019 1084

Thermo-Calc-values according to Table 8 (T-C version N
thermodynamic database for steel TCFE99) are based on characteristic
amounts for all specified elements in the different variations. The PRE-number
for the ferrite and austenite is based on their equilibrium composition at 1100°C.

10 Tmax Sigma is the dissolving temperature for the sigma phase, where high
dissolving temperatures indicate lower structural stability.

The distribution of the alloying elements in the ferrite- and austenite

phase was examined with microprobe analysis, the results appear from Table 9.

15 Table 9.
Heat Phase Cr Mn Ni Mo | W Co Cu N
805258 | Ferrite 29,8 1,3 48 |50 1,4 0,11
Austenite | 28,3 1,4 73 |34 1,5 0,60
605249 | Ferrite 29,8 1,1 54 |51 1,3 0,10
Austenite | 27,3 1,2 79 133 1,6 0,53
605259 | Ferrite 29,7 1,3 53 |53 0,5 0,10
Austenite | 28,1 1,4 78 |33 0,58 0,59
605260 | Ferrite 28,4 1,3 44 |50 1,4 0,08
Austenite 26,5 1,4 6,3 |36 1,5 0,54
605250 | Ferrite 30,1 1,3 56 | 5,1 0,46 0,07
Austenite | 27,3 1,4 8,8 |34 0,53 0,52
605251 | Ferrite 20,6 1,2 50 |52 1,3 0,08
Austenite | 26,9 1,3 76 |35 1,56 0,53




605249 Ferrite 29,8 1,1 5,4 5,

11 0O Austenite 2
0,53 605259 Ferrite 29,7 1,3 5,3 ite 27,3 1,2 7,9 3,3 1,6

,3 0,1
5,3 0,5 0,10 Austenite 28,1 1,4 7,8 3,3
1 6

3
, 4

0.58 0, 50W080H2004 Ferrite 28.4 1,3 4,4 5 0 1.4 0,08 Aus

3.6 1.5 0,54 605250 Ferrite 30,1 1,3 5,6 5,1 0,46 0,07 ;ﬁﬁ?ﬁfﬁ?ﬁﬁiy 31 AS
8.8 34 0.53 0 52 605251 Ferrite 29.6 1,2 5.0 5,2 1,3 0,08 Austenite 26 9
137635 1,5 0, 53 W 03/020994 PCT/ 8602/ 01564 16 605261 Ferrite 28 0
%,2 45490 45 0 07 Austenite 26,5 1,4 6,9 3.3 0,56 0,56 605252 Ferrite

9,6 1,3 5 3 5358542 Peid AUSEEDI TF127, 145, 448, 2 3,3[0451[0, 48] 0605354

Ferrite 28,1 173 4, 9 baGihi8Y | 06,68 | A4St €ajot 636,10 1, 40566 |3, 8 10560 48
605255 Ferrite [38556s1] Bermel 4, 9.8, 7|0,308] 5AusGenilte 2700213 7 7100913, 3
0,45 605262 FEFrite PRufer®e0|573 4,841, 8@ 933 (8 AudiOdditle 26948 2 g 1
3,0 0,85 1,1 0/%652880586@erFer (268 2012 1]895 551 1 _308%1 0 070%%udtenite
27,8 1,4 7,7 3,20, 79| Audterlte 51 2605253.4Fe) it @ 3F0 12 1 119 4[5 o 1948199
Austenite 27,5 [BOE28S, AFarite 1, 530,148] 1805280 tdhrilte 312/ 1145 1008210 " 09
Austenite 29 01 5 8 4ABstanite. 527.0605280 Farrildd 48 7 1385 |2 5 1945 15" g
0,11 Austenite6pR628 1Fanie 8 32880 83.01 1958 5?85 d=e (192 ¢ i o 5d 008 35 0
4.7 1,3 0,91 0,84 0, TpAusteieeri26d 2632 1| A7 (8.0 (D8 At d 4 51046 ™
605270 Ferrite |$0952631 | Femites 5 394 3 r1311 E bt ago et 4 2210,
0, 47 Astenite 1278 |14 - [ 7.0 32 (ot g S Y 0 1, 4
605253 | Ferrite 30,2 1,3 54 |50 1,3 0,09
Austenite 27,5 1.4 84 |31 1,5 0,48
605266 | Ferrite 31,0 1.4 57 |48 0,09
Austenite 29,0 1,5 84 |31 0,52
605269 | Ferrite 28,7 1,3 52 |51 1,4 0,9 0,11
Austenite 26,6 1,4 78 |32 1087 |11 0,52
605268 | Ferrite 29,1 1,3 50 |47 |13 0,91 0,84 |0,12
Austenite 26,7 14 75 132 |097 [10 1,2 0,51
6805270 | Ferrite 30,2 1,2 53 [5,0 1,3 0,11
Austenite 27,7 1,3 80 |32 1,4 0,47
605267 | Ferrite 30,1 1,3 51 14,9 1,3 0,08
Austenite 27,8 1,4 76 |31 1,8 0,46

The pitting corrosion properties of all heats have been tested in the
"Green Death'- solution (1%FeClz, 1%CuCls, 11% H,S04, 1,2% HCI) for
5  ranking. The test procedures are the same as pitting corrosion testing according
to ASTM G48C, but the testing will be executed in a more aggressive solution
than 6%FeCls, the so-called "Green Death"-solution. Also the general corrosion
testing in 2%HC! (2 tests per heat) was executed for ranking before the
dewpoint testing. The results from all tests appear from Table 10, Figure 2 and
10  Figure 3. All tested heats perform better than SAF2507 in “Green Death’-
solution. All heats lie within the identified range of 0,9-1,15; preferably 0,9-1,05
applicable for the ratio PRE austenit/PRE ferrite at the same time as PRE in
both austenite and ferrite is in excess of 44 and for most of the heats even
considerable in excess of 44. Some of the heats attain even the limit of total
15 PRE 50. It is very interesting to note that heat 605251, alloyed with 1,5 weight-
% cobalt, performs almost equivalent with heat 605250, alloyed with 0,6 weight-
% cobalt, in "Green Death"-solution in spite of the lower chromium content in

heat 605251. It is particularly surprising and interesting because heat 605251



605267 Ferrite 30,1 1,3 5,1 4,9 1,3 0,08 Austenite 27,8 1,4 7,6 3,1 1,8
0,46 The pitting corrosion properties of all heats have been tested in the
"G een DewOh3/020d ution (1 %eCl 3, | %uCl2, 11 % H2SO4, PCIHEBIDIS64 or 5
ranki ng. The test procedures are the sanme as pitting corrosion testing
according to ASTM (A8C, but the testing will be executed in a nore
aggressive solution than 6%eCl 3, theldo-called "G een Death"-sol ution.
Al'so the general corrosion testing in 2%iCl (2 tests per heat) was
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the |over gffriuEedss edimposition of tieaph&@i2se. specifies ammeaasures Wigh SUE i si ng
and interesting because heat 605251 WD Oﬁlo 0994 PCT/ %Eg@d}éﬁgﬁowéa has a
PRE- nunber probec &onignt affiereike wasimeasiied afigy heafiiegiing 3 s “CONMmer ci al
super dupl e Y, | aneously as the Tmax sigma-val ue bel ow 1010C

I ndi cat es éyg}gl(t)%@fe?,ucﬁﬂ ‘al stability based on the values in Table 2 in
Examplggy 1. 5 In Table 10 even PREW nunber (%Cr +3, 3% Mb+0, 5%N +16%N) f or
the total _conposition of the alloy and PRE in austenite as well as in the
ferrite (rEﬁ'ﬁ'&eH) of f) based on conposition of the phases are specified as

measur ed Wit ITqE@LCT 0 probe., (N ®REWO PREr r | PREWas| RRES Ur edCRl er
heat-treati n% at 1100C fol|l owed | Thyl watker quenchi ngPRE® TapFeeno Heat
a-halt PREW PRE PRE PREY/ |CPT C| Total a Y PREa Green _deapdgath
605258 48,2 50,3 48,1 491 1,021
605249 59,8 48,9 48,3 46,6 0,967 75/80
605259 49,2 50,2 48,8 48,4 0,991
605260 53,4 48,5 46,1 47,0 1,019
605250 53,6 49,2 48,1 46,8 0,974 95/80
605251 54,2 48,2 48,1 46,9 0,976 90/80
605261 50,8 48,6 45,2 46,3 1,024
605252 56,6 48,2 48,2 45,6 0,946 80/75
605254 53,2 48,8 48,5 46,2 0,953 90/75
605255 57,4 46,9 46,9 441 0,940 90/80
605262 57,2 47,9 48,3 45,0 0,931
605263 53,6 49,7 49,8 47,8 0,959
605253 52,6 48,4 48,2 454 0,942 85175
605266 62,6 49,4 48,3 47,6 0,986
605269 52,8 50,5 49,6 46,9 0,945
605268 52,0 499 48,7 47,0 0,965
605270 57,0 49,2 48,5 45,7 0,944
605267 59,8 49,3 47,6 454 0,953

In order to examine the structural stability in detail the samples

were annealed for 20 minutes at 1080°C, 1100°C and 1150°C, whereafter they
15  were quenched in water. The temperature, where the amount of intermetallic

phase became insignificant was determined with help of investigations in a

lightoptical microscope. A comparison of the structure of the heats after

annealing at 1080°C followed by water quenching indicates which of the heats

are more suspect to contain undesired sigma phase. The results are shown in
70  Table 11. Control of the structure shows that the heats 605249, 605251,



605258 48,2 50,3 48,1 49,1 1,021 605249 59,8 48,9 48,3 46,6
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605261 50,8 48,6 45,2 46,3 1,024 605252 56,6 48,2 48,2 45,6 0,946 80/ 75
605254 53,2 48,8 48,5 46,2 0,953 90/ 75 605255 57,4 46,9 46,9 44,1 0, 940
90/ 80 605262 57,2 47,9 48,3 45,0 0,9318 605263 53,6 49,7 49,8 47,8 0, 959
605253 52,6 48,4 48,2 45,4 0,942 85/75 605266 62,6 49,4 48,é 47,6 0, 986
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i nsignifi C\ﬁ’,@fgh‘f\.@’é cHISAIETdBnRAAS Wividy BRlaN aphountwfsigrpaphase. Bathehedts gfe opt i cal
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a very sna . signa phase. Bot eats are al |l oyed with high
contenis obtabilit@rii funtheaphows itha tak he20 605265 gontainserly SigNa PHR§Bdenum

content of cgr%%ra(r)exdi tmeealtyGO%Q%g, W%llc%hédrf{%in'lsfmt?c%esigﬂ{g)&ﬁgsce.Wﬁat mainly

distinguishes these heats from each other is the addition of copper to heat
605268. Heat 605266 and also 605267 are free from sigma phase, despite of a
high content of chromium the later heat is alloyed with copper. Further, the

15 heats 605262 and 605263 with addition of 1,0 weight-% tungsten show a
structure with much sigma phase, while it is interesting to note that heat
605269, also with 1,0 weight-% tungsten but with higher content of nitrogen
than 605262 and 605263 shows a considerable smaller amount of sigma
phase. Consequently, a very well-leveled balance between the different alloying

20 elements at these high alloying contents is required of for example chromium
and molybdenum in order to obtain good structural properties.
Table 11 shows the results from the light optical examination after annealing at
1080°C, 20min followed by water quenching. The amount of sigma phase is
specified with values from 1 to 5, where 1 represents that no sigma phase was

75 detected in the examination, while 5 represents that a very high content of

sigma phase was detected in the examination.

Table 11.
Heat Sigma Cr Mo w Co Cu N Ru
phase
605249 1 28,8 423 1,5 0,38
605250 2 28,8 4,24 0,6 0,40
605251 1 28,1 4,24 1,5 0,38
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the heats are shown. The results are very good which indicates a good
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structure after annealing at 1100°C followed by water quenching and the

5  requirement of 100J will be managed with large margin of all tested heats.
Table 12.
Heat Annealing |Quenching| Impact Impact Impact
[°C/min] strength strength strength
[J] [J] Y]
605249 [1100/20 Water >300 >300 >300
605250 |1100/20 Water >300 >300 >300
605251 [1100/20 Water >300 >300 >300
605252 [1100/20 Water >300 >300 >300
605253  {1100/20 Water 258 267 257
605254 |1100/20 Water >300 >300 >300
605255 [1100/20 Water >300 >300 >300
10
Figure 4 shows the results from the hot ductility testing of the most
of the heats. A good workability is of course of vital importance in order to be
able to produce the material to product forms such as bars, tubes, such as
welded and seamless tubes, plate, strip, wire, welding wire, constructive
15 elements, such as for example pumps, valves, flanges and couplings. The

heats 605249,605250, 605251, 605252, 605255, 605266 as well as 605267,



605260 1 27,5 4,22 1,5 0,44 605261 2 27,8 4,22 0,6 0,43 605262 4 27,6
3,93 1,0 1,0 0,36 605263 5 28,7 3,96 1,0 1,0 0,40 605266 1 30,0 4,02 O, 38
605267 1 w0,03/040928 1,5 0,38 605268 2 28,2 3,98 1,0 1,0 1POTBE4B015605269 3
28,5 3,97 1,0 1,0 0,45 605270 3 28,8 4,19 1,5 0,41 0,1 In Table 12 the
results fromthe inpact strength testing of some of the heats are shown.
The results are very good, which indicatles a good structure after

anneal ing at 1100C fol |l owed by water quenching and the 5 requirenment of

1003 wi Il fBfe rrRBRARH nirdden esrientaoahd 0988 aleight-8s sedwemhewhatliatgreva®. Heat
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strength bobductdibpraloes.100/ 20 Water >300 >300 >300 - 605250 1100/ 20 Wat er
>300 >300 >300 605251 1100/20 Water >300 >300 >300 605252 1100/ 20 Water
>300 >300 >300 605253 1100/ 20 Water 258 267 257 605254 1100/20 Water >300
>300 >300 spRSAAR dflhete4 rdénles >300 >300 >300 10 Figure 4 shows the
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031020994 PCT/ SEGDUTRGA N ST R CHA PG L dge AN Lt e 0, 3
wei ght - % sow spEwWiaiber IPhQ¥ERHIt should exceed 45, but preferably be at least 47.

10 e PRE-number for the entire alloy should preferably be at least 46.

° Relationship PRE austenit/PRE ferrite should lie in the range of 0,9-1,15;
preferably in the range 0,9-1,05.

e The content of ferrite should lie in the range preferably 45-55 volume-%.

e  Tmax sigma should not exceed 1010°C.

15 e  The content of nitrogen should lie in the range 0,28-0,5 weight-%,
preferably in the range 0,35-0,48 weight-%, but preferably 0,38-0,40
weight-%.

e The content of cobalt should lie in the range 0-3,5 weight-%, preferably
1,0-2,0 weight-%, but preferably 1,3-1,7 weight-%.

20 o In order to ensure the high nitrogen solubility, i.e. if the content of nitrogen
is in the range 0,38-0,40 weight-% should at least 29 weight-% Cr be
added as well as at least 3,0 weight-% Mo, thus the total content of the

elements Cr, Mo and N fulfills said requirements on the PRE-number.

25

30



hot ductility values. Sunmary of the test results 5 In order to obtain good
corrosion properties, sinultaneously as the material shows good structural
stabi | i t ywohawwskabi |l ity and wel dability the naterial skowmSdobesepti m zed
according to the followi ng: PRE-nunber in ferrite should exceed 45, but
preferably be at |least 47. PRE-nunber in austenit should exceed 45, but
preferably be at |east 47. 10 PRE- nunBér for the entire all oy should
preferably be at |east 46. Relationship PRE austenit/PRE ferrite should
lie in the CbAlSof 0,9-1,15; preferably in the range 0,9-1,05. The
content of ferrite should lie in the range preferably 45-55 vol une-%

Trmax sigma shoul d not exceed 1010C. 15 The content of nitrogen should lie

in the range 0, 28-0, beRé Gliktetitic MIMER SBMEsS BtdeQlI6RIE ot 381@ A& e d

wei ght-% but pref era%ly 0,38-0,40 weight-% The content of cobalt should
lie in the inathge itGhews theifglawing cpmyfositinl, yn weight-%:0 wei ght - % but
preferalgly 1,3-1,7 weight-% 20 1In order to ensure the high nitrogen
solubilirty, i.e. if the content of nitrogen is in the range 0, 38-0, 40

wei ght - % shgul d at |east 29 wpbghto3¢.Cr be added as well as at least 3,0
wei ght-% Mo, thus the total content of the elenments G, M and N fulfills
sai d requi reinents on the PRE-Maxt¥$®% 25 30 WO 03/ 020994 PCT/ SE02/ 01564 21
CLAI MS: 1. Fﬁrritic-austeniti&_glﬁ%ex stainless steel alloy, c har act
eri ze oM in, that it shows the follow ng conposition, in weight-% 5 C
max 0,03% & max 0,5% M 0-234,0%300%24, 0-30,0% 10 N 4, 9-10, 0%

10 Ni 4.9 -10,0%
Mo 3,0-5,0%
N 0,28 - 0,5%
B 0-0,0030%
S max 0,010%
15 Co 0-3,5%
w 0-3,0%
Cu 0-2,0%
Ru 0-0,3%
Al 0-0,03%
20 Ca 0-0,010%

balance Fe and normal occurring impurities and additions, whereby the content

of ferrite is 40-65 volume-%.

2. Alloy according toclaim1,characterized in, that the

25  content of manganese lies between 0,5 and 1,2 weight-%.

3. Alloy accordingtoclaim1or2,characterized in, thatthe

content of chromium lies between 27,0 and 29,0 weight-%.

30 4. Alloy according to claim 1-3,characterized in, that the

content of nickel lies between 5,0 and 8,0 weight-%.



M 3,0-5,0% N O,28-0,5% B 0-0,0030% S nmax 0,010% 15 Co 0-3,5% WO-3,0%
Cu 0-2,0% Ru 0-0,3% Al 0-0,03%20 Ca 0-0,010% bal ance Fe and nor nmal
occurri ngwprepieisrd es and additions, whereby the content @CTISEp2/0tSes i s

40- 65 volune-% 2. Alloy according to claim1, characterized in, that the
25 content of manganese lies between 0,5 and 1,2 weight-% 3. Alloy
according toclaimlor 2, char ac22er i zedin, that the content
of chromumIlies between 27,0 and 29,0 weight-% 30 4. Alloy according to
claim1-3,5¢ h a r Ajgy heorbing t8 caith 14, ctthat atdiee reamtenin, thiat iekel i es
between 5,0 and 8,0 wel ght-% WO 03/020994 PCJ/ SEOr'%/0 1564 22 5. Aloy
accor di ng ¢antentohmolybdegum ligsloefween 3¢ and 4;7 Weighliye- that the content of
nol ybdenum | i es between 3,6 and 4,7 weight-% 6. Alloy according to claim
1-5, characterized in, that the 5 content of nitrogen |ies between 0, 35
and 0, 45 wgi ght-% Allopbbeyrdmgatoraaimgi$ocdi armdtgricedan theténe e r i z e
din, that the content of rutheni lie %twee tg) and 0,3 wei ght-%

pr ef er abl ycontgatef nirgaen lieg Ratwasen ﬁ'@@@‘ﬁ\g WEGNt-10 8. Al l oy according to
any of antecedent claim c har acteri zed in, that the content of
cobalt lies between 0,5 and 3,5 weight-% preferably between 1,5 and 3,5
wei ght-% 15 9. Al | pylopaccodinygotaaiany-Sofc lpadeedi adiciadn, thatthe, r a c t e

oS oheot 5 BCaSERETD 4 SGHRS B Herdnn

and up to 0,1 weight-%.

10
8. Alloy according to any of antecedent claim,character ized
in, that the content of cobalt lies between 0,5 and 3,5 weight-%, preferably
between 1,5 and 3,5 weight-%.

15 9. Alloy according to any of preceding claims,character ized

in, that the content of copper lies between 0,5 and 2,0 weight-%, preferably

between 1,0 and 1,5 weight-%.

10. Alloy according to any of preceding claims, character ized
20 in, that the content of ferrite lies between 42 and 60 volume-%, preferably

between 45 and 55 volume-%.

11. Alloy according to any of preceding claims, character ized
in, that the total PRE- or PREW-value of the alloy exceeds 44, whereby PRE =
25 %Cr + 3,3%Mo + 16N and PREW = %Cr + 3,3(%Mo + 0,5%W) + 16N, wherein

% considers weight-%.

12. Alloy according to any of preceding claims,charac terized
in, that the PRE- or PREW-value for both ferrite- and austenite phase is higher

30 than 45 and PRE or PREW-value for the total composition of the alloy is higher
than 46.



10. Alloy according to any of preceding clains, c har acteri zed
20 in, that the content of ferrite lies between 42 and 60 vol une-%

pr ef er ablwo obetoseen 45 and 55 vol une-% 11. Al |l oy accordi RgTIS®OEMF6DT
preceding clains, c har acteri zed in, that the total PRE- or
PREW val ue of the alloy exceeds 44, V\/nerf% PRE 25 %r + 3,3%wb + 16N
and PREW= %r + 3,3(%wWw + 0,5%N + 16N, erein % considers weight-% 12.
Al'l oy according to any of preceding clains, c har acteri zed in,
that the PRE3. or PREMIgylageording tooclain & artl@, cana raust eni ze pHasat theni gher

b gher .t hah ohs Oned B NS dat bt &y End Bl Rtes8 TSR ibS BeBiedT 7 ALy ' °
claim1l or442, c har act eri zedin, that the PRE- or PREWval ue

for both ferrite- and austenite phase |lies between 47 and 49. 5 14. Alloy
according to claim11l, 12 or 13, characterized in, that the ratio between

PRE - val f i A - f t [ &
65 beteet 0,00 ity FEoBERGNIdy RF A ok TooE ' 4ha bl 26 W g
accordi ng t thearfiodfetweenRRBYVEValusdof austosite phasd bad iRRE (W Pvalas e thieng

environments. .16. All oy according to any of preceding clains for use in
chl ori de- cHEHEE PR3RE @/ﬁ/l??t&’ﬁﬁﬁrﬂ’go ?Hdﬂﬂvﬁhﬂf qu@?'NBbeéWEﬁn 8:9 88d 4,03.upes,
such as wel ded and seanl ess tubes, plate, strip, wire, welding wre,
constructive parts, such as 15 for exanple punps, val ves, flanges and
couplings. 120 25 3dlloy according to any of preceding claims for use in chloride-

10  containing environments.

16. Alloy according to any of preceding claims for use in chloride-
containing environments in product forms such as bars, tubes, such as welded
and seamless tubes, plate, strip, wire, welding wire, constructive parts, such as

15 for example pumps, valves, flanges and couplings.

20
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30



