WD 03/ 020995 PCT/ SE02/ 01565 1 USE OF A DUPLEX STAI NLESS STEEL ALLOY
TECHNI CAL FI ELD OF THE | NVENTI ON The present invention relates to a

st ai nl esswetmmbkosas | oy, closer determned a 5 duplex stai mcasEozosed al |l oy
with ferritic-austenitic matrix and with high resistance to corrosion in
conbi nation with good structural stability and a conbination of nechani cal
properties which nake it suitable for usle in applications in environnents
where a high corrosion resistance is required as in chloride-containing

envi ronment|gSESOF A BYMIEX STRINLPISBTEESp¢scand hydro 10 netal | urgi cal
processes. BACKGROUND OF THE I NVENTION In connection with that the natural

accessibility to the natural resources such as e.g. mnerals and netal s

becone nor 1 i : sits smaller and snaller and of
poor er quaﬁ%{;?i”\gﬁéﬁtéli é‘? @g Fﬁ%ﬁ“%é&vﬁ@@gy ts or such which hitherto were
not expl oi tEke Emﬁw\@htibﬁ)@elbieghoQoﬁémléssrsteélfmmwclb@ért@étéﬂﬂineﬂ asuch
deposits and the follow ng refinenent. They can be situated e.g. rocks

where very iRlex giriniess steghalion wigh Brriticepatanitiermakiang Wi 819hcondi ti ons
prevail, by hi £1IP, ] , an vy 20 bearing
subsoi | Watreelrg !39%}1”& parﬁr%%rfiﬁ %%ﬁ%@@@?ﬁgogﬂnééﬁ%@ﬁﬁa&ﬂ&agfas,é such as

e. g. N ckelcambinbtianiof endabanichkeprppertisstwitioh ofalka i suitable fddasesint s i n r ocks,
which hitherto were out of reach for a. cost-effective extractloa;aéclﬁn wth

hel p of nevAPRICAHSRY AN HENRSILS WbeEne Nigt 6QEreiPR Feelsiancy is Iauls |
Tetal | ur gy. oBME.COARINhD lerURGMERY, SGYHAS BTRRring BrddéSsdPhal Hyardrat er i al s,

25 which regarding a conbi nation corrosi on- and nechani cal properties,
wher e Hbovmetdllurgloal mecsssesnl ess steel alloys are established and becone
nore and nore successful, because they resist different types of corrosion
at the same tinme as high tenperatures and hi gh pressures together with

mechani cal gACRESSROUNM I TEENNNEITION er osi on corrosion. 30 Hitherto used
metallic materials are titaniumalloyed and super duplex alloys. The

superdupl ex steel Zelororreotiemyits thalobeawtural ackassdilityrte ieynatiitaded by
oD oo JRBLER B P 1 i 5 i il SEEBR She R RLuBhE B,
productis W diépdts wamalfereindrandalled dal of poorer quality, one tries to find new
deposits or such which hitherto were not exploited because of too high costs for
the exploitation of such deposits and the following refinement. They can be
situated e.g. rocks where very hard and for conventional extraction unendurable
conditions prevail, by high temperatures, contaminated environment and salt-

20  bearing subsoil water. In particular. This concerns minerals and metals, such as
e.g. Nickel and bauxite for the production of aluminum. Deposits in rocks, which
hitherto were out of reach for a cost-effective extraction, can with help of new
extraction methods become accessible, as e.g. by hydro metallurgy.

There one will meet new requirements on the metallic materials,

25  which regarding a combination of corrosion- and mechanical properties, where
above all duplex stainless steel alloys are established and become more and
more successful, because they resist different types of corrosion at the same
time as high temperatures and high pressures together with mechanical
stresses, which can lead to erosion corrosion.

30 Hitherto used metallic materials are titanium-alloyed and super duplex alloys.
The superduplex steel Zeron 100 shows problems at welds, mainly caused by

unbalanced microstructure as a result of precipitation of sigma phase.



as e.g. fuel for cars or aircrafts, raw material for the production of

pl astics etc. This involves heating and heat transport of natural parts in
t he refi mvogspemeess. The heating and cooling of nedi um a&ca/sevherses
conponents, which lead by using 5 to further problens with corrosion.
During the refining process the products will be transported in pipeline
systens and be desalinated. Then it wilR be destillated in order to
deconpose it into its conmponents and then being cooled down in overhead

condenser s.\Wheg dﬂQﬁ'g‘a’%@ls Wwebh effrhgtedbaiffepsritipped s wil i miheitdetliedouch
seawat er or other chloride-containing water or air. After distillation the

fracti ons B &l fushéorfaars Reairerafts new mpterisivahe prodystion ofplasties siher

Dur L e TR B A AT PR R BB ORRSA 1oAY Yiceggess

step the flulds are process and CentT es made

from di f f erfig hedtee) agd @d@mgaffenedlaﬁﬁa@mthéhmﬁp@ﬁmﬂé Qﬂhlbbﬂ@&ld byusisgow ng
to be a nore or less high degree  sujitable for uselnthﬁlee ﬁllca,lilons

where t Rey Qlf\é”@@ﬂ)‘]’r@@{eé@ﬁ Wﬂh\?BFWS'F?PQPUEBQéQﬁ FIGNEhPIOLESS dhcisavilpe
process f| %edﬁ%ﬁééﬂﬁt&fm ;L[S’éﬁnterb?sfél'ﬁé LA& be o%é%gdqh%ﬁﬁvhwg%gmté& s
an obj éct of the p e

therefore resent 1nvention to provi dupl ex stainless
st eel al |l oyin ondhércto dﬁmmodsieghntmlts oeﬂnpnnemztsiasﬁathea biehngccmdied\elownnnv»i th 20

|nproved nechani roperti h_is npst .a e, for _.use in
envir onrrent%’e\%%%ﬁ“gc% ’gﬁ? esFt bg V‘f‘@ %ﬂ@?éqa”&%cfg%‘p ﬁ’%'ﬂfelp&éal i zed
corrosi on and28sHOfhe mﬁ{:t@l@ﬁ?@ thf%urhﬁg Wart&dor eﬂF AR JRANERLHAA TR RsctiohsShows

mechani cal properties tended l'ife tine of conmponents in
appl i ca0i ongill&e farther efined iy rambvay df Id.SeC @b Bod gtharlimpudtes swyen theserhe

mat eri al accordi resent i,nvention sho for its high ,alloyin
Tantont. o iiale b Sl inRiiits, L eSan PRaRE PRt bR alb Mg sh |
t her eby be'ﬁ?@cé!@éédéﬁﬂb@é]b@ Ré&dertgetibRs rhbde ﬂbﬁﬂ@.ﬁét@iﬁsfa‘elgrajesmés t ubes,
such as wel ded and seanl ess tubeS, plate, strip, wire di ngwi re,

const r uct i wseddar thesesappications, jut shawiggdo bec awiepr legs higodegiesr di ng to

Steet o oyl o 93,1 B8 MG Whe e e Sllctbe SR 557 050005
PCT/ SEQ3/ 01&hfosich floflasSivell a4 e BRbde¥s Auidstkide 16 fdhh e odsided, 0% Mo

0,28-0,5%N, 0-3,0% M, 0-0,0030%.B, up to 0,010%S, 0-0,03% Al, 0 0, 010%
Ca, 0-3,0%W 0-2,0% Cu, 0-3,5%Co, 0-0,3% Ru, balance Fe and inevitable

L purities gRRYOF THE INVENTION

It is therefore an object of the present invention to provide a duplex
. stainless steel alloy, which shows high corrosion resistance in combination with

20 improved mechanical properties and which is most appropriate for use in
environments where a high resistance to general corrosion and localized
corrosion and erosion corrosion is required, at the same time as it shows
mechanical properties which lead to extended life time of components in
applications as oil refining and hydro metallurgical processes.

25 The material according to the present invention shows for its high
alloying content extraordinarily workability, particularly hotworkability and shall
thereby being very suitable for use for the production of e.g. bars, tubes, such
as welded and seamless tubes, plate, strip, wire, weldingwire, constructive
parts, such as e.g. flanges and couplings.

30

According to the present invention, these objects are fulfilled with

duplex stainless steel alloys, which contain (in weight-%) up to 0,03% C, up to



shows a content of ferrite in the range of 40 to 65 vol une-% and a

PRE- nunber 5 of at |east between 46 and 50 in both the austenite and
ferrite pwvavs/nands with an optinmumrel ati onship between PRETSESY/@r363 e and
PRE ferrite in the range of 0,90 to 1,15; preferably between 0,9 and 1, 05.
SHORT DESCRI PTION OF THE DRAWNGS 10 Figure 1 shows CPT-values fromtests
of the test heats in the nodified ASTM 3(A8C test in "G een Death"-sol ution
conpared with the dupl ex steels SAF2507, = SAF 2906 as well as that high

al | oyed ausgtenidi 94 3L860oSLF IR B3 D-5 00/ STT28L0!596 N, LS, BPART, Wi t h
t he assistahce of the nmodifi'ed ASTM 15 A8C'test in " G een

Deat h" - sol (:0,6030%r Bt tie to 85110e &t 8-0:03Hahle8-0:0 1000t G, 0-3103 &% GRdB6 SAF2507

as well as th it el, 654SMO. Fiqure shows ..ave unt for
avfratni ng %ﬁé"% @&b‘@ﬁ%%ﬁd’gai‘c% e@é‘r‘?ﬁ@?\&ﬁsﬂ%'%ﬁﬁr %‘é"{’%qéﬂﬁgv 4 shows
scores frornhek HAesiteht bfel@elih te faRe A0 18165 Wiumeasand 2P RBEAANLED
DESCRI PTI ON OF THE | NVENTI ON A systenmati c devel opnment work has surprisingly

shown t hat ofatlamgt batyearn 46 and B8iin both hecrusteniimandiartie paserndewient s Cr |

the ferrit & armymrgpasRB e ah PRI Ay SR8 BB it Bins LYl
materi al o 90 W 4§ N5apréfesinbéiveant0,9 amdunos.of sigma phase in the material.

The material obtains even good workability, which enables extruding to
seanl ess tubes. It shows that with the purpose to obtain a conbination of

hi gh corro?kgaﬁuﬁtgwpqléﬂrgpwﬁcbmwmﬁ? good structural stability as

IS require narrow conbi nati on o oying 30 elenents in the
materidlh is required. The alloy according to the invention contains (in

500 % e bosoms Ca Tuales FomviRsiorng 1esthgpts i the modtied AS T "

G48C test in "Green Death"-solution compared with the duplex steels SAF2507,
SAF 2906 as well as that high alloyed austenitic steel 654SMO.
Figure 2 shows CPT-values attained with the assistance of the modified ASTM

15 GA48C testin " Green Death"-solution for the test heats compared with the
duplex steel SAF2507 as well as the austenitic steel 654SMO.
Figure 3 shows average amount for avfratningen in mm/year in 2%HCl at a
temperature of 75°C.
Figure 4 shows scores from hot ductility testing for most of the heats.

20
DETAILED DESCRIPTION OF THE INVENTION

A systematic development work has surprisingly shown that one by

means of a well-balanced combination of the elemenfs Cr, Mo, Ni, N, Mn and
Co can obtain optimal dispensation of the elements in the ferrite and austenite,

25 which enables a very corrosion resistant material only with an insignificant
amount of sigma phase in the material. The material obtains even good
workability, which enables extruding to seamless tubes. It shows that with the
purpose to obtain a combination of high corrosion resistance in connection with
good structural stability as is required a much narrow combination of alloying

30 elements in the material is required. The alloy according to the invention

contains (in weight-%):



N 0,28-0,5% B 0-0,0030% S max 0,010% 10 Co 0-3,5% WO0-3,0% Cu 0-2,0%
Ru 0-0,3% Al 0-0,03%15 Ca 0-0,010% bal ance Fe and normal occurring

i mpuriti edoand2@dsli ti ons, whereby the content of ferritePC3/SE02/6565

vol ume-% Carbon (C) has limted solubility in both ferrite and austenite.
The Iimted 20 solubility inplies a risk of precipitation of chrom um

carbi des and the content should therefdre not exceed 0,03 wei ght-%
preferably not exceed 0,02 weight- Silicon (Si) is utilized as desoxi dation
agent in the steel producti oM&s0W3% as it 25 increases the flowability
during production and wel ding. However, too high contents of Si lead to

pr eci pitati%n of unwant ed i nt\@»BP1i ¢ phase, wherefore the content is
limted toygx 0,5 weight-% Pr foe/rably max 0,3 wei ght-% Manganese (M)
is added in order to increase the N sol ubility in the material. 30 However,
it has shov@r that Mh only ha24a0lLB010%d i nfluence on the N-solubility in
the type of alloy in question, qu)t% d there are found other elenments with
hi gher Si nfliuence on the sol dh?ri )p °Besi des, M in conbination with high
contents ofyMO 03/ 020995 PCTSg@Qy 1565 5 sul fur can give rise to
formati on of manganese sul fidés, which act as initiation- points for
pitting corMosi on. The cont ert,2®f OMi¥%shoul d therefore be limted to

bet ween 0-3,0 wei ght-% prefedglthl 0,5-1,2 weight-% 5 Chromium (Cr) is a
much active el ement in order 1o Ot\‘[?ﬂr/‘bve the resistance to a majority of
corrosion tgpes. Furthernore,maybig@ogontent of chromuminplies that one
gets a very good N-solubility in the material. Thus, it is desirable to
keep tH@ CrCeontent as high d53{8dssible in order to inprove the corrosion
resi stance.,,JFor very good arrgﬂgtt?g/ of corrosion resistance the content of 10
chrom um shdul d be at | east 2470 i ght-% preferably 27,0 -29,0 wei ght-%
However, higlh contents of O g-poogase the risk for internetallic
precipitations, for what reason the content of chrom umnust be limted up
to max 30, Ruei ght - % 0-0,3%

Al 0-0,03%
15 Ca 0-0,010%
balance Fe and normal occurring impurities and additions, whereby the content

of ferrite is 40-65 volume-%.

Carbon (C) has limited solubility in both ferrite and austenite. The limited
20  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-
%.

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

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

Manganese (Mn) is added in order to increase the N-solubility in the material.

30 However, it has shown that Mn only has a limited influence on the N-solubility in
the type of alloy in question. Instead there are found other elements with higher

influence on the solubility. Besides, Mn in combination with high contents of



Nickel (Ni) is used as austenite stabilizing element and is added in
suitable 15 contents in order to obtain the desired content of ferrite. In
order to wbtoaiomphe desired relationship between the austemiSEIZoEsX t he
ferritic phase with between 40-65 volume-%ferrite, an addition of between
4,9-10,0 wei ght-%nickel, preferably 4,9-8,0 weight-% is required. 20

Mbl ybdenum (Mb) is an active el enent, which inproves the resistance to
corrosion in chloride environments as well as preferably in reducing acids.
A too hi ghsiifhr CaRp riddtocmiptiah bf maghResdalilfidés Whick @t agirtiation- hi gh,
inplies that the risk for internetallic precipitations increases. The

Mb- cont ent wntsrf@r piténgeerrrosion.ekita eentenbefl Mnisheuldriheradorebgymied £ 0- 5, 0

N rogen (NeREER A Sindt-fo, Mooy 8312 bBoREI L Coc " ho corroston”

resi st ance, the structural stability as well as the strength of the
material. Further, a high N- content inproves the recovering of the
aust eni e aEhEamium dm i a AHICRGVeaienanyBsIder serPes tha iEsisandeio ded

joint. In o] 0 % N
shoul d be a@ggdg'&g\ 8‘2’*@}1&15’ g E”ﬂf‘{eﬁ‘ﬁéﬂehé hl\#h @?tehﬁg'f)‘%hég"u'ipi‘ﬁu i{'at g%g of
chr om um ni thiat des getsca eansyegoooblslgmtmtahﬂyyn Wreematariall Thauee dius Idgsiralsle\t®
03/ 020995 PCT/ S g%ﬁéOlSGS hrom um content i i Further,. a hi

is high. h
N contont | KRR B8 ChaanOncas fgh Fouposs 4t picer Foth Sisedhe codasionol Che

exceeded sojddhirhhdey FRF vl Ocjbdd‘&n%ﬂﬁ{stof':cﬁbrrrosw?mer%@ls&ﬁ?c%om ddMgerygFont ent
should be imted to max t-% preferably >0,35 - 0,45 weight-%N

is addédd. SCI’Bon'omm(ﬁpuldsb@dﬁbastM@rwﬂeght—% |prf£feEat£t)e2710e-219cﬂ wergm-t%l ity of

th t i al At t.ent of ,B lity. I |
Lhe oo o Hiweker bidtheae .t TG0 eaRs 158 Bk ranenbetaiia metiudians iy °°
boron shoul ghherdasBh tieslcdrteRt Qpémonmhgﬁ@st%e Iﬂtﬁ’ite%ubyfo (43 n{a';‘w) 30,0feigmens the

corrosion resistance negatively by fornm ng soluble sul fides. Further, the
hot workability detori at es for what reason the content of sulfur is

limted to i ( r 0|rrprove
f or enpst th@sﬁgﬁmgr%d li/t?'ﬂ]? %‘B@Efﬁg q’%li‘@bﬁ%ﬁ(ggs ?%i‘%hoﬁ‘ g'gtr?bé ance.

is an gust ecftbrttentstnﬁl@irdlérzb rm@t@helfr@dbswédlc@ﬁtéﬁr oﬁf@mt@bmacbrdeefd elstairstheul d at

| east 0,5 weig preferably at |east 1,5 weight-% be

deswed re %atlonshlp between the austenitic and thé ferntlc 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.

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

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-
25 %, in particular 4,0-4,3 weight-%.

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-
content improves the recovering of the austenite after welding, which gives

30 good properties within the welded joint. In order to obtain a good effect of N, at
least 0,28 weight-% N should be added. At high contents of N the risk for

precipitation of chromium nitrides increases, especially when simultaneously the



added. Because cobalt is a relatively expensive elenent, the addition of
cobalt is therefor limted to max 3,5 weight-% 20 Tungsten increases the
resi st ancwotod/opiopt i ng- and crevice corrosion. But the adecoisen2/@fsés oo hi gh
contents of tungsten in conbination with that the C- contents as well as
Mb-contents are high, nmeans that the risk for internetallic precipitations
i ncreases. The Wcontent in the present 6i nvention should lie in the 25
range of 0-3,0 weight-% preferably between 0,5 and 1,8 weight-% Copper is

added in olHedmiupn cORIEPY B Rifle FIgTRIrah high NOSr@ént!i@plisd a2 eheé fsiafdrd
environnents such as sulfuric acid. At the same tine Cu influences the

struct ural petfegiylinefgasephecayse ofi the exsaeded solubiliguof Min the ﬁaelt fee solid

Co mx 2 0 ereisesol i REGdEEN STREIEhE el RO S Uiofh R sfeRBHiL 020005
PCT/ SE02/ 02985 - 8, 43uvBight-2N(iSapided. added in order to increase the

corrosi on resistance. Because rutheniumis a very expensive el enent, the
content3should be limted to max 0,3 weight-% preferably nore than 0 and

up to 0,1 we i : S
desoxi dat i onl%&'%{?s ascid@[dﬁWor?@'é?tf)/\l\%rF% %é@hﬁ%@%& ﬁ? Hﬁﬁ&ﬁ Akoul d be
limted totomkigh déhteri ofiBordmitme wedt@bnltty)aslvve‘ri as theecdrasiomesistamoe ri des. Ca
has a favorab|e effect aop the ho duct it t he t should
bo"1 £ 60 COBIEAGEOwAE g Mo WBPGEaT ok pareh i RRdTES BEBIN0 of ol ag
10 The cont\,@gp%h ofy, ferrite is inportant in order to obtain good nmechanical

a

properties corrosion properties as well as good weldability. Froma
corrosilon point of view and a point of view of weldability a content of

ferrite bet -65%is .desirahle in order to.o0 aod erties.
Fur ther B o) erses £ St 8ia8 restuines haoBivRl PiiaBingsBhBlR h ac i ow
t enper at ur aBIfRRsWeLithas thd'Rot \ﬁéﬂkﬁbﬂlﬂﬁéetbﬂaték}' freaen veasbir e dntdritlgness

ri sks deteriorating. The content of ferrite is therefore 40-65 vol ume-%

pr ef er abl y sqifueis linaitacrte wax 00 Baweioghit’ar 45-55 vol ume- % 20 DESCRI PTI ON OF
PREFERED EMBODI EMENTS | n t he exanpl es bel ow the conposition of a nunber of
test heats is presented, which illustrate the effect of different alloying

el emenys orCdpet (Co) is added in order to improve foremost the structural stability as well
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-%.

20

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

25  range of 0-3,0 weight-%, preferably between 0,5 and 1,8 weight-%.

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
structural stability. However, high contents of Cu imply that the solid solubility

30  will be exceeded. Therefor the Cu-content should be limited to max 2,0 weight-
%, preferably between 0,5 and 1,5 weight-%.



properties. Heat 605182 represents a reference conposition and is
consequently not a part of the field of this invention. Neither shall the
remai ni ngwdI3hemps be considered limting the invention, WCTISE02/01G63 y
speci fying exanples of heats, which illustrate the invention according to
the clains. The specified PRE-nunbers or -values consider always anounts
cal cul ated according to the PREWfornul7a, even though this is not
explicitly mentioned. 30 EXAMPLE 1 The test heats according to this

exanpl e wer I it | PR Stdgibr RjdtaAReY. Behbise Whi Ch
wer e hotfoIﬂjt R ¥€§?§H I@Egdﬁg&?/\bcgg%oéztg%% {Dé'll'/ SEO&/ 1565 8 were
hot ext r udeduthenhan $s anenndxpansiveaslemeint, the chhtent shoslp, banlireited toesiaxkd er i al
was taken out. fromthe round bars. Further on the flat bars were anneal ed
before col W@'S’i“i‘?"m@@f@@ﬁb%@%‘%QP@QNP&O q?awqi%'?t'{"est material was taken
out. Froma material engineering point of view, the process can be
considered being 5 representative for the preparation in bigger scale, for

exanpl e 5f orAluminyn ¢80 @ndoBalciim fearreuseddsedespxidaiionsagentsaidhesiesiod,

foll owed by cold.rolling. Table 1l ws. the, £o jtion.of the fir bat ch
of test hea‘{rggu‘%%' éjhf.‘%@&%%&fﬁtl FB@H?’%'&E'@%@;’%’?M? %ﬁdﬁ%% ﬂlBFde Cr Ni
M WCo N 8bt@Foimihy dihiftlie8, 88 HasraQoRbld effctorbthe HAIBIAMYD, 97 27, 90
9,80 4,00 0,01 0,97 0,48 605197 1,07 28,40 8,00 4,00 1,00 1,01 0, 44
605178 0, 9iHewewr, thepGasantert should, beolinitad to 844 Pareighb® ipgrdar to ampid 03
0,01 1,00 0,2 84 0,99 09 7,83 4,01 0,01 0,03 0,44 605187 2,94
27,74 4,93 a? g'éw%q%]i] %‘?8%‘%9,%%9605153 2,78 27,85 6,93 4,03 1,01 0,02 0, 34
605182 1@, 17 23,48 7,88 5,75 0,01 0,05 0,26 In purpose to investigate the
structural stability sanples.fromevery heat were anneal ed at 900-1150C

with steps die spterkotieriteds imprianidy erdey e abiaiy gpad mechanicgnpianeiiesiat er .
At the lo y | dd PAES: west

t enper at urﬁdm%%éﬁg%ﬁdﬁ?ggw%edrdr?gt\é%fjlagmﬁghase %g@gﬁﬂo? Egﬁgrl??f i cant,
was det er mview anidtapoiné oheiew ofweldalilitysa contenigbft ferrite between 40-65% is

desirable in order to obtain good properties. Further, high contents of ferrite

15 imply that the impact strength at low temperatures as ‘WeII as the resistance to
hydrogen-induced brittleness risks deteriorating. The content of ferrite is
therefore 40-65 volume-%, preferably 42-60 volume-%, in particular 45-55

volume-%.

20 DESCRIPTION OF PREFERED EMBODIEMENTS
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
25 heats be considered limiting the invention, without only specifying examples of
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.

30 EXAMPLE 1
The test heats according to this example were produced by casting
of 170kg ingots in the laboratory, which were hotforged to round bars. Those



optical m croscope. New sanples fromrespective heat were anneal ed
afterwards at said tenperature under five m nutes, whereafter the sanples
were coowed3domms with the constant cooling rate of -140c/PETSEDDOYS6DM
tenperature. 20 Subsequently, the area fraction of signma phase in the
materials was determined wth digital scanning of the pictures with
back-scattering el ectrons in a scanning8 el ectron nicroscope. The results
appear from Table 2. Trmax signma was cal culated with Therno-Calc (TC version
N 25 t her nogyreaibiéxtelrictbiadsars trouditiarirs AEMENYs futdrns )p whelha et heateddli C
anounts for all specified elenents in the different variations. Tnmax signa
i s the di ss¥as/iakgnaot ronpthegounsbarsdurihel 9pshe dat bassavaraameaid ¢ he si gna

phase, wher | ' ' Mafal al

Crani 111y, Pt s kb EERMALHRETUNC! 5t e Gk gL T
1100C, 5ni rFrénbaarididtal ddfierinblsda ofSiewn, 1B Prae=Es caiDbd @dndidera, beimd n 18%
1061 605178 1100C, 5min 14% 1038 602"183 1050C, 5mi 8‘5’? % 997 dﬁo 184
1100C, Sni rfepresantadive Tgbdhiegrreparsyien s higgen sedieots exauple riie pedusion 3, su
1032 6051 ' +A%0 ; f LSk | gation is
Lo be oo seriices RS bkt aSions %@S%P"&“?@é?# cdd Qg eRld 951 | ty,

i .e. this ishowsttherempsmsiticnoolttbaffirsifbatchyafdespiheats. i n t he sanpl es, which
were heat treated and quenched before for exanple the corrosion testing.
One can see that Tmax sigma, which was 10 cal cul ated with Thernop-Cal c does
not direct |yal@hNnChAfokition diftestmatsneéighegount s of sigma phase, however it
Is distinct that the test heats with the |owest cal cul ated Tmax signma
contai 10t he | owest anobunt sigma phase during this investigation. The
pitti ng corrpsten—prepertries—ofatH—heats,we tested—or ranking 15 in
the so-cal l[ Gt aredbeatis st oilo i Gy ,S%Ei Spsgol 1 %eCi3, 1 %udi2,
605195 0,97 27901980 |400 (001 |097 048
805197 1,07 28,40 {800 | 400 |100 [1,01 |044
605178 0,91 2794|726 (401 (099 |0,10 [044
605183 1,02 28,71 16,49 14,03 |0,01 1,00 0,28
605184 0,99 2809783 1401 [001 }0,03 [044
605187 2,94 27,74 1493 (398 |001 1098 |044
605153 2,78 27851693 [403 |[101 1002 |0,34
605182 0,17 2348|788 |575 1001 |005 |026

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
guenched in air, respective water. At the lowest temperatures intermetallic

15 phase was formed. The lowest temperature, where the amount of intermetallic
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.

20 Subsequently, the area fraction of sigma phase in the materials was determined
with digital scanning of the pictures with back-scattering electrons in a scanning

electron microscope. The results appear from Table 2.

Tmax Sigma was calculated with Thermo-Calc (TC version N
25 thermodynamic database for steel TCFE99) based on characteristic amounts

for all specified elements in the different variations. Tmax sigma is the dissolving



11 % H2SO4, 1,2% HClI. The test procedure is equivalent to the pitting
corrosion testing according to ASTM (A8C, however, it wll be carried out
i n the nowe o3agypessi ve "G een Death"-sol ution. Further, ®omsSEof/otshe heat s
were tested according to ASTMA8C (2 tests per heat). Also the

el ectrochem cal testing in 20 3%NaCl (6 tests per heat) was carried out.
The results in formof the Critical Pi9ting Tenperature (CPT) fromall
tests appear from Table 3, such as the PREWnunber (Cr+3,3(M+0, 5W +16N)

for the to at I : [ d
Forrite. TRATPERTRRETo iENidha phase: WAM Riopiioso) g ipgURER AR, & (he
austenite. I&ﬁer\@@&dr@?ﬂﬁ@ﬂityPCT/ SE02/ 01565 10 Table 3. Heat PRE PRE y PRE
y/ PRE CPT C CPT C CPT C a PRE a Modified ASTM 48 C 3% NaCl ASTM (A8C 6%
FeCl3 G een death 605193 51,3 49,0 0,9552 46,9 90/90 64 605195 51,5 48,9
0, 9495 48, T 890 95 605197 53,3 53,7 1,0075 50,3 90/90 >95 >95 605178
50,7 52,5 1,0355 49,8 75/80 94 605183 48.9 48.9 1,0000 46,5 85/85 90 93
605184 48,p 51 Heat, 0573 Heatdrhea 72 ABOGH&7vaSsD |54 maxd, 1333 48,0 70/ 75
77 605182| 54,605483 2 Q, 849804%,5miT5/ 710 85 BB% 654SVO 9005, SAF2507 70/ 70
SAF2609 60/ 50 606195 s gst aldbDat\eehit hat] t her 82%xi stsja | i@wyar rati o bet ween
the | owest |5 HeRB{gunber 11100TE® 5mist eni te ongwerrite andogthe CPT-value in
t he dupl ex| st esp478 but] t higooesSWBntis 1 1 Tabl @49 show|t hatoige PRE-nunber not
sol ely explairspstge  TPT-\8bw®Smih N i gur eg kof he T-vagarels fromtest in
t he nodi fi ed ZpEMBAABT TE®D @rmighown di aguegmat i ¢al T'yggglhe dupl ex steel s
SAF2507, SAFZE¥g18F Wal I 108D° @@m,@l gn art o(yg% austeni Uiggtt eel 654SMD are
i ncl uded as TejgERERCE . '1[10b5CJ'31h|ﬁ“ stiinct gg%mtne\e regad s that all test
mat eri al s SHTOEHEgE3 €T |CPTioB° a. g Fodified 2.0% 1028
5

The purpose of this investigation is to be able to rank the material
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 Trmax Sigma, which was

10  calculated with Thermb-CaIc does not directly coincide with the measured
amounts of sigma phase, however it is distinct that the test heats with the
lowest calculated Trax sigma contain the lowest amount sigma phase during
this investigation.

The pitting corrosion properties of all heats were tested for ranking

15  in the so-called "Green Death"-solution, which consists of 1%FeCls, 1%CuCls,
11% HoS0y4, 1,2% HCI. The test procedure is equivalent to the pitting corrosion
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

20  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
PREW-number (Cr+3,3(Mo+0,5W)+16N) for the total composition of the alloy as
well as for austenite and ferrite. The indexing alpha refers to the ferrite and
gamma refers to the austenite.

25



ASTM A8C than SAF2507 as wel |l as SAF2906. Furthernore sone of the test
materials show CPT results in the nodified ASTM (A8C at the sane |evel as

or in exweds/nuvI®54SM). The test heat 605183, all oyed w tPTSELZOIS6Shows
good structural stability at a controlled cooling rate of (-140C/ mn) in
spite that it 15 contains high contents of chromumas well as of

nol ybdenum shows better results than BAF2507 and SAF2906. It appears from
this investigation that a high PRE does not solely explain the CPT val ues,
wi t hout therghfd gtionship PRE austenit/PRE ferrite is of extreme weight f or
the properties of the higher alloyed duplex steels, and a very narr w and
exact |evel| Hag bet[R¥n | RRE al | RRE rig |RREel éMERL’S is [EELFed i|CRY to
obtain this opti mirirat|o, whiRRE&igs bet wdldified 9. 1A ,Ggﬁ@f e?r‘Vab‘PQ'
0,9-1,05 and sinulltaneopisy gbtain RRE val @gM(ﬁ’::f%b)@ Fe4B. The ratiq PRE

1 forvilt A AN Nt tho reqn TN _CASC t ot Ar
Fost et of FR 100 a1 Pl BIoea2 480, 0d0e ). ool otces by Qe |
5 2 ~ =Y .
strength a ;05}@?" t cs"l"“ & J"-'f‘c (%%@75 J.C\ﬁ% atyd L'éc ro’ and thgg pact >9%tl ngt h
at roomte‘rg@gﬁguu%’ ' 1 '

R s4iav Ler et gy —alt—heatsand—gg —shown
as aver age gpigst [T o (&S 'LB{S@O'@O 46@TSTTH e g5 Speci ggn (b“—%%@(ﬁ‘were
manuf act ur €go51ERM | £ T UEEH 1A 65730 |28M [Whi ggeoher € heat treat ed7at
t enper at ur €§oRGEOT |[Ug0 [ 644 Tabl 38 1|gH0 M NUiER [ 0| I OWed Dy [CoO0kzyNg jdown
in either aps5180 Wedaer (8519084960918 48 GOSTAH0 The result S| of ghhe [tests
are presenteshgMO Tlabl e # and [5. The | resul|ts amigs he|[tensilTe tlest show t hat
t he cont ent sapdsozhr om um  nitjrogen and 10 |t ungeteen strongly 1nfluence the
i mpact stresgEe0of| the materijal . Bedi des 60510 all heats fulfill tihe
requi renent of a 25% el ongation at tensile testing at room tenperature
(RT). Table 4. Inpact strength Heat Tenperature Rpo,2 Rpl,0 RmA5 Z (Mra)
(MPa) (MPa) (% (9% 605193 RT 652 791 916 29,7 38 100C 513 646 818 30,4 36
2000C 511 583 756 2 FARE : 37 825
2903 68 2000 Bo4 SQEé%ga%gﬁ%&giat%r@ xité 3 Iear PatiPodfvetPfre Rived

5 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
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

10  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
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

15  contains high contents of chromium as well as of molybdenum, shows better
results than SAF2507 and SAF2906. It appears from this investigation that a
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

20 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
46. The ratio PRE austenit/PRE ferrite against CPT in the modified ASTM G48C

test for the test heats is given in Table 3.



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 2WPD3B299505183 RT 677 775 882 32,4 67 100C 560 6#2TR882/63¢0D 59
200C 499 578 737 29,9 52 605184 RT 702 793 915 32,5 60 100C 569 657 821
34,5 61 200C 526 581 774 31,6 56 605187 RT 679 777 893 35,7 61 100C 513
628 799 38,9 64 200C 505 558 743 35,8 H8 605153 RT 715 845 917 20,7 24
100C 572 692 817 29,3 27 200C 532 611 749 23,7 31 605182 RT 627 754 903
28,4 43 1 00C 493 621 802 31,8 42 WD 03/020995 PCT/SE02/01565 12 Tabl e 5.

| mpact Strength Heat Anneal ing Cool i act Anneal i ng Cool | npact
[C/ nin] stl8RgteNDt A mo%iﬁ@h@@wmﬁ%ﬁ H00{ ¢ Ph208’ %o@ﬁwmact% 1100/ 20

Wat er 242 20 Water
259 605178 11801 F0UR - CCPATT007 B0 Wit Do oege el F el PBASE Y 5S 10501 20
Water 244 showh&b avidiageanwiing for@hrebli@8{s20 Air 78 605187 1050/ 20 Air 51
1100/ 20 Water 95 605153 1100/20 Air %? %%89/20 Wat er. 246 05182 1100/ 20
Air 22 1100/ 20 Vat er! etsie test specimen (DR-5 were manufactured fr

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,

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

10 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).

Table 4. Impact strength

Heat Temperature |Ryo2 Roto Rm A5 Z
(MPa) [(MPa) |(MPa) |(%)  |(%)
605193 RT 1652 791 916 29,7 |38
100°C 513 646 818 304 |36
200°C 511 583 756 29,8 |36
605195 RT 671 773 910 38,0 |[66
100°C 563 637 825 39,3 1|68
200°C 504 563 769 38,1 64
605197 RT 701 799 939 38,4 |66
100°C 564 652 844 40,7 |69
200°C 502 577 802 350 |65
605178 RT 712 828 925 27,0 |37
100°C 596 677 829 31,9 |45
200°C 535 608 763 27,1 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 569 657 821 345 |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 505 558 743 358 [58
605153 RT 715 845 917 20,7 |24
100°C 572 692 817 293 {27
200°C 532 611 749 23,7 131
605182 RT 627 754 903 284 |43
100°C 493 621 802 31,8 |42




5 This investigation shows very distinct that water quenching is certainly
necessary in order to obtain the best structure and consequently good

val ues fwpo 0Bheodvsipact strength. The requirement is | OQJpaT/SEe@F01568 room
tenperature and all heats pass this, except heat 605184 and 605187, where
certainly the 10 latter lies very near the requirenent. Table 6 shows the
results fromthe Tungsten-lnert-Gas ren@lting test (henceforth-abbreviated
TI G, where the heats 605193, 605183, 605184 as well as 605253 show a good
structure in the heat affected zone (Heat Affected 15 Zone,
hencef ort h-abbrevi ated HAZ). The Ti- containing heats show Tin in HAZ. A
too high chromum -and nitrogen content results in precipitation of Cr2 N,
whi ch shal IT B%%Vlm %Qg ?eca se it detoriates the properties of the
material . 'F e ipitations Protective as Ar 99,99% 605193
HAZ: OK 605195 HAZ: Large amounts of TIN and a-phase 605197 HAZ: Smal |
amounts of Cr2N | n 6-grains,_ but not ich 605178 HAZ: Cr2N.in 5-grains,

ot herwi se OKH®5]8mnealE: | @xelings 05 IBRECHAY ! / SE02/ 01565 13
605187 HAZ| Cr2N dLﬁ/t“é’]near the ﬁiff‘@thn ilons farther out

]rlr\r\

605153 HAZ 605132 HAZ—TFi-N-an seree 516 EXAMPLE 2
I'n the bel (2] en 1?'5,3’{29* dihmple th.:\3 % ddl nunber of test
heats prod W 1t1ﬂ /1)29;,; W@i hose f§ n ition is given.
These heat £03F% 89729 o V\Za't rtingobt f the heats

wi th good G0p 1181 11y199/2Q t 4HIr| | tylas Ghel | i stance, from

the result 6:,05m§i ﬂ&%?(—" e‘Han n J)Qam') 1950/20 KI V\.Iéﬂga'rcl i%zM'Ta le 7 are
i ncl uded i 9P ¢lJRPEQ tMRteractor ()q1n0 14992 nAsent| i ndBntilon, where heats

1-8 are i f9P1kdedOPWR® oAkt at ‘tlﬁl "t 4002 de|Watethi | ¢ £PRe Heats e to n are
addi ti onal [605153 [1100/20 [Air . 1100/20  |Water 246

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

5
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 thié, except heat 605184 and 605187, where certainly the

10 latter lies very near the requirement.

Table 6 shows the results from the Tungsten-lnert-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 resulis 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 o-phase

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

605183 |HAZ: OK

605184 |HAZ: OK




10 test alloys within the scope of this invention. A nunber of test heats
wer e produced by casting of 270kg ingots, which were hotforged to round
bars. Thowe osee®extruded to bars, wherefrom test sanpl ePCHSES2/0EKEN.
Afterwards the bar was anneal ed before cold rolling to flat bars was
executed, after that further test material was taken out. Table 7 15 shows
the conposition for these test heats. IBable 7. Heat Mn & Ni Mo WCo Cu Ru
BN 1605258 1,1 29,0 6,5 4,23 1,5 0,0018 0,46 2 605249 1,0 28,8 7,0 4,23
1,5 0,0026 0, 38 [68518PRRT: rN qelE féabh8maitingboks, © 0, 0019 0,45 4 605260 1,1
27,5 5,9 4,22 1,5 0, 0026 pficibdations fafme?b® 1,1 28,8 7,6 4,24 |0,6 0,0019 O, 40
6 605251 1,0 28, [50H55 #HAZ40K, 5 0, 0021 O, 38 7 605261 1,0 27,8 6,1 4,22 0,6
0,0021 0,43 8 6@b282 [HAk: PR afld BeRdralodZtaifhonddriékl8 0, 37 ¢ 605254 1,1 26,9
6,5 4,8 1,0 0,0021 0,38 T 605255 1,0 28,6 6,5 4,0 3,0 0,0020 0, 31 605262
2,7 27,6 6,9 3,9 1,0 1,0 0,0019 0,36 h 605263 1,0 28,7 6,6 4,0 1,0 1,0

0, 0020 0, 4EXAMPBEBZ253 1,0 28,8 7,0 4,16 1,5 0,0019 0,37 605266 1,1 30 0
7,1 4,02 0,0018 0,3 K 5269 2 0, 45

605268 1.1 28 5 o eyt BolgRmgtonEtbe RS e Bombogiibo A5 HiiRgE 5 *> o' 4
1,5 0,1 0, Q:Q%ﬂbé?oﬁestheﬁ%ﬁ%&uéeclm&ﬂ tﬁe?uﬁo&e&& fihdxh® op@ifurk, 38 WO

03/ 020995 PCT/ SEQ2/ 01565 14 Table 8. Thernp-Calc Variant a-formyla a T-C
PRE total PRERESHRE iy giveax e heatsmareinsedified gigpting ol fram4he propsities 47 8

?80? 1889 %iiafféhéﬁg%ﬁ‘o f’f{%%é@ur lé%é)ﬁﬁg%%eﬁ%%%gﬁ corosfoniBsidtahte? 2. 6

from the results, which were shown in example 1. All heats in Table 7 are

included in the composition according to the present invention, where heats 1-8
are included into a statistical test model, while the heats e to n are additional
10 test alloys 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 fo 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 1290 |65 |423 1,5 0,0018 | 0,46
2 605249 1,0 [288 (70 |423 1,5 0,0026 | 0,38
3 605259 1,17 [29,0 [6,8 | 4,23 0,6 0,0019 | 0,45
4 605260 1,1 [27,5 [59 | 422 1,5 0,0020 | 0,44
5 605250 1,1 1288 |76 |4.24 0,6 0,0019 | 0,40
6 605251 1,0 1281 |65 |424 1,56 0,0021 { 0,38
7 605261 1,0 {278 | 6,1 | 422 0,6 0,0021 | 0,43
8 605252 1,1 1284 |69 |423 0,5 0,0018 | 0,37
e 605254 1,1 1269 |65 |48 1,0 0,0021 | 0,38
f 605255 1,0 1286 |65 |40 3,0 0,0020 | 0,31
g 605262 27 1276 169 |39 1,0 11,0 0,0019 | 0,36
h 605263 1,0 1287 {66 |40 1,0 11,0 0,0020 | 0,40
in 605253 1,0 [288 |70 |4,16 1,56 0,0019 | 0,37
j 605266 1,1 130,0 |71 |4,02 0,0018 | 0,38
k 605269 1,0 1285 |70 |3,97 1,0 | 1,0 0,0020 | 0,45
| 605268 1,1 1282 |66 |40 10 {10 110 0,0021 | 0,43
m 605270 1,0 1288 |70 |42 1,56 0,1 |0,0021 { 0,41
n 605267 1,1 1293 |65 |4,23 1,5 0,0019 | 0,38




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
48, 4 49, 5SW00302@099
1039 979 h 50 53 50,0 48,4 51,7 1035 1087 i

1084 5 Therno- Cal c-val ues according to Table 8 (T-C version N
t her nrodynam ¢ dat abase for steel

anounts fo

r all

e 46 53 49,3
f 65 52 46,7 47,2 46,1 1008 1090 48 PCTAEN2A01465 4 48, 3
52 50 49,1 48,4 49,8 1019

TCFE99M are based on characteristic

specified elenents in the different variations.

The

PRE- nunber Tgb® 8t Tigerh®y-Chlce and austenite is based on their equilibrium

conposition at 1100C.
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Tmax sigma is the dissolving tenperature for the
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SEARL T EXomddTeT ST DBRE WRETO pRET, At PRI TOTESTIET STihdk | he

nd auste(gH1 lifal phase was exam ned W th opf Q,E@,aar al yginsy the

gar 1oy ranie[&y  Tapign 9 Ibsfgat P@se Mupobil VB{¥ Co Cu N

bte 29 % 1,3 4,5bb 14941011 48gSTENKEE 28|3 1p1g |7, Jo&w f# 1,5

D3 FerTiftgs 29, 8 [0l 5, 4 502L T,3147480 gsbeni e Woy3 11897/ 9 3,3

BW5259 [Fgrite P2&h 7 1 23 5 . 84655 0] 49sAustenidge [28,11211} 4 7,8

59 605260 Ferysd e 28 41,3 4/485,0 14970, 08 A28tieniidd 6,5 1,4

560, 54 685250 Fesaite B4B,1 1, 3| 87,6 5,149246 0, 0R98Austiesd e 27,3

170, 53 [452 60bFb1 Fer4d2e 29)668, 2 $55805, 2|1, 386,/08 1MBEIenite

8 3,5 1466 0, 53| 5060526(4&®rrite428, 0 14214, 54, 908,45 1040y

6,5 1,446, 9 3,359, 56 M%E WD 038.6209949.PCT/ SEQX101565099

f 65 52 46,7 47,2 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 49,1 48,4 49,8 1019 1084
Thermo-Calc-values according to Table 8 (T-C version N

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.

Tmax Sigma is the dissolving temperature for the sigrha 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.

Table 9.
Heat Phase Cr Mn Ni Mo [ W Co Cu N
605258 | Ferrite 29,8 1,3 48 |50 14 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 |33 1,6 0,53
605259 | Ferrite 29,7 1,3 53 |53 0,5 0,10
Austenite 28,1 1.4 78 133 0,58 0,59
605260 | Ferrite 284 1,3 44 150 1.4 0,08
Austenite | 26,5 1,4 6,3 |36 1,6 0,54
605250 | Ferrite 30,1 1,3 56 |51 0,46 0,07
Austenite 27,3 1,4 88 |34 0,53 0,52
605251 | Ferrite 29,6 1,2 50 |52 1,3 0,08
Austenite | 26,9 1,3 76 |35 1,6 0,53
605261 | Ferrite 28,0 1,2 45 |49 0,45 0,07
Austenite | 26,5 1,4 6,9 |33 0,56 0,56




15 605252 Ferrite 29,6 1,3 5,3 5,2 0,42 0,09 Austenite 27,1 1,4 8,2 3,3
0,51 0,48 605254 Ferrite 28,1 1,3 4,9 5,8 0,89 0,08 Austenite 26,0 1,4 7,6
3,8 1,0 OwWod3/0809255 Ferrite 30,1 1,3 5,0 4,7 2,7 0,08 Awrstsror/ersgy,0 1,3
7,7 3,0 3,3 0,45 605262 Ferrite 28,8 3,0 5,3 4,8 1,4 0,9 0,08 Austenite
26,3 3,2 8,1 3,00,85 1,1 0,46 605263 Ferrite 29,7 1,3 5,1 5,1 1,3 0,91
0,07 Austenite 27,8 1,4 7,7 3,2 0,79 1,156 0,51 605253 Ferrite 30,2 1,3 5,4

50 1,3 0,09 Austenite 27,5 1,4 8,4 3,1 1,5 0,48 605266 Ferrite 31,0 1,4
5,7 4,8 0,09 A58 [GFedite 0 1,8, 4 13 1 [§,57 5505269 [Fqa 1]t e 28,0/09L,|3 5, 2
5,11,4 0,9 0, 1 AusSt eéndjeeni?o, (7 4 (4,8 362 0,FF 1,1 0,0 160520 4eeririte
29,1 1,3 5,0 4, /63284 0, 2kitd), 84 13,112 | /Austjerp tles,26|, 7 1,1H88 5 3,2 @@/ |1,0
1,2 0,51 605270| Ferri tleaudfenid 1,350, 3 15 0 [I7,63 ®B,d1] Austemi tle 27,|048 3 8,0
3,2 1,4 0,47 6D6&R%5 Heerté e 33011 1,(31,5, 1500 9473 0, 08 28stlenite ®B § 1,4
7,6 3,1 1,8 0,46 The |pAustehiteg |c27@ oSitgh pgrioperdides of |&8.3 heats |HBibe |been
tested in the |&5%6h Deaitd”- |s28.8:1t (@0 (1 946A.8, | 14 % 2,1 11 %0888,
1,2% HCl) for 5| ranki nAustehite tie263 priccedur®es |ab@ [heb dalk as pittd.4y
corrosion testi 05268 orfdimig) t (RINSTM N8, 5. hutS.1 hel? esitQ.9iy i | | 0% yecut ed
in a nore aggressive siodustenien | 3%tin ldufe 7 the SG%all.bd ' Greed:51
Deat h" - sol ut i on| 69283 |t fesit pnerr&Q-Zr‘ rhdsildf 188t ng iHah20uHc (2 $¥tis per
heat) was executed—forl AYusiERiteng Ha¥ orld:4 ha SHevipbint tusl’isng. Thel $4&4) t s
fromall tests -}E%‘EQ? £ RIS Tabl 1'C"O (=3 r57‘2 4 ryeh—20—Fi-gure—3—Al Id’cgisted
heats performb tar +H§H$te&jtﬁ:2%, i1 1! 3n:4r‘3: K o I.H.+: Allovifts ||e
Wthin the i dent PYsey Lremte P et e Gm Je i Ta a0 -
S TR S XM L i T A 05 i e
for the ratio P EoRs T gL T RE 3] Tt aty 4 4re LPWETS‘I—FIPQ@P R T 40t h
austeni te and ferrrte R X Csp of1 44 @t (95 e ofot! %ern
consi derabl e | NI gxOss @mdd- SsFE Of1 3 hed@atsoaltai ngyen the g 1] of
total Austenite | 27,7 |13 |80 |32 1,4 0,47
605267 | Ferrite 30,1 1,3 51 149 1,3 0,08
Austenite | 27,8 1,4 76 131 1,8 0,46
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15

20

The pitting corrosion properties of all heats have been tested in the
"Green Death"- solution (1%FeCls, 1%CuCly, 11% HzS04, 1,2% HCI) for
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%HCI (2 tests per heat) was executed for ranking before the
dewpoint testing. The results from all tests appear from Table 10, Figure 2 and
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
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. It
is particularly surprising and interesting because heat 605251 has a PRE-

number of ca. 48, which is in excess of some of today’s commercial



15 PRE 50. It is very interesting to note that heat 605251, alloyed with
1,5 weight- %cobalt, perforns al nbst equivalent with heat 605250, all oyed
wi th 0, 6 weioglee99ds cobalt, in "G een Death"-solution in spCTSEf/ otk | ower
chromumcontent in heat 605251. It is particularly surprising and

I nteresting because heat 605251. It is particularly surprising and

i nteresting because heat 605251 has a PRE 20 nunber of ca. 48, which is in
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I ndicates a go struc ural stability based on the values in _Table 2 in
Exanpl e lindicateradbeod Gtiusturaldtakitiy Pased proikewalipiisr Table 2 in Example
(%Cr +3, 3% Mb+0, 59N +16%N) for the total conposition of the alloy and PRE
in austenite as well as in the ferrite (rounded off) based on conposition
of the phases as ngaFatsied 0vé irfdicated @vpn mE\/\mmmbat of ferrite was

Tanl o P0 HeGr L Ak MosReatk e Bleh) Brehe (o1t Sompestiah f e Allgacey BRE "eat 1
005050 49,8 Aytchifgesvil o é’“@%ﬁef@%“‘@é@% %““Z‘%S%di‘%’ gt 80" cos2s0

53,6 49, 2 Mifasksiis McAsAmt Wil AlicroglbE6 1ComeDt aBleRitesyas Measu@AEREro0/ 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 Qeaiéf@w@h@,%zédo%@e%yw SIHINRING 1 46 9 46,9 44, 1 0, 940
90180 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 45 4 0,942 85/ 75 605266 62.6 49 4 48.3 47.6 0. 986
6052691052 Balble.® 49 6 46.9 0 945

Heat o-halt | PREW | PRE PRE PREy/ CPT°C
Total o Y PREx Green
death
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 48,6 452 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 48,3 450 0,931
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 48,3 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 48,5 457 0,944
605267 59,8 49,3 47,6 454 0,953

In order to closer examine the structural stability in detail the
samples 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 were

15 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 Table 11.

20  Control of the structure shows that the heats 605249, 605251, 605252, 605253,
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505269, 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

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

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 4,23 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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Tabl e

11. Heat Sigma &t Mo WCo Cu N Ru pha%® 605249 1 28,8 4,23 1,5 0, 38
605250 2 28,8 4,24 0,6 0,40 605251 1 28,1 4,24 1,5 0,38 WD 03/ 020995
PCT/ SE02/ 015&fo5208 605257 bgd8, P #0323 O, o 531 60%258374 28,8|4,16 1,5 0, 37
605254 1 26,4hs8580 1, P 0,3%8,8060b62%f 1 28,6 1% Q4 3, 0 00,34 |605p58 2 29,0
4,23 1,5 0/Zps26092591 1 29,8 4, P38, 6 0,45 1,0605260[1 @38514,22 1,5 0,44
605261 2 27,&b535%4 0,0 0,/438660p2682 4 27,630 93 1,0 10,81 0,36 | 605263 5 28,7
3,96 1,0 1,0sd329® | 605266 1930, 0 42302 0, 38 1,%505267 |1 @963 14,28 1,5 0, 38
605268 2 28,6053598 1,0 1,0 20,00 D, 48 (60526963 {28,5({3,@#51,10 1/0 0, 45
605270 3 23,eéb526d9 1,5 0,4D7( 1| 14p2Table 12,8 He regul 844 from { he inpact
strength teseosag1 df spme [of27,8 he 4@atis are Ghown. Thelf®syltsiare very
good, which 60tdézdt es4a qoddd,6 st rafst Ur &0af tied janneal i 86 at| 1100C f ol | owed
by water quetEéhq andl t he B.7r equiSberremd pf1.0000J will |0H@ managed with |arge
mar gi n of a4l $05268tled heat|s.30,0Tapl402 12. Heat Annealli n@3&ugnching | npact
| mpact | npac6052pT/ni n] _st|r A9k h| st2%ergth strengttp | 038
605268 2 28,2 398 | 10 10 [ 10 0,43
605269 3 28,5 397 | 10] 10 0,45
605270 3 28,8 4,19 1,5 0,41 0,1
In Table 12 the results from the impact strength testing of some of
the heats are shown. The results are very good, which indicates a good
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] [J]
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
elements, such as for example flanges and couplings. The heats
15 605249,605250, 605251, 605252, 605255, 605266 as well as 605267 show

somewhat improved hot ductility values.



1,11 1,11 J 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 >300wO080H2B35 1100/ 20 Water 258 267 257 605254 1100/ PaTAEDEH1568300 >300
>300 605255 1100/20 Water >300 >300 >300 10 Figure 4 shows the results
fromthe hot ductility testing of the nost of the heats. A good
workability is of course of vital inporl®ance in order to be able to
produce the material to product forms such as bars, tubes, such as wel ded

and seam esgnirHRSSof tRE 3&t.reslilld P, Wire, welding wire, constructive
el enents, such as for exanple flanges and couplings. The heats 15
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0, 9-1, 15; referably |n e ran 9-1,05, 10 . Th t ent rit
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preferably in the range 0,35-0,48 weight-%, but preferably 0,38-0,40
weight-%.
15 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-%.
® 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

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

EXAMPLE 3
The oil refining process is very complex and consists of a lot of steps, where

25  non-hydrocarbons as e.g. inorganic chlorides can cause extensive corrosion
problems. Crude oil contains different kinds of salt, among others Na-, Mg and
Ca-chlorides. The inorganic MgCl, and CaCl, are the most critical, because
hydrolysis during heating generates hydrochloric acid (HCI). The hydrochloride
acid can condense on the materials used in the overhead condensers in the

30  refining part of the refining plant. The forming of HCI could cause serious
corrosion problems, especially in combination with the occurrence of solid salts

on the surfaces of the materials, which also appears frequently. The corrosion



added as well as at least 3,0 weight-% My, thus the total content of the 20
elements G, Mo and N fulfills said requirenments on the PRE-nunber.

EXAMPLE 3wOhwa/o2i9b5 ref i ni ng process is very conpl ex and com€irsEs2/ofsén | ot of
steps, where 25 non-hydrocarbons as e.g. inorganic chlorides can cause
extensi ve corrosion problens. Crude oil contains different kinds of salt,
anong others Na-, My and Ca-chlorides.20The inorganic Myl 2 and CaCl 2 are
the nost critical, because hydrolysis during heating generates

hydrochl or Ipeomémé ihtkhé bvetfradistidensérsin e refivird plant extendver gendrab
materials used in the overhead condensers in the 30 refining part of the
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corrosi on. qomlwmaa@rrpamwu FQre Fetpninde-iopized Walenup 10 REPESHNA ®r than
the pr ocess ggwbgthat causes the corrosion problens. The chloride content
of the 5 COO[SI ng water can vary fromzero in de-ionized water up to
approximately 1,5 % in seawater. EXAMPLE 4 10 During the production of

chl ori nated hydrocarbon, such as e.g. ethylene dichloride (abbreviated
EDC) and vinyl chloride nononer (abbreviated VM) problens can occur,
wher e condgnegip @f 4 hydrochloric acid, salt formng and chloride
containing cooling water give rise to serious attacks on the used
construétive materi d])urmfg the prnduﬁmmfmhmftnat@mbydmcadmmr$Up|ﬁ ébleedrs nmi nly

capeci al Iy APy dIOtERAaBE e e iy TR aEE SRR L PE R BT et a
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preC|p|tat|on of netals and reflnlng Al'so in these processes a hi
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critical.

EXAMPLE 5
Hydrometallurgy means production of metals from aqueous solution
20 by leaching, solution reclaiming process, precipitation of metals and refining.
Also in these processes a high resistance to local corrosion from chlorides in
combination with oxidizing metal ions, which included in the slurry (mixture of
the crushed oxide and processing water), and also the resistance to general
corrosion from acids, occurring in leaching processes and erosion corrosion.
25
Examples for such processes are leaching of nickel and cobalt from laterit ore
at high temperatures and high pressure, especially under the preheating step

before the autoclaves where the acid leaching takes place.

30



25 Exanpl es for such processes are | eaching of nickel and cobalt from

| aterit ore at high tenperatures and high pressure, especially under the
pr eheat i fgoIBop99Hef ore t he autocl aves where the aci d | ea®kirrsgor/eaises pl ace.
30 WD 03/ 020995 PCT/ SE02/ 01565 21 CLAIMS 1. Use of a ferritic-austenitic
dupl ex stainless steel alloy with high corrosion resistance in conbination
with good structural stability and a 5 Zbnbi nati on of nechani cal properties
in applications with aggressive environnents, such as chloride containing
envi ronmentg,Alppsh as in oil refining processes and hydro netal |l urgical
processes. Z. Use of a ferritic-austenitic dupl ex stainless steel alloy
according to 10 claiml, char acter i zedin that it shows the

o 20 0 S0 0% N 4 9l a e NS éﬂ&QW%pa%%ﬁsé@ggé"%@7%“@333& °s
0,010% Co dbﬂ%sﬁ% rédidlarfcd i cdmbifaforPXitR goBd shrultddt stabilifyy &hddd% Ca

0-0, 010% and t he bal ance Fe and nornal _occurring | urities and additi ons,
wher eby 5t hecongination obmerbanicakprioperigs s applicatiens willy 2dHEEBVG bet ween 42

and 60 vol %’)@E{S‘fﬁ’gﬁ%@h & GG APLIERE ﬁﬂe&“/ll%‘f’lrﬁé]ﬂs,Séch\%éJfﬁ%ilo/l%fimg

03/ 020995
processes and hydro metallurgical processes.

2. Use of a ferritic-austenitic duplex stainless steel alloy according to

10 claim1,characterized in, thatitshows the following composition, in

weight-%:

C max 0,03%
Si max 0,5%

15 Mn 0-3,0%
Cr : 24,0 - 30,0%
Ni 4,9 -10,0%
Mo 3,0-5,0%

. N 0,28 - 0,5%

20 B 0-0,0030%
S max 0,010%
Co 0-3,5%
w 0-3,0%
Cu 0-2,0%

25 Ru 0-0,3%
Al 0-0,03%
Ca 0-0,010%

and the balance Fe and normal occurring impurities and additions, whereby the
content of ferrite is 40-65 volume-%, preferably between 42 and 60 volume-%,

30 most preferably between 45 and 55 volume-%.



22 3. Use of a ferritic-austenitic duplex stainless steel alloy according
to the preceding clains, c har act eri zedin, that the PRE- or
PREW val &0 oBozodbdt h ferrite- and austenite phase i s hi gh@CTiSEazio¥ss and PRE
or PREWvalue for the total conposition of the alloy is higher than 46. 5
4. Use of a ferritic-austenitic duplex stainless steel alloy according to
the preceding clains, c har act er22 zedin, that the ratio between
PRE(W - val ue for austenite phase and PRE(W-value for the ferrite phase

lies betweep 0,90 apge bf é5errmb@°&t@hﬁd/dm)¥\@ﬁhlés§s@édaﬂo;ﬂéccolﬂln§to Use of
a ferritic-austenitic duplex stainless steel all o accordin

precedi ng cthaipfeceding cledmgeaaiifata @rliengi 2@ dpifb@htﬁ,ttt ¢ &t %ﬂﬁﬁEH\!;VB'&?s

e oo R, AN STt o8 B TR B BretgAgg e

30 for the total composition of the alloy is higher than 46.

4. Use of a ferritic-austenitic duplex stainless steel alloy according to
the preceding claims, characterized in, that the ratio between PRE(W)-
value for austenite phase and PRE(W)-value for the ferrite phase lies between
0,90 and 1,15; preferably between 0,9 and 1,05.

10
5. Use of a ferritic-austenitic duplex stainless steel alloy according to
the preceding claims for the manufacturing of product forms such as bars,
tubes, such as welded and seamless tubes, plate, strip, wire, welding wire,
constructive parts, such as for example flanges and couplings.
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