-1 Specification Duplex Stainless Steel 5 Technical Field This invention
relates to a duplex stainless steel and particularly to a duplex stainless
steel having excellent weldability and pitting resistance. Background Art 10
Dupl ex stainless steels have excellent strength and corrosion resistance and
particularly resistance to corrosion in-ksea water, and they have |ong been
used in a w de range of technical fields of steel pipes for use in heat
exchangers and the Ilike. In the past, there have been many proposals for
conposi tions of duplex stainless st§mcifibatwirng i nproved corrosion

resi stance, strength, workability, and 15 the |ike. For exanple, Japanese
Publ i shed Unexam ned Patent Application Hei 5- 132741 discloses a

hi gh-strength dupl ex stainless steel including 1.5 - 5 nass % of Wand in
whi ch PREW[PREW= C + 3.3(M +I Wsmlmﬁﬂp%t%elat | east 40. Since a large
anount of Wis added, corrosion resistance is enornously 20 increased, and
deterioration of nechanical properties and corrosion resistance due to
precipitat,] of i tf nmetal | i ¢ compounds (sigma phases and the like) are
small. Bis ? %Jﬂ&?‘{he I nvention 25 Today, various types of melded

t t d ) d i |
Subl eeted 1o elfingvenic S o adier sttt steel AndpertedadSitg s use i n a
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found that m nute signma phases which are formed in the heat affected zones
of wel ds becone the starting points of pitting or the starting points of

net al fat'%h‘&} dong AgSult, it has been recognized that it is necessary to
pr event rrratl on of such signma phases in duplex stainless steel. 5 1In
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g techni ques by decreasing the welding heat input, for exanple.
particularly resistance to corrosion in sea water, and they have long been used in
a wide range of technical fields of steel pipes for use in heat exchangers and the
like. In the past, there have been many proposals for compositions of duplex
stainless steels having improved corrosion resistance, strength, workability, and
15 the like.
For example, Japanese Published Unexamined Patent Application Hei 5-
132741 discloses a high-strength duplex stainless steel including 1.5 - 5 mass %
of W and in which PREW [PREW = Cr + 3.3(Mo + 0.5W) + 16N] is at least 40.
Since a large amount of W is added, corrosion resistance is enormously
20 increased, and deterioration of mechanical properties and corrosion resistance
due to precipitation of intermetallic compounds (sigma phases and the like) are

small.

Disclosure of the Invention

25 Today, various types of welded structures are being widely used. When a
duplex stainless steel is subjected to welding in a heat exchanger, a pump, or the
like for use in a high-temperature sea water environment, for example, corrosion

resistance and particularly pitting resistance are becoming a problem.



Al t hough reduci ng wel ding heat input is certainly effective, when the heat

i Aput "~ decreases, wel ding performance decreases. Under present-day
conditions in which there is a strong denmand for cost reductions, this
cannot be described as a 1o desirable solution. Accordingly, there is a
desire for inprovenment of duplex stainless steels thenselves. The object of
the present invention is to provide a dupl ex stainless steel having
excellent pitting resistance and weldability and particularly a duplex 15
stainl ess steel having excellent pitting resistance and wel dability which
does not form Itritasrheendblind thatmmutd sigmae phasesmvhidhearsi fpmmegdhashs heaen in a
wel d heat affected zone. The present inventors perforned various research
wi th the gaffectod zoachioEwalds bheomb the stasing pbids ofjpiting emdbetstaingopeints he
followi ng. 20 Nanely, there are two points to obtajning excellent corrosion
resi st anceofl mstrldatigreusra yesplts itihag besnirecogrized vhat it is RecRssa ORI Rk Ct ed

zone. 1) Suppressing the formation of, internetal]ic conpounds referred to as
si gma phas®$ | Wﬁ@g\@{]%whéégméf&@é?%ﬁl Q‘Hﬁéx siHaless S@iﬁ’ﬂrpressi ng the

formati on of coarse,precipitates in.the formof nitrides 2 in the weld
heat affected z gljd%@ﬁuﬁpgqsgﬁgghg@nwfﬁ ARMA&P i fdgc EF“o’tgli’]ltﬂ’ntlt?eati ng and
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such as resistance to crevice corrosion and pitting resistance. In

addi ti op, dé&srablesehttionnventors quantitatively el ucidated the conditions
for suppressing formation of signa phase nuclei taking into consideration
the degree of Awrtbrdingly,dfieredsh desaedor improvamemtnf dupsek atdinldspgtdeigiat i on
(1).

themselves.
The object of the present invention is to provide a duplex stainless steel
having excellent pitting resistance and weldability and particularly a duplex
15 stainless steel having excellent pitting resistance and weldability which does not
form intermetallic compounds such as minute sigma phases even in a weld heat
affected zone. |
The present inventors performed various research with the goal of
achieving the above described objects and they found the following.
20 Namely, there are two points to obtaining excellent corrosion resistance
and particularly pitting resistance even in a weld heat affected zone.
1) Suppressing the formation of intermetallic compounds referred to as
sigma phases in the weld heat affected zone, and
2) Suppressing the formation of coarse precipitates in the form of nitrides
25 in the weld heat affected zone.
With a structure which is obtained by rapid heating and rapid cooling in a
short length of time such as occur in welding (referred to below simply as a

"rapid heating/rapid cooling structure"), formation of sigma phases is controlled



10 M 4+ L INi < 12.5 The netal lurgi cal nmeani ng of Equation (1) is as
follows. A signa phase is an internetallic conpound having a conposition in
15 which the ratio of Cr to Fe is approximately 1: 1, and in order to form
si gma phase nuclei by heating during welding, for exanple, it is necessary
to increase the concentration of Cr. M3is not necessarily a main
constituent elenent of sigm phases. However, when Mo is present, the
activation energy for formng nuclei is reduced, even smaller enbryo (the

appear ancebgfthe fisireatio b€ sipgha phase natletland geowildof ttabheclelicThe présent or med.
At the sigma phases precipitation tenperature, when N is present, a

ferrite phasenecsdoeadithat thel fermation ofesging, phabe ndcleringuppresssi by a
reaction for transformation of ferrite phase into sigm phase and austenite
phase is i addiinseef anonndil% afeWnend that amderhesenconditions hié alnocdepends@mi ng
potential of sigma 25 . phases. According to the research of the present

i nvent or s, thenampuphet Nifangdi Mos N1 and Menage essgntigh eloments Seinguaranigeing

know edge, téle sol ved, for the val Uﬁ@gf the left side of Equatliéi)n.é.l). The
left side BF 1Eé%??%ﬁsp£)reﬁl§taélcﬁaﬁug SESIFRNER 10 GESHLE SELrosian 2 RITHIPE | evel
of the nucleus formng frequency. -4 According to the present invention, by
prescri bi nEFFXHB St ents of Ni and M so that this parameter is at nost
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| ower than 't t1ng point steel . a~ portion eated to
just bghow the nelting point of steel will be referred to as a high
tenperature HAZ, while a HAZ which is heated to a relatively | ow Zo
tenperature will be MbertaNit-012% a | ow t enper at u(e) HAZ. Since the form of
an austenite phase does not change in the tenperature range of a | ow
tenperature HAZ, the formation of sigma phase nuclei is greatly affected by
the presence of inclusions in the parent nmetal. Nanely, at the border
bet ween i ncl usi diie metallargical meaning of Equation (1) is as follows.
A sigma phase is an intermetallic compound having a composition in
15  which the ratio of Cr to Fe is approximately 1:1, and in order to form sigma phase
nuclei by heating during welding, for example, it is necessary to increase the
concentration of Cr. Mo is not necessarily a main constituent element of sigma
phases. However, when Mo is present, the activation energy for forming nuclei
is reduced, even smaller embryo (the appearance of nuclei) are not eliminated,
20 and stable nuclei are formed. At the sigma phases precipitation temperature,
when Ni is present, a ferrite phase becomes unstable. As a result, the driving
force of a reaction for transformation of ferrite phase into sigma phase and
austenite phase is increased.
In this manner, Mo and Ni increase the nucleus forming potential of sigma
25 phases. According to the research of the present inventors, the impact of Ni is
1.1 times that of Mo. Based on this knowledge, they solved for the value of the
left side of Equation (1). The left side of Equation (1) is a parameter which

describes the relative level of the nucleus forming frequency.



steel matrix, the free energy is high, so nuclei having a reduced energy due
to is precipitation formeasily. As a result of considering all of the
above, it was found that oxide type inclusions including Al, My, or Ca and
particularly inclusions including Al have a particularly high surface
energy, that coarse inclusions thereof above a certain size are harnfu

I ncl usi ons which pronote sigma phase precipitation, and that 2o reducing
their density is effective at suppressing precipitation of sigma phases in

a HAZ. Figure lAsbemiing le thepaisenniivieptibal be eresdribidgtisé cyntwhtcofNdand

i nclusions having a nmajor dianmeter of at least 5 mcroneters and containing
at | east 2Blowmsthatthisfpathmieterds atdhosnd 2tSd¢he omeatad o€ sigma phesesceam bence of
pitting. The higher 25 the tenperature for the occurrence of pitting, the
great er t haupprasseddou kevelivhicd daeenet alfectpttingmesigianes of the ordinary
envi ronment of use (nanely, = roomtenperature), and a steel having a high
tenperat ure forThedonaalien ehsgmnd phpse nuelgl sagreptly sdiegted by dhe presgrCp it | ng
resi st ance. _Wt.h@la conv,enbi onal dupl ex -5 stainless,steel, .the.nunber of
such al &ini MideyRelUsEAISIB the PagsRigRsTal-s SIgMp PRIFCLLASY PREFIINIHS ER 8riPPhe
results shown in Fi 1, .it.can be seen t a el far. ich the
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formation of 'such nitrides causes pitting i'n the same nmanner as wth the
formati on gfstenitephadtadess ndceingerig the téhpertezanngt Iﬂ)\f%trﬁblv@thm%él%ture

requi renents for suppressing this is are quantitatively shown by Equation
(2). HAZ, the formation of sigma phase nuclei is greatly affected by the presence of
inclusions in the parent metal. Namely, at the border between inclusions and a
steel matrix, the free energy is high, so nuclei having a reduced energy due to
15 precipitation form easily.
As aresult of considering all of the above, it was found that oxide type
inclusions including Al, Mg, or Ca and particularly inclusions including Al have
a particularly high surface energy, that coarse inclusions thereof above a certain
size are harmful inclusions which promote sigma phase precipitation, and that
20 reducing their density is effective at suppressing precipitation of sigma phases in
aHAZ.
Figure 1 shows the relationship between the density of coarse inclusions
having a major diameter of at least 5 micrometers and containing at least 20 mass
% of Al in a HAZ and the temperature for the occurrence of pitting. The higher
25 the temperature for the occurrence of pitting, the greater the temperature
difference from the temperature of the ordinary environment of use (namely,

room temperature), and a steel having a high temperature for the occurrence of

pitting can be said to have high pitting resistance. With a conventional duplex



Md - 0:8N < -1.6 (2) The driving force for precipitation of nitrides
depends upon the solid 20 solubility of N and the speed of diffusion in the
parent netal in a tenperature range of at l|east 500 C in which N can diffuse
in a short period of tine. Addition of Ni increases the tenperature for the
start of precipitation of an austenite-phase which precipitates in the
course of cooling froma state in which it has been heated to just bel ow
the nelting point of a purely ferrite phase. 2-5 Precipitation of austenite
phase at asthirdéssttegletias suimbeeafisuéihalunNnarigpeebaise iachsipey Saitdeat @0 state
in a ferrite phase noves towards an austenite phase in which N has a high
solid solupéﬂmnnﬂ in a shorter period of tine. This also pronotes formation
of austenite phase, and it effectively contributes to alleviating the -6
degree of superEemithe resulistshawmirt Eigured , piheanehe oggrcthat acteslJos vdrichdle i ng
progresses. As a result, the precipitation of nitrides is suppressed.

However , wiensityoof alupriaa dyipe indusione isat mest Ednper sy Bas gpod kerEasien  of
precipitation of austenite phase. According to,the results of research by
the 5 ppesksistiffge if;thetdxf@sawa@@e&{ B&F mmuttﬁ%ﬁemaefawge the is 0.8
times that of N. dﬁ?SEd on, thi Enomdedge, the value of the left side of
Equati on (9SCUrERNCe R RIFtng BRTUPHYd¢EERSSSi de of Equation (2) is a paraneter
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findings, Tt oun signing the conponents so~as to satisfy
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dupl ex stainless steel 1s obtained which has excellent corrosion resistance

and parti CHIAR Wwhiphti$ hegtedasijastsedewethemelfing piAdt, ahe fodhatiod of aithides if or m
m nute sigma phases and nitrides in a HAZ without a decrease in welding
per f or mancprorhated: d&hetformatidbnofnsaoh mittles roalised piving én thresarme onsnner a8
parent netal, a 20 new nethod different fromthat used in the past is
necessar y. withrthedbringtionad sigma phases.

According to the present invention, the requirements for suppressing this

15 are quantitatively shown by Equation (2).

Mo - 0.8Ni<-1.6 2)

The driving force for precipitation of nitrides depends upon the solid

20 solubility of N and the speed of diffusion in the parent metal in a temperature
range of at least 500 °C in which N can diffuse in a short period of time.
Addition of Ni increases the temperature for the start of precipitation of an
austenite phase which precipitates in the course of cooling from a state in which it
has been heated to just below the melting point of a purely ferrite phase.

25 Precipitation of austenite phase at a high temperature means that N present in a
supersaturated state in a ferrite phase moves towards an austenite phase in which
N has a high solid solubility, in a shorter period of time. This also promotes

formation of austenite phase, and it effectively contributes to alleviating the



possi ble by optimally conbining the basicity of slag and the nunber of

desul furizations at the tine of steel nelting, the tenperature and | ength of
killing in a ladle, and the total degree of working after casting. In the
present invention as well, PREWis at |east 40. 25 Here, the present
invention is as follows. (1) A duplex st@ nless steel characterized by

havi ng a chem cal conposition conprising, in mass percent, C at npst
0.03% Si: at nmost 1.0% M: at nost 1.5% P: at nost 0.040% S: at nost

0. 008% Cfdeé‘%e%fsugérs@%raﬁ/@ﬁ of N 2a @erritd pBse, Nvhich. iflcreale 948 c¥dligg eat er than
1.5% and at nost 5.0% N 0.24 - 0.35% and a renmainder of Fe and inpurities

and sati sfpytopgedses. e atésuls theppriipitaticsr ofnitrideds sugprédyedr 16N is at | east
40 Mo + L IN <12.5 Mo - 0.8N < -1.6 wherein the nunber of coarse

i ncl usi ons def i Heaveamr, whendons poesentiMobrigweas tHeetestpet@daro ffontheastdrtrdvi ng a
maj or diameter of at |east 5 mcronmeters |o observed in across section is at
nost 10 pepregipitat{an) ofauiipnitx phase. nieearding o thesrasulis of seseantloby the (1)
wherein the chenical conposition further, includes gne or both of 0.2 - 2.0
mass % bf DXesamdinyentors, thexlegree of goptributiongip thigayMe isPed Hmesdhat @leNias

ey RS TRN re TE
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and suppressing formation of nitrides, the occurrence of pitting caused thereby
can be nearly entirely suppressed.
Based on each of the above findings, it was found that by designing the
components $o as to satisfy the above Equations (1) and (2) and controlling oxide
.15 inclusions, a duplex stainless steel is obtained which has excellent corrosion
resistance and particularly pitting resistance even in a HAZ and which does not
form minute sigma phases and nitrides in a HAZ without a decrease in welding
performance.
In order to perform such control of oxide inclusions in a parent metal, a
20 new method different from that used in the past is necessary. Control is made
possible by optimally combining the basicity of slag and the number of
desulfurizations at the time of steel melting, the temperature and length of killing
in a ladle, and the total degree of working after casting.
In the present invention as well, PREW is at least 40.
25 Here, the present invention is as follows.
(1) A duplex stainless steel characterized by having a chemical

composition comprising, in mass percent, C: at most 0.03%, Si: at most 1.0%,

Mn: at most 1.5%, P: at most 0.040%, S: at most 0.008%, Cr: 23.0 - 27.0%, Mo:



Best Form for Carrying Qut the Invention -.8 Next, the reasons why the

chem cal conposition of a duplex stainless steel is limted in the above
manner in the present invention will be explained. In this specification, %
with respect to the chem cal conpositions of steel and inclusions neans
mass % unl ess otherw se specified. 5 A diipl ex stainless steel according to
the present invention exhibits excellent weldability (maintaining pitting
resi stance wthout decreasing welding performance) by the overall effect of
t he above-@sc4 OPeONPI310219.0%0,0W: pyger thian labdommdat sleemsiils, Bhd. Dy -cont r ol
of the structure. However, the nost significant characteristic resides in

t he conbi nQBi566, afd apemeaimdenoddiet ancdimpiridesiand samsfying thentelatiorship oar se
alum na type inclusions. C. In the same manner as descri bed below with
respect to N, Cis effective at stabilizing an austenite phase. However, if
its content exceeds 0.03% carbides __easily precipitate and corrosion

resi stance wor sSBREWso Grit 33 (Meld (&6%@16&{@3%1%&4& erably it is at nost
0.02% The present inventi i ncludes the case in which 15 Cis included as
an inmpubity. Si Masit ]i-iNé gg-tSi ve as a deoxidi zi ng conponent of steel, but it
is an el enent Mﬂ C &Dmfle,{)s formation of internetallic conpounds (signma
phases and the M% k&)S 3P the present invention it is limted to at nost
1.0% Preferably it is at nost 0.5% The present invention includes the
case in which Si is present as an 20 inpurity. M: M increases hot

of & dupl ex st alEat (oF mefariVE RS AR ahe fPinfl b7 Sl fibhEZoRLARR™ ' "
S0l b 1t ¥afealt 209 OF MPhind haOlHePh diBPARSUELEE Bt dakes HBEGRErS  normal 1y

up to 2.0% wever I's an ecreases corrosion

resi st 3pceohidtvblen A @88NedtONER H Modtt1 0 Ser!hi’t ed to at most 1.5% _
Preferably 1t is at nost 1.0% The present invention includes the case in

which M is con{zy Refliplés stiinleBPstekl ¥s dEScrDedsabdivel iNUY) ivihereirefi@ndhentiicah i s
unavoi dably m xed into steel. If its content exceeds 0.040% corrosion
r esi st ancecempositicghfirtserimckdet ynedetterth of &t 2 - 29bnidss %€y hndiOt03 s 1ttade
0. 040%
mass % of V.
(3) A duplex stainless steel as described above in (1) or (2) wherein the
15 chemical composition further includes one or more of 0.0005 - 0.005 mass % of
B and 0.0005 - 0.2 mass % of a rare earth element.
(4) A duplex stainless steel as described above in any of (1) - (3) wherein

the chemical composition further includes at most 0.040% of sol. Al.

20 Brief Description of the Drawings
Figure 1 is a graph showing the relationship between the density of oxide
inclusions containing at least 20% of Al and having a major diameter of at least 5
micrometers and the temperature for the occurrence of pitting.
Figure 2 is a schematic view of oxide inclusions defining the major
25 diameter of oxide inclusions and the location for measuring the composition

thereof.

Best Form for Carrying Out the Invention



S: Sis an inpurity elenment which is unavoidably m xed into steel and

wor sens the hot workability of steel. In addition, sulfides becone the
starting 5 points of pitting and worsen pitting resistance. In order to
avoi d these adverse effects, its content is suppressed to at nost 0.008% It
is preferably as small as possible at e8-below this |evel, and at nost
0.005%is particularly preferred. C: O is a fundanental conponent which
is effective for maintaining corrosion resistance. If its content is |ess

than 23.0% a pHegfithe®édonkavhythé bitemical conmpesitivn ofai stafriless steel
so-cal | ed super dupl ex stainless steel is not obtained. t he ot her hand,

if the Cr pdimést inxtkeabsv@ihdifter m €od prasant mveafionnwidl beeaplained.chmfinsinds
(sigma phases and the |ike) becomes marked, and this leads to a _decrease in
hot wor kabspecificatiah, &oweith eespegt ¢ theethibidal compuisitions efrstecleans mehisdonsas

Cr, Mo contributes to an increase in PREW 15 and it is a conponent which

i s extrenmeingans teassi%eaimess otheovisegpecifiagsi on  resistance. Particularly in

order to increase p|tt|ng esi stance and resistance to Grevice .corrosion,
its confent is ﬁa@@% Sl@a s StegdALeO Eﬁﬁtﬁ‘eﬁes?lﬂffv@ﬁ@pﬁﬁn eéﬁiiiblisne ot her

hand, excessi add| of Mo becones a cause of enprittl enent of
materi al dﬁ’F‘Fe\r@ ity Gmaipiaining PRUNETesSAnGRov IaQusIecTrps g velding ong

Accor di ngl Bt ﬁﬁ'%”ﬂ%ﬁ% SRl it ohfaCabote-Reltid plflREOLEER ofnent
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25 it becones easy for S|gma ases an 0 precinpi

ot her nd t than 5.0% the anpbunt of ferrite
ha 001:1tf1'01 hodie ﬁﬁﬁﬁf‘tﬁ ?% RO s,

becones too large, and ane nmanner, the properties of a duplex

stai nl ess steel Carg t'l*l@'fsaﬁjﬁit ﬁiaﬂﬁ@r a$ ﬂes@%db&ﬂwm&@bé& t6 QY Uik effeclieN i n
ferrite is small, so nitrides precipitate and -10 corrosion r'esi st ance

worsens. | at stabﬂmmg ghfausiciite plaaspr ¢ioweter, thity comenaboyeedsdnQ8%, fcarbities and
Mb. As stated above, they are limted so as to satisfy bel ow descri bed
Equat i ons (eas)ll}aptth(mjte\ahdajmmseom hexistahes instrsers, o6 it sempdeaemost MBI on. 5
Preferably it is at most 0.02%. The present invention includes the case in which
15 Cis included as an impurity.
Si: Siis effective as a deoxidizing component of steel, but it is an element
which promotes formation of intermetallic compounds (sigma phases and the
like), so in the present invention it is limited to at most 1.0%. Preferably it is at
most 0.5%. The present invention includes the case in which Si is present as an
20 impurity.
Mn: Mn increases hot workability by a desulfurization and deoxidation
effect during preparation of a duplex stainless steel. It also has the effect of
increasing the solubility of N. In order to obtain these effects, its content is
normally up to 2.0%. However, Mn is an element which decreases corrosion
25 resistance. In the present invention it is limited to at most 1.5%. Preferably it is
at most 1.0%. The present invention includes the case in which Mn is contained
as an impurity.

P: P is an impurity element which is unavoidably mixed into steel. If its



Mp+1. INi <12.5(1) Mo - 0.8N < -1.6(2) In the above equations, M and N

I ndi cate the respective content (in nass 10 % of these elenents. |If the
value of (Mo + 1.1N) exceeds 12.5, mnute sigm phases precipitate in a

| ow tenperature HAZ, and if the value of (Mo - 0.8N) exceeds -1.6, nitride
preci pitation occurs in a high tenperate¥e HAZ, so they are restricted to

t he above-described ranges. is The bel owdescri bed pitting resistance index
(PREW, which is a paranmeter indicating the corrosion resistance and

par ti cul ar¢ontbheex@ds Da0ME BorreSiohakdfaride frktotghesPmarkedlpl ex st ainl ess
steel, is nmade at |least 40. PREW (Pitting Resistance Equival ent after

Vel di ng) @&erofate sBit8 Giperlihibiymada BN40%general , the contents of Cr, M,
and N are adjusted so that PREWis at |east 35. However, in a super duplex
st ai nl ess st eel Sa&corati mypuntyt dlemend ydrich i$ nuaveidehly Mixedvintoastes!ndr e
further increased and PREWis made at |east 40, so_25 an excepti onal

resi st ancewossensrthe dioswvarkabdity witstacli &n additinn, sulfides begoneqithe startigg | Mo,
and N contributes tqQ a higher strepgth of steel, so a dup|ex stainless steel
whi ch abr ep@thakpHLIAE gRdrwersearRitting rststancg. ni) erdsr s avord ﬁﬁsé agversgst eni t e

siee becges.a subeL APl e sl st ceelofov e an even L aner

Cor T st on. DOSEYR A r befoy R eyt :aﬁﬁ'éﬁeﬁﬁ:@%eﬁé’%;ﬁéﬁa@%%g&f hi ch

\ . . . | ¥ 1o : Jes
than 3 5% of WL Sddsd Tuppafienfal DmPdhdh withis @F@ﬁ%?ﬁ@?{aﬂ%@g@gr viReahd

i - ; ke | PREW
it ) east agitrOOfiteBRse? 1ls CopiMRis Nos (15251106, 4 or dtfhal MerThee
Contenﬁook%%bﬁoptr@%ﬁi‘%bl(ﬂfa {8 RN e SR le 5t s Breef A B@ffed n order

at least 40, by

to make P and dannge ause pronotion of the formation

of sigma pmspe ciher kil lif ke OY cbRRHE eRLERT B0%8 hre€ipitationastuaitdmetallic

preferred content of Wis greater than 2.0% However, 'if Wis added in
excess of GoMppunds (sighrepitasen aatlfike likey bov@mey ntdrked haidtiis tedds tocs

observed
decrease in hot workability and a worsening of weldability.
Mo: In the same manner as Cr, Mo contributes to an increase in PREW,

15 and it is a component which is extremely effective at improving corrosion
resistance. Particularly in order to increase pitting resistance and resistance to
crevice corrosion, its content is made at least 2.0% in the present invention. On
the other hand, excessive addition of Mo becomes a cause of embrittlement of a
material during manufacture, and in the same manner as Cr, it has a strong effect

20 of facilitating precipitation of intermetallic compounds. Accordingly, the content
of Mo is limited to 4.0%.

Ni: Ni is a component which is essential for stabilizing austenite.
However, if its content exceeds 9.0%, due to a decrease in the amount of ferrite, it
becomes difficult to guarantee the basic properties of a duplex stainless steel, and

25 it becomes easy for sigma phases and the like to precipitate. On the other hand, if
the Ni content is smaller than 5.0%, the amount of ferrite becomes too large, and

in the same manner, the properties of a duplex stainless steel are not obtained. In

addition, the solid solubility of N in ferrite is small, so nitrides precipitate and



and costs nerely increase accordingly, so its upper limt is made 5.0% N
(nitrogen): Nis a powerful austenite formng elenent. It is effective for
improving the thernmal stability and corrosion resistance of a dupl ex
stainless 15 steel. Wien |arge anounts of Cr and Mo, which are ferrite

form ng elements, are added as is the déise with the steel of the present
invention, at least 0.24%of Nis added in order to obtain a suitable

bal ance between ferrite and austenite phases. N also contributes to an

i ncrease i foehE¥h rasildtanice WiGiseases the corrosion resistance of an alloy in
the sane manner as Cr, Mo, and W However, in a 20 duplex stainless steel

li ke the steel Tfisnhbespffksemttoipresstiboonborheaiboivegaapesifielh N2afd 0loCAs i f N
is contained in excess of 0.35% the toughness and corrosion resistance of
the steel statedvabee)dieydae limitddfsectsstocsatisBdbelpw-desdrobethEiquatiofis (b) awd hol es
or due to the formation of nitrides caused by thermal effects at the tine
of wel di ng(2)Tkbiohfareehardntenigtpesrofl theipresantinventinde 0.35% 25 Sol. Al: Al is
effective as a deoxidi zi ng agent of steel, but when the anount of Nin a
steel 1§ high, it precipitates as AIN (alumnumnitride), and it worsens

t oughness and corrosjion resistance. In additign, it fornms oxides, and these
become sites of fornm¥qonl-bN1guE28i of si gma ases. Accordingly, in the -12
present invention, t Al ntent_ expressed as..sol. A is nade at nost
0.040% In the pres -pﬂﬁghﬁriﬁi addi tion oéna | arge anobunt of Si is

avoi ded, so Al is often used as a deoxidizing agent, but when vacuum
nmelting is carried out, it is not always necessary to add Al. A duplex

2t 1 cast one. o URERFARSERulols; MAARENBYER B fRbelve CORERT B e
above-%sc% bc?@th%%é"?f%ﬂ?éﬁt? Element Goup | (Cu, V): At |least one of Cu and

V can be containe na dupl ex stainless steel of the present invention.

They have equi vm'a_tva@{léa rsfgmci#qup%ﬁteg@tmrsieﬂdﬁ&%gﬂ‘%@gh&@eﬂ@@g@ﬁdﬂ@a on

resi stance and particu resi st ance aci ds suc I furi

is particulpgllywabhfetatute HAZ IO the vahed 8 AV 0 BNIT efSeddy -4 .6.86u6d6 0
| ow- pH environnent, "such as a H2S04or hydrogen sul fide environnent. |In order

E) ]9 gbt ai n phicipeiti@e becurdsSn adtighntmperatatie H 7| satiieyard Yestrievel/ gy theaddi ti on
above-described ranges.
15 The below-described pitting resistance index (PREW), which is a
parameter indicating the corrosion resistance and particularly the resistance to

corrosion in sea water of a duplex stainless steel, is made at least 40.

PREW (Pitting Resistance Equivalent after Welding)
20 =Cr+3.3(Mo+0.5W)+ 16N

In general, the contents of Cr, Mo, and N are adjusted so that PREW is at
least 35. However, in a super duplex stainless steel according to the present
invention, Cr, Mo, and N are further increased and PREW is made at least 40, so

2% an exceptional resistance to corrosion in sea water is exhibited. An increase in
Cr, Mo, and N contributes to a higher strength of steel, so a duplex stainless steel
which already has a higher strength than a single-phase ferrite or austenite steel

becomes a super duplex stainless steel having an even higher strength.



15 |l arge anmount of Cu worsens the hot workability of steel, so its upper
limt is made 2.0% If at least 0.05%of V.is added, it increases

resi stance to acids such as sulftiric acid, and particularly when it is
added together with W it also increases resistance to crevice corrosion.
However, if too nuch V is added, the amdgnt of 20 ferrite excessively

I ncreases, and this leads to a decrease in toughness and corrosion

resi stance, so its upper limt is made 1.5% Elenment Goup 2 (B and rare

earth el ements) iy ERCNY nidM@RE ab MEWelseiPelemeth ivihichiii@RaSeLEorPosiony gen)
and increases hot workability. In a steel of the present invention, Sis

suppr essedrdsistandeoand palcul e résistahes tmpitﬁe\% ahdsireviee RoasssomnA bove dil ke is
0

not pronpt, even though a | arge anount f i s added. Thus, hot workability
i s fundanejitigbhyelegnent whidhuforens sthblierdxddes shéel irmreasediorgodion trbsisfanes émt

I nvention can be in the formof a casting, and it can also be made into a
pi pe or theldwkd epviropavater Accrdimghy,| gregter tiearh &% rod) Wdisragldedr df itgisi nt o a
powder, pressing, sintering, and the |[|ike. Wen enploying such a

manuf actur 1 5§6 metlesse it broomes hensssdrytoiiscicase the addssd ampuntscalr @f,idioy N,
addition of an element of Elenment Goup 2 is not always 5 necessary.

|
However, ef@éthelke mp_rd@rrt@anakcr P.BEW %Ié%&té(ﬁ):»%ﬁheﬁ ﬁ’fsr@f@ﬂfﬂlﬁgu t by the
necbesary, dueah. Hhe eremerhegoniease B obssmAlchiia rlens GLINEMS of
h el . Ce b dd , If
2 Varge " ariuhe noade e RO Rk RE VR 56 P20 i (BhagE TS OYone. such as
i d d_l | fi ' {4 [ - Of i pi ' | ei
of st g pRinGtio ch tRe FTARIE R AR PRER 3l hE T o iR R ARAR i o

det er I gpal jomde GOTHORHAN o RShSIARER ardGRRTEANISIOn, HRGVERLE S iPhdae

preferably noSt for % for ‘rare e enent s

(primaril yiﬂ-@‘x%;%g 0@%?.@%;?6 ifigltelﬁke o eff@@ts'c%‘fﬁhgh&dpakztﬂ%freﬁitﬁqg nb?bﬁs&%r(egh+

elenments is preferably e T'east the sumof S and O as inpurities
1/°2 0). I nahdeopsensiely ineadd éﬁ&or&iﬁh@lﬁ@m@é upperCRRASA thidgd §I%Ns which are

defined below and particularly coarse alumna inclusions observed in a
cross section I3 (nitrogen): N is a powerful austenite forming element. It is effective for
improving the thermal stability and corrosion resistance of a duplex stainless
15 steel. When large amounts of Cr and Mo, which are ferrite forming elements, are
added as is the case with the steel of the present invention, at least 0.24% of N is
added in order to obtain a suitable balance between ferrite and austenite phases.
N also contributes to an increase in PREW, and it increases the corrosion
resistance of an alloy in the same manner as Cr, Mo, and W. However, in a
20 duplex stainless steel like the steel of the present invention containing around
25% of Cr, if N is contained in excess of 0.35%, the toughness and corrosion
resistance of the steel are worsened due to defects caused by the formation of
blow holes or due to the formation of nitrides caused by thermal effects at the
time of welding. Therefore, the upper limit on N is made 0.35%.
25 Sol. Al: Al is effective as a deoxidizing agent of steel, but when the
amount of N in a steel is high, it precipitates as AIN (aluminum nitride), and it

worsens toughness and corrosion resistance. In addition, it forms oxides, and

these become sites of formation of nuclei of sigma phases. Accordingly, in the



2'limted to at nost 10 per M In our invention, coarse inclusions are
defined as "inclusions having a 20 major dianeter of at least 5 mcroneters
and containing at least 20% of Al or a total in nass percent of at |east
20% of Ca and/or My together with Al when Ca and/or My is contained in the
inclusions." The reason for this is thatl2inclusions including a total in
mass percent of at |east 20% of Al and Ca and My increase deviations of the
crystal lattice fromthat of the parent phase (ferrite phase) and 25

i ncrease thesent inveationetheyAl tonteheeppiessat asasicifliis atdderat rhost @.049%0iIance,
such coarse inclusions are referred to as "inclusions containing at |east

20 mass % the prébersridvemiomopddition of adasgesmount ofiBi issmatided,dccAdneoftes” .
Coarse inclusions in a duplex stainless steel according to the present -14
i nventi on aseel am 4 deokidiziogiagent, ioitoghemsacndn paeltinguk aaryedibutyiihis not
inclusions. In the present specification, coarse inclusions wll be
referred t@ways nesessaty éa@ddaAl al uni na incl usions. Wien the najor di ameter

is less than 5 micraoneters, the area of the 5 interface between, t he parent
phase ahd the Ak stﬁgalnksga?epfei:@mmg fouthgenresentiinyention i ifi ty of the

interface becom ng a,sjte,of precipitati.on of signma phases ecqnes smal .
5 ot SRl i e ot i AR e TR oo
lo di ffgr e?ff 1[}8P§P§BB%BPHE'(§GH?%€? EAMPANGAL, ¢ he pargnt metal and the )
composi t1on of ERm SR TICH G RAESHEDECH YR WLty b EPRERE R cne
of alloyi “&uﬁg?@?ﬁhﬁess%%&?’bfm@pr%feﬁ? M ﬁ?ﬁﬂ?ﬁﬁ%’ %§&gﬁé&§£@m9€§ﬁbﬁﬁ

x-ray analy near the cente I'n the

exanpl ¢g sﬂﬁvmaﬁcg)a&ﬂqgaf ffcrédsihg %Bﬁq’sﬁa@ﬁé&lstaﬁ@ﬂﬁfbhﬁi%‘uﬁrix Fesgstaf@@fo t he
center of gravity of the cross-sectional shape of "the inclusion 1

Accor di ngl ygids Buéhias sefagicfdctdit i on, "including at | east 20 mass % of Al
nmeans the content of Al(+ Ca + My) with respect to all alloying elenents
other than 0. |@udstpasficuindgtaffeetivela imprevingaksistmcdaosicids ofa tdthsdngoar se

alum na low-pH environment, such as a H,SO, or hydrogen sulfide environment. In order
to obtain this effect, its content is made at least 0.2%. However, addition of a
15 large amount of Cu worsens the hot workability of steel, so its upper limit is
made 2.0%.

If at least 0.05% of V is added, it increases resistance to acids such as
sulfuric acid, and particularly when it is added together with W, it also increases
resistance to crevice corrosion. However, if too much V is added, the amount of

20 ferrite excessively increases, and this leads to a decrease in toughness and
corrosion resistance, so its upper limit is made 1.5%.

Element Group 2 (B and rare earth elements): Each of these is an element
which fixes S or O {oxygen) and increases hot workability.

In a steel of the present invention, S is suppressed to a low level. The

25 formation of sigma phases and the like is not prompt, even though a large amount
of W is added. Thus, hot workability is fundamentally good.

A duplex stainless steel according to the present invention can be in the

form of a casting, and it can also be made into a pipe or the like by a powder



20 inclusions is large, and if the nunber observed in a cross section
exceeds 10 per mm2, the probability of the growh of precipitation of signma
phase increases not only in the interface of coarse inclusions and the

not her phase but also in a ferrite/austenite interface having a high free
energy. Therefore, the presence of suchli3oarse inclusions has a harnfu
effect on precipitation of sigma phases in 2 5 the HAZ, and naking the
density lower than this is effective at suppressing signma phase

preci pi tat pmng %? ﬂ%od' 1%cldtﬁn§rf8ﬁﬁ[ﬁg iy %"ﬁd\f?@er b‘i‘@ssﬁ%"%ﬁﬁén@lfg afarBe
al um na inclusio limted to at nost 10 per as descri bed above.

Such a dupliry. st ainl ess steel according to the present invention can be
manuf actured by carrying out secondary refining by vacuumrefining, for
exanpl e, adj ust Wigeri bepdd Fiagzasha tpnafactinisg tetkotphét Workdbility fsomotexanpl e,
and 5 perform ng adequate stirring of nolten steel and refining with slag.
In a steel poabiposi Accordinglyy dddiionoof are eleneardraf Elemeemit |Gmup|2ns et amayshi ch
are formed are primarily alum na inclusions, and when Ca, , and the i ke

are mi %edngeesasry. nHawetVﬁe,sf;xquen‘ehd}tswoﬂealphgslsuﬂesulteﬁ when If@lrmm&a product

i ncl usi ons_including Ca and MI; In . the present invention, the A
cont ent of bydhe stepsiafiprgingy pd mgn@xt@w@nsam@ the llk%a%l um%lwe@al and My

9P com seDaehAA NFE AT 6Ps Ab eash D05 At b dedsh DRIRSA Sach f Fsar so.
Fesi o anceSbIraRRLEHE PR STED s L A Geumay &ﬁdiegi HBHRVER e ateg ™
ot s, an o) R PRse st Rals el nhi Re e L MR G et Ay bfucs g ©
ggﬁ{:?g'tlglnyﬁgﬂi(ﬁfsfﬁgxlteﬁs@fthég%eg@%eﬁfee ?gél:pﬁﬁﬁ)gb:ﬂ#é:? ho?‘s(‘i:’ Rl rl%%sewn%l

I I e )
the case ofesistahed. RecofdagRdahy corfent &@ pRferably at most 0.005% for B and at
most 0.2% for rare earth elements (primarily La and Ce).
The total of the lower limits of B and rare earth elements is preferably at
15 least the sum of § and O as impurities (S + 1/2 O).
In the present invention, the number of coarse inclusions which are defined
below and particularly coarse alumina inclusions observed in a cross section is
limited to at most 10 per mm’.
In our invention, coarse inclusions are defined as "inclusions having a
20 major diameter of at least 5 micrometers and containing at least 20% of Al or a
total in mass percent of at least 20% of Ca and/or Mg together with Al when Ca
and/or Mg is contained in the inclusions.” The reason for this is that inclusions
including a total in mass percent of at least 20% of Al and Ca and Mg increase
deviations of the crystal lattice from that of the parent phase (ferrite phase) and
25 increase the surface energy. In the present specification, for convenience, such
coarse inclusions are referred to as "inclusions containing at least 20 mass % of

Al and having a major diameter of at least 5 micrometers".

Coarse inclusions in a duplex stainless steel according to the present



not carried out. In the secondary refining, the slag basicity defined as
[weight of 25 (CaO + MJO) in the slag]/[weight of (A120, + Si02)in the sl ag]
was set to different values in the range froml to 3, and nolten steel was
prepared containing inclusions of different conpositions, shapes, and
densities. After casting, heating was gdrformed for 1200 T, and plates with
a thickness of 40 mm-16 were obtained by forging. The resulting plates were
heated to 1250 C and then rolled to a thickness of 10 nm A portion of each

of the resifivenfionsire prirphrlyesxidesnclukionstand partiealaripahingigiaiinchisids. Mawvi th a
cross section perpendicular to the rolled surface facing 5 upwards, and this
cross sect thenpreasntmplec fheadiono caarserinclusidnsi wihl bEoefesed tocfoucoansnienee @ast hen
observed with a SEMat a nagnification of 200 times in 5 fields of view,
and their siuminadsclsiinsat ed. The naj or di ameter of the coarse al unina

i nclusions was neasured in accordance with the definition in Figure 2, the
conposi tion of Wiertwmajaralinmetards dess thanr> miomesers: the ar@@rqltgﬂs (b 1 and

b2 in Figure s anal yzed by EPNA, e .above- descr ogrse incj usions
were | dént Hedace RREVe REe; phiaseangd fﬁeagalﬂléwnsvﬁéuh‘gﬁgnﬁﬁm &0dheat ed

based onthea1r.ae f enu er af i n si ons in5 fields
of view THORARED G Gedbtef SR Dacontion A i Rt TSt Bk Phesss

mat eri al s %5 measuriﬂg 8 mMmthick x 100 mm wi de x 200 mnlong and having a
V- shaped Y4 an i nt er nal angle of 30 forned in a |ong side thereof.

‘l’JfS| syrbol * A " Bl RO AT e gfg%f‘ﬁ{e?%%ﬁaqloﬂ%we el
neat i nput PSP ot MRS S AT G O (The Sty 1ol BpSLind TR0 7
resi st Qﬂcedﬁféjeﬂ{ F§§1t§ bR%he Wtefface %etv?eéﬂ ﬂﬁ%a@ﬁﬁﬁﬁtél%@l m%QhBHstoﬁq ai nl ess

steel, or a heat Tnput of 20 kJ/cm (welding  condition 2) which does not

cause any [hetd 6t &I aig bl dh RipeRsR(@Phede (b)) reyictively. oThe cdhiiisition aifnl ess
steel to prepare two types of welded joints. A corrosion test piece which

neasur ed 3amoxide tipe ihGlusiomisideternthedCby fnding thengontetbhiof didovid grefesiedes
ext endi ng perpendicular to the welding line and the 3 x 10 mm surface bei ng
paral | el t othenéhamiO exkypen) asmgBD X (endrgyispersion x-ray analysis) near the
center of the inclusion 1 (bl and b2 in the examples shown in Figures 2(a) and
15 2(b), respectively), i.e. near the center of gravity of the cross-sectional shape of
the inclusion 1. Accordingly, in this specification, "including at least 20 mass %
of Al" means the content of Al(+ Ca + Mg) with respect to all alloying elements
other than O.
In actual practice, the effect of the density of these coarse alumina
20 inclusions is large, and if the number observed in a cross section exceeds 10 per
mm’, the probability of the growth of precipitation of sigma phase increases not
only in the interface of coarse inclusions and the mother phase but also in a
ferrite/austenite interface having a high free energy. Therefore, the presence of
such coarse inclusions has a harmful effect on precipitation of sigma phases in

25 the HAZ, and making the density lower than this is effective at suppressing sigma
phase precipitation in a HAZ.

In the present invention, the density of coarse alumina inclusions is limited



resulting welded joint, it was i Mmersed for 24 hours in a 10% Fed 3. 6H20
solution (65 C), and the occurrence of pitting in the HAZ was eval uated at a
-17 magni fication of 500. A cross section perpendicular to the welding |ine
and the rolled surface was etched for mcroscopic exam nation, inmge

anal ysis was carried out at a magnification of 500, and the proportion of
the area in the HAZ occupi ed by 5 ninutd3si gna phases was neasured. |f the
proportion of area occupied by sigm phases was 1% it was determ ned that
there were mnute signma phases, These results are conpiled in Table 2. As is
clear fromd femoesd per aiatas deseritald #bade. Wi th the test pieces for which the
chem cal conposition and the density of coarse inclusions satisfied the
ranges of the pBeskatduplercstainless steckpidoeding tofthegresemgnventi@vehmati on at a
hi gh heat input which does not cause any particular perfornmance problem
duri ng wel tiangfagtueaddby gaxryngpwl secondasercfining byreasduping sefivimgofomi nut e

si gma phases V\af observed, and excellent ,pitting _resistance was exhibited.
I'n cont r aséxamplesadiustingcthe slambasigiy ot thigtimeti0 8- 3.0 femexamplsn apde

el enent atisfied the range for the_ chem cal conpositi.n,,if the 15

conbi neg fggé‘érrbfng\ﬁgwt HFiRg A {n@%%ﬁé qqqeregﬁaﬁjgp{gﬁ@ﬁ][alg of the present
Dhacos wer o ol RS oBTHOSHAN Ui B e PR BYoREon cpshston Wiy
itti i st .inferi .. F nhol 3 .- t h th t eel
Corpos ti off¢ Taeeatiaatty ¢ Gmioh HeRRe) dnfivien T M aat Widkadg, °

o9 PR, 403U A2l s A BRSRRBA BraspRc
i nvention. cg and Mg.
10 In the present invention, when the Al content of coarse alumina type
inclusions is at least 20% and Ca and Mg type inclusions are intermixed, the
reason why the total of (Al + Ca + Mg) for coarse alumina type inclusions, coarse
Ca type inclusions, and coarse Mg type inclusions is made at least 20% is in order
to guarantee pitting resistance by making it difficult for dissolving out to occur in
15 a corrosive environment. Such Mg and Ca type inclusions are in the form of
oxides, and they are combined with alumina type inclusions.

Next, the operation and effects of the present invention will be explained

more concretely by examples.

20 Examples
Steels having the chemical compositions shown in Table 1 were melted in
an electric furnace, and then they were transferred to an AOD furnace for
secondary refining. However, in the case of symbol Bé, secondary refining was
not carried out. In the secondary refining, the slag basicity defined as [weight of
25 (CaO + MgO) in the slag]/[weight of (AL,O, + Si0O,) in the slag] was set to
different values in the range from 1 to 3, and molten steel was prepared
containing inclusions of different compositions, shapes, and densities. After

casting, heating was performed for 1200 °C, and plates with a thickness of 40 mm
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The resulting plates were heated to 1250 °C and then rolled to a thickness
of 10 mm. A portion of each of the resulting steel plates was cut out, it was
mounted in a resin with a cross section perpendicular to the rolled surface facing
upwards, and this cross section was polished to a mirror finish. Coarse inclusions
were then observed with a SEM at a magnification of 200 times in 5 fields of
view, and their size was evaluated.

The major diameter of the coarse alumina inclusions was measured in
accordance with the definition in Figure 2, the composition of the coarse
inclusions near their central portions (b1l and b2 in Figure 2) was analyzed by
EPMA, the above-described coarse inclusions were identified, and their density
was measured. The density was evaluated based on the average of the number of
coarse inclusions per mm’ in 5 fields of view.

The steel plates to be tested were machined to obtain test materials
measuring 8§ mm thick x 100 mm wide x 200 mm long and having a V-shaped
bevel with an internal angle of 30° formed in a long side thereof. Using a
welding rod with an outer diameter of 2 mm prepared from the steel of symbol
Al, two test materials were abutted against each other, multi-layer welding by
TIG welding from one side was carried out using a heat input of 10 kJ/cm
(welding condition 1) used for highly corrosion resistance stainless steel which is
a higher grade than ordinary stainless steel, or a heat input of 20 kJ/cm (welding
condition 2) which does not cause any particular performance problems in
welding of ordinary stainless steel to prepare two types of welded joints.

A corrosion test piece which measured 3 mm thick, 10 mm wide, and 40
mm long with the 40 mm side extending perpendicular to the welding line and
the 3 x 10 mm surface being parallel to the rolled surface was cut from the
resulting welded joint, it was immersed for 24 hours in a 10% FeCl,#6H,0

solution (65 °C), and the occurrence of pitting in the HAZ was evaluated at a
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magnification of 500.

A cross section perpendicular to the welding line and the rolled surface
was etched for microscopic examination, image analysis was carried out at a
magnification of 500, and the proportion of the area in the HAZ occupied by

5 minute sigma phases was measured. If the proportion of area occupied by sigma
phases was 1%, it was determined that there were minute sigma phases.

These resuits are compiled in Table 2. As is clear from the results shown
in Table 2, with the test pieces for which the chemical composition and the
density of coarse inclusions satisfied the ranges of the present invention, in spite

10 of carrying out evaluation at a high heat input which does not cause any
particular performance problem during welding of ordinary stainless steel, no
precipitation of minute sigma phases was observed, and excellent pitting
resistance was exhibited. In contrast, as was the case for symbols Bl and B2,
even though the elements satisfied the range for the chemical composition, if the

15 combined range of Ni and Mo did not satisfy the requirements of the present
invention, minute sigma phases were formed as with symbol B1, or sigma phases
were not formed but nitrides were formed as with symbol B2, and pitting
resistance was inferior. For symbols B3 - B5, even though the steel composition
was the same as for symbols Al and A3, a minute amount of sigma phases was

20 formed and pitting resistance was degraded for those for which the density of

coarse inclusions was not in the range of the present invention.
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w0) u(~om~vLOLO -19 Table 2 WeldingWelding it + D condition |Icondition

2r f ens - y o Synbol harnful Mo+l . 1MO 0. 8M nut eCccur e- M nut eCceur e-

i nclusi onsNi -12. 5Ni +1. 6si gnanee of si gmance of 0 phasesittinhasesittin Al 5-
1..808- 1.046000No A27- 2.628- 0. 536000No A34- 1.028- 0.456000No A48- 2.601-
- 1.°782000No A54- 2. 394- 1.708000No A6G19l.295- 1. 16000No A77- 2.095-

1.01000No A86- 1.688- 1.116000No0 A95- 0.285- 1.67000No Al (6905 - 1

Table 2
Welding Welding "
. condition 1 condition +
Symbol Deg:;;zui}f Mo+1.1| Mo—0.8 [Minute | Occure— | Minute Occuxz*e- g
inclusions Ni—12,5] Ni+1.6 | sigma | nce .of sigma | nce of |3
phases | pitting | phases | pitting
Al 5 - 1.808 | - 1.046 O O O No
A2 7 — 2.628 | - 0.536 O ) O No
A3 4 - 1.028 | - 0.456 O O ) No
A4 8 - 2.601 | - 1.782 O O O No
A5 4 - 2.394 | - 1.708 O O ) No
16 6 ~ 1,295 | - 1. 16 O 0 O No
A7 7 - 2.095 | - L01 O O O No -
A8 6 - 1.688 |- L.116 | O O O | M o
A9 5 ~0.285 | - 167 @) O O [ Mo s
ALO 5 = 1.905 | - Lol O O O | Mo =
[an 3 ~ 1,427 | - 1. 064 O O O | No 5
A12 6 ~0.846 | ~ 1.452 O 0 O No Ej
Al3 6 - 1.962 | - 0.364 O O O No
A1d 5 ~1.689 | - 1.098 O O O No
AlS 3 - 1.82 |- 1.02 O O O No
A16 4 - 1.819 | - 1.038 O O e No
AL7 5 = 1,746 | - 1.022 O O e) No
Al8 5 - 1.811 | - 0.802 O O O No
A19 3 - 1.6l [-1 O O O No
Bl 6 0.526 | - 1.638 O O X Yes
B2 7 ~2.248 | 0.224 O O X Yes .
B3 13 - 1.808 | - 1.046 O O X | Yes |=
B4 12 772,628 | - 0.536 O O X | Yes *‘é
BS 15 = 1,028 | - 0.456 O O X Yes |2
B6 30 ~71.808 | - 1.046 O O X | #¥es

O : Area of sigma phase of 1% or less
X : Area of sigma phase of more than 1%
* No sedondary refining



OOONo = 101 .. Al 3- 1.427- 1.064000No A126- 0.846- 1,452000No.1-4 Al136-
.962-- 0.364000No A145- 1.689- 1.098000No A153- 1.82- 1.02000No Al164-

.819- 1.038000No A175- 1.7461.022000No A185- 1.811- 0.802000No A193-

. 61-1000No BI 60. 526- 1.63800xYes B27- 2. 2480.22400xYes B313- 1.808-

. 04600xYes B412-- 2. 628- 0. 53600xYes20B515- 1.028- 0.45600XYes B630-
.808- 1.04600x*Yes O : Area of sigma phase of 1 %or less X Area of signma
phase of nore than 1 % * No sedondary refining -20 Effects of the Invention
Accor di ng EffetfiRerfthedavéntigyyenti on, the formati on of sigma phases in a weld
heat affected zone can be prevented, and the anpbunt of coarse inclusions

whi ch are fornmedccardibg tgtleaptesedemveation, theoforinatioasef digma shagkein at ai nl ess
steel 5 exhibits excellent pitting resistance, and an excell ent dupl ex

st ai nl ess wekkhedtaffquted zoee caimn belpreventbe, appthiccambunpofsearse daglusions.

RPRRRR

which are formed can be greatly decreased, so the resulting duplex stainless steel
5 exhibits excellent pitting resistance, and an excellent duplex stainless steel is

provided which can be applied to present-day uses.



-21-Cdains 1. A duplex stainless steel characterized by having a chem cal
conposition conprising, in mass percent, C. at nost 0.03% Si: at nost 1.0%
5 Mh: at nost 1.5% P: at nost 0.040% S: at nost 0.008% C: 23.0 - 27.0%
M: 2.0- 4.0% N: 50- 9.0% W greater than 1.5% and at nost 5.0% N
0.24 - 0.35% and a remai nder of Fe and2ilapurities and satisfying the

rel ati onships PREW= C + 3.3(Mo + 0.5W + 16N is at least 40 10
Mo+1.INi<12.5 Mo - 0.8Ni < -1.6 and with the nunber of coarse inclusions
defined as inclusions containing at |eg3iingd® mass % of A and having a najor
di anmeter of at least 5 mcrometers 15 which are observed in a cross section
being at nost 10 per mmz. 2. A duplex stainless steel as set forth in claim
1 wherein the chemi cal conposition further includes, in mass % one or both

of Cu: 0.2 - 2.D%%addphx st&n@é:‘sslst&l’ochafac?benzbcﬁbphexng achtegealst eel as set
forth in claiml or claim2 wherein the chem cal conposition further
i ncl udes, ¢ompasisio¥comprisingbat mas§ perd0.5C: attmoe60:G 6 Biantntbsdd0®o; 0. 2%
of at least one rare earth el enent. 25 4. A dupl ex st ai Nl ess steel as set
forth ih aMpn: @tnaﬂ)sa.lni%lP asmﬂeotﬂ)%hs at:m@xst eé]088/on6n523 Do h.0%e, Mo:
i ncludes, in mass % at_ nost 0. 040

2.0 - 4.0%, N1 50 90% W: greaterthanlS% and at most 5.0%, N: 0.24 -

0.35%, and a remainder of Fe and impurities and satisfying the relationships

PREW =Cr + 3.3(Mo + 0.5W) + 16N is at least 40
10 Mo+ 1.INi<12.5
Mo - 0.8Ni<-1.6

and with the number of coarse inclusions defined as inclusions containing
at least 20 mass % of Al and having a major diameter of at least 5 micrometers

15 which are observed in a cross section being at most 10 per mm”.

2. A duplex stainless steel as set forth in claim I wherein the chemical
composition further includes, in mass %, one or both of Cu: 0.2 - 2.0% and V:
0.05 - 1.5%.
20
3. A duplex stainless steel as set forth in claim 1 or claim 2 wherein the
chemical composition further includes, in mass %, one or both of 0.0005 -

0.005% of B and 0.0005 - 0.2% of at least one rare earth element.

25 4. A duplex stainless steel as set forth in any of claims 1 - 3 wherein the

chemical composition further includes, in mass %, sol. Al: at most 0.040%.



