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ABSTRACT

Thedevelopmentinresearch,production,applications,andnationalstandardsofChineseduplexstainless
steel(DSS)inrecentyearswasintroducedinlightoftheworldwidedevelopmentinthefieldofDSS．The
resultsshowedthattheoutputofChineseDSSincreasedgreatly,andatthesametimeitsgradegradually
evolvedintoacollaborativedevelopingseriesincludingthemaingradetype２２０５andotherDSStypesin
recentyears．EconomicalDSSandsuperDSSunderwentrapiddevelopment,especiallyafter２０１０．InreＧ
centyears,theapplicationofChineseDSShasbeenexpandedfurthernotonlyintraditionalapplicationarＧ
eassuchasthepetrochemicalindustry,butalsoindiversenewfieldssuchasoilandgastransportation,
chemicaltankermanufacturing,nuclearpowerplants,andconstruction．Moreover,duetotheincreasein
outputandimprovementinquality,aswellasapplicationsinChineseprojects,ChineseDSShasalsobeen
exportedtotheMiddleEast, EasternEurope,andotherregions．

１．CharacteristicsandDevelopmentofDuplex
StainlessSteel
　Duplexstainlesssteel(DSS), whichhasthedesired
microstructurecharacteristicoftheequalamountof
twophasesandthehighalloycontentssuchasCr,
Moand N, showsexcellentperformanceofhigh
strengthandgoodcorrosionresistance．Theyield
strengthofDSSisapproximatelytwicethatofausＧ
teniticstainlesssteel,anditshowspreponderantreＧ
sistancetopittingcorrosionandstresscorrosion．
　SincethefirstpatentwasfiledinFrancein１９３５,
duplexstainlesssteelhasunderwenttremendousdeＧ
velopmentoveraspanofthreegenerationsduring
the２０thcentury．ThefirstgenerationofDSSisreＧ
presentedbythe３２９steel, whichwasdevelopedin
theUnitedStatesin１９４０s,compriseshighquantiＧ
tiesofCrandMo,andhasagoodlocalcorrosionreＧ
sistanceperformance．３RE６０developedinSweden
inthemidＧ１９６０sisanultraＧlowcarbontypeDSS．
Sincethe１９７０s,thedevelopmentofsecondaryrefiＧ
ningtechnologyanddiscoveryoftheimportanceof
Nin maintainingphaseequilibriumandimproving
corrosionresistanceconstituteamilestoneinthedeＧ
velopmentofDSS．ThesecondgenerationofDSS
(ultraＧlowcarbon, NＧaddition) wasdeveloped,among
which２２０５wasatypicalgrade．Basedonthesecond

generation,byfurtherincreasingthealloycontents
andpittingresistanceequivalentnumbers (PREN)
value, whichisameasurementofthecorrosionreＧ
sistanceofvarioustypesofstainlesssteel,thethird
generationofDSS(superDSS) wasdevelopedinthe
late１９８０s．ThePRENvalueofsuperDSSwasgreaＧ
terthan４０,anditstypicalgradesincludedSAF２５０７,
UR５２N＋, ZERON１００, etc．Becauseofitshigher
contentsofCr, Ni, Mo, andN, aswellasbetter
phasebalance, thistypeofDSSdisplayedbetter
corrosionresistanceandhigherstrength．
　Inthe２１stcentury, hyperDSSandeconomical
DSSbecametwoimportanttrendsinthedevelopＧ
mentofDSS．Duetoitshigheralloycontent,hyper
DSSpossessedhigherstrengthandbettercorrosion
resistance[１] ．Forexample,thePRENvalueofSAF
２７０７developedbySANDVIKwas４９whichenabled
itsapplicationin rigorous chlorineＧrich environＧ
ment[２] ．EconomicalDSScontainedhighMnandN,
low Ni, andnooronlyasmallamountof Mo．
SAF２３０４developedinthe１９８０s, and AL２３０３,
LDX２１０１, andLDX２４０４developedafter２０００are
alleconomicalgradeDSSs．２１０１gainedobviousdeＧ
velopmentandapplicationfocusbecauseitcontains
lowNicontent,about５％ Mnand０２％N,anda
smallamountofMocontent．Thelow production
costmadeeconomicalDSSastrongcompetitorto
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theausteniticstainlesssteelsuchas３０４,３１６,and
evenacandidatefor２２０５．Inthe meantime, ecoＧ
nomicalDSSalsobecameanimportantdeveloping
trendandgrowthpointforDSS[３] ．
　DSSalloydesignemphasizesabalancebetween
theausteniteandferritebothinratioandperformＧ
ance．DuringthedevelopmentofDSS, Nalloying
wasoneoftheimportantapproachesforDSSalloy
design, whichplayedacrucialroleinbalancingthe
ratioandperformanceofthetwophases,improving
themechanicalandcorrosionresistanceproperties．
Nplaysasignificantroleinpromotingthestrength
andstabilityofausteniteandinexpandingtheausＧ
tenitephasearea．N mainlydissolvesinaustenite,
therebyincreasingaustenitecontentandmaintaining
phaseequilibrium．Moreimportantly, N dissolved
inaustenitephaseincreasesthePRENvalueofthe
austenitephaseandstrengthenstheaustenitephase．
Thisimprovesthecorrosionresistanceandstrength
ofaustenitephaseandbalancesitwiththeferrite
phaserichinCrandMo．Thus,theoverallmechaniＧ
calandcorrosionresistancepropertiesofDSSare
enhanced．DuetothedevelopmentofNalloying,it
waspossibletoincreaseandmatchthecontentsof
Cr, Mo, andNsimultaneouslyandtodesignDSS
whichhasabalancedratioandperformanceofthe
twophases, aswellashighercorrosionresistance
andstrength[４,５] ．
　Aftermorethan８０yearsofdevelopment,theanＧ
nualoutputofDSSproductionaccountsforlessthan
１％oftheoverallstainlesssteeloutput．DSShasbeＧ
comeanindispensablesteelclassthatisasimportantas
martensitic,ferritic,andausteniticstainlesssteels．
　Moreover,DSShasuniquemicrostructurecharacＧ
teristicsofthesameamountofausteniteandferrite
phases, whichrequiresreasonableelementmatching
forausteniteandferriteformingelementsincompoＧ
sitiondesign, and mayfacethedifficultiesinthe
preventionofharmfulphaseformation,hotworking
andsmeltingresultingfromoverhighalloying．In
viewofthethreefactorsabove,theDSShasdevelＧ
opedtoarelativelycompleteseriestoday, whichinＧ
cludesthreegenerationsofDSS, economicalDSS,
andhyperDSS．IndevelopedcountriesinEurope
andAmerica,economicalDSSandhyperDSShave
achievedfasterdevelopment,andhavebeenapplied
morewidely．BesideschemicalandpetrochemicalinＧ
dustry, DSShasbeensuccessfullyappliedinmarine,
onshore,industrial,costal,urban,inland,etc．
　Earlyinthe１９７０s, DSSwasstudiedanddevelＧ
opedinChina,andthedevelopmentfocusedonNＧ
containingDSS．ThedevelopmentofChineseDSS
reflectedthatofinternationalDSSandcontinuously
narrowedthegapbetweenthem．
　After２０００,theoutputofChineseDSSincreased
gradually, andresearch, production, application,

andnationalstandardofDSSwitnessedgreaterthrust
inChina．

２．ProgressofChineseDSSResearchinRecent
Years
　Duetoitshighalloycontentandmicrostructure
characteristicoftwophases, DSSisdifficulttoproＧ
duceandachievemicrostructurecontrol．Withthe
developingtrendofDSS,attentiononDSSresearch
inChinahasincreasedcontinuouslyinrecentyears．
WithdeepeningtheunderstandingofDSS,thediＧ
rectionofDSSresearchersinChinachangedgraduＧ
ally．SignificantprogressinresearchesfocusedonN
alloyingcontrol,hotductility,andharmfulprecipiＧ
tationphasehasbeenmadeinrecentyears．

２１．NalloyinganditscontrolofDSS

　SincetheimportanceofNin maintainingphase
balanceandimprovingthecorrosionresistanceas
wellasmechanicalpropertieswasfirstdemonstratedin
the１９７０s,subsequentlydevelopedDSSalloverthe
worldcontainedN．Nalloyinganditsprecisecontrol
becameanimportantfactorinDSSdevelopmentand
production．Consideringthedevelopmentofstainless
steelcontainingNinChina,thesizeandamountofDSS
production,aswellasactualequipmentandprocessof
relatedenterprises,thesmelting meansofDSSin
ChinaincludedVIM (VacuumInductionMelting),
AIM (AirInduction Melting), EAF (ElectricArc
Furnace)＋AOD (ArgonOxygenDecarburization),
orEAF＋VOD (Vacuum OxygenDecarburization)．
Fornormaland mass DSSproduction, the main
smeltingmeansusedwasEAF＋AOD．
　TherearetwoNalloyingapproachesinvolvedin
thesmeltingmethods:addingferroalloycontaining
NandblowingN．
　InthemassproductionofDSS,theNalloyingas
wellasitscontrolduringtheAODrefiningprocess
isparticularlyimportant．TheNalloyingwasconＧ
ductedbyblowingnitrogengasduringthe AOD
process, which could be dividedinto two subＧ
processescomprisingdissolutionandtheremovalof
nitrogen．DuringtheearlystageofAODsmelting,
oxygenand nitrogen blowing wasperformedfor
completesaturation and dissolution of nitrogen．
DuringthelaterstageofAODsmelting, basedon
theargonbubblerefiningtheory, nitrogengaswas
replaced by argon gastocompletetheremoval
processofnitrogen．Nitrogencontentwasprecisely
controlledbycontrollingtheflowrateandblowing
accurateamountofargongas[６Ｇ８] ．

２１１．Dissolutionofnitrogen
　DuringtheearlystageofAODblowing,different
proportionsofnitrogenandoxygenwereused．With
thedecreaseindecarburizationrate,theatompercentof
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