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Abstract:AnewlowＧcostcorrosionＧresistantrebar(HRB４００R)wasdesignedandfabricatedbyCrmicroＧalloying．
TheHRB４００RrebarhaduniformdistributionofCrelementinferritegrains．Thecorrosionbehavioroftherebarin
theneutralCl－Ｇcontainingenvironmentwasstudiedsystematically,andtheimprovedcorrosionresistanceofthe
HRB４００Rrebarwasrevealed．AccordingtothecorrosionＧmorphologyobservationandelectrochemicalmonitoring
duringtheconstantimmersioncorrosioninthe３􀆰５mass％ NaClsolution,theHRB４００Rrebarpresentedalleviated
corrosiondamage,noblerEcorr,lowerIcorr,andlargerRtvalues,andthesephenomenaweremoreremarkableinthe
initialcorrosionperiod．Theelevatedelectrodepotentialoftherebar,causedbythesolidＧsolutionofCrmicroＧalloＧ
yingintheferritegrains,wasthekeytothecorrosionＧresistanceimprovement．TheHRB４００Rrebaralsopresented
muchlowermassＧlossrateinthesaltspraycorrosiontest．Besidestheelevatedcorrosionresistanceofthematrix,
thedopingandenrichmentofCrelementintherustlayerwasanotherfactorforthehighercorrosionresistance,
whichretardedthepenetrationofaggressivemediumthroughtherustlayer．
Keywords:corrosionＧresistantrebar;corrosionbehavior;CrmicroＧalloying;CrＧrichrustlayer

　　RebarcorrosionisthekeyfactorforthedeteriＧ
orationofreinforcedconcretestructure (RCS)[１Ｇ３]．
RecentresearcheshaveconfirmedthattherebarcorＧ
rosionismainlyinducedbychlorideion(Cl－ )eroＧ
sionandalkalinityreduction oftheconcrete[４,５]．
Therefore,improvingcorrosionresistanceofrebar
isveryimportanttoextendtheservicelifeofRCS[６]．
SeveralcorrosionＧresistantrebarshavealreadybeen
developedandusedintheRCSservicedintheagＧ
gressiveenvironment,inwhichepoxyＧcoatedrebar
andstainlesssteelrebararethemostpopularcorroＧ
sionＧresistantrebars[７Ｇ１０]．However,duetothehigh
productionandconstructioncost,thosecorrosionＧ
resistantrebarsarestillonlyusedintheextremely
severeaggressiveenvironment．ConsideringtheproＧ

jectcost,they maynotbeacceptableintheRCS
projectsservicedin mildaggressiveenvironment,
suchasnonＧcriticalpartsoftheoffshoreconstructions．
　　MicroＧalloyedrebarmaybequalifiedinthemild
aggressiveenvironment．Withtheadditionofoneor
severalantiＧcorrosivealloyingelements,suchasCr,
Ni,MoandCu,themicroＧalloyedrebarcanbeenＧ
dowed with improved corrosion resistance[１１,１２]．
Meanwhile,duetothelowtotalamountofalloying
elements,theproductioncostcanbecontrolledata
relativelylowlevel．Theequivalentcarboncontained
inthemicroＧalloyedrebarisalsosuitableforweldＧ
ing．Therefore,thesekindsofmicroＧalloyedrebar
willhavegreatpotentialtobeusedasasubstituteof
thecommoncarbonsteelrebarinthemildaggresＧ



siveenvironmentwithmuchlongerservicelife．
　　Inthiswork,aCrmicroＧalloyedcorrosionＧreＧ
sistantrebarwasdesignedandfabricated．ThecorＧ
rosionbehaviorandantiＧcorrosionmechanismofthis
rebarintheneutralCl－Ｇcontainingenvironmentwere
systematicallystudied,whichprovidesthebasistothe
researchofcorrosionbehaviorofthecorrosionＧresistant
rebarintheconcreteunderCl－Ｇcontamination．

１　MaterialsandExperimentalProcedure
　　Inthispaper,the４００MPagraderebarwithand
withoutCrmicroＧalloyingwerenamedasHRB４００R
and HRB４００,respectively．Thetargetrebar was
fabricatedbyCrmicroＧalloyinginShagangGroupof
China,usingtheexistingproductionequipmentand
technologyofthecommon４００MPagraderebar．
　　ThechemicalcompositionoftheHRB４００RreＧ
barwasanalyzedbythephotoelectricemissionspecＧ
trograph(ShimadzuPDAＧ７００,Japan)．ThemicroＧ
structuresoftherebarwereobservedbythemicroＧ
scope(OlympusBX５１M,Japan)．Thedistribution
ofCrelementintherebarmatrixwasobtainedby
theelectronprobemicroＧanalyzer(EPMA,Shimadzu
１６１０,Japan)．
　　TheconstantimmersiontestwasconductedacＧ
cordingtotheASTMstandardG３１Ｇ７２,andthecorＧ
rosionmorphologywasobservedbyaKHＧ７７００digＧ
italmicroscope(Hirox,USA)．ElectrochemicalcorＧ
rosiontestswereconductedin３􀆰５mass％ NaClsoＧ
lution viaa Parstat２２７３ advanced potentiostat．
Opencircuitpotential(OCP)test,potentiodynamic
polarization(PDP)testandelectrochemicalimpendＧ
encespectroscopy(EIS)testwerecarriedout．The
PDPtestwascarriedoutatascanrateof１mV􀅰s－１．
ThefrequencyofEIStestrangedfrom１０ mHzto
１００kHz,whereastheamplitudeofthesinusoidal
potentialsignalwas５mVwithrespecttotheOCP．
Thesaltspraytestwasconductedaccordingtothe
ASTMstandardG８５Ｇ０９．A５mass％ NaClsolution

wasusedtocreateanartificialNaClsaltmistenviＧ
ronmentbyasaltspraytestchamber(KCＧ６０,China)．
Aftertestingforeachinterval,thecorrosionproduct
wascleanedandthemasslosswasmeasuredtoevalＧ
uatetheaveragecorrosionrate(unit:mg􀅰cm－２􀅰
d－１)．Meanwhile,corrosion morphologies withand
withoutcorrosionproductwereobservedbyaKHＧ
７７００digitalmicroscope．ElectronmicroprobeanalyＧ
sistechnologywasappliedtoobservetherustlayer
structureandanalyzethealloyingelementdistribuＧ
tionintherustlayer．
　　Corrosionproductsformedinsaltspraytestof
thebothrebarswereidentifiedbyXＧraydiffraction
(XRD,D８DISCOVER,Germany)．TheXRDtest
wassetatascanningangleof１０°－９０°,andascanＧ
ningspeedof２(°)/minwithacoppertargetradiaＧ
tionunder４０kVto３００mAwithascanningstepof
０􀆰０２°．Twokindsofrustsampleswerepreparedand
tested．Oneistherustpowder,whichwasscratched
fromrebarrustsurfaceandgroundintorustpowder
mechanically．Thisrustpowderwasdetectedasouter
rustlayer．Theotheristhebulkrustsample,which
wasobtainedfromthesaltspraytestedrebarsample
afterscratchingofrustlayersurface．Thiskindof
samplewascoveredbytherustlayercombiningwith
therebarmatrixclosely,anditwasdetectedasinner
rustlayer．

２　ResultsandDiscussion
２􀆰１　Chemicalcompositionsandmicrostructuresof
therebars
　　Table１liststhechemicalcompositionsofthe
studiedrebar．ComparedtotheHRB４００rebar,the
HRB４００RrebarcontainsslightlylowerC,lower
MnbuthigherCr．AccordingtothecarbonequivaＧ
lentempiricalformularecommendedbytheInternaＧ
tionalInstituteofWelding(IIW):
　　CE(IIW)＝[C＋Mn/６＋(Cr＋Mo＋V)/５＋

(Ni＋Cu)/１５]×１００％ (１)

　　　　Table１　ChemicalcompositionsofHRB４００andHRB４００Rrebars　　　　　mass％

Sample C Si Mn S P Cr V Fe

HRB４００ ０􀆰２３ ０􀆰５１ １􀆰４１ ０􀆰００７ ０􀆰０２６ ０􀆰０９ ０􀆰０２９ Balance
HRB４００R ０􀆰２０ ０􀆰６５ ０􀆰７１ ０􀆰００３ ０􀆰０２５ ０􀆰８６ ０􀆰０３２ Balance

　　ThecarbonequivalentoftheHRB４００R (０􀆰４９７)
issimilartothatoftheHRB４００rebar(０􀆰４８８),which
indicatesthegoodweldabilityofthetworebars．
　 　 Fig􀆰１ showsthe optical microstructuresof
HRB４００andHRB４００Rrebars,presentingthetypical

ferrite(thewhitephase)andpearlite(theblackphase)．
TheaverageferritegrainsizeoftheHRB４００Rrebar
(１０􀆰７μm)isslightlylargerthanthatoftheHRB４００
rebar(８􀆰２μm)．Meanwhile,theproportionofthe
pearliteintheHRB４００Rrebar(５８％)isslightlyless
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