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ABSTRACT

TheeffectofsolutionpH, Cl－ concentrationandtemperatureontheelectrochemicalcorrosionbeＧ
haviorofPH１３Ｇ８Mosteelinacidicsolutionwasinvestigatedbyusingtheelectrochemicaltests,scanＧ
ningelectronmicroscopyandXＧrayphotoelectronspectroscopy．ThePH１３Ｇ８MomartensiticprecipiＧ
tationhardenedstainlesssteelisinthepassivitystatewhenthepHvalueisabove３０,belowwhich
theanodicpolarizationcurvesofthesteelareactivelydissolved．ThecorrosioncurrentdensitygraduＧ
allydecreaseswithincreasingthesolutionpHanddecreasingCl－concentrationandsolutiontemperaＧ
ture．PitsareinitiatedonthesamplesurfaceinthepresenceoftheCl－ andgraduallydevelopedinto
uniformcorrosionwithincreasingtheCl－ concentrations．Moreover,thecorrosionismoreserious
withanincreaseinsolutiontemperature．

１．Introduction
　Precipitationhardenedstainlesssteelsareusually
usedinhighperformanceaerospaceandatomicenＧ
ergyapplication, whichrequiresacombinationof
high strength and excellentcorrosionresistance．
Thehighstrengthofthesesteelsisattributedto
theirlowcarboncontentandtheexistenceofcarbide
aswellastheprecipitatesformedduringheattreatＧ
ment[１Ｇ３] ．Theexcellentcorrosionresistanceofthese
steelsisascribedtotheirhighchromium content
whichcanformcompactpassivefilm．Amongthem,
PH１３Ｇ８MomartensiticprecipitationhardenedstainＧ
lesssteelcandevelopthelowestyieldstrengthof
１４５８MPaafterproperheattreatment．Therefore,
itiswidelyappliedintheaerospaceindustryowing
toitsexcellentmechanicalproperties, weldingand
moldingperformances．Previousstudy on PH１３Ｇ
８MosteelmainlyfocusedontherelationshipbeＧ
tweenheattreatment,precipitationhardeningphase
andits mechanicalproperties[４Ｇ７] ．However, few
studieshavebeenconductedtoinvestigatethecorＧ
rosionresistanceofthePH１３Ｇ８Mosteel．Generally,
theCl－ concentration[８Ｇ１９] andthesolutionpH[２０,２１]

werefoundtohavearemarkableeffectonthecorroＧ

sionbehaviorofstainlesssteels．
　Theaimofthisworkwastoinvestigatetheeffectsof
thesolutionpH,Cl－concentrationandtemperature
ontheelectrochemicalcorrosionbehaviorofPH１３Ｇ
８Mosteelina０５mol/L (Na２SO４＋H２SO４)soluＧ
tionbyelectrochemicaltests,includingtheelectroＧ
chemicalimpedancespectroscopyandthepolarizaＧ
tioncurves．Themorphologywascharacterizedby
scanningelectronmicroscopy (SEM) andthecomＧ
positionofthecorrosionproductofthesteelwas
measuredbyXＧrayphotoelectronspectroscopy(XPS)．

２．Experimental

２１．Sampleandelectrolyte

　ThePH１３Ｇ８Mostainlesssteelwassuppliedbythe
CentralIronandSteelResearchInstitute, China．Its
chemicalcompositionisgiveninTable１．ThePH１３Ｇ
８Mosteelwasquenchedat９５０°C,cooledinairfor
１handsubsequentlytemperedat５１０°Cfor４h．The
finalmicrostructurewascomposedmainlyofmartensＧ
iteasshowninFig１．Fig２showsthatthemarＧ
tensiteunderthisconditionconsistsoflathstrucＧ
turecontainingaveryhighdensityofdislocations．
　Thesamplewaspreparedwithdimensionsof１０mm×
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Table１
Compositionofexperimentalsteel(mass％)

C Mn Si P S Cr Ni Mo Fe

≤００５ ≤０１０ ≤０１０ ≤００１ ≤０００２ １２２５－１３２５ ７５０－８５０ ２００－２５０ Balance

Fig１．　OpticalmicrographofPH１３Ｇ８Mosteel．

Fig２．　Transmissionelectron microscopeimageofPH１３Ｇ
８Mosteel．

１０mm×５mm．Oneendsurfaceofthesamplewas
solderedtocopperwiresandsealedwithepoxyresＧ
in,andaworkingsurfaceof１cm２ wasleft．The
workingsurfacewasgroundusingSiCpapersupto
１５００grit,cleanedwithdeionizedwaterandacetone,
andthendried．
　Thetestelectrolytewas０５mol/L(Na２SO４＋H２SO４)
solutionpreparedfromdeionizedwater[２２,２３] ．H２SO４

wasusedtoadjustthepHvalueofthesolution．By
addingNaCl,theCl－ concentrationinthesolution
wasadjustedto１０,３５and７０wt％,respectively．

２２．Electrochemicalmeasurements

　AtypicalthreeＧelectrodesystem wasapplied．The
counterelectrodewasaplatinumplate,andthereference
electrodewasasaturatedcalomelelectrode (SCE)．
AllofthepotentialsweretestedagainsttheSCE．
Theelectrochemicaltestswereoperatedbyusingan
AutolabPGSTAT３０２Nelectrochemicalsystem．BeＧ
foretheelectrochemicalexperiment, thestainless

steelsurfacewascathodicallypolarizedat－１３Vvs．
SCEfor３mintoremovethepassivefilm[２４Ｇ２７] ,and
thenrelaxedfor６０mintoensuresteadystatecondiＧ
tion．Thepolarizationcurvetestswereconductedat
apotentialscanningrateof２mVs－１．TheelectroＧ
chemicalimpedancespectroscopy (EIS) test was
carriedoutatopencircuitpotential(OCP),overthe
frequencyrangeof１０－２ Hzto１０４ Hz,usinga１０mV
sinusoidalpotentialmodulation．TheEISdatawere
analyzedusingZSimpWinsoftware．

３．ResultsandDiscussion

３１．EffectofsolutionpH

３１１．Morphologyofcorrosion
　Fig３showstheSEMimagesofthePH１３Ｇ８Mosteel
in０５mol/L (Na２SO４＋H２SO４)solutionwithdifＧ
ferentpHvaluesafter７dimmersionat(２５±１)°C
inawaterbath．
　Fig３(a,b) showsthatthesamplesurfacepresＧ
entstheuniformcorrosion morphology．InthepH
０５andpH１０solutions,alargenumberofcorroＧ
sionproductswerecoveredinthesamplesurface．
Thereareonlyasmallamountofcorrosionproducts
absorbedonthesamplesurfaceinthepH２０soluＧ
tion(Fig３(c))．WiththeincreaseofsolutionpH,
fewercorrosionproductswithclearandsmoothsurＧ
facesareobservedinthepH３０solutionthaninthe
pH０５,pH１０andpH２０solutions,andnocorＧ
rosionproductsarefoundinthepH４０andpH５０
solutions．Thisisowingtothepresenceof H＋ ,
whichmakesthesolutionpenetratethepassivefilm,
decreasestherateofreactionwithFe, andinhibits
theoccurrenceofpittingcorrosionwhentheconcenＧ
trationofH＋ inthesolutionisnottoohigh．The
SEMimagesindicatethatactivation/passivationocＧ
curredonthesurfaceofPH１３Ｇ８MosteelunderdifferＧ
entH＋ concentrations．

３１２．PolarizationcurveandEISmeasurements
　Fig４showsthepolarizationcurvesofPH１３Ｇ８Mo
steelmeasuredin０５mol/L (Na２SO４＋H２SO４)soluＧ
tionsatdifferentpHvalues．Itcanbeseenthatthe
solutionpHaffectsremarkablytheelectrochemical
corrosionbehaviorofPH１３Ｇ８Mostainlesssteel．The
corrosionpotentialmovestothepositivedirection
andthecorrosioncurrentdecreasessignificantlywith
theincreaseofpHvalue．Inparticular,thecathodic
polarizationcurrentdensitydecreasesobviously．The
limitingdiffusioncurrentdensityappearsatpHequal
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