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Abstract:HighＧchromiumwhitecastironisacommonmaterialforthemanufactureoftheworkrollsusedinthefinＧ
ishingstandsinhotstripmills．ThehightemperatureoxidationbehaviourofasＧcastandheatＧtreatedhighＧchromium
whitecastironwasstudiedbygravimetricmeansat６５０℃inatmospheresthatincludeddryairandamixtureofdry
airandwatervapour．Forbothenvironmentalandmaterialconditions,theoxidationrateofthealloyswasrepresenＧ
tedbyparabolictrendsandtheoxidationphenomenonwasmoreobviouswhenthesampleswereoxidisedinwater
vapour．WatervapouralsoinfluencedthechemicalcompositionoftheoxidesformedinthealloyandunderthiscondiＧ
tion,theoxidescaleformedonthealloycontainedtheoxidesFeCr２O４,(Fe,Cr)３O４and(Fe,Cr)２O３．Incontrast,
thealloysexposedtodryairconditionsonlyexperiencedtheformationofFeCr２O４and(Fe,Cr)２O３．Itwasfound
thatthepresenceofwatervapourandthechromiumcontentofthealloysincreasedtheoxidationratebyamechanism
thatinvolvedchromiumdepletionoftheoxideasaresultofhydroxideformation．ThedifferencesobservedintheoxiＧ
dationbehaviourofthealloyarediscussedintermsofthecompositionoftheoxidantatmosphereandthemetallurgiＧ
calconditionofthespecimens．
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　　Formanyyears,considerableeffortswerediＧ
rectedtodevelophotmillworkrollmaterialswith
superior antiＧthermalfatigue and abrasive wear
propertiesforsubstitutingwhitecastironsandhigh
speedsteels[１－３]．DespitemanymetallurgicalstrateＧ
giesdevelopedtoproducebetterworkrolls,thesurＧ
faceoxidationoftheseelementsremainsanimporＧ
tantprobleminhotmillsandleadstothedevelopＧ
mentofsurfacedefectsinthestripandrollfailＧ
ure[４－６]．Earlierinvestigationson workrolloxidaＧ
tiondidnottakeintoaccounttheeffectofwater
vapourontheoxidationcharacteristicsofworkrolls．
However,recentinvestigationsdevelopedbyHKim
etal[７],M J Monteiroetal[８] and N F GarzaＧ
MontesＧdeＧOcaetal[９]indicatethatwatervapour
modifiestheoxidationbehaviourofhighspeedsteel
workrollsbyincreasingtherateofoxideformation
andthephasespresentedintheoxidescaleformed．
　　Similarinvestigationspointedoutthatwater
vapour,apartfromcontrollingthechemicalcompoＧ
sitionoftheoxidesformedonthesurfaceofhigh

speedsteelworkrolls,alsohasanimportantimpact
onthewearperformanceofthesetools[９－１１]．
　　Unfortunately,theeffectofwatervapouronthe
hightemperatureoxidationpropertiesofhighＧchromium
whitecastironworkrollswasbarelystudied．Inthis
work,theeffectofwatervapourontheoxidationresistＧ
anceofasＧcastandheattreatedhighＧchromium white
castironspecimensispresented．TheaimofthisinvestiＧ
gationistoidentifyifthegasespresentintheatmosＧ
phereinwhichthisphenomenonoccursinfluencetheoxＧ
idationrateandthechemicalcompositionoftheoxides
formedonthesurfaceofthealloys．

１　ExperimentalProcedure
　　ThealloywasproducedinthelaboratoryofmetalＧ
lurgyandmaterialsprocessingattheUniversityof
SheffieldforearlierworkrollprojectsanditsmanuＧ
factureroutecanbedescribedelsewhere[１２]．The
chemicalcompositionofthealloyisshowninTable１．
Sampleswithsizeof１５mm×１５mm×５mmwerecut
directlyfromtheasＧcastmaterialusingthesparkerosion



Table１　Alloyingelementsinmasteralloy
(masspercent,％)　　

C Cr Ni V Mo Fe

２７０ １７７０ １３０ ０１５ １５ Balance

technique．Oncecut,somesampleswereheattreated
byaprocedureconsistingofheatingthespecimens
to１０５０℃andholdingatthistemperaturefor３０minin
amufflefurnace．Afterthisstage,thesampleswere
removedfromthefurnaceandquenchedinmineral
oil．Immediatelyafterthisheattreatment,thesamＧ
plesweretemperedbyaprocedurethatconsistedof
heatingthemto４５０℃for２０minandquenchingin
mineraloiloncethistimewasreached．
　　Priortotheoxidationexperiments,bothasＧcast
andheattreatedspecimensweregroundandpolＧ
ishedfollowingstandardmetallographicprocedures．
Onefaceofeachspecimenwaspolishedtoa１μm
surfacefinishtoallowabetterunderstandingofthe
oxidationphenomenonduringanalysis．TheremaiＧ
ningfacesofthespecimensweregroundtoan８００
gritsurfacefinishonly．
　　Theoxidationbehaviourofthesampleswas
studiedbygravimetricmeansinanoxidationreacＧ
tor．Thisinstallationwasbuiltforpreviousstudies
ontheoxidationbehaviourofhighspeedsteelwork
rolls[９]．Forthisinvestigation,thetestsconsistedof
heatingthesamplesto６５０ ℃ underinertatmosＧ
phereconditions(argongas),andoncethistemperＧ
aturewasreached(approximately１０min),theoxiＧ
dantgaswasintroducedintothereactor．
　　Theoxidationkineticsofthespecimenswas
studiedinthetimeintervalcomprisedbetween６０to
３６０minusinganewsampleforeachtest,bymeasＧ
uringthemasschangeofthesamplesbeforeandafＧ
terhightemperatureexposurewithanelectronicbalＧ
anceof１×１０－５ginaccuracy．ThisprocedurewasfolＧ

lowedtostudytheoxidationofthealloysusingeither
dryairorthemixtureofdryairandwatervapour(proＧ
ducedat８５℃)asoxidantgases．Ineithercase,the
oxidantmixturewasintroducedintothereactorata
rateof１５０cm３/s．
　　Afterthetests,theoxidephasesformedonthe
surfaceofthespecimenswereidentifiedbymeansof
XＧraydiffractionusinganinstallationcoupledwith
CuKαradiationsourcethatwasproducedat４０kV
and３０mA．Highdefinitionscanswereperformedat
arateof０２０(°)/mininthe２θintervalrangingfrom
２０°to８０°．
　　Thesurface morphologyofthesampleswas
characterisedbyusingafieldemissiongunscanning
electronmicroscope(FEGSEM)．Forthisanalysis,
thesampleswerecoatedwithathinlayerofgoldto
allowchargedissipationduringtheanalysis．AlterＧ
natively,metallographiccrosssectionsoftheoxides
werealsopreparedforinspectionintheFEGSEM．
Beforecutting,thesampleswerecoatedwithconＧ
ductivesilverdagaimingtopreserve mostofthe
featuresoftheoxidesformed．Oncedried,thesamples
weresectionedinahighspeedcuttingrigbyusinga
cubicboronnitridediamonddisc．Alargeamountof
waterwasappliedduringthisprocesstoavoidsamＧ
pleoverheating．Finally,thespecimensweremountＧ
edinconductivebakeliteandthenweregroundand
polishedfollowingstandard metallographicproceＧ
duresuntilamirrorfinishsurfacewasproduced．To
improveimagequality,thespecimenswerealsocoaＧ
tedwithathinlayerofgoldandthenwereanalysed
intheFEGSEMatvariousaccelerationvoltagesand
workingdistances．EnergydispersiveXＧrayanalyses
wereconductedonthesampleswhenrequired．

２　Results
　　Fig１showsthemicrostructuralcomponentsof
asＧcastandtemperedspecimens．Themicrostructure

Fig１　BackscatteredelectronmicroscopyimagesshowingmicrostructureofalloysinasＧcast(a)andheattreated(b)conditions
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