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Abstract:Ahotcompressionbondingprocesswasdevelopedtoprepareanovellaminatedcompositeconsistingof
highＧCrcastiron(HCCI)astheinnerlayerandlowcarbonsteel(LCS)astheouterlayersonaGleeble３５００therＧ
momechanicalsimulatoratatemperatureof９５０ ℃ andastrainrateof０􀆰００１s－１．Interfacialbondqualityandhot
deformationbehaviourofthelaminatewerestudiedbymicrostructuralcharacterisationandmechanicaltests．ExperiＧ
mentalresultsshowthatthemetallurgicalbondbetweentheconstituentmetalswasachievedundertheproposed
bondingconditionswithoutdiscernibledefectsandtheformationofinterlayerorintermetalliclayeralongtheinterＧ
face．Theinterfacialbondqualityisexcellentsincenodeteriorationoccurredaroundtheinterfacewhichwasdeformed
byVickersindentationandcompressiontestatroomtemperaturewithparallelloadingtotheinterface．Afterwell
claddingbytheLCS,thebrittleHCCIcanbeseverelydeformed(about５７％ofreduction)athightemperaturewith
crackＧfree．Thissignificantimprovementshouldbeattributedtothedecreaseofcracksensitivityduetostressrelief
bysoftcladdingsandenhancedflowpropertyoftheHCCIbysimultaneousdeformationwiththeLCS．
Keywords:bonding;laminatedmetalcomposite;interfacestructure;hotworking;highＧCrcastiron

　　Laminatedmetalcomposites(LMCs)havedrawn
considerableresearchattentionoverthepasttwo
decadesduetotheiruniquepropertiesincludingadＧ
vanced mechanicalperformanceandvirtuouscomＧ
plementaritybetweenconstituentmetals[１Ｇ１６]．FabriＧ
cationofmaterialsintheformoflaminatedstrucＧ
turewithimmaculateinterfacialbondcansignifiＧ
cantlyimprove many propertiessuch asfracture
toughness,impactresistance,fatiguebehaviourand
dampingcapacity,orprovideenhancedductilityor
formabilityforotherwisebrittlematerials[１,２]．Based
ontheadvantages,increasingeffortshavebeenfoＧ
cusedonimprovingthe workabilityofthebrittle
metaloralloybymeansoflaminationwiththeducＧ
tilematerial[５,６]．
　　ItiswellknownthathighＧCrcastirons(HCCIs)

possesshighhardnessandexcellentwearresistance
withinherentseverebrittlenessbecauseofthemiＧ
crostructuralcharacteristicsconsisting of massive
hardcarbidesinferrousmatrix[１７Ｇ１９]．HighcracksenＧ
sitivityderivedfromthebrittlenessresultsinaninＧ
feriordeformabilityoftheHCCIs．Hence,theshaping
ofthemisusuallycarriedoutbycastingtechnology
orsprayforminginliquidstate．AlthoughsomeinＧ
vestigationshaveconcentratedonthedevelopment
ofthelaminatedcomponentswithHCCIandlowcarＧ
bonsteel(LCS)ormediumcarbonsteel(MCS)preＧ
paredbycastordiffusionbonding[４,１５,１６,２０Ｇ２２]toimＧ
provetheirimpactresistance,theworkabilityofthe
brittleHCCIwithductilemetalliclaminationhasnot
beendiscussedtillnow．Itisworthmentioningthat
thelaminatedcomponentssuchasbimetalhammer,



compositelinerandcladdingrollerhavebeenusedin
applicationswhichrequireexcellentwearresistance
andsufficienttoughness．
　　Comparedwiththecastanddiffusionbonding,
hotcompressionbondingsuchasrollingandforging
processesismoreeffectiveandefficient．Itcannot
onlyproducelargescaleLMCsatalowercostwith
higherproductivity,butalsoimprovethemechaniＧ
calpropertiesoftheconstituentmetalsandsynthetic
performanceofthecompositebyrefiningthemicroＧ
structureordevelopingthepreferred macro/micro
textureduringplasticdeformation．Inthisstudy,a
hotcompressionbondingprocesswasexploredto
fabricateanovelsandwichstructuralLCS/HCCI/
LCSlaminate．Interfacialbondqualitywasanalysed
by microstructural observations and mechanical
tests．ThehotdeformationbehaviouroftheHCCI
withandwithoutlaminationwascomparedtoeluciＧ
dateitsworkability．

１　MaterialandExperimentalProcedure
１􀆰１　Material
　　ThechemicalcompositionandVickershardness
oftheraw materialsarelistedinTable１,inwhich

theHCCI(inasＧcaststate)ischaracterisedbyhigh
hardnessandstiffness,whereastheLCS (inhotＧ
rolledstate)withlow hardnessimpliesexcellent
toughnessandductility．Masahashietal􀆰[５,６]reporＧ
tedthatsimultaneousdeformationtogetherwithsoft
materialisabeneficialmethodfordeforminghard
materialbystressrelief,eventhoughtheplasticinＧ
stabilitiesinoneofthecomponentshappenearlier
thantheotheroneduetoprominentdifferencesin
mechanicalproperties[２３]．Figs􀆰１(a)and１(b)show
theinitialmicrostructuresoftheLCSandtheHCＧ
CI,respectively．ItcanbeseenfromFig􀆰１(a)that
theLCSconsistsofhighvolumefractionofferritic
structurewithfinegrainsizeandasmallquantityof
pearliticpatcheslocatedattrilateralpositions．This
microstructurewilltransformtofullyausteniteat
hightemperature,andthenimpartafavourableflow
abilitytotheLCS．Ontheotherhand,Fig􀆰１(b)
presentsthetypicalmicrostructureoftheHCCIby
thepresenceoflargehexagonalprimary M７C３carＧ
bidesandinterdendriticeutecticM７C３carbidesina
matrixofmartensitewithretainedaustenite．These
hardcarbidescontributetooutstandingwearresistＧ
ance,butmeanwhileseverelydeterioratetheworkability

Table１　Chemicalcomposition(mass％)andVickershardness(HV)ofHCCIandLCS

Material C Si Mn P S Cr Ni Mo Hardness

HCCI ２􀆰４ １􀆰２０ ０􀆰９０ ０􀆰０２０ ０􀆰０３０ ２３􀆰００ ０􀆰３ ０􀆰５ ８６８±５０
LCS ０􀆰１ ０􀆰１５ １􀆰６１ ０􀆰０１４ ０􀆰００２ ０􀆰２１ － － １７６±３

(a)LCS;　 (b)HCCI．
Fig􀆰１　Initialmicrostructuresofconstituentmetalsoflaminatedcomposite

oftheHCCI．

１􀆰２　Hotcompressionbondingtest
　　Inordertosimulatehotrollorforgebonding
processes,aGleeble３５００thermomechanicalsimulaＧ
torwasemployedtocarryoutlaminatedbonding
test．ItisrecognizedthattheGleebleisadynamic

testingmachinewhichcansimulateawidevarietyof
thermalＧmechanical metallurgicalsituations[２４]．AcＧ
cordingtotherequirementofthesimulator,thespeciＧ
mensofHCCIandLCSwerecutintocylinderswithdiＧ
mensionsofϕ１０mm×６mmandϕ１０mm×３mm,reＧ
spectively．
　　Priortobondingtest,allthecontactsurfaceswere
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