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Abstract:Themicrostructuresandmechanicalpropertiesoftheductilecastiron (DI)specimensobtainedbylost
foamcasting(LFC)withandwithoutvibrationwereinvestigated．TheresultsindicatethatthenumberofthegraphＧ
itenoduleincreasesfrom１７５mm－２ofthespecimensproducedbyLFCwithoutvibrationto３３４mm－２ofthespeciＧ
mensproducedbyLFCwithvibration,andthethicknessoftheferriteshellincreases．Meanwhile,theamountofthe
carbidesdecreasesinthespecimensproducedbyLFCwithvibrationandthegranulestructurethenforms．Theseare
mainlyattributedtothe“crystalshower”causedbythevibration．Inaddition,thetensilestrengthandelongationof
DIspecimensproducedbyLFCwithvibrationareimprovedduetothedispersionＧstrengtheningofrefinedcarbideand
pearlitecolony,uniformdistributionofthegraphitenodule,andincreaseoftheamountofdimplesandtearingedges．
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　　Ductilecastiron(DI)iswidelyusedintheauＧ
tomobilepartsduetoitsexcellentmechanicalpropＧ
ertiesandgoodcastability．Duetothecomplicated
structureoftheautomobileparts,itisdifficultto
produce these castings using traditional casting
methods．Thelostfoamcasting(LFC)isakindof
nearnetＧshapeformingtechnology,throughwhich
thefoamedpolymerpatternsofthedesiredshapeare
coatedwithawaterＧbasedrefractorycoating,dried
andembeddedinunbondedsand．Themoltenmetal
isthenpoureddirectlyonthepatterns[１]．Inthepast
fewdecades,LFChadbeenwidelyresearcheddueto
itsnumerousadvantagessuchastheabilitytoproＧ
ducecomplexshapes,noneedformoldpartingline
orcores,andreducedlaborinthefoundrypracＧ
tice[２]．Therefore,LFChasbeenappliedtoproduce
DIcasting[３]．
　　However,thepouringtemperatureofmoltenmetal
withLFCisabout３０－５０℃higherthanthatoftraＧ

ditionalcastpouringtemperature．Inaddition,the
heattransmissioncapabilityandthecoolingrateof
thedrysandusedarelow．Asaresult,themechaniＧ
calperformanceofthecastingsproducedbyLFCis
compromised duetothe presence ofthecoarse
grains．Therefore,forthefurtherdevelopmentof
theDILFC,thecoarsegrainsofthespecimenshave
toberefinedtoimprovethe microstructuresand
propertiesofthecasting．
　　ThemethodsofrefininggrainsizeusuallyinＧ
cludemechanicalandultrasonicvibration,modifying
treatmentas wellasincreasing undercooling deＧ
gree[４－７]．Relativetotheotherthreemethods,imＧ
posedmechanicalvibrationinLFCprocesshasmany
advantages,suchassimpleoperation,lowerdemand
ofequipmentprecisionandimprovementofthecastＧ
ingsquality．Soimposingvibrationisacheapandan
efficientmethodforrefininggrainsandimproving
theperformanceofcastingproducedbyLFC．



　　PreviousexperimentsontheAlorMgalloyusing
LFCsuggestedthatmechanicalvibrationcouldhelp
torefinethe microstructureofcasting[８,９]．When
mechanicalvibrationisimposedtothesolidifying
molten metal,microstructuraltransformationsocＧ
curasfollows:grainisrefined,homogeneityisinＧ
creasedandsegregationisreduced．However,the
castironisacomplexsystemanditssolidification
processincludesstableand metastabletransformaＧ
tion．Howthevibrationaffectsthe microstructure
andotherpropertiesofDIproducedbyLFCisstill
unclear．The microstructuresandpropertiesofDI
producedbylostfoamcastingwith mechanicalviＧ
brationwereinvestigatedinthisstudy．

１　ExperimentalProcedure
１􀆰１　Materials,meltingandcasting
　　Inthelostfoamcastingprocessforproducing
theDI,expandedpolystyrene(EPS)withadensity
of２０kg/m３ wasusedasthefoam material．The
foamwascutbyawirecuttingmachine,anditwas
thenassembledintoapattern with YＧtype．The
thicknessofeffectiveportionoftheYＧtypepatternis
５０mm．TheYＧtypepatternsarecoatedwithareＧ
fractorycoating,thendriedandembeddedinunＧ
boundedsand．
　　Experimentalmeltswasproducedinanelectric
inductionfurnaceofintermediatefrequencyina１５kg
capacity．Firstly,thecastingpigironandscrapsteel
wereputintothefurnaceasraw materials．SecondＧ
ly,basecastironwastreatedbyFeSiMg８RE３alloy
forspheroidization followed byinoculation with
７５FeＧSiinacastingladle．IntheprocessofspheＧ
roidizationandinoculation,１􀆰４％ ofanFeＧSiＧMgＧ
REalloyand０􀆰４％ ofa７５FeＧSiwereadded．FinalＧ
ly,themoltenmetalat１４６０℃ waspouredwiththe
amplitudeof３mmandvibrationfrequencyof０and
５０ Hz,respectively．Theimposition ofvibration
startedbeforepouringandstoppedat１２００safter
pouring．Thevibrationdirectionisperpendicularto
vibrationgenerator．

１􀆰２　Metallographyexamination
　 　 Aftersolidification,specimensfor metalloＧ
graphicexaminationweretakenfromthemiddleof
thesample．Afterthespecimenswerepolished,their
graphitemorphologywasobservedusinganoptical
microscope．Thesespecimenswerethenetchedbya
solutionof４mLnitricacidand９６mLethanoland
themicrostructureobservationwasconductedbythe
opticalmicroscopy(OM)andscanningelectronmiＧ

croscopy(SEM)．Thentheinterlamellarspacingand
pearlitecolonysizeweremeasuredbyalinearinterＧ
ceptmethodinscanningelectronmicrographs[１０]．

１􀆰３　Tensiontest
　　ThetensiletestswerecarriedoutusingaSHIＧ
MADZUAGＧICtesterataconstantcrossheadvelocＧ
ityof１ mm/minandatroomtemperature．NonＧ
standardplatetensilespecimens with dimensions
showninFig􀆰１weremachinedalongvibrationdirecＧ
tionsfromthecentralpartoftheDI．Theaverage
ultimatetensilestrength(UTS)valuewasobtained
fromthreesamplesforeachspecifiedcondition．The
tensilefracturesurfaceswereinvestigatedbySEM．

Fig􀆰１　Dimensionsofthespecimensfortensiletests

２　ResultsandDiscussion

２􀆰１　Microstructureandmicroanalysisoftheductile
castiron
　 　Fig􀆰２showstheunetched microstructuresof
specimensproducedbyLFCwithandwithoutvibration．
Itcanbeseenthattheamountofthegraphitenodulein
thespecimensproducedbyLFCwithvibrationwas
largerthanthatofthespecimenswithoutvibration．
Thecountofgraphitenoduleincreasedfrom１７５mm－２

ofthespecimensproducedbyLFCwithoutvibration
to３３４ mm－２ ofthespecimensproducedby LFC
with vibration．In addition,thesize of nodules
graphiteofthespecimensproducedbyLFCwithviＧ
brationwassmallerthanthatofwithoutvibration．
　 　Constituentfluctuationswereinduceddueto
dissolvingorgrowingofthesmallsizegraphitenodＧ
ulewhilethesolidificationtemperaturedecreased．
Meanwhile,thenumberofheterogeneousnucleation
wasincreasedduetothepresenceoftheresidual
spheroidizingagent;thus,the nucleation ofthe
graphitenodulewaspromoted．
　　Theotherreasonoftheincreaseofthegraphite
nodulenumberisthatthe“crystalshower”formed
causedbythevibration．The “crystalshower”inＧ
creasedthenucleationofthegraphitenoduleandinＧ
hibitedthegrowthofgraphitenodule．Therefore,
althoughthenumberofnucleiofthegraphitenodule
inthespecimensproducedbyLFCwithvibrationwas

０５０１ 　　　　JournalofIronandSteelResearch,International　　　　　　　　　　　　　　Vol􀆰２１　



Download	English	Version:

https://daneshyari.com/en/article/1628412

Download	Persian	Version:

https://daneshyari.com/article/1628412

Daneshyari.com

https://daneshyari.com/en/article/1628412
https://daneshyari.com/article/1628412
https://daneshyari.com/

