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1. INTRODUCTION1. INTRODUCTION
•• ItIt isis wellwell knownknown factfact thatthat ductileductile ironiron pressurepressure
pipespipes areare producedproduced byby centrifugalcentrifugal castingcasting inin
industryindustry((TheThe DeDe LavaudLavaud ProcessProcess))..industryindustry((TheThe DeDe LavaudLavaud ProcessProcess))..

•• TheThe castingcasting machinemachine consistsconsists ofof aa cylindricalcylindrical
steelsteel mouldmould surroundedsurrounded byby aa waterwater jacketjacket andandsteelsteel mouldmould surroundedsurrounded byby aa waterwater jacketjacket andand
isis mountedmounted onon rollers,rollers, soso thatthat itit cancan bebe rotatedrotated..

•• ItIt facilitatesfacilitates toto produceproduce longlong (≈(≈ 66 m)m) andand bigbigpp gg (( )) gg
diameterdiameter ((100100 mmmm toto 20002000 mm)mm) pipespipes..

•• CentrifugalCentrifugal castingscastings havehave manymany ofof thethe samesame defectsdefects asas staticstatic•• CentrifugalCentrifugal castingscastings havehave manymany ofof thethe samesame defectsdefects asas staticstatic
castingscastings..

•• ColdCold shotsshots duedue toto unmeltedunmelted globules,globules, penetrationpenetration (dips)(dips) duedue totoColdCold shotsshots duedue toto unmeltedunmelted globules,globules, penetrationpenetration (dips)(dips) duedue toto
mouldmould coating,coating, coldcold shutsshuts (laps)(laps) duedue toto misrunmisrun andand pinholespinholes
(blowholes)(blowholes) duedue toto moisturemoisture cancan bebe observedobserved onon pipepipe surfacesurface..

5. Uluslararası Ankiros Döküm Kongresi 11-13 Kasım TÜYAP



DuctileDuctile ironiron pipespipes:: a)a) HotHot surfacesurface ofof pipepipe duringduring thethe removalremoval fromfromDuctileDuctile ironiron pipespipes:: a)a) HotHot surfacesurface ofof pipepipe duringduring thethe removalremoval fromfrom
centrifugalcentrifugal castingcasting machinemachine.. b)b) AAss--castcast ductileductile ironiron pipepipe surfacesurface andand
structurestructure ((SEMSEM))

c) d)
DuctileDuctile ironiron pipespipes:: c)c) DIPsDIPs atat sitesite d)d) DuctileDuctile ironiron pipepipe crosscross sectionsection micromicro
structurestructure afterafter annealingannealing treatmenttreatment ((OpticalOptical))..
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•• SinceSince ductileductile ironiron pipespipes areare generallygenerally usedused asas asas--castcast
condition,condition, uniqueunique surfacesurface structurestructure becomesbecomes importantimportant..,, qq pp

•• If,If, specificationsspecifications indicateindicate,, surfacesurface coatingscoatings (Zn,(Zn, Zn/Al,Zn/Al,
epoxy,epoxy, bitumen,bitumen, PEPE etcetc..)) areare appliedapplied onon pipespipes forforepoxy,epoxy, bitumen,bitumen, PEPE etcetc..)) areare appliedapplied onon pipespipes forfor
protectionprotection oror sealseal..

•• AccordingAccording toto UKUK WaterWater IndustryIndustry ResearchResearch (UKWIR)(UKWIR)•• AccordingAccording toto UKUK WaterWater IndustryIndustry ResearchResearch (UKWIR)(UKWIR)
RReporteport,, pinholespinholes inin ductileductile ironiron pipespipes havehave anan importantimportant
rolerole forfor defectdefect formationformation andand pipepipe failurefailure..

•• DuringDuring thethe usage,usage, ifif asas castcast pinholepinhole defectsdefects areare available,available,
theythey deependeepen andand penetratepenetrate allall overover thethe pipepipe widthwidth..

ii i h li h l hi hhi h f df d ll ff ffCorrosionCorrosion pinholespinholes whichwhich formedformed laterlater areare outout ofof scopescope ofof
thisthis articlearticle..

•• TheThe sizesize andand thethe numbernumber ofof pinholespinholes significantlysignificantly lowerlower
thethe fatiguefatigue strengthstrength asas wellwell asas totaltotal performanceperformance ofof thethe
castingcasting.. Obviously,Obviously, thisthis isis importantimportant forfor pipespipes whichwhich arearecast gcast g Ob ous y,Ob ous y, t st s ss po ta tpo ta t oo p pesp pes cc a ea e
underunder cyclingcycling traffictraffic loadload andand waterwater hammeringhammering..

5. Uluslararası Ankiros Döküm Kongresi 11-13 Kasım TÜYAP



•• CastCast ironiron mostlymostly hashas aa liquidliquid filmfilm composedcomposed ofof aa lowlow
ltilti i ti t ii ff ididmeltingmelting pointpoint mixmix ofof oxidesoxides..

•• OnOn entrainmententrainment ofof thethe surfacesurface thethe liquidliquid filmfilm joinsjoins toto thethe
otherother foldedfolded overover liquidliquid filmfilm andand immediatelyimmediately coalesces,coalesces,
formsforms dropletsdroplets andand floatsfloats outout..

•• SmallSmall irregularlyirregularly shapedshaped graphitegraphite spheroidsspheroids andand possiblypossibly
malformedmalformed spheroidsspheroids formform asas aa resultresult ofof locallocal lossloss ofof MgMg..

•• LiquidLiquid filmsfilms cancan easilyeasily movemove outsouts atat centrifugingcentrifuging andand therethere
areare nono internalinternal oxideoxide problemsproblems inin bothboth ofof thethe ironsirons aass itit isis
expectedexpectedexpectedexpected..

•• DDuctileuctile ironiron pipepipe goesgoes toto annealingannealing treatmenttreatment afterafter castingcasting
dd thi kthi k ll ff ff idid ff O idO id ll ththandand thickthick layerlayer ofof surfacesurface oxidesoxides formform.. OxideOxide layerlayer onon thethe

surfacesurface protectsprotects thethe ductileductile ironiron fromfrom corrosioncorrosion ifif itit isis
continuouscontinuous andand smoothsmooth..
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DefectDefect BB111111.. BlowholesBlowholes andand
pinholespinholes

DefectDefect B121. B121. Surface Surface 
blowholesblowholesblowholesblowholes

AFS AFS InternationalInternational Atlas of Atlas of CastingCasting DefectsDefects
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•• PinholesPinholes areare likelylikely toto occuroccur onon thinnerthinner pipepipe.. OneOne commoncommon
causecause ofof pinholespinholes isis moisturemoisture retainedretained inin thethe mouldmould coatingcoatingcausecause ofof pinholespinholes isis moisturemoisture retainedretained inin thethe mouldmould coatingcoating
oror somesome constituentconstituent ofof thethe coatingcoating thatthat turnsturns toto aa gasgas whenwhen
thethe moltenmolten metalmetal comescomes intointo contactcontact withwith itit..

•• ThisThis gas,gas, asas wellwell asas gasgas generatedgenerated fromfrom internalinternal sourcesource ofof
meltmelt tendstends toto migratemigrate andand thethe easiesteasiest path,path, inin mostmost cases,cases,
isis throughthrough thethe moltenmolten metalmetal..

•• SurfaceSurface andand subsurfacesubsurface pinholepinhole growsgrows inin competitioncompetition withwithpp gg pp
solidsolid layer,layer, intointo meltmelt.. TheThe porepore gainsgains gasgas fromfrom thethe surfacesurface
reaction,reaction, andand losesloses itit fromfrom itsits growinggrowing frontfront.. IfIf growinggrowing
frontfront isis entrappedentrapped byby solidsolid layerlayer oror ifif thethe surfacesurface ofof pinholepinholefrontfront isis entrappedentrapped byby solidsolid layerlayer oror ifif thethe surfacesurface ofof pinholepinhole
isis coveredcovered byby oxide,oxide, smoothsmooth porepore shapeshape becomesbecomes curvedcurved
andand twistedtwisted..

•• However,However, whenwhen thethe moltenmolten metalmetal isis inin thethe processprocess ofof
quickquick solidificationsolidification andand firstfirst solidsolid layerlayer formsforms immediately,immediately,
thethe gasgas illill becomebecome ent appedent apped c edc ed asas thethe eme geeme gethethe gasgas willwill becomebecome entrapped,entrapped, curvedcurved asas theythey emergeemerge
fromfrom thethe coatingcoating..
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PinholePinhole formationformation:: a)a) SlowSlow growthgrowth raterate ofof solidsolid layerslayers.. BubbleBubble cancan
movemove withwith thethe interfaceinterface behaviorbehavior ofof pushingpushing (no(no pinholepinhole leftleft inin thethe
casting)casting).. b)b) IntermediateIntermediate growthgrowth ofof solidsolid layerlayer.. BubbleBubble cancan
becomebecome incorporatedincorporated intointo thethe interfaceinterface toto growgrow asas anan elongatedelongated
pinholepinhole (surface(surface pinholespinholes onon casting)casting).. c)c) FastFast growthgrowth ofof solidsolid
ll S fS f t tt t ff i h li h l hi hhi h bb idlidllayerlayer.. SurfaceSurface entrapmententrapment ofof pinholespinholes whichwhich cancan bebe rapidlyrapidly
overgrownovergrown byby thethe interfaceinterface (small(small holesholes separatedseparated inin casting)casting).. d)d)
SkechSkech drawndrawn atat presentpresent workwork.. SurfaceSurface porespores growinggrowing togethertogether
fromfrom aa mouldmould surfacesurface ofof highhigh gasgas contentcontent inin centrifugalcentrifugal castingcastingfromfrom aa mouldmould surfacesurface ofof highhigh gasgas contentcontent inin centrifugalcentrifugal castingcasting..
GrowingGrowing frontfront elongateselongates intointo aa meltmelt..
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•• Since layer formation rate or growth rate is very high in Since layer formation rate or growth rate is very high in 
centrifugal casting (hundreds of centrifugal casting (hundreds of m/sec in centrifugal castings, m/sec in centrifugal castings, 
tents of tents of m/sec in sand casting) cylindrical surface pinholes m/sec in sand casting) cylindrical surface pinholes tents of tents of m/sec in sand casting) cylindrical surface pinholes m/sec in sand casting) cylindrical surface pinholes 
generally develop on pipes .generally develop on pipes .

•• SteelSteel mouldmould (a)(a) andand ductileductile ironiron pipespipes (b(b--c)c) producedproduced centrifugallycentrifugally.. a)a)
SteelSteel mouldmould withwith internalinternal wavywavy zonezone toto holdhold solidifyingsolidifying pipepipe.. b)b) SurfaceSurface ofof
pipepipe producedproduced underunder veryvery highhigh moltenmolten metalmetal temperaturetemperature (Moulds(Moulds internalinternal
wavywavy zonezone passpass toto pipepipe surfacesurface.. PinPin pointingpointing pinholespinholes areare clear)clear).. c)c) SurfaceSurface
ofof pipepipe producedproduced underunder veryvery lowlow moltenmolten metalmetal temperaturetemperature (Moulds(Moulds
internalinternal wavywavy zonezone cancan hardlyhardly bebe seenseen onon thethe pipepipe CurvedCurved cylindricalcylindricalinternalinternal wavywavy zonezone cancan hardlyhardly bebe seenseen onon thethe pipepipe.. CurvedCurved cylindricalcylindrical
pinholespinholes areare clear)clear)..
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•• CorrectiveCorrective measuresmeasures includeinclude eliminationelimination ofof gassinggassing possibilitiespossibilities;;
useuse ofof anan exothermicexothermic pipepipe eliminatoreliminator toto promotepromote unidirectionalunidirectional
solidificationsolidification andand thethe appropriateappropriate pouringpouring temperaturetemperature possiblepossible
withoutwithout causingcausing coldcold shutsshuts.. Shortly,Shortly, pinholepinhole defectsdefects cancan bebe avoidedavoided
bb t kit ki b lb l ii titibyby takingtaking belowbelow givengiven precautionsprecautions::

1.1. MakingMaking thethe mouldmould carefullycarefully andand maintainingmaintaining itsits temperaturetemperature
accuratelyaccuratelyaccurately,accurately,

2.2. UsingUsing coatingcoating materialsmaterials thatthat containcontain lessless volatilevolatile mixture,mixture, lessless
moisturemoisture andand nono freefree waterwater ofof crystallization,crystallization,

33 MaintainingMaintaining anan accurateaccurate moltenmolten metalmetal temperaturetemperature3.3. MaintainingMaintaining anan accurateaccurate moltenmolten metalmetal temperature,temperature,
4.4. TakingTaking thethe relativelyrelatively highhigh mouldmould rotationrotation speedspeed..

•• PinholesPinholes oror pinholepinhole defectsdefects maymay bebe categorizedcategorized asas entrapped,entrapped,
aspiration,aspiration, evolution,evolution, reactionreaction oror otherother pinholepinhole typestypes.. ThisThis articlearticle
dealsdeals specificallyspecifically withwith entrappedentrapped pinholespinholes generallygenerally associatedassociateddealsdeals specificallyspecifically withwith entrappedentrapped pinholespinholes generallygenerally associatedassociated
withwith mouldmould coatingcoating volatilesvolatiles andand moisturesmoistures..

•• SurfaceSurface oxideoxide layerslayers andand protectiveprotective valuesvalues ofof themthem areare alsoalsoyy pp
searchedsearched..
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22 EXPERIMENTALEXPERIMENTAL PROCEDURESPROCEDURES22.. EXPERIMENTALEXPERIMENTAL PROCEDURESPROCEDURES

•• TheThe materialsmaterials usedused forfor pinholepinhole andand surfacesurface oxidationoxidation studystudy werewere GGGGGG
4040 gradegrade ductileductile ironsirons whichwhich werewere castcast inin steelsteel mouldmould waterwater cooledcooled DeDe4040 gradegrade ductileductile ironsirons whichwhich werewere castcast inin steelsteel mouldmould waterwater cooledcooled DeDe
LavoudLavoud typetype centrifugalcentrifugal castingcasting machinemachine..

•• Normally,Normally, defectdefect--freefree pipespipes areare inin productionproduction asas longlong asas processprocess
parametersparameters suchsuch asas meltingmelting condition,condition, flowingflowing rate,rate, rotationrotation speedspeed andand
temperature,temperature, etcetc.. areare strictlystrictly followedfollowed..

•• SurfaceSurface topography,topography, number,number, shape,shape, volumevolume fractionfraction ofof pinholespinholes inin
ii i di dgivengiven areaarea werewere examinedexamined..

•• TheThe specimensspecimens withwith machinedmachined layerslayers upup toto 22mmmm ofof depthdepth removedremoved
fromfrom surfacesurface graduallygradually andand atat eacheach stagestage pinholespinholes werewere examinedexamined..fromfrom surfacesurface graduallygradually andand atat eacheach stagestage pinholespinholes werewere examinedexamined..

•• OneOne ofof thethe ductileductile ironiron pipepipe ringring whichwhich hashas muchmuch pronouncedpronounced pinholespinholes
areare givengiven inin followingfollowing ffigiguresures whichwhich showshow changingchanging ofof surfacesurface
t ht h dd tt hi ihi itopographytopography duedue toto machiningmachining..
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•• PinholePinhole richrich pipepipe ringsrings ,, DNDN100100 ((118118mmmm OD,OD, 106106mmmm ID)ID) andand surfacesurface machiningmachining.. a)a)
FourFour ductileductile ironiron pipepipe ringring samplessamples ((66mmmm alloyalloy wallwall thickness,thickness, 33mmmm internalinternal cementcement
lininglining andand externalexternal bitumenbitumen paintpaint areare evidentevident.. NoteNote thatthat underunder thethe bitumenbitumen paintpaint thinthin
zinczinc coatingcoating andand surfacesurface ironiron oxideoxide areare availableavailable.. b)b) 00,,55mmmm depthdepth machining,machining, c)c) 11mmmm
depthdepth machining,machining, d)d) 11,,55mmmm depthdepth machiningmachining..

•• ResultsResults werewere graphedgraphed andand statisticallystatistically analyzedanalyzed usingusing thethe properproper procedureprocedure..

•• PinholePinhole numbersnumbers byby pointpoint countingcounting andand totaltotal surfacesurface areaarea ofof pinholespinholes byby lineline interceptintercept
werewere measuredmeasured onon asas--castcast andand machinedmachined surfacessurfaces..werewere measuredmeasured onon asas castcast andand machinedmachined surfacessurfaces..

•• ChangingChanging thethe structurestructure towardstowards thethe surface,surface, aroundaround thethe pinholespinholes andand chemicalchemical
compositioncomposition werewere searchedsearched byby opticaloptical andand SEMSEM microscopymicroscopy asas wellwell asas EDSEDS techniquestechniques..

TheThe hardnesshardness ofof matrixmatrix structurestructure oxideoxide layerslayers andand thethe structurestructure closeclose toto pinholepinhole werewere••TheThe hardnesshardness ofof matrixmatrix structure,structure, oxideoxide layerslayers andand thethe structurestructure closeclose toto pinholepinhole werewere
measuredmeasured byby usingusing aa VickersVickers hardnesshardness testertester.. TheThe hardnesshardness waswas measuredmeasured atat 1010 pointspoints
underunder aa loadload ofof 100100 grgr..
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3. RESULT AND DISCUSSION3. RESULT AND DISCUSSION

•• ItIt isis believedbelieved thatthat duringduring centrifugalcentrifugal casting,casting, whenwhen ductileductile ironiron liquidliquid isis
hothot enoughenough oror mouldmould temperaturetemperature isis high,high, thinthin FeFe layerlayer developsdevelops atat earlyearly
stagestage..

•• TheThe wallwall ofof thethe pinholepinhole canalcanal cancan bebe coveredcovered byby thinthin andand fragmentedfragmented
oxideoxide layerlayer.. SEMSEM studystudy showedshowed thickthick ironiron oxideoxide layerlayer ofof thethe canalcanal afterafter
annealingannealingannealingannealing..

•• IfIf thethe firstfirst solidsolid layerlayer formedformed onon thethe mouldmould isis thickthick enoughenough underunder thethe
conditioncondition ofof lowlow liquidliquid metalmetal temperaturetemperature (or(or coldcold mould),mould), entrappedentrapped gasgas
can’tcan’t movemove insideinside towardstowards thethe pipepipe wallwall.. EntrappedEntrapped gasgas amountamount andand
pressurepressure increaseincrease byby thethe timetime andand laterallateral curvedcurved gasgas holehole developsdevelops..

•• CurvedCurved dendritedendrite oror conicalconical shapeshape isis evidencedevidenced duringduring experimentationexperimentation•• Curved,Curved, dendritedendrite oror conicalconical shapeshape isis evidencedevidenced duringduring experimentationexperimentation..
AsAs givengiven inin figurefigure,, pinholepinhole lenghtlenght isis asas longlong asas 11..77mmmm whichwhich isis tootoo muchmuch
andand unacceptibleunacceptible..

•• GradualGradual decreasedecrease ofof numbernumber ofof pinholespinholes withwith depthdepth isis understandableunderstandable..
StepStep reductionreduction ofof volumevolume ratioratio withwith depthdepth impliesimplies conicalconical shapeshape ofof
pinholespinholes asas sketchedsketched inin figurefigure..
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PinholesPinholes andand oxideoxide layerslayers (SEM(SEM
pictures)pictures) a)a) ShapeShape andand depthdepth ofof
pinholespinholes inin transversetransverse sectionsection..
b)b) OxideOxide layerslayers onon surfacesurface
withoutwithout pinholepinhole.. c)c) OxideOxide layerslayers
onon pinholepinhole edgeedge.. AllAll picturespictures
werewere takentaken afterafter annealingannealingwerewere takentaken afterafter annealingannealing
treatmenttreatment..

EDSEDS patternpattern ofof samplesample givengiven ininEDSEDS patternpattern ofof samplesample givengiven inin
ffigureigure .. a)a) PointPoint 22,, b)b) PointPoint 33
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ChangingChanging thethe numbernumber andand
volumevolume fractionfraction ofof pinholespinholespp
withwith machiningmachining depthdepth fromfrom
thethe surfacesurface..

•• OpticalOptical andand SEMSEM microscopymicroscopy studystudy showedshowed thatthat ductileductile ironiron surfacesurface layerlayerpp pypy yy yy
developeddeveloped isis nearlynearly purepure ironiron whichwhich isis veryvery ductileductile andand easilyeasily deformeddeformed duedue toto
gasgas pressurepressure.. IfIf conditionsconditions prevailprevail gasgas penetratespenetrates insideinside fromfrom thisthis hothot ironiron
layerlayer..

••IronIron filmfilm cancan bebe oxidizedoxidized mostmost probablyprobably atat thethe laterallateral stagesstages ofof solidificationsolidification
andand duringduring annealingannealing..

••Rarely,Rarely, fragmentedfragmented oxideoxide filmsfilms observedobserved onon thethe surfacessurfaces ofof ductileductile ironiron
pipespipes..

••ItIt isis clearclear fromfrom figurefigure thatthat oxideoxide filmfilm isis ratherrather thickthick ifif thethe heatingheating••ItIt isis clearclear fromfrom figurefigure thatthat oxideoxide filmfilm isis ratherrather thick,thick, ifif thethe heatingheating
temperaturetemperature isis highhigh andand periodperiod isis longlong enoughenough (~(~950950°°C,~C,~ 11h)h)..
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•• AroundAround pinholespinholes andand onon allall thethe surfacessurfaces threethree oxideoxide layerslayers werewere
recognizedrecognized butbut therethere werewere nono clearclear boundaryboundary betweenbetween thethe layerslayers.. EDSEDS
teststests supportedsupported thesethese findingsfindings..

•• WhileWhile outerouter surfacesurface layerlayer isis oxygenoxygen rich,rich, thethe layerlayer nearbynearby ductileductile matrixmatrix
isis oxygenoxygen poorpoor..

•• TotalTotal thicknessthickness ofof oxideoxide layerlayer waswas approximatelyapproximately 8080 mmmm.. TheThe
thicknessesthicknesses ofof eacheach layerlayer werewere moremore oror lessless equalequal..

•• FragmentedFragmented surfacesurface oxidesoxides andand otherother twotwo layerslayers withwith colorcolor differencesdifferencesFragmentedFragmented surfacesurface oxidesoxides andand otherother twotwo layerslayers withwith colorcolor differencesdifferences
cancan bebe seenseen inin figuresfigures..

•• PresentPresent resultresult waswas comparedcompared withwith previousprevious findingsfindings::

•• TheThe researchresearch studystudy mademade byby HornHorn measuredmeasured totaltotal thicknessthickness ofof 143143 mmmm
withwith similarsimilar layerslayers andand structuresstructures observedobserved atat presentpresent researchresearch.. RatherRather
lowlow thicknessthickness experiencedexperienced inin presentpresent workwork isis duedue toto differentdifferent heatheatlowlow thicknessthickness experiencedexperienced inin presentpresent workwork isis duedue toto differentdifferent heatheat
treatmenttreatment andand temperaturetemperature..
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Layers of annealing oxides and Layers of annealing oxides and 
i d t  t  M  l  (HV)  i d t  t  M  l  (HV)  indenter traces. Mean values (HV): indenter traces. Mean values (HV): 
ductile iron substrate (ductile iron substrate (belovbelov
matrix)=240matrix)=24015, inner oxide 15, inner oxide 
layer(right trace)=480layer(right trace)=48025, middle 25, middle 
oxide layer(middle trace)=380oxide layer(middle trace)=38027 and 27 and 

•• TheThe hardnesshardness teststests gavegave differentdifferent valuesvalues inin differentdifferent layerslayers..

top oxide layer(left trace)=320top oxide layer(left trace)=32040.40.

gg yy
•• Although,Although, bigbig hardnesshardness deviationdeviation waswas availableavailable inin eacheach layer,layer, therethere areare clearclear
differencesdifferences inin morphologymorphology andand hardnesshardness ofof layerslayers asas expectedexpected..
•• SinceSince oxideoxide layerlayer thicknessthickness waswas soso smallsmall andand upperupper layerlayer waswas ratherrather
fragmentedfragmented takingtaking thethe accurateaccurate measurementmeasurement waswas difficultdifficultfragmented,fragmented, takingtaking thethe accurateaccurate measurementmeasurement waswas difficultdifficult..
•• HardnessHardness ofof oxideoxide inin firstfirst layerlayer waswas approximatelyapproximately 480480HVHV whichwhich isis 22 timestimes
higherhigher thanthan ductileductile ironiron matrixmatrix ((240240HV)HV)..

•• PreviousPrevious studystudy onon steelsteel indicatesindicates thatthat thethe firstfirst oxideoxide layerlayer adjacentadjacent toto matrixmatrix isis
magnetitemagnetite (Fe(Fe33OO44))..
•• AnnealedAnnealed steelsteel surfacesurface oxideoxide bondingbonding toto matrixmatrix isis relativelyrelatively weakweak..
•• DuctileDuctile ironiron annealingannealing surfacesurface firstfirst oxideoxide layerlayer isis Fe,Fe, Si,Si, OO richrich andand hashas goodgood
bondingbonding..
•• InIn steelsteel becausebecause thethe differentdifferent coefficientcoefficient ofof expansionexpansion betweenbetween thethe substratesubstrate
(steel(steel base)base) andand thethe oxideoxide causecause thethe scalescale toto becomebecome detacheddetached..(( ))
•• However,However, inin ductileductile iron,iron, itit isis believedbelieved thatthat availabilityavailability ofof siliconsilicon inin matrixmatrix isis
helpedhelped thethe formationformation ofof goodgood bondingbonding..
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44.. CONCLUSIONSCONCLUSIONS

1.1. UsingUsing today’stoday’s statestate ofof thethe artart ductileductile ironiron processing,processing,
foundriesfoundries cancan produceproduce castingscastings withwith aa veryvery lowlow incidenceincidence ofof
pinholepinhole defectsdefects..

22 hh bb ll b i db i d hh l il i dd ii ii2.2. TheThe bestbest resultsresults areare obtainedobtained whenwhen meltingmelting andand pouringpouring isis
controlledcontrolled carefullycarefully..

3.3. InIn additionaddition toto these,these, thethe centrifugalcentrifugal castingcasting needsneeds properproper
dj t tdj t t ff ldld t tt t ldld titi dd ldldadjustmentadjustment ofof mouldmould temperature,temperature, mouldmould coatingcoating andand mouldmould

rotationrotation..
4.4. WhenWhen proceduresprocedures aren’taren’t followedfollowed withwith care,care, pinholespinholes cancan bebe

seriousserious defectdefect onon ductileductile ironiron pipespipes producedproduced byby centrifugalcentrifugalseriousserious defectdefect onon ductileductile ironiron pipespipes producedproduced byby centrifugalcentrifugal
castingcasting..

5.5. LiquidLiquid metalmetal compositioncomposition (like(like Al,Al, MgMg levels)levels) andand availabilityavailability
ofof gasgas formingforming elementselements (H(H NN O)O) inin liquidliquid affectaffect pinholepinholeofof gasgas formingforming elementselements (H,(H, N,N, O)O) inin liquidliquid affectaffect pinholepinhole
formationformation..

6.6. PinholesPinholes developdevelop duedue toto internalinternal effectseffects movemove insideinside thethe pipepipe
andand escapeescape..andand escapeescape..

7.7. SolidificationSolidification dynamicsdynamics areare involvedinvolved inin thethe centrifugalcentrifugal castingcasting..
MainMain causecause ofof pinholepinhole inin thisthis processprocess isis generallygenerally mouldmould
coatingcoating andand parametersparameters ofof centrifugingcentrifuging..gg pp g gg g
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4. CONCLUSIONS4. CONCLUSIONS4. CONCLUSIONS4. CONCLUSIONS

88..SurfaceSurface pinholespinholes withwith curvedcurved cylidercylider andand dendritedendrite shapeshape cancan
penetratepenetrate toto thethe pipepipe fromfrom surfacesurface toto oneone fourthfourth ofof thethe
crosscross sectionsection..

99..PinholePinhole defectsdefects cancan bebe avoidedavoided byby maintainingmaintaining liquidliquid--mouldmould
temperaturetemperature accurately,accurately, usingusing coatingcoating materialsmaterials thatthat
containcontain lessless volatilevolatile mixturemixture--lessless moisturemoisture andand takingtaking thethe
relativelyrelatively highhigh mouldmould rotationrotation speedspeed..

1010..AsAs--castcast ductileductile ironiron pipepipe surfacesurface hashas bothboth castingcasting oxideoxide
andand thickthick annealingannealing oxideoxide..

1111..TheThe abrasiveabrasive blastblast surfacesurface preperationpreperation isis notnot economicaleconomical
andand negatesnegates thethe protectiveprotective effectseffects fromfrom resultingresulting fromfromgg pp gg
annealingannealing oxideoxide..

1212..ItIt isis observedobserved thatthat bondingbonding betweenbetween oxideoxide layerlayer andand
ductileductile ironiron matrixmatrix isis relativelyrelatively goodgood andand continuouscontinuous.. 33yy gg
easilyeasily detectabledetectable oxideoxide layerslayers covercover allall thethe surfacessurfaces ofof
pipespipes asas wellwell asas pinholepinhole poolspools.. ItIt isis believedbelieved thatthat firstfirst layerlayer
aboveabove ductileductile ironiron matrixmatrix hashas remarkablyremarkably goodgood protectiveprotective
valuevalue againstagainst corrosioncorrosion..
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