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ABS¶lACr

Anev concept vhichfree magnesium might be thekey phase onthe graphite

SPheroidiZ；ationinspheroidal graphiteirons would be proposed and verifiedin this

Study・　Thechilledsamples containedthedifferentamountofmagnesiumvereprepared

and chemicallyanalyzed onthetotal andinclusivephase usingInductively－COupled

Vacuum Plasma Spectrometer．　Free magnesium was cLalculated as the balance of their

Values・Free magneSium stepwISeincreased as total magnesiumincreased．On the other

hand・inclusivemagnesium t．asalmost equalamongthechilledsamples・ThesaJneSeries

Ofchilled saJnples asthe above vere also analy21ed using spectroJneterin conjunction

Vithpulse－hight distributionanalysis system．　Thegood relationship betweenthe

Pulse behaviour　and the value of free magnesium vas obtained，Similar tototal

magnesiutnin conventional way・　The nodularityand the tensileproperties of5伽mY－

block shoved the good relationship to the value of free magnesium．

IW（刑

In the metallurgical point of viev，magneSiuJnis the deoxidiヱer and desulfurizer

element forliquidiron．If magnesiun was added the amount over the stoichiometric

COmpOSition against the free oxygen and sulfer content，magneSium would exceedin

liquidiron as both the agents・　The excessive amount of magnesium is defined free

magnesiuJninthis study・　According to the site theoryl）2）proposedbythe author，it

isconsideredthatmostof freemagnesium wouldhaveto begasstate andexistasgas

bubbleinliquidiron because of thelow boiling point andless solubility■　Gas

bubbleis considered as aninitial site tonucleateand grov spheroidalgraphite・The

trace ofmagnesiumgasbubbleparticipatinginspheroidalgraphitehaveanalytically

Verified・On the other hand，the rest of magnesium would exist asinclusions such
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as oxide，Sulfide，OXy－Sulfide．　Many researchers have believed that thoseinclusions

act as the nuOleous for the spheroidal graphite formation．　tlovever，nObody found the

evidence howinclusions affaired spheroidal graphite to grow the final form．The

resultsin this study would show which phase ofJnagneSium affaired the f．0rnation of

Spberoidal grapbite．

The elements vhich have strong tendency to form stable precipitates are rather

easy to analy2：e their metallic phase using SpeCtrOmeterin conjunction with pulse－

hight distribution analysis system3）．Thisis because thereis big differencebetveen

the metallic phase and precipitates on the spectrumintensityin such elements．　The

SPeCtrumintensity detected at the analyzed spot containinginclusionsis much higher

than that containing only metallic phase・　＝n the system，eaCh spectrumintensity

detected during discharging is exchanged for pulse hight and arranged into the

distribution．　The pulse－hight distribution vould appear tvo peaks in the case of

magnesium・　Oneis for the area vithinclusive tnagnesium and show an unclear peak・

Anotheris for the area with only metallic magnesium and shovs a clear peak．The

prinCiple for the phase analysis on magnesium uslng SpeCtrOmeter Vith the PDA system

is schematicallyillustrated as shovnin Fig．1．

In this paper，the analytical procedure of free magnesium VOuld beintroduced，

and thenl the result vould be coaLPared with the nodularity and thetensileproperties．

m淵肌札闇Ⅷ

Base iron vas smelted inlow rrequency induction furnace．　Af■ter chemical

COmPOSition was adjusted，theliquidiron was once superheated over1500℃for about

five minutes・Since tap weight vasdifferent amOng heats，taptemPerature VaS Changed

attherangefrom1405℃to1480℃・　Thisisbecausesomeheats veretappedonlyfor
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theexperimentationbutsomeothersweretappedforpracticalcastinginfoundryltOO．

Nodulizationandinoculationwereconducted bysandvitchmethodduringtapping．Fe－

Si－5・5Mg and Fe－75Si alloys wereused foreachagen七・Thechilled samples for

analysisveretakenfrommagnesium－treatedliquidirons・Metalmoldforthesampleis

ShovninFig・2・Thetotal magnesiumcontent wasstepvise adjusted thedifferent

COntent aJnOngSeVenheats addingdifferentamount ofFe－Si－5・5galloy．　Theaimed

COntentVaSraPidlycheckedwiththesame spectrometerasusedforthefreemagnesium

analysis，butbyconventional procedure・Tosurvey thedegree ofdeoxidationin

liquidirons vithdifferentmagnesiumlevels，freeoxygenvasmeasuredineachheat

afterthemagnesiumtreatment usingE肝（electr0－mOtivef．orce）probe．50mmY－block

VaSCaStinfuran－bonded sandmoldineachheat．It took aboutthreeminutesfromthe

finish of the magnesium reaction to the cast．

Totalmagnesiumvasanaly2iedusingInductively－COuPledVacuumPlasmaSpectroneter

（ICP）・Inclusivemagnesiumwas・however，analyzedbycomplicatedDethod．Atfirst，

inclusions such as oxide・Sulfide，nitride in the chilled samples were

elec＞trOlytically extracted usingtheapparatus shovninFig・3・Theelectrolytical

extractionvasconductedaseachsatnplelosttheweightofaboutO．5g．Themagnesium

COntentinextractedinclusions vasthen analyzed usingICP・Theprocess ofthe

electrolytical extraction　andtheanalysisisshowninFig・＆・Freemagnesium was

Calculated according to Formula（l）；

FreeMg＝Total Mg－Inclusive Mg－－－（1）

TheotherchilledsamplesintheseriesofheatsvereanalyヱedusingSpeCtrOmeter

inconjunctionvithpulse－hightdistributionanalysissysten3）．FortotalJnagneSium，

themiddlevalueinthetotalfrequencydistributionisselectedandinvestigatedthe

COrelation againstthechemically analyzedvalue・Forfreemagnesium ontheother

hand・thefrequencydistributionofmetallicmagnesiumisintegratedandthevaluewas

investigated thecorelation againsttheanalyヱed value・Since pre－discharge was
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COnductedateveryanalysisT thecorltaminationofthearLalyzedsurface hadnottobe

COnSidered・Thesequence f．orthemagnesium phaseanalysissetinspectrometeris

ShovninFig・5・　Thevoltage fordischarge andthewavelength fordetectingthe

luminousspectrumofmagnesiumwassetat330Vand280・2mmrespectively・

Tensileproperties of50mmY－blockineachmagnesiutnlevel vasexaminedatthe

POSitionshovninFig・6・The microstructure WaSeXamined attheholder ofevery

tensile test piece．

耶

（1）Sampling

Thechemical composition ofchilled sanples andthe freeoxygen contentin

magnesiumtreatedliquidirons areshowninTablel・TheresidualmagnesiumCOntent

COuldbecontrolledforeveryheatasapproximatelyaimed．Thedeereaseofsulferand

freeoxygencontentwasobservedineveryheatafterliquidtreatment・ForexaJnPle，

thecheaLicalciOmPOSitionincludingfreeoxygenofbaseironforheatNo．5isshownin

Tablel．

Themicrostructure OfzmalyzedsurfaceisshovninFig・7・　AlthoughJnagneSium

treatedliquidironsverepouredintometalmold，SPheregraphiteprecipitatedatthe

analyZ：edsurfaceandthediameterwas3－5叩・　Mostofinclusionwasthesi2ieOfO．5－5

Pm・Bigincilusion about20叩　VaS rarelyobserved・Besides spheregraphite and

inclusion・thesimilarsiヱeOf．voidvereobserved・Thenumberofspheregraphiteat

thecenterareawasgreaterthanthatattheperipheryarea．

（2）工CP analysis

TheresultofICPanalysisontotalandinclusivemagnesiumareshowninTable2．

Thecalculatedvalueof．freemagnesiumisalsoshovninTable2・Thetotalmagnesium

COntentVaSquiteaclosetotheresult ofconventionalemissionspectmmanalysisas
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ShovninTablel・Therewas nobigdifference ontheinclusive magnesiun content

amongthechilledsamplesalthoughthetotalmagnesiumcontentvasstepvisedifferent．

Inotherwords，thedeoxidationdegree wasconsidered tobenearlyequal amongthe

Series ofmagnesiumtreatedliquidirons，aSShownintheresult ofthefreeoxygen

measurement．The siEnilar condition was forecast on the desulfuriヱation．

（3）Emission spectrum analysis

Anexample ofthepulseprofile onmagnesiuninsampleNo・6isshovninFig．8．

Theintensity f’romfree magnesium was about halfofthe maximuJn Valueinthis case．

Ontheotherhand，theintensityfrominclusivemagnesiumvas overaboutseventyper

CentOfmaximumvalue・Theplotsofchemicalanalysisvaluetospectrumintensityon

bothtotal andfreemagnesium areshowninFig・9・Therevere good relationships

betveentheminbothphasesofmagnesiun・工notherwordsl gOOdcalibrationcurvewas

Obtainedforboth・工nthecaseoftotalmagnesiumcurVe，thedataobtainedinthis

Study vere additionally plotted on conventional one．

Theanalysismark vasobservedusingSEM・TheSEMphotographisshowninFig・10・

As theresultI manySpOtS Vith erater－like hollow vere observed．　Thehollovs were

formed by vaporiZing the saJnPle surraCe during discharging・The analytical

informationvasget fronthere・Itissaidthatthediameterandthedepthareabout

thesameandare5－20pn・Hoveverl thereweresomanyhollowswhichthesi21eWaSOut

Of■this range

（4）MicroandmechanicalpropertiesintestsamPles

ThemicrostruCture Of50mmY－blockineachmagnesiumlevelisshovninFig・11●

Spheroidalratioincreased vithincreasingthefreemagnesiumcontent．Therewasno

relation tothe content ofinclusive magneSium on that ratio．Itseemed that

SPheroidalratio almostsaturated vhenthecorltent Offreemagnesiumexceededabout

0・030mass‡againstthesulfurrange OfO．012－0．015mass茅．　This wasalsotrueofthe

tensileproperties asshovninTable3・Allpropertieschanged viththecontentof
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free magnesium・

∝朗SIⅢ凪げⅠ卿

Althoughledeburite cementite was alsoextracted vith oxide，Sulfideand nitride

vhen magnesiumininclusion vas analyZiedl this would notinfluence the above

experimental results・　Thereis the fundamental reason whyledeburite cementite would

not contain magnesium・　Magnesium atom hadlittle possiblity to form the

substitutional andinterstitial type solid solutioninledeburite cealentite because of

the atomic si2；e．Thediameterof magnesiumatom（3．20Å5））ismuch biggerthanthatof

iron atoJn（2．皿8Å5））and carbon atom（l．5鵬5））．　The results of emission spectruEn

analysissupport that magnesium had almost no solubilityinto cetnentitelattice

showing good corelation to chemical analysis・Ifmagnesium could resoIveinto

ledeburite cementite，magneSium might evenly distributein cementite and the content

ofinclusivemagnesium vould be much higher thanthis study・　ぬgnesium also had

almost no solubilityinto austenltebecauseof the same reason asledeburite cementite・

Itis considered that free magnesium could distribute at theinterfacial site betveen

ledeburite cementite and austenite．Most of free magnesium vould exist as gas bubble，

as mentioned inintroduction．If．it was true，the distribution of free magnesiuD

vould be dotted vith spots as a trace of gas bubble・　For exaJnple，many VOids vere

actually observedin this study・The precipitationofmagnesium carbide might have no

chanceinchilledsamplebecauseitwasunstableoverabout660℃’）．

Accordingto thedetailobservation recentlyreportedby T・Skaland7），thesize

of，magnesium ciOntainedinclusiorlin　¢30mm sample was mentioned as O・＆－2・Opn・

Y・IgaraShi8）also reportedit was aboutl・0叩・In this studyIinclusion was O・5－20叩・

ThesefigureSarealltheresultof2－dimensional（2－D）observation・Themeasured2－D
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diameters（dA）canbeconvertedinto3－Dvalues（dv）throughformula9｝（2）；

dv＝da・好／2－－（2）

Theactualsiヱe muStbe surelybigger thanthepore ofnucleopore filter（0．2叩）．

Magnesiumcontainedinclusioninchilledsamplesvouldbeallextractedandchemica11y

analyzed exactly．

The analysis result of free magnesiumcorrelated vith the nodularity and

mechanicalproperties butthatofinclusivemagnesium didnot．Thismeansthatthe

COntentOf．freemagneSiumisanindispensable factorforthegraphitespheroidization

butthat ofinclusivemagnesiumisnot・Theprecisequalitycontrol ofspheroidal

graphite castiron shouldbe discussed and conducted withthe content offree

EnagneSium．

Magnesiumisthebestelementforthe graphite spheroidi2iationinliquidstate

becauseofthevaporization andsolubility behaviour　atthetemperaturerange from

the magnesium treatment to the solidification finish．

肥Ⅰ邪

l）Freemagnesium asmetallicphaseinchilled sample couldbeanalyzed withhigh

aCCuraCy uSlngSpeCtrOmeterinconjunctionvithpulse－hight distributionanalysis

SyStem．

2）When total tnagnesiumincreased，fLree magnesiuEn alsoincreased butinclusive

magnesium had almOSt nO Change．

3）Whenfreemagnesiumincreased・thenodularityandtensilepropertiesalsoincreased．

■詠　を■訣　◆
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Fig・2　Steel mold and board for saJnpling．
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3000β一SeO＝Ar Fluse（5戚／min．）

800β－SeO＝Preburn

Oy－SeC＝Integration

1500β－See＝Preburn

1500ダーSeC＝Integration

30p－SeC＝Cleaning of W－electrode

（¢6．2mm Xcone300）

Display or result

Fig・5　Sequencesetinspectrometerformagnesiumphaseanalysis・

Test piece＝¢14×GL50

Fig・6　SchematicillustrationofY－blockandtensiletestpieces（mm）．
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a．Center

b・Periphery lOpn

Fig・7　MicrostructureOfanalyzedsurfaceinchilledsampleN0．6（2％Nitaletch）．
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Time series profile Date O1－30－98　Time ll：06

如適避出血且組止血鮎出血止血出勤姐鮎上品止血鎚J

FMG

280．2　nm

1　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　512

補umもer・Of pulse＄

1024

Humも8r Of pul308

ヽ■t■▼ヽ
■■■l■

Fre墾emCリdistriもutior－ Date O1－30－98　Time ll：05

AG－No．：53　FCIトS

Fig．8　Example ofpulse profile detected bydischarging（Sample No．6）．

134



α：mt．max．0．岬

伽止．max．0．彷也9

Fig．9　払止血止ioncmr卸間ium匝叫isbyαlissionsp∝血Ⅶmeter・
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a．Lov magnif■ieation

30叩
b・Higb magnirieation

Fig・10　SEMphotographofanalysismarkinchilledsampleNo．6．
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a．0．0114T・Mg，0．0038F・Mg

鞄野

土r、二・ノご∫・、

琴態野蹄霊

一、．一㌦・‥1

l I

lOO叩

b・0・0185T・Mg，0．0120F・Mg

Fig・11MicrostruCtureOf50mm Y－blockineach magnesiumlevel．

Result of chemical analysisis described．
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Fig．11Continued
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Tablel Resultsor∝mVentiordemission印　せmmanabsisandfteeoxygenEneaSuWt

inma謬l（雲iumb地上q血dirorB．

飴叩le No． �m蝕ieal叩ition（旭丘瘍） �Om∝瓜m野lt 

C　　Si　ぬ　　P　　S　　晦 �（遥瑚琵）訝 

1 �3．上8　2．あ　0．110．∝拘　0．015　0．011 �0．二四　　一199　　1皿13 

2 �3．勤　2．310．20　0．珊　0．012　0．022 �0．10　　－219　　1三相 

3 �3．坊　2．56　0．210．野7　0．014　0．の1 �0．（冶　　一芸あ　　1326 

皿 �3．旦2　2．66　0．210．∝好　0．013　0．0也0 �0．10　　－218　　1335 

5I（bse） �3．521．上8　0．川　0．の10．019　－ �0．93　　－137　　1収弛 

5 �3．的　2．射　0．16　0．（810．0用　0．助8 �0．09　　－Z労　　1363 

6 �3．52　2．！B　O．12　0．珊　0．012　0．α洛 �0．げ7　　－2汚　　1罰℃ 

恥bk2　馳乱心3d㍉加弧i∝止amlysisvi也Ⅰ肝

m成kdonma膵ium画．

飴呼止 No． �晦（ぬss鋸 

眈止 �：beh造ion �触 

1 �0．011皿 �0．昭 �0．0038 

2 �0．0185 �0．∝65 �0．0120 

3 �0．（乃16 �0．0075 �0．α独1 

皿 �0．α368 �0．∝59 �0．03）9 

5I（bse） � � � 

5 �0．α丈刀 �0．00巧 �0．αl：ち 

6 �0．（方49 �0．0082 �0．0胎7 
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Table3　Relationshipamongfree－Mgcontent，nOdularity

and tensile properties．

FreeMg �Nodu－ �Tensileproperties■ 

Proof－ �Tensile �Elongation 

1arity �StreSS �Strengtb 

（Mass靂） �（引 �（N／mm2） �川／mm2） �（多） 

0．0038 �7 �89 �107 �2．8 

0．0120 �皿9 �276 �388 �7．7 

0．02皿1 �89 �328 �50皿 �18．2 

0．0309 �87 �33＆ �520 �21．6 

0．0＆25 �89 �317 �几82 �22．5 

0．0467 �82 �329 �488 �22．5 

覚4points average
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