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MhQoQdeEuyDQelyrQTe,,T-01

QUALITY ATTRIBUTES

O METALLURGICAL , Physical

* Specified chemistry

* Low residuals and trace elements

* Minimum defects ( Surface / Internal )

* Cleanliness : Micro and Macro NMl s

* Desirable microstructure and properties

U Genesis
* Inherited from parent cast material

* Imparted during subsequent processing

LtDeSe aDerQtlyRtQDeyleyiegaiysauufesRtoRdratsQelRei2QsyoyQD ea22uysalyRtedQ.cydQr
1 QteSe aDelRuDen aleadQel QerQaicdQiefRcefRneén aleadQel QealldygclQiegfen ys enQesat
rQaicdQen Ql QdeaeilQQueyie aCytpepRRDe.cauylfeRdetRlen Ql QdeaesRr2RtQtlenyuuefl
iRne2QdoRdrelRel QeDQiydQD e Q2QslalyRteRdetRlel QfeadQeSe aD erQtlyRtQD e oRd«
rQlauucdpysaueRcefRn e ctDQdel Q erQlauucdpysau e .cauylf e alldygclQien ys eadQ e gQytp
sRCQdQDeytel Qe2adlyscuadesRcdiQeoRdeRtQeyr2RdlatledQ.cydQrQtleyiel Qei2QsyoyQDes |
l yierQatien aleadQel QedatpQieRoeCaucytpeQuQrQtlien ys e aCQelRegQeraytlaytQDeoRdel (
ilQQuelRe2QdoRdrl

I Qten aleadQel QedQiyDcauieatDeldasQeQuQrQtlieytedQauylfel QiQe aCQelRegQeQ2leny!
uyryliKel alerQatieén aleadQel QeuRnQdeuyryleRoel yieRdel Qedal Qdel Qec22QdeuyryleRoc¢



dQiyDcauieatD eldasQe QuQrQtliel QteSe aDerQtlyRtQDeagRclen aleadQel QeDQoQslieg
icdoasQeaienaieaeytlQdtauen ys ei RcuDegQeaCRyDQDeRden ys e aCQelRegQe2lenyl ytetRd
1 QteSelauQDeagRclel QerysdReatDerasdRetereyietRterQlauuyseytsuciyRtiel QiQeadQesauu(
tRt e rQlauuys e gQsaciQ el QiQ e adQ e tRl e QuQrQtlau e fRc e fRn e uy e ydRte Rd eicu2 cd e |
2 Ri2 Rdciel QiQeadQegaiysauufeicu2 yDQieRdeRyDQieEREI QiQeadQetRterQlauuyseytsuciyRt

I QteatRl QdedQ.cydQrQtlen ys eSe aDelauQDeagRclenaiel QeDQiydaguQerysdRildcslcdQeatD
2dR2QdlyQiegQsaciQeyleyie.cylQeRgCyRciel alefRcefRnel Qe2adlyscuadieilQQuesRr2RtQtle
1 Qe2dRDcsle aielRerQQlel Qeoytaue2dR2QdlyQiel QeDQiydaguQe2dR2QdlyQieoRden ys e
rQatleoRdeatDeoRden ys erysdRildcslcdQeyiepRytpelR e2uafeae CQdfeyr2RdlatledRuQen.
i RcuDegQel QerysdRildcslcdQen QI QdeyleyieoQddylQen alenyuuel QepdayteiyQQeRden QI Qd
aesRrgytalyRteRoeoQddylQeatDe2QaduylQeRden QI QdeyleyiegaytylQeatDeradlQtiylQel ytf
1 all

ytauufeauuel QiQenyuuelQuuefRcen alenyuuegQel QeDQiydaguQe2dR2QdlyQieatDen QI Qdel
gQeatDeauuel QiQesatedQiculeytel Qeoytauea22uysalyRtedQ.cydQrQtlieSe aDerQtlyRtQDeauil
gaiysauufeRdeyte2dytsy2uQel QfesategQel QiQeauuel QiQe.cauylfealldygclQiel QfeadQepQtQc
odRreéraRdeiRcdsQieRtQeRdel Qeocdl QdeRoecieSe aDelauQDeagRclel QfeadQeyt QdylQDec
1 Qe2dQiQtlesail eralQdyau e QiiQtlyauufeylerQatiegQsaciQel QiQealldygclQieadQ e QCyDQ
2dQiQtleytel Qe2adQtlesaileilapQeyliQuoen ys eoytauufenyuueuQaDelRel Qe.cauylfeyiicQieyt
oytaue2dRDcsll

EREl yieyieCQdfeCQdfeyr2RdlatleatDeytel yie2adlyscuadeiQiiyRteaieSe aDerQtlyRtQDeQaduy
aresRCQdytp eRtufel yile I al e rQatile n alQCQd e sauuQD e .cauylf e alldygclQi e adQ e pQllytp
pQtQdalQDeodRrel Qe2adQtlesaileilapQel QiQeadQegQytpesRCQdQDeytel Qe2dQiQtleiQiiyRt
auiR e lauD e agRcl e sQdlayt e .cauylf e alldygclQi e n ys e adQ e yr2adlQD e Dcdytp e icgiQ.cQtl
2dRsQiiytpel alerQatién Ql Qdel QesaileilapQe aiegQQte RledRuuQDeRdesRuDedRuuQDeRde
2dRsQiie RleoRdpQDel ytpieuyQel alesQdlayte.cauylfealldygclQieryp lesdR2ec2eDcdytpel RiC
2dRsQiiytpeilapQiel RiQeadQesauuQDe2dRsQiiytpe.cauylfeyiicQien ys eadQetRlegQytpesRCQ
ytel Qe2dQiQtlelR2ys]



MhQoQdeEuyDQelyrQTe,0T,-1

QUALITY ISSUES OF MATERIAL ORIGIN

0 Manifestation as
» Surface imperfection

( visible with naked eye or special test )
Crack , Lamination , Sliver

» NDT failure : internal imperfection
Q Originating from

» Poor cleanliness : exogenous entrapment or NMI
» Related to refining and casting process

» Surface , subsurface , internal quality of casting
* Related to specific grade and casting process

I QteSe aDelauQDeagRclefRcefRne Rnel QiQeadQegaiysauuferatyoQilQDegQsaciQenQe aCQ
lauQD e agRcl e DyooQdQtl e alldygclQie gcleytel Q e oytau e 2dRDcsleyten ys enafel QiQ e ad(
ratyoQilQDel QiQe.cauylfeyiicQieoydilenaiel QeicdoasQeSteoasleyr2QdoQslyRtKel alerQatil

1 alel RiQeDQoQslien ys efRcesaten ys efRcesateiQQenyl etRdraueQfQeRdenyl eiRrQerytRd
rRDyoysalyRteRoel QeicdoasQKel RiQeadQesauuQDeicdoasQeRdeicgicdoasQeyr2QdoQslyRti
adQel RiQKeSe aCQepyCQtesQdlayteQar2uQieuyQel QdQerafegQeiRrQeicdoasQesdasel QdQe
gQeaeuarytalyRten QteaieyoekicdoasQieadQeQyilytpeiyDQegfeiyDQel QdQerafegQeaeiuy(
gaiysauufeylerQatieaeCQdfel yteuytQeRoeDQoQsleRtel QeicdoasQl

EREl QiQeadQeauuesauuQDeicdoasQeyr2QdoQslyRtien ys efRceDRetRlenatlelRegQe2dQiQtleF
icdoasQegQsaciQel yieryp leuQaDelRectDQiydaguQefRcefRne2QdoRdratsQeRoel Qe2dRDc
atRl Qdeyr2Rdlatleyr2QdoQslyRten ys eryp lesdR2ec2en ys efRcesattRleiQQeRtel QeicdoasQ
gaiysauufel QiQeadQeytlQdtaueDQoQsliel alerQatieytlQdtaueyr2QdoQslyRtiel RiQeDQoQslie
sateRtufeiQQel dRcp etRteDQildcslyCQelQilie ERe]l QiQeadQegaiysauufenQesauueyleytlQc
yr2QdoQslyRtl

Rnél QiQeegdRaDesalQpRdyQieRoeDQoQslienQdQeodRrel QydeRdypytalytpeyleyiegaiysauufi
1 Qe2RRdesuQatuytQiieRoel QeilQQue2dRDcslectDQdel aleSe aDelauQQDeagRclegaiysel ytpeyiec
rQlauuyseytsuciyRtiel alerQatién alQCQdeQuQrQtliedQiyDcauienQdQe2dQiQtleytel QeilQQu
1 QfeadQe2dQiQtlegQfRtDeaesQdlayteuyryliel QfenyuueoRdreiRrQeytsuciyRtien ys enQesau



tRterQlauuyseytsuciyRtien Ql QdeRyDQiefRcefRneicu2 yDQieRficu2 yDQiel ytpieuyQ
1 alll

RneiRrQeRoel QiQeytsuciyRtieryp legQ eaerQlauucdpysau e 2dRDcsle Roel Q e 2dRsQiie Ro
ilIQQuraytpeRdeQar2uQefRceiRnenQeitRnel alenQe aCQelRefjuuel QeilQQuen QdQelR
DQRyDyQel QeilQQueytel Qe2dRsQiiytpeEREl RiQeytsuciyRtien ys eadQeoRdrQDeytel yiefR
iRneilapQel QfeadQesauuQDeRYyDQiegQsaciQegaiysauufenQeadQelaytpesadQeRoel QeDyiiRu
RipQtegfeciytpeaucrytycreiyuysRtel ytpieuyQel alerafgQeydsRtycrerafgQeiRrQlyrQi

lylatycré EREl QiQeRyDQieaucrytaen ys eadQeoRdrQDeDcdytpel yie2dRsQiiel QiQeadQesauu(
ytDypQtRcieytsuciyRtile gQsaciQel QfeadQegQytpeoRdrQDeaieae2adleRoel QerQlauucdpy
2dRsQiiegclesQdlayteytsuciyRtieryp legQeoRdrQDegQsaciQeRoeiRrQeodRreiRrQe QIQdtat
iRcdsQiel RiQ e nQ e sauu e QRpQtRci e Qtlda2rQtlile S e rQatle 1 QiQ e adQ e auu e gaiysauuf e Re
QiiQtlyauufegQytpeoRdrQDealel QeilapQeRoeilQQuraytpedQoytytpeatDesailytp e2dRsQiile E
n QI Qdeyleyiel QeQRpQtRcieQtlda2rQtleRdeQtDRpQtRcieytsuciyRtiel QiQeadQeauueuQaDy1
ctDQiydaguQefRcetfRneicdoasQeRdeytlQdtaue.cauylfeyiicQil

RnéRtelR2eRoel yiel QdQerafegQeiRrQesQdlayte2RRde.cauylfeRoel Qesailytpen QtefRcenQdQ
sailytpeae2adlyscuadeilQQue2dRDcsleDQ2QtDytpeRtel Qei2Qsyoyses QryildfeRdel QeratfeRoe
i2QsyoysepdaDQeRdegaiQDeRtel Qesailytpe2dRsQiieyliQuoesQdlayteicdoasQeicgicdoasQeRdey
.cauylfeyiicQieryp legQeQCRuCytpeRdeQar2uQel QdQeryp legQeiRrQesdasiel QdQerafegQ
iRrQefRcetfRneicdoasQectDcualyRtiel QeyDeRdel QdQeryp legQesQdlayteDQoQsliealel Q
icgicdoasQeRdel QdQerafegQesQdlayteytlQdtaueyiicQieuyQesQtldaueiQpdQpalyRtieatDel y
uyQel alll

EReauuel QiQeadQedQualQDelRel Qe.cauylfeRoel Qesailytpe ERegaiysauufel QdQeadQele:
RdypytalQeRtel QeRdypyteodRren ys el QiQeyiicQieadQesRrytpeRtQeyiegaiysauufegQsaciQt
2RRdesuQatuytQiien ys eadQedQualQDelRel QeRuDeRdypytalytpeodRrel Qec2eilQQuraytped(
RdesailytpeilapQeyliQuoéLtDel QeiQsRtDeRtQen ys eyieQ.cauufeyr2Rdlatlel QdQeadQegaiysat
2dQiQtsQeRoesQdlayteicdoasQeicgicdoasQeRdeytlQdtauesdasieRdeicdoasQectDcualyRtiefRcefF
icdoasQeDQoQslien ys eadQedQualQDelRel Qe.cauylfeRoel Qesailytpel alerQatieyleyiedQualQI
1 Qei2QsyoysepdaDQeRoel QesailytpeRdel Qesailytpe2dRsQiil



MhQoQdeEuyDQelyrQTe,T0-1

» Cleanliness requirements are
Application-specific
* Residual impurities : S,P,0,N,H
* NMIs: oxides , sulphides , nitrides
* Trace elements: As,Sn,Sb,Cu,Pb,Zn,Te

» Amount , chemistry , size , distribution of
NMI's should not affect

i)  The desirable microstructure and properties

A
ii)  Surface and internal quality

SeauiRelauQDeagRclectDQdesuQatuytQiiedQ.cydQrQtlienQe aCQelReuRReytlIRen aleadQ
dQiyDcaueyr2cdylyQieSe aDerQtlyRtQDel QiQeadQel QeésRrrRtedQiyDcaueyr2cdylyQien ys er
aCQelRegQesadQocueagRcleicu2 cde2 Ri2 Rdcie RipQtetyldRpQte fDdRpQtel Qten Qt
icu2 cd e 2 Ri2 RdRci e RipQtle I QiQ e QuQrQtli e adQ e 2dQiQtl e gQfRtD e sQdlayt e uyryli
2adlyscuadufeicu2 cdeatDeRIpQtenalQdeoRdrQDiel QfeadQesauuQD etRt¥QlauuyseytsuciyRti
gaiysauufel QfeadQeRyDQieicu2 yDQietyldylQieRdeQCQteRficu2 yDQil

LtRIl Qdeyr2RdlatlesuQatuytQiieyiicQen ys eryp lesdR2ec2eyteilQQueatDen ys eadQeauiR
IdfytpelRefRcefRnegfeytedQsQtlesaiQiel QfeadQepQllytpeoRctDeRcleyteilQQuieadQegaiysau
2dQiQtsQeRoeldasQeQuQrQtlieuyQeadiQtyselyteatlyrRtfesR22QdeuQaDeytselQuucdycreQuQ
uyQel yien ys eadQeQuQrQtlierQlauuyse QuQrQtliegcle2dQiQtleyteldasQieRtufel aleyien f

1 QiQeadQesauuQDeldasQeQuQrQtliel QiQeadQegaiysauufeRdeQiiQtlyauufesRrytpeodRrel C
n ys eyieciQDeoRdel QeraytpeRoel QeilQQuéERENQe aCQelRegQesadQocueagRclel QeiRcds(Q
1 Qeisda2eodRren ys el QiQeadQepQllytpeytsRd2RdalQDeytel QeilQQueSenyuuesRrQelReyleu.
n QI Qdec2elRen aleQIQtlenQesatelaesadQeRoel yil

Rnkél yietRterQlauuyseytsuciyRtiegaiysauufel QfeadQearRctlel QydeCRucrQeodaslyRten al

adQel Qydes QryildfKel alerQatién aleyiel Qelf2QeRoetRteralQdyaueytsuciyRten Ql Qdeyleyi
RyDQen Ql Qdeyleyieicu2 yDQ eRRficu2 yDQen alelf2QeRoeRyDQeyieylel QydeiyQel Q
DyildygclyRteauuel QiQeyiicQieadQeCQdfeyr2RdlatleatDel QfeadQepRytpelReaocoQsleRdeytc
I QerysdRildcslcdQeatDesRtiQ.cQtlufel Qe2dR2QdlyQieRoel QeilQQueéERenQe aCQelRegQe!



sadQocuel yietRterQlauuyseytsuciyRtieyoel QfeadQe2dQiQtlegQfRtDeaesQdlayteuyrylieSe
rQtlyRtQD el Qf esateaooQslel QeicdoasQeaienQuueaiel QeytlQdtaue.cauylfeRoel QeilQ
sRr2RtQtleEREnQe aCQelRegQeQ.cauufesadQocueagRclel RiQ[

MhQoQdeEuyDQelyrQTeT,1

Control of Residuals

* P is controlled during primary steelmaking
(BOF / EAF) t0<0.025 % using
basic slag ( rich in Ca0 )

* High (> 500 ppm) dissolved O after BOF / EAF
is brought down to < 5 ppm by Al killing

* S can be controlled during pretreatment of
hot metal and during secondary refining

* Dissolved H, N are controlled by degassing

Rneén aleSei RcuDelauktagRcleIRDafeyie RneDRefRcesRtldRuel QiQedQiyDcauieQiiQtlyauuf
IRDafeSenyuuelauéagRcleCQdfegdyQoufen aleadQel Qen aleadQel Qe2RiiygyuylyQieRoesRtldR
dQiyDcauiealen aleilapQeRoeilQQuraytpeRdedQoytytpeRdesailytpel yiesategQeDRtQeéEREuQ
pReRtQegfeRtQeQe aCQerQtlyRtQDel ale2 Ri2 Rdcieyieateyr2RdlatledQiyDcaueyteil QQueER!
l yiesategQesRtldRuuQD eDcdytp e2dyradfeilQQuraytpeilapQien aleadQel RiQeilapQieQyl Q
1 dRcp egaiyseRipQteocdtasQeRdeQuQsldyseadseocdtasQel QiQeadQesauuQDe2dyradfeilQQure
ilapQiegQsaciQel QfeadQel QeoydileilQQuraytpeilapQen ys eyieciQDeoRdeilQQuraytpe ERJ
1 QiQeadQesauuQDe2dyradfeilQQuraytpl

I yie2dyradfeilQQura¥tpeyieQiiQtlyauufeateRyDalyRtedQaslyRtenQeadQe2cllytpeREpQteyt
ilQQuelRelaQesadQeRoel QectDQiydaguQeQuQrQtlieuyQ esadgRteiyuysRteratpatQiQelResF
1 QregQsaciQel Qeiladlytpe2RytleoRdeilQQuraytpeyiel Qe RlerQlaueRdel QeydRteRdQeRdeyle
gQel Qeisda2en QteuRleRoesadgRterafegQe2dQiQtleERéRcdeoydileayreyielResRtldRuel Qesad
IRel QeuyryleRoeilQQueéEReéuRleRoeREpQteyieciQDealel yieilapQeatDe QdQenQesatelaQesad
2 Ri2 RdcieaienQuuegfeciytpegaiyseiuapeél alerQatién ys eyiedys eytesausycreRyDQel yieyi
sauuQDegaiysegQsaciQeeyieaegaiyseRyDQel QedalyReRoeéatDeEyeyiesauuQDel Qegaiysylf
Roel Qeiuapeyle aielRegQealeuQaileéRdeKel alerQatiél Qee aielRegQedys eytel Qeiuapegf



nys e2dRsQiienQesatelaQesadQeRoel Qe2 Ri2 RdciegQsaciQe2 Ri2 Rdcieyte2dQiQtsQeRo
RipQteyleyieoRdrytpe2 Ri2 RdcieRyDQektl yie aielRegQelaQtesadQeRoegfedigQsaciQ

2 Ri2 RdcieRyDQeyieasyDyseytetalcdQegyiegaiyse EReyoefRce aCQeuRleRoekyteilQQuegaiys
RipQteocdtasQeilQQueRdeyleocdtasQeilQQuel yielk nyuuelaQ esadQ eRoel QeleatD

2 Ri2 RdRcieuQCQuesategQegdRcp leDRnteyteilQQuelReuQiiel ate,elReltEREe] yieyieCQd
yr2Rdlatl

RnéuQlerQelauéagRclel QeDyiiRuCQDeRIpQteytel Qe2dRsQiieRoe2dyradfeilQQura¥tpen al
nQeadQeDRytpenQeadQe2cllytpeuRleRoeRIpQteyteilQQuelRelaQesadQeRoel QeRl QdeQuQ
1 yie2dRsQiiectoRdlctalQufeuRleRoeRfpQteyiepQllytpeDyiiRuCQDeyteilQQuegcleyieyleD Qiydag
dQrRCaueRoel RiQeQuQrQtlieyleyienQe aCQelReDReciQeuRleRoeRipQteDcdytp e 2d
ilQQuraytpeilapQiégcleoytaueilQQuesattRlelRuQdalQeERircs eRoeRipQteaclQdefRcefRn

el QearRctleRoeDyiiRuCQeRipQteyteuy.cyDeilQQueyie.cylQe yp eylerafegQeljeléRd
ejle22rKel alerQatiéfRcesatea22dQsyalQeylie.cylQe yp [

Ecs eaegypearRctleRoeREpQteyieRoetReciQeytel QeoytaueilQQuegQsaciQeyleyieuy.cyDeilQQue
nQenyuuegQesailytpeylel yieRfpQtenyuuesRrQeRcleRoel QeilQQuenyuuesdQalQeuRleRoe2R
rQatieuRleRoe2RdRiylyQienyuuegQel QdQeylenyuuegQeuyQeaeildaytQdel alefRcefRnel Qes:
nQesattRleciQel QeilQQueildaytQdegQsaciQeRoeuRleRoe RuQieatDe2RdQiéERE] QiQe yp ear
RoedQiRuCQDeRfpQte aielRegQegdRcp leDRnteaoclQdefRcefRneéRdeQuQsldyseadseocdtasQ
ilafel yieyiesauuQD e DQRyDalyRtel yiesategQ e gdRcp le DRntelR e CQdf e uRn euQCQu e cit
aucrytycren ys enQesauueyleaucrytycreyuuytpéyuuytp egaiysauuferQatieDQRyDalyRteyo
nQeyuuenyl eRfeaucrytycrel QeRfpQteDyiiRuCQeRipQteuQCQuesategQegdRcp leDRntelR
uQiiel ateé22reyoenQeyuuenyl eiyuysRtel QeDyiiRuCQDeRfpQteuQCQueyie yp QderafgQeyl
adRctDeoyolQQtelReJe22regcleyoefRcenatleaepRRDe.cauylfeilQQuel yieDyiiRuCQeRipQte aielF
gQegdRcp leDRntelReuQQiiel atee22rée EReaucrytycreyuuytpeyieaercileoRdeiR?2 yilysalQD
pdaDQieRoeilQQuie EReDyiiRuCQeRfpQtesategQegdRcp leDRntegfelReaeuadpQ e QIQtl ¢

aucrytycreyuuytpl

RnéauueRoefRcenyuuedQsauueSe aCQelauQDeagRclel aleicu2 alQeyieaeyr2RdlatledQiyDcat
ilQQueatDel yie aielRegQegdRcp leDRnte RneDRefRcegdytpeyleDRntetRlealel Qe2dyradf
ilQQuraytpeilapQeuyQe2 Ri2 Rdcien alenQeDReicu2 cde aielRegQegdRcp leDRnteytel Q
2dQldQalrQtleRoe RlerQlaueyliQuokl alerQatiéyle aielRegQegdRcp leDRnteytel Qe RlerQlau
ilapQeyliQuoeytel QeguaileQyl Qdeytel QeguaileocdtasQeRden QtefRcelaQeae RlerQlaueodRr¢
guaileocdtasQegQoRdQenQe2cleyleyte2dyradfeilQQuraytpeuyQedQaslyRtieuyQeéRdeLeyl



aielRegQegdRcp leDRntealel Qe2dQe2dQldQalrQtleilapQeRoel Qe RlerQlaueRdeaolQdenQe
raDQel QeilQQueytedl gl aleyieaeilapQesauuQDeiQsRtDadfedQoytytpen QdQenQeadQelaytp
sadQeRoeuRleRoedQoytytpeilapQieytel QeuaDuQeRdeaen ys eyiesauuQD eaeuaDuQ ef
rQlauucdpféERealel aleilapQeauiRenQesategdytpeDRnteicu2 cdeiRKel alerQatiéicu2 cdesat
gQesRtldRuuQDeyDQaeDcdytpe2dQIdQalrQtleRoe RlerQlaueRdeDcdytpeiQsRtDadfedQoytytpl

RneuQlecielaueagRcle fDdRpQteatDetyldRpQtel QiQeadQepaiQRcieQuQrQtlien ys eadQ
2dQiQtleyteilQQuetRnenQe aCQelRelaesadQeRoel yiegQsaciQel yieryp letRlegQefRcefRn
ryp letRlegQeassQ2lQDealel Qe2adlyscuadeagRCQeae2adlyscuade.catlylfeyteilQQueytel Qeo
2dRDcsleEREnQe aCQelRelaQesadQeRoel yietRnel QiQeadQeDRtQealel QeilapQeRoeDQpai
1 alerQatiéalel QeilapQeRoeiQsRtDadfedQoytytpl

RnéuQlerQelaugéatRl QdeyiicQeagRclel yiepaiQie2adlyscuadufetyldRpQtKetyldRpQtefRcefRn
yie2dQiQtleauRtpenyl eRfpQteyteaydetRnen QtenQeadQeciytpefRcefRneCQdfe2cdQeRIEpQt
ytegaiyseREpQteocdtasQeRdeQuQsldyseadseocdtasQenQeadQes adpytpeaydenQeadQes adpytpes
RipQtel Qe2cdylfeRoeRIEpQteyieCQdfeyr2Rdlatlen fefRcesattRleciQeayde QdQegQsaciQeayd
aieaeuRleRoetyldRpQtéERkalel ale yp elQr2QdalcdQen QtefRceciQeyoefRceciQe QdQeauR
nyl eREfpQteuRleRoetyldRpQteauiRenyuuepQleDyiiRuCQDeyteilQQuiéERiel Qe2cdylfeRoeRip
@RdeLeyieCQdfeyr2RdlatleyteénQesauuel aleRfpQte aielRegQefRcefRnel

2QdsQtle2cdQeRl QdnyiQen alenyuue a22QteuRleRoeiRrQearRctleRoetyldRpQteryp lepQleyt
1 QeilQQuen ys eyietRleDQiydaguQeERlegfeciytpe2cdQeRIpQte CQdfe2cdQeRipQtenQesat
dQildyslel QearRctleRoetyldRpQteyteil QQul

Eyryuadufe fDdRpQten aleyiel QeiRcdsQeRoe fDdRpQteuyQefRcefRneiRrQeRoel Qedan
ralQdyauien Qtel QfeadQerRyilerRyilcdQegaiysauuferQatienalQdKenalQde aie fDdRpQteatD
RipQteatDen QdQel yierRyileralQdyaueyiegQytpeciQDeyteilQQueraeraytpeytel QeoRdreRo
danerQaleytel QeaieaiiRsyalQDenyl edaneralQdyauieiRrQearRctleRoe fDdRpQteryp lepQl
ytiRel QeilQQueERenQe aCQelRegQesadQocueagRcleciytpetRleciytpedal QderRyiledaneralQd
atDeaieSe aCQerQtlyRtQDel yiesategQegdRcp leDRntelReaepdQaleQIQtlegfeDQpaiiytpeilapQde
1 QeiQsRtDadfedQoytytpl



MhQoQdeEuyDQelyrQTeI0,1

Control of Trace Elements
* Impurity Elements e.g. Sb,Cu, As,Pb,Zn,

Sn,Te, Bi are present only in trace amount
* Genesis : different sources of Scrap

* Almost impossible to control during
steelmaking and refining stages

* Only remedy is careful control of scrap

* More use of iron ore and DRI preferable as,
input materials

Rne atR]l QdeyiicQeyieldasQe QuQrQtlieSe aCQerQtlyRtQD el alel yi e yr2cdylf e QuQrQtli
tarQufeatlyrRtfesR22QdeadiQtyseuQaDeytselytelQuucdycregyircl el QiQeadQe2dQiQtleRtufeyt
ldasQearRctlieERE]l QiQeadQesauuQDeldasQeQuQrQtlietRnen aleyiel QepQtQiyieRoel yieQuQr
1 QiQeadQegaiysauufesRrytpeyteilQQueodRrel QeDyooQdQtleiRcdsQieRoeisda2efRcefRneuyQe
n QtefRceadQeciytpeaepauCatyQDeilQQueytel Qeisda2enQeryp lepQlelcatpeytse Eyryuaduf

1 QiQeQuQrQtlieadQesRrytpeodRreDyooQdQtleiRcdsQieRoeisda2en ys enQeadQepQllytpec
DyooQdQtleiRcdsQienQeDRetRlefRnen aleadQel QeiRcdsQieRoeisda2eodRren ys eauuel Qi
QuQrQtliesatepQleQtlda22QDeyteilQQuepQleytsRd2RdalQDeyteilQQul

ERkel QiQeadQeaurRileyr2RiiyguQelResRtldRueDcdytpeilQQuraytpeatDedQoytytpeilapQiel yi
CQdfeCQdfeyr2RdlatlenQei RcuDedQrQrgQdel aleyoenQeadQepQllytpel QiQeldasQeQuQrQ
ilQQueodRrel yieDyooQdQtleiRcdsQieRoeisda2el yieyiel QiQeadQeaurRileyr2RiiyguQelRelaQQ
RoeRdesRtldRueDcdytp eilQQuraytp eatD edQoytytp eilapQile ERlen aleyiel Q enafeRcle Rtuf
dQrQDfeyiesadQocuesRtldRueRoeisda2enQei RcuDefRneodRren QdQeisda2enQeadQe2dRsci
n aleadQel QesRr2RiylyRteRoeisda2eodRrel QesRr2RiylyRteRoeisda2énQefRnen Ql Qdel QiQ
QuQrQtlieadQe2dQiQtleyteaeuadpQearRctleRdetRleyoel QfeadQe2dQiQtleyteaeuadpQearR
aCQelReDyisadDel RiQeisda2l

I alerQatiéisda2e2dRscdQrQtlel QeiRcdsQeRoeisda2eyieCQdfeyr2RdlatlelRelaQesadQeRoel QiC
IdasQeQuQrQtliel yieytilQaDeRoeisda2eiRrQearRctleRoeisda2eyieaunafietQsQiiadfeoRderaytp
ilIQQuiegclenQesateciQerRdQearRctleRoeydRteRdQeatDehSieI QiQeadQe2dQoQdaguQeaiey



ralQdyauielRelaQesadQeRoel QiQeildQiieQuQrQtliegQsaciQel yieicgeildQiieydRteRdQeatDe
1 QfeDRetRle aCQeoRdlctalQufel QfeDRetRle aCQel yieildQiieQuQrQtliectuyQeisda2é EReyoefF
ciQerRdQearRctlieRoel QiQ e QuQrQtlieaieyt2cleralQdyauiel QeiRcdsQieRoel QiQ eldas
QuQrQtlieadQescleRookl alerQatiénQenyuuepQleCQdfeirauuearRctleRoel QiQeQuQrQtlieyteR
ilQQul

MhQoQdeEuyDQelyrQTeT,1

Impact on Quality

Residuals

 Sand P cause micro / macro segregation

* S generates hot shortness

* PandH cause embritlement

* Oand N generate porosity during casting *
Trace Elements

Sb,Sn,Pb,Cu,Zn, As, Bi cause intergranular
segregation resulting in crack and precipitates

RneuQlecieiQQen aleadQel Qeyr2asleRoel QiQeiRcdsQieRdel QiQeyiicQieRtel Qe.cauylfen(
aCQerQtlyRtQDel alel QiQeadQel QeDyooQdQtle2adarQlQdien ys esateuQaDelRe2RRde.cauyl
tRne RneDRel Qfeyr2asle.cauylfeyten ys enafel QfeaooQslel Qe.cauylfeRoeaeilQQue2dRDcsl

uQleciepReRtQegfeRtQeydileuQlecielaueéRoel QedQiyDcauieicu2 cdeatDe2 Ri2 Rdciel Qfesat
saciQerysdReatDerasdReiQpdQpalyRteyteilQQueDcdytpesailytpeSenyuuepReytlRel QeDQlayuie
iQpdQpalyRteaolQdeiRrQlyrQeaolQdesQdlayteiQiiyRtiégcleSearetilerQtlyRtytpen aleadQel Q

yiicQien aleadQel QeyiicQien ys esateyr2aslie.cauylf]

ERkicu2 cde2 Ri2 RdRciel QfeadQel alel QydeiRucgyuylfeyteuy.cyDeilQQueyierRdQesRr2adQD
iRuyDeilQQueERen QtefRceadQesailytpel QeilQQuel QiQeQuQrQtlieodRreuy.cyDel Qfenyuue
I QeiRuyDeilalQeERE] QeuaileiRuyDen ys eyiepRytpelReiRuyDyofeDcdytpesailytpel QfeadQe.t
dys eyteicu2 cdeatDe2 Ri2 Rdcie ERe]l QiQeadQel Qedal Qdel yieyiel QesaciQeRoerysdR
iQpdQpalyRteyteilQQueatDel yierysdReiQpdQpalyRteRoel yieicu2 cdeatDe2 Ri2 RdRcien ys
fRcefRnesRtilylcQtlien Qtel QferRCQeodRreRtQe2RytleRoefRcefRneRtQeuRsalyRteRoel Q
saileadQeRdel Qesaile2dRDcslelRel QesQtldaueiQpdQpalQesQtldauefRceiRneRtQeRoel Qes



2dRDcslen ys eyiel QeuaileadQaen ys eyiepRytpelReiRuyDyofen ys enQesauueylesQtldaueRderas
iQpdQpalyRteEREI QiQeicu2 cdeatDe2 Ri2 RdcienQe aCQelRegQesadQocuel QfeadQelRegQeny
uyrylieRl QdnyiQenQe aCQerRdQeRoerysdReiQpdQpalyRten ys enyuueuQaDelReuRnQdearR
iRuDyQdiKeSenyuueDyisciiel yieDQlayueualQdeRt]

RnéatRl Qde2dRguQrenaieicu2 cdeyiepQtQdalQie Rlei RdltQiieSenyuueldfelReQRuayten aleyi
yle2RiiygufefRce aCQe QadDeagRcle Rlei RdItQiietRnen aleyieyleaslcauufe Rlei RdItQii
gaiysauuferQatie2RRdelRcp tQiieale yp elQr2QdalcdQen QtenQenQdQedQaDytpel QeilQQ
2dRDcslefRcefRnénQenatlelRedQQuel QeilQQuesailytpedal Qdel Qeiafen alQCQdeilQQuesailes

aCQerafgQenQe aCQeaefRcefRneytpRlerafgQenQe aCQeaesRtlytcRciesaileiuageRdeguRRr
RdegyuuQlen ys enQeadQe QalytpeyledQ QalytpeylelaytpelReae yp elQr2QdalcdQegQoRd(
dRuuytpl

EREDcdytpel aleilapQeyoel QdQeyieuRleRoeicu2 cdeytel ale2adlyscuadefRcefRneilQQuesRr2Rt(
RdeilQQue2dRDcslenQepQle2RRdelRcp tQiieale yp elQr2QdalcdQel QdQerafegQeytsy2yQtleoc
gQsaciQeicu2 cdeyoeSenyuuedQaslenyl eydRteatDepQtQdalQeydRteicu2 yDQen ys eyie CQdf
rQulytpe2Rytlen ys eryp lerQulealel ale2adlyscuadelQr2QdalcdQeRoeiaferafgQeadRctDe(
Rdej,,eRde[[eEREnQe aCQelRegQesadQocuealen alelQr2QdalcdQenQeadQepRytpeyoel QdQe?
rRdQeicu2 cde QdQel Qe2dQiQtsQeRoeratpatQiQeyieciQocuegQsaciQefRceyoefRce aCQerF
arRctleRoeratpatQiQeicu2 cdenQelRedQaslenyl eratpatQiQ e atD e oRdrQD eratpatQiQ
icu2 yDQen RiQerQulytpe2Rytleyiercs erRdQel ateydRteicu2 yDQeatDenQeDRetRle aCQel yi
2dRguQreRoe Rlei RdItQiieEReratpatQiQeyieaeiQCQdQeytel yiesaiQl

Rne2 Ri2 RdcieatDeicu2 cdeatRl Qde2dRguQrel Qferyp lesaciQeQrgdylluQrQtleytel Q
tRdrauelQr2QdalcdQeRdeQCQteuRnelQr2QdalcdQe ERén aleyie QrgdylluQrQtlmel alerQati
1 QferaQel QeilQQueRoe2dRDcsleilQQuesRr2RtQtlegdylluQKel alerQatiél QydelRcp tQiieyieuR
1QdQ eryp legQ esdasle oRdralyRt e al e uRn e IQr2QdalcdQ el Qf e fRc e ERn e Dcdytp e iRrQ
2dRsQiiytpefRceryp leoytDesdaséoRdralyRteylerafegdQaineEReauuel QiQeQuQrQtlie aCQelF
gQesRtldRuuQDI

RneéRIEpQtetyldRpQtelRepaiQRcieQuQrQtlen ys erafegQe2dQiQtlealedQiyDcauieyoel QfeadQ

2dQiQtleyteuadpQefRcetfRnearRctlel QfesatepQtQdalQe2RdQieDcdytpesailytpeERE2RdRiylfeyi
ae2dRguQreytesailytpenQe aCQerRdQeRoeRfpQtetyldRpQte fDdRpQteyteilQQueERENQe aC(
gQesadQocueEREn aleadQel Qeyr2aslieRoel QedQiyDcauimeSe aCQegdRaDuferQtlyRtQDeaut
yiicQienyuuegQelaQtesadQeRoeyte.cylQeDQlayuieDcdytpel QeicgiQ.cQtlesRcdiQeRoel yieuQslce



Rnén aleadQel Qeyr2aslieRoeldasQeQuQrQtlimeSe aCQelauQQDeagRclel QeildQiieQuQrQtlieuyt
atlyrRtfelyteuQaDesR22QdeytseadiQtysegyircl el QfesatesaciQeytlQdpdatcuadeiQpdQpalyRt
n aleyierQatlegfeytlQdpdatcuadeiQpdQpalyRtéRileRoel QiQeQuQrQtlieadQeicdoasQeaslyCQeu
2 Ri2 RdcieyieauiReicdoasQeaslyCQeauuel QiQeQuQrQtlieryp lepRelRel QepdaytegRctDadfead!
EREel QfeadQesaciytpeytlQdpdatcuadeiQpdQpalyRtegfepRytpelRel QepdaytegRctDadyQiel Qfe
dQDcsytpel QeicdoasQeQtQdpfel alerQatiel QeicdoasQeQtQdpfeRoel Qen RuQe2dRDcslesRrQ
DRnteyoel QferRCQelRel QepdaytegRctDadyQil

ERe] Qfel al esauui el al e saciQi e ytiIQdpdatcuad e iQpdQpalyRt el QiQ e dQicul e yt e sdasle atD
2dQsy2ylRciegQsaciQen feauuel QiQeQuQrQtlieyoel QfeadQe2dQiQtleyteaeuadpQearRctleR
pdayte gRctDadyQiel Qferyp lesaciQesdaskel Qferyp lesaciQeae2dQsy2ylalQien ys eadQ
ctDQiydaguQe2dQsy2ylalQieadQedQas eytel QiQeQuQrQtlieuyQesR22QdeRdeQCQtegyircl eR
1 QfeadQe2dQiQtleyoel QfeadQe2dQiQtlegQfRtDesQdlayteuyrylieSerQatel Qferyp lesaciQesdas
RdeiRrQectDQiydaguQesRtilylcQtlil

MhQoQdeEuyDQelyrQTellH1

Impact on Quality

Non Metallic Inclusion

* Large volume fraction (> 0.1) result in poor ductility and
toughness in high strength steel

+ Compatibility of formability between NMI and
steel matrix is important :

Brittle Al-oxide causes interfacial cracks
A

¢ Large inclusion ( > 50 micron ) or long stringer lead to property
directionality and bad surface

EREtRneuQlecieiQQen aleyiel Qeyr2asleRte.cauylfeoRdetRterQlauuyseytsuciyRtieSe aCQelauQ
agRclel QeauufefRcefRnedQiyDcauien aleadQel Qydeyr2aslieSe aCQelauQDeagRclel Qeldas(
QuQrQtlien aleadQel Qydeyr2aslietRneuQlerQesRrQelRel QedRuQeRoetRterQlauuyseytsuciy
tRterQlauuyseytsuciyRtieSe aCQelRuDefRcel QfeadQeoRdreaeyoefRcefRneicu2 cdeRdeRIEpQ:
1 QiQeadQe2dQiQtleyteuadpQearRctleyteilQQueéERkyoel QfeadQe2dQiQtleyteuadpQearRctl
nyuueoRdreRdeQCQteRIpQtéSoel QfeadQe2dQiQtleyteuadpQearRctlelReyteilQQuefRcesateoa



sateDRefRcefRnepQleRyDQieERE] yien QtQCQdel yieicu2 yDQieatDeRyDQieadQeoRdrytpenQ

aCQelRegQesadQocueRoen Ql QdenQesatedQrRCQel yieDcdytpel QeilQQuraytpeilapQel yier
l yienyuuegQeyiicQel QiQeyiicQienyuuegQelaQtec2eyteDQlayuieDcdytpel QeilapQec2ieDRe
n QteSelaQec2eiQsRtDadfedQoytytpl

Rnel yietRterQlauuyseytsuciyRtieyoel QydeCRucrQeodaslyRteyierRdQel ate,éyoeyleyie,l
,;e,enQesauueyleaectsuQateilQQuenQeDRetRlesRDDuQeaesuQateilQQuesuQateilQQuerQatiel
CRucrQeodaslyRte aielRegQeuQiiel ate,éaieSe aCQerQtlyRtQDeytel QeQaduyQdeiQiiyRtel ale
sattRlepQleagiRuclQufe2cdQeilQQueytsuciyRtienyuueaunafiegQel QdQeyteilQQuel Qe2Rytle
nyuue aCQelResRtldRuel yieytsuciyRtel QdQe CRucrQeodaslyRtel QfeadQeiyQDelReaeDQi
uyrylil

Rnén QteuadpQeCRucrQeodaslyRteyie2dQiQtlel Qfenyuueyr2aydel QeDcslyuylfeatDelRcp tQii
Roel Qe yp eildQtpl eilQQuKel alerQatiél QeilQQuenyuuegQsRrQegdylluQeatDeyte yp eildQt
ilQQueaieics egdylluQtQiieyieae2dRguQreEREnQe aCQelRegQesadQocueagRclel yieytsuciyRtiet
atRl Qdeyr2RdlatleyiicQen QtefRceadQeoRdrytpel QeilQQueic22RiQenQe aCQesaileaeilQQuetl
nQenQtlelRe RledRuuQdeoRdeQletRneyoefRce aCQeiRrQeytsuciyRteyteilQQuen QtefRc
oRdrytpel QeilQQuel QiQetRterQlauuyseytsuciyRtieadQeauiReldfytpelReoRdrKel alerQatiel (
nyuueldfelRepQleDQoRdrQDeuyQel QeilQQueyiepQllytpeDQoRdrQDeytsuciyRtienQenyuueaun
DQoRdrQDI

EREn aleyieyr2Rdlatleyien aleyiel QesRr2alygyuylfeRoel QeoRdragyuylfKel alerQatién aleadQ

1 Q e DQuaf e DQoRdragyuylf e gQInQQt el Q e ytsuciyRt e atD el Q e ilQQu e raldyle 2uQaiQ e 1df
ctDQdilatD eilQQuenQeauuefRne aieaepRRD eDcslyuylfepRRD eoRdragyuylfeal e2adlyscuadt
2adlyscuadufe yp elQr2QdalcdQenQeadQeoRdrytpel QeilQQuen QtefRceadQe RledRuuytpel Qe

Rnlel QeoRdragyuylfeRoeiRrQeRoel QeytsuciyRtierafetRlegQel alepRRDeuyQ efRcefRn
aucrytycreRyDQeoRdeodRreaucrytycreQBylQeyiesRrytpeaieSe aCQelRuDenQe aCQeDyiiRuC
RipQteyteilQQuenQenatlelReDQRYDyQel QeilQQue RneDRenQeDReylenQesateDReylenyl eiyr
nQesateDReyleaucrytycrK eaucrytycreDQRyDalyRteyiepRRDegQsaciQel QeDyiiRuCQeRipQ
sategQegdRcp leDRntelReuQiiel atee22reytel Qe2dRsQiien aleyie a22Qtytpeaucrytycr
RyDQeLuBeyieoRdrytpeyteilQQul

Rnkél yieaucrytael Qfe aCQelRegQeiuRnufelaQteRcleRoel QeilQQuealel QeilapQeRoeiQsRtDadf
dQoytytpKel alerQatiéalel QeilapQeRoefRcefRnen Qtel QfeadQeoRdrytpKel alerQatiéalel Q
ilapQeRoeDQRyDalyRteilapQenQe aCQelRepyCQeQtRcp elyrQeoRdel QiQeaucrytaeRyDQielR



c2eatDepQleagiRdgQDeytel Qeiuapel yienyuuegQelaQtec2eyteDQlayuieualQdeRtegclenQe aC
dQrQrgQdealel yieilapQel ciel QiQeaucrytycreRyDQieadQegdylluQen QtefRceadQeoRdrytpel (
ilIQQuel QeilQQueyiepQllytpeoRdrQDeQaiyufégclel yieaucrytaeRyDQel QfeadQetRleoRdrytpeQ
ERel QfenyuuegQesdasytpe EReel QdQenyuuegQeytlQdoasyauesdasiealel QeytlQdoasQeRoe
aucrytycreRyDQeatDel QeilQQueraldye EReén alenQepQleyieaes ayteRoeaucrytaedQaslyRt

s aytegdRQtes aytegdRQtes ayteRoeaucrytaKeaucrytae2adlysuQieyteilQQueraldyen ys eyi
ctDQiydaguQl

RneSe aCQelauQD eagRclel Qe CRucrQeodaslyRteSe aCQelauQQD eagRclefRcefRnel yi
sRr2alygyuylfeDcdytpeoRdragyuylfeRoeilQQueatDeSeDyDegasQQDeRoetereSeytel QesRr2alygyu
oRdragyuylfetRneuQlerQesRrQeagRcleRdesRrQelRel QefRcefRneciQeRoel yielQdreuadp
ytsuciyRt e uadpQ e ytsuciyRt e gaiysauuf erQatien Qtel Qf eadQ e DyrQtiyRt e RtQ e DyrQtiyRt
n QI Qdeyiel QeuQtpl en QI Qdeyleyiel QenyDI eRden alQCQdeyleyierRdQel ateJerysdRtiéyl
rafegQeaiegQel alej,erysdRteRdeQCQte[,erysdRtéSenyuuesRrQelReyleualQdeRtel QetcrgQd
Roeics euRcDeytsuciyRtienyuuegQeuQiiegcleQCQteyoel QdQeadQeaeoQneics euadpQeytsuciyRt
Rl QdnyiQesuQateilQQueuyQenQerafepQleaeiylcalyRten Qtel Qe CRucrQeodaslyRteRoeilQ
CRucrQeodaslyRteRoeytsuciyRteyteilQQueyieuQiiKel alerQatiéyieuQiiel ate,éyleyieaedQualyC
suQateilQQul

tlesQdlayteytsuciyRtieCQdfeoQneytsuciyRtiel QfeadQeuadpQeyteDyrQtiyRterafgQelérysdRt
rafgQeliérafgQel,erysdRtel QtenQerafe aCQeae2dRguQregQsaciQel QfenyuueuQaDelR
DydQslyRtauylfeRoel Qe2dR2QdlyQiKel alerQatiesQdlayte2dR2QdlyQieuyQ efRcefRneDcsly
IRcp tQiieyoel QeuRtpQdeytsuciyRtieadQe2dQiQtletRleRtufel Qfenyuueyr2aydel Qe2dR2QdlyC
ics eDcslyuylfeatDelRcp tQiieaieics egclel QfenyuuepyCQeDydQslyRtauylfKel alerQatiéytel Q
2adlyscuadeDydQslyRteyten ys euRtpeytsuciyRtieadQe2dQiQtlel Qyde2dR2QdlferafegQegaDI

ERkel yieyieCQdfeyr2RdlatleatDerRdQRCQdel QiQeuRtpeytsuciyRtieRdeuRtpeildatpQdiery;
dQiculeyteicdoasQeDQoQslieRtel Qeoytaue2dRDcsleaieSenaiel QuuytpefRceQaduyQdel alenQery
iRrQeiuyCQdel alenaieuRtpeytsuciyRtieRtel QeicdoasQenQeryp lepQleiRrQesdasiegQsaciQ

fRcefRneSe aCQelRuDefRcel yiesRr2alygyuylfeRoel QesRr2alygyuylfeRoel QeoRdragyuylfef
ytsuciyRteatD eraldyleyie CQdfeyr2RdlatlesQdlayteytsuciyRtien Qtel QfeadQe2dQiQtleuyQ

gdylluQeaucrytaeRyDQleSoel QfeadQe2dQiQtleyteuadpQearRctlelylatycre RyDQeyoel Qfe:
2dQiQtleyteuaileuadpQearRctlel QfeadQegdylluQeEREl Qferyp lepQtQdalQesdasieRtel Qeicdoas
Roel QeilQQuen ys eyiectDQiydaguQe EReSe aCQelauQQD eagRclel Q e DyooQdQtl e ctDQiy:s



sRtilylcQtlieyteilQQueuyQeytsuciyRtieuyQedQiyDcauieuyQeldasQeQuQrQtlie Rnel Qfeyr2aslel
.cauylfeRoel Qeoytaue2dRDcsll



