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Stel QutaQitQytReofacueatQeQnfaQdleaQrQlegQgfCRcCCtgQfsQaltQteyuftyQCtCCfDsQrQd
sDsQitaeuufR QfsRucCfDsC QdlIfRIQeytQpsDdsQeC QmMrC QaltsQrQle.tQaeuptgQenDcaQh
altyt Qeyt QE QneCfR QgfCafsRafDsC QDst QfC Qalt QifRyD QfsRucCfDs Qdltalty Q CfItQfC Q1
ifRyDsQCehQiDytQDyQutCCQDstQaDQT,QifRyDsQyesKt-
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Non-metallic Inclusions
O Micro Inclusion : 1-10 pm

*  Size, distribution and chemistry

* Influence on grain size, other phases , mechanical
properties

*  Product of metallurgical processes : deoxidation

*  Complex oxides , Oxysulphides , Sulphides
0 Exogenous Entrapment : Large>> 10 pm

* Slag from ladle, tundish , mould
* Reoxidation products

*  Refractory erosion products
Large (> 50 um ) exogenous entrapments are harmful

4D QaltCtQeytQneCfReuuhQDyQtCCtsafeuuhQoyDgcRaQDL QitaeuucyKfReuQoyDRtCCtCQ
DigeafDs QalyDcKIQgtDfgeafDsQdleaQenDcaQfsRucCfDsCQrQle.tQKtstyeatgQdtQResQReuu
eCQfsgfKtsDcCQsDsQitaeuufRQfsRucCfDsCQesgQalthQeytQcCceuuhQifsDyQfsQCfItCQCieu
fsQaltQyesKtCQDLQDstQaDQT,QifRyDsQaltCtQeytQneCfReuuhQDIgtCQesgQLyDiQCcuolc
CcuolfgtCQResQntQLDyi-

4D QdtQResQle.tQCcuolfgtCQeuCDQalthQeytQeuCDQsDyieuuhQ.tyhQCieuuQfsQCfItQfsQalf
altsQaltyt QResQntQRDioutQQ DhCcuolfgtC QRDinfseafDs Q DL. Q CcuolfgtC Qesg QDfgtC Qaltyt(



ntQDRRcyCQgfLLtytsaQahotCQDL QDfgtCQrQeiQsDaQDsuhQaeupfsK QDL QDsuhQeucifse
gfLLtytsaQDIigtCQufptQvrEQafaesfciQDfgtQaltytQiehQntQRDinfseafDsQDLQhDcQpsDdQDfg

4D QLyDiQaltQitaeuucyKfReuQoyDRtCCtCQdleaQenDcaQfsRucCfDsCQeytQKtaafsK QKtstye
LfstyQfsQCfItQsDyieuuhQfsQaltQyesKtQDLQDstQaDQT,QifRyDsQesgQaltsQrQaeuptgQenDc
tsayeoitsaC QdIfR1Qeyt Qytueaf.tuh QueyKtQfs Q CfItQicRIQueyKty QalesQ T, QifRyDs QalfC Q
DstQaDQT,Qesg QalDCtQtDKtsDcC QtsayeoitsaC Qeyt QcCceuuh QueyKty Qfs Q CfItQneCfRer
LyDiQalthQeytQKtaafsK QKtstyeatgQalthQKtaafsKQKtstyeatgQLyDiQaltQCueKQtsayeoitsaQ(
ntQLyDiQuegutQLyDiQacsgfCIQLyDiQaltQiDcugQaltytQResQntQytDfgeafDsQoyDgcRaCQdl
euCDQtDKtsDcCQtsayeoitsaQIDdQgtDigeafDsQoyDgcRaCQeytQKtaafsK QKtstyeatgQdltsQufk
CattuQdfuuQKtaafsKQtoDCtQaDQefyQaltytQf CQytDfgeafDs

4D Q alfC Q ytDigeafDs Q oyDgcRaC Q eyt Q euCD Q sDyieuuh Q ueyKty Q fs Q CfIt Q alts Q altyt ¢
ytLyeRaDyhQtyDCfDsQoyDgcRaCQaleaQitesC QtyDCfDsQoyDgcRaCQLyDiQaltQytLyeRaDy
altQitaeuucyKfReuQ.tCCtuCQDLQCehQuegutQDyQaltQacsgfClQaltQaltytQeytQytLyeRaDyh(
alfC Q itaeuucyKfReu Q.tCCtuC- Q4D Q alt Q ytLyeRaDyh Q tyDCfDs Q oyDgcRaC Q eyt Q euCI
tDKtsDcC QtsayeoitsaC- Q4D QaltCtQeytQaltQQnyDeg QhDc QpsDd QKtsfcCtC QDL Q tDKt
tsayeoitsaC QdIfRIQeytQytueaf.tuhQueyKtyQfsQCfIt-
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» NMI's basically encompass

* Sulphides : Sulphur content of steel
- known from analysis

+ Oxides:  Oxygen content at final stage
- normally not measured

* Total Oxygen : dissolved ( low ) + as oxide

+ Total Oxygen content after refining is normally
- taken as measure of Oxide Cleanliness

vitsQrQaeuptgQenDcaQmMrCQaltQneCfReuuhQtsRDioeCCQCcuolfgt CQRDifsKQLyDiQaltQ
CattuQDigtCQdIfRIQfCQRDifsKQLyDiQaltQDhKtsQRDsatsaQeaQaltQLfseuQCaeKtQsDyiet



nthDsg Q hDc Q psDd Q CDucnfufah Q ufifa Q alth Q dfuu Q nt Q DfgtC QL Qalt Q Ccuolcy QfC Qn
CDucnfufahQufifaQalthQdfuuQntQCcuolfgtCQoytRfofaeafDsCQLDyieafDsQDLQCcuolfgtCQD

mDd QrQle.tQeuCDQaeuptgQenDcaQaltQaDaeuQDhKtsQfsQ CattuQaDaeuQDhKtsQleCQE
DstQfCQaltQgfCCDu.tgQesDalty QfCQaltQDhKtsQoytCtsaQeCQDigtCQrQle.tQeuCDQitsafl
dityt Q hDc Q eyt Q oyDotyuh Q gtDigfIfsK Q alt Q Cattu Q pfuufsK Q alt Q Cattu Q dfal Q eucifsci (
téiout QaltsQalt-Q4D QgfCCDu.tgQDhKtsQfC Q.tyhQuDdQutCCQalesQQo0i-Q4D QiDCaQ
DhKts QoytCtsa Qfs Q Cattu Q dfuu Qnt QeC QDigt- Q4D QaltQaDaeu Q DhKts Q RDsatsa QRest
fsgfReafDsQDLQaltQDhKtsQoytCtsaQeCQDfgt-

4D QaltytL Dyt QaDaeuQDhKtsQRDsatsaQeLatyQytLfsfsKQfCQsDyieuuhQaeptsQeCQeQiteCc
RutesufstCCQntRecCtQaltQgfCCDu.tgQDhKtsQfCQuDd-Q4D QdleaQenDcaQaDaeuQDhKts(
dtQeytQeCCcifsKQaltQieDyfahQDLQfaQfCQoytCtsaQeCQDIigtQfsRucCfDsC-
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Content and Size of NMI

* 1kg of reasonably clean steel contains ~ 1(® NMI's
¢ -400areof 80-130 pm size

+ - 10areof 130- 200 pm size

¢ - 1lisof 200- 270 pm size

* Number and volume fraction of small benign NMl s is
much more ( >>99% )

+ Few large (> 50 micron ) NMI s are harmful N

+ Detection of these few macro inclusions difficult

4D QalfCQaDaeuQDhKtsQResQntQaeptsQeCQeQiteCcytgQDLQDfgtQRutesufstCCQfCQCattu
euCD Qaeuptg QenDcaQdleaQeytQaltQgfCayfncafDs Q DL QfsRucCfDs Q CfItC Qalf CQfC Q.ty
RDsRtoaQdltsQdtQReuuQeQRutesQ CattuQfaQfCQsDaQLyttQLyDiQfsRucCfDsC QaltytQey
fsRucCfDsC QncaQLDyacseatuhQiDCaQDL QaltQfsRucCfDsC QeytQ Cieuuty Qfs Q CfIitC Qr!
teiout QaleaQTQpKQDL QhDcQpsDdQyteCDsenuh QRutes Q CattuQrQeiQaeupfsKk QDL QRu
aeupfsKQDLQhDcQpsDdQgfyahQCattuQalthQRDsaefsQeCQIfKItCaQT,QaDQD.tyQQmMrCQ



4D QhDc QRes Q fieKfst Q1Dd Qiesh Q sDs Q itaeuufR Q fsRucCfDs Q eyt Q oytCtsa Q fs Q Dst Q)
yteCDsenuhQRutesQCattuQLDyacseatuhQiDCaQDLQaltiQfsRucCfDsCQHQotyRtsaQDyQiDyt(
DLQCieuutyQCfItQDsuhQenDcaQ},QeytQDL QaltQlQaDQTIQifRyDsQCfItQDsuhQenDcaQT,
E,,QifRyDsQCfItQDsuhQaltQoyDnenfufahQDL Qle.fsKQDsuhQDstQueyKtQfsRucCfDsQfsQalf
TQpKQDLQCattuQDLQle.fsKQCfItQE,,QaD QE[QifRyDsQCfItQCDNaleaQitesC QiDCaQDL(
eytQ.tyhQCieuuQfsQCfItQesg QltsRtQalthQeytQntsfKsQaleaQitesC QalthQeytQutCCQleyil.c
dtQsttgQsDaQyteuuhQnDaltyQenDcaQalDCtQ.tyhQLfstQfsRucCfDsCQdleaQdtQle.tQaDQnD
fCQeQLtdQueyKtQmMrC QdIfRIQeytQyteuuhQleyiL.cuQLyDiQaltQieufahQoDfsaQDL Q.ftd!
eiQeKefsQytoteafsK QdtQeytQitesfsK QiDytQalesQQoiiQJQifRyDs Q CfItQQ,QaleaQitesC
fsRucCfDsC QdIfRIQeytQueyKty QalesQQifRyDs QalthQeytQyteuuhQleyiL.cuQesgQdtQle.tQ
tyhQReytLcuQenDcaQalDCt QncaQfsRfgtsaeuuhQdtQrQicCaQitsafDsQaltQgtatRafDsQDL.C
yealtyQ.tyhQLtdQieRyD QfsRucCfDsCQfsQCattuQfCQaleaQyteuuhQgfLLfRcua-

mDd QaDgehQrQdfuuQgfCRcCCQIDdQfsRucCfDsCQeytQgtatRatgQfsQCattuQdleaQeytQaltQ
IDdQ Cieuu QhDcQpsDd Qifsty Q Cieuu QfsRucCfDsC QDy QifRyD QfsRucCfDsC QRes QntQgtat
ieRyD QfsRucCfDsC QResQntQgtatRatg QdIfRIQeytQ.tyhQgfLLfRcuaQrQle.tQaDugQesgQIDd
ntQgtatRatgQsDdQutaQcCQKDQDstQnhQDstQaDQaltCtQeCotRaC-
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Evaluation of Residuals and NMIs

Process Route

BF - BOF or DRI - EAF - Secondary Refining - Casting
Samples from

* Liquid steel ( ladle / tundish / mould )

* Cast slab / bloom / billet

* Final product

rQeiQsDdQaeupfsKQenDcaQt.euceafDsQDL QytCfgceuCQesgQmMrCQLfyCaQutaQitQaeup(
altQoyDRtCCQyDcatQIDdQCattuQfCQoyDgcRtg QfsQRDiityRfeuQhDcQpsDdC Qut.tuQDyQ
CReutQfaQResQntQEQnyDegQyDcatCQLDyQaltQoyDgcRafDsQsDyieuQKyegtC QDL QCatt



LcyseRtQneCfRQDhKtsQLcyseRtQesgQaltsQ CtRDsgeyh QytLfsfsK QesgQReCafsK QDstQfC(

esDaltyQfCQlrQaleaQitesC QgfytRaQytgcRaAfIQRHFR) eyR QLQeseRAaltsQ CtRDsgeyh
ytLfsfsKQesgQRDsafscDcCQReCafsK-

4D QaltQdltsQeQntLDytQCtRDsgeyhQytLfsfsK QdIfRIQfC QeRaceuuhQaltQufaautQitaeuucy
altQCattuQdltytQhDcQResQgDQuDaQDL QytLfsfsK QuDaQDL QteufahQfioyD.titsaQfsQCatt
nyDeg QReatKDyftC Q tfalty QnueCa QL cyseRtQQyDcatQDy QgfytRaQytgcRafDs QfyDs QdIfR!
psDdsQeC Q CoDsKtQfyDsQesg QtutRayfRQeyR QLcyseRtQyDcatQLfseuuh QDLQRDcyCt Q
dltaltyQdtQlegQgDfsKQoyDgcRfsKQCattuQnhQQQDyQlrQQaltQLfseuQoyDRtCCfsKQleC
aDQntQCtRDsgeyhQytLfsfsKQDyQufaautQitaeuucyKhQesgQDLQRDcyCt QaltQCattuQleCQa
ReCaQdltaltyQayctQfsQKDaQyDcatQDyQalyDcKIQRDsatsafDcCQReCafsKQyDcat-

mDd QdltsQdtQeytQaeupfsK QDL QieufahQDL Q CattuQdtQle.tQaD QocaQtioleCfCQDsQC
ytLfsfsKQesgQReCafsKQntRecCtQiDCaQDL QaltQytLfsfsKQfCQoDCCfnutQDsuhQeaQalfCQ
ayhQaDQcsgtyCaesg QdltytQLyDiQdtQdfuuQKtaQaltQCeioutCQhDcQpsDdQLDyQteufahQt
Dn.fDcCuh QdtQle.tQaDQaeptQaltQCeioutCQLyDiQaltQLfseuQCaeKtCQDLQytLfsfsKQDyQs
fLQfaQfCQoDCCfnut-

4D QutaQcCQCttQdleaQeytQaltQCaeKtC QsDyieuuhQCeioutC QLDyQt.euceafDs QDL Qieufa
LyDiQufifg Q CattulQaleaQitesC QuficfgQ CattuQfsQaltQuegut QfL. QfaQfC QgDstQalyDcKIQ:
ReCafsKQfaQResQntQaeptsQLyDiQacsgfCIQDyQfsQRtyaefsQReCtCQfaQResQntQaeptsQL
euCDQfLQfaQfC QstRtCCeyhQaD Qt.euceatQdleaQfC QaltQiteufah Qut.tu QDL Qufitfg Q Cattu
oDCCfnut-

4D QufiefgQCattuQt.euceafDsQfL. QhDcQeytQfsatytCatg QfsQdtQResQaeptQCeioutC QtfaltyC
uegutQLyDiQaltQacsgfCIQDyQLyDiQaltQiDcug QIDd Qalt Quficfg Q Cattu Q Ceiout QfC Qaepts
aeptQeQhDcQpsDdQCieuuQRcoQDLQDyQeQRhufsgtyQDLQCattuQcCfsKQdIfRIQdtQResQae
CeioutQfaQleC QaD QntQicCaQfs Qalt Qufifg Qneal QdtQle.t QaD Qnt QReytLcu QgDtCQd
IDiDKtstDcCQoeyaQDL QaltQuficfgQCattu-Q4D QfaQleCQaDQntQhDcQpsDdQCufKlaQfsatyf
sDaQtéRauhQeaQaltQaDoQsDaQeaQnDaaDiQCDitdItyt Qfs Qntadtts QdtQle.tQaD QaeptQal
CattuQCeioutQdtQResQaeptQCDufgQCattuQCeioutQeuCDQdItytQLyDiQdtQle.tQaDQaeptQ
altsQdtQle.tQaDQaeptQLyDiQaltQReCaQCuenQDyQnuDDiQDyQnfuutaQaleaQitesC QDsRt(
nttsQReCaQDyQaltQnuDDiQDyQaltQnfuutaQleCQnttsQReCaQdtQResQRcaQCieuuQoftRtC
nuDDiQDyQnfuutaQeKefsQdtQle.tQaDQntQReytL.cuQaleaQfCQfaCQCeioutQle.tQaDQntQsD
sDaQLyDiQaltQnDaaDiQDLQCcyLeRt QncaQCDitdltytQLyDiQfsQntadtts-Q4D QaltytQfCQe(



aepfsK Q alt Q Ceiout Q eKefs Q fL. Q hDc Q eyt Q fsatytCatg Q fs Q t.euceafsK Q alt Q teufah Q DL Q.
oyDgcRa-

vitsQdtQResQaeptQ Ceiout Q CDufgQ CeioutQDn.fDcCuh QLyDiQaltQLfseuQoyDgcRaQLfseu
itesCQfaQResQntQIDaQyDutQoyDgcRaQfaQResQntQIDaQyDutQoueatQfaQResQntQIDaQy
hDcQpsDdQLDyKtgQoyDgcRaQLDyKfsKQfaQResQntQt.tsQRDeuQuDegQCattuQdtQResQaej
alDCtQoyDgcRaCQesgQt.euceat-Q4D QneCfReuuhQLDyQt.euceafDsQDL QytCfgceuCQesgQn
Res QntQaepts Q tfalty Q LyDi Q alt Q ufitfg Q CaeKtQ Dn.fDcCuh QLyDiQaltQLfseuQ CaeKtQD
ntRecCtQrQitesQaleaQfC QaltQLfseuQ CaeKtQdltytQaltQiteufahQleC QiDytQDyQutCC Q]
oeyafRcuey Qut.tuQntLDytQaleaQhDcQpsDdQdtQRessDaQaeptQ CeioutQntLDytQaleaQntR
aleaQieshQytLfsfsKQeRafDsCQdfuuQntQaltyt-Q4D QdtQdfuuQntQfsatytCatgQfsQKtaafsKQa
altQLfseuQCaeKtQDLQytLfsfsK-Q4D QdtQaeptQCeioutCQtfaltyQLyDiQaltQuegutQDyQacsg
neCfReuuhQaltQufifgQCattuQCeioutQrQeiQaeupfsK QDL QeaQalfCQut.tuCQDyQdtQResQa
nuDDiQDyQnfuutaQCeioutCQdtQResQaeptQCeioutCQLyDiQaltQLfseuQoyDgcRaQeCQdtuu-
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Evaluation Methods

* Sand P as part of routine steel analysis

Total O and N using small machined samples
* Micro inclusions using optical microscope

* Macro inclusions using Slime extraction

Elemental analysis / identification of NMI s :
using WDX / EDX attachment of SEM

mDd QutaQcCQayhQaDQcsgtyCaesgQIDdQgDQhDcQt.euceatQalfCQfCQ.tyhQfioDyaesaQdt(
CeioutCQdtQle.tQnttsQReytLcuQaltQCeioutQytoytCtsaQeQIDiDKtstDcCQieCCQdltaltyQLYy]
altQuficfgQDyQLyDiQaltQCDufgQDyQLyDiQaltQLfseuQoyDgcRaQdtQle.tQtsCcytQaltQCeio
LyDiQaltQCcyLeRtC QfaQfC QLyDiQaltQfsatyfDyQdltalty QfaQfC QufefgQDyQCDufgQsDdQ
altQgfLLtytsaQeCotRaC QDL Qieufah QdIfRIQrQle.t Qeuytegh QRD.tytg Q LDy Qtéiout QfL.Q
fsatytCatg Q fs Q psDdfsK Q dlea Q eyt Q alt Q Ccuolcy Q esg Q olDColDyC Q dltyt Q LyDi Q dt Q



fsL.DyieafDs QDs QaltCtQE QtutitsaC QaltCtQeytQoeyaQDL Qalt QyDcafst Q Cattu QeseuhCfC (
CattuQfCQeseuhlItgQeaQaltQCaeKtQDL QoytoeyeafDs QDL QaltQCeioutQLyDiQuficfg Q Cattul
CeioutQfCQaeptsQLyDiQufitfgQCattuQCeioutQf CQoytoeytgQ.tyhQLeCaQesgQaltsQalthQeytQ
nhQ1QDyQiehQntQDoafReuQtifCCfDsQsDdegehCQaleaQfC QLeRfufahQLDyQDsufstQt.euc
.tyhQLeCaQCeiout QfC QaeptsQfaQfC QitCaQCDitQCcyLeRtQfC QoDufCltgQaDQKtaQeQ
fiitgfeatuhQeseuhCfCQResQntQgDst-

4D QeCQrQdeCQatuufsKkQhDcQCcuolcyQesgQolDColDyC QdIfRIQeytQ.tyhQEQfioDyaesaQ:
CattuQdtQResQKtaQfsLDyieafDs QfsQaltCtQfsLDyieafDs QenDcaQaltCtQE QtutitsaC QLyDi
CattuQeseuhCfCQAIfRIQRD.tytgQCcuolcyQolDColDyC-

mDd QrQle.tQaDugQhDcQaltQaDaeuQDhKtsQfCQeQ.tyhQfioDyaesaQoeyeitaty QdIfRIQsDyie
gDQsDaQiteCcytQfsQyDcafstQCattuQeseuhCfC QncaQLyDiQaltQteufahQoDfsaQDLQ.ftdQa
CIDcugQntQiteCcytgQoeyafRcueyuhQLDyQt.euceafsK QaltQDfgtQRutesufstCCQDLQCattu-Q4
faQntQgDstQcCfsKQCieuuQieRIfstCQCeioutCQdleaQgDQrQitesQnhQalfCQLyDiQaltQCeiout
eytQaeptsQLDyQyDcafstQCattuQeseuhCfCQdtQResQRcaQCieuuQCeioutCQesgQaltsQieRIfst
altQgfeitaty QiehQntQhDcQpsDd QQifuufitaty Qesg QaltQutsKalQiehQntQQaD QT, Qifuufitaty
aleaQitesC QRhufsgyfReuQCeioutCQCieuuQRhufsgyfReuQCeioutCQResQntQieRIfstgQdIfRIQ
eseuhItgQnhQDhKtsQsfayDKtsQeseuhlIty-

tQResQeseuhItQnDalQaDaeuQDhKtsQesgQaDaeuQsfayDKtsQLyDiQalfCQeseuhCfC-Q4D Qal
esg Q aDaeu Q sfayDKts Q Res Q nt Q eseuhlItg Q cCfsK Q .tyh Q Cieuu Q RhufsgyfReu Q CeioutC Q «
ieRIfstgQLyDiQCeioutCQdtQle.tQRDuutRatgQtfalty QLyDiQaltQufifgQCattuQDyQLyDiQalt
Cattu QaltCtQeyt QalfC Q t.euceafDsC- Qvlea QitesC Q alfC Q gtatyifseafDs Q DL Q aDaeu Q DhK
sfayDKts QRes Q nt Q gDst Q alyDcKI1 Q DhKts Q sfayDKts Q eseuhIty QfaQfC Qe QhDcQ psDd Qf
RDiiDsQeseuhafReuQaDDuQLDyQt.euceafDs QDL QteufahQesgQdtQicCaQcCtQalfCQLDyQt
aDaeuQDhKtsQesgQaDaeuQsfayDKts QfsQCattuQDstQalfsKQdtQle.t QaD Qptto Qfs Qifsg Qlty
oytoeyfsKQieRlIfstgQCeioutCQdtQle.tQaDQntQReytL cuQaltQgcyfsKQieRlIfsfsK QaltQCeioutQg
sDaQKtaQlteatgQco-

vitsQdleaQf CQKDfsKQaDQleootsQfCQdtQeytQKDfsKQaD QDIfgfItQaltQCattuQCeioutCQCie
DigfIfsKQitesCQdtQeytQcsstRtCCeyhQRyteafsK QiDytQDhKtsQfsQCattu-Q4D QfL.QhDcQese
DigfItQ CeioutQdleat.ty QhDcQytegfsKC Qdfuu QKtaQdfuuQntQtyyDstDcC QfaQdfuuQsDaQj
yteuQaDaeuQDhKts QfsQaltQ Ceiout QntRecCtQdtQle.t QeggfafDseuuh QocaQCDit QDhKtsQ
Cattu- Q4D QdtQle.tQaD QntQReytLcuQsDaQaD QlteaQcoQaltQ CeioutC QgcyfsK QieRlIfsfsI



ytKeygQaltytQfCQsDQRlesKtQfsQsfayDKtsQdltsQ Ceiout QfC QKtaafsK QlteatgQcoQdtQfsRy
aDaeuQDhKtsQfsQCattuQntRecCtQDLQDfgeafDs QncaQaltytQfCQsDQsfayDKtseafDsQDLQa

4D QsfayDKtsQytiefsCQCeit-Q4D QLyDiQsfayDKtsQeseuhCfCQeuCDQdtQResQcsgtyCaesgQn
eLatyQufptQfLQhDcQfLQhDcQieRlIfstQfaQaDDQicRIQfL QaltQCeioutQKtaCQlteatgQcoQdtQ
DhKtsQhDcQpsDdQytegfsKCQfC QKDfsKQco QncaQsfayDKtsQytegfsK QgDtCQsDaQfsRyte(
Kf.tC Qes QfsgfReafDs Q alea Q hDc Q psDd Q altyt QleC Q ntts Q CDit Q fsRyteCt Qfs Q DhKts Q g
ieRIfsfsK-Q4D QdtQle.tQaDQntQReytLcuQenDcaQalea-Q4D QaleaQdtQgDQsDaQKtaQes(
ytCcua-

mDd QIDdQgDQt.euceatQfsRucCfDsCQrQle.tQaeuptgQenDcaQifRyD QfsRucCfDsCQdIfRIQeyt
CfItQCehQenDcaQutCCQalesQT,QifRyDsQfsQCfItQDn.fDcCuh QdtQRessDaQCttQalfCQdfal
dtQle.tQaDQcCtQDoafReuQifRyDCRDot-Q4D QIDdQgDQdtQCttQifRyD QfsRucCfDsC Qcs;
ifRyDCRDotQdtQle.tQaDQoDufClQaltQCcyLeRtQ4D QaleaQaltytQeytQsDQhDcQpsDdQenn
DLQaltQCcyLeRtQaltQCcyLeRtQfCQufptQifyyDyQdtQReuuQfaQeQifyyDyQLfsfCl-Q4D Q
CcyLeRtQfsQalf CQLeClfDsQdtQResQyteuuhQCttQifRyD QfsRucCfDsCQfsQaltQCeiout-

mDd QLDyQuDDpfsKQeaQieRyD QfsRucCfDsQeCQrQle.tQaDugQhDcQifRyD QfsRucCfDsC(
scintyC-Q4D QdtQResQCttQscityenutQifRyD QfsRucCfDsCQcsgtyQifRyDCRDot QncaQaltytQc
oDCCfnuhQ.tyhQLtdQDyQdtQiehQsDaQt.tsQLfstgQieRyD QfsRucCfDsC QDsQaltQifRyDC:
dleaQdtQgDQdleaQfCQaltQdehQaltytQfCQeQatRIsfitQReuutgQ CufitQtayeRafDsQaleaQites(
CattuQCeioutQdleat.tyQaltQieRlIfst Q CattuQCeiout Qdleat.tyQleC QnttsQaeptsQLyDiQaltQhL
psDdQtfaltyQufifgQCattuQDyQCDufgQCattuQeLatyQieRlIfsfsK QfaQfCQCufKlauhQnfKKtyC
CeioutCQLDyQDhKtsQsfayDKts-Q4D QaltCtQCeioutCQResQntQtutRayDuhlItgQdIfRIQfCQRe
tayeRafDs-

4D QeLatyQtutRayDuhCfCQhDcQpsDdQdleaQdfuuQntQtutRayDuhltgQaltQCattuQdfuuQnt¢
CDucafDsQfsQaltQtutRayDuhCfC QtutRayDuhafR QCDucafDs QesgQdleaQdfuuQytiefsQfsQals
altQieRyD QfsRucCfDsC-Q4D QalDCtQCufitQeLatyQtayeRafDsQdtQResQCttQalDCtQcsgtyC
gfLLtytsaQt.euceafDsQatRIsfctC QufptQcsgtyQiehntQdtQResQcCtQ4MQaD QLfsgQDcaQdlea
altQRDsCafactsaCQdtQResQCttQalDCtQcsgtyQeaQuDdQieKsfLfReafDsQesQifRyDCRDotQ
dleaQeytQaltQ CfItC QaltCtQeytQalt QatRIsfictC QDL QcCfsK QieRyD QfsRucCfDsC-Q4D Qd
psDd Q dlea Q eyt Q alt Q ieRyD Q fsRucCfDsCIQ alea Q itesC Q altyt Q eyt Q RDsCafactsaC Q Rlti
RltifCayh QRItifReu QRDsCafactsaC QesgQdleaQeytQaltQ CfItQgfCayfncafDsC QufptdfCtQL]I



fsRucCfDsCQeCQdtuuQdtQCIDcugQpsDdQdleaQeytQaltQahotQDL QfsRucCfDsCQesgQdlea(
gfCayfncafDsC-

mDd QeCQrQdeCQaeupfsKkQenDcaQdtQCIDcugQpsDdQaltQahotQDLQfsRucCfDsCQDLQa
fsRucCfDsCQdltalty QifRyD QDyQieRyD QIDdQgDQhDcQgDQaleaQaltytQfCQeQatRlIsfitQRe
eseuhCfCQcCfsKQde.tutsKalQgfCotyCfDsQDyQtstyKhQgfCotyCfDsQaltytQeytQeaaeRlitsaQa
eaaeRlitsaC QfsQ4MIQ4M QfC QCRessfsK QtutRayDsQifRyDCRDotC QdltsQhDcQocaQaltQCe;
csgty Q CRessfsK QtutRayDs QifRyDCRDotQdtQResQ CttQaltQsDyieu Q CtRDsgeyh QtutRayDs
dtQResQeuCDQCttQeytQeuCDQyealtyQt.euceatQdleaQeytQaltQtutitsaCQoytCtsaQdtQResQeu
psDdQdleaQeytQaltQtutitsaC QoytCtsaQfsQalDCtQfsRucCfDsC QnhQalfC QeaaeRlitsaC Qde.t
gfCotyCf.t Qesg QtstyKh QgfCotyCf.t Q DL QIQyeh QeaaeRlitsaC QneCfReuuhQdleaQfCQaltQa
dltst.ty Q tutRayDsfRC Q LeuufsK Q Ds Qalt Q CeioutC Qfs Q CRessfsK Q tutRayDs QifRyD Q CRD«
tutitsaeuQQyehCQeytQeuCDQKtaafsK QKtstyeatg-

4D QgtotsgfsK QDsQdleaQeytQaltQtutitsaC QoytCtsafsK Qfs QaltQ CeioutC QdtQle.t Q gfLLty
de.tutsKalC QLDyQteiout QfL QdtQle.tQReuRfciQfsQaltQCeioutQufptQhDcQrQle.tQaDug
ReuRfciQDIgtCQfCQeQ.tyhQRDiiDsQhDcQpsDdQmMrQsDsQitaeuufR QfsRucCfDsQfsQCat
hDcQle.tQeQCueRpQCeioutQhDcQiehQle.tQReuRfciQDfgtQfsQfaQaDQRtyaefsQtatsa-Q4D Q
aleaQfC QReuRfci QfsQaltQ Ceiout Qdt QRes QKtaQLyDiQalfC QeaaeRlitsa Qaltyt Q dfuuQntC
de.tutsKalQDLQReuRfciQtfaltyQLyDiQaltQde.tQutsKalQDyQaltQtstyKhQDL QaleaQdleat.ty
fCQKtaafsKQKitstyeatg QfLQdtQReaRIQalDCtQQyeh-QrLQdtQgtatRaQalDCtQQyehQtfaltyQ
yt.ftd Q fgtsafLh Q alt Q de.t QutsKal Q Dy Qalt Q tstyKh Q DL Qalt Q[ Q yeh Q dt Q psDd Q dlea Q ey
tutitsaCQoytCtsaQntRecCtQt.tyhQtutitsaQdfuuQle.tQgfLLtytsaQde.tQutsKalQDLQQyehCQd
eytQKtaafsKQKtstyeatg-

4D QalfCQfCQ.tyhQ.tyhQfioDyaesaQalfCQatRlIsfttQleCQnttsQcCtgQtatsCf.tuhQfsQytRtsaQht
fgtsafLhQaltQahotQDLQtutitsaCQesgQLyDiQaleaQdtQResQLfsgQDcaQdleaQeytQaltQRDsCa
fL.QdtQhDcQpsDdQaltQReuRfciQfCQoytCtsaQDhKtsQfCQoytCtsaQdtQpsDdQfaQfCQReuR
hDcQpsDd QLucDyfst QfC QoytCtsaQReuRfci QfC QoytCtsaQesgQdtQpsDd QaD QdleaQtatsa
oytCtsaQdtQpsDdQfaQfC QReuRfciQLuDyfg-Q4fifueyuhQeuuQRDsCafactsaCQResQntQt.euc
KtaQesQfgte Qt.ts Qesafaeaf.t Qfgte QfL QhDcQle.t Qe Q Caesgeyg Q CeioutC Qufpt QIDd QicRl
ReuRfci QDIgt QfC QoytCtsaQsDaQDsuh QfL QaltQieufaeaf.t QoDfsaQDL Q.ftdQLyDiQaltQti
oDfsaQDL Q.ftd Qtesafaeaf.tuh QeuCD QdtQRes QfgtsafL.ftg QIDd QicRIQDL QalfC Q RDsCafac
oytCtsaQfs QfsRucCfDsCQt.tsQfsQReCtQDLQhDcQpsDdQCcyLeRtQgtLtRaCQeCQrQle.tC
gtLtRaCQdltsQfLQaltQfsRucCfDsCQeytQiDytQfsQscintyQhDcQpsDdQueyKtQfsQCfItQalthQ



coQeaQaltQCcyLeRtQDLQaltQoyDgcRaQeCQfsQgtLtRaQtfaltyQeCQeQRyeRpQDyQaltytQiel
tsayeoitsaQRDifsKQcoQaDQaltQCcyLeRt-

4D QdtQResQpsDdQdleaQeytQaltQRDsCafactsaCQoytCtsaQcCfsKQalfCQatRlIsfetQdtQle.tQal
eQCieuuQCeioutQLyDiQaleaQoytCty.fsK QaltQRDsCafactsaC QalthQ CIDcugQsDaQKtaQgei
altsQdtQeseuhIt-Q4D QcsgtyQt.euceafDsQitalDgCQCcuolcyQolDColDycCQResQdtQResQKta(
yDcafstQCattuQeseuhCfC QdtQpsDdQdleaQfC QaltQolDColDycC QfL QfaQfC QutCCQalesQ,
CcuolcyQIDdQicRIQfCQfaQdltaltyQfaQfCQ,Q,Q0,Q,Q0N,QTQ,QfLQCcuolcyQfCQuDdQutCC
psDdQCcuolcyQfCQdfuuQntQutCCQfLQolDColDycCQfCQuDdQdtQpsDdQaleaQaltQgtutaty
olDColDyCQdfuuQntQicRIQutCCQfsQaltQCattuQdtQpsDdQdleaQfCQaltQaDaeuQDhKtsQL
sfayDKtsQeseuhItyQdtQpsDdQdleaQfCQaltQaDaeuQsfayDKts-Q4D QdtQpsDdQIDdQicRIQI
RutesufstCCQeRaceuuhQdtQCIDcugQKtaQfsQaltQCeioutQfsQaltQLfseuQoyDgcRaQifRyD Qf
ResQDnCty.tgQDsQaltQDoafReu QifRyDCRDot QieRyD QfsRucCfDsC QdtQRes QDnCty.tQc(
tayeRafDs[Q alea Q itesC Q alyDcKIl Q tutRayDuhCfC Q oyDRtCC Q esg Q dt Q psDd Q dlea Q ey
RDsCafactsaCQcCfsKQQDyQRQeaaeRlitsaCQDLQCRessfsKQtutRayDsQifRyDCRDot-

4D QaltCtQeytQaltQgfLLtytsaQatRlsfttC Qnh QdIfRIQdtQRes Qt.euceat Qalt QgfLLtytsa Qlte
oeyeitatyC QfsQCattuQdltaltyQaltCtQeytQCcuolcyQolDColDycCiQaleaQitesC QaltQhDcQpsDc
tesafahQDL QaleaQtesafahQDL QaleaQytCfgceuC QDyQDhKtsQsfayDKts QIDdQicRIQaDaeu(
oytCtsa Q dltalty Q fa Q fC Q alt Q fsRucCfDsC Q dt Q psDd Q altfy Q CfItC QdtQpsDdQdleaQe
fsRucCfDsC QdtQpsDdQdleaQeytQaleaQCfItQgfCayfncafDsC QdtQpsDdQalthQeytQitesafaeaf.
dltalty QfC QaltQ.DucitQLyeRafDs QfCQutCCQalesQoDfsaQDstQdtQReuuQfaQRutesQ Cattu
altsQdtQReuuQfaQfCQeQytueaf.tuhQgfyahQCattuQcsRutesQCattu-

4D QdleaQeytQaltCtQoeyeitatyCQdtQicCaQt.euceatQalf CQaDQcsgtyCaesgQtesafaeaf.tuhQdle
altQut.tuQDL QaltQteufahQfsQaltQCattuQdtQeytQaeupfsK QenDcaQesgQaltsQdtQgtRfgtQdlIt
fCQLDyQaltQoeyafRcueyQeooufReafDsQDyQsDaQsDdQdtQCIDcugQytitinty QRtyaefsQfioDy:
geyfsKQalfCQt.euceafDsQdleat.tyQgeae-
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Important Issues for Evaluation

Inclusion size distribution is 2d in OM observation

Conversion to 3d distribution is possible using the
relationship Ny =N, /d, *10%

n,, is number of inclusions per square mm

* N, is number of inclusions per cubic metre

d ; is inclusion dia in micro metre

1QeytQKtaafsK QLyDiQalfC Qt.euceafDsC QdtQle.tQaD QntQ.tyhQReytLcuQenDcaQalDCt
eseuhIfsK Q altCt Q geae Q LfyCa Qr Qle.t Q aeup Q aD Q hDc Q alea Q dits Q hDc Q eyt Q t.euceafs
fsRucCfDsC QcsgtyQDoafReu QifRyDCRDotQdleaQesh QfsRucCfDsQcsgtyQDoafReu QifRyDC
dtQeytQKtaafsKQfCQneCfReuuhQeQEQgQEQgfitsCfDseuQfieKtQntRecCtQneCfReuuhQdtQq
eQCcyLeRtQiehQntQdtQeytQaD QuDDpQeaQlcsgytgQCcyLeRtCQaDQKtaQesQe.tyeKt Qnc
CcyLeRt QE Q gfitsCfDseu Q CcyLeRt- Q4D QIDd Q gD Q hDc Q psDd Q dlea Q fC Q alt Q gfCayf
fsRucCfDsCQfsQeQfsQaltQncup QDL QaltQCeioutQfsQaltQ.DucitQDL QCeiout-Q4D QfaQfCt
RDsLty QaltCtQE Q gfitsCfDseu Q gfCayfncafDs Q aD Q[ gfitsCfDseu Q gfCayfncafDs Q dIfR1 Q fi
yteufCafR Q dt Q CIDcug Q nt Q KtaafsK Q iDyt Q fsL.DyieafDs Q le.t Q dDcug Q alt Q IQ gfitsCfT
gfCayfncafDsQDLQfsRucCfDsCQfsQCattu-

4D QnhQeQCfioutQytueafDsClfo QalfC QfC QaltQytueafDsClfo QdtQResQRDs.tyaQaltQEQg
gfCayfncafDs Q dIfRI Q fC Q sDyieuuh Q Dnaefstg Q alyDcKIl Q DoafReu Q ifRyDCRDofR Q DnCty.e
iDytQyteufCafR QQgfitsCfDseuQhtel QfsL.DyieafDs QufptQIDd QfC QfaQgDstQalf CQsQEQgQf
altQscinty QDL QfsRucCfDsC Qoty QCieytQifuufitaty QDL QaltQCeiout QdtQeytQuDDpfsKQea
CcyLeRtQdtQeytQuDDpfsKQea-Q4D QfLQhDcQdesaQaDQpsDdQdleaQfCQaltQQgfitsCfDseu
dleaQfCQaltQscintyQDLQfsRucCfDsCQotyQRcnfRQitatyQdtQResQcCtQalfCQsQEQgQ.euct(
faQdfalQaltQfsRucCfDsQgfeitaty QdIfRIQfCQnhQutaQcCQaeptQesQe.tyeKtQfsRucCfDsQgfeit
0QfCQaltQfsRucCfDsQgfeitaty QfsQifRyDsQifRyDitaty-



4D Qgf.fgfsKQalfCQsQEQgQnhQeQgQoQesgQicuafouhfsKk QfaQT,QaDQaltQoDdty Qadtu.
RDs.tyCfDsQLeRaDyQdtQResQKtaQaltQQgfitsCfDseuQscintyQDL QfsRucCfDsCQotyQRcnfR(
dleaQfCQdleaQrQeiQayhfsKQaDQatuuQutaQcCQaeptQeQoeyafRcueyQCfItQDL QfsRucCfDs(
CDit QJQ aD Q M ifuufitaty Q yesKt Q dt Qle.t Q KDa Q e Q gfCayfncafDs Q fs Q scinty Q fs Q alt C
gfitsCfDseuQDnCty.eafDsC-

mDd QdleaQ CIDcug QfC QdleaQ CIDcug Qnt Q altCt Q scintytg Qfs QQ gfitsCfDs Q LDy Q alfC Q
Ct.tsahQifuufitaty Qaltfy QCfIt-Q4D QutaQcCQaeptQesQe.tyeKtQaleaQitesC QIQaDQQe.tyeK
QdtQgf.fgtQaltQscintyQDLQEQgQesgQEQgQgf.fgtgQnhQalfCQesgQicuafouftgQT,QaDQalt
adtu.tQdtQKtaQaltQscintyQDLQfsRucCfDsCQDL Qalf CQe.tyeKtQgfeitatyQfsQeQhDcQpsDdQ
CeioutQDLQDstQifRyDitaty-

4D QnhQalfCQdehQdtQResQKtaQalfCQfCQalf CQfCQCieytQifRyDitatyQalfCQfCQsDaQifuu
alfCQdehQdtQpsDdQdleaQeytQaltQQgfitsCfDseuQLIKcytCQdIfRIQfCQeQiDytQyteufCafRQL
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Important Issues for Evaluation

* Observation of shape , content and size distribution
of micro inclusions under microscope and macro
inclusions by slime extraction are time-consuming

* Consequently post mortem results are available
after steel has been cast and finally processed

* In contrast, analysis of S and total O is fast

* Therefore, S and total O are used for a quick
decision on the level of quality in the cast steel

mDdQutaQcCQayhQaDQKDQfsQaDQCDitQDalty QfCCctCQdtQeytQaeuptgQenDcaQIDdQ
dltalty QfaQfCQeQifRyD QesgQieRyD QResQntQt.euceatg QncaQhDcQpsDdQalfCQDnCty.eaf]
CleotCQCleotQfCQeuCDQ.tyhQfioDyaesaQrQle.tQaeuptgQenDcaQaltQscintyQaltQCfItC Qnc
althQeytQsDaQstRtCCeyhQeudehC QColtyfReuQeQuficfgQ CattuQaltCtQeytQColtyfReuQDL(
dtQeytQdltsQhDcQeytQgtLDyifsK QaltQCattuQQaleaQitesC QdltsQhDcQeytQcCfsKQeQyDutQC
LDyKtgQCattuQdtQdfuuQKtaQfsRucCfDsCQDLQgfLLtytsaQCleotCQt.tsQcsgtyQhDcQpsDd
euu QfsRucCfDsC QeytQsDaQDL Q ColtyfReu Q Cleot Qalea QfC QRtyaefs QfsRucCfDsC Qieh Q.



le.fsKQeQgfLLtytsaQCleotQifKlaQntQle.fsKQeQhDcQpsDdQayfesKcueyQ CleotQayeotIDfg(
esgQCDQDsQesgQCDQLDyal-

4D QdleaQfCQfioDyaesaQaDQfgtsafL.hQaltQCleotQeuCDQaltQRDsatsaQaleaQdeCQaltQ.Duc
CfItQgfCayfncafDsQdleaQeytQaltQscintyCQLDyQeQoeyafRcueyQCfItCQDLQalfCQifRyD Qfs
ieRyDCRDot Q csgty Q alt Q ifRyDCRDot Q DL Q alt Q ieRyD Q nh Q Cufit Q tayeRafDs Qnca Q f
t.euceafDsQdtQle.tQaDQpttoQfsQifsgQaltCtQeytQ.tyhQ.tyhQafitQRDsCcifsK QdleaQgDQrQit
yfKlaQdtQle.tQ aepts Qalt Q CeioutC QdtQle.t Q oDufClQ alt Q CeioutC Q dt Q eyt QocaafsK Qfs
ifRyDCRDotQiehQntQdtQle.tQaDQuDDpQeaQlcsgytgQgfLLtytsaQCcyLeRtCQaDQKtaQeQy
aD QKtaQeQ CaeafCafReu Q.ftd QalfC Q tutRayDuhCfC QLDy QifRyD Q Dy QieRyD Q esg QfsRu
tayeRafDsQatRIsfétQaeptCQuDaQDLQafit-

4D QeuuQaltCtQatRIsfitCQeytQcCtLcu QncaQalthQeytQafitQRDsCcifsKQaltCtQeytQtCCtsafi
iDyatiQeseuhCfCRQaleaQitesC QaltQCattuQleCQeuyteghQnttsQiegtQfaQleCQnttsQoyDRtCCtg
aleaQDsuhQdtQeytQKtaafsKQdleaQfCQaltQut.tuQDLQteufahQf CQfaQyteuuhQcCtLcuQiehQ
CattuQleCQnttsQiegtQDsRtQaltQCattuQleCQotyLDyitgQfsQCty.fRtQiehQntQhDcQdesaQaD
altQfaQleCQsDaQotyLDyitgQdtuuQdleaQdeCQaltQoyDnutiQaltsQfaQfC QcCtLcu-Q4D Qfal
CDyaQDL QoDCaQiDyati Q eseuhCfCiQaleaQitesC QeLatyQaltQ CattuQleC Qntts Qiegt Qfa(
oyDRtCCQaltsQfaQleCQnttsQiegtQfsaDQeQoyDgcRaQdtQeytQayhfsKQaDQKtaQaltQfsLDyie
altCtQeytQaltQafitQaepfsKQoyDRtCCQdtQgDQsDaQpsDdQdltsQaltQCattuQfCQcsgtyQoyto
hDcQpsDdQytLfsfsKQcsgtyQReCafsKQcsgtyQyDuufsKQdtQgDQsDaQpsDdQdtQgDQsDaQKta

4D QaltCtQeytQafitQRDsCcifsK QncaQfs QRDsayeCaQeseuhCfC QDL Q Ccuolcy QeC Q tutits
DhKts QfC Q.tyhQLeCaQntRecCtQeC Qr QaDug QhDcQ teyufty Q sDdegehC Q t.ts Q Dsufst Qe
oDCCfnutQLDyQaltCtQtutitsaClQaleaQitesC QdltsQaltQCattuQfCQcsgtyQoyDRtCCfsKiQale:
ditsQaltQCattuQfCQt.tsQKtaafsKk QReCaQdtQResQKtaQalfCQeseuhCfC-

4D QdtQpsDdQLyDiQalfC QLeCaQ eseuhCfC QDL Q Ccuolcy Q esg Q aDaeu Q DhKts QdleaQ
oDCCfnfufah Q DL QKtaafsK Q Ccuolfgt Q fsRucCfDs Qfs Q alea Q Cattu QdleaQdfuu Qnt QaltQ
KtaafsKQDIgtQRutesufstCCQfsQaleaQCattu-Q4D QdltsQaltQCattuQfCQReCaQnhQaltQafit(
fsL.DyieafDsQReCafsKQdfuuQaeptQiehQntQCehQfaQResQaeptQLyDiQleul.QesQIDcyQaDQie
leuL QIDcy-Q4D QfsQgcyfsK QalfC QReCafsK QfaCtuL. QnhQaltQ afit Q dt Qleg Q LfsfCl1QRe(
fsL.DyieafDsQesgQCcuolcyQesgQaDaeuQDhKtsQdfuuQntQe.efuenutQaDQaltQCattuQiepty-

4D QeaQaleaQCaeKtQDLQCattuQReCafsKQaltQCattuQieptyQpsDdCQdleaQfCQaltQoDCCH
fsQaleaQReCaQdleaQdfuuQntQaltQut.tuQDLQCcuolfgtQfsRucCfDsQdleaQfCQaltQut.tuQDL.¢



eiQaeupfsKQDL QaDaeuQDhKtsQltytQfaQgDtCQsDaQieaaty QfsQdIfRIQLDyiQDfgt QfC Qoyt
ntQeucifseQfaQiehQntQlQfaQiehQntQhDcQpsDdQMmIQfaQiehQntQeshalfsK-Q4D QaDaeuQD
fsRucCfDsQdtQResQKtaQesQfgteQLyDiQaDaeuQDhKtsQeCQrQle.tQaDugQteyufty-

4D QalfCQfCQeQ.tyhQLeCaQesgQdtQResQKtaQalfCQfsLDyieafDsQnhQaltQafitQCattuQfCQ
fL.QhDcQLfsgQaleaQaDaeu QDhKtsQCcuolcy QfC QnthDsgQaltQyesKtC QdIfR1QleC QCafocu
oeyafRcueyQoyDgcRaQhDcQpsDdQdtQResQgtRfgtQdltalty QalfCQCuenQDyQalf CQnuDDiQ]
dltaltyQeaQeuuQdtQCIDcugQoyDRtCCQLDyQaltQCcnCtittsaQoyDgcRaQntRecCtQaltCtQey
Kf.tQcCQ.tyhQcsgtCfyenutQiteufahQalfC QtutitsaC QeseuhCfC QDL Qalf CQtutitsaCQCcuolcyQ
DhKtsQKf.tQcCQfsgfReafDs QdleaQfC QaltQut.tu QDL Qteufah Qcsufpt QhDcQpsDd QalfC Qes
fsRucCfDsQDyQdltalty QfaQfC QifRyD QesgQieRyD QdIfRIQeytQafitQRDsCcifsK QdIfRIQaept
afit-

4D QdltsQaltQCattuQleCQnttsQReCaQdtQgD QsDaQpsDdQdleaQfC QaltQut.tu QDL QfsRu
fsRucCfDsC QdtQle.tQsDaQt.euceatgQfaQfCQsDaQoDCCfnutQaD QKtaQaltQeseuhCfC Qnh(
alfCQCcuolcyQesgQaDaeuQDhKtsQeseuhCfC QdtQeuyteghQle.tQnhQaltQCatiQnhQaltQafitQ
fCQReCa-Q4D QdtQpsDdQdltalty QaltQCattuQdfuuQntQytueaf.tuhQRutesQDyQytueaf.tuhQ
dtQdfuuQKtaQdtQResQaeptQeQgtRfCfDsQeaQalfCQCaeKtQdtQResQaeptQeQgfCoDCfafD:
itesC QdltaltyQalfCQCuenQDyQalfCQnuDDiQDyQalfCQnfuutaQCIDcugQntQoyDRtCCQLDy
CIDcugQntQoyDRtCCQLDyQCDitQDaltyQfsLtyfDyQoyDgcRaQteufahQDL QfsLtyfDyQCattu
fsQsDQCattuQfCQalyDdsQedehQfL. QaltQCattuQfCQytueaf.tuhQfsLtyfDyQteufahQfaQResQnt
oeyafRcuey Q teufah Q ytefytitsa Q dltyt Q e Q oeyafRcuey Q ut.tu Q DL Q eooufReafDs Q fC Qalt Qu
ceufahQfCQaDutyenut QncaQaleaQtceufahQiehQsDaQntQaDutyenutQLDyQeQ.tyhQCayfsKQfs

4D QeQgfCoDCfafDsQgtRfCfDsQResQntQaeptsQneCtgQDsQaltQeseuhCfCQDLQCcuolcyQesg
fsQaltQReCaQCattuQalfCQeCotRaQfCQ.tyhQfioDyaesaQesgQKDDgQCattuQieptyCQsDdeg
alfC QgtRfCfDsC QDs QlceufahQneCtg Q Ds Q eseuhCfC Q DL Q Ccuolcy Q esgQaDaeu Q DhKts Q.
defafsKQLDyQaltQeseuhCfCQLDyQaltQt.euceafDsQDL QaltQfsRucCfDsC QdIfRIQdfuuQaept
aleaQaepfsK QgtRfCfDsQneCtgQDsQCcuolcyQesgQaDaeuQDhKtsQfsQaltQCattu-

4D QdtQResQgtRfgtQdltalty QalfC QCattuQdIfRIQfC QCattuQfsQaltQReCaQCattuQdIfRIQle
oyDRtCCtgQdltaltyQdtQoyDRtCCQfaQntRecCtQdtQpsDdQaleaQalfCQoeyafRcueyQCattuQD)
dfuuQsDaQKf.tQyfCtQaD QKDDgQkeufah-Q4D QfaQdfuuQsDaQLculfuuQaltQCayfsKQesg
dleaQfCQaltQoDfsaQfaQoyDRtCCfsKQalf CQReCaQCattuQyealtyQdtQCIDcugQoyDRtCCQfa



cteufahQDLQCattuQaleaQfCQeudehCQeQeCQrQle.tQaDugQaleaQfCQeudehCQeQoeyafRcuey!
gtotsgfsKQDsQaltQiteufah-

4D QdtQRes Qaept Q e Q gtRfCfDs Q Ds Q gfCoDCfafDs Q DL Q alea Q oeyafRcuey Q hDc Q psD«
gtotsgfsK QDs QIDd QicRIQDL Q Ccuolcy QIDd QicRl1 Q DL Q aDaeu Q DhKts Q dt Qle.t Q Dnaef
altytL. Dyt QalfC Q CcuolcyQesgQaDaeu QDhKtsQeytQcCtgQLDyQeQifRp QgtRfCfDsQDsQ:
teufahQfsQaltQReCaQCattuQalfCQfC Q.tyh Q.tyhQfioDyaesaQdtQle.tQaD Qptto Qfs Qifsg(
gtRfCfDsQsDdegehCQeytQaeptsQneCtgQDsQalfCQCcuolcyQesgQaDaeuQDhKtsQeggQaltQCa
faCtuL QdtQgDQsDaQdefaQLDyQaltQCattuQaDQntQoyDRtCCtgQesgQaltsQdtQKtaQeQ.tyh
altQCcyLeRtQntRecCtQdtQpsDdQfLQaltQCcuolcyQf CQIfKIQDyQaltQaDaeuQDhKtsQfCQIfK
hDcQpsDd QfL QaltQ Ccuolcy QfC QuDd QncaQaltQaDaeu Q DhKts QfC QIfKIQ alea QitesC (
RutesufstCCQdfuuQntQoeDDy QfL.QaltQCcuolcyQfCQiDytQaDaeuQDhKtsQfCQutCCiQaleaQi
fsRucCfDsCQdfuuQntQoDDy-

4D QdtQpsDdQLYyDiQalfCQgeaeQdleaQf CQKDfsKQaDQntQaltQiteufah-Q4D QdtQaeptQeQgtl
CaeKtQfaCtuL QrQeiQayhfsKQaD QO01tLty QvfitQTQDsQalfC QntRecCtQouteCtQytitinty Qea
CaeKtQDsuhQdtQle.tQaDQaeptQeQgtRfCfDsQdtQCIDcugQsDaQeuuDd QtotsCf.t QoyDRtCC
CattuQesgQaltsQRDitQaD Qalt QRDsRucCfDsQaleaQfC QalfC Q Cattu QalfCQoyDgcRaQgDt¢
ytefCfat Qteufah Q dt Q aept Q e Q gtRfCfDs Q ntLDyt Q alealQ ntL.Dyt Q alt Q Cattu QleC Qntts Qy!
oyDRtCCtgQrQalfspQhDcQCIDcugQeooytRfeatQaltQfioDyaesaQDL Qalf CQgtRfCfDs-



