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The Mechanism of Formation of Macroscopic Inclusions
Produced by Air-oxidation of Molten Steel

Kazuteru SENDA

Synopsis:

Macroscopic inclusions were intentionally produced by promoting air-oxidation of steel. Relation of
macroscopic inclusions to cast structure and effect of the condition of solidification of steel on the occurrence
tendency of macroscopic inclusions were studied. Consequently the following results were obtained.

1) Macroscopic inclusions produced by air-oxidation of steel were disposed preferentially inside
interdendritic spaces, and the occurrence tendency of them was influenced by the condition of solidifica—
tion of steel. Therefore, macroscopic inclusions produced by air-oxidation of steel were nothing but
secondary deoxidation products of oxygen (oxide) dissolved by air-oxidation having been precipitated
during solidification of steel.

2) The growth mechanism of macroscopic inclusions which are very large in comparison with mi—
croscopic inclusions is thought to be as follows; When the segregation of oxygen which occurred in melt
not by phase change of liquid steel to solid and the enrichment of oxygen to interdendritic spaces by phase
change happened together overlapping, a great amount of oxygen capable of growing to macroscopic
inclusions is enriched and precipitated in the form of macroscopic inclusion. In order to show that the
foregoing presumption is probable interpretation for the growth mechanism of macroscopic inclusions,
the phenomena in which oxygen or tin had already segregated in melt not by cell formation were shown.

3) It was shown that macroscopic inclusions produced by air-oxidation contained calcium. From
the result, it is concluded that some calcium can dissolve in molten steel, and that exogenous oxide particles
may be floated out by simple mechanism according to Stokes’ law qualitatively, and.that there are, ac—
cordingly, only rare macroscopic inclusions in melt, and that exogenous oxide particles develop seldom
into macroscopic inclusions.

(Received 3 Dec. 1965)
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3 Photo. 2. Relation between macroscopic and microscopic inclusions and cells.
‘ 2:094C, 1294Cr steel. Picral etch. a) b) ¢) x300, d) x600 (4/5)
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Photo. 4. Relation between macroscopic inclusions

and eutectic carbide.
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Photo. 5. Relation of large macroscopic inclusion
to cells. (Nital etch) =200 (4/5)

Photo. 510K L AAEMIIA SBET, LFL RS
PARE L VT BT L LAY O E R S
(LB L THEL, coll DERICHYT B &, s
THEREROKEZD 7 o NEW TS T8
RECHH T LB EDD, FNLOBELBEMICE
%% & Photo. 5 DERITKET5 < o 0 ALEMSEED
L EAR LI LEHTE B,

3. TOonNAMOERLCEKRET
REZEGOEZE

— 14 —

a

A

o+
-

O



—FD

BEHOESHBILIC L 2TER LA~ e N EHOLERBEIEBIZo>v T 15

40
—o— O % aluminum addition
-
—O— Non aluminum addition
30 I
@
3 . [ _J
g
<20 A
5 o .
- i hiil surface
@ Q
£ §§\\ l
= O:
Z 10 =<9 Q
Py N0 .0
‘=\§é2?2>\§<§
’ 2— Standard
s}
"Q:/ surface
I
10 ~15 15~ 20 20~25<

Diameter of inclusion  (u)

Fig. 2. Chill effect of solidification of steel on the
occurrence of macroscopic inclusions.
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Fig. 3. Relation between the occurrence tendency
of macroscopic inclusions and oxygen
content. 0-42,C, 12Cr steel.

4. NTEPOEXIELERDER

Y o NEDDERMOEES—EFERSEHRERCE
BIXXHFTED. Ll <o EWEIE e fE
MDMBIAK & < I D7 b D TR K THh AR
T obAMPFEORTF BT EISMbE T LT LD
THAL LD OT, <2 oM EDOERBERELTL
LMBEBICEE LR W L FEREHR ICEWTLDL
729, Fig. 3 BX D X5 uFEORD 1 fl2RLcdD
T, Mo a kb liX{bFHARE—TH 55 (Table
1, B #nAFNBMEEsB2sRelzEAL GF
L, £l dk< 2 o NMEWEERT BDD
AR LA 2 TR —FETEHRA TN TS 5.
B A DA S RIL S T & O T X TOEH»R—
CETHEDHC S bLT v 7 o MWD LRI R
ZBEERLICDDT, BEEDZVWLDODITIH <D
o NEMEITFICAL L 2T B. c iER—DHEE:
EEL, AERECXOT 4! /min OFET | minEER
WS L THMERLETLDOTH DL, 0007% Al THEH
L#FDE T 5RE X EHERALIT bl o7 i< o
ORIEMEET LD TH L. HALETEO>TES
ﬁ@éﬁt%%m&bf@%ﬁﬁ%bbT%wm%##
HHF, s e MENRIIEOLOERVTIEEL S
i,

» i BEK(CERR RS ERRILIC X > TR E
EINBAY, HALOFMLEErE LS. BIES
R WTRN7 X 5T, ke 2EBEELURER %25
I B ERE T 5 & & 2 WINCHTHL TERT 51K
RS, BRI D O & NERAYIC K E L E R

DO LPERTHH, ZOHEDORICPIIC2EHEON

HEMHERT B 0h & v S EISAOKBOGE &4

WOMETHDEEZLONS.

NEW O A BRI TESEDE 2 FIT U 7ehds LiEsKR
AEMB B VIT VP B | REEARY, Tiobby
NICE XIERRCH O, UDRELRNFHEEL TV
EVS L ETEDOBBRASTHD. ThitLTe2
ONEDEVZEDFOERB O L EIT 2 RITHTHL 7
LDOTHDEVIEZI, HFRHFZOBERE, MO
BIEE, <2 o EMOKRE X EP LFELTEREND
HrXHHEINS. Zhita U TREEAEZ TS L
LIRBEDO L ZARTAETHS. L LT FEMICE
REXHIE, BEEYDEDCHEBITEHSHEOREOBRIT
GEHEORTH IR T 5 2 L DStic, Bihs &R cE
LR ETRT B E VWO RELRBREDTHTEHT
5. DX CHOBREICE WV TRIEROMER{LER
HHAULTLLBALBE VWIS RN VEDS X
SITBbE. LEB2TLTOL BRERGFrL< T
O RTEMDERIC DOV TH, ok ZIEWMBRETH L &
BALPOERIC X VMR (ByFL L TUEML T
WAL E DEE XN D) ASEE MR O —R/EIC
ELLTRITL, TDX 5 RITE cell DL X Bk
HRE M ERDTT 7 o NEDPERTEEVITD
FRET, DS OEEOH I X2 ChANEMOHK
1673, LB VBBEZLELTRIANDI LI
WMiETH B I HKBbhS., UTICMOERE®D & & 2H
WK TAEEZONS DX S REELFITD 2, 3
OFl% R, EEE OB 2 IRENTH H3 2 EREVSEE(L
MR TEMO T EIT L 2 E L TARETH B T &
DAL T B,

41 EBEURED

v XA PHBEFERAL C 008% C, 1'8% Cr %z
BRL, B¥%ZXY 41 /min QEET 3minfiifgE
BWALBEELL TH» 0°1% o Al Zhnzx THiE
L, Wi 50mm OERGEHICEFRAAL. EEL 530 mm
OFRE % BIEET 5 L ERMEMDBLERL TV 5 DHEE
DN TOERANEMITOVTRD X 5 REEHIFE]
Zahic.

(1) =BaBARERELL, HKE{LDMEE LT
ERNED L GEERRE O BEHREFEX 5L, Photo. 7
a)ITR Lz & 5 KWERNEMORE S W BIRGIRFEE T
ot TN XERAEIMMBRERFCTER L2 LF X
BB ERHIMICERL AL BV THSHD.

(2) ERNEWIERL TVBHHEEEERL Tt
WERH & 2 DX h T 2 B S OBES RN I,
BEEAHELIETS, RIEE 0°0627%, 0°05019%
THLOERL T, &2 0:0105%, 0°0105% THES

— 16 —

(e

3,; e



)

BEOERBILIC L2 TERL L~ 7 e PEDOERBEHC OV T 17

{a) Relation between cloudlike inclusions and cells X500 (4/5)
(b) Relation between cloudlike inclusions and dendritic
segregation %25 (4/5)
Photo. 7. Cloudlike inclusions.
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Photo. 8. Macroscopic view of the cross section of

chilled layer in the ingot killed with
aluminum. Picral etch.

a) x100 b) x500 (4/5)
Photo. 9. Microstructure of the white spots shown
in Photo. 8.
Specimens were quenched and tempered.
Picral etch.
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Table 2. Comparison of chemical compositions of the white spot to normal area.

%
Si Mn Ni Cr Cu Al Sn
White spot 010 0-09 015 1'57 015 0°030 0-044
Normal area 0-10 0-09 0-15 1:57 0-15 0-032 0-029

Photo. 10. Network being adjacent to ricestrawlike

inclustion. x50 (4/5)
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Cross section of columnar inclusion.

Inclusion

Blowhole

Chilled surface

Fig. 4. Schema of columnar inclusion.
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SRS

y

a) Non etch b) Picral etch x400 (4/5)

Photo. 12. Macroscopic and microscopic sulfide in-
clusions in the iron containing only 2-98
2%C and 0°899%S, and scarecely any
other element.

OREZFET 5D T, FHOEEGE ORAEEIAITHT
L EEALHTHD. DT ERBMTHD L XIT
ESIEFSRBRERZDOTWSE WS HHOME D
BHWHBETED. ZOX 5 KHOREDORKBRICH
WLmibMRI ot oD 2BELERTH L
i, FRRCEHROBEORKBETITH I 2:E 2615
BILINTEDTE VTS, 22 okXii< s o ffEDS
ART HEHREEETRL TV EEX SNBEBRRS 5.
DL SR O BRE DB, MBI X BIRMEIC X ST
TIEBFPITIRITBET D E W S W 2hDfl%HIFi
2, BELZD XS IRITSES 5O 52T LSk
V. PLOCKINGER FiBMTAKT 2E¢ELLNB 1K
B ERAE R A HAKIC 75 5 DA K E T HHEE(L W £
THRKL. ThAEEL TRE o7cb 0L #EEIL 7=
2, bbAABEAEEY LR TIEAWD. TKREE L
WEDTHERKT D77 e EMDOEETH, EXELIT
I OT—EREFESHPITARL, ThaioiRE ORI
2o fNEME L THHT 525, LOBEOBREIES T
DR LI E L TIBR LW DEdELZ OB %R
HIRRT. FDOXDHBERTIID S UDIBEML T
REEFEAE S D TIHEMCER L o BEOBM L PR E
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BEEL TWH Z EhEx b, TOHRDD B MOERFEE
ki< o o fNtEMETL D, T OFERAN 2 MEHOHE
MBETBHEVSHEELARETDHSS.

5. BRPLCHITIIAREEURFOREN

FEXE A 20T FIAF—BREER LTI
IoT, ffEmdi Ca ARIEIE 1 4 75 ST <7
V. — A% Ca BEHTIIE L A EBRME SV E
NTWBDTD, Ca B INDA EW i NEMNE
WMTIRLT, RITVEREAT I EREL XD
LEBAMARA TS L ICREETBEH L bhvTwy
EONH,. LicpoTCe s ofEmT CaB LIFLIERER
ENDBI &ML, <7 o NEMOERERO L THEIO
EREEA LD 5 D BEE SIS W L RERL TY
HTEWS. ErisafiEmMIAb Ca #H5ATY
DanidH T L TOWERHTICE T DIEMD KO I E
FIREAE LT, FELENDWIEEMEDHINEL
SEILTWBZ EEZERL TS, oA H ahicg
B0 Ca BEAETHDIERZDO XL S5 Ca fELM»TEHK
FWFLL b D EBRINT LB IN0,

IS OEET —ARTHEEICEI LA H D RELEC
B LELEERLTVWBEEEZEZLND. ZOT L
A ORI 4K L 7B b, EMcErAEhizAs
L, BERS U 7B KR I EAs = 2 a AFEM OAZIRIT 7L D
BEPBErEHET S XCEERLERTSHED. 00X
57 S EELNICT ST BITIAT X 5 ImEREZT
ok R, v s oNEWRIc Ca #EATVWE L E
WO T X OMNEMTEIHOERELIC X > T4amk LD
DTHEVEIRST, b TR EL b hicblhi
Ca [ TBHHTIERT 5D THDT, Ca kxEAKT I
MEWS FIMOBE O & S L 7 Ca T X DHLERAE
AT E I Bl VW EHESINE L LR ENHELIE
Dfz. DT I ORFTEERE XU E ORER, HIEH
CE HEBILI FORERCETOFEEELMZIFER
TR ER D2V RB.

51 ARBILMETOREMOERFEELY
REBER

& UciiiEi: 004%C, 19Cr#i (BE) I
0'15% C, Ni-Cr-Mo § (C#) T, {bFHkO—Fl%
Table 11T/ L TH 5. ZO2;BIOMBITONVT, <
O RNEWEREREELDDIEDERE EOLMF
B B THRALRITR 0%, SO ER, 530 mmo
HEEmEICERbN 10p Do~ s oM EMOE KE
XFBAIEL, GABE{Thbl W TR EEREL b
DX L. IR BEIEEH, CHIERR

20
*
B sieel
15 :
—_—0— —o— Teeming in air
—— =-a— Solidified in meiting crucible
0 —&—  =a— Held for 30 min
—0— —e— No holding
o | |
5 5 FoN T~ ‘ ™
E \\: VIR
o " I -7
£ | 7 1
1’\1 _— n 1\| )
s * ‘a '
1
2 | C steel
o :
§ |
=4 lo C
F \
N =
|\0/|
o e ‘ [ be

10~15 15-20 2C~25 25~ 20 30~40 40~50 50<
Size of inclusion (p)
Fig. 5. ‘Effect of air-oxidation of molten steel on
the occurrence tendency of macroscopic
inclusions.

T, PHAREIAE X 1540~1580°C, fRE L 1580
~1620°C TH 5. $HAENIC 0 1% Si ABY T 5CaSi
ST 0°029% Al ZiEAnL7:. B flic oWz olF
I RER AR 30 min 2 OWRBEWCRIFL T o8
RARLHEFTIDI. ORI Al ofinEz 0°05%
L, BEF%osAED Al EFESRIFLEVIEE L
IRER—IC b XS5l

ER%& Fig. 5 WRL 72, B, CvFhofffliicis
WThEBIE 30min REFLAHETD, HHOZE
REALEES AT L DT = 2 o NEWHE L < B
THZELRAGBERIIHELEKRTHS. Brb, 5
LRI ET 50 LLERED 20 DLo< s
O NEMREABRC XD THICRAERLADOTHS L
WY ZEMTED. ZOXH5ICL TERL REBE LA
e D% Photo.13 (a)~(d) TR L 7. Photo. 13
(@)~@") BERLThONEMEXE~v4 /0T F 54
F =iz LoT CaK, B OoWTHEEL, »oXing
2 Ca OEMSTEITHROLIDTHS. FE»D
B, Co¥NoiETd, ¥/ CaSi ifihnt% 30 min {F
BLTAroHAALRL DL NENFIC Ca BETATW
B ENBEETHB.
5-2 AREBLURFOREMDER

Photo. 131X MO ELSEHILIC X > TER LIz= 2 o
EWd Ca 255 8BHZLERLTCVS. LB D>TH
EPHRI Ca BEEINTVELEWVS Z LT T, ZO5
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BMOERBILIC X 2TER L=< 2 e N EWDOERBIEICOWT 21

TEMORIESE A S T EIIAS S
&Mk D RSB ORLT 228
RS DEEET B T EVIERD
THDH. FABETLDEVTE
AP T EDE EH T Db D
I 204 DA EONEMTETHE
L DiD THohrb, CaSi
FPRANL 727 DT AR L 7o BTG

TR AR, PARRIREY HRER
BLEnt Ca BILMKLFTH
X VHHETH D
—FEgmbick b=y o N E
Wb\ b B 2 RIEERAE AT
EFWEEZLZLN D DT H5H
By, TOXOIBENEDNEZEKL T
w5 Ca dIEHTIIEML TV
HOEHEIND. LrbERD
F¥ 30min {REFL 72RDFHIR A
WEDThEE = 2 9 fEDT
CaREEnTVWBEDTHE0 b,
AT 31T 5 Ca OIERRIZERE]
EIFRDLNA|F TR T,
DI VEELIZDDOTHDHI LN
Pbrb. Ca 23d5EERMICE
FRLEAZ LT LAEESN
TV AR T <O, F -5
EHEWTHT TR RLIcERDT
3 B0.

Bifoifric CaSi 2L 72
4, D13 Photo.13(b)(c) R L
7o X S sttikD = & o RAAEWH
HEips, CaSi @l o
Db DD XS R ERE
DRI ER LIS i»2tz. 15
WHRIE L OB b o ik T3
HALD L EDOWEIT I DOTEK
BHTFIC ot r 2B 2, N O/
D7 o NEMBKEHD I 7 o fNEWITH L TARBE
WICKRE W L DTG RETH 553, Z o0k S etk
DFHOBIELHAT 5 Z L A RARETH 5. SN
WiEE DICRED S LIBHA SEEIF L 72 b 0 & e X
ND. LAEOFEEENS, Ca 2&5ARNHW S BT
EEREL T/ Ca BB O & R T & L THIFIRL
72 2 IRIREERAERIITE NI S LIS,

2

SEILEENI Y 7 o N EWOERITIE, EROELRR

(2)(b):

B steel (c): B steel, held for 30min before teeming (d) : C steel
Photo.13. Macroscopic inclusions and their Ca analysis by X-ray
microanalyser. Magnification X400, except (b') <900

o

b EEA B 2T o LoD COERTE
WTRIEHO TR L X o TA UEmTh Ca &
LLABL L LDl OT, < 7 e NU AR SN
FLTOBMOELAMLOoEEHELOEEIHESND
RETHDLEZE2DND., x5 BWMAITEASILIE
RS 735 AT I > TERL et ks
YO XS Ca & AT NROBLIRTIE, BHICH
EFHbDEEERIND. JOX D RIS EDER
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AL X o TARR L 2B L PEAAE ST E LTS L WS
BEED-ETE. BT5L—RCIBERT ORI T
DFELIZDWTIE, EEMIERESEILAN—2 208
Bl Lo CTHEMBESCEFLT 530 L BfficEx
LHOMNEHOL S CEbNSE. LOPAIEHRETEILIDRL
FIXREEE R G nucleation site 7s ¥, WFIIKEH
FILLFESIMESINSZ LB LS.
EFRBRIC I VTS K S 1S, (HHTOREEILE
& & BRBEORE /L &% nucleation site & L CHEFTL, %
WATRCEAL I F 2T X9 s s xtvweEx
Livic. PR RA T S, HICEL S o5 8E
DI NVF - X2 CTBEMHICETE VBT EHEITk
DBV E LRI TV SH2D, FEFRICEEIRILL 7o
Mtk D IEENCEAENTELLEBLWIZEM TS

CEREEES XS CEbNs. Lo CEEREEL

TIHH T LR FIREEE L BN TV X D3 B,
ChTFrLrREL TWRHWLOLHEIhS. &I
BEEITHERL TEONAIRICEET 52 2 o EY
DFERG VI BIHEIRMGER T, BED & SERLLEEZELD
NBZEETRLIMND, ZOXSEERE R
OB LHO—IHERLTVWEEZE LN, LD
B b —RITIEMCELhBSBBL T T ohaie s
SAEEMITIR D T LR ERE L LN TS X DR 0#E
COHEANT DX S iCHEREhG.

DAk DFE D H S HBIRET XN B R E RS k35K D

1l 20FmMBELELALEAS. TiubbESMEEL - - .

U CIAS R ORISR T s B &, 2 RMITHT B
B~ o o fitEME L CH 255D T
HB5r0, RERGEZRET D LI >TELRELI
X BEMOWREREL, <o n MEDOEREHIEL
BHFREMEDE 26N D . FETRIcIk T 5 EZEH# 2
CXDw o afEMERIEL B L flrlEShT
WHMBID, ZOZ LR EROHRHOZT LR PIESOTY
HESITEDILSG-

6. 8 &

VA A DR OEMOETRILER T 5 Lt L o<
KBREMC < o o NMEMERECERSE, v~ 7 o i
& YRERAEL & OBE, < o o MEETOERICK XIET
BREZGOZE, NMEWPD Ca OGN ENLL, <2
o M DEBBERHEIC OV THRETEMA oRR, RO X
STHEERBALH» Lo

(1) BRMOEIEILICXDTER LI 7 o NED
WRIRTRGERI Ch ot v s o EDTgRE S8
L DERBEMSHEL 2. Th 2 BHOERELIC X

DTERL = 7 o\, BHLTWEKRE @&k
) PHMOBRED L EFRRCDTHEME L THHL &
Whid % 2 KIRERERIITIZ NI B8V,

(2) THoffEWCIEL T2y o REMIRICER
B0k, BESMOGREOD & S IREIC X 50N
ERBNCHEEBRTTTRBITL, Thd cell OfuERE
TORFEEBEILIRDOT s afNEPITILOIDDLHE
gEIhio. ERO#R ORI T /odiT, PWOFZ
i X BIRHELMVC IR SRR TEEE H D \WIE Sn 7L EA3m
W LTWwic&E LaEz bl Wil E&dhidic.

(3) BEWHoZGELic X >TAEK L= 2 o NED
i CaBEENBBLLERL. ZOZEnbHB
BED Ca BEMCEMRLES 2L, koL
BELHLERMCREEITA -2 AR I >
THMCEBEELERY, BilCERMER LR 237
T HZERHT, Lo THROBI LML T2~ 2
U NEMICI B OIXEETH D T LR EEHEL .

Fbh AR ELETT BICHiD, Xfiv4 a7
FIAF XD Ca DGIFICEL CEEEGDLOCR
ASHE RS EHR, FRLORREZEHT Ihic
B SRR R B B AR X 4 JOIR ) S R B RS, AEUEBROT
FERITH 7 SN FHILTFEASER % 13 U AR # )
Wiz P MR E AR R L B
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BE L, BEEEREEZNELTOIXROEFEDL X
GBS, B TR RELL CRELESES BEETH D
IS BBETR e N EDORBETLEEDLDLELLN
%. Fig. 121z C=0-32~0-50, Si=0-15~0-30, Mn
=0'50~0"850 kgD 6t THRMBPOMIERER T D
KANBZARMEBIICHICSETCHRLAEADDTHS. bh
bhiXAREREERZ LT 5N ED S EEREICH
Zbhicio®, FMRERRLORUBRROZEEZRY
TENFhMENSERLALIDOEELZTVS. LHLR
BROHBT @B cRELIh BRI ENTTT T
EIFLTWRGRIER S av. RMEREOREREREE X
B ERTIRITLAEZEDLD LR, LREORTD
HELRLAEELVWRTTHHOT, Fig. 1OXS5IT
FEHEEHOREBOWMKORLEROMESD 5\ XA RE
CTORPFERAERDAEVC LR EOBAREEICLLD LS
2bhBH, ZoOEEVIARELXCRDIPEERLE
7. :
[EZ] REME N
#&3r o Table | DA, BTOFHAHOEER,
A 50~150 ppm, Bt 50~100 ppm T L T, EEE
HOESYI D zOTELE2TVWET. . $Ax#HBE
R IRICEL LB AR — RNt O TT.
B X2 T T hE ENEDOERBERIEE DD L
BEZLhERA. LAHK2TERILDORES, —WKE
BARMBBC A EL, BEOBEI/PIES L LD ISR
BHEGHABICOALABERATEZ?LOLIEIFLLNLERA.
Photo. l 3 S2 A BICEAFTBREMCIER LA <7
ENEMETRLELOTT. ZOWMBETIE SHBEHEPT
ERETIECIEREYAL, BEIC X OT CellotE i
it e LTHBET S RFTTL, ZOZ Lidnet-
work RFELHICI2TH I 2B LET. <7 v &Y
i* Photo. | TR IS KHEMBEREMLHEESN, »
SHIEMELTFRBELTVET. TOZLEPLHZOH
HOHREFPBREWHCLERT & 5 2 LB HEINLE
3.
NEDHEILWHFEIAROEETCEFLET>OT, X
Bt E LN BETHILRTEERA. LIArLED
BEEORSXONTRERTHh, BRATHIHNF2REL
BETEOMNAERTIESI LV MEREAL»TK
VwWOT, ZOERLSLIEAEELDEToEEIZOWT
OHEWLHAAIERTLLS. L2LIORREIRY
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Photo. 1. Macroscopic inclusion coexistent with sul-
fides disposed inside the boundary of cell.
x 150 (9/10)
(0° 224, carbon steel containing 1°19;
sulfur)

ThE, PTERT IS ABEBRDBIATWETD,

l. BiREABR s e NEMWOLER % H7 T 5.
2. Al OFHER S LTI >NTERT S~ 7 v N E
WRFBREREE . 3. WMEONE 3 XUCERIE<
e NEMPBPERET D, 4. BROELREILS <7 af
EHoEREEL, THREFHAQEWNI <7 e NEY
DEBREHIETS. 5. BRERFMEITREO b0 X<
e NEHBEERLSEVD. 6. Pb (@i~ 7 e fiE
WERERLEY. ZRAOREREOHMTREB T L L
I—HLTVETYT. O LEERITIEEROFHL
THRbh3—HIk <~ e EDEFRCAEDEHC T
WBELDEEZLNET.

20
SN |
\ Diameter of inclusion
|
5 >20 o
g l
(%]
= 10 /
5 /
3 \ /
€
E:
= >50 g
5 /);r
\ / >100
O %
’ Bottom Top Feeder Head

Fig. 1. The distribution of macroscopic inclusions
in the longitudinal section of 5kg ingot.
(0° 29, carbon steel)

Fig. | RN gERIcsSAshi Skg ko~ m
NEHOHMERLALOCTT. 20X > /ANl
Th /N EPRARER TR LEL AL TVEL
7o SMLESIC < 7 e REMA LT EIE, S00kg BE
OFEWTLTHLATCVWET. ZhooZ & bLHARE
HBOo< 7 e NEHDE VLR LIRBRBICI>THHAT D
ZERAMT, EFo LFVHSIIEOTHEXLL L
BPLEDOIS>IELbhET. thw Ao Fig. 1 ©
NEHOHAFEEFROBIC X >TLHPRETT.

HRAMAKLY OFRIZEIVET &, MBOEBEEPTHE
NEMx 5, BGEEIZEELREVIRD S O RTH8E
BHicEFRLCERLET. 2oz md, FRHMO
REBEREMT, EAERMAATINOE LD TEVERMIC
SHESLLELLRET. BHFRRAKERZ L2 CIC
DWTREBLTVWET. ZOXHICSPCuBHTRE
AoV HLVWARIBE T 50RERCHELET.
Lok kiRTAEBIRWMEBICE S 200k, K
SOWHR X DIBENSMEL o7, HikGHMoBSHIH
RGEORSMICCLSBET LI LITEO>TRI2L
TERERBHRINET. EEOMMIICH T EE S
B, HHE, WS ORE oA, BEER OMe HIE (GE
REE), BREIC X D IRMGE A ESAROMBIZE2TWA W
HERELEY, OB I TEHEMREBE{LYCEHEZEOFH
HRIELY, NEHOSTHICHERD 2EMBELLLOL
ExLNET. TR OMBMMEIC X 5 EREFETHEE
DRKEEDODVWPALPLLLTH 5BEMLOE LS D L
Zxzbh, TOER~7 e EHOTHITHELESE
FTHZEBNFREINLET. HIEOHMMTL, 500kg» 5
B+t vyoRBEMIZEDET, $RF AL VWL Y AL
WL, MMEC~ 7 e REMMREL & D FELHESEE
DHHND DT KREERMND D ET.

L [

1) RM: &80, 51 (1965) 2, p. 186~217

2) fRM: £BHME,D (1965) 6, p. 55~58

3) s, P g8, 52 (1966) 3, p. 454~

457

(R = ME (EXI)

1) Fe-Al (Al=50%) &4 2ERPTHBERL
FT L, LOEGEHKOREICE HbDTHY ALO; OEgb
BEXEC, BREAREFLAZTETCRAROEGLITBERL,
HWEOEMBE 2% 1600°C (M = 5ICHmIBEETT)
THRBELEBANKOSL&BEIIEBRLEINR T, MMt
LEENCFPIFTLENTEET. L EAERBEHOS
&R E 1'0760g w60 minf 2= G rh CEIGE ER A%

-ORFE 1°0814g i hiEE 000054g BEE(LIC X D

ALO; HEDEEETH Y =Y. 0minFHH s 0 b
BREDIRBEZFMEIZET R, P2 TH,EET
AR E X BRRBIIIPVETLOMLOBRLEY
FTREBOWRIE2ETZENTE, FBCEBIER
LERHBEOMN ST A 24 B EE L LTHERLE
T. ERBTIRALEEIMBFLETLABBBESELIC
BET TR HEOMA IS BEATLL THENTR VA
FNn, FLICAVIRGEILEZE L ET. 60miniF ik o'E
B EEHHE (Hlom?) 1 X ALO; OHE (4°0)
En ALO; OHEBEOCEXZE LTI T2 0°03mm
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LD EY. ¥7- b3 Fe-Al 44 1'0373g #%#4min
EIREEBEML A0SR LEREMEL kD £ 3 £0-0006
g T DB ERLL ALO; #EOE 13§ 0°0002
mmTHHET. DEOERFBER»LROBEGED 5HE
b ET.

(1) 0:0002mm BE® X b T ALO; #iET
LEETHY, ELAFO O i3 tA BRI WR
HHBELELD, FBCAROEGLERT S ZOHVIEEL
BLCHE~DHBERITLASREBILAY. ZOHED
Exix lhr T 003mm BEOEIITKS.

(2) ZoX>KBVWHETHI ETHBEREGLOE
TRACEFTbH L, WRTFHNOBKORY » Ri%
LTwET. LHPLEbDThOTIrhONTESHICESD
WIKICER ST N TEET.

INLOERBEEIEME Al BEBLAHEETEOP
THABTAMBEICEBICENLERERET 0L
BwvwiEd.+7abb Al 2505 MOEARD ELREEL,
BiEE A Al ZIEMICIRMLCINBSELIIHEBT 5T
OPOBEHPEL NI ERRBERLORISRERSHIT
T LnTE, »> CHiPMANDDIRZE L /R EE K
SEEEZRECI/HLTIVET.

&k Photo. 4, Photo. 6(a), Photo. 11(b),
Photo.13(a), (c) 3B oRPRKRIC L >2TE HIT
RIOVELS - REBERDHECUHEZRL TH Y,
Fig. 4 oK Al GHEL LW VIR ENEL,
NENE ALO, WETHEN: | W BERD TH D L
MIRTERVWTLES . BB IOEERRI T —k—1L
OFETHEETLEOFBEMERSRICHEHULTY
1.

Aluid flow {C X D b TFPITESHT HKFICEHZ 11
Mz, THABRBIEEH—IZEEL THLE&PORIEZHE
z, Al PBEMICERTIRMEAHELET LI XD
PRSP EHTEDIH>RBVEYT. BHE2ARLAKED
REMIYRTOLBRBEMEFILALRACTHI ET
5T L TiciEMo fluid flow > THOPEE)
LLEZENAEVWTLIY> . HE LD ALO; #WE
Lo T RLUTHMERIOTREVEXA»LESR
ICEETAH BN L HVIRBLOSEIN DI ESLIFL
WERIDEBWET. ZO XS REE NREEO K
FoEAroO & KIS LBBICHMMENEnErERT 5
BN ET. BRHOTE LS LEXKENE DKM
JeiEBC IR AER L d o L Thid i & 2 X Photo.
2(a),(c),Photo. S5 ETHREZDHSITDOLOMNE
WantroEIOBMESICHEDBERL LV OB
HAEETT. HRRER2RMEBEERDTEINIEL ~
F75 4 OB ERRICOERL ED LD
I N EMPERTRETHHLEBVET. &k
EBEREMPICHFEL TN EDSEIcEE 2T
VWORYRTT. EHILEEFDOE 2 TliPhoto. 6 (a)%
Photo. 11(b) D X 5 L FRHA LK L2 LI-NEDBRS
NHPERNEME DO T THEDZ ~2 T TAI
BREOENLEHEENPTFET S EFHEH, ZThiZEP.
MA., THEADLNREWTL L 2. Si 53X Mn =
DWTRHEGES X DX BT HIBEOHYBEEL L
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On the Formation of String Ghost in Killed Steel Ingot

Synopsis:

Iwao HAGIWARA and Tadayoshi TAKAHASHI

The first section of this paper deals with the three dimensional observation on the macrostructure of

string ghosts in steel ingot.

The characteristic features of string ghost were examined by applying

knowledge gained from previous studies upon the gravity segregation of Al-Cu alloy. The following con—

clusions were obtained:

1) The string ghost was observed to be formed in the transitional solidification zone, at which stage

some amounts of dendritic crystals grow.

The dendritic crystals in steel ingot were found to be plate-like.

2) The solute enriched liquid located at a relatively large spacing of dendrite arms was considered
possibly to move upward due to the gravitational force and to remelt dendritic crystals in process of flow.
Therefore, the ghost with stringlike configuration was formed in the transitional solidification zone.

3) Direction of the flow of enriched liquid through the dendrite arms was considered to be inclined to—
wards the center of the ingot because of smaller resistance to its movement.

In the second section attempts are made to reproduce the stringlike segregation line by model experi-

ments of Al-Cu alloy.

Consequently, it was found that the stringlike segregation line could be formed artificially or naturally in
the transitional solidification zone of Al-Cu alloy, and thus the above—mentioned conclusions were verified.

(Received 3 June 1966)
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