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On Mechanism of Formation of Negative Segregation Zone

(alias ‘Settling Crystal Zone’) in Large Steel Ingot and
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Synopsis:

In order to investigate the mechanism of formation of negative segregated zone inside large steel
ingots and the origin of macroscopic-oxide inclusions appeared in this zone, a series of experiments on

which 3t sand steel ingots were used was studied.

As a result, it was presumed that their formations are due to the following three points :
1) The decrease of effective distribution coefficient connected with the delay of solidification.
ii)) The solidification over wide extent in negative segregated zone.

1i1) The floatation of concentrated molten steel.

(Received 3 July 1967)
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Photo. 1. Sulphur print of logitudinal cross section
from 3t sand steel ingot.

OUERENEEIISRON /3 THDH T 2 EMNFEI .

(2) PR

MBAETE O L 7 7 —F Y o b, =5 ol IO
REMG ORI % Photo. 1, Photo. 2, Fig. 6 T4
AT, INHIKREND X5, BEMEGREF V5
FEiL, FRRERTRNE, S GROIR &) ME, SRR KR
MR KHENS.

ARKT (T — 2 F)IBKERDH S, Wi string 3k
HELTVS. FEMBREHEEE,S 30mm (TEH)
~50 mm (FEIERE X EER) OEKSRETEE Y
FBL, B LAESVHECA D, 31F 130 mm
DR D8 5 5K S B i > T 5.

— B V@RI (I7—2 b)) BARHFIEER D XS5 Tk
, LrdbdoEExdbHREEL T3, FAMER
W b SRR T, KE S 559400 mm DALEITHA
0, $H9150mm OFRT 2 BB L T5B. E
INLEMEZELTHLNT 7 —F ) o bOEWT — o p
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. Chilled crystal zone
. Columnar crystal zone
. Branched dendritic zone (A ghost appeared zone)
. Equi-axial crystal zone (V ghost appeared zone)
, F. Apparent accelerated lines of solidification in equi-
axial crystal zone.
Maximum segregated zone.

Flg 6. Schema of macro-structure of longitudinal
cross section from 3t sand steel ingot.
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Fig. 12. Shape of experimental ingot and sampling
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Fig. 13. Sampling tube.
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Fig. 14. Concentrating conditions of various
elements in freezing process.
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Fig. 16. Segregation of carbon before and after
solidification for No. | ingot.
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ingot during solidifying process.
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BT LTWBEDIEN, £ORNIROERITE CriEER
B HLETETH Shr L350 E VEMEZEL T
5 A EN, RRCEAERTSCREs BT
5T &btk

Z OERE ORI dendritic WRET 5 H4 OSHhS
PBRETHBECNET 2 BEBRICEEL, T OMECE
EXRSEFVIECIbb0rELLNSE. Lia>CHAE
2 D& F OBREGEE b ZREEBA 58T £ TOR
MORZWIE L THA LY, #iEfE &z Ofmsk
ThBdEEZLND.

—F =7 2 MK DRERORERGL S OUTER
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RS D, ARFHTORE»HLEMAEL > TTLDb
NWHZEMNRENT. TOESBERK SN D EIIT,
TCLEHhABHLBEORMEZRETVL0T, ZOWS
~DFEORILD HBEETbh, 7 AROGREE
R BT BHEEAEDFEL LT 0OT, HAREE
NI LEWAFHRIC Do TA L, Lo HERHE S »
KOKTHBEFZZLND. X O OHBICILER
HPEE U TE O EEDE KL b I e IO & it
WU dendritic 7k E2Tobh, BEAEFRETHD
;Pasty zone” MK IND EFEZOLND. ,

COBREORELAHEBECOIE EREOME,S, 8
FATE T L ORGP ER S, THREhDT
PO DEBRBELAEPORELTWbDL B,
PR LEGERSRCHEET 20T, #LOKOKEKIC
BEOTrLIRRMAHL. O L RARIFECALN
HEERRT-OY A R —RCbOFERIC A 5B LD X
DLMIMTHHZ EPLLHEIND.

IO XS IS M RIZICRE L Ty @R T
13, bulk ORERLINIZEEBLBRDTY WS, &
5 R O SN A B ARE A R LR BE D V3 0V RBERICELA
fliie 72 0, TOBRARITERICSTLRIRE (P
M7 D) BEBEUTICRDL VP THELLND.

SE ARSI S bulk OEETHBH, EE
EERT 454 B EUBHR IR S 70 & NS LIB R D %45 1B
T 5 ® FOVERE R I, BUEROFEIT L
IR VB EE T s oL, bulk PICiRE AR IR KX
DL EMNFENTVE. ZORDRERORLERIC
XD ARNTEICH T 5 bulk DI, »5EEHAR
CRILBEIVLEL LS, ERfzdooTiEdy
BEWEE RSV DEFERD.

Pl & AR OL I, 2ED3 4,

1) BIRFHICETDEREIOERGE TNICE DL
FLEREC DA -

i) BRI aAERBO&RE.

iil) JBILIEROFE -

ERETHILITXY, EROFLITZEOLFIDOFE 2
FTLHHBAINS B2 LRSI

3. XUMRARITBCSHTIBILYZEX
BANTHEYOSREA

KA B RITED GBHRLRRERER) 1T, — A% g(b

WHRNEMDPE CFEBRL, Lk ong

UL IERIRMIS IR & D7e > T &b D, BT
HOBELFRHE 2TV 5S.

LOXSBRFCHTHHMAL L CEKERITERD
BREC R 1D ERERICLRR Sl 2 8 - LT v b b s
VIO, Fiobhh [BMEOREGSIE TS & X,
BERPEZZIEH LIS L TV BN ED L BT LR
TS . X ORR BRI Wit M £+
L] LFBHLTVS.

L2 L7ah s, Bl L2 X 5 B Sl i AR & e
HAPDHD, TNEMOKRE SRR EF RIS
Wt U CIEEER S 238 v T ORE Mgl
fod 25 & FEREELER OB R 2 E T Ui 59
FWTEIPNILDTHEWTI ERE L N5,

Z CTRRE U7 G BB R IC B 2 2 A H X vl
PAVICEIRITER DA ERBERE I T 28 LB 2 Fa s
W, TNICEBERSE RIS 6 aRTRCE RS
HEALI AR BN E ORRECOVTERE LIz 7.
3.1 ARABICERBET HIRENEDOMEMA

Si-Mn #AREE 2T/ 27 SO RIRN SICHRE L
TR EMORD» LA E L ORIEH L TILFSH 2 X
BT, B b O E PMAIC X D 2 Ok %98
HL. ZTOFFEHIZ Table 2 R4,

INLE—RASTRTH D, EiFeaCHAtICR 5.
MARENCIEEERA L LT Ca 2D VIF Al ZOL0%

Table 2. Analysis of inclusions.

Test [ _ . ingot Inclusion analysis (%)
No Type of steel size Remarks
) (t) Si0,; | ALLO; FeO | MnO CaO MgO
1 Carbon steel 75 50 5 6 27 6 1 MnO-SiO; type
2 4 35 | 55~60 <5 2 20~25 | 5~10 2 SiOy(a-Cri.)
3 4 90 57 5 3 20 9 3 MnO-SiO; type
4 4 160 57 2 2 25 8 1 MnO-SiO; type
5 4 140 57 2 4 23 9 3 Si0z(a-Cri.)
6 Ni—Cr—l\I/Io—V 60 50 4 3 17 17 2 MnO-510; type
stee
7 4 30 | 50~55 <5 2 20 10~13 | <5
8 Mn-Mo steel 25 42 4 2 15 23 10
9 Carbon steel 12 56 8 3 20 8 2
10 % 3 53 7 3 25 8 1

\
5
l
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BFERLTWEWEATS CaO H5H\ix ALO; %% H
C REATWVWS. iz MgO R EDHEETD.

L2 X O AEDOTEREPFAITH L0 EET
% LUIME LS, SiOs AlOs, CaO, MnO, FeOfr
EOMAIBERGR» bBR XL OHEIFRETHS -

—fFic CaO DIRBIIMIESERTHY, TOREX
DT NEDR BT D MEDRAFIESHHEETES.
7 Al ZlREBAIZEEALRVWE 213, ALOs 1fhkid

IVORBAMNEZERLOTHY, BEAMXDE DIEH

At SiO; @ AlyO3=2: 1~2 RREDHETRAIN
5. L7chi-0TER ) ORI VI IER AR & HET L T
HARBEV. TOXHSXLTHEEX IZLTHRD L,
Si-Mn HABEEZ TR 2SO ERORIEX, £
L UTIREAERN TH D C ENHEEND.

—7 Al ZEOREOHE T2V T HRROFAEETT
7eoteht, FORRICINE, KIS I TR E KKK
FHR L7z ALO; THDOLN TR D, RIFZRT Y BER
EFSERTHD LIEESND.

3.2 Si-Mn HEBREERICHETIRILHENEDOD
| BRASTICAXLOEE

Si-Mn E4HERAEE Uiz 3t DR Giiog
BEBICHAVLRFREODLD) T2, RE@EHD
£ R ERC RIS SRR OALE D LEARREL, Zhbic
DN T OFERZR & GERTHROFME T ST 5 FEW
DREBARMD LBICWRNENOEEZERL, L OfK
B VT ARITEIC ST 545, HXLoBErEeE
L.

3-2.1 EEBRIZLUTICFHEEMR

1. HEREHE

FER T TR~ R ELETE P BUBHER B R 1775 LB R
5 OFEEY P ACHRAL T 20T, REHR
WA, HRFEME RIS EREREE TS CL 0%
LSrERBRTHD (2-220 1 OFEEXSH). it
B EREB X7 No. 1l @l THS.

2. PEEER

BERGERL 4K oBmRELRc &, —F
FH 50 mm? OFERNICREL TV 5 LBICIRAED
B 400 RS CEBELBE L. IERERoFEMI o
% Fig. 22 ZRTHOROEME» D 37 —HREGAE
S &V, T OFiEEL SO —E@mH150 mm? o
FENTRLE LTV D2 UIRNAED A 5F 400 5 TR
BB LI

BEE L cBLMRENEMRIREL LY 1 Xk
Table 3, Table 4 O < HF¥EL 7z,

BRI R AT OFR BRI HERIK S L < Bk T

FisB7cd, Wk 150mm? Zffi—L7c.
WEEBRIT ST 5 NEDORIIEBEE 3L IEE T

[g] o
o ©° o}
fe—t f
75 75 75 75 150 150

(]
!
LI

1
T

75 75

R

o

o 0 00 0O
i
L4

n
2
3

Fig. 22. Sampling locations for microscopic exa-
mination of oxide inclusions after soli-
fication of 3t Si-Mn deoxidized sand
steel ingot.

BHoicted, 4 XRITNENORCE CTESE, &
B MARFAOESE B OTHELL.

E BRI BRER DN Db SR E
f7c b DR, EPMA L XBFE, MEYL koX
RETC X B RS2 TR0

3-2.2 FEHKR

L. BMLWR AN ORESHIBIFE R

Table 3, Table 4 OHEHIC L 72550 THAR (D),
GRELBR L D CICERELR BRI L /e BURHT o W TR b %
NEDLBREHNLERS Fg. 23 kXU Fig. 24
KANENTRT - 7o UHREE OEBILSERE Ok
OFAH 50mm? AR, BEEHOHEH 150 mm? &
LichioT

LTw5.

BB X 5T, Table 3 TR L -EEMEE, 545
HBLRANEDOREER, EPMA 12X 5 BERD 0T
XEPiEER, SI vk Si0p tho v Hv Y r— b,
SMpo=2 )y PRRBTNIE IR Hoy)sy—h, A
LigzeaMo AlO;-MgO DD ThHo7 .

o> ¥z Fig. 23, Fig. 24 I\ CE5ARE, BEGE,
BEZOLBRB ST 2B RNEDORERREZE
WLRHR L AT
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Table 3. Classified standard of forms.

WERIL S ORI THDH, E

Symbol Examples

Remarks

BIUDERTIE 25 ¢ BEL
R RETL b OBHELNE.

of Si0z .

St

Silicate mainly composed

AL : ST CRBEEICFEAELTH
D, ¥4 X% 10 ¢ DT OHIE
HLOBIEFEEAETHD. Lol
B, ¥4 XE i SI Lyt
BF FEEMOEMS S B, &<
ARSIV ERS T 10 ¢ BL

AL

Oxide inclusion mdinly composed
of Alz03-MgO

TobOoRFELIHEMLTYWS.
SM: (Fni 22 Hovl
r—rE0HD) : E, DEETHE
DL LES B, EETIERD
B v, TS OH A4 X325~
0p ¢ & HEPIRKELDDIADL

(spinel ).

SM

Oxide inclusion mainiy composed
of Mn-silicate, and including
what contain Al203- MgO inside.

n, AR AL @O 5.
T ORERIC VT, o0&
RIBCH SN B NEDDORRR L
Bih s b 0% id & Photo. 3 D
EEDTHD.
i) #5A# 2hr

SS than oxide.

Inclusion in which sulfide exists SI: B,
on equal terms with or more

44 xEbic lhr 4%
LY HEMOEMI A LS. &
FBFRRNC I A4 X bR &
1T | hrig & @R EER2 5T EIT
S L, @EEEZEAEL
TVvw5 L EbhsD, CHICE2S

Table 4. Classified standard of sizes.

Grade Size 1 Grade l Size
1 6~12 8 51~56 p
2 13~19 9 57~63
3 20~25 10 64~69
4 26~-31 11 70~75
5 32~-37 12 - 76~81
6 38~43 13 82~-86
7 .43~50 14 87~92
1) BARE

Si0; Z(LLF SI rw43) & AlO;-MgO A FIWVFE
(LT AL 2EEP)ANTEAET, ¥4 X3 10 ¢ BT
O DK% EDT V5. L L2y o2
» SI HFEFHLLND.

ii ) $53A1% lhr

SI: BEZBEL TV &E 2 bN5 RHROERR
mA) E3s X ODERA VI U, REEHNC LIS <
BFELTWS. ¥4 JEAEARE RIS 10p ¢ DITO

~30p ¢ L HEIK IS OBRDLNG.

AL: &, ¥4 X & DHTFELWELZS LNV,
BERCE VAR S BICHEE L TV 5 Sk 1 hreig & Rk
TH5b.

SM : BRNIC VKA VS 4 XYIEER O A2 B
5. FAMER Thr HEFERCRBOESTL TS
D, CIZEOTEHICIE DN, 30~40p $RED L DR
DHILD.

iv) #5547 Shr

ST : Fg4: DB FREMER 7s B THT A4 ZIILART & [RIERT
oY, BEEFRASLTVWS.

AL : FeA OEGFRFMERIVE DL 81 & FERT 5 % 55,
T A4 VA INOERSE L S s .

SM : FBZE S TR 7. o4 XE 2hr i K
EHEV. L UFERIE OAL 51U &4 S e,

v) #iAi% 4hr

SI: i3 A EZ by .

i
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.f
4. ‘
Unsolidifying :“;‘;__ — .
=z
7= Z |
_ _ .
/ oc =
Z .
Z Nz
Z oD \% - -
'S‘?;gifymg / \

Photo. 3. Maximum oxide inclusions found in each locatlons along center- lme of 3t sand

steel ingot at lhr.after pouring. X400 3/4) S ETTE e e

L:SBRRELTEY, COBMTOIELAEN ZLAUEMLTHY, AETFERoaRE (Fig. 2 o
LOBOLDTHB. LrLYA X3 10p BFOLD 5 d~i IKiE%) THI0p BEDLOLRALTVS

DKRERDFTHB . e AU BT B S R R L, J::i:ﬁ{srmt

Mgt AERBRI . T @A, R ERIR X b DONEBICIE AL $3%

vi) % “ BB HND. )

SI : Ei3A7s IBFARIC LV 802 320 bhis S S (h#mMZ EOBLMITia e S EERE) « RE
V. Y A X HBEEGSRICEASKES . BB TRIEE A LR DRI,  RERIEIESEIC
BI5 OB FU VRS BOONE . RELTVS. LaLy 4 Zvdind 10x MFopt

Ve L LY A JRRESRICE AL T 5. SR HORRSN TV _
SM: BREEBRICE~AEMNEBEL DTERS LTI A XHS BEEAETERERTIRCA SN A AL L cERb
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WMENEWOREFZ Photo. 4 1LRT .
2. EPMA FEFER

Photo. 4. Macro oxide inclusions found in negative
segregation zone after solidification.

%400 (1/1)

B

YD (x660)

v
o

| YE-a (x660)

IYE-b (x660) (9/0)

BENARIC IR U723 5 S A EWm s 50N
BEEFRD RSN D NEDC OV TREN LD O%
BY, T b0k e EPMA THEL .

FEAE O RE L& Table 5 DEEHTHS.

Photo. 5 (&[EE2), Photo. 6 (BER) K f3ERE @
FWEEPAMEESR (FEPEHIT scanning line %7R¥) %
rnLnmd. EBERKRESY Table 6 Wiy .

CHWIREND X 51T, RE@EHDICHLNDHNED
Wk kirta A-zone(< kY v 2 Z), B-zone (fEIKHT
HAED L L BAORRME) »5E>TW5%.

A-zone I H I REDOFPNET ) 2B )y — KT
»Y, TNITB8%HIKRD CaO LETFTD TiO: BEH S
hT\v5b. —J5 B-zone I AlO;-MgO (A ¥ x1) B
KERSr & 5D, XBEFHER2 L RSN, Zhic

LED Si0;, MnOpBEHEINTWD. L
L 10p ¢ LITOMEBFICES L, KER
4yhs A-zone DA L7, B-zone & &%
TE—LHEEEZETHHABL 505,
A EIRERONEDIT ST RO A
-zone, B-zone [THA{LL 7= zone H3AH 5
5. Ll C-zone O & EFo72<
BED zone DRBELHLND. "
Al BREEZ T b IT b b T
T zone 1T AlLO; 7354 BITH B,
F i CaO OBW#~ MgO 3%
CHEKFEVWEHREZEL TV, TGO
A JEX LTI, CaO, TiO: ZFEHML TV 5
e, —CEML EDRK (L L
TyvEy PUIUH) ERATTEORIGHE
RIFERE, s & L CRERIRC &R
ENTV B 04 ENE 2 S5 HBEEHIT
B &> Trhow.
3.2.2 F
1. ARFEHCH LN LE{LMR BN
Fedn DA pRES A
BELEET X, Photo. 3ITRT &
A <S8R lhr TWRBREZB AL T 5 X
% 2 HIVDH BRI LRI S 3 5 8RS
IR 20~30 ¢ ¢ DRNEWHH LB H
X ) EEOREEECIIIS o IT L
I 10p ¢ LUF OIS S DL2EED 5
N, 7422 0O X 5 MMV Photo. 41T

Photo. 5. Optical images of oxide inclusions for EPMA TF X5, 2hrifi BV T B RERRICR S
examination found in solidification process. nt-. ThSOEEREMD, BEEBLC
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Table 5. Sampling condition of samples for test.

SS;;)&:? Sampling time Sampling location Remarks
During solidification | D part in Fig. 1, namely a part | Size: about 10y ¢
IYD at lhr after pouring. | corresponding to upper end of [ Shape: spherical shape.
negative segregation zone. Heterogeneous zone is found in inside
of matrix.
E part in Fig. 1, namely a part | Size: about 23;1”¢ .
IYE-a do corresponding to center of negative | Shape: spherical shape.
. segregation zone. Heterogeneous zone is found in inside
of matrix.
‘ Size: about 8 u ¢
1YE-b do. do. Shape: spherical shape.
Wholly homogeneous.
E part in Fig. 1, namely a little | Size: about 534 ¢
YA3 After solidification lower part than center of negative | Shape: spherical shape.
segregation zone. Heterogeneous zone 1s much found in
inside of matrix.

Table 6. Results of EPMA tests on oxide inclusions
during and after solidification.

] . . - . After
Time During solidification solidification
Sample 1YD | 1YE-a {1IYE-b YA3

Zone
A|B|A| B iHomo/ A| B | C
Oxides(9)

Si0O, 34| 5|40 (28| 43 (41| — |38
MnO 13| 9|14 |11 18 113 | 9| —
Al,O4 28 168 (129|441 26 |33 60|37
CaO 1n|—| 9| 6 6 8(— |21
MgO — | 22| 11|29 8 | 14|24 —
TiO, 21— 2| 2 2 21 2| —
Total 88 (104 |105 |120 | 103 (111 | 95 [ 96

VBB TR S IR RANEM DIRIBILIE & A SHLE SR,
BEIOETLE LDTHRLATKEL, Thih ROk
B TR S T\ (0p dLAE) MFLAE

YA3(x660) (5/)

Photo. 6. Optical image of oxide inclusion for EPMA examination found
in negative segregation zone after solidification.

FHEETL, BN bR TREFL TS Z & 55
EINS.
Lo TN EDOREREE LTF L F3 4 b

- RSBA ST BEEEMT T 5 E TOBEMFIRE
T FTfRkbhbEwvz LS.

—HERITECH b % @EHRONEMIE, Photo. 4
CHRENB XA 50~T0p ¢ L GEENRRITEEL
CHAMELTWS. Z0Z LN EDDORE »ER
KTETOF U FI4 FOREBCHESVWTEL T
LicZEBRTHDOTH D, MEPTEFLTWHAE
REDDORES I DRHRCAERSIND LEXBNS.

2. ARITEICH S S E LR R B DA i
B, BERRT I, BEMBTHEMMLY )y — b
(= hY v o2R) & AlLO3-MgO(R A V) MBEMRT,
INEALINEEAE LI RBEHIRE LY ) 7 — b BE
FEENTWS. —FREZTRE, ¥4 Xtdcv )
r— MEZELLHEAL W5,
AEFNVEREEDTHEDNEL
VERZBRD SNV, vy
b= bR RERI & R %
a4 L TW5D b DHEE
HOoNY A4 XhKikbHOESL
EWfEL TVWAHEmMS &S
%

T D E DL, HEE{LIR K
BAEMOEFEEEOEDL S
EzBNS.

T TREVIICIREZ T
) — hOERLUITH 4 X
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ZLAEMLTWS. oz iEEERCsVYTY )Y
r— b OSBRI TR bIL, L b REMSERICT
PN EERLTYS. 20 LEBIARINLR
HE LTRHBEERTICE A FEHOTHh, KHTETF
Y RIA4PORERITE D7D ARG ORCEFIT X D
TN BHSi, Mn, Al, O k23, HRERHARTCT TICE
ELTWD Y ) r— bk (400 f5 T C & VW iR
YDOLLENLDD LEEEIND) ORMEHKIT VDD S
TEHEHAERZ TR CERLRHEL TV Z B XD
N5, LLERMBCREESER T EEZLND
DT, TNEHORNEWME T LI SZOML WA K
, FRFCEEL TV D EFELLND.

— ) GBI & NTERE O & AL L 7o
Vo — PORENCIEA R USBEEIN TV, L
HALOETLRDDIFESEOZE R EEGEL T
L. IOZEREROMEICE VEELIY ) r— b
Ex OREERMREL LMD, BRICAC AV EEEL,
THEANLHFEELEREL TV LD L HESNS.

HL DX RBESESFETIE, SEIERICE
FHY ) — FORERERICTEbL, LrbAE R
WD E D IEAEMPHFEL TS5 H 3L ORI
—REBESINL L EAE LN, £ OFEEER
AR — A, (e ) — B — i (R
ERMOREESN L STITF o ¥ 34~ DR ik
FlD A = X apZ L VWEELY S XET 0L Bbh
H. MBI DX >CEZDLE, ACFINVDOXSEELE
DOEEFLT U LHER—E OB TE 2 LN TELLHK
O E 3 Dl LTk b,

2 b Y) v 2 ARDOAL 2 NDY A R VEEENC 54T
HEDSEEBEOTBKELDTVED, 2O Ligw
DI ARG SN A AT Y v 7 ANICE
WTRELZE L EERTHOLE RS,

W LTh v Y - FRAEDOHA(LIE, &
DX D EREGBRIC ST IBAIEMAPELD TEELK
B RYAREM OB T LICBETRETHAH S

TITETD A B = RLT-DVTIARIEARAL S S0
7o, FEVE AR A TS VR TS T2 TETH S .
33 AlBESERCBITIBEMENTENOSRIS

(6N :: % SIADT 2 -

ERAMAEPNR B AR RS L, IRBE O EmIEE L TR
SHREERBIC S B & X, £ T ALOy Ok S iCiE
PRLTF- & LT L TV B b O DMK THS &
B LITET. TRl DLOBELAEREL Y, v
W DL BHARR S, AR OA B ST
T2 OEITEBET S ALK IR IL DR A U B

TE& 7.

L LIEds, MRl e L EFEL T FEOERER
P SUBEIIC IS  OMBEE S D T LAk iEE L.
Z 2T Si-Mn EANEOBE & RIROEBT, K
BRCETE ALO; OFE ZHEA M IERL, ALO;
DB EROIERA % b7 ST E I Ly L AR S
FEL P OBERICREL TRBT HBBIC oW THEEEM
A1z

75 BHLER SRR X e RO — i D EEIT B 1T DR -k D
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Table 7. Classified standard of sizes
(case of Al;Oj; particles)

Table 8. Classified standard of sizes
(case of Al;O; clusters)
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Fig. 26. Results of microscopic examination of Al,O;and alumina clusters
at each locations along center-line of 3t Al deoxidized sand steel
ingot during solidifying process.
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Fig. 27. Results of microscopic examination of Al,O; and alumina clusters at each locations
along center-line of 3t Al deoxidized sand steel ingot after solidification.

LERPIICRRSICRVERI 21 5bITHDd (¥
RIS 1 EERE T2 D .

i) 75 2%2~—-0%4E

JEAF/ME 6~24p2 % 1 2L, Table 8 1ZHI D ik
DIFE L FRICSERE EEL TV 5.

3-3-2 FEERFSR

. SRBEELARIC 315 ALO, O%H)

g, X$BEW SO EPMAERRFRR I,
BEBE 3 & OB IR 2 SN B B LR A TED
WERERS A aAlLOy THD

SR ELG IR O AT Fig, 12 R TAL & » SR
WL 7oA SCUT EIEE Fige 25 027k ¥ Uit o
AhrED» BRI L4 U 500 iM% Fig. 25 ©
RO EROE RIE S IR L 72 430k 1 EmEfE 50
mm? OFEICRBELTVE ALOy 35XV 24—

DAkt w Fig. 26, Fig. 27 &N FiRT. ALO,;
W0 X EERR - REEE TS L, 6 DL

FAZXDLDEDOWVTAIREDFVER LS, ¥
AZXLBERERERD2TVD. Fhr 5 24— biEE
WL BB, 4 XBFELIKRELDTWD. TDX

W&

5 EFNVIERITESHIC S VT E L THETH S,

—HEgENARRIC OV T g, 6l ALO; B
FHLOW Y I 2E—38, ¥4 XEBTELVEFT
ZonT L ABROGERE & DD OEERESR B
5. L LEERE OOV RUREEER GURERR
THABEED) LEEMEEAETGRbRLTWiEWnESE
Z HNB RS &R B LIRS, MEOHBEIT AlOs
WF23% L EHET HHMBH LD

DT EHD ALOy DA, FRETEDERITERC
BI1FD ALO; BiFOEE, 25 A& —DARZ X DE
TEEVY, T OEWST BV TERED S S FREEST L R
2 55T TORERGBRE OB ITE VW THE LT bi
HLEMHESIND.

Photo. 7~Photo. 9 IZi5fE @52, &EHO £ALET
BN ARENT ALO; KFRXUY 7 2% —ORHF
BB RE T TR T .

FEbR SR, AREICA SN 5 b OO IZaR{bi e
LB O TVD HDAEIE V.

F 728 O BRI B30 5 RELAR B X CEEERD AlOs O
SRR Fig. 2802 50D TH5.

— 37 —



1502 Bk & @

35 53 & (1967) 132

e
&£
a
. o
s
h,;d, SR

a) AlyO; found in unsolidifying zone x400 (1/1)
b) Al,O; found in solidifying zone %400 (i/1)

Photo. 7. Typical images of Al;O; found
fying process.
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Photo. 8. Typical images of AlO, found in chilled
and columnar crystal zones after solidifi-
cation.
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Photo. 9. Typical images of cluster-like Al,O; found in negative segregation zone after

solidification.
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Fig. 28. Change of Al;O; during solidifying process
and after solidification in 3t Al deoxidized
sand steel ingot.
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