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Consideration on the Formation Mechanisms of Macroscopic
Segregation in Large Steel Ingot or Casting

Koichi Tasniro, Toru TODOROKI, and Shigeo KiMura

Synopsis:

The cause for macroscopic segregation in large steel ingot and casting is reviewed. The formation
mechanisms of macroscopic segregations, which have not yet been solved, are as follows.

1. A-segregation and speckle-segregation. ]

2. V-segregation (positive V-segregation and negative V-segregation).

3. Pock mark segregation and negative V-shape segregation accompanied with electric arc heating
in feeder head or upper part of ingot or casting.

4. Negative segregation in lower part of ingot or casting.

In order to solve the cause for above-mentioned macroscopic segregations, the authors investigated
metallographically the macro-segregations of large ingots or castings sectioned longitudinally or trans-
versely, and furthermore carried out model experiments with water- oil, etc, to elucidate the floatation
mode of lighter segregated metal in bulk liquid metal.

Based on the results obtained and microscopic feature of dendrite structure, the .authors made clear
that the macroscopic segregation of steel was induced by difference of specific gravity between segre-
gated liquid metal in-the dendritic region and bulk liquid metal and also by interfacial tension bet-

ween them,
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Table 1. Macrosegregations found in steel

ingots or castings.

Blowhole segregation
Corner ghost
Lameller segregation or banding segregation

Négative segregation in lower part of ingot
or casting

B0 N =

&4

A-segregation and speckle-segregation
6. V-segregation (positive
negative V-segregation)
Positive segregation in feeder head

8. Negative segregation in upper part of ingot
or casting (electric arc heated)

9. Pock mark segregation in feeder head or
upper part of ingot

V-segregation and

~J

(a) 13t carbon deoxidized ingot in vacuum,
Photo. 1. Sulfur print of 13t,26¢,71 t steel
ingots.
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(b) 26t vacuum cast ingot
Photo. 1. Suifur print of 13t,26t,71 t steek
ingots.
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(c) 71t vacuum cast ingot
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(d) 26t air cast ingot

Photo. 1. Sulfur print of 13t, 26t, 71t steel Photo. 1. Sulfur print of 131t, 26t, 71t steel
ingots. ingots.
Table 2. Chemical composition and size of 13t, 26¢t, 71 t steel ingots.
Ingot E .thmical analysis (wt9%) i Ingot size (mm) Remarks
~ lclsi ;Mn‘ P | s |Ni|lcr Mo1 V | Height | Mean | (method of hot top)
3 H . R lameter 1
13t vacuum cast ingot ', 07069 . . _ | ' | ic ar i
o e g 0 240 070°62| 0 oze!o o211 —| — ! — 1500 | 1000 | Electric arc heating
26¢ vacuum cast ingot 039037071, 0-021' 0:008 — — — — 1830 1285 | Z
26t air cast ingot E0'370'2%0'5950'018‘0'014 — —| — — 1830 1285 | Exothermic flux
! ‘
71t vacuum cast ingot 1‘0’310'27[0'50 0-014 0'008:2‘67!0‘39'0'43 0-13] 2560 1715 " Electric arc heating
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R . _ : . (a) 2t cylindrical shape casting
Photo. 2. Macrostructure of 13t ingot carbon Photo. 3. Sulfur print of 2t, 3-5¢t, 30t steel
‘ deoxidized in vacuum. castings.

Table 3. Chemical composition and size of 2t, 3-5t, 30t steel castings.

Chemical composition (wt%;) Size of casting (mm) |
Casting - ‘ Dia or i Remarks
7 C . Si Mn P i 8 Height thickness Taper
2t cylindrical - 0-32 0-26 0-56 0-013 0'008 1 200 460 102, i with feeder head

vE S : ‘e . . . . . bottom insulated;
3-5t cylindrical | 0:20 | 0-31 0-64 0-022 | 0-011 1 000 800 29, without feeder head

- 30t ring* 0-21 0-46 0-85 0-018 | 0-013 900 850 59 | without feeder head

* Mean diameter: 3 200 mm
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(b) 35t cylindrical shape casting
Photo. 3. Sulfur print of 2t, 3:5t, 30t steel
castings. .

(c) 30t ring shape casting
Photo. 3. Sulfur print of 2t, 3-5.t, 30t steel
castings.
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Table 4.

Segregation coefficient of Fe-base alloy®.

Element| Al B C Cr| Co|Cul|l H

Mﬂh@ Ni | N|]o| P |sil|s

Ti‘w v

s-iron | 0-08| 8-89| 0-80| 0-05| 0-06/ 0-10; 0-73 O'lOl 014 0‘171 0‘75‘ 0'98‘ 0‘87| 0'1‘7| 0'98| 0-60 0'05| 0-04

y-iron | —[(0-95) 0-70(0"15) 0-05(0-30)\ 055 0-2#(0-4) 05 | 0-52(0-97) 0'94(0'5)(0t95w(0‘7)(0'5) -

Remark: values in parentheses are estimated.

Table 5. Influence of alloying elements on specific
gravity of molten iron at 1600°C.
Fe-C alloy Fe-base alloy
% | B | Cimam |
0-0 7-158 8:5 9 Mn 7-122
0-1 7°061 18-4 95 Mn 7-097
0-2 7+003 13-7 9% Cr 7-042
03 6-963 4:329;, P 6953
06 6-905 5'35% P 6906
08 6-877 2:019, W = 7-251
1-0 6-844 3:609, Si 6-920
1-5 6-798 9:05% Si 6°527
| 2:0 6-725 9:67% Si 6510
30 6-587 10039, Si 6-473
1'159, Al 6-473
Fe-0'29,C-9%,Ni 7-2
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Fig. 1. Specific gravity of molten steel containing
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Fig. 2. Influence of S and O on surface tension
. of molten steel at 1 550°C,
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(a) Ample supply of floating o
solution.
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Table 6.

Mixing ratio. of water, alcohol and
glycerine.
Material Volume 25
Water - 80
Etyle alcohol 16
Glycerine 4

~ Water-glcohol-glycerine
solution

Controlling vaglve
;

Water —

| ifi_ |ll— Sponge .
e — T
Fig. 3. Schema of apparatus used for the experi-

ment and floating up of water-alchol-
glycerine solution in water,

(b) Small supply of floating
solution,

Photo. 4. Model experiment of floatation with water and

water-alcohol-glycerine solution.
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Table 7. Surface tension"and specific gravity-of
oil and paraffin.
Material Surface tension Specific Temperature

gravity

— 0-908 | Room temp.
Paraffin (with

1% black '24:0dyne/cm | 0-781 72°5°C
grease)
249 7 0-780 74:5 7
| 949 7 0-876 1 660 #
"Mobile oil ! )
]24-9 y {0874 | 710 #
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(a) Floatation from vertical plane
(b) Floatation from horizontal plane

Photo. 5. Model experiment with paraffin and oil.
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Rubber tube

Glass tube

Fig. 4. Sketch of the apparatus used for the floa-
ting experiment with water and mobile oil,
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Photo. 6. Model experiment with water and mobile oil keeping the surface tension of water constant.
(The feed of oil increases gradually from a to €)
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Fig. 5. Viscosity of molten Fe-C alloy®.

I'0

Viscosity (C.P}
/{/z
W¥o
1
/@

s o
04 ¢
2 4 6 20
[l fan] [, BPT %
0 (o)rd 04 06

(a1, [0, [s] (%)

Fig. 6. Viscosity of molten Fe-bese alloys at
1 600°C 10,
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L EHbrb. COLEREFREBERICHELETSE
LR OBENE BRSO LD DT, BILKOEFE L2 RE
T5h0rFE2BNS.

3.2 ARIWOBEAICDNT

AR DRRE F 723 KO DV T E L 2 5%
{DOMFERLEh, HAWEDP™TDINTNEH, FER
FEERRERIEOTWS I3V X iy, BRI L
LRERTEE®, NEFLIT XY, FRETIEE
EoWH B VIIFLE SN X D AR ORISR
bhTwa.

FELRHE CHRR/RRER O RN S, F s
Z MY — 2 ERRRARET 5O REIEN B X OWR LR
DR BICELESND %R L, £$7-0RLBROR
EHECE LB DT WD ik E T 5 &k N
25, DTFWAR LTS TCARRSERL, 5T
AEESRPICEE SN EPIC DOV TEEEZED T WL
LT D HBFOFICARIFOWERITOWT 2, 3
WATH B,

3-2-1 ARN OFELEIREE

F U RO ARITIT oW, #48'Y, BiE5H,
FRRELDIZIDARITOEL S~ 7 oI B O
T, T2 oNiEs S dFMCFAESN, TO/kEA
ERPTEHZEBRALON TS EEHD DR FEOMB
MO ZFT DT E 72D, O OHMEERLE
WThiEo¥D ek Thb.

1) D 5\ WIXEE R D A RET D4 B S SR D EEERRAY
THET, LrdVEHREMOROFRRIGLE I FEL,
SHERR R E BRI F X Ol OF D VIRIT ISR ICIT B4 L
7tus. LU Photo.l a 2 RT X5, ABEDE
EERELELPOLARITOEL D F2 “OR7 AL Hw
Z 5RO OLNEEEL D 5.

2) AR OFEAE LTV AESIMERGERTC L
MREVH, —ERCIEFESRIRIC BFEEL, TDBPEIIKR
DALY — 2RO ARSI ARITOIIL Y EE X
S B/NMORIRE 7 B R VIRDFEINT IS < £S5
[ 5.

3) ARWIE T ORERIE T EREE mmT, kKELT
3 10mm 1ET S5 kL, BRXEERE2LT
B0, —RECSHHOIVEICE L7k SRR L
TwWb. FHIhOEWIDOIRFRKELTED, FOT
ERNE & A EMEHBOMNE X ) R ARIANERI LTk D
2 MY — o BEIRDCHEVIEFRER LS D, —fRIC
AR RIZT D &, SERAEER TR MALT, SRR
ESVEICE RS D B F B0 LT T ERIC

KECHAMT EOMBLDHTHDH, BICHIEL 7258

Wi Lo T & LEEIOBE VINRFELIEET Z OB
Bohisv.
4 ARBHOEXDRER <7 oficR b0k
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b2 THE DRIV, — iR/ O AR
# 2 ) IR &R & TESRE SHCIBEa2 % <, BRI
HEEagHsk e WO, KB TH 5.

5) — g ARITORNBREBIE R GEEEERL, SUH
B X AT, LadHREASHD X 5T, $BiARERIC
42U % O HEE X0 mER i@ THERD EHIC—IK
7 — L DFEERRDONDEENE {, HACHRERELD
SLUENCIEID> 9 DD iy, E 7z ARFTEEAIIC
Ui LSRR BRI X 2GRS0 bR 5.

6) ARHTER & % OFELDER DK RIT IS DWW H
BWHIRARTWB L ST ) DRWHATEEL, £OR
WE SR OBE RN T 28 o EOSERE, b
LRI GREIC KR SN D LFE 2 bh, —RITREITHRED
KEWP, SEEBEFELLBELLTNS. LHLCIIE
WHRHASK & V0 L b BT IRITE ke d 7 <,
BACX2TRELAEIOEI Y dEEERT LD
BHLND.

3.2:2 AMTORE

3.2.2.1 ARFFOREDOHE

MOF 2 K4 bayi B OETIC > TR D%
SNTIEDL D DIRITBET B, &L ERITHREOXE W
C,P,S,0 K¥DTEISAZLELL, VbW SEIL
BMEEET 5. 20X 5 0B LBARMOFELZTRICL
T, AP WRLALS>E& BT iiaEmLH 150~300
mm, FPECrE 50~60 mm BEOME»SHD & 5k
ARVFRRELIED B. 73 ZORE TOFEEERD
REEE 0°49,C gzl & niEiy 0'1m/hr, HHE

EMEOIIK 40mm THo o LRl ZHBE

EEBENO B LIFRIANT OB LIS T 52 &
VIREREANIC b, EARELTL B E XA ELhTE
5TVWARAFETH S, LK IALOELIBMTERIC
WU hoEBEZEL, HWFELLXS ET505
<. Ly L ohbiEoa bk osEns
oW, BIEEDADL BN, BRI LIT
FEELTCBILESET LS ERABEHT L L1H
RECH D OH, KBILISEFR~DOBENT B OHEHTIT
X OEETHSS. IhLBBEMOBKROBENEICD
WCIEER DI LHITREESRE 2 p & q MBIy
O, BIEWREESEERZRL, BESSELAREDD
DT, EOBENIL L LAMEERE LTR LN
DG E L, —FHEEREERESEL, WB»REITAE
REGE LT LT WS, ZhOBEITAEL RO
BLAHOE LSRRI KFEOBET IV, $E
WWiES e o>h THRE#I R 52 LIEFRR OB RER> S
LPELPATH S L LSBECEVERECESWTDLE

LB FHICFELEL XS ET 5B TWHDT, E
BB BE~OBIMIRETHOT D, HEmEio
gl AmMA~OBEE, BERRORELEL L
CHAREBMENFEE TS THHS 5. L >TELkD
FEPEGRMNEBELES LT, ARITOBFET/ X
“OME” BIDSEERIEICTS L A EmECERID &
HExON, O EEOWTIEREEL®LTTCERL
TW5h. —H B ARITOHEESFEELTHD x 57
AP —2R2BRTDCIEOED LS BREED L
Ezbhb. THbLLARMBREETHEHTTRTT
K@EV@EE%Eﬁ#EL,Ek%%@%ﬁk@%%
e D, EFARNOHENTEL, ChRENE
OREPE LR LIAD 5 L, BlhiBEbicRibL =G,
P, S, ORrXXvRKELOMTRAmENZEL B
DAY —2{LL, THZDANY — 2 XEEHD
VNV s RRBEI ERERDS. ZOXSITLTY
DIAANY) —IBEREINEE, INPERELD—
EOMEEROD LI, AFRIWORS &> BT
OB T T L > 2k LR Tebh . Lic
DDOT D, BLBOWBDOELICLY, A MY —2
CEEREUHHDEEZLND. T T5 LIRETOW
ERBHIRGEOEIIC X 1, BEAEmEEROTmnie
EREoNEWEh E L oTBBERREA L, EB{hiroft
BRI EZR AR VIRDOARTO “lxLh” &L
T EmMEDRITEE LTS, —FELRodHBaR
BHIREWHTE, BOOELRE T L > oWEICHEER
L, #BERGEEZ6E, BRE OBEREECHES. 2L
TR LOREWH L 50T, MERICEREL TE»
INvsthy FRL, AN -0 &ERTE. HLER
BRECHEBIRGSEIH LTV X S BSR4
b7 E OERTECEOTCEF TS5, —fFoXE
SABEVE EIASS D D7, BV SR O i3 UAMRN
KEEWTWBHDT, A bY—ZBHRC/NV IRz RE
WERTBHEEZTEPSS. b HHAZDORITIERD
RENS L I 2 O vws, ARITOREBEIARE
IR 5 200 mm LT HERE B | BEile T
DIRTVDHEEETESD. LK OTZOREATIEENE
DL HEEBRICER T3 RIROI TERE D &b
THRIET, AN)— OB EREEAETDIZREDOKRE
X2EzORE V. 2O X 5T UTIMBARKRN AR
L7z MY — RO AR OEVS ORISR E T
FREL, TR ELEZHS L CER ORISR AT
5. RBEFERBAKICEWT DREOM®ETE & HI0RiE
TR ERIBRARTZER TS ZOMEWRTHFETEIA
BITERTR L2 <, #ElREkohizkizl, SHAE
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Photo. 7. Sulfur priht of 131t steel casting solidified
’ at inclined state with angle of 18° to the
axis.

S L7 OBE W, ChbDEEIIC 2T IE#Emm
T 5.

kb AR OAEBORIRZ TR 3 S 72D, Photo. 3
a (R L7 50 & A — ORISR A By, Sz R
78R 0°39%C o Si F v FERZESIALE T,
FoE b smsigh. Ok U 18° o mE sl s E, £ ok
BECEREYRT &k ZOHMOE.L% B 5 THIT
Lt Exndvy7—F) 2 b& Photo. 7 iR, T
iz X % & TRIOERE» S DARITEZEOELLDOE
LIBROFT ERE S, EIFHELMCEL, £o
EXLE, $hRETHRILHED & 5 TR
—75 ERIOERTE 2 5 O ARITEHRE TR <, RIEAR
Br 4 AR ORI T & HEE S h BEMBESMA] & SEAT 2 RRE T
H£UTHY, TORE, REFIUCREEHEESEL <,
Photo. 3 a iIC/R L 7§ L D EAFICREL TV S. T
N OFE RS S SRR D ARIT 04K BEER BTN
TWBEZEZTIPAS. TBBELBHEOF LIS
T, RJISPIRFDAERTEE, 45° HEFEk XUUK
FEHICOWTAEL, BLBEMIACERE» S OF R E
D TESHTH B, SBEMEH S OF X LEHIEE T

HHLEXHALIPIT LTV S.

3.2.2.2 ARH O SBREE P ICEE S HSEHIT

DT

BIffIC VT A b Y — 2 SRRk RS L O sy o
FEDOXSTLTERT B PR/, 2D
BV LTREERPI BEIND pIKo WT BET
5. ARITFOMMET 1I0mm ITOAZXITHD
FOLEBRTHEKE OBEZOREGEMAEOMICE <F
FENOEECHIEENZTHA D, A M) —IANT
S ICIRAIEC BEE LN D, Liss DT AT
OELES T, & THEECEEORWCIE, £ OIRED
VRS LTV THS 5. L LIBEGRED
INEWELETTREEN»P, S, O ETFELALZDEEA
FHHICEEDTHASS. —HARWORLEIRTDH D&
EEMERAOBILIKD AR Y —7OFERIC LB DT
BIIEBLTL BT, BT LA TSR M) - 213k
HORAMNY — 2T X DVERENLIECEAL, TDOEIL
EbRLT5THESY. ZOXS5CLTCORMIBEL
KB LB LOFRBNTHHLEREBHEEIL, EDITH
W EMTIEES B D PR VATV DA M) —2
WL 2R, Sy hicBELREBICRS. 2O
T LRENIT LD, Photo. ]l ¢ & 3a DD AR
Wk & 7= OFDDOIERITER DO S FE R % Table 8 WK
T. ORI ARWEKIEP, S, 2L SH#L
FHF LTV 53, CRENOIERITE & KEL VT &5
bbb, —RICARTORREZ KELREDER T ADI
L& DI EICER Lo BILE O LABARITZ £
DL ETHELZFT LD HH, HERK A LM
TERAR T ABERET SR 5L LA ARTPTE

Table 8. Chemical analysis of A -streak and
surrounding unsegregated zone.

Chemical analysis

(%)

| c || s
- - Ladle | 0-32 | 0'013] 0-008
No A-streak | 0-31 | 0-031} 0-189
2t ingot cast 1| Surrounding| 0-33 | 0-012} 0-011
in sand mould zone 0-31 | 0-008| 0-010
No A-streak | 0°33 | 0:027| 0-219
2| Surrounding| 0-32 | 0-011| 0-014
zone 0-32 | 0-010| 0-008
Ladle 0-31 | 0-014] 0-008
T A-streak | 0°31 | 0°023) 0048
Surrounding zone| 0°30 | 0°016| o013
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ENhBzEXD, FRAABPYLTLIELVWEEE IS
.

3:2:2-3 SHBED ARTOARK O S & EREBIC DWW T
BAER MY —2RARWEZ DHEFEHADNDLHRY
IRFIT DA BREEOBMELZ IR, HiKZhbOff
W OLEROHES ERBICOWCLTHRIFLTHS.
Photo. 1a & 2 iz7R L7 13t AEICEVWTIIH R
VAR Mb O ERERIZ B L, SMBEIRO B OS2 5
BRI, L2bhgRLTWS. ZOMBIIERLAX >
S EHARE T, BEHIZIhvbp B h—K
REEZ T VWEERE 30ppm iICTFROTWBDS, X
BT Z OB X VIKIBITO A b o < & o BT
PELL, EKKHY NI 7 —F V) Mot B ES
By >CTw5. %7 26t OBEEMEAXTAZ KT 5
& SEIRTHBEVDS, EEEIEO 1 2 ) RKFETRA
Rt 3 X O FhiEB D VIRHTERRZ C D v o7 7 —F ) o b
DYRESKE V. DX S fAMTEL S Mn, Sifi
BRimE DD, 51T Al K Enx CIRBERZMRILL, B
FZEAET LA SVWTHBEDLNE. ZhHOR
ROFEHIZSED X5XEZ b5, Tibb BER
Table 4 © Z & < RTEREEAA 7z, B OEL
Wb § SEEEDSIEV. LA L ¥V FEIC IV T,
MERIIREER LA L TR EZEL 57D XDE
LER SO oHRENS. —HHnRo 13t mblix
SiEMBEWOBEOBILENHYKRE <L>T LI
IR E U Iov. DI FEIREEIC k) DR RS
skd b L Hiwry 5200&HEH» 5 1530°C kv 0°5
%Mn+0'07%5S1 OFEKT 70~80ppm L HEwE X DHh>
5, BILERO (0] 3RO [O] REiTtk»7kb
MmMLELb0EELLND. L7zADT IO TIIH
BEOBILEMISUACODELDELLRY, i
LOMORERANEZKRES LD B L EDIT, BILEED
BEEZETELDDZ EBTRSh, ZhPEEMOE
ILEMOBREIAZZEL, FHX VBRERO» R Y
WIEITZERE LD D LE LN 5. TIZiRHERE
LENECH+O0=CO nEIGitEWwT G 0°29% B X
0°3% o4, 1500°C, 1 §FICsnw[%C] - [%0]
=0-0022 H31850 T3 D,0°2%, 0:3%CoEE[%O0]
Wxxhh 0°011, 0:007% tixb, SifEEEXxyHCO
FIGEHBETL, BILEANTRBOERO TR S o
v zicwy. LELAXVRETZAE LT TV 20K
IRTIEE 25 GEDHESP Y, X LITH AKEER
Dr=HOHEEZEE T, HAKHEOERTF MR Y
2V IKBIT R BT L & BE L5700, FRBBAIEE
Lz THhiEgd e Al KBRS ERET 5 2

EALN L9, ZORBIHARTERVE 255 bk
DEFZCERD I, D 5.

THIT 26t DEEHEARTMEIC bIR LT L]
AT DERARTUTTIZ D 5RD b B0, ToOFERLIS
AR FARICHIAR T E 5. 22 L Z OBEELIER
DEEFRBILER Mn,Si X 0RIIEh 50T, BIED
VPBRER TP VDERD L LFOFEREZKD S
RETHHD. ThbBLHEHEMEKKMOBEEDEX
CRECX->THSADETD DD, WTEIIFI25~45ppm
#1321y 60~80ppm DFIFHICH D, KEMICHILL T
BZEMCTIBREELROMOBEREZESERT ST
EDBFEEN, ThYXBLROBLEESHEOLD DD
DEEZLND.

—HERERD A WO WkRE» S, o
P, S,z 0thO LML MR L CRESOE T EREL
FLIER & D HBEISEN DD TEFOBROEBRREIMET LD
BREEL DT ENSGVDIEIYRDEREVLE. iz
AT OHEE C MR HEEEZ R L, AN
flcigEmEICENEE L Tw5. TOBRKICOWTIE
BHES®REORRZHELLRBLTWVWBH X5, HED
TR DBE SN ER I 2> > TEFT L, AR T
13 TS OBIBOREES ARITIICERE T 5 LA A 0%
EDWOABESIEE 5. F7-Fig. 71T AT Ol
OICIIBIBAIREDFE LIT S WIRIR 2 ERHICTR T
T bMHAE X ) A D THER T S HEURS
BARITEHICERIEZ 2 CH DR AREREERT B,
TNE2RNILDORLDEERELIK T D, ZORDA
AT D EMANI B B OkE» DR VBRI h 3BT/
D, LA b M A OB & B DB
BRI D, KREETH DELROGERPTYIORE LS

Direction of solidification

A—segregation

Ingot surface
Inside of ingot

Direction of heat fiow

Fig. 7. Schematic representation of solidification
surrounding A-segregation in transverse
section.
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B ITNRTL %. SHLILEIOEREINET Licht
CEFHROBBESEC 5535, ZORERRAE»DE X
THMWEOMNA L Y NERFA» D CETT 20X YARTD
5. ZZTARFTRBOBEIRGOHHHE < k& iy
LV, EEFRAIC I DEGES DBV ERE b
t, ZOHMTHEERHOBNBTEET S LE, TOMH
SO BEOBHBOBILERSFD EHCFE LT BER
AR Y, BHEOBEM SR S LICEDII LTI DL
Eibhb.

7 BMBAKRIT BT S 2 MY — Z IR AR RSO
Zxf L AR < BEICoWT, AL ZOMEE &
BEREES—HTDEEBNTS. EELRZORE
ERBPICEELS R MY — 22 £ 0EO GE O EfT
CEE S NHERHTE T B2, TEAmEPDTHET %5
FECRET23DEEZZTWVS. ThbbA M)~
RAERORS TEENSSVOTHREME LTCEET LS
BEOETIC X D 5w 2 XBHERER & OEEE O FRL
FRIE EERTERAMA2TESTHS 5. LD T
BERAELVERAA N — 7O LRI EBEOR) EIC
PEOTHRBNENMEN T 20 EZ LN . TR
FIHOER,» S LT A M) — 2 OTFENE & RIS ERT
HiICMIhEESh 55, HELESEECh»END
DT, FHEOUTOREL S HITKRELFEY, EEME
DBEDEEZLND. ZORENHEICHESIBSTICX
HARY — 2O D ICOWTRE, KOS THEMSREY
L~ 26t $@bR (Photo. 1 d) THEEEASVIKICENT B
DT, ARFEBHEICHAR LTy 5IkEESEZR X
DLEXVESCHETE . ,

I SRR ERD A IRHT DI EEN AR KDL L B 5
S, 1) AREREET 500N D S EmERT L
TLLAMNEmChABLTRY, ERNBCELET S
HDTH EFICRWT IMAIC fio7cdb D H5HT &,
2y —¥RTCdH HHBARITONROIRERLIEFET, SIS
THY 2 OBLOPEETEHILEDZHTHD.

AR I X RIS D A IRIT O b A HRAE &
i Fig. R LM, ETIMGEOINER T ARIT2EL
2L AR L REV, T CRBRRZEL AR
ERROSBEIRRDFEEICIBOTWADEEZ LR
5. —FHNIMCHFET 5 ARIT T D EE TR WTHHElT
B2 D b OREET HSEABKOTLLEL LN 5.
SO EIIE A b Y — o OF LK L OBE{LIEHHO
FLe ST X DIEERSNCEILERRE V. DD
Fig. 80 dit/RT X5 CBELELTEARR MY — 21304
LERCET B & HEMTEIR T 520, FRETNITEN
KRB BzEnELZOLNSE. LEBOTELELTER

< s <

o~
S
=

<-/‘</

Fig. 8. Scliematic representation of A-segregation
streaks floating-up and curving in molten
steel.

Z MY = 2 TESR T ANIEHERIT X b, STk
THREZEL DD, THIrLOBECIBZW EF D&
T REPBEIC/ER L T HEMNELO AW iR 41 E
BB~ DAMT 530 EEZNIEBIENRTE 5.

2) HOREE LTRERFERELRSA DSV, B8
I ZFOEDENELLND. TibbIfGHR~NZELEL
TERAMY —ZREBDOX S BRI AS ZEE
RO CENEIBO CRIGEVWD, FRETh X HET
LRRIBIC S 5 T ERFRINS. Lo TGO
BEFC AR X D LA~ O TRETAF L R4 b
Otk Fig. 7 L&D, TOEEA MY~ IR
EL, £OHRTHREL, ARTEEE T 5. L2LA
[RATERICVIIREGRE D/ RS WP, Sk EBNRLLTVS
DT, HHKGOKES & Db OTESARITIR
D EWMIlC X SIRELL, & 2 THIEIRGEDKE
PO AAEIET B, TDX ST UTERED AR &1
Rix ok R TERE ST iobh 5 &% 2 XS T RE
THb-
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3.3 EMIFIIBWMOMBRO 7 7 OREIFOKRE(C
SN\ T .

MOSEIRICAE L BHERO~ 7 aifbt & LTiE, LBk
e VWb AEHBRITLVIRIT, B X OHETIFER
DERF R EEDE. S OICHMIERROTINIBSETH
BEATEY THIE, Photo. ] 2T L <BEHEVILER
e tr O LEOMBERIC 7 N2 KORETz4£UC 5. T
O ORFZARITOE T~ 7z & FEfRIC, REEZE
NOBILIBMOE LS E 2dx OB BIRRK LFECEDL
EHEHAL LTV .

B D EERE R 2 VIRHT O RRIC DWW C RBIFE £ T
¥4 < OMEBTRPR TR Y, TOFEE LCibBs
MEBLEEEH D, BRI, & ZIEEE, X
B L D FDRRABEH SN TV 553, #EI IhiEE
BWhRIRO B RAEOILTHRBR S 2 EIC L CEIRARIT
B Eh, Tk THERD bridging BRI XD VIR
ORI NDELTWD. BEDFEEHE LT, N
= OO M E I OBREME R CERL EHork < VELT
v, EEZOSHHTETERE R0 D, VIRITOKE
SRE B M IEE AR A L BHHOBEHC R VT,
SAB S NCIBMRIE O & LT VIRIT O F A S N,
INBHETVRIT LB ELTVS. CORILE LT
EEGRETOERL ETIC X D, VIR SIsei.Co sk U
RLLTALBZEXD, VERITADRBEKOW E LTE
BRl, £OFLEBRRLES DS IEINBELTY
B. FohNILTRRFHERESFROREER X Y, ik
WROEF LGRS 2 2T KEBARIT OFiHZ LTw
5. EEDDIRDARITOEA LR L, EXE R,

ViRt OREZ BERE OB LENOBEBRF L L<HEF X

T N 5 MR R D < & v FARE RSB T
EBHEELZTVE. :

3.3.1 EHERFOKE

RO LA R O = 2 o T, —ARICEIDLR
DEWT, BHHETOTHORE L EZBTIFE
A ERIKEE B URR R R R L, AT RI4
MEIBIENI LA RY 5. dbsAHMME LT
T3 5 X S EREOIR T duLER E THEEUA S
FELTWEHALH B, —RIC 2 DESHRAR GRS
RYT LR, PRIVELVERIFZETRTZ LA EPSW
PP HILBRT X SR EA S HIBIE DTV B,
3 USROG EARIC IS VT, NARRESSIEH
ZHRITAER L, FORKILIEC X b KA RTS8 45k
THETIIE, CH OISO E L O E
PEETEHEREREAFLALDITTHS. LrLITIC
RED Uiz & B3 Y RBEO WML RO ERIES R & Sy

HE X D RDIEIOBREFERENR LI T 5L, &
S F SEODRIFRS E SR O LIRTEASREE R A5 by v
P HUEEBARBAROERRE 2EET DO LI
E 20 b A AFGRCIBRORERERC XD,
FELOOHBHTL FI4 bOBORBBEVIEEN S
ZERFPRELLN, LB 2T oDOIRER, Zh
i LR BRI A ToBERRFELTVW
FhE, ChERREE LTEERTE & b CEARE
L, WFREX BT AERIEETERY. LHLE
MWD X ST DX D ek fh DL BRE OFEHE & 7> T
WIRWE LD, ERSER TIERARITOREE 4T
HETELV. ZhICH LTRELEHOR EREEE
I LT ORE R EE TSR S BRI C
»5. EMBERICET 5 EBLBEMOELERREIT OV
T, EHERERRE o i FEA R E R & 1A ORI

LR CA b & U TR YR i ENES) & & X 7284 Photo.

BILRT I & < BRI SRE LR LAY b, B
BN PO CERRIRR SR> TREIT 5 KBS RO L h
B, ZOIZ ELEENTIE S 50 MILES O B LA
DFELPHERTESD. Zh LHUOBRRIIGE LSS
RKLTVDXOKE, EiE Cr-Mo-V fijig K2 EZET —
SEIRT D EE LD, HEARORITE LTHb
N5, KB ORI OWTCREGEARTIERN S —vic
@B 3 E U 5 70, S ESEh O BLiAHOBE,
SEEASEZ D, ZOENE EMNEETRbhicviIRET
FOGRERICHED, v/ ofiEiiE4E 2o & #ER
Ihb.

HIRD OETRGRE OEIC I \WT, EERDOKFERD 5\
RO BRI H L DILREERENOB(LR DR
FHEERE DD TES TH B 2B~ bbbl
PO E RS CIRgE SIS Fm 0T, #
WO BLBEROF LS BEAS T, ERAF LSRR
R T. TOFLEFEL UCTIEAEE»LAKT S
ARIOBEEWEREERD, 57 ¢ LiHIC X 2HEE
Ea D hABRENS 5 X 51, BILAMERE 02
DELMOBE S 2 REE L, MEORIRIEE LTELS
R HEFBEND. DX S CELROERELET
EHEERRINE, ThEHTT D00 B
FIEIRD, L bRIFOSLBEAERLTL 5. L
72T NS BHIBDORHRDIRAN X BRI OB, #
PR F 7 EM LR B . UITR AT, BED & O ol
Bk E LCRET L LE2UTOND. $HIh b
Wi VU L 72k S 2 X2 RS oTclEize
AU, YHAOBBIRGOREGH M &34 < BRI &
HEERD, BUFr K74 MIRKRERREC T L
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Ingot bottom

Photo. 8. Trace of captured enriched metal floating almost circumferentially to the axis at

the bottom of ingot.

(Ingot was rotated during solidification. The axis of

rotation coincide with the axis of ingot.)

5. LOXSRERLELROF ESHEE B DR A
DO BERMORETSHSRZ D, FAEOL MM
U F ARSEROBREEL, ELEBLROF LA
XD BORSEMEET B LELNE, VWb 3T
g O£ RIRROHEAL > <

BLED X 5 I BIbR O Lo &4 5 BiEok & O o B
X BRI ORI, LB L-AFRITOHFL RN
502 VIREIORERITIED LN D: Tivbbink
o 13t AHOESABRICIZELV I X )V RET 24
CTWwWb5, ZOWMSTEBERAIIEEAERD LN
T, BRSPS DOTWAZ &b b

3-3-2 VRITOKRE

VR & W IE—RCE VIRO ERT 245 L T 525
Photo. 1 iIZ7R L7z 26t, 71t §RBRD Z & < fABRAS KA
kL, Ladt+oHhs——BmE3hg83g A
FEOVEREET BT LEERL, B LARNICY LT

~ 7Y PEELALPRIGLEVWEDO VIRITZ 4

w%@ﬁ%ﬁf%é-Lt%OTVﬁﬁwﬁﬂ%%ké
BE, LO200BREGHLTEET DUEIDH 5.
BV TV B VIR, HEE/N O MBLICERD
b, —BICEERESKT, LirdT—/¢—0/REWiE
Bics<REL, HY x SEHEVIROERITE LTHEbh
5H0EIELTVWS. ThHDVEFOREIC>WTIE
INEFE B3OSR T B & 5 e VIRO LR E{LHE D
BREESERL, ThPBRLZOEZOWM TN RAEFEL

Photo. 9. Macrostructure of 0°259;, carbon steel
casting at the middle part. (solidified
under atmospheric pressure).
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(a) Casting solidified under atomspheric pressure.
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(b) Casting solidified under 3-5 atm. at the later stage of freezing.
Photo. 10. Comparison of sulfur prints of castings solidified under atmospheric

pressure and 3'5 atm.
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Photo. 1. Macrostructure of 0°259% carbon steel
casting at the middle part.
(solidified under 3°5 atm.)
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Photo. 12. Negative segregation below feeder head in 6t carbon steel ingot.

(Electric arc heated)
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Table 9. Chemical analysis of V—shépe zone with
negative segregation in upper part of 6t
ingot.

Chemical analysis (%) ’
c P - S

Ladle 0-21 0-013 | 0°006

V-shape zone 0-17 0:009 | -0°010

})anif_gsrﬁgg?ioﬂae” upside | .35 | 0-022 | 0030

gi’:gg;giffe part under | .91 | 9.013 | 0-014

Table 10. Oxygen and non-metallic inclusion
contents of V-shape zone with nega-

tive segregation in 13t ingot.

| Non-metallic inclusion

0] sio, | ALO, | MnO

V-shape zone ‘84ppm 17ppm | 16ppm | 83ppm

Surrounding ! . P p
unsegregated zone “20 7197 18 # 47
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13. Sulfur print of 1:69, carbon Ni-Cr steel ingot.
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(a) Surface of ingot

(b) Center of ingot

Photo. 14. Macrostructure at the middle part of 1-62, C-Ni-Cr steel ingot.

[ ——— x At the middle part of ingot

o © At the top side of ingot
1°90
1'80f ////4
— ——
RN
~ 1701 ////)
= o~ I
S e e .
1'60} : Teel
T~
] 1 1 i !
0 _10 20 30 40

Distance from ingot surface (cm)

Fig. 9. Mode of radial segregation in 1'62, C-
Ni-Cr steel ingot.
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Table !l1. Chemical analysis of V-segregation
in 1:6% C-Ni-Cr steel ingot.

Chemical analysis (%)

C P s

Ladle 1'64 | 0-018 | 0008

V-segregation 1-86 0-030 | 0-025
Unsegregated zone . | . .

surrounding V-segregation 166 0-018 | 0°010
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