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Influence of the Ingot-Making Condition on Segregation of S and

Mechanism of High Segregation in Rimmed Steel Slab Ingot.
(Study on segregat’idn in large rimmed steel slab ingots—II)

Kozo MoRINAGA, Kazutomo KiTAGAWA, Susumu SATO

Saichi 1zumi and Akira HosuiNo

Synop31s ,
In order to establish the adequate method to reduce high segregation at the top center of

rimmmed steel ingot, the effect of the ingot dimension was investigated in the 1st report.

In this .paper, the effect of the capping method, the track time and sulphur content in the

ladle which are connected with segregation during solidification are investigated; moreover,
" origins of the high seégregation at the top center of the ingot and inverse U typed streak
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«w  segregations are discussed.
e '~ The obtained results are as follows.

‘ (1) It is scarcely possible to reduce the hlgh segregatlon of a large 1ngot of low carbon
rimmed steel (about 16t weight), by improving only the form of the ingot-cap (e.g. enlarging)
and the capping method (e.g. put the cap earlier, water-cooling of the ingot top) as far as
the normal open top ingot is concerned. .

"(2) By shortening the track time, the high segregating.zone is enlarged as the ls tpeak at
the top center of the ingot is removed to top side, while the 2nd peak is done to bottom side,
at the sametime the latter is often raised abnormally. It about 2hr and 50min. of the track
time is nccessary (though complete solidifying time-about 30min) to prevent the increase of
,/’ - the segregating zone, as the thickness of the ingot is 800mm (ingot weight is about 14t).
(3) It is effective for segregation to reduce sulphur -content in the ladle, because the
max. segregating ratio is increased linearly in accordance with the increase of sulphur con-
tent in the ladle, and its gradxent 1s comparatwely large, when sulphur content is 0°01l5 to
0°0219% in the ladle. :
(4) It is assumed that there are two kinds of segregation which are made up of the high
segregating zone at the top center of the ingot; the ist peak appears mainly by the rising

. ~ and concentration of sulphur in molten steel during rimming action and the adiabatic effect

w\i of trapped CO bubbles in the segregating zone, while the 2nd peak occurs through the coagu-
lation and precipitation of sulphide in the final solidifying zone. And it seems that the rising

" of sulphur in that case is connected w1th inverse U type streak segregations which are heavily
distributed in the core zone. (Received 16 Sept. 1963)

EENABEERRIT L. BRI, VA NREER
L ®& B oOER TS &3k, Bar test wkBHYV I
XTHEE LY, BERY A RISERORER oS OMRERM~ORLIKEOTE LTV, Eid
B XETHRPROBED 2L, KERTMELE  ORBLSALT, BERNOEREZZEL.
T ABAIE, BCERES, MRS ORELEE s s
FTELERD DT LEBWE L. 2T, SHIEBIE II. BRAREICHETE
*ABOERERD > HT, BoMRORR RS (1) SREHOREORE

ol

@%Qxék%z%%%%ﬁﬁi,b7zﬁ54bﬁ K%Emﬁwkﬁﬁmmfn%ﬁmﬁésmmmeg
VRS DB OWCHET S L LD, RERITO B o~16t ORFADSOT LEOEMEROPE 28 5
ARICOWTHHRE Lz, PIT B, HRELAERUNOEREHEITE S

) A REIBEOEIFICE JIS TSI oEEicov it BYFE—& L7%. Table!, Table2 il ZThEHT
B DA OBEBTESNTVER, HEVIEOED ., NI v 24 AOHABORBREHEZRLIY, B
LEERESELNTYWEVWES THS. BHEANORE LAEDOERL, 380kg, 780kg, 1000kg D 3 T,
VAESRBOB A, BEICY) 2T v a vk XOBRIEWThE Y Ty MIT, £XOROCHEED
HL, VABEBROTEERERICES S 2505 g E ORI RS 215mm, 140mm, (10mmis
OT, BERASL, POoSMNELOMRONSVED . X0 210mm, 165mm, 100mmTH%. EHHEEEL
S X USRI ORGSR OWTHE L. —F  COBHEEE D EREBIS LB E L 380kg DES
NS v 2 A4 MCOVWTHEE, BT X5 MR X0 Amm B X OgMREER LIErKERIL 2 BERD
OREPRGEETIEDERERD v, BRE 5 L ERYF b\f&bﬁﬁb?‘:. NS o A4 LADORABITZOEOHRIED
OEGNEROMES, $A, QEOBEERL CTHOME  CTAREREY 2L L, TndLDD 173, 170, 073
i@%%ﬁ@é@f,_mgwﬁéﬁ*mkﬁdbt '~0°5 hr &7\ 120min, 140min, 170~180minDH;
<, HEERBEARDEFEL SRV, 22 TRN AROWTHELR. WEHSOREOTHEIT OV T,
5y u 84 NERITEDOBEPEICOWTHRE L. THRS Table 3 OB SIEEZ AL 2.

TV TR, THAME T U SR RITERRIC R & %) R OFEE, BTHP LRk, Lo Bmiz 27
Baiho LEZ LD, LTOBRER, MWK, SR TR, FoimlbIIE D THUCHIRIL, £ DEDO Y
KB LD TREDTL BDT, YFAOEELHTTO W77 -7 )2 MEIVOF Ty V5P OFERICE D7,
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Table-1. Data on test of influence of capping practice on segregation.
., Dimension of Dimension of cap Capping practice
Ingot weightmould (mean) : pping p [S] ladle
kg ] Width Length Weight Capping time| Cooling (%]
. X Thickness X Width [kel [min] ractice
[mm] [mm] g P
1405 % 800 . .
16, 300 (1380 X 770)* 116Q><57O 1000 18 Air cool 0018
7. ; ” 1100 X 440 700 23 4 - »
U 4 950 X 350 380 32 _ 4 i 4
1405 X 800 X . o
16, 300 (1380 X770)* 950 X 350 380 23 Air cool 0 Ol?
” 4 K4 7 21 Water cool o
% % 1000 % 400 Steel sheet 20 | 4

* Number in ( ) shows the dimension of top of mould.

ik, IRETE SRR OV TR RO, F
= v M ARBOREIL, 10mm§ O FY v 2ERL

-

Data on test of influence of track

(2) R OALR#ER

Y & KRR ERRE RT3 X 0N USRIRIEAT OFRE
B, Y7 s —F Vv Mok b vy niNn gk LU
ic X by nlEIEIC X ok, T THEONBEL

Table 2. - . o
t . B BRI OB BR A, WS VTELR Table 4 IR L
ime on segregation. o .
. ' . FE7e, VERUAT Iy s o hORERIT OARIRDT
weight o _time ladle @ Bar ZERIEME CHALY, Bar WINFEREL 2
ickness X e . SN : e &1
[kegl Width X Height |- [min] [%] M ST L (AT VTR R E L 72 TE i (2 S 18mm) D
_ Lmm] o, R 6 mmakEL X OAH 6 mmOES AR &
14,400 | 800X 12402150 | 212 0017 Lze) BMORIRROZCEHEE L. ZOR, WM
7 % 138 v FEE T 100mm DOALE TR T3 KL 7.
14,400 | 800X 1240Xx2150 | 210 0°017 m A
/, , » 180 ’ II1. 88 & # &£
K4 7 120 4 o e Iy
R ‘ (1) (FFics JETERFEHOTE
7 Tabler 3. V Déta:on fést of inﬁﬁence of ladle [ S] on segregation.
- Dimension of v ' .
Ingot _ingot : " Track Ladle Aanalysm [%]
- weight Thickness time - ' o
[kgl X Width X Height [min] C Mn Si P S
8 fmm]
16, 300 800 X 1405 X 2150 210 006 ‘ 0*32 001 ‘0°013 0015
14,400 .| 800X 1240X 2150 % 0°06 0°32 001 0013 0°017
16, 300 800X 1405 % 2150 4 009 035 001 0°0Clé6 0*018 -
16, 300 800 X 1400 X 2150 ” -0*10 0~36 0°01 0°016 0°021

Table 4. Ingot making practicé and ladle analysis of ingots (the segregation zone
- of ingot top and the rising segregate studied.)

Ingot Capping Hitting Ladle analysis [%]
Ingot © weight time time . |— —
: - [kgl [min] [min] - C Mn Si P S
Rimmed 7,400 16 - 0°07 0°33 0°005 0°010 0°021
Capped 6,500 0 1°8 0°10 0°49 0010 0°010 0°017

s
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Fig. 1. Influence of capping pr
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Fig. 2. Effect of track time on distribution of
sulphur.
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