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Studies on Surface Conditions of Capped Steel Ingots.

(Studies on capped steel ingots—I)

Takeshi Kato, Juwichi I'mat,

Synopsis:

Yutaka Hirose, Hz'royukz' Kajz’oka/

Using 2t, 4t and 8t bottle top molds, a number of test ingots of capped steel of C: 0°06~

©0°09% and Mn : 0°36~0"50% were made with varied teemmg conditions,

widely different degrees of deoxidation.

by application of

By the longitudinal section of these ingots, investigation about the rim zone and the distribu-
tion of blow hole was carried out and as the result the followings were clarified:
1. The thickness of solid skin was controlled by addition of Al in the ladle and the pouring

rate.
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2. The thickness of rim zone depended on the hitting time.

The most important factor

in determining the hitting time was the Al added in the ladle, when pouring height was constant.
3. The less amount of Al added in the ladle and the better design of mold decreased ingot

cracks.

I #&

XHNZFNEF v T FEBIY6E

il

* 5 v 7 K

%awbn,UAFﬁ%zﬁ«%ﬁ&%L,&ﬁﬁw
EbhDTHCDT, ERHER TN TE S, IHEEELE

15 (BB Al 2 A+5) EEMAME 4
U5, EHCHH<T5 L ORORGHTH DL
RO —ER &S5 BNHH Y, ERLICY>TIIEY
EEEE OGIFEA R, MEBEES LI LPLVEVWS R
B 5.

* v 7 NiEHE
TN TWBH,
v v 7 RENSROHAR & WIS EE & OBFRICOWTIE% <
REEShTEVISTH Y, RWSHTY>THRD
TRBEL BNBEDT, %wfkmwu%m@@m@
G Lo AR IRET 2 D OBERR L T
m%&%kkiﬁ?”*E@@%T@D%%ﬁ@ﬁ@%
KD EIZ DN TR E T D7z

FEE DT R L 7o Bl R4 D~
ENEICRT2E60OMRAMETHD + |
CBRER R —FEIC DX DD LD,

60 t IIEE TR T L 72 C: 0°06~0"09%, Mn:
0°36~0'50% ODEHEZHRBO WHHREL, F& L CHER
ERICEAEEORE LTS/, Table | IIRT
T L MREEEZ & U CIIEERIR A Al i35 X USRIy A AL
EXRHMEICEX, EAEECEL TEx » v 7 Rk
FDIFEANETH D LIFD it ic Fikx dEHL TERL

ERHENISIEE & CHBOMBMMIR TS XIETE
EeBo,TT 57, 2t AR, 4t HA, 8t BER
D IBOMRBT, T 8t FEMCTRHSBNEIT 7 v
—b@owt%@%ﬁ%bt

EROBEREZ LS 5154, FOMOER, +ib
LIEAESBBECEYEL T TCOEERMCTALE, &5
BT
0)1’}5%} Table | OZ & EEFIRNILH DI,

Zh O DREREIBZ MR L, » 5 vidiitio—igx v
BRRL/ca——F oozl by vy KAz
RLRIIRIT OB E & 1T D7,

ﬁh#v/?b%f@%ﬂﬁ%kk?%if®ﬁﬂﬁ

o eom- R OMIR A EEZT L ERELRERTH 5
II. REOHERESLIUREA gl -
FHT S B DS D\ TEIE R 1T 78 2708, %®¢km
Table 1. Ladle analysis, degree of deoxidation, and pouring conditions
of capped ingots tested.
Ladle analysis ) Deoxidation Pouring condition
No
Fur- Ladle |Mold Mold ; Mold Pouring Capp- |Hitting
of C Mn P S O Fns\c Al j ing Mold
S 1 ' e- | 1 temp. time
ample i Mn ({\{’g} [ ALl Sige |[mner- ﬂ Height ﬁigg Te' time dressing
(%) { (%) | (98) : (%6) - (9%) |(kg) i(kg/ (g/t) face  (°C)|(mm) o (s) (s)
! ‘ t) i t) . | /5) ‘( C)
i i : ﬂ ‘ [ 2t F ﬁ
Al ;0.08,0.38!0.009 0.029 0.040 200 | 2.951{ 0. 172 10 Isquare; fiat 20 | 1310 !25.2 — 31 ¢ - | Tar
A2 | 7 ” j " I/ ] ‘L' " L " ! 50 ” ” ” 1370 , 31.9 — 48 ¥ —_— ”
A3 {0.07;0.40 ; 0.016! 0.031: 0.026: ~ 3.85 0. 338 i o ” ” ” 1285 l 11.9 1585 24 | 57 ”
A4 Vi ” ” 7o ” " i10 ” ” Yoo 1410 9.3 7 10 ! 40 l ”
AS ” ” ” v ” ” ” | 20 ” i ” ” 1335 , 17.6 |{ Vi 12 ‘ 48 I ”
A6 [0.090.450.0150.019, — | 700 | 1.43 |0.095 10 sq‘ﬁare 7 1100 | 1650 [25.8 1553| 78 ¢ — | Kasu
A7 10.08]0.370. 010, 0.023: — ﬂ 300 | 3.0610.245 0 .{ ” 70 ” l 4.6 1552 55 130 ”
A8 | 7 0.36 1 0. 009 0.019 — l ” 3.03{0.175 57 7o 50 7o 1558 : 60 200 #
A9 0.07]0.42 \ 0. 014 0.030 0.035 ~ {2.43:0.130 13 |8t slab| ~ 20 7 139 1531 7 ' 291 | Igatayu:
Al0 ! ” ” ‘\ ” \‘ ” PR 2N B ” ” flute ” ” 15.9 ” 70 . 385 ”
All § # 10. 40 i 0. 009 0.029 0. 022 ” 12.8410.202 27 ” flat 90 #1103 1565 55 ; 645 ”
A1z .~ “ o ” ” 7oL ” flute | 80 1740 - 11.2 1558 -+ 45 135 | ”
Al13 L 7 0. 44 J 0. 013 0.033 0. 033 7+ 3.47 0.264“ 13 ” flat ” 1710 11.0 1563 ' 57 | 130 - Seikozai:
Ald v 7 4 o# N A ” # flute ” 1680 ' 11.6 * 1557, 7 L 165 ”
Al5 ; 0.06 0.41 I 0.012 0.030» 0.032 ” 12.7310. 326} ” ” flat 100 1650 10.9 15603 56 . 112 | Igatayu
Al6 ﬁ ” o f o R R ” ” flute ” 1695 12.1 1555¢ 50 | 140 ! ”
B1 0. 08 0. 50 0. 018' 0.035 0. 033 ” 2.14° 0. 204‘ ” ” ” 20 ' 1650 - 10.3 1565 82 143 | Seikozaii
B2 ! I 7 ” P ” ” # | 7  -12.0 1563. 65 185 ”
B3 : 0. 07 0. 39 0. 010 0.034' 0. 042 7 1 3.40 | 0.914| ” v o — 1680 14.7 1338 ;T2 145 Tar
B4 ” ” ” 7 A VI PR 12 © ;CO;';‘I-!(; — . 1820 . 17.3 7 L 64 134 “
| ) ‘ :
B5 )‘ 0.08 | f -0.43  0.014. 0. 036 0. 032 # 13.620.164 13 4 fiute | — 1690 - 13.3 1585 | “ 53 213 ”
B6 | ~ |0.46 0.011 0.031' 0. 042 ~ .3.90:0.156 ~ ” ‘ O 4 17.3 1580 \ 49 n ”
i ‘ . ‘ corru- | __ : !

B7 }‘ ” F ” h ” 5 ” . ” L ” !; 7 ! ” d 24 ” gate 1820 & 18.9 ‘ 1575 \ 73 “ § ”
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Fig. 2. The influence of pouring rate and
Al added in ladle on the thickness of
solid-skin of capped steel ingots.
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Table 2.

Thickness of solid

Al added Pouring skin (mm)
in ladle rate Rimmed | Capped
t
(g/t) (mm/s) ingot ingot
202 10°6 26°7 10+7
264 113 10°1 68
326 15 10°2 7o
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Table 3. Relation between the Al added in ladle and cracks of capped ingots.
) No. of cracks per one ingot (length of cracks)
Al added in No. of - : — -
ladle ingots Facial crack
(g/t) Corner cracks
Transversal Longitudinal : :
130 4 T 1°75(343mm) 0 0
203 8 0°75(344 mm) 0°125(10C0 mm) 0+500(1150 mm)
264 4 2°25(379 mm) 0 1°25(960 mm)
326 4 2+25(477 mm) 0 0+75(1000 mm) -
Not hitting the cap 6 0°5 (280mm) 0 0
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Table 4. Influence of pouring methods and mold-innerface on ingot cracks.
No. of crack per one ingot
Pouring methods |Innerface of mold ! No. of ingot (length of crack)
v | Facial crack Corner crack
Top Flat | 34 24(452 mm) {+3(1091 mm)
Top Flute 10 1*1(333mm) 0°1 (400 mm)
Bottom Flat 30 0 0
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