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Synopsis :

Properties of steel strip for deep drawing, ironing and flange elongation after ironing
have been investigated. A low-C Al-killed steel strip with the Lankford value =1.3 and
ferrite grain size number =9.0 is found most suitable among the steels examined.
Flange crack and surface defects are effectively prevented by decreasing the amount of
inclusions thicker than 2.5p in the strip. A degassing followed by continuous casting
process has been developed to commercially produce extra-clean low-C Al-killed steel for
D.I. can use. The process is featured by the use of (1) sufficient RH-stirring of fully
Al-deoxidized melt, (2) bellows type Ar gas shrouding with immersed type spout during
teeming of the melt from ladle to tundish, (3) deep tundish with double dams, (4) two

inverted Y type tundish nozzles and (5) teeming of the melt with sufficient superheat.
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Synopsis :

Properties of steel strip for deep drawing, ironing and tlange elongation after ironing have been
investigated.

A low-C Alkilled steel strip with the Lankford value =1.3 and ferrite grain size number 25.0 is
found most suitable among the steels examined. Flange crack and surface defects are eflectively
prevented by decreasing the amount of inclusions thicker than 2.5p in the strip.

A degassing followed by continuous casting process has been developed to commercially produce
extra-clean low-C Alkilled steel for DI can use.

The process is featured by the use of (1) sufficient RH-stirring of fully Aldecxzidized melt, (2)
bellows type Ar gas shrouding with tmmersed type spout during tesming of the melt from ladle to
tundish, {3} deep tundish with double dams, (4) two inverted Y type tundish nozzles and (5) teeming

ol the melt with sufficient superheat.
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Fig. 3 Influence of grain size on limiting flanging
rate after 70% ironing reduction
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Fig. 4 Influence of grain size on limiting flanging
ratio after 53% ironing reduction
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Table 4 Characteristic value 3 of each tundish

 Bath depth in tundish (mm)
Tundish structure - - _ -
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Without dams 1 0.61 (.29
With over flow 0,82 0.15 0.08
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1} End point € : 0.035~0.050%
LD furnace 2) Tap temp, ! 1710°C
3) Preventing slag outflow inta the
ladle
v
Ladle 1) Reduction of slag by special
treatment
v —
RH degassing 1) Degassing time : longer than 25min
2} Total oxygen content ! less than 25ppm
Tundish 1} Teeming under Ar atmosphere with
immersed spout hetween ladle and
tundish
2} Tundish with tunnel- and overflow-
type dams
3) Temp, of molten steel © ahove 1560°C
L4
Mould 1) Two bifurcated type immersion
nozzles
2} Total axvgen content: less than 30ppm
Fig. 14 Standard continuous casting process for the slabs for D.I. can sheet
Table 5 Continuous casting conditions and the results of ultrasonic flaw detection of hot coil
— —- o o . . . . Rk of
No } Prevention of air oxidation . Ei:ltehx di‘;pth ?g{?};i?afﬁizl Immersion ! dNel}?Ciz:r 0
o tdlerTuwdsheMod a0 PozAe | (oumber/m)
Al | Without any seal 70 1551 Box type 6.04
Az " wo | o1ssr ! " L
B With bellows type seal 100 i 1560 ” 1,63
I o ) . _ L. . e -
C1 ‘ % ‘ 100 15562 | Two nozzles 0.19
ce ‘ P 00 | 1562 ” 0.15
- — _ P D - R 7,1,
C3 ” ‘ 100 1 567 ” | 0.04
WAL, 2 BITEEEARTTS & 0.04 REG/m E(mm = ARy~ + b AR F =T R

.

/u),_.’

2% T HYT

(REFEA+BEH 2 v 4 o
+Ay 7 AR 2 XY L MO EEA G

J— 10 -

THERERM & v F 4 o 2 +HY 2 EBEE 2, A4
HEIREA) S5 BEROMRASE - 4T 5
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Yol. 8 No. 1 DI WrRFEH & L OO EIRE Al 0 FHioH % 1

Ladle Ladle

nozzle

A P /11/

+— Ar gas

Metallic bellows

Flux

I T O TR T LI &

Double dams

S
rozESE =T

Teeming
spout

'/ Tundish

g

/i /

Mould

Fig. 15 Continuous casting model

flaw detector {number/m)
&

Defect number by ultrasenic

<3

I 1 o
Al A2 B Cl ¢z (3
Casting methods

Fig. 16 Ralation between casting conditions and
defect numbers by ultrasonic flaw detector
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oL, WEEEGBRMEM IHA, @b b i
12,
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{number/100cm’)

Amount of large inclusions

Average amount of extracted inclusions {mg/kg-steel

January 1976

IR A
Casting condition
n 3
2.00 L] o 2 s .
g Quarter portion Center portion
\ of slab width of slab width
1.00
0.50 r
0.10
0.05
0.02- -
ot— L | | n——Ca—O% 1 1 1 I —ON-—(M |
’ SEO 1({]0 l\?[) 2(?0 3?0 4(?0 - 5;0 ]0[]0 1.?0 2(?0 3?() 4{E)0 500
100 150 200 300 400 500 100 150 200 300 400 500 o
Tnelusion size [p) [nclusion size (H)
Fig. 17 Relation between casting conditions and the average amount
of extracted inclusions
Casting condition
Edge portion of o Q1 Center portion of
slab width e (2 slab width
200
Toor
b
o ] === ® L '__“‘_ ------ =
100300  300~500 =500 100~<300  300~500 ~500

Particle size {1

Fig. 18 Relation between casting

Particle size ()

conditions and the amount of

the large inclusions by X.ray penetrating method
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Al —dioy DI AFEBRDOER B, KN
Pt Ve ANNCY T rl g e s R A L T P
T B I Ehatos, BReoREELS A
S TR EROBERES FOBELOMILE LD
THEEA A D, BN TH L, SHloHEET

Table 6 DI process achievement for each
casting condition

“Index of the unsuccess

Casting condition D.L can
Al 100
c2 ‘ 5
C3 1
—_ - ! - —_ — —
G.6;- a

=2
b
i

flaw detector (pumber/m)
=
=

Defect number by ultrasonic

& : ' r
0 50 100 150
Amount of inelusions larger than 100z
fnumber/100cm*}

Fig. 19 Relation between the ammount of large
inclusions (=100x) in the slab and the
number of defects by ultrasonic flaw
detector
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Fig. 20 Surface quality of cast slabs



14 IR A S

January 1976
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