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On the Correlation between Formability and Nonmetallic Inclusions

in Low Carbon Rimmed Steel Sheet.

(Study of nonmetallic inclusions in low carbon rimmed steel—I)

Kiz6 MORINAGA, Kazutomo KiTAGAWA,

Susumu SATO, Takaaki HAavasui and Hi}roshi HiroTaAN:

Synopsis:

A study was carried out to know the correlation between formabxhty and non—metalhc

1nc1uswn in low-carbon rimmed steel sheets.

'~ The specimens were made from 6°5 to 15t ingot, basic open hearth furnace steel.
Formability of the sheet was measured by Er1chsen and torsion tests.

The results obtained are as follows:

"~ (1) Stretchability of 0°8mm cold rolled annealed steel is reduced by large‘ sulphide (MnS)

" and scum (over about 100z long).

(2) Plenty of the above mentioned large sulphide (MnS) is precipitated as- the content

.of sulphur reaches 0°035 to 0°040% in sheet.
steel is liable to occur. -

In that case, coarse lamination of hot m11]ed

(3) The lengths of 1nc1us1ons measured along the rolhng direction of a ore are mostly

below about 25 ¢, in hot milled sheets.

- beam that there are MnS, MnS-(Mn,Fe)O,
Al 0;3-SiO: (Kyanite), FeO-Al;05-MnO-AlLO;
(Garnet), 2Fe0-Si0:-2MnO-Si0O;(Olivine) in hot milled sheet.
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Photo.2. Microstructure of the non-metallic inclusion.
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Phot‘o. 3. Classification of the fracture after

torsion test.

Photo. 4. Non-metallic inclusions in specimens,

shown in Photo. 3. X200 (3/5)
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Table 1.. Correlation between distribution of inclusions in coil

Position| Total ~
S in | from Sé:an- number >75p S0p~T75 4
ladle ingot ©ss of ' )
"% top (%) | inclu- <5 |[€7°5 | <10 | >10 |<2°5 <5 |<7°5| <10 >10
(%) sions - N A A A
8°3 | 019 | 1190 (0,33) (0,22)
10°0 | 0°27 988 & 2 L
(0°8) (0°1) |(0°1)
15°0 | 0°21 | 1188 (0,22)
0°016 | 200 | 0°25 967 (0,11)
50°0 | 023 | 82 | S )
70°0 | 0%17 615 (8)
90°0 | 0°12 455 (0,12‘)
g1 | 0°25 869 | 4{"’3)
10°0 | 0°22 | 1126 (1}2) ’
qzen | pear 31 1 R
1500 | 036 | 1260 | ;75 01 o'y
00020 | 20°0 | 0'34 | 920 |, o | ©0-5)
50'0 | 022 | 815 | .5
70°0 | 0°17 | 711 (1%)
90°0 | 0°20 721 (232)

Note: *=Number of inclusions [%]

Photo. 5. - Shape of aluminate existing with

silicate in sheet. X400 (3/5)
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FFE 57 ALOy FAEME & b 7572 MnO-Si0: 5
NEMHBRD B,  ETMOREBR T 0°3mm B XD
SR C BT E e I TR s D7 & 2 5, Fig. 2 1077

Crack

Fig. 2. Schematic diagram of stretch-forming.

T

- Oxide inclusion
and crack -

Photo. é.
oxide inclusions by stretch-forming.
X100 (3/5)

Example of crack—forming along.
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and sﬁlphur content in ladle.

25 pu ~50 ¢
<2'5p <5pu <7°5pu <1iOop >10pu <10p | >10p
1 2 4
(o 1)* 0°2) | (0°3)
4 . . 1 11 6
. (0°5) _ (1) (1*1) | (0°6)
2 8 9
0°2) 0°7) | (0°8)
1 13 20
©*1) (1°3) (2*1)
15 9
(1°9) | (1°1)
13 .10
21 (1+6)
11 10
(2°4) (2°2)
29 3 1 .3 3 4 1
(33) (0°3) o1y (0°3) (0*3) (0°5) (0*1)
16 2 o 1
(1°4) 0°2) (0°1)
18 1 4 2 2 18 4 1
(1°4) (0 1) (0°3) (0-2) (0°2) (97°5) (90°4) | (5'3) | (1°4) | (0°3) | (0°1)
16 1 1 898 820 75 1 1 1
(1°7) (o*1) (1)) (97°6) (89°1) (8°2) (0°1) (O3] ()
12 2 1 : 2 797 724 62 10 - 1
(1-6) - (0°2) 0 1) 1 (0°2) (97°8) (88°8) | (7°6) | (1°2) | (O°1)
7 1 2 700 619 69 10 2
(1°0) (o1 s (0°3) (98°5) @®7:1) | (97) (1+4) (0*3)
12 1 1 1 705 637 58 10 :
(1°7) o1 | (0°1) ©°1) (97°8) (88°3) | (8°0) | (1-4)

L: Length, T: Thickness, N: Number of inclusions
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Fig. 3. Correlation between content of sulphur in
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