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Manufacture of Ti-stabilized Extra Low Carbon Steel for Deep

Drawing Quality

Synopsis:

Nobue Fuxkupa

Ti-stabilized extra-low carbon steel sheet has excellent deep draﬁability.
A series of investigations on vacuum decarburization, deoxidation -and Ti addition has been carried
out. The followings have been found through these trials, and Ti-stabilized steel (<0-00695,C) bas

been successfully manufactured.

(1) In order to obtain extra-low carbon content, it is necessary that the DH vessel bottom should

have a large area and a shallow steel bath.

(2) To obtain suitable Ti content, complete Al deoxidation is necessary before Ti addition.
(3) Too long DH treatment after alloy additions is ineffective to eliminate oxide inclusion.
(4) Much amount of oxide_inclusion is located near the skin of.an ingot, and can be cut off by

hot scarfing after slabbing.

(5) Petrolic mold coating material or a cast iron stool causes an increase in carbon content of

ingots.
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Table 1. Results of decarburization of low carbon stéels by 70-t DH
vacuum degassing unit. '
. Temperature . Analysis during ) ] _
Weight | ¢ olten steel| Analysis before tapping decarburization (%) Carbon |Oxygen Cal
Exp. of during degass- ’ culated
No ;:::f ed ing (°C) (%) start end decrease|decrease f)lg)rglelr?d
(t) |[before| end C |Mn| P S C o C O (%) (%) (%)
1 69-90 | 1615| 1572|0-04|0-08| 0-015| 0-014! 0-038| 0-074| 0:009| 0049, 0-029 0-025 | 0-014
2 70-95 | 1622| 1583(0:05|/0-07| 0:011| 0-013| 0-032| 0-072| 0-008| 0:052| 0-024 0:020 | 0-012
3 70-00 | 1625| 1560|0-04|0-06| 0:013| 0-010| 0-031| 0-074| 0°007| 0-060| 0-024 0-014 | 0-018
4 72-95 | 1615| 1556|0-04|0-04| 0-012| 0-014| 0°027| 0-070| 0-007| 0-058 0-020 0-012 | 0-015
5 72:80 | 1630| 1570[0-04|0-08| 0-014| 0-013} 0031} 0°071 0-008| 0-040{ 0-023 | 0-029 | 0-002
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Table 2. Comparisons of CO gas pressure and
ferro-static pressure at changing point
of decarburization velocity.

Molten Ferro—
Exp. ( Pco steel in statig
C(%) | O(%) vacuum
No 7 (atm) | vessel pressure
(t/cycle) | (atm)
1 0:012| 0048 0-23 8-8 0-19
2 0-010] 0052 0-21 8-8 0-19
3 0-010 | 0:060 | 0-22 9-5 0-20
4 0-008 | 0:056| 0-18 9-8 021
5 0-012 | 0050 | 0-24 9-7 021
Bottom arca of vacuum vessel =364 m?
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Table 3. Influence of ladle slag for Ti recovery.
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Fig. 7. Relation between Ti, Al and O at
1 600°C (CHivo, et al.)®9.
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Table 4. Influence of Al content for recovery of Ti.
. Temp. of .

Test | Al . Ti _ Analysis of slab (%) Recovery | 1 olten 'ggnlgliﬁ:ss

No | Addition | Addition | of sol. Ti f;g;;;f;?g" slag
i . T i 1. Al .‘

(%) (%) C ~Si » Sol. Ti |Total Ti| So (%) °C) ( mm)
1 0-102 0-177 0-005 0-01 0-009 0047 0-002 5-1 1578 30
2 0-111 0-202 0-006 | -0-01 0-016 0-043 0-002 7°9 1605 190
3 0-127 0-173 0-005 0-02 0-05¢4 0-110 0-009 312 1 596 90
4 0-154 0-144 0-005 0-01 0-072 0-103 0-015 50-0 1579 75
5 0158 0-149 0-007 0-02 0-079 0-116 0-025 53:0 1562 120
6 0-158 0-162 0-006 0-02 0-083 0-128 0-041 51-2 1590 110
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Table 5. Results of Ti addition on manufacture of 98 heats Ti stabilized extra low carbon steel.

Ladle analysis (%) Slab analysis (25) Recovery
of Ti
i 1. Ti .
C Si Mn P S So i Sol. Al (%)
X 0-004 v 0-02 0-12 0-011 0-011 0-084 0-043 56
s 0-0009 0-002 0-012 0-002 0-0014 0-008 0-009 5
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.Photo. 1. Typical defect on:Ti-stabilized extra low carbon steel sheet
~ (thickness of sheet=0'8 mm), '
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Table 6. Analysis and

additives of test heats.

. Temp. Additives
Test Ladle analysis (%) Slab analysis of P beforc;VTi Ti
before . o after addition
degassing after degassing (%) degass- (%) addition
No ' [ Mo | € [ si [ Mn] P S [Sol. AllSol. Ti| fmsel ’?fc) Fe-Mn| Al | (%)
I 0:020-05{0-005{0-01 { 0-12 | 0-015| 0-012] 0-012| 0-054| 0-039 — 0-18 | 0-150 0-163
I 0:03 |0-10 | 0-005{ 0-01 { 0-13 | 0-012| 0-010| 0-026| 0-084| 0-043! 1 557 005 {0-142 | 0155
I 0:03|0-13 0005/ 0°01]0°100-012| 0-012] 0-024| 0-057| 0-038| 1595 0-12 10187 | 0-129
v 002|012 {0°004| 0-01 {012 | 0°014| 0°011] 0-042| 0-068| 0°040| 1569 | O 0-180 | 0-125
Sol. Ti: Ti and TiO, Insol. Ti: Ti,Oj, TiO,, TiN,TiC.
Top slab : Bottom slab 5 ® 100 Ty
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Fig. 9. Sampling method of sand mark test. ;c:, 004 ' \\ t
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Fig. 10. Variation of oxygen contents and oxide
composition during mixing.

(after Al and Ti addition)

Photo. 2. Oxide inclusions in slab sample.
(inclusions ; FeO-Ti0,, TiO,, Al,O4)
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Fig. 11. Distribution of linear and granular sand marks in near surface of slabs.
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2 Cast mild steel
Stool {cast iron)

Fig. 13. Sectional view of steel cast stool.

Table 7. Influence of mold coat and cast iron
stool on carbon pickup of Ti stabilized
extra low carbon steel.

Ladle | Slab analysis C (%)
analysls

C (%) | Top

Stool

Mold coat
Middle| Bottom

Mold
Cast coat

iron A

Used 0-010 | 0-009 | 0-009

Not
used

0-006

0-007 | 0:007 | 0-008

Steel
cast

Mold coat B| 0-006 | 0-006 | 0007 | 0:006

Mold coat A : Casmol (Made from petroleum).
Mold coat B : Dinol H (Mainly contained ammonium phosphate)’.
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