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Improvement of Surface Quality of Continuously Cast

Stainless Steel Slabs

Hidemaro TAKEUCHY, Shogo MATSUMURA, Takashi YANAI, and Yasunobu IKEHARA

Synopsis:

The effect of continuous casting conditions on surface quality of austenitic stainless steel slabs have been
investigated in order to roll slabs without surface conditioning.

Development of new continuous casting techniques such as high frequency-short stroke mould oscillation,
low viscosity-carbonless mould powder, tundish refractories, one piece immersion nozzle and so on, made
it possible to improve slab surface quality and to roll slabs without surface conditioning.
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Table 1. Continuous casting conditions of slabs.
. Casting Casting Mould oscillation conditions Tundish Lmersion
Steel grade  Slab size speed tz’::ﬁ‘;r' Frequeg; lSetx:(;t{}? slt\xl‘iega:il‘;ieo Slg?gagvmee Lining Capacity  Dam nozzle
SUS 304 21338:{%06(:);3‘; 850~1 /eg?n 0. 4°“i2°m 4~8mm —22~81% 0~0.25s Aifr:: r\:gcifk 1.5 or 6.0 with or S(fg:‘:'i‘zcg’ﬁ;p‘;’

Table 2. Characteristics of mould powder.

Compositions

Kind of Softning Melting Viscosity
powder C BN Ca0/ Shape temp.  point (poisc at
(%) (%) SiO, )

A 6.5 — 1.1 Powder 1010 1030 1.3

B 30 — 1.1 Powder 1010 1030 2.2

C 1.5 — 1.1 Powder 990 1030 1.6

D 0.3 0.2 1.26 Granular 950 1000 1.0

E 0.3 0.2 0.95 Granular 1010 1030 2.6

F 0.3 0.2 0.83 Granular 1020 1078 3.4
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Table 3. Surface defects of continuously cast
stainless steel slabs and cold rolled sheets.

Surface defects of slabs Surface defects of sheets
Surface
Oscillation | SeBregation
Entrapped Oscillation pattern
mark powder tation pa
Micro crack
Sub- Carburization
surface Air oxidized
Macro product
inclusion | Powder
Scum
:
Pinhole
Rough surface
Surface Siag ASpo,t
Longitudinal
facial crack
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. Oscillation pattern
Left : Appearance
Right : Micrograph of surface (a)

b. Seam

c¢. Sliver

Micrograph of transverse section (b, c) (A-A’)
Photo. 1. Typical surface defects on cold rolled sheets from slabs without conditioning.
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A. Schematic view

B. Micrograph of defects

a. Surface segregation (etched)
b. Micro crack (as polished)
c
P

. Entrapped powder (as polished)
hoto. 2. Defects of oscillation marks.
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Fig. 1. Relation between negative strip time (fy)
and frequency of defects at oscillation marks.
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Fig. 2. Relation between viscosity of powder (7)
and frequency of defects at oscillation marks.
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Fig. 3. Effect of total carbon content of powder
on slab surface carburization.

Table 4. Gas compositions in pinholes.

Gas composition (%)
Casting method
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Separate immersion nozzle ;g 3% g
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Table 5. EPMA analysis of large inclusions
at the sub-surface of slabs.

Chemical composition (%)

Origin of Analysis
inclusions  point  ni6 50, Ca® MgO CriOs ALO; Na,0

a. Air ox-
idized Matrix 6 11 — —_ 64 — —
products

b. Powder Matrix <1 32 45 <1 <1 3 5

¢ Seumin FIECIPE 1 13 1 <1 6 wm <1
tundish  nowix 9 26 15 1 4 25 <1
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a. Air oxidized products
Mn-silicate containing
(MnCr)zO;;

b. Powder : Ca-silicate ¢. Scum : Ca-Al-silicate
containing Na*

containing Al;O3

Photo. 3. Typical macro inclusions of sub-surface of slabs.
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Fig. 4. Schematic representation of modified
casting methods to prevent pinholes and macro
inclusions.
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Fig. 5. Relation between pinholes and casting

methods.
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Fig. 6. Relation between macro inclusions
and casting methods.
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Fig. 7. Relation between surface defects
and powder viscosity.
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Photo. 4. Surface defects of
continuously cast SUS 304
slabs.
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Fig. 8. Comparison of index of surface defects of
cold rolled sheets from slabs with and without
conditioning.
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