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The Quality of Stainless Steel Slab Produced by Pressure Casting

Synopsis:

Yasuo MIHARA, Shoji IWAOKA,

Syuya YANO, and Kyozi NAKANISHI

The salient features of the pressure casting are a precisely controlled rate of pouring and a smooth
surface of the mold coated with fine alumina powders. Under a suitable operation, the pressure casting
process provides a excellent slab surface free from tears and blow holes. Since argon gas purges the
mold atmosphere from oxygen, reoxidation of steel is completely prevented during casting. The oxygen
content of a pressure cast slab is lower than that of a conventional ingot of the same heat, and most
oxide inclusions found in the slab are the primary deoxidation products. Alumina coatings retard
effectively the initial rate of solidification, and the amount of inclusions entrapped in the vicinity of
the surface is reduced drastically compared with that of a conventional ingot.
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Fig. 1. The outline view of the PC-equipment.
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Photo. 2. Typical examples of slab surfaces.
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Table 1. Chemical compositions of scum, slag and refractory.
. . Method of
Specimen Cr,0O3 | MnO SiO, CaO T-Fe AlLO; | Zr,O ailtaloysiso
A | Entrapped scum (1) 8-2 3-6 16-1 11-5 4-8 355 8-2 | Chemical
B Entrapped scum (2) 13-2 129 310 0-8 tr 20-0 0-3 EPMA
C Scum on conventional ingot 12-7 13-3 258 4-7 54 34-4 tr Chemical
D | Refining slag after tapping 2-1 0-5 18-9 50-3 60 28 1'6 | Chemical
E Pouring tube (before use) — — 13-5 — 0-2 58-8 26-9 | Chemical
F Pouring tube (after use) 10-0 50 10-0 -0 tr 50-0 20-0 EPMA
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Fig. 3. Distribution of entrapped scum.
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Photo. 3. Macro structure and colour check at transverse sections of a pressure cast 1794Cr slab
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Photo. 4. Macro structure and colour check at transverse section of a pressure cast 18Cr-8Ni slab.
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Photo. 5. Macro structure and colour check at the transverse section of a conventional

1794 Cr slab.
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Surface Center Surface Center Surface Center
H ' ! I ! !
] i i i P i
T|- 64 ——f-—-—68 - T-e7 ——f-—-—156 - T|-60 — e ——7a —
! : ! | - | | |
o | | L
I . .
o | ! l 1
MPb-70 —-— 6l —-—— 56 — M~ 57 —-= 59 —-—-§|— M|~ 64 —=~8] =—=-—r 87 —
I L |
L | . |
L | f | !
Bf-- 6'6 —-—!—-—'-— 5!3 — Bl 8!9 —-T-—-'— G!O — B 615 -—-—%-—-—--— 6!8 —
j ] I I 1 1 !

S-3
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Table 2. Results of sand analysis of pressure cast slabs and conventional ingots. (SUS 430)

(ppm)
Si0, Al,O, MnO FeO Cr,O, MgO CaO
tiMmM/BlT|{M|B|T|IM|B|T|M|B|T M|B|T | M|B|T|M| B
ingot |surface|20|12(32| 42 36| 56|24 |31]50| 4| ev|27]35]33|53]10]10]| 9| 6|6 5
9| center |34|27|44| 74 | 65 (100 | 52 |39 |53 |24 | 8|47 159 |83 (176 | 8| 10| 11| 4|8 10
Al 0-001| mean |27|20|38|58 |51 78|38 |35|52|1a| 4|37]/97|58[115] 9l10[10] 5|7 8
AJP§?083 center | 5] 5 5' 93 | 83|85 |16 17|17] 4] 1|1w0]27]12]39]|15]13/13)11]9]10
ingot |surface |14| 7| 8| 76 |89 |68 | 21| 25| 18| 4| 5| 2|28 |54 ]26| 5| 6] 5| 7|8/ 8
%| center | 8| 92150123 132 | 6| 8|12]16|13|10(82|79|56| 4| 6| 6| 6|8 9
Al 0:001| mean |11 8|15|63 (106 (100 | 14 |17 ]15]15| 9| 6|55|67|41| 5| 6| 6| 7[8| 9
1%3¥E082 center | 5| 5| eli2zt [1is 11| 3| 2] 2]« | 9| 2] oli2]i9|18|17] 21| 8l6]| 8
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Table 3. Definition of meshes and symbols for the numerical calculation.

(1) (2) (3) (4)
Length (mm) —65mm—— | «0'5~5mm— | «——30mm——
Mesh Indices 1,2, v I, TH1 T + J, veveees I + J+ M
Number of mesh 30 2 10 —
Size of a mesh dxg dxa Ixg —
Medium Steel Alumina Graphite Water
Thermal conductivity Ks Ka Kg —
Density pPs PA oG —
Thermal diffusivity — —_ — h
Enthalpy HS HA HG _
Temperature — — — do

(1) Centre of slab. (2) Surface of slab. (3) Interface between mould and alumina coating. (4) Surface of mould.

QH/ot= (K 3] p) 03P [0x2 evvverrevnenieneanceeea (1)
zzie, HRREHE (cal/g), ¢ VIR (sec), p VB
BOEE (g/cmd), Ky BEHERE 0, (CC) Tk D
WHEOBEIER (cal/cm- sec-deg), x VIHLIERERE (cm)
BFIO ¢ WHEEIRE (deg) T (2) XX hE&ESH
A9,

6 K

&= 04 Kg =(2)
U)ﬁﬁ%ﬁ%ﬂ%ﬁﬁw®f,T%k3KﬁT%ﬁ§
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25 {bRFERREE 46 L L, RFEB r T X VR rde
B, ERoRFEEH I X VEEESEEREDLTLIOLET
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(a) E»EEOEM
i= 1T

Hi ¢ =H? ,+ 21((23:4;2 (Pivr,r—Pir) e (3)
2<i<I—1 Tix

Hi ;e1=Hi,

Ky-A4t
Foe(dxe)?
i=I Tl

H} rey=Hi s

R Kq- 4t <¢‘ =i r— A’::Wl) ...... (5)

(¢1 1,7 2¢: r+¢;+|.r) """ ( )

0s(dxs)?
i, Wy, WL T7NEF - a—F4 T LDERK
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Wy=Ka(@r—0r+1)/dxa --eevereeereeoae (6)
tE5z25N5.
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H‘:,r+1=Hf,r

K4 4t :
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K,y 4t 4
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>
[

(01'—1,7’“20i,r+0i+1,1) """ (10)
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Table 4. Physical constants as a function of temperature used for calculation.
Medium Symbol Temp. dependence Reference
Kg 0°04 cal cm~! sec-1°C-t (0°QC) (4) (5)
K, 4x10-2 (146°5x10-44) cal cm-! sec-1 °C-1 (6)
Steel s 70 g cm-3 (7)
0-108 ¢ +5-39x 10-5 g2 cal g-1(0=@<760) (5)
Hs(8) 0-0995 @ +-37°6 cal g-1(760=0<1430) (6)
0-18¢9 —17-52 cal g-1(1430=<¢) (8)
Ka 0-0056 cal cm-1! sec-1 °C-1 (9)
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04526 —87:02 cal g-t (727=<86)
h 06 cal cm -2 sec-1 °C-1 (13)
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Fig. 9. Calculated solidification rate vs.timeTafter 0 2 4 6

pouring.
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