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Development of Mold Powder for High Grade Sheet Steel
Akihiko KUSANO, Ryoji NISHIHARA, Yasuo MINAGAWA and Masahiro SATO

Synepsis : In the production of cast slab for high grade sheet steel, the powder in continuous casting mold is entrained into the molten steel and caused

the surface defects in the products. The typical example is the white spot defect for tin plate steel. For preventing the white spot defect, new
continuous casting powders are developed. Those powders are consist of CaO-SiO,~Al,0,-MgO—CaF,-AlF, system and less Na content.
The results of study in laboratory and casting in plant are summarized as follows.
(1) By replacing Na materials with the fluorides of alkali-earth metal, the improved powder can be produced.
(2) When Na in powder is less than 1 mass percent, the occurrence of white spot defect of the tin plate steel produced by high-speed

casting is remarkably decreased.

(3) Characteristics of the improved powder are as follows.

® The powder is designed of higher viscosity and surface tension.

@ The crystallization temperature is lower.

® The variation in viscosity due to Al,O, pick up during casting is less.

Key words: inclusion; continuous casting; tin plate; continuous casting powder; fluorides; viscosity; surface tension; melting point; alkali-earth metal;

sodium.
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Fig. 1. Relationship between quantity of Na* and F~ on
viscosity.

Table 1. Solubility of fluorides of alkali and alkali-earth
metal in water.

(g/2 , at 18°C)
Alkali-earth Alkali Neutral
MgF. | CaF; | BaF, | NaF* KF AlF,*
0.0076 | 0.017 | 1.64 | 40.3 | 923 5.59

( t :Water temp. = 25°C)

Table 2. Experimental conditions.

Base Materia!
Ca0 | Si0; | Al,0; |Fe.0s |Na* CaO/SiDJ
(Mass%) ]
46.1146.0| 4.2 2.7 |10 1.0 |
Added Name MgF, , AIFs , BaF., CaF;
Material
Quantity(Mass¥) 5., 10, 15, 20, 25
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Table 3. Chemical composition of molten iron.

Content (massX)
C Si Mn P S
2~3 0.05 0.30 0.018 0.006
~0.09 ~0. 38 ~0.028 ~0.011
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Fig. 2. Effect of quantity of added materials on viscosity.
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Fig. 3. Effect of quantity of added materials on melting
point.

Table 4. Chemical composition of powder.

Content (massX)
Ca0" $i02 Al201 Mg0 CaF2 (MgF2)" | (Ca0/8i02)"
1 13.5 47.9 2.3 11.0 21.3 17.0 0. 60
2 18.5 42.2 2.4 1.0 21.3 17.0 0. 80
3 22.4 37.6 2.6 11.0 21.3 17.0 1.00
4 9.9 46.5 2.0 12.9 25.1 20.0 0. 60
5 14.7 40.8 2.2 12.9 25.1 20.0 0.80
6 18.§ 36.5 2.4 12.9 25.1 20.0 1.00
7 4.0 44.0 1.7 16.2 31.3 25.0 0.60
8 8.5 38.8 1.9 16.2 31.3 25.0 0.80
9 12.1 34.6 2.0 16.2 31.3 25.0 1.00

%1 Ca0 conversion value of Ca in CaF: does not include.

%2 (MgF: mass¥) = Mg0 mass¥ X MgF:molecular weight / MgO molecular weight
(MgF2 massX%) = CaFamass¥ X MgF:molecular weight / CaF: molecular weight
(Ca0/8i02)

= (Ca0 mass¥ + CaF2mass¥ X Ca® molecular weight / CaFzmolecular waight)/SiOmass¥
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Fig. 5. Relationship between o, and / value for oxides, flu-
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Fig. 6. Rate of molten steel surface covered with molten
powder.
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Table 5. Chemical composition and physical properties of powder.

Content Ca0/Si0z2| m.p. | Viscosity |Surface tention
(mass%) at 1300 °C| at 1250 °C
Name | T.C | Ca0 [Si02[Al20s| Mg0 | Na' | F~ KMgF:XAIFs () | (pa-s) (N/w)
F-1 |5.3] 32 [40 | 2 [ 10 1 [0 |16 - | 0.80 [1150] 0.33 0.330
F-2 [5.3] 31 [ 37 | 1 [ 13| 1 [t2] 19| - | 0.85 |1147] 0.19 0.328
F-3 24|36 |40 | 6 [ 6 | 1 |88 4] 090 |140] 040 0.317
F-4 |1.9] 34 40| 3 |13 | 1 |12 |20 | - | 0.90 |1155] 0.20 0.328
F-5 [1.7] 3 |40 ) 6 | 6 | 1 | 9| 8| 5| 0.90 [1120] 0.32 0.310
Ne-1[2.9] 36 [37 [ 6 | - | 7[5 - -1 0.98 |1145] 0.34 0.245
Na-2 5.2 33 | 32| 6 | - | 8 | 71 -] -] 1.02 [11e20] 0.18 0.235
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8 1.0 /? fl E 0.35 A PO haded AIF3| |
o /i / [l 5 ) o Na-Powder "T""""‘E """"""
o L /;,g S5 ————
N R i § 3 030t e
8= =" 2 e o
O : ; o[ Na-1 Q ; P
3 N Y v 7 E & 025 e g
— i _n_;,——— H
> 0 5 10 15 A 0 01 02 03 O
Added AEOs (mass%) Viscosity at 1300C (pa-s)
Fig. 7. Effect of added A1203 on viscostty. Fig. 9. Relationship between viscosity and surface tension.
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Fig. 8. Relationship between temperature and viscosity.
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Table 6. Casting conditions.

CCM

1CCM [

2CCH

Steel grade LICI-AI-K

Casting size 250X 960~1060 mm 250X 960 mm

Casting speed 1.2~1.6 n/min 1.0~1.2 m/min

Ocsilation Stroke 9.5 mm 8. Smm
condition |Cycle 120~130 cpm 110~120 cpm
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