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Shear Thinning Behavior and Surface Properties of Mold
Flux for Thin Thickness Slabs at High—casting Speed
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(1 School of Metallurgy and Energy ,North China University of Science and Technology, Tangshan 063210, China;
2 Hebei High Quality Steel Continuous Casting Engineering Technology Research Center, Tangshan 063000, China)

Abstract: In this paper, a steel plant with high pulling speed thin thickness slab continuous casting process as the object
is studied, the specific process parameters of the pulling speed of 5. 5 m/min, pouring temperature of 1 544 ‘C, crystal-
lizer water pressure of 15. 6 Pa, the cooling water temperature of 39. 1 ‘C, and the inverted taper of the crystallizer 7. 5
mm and so on. In the process of on-site continuous casting, it was found that the risk of slag rolling increased and the cast-
ing bond alarm occurred frequently, the conventional slags and non-Newtonian fluid mold flux with only shear-thinning
properties could not effectively in solving these problems . With the mold flux of medium carbon steel on-site as the original
mold flux , combined with additives such as MgO and SiC , a new type of protective slag with strong shear-thinning proper-
ties and high surface tension is prepared. The shear thinning properties, surface properties and microstructure of mold flux
were detected and studied by rotating cylinder method and other methods. The results show that with the increase of SiC
content, the shear thinning property, contact angle, surface tension and interface tension of the mold flux all show the
trend of increasing first and then decreasing, the content of C-O bond and C-Si bond increases, and the degree of molecu-
lar polymerization increases . When the SiC content is 0. 98%, the shear thinning property is the strongest, and the con-
tact angle, surface tension and interfacial tension are the largest. This enables the mold flux to meet the viscosity require-
ments at different shear rates, thus effectively suppressing the crystallizer slag rolling behavior and reducing the risk of
bond leakage.
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Table 1 Main ingredients of mold flux for thin thickness
slab used on-site %
Si0, MgO ALO, MnO Ca0 Na,0 K0 Li,0 F
19.69 580 690 0.15 3444 406 154 0.67 9.82
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Table 2 Main ingredients range of high drawing speed
thin slab mold flux %

Si0, MgO ALO, MnO CaO Na,0 K,0 Li,0 F

19~20 7~8 6~7 4~6 33~37 7~8 1~2 09~1.1 9~11
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Table 3 Main ingredients of mold flux for high speed thin
slab foundation %

Si0, MgO ALO, MnO CaO Na,0 K,0 Li,0 F

1971 7.72 691 470 3447 734 155 1.04 9.83
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Table 4 Main ingredients of mold flux for high speed thin
slab foundation %

;}gg Si0, MgO ALO, MnO Ca0 Na,0 Li,0 F  SiC

C-1 19.71 7.72 691 4.70 34.47 7.34 1.04 9.83 -
C-2 1921 738 6.71 4.58 34.03 7.03 093 938 046
C-3 18.87 699 6.61 4.45 3373 6.77 0.84 9.13 0098
C-4 18.51 6.62 649 433 3336 6.53 0.72 884 142
C-5 1799 656 6.14 4.19 3279 6.16 0.61 859 232
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C-5 Table S Mold flux viscosity at different shear rates
-4 By s BfE/(Pa-s)

- C-1 C-2 C-3 C-4 C-5
.E', -3 18 0.286 0.305 0.321 0.333 0.362
% 35 0.236 0.247 0.253 0.279 0.313
C-2 53 0.214 0.221 0.229 0.251 0.288
C-1 70 0.205 0.213 0.222 0.242 0.275
88 0.200 0.206 0.213 0.232 0.265
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Fig. 1 XRD diffraction pattern of SiC based mold flux
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Fig.2  Plot of SiC-based mold flux viscosity versus shear rate
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Table 6 Shear thinning rate of SiC based Non—Newtonian

fluid mold flux %
C-1 C-2 C-3 C-4 C-5
0.123 0.141 0.154 0.144 0.139
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Table 7 Contact angle between SiC based mold flux and

original slag at different temperatures (°)
RS 1200 °C 1250 °C 1300 C
Jhfy 69.80 67.42 64.66
C-1 71.47 69.59 66.57
C-2 71.70 69.92 67.58
C-3 72.92 70.86 69.36
C-4 72.60 70.55 68.55
C-5 71.90 70.15 67.87
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Fig. 6 Schematic diagram of the test setup
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ment process of C—3 mold flux sample

Image acquisition during the surface tension measure-
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Fig. 8 Temperature dependent surface tension of original slag

and SiC based mold flux
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Table 8 Surface tension of original mold flux and SiC
based mold flux at different temperatures

OB : ?%E%ﬁ/(nﬂlN-m") ﬂ
1200 °C 1250 °C 1300 °C

J b e 827.61 605.73 522.26
C-1 853.51 628.59 551.00
c-2 874.82 640.77 562.26
c-3 909.08 680.09 589.53
C-4 888.17 658.06 567.72
C-5 879.39 647.19 564.02
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Table 9 Surface tension of pure iron at different tempera-

tures mN/m
1573 K(1300 °C) 1673 K(1400 °C) 1773 K(1500 °C)
1977.6 1936.6 1 869.6
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Fig. 9 Interface tension diagram between original slag and SiC
mold flux at 1 300 C
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Table 10 Interface tension between original slag and SiC
mold flux steel slag at 1 300 °C

ARG A ALK S/ (mN-m™)
b 1816
c-1 1831
c-2 1839
-3 1857
C-4 1848
Cc-5 1842
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Table 11 Raman spectroscopy of C-3 mold flux sample
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Fig. 12 Raman spectra and C-3 mold flux peak spectra of original slag and SiC mold flux samples :
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(a) Raman spectra of primary

slag and SiC protection slag, (b) Raman spectrogram of C—3 protective slag
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Table 12 The relative content of Raman peaks
T L/ %

RS 5 Al %
S2 S3
C-1 36.71 29.63 26.50 7.16 100
C-2 34.37 30.42 27.88 7.33 100
C-3 32.44 31.25 28.76 7.55 100
C-4 30.82 32.22 28.78 8.18 100
C-5 29.27 32.81 28.79 9.13 100
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Table 13 Spectral data corresponding to infrared spectral
peaks
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Fig. 13 Infrared spectra of SiC based mold flux samples and typical C-3 mold flux infrared spectrum detection results :

(a) Infrared

spectrum test results of SiC protective slag sample, (b) infrared spectrum test results of C—3 sample
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