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Abstract: Scanning electron micrope (SEM) and energy dispersive spectroscopy (EDS) were used to analyse the
microstructural morphology and composition of lamination defects on the No.l surface of 304 austenitic stainless steel.
Combined with the study of the flow behavior inside the crystallizer, the defect was identified as being caused by slag
coiling during the casting process. In the production of 304 stainless steel, measures such as controlling the selection of the
submerged entry nozzle, limiting the insertion depth, and stabilizing the casting speed in the continuous casting process are
implemented to stabilize the level of molten steel in the crystallizer, effectively reducing the likelihood of slag coiling. In
subsequent processes, the surface quality inspection of the cast slabs is enhanced, and the descaling process is optimized,
further lowering the overall downgrading rate caused by lamination defects. Ultimately, the occurrence rate of lamination
defects on No. 1 304 stainless steel decreases from 15.0% to below 3.0%.
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Fig.1 Macroscopic morphology of black band defects
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Fig.2 OM images of the No.1 surface of 304 stainless steel under a metallographic optical microscope: (a) normal position; (b) defect
position
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Fig.3 Microscopic morphology of lamination defects
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Fig.4 SEM images of lamination defects: (a) surface; (b) cross-section
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Tab.1 Elemental distribution of lamination defects

(mass fraction/%)

Elemental mass fraction 1# 2# 3# 4# S# o# T# 8# ot 10# 11#
C 5.20 443 2.82 21.86 - 5.14 3.02 2.07 2.13 0.90
(0] 20.66 29.47 34.06 2.71 0.09 22.59 15.74 29.41 25.74 -

Mg 0.37 0.69 0.55 0.23 - 0.35 0.23 - 0.40 -
F 5.28 4.39 5.03 - - 7.74 4.26 9.78 10.38 -
Al 0.51 0.72 0.72 0.45 0.45 0.87 - 1.23 -
Si 5.62 5.73 6.99 0.25 12.64 14.51 14.67 14.42 -
Ca 9.91 8.48 8.39 0.14 17.67 13.64 41.81 41.66 -
Cr 9.71 14.89 19.93 6.56 13.13 18.43 7.25 5.38 1.45 0.74 18.90
K 0.96 2.18 3.56 - 0.86 - - -
Na 1.33 3.32 297 - 0.67 0.65 0.15 - -
Fe 36.70 22.64 63.83 30.59 39.52 70.30 12.97 13.02 1.43 091 70.78
Ni 3.26 3.14 8.21 3.44 9.82 8.90 0.31 - - 7.86

R 2 ASTM-A240 #5 A4 1 304 REE WAL 5 E K
Tab.2 Composition requirements for 304 stainless steel in ASTM-A240 standard

(mass fraction/%)

Element C Si Mn

P S Cr Ni N

Content <0.080 <0.75 <2.00

<0.045 <0.030 18.00~20.00 8.00~11.00 <0.100
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Tab.3 Typical composition of the mold powder for
continuous casting
(mass fraction/%)

Si0,  CaO+MgO ALO; Na,0+K,O Fe,0; C F

31.0~33.0 34.0~36.0 3.0~45 9.5~11.0 1.5~3.0 3.5~5.0 5.5~7.0
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Fig.5 Schematic representation of the flow simulation in the crystallizer: (a) results of the flow field calculations; (b) displayed flow
simulation using the water model™”
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Fig.6 Schematic diagram of surface reflux
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Fig.7 Schematic diagram of the surface vortex: (a) poorly centred spout creating a vortex; (b) vortex slagging
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Fig.8 Slagging caused by the shallow insertion depth of the
submerged entry nozzle
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Fig.9 Schematic representation of the parameters of each water outlet for testing: (a) 0°; (b) 5°; (c) 8°; (d) 15°
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Fig.10 Effect of the entry nozzle with side hole dimensions of
45 mmx70 mm on the degradation rate of lamination defects for
304 stainless steel
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Fig.11 Effects of the side hole size of the 0° submerged entry
nozzle on the degradation rate of lamination defects
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Fig.13 Effect of the casting speed on the degradation rate of

lamination defects
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Fig.14 Effect of the number of roughing descaling passes on the
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