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Distribution of inclusions along the width direction of continuous casting
slab of ultra-low carbon automobile exposed panel
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Abstract: Ultra-low carbon steel is widely used for automobile exposed panels due to its excellent deep-
drawing properties, but inclusions in continuous casting slabs can easily evolve into surface defects. In
this study, two-strand continuous casting slabs for two heats with low Al and O contents and high Al
and O contents are selected for ultra-low carbon steel of automobile exposed panel. Samples are taken at
the 1/4 thickness, and at the positions of 2 cm from the edge, 1/4 width, and 1/2 width of the slab. The
morphology, quantity, size, and spatial distribution of inclusions along different width positions are

WeiE B H#3:2026-01-13; 1&E A #7:2026—-02—14; #5 A #7:2026-03-02

EEWHE: FREAARP ARG Z i FIH (52474361) .

YEB RN TR E R, 2000 4F A=, Lo, WTEEHT £ N, WA A, BIFGE T 0] VR 42 A MR 3R 1T BB A e 28 s il £ R, E-mail:
zhangxuejiao@shu.edu.cn;  IBIEVEL: Mofdt, 1965 454, B, IR MR, 1, B2, WF9E 07 oM AR L 465 | Je e B4
WG 4R, E-mail: yang_jian@t.shu.edu.cn,


https://doi.org/10.7513/j.issn.1004-7638.2026.02.017
https://doi.org/10.7513/j.issn.1004-7638.2026.02.017
https://doi.org/10.7513/j.issn.1004-7638.2026.02.017
mailto:zhangxuejiao@shu.edu.cn
mailto:yang_jian@t.shu.edu.cn

. 154 - W ek #8K

compared and analyzed using the Inclusion Automatic Analysis System (IAAS), to clarify the distribu-
tion law of inclusions along the width direction of continuous casting slab of ultra-low carbon steel
automotive exposed panel. The results show that the inclusions in the slabs are mainly cluster-like, inde-
pendent particles, or dispersed Al,O,, regular square TiN, and core-shell structure Al,O,-TiN composite
inclusions. In terms of number density, small-sized TiN inclusions are enriched at the position 2 cm
from the edge; large-sized Al,O;-TiN inclusions are enriched in the 1/4 width region; and the number
density of large-sized inclusions in the heat with high Al and O contents is significantly higher. In terms
of size distribution, Al,O; has the largest average size; the high Al and O contents promote the forma-
tion and aggregation of Al,O,-TiN composite inclusions; TiN tends to be enriched at the edge of 2 cm
position in small sizes. The spatial distribution shows that TiN inclusions have the highest number dens-
ity and are mainly enriched at the edge; the composite inclusions reach their peak number density in the
1/4 width region; the number density of all types of inclusions in the 1/2 width position is generally re-
duced. Meanwhile, the number density of Al,O; inclusions in the heat with high Al and O contents is
higher than that in the heat with low Al and O contents.
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Table1 Chemical compositions of continuous casting
slabs of ultra-low carbon steels %

Sample number C Si Mn P S Al Ti (0] N
LAIO-1 <0.002 <0.02 0.11 0.018 0.01 0.025 0.041 0.001 6 0.002 3
LAIO-2  <0.002 <0.02 0.11 0.018 0.01 0.025 0.041 0.001 6 0.002 3
HAIO-1  <0.002 <0.02 0.11 0.018 0.01 0.035 0.042 0.002 7 0.002 3
HAIO-2  <0.002 <0.02 0.11 0.018 0.01 0.035 0.042 0.002 7 0.002 3

2 HRER

2.1 HEARERANE B R TP e A AR 5 4T
2.1.1 K AL ik O FE R A AR 5 5
%y

K1 AR AL G O & RN FE SR 1/4 J5
FE . 1/4 58 BE AR T LR e Ze W IS S5 o0 R A A
MR . FRE 1RO, AR RS TIN ey
Y. ALO, JeZ&PHl ALO;-TIN B AIeZ4¥. TiN %
29 R 0 T3 T stk 10 T, ROSHAE 2 pm 42
1, RS /NI A5 ALO, Je 4= R AN KL B
MR, RGHFE 12 um £ 455 ALOS-TIN & & 22 B
“WBrregiry”, B X ALYS O & 4 (ALO, B
L), AN Ti 5 N B A ZE)Z (TIN Sh5%), FHAEliR
JE B, ALO, #% 0>, J5 Ti. N 7E ALO, FE B Y TiN
ME A, ALOS-TIN Z 57 Fh 4 ~ 9 um,

) ALO,
TiN

Core-shell type
ALO,-TiN

(a) ALO;-TiN; (b) #%5R! ALO,-TiN 7”8 E; (c)TiN; (d) ALO;

1 R ALMR O S BIIREFHRIRNE R BB ZMNHRE TR S HEAME
Fig. 1 Morphologies and element mapping diagram of typical inclusions in the slab of LAIO steel
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the width direction of ultra-low carbon steel continuous casting slabs
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Fig. 5 Changes in the number density of different types of inclusions with the sizes of 1-5 pm and >5 pm at 1/4 thickness
along width direction in ultra-low carbon steel continuous casting slabs
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Fig. 7 Spatial distribution of inclusions at the 1/4 thickness position along the width direction of the continuous casting slabs

for 1 strand of the heat with low Al and low O content

(a)
o o 1~2um () ALO,
N4 ™ P R R B e ® 25um @ TN
8 @ 5 @ ALOATIN
§ pm 23
2 "@s@ @ s-12um
< . S
= ; S ‘ 12~20 pm
¥ 0 es 0 75 g g 90 *’évg )
X-axis scan distance/mm 9 100 S
b) 16
®) ALO,
14r - TiN
NE 12} e A1203+TiN
g
E ol ‘\.___.
2
£ L
= 4
2t
0 L L L
2 cm from the edge  1/4 width 1/2 width

(a) SERETT 1) b e 2Ry () 73415 (b) SERETT 1] _EAR[RIZEANI A i Bt 5
E 8 1K ALK O &2HK 2 MESEE 1/4 BEL EEAE EREYHZE S
Fig. 8 Spatial distribution of inclusions at the 1/4 thickness position along the width direction of the continuous casting slabs
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Fig. 9 Spatial distribution of inclusions at the 1/4 thickness position along the width direction of the continuous casting slabs
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