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Abstract: In the present work, a statistical analysis of micro-inclusions and large-size inclusions was
conducted in 31-meter-long unsteady ladel exchange slabs of two heats (A and B) of IF steel for auto-
motive outer panels, combined with thermodynamic calculation of inclusion precipitation during the so-
lidification process of continuous casting slabs using FactSage 8.1. Analytical results demonstrate that
the main micro-inclusions larger than 5 pm are identified as Al,O; inclusions, TiN inclusions and
Al,O,+TiN composite inclusions, respectively. Typical large-size inclusions above 30 pum extracted in
the ladel exchange slabs extracted by the large-sample electrolysis mainly include blocky and clustered
Al O; inclusions of 100-200 pum, entrapped irregular mold flux particles of approximately 800 pm,
S10,+AlLO; inclusions with the sizes of 100-300 um, and spherical calcium aluminate inclusions with
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the sizes of 30-100 um. During the pouring of B furnace, there is a significant increase in the contents of
four types of large inclusions in the transition slabs at 3 m before and 14 m after the start of pouring, and
the contents of inclusions in larger size ranges increase more significantly. The average contents of
Si0,+Al,0; inclusions, Al,O; inclusions, entrapped mold flux and CaO+ALQ; inclusions in the trans-
ition slabs are 13, 3, 3.5 and 7 times those in the normal slabs, respectively.

Key words: ladel exchange slabs; contents of large-size inclusions; compositions of large-size inclu-

sions; ladle exchange; automotive outer panel
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Fig. 1 Schematic diagram of sampling along the casting direction and sample sectioning
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Fig.2 Schematic diagram of the large sample electrolysis set-up

RURAS AU, XoF 31 ZHRE A Y B PR EA TR e Ak
b2 SRS S 7/ KR Y eu R e b VA 50 KR
T moK R, B A I RE HE o FEHERR
HNERIURL LIS, BT AR VeI iE e g, AL
N TG e AbRIe Ao SRR X it e 14
AR, TSR A A S 2 35
() F R i A 2 % — 4T SEM-EDS J3Hr 4
B, B ERA RSN RRIN N I 2R ), fJe geit
FIESRRAE . R S5 07

2 RBERETR

2.1 T[O]. N Z3#rasi

A A B T 5 B R A S R T S R s
9,11, 12, 13, 14, 16 m &L & 855k 11.3x%
10°, 12.1x10°, 16.0x10°, 16.1x10°, 16.0x10°,
14.4x10°, [a] B 07 B A &S B2 508 12.7x10°,
12.6x10°, 13.9x107°, 14.6x10°, 12.9x10°, 14.3x
10°, ATRLAE A ICR & R E AT E A /R E
1 b T, XU A AR R K R A T R
o AR B AR BEST IR B0 T 4 i R P A FE IR
4b w (T.O0) H1 0.001 4% 34 /I1ZE 0.001 7%, ZEfk ka3
FEARBA &, 1k AL ) w (T.0) FHik 0.007 1%, ik
ST SR AE AT Al 4 e R R S SRR A
SERT R, E TR T 50 um Je 22 W 1Y & AR
0.1 mg/kg LA, DAL 24 ) 1% FE 2 3 500 kg/m” 11
B, — AR 1 g A2 E AR TCTE A B AT
KTF 50 um YRR A4 . L, A rh B AE 5 &
TeiEACFN KA Je A2 K-, 07 2238 o H At e
D7 it — 25 A o ) RIS )
22 HAHHRT 5 um BRIy
22,1 PFERAER LAY B R A2 IR AR A Sy

Kl 32 A B IRERFERST KT 5 um 9

LAY 8 AR 2 (R TE SR TRT 431 48 20 B 4 SR, X8 0
E) AL B BRI B[R 5 e 24 e 35 e b 42
. FERBMIEY N ALO, JZ% (Kl 3(e)). TiN
Je 24 ([ 3(f) Il ALOATIN & & 324 (K 3(c)), It
S BRI IR (K 3(a)). B (K] 3(b))
Mg (K 3(d)) 55 Hr ek ALO, &
Z% . TIN Je2% . ALO,+TIN & 4 Je 24 DL K i Ak )
JRSFHE/IN, 76 10 pm AN . #24R ALO; J2 28 R SH 45
K, 773k 50 pm PLE, HEDNHOSR IR R A AL
B K T 45 R W v B AR e 2 RSF T gk
50 ~ 100 pm, A7 SR TR T2 ALO, Je4%,
W, A ATRES | & SR B I, S TS
e i, WOm A TG AYEL, 0 R b
f) S b
222 HIEE

P AL B BY R AL AR o AT, 3R
PR [ A P SRR & 2 b vk B3
e 4 R . JeZ A T Y A ALO;.
TiN. MnS. TiS, 7E 1 000 °C I}, B 4R Je 24 14 ot
40 B0H E BIK 4 Bk TiN, ALO,., TiS. MnS.
REN S8 BB TF A8 e 24 (0 b 25 15 it
RS I BT, (BT S S AN R B L
TiS BT EAHZER K. 75 A Pk, ALO; A7E
1720 C FFaa T, JoT i o3 B b I F 2 7F 0.003 4%
fiki o FE 1380 °C, TiN FFEAHTHY, MnS t7E %R
T e AT, (BT R AR A4k T A ik
S AR, UL AT TiS. SR, 7E85E & it
T S JLR S =T, BILAE A PR B
PRSI S T /Y TiS e, B IR AT
W5 A WP REER, L ALO, A1 TiN #r i iEE 5
A WRAENT; T B AP S 4y BOR &, BT LATE
1 180 °C /b arffr it TiS Je24,



- 136 - W gk Pl K

2026 45 47 &

(a) 0.008 -
1N
0.007 | I~ — Lo,
0.006 I ——..MnS

I

Solidus I Liquidus
I
I

TN
n-
N
I \
I \

0.005 +
0.004 AlLO,

0.003 |

0.002 |

Mass fraction of inclusions/%

0.001 |

. . N A

Temperature/ °C

0 n I
1000 1100 1200 1300 1400 1500 1600 1700 1800

] A M5 TR
0 um 100 pm © 60 um

(a) ALO;+MgO; (b) ALO,+TiS; (c) ALO,+TiN; (d) ALO+<HI; (e) #EIR ALO;; () TiN; (g) ~ (i) “<ifd
3 EMRZEMAMBERMERASITER

Fig.3 Morphologies and map scanning results of typical micro inclusions
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Fig. 8 Typical morphologies and SEM-EDS results of large-size inclusions
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Fig. 9 Change in the contents of large-size inclusions above 30 pm of different compositions and size ranges in ladel exchange slabs
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