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The Evolution Analysis and Removal of Oxide Inclusion
in Tire Cord Steel XLX72 A

Yang Jianhua, Ju Yinjun, Yang Jun
(Technical Center of Hunan Xiangtan Iron and Steel Co.,Ltd., Xiangtan 411101, China)

Abstract: Aiming at the problem of inclusions evolution control and removal of fine wire cord steel of ¢0. 175 mm and
below specifications, the transition control and removal of inclusions in cord steel were studied by using the technology of
Si-Mn deoxidation, refining top slag with basicity of 0.7-1.0 and soft blowing for more than 30 min. The test results
show that the number of inclusions in LF refining increases continuously, and decreases rapidly in soft blowing stage,
and decreases to two to three inclusions per square millimeter when the soft blowing time reaches 30 min, and increases
slightly when the soft blowing continues. In the process of LF refining and soft blowing, the nitrogen content in the steel
increased, the total oxygen content decreased, and the nitrogen content in the steel is 0. 003 4%-0. 003 8%, the total
oxygen is 0. 001 2%-0. 001 4% before continuous casting. Finally, the molten steel is obtained that the number of inclu-
sions per square millimeter does not exceed 3, oxide inclusion size of molten steel <10 pwm during continuous casting,
and also no titanium nitride (TiN) inclusions and pure Al,O, inclusions or high Al,0, content inclusions basically, fully
meet the user’s requirements.
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Table 1 Chemical compositions of molten steel during refining process %

PR HURE A C Si Mn P S Als Ti N T.0 HAty
L F ik 0.63 0.13 0.46 0.009 6 0.007 5 0.001 2 0.000 3 0.002 5 0.004 2 0.059 1
LF 13y 0.69 0.18 0.51 0.009 5 0.006 9 0.001 2 0.000 3 0.002 6 0.003 8 0.058 5
No.1 LF 4% 0.71 0.19 0.53 0.0101 0.007 4 0.001 1 0.000 3 0.002 7 0.002 3 0.058 2
HRIR 10 min 0.72 0.19 0.53 0.0102 0.007 5 0.001 3 0.000 3 0.002 8 0.001 7 0.060 0
T 0.72 0.19 0.53 0.010 4 0.007 6 0.001 3 0.000 4 0.003 4 0.001 3 0.059 3
LF g3 0.61 0.12 0.41 0.009 3 0.008 9 0.001 0 0.000 2 0.003 2 0.003 2 0.046 6
LF 14y 0.67 0.18 0.52 0.009 6 0.009 4 0.001 2 0.000 3 0.003 4 0.002 4 0.047 5
No.2 L P45 0.70 0.19 0.53 0.009 6 0.009 2 0.001 2 0.000 3 0.003 6 0.002 1 0.047 2
BRI 10 min 0.72 0.21 0.54 0.009 3 0.009 2 0.001 5 0.000 3 0.003 7 0.001 8 0.049 6
RS 0.71 0.21 0.54 0.009 1 0.008 7 0.001 5 0.000 4 0.003 8 0.001 4 0.049 5
LF g3 0.68 0.13 0.42 0.0111 0.0120 0.001 2 0.000 2 0.002 9 0.003 6 0.048 4
LF H8 0.69 0.17 0.51 0.0109 0.0125 0.001 4 0.000 3 0.003 1 0.002 7 0.048 8
No.3 LF45 0.71 0.2 0.53 0.0110 0.013 0 0.001 2 0.000 3 0.003 3 0.002 2 0.049 5
BRI 10 min 0.72 0.20 0.54 0.011 4 0.0127 0.001 2 0.000 3 0.003 2 0.001 6 0.049 1
RS 0.72 0.20 0.54 0.0118 0.0138 0.001 4 0.000 4 0.003 5 0.001 2 0.0522
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Table 2 Ingredient of slag during refining process and ba-
sicity

. 2B 1% R
p .
B a0 Si0, ALO, Mg0 MnO T.Fe Jtfp (Ga0/
: Si0,)
]gg 3801 47.00 1.06 795 336 186 076 081
No.l qﬂﬂ 4005 4530 1.10 896 2.83 1.05 071 088
élﬁ“F 39.06 4456 1.11 978 2.96 1.80 072 0.88
LF 3662 4785 098 647 370 3.62 077 077
il
No.2 qﬁgﬁ 3000 4435 136 843 398 200 0.79 0.88
e 3721 4445 120 197 356 200 075 0.4
LE 3956 4685 159 571 369 1.76 0.84 0.84
i
No.3 qgg;ﬁ 4038 4534 1.15 7.88 3.04 143 078 0.89

Q;_;F 3890 45.19 1.03 9.05 298 209 0.77 0.86
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[Sil+[Mn]+3[0]=Si0, - MnO,,..,

AG?= -826 200+329.4T J/mol (1)
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AG2= -5 700-34.8T J/mol (2)
2/3(A1,0,)+[Si]=(Si0,)+4/3[ Al]
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Fig. 1

Change of total oxygen and nitrogen content in steel during refining process : (a)w[T-0], (b)w[N]
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Fig. 2 Morphology and energy spectrum analysis of typical in-
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clusions in molten steel during refining process: (a) before LF
refining, (b) intermediate of LF refining stage, (¢)end of LF re-
fining, (d)soft blow for 30 min
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Fig. 3 Change in composition of inclusions in molten steel during refining process : (a)G1,(b)G2,(¢)G3,(d)RC1, (e)RC2, (f)RC3
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