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An Analysis on Modification Effect of Non-Metallic Inclusions in
Pipeline Steel X80 by RH-Feeding Wire Calcium Treatment

Lin Lu, Bao Yanping, Liu Jianhua, Du Jianxin and Xiao Chaoping
(Metallurgy Engineering Institute, University of Science and Technology, Beijing 100083)

Abstract Based on analyzing the effect of calcium treatment on inclusion modification and combined commercial pilot
production of pipeline steel X80 (% : <0.08C, <1.85Mn, <0.060Als) in steelworks, the limits of calcium content re-
quired for modifying Al,O, to low-melting-point calcium aluminate and the limits of sulphur content to avoid single phase
CaS precipitation are analyzed and calculated by using the metallurgical thermodynamics principle, and after RH treatment
of liquid containing <0.002%S and 0. 025% ~0. 035% Al and calcium treated by feeding Ca-Si wire according finishing
[Caly, = (40 ~50) x 10 calculation, the examination of inclusions in liquid of tundish and in casting billet has been
carried out. Results show that the average [ Ca]y, for test heats of pipeline steel X80 is 41 x 10 ™® and {S] is 23 x10~°
that are within the limits calculated by theory, and the most inclusions in calcium treated steel are compound inclusion Ca0O-

CaS-Al, O, to get better result of calcium treatment.
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Table 1 Standard chemical composition of pipeline steel

X80 and analysis of steel after RH-calcium treatment /%
HiH C Si Mn P S Als Ca
JEfE  <0.08 =<0.40 <1.85 <0.020 <0.004 <0.060 -
B =<0.04 0.15 1.80 =<0.008 <0.001 0.025 0.0016

W FR4HE 0.041  0.21  1.80 0.00810.0023 0.031

H.N<45 x 10 % H<1.5 x107°%; T[0]- 0.001 1% ; [ Ca]q,-
0.0041%,
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Table 2 Oxide activity value corresponding with equilibri-
um phase in Ca0Q-Al, O, series
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CaO/L 1.000 0.017
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Table 3 Temperature change of liquid of pipeline steel X80
during process after RH-calcium treatment
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Fig.1 Thermodynamics equilibrium curves: (a) [Ca]-[ Al]; (b) [S]-[Al]
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Fig.2  Morphology of inclusions in steel: after RH-calcium treatment (a, b, ¢); in tundish (d,
e, f) and in casting billet (g, h, i)
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2[Al]s +3(MgO) = (AL, 0,) +3[ Mg] (4)
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Table 4 Ingredient of micro-inclusions in steel after RH-
Calcium treatment ( Fig.2a, b, c), in tundish ( Fig.2d, e,
f) and in casting billet { Fig.2g, h, i)

%% ALO; CaO Mg0 Ti,0, MnS S0, CaS e’
RALo;
a  66.7 12.7 20.6
b 40.9 45.5 13.6 2.03
¢ 2.4 50.0 2.4 26.2 4.26
d 371 538 1.7 7.4 2.64
e 58.3 41.7 1.30
f 354 45.1 19.4 2.39
g 48.9 344 2.3 4.3 9.6 1.28
h o 36.0 367 9.1 2.3 15.9 1.87
i 389 303 51 1.9 34 1.9 185 1.42
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Fig. 3  Distribution of inclusions in Al,0,-Ca0-MgO series
phase diagram after RH-calcium treatment
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