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Study of CaS Formation Mechanism in X80 Pipeline Steel

XU Guang, JIANG Zhou-hua, LI Yang, ZHANG Cong
(School of Metallurgy, Northeastern University, Shenyang 110819, China. Corresponding author; JIANG Zhou-
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Abstract; The equilibrium relationships of Ca-Al, Al-S and Ca-S were determined by
thermodynamic calculation. The regional distribution of calcium aluminates was established on the
basis of fixed sulfur content with the relationship of Ca-Al and AI-S as reference. The results
indicate that liquid calcium aluminates can be generated with we, >0.001 7% ~0.002 7% when
Wy, in X80 pipeline steel is 0.03% ~0.06% , and Ca and S can form CaS by direct reaction
when wg >0.001 8% ~0.002 8% correspondingly. The modification degree of Al,O, inclusions
has a great effect on the generation of CaS. With the increase of the S content in molten steel, the
possibility of CaS formation at the edge of inclusion will increase. The agreement between
thermodynamic calculation and actual production is proved by industrial test. Two kinds of CaS
with different forming modes were found, and thus the rationality of predicted generating modes of
CaS was proved.
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Table 1 Chemical composition of X80 steel after RH
calcium treatment ( mass fraction) %
C Si Mn P S Al Ca O

0.043 0.18 1.84 0.01 0.002 0.045 0.0034 0.0004
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Table 2 First order interaction coefficients used in
thermodynamic calculation at 1 873 K

J
C Si Mn P S Al O

Al 0.091 0.0056 0.0065 0.033 0.03 0.045 -6.6
Ca -0.34 -0.097 -0.0156-0.097 -336 —0.072-9000
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Table 3 Activities of CaO and Al,O, in various types
of calcium-aluminates at 1 873 K

e 2Ly a( ALO,) a(Ca0)
35% CaO(CA) 0.2200 0.14
40% CaO 0.1500 0.18
45% CaO 0.0700 0.27
48% CaO(C,A, ) 0. 0500 0.45
50% CaO 0.0270 0.53
56% CaO 0.0110 0.81
62% CaO(C,A) 0. 008 7 1.00
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Fig. 2 Relationship between the mass fractions of total
Ca,total Al and composition of calcium alvminates
for X80 pipeline steel at 1873 K
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Fig. 3 Equilibrium relationship between Al and S
when Al, O, inclusions are modified into
various types of calcium aluminates
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Fig. 6 Scanning maps of typical inclusions
at the end of calcium treatment
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