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Thermodynamic analysis of cerium inclusion formed in
spring steel used in fastener of high-speed railway
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Abstract: Thermodynamic condition of rare earth cerium inclusion formed in spring steel used in fastener of high-speed
railway was studied by the thermodynamic calculation. In addition, the effect and condition of rare earth cerium on
moditying Al,O; inclusion were analyzed. Through the standard Gibbs free energies of formation of the sulfides, oxides
and oxysulfides of cerium, the precipitation diagram in space was built. And it was applied to predict the sequence of rare
earth inclusion formed the spring steel. Finally, the ultimate state of rare earth inclusions and their thermodynamic
transformation condition were determined. The computation results show that the most easily formed inclusion is CeAlO3
when rare earth element Ce is added to the molten steel, with Ce,O,S following. In this work, when the activities of
oxygen and sulfur in the steel are 0.000 639 and 0.005 845, respectively, the first precipitated inclusion is Ce,0O,S.
Moreover, when the aluminum content in the steel is 0.013%, the theoretic amount of added rare earth Ce is 0.0019%,
which can realize Al,O; deformation.
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Table 1 Chemical composition of spring steel (mass fraction,
o)

C Si Mn Cr Ni
0.37 1.53 0.64 0.18 0.039
Mo Cu S P Al

0.007 1 0.05 0.004 5 0.006 5 0.013

O N Ce

0.001 8 0.006 2 0.02
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Table 2 Interaction coefficient e/ of various elements in liquid steel at 1 873 K
Element
o Si Mn Cr Ni Mo Cu S P Al (¢ N Ce
(i, ))
Ce —0.077 - 0.13 - - - —0.486 —39.8 1.746 —2.25 -5.03 -6.599 -0.003
(e} -0.45 -0.131 -0.021 -0.04 0.006 0.0035 -0.013 -0.133 —-0.07 3.9 -0.2  0.057 -0.57
S 0.11 0.063 —0.026 —0.011 0 0.0027 —0.0084 —0.028 0.029 0.035 -0.27 0.01 —0.231
Al 0.091 0.0056 0.012 0.025 0.008 - 0.008  0.03 0.05 0.045 —-6.6 —0.058 —0.043
C 0.14 0.08 -0.012 -0.024 0.012 -0.0083 0.016 0.046 0.051 0.043 -0.34 0.11 —0.0026
N 0.13 0.047 -0.02 -0.047 0.01 -0.011 0.009 0.007 0.045 -0.028 0.05 0 -
F 3 AR TS R AR 1.0
T=1873 K
Table 3 Activity coefficients of different elements in liquid
steel 0.8
fCe fO fS fC fN fAl ’:\?( 0.6F
0.607 0.355 1.299 1.461 1.258 1.104 \g
8 04r
F4 1873 K WA TR LI A A B RE 02}
Table 4 Free energies of formation of rare earth inclusions in
liquid steel at 1 873 K 0 2 2 3 3 10
. . © . AG/ 20y/1072
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Fig. 2 Precipitation diagram of sulfides of cerium
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Table 5 Coordinates of intersection points of precipitation
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Fig. 4 Precipitation diagram of rare earth inclusions in ao;—aysj—ece) Space
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Fig. 5 Sulfur isoactivity section of precipitation diagram
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Table 6 Microhardness of inclusions?

Inclusion Microhardness, HV
Al O; 3 000—4 000
TiC 2 640-3 100
TiN 2 100-2 400
MgO-ALO; 1 800—2 300
Si0, 1 600
REAIO; 1100
MgO 1 000
MnO-SiO, 750
Re,0,S 500
Re;S; 450
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