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Thermodynamic Analysis of Control on Plasticization
of Non-Metallic Inclusions in the Spring Steel
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Abstract: To improve the fatigue property of spring steel used in high-speed railway, besides the requirement of high
cleanliness of spring steel, the non-metallic inclusions are needed to be controlled. Brittle inclusions and point-like inclu-
sions are the important reasons of fatigue fracture for spring steel. Therefore, it is essential to control the inclusions compo-
sition to the target of low melting point and good deformation capacity. Thermodynamic equilibrium between molten steel
and inclusions at 1 873 K have been calculated by the themodynamic software Factsage in present study, and the appropri-
ate steel composition corresponding to Ca0-Si0,-Al, O, system inclusions with good deformation capacity and low melting
point has been determined. It is indicated that the dissolved oxygen content is estimated to be (1 ~3) x 10 ™% when the
composition of inclusions is controlled in the second area of low melting point of Ca0-Si0,-Al,O,.
dissolved oxygen content of the first area of the low melting point of Ca0-Si0,-Al, 05, and the aim of achieving plastic in-

It is far lower than the

clusions and clean spring steel can be realised too.
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Tablel Chemical composition of spring steel(w/% )
C Si Mn P S Cr
0. 37 1.53 0. 64 0.0065 0.004 5 0.18

F 2V N T IR RO 560090 B A EAE
FH e, FRIERE R, WA () L (2) 35,
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Table 2 Interaction cofficients e/ of solution at 1 873 K

~J Al C 0 P S Si Cr
Al 0. 045 0. 091 -6.6 0.012 0.05 0.03 0.005 6 0.025
0.043 0.14 -0.34 ~0.012 0.051 0. 046 0.08 ~0.024
0 -3.9 -0.45 -0.20 -0.021 0.07 -0.133 -0.131 -0.04
Si 0.058 0.18 -0.23 0. 002 0.11 0. 056 0.11 ~0.000 3
Mn 0.07 -0.07 ~0.083 ~0.0035  -0.048 0.39 0.003 6
Ca -0.072 ~0.34 -678 0 - 125 ~0.097 0
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Table 3 Activity cofficients f; of solution at 1 873 K

Activity .
Je Syt Ssi Sa Jo Sea

cofficients

Value 1.46 3.71 1.80 1.105 0.40 0.008 7
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