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Mechanism of Si on the Cementite Type Transformation in
As—cast High Carbon Chromium Bearing Steel
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Abstract: Four as-cast high carbon chromium bearing steels with different Si contents (0.29%.0.42%.0.71% and
1. 50% ) were prepared using a vacuum induction furnace, the carbides in the steel were extracted by nonaqueous solution
electrolysis method. The two-dimensional and three-dimensional morphology of carbides in steel was observed through
scanning electron microscopy. the types of carbides at different Si contents were investigated by X-ray diffractometer, the
essential mechanism of influence of Si content on cementite type was determined by thermodynamics and first principles
calculation. The research results indicate that there are two types of carbides in as-cast high carbon chromium bearing
steel with different Si contents, namely layer cementite (Fe, (Mny).C and grain boundary carbides M,,C,. With the in-
crease of Si content (0.29%-1.50%) , the M,,C, grain boundary carbides change from a continuous coarse rod-shaped
structure to a discontinuous fine point like structure, which indicate that the increase of Si content has an inhibitory effect
on the precipitation of grain boundary carbides. In addition, the increase in Si content reduces the proportion of Mn in
(Fe,Mn,),C cementite, and the transformation trend of cementite type is from Fe, ;Mn, ,C to Fe,Mn,C. The possible rea-
son is that during the precipitation process of cementite formation, Si atoms are discharged into area around cementite to
form a Si rich micro zone, which hinders the diffusion of Mn atoms from the matrix to the cementite, reduces the activity
and diffusion migration ability of Mn in the matrix. Thus, the relative content of Mn in the cementite is reduced.
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Table 1 Chemical composition of high carbon chromium
bearing steel with different Si content %

4y C Si Mn  Ni Cr Mo Al Fe
¥ 0950 0.292 0.335 0.159 1.509 0.319 0.0012 Bal.
2% 1.049 0.425 0319 0.162 1.575 0.333 0.0034 Bal.
3* 0985 0.714 0.309 0.167 1.540 0.332 0.0033 Bal.
4" 1.048 1.483 0341 0.172 1.558 0.333 0.0029 Bal.
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Fig. 1 Schematic diagram of sampling location
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Fig. 2 Two—dimensional morphology of as—cast high carbon chromium bearing steel with different Si content: (a) and (e) 1%, (b)

and (f) 2, (¢) and (g) 3%, (d) and (h) 4°
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Fig. 3 Three—dimensional topography of carbide extracted by electrolysis: (a) 1%, (b) 2%, (¢) 3*, (d) 4*
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Fig. 5 JMatPro applied to calculate the proportion of Mn in cementite with different Si content: (a) the change of Mn content in ce-

mentite with different Si content; (b) the schematic diagram of Mn atomic diffusion at the interface
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Fig. 6 The effect of Si content change on the activity of Mn in

steel
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Fig. 7 Influence of the change of Si content on the Fe content

in cementite: (a) the change of Fe content in cementite under

different Si content; (b) Schematic diagram of Fe atom diffu-
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Table 2 The enthalpies of formation of (Fe,_Mn_),C cementite at different Mn/Fe values/eV

Mn:Fe E, .MnFeC) E(C) E (Fe) E (Mn) AH,
0:12 -10982.023 32 -157.371 376 8 -862.162 788 2 -2 861.886 03 -6.584 357 27
1:11 —-12984.091 68 -157.371 376 8 -862.162 788 2 -2 861.886 03 -8.929 477 79
2:10 —-14 984.446 93 -157.371376 8 -862.162 788 2 -2 861.886 03 -9.561 479 15
3:9 -16984.736 51 -157.371 376 8 -862.162 788 2 -2 861.886 03 -10.127 815 93
4:8 -18 984.990 57 -157.371 376 8 -862.162 788 2 -2 861.886 03 -10.658 643 52
5:7 -20985.230 79 -157.371 376 8 -862.162 788 2 -2 861.886 03 -11.175 614 38
6:6 -22985.421 82 -157.371 376 8 -862.162 788 2 -2 861.886 03 -11.643 411 54
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