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Precipitation behavior of titanium nitride on a primary inclusion particle during solidification of bearing steel
(
Liang Yang1,2, Bryan A. Webler2, Guo-guang Cheng1, Yuanqi Wang1,*
1 State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, 30 Xueyuan Road, Beijing 100083, China

2 Center for Iron and Steelmaking Research, Department of Materials Science and Engineering, Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh 15213, PA, USA
ABSTRACT: Mciro-arc oxidation (MAO) was used to coat porous films on the surface of a Zr-based bulk metallic glass sample. The compressive test results indicated that, compared with the as-cast sample, the MAO treated one exhibited higher deformation capacity, associated with multiple shear bands with higher density on the side surface and well-developed vein patterns with smaller size on the fractured surface. The pore in the MAOed film and the matrix/coating interface initiated the shear bands and impeded the rapid propagation of shear bands, thus favoring the enhanced plasticity of the MAO treated sample. The results obtained demonstrated that MAO can be considered as an effective method to finely tune the mechanical performance of monolithic bulk metallic glasses.
Key words:
Bulk metallic glass
Micro-arc oxidation
Plasticity
Surface modification
Shear band
1. Introduction
It is well-known that microcracks nucleate easily between steel and titanium nitrides, which deteriorates steel mechanical properties. Titanium nitrides are usually a component of complex, multi-phase inclusions. During solidification of steel, titanium and nitrogen will enrich at the solidification front because they have different solubilities in liquid and solid phases. When the actual concentration product exceeds the equilibrium value in liquid steel, heterogeneous nucleation and growth of titanium nitride on primary inclusion particles, such as magnesium aluminate spinel in bearing steels[1], will occur. The nucleation barrier is relatively low for spinel inclusions because there is little lattice mismatch between these two phases[2].
2. Experimental Procedure
The gap between the steel specimen and crucible, as shown in Fig. 1, was small to avoid the effect of declining liquid level on the focus during the steel remelting.
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Fig. 1. Confocal nature of the optics.
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Fig. 2. Temperature change during experiment.
The chemical compositions of the tested steels are illustrated in Table 1.
Table 1 

Chemical compositions of tested steels (wt.%)

	Steel
	C
	Si
	Mn
	S
	P
	Ni
	Cr
	Cu
	V
	Nb
	Fe

	0.039Nb
	0.22
	0.53
	1.43
	0.022
	0.030
	0.019
	0.021
	0.080
	0.004
	0.039
	Balance

	0.024Nb-0.032V
	0.24
	0.50
	1.48
	0.024
	0.027
	0.030
	0.084
	0.090
	0.032
	0.024
	Balance


Table 2
Tensile properties of tested steels

	Steel
	Tensile property

	
	Rel/ MPa
	Rm/ MPa
	Rm/Rel
	A/ %
	Agt/ %

	0.039Nb
	492
	748
	1.52
	22.0
	14.0

	0.024Nb-0.032V
	495
	720
	1.45
	24.1
	15.0


Note: Rel(yield strength; Rm(high tensile strength.
3. Results and Discussion
3.1. Original optical microstructure 

Original optical microstructures of the tested steels are shown in Fig. 3(a,b).
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Fig. 3. SEM tensile fractographs of B1500HS
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Fig. 4.
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Fig. 5.

3.2. True stress-true strain curves

The true stress-true strain values were transferred from the engineering stress-engineering strain values, and the relationship between true stress-true strain and engineering stress- engineering strain can be described as the following equations:
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where, σT, σ, e, ε, F, A, 
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, L0, and ∆ represent true stress, engineering stress, engineering strain, true strain, applied load, original cross-sectional area, instantaneous length of sample, original length of sample, and elongation, respectively.
4. Conclusions 

(1) The precipitation of titanium nitride on primary inclusion particles completed before the steel solidified due to rapid early growth. There were no size changes of the inclusion near the end of solidification.
(2) The morphology and the volume fraction of bainite will influence the mechanical properties of steel with multi-phase microstructure. Increasing bainite content in tested steel can improve the tensile strength, but reduce the plasticity and toughness.
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