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A study on the effect of temperature on the diffusion behavior of TiN in pure
titanium using molecular dynamics simulation

Abstract: This study had employed molecular dynamics (MD) simulations to investigate the diffusion behavior of
nitrogen atoms in a pure titanium ( @ -Ti) matrix when titanium nitride (TiN) acted as the diffusion medium. Quantitative
calculations had been performed to reveal the regulatory mechanisms of temperature on the diffusion rate, migration
paths, and structural characteristics of the diffusion products. The migration pathways of nitrogen atoms along the a -Ti
lattice had been intuitively reconstructed through atomic trajectory analysis and spatial distribution statistics. The
short-range order and concentration gradient evolution of the diffusion products had been characterized using the radial
distribution function (RDF) and atomic number density distribution. These analyses had clarified the influence of
temperature on the diffusion behavior of TiN in pure titanium.The results show that nitrogen atoms at the TiN/Ti interface
are initially activated during diffusion, accompanied by the breaking of Ti - N bonds. The main diffusion product is Ti2
N, with a small amount of Tis N also present. Significant diffusion occurs primarily above 1200 K, while below 900 K,
only a limited number of nitrogen atoms diffuse into the interstitial sites of the a -Ti structure, and the TiN phase
remains relatively stable. Above 1200 K, the diffusion rate of nitrogen atoms increases exponentially with temperature.
At 1200 K, the diffusion coefficient of nitrogen atoms reaches 2.5 X 10 '? m?/s, and the diffusion activation energy
at the TiN/Ti interface is 0.39 eV. Maintaining the processing temperature below 900 K can effectively mitigate the
impact caused by nitrogen diffusion from TiN inclusions.

Keywords: Molecular Dynamics; TiN; Diffusion Coefficient; Diffusion Activation Energy
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Fig. 2-1 The initial configuration of the model
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Figure 2-4 Root Mean Square Displacement of Ti and N Atoms along Three Directions during 300 ps Diffusion at a Constant
Temperature of 1200 K
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Table 2-1 Diffusion Coefficient of N Atoms at Different
Temperatures

Temperature/K  Diffusioncoefficient( A%/ps)
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Figure 2-6 Diffusion Coefficient (D) of Nitrogen (N) in Titanium
Nitride (TiN) within a Titanium Matrix
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Table 2-2 Relationship Between the Diffusion Activation
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Energy of N Atoms and Temperature at Different Temperatures

T(K) InD E(eV)

600-900 -7.23858 0.15
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Figure 2-8 Arrhenius Relationship of the Diffusion
Coefficient of N Atoms
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Figure 2-9 Atomic Number Density Distribution along the X-axis at Different Temperatures
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