
Study of diffusion behaviors in Mg-Sc hcp and bcc alloys 

via diffusion couples

The diffusion behaviors in Mg-Sc hcp and bcc solid solutions at 773 ~ 873 K have been studied by single phase and multiphase diffusion couples techniques. Error

function expansion (ERFEX) was used to smooth and fit the compositional distance profiles. Interdiffusion coefficient was extracted by Sauer Freise integral method,

showing a slight parabola shape in the hcp Mg-rich part with a maximum value around 2~3at%. However, the interdiffusion coefficients in the bcc phase monotonously

decreased with the increase of solubility of Sc. Impurity diffusivity in hcp Mg-Sc alloy were also evaluated, and the atomic mobility database was established. At the same

time, the atomic mobility of bcc is developed by Maclaurin approximation, extrapolation and optimization. This result makes up for the lack of diffusion kinetics data of

Mg-Sc.
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Phase diagram and experiments

Fig 1.Diffusion couples with their nominal composition

Results

Fig 2. Backscattered SEM images and composition-distance profiles of the single-

phase and multi-phase diffusion couples (a) A1 couple annealed at 773 K, (b) A2 

couple annealed at 823 K, (c) A3 couple annealed at 873 K. (d) B1 couple annealed at 

773 K for 240 hours, (e) B2 couple annealed at 823 K for 120 hours, (f) B3 couple 

annealed at 873 K for 72 hours. (g) XRD patterns identify the formation of bcc 

structured inter-mediate layer in diffusion couples B1 and B2. (h) XRD patterns of 

layer 1 and layer 2.

Conclusion

Fig 6.  (a-c) Simulation of the composition-distance profiles (red curves) .The EPMA 

detected data (in blue triangles). (d-f) Simulation of the diffusion fluxes of Sc (in black 

solid curves) and Mg (in black dashed curves)
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Fig 3.(a) The change of hcp-Mg interdiffusion coefficient with Sc mole fraction (b) 

Calculated interdiffusion coefficients of hcp_(Mg) phase(in solid curves) are related to 

intrinsic diffusion coefficients of Sc(in dotted curves) and Mg(in dashed curves).

Fig 4. Sc impurity diffusion coefficients in the 

hcp_Mg based on experimental measurements .
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Table 1 Experimental extracted diffusion coefficients of hcp_(Mg) phase

Table 2 Experimental extracted interdiffusion coefficients of the bcc phase

The interdiffusion behavior in hcp Mg–Sc alloys has been studied through the techniques of 

multi- and single-phase diffusion couple, and that in bcc Mg–Sc alloys has been studied solely 

via multi-phase diffusion couple. In this research , the diffusion coefficients of bcc and hcp 

phases were obtained and atomic migration database was established. The variation of bcc 

interdiffusion coefficients with composition has been successfully represented without any 

interaction parameters. 

Table 3. Atomic mobilities.

Fig 5. Logarithmic interdiffusion coefficient of bcc 

phase as a function of Sc mole fraction


