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Figure 1 (Color online) Schematic temperature profile of the long-
capillary technique for measuring diffusion in liquid metal alloys.
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Figure 2 (Color online) Schematic diagram of initial compositional
fluctuations induced by the initial shear operation in the multi-slice
sliding cell technique for measuring diffusion in liquid metal alloys.
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Figure 3 (Color online) Concentration profiles c(x,f) from finite-
volume discretization of Fick’s second law, with (solid lines) and
without (dashed lines) considering the initial shear disturbance, where
c'=25at.%, ¢ =15at.%, s=1.3 mm, D=4.4x10"° mz/s, t denotes the
diffusion time, while ¢, represents the characteristic diffusion dissipation
time of the region affected by the initial shear perturbation, as defined in

eq. (28).
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Figure 4 (Color online) Diffusion length / versus time with initial
shear disturbance. The pink solid line represents the fitting results using
eq. (31) in the time range of 5¢, to 10¢,. Here, ¢ denotes the diffusion
time, while #, represents the characteristic diffusion dissipation time of
the region affected by the initial shear perturbation, as defined in
eq. (28).
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Gravitational effects and key issues in melt diffusion measurements

HU JinLiang, WANG Peng, HUANG FeiQi, LU Zhi, PAN MingXiang,
ZHANG Bo & WANG WeiHua

Songshan Lake Materials Laboratory (SLAB), Dongguan 523830, China

Accurate and reliable melt diffusion coefficients are not only fundamental for understanding melt dynamics but also serve as critical
parameters for materials design and solidification modeling. However, the terrestrial gravitational field can significantly affect the
measurement accuracy of diffusion by introducing additional fluxes and inducing convection. To quantitatively evaluate these effects,
this study derives an expression for the additional flux induced by gravity as an external field based on phenomenological relations
and estimates its magnitude. Meanwhile, gravity-induced convection is analyzed under both axial and radial temperature gradients,
and the role of gravity is quantitatively revealed. Furthermore, the influences of heating and cooling processes in the long-capillary
technique and initial shear disturbances in the shear-cell and multi-slice sliding cell techniques are examined. The analysis shows that
heating and cooling processes in the long-capillary technique can introduce measurement errors exceeding 30%, whereas the effects
of initial disturbances in the shear-cell and multi-slice shear-cell techniques can be eliminated by analyzing the long-term evolution of
concentration profiles, thereby enabling accurate and reliable diffusion coefficients. Overall, this study highlights the necessity and
irreplaceability of conducting melt diffusion experiments under microgravity conditions and provides important guidance for the
selection and optimization of space-based melt diffusion measurement techniques.

metallic melts, diffusion, gravity, phenomenological relations, multi-slice shear-cell techniques
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