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Augmented tracer-interdiffusion couple method
A high-throughput approach for consistent measurements
of the tracer diffusion coefficients
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How to measure diffusion?

Chemical (inter-) diffusion

(a)

-> Different (but related) quantities are measured!



Diffusion in multi-component alloys

Tracer measurements

* Diys )
« Homogeneous alloys .
« Available tracers .
» Single compositions
« Accounting for volume and

short-circuit (GB, dislocation, .

etc.) diffusion

Common knowledge

» Tracer diffusion in chemical gradient:
augmented tracer-interdiffusion couple
method

(D. Gaertner et al., 2019;
M. Muralikrishna et al. 2021)

- Concentration-dependent D%y,

* Available tracers

» Accounting for volume and short-circuit
(GB, dislocation, etc.) diffusion

Recent developments

Inter-diffusion measurements

Binary AB alloys (D, D4, Dg)

Ternary ABC alloys (Df$)

Multi-component (n>3) alloys — no solution
= numerical methods (CALPHAD-type)

the uniqueness of the solution is not proven!!

GB diffusion can interfere the results (e.g.
Nb3Sn)

 Pseudo-binary and pseudo-

ternary methods
(A. Paul et al., 2013-2025)

« Body-diagonal method
(J. Morral, 2018; K. Kulkarni et al. 2020)

 New numerical schemes
(L. Zhang et al, 2015-2022;
J. Dabrowa, M. Danielewski, et al. 2020;
S. Bhattacharyya et al 2021;
Y. Sohn et al. 2020;
A. Paul, Saswata, et al. 2021-2025)



Tracer-interdiffusion couple approach
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Composition dependent atomic mobilities: combination
of tracer and chemical diffusion measurements
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Augmented tracer-interdiffusion couple method: HEA
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Interdiffusion and tracer diffusion in CoCrFeMnNi HEA
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Interdiffusion and tracer diffusion in CoCrFeMnNi HEA
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Extensive tests of the augmented tracer-interdiffusion couple method...



Augmented tracer-interdiffusion couple method: FeGa
the case of strong composition-dependent diffusivities
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Augmented tracer-interdiffusion couple method: FeGa
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Augmented tracer-interdiffusion couple method: FeGa
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Augmented tracer-interdiffusion couple method: FeGa
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Augmented tracer-interdiffusion couple method: NiFe alloy
the case of well-known thermodynamics
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Augmented tracer-interdiffusion couple method: NiFe alloy
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Augmented tracer-interdiffusion couple method: NiFe alloy
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Augmented tracer-interdiffusion couple method: CuFeN:i
the case of strong composition-dependent diffusivities and well-

assessed thermodynamics
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Augmented tracer-interdiffusion couple method: CuFeN|
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Augmented tracer-interdiffusion couple method: CuFeN|
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Tracer-interdiffusion couple approach

Vacancy-wind effect in diffusion and deviations from thermodynamic

equilibrium conditions _ -
Actually, the apparent conflict between the two

JOHN R. MANNING analyses arises not because of any error in either

Institute for Materials Research, National Bureau of Standards, analysis, but because two different types of non-
Received November 13, 1967 equilibrium effects are being considered. The

vacancy-wind effect arises because of local de-

The vacancy-flow (or “‘wind”) term which appears in kinetic treatm ;,, ¢: o2 B - . i
discussed in terms of the vacancy concentrations which appear when viations from equ111br1um, ?.S in Fig. L. By COI}
impurity. It is pointed out that this term arises from local distortions in trast, the treatment of Kirkaldy and Lane i1s

and not from any overall deviation of the material from equilibrium v : eviation I entire plane
theory of Kirkaldy and Lane, which considers only net deviations fr¢ concerned with d t I— t b 2

entire plane, does not include the vacancy-wind term. Several physic with all sites on planes in the left-hand portion of
basic process. The vacancy-wind term can be large and introduces cr the crystal having positive values of AN, and In

dynamic equations. . . . .

The vacancy-wind effect arises from motion of atoms other than the ther 1g.ht—hand pOI‘thl.“l,. ne.gatlve values. Since the
accurate kinetic analysis, motion of the diffusing atorc111 itself also must deviations from equﬂlbrlum which are treated
duces a “mobile-impurity”’ effect and introduces an additional distortior . <, - -

Equations including this effect are discussed. The close relationship arc very different, lt‘ 15 not surp.rlsmg that the
and the correlation factor is shown. For self-diffusion, mobile-impurity influence on the Kirkendall shift from these

cancel in their influence on vacancy distributions. effectsis also quite different.



Augmented tracer-interdiffusion couple method: CuFeNi
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Augmented tracer-interdiffusion couple method: CuFeNi
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Augmented tracer-interdiffusion couple method: CuFeN|
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Augmented tracer-interdiffusion couple method: CuFeN|
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Conclusions

* The tracer diffusion coefficients evaluated under chemical gradients agree with those

measured on homogeneous alloys

 Impact of non-equilibrium vacancies on atomic migration in the Cu—Fe—Ni system is
evaluated, substantiating the general validity of the Darken— Manning scheme

* The predicted pore fraction qualitatively agree with experiment. The maximum pore fraction on
the Fe-rich side can be reproduced only by the simulations with explicit accounting for vacancy
diffusion.

» The present study demonstrates that chemical diffusion profiles can be fitted even using
uncorrected mobility databases, which essentially (by more than a factor of two to three)
overestimates the Ni diffusion rates

« Combination of fluxes, pore fractions, and mobilities is a valid tool for mobility data

assessment

DF Deutsche
Forschungsgemeinschaft
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Conclusions

* The tracer diffusion coefficients evaluated under chemical gradients agree with those

measured on homogeneous alloys

 Impact of non-equilibrium vacancies on atomic migration in the Cu—Fe—Ni system is
evaluated, substantiating the general validity of the Darken— Manning scheme

* The predicted pore fraction qualitatively agree with experiment. The maximum pore fraction on
the Fe-rich side can be reproduced only by the simulations with explicit accounting for vacancy
diffusion.

» The present study demonstrates that chemical diffusion profiles can be fitted even using
uncorrected mobility databases, which essentially (by more than a factor of two to three)
overestimates the Ni diffusion rates

« Combination of fluxes, pore fractions, and mobilities is a valid tool for mobility data

assessment
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