Research in Next 6-12 Months

* G.B. thermal conductance in doped samples
— Bi crystals
— Polycrystals

* Continue Diffusion in Al,O, (Cr3*, O 18)
— Approximate AS

* Diffusion in Ni-W
— Borisov Model AH;~AH,-y (w/o complexions)
— Complement Lehigh/Clemson-UCSD work
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Defects in Alumina
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Defects in Alumina
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Alumina Diffusion - Motivation
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Temp™ (K"

Table I. The Mean Relative Energies of Different Grain-Boundary Complexions Occurring as Normal and Abnormal Grains in
Doped and Undoped Alumina Annealed at Different Temperatures

Chemistry Temperature (°C) Complexion Relative energy % energy change (complexion transition)

Undoped 1400 II (NGG) 1.11
2020 II (NGG) 1.08

100 ppm-Nd,O4 1400 I (NGG) 0.95 -16
1400 III (AGG) 0.8

100 ppm-Y,0; 1400 I (NGG) 0.57 —46
1400 11 (AGG) 0.31

500 ppm-MgO 1400 I (NGG) 1.07 —26
1700 IIT (NGG) 0.79

30 ppm-CaO 1200 I (NGG) 0.82 —-20
1200 111 (AGG) 0.69

200 ppm-SiO, 1200 I (NGG) 0.68 -10

1200 III (AGG) 0.61



Relative Grain Boundary Energies

Rolative Enorgy
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Distance (um) Dihedral Angle (Degrees)
Chemistry Temperature (°C) Complexion Relative energy % energy change (complexion transition)
Undoped 1400 II (NGG) L.11
2020 II (NGG) 1.08
100 ppm-Nd,05 1400 I (NGG) 0.95 —16
1400 111 (AGG) 0.8
100 ppm-Y,0; 1400 I (NGG) 0.57 —46
1400 111 (AGG) 0.31
500 ppm-MgO 1400 I (NGG) 1.07 -26
1700 III (NGG) 0.79
30 ppm-CaO 1200 I (NGG) 0.82 -20
1200 111 (AGG) 0.69
200 ppm-SiO, 1200 I (NGG) 0.68 —10
1200 111 (AGG) 0.61
30 ppm-CaO 1400 III (NGG) 1.02 0.1
1400 IV+ (AGG) 1.02
1400 III (Basal plane) 0.77
200 ppm-SiO, 1400 III (NGG) 0.65 9.5
1400 IV (AGG) 0.71
200 ppm-SiO, 1750 IV (NGG) 0.98 -1.7
1750 v+ (AGG) 0.96 Dillon et al. JACerS (2012)

Rohrer et al. continuing more detailed analysis



Comparing Complexions (AH & AS)
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doped Cu

Diffusion in Bi
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Cr3* Diffusion in Al, O,
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Cr Concentration

Continued Work: Obtaining D, vy, T_in Al,O, (then V*)
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GB Diffusion Nanograin Alloys- Motivation
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Intensity (Arb.

Cu of Varying Grain Size
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Au diffusion in Cu'(leferent G.S.’s)
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Au |fo| 1 in Cu (Different G.S.’s)
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FE Simulation Nanograin Diffusion
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Grain Boundary Kirkendall Effect

AU Kirkendall Effect induced
G.B. migration/lattice drift
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Finite Element Stmulation

Grain boundary diffusion in thin film model:

Near surface (10~20nm) D,, different from D,in film
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