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Abstract: The energy during the process of self-diffusion in FCC transition metals Ni, Pd, Pt, Cu, Ag, Au and Al has
been calculated by using modified analytic embedded-atom method (MAEAM). For each kind of two diffusion mecha-
nisms nearest-neighbor (NN) and next-nearest-neighbor (NNN), the energy curve is symmetric and the maximum value
of the energy appears at the middle point of the diffusion path. Determined mono-vacancy formation energy Elf, , mi-

gration energy E| and activation energy Q,, for self-diffusion agree well with available experimental data of NN

diffusion and are better than those obtained by the embedded-atom method (EAM). Compared the energies corre-
sponding to two diffusion mechanisms, the NN diffusion needs the lowest activation energy (and thus the lowest migra-
tion energy). So that, the NN mono-vacancy diffusion is favorable in FCC transition metals.
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Figure 1. Vacancy diffusion mechanism
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Figure 2. Two different migration mechanisms of mono-vacancy:
(a) Nearest-neighbor (NN); (b) Next-nearest-neighbor (NNN). The
solid circlesrepresent top atoms, blank circlesrepresent face atoms
and blank squares represent vacancy
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Table 1. Input physical parameters of seven-FCC transition metals
*® 1 tHFCC EESRMBASH

2% a@mm) E (V) E\(V) C,(GPa) C,(GPa) C, (GPa)

Ni  0.35236 4.44 1.45 1540 960 760
Pd  0.38907 3.89 1.30 1400 1080 450
Pt 0.39239 5.84 1.20 2120 1720 520
Cu 0.36147 3.49 1.17 1050 760 470
Ag 0.40857 295 1.10 770 570 280
Au  0.40788 3.81 0.90 1190 1010 260
Al 0.40496 3.39 0.64 650 460 270

Table2. MAEAM model parameter s of seven-FCC transition metals
2 L FCC ZEELREH MAEAM HEEISH

ZH Ni Pd Pt Cu Ag Au Al

n 0304 0364 0499 0272 0313 0440 0.364
f, 0.459 0353 0493 0377 0264 0347 0340
F,(eV) 2990 2590 4.640 2320 1.850 2910 2.750
a 0.034 0.247 0423 0.086 0.132 0327 0.053
k (eV) —0.782 —0.663 —0.717 —0.601 —0.495 —0.451 —0.425
k (eV) 0519 0448 0486 0426 0321 0306 0.306
k (eV) -0.070 —0.067 —-0.065 —0.072 —-0.047 —0.047 —0.046
k (eV) 0.102 0.082 0.097 0.070 0.059 0.055 0.056

Table 3. Calculated the vacancy formation energy and other
experimental data and theoretical calculations (in units of V)

% 3. A ERE AR AL R HAt Stle SumF e v A (R

eV)

o Present work Exp.data EAM!Y
Ni 1.664 1.70%! 1.71
Pd 1.534 1541 1.58
Pt 1.580 1.60°! 1.77
Cu 1.284 1318 133
Ag 1.118 1.16% 0.97
Au 0.929 0.928%! 1.04
Al 0.659 0.67%
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Figure 3. Energy during the process of the NN self-diffusion
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Table 4. Formation ener gy, migration energy and activation energy
for mono-vacancy diffusion in seven FCC transition metals (in

units of V)
x4 EFCCHESRS, HEMREMIBEE(E, FBUERE
(Q,) (Bfi ev)
Present Exp. EAM EAM
SR Valee 0l data (AFW)MY (FBD)
E" 1.270 1.3t 1.10 1.07
Ni
Q, 2934 288l 2.81 2.70
E" 1.226 - 0.83 0.76
Pd
Q. 2.760 2.76"! 2.41 2.20
E" 1.294 1.43% 0.86 0.82
Pt
Q. 2.874 2.67°! 2.63 2.50
E" 0716 0711 0.69 0.67
Cu
Q, 2.000  2.09!% 2.02 1.95
E" 0.693  0.66!' 0.77 0.80
Ag
Q. 1.811 1.8212 1.74 1.77
E" 0.812  0.83" 0.65 0.66
Au
Q. 1.741 175112 1.69 1.69
" 1.040
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Figure4. Energy during the process of the NNN self-diffusion
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Table 5. Migration energy and activation energy for mono-vacancy
NNN diffusion in seven FCC transition metals (in units of eV)
®5 EFCCTEERD, HHEMEBHTREE(E, FMiERE
(Q. )(#fi ev)

HKM Value Ni Pd Pt Cu Ag Au Al

E. 15.075 14.379 14.397 17.653 26.083 21.035 25.654
UL AR
Q, 16.539 15.173 15.667 18.837 27.201 21.984 26.313
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