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Abstract:
was based on the density functional theory(DFT) with the generalized gradient approximation(GGA) to the exchange-

The diffusion of hydrogen in corundum was simulated using pseudopotential plane wave method which

correlation energy. The hydrogen permeation resistance and micromechanism were studied by searching the transition
state and diffusion route, and gained diffusion coefficient of hydrogen by applying dynamic calculations. The
activation energy was 1.59 eV and the diffusion coefficient of hydrogen was D(T)=(3.37x107)exp(—1.59/kT). Analyzing
the calculation results, it showed that the structure in which H atom occupied empty interstitial of a-Al,O; was more
stable. H diffusion was impossible at low temperature and occured along the empty interstitials at high temperature.
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Fig.1 The structures of hexagonal cell (a), (0001)
surface (b) and the rhombohedron cell (c) of @-Al,0;
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Table 1 The structure properties of @-Al,0; and
the comparison with references

GGA(PW91) LDA(CA-PZ) Ref[14] Ref.[20]
(a=b)/nm 0.4699 0.4692 0.4781 0.4656
c/nm 1.2858 1.2803 1.3092 1.3140
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Fig.2 Energy changes with the coordinates of the a-Al,0;-H system
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Fig.3 The mean squared displacements (MSD) at
different temperatures
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Fig.4 The path of H atom mobility in
transition state searching
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Table 2 Hydrogen diffusion coefficient of some
substrate materials

Substrate material Hydrogen diffusion coefficient(cm?+s™)

a-Al,Os 3.37x107exp(=153148.8R"'T™")
A3 steel 7.35%10%exp(-27655.8R™'T™)
16MnR steel 3.69x10%exp(—22178.8R"'T™")
08F steel 1.39x107%exp(=22512.8R™'T)
a-ALOSM 2.17x107exp(—119436.8R'T™)
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