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obtained for projections along the x- and z-axes, which indicate
that the oxygen ion transport occurs along [001].

Fig. 7 is an Arrhenius plot (Eq. (3)) of D vs. (1/kBT) for
oxygen migration in 6, 8 and 10 mole % YSZ. The data points
are from the present MD simulations for a period of 2 to 5 ns at
1125, 1350, 1667, 2000 and 2500 K. The lines are the best fit to
the data according to Eq. (3). The slope gives the activation
energy for oxygen migration, and the intercept the pre-
exponent. We find that the diffusion coefficient is highest at
8 mole % YSZ, consistent with experimental results [3,4]. The
data points for 12, 15, 18 and 25 mole % Y2O3 are not shown
for the sake of clarity. Above 10 mole % Y2O3, the diffusion
coefficient decreased with increasing yttria content.

The activation energy for oxygen migration in YSZ is shown
as a function of composition in Fig. 8. The plot is on the same
scale as Figs. 1 and 2 to facilitate comparison with published
data. The activation energy (ΔHm) shows an upward trend with

increasing Y2O3 content. The best linear fit is also shown and
has the form;

DHmðeVÞ ¼ 0:5þ 0:02y; ð6Þ

where y is the yttria mole % (in the range 6 to 25%). Activation
energies obtained in the present work are about 0.2 eV below the
experimental data (ΔHm+ΔHa) of Ioffe et al [3] shown in Fig. 1.
SinceΔHa is estimated to be about 0.1–0.2 eV [28], we consider
our data to be in agreement with the values of Ioffe et al [3] and
the general experimental trend of increasing activation energies
with increasing mole % of Y2O3. Our data also show good
agreement with the values reported by Pornprasertsuk et al [23]
based on first principles calculations.

D0 and ΔHm are listed in Table 1 along with D at a typical
SOFC operating temperature (1273 K) for all the YSZ
compositions studied. By determining these values using
molecular dynamics, we have implicitly included ionic envi-
ronment effects that are often left out in static calculations of
barrier heights that consider mainly first neighbor effects. We
find that the overall trend is that both D0 andΔHm increase with
the increasing mole % of Y2O3. As the Y2O3 content increases,
the vacancy concentration increases, leading to an increase in
D0. However, the increase of D due to this effect is countered by
an increase in ΔHm. It appears that the balance between these
two effects is reached at around 8 mole % YSZ as shown by the
last column in Table 1.

Fig. 7. Arrhenius plot of the diffusion coefficient as a function of reciprocal
temperature (1/T) for 6 (▪), 8(▴), and 10(♦) mol% YSZ. Linear fits to the data
are also shown.

Fig. 8. Activation energy for oxygen migration in YSZ as a function of
composition along with a linear fit to the data.

Table 1
Pre-exponent (D0) and activation energy (ΔH) for oxygen diffusion in YSZ

Mole % Y2O3 D0 (10
−9 m2/s) ΔH (eV) D (m2/s) at 1273 K

6 4.94 0.59 2.28×10–11
8 6.08 0.60 2.56×10–11
10 11.81 0.73 1.52×10–11
11 12.62 0.75 1.30×10–11
12 12.59 0.76 1.24×10–11
15 20.03 0.86 0.79×10–11
18 11.01 0.82 0.62×10–11
25 20.48 0.98 0.27×10–11

Fig. 9. Dopant–vacancy binding energy in YSZ as a function of separation.
Lines connecting the data points are shown to guide the eye.
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