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Summary

Density functional theory simulations have been carried out to investigate the diffusion of
interstitial tritium (T, 3H) in three Al-rich (>60% at. Al) iron aluminide phases which were observed
by STEM imaging in the Fe-Al coating of archive material for Cycle 13. The phases identified were
hexagonal FeNiAls, monoclinic FesAlis, and orthorhombic Fe,Als. An analysis of the structures of
FeNiAls and Fe.sAls indicates that these phases can be viewed as the stacking of two layers. The
structural particularity of FezAls, is that channels are present along the c-axis. These channels
have a variable Al vacancy content, giving rise to an approximate composition of Fe,Als.
Therefore, three stoichiometries for FeAlx phase, namely FeAls, Fe2Als, and Fe,Als, have been
studied to evaluate the impact of Al vacancy concentration on tritium diffusion behavior.

Simulations using the nudged elastic band method indicated that tritium has preferential diffusion
pathways in FeNiAls and FesAlis. In FeNiAls, tritium preferentially diffuses along the a-axis in
between layers, while in FesAl1s, tritium preferentially diffuses across layers, along the b-axis. The
energy barriers calculated for these pathways are 0.78 eV and 0.56 eV for FeNiAls and FesAl:3
respectively. In the case of Fe,Alx phases, it was found that the tritium diffusion pathway is
affected by the Al vacancy concentrations in the channels. In Fe;Al; (i.e., 100% Al vacancy),
tritium essentially diffuses at the center of the channel with a small energy barrier of 0.04 eV. In
Fe,Als (i.e., 50% Al vacancy), the diffusion pathway is more complex as the position of tritium
oscillates between the center of the channel and the channel’s wall, and involves an energy barrier
of 1.34 eV. It is worth noting that the lowest energy position of tritium in Fe,Als is in between two
Al atoms, at the center of the channel. In Fe2Alg (i.e., 0% Al vacancy) tritium essentially diffuses
along the channel’s wall with an energy barrier of 0.18 eV.

The diffusion coefficients, Dr, of tritium in each Fe-Al phase have been estimated using the
Einstein-Smoluchowski relation. For FeNiAls and FesAlis, the coefficients are 1.04x10 m?.s?
and 2.07x101? m2.s? respectively at 600 K. In the case of Fe,Alx phases, a large disparity is
obtained as the coefficients calculated are 2.14x107" m?.s?, 2.70x102¥ m?.s?, and 1.27x108 m?.s’
1 at 600 K for Fe-Als, Fe-Als, and Fe,Als respectively. Among these coefficients, the value
calculated for Fe,Als is surprisingly low (by ~10 orders of magnitude) compared to that of FeAl,,
and FexAls. This could be an artifact of the simulations, in which the atomistic model used to
calculate the energy barriers in Fe>Als requires to have fixed Al positions in the channels. In reality,
those channels are fast diffusion pathways for Al, which implies that the position of Al atoms is
dynamic. As the lowest energy position of tritium in Fe2Als is in between two Al atoms, at the
center of the channel, we suspect that the diffusion of tritium is limited by the diffusion rate of Al
in the channels. Sakidja et al. have calculated the energy barrier for Al diffusion in the channels
(0.52 eV) and by using the Einstein-Smoluchowski relation, we found Da=10* m?.s at 600 K.
Therefore, in the Fe Al phases, the tritium diffusion coefficient is likely ranging from 107 to10*
m2.s™ depending on the Al vacancy concentration in the channels.

Altogether, we found that at 600 K tritium diffuses faster in the channels of Fe;Al; phases (D1<10°
1 'm2,s1), then in FesAliz (D=1012 m2.st), and finally in FeNiAls (Dr=101 m2.s). We also find
that interstitial tritium generally diffuses faster in Fe-Al coating phases than in y-LIAIO, pellet
(Dr 10 m2.s?).
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1.0 Introduction

In the design of the TPBAR,! an aluminide coating essentially made of Fe-Al phases is in contact
with an inner helium filled gas plenum, separating the getter and the 316 stainless steel cladding.
While the primary purpose of the getter is to absorb the molecular tritium generated in y-LIAIO;
pellets during neutron irradiation, reports®® have indicated that a small but steady fraction of
tritium permeates out of the TPBAR during production. While attempts to mitigate tritium release
in the coolant by modifying the design of the TPBAR were ineffective,? it has been recognized
that efforts should be devoted to developing an understanding of the irradiation behavior of the
various TPBAR components and a mechanistic understanding of tritium transport within the
TPBAR during irradiation.

In order to address knowledge gaps related to microstructure evolution in neutron irradiated
TPBAR components, Edwards et al.* used scanning transmission electron microscopy (STEM) to
characterize the structure of Fe-Al coating from archive material for Cycle 13. Among the key
results obtained, images analysis and chemical mapping revealed the presence of three Al-rich
(>60% at. Al) iron aluminide phases in unirradiated coating. As shown in Figure 1, these phases
were identified as hexagonal FeNiAls, monoclinic FesAl13, and orthorhombic FezAls.

— R N e

Figure 1. STEM images of Fe-Al bulk phases from the archive coating material for Cycle 13.

Courtesy of D. Edwards.*

Because Al-rich iron aluminides are known to brittle,>® and are difficult to manufacture in bulk,
experimental data is sparse, especially regarding hydrogen or tritium diffusion. However, in the
case of FezAls, previous ab initio modellings”® have indicated that a slight excess of Al (e.g.,
Fe-Alss) would further stabilize the bulk structure of this phase, which is an approximate
composition,® and that at high temperature (1300 K) Al atoms are diffusing in a liquid-like manner
along the c-axis due to the presence of Al vacancies (Va) in the structure.

In order to develop a mechanistic understanding of tritium transport in the Al-rich iron aluminide
coating phases, we have performed density functional theory simulations in combination with
nudged elastic band calculations to estimate the energy barriers for interstitial tritium diffusion.
Subsequently, we used the Einstein-Smoluchowski relation to estimate the diffusion coefficients
of interstitial tritium in each Fe-Al phases.
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2.0 Computational Details

First-principles simulations based on density functional theory (DFT) were carried out using the
VASP package.’® All the simulations used the generalized gradient approximation (GGA)
exchange-correlation as parametrized in the Perdew, Burke, and Ernzerhof (PBE) functional.** A
cutoff energy of 350 eV for the plane-wave basis set has been used and spin-polarization has
been taken into account. Prior to introducing interstitial tritium, the lattice parameters and atomic
coordinates of defect-free supercells of FeNiAls,'? FesAl13,*® and three Fe,A« phases,?® namely
Fe.Als, Fe,Als, and FezAls, were fully relaxed using a convergence criterion of 10 eV/cell for the
total energy and 10 eV/A for the force components. Table 1 summarizes the supercell sizes and
Monkhorst-Pack!* k-point mesh used to sample the Brillouin zone in each case. After the addition
of interstitial tritium, only the atomic coordinates were allowed to relax, while the lattice parameters
were kept fixed to their relaxed defect-free bulk structures values. Due to their similar electronic
structure, the pseudopotential of standard hydrogen (*H) has been used to describe tritium (H),
however, to account for the isotopic effect, the mass in the pseudopotential has been modified to
matches that of the isotope atom. For each structure, several diffusion pathways have been
investigated and the energy barrier has been determined by using the climbing image nudged
elastic band method®1¢ (CI-NEB). In this study, we focused on neutral interstitial tritium atoms.

Fe-Al phase Supercell size k-point mesh
FeNiAls 2x2x2 (224 atoms) 2x2%2
FesAlis 1x1x1 (102 atoms) 2%x4x%3
FesAls 2x2x3 (144 atoms) 2%X2x2
FeoAls 2x2x3 (168 atoms) 2x2%2
Fe,Als 2x2x3 (192 atoms) 2x2%2

Table 1: Summary of the supercell sizes and Monkhorst-Pack k-point mesh sampling used in this
study.
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3.0 Results and Discussion

3.1 Tritium diffusion in FeNiAls

Structure of FeNiAls. The model structure of hexagonal FeNiAls (space group P6s/mmc, #194)
initially used the experimental data from Eliner et al.’? In order to find the most energetically
favorable relative positions of Fe and Ni, we simulated six different configurations. The relaxed
lattice parameters of the lowest energy structure, shown in Figure 2, are a=b=7.712 A (+0.12%),
c=7.618 A (-0.65%), and y=120°, which is in good agreement with experimental values
(a=b=7.703 A, c=7.668 A, and y=120°). An analysis of the structure shows that FeNiAls is made
of the stacking of two layers, labelled layer #1 and layer #2, in Figure 2, rotated by 60°. These
layers have complementary Fe/Ni content such that layer #1 is made of 25% Fe and 75% Ni and
layer #2 is made of 75% Fe and 25% Ni. Interestingly, both layers present some empty spaces
which potential for interstitial tritium diffusion across layer will be explored. Because of these
empty spaces, columns of Fe or Ni are obtained along the c-axis in which either Fe or Ni atoms
populate the column every other layer.

Layer #1 Layer #2

yases

Figure 2: Representation of the bulk structure of hexagonal FeNiAls.
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Diffusion pathways in FeNiAls. As FeNiAls has a high symmetry structure, only two diffusion
pathways have been investigated. The energy diagram and visual representation of the diffusion
pathway of tritium along the a-axis is shown in Figure 3a. To facilitate the visual association
between energy and position of tritium along the pathway, we have color-coded both, the dots in
the energy diagram and the positions occupied by tritium along the pathway. In this color-code,
the lowest energy positions have black color, local minima have blue color, transition states or
high energy positions have red color, and the energy and positions which are the transitions
between low and high energy positions have green color. Figure 3a shows that the diffusion of
interstitial tritium along the a-axis requires to overcome an energy barrier of 0.78 eV. Along this
pathway, the lowest energy minimum is obtained when tritium is in contact with Fe and forms a
Fe—T bond of 1.539 A. The tritium positions corresponding to a local minimum, of energy 0.40-
0.44 eV higher than the lowest energy positions, are related to Ni—T bonds. At image #7, the
Ni—T bond length is 1.632 A, which is about 0.1 A larger than the Fe—T bonds at images #0 and
#14.
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Figure 3: Energy diagrams and representation of the diffusion pathways for tritium in FeNiAls. (a)
Diffusion pathway parallel to the layers, along the a-axis. (b) Diffusion pathway across layers,
along the c-axis. In the visual representations, some atoms have been removed for clarity. See
main text for color-coding.

Energy (eV)

The diffusion pathway of tritium along the c-axis is shown in Figure 3b. In this pathway a series
of high energy positions for tritium are obtained from images #19 to #27. These positions
correspond to tritium passing at the center of a triangle made with Fe atoms at the corner and Al
atoms on the edges. A large energy barrier of 1.19 eV (image #19) is required to pass through
this triangle for which an energetically favorable Fe—T bond (image #16) need to be broken. The
distances between the Al atoms, labelled All, Al2, and AI3 in Figure 3b, are Al1—AI2=Al2—
Al3=3.010 A and AI3—AI1=3.078 A. In comparison, tritium passing at the center of a triangle
made of Ni atoms at the corner and Al atoms on the edges involves a lower energy barrier of 0.46
eV, as obtained between image #3 and image #8. In such triangle, the distances between Al4,
Al5, and Al6, as shown in Figure 3b, are Al4—AI5=3.174 A and AI5—AI6=AlI6—AI4=3.180 A.
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Interestingly, the area available for tritium diffusion in the Fe and Ni triangles is 3.98 A? and 4.37
AZ? respectively, which yields to 9.80% more area for the Ni triangle than for the Fe triangle.

These results suggest that interstitial tritium would preferentially diffuse along the a-axis, in
between two layers, rather than along the c-axis, across two layers. However, a hybrid pathway
between these two cases can also be possible. Such pathway would involve a diffusion of tritium
from the image #0 to #7 along the a-axis (Figure 3a), then from image #0 to #16 along the c-axis
(Figure 3b). In this hybrid case, the energy barrier of 0.34 eV (difference between image #7 and
#12 in Figure 3a) is replaced by a barrier of 0.46 eV (difference between image #0 and #8 in
Figure 3b). This hybrid pathway takes advantage of the weaker Ni—T bond compared to Fe—T
and the smaller energy barrier required to pass through the Ni triangle with the Al4, Al5, Al6 atoms.

3.2 Tritium diffusion in FesAl13

Structure of FesAls. The model structure of monoclinic FesAl:s (space group C2/m, #12), shown
in Figure 4, used the experimental data from Grin et al.'®* The relaxed lattice parameters are
a=15.423 A (-0.45%), b=8.025 A (-0.66%), c=12.422 A (-0.39%), and =107.70° (+0.01%), which
is in good agreement with the experimental values of a=15.492 A, b=8.078 A, ¢=12.471 A, and
B=107.69°. Similarly to FeNiAls, the structure of FesAlis is a stacking of two layers, labeled layer
#1 and layer #2 in Figure 4, which are shifted by % along the a-axis. Interestingly, each layer

contains two star-shaped empty spaces connected by an Al corner atom.

Layer #1 Layer #2

Figure 4: Representation of the bulk structure of monoclinic FesAlss.

Diffusion pathways in FesAls. Due to the low symmetry of the structure, four diffusion pathways
have been investigated for interstitial tritium diffusion in FesAlis. A diffusion in the (a,c) plane
between two star-shaped empty spaces has been studied and is shown in Figure 5a. The largest
energy barrier involved in this pathway is 0.98 eV which is obtained for tritium positions between
image #3 and #1. Along this pathway, tritium has two lowest energy positions (images #3 and #8)
in which it is located at the center of Al triangles, as highlighted by the magenta dashed lines in
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Figure 5a. At those positions, the shortest Al—T bond length is about 1.686 A. A local minimum
position is found at images #5 and #6 when tritium cross over the Al atom connecting two star-
shaped spaces. At those positions, the local minimum is about 0.52 eV less favorable than the
lowest energy positions.

In addition to the diffusion pathway in the (a,c) plane, we investigated three diffusion pathways
along the b-axis, labeled b1, b2, and b3, and shown in Figure 5b,5c, and 5d respectively. In those
diffusion pathways, tritium migrates perpendicularly across the layers. The largest energy barrier
calculated is 0.56 eV, 0.84 eV, and 0.83 eV along the pathway b1, b2, and b3 respectively. As all
the pathways along the b-axis involve lower energy barriers than that in the (a,c) plane, a
migration of tritium across layer would be more favorable. Focusing on the pathway b1, which
involves the lowest energy barrier of the four pathways investigated, we find a local minimum of
0.49 eV periodically repeating every 4.978 A at images #0, #8, and #16. At this local minimum,
tritium passes in between two Al atoms, with the shortest Al—T distance being 1.809 A. At the
lowest energy positions (images #4 and #12), periodically repeating every 4.974 A, tritium is
located at the center of a Al square, as highlighted by magenta balls in Figure 5b. At these
locations, the shortest Al—T contact is 1.849 A.

a Pathway in the (a,c) plane
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Figure 5: Energy diagrams and representation of the diffusion pathways for tritium in FesAlis. (a)
Diffusion pathway in the (a,c) plane. (b-d) Three diffusion pathways across layers, along the b-
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axis, labelled b1, b2, and b3. In the visual representations, some atoms have been removed for
clarity. See main text for color-coding.

3.3 Tritium diffusion in Fe2Alx

Structures of the FeAlx phases. The various structures for the Fe.Alx phases have been
generated from the orthorhombic FezAls (space group Cmcm, #63) experimental structure as
determined by Burkhardt et al.® The particularity of the Fe Al structures is that they have channels
along the c-axis, as shown in Figure 6. As those channels have a variable occupancy of Al atoms,
it was found that the Fe,Als stoichiometry is an approximate composition® and ab initio simulations
suggested that the stability of this phase would benefit from a slight excess of Al to yield a FezAls ¢
stoichiometry.”® In order to capture the effects of partial Al occupancy in the channels on tritium
diffusion, we have created three phases with different stoichiometries,® namely Fe,Als, FezAls,
and FezAls, which structures are shown in Figure 6a, 6b, and 6c¢ respectively. With these three
stoichiometries, the proportion of Al vacancy in the channels varies from 100% in Fe,Als, to 50%
in FezAls, and 0% in Fe,Als. The relaxed lattice parameters for each phase are shown in Table 2
and compared to the experimental values of Fe;Als. As expected, the best agreement is obtained
for the Fe,Als stoichiometry, however, the calculated length of the a-axis is 3% shorter than the
experimental value, probably due to the partial Al occupancy of the channels giving an
approximate Fe,Als composition.

Fe-Al phase a(A) b (A) c (A

Fe2Als 5.788 (-24.40%)  7.828 (+22.02%)  4.083 (-3.20%)
Fe2Als 7.422 (-3.06%) 6.459 (+0.69%) 4.183 (-0.83%)
Fe2Als 7.473 (-2.39%) 6.217 (-3.10%) 4.818 (+14.21%)
Experiment® (Fe2Als)  7.656 6.415 4.218

Table 2: Calculated relaxed lattice parameters for three Fe,Al, phases compared to experimental
values for Fe-Als. The variation from experiment are shown in brackets.
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Figure 6: Representation of the bulk structure of orthorhombic Fe;Alx. Three stoichiometry have
been investigated (a) FezAl4 (100% Al vacancy), (b) Fe2Als (50% Al vacancy), and (c) Fe2Als (0%
Al vacancy). The Al atoms in the channels are represented by yellow balls.

Diffusion pathways in Fe-Alx. The diffusion pathway of tritium in each of the three structures
has been investigated along the channels, following the direction of the c-axis. In the case of
Fe,Al, and 100% of Al vacancy, tritium diffuses at the center of the channel with a very small
energy barrier of about 0.04 eV, as shown in Figure 7a. At the lowest energy positions, tritium
forms two Al—T bonds of 1.871 A with the Al of the channel’s wall. For Fe,Als and 50% of Al
vacancy, the diffusion of tritium is more complex as its position oscillates between the channel’s
center and the channel’s wall, as shown in Figure 7b. The energy diagram shows that the lowest
energy positions (images #6 to #8) are obtained when tritium is located at the center of the
channel, in between two Al atoms labelled All and AI2. In these positions the shortest Al—T
distance is 1.553 A (image #6), while the distance between All and Al2 is 4.225 A. Local minimum
positions of tritium (images #0 and #16) have an energy of 0.66 eV and are obtained when tritium
is at the channel's wall and forms Fe—T contacts of length 1.599 A. Those local minimum
positions periodically repeat every 4.190 A in correlation with the Fe—Fe distance along the
channel’s wall. In contrast to a seemingly barrier-less diffusion in Fe,Als, the diffusion of tritium in
Fe,Als involves a large energy barrier of 1.34 eV, suggesting that tritium is likely trapped at its
lowest energy positions at the center of the channel, in between two Al atoms.

In the case of Fe>Als and 0% of Al vacancy, the diffusion of tritium is essentially occurring along
the channel’s wall, as shown in Figure 7c. Along this pathway, tritium hops between neighboring

10
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Fe atoms along the channel’s wall, separated by a distance of 3.198 A. At the lowest energy
positions, tritium forms a Fe—T bond of 1.566 A and the energy barrier to overcome along this
pathway is 0.18 eV.
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Figure 7: Energy diagrams and representation of the diffusion pathways for tritium in Fe Alx
phase. The diffusion pathway along the c-axis in (a) Fe2Als (100% Al vacancy), (b) FezAls (50%
Al vacancy), and (c) Fe2Als (0% Al vacancy). The Al atoms in the channels are represented by
yellow balls. In the visual representations, some atoms have been removed for clarity. See main
text for color-coding.

3.4 Diffusion Coefficients

The diffusion coefficients of interstitial tritium, Dy , have been calculated by using the Einstein-
Smoluchowski relation.'” The diffusion coefficients can be written as:

Dp=— (1)

CcT

where d and t are the average distance and time between two jumps, respectively, and c is a
parameter equal to 2 for one-dimensional, 4 for two-dimensional, and 6 for three-dimensional

11
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diffusion. As DFT simulations are carried out at a temperature of O K, in the following we will
neglect the entropy of migration in the equations and approximate the Gibbs free energy of
migration by the migration enthalpy, E,. While the vibrational motions induced by elevated
temperatures could induce a slight change in the diffusion coefficients calculated in this work, we
note that the energy barrier is almost unaffected by temperature changes.*®

It should be noted that equation (1) does not consider the correlation effects between interstitial
atoms. This is valid in our case since we are in a dilute interstitial solid solution, where every
interstitial site around the interstitial solute is empty. Therefore, the diffusion coefficient can be
written as:

a2 _Ea
Dp = —Voze kgT  (2)

where z is the coordination number and v, is the attempt frequency which is typically of the order
of the Debye frequency, ranging from 102 to 10 s for practically all solids.'” Using statistical
thermodynamics, Vineyard et al.’® has shown that the jump rate, w, which is the number of jumps
per second, has an Arrhenius-type dependence on temperature and can be written as:

_Ea
w =vye kT (3)

The calculated diffusion coefficients and associated jump rates of interstitial tritium at two
temperatures, 300 K and 600 K are summarized in Table 3. At 600 K, the calculated diffusion
coefficients in FeNiAls show that a diffusion along the a-axis is 1.04x10*® m2.s?, which is five
orders of magnitude faster than along the c-axis. In FesAlis, the diffusion pathways along the b-
axis are found to be from two to four orders of magnitude faster than in the (a,c) plane. The fastest
diffusion pathway is obtained for the b1 pathway for which the diffusion coefficient is 2.07x10*?
m2.s at 600 K. In the series of Fe,Al; phases, the diffusion coefficients at 600 K are 2.14x107
m2.s?, 2.70x10%8 m2.s?, and 1.27x10® m2.s* for Fe,Als, Fe,Als, and Fe,Als respectively. In this
series, the diffusion coefficient for Fe,Als is lower by more than ten orders of magnitude compared
to those of Fe,Als and Fe,Als. This could be an artifact of the simulations in which the calculations
of energy barriers using the NEB method requires to have static Al atoms in the channels, while
in reality, those channels are fast diffusion pathways for Al.”® As shown in Figure 7b, the lowest
energy positions for tritium in Fe2Als are at the center of the channel, in between two Al atoms.
This suggests that tritium and Al diffusion in the channels are correlated. Ab initio simulations of
Al diffusion along the channels of Fe,Als have been performed by Sakidja et al.2 and two pathways
have been identified: (i) a straight line pathway, with a jumping distance of 2.37 A and an energy
barrier of 0.70 eV, and (ii) a curved pathway, with a jumping distance of 2.14 A and an energy
barrier of 0.52 eV. By using this information, and an average coordination number of 7, we
calculated the diffusion coefficients for Al in the channels to be 2.59x10*? m?.s* and 6.87x10!
m2.s at 600 K for the straight line and curved pathways respectively. Therefore, the lower limit
of tritium diffusion in the channels of Fe;Als should be about 101! m2.s™.

Altogether, we find that the diffusion of interstitial tritium at 600 K is faster in Fe>Al; phases, with
Dr <10 m?.s?, then in FesAli3 with Dy #1012 m2.s?, and finally in FeNiAls with Dy ~103 m?.s2,
Interestingly, all the diffusion coefficients calculated for Fe-Al phases are faster than that
calculated for interstitial tritium in y-LiAIO, which was in the order of Dy 104 m?.s1.20

12
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Fe-Al Diffusion d . E, D; T=300K o D, T=600 K -
phases Pathway A (ev) (m2.s1) (jumpl/s) (m2.s1) (jumpl/s)
FeNiAls a-axis 450 6 1 078 3.22x10?%° 1 1.04x1013 3,092,335

c-axis 133 6 1 1.19 2.90x10-%8 0 2.93x1018 991
(a,c) plane 230 6 1 098 3.55x10% 0 5.60x1016 63,381
FesAlss b-axis (b1) 250 6 1 056 4.09x10" 3,912 2.07x1012 >1.98x108
b-axis (b2) 309 6 1 084 1.44x102 0 1.51x1014 950,406
b-axis (b3) 258 6 1 0.83 1.42x102% 0 1.26x10-14 >1.13%x106

Fe2Als c-axis 207 2 2 0.04 1.07x107 >2.48x1012 2.14x107 >4,98x1012
Fe2Als c-axis 3.00 2 1 1.34 1.62x102° 0 2.70x10718 60
Fe2Als c-axis 282 2 1 018 4.06x101° >1.02x1010 1.27x108 >3.20x10%

Table 3: Calculated diffusion coefficients for interstitial tritium in several Fe-Al phases. The
calculations used the following parameter values: kg=8.6173x10° eV.K* and v,=10% s,
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Conclusion

The theoretical investigations of interstitial tritium diffusion pathways in various Al-rich (>60% at.
Al) iron aluminide coating phases found that in FeNiAls tritium prefers to diffuse in between layers,
while in FesAls, tritium prefers to diffuse across layers. In the case of FeAly phases, the
simulations show that the variable Al content in the channels affects the diffusion behavior of
tritium in the channels. For 100% of vacancy, tritium prefers to diffuse at the center of the channel,
while for 0% Al vacancy, tritium prefers to diffuse along the channel’s wall. In the case where 50%
Al vacancy are present in the channels, tritium can diffuse in a mixed way, with positions
oscillating between the channel’s center and wall. However, the large energy barrier involved in
this case suggests that tritium diffusion could be correlated with Al diffusion in the channels.

While we found that at 600 K interstitial tritium diffuses faster in Fe,Alx phases (D <10 m?.s?),
then in FesAlis (D #1012 m2.s?), and finally in FeNiAls (Dy ~10 m2.s?), we also find that
interstitial tritium generally diffuses faster in Fe-Al coating phases than in y-LIAIO- pellet (D; =10
4 m2s?.
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