
Choose an item. 

 

 
 

 

PNNL-34818 
 

Ab Initio Simulations of Tritium 
Diffusion in Al2O and Intermetallic 

Al12(TM)2.34 Aluminide Coating 
Phases 

September 2023 

Michel Sassi 

David J. Senor 

Andrew M. Casella 

 

 
  

 

 
Prepared for the U.S. Department of Energy 
under Contract DE-AC05-76RL01830 



 
 
 
 
 
 

DISCLAIMER 
 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibi l it y 
for the accuracy, completeness, or usefulness of any information, apparat u s, 
product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof, or Battelle Memorial 
Institute. The views and opinions of authors expressed herein do not necessar ily 
state or reflect those of the United States Government or any agency thereof. 

 
 

PACIFIC NORTHWEST NATIONAL LABORATORY 
operated by 
BATTELLE 

for the 
UNITED STATES DEPARTMENT OF ENERGY 

under Contract DE-AC05-76RL01830 
 
 

Printed in the United States of America 
 

Available to DOE and DOE contractors from 
the Office of Scientific and Technical 

Information, 
P.O. Box 62, Oak Ridge, TN 37831-0062 

www.osti.gov 
ph:  (865) 576-8401 
fox: (865) 576-5728 

email: reports@osti.gov 
 

Available to the public from the National Technical Information Service 
5301 Shawnee Rd., Alexandria, VA 22312 

ph: (800) 553-NTIS (6847) 
 or (703) 605-6000 
email:  info@ntis.gov 

Online ordering: http://www.ntis.gov 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.osti.gov/
mailto:info@ntis.gov
http://www.ntls.gov/


PNNL-34818 

 

 
 
 
 
 
 
 
 
 
 

Ab Initio Simulations of Tritium Diffusion in Al2O and 
Intermetallic Al12(TM)2.34 Aluminide Coating Phases 

 
 
September 2023 
 
 
 
Michel Sassi 
David J. Senor 
Andrew M. Casella 
 
 
 
 
Prepared for 
the U.S. Department of Energy 
under Contract DE-AC05-76RL01830 
 
 
 
 
 
 
 
Pacific Northwest National Laboratory 
Richland, Washington 99354 
 



PNNL-34818 

 2 
 

Summary 

 Density functional theory simulations have been carried out to investigate the diffusion of 
interstitial tritium in Al12(TM)2.34 and Al2O bulk phases. In Al12(TM)2.34 the transition metal (TM) 
sites are occupied on average by 58.93 at.% Fe, 18.52 at.% Cr, and 22.54 at.% Ni. While the 
insertion of interstitial tritium in Al2O lead to a strong disordering of the structure, we only 
investigated interstitial tritium in Al12(TM)2.34 and its iron end-member (i.e., Al12Fe2.34). Nine 
diffusion pathways have been investigated along the a-, b-, and c-axis of Al12(TM)2.34. The 
direction of fastest diffusion for interstitial tritium is found to be along the b-axis, with a 
calculated diffusion coefficient of ≈10-10 m2.s-1 at 600 K, which is at least one order of magnitude 
faster than those previously calculated for interstitial tritium in other Al-rich phases such as 
Fe2Alx, Fe4Al13, and FeNiAl5 for which 𝐷T ≤10-11 m2.s-1, ≈10-12 m2.s-1, and 𝐷T ≈10-13 m2.s-1 
respectively. The comparison of the energy landscape between Al12(TM)2.34 and Al12Fe2.34 for the 
fastest diffusion pathways in each axis direction, found that some pathways are not sensitive to 
transition metal mixing, while other are more affected, leading to higher energy barrier in 
Al12Fe2.34 in part due to a more energetically favorable formation of Fe—T bond compared to 
Ni—T. However, we found that both materials have similar diffusion coefficients as the fastest 
diffusion pathways occurs along pathways that are not very sensitive to transition metal mixing. 
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1.0 Introduction 

 Reports1,2 have indicated that a small but steady fraction of atomic tritium generated in 6Li 
enriched γ-LiAlO2 pellets during neutron irradiation 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,1 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. Ultimately, it is expected 
that with a better knowledge of tritium transport and interactions within the pellets, getters, 
coating, and cladding components of the TPBAR, performance models will provide much more 
reliable tritium distribution predictions. 

 In the design of the TPBAR3 an aluminide coating, essentially made of Fe-Al phases, is in 
contact with an inner helium filled gas plenum and a 316 stainless steel (316 SS) cladding. In 2020, 
Jiang et al.4 have conducted STEM imaging combined with energy-dispersive X-ray spectroscopy 
(EDS) of neutron irradiated coating samples and found that an aluminum oxide layer (Al2O3) of 
50 nm thick was formed at the surface of the aluminide coating. In 2022, M. Olszta5 performed 
STEM-EDS mapping of unirradiated archived coating samples and also found that an aluminum 
oxide (Al2O3) layer was formed at the surface of the aluminide coating. Further STEM 
investigations revealed that below the oxidized surface, a large near surface region of about 10 
μm thick was contaminated with Cr, Ni, and Fe. The combination of atomic column imaging and 
associated diffraction analysis indicated that this near surface region is crystalline and that an 
intermetallic orthorhombic Al-phase containing transition metals (TM) at an approximate 
composition of Al12(TM)2.34 is present in a large portion of the 10 μm near surface region. While 
complete TEM composition identification is challenging due to the chemical complexity of the 
coating samples, STEM-EDS and SEM chemical analysis revealed that the TM sites are on average 
58.93 at.% Fe, 18.52 at.% Cr, and 22.54 at.% Ni. It was further revealed that the transition 
between surface Al2O3 and near surface intermetallic Al12(TM)2.34 involves cubic Al2O. 

 To provide a mechanistic understanding of tritium transport within TPBAR’s aluminide 
coating, we performed ab initio simulations of interstitial tritium diffusion in bulk Al12(TM)2.34 
phase recently observed by STEM in the near surface region. While it was initially planned to 
investigate tritium diffusion in the Al2O phase, we found that this bulk material is highly unstable 
to the insertion of tritium species, leading to highly disordered phase. With such change in the 
structure, the investigation of tritium diffusion in Al2O has not been conducted as it is not relevant 
to the actual structure observed experimentally. Nevertheless, the findings obtained for tritium 
diffusion in bulk Al12(TM)2.34 will be compared to previous studies of interstitial tritium diffusion 
in other major Al-rich phases also found in the aluminide coating6 and provide a more complete 
picture of tritium transport in complex chemical environments. 
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2.0 Computational Details 

 Density functional theory calculations have been performed with the VASP code.7 All the 
simulations used the generalized gradient approximation (GGA) exchange-correlation as 
parametrized in the Perdew, Burke, and Ernzerhof (PBE) functional.8 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 in either Al12(TM)2.34

9 or Al2O,10 the lattice parameters and 
atomic coordinates of defect-free bulk phases were fully relaxed using a convergence criterion 
of 10-5 eV/cell for the total energy and 10-4 eV/Å for the force components. As shown in Table 1, 
for Al12(TM)2.34 and Al2O, the Brillouin zone has been respectively sampled with a Monkhorst-
Pack11 k-point mesh of 3×3×2 and a Γ-centered mesh of 5×5×5. 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 (1H) has been used to describe tritium (3H), 
however, to account for the isotopic effect, the mass in the pseudopotential has been modified 
to matches that of the isotope atom. Several diffusion pathways have been investigated and the 
energy barrier has been determined by using the climbing image nudged elastic band method12,13 
(CI-NEB). In this study, we focused on neutral interstitial tritium atoms. 

 

Phase Supercell size k-point mesh 

Al12(TM)2.34 1×1×1 (306 atoms) 3×3×2 
Al2O 2×2×2 (96 atoms) 5×5×5 

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

3.1 Crystal structure of Al12(TM)2.34 and Al2O 

 Before investigating the diffusion of interstitial tritium in Al12(TM)2.34, a satisfactory periodic 
model structure for the orthorhombic Al12(TM)2.34 bulk phase, which contains 306 atoms (~21 
formula units), needs to be determined. As shown in Figure 1a, the experimentally available 
structure of Al12(TM)2.34

9 has two major unknowns: (i) the distribution of the Fe, Cr, and Ni species 
is not known as only the position of a “transition metal” (TM) is provided. (ii) The Al atoms 
surrounding some of the TM sites, highlighted by blue polyhedron and yellow spheres, have a 
partial occupancy which makes a periodic atomic model hard to build and give rise to a total of 
8064 possible structural combinations. To resolve these challenges, we used a structure 
generation approach14 to calculate the energy of more than 1000 symmetrically inequivalent 
structures to determine the preferred positions of the Al sites with partial occupancies for the 
specific case where all TM sites are occupied by Fe species (i.e., Al12Fe2.34). Once the preferred 
position of Al species around some TM sites were found, we explored various Fe, Cr, and Ni 
combinations for the transition metal sites, keeping in mind that the ideal Fe:Cr:Ni fraction should 
be close to the experimental averages of 58.93 at.% Fe, 18.52 at.% Cr, and 22.54 at.% Ni. As the 
number of transition metal sites in the unit cell is 50, the optimal Fe:Cr:Ni ratio has been fixed to 
30 Fe atoms, 9 Cr atoms, and 11 Ni atoms. The final Al12(TM)2.34 structure used for the simulations 
is shown in Figure 2a. The optimized lattice parameters for Al12Fe2.34 were a=12.341 Å (+0.01%), 
b=12.443 Å (+0.27%), and c=29.980 Å (-2.38%), and those of Al12(TM)2.34 were a=12.406 Å 
(+0.53%), b=12.465 Å (+0.44%), and c=30.140 Å (-1.85%), which are in good agreement with the 
experimental lattice parameters of a=12.340 Å, b=12.410 Å, and c=30.710 Å.9 

 

 

Figure 1: Visual representation of (a) bulk Al12(TM)2.34 and (b) bulk cubic Al2O. 
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 The Al2O bulk phase considered in this work for tritium diffusion is cubic, as shown in Figure 
1b, and has been observed by TEM5 sandwiched between the surface Al2O3 and near surface 
intermetallic Al12(TM)2.34 phases. In Al2O, each Al atom is located in a tetrahedral site, as shown 
by the polyhedral representation in Figure 1b. The optimization of a 2×2×2 supercell leads to a 
lattice parameter a=5.692 Å (+14.31%), which is greatly overestimated compared to the 
experimental value of 4.980 Å.10 In the experimental cubic structure, all Al—O bond lengths are 
2.156 Å, while they are 2.465 Å in the optimized structure. While the optimized defect-free Al2O 
structure remains cubic, the fact that such large structural discrepancies are obtained between 
experimental and calculated lattice parameters and bond lengths suggest that this material phase 
could be unstable at the conditions of DFT simulations (i.e., 0 K temperature). The instability of 
lower oxide of aluminum at room temperature has been highlighted by Hoch et al.10 during the 
making of high temperature AlO (1700°C) and Al2O (1100°C) solid phases. We will discuss later 
the effects of tritium introduction in the lattice at a later stage. 

 

 

Figure 2: (a) Structural and polyhedral representation of Al12(TM)2.34 with 58.93 at.% Fe, 18.52 
at.% Cr, and 22.54 at.% Ni per unit cell. (b) Location of the 43 interstitial tritium sites investigated 
in Al12(TM)2.34. The relative energy of each interstitial tritium site is provided in the energy 
diagram and the color code is reflected in the ball visual representation. Al, Fe, Co, and Ni species 
are represented by light blue, dark orange, dark blue, and grey spheres respectively. The 
interstitial tritium atoms are represented by black, green, or red spheres depending on the 
relative energy of their site. 



PNNL-34818 

 7 
 

 

 For the investigation of interstitial tritium in Al12(TM)2.34, 43 interstitial sites have been 
explored, as shown in Figure 2b. To help localize the lowest interstitial sites in the lattice, a color 
code has been introduced, such that the lower energy sites, with a relative energy from 0 to 0.2 
eV are represented by black spheres. Those of higher relative energy, between 0.2 and 0.7 eV 
have been represented by green spheres, and those with relative energy larger than 0.7 eV are 
represented by red spheres, as shown in Figure 2b. Interestingly, out of the four lowest energy 
sites, three involves tritium being bonded to Fe species and one being bonded to Cr species. 
Along, with previous investigations of interstitial tritium in other Al rich Fe-Al phases6 such as 
FeNiAl5, this suggests that interstitial tritium prefers to bind to Fe, then Cr, then Ni species. 

 

3.2 Tritium diffusion in Al12(TM)2.34 

 To estimate the diffusion of interstitial tritium in Al12(TM)2.34, nine diffusion pathways have 
been explored, among which, two are along the a-axis, five are along the b-axis, and two are 
along the c-axis. The energy diagram and visual representations of the diffusion pathways of 
tritium along the a-axis are shown in Figure 3. 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 cyan 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. For each energy diagram, the largest energy barrier along 
the diffusion pathway is highlighted by a purple dashed vertical line. This energy barrier will be 
used latter on to calculate the diffusion coefficients of interstitial tritium along the pathway. 

 

Figure 3: Energy diagrams and representation of two diffusion pathways for tritium in Al12(TM)2.34 
along the a-axis. In the visual representations, some atoms have been removed for clarity. See 
main text for color coding. The largest energy barrier along each path has been highlighted by a 
vertical purple dashed line. 
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 As shown in the energy diagram in Figure 3, the largest energy barrier along the two diffusion 
pathways investigated are 0.94 eV and 0.69 eV. Interestingly, the largest energy barrier (0.94 eV) 
is obtained along the pathway #1, for tritium diffusing inside a hexagonal-like column only made 
of Al atoms, as shown in Figure 3a. Along the pathway #2, interstitial tritium diffusing around Fe 
species, as shown in Figure 3b, involves an energy barrier of 0.48 eV (images #13-#17), which is 
the lowest energy barrier along this pathway. 

 For a tritium diffusion along the b-axis, five pathways have been investigated and are shown 
in Figure 4. The largest and lowest energy barrier of the series are respectively 0.87 eV, obtained 
along the pathway #5, and 0.28 eV, obtained along the pathway #3. In pathway #3, tritium is 
diffusing inside a flattened hexagonal-like column only made of Al species, as shown in Figure 4a. 
The second lowest energy barrier of the series, 0.45 eV, is obtained for pathway #7, in which 
tritium is diffusing within a pentagonal-like column made of only Al species, as shown in Figure 
4e. Given the disparity of the energy barriers obtained along pathway #1 (a-axis) and along 
pathway #3 and #7 (b-axis), for which tritium diffuses within polygonal-like columns made of Al 
species only, it seems that no specific trends can be drawn about that type of structural feature 
as tritium diffusion in those columns can involves either the largest energy barrier (0.94 eV) or 
the lowest energy barrier (0.28 eV) of all the pathways investigated in this work. 
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Figure 4: Energy diagrams and representation of five diffusion pathways for tritium in Al12(TM)2.34 
along the b-axis. In the visual representations, some atoms have been removed for clarity. See 
main text for color coding. The largest energy barrier along each path has been highlighted by a 
vertical purple dashed line. 

 

 The diffusion of tritium along the c-axis has been investigated for two pathways, shown in 
Figure 5. Given the symmetry of the Al12(TM)2.34 structure, those pathways spanned a half unit 
cell along the c-axis. The largest energy barrier obtained for each pathway is 0.69 eV and 0.42 eV 
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for pathway #8 and #9 respectively. Along these pathways, interstitial tritium is diffusing in 
between square-like packing of Al columns, as shown in Figure 5a and 5b. 

 

 

Figure 5: Energy diagrams and representation of two diffusion pathways for tritium in Al12(TM)2.34 
along the c-axis. In the visual representations, some atoms have been removed for clarity. See 
main text for color coding. The largest energy barrier along each path has been highlighted by a 
vertical purple dashed line. 

 

3.3 Quantifying the effect of TM mixing 

 To quantify the effect of mixing different transition metals in the TM sites on the energy 
barrier of interstitial tritium in Al12(TM)2.34, we re-calculated some diffusion pathways for tritium 
in Al12Fe2.34 (i.e., Fe end-member). For that, we focused on the pathways involving the lowest 
energy barrier for each direction along the a-, b-, and c-axis. Figure 6 shows the comparison of 
the energy landscape obtained for tritium diffusing along pathway #2, #3, and #9 in Al12Fe2.34 
(black curve) and Al12(TM)2.34 (orange curve). In the case of Al12Fe2.34, as all the TM sites are 
occupied by the same species, the energy landscape of tritium diffusing along the pathway #2 
and #3 is more symmetric than in the case where the TM sites are occupied by different transition 
metal species. However, Figures 6a and 6b shows that the largest energy barrier along each 
pathway is not very different than that obtained for Al12(TM)2.34. Indeed, the energy barrier for 
tritium diffusing along pathway #2 in Al12Fe2.34 is 0.59 eV, compared to 0.69 eV in Al12(TM)2.34, 
and 0.30 eV along pathway #3 in Al12Fe2.34, compared to 0.28 eV in Al12(TM)2.34. This suggests that 
these pathways are not very sensitive to species mixing in the TM sites. However, in the case of 
tritium diffusion along the c-axis, the energy barrier calculated for Al12Fe2.34 is noticeably larger 
than that calculated for Al12(TM)2.34, with 0.66 eV compared to 0.42 eV respectively. This is 
essentially due to tritium being more strongly bonded to Fe species than to Ni species. As shown 
by the energy diagram in Figure 2b, in which the interstitial sites with the lowest relative energy 
(black triangles in Figure 2b) are obtained for Fe—T and Cr—T bonds. Thus, breaking an 
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energetically more favorable Fe—T bond leads to a higher energy barrier than breaking a Ni—T 
bond. 

 

 

Figure 6: Comparison of the energy landscape interstitial tritium in Al12(TM)2.34 and Al12Fe2.34. The 
pathways are compared for the lowest diffusion pathways found along the (a) a-axis, (b) b-axis, 
and (c) c-axis. In each case, the largest energy barrier along the path has been highlighted by a 
vertical dashed line. 

 

3.4 Diffusion coefficients 

 The diffusion coefficients of interstitial tritium, 𝐷T , have been calculated by using the 
Einstein-Smoluchowski relation.15 The diffusion coefficients can be written as: 

𝐷T =
𝑑2

𝑐𝜏
   (1) 
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where 𝑑 and 𝜏 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 
diffusion. As DFT simulations are carried out at a temperature of 0 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, 𝐸𝑎. 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.16 

 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: 

𝐷T ≈
𝑑2

𝑐
𝜈0𝑧e

−
𝐸𝑎
𝑘B𝑇   (2) 

where 𝑧 is the coordination number and 𝜈0 is the attempt frequency which is typically of the 
order of the Debye frequency, ranging from 1012 to 1013 s-1 for practically all solids.15 Using 
statistical thermodynamics, Vineyard et al.17 has shown that the jump rate, 𝜔, which is the 
number of jumps per second, has an Arrhenius-type dependence on temperature and can be 
written as: 

𝜔 = 𝜈0e
−
𝐸𝑎
𝑘B𝑇   (3) 

 The calculated diffusion coefficients and associated jump rates of interstitial tritium at two 
temperatures, 300 K and 600 K are summarized in Table 2. At 600 K, a temperature relevant to 
in-reactor operation, the fastest diffusion coefficient for interstitial tritium in Al12(TM)2.34 has 
been calculated to be 1.42×10-13 m2.s-1, 4.30×10-10 m2.s-1, and 2.30×10-10 m2.s-1 along the a-, b-, 
and c-axis respectively. In the case of Al12Fe2.34, the diffusion coefficients are 5.47×10-12 m2.s-1, 
1.10×10-9 m2.s-1, and 1.63×10-12 m2.s-1 along the a-, b-, and c-axis respectively. For both materials, 
the fastest diffusion coefficient is obtained along the b-axis and it is in the order of 10-10 m2.s-1 
and 10-9 m2.s-1 for Al12(TM)2.34 and Al12Fe2.34 respectively. Compared to previously calculated6 
diffusion coefficients for interstitial tritium in Al-rich phases, such as Fe2Alx, Fe4Al13, and FeNiAl5 
for which 𝐷T ≤10-11 m2.s-1, ≈10-12 m2.s-1, and 𝐷T ≈10-13 m2.s-1, tritium diffusion is the fastest in 
Al12(TM)2.34, with a diffusion coefficient for near surface Al12(TM)2.34 of ≈10-10 m2.s-1. 

 

Material Pathway 𝒅 (Å) 𝑬𝒂 (eV) 
𝑻=300 K 𝑻=600 K 

𝑫T (m2.s-1) 𝝎 (jump/s) 𝑫T (m2.s-1) 𝝎 (jump/s) 

Al12(TM)2.34 

Path_1 (a) 4.42 0.94 1.05×10-22 0 8.28×10-15 127,159 

Path_2 (a) 1.63 0.69 2.27×10-19 26 1.42×10-13 16,004,978 

Path_3 (b) 1.70 0.28 1.91×10-12 197,791,228 4.30×10-10 >4.45×1010 

Path_4 (b) 3.82 0.83 5.55×10-21 0 5.20×10-14 1,067,350 
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Path_5 (b) 4.12 0.87 1.37×10-21 0 2.78×10-14 492,404 

Path_6 (b) 4.01 0.71 6.32×10-19 12 5.81×10-13 10,870,824 

Path_7 (b) 2.77 0.45 7.04×10-15 275,634 4.24×10-11 >1.66×109 

Path_8 (c) 6.70 0.69 3.83×10-18 26 2.39×10-12 16,004,978 

Path_9 (c) 4.83 0.42 6.83×10-14 879,651 2.30×10-10 >2.97×109 

Al12Fe2.34 

Path_2 (a) 3.85 0.59 6.06×10-17 1,226 5.47×10-12 110,717,971 

Path_3 (b) 3.30 0.30 3.32×10-12 91,247,677 1.10×10-9 >3.02×1010 

Path_9 (c) 4.14 0.66 4.67×10-18 82 1.63×10-12 28,591,965 

Table 2: Summary of the average distances and energy barriers obtained for each pathway 
investigated. The diffusion coefficients and jump rates for interstitial tritium diffusion in 
Al12(TM)2.34 and Al12Fe2.34 have been calculated for 𝑇=300 K and 600 K. The calculations used the 
following parameter values: 𝑘B=8.6173×10-5 eV.K-1, 𝜈0=1013 s-1, 𝑐=6, and 𝑧= 2. 

 

3.5 Interstitial tritium in Al2O 

 The insertion of interstitial tritium in Al2O followed by atomic optimization yielded a strong 
disordering of the structure, as shown in Figure 7. This is resulting from oxygen species being very 
reactive to form O—T bonds with the interstitial tritium added in the lattice. The formation of 
such bond induced a complete reorganization of the bonding pattern between Al and O species 
leading to a strongly disordered structure. Given the large modifications in the structure of Al2O, 
we did not continue the investigation of tritium diffusion pathways as the end-structure is not 
relevant to the initial structure, as observed by TEM imaging. While the disordering of Al2O is not 
seen in the experimental TEM images, two possible effects could be in play: (i) experimentally, 
Al2O is observed as a transition between surface Al2O3 and near surface Al12(TM)2.34 phases thus 
it could be possible that those two phases are stabilizing Al2O. (ii) While the bonding pattern in 
defect-free bulk Al2O is very impacted by the insertion of interstitial tritium, the potential 
presence of Al vacancies in Al2O could readily accommodate the formation of O—T bonds with 
less structural distortions. However, it is currently unknown how Al2O would accommodate Al 
vacancies and how those would affect the Al—O bonding pattern. Additional numerical 
simulations should be performed to investigate the stability of Al2O with respect to defect 
creation. 
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Figure 7: Visual representation of interstitial tritium in Al2O (a) before and (b) after atomic 
optimization. 
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Conclusion 

 Density functional theory simulations have been carried out to investigate the diffusion of 
interstitial tritium in Al12(TM)2.34 and Al2O bulk phases. While the insertion of interstitial tritium 
in Al2O lead to a strong disordering of the structure, we only investigated interstitial tritium in 
Al12(TM)2.34 and its iron end-member (i.e., Al12Fe2.34). Nine diffusion pathways have been 
investigated along the a-, b-, and c-axis of Al12(TM)2.34. The direction of fastest diffusion for 
interstitial tritium is found to be along the b-axis, with a calculated diffusion coefficient of ≈10-10 
m2.s-1 at 600 K, which is faster than those previously calculated for interstitial tritium in other Al-
rich phases such as Fe2Alx, Fe4Al13, and FeNiAl5. The comparison of the energy landscape between 
Al12(TM)2.34 and Al12Fe2.34 for the fastest diffusion pathways in each axis direction, found that 
some pathways are not sensitive to transition metal mixing, while other are more affected, 
leading to higher energy barrier in Al12Fe2.34 in part due to a more energetically favorable 
formation of Fe—T bond compared to Ni—T. However, we found that both materials have similar 
diffusion coefficients as the fastest diffusion pathways occurs along pathways that are not very 
sensitive to transition metal mixing. 
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