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H I G H L I G H T S  

• PbLi action on Al2O3 coatings. 
• Diffused Li concentration as a function of depth for Al2O3 coatings immersed in LiPb under stagnant conditions. 
• Combination of nuclear reactions analysis and Rutherford backscattering spectroscopy for accurate Lithium quantification.  
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A B S T R A C T   

The development of multifunctional barriers that prevent tritium leaks from the breeding blanket and corrosion 
of the structural steel is essential for safe, viable and cost-effective fusion reactor operation. 

Al2O3 coatings are considered to be one of the most promising options to act as tritium permeation barrier 
(TPB). However, previous studies have shown that lithium from the breeding blanket penetrates into these 
coatings and reacts with them forming lithium aluminate phases. The diffusion of lithium into the coating may 
influence its performance, particularly under neutron irradiation. 

In this study, we characterize the Li content and distribution as a function of depth for Al2O3 coatings 
deposited by pulsed laser deposition on EUROFER substrate after exposure to PbLi, at a constant temperature of 
550 ◦C, for times of up to 7000 h, under stagnant conditions. We do it by using secondary ions mass spectroscopy 
and, a combination of ion beam analysis techniques (nuclear reaction analysis and Rutherford backscattering 
spectroscopy). Finally, we discuss the possible consequences of lithium diffusion in the coating performance 
under neutron irradiation in relation to the behavior of light species, produced out of transmutation reactions, 
and to the possible radiation induced change in the coating morphology.   

1. Introduction 

Nuclear fusion reactors, both in the magnetic and inertial confine-
ment approaches (MCF and ICF, respectively) may rely on the use of the 
deuterium - tritium fusion reaction because of its high reaction cross- 
section which allows the easiest way to reach ignition. Deuterium ex-
ists in nature and can be extracted from water. However, tritium is 
unstable (with a half-life of ~ 12.3 years) and is found only in trace 
amounts. Therefore, the unavailability of external tritium sources de-
mands that commercial nuclear fusion reactors must produce their own 

fuel. To achieve this, the breeding blanket (BB) of the reactor in addition 
to recover the energy carried by the neutrons (approximately 80% of the 
fusion energy), must breed tritium by the conversion of lithium into 
tritium to replace that burnt in the fusion process. Thus, nuclear fusion 
reactors have to be tritium self-sufficient. 

Diverse BB approaches, solid and liquid, have been suggested. One of 
the main problems that the liquid breeding approach faces is the 
corrosion of the structural steel in contact with it. In the particular case 
of using lithium-lead eutectic; PbLi, as BB, it has been reported that its 
interaction with the structural material (reduced activation ferritic- 
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martensitic (RAFM) steels) leads to the dissolution of the majority of 
elements of the steel and the formation of intermetallic phases that can 
re-precipitate in the form of oxides [1]. The corrosion rate of RAFM 
steels in PbLi depends on temperature, velocity of the flow and magnetic 
field; e. g. it can reach 250 µm/year at temperatures of 550 ◦C and flow 
velocity of 10 cm/s [2]. This fact inevitably leads to the degradation of 
mechanical properties of the steel. Another important factor to consider 
regarding corrosion is the oxygen content in the system. Oxygen is one of 
the most common impurities in eutectics as PbLi and PbBi. Several 
studies show that the presence of oxygen, even at extremely low con-
centrations, (approximately 1 × 10− 7 wt.%), makes it difficult to find 
steel candidates with an acceptable corrosion rate in an un-passivated 
state when operating above 450 ◦C [3,4]. 

In addition to corrosion, it is important to mention that, due to 
transmutation reactions, under neutron irradiation tritium, T, and he-
lium, He, are continuously produced in the BB. Considering the high 
permeability of T in steels in the operational temperature range [5,6], it 
is expected that a fraction of the produced T will penetrate in the 
structural steel, leading to swelling and embrittlement, and further 
permeating into the cooling system [7,8]. Since T is radioactive, its in-
ventory in the reactor needs to be controlled and kept below a certain 
limit. Because of that, its permeation to reactor coolant systems has to be 
minimized. Thus, in order to avoid corrosion problems and to fulfill 
regulatory requirements, specially thinking in the demonstration power 
station (DEMO) scenario, operating in a continuous mode, the structural 
walls made of EUROFER have to be coated with tritium permeation 
barriers (TPBs) [9]. 

The general characteristics of tritium permeation barriers must 
include: (i) ability to prevent or highly reduce hydrogen adsorption; (ii) 
high permeation reduction factors (PRFs); (iii) high performance in 
relation to irradiation, (iv) low activation, (v) high thermomechanical 
integrity, (vi) PbLi compatibility, (vii) good adhesion to the substrate 
and, in the case of MCF, (vii) low electrical conductivity. 

During the last years, several efforts have been made to select the 
best TPB candidate. Several metal- oxides, nitrides, or carbides have 
been produced by diverse methods to be used as TPBs [10–19]. So far, 
Al2O3 coatings are suggested as one of the most promising TPB candi-
dates [20]. A reduction factor in the deuterium permeation through the 
steel of about 1000 was reported for irradiated Al2O3 coated steel 
compared to bare material in the temperature range close to 450 ◦C 
[21]. However, recent studies pointed out that when being in contact 
with the BB at relevant operation temperatures, Li penetrates along the 
whole Al2O3 coating thickness and reacts with it forming lithium 
aluminate phases [19]. The formation of lithium aluminate from 
different compounds containing aluminum and lithium is relatively 
simple and has been already reported in the literature [22–24]. How-
ever, to the best of our knowledge the presence of Li in Al2O3 coatings 
has been neither quantified nor studied in detail so far. One possible 
reason for that is the difficulty to detect light elements, especially if an 
accurate quantification is needed, by using conventional materials 
characterization techniques. 

In the following, we mention some experimental techniques suitable 
for Li characterization highlighting its capabilities and limitations. 
Secondary ion mass spectrometry (SIMS) allows measuring the Li depth 
distribution, but quantification is only possible with the use of suitable 
standards [25]. X-ray photoelectron spectroscopy (XPS) also allows 
measuring Li, but it does not allow to characterize accurately concen-
tration profiles for thick layers [26]. Atom probe tomography (APT) also 
allows measuring 3D Li concentration profiles, but it does only in a very 
small volume [27] which may not be representative for the whole 
sample, especially for samples with Li inhomogeneities spreading over 
the μm range. Within this framework, ion beam analysis (IBA) tech-
niques are powerful tools which permit direct, non-destructive, and 
accurate quantitative elemental concentration characterization, 
including light ions such as lithium in a much larger area for samples 
with thickness in the μm range. 

In this paper, we characterize the Li content and distribution as a 
function of depth for diverse Al2O3 coatings deposited by pulsed laser 
deposition (PLD) after exposure to PbLi at a constant temperature of 
550 ◦C for times of up to 7000 h under stagnant conditions. We do it by 
using SIMS and a combination of IBA techniques: nuclear reaction 
analysis (NRA) and Rutherford backscattering spectroscopy (RBS). 
Then, we analyze the possible consequences of Li diffusion in those 
layers under neutron irradiation in relation to coating integrity, 
permeation reduction factor (PRF) value and, adhesion of the coating to 
the EUROFER substrate. 

2. Experimental 

We characterize amorphous and dense Al2O3 coatings deposited by 
PLD on EUROFER after exposure to PbLi under stagnant conditions at a 
constant temperature of 550 ◦C for different times (4000 h, 7000 h). 
Corrosion experiments were carried out at ENEA – RACHEL facility by 
keeping the samples in direct contact with PbLi [28]. The PbLi exposure 
conditions together with the sample code and thickness are listed in 
Table I. More details about the coating deposition procedure and coat-
ings properties are described in [10,29]. After PbLi exposure, prior to 
any further characterization, the samples were cleaned with a standard 
chemical solution consisting on acetic acid and 5% hydrogen peroxide. 

The morphological and microstructural properties of the coatings 
were characterized with scanning electron microscopy (SEM) and 
glancing-incident angle (2,5 ◦) X-ray diffraction (GIXRD), respectively. 
SEM measurements were performed by using a Zeiss Auriga Com- pact/ 
Bruker X Flash microscope. GIXRD spectra were measured by using a 
Philips X-PERT PRO MRD four cycle diffractometer equipped with a 
CuKα (λ= 0.15405 nm) radiation source. Prior to SEM characterization, 
a thin layer of C with a few nanometers thickness was deposited by 
sputtering on top of the Al2O3. 

The elemental composition of the coatings was characterized with 
SIMS and IBA techniques. SIMS measurements were carried out in a 
Hiden analytical Workstation. Two IBA techniques were used, in com-
bination, NRA and RBS. By choosing an adequate experimental config-
uration (selected beam energy of 3.00 MeV, no foil in front of the 
detectors and, location of the detector to the beam direction), as in our 
case, the signal from these two techniques can be detected simulta-
neously. Measurements were performed at the standard beam line of the 
centre of Microanalysis of Materials (CMAM/UAM) [30]. Special 
attention was paid to the determination of the Li distribution as a 
function of depth. To do that, measurements were done following the 
procedure described in ref. [31] using a H beam at an energy of 3.00 
MeV. For that beam energy several nuclear reaction channels are 
simultaneously opened. All possible channels related to Li together with 
the emitted nuclear reaction products, their energy and stopping power 
in Al2O3 are shown in Table II. The stopping power was calculated with 
the SRIM code [32] by considering a nominal Al2O3 density of 3.96 
g/cm3 [33]. One of the advantages of using this procedure is that it al-
lows to characterize the lithium content from the 4He signal coming 
from the 7Li(p, 4He)4He nuclear reaction, which is background free 
(E4He= 7.71 MeV) [34]. Thus, it improves the measurement sensitivity 
and accuracy in the characterization of the Li depth profiling. Since no 
foil was used in between the sample and the detector, the α-particles 
produced in the nuclear reaction and the backscattered protons from Li 

Table I 
Sample code and thickness for diverse Al2O3 coatings exposure to PbLi under 
stagnant conditions, at a temperature of 550 ◦C, for times of 4000 and 7000 h.  

Sample 
code 

Sample 
thickness (μm) 

Time 
(h) 

PbLi exposure 
Temperature ( ◦C) 

Conditions 

S1 3 7000 550 Stagnant 
S2 5 7000 550 Stagnant 
S3 3 4000 550 Stagnant  
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and other elements (Fe, Al, O…) present in the Al2O3 coating and in the 
EUROFER substrate were simultaneously detected by two standard 
Si-barrier subtending a solid angle of 7.1 ± 0.4 mSrad and 4.1 ± 0.1 
mSrad and at angles of 150◦ and 170◦ respectively to the beam direction. 
The beam spot and the current were selected to be 1.5 × 1.5 mm2 and 
~20 nA, respectively. 

When using IBA techniques, the elemental composition of the sam-
ples was estimated by comparing experimental and simulated spectra. 
Simulations were performed with the commercial computer code 
SIMNRA [35]. For the simulation of the peaks related to lithium the 
cross section reported by Paneta et al. were used for the 7Li (p, 4He)4He 
and for the 7Li (p, p0)7Li reactions [36]. The ‘‘chi-squared’’ algorithm 
was used to determine the goodness of the quality of the peak fit. 

3. Results 

Fig. 1 shows SEM images for a representative Al2O3 coating depos-
ited by PLD on EUROFER substrate prior to and after the corrosion test. 
Prior to the corrosion test some scratches associated with the grinding 
process are clearly visible which indicates that the Al2O3 coating pre-
cisely replicates the substrate surface topology. These lines are somehow 
blurred but still visible after the corrosion test. The morphology of the 
coating remains quite stable against PbLi under the tested conditions: 
small color inhomogeneity, but no changes in its nominal thicknesses 
and no evidence of delamination. However, in agreement with other 
authors [22–24], x-ray diffraction measurements, shown in Fig. 2, 
illustrate that corrosion leads to the appearance of a series of peaks 
which correspond to different LiAlO2 phases. Thus, XRD data indicate 
that Li has penetrated into the coatings reacting with it. However, 
neither the depth to which lithium has diffused nor the amount of 
diffused lithium can be deduced from these data. 

Fig. 3 illustrates measured SIMS spectra for three representative 
Al2O3 coatings exposure to PbLi. 

SIMS data show that Li distributes along the whole coating thickness. 
The Li distribution is not homogeneous along depth, but it is higher at 
the coating surface and at the coating-EUROFER interface. These data 
are further corroborated by IBA measurements. Fig. 4 shows measured 
and simulated ion-beam analysis spectra for the same coatings. It is 
important to mention that even when all the reaction channels depicted 
in Table II are opened simultaneously, in the spectra shown in Fig. 4, we 
only observe the presence of two peaks related to Li. The high energy 
peak (channels 1380 to 1600) corresponds to the 4He particles coming 
from the 7Li(p, 4He)4He nuclear reaction (see inset in Fig. 4) and the low 
energy peak (channels 240–350) corresponds to proton backscattered by 
Li (p0). In principle, one could expect to also see some peaks related to 
the nuclear reaction taking place with 6Li. However, these peaks are not 
observed mainly because of two reasons: the low cross section of the 
nuclear reaction and the small natural abundance of 6Li (7.5%) [37]. 

In agreement with SIMS data, Li is observed in all the studied coat-
ings distributing from the coating surface to the EUROFER substrate 
along the whole coating thickness. A good fit of the measured spectra 
can be only achieved if we assume that the coating is composed of 
diverse layers with different Li content (see Fig. 5) which indicates that 
the lithium distribution along the coating is inhomogeneous. It is high at 
the coating surface (~12 at.%), then it decreases (~10 at.%) and 

Table II 
Nuclear reactions taken place when bombarding Li with a H beam at an energy 
of 3.00 MeV, nuclear reactions products, its energy and, its stopping power in an 
Al2O3 matrix with a density of 3.96 g/cm3 [33].  

Nuclear 
reaction 

Nuclear 
reaction 
products 

Energy of the nuclear 
reactions products (MeV) 

Stopping power in 
Al2O3 (keV/μm) 

7Li (p, 
4He)4He 

4He 7.71 199.73 

6Li (p, 
4He)3He 

3He 2.41 348.17 
4He 1.53 500.62 

6Li (p, 
3He)4He 

4He 1.53 500.62 
3He 2.41 348.27  

Fig. 1. Top view and cross-sectional SEM image for a representative Al2O3 coating deposited by PLD on EUROFER substrate prior to (a and c, respectively) and after 
(b and d, respectively) the corrosion test. 

Fig. 2. X-ray diffraction patterns measured prior to and after the corrosion test 
for diverse Al2O3 coating deposited by PLD on EUROFER substrate. 
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becomes larger when reaching the coating/EUROFER interface (~14 at. 
%). For the thinnest coatings (S1 and S3), independently of the exposure 
time, the Li content at the coating/EUROFER interface is observed to be 
larger than at the coating surface whereas similar Li concentration 
values at those regions are observed for the thickest coating. For clarity 
shake, Fig. 5 shows the lithium concentration and the areal density of 
each particular layer in the layer scheme, regarded the optimal choice, 
in which the coatings have been divided to fit the measured spectra. 

To study the possible diffusion of Li into the EUROFER substrate 
some additional simulations have been carried out by considering the 
presence of Li in the EUROFER substrate. Simulations were performed 
by assuming different Li contents (from 5 up to 14 at.% which is the 
maximum content calculated at the Al2O3/EUROFER interface), and 
diffusion depths (from 1 × 1017 to 3 × 1018 at/cm2). The peak selected 
to monitor the possible diffusion of Li into the EUROFER is that related 
to the 4He particles, because even at that high energy (7.71 MeV), they 
exhibit a higher stopping power (199.73 keV/μm) than backscattered 
protons which emerge at an energy of 1.75 MeV (53.03 keV/μm) and 
therefore, they offer a better depth resolution insight (see Table II). 
Simulation results, for two samples with diverse thicknesses and expo-
sure times, are shown in Fig. 6. For comparison measured data are also 
depicted. 

We observe, for both samples regardless of its thickness, that spectra 
simulated for all assuming Li concentration start to deviate from 
experimental ones when the Li penetration depth into the EUROFER is 
~2 × 1018 at/cm2. These data may be considered as a first indication 
that, within the resolution of the selected techniques, there is no 

evidence of a significant Li diffusion into the EUROFER at thickness 
larger than ~2 × 1018 at/cm2. 

4. Discussion 

The first thing to be discussed is the measured Li content and its 
inhomogeneous distribution along the coating depth. Lithium diffusion 
data in Al2O3 are very scarce, especially when dealing with amorphous 
materials. Most Li diffusion, both experimental and computational, 
studies have been carried out within the framework of the development 
of advanced lithium batteries. These works show that, as many in many 
other diffusion processes, the Li diffusion strongly depends on material 
morphology and microstructure, as well as on the Li content itself [38, 
39]. So far, the studies performed by combining density functional and 
kinetic Montecarlo on the diffusivity of interstitial Li in amorphous 
α-Al2O3 indicate that the Li diffusivity in this material is very slow (~ 
2.7 × − 14 m2s− 1 at 600 K) because of unfavorable Li binding sites and 
pretty large diffusion barriers. This Li diffusivity value is orders of 
magnitude lower than that for β- Al2O3 which has a more open structure 
[38]. In our particular case, we observe a quite large Li content all along 
the coating thickness and an increase of the Li concentration both at the 
EUROFER/Al2O3 interface and at the sample surface indicating that 
surfaces and interfaces strongly influence the overall Li diffusion ki-
netics. The accumulation of Li at the EUROFER/Al2O3 substrate can be 
explained by considering that interfaces act as diffusion energy barriers 
for Li [40–43] and that some elements preferentially segregate to in-
terfaces [40]. In addition to the previously discussed, another possible 
reason for having more Li at the coating surface could be the presence of 
residual Li that remains on the surface after exposure to PbLi, despite the 
cleaning process. This hypothesis is also compatible with the small color 
inhomogeneity observed in the coating surface after exposure to PbLi 
(see Fig. 1). Nevertheless, from our data, it is not possible to obtain in-
formation on the diffusivity or solubility of Li, neither in the Al2O3 nor in 
the EUROFER, since its determination requires to carry out measure-
ments as a function temperature. A deeper study of the diffusion 
mechanisms of Li in these materials could be the subject of further work. 

Based on the presented measured Li depth profiles, however, it is 
very relevant to discuss what the behavior of these coatings would be 
under real operation conditions in the breeder location in which, as 
previously mentioned, the coating will not only be subject to corrosion 
at high temperatures but also to neutron irradiation in a synergistic way. 
Therefore, in the following, we discuss the effect of irradiation at high 
temperature for Al2O3 coatings containing lithium after exposure to PbLi 
since the incorporation of lithium to the coating may have some 
important drawbacks in order to implement these coatings as TPBs, 
especially because of the neutron irradiation. On the one hand, ac-
cording to Tanaka et al. neutron irradiation can produce Li recoil atoms 
from the liquid metal breeder [44] that can penetrate into the coating 
and/or in the structural material underneath. On the other hand, neu-
trons interact with Li leading to transmutation reactions in which T and 

Fig. 3. SIMS spectra for three representative Al2O3 coatings exposure to PbLi under the conditions described in Table I.  

Fig. 4. Measured and simulated ion-beam analysis spectra for Al2O3 coatings 
deposited on EUROFER steels exposure to PbLi under the conditions shown 
in Table I. 

R. González-Arrabal et al.                                                                                                                                                                                                                    



Journal of Nuclear Materials 586 (2023) 154688

5

He are produced according to the following reaction: 

6Li + 1n→ 4He + T + 4, 8MeV (1) 

The consequences of He and T generation in the coating performance 
will strongly depend on the behavior of amorphous Al2O3 coatings 
under the combined effect of high temperature (500 ◦C) and neutron 
irradiation. Thus, on the final structure of the coating as well as, on the 
radiation induced defects (vacancies and interstitials) if any. To the best 
of our knowledge, this behavior has been poorly investigated for 
amorphous Al2O3. 

First, we start to analyze the effect of temperature. In principle, at 
temperatures close to that for the BB operation (550 ◦C), amorphous 
Al2O3 starts to nucleate and to undergo transition to the metastable γ-δ-θ 
phases [45,46]. Aluminum oxide phase transformations are accompa-
nied by changes in symmetry that lead to a modification of volume [46], 
which could risk the coating integrity. However, in our particular case, 
given the high density of the coating, phase transformations due to 
long-term temperature exposure do not seem very likely: the coatings 
are expected to remain amorphous. However, if not only temperature 
effects are considered but also the radiation environment in the BB, the 

Fig. 5. Measured and simulated NRA spectra for three Al2O3 coatings after exposure to PbLi under the conditions described in Table I, together with the schematic 
representation of the calculated Li concentration in at.% and, areal density (at/cm2) of each particular layer in which the coatings have been divided to fit the 
measured spectra. 

Fig. 6. Measured and simulated NRA spectra for two Al2O3 coatings with different thickness,5 μm for S2, (a). and 2 μm for S3, (b), after exposure to PbLi under the 
conditions described in Table . For the simulation the Li contents were assumed to be 5, 10 and 14 at.% and the Li penetration depth was increased from 100 × 1015 

to 3000 1015 at/cm2. 
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situation will be different, because diverse authors have shown that 
irradiation of similar coatings, under certain conditions, can also pro-
duce recrystallization. e. g. Zaborowska et al. report that amorphous 
Al2O3 coatings with a thickness of 1 μm deposited on 316 L stainless steel 
by Pulsed Laser Deposition (PLD) irradiated with 1.2 MeV Au+ ions at 
room temperature up to 25 displacements per atom (dpa) remain 
amorphous without presenting any evidence of void formation, segre-
gation of elements or crystallization [47] but at larger fluences (39 dpa) 
irradiation promotes the formation of voids and an 
amorphous-to-crystalline transformation resulting in a fully nano-
grained structure. Crystallization is also observed for similar coatings 
irradiated at higher temperatures (600 ◦C) with 12 MeV Au5+ ions and 
18 MeV W8+ ions from 20 to 150 dpa [48]. The crystalline phases pre-
sent in the irradiated coatings depend on the radiation damage being the 
γ-Al2O3 up to 40 dpa, and both γ-Al2O3 and α-Al2O3 for coatings irra-
diated at 150 dpa. The grain growth has been observed to increase with 
rising of the irradiation fluence and/or the irradiation temperature [48, 
49]. Thus, at typical breeder fluences and operation temperature 
amorphous coatings are expected to become nanocrystalline. 

As it happens in many other materials, grain boundaries (GBs) could 
govern the material performance under irradiation by playing a crucial 
role in the light species behavior and in the dynamics of interstitials 
and/or vacancies which also interact with light species i. e. vacancies 
can trap light species [50–55]. Thus, GBs influence the behavior of light 
species by acting as trapping sites or effective diffusion channels for 
them and by influencing the dynamic of interstitials and vacancies. The 
interaction of light species with GBs and radiation-induced defects is 
very complex since it depends, among other factors, on the light species 
itself (H-isotopes or He), the GB configuration and density, the proper-
ties (morphology, microstructure, type and number of native defects, 
etc.) of the material under study and the irradiation conditions (e.g., 
temperature, flux and fluence) [56–58]. Deuterium permeation experi-
ments carried out in an amorphous Al2O3 coating irradiated with 6 MeV 
Au2+ ions at RT up to 39 dpa show that irradiation promotes the 
diffusion of deuterium atoms, increasing the coating permeability and 
decreasing its permeation reduction factor (PRF) [59]. Concerning He, 
experimental and computer simulation data indicate that below 800 K, 
amorphous Al2O3 has a large capacity for He retention since He atoms 
can be easily trapped in local potential wells. However, He retention 
strongly decreases when Al2O3 crystallizes [60]. Thus, in agreement 
with some other works reported in literature these results indicate that 
GBs could also behave as effective diffusion channels for He via a 
complex mechanism [61]. 

The diffused D and He in the coating after irradiation could penetrate 
into the EUROFER leading to embrittlement, or they can accumulate at 
the Al2O3/EUROFER interface promoting the detachment of the coating. 
Besides, the diffusion of T could hinder the control of its inventory in the 
reactor, which is very undesirable from the safety point of view. 

So far, experiments have been performed to study the behavior of H- 
isotopes or He. However, in order to have a good estimate of the coating 
behavior under realistic operation conditions in the breeder location, in 
which T and He will be produced simultaneously, one has also to 
consider that He atoms or clusters probably affect the H-isotope diffu-
sion. For example, He-point defects complex has been reported to in-
crease the activation energy of H migration in α Al2O3 [62]. Therefore, 
from previously reported data we can only speculate about the conse-
quences of having light species in the Al2O3 coatings. Further research is 
needed in order to arrive to proper conclusions. 

5. Conclusions 

The Li content and distribution as a function of depth have been 
investigated by SIMS and a combination of IBA techniques (NRA and 
RBS) for amorphous, dense and well adhered to the substrate Al2O3 
coatings after exposed to PbLi at a temperature of 550 ◦C for up to 7000 
h under stagnant conditions. SIMS and IBA data show that Li diffuses 

along the whole coating thickness, being the Li content larger at the 
coating surface and at the coating/EUROFER interface than at any other 
point within the coating. Li contents of up to 14 at.% were calculated in 
the coating region close to coating/EUROFER interface. 

Under neutron irradiation, Li will transmute into He and T which 
could have some important drawbacks in the application of Al2O3 as 
TPBs both from the safety and from the technological point of view. 

The data presented here are the input data needed to accurately 
calculate the light species inventory produced out of the Li content re-
ported in this paper for Al2O3 coatings in contact with PbLi. The 
calculation of this inventory in turn allows to dictate the experimental 
conditions needed to simulate the coating behavior under realistic 
irradiation conditions. 
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Casero, M.D. Ynsa, Current status and future developments of the ion beam facility 
at the centre of micro-analysis of materials in Madrid, Eur. Phys. J. Plus. 136 
(2021) 175, https://doi.org/10.1140/epjp/s13360-021-01085-9. 

[31] R. Gonzalez-Arrabal, M. Panizo-Laiz, K. Fujita, K. Mima, A. Yamazaki, T. Kamiya, 
Y. Orikasa, Y. Uchimoto, H. Sawada, C. Okuda, Y. Kato, J.M. Perlado, Meso-scale 
characterization of lithium distribution in lithium-ion batteries using ion beam 
analysis techniques, J. Power Sources 299 (2015) 587–595, https://doi.org/ 
10.1016/j.jpowsour.2015.09.022. 

[32] J.F. Ziegler, M.D. Ziegler, J.P. Biersack, SRIM – the stopping and range of ions in 
matter (2010), Nucl. Instrum. Methods Phys. Res., Sect. B 268 (2010) 1818–1823, 
https://doi.org/10.1016/j.nimb.2010.02.091. 

[33] P. Sebayang, Nurdina, S. Simbolon, C. Kurniawan, M. Yunus, E.A. Setiadi, 
Z. Sitorus, Fabrication and characterization of fine ceramic based on alumina, 
bentonite, and glass bead, J. Phys.: Conf. Ser. 985 (2018), 012024, https://doi.org/ 
10.1088/1742-6596/985/1/012024. 

[34] A. Sagara, K. Kamada, S. Yamaguchi, Depth profiling of lithium by use of the 
nuclear reaction 7Li(p, α)4He, Nucl. Instrum. Methods Phys. Res., Sect. B 34 (1988) 
465–469, https://doi.org/10.1016/0168-583X(88)90151-6. 

[35] M. Mayer, www.simnra.com. 
[36] V. Paneta, A. Kafkarkou, M. Kokkoris, A. Lagoyannis, Differential cross-section 

measurements for the 7Li(p,p0)7Li, 7Li(p,p1)7Li, 7Li(p,α0)4He, 19F(p,p0)19F, 19F 
(p,α0)16O and 19F(p,α1,2)16O reactions, Nucl. Instrum. Methods Phys. Res., Sect. B 
288 (2012) 53–59, https://doi.org/10.1016/j.nimb.2012.07.020. 

[37] Pier A.de Groot, Chapter 2 - Lithium. Handbook of Stable Isotope Analytical 
Techniques, Elsevier, Amsterdam, 2009, p. 225, https://doi.org/10.1016/B978-0- 
444-51115-7.00002-4. 

[38] S. Hao, C. Wolverton, Lithium transport in amorphous Al2O3 and AlF3 for discovery 
of battery coatings, J. Phys. Chem. C. 117 (2013) 8009–8013, https://doi.org/ 
10.1021/jp311982d. 

[39] A. Van der Ven, J.C. Thomas, Q. Xu, B. Swoboda, D. Morgan, Nondilute diffusion 
from first principles: li diffusion in LixTiS2, Phys. Rev. B. 78 (2008), 104306, 
https://doi.org/10.1103/PhysRevB.78.104306. 

[40] P. Wynblatt, V. Ghetta, D. Gorse, D. Mazière, V. Pontikis, Materials Issues for 
Generation IV Systems, Introduction to interfaces and diffusion. NATO Science for 
Peace and Security Series B: Physics and Biophysics, Springer Netherlands, 
Dordrecht, 2008, pp. 393–424, https://doi.org/10.1007/978-1-4020-8422-5_20. 

[41] J. Shi, Z. Wang, Y.Q. Fu, Density functional theory study of lithium diffusion at the 
interface between olivine-type LiFePO4 and LiMnPO4, J. Phys. D: Appl. Phys. 49 
(2016), 505601, https://doi.org/10.1088/0022-3727/49/50/505601. 

[42] M. Liu, C. Wang, C. Zhao, E. van der Maas, K. Lin, V.A. Arszelewska, B. Li, 
S. Ganapathy, M. Wagemaker, Quantification of the Li-ion diffusion over an 
interface coating in all-solid-state batteries via NMR measurements, Nat. Commun. 
12 (2021) 5943, https://doi.org/10.1038/s41467-021-26190-2. 

[43] P. Benedek, O.K. Forslund, E. Nocerino, N. Yazdani, N. Matsubara, Y. Sassa, 
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R. González-Arrabal et al.                                                                                                                                                                                                                    

https://doi.org/10.1016/j.jnucmat.2004.04.302
https://doi.org/10.1016/j.jnucmat.2010.12.277
https://doi.org/10.1016/j.nucengdes.2006.02.003
https://doi.org/10.1016/j.nucengdes.2006.02.003
https://doi.org/10.1115/1.4041432
https://doi.org/10.1016/0022-3115(91)90091-K
https://doi.org/10.1016/0022-3115(91)90091-K
https://doi.org/10.1016/j.jnucmat.2013.01.284
https://doi.org/10.1016/j.jnucmat.2013.01.284
https://aaltodoc.aalto.fi/bitstream/handle/123456789/18522/isbn9789526065403.pdf?sequence=1
https://aaltodoc.aalto.fi/bitstream/handle/123456789/18522/isbn9789526065403.pdf?sequence=1
https://doi.org/10.1016/j.jnucmat.2013.10.026
https://doi.org/10.3390/molecules27196528
https://doi.org/10.1016/j.fusengdes.2021.112453
https://doi.org/10.1016/j.fusengdes.2021.112453
https://doi.org/10.13182/FST05-A791
https://doi.org/10.13182/FST05-A791
https://doi.org/10.1016/j.nme.2020.100752
https://doi.org/10.1016/j.nme.2020.100752
https://publications.jrc.ec.europa.eu/repository/handle/JRC11336
https://publications.jrc.ec.europa.eu/repository/handle/JRC11336
https://doi.org/10.1016/B978-0-08-056033-5.00116-6
https://doi.org/10.1016/B978-0-08-056033-5.00116-6
https://doi.org/10.1016/j.surfcoat.2008.05.012
https://doi.org/10.1016/0257-8972(86)90085-X
https://doi.org/10.1016/j.jnucmat.2021.153219
https://doi.org/10.1016/j.jnucmat.2019.01.009
https://doi.org/10.1016/j.jnucmat.2019.01.009
https://doi.org/10.1016/j.nme.2020.100795
https://doi.org/10.1016/j.fusengdes.2021.112521
https://doi.org/10.1016/j.fusengdes.2021.112521
https://doi.org/10.1016/j.jnucmat.2018.10.008
https://doi.org/10.1016/j.jnucmat.2018.10.008
https://doi.org/10.1021/ja01315a033
https://doi.org/10.1016/j.jnucmat.2014.08.046
https://doi.org/10.1016/j.jnucmat.2014.08.046
https://doi.org/10.1016/j.jnucmat.2007.12.010
https://doi.org/10.1016/j.jnucmat.2007.12.010
https://doi.org/10.1016/0020-7381(82)80053-3
https://doi.org/10.1016/0020-7381(82)80053-3
https://doi.org/10.1021/cm970042v
https://doi.org/10.1002/ente.201600210
https://doi.org/10.6092/unibo/amsdottorato/802.6
https://doi.org/10.1016/j.corsci.2013.07.039
https://doi.org/10.1016/j.corsci.2013.07.039
https://doi.org/10.1140/epjp/s13360-021-01085-9
https://doi.org/10.1016/j.jpowsour.2015.09.022
https://doi.org/10.1016/j.jpowsour.2015.09.022
https://doi.org/10.1016/j.nimb.2010.02.091
https://doi.org/10.1088/1742-6596/985/1/012024
https://doi.org/10.1088/1742-6596/985/1/012024
https://doi.org/10.1016/0168-583X(88)90151-6
http://www.simnra.com
https://doi.org/10.1016/j.nimb.2012.07.020
https://doi.org/10.1016/B978-0-444-51115-7.00002-4
https://doi.org/10.1016/B978-0-444-51115-7.00002-4
https://doi.org/10.1021/jp311982d
https://doi.org/10.1021/jp311982d
https://doi.org/10.1103/PhysRevB.78.104306
https://doi.org/10.1007/978-1-4020-8422-5_20
https://doi.org/10.1088/0022-3727/49/50/505601
https://doi.org/10.1038/s41467-021-26190-2
https://doi.org/10.1021/acsami.9b21470
https://doi.org/10.1016/j.jnucmat.2022.153917
https://doi.org/10.1016/j.jnucmat.2022.153917
https://doi.org/10.1111/j.1151-2916.1998.tb02581.x
https://doi.org/10.1111/j.1151-2916.1998.tb02581.x
https://doi.org/10.1107/S0108768191002719
https://doi.org/10.1107/S0108768191002719
https://doi.org/10.1016/j.ceramint.2021.09.013
https://doi.org/10.1016/j.ceramint.2021.09.013


Journal of Nuclear Materials 586 (2023) 154688

8
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