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In this article, a simulation code for tritium diffusion behavior analysis in FeCrAl cladding is developed based on the COMSOL platform. The simulated results are in good agreement with experimental and theoretical results. The effects of different concentrations of tritium and temperature distributions on the diffusion behavior of tritium in FeCrAl cladding were further investigated. Finally, the optimal effect of different coating schemes on the tritium resistance of the FeCrAl cladding was investigated. The results show that higher temperatures lead to higher cladding diffusion coefficients, which will further lead to higher fluxes of tritium into and out of the cladding, which is found to further result in a higher tritium flux into and out of the cladding, as well as shorter tritium diffusion times. It is found that higher temperature will lead to more tritium flux into and out of the cladding and shorter time for the tritium flux to reach a steady state on the right side of the cladding. At the same time, the higher tritium partial pressure on the fuel side of the cladding will lead to a longer time for the tritium flux to reach a steady state on the water side of the cladding. The longer time to reach the steady state on the water side of the cladding increases the tritium flux into the cladding.
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1 INTRODUCTION
The nuclear accident in Fukushima in Japan has aroused people’s concern about the safety of nuclear reactors in the case of accidents, so there is a growing interest in the research and development of accident-tolerant fuel, and the accident-tolerant fuel could have a higher safety margin in the case of loss of coolant accident (LOCA). The FeCrAl alloy can form Cr2O3 and α-Al2O3 protective oxide films under high-temperature water vapor above 800°C, which can alleviate or even avoid the problem of zirconium water reaction under LOCA conditions, and can greatly improve the safety margin of light water reactor. Therefore, the FeCrAl alloy is one of the candidate cladding materials for accident-tolerant fuel (Terrani et al., 2014; Rebak, 2020; Garud et al., 2022). FeCrAl usually contains 10–15 wt% Cr and 3–6 wt% Al. It has a body-centered cubic crystal structure and a high melting point (about 1,500°C) together with excellent oxidation resistance (Print et al., 2013). However, the use of FeCrAl alloys also poses the problem of increasing the concentration of tritium in the coolant, a radioactive element that emits beta rays and has a half-life of 450 days (Lucas and Unterweger, 2000). The annual emission of gaseous tritium should not exceed 1.5 × 1013 Bq for a light water reactor with a thermal power of 3000 MW, liquid tritium emission should not exceed 7.5 × 1013 Bq, and gaseous tritium emission should not exceed 4.5 × 1013 Bq for heavy water reactors. Tritium is one of the radionuclides released into the environment from nuclear power plants, and is also the main radionuclide dose evaluation in nuclear facilities. The ternary fission reaction of nuclear fuel in light water reactors is one of the main sources of tritium. The transmittance of tritium in FeCrAl is two orders of magnitude higher than in zirconium alloy, which could lead to more tritium diffusion into the coolant and increase its tritium content, thus affecting the separation and emission strategy of tritium in nuclear power plants. Therefore, there is a need to study the diffusion behavior of tritium in FeCrAl alloys.
Currently, an effective method to prevent tritium diffusion is to coat the surface of the cladding with a low diffusion coefficient of tritium to delay the entry of tritium into the coolant and reduce the amount of tritium released into the coolant during the fuel rod irradiation period. Yeom et al. (2019) studied the corrosion resistance of zircalloy cladding, which was coated with Cr in high-temperature steam, and the results also showed that Cr coating provided stable corrosion resistance for zircalloy cladding. Recently, Yeo et al. (2022) studied the barrier effect of plasma nitride Cr coating and untreated Cr coating on chemical elements, and the results of the study showed that plasma nitride Cr coating has better chemical barrier effect. Lee et al. (2019) studied the corrosion resistance of SiC/SiC composite cladding coated with Cr in high-temperature steam. By analyzing the experimental results, it was concluded that Cr coating had excellent corrosion resistance at high temperature and could effectively protect the cladding from steam corrosion.
There are many reports on the diffusion behavior of tritium in cladding alloys, and many researchers have made experimental measurement on the diffusion of hydrogen (tritium) in FeCr alloys and FeCrAl alloys. In the early stage, Huffin and Williams conducted a hydrogen permeability measurement study on the FeCrAl alloy (20% Cr, 5% Al, and 75% Fe) and 446 stainless steel (25% Cr and 75% Fe) (Huffine and Williams, 1960), considering the conditions with and without oxidation layer. Although the study was conducted at relatively high temperatures (922–1,450 K), the researchers found that hydrogen permeability was about three orders of magnitude smaller in alloys with oxide layers than in alloys without oxide layers. Then Stempien developed a tritium transport model to predict its behavior in heat exchanger tubes for fluoride salt-cooled high-temperature reactors during reactor startup (Stempien, 2015). Furthermore, Hu et al. (2015) from Tennessee State University, experimentally measured the hydrogen permeability of the three types of FeCrAl alloys in the temperature range of 350–650°C, and found that the permeability of hydrogen in FeCrAl alloy is about 3–5 times higher than that of 304 stainless steels at 650 and 350°C, so temperature also has a great influence on permeability. The higher the Cr content, the lower the permeability. Furthermore, a one-dimensional diffusion model of tritium in FeCrAl alloy was established based on the BISON code (Hales et al., 2016), the tritium content in the coolant was estimated, and a tritium resistance scheme was proposed by coating the inner surface of the cladding material with aluminum oxide. In addition, the BISON code developed by Idaho National Laboratory also analyzed the diffusion behavior of hydrogen in the fuel and cladding (Hales et al., 2016). Based on Fick’s law and taking into account the Soret effect, this study revealed the main input parameters and environmental conditions affecting hydrogen distribution. Meanwhile, Zhou and Tong (2021) from Shanghai Jiao Tong University developed a one-dimensional simulation program of modeling tritium diffusion behavior in zirconium alloys based on the tritium diffusion model, and analyzed the effect of different tritium concentration and temperature distribution on tritium diffusion behavior in zirconium cladding. Previously, there were many codes developed for investigating hydrogen diffusion behavior and its isotopes in structure materials; typical codes are TRITGO from Oak Ridge National Laboratory (Hanson et al., 2006), TPAC and TMAP codes from Idaho National Laboratory (Eung et al., 2010), THYTAN code from Japan Atomic Energy Agency (Longhurst, 2004), and TBEC code from Korea Advanced Institute of Science and Technology (Ohashi and Sherman, 2007). Among these codes, TRITGO, THYTAN, and TPAC codes can simulate tritium diffusion behavior in a large range and can cover full reactor core calculation. TBEC and TMAP code adopted a differential method to solve the tritium diffusion equation based on Fick’s law, and compared with Sievert’s law method, more attention is paid to tritium diffusion behavior in structural materials. In this article, based on the diffusion model of tritium in cladding materials, a numerical simulation code of investigating tritium diffusion behavior in FeCrAl alloys was developed on the COMSOL platform, and the code was verified by a typical case. Then, the diffusion of tritium in FeCrAl alloy cladding materials at different concentrations and temperatures was analyzed. Finally, tritium migration and concentration distributions were calculated for coatings with different types, thicknesses, and defects. The effect of different tritium blocking schemes on the tritium blocking performance of the FeCrAl cladding was also investigated.
2 THEORETICAL MODELS
The tritium diffusion code developed in this work considers the diffusion behavior under the influence of temperature change. Therefore, the heat transfer model and diffusion model are selected to be considered in the development of tritium diffusion code in the FeCrAl cladding.
2.1 The Heat Transfer Model
The heat transfer model of the fuel is determined by the following heat transfer equation:
[image: image]
where (K) is the temperature; [image: image] (kg·m−3), [image: image] (J·kg−1·K−1), and [image: image] (W·m−1·K−1) are the density, specific heat capacity, and thermal conductivity of the fuel, respectively. [image: image] (W·m−3) is the heat produced per unit volume of the fuel. For individual fuel elements, we consider a uniformly distributed heat source, determined by the following equation:
[image: image]
where [image: image] (W·m−1) is the fuel line power and [image: image] (m) is the fuel radius.
The heat transfer in the gap between the fuel and the cladding is modeled using a one-dimensional steady-state heat transfer model, where the radial heat flux is calculated as:
[image: image]
where [image: image] and [image: image] are the temperatures of the outer surface of the fuel and the inner surface of the cladding, respectively, and the total heat transfer coefficient of the gap is the sum of the gas heat transfer coefficient ([image: image]), the solid–solid contact heat transfer coefficient ([image: image]), and the radiation heat transfer coefficient ([image: image]).
2.2 Diffusion Model of Tritium in FeCrAl Alloy
Tritium is released into the coolant after it is generated in the reactor core in four main stages: 1) diffusion in the core fuel, 2) entry into the gap between the fuel and the cladding, 3) adsorbed by the inner surface of the cladding, and 4) diffusion in the cladding material and its oxide layer, and release into the coolant. The diffusion process is influenced by the temperature distribution, tritium concentration, tritium diffusion coefficient, and the multilayer structure of the FeCrAl alloy.
Diffusion occurs when there is a chemical potential gradient of hydrogen isotopes in the FeCrAl alloy, such as a concentration gradient and a temperature gradient. Diffusion due to concentration gradients follows Fick’s law, as shown in Equation (4), that is, under steady-state diffusion conditions, the mass of the diffusible material per unit time passing through a unit area perpendicular to the direction of diffusion is proportional to the concentration gradient of that cross-section:
[image: image]
where C is the solid-solution tritium concentration in atom·m−3; [image: image] is the Fick’s law diffusion flux, and D is the diffusion coefficient in m2·s−1.
The diffusion coefficient of hydrogen isotopes is also affected by the temperature distribution, and is found to increase with an increasing temperature, as shown in Equation 5:
[image: image]
where D is the diffusion coefficient, m2·s−1. [image: image] is the diffusion constant, [image: image] is the diffusion activation energy, and R is the ideal gas constant.
For the three isotopes of hydrogen, deuterium, and tritium, the ratio of their diffusivity is theoretically considered to be inversely proportional to the square root of their atomic weight:
[image: image]
Sawatzky (1960) found that temperature gradients in a material not only affects the diffusion coefficient, but may also drive diffusion directly, a phenomenon known as the thermal diffusion effect. The expression for the thermal diffusion flux is given as:
[image: image]
where [image: image] is the thermal diffusion flux in atom/(m2·s) and [image: image] is the diffusion heat in kJ·mol−1.
Thus, the diffusion of hydrogen isotopes in materials where a temperature gradient exists is the result of coupled thermal diffusion and concentration gradient diffusion:
[image: image]
where t is the time in s and [image: image] is the decay constant, s−1.
3 MODELING OF TRITIUM DIFFUSION IN FECRAL CLADDING BASED ON THE COMSOL PLATFORM
3.1 Calculation of Tritium Production in the Pellet
The rate of tritium production in the fuel is determined by the operating conditions of the reactor. According to the calculations of Katakura (2012), for a fuel element with a diameter of 8.2 mm, assuming the linear power of the fuel element is 220 W·cm−1, the power density is 416.6 W·cm−3 for the fuel element, and we can get the fission rate as 1.26×1013 fissions·cm−3·s−1, the amount of tritium produced in this process is 1.18 × 10−4 atom/fission, so the tritium production rate is approximately 1.335×109 atoms/cm3/s. According to Dolle et al.’s estimation (Dollè et al., 1980), 50% of the tritium produced in the fuel will be released into the gap between the fuel and the cladding.
3.2 Diffusion Process of Tritium in the Cladding
The concentration of tritium diffusing from the gap to the cladding inner surface can be calculated by the following equation:
[image: image]
where [image: image] is the tritium diffusion based on Sievert’s law, [image: image] is the absorption rate of tritium on the cladding inner surface, and [image: image] is the decay constant of tritium.
Assuming that tritium is in local equilibrium at the interface between the gap and the cladding, which means that tritium cannot accumulate on this surface, the flux from the gap to the cladding surface is equivalent to the flux from the cladding surface to the cladding:
[image: image]
Since the distribution of tritium in the gap is assumed to be uniform, the expression for the tritium flux from the gap to the cladding can be derived from Equations 7, 8 as:
[image: image]
where a is the ratio of the gap volume to the cladding inner surface area in m.
According to Sievert’s law, tritium concentration is proportional to [image: image], where p is the tritium partial pressure in the gap. Therefore, the equilibrium tritium concentration at the cladding inner surface can be calculated by the following equation:
[image: image]
where S is the solubility of tritium in the cladding material; [image: image] is the coefficient derived from the ideal gas state equation, which is used to convert the tritium concentration in the gap to gas pressure.
The boundary conditions are derived from Equations 7 to 10 and Fick’s law:
1. Boundary conditions at the cladding inner surface:
[image: image]
2. Boundary conditions at the cladding outer surface:
[image: image]
3. Based on Fick’s law, the diffusion of tritium in the cladding was calculated as follows:
[image: image]
where [image: image] is the diffusion coefficient of tritium in the FeCrAl alloy. This coefficient was converted after the diffusion coefficient of hydrogen in the FeCrAl alloy was obtained experimentally, and the diffusion coefficients of hydrogen in FeCrAl alloys has also been verified by first-principles calculations based on density functional theory, and after the validation, the diffusion coefficient of tritium in the FeCrAl alloy was calculated according to Equation 3.
3.3 Numerical Model Validation
The tritium concentration distribution in the cladding is calculated by solving Equations 11–13 based on the COMSOL platform and compared with the reported data and simulated results of BISON’s model (O’Neal, 2021; O’Neal et al., 2022). The comparison results are presented in Figures 1–3 (O’Neal, 2021; O’Neal et al., 2022), which show the distribution of tritium concentration in the radial direction in the FeCrAl cladding at 10,000; 50,000; and 120,000 s, respectively. From these figures, it could be seen that the calculated results by COMSOL can accurately simulate the distribution of tritium concentration in the cladding at different time, and the COMSOL calculated result is found to be closer to the reported concentration distribution than that of the BISON calculation. Figure 4 shows tritium distribution in the cladding calculated by COMSOL.
[image: Figure 1]FIGURE 1 | Tritium distribution at the radial direction in the FeCrAl cladding of simulated and experimental results at 10,000 s, and concentrations are times 1012.
[image: Figure 2]FIGURE 2 | Tritium distribution at the radial direction in the FeCrAl cladding of simulated and experimental results at 50,000 s, and concentrations are times 1012.
[image: Figure 3]FIGURE 3 | Tritium distribution at the radial direction in the FeCrAl cladding of simulated and experimental results at 120,000 s, and concentrations are times 1012.
[image: Figure 4]FIGURE 4 | Tritium distribution in the FeCrAl cladding at the end of the simulation.
4 PREDICTION OF TRITIUM DIFFUSION BEHAVIOR IN FECRAL CLADDING
4.1 Effect of Temperature on the Diffusion of Tritium in FeCrAl Cladding
According to Equation 5, the tritium diffusivity may differ significantly under different temperature conditions, so the effect of temperature on tritium diffusion behavior are investigated in this work. Figures 5, 6 show the effect of different temperatures on tritium flux into the cladding inner and outer surface. It could be seen that the flux of tritium into and out of the FeCrAl cladding is affected by different temperature above 700 K, and this is mainly ascribed to the effect of temperature on the diffusion coefficient of tritium in FeCrAl, in which the effect of temperature on the diffusion coefficient is exponential. The diffusion coefficient of tritium is found to increase with increasing temperature, and the rate of tritium entering and leaving the cladding. It could be seen from Figure 6 that the time to reach the steady state of the tritium concentration at the cladding outer side is about 30 s at 573.15 K, about 20 s at 673.15 K, and the shortest time, about 10 s, when the cladding temperature is 873.15 K. This is because the time to reach the steady state of tritium concentration at the cladding outer side will be shortened when the temperature increases and then the diffusion process will be accelerated.
[image: Figure 5]FIGURE 5 | Effect of different temperature on tritium flux into the cladding inner surface.
[image: Figure 6]FIGURE 6 | Effect of different temperature on tritium flux out of the cladding outer surface.
4.2 Effect of Pressure on the Diffusion of Tritium in FeCrAl Cladding
Since the concentration of tritium at the inner surface of cladding is affected by the partial pressure of tritium in fuel rods, the effect of different internal pressure of fuel rods on the diffusion behavior of tritium in the FeCrAl cladding was studied in this work, as shown in Figures 7 and 8. It could be seen that different pressure has a big effect on the flux of tritium into and out of the FeCrAl cladding, which is mainly due to the fact that the internal pressure of the fuel rod affects the partial pressure of tritium inside the cladding. According to Figure 7, it could be seen that when the fuel rod internal pressure increases, the time for the tritium flux at the cladding outer surface to reach a steady state will increase. This is because an increase in the fuel rod internal pressure will increase the tritium concentration at the cladding inner surface for the steady-state case, while the tritium diffusion in the cladding does not change, therefore the time to reach a steady state will increase.
[image: Figure 7]FIGURE 7 | Effect of different fuel rod internal pressures on tritium flux rates on the cladding outer surface.
[image: Figure 8]FIGURE 8 | Effect of different fuel rod internal pressures on tritium flux rates on the cladding inner surface.
5 STUDY ON TRITIUM BARRIER SCHEME IN FECRAL CLADDING
5.1 Code Implementation
In this section, the tritium diffusion code for the FeCrAl cladding with different coating schemes were considered. To save computing resources and reduce computing time, only the geometric construction of the cladding was carried out in this study, and since tritium diffusion and heat transfer in the axial direction were not considered, the height of the cladding was set as 1 mm. Two different coating schemes (i.e., coating on cladding inner and outer surface, respectively) were explored as our tritium barrier scheme. The specific geometric parameters are listed in Table 1.
TABLE 1 | The parameters of geometry.
[image: Table 1]In this work, different types of coatings, different coating thicknesses, and different coating defect were studied. Among them, Cr, Cr2O3, and Al2O3 were selected as the three types of coating, and the tritium diffusion coefficients of different coatings were obtained by the first-principles calculation. In order to improve the simulation accuracy, an incremental partition method was used to divide the radial nodes of the cladding, where the width ratio of the widest mesh to the narrowest mesh was 10. The simulation parameters are summarized in Table 2. The tritium diffusion coefficients of different coatings are listed in Table 5. The detailed computational mesh is shown in Figure 9.
TABLE 2 | Simulation parameters.
[image: Table 2][image: Figure 9]FIGURE 9 | The computational mesh of FeCrAl cladding with coating.
5.2 Effect of Coating Thickness
Based on our validated code, tritium diffusion was simulated to investigate the effect of coating thickness. Since the diffusion mechanism of tritium is the same in different coatings, Cr was selected as a representative coating for the simulation. The coating thickness, coating position, and relevant simulation parameters of the coating are listed in Table 3.
TABLE 3 | Simulation parameters of cladding with different coating thickness.
[image: Table 3]As shown in Figure 10, the concentration distribution of tritium in the FeCrAl cladding with different coating thickness at 1.2 × 105 s was compared. According to the concentration scale in Figure 10 and the concentration distribution broken line in Figure 11, the coating thickness is found to have negligible influence on the concentration distribution of tritium inside the cladding. However, due to the limitation of manufacturing process, it is impossible to coat the surface of the cladding with excessive thickness. Therefore, 5-μm thick coating could be adopted as the best thickness choice.
[image: Figure 10]FIGURE 10 | Tritium concentration distribution at 1.2 × 105 s for the Cr coating with different coating thickness. (A) 5 μm, (B) 15 μm, (C) 25 μm, and (D) 35 μm.
[image: Figure 11]FIGURE 11 | Radial tritium concentration distribution in the FeCrAl cladding with different thickness.
5.3 Effect of Coating Position and Defect
Tritium migration was simulated with different coating positions and defect. The type of coating, coating position, coating defect, and relevant simulation parameters are listed in Table 4.
TABLE 4 | Parameters of coating with different coating positions and defect.
[image: Table 4]In this work, the chromium coating was selected as the representative coating for the simulation. Three comparison points, namely, 10,000; 50,000; and 120,000 s, were selected to analyze the tritium distribution in the FeCrAl cladding with different coating defects. The tritium distribution in the FeCrAl cladding with different coatings at t = 120,000 s is shown in Figure 12, and the tritium distribution in the radial direction for the cladding with coating defects at different positions at t = 120,000 s is shown in Figure 13. As can be seen from Figures 12 and 13, the concentration of tritium in the outer surface coating was found to be higher than that in the inner surface coating at the same time. Moreover, the higher the integrity of the coating, the higher the concentration of tritium accumulated in the coating.
[image: Figure 12]FIGURE 12 | Tritium concentration distribution in the cladding with different coating defects at t = 120,000 s. (A) Cladding inner surface coated with complete coating. (B) Cladding inner surface coated with half coating. (C) Cladding outer surface coated with complete coating. (D) Cladding outer surface coated with half coating.
[image: Figure 13]FIGURE 13 | Radial tritium concentration distribution at t = 10,000 s.
Figure 14 compares the total amount of tritium released into the coolant at t = 120,000 s for the cladding coated with different missing states of coating layer. It can be clearly seen that the inner coating scheme could effectively prevent the tritium from entering the cladding and the coolant on the water side. It is important to note that the model used in this work assumes that tritium can be rapidly absorbed at the FeCrAl cladding surface with a tritium concentration of 0. This assumption will lead to the release of tritium. It is expected that the effect of tritium resistance will be better than what is shown in the figure when coating is on the water side of the cladding.
[image: Figure 14]FIGURE 14 | Total amount of tritium released to the coolant for FeCrAl cladding with different coating scheme within 120,000 s.
As shown in Figure 15, the axial tritium distribution in the FeCrAl cladding with different coating schemes are compared. We can see from Figure 15 that when the outer surface coating has coating defects, the tritium concentration gradient at the coating defects is large, resulting in an uneven axial tritium distribution. However, when the inner surface coating has coating defects, no significant difference in the tritium concentration was observed at the inner surface of the FeCrAl cladding, thus the difference in axial tritium distribution is small when using the inner coating.
[image: Figure 15]FIGURE 15 | Axial tritium distribution in the FeCrAl cladding at 120,000 s.
Figure 16 shows the variation of tritium concentration in the FeCrAl cladding coated with four different types of coating schemes, and we can see that the variation of tritium concentration in the FeCrAl cladding reaches a steady state at 1,000 s.
[image: Figure 16]FIGURE 16 | Variation of tritium concentration in the FeCrAl cladding coated with four different types of coating schemes. Based on the abovementioned simulation results, it is clear that tritium concentrations of the four different types of coating schemes reach a steady state at t = 10,000 s. There is no significant difference in the tritium concentration distribution within 1.2 × 105 s.
Table 5 summarized the hydrogen diffusion coefficients of three types of coatings, DH, which are calculated by the VASP code, and the tritium diffusion coefficient is calculated based on Equation 6 introduced previously. Then, the tritium distribution in the FeCrAl cladding with different coatings could be calculated, as shown in Figure 17. It could be seen that at the end of the calculated time, the tritium concentration within the cladding was significantly reduced by using the Al2O3 coating layer, so in order to reduce the total amount of tritium within the coolant, the Al2O3 coating scheme could be chosen as the possible solution.
TABLE 5 | Hydrogen diffusion coefficient of three types of coatings.
[image: Table 5][image: Figure 17]FIGURE 17 | Tritium distribution in the FeCrAl cladding with different coatings under a steady state condition.
For FeCrAl cladding coated with different types of coatings, a better tritium resistance scheme is needed to more accurately assess the amount of tritium released into the coolant. In this work, the total amount of tritium released by the abovementioned FeCrAl cladding with three different types of coatings on the inner and outer surfaces of the cladding was calculated as follows:
[image: image]
where [image: image] is the release flux per unit area and S is the equivalent area conversion factor, which is used to calculate the tritium primary coolant release amount in the model.
As shown in Figures 18 and 19, it is evidently seen that the amount of tritium released from the three types of the coated FeCrAl cladding is essentially the same when the coating is applied to the inner surface of the FeCrAl cladding, which is due to the essentially same tritium concentration gradient on the outer surface of the FeCrAl cladding. The difference in the total amount of tritium diffused to the coolant is due to the internal and external layout of the cladding, but also to the different tritium diffusion coefficients of the cladding and the zero-concentration boundary conditions at the outer boundary of the cladding resulting in different concentration gradients at the outer surface of the cladding. The reduction in tritium release was found to be most pronounced when the coating was applied to the outer surface of the cladding. This is because the tritium diffusion coefficient of the Al2O3 coating is much smaller than that of the Cr and Cr2O3 coating.
[image: Figure 18]FIGURE 18 | Total tritium release when the coating is on the inner surface of the FeCrAl cladding.
[image: Figure 19]FIGURE 19 | Total tritium release when the coating is on the outer surface of the cladding.
6 CONCLUSION
In this article, the diffusion behavior of tritium in the FeCrAl cladding considering temperature variation is investigated using the COMSOL multiphysics analysis platform. The accuracy of the numerical tritium diffusion code was verified, and the effects of different temperatures and pressures on the diffusion of tritium in the FeCrAl alloys were studied. Then, the effects of coating thickness, coating integrity, coating location, and different types of coatings as tritium barrier in the FeCrAl cladding were investigated. The conclusions are presented in the following:
1) The higher the cladding temperature, the higher the tritium diffusion coefficient of the FeCrAl cladding, which further reduces the time for tritium flux to reach a steady state on the water side of the cladding.
2) The higher the partial pressure of tritium on the fuel side of the cladding, the higher the tritium flux into the cladding, which results in a longer time for the tritium flux to reach a steady state.
3) The coating thickness is found to have no significant effect on the tritium concentration distribution in the FeCrAl cladding within 1.2 × 105 s.
4) The coating was found to be more effective as a barrier to tritium when it was applied to the inner surface of the cladding, and the effectiveness of tritium resistance was found to be positively correlated with the integrity of the coating.
5) The Al2O3 coating was found to be the most effective against tritium as a barrier to tritium compared to the Cr and Cr2O3 coatings, which can effectively reduce the tritium concentration within the coating.
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