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Abstract
The thermal conductivity of plasma-facing materials (PFM) exposed to intense radiation is a critical concern for the reliable 
usage of materials in fusion reactors. However, limited research has been performed regarding the thermal conductivity of 
structures that rapidly change in a short time during collision cascade processes under irradiation. In this study, we employed 
the tight-binding (TB) method to investigate the electronic thermal conductivity ( �

e
 ) of tungsten-based systems during various 

cascading processes. We found that �
e
 values sharply decrease within the initial 0.3 picoseconds and then partially recover 

at a slow pace; this is closely linked to the evolution of defects and microstructural distortions. The increase in the initial 
kinetic energy of the primary knock-on atom and the presence of a high concentration of hydrogen atoms further decrease 
the �

e
 values. Conversely, higher temperatures have a significant positive effect on �

e
 . Furthermore, the presence of a grain 

boundary 
∑

5[001](130) substantially reduces �
e
 , whereas the absorption effect of point defects by the grain boundary has 

little influence on �
e
 during cascades. Our findings provide a theoretical basis for evaluating changes in the thermal conduc-

tivity performance of PFMs during their usage in nuclear fusion reactors.

Keywords Electronic thermal conductivity · Collision cascade · Tungsten · Plasma-facing materials · Tight-binding 
calculations

1 Introduction

In fusion reactors, excellent thermal transport properties 
are crucial for the regular service of plasma-facing mate-
rials (PFMs), which suffer from steady and transient heat 
loads. As a primary PFM candidate, tungsten (W) crystals 
have good thermal conductivity ( � ), but significant degra-
dation of � is inevitable owing to the drastic increase in 
defect density under high-dose irradiation from the plasma 
[1–4]. Specifically, during high-energy neutron irradiation, 

collisions between neutrons and lattice atoms trigger cas-
cade processes, leading to the production of numerous point 
defects in the PFM on femtosecond timescales [5]. These 
point defects then recombine or evolve into extended defects, 
resulting in severe material damage, such as swelling and 
hardening [6]. Throughout the irradiation process, the � 
value changes with the drastic structural alteration. Experi-
ments measuring � after irradiation have demonstrated that 
the � of W samples decreases with increasing irradiation 
dosage, whereas high temperatures capable of inducing 
significant dynamic annealing in W can partially restore � 
[7–10]. However, real-time experimental measurement of � 
during irradiation remains challenging, despite the ability 
to directly observe the evolution of defects in situ [11–13]. 
Therefore, computer simulations are necessary to study the 
behavior of � during irradiation under various conditions.

To date, most theoretical studies have used classical 
molecular dynamics (MD) methods employing a primary 
knock-on atom (PKA) to investigate complex structures 
under different cascade conditions. These studies explored 
the effects of the kinetic energy of the PKA, temperature 
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[14], and the presence of helium atoms [15] on the surviving 
defects in tungsten systems. As the PKA energy increases or 
interstitial helium atoms are introduced, the number of sur-
viving defects increases, whereas the temperature has little 
effect on the defects. Additionally, there has been significant 
interest in understanding the influence of grain boundaries 
(GBs) during cascades, as GBs can act as effective sinks for 
point defects and exhibit a bias-absorption effect on inter-
stitials [16–22]. These studies have succeeded in obtaining 
complex structures during cascade processes, whereas few 
models can predict the thermal conductivities of such intri-
cate atomistic configurations [18], particularly for structures 
arising during cascade processes in which drastic structural 
changes occur in an extremely short period. Consequently, 
most thermal conductivity calculations rely on structures 
that have reached steady states, allowing researchers to 
explore only the effects of various types of irradiation-
induced defects on thermal conductivities or post-cascade 
changes in the thermal conductivities [23–29]. In tungsten 
systems, the lattice thermal conductivity decreases in the 
presence of voids or GBs, with a further reduction when 
these defects trap significant amounts of helium or hydrogen 
atoms. The overall thermal conductivity � decreases in the 
presence of GBs and further decreases when the GBs are 
covered by voids. Additionally, the introduction of the impu-
rity rhenium also reduces � . Furthermore, it is worth noting 

that the majority of research on metal W has focused on lat-
tice thermal conductivity using non-equilibrium molecular 
dynamics simulations [25–27] and the overall thermal con-
ductivity based on the phase-field model [23, 24], whereas 
research on the electronic thermal conductivity ( �

e
 ) that 

dominates metal thermal transport is relatively limited.
In this study, we employed a tight-binding (TB) poten-

tial model developed for W-based systems [30] to simulate 
cascade processes and calculate the corresponding �

e
 at the 

quantum theory level. We accounted for the effects of PKA 
energy, temperature, the presence of hydrogen (H) atoms, 
and the presence of a GB on the �

e
 of W systems during 

cascades.

2  Methods

In this study, cascade simulations and calculations of �
e
 

were performed based on the developed WHTB model [30], 
where the Hamiltonian matrix of each system is parameter-
ized to handle large-scale systems within the framework of 
quantum mechanics. For our investigations into the effects 
of low-energy PKA, H atoms, and temperature on �

e
 , we 

applied a 9 × 9 × 14 supercell consisting of 2268 W atoms 
(Fig. 1a). To study the effect of the GB, we constructed a 
common symmetric tilt GB structure, 

∑

5[001](130) , with 

Fig. 1  (Color online) Schematic diagrams of pure tungsten system (a) 
and tungsten system containing the GB (b). The blue spheres repre-
sent atoms with body-centered cubic structural features. The white 
spheres represent atoms with other structural features, which can 
be considered as atoms forming the GB. The red, green, and yellow 
spheres represent the PKA atoms that we chose, and the correspond-

ing arrows represent the incident directions. Atoms in black dashed 
boxes were fixed, and those in red dashed boxes represent thermo-
stat regions. For the pure tungsten system, X=[100], Y=[010], and 
Z=[001]. For the GB system, Z=[001], and for the grain in the upper 
half, X=[3-10] and Y=[130], while for the grain in the lower half, 
X=[310] and Y = [−130]



Electronic thermal conductivity of tungsten-based systems during collision cascade processes  Page 3 of 10 76

a size of 3
√

10 × 6

√

10 × 8 , composed of 2832 W atoms 
(Fig. 1b).

To achieve thermodynamic equilibrium states, we con-
ducted tight-binding molecular dynamics (TBMD) simula-
tions of up to 5-8 picoseconds (ps) at the NPT ensemble (N 
represents the number of particles, P represents pressure, 
and T represents temperature) for the considered systems. 
Then, to simulate the cascade processes, the atomic layer 
at the bottom of the supercell was fixed to prevent system 
translation, and four atomic layers (two at the bottom and 
two at the top) were used as thermostat regions to control 
the temperature of the simulation system using the Berend-
sen temperature control technique [31]. For general systems 
(Fig. 1a), the PKA was chosen beneath the top thermostat 
region, and the incident direction was in the negative Z 
direction. Regarding the GB systems, two PKAs at differ-
ent distances from the GB were selected, with the incident 
direction perpendicular to the GB along the negative Y direc-
tion (Fig. 1b). Additionally, we adopted an adaptive time-
stepping scheme based on the method proposed by Nordlund 
[32] and set a maximum step time of 1 fs. To obtain the 
statistical average results, we performed three sets of cascade 
simulations under different conditions.

Furthermore, we extracted the structures at different 
times during the cascades and calculated their �

e
 values. The 

Kubo-Greenwood method was used to obtain �
e
 values, and 

the average electron mean free path (MFP) was calculated to 
evaluate the strength of electron scattering. In our theoreti-
cal approach, based on the Kubo formula [33–35] and the 
Chester-Tellung version of the Kubo-Greenwood formula 
[36, 37], �

e
 can be obtained as follows:

where T in formula (1) is the absolute temperature, E
f
 in 

formula (2) is the Fermi level, f (E) is the Fermi-Dirac dis-
tribution function, and �(E) is the DC electrical conduc-
tivity corresponding to energy E at T = 0K , which can be 
obtained from formula (3). In formula (3), �n(k) and �nk⟩ are 
the eigenvalue and the related eigenvector corresponding to 
the wavevector k in the Brillouin zone, respectively, obtained 
using the TB method. V is the volume of the calculated 
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system, J
�
 is the current operator along the � direction, � 

is a positive real number, and the real part of �
��

 is the DC 
electrical conductivity. The average electron MFP can be 
calculated using the following formula [38, 39]:

where D
max(E) is the maximum value of the diffusion coef-

ficient, which can be obtained from the Einstein relation 
[40] using �(E) and the electronic density of states per unit 
volume �(E) . v(E) is the effective group velocity of the elec-
trons at energy E.

In addition, we counted the defects in the systems, includ-
ing displaced atoms (with a displacement exceeding half 
the nearest-neighbor distance) and Frenkel pairs (identified 
using the Wigner-Seitz cell method [41]), and evaluated the 
centrosymmetry parameters (CSPs) of the atoms to under-
stand the change in �

e
 from the perspective of the structure. 

The CSP is defined as P =
∑

i=1,4
�

�

Ri + Ri+4
�

�

2 for each atom 
in body-centered cubic structures, where Ri and Ri+4 are the 
vectors or bonds corresponding to the four pairs of opposite 
nearest neighbors [42]. A larger P value indicates a greater 
departure from centrosymmetry in the immediate vicinity 
of the given atom. To evaluate the deviation of the entire 
structure from centrosymmetry, we counted the number of 
atoms with P values exceeding 1 and summed their P values 
(marked as Psum). Additionally, we calculated the rate of 
change of Psum by dividing the difference between Psum at 
a given time and Psum at 0 ps by Psum at 0 ps.

3  Results and discussion

3.1  Effects of PKA energies and H atoms 
on electronic thermal conductivity

The calculations in this section were performed at 800 K, 
which is the operating temperature for W-PFM. Figure 2a 
illustrates the variation in �

e
 values for pure tungsten systems 

during cascades, where the initial kinetic energy of PKA 
(represented as E

PKA
 ) is 300 eV and 500 eV, respectively. 

It is evident that �
e
 undergoes a significant decrease during 

the initial stage (approximately 0.3 ps), followed by a par-
tial recovery at a slow pace. As E

PKA
 increases, �

e
 further 

decreases during the initial stage, whereas the recovery rate 
remains almost unchanged during the recovery period. In 
addition, it should be noted that even after approximately 
4 ps, �

e
 values for cases with E

PKA
 values of 300 eV and 

500 eV recover to only approximately 64% and 55% of the 
pristine crystal’s value, respectively. We will provide a dis-
cussion of this phenomenon later.

(4)⟨le⟩ =

∫ Dmax(E)

v(E)
�(E)

�

−
�f

�E

�

dE

∫ �(E)
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−
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Similar trends in �
e
 variation were observed for systems 

containing H atoms, as shown in Fig. 2b. In the case of 
the system with 20 H atoms (H concentration: 0.88%), �e 
closely resembled that of pure tungsten systems, except for 
a reduction of approximately 10 W  m–1  K–1 at 0 ps. For sys-
tems with 60 H atoms (H concentration: 2.65%), �

e
 in E

PKA

=300 eV cascade exhibited a clear reduction compared to 
that of pure tungsten systems. In contrast, the reduction in 
�
e
 in the E

PKA
=500 eV cascade appeared to be less signifi-

cant. This suggests that a high concentration of H atoms in 
tungsten can further reduce �

e
 , particularly in low-energy 

cascades. Additionally, the rates of reduction and recovery 
in �

e
 for H-containing systems are lower than those for pure 

tungsten systems, as reflected by the slopes of the curves in 
Fig. 2b.

To gain a deeper understanding of the variations in �
e
 , 

we examined the numbers of displaced atoms and Frenkel 
pairs. We focused on the defects associated with W atoms 
for a clear comparison between systems with and without H 

atoms. As shown in Fig. 2c, the numbers of both defects first 
sharply increase and then reach local maxima at 0.3 ps. Sub-
sequently, the number of Frenkel pairs gradually decreases 
and approaches zero, after which the number of displaced 
atoms gradually stabilizes. Furthermore, both defect num-
bers noticeably increase as E

PKA
 increases, whereas the 

introduction of H atoms has little effect on these quanti-
ties, indicating that the reduction in �

e
 may be attributed to 

the H atom itself. The behavior of these defect variations 
roughly matches the �

e
 behavior because an increase in the 

defect numbers enhances electron scattering and ultimately 
degrades the electronic transport performance. However, it 
is worth noting that although the number of Frenkel pairs 
approaches zero after 2  ps, the corresponding �

e
 value 

remains close to its minimum and is significantly lower than 
the value at 0 ps. This suggests that despite the decrease in 
the number of vacancies and interstitials, the electrons in 
the system continue to experience severe scattering. In this 
scenario, we speculate that the severe electron scattering 

Fig. 2  (Color online) The electronic thermal conductivity of pure 
tungsten systems (a) and tungsten systems with and without H atoms 
(b) at 800 K and different E

PKA
 as a function of time during cascades. 

c The number of Frenkel pairs and displaced atoms for the considered 
systems at 800 K as a function of time. The purple dashed line cor-
responds to 0.3 ps
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is due to the accumulation of slight structural distortions. 
These distortions likely arise from the incomplete restora-
tion of displaced atoms to their initial thermal equilibrium 
state within a few picoseconds during the recombination of 
the point defects.

To validate this hypothesis, we extracted the centrosym-
metry parameter (P) for each W atom in the systems. This 
parameter qualifies the deviation from centrosymmetry in 
the immediate vicinity of an atom. Table 1 presents repre-
sentative data for both pure tungsten systems and systems 
containing 60 H atoms, where E

PKA
 is 500 eV. Initially (at 

0 ps), approximately 2.12% of the W atoms in pure tung-
sten exhibit P values greater than 1, indicating significant 
deviations from centrosymmetry in the immediate vicinity 
of only a few atoms due to atomic thermal motion. As the 
cascade event progresses, the structural evolution leads to 
changes in the number of W atoms, with P values greater 
than 1. At approximately 4 ps, the number of W atoms with 
P values above 1 is slightly lower than that at approximately 
0.3 ps but remains significantly higher than that at the ini-
tial thermal equilibrium state (0 ps). This indicates that a 
few picoseconds after the PKA incidents, the local environ-
ment of some W atoms still substantially deviates from the 
thermal equilibrium state. The accumulation of these devia-
tions can result in strong electron scattering, as evidenced 
by a 1.66 nm decrease in MFP around 4 ps compared to 
the initial state (0 ps). When 60 H atoms are present in the 
system, two notable differences emerge in the analysis of 
centrosymmetry parameters. First, the presence of H atoms 
exacerbates the deviation from centrosymmetry near the W 
atoms. Second, the rate of change of Psum decreases when 
H atoms are present. These differences are consistent with 
the observed alterations in �

e
.

3.2  Effect of temperature on electronic thermal 
conductivity

It is widely acknowledged that the influence of temperature 
on defect generation during a cascade is relatively minor 
[43]. However, the effect of temperature on �

e
 values of 

defective systems is complex [44]. To further investigate the 

impact of temperature on �
e
 during cascades, we studied the 

�
e
 values of tungsten systems with varying E

PKA
 and differ-

ent numbers of H atoms under a high temperature of 1300 K.
As shown in Fig. 3a, an increase in temperature leads to a 

noticeable improvement in �
e
 values throughout the consid-

ered cascades. Specifically, at 0.3 ps, the corresponding min-
imum �

e
 values for all examined systems exhibit a relatively 

high value of approximately 50 W  m–1 K–1. Subsequently, 
�
e
 values are consistently significantly higher than those 

observed at 800 K. In addition, the disparity in �
e
 between 

the pure tungsten system and the tungsten system containing 
H atoms remains nearly unchanged with increasing tempera-
ture, except at 0 ps. At 0 ps, �

e
 of the pure tungsten system 

remains almost constant, whereas that of the system with H 
atoms shows a significant improvement.

A count of typical defects in the cascades at 1300 K was 
performed, as illustrated in Fig. 3b. It was observed that 
the local maxima for both types of defects slightly increase 
compared to those at 800 K (Fig. 2c). After approximately 
2 ps, the defect counts at both temperatures become similar. 
Moreover, Table 2 provides representative data on the CSP 
and MFP for the pure tungsten system and the system con-
taining 60 H atoms at 1300 K with an E

PKA
 value of 500 eV. 

The major distinction between the two temperature cases 
lies in the significant increase in the number of W atoms 
with P values greater than 1 and the corresponding Psum 
throughout the entire process with increasing temperature. 
This indicates that an elevated temperature causes a greater 
deviation from centrosymmetry in the immediate vicinity 
of the W atoms, leading to enhanced electron scattering. 
However, the thermal transport properties of the electrons 
are enhanced at 1300 K compared to those at 800 K. This 
phenomenon arises from the complex effect of temperature 
on �

e
 . On the one hand, a temperature rise strengthens the 

thermal motion of atoms, thereby augmenting the electron 
scattering, as supported by the CSP and MFP analyses; on 
the other hand, the energy carried by electrons also increases 
with a higher temperature, directly facilitating heat transport. 
The complex effect of temperature is also reflected in the 
Wiedemann-Franz law [45], as discussed in our previous 
work [44].

Table 1  Representative data of 
CPS and MFP for pure tungsten 
systems and tungsten systems 
with 60 H atoms with an value 
of 500 eV and a temperature of 
800 K

Time 0 ps  0.15 ps  0.3 ps  4 ps

Pure Number of W atoms with P > 1 48 283 502 384
Summation of P > 1 (Psum) 268.30 1846.24 3571.75 2096.01
Change rate of Psum – 5.88 12.31 6.81
Average electron MFP 3.77 2.03 1.50 2.11

60 H atoms Number of W atoms with P > 1 129 350 533 516
Summation of P > 1 (Psum) 789.78 2337.96 3722.90 2809.53
Change rate of Psum – 1.96 3.71 2.56
Average electron MFP 2.76 1.66 1.32 1.52
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In summary, although an increase in temperature has a 
slight effect on defect production and even enhances elec-
tron scattering, the accompanying increase in the energy car-
ried by electrons significantly improves electronic thermal 
transport.

3.3  Effect of grain boundary on electronic thermal 
conductivity

Previous studies [16, 20] have demonstrated that GBs can 
serve as effective sinks for point defects, particularly intersti-
tials, leading to self-healing of irradiation damage. Addition-
ally, the extent of overlap between the cascade center and 
the GB is known to influence the absorption effect of the GB 
for point defects [17, 19, 22], which may affect the electron 
transport properties. Hence, we examined the influence of 
different levels of overlap between the cascade center and the 
GB on �

e
 during cascades. We employed a common symmet-

ric tilt GB in W, 
∑

5[001](130) (Fig. 1b). In our treatment, 
E
PKA

 was 500 eV and the temperature was 800 K. When a 
PKA (green sphere in Fig. 1b) was situated near the GB, 
the majority of the cascades occurred within the GB plane. 

Conversely, when the PKA (yellow sphere in Fig. 1b) was 
far from the GB, only a small portion of the cascade edge 
overlapped with the GB plane.

Then, we calculated the �
e
 values for systems with a spe-

cific GB during the cascades. Because the GB exhibited 
anisotropy, we extracted �e values separately along the X, Y, 
and Z directions. Figure 4a shows a substantial reduction in 
�
e
 values in all three directions compared to the cases of the 

pure tungsten systems throughout the cascades. In particu-
lar, �

e
 in the Y direction experienced the most pronounced 

decrease, primarily due to the strong electron scattering at 
the GB interface. Throughout the cascades, the presence 
of the GB itself reduced the electronic transport properties 
(0 ps), and the reduction (0 ps–0.3 ps) and subsequent recov-
ery (0 ps–4 ps) of �

e
 were relatively slow compared to those 

in the pure tungsten systems. Notably, the degree of overlap 
between the cascade center and GB does not significantly 
affect �

e
 for the considered systems.

To better understand the variation of �
e
 , we counted 

the numbers of vacancies and interstitials outside the GB. 
Throughout the cascades, the vacancies outnumbered 
the interstitials for both degrees of overlap between the 

Fig. 3  (Color online) The electronic thermal conductivity (a) and 
number of Frenkel pairs and displaced atoms (b) of tungsten systems 
with and without H atoms at 1300  K and different E

PKA
 as a func-

tion of time during cascades. The purple dashed line corresponds to 

0.3  ps. For comparison, the blue and red dashed lines in (a) corre-
spond to the electronic thermal conductivities of pure tungsten sys-
tems at 800 K

Table 2  Representative data 
of CPS and MFP for pure 
tungsten systems and tungsten 
systems with 60 H atoms with 
an E

PKA
 value of 500 eV and a 

temperature of 1300 K

Time 0 ps  0.23 ps  0.3 ps  4 ps

Pure Number of W atoms with P > 1 414 888 1015 955
Summation of P > 1 (Psum) 2290.73 5555.25 6630.40 5319.31
Change rate of Psum – 1.43 1.89 1.32
Average electron MFP 2.18 1.10 0.99 1.32

60 H atoms Number of W atoms with P > 1 504 928 1054 991
Summation of P > 1 (Psum) 2676.19 5918.74 6910.15 5562.22
Change rate of Psum – 1.21 1.58 1.08
Average electron MFP 1.69 0.96 0.91 1.11
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cascade center and GB. Moreover, increasing the degree 
of overlap decreased the number of vacancies and inter-
stitials outside the GB. These results were consistent 
with those of previous studies [17, 19, 22]. However, the 
enhancement in the absorption effect of the GB does not 
improve �

e
 but rather slightly weakens it at approximately 

0.3 ps in the X and Z directions. This indicates that point 
defects absorbed by the GB continue to negatively impact 
electronic transport in the short term, despite reducing the 
defects within the grain interior. The corresponding data 
in Table 3 for both cases support this observation. Spe-
cifically, similar CSP data and comparable MFP for the 
two cases indicate similar deviations from centrosymme-
try in the immediate vicinity of the atoms and comparable 
electron scattering intensities.

3.4  Discussion on using TB model for calculation

First, we highlight the reliability of the WHTB potential 
model for calculating the electronic thermal conductivities 
of tungsten-based systems. In this work, electronic thermal 
conductivity was obtained based on electrical conductivity 
through the Kubo-Greenwood method; therefore, an accu-
rate calculation of electrical conductivity is crucial. Refer-
ence [46] compared the electrical conductivities of pristine 
tungsten calculated using the WTB potential model (on 
which the WHTB potential is based) and measured experi-
mentally at different temperatures. Notably, a favorable 
alignment between the theoretical and experimental values 
at high temperatures ( T ≥ 800K ) was observed for pristine 
tungsten. However, at low temperatures, the TB model 
underestimates electrical conductivity. This is because the 
impact of long-range electron interactions increases as the 

Fig. 4  (Color online) The electronic thermal conductivity (a) and 
number of vacancies and interstitials in grain interior (b) of GB sys-
tems with different overlap degrees of the GB and cascade center at 
800 K as a function of time during cascades. The green symbols cor-

respond to the case in which the PKA is near the GB, and the yellow 
symbols correspond to the case in which the PKA is far from the GB. 
The gray vertical dashed line corresponds to 0.3 ps

Table 3  The representative 
data of CPS and MFP for GB 
systems with different overlap 
degrees of the GB and cascade 
center with an E

PKA
 value of 

500 eV and a temperature of 
800 K

Time 0 ps  0.2 ps  0.3 ps  4 ps

Cascade center Number of W atoms with P > 1 404 827 894 921
overlaps with Summation of P > 1 (Psum) 3431.19 6286.75 6764.72 6221.36
GB Change rate of Psum – 0.83 0.97 0.81

Average X 1.94 1.23 1.18 1.26
electron Y 1.27 0.91 0.87 0.96
MFP Z 1.73 1.13 1.08 1.18

Cascade edge Number of W atoms with P > 1 404 871 933 899
overlaps with Summation of P > 1 (Psum) 3431.19 6586.79 6858.80 6133.09
GB Change rate of Psum – 0.92 1.00 0.79

Average X 1.94 1.31 1.26 1.29
electron Y 1.27 0.90 0.89 1.01
MFP Z 1.73 1.22 1.19 1.23
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temperature decreases, and the TB model cannot deal with 
these interactions well.

A similar underestimation is evident in the calcula-
tions of the electronic thermal conductivity of pristine 
tungsten systems, and this underestimation also intensi-
fies with decreasing temperature. However, it is noted 
that the referenced work compared the electronic thermal 
conductivity calculated by the Kubo-Greenwood method 
and the total thermal conductivity measured directly in 
experiments, with the latter including not only the elec-
tronic thermal conductivity but also the lattice thermal 
conductivity. Hence, some of the underestimation stems 
from the absence of the lattice thermal conductivity. In 
experiments, electronic thermal conductivity can be indi-
rectly determined by measuring the electrical conductivity 
and applying the Wiedemann-Franz law [47]. In our pre-
vious work [44], we conducted a comparative analysis of 
the electronic thermal conductivity of pristine tungsten at 
800 K obtained by TB calculations and experiments. The 
respective values were 95.92 W  m–1  K–1 and 102.36 W  m–1 
 K–1, which are close to each other. Therefore, the elec-
tronic thermal conductivity data for tungsten-based sys-
tems at high temperatures ( T ≥ 800K ) obtained using the 
WHTB potential model can be considered reliable.

Next, we discuss the significance of our investiga-
tion using the TB model. In this study, we focused on the 
dynamic evolution of the electronic thermal conductivity 
of tungsten during the displacement cascade process under 
diverse conditions, which is difficult to directly measure 
experimentally. This process corresponds to the early stage 
of neutron irradiation, leading to the generation of a sig-
nificant number of vacancies and interstitials in the materi-
als within a brief timeframe at the picosecond level. The 
resulting alterations in the thermal transport properties 
are substantial, potentially affecting the normal service of 
PFM. Hence, the electronic thermal conductivity variation 
in tungsten during the cascade process must be investigated. 
Currently, research on the electronic thermal conductivity 
of tungsten during cascade processes is limited because of 
the difficulty of handling electronic structures in large and 
complex systems. Although the WHTB model can be used 
to determine the electronic thermal conductivity of tungsten 
under low-energy cascades, it is difficult to directly compare 
the results with the conductivities of materials experiencing 
high-energy and sustained neutron irradiation at the macro-
scopic level. Nevertheless, our research contributes to this 
field in two ways. First, the results reveal the influence of 
diverse cascade conditions on the electronic thermal con-
ductivity of tungsten; second, our study can provide foun-
dational data for simulations using the phase-field model, 
facilitating simulations that more accurately reflect the 
actual evolution of thermal transport properties of tungsten 
under neutron irradiation.

4  Conclusion

In conclusion, we employed the WHTB model and the 
Kubo-Greenwood method to investigate how PKA energy, 
H atoms, temperature, and GB affect �

e
 of tungsten systems 

during collision cascades. Our findings revealed a rapid 
reduction in �

e
 within the initial 0.3 ps, followed by a grad-

ual recovery. A higher PKA energy and high concentration 
of H atoms worsen the reduction in �

e
 during the cascades. 

With increasing temperature, �
e
 shows a significant improve-

ment during cascades due to the increased energy carried by 
electrons, despite exhibiting fewer changes in defect produc-
tion and an apparent enhancement in electron scattering. 
The presence of the considered GB has a notable negative 
impact on �

e
 , and the absorption of point defects by GB does 

not improve the �
e
 performance. In addition, the evolution 

of the defect count approximately matched the changes in 
�
e
 , whereas the accumulation of microstructural distortion 

keeps �
e
 relatively low when the number of point defects 

approaches zero.
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