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A B S T R A C T

Neutron target stations, which are critical devices for boron neutron capture therapy (BNCT) technology, face 
severe problems, such as low neutron yield, poor heat removal capability, and short service life. In this study, the 
problems of the traditional Li target were analyzed and calculated, and a Li–TiT2 composite target with a triply 
periodic minimal surface (TPMS) structured substrate was proposed to address the above issues. Simulation 
research on neutron distribution characteristics was conducted by using the Monte Carlo method. The heat 
removal capability of three TPMS (Gyroid, Diamond, and Primitive) structures and a fin structured substrate was 
evaluated. Results indicate that under a proton beam with an energy of 2.8 MeV and a current of 10 mA, 
compared with traditional Li targets, the Li–TiT2 composite target has a neutron yield that has increased by 
17.97 %, and an average neutron energy that has reduced by 2.75 %. The neutron angular distribution and 
neutron energy spectrum of the Li-TiT2 composite target retain the distribution characteristics of the Li target. All 
three TPMS structure substrates have higher heat removal capability than the traditional fin structured substrate. 
Comparison with the Gyroid and Primitive substrates revealed that the Diamond substrate has the lowest peak 
temperature at the same proton beam intensity. The Li–TiT2 composite target with the Diamond structure has the 
highest neutron yield of 2.18 × 1013 neutrons/s, which is 81.87 % higher than the maximum neutron yield of the 
traditional Li target with the finned structure. This research provides theoretical support and guidance for 
designing and developing novel neutron target stations for subsequent BNCT applications.

1. Introduction

Boron neutron capture therapy (BNCT), a type of tumor therapy that 
selectively kills only cancer cells without damaging healthy tissues 
around tumors, has received widespread attention (Shinian et al., 2022; 
Dymova et al., 2021). In accelerator-driven neutron source technology, 
neutron target stations are crucial devices wherein a proton beam 
bombards a metal target to produce neutrons. Accelerator neutron 
sources based on the 7Li(p,n)7Be reaction have the advantages of low 
reaction threshold and average neutron energy, high neutron yield, and 
easy moderation. They have great potential as neutron sources in 
accelerator-based BNCT (AB-BNCT) (Taskaev et al., 2021; Wang and 
Tong, 2020). However, in the proton bombardment of the Li target, 
more than 99.9 % of energy is deposited in the form of heat in neutron 
target stations (Li et al., 2021), the melting point of the solid Li target is 
relatively low (only 453 K), and the heat deposited by the high-energy 

proton beam bombarding the Li target cannot be dissipated in time. 
The phenomenon may cause the melting and damage of neutron target 
stations, hence affecting their lifespan. In particular, the requirement for 
the neutron yield from Li targets has increased with the increasing 
clinical demands of BNCT. Developing neutron target stations with high 
neutron yield, robust heat removal capability, and long service life is a 
critical issue encountered in research on accelerator-driven neutron 
sources for BNCT (Shinian et al., 2022).

Approaches in current research (Sato K et al., 2018; Wang et al., 
2023) have focused on increasing proton beam intensity to improve the 
neutron yield of the 7Li(p,n)7Be reaction and thereby reduce the irra
diation therapy time for patients. However, increasing proton beam 
intensity exacerbates the problems of energy deposition (Astrelin et al., 
2010). Therefore, if neutron yield is to be improve by increasing the 
proton beam intensity, the heat removal capacity of neutron target 
stations should first be enhanced.
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Various studies on improving the heat removal capability of neutron 
target stations have been conducted domestically and internationally. 
Lin et al. (Zuokang Lin and Yang, 2020) proposed replacing Li targets 
with Li compounds to increase the melting point of the target material. 
Although Li fluoride and Li oxide targets remarkably increase the 
melting of Li to 1121 and 1840 K, respectively, they also substantially 
decrease the neutron yield of the Li target to 27.7 % and 45.1 %, 
respectively. Li et al. (Li et al., 2021) proposed an edge-cooled target 
structure with cooling water flowing at the side. This cooling approach 
can reduce the moderation effects of traditional backside water cooling 
on the neutron beam and achieves a target structure temperature of less 
than 413.00 K under conditions of a 250 W Gaussian-distributed proton 
beam with a radius of 0.75 cm. Yoshihashi et al. (Yoshihashi et al., 2021) 
proposed incorporating V-shaped staggered ribs into smooth channel 
structures to enhance the heat removal capability of neutron target 
stations. The National Cancer Center of the United States and CICS 
Company of Japan collaborated to develop a conical target design 
scheme (Willis et al., 2008; Kaneta and Nakamura, 2023), which aims to 
reduce the thermal load per unit area at neutron target stations by 
increasing the area of proton energy deposition. Neutron Therapeutics 
in the USA (Koivunoro et al., 2023) proposed a design for a rotating Li 
target. The high-speed rotation of a neutron target station is deposited in 
different regions of a target disk, thereby reducing the thermal load per 
unit area of the neutron target station. Current designs of accelerator- 
driven neutron target stations enhance heat transfer by increasing 
heat transfer area, adding ribs and fins in cooling channels, and other 
traditional methods. However, the effect of conventional enhanced heat 
transfer approaches is limited under high proton beam fluxes.

In this study, the problems of the traditional Li target were analyzed 
and calculated, and a Li–TiT2 composite target with a triply periodic 
minimal surface (TPMS) structure substrate was proposed to improve 
the neutron yield and heat removal capability of the neutron target 
station. The structural design and parameters of the Li–TiT2 composite 
target were introduced, and the theoretical basis of the new structural 
design was discussed. Subsequently, a proton beam with an energy of 
2.8 MeV was used to simulate the neutron yield, angular distribution, 
and energy spectrum of a Li–TiT2 composite target, and the heat removal 
capability of three kinds of TPMS (Gyroid, Diamond and Primitive) 
structures and a finned structure substrate was evaluated.

2. Problems of the traditional Li target

2.1. Low utilization rate of proton beams

Common neutron production methods for accelerator neutron sour
ces include 7Li(p,n)7Be (Wang et al., 2023); 9Be(p,n)9B (Lee et al., 2020); 
3H(p,n)3He (Drosg, 1997); 9Be(d,n)10B (Capoulat et al., 2014); 13C(d, 
n)14N (Capoulat and Kreiner, 2017); 2H(d,n)3He (Verbeke et al., 1998), 
and 3H(d,n)4He (Fantidis and Antoniadis, 2015). Li targets have lower 
average neutron energy and higher neutron yield than other target 
materials, making them the material of choice for AB-BNCT. In this 
study, a proton beam with an energy of 2.8 MeV and a current of 10 mA 
(Zhu et al., 2024) was used to bombard the Li target in consideration of 
neutron economy. The proton beam was uniformly distributed, with a 
circular spot with a radius of 5 cm, as illustrated in Fig. 1.

The energy threshold required by the incident particle to enable a 
nuclear reaction to occur is expressed as (Zhu et al., 2024) 

KMin = − Q
MT + Mi

MT
(1) 

The nuclear reaction energy Q is given by (Zhu et al., 2024) 

Q = [(Mi + MT) − (Ml + MR)]c2 (2) 

where Mi is the mass of the incident particle, Mi = Mp = 1.007825 u; MT 
is the mass of the target nucleus, MT = MLi = 7.016004 u; Ml is the mass 

of the outgoing particle, Ml = Mn = 1.008665 u; MR is the mass of the 
residual nucleus, MR = MBe = 7.016929 u; c is the speed of light, c2 =

931.494 MeV/u.
For the 7Li(p,n)7Be reaction, the nuclear reaction energy Q and en

ergy threshold KMin are − 1.64 and 1.88 MeV, respectively. This situa
tion implies that protons with energy below this threshold cannot induce 
a nuclear reaction with the Li target to produce neutrons, leading to a 
certain degree of beam wastage.

In this study, theoretical calculations were performed on all existing 
nuclides to utilize protons with energies below 1.88 MeV. The nuclear 
reaction energy Q and energy threshold KMin for the 3H(p,n)3He reaction 
is − 0.76 MeV and 1.02 MeV, respectively, with the energy threshold 
being lower than 1.88 MeV. The nuclear reaction cross-sections for 7Li 
(p,n)7Be and 3H(p,n)3He are shown in Fig. 2. The diagram indicates that 
in contrast to Li, protons exhibit a substantial nuclear reaction cross- 
section with tritium.

The concept of placing a target material containing tritium behind 

Fig. 1. Li target calculation model bombarded by a proton beam.

Fig. 2. Nuclear reaction cross-sections of 7 Li(p,n)7 Be and 3 H(p,n)3 He.
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the traditional solid Li target was proposed in this study on the basis of 
the above findings. As the incident protons pass through a certain 
thickness of lithium layer, their energy decreases. By precisely control
ling the energy of the incident proton beam and thickness of the Li layer, 
protons can undergo nuclear reactions with Li. The remaining energy of 
the proton can induce the 3H(p,n)3He reaction to produce additional 
neutrons. Utilizing the further 3H(p,n)3He reaction to produce neutrons 
on the basis of the 7Li(p,n)7Be reaction is theoretically possible, thereby 
increasing the neutron yield of the AB-BNCT neutron source. However, 
given that tritium is gaseous at normal temperature and cannot provide 
structural support for the Li layer, it must be adsorbed onto metallic 
material to form a solid target. Among the candidate metals for metal 
tritides, titanium has the highest hydrogen absorption density discov
ered thus far, reaching 9.2 × 1022 atoms/cm3 (López-Suárez, 2017). 
Therefore, in this work, a Li–TiT2 composite target was proposed to 
improve the neutron yield of AB-BNCT neutron target stations, as shown 
in Fig.3. Vanadium served as a blistering-resistant material. When a 
proton beam irradiates a metal, the protons that have stopped inside 
capture free electrons in the metal to form a hydrogen gas. Eventually, 
blisters and/or flakes appear on the surface as the hydrogen gas pressure 
rises to a level sufficient to cause ruptures (Wang et al., 2023; Kurihara 
et al., 2015). Copper is used as the substrate material, supporting for the 
Li layer and heat dissipation, and water was utilized as the coolant.

2.2. Poor heat removal ability of neutron target stations

The differential neutron yield at each proton energy is expressed as 
(Lee and Zhou, 1999) 

d2Y
dΩdEn

(θ, En) = N
(dσpn/dΩʹ)(dΩʹ/dΩ)(dEp/dEn)

(− dEp/dx)
(3) 

where d2Y
dΩdEn 

is the differential neutron yield in units of neutrons per keV 
per solid angle per millicoulomb; N is the target atomic density; dσpn/

dΩʹ is the center-of-mass coordinate system differential (p,n) cross- 
section; dΩ and dΩʹ are differential solid angles in the laboratory and 
center-of-mass coordinate systems, respectively; and − dEp/dx is the 
proton stopping power in the target.

Integrating Eq. (3) over energy and solid angle enables the 
straightforward calculation of thick target neutron energy spectra and 
angular distributions (Lee and Zhou, 1999): 

dY
dEn

(En) = 2π
∫ θmax

0

d2Y
dΩdEn

(θ, En)sinθdθ (4) 

dY
dΩ

(θ) =
∫ En,max

En,min

d2Y
dΩdEn

(θ, En)dEn (5) 

where dY/dEn is the energy spectrum distribution of neutron yield, and 
dY/dΩ is the solid angle distribution of neutron yield.

The solid angle distribution of neutron yield is converted to a radian 
angle distribution of neutron yield with the conversion formula: 

dY
dθ

= 2πsinθ
dY
dΩ

(6) 

where dY/dθ is the radian angle distribution of neutron yield.
In this study, the neutron beam characteristics of 2.8 MeV protons 

bombarding the Li target were calculated on the basis of the above 
theory. The calculation results indicate that the neutron yield is 1.28 ×
1012 neutrons/(mA⋅s), the maximum neutron energy is 1.10 MeV, the 
average neutron energy is 0.448 MeV, the neutron angle ranges from 
0◦ to 180◦, and the average neutron angle is 63.3◦.

The collision between incident protons and target atoms is the main 
way of energy deposition method in the process of proton bombardment 
Li target. Proton energy is transferred either through ionization to the 
extranuclear electrons of the target atoms or in the form of phonons to 
the lattice of the target atoms. The calculation results indicate that less 
than 0.1 % of the incident proton energy is carried away in the form of 
neutrons. By contrast, more than 99.9 % of the energy is lost through the 
ionization effects of ions and recoil nuclei, and this energy is deposited 
in the form of heat in neutron target stations. However, the melting 
point of the solid Li target is low (only 453 K), and the heat deposited by 
the high-energy proton beam bombarding Li target cannot be dissipated 
in time. This condition may cause melting and damage of neutron target 
stations, thus affecting their lifespan. The peak temperature of neutron 
target stations must not exceed 423 K (including the safety margin) to 
prevent the Li target from melting (Willis et al., 2008).

The requirement for the neutron yield from Li targets has increased 
with the increasing clinical demands of BNCT. Developing targets with 
high neutron yield, robust heat removal capability, and long service life 
is a critical issue encountered in studies on accelerator-driven neutron 
sources for BNCT. Although neutron yield can be increased by increasing 
proton energy or beam intensity, increasing proton energy increases 
neutron energy, which is difficult to moderate. Therefore, approaches in 
current research (Sato K et al., 2018; Wang et al., 2023) have focused on 
increasing proton beam intensity to improve neutron yield. The neutron 
yield and energy deposition of a neutron target station under different 
proton beam intensities are shown in Fig. 4.

Fig. 4 shows that increasing proton beam intensity can increase 
neutron yield but also aggravates the problem of energy deposition of 
the neutron target station. If neutron yield is to be improve by increasing 
the proton beam intensity, the heat removal capacity of the neutron 
target station should be first be enhanced.

In recent years, TPMS structures have emerged as a hotspot in the 
research on enhanced heat exchange, tissue engineering, chemical en
gineering, and architectural structures (Feng et al., 2022; Melchels et al., 
2010; Tikhonov et al., 2020; Li et al., 2019), as depicted in Fig. 5, which 
illustrates several typical configurations of TPMS (Dutkowski et al., 
2022). Triply periodic minimal surfaces (TPMS) refers to surfaces with 
zero mean curvature that exhibit periodicity in three directions without 

Fig. 3. Structure of the neutron target station
Fig. 4. Neutron yield and heat flux density of the neutron target station under 
different proton beam intensities.
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self-intersection. The condition of zero mean curvature implies that the 
surface is smooth, whereas the periodicity and lack of self-intersections 
in three dimensions ensure connectivity. These unique characteristics 
have led to novel breakthroughs in the field of enhanced heat exchange, 
including thermal conduction, convection, and radiation, and also pro
vide new ideas for the design of neutron target stations.

3. Design of the AB-BNCT Li–TiT2 composite target

3.1. Structural design of the Li–TiT2 composite target

In this study, the Monte Carlo program MCNP6 (Goorley, 2014) was 
used to establish the physical model of the Li–TiT2 composite target to 
determine the thicknesses of the Li, TiT2, and V layers that maximize the 
neutron yield of the AB-BNCT neutron target station. The energy loss of 
2.8 MeV protons bombarding the Li–TiT2 composite target was calcu
lated (the nuclear reaction cross-section adopts the ENDF/-VIII.0 library 
and traces the transport of 109 particles). The calculation results are 
shown in Fig. 6, wherein the red curve represents the change in incident 
proton energy as a function of target material thickness, and the black 
curve represents the energy loss of protons at different thicknesses 
within the target material. This curve is also known as the Bragg curve.

As shown in Fig. 6(a), when the thickness of the Li layer exceeds 145 
μm, the proton energy is decreases to 1.88 MeV. This reduction indicates 
that the neutron yield reaches its maximum value when the thickness of 
the Li layer exceeds 145 μm. Therefore, the thickness of the Li layer was 
designed to be 145 μm. A thick TiT2 layer was added behind the 145 μm 
Li layer, as shown in Fig. 6(b). The proton energy at 160 μm reduced to 
the energy threshold of 1.02 MeV. Therefore, the thickness of the TiT2 
layer was designed to be 15 μm. Subsequently, a thick V layer was added 
behind the 15 μm TiT2 layer (Fig. 6[c]). Given that the proton energy 
loss peaks (Bragg peak) at 168 μm, and the Bragg peak position needs to 
be designed in the V layer, the thickness of the V layer was designed to 
be 15 μm.

3.2. Characteristics of the Li–TiT2 composite target neutron beam

The neutron yield, average neutron energy, neutron angular distri
bution, neutron energy spectrum and other physical quantities of Li 
target and Li–TiT2 composite target were calculated by using the Monte 
Carlo program MCNP6 to determine whether the introduction of the 
TiT2 layer affects the characteristics of the emitted neutron beam. The 
results show that for 2.8 MeV protons bombarding the Li and Li–TiT2 
composite target, the neutron yields and average neutron energies are 

1.28 × 1012 neutrons/(mA⋅s) and 0.448 MeV and 1.51 × 1012 neutrons/ 
(mA⋅s) and 0.436 MeV, respectively. Compared to the traditional Li 
target, the Li–TiT2 composite target has increases the neutron yield by 
17.97 % and reduced the average neutron energy by 2.75 %.

The neutron angular distribution and energy spectrum for 2.8 MeV 
protons bombarding the Li and Li–TiT2 composite targets are shown in 
Fig. 7. The radian angle divides the entire counting spherical surface into 
18 subintervals from the proton incidence direction, and the corre
sponding angle of each subinterval is 10◦. The solid angle divides the 
entire counting spherical surface into 20 equal subintervals by area, and 
the neutron yield distribution of the unit solid angle can be obtained by 
counting the neutron yield in the subinterval.

Fig. 7 shows that the neutron angular distribution and energy spec
trum of the Li–TiT2 composite target retain the distribution character
istics of the Li target. The distribution neutron yield per radian angle is 
shown in Fig. 7(a). It reaches a peak in the direction of 40◦, and the 
reduction in the direction of 90◦ decelerates. The neutron yield per unit 
solid angle distribution is shown in Fig. 7(b). The neutron yield per unit 
solid angle decreases gradually with the increase in angle, and the de
gree of decrease in the 90◦ direction decelerates. The neutron energy 
spectrum is shown in Fig. 7(c), wherein the emitted neutrons are mainly 
fast neutrons, and the emitted neutron energy spectrum has two peaks. 
Two peaks are observed because the 7Li(p,n)7Be reaction has two reso
nance peaks at 1.91 MeV and 2.26 MeV (Fig. 2).

4. Tpms-structured neutron target station

4.1. Design of the TPMS-structured substrate

Among the various TPMS structures, the Gyroid, Diamond, and 
Primitive structures have attracted widespread attention in previous 
studies due to their unique mechanical and thermophysical properties 
(Zhao et al., 2019; Tang et al., 2023; Laskowska et al., 2023; Kaur and 
Singh, 2021; Jia et al., 2020). In consideration of these characteristics, 
three TPMS structures with great potential in the field of convective heat 
transfer were selected as the research priority in this study. The math
ematical control equations for three TPMS structures are provided in 
Eqs. (7)–(9), where L denotes the unit length of the TPMS structure, and 
c represents the offset of the primitive unit surface. Given that the TPMS 
structure varies periodically in three dimensions and its period sizes are 
identical, it can be formed by an array of TPMS units. The unit and array 
structures of the three TPMS types and their frontal views are shown in 
Fig. 8.

Gyroid: 

cos(
2πx
L

)⋅sin(
2πy
L

)+ cos(
2πy
L

)⋅sin(
2πz
L

)+ cos(
2πz
L

)⋅sin(
2πx
L

) = c (7) 

Diamond: 

sin(
2πx
L

)sin(
2πy
L

)sin(
2πz
L

) + sin(
2πx
L

)cos(
2πy
L

)cos(
2πz
L

)+

cos(
2πx
L

)sin(
2πy
L

)cos(
2πz
L

) + cos(
2πx
L

)cos(
2πy
L

)sin(
2πz
L

) = c
(8) 

Primitive: 

cos(
2πx
L

)+ cos(
2πy
L

)+ cos(
2πz
L

) = c (9) 

In AB-BNCT, the thickness of the neutron target station is generally 
approximately 10 mm. Additive manufacturing technology recommends 
a wall thickness of between 0.8 and 2 mm. Therefore, the unit length L of 
the TPMS structure is 10 mm, and the wall thickness z is 1 mm.

The finned structure was selected for comparison with TPMS struc
tures to evaluate the heat removal capability of TPMS structures. The 
design schemes of three different TPMS and finned structures within the 
neutron target station channel are shown in Fig. 9. The dimensions of the 

Fig. 5. TMPS structure for several functional configurations (Dutkowski 
et al., 2022).
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neutron target station channel are 120 mm × 120 mm × 10 mm. 
Therefore, the three TPMS structures were designed in the form of 12 ×
12 × 1 array structures. The geometric dimensions of the neutron target 
station with the finned structure as an example in Fig. 10.

4.2. Heat removal capacity of the TPMS structures

As described in this section, the heat removal characteristic of the 
neutron target station with TPMS-structured substrates was simulated 
and analyzed on the basis of the above designed neutron target station 
with the TPMS-structured substrates.

Fig. 6. Energy loss curve for 2.8 MeV protons bombarding a Li–TiT2 composite target.
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The volume (Vs), surface area (As), porosity, and specific surface area 
of different TPMS structures are given in Table 1. Among the structures, 
the Diamond structure has the largest surface area, the Primitive 
structure exhibits the highest porosity, and the Gyroid structure has the 
most remarkable specific surface area.

The Reynolds number is an important parameter that describes fluid 
flow. According to its definition, the equation for calculating the Rey
nolds number is 

Re =
ρDhv

μ (10) 

where ρ represents the fluid density, Dh denotes the hydraulic diameter, 
v is the inlet velocity, and μ is the dynamic viscosity.

The hydraulic diameter (Dh) is calculated as (Attarzadeh et al., 2021) 

Dh =
4Vf

Af
(11) 

where Vf represents the volume of the liquid, and Af denotes the wetted 
surface area.

The hydraulic diameters (Dh) for the Gyroid, Diamond, Primitive, 
and fin-shaped structures are 4.16, 3.03, 5.70 and 3.74 mm, 

Fig. 7. Angular distribution and energy spectrum of neutrons from Li and Li–TiT2 composite targets.
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respectively.
Under the conditions of an inlet velocity of 1 m/s and temperature 

range from 20–200 ◦C, the Reynolds numbers of Gyroid, Diamond, 
Primitive, and the fin-sharped structures are 4135–26 320, 3012–19 
170, 5667–36 064, and 3718–23 663, respectively. These results indi
cate that fluid flow is turbulent under the studied conditions.

The commercial CFD software ANSYS Fluent was employed as the 
solver in this study (Matsson, 2023). ANSYS Fluent is widely used in 
engineering applications, offering various turbulence models and nu
merical discretization methods for effectively simulating complex fluid 
flow and heat transfer processes. In this simulation, the SST k-omega 
model and second-order upwind scheme of the discretization of mo
mentum and energy equations were selected. A coupled algorithm was 
adopted for solution in the coupling of pressure–velocity, and the energy 
residual was set to 10-6. The peak temperature of the Li–TiT2 composite 
target with the three TPMS (Gyroid, Diamond, and Primitive) and finned 
structures under different proton beam intensities are shown in Fig. 11.

The results indicate that the neutron target station with the TPMS 
structures show a lower peak temperature than that with the finned 
structure at the same proton beam intensity, and the peak temperature 
of the Diamond structure designed for the neutron target station is lower 
than that of other TPMS structures.

Table 2 shows the maximum proton beam intensity and neutron 
yield of the Li–TiT2 composite target with different structures can 
endure to ensure that the peak temperature of the neutron target station 
does not exceed 423 K.

The Li–TiT2 composite target with the Diamond structure has the 
highest neutron yield of 2.18 × 1013 neutrons/s, which is 81.87 % 

Fig. 8. Geometric models of TPMS structures.

Fig. 9. Design of three TPMS and finned structures in the channel of the 
neutron target station.

Fig. 10. Geometric dimensions of the neutron target station in AB-BNCT.

Table 1 
Characteristic parameters of the TPMS structure model.

Characteristic parameter Gyroid Diamond Primitive Finned

Volume Vs (mm3) 4.66 ×
104

5.93 × 104 4.11 × 104 4.68 ×
104

Surface area As (mm2) 9.36 ×
104

1.12 × 105 7.22 × 104 1.04 ×
105

Wall thickness d (mm) 1 1 1 1
Porosity 0.676 0.588 0.715 0.675
Specific surface area 

(mm− 1)
2.01 1.89 1.76 2.22

Fig. 11. Peak temperature of the Li–TiT2 composite target with the three TPMS 
and finned structures under different proton beam intensities.
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higher than the maximum neutron yield (1.28 × 1012 neutrons/(mA⋅s) 
× 9.4 mA = 1.20 × 1013 neutrons/s) of the traditional Li target with the 
finned structure.

5. Conclusions

In this study, a Li–TiT2 composite target with a TPMS structure 
substrate was proposed to improve the neutron yield and heat removal 
capability of the AB-BNCT neutron target stations. The evolution of the 
neutron field under proton beam irradiation and the enhanced heat 
transfer capability of the three TPMS structures and a finned structure 
substrate in the neutron target station were analyzed. The following 
main conclusions were obtained:

1) Compared with traditional Li targets, the Li–TiT2 composite target 
has a neutron yield that has increased 17.97 %, and the average neutron 
energy that has decreased by 2.75 %. Moreover, the neutron angular 
distribution and energy spectrum of the Li–TiT2 composite target retain 
the distribution characteristics of Li target.

2) The neutron target station with TPMS structures show a lower 
peak temperature than the finned structure at the same proton beam 
intensity, and the peak temperature of the Diamond structure designed 
for the neutron target station is lower than that of other TPMS 
structures.

3) The Li–TiT2 composite target with the Diamond structure has the 
highest neutron yield of 2.18 × 1013 neutrons/s, which is 81.87 % 
higher than the maximum neutron yield (1.20 × 1013 neutrons/s) of the 
traditional Li target with the finned structure.
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