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Abstract: To solve the problem of emitted neutron attenuation of lithium target of the transportable ac-
celerator-driven neutron source (TANS), the edge-cooling target structure in which the cooling water
circulates through a channel along the side of substrate, was proposed, and its performance was studied
such as irradiation damage, cooling effect, and quality of emitted neutron. Vanadium interlayer was in-
troduced in the target structure, and proton effect on target structural materials was tentatively analyzed
from perspectives of hydrogen diffusion and irradiation damage. Based on the software using finite ele-

ment method, COMSOL Multiphysics, conjugate heat transfer models under proton beams with different

Wk B . 2023-01-15,  FEE WA ZEREEE1992—) B A, TRGERGFEZ B 8 . BH4AaSm., EL&uWH.
TR AR LT 5 0 S Rk 5 k4 VR Bh I H (2020B1515120035) 5 H [ A% Tl 48 1 A RS w1 TR0 RHIF I H 5 B 8 3146 2 5F 58 Br
International Program Associate (IPA)IIH

W &% HY R ] . 2023-02-28 4 AR AL . https: / kns. enki. net/kems/detail//61. 1069, T. 20230227, 1610. 004, html



o506 1

Rl AL I Y E I BB ) | BU R R i Y- PR SE SR UL (LTI

161

distributions were built for the evaluation of lithium target temperature. The accuracy of simulation re-
sult was verified by cooling experiment. The neutron yields of target structures in forward direction were
compared according to calculation using the Monte Carlo method. And the induced radioactivity of edge-
cooling target structure was evaluated. The results showed that the vanadium interlayer could effectively
promote the process of hydrogen diffusion and absorption, and reduce the influence of hydrogen embrit-
tlement on copper substrate. The maximum temperature of lithium target under 250 W proton beam in
Gaussian distribution with a radius greater than 0. 75 cm was predicted to be below 140 °C for edge-cool-
ing target structure, and simulation results were more conservative than the experimental results. The
edge-cooling target structure had a less reduction on neutron yield in forward direction, and the advan-
tage was about 10%. On the basis of efficient cooling, the edge-cooling target structure can increase the
neutron yield in forward direction, and has the ability of long life and reliable operation on TANS.
Meanwhile, this study can provide reference for the related research of target structure.

Keywords: lithium target; transportable accelerator-driven neutron source; neutron attenuation;

edge-cooling target structure
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Fig. 2 Differential neutron angular yield of lithium and

beryllium target under 2. 5 MeV proton beam
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Table 2 Properties of lithium and its compounds
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TR % 7 30 24 35 8 74 38

/(g em™) 0.534 2.013 1.46 1.3 0.82 2.11 1.65
FFHRE/RTFH « cm ®)  4.59X10%  4.04X10%  3.66X10% 2.24X10% 6.17X10% 1.72X10% 2.61X10%
BT /R TH - cm ®)  4.59X10%  8.08X10% 3.66X10% 6.72X10% 6.17X10% 3.44X10% 5,22X10%

1505 /°C 182 >1 700 471 845 689 618 >550
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cdgcfcooling target structure
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Table 3 Possible nuclear reactions between protons and the target structural materials
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Table 5

Temperature at the measured points of simulation and experiment

A il E/C

B R JE/C C B/ C

PR /C WE/(L s min D)

ki) T R4 T [ E) M
6 35.7 33.5 32,2 29.7 28.0 25.8
10 35.5 33.0 31.7 29. 1 27.0 25.1
10 14 35.4 32.6 31.4 28.7 26.5 24.6
18 35.3 32.5 31.2 28. 6 26.2 24.4
6 43.2 40. 4 38.0 34.8 31.6 28.5
10 42,9 39.3 37.2 33.7 30.3 27.2
0 14 42.7 38.5 36. 8 33.1 29.5 26.5
18 12,6 38.3 36.5 32.7 29.0 26. 1
6 51.3 46. 9 44, 4 39.6 35.8 31.0
10 50. 9 45.7 43.4 38.3 34.0 29.6
% 14 50.7 45.2 42.9 37.6 33.0 28.7
18 50.5 44.8 42.5 37.1 32.4 28.2
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Table 6 Statistics of emitting neutron in forward direction

400~780 keV

TR/ AR X AR Xt

HNE . PR
(1 F+100 uC ) HBI % Y

(FFe100 uC )

41 6.31X10°  100.00 4,86X%10° 100. 00
&2 5.75X10° 91.13 4,27 X10° 87.86
HE3 5.63X10° 89. 22 4.10X10° 84. 36
HE 4 5.38%X10° 85.26 3.78X10° 77.78
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