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Fig. 1. Schematic diagram of neutron irradiated region in

the simulations.

T ARAF AN R RE P T 5 PLZT A4k
YR B o 7 B 3%, AR T AR/ BIB L RE & 1—
14 MeV(1 MeV 25 K) 7 DIaE & 1 sy
07 [ A PLZT MRS, th ¥ 59 A 5.4E
e, S THRIESS RS, X FRAaeaE,
AR TAEBAT 10° A A ARG BIVE 2.
TR R, AR TARIC SR T PS5 AR B AR
FEA R R EF B B RE R R R, RIS
T PLZT #HBH AR TG 2 7 A 19 R b Ji T fig ik A
YSES LSS

2.2 RHEFHRGE

ATAEFIH TRIM (Transport of ions in matter)
i (2829 S b 1% 5 4 R IBC Al 4k AU AR AL Sz e Jit
RO i R e B S YRR T
ARG 98 3 R 5 il ok — ORI IS SC . A AR
B AR R AR B S R S B AR TR BE Y
B AR o R A AL R B — B R AR T
1) TEATRL P iz B B0RE I 1 28 1 i T S W i
I LT A, R AT Sk B A G S
A8 PR 2) CrRE A B AR T (8R
1) WIS S B TR R 2L

HAEARERN BRT R Z RIS
TEITH A ALE I, e e A A A
B2 NG R R e T P Ak 2L
12 F I F R B B AT, 2 AR T iR
RERS T 5 I T PR Z, MR TR S, 20hE
BT RBERAEN B, SR T RRER Y By W2R
Ey M By ¥R TZ W R 5 B B AL RE By, WA
/S 0 1 W 41 & 1 N AVATE W) A7) R b 13 SRR VA
B T Ak Py S DR O IR S 1, LR i o
By WE B TAEAAS AL E A G RE B, (2R By >
Ey H Ey < Ey, WREETEZAA P A AT AR BB, 9

FiRFRET By B FIRSIAERL. iR B < Ey,
Ey > Eq H Z,=2,, W\ W iHE %A & KA R R
JRFRE A, FEAR ARG, AT B < By,
Ey, > Eg{8 Z,# Zy, WA W& ¥ Z) TEHALTTRUE
WA RIBR IR, [ TP BR T Z, (RS i
R — 2. ik B, < Ey B By, < Ey, WK
TEVZREAE O B M —A 2, BIRIBR R 7. i ik
lEfEE A, R BRER T RAA B TR TR
FTA WS FRYEshnd 72, JHic sk T HTA il R
A AR

1 H HTA A B80T B A R P i B
17 B REREA T4, P AR T /EH: TRIM 4 42 (B 4
PR £ 2 5y TC R W B A7 B RE AT 3 a2, BV P,
La, Zr, Ti }y 25 €V, O N 28 eV. A TARLEAN[FE
HLIRE (25-50 eV IX[H]) TR 1 5 b 7k
PP ) e R R, AR ASLLAL T F 7 B BB
T ICHESS R IR ZE LR 20%.

J TR ZEAY (4045 Pb, La, Zr, Ti fl
O) . A[ERE Y S i JEL X 0 o B 4405, AR TAEAR
Wi 14 MeV W 178 PLZT #HREH P2 A i f5g RS e
JETRETR, UL 2.5 keV 5 5 keV A K HIFEAL T
ARTRIZEAL | AN B 1Y S i JEL AR RE b= A i i
B H . X TR | A BE ) S P R T, A
T 1000 B FLEM R AR R EEECE , IEXT
S50 RIBI LA N T B A G BERLE T 5 LA
MG TTHRZE.

3 HEMERG A
3.1 RHEFaEE

W H s R, A TAE RS T 1—
14 MeV(# KN 1 MeV) "7 PLZT #48}rp =
HE R TRIZEEL A S o F- (Pb, La, Zr, Ti #1 0) fig
W, CHR: Dep(En, E'), Pra(En, E'), $z:(En, E'),
O1i(En, E')FI @o(Ey, E'), 2o B, S FhER, B
R PR RE R ARSI, 5] 2(a) AT 2(b) 4351
AT RER N 3 MeV I 10 MeV [BH R,
T 5 MBWE R A R 2B R -1 B g . B
W g B ISR E L L RILER P,
La, Zr, Ti L& O W hJEFREIS. MET TR fE
A, XTI R B b R, L Rg i g
A TR RE SR AL . 250 A R sS4 SR TIOR8 — R
B, TERPERC S AR T, REZB0h 1 & B /INMAFETL

076101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 7 (2022) 076101

G, PR AEARRE B IR T KA BRI ] A UK R
A BT SRR A R B AR — D,
BEREFE A1 23 1 IR AE (i 2R

100f " 10
e -}-Pb
~~~~~~
w e ) 7{" La
E 103 E "‘*»:" -{-. 7r
= D et -t-oo .
: e Ti
5 102) T,
b s
g sy
8 10tk
)
ol
10°F(a) . J
101 10?
Energy/keV
104 =,
R,
S
£ 103f ¢ ey
=] *_
= -,
Q0
5 10%f
~
n
z
=}
5 10
)
0k
10 (b)

10! 102 103
Energy/keV

2 3 MeV(a) F1 10 MeV(b) ' F 4 I 3 cm J& PLZT #4

AP A B R T R T

Fig. 2. Energy spectra of primary kinetic atoms produced
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with a thickness of 3 cm.
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Fig. 6. The average number of vacancy defects inducedby
irradiation of neutrons with energies range froml tol4 MeV
in PLZT material with a thickness of 3 cm.
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Abstract

Lead lanthanum zirconate titanate (PLZT) has a broad application prospect for energy storage devices
with high energy density, since it possesses excellent dielectric and energy storage properties. To investigate the
irradiation damage to the PLZT induced by neutrons with different energy, the primary energetic recoil spectra
of each kind of element are first extracted from the transportation simulations of neutrons with energy ranging
from 1 to 14 MeV, respectively. Then, the displacement damages (including vacancies and interstitial atoms)
induced by each type of recoil with different energy are simulated based on the binary collision approximation
method. Finally the number of defects in PLZT produced by neutrons with an energy range from 1 to 14 MeV
is calculated based on the recoil energy spectra and the defect number produced by the recoils. The results show
that the number of defects produced in the PLZT material with a thickness of 3 cm is approximately
independent of the neutron energy for the fast neutrons with energy in a range from 1 to 14 MeV, even though
the primary recoil energy spectra from neutrons with different energy are completely different. The average
number of defects produced in 3-cm-thick PLZT is about 460 + 120 vacancies/neutrons. For neutrons with
energy ranging from 1 to 14 MeV, the produced defect concentration in PLZT decreases slightly with the depth
increasing within a thickness of 3 cm. The difference in defect concentration in this 3 ¢m is in a range of 50%.
This decrease is caused mainly by the fact that some of neutrons are back-scattered during transport. The
average defect concentration produced by neutron irradiation in the PLZT with a thickness of 3 cm is
slightly(~ 20%) higher than that in the PLZT with a thickness of 1 mm. The reason for the higher defect
concentration in a thicker (3 cm) PLZT can be attributed to the following facts: (i) the (n, 2n) reactions
between neutron and material can make the number of neutrons increase during transport; (ii) the scattering
can make the path of neutron longer; (iii) the inelastic scattering can lead to a smallnumber of moderated
neutrons, which have a slightly larger interaction cross section with materials. This indicates the damage
produced in thick PLZT is quite complicated and closely related to the process of neutron transport. This work
presents a method of calculating the displacement damage of neutrons in materials, and the simulation results

can provide guidance for studying the neutron irradiation effects of PLZT-based electronic devices.

Keywords: lead lanthanum zirconate titanate, Monte Carlo simulations, neutron radiation damage,

concentration of defects
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