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Effect of Radiation on Structure and Properties of Piezoelectric Materials

HUANG Jianfeng®2, ZHOU Zhiyong®
(1. Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, Ching;
2. University of Chinese Academy of Sciences, Beijing 100864, China)

Abstract: Piezoelectric materials are an extremely important functional materials that can be used for piezoelectric sensors,
transducers and actuators due to their positive/reverse piezoelectric effects. These materials are widely used in aerospace,
nuclear energy and medical fields. Among them, in the fields of aerospace and nuclear energy, piezoelectric materials have a
harsh service environment of high radiation, which puts higher requirements on the radiation resistance of piezoelectric
materials. This review summarized the effect of radiation on the crystal structure and electrical properties of piezoelectric
materials with a perovskite structure, i.e., lead zirconate titanate (Pb(Zr, Ti)Os), potassium niobate (KNbO3), and barium titanate
(BaTiOs) as well as bismuth layered structure piezoelectric materials such as Bi,TizOq,. It is indicated that at high doses of
radiation, the phase structure of piezoelectric materials is maintained in the ferroelectric phase, but the grains are damaged to
some extent, while the electrical properties of piezoelectric materials generally weaken with increasing radiation doses.
However, radiation can improve the fatigue resistance of piezoelectric materials, and radiation can be thus used as a promising
way to modify piezoelectric materials.
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Fig. 2 Changesin domain morphology before and after fast neutron irradiation
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Table 1 Electrical properties of BaTiO; ceramics before
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Performance Before radiation After radiation
Microstrain/% 0.19 0.24
P/(uC-cm?) 5.09 0.63
Ec/(kV-cm™) 3.44 0.72
dag/(pC-N7) 99 85

Kp/% 27.93 21.12
TdC 120 100
Strain/% 0.082 0.058

y 1.78 1.92

Nath A B2t 4m bt Ja 1) BaTiOs i B A 5 [ Bk

(a) Before radiation

FEAAAR AL RO O0 B [ £, 3 A Fl T4 B b it 24
i FEUR A, BEHLE RSN AR T BaTiOs M
BN EKAEE PRI, SEEERAR WAL, A
72 A AL I 2k FEL RO X FL i [ 2, L i ] 2= A S
%, TR ST BaTios ik i S 50G <1
AHFEAR (s, SRR AR 2R 5 AT RR 0, R
VY7 FH RN ST 5 A A AR ARG B 25 5[] 4 R
Je BRSBTS 08 Curie LB AR,
al, ERIRRSE Curie iRZ N2 100 C. H
Shanmuga 218 ] Au® 8 5 7 3k NBT-BT [ & it
ITREST AL FE, NBT-BT M 2gtEAeR b 5 Medhi
SRR FE R — B, (ER B Bl LR R LR, 4
SS9 BT —F A LA 3G 5 5] SRR ST 3K,
NBT-BT M % diib ik s A2 5t 40

(b) After radiation

Kl 4 BaTi 0.9759M0,02503 M) e S A I EEE*ﬁ%%EBtE{'t[SO]
Fig. 4 Changesin grain morphology of BaTigg7sSM0.02:05 ceramics before and after radiation™”
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Fig. 6 Effect of radiation on the crystal structure and fatigue properties of BLT films=®!
2 EHRERMEEMERETL
Table 2 Changes in the properties of piezoelectric materials after irradiation
Material systems Sample Radiation dose Performance changes References
PZT PZT ceramics 500 Mrad Aéer: —35% [41]
PZT PZT ceramics 500 Mrad Adss: —30% [41]
PZT PMN-28%PT crystals 16 Mrad Aer: —2% [12]
PZT PMN-28%PT crystals 16 Mrad Adss: 2% [12]
PZT Pbl.Z(Zro.ngio,u)ng”m 2 Mrad Agr: —18% [13]
PZT Pbl.Z(Zro.ngio,u)ng”m 2 Mrad Ad33: —28% [13]
PZT Pbl.Z(Zro.ngio,u)ng”m 2 Mrad AP —21% [13]
KNbOs KNN-BLT-BZ ceramics 10 Mrad Aer:—25% [29]
KNbOs KNN-BLT-BZ ceramics 10 Mrad Ad33:—28% [29]
KNbOs KNN-BLT-BZ ceramics 10 Mrad AP —20% [29]
BaTiOs BaTiO; ceramics 200 Gy Ada3: —14% [30]
BaTiOs BaTiO; ceramics 200 Gy AP, -88% [30]
BaTiOs BaTiO3 ceramics 200 Gy Tc: (120—100 C) [30]
BaTi O3 BaTi 0.9759N0,02503 ceramics 200 Gy Ad33: —55% [31]
BaTi O3 BaTi 0.9759N0,02503 ceramics 200 Gy AP;:—81% [31]
BaTi O3 BaTi 0.9759N0,02503 ceramics 200 Gy Tc: (109*>69 C) [31]
BIT Bi4TizO1, ceramics 3000 kGy Adzs: —9% [36]
BIT BisTizO2 ceramics 3000 kGy AP;: —-14% [36]
BIT Bi3,25L30,75Ti30]_2 film 150 kGy AP;: —-55% [38]
BIT Bi3,25L30,75Ti 3012 film 150 kGy AEc: —16% [38]
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