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Abstract: Lead-based textured piezoelectric ceramics have significantly lower production costs compared to single
crystals with performance that notably exceeds that of non-textured ones. They are regarded as the most promising
alternative to lead zirconate titanate polycrystalline ceramics and have emerged as a key research topic in the materials
science field in recent years. This paper provides a comprehensive overview of the growth principles and
characterization methods for lead-based textured piezoelectric ceramics, including the preparation processes for
templates, and the essential steps involved in production of these ceramics. Then, it summarizes representative
research findings on lead-based textured piezoelectric ceramics and systemizes various improvement strategies. From
the perspective of material formulation, the component ratios of ternary and binary system textured piezoelectric

ceramics are typically chosen at the phase boundary to ease flipping of polar states under an external electric field,
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thereby achieving a high piezoelectric coefficient (ds;). Both systems exhibit similar ds;, but Curie temperature of the

ternary system is generally higher than that of the binary system, indicating greater application potential. From the

perspective of preparation processes, the addition of sintering aids can significantly promote oriented growth of grains

and post-annealing can eliminate impurities at grain boundaries and void defects. Moreover, quenching can freeze the

electric dipoles from a disordered state. These improvements in processing have significantly enhanced the

performance of lead-based textured piezoelectric ceramics. Finally, this paper analyzes the current issues and

developmental challenges, concluding that differences in lattice parameters and valence states of B-site ions between

the template and the matrix material are the primary factors limiting the performance of lead-based textured

piezoelectric ceramics. Customizing templates that match well with different matrix materials will further improve

their performance.
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Fig. 1 Schematic diagrams of microstructures of (a) conven-
tional ceramics, (b) textured ceramics and (c) single crystals
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ceramics prepared by TGG method (a) before, (b) during, (c)
after sintering and (d) at the interface between template and
ceramic
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Table 1 Electric properties of PMN-PT textured piezoelectric ceramics!®"?

System Template  Foo1/% £33 d;:/?;g?liln’l) d;/i;tgrlz(}l) T./C tand  Year Ref.
PMN-0.285PT NBT-0.6PT 87 3490 — 855 129 0.01 2011 [63]
PMN-0.325PT 1% BT 98 2591 — 1000 ~160  0.006 2012 [64]
Mn-doped PMN-0.325PT 1% BT 96 2233 455 450 ~165 0.0044 2018 [65]
Sm-doped PMN-0.3PT 5% BT 90 ~4500 — 1040 90  0.05 2021 [66]
CuO/B,0; sintered PMN-0.28PT 1% BT 99.5 3450 340 1180 ~150  0.008 2021 [67]
Sm-doped PMN-0.29PT 5% BT 82 5130 500 810 102 0.056 2021 [68]
PMN-0.31PT 3% BT 93 3560 660 1020 134 0.019 2022 [69]
Eu-doped PMN-0.28PT 2% BT 98 ~6000 1300 1950 ~80  0.015 2022 [70]
Sm-doped PMN-0.26PT 1% BT 99 10115 1245 1882 76 0.042 2023 [71]
Er-doped PMN-0.33PT 5% BT 364  ~5000 — 634 ~100 ~0.02 2023 [72]

Yan U] 4% T BE R 73 ¥ 2.5% Eu TERB M
PMN-0.28PT 2344 & FELBE &, 15 & T Jm &0 7 o 14 (1)
W5, ZIARRIG T HATAIER RN ds(1950 pC/N).
dsy JBHERAEMES TR, AT E AR LTS
MM &R ERMEGE, FEEKES MR A RS
RH dys. FEMIFAN 1 Hz 19 1.5kViem 437 R, %
1 R YU B ) s 331 2100 pm/V, 55 HUAR 57 £
FEL 0B AR R

HG AT AR, [001]HL A1) R A A Hs
d'”l, 2023 4, Tang "M% PMN-PT & & 1 PT (¥
FREBRIKE 0.26, Hifk T R AHMAN & &, fEH3E
fifi b, BIN Smo JuEHEHE SR TR, Hl% TR
350 2.5% Sm JEEK 152411 PMN-0.26PT 244 [ Hi g
o AR R B 1% BT AR, {5185 Foo
B 99%, [ dis k%) 1882 pC/N. LAk, Zk R
(1] day 5324 1k PMN-PT 1k 2 O 50 11 5 v 18,
EMZE R 1 Hz [ 2.5 kViem JNIFR, ds; 163
2510 pm/V. 2R1M, R M 2] T MIFEZIRE Trr 5 T
SRR 37 576 C, HNHAEATRER D

S e v S 1) M R A DA T B AR MR
FrERE, % LS REREEMEH. 2022 4,
Moriana 28 ioF 15 1l 7 2iE 5k 2R 5 ) 40 5 FE ok 4 A8
BT BMRMHEZI BB, AT AR L2404 N4
W RS SR ) o B R BN, BRI IS m S
18 1 90 2 8 % R T AR R B ST HEB, AT 2 4 41
AP e R R B ] v B — B RS SRR R 4
PR BB B R ) R E R R 2 —, TERR I,
bR T T BT R BB A I IR, 8 b 2N n /> & 11 B
B AR kR AE K. 2021 4E, Yang 7 &
PMN-0.28PT 234 [ Hi B B I, 75 L 48 SRk A v
TRESE 0.25%) CuO/B,0; IRAMVE BB,

2 BT BEARARFR 2 BN 1%0], Foor X 2] 99.5%,
ds3 WU % 1180 pC/N. AR, Tror 5 T ¥IIRFFTER R
K, 51106 5150 °C, SRS TEEE.
32 =nfARLAMEBEE

N RAME B EN KR EERT
PMN-PT % — itk REBARN To AR ZI0HRREIL
HAR K dss, (B3 T, 7 75~165 “C 2 18], 1 H AR
(1) Tror A HAE S BR A H 32 BIRR B, JCH AR
HeRe 2SN 2 HOE . BT IEIRIRES S E MR &R
FERGE L, HIREIAE] Ter B, MELSHEA,
BERR T IR N, ERETSIN Iny Zr,
Sc 5L EK, ATLMRE Teor 5 T, ATIHG SEVE RE AR

PbZrOs(PZ) FIE 28 =4 W8 in#) PMN-PT {4
1, JERL PMN-PZ-PT —JiiA &R, & 2 BN
8T PMN-PZ-PT = ek A4 [ H e (i Rl ),
Bl 6 B TIZERIAHE, AT RE M5 E Bk
e, S I A REIE R IR PRI S AL B . 2013 4F,
Yan 25UV KR 2 B 5% 0 BT BRI & T
PMN-0.25PZ-0.35PT & R M) [k P&, k5 T
1100 pC/N [ dss, 76 20 kV/em 4N, d53 ik %
1200 pm/V. FEERE, ZERH T,k %] 204 C,
B BT SEFHME . 2022 4E, Zate Z5U787E (R FR
PMN A & EABMELT, MINT PT &&, fil&
T PMN-0.22PZ-0.38PT 14 REUW T P&, F T 33
—BHEmE| 235 °C, [ ds A 950 pC/N.

HH CuO KU BPER On LMRFFHTE
WIRRA TR EM., 2022 4, Liu &%
PMN-0.25PZ-0.33PT A R+ 45 Nl & 53 0.50%H)
CuO. 8%, BT BB Bibe s it i h 2 f —E
IR, (BN CuO & E (Lt T B EERI[00 1 TH A ) i



%5 6 3] OB, A BYIESUR A M BT T 569
R2 =R PMN-PZ-PT A EREH RS
Table 2 Electric properties of PMN-PZ-PT textured piezoelectric ceramics'"*%!

System Template Foo1/% €33 d;:/z(l;g-ol\?l) di/e()};tgr;ql) T./C tand Year Ref.
Mn-doped PMN-0.25PZ-0.35PT 3% BT 93 — 230 720 210 0.003 2012 [76]
PMN-0.25PZ-0.35PT 5% BT 90 2310 230 1100 204 — 2013 [77]
Quenched PMN-0.25PZ-0.35PT 5% BT 92 1815 275 750 265 0.01 2019 [82]
PMN-0.22PZ-0.38PT 5% BT 98 1100 ~250 950 235 — 2022 [78]
PMN-0.25PZ-0.35PT 2% BT 98 1000 230 1470 ~225 0.011 2022 [81]
CuO sintered PMN-0.25PZ-0.33PT 5% BT 98 1720 235 860 222 0.008 2022 [79]
PMN-0.25PZ-0.33PT 5% BT 98 1500 — 1080 ~225 — 2023 [83]
Mn-doped PMN-0.25PZ-0.35PT 2% BT 99 2100 223 862 — ~0.003 2023 [84]
CuO sintered PMN-0.47PZ-0.39PT 1% BT 92 1000 143 278 304 ~0.007 2023 [80]
PMN-PZ-PT 3% BT 98 2410 — 1220 229 0.012 2024 [85]

0
0 01 02 03 04 05 06 07 08 09 1.0
PZ

Kl 6 PMN-PZ-PT k& HIH
Fig. 6 Phase diagram of PMN-PZ-PT

PR, 1 Foor M\ 86%$2E =1 2 98%. fiky B ) A= K
A CuO $B4HIN T S MIBIER T S &, W T
DL R AHN E IS RN . 2, HE T RBEIH
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Table 3 Electric properties of ternary systems except the PMN-PZ-PT textured piezoelectric ceramics!*" 45 57, 5%, 86-108]
System Template Fyo,/% £33 dsi?;g(')l\?l) dg/e(;g.r;q,) T/ C tano Year Ref.
PIN-0.40PMN-0.32PT 5% BT 93 ~2500 416 824 203 ~0.025 2015 [86]
PMN-16PYN-0.38PT 5% BT 91 ~2000 — — 214 0.019 2016 [87]
PIN-0.30PMN-0.34PT 5% BT 62 2668 450 560 220 ~0.04 2016 [88]
PIN-0.40PMN-0.32PT 5% BT 94 ~2500 429 841 ~200 — 2016 [48]
CuO-doped PIN-0.4PMN-0.32PT 5% BT 97 ~2430 416 927 200 0.013 2017 [89]
PMN-16PYN-0.38PT 5% BT 91 2110 — — 213 0.022 2017 [90]
PNN-0.15PZ-0.3PT 2% BT 82 ~7500 ~1020 1210 ~103  ~0.031 2020 [59]
PYN-0.52PMN-0.32PT 3% BT ~99 ~2000 — — 205 ~0.01 2020 [91]
PYN-0.41MN-0.38PT 5% BT 83 ~2000 413 409 224 ~0.050 2020 [92]
CuO-doped PYN-46PMN-34PT — 94 1960 380 460 — 0.019 2020 [93]
Mn-doped PIN-0.42PMN-0.34PT 2% BT 84 1514 370 517 205 0.0049 2021 [94]
PIN-0.445PSN-0.365PT 5% BT 99.2 2310 240 1090 247 0.012 2021 [57]
BZZ7-0.375BS-0.60PT 5% BT 91 980 216 353 403 0.024 2021 [40]
BMT-0.6PMN-0.3PT — 90 4500 — — — — 2022 [95]
PSN-0.20PZ-0.41PT 3% BT ~95 1300 265 580 299 0.007 2022 [96]
PNN-0.21PZ-0.37PT 3% BT 96 ~3000 730 830 ~170  ~0.017 2022 [97]
PIN-0.445PSN-0.365PT 2.5% BT 99 2155 — 770 ~270 0.0072 2022 [98]
Mné&Cu-doped PIN-0.42PMN-0.34PT 2% BT 97 1498 304 725 205 0.0045 2022 [99]
MnO,-doped PIN-0.46PSN-0.37PT 3% BT 99 1739 181 735 244 0.0039 2023 [100]
MnO,-doped PIN-0.42PMN-0.34PT 2% BT 98 1498 304 725 ~205 0.0042 2023 [101]
PIN-0.445PSN-0.365PT 3% BT — 2100 — 840 261 0.006 2023 [102]
PIN-0.46PMN-0.3PT 5% BT ~99 1960 270 860 195 0.007 2023 [103]
CuO-doped PMN-0.29PIN-0.34PT 3% BT 97 ~2000 ~450 578 231 — 2023 [104]
PNN-0.25PZ-0.39PT 3% BT 98 2790 443 1165 197 0.021 2023 [105]
PZT-0.11PZN-0.06PNN 10% BZT 63 1123 — 318 230 ~0.021 2024 [106]
PNT-0.34PZ-0.42PT 5% BT 98 2499 ~250 820 180 — 2024  [107]
Li,CO;3-doped PNN-0.16PZ-0.34PT 2% BT 85 3942 943 1180 146 ~0.04 2024  [108]
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Fig. 7 Relationship between T}, and d33 in lead-based textured
piezoelectric ceramics
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