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Abstract: Pb(Zr,Ti)O; (PZT) ceramics play a crucial role in fields such as national defense, healthcare,
communication, and energy conversion due to their excellent piezoelectric, ferroelectric, and pyroelectric properties.
However, the sintering temperature of PZT ceramics usually exceeds 1200 C, resulting in high energy consumption

and a large amount of PbO volatilization. This volatilization disrupts the stoichiometric balance of PZT ceramics,

thereby adversely affecting their electrical properties. Moreover, the rapid development of piezoelectric multilayer
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devices further requires PZT ceramics to be co-sintered with low-cost metal electrodes at low temperatures. To

address these challenges, researchers have extensively investigated the low-temperature sintering of PZT

piezoelectric ceramics, successfully reducing the sintering temperature of PZT ceramics to below 1000 C, which

has attracted widespread attention. Starting from the structural characteristics and physical properties of PZT

ceramics, this article reviews the current research status of low-temperature sintering technology in the field of PZT

ceramics. It mainly introduces the current status of low-temperature sintering techniques, including spark plasma

sintering, hot-pressing sintering, cold sintering, as well as the use of sintering aids such as forming solid solutions,

liquid-phase sintering, and transient liquid-phase sintering. The influence of these sintering techniques on the

microstructure and electrical properties of PZT piezoelectric ceramics is systematically summarized. The issue of

electrical performance degradation caused by sintering aids and possible solutions are analyzed. At last, future

development trends of low-temperature sintering technologies for PZT ceramic are explored.
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632 T AL A R R

40 %

APO01 B e I AE e 4 ok R TR BE A R A 2 B AL,
{0t B B R 2 TR A 45 B RO B A, 1R PZT W&
MR B PERESE . 32 N R E AT A 44— 28 H Bl 77,
FF H BB LB AT I 9 B 45
221 BhkEFIR

T ER BRI R F A R LR LR OF L
Y, UERENMEZ, HPHE TS a m
Pk 5 Pb &1 AHIUT, 0 Bi,05. CuO %5, @F ALY,
UEZRY S s I, FERR S T R v & P R VA,
LiF %%; @M A%, W LiBiO,. Ba(CuysWo3)0s-
LiCO; 55; OAIRIA s AHARL, 41 B,05-Bi05-CdO-
Bi,05-Si0,-PbO %5. NI BhGef ] DL 2 [k e 4h
RS, AR R R B Re i i BB HLEE HEAFEE, K
AT o3 T R VAR . AR e Sh R R A 5
FER ORI A X LA T LI SO0 PZT W 88 (1)
2 B R T S R R
222 WEERE

MRS PZT MR B, B AH
iw, HAEReds It 2 5 PZT f ik kA4 3+ B,
T8 AR AE A AR BR[G0S  E
TR T AR RS, RSt E, (B TR ahmfedbbed.
[ 20 20 60 SEARESY, BERA SN T ST
PZT P& F M RE, 22 R A 2 ot 75k L A (G 0
N Pb(By, Bo)O)EANE =4Hts PZT B4, MDA
PZT NEMARMF M =0 R L &M B . LT
PZT Z—JL &, Pb(By, By)Os-PZT =L Rk Tk HL 1 RE
o5, RAREMR AT BT 2 MEH
UL B [ AR BT B, R R 0 S AR SR S PR AR, P
BRI RS IR BTt B3 T RO, Horh ) Pb(Zny3Nby3)05
(PZN)F IRk AR AT 5 PZT By A ke e A5 Akl
giky. KEMREBISS, % PZN 5 PZT HAJE,
Ay DL B m M EMA R ARt BRIR I b4 iR
BE, —MBAE 950~1100 Cleshmnl LAIRTS B P % o
B E 1R B LK Seo N EMRT R T PZN 5
PZT JE R R S5 e 45 AT R s 2 1 R, R B RE
% PZN ERHN, PGB RS RS TR B/ S
9 880 CARIE 4 h il % 1) xPZN-(1-x)PZT P & 1) %5
FEARL I ZE . 24 PZN EEIRFHUN 40%0, P&
880 CAIKIR NEP R B BU%, HARX % FE =ik 97%,
FHRILH A 16 24 M B8 (ds; 9 460 pC/N, k, 4 0.6).
223 HIEkEL

TR e 445 T8 R 3 Sk AN LR I A B 5 7 B
Bhel it fsl, CLIE AL s, e gl f2
TERAR, BT A3 P B e 4 iR FE KT CS M & .
gt 1ok S IR AE B 0% I M R, 4 e

o
1

Density[g/cm®]
~

N
1

0 0 4 e s 100

Amount of PZN [mol %]
5 880 Cfik 4 h kess xPZN-(1-x)PZT P & fry 2 Jig 0]
Fig. 5 Densities of xPZN-(1-x)PZT ceramics sintered at
880 °C for 4 hl®

IR PR FLRR, AT 75 S50R (8] 7= 2R B 40 ). BN
FIRAE R R A sh A B HE . [, SBAH A7 e A
A I R AE AR RO [ AH ST R AT, /N RIORL I
=N N AN TR SN E 2 (3 i i
NI AR-DITEAL . A T3 i SRS R, (RS
L HERR, MRl Bk, & BBk kegh
WM H R ARR, fEkes 5, &2 MsH Sk
TEfm T T RS M, X B EHMW T PZT M &N H
PERE .

2007 4E, Hou %51 7R FH [ B 45 v 3E iR I B e
A LiaCOs SKFEAK PZT BB IRIE . W RN,
1 LiyCOs IS &N 0.5% (5 & 7> BOWT, P& kess
TR 1100 C AR 950 °C, AR L F] 98%.
¥R Li,COs o, PRSI AH ) 2 i B AR
FEAAR, M0 F A PR RE A BT K &3 A T ™
FAk. 2013 4E, Zheng 5L %2 NiO $57% PZT Wi
BEI KB, NiO 7E PZT 1 1) [ B FRAX 294 0.3%(J
BAH). B ZREE, & Nio 5 &5 X 1 PbO
TE 875 C T MARILAE AU (B 6). H - T¥AR IR
A i LU E B AR L RE, BT DT
1050 CHIBEEIREL T, WAHBRES PZT W & 1) dvobi 2
EWOR. PRI, NiO B2 &l 0.3%)5,
PZT V&) dys Mk, AR TRGE RS, MABZ% 0.3%I
1) 350 pC/N 1 0.55 [EK 2B 9% 1% 1) 250 pC/N
045, FIRHEMER S SRS FBNE
AR OIAR S, i B KB, 24 NiO
VRN o VA B PR(0.3%) 5, Ni*T7E i L X SR 4K,
HHEAXM Zn™ . TiYSE TR ERR, RN
77 K0 45 K 119 (Zn, Ni)TiOs AH o % AH 2 35 8k v 4,
H e BUK, HF BAE Ny — P 5 2RO A M OR,
(Zn, Ni)TiOs B4 il 2z i 35 546 PZT B B8 11 &
P RE



%6

£ B, % PZT WEMKER ST i 633

L T ]
0 5000 10000 15000 7
Energy/eV bO Mol (%) NiO

Bl 6 NiO 54 PZN-PZT i % 1) i 1 25 g 1)

Fig. 6 Microstructure of NiO-doped PZN-PZT ceramics®®
(a) TEM image of pure 0.2PZN-0.8PZT specimen; (b) High resolution
TEM (HRTEM) image of the interface region between PZN-PZT
grains without NiO addition; (¢) TEM image of 1.0% NiO-doped
0.2PZN-0.8PZT specimen; (d) HRTEM image of the interface region
between PZT-PZT grains with 1.0% NiO addition; (e) Energy
dispersive X-ray (EDX) spectrum of the triple junction of 1.0%
NiO-doped 0.2PZN-0.8PZT specimen with the Cu peak indicating the
sample holder; (f) Partial phase equilibrium diagram of PbO-NiO
system
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(a, b) TEM images and selected-area diffraction patterns of grain boundary in ceramics sintered at (a) 1100 and (b) 1260 C;

(c, d) Energy dispersive spectrometer (EDS) spectra of grain boundary in ceramics sintered at (c) 1100 and (d) 1260 C
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(a;-a3) 900 C; (b;-b3) 920 C; (ci-¢3) 940 C; (di-d3) 960 C; (e1-e3) 980 C
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Table2 Comparison of sintering temperature and advantages and disadvantages of
PZT ceramics prepared by different sintering techniques
Sintering Principle of Sintering .
low-temperature . Advantages Disadvantages
method o temperature/C
sintering
SPS Pulse current heating+ 900-1000 Low sintering temperature, short High equipment cost, complicated
pressure sintering time, high dense fine- process
grained structure
HP Heating+pressure 1000-1200 Moderate sintering temperature, Complicated equipment, high mold
short sintering time, excellent requirements, high cost
electrical property, high density
CSP Liquid phase sintering+ 200400 Extremely low sintering tempera- High pressure requirement, uneven
pressure ture, short sintering time, simple microstructure, poor mechanical and
equipment electrical properties
Introducing Formation of solid 950-1100 Reduced sintering temperature, in- Introducing impurities affects elect-
sintering solution creased density rical properties, high requirements for
additives composition control
Liquid phase sintering 950-1100 Reduced sintering temperature, in- Introducing impurities affects elec-
creased density trical properties, high requirements
for composition control
Transient liquid phase 950-1100 Reduced sintering temperature, in- High requirements for composition

sintering

creased density,
electrical performance

optimized

control
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