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Abstract

A series of piezoelectric ceramics Bao.sNao.sTiO3-xBaTiOs (BNT-xBT, x = 0, 0.04, 0.05, 0.06, 0.07, 0.08)

were prepared via the solid-state reaction method. The effects of BT content on the crystal structure,
microstructure, and electrical properties of the ceramics were systematically investigated. Results

indicate that at the quasi-isotropic phase boundary, where trigonal and tetragonal phases coexist,

appropriate BT doping significantly refines grain size and enhances density, yielding the smallest
average grain size (1.26 pm) at x = 0.06. Electrical property testing revealed that the MPB composi-

tion (x = 0.06) exhibited optimal comprehensive performance: its piezoelectric constant ds3 was ap-

proximately 180 pC/N, the plane electromechanical coupling coefficient k, was 0.336, highest resid-

ual polarization intensity Pr (44.12 pC/cmz?), and lowest coercive field Ec (34.29 kV/cm). This stems

primarily from the significantly enhanced domain reversal response and polarization capability due

to structural instability in the MPB region. However, both dielectric temperature-dependent meas-

urements and variable-temperature piezoelectric testing reveal that while BT doping enhances room-

temperature piezoelectric activity, it also markedly increases the material’s relaxation characteris-

tics. This leads to broadened dielectric peaks, reduced characteristic temperature Tm, and a signifi-

cant decrease in depolarization temperature, thereby limiting thermal stability in high-temperature

applications.
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b5 B AW R &, PORMRE 2 E T O HE S BIARE R FB ) OB AL Al . MR MERE B Ve T
WHEAR R PAT RSN VG, miohRe R L, JCH R R BB AR, 7R 2 AN R I T B
W1 BB &R —F BA R - UGR S YRR RE, T2 N TR PATHR . @S
B REICREL B L LR RSS2 A . e et b, M E R A SR E
BEA7[2] [3].

SR, A48 10 T H o 8 3 B A DUBR R R A (P ZrOs-PbTiOs, PZT) WANER, SRS ERE, &
7RI R AR RS T A [4]. BT EAHUR, XEPPRO PR A g B R T IS E R e .
B & PR BRI BT RUEA CRIE R H 25 728, AERVF 2 B K CIF A& 5 IR S R I . IR TR
KRB, B 32 3 7 MRS R EE[5], PZT AMORHEAR 224508 i N P T Wfe 2 V2R PR A AR AR R T

N RPOX— AR, R, BERENIESO TR R O R bR, Db e PR R fE T, [H
AR FF IR R BE X SR TEHT R F B A R, R AR A TC AN T R PR, DR A G A AU R
RERIN, BN EAAE G4 L TR B bR R e B [6] . ARBR AN (BiosNapsTiOs, BNT) I Fia e JE I HH A i1
777 BNT 5% Ha PR %2 1960 4F i Smolenskii 25 N B IXHRIE[7], BNT & A fi7 1 NatFl Bis* 3 [A] 5 4 (1)
FRERE SRR AR, AR B B 1 R R RVEOR R AR R A BB R, L v F A A SR A A T
5B LAY 0 [ 5 45/ T2 [8], BiosNaosTiOs-BaTiOs (BNT-BT) A& R K L & & MM L5 A1 R
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£ BNT-xBT [k ifg e, B BT S NE x FHEMN, MRS, [SRES. AMEERAILE
e REEFHRE R S R AERERN. B BT J5, MRS RS BE 2 RIA7 (A B R IR
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B, YRR T PRI ILL BNT M.

AHTICE AL X BNT-XBT P R MO 4544 7041, $RIFANF S BT LS i e i AR 4y . i i Pk
AN HPERERISE R . I XM ERATST . SR T e A EREI. R RENASE A, At o)
Hr BNT-xBT P & HIROM S5 1340 S H s M me , SRR IS BT &8, s R RERI g, AT
TR E— DTS BT Xt B BB WAL B AN IR AR E PRS2, DT P BE oo i A R i R K
A SE 56 HdE S o

2. KW

ARSI R FH AR Ge I [ AH J S e 45725 K1l % BiosNaos TiOs-xBaTiOs (BNT-xBT) e Hi i B [fl v 1k,
JE 8N BiOs (99.9%). TiO, (99.0%). Na,COjs (99.5%)F1 BaCO3 (99.0%). 1% e {k 4t & ELFRE: 0.04 mol,
it 9.0g 4, IMANEE K CEERAR RN AR ER, 5 R — RN ER S, 34T ERES 4 /)
I, HEFFE R R AE 800°C K itk 180 min, FHEMH A Jy 2°C/min. Fike /5 I R IIA 4% PVA RS &7,
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JE PR RSB 4T BE MG AR 0.6 mm (IR, 7RI A IE S TR #R2%, 78 600°C£RIE 30 min k47 4R A [
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3. BRE5VE

K 1(a)>y BNT-xBT (x = 0~0.08) M ZE A i 7E 20 T 1 X S 2R AT 5 3, Wik A7 5 20 S 20°~80°. M
XRD B AT LA EE Wi B AR R I A IR S 6K 4544, BaTiOs (BT) 7435 7% BaosNaosTiOs (BNT)
TERUE A, BAAE M. Kl ()72 (200)ATH i) /ORI, 7T LU H(200)U¢kE & Ba TG IB R4
B EREE, XRFN A AL R BaEF MR TR 0.161 nm EK T (BiosNaos) 55 3B 4%
0.135~0.139nm, ‘FHEigIZK, MRIEAMRAEER, AT MAQ0) 5 M EE) 2R KR, Bk, sk
H K T AT S0 H DU AR A [10] [11]

< 2 4 BNT-xBT (x = 0.04~0.08)M %5 [1] Rietveld ¥ &K%, 2t BNT 785 & R =77 M
(R3c)MHZE K, 4l BT fE =R N2 H(PAbm)MHSE K, ik R BT MW N, MiAge
KA, G5 2B # I R3¢ A% [H] P4bm #H . 7E x = 0.04 I, =5 M 5 1947 B, R3¢ &8 N 88.54%:;
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JiAHSEARIRAS, OIS 2 o [F) BAH 3 XAk, ARTE PR A A 2 [ I X, Bl T3 P PR (1) A 25 R A2 7E
—EMVREL, TR AR IR AN SRR AR, X R AR T ECETRR 0 A%, W] DUR I R M AR Y
o,

DOI: 10.12677/app.2026.163009 95 I EEY/BEH


https://doi.org/10.12677/app.2026.163009

YEETL, Mvh

@) J\f =z = 5 ®) g
| S oom = ﬁ' T g8 z | =0.08/ 7\
- x=0.07 JL . J‘L J-L " x=0.07,
-
=
% x=0.06 0 ﬁ L A o x=0.06
2
§ "
S x=0.05 n 1 " x=0.05
x=0.04 L N n \ x=0.04 / \
. JL A A M A =0 L-
1 1 1 1
20 40 60 80 46 47
2 0(deg.)

Figure 1. (a) X-ray diffraction patterns of BNT-xBT ceramics (x = 0~0.08) measured at room

temperature; (b) Enlarged view of the (200) diffraction peaks
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Figure 2. Rietveld refinement results of BNT-xBT ceramics (x = 0~0.08)

[ 2. BNT-xBT (x = 0~0.08)F8%& Rietveld #5845 R
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Figure 3. Scanning electron microscopy (SEM) images of BNT-xBT ceramics (x = 0~0.08)
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Figure 4. Comparison chart of average grain size in BNT-xBT (x = 0~0.08) ceramics
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Figure 5. Scanning electron microscopy (SEM) images of BNT-xBT ceramics (x = 0~0.08)
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Figure 6. Temperature dependence of the piezoelectric constant dss for BNT-xBT ceramics (x = 0~0.08)
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Figure 7. Impedance spectra and phase angle curves of BNT-xBT ceramics (x = 0~0.08)
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Figure 8. Temperature dependence of dielectric constant for poled BNT-xBT ceramics (x = 0~0.08)
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Figure 9. (a) P-E loops of BNT-xBT (x = 0~0.08) ceramics measured at 50 kV/cm; (b) Variation curves of Pry Pmax, and Ec
for BNT-xBT (x = 0.04~0.08) ceramics
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