#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 21 (2022) 217701

PNZST:AIN E5MBEBIEHN /115
t R R M RE AL IR

ZHD FREY

O KB

K & &

E;’ggﬁl)i

1) (R TR R R 5 TAR ARG, At 210094)
2) (MR RS IR A4 BE, At 210023)

(2022 4E 6 A 26 HIg#H; 2022 45 7 A 18 HULEMEEH)

3 3oL W A ST AR SR e 4504 A 4 1 (1) P .goNbo 02 (Zr 57510.43)0.94T0 060 0805: A IN ((1-2)PNZST:2AIN,
r=0,0.1,02,03,04) EEWE, REMR T E AL RN | B S 0525748 LU R e | A B AN
PR PERE A SCU A SRR T AR =2 18] BAVRZ ik 28 B T 7™ A 19 R SO 0 S A S8 A T W 5 A 2L A AR
SE R L, TR 5 R BN T A R TR A /R R AR S R AR IR B 7 AR TR R I S R PR R Y 2 =
0.1 B, 7830 ARG B 37 °C i H OB B R %0 p ik B K AE 3.30x10°% C/(m2K), H 0 R G F = 3.16 x
10°° m/V, HEW R EE F, = 0.613 m?/C, N RM(E Fy = 4.40x10 * Pa /2, HH 1580 16.3 C, FEE R
BRI N RIS B MR BEE AIN S 2 K A P R I (IR B A 37— 73 C TR

SN AT, B R Y IR R AR E

KSR PR, EEWE, RN Y, Bk g

PACS: 77.84.-s, 85.60.Gz, 77.70.4+a, 61.66.—f

1 5 =

PP RHR I R B IE SR AT EL O A A, B
LR, AT AR A A, FEs ) G |
SEANEY ST, SRS 5 K AR, AR
P oo e A AL AR AL, DT 0 7 ) 4
B ERE. ISR R TR HR L 21 M

BERE T Z B AR REET A DU, AN g

PR B REZ B AL B A0 BT (R A A T
Bl A = LR A e VRS FL PR BE A R R AR, K 2%
& i VR L 2T A ME IR AR 1) R, A AP LAY o
YRS A RIS A EE I 2 —

DOI: 10.7498/aps.71.20221250

H iy 552 B o FH 09 4% G2 $ORE B4 6 E TRy R 7
Pb(Zr,Ti, ,)O5. Ba, ,Sr,TiO; % P % | LiTaO;.
TGS Hfiy B P RL A 131, 3k Sphh i A
R REUE WG, 8T 28 0% AR m, ORRR
il T v P RE AR FL R BRI 5 7 FH . e 3 B
AP BREEPE IR 7 R S R HL R R, X 24
TR LT IME AR R R AZ O R . A S S 24
T, SRR TS S B AR RS, X e
RERAESSAAEZS (8] EIAETEAHEAE R, TR T )R
BRI STV, X Bk L AR A W B S A A F
AE 5 HLIREE | SRR AR . VR HL T RE A A TE AN TR
TR B s 145), 6 22 RUBE AR PR 25 400 1 il s ) 2
T IF R e PR b B AR G207 8 1) Tl

*ERARFIFIS (S 11874032, 52072178, 52202139) ., e m R IEASEHIRL 45 2% (HEHES: 30920041119, 30922010402).,
P E A R REE RS (S 2021M701716) FIVLIRA “E TR (S 20222B248) WEBIHIIHLEL.

t iBfE1E#E . E-mail: stzhang@nju.edu.cn
1 BIEVEE. E-mail: yjwang@njust.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

217701-1


http://doi.org/10.7498/aps.71.20221250
mailto:stzhang@nju.edu.cn
mailto:stzhang@nju.edu.cn
mailto:yjwang@njust.edu.cn
mailto:yjwang@njust.edu.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 21 (2022) 217701

i N TS H AR TR, 783 R B A A [
RUAHILAF RO ER] BUAR B 2 BUARAE | — AL AE A
Gt HORER AL A TR, BRI AL RO 2, fe it
AT 1wy, T e AR R ASORE 67 R R E i AR
AR AT B e AR M RE, (ER AR TR IX B Y
PR I 0 R RS e M . RS AR 21 b
i — AT A A Ul SN AR 2 B T A, (HAE B
JE AR T A A T v LA S e i e
M 2 H B2 R A iR B RS E . 2) AR 5 8K
W S5 R Bl pa T 2F e, T 4 it B8
LA AN, 7 AR 22 M R A A ML 3 5 | AT
AT, PRk R ARAE, B ek W PR AR e PR
RS, MR BT Cu?t, Fedt, Cd3*, Mg+, AP+
SEIUR B “BE P AR, DU S0 by i i M
T, ATRE AR BT w7, AR L R A HL A
FELABG AR A 1, (H = 2 I BRI A AR A 2Z T 1Y
[] RUBE PP A RH LA, B A 5 B A AN R T
BUARE L PERE A9 B2 TR BE AT R =111, 3) AR AH
PR, A i P B R A T2, AR
LA B The st | 2 LI B A5 ok i v P e O bR A
PE | BRSOG4 BAORE B RN, 51 4
BaTiOg M BaSng g5 Tig 9505 ZFL I %45 1214,
N T AR E R AR R RE, BR T SE
APEREDCAL R BE LASE, Sk ] LLid i i) 52 5 4 e HE
HEN 1 Gy R LR RE . S A AR Y 2 R s
. DT Al DUEATRL P RE SRS AR A 2 R
S IRAE G (L5 R RUBE | OUE /9 L RORE 2% W
RUEE) REMSTE AL A SE S5 Y B 8 WA ik EI T
A 4 P B P 3 B Ab B B A2 #E . Pb(Nb, Zr, Sn,
Ti)O; ¥ —FhZ 40, Z45MILEY, Eid
B o B 52 oy i il PR Bk AL A (FE) Mgk
HH (AFE) AR, 7E 07 il | 3555 MY P17
TN 5 KR A RS R AR S AT R B R 0 S Y AR
HLPERE, (H2 HOE [F] B SR o3 DCTRI A /), HAH
AR EE VO e AE, R 2—3 G, 30 AR
Tl A 7 v R B 4 T AR i B i )
P T —E R PRAR. BE T, TR 1 B LR |
TS BT 2 R OBk S B R, Ak
FERHURHS, RERS £ & kGRS 19 Rk
WA RIS | 7 ARk F G 2 ] AR 5 Bl SR £ 17,
T BT A Ak A A ) e A 1 1 i B8 0 A 1 T 4
A (1819

KT BT, ASCLA (1-2) Pby g9Nbyg o[ (Zr 57

S11g.43)0.94Tio.06)0.9s03: TAIN S 45 B B 9 F 50 &
X [ S PR PR RE DL AL LB AY SC SRR~ Tn) e 2
TIPS, S 2 AR RN o Xt fL A PERE RS
M R, TSRS S sl 7 - L - 72 WP E ) SR ATL
B PR R R RE AL AL BT T R, LU R R E & F
RS R G s e s PERE R R
SRS 337 AR R AR L K B F i I ) P BRI
PR 5 19 LR BORRI LS SCRE, o SRS
FL R RE IR 5 DA LA R A% R P 107 B A

2 SLIED A
2.1  ZIeRR

PLAr #1435 PbO(99.9%), NbyO5(99.9%),
7r05(99.9%), Sn0,(99.5%), Ti04(99.5%) K J5
ﬁ?ﬂ % 2¥ )FH Pb0.99Nb0.02[(Zr0.57sn0.43)(J.94Ti().06]0.98o3
FARBE %, DL AIN GK R (22 52k Macklin, $i
225 50 nm) M —AH.

2.2 ERBEEHE

(1-z)PNZST:zAIN 5 & P & i il 45 F 2504
225, BARN:

1) PNZST P % # it 1 il 28 . LA 3 By 12 71
PbO(99.9%), NbyO5(99.9%), Zr04(99.9%), SnO,
(99.5%), Ti05(99.5%) Mk}, #2443 fb 2=t i
FERRIUERE, BT ISR R, LITGK O RN
FIEREE 24 h, #£ 100 C FHET S, £F 900 C fBike
5 h, FRLATCK SN RIERES | HET. 3B A R4S
FIR VUG B (PVA), B T WK HF B 30 min,
2 200 H i 7 o 0 815 R AR S B AR .
450 MPa J& J7 T F il A28 10 mm 1) BE 2
. R E TR b, HERGIRE S 600 C, fRIER
W] A 2 h, PL 3 °C/min B 38 R TR &= 1200 —
1250 °C B451595 2 h, 3715 PNZST .

2) EAVEN&. me i PNZST M E
PE, BriBobets 2R RTE 1200 °C AT TGRS, T
PR 2 b, ZBREE 24 h T, H TR & B & %%
FOR, #i B PNZST F AIN (9 BE R il (z = 0.1,
0.2, 0.3, 0.4) FRELFUBE 25 515 1Y) PNZST H3 14 A
AIN GKBH A, BKEE 24 h, PET, BAFEH R IY
S (PVA), 78 400 MPa JE 1 F FE il i 542 M
10 mm PRI, BRAE TR b F T HERR , HERE
T 600 °C, FRIRETE R 2 h. BEHERE 58 5 i 2R

217701-2


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 2 3R Acta Phys. Sin. Vol. 71, No. 21 (2022) 217701

B TR g v, I LU ) 20 20 1 A A 14
PRUR, L 9—10 °C/min (3 R THE 2 1050—
1100 °C B3 1 h, 3815 PNZST:AIN & & Hi%.

2.3 RIEFE

UL &5 4 R AE J7 1T, A1) 7% [E Bruker-AXS
D8 Advance % X SFFZATHX (XRD) A4 A 45
1, X SRR Cu K, Z, LR 20 2 20°—
80°. FIJJ11 3% [/ XSR104 Mettler Toledo % FF {Y
TP 22 % . M2 [E Geminid50 Zeiss I
L0 U8 (SEM) X P 5 Ui 1 1464 79 35 0L 0 43
Br, J FHHAC & () g £ (il X G4 (EDS) 43
GRS T OPIve N i T

WL A PERE R AE U5 1, A S5 [El Radiant
Premier 1T 7885k H 0 {500 X s 79 2 H [l 26 0
FEL O TFT % B T 4. R R BT 3 AT A (HP4294A) U]
TR S A FU R BORN A RE B IR BE AR e th 2. F1H
WA Keithley 6485 Bz %3 iy #RE LI (PKS
PIVL7T) Mt Ak 5+ b iR R P RE. o T3 H3R
m AT (FOMs) {H, A& E DSC MlitfY (TA
Q2000) 7EA AN HATI A, ARSI 22 2
5 °C/min. FIF DARTSSPFM X JR 25
B Bt (PFM, Asylum Research, Cypher
VRS) X B B b A TR H W S5 A8 AT, SRSl L R
405 V.

3 H#ER54b
3.1 MRS RN

Bl 1 7R AN A 20 53 1Y (1-2)PNZST:zAIN
(r=0,0.1, 0.2, 0.3, 0.4) EHFEN X G075
(XRD) . MK 1 AT LVE L, FMAH = 0 %
R B 25 T R R SRR S K A5 . B
AIN A, = > 0 (B &R 1 BLR A AIN
#H (JCPDS 76-0565) 1 Al,O4 A (JCPDS 71-1125)
MG (Ch T8 AEAT A, AIN (ARIERT S
TENGHS PSR TE & RIR, ALO3 BIBRIERT ST 14
TENCTRFHVELL A TR HE R, RITHIE B T & AH
ZER T AN S B AR, b, 7E SR s SRR T,
AIN 5 73 il A2 iU AL, O3, AIN 2 — Bl P2 44
HA 5450, J8 TR MR ALO; &1 31K,
J&F =7 &R 20 B AIN & A K, AIN Al
AL O WfT 5T IR B W K. N XRD B354 7]

PLAEBLFIAME B 1) BEE AIN S a0k, g
BT A BT 1 R By, 3R R TR AR S A
AIN Fl AL Oy AR FE S B, X =6 AH B i ok
T BT R, DT XGE B 5 5 P s i I 8 ) A B A 7
R, — YRR R AR AR A R R R
Ji, TR - Sk E AR A e A st LA R 4 2
2) B AIN SRR, BT (111) A1 (200)
TS A & AR T B ARk, Hodh (111) fi i
DA RPN T T B A RS | B = 7 Ak A R 2B G, T
(200) 17 55 U (1) B S48 80080/ N, R0 7 B gk v AH B
I RRAIR, FEBH AIN (AR fi P %8 DAY 7 iz 2k
FLAH ] = 7k AR AR

JL
S o~ ~ * AIN ! s
— o -
— S ~ | & =ALO: s o
(00) |= = |23 |2 § (31(2))S z =
g | T K =zod| A
Sl o eod[ A ]
A E | N
_4? l l A x=0.1 JN }“\
w
<1 x =0
ks | | | AlzoglPDF#71—1125
1 1 |
AIN PDF#76-0565

20 3I0 4IO 5I0 6I0 7IO 80 3I8 ”4I4 4I5
20/(%)
Bl 1 KR40 (1-2)PNZST:zAIN (z = 0.1, 0.2, 0.3,
0.4) 5 & W% 1 XRD B0 (111) 5 (200) 477 55 1 (4 bl Kk 18138
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0.3, 0.4) ceramics, enlarged (111) and (200) diffraction
peaks.
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(e) == 0.4; (f) the composition dependence of average grain size.
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2.5 pm

3 0.9PNZST:0.1ZnO 1 (a) SEM E{%; (b)—(h) Pb, Nb, Zr, Ti, O, Al FI N LR/ (FLHIR: 2.5 um)
Fig. 3. Typical SEM micrograph (a) and element distribution of Pb, Nb, Zr, Ti, O, Al and N (b)—(h) for 0.9PNZST:0.1ZnO (scale

bar: 2.5 um).
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Fig. 4. Room temperature out-of-plane amplitude and phase images of (1-z)PNZST:zAIN ceramics after poling with the DC voltage

of 0, 10, 20, 30 and 40 V: (a) z = 0; (b) z = 0.1.
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Fig. 5. Temperature-dependent dielectric properties (a) —(e) and the composition dependent Tgpapp (f) of (1 —2)PNZST:zAIN

(z=10,0.1,0.2, 0.3, 0.4) composite.
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Fig. 6. Electric field-dependent P-E loops (a)—(e) and J-E (f)—(j) curves of (1—z)PNZST:zAIN composite at room temperature:
(), () 2= 0; (b), (g) v = 0.1; (), () = = 0.2; (d), (i) = = 0.3; (e), (j) = = 0.4.
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Fig. 7. Temperature-dependent P-E loops (a)—(d) and J-E curves (e)—(h) of (1-z)PNZST:2AIN composite at room temperature:

(a), (e) = 0.1; (b), (f) z=0.2; (c), (g) == 0.3; (d), (h) z= 04.
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Fig. 8. Temperature-dependent pyroelectric coefficient of
(1-z)PNZST:zAIN (z = 0, 0.1, 0.2, 0.3 and 0.4) composite.
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Fy= C\/% (3)
XH O SRR LIS ) e, AT o
B, e I E A A BLW B, tand M A ELHEE. M
(1)—(3) AT LA, e # m o7 r 2E HAT Fi A R
LA H R E AR FASTRE | IR LA T A AR
PR REGE. FEARREGE T, IR 2 = 0.1 R
A B b A 3 AR B B ) FOMs AL (B A
H: F, = 0.613 m?/C, F; = 4.4 x 10* Pal/2, F, =
3.16 x 10° m/V, R MLy R ERE. £ 1
JIRFNRAE 2040 °C FASCE SCHR [1,2,11,34—40]
I8 B PRE B AT R RE A e g, X AT R R,
0.9PNZST-0.1AIN 5 £ Fij 5 i # o Pk e L
A B Y | THEREE B e bt LA L O TR
WEA R TR B RS e .

# 1 PNZST:AIN B & W% 5 HAWCIRE R TCH AR PZT SR B B RS 5 L

Table 1.

based materials.

Comparison of the pyroelectric parameters of PNZST:AIN ceramics, other reported lead-free materials and PZT-

R e, TR ( fgﬁ%ﬁfﬁf{) Eﬁgfgjﬁfﬁm\fﬁ@ Eﬁﬁfg’?gﬁj f;v/ *M'ﬁ‘?ﬁf)ﬂ/ Sk
TGS 55 0.025 5.5 2.12 43 6.1 1]
LiTaOj crystal 47 0.0005 2.3 0.72 17 15.7 1]
PVDF 11 0.02 0.3 0.13 13.4 0.9 [35]
BNT-BT 403 0.011 2.42 2.68 1.53 [2]
BNT-BT-ST 1278 0.109 5.7 2.08 1.8 0.589 2]
PLZT 511 0.014 4.0 1.66 3.6 2.07 [36]
KNN-BKT 980 0.035 2.18 0.994 1.14 0.57 [37]
BNT-BA-KNN 514 0.029 3.7 1.32 2.89 1.15 [38]
BCT-BST 3500 0.025 2.05 1 0.32 0.41 [39]
CSBN 328 0.033 1.24 0.6 2.03 0.61 [40]
PZT-based 290 0.0027 3.8 6.0 5.8 2]
KBT-BT-NBT 660 0.23 2.58 0.92 1.5 0.53 [34]
PIMNT film 2824 0.004 8.5 3.40 1.4 1.03 [11]

z=0.1 583.6 0.01 33.0 31.6 61.3 44.0 RTAE
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Abstract

In this work, composite ceramics (1—z)Pbyg.ggNbg g2[(Zrg 57510 43)0.94T10.06)0.9803:2AIN (abbreviated (1-z)PNZST:
zAIN, z =0, 0.1, 0.2, 0.3 and 0.4) are prepared by a two-step solid phase synthesis method. The crystal structures,
micromorphologies, domain structure evolutions, ferroelectric, dielectric and pyroelectric properties of those
composite ceramics are systematically investigated. The results show that the difference in thermal expansion
coefficient between PNZST and AIN creates compressive stresses in the PNZST matrix when cooling down from the
sintering temperature, then a metastable ferroelectric (FE) phase is induced in the anti-FE matrix by the AIN
component-induced internal stress, and in turn ferroelectric/antiferroelectric phase boundary is constructed near
room temperature. As the temperature increases, the ferroelectric-to-antiferroelectric phase transition causes a
larger pyroelectric current peak. In particular, the composition with x = 0.1 exhibits a high pyroelectric coefficient
p = 3.3x102% Cm 2K and figure-of-merit with current responsivity F, = 3.16x10° m-V!, voltage responsivity
F, = 0.613 m>C"', and detectivity Fy = 4.4x10* Pa™¥/2 around human body temperature. Moreover, the enhanced
pyroelectric coefficient exists in a broad operation temperature range with a large full width at half maximums of
16.3 °C at 37 “C. With the increase of AIN content, the pyroelectric peak temperature of the composite ceramic is
adjustable in a wide temperature range of 37-73 °C, showing good temperature stability.

Keywords: pyroelectricity, composite ceramics, local stress field, ferroelectric domain
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