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H KN-Mn Al KNN-Mn 37 . 85-& A DU R
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EREIEEPI D RGP A Mo HIFELE.
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Fig. 1. XRD patterns of KN, KN-Mn, KNN, and KNN-Mn

ceramics.

) 10 pm |

(c) (d)
B 2 ZJEHhAYRE SEM ESIE  (a) KN F3E; (b) KN-Mn
P ; (c) KNN F%; (d) KNN-Mn [

Fig. 2. SEM images of the thermally etched surface: (a) KN,
(b) KN-Mn, (¢) KNN;, (d) KNN-Mn ceramics.

%1 KN, KN-Mn, KNN # KNN-Mn Fg# 0AHN 2585 | R HRPEREFI B b
Table 1.  Relative density, piezoelectric and dielectric properties of KN, KN-Mn, KNN, and KNN-Mn ceramics.

dg3/pC-N'! Relative density/% (o Omax/ (°) tand e, (1 kHz)
KN 90 92.0 0.26 177 66 0.042 576
KN-Mn 83 95.1 0.27 185 7 0.015 526
KNN 115 94.9 0.29 85 64 0.060 393
KNN-Mn 109 94.3 0.32 330 83 0.024 355
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Li § gx 400 'E. )
g 2 2 00 = 2
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B3 (a)— (d) 2\ i B 0 BEBE X (VPEM)., (e)— (h) A2 1] J& B 0 o7 46 2 (LPFM) T 3% 19 oK #% 1 KN, KN-Mn, KNN, KNN-
Mn B & 1) 2k v I 55 12

Fig. 3. Domain images of unpoled KN, KN-Mn, KNN, KNN-Mn ceramics tested in (a)—(d) vertical piezoresponse force microscopy
(VPFM) and (e)—(h) lateral piezoresponse force microscopy (LPFM).
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=}
5
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Magnetic field/G

(a) KN-Mn F§%; (b) KNN-Mn P %

Fig. 4. X-band ESR spectra: (a) KN-Mn ceramics; (b) KNN-Mn ceramics.

L R X A WA AT AR 5 1) SRR, PRIt
AT DL 20 Bk 200 1 0 RR 45 #0 AN [R) Ak 27 B i o
YRR EEER I 5 AH 25 4 11 LR S 24 IR 2 A
R AA 4B +3By+ Ay, EATTEBEA RS T M B34,
Bl 5 Won T %R R AR IER KN, KN-Mn, KNN
I KNN-Mn P % () $7 % 505k ik & . &l 59

KN P & hr & 5 PR 2l 0 19 o7 i 5 i 3334 rp—
2, 7€ KN-Mn P % $7 2 % 3% o mr DL 22 3
KN B % v i i A5 g sl . SR, 78 KN-Mn P %
P2 GIE R 296 em ! Ak, PR g B E A B EE
0 IV o AR S K= WANIL NI O ) B &
i F Mn B T A NbOg /A H P2 4E 1Y, Mn
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JEG AL (b) NbOg /\ TR = Fif P IR 4R S BE Y 7 B &L, v
Vi LV, IREIR LV S i 4R S

Fig. 5. (a) Raman spectra of KN, KN-Mn, KNN, KNN-Mn
ceramics; (b) schematic illustration of three internal vibra-
tional modes of NbOg octahedra. V; and V, are stretching

modes, and Vj is bending mode.

BT B AR RS AL T 5 7 J0 7 B KA A%
WA AR DT 7 2 3% v 36 3R B Ak A9 1S ik
28 135,301, B - 0 T B 4 R i A% R AR 3 1T R Ml IR
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T KN B iy Rl A2 1. IEL 5 38 7T L&
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[ . 500 A1 600 com ! Z [E] LA 2 800 F1 900 cm ! 2

[ /Y 3 abhr 2 i A 75722, U] Mn B F I A
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A3 K9k Nat U (45 KNN B gAa bt KN g A
B ER MBS JOF FE M b Ag R4S, 3% FBE Mn 2
Fe e, KINN Ba e 8 25 - JC 3 3 R A4S W 2 T 32
SEMARXT BN, BT LR BAE R E 61 I Mn 842
X} KNN P 05 M AT/

3.2 EVBEFMHEESHT

Kl 6 43 5 e m AW AL A KN, KN-Mn, KNN
FT KNN-Mn B e AHXT A H BRI L 48 B iR
B AE 4L, £E 220 °C Fl 420 °C ZoA7 WLEEH] 2 A
A3 R TFIEAS-PU s (O-T) AHARIRE (Top) FlJE
HIEFE (Tc). Mn $B24% KN B R O-T FHAS I H
PREA B 9iAk, X2 Mn 288K T KN F&RY
B P IO BE RN S A, T LA O-T AHAR I H BLR
OGS 2 A ) 4 Sh W AR A A G Ry . (R
H T KNN B Natigfaqe, B el H=A Xt
BRI BT IO7 BRI AR A, Mn 324X 5 70
J R i % W AR 1) 0E — 2 5 Wik S Ak, B LA AE
KNN Fij %t O-T #0748 W 1) 55t L5 IF AN B i
Mn #4214 530 KNN B &1 Top /N 30 <C,
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Fig. 6. Temperature dependence of dielectric permittivity
and dielectric loss of unpoled for ceramics: (a) KN, KN-Mn
ceramics; (b) KNN, KNN-Mn ceramics.
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SPECIAL TOPIC—Dielectric materials and physics

Effect of manganese doping on ferroelectric and piezoelectric
properties of KNbO; and (K, ;Na,;)NbO; lead-free ceramics”
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Abstract

Potassium sodium niobate ((KsNag5)NbOs)-based lead-free piezoelectric ceramics are excellent
ferroelectric materials and have been demonstrated to have many practical applications. Recent studies have
revealed that chemical doping plays a crucial role in optimizing the electromechanical coupling properties of
(Ko 5Nag 5)NbOs-based piezoelectric ceramics. In this paper, MnO, is doped into potassium niobate (KNbOs)
and (K, sNag5)NbO;3 piezoelectric ceramics prepared by the conventional solid-state reaction method. The
influences of doped Mn cation on KNbO3 and (K ;Nay5)NbO; piezoelectric ceramics including microstructure
and macroscopic electrical properties are systematically investigated. The doping effects of Mn cation on the
KNbO; and (K, 5Naj 5)NbO; piezoelectric ceramics are significantly different from each other. For the Mn-doped
KNbO; piezoelectric ceramics, the sizes of ferroelectric domains are reduced. Meanwhile, the diffused
orthorhombic-tetragonal phase transition is observed, which is accompanied by reducing dielectric loss and
Curie temperature, and broadening vibration peaks in Raman spectrum. It is known that the oxygen vacancy
can be formed to compensate for the charges created by the acceptor doping of Mn into the B site of perovskite,
and thus forming a defect dipole with the acceptor center. From the ferroelectric measurement, a double
hysteresis loop (P-E curve) and a recoverable electric-field-induced strain due to the formation of defect dipole
are observed. On the contrary, for the Mn-doped (K sNay5)NbO3 piezoelectric ceramics, the sizes of ferroelectric
domains are not reduced. Meanwhile, the Curie temperature and vibration peaks in Raman spectrum are not
changed. A rectangular hysteresis loop (P-E curve) and an unrecoverable electric-field-induced strain are
observed in the ferroelectric measurement. The difference between these systems might originate from the
greater ionic disorder and lattice distortion in (K, ;Nag5)NbO; piezoelectric ceramics. The difference in ionic
radius between Na™ and K* can affect the migration and distribution of oxygen vacancies, which makes it
difficult to form stable defect dipoles in the Mn-doped (K ;Naq5)NbO; piezoelectric ceramics. The results will
serve as an important reference for preparing high-performance (K 5Nay5)NbOs-based piezoelectric ceramics via
chemical doping.

Keywords: potassium niobate, potassium-sodium niobate, defect dipoles, Mn-doping
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