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Fig. 1. Schematic diagram of a cylinder composited with
K,Na; ,NbO3:Pr3* powder and epoxy resin.
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Table 1. Rietveld structural refinement parameters of
K, Na, ,NbOs:Pr?* (z =0, 0.01, 0.02, 0.1, 0.3, 0.5) samples.

Samples =0 =001 2=0.02 2=012=03 z=0.5

Space
group
a/A 5.5690 3.9517 3.9016 3.9187 3.9354 3.9639

b/A  7.7900 5.6027 5.5446 5.6186 5.6020 5.6570
c¢/A 55180 5.6589 5.5893 5.5678 5.6316 5.6886
V/A3 239.39 125.29 120.91 122.59 124.16 127.56
R,/% 0.08 0.24 0.28 0.21 0.24 0.15
Ryp,/% 0.06 0.16 0.20 0.17 017 0.11
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Fig. 3. Raman spectra of K,NNOP ceramics sample.
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Fig. 4. (a) PLE (A, = 612 nm) spectra of K,NNOP samples, the inset is the magnified normalized PLE spectrum in the 310-
410 nm range; (b) PL (A, = 335 nm) spectra of K,NNOP samples, the inset is the relationship between the relative intensity of the
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Table 2.  Calculated IVCT energy heights in K,N-
NOP samples.

Composition ., (Nb*")  d (Pr3*-Nb*")/A  Eryer/em!

z=0 1.862 3.18 29640
z = 0.02 1.862 3.32 30870
z=0.1 1.862 3.31 30786
z=0.3 1.862 3.34 31037
z=0.5 1.862 3.37 31284

P EAPRE], GHEl 4(e) s, ATLAE Y, BEE K&
HOHIN, K,NNOP ' IVCT figgh s BEhs ok, 4k
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FHLF P o, 1) FI°H;, °F, RERAVERIE.
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], IR 1 % K B Prét & e AN A REZ
6] F, FRRIT 455, B Pratglili K 250—360 nm
1) 2R AMEA R R S5 BT 1Y "Dy Hy, BEERAT .
BT 38 g, 5 PLOGIEA HL, ML %% i i
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22 B A A I 0—1200 N A% % 22 1R 45
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BT, FTAa FE i ) ML 58 5 5 0566 0 1% 288 iy 222 15 A
%, BAEI R T A ML S8 8 B K5 8 hn
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f G ML 5 B 7E 249 2001200 N () 288 iy X ] PN 5
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A1 ey B AT 558 R 2 i 1z 9 B R
J&, ML SRFEEAEE AR R 1200 N LUG BIGARIHAE,
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R RE AR SR R BRI W] LUK S0 U6 I R,
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Fig. 5. (a) ML, AG and PL spectra of K, NNOP sample, insets are images of various luminescence for corresponding samples;
(b) ML responses under compressive load of K,NNOP (z = 0, 0.01, 0.02, 0.1) composite cylinders; (c) ML intensity decay curve un-
der consecutive load of Ky NNOP composite cylinder; (d) recoverability of ML after UV light irradiation; (¢) ML curve of

Ko NNOP sample repeated 4 times.
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Fig. 6. (a) AG (Mg = 365 nm) spectra of K,NNOP samples; (b) AG decay curves of K,NNOP samples; (c) TL curves of K,NNOP

samples; (d) Gaussian fitting results of K, NNOP samples.
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Fig. 7. (a) XPS spectrum of Ky ;NNOP powder sample; (b) XPS spectrum for O 1s of NNOP and K, ;NNOP powders samples.
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Abstract

Mechanoluminescent (ML) materials have mechanical-light conversion properties and can generate
luminescence under mechanical stress, which makes the ML materials have high application value in optical
information display. In this work, the crystal structure and defect distribution are adjusted by changing the K+
/Nat ratio of the ferroelectric matrix K, Na; ,NbO3:0.5%Pr3* (K,NNOP), and the effects of K* content on the
photoluminescence (PL) and ML properties are systematically investigated. The research results indicate that as
the Kt content increases, the symmetry of the crystal is enhanced, leading the PL intensity of the K,NNOP
samples to decrease. It is worth noting that the emission peaks caused by the *P,—3H; and *P;—*H; transition
at the Pr3* electron level appear in the PL spectra of the components with higher K+ content under the light
excitation of 450 nm, which is attributed to the different energy level positions of the internal valence electron
charge transfer states within Pr-O-Nb, caused by the change in the distance between Pr3* and Nb’*. Under the
compressive stress, the K,NNOP (z = 0, 0.01, 0.02, 0.1) components exhibit the bright red ML, and the ML
intensity increases with the K* content increasing. The K, ;NNOP component exhibits the highest ML intensity
emission. In particular, the ML behavior has the characteristics of repeatability and recoverability. The trap
energy levels in the K,NNOP samples are investigated by thermoluminescence curves, revealing that the
enhancement of ML in Kj;NNOP may be related to the differences in trap density and trap depth, caused by
changes in K* content. Based on these results, a model is established to elucidate the possible ML mechanism in

K,NNOP.

Keywords: mechanoluminescence, ferroelectric, K,Na; ,NbOs:Pr?*, defect distribution, photoluminescence
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