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Abstract Composite-based piezoelectric devices are extensively studied to develop sustainable power supply and self-
powered devices owing to their excellent mechanical durability and output performance. In this study, we design a lead-
free piezoelectric nanocomposite utilizing (BaggsCag 15)(TigeZro1)0; (BCTZ) nanomaterials for realizing highly flexible
energy harvesters. To improve the output performance of the devices, we incorporate porous BCTZ nanowires (NWs)
into the nanoparticle (NP)-based piezoelectric nanocomposite. BCTZ NPs and NWs are synthesized through the solid-
state reaction and sol-gel-based electrospinning, respectively; subsequently, they are dispersed inside a polyimide matrix.
The output performance of the energy harvesters is measured using an optimized measurement system during repetitive
mechanical deformation by varying the composition of the NPs and NWs. A nanocomposite-based energy harvester with
4:1 weight ratio generates the maximum open-circuit voltage and short-circuit current of 0.83 V and 0.28 pA,
respectively. In this study, self-powered devices are constructed with enhanced output performance by using piezoelectric
energy harvesting for application in flexible and wearable devices.

Keywords: Piezoelectric, Lead-free piezoelectric ceramics, BCTZ, Energy harvesting, Flexible electronics

1. Introduction

34% NUAE FF3H7] = Ao AgLdA A}

£ WEe A ol wETHeR 45
"]?—-_- T A= L‘ﬁc’ﬂ gk A7 st o] FHAAL §
A5k, 7]4—4 i g Ak 8Fo = F712Q0 F3o]
Aastche @70 ALHIS) ol BAE FRe]
Asl 7 AT VleE A YA SHAE Vs
(energy harvesting technology)©] ™53l It} oA
sh| =B FRoA sk BYHE, XE, 4, v 5

>

-1, EE A, e, 1A, ol FE:

£ 8, w0 we
*Corresponding Author: Kwi-Il Park, TEL: +82-53-9

o] HEAIE AdUA Lo ZRY o|AIE Kobr 7]l
AZ vHAA AR UAEF sk TlEelt)h o oy
A S 2E Ve T o S@J’F‘ o]-&3% 7lE& ﬂ—r-o/]
FEold g o3t fPe g Ar|dUAE FA/E F
A= 7l=elth
4 7IHke] FAg b Al A S| 2B =(Flexible
piezoelectric energy harvester) 7 7]¥AK(electrospinning)
1‘3]_’ 28 7)) 22 A 388 Fake] ARt
T Aok B3 1Rk fFolu AEo® A7)F oy
1—%— FAE 5 o] AAY 2ekE 9 o] E(wearable)

50-5564, FAX: +82-53-950-6559, E-mail: kipark@knu.ac.kr


http://crossmark.crossref.org/dialog/?doi=10.4150/KPMI.2024.31.1.16&domain=pdf&date_stamp=2024-02-28

it

H'GA] (BagssCao 15)(Tig.0Zro.1)05 4 Lhe=27)

27171 Eoke] 8 VleE FEEAL UTH4-T].

4 54E e AAE T, HEEXATI0lE
(perovskite) A TZE Zt= B (lead-based) M2
e A 58S 2 SloA] vk FofollA AREH
3L ITHS, 9]. 22} o]2l3k PZT 59 WAl 2AlE B
&l W& x3ete] 34 gt gk A7 Bk
Atk meEbA GS ARESHA] e HId Al (lead-free) 31
Algb & ARSshe b A ige] Eds] ZlsEar 3l
oH10-12]. B2 BIgA b MEk Foll (Ba,Ca)(Ti,Zr)
0; (BCTZ)= Hold b oS 7HAar vigAl b Al
2} 7hed Ao g 8k A AT (piezoelectric
charge constant, d;3=620pC/NYS 7HA1L = Ao 2 I
A ATH13-16].

A Mt AAE o83t FHAE U] shHlH
£ st A= BaTio; €AAEE UYx=dgAE
polydimethylsiloxane(PDMS) 7 ’g(Matrix)oll E2FAIAH e
B3| (nanocomposite) {FAeH 23 I8 FA-S o] 83}
of A3l o5 AARSlslET] ARSSE ATE AIRfe R,
oheket o AMlete] ket A}t 7P ARSSE A
EHA RaEAeH17, 18] olm) 7o) hd AL
ALE-3E 739 5% (aggregation) & gl Q) P Adso] E
AR AY 22} A2t A] BHo] B FAIF] ATH19, 20].

2 AFAM = olefgt FAHES fdstr] ¢18l 0k
T8 dAet 12 AE JAE A-e vlEE 18R} 7]
el FAAATAAL o]of wpet T3 @S AT T
Alell 3 s HAE T AH & AFelAE T

z

Wi JAb= &2 o7 =(Polyimide, PI) 7170 &4 A
S5 ST o}F 2FY S Fote] AlLE &
A5 P17 9ol ZRs HEH o2 5 FH9 U
=EFAE ALST Ao 2 o axje) 29 A
& SR S w54 Al="E Tkl dA7
HES og] FANY A}l 7REIFEHeH 1 A} 4:1
o] FAMINA ~0.83 Vel At A4t ~0.28 pae] A
AFE TS sk

2. Experimental
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3. Results and Discussion
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Fig. 1. (a) Schematic illustration for the synthesis steps of the BCTZ NPs and NWs. (b) SEM images of synthesized BCTZ NPs
(i) and NWs (ii). (c, d) X-ray diffraction patterns (c¢) and Raman spectra (d) of synthesized BCTZ nanomaterials.

Journal of Powder Materials (J. Powder Mater.)



H'E 7 (Bag.gsCaps)(TiooZro1)05 A Ui

(@)

W

Pl substrate

Spin-coating of a BCTZ-PI
composite solution

(b)

[N
2
it
o
oo

Deposition of

an electrode
N /

S BE 71ure] FAAE oA S| 2E) A 19

Fig. 2. (a) Schematic diagram showing fabrication process of BCTZ-PI composite-based flexible piezoelectric energy harvester
(f-PEH). (b) Cross-sectional SEM image of the piezoelectric composite film. (c) Actual photograph of a fabricated f-PEH bent

by human fingers.
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Fig. 3. PFM analysis results. (a, b) Amplitude hysteresis loops (a) and phase hysteresis loops (b) of BCTZ NP and NW.
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Table 1. The measured ds; ¢ of an individual BCTZ NP

data point dszer [pm V1 data point ds;3.0x [pm V1]
spot 1 55.8 spot 3 50.5
spot 2 534 spot 4 513

Table 2. The measured ds; ¢« of an individual BCTZ NW

data point dsse [pm V'] data point dsze [pm V']
spot 1 48.1 spot 3 47.5
spot 2 43.5 spot 4 44.8
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Fig. 4. (a) The captured images of BCTZ NPs and NWs-based f-PEH under periodically bending and releasing motions. (b) The
open-circuit voltage generated from device with various weight ratios of spherical and acicular BCTZ nanopowders. (c, d) The
measured open-circuit voltage (c) and short-circuit current (d) from the f-PEH based on BCTZ NPs and NWs during repeat
bending/unbending conditions with forward and reverse connection to a measurement unit.
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Fig. 5. (a) The measured load voltage and current of the f-PEH under various external resistances from 10k to 100M<. (b)
The relationship between the effective output power and external loads. (c) Dependence of the output voltage results according
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