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Flexible Energy Harvesting Device based on Hybrid Piezoelectric

Nanocomposite made of Lead-Free BCTZ Ceramic and Piezo-polymer
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Abstract: Piezoelectric energy harvesting technologies, which can be used to convert the electricity from the mechanical energy,
have been developed in order to assist or power the wearable electronics. To realize non-toxic and biocompatible electronics,
the lead-free (Bao.ssCao.15)(Ti0.90Zr0.10)03 (BCTZ) nanoparticles (NPs) are being studied with a great attention as flexible energy
harvesting device. Herein, piezoelectric hybrid nanocomposites were fabricated using BCTZ NPs-embedded poly(vinylidene
fluoride-trifluoroethylene) [P(VDF-TrFE)] matrix to improve the performance of flexible energy harvester. Output performance
of the fabricated energy device was investigated by the well-optimized measurement system during the periodically bending and
releasing motions. The generated open-circuit voltage and the short-circuit current of the piezoelectric hybrid nanocomposite-
based energy harvester reached up to ~15 V and ~1.1 pA, respectively; moreover, the instantaneous power of 3.5 uW is
determined from load voltage and current at the external load of 20 MQ. This research is expected to cultivate a new approach

to high-performance wearable self-powering electronics.
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gtgolA AA oMY TaE 4 At BA S 7H
Thet &8 E7F =0 A A Qlct. o]of whaf e eF, vhd,
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D5 U AR ARESHo] 245kl 1,250°C, 1,300°C, L
2|17 1,350°Cof|A] 6A1ZT &9t StAx(calcination) & 242t Al
A8to] BCTZ 2Ug 519t

P(VDF-TrFE) (Poly-K Inc., PVDF/PTrFE=70/30 mol%)
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>99.5%)7} 70:300] Wmju] 2 28El Lofo] 5417 2,
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A= 00| A 8 307HK] trefstAl A7dsto], 44l o
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1,500 rpmo 2 AWM FES 80°Co|A 1087 7
H, & 3% 21 AYSE0] of 20 pm FA19] AR
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918l 145°C2 71 R 3 JEIZ 24171 3082 A5
3 5 FUSIATE 1 5 4 M3 Y] %l Ag
LA 8-98(1 wt% in Ethanol, Ditto-Technology Co.)&
A4 FE] 513t} Poly(methyl methacrylate) (PMMA)
£ Ah&-sto] mjAly| o] (passivation) $ 4 sHE £ =0
M E=A of ZA](silver-based conductive epoxy, CW2400,
Chemtronics Co.)2 2] A2 AZAStY] o X] 5HY
212 Mgt AFA 02 YA Ui aA Rl
ZoQls FBAIZI7] Aol 284 3 3785 2SR
12} &2 120°Coll A 300 kV/cm@] A717%< 3AIXt &
oF QIZFstR o, 24} &3 70°CoflA] 100 kV/cme] A
71782 1AI7E &k QI7Fshitt [9.31,32].
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Fig. 1. (a) Schematic illustration for the preparation steps of the BCTZ nanoparticles (NPs) synthesized by using a solid-state method and (b)
scanning electron microscope (SEM) images of synthesized particles (i), calcined particles at 1,250°C (ii), 1,300°C (iii), and 1,350°C (iv).
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srolstoict (28], T2 2(b)t BCTZ T Ui A12 TEM  2H A2)9h UAIsH 2he)-2 EHeistict. o]g o] XRDe}
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Fig. 2. (a) XRD patterns of synthesized particles calcined at 1,250°C, 1,300°C, and 1,350°C, (b) HRTEM image of a BCTZ single NP, and (c)
magnified scale with lattice fringes.
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Fig. 3. (a) Fabrication procedure for flexible piezoelectric energy harvester (f-PEH) consisting of the BCTZ nanoparticles and P(VDF-TrFE) matrix,

(b) cross-sectional SEM image of nanocomposite-based f-PEH, and (c) a fabricated actual f~PEH bent by human fingers with a size of 3%4 cm?.
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