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Abstract New piezoelectric and triboelectric materials for energy harvesting are being widely researched to reduce their
processing cost and complexity and to improve their energy conversion efficiency. In this study, BaTiO; films of various
thickness were deposited on Ni foams by R.F. magnetron sputtering to study the piezoelectric and triboelectric properties of the
porous spongy structure materials. Then piezoelectric nanogenerators (PENGs) were prepared with spongy structured BaTiO;
and PDMS composite. The output performance exhibited a positive dependence on the thickness of the BaTiO; film, pushing
load, and poling. The PENG output voltage and current were 4.4 V and 0.453 pA at an applied stress of 120 N when poled with
a 300 kV/cm electric field. The electrical properties of the fabricated PENG were stable even after 5,000 cycles of durability
testing. The triboelectric nanogenerators (TENGs) were fabricated using spongy structured BaTiO; and various polymer films
as dielectrics and operated in a vertical contact separation mode. The maximum peak to peak voltage and current of the com-
posite film-based triboelectric nanogenerator were 63.2 V and 6 nA, respectively. This study offers new insights into the design
and fabrication of high output nanogenerators using spongy structured materials.

Key words nanogenerator, piezoelectric, triboelectric, BaTiOs, sponge structure.
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Table 1. Sputtering conditions for BaTiO; film preparation.

Sputtering condition

Substrate Ni foam
Target 2" BaTi0s (99.99 %)
Target-Substrate distance 100 mm
Base pressure 1 x 107 Torr
Working pressure 10 mTorr
R.F. power 150~210 W
Deposition time 3h

Substrate temperature Room temperature




36 71 o) .

2 A gojo] A0k 7L 520 mm WAl 7|
A 7] 285 A4S BoksHic BTO 272} b
W A7) WA 7)o A Ee} §AA S Holi b
0719 A2 Fig 1o dehhlch o7 U § 9
o 2215 BTO uHo] oy} thHa AN, B B0
F AP RS v] Z(FESEM, 8230U, Hitachi) 2 of U] x| E-AF
34 7I(SEM-EDX)E ©|-8-51%laL, BTOS] A4 =
+ X-Ray diffractometer (XRD, Empyrean, PANalytical) &
ol gsto] BAsHIL) AT ] FH S Hrbeh
7] &5+ 71 A & 7] (pushing machine, ShM) & Z3 3=
= Q7Fssih o Ui 7| = 15 HzY 5= 1IN
of| Al 120 N77FX] 9] 5=(1, 30, 60, 90, 120 N)= 7|5} 31 © Dﬂ
upzEA 7] e 2b A 7= 2 Hzo] %42 50 N9 5=

7Vsle] &8 A U AFE AL SHE = ;‘<j7]/‘\_]
S = x4 HE v E(DMM7510, Keithley)2} T X € &
Al 2 A F S (TBS2102, Tektronix)E ©]-8-5}o] =431 Th

il

[¢)

3.2 % 03t

Fig. 2= YA & $Jofl 52+ &, A4 2|$H BTOS] SEM¥}t
EDX u}j 33 (mapping) ©] 1] | o|T}. (a)=210 WOl A] AT E]
Pt A L220 BTOE Btk YA &9 thyAd -

28 FAI5k0] o] WASA G A Ao

(a) 4

B Cutape
# BaTiO;/PDMS

B Cutape

#@ BaTiO,/PDMS
i Dielectric material (Kapton, PTFE, PET, Nylon)

EBTOW"“ A& ‘u} (by= S2g s
=

(c)% %‘XMWPX] Z13y3t s
ArXlo]th BTO S| A & FAE = ﬂro}xl P x4dst
o Fo] PDMSE Z25k3ich Fig. 2(d-Hi= (a)A]H 9
EDS 153 o|m| %ot} Ba, Ti, O7} sHAA| o A4
A E2E o] Qlom BaTio] Bl= & ¢} WA
o] 1115 A8 o] & &3l *ﬁiﬂaiﬂﬁl ofsf ¢t
Aol BTO WA {27} A4EL golslgct =3¢
Tl wE &5 H3kE g1Isty] ¢Jste] RFE.
powerS W3IA| 7| A A theksl F/ & zHe BTOERS: A
2151l Tt 150, 170, 190, 210 W 3A]7F 22155l =d] o
& = Sl ZA ™ RF. power®] F-7}of| up2f BTOU} ]
T 7z} 527, 728, 830, 882 nmE A 2] FAH o7 =
7¥skde

Fig. 3% A& 2 sto] A2+ BTOH 9] XRD ﬂﬂ
e ojtk. BTOE F2F6h4] 982 U & 4 52 5, 94
2 AlH o] 9 YA 9] 3] =yto] UrEMD%(JCPDS PDF
NO. 04-0850), 700 °Coll A AA 2] & A 3et BE A HE
oAl MF Al AW BTOA Uet= (100), (110),
(111), (211) 52] 7] FE0] LJERFTHICPDS PDF No. 50-
0626).2°?7 A Q1 Ni 7] 3 2] I= 700 °Cof| A 2] = &) =

Fig. 1. Schematic of (a) piezoelectric and (b) triboelectric generator based on spongy structured BaTiO; and PDMS composite and (c, d)

actual flexible generators made of composite.
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Fig. 2. (a) SEM image of BaTiOs films deposited on Ni foam, (b) Enlarged cross-sectional image BaTiOs foams, (c) BaTiO; foams filled with

PDMS and (d-f) EDS mapping images of (a).
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Fig. 3. X-ray diffraction patterns of Ni foam and BaTiO; foams

with various coating thickness before and after annealing treatment
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Fig. 4. The open circuit voltage and short circuit current of piezoelectric generators (a, b) before and (c, d) after poling as a function of
pushing load, (e) voltage and (f) current generated from poled samples at a load of 120 N.
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nation of red and blue LEDs at a load of 50 N and (d) Output voltage generated at different speeds of vehicle.
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