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Abstract : In this study, a triboelectric nanogenerator was fabricated using the composite of
teflon-based polymer and graphene flower, which are stable in air and have relatively high
electronegativity. The composite was used to fabricate an electronegative layer of a nanogenerator
using a spin—coating method. For the electropositive layer, a zinc oxide film was prepared using a
sol—gel method. The fabricated triboelectric nanogenerator produced a maximum power of about 44
£W. In conclusion, since all the active layers of the triboelectric nanogenerator was made by the
solution process, it is scalable to a large area.
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1. M8

Al Ee AdHes ZeiE7] ffs) 2w
Alke] 2gd B oflt A4 SEE5e AR
St Qo] k&8 A% Al AP & e
oz Ald A2 F24EL H{1,2]. 53],
B AHe Eol7u HigEE HAg 4 3
© 97 AxHrlEe TS 2 4 qdem
& "AH ot [3-9]. oJ_t gt F-g5to] A
W 10oERt 7]ES] HiEHEE A 4 e o

&t AR AEE o8t} S AT
7t olojAgted dEAHez by IAA,
Ay WAFR], 2AA2 WA, HFAA
ol AUrH10-13]. oheket Ao =] =t Foll
A opE 7] 93] (triboelectric nanogenerator,
TENG)= et 223z, 44 72 &+ 3=
=4, e Axey 9 F AgEx il
E5] FE& 9 9ot T §/F7I6EEA|, Al
2, 127}, vl eHr)E, S548E, 22tdE
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S =4 HEEAGY 1EA] EEEH
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A4S Azsled TENGS] BAZo| olgsto]
TENGS A& Allg Rustud gk o
2ol Jgme 224 Fxo|BE EWAS W
Lo ARHY Ao ogHDR, B Aol
A FEA JHUESNE Agskdrt 1
gmEatgisl PVDF-TFDS] We Fzmze
opardel ofs) WAG Akl olFFE ©g
Z7HA A5 FYNL 5 97 HEolt of
sgade] dulss 278 FYES T
Sfaf Atsloleiute -4 o Azsty

A71H 5452 471 98% P(VDF-TrFE)¢}
JHAERHE AT EHRAE 8ot 9
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MA 54 Ve Z4Eor] REATF 10 M
QoA At A 44 WS AR A
AT N EARE e Hold AAlE] 7]
%3 Aol
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21, 23 Fd|

2 ATE 98 o2 Zo] 24 FHISH
ot J2HPESL(GHE "WE -2 -AE(methyl-
ethyl-keton, MEK)°ll 1 wt% == EAHE
B FeE ol gottt. N-wE-2-mEZ=N-
methyl-2-pyrrolidone, NMP)¥ MEK §uj&E
FHetltt. BA-FA-4EE (fluorine—tin-
oxide, FTO)o] Z28 fe¢t 100 #m F7A<
Zd gAYz olE (PEDE FH|5HAT
HEEALY 122N ELdgdERgo]
C-EZE22ga)E destgon 2 =2
A g E4e P(VDFE-TrFE)2 ®7|5H7|&2 ¢
t}. P(VDF-TrFE)2 MEK &1o] 10 wt% H]&
2 42 3, AX 80 ZoA AEFHEE o]gst
of 2447t F<t 8aiAFATE P(VDF-TrFE) ¢t
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2 A%, HAFHoer s3gAS NMP| &5
A B zFA e o] 8-Skt

AteletA(ZnO)& A7) 918 zine acetate
dihydrate (ZAD, CAS No. 5970-45-6),
monoethanolamine (MEA, CAS No. : 141-
43-5), e, olAngd AT ([PA), o=
9 gro]24(deionized water, D)E <H|5}tt.
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tZ ol&slArt. Table 1o ZH|gt 243} &%
£ Aelstart

2.2, P/G-TENG H|Z

HEZE249¢l P(VDF-TrFE)¢ I#dEete]
(CGHE 14" EFAAE olgsto] npr] v
LEbds|E AZsing 2 k=Ro|HqL: p/G-
TENG=Z 99gst7|2 itk FH[E FTO S+
G87]5S oAE, IPA, Eol5E o] gsto] 7}
7t zgut AlF7IOA 303 AlFgict olgh
o 0.5M& &df"d ZAD} MEAE AlHS FTO
715k ol sl rio g gAdgich ojuf 3d
ZE 272 500 RPMeA] 30%, 1500 RPMe]l
A 15% B9F f3ste] 2gAlR Asshylet. of
T IJHezRYE F 73] RHESte] ZnO e
oo g AAtete] who] BHS wAsHA Alxs
At Z+ gAut AR 150004 2087 A
Z] < APtk 7IAA] KAdS 4
PET 7| /o Fejdlo|nE Rt FH[gh
B3 4A[P(VDF-TrFE)/GF] §4& =X
= MM 100=A @A st A71A 24F
FAotAtt. 714 549871 6l
o] A=, FTOE &9 A3l Zzt AdstArt
P/G-TENG?] HZWHE 5 x 5 cm’® otk
Fig. 1.o] =& P/G-TENGY] Aza4S 7|2k
S =2 UERSITh

2.3. §4 47t

ZnO 2+ P(VDF-TrFE)/GF E34aAgte] =
Z22E W] Ss) e FARAERA
(field—emission scanning electron microscope,
FESEM)& ©]8st3al, dagiS sl ovAl-
BAF B3] (Energy-dispersive  spectroscopy,
EDS)E ol&stqitt. 471 54%H= TESCAN
AFe] MIRA3 mojt}. P/G-TENGO] 714
54& 4okl fdl Z=Idd eHdeAdx

Table 1. Material preparation and purpose

P(VDF-TrFE)/ 218 Eete] St 71ut vpdadr] vedidz] Az 3

(DSOX3014T)e}t Keysight SMU 2911A FH|E
ol gotrt. 4%t gk HotA3Hload resistance,
ROl @E Hgfoln, S441 9 Fot4gdS
ol-&ste] S A4ttt F714ez 4t
ZIAR F2AES A7tsh] o APJREE o]&

stoiet

3. Eat ¥ nF
3.1, SEM, EDS =Xz}

A71A FHES QS ZnO 9t A7|H 24
Z& 9%+ P(VDF-TrFE)/GF E34A] =o] np
o2 REZAE ] $sf SEMS =435t
aot. A71H FAATo=EN olgH F=l g
BAAHE S fo AR @R o2
ot} Fig. 2a)¢t b+ 2F AFE ZnO
uto] I REZXE HojErh AAOHE 24+
5 um 9t 10 gm °oJth, &2 AAUA & 5
Axo] FF FAIAE 7= go] IR

2 & 5 Qe ol EERAT|AA A upE
Al BEEEAS Yool AFAYFS FTHAA
= o {8 fLxoltt. olet fARRE Hile
HuAg [34], [35]94 &1 & Stk & &
AdeA B 4 %ol H2 HY oA S =
H P4Z veplr Sloh &, AlFE ZnO 822

g3l ddstts AS & 4 ATk Fig. 20)
9o} = %= AZH P(VDF-TrFE)/GF 9o &
H F4e BoEth AAYE 44 2 um 9
10 um oJtf. 22 AALY olm|z]ofA Holx

240 ZHE oIS B 4+ Utk 4

o7 P(VDF-TrFE) £2% dtog uks A
g A9 e 12 EHs JASA 29
2] 22 33 42 7 BEA AY A
32 Aol o8l AAZ< Bhe] mHo] 4
Ao AAA He AFE Btk & AAY

L Jo g N = O

Material Purpose
Graphene Flower (GF) composite
Poly(vinylidene fluoride-trifluoroethylene), P(VDF-TrFE) composite

Zinc Oxide (ZnO)

electropositive layer

Florine—-Tin—-Oxide (FTO)/Glass

electrode /substrate

Copper tape / Polyethylene—terephthalate(PET)

electrode / substrate
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FTO glass preparation
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Annealing

Preparation of Cu tape on PET

P{YDF-TrFE)/GF spin coating

Annealing

@ roorrreyer @ cucape

. PET . Zno

FIo ) Glass

P/G-TENG

Fig. 1. Schematic diagram for P/G-TENG fabrication. a) Electro—anodic layer of ZnO b) Electro-
negative layer of P(VDF-TrFE)/GF, ¢) P/F-TENG structure and wire connection for electric

measurement by oscilloscope.

9] olmz|2HE ZnOgt nR7IA| & B2 WLl
A Al dsite Ae SRIE £ glAdrh
ole} Zo] slHrxyon My FPFH A
718 24FE BE HHoA Fdg 2HIY
< 7He B 35S ERlsteh
A2EAS 9J5le] EDS 24 st
Fig. 32 FTO Aol A2 ZnO =t SiO7F @
49 Si flolm Aol AZrE P(VDF-TrFE)/GF
ato] EDS AdE ZZt Ho{F1 ot Fig. 3a)

oA, Zn I O 9] ¥4 H[E2 Zn @ O = 399
329 oln <°F 1 : 19] ZAH|E HolmZ
ZnO 7} YRS 4T 5 9tk FeF Sn
2 FTO 7|¢e] &4 7]Qlgtet. Fig. 3b)ell
A, 718Ql Si = 39.4% o8 Cx 32.5%, O =
25.5%, F = 2.6%°lt}. =743t EDS A= &
pAgel dxstnz EDS wig-g& 38 P(VDF-
TrFE)2} GFo] SRS &gt & Ut
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i

Fig. 2. SEM images of two active layers with different scale bars. a) 5 gm and b) 10 xm of
ZnO layer, ¢) 2 gm and d) 10 gm of P(VDF-TrFE)/GF layer.
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Fig. 3. EDS data of two active layers. a) ZnO layer. b) P(VDF-TrFE)/GF layer.

- 917 -



6 A7|B Bshmte - 7199

b)

Prassed

Pressing

Journal of the Korean Applied Science and Technology

@ rovorrreyor @ cotape
. PET @ o

FTO Gilass

Releasing

Released

Fig. 4. Schematic diagram of P/G-TENG operation. a) Real picture of P/G-TENG with 5 X 5
cm? area. b) Principle of charge separation and movement by periodic press/release

movement.

3.2. P/G-TENG2Q| Sxztalg|

Fig. 4= AZE P/G-TENG®| AA| A}
A7z E TP FREEE UEdE
JfEFwoltt, Fig. 4a)oll uebd RAAH, Az
P/G-TENGS] F7]= 5 x 5 cm’o|d A=
2o A yehddg. AERE PET-Cu-P
(VDF-TrFE)/GF2 FA=o] glen Cuk 2%
A3 AZAHo] ok PETE 71AAQ §94S
el FHEQlon H7H0 TRl 719644
et P s F91= P(VDF-TrFE)/GF o]
t}. sFEH = ZnO-FTO-glass 2 FAE o] 1o
™ FTOx 9% d=3 A2l k. glass +
FTOQ] At gyt & Hojw] H7]H<Ql F&
o= wolaba] gheth Fig 4b)ell ZHeFiel &2
djet 74+ 220 g #U|eYE, ntEEE
B 7ZnO To|t}, Press &0 s P(VDF-

TrFE)/GFet ZnO7F A&shH A7 24857t =2
P(VDE-TrFE)/GF "to2 Axp7} o|%ste] ZnO
= AFeR +HdstE HAEY. Releasing 2%
< ok HAHA AVH 24FU P(VDF-
TrFE)/GFell %<1 zte] ghargo] ofs) 2|2
BE Azl defdtl. 2822 FTOoA 2
FgFo 2 HAFrt s27 "ok FES dFt 5
ot H released AEjolA= © oY AR
2] =t} thA] pressing S AA
oAl =W A71A FAEEST A71H
o] Agprt FHABRRZ 7]l el o
ABg AA7F FTOA Felg S24 Hof
7} FElolA FTOR SEt} ojofgre 114y
TENG®] 25t Ql M=y wAYZel|H o]
58 wRAFE AT [14]

oLk
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tlo 4
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Electric performance of P/G-TENG. a) open-—circuit voltage, b) Rj,,q—dependent voltage,

c) short—circuit current, and d) maximum electric power generated by P/G-TENG

3.3. P/G-TENG2| M7|X EM =X A0}

AYPREE o]gste] 2HzE HELF5H= 7]
AR A5 FYAA P/G-TENG| oj&=7]9]
B35S dAdste] 20248 SFAA7 &(Z 403 A
5), A= AGS eHzAzER =459

. TS (open circuinollA], E8H e
g2 Fig. Sa)ol UetWlen, EAEE= g A
HE Vo) 54 VAL BT RS open
HE IMQ 744 W3 7|H HAEE AARE
75t Fig. Sbel AY otdE dEpfelch
Rt 71845 FRSPIHET A3l &
Aote AL 2T+ Atk FEAEH Ghort
crcuinoflAl9] 52+ AF+= Fig. 50 YER
e, HAd HFRU0)S < 6 AT Fig.
S5delle HAEE HAHEH PradS Pra= Ve
Riad® ©]80t] AtgE 22 ®715F9 Riad
7F 10 MQYE W P 44.1 W& A6t
Rt O Z7142 133 oW 7H2] 745}
£ o] yetgth a8 22 2 P/G-TENGS

o]

3717} 5 X 5 cm? o]BE2 Y AYWUrL 1,76
£ W/em? 9& Axrd 4= it o]zl TENG
oA HASHE AL R0 @t Fr15ot
EZA-AE 71IMeRE Fadstes AFE Hol=d,
ol TENGZ Ryq®] AoEA7E Zolzle A3
oA Pnax©l AEE7] wjRo]H o]t FARE 7
o JFuEdAd IxTH14, 16-191
Table 20 Ripad®ll ™2 Viyeardt Pras WERHSL
th HE 2 =wolAe €A% 2 Hz 532l
A AFSIAT, 7AA E FoE =Avhd
A A5 4 e AEEEE HS F
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2]5 oto] Table 3of 2fstsict. PVDFe} oz
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Table. 2 Relationship between Riod and Voltage(Vpear), Power(Pray) generated by P/G-TENG

Ricad [MQ] open 150 100 70 50 10 5 2.2 1
Vpeak [V] 54 44 37 35 33 21 13 8 6
Poax [2W] - 24.1 30.1 39.2 441 22.1 17.5 13.5 13.3
Table 3. Performance comparison of nanogenerators made with PVDF-based composites
Composite material Voc [V] Isc [ Al Type Reference
Graphene quantum dot 40 1.8 triboelectric [36]
Graphene oxide nanoribbon 0.35 1.0 triboelectric [37]
CuO-nanoparticle 7.5 N/A triboelectric [38]
Graphene 12.43 N/A piezoelectric [39]
Graphene oxide 1.9 1.7 piezoelectric [40]
Graphene flower 54 6.0 triboelectric This work
g Ao HR o= oE ykEFAETHE= 71 gt RE FHL AL oot
o W et 349 RS WHSEE  Agolgonz o ge WA 48shlw 44
PVDFsle] B&wo] WolH AAmslae 271 @ A0R sl gaty B =Bol4 Agta
NZ7] g2 Aoz Azt P/G-TENG Tdazf= 2AdYgor F5ot= Al
A Bol 8ol old & e Ao Az
1=
4. 2 B
B oM E P(VDF-TrFE)¢} GFE 412 & 7R 2
AAME olgst] A7d 452 AFEHE,
0z 4R A4 RN AWl B 9Tl 9T ATHTNRF-2021R1A4A
P/G-TENG= Al#stal 2714 545 439 2000934, 2021R1F1A1062800)¢] oJs] A&
o} SEMI} EDS ZAHOR2HE P(VDF-TFE) ot ssicons
GF 17} ZnO uto] ZUF AL 7AAn] BH }h.”ﬂ‘;‘”q' b -
FAE emste] TENGO.Z 2hashrle] Haial RT is hwlc;r dwgs sug)p;rte yR;\Iatlona
o SolstA. 2Hy AE|A SHAEL ML esearch Foundation of Korea (N .). grant
—— o— Belalsle] funded by the Korea Government (Ministry of
FEPSE (open)oll Al 54 VAL HspA o] F .
=1 b . Science and ICT) (NRF- 2021R1A4A2000934,
7Va4E Axp Zaste 1 MY o, 6V 744 2021R1F1A1062800)
et PAEE AdT RelARe olgs |

of Axg Azt 10 MQOIA He A 44.1 4
W At vH= AZE P/G-TENG
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O}, 2 HzET} o &2 Fut49] 9
hEITh Sz o B Y
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