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Triboelectric Nanogenerator Based on Graphene Forest Electrodes
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Abstract: This study presents a triboelectric nanogenerator (TENG) with graphene forest as electrode. Graphene for-
est was fabricated by plasma enhanced chemical vapor deposition (PECVD) process, which shows great different mor-
phology compared with other ‘wall-like’ vertically oriented graphene so far. Graphene forest films are composed of
graphene nanoflakes, exhibiting not only low sheet resistance ((110%5) Q/[1) but also uniquely discrete ‘tree-like’
morphology, which are favorable to contact and friction with other materials. According to its morphology superiority,
Kapton film and graphene forest film were utilized as electrodes for triboelectric nanogenerator, in which an open cir-
cuit voltage of 20 V and a short circuit current of 0.75 pA are obtained. Furthermore, the working principle of the gra-
phene forest based triboelectric nanogenerator was discussed. At last, three LEDs of different color in demo circuit
were lighted up by as-prepared nanogenerator, which proves the effective application of graphene forest in triboelectric

nanogenerator.
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Fig. 2 Schematic diagram of GF-based triboelectric nanogen-
erator
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Fig. 3 SEM images of graphene forest on a quartz substrate
from side-view (a-b) and top-view (c-d), and HRTEM images
of graphene forest in different magnifications (e-f)
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Fig. 4 Raman spectrum of the graphene forest

TER, & RERE, MRS 33D T .G 15 iTO
FLO FFRIRENA %, Sl T I AEE sp” it 1
FARIRBN T =R 1, BA By WK, TR MO 45
FEBP, 2D IEJEFPIAS iTO B HrRshit
T2, FHTRAEA SIE R 7 0 2 e 7 0. —
ML G 5 2D W58 5 LE (1an/l )R HI T AT 58075 12
HOP EHT GF MR BRI, R
BT L/l RAGTHA SR E S, 1 TEM B
Fr (B 3(0)) T LA AR B A B Im 0K A2 B
2~8 JZ A0 BRI -

S H P BRI AT AR B R — T
PERE . BT GF MuRr 30, 3L i BB AN 5 4 S84
MRER R, HSABENSEWE R Sttt
AN ] A EAT I, 5 E] GF S ) 5P 350 i
BHA(110+5) /0. BT GF EA SRR R 5
¥, A GF YK Z BIAH A X, P ARk )
SHML, GREIKT GF fBAHM. H GF %
I AR 1 B PR
22 PEBMKLZBNHIREESMHRERIE

FT GF H TENG 1 TAEEF K 5(a)FT
TN o B, TEBA ALK ST HIE LT, Kapton AN
GF KM HM . HTEEIE/JiimE] TENG fT0EE
J&i, Kapton K5 GF M B 5 J-#efm, #H-F M GF
¥ 72 %) Kapton v I3 1 8 H 45 971 fL, AHRZ GF |
FH PR E . B A 0 2 T s e LT
78 [@—ANFH, 7E Kapton M 5 GF 2 &) A4 (i
HL AL ZE RN, RS S . 2 SR, 5 Bk
SR KAIALE . Kapton HEFI GF RN 5, #
Kapton LA GF A5t < 7= A — AN ORI AL
%o N TIBETE, BT IR I8 A5 S
PR IGER LI GF B bl M= E (55, E 3 E %
WP PR A A S . MR T IREH
T TENG K}, Kapton ¥ & {581 H- 4% fi GF {15
P TR AT B, B E AT AR R, T IE R Ak



842

AL M OB IR

34 %

f Releasing

+ + F + + 4

(a) + +
ot Pttt tttrttttrtttt | T e
[ 1“ \4
i |
4 @ Aluminum N
Kapton
Pushing B GF +++++4+ 4
++ ++
+ + + + -+ + + +
+ 4 + +% t 4
€ L
=
(b) c
20 = © 0.5 = 0
g 10f I
g 0 o 3’
o S-10F ‘ S04t
£ S-20f g E L
o o b Y% . 5—0.8 L L L
> 0 > 354 360 3.66 3 0 3 045 050 0.55
= Time /s = Time /s
@ =
g g
o
> O
—20 - —0.51
0 2 4 6 0 2 4 6
Time /s Time /s
K5 BT A sRIE AR BEE K K R LI AR I (a); T SR 00 AR K O BEE QK R RAL I

O i FiL s i HE (o) RVRE FRLI i 1 (), 370 1 D B — R ST 2
Fig. 5 Working mechanism of GF based TENG (a), open circuit voltage output (b) and short circuit current output (c) of graphene
forest based triboelectric nanogenerator with insets showing the representative cycle of each plot
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