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Progress in Research of Graphene Fibers

HU Xiaozhen, GAO Chao
( Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Graphene fibers, originally made from natural graphite, were first reported in 2011 as a new kind of carbona-
ceous fiber. They are one-dimensionally assembled from neat graphenes or functionalized graphenes liquid crystals by wet-
spinning. Graphene fibers exhibit good mechanical, electrical, and thermal performance, providing wide applications in
fields of conductive fabrics, heat dissipation, and energy storage. By introducing other molecules into graphene fibers,
graphene composite fibers with special function can be produced. Nacre mimic graphene composite fibers with layered
structure and excellent mechanical properties can be obtained by adding polymer; magnetic or highly conductive graphene
fibers can be fabricated by introducing magnetic or conductive nanoparticles. In addition, graphene fibers can be fabrica-
ted into flexible devices such as supercapacitors. Here, we reviewed the progress in research of graphene fibers, including
the preparation and applications of neat graphene fibers and graphene composite fibers. We also gave a perspective on the
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future of graphene fibers.
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Fig. 1 Nemetic phase(a, d), lamellar phase(b, e) and chiral phase(c, f) of graphene oxide liquid crystals
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Fig. 2 Photos of natural graphite(a) , graphene oxide aqueous solution(b) , graphene fibers(c) ; SEM images of graphite(d) , graphene ox-

ide sheets(e) and graphene fiber knot( f)
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Fig. 3 SEM images of graphene fibers(a, b) prepared by Xu zhen et al and its stress-strain curves of graphene fibers(c) *’
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Fig. 4 Schematic diagram of preparation of GO porous fibers and GO porous cylinders( a) , photos of GO porous fibers(b) and cylinders
(d-f), SEM images of GO porous fibers(¢) and cylinders( g) (40}
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Fig. 5 Structural illustration of graphene nanoribbon(a), SEM image

of graphene nanoribbon fibers (b) and macroscopic photo of

graphene nanoribbon fibers( ¢ ) [+
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Fig. 6 SEM images of graphene microtubings(a), schematic diagram

of preparation and photo of graphene hollow fibers(b) 1! =32
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Fig. 7 Schematic illustration of structural graphene-CNTs-PVA
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Fig. 8 Schematic illustration of Ag nanoparticle (a) and Ag nanowire

Alifoil

PDMS

(b) doped graphene fibers( the inserted SEM images are the sec-
tion morphologies of corresponding graphene composites, respec-
tively) , schematic diagram of graphene stretchable conductors

(c), and photo of graphene stretchable conductors(d) (9]
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Fig. 9  Apparatus of melt spinning for graphene-nylon6 composites
fibers(a), photograph of graphene-nylon 6 fibers (b),
and ( c) stress-strain curves of neat nylon6 and graphene-
nylon6 composite fibers with 0.01% ( NGO.01 ) and
0. 1% (NGO. 1) (mass fraction) loading of graphene
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Fig. 10 Shematic illustration of preparation of graphene-polymer

nacre-mimic fibers (a), layered structure of natural

nacre (b ), and layered structure of graphene-polymer

nacre-mimic fibers( c)

3 AERFHINA

A1 ST A AT ) N i Sy A AT A e
Py R TR AT St VPR SR Ag A SR 1Y
PR AL YR A T T R A SR

A1 S R 1 ) L2 TE BRI R AT S R S L AE A
AE 4TI ) N FH B0 T SRl o H R A SR 2T 4k 1 B Ak
B FH A v AE ) &5 B8 RO A 4 FOR BH AR e L . A1 A8 0
SR A R A A A B R A Tl A
AL DL G BB ) A T 2R Y A R Rk I AE R Al
ASRIGALER % TRBAB G, ZHAGAMEREAR
YRR AR (3.3 mF - em ™), i HLEAT R AR e
FUZRFIE"™ o AT 30 s o7 2 K R 1 0 i
BRI A (EIE & 66.6 mF - om 7, 75|
FH RV 2 5 22 FoR 15 B G 5 a5 my 25 4, Horp
A1 SRR TR AN KA A R, R - R AT ER
FRALRR TS (I 11) Y0 T 15 45 4k i 4 10 8 2% vh 75 2,
F P HE 2 269 mF - em R ER Y B B
5.91 wWh + em

R KIS 1 W A 1 R kA A0 B AR X PR L 2
Ao BRI A R R S i RN AR R AR, R
SR B M0 1 A BRI 21 4, % 2 4 1 T B L H 2 T Gk
59.2 mF - em 7, FREIZLTYES A BIE/ BRINVKR S A T
300 20 R PG P R SO 2L 2B Ly 2 AP A X R £ A e L 2
o AL ATLB RS TAEREY RHE 1.6 V, K
BER AL 11.9 wWh - em ™ (11.9 mWh « em ™),
EHATCHEL AR AR T REE. HZmEREA
RAFHZEEIE, AT E S 1000 3k, HARRERKIA
B 100% (& 12) 7



464

Hh A e i

433 %

Kl 11

Fig. 11

[ 12

Fig. 12

S Ld] poof 1 Le]00
s 1 I\
. 1
<l ' 150} 2 L 1 — {0,
Ea 4 S §
g ~10mV - s UE—100-4 1100 LI.
o _4f --20mV-s'| &£ €
e ce50mVest | &
S -8 —--80mV - s’ 50F 5 {50 ©
= . —-100mV - s
(3_1 2F i —150mV - s~
R e o S 1 R NN R B
“ botentiallV : ' Current Density/mA - cm™
0.8f
0.6f

Potential/V
_O o
[

o
T

0

7000 2000 3000 4000
Time/s

Boedi LT 4B (a) , RSTLT 4L A & I EOR SEM (R (b) , HLAF 43K SEM 1R (¢) , HAARNIEIRLIZ (),
AR L U B AR £k (o), SPEE SIREIEAMAY) (), RVELF ALY 2248 IR (o) FNERPIAS ) 25 oty 1 J3E 9 1 Pl 3 S P

ik (h) 1)

Morphology of the as-prepared core( MWCNT-graphene ) -shell( CMC) fibers(a) , SEM image of cross-section of supercapacitors(b) , SEM
image of side view of supercapacitors(c¢), CV curves of RGO + CNT@ CMC(d) , dependence of C, and Cy on the charge/discharge cur-
rent density for RGO@ CMC (3, 4), CNT@ CMC (5, 6) and RGO + CNT@ CMC (1, 2) (e), image of two intact coaxial fibers woven

with cotton fibers(f) , image of cloth supercapacitors woven by two individual coaxial fibers(g) , (h)GCD curves of the cloth supercapaci-

tors (1 represents initial cloth supercapacitors without bending and 2, 3, 4 shows cloth supercapacitors with bending angles of 180° along

three directions) %!
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Schematic diagram of the structure of fiber-based asymmetric micro-supercapacitors(a) : (1) SEM image of graphene-MnO, composite fi-

bers, (II)SEM image of graphene-MWCNTSs composite fibers; capacitance retention at different bending times(b) , inset: photos of two-

ply fiber-based asymmetric micro-supercapacitors at flat(1) and bending(1I) states, (III) CV curves of two-ply fiber-based asymmetric

micro-supercapacitors at flat and bending states( scanning rate of 100 mV -

571)[70]
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