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Carbon nanotubes for flexible energy storage devices—A review
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Abstract Carbon nanotubes have a one-dimensional tube-like structure with superior electrical and thermal
conductivities, as well as mechanical strength. Such a structure makes it suitable for using as the backbone
of flexible electrodes and long distance electrically conductive networks, and for creating high reactive
surface area for overall performance. As a result, carbon nanotubes have attracted tremendous interest for
due to numerous potential applications in the field of energy storage. This article reviews the work on the
use of carbon nanotubes in flexible energy storage devices, covering supercapacitors, lithium ion batteries
and lithium sulfur batteries. We will show that although there have been considerable amount of research on
flexible supercapacitors and lithium ion batteries, little has been done on flexible lithium sulfur batteries.
and rapid progress is expected to occur in the near future. In addition, we also briefly cover fabrication of
flexible electrodes, and introduce criteria for evaluating electrode performance.
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Fig. 2 (a) The procedure to fabricate the porous PDMS-CNT nanocomposites; (b) schematic representation of the

PDMS-CNT nanocomposites with porous channels for the effective penetration of electrolytes and lithium ions; (c) an

example of porous PDMS-CNT nanocomposites demonstrating high mechanical flexibility!'?!
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Fig. 6 Schematic of preparing binder-free high-rate electrodes through the formation of conformal TiO, nanocrystals
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Fig. 7 (a) Low magnification SEM image of a 3D CNT-NC electrode showing the CNT scaffold coated with TiO, NCs,
Inset shows a digital photograph of a freestanding flexible CNT-NC electrode; (b) high-magnification SEM image

d

confirming the conformal coating of NCs on CNT surface; (c) representative cross-sectional SEM image of the CNT-TiO,
NC electrode; (d) TEM image showing TiO, NCs coated on CNTs?**

2.3

filtration
LiMn204[26] V205[27] FC3O4[28]
LiFePO,"! Jia
[27]
V20s 8 V,0s
8 (271
V205 Fig. 8 Schematic of synthesis of the nanocomposites of
V105 V,05/CNT ultra-long CNTs and V,Os5 nanowires with an

V,05 interpenetrative network structure!?”



440 2013 2

[ 9] Vi0s
[ 9] 9(c) -

V,05
9(d)
V05 CNT
3
V,0s
Sk s CNT
e V,05
a CNT/V,0s
4_
3 0.16
= ] «CNT
S € 012
g2r % 008
2 1 Z 0,04
e 0 4 8 12
strain/%
0_
0 2 4 6 8 10
strain/%
(¢
9 a V)05 SEM b
c V,0s CNT/V,0s - d CNT/V,0s SEM 27

Fig. 9 (a) SEM image of V,05 nanowire networks and CNTs penetrating through the networks; (b) SEM image of an
electrode surface and a digital photograph of a flexible electrode with a dimension of 1 cm x 3 cm x 130 mm (inset);
(c) stress-strain curves of free-standing electrodes of CNTs pure V,05 nanowires and CNT/V,05 composites;

(d) crosssectional SEM image of the CNT/V,05 composite electrodel*”
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Fig. 11 (a) Setup for the single-lap shear tests and the
interfacial shear test results of the graphite-CNT and graphite-
Cu electrodes; (b) fracture surfaces of the graphite-CNT
and graphite-Cu electrodes. The graphite-CNT electrode
fractured within the graphite layer and the graphite-Cu
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stronger adhesion at the graphite-CNT interface!*
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Fig. 13 Macroscopic photographs of (a) AC powder and (b) AC-CNT-5% paper. The insert image shows the bending of
the paper using a pair of tweezers CV curves of (c) AC/AB and (d) AC-CNT-5% electrodes at different scan rates; (e) the

specific capacity of the AC/AB electrode and AC/CNT composites at a scan rate of 20 mV/s; (f) the relationship between
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Fig. 18 (a) Cycling stability of SWCNTs and SWCNT/SnO, anode paper at constant current density of 25 mA/g-®;
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