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“Dip and Dry” Coating Process
Developed for Use of SWNTs in
Wearable Electronics

Wearable electronics is an emerging
class of materials for applications such as
embedded health-monitoring devices,
wearable displays, and portable power
for personal electronic devices. Nano -
electronics must somehow be combined
with textiles to achieve lightweight, flexi-
ble, and stretchable fabrics. Recently,
Y. Cui and a team of researchers at the
Department of Materials Science and
Engineering, and the Department of Elec -
tri cal Engineering, Stanford Uni versity,
used a simple “dip and dry” process with
single-walled carbon nanotube (SWNT)
ink to transform common textiles into
wearable power devices. 

As reported in the online January 5,
2010 issue of Nano Letters (DOI: 10.1021/
nl903949m), Cui and co-researchers
dipped a fabric sheet (either 100% cotton
or woven polyester) into a black, SWNT
ink (prepared by dispersing SWNTs in
water with a surfactant) and then dried
the fabric at 120°C for 10 min. After
SWNT coating, the textiles retained their
original textures but displayed high con-
ductivity, with a sheet resistance of

4 Ω/sq for the cotton fabric. Conductivity
for the polyester fabric is lower because
SWNT adsorptivity is lower. However,
conductivity was shown to increase by
repeating dipping in the SWNT ink.
Scanning electron microscopy showed
conformal coating of the SWNTs onto the
fabrics’ fibers, which the researchers said
is a result of a combi nation of the mechan-
ical flexibility of individual SWNTs and
the strong binding energy between the
SWNTs and the fibers. Transmission elec-
tron micro scopy of the SWNT-coated cot-
ton fabric showed that the SWNTs
formed cross-linked networks that pro-
vide conduct ing pathways. 

Standard industry tests using adhesive
tape and washing in water (with subse-
quent squeezing and wringing) resulted
in no observable SWNTs on the tape or in
the water. In contrast to previously
reported stretchable conductors, whose
conductance decreased with stretching,
conductance of the SWNT-treated fabric
in creased until the fabric was stretched to
2.4 times its original length, which the
researchers said was due to the improve-
ment of the mechanical contacts between
fibers that leads to better electrical con-
tacts between SWNTS. Galvanostatic

cycling was used to demonstrate that the
specific capacitance of electrodes made
from SWNT-treated cotton fabric is 2–3
times higher than SWNTs on a plastic
substrate and comparable to the highest
values reported for SWNT electrode
materials. The areal capacitance of
0.48 F/cm2 reported for the SWNT-treated
fabric, however, is the highest value
reported for a SWNT device and is com-
parable to capacitances available commer-
cially. The researchers said that this is due
to the high mass loading of their material.
The supercapacitor device displayed only
a 2% variation in capacitance over 130,000
cycles. In addition, there was no change in
specific capacitance after stretching. The
researchers said, “With lightweight and
cheap cotton or fabrics and the existing
textile fabrication infrastructure, large-
scale energy storage with low material
and processing costs is also feasible.
When combined with inks of other func-
tional materials, other types of electronics
could be created, such as wearable solar
cells and batteries. These porous conduc-
tors with excellent properties will find a
wide range of applications.”
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