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a  b  s  t  r  a  c  t

In this  work,  design  parameters  were  investigated  for enhancing  the  conductivity  of  graphene-coated
cotton  textiles.  Graphene  oxide  (GO)  was  immobilized  on  cotton  fabric  through  a  conventional  “dip  and
dry” method.  The  GO-coated  fabrics  were  then  immersed  in  an  aqueous  solution  of  reducing  agent,
which  converted  the  GO into  graphene.  The  effect  of  various  parameters  such  as  type  of  reducing  agent
(NaBH4, N2H4,  C6H8O6, Na2S2O4 and  NaOH)  and  its concentration,  reduction  time  and  number  of  coating
eywords:
raphene
raphene oxide
otton
lectroconductive
extile

process  on  conductivity  of  the  fabrics  was  studied.  The  mechanical  performance  of  the  fabrics  was  also
investigated.  The  results  showed  that  the  best  conductivity  and  mechanical  performance  were  obtained
using  Na2S2O4 as  a reducing  agent.  The  reaction  time  of  30 min  at 95 ◦C was  enough  for complete  reduction
of  the  GO.  Electrical  conductivity  increased  by  approximately  three  orders  of magnitude  with  the  increase
in the  number  of  coating  process  from  1 to  20 cycles.

© 2013 Elsevier Ltd. All rights reserved.

eduction

. Introduction

Flexible fibrous textile materials containing conductive fillers
ave recently attracted much attention for their use in a wide
ange of applications, especially in advanced composites and E-
extiles (Cakir, 2011; Cherenack, Zysset, Kinkeldei, Münzenrieder,

 Tröster, 2010; Mattila, 2006; Robert, Feller, & Castro, 2012; Shim,
hen, Doty, Xu, & Kotov, 2008; Tao, 2001; Yang, Lightner, & Dong,
011). E-textiles are fabrics that enable computing, digital compo-
ents and electronics to be embedded in them. Similar to classical
lectronics, construction of electronic capabilities on textile fibers
equires use of conducting and semi-conducting materials. Elec-
roconductive textiles can be made using metal strands or metallic
bers mixed with textile fibers woven into the construction of the
extile. However, because both metals and classical semiconductors
re stiff material, they are not very suitable for textile fiber appli-
ations since fibers are subjected to a high degree of stretch and
ending during their application. There is also an interest in semi-
onducting textiles, made by impregnating normal textiles with
ntrinsically conducting polymers, carbon black, carbon nanotubes
r metal-based powders (Babu, Dhandapani, Maruthamuthu, &
ulandainathan, 2012; Egami et al., 2011; Havel, Behler, Korneva,
 Gogotsi, 2008; Little, Li, Cammarata, Broughton, & Mills, 2011;
egru, Buda, & Avram, 2012; Zhao, Cai, Zhou, & Fu, 2011). But, the
ost widely used methods require complex processes, expensive

∗ Corresponding author. Tel.: +98 913 7075734; fax: +98 21 88741058.
E-mail addresses: m.shaterikha@iauyazd.ac.ir, shaterimagenta@gmail.com

M.  Shateri-Khalilabad).

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2013.03.052
materials and pre-functionalization and have some disadvantages
such as lacking uniform coating, flexibility and durable wear resis-
tance, which increase cost of production.

Graphene is a flat monolayer of carbon atoms which is tightly
packed into a two-dimensional honeycomb lattice and is a basic
building block for graphitic materials of all other dimensionali-
ties (Geim & Novoselov, 2007). Due to its outstanding electronic,
optical, exitonic, thermal and mechanical properties, graphene dif-
fers from most conventional three-dimensional materials and has
attracted great interest as an outstanding candidate for the pro-
duction of advanced materials with many potentials in various
applications (Allen, Tung, & Kaner, 2010; Bai & Shen, 2011; Huang
et al., 2011; Rao, Sood, Subrahmanyam, & Govindaraj, 2009; Zhu
et al., 2010). Graphene is more suitable for E-textiles because it can
be conducting and semiconducting and applied as a dye to make
electrically conducting textiles (Dong et al., 2012; Fugetsu, Sano, Yu,
Mori, & Tanaka, 2010; Khan, Young, O‘Neill, & Coleman, 2012; Shin
et al., 2012; Yu et al., 2011). It has been demonstrated that aque-
ous dispersions of graphene can be readily produced without the
need for polymeric or surfactant stabilizers due to the presence of
carboxylic and hydroxyl groups. These advantages lead to the pos-
sible direct application of graphene in preparing electroconductive
textiles using the same strategy that has been used to make textile
finishing through simple dip-pad or dyeing assembly.

Graphene can be prepared in large quantities through chem-
ical conversion from graphite, which has facilitated fabrication of

graphene-based materials. Graphene oxide (GO) has been prepared
by harsh oxidation using Hummer’s method (Hummers & Offeman,
1958). The as-made GO obtained in this way  is electrically insulat-
ing due to the attached oxygen functional groups. Consequently,
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arious reduction methods such as thermal or chemical reduction
ave been developed to restore its electrical conductivity. Ther-
al  reduction has been highly effective in producing graphene-like

lms. However, this approach is limited by the choice of sub-
trate; i.e., typical textile substrates cannot be used due to their
ow degradation temperature. On the other hand, chemical reduc-
ion can be realized at the temperature lower than 100 ◦C, which
s extremely important for practical applications. Many reducing
gents with generally low cost have been developed by a simple
ethod to reduce GO; but, the reduction mechanism by chemical

educing agents has been unclear and the electrical conductivity
f the graphene film is very different. Therefore, it is necessary to
evelop a more effective chemical reduction method to produce
raphene-based materials with high electrical conductivity.

In this paper, the fabrication of electroconductive cotton textiles
as explored using graphene. GO was deposited on the surface

f fabric through a conventional “dip and dry” approach. The GO
oaded fabrics were then chemically reduced for conversion into
he electroconductive graphene. The chemical reduction of GO with
everal reducing agents was examined to investigate their effect on
onductivity of the fabric. Effect of reductant concentration, reduc-
ion time and the number of coating cycles were also investigated.
lthough numerous studies have investigated effect of reducing
gent on electrical properties of graphene materials, this is the
rst report on the effect of reducing agent on electrical properties
f graphene-coated textiles. The results are important for under-
tanding and controlling electrical properties of graphene-coated
extiles and their possible applications.

. Experimental

.1. Materials

Graphite purum powder (particle size < 100 �m)  was purchased
rom Fluka. All other materials including hydrazine (N2H4), sodium
orohydride (NaBH4), sodium hydrosulfite (Na2S2O4), sodium
ydroxide (NaOH), ascorbic acid (C6H8O6), potassium perman-
anate (KMnO4), hydrogen peroxide (H2O2, 35%), sulfuric acid
H2SO4, 98%) and hydrochloric acid (HCl, 37%) were supplied by

erck. Desized, scoured and bleached 100% cotton fabric was  used
s the substrate. The water used in all the experiments was puri-
ed using a Milli-Q system with the resistivity of higher than
8.2 M� cm−1.

.2. Synthesis of GO

GO was synthesized from graphite powder by the modified
ummer’s method (Hummers & Offeman, 1958). One gram of as-
urchased graphite powder was added to 25 ml  of H2SO4 (98%) and
as left while stirring for 12 h. Afterwards, while keeping the tem-
erature at less than 10 ◦C, 3.5 g of KMnO4 was added. This was
tirred at 50 ◦C for 2 h. Next, 70 ml  of water and 5 ml  of H2O2 were
dded and then the mixture was stirred for 30 min. For purifica-
ion, the resulting mixture was centrifuged, rinsed first with 5% HCl
nd then three times with water. 200 ml  of water was added to the
esulting product to make 0.5% (w/w) dispersion. This 0.5% aqueous
ispersion was used to prepare all of the subsequent dispersions for
eposition.

.3. Preparing GO-coated cotton fabric

Aqueous dispersion of GO with the concentration of 0.05% was

repared and bath-sonicated for 60 min. The cotton fabric was
ipped into the prepared dispersion, soaked for 30 min  at room
emperature and then dried at 90 ◦C for 30 min. Because of the
trong adsorption, the fabric was quickly coated by the GO. The
bohydrate Polymers 96 (2013) 190– 195 191

coating process was  repeated three times in order to increase GO
adsorption.

2.4. Preparing graphene-coated cotton fabric

The GO-coated samples (1 g of each) were immersed in 100 ml
aqueous solution of 25 mM reducing agents of NaBH4, N2H4,
C6H8O6, Na2S2O4 and NaOH. The mixture was kept at 95 ◦C for
60 min  under constant stirring. The resulting fabric was washed
with a large amount of water several times to remove the exces-
sive reducing agents. At the end, the samples were dried at 90 ◦C
for 30 min. The resulting graphene-coated fabrics were referred
to as NaBH4–GO–cotton, N2H4–GO–cotton, C6H8O6–GO–cotton,
Na2S2O4–GO–cotton and NaOH–GO–cotton based on the used
reducing agents.

2.5. Characterization

Transmission electron microscopy characterization of the GO
nanosheets was performed using a microscope LEO 912AB. A
droplet of GO dispersion was cast onto a TEM copper grid and
the solvent was evaporated overnight at room temperature. Sur-
face morphology of the fabrics was examined by a KYKY-EM3200
scanning electron microscope after sputter coating with a very thin
layer of Au. The ultraviolet–visible (UV–vis) reflectance spectra of
the fabrics were recorded on a Lambda 35 UV–vis spectrometer
(Perkin Elmer Instruments Co. Ltd., USA). Color coordinates were
determined by color measurement software using the CIE L* a*
b* color space at D65/10◦. Electrical surface resistivity of the fab-
rics was  measured using a standard two-probe method (Petersen,
Helmer, Pate, & Eichhoff, 2011) by means of Sa-Iran digital multi-
meter model 8515. Tensile strength and elongation of the samples
were evaluated using a MESDAN LAB instrument according to the
standard test method of ISO 5081 (strip method). The constant
cross-speed of approximately 50 mm min−1 was used throughout
the experiments. The measurements were performed in the warp
direction of fabrics and average values were obtained from mea-
surements of four samples. The amount of GO deposited on fabric
was determined by reweighing fabrics after drying for 1.5 h in an
oven at 80 ◦C. An analytical balance (Scatec SBA32) with 10−4 preci-
sion was used to measure the samples’ weights. Abrasion resistance
was measured according to ASTM D4966-98. The end point was
reached when two yarns were broken.

3. Results and discussion

Since cellulosic substrates have low stability at high tempera-
tures and degrade quickly, using thermal methods, which produce
graphene with high electrical conductivity, is not possible for
the reduction of GO-coated cotton textiles. On the other hand,
despite the possibility of graphene preparation via thermal reduc-
tion methods, this method cannot be used not only because of the
limitations such as high price and nanosheets aggregation but also
for low adsorption of graphene to cellulosic fabrics (lack of surface
functionality and hydrophobicity nature of graphene). Therefore, it
seems that covering the fabrics with GO and subsequently reduc-
tion treatment through low-temperature chemical methods can be
a highly effective method.

GO was synthesized from natural graphite using Hummer’s
method that derivatize graphene sheets with carboxyl, carbonyl,
hydroxyl and epoxide groups, thereby, breaking the p-conjugation
in the two-dimensional carbon networks (Li et al., 2011; Park et al.,

2008). The resulting product of GO powder was water dispersible,
insulating and light brown in color. Fig. 1 shows TEM micrograph of
a typical GO nanosheet deposited on a standard TEM grid. The sheet
was several micrometers in dimension with the wrinkled (rough)
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Fig. 1. TEM micrograph of a typical GO nanoshe

urface texture. High-resolution TEM micrograph clearly illustrated
he amorphous nature of the GO nanosheet.

The present approach for making electroconductive graphene-
oated cotton fabric included two steps. The first was  to coat cotton
abric with GO by a simple “dip and dry” method. The second was
eduction of the GO deposited on the fabric to create electrocon-
uctive cotton fabric. When the cotton fabric was dipped into the
O dispersion, it was quickly coated with GO because of van der
aals forces between exfoliated GO, which has various functional

roups such as carboxyl, carbonyl and hydroxyl, epoxy groups and
otton fibers. For the fabric used in this study, one gram of fabric
ould uptake about 2.5 mg  of the GO. The SEM micrographs of the
O-coated fabric are shown in Fig. 2. It can be seen that, after coat-

ng fabric with GO, the inherence morphological structures of the
otton fibers did not change which was due to very low thickness
nd size uniformity of GO nanosheets that homogeneously coated
he fibers surface. However, as indicated by arrows, a few white
pots can be observed in some parts of the fiber due to incomplete
xfoliation of graphite particles during synthesis process.

As SEM micrographs showed the GO nanosheets were uniformly
oated on the fabric surface. For the conversion of insulating GO-
oated fabric into an electroconductive substrate, the GO should
e chemically reduced. Previous studies have demonstrated that

ype of reducing agent has substantial influence on the electrical
roperties of graphene. Hence, five different reducing agents,
amely NaBH4, N2H4, C6H8O6, Na2S2O4 and NaOH, were used

ig. 2. SEM micrograph of the GO–cotton fabric showing a large-scale view of cotton 

anosheets on the surface of cotton fibers (right).
e micrograph on the right is in high-resolution.

for the reduction of the immobilized GO on the fabric in order to
investigate their effect on conductivity of the cotton fabric.

As, in particular, color can be potentially employed as a fast
and intuitive way  for easy detection and simple evaluation of
deposition and reduction of GO, color changes of the treated fab-
rics were investigated by assessing reflectance spectra and color
coordinates. The reflectance spectra of the original, GO-coated
and graphene-coated cotton fabrics in the ranges of 400–700 nm
are given in Fig. 3. The original cotton fabric changed its color
from white to yellow-brown due to the brownish color of the GO
dispersion. After chemical reduction, color of the fabric changed
from yellow-brown to graphitic black, which indicated removal
of the oxygen functionalities and restoration of the graphitic
structure during reduction treatment (Jung, Rhyee, Son, Ruoff, &
Rhee, 2011). The reflectance spectra showed that the graphene-
coated fabrics were close to each other in color; however, they
were a little different. Reflectance percentage of the graphene-
coated fabrics dropped as follows: NaBH4–cotton, KOH–cotton,
N2H4–cotton, C6H8O6–cotton and Na2S2O4–cotton in this order.
The CIE color coordinates (L* a* b*) and color differences (�E),
quantitatively characterizing the observed color of the fabrics, are
given in Table 1. The obtained results indicated darker color of the
GO–cotton and graphene–cotton fabrics compared with the orig-

inal fabric. The L* values of the treated fabrics were lower than
that of the original fabric. The GO–cotton fabric showed strong
increase in the yellow color component (increased value of b*)

fibers (left); high-magnification micrograph showing the uniform coating of GO
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Fig. 3. Reflectance spectra of the original, GO–cotton and graphene–cotton fabrics.

Table 1
Color coordinates (CIE L* a* b*) and color differences (�E) of the original, GO–cotton
and graphene–cotton fabrics.

Sample L* a* b* �E

Original-cotton 83.90 −0.11 −0.26 –
GO–cotton 66.75 2.22 12.09 21.26
NaBH4–GO–cotton 46.02 0.45 2.48 37.98
NaOH–GO–cotton 43.71 0.47 2.41 40.28
N2H4–GO–cotton 41.43 0.35 2.00 42.53
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Table 3
Tensile strength and elongation of the original, the GO–cotton and the
graphene–cotton fabrics.

Sample Tensile strength (N) Elongation (%)

Original-cotton 166.3 ± 12.1 26.7 ± 0.6
GO–cotton 162.9 ± 12.2 28.4 ± 1.1
NaBH4–GO–cotton 157.1 ± 12.7 27.1 ± 0.8
NaOH–GO–cotton 150.2 ± 5.1 27.1 ± 0.5
N2H4–GO–cotton 162.2 ± 5.3 28.3 ± 0.6
C6H8O6–GO–cotton 41.28 0.41 2.10 42.69
Na2S2O4–GO–cotton 41.03 0.39 1.72 42.92

nd in the red color component (increased value of a*), which
ndicated a color change from white to yellow-brown. In addition,
he �E  values demonstrated visible color difference between the
O–cotton and the graphene–cotton fabrics. The �E  values clearly
howed no visible color difference between the N2H4–GO–cotton,
6H8O6–GO–cotton and Na2S2O4–GO–cotton fabrics (total color
ifference of one �E  unit corresponding to the difference only
oticeable by eye), which demonstrated reduction treatment by
2H4, C6H8O6 and Na2S2O4 did not have a substantial effect on

he final color of the fabric. In conclusion, the obtained data from
he reflectance spectra and the color coordinates simultaneously
howed the successful incorporation and reduction of the GO on
he cotton fabric. The color change was related to the reducing
gent which caused removal of oxygen functionalities from the
O-coated cotton fabrics.

The electrical conductivity is perhaps the best indicator of the
xtent to which the GO has been reduced to graphene (Khan et al.,
012). The surface resistivity of the fabrics was  measured by two

robe method and the obtained data are presented in Table 2. Since
O lacked an extended �-conjugated orbital system, the GO–cotton

abric was not electroconductive. After reduction treatment, the

able 2
urface resistance of the GO–cotton fabric, after treatment with the reducing agents
f  NaBH4, NaOH, N2H4, Na2S2O4 and C6H8O6.

Sample Surface resistance (k� cm−1)

NaBH4–GO–cotton 34,600
NaOH–GO–cotton 23,300
N2H4–GO–cotton 62.7
C6H8O6–GO–cotton 31.2
Na2S2O4–GO–cotton 19.4
C6H8O6–GO–cotton 141.7 ± 5.5 26.9 ± 0.4
Na2S2O4–GO–cotton 162.0 ± 10.6 28.3 ± 0.1

surface resistance of the GO–cotton samples was  reduced, indi-
cating partial restoration of conjugation. The results showed
considerable effect of the type of reducing agent on electrical con-
ductivity. The electrical conductivity increased by approximately
three orders of magnitude through changing type of the reducing
agent. Restoration of the �-conjugated structure was  the most
effective using Na2S2O4 and C6H8O6 (resistance values of 19.4 and
31.2 k� cm−1, respectively), intermediately effective for reduction
with N2H4 (62.7 k� cm−1) and relatively inefficient with KOH and
NaBH4 (23,300 and 34,600 k� cm−1, respectively). Such a result
was consistent with the one obtained by color measurements, sup-
porting the idea that chemical reduction under different reducing
agents had substantial influence on electrical conductivity of the
graphene-coated fabrics. The results showed that Na2S2O4 was the
best reducing agent for achieving a high level of electrical conduc-
tivity for GO-coated textiles. According to the proposed mechanism
by Zhou et al. (2010), Na2S2O4 is an efficient reducing agent because
of its low electrode potential (E�SO−2

3 /S2O−2
4 = −1.12 V) in alkaline

solution, easy dissociation of two protons and becoming a nucle-
ophile. When epoxide and hydroxyl groups of the GO are attacked
by a nucleophile with a back-side SN2 nucleophile reaction, H2O
is released and results in the formation of an intermediate. Finally,
thermal elimination leads to the formation of graphene, and the
reducing agent (S2O−2

4 ) is oxidized to sulfite (SO−2
3 ).

Stability of the mechanical properties of textiles in the finishing
process is an important factor for practical applications. Textile per-
formance of the modified cotton fabrics were evaluated in terms of
mechanical properties. Tensile strength and elongation of the orig-
inal, GO-coated and graphene-coated fabrics were measured and
the results are presented in Table 3. In comparison with the original
cotton, tensile strength of the GO-coated fabric slightly decreased.
After chemical reduction, tensile strength of the fabrics treated
with NaBH4, N2H4 and Na2S2O4 was very similar to that of the GO-
coated fabric. However, significant decrease was  observed in tensile
strength of the fabrics treated with KOH and C6H8O6. The results
demonstrated that the reduction reaction under different reduc-
ing agents affected cellulosic structures of the cotton fibers. The
observed change in the mechanical behavior of the samples treated
with NaBH4, N2H4 and Na2S2O4 was in a range that was  acceptable
for standard cotton fabrics. With regard to the results of surface
resistance and mechanical properties, it can be concluded that
reduction treatment of the GO-coated fabric by Na2S2O4 did not
cause any damage to the structure of cotton fibers, which confirmed
its suitability for practical applications. In addition, considering
the large scale production, low price and its application in textile
industry, especially in some industrial dyeing processes, Na2S2O4
has a high potential for mass production of the electroconductive
graphene-coated cotton textiles.

The influence of Na2S2O4 concentration on conductivity of the
graphene-coated fabric was  investigated and the obtained results

are reported in Table 4. It is obvious that the low concentration of
Na2S2O4 (0.1 and 0.5 mM)  solution could not provide conductivity.
In fact, these low concentrations did not remove enough oxygen-
functional groups of GO for its conversion into electroconductive
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Table  4
Effect of the concentration of Na2S2O4 solution (0.1–100 mM), reaction time
(1–120 min) and different cycles of dipping–drying coating (1–20) on surface resis-
tance of the graphene–cotton fabric.

Parameter Surface resistance (k� cm−1)

Concentration of Na2S2O4 (mM)
0.1 –
0.5 –
2.5 130.6

10.0 20.1
25.0 23.6
50.0 17.5

100.0 19.0

Reaction time (min)
1 527.7
5 52.0

15 42.1
30 25.7
60 42.6

120 30.6

Cycles of process (times)
1  201.1
4 3.87
7 1.73

10 1.27
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15 0.757
20 0.374

raphene. The conductivity response markedly decreased with
ncreasing Na2S2O4 concentration from 2.5 to 10.0 mM (resistance
ecrease from 130.6 to 20.1 k� cm−1, respectively). Afterward,
a2S2O4 concentration up to 100.0 mM did not greatly influence

esponse and only a little change was observed. However, the
ighest conductivity response was observed at concentration of
0.0 mM.

The effect of reduction time on conductivity response was also
tudied (Table 4). The data showed that, with the increase in

eaction time from 1 to 30 min, surface resistance decreased (con-
uctivity increased). The substantial decrease of resistance from 1
o 5 min, 527.7 to 52.0 k� cm−1, respectively, demonstrated rapid
emoval of the most oxygen-functional groups of GO during the

ig. 4. Variation of reflectance spectra of GO–cotton fabric with different cycles of dipp
orrespondence digital photographs.
bohydrate Polymers 96 (2013) 190– 195

first stages of reduction. However, for the samples treated at 60
and 120 min, surface resistance slightly increased, which may be
due to removal of some graphene nanosheets from surface of the
fabric. It seems that the reduction reaction at 30 min  was  enough for
complete reduction of GO and its conversion into electroconductive
graphene.

Increase in the number of coating process can result in signif-
icant improvement in loading of GO and thus increase electrical
conductivity of graphene-coated fabric. Fig. 4 presents digital pho-
tographs and the correspondence reflectance spectra of different
cycles of GO-coated fabrics, which shows the changes in color of the
fabrics in the wavelength range from 375 to 700 nm.  As expected,
percentage reflectance of the GO-coated fabric decreased as the
number of process increased, which was consistent with the dig-
ital photographs. After chemical reduction, surface resistance of
the graphene-coated fabric as a function of dipping–drying cycles
was determined. The surface resistance of the fabric decreased with
the number of dipping-drying coating processes and, consequently,
electrical properties of the graphene-coated fabric could be eas-
ily controlled. Electrical conductivity increased by approximately
three orders of magnitude after 20 dipping-drying cycles. In gen-
eral, electrical conductivity increases with increasing the graphene
content of the substrate, which can be attributed to improved
orientation and structure of the graphene layer. A remarkably
low surface resistance value of 0.374 k� cm−1 of the graphene-
coated fabric could be attributed to the effective recovery of the
sp2 network of carbon via chemical reduction and good graphene
sheet-to-sheet connection on the fabric surface.

The obtained graphene-coated fabrics were very flexible and
graphene layer is not brittle and could not easily cracks under
bending stress. For assessing wear resistance of the fabrics, abra-
sion resistance of one coated sample was measured by Martindale
method. After abrasion, surface resistance of the graphene-coated
fabric increased only from 1.7 to 2.6 k� cm−1. The small decrease
in surface conductivity demonstrated high wear resistance of

graphene-coated cotton fabrics.

Graphene has advantages over other conductive materials such
as carbon nanotubes and conductive polymers in terms of the fabri-
cation of electroconductive textiles. These advantages include easy

ing–drying coating; 1, 4, 7, 10, 15 and 20 cycles. The images on the right are their
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reparation, low cost, high specific surface area, and rough and
rinkled surface and unique flexible two-dimensional geometry.

n addition, graphene has high affinity to the common textile mate-
ial such as cotton and polyester whereas, for the high density
nd uniform coating of carbon nanotubes and conductive poly-
er, a special pretreatment, i.e., surface modification or surface

unctionalization, is needed which diminishes their large-scale
pplications. The efficiency of graphene in enhancing conductiv-
ty of the textile materials is equal or even much better than that of
arbon nanotubes and conductive polymers. Also, conductivity of
he graphene-coated fabrics could be simply tailored by changing
he number of coating cycles.

. Conclusions

Electroconductive cotton textiles were successfully prepared
sing graphene. GO nanosheets were deposited on the cotton fibers
ia “dip and dry” method followed by chemical reduction which
aused their conversion into conductive graphene. Color of the fab-
ic changed from white to light-brown and then to graphitic black
s a results of coating with the GO and graphene. SEM micrographs
howed that the GO nanosheets were homogeneously covered on
he cotton fibers. The surface conductivity essentially depended on
he type of reducing agents as the value of the electrical resisti-
ity ranging from 103 to 106 k� cm−1 was obtained. Na2S2O4 was
etermined to be the best reducing agent for achieving high level
f electrical conductivity and 30 min  reaction was  enough for com-
lete reduction of graphene oxide. Increasing the number of coating
rocess could result in significant improvement in loading of GO
nd thus increase in electrical conductivity of the graphene-coated
abric. Considering low cost, easy preparation, simple and effective
oating, these electroconductive fabrics are expected to have high
otential for being used in advanced applications such as smart and
-textiles.

eferences

llen, M.  J., Tung, V. C., & Kaner, R. B. (2010). Honeycomb carbon: A review of
graphene. Chemical Reviews, 110(1), 132–145.

abu, K. F., Dhandapani, P., Maruthamuthu, S., & Kulandainathan, M. A. (2012).
One pot synthesis of polypyrrole silver nanocomposite on cotton fabrics for
multifunctional property. Carbohydrate Polymers, 90(4), 1557–1563.

ai, S., & Shen, X. (2011). Graphene–inorganic nanocomposites. RSC Advances, 2(1),
64–98.

akir, A. (2011). Smart clothing—technology and applications. Boca Raton: CRC Press.
herenack, K., Zysset, C., Kinkeldei, T., Münzenrieder, N., & Tröster, G. (2010). Woven

electronic fibers with sensing and display functions for smart textiles. Advanced
Materials,  22(45), 5178–5182.

ong, Z., Jiang, C., Cheng, H., Zhao, Y., Shi, G., Jiang, L., et al. (2012). Facile fabrication

of  light, flexible and multifunctional graphene fibers. Advanced Materials, 24(14),
1856–1861.

gami, Y., Suzuki, K., Tanaka, T., Yasuhara, T., Higuchi, E., & Inoue, H. (2011).
Preparation and characterization of conductive fabrics coated uniformly with
polypyrrole nanoparticles. Synthetic Metals,  161(3), 219–224.
bohydrate Polymers 96 (2013) 190– 195 195

Fugetsu, B., Sano, E., Yu, H., Mori, K., & Tanaka, T. (2010). Graphene oxide as
dyestuffs for the creation of electrically conductive fabrics. Carbon, 48(12),
3340–3345.

Geim, A. K., & Novoselov, K. S. (2007). The rise of graphene. Nature Materials, 6(3),
183–191.

Havel, M.,  Behler, K., Korneva, G., & Gogotsi, Y. (2008). Transparent thin films
of  multiwalled carbon nanotubes self-assembled on polyamide 11 nanofibers.
Advanced Functional Materials, 18(16), 2322–2327.

Huang, X., Yin, Z., Wu,  S., Qi, X., He, Q., Zhang, Q., et al. (2011). Graphene-based
materials: Synthesis, characterization, properties, and applications. Small, 7(14),
1876–1902.

Hummers, W.  S., Jr., & Offeman, R. E. (1958). Preparation of graphitic oxide. Journal
of  the American Chemical Society, 80(6), 1339-1339

Jung, I., Rhyee, J. S., Son, J. Y., Ruoff, R. S., & Rhee, K. Y. (2011). Colors of graphene
and graphene-oxide multilayers on various substrates. Nanotechnology, 23(2),
025708.

Khan, U., Young, K., O‘Neill, A., & Coleman, J. N. (2012). High strength composite
fibres from polyester filled with nanotubes and graphene. Journal of Materials
Chemistry,  22(25), 12907–12914.

Li, W.,  Tang, X. Z., Zhang, H. B., Jiang, Z. G., Yu, Z. Z., Du, X. S., et al. (2011). Simultaneous
surface functionalization and reduction of graphene oxide with octadecy-
lamine for electrically conductive polystyrene composites. Carbon, 49(14),
4724–4730.

Little, B. K., Li, Y., Cammarata, V., Broughton, R., & Mills, G. (2011). Metal-
lization of Kevlar fibers with gold. ACS Applied Materials & Interfaces, 3(6),
1965–1973.

Mattila, H. R. (2006). Intelligent textiles and clothing. Cambridge: Woodhead Pub-
lishing.

Negru, D., Buda, C., & Avram, D. (2012). Electrical conductivity of woven fabrics
coated with carbon black particles. Fibres & Textiles in Eastern Europe, 20(1),
53–56.

Park, S., Lee, K. S., Bozoklu, G., Cai, W.,  Nguyen, S. B. T., & Ruoff, R. S. (2008). Graphene
oxide papers modified by divalent ions—Enhancing mechanical properties via
chemical cross-linking. ACS Nano, 2(3), 572–578.

Petersen, P., Helmer, R., Pate, M.,  & Eichhoff, J. (2011). Electronic textile resistor
design and fabric resistivity characterization. Textile Research Journal, 81(13),
1395–1404.

Rao, C. N. R., Sood, A. K., Subrahmanyam, K. S., & Govindaraj, A. (2009). Graphene: The
new two-dimensional nanomaterial. Angewandte Chemie International Edition,
48(42),  7752–7777.

Robert, C., Feller, J. F., & Castro, M.  (2012). Sensing skin for strain monitoring made of
PC–CNT conductive polymer nanocomposite sprayed layer by layer. ACS Applied
Materials & Interfaces, 4(7), 3508–3516.

Shim, B. S., Chen, W.,  Doty, C., Xu, C., & Kotov, N. A. (2008). Smart electronic yarns and
wearable fabrics for human biomonitoring made by carbon nanotube coating
with polyelectrolytes. Nano Letters, 8(12), 4151–4157.

Shin, M.  K., Lee, B., Kim, S. H., Lee, J. A., Spinks, G. M.,  Gambhir, S., et al. (2012). Syn-
ergistic toughening of composite fibres by self-alignment of reduced graphene
oxide and carbon nanotubes. Nature Communications, 3, 650–658.

Tao, X. (2001). Smart fibres, fabrics, and clothing. Cambridge: Woodhead Publishing.
Yang, H., Lightner, C. R., & Dong, L. (2011). Light-emitting coaxial nanofibers. ACS

Nano,  6(1), 622–628.
Yu, G., Hu, L., Vosgueritchian, M.,  Wang, H., Xie, X., McDonough, J. R.,

et  al. (2011). Solution-processed graphene/MnO2 nanostructured tex-
tiles for high-performance electrochemical capacitors. Nano Letters,  11(7),
2905–2911.

Zhao, Y. P., Cai, Z. S., Zhou, Z. Y., & Fu, X. L. (2011). Fabrication of conductive net-
work formed by polyaniline–ZnO composite on fabric surfaces. Thin Solid Films,
519(18), 5887–5891.

Zhou, T., Chen, F., Liu, K., Deng, H., Zhang, Q., Feng, J., et al. (2010). A simple and effi-

cient method to prepare graphene by reduction of graphite oxide with sodium
hydrosulfite. Nanotechnology, 22(4), 045704.

Zhu, Y., Murali, S., Cai, W.,  Li, X., Suk, J. W.,  Potts, J. R., et al. (2010). Graphene
and graphene oxide: Synthesis, properties, and applications. Advanced Materials,
22(35), 3906–3924.

http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0095
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0125
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00302-0/sbref0150

	Fabricating electroconductive cotton textiles using graphene
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Synthesis of GO
	2.3 Preparing GO-coated cotton fabric
	2.4 Preparing graphene-coated cotton fabric
	2.5 Characterization

	3 Results and discussion
	4 Conclusions
	References


