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The influence of fibre type and dipping cycle on the graphene oxide (GO) add-on and the resultant mass-specific 
resistance has been studied for different fibres. Seven commonly used fibres, viz cotton, viscose, silk, wool, nylon, acrylic 
and polyester, are selected for the study. A comparative evaluation of GO add-on and the resultant mass-specific resistance 
of all these fibres are carried out under similar process conditions. Fibres are treated separately with 1% w/v GO solution up 
to 10 consecutive dipping cycles. Graphene oxide enriched fibres are reduced with sodium dithionite to restore graphene 
structure. Use of fibre as substrate for experiment eliminates the effect of other structural parameters of either yarn or fabric 
form. FTIR and UV-vis spectra confirm successful exfoliation of graphite to GO. FTIR study reveals significant chemical 
interaction of GO with cotton, viscose, nylon, and silk. SEM micrographs show that the graphene sheets are uniformly 
deposited on the cotton, silk, and nylon. Cotton yields maximum GO add-on and acrylic yields the lowest in all dipping 
cycles. Lowest mass-specific resistance is obtained in case of cotton, while highest values are obtained in case of acrylic 
after 10 dipping cycles. Nylon needs lowest amount to GO to achieve the same level of conductivity. 

Keywords: Acrylic, Cotton, Electrical conductivity, Graphene oxide, Mass-specific resistance, Nylon, Polyester, Silk, 
Viscose, Wool 

1 Introduction 
Electrically conductive textile (E-textile) have 

attracted great interest in recent year due to its vast 
applications in wearable electronic devices, health and 
activity monitoring devices, energy reservoir, etc1. 
Conventionally metal coating, metal particles or metal 
threads are incorporated during fibre formation, yarn 
formation, weaving or embroidery to impart electrical 
conductivity in otherwise insulating textile media. 
Trending approach is the application of conjugated 
polymers and carbon based conductive material 
(carbon nanotubes, carbon black and graphene) via 
surface coating and polymer blending during 
spinning. Unlike metals, these electro-conductive 
textiles will be flexible, durable, moldable, and 
light-weight1–5. The most spectacular quality of these 
novel electro-conductive textiles will be the ability to 
tailor-made conductivity as per the requirement to suit 
a specific application.Successful application of these 
polymers onto textile materials will yield electro-
conductive textiles which will possess synergistic 
properties of both the conductive polymer and 
textiles and may open up many potential 

applications.Graphene is discovered by Physicists 
Andre Geim and Konstantin Novoselov of the 
University of Manchester in 2004 which earned them 
Nobel Prize in Physics in 20106. It has a flat 
monolayer of carbon atoms bound together with 
double electron bonds (termed as sp2 bond) which is 
tightly packed into a two-dimensional honeycomb 
lattice. Due to its outstanding electronic, optical, 
thermal and mechanical properties, it has attracted 
great interest as an outstanding candidate for the 
production of advanced materials with much potential 
in various applications7,8. It has been demonstrated 
that aqueous dispersions of GO can readily be 
produced without the need of any stabilizers due to 
the presence of carboxylic and hydroxyl groups in it9. 
This advantage leads to the possible direct application 
of graphene in preparing electro-conductive textiles 
using simple dip-nip process. Application of graphene 
onto textile substrates will yield a functional 
composite which will have synergistic properties of 
both graphene and textiles10.  

Graphene has advantages over other conductive 
materials, such as carbon nanotubes and conductive 
polymers, in terms of the fabrication of electro-
conductive textiles 11,12. Graphene based electro-
conductive textiles can be explored for various 
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potential applications such as flexible sensors or 
wearable electronics, EMI shielding, etc. It can also 
be used for the development of anti-microbial 
fabric, hydrophobic fabric, chemical and UV 
resistance fabric, reinforcement of polymers, saline 
or effluent water treatment, etc.13. Though pristine 
graphene, exfoliated by mechanical method, is 
more electrically conductive than chemically 
reduced graphene, but it cannot be applied on 
textile substrate due to its lack of chemical 
functionalities and affinity14. Affinity of graphene 
towards textile substrate is required for adequate 
and durable fixation. Therefore, it is important to 
understand the interaction or affinity of graphene 
with textile materials to identify suitable substrate 
for development of graphene based electro 
conductive textile. Strong oxidizing agents expand 
graphite layers and incorporates oxygenated 
functionalities which makes the material 
hydrophilic in nature, thereby increasing its affinity 
towards textile material. Nature of functional group 
(active sites) of fibre which determines their 
surface charge in aqueous medium has strong 
impact on graphene loading on fibre surface15. 
Graphene oxide carries a strong negative charge in 
aqueous solution due to deprotonation of carboxyl 
(-COOH) and hydroxyl (-OH) groups on GO basal 
plane 16. Textile fibres acquire negative surface 
charge in neutral aqueous media. Despite the 
electrostatic repulsion between anionic surface 
functionalities of fibre and GO, graphene add-on on 
fibre surface is explained based on non-electrostatic 
forces, such as hydrophobic, π–π type interactions, 
Lifshitz van der Waals, and hydrogen bonding17. In 
literature, most of the studies related to graphene 
coated textile are confined in either yarn or fabric 
form, such as woven, nonwoven and knitted 
structures18–20. With these form of substrates, it is 
difficult to understand the inherent affinity of 
graphene towards the fibre material itself as there 
are several other structural parameters, such as pore 
size, degree of openness of yarn, fabric surface, 
etc., which may influence graphene add-on. 
Comparative graphene affinity of different textile 
materials can be judged more precisely when textile 
substrates are used in loose fibre form and without 
any surface modification. Therefore, the aim of the 
present study is to investigate the influence of fibre 
type and dipping cycle on graphene add-on and the 
resultant mass-specific resistance.   

2 Materials and Methods 
2.1 Materials and Reagents 

Graphite powder (particle size ~	44 microns) is 
procured from Alfa Aesar (U.K.). Analytical grade 
sulfuric acid (H2SO4), phosphoric acid (H3PO4), 
sodium hydrosulfite (Na2S2O4), potassium 
permanganate (KMnO4), hydrogen peroxide (H2O2), 
hydrochloric acid (HCl), and ethanol are procured 
from S D Fine Chem Limited (India). Milli-Q grade 
(resistivity of 13 MΩ.cm.) deionized water is used 
throughout the experiments. Cotton, viscose, silk, 
wool, nylon, acrylic and polyester in fibre form are 
used as substrate. The technical parameters of the 
fibres used are shown in Table 1. 
 
2.2 Preparation of GO Coated Textile Fibres 

Graphene oxide, synthesised by improved 
hummers' method21 is rinsed with 5 % HCl, ethanol 
and deionized water until the attainment of pH 
4.2.Stock solution of aqueous GO dispersion of 1 % 
concentration is prepared with deionized water. For 
preparation of GO coated fibres, measured quantity of 
stock solution, as per M:L ratio, is sonicated for  
30 min at 30	Ԩ, amplitude 60% and pulse 10:10 22. 
Scoured fibres23 are soaked in the sonicated GO 
dispersion (M:L ratio 1:50) for 30 min at 70	Ԩ and 
then dried at 75	Ԩ for each dipping cycle. The 
procedure is repeated for consecutive 5 cycles and  
10 cycles to obtain GO coated fibres at different 
dipping cycles. Three different dipping cycles  
(1, 5 and 10) are used for the study. Finally, GO 
treated fibre are reduced with sodium dithionite 
solution of concentration 50 mM at 95	Ԩ	for 30 min, 
M:L ratio of 1:100 and subsequently dried at 
100	Ԩ	10.  
 
2.3 Measurement Methods 

UV–visible spectra of GO and reduced graphene 
oxide (RGO)are recorded in the range of 220-800 nm 
(UV-2600, Shimadzu UV-VIS Spectrometer). ATR-
FTIR analysis of graphite, GO, RGO and GO coated 

Table 1	—	Technical parameter of fibres 

Fibres Linear density Surface area, m2/g 

Cotton 4.2  micronaire 0.2237 
Viscose 1.3 decitex 0.2547 
Silk 1.0 denier 0.2920 
Nylon 1.5 denier 0.2571 
Acrylic 2.0  denier 0.2180 
Polyester 1.4  denier 0.2411 
Wool 20 micron 0.1501 
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fibre samples are conducted in a spectrometer (Carry 
630, Agilent Technologies) within the wave number 
range of 400-4000 cm-1. Surface micrographs of GO 
coated textiles are recorded with JEOL SEM analyzer 
model no- JSM -6510 LV. Magnifications ranging 
from ൈ1000 to ൈ10,000. Graphene add-on per unit 
surface area of fibre is measured to compare GO 
loading of different fibre substrates. Add-on per unit 
surface area is defined as the increase in weight of the 
fibre after treatment on the initial weight of the fibre 
with respective to per unit surface area, as shown 
below: 

Add-on per unit surface area (mg m-2) =  
ௐ೒೑ିௐ೑

గௗ௟
 

 
where	 ௚ܹ௙ is the oven dry weight of GO coated fibre 
sample;	 ௙ܹ, the oven dry weight of fibre sample; d, 
the diameter of fibre in metre; and ݈, the length of 
fibre in metres. 

To eliminate the effect of variability in fibre cross-
section, electrical resistance is calculate as mass-
specific resistance. Mass-specific resistance is 
calculated using the following formula:  
 
ܴ௦	 ൌ ߩ ൈ 	݀																																																																… ሺ1ሻ 

 
where ߩ	is the electrical resistivity; and ݀, the density 
of material in g/cm3, as shown below: 
 

	ߩ ൌ
ܴ	 ൈ ܣ
݈

																																																																	… ሺ2ሻ	

	
where ܣ	is the cross-section area; and l, the length of 
fibre, as given below:	
	

ܣ ൌ
ݔ݁ݐ	

݀ ൈ 10ହ
																																																														… ሺ3ሻ	

	

Mass-specific resistance of fibre can be express as 
 

ܴ௦	 ൌ
	ܴ ൈ ܰ ൈ ݔ݁ݐ
݈ ൈ 10ହ

																																																			… ሺ4ሻ 

 
where ݈ is the distance between the ends of the 
specimen (cm); N denotes number of fibres; and ܴ௦ , 

the mass-specific resistance in Ω g cm-224,25. 
Electrical resistance (R) is measured with two 

probe digital multimeter (MASTEC® MAS830L) for1 
cm length of fibre. Each experiment is replicated 5 
times and their mean is plotted with standard 
deviation (SD). The Student’s T-test (T-test) is 

employed to analyse the statistical significance test at 
confidence level of 95% (p < 0.05). 
 
3 Results and Discussion  
3.1 UV–visible Spectra of GO and RGO 

UV–vis absorption spectra of GO and RGO are 
shown in Fig.1.  Maximum wavelength absorption in 
GO, recorded at 229 nm is attributed to ߨ →  ∗ߨ
transitions of aromatic C-C bonds, which indicates 
functionalization of graphite with oxygenated 
functionalities26. After the reduction with sodium 
dithionite the 229 nm peak is red shifted to 264 nm 
which indicates partial restoration of graphene π- π 
conjugation network27–29.  
 
3.2 Fourier Transform Infra-red Spectroscopy Analysis 

FTIR spectra of graphite powder, GO and RGOare 
shown in Fig.2(a). Vibrational mode spectrum of GO 
illustrates two characteristic peaks at 1635 cm-1 and 
3308 cm-1, corresponding  to stretching vibrations of 
C=O and O-H respectively, indicating exfoliation  of 
graphite powder to amphiphilic GO30,31. The absence 
of all these vital peaks in the RGO spectrum implies 
chemical reduction of GO to graphene. New small 
band at 1513 cm-1 in RGO spectrum is attributed to 
skeletal vibration of graphene nanosheets32. 

Significant changes are observed in FTIR spectra 
of GO coated cotton (GO-cotton), GO coated viscose 
(GO-viscose), GO coated silk (GO-silk) and GO 
coated nylon (GO-nylon) compared to respective 
untreated fibres. The FTIR spectra of cotton and GO-
cotton are shown in Fig. 2(b). In GO-cotton spectra 
two new bands appear at 1643 cm-1 and 1546 cm-1, 
corresponding to C=C unoxidized sp2 bond and 
skeletal vibration of graphene nanosheets5,33.  
 

 

Fig. 1	— UV- vis absorption spectra of GO and RGO 
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Moreover, the C-H stretch at 2896 cm-1 is red 
shifted to 2872 cm-1 suggesting intermolecular 
hydrogen bond formation between cotton and GO. 
The FTIR spectra of viscose and GO-viscose is shown 
in Fig. 2(c). The appearance of a weak band at  
1565 cm-1 in the GO-viscose spectra may be assigned 
to C=C skeletal vibration of graphene nanosheets. 
Absorption of GO broadens and red shifts the OH 

stretch from 3303 cm-1 to 3250 cm-1. This observation 
indicates interaction between carbonyl group and 
hydroxyl group of GO and hydroxyl group of viscose 
through hydrogen bonds.  

Figure 2(d) shows the FTIR spectra of silk and 
GO-silk. Three typical adsorption band of amide-I 
(1700-1600 cm-1), amide-II (1560 -1500 cm-1) and 
amide-III (1300-1200 cm-1) can be seen in the spectra 

 
 

Fig. 2	—	FTIR spectra of (a) graphite powder, GO and RGO, (b) untreated cotton and GO-cotton, (c) untreated viscose and GO-viscose, 
(d) untreated silk and GO-silk, (e) untreated nylon and GO-nylon, (f) untreated acrylic and GO-acrylic, (g) untreated polyester and
GO-polyester and (h) untreated wool and GO-wool 
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of untreated silk. After GO deposition, the C-H 
stretching peak at 2934 cm-1 and amide-I band at  
1622 cm-1 are red shifted to 2886 cm-1 and  
1618 cm-1(ref 30). The red shifting of N-H stretch 
vibration from 3281 cm-1 to 3273 cm-1 indicates 
chemical interaction of GO with silk via hydrogen 
bonding34. Figure 2(e) shows the FTIR spectra of 
nylon and GO-nylon. It is clearly seen that the peaks 
arising due to C-H asymmetric stretching vibration in 
untreated nylon are red shifted from 3080 cm-1 to 
3066 cm-1 after GO deposition. Further, the C=O 
stretch and N-H bend are also red shifted from 1634 
cm-1 to 1629 cm-1 and from 1538 cm-1 to 1533 cm-1. 
This red shifting of vital peaks indicates 
intermolecular hydrogen bonding between nylon 
and GO35.  

In case of acrylic, the peak arising due to C-H 
stretch is red shifted from 2931 cm-1 to 2926 cm-1 after 
GO deposition [Fig. 2(f)]. The spectrum of GO-
polyester shows a new broad absorption band at 3428 
cm-1 due to GO deposition [Fig. 2(g)]. FTIR spectra of 
wool show red shifting of C=O stretch from 1629 cm-1 
to 1625 cm-1 after GO deposition [Fig. 2(h)].  

Based on the above observations, it can be inferred 
that there is no significant interaction of GO with 
acrylic, polyester and wool for the particular 
conditions of sample preparation used during the 
study. A schematic representation of the possible 
modes of interaction among GO with cotton/viscose, 
silk and nylon are shown in Fig. 3.  

3.3 SEM Analysis of GO Coated Textile Fibre  
The SEM images of the GO coated fibres are 

illustrated in Fig. 4. Important observations from the 
SEM analysis are summarised hereunder.  

Higher GO add-on is observed in cotton as 
compared to those in other fibres. Relatively 
uniform distribution of GO sheets is found on 
cotton, silk and nylon. Localised distribution of GO 
is found in case of viscose. GO add-on in case of 
viscose is non-uniform and it seems that the add-on 
is primarily due the attachment of GO with the 
previously present GO on the surface of the fibre.  
It can be observed that the adsorption of GO sheets 
on wool, polyester and acrylic are relatively  
poor and non-uniform. Surface damage can also  
be noticed in GO-cotton and GO-viscose,  
which may be due to acid hydrolysis  
[Figs 5(a) & (b)].  

 
3.4 Comparative Assessment of Graphene Add-on on Fibres 

Dipping cycle vs. add-on curves for different fibres 
are shown in Fig. 6(a). For first dipping cycle, 
maximum graphene add-on per unit surface area is 
observed in case of cotton (15.65 mg m-2) followed by 
silk (13.00 mg m-2), viscose(4.32 mg m-2), nylon  
(3.75 mg m-2), wool (3.24mg m-2), acrylic  
(2.19mg m-2) and polyester (2mg m-2). It can be 
clearly seen that the initial graphene add-on per unit 
surface area is much higher in case of cotton and silk 
as compared to other fibres. 

 
 

Fig. 3 — Schematic representation of possible modes of interaction between GO with (a) cotton/viscose, (b) silk, and (c) nylon 
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On further increasing the dipping cycle to 5, there 
is a sharp increase in graphene add-on in case of 
cotton (113.55 mg m-2) and silk (60.92 mg m-2) 
followed by viscose (28.34 mg m-2), nylon  
(28 mg m-2), wool (19.79 mg m-2), polyester  
(9.96 mg m-2) and acrylic (4.20 mg m-2). Going from 
5 dipping cycles to 10 dipping cycles, there is a 
reduction in rate of increase in graphene add-on in 
case of cotton and silk, whereas viscose exhibit a 
steep rise in graphene add-on and it overtakes silk in 
terms of graphene yield per unit surface area. 
Irrespective of the number of dipping cycles, cotton 
always exhibits maximum graphene yield per unit 
surface area. Viscose, silk and nylon are next to 
cotton in terms of graphene add-on after 10 dipping 
cycles. The values of the graphene add-on for 
different fibres after 10 dipping cycles are cotton 

(151.10 mg m-2) followed by viscose (108.09 mg m-2), 
silk (95.55 mg m-2), nylon (67.44 mg m-2), wool 
(31.57 mg m-2), polyester (19.85 mg m-2) and acrylic 
(7.88 mg m-2).  

Graphene oxide mass loading on textile substrates 
in fibre form are not reported earlier. Previously 
reported literature are related to GO mass loading on 
textile substrate in fabric or yarn form as well as with 
surface modification. Moreover, GO add-on on textile 
substrate in fabric form are reported in literature for 
cotton, nylon and polyester. Therefore, these forms of 
data are not comparable with the findings of the 
present study as the form of substrate as well as 
surface modifications influence the GO add-on. 
However, our experimental results reasonably match 
with the reported value for cotton (3.31 % and 1.08 
mg cm-2)18,36, nylon (2.3 mg cm-2)37 and polyester  
(0.38 mg g-1)38. 

Initial graphene adsorption on fibre is due to the 
interaction of GOand functional groups of fibre where 
available and/or through electrostatic, hydrophobic, 
van der Waals, and pie interaction. Further adsorption 
is primarily due to the π-π interaction and 
hydrophobic force between the GO in solution and 
GO already present on the surface of the fibre and/or 
may also be due to interaction of GO with remaining 
free functional groups of fibre.  

 
 

Fig. 4	—	SEM image of (a) GO-cotton, (b) GO-viscose, (c) GO-silk, (d) GO-nylon, (e) GO-wool, (f) GO-polyester and (g) GO-acrylic 

 
 

Fig. 5—Surface damage of (a) GO-cotton and (b) GO-viscose 
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For the fibres used in the study, cotton and viscose 
have similar chemical structure; silk, wool and nylon 
have some common functional groups, and polyester 
and acrylic do not have any functional groups. 
Between cotton and viscose, cotton always exhibits 
considerably higher graphene add-on than that of 
viscose although they are of same chemical nature 
and moreover viscose is more amorphous compared 
to cotton. Higher graphene add-on in case of cotton 
may be due to presence of convolution, which may 
act as anchoring point for the deposition of graphene. 
Based on the above observations, it may be assumed 
that surface texture or nature of surface may play an 
important role in influencing the graphene add-on.  

Among silk, nylon and wool, wool exhibits 
considerably low graphene add-on which may be due 
to the presence of hydrophobic scales on fibre surface. 
It can also be seen from the SEM image [Fig. 4(e)] 
that in case of wool the deposition of the graphene is 
mainly around the edge of the scale, which further 
strengthen the assumption that the surface texture of 
fibre may have a role to play in the process of 
graphene add-on. 
 
3.5 Comparative Assessment of Mass-specific Resistance 

for GO Coated Fibres 
Prior to GO treatment, the mass-specific resistance 

of the fibres are very high and outside the measuring 
range of the instrument used to measure the same. 
However, the reported values25 of the mass-specific 
resistance of these fibres at 65% relative humidity are 
as follows: cotton106.8 Ω g cm-2, viscose 107 Ω g cm-2, 
silk 109.8 Ω g cm-2, nylon 109-12 Ω g cm-2, wool 108.4-9.9 
Ω g cm-2, acrylic 108.7 Ω g cm-2 and polyester  
108 Ω g cm-2. 

With graphene add-on, the mass-specific resistance 
of all the fibres decreases but in case of wool, acrylic 
and polyester the graphene add-on is low as well as 
the resultant values of the mass-specific resistance are 
relatively high. Therefore, the change in mass-specific 
resistance with dipping cycle is shown in Fig. 6(b) for 
cotton, viscose, silk and nylon. 

After 10 dipping cycles, lowest mass-specific 
resistance is achieved in cotton (112.15 Ω g cm-2) 
followed by viscose (124.87 Ω g cm-2), silk (147.46 
Ω g cm-2), nylon(160.53 Ω g cm-2), wool (694 Ω g 
cm-2), polyester(747.65 Ω g cm-2) and acrylic 
(887.24 Ω g cm-2).  

Literature related to electrical resistivity 
measurement of GO coated textile substrates are 
confined in surface resistivity and linear resistivity 

because of the fabric or yarn form of substrate. 
However, mass-specific resistance of polypyrrole 
(PPy) coated cotton yarn, wool yarn and nylon yarn 
are reported as 1.53 Ω g cm-2, 1.69 Ω g cm-2 and  
2.59 Ω g cm-2 respectively. The mass-specific 
resistance of PPy coated cotton, wool and nylon yarns 
are relatively lower than the obtained GO coated 
cotton, wool and nylon fibres, may be due to the yarn 
form of substrate 24.  

 
 

Fig. 6	— (a) Influence of dipping cycle on graphene add-on, 
(b) influence of dipping cycle on mass-specific resistance and 
(c) amount of GO required to achieve 1 Ω g cm-2 mass specific resistance 
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Increasing dipping cycle results in improvement of 
GO loading and reduction of the mass-specific 
resistance of fibres.  Lowest mass-specific resistance 
is achieved in cotton (112.15 Ω g cm-2) at 10 dipping 
cycle. Mass-specific resistance of viscose decreases 
from 180.49 Ω gcm-2 to 124.87 Ω g cm-2 with 
increasing dipping cycle from 5 cycles to 10 cycles. 
Significant difference in mass-specific resistance of 
cotton and viscose at 10 dipping cycle is observed  
(p value = 0.035). It is worth mentioning that in case 
of nylon, a reasonably low mass-specific resistance of 
160.53 Ω g cm-2 can be achieved at a relatively low 
graphene add-on of 67.44 mg m-2. A low mass-
specific resistance against a low graphene add-on 
suggests that nylon may be an economical substrate 
for electro-conductive biomedical application where 
application of cotton is restricted. 
 

3.6 Relationship between Graphene Add-on and Mass-
specific Resistance 

In case of cotton, increasing dipping cycle form 5 
to 10 leads to a 33 % increase in graphene add-on per 
unit surface area and 25.7 % reduction in mass-
specific resistance. In case of viscose increasing 
dipping cycle from 5 to 10 shows 281.4 % increase in 
graphene add-on per unit surface area and 30.82 % 
reduction in mass-specific resistance is observed. 
Though in case of viscose there is 281.4% increase in 
graphene add-on after 10 cycle but the corresponding 
reduction in mass-specific resistance is not that large 
or is not proportionate to the increase in graphene 
add-on. This may be due to a relatively non-uniform 
deposition of graphene on viscose. From SEM image 
[Fig. (4b)], it can be clearly observed that graphene 
add-on in case of viscose is non-uniform and increase 
in the graphene add-on is primarily due the 
attachment of graphene with the previously present 
graphene on the surface of the fibre. Increasing 
dipping cycle form 5 to 10 shows about 140.86 % 
increase in graphene add-on per unit surface area in 
case of nylon. Subsequently, mass- specific resistance 
is decreased to 58.33 %. 

In case of silk, with the increase in dipping cycle 
form 5 to 10, the graphene add-on per unit surface 
area increases to 56.85 % and mass- specific 
resistance is decreased to 55.81 %. In case of 
polyester and acrylic, the graphene add-on is not 
appreciable even after 10 dipping cycles. This is 
because hydrophobic fibre surface have lower specific 
amount of charge due to less amount of functional 
group on surface (thin electric double layer) as 

compared to hydrophilic fibre 39. In order to have a 
comprehensive understanding about graphene add-on 
and the resultant mass- specific resistance of different 
fibres, a relative comparison is made on the basis of 
GO requirement to achieve same level of 
conductivity. To calculate the amount of GO required 
to achieve 1 Ω g cm-2 mass- specific resistance, the 
graphene add-on per unit surface area is multiplied 
with mass-specific resistance. It is assumed that mass-
specific resistance linearly decreases with the increase 
in graphene add-on. Figure 6(c) represents the 
predicted values of GO add-on (g) on the basis of  
10 dipping cycle experimental data. On the basis of 
GO required to achieve same level of conductivity, 
nylon is identified as the best substrate. Compared to 
other fibres, nylon needs lowest amount of GO  
(10.83 g) to achieve 1 Ω g cm-2 mass-specific 
resistance at 1 m2 fibre surface area. 
 
4 Conclusion 

Graphene oxide coated cotton, viscose, silk, nylon, 
wool, polyester and acrylic are successfully prepared by 
dipping the substrate in GO aqueous dispersion. UV-vis 
spectra and FTIR spectra of GO reveals successful 
chemical exfoliation of graphite. Mass-specific 
resistance decreases with increasing the number of 
dipping cycle. Cotton yields highest add-on per unit 
surface area and lowest mass-specific resistance in all 
dipping cycles. Silk yields second highest graphene add-
on up to 5 cycles and on further increasing dipping cycle 
viscose replaces silk. From the response of the cotton 
and wool, it may be assumed that fibre surface texture 
has a role to play in the process of graphene adsorption. 
On the basis of GO required to achieve same level of 
conductivity, nylon is identified as the best 
substrate.SEM micrographs show that GO sheets are 
relatively uniformly deposited on the cotton, silk and 
nylon. Surface damage is observed in cotton and 
viscose. Poor interaction of GO with wool, polyester and 
acrylic is also observed. 
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