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1. Introduction

olyesters are one of the most important classes of
synthetic polymers that are presented in fibers, elas-
tomers, high-performance composites, engineering
thermoplastics, and thermosetting resins !l It has found
widespread applications in textile industry including medi-
cal and automotive textiles, protective clothing, sports and
active wear because of its excellent resistance to chemicals,
1. Although it
exhibits good properties, it has also undesirable hydropho-

stretching, abrasion and wrinkling properties

bic and inactive surface characteristics that cause problems
in coating and finishing processes. In order to remedy these
problems, polyester fiber surfaces have been treated by at-
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In this paper polyester fabrics were pretreated with alkaline solution to im-
prove the ability for the fabric surface to bond with polypyrrole (PPy) coat-
ing layer. In situ chemical oxidative polymerization of pyrrole monomer
was performed on alkali treated polyester fabrics. Then the fabrics were
characterized by FTIR and XRD analysis. The tensile properties of the
yarns in both warp and weft directions were measured after alkali treatment
and PPy coating processes. The abrasion resistance test was performed on
PPy coated fabrics with and without alkali treatment. The surface electri-
cal resistivity of PPy coated fabrics were searched. The electromagnetic
shielding effectiveness (EMSE) properties of fabrics in terms of reflection,
absorption and transmission behaviors were also investigated. A significant
EMSE value increase (about 27%) was obtained with alkali treatment.

mospheric plasma B, acidic ¥, enzymatic 1, and alkaline
791 solutions. The alkali treatment of polyester fibers has
been widely investigated for the enhancement of dyeability,
handle, hydrophilicity, and moisture regain properties of the
fibers. During the alkali treatment, hydroxyl anions cause
the hydrolytic scission of ester bonds of the polyester poly-
meric chains, resulting in changes in the polymerization
degree and overall crystallinity .

Recently, usage of electronic devices and wireless sys-
tems has increased in daily life, and more attention is paid
to electromagnetic interference (EMI) notion. Electromag-
netic waves emitting from the electronic devices may lead
to malfunction of other electronic equipment and affect
human health negatively. Thus the undesirable radiation
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should be minimized by shields. Textile substrates are in-
herently insulator but they can be converted into conductive
material by introducing metal fillers/coating %! to the
structure or by coating the surface with conductive poly-
mers 12131, Metal coated materials exhibit very high electro-
magnetic shielding effectiveness (EMSE) about 40-100 dB
but their shielding property is mainly based on reflection
instead of absorption property because of their shallow skin
depth. In contrast, conductive polymer coated textile surfac-
es show an absorption dominant shielding property towards
electromagnetic waves 4,

Among the conductive polymers, polypyrrole (PPy) is
the most promising one because of its high conductivity,
good environmental stability, ease of synthesis, high tem-
perature resistance, and less toxicological properties 14161,
A number of studies have been conducted on PPy synthesis
directly onto textile materials. In situ chemical oxidative
polymerization of pyrrole monomer onto polyester fabrics
has been performed using para-tolene-2-sulphonic acid
monohydrate as dopant and ferric chloride hexahydrate as
oxidant. The PPy coated polyester fabrics showed on av-
erage 8 dB EMSE value in 1-18 GHz frequency range 1.
Cotton fabrics have been coated by globular PPy and PPy
nanotubes with in situ polymerization technique. The con-
ductivity loss after washing and chemical cleaning process-
es has been investigated. Samples coated with PPy nano-
tubes exhibited higher fastness property against washing [®,
In order to enhance the adhesion of PPy layer on textile sur-
faces, various studies have been performed. For instance,
polyamide 6.6 fabrics have been treated with ethanol, tetra-
chloroethylene, and formic acid at different times and tem-
peratures. The most effective method on PPy deposition has
been found as ethanol treatment ['°). In another researches,
cold plasma discharge has been used to activate the polyes-
ter fabric surface prior to the PPy deposition ?°24, Pyrrole
monomer has been also functionalized by triethoxysilane
to enhance the adhesion of PPy layer on polypropylene
and viscose fabric surfaces 2. For the catalytic activity
enhancement of cotton and linen fabrics, nickel coating via
electroless plating method has been employed before the in
situ PPy deposition 2324, Cotton and polyester fabrics that
are used in cell cultivation have been treated with NaOH in
order to increase the adhesion of PPy layer %,

Considering the all represented studies from literature,
alkali treatment has never been used to improve the elec-
tromagnetic shielding activity of PPy coated fabrics. In this
study, chemical oxidative polymerization of pyrrole mono-
mer was carried out on polyester woven fabric surfaces. In
order to increase the PPy amount and enhance the overall
coating quality, samples were pre-treated by alkaline solu-
tion prior to the PPy coating. The experimental process

4 Distributed under creative commons license 4.0

can be seen in Scheme 1. By changing the alkali treatment
duration, the surface electrical resistivity, EMSE, tensile
properties, and abrasion resistance were all investigated.

Alkali Treatment PPy Coating ~

PET Fabric

Scheme 1. Schematic representation of the production of
carboxyl groups on PET surface by hydrolysis, and for-
mation of PPy layer on the fabric surface

2. Experimental

In the experimental process, a plain-weave polyethylene
terephthalate (PET) fabric (95 g/m?, 40 warp/cm, 32 weft/
cm) was used. Sodium hydroxide (NaOH), hydrochloric
acid (HCI), ethanol, and reagent grade pyrrole (Py) mono-
mer were all purchased from Sigma-Aldrich and used as
received. Ferric chloride hexahydrate (FeCl,.6H,0) was
supplied from Merck.

Alkali treatment was applied to the fabrics prior to the
PPy coating process. Fabric samples were cut into 10x10
cm dimensions and immersed in an aqueous solution of
NaOH (4 mol/L) at 70 °C for various durations (0.5-2.5 h).
They were then washed with ethanol and 1 M HCI solution
respectively in order to neutralize the fabric surface, and
dried in open air [l The weight loss after alkali treatment
process was measured as about 6.5 %. The in-situ chemical
oxidative polymerization process was performed as fol-
lows; fabric sample was laid out in a glass vessel containing
1 M Py solution in distilled water at room temperature. Af-
ter 0.5 h mixing with magnetic stirrer, 0.5 M FeCl, solution
in distilled water was added to the vessel dropwise in 30
minutes to initiate the reaction. The polymerization reac-
tion was ended after 2 h when the characteristic black color
of PPy was observed in the whole fabric surface. Several
washing cycles were applied to the samples with ethanol, 1
M HCI solution, and distilled water, and then the samples
were dried in open air ],

The FTIR spectra (Perkin Elmer Spectrum 100 FTIR)
were obtained from the fabric surfaces after alkali treatment
and PPy coating processes with the help of an ATR sam-
pling holder. X’Pert® X-ray diffractometer (PANalytical,
USA) was used to analyze crystal structure of untreated,
alkali treated and PPy coated fabrics in steps of 0.017. The
formation of a PPy layer in both samples with and without
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alkali treatment, was investigated by a light microscopy
(OLYMPUS CH-2) equipped with image capturing soft-
ware (Kameram KSCMOS/1). Surface electrical resistivity
of the PPy coated samples were measured using a Keithley
6517A Electrometer/High Resistance Meter instrument ac-
cording to the ASTM D257-07 standard #7. A Network An-
alyzer (ROHDE&SCHWARZ) was used for EMSE mea-
surement with the coaxial transmission line method in 0-3
GHz according to ASTM D4935-10 standard 3%, Tensile
testing from the yarns was performed using an Instron 4411
in both warp and weft directions on the alkali treated sam-
ples both before and after PPy coatings %, Each sample
was measured 5 times and the average of these results were
taken in order to increase the accuracy of the tensile testing.
Abrasion resistance test was performed on PPy coated fab-
rics without alkali treatment and with 2 h alkali treatment
according to ISO 5470-1 standard by using a Martindale
pilling and abrasion instrument '

3. Results and Discussion

3.1 FTIR Spectroscopy

Figure 1 shows the FTIR spectra of the polyester fabrics
both before and after alkali treatment as well as PPy coat-
ing processes. Considering the untreated and alkali treated
fabric samples, there was no significant changes in FTIR
spectra. Only slightly changes were observed in peak
intensities after alkali treatment process. These intensity
changes can be explained by the conformational changes
of crystalline and amorphous regions of polyester’s struc-
ture after the alkali treatment B2, In the spectra of untreat-
ed polyester fabric, the strong carbonyl stretching band
at 1719 cm™ was slightly moved to a lower wavenumber
(1717 cm™) due to the 2 h alkali treatment [\, In the spec-
tra of PPy coated polyester fabric, some newly formed
peaks were observed, verifying the PPy formation. The
peaks at 735 and 1094 cm™ are the characteristic peaks of
PPy, correspond to the N-H plane inner deformation peaks
that occur in the deprotonation process. The peaks at 1037
and 1303 cm come from the =C-H in plane bending vi-
bration from the PPy ring. The peak at 911 cm™ refers to
=C-H out of the plane bending vibration while the peak at
1547 cm! belongs to C=C stretching, respectively 1334,

_éL'mreated fibrie =1 C=WW
+ [ 2h alkali treated fabric
# -

| 1717 C=0

| 2halkali . B _
. treated+PPy coated 1480 C-N 1094N-H 1037CH 911 _Cf% NH
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Figure 1. FTIR spectra of untreated, 2h alkali treated, and
PPy coated polyester fabric samples

3.2 X-Ray Diffraction Analysis

The effect of alkali treatment and PPy coating on poly-
ester fabric was analyzed using X-ray diffraction analy-
sis with a scanning range in 20 from 10 to 40° at a scan
speed of 10° per minute. Figure 2 (a) and (b) shows X-ray
diffraction patterns of untreated, alkali treated and PPy
coated polyester fabrics. Figure 2 (a) shows that there is
no significant change in polyester after alkali treatment.
Apparently, the characteristic peaks of polyester at 18°,
23° and 26° are presented in all X-ray diffraction patterns
B3], According to the characteristic XRD patterns of PPy,
a broad peak, indicating the amorphous structure of PPy,
should be observed in around 23° IS, Figure 2 (b) does not
show any distinct peak of PPy suggesting that the charac-
teristic peak of PPy in diffraction pattern is merged with
peaks of polyester in the range between 23-26°. Therefore,
it can be said that alkali treatment does not affect the
crystal structure of polyester and the peaks of PPy almost
overlap with polyester peaks.
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Figure 2. (a) X-ray diffraction patterns of untreated, alkali
treated and PPy coated polyester fabrics. (b) Peak reso-
lution diffraction patterns of untreated and PPy coated

polyester fabrics

3.3 Light Microscopy Imaging

The light microscopy images of the PPy coated samples
without alkali treatment (a) and with 2h alkali treatment (b)
can be seen in Figure 3. When the sample is directly coated
with PPy, the PPy formation occurs only on the surface lay-
er of the fabric. PPy particles cannot penetrate among the
warp/weft yarns, and agglomeration of PPy particles can be
observed (Figure 3a). Whereas when the alkali treatment
was applied prior to the PPy coating process, a more uni-
form PPy coating can be observed without any agglomera-
tion (Figure 3b). Due to the hydrolysis of polyester surface
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by sodium hydroxide solution, carboxyl groups are formed
on polyester structure. The formation of strong hydrogen
bonding (Scheme 1) between the newly formed COO-
groups of the alkali treated polyester and NH groups of the
PPy, supplies a good penetration of PPy layer on polyester
without any agglomeration (Figure 3b) [7).

(a)
Figure 3. Light microscopy images of the PPy coated

(b)
samples (a) without and (b) with alkali treatment

3.4 Surface Electrical Resistivity

Table 1 shows the weight uptake and surface electrical
resistivity values of the samples after PPy coatings for
various alkali treatment times. Accordingly, when a fab-
ric without any alkali treatment was coated with PPy, a
weight uptake of 15.8 % was observed. In alkali treated
samples, the weight uptake value reached up to 59.7 %.
Weight uptake values increased monotonically with in-
creasing alkali treatment time. Considering the surface
electrical resistivity values, the lowest resistivity in other
words the highest conductivity was observed when the
fabric was treated for 2h in alkaline solution prior to the
PPy coating process. The sample with 2 h alkali treatment
showed more than ten times higher conductivity in com-
parison to the sample without alkali treatment. Although
the sample with 2.5 h alkali treatment showed a great lev-
el of PPy uptake, it also showed a lower electrical conduc-
tivity. This is due to the excessive PPy agglomeration and
non-uniform coating on the fabric surface.

Table 1. Weight increment and surface electrical resistivi-

ty values of the samples after PPy coating

Alkali Treatment Time| Weight Uptake After PPy Surface Etlie:it:;cal Resis-

(h) Coating (%) (ohmisq)

No treatment 15.8 29x10°

0.5 223 1.9x 10°

1 26.4 1.4x10°

1.5 32.1 52x10%

2 37.3 4.8 x 107

2.5 59.7 5.6x10?

3.5 EMSE Measurement

The EMSE values of the PPy coated fabric samples with
various alkali treatment times can be seen in Figure 4.
Accordingly, all the samples showed a better EMSE re-
sults in the 2000-2500 MHz frequency range. The highest
EMSE value of 12.06 dB was observed at 2115 MHz in
the 2 h alkali treated sample, whilst the sample without
alkali treatment showed the lowest EMSE value of 9.5 dB
at this frequency. Alkali treatment leads an up to 27 % in-
crease in EMSE results, due to the deeply penetration and
good bonding of PPy layer on polyester structure.
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Figure 4. EMSE values of PPy coated fabrics with vari-

ous alkali treatment durations

Table 2 shows the shielding effectiveness (SE), absorp-
tion (A), reflection (R) and transmission (T) values of PPy
coated fabrics with various alkali treatment times. Results
were given specifically at the frequencies of 1005, 1500,
1800, and 2505 MHz because they are the mostly exposed

Table 2. Shielding effectiveness (SE), absorption (A), reflection (R) and transmission (T) values of the PPy coated fab-

rics for various alkali treatment durations

Frequency (MHz)
Alkali Treat- 1005 1500 1800 2505
ment Time (h SE SE SE SE
() (dB) A R T (dB) A R T (dB) A R T (dB) A R T
0 8.18 0.73 0.12 0.15 8.72 0.70 | 0.16 | 0.14 | 8.73 0.78 | 0.08 | 0.14 9.02 0.85 | 0.03 | 0.12
0.5 8.73 0.72 0.14 0.14 9.28 0.69 | 0.19 | 0.12 | 9.25 0.78 | 0.10 | 0.12 9.26 0.85 | 0.03 | 0.12
1 9.00 0.74 0.13 0.13 9.35 0.70 | 0.18 | 0.12 | 9.28 0.79 | 0.09 | 0.12 9.30 0.85 | 0.03 | 0.12
1.5 9.94 0.65 0.24 0.11 10.49 0.60 | 0.31 | 0.09 | 1049 | 0.74 | 0.17 | 0.09 10.61 0.83 | 0.09 | 0.08
2 10.50 0.73 0.18 0.09 10.61 0.68 | 0.23 | 0.09 | 1048 | 0.79 | 0.12 | 0.09 10.68 0.86 | 0.05 | 0.09
2.5 9.62 0.72 0.17 0.11 10.27 0.68 | 0.23 | 0.09 | 1036 | 0.79 | 0.12 | 0.09 10.64 0.85 | 0.07 | 0.08
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frequencies emitting from electronic devices in daily life.
As mentioned, conductive polymer coated materials are
intended to absorb the electromagnetic waves instead of re-
flect or transmit them [, The highest electromagnetic wave
absorption value of 0.86 was obtained in the 2 h alkali treat-
ed sample. Increasing the alkali treatment duration caused a
small decline in shielding efficiency and absorption values,
due to the agglomeration of PPy layer on fabric surface.

3.6 Abrasion and Tensile Testing

Abrasion test was employed in order to observe the effect
of alkali treatment on PPy deposition. The abrasion test
was performed based on the mass loss percentage after
100 cycle abrasion on a standard wool fabric B!l Accord-
ingly, PPy coated fabrics without alkali treatment and
with 2 h alkali treatment showed 13.2 % and 4.5 % weight
loss values after 100 cycle abrasion, respectively. This re-
sult shows that alkali treatment increased the adhesion of
PPy layer on fabric surfaces. In other words, in the alkali
treated fabrics, PPy deposition penetrated more deeply
on fabric surface whereas in PPy coated fabric without
alkali treatment, the weight loss was high, the PPy layer
agglomerated on fabric surface and it was easily removed
from the surface with abrasion.

Tensile strength and elongation at break values of both
warp and weft yarns before and after PPy coating are giv-
en in Figure 5 and Figure 6, respectively. In general, alkali
treatment and PPy coating processes both caused decline
in strength and elongation for all samples because of the
brittle nature of PPy structure and degradation/hydrolysis
of polyester polymer chains exposed to the alkali solution.
In Figure 5, it can be seen that the tensile strength value
of the untreated warp yarn is about 37 cN/tex, and after
PPy coating it decreased to 35 cN/tex. Considering the
alkali treatment process, up to 65 % tensile strength loss
was observed in 2.5 h alkali treated sample. In the 2 h
alkali treated samples, the PPy coating process caused an
increase in tensile strength for both warp and weft yarns
in comparison with the uncoated samples because of the
uniform PPy formation on the yarn surface.

—s— Warp-Before PPy Coating —#— Weft-Before PPy Coating
40 - Warp-After PPy Coating % Weft-After PPy Coating

Alkali Treatment Time (h)

Figure 5. Tensile strength values of the polyester warp/
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weft yarns before and after PPy coating

The elongation at break values of weft and warp yarns
before and after the PPy coating process can be seen in
Figure 6. For all the samples, the elongation behavior
was decreased with increasing alkali treatment time. An
average 52 % elongation loss was observed in 2.5h alkali
treated sample. The brittleness of PPy layer on the yarn
surface prevents the elongation extension of the yarn, thus
the elongation value decreased after PPy coating. Alkali
treatment resulted in the deformation of polymeric chains
and a decrease in the chain length. Therefore the elonga-
tion of the yarn decreases after alkali treatment.

—s— Warp-Before PPy Coating —#— Weft-Before PPy Coating
---#- Warp-After PPy Coating

-4 Weft-After PPy Coating

Elongation at Break (%)

= !

0.0 0.5 1.0 1.5 2.0 2.5
Alkali Treatment Time (h)

Figure 6. Elongation at break values of the polyester

warp/weft yarns before and after PPy coating

4. Conclusions

Chemical oxidative polymerization of Py monomer on
woven polyester fabric surfaces was performed. Fabrics
were treated by alkaline solution prior to the PPy coating
process. The effects of the alkali treatment time on EMSE,
surface electrical resistivity, tensile properties, and abra-
sion resistance were investigated. The formation of PPy
layer on the fabric surface was proven by FTIR and XRD
analysis. Light microscopy images showed that a much
more uniform PPy layer was obtained on the alkali treat-
ed fabric surface. Weight uptake value after PPy coating
process increased with increasing alkali treatment time.
The least surface electrical resistivity of 4.8 x 10? ohm/sq
and the highest EMSE value of 12.06 dB were obtained
in the 2 h alkali treated sample. Although the highest PPy
amount was obtained in the 2.5 h alkali treated sample,
the EMSE and conductivity values were not the highest
in this sample because of the agglomeration of PPy on
the surface. Due to the brittle nature of PPy as well as the
deformation of the polymeric chains with alkali treatment,
both tensile strength and elongation at break values were
all decreased with the introduction of the PPy coating and
increasing alkali treatment time. A greater weight loss
against abrasion was recorded on the PPy coated fabric
without alkali treatment. All results are in a good agree-
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ment that is alkali treatment caused a better penetration
and bonding property of PPy layer to the polyester fabric
surface due to the formation of strong hydrogen bonding
between newly formed carboxyl groups on polyester and
NH groups of PPy.

Funding

This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit
sectors.

References

[1] M. E. Rogers and T. E. Long, Synthetic methods in
step-growth polymers: John Wiley & Sons, 2003.

[2] A. Patnaik, 16 Technical Textiles and Recent Devel-
opments. Fibres to Smart Textiles: Advances in Man-
ufacturing, Technologies, and Applications, 2019:
315.

[3] S. Garg, C. Hurren, and A. Kaynak. Improvement of
adhesion of conductive polypyrrole coating on wool
and polyester fabrics using atmospheric plasma treat-
ment. Synthetic metals, 2007, 157: 41-47.

[4] T. Yoshioka, T. Motoki, and A. Okuwaki. Kinetics of
hydrolysis of poly (ethylene terephthalate) powder in
sulfuric acid by a modified shrinking-core model. In-
dustrial & engineering chemistry research, 2001, 40:
75-79.

[5] T. Brueckner, A. Eberl, S. Heumann, M. Rabe, and
G. M. Guebitz. Enzymatic and chemical hydrolysis
of poly (ethylene terephthalate) fabrics. Journal of
Polymer Science Part A: Polymer Chemistry, 2008,
46: 6435-6443.

[6] L. Donelli, G. Freddi, V. A. Nierstrasz, and P. Taddei.
Surface structure and properties of poly-(ethylene
terephthalate) hydrolyzed by alkali and cutinase.
Polymer Degradation and Stability, 2010, 95: 1542-
1550.

[71 Y. Liu, T. He, and C. Gao. Surface modification of
poly (ethylene terephthalate) via hydrolysis and
layer-by-layer assembly of chitosan and chondroitin
sulfate to construct cytocompatible layer for human
endothelial cells. Colloids and surfaces B: Biointer-
faces, 2005, 46: 117-126.

[8] S. Natarajan and J. Jeyakodi Moses. Surface modifi-
cation of polyester fabric using polyvinyl alcohol in
alkaline medium. Indian Journal of Fibre and Textile
Research, 2012, 37: 287.

[9] A. Varesano, F. Rombaldoni, C. Tonetti, S. Di Mau-
ro, and G. Mazzuchetti. Chemical treatments for im-
proving adhesion between electrospun nanofibers and

8 Distributed under creative commons license 4.0

fabrics. Journal of Applied Polymer Science, 2014,
131.

[10] C.-H. Huang, J.-H. Lin, R.-B. Yang, C.-W. Lin, and
C.-W. Lou. Metal/PET composite knitted fabrics and
composites: Structural design and electromagnetic
shielding effectiveness. Journal of electronic materi-
als, 2012, 41: 2267-2273.

[11] K. Rajendrakumar and G. Thilagavathi. Electromag-
netic shielding effectiveness of copper/PET compos-
ite yarn fabrics. Indian Journal of Fibre & Textile
Research, 2012, 37: 133-137.

[12] P. Saini, V. Choudhary, N. Vijayan, and R. Kotnala.
Improved electromagnetic interference shielding
response of poly (aniline)-coated fabrics containing
dielectric and magnetic nanoparticles. The Journal of
Physical Chemistry C, 2012, 116: 13403-13412.

[13] P. Saini, V. Choudhary, and S. Dhawan. Improved
microwave absorption and electrostatic charge dis-
sipation efficiencies of conducting polymer grafted
fabrics prepared via in situ polymerization. Polymers
for Advanced Technologies, 2012, 23: 343-349,

[14] M. Kim, H. Kim, S. Byun, S. Jeong, Y. Hong, J. Joo,
K. Song, J. Kim, C. Lee, and J. Lee. PET fabric/poly-
pyrrole composite with high electrical conductivity
for EMI shielding. Synthetic metals, 2002, 126: 233-
239.

[15] S. Maity and A. Chatterjee. Textile/Polypyrrole Com-
posites for Sensory Applications. Journal of Compos-
ites, 2015, 2015: 6.

[16] G. Prabu. Study on flame retardant and UV protec-
tion properties of cotton fabric functionalized with
ppy-ZnO-CNT nanocomposite. RSC Advances,
2015.

[17] E. Hakansson, A. Amiet, and A. Kaynak. Electro-
magnetic shielding properties of polypyrrole/poly-
ester composites in the 1-18GHz frequency range.
Synthetic metals, 2006, 156: 917-925.

[18] P. Bober, J. Stejskal, 1. Sedénkova, M. Trchova, L.
Martinkova, and J. Marek. The deposition of globu-
lar polypyrrole and polypyrrole nanotubes on cotton
textile. Applied Surface Science, 2015, 356: 737-741.

[19] A. Varesano, B. Antognozzi, and C. Tonin. Electrical-
ly conducting-adhesive coating on polyamide fabrics.
Synthetic metals, 2010, 160: 1683-1687.

[20] Z. Zhang, R. Roy, F. J. Dugré, D. Tessier, and L. H.
Dao. In vitro biocompatibility study of electrically
conductive polypyrrole-coated polyester fabrics.
Journal of Biomedical Materials Research: An Of-
ficial Journal of The Society for Biomaterials, The
Japanese Society for Biomaterials, and The Austra-
lian Society for Biomaterials and the Korean Society
for Biomaterials, 2001, 57: 63-71.

DOI: https://doi.org/10.30564/opmr.v1il.1010



Organic Polymer Material Research | Volume 01 | Issue 01 | June 2019

[21] A. Montarsolo, A. Varesano, R. Mossotti, F. Rombal-
doni, M. Periolatto, G. Mazzuchetti, and C. Tonin.
Enhanced adhesion of conductive coating on plas-
ma-treated polyester fabric: A study on the ageing ef-
fect. Journal of Applied Polymer Science, 2012, 126:
1385-1393.

[22] M. Micusik, T. Nedel¢ev, M. Omastova, 1. Krupa, K.
Olejnikova, P. Fedorko, and M. M. Chehimi. Con-
ductive polymer-coated textiles: The role of fabric
treatment by pyrrole-functionalized triethoxysilane.
Synthetic metals, 2007, 157: 914-923.

[23] J. Xu, M. Li, L. Wu, Y. Sun, L. Zhu, S. Gu, L. Liu, Z.
Bai, D. Fang, and W. Xu. A flexible polypyrrole-coat-
ed fabric counter electrode for dye-sensitized solar
cells. Journal of Power Sources, 2014, 257: 230-236.

[24] H. Zhao, L. Hou, and Y. Lu. Electromagnetic inter-
ference shielding of layered linen fabric/polypyrrole/
nickel (LF/PPy/Ni) composites. Materials & Design,
2016, 95: 97-106.

[25] Y. Chen, J. Tang, and J. Ju. Conductive polypyrrole
composited PET and cotton fabrics with alkali treat-
ment. in PROCEEDINGS OF THE 2014 INTERNA-
TIONAL CONFERENCE ON MATERIALS SCI-
ENCE AND ENERGY ENGINEERING (CMSEE
2014), 2015: 135-141.

[26] G. Liang, L. Zhu, J. Xu, D. Fang, Z. Bai, and W. Xu.
Investigations of poly (pyrrole)-coated cotton fabrics
prepared in blends of anionic and cationic surfactants
as flexible electrode. Electrochimica Acta, 2013, 103:
9-14.

[27] ASTM D257-07: Standard Test Methods for DC Re-
sistance or Conductance of Insulating Materials, p.18.
ed, 2007.

[28] ASTM D4935-10: Standard Test Method for Measur-

Distributed under creative commons license 4.0

ing the Electromagnetic Shielding Effectiveness of
Planar Materials, p.10 . ed, 2010.

[29] Z. Yildiz, 1. Usta, and A. Gungor. Electrical proper-
ties and electromagnetic shielding effectiveness of
polyester yarns with polypyrrole deposition. Textile
Research Journal, 2012, 82: 2137-2148.

[30] ISO 2062:Textiles - Yarns from packages - Determi-
nation of single-end breaking force and elongation at
break using constant rate of extension (CRE) tester,
p-22. ed, 2010.

[31] ISO 5470-1: Rubber- or plastics-coated fabrics -
Determination of abrasion resistance - Part 1: Taber
abrader. ed, 2017, p. 22.

[32] I. Donelli, P. Taddei, P. F. Smet, D. Poelman, V. A.
Nierstrasz, and G. Freddi. Enzymatic surface modifi-
cation and functionalization of PET: a water contact
angle, FTIR, and fluorescence spectroscopy study.
Biotechnology and bioengineering, 2009, 103: 845-
856.

[33] J. Tabaciarova, M. Micusik, P. Fedorko, and M.
Omastova. Study of polypyrrole aging by XPS, FTIR
and conductivity measurements. Polymer Degrada-
tion and Stability, 2015, 120: 392-401.

[34] E. T. Tenorio-Neto, A. Baraket, D. Kabbaj, N. Zine,
A. Errachid, H. Fessi, M. H. Kunita, and A. Elaissari.
Submicron magnetic core conducting polypyrrole
polymer shell: Preparation and characterization. Ma-
terials Science and Engineering: C, 2016, 61: 688-
694.

[35] H. A. Saeed, Y. A. Eltahir, Y. Xia, and W. Yimin.
Properties of recycled poly (ethylene terephthalate)
(PET)/hyperbranched polyester (HBPET) composite
fibers. The Journal of The Textile Institute, 2015,
106: 601-610.

DOI: https://doi.org/10.30564/opmr.v1il.1010 9





