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Abstract

The article critically reviews some of the significant advances in conductive textile materials. Body motion signals indicate
several pathological features of the human body, and a wearable human motion monitoring system can respond to human joint
motion signal in real time, thereby enabling the prevention and treatment of some diseases. Because conductive fabrics can be
well integrated with the garment, they are ideal as a sensing element of wearable human motion monitoring systems. In situ
polymerization has been used for the preparation of poly pyrrole conductive fabric. Investigations have been carried out relating to
the anisotropic property of the conductive fabric resistance, resistance-strain relationship, and the relationship between resistance
and the human knee and elbow movements. In another development, a novel two-step method has been developed for fabricating
silver plating cotton fabrics (SPCFs) with high electrical conductivity and excellent washing fastness. Cotton wrapped nichrome yarn,
copper core conductive yarn, optical core conductive yarn POF of different diameters have been developed to produce, nichrome
fabric, copper core conductive fabric, optical core conductive fabric and tele intimation fabric.

Keywords: Conductive Fabric; Polypyrrole; Silver Plated; Electromagnetic Shielding Effectiveness; Copper Core Yarn; Wearable
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Introduction
capability. Also isolation of textile integrated conductors has been

In day to day life, textile materials are being used. In one
instance they are used as garment to protect human body from heat
or cold. As fabrics they are used for covering the surfaces of floors,
or the upholstery of car seats. On the other hand electronic devices
are spreading - but still some people do not have the knowledge to
use them. So the next step to spread these electronics is to improve
the user interfaces. Wearable Electronics could offer improved
interfaces and make it easier for the user to accept electronic
devices in everyday life. When textile materials are integrated
with electronic sensors and actuators, they can prove useful in
many end uses. Unfortunately, it is difficult to identify the needs
without knowledge on the application in these fields. There is little
interaction between the electronics-in-textiles community and
respective industries. Currently the purpose of textile conductors
for electronics in textiles have not been intended for transmitting
energy or data but rather for the sake of anti-static and anti-
bacterial functions. These threads need to be improved regarding
conductance, process ability, reliability and signal transmission

neglected although it is required by most applications. Existing
garments are primarily designed for protective functions, including
protection from extreme cold, physiological monitoring for
emergency conditions, and wearer GPS information for emergency
intervention [1,2]. Smaller electrical devices that can be worn and
carried have been made possible through the process of continuous
miniaturization.

Measuring human movements is beneficial to rehabilitation,
training, or exercises. A motion capture system, which consists of
cameras, accelerometers, and flexible electro gonio meters, has
been used to monitor human motion [3]. Despite the motion capture
system being able to make accurate measurements, conventional
sensors fixed on the cloth by strap or other techniques render them
incapable for use owing to discomfort and inconvenience. During
the flexion of a limb, the skin around the joint stretches, as does
the surrounding clothing. In order to achieve general comfort from
the fabric, it needs 25-30% stretchability, since the skin around
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the knee stretches lengthwise about 40% of its normal length [4].
Textile solutions are well suited for constructing a sensing system
that is comfortable for the wearer, because it can integrate well
with clothing.

Owing to the quick advances and large market prospectus
relating to wearable electronics and smart textiles, conductive
fabrics have been the focus of researchers [5,6]. Conductive
fabrics can be applied to many fields, such as textile electrode [7],
electromagnetic shielding [4-6], and heating fabrics [8]. A number
of techniques are available for producing conductive fabrics
which include coating metals, metallic salts films, and conducting
polymers on the fabric surfaces. The term -Smart Textiles|| refers to
a broad field of studies and products that extend the functionality
and usefulness of common fabrics. Textile materials like fibers
and filaments, yarns together with woven, knitted or non-woven
structures that can interact with the surroundings/user are termed
as smart textiles. The convergence of textiles and electronics
(e-textiles) can be relevant for the development of smart materials
that are capable of accomplishing a wide spectrum of functions,
found in rigid and non-flexible electronic products nowadays.

Conductive fabrics as wearable electronics

User friendly methods have been evolved by scientists for
development of methods which enable e-textile technology to be
available to crafters, students, and hobbyists [9]. Also possible to
develop transmission lines structures screen-printed on fabrics
[10] as well as photonic textile displays woven on a Jacquard loom.
Wireless communication and wearable computers coupled with
clothing forms a new approach to wearable computing [11,12].
“Tool Model” and “Clothing Model” describes the different usage
models of wearable systems [13]. Steve Mann has carried out
extensive work in the field of making computer systems wearable
[14]. Probably the best-known example of smart clothing is a
textile keyboard and a synthesizer embedded into a denim jacket
[15]. Intelligence in the form of electrical components has also
been embedded into other pieces of clothing, e.g. gloves [16], ties
[17], undergarments [18] and footwear [19]. An organization has
adopted a different approach in the development of smart clothes
[20], active ventilation, heat transfer through garments, and
reactive waterproof materials. Conducting polymers are a relatively
new type of material in terms of understanding, syntheses, and
applications [21-24]. Different kinds of yarn and methods of fabric
production, modifications conducted in the conventional textile
machines, problems encountered during the production processes
and the solutions have been dealt with. The specialty yarns and
fabrics can be utilized for developing wearable electronic products.

Today, the interaction of individual humans with electronic
devices demands specific user skills. The crucial microelectronic
functions prove economical enough to attract key technologies
to take advantage of this aspect for social benefit [25]. Wearable
Electronics are an emerging Tran’s disciplinary field, bringing

together concepts and expertise from a variety of disciplines,
ranging from materials science, through computer engineering to
textile design. An emerging area of research which combines the
strengths and capabilities of electronics and textiles in wearable
electronics is highlighted. In these paper different types of yarn
and fabric production techniques has been developed for wearable
electronic products. In order to develop a heating garment, the
cotton yarn wrapped by nichrome is integrated into knitted fabric.
Copper core conductive yarn and Optical core conductive yarn
were developed for the production of Communication Garment
and POF integrated tele intimation fabric has been developed for

Teleintimation Garment.
Electrical Properties of PPY Coated Conductive Fabrics

There are two ways to produce textile-based deformation
sensors for wearable devices. One is by coating a thin layer of
piezo resistive material on conventional fabrics, and the other is
by knitting and weaving conductive yarns with nonconductive
yarns. The technique permits continuous, long-term monitoring
of a human joint, based on the stretch of the skin and the elastic
fabric, where a conductive fiber [26] or conductive elastomer [27]
is attached to the fabric. There is an increase in resistance of the
conductive fibre due to increase in the length of wire between
two terminals when bending of fibre occurs. If the conductive
fabric is attached to clothes worn next to the skin, its resistance
also increases during the bending process. Besides, in order to
monitor the flexion angle of elbow and knee movements, elastic
conductive webbing by conductive yarns and elastic yarns [28,29]
has been designed and the elastic conductive webbing exhibits
a linear response of resistance to the flexion angle. Conductive
elastomer sensors have been directly integrated into lycra fabrics.
This has been made possible by a combination of silicon rubber and
graphite. These test devices can be worn for a long period and be
used for monitoring without discomfort.

Recently, a great deal of investigation has been carried out
relating to the technology for conductive fabric sensing elements
from conductive polymers. These materials offer several
advantages with respect to other sensors: lightness, large elasticity
and resilience, resistance to corrosion, flexibility, and so on [30].
Polypyrrole (PPy), polyaniline, and polythiophene are some of
typical types of conductive polymers that offer certain merits like
high conductivity, good environmental stability, ease of synthesis,
adhesion, nontoxicity, etc. Furthermore, polypyrole conductive

fabric is generally used for wearable fabric sensors.

A high sensitivity in elongation has been observed in the case
of the surface resistance of PPy conductive fabric [31]. The relation
of strain-resistance relationship in the case of PPy coated lycra
fabric and its strain sensitivity coefficient is up to 25 [32]. Thus, the
sensor made from PPy conductive fabric can be used to detect knee
joint movements.
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Body joint motion was detected by monitoring the resistance
change of the conductive fabric. The movement of the human joint
is normally multidirectional, like the torsional flexion of an elbow
joint. In this case, the fabric sensor around the joint is not only
stretched along the axial direction of extremities, the sensor can also
deform in the other direction, which is usually neglected in previous
studies [33]. The resistance in all directions has to be monitored in
order to characterize the joint movement. Hence, there is a need to
understand the directional resistance distribution of the conductive
fabric. Due to more or less anisotropic structure of the fabric, the
PPy coated fabric will show to some extent anisotropic electrical
resistance [34]. In such a regard, the dependence of the anisotropic
resistance on fabric structure can be considered for study. The
electrical conductivity of PPy woven fabric has been studied with
respect to the surface resistance and its directional distribution,
as well as the elongation-resistance relationship. Subsequently,
the extension angle of the knee and elbow has been monitored by
the PPy-coated conductive fabric. The relation between angle and
resistance has been explained.

The conductive resistance of PPy coated woven fabric has
been found to be anisotropic, and the anisotropy feature of PPy
conductive fabric resistance is dependent on the structure of the
fabric itself [35]. And the trend of PPy conductive woven fabric
resistance distribution in each direction depends only on the
orthogonality of the fabric sample structure, and the extremes
occur in the direction that parallels the direction of the warp or the
weft yarn. There is an upper limit for the change in the electrical
resistance of PPy conductive fabric which is based on the structure
of the fabric. Moreover, PPy conductive woven fabrics can be used
to monitor the movement of human joints.

Innovative Method of Designing Silver Plated Cotton
Fabrics

Many techniques like vacuum deposition, chemical plating, and
composite plating by in situ polymerization have been applied to
development of conductive fabrics [34-36].The chemical plating
method has better industrial application prospect for fabricating
conductive textiles due to operation simplification and high
efficiency. Recently, owing to better electrochemical properties and
good electrical conductivity of silver nano particles, the surface
electro less silver plating has been utilized for surface metalizing
of many of electrical insulating materials due to superior
electrochemical properties and good electric conductivity of silver
nano particles. Gout [37] obtained silver patterns onto flexible
polymer surfaces at the micron and submicron scale using electro
less metallization. Yu [38] prepared silver plating wool fabric
using electro less silver plating. Lu [39] fabricated silver plating
polyethylene terephthalate (PET) fabric by ultrasonic assisted
electro less silver plating. However, silver plating fabrics have low
washing fastness when silver plating is coated on surface of fabrics
by electro less plating method. Hence, surface modification of
substrate is of great importance for improvement of the adhesive

force between the metal and the substrate [40]. Lee [41,42] reported
that polydopamine films could be formed on the surface of materials
by self-polymerization of dopamine and have a wide range surface-
adherent for all types of inorganic and organic materials, including
noble metals, oxides, polymers, semiconductors, and ceramics.
Further studies found that the self-polymerization of dopamine has
secondary reaction and weak reducibility [43-48]. The process of
polydopamine preparation is simple and environment-friendly. Lee
[49] dissolved dopamine into the Tris buffer solution (pH = 8.5) and
then formed a layer of polydopamine film under aerobic condition.
In general, adhesion mechanism of polydopamine film shows that
catechol and amino functional groups in polydopamine have the
covalent and non covalent bonds combination with the inorganic
or organic materials [50,51].

Xu [52-55] fabricated silver plating glass fibers by dopamine
fictionalization and electro less plating. Wang [56-58] prepared
surface silverized meta-aramid fibers by bio inspired functional
polydopamine. Silver plating cotton fabrics (SPCFs) will be fabricated
through polydopamine reduction and glucose reduction reaction.
First, the silver nano particles will be reduced from silver nitrate
by in situ reduction of polydopamine (PDA). Second, silver ions will
be reduced by glucose, and silver nano particles were coated on the
surface. The whole process is shown in Figure 1. This is followed by
use of various techniques such as field emission scanning electron
microscopy (FESEM), X-ray photoelectron spectroscopy (XPS) and
thermo gravimetric analysis (TGA), etc, to carry out certain tests in
order to achieve the properties of SPCFs. Silver plating fabrics can
be applied in these fields such as antibacterial, intelligent textiles,
smart garments, electromagnetic shielding, and flexible sensors.

A novel two-step method for fabricating the SPCF with high
conductivity and excellent washing fastness has been developed.
Polydopamine (PDA) film was coated on the surface of cotton fabrics
by self-polymerization of dopamine, the silver ions in silver nitrate
solution were reduced by the catechol groups of polydopamine,
and silver nano particles were combined with polydopamine by
covalent bond on surface of cotton fabrics. Subsequently, silver
plating was coated on the surface by glucose reduction reaction
[59]. With the increasing of silver-ammonia solution concentration
or dopamine concentration, the surface resistivity of SPCFs all
decreases and gradually stabilized. With the increasing of washing
times, the surface resistivity increased. After 1st washing and 15th
washing, the surface resistivity increased to 0.32 + 0.01Q and 0.8
+ 0.03Q, respectively. The electromagnetic shielding effectiveness
of SPCFs is in negative correlation with their surface resistivity
when the structure and material of fabrics are identical. When
the concentration of dopamine and silver-ammonia solution is,
respectively, 6 g/L and 0.25mol/L, the surface resistivity of SPCF is
the smallest (0.12 + 0.02Q), and the ESE is the best (in the range of
58.5 + 4.5 dB). Silver plating fabrics can be widely applied in these
fields, such as antibacterial, intelligent textiles, smart garments,
electromagnetic shielding, and flexible sensors.
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Figure 1: Process of silver plating cotton fabrics (SPCFs) by electro less silver plating. )

Wearable electronics and smart textiles

Smart Textiles will serve as a means of increasing social welfare
and they might lead to important savings on welfare budget. They
integrate a high level of intelligence and can be divided into three
subgroups:

a) Passive smart textiles: only able to sense the environment/
user, based on sensors.

b) Active smart textiles: reactive sensing to stimuli from the
environment, integrating an actuator function and a sensing device.

c) Very smart textiles: able to sense, react and adapt their
behavior to the given circumstances.

Sensors provide a nervous system to detect signals, thus in
a passive smart material, the existence of sensors is essential.
The actuators act upon the detected signal either autonomously
or from a central control unit [60]; together with the sensors,
they are the essential element for active smart materials. Fabric-
based sensing has been a large field of research in the biomedical
and safety communities [61]. The fabric sensors can be used for
electrocardiogram (ECG) [62], electromyography (EMG) [63],
[64,65]
incorporating thermocouples can be used for sensing temperature

and electroencephalography (EEG) sensing; fabrics
[66]; luminescent elements integrated in fabrics could be used
for biophotonic sensing [67]; shape-sensitive fabrics can sense
movement, and can be combined with EMG sensing to derive
muscle fitness [68]. Carbon electrodes integrated into fabrics can
be used to detect specific environmental or biomedical features

such as oxygen, salinity, moisture, or contaminants [69,70].

Active functionality could include power generation or
storage [71], human interface elements [72], radio frequency (RF)
functionality, or assistive technology [73]. All electronic devices
require power, and this is a significant design challenge for Smart
Fabrics. Power generation can be achieved through piezoelectric

[74] elements that harvest energy from motion or photovoltaic
elements [75]. Human interfaces to active systems can be roughly
grouped into two categories: input devices and annunciation or
display devices. Input devices can include capacitive patches that
function as pushbuttons [76], or shape-sensitive fabrics [77] that can
record motion or flexing, pressure, and stretching or compression.
Annunciation and display devices may include fabric speakers
[78], electroluminescent yarns [79], or yarns that are processed
to contain arrays of organic light emitting diodes (OLEDs) [80].
Fabrics can also include elements that provide bio-feedback [81]
or simply vibrate. Fabric-based antennas are a relatively simple
application of Smart Fabrics. Simple fabric antennas are merely
conductive yarns of specific lengths that can be stitched or woven
into non-conducting fabrics [82].

A study about intelligent textiles is at his first stage reduced to
a study on smart materials. In a second phase, it is to be considered
in which way these smart materials can be processed into a
textile material. These smart materials are incorporated into the
textile structure by different technologies. Among those we may
list embroidering [83], sewing, non-woven textile, knitting [84],
weaving [85], making a spinning [86], braiding [87], coating/
laminating [88], printing [89] and chemical treatments [90] that
provide specific features such as controlled hydrophobic behavior.
Innumerable combinations of these source materials result into
a whole range of textiles but sometimes the commercial output
is represented by garments that contain conventional cables,
miniaturized electronic components and special connectors. As
humans prefer to wear comfortable textiles rather than hard, rigid
boxes, first efforts have been made to use the textiles themselves for
electronic functions [91].

Smart Textiles present a challenge in several fields such as
the medical, sport, and artistic communities, the military and
aerospace. The early European Commission's 6" and 7" framework
programs provided significant research and development funding

Citation: N Gokarnesha, G Naren Srivatsav. Some Significant Trends in Conductive Textiles. Trends in Textile & Fash Design 2(3)-2018. LTTFD.

MS.ID.000136. DOI: 10.32474 /LTTFD.2018.02.000136.

182


http://dx.doi.org/10.32474/LTTFD.2018.02.000136

Trends in Textile & Fash Design

Copyrights@ N Gokarneshan.

for personal health monitoring through smart wearable systems
and for projects targeting the integration of sensors, energy sources,
processing, and communication inside the clothing. The list below
shows the projects funded by the European Commission‘s 6th and
7" Framework programs that have focused on smart fabrics and
interactive textiles [92].

Particular attention in this review is devoted to describing
the materials and methodologies to develop smart textiles. Each
scientific approach will be followed by a review of the related
work carried out by companies, universities or research institutes.
Textile materials can be suitable as wearable bio-sensors since they
offer themselves as an attractive category of substrates. Electronic
textiles, or smart textiles, describe the convergence of electronics
and textiles into fabrics which are able to sense, compute,
communicate and actuate. The versatility of a wearable system is
enhanced with increasing number of varied electronic systems that
can be connected to any clothing. Its appearance can be changed by
the user based on environmental changes and personal choice. The
vision of wearable computing describes future electronic systems
as an integral part of our everyday clothing serving as intelligent
personal assistants. Hence, these wearable sensors should
maintain their sensing capabilities based on the requirements of
normal wear. This could cause serious mechanical deformation of
the underlying garment/substrate.

One promising approach to reduce the rigidity of electronic
textiles and enhance its wearability is to replace PCBs by flexible
electronics. Attempt has been made to describe the possibility
of development of a smart textile material. Some methods show
advantages with respect to others, but in our opinion and in
according to the consulting company Smart Garment People
(Lancashire, UK), while some manufacturers are well exposed to
electronics and others are well versed with textiles, only some
are able to deal in both effectively. Current advances in textile
technologies, new materials, nanotechnology and miniaturized
electronics are making wearable systems more feasible but the final
key factor for user acceptance of wearable devices is the fit comfort.
It looks certain that this goal can only be achieved by addressing
mechanical resistance, and durability of the materials in what is
recognized to be a harsh environment for electronics: the human
body and society. Lastly, itis accepted that the development of smart
textiles needs a multidisciplinary skill relating to an understanding
of circuit design, smart materials, micro-electronics and chemistry
which are basically integrated with a thorough knowledge of textile
fabrication.

Conclusion

Because conductive fabrics can be well integrated with the
garment, they are ideal as a sensing element of wearable human
motion monitoring systems. Polypyrrole conductive fabric has been
prepared by in situ polymerization, and the anisotropic property
of the conductive fabric resistance, resistance-strain relationship,
and the relationship between resistance and the human knee

and elbow movements have been discussed. First, polydopamine
(PDA) film was coated on the surface of cotton fabrics by in situ
polymerization of dopamine, the silver ions in silver nitrate
solution were reduced by the catechol groups of polydopamine,
and silver nanoparticles were combined with polydopamine by
covalent bond on the surface of cotton fabrics. Second, silver ions
were reduced by glucose, and silver plating was coated on the
surface. Subsequently, the properties of SPCFs were characterized
by field emission scanning electron microscopy (FESEM), X-ray
photoelectron spectroscopy (XPS) and thermo gravimetric analysis
(TGA), and so forth. With the increasing of silver-ammonia solution
concentration or dopamine concentration, the surface resistivity of
SPCFs decreases and gradually stabilized.

The SPCFs can attain value of surface resistivity around 0.12
+ 0.02Q, while value of electromagnetic shielding effectiveness
(ESE) can attain to around 58.5 + 4.5 dB. Conductive fabrics have
wide application prospect in many of fields, such as antibacterial,
intelligent textiles, smart garments, electromagnetic shielding,
and flexible sensors. Depending on the extent of integration,
electronics coupled with textiles can be categorized into wearable
electronics, textronics and fibertronics. The development of cotton
wrapped nichrome yarn, copper core conductive yarn, optical
core conductive yarn POF of different diameters has been done to
produce, nichrome fabric, copper core conductive fabric, optical
core conductive fabric and teleintimation fabric. A test rig has been
specifically developed for the testing of the yarn and the fabrics.
A platform has been provided for the methodology of developing
conductive yarns and fabric for the wearable electronics product
development to progress on the issue of user acceptability.

which
electronics and interconnections woven into them, exhibiting
physical flexibility and typical size that are not matched by other
existing electronic manufacturing methods. Components and

Electronic Textiles represent fabrics comprise

interconnections are intrinsic to the fabric and thus are less visible
and not susceptible of becoming tangled or snagged by surrounding
objects. E-textiles can also more easily adapt to fast changes in the
computational and sensing requirements of any specificapplication,
this one representing a useful feature for power management and
context awareness. Wearable computing provides a future insight
into electronic systems as a critical component in our day to day
outfits. These electronic devices should satisfy particular needs
relating to wearability. Wearable systems will be characterized
by their ability to automatically recognize the activity and the
behavioral status of their own user as well as of the situation
around her/him, and to use this information to adjust the systems
configuration and functionality. The recent advances in the field of
smart textiles have been reviewed and pay particular attention to
the materials and their manufacturing process. Each method offers
its merits and demerits and the focus is directed towards striking
a balance between flexibility, ergonomics, low power consumption,
integration and eventually autonomy.
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