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1. Objectives of the work
1.1 Characterization of EMI shielding effectiveness of PPy coated glass fabric

One of the aims of the dissertation is to develop electromagnetic interference (EMI) shield
with the help of polypyrrole (PPy) coated E-glass fibre fabric through improved resistance to
electromagnetic radiations while maintaining the essential characteristics imposed on textiles
used in the textile industry at very low cost.

1.2 Investigation of heat generated by PPy coated glass fabric

The conversion of electricity to heat has always attracted a great attention because of
applications in heaters and thermoelectric power generators. Objective is to study the amount
of heat generated and dissipated to the air through convection from PPy coated glass fabric
under electric field.

1.3 Study of electrothermal effect in PPy coated glass fabric

The electrons are promoted across the band gap into the conduction band by obtaining
promotional energy from thermal energy. Then both this electron and the hole in the valence
band can contribute to net charge flow. One of the objectives of the work is to study thermal
dependence of resistance of PPy coated glass fabric in the temperature range around Tg of
PPy.

1.4 Development and characterization of strain sensor

The objective is also to develop an inexpensive strain sensor based on PPy coated Latex/PA6
stretchable yarn for monitoring human body movements at very low deformations such as
breathing.

2. Overview of current state of problem

Typically, metals have been used for EMI shielding and heat generating [1, 2] materials, as
they have a high conductivity and dielectric constants. However, metals have disadvantages,
such as their weight, corrosion properties, and poor processibility [3]. Electrically conductive
polymers can be used as EMI shielding materials to avoid the disadvantages seen in metals
[4,5]. Conductive polymers are insoluble and infusible, which restricts its fabrication, and it
has poor mechanical properties [6]. One of the ways to avoid these problems is to prepare an
electrically conductive textile composite, since these have the resiliency of a textile and
excellent mechanical strength and flexibility, but also retain the electrical properties of the
conductive polymer [7-10].

To prepare conductive composite fabrics, many researchers have focused on chemical
oxidative polymerization and electrochemical polymerization of pyrrole in the presence of a
nonconductive matrix, such as PAG6 fabric, [8-11] nonwoven fabric, [12] and acryl fabric [13].
Also, using the microwave absorbance characteristics of conductive polymers, Contex®,
which is chemically synthesized on PET fabric, was used as camouflage netting by the
Milliken Co. [14]. However, its application to industrial scale is limited, since the substrates
or matrices used have inadequate tensile strength and stability to environmental factors. This
research focused on a new PPy—fabric composite with a high electrical conductivity and a
high EMI shielding efficiency (EMSE).

A number of researchers and scientists have worked on Joule heating effect of PPy coated
textile substrates but their development is limited to apparel and clothing application for
winter garments while very limited work has been done on coating of conducting polymer on



industrial fibre such as glass fibre. In this work investigation of heat generation by applying
electrical field to the composite fabric was conducted.

The work has been done on the investigation of change in resistance upon the rise in
temperature from absolute zero temperature to the room temperature but this work focuses on
thermal dependence of the resistance of PPy coated glass fabric around the Tg of the PPy.

Electrically conducting polymer films can only withstand limited strain before breaking and
cannot perform well in evaluating large strains [15]. To overcome this problem, substrates
were employed to provide the necessary support and the surface for conducting polymer film
deposition. Generally, fabricating a strain sensor using this approach means that the
mechanical properties are highly attributed to the substrate while the conducting polymer
introduces the electrical conductivity. This practice is commonly found in the research field of
smart textiles which are conductive fabrics produced by coating conducting polymers onto
commercial fabrics such as nylon, polyester and Lycra [16-19]. Although excellent results
have been demonstrated with smart textiles using conducting polymers, the intended
applications are mainly aimed at enhancing the usability of fabric beyond its current use as a
protective layer. As a general purpose strain sensor, the substrate requires having some degree
of rigidity and fabrics are not an ideal material due to its soft structure. Furthermore, repetitive
strain can cause permanent elongation on individual fibres where the strain may not be
distributed equally. This can lead to individual fibres having different mechanical properties
that will affect the strain sensing performance. The proposed solution is to replace fabric with
Latex/PAG stretchable yarn, which has good combination of rigidity and elasticity. One of the
studies has succeeded in fabricating a strain sensor using PPy and natural rubber substrate
where PPy powder is embedded into the structure of the rubber directly [20]. Compared to the
coating methods, that approach requires knowledge of rubber manufacture as well as an
access to the equipment to produce rubber with consistent mechanical properties.

This work is aimed at developing a low cost, small to large strain sensor using PPy and
Latex/PAG6. This stretchable yarn was chosen as a substrate due to its excellent resilience and
elasticity. Commercial SY strip was purchased and used to produce the strain sensor. PPy as
thin film was coated onto the SY substrate by means of vapour phase polymerisation (VPP)
technique that provides a good adhesion between the two components of the strain sensing
element.

3. Experimental methods
3.1 Materials

For the investigation of EMI shielding effectiveness of PPy coated glass fabric, samples of
two different densities is chosen. One has 410g.m™ and broken twill construction is
designated as “Structure 1” in the dissertation whereas other has 900g.m'2 and plain weave
designated as “Structure 2”. For the investigation of heat generation Structure 2 and
electrothermal effect Structure 1 is used.

For the development of strain sensor Latex/PAG6 stretchable yarn is chosen having 42:58 PAG6
and Elastodiene ratio respectively. The diameter of the latex is 0.6mm and (22x3) tex PA6
fibres are wrapped on latex. The effective diameter of the whole diameter is 0.68mm.

3.2 Sample preparation

The glass fabric sample was coated by PPy by vapour deposition technique. In order to
achieve it, specimens were first washed with acetone. After drying sample was dipped in the
aqueous solution of Iron (111) Chloride and tosylate (TsO") at 20°C for 1 min and squeezed at
70% pickup. Different concentration of oxidant and dopant were prepared as mentioned in



Table 1 for investigating the influence of these reagents on different characteristics of PPy
coated substrates. It was then immediately exposed to the vapours of pyrrole monomer at
room temperature and atmospheric pressure for 6 h. Specimen was then washed with ethanol
in order to stop polymerization and subsequently with plenty of distilled water for several
times to remove bi-products and un reacted monomer.

Table 1: Recipes for the preparation of PPy coated glass fabric specimens

Structure 1 Structure 2 FeCl; [mol/L] TsO™ [mol/L]
T1 D1 0.3 0.15
T2 D2 0.4 0.2
T3 D3 0.5 0.25
T4 D4 0.6 0.3
Table 2: Recipes for developing strain sensor based on latex/PAG stretchable yarn (SY)
Latex/PAG6 specimen label FeCl; [mol/L] TsO™ [mol/L]
Syl 2.0 1.0
SY2 0.6 0.3
SY3 0.1 0.05

With the aim of coating PPy on SY, pre-treatment with acetone was not carried out in order to
preserve the resilience and elastic properties of the latex. The rest of the method for preparing
the samples was same as described above. Different samples were prepared by varying
concentration of oxidant and dopant in order to coat polypyrrole on the substrates as tabulated
in Table 2

3.3 Characterization of samples

For evaluation of electrical properties of fabrics, two parameters were selected, namely the
surface and volume resistivity. These parameters can be calculated from the information of
surface and bulk resistivity, the dimensions of the electrodes, and/or the thickness of the
sample. For this purpose, concentric electrode system was used conforming to DIN EN 1149-
1, EN 100 015, EN 61340-5-1 together with Agilent 53131A digital multimeter.
Measurements of electrical resistance were performed in the climatic conditions,
temperature = (20 + 2) °C and Relative humidity = (40 + 2) % which is in accordance with the
standard CSN 80 0059.

For measuring EMSE, specimen holder EM-2107A from Electro-metrics® USA along with
ZNC3-Vector Network Analyser from Rohde & Schwarz® GmbH & Co. Germany, were
used. The fixture is an enlarged section of coaxial transmission line and complies fully with
the requirements of ASTM test method D4935-1.

The thickness of polypyrrole coating on glass fibers was characterized by Scanning Electron
Microscope (SEM) Carl Zeiss® Ultra plus, Confocal Laser Scanning Microscope Olympus®
Japan and optical microscope Carl Zeiss AXIO Imager M2.

For the purpose of evaluating heat generation by polypyrrole coated glass fabric samples 5V,
10V, 15V and 20V DC electromotive force by DC voltage supplier NZ-2229.2 from Statron®
Czech Republic, were applied via stainless steel clamp type electrodes. Meanwhile DC
current passing through substrate was measured by connecting Agilent 53131A digital
multimeter in series. The rise in temperature was determined by Infra-Red thermal camera by



Fluke® together with k-type thermo couples in connection with ART® data acquisition
module. Infra-Red thermal camera was helpful to figure the homogeneity of the specimen out.

With the intention of investigating electrothermal feedback in PPy coated glass fabric,
specimen was placed between two stainless steel clamp type connector and then in MMM
laboratory oven Venticell® at 30, 60, 90, 120 and 150°C for approx. 5 h and change in
electrical resistance was measured through Agilent® 53131A digital multimeter.

With the objective of characterizing sensitivity of strain sensor based on PPy coated SY under
cyclic loading, substrate was subjected to tensile testing machine Labtest from LaborTech®
Ltd Czech Republic. The cycle was set for 2% strain at 100mm/min with rest of 1 second at
relaxed position to simulate normal human breathing rhythm. One set of measurement
includes 40 cycles, therefore in this way 5 sets of readings were recorded and compiled.

4. Results and discussion

The formation of the PPy coating on the textile substrate starts from deposited oligomers,
which form islands in the initial stage and finally grow and cover the surface of the substrate
completely. The surface morphology of the E-glass fibre coated with PPy was analysed by
Scanning Electron Microscope (SEM) Carl Zeiss® Ultra plus after gold coating. The average
thickness of coating of PPy on E-glass fibre was measured as 1.165+0.052um as shown in
Figure 1. It can also be perceived that through vapour deposition technique PPy covers each
individual fibre in the fabric very well

(a) (b)

Figure 1: SEM micrographs (a) E-glass control (b) E-glass coated with PPy

4.1 Dependence of resistivity on doping concentration

There is linear decrease in surface ps as well as volume resistivity p, of the specimens was
observed in case of structure 1 as shown in Figure 2 and these expressions can be written as
Equation 1 and 2 having R*= 0.9936 and 0.9985 respectively.

p, =—151.53-C +183.54 1)

p, =—36529-C + 25136 )

Here, C is the concentration of FeCl; in [mol/L]. By taking structure 2 into account the
decrease in resistivity follow power function of concentration of FeCl; as presented in
Figure 3 that can written as Equation 3 and 4 with R?=0.993 and 0.927 respectively;

p, =0.32.C™% (3)

p, =432.C3"8 (4)
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Figure 2: Dependence of resistivity of PPy coated | Figure 3: Dependence of resistivity of PPy coated glass
glass fabric of structure 1 on concentration of FeCl; fabric structure 2 on concentration of FeCl;

5.2 EMSE of PPy coated glass fabric

The dependence of EMSE for transmission SE; and reflection SE, of glass fabric on the
concentration of oxidizing and doping agent was investigated that can be seen in Figures 4
and 5. The EMSE for transmission improves by increasing PPy concentration which
ultimately decrease electrical resistivity, at the same time performance against reflection of
EMR was also observed to be enhanced. In glass fabric structure 1 (light) the dependence of
EMSE for both transmission and reflection is found to be a linear function to resistivity
whereas EMSE follows power function when plotted against resistivity in case of structure 2
(heavy) glass fabric samples which is clear from the Figure 5.

The relationship between EMSE and surface resistivity of structure 1 (light) for transmission
and reflection can be expressed as Equation (5) and (6) with R?=0.97 and 0.92 respectively.

SE, =-0.0971- p, +14.92 (5)
SE, =0.23- p, —15.96 (6)
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Figure 4: Dependence of SE; and SE, on surface | Figure 5: Dependence of SE; and SE, on surface
resistivity of PPy coated glass fabric sample of | resistivity of PPy coated glass fabric sample of
structure 1 structure 2

Similarly the relationship between EMSE and surface resistivity of structure 2 (heavy) for
transmission and reflection can be expressed as Equation (7) and (8) with R=0.79 and 0.93
respectively.

SE, =13.18- p, **"* (7)
SE, =3.66- p, > (8)

And it can be used as grade 3 (good) for general use or grade 1 (fair) for professional use [21].




5.3 Heat generation by PPy coated glass fabric

Sharp increase in temperature was observed in first 3 min which was then stabilized after
reaching to maximum temperature as shown in Figure 6. Power density (volume specific
power) is the amount of power (time rate of energy transfer) per unit volume. It is then also
called volume power density which is expressed as [W/m®]. Volume power density is
sometimes an important consideration where space is constrained. In this study power density
Pp is extremely linear function of voltage supplied to the PPy coated glass fabric as illustrated
in Figure 7 and expressed in Equation 9.

P, =82.58V — 245.83 (9)

However, temperature rise in fabric sample at equilibrium (after 3 min) follow exponential
function of voltage with coefficient of determination R?= 0.9717 that can be written as;

T :T0e0.0795/ (10)

Here, T is the temperature in [°C] measured at equilibrium at applied DC V and T, is the
temperature of fabric at ambient conditions, which in this study was 22.3°C.
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Figure 6: Escalation of temperature of PPy coated glass | Figure 7: Rise in power density and temperature of
fabric specimen D4 with increase in time and different | sample D4 as a function of DC voltage.
DC voltage V

By calculating dimensionless numbers Reynolds Number Re = 9.1-103, Prandtl Number
Pr = 0.683, Nusselt Number Nu = 55.8 and Heat Transfer Coefficient h = 23.3 W.m?K™ from
some known parameters, heat transfer to air by convection was determined. The relationship

between heat generated (Egen,element) by the PPy coated glass fabric and heat transfer to air (Q)
can be written as follows;

)0.8638

Q=0.8559- (E (12)

gen,element

That shows heat generated at low voltages is transferred approximately all to the air through
convection but thermal energy generated due to comparatively high voltage transfer partial
energy to the air.

5.4 Electrothermal effect in PPy coated sample

With the help of thermo couple it was found that sample attains the temperature of preheated
oven in 180s therefore data were collected after each second from 180s to 12600s. By using
surface response method of analysis, a model is proposed to estimate the approximate change
in resistance due to change in temperature at different time intervals as mentioned in Table 9
and surface plot is presented in Figure 8.




Table 3 Estimates of the regression coefficients

Coefficient of multiple determinations R°= 0.858, Squared Multiple R= 0.737, Adjusted

Effect Coefficient | Standard Error | t-value | p-value
CONSTANT 0.841 0.169 4971 0.000
T 2.010 0.150 13.388 0.000
t 1.170 0.140 8.353 0.000
T 1.908 0.223 8.544 0.000
t*t 0.385 0.266 1.446 0.150
T*t 2.605 0.214 12.162 0.000

Squared Multiple R= 0.728, Residual Standard Deviation=1.117

It is clear from the Figure 8 that resistance of PPy coated fabric sample decreases with the
increase in temperature till 80°C beyond which slight increase in resistance can be observed.
The Tg of PPy was found to be 76.1°C by DSC analysis which is very near to this

temperature. Above Tg significant increase in resistance was recorded which increases
continuously with the passage of time.

As the loss in conductivity of PPy is permanent above Tg, Kaynak [22] explained the fact in
terms of permanent degradation or damage of polymer structure upon heating and this
degradation becomes more pronounced with the increase in temperature.
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The electrical resistivity p of most materials changes with temperature T. If the temperature T
does not vary too much, a linear approximation is typically used:

p=pofl+al(l -T,)] (47)

Here, o is called the temperature coefficient of resistivity in [K™], T, is a fixed reference
temperature in [K] (usually room temperature) and p, is the resistivity at temperature T,.
Negative values of « shown in Figure 9 the typical behaviour of semiconductors whereas the
positive temperature coefficient (PTC) after crossing Tg refers to the material that experiences
an increase in electrical resistance with increase in their temperature such as conductors [23].




5.5 Characterization of PPy coated Latex/PA6 yarn
5.5.1 Linear dependence of resistance on length

It was found that resistance of PPy coated Latex/PAG stretchable yarn is a linearly increasing
function of the distance between the electrodes holding the yarn as shown in Figure 10 and
this relationship can be expressed as;

R=ZD+r (49)
where, R is the resistance [kQ] of PPy coated Latex/PA6 yarn sample, D the distance between
measuring electrodes and r the resistance of the electrodes found to be 0.0001kQ approx. in
this work. However the slope Z is the directly proportional to the resistivity p in [kQ.cm] of
the PPy coated Latex/PA6 yarn samples as shown in the Figure 11 for this experiment and can
be calculated as;

Z =275.63- p—0.0769 (50)
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Figure 10: Dependence of electrical resistance of PPy | Figure 11: Relationship between slope Z and
coated Latex/PA6 yarn samples on length resistivity of the samples

5.5.2 Sensitivity of strain sensor against cyclic loading

The response of resistance of the samples on 2% deformation and relaxation during 40 cycles
are plotted in Figure 12. it can be observed that SY1 gives almost equal response dR against
deformation in terms of magnitude but this response is not consistent with the number of
cycles. The SY2 gives neither an equal response against deformation (decreases with number
of cycles) nor the consistency of the response. Whereas SY 3 is the best among all the samples
and it gives not only an equal response upon deformation but also the level of consistency of
the response after each cycle is outstanding.

The average response in terms of change in resistance against deformation has been calculated
from 40 cycles and named as sensitivity (d% ) of each sample. The sensitivity levels of all
&

PPy coated Latex/PA6 samples are shown in Figure 13.

Although SY3 has the highest resistivity among all three samples under study, however it
outperformed SY1 and SY2 in terms of response against small extension. The sample SY?2
has been found as the worst in terms of sensitivity and its deviation in the results. The
standard deviations of the specimens were calculated as 0.182, 0.315 and 4.49 [kQ.cm] for
SY1, SY2 and SY3 respectively.
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Figure 13: Dependence of sensitivity of the strain

sensor on longitudinal deformation

5.5.3 Mechanical properties

During cyclic loading of PPy coated Latex/PA6 yarn samples, change in mechanical
behaviour was also studied and average force-elongation curve, during 40 cycles of
elongation and relaxation is plotted as shown in the Figure 14. It can be observed that SY1
and SY2 were affected most due to the presence of more quantity of PPy on the surface of
each individual fibre. Whereas SY3 was found to be least affected and hence kept the
resilience of original yarn. A tangent was drawn on the initial linear portion of the average
curves and initial modulus was calculated as shown in Figure 15.
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Major changes occurred in the case of SY1 and SY2 which is practically undesirable on the

basis of application point of view.




5.5.4 Decay of conductivity with time and commercial washing

In order to monitor this decay, PPy coated Latex/PA6 yarn samples was kept under
temperature of 20+2°C and relative humidity for 40+2% for 21 weeks. Figure 16 illustrates
the change in resistivity p of each sample after every four weeks during storage. It is worth
noting that the resistivity increases significantly in the first week and this rise is more
pronounced in the case of SY2 and SY3 whereas there is a continuous rise found in case of
SY1 being as most conductive sample.

As the conducting polymers adhere to the surface of the fibre substrate only during
polymerization and they are not absorbed in the fibre structure therefore smaller amount can
be detached during washing cycle. When the samples of PPy coated Latex/PA6 were washed
according to 1ISO 105-C06:2010, it was observed that resistivity increases significantly in all
the samples as expected that can be seen from Figure 17. Only the first wash increases
resistivity up to 70 % in SY1, 65% in SY2 and 20% in SY3. The change in resistivity
continues in subsequent washing cycles and becomes manifold after five washing cycles.
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Figure 16: Aging behaviour of PPy coated Latex/PA6 | Figure 17: Dependence of resistance on commercial
samples at ambient conditions washing cycles

It is noted that the presented strain sensor is sensitive to environmental conditions such as
humidity and temperature. Resistivity increases with rise in humidity whereas decreases with
the increase in temperature. The sample of high resistivity found to be least affected by the
humidity and temperature.
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8. Summary

The main aim of this research work is to study few different applications of PPy coated textile
substrates. In this context pyrrole was polymerized on two kinds of glass fabric and a
stretchable yarn (Latex wrapped with PA6) by vapour deposition technique. Anhydrous
Iron(111) Chloride as an oxidizing agent and tetraethyl ammonium p-toluene sulfonate as a
doping agent were used in the polymerization. The concentration of polypyrrole was
controlled by varying the concentration of oxidizing and doping agents whereas the rest of the
process parameters such as time, temperature, pressure etc. were kept constant.

SEM and LSCM micrographs show that during vapour phase polymerization PPy is deposited
on the surface of the fibres and covers them very well. The average thickness of the PPy
produced on glass fibre by using 0.6mol/L Iron(lll) Chloride and 0.3mol/L p-toluene
sulfonate is calculated as 1.165+0.502um from SEM image analysis and 1.372+0.223um from
LSCM analysis. Meanwhile FTIR analysis of PPy coated substrates also confirms the
completion of polymerization of pyrrole through characteristic absorbance peaks.

Weight gain by glass fabric substrate after PPy deposition was found to be linear increasing
function of concentration of lron(I1l) Chloride (which is responsible for the oxidation of
pyrrole monomer and hence regulate the yield). The electrical resistivity and EMI shielding
effectiveness of PPy coated glass fabric having areal density of 410g.m™ was found to be
decreased linearly depending on the concentration of Iron(l1l) Chloride whereas the fabric
having 900g.m™ follows a power function. It can be inferred from the cross-sectional view of
the coated fabric specimens that PPy develops on each individual fibre of the fabric structure
mentioned former while later structure does not allow pyrrole vapours to access fibres in the
core of yarn and hence PPy is not formed there. Due to this circumstance PPy is deposited on
the fibres which are well exposed. It was also resolved that density of the fabric also makes a
great influence on EMI shielding effectiveness and found to be significantly increased for
higher density fabric.

The tensile strength of PPy coated glass fabric considerably decreases with the increase in
concentration of PPy on fabric substrate regardless of the density of the fabric whereas
elongation at break increases in terms of high density and decreases in low density fabric
structure. The reason might be the presence of friction between more numbers of PPy coated
fibres in the denser fabric structure.

When DC voltage is supplied to PPy coated glass fabric, it produces heat instantly mainly
depending upon the time and potential of voltage being supplied. The temperature rises very
sharply within 300 to 400s and level off after reaching to plateau. The thermal power density
produced in the fabric follows a linear function of the voltage supplied whereas temperature
follows a power function. With the help of dimensionless numbers and equation of heat
transfer by convection, it was calculated that the amount of heat transferred to air follows a
positive power function to the heat being converted from electrical energy. This interprets that
ratio between heat conducted to air by convection and heat produced does not remain constant
at different levels and that the remaining amount of heat conducted within fabric itself more
than conducted out at higher voltage.

Thermal treatment at elevated temperatures affects the electrical conductivity and
electroactivity of PPy. The rate of thermal degradation of conductivity is also very much
dependent on temperature and duration of heating. During the series of experiments
conducted in this dissertation it was observed that conductivity of PPy coated glass fabric
increases as the temperature increases till it reaches to Tg of PPy which determines the
common behaviour of semiconductors. While thermal treatment above Tg cause a loss in



conductivity and this loss is permanent. The reason for this fact could be the lattice vibrations
in the amorphous regions which do not allow charge to flow easily.

The strain sensor was developed by deposition of PPy on Latex wrapped with PAG fibres
through a vapour deposition technique. With the aim of studying dependence of resistance on
the length of the conductor, extensive experimental analysis was carried out and concluded
that resistance follows an extremely linear function of length and a model has been proposed
to calculate the resistance at a particular length. The slope of this said function can be
calculated from resistivity of the sample.

PPy coated Latex/PA6 samples were subjected to cyclic deformation of 2% and
corresponding change in resistance was analysed. It was found that samples with more
amount of PPy coating on them perform worse than sample with least amount of PPy. It
means that high resistive sample gives higher level of sensitivity and consistency of response
against small deformations.

PPy being as a brittle polymer changes the mechanical properties of the textile substrate on
which it has been coated. In case of Latex/PA6 samples, PPy increases the friction between
the PA6 fibres and consequently tangent modulus increases. More amount of PPy on the
fibres make a larger change in the modulus that is utterly undesirable compared to fewer
amount.

Conductivity of conducting polymers is highly dependent on the time of storage in a
particular environment. Latex/PA6 samples coated with PPy were kept under ambient
conditions for several weeks. All the samples drop conductivity within couple of weeks more
pronouncedly which continues to be dropped in case of relatively high conductive sample
whereas the drop is not so significant in the case of least conductive sample.

Commercial and domestic laundering plays an important role if the characteristic component
of the garment loses its property such as colour, softness and conductivity etc. PPy coated
Latex/PA6 samples were tested under standard commercial laundering procedure for few
times and found to lose conductivity constantly on every cycle. Similarly, in the case of time
decay property, more conductive samples lose conductivity more drastically than the one with
least conductivity.

The effect of humidity and temperature of environment on resistivity of PPy coated
Latex/PA6 samples was also found to be imperative. The resistivity decreases with the
increase in temperature from 10°C to 50°C, clearly reflects the general behaviour of
semiconductors. However, humidity causes an increment in resistivity which is a typical
phenomenon in intrinsically conducting polymers only.

In the context of sensitivity, uniformity of the response, effect of environmental conditions
and decay properties, among all three samples of PPy coated Latex/PAG6, highly resistive
sample is considered to be a best suitable for the practical application of strain sensing. While
the total cost of manufacturing of this strain sensor is less than 1K¢ per meter.
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