Polyisoprene-nanostructured carbon thick films as a sensitive non-
selective gas indicator material.
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Monitoring of environmental working conditions is very important for many
industrial sectors, especially, when poisonous or toxic organic solvents are used in
production.

In this work we present filled elastomer-nanostructured carbon based film as a
promising material for nonselective gas indicator. The material is made by dispersing
nanostructured carbon into the natural polyisoprene raw rubber matrix and
vulcanizing afterwards. When the concentration of conductive filler is close to the
percolation threshold such composite exhibits sharp changes of its electrical resistance
when exposed to certain organic solvent vapor. The absorbed vapor causes the matrix
to swell and increases the tunneling gaps between conductive filler particles, thus
increasing the electrical resistance of the composite. Similar changes on electrical
resistivity are observed due to mechanical interaction on composite, such as strain or
external pressure.

Thick film samples by thickness of 1 mm and 200 microns with embedded brass
foil electrodes were made to compare their sensitivity to toluone vapor. All samples
were weared-in by multi cyclic pre-straining using universal material testing machine.
It was found out that decreasing the sample thickness leads to up to 5 times increased
vapor sensitivity. This means although, that effective exposure time can be shortened
up to 5 times for similar exposure conditions. The sensing intensity is compared and
conclusions are made.
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Abgt itori i | working conditions is very impo
especially, when poisonous or foxic organic solvents are used in production.
In this work we present filled elastomer-nanostructured carbon based film as a promising material for
nonselective gas indicator. The material Is msds by dlsperslng nanostructured carbon into the natural
polyisoprene raw rubber matrix and vul . When the ion of di filler is
close to the percolation threshold such composite exhibits sharp changes of its electrical resistance when
exposed to certain organic solvent vapor. The absorbed vapor causes the matrix to swell and increases the
tunneling gaps between conductive filler particles, thus increasing the electrical resistance of the
composite. Similar changes on electrical resistivity are observed due to mechanical interaction on
composite, such as strain or external pressure[l].

Thick film samples by thickness of 1 mm and 250 microns with embedded brass foil electrodes were made
o compare their sensitivity to toluone vapor. All samples were weared-in by multi cyclic pre-straining using
universal material festing machine. It was found out that decreasing the sample thickness leads to up to 5
times increased vapor sensitivity. This means although, that effective exposure time can be shortened up to
5 times for similar exposure conditions. The sensing intensity is compared and conclusions are made.

for many industrial sectors,

Samples & Equi t. The polyisop
nanostructured carbon thick films were made by
mixing 10 mass parts of an exira conductive
carbon Printex XE2 and necessary curing
ingredients into natural polyisoprene matrix using
cold rolls. Afterwards the raw material was cured
under pressure into steel mould for 15 minutes
at 150°C under pressure. The brass foil mould
bolsiers were used as integrated electrodes, to
inat ted contact resist: effects.
The thick film samples were made within
dimensions of 50 x 5 mm with different
thicknesses from 0,256 mm to 1 mm and used
for electric resistance measurements and test of
mechanical properties. The electrical resistance
of samples in the exsiccator was d using
Agilent model 34970A multi channel multimeter
and data logger. The mechanics were taken using
2wick/Roell model Z2.5 universal festing
system, equipped with HMB model Spider8 data
acquisition and logging utility. The mass sorption
data were taken in-situ in the small at h
chamber using self made KERN ALS 124-4
electronic weights system with data logger (see
Fig. 4). For mass sorption experiments we used
Imm thick tablet shaped polyisoprene-carbon
black composite samples (diameter of ~156 mm).

Fig. 2. The picture of sample alone and in
the sample holder set up for electric
in  vapor

atmosphere.
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Q‘I’and of the problem. We made mass sorption expetiments in saturated toluene vapo
here for p bon black posite (I mm thick film were used). We
wanted fo find out how much toluene vapor should be absorbed by the composite to increa:
the posites electric resist: Results can bee seen in Fig. 1. Two diffusion processes —
slower and a comparatively faster can be distinguished. The faster diffusion begins to domi
at t > 102 s. Simultaneous measurements of the electrical resistance (green curve in Figure 1
prove that at t > 10%s the + lling currents bet ize ch Is break up b
remarkable swelling of the polyisoprene interfaces bet more d adj t carbol
particle aggregates [2].
Obtained mass sorption expetiments data we pared with diffusion theories in polyme
materials. As the polymer matrix used for fabrication of the nanocomposite is well above T, and
as polyisoprene has high elasticity (it that polymer units need smaller activation energy
for penetrant movement inside the matrix), the data should conform with Fickian sorptio
theory.
According to Fickian theory initial stage for sorption until 60 % or more of M, should be lineal
(where M, is the amount of vapor absorbed per gram of dry polymer until the sorptio

equilibrium is reached) and is described by equation:
12
m, 4 Dt /
m, I\«

where m, -
time ¢,

y = ax(xcb) m, — mass of the sample at t — o,
a 0.00099 £ : 1 - thickness of the sample,

b <Rikprn D - diffusion coefficient and 7 -
time [3].

In the frame of this work we want
to find out whether the observed
mass sorption anomaly is caused
by internal stresses due to
anisotropic vapor sorption into the
sample.

diat

mass of the sample at
b 22.1582

Figl. Samples mass change and natural logarithm of
electrical resistance as a function of time during sorption in
saturated toluene atmosphere.

Experimental and Results. At beginning the change of electrical resistivity of 1 mm
and 0,25 mm thick film ples were d under exp to different
concentrations of toluene vapour. The results showed, that thinner sample is up-to 5
times more sensitive to the same concentration of solvent. This proves, that sensi
of this composite can be improved simply by reducing the dimensions of the sample.
Stress/strain tests of 1 mm and 0,26 mm thick p bon black posit
samples for 5 % marglnal strain with the speed of 5 %l/s were made in clear
environment (see Fig. 6 - unsaturated). The test was carried out for both directions —
straining and releasing of sample, letting the sample to relax between these stages for 5
minutes. After that the samples were held in toluene vapor (concentration 217,4 ppm)
and their electric resistance was measured until all conducting carbon black pathways
where destroyed by the swelling of the matrix and the composite became insulator.
Then mechanical properties of these samples were measured again (see Fig. 7). When
lculated in the relati the modulus of both ples in the turated state is
almost identical, as is the hanical beh . We observed the same similarity in the
case of saturated les, only the modul fur boih of fhem was sIngMIg decrsasad
by 21 %. This can be explained my weak of the physi t
forces between molecule chains. llnforlunnfelg. we weren't able to measure electrical
ly due to technical difficulties.
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