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The change of electrical resistivity depending on mechanical loading applied
(the tensoresistive and piezorezistive effect) in polyisoprene-nanostructured carbon
nanoparticle composites (nanocomposites) is experimentally studied. Dependence of
the electrical resistance on time, strain and stress is examined. High structure carbon
nanoparticles (mean diameter 30 nm, dibuthyl phthalate adsorption 380ml/100g,
specific surface 950 mz/g) and multi-wall carbon nanotubes (MWCNT) have been
used as the filler. Solvent based mixing technology before curing for sample
preparation is used. Finally the mechano-electric properties of different composites
are compared and functional models of both piezo and tenzoresistive effect are
proposed and practical usage fields are discussed as well. Conclusions are made, that
multi wall carbon nanotube composites can be used as strain sensing elements at
smaller strain ranges comparing with carbon black filled ones. On other hand they
have certain resistivity “memory effect” during large (more than few %) strain
deformations.
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Fig. 1 Relative change of electrical resistivity as function of strain for
polyisoprene-nanostructured carbon black composites, depending on
filler used.
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Introduction. Broad use of compressive and strain sensors requires new materials to be designed —

for particular application. Recent research approved nanostructured carbon-elastomer composite to cominty | w |

be a perspective material for current needs [1,2]. At certain concentrations of conductive filler it —

showed remarkable reversible tenso and piezorezistive effect [3,4]. Use of such composites could receptcnm | x|

lead to mass production of cheap, variable size completely flexible sensors with wide rage of Lot Manchancienio ot Fig.2. Structire of samiple.

application. But there are still many questions about mechanism that drives this phenomena.
Electrical resistance vs both tensile strain and stress (the tensoresistive effect) in polyisoprene-
nanostructured carbon nanoparticle composites (nanocomposites) is experimentally studied in this

Samples and experimental procedure. Thick Pale-
Crepe natural polyisoprene was used as isolative matrix.
. N R R . X Degussa™ Printex™ EX-2 high structure electro-
work. The character of mechano-electric relaxation of the composites is examined and relaxation conductive carbon black (ECB) and multi wall carbon

models proposed. Finally the possible use of elastomer — nanostructured carbon black composites nanotubes (MWCNT) were used as a conductive filler. The
as deformation sensors are discussed. main characteristics of ECB are shown in Table 1. Electro-

conductive filler was mixed into matrix using solven mixing

techology and resulting material was dried and afterwards

The stand of the problem. At concentrations close to percolation threshold the cured under high pressure at 160°C for 20 minutes.

filler tries to form a continuous conducting network (Fig.1) [5]. In our case it's Resulting material was formed into sheets with thickness

been proven that tunneling currents between closely separated particles play a of 1 and 3 mm. Samples were cut out from these sheets

major role in the mechanism of conductivity. The change of conductivity is and copper foil electrodes were glued at the end of the

connected with both — the breakdown and recombination of electro conductive samples, as shown in the Fig. 2. The universal paper

network paths and the change of intensity of the tunneling currents [6]. The testing machine was used for stretch tests. Applied force,

question is: What kind of material could be better used for this aplication (higly elongation and electrical resistivity were measured at the

structured carbon black or multi wall carbon nanotubes)? To get an answer we same time using digital Vemier™ LabPro™ laboratory

Fig.1. Continuous electro conductive must have a look on basic tensoresistive properties of both composites. data acquisiton hardware and software. Relative

;‘:‘r‘t’gg i;°5f;ega§0$:ffn‘:§&§§?5 Therefore we must compare the relative tensoresistive effect, relaxation elongation, strain and specific resistivity were calculated
cinetics and initial specific resistivity of composites. out from results collected.
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Fig.3. Specific resistivity of polyisoprene  — Fig. 4. Relative change of electrical resistivity Fig.5. Specific resistivity during. relaxation Fig.6. Specific resistivity during relaxation Fig.7. Specific resistivity during relaxation
nanostructured carbon composites as a function of as a function of sirain for polyisoprene- as a function of time for Pl with 10 mass as a function of time for Pl with 12,1 mass as afunction of time for Pl with 14,63 mass
time during and after release of 3.33% strain; m.p. nanostructured  carbon  black . composites, parts of ECB. Fitted using 2 component parts of MWCNT. Fitted using 2 component parts of MWCNT. Fitted using 2 component
- mass part of filler per 100 parts of polyisoprene. depending on filler used. exponential decrease. exponential decrease. exponential decrease.

Results and discussion.

Samples with 10 mass part ECB, 12,1 and 14,53 mass part MWCNT were exposed to stretch at 3,3 % relative elongation, kept stretched for 10 seconds
and then released to 0% elongation. During this process and 10 minutes afterwards the electro-mechanical parameters of samples were measured. The
time dependance of of specific electrical resistivity were recorded after release of strain. Results collected were plotted using Origin™ v7.5 data analyse
software (Fig.3, 4). First the relative changes of resistivity of both type materials were compared. It was noted, that composite containing 12,1 mass part of
MWCNT showed better tensoresistive effect than composite with 10 mass parts CB during similar stretching conditions. In the same time we can clearly
see that the same composite showed remarkably larger remaining initial resistivity excess after complete release of strain (Fig.4). To find a explanation it is
necessary to take a close look at mechano-electrical relaxation properties. As it is known most releaxation processes are well expressed by one
component exponential decrease equations: p = p, + p,exp(-t/r). One component exponential showed noticeable leak of accuracy by fitting our data. Two
component exponential: p = p, + p,exp(-t/1;) + p,exp(-t/r,), seems to be acceptable (Fig.5, 6 and 7). This shows, that there are at least two processes with
different relaxation kinetics involved in the change of structure of composite material leading to change of conductivity in relaxed state. Coexiastance of
many relaxation processes could be the reason leading to intensive and long lasting relaxation of electrical properties of the composite. We can conclude
that movement of MWCNT during the end of stress and strain relaxation in material is more difficult than movement of ECB particles. This leads to lower
rate of recombination of the initial conductive network after release of strain.
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Conclusions.
-> Solvent mixing technology for making poliisoprene-nanostructured carbon black composites have been acquired.

o

.

—>Poliisoprene-nanostructured carbon black composite filled with MWCNT an ECB both can be used as strain sensing materials.
-> Composites, filled with 12,1 mass parts MWCNT shows greater response to small applied strain (3,3%) comparing with ECB filled ones.
- Composites, filled with MWCNT have large remaining excess of initial resistivity after complete releaase of strain.
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