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Abdtract. Effect of mechanical relaxations on the rda
xation phenomena of eectrical conducting polymer compo-
sites (ECPC) has been investigated. It has been experimen-
tally shown that filler content significantly affects relaxa
tion characteristics of the material. The main reason of
these differences is the effect of the filler type on proce-
eding of rdaxation processes. Rubbers with active carbon
blacks display the ranges of dow and fast relaxations much
more clearly than those with low active carbon black. The
effect of thefiller typeis displayed by formation of aninter-
phase layer and is smilar to the effect of the filling degree.
In the case of active carbon blacks, the increase of the filler-
filler and polymer-filler interactions is balanced by a high
content of low active carbon blacks, since in both cases the
modules of the material and interna friction grow.

Keywords: eectrica conducting polymer composite, filler
concentration, electrical conductivity, resistance, mecha
nical deformation, stretching, relaxation time.

1. Introduction

Mechanical stresses, induced by deformation of the
composite materials, affect both the molecular and super-
molecular gtructures of the polymers [1-3]. Structura
changes occurring in composites produced by various
mechanical deformations (stretching, compression, shear,
etc) affect the structure of an dectrically conducting
system. As a conseguence, they affect the substructure and
filler particlesbound toit [4, 5]. It is evident thet in the case
of conducting polymer compaosites mechanical deformation
influences the e ectrical conductivity of materials.

2. Experimental

It is wdl known that the elucidation of relaxation
effects on eectric conductivity is complicated during
deformation of ECPC due to overlapping of several factors.

To sudy dectricaly conducting properties of
polymer composites during their mechanical relaxation the
tests were performed, which used the same composites that
were studied at high deformations|[6].

The experiment on determination of eectrica
volumetric specific resistance r during relaxation of the
mechanical tenson s was peformed as follows. A thin
sheet (2 mm) sample of eectrically conducting rubber
based on polydimethylmethylvinilsiloxan (industrial type —
SKTV) was gretched on a stretching machine at a definite
deformation e The change of r was recorded by an
automatic recorder immediately after stretching stop. The
automatic recorder scale was graduated in Ohms ontimet,
and synchronous recording of the time dependence of s at
fixed deformation was made. Moreover, rdaxation
characteristics were recorded for the same samples after the
end the *“ stretching-contraction” cycle.

3. Results and Discussion

As Fig. la shows, the values of r grow during
relaxation of tension s. In this case, the increase of r
proceeds with higher rate in rubbers deformed at relatively
high rates. Moreover, increase of the stretching rate induces
acceleration of r increase in these materials. In this case,
kinetics of mechanical tension s reduction is completely
coincident with the character of r change. This means that
the higher the rate of the sample deformeation, the faster the
sample mechanical relaxation (Fig. 1b). Growth of r with
time during relaxation of s can be explained basing on the
effect of the elastomer molecular system disordering that
occurs after deformation relesse. In this case, interna
mechanical tensions are reduced by trandgtion of highly
regulated system into lower regulated state at the present
dage of deformation. Disordering in the system of
macromol ecules induces conducting circuit destruction, i.e.
growth of r of the material. In view of the fact that the
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growth of the deformation rate induces increase of
structural transformation intengities in the material it is
evident that significant deformations of the conducting
system will happen in the dectricaly conducting system
interacting with the polymer matrix.

The analysis of time dependences of r on the
relaxation of rubbers shows that they are successfully
described by the expression:

r=ry-(r,-r,)e" 1)
wherer oand ry are boundary values of r during relaxation
under fixed stretching deformation; t isthe relaxation time.
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Fig. 1. Timedependences of r (a) and s (b) during relaxation of
mechanical tension after stretching of the rubber, based on SCTV
with P357E carbon black (350 mass parts) by 50 (1, 4), 100 (2),
and 150 (3) %. Therate of dongationis 2.5 (1-3) and 5.0 mm/s
(4), respectivey

Eg. (1) represents the solution of the differentid
equation, smilar to that [1] deduced for kinetics of the polymer
mechanical rdaxation. According to Eg. (1) kinetics of
relaxation are described by the Maxwell modd [2]:

d(S N S¥):E1E- S1-Sy
dt dt t
Taking logarithm from Eq. (1), we get:
Int" e —_ t )
Fo-ry t

Thus, in the case when application of Eq. (1) to
relaxation kinetics is correct, the dependence should fit a
draight line in coordinates of Eq. (2).

As Fig. 2 shows, time dependences by Eq. (2) are
draightened. This alows to use the model of consegquently
connected strings and damper (the Maxwell modd) for
describing kinetics of the change of r during relaxation of
mechanical tension of eectrically conducting rubber.

Rdaxation times t for the composites of SCTV
elastomer with P357E carbon black were determined by
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tangents of straight lines (Fig. 2). Comparison of mechanical
relaxation characteristics with analogical ones obtained for
electrical conductivity of the same materids leads to
concdlusion that the mechanical and eectrical conductivity
relaxations arein good correlation. Moreover, using eectrical
conductivity it is possible to obtain in the solid polymers new
relaxation phenomenainvisible to other methods.
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Fig. 2. The dependence of r of the samples based on SCTV
elastomer with P357E carbon black (50 mass parts) ontime
during relaxation in coordinates of Eq. (1). Numeration of curves
coincides with one presented in Fig. 1

Tablel
Relaxation char acteristics of stretched ECPC
onthe basisof SCTV*
Filler, Deforma- | Deformation | Relaxationtime
mass parts tion, ree, t,s
% mm/s
P357E (50) 50 25 1.00
50 5.0 0.88
100 25 0.91
150 25 0.84
P357E (60) 30 25 0.60
60 25 0.44
P803 (50) 100 25 3.84
P803 (60) 100 25 2.28

* Elastomers were obtained by the additive vulca
nization technique

The data shown in Table 1 testify that the increase of
deformation of polymers leads to the growth of the
relaxation rate of both r and s. This effect is strengthened
at the increase of the filler concentration in the composite.
For example, at comparable rates of deformation r rubber
containing 60 mass parts of active carbon black relaxes
with higher rate than the same rubber containing 50 mass
parts of the same carbon black. In this case, the effect of the
interphase growth is observed. This growth causes an
increase of conditional equilibrium modulus of the system.
In composites containing lower active carbon black (P803)
relaxation times are much higher than in rubbers with active
carbon blacks. This indicates a relativdy low adhesive
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interaction between the polymer and the filler in rubbers
with P803 carbon black. However, weak absorption forces
also grow at deformation (tension increases).

The investigation of relaxation processes at the end of
the deformation cycle (stretching-contraction) after complete
discharge of the samples shows that relaxation phenomena
are more complex if compared with the above described
facts. First of al, the complexity is expressed in the
functional r -t dependence starting from the complete end of
the cyde (Fig. 3). Since the curves of the present figure were
considered, let us mention that they, in fact, represent a
superposition of at least two relaxation processes. One of
these processes relates to the most linear parts of the curves,
and the second one — to most curvilinear parts with limit
ovewhdming at t ® ¥ (see Fig. 3, curves 2 and 3). Both
parts of the curves mentioned reflect regulation of the
conducting system by regulating the macromolecular part of
the composite. However, the rate of rdaxation and time of
reaching equilibrium values of r at the end of the relaxation
period significantly depend on the filler concentration. For
the composite containing 40 mass parts of carbon black, the
process proceeds at alow rate, but the equilibrium state in it
occurs rather rapidly, whereas in rubbers with 50 and 60
mass parts of P357E higher rates are observed at the initial
dtage of relaxation, and decelerated curve growth — on the
further stages of kinetics. Anather fact is characteritic of the
present dependences. the difference between minimum and
maximum values of r onthewholeinterval of relaxation also
drictly depends on thefilling degree.
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Fig. 3. The dependence of r on delay after the contraction end
(relaxation without loading) for rubbers based on SCTV
containing 40 (1), 50 (2) and 60 (3) mass parts of P357E carbon
black, respectively. At the moment of discharger o=r

Analysis of the dependences shownin Fig. 3 givesa
possibility to concdude the following. Taking into account
the ideas by Bartenev [1] on the formation of a complex
heterogeneous system after injection of active carbon
blacks into a polymer, which are characterized by non-
linear viscoeladticity (the processes of this type are non-
linear relaxation at low deformations and non-linear
viscodadticity at high deformation, the tixotropic effect by
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Mallins-Patrikeev [6], in particular), proceeding of two
physical processes at rdaxation of the considered systems
can be supposed. The first process is close to the eadtic
range of deformation (Hooke' s range) of a macromolecular
system. As it is known, this process proceeds fast by both
branches of the deformation cycle and is defined by elagtic
properties of the composite matrix. Elastic forces rapidly
drive the sysem into the equilibrium after externa
influence release. However, it is often difficult to separate
this process in polymers. In the composite materia
eectrically conducting system, connected to the adsorption
forces, can clearly respond to any smallest dructura
changes in topology of structural polymer units (globules,
for example). In the present case, conducting system in the
polymer meatrix plays the role of a relay-contact scheme
trandating information about the state of the surrounding
(polymer) medium to the “language’ of eectric
conductivity. Thus, the abrupt decrease of r values, shown
in Fig. 3, corresponds to reduction of conducting channels
exiging in tight connection with macromolecules of
elastomer, whose dastic properties are often promoted by
the bonds mentioned.

The second process is the reduction of initial system
(before the deformation) with participation of filler particles,
split from macromol ecules during deformation (stretching) of
the polymer system or absent in the adsorption connection
with macromolecules during deformation (carbon black
agglomerates, for example). As it is known, these particles
decderate regulation in the system of macromolecules,
intengfy internal friction and nontlinear effects at high
deformations, connected to it. That is why their existencein
the composite aways leads to eongation of relaxation
processes. Apparently, this is the reason of deceleration of
restoration of the primary conducting sysem of the
composite material. Thus, taking into account the above
mentioned the delay of complete reduction of the equilibrium
gructure in high-filled polymer meatrices in higher degree
comparing with low-filled polymers becomes clear. At first
sight, this seems to be a paradox. Let us remind now that
according to the exponential dependence of r on
concentration of the active filler reduction of the structure for
the composite possessing 50 mass parts of the same carbon
black is much higher than for the composite with 60 mass
parts of the same carbon black.

The r-t dependences shown on Fig. 3 reflect
morphological changes in heterogeneous system. Analysis
of these curves showed that exponential parts are
successfully described by the (1) type of equation with the
only difference that ry is subdtituted by r, a the end of
relaxation, and r o by r 1, which correspond to the value of r
at crossing exponerttial curve by the straight line.

Using Eq. (1) for various composites tested,
relaxation times were determined. Their numerical values
areshownin Table2.



190

Table2
Relaxation characteristics of electrically
conducting r ubbersbased on SCTV elastomer at the

end of defor mation cycles*
Sample prehistory Rd axanson time,
N Filler Maximal
! . Deforma
0 | masspats |deformation| ..
inthecyde tlo%/:)ae Fast Sow
%
1. | P357E (40) 150 25 | 1240%| 7
2. | P357E (50) 150 25 40 21
3. | P357E (60) 60 25 |6.740%| 28
4. | P803 (60) 200 25 — 6
5. | P803 (120) 150 25 [2240% 11
6. | P803 (60) 150 25 |5140%| 24
7. | P803(60)+
SCTN (20)” 200 25 | 2840%| 16

Notes * Composites No. 1-5 were obtained by the
additive vulcanization technique; composites No. 6, 7 were
obtained by the peroxide vulcanization technique; ™ SCTN —
low molecular (m.m. about 25 000) dastomer

The analysis of the data from Table 2 shows that:

1. Fller content dgnificantly affects relaxation
characteristics of the material. For example, the rubber
containing 40 mass parts of P357E carbon black possesses
the rate of fast relaxation about 5 times lower, and duration
of dow relaxation is 4 times lower than for analogous
rubber with 60 mass parts of the same filler. The rubber
containing 60 mass parts of PS03 carbon black has no range
of fast relaxation at al, but the same rubber displays such
ranges at the filling degree of 120 mass parts of P803. The
main reason of these differences isin increase of the rubber
eadicity modulus with the increase of the filler
concentration. On the one hand, thisleads to the increase of
the interphase surface square and on the other hand — to
occurrence of broken polymer-filler bonds, which promote
growth of internal friction and deceleration of the rlaxation
process in the macromolecular system. That is why,
although the increase of the modulus is the reason of
growth of the rate of conditionally called fast relaxation, the
mechanical tensions caused by accumulation of the filler
particles, detached from polymer globules, lead to a
noticeable increase of the slow relaxation time.

2. The effect of the filler type on proceeding of
relaxation processes is also sufficient. Rubbers with active
carbon blacks (P357E) display the ranges of dow and fast
relaxations much more clearly, than those with low active
carbon blacks (P803) even at increased concentrations. First
of al, the effect of thefiller type is displayed by formation
of aninterphase layer and is similar to the effect of thefiller
content. In the case of active carbon blacks, the increase of
thefiller-filler and polymer-filler interactionsis balanced by
high content of low active carbon blacks, because in both
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cases the modulus of the material and internal friction in
relaxati on processes grow.

3. Since the concentration of polymer cross-linksin
peroxide vulcanizates significantly prevails over the
concentration of longitudinal links (by SCTV end groups)
in rubbers obtained by additive vulcanization it is evident
that the mechanica modulus of the first composites is
higher than that of the second ones. Thisis the reason of the
differences in relaxation characteristics. In this case, the
increase of the “soft phasd” in the composite by
introduction of low-molecular SCTN elastomer softens
relaxation processes. This is expressed by decrease of fast
relaxation rate and time of dow relaxation, if compared
with similar composites containing no SCTN (compare
composites 6 and 7, Table 2).

4. Conclusions

The measure of the mechanical rdaxation processes
in the dectricd conducting polymer composites, par-
ticularly in conducting rubbers, may be investigated by the
sudy of timedependent processes of eectrica
conductance, since the behavior of the conducting systemis
directly dependent on any changes in polymer matrix.
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EJIEKTPOITPOBIZHICTD INOJIIMEPHUX
KOMIIO3HUTIB ITPU MEXAHIYHIN PEJIAKCAIII

Anomauia. Jlocniosceno 8nug mexaHiuHux penaxcayii Ha
penaKcayitiHi - asuwa 8 eNeKmponposioHUX MNONIMEPHUX KOMNO-
suyitinux  mamepianie. Excnepumenmanvro noxazano, wo KO-
yenmpayis. HANOBHIOBAYA CYMIMEBO GHAUBAE HA  PeNaKCAyiliHi
xapakmepucmuxu mamepiany. OCHOBHOIO NPUUUHOIO PI3HO20 GNIUGY
Ha NPOMIKAHHA penaKkcayitinux npoyecie € mun nanosuiogaya. I ymu 3
AKMUSHUM MEXHIYHUM 8y2lleyeM BUAGTAIOMb 0Onacmi noginbHoi ma
WBUOKOI penaxcayii uimkiwe, Hidc mi, wo MiCmams ManoAKMUSHULL
mexHiuHull  @yeneyb. Bniug mumy HanoeH08aua nNOSICHIOEMbCS
VIMBOPEHHAM MINHCHa308020 wiapy i AHANOSTUHUL 6NIUBY CIMYNEHs.
HANOBHEHHs. Y 6UNAOKY AKMUBHO20 MEXHIYHO20 8Y2Neyl0 3POCMAHHSL
83a€MO0ii munieé HANoBHI08AU-HANOBHIOBAY | NOJIMEP-HANOBHIOBAY
BPIBHOBAIICYEMbCS.  NIOBUUJEHUM — BMICIOM — HU3bKO  AKIMUEHO20
HANoeHi08aua, OCKLIbKU 6 000X 6unaokax MexaMiuHi Mooyl
mamepiany i 6HympIWHE Mmepms 3p0Cmaions.

Knrwuogi cnosa: enexmponpogionuti nonimepHuLl KOMRO3Um,
KOHYEHMpayisi HanoBH08aYa, eNeKMPONPOBIOHICIb, ONID, MEXAHIUHA
Oeghopmayis, po3smacHeHHsl, YaC PenaKcayii.





