
Influence of Electric and Mechanical Forces
on the Oxidation Kinetics and Electroconductive
Polyisoprene Composition Properties

V. E. Gul’,1 I. A. Kirsh,1 E. V. Kvasnikova,1 D. U. Zabulonov,1 M. V. Soina,1 G. E. Zaikov2

1Department of Food Packages, Moscow State University of Applied Biotechnology,
34 Talalikhina Street, 109316 Moscow, Russia
2N. M. Emanuel Institute of Biochemical Physics, Russian Academy of Science,
4 Kosygin Street, 119991 Moscow, Russia

Received 28 March 2006; accepted 10 August 2006
DOI 10.1002/app.25704
Published online 30 July 2007 in Wiley InterScience (www.interscience.wiley.com).

ABSTRACT: The investigation results of the simultaneous
effect of electric current and tensile deformation on the
oxidation processes and electroconductive polyisoprene
composition (EPIC) properties are presented in the study.
The effects of the EPIC oxidation process under the con-
ditions of complex factor action, consisting of the gaseous
product emission and decrease of the oxidation rate at
the final stage of the experiment, were disclosed. It
was found out that the change in the electric resistance

of EPIC aging with time was characterized by three sections:
decrease, constant value area, and increase of the electric re-
sistance. It was demonstrated that the values of the electric
resistance and duration of the above sections depended on
the deformation temperature and extent. � 2007 Wiley Peri-
odicals, Inc. J Appl Polym Sci 106: 2580–2583, 2007
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INTRODUCTION

When using articles of polymer materials, the reac-
tions of the air oxygen interaction are of a great sig-
nificance for holding their operational characteristics.
These reactions are to a great measure affected by
the service temperature and action of various forces,
chiefly, mechanical and electric. In particular, articles
of electroconductive polymer compositions are sub-
jected to such actions.

At present, the demand for electroconductive
polymer materials applied as various kinds of heat-
ing elements, antistatic coatings, electrode circuits,
grounding devices, etc. is increasing. The continu-
ously increasing range of the articles attaches a par-
ticular importance to the problem of their service-
ability maintaining.

One of the primary factors limiting the articles’
serviceability is the process of the chemical interac-
tion of a polymer composition with air oxygen. In
addition, the articles are exposed to the action of
factors such as temperature, electric current, and
mechanical loads that affect to a certain measure the
oxidation processes of the polymer matrix.

The previous studies1,2 investigating the electric
current influence on the oxidation of electroconduc-

tive polymer compositions demonstrated the increase
in the rate of the oxidation process upon electric
current flowing. However, these studies took no
account of mechanical effects. Therefore, this study
is devoted to the investigation of the simultaneous
influence of electric current and tensile deformation
on the oxidation process and electroconductive poly-
isoprene composition (EPIC) properties.

EXPERIMENT

The object of the investigation was synthetic polyiso-
prene rubber-based composition SKI-3 (GOST 14925-
79) containing commercial carbon of the II-367-3
grade in the amount of 50 mass parts. The poly-
isoprene composition comprised the following com-
ponents: sulfur, sulfenamide II, zinc oxide, and ste-
aric acid.

The process of the specimen manufacture was
performed in several stages: mixture preparation,
component blending, and curing. Blending was per-
formed in the laboratory mixer of the ‘‘Banbury’’
type. Upon emerging from the mixer, the mixture
was squeezed between rolls. Curing was carried out
in the steam-heated hydraulic press at a curing tem-
perature of 1438C.

The plant for accelerated polymer aging was used
as the method to investigate the oxidation process
under the effect of temperature, electric current, and
deformation. The plant’s principle of operation con-
sists of registering a pressure change in the system
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where the specimen is tested. Since this plant2 was
previously used to study the thermoelectrooxidation
destruction of electroconductive polymer composi-
tions without any mechanical effects, some changes
were made enabling the oxidation process to pro-
ceed under the simultaneous effect of current and de-
formation. In compliance with the task to be solved,
the design of the reaction dish and clamp-furnished
base for specimen securing was changed.

The electric resistance was measured by means of
a digital versatile instrument C0234 with the speci-
men being not removed from the reaction dish. The
following methods were also applied in the study:
gas chromatography and electronic microscopy.

RESULTS AND DISCUSSIONS

In the process of EPIC oxidation, the pressure change
in the system was registered during the experiment
period. Since the oxidation was to be performed

under the multiple-factor action, the investigations
were conducted under the conditions of both the se-
parate factors’ action and also of their combination.
That allowed us to note some features of these fac-
tor’s effect on the oxidation processes.

The investigations of the EPIC oxidation process
at various extents of the tensile deformation de-
monstrated that under the conditions of the electric
current flow through the composition specimens
(Fig. 1), the original area of the kinetic oxidation
curves was characterized by an area of the gaseous
product emission (not absorbed by absorbents). This
area is unavailable for the oxidation process per-
formed under the same conditions, but without any
current (Fig. 2). Under these conditions an induction
period is observed in the curves’ initial area. The
performed analysis of the gaseous substances emit-
ted at the initial stage (as a result of oxidation under
the electric current flow) showed the presence of
methane, hydrogen, and hydrocarbon mixture.

Figure 1 Change of pressure in system from time of aging at T¼ 373 K,U¼ 60 V and a different degree of deformation.

Figure 2 Change of pressure in system from time of aging at T ¼ 373 K, U ¼ 0 V and a different degree of deformation.
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It was found out as a result of this investigation
that with the increase of the deformation extent
the gaseous product emission time decreased and
the maximum value of the oxidation rate and pres-
sure change in the system increased. That is ac-
counted for by the action of mechanical load,
in particular, tensile deformation that contributes to
the intensification of the oxidation process. A similar
regularity was observed in EPIC oxidation without
any current; however, in this case the induction
period decreased.

It is reasonable to point out that the maximum rate
of the oxidation process without current increases
with deformation to a lesser extent than for the aging
process under current that is caused by its direct
effect. The maximum value of the pressure change
in the system is higher for current-aged specimens.

In the final area of the curves, the EPIC specimen
deformation stable values of the pressure change in
the system are observed. The observed effect of the
oxidation rate decrease is not related to the electric
current influence since it was revealed without it as
well if the specimen was subjected to deformation in
this case. It was found out that the time of this effect
manifestation depended on the deformation extent
and experiment temperature. For instance, the time
of the gaseous product emission decreases with the
temperature, the oxidation rate increase, and pres-
sure stabilization effect is observed later. At suffi-
ciently high temperatures (1408C), this effect within
the testing time interval was absent, that is related to
the formation of additional active centers that assist
in intensifying the oxidation processes.

For the purpose of forecasting, the time of the com-
position serviceability holding the electric character-
istics were investigated under the conditions of the
complex factor effect. Figure 3 shows the results of

the electric resistance change depending on the EPIC
aging time.

At the commencement of the experiment, a con-
siderable decrease in the electric resistance is ob-
served. That is related to the electric current flow
since when conducting the experiment on EPIC aging
under the same conditions, but without current,
a negligible decrease in R values was noted. The
electric current flow during the oxidation process
causes the current-conducting path reformation that
is a result of an abrupt decrease in the electric resist-
ance. This assumption is confirmed by the experi-
ments conducted using the method of the electronic
microscopy.

The decrease in the electric resistance of the elec-
troconductive polymer composition is also affected
by the tensile deformation. For instance, the value of
the electric resistance decreases with the deformation
that is related to the orientation of the soot structure
elements along the tensile axis. The values of the
electric resistance behind the area of the electric
resistance decrease in curves log R ¼ f(t) do not in
practice change in the case of 20 and 50% deforma-
tion, and upon the 100% deformation the increased
values of the electric resistance in the final area of
the experiment is noted.

The area of the electric resistance increase with
the temperature was also observed at other deform-
ation degrees and it occurred at a shorter aging
time. For instance, at a temperature of 1408C it was
observed under all the deformations extents and
even without it. That is explained by the fact that
the destruction processes that are accompanied with
the current-conducting path destruction intensify
with temperature.

The electric resistance increase can further result
in loss of the electroconductive polyisoprene-based

Figure 3 Change of electric resistance from time of aging at T ¼ 373 K, U ¼ 60 V and a different degree of deformation.
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article serviceability. Therefore, the theoretical serv-
ice life was computed on the basis of the data
obtained using the mathematical description pro-
grams. The results of the performed serviceability
computation found practical application in choosing
a composition for the anode grounding system: rust-
protection element for gas pipelines.

A design of the reusable device for heating packed
foodstuff was developed by the results of the oxida-

tion investigations under conditions of the complex
factor action (electric current, deformation, and heat-
ing), and the period of its safe operation was estab-
lished.
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