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It is studied the effect of electric discharge and orientation on the electric
lifetime (tr) and dielectric strength (E) of the polyethylene (PE) + nanoclay
(NC) nanocomposites. Changes in the structure of materials under the in-
fluence of external factors are determined by infrared spectrometry and
compared with their electrical properties. After electric ageing, the rate
of formation of carbonyl groups (C=0) in nanocomposites is comparatively
lower than in PE. In destructive processes, NC is much more active than
in stabilizing processes.

HocnimsxeHo BIJIUB eJEKTPUYHOTO PO3PANY I OpieHTallili Ha eJeKTPUYHUHN
yac JKUTTA (T) ¥ gienekTpuuHy MinHicTs (E) HaHOKOMIIOSUTIB IIOJIieTHJIEH
(IIE) + namorsamaa (HT). 3minu y cTpyKTypi MarepisaiiB mig BIJIMBOM 30B-
HIIIHIX YMHHUKIB BU3HAUEHO METOAOI0 iH(ppauepBOHOI creKTpomeTrpii i mo-
PiBHAHO 3 IXHIME eJeKTPUUYHUMHU BJacTUBOCTAMHU. llicaa ejeKTpuuHOTO
CTapiHHA IBUAKICTHL YyTBOpPeHHsS KapOoHinbHUX rpym (C=0) y HaHOKOMIIO-
3UTaX € MOPiBHAHO 6ijbIoio, Hixk y IIE. ¥V mectpyxkTuBHuX mporecax HI e
HabaraTo aKTHUBHIiIIO0, HiK y cTabimisamiiiHux mpoiiecax.
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1. INTRODUCTION

One of the most widely used macromolecular compounds in industry
and in everyday life is PE. As an insulating material used in the
cable industry and a material for the manufacture of plastic pipes,
PE during operation is exposed to various external factors (mechan-
ical load, electric field and discharges, temperature, radiation, ezc.)
and is destroyed. To weaken this process or increase the lifetime, a
polymer composition is made by introducing additives with differ-
ent percentages into a pure polymer. By choosing an additive and
taking into account its percentage, high-quality products can be ob-
tained from a composite material with suitable properties.

High-quality products from such composite materials during op-
eration are exposed to the above-mentioned external factors and be-
come unusable. Non-recyclable polymer products can lead to envi-
ronmental pollution. Composite products with improved properties
obtained by various methods age over time. Accordingly, the study
of the destruction of polymeric materials under the influence of ex-
ternal factors is very important from a scientific and practical point
of view. By investigating the cause of the destruction of polymeric
substances, it is possible to acquire knowledge in changing their
properties, decreasing the rate of destruction (ageing) or increasing
the lifetime.

In the cited works [1-5], the mechanical, electrical, optical and
other properties of composites were studied: PE + polypropylene
(PP) fibre, PE + glass fibre, PE + diamond, PP + NC, PE + NC, etc.
with organic and inorganic additives. Analyzing these properties,
significant findings have been received on revealing the fracture
mechanism of these composites. By studying changes in the struc-
ture and mechanical properties of nanocomposites under the influ-
ence of external factors, it is possible to approximate their mechan-
ical durability in advance.

2. PRODUCING OF THE SAMPLES AND MEASUREMENT
METHODS

After mechanically mixing different percentages of NC (1.0-10.0%)
with PE by hot pressing (425 K, 150 MPa, 10 min), we get samples
with 40-70 microns’ thick. In Giannelis’s experiments [6], nano-
composites were prepared in three stages (Fig. 1).

At the 1°* stage (a), a tactoid is formed; polymer links cover clay
agglomerates from the outside. At the 2" stage (b), the segments of
the links entering the voids between the layers contribute to the
separation of the layers by 2—3 nm [7]. At the 3™ stage (c), the clay
layers are displaced relative to each other, the layers are disordered
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Fig. 1. Three structures of ‘polymer—layered silicate’ composites.

(disorientation) and complete delaminated. A uniform distribution
of clay within the polymer indicates a defect-free nanocomposite
structure. To elucidate the role of NC additives in changing the
properties of materials preaged and exposed to electrical discharges
at different time periods (t=1, 2, 3, 4, 5, 10, 15 hours) and orient-
ed samples, the lifetime (time-to-puncture) was measured using
breakdown installation [8]. To study important structural changes
in nanocomposites after exposure to electrical discharges and orien-
tation, the optical density (D) was calculated using IR spectrometry
in the frequency range of 500—2700 cm ™ at the corresponding fre-
quency of 1720 cm™ for the carbonyl group (C=0), and its value
was compared with the dielectric strength.

3. RESULTS AND DISCUSSION

The effect of NC on the dielectric strength of PE was previously
studied by us [56]. It was shown that the lifetime and dielectric
strength change depending on the amount of NC. Investigating the
impact of external factors on the lifetime and dielectric strength of
PE-based nanocomposites and NC additives, it is possible to get
some information about the mechanism of electrical breakdown (de-
struction) and the role of NC in this process. It is expedient, there-
fore, to use two differently influencing factors: 1) destabilizing
(electric discharges, electric field, mechanical load, temperature,
radiation, emission, etc.), leading to ageing and destruction; 2) sta-
bilizing (orientation, micro- and nanoadditives, fillers, etc.). It is
known that electrical ageing of polymers can be carried out by vari-
ous methods [9, 10]. Ageing of pure polymers and nanocomposites
(based on them) during operation occurs for years; therefore, accel-
erated ageing of materials is carried out under laboratory condi-
tions in special installations. In our research, electric discharge was
chosen as a destabilizing factor, and orientation was chosen as a
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stabilizing factor.

Research objects were samples: pure PE and PE+ 3% NC. To
study the effect of electric discharges the samples in the above time
intervals were subjected to ageing at a voltage of U=9-10® V. Fig-
ure 2 presents logarithmic dependence of lifetime for samples on
electric field strength.

Using this graph, it is possible to construct the dependence of the
dielectric strength at 1=1 sec on the time of discharge exposure
(Fig. 3).

At short time of discharge exposure (1-3 hours), dielectric
strength of both samples increases and a decrease in E is observed

10+

lgt,

E-10% V/m

Fig. 2. Dependence logt; = f(E) of PE and PE + 3.0% NC samples at various
ageing times. 1, 2, 3, 4—PE; 1', 2', 3', 4—PE+3.0% NC (1.1'—¢=0;
2.2'—t =38 hours; 3, 83—t =5 hours; 4, 4—t =15 hours; T =293 K).

E-10°, V/m

t, hour

Fig. 3. Dependence of dielectric strength on time of discharge exposure. I,
1'—pure PE; 2, 22—PE + 3.0% NC; 1, 2—E; 1', 2—D.
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with increasing ageing time. For the nanocomposite, the rate of de-
crease in E is lower than in PE. It is well known that, under the
influence of electric discharges, macromolecules oxidize, wear out,
amorphous regions soften (bonds are broken, microvoids and cracks
are formed, etc.), intermolecular interactions weaken [4, 11]. NC
prevents the breaking of bonds, formation of microvoids and cracks
under the influence of electric discharges, and thus, prevents the
appearance of carbonyl groups in the oxidation process.

The experimental results of the influence of orientation as a sta-
bilizing factor are presented in Fig. 4. With an increase in the de-
gree of orientation, the rate of increase in E of nanocomposite com-
pared to pure PE is insignificant.

To explain the experimental results, changes in the structure of
the samples under the influence of electric discharges and orienta-
tion were studied by IR spectroscopy. Spectrograms of both samples
were recorded in the frequency range of 500-2700 cm™ (Figs. 5 and
6).

At a frequency of 1720 cm™ corresponding to the carbonyl group
C=0, the intensity of the oxidation peak varies depending on the
time of discharge exposure. Calculated from the spectrum, the opti-
cal density D,;y, of the C=0 group is shown in Fig. 3. At the initial
time of exposure to electric discharges (1-3 hours), D,;,, decreases;
with a further increase in the exposure time, D,;, increases. The
rate of increase in the optical density of nanocomposite in compari-
son with PE is low. Depending on ageing, under the influence of a
certain tension, initially increasing of E and, then, its decreasing is
explained as follows.

In polymers under the action of electric discharges along with
oxidative-destructive processes, their macromolecules are cross-
linked (net or spatial polymers constructed from long chains con-
nected to each other in a three-dimensional grid with transverse
chemical bonds). Short cross-linking time (cross-linking of polymer
chains through chemical bonds) is superior to oxidative—destructive
processes; therefore, there is no reduction in the dielectric strength
for both samples. Accordingly, the optical thickness of the C=0
groups decreases. With prolonged exposure to electric discharges,
with the decay of chemical bonds, the number of C=0 groups in-
creases. For #=15 hours, the value of E decreases in comparison
with this parameter at ¢+=0, and for both samples, this decrease
corresponds to an increase in D;;9. This shows that there is a corre-
lation between dielectric strength and optical density (Fig. 3, Ta-
ble).

Comparing the dielectric strength and optical strength of the
samples after exposure to electric discharges, it can be noted that
NC slowing down the oxidation process plays the role of an antioxi-
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Fig. 4. The dependence of dielectric strength on the degree of orientation:
1, 1'—pure PE; 2, 22—PE +3.0% NC; 1, 2—E; 1', 2'—D.
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Fig. 5. IR spectra of PE: 1—t=0; 2—¢ =3 hours; 3—t =15 hours; 4—¢=10
hours; 5—t =15 hours (U = 9-10® V).

dant; for t =15 hours, the decrease in E for the nanocomposite and
PE is 35% and 43%, respectively, and the increase in D,y for both
samples is 50%.

It is clear from the Fig. 4 and Table that, after exposure to the
stabilizing factor for both samples, an increase in E corresponds to
a decrease in D;;y,. The values of E for the nanocomposite and PE
before and after orientation are given in Table. It can be seen that,
depending on the degree of orientation, the value of E in pure PE is
higher compared to the nanocomposite. The role of the additive in
these processes is different (destructive and stabilizing ones). The
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Fig. 6. IR spectra of PE+3.0% NC nanocomposite: I—t=0; 2—¢=3
hours; 83—t =5 hours; 4—¢ = 10 hours; 5—t =15 hours (U =9:10% V).

TABLE.
E, x10° V/m E, x10° V/m
nonaged aged AE, % . AE, %
Samples U=0, U =9 kV, |decrease| nonoriented Oi’l_erét%d increase
t=0 |¢=15 hours -
PE 70 40 43 70 95 36
PE+3% NC 54 35 35 54 67 25

influence of NC on destructive processes is much greater than on
stabilizing ones.

A number of studies [11-13] have shown the influence of supra-
molecular structure on dielectric strength of polymer dielectrics.
Orientation drawing is one of the main physical methods for chang-
ing the supramolecular structure of polymers and, as a result, the
effect on their most important operational properties, including the
dielectric strength of polymers.

Thus, despite the fact that the nanoclay introduced into the pol-
ymer in some cases affects the supramolecular structure, the orien-
tation process prevails in this case. Based on experimental data, we
can conclude that nanoclay plays an active role only in processes
where destructive processes prevail.
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4. CONCLUSIONS

Summarizing the findings on the effects of electric ageing and the
orientation drawing on the dielectric strength of PE and PE + 3.0%
NC, it can be concluded that introduction of nanoclay, preventing
destructive processes, has a stabilizing (reinforcing structure) ef-
fect, thereby making it possible to obtain polyethylene films with
more stable electrical and mechanical properties.
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