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POLYMERS
AND LIQUID CRYSTALS

 

1. INTRODUCTION 

An increase in the strength, plasticity, impact tough-
ness, and other physicochemical properties of materials
is an important problem of modern materials science.
Materials satisfying these requirements are in large
demand for new fields of mechanical, power, and chem-
ical engineering industry [1]. Moreover, a demand has
arisen for the replacement of steel and nonferrous metal
products by polymers because metal products are sub-
jected to chemical corrosion and possess a relatively
high friction coefficient. 

One of advanced polymers satisfying these require-
ments is superhigh-molecular poly(ethylene)
(SHMPE), because this material possesses not only a
low friction coefficient but also a high resistance to cor-
rosive media [2]. 

It is expected that the introduction of modifiers
(metal powders and their oxides in the form of nano-
products) will increase the wear resistance and thermal
stability of the material and, in some cases, can lead
even to a decrease in the dielectric loss. The use of a
modifier in the form of nanoparticles will make it pos-
sible to achieve a uniformity of its distribution in the
polymer and to accomplish cross-linking of the poly-
mer molecules owing to the active surface of nanopar-
ticles. 

2. SPECIMEN PREPARATION 
AND EXPERIMENTAL TECHNIQUE 

The composite was prepared using a tungsten oxide
powder synthesized by a plasma-chemical method in an
apparatus described in our previous paper [3]. Sputter-
ing was performed by a dc arc discharge at a high fre-
quency (44 kHz) in an in-phase transverse magnetic
field. The discharge was ignited in a water-cooled
chamber between two electrodes. The inductor elec-
trode was fabricated in the form of a coil of the copper
water-cooled pipe. A tungsten rod was used as the sec-
ond electrode. Owing to the specially developed supply
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—A composite based on superhigh-molecular poly(ethylene) and tungsten trioxide nanoparticles has
been synthesized using the activation method. Tungsten nanoparticles have been prepared using the plasma-
chemical method and then oxidized in air. The particle size is 48 
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 7 nm. It has been established that the addition
of tungsten nanoparticles to superhigh-molecular poly(ethylene) brings about changes in the arrangement of
hydrocarbon chains in the structure, which leads to an improvement of the strength characteristics of the
products.
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Fig. 1.

 

 Electron microscope image of oxidized tungsten
nanoparticles. 
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circuit, this rod was sputtered with the subsequent oxi-
dation in air. Figure 1 presents the electron microscope
image of oxidized tungsten nanoparticles. 

The powder of oxidized tungsten particles was
mixed with a superhigh-molecular poly(ethylene) pow-
der in an AGO-2 mechanical activator (the rotational
velocity of drums was 1820 min

 

–1

 

). The percentage of
tungsten oxide varied from 2 to 14 wt %. The time of
the joint activation was 4 min. 

The strength characteristics of the material were
investigated using a disk fabricated from the compos-
ite under cold pressing with the subsequent hot press-
ing at a specific pressure of 100 kg/cm

 

2

 

 and a tempera-
ture of 200

 

°

 

C. The abrasion tests were performed in a
“disk (steel 45)–test specimen” pair on an MI-2 machine
according to the GOST (State Standard) 426-77. The
friction area of the specimen was 100 mm

 

2

 

, the linear
velocity was 12 m/min, and the time of each test was
30 min. 

3. RESULTS AND DISCUSSION 

The X-ray powder diffraction analysis has estab-
lished that tungsten sputtered in the plasma and then
oxidized in air is the orthorhombic modification of
tungsten trioxide WO

 

3

 

 with an average particle size of
48 

 

±

 

 7 nm. Figure 2 presents the X-ray powder diffrac-
tion patterns of the WO

 

3

 

 oxide and the composite con-
taining 7 and 14 wt % WO

 

3

 

. The X-ray powder diffrac-
tion data indicate that the structure of the polyethylene
remains unchanged upon introduction of the WO

 

3

 

nanodisperse powder. 

The results of the abradability tests are presented in
the table. 

Figure 3 shows the IR spectra of the composite spec-
imens with different WO

 

3

 

 contents. 

The analysis of the IR spectra of the composite
specimens has revealed a band (800 cm

 

–1

 

) correspond-
ing to the C–H bending vibrations. The presence of
these vibrations in the structure of the material can be
explained by stresses generated at the SHMPE–WO

 

3

 

nanoparticle interface, which in turn, possibly, leads to
an increase in the strength characteristics. 

The measurements of the permittivity 

 

ε

 

 in the range
from 5 to 500 MHz have shown that the superhigh-
molecular poly(ethylene) has 

 

ε

 

 = 2.3 and the composite
containing 7 wt % WO

 

3

 

 has 

 

ε

 

 = 2.57. 

According to the Raman scattering data, WO

 

3

 

reacted with the superhigh-molecular poly(ethylene)
and was partially reduced. 

Therefore, the introduction of WO

 

3

 

 nanoparticles
into superhigh-molecular poly(ethylene) leads to
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Fig. 2.

 

 X-ray powder diffraction patterns of (

 

1

 

) WO

 

3

 

 and
(

 

2

 

–

 

4

 

) superhigh-molecular poly(ethylene) composites with
different WO

 

3

 

 contents of (

 

2

 

) 7, (

 

3

 

) 14, and (

 

4

 

) 0 wt %. 

 

Results of tests for abradability of the initial SHMPE speci-
men and the SHMPE specimen with 7 wt % WO

 

3

 

Material

Force, kg

4.5 13.5 22.0

 

∆

 

m

 

∆

 

T

 

∆

 

m

 

∆

 

T

 

∆

 

m

 

∆

 

T

 

SHMPE 9.3 16 CW CW

SHMPE + 7 wt % WO

 

3

 

0.6 7.2 1.8 24.9 4.1 29.9

 

Note:

 

∆

 

m

 

 is the change in the weight, 

 

∆

 

T

 

 is the change in the tem-
perature, CW is the catastrophic wear (abrupt increase in

 

∆

 

m

 

 by a factor of several hundreds).
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Fig. 3.

 

 IR spectra of the superhigh-molecular poly(ethyl-
ene) specimens with different WO

 

3

 

 contents of (

 

1

 

) 0, (

 

2

 

) 2,
(

 

3

 

) 7, and (

 

4

 

) 14 wt %. 
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changes in the arrangement of hydrocarbon chains in
the structure, which affects the improvement of the
strength characteristics of the products. 
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