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One of the most important tasks facing modern mechanical engineering is to
increase the economic efficiency, reliability and useful life of machines and
machinery. Scientific studies aimed at creation of new polymer composites (PC)
with improved performance characteristics plays a defining role in solving this
problem. The composition and properties of the components of compounds have
a significant effect on the change in the properties of composite materials. Owing
to the possibility of combining in ratios and the choice of matrix and reinforcing
fillers, it is possible to obtain polymer composites with predefined properties.

Owing to its high thermal and heat resistance, and high strength properties,
aromatic polyamide of the phenylone C-2 grade and PC based on it are widely used
in various branches of industry. However, the relatively low processability (high
processing temperature and pressure), as well as the need to develop sophisticated
processing equipment, somewhat limits the scope of its application. In order to
improve the processing technology and improve the performance characteristics,
phenylone C-2 was filled with a dispersed filler (DF) — a solid solution based on
mullite 6Al,03 x 2B,03 x 35i0, in amounts of 5,17 and 25 wt. %.

The introduction of fillers into the polymer matrix leads to a significant change
in the mobility of structural elements, moreover the degree of this change depends
both on the nature of the polymer binder and reinforcing filler, and on the nature
of the interaction between them. Therefore, at the initial stage of the study, the
effect of the degree of reinforcing the phenylone C-2 on its thermophysical
properties was studied.
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The study results (Fig. 1) showed that the minimum values of the heat capacity
were typical for a PC containing 25 wt. % of DF. Compared to the initial polymer for
this PC, this indicator decreased by 19-23% in the temperature range of 298-473 K.
In the range of 498-523 K, a jump in specific heat capacity was observed on all
curves, characterizing the transition of PC from a glass-like to a highly elastic state.
Increasing the number of DF to 17 and 25 wt. % led to an increase in the jump in
specific heat capacity from 0.1 to 0.5 kd/kg - K, suggesting the development of
loosening processes in the PC structure.

Cp.klkg -K

1.7

1.3

1.1

O.g 1 | I | 1 | I | I | i
290 340 390 440 490 T.K

Fig. 1. Temperature dependence of specific heat capacity of phenylone C-2 (1)
and composites based thereon, filled with 5 (2), 17 (3) and 25 (4) wt. % of
dispersed filler

It has been established [1] that loosening of the molecular organization of
polymers in the boundary layers, as a result whereof some of the functional groups
of polymers are freed from molecular bonds and become more mobile, leads to an
increase in conformational transformations in the polymer structure and, as a
result, an increase in the jump in heat capacity in the phase transition zone. The
decrease in the value of the heat capacity jump during glass formation indicates
the exclusion of certain portion of macromolecules in amorphous zones from
participation in the glass formation process and is explained by the appearance of
polymer boundary zones in the system near the filler surface, the mobility of
macromolecules wherein is significantly suppressed [2]. The polymer fraction
located in the boundary zones and the thickness of the boundary layer were
calculated according to the ratio [3]:

"l 67 www.logos-science.com All rights reserved | CC BY-SA 4.0
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where: v=1-A Cyr/AC, IS the fraction of polymer macromolecules that have passed
into the boundary layers; AC, ¢y Is the jump in the specific heat capacity of the filled
polymer; AC, is the jump in the specific heat capacity of the unfilled polymer; @ —is
the volume content of the filler.

Based on the above, it follows that the predominance of loosening processes in
the PC structure led to a decrease in the polymer fraction located in the boundary
zones and the thickness of the boundary layer. The conclusion is confirmed by the
calculation results: an increase in the amount of DF from 5 to 25 by wt. % reduced
the thickness of the boundary layers in the PC structure from 5.1to 3.2 A

An increase in the degree of reinforcing the of phenylone C-2 led to an
increase in its thermal conductivity coefficient from 0.25 (for phenylone C-2) to 0.38
W/m - K (for PC containing 25 wt. % of DF). Conspicu-ous is the fact that the
maximum increase in ther-mal conductivity (up to 0.5 W/m UOK) was observed
when 17 wt. % of DF was introduced into the polymer.

The calculation of the linear expansion thermal coefficient (LETC) of the
samples showed that the introduction of DF into the structure of phenylone C-2
reduced this indicator by 2-3 times at temperatures of 298-573 K, the glass
formation temperature of PC increased from 546 to 873 K, and relative elongation
thereof for PC decreased with increasing DF in the studied temperature range
(fig. 2) by more than 3 times.

£.%

10

273 373 473 T.K

Fig. 2. Graphic charts of phe-nylone C-2 (1) and composites based thereon,
containing 5 (2); 17(3) and 25 wt. % dispersed filler
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Along with the improvement of thermophysical properties, the introduction
of phenylone C-2 DF into the structure of polymer made it possible to increase
its physico-mechanical and tribological properties (Fig. 3).

oy, MPa 4 I,'10°
2 3 —
300 1 P 1
q
230 15
200
150 ) 5
100 10 ﬁ 3 4
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0 g 3 L g 3 . | 55 J | 55 J | 5
a b

Fig. 3. Ultimate compressive strength (a) and linear wear intensity (b) of
phenylone C-2 (1) and PC based thereon, containing 5 (2), 17 (3) and 25 (4) wt.
% of dispersed filler

In particular, PC showed a higher fracture toughness by more than 20%
compared to theinitial polymer; the ultimate compressive strength of PCincreased
by 60 MPa, and the wear resistance increased 2.5 times compared to phenylone
C-2.

Therefore, based on the data obtained, it was found that the reinforcing of
aromatic polyamide with phenylone C-2 DF makes it possible to obtain new PC for
structural purposes with improved operational characteristics. A significant
decrease in the linear wear intensity (Fig. 3b) of phenylone C-2 from 15.8 to 6.6 allows
to recommend the developed PCs for manufacturing parts of friction units of
machines and machinery operating at elevated and alternating temperatures.
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