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TECHNICAL SCIENCES

UDC 678.675
CARBON PLASTIC FOR ANTIFRICTIONAL PURPOSES BASED ON
METAL-CONTAINING CARBON FIBER

Chigvintseva Olga

Ph.D. in Engineering Science, associate professor
Rula Iryna

Ph.D. in Engineering Science, associate professor
Boyko Yulia

senior lector

Dnipro State Agrarian and Economic University
Dnipro, Ukraine

Abstract: The influence of operation modes on the tribological properties of
carbon-filled plastic based on aromatic polyamide phenylone C-2, reinforced with 17
wt. % copper-containing carbon fiber, has been studied. It has been established that
the reinforcement of phenylon makes it possible to obtain a carbon plastic for
antifriction purposes with high wear resistance.

Keywords: aromatic polyamide, copper-containing carbon fiber, carbon

plastic, friction coefficient, wear resistance

Over the last few decades, the main focus has been on the development aimed
at creation of new polymer composites for antifriction purposes. The use of polymer
composites with high wear resistance and low friction coefficient makes it possible to
solve a number of problems associated with reducing the material consumption and
machine weight, as well as increasing their reliability and durability.

Composites based on thermoplastic polymers, including aromatic polyamide

phenylone C-2, have great capabilities to increase the reliability of friction units of

138



moving joints of machine and machinery.

Due to the rigid-chain structure, the specified polymer has high temperature
resistance, rigidity, hardness, tensile stress at break, long-term strength and resistance
to alternating loads [1]. To increase the antifriction properties of phenylones, they are
reinforced with particulate fillers, which increase the bearing capacity of the binder
and its wear resistance. However, reinforcement of polymer with powder fillers, as a
rule, leads to a significant decrease in its physical and mechanical performance [2].
Therefore, a more effective method of improving the performance characteristics of
phenylones is to reinforce them with fibrous fillers, among which carbon fibers are
the most promising.

One of the promising types of fibrous fillers are metal-containing carbon fibers
(Me-CF) obtained by carbonation at 1173K of cellulose fibers saturated with an
appropriate compound. The introduction of oxides or metal salts into the composition
of carbon fiber increases their hardness, as compared with unmodified carbon fiber,
reduces the friction factor and the intensity of linear wear, and enhances the ability of
plastics to form regular structures, which slows down destructive processes in the
matrix during friction [3].

In order to create a new carbon plastic of for antifriction purposes, phenylone
C-2 was reinforced with copper-containing carbon fiber (Cu-CF) in an amount of
17 wt.%.

The study of the processes of friction and wear of phenylones and carbon
plastics based on them was carried out on a disk friction machine in the friction mode
without lubrication at specific loads P = 0.2-0.8 MPa and sliding speeds v = 1-2 m/s,
friction path was 1000 m. A disk made of steel 45 (GOST 1050- 74), heat-treated to a
hardness of 45-48 HRC with a surface roughness Ra = 0.16— 0.32 um, was used as a
counterbody.

The friction coefficient f was determined by the formula:

. (FL+Fp)
N
where N — is the normal load on the sample; F; — is the friction force of the
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study sample; F, — is the losses occurring when the lever is rotated in the horizontal
plane.
The intensity of linear wear I, was calculated using the following relation:
A dG
pr (Ag-diy)

where G — is the amount of weight wear; Ly — is the friction path, m; Aa — is the

Ih

nominal contact area; pr — is the density of the study sample.

The results of studies of operating modes affecting the tribological properties
of samples indicated that with an increase in specific pressure and sliding speed, the
carbon plastic friction factor decreased (Fig. 1).

f

0.1

65 P. MPa

Fig. 1. The effect of the specific load on the friction factor of carbon plastic
samples tested at sliding speeds of 1(1), 1.5 (2) and 2 m/s (3)

In particular, in the course of operation of carbon-filled plastic samples under
sliding speeds of 1, 1.5 and 2 m/s with an increase in the specific load from 0.2 to
0.8 MPa, the carbon-filled plastic friction factor decreased by 22-72%,
correspondingly. If at the minimum specific pressure (P = 0.2 MPa) with an increase
in the sliding speed from 1 to 2 m/s, the friction factor decreased from 0.11 to 0.08,
and at the maximum specific pressure (P = 0.8 MPa) the drop was more significant
(from 0.08 to 0.03).

Along with a decrease in the friction coefficient, the operating mode tightening

led to an increase in the intensity of linear wear (I, - 10®) of carbon plastic samples
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(Table 1). With an increase in specific pressure and sliding speed, the linear wear
intensity for carbon plastic increased by an average of 1.5-2.5 times, which can be
explained by an increase in temperature in the contact zone of the polymer
sample - counterbody, which led to softening of the friction surface of the samples.
The friction coefficient of phenylone C-2 under the study loads and sliding
speeds varied from 0.13 to 0.18 and showed higher values as compared to carbon-
filled plastic, and the linear wear intensity with tightening of operating modes
increased for the polymer from 6.9 - 10° up to 1.5 - 10°®,
Table 1.
The effect of operating modes on the linear wear intensity of carbon-filled

plastic based on phenylone C-2, reinforced with 17 wt. % Cu-CF

Speed Specific load, MPa
sliding, m/sec 0.2 0.35 0.5 0.65 0.8
1 2.23 4.71 4.99 5.57 6.02
1.5 4.93 4.86 5.13 5.60 6.21
2.0 6.32 5.04 5.68 5.67 6.73

During friction of phenylone C-2, which has low values of the thermal
conductivity coefficient (0.27 W/m - K), the heat accumulation in the friction zone
took place, which led to an increase in the segmental mobility of macro-molecules, an
increase in adhesion, whereby the increase of the friction factor and damage to the
polymer friction surface were observed. The emergence of strong adhesive bonds led
to the destruction of the protective surface film being formed on the steel
counterbody in the course of the polymer wearing-in, therefore, the process of
setting-up the polymer with the steel disc began to progress, which resulted in an
increase in the friction factor and the linear wear intensity.

In general, the results of the conducted studies are indicative of the
reinforcement of aromatic polyamide phenylone C-2 with copper-containing carbon
fiber allows to significantly improve its tribological performance. The developed
carbon fiber had an average of 2.5-4 times lower friction factor, and its wear

resistance exceeded the wear resistance of the original polymer by more than 2 times.

141




The study of the main regularities of the process of friction and wear of carbon
plastic based on phenylone C-2 has shown that it has antifriction properties and high
wear resistance, which allows it to be recommended to be used as a material for the
structural purposes of friction units of machines and machinery in order to increase

the service life of products based thereon.
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