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DEVELOPMENT OF POLYMER 

COMPOSITE MATERIALS FOR 

FRICTION ELEMENTS OF 

CONVEYOR EQUIPMENT

The object of the study is materials with enhanced tribological properties intended for the friction components of conveyor equip-
ment. One of the most critical issues is ensuring the wear resistance of friction units in conveyor systems, particularly under dry friction 
conditions. A promising solution involves the use of tribotechnical polymer composite materials (PCMs) based on aromatic polyamide.

The research involved the use of modified graphite-containing systems based on aromatic polyamides filled with graphites of various 
dispersities and at different mass concentrations.

Polymer composites were obtained based on aromatic polyamide modified with organosilicon fluid and filled with graphites differ-
ing in nature and morphology. A correlation was established between the antifriction properties of the polymer compositions and both 
the filler content and graphite grade.

Under dry friction conditions, the enhancement of antifriction properties is achieved by incorporating graphite into the aromatic 
polyamide in an effective concentration of 15–20%, at which a stable antifriction film forms on the counterbody surface, acting as a solid 
lubricant. In this case, the coefficient of friction and the linear wear rate of the material remain low, 0.1 to 0.15 and 0.5 to 1 × 10–⁹ m/m, 
respectively. A notable observation is that during friction, the graphite material wears away while the metal remains virtually unaffected. 
It was found that an excessive filler content (> 20%) leads to brittleness of the composite, which is a critical design limitation.

As a result, the developed material can be effectively used for friction components operating under dry, lubrication-free conditions. 
This justifies its high utility and environmental benefits, as it eliminates the need for lubricants and their disposal. Compared to tradi-
tional materials such as bronze, the proposed composites offer distinct advantages.
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1. Introduction

Conveyors are among the most widespread types of equipment 
used across virtually all sectors of industry in Ukraine and leading 
countries worldwide [1]. They are operated at manufacturing facilities, 
warehouses, ports, and in both domestic and industrial environments 
for transporting raw materials, semi-finished goods, finished products, 
and production waste, as well as for performing loading and unloading 
operations [2].

One of the key criteria for assessing the performance of conveyor 
equipment is the reliability and service life of its friction units, which 
operate under significant dynamic loads, abrasive wear, corrosion, and 
temperature fluctuations [3].

The study of friction components in conveyor systems remains 
a relevant task in the current context, aimed at reducing the consump-
tion of metals and energy resources, ensuring the efficient use of raw 
materials and equipment, and eliminating the need for lubrication.

Traditional metallic friction components in conveyor equipment 
require lubrication and are typically designed with additional protective 
elements against abrasive environments, which complicates the overall 
construction and increases manufacturing costs  [4]. One such com-
ponent is intermediate suspended sliding bearings of screw conveyor 
shafts for transporting food products (Fig. 1, 2).

In these friction units, which often operate in direct contact with 
the conveyed product, sliding bushings made of wood or bronze are 
typically used. The primary drawback of wooden bushings is their low 
mechanical strength, which limits their ability to withstand high loads; 
moreover, the supply of appropriate imported wood can be problematic. 
In the case of bronze bushings, disadvantages include short service life, 
high cost, and substantial material losses during manufacturing. In both 
cases, the friction pair requires lubrication – a critical drawback when 
food comes into contact with lubricant. Only food-grade lubricants are 
permitted, which are quite expensive.

 
Fig. 1. Screw conveyor for transporting food products
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Fig. 2. Intermediate suspended bearing of a screw conveyor

Thus, it can be concluded that modernization of the intermediate 
suspended bearing in screw conveyors – specifically with the goal of 
simplifying the design and eliminating lubrication – is a timely and 
relevant engineering challenge.

When determining the primary factors influencing friction in the 
sliding bushing of an intermediate bearing in screw conveyors, con-
siderations included the mechanical characteristics of the materials, 
sliding speed, load, and the coefficient of friction both in lubricated 
and dry conditions [5].

One of the most significant factors affecting the wear rate of the 
bushing is the linear sliding speed on the shaft surface v (m/s), which is 
determined by the following relationship

v nDshaft� � �� ,	 (1)

where Dshaft – shaft diameter (m), n – shaft rotational speed (rev/s).
Considering the force acting on the bushing, the friction force Ffr (N)

F F ffr � � ,	 (2)

where F – force acting on the bushing (N), f – coefficient of friction.
Next, the friction torque M (N · m) is calculated as

M F r f� � � ,	 (3)

where r – shaft radius (m), F – force acting on the bushing (N), f – coef-
ficient of friction.

The lubricant consumption Q (m3/s) is estimated using the follow-
ing relationship

Q k A v� � � ,	 (4)

where k – lubricant flow coefficient, A – contact surface area (m²),  
v – linear sliding speed (m/s).

The power Pfr (W ) consumed due to friction is calculated by

P F vfr fr� � ,	 (5)

where Ffr – friction force (N), v – linear sliding speed (m/s).
The rotational speed of the screw shaft indicates the operating ve-

locity of the bushing. Mechanical losses at the bushing (friction torque) 
are critical when selecting a suitable bushing material and lubricant to 
ensure effective reduction of wear intensity and overheating. The lu-
brication system must be properly adjusted to minimize friction, under 
which conditions the coefficient of friction ( f ) remains relatively low.

However, when the sliding bushing operates without lubrication, 
the situation changes significantly: the friction between the screw shaft 
and the bushing increases markedly, which may lead to severe overheat-
ing, accelerated wear, and even material failure. In this case, the coef-
ficient of friction ( f ) between the contacting surfaces becomes higher, 
and mechanical losses increase accordingly.

The selection of an appropriate bushing material must therefore 
take into account the applied load, the operating environment, and the 
coefficient of friction.

In this context, the use of polymers and their composites as mate-
rials for friction-interacting components presents significant interest. 
One such group of materials is aromatic polyamides [6], which represent 
an advancement over traditional materials such as bronze, brass, and 
wood  [7]. The use of aromatic polyamide for manufacturing friction 
components of conveyor equipment addresses several key challenges: 
it eliminates the need for lubrication, enables waste-free manufacturing 
technologies, reduces overall machine weight, and extends the service 
life of equipment [8].

In recent years, efforts to rationalize the use of polymers have con-
tinued, as evidenced by domestic and international research. This objec-
tive is being pursued through the modification of polymer properties by 
influencing both external and internal factors that govern the structure 
and characteristics of polymer systems. Studying the mechanisms of struc-
tural modification enables targeted control of polymer system formation, 
allowing the creation of materials with predetermined property sets [9].

One notable polymer based on aromatic polyamides is poly-meta-
phenylene isophthalamide, which exhibits high chemical resistance, ther-
mal and heat stability, and mechanical strength. Components made 
from this material can operate at temperatures up to 523 K and with-
stand alternating loads of up to 230 MPa. Additionally, parts made from 
aromatic polyamide can function effectively in machine friction units 
under dry, lubrication-free conditions [10].

Therefore, the use of aromatic polyamide as a base material for 
manufacturing friction unit components in conveyor systems is a well-
founded and technically justified solution.

The aim of this research is to develop polymer composites based on 
aromatic polyamide, modified with organosilicon fluid and filled with 
graphites of various types and morphologies.

2. Materials and Methods

2.1. Materials
The object of this study is materials with enhanced tribological prop-

erties intended for friction components of conveyor equipment operat-
ing under frictional interaction.

Aromatic polyamides are linear polymers whose macromolecules 
consist of aromatic fragments of various structures linked by amide 
bonds. The simplest aromatic fragment is the phenyl radical, while 
more complex ones include radicals such as diphenyl sulfone, diphenyl 
ether, and others [3].

In this study, the aromatic polyamide used was poly-meta- and pa-
ra-phenylene isophthalamide. Its structural formula is shown in Fig. 3.

 
Fig. 3. Structural formula of aromatic polyamide

This aromatic polyamide is a product of the polycondensation of aro-
matic diamine and the acid chloride of isophthalic acid. It is characterized 
by a high glass transition temperature (563 K) and melting point (703 K),  
a relatively high long-term service temperature (up to 533 K), and el-
evated resistance to radiation and chemical exposure, among other 
valuable properties. The molecular weight of poly-meta- and para-
phenylene isophthalamide suitable for processing into final products 
ranges from 20,000 to 70,000. This polymer has an amorphous struc-
ture and crystallizes rapidly at temperatures of 313–323 K , or at lower 
temperatures with prolonged heating.
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Pressing materials based on the selected aromatic polyamide are 
produced in the form of fine powders with a white-yellow color, a bulk 
density of 200–400 kg/m3, and an intrinsic viscosity of not less than  
0.8 for a 0.5% solution in dimethylformamide with 5% lithium chloride.

To improve processability, the aromatic polyamide was modified 
with a silicone-based polydimethylsiloxane liquid (grade PMS-100). 
This class of compounds was chosen because these substances are com-
monly used to modify polymers or for surface treatment of powder or 
fibrous compositions. Their high chemical and thermal stability allows 
them to be processed together with aromatic polyamides at elevated 
temperatures. The excellent lubricating properties of PMS-100 are 
expected to improve the antifriction characteristics of the modified 
aromatic polyamide [11].

Graphite was selected as the antifriction filler for the aromatic 
polyamide due to its higher effectiveness compared to other solid 
lubricants such as molybdenum disulfide, boron nitride, or polytetra-
fluoroethylene (PTFE).

Graphite is an allotrope of carbon with a layered crystalline struc-
ture. The individual crystal layers are weakly bonded and slide easily 
over one another, which provides a low coefficient of friction. The 
density of industrial-grade graphite is approximately 2000  kg/m³. 
Graphite is stable in atmospheric pressure up to 873 K , and in vacuum 
up to 3773 K . It exhibits electrical conductivity similar to metals, is 
chemically and radiationally stable, insoluble in water, and resistant 
to strong acids and alkalis.

In this study, various grades and particle sizes of graphite and 
graphite-based materials were used, including B-1 (GOST  5245-50), 
ELP-V (TU 6-08-314-74), C2 (GOST 8295-73), GK-1 (GOST 4404-78), 
and GAK-1 (GOST 10273-79). The main characteristics of these ma-
terials are presented in Table 1.

Table 1

Key characteristics of the investigated graphite materials  

and graphite-based preparations  

No. Name Grade

Ash 

Con-

tent, %

Particle Size/Sieve Residue

1 Battery graphite GAK-1 ≤ 0.5

Residue on sieve 

No. 016 (160 µm) ≤ 50%, 

on sieve No. 0063 (63 µm) – 

90–50%

2

Pencil graphite (for 

drawing and office 

pencils)

GK-1 ≤ 1
Residue on sieve  

No. 0063 (63 µm) ≤ 0.5%

3
Dry colloidal graph-

ite preparation
C1 ≤ 1.5 Particle size 4–6 µm

4
Aqueous colloidal 

graphite preparation
B-1 ≤ 2 Particle size ≤ 0.5 µm

5
Aqueous colloidal 

graphite preparation
ELP-V ≤ 1 Particle size ≤ 0.5 µm

2.2. Method of specimen fabrication
Aromatic polyamides are characterized by high melt viscosity, 

which makes direct processing challenging. Therefore, specimens for 
the comprehensive evaluation of the developed materials were pro-
duced using compression molding in heated molds.

The molding process was conducted according to the following 
procedure:

1.	 Preheating of the mold to 523 K and loading of the material.
2.	 Heating of the mold with the material to the pressing temperature 

and holding at that temperature without applying pressure for 5 minutes.
3.	 Thermal treatment under a pressure of Ppr = 50 MPa for 5 minutes.
4.	 Cooling of the material under pressure down to 493 K.
5.	 Opening of the mold, removal of the specimen, and subsequent 

mechanical finishing.

All test specimens were subjected to mechanical and tribological 
testing no earlier than 24 hours after fabrication.

2.3. Research methods
Tribological testing of the developed materials was conducted 

under both lubricated and dry friction conditions using an SMC-2 
tribometer, with applied contact pressures up to 20 MPa. A steel 45 disc 
was used as the counterbody. The total sliding distance of the test speci-
mens was 10,000 meters, and the rotation speed of the disc was varied 
within the range of 1–3 m/s. For lubricated tests, Industrial 45 oil was 
used as the lubricant.

The friction force was measured using a strain gauge method, while 
wear was assessed through micrometry and mass loss measurements 
using an analytical balance (VLR-200) with an accuracy of ±  10⁻⁴  g.

The linear wear was calculated using the following formula

l m
S

�
��

,	 (6)

where l – linear wear (m), m – mass loss due to wear (kg), ρ – density of 
the specimen material (kg/m3), S – contact surface area (m2).

The linear wear rate was determined by dividing the linear wear by 
the total sliding distance during the test.

3. Results and Discussion

To improve their performance characteristics, aromatic polyamides 
can be filled or modified with materials of various natures and mor-
phologies, allowing for targeted adjustment of the resulting polymer 
composite properties.

In this study, an aromatic polyamide was modified with organosili-
con additives possessing high thermal stability and chemical resistance. 
This modification results in reduced intermolecular interactions within 
the polymer, which leads to decreased melt viscosity, a wider processing 
temperature range, and other positive effects [12].

To enhance the tribological properties, the modified aromatic poly-
amide was further filled with graphite and graphite-based preparations 
of different particle sizes. These act as highly efficient solid lubricants 
and significantly increase the wear resistance of friction units over-
all [13]. Fig. 4, 5 show the concentration dependences of the linear wear 
rate and the coefficient of friction for composites based on modified 
aromatic polyamide and graphite.

 
Fig. 4. Dependence of the linear wear intensity (Ih) of aromatic polyamide-

based polymer composites on graphite content: 1 – ELP-V; 2 – B-1; 3 – C-1

The study found that both the type and amount of filler (graphite) 
have a substantial influence on the friction and wear performance of 
the obtained composite materials. As the graphite content increases, 
the wear intensity of the tested materials decreases sharply; however, 
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introducing graphite beyond 20–25% results in a slight increase in this 
indicator. The wear intensity curve reaches its minimum at a graphite 
content of 15–20% (Fig. 4).

 
Fig. 5. Dependence of the coefficient of friction ( f ) of aromatic polyamide-

based polymer composites on graphite content: 1 – ELP-V; 2 – B-1; 3 – C-1

During the friction process, graphite forms a film on the counter 
body surface that resembles solid alloys in its properties, retaining its 
crystalline structure and creating conditions for graphite-on-graphite 
sliding. Under load, graphite particles become embedded in the coun-
ter body surface; owing to their hardness, which can even exceed that 
of metals, they act as nuclei around which a film builds up through 
chemisorption and adsorption of wear products. As a result, dry fric-
tion occurs between the polymer sample surface and the formed solid 
film, which acts as a dry lubricant. This explains the stability of the 
antifriction performance of graphite-filled aromatic polyamide under 
dry friction conditions, where the coefficient of friction remains low.

A characteristic feature is that during operation, only the graphite 
material undergoes wear, while the metal remains virtually unaffected. 
Changes in motion direction during reciprocating sliding do not disrupt 
the orientation of graphite particles relative to the working metal surface.

The speed of film formation, its uniformity, and its density are di-
rectly dependent on the amount of filler in the polymer composite. This 
explains the sharp increase in wear resistance of composites containing 
15–20% graphite. Further increases in graphite content lead to a signifi-
cant reduction in strength and increased brittleness of the composite, 
resulting in a higher share of fatigue wear and thus a decrease in wear 
resistance for graphite contents above 20%.

The nature of the filler also has a significant impact on the wear re-
sistance of the composite plastic. The average particle size of the graph-
ites increases in the order ELP-V, B-1, C-1. Composites with coarser 
graphite particles exhibited higher wear resistance. Meanwhile, the 
coefficient of friction decreases with increasing graphite content in the 
aromatic polyamide, regardless of particle size.

Tribological studies were also conducted on polymer composites 
containing powdered natural graphites (grades GK-1, GAK-1) and 
artificial graphite C-1 at a concentration of 20%. Under various friction 
conditions, the material containing GK-1 graphite demonstrated the 
highest antifriction performance (Fig. 6, 7).

The mechanism for improving the antifriction properties of aro-
matic polyamide by introducing graphite is explained by the combined 
interaction of graphite as a high-quality lubricating material and the 
aromatic polyamide as a polymer binder with enhanced physical, me-
chanical, and antifriction characteristics [14].

Aromatic polyamide tends to absorb significant amounts of at-
mospheric moisture during long-term storage. In the friction process, 
frictional heating promotes the desorption of water vapor from the 
specimen’s bulk, allowing it to enter the contact zone. The presence 
of water vapor positively influences the friction behavior of carbon – 

graphite materials. In addition, during the friction of composite plastics, 
mechanical-chemical processes occur in the contact zone, accompa-
nied by the formation of active radicals. Gaseous products are chemi-
cally sorbed and adsorbed by active centers on the graphite crystals, 
thereby creating favorable conditions for friction.

Fig. 8 shows the dependence of the friction heating temperature 
and the friction coefficient of the studied pair on the sliding distance.

 
Fig. 6. Dependence of the linear wear intensity (Ih) of aromatic polyamide – 

graphite-based polymer composites (1 – GAK-1; 2 – C-1; 3 – GK-1)  

on the specific load (P)

 
Fig. 7. Dependence of the coefficient of friction ( f ) of aromatic polyamide – 

graphite-based polymer composites (1 – GAK-1; 2 – C-1; 3 – GK-1)  

on the specific load (P)

 
Fig. 8. Dependence of (1) frictional heating temperature (T ) and (2) 

coefficient of friction ( f ) of the graphite-filled aromatic polyamide –  

steel 45 friction pair on the sliding distance (L)

In the initial stage, characterized by relatively low frictional heat-
ing temperatures, the coefficient of friction rises. Then, as the contact 
temperature increases, the coefficient of friction reaches its maximum 
and begins to decrease. Upon stabilization of the thermal regime, the 
coefficient of friction also stabilizes.
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The heat generated during friction promotes the release of water 
vapor from the polymer’s bulk and the occurrence of chemical sorp-
tion processes in the contact zone. This leads to the formation of a film 
on the counter body surface, which acts as a solid lubricant. The rate 
of film formation and the stabilization of the friction regime depend 
on the process parameters, including specific pressure, sliding speed, 
temperature, and the presence and type of lubricant [15].

The study also established that the friction conditions have a sig-
nificant influence on the wear and friction behavior of this polymer 
system. Despite generally high wear resistance, the most favorable mode 
is dry friction, characterized by the absence of any lubricating medium. 
This suggests that graphite-filled aromatic polyamide exhibits high self-
lubricating properties over a wide load range.

The wear intensity during lubricated friction increases as the load 
grows, whereas in dry friction its value remains stable within the inves-
tigated load range up to 20 MPa (Fig. 9).

 
Fig. 9. Dependence of the linear wear intensity (Ih) of graphite-filled 

aromatic polyamide on the specific load (P) under friction conditions:  

1 – with lubrication, 2 – without lubrication

In dry friction mode, the coefficient of friction also shows relative 
stability as the load increases (Fig. 10). With lubrication, an increase in 
load up to 5 MPa reduces the coefficient of friction, while further load 
increases cause a slight rise.

 
Fig. 10. Dependence of the coefficient of friction (f) of graphite-filled 

aromatic polyamide against steel 45 on the specific load (P) under friction 

conditions: 1 – with lubrication, 2 – without lubrication

To further investigate this phenomenon, the surface of the counter-
body was examined after testing under both dry and lubricated condi-
tions. During dry friction, wear of the steel counterbody (Fig. 11) was 
practically absent, indicating the high stability of the formed solid film. 
Conversely, the presence of a lubricating medium inhibited film forma-
tion and led to noticeable wear of the counterbody.

 
Fig. 11. Dependence of the linear wear intensity (Ih) of the steel  

counterbody during frictional interaction with (1) bronze (lubricated 

friction) and graphite-filled aromatic polyamide (friction with (2) and 

without (3) lubrication) on the specific load (P)

The obtained experimental data indicate that graphite-based com-
posites using aromatic polyamide not only exhibit high wear resistance 
but also cause less wear on the steel counterbody compared to bronze. 
This is of significant practical importance for increasing the service life 
of friction units in conveyor equipment, where one of the main failure 
causes is wear of the working surface in contact with bronze components.

Further investigation into the physicomechanical and thermophysi-
cal properties of the developed composite is of interest. The results are 
presented in Table 2.

Table 2

Physico-mechanical and thermophysical properties of the base aromatic 

polyamide and the developed composite based on it

No. Property

Base 

Aromatic 

Polyamide

Composite based on 

modified aromatic 

polyamide with 20% 

GK-1 graphite

1 Density, kg/m
3

1340 ± 10 1410 ± 10

2

Ultimate stress, MPa:

in compression

in bending

in tension

210 ± 5

230 ± 5

120 ± 5

195 ± 5

176 ± 5

92 ± 5

3 Specific impact toughness, kJ/m
2

50 ± 4 32 ± 4

4 Compressive modulus, MPa 3200 ± 50 5250 ± 50

5 Hardness, MPa 290 ± 5 350 ± 5

6 Brittleness temperature, K 193 ± 5 196 ± 5

7 Vicat softening temperature, K 563 ± 5 565 ± 5

8 Thermal conductivity, W/m²·K 0.24 ± 0.02 0.59 ± 0.02

9 Thermal diffusivity, m
2
/s 1.62 ± 0.05 4.17 ± 0.05

Based on the obtained data, it can be concluded that the developed 
composite exhibits similar or even superior properties compared to 
the base aromatic polyamide. Although the ultimate stresses in com-
pression, bending, and tension of the developed composite are some-
what lower than those of the base polymer, these values are still several 
times higher than the stresses typically occurring in the friction unit of  
a conveyor system. The thermophysical properties of the developed 
composite are significantly better than those of the base aromatic poly-
amide, enabling it to withstand higher thermal loads and to dissipate 
heat more effectively from the friction surface.

Practical significance. Due to their high level of properties, the de-
veloped composite materials can improve the operational performance 
of conveyor equipment friction units, eliminate the need for lubrica-
tion, and reduce production costs. These materials can be effectively 



CHEMICAL ENGINEERING:
CHEMICAL AND TECHNOLOGICAL SYSTEMS

31TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 4/3(84), 2025

ISSN-L 2664-9969; E-ISSN 2706-5448

used for manufacturing friction unit components of standard equip-
ment across various industries, replacing costly non-ferrous metals and 
their alloys. The ability of the developed materials to operate efficiently 
under dry, lubrication-free conditions supports their considerable prac-
tical utility and environmental benefits by eliminating the need for 
lubricants and their disposal.

Limitations of the study. The use of the study results is currently 
limited to laboratory testing conditions. For industrial implementa-
tion, it is necessary to conduct additional tests under real production 
operating conditions and to develop a mass-production technology for 
these components. Further work is also required to improve the design 
of friction units in order to save materials and to develop a technical 
framework for the effective servicing of modernized friction units.

Prospects for further research. The main prospects for continued 
research in this area include the modernization of friction unit designs 
using the developed materials, as well as practical investigation of the 
tribological performance of these materials under actual industrial 
operating conditions. An important future task also remains the con-
tinued selection of modifiers and fillers for obtaining aromatic poly-
amide – based materials with even higher tribological performance.

4. Conclusions

It has been determined that, from the standpoint of tribological 
properties, the optimal materials are polymer composites based on 
modified aromatic polyamide filled with 20% graphite. Their coef-
ficient of friction and linear wear intensity during frictional interaction 
with steel are 0.1–0.15 and 0.5–1 × 10⁻9 m/m, respectively. An exces-
sive filler content (> 20%) leads to brittleness of the composite, which 
represents an important design limitation.

It was established that the improvement in the antifriction proper-
ties of friction units with the developed polymer composites is associ-
ated with the formation of an antifriction film on the surface of the steel 
counterbody, which acts as a solid lubricant. Compared to bronze, the 
graphite-filled polyamide minimizes wear of the steel counterbody, 
significantly extending the service life of the equipment.

It was found that the developed composite demonstrates a high 
level of antifriction properties under various lubrication conditions. 
The resulting composite material is recommended for use in conveyor 
equipment friction units operating under harsh conditions, without 
lubrication, as a substitute for non-ferrous metals, their alloys, and 
wood. Practical investigation of the tribological characteristics of these 
materials under real operating conditions in conveyor equipment is 
a promising direction for further research.
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