ISSN 2079-1372 Problems of Tribology, V. 30, No 1/115-2025, 45-50

/_\ Problems of Tribology
Website: http://tribology.khnu.km.ua/index.php/ProbTrib

E-mail: tribosenator@gmail.com

DOLI: https://doi.org/10.31891/2079-1372-2025-115-1-45-50

Influence of tribotesting on microhardness of polymers

R. M. Marchuk!*00-0007-3574:5730 R G, Mnatsakanoy' Q000015035242 () P,y aghchulk!0009-0000-6712:3804 ()
I. Kushch?(000-000L7147-9803 1y 'y Nyshehuk!200-0002:7970-1265
IKyiv Aviation Institute, Ukraine
’National Transport University, Ukraine
*4629663@stud.kai.edu.ua

Received 25 December 2024: Revised 22 January 2025: Accept 10 February 2025

Abstract

This study investigates the microhardness of the polymeric material Zedex zx-100k and other polymers
following tribological testing at different sliding speeds. The primary objective of this research is to select
polymers for potential use in composite materials. Microhardness was determined using a [IMT-3 microhardness
tester by indenting diamond indenters into samples in various zones — on the initial surface of the material and in
the wear area. The results obtained allow evaluating the influence of sliding speed on the change in microhardness
of the polymeric material and its behavior under wear conditions. Additionally, the results enable comparison of
different polymers tested on a tribometric setup with subsequent assessment of their physical characteristics.

The research highlights the importance of understanding the tribological properties of polymers, as these
materials are increasingly being used in various industrial applications due to their favorable characteristics, such
as low weight, cost-effectiveness, and chemical resistance. The selection of suitable polymers for composite
materials is crucial for enhancing the performance and durability of products in which these materials are used.

Moreover, the study provides insights into the mechanisms of wear and the role of microhardness in the
wear resistance of polymers. By analyzing the behavior of polymers under different sliding speeds, the research
contributes to the development of more effective materials for engineering applications where high wear resistance
is required. The findings suggest that optimizing the sliding speed can significantly impact the wear resistance and
longevity of polymer-based components.

In conclusion, this study offers a comprehensive analysis of the microhardness of polymers subjected to
tribological testing, providing valuable data for the selection and optimization of materials in composite
applications. The methodology and results discussed in the paper can serve as a basis for further research aimed at
improving the performance of polymeric materials in demanding operational environments.
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Introduction and statement of the research problem

This study examines the hardness of polymeric materials, which is defined as the ability of a material to
resist localized surface deformation under indentation [1]. The hardness of a material can be interpreted in different
ways depending on its properties. For example, if hardness is viewed as resistance to touch, steel is harder than
rubber. However, if hardness is understood as the ability of a material to resist permanent deformation, then rubber
can be considered harder than most metals because its range of elastic deformation is much wider.

Metals, despite having high elastic moduli, have a limited elastic range [2]. Therefore, during hardness
testing, the deformation of metals mostly goes beyond the elastic range and turns into plastic deformation. In the
case of polymers, the situation is even more complicated. Polymers can exhibit both elastic and plastic properties
depending on their composition, operating conditions, and temperature [3]. For example, some polymers can
change their hardness in the area of contact with other materials, which can be considered a surface hardening
effect similar to the scaling in metals. This feature is important for assessing the wear resistance of polymers under
different sliding conditions.

The study of microhardness of polymers has been of interest due to the need for a deeper understanding of
their behavior under load, as the viscoelastic properties of plastics significantly affect test results. Since plastics
exhibit both elastic and viscoelastic properties, testing their hardness requires taking into account phenomena such
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as creep under load and time-dependent recovery after load removal. It is known that the term “hardness” covers
many different aspects: scratch hardness, rebound, deformation, etc. In the case of viscoelastic materials, such as
polymers, hardness properties can change depending on the time of loading, which necessitates the selection of a
well-defined test method for accurate comparisons [4].

From a practical point of view, microhardness testing of polymeric materials has significant potential as a
non-destructive method for assessing the quality of polymeric products [5]. For example, microhardness results
can correlate with parameters such as polymer morphology, density, orientation effects, and even mechanical
properties during molding. In addition, microhardness results can help in the study of stress, polymerization, water
dissipation, and durability parameters of polymer coatings, which is particularly valuable for understanding the
long-term stability of polymers in service [6].

Materials and methods of research

In this study, the following polymeric materials produced by the Rochling Group were selected: Sustamid
6G OL yellow, Sustamid 66 gray, Sustadur PET white, Sustapeek GF30, Sustamid 6 black, Sustapei transparent,
Sustadur GLD white, Zedex zx-100k.

All samples were subjected to standard preparation prior to testing, including dirt removal and degreasing
to prevent the influence of foreign substances on the results of microhardness measurements.

The Sustamid 6, Sustapei, Sustamid 6G OL, Sustapeek GF30, Sustadur GLD, Sustamid 66 and Sustadur
PET materials were tested at a sliding speed of 2.8 m/s, which provided standardized conditions for evaluating
their characteristics.

After the initial series of tests on a tribometric machine [7] under the same conditions, it was determined
that the Zedex zx-100k material showed the best results and was selected for further experiments. This material
was additionally tested at three sliding speeds: 1.4, 2.8, and 5.5 m/s.

The hardness of the tested samples was evaluated using a PMT-3 microhardness tester with a diamond
indenter. The indenter has the shape of a tetrahedral diamond pyramid with an angle of 136 degrees at the top,
which ensures high accuracy of indentation and measurement of the microhardness of polymers.

The microhardness tests were performed both for the original surface that was not subjected to friction and
for the surface in the friction track zone, which allowed comparing the effect of the tribological experiment on
changes in microhardness. The load applied during indentation was 0.39 N for all samples.

The main indentation hardness tests can be divided into two categories:

1.Tests that evaluate the residual strain after application and removal of the indenter (such tests are typically
used for metals, as they measure the hysteresis or elastic function).

2.Tests that evaluate the load and strain characteristics, which are used for polymers because they measure
the elastic modulus function.

The method of the second category was used to test polymers, since it allows taking into account the
peculiarities of viscoelastic deformation of polymers, ensuring the accuracy of the assessment of their
microhardness under loading conditions. [8].

The friction tests were performed using a counterpart made of 30KhGSA steel, which had the following
characteristics: HRC = 43 and Ra = 0.37 um. The contact surface of the polymers interacted with the steel
counterbody during friction, which allowed for standardized loading conditions for each sample and ensured
comparability of results.

The process of assessing the microhardness of polymers requires taking into account their viscoelastic
properties, as polymers tend to deform significantly under load. To reduce the influence of viscoelastic
deformation and ensure the stability of the results, the measurements were performed a short time after the indenter
was inserted. The experiments took into account the change in microhardness of the samples in the friction zone,
which may be due to the phenomenon of sticking, characteristic of polymers under specific loading conditions.
This allows for a deeper understanding of the mechanism of behavior of polymeric materials under friction and
wear.

Purpose

The aim of the study is to analyze in detail the changes in the microhardness of polymeric materials under
different sliding speed conditions, using Zedex zx-100k as a base material for testing. In the course of the study,
the microhardness of polymer samples is evaluated before and after tribometric loading, which allows establishing
the regularities of changes in the physical and mechanical properties of the material under the influence of various
operating conditions. Particular attention is paid to the change in microhardness in the contact zone, which is an
important indicator for assessing the wear resistance and durability of polymeric materials.

Results

The study evaluated the changes in the microhardness of various polymeric materials after testing on a
tribometric setup. An important aspect was the comparison of the microhardness values on the original surface
and on the friction track, which made it possible to assess the trend of changes in the microhardness of the material
after the experiment. The Sustapeek GF30 material (Fig. 1), like other samples, was measured on the PMT-3
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installation using a diamond indenter, which allows obtaining accurate hardness results that are important for
understanding the wear resistance and mechanical stability of polymers.

Table 1 shows the results of changes in the microhardness of polymeric materials. The deviation values
show the difference between the original surface and the contact zone where friction was observed. Negative
values (weakening) indicate a loss of hardness after friction, which may indicate a decrease in the material's
strength under load. For example, the Sustamid 6 material has a significant weakening, with a deviation of -1296.8,
which may indicate a decrease in its resistance to prolonged friction.

Particular attention was paid to the Zedex material, which was tested in three sliding speed regimes to
investigate the effect of different operating conditions. Samples Zedex No. 1 (5.5 m/s), Zedex No. 2 (2.8 m/s) and
Zedex No. 3 (1.4 m/s), conventionally numbered to simplify the analysis, show different hardening rates with
increasing sliding speed, which may be useful for further optimization of the material depending on the conditions
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Fig. 1. Image of the microhardness tester imprint on the surface of Sustapeek GF30 material.

In the process of studying the microhardness of polymers after friction with a metal counterbody, one can
observe the phenomena of mechanical destruction and thermal destruction of polymeric materials, which have a
key impact on the parameters of the contact zone. Mechanodegradation occurs due to the influence of mechanical
load, which leads to the destruction of molecular bonds and a decrease in the integrity of the polymer structure.
This destruction is associated with microscopic deformations and cracks that gradually accumulate on the polymer
surface, especially in areas of high pressure, such as the contact zone with a metal counterbody.
Mechanodestruction is an important wear factor because it leads to degradation of physical properties such as
hardness and, ultimately, to a reduction in material life.

In addition to mechanical degradation, thermal degradation of polymeric materials occurs under friction at
high speeds. It is caused by a significant increase in the temperature in the contact zone, when it sometimes exceeds
the operating range of the material. When critical temperature values are reached, some polymers begin to lose
structural stability, which can lead to softening, loss of stiffness, or even chemical degradation. Thermal
degradation can lead to partial melting or oxidation of the surface layers of the polymer, which reduces its
mechanical strength. It is this fracture mechanism that explains the microhardness deviation value for Zedex #1,
which showed the least tendency to harden after testing at the highest quench rate.

Results of Changes in Microhardness of Polymeric Materials fevled

Microhardness H40, MIla X}:;if’h;

Material The original The friction

surface track AH Am

Sustamid 6 1830.1 533.3 1296.8 weakening 0.3147
Sustapei 996.5 337.7 658.8 weakening 0.1800
Sustamid 6G OL 1313.6 1037.9 275.7 weakening 0.1996
Sustapeek GF30 738.9 500.3 238.6 weakening 0.1232
Sustadur GLD 658.8 569.7 89.2 weakening 0.0836
Sustamid 66 398.9 328.4 70.4 weakening 0.1178
Sustadur PET 260.6 798.8 538.2 strengthening 0.0458
Zedex zx-100k (Nel) 158.4 214.1 55.7 strengthening 0.0354
Zedex zx-100k (Ne2) 158.4 293.5 135.0 | strengthening 0.0184
Zedex zx-100k (Ne3) 158.4 305.4 147.0 strengthening 0.0094

The increase in the microhardness of polymers under tribotechnical loading can be explained by both
mechanical and morphological factors. First, the mechanical strengthening of the surface layer due to local
deformation from friction leads to its compaction and orientation of molecules in the direction of the load. This
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contributes to the creation of a denser and more stable structure, which has a positive effect on microhardness.
This effect often occurs as a result of slander, which, although typical for metals, can also occur in polymeric
materials under certain conditions. The results of the studies of weight wear and microhardness of materials are
shown in Figure 2. The graphs demonstrate the relationship between the mechanical properties of materials and
their resistance to wear.
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Fig. 2. Comparison of weight wear (a) and microhardness (b) of materials: results of experimental studies.

Second, morphological changes that occur in the surface layers of polymers during friction play an
important role. Increased temperature and mechanical loading can promote partial crystallization of the polymer,
which leads to the formation of a more structured, oriented microstructure. This is especially true for partially
crystalline polymers [9], which are capable of changing their morphology under heating conditions. Such structural
changes increase the material's resistance to external influences and contribute to the growth of microhardness.

Conclusions

The study has shown that the polymeric material Zedex zx-100k (No. 1) has a positive tendency to
strengthen even at high sliding speeds. Despite the recorded destruction of the surface in the contact zone, a slight
strengthening of the material was observed after the test was completed. This indicates the ability of Zedex zx-
100k to withstand significant loads and maintain its structural integrity, which is an important factor for its use in
composite materials operating in harsh environments.

Comparison of the microhardness of polymers allows us to determine the optimal operating conditions for
each material. In particular, an increase in hardness in the friction zone indicates the ability of polymeric materials
to adapt structurally in response to mechanical loading, which is a promising factor for their selection as matrices
in composite materials. The decision to choose Zedex zx-100k for a more in-depth analysis was justified, as this
material proved to be resistant to deformation and showed a tendency to increase microhardness after testing on a
tribometric machine.

In addition, it was noted that the processes of mechanical degradation and thermal degradation play a key
role in the behavior of polymers during operation. The temperature rise in the contact zone sometimes exceeded
the operating range of the materials, which caused structural changes in the surface layers of polymers.
Accordingly, the selection of polymeric materials based on their temperature and mechanical characteristics is
important to increase their durability and stability. Careful selection of materials can help to minimize the negative
impact of destructive processes on polymer parts operating in harsh environments.
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Thus, the results of the study confirm the prospects of using polymeric materials, in particular Zedex zx-
100k, in composites subjected to significant loads. This opens up new opportunities for improving polymer
composites that can adapt to operating conditions and demonstrate increased wear resistance and strength.
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Mapuyk P. M., MuanakanoB P.I'., Amyk O II., Kym O. 1., Humyxk /I. B. Brumus tpuboTectyBanHs Ha
MIKpOTBEpPICTh MOJIIMEpIB

VY mpoMy JOCTiIKEHHI BUBYAETHCA MIKPOTBEPAICTH IMosiMepHOTo MaTepiamy Zedex zx-100k Ta iHmmx
MOJIIMEpPIiB MicCis TPHOOTECTyBaHHSA 3a PI3HMX MIBHAKOCTEH KoB3aHHSI. OCHOBHAa MeTa IIbOTO IOCIHIIKEHHS —
BinmiOpatu moJiMep AJI MOTEHIIHHOTO BUKOPHCTAHHS B CKJIali KOMIIO3UIIIHUX MartepialiB. MiKpoTBepaicTh
BU3HAYaJ M 3a Jormomoroio Mikporsepaomipa [IMT-3. OrpumaHi pe3ynpTaTH IO3BOJSIOTH OIIHUTH BILTUB
IIBUIKOCTI KOB3aHHS Ha 3MiHY MiKpOTBEPIOCTI MOJIIMEPHOTO MaTepiary Ta HOTo MOBEAIHKY B yMOBax 3Hocy. Kpim
TOTO, Pe3yJbTaTh JIO3BOJIIIOTH MOPIBHATH Pi3HI MOJIMEpH, IO TECTYBAJIMCS Ha TPHOOMETPUYHINH YCTaHOBII, i3
MOAAJIBLION OIIHKOIO X (DI3MYHUX XapaKTEPHCTHK.

JlociipKkeHHs MiKPECIIoE BaXKIIUBICTh PO3YMIHHSI TPUOOJIOTIYHUX BIIACTUBOCTEH TOJIIMEPIiB, OCKUTBKH 11i
Marepianu Jienaii Oinblie BUKOPUCTOBYIOTBCS Y PI3HHX NMPOMHCIIOBHX Taly3siX 3aBISKH iXHIM CIPUSTIHBHM
XapaKTEePUCTHKAM, TAKUM SK HH3bKa Bara, CKOHOMIYHA €()eKTUBHICTH Ta XiMi4HA CTIiHiKicTh. Bubip BiAmOBiAHUX
MOJNIMEPIB ISl KOMIIO3UTHHUX MaTepialliB € KJIIOYOBHM JUIsi MOKpAIIEHHS MPOJYyKTUBHOCTI Ta JOBrOBIYHOCTI
BUPOOIB, y AKHX IIi MaTepiajl BHKOPUCTOBYIOTHCSA. KpiM TOro, HOCTiIKEHHA Halgae€ PO3YMIHHSI MEXaHi3MiB
3HONIYBaHHSA Ta POJIi MIKPOTBEPIOCT] ¥ 3HOCOCTIHKOCTI MOTIMEPiB. AHANI3YIOUH ITOBEIIHKY ITOJIIMEPIB 32 Pi3HIX
MIBUJIKOCTEH KOB3aHHA, MOCIHIIKEHHS CIpHsSe po3poOmi OUThII e(peKTHBHUX MaTepialiB Ui iHXCHEPHHUX
3aCTOCYBaHb, JI¢ BHMAara€TbCsl BHCOKA 3HOCOCTIMKICTB. Pe3ynbTaTh IMOKa3yrOTh, IO ONTUMi3allis MBHIKOCTI
KOB3aHHS MOKE CYTT€BO BIUIMHYTH Ha 3HOCOCTIHKICTh Ta TPUBAJICTH CITY>KOH MOJIIMEPHUX KOMIIOHCHTIB.

Y miacymKy, Iie JOCHIKCHHS MPOIMOHYE KOMIUICKCHHH aHali3 MIKPOTBEPIOCTI TMONIMEpPIB MicCIs
TpUOOTECTYBaHHS, HAIAI04X IIHHI JAaHi JJ1s BUOOPY Ta ONTHMI3allii MaTepialiB y KOMIIO3UTHHX 3aCTOCYBaHHSX.
Mertootorisi Ta pe3ynbTaTH, OOrOBOPEHI y CTaTTi, MOXYTh CIYT'YBaTH OCHOBOIO JUIsS MOJABINUX JOCHIKCHB,
CIPSIMOBAHUX Ha MOKpAIIEHHS XapaKTEPUCTHUK MOJIIMEPHUX MaTepialliB y CKJIaJHUX EKCIUTyaTalliiiHuX yMOBax.

Karwu4oBi ciioBa: nomiMepu, MiKpOTBEPAiCTh, 3HOCOCTIHKICTD, TPHOOJIOTIUHI BIACTUBOCTI, KOMITO3HIIIHHI
MaTepianm



