Tribological Comparison of Engineering Polymers in Dry
Contact With 6061-T6 Alloy

Safa Unal"® and Haci Abdullah Tasdemir!:®

'Department of Mechanical Engineering, Istanbul Technical University, Istanbul, Turkiye

3 Corresponding author: unalsa23@itu.edu.tr
b tasdemirh@itu.edu.tr

Abstract. In this study, four widely used high-performance polymers polyoxymethylene copolymer (POM-C),
polytetrafluoroethylene (PTFE), polyamide-6 (PA-6), and cast polyamide-6 (PA-6G) were systematically evaluated under
dry sliding conditions when paired with 6061-T6 aluminum alloy as the tribological counterpart. Frictional properties were
examined through tribometer measurements to determine the average coefficients of friction, while wear rates were
analyzed using the optical profilometry method. The results showed that PA-6G exhibited the best overall tribological
performance, having the lowest coefficient of friction (0.16) and the lowest wear rate (1.87%). PA-6 demonstrated the
second-best performance with a friction coefficient of 0.22 and an approximate wear rate of 7.87%. Although PTFE
exhibited a relatively low coefficient of friction (0.28), it showed a considerably high wear rate (22.10%). POM-C,
compared to the other tested polymer samples, presented the highest coefficient of friction (0.34) and a high wear rate
(25.84%), indicating poor tribological performance. The aluminum counterpart material (6061-T6) exhibited the highest
wear rate of 42.32%. In this study, POM-C, PTFE, PA-6, and PA-6G polymers, which have been frequently reported in
recent literature, were comparatively evaluated under identical test conditions to contribute to both industrial applications
and the academic community.

INTRODUCTION

High-performance polymers such as polyoxymethylene copolymer (POM-C), polytetrafluoroethylene (PTFE),
cast polyamide-6 (PA-6G), and polyamide-6 (PA-6) are widely used in fields such as aerospace, automotive, and
mechanical engineering due to their numerous advantageous properties, including low friction coefficients, high wear
resistance, and long service life in operational systems. In contemporary engineering applications, these materials
have increasingly become preferred alternatives to conventional engineering components owing to their durability,
ease of assembly and maintenance, and lightweight characteristics [1—4]. Therefore, the tribological evaluation of
frequently utilized polymers such as POM-C, PTFE, PA-6G, and PA-6 is highly important both for industry
particularly for R&D engineers involved in material selection during the design stage and for academia, as it
contributes to the literature and provides insight into new solutions. However, a review of the literature reveals that
although these polymers have been widely reported as commonly used materials, they have often been examined
separately under different testing conditions. Consequently, a lack of comparability has emerged in the material
selection and academic assessment processes [5—17]. In this context, the present study conducted tribological
evaluations of high-performance polymers recently reported to be extensively used in industry under identical test
conditions, and the obtained findings were systematically analyzed.

EXPERIMENTAL

In this study, all test specimens were meticulously prepared following the geometric and material specifications
prescribed by the ASTM G133 standard. Pin samples, fabricated from 6061-T6 aluminum alloy, are detailed in terms
of dimensions in Fig. la. The counterpart materials against which these pins were slid during tribological testing
included PTFE, PA-6G, POM-C, PA-6, and 6061-T6 aluminum alloy, with their shapes and dimensions illustrated in



Fig. 1b. These commercially obtained materials are well-established for their widespread application in various
industrial settings. The hardness and surface roughness (R,) values of each material, measured using an optical
profilometer, are provided in Fig. 2. Throughout the experiments, the pin specimens were reciprocally slid against the
selected counterface materials to simulate realistic frictional interactions under controlled conditions.
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FIGURE 1. Specimen geometries used in this study: (a) cylindrical pin specimen; (b) rectangular prism-shaped counterface
specimen.

Tribological tests were performed using a tribometer equipped with a linear reciprocating motion module (Fig. 3).
Specimen surfaces were meticulously prepared both before and after each test. This preparation protocol aimed to
minimize the influence of potential contaminants and surface impurities on the test outcomes. Initially, surface oils
and particulate residues were removed using benzene cleaning, followed by an ultrasonic bath treatment with acetone
to eliminate any remaining contaminants completely. This two-step cleaning procedure ensured that the specimen
surfaces were thoroughly free of impurities, enabling reliable evaluation of tribological performance. Unless otherwise
specified, this standardized cleaning protocol was consistently applied throughout all experiments.
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FIGURE 2. Optical profilometer images and corresponding hardness and surface roughness (R.) values of the tested materials:
(a) PTFE (counter material), (b) PA-6G (counter material), (c) POM-C (counter material), (d) PA-6 (counter material), (¢) 6061-
T6 aluminum alloy (counter material), and (f) 6061-T6 aluminum alloy (pin material).

Tribological tests were carried out employing a reciprocating setup where a ball slid against a flat specimen. During
the experiments, a constant normal load of 5 N was applied, and the reciprocating motion was driven at a frequency
of 5 Hz, resulting in an estimated initial peak Hertzian contact pressure of approximately 107 MPa. The tests were
performed at a steady sliding speed of 0.06 meters per second. Each test lasted for 1833 seconds, corresponding to a
total sliding distance of 110 meters. To isolate the inherent tribological properties of the materials, all tests were
conducted under dry conditions without lubrication. Environmental factors were strictly controlled, maintaining an
ambient temperature of 24 °C and relative humidity at 39%. Each experimental condition was repeated four times to
ensure the reliability and reproducibility of the results. Following the tests, wear tracks on the samples were examined
using a Zeiss optical profilometer, providing detailed, high-resolution images of the wear morphology.
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FIGURE 3. Tribometer setup employed in the tribological experiments, featuring a linear reciprocating motion module.

RESULT AND DISCUSSION

Figure 4a presents the steady-state coefficients of friction (COF) for PTFE, PA-6G, POM-C, PA-6, and 6061-T6,
obtained from dry sliding tests against a 6061-T6 aluminum pin. In addition, Fig. 4b illustrates the variation in friction
force over the course of the experiments, whereas Fig. 4c presents the mean force values together with their associated
standard errors. The steady-state stage, defined as the period in which the interfacial conditions attained dynamic
equilibrium [18], was marked by stable friction levels across all materials, with negligible oscillations. A distinct
ranking in tribological performance emerged: PA-6G exhibited the lowest COF (~0.16) and mean friction force (~0.79
N), maintaining outstanding stability from the beginning to the end of the test. This behavior can be attributed to its



semi-crystalline architecture and inherent lubricating ability, which mitigate adhesive junction formation and reduce
frictional resistance [19-22]. PA-6 followed, with a COF of ~0.22 and a mean force of ~1.10 N, consistent with prior
findings [23], where its elasticity and adaptive contact behavior were shown to distribute stresses more evenly and
promote friction stability under unlubricated conditions [21]. PTFE displayed intermediate performance, with a COF
of ~0.28 and mean force of ~1.41 N. Despite its low surface energy and lamellar structure, these values exceeded
those of PA-6 and PA-6G, possibly due to limited transfer film formation or load-bearing constraints under dry contact
[24]. Metallic 6061-T6 yielded a COF near 0.33 and an average force of ~1.65 N, exhibiting typical dry-sliding
metallic trends with minimal temporal variation. POM-C recorded the highest COF (~0.34) and friction force (~1.69
N), reaching stability shortly after a brief running-in phase, in alignment with previous results for steel-based
counterparts [25,26].

Wear analysis, obtained after tribometer testing via a Zeiss Smartproof 5 optical profilometer, further corroborates
the frictional findings (Fig. 4d). Wear volumes measured on the counterface surfaces were converted into wear rates,
revealing that the 6061-T6 aluminum counterface suffered the highest wear contribution, accounting for 42.32% of
the total measured wear. In contrast, PA-6G demonstrated exceptional wear resistance, with only 1.87% of the total
wear volume. The remaining materials POM-C, PTFE, and PA-6 contributed 25.84%, 22.10%, and 7.87%,
respectively, underscoring the substantial variations in wear performance among the tested specimens. Taken together,
these results indicate that microstructural characteristics, surface compliance, and surface energy jointly govern long-
term dry-sliding tribological behavior. In practical terms, PA-6G and PA-6 emerge as strong candidates for
lubrication-free applications, whereas POM-C and 6061-T6 would likely benefit from surface engineering or
lubrication strategies to mitigate friction and wear-related energy losses.
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FIGURE 4. (a) Comparison of steady-state friction coefficients (COF). (b) Temporal variation of friction force throughout the
experiments, showing the transition from initial running-in to the stabilized friction regime. (c) Mean friction forces with
associated standard errors for each material combination. (d) Wear contributions of the evaluated materials.



CONCLUSION

A comparative dry sliding wear assessment was conducted for four engineering thermoplastics POM-C, PTFE,
PA-6, and PA-6G against 6061-T6 aluminum alloy under identical operational parameters. The results revealed
distinct variations in tribological performance, influenced by inherent material properties, surface adaptability, and
transfer film formation capacity. PA-6G demonstrated the most favorable behavior, combining a low coefficient of
friction (0.16) with the smallest wear share in the total distribution (1.87%). PA-6 followed, exhibiting similarly low
friction and a wear share of 7.87%, indicating its strong potential for dry, self-lubricating service conditions. PTFE
presented intermediate friction values yet accounted for 22.10% of the wear share, suggesting that its low surface
energy alone is insufficient to ensure minimal material loss under the given conditions. POM-C, despite its extensive
industrial use, recorded the highest friction among the polymers and a wear share of 25.84%, implying the need for
lubrication or surface modification in demanding dry sliding applications. The metallic counterpart, 6061-T6
aluminum alloy, displayed the largest wear share at 42.32%, underscoring the susceptibility of unlubricated metallic
interfaces to significant wear accumulation. Overall, the findings establish a clear performance ranking among the
tested materials under controlled conditions, filling a gap in comparative tribology literature. From a design
perspective, PA-6G emerges as the most promising candidate for applications requiring low friction and minimal wear
share, while POM-C and metallic surfaces may require targeted surface engineering to enhance operational longevity.
These results highlight the critical role of informed material selection in ensuring mechanical system reliability and
efficiency under dry contact conditions.
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