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ABSTRACT 

Cast Polyamide materials are engineering plastics widely used in all types of industries due to their superior 

mechanical, physical, chemical and electrical properties. In the present study, the friction and wear 

characteristics of three different commercially available cast polyamide materials, namely pure (PA6 

Standard), self-lubricating (PA6G+Lubricant) and heat resistant (PA6G+Heat Resistant), were 

investigated. The wear tests were carried out on a pin-disc wear setup under dry friction conditions in 

accordance with ASTM G132-96 standard. The tests were carried out at room temperature with a sliding 

speed of 1.2 m/s, sliding distances of 100, 200 and 300 m and load values of 5, 10 and 15 N. The wear 

performances of materials were compared in terms of weight loss and coefficient of friction. As a result of 

the study, it was determined that the heat resistant cast polyamide material (PA6G+Heat Resistant) has the 

highest wear resistance. However, it was found that wear characteristics are similar at lower loads and 

there are differences in wear characteristics with increasing loads. 
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1. INTRODUCTION 

Cast polyamide materials have been widely used in engineering applications in recent years due to their 

superior properties, such as low density, low coefficient of friction, excellent wear resistance, high impact 

strength and high corrosion resistance [1-9]. Various studies have been carried out on the wear behaviors of 

cast polyamides from the beginning of 1960’s and polyamides have been improved with various additives 

and lubricants [10-15]. Yan et al. [16] investigated the wear behavior of graphite-added PTFE composites. 

Palabiyik and Bahadur [17] used different polyamide 6 (PA6) blends. Bermúdez et al. [18] investigated the 
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tribological properties of PA6 filled with molybdenum disulfide and liquid crystalline additives. Österle et 

al. [19] have discussed the effect of carbon fibers and silica nanoparticles on the wear behavior of polymer 

matrix composites. Guo et al. [20] tested the tribological mechanisms of various oxide nanoparticles in 

carbon fiber reinforced PEEK composites. Qi et al. [21] investigated the wear behaviors of polymer 

composites under ultra-dry friction and extreme dry sliding conditions. Zhang et al. [22] examined the effect 

of nanoparticles on the tribological behavior of conventional epoxy composites filled with carbon fiber and 

graphite lubricants. 

 

Three different cast polyamide materials used in this study, namely pure (PA6 Standard), self-lubricating 

(PA6G+Lubricant) and heat resistant (PA6G+Heat Resistant), are used in different engineering applications 

according to their properties. The PA6 Standard, because of being inexpensive, functioning quietly, being 

lightweight, having high strength and long life, is used in the railway industry for various machine elements, 

such as rolling bearings and slides, bushings, spools and pulleys and gears. The PA6G+Lubricant is 

produced by adding additives into cast polyamide through different processes. Because of being self-

lubricating, it has superior performance especially in bearing applications. Because lubrication addition is 

located inside pores, moisture and water intake are reduced and thus dimensional stability is ensured. The 

PA6G+Lubricant is used in a wide range of applications, such as ship shafts and bearings, work machine 

bearings, telescopic cylinder bearings, bearings in space crafts and nuclear power plants, printing machine 

gears, mining sector, recycling and wastewater facilities. For the PA6G+Heat Resistant, its thermal aging 

resistance has been significantly enhanced due to thermal stabilizer additives contained and it shows high 

performance at operating temperatures of 80°C and above. The PA6G+Heat Resistant is used in different 

engineering applications such as rolling bearings, gears, rollers, wear plates, hose outlets in water treatment 

plants, gears in paper production facility drying lines [23]. 

 

In this study, the tribological behaviors of three different cast polyamide materials, namelypure (PA6 

Standard), self-lubricating (PA6G+Lubricant) and heat resistant (PA6G+Heat Resistant) were investigated.  

 

2. EXPERIMENTAL STUDIES 

Physical, mechanical and thermal properties of the wear test materials used in the study are shown in Table 

1. 

Table 1. Physical, mechanical and thermal properties of the materials used in the study  

Properties PA6 Standard PA6G+Lubricant PA6G+Heat Resistant 

Specific weight (g/cm
3
) 1.15 1.15 1.15 

Water absorption (%) 7 5 6 

Elongation at break (%) >20 >20 >20 

Tensile strength (MPa) 83 78 78 

Impact strength (kJ/m
2
) 5.6 6 5.6 

Hardness (Shore D) 74 76 81 

Melting Temperature (°C) 220 220 220 

Maximum Continuous Operation 

Temperature (°C) 
110 110 125 

Short-Time Maximum Operation 

Temperature (°C) 
170 170 185 
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Wear tests were carried out with a pin-disc wear test device according to ASTM G132-96 standard [24]. 

During tests, the surfaces of specimens were sanded with 80 grid SiC sandpaper to remove the rough surface 

up to 10 mm in diameter from the ACM test needle and an abrasive counterface disc (150 grid sandpaper) 

was used. Wear tests were carried out at sliding distances of 100, 200 and 300 m, sliding speeds of 1.2 m/s 

and loads of 5, 10 and 15 N. Prior to measurement, the samples were cleaned in acetone to remove surface 

contaminants, dried and then weighed using an electronic balance with a sensitivity of 0.001 mg. The wear 

test device used in the study is schematically shown in Figure 1. 

 

 
Figure 1. Pin-on disc wear-testing setup 

 

3. RESULTS 

The changes in weight loss as a function of sliding distance and load are given in Figures 2, 3 and 4 for PA6 

standard, PA6G+Lubricant and PA6G+Heat Resistant materials, respectively. It is clear from Figs. 2-4 that 

the wear conditions significantly influence the wear behaviors of cast polyamide materials. It was observed 

in all specimens that weight loss significantly increased with increasing sliding distance and load. Weight 

losses showed a close tendency to each other at lower loads and it was determined that weight loss 

differences significantly increased especially at a load of 15 N. In particular, less weight loss was observed 

in the PA6G+Heat Resistant specimen at higher loads compared to other specimens. This reduction can be 

explained by high heat resistance of PA6G+Heat Resistant material and the higher hardness than other 

specimens. 

 

It is seen that material type has a significant effect on weight loss, in addition to wear conditions (sliding 

distance, load). It was determined that the highest wear resistance was obtained in the high temperature 

resistant PA6G+Heat Resistant specimen. This high wear resistance value can be explained by the heat 

resistant transfer film formed at the wear interface. The increase in heat resistance increases the amount of 

wear significantly. On the other hand, the lowest wear resistance was obtained in the PA6 Standard material. 

This low wear resistance value can be explained by the low hardness value compared to other specimens. 

Unlike the pure PA6 Standard specimen, it was observed that graphite and lubricant additives in 

PA6G+Lubricant and PA6G+Heat Resistant materials significantly reduced the wear rate. This result 

completely agrees with similar literature studies [10, 15, 25-30].  
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The changes in coefficient of friction as a function of sliding distance and load are given in Figures 5, 6 and 

7 for PA6 standard, PA6G+Lubricant and PA6G+Heat Resistant materials, respectively. The coefficient of 

friction is a parameter that is effectively used to characterize wear behaviors of materials. Especially, it is of 

great importance to investigate materials for the change in wear resistance during the wear process. 

 

When Figures 5-7 are examined, it is seen that in all graphs there is a tendency of a similar coefficient of 

friction curve under similar wear conditions. It is observed that there is a significant decrease in coefficient 

of friction with increasing load. This reduction can be explained by a significant increase in temperature at 

the friction interface with increasing load, thereby significantly increasing wear. Fluctuations are observed 

in the coefficient of friction with sliding distance. These fluctuations are caused by the irregular loads 

coming to the friction interface. 

 

The type of cast polyamide material directly affects the coefficient of friction (Figures 5-7). The highest 

coefficient of friction was obtained at PA6G+Heat Resistant specimen (Figure 5). The high coefficient of 

friction value can be explained by the higher heat resistance of the PA6G+Heat Resistant specimen. It is 

seen that the PA6 Standard has the lowest coefficient of friction. The low coefficient of friction is obtained 

in the specimen with the lowest hardness value compared with other specimens. This result can be explained 

by the fact that the graphite and lubricant additives form a uniform and thin transfer film layer and reduce 

the wear rate by increasing the coefficient of friction. These results completely agree with previous literature 

studies [6-7, 22, 25-33]. 

 

 
Figure 2. Weight loss change as a function of sliding distance and load for the PA6 Standard material 
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Figure 3. Weight loss change as a function of sliding distance and load for the PA6G+Lubricant 

material  

 

 

 
Figure 4. Weight loss change as a function of sliding distance and load for the PA6G+Heat Resistant 

material  
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Figure 5. Change in the coefficient of friction as a function of sliding distance and load for the PA6 

Standard material  

 

 
Figure 6. Change in the coefficient of friction as a function of sliding distance and load for 

PA6G+Lubricant material 
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Figure 7. Change in the coefficient of friction as a function of sliding distance and load for 

PA6G+Heat Resistant material 

 

4. DISCUSSION 

In the present study, the tribological behaviors of various cast polyamide materials were comprehensively 

studied under dry sliding conditions. In this context, the following results were obtained: 

 

 It was determined that graphite and lubricant additives added to PA6 Standard cast polyamide 

material improves wear resistance. 

 Significant weight loss differences have been observed, especially with increasing loads, while 

weight losses have showed close tendency to each other at lower loads. 

 It was determined that the highest wear resistance is obtained in the high temperature resistant 

PA6G+Heat Resistant specimen. The increase in heat resistance improves wear behaviors 

significantly. 

 It is seen that there is a significant decrease in coefficient of friction with increasing load. This 

reduction is due to a significant increase in temperature at the friction interface with increasing load 

and consequently a significant increase in wear. 

 The highest coefficient of friction is obtained at PA6G+Heat Resistant. The fact that the coefficient 

of friction is so high is a result of the high heat resistance of the PA6G+Heat Resistant specimen. 

 It was determined that the PA6 Standard specimen has the lowest coefficient of friction. The low 

coefficient of friction is obtained in the specimen with the lowest hardness value compared with 

other specimens. According to this result, it can be said that there is a relation between coefficient of 

friction and hardness values. 
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