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ABSTRACT 

Environmental consciousness today stimulates the researchers worldwide on the studies 

of recycling polymer wastes to be applied as reinforcement in polymer composites. In this 

study, polymer composites were prepared by filling thermosetting matrix (polyester) with 

different types and contents of thermoplastic recycled polymers. Paraffin oil as lubricant 

was added to the composites before molding. The recycled thermoplastic polymers were 

polyethylene (PE), polypropylene (PP) and polytetrafluoroethylene (PTFE). Pin-on-Disc 

wear testing machine was designed and fabricated to determine friction and wear.   

 

It was found that composites filled with oil showed relatively low friction coefficient and 

wear. The addition of recycled thermoplastics to polyester matrix had a significant effect 

on the tribological properties of the composites. It was observed that filler content greatly 

affected the friction and wear behavior of polyester resins polymer under dry sliding 

conditions. Polyester composites filled by 2.0 wt. % PTFE displayed the lowest values of 

friction coefficient, while composites containing 5.0 wt. % PTEF showed the lowest wear. 

Based on that, it is recommended to apply test specimens filled by 4.0 wt. % oil and 5.0 

wt. % PTFE in bearing applications.  
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INTRODUCTION 

Waste management is a relatively recent phenomenon in our developing countries.  There 

is a general accord that disposes of different plastic waste in the workshops is a top 

priority. Recycling targets for some plastic waste types are important measures to 

improve the plastic waste management system, [1, 2]. The recycling rate should increase 

and it must be considered necessary to increase the security of the plastic waste supply. 

With the remark that plastic waste generation and management have broad field, [3, 4].  

Besides, plastic can act on many different purposes so that the use of plastics is growing 
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globally at an annual growth rate of 3.7 %. Environmental problems related to plastic 

wastes include the resources lack, hazardous substances in plastics and bad waste 

management [4, 5]. 

The scrap must be treated and thereafter being used as filler for the polymer composites.  

This occurrence will be an important issue in the future, since the amount of waste will 

increase dramatically, [6, 7]. The usage of polymeric composite is being widely applied in 

bearing and guide ways manufacturing, [8]. In extreme working conditions, it is required 

to develop the self-lubricating polymeric surfaces. Polyamide (PA12) filled by vegetables 

oils such in content up to 10 wt. %, were investigated, [9, 10]. It was observed that, 

friction coefficient decreased with increasing oil content. The minimum value of friction 

coefficient was observed for flax seed oil. Recently, PE and PA12 were reinforced by 

graphene nanoplatelets (GNPs) and paraffin oil. Friction and wear of the suggested 

composites were tested, [12 - 13]. It was found that the proposed composites had lower 

coefficient of friction and wear than those of the unfilled PE and PA6. Several attempts 

were carried out to develop the tribological properties of bearing composites, [14 – 23]. 

Those attempts depended on enhancing the mechanical and tribological properties of 

polyester by filling by thermoplastic polymers of relatively better performance.  

 

The main objective of this work is to fabricate a composite material used as journal 

bearing from the workshops polymer wastes. Besides, it aims to investigate the 

tribological properties of the prepared composites to determine the optimum composition 

and optimum properties.  

 

EXPREMENTAL WORK 

Materials 

Thermoplastics polyethylene (PE), polypropylene (PP) and polytetrafluoroethylene 

(PTFE) were obtained from workshop wastes of Faculty of Energy engineering, Aswan 

University, Egypt.  

 

Composite preparation 

The granulates of the recycled polymers were screened to get the fine particles (less than 

300 µm). Different contents (1, 2, 3, 4, and 5 wt. %) from thermoplastic polymers and 

paraffin oil (lubricant material) were added to polyester resins (matrix). Hardener 

material and polyester are kept at 2:10 by weight in the mixture. The mixtures were 

individually molded in cylindrical mold 8 mm diameter and 40 mm length from 

aluminum foil, Fig. 1. Air-bubbles have been removed during casting process. All 

specimens were left at room temperature for 24 h to solidify, Fig. 2.   

 

Tribological properties 

A pin-on-disc test rig was used to investigate the sliding friction and wear characteristics 

of the tested composites, Fig. 3 at room temperature and the disc used with known 

roughness of 3.5 μm Ra. The sliding surface of the disc was rubbed by emery paper to 

remove the contaminants then washed by acetone and left to dry in air. The applied 

friction coefficients were recorded at each 30 s. The average of four readings was 

considered. Furthermore, the wear tests were recorded after 120 s. The applied normal 

load on the pin specimen was weights varied from 5.0 to 10.0 N. The linear sliding velocity 
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of the pin specimen on the flat surface of the rotating disc is calculated by multiplying the 

angular velocity by the radius of the sliding track. The linear velocity of the friction test 

was 2.0 m/s. 

 

 

Fig. 1 Aluminum foil mold in cylindrical shape. 

 

Fig. 2 Test specimens.  
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Fig. 3 Pin on disk test rig. 
RESULTS AND DISCUSSION  

Effect of the addition of into the polyester resin  

Figure 4 shows the effect of oil on the friction coefficient of polyester resin matrix. It is 

observed that the specimens containing 3.0 wt. % oil showed slight increase in friction 

coefficient. However, the specimens having 4.0 and 5.0 wt. % indicated comparatively low 

friction coefficient. In other words, increasing the oil content up to 5.0 wt. % in the 

composite matrix had significant decrease in the friction. The friction coefficient decrease 

may be due to the oil stored in the pores of the polyester that fed oil to form film on the 

sliding surfaces and separated the two contact surfaces.  The oil inside the pores leaked to 

the contact area and caused the friction decrease. Besides, oil film prevented materials 

transfer into the polymeric pin surface. Figure 5 shows the effect of different contents of 

paraffin oil on the wear of polyester resin matrix. Wear of the tested specimens decreased 

as the oil content decreased. The specimens of 4.0 wt. % paraffin oil showed minimum 

wear rate. Based on that observation, those specimens were filled by different 

thermoplastics fillers.  

Effect of the addition of PP filler into the polyester resin matrix  

Figure 6 shows the effect of PP contents on the friction coefficient of the tested composites. 

As shown, the addition of PP to polyester resin matrix filled by 4 wt. % oil reduced the 

friction coefficient. However, the sample contained 1.0, 2.0, and 3.0 wt. % PP showed 

higher friction coefficient compared to the other composites. The composites filled by 4.0 

and 5.0 wt. % showed minimum friction coefficient compared to other composites. The 

friction coefficient decreased with increasing PP content in specimens. The composites 

filled by 3.0 wt. % PP displayed the lowest values of wear, Fig. 7. Wear decreased down to 

minimum then slightly increased with increasing PP content more than 3.0 wt. %. This 

may be attributed to the weak cohesion between the polyester and PP. 
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Fig. 4 Effect of the addition of paraffin oil on the friction coefficient of polyester resin. 

 

Fig. 5 Effect of the addition of oil on the wear of polyester resin. 

 

Fig. 6 Effect of the addition of PP on the friction coefficient. 
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Fig. 7 Effect of the addition of PP on the wear. 

 

 
Fig. 8 Effect of the addition of PTEF on the friction coefficient. 

0

100

200

300

400

0 1 2 3 4 5 6

5 N 6 N 7 N

8 N 9 N 10 N

PP Content, wt. %

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 1 2 3 4 5 6

5 N 6 N 7 N
8 N 9 N 10 N

Fr
ic

ti
o

n
 C

o
ef

fi
ci

en
t

PTFE Content, wt. % 



24 
 

 

Fig. 9 Effect of the addition of PTEF on the wear. 

 
Fig. 10 Effect of the addition of PE on the friction coefficient. 
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Fig. 11 Effect of the addition of PE on the wear. 

Effect of the addition of PTEF filler into the polyester resin matrix  

Figure 8 reveals the effect of PTEF filler on the friction coefficient of the tested 

composite. Friction coefficient decreased down to minimum at 3.0 wt. % PTFE then 

increased with further increasing PTFE. Wear drastically decreased with increasing 

PTFE, Fig. 9. The figure confirmed that wear was much influenced by PTFE. This 

observation can propose those composites in applications.  

 

Effect of the addition of PE filler into the polyester resin matrix  

Figure 10 shows the effect of PE filler on the friction coefficient. Friction coefficient 

showed slight decrease with increasing PE content, where test specimens filled by 5.0 

wt. % PE has shown the lowest friction coefficient. Wear displayed lower values at 

3.0 wt. % at higher loads.   

 

Finally, test specimens that have shown the lowest values of friction coefficient and 

wear are shown in Figs. 12 and 13, respectively. The specimens filled by 2.0 wt. % 

PTFE displayed the lowest values of friction coefficient, Fig. 12. While the specimens 

containing 5.0 wt. % PTEF showed the lowest wear, Fig. 13. It is recommended to 

apply test specimens filled by 4.0 wt. % oil and 5.0 wt. % PTFE.  

0

100

200

300

400

500

0 1 2 3 4 5 6

5 N 6 N 7 N
8 N 9 N 10 N

W
e

ar
, m

g

PE Content. wt. %



26 
 

 
Fig. 12 Best specimens in friction tests. 

 

Fig. 13 Best specimens in wear tests. 
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CONCLUSIONS 

The present work includes details of extensive study on tribological performance of 

Thermoplastics particulates filled in polyester resins matrix composites. The followings 

are the important observations extracted from the study. 

1. Polyester resins composites filled by oil and reinforced by polymer particles show 

relatively low friction coefficients and wear, that recommends these composites for 

industrial applications such as self-lubricated materials. 

2. It was observed that filler content greatly affected the friction and wear behavior of the 

tested composites. 

3. Test specimens filled by 2.0 wt. % PTFE displayed the lowest values of friction 

coefficient, while the specimens containing 5.0 wt. % PTEF showed the lowest wear. 

Based on that, it is recommended to apply test specimens filled by 4.0 wt. % oil and 5.0 

wt. % PTFE.  
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