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Abstract 

In this study, for the first time within the Arnes Mechanical Machinery Design Center, the recycling of 

Teflon (PTFE-Polytetrafluorethylene) wastes generated in the production of sealing elements by machining 

process was carried out, and know-how was obtained for the use of this recycling prototype as a secondary 

raw material. Within the scope of the study, the recycling prototype, which was separated as waste after the 

machining process, was characterized by DSC analysis and ground to 250-micron sizes. The resulting 

Teflon prototype was pressed by pressure molding and sintering processes. 370-390°C temperature and 2-

4 hours time parameters were selected for sintering. To determine the mechanical properties of the secondary 

raw material prepared as a recycling prototype, a tensile test mold was designed, and tensile test samples 

were produced. As a result of the study, it was seen that the recycling Teflon prototype was successfully 
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produced. It was determined that the mechanical properties of the produced prototype improved with 

increasing sintering temperature and time. Environmental sustainability will be ensured by reusing the 

second-quality raw materials from the study in production.  

Keywords:  Recycling, Teflon Waste, Compression Molding, Sintering, Mechanical Properties 

1. Introduction 

In industrial settings, an apparatus designed to prevent the undesired escape of 

pressurized or lubricating fluids within a system is called "sealing equipment." PTFE 

(Polytetrafluoroethylene) stands out due to its exceptional physical and chemical 

characteristics, encompassing a broad temperature tolerance, high resistance to 

chemicals, hydrophobic attributes, and excellent abrasion resistance. These distinctive 

qualities of PTFE contribute to enhanced performance in sealing components, ultimately 

prolonging the equipment's and seals' lifespan while diminishing maintenance and 

repair expenditures. PTFE holds a preeminent status in the market, serving as the 

preferred material for piston seals, throat seals, dust seals, and bearing elements [1-3]. 

Teflon, the proprietary name for the PTFE polymer, belongs to the 

polytetrafluoroethylene class, a fluorinated ethylene polymer. Exhibiting resistance to 

heat, chemicals, moisture, and friction, Teflon maintains a continuous operating 

temperature of approximately 260°C, with a melting point at around 320°C. Above 260°C, 

the chemical structure of Teflon undergoes degradation, reaching complete deterioration 

around 350°C. As a result, Teflon is effectively utilized within the temperature range of 

up to 290°C. Its notable low coefficients of friction confer resistance to both abrasion and 

chemicals. Given these advantageous properties, Teflon finds widespread application in 

various industrial contexts where effective sealing is a prerequisite [4-6]. 

The machining technique frequently employs Teflon as a primary raw material for 

manufacturing sealing elements. In the machining process of Teflon, the generated waste 

typically ranges from 10% to 25%. This waste not only represents an economic loss but 

also poses environmental challenges. The disposal of Teflon shaving waste imposes an 

extra cost on companies. Exploring methods for recycling these raw materials becomes a 

practical solution for businesses to mitigate environmental impact and financial losses 

associated with waste generation [7-10]. 

In industries utilizing Teflon materials for production, economic advantages can be 

realized by recycling waste into manufacturing. Given the high value of Teflon, recycling 

waste becomes an economically beneficial procedure for businesses. 

This research, conducted at the Arnes Mechanical Machinery Design Center, represents 

a pioneering effort in successfully recycling Teflon waste within the machining process 

for sealing equipment manufacturing. This initiative yielded valuable insights into 

recycling Teflon waste generated during production and contributed to its reintroduction 

into the production cycle, thereby promoting environmental sustainability. The study's 
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outcomes are geared towards minimizing Teflon waste, significantly mitigating 

environmental harm, and fostering the development of an eco-friendly production 

process. 

2. Materials and Methods 

This investigation involved recycling Teflon waste generated during the machining-

based production of sealing equipments in the enterprise. The waste underwent grinding 

with an appropriate grinder, resulting in a powder with particle sizes below 250 µm. 

Subsequently, the powder was recycled as a secondary raw material using the pressure 

molding and sintering method, and the mechanical properties of the resulting prototype 

product were evaluated. 

Initially, Differential Scanning Calorimetry (DSC) analysis was conducted on the Teflon 

waste, confirming that the waste exclusively comprised PTFE content. The grinding 

process employed the Retsch SM300 model blade grinder in the Textile Engineering 

Department of Dokuz Eylül University. The ground Teflon chips were reduced to 

powder with particle sizes conducive to pressure molding. Tensile test samples were 

molded following the TS EN ISO 527-1 standard [11]. Figure 1 provides the dimensions 

and solid model of the designed mold, along with the solid model of the tensile test 

sample. The dimensions of the tensile test sample are further detailed in Figure 2. 

 

Figure 1: For Tensile Test Sample a. Female Mold, b. Male Mold, c. Sample Solid Model 
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Figure 2: The Dimensions of the Tensile Test Sample 

 

In the mold design, screws were incorporated to facilitate the detachment of the sample 

from the model. Following the design phase, the ground raw material powder was 

introduced into the mold and subjected to pressing for 5 minutes under 2 MPa pressure. 

The test mold and test sample images produced are shown in Figure 3. 

 

Figure 3: Produced a. Test Mold, b. Tensile Test Specimen 

Following the pressing phase, the prepared tensile test samples underwent sintering 

processes. This involved sintering at two distinct temperatures (370 and 390°C) and for 

varying durations (2-4 hours) [12]. After the sintering process, the samples were cooled 

in ambient air. Detailed sintering parameters are provided in Table 1. 

Table 1: Sintering Parameters 

 Parameter 1 Parameter 2 Parameter 3 Parameter 4 

Temperature (C°) 370 370 390 390 

Heating Rate (C°/h) 90 90 90 90 

Cooling Rate  (C°/h) 30 30 30 30 

Waiting Time (hours) 2 4 2 4 

Environment Air Air Air Air 

Tensile tests were carried out using three samples for each parameter. 

3. Results 

The results of the DSC analysis applied to Teflon waste are given in Figure 4. According 

to the results, the sample's melting point was determined to be 327°C, which is the 

characteristic value of the PTFE material [13]. Thus, it has been confirmed that shaving 

waste consists only of Teflon content. 
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Figure 4: DSC Analysis Result of Teflon Shavings Waste 

Tensile test results of samples sintered for 2 and 4 hours for the sintering temperature 

parameter of 370°C are given in Figure 5.  

 

Figure 5: Tensile Test Results for 370°C Sintering Temperature 

According to Figure 5, it was determined that tensile strength values varied between 0.09-

0.17 MPa, and elongation at break values ranged between 1.1-3.9%. The maximum tensile 
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strength was observed at 0.17 MPa in the sample sintered for 2 hours, and the maximum 

elongation at break was 3.9% in the sample sintered for 4 hours.  

Figure 6 presents the tensile test results for samples sintered at temperatures of 390°C for 

2 and 4 hours.  

 

Figure 6: Tensile Test Results for 390°C Sintering Temperature 

According to Figure 6, it was determined that tensile strength values varied between 0.11-

0.26 MPa and elongation at break values ranged between 1.0-5.8%. The maximum tensile 

strength was seen in the sample sintered for 4 hours with 0.26 MPa, and the maximum 

elongation at break was seen in the same sample with 5.8%. Thus, it was determined that 

the increase in temperature and time increased the strength and elongation values of the 

samples obtained. Although the results were low and close to each other, it was seen that 

temperature and time optimization were crucial in obtaining the desired mechanical 

values [14-17]. Examples of samples broken after the tensile test are given in Figure 7. 
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Figure 7: Samples Broken After Tensile Test 

 

4. Discussion and Conclusion 

This study determined the recycling of Teflon waste from producing sealing equipment 

through machining and their mechanical properties. The general results of the study are 

given below: 

• Recycling Teflon waste by physical methods offers a more sustainable recycling 

opportunity by minimizing the potential environmental effects of chemical 

processes. 

By recycling Teflon waste, additional costs for the disposal of shaving waste can 

be prevented. 

• By optimizing the sintering temperatures and times used in recycling, advantages 

such as lower energy consumption and less waste production can be achieved, and 

efficiency in production processes can be increased. 

• The study results promise that mechanical properties can be improved by 

applying different recycling process parameters. 

• Recycling Teflon waste as secondary raw material will make shaving recycling 

processes in line with industry requirements in the machining sector. This will 

increase the industrial applicability of recycling. 

• The recycling of Teflon waste, which is the study's outcome, is a first for Turkey 

and the enterprise. In this respect, the unique aspect of the study is that Teflon 

waste will be used in the industry as a secondary raw material. 

References 

[1] Falay, Ö. E., Çalışkanelli, B., Arusan, Ö.E., Altay, L. & Sarıkanat, M. (2023). Recycling of 

fluoropolymers and applications in the sealing industry. Engineer and Machinery, 64(711), 297-316.  

[2] Dhanumalayan, E. & Joshi, G.M. (2018). Performance properties and applications of 

polytetrafluoroethylene (PTFE) - A review. Advanced Composites and Hybrid Materials, 1(2), 247-268. 

[3] Radulovic, L. L. & Wojcinski, Z. W. (2024). PTFE (polytetrafluoroethylene; Teflon®). Encyclopedia 

of Toxicology (Fourth Edition), 7, 1001-1016. 

[4] Khapli, S. & Jagannathan, R. (2014). Supercritical CO2 based processing of amorphous 

fluoropolymer Teflon-AF: Surfactant-free dispersions and superhydrophobic films. The Journal of 

Supercritical Fluids, 85, 49-56. 

[5] Ding, X., Wu, J., Wang, Y., Cui, B., An, S., Su, B. & Wang, Y. (2022). Influence of surface texture on 

sealing performance of PTFE materials. Macromol, 2(2), 225-235. 

[6] Shen, M., Li, B., Zhang, Z., Zhao, L. & Xiong, G. (2020). Abrasive wear behavior of PTFE for seal 

applications under abrasive-atmosphere sliding condition. Friction, 8, 755-767. 

[7] Ni, J., Yuan, Y., Cui, Z., Lou, B. & He, L. (2023). Investigation of machinability in turning of PTFE 

based on MRR and cutting energy. Journal of Manufacturing Processes, 85, 122-131. 



The European Journal of Research and 

Development, 3(4), 2023 https://doi.org/10.56038/ejrmd.v3i4.398  
 

Online ISSN: 2822-2296 journals.orclever.com/ejrnd 116 

 

[8] Natarajan, E., Kaviarasan, V., LiM, W. H., Tiang, S. S., Parasuraman, S. & Elango, S. (2019). Non-

dominated sorting modified teaching–learning-based optimization for multi-objective machining of 

polytetrafluoroethylene (PTFE). Journal of Intelligent Manufacturing, 31, 911–935. 

[9] Cui, Z., Ni, J., He, L., Guan, L., Han, L. & Sun, J. (2022). Investigation of chip formation, cutting 

force and surface roughness during orthogonal cutting of polytetrafluoroethylene. Journal of 

Manufacturing Processes, 77, 485-494. 

[10] Ying, H., Su, R., Yang, J., Hu, L., Ruan, X., Ni, J. & He. L. (2023). Investigation of the effect of the 

cut parameter on the machining performance of PTFE cutting. Journal of Manufacturing Processes, 103, 

144-155. 

[11] TS EN ISO 527-1. (2019).  Plastics - Determination of tensile properties - Part 1: General principles. 

[12] Than, V. T., Wang, C. C., Ngo, T. T. & Lin, C. H. (2022). Thermal behavior of 

polytetrafluoroethylene in the sintering process. Thermal Science and Engineering Progress, 20, 101247. 

[13] Sciuti, V. F., Melo, C. C., Canto, L. B. & Canto, R. B. (2017). Influence of surface crystalline structures 

on DSC analysis of PTFE. Materials Research, 20(5), 1350-1359. 

[14] Aboudi, I. E., Mdarhri, A., Lame, O., Brosseau, C., Nourdine, A., Fabrègue, D. & Bonnefont, G. 

(2020). Analyzing the microstructure and mechanical properties of polytetrafluoroethylene fabricated by 

field-assisted sintering. Polymer, 203, 122810. 

[15] Rae, P. J. & Brown, E. N. (2005). The properties of poly(tetrafluoroethylene) (PTFE) in tension. 

Polymer, 46(19), 8128-8140. 

[16] Poitou, B., Dore, F. & Champomier, R. (2009). Mechanical and physical charactersations of 

polytetrafluoroethylene by high velocity compaction. International Journal of Material Forming, 2, 657. 

[17] Feng, Y., Xiong, T., Jiang, S., Liu, S. & Hou, H. (2016). Mechanical properties and chemical 

resistance of electrospun polyterafluoroethylene fibres. RSC Advances, 6, 24250-24256. 


