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Abstract (Synopsis) 

Since the 20th century, living things on our planet Earth, including the human race, have been 

facing a crisis due to the depletion of natural resources and energy as well as their lost potential. 

Humans, in particular, have acted as though these resources and energy were infinite, and our 

history is one of traveling a path of abuses. Can we take some action to stop wasting our limited 

resources, and can we do something to recycle them? These issues are the mission that people of 

today living in the 21st century must act upon. 

The same can be said for polytetrafluoroethylene (PTFE) that is discussed in this paper. For a 

very long time, recycling of PTFE has been viewed as a major problem by the fluorochemical 

industry. 

PTFE is a very scarce polymer produced from fluorite as the main raw material. The material's 

characteristics include good resistance to heat, chemicals, and weather, and it possesses good 

sliding properties. In Japan, fluorite ore is available only in extremely small quantities, and the 

reality is that Japan depends on fluorite imports from other countries. In fact, Japan is the world's 

leading importer of fluorite. One theory holds that fluorite sources may be exhausted in several 

decades, which would bring about a shortage crisis. But, in spite of this, most PTFE cutting waste 

and used products are treated as industrial waste. No effective recycling method exists, and that in 

itself is considered a difficult issue. 

In this paper, we address the challenges involved in recycling PTFE and discuss research 

challenges and results, as well as new issues that have come to the fore. The most important concern 

in recycling PTFE has been the reduced strength of the material. As we will discuss the reasons for 

the possible causes and the potential for improving the strength in this paper in detail, we will only 

mention it briefly here. 

A comparison of virgin PTFE and recycled PTFE reveals they differ as to whether or not there is 
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a fibrous texture and pores, and it is conceivable that these features also contribute to a difference in 

strength. In other words, recycled PTFE has decreased strength because it lacks a fibrous structure 

and has lower porosity. 

Improving the strength of recycled PTFE by low crystallization to reduce the porosity and 

increase the strength it is considered difficult. However, the strength was increased when a 

dispersion containing PTFE particles that are easy to convert into fiber is mixed into the recycled 

PTFE powder. And increasing the quantity of the added dispersion also increases the strength. 

Additionally, it also became clear that, while the tensile strength may be small, the tensile 

elongation is larger than that of typical virgin PTFE. We are also thinking about ways to utilize 

recycled PTFE based on these ideas and findings. 

In this study, we feel we have grasped the full potential and effects of recycling PTFE and 

improving its reliability. In addition, we consider our results to be very meaningful both 

academically and industrially. 

To begin with, what do we mean when we speak of "recycling"? When taking on this study, we

had a question in mind: Does recycling mean returning something to exactly the same qualities that 

the original possessed? As far as PTFE is concerned, it is not necessary for the recycled PTFE to 

have the same strength as the original material before recycling. The required qualities may differ 

depending on the application. 

As an example, recycled PTFE can be used for industrial applications such as wearables, robots, 

and thermal insulation materials. It is also possible to develop consumer products with high artistic 

values by making the most of PTFE's eternally white and silky smooth qualities. The BLANC 

BIJOU luxury brand (art pieces, tableware, jewelry, etc.) that we started developing in 2009 has 

been gaining a high reputation not only in the field of art but also in commercial markets. 

Recycling does not necessarily mean going back to a perfect-like state. We feel this must also 

apply to other various fields, and not only to PTFE. When considering how to convert recycled 
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things, flexible thinking and ideas are important, and recycling itself is not the objective. In addition 

to being researchers, we became aware of this issue while practically engaged in the fluorite and 

PTFE industry. We would like to propose that it is time for us to rethink the significance of 

recycling. 
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Fig. 1-3 Manufacturing process of TFE monomer & Polymerization of PTFE.
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Fig. 1-4 Manufacturing process of PTFE products.
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Fig. 1-5 Material properties of plastics.
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Fig. 1-6 Material recycle scheme of PTFE.
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1. Title

Establishing a method for recycling PTFE waste

2. Summary

Polytetrafluoroethylene (PTFE) is an excellent polymer material with superior 

characteristics such as heat resistance, chemical resistance, weather resistance and 

sliding properties. Although PTFE is one of thermoplastic polymer materials, it 

maintains high viscosity (1010 to 1012 Pa/S) even at temperatures higher than the 

melting point and exhibits no fluidity. For this reason, PTFE production process is 

different from the production method used for general polymers, and in the PTFE 

production process, the powder is compressed to form powder compaction, like a 

powder metallurgy process, and sintered. The sintered PTFE is cut to form a shape. In 

this cutting process, a large amount of PTFE chips is discharged as the waste. Because 

PTFE is very stable chemically, it is not decomposed by microorganisms in the soil. 

Moreover, PTFE 

completely and the hazardous gas is generated when vaporized, so PTFE cannot be 

incinerated to dispose as waste. In this way, there is no effective method available now, 

except for landfill disposal method, as disposal methods of a large amount of PTFE 

waste, and an effective disposal methods or recycling methods are required. 

On the other hands, PTFE is a very scarce polymer material produced using an ore 
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called fluorite as the main material. Fluorite is produced mainly in China, UK, South 

Africa and Mexico, and from fear of the resource depletion, a recycling technology for 

PTFE has long been sought. Japan produces a small amount of fluorite and is the 

largest importer of fluorite. Furthermore, from the viewpoint of resource strategy, it is 

significant to establish a recycling technology.

A recycled PTFE produced using sintered PTFE product and cutting waste of PTFE, 

which is hereinafter called recycled PTFE, has greatly inferior mechanical strength

compared to sintered PTFE just produced from fluorite, which is hereinafter called 

virgin PTFE. The reason for the decrease in the mechanical strength has not been 

identified at present. Recently, fluoroelastomer has been used for wearable 

applications. Similarly the development of PTFE for wearable applications is also 

prospective, and the use of recycled PTFE can be expected for wearable applications 

that do not require large strength. 

The objective of this study was to establish a method for recycling PTFE in order to 

expand its applications and improve its reliability. So in this study, the cause of 

degradation in the mechanical strength of recycle PTFE and strengthening method of 

recycled PTFE were investigated 

In Chapter 1, the characteristics and applications of PTFE, and the present state of 

recycling were outlined, the issues for the establishment of a recycling method were 

clarified and the objective of this study was mentioned.

In Chapter 2, the characteristics of the recycled PTFE and virgin PTFE raw powders, 

the microstructures of their sintered PTFE and the influence of the microstructure of 

their sintered PTFE on their mechanical strength were investigated to clarify the cause 

of the degradation in the mechanical strength of the recycle PTFE. As the results, 

because the virgin PTFE raw powder had a fibrous structure, packing ratio of PTFE 
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particles was enhanced by intertangling the fibrous structures of the particles during 

compaction, which resulted in the strengthening the interface between PTFE particles 

to a certain extent. Furthermore, during sintering stronger interface bonding was 

formed by densification and fusion among PTFE particles. On the other hand, because 

the recycled PTFE powder had not a fibrous structure, the powder compactions could 

not have the entanglement among the PTFE particles. Therefore, PTFE particles could 

not form stronger interface bonding even after sintering. This difference is one of the 

reasons why the mechanical strength of the recycled PTFE was degraded largely, as 

well as the existence of pores.

In Chapter 3, in order to improve the mechanical strength of the recycled PTFE, 

influence of the lower crystallinity of the recycle PTFE on the porosity of the powder 

compacts was investigated. The lower crystallinity might make the PTFE particles 

softening, which might cause the plastic deformation of the PTFE particles during 

compacting and then decrease the porosity of the powder compacts. Lowering the 

crystallinity of the recycle PTFE was tried by heating at temperatures higher than 

melting point and then quenching. As the results, by lowering the crystallinity, the 

porosity increased about twice and the fusion among PTFE particles tended to decrease. 

The cause of the increase in porosity might be the increase in the elasticity of the PTFE 

particles by softening. These results indicate that it is difficult to decrease the porosity 

and improve the mechanical strength by lowering the crystallinity of the recycled 

PTFE.

In Chapter 4, in order to improve the mechanical strength of the recycled PTFE from 

a different point of view, a dispersion including PTFE particles, which tend to become 

fibrous, was added to the recycled PTFE raw powder and the sintered PTFE was 

prepared, and so the microstructure and mechanical properties of the sintered PTFE 
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were investigated. In addition, the sintered PTFE was prepared using the mixtures of 

virgin PTFE powder (molding powder) and recycle PTFE powder was estimated as 

compared with that prepared using mixtures of dispersion and recycle PTFE powder. 

As the results, it was found that the mechanical strength of the recycled PTFE was 

increased by mixing the dispersion with the recycled PTFE powder. The mechanical 

strength was increased with increase in dispersion content. By the addition of 50wt% 

dispersion, the pores of the recycled PTFE almost disappeared, and the tensile strength 

reached about 90% of the sintered PTFE prepared using dispersion powder only, which 

was about four times larger than that of the recycled PTFE. Furthermore, it was found 

that the sintered PTFE containing more than 50wt% dispersion was a characteristic 

PTFE with larger tensile elongation compared with the virgin PTFE while it had 

smaller tensile strength than the virgin PTFE.

In Chapter 5, the characteristics of the recycled PTFE and virgin PTFE raw powders, 

the microstructure and mechanical strength of their sintered PTFE and the 

strengthening of the recycled PTFE were summarized. In addition, future prospects for 

recycled PTFE were described.
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Fig. 2-1 Evaluation of crystalline polymer, a ) calculation method of the degree of 

crystallinity, b ) XRD peak image of amorphous and crystallinity, c ) Changing

Image of polymer crystal structure.
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Fig. 2-2 XRD patterns of virgin PTFE powder (M-12) and 

recycled PTFE powder .
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Fig. 2-3 DSC curves of virgin PTFE powder (7A).

Fig. 2-4 DSC curves of recycled PTFE powder (average
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Fig. 2-5 Melting and freezing temperatures of virgin PTFE powder (7A) and 

recycled PTFE powders (average particle size: 50 and ).
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Fig. 2-6 FE-SEM images of (a) virgin PTFE powder (7A) and (b) recycled

PTFE powder (average particle size: ).
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Fig. 2-7 Surface images of fired (a) virgin PTFE prepared using 

M-392 and (b) recycled PTFE prepared using raw powder 

with average particle size of . Black area means holes.
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Fig. 2-8 Tensile strength and tensile elongation of virgin PTFE and 

recycled PTFE.
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Table 2-1 Preforming conditions and mechanical strength of recycled PTFE 
compacts.

condition
surface 
pressure
(kgf/cm2)

pressure
holding time (s)

porosity
(%)

melt press 400/200 120 /9.0×103 0.097
long time press 300 3.456×105(4 days) 6.953
high pressure 600 60 19.33

medium pressure 450 60 20.57
low pressure 322 60 22.70
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Fig. 2-9 Influence of porosity on tensile strength and tensile elongation

of recycled PTFE.
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Fig. 3-3 XRD patterns of virgin, recycled, low crystallization PTFE powder.

Upper side; Cooling to room temp. / Under side; Cooling to liquid N2.



 

 
 

69 

Table 3-1
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Table 3-1 Integral area, intensity and integral width of diffraction peaks at 
2 =18º and 16º in XRD patterns of virgin, recycled, low crystallization treated 
PTFE powder under cooling by room temp. and cooling by Liquid N2.
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Fig. 3-4 Porosity and bulk density of low crystallization treated and sintered recycled 

PTFE depended by the heat temperature.
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                    Fig. 4-1 XRD pattern of dispersion PTFE.
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Fig. 4-2 SEM images of (a) recycled PTFE powder, (b) dried dispersion 

powder and (c) molding powder.
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Fig. 4-3 SEM images of recycled PTFE powder mixtures containing 

(a) 50wt% dispersion powder, (b) 80wt% dispersion powder and (c) 

50wt% molding powder.
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Fig. 4-4 (a) Bulk density and (b) porosity of sintered PTFE 

compacts.

dispersion powder, : recycled PTFE containing molding powder, 

: virgin PTFE7).
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Fig. 4-5 SEM images of sintered recycled PTFE compacts containing (a) 50wt% 

dispersion powder, (b) 80wt% dispersion powder and (c) 50% molding powder.
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Fig. 4-6 (a) Tensile strength and (b) tensile elongation of sintered PTFE 

compacts. : recycled PTFE, : recycled PTFE containing dispersion 

powder, : recycled PTFE containing molding powder, : virgin PTFE7).
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Fig. 4-7 FE-SEM images of recycled PTFE compacts containing 50wt% 

dispersion powder.
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Fig. 4-8 Estimation of optimal interface between recycled PTFE powder and 

dispersion PTFE powder.
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Fig.5-5 PTFE

atalie 1964

BLANC BIJOU

2016 PTFE

Fig. 5-5 Sales event in ISETAN SHINJUKU.

PTFE



 

 
 
 
 

109 

Fig.5-6 BLANC BIJOU 

PTFE “ ”

Fig. 5-6 Table wares made of PTFE.

BLANC BIJOU 2009

PTFE

BLANC BIJOU PARIS

BLANC BIJOU accessoire

Fig.5-7 “ ” PTFE

BLANC BIJOU accessoire



 

 
 
 
 

110 
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Fig. 5-10 Relationship between the thermal conductivity and porosity of PTFE.
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Fig. 5-11 Water absorption of Styrofoam.
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