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A Mild Reduction Route to PTFE Degradation at Low Temperature
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Poly(tetrafluoroethylene) has been degradated by a benign
method at low temperature. Metal K plays an important effect
in this process. The mild and economical route may be applied
to decompose other polymers with hard degradation.

With the environment protecting consciousness improved,
scientists have payed much attention to deal with the waste.
However, efficient disposing of solid pollutans is always one
of the most challenging to chemists. In addition, the minimizing
energy consumption (low reaction temperature) of chemical
manufacturing is also required to modern chemical industry.
Therefore, the introduction of new methods, mild and economi-
cal conditions, is still in demand.

Poly(tetrafluoroethylene) (PTFE) is a plastic material with
excellent heat and chemical resistance, low friction coefficient,
and little water absorption etc., so it is widely used in our life.!
However, the waste PTFE materials may become persistent solid
pollutants, which are difficult to degrade in the environment.”
Traditionally, the waste PTFE was decomposed by thermal treat-
ment over 500 °C.? Up to now, many new degradation methods
have been applied to deal with PTFE.*® However, these reac-
tions either require high reaction temperature, or employ organic
solvents. Thus it is required to search for a benign and low ener-
gy consumption method to PTFE degradation. Herein, we use a
mild reduction method to degrade PTFE in a sealed system at
180°C. In this process, metal K acts as not only the reductive
but also the reaction ‘solvent’, so the toxic organic solvent can
be avoided. Moreover, as PTFE is facilely dissolved in metal
K, it is favorable to reduce the reaction temperature. Besides,
carbon nanospheres formed by PTFE degradation have potential
application as reinforcement materials for rubber,” supports for
catalysts,'? and anodes in lithium ion second batteries.'! The ob-
tained KF can be used as solder, basic catalysis and so on.!2
Therefore, the ‘green’ route may be feasible method to PTFE
degradation in the present.

All reagents are commercially available and used without
further purification. In a typical experiment, metal K (0.200 g)
and microsized PTFE powder (0.100 g) were added into a stain-
less steel reactor with 10 mL after the reactor was purged with
nitrogen gas for 5 min to exclude the air. The reactor was sealed
and maintained at 180 °C for 30 h. Then the reactor was cooled
to room temperature naturally. The products were collected and
washed with absolute ethanol to remove a spot of residual K. The
obtained samples were washed continually with distilled water
and absolute ethanol several times. Finally the samples were
dried in vacuum at 40 °C for 6 h.

The products were determined by XRD on a Philips X’Pert
PROSUPER X-ray powder diffractometer using Cu Ko radia-
tion (1 = 1.54178 A). The scanning electron microscopy
(SEM) images were taken on a HITACHIX-650 scanning elec-
tron microscope. The transmission electron microscopy (TEM)

images were captured on a HITACHI 800 instrument using an
acceleration voltage of 200 kV. Information about the vibration-
al properties of the carbon material was obtained by Raman
spectroscopy using an argon-ion laser at an excitation wave-
length of 514.5 nm.

Figure 1 shows the Raman spectrum of the samples. There
are two strong peaks at 1350 and 1590cm~!. The peak at
1350cm™! could be assigned to the vibrations of carbon atoms
with dangling bonds in planar terminations of disordered graph-
ite. The peak at 1590 cm~! (G-band) corresponds to an Es, mode
of graphite and is related to the vibration of sp?-bonded carbon
atoms in a 2-dimensional graphite layer.'> Compared with the
G-band at 1580cm™! for the graphitic carbons,'* the G-band
of the products shifts towards a higher wavenumber due to the
less orderly arrangement of the carbon atoms.®
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Figure 1. Raman spectrum of the products which shows G-and
D-graphite peaks at 1350 and 1590 cm™!, respectively.

The SEM image of the samples is exhibited in the Figure 2a.
In the typical SEM image, it can be found that the PTFE is al-
most degradated into carbon spheres with diameter of 500-
800 nm. There are a few carbon nanoparticles on the surface
of the carbon spheres. TEM image of the samples is shown in
Figure 2b, it also reveals that the samples mostly consist of car-
bon spheres. The inset in Figure 2b shows the selected area elec-
tron diffraction of the carbon sphere. The dispersed rings indi-
cate that the carbon sphere has low crystallization, which also
can be revealed by the Raman spectrum and XRD pattern (in
Figure 3b). It may be related to the low reaction temperature.
In addition, the obtained carbon spheres may be applied in rub-
ber industry, supports for catalysts and so on.

In our experiment, the temperature is an important factor to
PTFE degradation. When the reaction temperature is below
70 °C, the PTFE degradation could not be found even if the re-
action is proceeded for one week. While the temperature is in-
creased to 100 °C, most PTFE are degraded into the carbon par-
ticles. Moreover, the PTFE could be completely degraded into
carbon nanospheres at 180 °C only if the reaction proceeds for
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Figure 2. (a) SEM and (b) TEM images of the products; inset
(in the Figure 2b) shows SAED of the carbon sphere.
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Figure 3. (a) and (b) XRD patterns of the samples, not washed
by the distilled water, and the final products, respectively.

30h. It may be caused from the fact that the PTFE is easy to dis-
solve in metal K (mp 64 °C), thus it is favorable to expedite re-
action process. Herein, metal K acts not only as the
‘solvent’ but also the reducer. It can be concluded from the
following.

Figure 3a shows the XRD pattern of the products that are not
washed using the distilled water. All the sharp and broad reflec-
tion peaks can be indexed to cubic KF (JCPDS Card File, 04-
0726), small quantity of orthorhombic KF.H,O (marked with as-
terisks) and low crystalline carbon. Figure 3b is a typical XRD
pattern of the as-obtained products. Based on the above, the re-
action process can be represented as follows:

—(CF,-CF,)—, +4n K =2n C + 4n KF

It is the similar process in the literature.’ In addition, some other
metals (such as Mg, Zn, Fe, etc.) instead of metal K are used as
the starting material, but the PTFE can not be degraded even if
the reaction temperature is increased to 300 °C. Therefore, it is
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important to PTFE degradation to find a kind of metal with
low melting point and strong reducibility.

In summary, PTFE powders have been favorably degraded
into carbon nanospheres at 180 °C by a mild reduction process.
The possible reaction mechanism is also discussed. The metal
K, used as not only reducer but also ‘solvent’, may play a key
role in the PTFE degradation. Because the process is closed, uses
no toxic reagent, and proceeds at low reaction temperature, this
reduction route may be applied to degrade other stable polymer
with high melting point.
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