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57 ABSTRACT 

High yield monomeric tetrafluoroethylene may be re 
covered from polytetrafluoroethylene and polytetra 
fluoroethylene composites by pyrolyzing the polymer 
in the presence of high temperature steam. The steam 
acts as a condensable carrier gas for the low molecular 
weight pyrolysis products and should be present in an 
amount such that the mole ratio of steam to pyrolysis 
products is at least one to one. The steam also acts as 
a means for heating the polymer to the necessary de 
composition temperatures. 

8 Claims, 2 Drawing Figures 
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METHOD FOR THE DEPOLYMERIZATION OF 
POLYTETRAFLUOROETHYLENE 

The present invention relates to the production of 
low molecular weight fluorine-containing compounds 
by depolymerizing polymeric tetrafluoroethylene. 
More particularly, the invention is directed to a method 
of recovering monomeric tetrafluoroethylene from 
polymeric tetrafluoroethylene by pyrolysis using the 
controlled presence of high temperature steam. 
The pyrolysis of polymeric tetrafluoroethylene (gen 

erally referred to as polytetrafluoroethylene, TFE fluo 
rocarbon polymer or PTFE) under varying conditions, 
including in air and under vacuum, is well known in the 
art. See for example S. L. Madorsky, Thermal Degrada 
tion of Organic Polymers, pp. 130 et seq., Wiley (1964). 
The pyrolysis products are a mixture of many com 
pounds including TFE monomer, hexafluoropropene 
(CFs), octafluorocyclobutane (CFs), and other gase 
ous and liquid perfluorinated products having relatively 
low boiling points. When pyrolysis is conducted at near 
atmospheric pressures these products usually contain 
considerably less than 50 percent of the monomer, and 
consequently the mixture is of little commercial value. 

Other attempts have been made to enhance the yield 
of monomer tetrafluoroethylene by decreasing resi 
dence time at pyrolytic temperatures by means of evac 
uating the pyrolysis zone to subatmospheric pressure. 
See for example U.S. Pat. No. 2,406,153 to E. E. Lewis. 
The latter patent discloses yields of monomeric tetra 
fluoroethylene as high as 85 percent based on the gase 
ous products alone when pressures were reduced below 
150 millimeters of mercury. Although this represented 
a vast improvement in yield, the process cannot be sat 
isfactorily employed for several reasons. Although it is 
not difficult to produce a vacuum in a vessel containing 
polytetrafluoroethylene, it is quite difficult to pyrolyze 
large quantities since the vessel must ordinarily be 
heated externally. The difficulty arises because: (1) 
materials capable of withstanding the high temperature 
and corrosive pyrolysis conditions generally have poor 
strength and rigidity at the high temperatures involved; 
(2) the use of vacuum precludes convective heat sup 
ply to the polymer and thus restricts the supply of en 
ergy necessary for pyrolysis to conduction and radia 
tion from the surface of the vessel; and (3) polytetraflu 
oroethylene itself has very poor heat-transfer proper 
ties. The net result is that the maximum diameter of a 
vacuum-pyrolysis vessel is generally limited to about 10 
inches, and the batch of polymer to be pyrolyzed is gen 
erally restricted to a relatively small weight. Further 
more, vacuum pyrolysis offers the probability of haz 
ardous introduction of air into the pyrolyzate stream. 
As a result, to the best of our knowledge no important 
commercial depolymerization of polytetraflu 
oroethylene in vacuum has been accomplished. 
Scrap or waste polytetrafluoroethylene is an attract 

ive source of monomer tetrafluoroethylene from sev 
eral standpoints. In economic terms, the production of 
monomer tetrafluoroethylene by depolymerization of 
the polymer represents a substantial cost saving com 
pared to the synthesis of the monomer from usual re 
frigerant gas sources. In process terms, a substantial 
difficulty encountered in producing polytetraflu 
oroethylene is the presence of by-product difluoroethy 
lene and trifluoroethylene with the crude monomer tet 
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2 
rafluoroethylene made from CHCIF. or CHF. These 
impurities are generally removed by slow and costly 
methods. On the other hand, it is believed that mono 
mer from the depolymerization of polytetraflu 
oroethylene has substantially reduced portions of these 
products. - 

Additionally, the depolymerization process is attract 
ive from an environmental standpoint. Mechanical re 
processing of polytetrafluoroethylene is practiced only 
to a small extent due to the loss in mechanical proper 
ties and processability of the reprocessed polymer. 
Therefore, disposal of waste polymer is resulting in 
creasingly in an accumulation of non-biodegradeable 
polytetrafluoroethylene. Thus, production of monomer 
tetrafluoroethylene from scrap polymer results in a 
beneficial recycling of material the accumulation of 
which is potentially disadvantageous to the environ 

ent. 
Accordingly, it is an object of the present invention 

to develop a commercially feasible process for the pro 
duction of tetrafluoroethylene monomer from polytet 
rafluoroethylene. . 

It is a further object of the present invention to pro 
duce high yields of tetrafluoroethylene monomer by 
the depolymerization of polytetrafluoroethylene. 

It is a still further object of the present invention to 
produce good yields of other low molecular weight 
fluorine-containing compounds, such as commercially 
valuable hexafluoropropylene. 

It is another object of the present invention to pro 
vide a method of depolymerizing polytetraflu 
oroethylene in any form without the necessity of using 
subatmospheric pressures. 

It is still another object of the present invention to 
provide a method of recycling non-biodegradeable 
polytetrafluoroethylene whether it be in clean, contam 
inated or composite form. 
Other objects will appear hereinafter. 
The objects of this invention are achieved by heating 

polymeric tetrafluoroethylene to temperatures above 
the decomposition temperature of the polymer in the 
presence of high temperature steam under such condi 
tions that the mole ratio of steam to off-gas decomposi 
tion products is at least one to one. The off-gas prod 
ucts are collected after condensing the steam. 
For the purpose of illustrating the invention, there 

are shown in the drawings forms which are presently 
preferred; it being understood, however, that this in 
vention is not limited to the precise arrangements and 
instrumentalities shown. 
FIG. 1 is a simplified representation of an apparatus 

which may be used in the present invention according 
to Example I. 
FIG. 2 is a simplified representation of an apparatus 

which may be used for processing larger quantities ac 
cording to the method of the present invention. 
The process of the present invention depends in large 

part upon the role of steam as a diluent and carrier gas 
for the tetrafluoroethylene monomer, which is the pre 
dominant product of the decomposition of the poly 
mer. In addition, the commercial feasibility of the pres 
ent invention depends upon the fact that high tempera 
ture steam may conveniently be used to conduct suffi 
cient heat to the polytetrafluoroethylene to decompose 
the material. 
While thermal decomposition of polytetraflu 

oroethylene is observed as low as 450°F, the decompo 
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sition at this temperature only proceeds at a rate on the 
order of 10 percent per hour. It is not until consider 
ably above the polymer first-order transition tempera 
ture (approximately 625 F) that substantial decompo 
sition is observed. That is, the polytetrafluoroethylene 
should be heated to a temperature of between about 
780 F and 1,400 F, and preferably between about 
800 F and 1,100 F. Good results may be achieved 
when the temperature of the steam impinging upon the 
polymer melt is between 950 F and 1,800 F. 
Although the specific temperature of the steam sup 

plied to the polymer tetrafluoroethylene mass may be 
varied over a large range, the flow rate of steam re 
quired will be largely dependent on the temperature of 
the steam. This is due to the fact that the depolymer 
ization rate is increased by increased interface temper 
ature of the polymer under pyrolysis. Therefore, as the 
temperature is raised, the mass-rate of steam must be 
increased in order to adequately dilute the tetrafluor 
oethylene monomer which is forming at a more rapid 
rate, and thereby minimize the tendency of free-radical 
difluoromethylene groups to trimerize or polymerize. 
In other words, to maintain a high degree of TFE 
monomer yield, it is prudent to dilute free-radical inter 
action by maintaining an adequate steam flow rate. In 
general, the higher the temperature, the more steam 
required to maintain uniform yield. 
An easy way to accomplish uniform yield is to main 

tain a constant mole ratio of steam to off-gas decompo 
sition products. It has been found that a minimum mole 
ratio of steam to decomposition products of about four 
to one is required to maintain a high level of monomer 
yield. Mole ratios of as low as about one to one still pro 
duce good levels of monomer yield as well as increased 
yields of other low molecular weight fluorine 
containing compounds. At lower mole ratios, monomer 
tetrafluoroethylene concentration is low, and the 
amount of solid sublimate as well as other decomposi 
tion by-products is increased. On the other hand, at ex 
tremely high mole ratios, it is possible to produce al 
most pure monomer tetrafluoroethylene. A mole ratio 
of steam to decomposition products of between about 
ten to one and forty to one is preferable. There is ap 
parently no upper limit on the amount of steam which 
may be used or the maximum temperature of the 
steam. However, economic considerations render 
higher temperatures and amounts impractical. 
The commercial depolymerization of polytetraflu 

oroethylene may be carried out in vessels of various 
configurations. A simplified representation of one such 
vessel is illustrated in FIG. 2 of the accompanying 
drawings. 
The reaction vessel 10 should be made of a material 

which is able to withstand the high temperatures and 
corrosive byproducts of the pyrolysis reaction. An opti 
mum material is platinum lined high temperature stain 
less steel. However, Inconel (a trademark for alloys of 
nickel and chromium) or Monel metal (a trademark for 
alloys of predominantly nickel and copper) may also be 
employed. It is possible to use stainless steel or iron, but 
these material are less desirable. 
The high temperature steam used in the process of 

the present invention may be produced either outside 
or within the reaction vessel. Super-heated steam, 
steam or water enters the vessel 10 through inlet tube 
12 at the side of the vessel near the bottom. Inlet tube 
12 extends approximately to the center of the vessel. 
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4 
The tube may be made of stainless steel, for example. 

In order to produce the steam or maintain or raise the 
temperature of the steam, the vessel 10 is provided with 
gas burners 14. In addition, the sides and top of the ves 
sel are provided with suitable insulation 16. 
The batch 18 of material to be pyrolyzed is supported 

by a porous surface 20 which may be made of a heavy 
gauge screen or a perforated metal plate. The porous 
surface 20 is in turn supported by a replaceable tripod 
22, which is positioned over the steam inlet tube 12. 
The screen or perforated metal plate which forms the 

porous surface 20 not only serves as a support for batch 
18, but also conducts heat to the batch to further the 
decomposition. Since typically encountered PTFE melt 
does not usually flow until it reaches a temperature of 
about 850 For more, flowing of the melt through the 
holes of the screen or perforated plate is not a major 
problem. In fact, the melt produces a stalactite effect, 
and the hotter steam beneath the screen or plate de 
composes the polymer before the drips of melt can hit 
the bottom of the vessel. Nevertheless, the holes in the 
screen or plate should be sufficiently small to prevent 
particles of the solid polymer from falling through. For 
example, two overlapped layers of 14 mesh screen have 
been found to be quite suitable, whereas 8 mesh screen 
or 4 inch drilled holes in a steel plate were usually too 
large. 

It has also been found preferable to cover or wrap the 
batch 18 with screen 24, which may suitably be made 
of 14 mesh stainless steel. The screen 24 inhibits the 
blowing off of any solid raw-material with the steam 
and decomposition gases, as well as reducing sublimate 
formation. The reduction of sublimation is important 
since the condensation of the sublimate tends to block 
the exit gas lines. As already mentioned, sublimate for 
mation may also be reduced or substantially eliminated 
by using higher mole ratios of steam. 
After passing through and around the porous sup 

porting surface 20 and the batch 18, the steam carries 
the gaseous pyrolysis products away from the polymer 
mass and out of the vessel 10 through effluent gas out 
let 26, which may suitably be stainless steel tubing. It 
is good practice to position the effluent outlet 26 below 
the vessel opening 28, since gasketing capable of with 
standing the depolymerization temperatures and corro 
sive conditions (i.e., hydrofluoric acid) is generally not 
available. For example, in a vessel having a volume of 
8 liters the effluent gas outlet 26 may suitably be posi 
tioned about 2 inches above the batch 18 and 6 inches 
below the vessel opening 28. Also, the lid 30 of the ves 
sel may be gasketed with polytetrafluoroethylene, pro 
vided enough of the heat supplied to the bottom of the 
vessel is removed through effluent outlet 26 to keep the 
gasket temperature below about 500 F. 

In order to aid the control of the steam temperature, 
the vessel may be suitably provided with thermocou 
ples 32, in wells 33 positioned in the lid 30 and the bot 
tom 34 of vessel 10, for example, to determine the re 
spective temperatures of the batch 18 and the steam 
below the batch. The vessel may also be provided with 
appropriate flowmeters (not shown) at the inlet tube 
12 and/or outlet 26 to read the amounts of steam and 
pyrolyzate passing through the system. 
Following the effluent gas outlet 26 is a heat ex 

changer and water drop-out container (not shown) for 
condensing the steam. This apparatus may be of any 
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suitable construction and design. After the condensa 
tion of the steam, the decomposition gases are sub 
jected to conventional purification and collection ap 
paratus, which may include an anhydrous calcium sul 
fate drying tower and fractional distillation system. 
The present invention will now be further illustrated 

with reference to the following detailed, non-limiting 
examples. In the examples all proportions are given as 
mole percents (determined by gas chromatography), 
unless otherwise specified. 

EXAMPLE I 

This example was performed in the apparatus which 
is illustrated in the simplified representation of FIG. 1 
of the accompanying drawings. 
A 100 gram sample 40 of unfilled polytetraflu 

oroethylene resin was wrapped in stainless steel screen 
ing 42 and placed one foot from the end of a 3% foot 
long stainless steel tubei 44 having a diameter of one 
inch. The 2 foot length of tubing 44 prior to the polytet 
rafluoroethylene sample 40 was wrapped with heating 
bands 46. The entire length of tube 44, except for the 
last 6 inches on the end 48 closest to the sample 40, was 
provided with insulation 50. The end 48 was reduced 
to 4 inch diameter stainless steel tubing 52 which ran 
for 3 feet, acting as an air condenser, which in turn was 
connected to a rubber tube 54 which led to a small fil 
ter flask 56 for dropping out the water 58 condensed 
from the steam. Filter flask 56 was provided with a 
product gas outlet 60 which led to a collection flask 62. 
Collection flask 62 was immersed in a dry ice-acetone 
bath 63 for condensation of the decomposition gases. 

Steam entered end 64 of the reaction tube 44 after 
being boiled from a 2,000 milliliter flash (not shown). 
Over a one half hour period, 250 grams of steam were 
produced. A thermocouple (not shown) between the 
insulation and the outside of the tube indicated a tem 
perature of 850°F at the site of the polymer. The mole 
ratio of steam to effluent gas products was approxi 
mately 60 to l, and the amount of material pyrolyzed 
was approximately 21 grams. Gas samples were taken 
from the gas outlet 60 between filter flask 56 and col 
lection flask 62 and analyzed. 
The analysis showed the effluent gas to contain 98 

percent tetrafluoroethylene monomer (CF), 1.25% 
CFs and 0.75% C.F. No sublimate was produced. 

EXAMPLE II 

Steam at a temperature of 500 F was introduced at 
a rate of 7-10 grams per minute to the bottom of an 8 
liter stainless steel vessel similar to that shown in FIG. 
2 of the drawings. The base of the vessel was heated by 
the gas burners to raise the steam temperature to about 
1,100 F. The temperature at the bottom of the poly 
mer was 950 F. Prior to the introduction of the steam, 
a 1 pound sample of polytetrafluoroethylene was 
loaded into the vessel. Under the action of the steam 
the resin was depolymerized over a one hour period 
and yielded an off gas concentration of 70 percent tet 
rafluoroethylene monomer. 

EXAMPLE III 

One kilogram of unsintered scrap PTFE containing 
25 percent fiberglass and pigmentation was pyrolyzed 
in the same vessel as Example II with 1,100 F steam 
flowing at a rate of 12-15 grams per minute. Over a one 
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6 
half hour period, 250 grams of the material was pyro- . 
lyzed. The mole ratio of steam to off gas products was 
approximately 10 to 1. The composition of the product 
gases was 85% C2F4, 10% CFs and 4% CFs. 

EXAMPLE IV 

A pyrolysis run was made in the same vessel as Exam 
ple II using sintered, unfilled scrap PTFE. Using 1,100° 
F steam at a rate of 15-20 grams per minute, a 500 
gram sample of the scrap PTFE was completely pyro 
lyzed over a one hour period. The unrefined off gases 
were composed of 90 percent tetrafluoroethylene 
monone. 

EXAMPLE V 

A 1 kilogram sample of PTFE material was pyrolyzed 
in the apparatus of Example II with 1,100 F steam 
flowing at 20-25 grams per minute. The PTFE material 
employed consisted of whole and broken sintered bil 
lets filled with bronze, carbon, molybdenum disulfide 
and some pigmentation. Over a 100 minute period the 
sample was pyrolyzed completely and produced a 
monomer tetrafluoroethylene yield (based on gases) of 
70-85 percent. Sublimate formation was reduced with 
this high steam flow to about 5 percent of the total sol 
ids. 

EXAMPLE VI 

The pyrolysis vessel of Example II was charged with 
7 pounds of flake reprocess grade (scrap and turnings 
of PTFE put through a grinder to make uniform size 
sintered particles) polytetrafluoroethylene. Steam hav 
ing a temperature ranging between 1,100 F and 1,200 
F was introduced at a rate of 35-40 grams per minute. 
The pressure measured at the bottom of the polymer 
melt was 5-8 psi during equilibrium pyrolysis condi 
tions. The flow of off gases was measured after conden 
sation of the steam, drying of the products and conden 
sation of products heavier than TFE. The TFE gas was 
produced at about 2,200 cc per minute (approximately 
10 grams per minute). This represented a mole ratio of 
steam to off gas products of approximately 20 to 1. The 
analysis of the effluent gases indicated 90–95 percent 
monomer tetrafluoroethylene. 

It will be readily understood by one of ordinary skill 
in the art that the above examples are only illustrative, 
and the exact process parameters can be varied widely. 
For example, the form of the apparatus may be varied 
in order to operate the process of the present invention 
in batches, semi-continuously, or continuously. Also, 
processes for the automatic feed of polytetraflu 
oroethylene and PTFE composites into the pyrolysis 
vessel are conceivable, as are processes for withdrawal 
of the non-decomposed inorganic fillers from the pyro 
lyzed composites. 
The utility of the present invention is apparent when 

compared to previous processes which either yield ex 
tremely low concentrations of desirable pyrolysis prod 
ucts or have limited commercial success because of re 
stricted capacity. The process of this invention offers a 
highly available feed stock for the production of tetra 
fluoroethylene polymer and fluorine containing com 
pounds of various molecular weights. Furthermore, the 
invention can recycle scrap polytetrafluoroethylene in 
virtually any form, including scrap lathe-turnings and 
other machine scrap, unsintered or sintered tape and 
sheet trimmings, discarded finished parts, and other un 
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filled or composite forms. Polytetrafluoroethylene 
composites may include, for example, mixtures of 
PTFE with fiber glass, bronze, carbon and other inert 
materials. 
The present invention may be embodied in other spe 

cific forms without departing from the spirit or essen 
tial attributes thereof and, accordingly, reference 
should be made to the appended claims, rather than to 
the foregoing specification as indicating the scope of 
the invention. 
We claim: 
1. A method of producing tetrafluoroethylene mono 

mer by pyrolysis of polymeric tetrafluoroethylene, 
comprising the steps of heating polymeric tetrafluor 
oethylene to a temperature of at least about 780 F. at 
a pressure of at least atmospheric pressure and in the 
presence of high temperature steam, said steam being 
present in an amount such that the mole ratio of steam 
to pyrolysis products is at least about 4 to 1, condensing 
the steam from the mixture of pyrolysis products of the 
polymeric tetrafluoroethylene and collecting the result 
ing pyrolysis products. 

2. A method according to claim 1 wherein the poly 
meric tetrafluoroethylene is heated to a temperature of 
between about 780F. and 1,400F. 

3. A method according to claim 1 wherein the poly 
meric tetrafluoroethylene is heated to a temperature of 
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8 
between about 800F. and 1,100°F., and the mole ratio 
of steam to said pyrolysis products is between about 10 
to 1 and 40 to 1. 

4. A method according to claim 1 wherein the poly 
meric tetrafluoroethylene is heated by steam having a 
temperature of at least 950F. 

5. In a method for depolymerizing polymeric tetraflu 
oroethylene by pyrolysis, the improvement comprising 
heating polymeric tetrafluoroethylene at a pressure of 
at least atmospheric pressure and in the presence of 
high temperature steam sufficient to heat said poly 
meric tetrafluoroethylene to a temperature of at least 
about 780. F., said steam being present in an amount 
such that the mole ratio of steam to pyrolysis products 
is at least about 4 to 1, condensing the steam from the 
mixture of pyrolysis products, and collecting the result 
ing pyrolysis products. 

6. A method according to claim 5 wherein said steam 
has a temperature of between about 950F. and 
1,800°F. 
7. A method according to claim 5 wherein the mole 

ratio of steam to said pyrolysis products is between 
about 10 to 1 and 40 to 1. 

8. A method according to claim 5 wherein said poly 
meric tetrafluoroethylene is recycled scrap containing 
fillers. 
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