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THE GLASS TRANSITION TEMPERATURE OF
POLYTETRAFLUOROETHYLENE

The glass transition temperature, T, of polytetrafluoroethylene, here-
after referred to as PTFE, has long been a subject of controversy. A
value of somewhere above 110°C. (1) was selected by Tobolsky from
among several experimentally reported values (2—6) which varied from
—112 to 130°. If this value were correct then it would not be expected
that elastomers could result from compositions containing large propor-
tions of tetrafluoroethylene, as for example in a copolymer. This is a
consequence of the relationship, which Wood (7) demonstrated to be of
general applicability in vinyl copolymer systems, between T, and co-
polymer composition. This relationship can often be simplified to the
form given by Fox (8) as follows:

1/TEI,2 = wl/Tgl + W2/T32

where T, , refers to the copolymer Ty, and T, refer to the homopoly-
mers, and w, and w, are the weight fractions of the monomers incorpor-
ated into the copolymer. Therefore, a copolymer of tetrafluoroethylene
with a monomer, the homopolymer of which has a T; above room tempera-
ture, would not be expected to be normally elastomeric. However as
will be shown subsequently, this was actually observed in the course of
our work. This observation, and other data gathered, show that the T,
of PTFE is in reality in the vicinity of ~50°C. rather than —110 or
+130°C. ' :

The comprehensive sutvey by Boyer (9) of transition temperatures has
subsequently provided other arguments for the placement of T, of PTFE
at about this temperature. While a full discussion is beyond the scope
of this communication, these same arguments seem to apply equally
well to the earlier work cited by Boyer as well as to more recent results
with contrary conclusions (10). Reports other than those used by Boyer
are available which bolster our viewpoint. For example the solid state
irradiation of tetrafluoroethylene, the formation of free radicals therein,
and their subsequent destruction upon warming was followed by ESR
(11). The signal attributed to radical sites on the polymer chain disap-
peared as the temperature was raised from —80 to —=50°C. This corre-
sponded well to the temperature noted for the relaxation of hindrance to
rotation by NMR studies, —65 to —45°C. (12,13).

The lack of agreement in the various data is a consequence of the
high level of crystallinity of PTFE which renders the direct methods of
measurement of T, largely useless, because of the masking and/or re-
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pression of transitions in the amorphous phase. Because of the lack of
success in deducing T, using partially crystalline polymers, we ob-
tained values of T, for copolymers of TFE which were completely non-
crystalline, at least in the relaxed, unstretched state.

The polymers used in this work are described in Table I

TABLE I

Copolymers of Tetrafluoroethylene

Wt.-% CF,CF, Physical

M a o
Comonomer incorporated appearance [7] inh Te® 7C

Trifluorovinyl
Trifluoroethy! 36 Tough
ether elastomer -~ -1
n-Butyl vinyl 65 Soft gum 0.15 —45
ether
n-Butyl acryl- 50 Soft gum 0.25 -60
ate

® Determined on a Du Pont Model 900 differential thermal analyzer.

Values of T, for PTFE homopolymer were calculated from the Fox equa-
tion and data on the copolymers with trifluorovinyl trifluoroethyl ether,
n-butyl vinyl ether, and n-butyl acrylate. Values of —48, —38, and
—65°C. were obtained respectively. The average of these values, prob-
ably somewhat fortuitously, is —50° the value selected by Boyer. The
T, of poly(trifluorovinyl trifluoroethyl ether), 35°C., was determined in
the course of this work and values of —~56°C. (14) for poly(n-butyl acryl-
ate) and —55°C. (15) for poly(n-butyl vinyl ether) were used.

Thus evidence is presented to show that the T, of PTFE is well be-
low room temperature, rather than above, and tetrafluoroethylene can be
a useful building block for specialty elastomers, providing means can be
found to suitably reduce the high inherent crystallinity of these systems.
At the present time our work is continuing towards these goals.
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