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Abstract: Stress-strain curves for crystalline and non-crystalline polytrifluorochloroethylene as a
function of temperature are given for the temperature range from 25° to 190° C.  Yield values and Young’s
modulus as a function of temperature have also been obtained.

STRESS-STRAIN PROPERTIES OF POLYTRIFLUOROCHLOROETHYLENE
 AS A FUNCTION OF TEMPERATURE

H. Tracy Hall

Polytrifluorochloroethylene is a partially crystalline polymer.  Its physical properties may be
modified by heat treatment.  The least crystalline material is produced by heating the polymer near 250° C
for a few minutes and then rapidly cooling to room temperature.  Stress-strain curves for polymer treated in
this manner are shown is Fig. 1.

A highly crystalline material is produced by heating the polymer to 250° C and allowing the
polymer to cool to room temperature slowly over a period of about twelve hours.  Stress-strain curves for
polymer treated in this manner are shown in Fig. 2.

Young’s modulus by stretching is obtained by multiplying the initial slopes in Figs. 1 and 2 by the
length of the test specimen.  This information is portrayed graphically in Fig. 3.

The maxima in the curves of Figs. 1 and 2 (called yield values) are shown in Fig. 4 as a function
of temperature.

EXPERIMENTAL

Stress-strain curves were recorded automatically on an “Instron” machine.  Rate of elongation was
0.2 inch per minute.  The specimens were 0.125 inch wide, about 0.022 inch thick and 3.00 inches long
between the grips.  The thickness of each individual specimen was taken into account in the construction of
Figs. 1 and 2.  The sheets from which the specimens were cut were molded from
polytrifluorochloroethylene manufactured by the Kellogg Company and designated as Kel-F 300, Lot 162-
L.  Temperature of the specimen was maintained by immersion in a silicone oil bath.  The silicone oil does
not swell or dissolve polytrifluorochloroethylene, and its presence should in no way affect the results.

DISCUSSION

From the graphs it is apparent that at a given temperature the tensile strength and yield value of the
slow-cooled polymer are greater than for the quenched.  Elongation curve break for quenched polymer in
the temperature interval 25° to 175° C exceeds 300 percent.  At 186° C, elongation at break for quenched
polymer is about 50 percent.  For slow-cooled polymer at 28° C, elongation at break is about 20 percent.  In
the temperature range 50° to 140° C, elongation before break exceeds 300 percent.  From 160° to 200° C,
elongation before break for slow-cooled polymer is less than 25 percent.

For slow-cooled polymer stretched at temperatures in the interval from 150° to 200° C, the
specimen forms threads instead of necking down smoothly.  This phenomenon is shown by the photograph
in Fig. 5.  For quenched polymer this phenomenon does not occur in any of the specimens stretched at 176°
or lower, but does occur in the specimen stretched at 186° C.

The quenched polymer is very transparent and remains so on stretching throughout the
temperature range 28° C through 90° C.  The samples stretched in the temperature interval 120°-200°C
have about the same cloudiness after stretching as they do before stretching.

The Young’s modulus vs. temperature curve for quenched polymer is interesting because of the
abrupt change in slope of the curve near 100° C.  Young’s modulus can be discussed in terms of “springs.”
From A to B (Fig. 4) something is the molecular architecture of the polymer corresponds to a spring that
becomes weaker with increasing temperature.  Extrapolation would indicate the disappearance of this
spring at 98° C (substance becomes liquid-like).  Near 95° C, however, the existence of a spring that is less
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dependent on temperature, but weaker, is revealed by the abrupt break in the curve.  Extrapolation of the B
to C portion of the curve to Young’s modulus = 0 gives a temperature of about 220° C.  Above this
temperature the polymer would exhibit only viscous properties.
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