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Nucleator Effect to the Crystallization
Behavior of Perfluorinated Copolymers
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The crystallization of perfluorinated polymers in the presence of polytetrafluoroethylene
(PTFE) particle as nucleator was studied. Spherulitic textures of poly(tetrafluoroethylene-co-
[perfluoroalkyl vinylether] (PFA) were examined in detail using polarized optical microscopy
(POM). The PFA consisting of random comonomer units among the tetrafluoroethylene units
crystallizes as spherulites composed of lamellae, although polytetrafluoroethylene usually forms
extended-chain crystals (ECC) because of the rigid nature of 13/6 helices. The PFA spherulites
obtained exhibit positive birefringence since the polymer crystal has a larger refractive index
in the direction normal to the chain than that along it. Nucleator effect by adding PTEF
particle induces PFA to rise a crystallization temperature. From the results of POM and atomic
force microscopy (AFM), it is found that PFA particle become minute. These phenomena
bring about epitaxial growth of polymer chain of PFA from nuleator surface.

Keywords: poly(tetrafluoroethylene-co-[perfluoroalkyl vinylether], crystallization, spherulite,
nucleator, differential scanning calorimetry
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Fig.1

Chemical structures of several crystalline
perfluorinated polymers used in this study.

Fig.2 Scanning electron micrographs of PTFE particle.
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Fig.3 Polarized optical micrographs with sensitive color
plate of several crystalline perfluorinated
polymers.
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Fig.4 Schematic illustration of spherulite of PFA with
positive birefringence.

Table 1 Thermodynamic parameters of several crystalline perfluorinated polymers estimated by DSC.

heating cooling
Materials Tm(°C) A H(J/g) T(°C) A H(J/g)
Ist 2nd Ist 2nd Ist 2nd Ist 2nd
PFA 305.3 308.0 27.1 335 281.6 281.6 36.5 31.0
308.0 289.3
PFA/PTFE 31.0 33.8 291.3 291.3 30.7 27.9
314.9 310.8
EFA 290.0 292.0 17.1 16.8 262.8 262.1 24.6 22.4
281.7 269.8 269.1
EFA/PTFE — — 29.0 36.7 30.5
319.2 301.0 300.4

FEP 258.1 258.1 16.8 15.2 235.2 234.7 13.5 13.5

PTFE 330.3 328.2 27.1 20.1 312.8 312.8 30.3 27.8

as-PTFE 343.4 324.6 58.8 24.7 312.5 312.0 23.4 23.6
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Fig.5 DSC thermograms of several crystalline perfluorinated polymers (scanning rate; 10 C min—1!).
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Fig.6 Atomic force microscopic images of spherulites

for several crystalline perfluorinated polymers.

PFA/PTFE. EFA/PTFE. as-PTFE.

Fig.7 AFM images of spherulites for several crystalline

perfluorinated polymers including nucleators.
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Fig.8 Schematic models of crystal growth of crystalline

perfluorinated polymers including nucleators: (a)
molten state, (b) epitaxial growth from nucleator
surface of EFA copolymer, and (c) nucleation
of free EFA isolated by PTFE particles.
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