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ABSTRACT : Transient sorption experiments were conducted among several combinations of fluoropolymers
and various organic solvents. Fully fluorinated polymer tended to exhibit ideal sorption behavior, while partially
fluorinated polymers showed anomalous sorption behaviors with a drastic acceleration at the final stage of
uptake. Minimization of least-squares of the measured and predicted fractional uptake, which indicated the
increasing degree of deviation from Fickian diffusion, gave values of 3.0 X 10%1.75 X107, 8.68 X 103, 1.75 X
107, respectively, for perfluoroalkoxy copolymer, poly(ethylene-co-tetrafluoroethylene), poly(vinylidene fluoride),
poly(ethylene-co-chlorotrifluoroethylene). From stress-strain tests, it was confirmed that non-Fickian diffusion is
closely related to the significant variation of mechanical properties (such as modulus and tensile strength) of
swollen polymer. Anomalous sorption behavior stemmed from non-Fickian diffusion caused by nonlinear
disruption of polar inter-segmental bonds due to solvent-induced plasticization. Thus, it is imperative to
investigate the diffusion behavior of swelling solvents in partially fluorinated polymers, especially for the
application to barrier materials or perm-selective membranes.

Keywords : fluoropolymers, anomalous sorption, stress-strain, non-Fickian diffusion, solvents.
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Figure 1. Chemical structures of fluoropolymers.
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Table 1. Solubility Parameters and Related Pro-
perties

solvent ) o 0, O H p  H-bonding
CeHg 186 184 0.0 2.0 0.000 0.0 poor
CHsCH; 182 180 14 2.0 0.001 04 poor
CHsCl 196 190 43 2.0 0058 1.6 poor
CHsOH 241 18.0 59 149 0.057 1.6  moderate
CHCl, 203 182 63 6.1 0.120 1.8 poor
CH;COC,Hs; 193 141 93 95 0510 33  moderate
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Figure 3. Integral sorption and desorption of benzene into fluoropolymers at 25 C ([ : Sorption, Il : Desorption). (a) PFA, (b)

ETFE, (c) PVDF, and (d) ECTFE.
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Figure 4. Integral sorption of various liquids into fluoropolymers at 25 C (L] : Benzene, O : Toluene, A : Chlorobenzene,
<> : Dichloromethane, O : MEK). (a) PFA, (b) ETFE, (c) PVDF, and (d) ECTFE.
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Figure 5. Integral sorption of phenol into fluoropolymers at
25 C (O : ETFE, O : PVDF, A : ECTFE).

Table 2. Solubility of Solvents in Fluoropolymers at
Various Temperatures

solubility in polymer x 10"

polymer - temperature benzene  toluene  chlorobenzene
25 1.32 0.98 0.83
PFA 45 1.43 1.00 0.87
65 1.67 1.18 0.99
25 5.21 3.99 3.80
ETFE 45 5.74 425 4.10
65 6.77 4.84 4.56
25 7.43 5.68 6.25
ECTFE 45 8.30 6.18 6.85
65 10.79 7.49 7.92
25 5.59 4.05 333
PVDF 45 6.20 4.53 3.79
65 7.28 5.16 436

* Solubility = [moles of solvent/volume of polymer (cm®)].
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Figure 6. Fitted sorption data of fluoropolymer-benzene
system at 25 ‘C by Fick's law (L] : sorption data, Il : desorp-
tion data). (a) PFA and (b) ETFE.
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Figure 7. Tensile stress-strain curves of fluoropolymers with
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Figure 8. The differential separation of electron charges
within segmental chains of various fluoropolymers.
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