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Abstract: Membrane-based separation processes are receiving increasing attention in the scientific community and in-
dustry since they provide a desirable alternative to processes that are not easy to achieve by conventional separation
technologies. In particular, gas separation using polymeric membranes have annually grown so fast owing to advantages
such as easy installation, no moving parts, small footprint and low energy process. The key element is definitely a polymer
membrane exhibiting high permeability and high selectivity to compete with other gas separation technologies. Current pol-
ymer membranes used for commercial gas separation are a family of hydrocarbon polymers for hydrogen separation, air
separation and carbon dioxide separation from natural gas sweetening. Relatively, gas or vapor separation properties of flu-
oropolymers are not known so much as compared with those of hydrocarbon polymers. Accordingly, in this study, mem-
branes prepared from amorphous perfluoropolymers are of particular interest because of the unique properties of these
polymers. The advantages offered by these amorphous perfluoropolymers for use in gas and vapor separation will be
discussed. In addition, membrane properties and separation performance will be compared with other membranes available
on the market.
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Table 1. Gas Permeability Data of Some Fluoropolymer Films

Permeability (101 x cm3.cm/cm2.sec.cmHg)

Polymer

O, N CO: CH,
Polyethylene (LDPE)** 2.93 097 12.64 2.93
Polyethylene (HDPE)** 0.40 0.15 0.36 0.39
Poly(tetrafluoroethylene) (PTFE) 4.26 1.33 9.96 0.75
Poly(tetrafluoroethylene-co-hexafluoropropene) (FEP) 4.89 1.58 12.67 13.27

Poly(vinyl fluoride) (Tedlar) 0.0185 0.0016 0.092 -
Poly(tetrafluoroethylene-co-ethylene) (Hostaflon ET) 0.53 0.18 1.98 0.31

** Data are shown to compare relative gas permeability.
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Fig. 1. Synthesis of PDD (2,2-bis-trifluoromethyl-4,5-di-
fluoro-1,3-dioxole), one of monomers for Teflon® AF (A
family of amorphous fluoroplastics, T, = 80~300°C).
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Fig. 2. Chemical structures and 3D-model of Teflon® ()
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Table 2. Structures and Physical Properties of Some Perfluoropolymers

Density  Glass transition temperature

Fractional free volume

Polymer Chemical structure ( g/cm3) o) (FFV)
T
PTFE e 2.10 30 -
F F
CF3><CF3
®
Teflon” AF2400 0" "o £ F 1.74 240 033 [26]
G =087) —+—c-c c—¢
F N SN 1-x
c;r:3 CF,
Hyﬂon® ADS0
o = 0.80) ~[—c c%—}c c+ 1.92 134 0.23 [25]
CF,
CF,
. CF—CFJ( le—PCF ;
Cytop | | 2.03 108 021 [25]
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Table 3. Gas Permeabilities of Amorphous Perfluoropoly-
mer Membranes at 35°C [25]

Permeability Teflon Teflon Hyflon Hyflon Cvio
AF2400 AF1600 ADS0 AD60 ytop

(barrer)*
Oz 960 270 67 57 16
N2 480 110 24 20 5.0
CO; 2200 520 150 130 35
CHs 390 80 12 10 2.0
Selectivity
0,/N,; 2.0 2.5 2.8 2.9 32
CO/N, 4.6 4.7 6.3 6.5 7.0
CO./CH, 5.6 6.5 12.5 13 17.5

* 1 Barrer = 10™° x cm’.cm/emsec.cmHg
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Table 4. Physical Properties of Nitrogen and Methane
Molecules

Critical Critical Normal Kinetic

volume  Temperature  boiling  diameter
(cm’/mol) (K) point (K}  (om)
Nitrogen 93.0 126.25 77 3.64
Methane 99.3 190.45 112 3.80
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Table 5. Solubility Correlation Parameters for Hydrocar-
bon* and Fluorocarbon** Media [25]

Polymer . M N x 10°

(intercept) (slope)
Polyethylene (amorphous)* -2.04 107
Polydimethylsiloxane* -1.61 98
Poly(1-trimethylsilyl-1-propyne)* -0.69 108
Teflon AF2400** -0.75 68
Hyflon AD80** -1.07 65
Cytop** -1.38 73
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Fig. 6. Gasoline vapor separation system using fluoropol-
ymers membranes [39].
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