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Gases and vapors permeate FEP resin at a rate that is considerably lower than that of most plastics. Because FEP resins are melt processed, they are void-free ... 
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PERFLUORINATED POLYMERS, PERFLUORINATED ETHYLENE– PROPYLENE COPOLYMERS Introduction Perﬂuorinated ethylene–propylene (FEP) resin is a copolymer of tetraﬂuoroethylene (TFE) and hexaﬂuoropropylene (HFP) [116-15-4]; thus, its branched structure contains units of CF2 CF2 and of CF2 CF(CF3 ) . It retains most of the desirable characteristics of polytetraﬂuoroethylene (PTFE) but with a melt viscosity (MV) low enough for conventional melt processing. The introduction of HFP lowers the melting point of PTFE from 325◦ C to about 260◦ C. The desire for a resin with PTFE properties yet capable of being fabricated by conventional melt processing led to the discovery of this product (1). It allows melt extrusion of wire insulations of longer continuous lengths than the batchwise paste extrusion of PTFE as well as the injection molding of intricately shaped parts. The FEP polymer is melt-fabricable without severe sacriﬁce in mechanical properties because the perﬂuoromethyl side groups on the main polymer chain reduce crystallinity, which varies between 30 and 45%. This change in the crystallinity causes FEP and other copolymer particles to behave differently from PTFE particles; they do not ﬁbrillate like PTFE particles and therefore do not agglomerate easily. As a true thermoplastic, FEP copolymer can be melt-processed by extrusion and compression, injection, and blow molding. Films can be heat-bonded and sealed, vacuum-formed, and laminated to various substrates. Chemical inertness and corrosion resistance make FEP highly suitable for chemical services; its dielectric and insulating properties favor it for electrical and electronic services; and its low frictional properties, mechanical toughness, thermal stability, and nonstick quality make it highly suitable for bearings and seals, high temperature components, and nonstick surfaces. Mechanical properties are retained up to 200◦ C, even in continuous service, which is better than with most plastics. At high temperatures, these copolymers react with ﬂuorine, ﬂuorinating agents, and molten alkali metals. They are commercially available under the DuPont trademark Teﬂon FEP ﬂuorocarbon resin. A similar product is manufactured by Daikin Kogyo and Dyneon and sold under the trademarks Neoﬂon and Hostaﬂon, respectively. The People’s Republic of China
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also manufactures some FEP products. Additional information on speciﬁc manufacturers’ products can often be obtained by consulting their internet web sites (for example, www.dupont.com/teﬂon).



Monomers Preparation. The preparation, properties, and uses of TFE have been described. Hexaﬂuoropropylene was initially prepared by pyrolysis of PTFE (2,3) and by ﬂuorination of 1,2,3-trichloropropane followed by dehalogenation (4). A number of other routes are described in the patent literature (5–10). Hexaﬂuoropropylene can be prepared in high yield by thermally cracking TFE at reduced pressure at 700–800◦ C (11,12). Pyrolysis of PTFE at 860◦ C under vacuum gives a 58% yield of HFP (13). Fluorination of 3-chloropentaﬂuoro-1-propene [79-47-0] at 200◦ C over activated carbon catalyst yields HFP (14). Decomposition of ﬂuoroform [75-46-7] at 800–1000◦ C in a platinum-lined nickel tube is another route (15). The thermal decomposition of sodium heptaﬂuorobutyrate [2218-84-4], CF3 CF2 CF2 CO2 Na (16), and copyrolyses of ﬂuoroform and chlorotriﬂuoroethylene [79-38-9] (17), and chlorodiﬂuoromethane [75-45-6] and 1-chloro-1,2,2,2-tetraﬂuoroethane [283789-0] (18) give good yields of HFP. Properties and Reactions. The properties of HFP are shown in Table 1. It does not homopolymerize easily and hence can be stored as a liquid. It undergoes many addition reactions typical of an oleﬁn. Reactions include preparation of linear dimers and trimers and cyclic dimers (21,22); decomposition at 600◦ C with subsequent formation of octaﬂuoro-2-butene and octaﬂuoroisobutylene (23); oxidation with formation of an epoxide (24), an intermediate for a number of perﬂuoroalkyl perﬂuorovinyl ethers (25,26); and homopolymerization to low molecular weight liquids (27,28) and high molecular weight solids (29,30). Hexaﬂuoropropylene reacts with hydrogen (31), alcohols (32), ammonia (33), and the halogens and their acids, except I2 and HI (31,34–36). It is used as a comonomer to produce elastomers and other copolymers (37–41). The toxicological properties are discussed in Reference 42.



Copolymers Hexaﬂuoropropylene and tetraﬂuoroethylene are copolymerized, with trichloracetyl peroxide as the catalyst, at low temperature (43). Newer catalytic methods, including irradiation, achieve copolymerization at different temperatures (44,45). Aqueous and nonaqueous dispersion polymerizations appear to be the most convenient routes to commercial production (1,46–50). The polymerization conditions are similar to those of TFE homopolymer dispersion polymerization. The copolymer of HFP–TFE is a random copolymer; that is, HFP units add to the growing chains at random intervals. The optimal composition of the copolymer requires that the mechanical properties are retained in the usable range and that the MV is low enough for easy melt processing.
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Table 1. Properties of Hexaﬂuoropropylenea Properties Molecular weight Boiling point at 101 kPaa , ◦ C Freezing point, ◦ C Critical temperature, ◦ C Critical pressure, kPab Critical density, g/cm3 Vapor pressure at K, kPab 243.75 < T < 358.15 Liquid density, g/cm3 60◦ C 20◦ C 0◦ C −20◦ C Heat of formation for ideal gas at, 25◦ C, H, kJ/molc ,d Flammability limits in air at 101 kPaa Heat of combustion, kJ/molc ,d Toxicity, LC50 (rat), 4 h, ppme



Value 150.021 −29.4 −156.2 85 3254 0.60 log P (kPa) = 6.6938 − 1139.156/T 1.105 1.332 1.419 1.498 −1078.6 Nonﬂammable for all mixtures of air and hexaﬂuoropropylene 879 3000



a Ref.



4. convert kPa to mm Hg, multiply by 7.5. c To convert kJ to kcal, divide by 4.184. d Ref. 19. e Ref. 20. b To



Hexaﬂuoropropylene–tetraﬂuoroethylene copolymers are available in low MV, extrusion grade, intermediate viscosity, high MV, and as dispersions. The low MV resin can be injection molded by conventional thermoplastic molding techniques. It is more suitable for injection molding than other FEP resins (51). The extrusion grade is suitable for tubing, wire coating, and cable jacketing. It is less suitable for injection molding than the low MV resin because of its relatively high MV. The intermediate MV (Teﬂon FEP-140) resin is used for insulation of wires larger than AWG 12 (American wire gauge) and applications involving smaller wire sizes, where high current loads or excessive thermal cycling may occur. It is also ideal for jacketing wire braid construction, such as coaxial cables, and for heater cable jackets. The high MV resin is used as liners for process equipment. Its MV is significantly higher than that of other resins, and therefore it is unsuitable for conventional injection molding. Stress-crack resistance and mechanical properties are superior to those of the other three products (52) (Table 2). Modiﬁed HFP–TFE polymers offer a combination of high stress-crack resistance and high extrusion rates. Use of perﬂuorovinyl ethers as modiﬁers make it possible to achieve the superior performance without losing excellent chemical inertness and thermal stability (53–55). Both high and low color concentrates are available for pigmenting extruded coatings of FEP resins. The concentrates are prepared for melt dispersion in
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Melt ﬂow number, g/10 min Speciﬁc gravity Tensile strength at 23◦ C, MPa Elongation at 23◦ C, % Compressive strength, MPa Flexural strength at 23◦ C, MPa Impact strength at 23◦ C, J/m Flexural modulus at 23◦ C, MPa Hardness durometer, Shore D Coefﬁcient of friction, metal/ﬁlm Deformation under load at 23◦ C, 6.9 MPa, 23 h, % Water absorption, 24 h, % Linear coefﬁcient of expansion ◦ C 0–100◦ C 100–150◦ C 150–200◦ C a Compression-molded



ASTM method D2116 D792 D1708 D1708 D695 D790 D256 D790 D2240 D1894 D621 D570 E831



Teﬂon 110 2.13–2.17 20 300



655 55 1.8 1015 /sq. At low frequencies, the dielectric constant of FEP remains the same (∼2). However, at >100 MHz the constant drops slightly with increasing frequency. As a true thermoplastic, FEP has a void content of zero and most of the fabricated material has a density of 2.14–2.17 g/cm3 . The National Bureau of Standards has selected Teﬂon FEP resins for dielectric reference specimens because of the stability of their dielectric constant. The dissipation factor has several peaks as
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Table 3. Mechanical Properties of FEPa Property Speciﬁc gravity Thermal conductivity, W/(m·K) −129–182◦ C −253◦ C Water absorption in 24 h, 3.175-mm-thick sample, % wt increase Dimensional change at 23◦ C Coefﬁcient of thermal expansion per ◦ C >23◦ C 
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