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Introduction

Everflon™ PFA is a copolymer of tetrafluoroethylene (C2F4) and perfluoroalkoxyethylene. As the diagram
below shows, in the basic structure of Everflon™ PFA, all of the carbon atoms are strongly bonded to fluo-

rine atoms.

As a result, over a wide range of temperatures, Everflon™ PFA has excellent chemical,electrical,
mechanical, and surface properties. Moreover, compared with Everflon™ PTFE, it is fluid when molten
and so is amenable to injection, extrusion, blow, transfer, and other melt processing methods.

This technical brochure is provided to assist users as they develop various applications that exploit the
properties of Everflon™ PFA; the document gives comprehensive coverage of the material properties of

Everflon™ PFA and information about how to use the resin in molding processes



Commercially Available Everflon™ PFA Fluoropolymers

Everflon™ETFE Grade Resin Characteristics Applications



Characteristics of Everflon™ PFA

Excellent sustained mechanical strength

From —200 to +260C,Everflon™ PFA holds its mechanical strength over a wide range of temperature
and, within this range, products maintain a stable form.

Excellent chemical resistance

Able to resist most solvents, Everflon™ PFA is a material that is highly stable when used with chemi-
cals.

Excellent electrical characteristics

Displaying an very low dielectric constant and very low dielectric tangent, Everflon™ PFA is an
outstanding material for electrical insulation and has been helping to raise the reliability in the electron-
ics sector.

Excellent noncombustibility

Everflon™ PFA has an oxygen index value of more than 95% because of its incombustibility, it is finding
widespread application in diverse fields.

Excellent surface characteristics

Along with low friction, non-stick properties, water and oil repellency and other excellent surface charac-
teristics that can used with good effect, Everflon™ PFA also is highly reliable and displays low resis-
tance to fluid flow.

Excellent weatherability

Everflon™ PFA stands up to direct sunlight, the rigors of the wind and weather, exhaust gas, and other
trials without fall off in performance or deterioration: even after long exposure out of doors, its properties

are not compromised.
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Mechanical Properties
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Impact strength (ASTM D256)

The notched Izod impact test is a method for evaluating the impact strength of plastic. In this test a notched piece of plastic is subject to
impactand the amount of energy absorbed breakage is measured. EverflonTM PFA does not break at room temperature.

Unit: J/m
Temperature ‘ 403 | 410 | 420
40°C 700 680 570
25 °C ‘ No breakage | No breakage | No breakage

Test piecei64*12.7*3.2mm
Cryogenic Temperature Effects

Tests made at liquid nitrogen temperatures indicate that Everflon™ PFA fluoropolymer resins perform well in cryogenic applications.

Value
Property ASTM Method Unit Room Temperature, Cryogenic Temperature,
23°C -196°C

Yield Strength D1708 MPa (psi) 15 (2,100) No Yield
Ultimate Tensile Strength  D1708 MPa (psi) 18 (2,600) 129 (18,700)
E|ongation D1708 % 260 8
Flexural Modulus D790-71 MPa (psi) 558 (81,000) 5,790 (840,000)
Impact Strength, Notched Izod D256-72 J/m (ft-lb/in) No Break 64 (1.2)
Compressive Strength D695 MPa (psi) 24 (3,500) 414 (60,000)
Compressive Strain D695 % 20 35
Modulus of Elasticity D695 MPa (psi) 69 (10,000) 4,690 (680,000)

Adhesion

Everflon™ PFA fluoropolymer resins used as thin-film hot melt adhesives give strong, highly water-resistant bonds to a variety of thermally
resistant substrates. Metals, glass, and other thermally resistant materials have been adhered using this technique.



Using the MIT method, the flex life of PFA was measured as a simplemeans of evaluating resistance to stress cracking. Test pieces were short
straps, 1.25 mm *130 mm *0.23 mm, that were bent to +-1350 at a rate of 175 times per min until they broke; the number of flexes was record-

ed. Results show that Everflon PFA has a longer life than similar grades made by other companies.

- Hardness

The hardness of Everflon™ PFA fluoropolymer resins is 55-57 durometer. This result was obtained in tests run on compression-molded panels
according to ASTM D2240.

- . . 5 T .
Thermal Exposuw‘t A| L-Ia' £

Everflon™ PFA fluoropolymer resins are rated for continuous use at temperatures up to 260 °C . However, long-term heat treatment of Everflon -
™ PFA fluoropolymer resin plaques, tensile bars, and coated wires at 285 °C indicates that the resin can be continuously exposed to this 4
] temperature without deterioration of its mechanical or electrical properties.

Wear and Fr'Cthn% o

Frictional and wear tests have been run on Everflon™ PFA fluoropolymer resins to indicate level of performance (unfilled) in mechanical -
applications, such as bearings and seals. Tests were run on molded thrust bearings at 0.7 MPa (100 psi) against AlSI 1018, Rc20, 16AA steel; !
tests were run at ambient conditions in air with no lubrication. j"
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Chemical Properties
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Thermal Properties

Unit: (°C)
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Heat Distortion Temperature Heat distortion temperature (C)

The temperatures are those at which test pieces under loading,
one under 0.45 MPa and the other under 1.81 MPa, showed
bending of 0.254 mm as the temperature was increased at a rate
of 2 C/min.

0.45MPa

Vicat Softening Temperature
The values shown are the temperatures at which a needle, 1 mm _
in diameter and under a load of 1 kg, placed at the center of a test
o o o)
piece, penetrated 1 mm into the test piece as the temperature was 287 C 281 C 270 C

increased at a rate of 50 C/h.

. .
Linear thermal expansio




Electrical Properties

Electrical applications include extruded coatings for numerous wire constructions, heater cables, heavy wall conduit, ca-
ble jacketing, and geophysical cables. Everflon™ PFA fluoropolymer resins are also injection molded into electrical
switch components, connector inserts, insulating bushings, and standoff insulators.

Dielectric constant and dielectric tangent (ASTM D150)

The dielectric constant of Everflon™ PFA resins is less than 2.1 over a wide range of frequencies, temperatures, and densities.

8

The values for Everflon™ PFA fluoropolymer resins density vary only slightly (2.13-2.17), and the dielectric constant varies only about
0.03 units over this range—among the lowest of all solid materials. There is no measurable effect of humidity on the dielectric constant of
Everflon™ PFA fluoropolymer resins.

Dielectric Strength ‘X p

The dielectric strength (short-term) of all Everflon™ PFA fluoropolymer resins is 80 kV/mm (2,043 V/mil) when measured on 0.25-mm
(10-mil) films by ASTM D149.

Thin films of FEP resin give similar results, while PTFE films are typically measured at 47 kV/mm (1,200 V/mil).

As with other fluoropolymer resins, Everflon™ PFA will lose dielectric strength in the presence of corona discharge.

Dissipation FaC oM. e — ™ e

The dissipation factor of Everflon™ PFA fluoropolymer resins varies with frequency and temperature.The dissipation factor at low fre-
guency (10>-10* Hz) increases at higher temperatures. Little variation with temperature is seen in dissipation factor with frequencies in the
range of 10=107 Hz. As frequencies increase to 10'° Hz, there is a steady increase in the dissipation factor. Increases are greatest when
measured at room temperature. There is also an indication that a maximum exists at about 3 x 10° Hz. The fully fluorinated end groups
found in Everflon™ PFA fluoropolymer resins result in lower dissipation factors at high frequencies. Everflon™ PFA fluoropolymer resins

are preferred when considered for use as an electrical insulation material at high frequencies.




Electrical Resistivity

The volume and surface resistivities of fluoropolymer resins are high and unaffected L= e T WD e U ) SRy

Temperature (°C) 23 50 100

by time or temperature. Volume resistivity (Qcm) 3107 5*107 3*107

Measurements of the volume resistivity of Everflon™ PFA fluoropolymer resins by the
method outlined in ASTM D257 gave a value greater than 10'® ohm-cm. The surface
resistivity was greater than 10'® ohm/sq.

When Everflon™ PFA fluoropolymer resins were tested by the method described in
ASTM D495 using stainless steel electrodes, no tracking was observed for the dura-

tion of the test (180 sec), indicating that the resin does not form a carbonized con-
ducting path.
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Optical Properties

In film form, Everflon™ PFA fluoropolymer resins have excellent optical properties with low haze as measured by ASTM methods.
Specific values of percent transmission for given wavelengths are shown in Table. The refaractive index of film made from Everflon
™ PFA fluoropolymer resins is measured at 546 nm wavelength (green light) and room temperature. An infrared spectrum of Ever-
flon™ PFA fluoropolymer resins is presented in Figure. This “fingerprint” is often useful for identifying the resin among other fluoro-

carbon polymers.

Wavelength, m Property  TestMethod  Value

O02.5 3 4 5 6 7 8 9101215 bl Rlcbedob (4dex ASTM D542-50  1.350
3 80 32 Haze ASTM D1003-52 4%
C
302 50 % Light Transmission
O 04 400 o o
2 08 3 3 UV(0.25-0.40um) (Cary Model 14) 77-91%
. a e
<13 0 Visibel(0.40-0.70um) mzpec"opr(‘gg’z';‘e*e“) 91-96%
P -gauge (0.025-mm) ———
4,000 JpOO Frzg)uognc;'i‘:g_1 12900 L ARRE Infrared(0.70-2.4um) fim thick 96-98%
Weathering

Everflon™ PFA fluoropolymer resins are extremely hydrophobic and shed water almost totally. A moisture absorption of <0.03% has
been reported after 24 hr in water at room temperature, followed by 2 hr in boiling water. They are also virtually unaffected by oxy-
gen, ozone, and visible or UV light. Test samples, exposed for many years to practically all climatic conditions, have shown that
Everflon™ PFA fluoropolymer resins are fully weather-resistant. There were no significant changes in tensile properties, specific
gravity, or melt flow rate after this exposure. Results show neither aging nor embrittlement. Because no plasticizers, antioxidants, or

other additives are used during its processing, there is no leaching out of substances.

Radiation resistance

If Everflon™ PFA is exposed to a large amount of radiation, because it is a perfluororesin, the principal chain in the copolymer struc-

ture is liable to breakage, which reduces tensile strength and tensile elongation.




Fabrication Guide
Extrusion




An overview of the temperature, tooling and equipment requirements for cable extrusion is given in Table.

Temperatures set must be chosen and tuned according to the extruder size and to the maximum achievable flow rate. In general, the higher
the flow rate, the higher the temperature profile must be and the shorter the extruder length, the higher the temperature profile. It is worthwhile
noting that the most effective temperature for changing the melt temperature and thus the pressure at the die and the line speed is the tempera-
ture in the metering zone.

The practical maximum line speed achievable with Everflon™ PFA resins is limited by the appearance of the melt fracture or draw resonance
(in tubing extrusion melt fracture usually appears first on the inside surface of the cone). This phenomenon can be reduced by increasing the
temperature in the die until blisters or thermal degradation effects occur. A small reduction of the melt fracture can be obtained also by heating
of the inner tip. The critical shear rate of the polymer can be considered a good parameter in order to predict the maximum extrusion speed.
The higher this value is, the higher the achievable line speed.

For example at the temperature of 372 °C, Everflon™ PFA 410 has a critical shear rate in the range of 50 to 70 sec-1 while the Everflon™ PFA
403 value is in the 10 to 15 sec-1 range.

[°C1 Grade Wall Thickness DDR
Z1 (rear barrel) 250 Everflon PFA 403 0.80-1.20 mm 50-25
72 320 1.20-2.00 mm 25-5
73 355 Everflon PFA 410 0.10-0.25 mm 250-100
z4 360 0.25-0.45 mm 100-50
Z5 (front barrel) 380 The DRB must be kept close to 1
Flange 380 Dzdie_DZtip
Adapter 380 DDR = P
Crosshead 380 wire = copper
Die 400 SR Ddie/Dtip
Melt temperature 390-400 dwire/dcopper
Value Value
Cable diameter 6 mm Cable diameter 1.5 mm
Wall thickness 0.25 mm Wall thickness 0.25 mm
Draw down ratio 25 Draw down ratio 110
Draw ratio balance 1 Draw ratio balance 1
Wire preheating - Wire preheating 180 °C
Screw rate 5rpm Screw rate 20 rpm
Pressure 40 bar Pressure 21 bar
Water gap 200-400mm Water gap 200-400mm
Line speed 5 m/min Line speed 61 m/min

Screw Diameter = 35 mm, L/D = 25 Screw Diameter = 35 mm, L/D = 25



Fabrication Guide
Molding




Fabrication Guide
Injection Molding

Everflon™ PFA can be injection molded following the same processes used for normal thermoplastic resins. The low viscosity

grades are particularly designed for injection molding of complex shapes.

It is recommended to use three independently controlled heater zones for the barrel and one for the adaptor. The heater controllers
must be capable of accurate temperature control up to 450 °C.

Reciprocating screw equipment is recommended to assure proper plasticating and reduce polymer stagnation and thermal degrada-
tion. The screw should have a short transition section, a constant pitch and a flight depth ratio from the feed section to metering

section of about 3 : 1.

Conventional type reverse tapered nozzle is recommended. The bore should be as large as possible and tapered to prevent dead
spots or rapid changes in resin velocity. The non-return valve prevents the molten resin from flowing backward along the screw

flights during the injection process.

Mold temperature should be set not lower than 180 °C (355 °F) to reduce delamination in the part. Optimization of mold temperature
must take into account part thickness to minimize shrinkage, surface appearance and total cycle times.

Injection pressure should be set as low as possible, depending on the item to be molded. In general, low injection pressures reduce
warpage thus resulting in improved dimensional stability. Injection pressure has to be set in function of the molded item, its thickness
and the presence of weld lines. In most cases a hold pressure should be applied to reduce shrinkage and voids. Injection speed

should be set moderately slow, thus resulting in good surface appearance without roughness.



Conversely, too low injection speeds must be avoided because they negatively affect the filling stage. Generally low rotational
speeds are required, even if moderately low back pressure could result in better homogenization without unmelted particles. Increas-
ing back pressure should be carefully checked to avoid increasing the melt temperature.

Temperature profile along the injection cylinder should be increased from the rear zone to the nozzle as reported hereinafter to avoid

thermal degradation. Melt temperature should not be higher than 400 °C (750 °F) and hold-up or residence time must be obviously

reduced if operating at the highest temperatures.




Fabrication Guide
Welding

Apparent
welding temperature
340-450°C




Everflon™ PFA are thermoplastic materials that can be welded using the standard techniques known for common plastics, for example PE or
PVC. In particular, hot gas welding is routinely used to thermoweld Everflon™ PFA liners. Tensile tests performed on the welded seams have
proven that fusions are as 100 % reliable as the original material. The following general recommendations will apply when hot gas welding
Everflon™ PFA liners.

Use welding guns capable of good temperature control up to 650 °C (1,200 °F) and with heating power of 900 — 1,000 W or higher. Proper tem-
perature measurement is crucial to ensure consistent welds. It is good practice to measure the temperature of the gas stream inside the nozzle,
at5—7 mm (1/4”) from the outlet.

If air is used for the welding, ensure that it is clean and dry. Different welding tips are available. High speed welding tips are used for the primary
weld, while tacking tips can be used to hold in place the various sections of the liner.

Use round welding rods made of the sameEverflon™ PFA grade of the profiles to be welded. Welding together profiles made from different
grades is not recommended.

Carefully scrape the surfaces to be welded. When using fabric backed sheets, remove the fabric along the welding line (2 — 3 mm on each
sheet) to prevent fiber inclusions. Align and hold the two sheets to be welded at a distance not larger than 0.5 — 1 mm.

V-shape the groove between the two sheets using the appropriate scraper. Avoid the use of makeshift tools as it could result in an irregular

weld bead. Thoroughly clean the welding area and the welding rod.
Clean the nozzle of the welding gun with a brass brush, adjust the air flow at 50 — 60 standard liters/minute, and set the temperature of the
welding gun as indicated in table below.

Weld holding the gun at a 45 — 60 ° angle and adjust the welding pressure and speed ensuring that the welding rod and the sheets melt simulta-
neously. Welding speeds in the 5 — 30 cm/min (2 — 12 in/min) range are usually suitable.

If the speed is too low, the welding rod will overheat and might break; on the other hand, if the speed is too high, the welding rod will not melt
properly and the groove between the two sheets will not be duly filled by the molten material. Similarly, if the welding pressure is too low, the
groove between the two sheets will not be completely filled, while an excessive force may cause dimples along the welding bead which will
eventually act as stress concentrators.
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