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Introduction

The melt processible fluoropolymer resins extend the product line by providing the desirable properties of Everflon
™ PTFE in products that can be processed by conventional thermoplastic techniques, such as injection molding
and extrusion.

Applications encompass those where designers and end users require a thermoplastic with excellent chemical

stability, dielectric properties, anti-stick characteristics and mechanical strength for use in extreme high- and

low-temperature environments.

This versatile family of melt processible fluoropolymer resins is available from Everflon™ to meet specific enduse

requirements and processing needs:

+ Everflon™ FEP is rated for service to 200 °C and retains the chemical resistance and dielectric strength of
Everflon™ PTFE fluoropolymer resins.

* Everflon™ PFA is a premium performance resin with good melt processing characteristics and unique thermal
stability. It offers high-temperature strength and stiffness; excellent stress-crack resistance; high flex life and
excellent electrical properties. Its high temperature service rating is 260 °C and it resists virtually all chemicals.

+ Everflon™ ETFE is a strong, tough material with chemical resistance, electrical properties, and aging resis-
tance approaching those of other Everflon™ fluoropolymer resins. Rated for use to 150 °C, Everflon™ ETFE
has excellent processing properties using conventional thermoplastic techniques.

Everflon™ Fluoropolymer resins have higher melting points and melt viscosities than most thermoplastics. They

give excellent yields and production rates when processed using the techniques described in this guide.



Properties of Everflon™ Fluoropolymers for Extrusion

: ASTM

Melting point °C DSC 260 310 260
MFR g/10min 6-12 6-14 6-12
Specific gravity == D792 2.15 2.15 1.7
Tensile strength23 °C MPa D2116 24 26 45
Elongation 23 °C % D2116 330 350 400
Impact strength(lzod) kg-cm D256A No Break
Hardness(Dorometer) . D2240 D56 D60 D70
Flexural modulus Mpa D790 550 580 1200
Volume resistivity Q-cm D257 >107

Dielectric constant 1 MHz D150 <2 <2 <26
Dielectric factor 1 MHz D150 0.0007 0.0001 0.0007
Dielectric strength kV/mm D149 78 78 70
Flammability == uL94 V-0

Oxygen index - D2863 >95

Chemical resistance Excellent

Water absorption % D570 < 0.03

COLOR CONCENTRATES




EQUIPMENT

Extruder

The function of an extruder is to convert thermoplastic pellets into molten resin and deliver the melt at a uniform rate and even temperature.Conventional,

single screw extruders are used for processing fluoropolymers. Length to diameter (L/D) ratios vary from 20/1 to 30/1. However, it has been found that

longer extruders, of 28/1 length to diameter ratios or more, work best. These longer machines are capable of more stable outputs at high production rates.

The energy needed to plasticate the resin comes from the viscous drag enduced by the mechanical action of the turning screw and conducted external
ming from the barrel heaters. The turnir ing section dimensions, d e extruder melt
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Screw Design
Most conventional single screw designs will work satisfactorily for fluoropolymers. Perfermance will val upon screw

=

esign.Screw designs with long feed sections, about 3:1 compression ratio, core p w sheer melt mixing

elements have been used extensively and are the preferred choice. Limited experi d barrier type screws
can be made to work with fluoropolymers. However, extruder operators

should approach such designs with caution.

In a “square pitched screw”, one flight turn moves one barrel diameter down the s ith a constant angle
pitch of 17.7 degrees is common.

This conveniently means the L/D ratio equals the number of turns to be allocateda the screw i ed, transition, metering,

8 turns, provides the

idence time. It is important to have a good balance of energy input from mec s drag and the barrel

accomplished by screw RPM. The flight depth must be
ow the resin pellets to compact, but leave enough core diameter for mec

essive transition section connects the feed to the metering sections. Tran compression occurs over 3 to 4 flight

depth gradually becomes more shallow, the melting is completed and air org iven back up the barrel to vent through
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EXTRUDER
OPERATION

A successful extrusion operation requires close attention to many details, such as: the quality and flow of the feed material, a start-up
and shutdown that will not degrade the polymer or puuhe equipment andaperat(g at risk, an extruder temperaturesprofite~that will

. achieve and control the process at the desired melMe at the rM@Iocal exhaust ventilation
system, and resin handling

—

e

Resin Handling
Care should be taken to prevent co#nsation onto the surface of the resin. Moisture may be absorbed by some of the addii{vgs used; |

e al

such as pigment or nucleating concentrates. Allow the resin to acclimate in the workplace for up to 24 hr prior%use.
¥

Keeping the resin clean from contamination is strongly recommended. Bags and other containers of resin shoul

use. Avoid contamination by using covered hoppers and storage bins. Contaminants often result in fault;

as spark failure in wire insulation.

Melt Flow

Fluoropolymer resins are considerably more viscous at their recommended processing temperatures than mast other thermoplastic
resins. Melt viscosity and melt flow rate (MFR), the quantity of melt in grams passing through a given orifice under constant pressure and
temperature over a 10-min period, are terms used to describe the flow of the polymer melt. These properties are measured under
standard, specified conditions of shear and temperature.

ASTM standards define these values and their measurement methods. Viscosities (at constant shear stress) of these fluoropolymer
resins vary inversely with their temperature. The melt flow of Everflon™ FEP and PFA fluoropolymers through small die orifices, or similar
profile tooling, is Iimitehlthe polymers’ high melt viscosity and low “critical shear rate”. However, theyh,ayfsuﬁicienl melt strength to
allow extrusion through Iaréer tooling and subsequent drawing to the required size. Everflon™ ETFE fluoropolymers have lower melt
strength than those of Everflon™ FEP and PFA and cannot, therefore, be drawn down as much. However, the higher “critical shear rates”

of Everflon™ ETFE fluoropolymer melts allows comparable extrusion rates. . . ‘
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Shear Stress and Shear Rate

Figure represents a map of possible flow conditions for Everflon™ FEP&PFA quoro / elt and die tempera-
ture. Everflon™ ETFE fluoropolymers do not exhibit this regional pattern. The y rsus shear rate and
illustrates how shear stress increases with increasing shear rate.
The map defines four possible regions of extrusion behavior. At very low output rate ced resin degradation.
* Region | is the wide area of normal operation where almost all extrusion is do
* Region Il represents going from a smooth extrudate to a rough “melt fracture sin flow through the
tooling. During this transition, the polymer melt goes through its “critical shez pplies to the specific
extrusion conditions. ., —

* A smooth extrudate is obtained again in Region Ill, normally referred to as the ear occurs when the

flow of the polymer melt has lost its adhesion to the surface of the tooling. This p by a significant drop

in extrudate head pressure, lowering the hindrance to melt flow. Higher output rates ¢ y, but there is usually

the measured mechanical properties of the resultant product.

V, the extrudate becomes excessively rough again.

ile tooling geometry, the shear rate increases directly as the melt output is in sed. The shear stress increases as the
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Cable Extrusion

Recommended DDR and DRB for Everflon™ fluoroplastics

Materials FEP PFA ETFE
100(90~110) 100(90~110) 0(30~70)

_ 1.05(0.9~1.1) 1.05(0.9~1.7) 1.05(1.04~1.06)

Tubing Extrusion




STARTUP

Before Startup
1. Unless the same resin is already in the machine from a previous run, the entire extruder should be cleaned, including the feed hopper,
barrel, screw, breaker plate, crosshead, die, and tip. If using screen packs, replace these at time of cleaning. Note: Be sure that fluoro-
polymer orrosion-resistant alloys have been used for all of these parts.

2. Check conditions and “fitness” of all heater bands andselectrical connections. w

—

3. Check that thermocouples are properly seated and their connections a

4. Inspect the pressure transducers, and make sure the high pressure interlock shutdowns are set.
5. Ensure the melt flow path through the head is not blocked.

e ——————

6. Ensure the local exhaust ventilation (LEV) system has adequate air flow.
7. Have a quench-pot partially fiIIed’\ clean water to catch purging extrudate. - nﬁ#ﬂ bt .-q-

Start-Up Procedures

1. Set all temperature controllers to 177 °C, and allow all heats to equilibriate.

2. Be sure that all temperatures increase at a normal rate. Check for deviations that may indicate away heaters. A |
strip-chart recorder is a useful way to watch temperature controllers and
cycling.

3. Set all temperature controllers to 288 °C, and again allow all heats to equilibriate. EE—
4. Check to ensure all temperatures have come up normally. -

5. Set the individual temperatures to the desired temperature profile, and allow to equilibriate. Note: This profile is fine tuned at running
speeds to give the desired melt temperature. Do not use the profile as a “control”. At a given profile, the melt temperature will vary with
throughput (RPM).

6. Allow a “heat soawlof at least 15 min after all of the temperatures have reached their set point. Tnif, is to ensure all polymer
present is melted and will; therefore, minimize undue pressure increase when the screw turns. — d
7. Do not stand in front of the extruder during screw startup. Never look directly into the feed hopper because of the potential for blow
back.

8. Start the screw and adjust to about 10 RPM. Purge for about 10 min. Watch for pressure or amperage spikes, and shut down if aay ‘
occur.

9. Increase the RPM to about 25, and adjust the die to center around the tip. Note: This is not necessary on self-centering heads.

10. Start making product, and adjust the temperature profile to give the desired melt temperature at the production rate planned.
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Wire Coating
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M 5
Jacketing of Large Diameter Cables—Multiple Conductd

JackN diameter cable requires special techniques for the following reasons:

t because of finite length and the high value of the multiple conductor'@

4

0 ntrof devic

* Yield is extremely i

of the cable precludes the use of high draw-down ratios.

en too stiff to be handled by conventional capstans and te

conductors can be held together by a lower temperature inne
» Heavy wall thicknesses are often required.

all diameter conductors run well over the pulleys in a typical wire coati
ve one tension controller located in line ahead of the extruder and one afte
centering can often be obtained by “cutting” off the melt extrudate and adjusti
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Pipe and Tube

The process for extruding tubing is similar to that for wire coating. However, the d are di nt and dependent upon
the size and type of tubing being made. Crosshead type dies may be used, but in more com ly used.

Tubes and pipes can be extruded from Everflon™ fluoroplastics.These extrusions a ied in the sport of corrosive chemi-
a lesser extent, as linings.
ion is quite similar to the wire insulation process. Processing details deper he size and type of the tube. Tube can be
ed by both inline and crosshead dies. Everflon™ FEP tubing can be prodt W ers as low as 1 mm to over

s broken into three processing zones based on the size of the outside di
the c!. ';’iﬂi ter of-the trsutput a Jhe line spdet
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Small Tubing (Spaghetti)
Small tubing (<5 mm OD and <1 mm OD wall
but without the wire. Size and wall thickness
The choice of tooling can be similar to that us
7:1to 10:1 is normal.

A sizing die located at the entrance to the qu
pressure inside the table to make sure the siz

Medium Tubing

Tubing of 10 mm or larger diameter is often m

This process requires no additional pressure in

made is, therefore, open-ended, allowing it to be

small tubing can be used here. A low DDR, resulti

in a subsequent operation.

A high melt orientation plus post-forming may approach

-

~Large Thin-Walled Tubing
Thin-walled tubing of diameter 12 to 30 mm and wall thickness 0
A tapered brass mandrel extension is attached to the guider or tip.

dre ithe r cooled or ve heated by oil to solidify the fluo




Film and Sheet
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TROUBLESHOOTING GUIDE

Melt Fracture
Extrusion Rate
Too Slow

Spark Failures
Blisters

Caliper Variation
Poor Centering or
Out-of-Round
Pinholes, Tears

Possible Causes Problem

Contamination

Resin Too Cold

Die Too Cold

Extrusion Rate Too Fast

Cone Length Too Short
Bubbles in Melt

Dirty, Wet, or Rough Substrate

Too Much Draw-Down

Cooling Water Splashing

Guider Tip Not Centered

Center Hole in Guider Tip Too Large
Inadequate Water Quench
Insufficient Melt Tension

Improper Draw Ratio Balance

Surging Resin Delivery
Improper Screw Design ‘

Wire Speed Variations

Vacuum Variations

Cone Length Too Long

Variations In Wire Diameter

Rear Barrel Temperature Too Low

Draw-Down Too Low | @
Air Gap Too Long
Outgassing of Substrate ()
Resin Hold-Up Time Too Long

Processing Variations

Resin Temperature Too High

Improper Die or Tip Design

Wet Resin or Pigment o



TROUBLESHOOTING GUIDE

Extrudate Appearance

Possible Causes

Corrosion Products

Localized Resin Hold-Up

Resin Temperature Too High
Extruder Hopper Not Clean
Improper Handling or Storage
Hold-Up Time Too Long

Excessive Tightness

Broken Strands or Sharp Substrates
Air Entrapment

Excessive Wire Pre-Heat

Wet Resin

Dirty Substrate

Shrinkage Voids from Improper Quench
Die Too Cold

Die Too Restrictive

Resin Temperature Too Low
Contamination

Poor Die Surface

Improper Guider Tip Positioning
Improper Drawing of Melt

Absorbed Moisture on Resin
Roughness in Base Wire or Cable
Weld Lines (Wrong Die and Tip)
Wrong Color Concentrates Letdown Ratio
Poor Dispersion of Pigment
Extrusion Rate Too Fast

Wrong Color Concentrate

Discoloration

Surface Roughness
0000000 OCGCOGS

Poor Color-Pigmented

Constructions

U

Insulation Cracks

Bubbles

Contamination



TROUBLESHOOTING GUIDE

Possible Causes Problem

Inadequate Wire Heat

Poor Heat Aging

Poor Cut-Through

High Strip Force

Low Strip Force

Low Dielectric Strength
Low Tensile Strength or

Elongation

Bubbles or Voids . . .

Poor Concentricity . .
Contamination . .
Cone Length Too Short .
Cone Length Too Long .
Air Gap Too Short for Line Speed .

Air Gap Too Long for Line Speed .

Extrudate Properties

Excessive Degradation . .

Coating Too Thin or Non-Uniform . . . .



Everflon Academic center For more information about our

company, products and service,

Tel: +86-185-7168-9228 please visit our website at

) www.everflon.com or
info@everflon.com www._everflonultra.com

www.everflon.com



https://www.youtube.com/@everflon9612
https://x.com/everflon
https://www.facebook.com/Everflonfluoropolymers
https://www.linkedin.com/company/54373831/admin/dashboard/
https://wa.me/c/12543630087

