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Everflon PTFE Fine Powder

EverflonTM PTFE Fine Powder is a milky white polymer which is sepa-

rated from a dispersion formed by emulsion polymerization. Having a 

molecular structure of only carbon and fluorine atoms - (CF2-CF2)n - 

EverflonTM PTFE Fine Powder possesses the lowest coefficient of

friction and the most superior heat resistance, chemical resistance, 

electrical properties and non-sticking property of any plastics. 

EverflonTM PTFE Fine Powder readily absorbs organic solvents, re-

sulting in the formation of a paste, it can be extruded easily. It is widely 

used for the manufacture of insulated electric wires, spaghetti tubes, 

thin rods and unsintered tape.



Properties of Everflon PTFE Fine Powder

Thermal properties

EverflonTM PTFE can be used continuously at temperature up to 260° (500°F), and for short periods at 

even higher temperatures. It also possesses excellent low temperature strength. With these superior 

thermal properties, products such as electric or electronic machinery components, pipe linings, 

insulated electric wires, etc., made with EverflonTM PTFE Fine Powder are widely used.

Chemical properties

EverflonTM PTFE possesses the excellent property of almost absolute resistance to all commonly used 

chemicals. When used with some specialchemicals under extremely severe conditions, such as fused 

alkali metals, high-temperature, high-pressure fluorine or trichlorofluorine gas, slight changes may occur. 

With ordinary acids, alkalis, and oxidants at high temperatures EverflonTM PTFE remains completely 

stable. Even contact with organic compounds does not cause dissolution or swelling. The basic reason 

for EverflonTM PTFE‘s extensive use in the chemical industry for pipe linings, wire-braid hoses, gaskets, 

tubes and bellows is in its chemical inertness.

Electrical properties

Since the molecular structure of EverflonTM PTFE is non-polar, it is ideal for use as high-frequency insu-

lating material not only because of its applicability over a wide temperature range, but also because of 

its low, uniform dielectric constant and dissipation factor over a wide frequency range.

EverflonTM PTFE Fine Powder is used for the manufacture of insulation covering for use in aircraft, electri-

cal wiring, small coaxial cables, industrial control cables, spaghetti tubes and wrapping tapes.

Low abrasion, non-sticking property

Under ordinary conditions of use, EverflonTM PTFE possesses the lowest coefficient of friction of any 

solids. Moreover, its remarkable non-sticking property prevents most adhesive materials from adhering 

to it. Tubes made of EverflonTM PTFE Fine Powder are therefore used as transport tubes for liquid adhe-

sives, cableway pipes, etc., for automobile and other mechanical industries, and other similar applica-

tions. In addition, unsintered tape made of EverflonTM PTFE Fine Powder, being extremely soft and mal-

leable, forms tightly to the threads of bolts to provide an excellent sealing effect.



Everflon PTFE Fine Powder Applications

Major Applications Characteristics

Pipe
Tubing

Since EverflonTM PTFE has excellent electrical properties, it is ideal foruse as an 

electric wire insulating material. It also combines the properties ofexcellent heat 

resistance and chemical resistance. Typical uses are thefollowing:

electric wiring for airplanes, rockets, and missiles; 

wiring for　electric circuit transformers and electric motors; various types of 

electronic　industrial wiring; 

wiring which is subject to high temperatures, such as in　the vicinity of power 

stations, electric furnaces, or vacuum tubes; and wiring　which is effected by 

strong chemicals used in chemical industries.

EverflonTM PTFE's superior resistance to heat and chemicals and its nonsticking 

property are utilized in the following applications: 

pipes for jet engine fuel and rocket fuel; 

pipes for high-temperature or corrosive fluids in chemical or nuclear plants;

pipes for fluids containing food or chemicals; 

steam hoses; transport pipes for viscous substances; 

hoses for oil hydraulic control equipment; and insulation for electronic equipment.

(1) For sealing

Unsintered tape is ideal as a sealing material for threaded joints. Wrapped around 

the threads, it forms a tight seal with excellent chemical resistance, and heat resis-

tance. Its self-lubricating property also makes removal easy, and it completely 

prevents the inside of the pipe from being contaminated.

(2) Insulation

When unsintered tape is wrapped around an wire or coil and heated to 330ºC 

(626ºF), it shrinks approximately 33% in the direction of calendering, making it 

possible to cover the article completely. Layers of tape fuse together forming a com-

pletely sealed insulation with no gaps. Unsintered tape is also used for splicing or 

repairing extrusion- insulated wires made from EverflonTM PTFE Fine Powder.

(3) Film

When unsintered tape is sintered under tension, a film is produced which is used as 

an insulating material

EverflonTM PTFE's excellent electrical properties and resistance to heat and chemi-

cals are utilized in the manufacture of pump and valve parts, terminals, bushings, 

and outer insulators.

Insulated 
electric wire

Thin rods

Unsintered
 tape



Type of PTFE Fine Powder

Type of Everflon PTFE Fine Powder and Their Properties

Property and application

Rage of application

F100 F500 F1000 F2000

Particle diameter (um) Approx.500

Approx.0.45

Approx.2.2

More than 19.6(2842)

More than 350

100 600 1500 2000

More than 350 More than 350 More than 350

More than 19.6(2842) More than 19.6(2842) More than 19.6(2842)

Approx.2.2 Approx.2.2 Approx.2.2

328/622 328/622 328/622 328/622

Approx.0.45 Approx.0.45 Approx.0.45

Approx.500 Approx.500 Approx.500

Apparent density (g/ml)

Melting point (C/F)

Specific gravity

Tensile strength(Mpa/psi)

Elongation (%)

Reduction ratio

Unsintered tape
Sealing tape

Small and large diameter tubes;

Shrink tube;

Thick electric wire larger than 

AWG 16 as well as jacketed 

tubes;

Wrapping tape

Tape for wrapping flat cables

tubes

low specific gravity tape

Fine electric wire smaller than 

AWG16

Small diameter tubes

Spaghetti tubes

low specific gravity tape

Fine electric wire smaller than 

AWG12

PTFE production starts with the synthesis of the non-natural monomer 

(tetrafluoroethylene, TFE) and leads through emulsion polymerization 

of the monomer in water to the final polymer. The watery emulsions con-

sist of approx. 180 - 250 nm sized particles that agglomerate during the 

precipitation process, leading to the formation of secondary particles of 

wet fine powder is dried. The fine powder is highly shear-sensitive 

because the agglomerated particle has a very low mechanical stress 

resistance. 



Solvent extraction

PTFE Fine Powder Extrusion process

Compared with ordinary molding powder, EverFLON PTFE Fine Powder has a 

smaller molecular weight (3,000,000~5,000,000) and consists of extremely 

small particles. For this reason, the affinity between Ever  PTFE Fine Powder 

and organic solvents is excellent, and with the addition of ordinary petroleum 

solvent as an extrusion aid, it can be molded in the f m of an organosol. The 

ordinary molding process for Everflon  PTFE Fine Powder is shown below

Raw materials

Sifting

Extrusion aid blending

Mixing

Preforming

Extrusion

Calendering

Sintering

Finished productsFinished products

Unsintered tape
Insulated electric wires
Thin tubes
Thin rods

Removal of extrusion aid

Removal of extrusion aid

Calender molding

Drying



EverflonTM PTFE fine powder consists of “potato-like” secondary particles with a 

is 25 vol %, the PTFE fine powder has an air-filled pore space of 750 ml.

The secondary particle consists of some 1010 primary particles that are statistically 

packed in a spherical agglomeration. The packing density is 55 vol %. A statistical 

spherical packing of spheres with identical size can, regardless of the sphere diame-

ter, achieve a maximum filling degree of 62 vol %. The spherical primary particles 

have an extremely tight particle size distribution. The PTFE they contain is in a highly 

crystalline form.

The potato-like form of the secondary particles ensures the free-flow ability. The 

grainy, island-like structure of the secondary particle, which can be easily seen, illus-

trates the statistically packed spherical agglomeration. The particles are “grape-like 

agglomerates” of 1010 primary particles.

Paste Mixing

By adding lubricants, the pore space of the secondary particle is filled. Organic PTFE-wetting fluids are used as 

lubricants, mostly higher boiling point hydrocarbons (benzenes). In practical use, 20 weight parts of benzene are 

mixed with 100 weight parts of PTFE. The air in the interior of the secondary particle is displaced by adding lubri-

cants. The potato-like shape of the secondary particle is not modified by this. The paste with the additive still 

retains its free-flow ability, while the specific weight increases to about 700 g/l. The air-filled pore space between 

the secondary particles is in the range of 500 ml/l.

Phenomenology of Paste Extrusion

-200um-

-100um-

-1um-



Preform Fabrication

The air between the secondary particles is removed by compressing them in a cylinder with a pressure of approx. 

30 to 50 bar, which increases the density of the lubricant containing material to 1650 g/l. The shape of the second-

ary particle and the primary particles is thereby preserved. The cylindrical rod resulting from this is called the 

preform or billet. From the measured density, a filling degree of approx 63 vol %. From the rheological point of 

view, the fine powder has a paste-like state in the billet. Rheologically, the paste can be defined as a heteroge-

neous 2-part system consisting of an immobilized fluid and a plastically deformable solid. This system flows when 

forces exceeding a certain minimum force are applied, and it is irreversibly deformed. The immobilized fluid there-

by becomes a lubricant (matrix) and the deformed primary particles are a filling substance.

Paste Extrusion in Funnel-Flow Design

The billet is transferred to a cylindrical metallic hopper and then pressed through a funnel, also made 

of metal, at a certain pressure, the so-called paste extrusion pressure. The narrowing of the 

cross-section in the funnel is characterized by the reduction ratio (RR), which is the ratio of the areas 

of the funnel inlet and the funnel outlet. Attached to the funnel outlet is a very short piece of pipe, the 

so-called guide in which the “flowing paste is calmed”. In the hopper, the billet material shows plug 

flow behaviour, as it does not stick to the metallic wall. A real flow process, from the rheological point 

of view, only starts at the funnel inlet, shown as flow threads in Fig. The flow velocity increases in 

direct proportion to the narrowing of the RR cross-section. The crowding of the flow threads generates 

a shear gradient in the direction of the flow. This forces the paste material into an irreversible, plastic 

deformation. The extruded material gains mechanical stability from the deformation, the so-called 

“green stability”, both in its lubricant- containing, wet state and in the dry state.

The wet extruded material has a density of approx. 1.8 g/cm3, while the dried extrudate has a density 

of 1.6 g/cm3 and a space filling degree of 70 vol %. This means that the theoretical maximum packing 

density for spheres of identical size has nearly been reached.



Reversible Deformation of Primary Particles

Paste extrusion is accompanied by an enlargement of the extrudate, i.e. the extrudate has a larger diameter than 

the guide. This can be proof that an elastic deformation of the primary particles has taken place, as they are the 

only ones able to store elastic energy. The shear gradient in the flow direction deforms the spherical primary parti-

cles into ellipsoids. The primary particles are kneaded. After leaving the guide, the elastic tensions relax and the 

primary particle returns to its original spherical shape.This means that the deformation is reversible. All that 

remains is a more compact structure.

Crack-up of the Secondary Particles

The crack-up of the secondary particle, also called paste fibrillation. It shows the longitudinal section of the funnel 

cone. The fine powder is mixed with lubricant containing dyed secondary particles before paste preparation. The 

dye used is benzene insoluble. It is thus possible to see how the deformation of the dyed secondary particles into 

“longitudinal cylinders” increases with increasing reduction ratio RR.

The crosssection of the cylinder becomes smaller the higher the reduction ratio (RR) gets. The decrease of the 

cross section is inversely proportional to the RR. It is the result of packet-like regrouping of large primary particle 

clusters that are transported in the flow direction to the head of the fibrillating secondary particle. The transporta-

tion of the cluster is inevitably coupled with primary particles changing place. This induces the pearl-stringlike 

alignment of the primary particles. The secondary particle is cracked up.

larger unaligned “grape-like” clusters should be avoided. Such clusters lead to irregular, unsmooth surfaces of the 

sintered finished product (orange peel).



EverflonTM PTFE fine powder has a very high specific surface with a porous, spongelike structure that is charac-

terized by a very high absorption capacity for liquid hydrocarbons (lubricants). The emulsion polymer powders are 

also often referred to as powder paste. This is because they undergo a processing step where the material has a 

paste-like feel. Its extremely high molecular weight, however, results in such a high melting viscosity that process-

ing requires a special technology, the so called paste extrusion.

The first process step, therefore, is to add a lubricant to enable processing of the powder paste. The powder paste 

with lubricant added is still powdery with good free-flowing properties. With special paste extruders (ram extrud-

ers), a variety of profiles, tubes, sealing cords, wire insulation and even large pipe liners can be fabricated at 

slightly elevated temperatures.

The extruded profiles can then be calendered into tapes and films for use as thread sealing tapes and electrical 

insulation films for cables. If porous structures are required, a subsequent stretching process can be used. After 

the drying process in which the lubricant is removed, a final sintering process with temperatures of 360 - 380 °C 

gives the products their high mechanical stability and transparency.

The special processing technologies required for paste extrusion place very high demands on the raw material. 

Contaminants such as dust, lint from garments, or hair would decompose at the high sintering temperatures, 

resulting in discoloration and deterioration of the material’s properties. 

The powder paste is soft, deformable and shear-sensitive. Ensuring proper packaging, storage and transportation 

conditions is therefore of the utmost importance. The free-flowability of EverflonTM PTFE fine powder depends on 

the temperature and humidity.

Handing of Everflon PTFE fine powders



Temperature

The higher the temperature, the worse the free-flow ability of the powder becomes. Good free-flow behaviour is 

a prerequisite for homogeneous absorption and distribution of the lubricant.

The two crystal modification phases at 19 °C and 29 °C are specific to PTFE. They are coupled with a significant 

deterioration of the PTFE powder’s free-flow ability. PTFE is prone to clumping. Above 30 °C, it is virtually impos-

sible to achieve good quality paste processing.

In storage, maximum temperature limits must therefore be absolutely observed in order to ensure optimum 

free-flow ability. Temperatures below 19 °C have proven to be very effective.

Humidity

To prevent flaws in the finished product, the residual humidity of the fine powders must be very low (max. 0.04%). 

This is taken into account both during the manufacturing process and in the selection of packaging and storage. 

The converter of the raw materials has to keep these requirements in mind, too. For example, where the air 

humidity is very high, cooled drums should only be opened in a cooled sample preparation room to prevent 

condensation of the humidity from contaminating the raw material.

Reduction Ratio

The reduction ratio (RR) is a unit-less number calculated 

from the ratio of the cross-sectional area of the extrusion 

cylinder minus the cross-section area of the mandrel rod 

and the crosssection of the extrusion die minus the 

cross-section of the mandrel tip. When extruding full 

profiles, the crosssections of mandrel rod and mandrel tip 

are not taken into account.

Examples of different reduction ratios (RR):

Thick-walled liners: RR = 10 to 50

Thin-walled liners: RR = 50 to 500

Micro-tubes: RR = 500 to 2000

Cable insulations: RR = 300 to 3000



Particle Size and Particle Size Distribution

The free-flow ability and thus the processability of the dry powder are determined by the surface structure of the 

particle size distribution is determined by means of fractional screening. When pigments are added to powder 

paste that is too coarsegrained, inhomogeneous colour distribution can result.

Particle Size and Particle Size Distribution

The specific weight of PTFE powder is expressed as kg/m3 (mass per volume). Directly related to this are mass 

and volume of the preform . The specific weight is thus a value to be taken into account when dimensioning the 

preform press. Fine powders tend to compact during transportation and storage. This tendency is even greater 

when the transition point at 19 °C has been exceeded, so the powder must be loosened before processing by 

means of cooling and screening. Due to this tendency to clump, even under light pressure, a special preparation 

of the specimen is necessary in order to measure the specific weight. It should be determined in accordance with 

ISO 12086 and should be approx. 500 kg/m3.

Extrusion Pressure

As per ISO 12086, Everflon™ PTFE Fine Powder types 

are evaluated according to their extrusion pressure with 

a reduction ratio of RR = 400 or RR = 1600, which allows 

a statement as to their processability with a specific RR.

Extrusion pressure is defined as the pressure in bar or 

MPa under standardized conditions (RR = 400 or 1600) 

that builds up in the paste extruder when extruding a 

mixture of PTFE fine powder and lubricant, and which is exerted on the material.

The extrusion pressure is dependent on the extrusion conditions, e.g. type of fine powder, lubricant, extrusion 

velocity, RR, die geometry (die angle and land length) and temperature.



Fundamentals of Everflon PTFE Fine Powder Processing

Packaging and Storage

EverflonTM PTFE Fine Powders are produced in electronically-controlled processes (process control system) and 

filled under clean-room conditions (clean room class 100). They are packed in tightly-closable plastic drums with 

a filling quantity of 20 kg.

The PTFE production facility, as well as the quality of the drum container with lid and seal, eliminates the need for 

dry bags, which also avoids possible contamination due to damage to the dry bag. The material is filled and stored 

at temperatures below 19 °C. In the hotter months of the year, the product is usually shipped in refrigerated trucks 

in order to avoid clumping due to transportation and/or heat and to maintain the good free-flowability of the fine 

powder.

In order to preserve these powder properties, it is recommended that customers store the products in refrigerated 

rooms; where possible at temperatures below 19 °C, the point at which crystallite is transformed.

A room temperature of 15 °C is recommended. Should the fine powder be found to be clumpy or contain agglom-

erates, despite these precautionary measures, then the latter can be sieved out (caution: do not apply pressure 

to the particles, do not contaminate the powder). The separated agglomerates should be refrigerated for 2 to 3 

days at a temperature of between 5 and 10 °C, and then shaken in order to break apart the agglomerates.

They should then be screened at temperatures below 19 °C by which the agglomerates should fall apart into 

free-flowing powder. It takes more than 24 hours until the fine powder material is ready for further processing and 

approx. 3 days to cool the material down to 5 °C (also see Section 4.3). A more practical solution would be a cold 

room temperature of 15 °C where the cooling of the PTFE down to 15 °C extends over several days.

Preparation of the Extrusion Mixture

In order to avoid flaws in the finished product, care must be taken during processing of the fine powder to avoid 

all excess mechanical stress of the powder, as it is highly shear- sensitive. It is recommended to shake the 

powder carefully or scoop it out in order to avoid crushing the particles.



Powder Screening

Before pouring it into the mixing container, the fine powder should be screened in order to break apart any 

agglomerates and to loosen it. The mesh size of the screen should be 3 to 4 mm. The use of riddle sifters is also 

possible, which allows harder agglomerates to be broken apart.

Larger clumps that do not fall apart should be removed from the screen and collected in a separate container. The 

separated agglomerate particles can be reprocessed through cooling and renewed screening.Utmost cleanliness 

is important during the open screening process. Moisture absorption due to air condensation must be avoided by 

maintaining the drum at ambient temperature and reclosing it immediately after powder removal. PTFE is a good 

electrical insulator, so when dosing PTFE it is necessary to avoid high pouring speeds, as the material could 

otherwise become charged with static electricity and then explode in combination with the lubricant.

Mixing with Lubricants

Aliphatic hydrocarbons with different boiling ranges have proven useful as lubricants for paste extrusion.

The choice of the lubricant is dependent on the type of extrusion material. Lubricants with a higher boiling range 

are usually used for thin-wall applications requiring a calendering process, such as films. Lubricants with a lower 

boiling range are used for thick-walled extrusion materials such as liners.

The selected lubricant should be well absorbed by the fine powder and equally well removed after the extrusion. 

It should also not cause discolorations during sintering. Depending on the application and the lubricant type, the 

lubricant content amounts to 17 to 25 parts by weight related to 100 parts by weight of Everflon™ PTFE Fine 

Powder. The quantity of the lubricant is stated in parts by weight for simplicity’s sake. However, it would be more 

correct to say that the optimum volume of lubricant is added to the PTFE fine powder, as the void volumes 

between the primary particles that has to be filled. Here, the density of the lubricant, that may vary by around 10 

- 15 %, plays a role. The lubricant is added to the powder in the centre of the mixing container, not at its edge.  



Pigmentation

The following procedures are recommended for pigmenting or colouring the powder paste: When using liquid 

colour suspensions, add these to the lubricant before mixing with the powder paste. If the pigment is to be mixed 

with the powder paste in a dry state (e.g. for antistatic applications, carbon black dyeing), the pigment is screened 

directly onto the powder and the mix is then homogenized in dry state through rolling.

The mixing procedure should be carried out at a temperature below 19 °C as the fine powder has a better 

free-flow behaviour at these temperatures. Depending on the type of mixer (dolly or tumbling mixer), the mixing 

time is between 20 and 30 minutes with a speed set at 20 to 30 revolutions per minute. The powder mix should 

flow and not splash in the mixing container. The lubricant is absorbed uniformly by the powder. The mixing 

containers must be tightly sealed in order to avoid evaporation losses. The mixing container should be filled to a 

maximum of 2/3 of its volume in order to attain a good mix.

Earthing is important when mixing the fine powder with the flammable lubricant due to the ignition risk of the lubri-

cant vapours, e.g. ignition caused by electrostatic charge . The benzene concentration in the working rooms must 

be monitored with the help of suitable room air monitoring devices. Good ventilation should also be provided.

 



Maturing of the Extrusion Mix

A homogeneous distribution of the lubricant in the PTFE can be obtained by letting the mix “mature”. This ripening 

process should take overnight or at best over 24 hours in tightly sealed containers. Longer times are not neces-

sary.

Preform Compression

In this processing step, the mix of Everflon™ PTFE Fine Powder and lubricant is fed into a preform press where 

it is compacted into a cylindrical preform.

The aim of the compression is to eliminate the air contained in the mix of powder paste and lubricant and to bring 

the mix into a form that can be fed into the extrusion cylinder without any problems. The cylinder of the preform 

press should be three times the length of the preform, as the powder is compressed to 1/3 of its volume.

The mix of powder and lubricant should be compacted slowly so as to allow the air to completely escape from the 

mix in the preform cylinder. This process can be supported by a vacuum placed at the ventilation bores. 

Pre-pressing takes several minutes at a pressure of approx. 30 - 50 bar. The quality of the finished products is, 

among other things, dependent on a preform without cracks. The compression pressure is therefore only slowly 

decreased and care must be taken when removing the preform from the preform cylinder. The compacted part 

must then be immediately processed to reduce evaporation of the lubricant from the surfaces to a minimum. 

Inhomogeneous distribution of the lubricant results in quality and dimensional variations of the finished product. 

The preform is fed into the paste extruder – the cylinder of which should have a diameter that is 1 mm larger than 

the outer diameter of the preform.



Films, tapes and sealing cords can be fabricated from Everflon™ PTFE extrusion paste in stretched, unstretched, 

sintered or unsintered forms. The following applications are known:

Thread sealing tapes

Flat or plate seals

Electrical insulation tapes for wound insulations

Tape cable

Yarns

The key processing steps for the fabrication of films and tapes :

Preparation of the extrusion mix

Preform compression

Profile extrusion

Film calendering

Film drying

Mono- or biaxial film stretching

Film sintering, cutting and packaging, if required

In contrast to tube extrusion, higherboiling lubricants are used in order to avoid 

lubricant loss during calendering. This also has a favourable impact on the calen-

dering behaviour.

Fabrication of Films,Tapes and Sealing Cords



Profile Extrusion

Extruders for profile fabrication can be of relatively simple design. A cylinder with a nozzle or a ram with a 

mechanical or hydraulic drive that runs pressureindependently at a constant velocity are basically all that is 

needed.

The latter is necessary as the pressure can change during extrusion. A small-dimensioned extruder is normally 

enough to attain the reduction ratio of 100:1 that is required for profile extrusion.

It is possible to set preform on preform, in order to minimize loss of material that stays in the cone of the extruder 

due to the design. The touching surfaces of the two preforms can be roughened with a fork or similar device in 

order to improve the mixing of the two materials and thus avoid a predetermined breaking point in the profile. The 

forming tool consists of a conical reducer and a die with parallel guide.

The enclosed angle of the cone is between 20° and 40° (also refer to Section 6.2, Fig. 6.2, but without mandrel 

rod). In practical use, the round extrudate has proven to be a useful solution for extrusion profiles.

For broader tapes, a rectangular or “dog-bone” profile is preferable. Fig. 5.2 shows possible extrusion profiles. 

The tools or areas coming into contact with the preform should be smoothly polished and made of stainless steel. 

Steps or edges at the transition from cylinder to cone should also be avoided. Profiles of the highest quality are 

attained when the extrusion cylinder and die have a temperature of approx. 30 to 40 °C. After extrusion, the extru-

date is wound up and calendered. If the extrudate is to be stored, it should be placed in a tightly sealed container 

to avoid lubricant escape.



Calendering

Two-roll calenders equipped with an appropriate feeding system are used to calender profiles. The shape of the 

feeding system is similar to a fishtail or coat hanger profile.

The calender rolls usually have a diameter of 300 to 400mm and widths of 400 mm.

A temperature of around 40 °C is recommended for the tool surface and a roll speed of approx. 30 revolutions per 

minute (depending on the roll diameter). The adjustment of the sheet thickness requires a highly precise fine 

adjustment of the roll gap across the width of the film.

Calendering from profile to sheet is usually done in one step. For thickwalled profiles, this process can be 

performed in several steps until the required width and thickness are obtained. The calendered width of the 

sheets is dependent on both the PTFE type and the following parameters:

Shape of the profile

type and shape of the fishtail guide and its distance to the roll gap

sheet thickness

lubricant content

roll surface

profile and a calender of the type described above.

Fishtail profile
Extrudate



Film and Sheet Drying

The film or sheeting is dried at a temperature of 160 to 200 °C. The line speed or the length of the oven must be 

selected so as to enable complete removal of the lubricant. Calendering and drying should be performed inde-

pendently of each other as both steps achieve their optimal results at different speeds.

Film Stretching

The dried films or tapes are stretched for certain applications. In practical use, stretching of the free-running PTFE 

sheets at temperatures of between 280 °C and 300 °C has proven effective (used for thread sealing tapes). The 

sheet is stretched with two different roll systems that are running at different speeds in the running direction. The 

sheet is clamped with roll systems that can be made of steel or combinations of steel and rubber rolls.

The film or sheet can be stretched up to a ratio of between 1:10 and 1:15 without formation of irregularities, with 

minimal reduction of thickness and width. The material becomes highly porous and stretching results in a 

substantial reduction of the specific weight of the sheet/ film.

Biaxially stretched PTFE is widely used for breathable, impermeable membranes in the clothing industry. The 

space between fibres is large enough to let water vapour pass through the membrane (breathable), yet small 

enough to keep water drops out (impermeable). Films, sheets or tapes can also be sintered and then stretched 

after the sintering process in order to produce high tensile-strength films, sheets, tapes or yarns.

Fabrication of Unstretched and Stretched Sealing Cords

Sealing cords generally refer to round or rectangular extrudates that can be used in stretched or unstretched 

form, depending on their application. The technology used for fabricating sealing cords is very similar to that used 

for tape fabrication. As with tape production, the profiles are fabricated by means of extrusion with appropriate 

dies being used to correspond to the profile dimension. The extrudate is subsequently dried. For stretched sealing 

cords, the extrudates are stretched using similar equipment and conditions as for sheet stretching. The final prod-

uct should generally have a density of approx. 0.65 g/cm3, which corresponds to a stretch ratio of around 1:3 to 

1:4.

Uniform cord dimensions can be achieved by feeding the extrudates through special calibrating rolls.

During the same process step, adhesive tape can be applied to provide the sealing cords with a fixation aid for 

installation.



Paste extrusion is used to fabricate extremely thin-walled micro- and spaghetti hoses as well as thin-walled indus-

trial tubes from Everflon™ PTFE Fine Powder. Dimensions range from approx. 0.1 mm to approx. 25 mm interior 

diameter with wall thicknesses of around 0.1 to 2 mm.

The extruded tubes can be further processed to fabricate: 

Shrink tubes

Corrugated tubes

Braided tubes

Lubricants for Hose Extrusion

The lubricants used for hose extrusion have a lower boiling range (100 to 150 °C) than those used for tape fabri-

cation to enable easier evaporation of the lubricant during the short time spent in the drying oven.

Tube Extrusion

Tubes made from paste are fabricated using special ram extruders (paste extruder) with an inner mandrel that 

determines the interior diameter of the tube, and the extruders can be set up either horizontally or vertically. The 

extrudates are then dried and sintered.

The extrusion process is discontinuous. Extrusion is stopped after each extruded preform to return the ram and 

insert a new preform. Large paste extruders are able to process several preforms with a total weight of up to 100 

kg in one step.  

Fabrication of Tubing and Hoses



Arbitrary enlargement of the preform’s diameter is not possible as this might lead to excess reduction ratios and 

high local shear resulting in flaws of the extrusion materials. Limits are imposed by the material here, as high 

reduction ratios result in high extrusion pressures. This means that you must have a cylinder with suitable diame-

ter depending on the tube dimension. Cylinder diameter can vary in a range of 25 mm to 250 mm as the various 

tube types have different maximum reduction ratios. The extruder drive has to ensure that the set extrusion speed 

stays constant regardless of the changing extrusion pressure. This is necessary to achieve constant drying and 

sintering conditions in the downstream drying oven – a precondition for consistent tube dimensions and quality. 

The extruder can have either a hydraulic or mechanical drive. Experience has shown that extruders with hydraulic 

drives now provide precise extrusion conditions and can be more easily produced.

In contrast to profile extrusion, tube extrusion requires an additional mandrel in the extruder. This mandrel is fixed 

to a cross-bar or a frame plate and runs freely without any fixation in the die area. During extrusion the ram press-

es the material over the mandrel. Precise centring of the mandrel tip in the die is required to achieve a uniform 

wall thickness of the tube. There have been good results with flexible mandrels made of polyacetale or polyimide. 

The tool consists of a conic reducer and a die with parallel guide (land length). The land length L is determined by 

the die diameter D. For thick-walled and large-dimensional extrudates, the ratio is

L/D>1

L = land length D = die diameter

and for thin-walled, small-dimensioned tubes the maximum ratio is

L/D=10

L = land length D = die diameter

The enclosed angle of the cone is between 20° and 40°. The higher the reduction ratio, the smaller this angle 

must become in order to keep the extrusion pressure in limits.



To ensure a smooth tube surface, the die is heated to a tempera-

ture of approx. 50 - 60 °C. The tools or areas coming into contact 

with the product should be smoothly polished and made of stain-

less steel. The necessary extrusion pressure is mainly dependent 

on the reduction ratio and the product type. It is also it is deter-

mined by lubricant content, temperature, die angle, land length 

and extrusion speed.

Excess extrusion pressure may not only lead to high extruder 

stress but also to excess shear in the tube (cracks, deformations, 

etc.). If the extrusion pressure is too low, the extruded material 

may have irregularities in the form of surface coarseness. The 

extrusion velocity is dependent on the tube dimension or wall 

thickness and the length of the drying and sintering oven. It can be 

in the range of 1 to 20 m/min.



Drying and Sintering of Tubes

The extruded tube is dried and sintered in a continuous oven. In the drying zone, the lubricant is evaporated and 

removed above the boiling point of the lubricant and below the sintering temperature of the PTFE (150 to 250 °C).

The evaporation speed is dependent on the oven temperature, the throughput speed, the wall thickness and the 

tube dimensions. Complete evaporation of the lubricant at high extrusion pressures requires higher temperatures 

or longer ovens. After drying, the tube is sintered at a temperature of 360 to 380 °C. Sintering conditions are 

dependent on tube dimensions, extrusion velocity and temperature and length of the oven.

The drying and sintering process changes the dimensions of the tube. Crosswise shrinkage of 0 to 15 % and 

lengthwise shrinkage of 15 to 25 % are expected. This dimensional change must be taken into account when 

selecting the extrusion tool. It is influenced by the lubricant content, the temperature management and the tube 

weight drawing on the extrusion die.

Typical Applications of PTFE Tubes

Chemical industry: for storage of aggressive media, e.g. use in tank vehicles, sniffer probe lines for operation 

monitoring, lab devices.

Pharmaceutical and food industries

Biotechnology

Engineering

Steam lines for laminating and vulcanization presses, extruders, calenders, purification equipment, plastic foam-

ing equipment, spraying and painting equipment, glue lines for wood processing, hydraulics, air conditioning and 

ooling equipment

Engine and vehicle construction

Exhaust pipes, fuel lines

Bowden pulleys

Electrical industry and electronics

Insulations for electronic components



Specimen Preparation and Lubricant

Specimen preparation does not differ from tube fabrication.  Liner extrusion usually has lower reduction ratios in 

the range of 20 to 100. They cause low extrusion pressure and low green strength of the liner pipes. The green 

strength of a liner refers to the stability of the extruded PTFE tube right after it leaves the extrusion die. At this 

point, the PTFE still contains lubricants and is very sensitive to mechanical stress. In order to increase the extru-

sion pressure and thus the green strength, Everflon PTFE liner types have a very high pressure level of their own. 

In addition, lubricant quantities of 17 to 20 parts by weight relating to 100 parts of PTFE by weight are used.

Carbon Black Pigmentation and Antistatic Treatment

The highly conductive, fine carbon black powder must be added in its dry state. The carbon black is screened 

onto the PTFE powder. The mixture is homogenized in mixing vessels with the help of rolls or tumble mixers. 0.1 

to 0.3 % weight of carbon black have proven efficient for black coloration, and around 1 to 3 % weight for antistatic 

treatment. The lubricant is added afterwards.

Liners are thick-walled pipes with wall thicknesses of approx. 2 to 15 mm used for corrosion- resistant lining of 

steel pipes in chemical plants. This brochure is limited to the description of how seamless liner pipes are fabricat-

ed by means of paste extrusion. It does not deal with alternative linings implemented with Everflon™ PTFE 

suspension polymers (isostatic pressing, ram extrusion, peel films).

Fabrication of Thick-Walled Pipes



Liner Extrusion

For liner extrusion the same ram extruders as described for tube extrusion are used. Due to the heavy weight of 

the liner pipes, the extruders are generally set up horizontally and require substantially larger extrusion cylinders 

as a result of the large pipe dimensions. 

The extruded liner is drawn over an interior supporting pipe, if required, and put into a supporting half pipe, taking 

the low green strength into account. Pipe and half pipe must be corrosion- resistant in order to avoid liner discolor-

ation.Unlike with tube extrusion, the mandrel diameter may exceed the size of the mandrel rod in order to enable 

the large liner dimension. The mechanical stress may be very high, which requires the use of large dimensioned 

mandrel rods made of high-strength steel. 

When fabricating thick-walled liners, the phenomenon of orange peel sometimes occurs. Due to the low reduction 

ratios, the shear gradient is sometimes reduced to such an extent that a sufficiently homogeneous crackup of the 

secondary particle is no longer ensured. This problem is obviously not caused by “overshear” as is often 

assumed, and can therefore be solved by dramatically increasing the shear gradient, e.g. through a substantial 

increase of the extrusion speed.



Typical PTFE Liner Applications

PTFE liners are generally used in chemical plant construction and in the pharmaceutical industry for pipes, 

columns, compensators and fittings to provide protection against aggressive media.

Drying and Sintering of the Liner

The tube sections of up to 10 m length are both dried and sintered horizontally in the oven. The pipes are put in 

metal supporting half pipes with the interior supporting pipe so as to avoid deformation of the liner pipes during 

drying and sintering. The drying conditions must be adjusted to the dimensions of the semifinished products and 

the boiling range of the lubricant.

This is necessary to allow complete removal of the lubricant thus avoiding the sintering process being impacted 

by the lubricant.

Lubricant residues may lead to discoloration, cracks and bubble formation. The following drying and sintering 

times and temperatures are recommended in accordance with wall-thickness and diameter:

Drying: 2 to 3 hours at 150 to 200 °C

Sintering: 1 to 3 hours at 360 to 380 °C

Cooling can be performed quickly or slowly, depending on the desired crystallinity level. The speed when passing 

through the gelling point at 310 to 320 °C defines the crystallinity. Fast cooling reduces the crystallinity and 

enhances the flexibility, while slow cooling increases the crystallinity and the specific gravity while reducing 

permeability.



Fabrication of Cable Insulations

The superior dielectric properties of Everflon™ PTFE coupled with high temperature resistance, all-round chemi-

cal resistance and inflammability under normal conditions (limiting oxygen index, LOI >95), are the key features 

that define Everflon PTFE as the material of choice for wire and cable insulations. Similar to tube extrusion, paste 

extrusion with special wire cable extruders has established itself as a suitable processing method.

Preparation of the Extrusion Mix

Especially for cable fabrication, a prepared paste mix already containing lubricant is screened again into the 

preform press through a sifter of 3 to 5 mm mesh sizes. Cable insulations mostly have a low wall strength, which 

means that larger agglomerates in the insulation may not lead to flaws. Care must be taken that the compacting 

process in the prepress is slow so that the air can completely escape from the lubricant-containing powder paste. 

In addition, the pressure used to compress the preform should not exceed 30 to 50 bars and should be main-

tained for 5 minutes.The quality of the cable insulation is highly dependent on the flawless fabrication of the 

preform which should therefore be given closest attention.

The preform is then slowly relaxed in order to avoid cracks. It should either be immediately processed or stored 

in an airtight container in order to avoid lubricant loss caused by evaporation. Lubricants with a low boiling range 

are preferred as the dwell time in the drying oven is very short due to the high extrusion speed. The lubricant 

quantity is variable over a wide range in order to lower the extrusion pressure when reduction ratios are very high. 

The range for an optimum lubricant quantity is, however, very small in order to minimize the number of electrical 

breakdowns



Cable Extruder

The extrusion system consists of a wire unwind roll (a1), a dancer roll (a2), the extruder (b), a drying- (c) and 

sintering oven (d), a deflector roll (e), a wire puller (f), the electrical breakdown test device (g) and the wire take-up 

roll (h).The cable extruder can be set up either vertically or horizontally. A wire guiding pipe is used instead of an 

extrusion dome in the centre of the extrusion cylinder in order to ensure uniform thickness of the cable insulation. 

Due to the high extrusion speed, the production of cable insulations requires long drying and sintering ovens, 

which are usually arranged parallel to each other to ensure better space utilization and also require a deflector 

roll. The alignment of drying and sintering ovens as shown here is a compromise solution as the ovens are in 

vertical position on top of each other. For construction reasons it is often necessary to deflect the wire by 180 

degrees after leaving the drying oven in order to go through the sintering oven afterwards. Alternatively, the wire 

can also be deflected several times in the oven in order to increase the dwell time. After leaving the sintering route 

the coated wire passes through a thickness meter and its dielectric strength is tested.



Cable Extrusion

The preform with inner bore is inserted into the extrusion cylinder of a paste extruder and then pressed through 

a die with the help of a ram. The extruded paste material coats the wire that is guided through the extruder head 

at the same time. As the extrusion pressure changes during processing, the machine design has to ensure that 

ram speed and therefore extrusion speed are kept at a constant level. This is particularly important for high reduc-

tion ratios during extrusion. The diameter of the extrudate after leaving the die is higher than the inner diameter 

of the die. This is referred to as the PTFE “swelling rate” explained by the release of the elastic deformation 

energy of the particles.

It is also advisable to heat both the extrusion cylinder and the extrusion die (40 to 60 °C) in order to ensure that 

the surface of the extrudate is as smooth as possible. For thin wires, a dancer device is used after unwinding that 

compensates for pull variations and prevents the wire from breaking. Apart from the die angle, the die diameter 

and the land length, extrusion is decisively influenced by the clearance between the upper edge of the wire guide 

tip and the lower edge of the cylindrical guiding system (land length). 

The clearance “a” is correctly set when the material speeds of the PTFE and the wire are identical at the exit from 

the wire guiding pipe. When clearance “a” gets bigger, product quality deteriorates which is reflected in low insula-

tion strengths. When clearance “a” gets smaller the ring gap immediately in front of the land length can be 

narrowed to such an extent that it leads to material over-shear and increase of the extrusion pressure. The adhe-

sion of PTFE to the wire is equally reduced. In practical use, the optimum clearance “a” should be determined for 

each type of material and wire and for each tool. Depending on the reduction ratio, the optimum die angle is 

between 20° and 30° . In addition, all edges coming into contact with the paste material should be rounded. The 

extrusion speed is determined by the material’s shear sensitivity and the conditions in the downstream drying and 

sintering ovens.



Drying and Sintering of Cables

After the extrusion, the insulation must be dried at a temperature of around 150 to 200 °C. Any remaining lubricant 

in the extrudate may lead to brownish discolorations, cracks and electrical flaws during sintering. Sintering takes 

place at temperatures of above 345 °C, preferably at 360 to 380 °C. The coated wire must be run at decreasing 

speed the thicker the insulation material gets. PTFE is a good thermal insulator and prevents complete drying or 

sintering of the cable insulation if drying and sintering times are too short or temperatures are too low.



PTFE offers a variety of excellent properties including: broadest service temperature range of all plastic materials 

lowest coefficient of friction of all known solids excellentchemical resistance

non-stick properties

superior electrical and dielectric properties

non-flammable under normal conditions (limiting oxygen index, LOI >95)

However, PTFE does have some properties that restrict its use in applications like seals, self-lubricating bearings, 

etc:

deformation under load (cold flow)

poor thermal conductivity

high thermal expansion coefficient

limited wear resistance

By incorporating selected fillers into the fine powder, these properties can be offset. It is therefore possible to 

create property profiles that are tailored to specific applications.

Everflon™ PTFE Compounds are able to broaden the application scope of PTFE fine powders even further. 

Fillers make it possible to optimize properties thus enabling use of PTFE in applications where pressure- and 

wear resistance are of utmost importance. The following fillers are generally used to reduce abrasion and defor-

mation under load or to increase thermal or electrical conductivity:

There are two different methods for producing Everflon PTFE Fine Powder Compounds. In the first, the filler is 

added to the fine powder in the form of powder or as a suspension together with the lubricant. This process is 

often called the dry-mix method. In the second, since Everflon has the ability to produce compounds directly from 

the dispersion, the filler can be added to the PTFE dispersion and the powder paste is then mixed together with 

the filler (wet mix). Which production method is the most appropriate is mainly determined by the requirements 

placed on the compound and the specific application. Everflon will be glad to help you find the appropriate com-

pound for your needs.

Everflon+ PTFE Fine Powder Compounds



Trouble Shooting Guide





Although Everflon PTFE Fine Powder presents no hazard under 

normal processing conditions, these safe handling points should be 

followed:

WARNING: VAPORS HARMFUL IF INHALED.

• The work area should be adequately ventilated at all times be-

cause HF, COF2 begin to be produced at approximately above

260ºC and the volume increases at approximately 400ºC. If PTFE

is incinerated, the acidic gases must be removed by alkaline scrub-

bing techniques.

• Personnel should be cautioned against inhaling the fumes liberat-

ed during processing and provided with suitable protective equip-

ment.

• Do not smoke in the work areas as harmful vapors and gases can

be produced if Everflon PTFE becomes transferred onto tobacco.

• Avoid breathing dust and contact with eyes.

• Wash hands and face after handling

• Waste generated during processing should be treated by waste

treatment specialists and disposed of in accordance with federal,

state and local waste disposal regulations.

• Read the Material Safety Date Sheet  before use.

Caution on handling




