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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a process of paste extrusion of lubricated polytetrafluoroethylene fine powder, and
more particularly to a process according to the preamble of appended claim 1.
[0002] The invention also relates to an article formed by such a process, to extrusion heads for use in such a process,
and to an extrusion device including such an extrusion head.
[0003] Such a process is known from EP-A-0 644 037.

2. Description of the Related Art

[0004] Polytetrafluoroethylene (PTFE) fine powder is a type of PTFE that is made by aqueous dispersion polymer-
ization, followed by coagulation of the dispersion and drying of the resultant coagulum to obtain the fine powder. Be-
cause the PTFE fine powder does not flow in the melt condition, the powder has been fabricated into an article by an
extrusion method which does not require melt flow. This extrusion method is known as paste extrusion and is described
for example in US Patent No. 2,685,707. In paste extrusion, a paste extrusion composition is formed by mixing PTFE
fine powder with an organic lubricant which has a viscosity of at least 0.45 centipoise at 25°C and is liquid under the
conditions of subsequent extrusion. The PTFE soaks up the lubricant, resulting in a dry, pressure coalescing paste
extrusion composition that is also referred to as lubricated PTFE fine powder.
[0005] The process of paste extrusion may be understood with reference to Figure 1 wherein there is shown an
extrusion device 1 having a barrel section 3 and a die section 5. Inside device 1 there is defined a chamber 7 which
terminates in an extrusion orifice 9. Lubricated PTFE fine powder, usually as a charge shaped under pressure to
conform to chamber 7, is placed in chamber 7 and is then "paste extruded" by a ram 11 positioned in chamber 7 at the
end opposite extrusion orifice 9 which moves toward extrusion orifice 9 to force the lubricated PTFE fine powder through
extrusion orifice 9. Typically, there is a mandrel 13 positioned in chamber 7 so that the lubricated PTFE fine powder is
paste extruded in the form of a sheet, rod, tubing or coating. The lubricated extrudate is also known as a lubricated
green extrudate.
[0006] In Figure 2 there is shown an extrusion device which has a mandrel with a configuration different from that in
Figure 1. Specifically, there is shown an extrusion device 21 having a barrel 23 defining a chamber 25. A ram 27 is
positioned at one end of chamber 25. A mandrel 29 is fixed within chamber 25 and has a cylinder 31 attached at its
distal end. Cylinder 31 has a conical surface and a cylindrical surface. As lubricated PTFE fine powder is paste extruded,
the powder is pushed by ram 27 through chamber 25, flows around cylinder 31 and out of extrusion device 21 as
extruded tube 32.
[0007] The lubricated green extrudate produced by paste extrusion may also be formed into an article of a desired
shape. The paste extrusion is usually carried out at a temperature of 20 to 50°C, though extrusion temperatures outside
this range are known.
[0008] In most cases, the lubricated green extrudate is then heated, usually at a temperature of 100 to 250°C, to
make volatile and drive off the lubricant from the extrudate, followed by the optional step of sintering the PTFE. Some
articles such as thread sealant tape are calendered and cut after drying, and are not subjected to sintering.
[0009] Lubricated PTFE fine powder includes PTFE primary particles which, during paste extrusion, are deformed
into small interconnected fiber-like clusters, called fibrils. In the devices in both Figures 1 and 2, the lubricated PTFE
fine powder is shaped into fibrils as it is forced around the mandrel and through the end of the extrusion device. In
Figure 1, this fibrillation occurs in the area between mandrel 13 and the walls of chamber 7 in die section 5. In Figure
2, fibrillation occurs in the area between cylinder 31 and barrel 23.
[0010] These fibrils are oriented in the direction of the paste extrusion which means that after extrusion in devices
such as are shown in Figures 1 and 2, the lubricated extrudate and articles formed therefrom are strong in the extrusion
direction, but particularly weak in the extrusion-cross direction. For example, the fibrils formed by paste extrusion in
device 21 in Figure 2 are oriented in one direction, vertically, as the fibrils pass out of device 21. This weakness in the
extrusion cross direction means that special care has to be taken to handle the lubricated extrudate before subsequent
drying and optional sintering.
[0011] The anisotropy in properties of lubricated extrudate may be corrected after extrusion by stretching the extru-
date or articles formed therefrom in two or more different directions, thereby reorienting the fibrils. Techniques of fibril
reorientation by multilateral stretching of unsintered PTFE extrudate are known in the art such as are described in US
Patent No. 5,321,109. Reorientation of the fibrils formed in the extrusion direction may also be accomplished by reo-
rientation within the extrusion process. In each case, the prior art teaches forming the fibrils in the direction of the
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extrusion and then subsequently disorienting the fibrils by various methods, such as with expansion chambers, as
shown in US Patent No. 3,315,020, with a series of extrusion passages and expansion chambers, as shown in EP-A-
0644037 or by applying a spiral-type movement to the lubricated extrudate, as shown in US Patent No. 3,008,187 and
US Patent No. 4,8760,510. It is shown in the literature that the anisotropy in the unsintered lubricated green extrudate
or articles made therefrom is generally extended to the sintered finished articles. This anisotropy may be compensated
by subjecting the articles to long sintering cycles, but this is cumbersome and expensive. Increased isotropy achieved
before sintering is usually also found in the sintered finished articles.
[0012] Further, even when the lubricated extrudate is subject to the prior art processes of stretching, the resultant
articles are still difficult to handle and still have undesirable physical properties, including shrinkage in the extrusion
direction.

SUMMARY OF THE INVENTION

[0013] The present invention relates to a process as defined in claim 1, to an article formed by such a process, to
extrusion heads for use in such a process, as defined in the independent claims 7 and 12, and to an extrusion device
including such an extrusion head.

DESCRIPTION OF THE DRAWINGS

[0014]

Figure 1 is a side view in partial cross section of a prior art extrusion device for paste extruding lubricated PTFE
fine powder;
Figure 2 is a side view in cross section of a prior art extrusion device;
Figure 3 is a side view in cross section of an extrusion head constructed in accordance with this invention, said
extrusion head including a die and a mandrel, wherein lubricated PTFE fine particles are reoriented in a direction
at least 60 degrees different from the initial direction of the flow of the lubricated PTFE fine powder through the
extrusion head;
Figure 4 shows the extrusion head of Figure 3 wherein the mandrel is not centered;
Figure 5 is a side view in cross section of an extrusion head in accordance with this invention wherein the lubricated
PTFE fine powder flows in a direction perpendicular to the initial direction of the flow of the lubricated PTFE fine
powder through the extrusion head;
Figure 6 is a side view in cross section of an extrusion head in accordance with this invention wherein the lubricated
PTFE fine powder flows in a direction opposite to the initial direction of the flow of the lubricated PTFE fine powder
through the extrusion head;
Figure 7 is a side view in cross section of an extrusion head similar to that in Figure 6, except there is a source of
air in the extrusion head so that the hollow lubricated extrudate may be formed into a thin, porous membrane;
Figure 8 is a side view in cross section of a the top and bottom section of a mold between which is positioned an
extrudate made according to the present invention;
Figure 9 is a side view in cross section of the mold of Figure 9 wherein the extrudate has been molded; and
Figure 10 is a side view in elevation of the molded article made using the mold of Figures 8 and 9.

DETAILED DESCRIPTION

[0015] This invention relates to a process for paste extruding fluoropolymers, and in particular for paste extruding
lubricated PTFE fine powder. Lubricated PTFE fine powder comprises PTFE particles, and when the lubricated PTFE
fine powder is paste extruded, the PTFE particles form fibrils. These fibrils are oriented in the direction of the paste
extrusion, that is, the fibrils elongate in the same direction as the particles are extruded.
[0016] In the inventive process, the lubricated PTFE fine powder is paste extruded such that the flow of the lubricated
PTFE fine powder is reoriented during extrusion at least 60 degrees from the initial direction of the flow of the lubricated
PTFE fine powder. This process results in an extrudate which is malleable to an extent heretofore not obtainable using
conventional processes. Further, the lubricated extrudate, as well as the dried extrudate, exhibits unexpected and
surprising increases in biaxial green strength.
[0017] This invention may be further understood by referring to Figure 3. In Figure 3 there is shown an extrusion
head 41 comprising a die 45 and a tip 56 positioned in die 45. Conventionally, extrusion head 41 is attached to an
extrusion device such as by a barrel 43 that is connected to die 45 and which together define a chamber 47. In barrel
43 chamber 47 has a diameter D1. Die 45 has a frustoconical portion 49 and a cylindrical portion 51, so that the diameter
of chamber 47 gradually increases to a diameter D2 in cylindrical portion 51. The walls of frustoconical portion 49 of
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die 45 extend outwardly 60 degrees from the walls of barrel 43.
[0018] A mandrel 53 is positioned in extrusion device 41, and includes a rod 55 that extends through barrel 43 and
connects to tip 56. Tip 56 has a frustoconical portion 57 and a cylindrical portion 59. Frustoconical portion 57 and a
cylindrical portion 59 are sized so as to complement die 45 and form a uniform space 60 between die 45 and mandrel
53 to allow the lubricated PTFE fine powder to flow between them.
[0019] The direction of flow of the lubricated PTFE fine powder in extrusion head 41 is indicated by an arrow in Figure
3. As the powder moves through chamber 47 in barrel 45, the powder contacts the frustoconical portion 57 of tip 56
at which point the powder, and consequently the PTFE fibrils in the powder, is reoriented at an angle of 60 degrees
from the initial direction of flow of the powder. The lubricated PTFE fine powder is reoriented 60 degrees again as it
reaches cylindrical portion 51 of die 45 so that the extruded paste flows from extrusion head41 in approximately the
same direction as the initial direction of flow of the lubricated PTFE fine powder.
[0020] The PTFE particles in the lubricated PTFE fine powder are fibrillated in space 60 to form fibrils which are
oriented in directions other than the extrusion direction. It has been found that when the direction of flow of the lubricated
PTFE powder is reoriented at least 60 degrees, the lubricated extrudate and the dried articles formed from the lubricated
extrudate exhibit unexpected increases in tensile strength, yield strength, and percent elongation at break.
[0021] The hollow form of extrudate made using extrusion head41 may be cut open to yield flat sheets of various
shapes and sizes. It is preferred that mandrel 53 is centered at all times during the paste extrusion process to allow
for the formation of a lubricated extrudate with walls of a uniform thickness.
[0022] In another aspect of this invention, the flow of lubricated PTFE powder through the extrusion head is reoriented
so that before exiting through the orifice the lubricated PTFE fine powder flows in a direction 90 degrees different from
the initial direction of the flow of the lubricated PTFE fine powder through the extrusion head. In this case, all the
fibrillation occurs in a direction perpendicular to that of the extrusion. In Figure 5 there is shown an extrusion head 61
having a die 65 having a barrel 63 connected thereto which define a space 71. A tip 69 having a mandrel 67 is positioned
in die 65, with mandrel 67 extending upwardly into barrel 63. Tip 69 has a flat upper surface so that when lubricated
PTFE fine powder flowing through extrusion head 61 contacts tip 69 the direction of flow of the lubricated PTFE fine
powder is reoriented 90 degrees from its initial direction of flow. The lubricated PTFE fine powder is reoriented 90
degrees again as it reaches the wall of die 65 so that the extruded paste flows from extrusion head 61 in approximately
the same direction as the initial direction of flow of the lubricated PTFE fine powder.
[0023] Again, the biaxial orientation of the fibrils that occurs in space 71 results in a lubricated green extrudate having
increased biaxial green strength. The extrudate and the dried articles formed from the lubricated extrudate exhibit
unexpected increases in tensile strength, yield strength, and percent elongation at break.
[0024] A problem that sometimes occurs in paste extrusion is that the mandrel in the extrusion device is pushed off
center. Lubricated PTFE fine powder used in paste extrusion is often not homogeneous, in particular when compared
to other thermoprocessable plastics that are melt extruded. Consequently, the rate of fibrillation may momentarily vary
which results in a variation of the developed extrusion pressure. If this variation is not uniform around the mandrel, the
mandrel is pushed off center.
[0025] As is shown in Figure 4, once mandrel 53 is pushed off-center, the lubricated paste takes the path of less
resistance, that is, the path where the space 61 is larger, and there is no driving force to move mandrel 53 back to a
centered position. When this happens, the thickness of the hollow object being extruded is no longer uniform along its
cross-section.
[0026] In a preferred embodiment of the invention, the tip used in the extrusion head is self centering such as is
shown in Figure 6. Turning to Figure 6, there is shown an extrusion head 81 having a die 85 and a tip 89 positioned
in die 85. Conventionally, extrusion head 41 is attached to an extrusion device such as by barrel 83 that is connected
to die 85. Tip 89 is connected to a mandrel 87 that is positioned in barrel 83 and die 85. Tip 89 includes an upwardly
extending circumferential ridge 91 which mates with die 85 to form a uniform space 93 between die 85 and mandrel
87. When lubricated PTFE fine powder flowing through extrusion head 81 contacts tip 89 of mandrel 87, the direction
of flow of the lubricated PTFE fine powder is reoriented 180 degrees from its initial direction of flow. The direction of
flow of the lubricated PTFE fine powder is reoriented 180 degrees again as the powder contacts the wall of die 85 so
that the extruded paste flows from extrusion head 81 in approximately the same direction as the initial direction of flow
of the lubricated PTFE fine powder.
[0027] The design of die 83 and tip 89allows tip 89 to be self centering because the lubricated PTFE fine powder
follows a parallel path in opposite directions that automatically corrects any unbalanced forces that move tip 89 off-
center. If non-uniform flow of the powder pushes tip 89 off-center, the total paths become balanced in cross-section.
In other words, if the flow of powder on circumferential ridge 91 becomes constricted during the first 180 degree reo-
rientation of the powder, the flow of powder on circumferential ridge 91 on the other side of tip 89 during the first 180
degree reorientation of the powder increases, shifting tip 89 and mandrel 87 off center. As this increased flow of powder
goes up and over circumferential ridge 91, it pushes tip 89 and mandrel 87 back toward a centered position until the
flow of powder is again balanced in space 93.
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[0028] Hollow articles produced with extrusion head 81 have surprisingly uniform wall thickness. Further, the lubri-
cated green extrudate obtained has unusually well balanced anisotropic properties which result in extruded shapes
that are extremely malleable and that lend themselves to transformation techniques heretofore impossible or very
difficult to achieve. For example, turning to Figures 8-10 there is shown an example of the types of shapes that may
be molded using the lubricated green extrudate obtained from the process of this invention. In Figure 8, there is shown
a sheet 111 of lubricated green extrudate suspended between complementary mold sections 113 and 115. In Figure
9, mold sections 113 and 115 are compressed onto sheet 111, which results in a molded article 117 having a complex
shape. A molded article such as article 117 made from a lubricated green extrudate may only be obtained if the extrudate
has sufficient biaxial strength.
[0029] In Figure 7 there is shown an extrusion head 101 having a die 105 and a tip 108 positioned in die 105.
Conventionally, extrusion head 101 is attached to an extrusion device such as by barrel 103 which is connected to die
105. Tip 108 is connected to a mandrel 107 positioned in extrusion head 101. Extrusion head 101 is the same as
extrusion head 81 shown in Figure 6 except that tip 108 and mandrel 107 have an air port 109 formed therein. Air
blown through air port 109 allows the diameter of the extrudate to be increased
[0030] After the molding stage, the lubricated green extrudate may be dried and sintered, taking into account the
pre-determined shrinkage behavior and subsequent changes in dimensions will known with paste extrudates. One of
the benefits of the inventive process is that it allows for the extrusion of large diameter PTFE pipes, which are easy to
handle and which exhibit very low longitudinal shrinkage upon sintering.
[0031] While certain specific embodiments of the invention have been set forth above, it should be understood by
one skilled in the art that there are many other embodiments of extrusion device designs that could be used within the
scope of the present invention as defined in the appended claims, in particular, so long as the lubricated PTFE fine
powder, and hence the PTFE particles, are reoriented at least 60 degrees from the initial direction of flow of the lubri-
cated PTFE fine powder during the extrusion to cause the PTFE particles to fibrillate biaxially.

EXAMPLES

[0032] A PTFE fine powder type 669-N produced by DuPont and sold for liner applications was mixed with Shellsol®
K lubricant sold by the Shell Oil Co. to provide a lubricated PTFE having 81.5 weight percent PTFE and 18.5 weight
percent lubricant. The same lubricated PTFE was used in each of the examples below. Before extrusion, the lubricated
PTFE was shaped as a cylindrical hollow charge under low pressure which is a common method known in the art of
paste extrusion of PTFE.

COMPARATIVE EXAMPLE 1

[0033] A conventional die such as shown in Figure 1 connected to a 4 inch diameter extruder barrel was used to
extrude the lubricated PTFE into a PTFE tube which in its green state was mono-axially fibrillated. The green tube had
a outside diameter of 8 mm and a wall thickness of 2.9 mm. Samples were cut out of the tube immediately after extrusion.
[0034] Some of these samples are folded completely without damage when the fold is made in a direction perpen-
dicular to the direction of extrusion. Folds in other directions or orientations yield defect and cracks in the samples.
The worst defects occur when the fold is parallel to the direction of extrusion.
[0035] The samples were kept in airtight containers to prevent the loss of lubricant and were subsequently submitted
for tensile measurements according to method ASTM D1708. The results obtained were as follows:

The results of this Example show that the lubricated green extrudate had acceptable physical properties in the extrusion
direction but poor physical properties in the cross direction. Note that the measurement of the elongation is limited to
a maximum of 1000%.

EXAMPLE 2

[0036] The inventive extrusion head as shown in Figure 6 having a 4 inch diameter barrel was used as in Example
1 to extrude the lubricated PTFE composition into a PTFE tube which was biaxially fibrillated in its green state. The

TABLE 1

Direction Yield Strength (MPa) Elongation (%)

Extrusion direction 0.55 >1000

Cross direction 0.21 93
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green tube had a diameter of 94 mm and a wall thickness of 1.6. Samples were cut and measured as in Example 1.
Samples were folded in every direction without defects or cracks occurring in the samples. Physical properties were
also measured following ASTM D1708 with the following results:

[0037] Compared to the conventional extrusion process of Example 1, it may be seen that lubricated green extrudate
made using the inventive process exhibited an almost 200% increase in the yield strength in both the extrusion and
cross directions, and exhibited an increase from 93% to above 1000% elongation in the cross direction. In other words,
the lubricated green extrudate made using the inventive process was elastic in all directions, which resulted in an
extrudate that was much more malleable than the lubricated green extrudate made by a conventional process such
as set forth in Example 1.

EXAMPLE 3

[0038] Example 2 was repeated except that the lubricated green extrudate obtained had a thickness of 2.3 mm. The
physical properties of this extrudate are set forth below.

[0039] These results show that the lubricated green extrudate had excellent physical properties that were also very
well balanced. The properties in the cross direction were significantly improved compared to the properties in the cross
direction obtained using the conventional extrusion process of Example 1.

COMPARATIVE EXAMPLE 4

[0040] The lubricated green extrudate liner of Example 1 die was subsequently finished from its green state by
sintering in a circulating air oven at 380°C for 2 hours. The wall thickness of the tube decreased from 2.9 mm to 2.3
mm, and the longitudinal shrinkage was 24%. Physical properties were again measured according to ASTM method
D 1708.

EXAMPLE 5

[0041] The lubricated green extrudate tube produced in Example 2 was finished by sintering in a circulating air oven
at 380°C for two hours. The thickness increased from 1.6 to 2.1 mm, and the longitudinal shrinkage was 11%. Physical
properties were measured by ASTM D 1708:

TABLE 2

Direction Yield Strength (MPa) Elongation (%)

Extrusion direction 1.0 >1000

Cross direction 0.4 >1000

TABLE 3

Direction Yield Strength (MPa) Elongation (%)

Extrusion direction 0.5 > 1000

Cross direction 0.4 > 1000

TABLE 4

Direction Yield strength (MPa) Tensile strength (MPa) Elongation at break (%)

Extrusion direction 13.4 34.7 375

Cross direction 12.9 37.2 453

TABLE 5

Direction Yield strength (MPa) Tensile strength (MPa) Elongation at break (%)

Extrusion direction 13.0 37.3 407

Cross direction 12.8 42.7 460
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[0042] Compared to the results obtained in Example 4 using a conventional extrusion process, the extrusion process
of the invention set forth in Example 5 resulted in a sintered tube that showed improvements in longitudinal shrinkage,
tensile strength and % break at elongation.

EXAMPLE 6

[0043] The lubricated green extrudate tube produced in Example 3 was finished by sintering at 380°C for two hours.
The thickness decreased from 2.3 to 2.1 mm and the longitudinal shrinkage was 15%. The physical properties were
measured by ASTM D 1708.

[0044] Again, as compared to the results obtained in Example 4 using a conventional extrusion process, the extrusion
process of the invention set forth in Example 6 resulted in a sintered tube that showed a decrease in longitudinal
shrinkage from 24 to 15%.

Claims

1. A process of paste extruding lubricated PTFE fine powder in an extrusion device by forcing the lubricated PTFE
fine powder through the extrusion device and out of an orifice as a lubricated green extrudate, the process com-
prising reorienting the direction of the flow of the lubricated PTFE fine powder in the extrusion device in a direction
different from the initial direction of the flow of the lubricated PTFE fine powder through the extrusion device the
process being characterised in that the difference between the direction of the reorientated flow of the lubricated
PTFE fine powder and the initial direction of the flow of the lubricated PTFE fine powder is at least 60 degrees.

2. The process of claim 1, comprising the step of reorienting the direction of the flow of the lubricated PTFE fine
powder in the extrusion device in a direction, at least 90 degrees different from the initial direction of the flow of
the lubricated PTFE fine powder through the extrusion device.

3. The process of claim 1 comprising the step of reorienting the direction of the flow of the lubricated PTFE fine
powder in the extrusion device in a direction at least 180 degrees different from the initial direction of the flow of
the lubricated PTFE fine powder through the extrusion device.

4. The process of any of claims 1 to 3, further comprising the step of drying the lubricated green extrudate.

5. The process of claim 4, further comprising sintering the dried extrudate.

6. An article formed by the process of any of claims 1 to 5.

7. An extrusion head (41) for use in the paste extrusion of lubricated PTFE fine powder, said extrusion head comprising
an external die (45) having an inlet, a first chamber (47), a second chamber (60), and an outlet, the first

chamber having a surface that is parallel to the direction of flow of lubricated PTFE powder in the inlet of the die,
and the second chamber having a surface that extends outwardly an angle of at least 60 degrees from the direction
of flow of lubricated PTFE fine powder in the inlet of the die, and

an internal tip (56) positioned in the die, wherein at least a portion of the outer surface of said tip matches
the angle of the surface of the second chamber.

8. The extrusion head of claim 7, wherein at least a portion of the tip (56) is in the shape of a cone.

9. The extrusion head of claim 7, wherein at least a portion of the tip (56) is in the shape of a frustocone.

10. An extrusion head (61) according to claim 7, wherein the second chamber (71) and the tip (69) have surfaces that

TABLE 6

Direction Yield strength (MPa) Tensile strength (MPa) Elongation at break (%)

Extrusion direction 13.0 37.8 444

Cross direction 13.5 32.8 360



EP 1 001 873 B1

5

10

15

20

25

30

35

40

45

50

55

8

extend outwardly at an angle of 90 degrees from the direction of flow of lubricated PTFE fine powder into the die.

11. The extrusion head of claim 7, further comprising a mandrel (53) which extends through the external die (45) and
supports the tip (56) in the second chamber (60).

12. An extrusion head (81) for use in the paste extrusion of lubricated PTFE fine powder, said extrusion head comprising
an external die (85) having an inlet, a chamber, and an outlet, and
a tip (89) positioned in the chamber of the die, said tip having a ridge (91) formed therein that extends into

the chamber, said chamber having a shape complementary to the ridge so as to form a space (93) between the
external die and the tip to allow lubricated PTFE fine powder to pass therethrough.

13. The extrusion head of claim 12, wherein the ridge (91) is circumferential.

14. The extrusion head of claim 12, further comprising a mandrel (87) which extends through the external die (85) and
supports the tip (89) in the chamber.

15. An extrusion device which includes the extrusion head of claim 7 or claim 12.

Patentansprüche

1. Verfahren zum Pastenextrudieren von geschmiertem PTFE-Feinpulver in einer Extrudiervorrichtung durch Drük-
ken des geschmierten PTFE-Feinpulvers durch die Extrudiervorrichtung und aus einer Öffnung als ein geschmier-
tes Rohextrudat, wobei das Verfahren ein Neuausrichten der Richtung des Flusses des geschmierten PTFE-Fein-
pulvers in der Extrudiervorrichtung in einer Richtung umfaßt, die sich von der anfänglichen Richtung des Flusses
des geschmierten PTFE-Feinpulvers durch die Extrudiervorrichtung unterscheidet, wobei das Verfahren dadurch
gekennzeichnet ist, daß der Unterschied zwischen der Richtung des neu ausgerichteten Flusses des geschmier-
ten PTFE-Feinpulvers und der anfänglichen Richtung des Flusses des geschmierten PTFE-Feinpulvers wenig-
stens 60 Grad beträgt.

2. Verfahren nach Anspruch 1, das den Schritt umfaßt, die Richtung des Flusses des geschmierten PTFE-Feinpulvers
in der Extrudiervorrichtung in einer Richtung neu auszurichten, die sich um wenigstens 90 Grad von der anfäng-
lichen Richtung des Flusses des geschmierten PTFE-Feinpulvers durch die Extrudiervorrichtung unterscheidet.

3. Verfahren nach Anspruch 1, das den Schritt umfaßt, die Richtung des Flusses des geschmierten PTFE-Feinpulvers
in der Extrudiervorrichtung in einer Richtung neu auszurichten, die sich um wenigstens 180 Grad von der anfäng-
lichen Richtung des Flusses des geschmierten PTFE-Feinpulvers durch die Extrudiervorrichtung unterscheidet.

4. Verfahren nach einem der Ansprüche 1 bis 3, das außerdem den Schritt umfaßt, das geschmierte Rohextrudat zu
trocknen.

5. Verfahren nach Anspruch 4, das außerdem das Sintern des getrockneten Extrudats umfaßt.

6. Artikel, der durch das Verfahren eines der Ansprüche 1 bis 5 geformt wird.

7. Extrudierkopf (41) für eine Verwendung beim Pastenextrudieren von geschmiertem PTFE-Feinpulver, wobei der
Extrudierkopf folgendes umfaßt:

eine äußere Düse (45) mit einem Einlaß, einer ersten Kammer (47), einer zweiten Kammer (60) und einem
Auslaß, wobei die erste Kammer eine Fläche hat, die parallel zur Fließrichtung des geschmierten PTFE-Pul-
vers im Einlaß der Düse ist, und die zweite Kammer eine Fläche hat, die in einem Winkel von wenigstens 60
Grad von der Fließrichtung des geschmierten PTFE-Feinpulvers im Einlaß der Düse nach außen verläuft, und

eine innere Spitze (56), die in der Düse angeordnet ist, bei der wenigstens ein Abschnitt der Außenfläche der
Spitze zum Winkel der Fläche der zweiten Kammer paßt.

8. Extrudierkopf nach Anspruch 7, bei dem wenigstens ein Abschnitt der Spitze (56) die Form eines Kegels hat.
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9. Extrudierkopf nach Anspruch 7, bei dem wenigstens ein Abschnitt der Spitze (56) die Form eines Kegelstumpfs hat.

10. Extrudierkopf (61) nach Anspruch 7, bei dem die zweite Kammer (71) und die Spitze (69) Flächen haben, die in
einem Winkel von 90 Grad von der Fließrichtung des geschmierten PTFE-Feinpulvers in die Düse nach außen
verlaufen.

11. Extrudierkopf nach Anspruch 7, der außerdem einen Dorn (53) umfaßt, der durch die äußere Düse (45) verläuft
und die Spitze (56) in der zweiten Kammer (60) trägt.

12. Extrudierkopf (81) für eine Verwendung beim Pastenextrudieren von geschmiertem PTFE-Feinpulver, wobei der
Extrudierkopf folgendes umfaßt:

eine äußere Düse (85) mit einem Einlaß, einer Kammer und einem Auslaß und

eine Spitze (89), die in der Kammer der Düse angeordnet ist, wobei die Spitze einen in derselben geformten
Steg (91) hat, der in die Kammer vorsteht, wobei die Kammer eine zu dem Steg komplementäre Form hat,
um so einen Raum (93) zwischen der äußeren Düse und der Spitze zu bilden, um ein Durchgehen des ge-
schmierten PTFE-Feinpulvers durch denselben zu ermöglichen.

13. Extrudierkopf nach Anspruch 12, bei dem der Steg (91) um den Umfang verläuft.

14. Extrudierkopf nach Anspruch 12, der außerdem einen Dorn (87) umfaßt, der durch die äußere Düse (85) verläuft
und die Spitze (89) in der Kammer trägt.

15. Extrudiervorrichtung, die den Extrudierkopf nach Anspruch 7 oder Anspruch 12 einschließt.

Revendications

1. Procédé d'extrusion en pâte d'une fine poudre de PTFE lubrifiée dans un dispositif d'extrusion en refoulant la fine
poudre de PTFE lubrifiée à travers le dispositif d'extrusion et hors d'un orifice sous forme d'un extrudat vert lubrifié,
le procédé comprenant la réorientation de la direction du flux de fine poudre de PTFE lubrifiée dans le dispositif
d'extrusion dans une direction différente de la direction initiale du flux de fine poudre de PTFE lubrifiée à travers
le dispositif d'extrusion, le procédé étant caractérisé en ce que la différence entre la direction du flux réorienté
de fine poudre de PTFE lubrifiée et la direction initiale du flux de fine poudre de PTFE lubrifiée est d'au moins 60
degrés.

2. Procédé selon la revendication 1, comprenant l'étape de réorientation de la direction du flux de fine poudre de
PTFE lubrifiée dans le dispositif d'extrusion dans une direction différente d'au moins 90 degrés de la direction
initiale du flux de fine poudre de PTFE lubrifiée à travers le dispositif d' extrusion.

3. Procédé selon la revendication 1, comprenant l'étape de réorientation de la direction du flux de fine poudre de
PTFE lubrifiée dans le dispositif d'extrusion dans une direction différente d'au moins 180 degrés de la direction
initiale du flux de fine poudre de PTFE lubrifiée à travers le dispositif d'extrusion.

4. Procédé selon l'une quelconque des revendications 1 à 3, comprenant en outre l'étape de séchage de l'extrudat
vert lubrifié.

5. Procédé selon la revendication 4, comprenant en outre le frittage de l'extrudat séché.

6. Article formé par le procédé selon l'une quelconque des revendications 1 à 5.

7. Tête d'extrusion (41) pour utilisation dans l'extrusion en pâte de fine poudre de PTFE lubrifiée, ladite tête d'extrusion
comprenant :

une filière externe (45) ayant une entrée, une première chambre (47), une seconde chambre (60) et une sortie,
la première chambre ayant une surface qui est parallèle à la direction du flux de poudre de PTFE lubrifiée
dans l'entrée de la filière, et la seconde chambre ayant une surface qui s'étend vers l'extérieur d'un angle d'au
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moins 60 degrés par rapport à la direction du flux de fine poudre de PTFE lubrifiée dans l'entrée de la filière, et
une pointe interne (56) positionnée dans la filière, dans laquelle au moins une partie de la surface externe de
ladite pointe épouse l'angle de la surface de la seconde chambre.

8. Tête d'extrusion selon la revendication 7, dans laquelle au moins une partie de la pointe (56) a la forme d'un cône.

9. Tête d'extrusion selon la revendication 7, dans laquelle au moins une partie de la pointe (56) a une forme tronco-
nique.

10. Tête d'extrusion (61) selon la revendication 7, dans laquelle la seconde chambre (71) et la pointe (69) ont des
surfaces qui s'étendent vers l'extérieur sous un angle de 90 degrés par rapport à la direction du flux de fine poudre
de PTFE lubrifiée dans la filière.

11. Tête d'extrusion selon la revendication 7, comprenant en outre un mandrin (53) qui s'étend à travers la filière
externe (45) et supporte la pointe (56) dans la seconde chambre (60).

12. Tête d'extrusion (81) pour utilisation dans l'extrusion en pâte de fine poudre de PTFE lubrifiée, ladite tête d'extrusion
comprenant :

une filière externe (85) ayant une entrée, une chambre et une sortie, et
une pointe (89) positionnée dans la chambre de la filière, ladite pointe présentant une nervure (91) qui s'étend
dans la chambre, ladite chambre ayant une forme complémentaire de la nervure de manière à former un
espace (93) entre la filière externe et la pointe afin de permettre à la fine poudre de PTFE lubrifiée de le
traverser.

13. Tête d'extrusion selon la revendication 12, dans laquelle la nervure (91) est périphérique.

14. Tête d'extrusion selon la revendication 12, comprenant en outre un mandrin (87) qui s'étend à travers la filière
externe (85) et supporte la pointe (89) dans la chambre.

15. Dispositif d'extrusion qui comprend la tête d'extrusion selon la revendication 7 ou la revendication 12.
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