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(57) Abstract

PTFE and other ultra high melt viscosity (UHMV) polymeric materials, such as TFM, and UHMW polyethylene are used, rather than
FEP or PFA, in the HST process as it has been found that UHMV polymers may be readily substituted for FEP in the HST process with
little significant change in the existing process steps. Appropriate expansion of a PTFE tube, after fabricating to the proper dimensions,
may be obtained with pressure and heat treatment at a temperature of the order of 200 °F, rather than 600 - 700 °F, and the resulting
tube is sufficiently stable to be shipped for later shrink application at comparable temperatures onto a roll at a mill. The resulting roll
cover has improved mechanical properties at high temperatures and may be reinforced with a conductive additive for providing anti-static
qualities or other additives to improve its wear and compressive strength. Also, the UHMV polymers may be processed in the form of
film to produce improved heat-shrinkable film that is shrinkable at comparatively low temperatures and particularly heretofore unrealized
UHMWPE heat-shrinkable film.
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HEAT-SHRINKABLE UHMV POLYMER FILM, TUBING, AND ROLL COVERS

CLAIM OF PRIORITY BASED ON CO-PENDING PROVISIONAL
APPLICATION

The present application is related to co-pending Provisional patent
application U.S.Ser.No. 60/019,438 of Frank M. and Randall F.
Chapman, filed 06/10/96, entitled "HEAT-SHRINKABLE UHMV POLYMER
FILM, TUBING, AND ROLL COVERS", and based on which priority is
herewith claimed under 35 U.S.C. 119(e), and any other applicable
statute or Convention, and the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates generally to the production of heat-
shrinkable thermoplastic material and to the fabrication of films,
sheets, and tubing of such material, as well as roll covers used on
machinery rollers, such as paper machine rolls, textile rolls, food
processing rolls, and lamination equipment.

Prior Art:

Heat-shrinkable thermoplastics are used in many applications, among
which are covering for machinery rollers in mill installations,
such as in paper mills, where the rolls are used for guiding,
spreading, and carrying the material being processed. These rolls
are commonly provided with a polymer cover on their surface to
resist corrosion and minimize friction and sticking. Various
processes and materials for making and applying such tubes and roll
covers are disclosed in U.S.Pat.Nos. 3,050,786 to A.N.St.John et
al, 3,225,129 to J.S.Taylor et al, 3,426,119 to F.M.Chapman et al,
3,481,805 to R.L.Holmes et al, 3,749,621 to J.P.Shoffner, 4,325,998
to H.S.Chapman, and 5,142,759 to J.Bonander et al.

A typical polymer cover of this type is in the form of Heat-
Shrinkable Tubing (HST) commonly made from fluorinated ethylene-

propylene copolymer (FEP), and less often from perfluoroalkoxy
(PFA), a copolymer of tetrafluoroethylene (TFE) and perfluoropropyl
vinyl ether (PPVE). The HST is presently fabricated by taking a

suitable tube, welded from FEP sheet or fabricated by some other
method, and applying pressure and heat to expand it hot, followed
by cooling it in its expanded state to freeze the stress put into
it by the expanding. The cooled tube is then shrunk onto the
surface of the roll, again using the application of heat, to
tightly shrink the tube or sleeve about the surface. The heating
temperatures used with FEP HST are typically in the range of 170°F
to 300°F, well below its melt temperature of about 500°F.



WO 97/47460 PCT/US97/10091

The melt processable FEP and PFA that are typically used in the HST
application have been chosen over polytetraflurorethylene (PTFE),
or other ultra high melt viscosity (UHMV) fluoropolymers, such as
chemically modified PTFE, available as "Hostaflon" from Hoechst AG
of Burgkirchen, Germany, and commonly referred to as TFM, even
though the latter materials have lower cost, greater strength,
hardness, flex life, and other preferred physical properties and
higher temperature use and service limits. This choice has been
primarily due to the understanding and expectation in the art that
the latter materials require higher temperatures to shrink. UHMV
polymers are polymers that have a melt viscosity, which is too high
for conventional thermoplastic processing, being of the order of a
million times higher than conventional polymers that are suitable
for melt processing. For example, PTFE has a melt viscosity of 10"
poises while FEP has a melt viscosity of 10* to 10° poises. Another
UHMV polymer that has not been used in the HST application is ultra
high molecular weight polyethylene or UHMWPE, which 1s an extremely
high density polyethylene with a molecular weight range of
3,000,000 to 6,000,000. This compares with a molecular weight
range of 300,000 to 500,000 for high molecular weight polyethylene
(HMWPE), which can be readily melt processed. Again, the melt
viscosity of UHMWPE is too high for conventional melt processing.
Thus, while PTFE and other UHMV polymers have many superior
qualities and, in addition, may be much 1less costly, still
heretofore, FEP has been regarded as the preferred material in
implementing this shrink technique.

Expanded UHMV polymer tubes such as those made from PTFE are known,
but they have not been satisfactorily employed in the HST shrink
process since state of the art HST made from PTFE is typically
heated to near or above the gel temperature of PTFE, 621°F, first
for expansion and again, after cooling, to effect complete
recovery, i.e., shrinkage of the tube onto the roll. These
temperatures are so high as to pose a danger of causing thermal
damage to the substrate roll and as a practical matter they cannot
be easily accomplished on larger samples with the application of
energy from a simple tool, such as a hot air gun currently used
with FEP HST. Moreover, during heating of the HST to the gel
temperature for recovery there is a tendency for one section of the
tube to be overheated while the remainder of the tube is too cool
to shrink on the roll. This leads to the problem of non-uniform
recovery/shrinkage of the tube. Although in the above-noted
U.S.Pat.No. 3,050,786 it is taught that PTFE recovery can be
accomplished at lower temperatures, as low as 300°F, this is at the
expense of process time, particularly when rapid cooling is used.

Problem to be Solved:

Developing a system and method for producing heat-shrinkable film,
sheets, and tubing with optimal properties and ease of processing
and installation for facilitating use such as in making HST and in
other suitable applications.
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Objects:
It is accordingly an object of the present invention to utilize the
discovery that a conventional material, having heretofore

unappreciated capabilities, can be fabricated with a comparatively
simple process to achieve improved heat-shrinkable film, tubing,
and roll covers.

It is another object of the present invention to reveal the
superiority of PTFE, and other UHMV polymeric materials such as
TFM, and UHMW polyethylene, over FEP and irradiated HMWPE in the
heat-shrinkable tubing (HST) process for covering machine rolls and
other components.

It is a further object of the invention to provide improved heat-
shrinkable tubes of TFE, TFM, and UHMWPE materials, reinforced with
conductive and other additives, as covers for rolls, bars, tubes,
pipes, and other elements of a relatively constant circumference,
as well as improved heat-shrinkable sheets and film of these
materials, particularly heretofore unrealized UHMWPE heat-
shrinkable film.

SUMMARY OF THE INVENTION

The present invention involves the discovery of the suitability and
advantages to be achieved with the use of PTFE and other ultra high
melt viscosity (UHMV) polymers such as TFM, and UHMWPE, as heat
shrinkable material, and their use, rather than FEP or PFA, in the
HST process. It has been found, for instance, that PTFE, typically
fully sintered PTFE used in HST applications, may be readily
substituted for FEP in the typical HST process with 1little
significant change in the existing process steps. Appropriate
expansion of a PTFE tube may be obtained with pressure and heat
treatment at temperatures less than 300°F, preferably in the range
from about 190°F to about 250°F, in a matter of a few minutes, and
the resulting tube is sufficiently stable to be shipped for later
shrink application at comparable temperatures onto a roll at a
mill. Also, UHMV polymers may be processed in the form of a sheet
or a film to produce improved heat-shrinkable material that 1is
shrinkable at comparatively low temperatures in a minimum time,
particularly heretofore unrealized UHMWPE heat-shrinkable film.
The tube and the sheet or film are shrinkable in at 1least one
dimension and may be shrinkable in two dimensions.

A typical HST process begins with the provision of a tube which may
involve, first, cutting a sheet of ultra high melt viscosity (UHMV)
polymer film, e.g., of PTFE, TFM, or UHMWPE, to the appropriate
circumference and length to fit the roll to be covered, as is done
with FEP. The edges of the cut sheet are then joined, such as by
fusion welding, to form a tube with a seam that is strong enough to
be expanded. This tube is then expanded to a sufficient size to
fit about the surface of the roll, by closing its ends and placing
it in an expansion housing or sizing chamber, such as a cylindrical

3
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pipe that will accept the UHMV tube and determine the diameter to
which it will expand. The tube is expanded to that diameter using
pressure and, if desired, heat, such as steam heat at a temperature
of about 200°F, or, depending on the material thickness, to a
temperature somewhere above the expansion temperature but below the

gel temperature. The expanded tube is cooled to ambient
temperature at the expanded diameter and is sufficiently stable
upon cooling to be stored for later shipment and use. After

shipment, the tube is slipped over the roll surface to be covered
and, when positioned properly, the tube material is heated, e.g.,
using hot air guns, a gas torch, a heat blanket, or an oven, to a
temperature sufficient to shrink it into tight contact with the
surface, e.g., a temperature somewhat higher than the temperature
at which it was expanded, typically at about 225°F. The shrink
time 1is typically 1less than 3 minutes. The size of the
circumference of the tube is chosen initially to be about 0.50 to
about 0.95 times, and preferably from about 0.80 to about 0.92
times, the roll size. The resulting roll cover has improved
mechanical properties as well as being amenable to being reinforced
with suitable particulate additives such as a conductive additive
to provide anti-static properties and additives to improve its
wear, load carrying, and compressive strength, and to reduce its
thermal expansion, as are variously known in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustrative diagram of an apparatus for expanding
an UHMV polymer tube in accordance with the invention.

Figure 2 illustrates a roll covered with an antistatic roll cover
formed by a UHMV polymer tube that has been expanded by the
apparatus of Figure 1, cooled to room temperature, and then heat
shrunk about the roll.

DETAILED DESQRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is based on the discovery that PTFE and other
UHMV polymer materials, such as TFM, and UHMW polyethylene, can be
utilized advantageously as heat-shrinkable material with heretofore
unappreciated ease and rapid, low temperature processing. A
particular application is to use such UHMV polymer material, rather
than FEP or PFA, in the conventional HST process, with minor
modifications, to achieve a Heat-Shrinkable Tubing (HST) or roll
cover of improved qualities and economy. The UHMV polymers have
been found to be suitably shrinkable, after expansion, using a
simple heating device, such as a hot air gun, for a few minutes at
a comparable temperature to that of the FEP, e.g., significantly
less than 300°F, rather than the 600 - 700°F presently thought to
be necessary by the art. Additionally, this capability may be
exploited in producing improved heat-shrinkable sheets and films of
these materials.
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In producing HST for roll covers, it has been discovered that tubes
of PTFE and other UHMV polymers can be expanded under pressure,
with or without heat, but preferably after mild heating, and then
shrunk about the surface of the roll again using mild heat to
release the stresses therein. The tube is preferably heated before
being expanded to build in adequate stresses to maintain the
expansion upon cooling and which later are released by heat for
shrinking the tube about the roll. Contrary to the prevailing
belief in the art, the PTFE polymer tube need not be heated to
temperatures near the melting point when expanded in order to
achieve satisfactory stability upon cooling, and need not then be
released at a comparable temperature to shrink about the roll.
Rather, it has been found that heating the tube at temperatures
comparable to FEP processing, i.e., in the range from about 150°F
to about 300°F, and preferably from about 190°F to about 225°F,
before expanding the tube, will provide sufficient stresses in the
material to give satisfactory stability upon cooling. The
sufficiently stable expanded tube may be shrunk, immediately or
later, about a roll surface by releasing the stresses with the
application of heat at comparable temperatures, preferably somewhat
higher than the expansion temperature, e.g., about 225°F - 250°F
for a few minutes, typically less than 3 minutes.

It has also been determined that instead of processing the UHMV
polymer material in tubular form, it may be appropriately heated,
expanded, and cooled as a sheet or film, so that, for example,
heretofore unknown heat-shrinkable UHMWPE film may be produced that
is shrinkable at easily workable temperatures. Further, unlike
HMWPE, which is irradiated to produce cross-linking to manufacture
HST, the UHWPE may be processed and heat shrunk without radiation.
It also may be shrinkable in two dimensions.

An exemplary method for producing and applying an improved heat-
shrinkable covering material, such as for roll covers, or wire
jacketing, or the like, in accordance with the invention is carried
out generally as follows.

The cover is initially prepared by:

1. First, a sheet of ultra high melt viscosity (UHMV) polymer
film, e.g., of fully sintered PTFE, TFM, or UHMW polyethylene, is
cut to the appropriate circumference (somewhat smaller) and length
(somewhat longer) to fit the roll to be covered. Alternatively,
paste extruded and sintered tubing or ram extruded tubing may be
used rather than the film, in which event the next step is not
required. Also, tape wrapping and subsequent fusing is another
commercial process for forming suitable tubing such as disclosed in
the above-noted U.S.Pat.No. 3,225,129 to Taylor et al.

2. The lengthwise edges of the cut sheet are then joined by fusion
welding to form a tube with a seam that is strong enough to be
expanded.
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3. The fabricated tube, preparatory to being expanded to a
sufficient size to fit about the surface of the roll, is typically
placed in a pipe or similar expansion housing or chamber having a
volumetric shape or diameter that will determine the size or
diameter to which the tube will expand.

4, Both ends of the tube are then closed, for example, by
inserting end plugs or plates therein, with holes for admitting and
draining fluids, and the ends are sealed with clamps that surround
the ends and plates.

5. A differential pressure is applied so that the internal
pressure in the tube causes the tube to expand, preferably after
the tube has been heated to an elevated temperature of anywhere
from about 150°F to about 300°F, preferably about 190°F to about
225°F.

6. The differential pressure is increased until the UHMV polymer
tube expands to fill the pipe or sizing chamber.

7. The expanded and heated tube is then cooled down to ambient
temperature so as to freeze it at the expanded size. While the
tube can be expanded without the application of heat, its stability
and internal stresses may be found unsatisfactory under such
circumstances if the tube is not immediately placed on the roll or
wire bundle. By heating to the indicated temperatures before
expansion, sufficient stability will be produced to permit storage
of the tube and later satisfactory release of the stresses and heat
shrinking about the roll surface with the use of heat at similar
temperatures.

8. The pressure is held at a sufficient level during cool down to
prevent the tube from shrinking from the expanded size.

9. Cool down can be accelerated by spraying water on the expansion
pipe or sizing chamber or allowing slow cooling of the sleeve by
air to achieve a sufficiently stable state at ambient temperature.

10. The assembly is then dismantled and the expanded tube removed.
The unexpanded end portions beyond the clamps may be cut off. The
expanded tube is now ready for application to a roll immediately,
or it may be stored in this sufficiently stable condition until
selected for use. It may be shipped in this condition to the point
of application, e.g., a paper mill, and shrunk onto a roll at the
mill. It is believed that the sufficiently stable condition can be
assured by and results from the cocling in of the stress created
within the material by the pressurizing at an elevated temperature.

When the expanded tube is ready for application, then:

11. The expanded UHMV polymer tube is slipped over the surface of
the object to be covered, e.g., a machinery roller, or a wire

6



WO 97/47460 PCT/US97/10091

bundle, in the event it is to be used for jacketing on the bundle,
or a coupling on a pipe to be joined.

12. When positioned properly over the surface to be covered, the
expanded tube material is then heated again, e.g., using hot air
guns, a gas torch, an oven, or a heating blanket, to a temperature
in general somewhat above the expansion temperature and definitely
below its gel temperature and particularly, e.g., 225°F - 250°F, to
shrink it into tight contact with the surface. The heat shrinking
temperature is preferably somewhat higher than the expansion
temperature and shrinking should normally take less than 3 minutes.
Upon cooling of the material, the roll has been provided with an
improved cover.

In addition to the foregoing exemplary general method of
fabricating and installing heat shrinkable covering material, a
particular example of a means and specific parameters for preparing
and expanding the tube in a roll cover fabricating method in
accordance with the invention involves the following.

1. When a UHMV tube of fully sintered PTFE, for example, is
initially being fabricated, the size of the circumference of the
tube is chosen to be about 0.50 to about 0.95, preferably about
0.80 to 0.92, times the roll size upon heating. The material may
be reinforced with suitable additives and particulates, such as
carbon and other known electrically conductive additives to impart
anti-static properties and/or other additives to enhance its load
carrying and compressive strength and wear resistance.

2. As shown in Figure 1, the tube 1, after fabrication, has one
end closed, for example the right end, by inserting therein an end
plug or plate 2, having holes for respectively accommodating a
conduit 6 for admitting compressed air and a conduit 7 for
admitting steam. Conveniently, the end plate 2 is of aluminum,
with a 1/2" top hole, for admitting the compressed air, and a 1/2"
bottom hole, for admitting steam, aligned on the bottom.

3. High torque hose clamps 3 are placed over the PTFE tube
material 1 around the end plate 2 and torqued to about 160 inch-
lbs. to seal the tube end. The maximum torque for the hose clamps
is about 170 - 180 inch-1bs.

4. The other end of the tube 1 is also closed with an end plug or
plate 2, conveniently of aluminum and having 1/2" top hole, for
checking the pressure in and venting the tube interior, and a 1/2"
bottom hole, for accommodating a fluid drain 5 pipe, aligned on the
bottom.

5. High torque hose clamps 3 are similarly placed over the PTFE
tube material around the latter end plate and torqued to 160 inch-
lbs.
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6. A quick disconnect for the steam conduit 7 is attached to the
bottom 1/2" hole in the right end plate 2, and a 3/8" compressed
air line 6 with a ball valve is inserted into the top hole.

7. On the other end plate 2, a 1/2" x 6’ long drain pipe 5 with
ball valve is inserted into the bottom hole and a quick disconnect
with a valve on the same line 9 is attached to the upper hole
running to a 30 psi pressure gauge at a control panel.

8. The UHMV tube or sleeve 1 is then inflated with air, making
sure that the drain line 5 is on the bottom and that the tube 1 is
placed at an angle that will let water drain out through the drain
valve in pipe 5.

9. Steam is admitted into the tube 1 through conduit 7 with the
drain and pressure release valves, in the lines 5 and 9 connected
to left end plate 2, open.

10. The temperature is brought up to about 200°F - 205°F while
maintaining the pressure at a sufficient level to maintain the tube
inflated, e.g., about 2.5 psi.

11. The pressure is then increased until the heated tube 1 expands
to fill the sizing chamber or expansion pipe 8.

12. The pressure is held at the increased level to prevent the
tube 1 from shrinking from the expanded size and the tube is then
cooled in the expanded state. The expanded UHMV polymer or PTFE
material, so processed, has been found to be sufficiently stable
upon the completion of cooling. It is believed that this stability
is the result of cooling in the stress created within the material
by the heating and pressurizing.

13. Cool down may be accomplished by spraying water on the
expansion housing or sizing chamber 8, or by allowing slow cooling
of the tube 1 by air.

14. The chamber 8 and tube end sealing assemblies and conduits are
then dismantled and the expanded PTFE tube removed in condition for
application to a roll. It can be used immediately or it can be
stored in this stable condition until ready for application to a
roll, whereupon it may be shipped to the point of use, e.g., a
paper mill.

15. When ready, as shown in Figure 2, the tube 1 may then be
shrunk onto a roll 20 by slipping it over the roll surface and
heating again, e.g., using hot air or a heating blanket or such, to
a temperature comparable to that at which it was expanded, e.g., in
the range from about 190°F to about 225°F, and typically somewhat
higher than the expansion temperature at about 225°F, for a few
minites to shrink it into tight contact with the roll surface.

16. As seen in Figure 2, the installed roll cover may have end

8
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portions la extending beyond the ends of the roll 20, that have
been completely shrunk down. These end portions are then cut off
to complete the installation.

It will accordingly be seen that an improved roll cover may be
achieved using PTFE, and other UHMV polymeric materials such as
TFM, and UHMWPE, in place of FEP, in the conventional HST process,
with minor modifications. These UHMV polymers produce a roll cover
of improved qualities and economy, which may also be enhanced or
reinforced with a conductive additive to impart anti-static
properties and/or other additives to enhance the load carrying and
compressive strength and wear resistance. Further, the UHMV
polymers may be processed so as to produce improved heat-
shrinkable films, such as of UHMWPE, that are shrinkable at
comparatively low temperatures.
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CLAIMS
What 1is claimed is:

1. An article of manufacture comprising a shaped article of an
ultra-high melt viscosity (UHMV) polymer which is heat-shrinkable
in at least one dimension under the application of mild heating.

2. The article of claim 1 wherein said mild heating of said UHMV
polymer is at a medium temperature below 300°F.

3. The article of claim 1 wherein said UHMV polymer is initially
heated at a temperature in the range from about 190°F to about
250°F, expanded under pressure to the shape of the shaped article,
and brought to ambient temperature under pressure while maintaining
the shape of the shaped article to produce a sufficiently stable
expanded UHMV polymer article capable of subsequent heat shrinking
under the application of mild heating.

4. The article of claim 3 wherein said mild heating of said UHMV
polymer is at a temperature somewhat above said initially heated
temperature but below 300°F.

5. The article of claim 1 wherein said UHMV polymer comprises a
material selected from the group consisting of fully sintered
polytetraflurorethylene (PTFE) , chemically modified

polytetraflurorethylene (TFM), and UHMW polyethylene (UHMWPE).
6. The article of claim 1 wherein said shaped article is a tube.

7. The article of claim 6 further comprising a roll and wherein
said tube is shrunk about and covers said roll.

8. The article of claim 7 wherein said roll covered by said tube
comprises a machinery roller.

9. The article of claim 1 wherein said shaped article is a sheet
or film.

10. The article of claim 1 wherein said shaped article is a film
of UHMW polyethylene.

11. The article of claim 1 containing an additive and wherein said
additive comprises a material selected from the group consisting of
carbon, material providing electrical conductivity, material
providing improved abrasion resistance, material providing improved
wear resistance, material providing improved load carrying,
material providing improved compressive strength, and material
providing reduced thermal expansion to said shaped article, and
combinations of said materials.

12. A process for producing an article of manufacture comprising

10
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an article of an ultra-high melt viscosity (UHMV) polymer which is
heat-shrinkable in at least one dimension under the application of
mild heating to a desired shape, comprising the steps of:

providing a supply of UHMV polymer;
initially mildly heating said supply of UHMV polymer;

applying pressure to the heated supply to expand it generally to
the form of the desired shape; and

bringing said expanded supply to ambient temperature under pressure
to maintain the expanded form of the shaped article and produce a
sufficiently stable expanded UHMV polymer article capable of
subsequent heat shrinking into the desired shape of said article at
a temperature comparable to that of said initial heating.

13. The process of claim 12 wherein said supply of UHMV polymer is
initially heated at a temperature in the range from about 190°F to
about 250°F.

14. The process of claim 13 wherein said sufficiently stable
expanded UHMV polymer article is mildly heated at a temperature
somewhat above said initially heated temperature.

15. The process of claim 12 comprising the further step of heating
said sufficiently stable expanded UHMV polymer article at a medium
temperature below 300°F.

16. A process for producing a heat-shrinkable tube (HST) useful as
a roll cover comprising the steps of:

providing a tube of UHMV polymer;

inserting said tube into an expansion housing and mildly heating
said tube of UHMV polymer;

applying pressure to the heated tube to expand its diameter to that
of the interior of the housing; and

bringing said expanded diameter tube to ambient temperature under
pressure to maintain the expanded diameter and produce a
sufficiently stable expanded UHMV polymer tube capable of
subsequent use as an HST roll cover by shrinking onto a roll at a
temperature comaparable to that of said mildly heating.

17. A process as in claim 16 further comprising the steps of:

placing said sufficiently stable expanded UHMV polymer tube about
the surface of a reoll; and

heating said tube to a temperature somewhat above the mildy heating

11



WO 97/47460 PCT/US97/10091

temperature to shrink it into tight contact with said surface of
said roll as a roll cover.

18. A process as in claim 16 wherein said mildly heating
temperature is in the range from about 190°F to about 250°F.

19. A process as in claim 16 wherein said UHMV polymer comprises
a material selected from the group consisting of
polytetraflurorethylene (PTFE) , chemically modified
polytetraflurorethylene (TFM), and UHMW polyethylene (UHMWPE).

20. A process as in claim 16 further comprising the step of
reinforcing said UHMV polymer with an additive and wherein said
additive comprises a material selected from the group consisting of
an electrically conductive additive, an abrasion resistance
improving additive, a wear resistance improving additive, a load
carrying improving additive, a compressive strength improving
additive, a thermal expansion reducing additive, carbon, and
combinations thereof.

12
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AMENDED CLAIMS
[received by the International Bureau on 19 November 1997 (19.11.97);
original claims 1-7,9,10,15-17 and 19 amended;
remaining claims unchanged (3 pages)]

1. An article of manufacture comprising a UHMV polymer having
a melt viscosity too high for conventional melt processing and
with a pressure-expanded shape in a stable stressed condition
that is capable of heat-shrinking in at least one dimension under
the application of mild heating to release the stressed
condition.

2. The article of claim 1 wherein said UHMV polymer is capable
of heat-shrinking by being mildly heated at a temperature below
300°F.

3 The article of claim 1 wherein said UHMV polymer is capable
of expansion to said pressure-expanded shape in a scable stressed
condition by being initially heated at a temperature in the range
from about 190°F to about 250°F, being expanded under pressure
to the pressure-expanded shape, and brought to ambient
temperature under pressure while maintaining the pressure-
expanded shape whereby a sufficiently stable stressed condition
expanded UHMV polymer article results that is capable of
subsequent heat shrinking under the application of said mild
heating to an approximate unexpanded shape.

4. The article of claim 3 wherein said pressure-expanded shape
UHMV polymer article is capable of heat shrinking under mild
heating at a temperature somewhat above said initially heated
temperature.

5 The article of claim 1 wherein said UHMV polymer comprises
a material selected from the group consisting of fully sintered
polytetraflurorethylene(PTFE),modifimdpolytetraflurorethylene
(TFM), and UHMW polyethylene [(UHMWPE)] .

6. The article of claim 1 wherein said pressure-expanded shape
of said UHMW polymer is a tube.

7 The article of claim 6 further comprising a roll and wherein
said tube is shrunk about and covers said roll.

8. The article of claim 7 wherein said roll covered by said tube
is formed as a machinery roller.

9. The article of claim 1 wherein said pressure-expanded shape
of said UHMW polymer is a sheet or film.

13
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10. 'The article of claim 1 wherein said article is a film of
UHMW polyethylene.

11. The article of claim 1 containing an additive and wherein
said additive comprises a material selected from the group
congisting of carbon, material providing electrical conductivity,
material providing improved abrasion resistance, material
providing improved wear resistance, material providing improved
load carrying, material providing improved compressive strength,
and material providing reduced thermal expansion to said shaped
article, and combinations of said materials.

12. A process for producing an article of manufacture comprising
an article of an ultra-high melt viscosity (UHMV) polymer which
is heat-shrinkable in at least one dimension under the
application of mild heating to a desired shape, comprising the
steps of:

providing a supply of UHMV polymer;
inpitially mildly heating said supply of UHMV polymer;

applying pressure to the heated supply to expand it generally to
the form of the desired shape; and

bringing Bsaid expanded supply to ambient temperature under
pressure to maintain the expanded form of the shaped article and
produce a sufficiently stable expanded UHMV polymer article
capable of subsequent heat shrinking into the desired shape of
said article.

13. The process of claim 12 wherein said supply of UHMV polymer
is initially heated at a temperature in the range from about
190°P to about 250°F.

14. The process as in claim 13 wherein said sufficiently stable
expanded UHMV polymer article is mildly heated at a temperature
somewhat above said initially heated temperature.

15. The process of claim 12 comprising the further step of
heating said sufficiently stable expanded UHMV polymer article
at a medium temperature below about 250°F to shrink it about an
object.

16. A process for producing a heat-shrinkable tube (HST) useful

14
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as a roll cover comprising the steps of:
providing a tube of UHMV polymer;

inserting said tube into an expansion housing and heating said
tube to a temperature below the gel temperature of said UHMV

polymer;

applying pressure to the heated tube to expand its diameter to
that of the interior of the housing; and

bringing said expanded diameter tube tc ambient temperature under
pressure to maintain the expanded diameter and produce a
sufficiently stable expanded UHMV polymer tube capable of
subsequent use as an HST roll cover by shrinking onto a roll with
mild heating.

17. A process as in claim 16 further comprising the steps of:

placing said sufficiently stable expanded UHMV polymer tube about
the surface of a roll; and

heating said tube to a mildly heating temperature to shrink it
into tight contact with said surface of said roll as a roll
cover.

18. The process of claim 16 wherein said mildly heating
temperature is in the range from about 130°F to about 250°F.

19. A process as in claim 16 wherein said UHMV polymer comprises
a material selected from the group consisting of
polytetraflurorethylene (PTFE), modified polytetraflurorethylene
(TFM), and UHMW polyethylene (UHMWPE) .

20. A process as in claim 16 further comprising the step of
reinforcing said UHMV polymer with an additive and wherein said
additive comprises a material selected from the group consisting
of an electrically conductive additive, an abrasion resistance
improving additive, a wear resistance improving additive, a load
carrying improving additive, a compressive strength improving
additive, carbon, and combinations thereof.
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STATEMENT UNDER ARTICLE 19

It is believed that the new set of claims distinguish the
invention over the showing in U.S.Pat.No. 5,290,498 to SHIRAKI
ET AL which involves so-called UHMWPE and uses conventional heat
processing steps calling for melting and kneading and extruding
of the molten material under compressive pressure. The UHMWPE
appears to be melted into a non-solid or plastic state for
extruding and then again solidified upon cooling (e.g., see Col.
B, line 40, and Col. 17, line 4). Applicant’s material, by
comparison, is of an UHMW polymer having a much greater molecular
weight (e.g., 3 - 6 x 10° giving it a melt viscosity too high
for conventional melt processing, and the process for treating
the material uses pressure for expansion and mild heating for
shrinking after expansion. The material remains in the solid
state during the expansion and shrinking. The two teachings are
essentially different in the materials used and the processing
steps so that the invention as now defined in the substituted
claims is patentably distinguishable over the SHIRAKI teaching
and other known prior art.

16



WO 97/47460 PCT/US97/10091

PRESSURE

RELEASE 1 UHMU Tube
oR VALVE
pePe / 6 Compressed Rir

9 —

g ¥
; =

2 End Plugs
8 Sizing Chamber 3 \Hose Clamps

5 Drain Pipe ySteam In

FIG. 1

1/2



WO 97/47460 PCT/US97/10091
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