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ROLL COVER AND METHOD OF
MAKING THE SAME
Field of the Invention
The present invention relates to covered rolls used in papermaking
operations and methods of producing the same. More specifically, the
invention relates to covered rolls used in papermaking operations which contain
a polymeric coating material which is more easily removed from the roll upon

which it is processed.

Background of the Invention
Cylindrical rolls are utilized in a number of industrial applications,

especially those relating to papermaking. Such rolls are typically employed in
demanding environments in which they can be exposed to high dynamic loads
and temperatures. As an example, in a typical paper mill, rolls are used not
only for transporting a fibrous web sheet between processing stations, but also,
in the case of pressure and calendar rolls, for processing the web sheet itself

into paper.

Pressure rolls are included, inter alia, in the press section of a
papermaking machine in which press felts apply pressure to a newly formed
web and, through heat and pressure, remove moisture from the web.
Typically, the web is conveyed on the press felt through a nip between two
pressure rolls, which tends to squeeze moisture from the web. In this

environment, such pressure rolls are subjected to high dynamic loads due to the
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extreme pressures and high paper speeds, and also to moisture. Accordingly,
the rolls should be strong, tough, wear-resistant, and moisture-resistant. Also,
often the rolls are "crowned" along the longitudinal axis for to reduce wrinkling
of the web.

Calender rolls are often employed in the calendering section of a
papermaking machine. Typically, a series of calender rolls are positioned to
define a somewhat convoluted path for the paper web, with some of the rolls
located closely enough to one another that they apply pressure to the paper
web. Calendering is performed primarily to improve the smoothness and gloss
of the paper, each of which are affected by the number and surface hardness of
the calender rolls and pressure applied thereby.

Because papermaking rolls can have many different performance
demands, and because replacing an entire metallic roll can be quite expensive,
many papermaking rolls include a polymeric cover that surrounds the
circumferential surface of a metallic core. By varying the polymer employed as
a cover, the designer can provide the roll with different performance
characteristics as the papermaking application demands. Also, replacement of a
cover over a metallic roll can be less expensive than the replacement of an
entire metallic roll. The polymers used in the cover are most often thermosets
or thermoplastics.

In addition, some rolls comprise a polymeric shell core. In these rolls,
the shell is typically supported by an internal frame which includes hydraulic or
pneumatic cylinders that press on the inner surface of the shell. In
manufacturing the cover shell for a roll, generally a polymer is applied to a
core formed of metal or some other rigid material, cast or molded into the
desired shape, and cured. The cover or shell is then removed from the mold
core and bonded to a core or internal frame.

Problems arise in the creation of polymer covers or shells due to the
marked difference in thermal expansion between the polymeric material and the
material of the core. More specifically, the polymeric material typically has a
coefficient of thermal expansion which is an order of magnitude greater than

that of the metal. As a result, the sleeve formed from the polymeric material
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tends to shrink, and thus closely clings or sticks to the mold core.
Accordingly, it is often very difficult to remove the polymeric sleeve from the
mold core. Additionally, due to the shrinkage of the polymeric material,
undesirable residual stresses may form therein.

There remains a need in the art to provide polymeric covers and shells
which are more easily removable from the core molds upon which they are

made.

Summary of the Invention

In view of the foregoing, it is an object of the present invention to
provide a covered roll structure for use in papermaking which allows a sleeve
of polymeric material formed thereon to be more easily removed from the roll
structure.

It is another object of the present invention to provide a method of
producing such a covered roll structure.

To this end and others, the present invention provides covered roll
structures which allow the sleeve of polymeric material formed thereon to be
more easily removed from roll structures than conventional polymeric sleeves.
Once removed, the sleeve of polymeric material can be used to cover another
core to form a roller or used as a shell by itself or with an internal frame.

In one embodiment, a roll structure is formed by first applying a
removable material, preferably formed from an inorganic pre-impregnated
powder, to a mold core having a cylindrical outer surface to form a sleeve of
removable material. The removable material preferably has a melting point of
at least about 100°F. Subsequently, polymeric material is applied over the
sleeve of removable material to form a sleeve of polymeric material. The
sleeve of polymeric material is subsequently cured, and the removable material
is dissolved or otherwise removed from the roll structure. As a result, the
sleeve of polymeric material, which can serve as either a cover or a shell, can
be readily removed from the roll structure.

In another embodiment, a sleeve of compressible material may be

formed subsequent to the formation of the sleeve of removable material and

SUBSTITUTE SHEET (RULE 26)
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prior to the formation of the sleeve of polymeric material. Advantageously, the
compressible material is able to contract during and after the curing process
such that the polymeric material may be able to shrink to a greater extent than
if removable material were present without the compressible material. This
structure can reduce the amount of stress present in the cover or shell. If
desired, the sleeve of polymeric material may be readily removed from the roll
structure and attached to a roll core or frame. Alternatively, the sleeve can be
bonded to the mold core, which also serves as the core for the operational roli
itself. The compressible material can also serve as a conduit for solvent if the

removable material is to be removed by dissolution with that solvent.

Brief Description of the Drawings

FIG. 1 is a perspective view of a covered roll structure employed in the
manufacture of a paper machine roll.

FIGS. 2a-2c are cross-sectional views of a method of forming a roll for
a papermaking machine which includes employing a sleeve of removable
material and a sleeve of compressible material.

FIGS. 3a-3c are cross-sectional views of a method of forming a roll for
a papermaking machine which includes employing a sleeve of removable
material.

FIGS. 4a-4c are cross-sectional views of a method of forming a roll for
a papermaking machine which includes employing a sleeve of compressible

material.

Detailed Description of the Invention

The present invention will now be described more fully hereinafter, in
which preferred embodiments of the invention are shown. This invention may,
however, be embodied in different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the drawings, like numbers

refer to like elements throughout.
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Referring now to the drawings, FIG. 1 illustrates a covered roll
structure 10 of the present invention, which includes a core roll (i.e., 2 mold
core) 20, a sleeve 30 of removable material, a sleeve 40 of compressible
material, and a polymeric sleeve 50. The roll structure 10 may be used in
forming the sleeve 50 of polymeric material (described in greater detail herein)
which may eventually removed from the remainder of the roll structure 10.
The polymeric sleeve 50 may be then be used alone as a shell structure, in
combination with an internal core, or in combination with an internal support
framework. The polymeric sleeve 50 may also be bonded over a roll structure
different from the one it is made on, or may remain with and become attached
to the core roll 20. In either instance, such roll structures may be used in a
variety of applications in papermaking operations such as calendaring rolls,
suction rolls, wireturning rolls, or a press rolls.

As illustrated, the core roll 20 has a substantially cylindrical outer
surface. The core roll 20 may be fabricated from a number of various
matefials, such as cast iron, rolled and welded pipe, cast steel (e.g.,
POLYCAST™), ductile iron, chilled iron, stainless steel and alloys thereof, and
bronze. Alloys of the above may also be used. In addition, a base coat of

fiberglass or epoxy is commonly included. If the polymer sleeve 50 is to

remain attached to the core roll 20, it is preferred that the core roll 20 be

- formed of cast iron, chilled iron, ductile iron or stainless steel.

The size of the core roll 20 can vary greatly, depending on the desired
size of the polymer sleeve 50. For example, the core roll can have a diameter
ranging from about 2 to about 60 inches, and a length ranging from about 5 to
about 30 feet.

Referring still to FIG. 1, a sleeve 30 of removable material surrounds
the outer surface of the core roll 20. As used herein, "removable material®
refers to material that is added to the core roll 20 or other underlying support
substrate which may be displaced from the core roll 20 to leave a void space in
the volume formerly occupied without first removing the overlying poiymeric
sleeve 50. As a result, the polymeric sleeve 50 may be more easily removed

from the core roll 20.
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The removable material preferably comprises a heat resistant inorganic
pre-impregnated powder, such as 2 ceramic or metallic powder, and more
preferably comprises such a powder that can be dissolved with an aqueous
solvent. For the purposes of the invention, the term "aqueous solvent" is to be
broadly construed to include water in the form of, for example, tap water,
distilled water, and mixtures thereof. The aqueous solvent may also include a
number of appropriate additives such as, for example, buffering agents. The
heat resistant inorganic pre-impregnated powder typically includes an-inorganic
core binder, an inorganic filler, water, and surface active agents. In particular,
the removable material preferably includes one or more low melting eutectic
salts or alloy.

Alternatively, the removable material can comprise an organic material,
such as polyacrylate, polyacrylamide, starch, or polyvinyl alcohol, each of
which are water-soluble polymers. These can be used unfilled or filled with a
particulate filler, such as sand, which the polymer bonds in a desired
configuration. The addition of water causes the polymer to dissolve.

Preferably, the removable material has a melting temperature ranging
from at least about 70°F to about 500°F or higher, and more preferably from
about 100°F to about 450°F. It is desirable that the removable material be able
to withstand these temperatures without melting or otherwise breaking down in
order to remain in place as molten polymeric material is applied.

Also, it is preferred that the removable material have a relatively low
thermal expansion rate. This enables the removable material to maintain its
circumferential stability at polymer processing temperatures.

The sleeve 30 of removable material may be employed in various
thicknesses, preferably from about 1/16 to about 1 inch. Preferably, the ratio
of the thickness of the circumference of the core roll 20 to the sleeve 30 of
removable material ranges from about 0.02 to about 1.

Those skilled in the art will recognize that a number of techniques may
be used to apply removable material to core roll 20. For example, a trowel
may be used to spread removable material onto the core roll 20. Alternatively,

the removable material may be extruded onto the core roll 20.

SUBSTITUTE SHEET (RULE 26)



WO 98/56984 PCT/US98/12225

10

15

20

25

30

-7-

As shown in FIG. 1, the sleeve 40 of compressible material surrounds
the sleeve 30 of removable material. The term "compressible material” refers
to material which compresses when polymeric material shrinks during cooling.
As a result, residual stress formation may be minimized in the polymeric sleeve
50.

The compressible material may be formed from a number of
components, including various thermoplastic and thermoset materials such as,
for example, polyester, polyamide, para-amide, polyurethane or butadiene.
Additional filler materials, such as mineral or metal material, may also be
included in sleeve 40. The compressible material preferably has a modulus of
elasticity ranging from about 145 psi to about 14,500 psi, and more preferably
from about 145 psi to about 4,000 psi. The sleeve of compressible material 40
has a preferred thickness ranging from about 1/16 to about 1 inches such that
the ratio of its thickness to the circumference of the core roll ranges from about
0.02 to about 1. In some embodiments, it is preferred that the compressible
material be sufficiently porous to allow solvent to pass therethrough and
dissolve the sleeve 30 of removable material.

Referring still to FIG. 1, the sleeve 50 of polymeric material surrounds
the sleeve 40V of compressible material. A number of polymers may be used in
sleeve 50, including, for example, thermoplastic and thermosetting polymers
such as polypropylene, polyether sulfone, polyetheretherketone, epoxy,
polyurethane, polyimide, and cyanate resins, and copolymers, ‘mixtures and
blends thereof. The sleeve 50 of polymeric material preferably has a modulus
of elasticity ranging from about 200,000 psi to about 30 x 10° psi, and a
preferred thickness ranging from about 1/8 to about 1 inches. The ratio of the
sleeve 50 of polymeric material to the circumference of the core roll 20
preferably ranges from about 0.03 to about 1. The polymers may contain
particulate fillers and/or fibers, such as glass, talc or other minerals, or the
like.

FIGS. 2a-2c¢ schematically illustrate a method for forming a roll
structure 10 for a papermaking machine in accordance with the present

invention. As shown in FIG. 2a, removable material is first applied to core
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troweling, extruding, overlaying, or the like) the removable material onto the
cylindrical surface of the core roll 20. If desired, the sleeve 30 of removable
material may be further treated by an appropriate technique, such as with a
mold release compound.

After the removable material is applied to the core structure,
compressible material is applied to the core roll 20 to form the sleeve 40 (FIG.
22a). The compressible material is typically applied to the core roll 20 by a
trowel or extrusion technique. Subsequently, molten polymeric material is
applied over the compressible material to form sleeve 50 and thus a covered
roll structure (FIG. 2b). The polymeric material may be applied utilizing any
appropriate techniques which are known to the skilled artisan. For example,
the sleeve 50 of polymeric material may be formed by extrusion, static casting,
centrifugal casting, molding, winding and the like. The polymeric material is
applied until a pre-selected thickness (preferably between about 1/8 and 1
inches) is obtained.

Subsequently, the sleeve 50 of polymeric material is cured. Typically,
if the sleeve 50 is made of thermoset polymer this step is carried out by
inserting the roll structure 10 in a oven or like apparatus which exposes the
polymeric material to sufficient temperature and time conditions such that the
polymeric material becomes cured. Hardening can be carried out for other
materials, such as thermoplastics, by simply allowing the polymeric material in
molten form to cool. Preferably, heating is carried out at a temperature
ranging from about 50°C td about 300°C, and more preferably from about
100°C to about 200°C. Curing preferably lasts in duration from about 1 to
about 60 hours, and more preferably from about 10 to about 40 hours, for
thermoset materials. The curing step can also be employed under various
pressure conditions, including a vacuum. Variations of the above processing
conditions may be utilized as known by the skilled artisan according to
differences in the types of materials used in sleeves 30, 40, and 50.

Subsequent to or concurrent with curing, the sleeve 50 is allowed to cool
at a predetermined rate, preferably between about 0.1 °C/h. and about 3 °C/h.

As the polymeric material sleeve 50 cools, it shrinks at a rate that is particular

SUBSTITUTE SHEET (RULE 26)
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to the polymeric material. This rate is typically much greater than the
shrinkage for the underlying core 20 and sleeves 30 and 40. As a result, the
polymer sleeve 50 constricts onto the compressible sleeve 40 (indicated by
arrows in Fig. 2¢).

Next, as illustrated in FIG. 2c, the sleeve 30 of removable material is
removed from the roll 20. The sleeve 30 is preferably removed from the roll
20 by contacting the removable material with a solvent, preferably an aqueous
solvent, which allows the removable material to be dissolved therein. The
aqueous solvent is preferably applied to the polymeric material at a temperature
ranging from about 5°C to about 100°C. The removable material dissolved in
the solvent may then be transported to an appropriate system which allows for
the removable material to be separated from the aqueous solvent. As a result,
the removable material may be reused. |

As illustrated in FIG. 2c, the void space created by the shrinkage of the
compressible material and by the absence of the sleeve 30 of removable
material allows the sleeve 50 of polymeric material to shrink in a radially
inward direction (denoted by arrows). After cooling is completed, the sleeve
50 of polymeric material may be removed therefrom and placed on another core
structure for use in papermaking. Alternatively, the sleeve 50 may be removed

from the roll 20 and supported internally to serve as a controlled crown roll.

| Also, the sleeve 50 may remain on core roll 20 and adhered thereto.

FIGS. 3a-3c represent another method of forming a roll structure for a
papermaking machine in accordance with the invention. In this embodiment,
removable material is applied to core roll 20 in a manner described above to
form sleeve 30 (FIG. 3a). After this step, polymeric material is applied over
the sleeve 30 of removable material to form a sleeve 50 (FIG. 3b). The
polymeric material 50 is then cured using techniques as set forth herein.

Subsequent to the curing step, the roll structure 10 is transported from
the mold, and the sleeve 30 of removable material is removed from the roll 20
by using the techniques described herein (FIG. 3c). Despite shrinkage during
cure, the sleeve 50 of polymeric material may be readily removed from the

core roll 20 if so desired.
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FIGS. 4a-4c illustrate another method of forming a roll structure 10 for
a papermaking machine in accordance with the present invention. As shown in
FIG. 4a, compressible material is first applied to core roll 20 to form sleeve 40
by employing the techniques described herein. After the compressible material
is applied to the core structure, polymeric material is applied over the
compressible material to form sleeve 50 and thus a covered roll structure (FI1G.
4b). The polymeric material is applied by using the techniques set forth above.

The curing of the polymeric material is carried out in similar fashion to
that described herein. As shown in FIG. 4c and elsewhere, the sleeve 50 of '
polymeric material contracts radially inward (see arrows). During curing, the
compressible material advantageously absorbs stresses such that minimal
residual stresses are formed in sleeve 50. Subsequent to curing, the sleeve 50
may be adhered to the core roll 20 by using, for example, an epoxy, or may be
removed from the core roll 20.

In the specification and drawings, there have been disclosed typical
preferred embodiments of the invention and, although specific terms are
employed, they are used in a generic and descriptive sense only and not for
purposes of limitation of the scope of the invention being set forth in the

following claims.
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That Which is Claimed Is:

1. A covered roll structure employed in the manufacture of a paper
machine roll, said structure comprising:

a core roll having a substantially cylindrical outer surface;

a sleeve of compressible material surrounding said core roll outer
surface;

a sleeve of removable material surrounding said sleeve of compressible
material; and '

a sleeve of polymeric material surrounding said sleeve of compressible

material and said sleeve of removable material.

2. The covered roll structure according to Claim 1, wherein the

removable material comprises an inorganic material.

3. The covered roll structure according to Claim 1, wherein the
removable material has a melting point ranging from about at least 70°F to

about 500°F.

4. The covered roll structure according to Claim 1, wherein the
polymeric material is selected from the group consisting of polypropylene,

polyethersulfone, polyetherketone, epoxy, polyimide, and polyurethane.

5. The covered roll structure according to Claim 4, wherein said

polymeric material includes fiber or particulate fillers.

6. The covered roll structure according to Claim 1, wherein the
polymeric material has a modulus of elasticity ranging from about 20 x 10* psi

to about 30 x 10° psi.
7. The covered roll structure according to Claim 1, wherein the

compressible material is selected from the group consisting of polyester,

polyamide, para-amide, polyurethane and butadiene.

SUBSTITUTE SHEET (RULE 26)
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8. The covered roll structure according to Claim 1, wherein the
compressible material has a modulus of elasticity ranging from about 145 psi to

about 14500 psi.

S. The covered roll structure according to Claim 1, wherein the
ratio of the thickness of said sleeve of removable material to the circumference

of said core roll ranges from about 0.02 to about 1.

10. The covered roll structure according to Claim 1, wherein the
ratio of the thickness of said sleeve of compressible material to the

circumference of said core roll ranges from about 0.02 to about 1.

11. The covered roll structure according to Claim 1, wherein said
core roll has a coefficient of thermal expansion ranging from about 5 x 10 to

about 20 x 10 in/in°C.

12. A covered roll structure employed in the manufacture of a paper
machine roll, said roll structure comprising:

a core roll having a substantially cylindrical outer surface;

a sleeve of removable material surrounding said cylindrical core roll,
said removable material having a melting point of at least 70°F; and

a sleeve of polymeric material surrounding said sleeve of removable

material.

13. The covered roll structure according to Claim 12, wherein the

removable material comprises an inorganic eutectic salt.

14.  The covered roll structure according to Claim 12, wherein the
polymeric material is selected from the group consisting of polypropylene,

polyethersulfone, polyetheretherketone, epoxy, polyimide, and polyurethane.
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15.  The covered roll structure according to Claim 12, wherein said
polymeric material has a modulus of elasticity ranging from about 20 x 10* psi

to about 30 x 10° psi.

16. The covered roll structure according to Claim 12, wherein the
ratio of said sleeve of removable material to the circumference of said core roll

ranges from about 0.02 to about 1.

17. The covered roll structure according to Claim 12, wherein said
cylindrical core roll has a coefficient of thermal expansion ranging from about 5

x 107 to about 20 x 10 in/in °C.

18. A roll for a papermaking machine, comprising:

a core roll having a substantially cylindrical outer surface;

a sleeve of compressible material surrounding said core roll outer
surface, wherein said compressive material has a modulus of elasticity ranging
from about 145 psi to about 14,500 psi; and

a sleeve of polymeric material surrounding said sleeve of removable

material.

19.  The roll according to Claim 18, wherein said polymeric ‘material

has a modulus of elasticity ranging from about 20 x 10* psi to about 30 x 10°

psi.

20.  The roll according to Claim 18, wherein the compressible
material is selected from the group consisting of polyester, polyamide, para-

amide, polyurethane and butadiene.

21.  The roll according to Claim 18, wherein the polymeric material
is selected from the group consisting of polypropylene, polyethersulfone,

polyetheretherketone, epoxy, polyimide and polyurethane.
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22. The roll according to Claim 18, wherein the ratio of the thickness

of said sleeve of compressible material to the circumference of said core roll

ranges from about 0.02 to about 1.

23. A method of forming a roll for a papermaking machine, said
5 method comprising:
applying removable material to a core roll having a cylindrical outer
surface to form a sleeve of removable material, wherein said removable
material has a melting point ranging of at least 70°F;
applying polymeric material over said sleeve of removable material to
10 form a sleeve of polymeric material and a covered roll structure;
curing said polymeric material; and

removing said sleeve of removable material.

24. The method according to Claim 23, further comprising the step

of removing said sleeve of polymeric material from said covered roll structure.

15 25. The method according to Claim 23, wherein said curing step is
carried out by heating said polymeric material at a temperature ranging from

about 50°C to about 300°C.

26.  The method according to Claim 23, wherein said curing step is

carried out between about 1 and about 60 hours.

20 27.  The method according to Claim 23, wherein said curing step is

performed in a mold which surrounds said roll.
28.  The method according to Claim 23, wherein the removable

material comprises an inorganic material selected from the group consisting of

quart, sand, ceramic powder, glass beads, metallic powder or eutectic salts.
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29. The method according to Claim 23 wherein the removable

material comprises an organic material.

30. The method according to Claim 23, wherein said step of
removing said removable material occurs by contacting said removable material

with an aqueous solvent.

31. The method according to Claim 23, wherein the polymeric
material has a modulus of elasticity ranging from about 20 x 10* psi to about 30

x 10° psi.

32.  The method according to Claim 23, further comprising the step
of insertingva core within said sleeve of polymeric material to form a roll

structure.

33, A method of forming a roll structure for a papermaking machine,
said method comprising:
applying compressible material to a core roll having a cylindrical outer
surface to form a sleeve of compressible material, wherein said compressible
material has a modulus of elasticity from about 145 psi to about 14,500 psi;
| applying polymeric material over said sleeve of resilient material to form
a sleeve of polymeric material and a covered roll structure; and

curing said polymeric material.

- 34, The method according to Claim 33, wherein said curing step is '
carried out by heating said polymeric material at a temperature ranging from

about 50° C to about 300° C.

35.  The method according to Claim 33, wherein said curing step is

carried out between about 1 and about 60 hours.
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36.  The method according to Claim 33, wherein said curing step

occurs in a preformed mold.

37.  The method according to Claim 33, wherein the compressible
5 material is selected from the group consisting of polyester, polyamide, para-

~amide, polyurethane and butadiene.

38.  The method according to Claim 33, wherein the polymeric
material is selected from the group consisting of polypropylene,

polyethersulfone, polyetheretherketone, €poxy, polyimide and polyurethane.

10 39.  The method according to Claim 33, further comprising the step

of removing said sleeve of polymeric material from said covered roll structure.

40. A method of forming a roll for a papermaking machine, said
method comprising:
applying removable material to a core roll having a cylindrical outer

15 surface to form a sleeve of removable material, wherein said removable

material has a melting point ranging of at least 70°F;

applying compressible material to the core roll to form a sleeve of
compressible material, wherein said compressible material has a modulus of
elasticity from about 145 psi to about 14,500 psi;

20 applying polymeric material over said sleeve of resilient material and
said sleeve of removable material to form a sleeve of polymeric material and a
covered roll structure;

curing said polymeric material;

removing said removable material from said covered roll structure; and

25 removing said sleeve of polymeric material from said covered roll
structure.
41.  The method according to Claim 40, wherein said removable

material is removed by applying an aqueous solvent to the removable material.
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42, The method according to Claim 40, wherein said curing step is

carried out by heating the polymeric material at a temperature ranging from

about 50°C to about 300°C.

43, The method according to Claim 40, wherein said curing step

5 occurs between about 1 and about 60 hours.

44, The method according to Claim 40, wherein the removable
material comprises an inorganic material selected from the group comnsisting of

quart, sand, ceramic powder, glass beads, metallic powder or eutectic salts.

45. The method according to Claim 40, wherein the compressible
10 material is selécted from the group consisting of polyester, polyamide, para-

amide, polyurethane and butadiene.

46. The method acéording to Claim 40, wherein the polymeric
material is selected from the group comnsisting of polypropylene,

polyethersulfone, polyetheretherketone, epoxy, polyimide and polyurethane.
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