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Roll comprising a layer of flexible synthetic material

The invention relates to a roll comprising a layer of flexible synthetic
material. It relates more particularly to such a roll suitable for processing
plastics.

When processing films made of plastic, in particular thin films having a
thickness less than 500 um, it is often necessary to apply a high pressure to the
film in order to keep it flat. Conventionally, this pressure is applied by passing
the film between at least two rolls applied against each other. In order to
improve the pressing effect, it is known to press the plastic between rolls, at least
one of which possesses a surface made of deformable flexible synthetic material
such as rubber, covering a metal core, so as to obtain a greater area of contact
between the rolls when these are pressed against each other.

However, under the effect of heating and wear, the diameters profile of
rolls possessing a synthetic surface rapidly deteriorates, which involves replacing
or remachining them. The diameters profile is understood to mean the
succession of external diameters of the roll when moving along its axis.

In EP 0 763 667, it is proposed to cover the layer made of synthetic
material with a thin metal layer that is also deformable. Adhesion between the
various layers is ensured by the difference in the coefficient of thermal expansion
between the synthetic material and the metallic materials. However, it has been
observed that after a certain operational time, and in particular when production
rates are high, it is very difficult to maintain simultaneously good adhesion
between the synthetic layer and the outer metallic layer on the one hand and
between the synthetic layer and the metallic core of the roll, on the other hand.
Moreover, temperature irregularities in the synthetic material cause irregularities
in the diameter profile of the roll, the hottest places increasingly compressing the
thin metallic layer, which deforms. This deformation causes a deterioration in
the surface finish of processed films.

The invention aims to provide a roll comprising a layer made of flexible
material that can maintain a controlled diameters profile and good mechanical
performance over a long period of operation.

Consequently, the invention relates to a roll having an adjustable-diameter

profile, comprising a central layer surrounded by a layer of flexible synthetic
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material made up of the juxtaposition of annular sections, each section
surrounding a main rigid ring possessing a thickness less than that of the section,
at least one thin secondary rigid ring being bonded to a main ring.

In the roll according to the invention, the length of the synthetic layer
corresponds to the sum of the thickness of the sections. The sections are made of
a flexible synthetic material. A synthetic material is understood to mean any
material based on polymers, including by extension natural materials such as
rubber having properties that are similar to some polymers. The synthetic
material will be chosen so as to obtain optimum deformability under operating
conditions. In general, rubbers or elastomers based on silicone give good results.
It is recommended to use a synthetic material having a Shore A hardness
below 80, preferably below 70. The hardness is preferably greater than 20, if
possible 30, values comprised between 40 and 60 being the most preferred. On
the other hand, the flexible material advantageously possesses a tensile modulus
below 1, preferably 0.1 GPa. When the roll is used, all the juxtaposed sections
and rings are clamped together. Since the main rigid rings have a thickness less
than that of the flexible sections, in the absence of secondary rings, the sections
are compressed during clamping, which increases their diameter. On the other
hand, the secondary rings advantageously have a thickness corresponding to the
difference in thickness between the sections and the main rings. When a
secondary ring is bonded to a main ring, the main ring compensating for the
difference in thickness between the section and the main ring, the corresponding
section is not compressed during clamping. On the other hand, the sections
surrounding the rings not provided with secondary rings, are compressed and
will have the tendency to expand in the radial direction.

The rings are made of a rigid material. This is understood to mean a
material that is markedly more rigid, advantageously 10 times, and preferably
100 times, more rigid than the synthetic material constituting the sections, the
rigidity measurement being the modulus of elasticity expressed for example
in GPa. On account of this, the rings hardly deform at all when clamped, relative
to the flexible sections. They can advantageously be made of high-performance
polymers, having a tensile modulus of at least 10 GPa or preferably made of
metallic material. By applying extra pressure to some of the secondary rings it is
therefore possible to adjust the diameters profile of a new roll or to correct the
effects of wear on a damaged roll.
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According to an advantageous embodiment of the roll according to the
invention, the synthetic layer is covered with an outer layer made of rigid
material.

The outer layer of the roll according to the invention should be made of a
material that enables the wear resistance of the surface of the roll to be improved
and the deformability of the synthetic intermediate layer to be transmitted. It
should therefore also be able to deform easily, which imposes a maximum
thickness according to the material used. This material should be a good heat
conductor. Any material combining these conditions can be used, such as for
example some high-performance polymers. However, it is recommended that
the outer layer be made of metal, such as for example copper, steel or nickel. In
this embodiment, the selective excess pressure on some secondary rings enables
the pressure on the synthetic layer against the outer layer to be increased locally,
which has an effect on the adhesion between these layers as well on the diameter
profile of the roll, on account of the deformability of the outer layer.

In a recommended procedure for implementing this embodiment, the outer
layer consists of nickel-chrome and has a thickness of between 0.1 and 1 mm.

In an advantageous variant of the roll according to the invention, at least
one duct is provided in the synthetic layer, substantially parallel to the axis of the
roll, for the circulation of a pressurized conditioning fluid, and the roll includes
means for the entry and exit of the fluid, enabling the duct to be connected to an
external unit for conditioning the fluid in temperature and pressure.

In this variant, the layer made of synthetic material should have sufficient
thickness so as to be able to provide at least one duct therein. It preferably has a
thickness of at least 5, advantageously 10 mm. The maximum thickness depends
on the diameter of the roll. For rolls having an external diameter of between 20
and 100 cm, it is recommended that the thickness of the central layer does not
exceed a quarter of the external diameter of the roll.

It is recommended that the inlet and outlet means are incorporated in the
means for attaching the roll to the frame supporting the roll.

In many cases, it is preferable to provide several ducts, advantageously
distributed in a uniform manner over the circumference of the intermediate layer.
It is recommended that the number of ducts is at least 10.

The fluid is advantageously a liquid, such as for example water, optionally
with the addition of additives that enable it to be cooled below 0°C without
freezing. The fluid circulating in the duct or ducts therefore possesses a
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temperature and pressure that can be controlled continuously by regulating the
external unit. The temperature of the fluid is advantageously below the surface
temperature that it is desired to maintain at the surface of the roll while the
plastic is being processed. Circulation of such a fluid enables the temperature of
the synthetic material to be controlled, while preventing overheating during
processing. It has been observed that such control improves adhesion between
the synthetic intermediate layer and the outer layer on the one hand and, on the
other hand, between the synthetic intermediate layer and the central layer of the
roll. Moreover, controlling the temperature of the synthetic material reduces the
risks of expansion due to heating, which modifies the external diameter of the
roll in an uncontrolled manner. When the roll according to the invention is used
for processing plastics, a contact area is obtained in this way between the film
and the cylinder that may be greater and better controlled.

In this variant, the ducts are suitable for the circulation of a pressurized
fluid through an external unit. A pressurized fluid is understood to be a fluid that
has, on entering the duct or ducts, a pressure that is at least sufficient to
overcome the pressure loss created by its circulation in the duct. The ducts are
advantageously made by introducing flexible tube segments, for example made
of silicone elastomer, into cylindrical orifices provided in the intermediate layer.
The external unit, which is typically a refrigerating unit, is provided with a
pressurizing device such as for example a circulating pump. The circulation
flow rate should be sufficient to ensure good thermal conditioning of the
intermediate layer. It is recommended that the flow rate is such that the
temperature difference between the conditioning fluid entering and the
conditioning fluid leaving the roll is less than 10°C, advantageously 5°C,
preferably 2°C and more preferably 1°C. However, when the roll is in operation,
the pressure of the conditioning fluid entering the roll is advantageously greater
than 200 kPa. It is recommended that it does not exceed 3000 kPa, the preferred
values ranging from 300 to 2000 kPa. On account of the high pressurization of
the fluid, markedly greater than that necessary for circulating the fluid, the duct
or ducts expand, putting the intermediate layer into compression, which ensures
good contact of this with the outer and central layers. If the fluid is sufficiently
pressurized, it is even possible for compression of the intermediate layer to be
responsible alone for contact between the intermediate layer and the outer layer,
in the sense that when the fluid is no longer pressurized, it is possible to remove

the outer later by sliding. The outer layer can then be changed easily.
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In a preferred embodiment of this variant, the synthetic layer having at
least one duct is covered with a protective layer made of synthetic material
having a hardness greater than that of the intermediate layer. This protective
layer advantageously possesses a Shore A hardness greater than 50,
preferably 60. It is recommended that its hardness does not exceed 100,
preferably 90, values between 60 and 80 being more preferred. This protective
layer corrects for any surface unevenness that could be created by the presence
of at least one duct in the synthetic layer.

The central layer of the roll according to the invention is designed to
provide it with good rolling properties. It includes means for attachment in
rotation to a frame. These means include a spindle or segments of spindles or
furthermore means of attachment to a spindle or spindle segment. The central
layer is advantageously made at least partly at the start with metals having good
wear resistance such as normal steels. In the variant according to which at least
one duct is provided in the synthetic layer, the central layer advantageously
includes part of the means for the entry and exit of conditioning fluid, so as to
convey the latter from the duct or ducts to the outside of the roll, preferably via
the means for attaching the cylinder to the frame in such a way that it can rotate.

The roll according to the invention may be suitable for any application
requiring pressing flat surfaces by means of a roll machined in a very precise
manner. It is particularly well suited for processing plastics requiring a pressing
step using at least one roll. It is particularly suitable for calendering or
extrusion-quenching processes. In these methods, the plastic is pressed between
at least two rolls, at least one of which is advantageously according to the
invention. The roll is particularly suitable for extrusion-quench cooling, which
comprises the extrusion of a sheet of plastic by means of a flat die, the sheet
being drawn at the outlet from the die and then cooled and rapidly reduced in
thickness by being pressed between a roll according to the invention and a
conventional cold metal roll. In these applications, the roll possesses typically
but non-limitingly, a diameter of 150 to 400 mm, preferably 200 to 300 mm, and
a length varying from 50 to 300 cm, preferably from 100 to 250 cm. In this
statement, a sheet is understood to mean any flat product having a width of at
least 10 times, preferably 100 times, greater than its thickness. A film is
understood to mean a sheet having a thickness less than 1 millimetre. The roll
according to the invention is especially suitable for processing films having a
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thickness less than 200y, preferably 100u. Such films also advantageously have
a width greater than 1 metre.

The plastics may be thermosets or thermoplastics. They are
advantageously thermoplastics. A thermoplastic is understood to mean a
material that becomes fluid when it is heated sufficiently, the change in fluidity
being reversible when it is cooled. Polyolefins, polyamides and polyvinyl
chloride (PVC) are preferred. The roll according to the invention is particularly
suitable for processing PVC and polypropylene. Polypropylene is preferred.

Consequently, the invention also relates to a method for processing a
plastic film according to which the film is pressed between a rigid surface and a
roll according to the invention.

According to a recommended variant of the method according to the
invention, at least one duct is provided in the synthetic layer, substantially
parallel to the axis of the roll, and fluid circulates therein, the fluid being
conditioned in pressure and temperature by an external unit connected to the duct
via inlet and outlet means provided in the roll.

The rigid surface is advantageously a second roll that preferably possesses
a metal surface and is preferably also according to the invention.

In an advantageous means of implementing the method according to the
invention, the conditioning fluid is pressurized to a value of between 300 and
2000 kPa.

It has been observed that when the roll has an outer layer made of rigid
material, it enables the surface finish of the outer layer to be transferred very
effectively to the film produced. When the outer layer is polished and the roll is
pressed against a conventional roll that is also polished, it is possible to obtain a
film possessing two shiny faces. When the two rolls are embossed. that is to say
possessing an embossed surface finish, this surface finish can also be transferred
in a single step to both faces of the film

Consequently, the invention also concerns a method for embossing both
faces of a film according to which film is pressed between two rolls having an
embossed surface finish, at least one of the rolls being according to the
invention. When at least one of the rolls is according to the invention, a contact
surface is obtained between the film and the cylinders which is controlled and
sufficient to bring about the transfer of the surface finish, which was impossible
with known rolls. On account of this, it is possible simultaneously to emboss
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two steps.

The quality of this contact surface enables thin films to be processed, in
particular rolled, without the appearance of a bead. By using known rolls, it is in
point of fact necessary to exert a higher local pressure on the films in order to
reduce their thickness by rolling, which brings about the appearance of a bead,
that is to say an accumulation of rotating molten plastic upstream from the roll.
The presence of such beads excludes the processing of multilayer films.
Consequently, in an advantageous variant of the method according to the
invention, the film is a multilayer film. Such a film may be produced by coating
or coextrusion.

Finally, excellent control over the outer diameter of the roll according to
the invention makes it possible to process films possessing special optical
effects, by giving slightly different peripheral speeds to the two rolls between
which the film is pressed.

Features and details of the invention will become apparent from the
appended figures.

Figure 1 shows a roll according to a particular embodiment of the
invention. The central layer (1), the intermediate layer made of synthetic
material (2), the protective layer (2’), the outer layer (3), the ducts (4) and the
means of the entry and exit of conditioning fluid (5) are shown here.

Figure 2 illustrates the roll according to the invention. It illustrates the

sections (6), the main rings (7) and the secondary rings (8).
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1. Roll having an adjustable-diameter profile, comprising a central layer
surrounded by a layer of flexible synthetic material made up of the juxtaposition
of annular sections (6), each section surrounding a main rigid ring (7) possessing
a thickness less than that of the section, at least one thin secondary rigid ring (8)

being bonded to a main ring.

2. Roll according to the preceding claim, characterized in that at least one
duct (4) is provided in the intermediate layer (2), substantially parallel to the axis
of the roll, for the circulation of a pressurized conditioning fluid and in that the
roll includes means for the entry and exit (5) of the fluid, enabling the duct to be
connected to an external unit for conditioning the fluid in temperature and

pressure.

3. Roll according to the preceding claim, characterized in that the

synthetic material possesses a Shore A hardness between 40 and 60.

4. Roll according to any one of the preceding claims, characterized in
that the intermediate layer (2) having at least one duct (4) is covered with a
protective layer (2°) made of synthetic material having a hardness greater than

that of the intermediate layer.

5. Roll according to any one of the preceding claims, having an outer
layer made of rigid material possessing a modulus of elasticity greater than
10 GPa.

6. Method for processing a plastic film according to which the film is
pressed between two rolls, at least one roll being in accordance with any one of
Claims 1 to 5.

7. Method according to the preceding claim, in which at least one duct is
provided in the synthetic layer, substantially parallel to the axis of the roll and a
fluid circulates therein, the fluid being conditioned in terms of pressure and
temperature by an external unit connected to the duct via inlet and outlet means
provided in the roll.
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8. Method according to the preceding claim, in which the fluid is
conditioned to a pressure of 300 to 2000 kPa.

9. Method according to any one of Claims 6 to 8, in which the two rolls

rotate at a different peripheral speed so as to confer optical effects on the film.

5 10. Method for embossing the two faces of a film, according to which a
film is pressed between two rolls having an embossed surface finish, at least one
of the rolls being in accordance with Claim 5.
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