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Abstract

Injection-molding materials comprised of polycarbonate can be processed into optically
isotropic films in a chill roll extrusion method. The optically isotropic films are used as
covering films for protecting data carriers (CD-ROMS) from becoming scratched, or they

are used as supporting materials for the information layer.
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Field of the Invention

The invention relates to polycarbonate films with a high level of purity, that are high-gloss,
optically isotropic on both sides, as well as to an economically efficient extrusion process for their
production, and the use of the films according to the invention as cover films for optical data

media, such as compact disks or DVD disks, for example.

The films according to the invention can also serve as carrier materials for the layer that carries

the data, and in this way, extremely thin optical data media can be produced.

State of the Art

The demands made for sheets and films made of plastic, so that they are suitable for producing
or covering optically readable data memory media, are generally known, see J. Hennig,
Polymere als Substrate fur optische Plattenspeicher [Polymers as substrates for optical disk
memory media], Angew. Makromolekulare Chemie [Applied Macromolecular Chemistry], Volume
145/146, 1986 (page 391-408). Furthermore, the sheets and films are not allowed to contain any
foreign particles with a size of more than 10 micrometers, and no bubbles are allowed to form

during processing. The double refraction resulting from shaping should be as low as possibie.
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Optical data media in the form of compact disks have been extensively produced using the
injection-molding process, up to the present. Other processes that can also be used to produce
optical data media with a larger size are based on plain sheets of plastic, which are subsequently

provided with the layer that carries the data.

EP 461 485 (Réhm GmbH) describes an extruded plain sheet or film made of plastic and its
production process. The polycarbonate melt is pressed out of a broad-slit die or an extruder at
approximately 290 °C, and calendered in a roller frame consisting of a high-gloss steel roller and
a padded blanket roller. In this way, a polycarbonate film that is high-gloss on one side and matt

on the other, with a thickness of 450 ym, is obtained.

EP 351 886 (Bayer AG) describes a casting process for the production of polycarbonate films.
The polycarbonate, with an average molecular weight of 98,000, is dissolved in methylene
chloride, and the solution is applied to a slowly rotating, heated, and polished cylinder, using a
ductor device. In this way, a clear, transparent film with a thickness of 200 ym is obtained. A
high degree of double refraction results, with a layer difference of AG = 74 nm. The
polycarbonate films obtained in this way, which are not free of double refraction, are clamped
in place and heated for 5 to 60 seconds, using a quartz heat emitter. This results in a reduction

of the undesirable double refraction to values that are no longer a problem.
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JP 07 126375 (Teijin Kasei Ltd.) describes the production of a film made of polycarbonate, with
low double refraction. The low specific double refraction of the polycarbonate film is achieved

by using a protective layer made of polyolefins.
Criticism of the State of the Art

Conventional methods for the production of thin, optically isotropic polycarbonate films function
either on the basis of costly casting processes, in which complicated apparatus measures must
be provided to prevent the emission of toxic organic solvents, or on the basis of complicated
extrusion processes, in which either a polycarbonate film that is matte on one side, or an

optically anisotropic polycarbonate film is produced in a first step.

These optically anisotropic extrusion films as last mentioned must be converted into optically
isotropic extrusion films that are high-gloss on both sides, in subsequent steps. A two-stage
extrusion process is extremely costly. The films are not provided with optimum surface

properties, although they are optically somewhat isotropic.
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Task

The invention was therefore based on the task of producing optically isotropic polycarbonate
fims that are high-gloss on both sides, while avoiding the economic disadvantages and the
disadvantages of production technology that have been described for the state of the art. The
fims are supposed to be optically and mechanically isotropic, have a high level of surface

quality, and possess the greatest possible optical purity.
Solution

Surprisingly, optically high-quality polycarbonate extrusion films in a thickness range < 200 ym,
preferably 15 to 150, especially preferably 30 to 100, particularly especially 60 to 90 ym, can be
produced using the chill-roll process, with the profile of properties as described. To achieve the
high level of optical purity, a polycarbonate injection-molding mass with a relatively low molecular
weight is preferably used, such as that used for the production of injection-molded optical data

media in large amounts.

The molecular weight M, of the polycarbonate molding mass used lies between 10,000 and
40,000, preferably between approximately 15,000 and approximately 20,000 (injection-molding
mass). The injection-molding mass not intended for extrusion use, in particular, can surprisingly
be extruded using the chill-roll process, at a high level of economic efficiency and while avoiding

toxic solvents, to produce films with the required profile of properties (see Figure 1).
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Implementation of the Invention

A significant element for the invention is the use of the melt-casting process, also called chill-roll
process. In this process, the melt film that exits from the die is applied to a cooling roller {chill
roll) and cooled as this happens. This makes it possible to produce extremely thin films (down

to 15 pm) with a low level of optical anisotropism (almost isotropic films).

Almost isotropic is understood to mean that a beam of light penetrating the film medium
undergoes only a deflection that is so low that it can be ignored, e.g. a layer difference of at

most 50 nm, preferably at most 35 nm, especially preferably at most 25 nm.

The processing temperature for the polycarbonate molding mass lies between 210 and 260,

preferably 220 to 240 °C.

In order to avoid crystallite deposits in the die, it is advantageous to start the extrusion system
at a processing temperature of 250 to 260 °C. To achieve the lowest possible degree of gel
body formation, the processing temperature can be successively reduced to 220 to 240 °C after

the start-up phase of about 10 minutes to about 1 hour.

To avoid die lines or extrusion stripes on the extruded film, it is recommended to polish the
internal extrusion die surface, where it is advantageous if this surface is chrome-plated,
particularly the lip region. For the extrusion die lip region, the peak-to-valley height R, according
to DIN 4768 should be 0.025 to 0.002, preferably 0.015 to 0.002, especially preferably 0.01 to

0.002. It is advantageous if the roughness of the distribution channel is at most 0.1.
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Another improvement in quality, particularly the avoidance of die lines or extrusion stripes, of the
extruded film can be achieved if the internal surface of the extrusion die is provided with an
agent that repels polycarbonate melt. This can be done by coating the cleaned internal die
surface with such an agent, for example silicone oil. The agent should not increase the peak-to-
valley height as a whole, or not increase it significantly, but preferably it should reduce this

height.

Another factor that can influence the quality of the extruded polycarbonate film is slight
contamination of the polycarbonate melt. It is therefore advantageous to install a melt filter
between the extrusion cylinder and the extrusion die. The mesh size of the filter insert should

be 5 to 50 ym.

Another measure that can contribute to high-quality polycarbonate films is mixing a lubricant into
the molding mass formulation. Usual amounts are between 0.01 and 1 wt.-% with reference to
the molding mass. Examples for suitable lubricants are partially oxidized polyethylene,

pentaerythrite stearate, or C,, to C,, fatty acid esters.
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A high level of optical purity as well as a high level of optical isotropism are the signficant basic

requirements for the use of films in the stated applications.

Using the process according to the invention, it is possible to produce polycarbonate films with
high optical quality. High optical quality is particularly understood to mean: A low level of double
refraction, a high level of transmission, slight formation of extrusion stripes or die lines (which

can be measured by a slight deflection of linear polarized light), as well as a low number of gel

bodies per area unit.

Preferably, the film according to the invention does not have a deflection of linear polarized light

greater than 2 angle minutes in any region of the surface.

The measurement is taken by recording the angle of deflection that a laser beam experiences
as it penetrates the film. For this purpose, the so-called laser deflection method is used. The

angle of deviation that a laser beam of 632.8 nm experiences when passing vertically through

the film, perpendicular to the extrusion direction, is measured over the entire extrusion width,

using a displacement table that is operated by meahs of a stepper motor. The transmitted beam

then passes through a telescope, in order to amplify the angle of deflection, and hits a position-

sensitive digital optical sensor. This sensor determines the focation of the center of the point of

light that impacts on it, and outputs it in the form of x and y coordinates, via a serial interface.

Only the y component is relevant for an assessment of the lines. =

Corrected Sheet 18.12.2001
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Possible uses of the films according to the invention are as scratch-protection films for optical
data media, as carrier materials for optical data media, as base materials for the production of

overlay films for displays and screens.
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EXAMPLES

Example 1

Production of the film according to the invention by means of chill-roll extrusion of a

polycarbonate molding mass for optical injection-molding applications.

The melt, produced by means of a single-screw or twin-screw extruder (to ensure constancy of
the melt flow, a melt pump can optionally be used), is passed to the chill-roll roller (peak-to-valley
height R, 0.002 - 0.006, R, = 0.02 - 0.004, measured according to DIN 4768), via an
automatically regulated die designed for film extrusion. The peak-to-valley height R, of the
extrusion die lip region is 0.02. The internal surface of the die was provided with silicone oil, to
make it repel polycarbonate melt. The temperature of the melt flow is 235 °C + 5 °C. The melt
film comes to rest tangentially against the roller surface, and surrounds the roller by about 180
°C. After having passed around additional rollers, the thickness of the film web is determined
using a contact-free measurement system that is arranged on a traverse, and the melt
distribution of the die is regulated over the width, using an expansion bolt system, based on the
electronically processed data. The relativized films possess a high level of optical and also
mechanical isotropism. The latter is particularly important for the processing behavior, e.g.
punching to CD size, since PC injection-molding masses are clearly more brittle than PC

extrusion masses, because of their low molecular weight.
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Comparison Example 1

Polycarbonate film produced using the planishing process, thickness 0.13 mm.

The melt, produced by means of a single-screw or twin-screw extruder (to ensure constancy of
the melt flow, a melt pump can optionally be used), is passed to the planishing rollers via a die
designed for film extrusion. The melt is sized in a defined roller nip and planished and cooled
by the surface of the tempered rollers, which are polished to a high-gloss mirror finish (peak-to-
valley height R, 0.002 - 0.006, R, = 0.02 - 0.04, measured according to DIN 4768), via an
automatically regulated die designed for film extrusion. In this connection, the geometric shape
of one or both rollers, deviating from a cylinder shape, is ground to a bomb-type shape. The
bomb curvature is 0.1 to 0.2 mm, with reference to the diameter of the roller. The bomb
curvature is of decisive significance for a uniform thickness distribution over the width of the film

web.

Because of the high roller nip forces that are typical for this process, the polymer molecules are

stretched lengthwise in the extrusion direction. The resulting orientation leads to marked optical

anisotropism, which is clearly too high.

Comparison Example 2

Production of a cast polycarbonate film with a thickness of 0.08 mm takes place according to the

following process:
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Polycarbonate is dissolved in a mixing container equipped with a stirring mechanism, in a solvent

mixture of acetone and methylene chloride.

Gross contaminants are subsequently removed from the polycarbonate solution, using a 2 pm
membrane filter press. The polycarbonate solution is subsequently processed in a casting
machine that is composed of a steel strip with a length of 48 mm, driven by two drums with a
diameter of 3 m, to produce a film with a thickness of 80 um. The solvent, which evaporates off

during the subsequent drying process, is returned to the process.

The resulting PC cast films do possess sufficiently low optical anisotropism, but they are not free

of disruptive optical effects, such as gel particles and stripes.

Production of cast films from organic solution is a costly process, which also sets great demands
with regard to safety technology. The resulting films are not free of the highly toxic solvent, and

therefore they are problematic, from a toxicological point of view.

The large-area steel strip is clearly more difficult to produce and maintain in a high-quality optical
condition than the clearly lesser area of the chill-roll roller of the melt-casting process according
to the invention. This results in an impermissibly high number of stripes on the film surface. In
spite of the use of 2 ym membrane filter presses, it is not possible to avoid gel-body-like
aggregates that reduce the laser signal intensity. In contrast to melt processing in extruder

systems, there is no shear field applied in "solution casting,” and therefore the portions of the
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polycarbonate with a high molecular weight, which are difficult to break up, aggregate because
of the possibility of "micro-Brownian movement,” i.e. they strive towards the condition of the

lowest possible interfacial energy.
The gel bodies and stripes reduce the laser signal intensity to an impermissibly low level,
resulting in a significant number of error messages when playing CD systems protected in this

way.

Reference Symbols

10 - melt film
15 - film formed from the melt film
20 - chill-roll roller

30 - die
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(trade name
Pokalon), thickness:
0.08 mm

13
Property Shrinkage Haze [%] Layer Double Tensile test 1ISO
190°C/30 min. | ASTM-1003 | difference | refraction 527-3
[%] [nm} An Elongation to
Example MD*TD* tear
[%]
MD*/TD*

Film according to the invention
Chill-roll extrusion of PC
molding mass for injection- <1/<1 0.5 31 4 -10* 39/35
molding of optical data media,
thickness: 0.08 mm
Comparison Example 1
. PC film extrusion

molding mass, 31/-7 0.3 360 3.10° 145/99

produced using the

planishing process,

thickness: 0.13 mm
Comparison Example 2
. PC film, cast from

organic solution 3 1.2 29 4 -10* not measured

*MD: machine direction
*TD: traverse direction

Comment:

"Shrinkage” distinguishes the invention from Comparison Example 1.
Haze distinguishes the invention from Comparison Example 2.

Double refraction and layer difference distinguish the invention from Comparison Example 1.
Elongation to tear distinguishes the invention from Comparison Example 1.
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CLAIMS

1. Process for the production of an optically almost isotropic plastic fiim made of linear or

branched polycarbonate,

characterized in that

a polycarbonate melt is melt-cast using the chill-roll process.

2. Process according to Claim 1,

characterized in that

the average molecular weight of the polycarbonate used lies between 10,000 and 40,000.

3. Process according to Claim 1 or 2,

characterized in that

the internal surface of the extrusion die, in the extrusion die lip region, has a peak-to-

valley height pursuant to DIN 4768 R, of 0.025 to 0.002.
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Process according to one or more of Claims 1103,

characterized in that

the internal surface of the extrusion die is provided with an agent that repels the

polycarbonate melt.

Polycarbonate film which can be obtained according to a process according to one orF

more of Claims 1 to 4.

Polycarbonate film according to Claim 3,

characterized in that

the thickness of the film is less than 200 pm.

Use of polycarbonate films according to Claim 5 or 6 as scratch protection films for

optical data media.

Use of polycarbonate films according to Claim 5 or 6 as carrier materials for optical data

media.

Use of polycarbonate films according to Claim 5 or 6 as base materials for the production

of overlay films for displays and screens.
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10. Process substantially as herein described and illustrated, excluding Comparison Examples

1and 2.

11.  Polycarbonate film substantially as herein described and illustrated, excluding Comparison

Examples 1 and 2.

12.  Use of polycarbonate films substantially as herein described and illustrated, excluding

Comparison Examples 1 and 2.

AMENDED SHEET 18.12.2001




30

wO 00/09592

1/1

20011997

PCT/EP99/05996

Figurel
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