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5 Area of the invention DATE OF RECEIPT

The invention relates to plastic laminates comprising at
least two incompatible plastic materials A and B bonded
in several layers, in which the layer sequence

10 alternates between A and B, the layers made of plastic
material B are interrupted at regular spacings and the
gaps in the layers B are filled with plastic material A.

Prior art
15
Plastic laminates are known. Here, the main aim is a
good adhesion between the bonded members. In so doing,
the reinforcement of the plastic plates with fibres or
'strips is one of the predominant aspects industrially.
20 Thus, DE-OS 38 35 575 describes, for example, a process
for preparing continuous moulded particles made of
reinforcing fibre formations which are impregnated into
thermoplastic material, the fibre formations being
guided through a thermoplastic melt. The impregnation
25 then produces a good adhesion of the reinforced fibres
in the thermoplastic matrix material.

DE-OS 38 10 374 discloses thermoplastic, fibre-
reinforced composite materials which are obtained by_
30 impregnating reinforced fibres into the melt of
thermoplastic materials,  polyamides, a low-molecular
weight acid amide and, optionally, an adhesive agent as
well as processes for the preparation and use thereof.
This document describes inter alia a process in which a
35 mixture is used which comprises thermoplastic material,
polyamide, acid amide and, optionally, an adhesive agent
in the form of a previously prepared film or a newly
extruded synthetic film, and in which the mixture,



for pre ﬁ @&%@g Hﬁdnnulded particles made of reinforcing fibre
Forﬁatio regnated into thernoplastic material, the fibre
formation | ug through a thernoplastic nelt. The |npregnat|on t hen
produces n of the reinforced fibres in the thernoplastic
matrix material. DE-OS 38 10 374 discloses2tkermoplastic, fibre- reinforced
conposite materials which are obtained by inpregnating reinforced fibres

into the nelt &eastdampidh ireimfianded £ibrss ahigds are |pswsasiteciyt dthe
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for the preparatagp(fqg use thereof. This docgk nt describes . jnter alia a
process in whi & continuous press. gain, in this invention,

a good adhesion between fibres and thermoplastic matrix

5 is of significance.

US-Patent 4 058 581 describes a process for the
continuous preparation of moulded articles reinforced by
graphite fibres, in which initially the individual

10 graphite fibres are guided through a solution of a
thermoplastic resin, preferably a polypropylene grafted
with acrylic acid, in order to provide the adhesive
impregnation.

15 A process for preparing fibre composite materials
comprising a thermoplastié matrix and unidirectional
reinforcing fibres, in which the fibres are impregnated
into a molten thermoplastic material, is described in
EP-A 0 282 199. Here, continuously parallel,

20 mechanically non-connected fibre bundles and a
thermoplastic material are guided into a double band
press and compressed at high pressure and an elevated
temperature over a certain time and then cooled. 1In
this process, the fibres are completely and

25 simultaneously impregnated, making it possible to obtain
high fibre contents of more than 50% by volume in the
thermoplastic matrix. Again, a good adhesion between
fibre and thermoplastic matrix is important.

30 EP-PS 0 407 852 discloses plates made of acrylic glass,
which are suitable as noise-protection members and
contain plastic monofilaments or a latticed fabric made
of such fibres, embedded in the centre of the plate.
Here, polyamide fibres are preferably used. At low

35 temperatures, the polyamide fibres exhibit no notable
loss in tear resistance as the adhesion between such
fibres and the surrounding acrylic glass is relatively
low.



' n1xtureThsSm$admgggq@,gggprlses thernoplastic material, polyanide, acid

am de an an adhesive agent in the fornlof a previously

pr epar ed WH H y extruded synthetic film and in which the

m xt ur e. with reinforced fibres which are present in the form
of a mat or of unldlrectlonal filanment strands, is guided to a continuous

press. Again, in this invention, a good adhesion between fibres and
t her nopl asti ¢ PlOJect iandofsadiugriici cance.

Apart from EP-PS 0 407 852, the prior art patents and
published patent applications exclusively describe
5 plastic laminates with adhesive layers. The use of

additional adhesive generally requires a great deal of
expenditure such as feed devices for the adhesive or
special guidance for the melt and/or extrudate in co-
extruded plastic composite materials. Furthermore, the

10 adhesion which may be achieved through adhesive layers
in the plastic laminate is limited. This means that a
process is required which combines non-compatible
plastic materials, and especially the mechanical
characteristics thereof, and which does not use

15 adhesive. The prior art document EP-PS 0 407 852 only
achieves this object to a limited extent in a very
complex manner, the discontinuous preparation of the
plastic laminates made of acrylic glass and plastic
fibres being especially expensive.

20
Surprisingly, it has been found that multi-layer plastic
laminates may be prepared from at least two incompatible
plastic materials A and B, and with excellent cohesion
between the layers if the layer sequence alternates

25 between A and B and the layer material B is interrupted
at regular spacings, with the gaps in the layer being
filled with plastic A. In a particular preferred
embodiment of the invention, the layers of material B
are embedded in the material A as unidirectional

30 strands.

In a further preferred embodiment of the invention, the
material B has a greater thermal expansion than material
A, material A preferably being amphorous and material B
35 being amorphous, crystalline or'partially crystalline.
The laminates are preferably prepared by co-extrusion.
Here, it is especially preferred if material B is
processed with an oscillating mass in the stream which
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Implementation of the invention
Thermoplastic materials A and B.

Mixtures of two polymers (plastic materials) are
normally incompatible. Incompatible polymer mixtures

10 are known from e.g. mechanical polymer mixtures (cf.
Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd
Ed., Vol. 18, p. 443 to 47, Wiley Interscience, 1982).
Therefore, there are few limitations to the choice of
plastic materials A and B. The thermoplastic A is

15 amorphous and has a lower coefficient of thermal
expansion than that of material B which may be
amorphous, partially crystalline or crystalline.
Preferably, material B has a higher tear resistance, a
higher shear stability and a higher viscosity than the

20 matrix material A.

Amorphous plastic materials A or B include e.g.
polyvinylester, polyvinylether, amorphous
polyvinylhalides, polystyrenes, polyphenylene oxides,

25 polyphenylene sulphides, polycarbonates, polysulphones,
amorphous polyamides, polyether ketones, polyether ether
ketones, polyether sulphones, polyimides, polyether
imides, polyfluoro alkenes, polyester carbonates,
'amorphous polyolefins and more especially

30 poly (meth)acrylates. Examples of crystalline or
partially crystalline wmaterials B are polymers whose
crystallinity is due to a uniform tacticity or a
sufficient number of small substituents, so that a
crystal lattice may form at least partially. Examples

35 include polyester, crystalline polyolefins, crystalline
polyvinyl halides, liquid-crystalline polymers with
mesogenic groups in the main and/or side chain or
preferably preferred crystalline polyamides. A
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Vol. 18, p. 720 to 755, Wiley Interscience, 1982.
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Plastic laminates

Figure 1 shows the basic structure of a three-layered
plastic laminate comprising an amorphous material A and

10 an amorphous, crystalline or partially crystalline
material B in the layer sequence A-B-A. The layer B is
discontinued at regular spacings, the gaps being filled
with material A thereby ensuring a close adhesion
between the two layers A. Material B has a greater

15 coefficient of thermal expansion than material A. This
means that as the result of the greater thermal
retraction of B a pretensioning of the material layers
may be achieved, when these layers which are embedded in
material A cool down. This produces advantageous

20 mechanical characteristics in the plastic laminate such
as higher breaking strength, higher bending strength,
greater dimensional stability and splintering upon
impact is avoided.

25 A further advantageous embodiment of the invention is
produced by inéorporating laminated segments made of
plastic material B whose cross-sections are subjected to
periodic change, thereby achieving an excellent
securement of the layers made of plastic material B to

30 plastic material A (Fig.2). Equally, the pretensioning
of the layers B clearly increases upon cooling which
contributes to the mechanical advantages of the plastic
laminate, as described above.

35  When a transparent material A and a non-transparent or
only partially transparent material B are used a plastic
laminate with a shaded effect may be produced which is
used, for example, for sunshades or light collectors.



gl ass I's relat bj ect and solution Apart from EP-PS 0 407
852, t-he prior nd published patent applications exclusively
déscrlbe plastlc Ian1nates wi th adhesive-l&yers. The use of additional

adhesive generally requires a great deal of _
By using materials A and B in different colours, plastic

laminates may be produced for illuminated advertising or
further applicational possibilities in the field of
lighting or decoration.

t enper at ur gs, T&Jﬁb& : ,bres exhibit no notable loss in tear
resi starfce as m fivveen such fibres and the surrounding acrylic

Preparing plastic laminates

According to the invention, plastic laminates preferably
made of amorphous material A and amorphous, crystalline

10 or partially crystalline material B are preferably
prepared by co-extrusion, in one production step which
is comparatively simple.

Figure 3 shows the so-called extrusion nozzle which is

15 the centre piece of the device for preparing the above
laminate. Material A is fed into the feed points (2) of
the nozzle shown and then distributed to the desired
product width in the two separate distribution channels
(5). Material B is fed to a distribution cross bore (6)

20 at the feed point (3) arranged between the distribution
channels (5) for material A. Material B leaves the
distribution cross bore through a larger number of bores
(7) which corresponds to a number of segments made of B
provided in the matrix made of A. At the point where B

25 leaves the bores, the two layers A are also guided
together thereby enclosing the strands made of material
B.

The cross-sectional shape of segments B in A largely

30 depends on the shape of the bores (7) in the discharge
region and the viscosity ratio of materials A and B. If
the viscosity of B is greater than that of A, the
segments of B and A have a more or less round cross-
section and in the opposite case, a more or less flat

35 one. After the laminate has left the nozzle, it may be
calibrated by conventional smoothing rollers. As the
material B is embedded in material A, it can only cool
down relatively slowly. If material B is partially
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change of the cross-section of segment B is required, it
5 may easily be achieved by intermittently changing the

stream of the compound fed in at'point (3). Since
material B has a higher thermal expansion than material
A, a pretensioning of segments B is obtained in
combination with the positive connection between the two

10 plastic materials (comparable with reinforced concrete).
This makes it possible to further improve the mechanical
characteristics of the laminate.

The following Example serves to illustrate the
15 invention:

Example

If a steel ball with a diameter of 100 mm (weight about
20 4 kg) is allowed to drop from a height of 1.5 m, at an
angle of 45°, onto a flat plate of 8 mm thickness made
of polymethyl methacrylate (PMMA, Plexiglas® 7H. Fa.
Réhm), this plate will break up with the formation of
many large splinters. If the same experiment is carried
25 out with the plate, according to the invention, in which
material A is PMMA (Plexiglas® 7H, made by R6hm, thermal
expansion co-efficient oy = 1.8 x 107 X at 120°C) and
material B is polyamide 12 (Vestamid® X 1852 made by
Hils AG, thermal expansion coefficient oy = 2.7 x 107t
30 K?! at 120°C), and in which the segments B have a spacing
of
30 mm and an oval cross-section with an average diameter
of 3 mm, the plate is only chipped and indented to the
rear at the point where the ball hits the plate; the
35 ball is retained and no splinters occur.

If the drop height of the ball falling onto the plate,
according to the invention, is increased to 2.2 m, the



Surpr|5|nghy35h&nﬂm§ Bedd RS found that nmulti-layer plastic | am nates may be
preparedffr nconpatible plastic materials A and B, and with
excel | ént ¢ m,mﬂm the layers if the | ayer sequence alternates

bet ween A a yer material Bis interrupted at regul ar

spacings, with the gaps in the layer beinggidled with plastic A In a
particul ar preferred enbodi nent of the invention, the |layers of nmaterial B
are enbedded i plEte ns drciten) Ins the daldct | Hotevar,amds . sglnintdus t her

preferred enbogj i 1Qfodde i ﬁ{'&tﬂ{ﬁ% t‘% edr%ﬁg %QEBQ}%S %or sfsater thermal

expansion than material A materia ern ous and
material B characteristics is achleved by u51ng segments B with a
cross-section which intermittently changes over the
5 length, thereby producing a positive connection between
A and B.

The thermal expansion coefficient o is determined
according to DIN 53752.



bei ng anDrphous crystalllne or partially crystalline. The lam nates are

preferabai‘y MUMJ rusion. Here, it is especially preferred if
nateri.al B i MC”' mian oscillating mass in the stream which
results in a perlodlc"change of the cross-sections of the segnents
conprising the layer of material B. |InplenBntation of the invention

Thernopl astic naterials A and B. Mxtures of two polyners (plastic
‘materials) are

1. Multi-layered plastic laminate comprising at least
two incompatible thermoplastic materials A and B,

5 characterised in that the layer sequence alternates
between A and B, that the layers of material B are
interrupted at regular spacings, and that the gaps in
layers B are filled with material A.

10 2. A multi-layered plastic laminate, according to
claim 1, characterised in that the layers of material B
are incorporated in material A as unidirectional
strands.

15 3. A multi-layered plastic laminate according to
claims 1 and 2, characterised in that material B has a
larger thermal expansion coefficient than material A.

4. A multi-layered plastic laminate according to

20 claims 1 to 3, characterised in that material A is
amorphous and material B is amorphous, partially
crystalline or crystalline.

5. A multi-layered plastic laminate according to claim
25 1 to 4, characterised in that the cross-sections of the
laminated segments made of material B change

intermittently.
6. A process for preparing multi-layered plastic
30 laminates according to claims 1 to 5, characterised in

that the laminated structure is prepared by co-
extrusion.
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. polyvinylester, polyvinylether, anorphous polyvinyl halides, polystyrenes,
polyphenylene oxi des, pol yphenyl ene sul phi des, pol ycarbonates,
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pol yvinyl halides, liquid-crystalline polyners with mesogenic groups in the
fai n and/or side chain or preferably preferred crystalline polyanides. A
5 description of the preparation and the characterisation of the plastic
qaterlals A and Bis givenin e.g. Kirk- OQhner, Encyclopedia of Chem cal
Technol ogy, 3rd. Ed. Vol. 18, p. 720 to-?B@,-VWIey | nt ersci ence, 1982.
Plastic lamnates Figure 1 shows the basic structure of a three-|ayered

. Abstract

The invention relates to multi-layered plastic laminates
and processes for their preparation from at least two

5 incompatible plastic materials A and B.with improved
adhesion between the layers, wherein the layer sequence
alternates between A and B, the layers of material B are
interrupted at regular spacings and the gaps in the
layers are filled with material A. In preferred

10 embodiments of the invention the amorphous, crystalline
or partially crystalline material B has a higher thermal
expansion coefficient than the amorphous material A.
Preferably, the plastic laminates are prepared by co-
extrusion.
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ptastic' | aninate conmprising an anorphous material A and aftod&d+phod®®
crystalline or partially crystalline material B in the |ayer sequence
A-B-A. The layer B is discontinued at regular spaC|ngs t he
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Area of the invention

The invention relates to plastic laminates comprising at
least two incompatible plastic materials A and B bonded
in several layers, in which the layer sequence
alternates between A and B, the layers made of plastic
material B are interrupted at regular spacings and the
gaps in the layers B are filled with plastic material A.

Prior art

Plastic laminates are known. Here, the main aim is a
good adhesion between the bonded members. In so doing,
the reinforcement of the plastic plates with fibres or
strips is one of the predominant aspects industrially.
Thus, DE-OS 38 35 575 describes, for example, a process
for preparing continuous moulded particles made of
reinforcing fibre formations which are impregnated into
thermoplastic meterial, the fibre formations being
guided through a thermoplastic melt. The impregnation
then produces a good adhesion of the reinforced fibres
in the thermoplastic matrix material.

DE-0S 38 10 374 discloses thermoplastic, fibre-
reinforced composite materials which are obtained by
impregnating reinforced fibres into the melt of
thermoplastic materials, polyamides, a low-molecular
weight acid amide and, optionally, an adhesive agent as
well as processes for the preparation ‘and use thereof.
This document describes. inter alia a process -in which a
mixture is used Wthh comprlses thermoplastlc materlal
'-polyamlde, acid amlde ‘and, optlonally, an adhesive agent -
in the form of a prev;ously prepared film or a newly
extruded synthetlc film, and 1n whlch the mlxture,}

Thus is the replaooment sheet
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reater- di nensional stability and splintering upon inpact is avoided. A
urt her advant ageous enbodi nent of the invention is produced by
i ncorporating |am nated segnments nade of plastic material B whose
cross-sections are subjected to periodic change, thereby achieving an
excel l ent securenent of the layers made of plastic material B to plastic
material A (Fig.2). Equally, the pretensTo%ihg of the layers B clearly

| ncreases Upo“t&ﬁ&{;hé‘ﬂ Mgﬁ%&?ﬁ%gk@g&e%iﬁgﬁéh%h??ﬁhé%cgke%%%“t&%% of
the plastic | escri ransparent nmateria
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plastic guided to a continuous press. Again, in this invention,
a good adhesion between fibres and thermoplastic matrix
is of significance.

US-Patent 4 058 581 describes a process for the
continuous preparation of moulded articles reinforced by
graphite fibres, in which initially the individual
graphite fibres are guided through a solution of a
thermoplastic resin, preferably a polypropylene grafted
with acrylic acid, in order to provide the adhesive
impregnation.

A process for preparing fibre composite materials
comprising a thermoplastic matrix and unidirectional
reinforcing fibres, in which the fibres are impregnated
into a molten thermoplastic material, is described in
EP-A 0 282 199. Here, continuously parallel,
mechanically non-connected fibre bundles and a
thermoplastic material are guided into a double band
press and compressed at high pressure and an elevated
temperature over a certain time and then cooled. 1In
this process, the fibres are completely and
simultaneously impregnated, making it possible to obtain
high fibre contents of more than 50% by volume in the
thermoplastic matrix. Again, a good adhesion between
fibre and thermoplastic matrix is important.

EP-PS 0 407 852 discloses plates made of acrylic glass,
which are suitable as noise-protection members and
contain plastic monofilaments or a latticed fabric made
of such fibres, embedded in the centreé of the plate.’
Here polyamlde fibres are preferably used. At lbw

' temperatures, the polyamlde fibres exhibit no notable
loss ‘in tear resistance as the. adhes;on between such -
fibres and the surroundlng acryllc glass is relatlvely

“low. ‘ ' Sl
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| am nate with a shaded effect may be produced which is used, for exanple,
for sunshades or |ight collectors. 6 By using materials A and B in
different colours, plastic | am nates may be produced for illum nated
advertising or further applicational possibilities in the field of I|ighting
or decoration. Preparing plastic | am nates_According to the invention,

pl astic | am nates preferably made of annrpﬁous mat eri al A and anor phous,

crystalline Object and solution

Apart from EP-PS 0 407 852, the prior art patents and
published patent applications exclusively describe
plastic laminates with adhesive layers. The use of
additional adhesive generally requires a great deal of
expenditure such as feed devices for the adhesive or
special guidance for the melt and/or extrudate in co-
extruded plastic composite materials. Furthermore, the
adhesion which may be achieved through adhesive layers
in the plastic laminate is limited. This means that a
process is required which combines non-compatible
plastic materials, and especially the mechanical
characteristics thereof, and which does not use
adhesive. The prior art document EP-PS 0 407 852 only
achieves this object to a limited extent in a very
complex manner, the discontinuous preparation of the -
plastic laminates made of acrylic glass and plastic
fibres being especially expensive.

Surprisingly, it has been found that multi-layer plastip
laminates may be prepared from at least two incompatiblé
_plastic materials A and B, and with excellent cohesion
between the layers if the layer sequence alternates
between A and B and the layer material B is inferrupted
at regular spacings, with the gaps in the layer being
filled with plastic A. In a particular preferred
embodiment of the invention, the layers of material B
are embedded in the material A as unidirectional
strands.

In a further preferred embodiment of the invention, the
matérial B has a gréater thermal expansion than material’
A, material A preferably being -amphorous and'material-B
'beihg amorphous, crystailine or_partially'crystéliine.
“The laminates are preferabiywptepared by co-extrusion.
 Here, it is especially preferred if material Blis”-
.. processed with an oscillating mass . in the stream which o _
. : This s the ,ép@oo_ment gheetl .
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or-partially crystalline material B are preferably prepared by
co-extrusion, in one production step which is conparatively sinple. Figure
3 shows the so-called extrusion nozzle which is the centre piece of the
device for preparing the above lamnate. Material Ais fed into the feed
points (2) of the nozzle shown and then digtributed to the desired product
width in the two separate distribution channels (5). Material Bis fed to a

‘di.stribution cresuity ad @ gdritded Q@&r@fé Hf (e %ﬂoyw%é&qtd@%erbﬁ he
di stri bution channel s i‘% for mater. al erlal B | eaves the

di stribution cf %%%Hﬁb&p§1 G Brehi ch

corresponds to a nunber of segnents nade of B
Implementation of the invention

Thermoplastic materials A and B.

Mixtures of two polymers (plastic materials) are
normally incompatible. Incompatible polymer mixtures
are known from e.g. mechanical polymer mixtures (cf.
Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd
Ed., Vol. 18, p. 443 to 47, Wiley Interscience, 1982).
Theréfore, there are few limitations to the choice of
plastic materials A and B. The thermoplastic A is
amorphous and has a lower coefficient of thermal
expanéion than that of material B which may be
amorphous, partially crystalline or crystalline.
Preferably, material B has a higher tear resistance, a
higher shear stability and a higher viscosity than the
matrix material A.

Amorphous plastic materials A or B include e.g.
polyvinylester, polyvinylether, amorphous
polyvinylhalides, polystyrenes, polyphenylene oxides,
polyphenylene sulphides, polycarbonates, polysulphones,
amorphous polyamides, polyether ketones, polyether ether
ketones, polyether sulphones, polyimides, polyether
imides, polyfludfb alkenes, polyester carbonates,
amorphous polyolefins and more especially
poly (meth)acrylates. Examples Qg crystalline or
partially crystalline materiald”B are polymers whose
crystallinity is due to a uniform tacticity or a
sufficient number of siiall substituénts, so that a
. crystal lattice may form at least partially Examples
include polyestér, crystalllne polyoleflns, crystalllne
| polyvinyl halides, liquid- crystalllne polymers with
‘mesogenic groups in the main and/or side chain or’
..:preferably preferred crystalllne polyamldes " A

This is the replaooment sheet

“paer 15 AUG 1996



provided in the matrix nade of A At the point where B | eaves the bores,
the two | ayers A are al so gui ded together thereby encl osing the strands
made of material B. The cross-sectional shape of segnments Bin A largely
depends on the shape of the bores (7) in the discharge region and the
viscosity ratio of materials A and B. If the viscosity of Bis greater than
that of A the segnents of B and A have a re or less round cross- section

and in the oppagsd : t Lhat e_has

"ot the mozel e o8 fan EPERe prafRtal o ARl Ol e TR ™

the material B.95 EpitRetin makterials A apdcBnidrgivenoln e.9. Kirk-
Othmer, Encyclopedia of Chemical Technology, 3rd. Ed.

Vol. 18, p. 720 to 755, Wiley Interscience, 1982.

Plastic laminates

Figure 1 shows the basic structure of a three-layered
plastic laminate comprising an amorphous material A and
an amorphous, crYstalline.or partially crystalline
material B in the layer sequence A-B-A. The layer B is
discontinued at regular spacings, the gaps being filled
with material A thereby ensuring a close adhesion
between the two layers A. Material B has a greater
coefficient of thermal expansion than material A. This
means that as the result of the greater thermal
retraction of B a pretensioning of the material layers
may be achieved, when these layers which are embedded in
material A cool down. This produces advantageous
mechanical characteristics in the plastic laminate such
as higher breaking strength, higher bending strength,
greater dimensional stability and splintering upon
impact is avoided.

A further advantageous embodiment of the invention is
produced by incorporating laminated segments made of
plastic material B whose cross-sections are subjected to
periodic change, thereby achieving an excellent
securement of the layers made of plastic material B to
plastic material A (Fig.2). Equally, the pretensioning
of the layers B clearly increases upon cooling which
contributes to the mechanical advantages of the plastic
laminate, as described above. ’ ' '

When a transparent materiailA and a non-transparent or
only partially transparent material B .are used a plastic
laminate with a shaded effect may be produced which is
‘used, for example, for sunshades or light collectors.
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down retatively slowy. If material B is partially 7 crystalline or
crystal line, considerably higher degrees of crystallinity are achieved than
wi th conventional extrusion of strands B. If a lengthwise intermttent
change of the cross-section of segnent Bis required, it may easily be
achieved by intermttently changing the stream of the conpound fed in at .
point (3). Since material B has a higher'Tﬁ%Fnal expansi on than material A

a pretensioni n%yofussi%%tsega{lss (}Ptaarild-'eéj 1|rp different colours, plastic -
laminates may be produced for illuminated advertising or
further applicational'possibilities in the field of
lighting or decoration.

Preparing plastic laminates

According to the invention, plastic laminates preferably
made of amorphous material A and amorphous, crystalline
or partially crystalline material B are preferably
prepared by co-extrusion, in one production step which
is comparatively simple.

Figure 3 shows the so-called extrusion nozzle which is
the centre piece of the device for preparing the above
laminate. Material A is fed into the feed points (2) of
the nozzle shown and then distributed to the desired
product width in the two separate distribution channels
(5). Material B is fed to a distribution cross bore (6)
at the feed point (3) arranged between the distribution
channels (5) for material A. Material B leaves the )
distribution cross bore through a larger number of boreé
(7) which corresponds to a number of segments made of B
provided in the matrix made of A. At the point where B
leaves the bores, the two layers A are also guided

together thereby enclosing the strands made of material
B.

The cross-sectional shape of segments B in A largely
depends on the shape of the bores (7) in the discharge
region and the viscosity ratio of materials A and B. If
the viscosity of B is greater than that of A, the '
segments of B and A have a more or less round cross-
section and in the opposite case, a more or less flat
one. .After the laminate has left the nozzle, it may be
calibréted-by conventional smoothing rollers. As the
material B. is- embedded in material A, it can only cool
down relétivéiy_sléwly.r If material'B_is partia}ly,
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conbination with the positive connection between the two plastic materials
(conparable with reinforced concrete). This nmakes it possible to further

i nprove the nmechani cal characteristics of the |am nate. The foll ow ng
Exanpl e serves to illustrate the invention: Exanple If a steel ball with a
di aneter of 100 mm (wei ght about 4 kg) is gllowed to drop froma hei ght of
1.5 m at an angle of [err], onto a flat plate of 8 mmthickness nade of

pol ynet hyl net fa«%%selaatﬁr{ef’wcdﬁeahﬁ e F%or{sqrdéﬁabﬂwlrﬁgqlé};% hlde break
up with the formation of many |arge splinters. he “sane experlnent S
carri ed of crystallinity are achieved than w1th conventional

extru51pn of strands B. If a lengthwise intermittent
change of the cross-section of segment B is required, it
may easily be achieved by intermittently changing the
stream of the compound fed in at point (3). Since
material B has a higher thermal expansion than material
A, a pretensioning of segments B is obtained in
combination with the positive connection between the two
plastic materials (comparable with reinforced concrete).
This makes it possible to further improve the mechanical
characteristics of the laminate.

The following Example serves to illustrate the
invention:

Example

If a steel ball with a diameter of 100 mm (weight about
4 kg) is allowed to drop from a height of 1.5 m, at an
angle of 45°, onto a flat plate of 8 mm thickness made
of polymethyl methacrylate (PMMA, Plexiglas® 7H. Fa.
Réhm), this plate will break up with the formation of

" many large splinters. If the same experiment is carried
out with the plate, according to the invention, in which
material A is PMMA (Plexiglas® 7H, made by Rdhm, thermal
expansion co-efficient o; = 1.8 x 107! K! at 120°C) and
material B is polyamide 12 (Vestamid® X 1852 made by
Hils AG, thermal expansion coefficient o, = 2.7 x 107*
K! at 120°C), and in which the segments B have a spacing
of
30 mm and an oval cross-section with an average diameter
of 3 mm, the plate is only chipped and indented to the
rear at the point-where the ball hits the plate,. the.
ball is'refained and no splintérs occur.

If the drop height of the ball falling onto the plate, .
" according to the invention, isﬁinCréased to'2.2,m, the
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out with the plate, according to the invention, in which material A is PMVA
([err] 7H, made by [err], thermal expansion co-efficient [err] = 1.8 X

[err] at [err]) and material Bis pol yam de 12 [er] X 1852 nade by [err]

AG thermal expansion coefficient [err] = 2.7 x [err] [err] at [err]), and
in which the segnents B have a spacing of 30 mm and an oval cross-section
with an average dianeter of 3 nm the plat 1s only chipped and indented to

the rear at t Q@énis“9$§ﬁ?ﬁhﬁﬁbéﬂé th§0€%9é§é|%Q a??lnte r et ai ned

and no splinters occur

rop helg ing 6fito t he
‘accor dilbeak toesenveht fanthes imprevement oof. they abpue

characteristics is achieved by using segments B with a
cross-section which intermittently changes over the
length, thereby producing a positive connection between
A and B.

The thermal expansion coefficient o is determined
according to DIN 53752.
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8 plate is broken by the ball. However, no splinters break |oose. A further
| nprovene haracteristics is achieved by using segnents B
with a crmﬂllmunn]mRMFuﬁ intermttently changes over the |length, thereby
produci ng & pbsitivk donrection between A and B. The thermal expansion
coefficient [err] is determ ned according 4o DI N 53752.

Claims

1. Multi-layered plastic laminate comprising at least
two incompatible thermoplastic materials A and B,
characterised in that the layer sequence élternates
between A and B, that the layers of material B are
interrupted at regular spacings, and that the gaps in
layers B are filled with material A.

2. A multi-layered plastic laminate, according to
claim 1, characterised in that the layers of material B
are incorporated in material A as unidirectional
strands. '

3. A multi—layeredlplastic laminate according to
claims 1 and 2, characterised in that material B has a
larger thermal expansion coefficient than material A.

4. A multi-layered plastic laminate according to
claims 1 to 3, characterised in that material A is
amorphous and material B is amorphous, partially
crystalline or crystalline.

5. A multi-layered plastic laminate according to claim

p 1 to 4, characterised in that the cross-sections of the
laminated segments made of material B change
intermittently.

6. A process for preparing multi-layered plastic
laminates according to claims 1 to 5, characterised in
that the laminated structure is prepared by co-
extrusion.
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9 dains 1. Mul ti-layered plastic |am nate conprising at |east two
“inconpatible thernoplastic materials A and B, characterised in that the

| ayer sequence alternates between A and B, that the layers of material B
;are interrupted at regul ar spacings, and that the gaps in layers B are
filled wth material A 2. A multi-layered plastic |am nate, according to
claim1, characterised in that the layers of material B are incorporated in
material A as unidirectional 10

CCMPOSITE MADE OF INCOMPATIBLE PLASTICS
Abstract

The invention relates to multi-layered plastic laminates
and processes for their preparation from at least two
incompatible plastic materials A and B with improved
adhesion between the layers, wherein the layer sequence
alternates between A and B, the layers of material B are
interrupted at regular spaciﬁgs and the gaps in the
layers are filled with material A. In preferred
embodiments of the invention the amorphous, crystalline
or partially crystalline material B has a higher thermal
expansion coefficient than the amorphous material A.
Preferably, the plastic laminates are prepared by co-

. extrusion.

FIGURE 1
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strands. 3. A multi-layered plastic |am nate according to clains 1 and 2,
»characterised in that material B has a |arger thermal expansion coefficient

than material A 4. A multi-layered plastic |am nate according to clains
1 to 3, characterised in that material A is anorphous and material B is
anor phous, partially crystalline or crystalline. 5. A multi-layered

plastic lam nate according to claiml1l to 4, characterised in that the
cross-sections of the | am nated segnents made of naterial B change

“intermttently. 6. A process for preparing nulti-Ilayered plastic
172
Fig. 1
4 - ~ P
-7 /’/)’///’/ //’///;/
P - ~ .
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Jam nates according to clains 1 to 5, characterised in that the | am nated
structure is prepared by co- extrusion.

2/2

. | ) - / (5)

Fig. 3

(%)
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