
9803 138 -8                            -1-      PROCESS FOR MANUFACTURING A
PLASTIC COMPOSITE PROFILE,         PLANT FOR THE IMPLEMENTATION OF THE
PROCESS, AND                    PLASTIC COMPOSITE PROFILE               The
invention relates to a process for manufac-  5 turing a plastic composite
profile, of any cross section,     having an outer layer or skin made of a
first material     and at least one inner layer made of a different
material     suitable for adhering to the skin, according to which
process the materials of the profile are coextruded. 10          The
invention relates especially to the manufac-     ture of profiles with a
prismatic surface, having differ-     ently oriented plane faces joined
together in arcs of low     radius of curvature, the outline of the cross
section of     the profile having the shape of a convex, or concave, or 15
convex and concave polygon. The reader is reminded that     a polygon is a
figure formed by an ordered sequence of     segments or sides, each of
which has one end common with     the previous one and with the following
one.             The invention relates more particularly, but not 20
exclusively, to the manufacture of profiles used in the     construction
industry,  for example  for door  frames,     window frames, partition
elements and wall coverings.             A process of this kind is known
from document     FR-A-2,470,672. This process uses a complex coextrusion
25 head comprising two extrusion nozzles, the cross sections     of which
have shapes identical or similar to those of the     desired sections for
the various materials in the com-     pleted profile. 



The coextrusion head is specific to a particular 30  profile.  It is
therefore necessary to have as many     coextrusion  heads  as  types  of
profiles   to  be     manufactured.             Now, a coextrusion head
comprising at least two     nozzles, and sometimes more, for the inlet of
different 35  materials is expensive. This entails considerable invest-
ment when there are many different sections of profiles     to be produced.
Moreover, it is known to manufacture plastic
-2-       tubes with a composite wall, as taught for example by
FR-A-2,455,972, but this document does not provide for      the manufacture
of profiles with a prismatic surface and      with a composite wall.  5
First and foremost, the object of the invention      is to provide a
process for manufacturing a plastic      profile with a composite wall
which is more flexible than      the processes known hitherto and which
allows a large      number of profiles of different sections to be manufac-
10  tured with lower investment costs.              It is also desirable
for the process to be able      to combine at least two layers of material
making a      particular contribution to the properties of the final
profile: for example, a saving by the use of a less 15  expensive material
for the inner layer than that for the      skin, and/or an improvement in
the thermal insulation 



properties by using a core foamed or cellularized      material for the
inner layer, while still obtaining the      desired properties on the
surface (for example, resis- 20  tance to UV radiation, color, surface
hardness, etc.) by      a suitable formulation of the material of the
external      layer or skin.             According to the invention, a
process for     manufacturing a plastic profile with a composite wall, of
25  the kind defined above, is characterized in that:      - in a first
step, a solid cylindrical bead, for example      with a circular external
outline, is produced using a      coextrusion unit, in which bead the skin
material forms      an outer ring while the material of the inner layer
forms 30  the core; and      - downstream of the coextrusion unit, the
cross section      of the cylindrical bead is gradually converted using a
simple extrusion head into the desired section for the      profile, in
such a way that the skin remains present at 35  least on all  the
essential parts  of  the  completed     profile.             The expression
"simple extrusion head" is under-     stood to mean an extrusion head of
the kind used for     manufacturing single-material profiles.
-3-               According to the invention, the coextrusion unit      is
easy to produce, and is therefore relatively      inexpensive, since it
serves for making a two-material 



solid cylinder, whatever the shape of the cross section  5  created by the
extrusion head which follows, the latter      being less expensive than the
complex coextrusion heads      of the prior art.              Thus,
according to the process of the invention,      to change the shape of the
cross section of the profile, 10  within defined limits, does not require
changing the      coextrusion unit. All that is required is to fit the
intended means to the output end of this coextrusion unit      in order to
ensure the gradual conversion of the section      of the bead into the
desired section for the profile. 15          The cylinder output by the
coextrusion unit does      not necessarily have a circular section and may
have an      oval section or a section in the form of an ellipse.
Preferably, sharp corners or angles in the section of the      bead are
avoided as they cause material stagnation. 20          The solid section of
the bead output by the      coextrusion unit may, firstly, be converted
into an      annular section, the central part being filled with a
mandrel, before it reaches the coextrusion head.             The bead
output by the coextrusion unit may have 25  an internal layer of solid
cross section with an approxi-     mately elliptical outline so that two
diametrically     opposed regions of the outer layer of the bead have a
smaller thickness, these regions being called upon to     correspond to
short sides of the cross section of the 30  completed profile.
The invention also relates to a plant for the     implementation of the
process defined above, this plant     comprising a first extruder for the
skin material and a     second extruder for the material of the inner
layer; 35  according  to  the  invention,  a  coextrusion  unit  is
connected to the output ends of the two extruders and is     suitable for
providing, as output, a cylindrical bead of     solid section, for example
having a circular or approxi-     mately circular outer contour, which
includes an outer 



-4-      layer and an inner layer, and this unit is followed by a
simple extrusion head suitable for gradually changing the     section of
the cylindrical bead to a section whose shape     is that desired for the
profile, while at the same time 5  ensuring that there is a thickness of
skin on at least     all the essential parts of the completed profile.
The coextrusion unit comprises a body through     which an axial bore
passes, a nozzle having a central     channel which is fed by an extruder
for forming the core 10  of the composite bead being mounted in the said
axial     bore. That end of the nozzle lying on the output side of     the
unit has a frustoconical outer surface which defines,     together with an
approximately parallel frustoconical     surface of a counter-piece, a
frustoconical annular 15  passage, which converges toward the output end,
for the      skin material.             Preferably, the extrusion head is
composed of      several stacked extrusion plates, each plate having a die
defining a cross-sectional shape which increasingly 20  approaches the
desired section for the profile on moving      further away from the
coextrusion unit.             Advantageously, the plant includes,
downstream of      the extrusion head, a sizing unit, in particular a
cooled      sizing unit, suitable for freezing the skin of the 25  profile,
while the inner layer may, depending on the     case, undergo expansion
inside the skin. 



The invention also relates to a plastic profile     with a composite wall,
having any cross section, compris-     ing an outer layer or skin made of a
first material and 30  an inner layer made of a second material suitable
for     adhering to the skin, which profile is especially     obtained by
the process of the invention, characterized     in that the thickness of
the skin varies over the outline     of the cross section. 35          In
particular, this thickness is greater in the      regions of small
transverse dimension of the completed      profile than in the regions of
large transverse      dimension.             Nonessential parts of the
profile may be devoid               of skin, the inner layer coming to the
surface.             Advantageously, the material of the inner layer     is
less expensive than that of the skin.             Depending on the case,
the material of the inner 5 layer may be chosen to provide properties
lacking in the     outer layer, which is chosen mainly for its aesthetic
appearance; in particular, the inner layer may be made of     cellular foam
in order to improve the thermal and/or     acoustic insulation. 10
Apart from the arrangements explained above, the     invention consists of
a certain number of other arrange-     ments which will be explained in
greater detail below     with regard to illustrative embodiments which are 



described with reference to the drawings appended hereto 15  but which are
entirely nonlimiting.             Figure 1 in these drawings is a diagram
of a     plant according to the invention for the manufacture of     a
plastic profile with a composite wall.             Figure 2 is a sectional
diagram, on a larger 20  scale, of the sizing unit or sizing rig shown in
Figure      1.             Figure 3 is a cross section, on a larger scale,
of the plastic bead output by the coextrusion unit before      it enters
the tooling. 25          Figure 4 is a cross section showing a conversion
of the section shown in Figure 3.             Figure 5 is an alternative
form of the cross      section of the plastic bead output by the
coextrusion      unit. 30          Figure  6  is  an  axial  section
through  the      coextrusion unit according to the invention.
Figure 7 is a cross section of a hollow profile,     with an approximately
rectangular section, obtained using     a cylindrical bead. 35
Figure 8 is a cross section of an alternative      form of the hollow
profile shown in Figure 7.             Figure 9 is a cross section of
another profile      obtained using a cylindrical bead having a section
according to Fig. 3.                                       -6-  



Figure 10 is a cross section of another profile     which can serve as a
wall covering element.             Finally, Figure 11 is a cross section of
an     alternative form of profile.  5          Referring to the drawings,
especially to Figure     1, a plant I may be seen for manufacturing a
plastic,     more especially a thermoplastic, profile P with a
composite wall, having any cross section.             Figures 7 to 11 give
examples of possible cross 10  sections for profiles Pa, Pb, Pc, Pd and Pe.
The profile with a composite wall comprises an     outer layer or skin 1
made of a first material and at     least one inner layer 2 made of second
material suitable     for adhering to the skin 1. 15          The profile,
such as Pa, Pb, Pc, Pd and Pe,     generally has a prismatic shape of
polygonal section with     convex and/or concave parts. The profile has
differently     oriented plane faces such as the faces 3 and 4 for the
profiles Pa, Pb, the faces 5 and 6 for the profile Pc and 20  the faces 7
and 8 for the profile Pd. These plane faces      are joined together in
arcs 9, 10 or 11 of small radius      of curvature. The expression "small
radius of curvature"      is understood to mean arcs 9, 10 and 11 whose
average      radius of curvature is markedly less than the radius of 25
the circle  circumscribing  the  cross  section of  the     profile in
question, in particular less than a tenth of     this radius of the
circumscribing circle, but this value     is in no way limiting.
The profile such as Pe (Fig. 11) has a prismatic 30  shape with a
nonstraight face 30 of large radius of      curvature. Depending on the
desired range of profiles, it      may have several nonstraight faces.
The plant I comprises a first extruder 12 for the      skin material 1 and
a second extruder 13 for the inner 35  layer. The profile P is output along
the direction of the     axis of the second extruder 13. The axes of the
two 



extruders may be placed at right angles, as illustrated     in Figure 1.
According to the invention, a coextrusion unit 14
-7-      is connected to the output ends of the two extruders.     This
unit 14 provides, at its output end 15, a composite     cylindrical bead 16
(Fig. 3) of solid section, for     example with a circular or approximately
circular out- 5 line, comprising at least two, and in particular
concentric, layers la, 2a.             As may be seen in Figure 6, the unit
14 comprises     a body 14a through which an axial bore 14b passes, a
nozzle 14c having a central channel which is fed by the 10  extruder 13 for
forming the core 2a of the composite bead     being mounted in the said
axial bore 14b. That end of the     nozzle 14c lying on the output side of
the unit has a     frustoconical outer surface 14d which defines, together
with an approximately parallel frustoconical surface of 15  a counter-piece
14e, a frustoconical annular passage 14f,     converging toward the output
end. A hole 14g is provided     in the body 14a and emerges in the bore 14b
near a groove     14h. This groove 14h is joined to the passage 14f. A
piece 14i is engaged in the hole 14g in order to feed 20  this hole with
the skin material coming from the extruder      12.             The unit 14
is followed by a simple extrusion     head 17, suitable for gradually
converting the solid 



section of the cylindrical bead 16 into a section whose 25  shape is that
desired for the profile, for example as     illustrated, in Figs. 7 to 11,
while at the same time     ensuring that there is a skin of thickness e on
all the     essential parts of the completed profile.             Despite
the considerable difference between the 30  shape of the section of the
cylindrical bead 16 and that     of the section of the completed profile
Pa, Pb, Pc, Pd,     Pe, it is possible to obtain, according to the
invention,     a profile with a composite wall having a skin 1 at least
on the essential parts of the profile. 35          To achieve this
surprising result, it was firstly     necessary to overcome the prejudice
which considered that     it was impossible to go from the section of the
cylindri-     cal bead 16 to that of the very different completed
profile, with variously oriented plane or nonplane faces,
8-       without extensive fracture of the outer layer la.              In
an intermediate step, the cylindrical bead 16      of solid section may be
converted, before the bead      reaches the extrusion head 17, into a
composite cylindri-  5 cal tubular bead 18 (Fig. 4) with coaxial walls, the
inner layer being formed by a ring surrounding a space 19      which is
devoid of plastic but is filled by a metal      mandrel D. This tubular
bead 18 is produced convention-      ally by positioning the tool or
mandrel D coaxially with 10  the bead 16 along its path on leaving the unit
14. 



The extrusion head 17 preferably consists of      several plates 17a, 17b,
17c, etc. juxtaposed in a      direction parallel to the direction of
advance of the      bead 16 and of the profile P. Each plate 17a, 17b, 17c,
15  etc.  has  a  die  defining  a  sectional  shape  which
increasingly approaches the desired section for the      profile P on
moving further away from the coextrusion      unit 14. Mandrels are
suitably positioned in the plates      17a, 17b, etc. when the profile has
to have hollow spaces 20  such as 20 (Figs. 7 and 8), 21 (Fig. 9) or 31
(Fig. 11).             In the plant of the invention, the coextrusion
unit 14 can remain unchanged in the case of profiles P of      highly
diverse sections. All that is required is to      change the tooling formed
by the extrusion head 17 or 25  some of the plates in this tooling in order
to obtain, as      output, the desired profile from the same cylindrical
input bead 16. This results in a substantial saving in      investment
since the unit 14 may serve to manufacture      several profile sections
and since modifications to the 30  single-material extrusion heads 17 are
much less expen-      sive than modifications to complex coextrusion heads.
In addition, if the simple extrusion heads are     already in possession of
the extruder, this coextrusion     unit enables them to be used to
manufacture coextruded 35  profiles.             Tests have shown that,
when converting the solid     section of the cylindrical bead 16 into a
polygonal     section, for example such as that of the profile Pa, Pb
or Pc shown in Figs. 7, 8 or 9, the thickness of the skin        



-9-      1 is variable and irregular around the outline of the
cross-section, as may be seen in the drawing. In particu-     lar, the skin
1 is thicker on the faces, such as 5, of     small transverse dimension
than on the faces 6 of large 5 transverse dimension. To reduce this effect,
a unit 14     may be provided which outputs a cylindrical bead 16'
(Fig. 5) whose external outline is circular, whereas the     outline 22 of
the inner layer 2a is approximately ellip-     tical with its major axis
oriented so that the thickness 10  of the skin la in the bead 16' is
minimal in opposed     regions such as 23, to which the small faces, such
as 5,     of the completed profile correspond.             The extrusion
head 17 is followed by a sizing     unit 24 or sizing rig, as shown for
example in document 15  FR-A-1,498,620  and illustrated in greater detail
in     Fig. 2.             The plastic in the extruders, in the coextrusion
unit 14 and in the extrusion head 17 is worked hot at a     temperature
appropriate to the thermoplastic used. For 20  example in the case of PVC,
the temperature in the unit     14 and the extrusion head 17 may be about
190[err]C. On the     other hand, the sizing unit 24 is maintained at a
relatively low temperature, of about 15[err]C, by circulating     cooling
water in an annular chamber 25 surrounding a 25  sleeve 26 against which
the skin 1 of the profile P is in     contact. The skin 1 freezes on
contacting the cold wall     26.             On leaving the extrusion head
17, the inner layer     2 is no longer contained by a tool or mandrel 27,
the 30  volume  inside  the sleeve  26 being completely open.     Depending
on the material used for the inner layer 2,     this layer may undergo
expansion on leaving the extrusion     head 17, in the sizing unit 24, with
a change of density, 



in order to give a cellular foam. The expansion of the 35  layer 2, shown
diagrammatically in Figure 2, may be     limited so that a hollow space 28
remains inside the     profile P.             As illustrated in Figures 7
and 8, the compact     PVC inner layer 2 may have a relatively small
thickness.                                      - 10 -              The two
layers 1 and 2 of the completed profile     are chosen so as to be
compatible and to make a particu-     lar contribution to the properties of
this profile. For     example, a cost saving may be made by using a less  5
expensive material for the inner layer 2 than for the     layer 1, which
however does give the profile an attract-     ive appearance, at least in
its essential parts when it     is present. According to another
possibility, capable of     being combined with the previous one, the
thermal insula- 10  tion properties of the profile are improved by using a
core foamed or cellularized material for the inner layer     2 and/or
expected surface properties (resistance to UV     radiation, color, surface
hardness, etc.) are obtained by     a suitable formulation of the material
of the external 15  layer 1.             Figures 9 and 11 diagrammatically
illustrate      sections of profiles Pc and Pe which can be used for door
frames or window frames. Nonessential parts of the      profile, especially
parts which are not visible, such as 20  the parts B, are devoid of skin,
the core material coming 



to the surface.             The profile Pa shown in Figure 7 corresponds to
a hollow box of rectangular section.             The profile Pb shown in
Figure 8 is similar on 25  the outside to the profile Pa shown in Fig. 7
but, on the     inside, it includes longitudinal webs forming stiffening
braces made of the core material.             The profile Pd shown in
Figure 10 corresponds to     a wall covering element provided for fitting
into similar 30  adjacent elements; the large dimension of the element Pc
is perpendicular to the plane of Figure 10 and is     generally positioned
vertically when this profile, whose     visible outer face 7 lies in the
top part of Figure 10,     is put into place. With such a profile, for
example, the 35  skin 1 could be partially absent on the inner face 29
which is not visible when this profile is in place.             Of course,
the invention is not limited to the     case in which the skin 1 is made of
compact PVC and the     inner layer 2 of cellular PVC, or PVC of
inexpensive                formulation. It is possible to work with other
materials,      for  example  with  polyethylene,   PMMA   (polymethyl
methacrylate) or ABS (acrylonitrile-butadiene-styrene),      optionally
combining  them  together  if  they  are  5  compatible.             The
invention provides a considerable economic     advantage since it is not
necessary to change the 



coextrusion unit each time the profile cross-section is     changed, as
this coextrusion unit is of relatively 10  inexpensive construction, and as
the final extrusion head     is a simple and conventional head such as
those used for     single-material profiles.
- 12 -                               CLAIMS       1.     Process for
manufacturing a plastic composite     profile, of any cross section, having
an outer layer or     skin made of a first material and at least one inner
5  layer made of a different material suitable for adhering     to the
skin, according to which process the materials of     the profile are
coextruded, characterized in that:             - in a first step, a
cylindrical bead (16, 16')     of solid section is produced using a
coextrusion unit 10   (14), in which bead the skin material forms an outer
ring      (la) while the material of the inner layer forms the core
(2a); and             - downstream of the coextrusion unit, the cross
section of the cylindrical bead is gradually converted 15  using a simple
extrusion head  (17)  into the desired      section for the profile, in
such a way that the skin (1)      remains present at least on all the
essential parts of      the completed profile (P, Pa, Pb, Pc, Pd, Pe).
2.     Process according to Claim 1, characterized in 



20  that the solid section of the bead (16) output by the     coextrusion
unit (14) is converted, firstly, into an     annular section (18) before it
reaches the extrusion     head, the central part (19) being filled with a
mandrel     (D). 25  3.      Process according to Claim 1 or 2,
characterized      in that the bead (16') output by the coextrusion unit
has      an internal layer (2a) with an approximately elliptical      cross
section (22) so that two opposed regions (23) of      the outer layer of
the bead have a smaller thickness, 30  these regions being called upon to
correspond to short      sides (5) of the cross section of the completed
profile      (Pb).      4.     Process  according to one of Claims  1 to 3,
characterized in that the cylindrical bead (16, 16') 35  output by the
coextrusion unit (14) has a cross section     with a circular or
approximately circular outline.     5.     Plant  for  the  implementation
of  the  process     according to one of Claims 1 to 4, comprising a first
13      extruder for the skin material and a second extruder for     the
material of the inner layer, characterized in that it     comprises:
- a coextrusion unit (14) connected to the output 5  ends of the two
extruders and suitable for providing, as     output, a cylindrical bead
(16, 16') of solid section,     having an outer layer (la) and an inner
layer (2a); and 



- downstream of the unit (14), a simple extrusion     head (17) suitable
for gradually changing the section of 10   the cylindrical bead (16, 16')
to a section whose shape      is that desired for the profile (P, Pa, Pb,
Pc, Pe),      while at the same time ensuring that there is a thickness
(e) of skin (1) on at least all the essential parts of      the profile. 15
6.     Plant according to Claim 5, characterized in that      the
coextrusion unit (14) comprises a body (14a) through      which an axial
bore (14b) passes, a nozzle (14c) having      a central channel which is
fed by an extruder (13) for      forming the core (2a) of the composite
bead (16, 16') 20  being mounted in the said axial bore (14b).      7.
Plant according to Claim 6, characterized in that      that end of the
nozzle (14c) lying on the output side of      the unit (14) has a
frustoconical outer surface (14d)      which defines, together with an
approximately parallel 25   frustoconical surface of a counter-piece (14e),
a frusto-      conical annular passage (14f), which converges toward the
output end, for the skin material.      8.     Plant according to Claim 7,
characterized in that      a hole (14g) is provided in the body (14a) and
emerges in 30   the bore (14b) near a groove (14h).      9.     Plant
according to one of Claims 5 to 8, charac-      terized in that the
extrusion head (17) is composed of      several stacked plates (17a, 17b,
17c, etc.), each plate      having a die defining a cross-sectional shape
which 35  increasingly approaches  the desired  section  for  the
profile on moving further away from the coextrusion unit     (14).     10.
Plant according to one of Claims 5 to 9, charac-     terized in that it
includes, downstream of the extrusion     



- 14 -       head (17), a sizing unit (24) suitable for freezing the
skin (1) of the profile, while the inner layer (2) may,      depending on
the case, undergo expansion inside the skin.      11.     Plastic profile
with a composite wall, having any  5   cross section, obtained by a process
according to one of      Claims 1 to 4, comprising an outer layer or skin
(1) made      of a first material and at least one inner layer (2) made
of a second material suitable for adhering to the skin,      characterized
in that the thickness (e) of the skin (1) 10  varies over the outline of
the cross section.      12.     Plastic profile with a composite wall
according      to Claim 11, characterized in that the thickness (e) of
the skin is greater in the regions (5) of small trans-      verse dimension
of the section of the completed profile 15   (Pb) than in the regions (6)
of large transverse dimen-      sion of the section.      13.    Profile
according to Claim 11 or 12, character-      ized in that nonessential
parts (B) of the section of the      profile are devoid of skin, the core
material coming to 20   the surface.    


