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Description

[0001] The invention relates to a process for produc-
ing a thermoplastic moulded part, which comprises the
following steps:

a) dispersing reinforcing fibres in a melt of a poly-
olefin or a polycondensation polymer,
b) injecting the polymer composition thus obtained
into a closed mould by means of an extruder or an
injection-moulding machine.

[0002] Such a process is known from JP-A-5-17631.
JP-A-5-17631 describes a process for injection-mould-
ing a flat plate of fibre-reinforced polypropylene.
[0003] JP-A-7-16933 discloses a process in accord-
ance with the preamble of claim 1.
[0004] A drawback of the method described in JP-A-
5-17631 is that the fibre-reinforced polypropylene de-
scribed herein results in a specific modulus and a spe-
cific strength which are lower than desired.
The aim of the invention is to eliminate this drawback
[0005] This aim is achieved by the process of claim
1.[deletion(s)]
[0006] The moulded part surprisingly expands during
the opening of the mould and a thermoplastic moulded
part with a porous centre is obtained. The expanded
moulded part obtained by the process according to
claim 1 has a better specific modulus and strength than
the known moulded part.
[0007] Partly opening the mould in this specification
is understood to mean the opening of the mould over a
certain path length until the distance between both
mould halves is equal to the desired thickness of the
moulded part.
[0008] In the case of moulded parts, the requirements
with respect to stiffness and strength determine the
moulded part's thickness, and hence also its price. The
so-called specific modulus and strength are used to en-
able comparison of the modulus and strength of mate-
rials for moulded parts. They are index numbers that are
measures of the resistance offered by a moulded part
to deformation and rupture,
respectively, under the influence of a bending load per
unit of density. The specific modulus and strength are
used especially to compare the modulus and strength
of materials having different densities when searching
for the lightest material offering the greatest stiffness or
strength for a particular shape. A detailed description of
these index numbers is given in the "Materials Selector:
guidelines for minimum weight design", Chapman &
Hall, London.
[0009] Preferably, a converging nozzle is used in the
process according to the invention, for this surprisingly
causes better expansion of the moulded part during the
opening of the mould. The use of a converging nozzle
is known from WO-A-94/11177, but here a converging
nozzle is used to obtain an orientation of the plastic and/

or the fibre reinforcement in the moulded part, as a result
of which this may possess a higher stiffness and
strength in a particular direction. WO-A-94/11177 no-
where mentions the fact that a converging nozzle could
lead to expansion of the moulded part, while the process
according to the invention causes no or virtually no an-
isotropy in the moulded part.
[0010] A converging nozzle can be obtained with a
conically ending nozzle, but also by for example placing
a breaker plate (a plate with a number of openings) in
front of the nozzle.
[0011] The merits of the invention are brought out very
clearly if the process according to the invention is used
for the production of dish-shaped moulded parts.
[0012] Such a moulded part possesses two dish sur-
faces, which are in this description understood to be the
two, usually almost parallel, surfaces lying opposite one
another, whose length and width are larger than the
thickness of the moulded part lying between these sur-
faces. The dish surfaces need not only be flat, but may
for instance also be curved or doubly curved.
[0013] Partly opening the mould only when at least
one dish surface has cooled to below the softening tem-
perature of the polyolefin or the polycondensation poly-
mer results in a moulded part with at least one dish sur-
face that is not porous, that is, with at least one surface
free of pores. The presence of at least one dish surface
that is not porous proves to result in an improvement of
the specific modulus and strength with respect to a non-
expanded moulded part. In addition, such a surface can
suitably be painted.
[0014] Preferably, the mould is partly opened only
when both dish surfaces have cooled down.
[0015] As a result, both dish surfaces are non-porous
so that a moulded part with a sandwich structure is ob-
tained. A sandwich structure gives a dish-shaped
moulded part an extra high stiffness and strength. A
weak point in sandwich structures is often the adhesion
between the centre and the dish surface. In known sand-
wich structures this adhesion is often improved by using
a so-called 3D fabric, which is understood to be a three-
dimensional fibre structure in the form of a fabric. A char-
acteristic of a 3D fabric is that some of the fibres that
reinforce the centre continue into the dish surface, which
promotes the adhesion between the centre and the dish
surface. 3D fabrics and composites made therefrom are
described by A. Schrauwers in "Kunststof Magazine",
1993, page 16. Drawbacks of using a 3D fabric are that
it has to be made to measure beforehand and that it
must separately be placed in the mould for each injec-
tion. A 3D fabric can moreover only be used in combi-
nation with thermosetting plastics with a very low vis-
cosity. It has surprisingly been found that with the proc-
ess according to the invention at least a portion of the
reinforcing fibres is present partly in the centre and part-
ly in the non-porous dish surface, as a result of which it
is not necessary to use a 3D fabric. It has also been
found that the fibres in the centre of the moulded part
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form a three-dimensional network and lie parallel to the
surface at the moulded part's dish surface. With this the
process according to the invention for the first time offers
the possibility of using the injection-moulding technique
to produce (half) a fibre-reinforced sandwich from a ther-
moplastic fibre-reinforced plastic, in which the fibres of
the centre continue into the surface. This structure con-
tributes to the excellent specific modulus and strength,
even if only one dish surface is non-porous.
[0016] The melt flow index (MFI) is in this description
understood to be the melt flow index measured accord-
ing to ISO 1133. For polypropylene the melt flow index
is measured at 230°C under a weight of 2.16 kg.
[0017] The melt flow index of the polyolefin to be used
in the process according to the invention is preferably
higher than 30 g/10 min, even more preferably higher
than 50 g/10 min. It has been found that at such a melt
flow index better expansion of the moulded part takes
place when the mould is opened. Preferably, the melt
flow index is lower than 700 g/10 min.
[0018] The number average molecular mass (Mn) of
the polycondensation polymers to be used in the proc-
ess according to the invention is preferably higher than
5000 g/mol. The process proves to be effective for all
the polycondensation polymers so far available. With
the present polymerization technologies approximately
90,000 g/mol is the upper limit of the molecular mass of
available polycondensation polymers. It may be expect-
ed that polycondensation polymers with higher molecu-
lar masses, if they become available, can be processed
with the process according to the invention, up to a mo-
lecular mass of approximately 200,000 g/mol.
[0019] The 'average fibre length' is in this description
understood to be the number average fibre length. This
can be determined in the moulded part by measuring
the length of the fibres with the aid of a light microscope
after the polymer matrix has been removed, for example
by burning out the polymer.
[0020] If the polymer composition contains glass fi-
bres as reinforcing fibres, the polymer composition pref-
erably contains 5-60 wt.%, more preferably 10-60 wt.%,
of the glass fibres. If the polymer composition contains
carbon fibres as reinforcing fibres, the polymer compo-
sition preferably contains 1-10 wt.%, preferably 2-7 wt.
%, of the carbon fibres.
[0021] It has been found that such mixtures expand
very well.
[0022] It has been found that the moulded part can
easily expand to twenty times its original thickness. This
results in a moulded part with a porosity of 95%. The
porosity (P) of a moulded part is here and hereinafter
understood to be:

where d(0) is the density before expansion and d(p) the
density after expansion. An advantage of the process

P = (d(0) - d(p))/d(0)*100 (%),

according to the invention is also that a porous moulded
part can be obtained without having to use a chemical
or physical foaming agent. A high porosity of the mould-
ed part is advantageous with respect to achieving a high
specific modulus and strength because these index
numbers are inversely proportional to the density.
[0023] Preferably, the rate at which the mould is
opened is chosen in dependence of the viscosity of the
polyolefin or the Mn of the polycondensation polymers.
At a high viscosity/Mn preferably a lower rate is chosen
than at a low viscosity/Mn. The best results are obtained
by adjusting the rate to the expansion rate of the mould-
ed part so that, when the mould is opened, the moulded
part continues to be pressed against the mould halves
as a result of the expansion of the moulded part and the
two dish surfaces accurately mirror the adjacent mould
surfaces.
[0024] The mould is opened at a rate that lies between
0.05 and 10 mm/sec, since this results in a moulded part
having a high porosity and a surface without pores.
[0025] The amount of moisture in the dispersion is
less than 5000 ppm. That way the occurrence of sink
marks in the surface is avoided.
[0026] The invention also relates to a dish-shaped
thermoplastic moulded part comprising at least a poly-
olefin or a polycondensation polymer and reinforcing fi-
bres.
[0027] Such moulded parts are described in JP-A-
5-17631. The moulded parts described in JP-A-5-17631
contain a polyolefin with a melt flow index of 30 g/10
min. or higher and more than 20 wt.% reinforcing fibres
with a length of 5 mm or more.
[0028] A drawback of the moulded parts described in
JP-A-5-17631 is that they have a specific modulus and
specific strength that are too low for the fibre-reinforced
polyolefins employed.
[0029] The moulded part produced by the process of
claim 1 has a porous centre and at least one non-porous
dish surface, 1 to 60 wt.% of the moulded part consists
of reinforcing fibres with an average length of between
0.8 and 15 mm, at least a portion of which is present
partly in the centre and partly in the non-porous dish sur-
face, and the moulded part has a porosity of between 5
and 95 vol.%. Preferably between 10 and 90%, more
preferably between 20 and 85%. The expanded mould-
ed part according to the invention has a higher specific
stiffness and strength than non-expanded moulded
parts, which are for example described in JP-A-
5-17631.
[0030] In the case of moulded parts with a porosity of
more than 20 wt.% the anisotropy proves to be very low,
while moulded parts with a porosity of less than 95 vol.
% have a dish surface free of pores.
[0031] The polyolefin preferably has a melt flow index
of at least 30 g/10 min.
[0032] The polyolefin can be chosen from the group
comprising polyethylene and polypropylene or copoly-
mers of ethylene and propylene. Preferably, the polyole-
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fin contains polypropylene. The advantage of polypro-
pylene is the high melting point, as a result of which the
moulded part has a higher heat deflection temperature
and a relatively low cost price.
[0033] Suitable polycondensation polymers are poly-
carbonate, polyester, polyamide, polyarylate, polyke-
tone, polyimide, polyaramide, liquid crystal polymer
(LCP), polyurethane and copolymers of such poly-
condensates. Preferably, polycondensation polymers
are chosen from the group comprising polyamide 6,
polyamide 6.6, polyamide 11, polyamide 12, polyethyl-
ene terephthalate, polybutylene terephthalate or copol-
ymers thereof. The advantage of the latter group is the
relatively low cost price.
[0034] Reinforcing fibres can be chosen from the
group comprising carbon fibres, aramide fibres, metal
fibres, glass fibres, ceramic fibres or mixtures hereof.
Preferably, the moulded part according to the invention
contains glass fibres or carbon fibres as the reinforcing
fibres. Glass fibres have the advantage that they are
cheap. Carbon fibres have the advantage that they have
a high tensile strength.
[0035] Although the advantages of the invention are
already achieved when at least one dish surface is not
porous, preferably both dish surfaces are not porous.
The moulded part then has a sandwich structure. The
advantage of a sandwich structure is that the specific
material properties are better than those of a moulded
part that does not have this sandwich structure. As a
result of this sandwich structure and the fact that a por-
tion of the reinforcing fibres is partly in the centre and
partly in the non-porous dish surface, the moulded part
according to the invention preferably has a specific flex-
ural modulus of at least 10.
[0036] Moulded parts obtainable by the invention are
preferably used in construction panels, elements/body
panels for the automotive industry, the white goods and
building industrie; splash shields, noise shields, fire
walls, parcel shelves, mudguards, bonnets, dash-
boards, panels for washing machines, tumble dryers,
caravans and planes, bumper beams, car doors, load-
ing platforms, helmets, armour plates, insulation walls,
both for heat and noise, containers, pallets, acoustic
baffles, roof liners, transport containers and dash-
boards. The moulded parts according to the invention
can also be used in bicycle parts, scooter parts and mo-
torcycle parts. Especially in applications in which sound
insulation is important the moulded parts according to
the invention present a major advantage. In particular
the use of the moulded part according to the invention
presents advantages in products that have to meet
sound-proofing requirements. It has been found that dif-
ferences in density between the dish surface free of
pores and the interior of the moulded parts according to
the invention have a favourable effect on their sound-
proofing properties.
[0037] The invention will be further elucidated with ref-
erence to the following examples.

[0038] Reinforcing fibres can be dispersed in a melt
of a polyolefin or a condensation polymer by using as a
starting material a chopped strand of continuous fibres
that have been pultruded or sheathed with the thermo-
plastic in question.
[0039] In pultrusion a bundle of continuous fibres is
spread out into individual fibres and drawn through an
impregnation die, into which the melted thermoplastic is
injected. As the fibres have been spread out, each fila-
ment is entirely wetted and impregnated by the melted
thermoplastic. A smooth strand with a diameter of about
3 mm is drawn from the die and then cooled. Finally the
strand is chopped into a granulate of the desired length
(for instance 10-12 mm). The fibres are generally paral-
lel to one another in the granulate, with each fibre being
separately surrounded by thermoplastic. Pultruded fi-
bres are marketed for example by Hoechst/PCI (Com-
pec®, Celstran®), Borealis (Nepol®) LNP/Kawasaki
Steel (Verton®).
[0040] Sheathing continuous reinforcing fibres with
thermoplastic without the individual fibres being wetted
is in this description called Continuous Glass Sheathing
(CGS). The advantage over pultrusion is the higher pro-
duction rate (and hence lower costs). In the case of CGS
granulate, too, the length of the glass is the same as the
length of the granulate and the fibres are parallel to one
another.
Pultruded and sheathed fibres are easily dispersed in
the melt of a thermoplastic in the melt zone of an extrud-
er.
[0041] The melt flow index was measured according
to ISO 1133, for polypropylene at 230°C and a weight
of 2.16 kg,
[0042] The flexural modulus and flexural strength
were determined according to ISO 178, with an l/d ratio
of 16.
[0043] The moulded part's resistance to bending un-
der the influence of a force is expressed in the specific
modulus and the resistance to rupture in the specific
strength. These specific quantities depend on the shape
of the object in question. The specific modulus and
strength of a dish-shaped moulded part are best approx-
imated by those of a flat plate. The specific modulus of
a flat plate is the quotient of the cube root of the flexural
modulus and the density, the index number being ob-
tained when the flexural modulus is expressed in kg/
mm2 and the density in g/cm3. The specific strength of
a plate is given by the quotient of the square root of the
flexural stress and the density, the index number being
obtained when the flexural stress is expressed in kg/
mm2 and the density in g/cm3. A description of these
index numbers is given in "Materials Selector: guide-
lines for minimum weight design", Chapman & Hall, Lon-
don.
[0044] A Stork injection-moulding machine of type
SX-3000-2100 was used in the tests. The employed
screw was a general-purpose screw with a diameter of
72 mm, a length of 22D (feed/compression/pump : 12D/
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6D/4D). The depth of thread in the feed zone is 9.75 mm
and that in the pump zone 5 mm. The compression ratio
is 1.95.
[0045] The screw tip is a standard screw tip for the
processing of PVC combined with a streamlined annular
valve. The nose tip is a standard nose tip with a length
of 117 mm and an internal diameter of 19 mm, which
converges over a length of 10 mm to an ultimate diam-
eter of 4 mm.
[0046] The material was injected into a flat plate
mould (510 x 310 mm) via a central sprue.

Example I

[0047] A moulded part was produced using as mate-
rial a mixture consisting of a glass fibre roving sheathed
with PP. The glass fibre roving is comingled with PP fi-
bres. The comingled glass/PP fibre was obtained from
Vetrotex (Twintex®, R PP75 630-02); the MFI (230 °C,
2.16 kg) of the PP fibre is 20 g/10 min. The PP sheathing
was obtained from DSM (Stamylan® P 112MN40). The
MFI (230°C, 2.16 kg) of the PP sheathing is 47 g/10 min.
The mixture's glass content is 37.5 wt.%, the weight ra-
tio of PPMFI=100 to PPMFI=20 is 4:1. The MFI of the PP in
the mixture is hence 40 g/10 min. The length of the gran-
ulate is 12 mm.
[0048] The Stork injection-moulding machine de-
scribed above was used as the injection-moulding ma-
chine, with the following settings: The cylinder temper-
atures for the hopper / zone 1 / zone 2 / zone 3 / zone
4 / zone 5 / nose are successively: 40 / 280 / 290 / 300
/ 320 / 320 / 320°C; mould temperature: 110°C; speed:
20 rpm; metering path: 180 mm; back pressure: 0.3
MPa; holding pressure: none; cooling time: 105-150
sec., depending on the thickness of the article; injection
rate: 83 mm/sec.; metering time: 35 sec.; degree of load-
ing: 100%.
[0049] The material was dispersed in the injection-
moulding machine and injected into the plate mould,
which was 4 mm thick, via a converging nozzle. Imme-
diately after injection, the mould was opened at a linear
rate of 0.08 mm/sec. over a path length of 3.1 mm. After
the cooling time, in which the entire moulded part was
cooled further to below the PP's softening temperature,
the mould was opened further and the moulded part was
ejected.
[0050] The moulded part was found to have expanded
homogeneously and has a thickness of 7.1 mm, a den-
sity of 602 kg/m3 and a porosity of 51%. The flexural
modulus (E) is 2325 MPa, the flexural strength 44.3 MPa
and the elongation at break (ebreak) is 3.3%. The specific
modulus (Espec) is 10.2 and the specific strength (sspec)
is 3.5. The surface is free of pores and smooth on one
side and porous and smooth on the other side. This
shows that at an MFI = 40 g/10 min. the expansion takes
place so slowly that at the chosen opening rate only one
surface of the moulded part has sufficient contact with
the mould to form a dish surface that is not porous.

Example II

[0051] A moulded part was produced using as mate-
rial a mixture consisting of a glass fibre roving sheathed
with PP. The glass fibre roving is comingled with PP fi-
bres. The comingled glass/PP fibre was obtained from
Vetrotex (Twintex®, R PP75 630-02); the MFI of the PP
fibre is 20 g/10 min. The PP sheathing was obtained
from BASF (Novolen® 1100VC). The MFI of the PP
sheathing is 100 g/10 min. The mixture contains 37.5
wt.% glass, the weight ratio of PPMFI=100 to PPMFI=20 is
4:1. The MFI of the PP in the mixture is hence 70 g/10
min. The length of the granulate is 12 mm.
[0052] The material was dispersed in the Stork injec-
tion-moulding machine, at the same settings as in Ex-
ample I, and was injected into the plate mould, which
was 4 mm thick, via a converging nozzle. Immediately
after injection the mould was opened at a linear rate of
0.08 mm/sec. over a path length of 3.1 mm. After the
cooling time the mould was opened further and the
moulded part was ejected.
[0053] The moulded part was found to have expanded
homogeneously and has a thickness of 7.1 mm, a den-
sity of 567 kg/m3 and a porosity of 54%. The flexural
modulus (E) is 2555 MPa, the flexural strength 46.9 MPa
and the elongation at break (ebreak) is 3.1%. The specific
properties are Espec = 11.2 and σspec = 4.0. The surface
is completely smooth and free of pores on both sides.

Example III

[0054] The material, settings of the injection-moulding
machine and procedure up to and including injection
were the same as in Example II. The mould was how-
ever 3 mm thick instead of 4 mm.
[0055] Immediately after injection the mould is
opened at a linear rate of 0.08 mm/sec. over a path
length of 1.9 mm. After the cooling time the mould was
opened further and the moulded part was ejected.
[0056] The moulded part was found to have expanded
homogeneously and has a thickness of 4.9 mm, a den-
sity of 610 kg/m3 and a porosity of 51%. The flexural
modulus is 2689 MPa, the flexural strength 55.5 MPa
and the elongation at break is 3.4%. The specific prop-
erties are Espec = 10.6 and σspec = 3.9. The surface is
completely free of pores and smooth on both sides.

Comparative Experiment A

[0057] The material, settings of the injection-moulding
machine and procedure are the same as in Example I,
only now the entire moulded part is cooled immediately
after injection to below the PP's softening temperature
without the mould being partly opened. After the cooling
time the mould is opened completely and the moulded
part is ejected.
[0058] The moulded part has a thickness of 4.0 mm,
a density of 1028 kg/m3 and a porosity of 16%. The flex-
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ural modulus of the plate is 4266 MPa, the flexural
strength 110.9 MPa and the elongation at break is 4.0%.
The specific properties are Espec = 7.4 and σspec = 3.1.
The surface is completely free of pores and smooth on
both sides. The moulded part was found to have not ex-
panded and had low specific properties. The 16% po-
rosity is a consequence of voids formed because no
holding pressure was used.

Comparative Experiment B

[0059] The material, settings of the injection-moulding
machine and procedure are the same as in Experiment
A, only now a holding pressure of 3.5 MPa is applied for
10 sec. immediately after injection. After the cooling time
the mould is entirely opened and the moulded part is
ejected.
[0060] The non-expanded moulded part has a thick-
ness of 4.0 mm, a density of 1225 kg/m3 and the porosity
is 0%. The flexural modulus is 6720 MPa, the flexural
strength 178.3 MPa and the elongation at break is 4.0%.
The specific properties are Espec = 7.2 and σspec = 3.4.
The surface is completely free of pores and smooth on
both sides. This experiment shows that the porosity of
the moulded part of Experiment A is a consequence of
the absence of holding pressure.

Comparative Experiment C

[0061] The material, settings of the injection-moulding
machine and procedure are the same as in Example I,
only now an holding pressure of 3.5 MPa is applied for
10 seconds immediately after injection. Immediately af-
ter this, the mould is partly opened at a linear rate of
0.08 mm/s over a distance of 3.1 mm. After the cooling
time the mould is entirely opened and the moulded part
is ejected.
[0062] On both sides the moulded part shows rough,
porous dish surfaces from which the glass fibres project.
The thickness varies from 4 to 7.1 mm. The density is
lower than 1000 kg/m3. This shows that the use of a
holding pressure does not promote homogeneous ex-
pansion of the moulded part. In the 10 seconds for which
the holding pressure was applied the moulded part has
already cooled to such an extent that there is no longer
a mixture with a temperature above the PP's softening
temperature between the two dish surfaces.

Comparative Experiment D

[0063] The settings of the injection-moulding machine
and the procedure are the same as in Example I, only
now a different material is used: Stamylan® P 112MN40,
with an MFI of 47 g/10 min and 40 wt.% short glass fibres
(length 0.1 - 0.3 mm).
[0064] Immediately after injection the mould is
opened at a linear rate of 0.08 mm/sec. over a path
length of 3.1 mm. After the cooling time the mould was

opened further and the moulded part is ejected. The
moulded part has not expanded and has not assumed
the shape of the mould and has a porosity of 12%. This
shows that a glass fibre length of 0.1-0.3 mm is too short
to allow the moulded part to expand.

Example IV

[0065] The procedure and settings of the injection-
moulding machine are the same as in Example II, only
now the settings of the cylinder temperature for the hop-
per / zone 1 / zone 2 / zone 3 / zone 4 / zone 5 / nose
are successively: 40 / 280 / 290 / 310 / 325 / 325 / 325°C.
[0066] The material used in this example is Fiber-
stran® G1/40 from DSM Engineering Plastics USA (a
pultrusion granulate consisting of polyamide with an Mn
of 25,000 g/mol containing 40 wt.% glass fibre).
[0067] Immediately after injection the mould is
opened at a linear rate of 0.55 mm/sec. over a path
length of 3.1 mm. After the cooling time the mould is
opened further and the moulded part is ejected.
[0068] The moulded part is found to have expanded
homogeneously and has a thickness of 6.1 mm, a den-
sity of 625 kg/m3 and a porosity of 57%. The mechanical
properties were measured using dry samples. The
plate's flexural modulus is 4400 MPa, the flexural
strength 85 MPa and the elongation at break is 3.2%.
The specific properties are Espec = 12.2 and σspec = 4.7.
The surface is free of pores and smooth on both sides.

Example V

[0069] The settings of the injection-moulding machine
and the procedure are the same as in Example IV.
[0070] The material used in this example is Celstran®
N66C40-01-04, a pultrusion material obtained from PCI/
Hoechst-Celanese consisting of PA 6.6 with an Mn of
more than 5000 g/mol and containing 40 wt.% carbon
fibre.
[0071] Immediately after injection the mould is
opened at a linear rate of 0.55 mm/sec. over a path
length of 2.7 mm.After the cooling time the mould is
opened further and the moulded part is ejected.
[0072] The moulded part is found to have expanded
homogeneously and has a thickness of 5.7 mm, a den-
sity of 671 kg/m3 and a porosity of 50%. The mechanical
properties were measured using dry samples. The flex-
ural modulus of the plate is 8600 MPa, the flexural
strength 110 MPa and the elongation at break 2.9%. The
specific properties are Espec = 14.2 and σspec = 4.9. The
surface is free of pores and smooth on both sides.

Example VI

[0073] A moulded part was produced using as mate-
rial a mixture consisting of a glass fibre roving sheathed
with PP. The fibre of the glass fibre roving was obtained
from Vetrotex and continuous PP fibres (Twintex®, R
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PP75 630-02) have been added in addition to glass fi-
bres. The MFI of the PP fibres is 20 g/10 min. The PP
sheathing was obtained from Montell (Valtec®
HH442-H). The MFI of the sheathing is 700 g/10 min.
The mixture contains 37.5 wt.% glass, the weight ratio
of PPMFI=700 to PPMFI=20 is 4:1. The MFI of the PP in
the mixture is hence 340 g/10 min. The length of the
granulate is 12 mm. The mixture's moisture content,
measured via the Karl-Fischer method, is less than 100
ppm.
[0074] As the injection-moulding machine use was
made of the Stork injection-moulding machine de-
scribed above, with the following settings: the cylinder
temperatures for the hopper/
zone1/zone2/zone3/zone4/zone5/nose are succes-
sively 40, 190, 210, 230, 270, 285, 285°C; mould tem-
perature: 85°C; speed: 40 rpm; metering path: 110 mm;
back pressure: 0.1 MPa; holding pressure: none; cool-
ing time: 60-80 sec.; injection rate: 100 mm/min; meter-
ing time: 25 sec.; degree of loading: 100%.
[0075] The material was dispersed in the injection-
moulding machine and injected into the plate mould,
which was 2 mm thick, via a converging nozzle. Imme-
diately after injection the mould was opened at a linear
rate of 0.1 mm/sec. over a path length of 1.8 mm. After
the cooling time, in which the entire moulded part was
cooled further to below the PP's processing tempera-
ture, the mould was opened further and the moulded
part was ejected. The moulded part was found to have
expanded homogeneously and has a thickness of 3.8
mm, a density of 645 kg/m3 and a porosity of 40%. The
flexural modulus is 3105 MPa, the flexural strength 54.5
MPa and the elongation at break 3.9%. The specific
properties are Espec = 10.5 and δspec = 3.6. The surface
is completely free of pores and smooth on both sides.

Example VII

[0076] The machine settings of the injection-moulding
machine are the same as in Example VI, except for the
path length over which the mould opens immediately af-
ter injection. The material is also the same as in the pre-
vious example. Immediately after injection the mould
was opened at a linear rate of 0.1 mm/sec. over a path
length of 2.9 mm. After the cooling time, in which the
entire moulded part was cooled further to below the PP's
processing temperature, the mould was opened further
and the moulded part was ejected. The surface of the
moulded part was not completely free of pores on both
sides.

Example VIII

[0077] The machine settings of the injection-moulding
machine are the same as in Example VI, except for the
path length over which the mould opens immediately af-
ter injection. The material is also the same as in the first
example, except for the measured moisture content,

which was 2732 ppm. Immediately after injection the
mould was opened at a linear rate of 0.1 mm/sec. over
a path length of 2.9 mm. After the cooling time, in which
the entire moulded part was cooled further to below the
PP's processing temperature, the mould was opened
further and the moulded part was ejected.
[0078] The moulded part was found to have expanded
homogeneously and has a thickness of 4.9 mm, a den-
sity of 490 kg/m3 and a porosity of 60%. The flexural
modulus is 1869 MPa, the flexural strength 31.5 MPa
and the elongation at break 3.7%. The specific proper-
ties are Espec = 11.7 and δspec = 3.6. The surface is com-
pletely free of pores and smooth on both sides.

Comparative experiment E

[0079] The machine settings of the injection-moulding
machine are the same as in Example VI, except for the
path length over which the mould opens immediately af-
ter injection. The material is also the same as in the first
example, except for the measured moisture content,
which was 5600 ppm. Immediately after injection the
mould was opened at a linear rate of 0.1 mm/sec. over
a path length of 2.9 mm. After the cooling time, in which
the entire moulded part was cooled further to below the
PP's processing temperature, the mould was opened
further and the moulded part was ejected. The surface
is completely free of pores on both sides and shows a
substantial number of sink marks caused by entrained,
undissolved moisture.

Claims

1. Process for producing a thermoplastic moulded part
comprising the steps of dispersing reinforcing fibres
having an average length of between 0.8 and 15
mm in a melt of a polyolefin or a polycondensation
polymer to obtain a polymer composition consisting
by 1 to 60 wt.% of reinforcing fibres, injecting the
polymer composition thus obtained through a noz-
zle into a closed mould by means of an extruder or
an injection-moulding machine, whereby the mould
is partly opened, characterized in that the mould
is partly opened when at least a part of the surface
of the moulded part has cooled to below the soften-
ing temperature of the polyolefin or the polyconden-
sation polymer while the center of the moulded part
has a temperature above said softening tempera-
ture, at a rate between 0.05 and 10 mm/sec, and
the polymer composition is free of chemical foaming
agent and has a moisture content of less than 5000
ppm.

2. Process according to Claim 1, characterized in
that a converging nozzle is used.

3. Process according to any one of Claims 1 or 2,
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characterized in that the moulded part is dish
shaped.

4. Process according to any one of Claims 1-3, char-
acterized in that the melt flow index of the polyole-
fin is higher than 30 g/min.

Patentansprüche

1. Verfahren zur Herstellung eines thermoplastischen
Formteils, umfassend die Schritte des Dispergie-
rens von Verstärkungsfasern mit einer durch-
schnittlichen Länge zwischen 0,8 und 15 mm in ei-
ner Schmelze eines Polyolefins oder eines Poly-
kondensationspolymers zum Erzeugen einer Poly-
merzusammensetzung, die aus 1 bis 60 Gew.-%
Verstärkungsfasern besteht, Spritzen der so erhal-
tenen Polymerzusammensetzung durch eine Düse
in ein geschlossenes Formwerkzeug mittels eines
Extruders oder einer Spritzgussmaschine, wobei
das Formwerkzeug teilweise geöffnet wird, da-
durch gekennzeichnet, dass das Formwerkzeug,
wenn mindestens ein Teil der Oberfläche des Form-
teils unter die Erweichungstemperatur des Polyole-
fins oder des Polykondensationspolymers abge-
kühlt ist, während das Zentrum des Formteils eine
Temperatur über der Erweichungstemperatur auf-
weist, mit einer Geschwindigkeit zwischen 0,05 und
10 mm/s teilweise geöffnet wird, und dass die Po-
lymerzusammensetzung frei von einem chemi-
schen Treibmittel ist und einen Feuchtigkeitsgehalt
von weniger als 5000 ppm aufweist,

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine zusammenlaufende Düse ver-
wendet wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass das Formteil schalenförmig
ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass der Schmelzfluss-
Index des Polyolefins höher als 30 g/min ist.

Revendications

1. Procédé de fabrication d'une pièce thermoplastique
moulée comprenant les étapes de dispersion de fi-
bres de renforcement ayant une longueur moyenne
comprise entre 0,8 et 15 mm dans un bain d'une
polyoléfine ou d'un polymère de polycondensation
pour obtenir une composition de polymère compre-
nant 1 à 60 % en poids de fibres de renforcement,
d'injection de la composition de polymère ainsi ob-
tenue à travers un embout dans un moule fermé au

moyen d'une extrudeuse ou d'une machine de mou-
lage par injection, moyennant quoi le moule est en
partie ouvert, caractérisé en ce que le moule est
en partie ouvert lorsqu'au moins une partie de la
surface de la pièce moulée a refroidi en dessous de
la température de ramollissement de la polyoléfine
ou du polymère de polycondensation tandis que le
centre de la pièce moulée a une température supé-
rieure à ladite température de ramollissement, à
une vitesse comprise entre 0,05 et 10 mm/sec, et
la composition de polymère est exempte d'agent
moussant chimique et a une teneur en humidité in-
férieure à 5000 ppm.

2. Procédé selon la revendication 1, caractérisé en
ce qu'un embout convergent est utilisé.

3. Procédé selon l'une quelconque des revendications
1 ou 2, caractérisé en ce que la partie moulée est
en forme de cuvette.

4. Procédé selon l'une quelconque des revendications
1 à 3, caractérisé en ce que l'indice de fluidité de
la polyoléfine est supérieur à 30 g/minute.
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