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(57) Abstract

This material must be plasticised and in order to be able to process such a mixture by injection moulding or flow moulding it is
necessary for, on the one hand, a rise in pressure and, on the other hand, mixing of the material to take place by means of the device. In
order as far as possible to prevent damage to the fibres during a mixing, it is proposed to effect mixing using a piston/cylinder device (3, 4)
in which a stirrer construction is fitted, consisting of a number of mixing rods (15, 16, 17) which rotate together with the piston (4). With
this arrangement the mixing rods (15, 16, 17) essentially cover the entire surface of the volume to be mixed.
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Device and method for the preparation of a mixture comprising fibre-reinforced

thermoplastic pellets

The present invention relates to a device for the preparation of a mixture according to
the preamble of Claim 1. A device of this type is disclosed in US-A 2990 978. This
publication describes a mixing device for foodstuffs with a paste consistency. The latter have
relatively low viscosity.

It is known to process thermoplastic and thermosetting materials by, for example,
injection moulding or flow moulding. These techniques are reasonably developed.

However, in order to increase the strength of the articles made of plastic material which
are produced in this way, it has been proposed to use thermoplastic fibre-reinforced plastics.
The use of a thermoplastic material compared with a thermosetting material has the
advantage that the cycle times of injection moulding can be shortened, the impact strength
increases, a good mix of rigidity and strength is obtained, more particularly an adequate
elongation at break, and there is a greater freedom of choice of material, whilst, finally,
recycling is possible.

However, it has been found that wetting of the fibre in the thermoplastic matrix
constitutes a problem. Solutions to this have been proposed in the prior art, for example by
producing fibre-reinforced thermoplastics with the aid of powder impregnation. These
thermoplastics are supplied in pellet form. The pellets obtained are cut or chopped from a
strip. Such pellets are fed in the conventional manner to the feed device for a processing
device, such as an injection moulding machine. Such a feed device consists of a screw
extruder. In thé latter, on the one hand, the pressure is raised and, on the other hand, optimum
mixing of the material is obtained. The disadvantage is, however, that the screw of the screw
extruder damages the fibres or gives rise to fibre degradation. Moreover, such extruders are
very expensive. Because fibre degradation takes place, the mechanical properties of the
product obtained by, for example, injection moulding are impaired and because of the high
costs economic production of such products is not possible. In practice it is not possible to
process more than 30 % by volume fibre with such expensive machines. On the other hand,
there is certainly a need for such products containing fibres and thus having higher strength,
more particularly to replace a wide variety of components made of aluminium and the like.
Use of plastic has the advantage that, in particular, the weight of the construction concerned

can be reduced, which, for example, in the case of vehicles has the result that the fuel
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consumption thereof can fall.

US-A 3 844 699 describes a press device for simultaneous mixing and injection
moulding of polymer materials. In the piston/cylinder assembly used in this device there is a
stirrer rod arranged in the middle which extends only over a limited portion of the surface to
be stirred.

The aim of the present invention is to provide a device for the preparation of a mixture
comprising fibre-reinforced thermoplastic or thermosetting pellets or reinforced rubber
particles. This fibre material can comprise any material known in the prior art, such as
carbon, aramide and glass. The same applies in respect of the thermoplastic, thermosetting or
rubber materials.

A device of this type must, on the one hand, be capable of adequately plasticising and
pressurising such a material and, on the other hand, have a relatively low cost price, whilst at
most only slight fibre degradation may take place during plasticising.

This aim is realised with a device as described above having the characterising features
of Claim 1.

Because the mixing rods are located different distances away from the axis of rotation
of the piston, intensive mixing can be guaranteed. Preferably, the number of rods is so chosen
and the rods are each so mounted that the entire mixing region is covered by the rods. It has
been found that, where thermoplastic materials into which large quantities of fibres have to be
mixed are used, the mixture is not mixed sufficiently thoroughly to become homogeneous if a
mixing device according to US-A 2990978 is used. The device according to US-A
2990 978 is not intended for mixing fibre-containing materials. It must be understood that
the percentage of fibre in such materials can be particularly high. A value of 50 % by volume
fibre may be mentioned by way of example, it being possible for the fibres to be of
appreciable length, for example longer than 1 cm. It must be understood that the differing
distances from the stirrer rods to the axis of rotation can also be obtained by making the rods
of different diameter. The techniques known from the prior art for covering the entire surface
to be mixed with the aid of the mixing device also fall under the present invention.

As a result of the use of a piston/cylinder assembly, damage to the fibres is largely
prevented, that is to say no or hardly any fibre degradation takes place. However, because a
piston/cylinder assembly does not ensure adequate mixing, it is necessary to use a separate
mixing device which according to the invention consists of mixing means that can be rotated

with the piston. Such mixing means can comprise any means known in the prior art.
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Accordirig to the invention, the mixing means consist of one or more mixing rods
which extend through the piston in the path of movement of the piston. That is to say the
mixing rod or rods execute a, for example rotary, movement together with the piston. The
piston consequently makes a reciprocal movement and a rotary movement. Such a rotary
movement on the one hand provides for good mixing, so that a uniform distribution of heat
over the surface of the cylinder is obtained, and, on the other hand, imposes no stress on the
fibres, so that fibre degradation is negligible.

In order to obtain a homogeneous temperature over the cross-section of the cylinder it is
possible, as a first step, to fit a number of heating elements on the outer circumference of the
cylinder. The temperature of the thermoplastic material provided with fibre material is
increased by this means. A further homogenisation of temperature can be obtained if the
stirrer rods are provided with heating elements. Such heating elements can comprise heating
elements operating with fluid and can also be electrical heating elements. It will be
understood that suitable adjustment and control means must be fitted in order to control the
temperature of the various heating elements.

Mixing with the aid of the mixing rods described above is promoted by fitting different
mixing rods. If the mixing rods execute a rotary movement together with the piston about the
axis of the piston, optimum homogeneous mixing can be obtained if the distance of the
various mixing rods from the axis of rotation of the piston is different for each rod. That is to
say as wide as possible an area of the surface of the cylinder is covered by the mixing rods.

Further optimisation of the mixing is obtained if one or more of the mixing rods fitted
is provided with a surface relief. Said relief can be ribs, grooves and the like.

In order to optimise the conditions during mixing and plasticising and in particular to
prevent oxidation of either the plastic or the fibres at the high temperature at which said
plasticising takes place, according to the invention a gas feed is provided in which an active,
inert or oxidation-preventing gas can be introduced. An example is ozone or nitrogen.

The invention also relates to an injection moulding assembly or other processing
assembly, comprising an injection moulding device or other processing device having at least
two mould halves, which delimit a mould cavity and are movable with respect to one another,
and a feed for plastic, as well as at least one device for preparing a mixture of fibre-reinforced
plastics in accordance with what has been described above, connected to said feed for plastic.

If the pressure generated with the device described above for the preparation of a

mixture comprising fibre-reinforced thermoplastic pellets, and more particularly by the
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piston/cylinder assembly, is inadequate, it is possible, according to the invention, to provide
for a further pressure-raising device to be installed between the device and the processing
device. This further device can be a further piston/cylinder device.

The aim must, of course, be to match the capacity of the device for mixing or
plasticising the fibre-reinforced thermoplastic plastic material as far as possible to the
processing device. However, it is possible that the capacity of an device for the preparation of
such a plastic mixture is inadequate. In such a case several such devices can be connected to a
processing device and successively dispense a quantity of material.

It is possible for the piston of the piston/cylinder assembly to execute a complete stroke
for each shot of the processing device. It is also possible that the volume of the
piston/cylinder assembly is greater than the volume required to fill the injection moulding
machine once.

The invention also relates to a method for the preparation of a mixture consisting of
plastic and fibre or other filler material, wherein the plastic is introduced with the fibres or
other filler material into a mixing chamber and is placed under pressure while mixing by
stirring. With this method stirring is preferably carried out using mixing rods which
essentially cover the entire volume to be stirred. As indicated above, the pressure in the
mixture is preferably generated with the aid of a piston/cylinder assembly. The feed of the
plastic containing fibres or other filler material is preferably achieved by pellets in which the
fibres or filler material concerned are present. If fibres are used, these can be of an
appreciable length. Preferably, said fibres are at least 1 cm long and more particularly the
length thereof is between 10 and 100 mm. According to the invention, preferably 40 % by
volume fibre is used. A mixture of this type containing such a high proportion by volume of
fibre is particularly difficult to mix, but with the measures described above it has been found,
surprisingly, that the various aspects can be achieved. Very strong plastics can be obtained in
this way. Compared with a conventional steel construction, it is possible to produce a more
rigid and lightweight construction. Furthermore, the invention makes it possible to produce
products relatively inexpensively.

The invention will be explained in more detail below with reference to an illustrative
embodiment shown in the drawing. In the drawing:

Fig. 1 shows, diagrammatically and partially in longitudinal section, the plasticising
device according to the invention; and

Fig. 2 shows a section along the line II-Il in Fig. 1.
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In Fig. 1 the device according to the invention for mixing and plasticising fibre-
reinforced thermoplastic plastic pellets is indicated in its entirety by 1. This device is coupled
to an injection moulding device, which is indicated highly diagrammatically by 2. Details of
the injection moulding device are not given because the device can be any injection moulding
device having one or more movable mould halves known from the prior art. It must be
understood that this can be combined with any other processing device known from the prior
art.

The device for plasticising thermoplastic plastic material that is fibre-reinforced
comprises a cylinder 3 in which a piston 4 is reciprocatingly mounted. A piston rod 5 is
connected to the piston 4, which piston rod 5 engages via a coupling 7 on a hydraulic
cylinder. Said coupling is a coupling that absorbs pressure and permits rotation. That is to
say, piston rod 5 is able to rotate relative to the cylinder of the hydraulic cylinder 8.

A motor which is able to bring piston rod 5 into rotation via a belt 9 is indicated by 6.
Piston 4 is rotated by this means. A carrier plate 13, on which a number of, in this case three,
stirrer rods 15-17 are mounted, is also brought into rotation by this means, These stirrer rods
can be provided with a surface relief. Carrier plate 13 is supported on a housing, which is not
shown in more detail, via a bearing 14. Sliding contacts 10 are present, which provide
electrical contact between the surroundings and each of the stirrer rods 15-17 and more
particularly heating elements 19 mounted therein. A carrier plate mounted in a sliding bearing
is indicated by 27, the other ends of the rods 15-17 bearing in said carrier plate.

In the embodiment shown, piston 4 is provided with three openings for accommodating
the stirrer rods 15-17. Piston 4 is able to move to and fro along each of said stirrer rods 15-17.
The stirrer rods are not arranged around a circle concentrically with the piston. As can be seen
from Fig. 2, the distances a, b and ¢ between the stirrer rods 15-17 and the axis of rotation of
the piston are different. As a result the major proportion of the cross-sectional surface of the
cylinder is covered on rotation.

The head of the device according the invention is indicated by 20 in Fig 1. This head is
provided with a conventional valve seat 21 in which a displaceable needle 22 is fitted. Some
form of valve in the device according to the invention is important to be able to build up
pressure. The cylinder 3 is provided with various heating elements 12, whilst the head is
provided with a heating element 27. The feed of plastic material takes place via the fill
opening or funnel 11 and the pellets to be introduced therein are indicated by 25. A gas feed

26 is also fitted for feeding in an inert or active gas.
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The devi;:e described above functions as follows. The starting position is that in which
the piston 4 is in the position in which it has been brought to the left, in which position pellets
25, such as thermoplastic pellets reinforced with carbon fibres, are introduced into the
cylinder chamber at a relatively low temperature. Piston 4 is then moved to the right while
supplying an inert or active gas through gas feed 26. During this movement the piston, and
thus the stirrer rods 15, rotate. A speed of revolution of 60 revolutions per minute may be
mentioned by way of example. It will be understood that the invention is, however, not
restricted to this. As a result of the presence of the heating elements and as a result of the
compression of the plastic material, a rise in temperature to, for example, 400°C takes place.
If the pressure and temperature have reached the desired value, needle 21 is moved to the left
and the plastic material is transported to the injection moulding device, where further
processing takes place.

It has been found that with the device described above no or hardly any damage occurs
to the fibres which are present in the pellets and that material is obtained which has
characteristics which are essentially the same in all directions. Using this device it is possible
to bring materials having a high fibre content, for example 50-60 % by wt fibre, into an
injection moulding device at sufficiently high temperature and without substantial damage to
the fibres. Using the device described above it is possible to achieve a pressure of
approximately 50 atmospheres in the plastic without any special measures. If such a pressure
is inadequate, special measures then have to be taken, such as connecting a pressure-raising
device between device 1 and injection moulding device 2.

The materials obtained using the device and the method according to the invention are
compared with known materials below. In the following table sheet material from Azdel (so-
called GMT sheet) is compared with two materials according to the invention: PA6-LCF and
PA12-LCF. The first material mentioned is nylon 6 reinforced with 12.5 mm long carbon
fibres. The second material is nylon 12 reinforced with 12.5 mm long carbon fibres. Finally,

these materials are compared with the conventional construction materials aluminium and

steel.
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It can be seen from this comparison that the materials processed using the method and
device according to the invention have particularly good properties, in which context it is
pointed out that, in principle, any shape can be produced by this means. This is in contrast to
the sheet material that is described in the left-hand column of the table. With a sheet material
of this type, plastic articles are currently made by pressing, thickening being achieved by
placing various parts of sheet material on top of one another. This method is laborious and
incurs loss, whilst, moreover, finishing of the products is necessary. These problems do not
exist with the proposal according to the invention.

Although the invention has been described above with reference to the use of ready-to-
use pellets, it is possible for users to prepare specific mixtures themselves by feeding the
various components or unfilled plastic granules or thermopowder individually or
simultaneously.

It will also be understood that the mixing rods do not necessarily have to be constructed
absolutely parallel to the axis of movement of the piston. The various rods can be constructed
in spiral form or in accordance with another curve. The only essential aspect for the invention
is that a separate stirrer is present inside the cylinder and that, in order to prevent damage to
the fibres, the combination that is implemented with screw extruders is not used.

A number of modifications to various components of the device described above are
immediately obvious to those skilled in the art. Such modifications are considered to fall

within the scope of the appended claims.



10

15

20

25

30

WO 00/02718 PCT/NL99/00447
9

Claims

1. Device (1) for the preparation of a mixture, comprising fibre-reinforced pellets
(25), having a piston (4)/cylinder (3) assembly, comprising a mixing device, mixing means
(15, 16, 17) which can be rotated with said piston, said mixing means comprise mixing rods
(15, 16) extending along the movement path of said piston, characterised in that at least two
mixing rods are fitted and the distance (a, b, ¢) of each of said rods from the axis of rotation
of said piston is different for each rod.

2. Device according to Claim 1, wherein said mixing means are provided with
heating means (19).

3. Device according to one of the preceding claims, wherein said rods are provided
with a surface relief.

4. Device according to one of the preceding claims, comprising a gas feed (26).

5. Processing assembly, comprising a processing device (2) having at least two
mould halves, which delimit a mould cavity and are movable with respect to one another, and
a feed for plastic, as well as at least one device for preparing a mixture of fibre-reinforced
plastics according to one of the preceding claims connected to said feed for plastic.

6.  Assembly according to Claim 5, wherein a device which raises the pressure of the
plastic to be injection moulded is arranged between said device for the preparation of a
mixture of fibre-reinforced thermoplastic material and said feed for plastic.

7.  Assembly according to Claim 5 or 6, comprising a number of devices (1)
according to one of Claims 1 - 4, connected to a common feed for plastic for said injection
moulding device (2).

8. Method for the preparation of a mixture consisting of plastic and fibres or other
filler material, wherein the plastic is introduced with the fibres or other filler material into a
mixing chamber and is brought under pressure while mixing by stirring.

9. Method according to Claim 8, wherein stirring is carried out by means of mixing
rods which essentially cover the entire volume to be stirred.

10.  Method according to Claim 8 or 9, wherein bringing under pressure comprises
pressing using a piston/cylinder assembly.

11. Method according to one of Claims 8 - 10, wherein the feed of plastic and fibres
comprises the feed of plastic pellets containing fibres.

12, Method according to one of Claims 8 - 11, wherein the mixture contains at least
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40 % by volume fibre.
13.  Method according to one of Claims 8 - 12, wherein at least some of the fibres are

at least 1 cm long.
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