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(57) Abstract: A compression forming process includes use of a die comprising: a bottom die (10); a punch (20), mobile with re-
spect to the bottom die (10); an air escape route from the bottom die (10). The process comprises following steps: a) inserting a
batch of material in a form ot small pieces in the cavity of the bottom die, b) nearing the two parts of the die to one another, up to de-
fining a forming chamber, ¢) supplying heat to the particles of the batch, during step b), by heating the internal surfaces of the cham -
ber of the bottom die and the punch, increasing a degree of fluidity of the particles with growing values over a period of time, start -
ing from a minimum value at the start of step b) up to a maximum amount, at the end of step b). In step ¢) the process comprises
heating the particles of the batch in a differentiated way so that the particles located at the upper internal surface (21, 31 ) are
brought to values of fluidity, growing over time, with a delay with respect to the particles located at the lower internal surface (11).
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A Pressure-Forming Process for Thermoplastic Objects

TECHNICAL FIELD

The present invention relates to compression-forming of objects made of
thermoplastic material.

The compression forming process of the invention is performed using a die
comprising:

a bottom die (female) having a die cavity suitable for containing a batch of
material in a form of small pieces,

a punch (male), mobile with respect to the bottom die,

an air escape route from the bottom die.

The process comprises:

a) inserting a batch of material in a form of small pieces in the cavity of the
bottom die

b) nearing the two parts of the die to one another, reducing a volume of the
cavity up to a minimum amount in which a forming chamber is defined that
determines the shape of the object,

c) supplying heat to the particles of the batch, during step b), by heating the
internal surfaces of the chamber of the bottom die and the punch with which
the particles come into contact, increasing a degree of fluidity thereof with
growing values over a period of time, starting from a minimum value at the
start of step b) up to a maximum amount, at the end of step b).
BACKGROUND ART

An example of this technology is described in patent publication
US2002/17742.

An advantage of this process in relation to a traditional and consolidated
process is in the energy saving and Iowef pressures used, which enables use
of much less sturdy and expensive equipment and lower energy costs.
Further, the compression-forming process enables realising objects having
relatively large size. For example, it is practically possible to realise flat
objects (panels) having surfaces of greater than 1 square metre; on the

contrary, these products are not practically realisable by means of injection
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moulding as they would require very expensive and large machines and
would present complex and often-insurmountable problems of realisation.

A drawback of the above-described process is in the difficulty encountered in
performing a complete evacuation of the interstitial air present between the
particles in the cavity of the material introduced into the die. The interstitial air
which cannot exit from the die remains captured inside the object formed,
primarily compromising the mechanical and geometric characteristics thereof
(a slab containing too much air, if subjected to heating, tends to lose the
geometric characteristics thereof); further, if small bubbles remain close to
the external surface of the object, even the outward appearance thereof is
damaged.

The entity of this drawback is related to the plan size of the cavity of the
bottom die.

A partial solution to this technical problem is suggested in patent document
DE 29700226U in which a die is disclosed for compression-forming of an
object made of thermoplastic material in the form of a slab having a large
surface and a relatively very small thickness, wherein:

the cavity of the bottom die is delimited by a lower internal surface 11 facing
upwards, which defines the lower base of the cavity, and an internal lateral
surface, facing towards the central zone of the cavity,

the (male) punch exhibits an internal surface which defines the upper base of
the cavity, facing downwards,

an escape route is provided for the air from the bottom die cavity, at a
peripheral zone of the punch where the punch, at the end of the reciprocal
nearing step of the punch and the bottom die, closes the cavity of the bottom
die, defining the forming chamber.

In this prior document, the bottom die exhibits a tubular frame, added for
reinforcing the structure, which surrounds the upper edge of the cavity; a
liquid is inserted in this edge, which during the heating of the die, by means
of external heating means, vaporises and maintains the femperature of the
lateral wall of the lower die bottom die lower with respect to the temperature

of the lower base of the bottom die. This temperature difference prevents,
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according to the document, the exiting of the material, now in liquid form,
through the escape route, leaving the escape route of the air free.

The phenomenon described in the prior document doubtless facilitates the
evacuation of the air from the die, however in a very limited way: it has been
experimentally found that especially in forming of generally plate-shaped
objects, having a relatively large plan extension (in particular bigger than one
square metre) and a thickness that is vrelati\'/ely much sméller, relevant
quantities of air tend to remain imprisoned ih the central part of the bottom
die at an intermediate distance between the two base surfaces, lower and
upper, and it is not possible to evacuate it even with what is described in
document DE 29700226U.

Further, the die described in this document, due to the external frame, has
volumes and weights that are often unacceptable, as well as a complex and
laborious functioning for supplying ‘the liquid internally of‘ the reinforcing
frame.

DISCLOSURE OF THE INVENTION

An aim of the invention is to obviate the drawbacks described in the prior art
and realise an effective and substantially more complete evacuation of the
interstitial air from the cavity of the bottom die.

These and other aims are attained by the invention as it is characterised in
the claims.

In the invention, the particles located at the upper internal surface of the
cavity of the bottom die are brought to fluidity values that grow over time with
a delay with respect to the particles located closed to the lower internal
surface. Consequently, in step c¢) of the forming process, the thermoplastic
material starté to liquefy starting from the zone closest to the lower internal
surface, thus forming a layer R located resting on the lower internal surface,
which progressively increases the thickness thereof in an upwards direction.
Therefore the interstitial air, which was present originally in the layer which
liquefies, is pushed, by the effect of the liquefaction, progressively towards
the upper layer of material, where the granules have not yet been liquefied

and thus enable passage of the air towards the escape route. The upper
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level of the liquid layer R that grows progressively displaces towards the
upper internal surface and the interstitial air always manages, up to the final
instants, to escape towards the escape route, across the particles of the layer
N that are not yet molten.

The process of the invention preferably comprises the use of compact
thermoplastic material, where the expression “compact” refers to a
thermoplastic material that is neither spongy nor foam (therefore not, for
example, foam polystyrene, foam polyurethane, etc.), without cells containing
air, having a density of greater than 0.9 Kg/dm?.

The process uses a die provided with one or more forming cavities internally
of which the granules of plastic material are directly deposited and are
preferably pre-heated, without however losing their looseness with respect to
one another.

The granules can be made of a selection of various polymers; for example it
is possible to mix polyethylene with polyamide or polystyrene.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is set out in detail in the following with the aid of the
accompanying figures. |

Figure 1 is a section (schematic) according to a vertical plane, of a die of the
invention, together with means (schematic) for heating thereof.

Figures from 2A to 2D show a portion of figure 1, in successive positions
during the step of reciprocally nearing the male and the female parts.

Figures from 3A to 3D show corresponding details of figures from 2A to 2D.
Figure 4 is a graph in which two curves illustrate the different behaviour of
two particles, Pa and Pb, located respectively in zone close to the upper
internal surface 21 and in zone B, close to the upper internal surface 11.
Figure 5 is a section (schematic) according to a vertical plane, of a second
embodiment of the die of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The compression forming procesé of the invention is performed using a die M
comprising: |

a bottom die 10 having a die cavity 15 suitable for containing a batch of
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material in a form of small pieces,

a punch 20, mobile with respect to the bottom die 10,

an air escape route F from the bottom die 10.

The process comprises:

a) inserting a batch of material D in a form of small pieces in the cavity of the
bottom die 10, '

b) nearing the two parts of the die (bottom die 10 and punch 20) to one
another, reducing a volume of the cavity 15 up to a minimum amount in
which a forming chamber is defined that determines the shape of the object,
¢) supplying heat to the particles of the batch, during step b), by heating the
internal surfaces of the chamber of the bottom die 10 and the punch 20 with
which the particles come into contact, increasing a degree of fluidity (known
in the sector with the acronym MFI: melt flow index) thereof with growing
values over a period of time, starting from a minimum value at the start of
step b) up to a maximum amount, at the end of step b).

The die exhibits an air escape route of the interstitial air defined at a
peripheral zone of the punch where the punch, at the end of step b) closés
the bottom die cavity defining the forming chamber; more precisely, the air
escape F is defined by the small hole present between the guide surface, in
reciprocal sliding of the punch 20 and the bottom die 10: i.e. a vertical lateral
surface 26 located at the periphery of the internal surface of the punch and a
lateral surface 16 located close to the mouth of the Cavity 15 of the vertical
bottom die which is coupled with the surface 26 and is slidable in relation
thereto. The two surfaces 16 and 26 are located in contact with one another
with a sliding coupling that enables translation of the punch with respect to
the bottom die, and between them is a small amount of play which serves for
the reciprocal sliding: as is known, along the plane of the two surfaces 16
and 26, the interstitial air present in the cavity 15, which during the reciprocal
nearing step of the punch 20 to the bottom die 10 is placed under pressure,
finds an effective escape route F.

The cavity 15 of the bottom die 10 is delimited by an internal surface 11
facing upwards, which defines the lower base of the cavity, and a lateral
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internal surface 12, facing towards the central zone of the cavity. The punch
20 comprises a first upper' internal surface 21, facing downwards, which
defines the upper base of the bottom die cavity. The upper and lower internal
surfaces 21 and 11 are opposite and able to be neared during step b).

In accordance with the embodiment of the die M illustrated in figures 1 and 2,
the punch 20 comprises,v internally of the cavity 15, a single active surface
21, which defines the upper base of the cavity; the bottom die 10, in addition
to the surface 11 that defines the lower base of the cavity 15, also includes a
vertical lateral surface 12 which defines the lateral face of the cavity 15,
which, at the upper end, defines the sliding surface 16.

Heat is supplied to the particles of the batch through the internal surfaces 11,
21 With which the particles are in contact, which are heated. The supply of
heat to the particles of the batch located in the bottom die cavity is such that
they increase their melt flow index (MFI1) during the time in which the step of
reciprocal approach of punch and bottom die is performed.

According to the invention, during step c) the process comprises heating, in a
differentiated manner, the particles of the batch located near the upper
internal surface of the punch 20 so that they are brought to higher fluidity
values over time with a delay with respect to the particles located near the
lower internal surface 11 of the bottom die 10.

According to a first embodiment of the invention, during step a) the process
comprises: arranging a layer of particles of the batch in the form of larger
granules N at the upper internal surface 21 of the punch, and vice versa a
layer of particles L of the batch in the form of smaller granules is located at
the lower internal surface 11of the bottom die.

In practice, with the die open, a first layer of smaller granules L is distributed
on the lower internal surface 11 and above this a second layer of larger
granules N (step shown in figures 2A and 3A) is arranged, this layer of
granules N, during step b) of the nearing of the punch to the bottom die 10, is
in contact with the upper internal surface 21.

During step c), while providing the two internal surfaces 11 and 21 with the
samé amount of heat, i.e. by heating the two internal surfaces 11, 21 of the
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bottom die to the same temperature, the layer of granules L, located in the
furthest area, closest to the upper surface 21,  fluidizes more quickly
compared to the granules located in the zone, in particular because the
granules L, being smaller, have a greater heat exchange surface, for a given
mass, compared to the larger granules N, and also because, as the volume
of the batch arranged within the bottom die is roughly lenticular in shape (see
figure 1) (given that the particulate material is released by gravity into the
central area of the bottom die), the lowest layer of granules L is in contact
with the entire surface 11 from the start, while‘ on the contrary the upper
surface 21 is in contact with the upper layer of granules N, first with only the .
central zone thereof which, during step b) progressively increases the area of
contact thereof up to occupying, only in the final phase of step b), the entire
area of the surface 21.

Therefore, during step b), the particles L of the lower layer are brought to
fluidity values more rapidly than the particles N of the upper layer and in
addition this phenomenon is expanded, particularly in the upper layer,
starting from the central area of the surface 21, with a direction facing the air
escape F. In other words, the particles of the batch are heated in a
differentiated manner during step b) such that the particles positioned in
zones of the cavity of the bottom die close to the upper internal surface 21
are brought to levels of fluidity, progressively increasing over time, with a
delay compared to the particles located in the lower internal surface 11.
Figures 2B-2D and 3B-3D illustrate three successive instants during steps b)
and c) of the process:

- at the instant illustrated in figures 2B and 3B, the lowest layer of particles L
has already begun to liquefy: the particles L closest to the lowest surface 11
have already formed a thin layer R in a sufficiently quuid‘phase such that the
particles of material have lost their individuality and are fused together in a
shapeless and substantially continuous mass;

- at the next instant, illustrated in figures 2C and 3C, a high proportion of the
lowest layer of particles is L is transformed into the liquid state R;

- at the next instant illustrated in figures 2D and 3D, close to the final phase
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of closing of the die, almost all the material of the batch has been brought to

. a sufficiently fluid state R; the final portion of space inside the chamber of the

die which has not yet reached the liquid state is placed adjacent to the upper
surface 21, in particular in the vicinity of the air escape route F.

As can be seen, during steps b) and c), internally of the cavity 15 the material
begins to liquefy starting from the zone close to the lower internal surface 11,
forming a layer R that as its thickness increases incorporates the other
layers; conversely, the layer arranged in the zone at the upper internal
surface 21, redubes a thickness thereof and shrinks, staying in a less fluid
state especially at the air escape route F position, which disappears in the
final nearing step b).

An important consequence of the described time-differentiated fluidization
imposed on the particles of the batch is that the interstitial air incorporated
between the particles of the batch in the cavity 15 is effectively evacuated out
of the cavity in step b).

In fact, as the particles L located close to the lower internal surface 11 pass
into the liquid state (layer R), they expel the interstitial air due to the fact that
the level of the liquid part under formation increases progressively in an
upwards direction from an initial nil value; and then the liquid pushes the
interstitial air upward, i.e. towards the zone located close to the upper internal
surface 21 where the granules N are not yet liquefied, and then allow the
passage of air towards the air escape route. The level of the growing liquid
layer R moves progressively towards the upper internal surface 21 and the
interstitial air can up to the last moments always escape through the layer of
particles N that are not yet molten.

Figure 4 includes a chart in which the x axis shows the time during the
approaching step of the two die parts up to the closing of the chamber (time
tc), and on the y axis illustrates the degree of fluidity MFI (melt flow index).
The graph shows two curves illustrating the different behaviour of two
particles Pa and Pb located respectively in the zone close to the upper
internal surface 21 and in the zone at the lower internal surface 11.

The two curves have different developments: point Pb has, at each instant of



WO 2013/160752 PCT/IB2013/000773

10

15

20

25

30

the period of time in which the die is closing, a greater degree of fluidity of
point Pa (e.g. at instants t1 and t2), and only in the final moments do the two
points Pa, Pb both reach a substantially liquid phase.

In the embodiment illustrated above with reference to figures 2 and 3, the
described differentiated fluidization that is imposed on the ‘particles of the
batch is obtained, as already mentioned, by arranging a layer of particles
having smaller dimensions L at the upper internal surface 21 and conversely
arranging a layer of particles of greater dimensions N near the lower internal
surface 11.

However, in another embodiment of the process, in the invention the above-
described differentiated heating of the batch particles located at the upper
internal surface 21 of the punch 20, is done in such a way that they are
brought to fluidity values that grow over time with a delay with respect to the
particles located at the lower internal surface 11 of the punch 10 (i.e. a
fluidization effect differentiated over time that is substantially identical to what
is described above) obtained thanks to the fact that during step b) the upper
internal surface 21 of the punch is brought to temperature values that grow
over time with a delay with respect to the lower internal surface 11 of the
bottom die.

In particular, in a second émbodiment, step c) of the process is carried out by
heating the upper internal surface 21 with a heating means 42 that delivers
heat with less power compared to a heating means 41' acting on the lower
internal surface 11 (see figure 1).

Alternatively, according to a third embodiment, step c) of the process is
carried out by heating the upper internal surface 21 with an initial time delay
with respect to the lower internal surface 11. In this case, heating means 41,
42 can be used that provide heat with equal power.

In a fourth embodiment, in order to bring the upper internal surface 21 to
temperature values increasing over time, with a delay compared to the lower
internal surface 11, the die is dimensioned so that the wall defining the upper
internal surface 21 exhibits greater thermal inertia than the wall defining the

lower internal surface 11.
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In the embodiment of the die illustrated in figure 1, the upper internal surface
21 is defined by a horizontal wall 22 which exhibits the contact surface 21
facing downwards. The lower internal surface 11 is instead defined by a
horizontal wall 13 which exhibits the lower internal surface 11 facing
upwards.

The wall 22 and possibly also a vertical lateral wall 14 horizontally exhibiting
the contact surface 12 facing towards the inside of the cavity are therefore
realized with a relatively large thickness H1, such as to provide them with a
relatively high thermal inertia; vice versa, the wall 13 is made with a relatively
small thickness H2, such as to provide a relatively small thermal inertia.
Thus, when heating the die during step b), with means that supply a
substantially equal calorific power, due to their different thermal inertia, the
upper internal surface 21 and the surface 14 closest to the air escape route
are brought to temperature values that increase 6ver time with a delay
compared to lower internal surface 11.

The described four different embodiments of step ¢) can be applied one at a
time, alternatingly, or two at a tirhe, or three at a time, or all together, thus
more greatly differentiating the described different heating of the particles of
the batch.

For example, it is possible:

- to arrange the batch in the die cavity, in layers with granules of different
sizes in accordance with the first embodiment;

- and/or at the same time, to heat the upper and lower surfaces 21 and 11
with heating means 41, 42 having different power ratings, in accordance with
the second embodiment,

- and/or at the same time, to heat the lower internal surface 21 with an initia‘I
time delay with respect to the lower internal surfaces 11, in accordance with
the third embodiment,

- and/or finally, to use a die dimensioned with internal upper and lower
surfaces 21 and 11 having differentiated thermal inertia in accordance with
the fourth embodiment.

All the described embodiments combine to make sure that the particles
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positioned in zones of the cavity of the bottom die closest to the upper
internal surface 21 are brought to fluidity values, increasing over time, with a
delay compared to the particles placed in zones B further away from the
lower internal surface 11, thereby realizing an efficient evacuation of air from

the interstitial cavity of the die.

Whereas figures 1 and 2 illustrate a die M for producing a flat and relatively
thin object (in the shape of a flat plate), figure 5 shows a second embodiment
of the die M’ for creating an object having a shape with relevant cavity (e.g. a |
container).

In this second embodiment of the die, the punch 20 comprises an active
portion, which penetrates into the cavity 15 of the bottom die, formed by a
horizontal bottom wall 27 and a lateral wall 28 with high vertical development,
possibly inclined: the internal surfaces of this portion, i.e. the lower surface
31 of the bottom wall 27 and the lateral surface 32 of the lateral wall 28,
define the active surface of the punch 20 which acts on the batch of
thermoplastic material.

The active surface of the bottom die 10 of the die M' is defined, as with the
die M, by the lateral surface 12 and the bottom surface 11.

The air escape F of the interstitial air, as with the die M, is defined at a
peripheral area of the punch 20 where, at the end of step b), the punch 20
closes the cavity of the bottom die defining the forming chamber; in particular
it is defined between the mutually-sliding surfaces of the punch 20 and the
bottom die 10: that is, a vertical side surface 26, positioned at the periphery
of the internal surface of the punch and a lateral surface 16 positioned at the
mouth of the cavity 15 of the vertical bottom die, which is coupled with the
surface 26 and is slidable relatively thereto.

In the die M', the upper internal surface is defined by the horizontal surface
31 to which the lower internal surface 1 is opposed.

Step c¢) of the process is then carried out by bringing the surfaces 31 and 32
to temperature values increasing over time with a delay compared to the

contact surface 11, according to one or more embodiments of the process,
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During the forming process, the central part of the cavity is heated and made

fluid before compared}to the peripheral area, so that the central mass of

particles is first brought into the liquid phase and advances by moving toward
5 the lateral zone, and finally moving its front in a vertical direction along the

corridor delimited between the two surfaces 12 and 32. The temperature is

lower here and the particles are the last to liquefy, thus realizing an effective

evacuation of the interstitial air from the die cavity.
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Claims

1. A compression forming process of objects made of compact thermoplastic
material, by means of a die comprising: |

a bottom die (10) having a dié cavity (15) suitable for containing a batch of
material in a form of small pieces, delimited by a lower internai surface (11)
facing upwards, which defines a lower base of the cavity (15), and by a
lateral internal surface (12) facing towards the central zone of the cavity,

a punch (20), mobile with respect to the bottom die (10), having an internal
surface (21, 31) facing downwards, which defines an upper base of the
cavity, ‘

the lower internal surface (11) and upper internal surface (21, 31) being
opposite and neared to one another during step b),

an air escape route from the bottom die (10), defined at a peripheral zone of
the punch where the punch, at the end of step b), closes the bottom die
cavity, defining the forming chamber,

the process comprising following steps:

a) inserting a batch of material in a form of small pieces in the cavity of the
bottom die

b) nearing the two parts of the die to one another, reducing a volume of the
cavity up to a minimum amount in which a forming chamber is defined that
determines the shape of the object,

c) supplying heat to the particles of the batch, during step b), by heating the
internal surfaces of the chamber of the bottom die and the punch with which
the particles come into contact, increasing a degree of ﬂuidity thereof with
growing values over a period of time, starting from a minimum value at the
start of step b) up to a maximum amount, at the end of step b),

characterised in that step c) comprises heating the particles of the batch in a
differentiated way such that the particles situated near the upper internal
surface (21, 31) are brought to values of fluidity, growing over time, with a
delay with respect to particles located at the lower internal surface (11).

2. The process of claim 1, characterised in that step ¢) comprises bringing



WO 2013/160752 PCT/IB2013/000773

15

14

the upper internal surface (21, 31) to temperature values that grow over time
with a delay with respect to the lower internal surface (11).

3. The process of claim 2, characterised in that in step c) the upper internal
surface (21, 31) is heated with a calorific potential of lower than that of the
lower internal surface (11).

4. The process of claim 2, characterised in that in step c) the upper internal
surface (21, 31) is heated with a time delay with respect to the lower internal
surface (11).

5. The process of claim 1, characterised in that step a) comprises: arranging
particles o_f the batch having larger granules close to the upper internal
surface (21, 31) and vice versa particles of the batch having granules of
smaller dimension at the lower internal surface (11).

6. The process of claim 1, characterised in that the particles of the lower
layer are brought to fluidity values more rapidly than the particles (N) of the
upper layer so that fluidisation expansion starts from the central zone of the

upper internal surface (21), with a direction facing towards the escape route

(F).
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