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Description

[0001] The present invention relates to a perfected process for the production of expanded plastic materials, in particular
PVC-based polymeric foams. The invention is also extended to the formulation of a polymeric blend suitable for effecting
this process.
[0002] The application field of the present invention is that of processes used for preparing expanded plastic materials,
such as for example PVC-based foams which comprise the introduction, inside the heated mould, of the polymer blend,
expanding agent, surfactant, isocyanates, catalysts and other products. This mould is then closed with its lid in a press,
subjecting the blend to heating in this closed environment.
[0003] Traditionally, the heating necessary for the gelation of the PVC, the decomposition of the expanding agents
and the cross-linking reaction is exclusively supplied from outside the blend, through the walls of the mould containing it.
[0004] The traditional heating solution described, however, has the disadvantage of the long heat transfer times, both
through the walls of the mould, in the direction of the polymeric matrix, and also through the mass of the latter, by nature
thermoinsulating.
[0005] A further drawback of the known art described herein is represented by the non-homogeneous distribution of
the heat inside the polymeric mass to be heated, with a higher temperature in correspondence with the heated walls of
the mould, and a lower temperature moving away from this position. Furthermore, due to this different heat distribution,
the maintenance times of the polymeric blend at the reaction temperature are also different, depending on the distance
of the points of this blend from the heating walls of the mould.
[0006] This often leads to a reaction product, i.e. an expanded polymer which, due to the thermal differences registered,
has equally different physico-chemical characteristics inside the polymeric mass itself leaving the moulding treatment,
diversities which are most relevant between the surface and most internal positions of the moulded polymeric mass.
[0007] In addition to the disadvantages described above, there are also those linked to the higher thermal requirement,
as a result of the traditional heat transfer inside the polymeric mass, passing through the walls of the mould.
[0008] US 3 836 110 relates to a mould for the manufacture of components of synthetic elastic material, in which the
latent heat of the change in state from the solid state to the liquid state is used for the thermal reaction.
[0009] US 2009/145627 A1 disclose a procoss for manufacturing an electric cable by extruding on a conductor a blend
of polyolefin, cross-linking agent and exothermic foaming agent.
[0010] US 2007/128367 A1 discloses a foaming process comprising applying to a substrate a composition comprising
a polyurethane resin, a surfactant and a blowing agent, expanding by heating and cooling.
[0011] US 2010/068487 A1 discloses a foamable blend comprising PVC, anhydride, chemical blowing agents, isocy-
anates and catalyst.
[0012] The main objective of the present invention is to provide a new process for the production of expanded plastic
materials which, with respect to the known methods in the field, is capable of significantly reducing the time necessary
for heating the polymeric blend inside the mould.
[0013] A further objective of the invention is to heat the polymeric blend inside the mould more homogeneously with
respect to the known art, with reduced times and uniform temperatures inside the overall polymeric mass.
[0014] Another objective of the invention is to provide a process of the type specified above and a polymeric blend,
suitable for producing an expanded plastic material having homogeneous and improved physico-chemical properties
with respect to those obtained with traditional methods.
[0015] These and other objectives are achieved with the process of claim 1. Preferred embodiments of the invention
are indicated in the remaining claims.
[0016] With respect to the known art in the field, the process and formulation of the invention allow an improved heating
of the polymeric mass in the mould, reducring the times necessary for effecting it by approximately 30%, and homogenizing
the thermal values inside this mass. In particular, this reduction is equal to 50-60 sec. of heating time for each millimetre
of depth of the mould of the known art and 35-40 sec. of heating time for each millimetre of depth of the mould according
to the invention.
[0017] A further advantage of the invention is represented by the improved and more homogeneous thermo-mechanical
properties of the expanded polymer obtained, with respect to the known art in the field.
[0018] These and other objectives, advantages and characteristics are evident from the following description of a
preferred embodiment of the process of the invention shown, for illustrative and non-limiting purposes, in the figures of
the enclosed drawings.
[0019] In these:

- figure 1 illustrates a schematic view of an example of a mould for effecting the process of the invention;
- figure 2 illustrates the comparative curves of the temperature profiles, on the walls of the mould of figure 1 and

nucleus of the polymeric blend treated, respectively, for a known process and for that according to the invention;
- figure 3 illustrates a comparative example, of the same type as figure 2, relating to the trend of the thermal jump
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between the wall of the mould and the nucleus of the blend during the heating;

- figure 4 illustrates the result of a DSC analysis effected on the initial polymer blend according to the known art and
according to the invention.

- Figures 5 to 7 illustrate the comparative results of DMA analyses effected on expanded polymers obtained according
to the invention and according to the known art.

[0020] The mould illustrated in figure 1, indicated as a whole with the reference number 1, comprises two plates 2
provided with an internal tubing 3 for the heating and cooling of the polymeric blend. Point 5 is that for detecting the
external temperature, point 6, on the other hand, reveals the temperature of the nucleus of the blend 4.
[0021] The thermal detections of the process effected with the use of the mould 1 are indicated in figure 2, according
to the known art and according to the invention, respectively. In particular, after the first 10 minutes approximately of a
traditional heating process of the starting polymeric mass, in which the most external parts of the latter are heated to
the desired temperature of about 175°C, a further 18 minutes approximately are required for bringing the innermost
nucleus of said polymeric mass to the same temperature. Starting from this point (about 28 minutes) the cooling initiates,
which, on the outermost parts of the polymer, leads to an immediate temperature drop whereas, on the innermost parts,
there is a delay of about 7 minutes.
[0022] The invention proposes to reduce the temperature range necessary for transferring, inside the nucleus of the
polymeric mass 4, the heating temperature necessary for the gelation reactions of the PVC and formation and incorpo-
ration of the gas phase generated by the decomposition of the expanding agents present in the starting mass.
[0023] The invention also aims at reducing the initial temperature for triggering the reactions, bringing it to that which
is strictly necessary for their start-up, no longer having to take into account the difficulties relating to the heat transfer
towards the interior of the polymeric mass.
[0024] The invention consists in using the external heat, supplied by the heating plates 2 of the mould 1, only for
triggering an exothermic reaction which takes place inside the polymeric mass, making the mass itself a heat source
instead of an insulating material, thus promoting the heat transfer towards the inside of said mass. The exothermic
reaction must take place within the desired temperature range, which depends on the melting point of the polymers
introduced into the starting blend. In this specific case, the exothermic reaction produces the heat/energy at a temperature
of 155-160°C necessary for the gelation of the PVC, allowing a reduction in the external energy demand, decreasing
the heat gradient and improving the uniformity of the composition and microcellular structure, with a consequent im-
provement in the thermo-mechanical properties of the end-product obtained.
[0025] As can be seen from the curves relating to the process of the invention, in fact, as indicated in fig. 2, the process
temperature is brought to the required value of 155-167°C (and no longer 170-175°C) in shorter times (less than 10
minutes approximately outside the polymeric mass in the mould (continuous line curve).
[0026] Thanks to the invention and as can be observed in the graph of figure 3, the thermal jump between the outermost
parts of the polymer in the mould and the parts closer to the nucleus of the polymeric mass has decreased in the process
according to the invention, with evident advantages with respect to the quality of the end-product and energy saving.
[0027] The experimental results, as indicated in the graph of figure 3 mentioned above, refer in particular to a polymeric
blend consisting of:

PVC 35-50%
Anhydride 1-20%
Isocyanate 20-50%
Expanding agents 0.5-7%
Surfactant 0.08-0.8%
according to the known art and with the addition of catalyst 0.1-0.2% by weight in the specific case of the invention,
respectively.

[0028] The same results are summarized in the following table, wherein ΔT indicates the difference in temperature
between the external temperature T5 and internal temperature T6 of the polymeric mass in the mould 1:

Time min. Known art ΔT (°C) Invention ΔT (°C)

1 17 17

2 23 23

3 68 68
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[0029] The Dynamic Scanning Calorimetry (DSC) test of figure 4 shows:

- with the curve with asterisks, the exothermy at 120°C relating to the gas formation reaction;
- with the continuous curve, the presence of a further exothermy reaction between 145°C and 170°C approximately,

which is that which provides the heat necessary for the process reactions of the invention.

[0030] It should be noted therefore that the reactions taking place inside the polymeric blend 4 in the mould 1 are
gelation or melting of the polymeric matrix and the generation of the gas phase, with an incorporation of this gas phase
within a microcellular structure, thus giving rise to the formation of an expandable embryo, the disclosure offered by the
invention is to create an exothermic reaction inside said polymeric blend which is situated in the mould 1, which is
sufficient for bringing this same blend to the melting point of the polymer or polymers of which it is composed. In the
case of PVC, this temperature is about 170°C and, according to the invention, this is reached through the suitable
activation of the following trimerization reaction of isocyanate to isocyanurate:

[0031] This reaction is in fact strongly exothermic, in particular when activated, according to the invention, inside the
polymeric mass in the range of temperatures corresponding to the gelation of the PVC. Furthermore, in the specific
fields to which the present invention relates, the trimerization reaction of the isocyanate must be effected in the presence
of a catalyst based on quaternary ammonium carboxylate, preferably ((CH3)3 N - CH2 - (CH3) CH(OH))+ (HCOO)-, added
in a quantity of 0.1 - 0.2% by weight inside the starting polymeric blend.
[0032] In particular, thanks to the use of these substances which activate the trimerization reaction, the glass transition
temperature of the expanded products of the invention is higher than those obtained according to the known art.
[0033] Using, for example, a starting polymeric blend composed of (weight %):

PVC 35 - 60%
Anhydride 1 - 20%
Isocyanate 20 - 50%
Expanding agents 0.5 - 7%
Surfactant 0.8 - 0.8%

this was compared, in the following table, with an analogous formulation, to which 0.1 - 0.2% of quaternary ammonium
carboxylate was added as trimerization catalyst of the isocyanate. The table relates this comparison to the Tg Storage
Modulus (see graph of figure 5), Loss Modulus (graph of figure 6) and TanDelta (graph of figure 7) values, measured
with the Dynamic Mechanical Analysis (DMA) test:

(continued)

Time min. Known art ΔT (°C) Invention ΔT (°C)

4 115 98

5 120 100

8 130 90

18 80 20
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[0034] From the above table, the improved thermo-mechanical properties of the expanded polymer of the invention,
in the form of a polymeric foam, can be observed, with respect to that of the known art.
[0035] With the process of the invention, it is possible to produce an expanded polymeric material consisting of IPN
(Inter Penetrating Network) polymeric foam based on polyamide-polimide-polyvinylchloride-polyisocyanurate-polyurea.
[0036] Other expanded polymers to which the invention can be applied are polyamide, polystyrene and other thermo-
plastic polymers, in the presence of exothermic reactions suitable for providing the necessary melting points of the same
polymers.

Claims

1. A process for the production of expanded plastic materials, comprising a hot moulding phase of a starting polymeric
blend comprising a polymeric matrix, isocyanate, anhydride and catalyst inside a mould, characterized in that the
heating of said blend is effected by making the same a heat source, by triggering in its interior an exothermic reaction
represented by the following trimerization reaction from isocyanate to isocyanurate:

said reaction being triggered by supplying heat from the outside of said mould.

2. The process according to claim 1, characterized in that said exothermic reaction is effected in the presence of a
catalyst based on carboxylate of quaternary ammonium.

3. The process according to claims 1 or 2, characterized in that the mentioned blend is brought to the melting point
of the polymer or polymers of which it is formed by means of said exothermic reaction.

Patentansprüche

1. Verfahren zum Herstellen von expandierten Kunststoffmaterialien umfassend einen Warmformschritt einer Aus-
gangspolymermischung, welche eine Polymermatrix, Isocyanat, Anhydrid und einen Katalysator enthält, in einer
Form, dadurch gekennzeichnet, dass das Erwärmen der Mischung durchgeführt wird, indem diese durch Auslösen
einer exothermen Reaktion wiedergegeben durch die nachfolgende Trimerisierungsreaktion von Isocyanat zu Iso-
cyanurat in deren Innerem zu einer Wärmequelle gemacht wird,:

TABLE 1

DMA thermo-mechanical properties of the expanded polymer

KNOWN ART INVENTION

Tg Storage Modulus 101°C 116°C

Tg Loss Modulus 107°C 122°C

Tg Tan-Delta 125°C 142°C
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wobei die Reaktion ausgelöst wird, indem von der Außenseite der Form Wärme geliefert wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die exotherme Reaktion in der Gegenwart eines
Katalysators basierend auf Carboxylat von quaternärem Ammonium bewirkt wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die vorgenannte Mischung mittels der exo-
thermen Reaktion auf die Schmelztemperatur des Polymers oder der Polymere, aus dem bzw. denen diese gebildet
ist, gebracht wird.

Revendications

1. Procédé de production de matières plastiques expansées, comprenant une phase de moulage à chaud d’un mélange
polymère de départ comportant une matrice polymère, un isocyanate, un anhydride et un catalyseur à l’intérieur
d’un moule, caractérisé en ce que le chauffage dudit mélange est réalisé en faisant de celui-ci une source de
chaleur, en déclenchant à l’intérieur de celui-ci une réaction exothermique représentée par la réaction de trimérisation
ci-après d’isocyanate pour donner de l’isocyanurate :

ladite réaction étant déclenchée en apportant de la chaleur depuis l’extérieur dudit moule.

2. Procédé selon la revendication 1, caractérisé en ce que ladite réaction exothermique est réalisée en présence
d’un catalyseur à base de carboxylate d’ammonium quaternaire.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce que le mélange cité est porté au point de fusion du
polymère ou des polymères dont il se compose, au moyen de ladite réaction exothermique.
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