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Description

Granulated mixture of polyurethane-based thermoplastic materials

for forming light, foamed manufactured products, in particular

parts of footwear

Technical Field

The present invention relates to the preparation of
thermoplastic mixtures for the production of lightened manufactured
products and relates to a foamable thermoplastic polyurethane-based
granulated mixture which can be used to form manufactured products,
in particular for the production of parts of footwear such as

soles.

Background Art

Thermoplastic polyurethane-based plastic mixtures are widely
used for the production of soles for footwear in place of other
similar materials used for the same purpose, for example rubber or
conventional thermosetting polyurethane.

Said thermoplastic mixtures are characterised Dby their
capacity to give the finished product made from them high level
mechanical properties, plus an externmal appearance very similar to
that of rubber, particularly suitable for winter footwear.

However, compared with thermosetting polyurethane, which in
shoe-manufacturing technology 1is used in the foamed state,
thermoplastic mixtures as such have a fundamental disadvantage
which is an intolerably greater- weight, all other properties being
equal. .
Therefore, to reduce the weight of the manufactured products made
from them, polyurethane-based thermoplastic mixtures are also
foamed so that they also have a reduced density, significantly less
than 1 kg/dm’.

To achieve this result, there is a known technology -
described for example in document EP 1165674 - in which the
thermoplastic polyurethane or polyurethane—ba;ed thermoplastic

mixtures, in the granulated state, are combined with blowing agents
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encapsulated and contained in special micro-cells of powdered solid
substances.

Since the dimensions of the thermoplastic polyurethane
granules are significantly greater than the dimensions of the
granules of solid substances which contain the blowing agents
(granules with a diameter of approximately 1 pm, which therefore
have the appearance of a very fine powder), the above-mentioned
combination of the thermoplastic polyurethane and powdered
substances containing the blowing agent is achieved using operating
methods which for the sake of simplicity may be broadly divided
into three different types. The choice of the method most suited to
the wvarious circumstances is guided by the greater or lesser
relative weight ratio of the powdered substances containing the
blowing agent to the granulated thermoplastic polyurethane.

In more detail, when the percentage weight of the powdered
substances containing the blowing agent is relatively low compared
with the weight of the polyurethane, the blowing agent is dispersed
in the solid state in the form of a master, that is to say, it is
first agglomerated into larger granules and then mechanically mixed
with the thermoplastic polyurethane granules.

For higher percentages, the combination is achieved by
mechanical mixing in the solid state of the powdered substance
containing the blowing agent and the mass of polyurethane granules.

Finally, when the percentages of powdered substance are even
higher, the powdered substance is made to adhere to the outer
surface of the individual thermoplastic polyurethane granules with
the insertion of a mild adhesive agent between them, consisting of
a sort of semi-fluid sticky mastic which anchors the powders to the
thermoplastic material granules.

Whatever the combining method chosen, the combining operations
linked to the above-mentioned known technology all have
disadvantages that are far from negligible.

When the powdered substance containing the blowing agent 1is
dispersed in the form of a master, the semi-finished material
obtained by mechanical mixing of such solid components has a great
lack of homogeneity in the distribution of the granules of powdered

substance agglomerated in the granulated mass of thermoplastic
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polymer to be foamed. As a result, the thermoplastic manufactured
product formed with that material has a consequent uneven density
distribution, also corresponding to extreme variability of the
mechanical properties from one zone to the next of the manufactured
product. This is accompanied by random variations in colour due to
the alternation of zones in which the material is more compact and
zones in which the material is more foamed.

When the powdered substance containing the blowing agent is
mixed in greater quantities with the granules of thermoplastic
polyurethane (second operating method), there is a dispersion of
powder in the air which may result in ecological and economic
problems and health problems for persons affected. All of this
means that equipment and technical measures are needed for the
management of such a delicate and problematic technology for anyone
preparing the materials to be used for forming manufactured
products.

When working with adhesion of the powders of the substance
containing the blowing agent to the polyurethane granules (third
operating mode), the problems 1linked to the volatility of the
powders are reduced, but despite the presence of the adhesive
substance, the powders, which are attached to the outside of the
thermoplastic material granules, tend in any case to become
detached above all during transport steps. Therefore, on one hand,
dispersion of blowing substances in the granulated mass of
thermoplastic polyurethane is uneven, with an obvious consequent
lack of homogeneity in the density of the finished products, and on
the other hand, the migrating particles of powders with the sticky
substance on them adhere to the mechanical parts of the equipment
used to process the materials. For example, it is known that said
powders adhere to the loading hoppers; and in screw extruders,
which is some cases are used to inject the materials into the
forming moulds, the powders containing the blowing agent gradually
coat even the extruding screws to the point that they change the
shape of the profile of the screws, consequently compromising the
operating efficiency of said apparatuses. The problem described
above is so bad that users wanting to process such materials are

forced to abandon the use of injection machines with extrusion
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'

screws in favour of volumetric type injection machines, although
the capital and operating costs of the latter are much greater than

those of the former.

Disclosure of the Invention

The aim of the present invention is therefore to overcome the
above-mentioned problems with a mixture of polyurethane-based
granulated thermoplastic materials and of powders containing the
blowing agent, in which the combination of said components is
achieved with a strictly even distribution of the components and
with absolute irreversibility of their mixing.

According to the invention, this aim is achieved by a mixture
as defined in claim 1, or in any of the dependent claims.

The technical characteristics of the invention, with reference
to the above aims, are clearly described in the claims below and
its advantages are more apparent from the following detailed
description of a granulated mixture of thermoplastic materials
intended to constitute the semi-finished material, which can be
thermally recast, for forming light manufactured products, in
particular for forming soles for footwear made of foamed material

with a micro-honeycomb structure.

Detailed description of the preferred embodiments of the invention

The mixture comprises at least one first component consisting
of a polyurethane-based thermoplastic material, and at least one
second component consisting of micro-cells encapsulating a blowing
agent, which are contained in the polymeric mass of the first
component.

The first component may consist of pure thermoplastic
polyurethane, or of a mixture of thermoplastic materials, in which
in any case the polyurethane is the basic material, whose
percentage presence in the mixture is greater than the presence of
the added materials.

The term thermoplastic polyurethane refers to thermoplastic
substances with characteristics and properties well known to
experts in the field, that is to say, substances for example

belonging to the aromatic and aliphatic thermoplastics families, to
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esters, isocyanates, mixtures of polycarbonates, polybutadienes,
glycols, etc. with the addition of additives, stabilisers,
surfactants, plasticisers, etc.

By way of example, the weight content of the thermoplastic
polyurethane present in the mixture may vary from a minimum of 55%
to a maximum of 98% of the total weight of the mixture, the
remaining 2% being the minimum weight of the component containing
the blowing agent.

The thermoplastic materials to be mixed as additives with the
basic material may include thermoplastic elastomers such as
thermoplastic rubbers of the styrene-butadiene-styrene type; br
styrene-isoprene-styrene thermoplastic rubbers or even styrene-
ethylene-butadiene-styrene thermoplastic rubbers. Other possible
additives may belong to the polyvinyl chloride or ethylvinylacetate
families, supplied both individually or combined.

All of the above thermoplastic materials may contain various
types of additives, such as paraffin or naphthenic oil, fillers of
mineral origin, thermoplastic polybutadiene, styrenated resins,
ethylvinylacetate, etc.

The component containing the blowing agent preferably consists
of micro-cells, incorporated in the polyurethane polymer material
and/or in the material of the polymers which with it constitute the
mixture, consisting of a copolymer of the acrylic/methacrylonitrile
or acrylonitrile/acrylic or ester/olefin group encapsulating the
blowing agent which is, for example, a hydrocarbon such as an
alkane Cp~-C. Both endothermic and exothermic agents can be used.

Blowing substances already known and available for purchase
consist for example of the families of EXPANCELL® from EXPANCELL
NOBEL INDUSTRIES SWEDEN ® or for example of the families of blowing
agents marketed under the name “MICROPEARL” ® from MATSUMOTO YUSHT
SEYAKU. @

The mixture is prepared with the following steps:

- insertion of pure or mixed thermoplastic components in a
rotary mixer;

- homogenisation of the components by mechanical mixing;

- plasticisation of the mixture in a screw extruder, at a

temperature between 140 and 180 °C;
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- insertion in the mixture in the melted state of the
component containing the blowing agent or even a mixture of blowing
agents; and finally

- extrusion with granulation and solidification of the
mixture.

It should be noticed that the screw extruder comprises two
parallel screws rotating in opposite directions, having several
zones, separated from one another along the screw axis, in which
the screw pitch is noticeably reduced compared with the pitch of
the other parts of the screws. There are preferably at least three
such zones, otherwise known as mastication zones.

Some examples of basic compositions of the mixture are as
follows:

Example 1

Polyurethane-based thermoplastic mixture for the production of
soles for footwear comprising, as a percentage of the total welght
of the composition:

- thermoplastic polyurethane present in the mixture in a
weight ratio varying between 60 and 98% of the total weight of the
mixture;

- thermoplastic rubber present in the mixture in a weight
ratio of between 0 and 40% of the total weight of the mixture;

- micro-cellular blowing agent, present in the mixture in a
weight ratio of between 1 and 10% of the total weight of the
mixture and contained in the polymeric mass of the previous
components.

Example 2

Polyurethane-based thermoplastic mixture for the production of
soles for footwear comprising, as a percentage of the total welght
of the composition:

- thermoplastic polyurethane present in the mixture in a
weight ratio of 96% of the total weight of the mixture;

- a first, exothermic micro—cellular blowing agent present in
the mixture in a weight ratio substantially close to 2% of the
total weight of the mixture (for example EXPANCELIL 0.92 MB120);

- a second, endothermic micro-cellular blowing agent (for

example IMC 7175 ACR from TRAMACO ®), present in the mixture in a
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weight ratio substantially close to 2% of the total weight of the
mixture. Whilst the £first blowing agent 1is contained in the
polymeric mass of the thermoplastic material, the second blowing
agent is outside of the polymeric mass of the previous components,
allowing the formation of a film coating.

Example 3

Polyurethane-based thermoplastic mixture for the production of
soles for footwear comprising, as a percentage of the total weight
of the composition:

- thermoplastic polyurethane present in the mixture in a
weight ratio of 95% of the total weight of the mixture;

- a first, exothermic micro-cellular blowing agent present in
the mixture in a weight ratio substantially close to 5% of the
total weight of the mixture (for example EXPANCELL 092MB120)
contained in the polymeric mass of the previous components.

The characteristics of such a mixture are good workability,
fairly good resistance to abrasion (close to 120 mm’) and fairly
even density (0.6 +0.03).

Example 4

Polyurethane-based thermoplastic mixture for the production of
soles for footwear comprising, as a percentage of the total weight
of the composition:

- thermoplastic polyurethane present in the mixture in a
weight ratio close to 65% of the total weight of the mixture;

- thermoplastic rubber present in the mixture in a weight
ratio close to 30% of the total weight of the mixture;

- micro-cellular blowing agent, present in the mixture in a
weight ratio of 5% of the total weight of the mixture (EXPANCELL @
092 MB 120), contained in the polymeric mass of the previous
components.

The characteristics of such a mixture are optimum workability,
fairly good resistance to abrasion (close to 125 mm®) and much more
even density (0.6 +0.01).

Example 5

- thermoplastic polyurethane and thermoplastic rubber present
in the mixture in an overall weight ratio of 95% of the total

weight of the mixture;
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- micro-cellular blowing agent, present in the mixture in a
weight ratio of 5% of the total weight of the mixture (EXPANCELL @
092 MB 120), contained in the polymeric mass of the previous
components.

The characteristics of such a mixture are excellent
workability, fairly good resistance to abrasion (close to 125 mm®)
and excellent evenness of density (0.6 +0.01).

Therefore, the mixtures disclosed have many advantages. The
main advantages may be summarised as follows:

- optimum workability which allows the following to be
obtained: foaming conditions strictly repeatable from one part to
another with minimised rejects; with the widest freedom of choice
of the technology for forming manufactured products, since for
example it is possible to process the mixture in machines with open
channels or in extrusion machines, without the need for volumetric
machines operating with a closed chamber;

- total absence of volatilization of ©powders in the
environment and/or of sedimentation and build up of the component
containing the blowing agent on the physical parts of the machines,
treatment equipment and in the environments used for processing the
materials;

- even density of products on the surface, with the
possibility of obtaining a strong, even skin, giving improved
resistance to abrasion and giving the manufactured products even
strength at all points of their mass, whether inside or outside;

- an even appearance/colour of the surface of the manufactured
products as a direct result of the evenness of the foaming
conditions;

- absence of defects in the cellular structure of the
manufactured products (moulded or extruded) resulting in optimum
firmness and evenness of resistance to compression;

- low level of water absorption.

The invention described has evident industrial applications
and can be modified and adapted in several ways without thereby
departing from the scope of the inventive concept. Moreover, all
details of the invention may be substituted by technically

equivalent elements.
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Claims

1. A granulated mixture of thermoplastic materials for forming
light manufactured products, in particular for forming soles for
footwear, comprising at least one first component consisting of a
polyurethane-based thermoplastic material, and at least one second
component consisting of micro-cells encapsulating a blowing agent,
the mixture being characterised in that the second component is
contained in the mass of the first component, thermal foaming of
the mixture being possible during a forming process in such a way

as to give the manufactured products a honeycomb structure.

2. The mixture according to c¢laim 1, characterised in that the

thermoplastic materials include at least one elastomeric material.

3. The mixture according to claim 2, characterised in that said
elastomeric material includes a thermoplastic rubber of the

styrene-butadiene-styrene type.

4. The mixture according to claim 2, characterised in that said
elastomeric wmaterial includes a thermoplastic rubber of the

styrene-isoprene-styrene type.

5. The mixture according to claim 2, characterised in that said
elastomeric material includes a thermoplastic rubber of the

styrene-ethylene-butadiene-styrene type.

6. The mixture according to any of the foregoing claims,
characterised in that the polyurethane-based component is contained
in the mixture with a variable weight percentage, not less than 55%

of the total weight of the mixture.

7. The mixture according to any of the foregoing claims,
characterised in that the micro-cellular blowing agent is

endothermic.
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8. The mixture according to any of the foregoing claims,
characterised in that the micro-cellular blowing agent is

exothermic.

9. The mixture according to claim 7 or 8, characterised in that
the micro-cells, incorporated in the material of the component,
consist of a copolymer of the acrylic/methacrylonitrile or
acrylonitrile/acrylic or ester/olefin group encapsulating a blowing

agent consisting of an alkane Cu-C.

10. The mixture according to any of the foregoing claims from 1
to 9, characterised in that it comprises: thermoplastic
polyurethane present in the mixture in a weight ratio varying
between 60 and 98% of the total weight of the mixture;
thermoplastic rubber present in the mixture in a weight ratio of
between 0 and 40% of the total weight of the mixture; and micro-
cellular blowing agent present in the mixture in a weight ratio of

between 1 and 10% of the total weight of the mixture.

11. The mixture according to any of the foregoing claims from 1
to 9, characterised in that it comprises: thermoplastic
polyurethane present in the mixture in a weight ratio of 96% of the
total weight of the mixture; a first, exothermic micro-cellular
blowing agent present in the mixture in a weight ratio
substantially close to 2% of the total weight of the mixture; and a
second, endothermic micro-cellular blowing agent, present in the
mixture in a weight ratio substantially close to 2% of the total

weight of the mixture.

12. The mixture according to any of the foregoing claims from 1
to 9, characterised in that it comprises: thermoplastic
polyurethane present in the mixture in a weight ratio of 96% of the
total weight of the mixture; a first, exothermic micro-cellular
blowing agent present in the mixture in a weight ratio
substantially close to 2% of the total weight of the mixture; a

second, endothermic micro-cellular blowing agent, present in the
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mixture in a weight ratio substantially close to 2% of the total

weight of the mixture.

13. The mixture according to any of the foregoing claims from 1
to 9, characterised in that it comprises: thermoplastic
polyurethane present in the mixture in a weight ratio of 95% of the
total weight of the mixture; and a first, exothermic micro-cellular
blowing agent present in the mixture in a weight ratio

substantially close to 5% of the total weight of the mixture.

14. The mixture according to any of the foregoing claims from 1
to 9, characterised in that it comprises: thermoplastic
polyurethane and thermoplastic rubbers present in the mixture in an
overall weight ratio of 95% of the total weight of the mixture; and
a first, exothermic micro-cellular blowing agent present in the
mixture in a weight ratio substantially close to 5% of the total

weight of the mixture.

15. A process for the preparation of a mixture according to any
of the foregoing claims, characterised in that it comprises the
steps of mechanically mixing, in the solid state, a polyurethane-
based thermoplastic material with a micro-cellular blowing agent;
melting the mixture in the solid state in an extruder so that it
incorporates the micro-cells in the solid state; extruding the
mixture; and solidifying the mixture in the form of granules of
polyurethane-based thermoplastic material incorporating said micro-

cells in the solid state inside them.

16. The process according to claim 15, characterised in that the
screw extruder comprises two parallel screws rotating in opposite
directions, having several zones, separated from one another along
the screw axis, in which the screw pitch is reduced compared with

the pitch of the other parts of the screws.

17. The process according to claim 16, characterised in that
there are at least three zones in which the extruder screws have a

reduced pitch.
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