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NUCLEATION EFFICIENCY OF TALC IN THE FOAMING BEHAVIOUR AND

CELLULAR STRUCTURE OF POLYMER-BASED FOAMS

FIELD OF THE INVENTION

[01] The present invention relates to polymer-based foams having improved

cellular structure and using talc as a nucleating agent. The invention further relates to

methods of providing such foams and their use.

BACKGROUND OF THE INVENTION

[02] One of the main challenges involving polymer materials lies in the

development of increasingly light components with improved properties for use in

applications such as food packaging or the automotive industry. A possible strategy

combines weight reduction by foaming of a base material with the incorporation of

reinforcing and/or functional fillers acting as cell nucleants or promoters. Cell nucleating

agents are commonly used in polymeric foaming processes to enhance cell nucleation.

With the presence of nucleating agents, heterogeneous nucleation becomes the

predominant mode of cell nucleation during polymer foaming processes.

[03] Polypropylene foams are known in the art, but they have reduced

stiffness and mechanical strength compared to conventional polypropylene. Increasing

oil prices have contributed to increased production costs of plastic resins and finished

plastic products. Since plastic resin costs typically amount to 50 to 60% of the total cost

of any given plastic product, a reduction of resin amounts in plastics while at the same

time maintaining mechanical and other properties of the plastic products is of

considerable economic benefit.

[04] WO 2010/065053 A 1 describes the use of cell nucleating compositions in

the production of polyhydroxyalkanoate foams. A wide range of nucleating agents were

used, including a high aspect ratio talc (FlexTalc® 6 10D). Polyhydroxyalkanoates are

biodegradable polymers and mainly of interest for the production of biodegradable films

for food packaging. No indications of the properties of the foams obtained, when

compared to the unfoamed products are disclosed.

[05] KR 10-0837106 B 1 discloses a method for preparing non-crosslinked

polypropylene foamed sheets comprising the steps of extruding a mixture 93 to 98 parts

by weight of a polypropylene homopolymer with up to 3 parts per weight talc, followed by

foaming by injection of 1 to 4 parts by weight of butane gas as a foaming agent. There is

no indication regarding the physical properties (such as density, mechanical strength or

stiffness) of the finished product.



[06] KR 10-2007-0028736 A discloses rigid foams for automotive interior

materials prepared from a composite resin prepared by melt-mixing 5 to 10 parts by

weight of a talc with an average particle size of 10 to 13 µ η and 0.1 to 0.4 parts by

weight of an antioxidant with 100 parts by weight of a resin mixture comprising 90 to

95 parts by weight of a polypropylene resin.

SUMMARY OF THE INVENTION

[07] The present invention is defined in the appended claims.

[08] In one aspect, the present invention relates to polymer-based foam

composition comprising a polymer; and up to 20 wt.-% talc particles, based on the total

weight of the composition. The polymer-based foam composition according to certain

embodiments of the invention is characterised in that the talc particles are

microcrystalline talc.

[09] In one embodiment according to the invention, the polymer used for the

polymer-based foam composition is a polypropylene polymer, such as a polypropylene

homopolymer. According to one embodiment of the present invention, the polymer may

be the major component of the polymer-based foam composition (i.e. more than 50% by

weight of the composition).

[10] According to certain embodiments of the present invention, the polymer-

based foam composition may be produced by either a two-step extrusion-mixing and

foaming process, or a single-step injection-moulding foaming process, such as the

Mucell® foaming process. These processes will be explained in more detail in the

Examples section of the present description.

[1 1] A second aspect of the present invention is the use of the polymer-based

foam compositions in the production of food packaging products and/or in the production

of plastic parts for automotive vehicles, as well as in packaging products in general,

thermal and/or noise insulation foams, pipes, consumer goods and appliances..

[12] A third aspect of the present invention provides compositions and

products comprising a polymer-based foam composition according to certain

embodiments of the present invention. These products may be for example food

packaging products, or structural parts for the automotive industry.

[13] A fourth aspect of the present invention provides methods for forming the

polymer-based foam compositions involving either a two-step extrusion-mixing and

foaming process, or a single-step extrusion moulding and foaming process, such as for

example the Mucell® process.



[14] The nucleated polymer foam of certain embodiments of the invention

develops a good nucleating effect which allows the density of the material to be

decreased without negatively impacting on the overall mechanical properties and thus

allows the material performance to come close to that of the unfoamed material.

SHORT DESCRIPTION OF THE FIGURES

[15] Exemplary embodiments of the invention will be further illustrated by

reference to the following figures:

Fig. 1a shows a Scanning Electron Microscope (SEM) picture of a talc having

a microcrystalline structure;

Fig. 1b shows a Scanning Electron Microscope (SEM) picture of a talc having

a macrocrystalline structure;

Fig. 2 shows a scheme of the a C0 2-dissolution foaming process as used in a

two-step extrusion-mixing and foaming process;

Fig. 3 shows a diagram of foam samples produced using a single-step

injection-moulding foaming process;

Fig. 4 shows schematically the orientation of the cells and their cells sizes

pV D and cpWD;

Fig. 5 shows a single cantilever clamp, as used for the DMTA

characterisation of the samples;

Figs. 6 to 2 1 show SEM micrographs of the foams according to Examples 1 to 7 and

comparative Examples 1 and 8 to 12 at various scales;

Fig. 22 shows an illustration of the flow direction (FD) and transverse direction

(TD) measurements of the cellular structure of the foams produced

according to the single-step injection-moulding foaming process;

Figs. 23 to 40 show SEM micrographs of the foams according to Examples 8 to 19

and comparative Examples 13 to 16 at various scales;

Figs. 4 1 to 58c show SEM micrographs of the foams according to Examples 20 to 3 1

and comparative Examples 17 to 20 at various scales.

DETAILED DESCRIPTION OF THE INVENTION

[16] The present invention according to the appended claims provides for

polymer foams in which the considerable reduction of polymer stiffness and mechanical

strength caused by the incorporation of a high gas volume fraction is at least partially



compensated by the incorporation of microcrystalline talc, acting both as a nucleating

agent and as a reinforcing filler.

[17] In general, the individual platelet size, i.e. the median diameter as

measured by the Sedigraph method as described in the experimental section below, of

an individual talc platelet (a few thousand elementary sheets) can vary from

approximately 1 µ η to over 100 µ η , depending on the conditions of formation of the

deposit. The individual platelet size determines the lamellarity of the talc. A highly

lamellar talc will have large individual platelets, whereas a microcrystalline talc will have

small platelets. Although all talcs may be termed lamellar, their platelet size differs from

one deposit to another. Small crystals provide a compact, dense ore, known as

microcrystalline talc. Large crystals come in papery layers, known as macrocrystalline

talc. Known microcrystalline talc deposits are located in Montana (Yellowstone) and in

Australia (Three Springs). In a microcrystalline structure, talc elementary particles are

composed of small plates compared to macrocrystalline structures, which are composed

of larger plates. Figs. 1a and 1b show Scanning Electron Microscope (SEM) pictures of

talcs having microcrystalline and macrocrystalline structures respectively.

[18] According to certain embodiments of the present invention,

microcrystalline talcs are suited for use as nucleants and/or fillers in the production of

polymer foams. The polymer foams may be selected from thermoplastics, thermoplastic

elastomers foamed with physical blowing agents and polystyrene or polypropylene

foams. Polypropylene foams are suited for use in the food packaging and the

automotive industries. Polystyrene foams are suitable for use e.g. as packaging

products or as insulating materials.

[19] Furthermore, according to certain embodiments of the present invention

provides improved properties, irrespective of whether they were produced using a two-

step extrusion-mixing and foaming process, or a single-step injection-moulding foaming

process. In fact it has been found that when a single-step injection-moulding foaming

process is used, advantageous physical properties are obtained in both the flow direction

(FD) of the moulding and the transversal direction (TD) to the moulding direction.

[20] According to one embodiment of the present invention, the polymer may

be the major component of the polymer-based foam composition, i.e. present in an

amount greater than 50% by weight of the composition. In embodiments, the polymer

may be present in an amount (by weight of the composition) of 55% or more, 60% or

more, 70% or more, 80% or more, 90% or more, 95%, or 99% or more.

[21] The polymer based foam compositions according to certain embodiments

of the present invention may be polypropylene foams, such as polypropylene



homopolymer foams, loaded with varying concentrations of microcrystalline talc. For

example, the microcrystalline talc may be present in an amount of up to 20 wt.-%, or of

up to 10 wt.-%, based on the total weight of the composite (unfoamed) material, or in an

amount of up to 5 wt.-%, or in an amount ranging from 0.1 wt.-% to 5 wt.-%.

[22] The microcrystalline talc comprised in the polymer foams according to

certain embodiments of the present invention may have a d
50

by Sedigraph ranging from

0.5 to 10 µ η . For example, the d
50

of the microcrystalline talc may be ranging from 1.0

to 7.5 µ η , such as 1.0 to 5 µ η , or 3.0 to 4.5 µ η . The Sedigraph method is described in

the experimental section below

[23] Furthermore, the microcrystalline talcs comprised in the polymer foams

according to certain embodiments of the present invention may have a surface BET area

in the range of 5 to 25 m2-g , such as for example from 8 to 25 m2-g , or from 10 to

15 m2-g , or from 10 to 12 m2-g . As used herein, the surface BET area is the specific

surface area measured according to DIN ISO 9277.

[24] Moreover, the microcrystalline talcs comprised in the polymer foams

according to certain embodiments of the present invention may have an aspect ratio

according to Jennings theory in the range of from 3 to 25, from 5 to 20, from 9 to 15, or

from 10 to 15. The Jennings theory (or Jennings approximation) of aspect ratio is based

on research performed by W. Pabst, E. Gregorova, and C. Berthold, Department of

Glass and Ceramics, Institute of Chemical Technology, Prague, and Institut fur

Geowissenschaften, Universitat Tubingen, Germany, as described e. g . in Pabst W.,

Berthold C : Part. Part. Syst. Charact. 24 (2007), 458.

[25] In certain embodiments, the microcrystalline talc comprised in the

polymer-based foam composition may have an average particle size d5o by Sedigraph of

0.5 to 10 µ η , and an aspect ratio according to Jennings theory of 3 to 25, and a surface

BET area of 5 to 25 m2-g . In other embodiments, the microcrystalline talc comprised in

the polymer-based foam composition may have average particle size d
50

by Sedigraph of

3 to 4.5 µ η , an aspect ratio according to Jennings theory of 9 to 15, and a surface BET

area of 10 to 15 m2-g .

[26] The polymer-based foam compositions according to certain embodiments

of the present invention may have average cell sizes of 150 µ η or less, or 100 µ η or

less, or 80 µ η or less, or even 40 µ η or less, in either the vertical direction ( PVD ) , or the

width direction ( W D) or both. The ratio W D VD of the average cell size in a width

direction p D to the average cell size in a vertical direction p V D may be 0.7 or more, such

as for example 0.8 or more, or even 0.9 or more.



[27] The polymer-based foam compositions according to certain embodiments

of the present invention may have cell concentrations (Nf) in the foam of 1 105

cells-cm 3 or more, such as for example 1 106 cells-cm 3 or more, or even 5 106

cells-cm 3 or more, or in some cases even 1 107 cells-cm 3 or more. The polymer-

based foam composition according to certain embodiments of the present invention may

contain 106 or more cells per cm3 (Nf) .

[28] The polymer-based foam compositions according to certain embodiments

of the present invention may have relative densities, when compared to the respective

unfoamed base materials, ranging from 0.40 to 0.95, such as ranging from 0.55 to 0.90.

[29] In the polymer-based foam compositions according to certain

embodiments of the present invention the elastic storage modulus may be influenced by

the foaming, when compared to the elastic storage modulus of the unfoamed product,

such as for example, specific elastic storage modulus of polymer based foams filled with

5% microcrystalline talc (1052.7 MPa-cm /g) may be 13% higher than unfilled polymer-

based foamed (926.8 MPa-cm /g) for almost the same weight reduction (-15%).

Alternatively, for example, a specific elastic storage modulus of polymer based foamed

filled with 5% of microcrystalline talc (1052.7 MPa-cm /g) may be 9% lower than unfilled

and unfoamed polymer ( 1 148.6 MPa-cm /g) but with 16% weight reduction achieved. In

certain embodiments, the variation parameter "n", which measures the relative effect of

the foaming on a physical property in relation to the corresponding unfoamed product, is

1.5 or lower, such as e.g. 1.4 or lower.

EXAMPLES

[30] Tests and analytical results of unfilled and filled polypropylene and

polystyrene foams prepared according to a two-step extrusion-mixing and foaming

process and a single-step injection-moulding foaming process are described separately.

As mentioned above, talc-nucleated polypropylene and polystyrene foams prepared

according to any of these processes form part of the present invention.

Two-step extrusion-mixing and foaming process:

[31] Compounding: All materials were prepared by melt-mixing the

polypropylene (Polypropylene homopolymer "Moplen HP501 L", provided by

LyondellBasell) with the different talcs (Comparative Talcs A to D, and Talcs A and B)

using a co-rotating twin-screw extruder "Collin Kneter 25X36D". The extrusion

temperature profile and screw speeds as shown in Table 1 were used:



Table 1: Extrusion temperature profile and screws rotating speed used in the preparation

of the several polypropylene-talc composites:

[32] A range of talcs were tested for their potential use as fillers/nucleants in

polymer foams. They are listed in Table 2 , with their respective morphologies and main

physical properties. Unless otherwise stated, the particle size properties referred to

herein for the inorganic particulate materials were measured according to methods

known to the skilled person in the art. Unless otherwise mentioned, the properties were

measured by sedimentation of the particulate material in a fully dispersed condition in an

aqueous medium using a "Sedigraph 5100" machine as supplied by Micrometrics

Instruments Corporation, Norcross, Georgia, USA, referred to herein as a "Micrometrics

Sedigraph 5100 unit". Such a machine provides measurements and a plot of the

cumulative percentage by weight of particles having a size, referred to in the art as the

'equivalent spherical diameter' (e.s.d), less than given e.s.d values. The mean particle

size d
50

given herein is the value determined in this way of the particle e.s.d at which

there are 50% by weight of the particles which have an equivalent spherical diameter

less than that d5ovalue.

Table 2 : Main characteristics of the different talc grades:

Type of talc Morphology (µ ) * BET (m g)
Comparative Talc A Lamellar 4.9 4.2
Comparative Talc B Lamellar 2.0 8.0
Comparative Talc C Highly lamellar 3.7 6.5

Talc A Microcrystalline 3.4 11.0
Comparative Talc D Highly lamellar 0.7 19.0

Talc B Microcrystalline 1. 1 2 1.3



[33] Comparative Talcs A and B polypropylene composites were prepared by

diluting a polypropylene-talc masterbatch with a nominal amount of talc of 2 wt.-% to

nominal talc concentrations of 0.5, 1, 1.3 and 1.7 wt.-%. In the case of Comparative

Talcs C and D, and Talcs A and B composites, 1 wt.-% talc-polypropylene composites

were prepared by diluting a polypropylene-talc masterbatch with a nominal amount of

talc of 5 wt.-%.

[34] In order to provide full homogenisation, all composites were prepared by

processing the material twice inside the twin-screw extruder. For comparison purposes,

polypropylene homopolymer without talc was also processed twice using the same

temperature profile. At the exit of the circular extrusion die (0 = 3 mm) all materials

were cooled using a water bath and pelletised prior to solid foaming precursor

preparation.

[35] Solid foaming precursor preparation: In order to prepare solid precursors

for foaming, the different pelletised materials obtained at the end of the compounding

stage were compression-moulded in a hot-plate press IQAP-LAP PL-15 by placing the

pellets into a 3.5 m thick circular steel mould (0 = 74 m) using the conditions shown in

Table 3 .

Table 3 : Solid foaming precursor compression-moulding conditions:

[36] Polypropylene-talc composites were provided, comprising the various

talcs shown in Table 2 at varying concentrations. The actual talc content in the

composites was determined by calcination as the average of three values obtained

according to UNE-EN ISO 3451-1 . A sample weight of approximately 5.0 g was used

and the talc content was calculated according to the following equation:

talc content (in wt.-%) = M b ~ M ° ·100 ,
M - M

wherein M0 is the weight of the empty crucible, Mc is the weight of the crucible with the

sample prior to calcination and M is the weight of the crucible with the burned sample.

The various composites used are shown in Table 4 . Early tests indicated that



polypropylene compositions comprising Talc A provided potentially promising results, so

a broader range of materials comprising this talc was tested.

Table 4 : Talc content of the several polypropylene-talc composites determined by

calcination at 600 °C according to UNE-EN ISO 3451-1

[37] Foaming was performed by C0 2-dissolution: The solid foaming precursor

discs were foamed using a gas dissolution batch-foaming process with C0 2 as the

physical blowing agent (see scheme displayed in Fig. 2). Foams were obtained by

saturating the discs with C0 2 in a high-pressure vessel, the saturated sample being

foamed in one-step by applying a pressure drop. Pressurised at 200 bar and 155°C

(saturation temperature) for 30 min, the C0 2-saturated discs were foamed while cooling

from the saturation temperature to the foaming temperature (135°C), and by

decompressing from 180 bar (foaming pressure) to 0 bar, i.e. applying a pressure drop

of 180 bar. The foaming conditions used to prepare the foams are presented in Table 5 :

Table 5 : Foaming conditions used to prepare the foams by one-step C0 2-dissolution:

Time at saturation temperature.



[38] The densities of the various composites (foamed and unfoamed) were

measured according to ISO 845, without removing the outer skins of the foamed

specimens generated during the C0 2-foaming process. The results are displayed in

Table 6 . The relative densities refer to the ratio of the density between the respective

P ffoamed and the unfoamed products —- .

Table 6 : Absolute and relative densities of unfoamed and foamed polypropylenes formed

according to the two-step extrusion-mixing and foaming process:

Single-step injection-moulding foaming process:

[39] The production of foamed polypropylene was carried out using foaming

by injection-moulding physical foaming known as the Mucell® foaming process.

Polypropylene homopolymer "Moplen EP300K", provided by LyondellBasell, was foamed

using supercritical N2 (0.7 to 0.8 wt.-%) as the physical blowing agent, to obtain square

plates of dimensions 10 cm 10 cm 5 mm. The talc incorporated was Talc A (see

Table 2), in concentrations of 1, 2 and 5 wt.-%. The injection-moulding machine "Engel

Victory 110" has a closing force of 110 tons, maximum plasticising volume of 250 cm3,



maximum injection pressure of 2500 bar, and a screw diameter of 40 mm. The

temperatures of the injection unit are shown in Table 7 . The counter back-pressure

during injection is 20 MPa, the mould temperature 35°C and the cooling time inside the

mould 35 to 45 s. The injection speed was 0.200 m-s 1 for examples 8 to 19 and

0.065 m-s 1 in the case of example 8* .

Table 7 : Injection unit temperatures

[40] Various foams were produced using the above described process. The

polymer dosages and injection speeds for each foaming condition are shown in Table 8 :

Table 8 : Polymer dosages and injection speeds for each foaming condition

[41] The various foams produced from the polypropylene comprising 1, 2 and

5 wt.-% Talc A , and their unfoamed equivalents had the densities shown in Table 9 . The

densities were measured according to ISO 845.



Table 9 : Densities of unfoamed and foamed polypropylenes:

Foam characterisation:

[42] The cellular structure of the various foams produced according to the

Examples and Comparative Examples described above was studied using a "JEOL

JSM-5610" scanning electron microscope (SEM) from samples cryogenically fractured

using liquid nitrogen and made conductive by sputter deposition of a thin layer of gold.

The average cell size (φ ) and cell density (Nf) were directly obtained from low-

magnification micrographs using the intercept counting method [G.L.A. Sims and C.

Khunniteekool, Cell size measurement of polymeric foams, Cellular Polymers, 13, 137

(1994)]. In particular, Nf was determined according to the following equation:

wherein n is the number of cells per area A (in cm2) , and ps and pf are respectively the

solid and foam densities.



[43] Two different cell sizes were determined, p V D, with VD representing the

vertical direction, in this case being the cell size in the direction of pressure release, and

D with W D representing the width direction, as represented in Fig. 4 .

[44] The various foams produced according to the Examples and Comparative

Examples described above were further characterised using Dynamic Mechanical

Thermal Analysis (DMTA) characterisation. The equipment used was the "Dynamic

Mechanical Thermal Analysed DMA Q800" provided by TA Instruments. The method

used was a DMA multi-frequency strain with a strain control of 0.02%. The samples

tested had a rectangular geometry and were held by a single cantilever clamp, as shown

in Fig. 5 . The samples were tested after removing the outer skin generated during

foaming and had a thickness of 2.8 mm, a width of 13.0 mm and a length of 35.0 mm,

with a span length of 17.5 mm.

[45] The elastic storage modulus E of the materials was determined according

to the following equation:

wherein Ks represents the measured stiffness, L the sample length, v Poisson's ratio,

and t the sample's thickness. I is the moment of inertia of the sample, represented by

w -t

w being the sample width, and Fc is a clamping correction factor, defined by:

F = 0.761 6 - 0.02712 · 0.1083 I
t

[46] The elastic storage modulus E would then be analysed according to the

Gibson-Ashby model, which defines parameter n according to the relative elastic storage

moduli and densities of the materials as follows:

Pf



wherein n is a measure of the deterioration of the mechanical properties of a foam

compared to its unfoamed equivalent. As used herein, "n" represents the variation of a

given property of a foam (such as elastic modulus or the strength) with that of the

respective base solid, relative to the foam density. Conventionally it is accepted that

typically, "n" takes a value ranging from 1 and to 2 . "n" is closely related to the cellular

structure, its value being close to 1 if the material presents a closed-cell type of cellular

structure with average cell sizes of a few micrometers (microcellular foams). If n = 1, the

variation of the properties of the foam with that of the solid with varying density is linear

(e.g. a 20% density reduction will result in a 20% reduction of the measured property)

"n" tends to increase with increasing cell size and/or cell connectivity. Generally

speaking, it is recognised that open-cell foams have "n" values close to 2 , although a

value of n = 2 does not necessary mean that the cellular structure is fully open-celled.

Results:

[47] The cellular structures of the various foams produced according to the

two-step extrusion-mixing and foaming process were measured according to the above

mentioned procedure and are shown in Table 10 :

Table 10 : Cellular structures of polypropylene-talc foams produced according to the two-

step extrusion-mixing and foaming process:



[48] The cellular structures of the various foams produced according to the

two-step extrusion-mixing and foaming process are shown in Figs. 6 to 2 1

[49] As can be seen, the incorporation of talc resulted in foams with lower

average cell sizes (cell size reduction from the 268 µ η of the unfilled polypropylene

foams to the around 170 µ η of the polypropylene foams with Comparative Talc A and

Comparative Talc B - see Comparative Examples 1 to 4 and 8 shown in Table 10) and

higher cell densities (increase from 2.67 105 cells cm 3 to up to 3.40 105

cells cm 3) , hence demonstrating the heterogeneous cell nucleation effect promoted by

the talc particles. Also, polypropylene-talc foams displayed a more isotropic-like cellular

structure when compared to the unfilled polypropylene foams (compare Fig. 6 with

Figs. 7 and 9).

[50] The effect of talc concentration in the cellular structure of polypropylene

foams in terms of the average cell size, cell density and cell aspect ratio, was assessed

using Comparative Talc A . As can be seen by the results shown in Table 10 , finer

cellular structures were obtained with increasing talc content from 0.5 wt.-% to as high

as 1.7 wt.-% (from around 160 µ η and 2.30 105 cells cm 3 to around 153 µ η and

3.40x 105 cells cm 3) , showing the heterogeneous cell nucleation effect promoted by the

talc particles. Although 0.5 wt.-% Comparative Talc A foams (Comparative Example 1)

displayed cell densities that were apparently lower than that of the unfilled polypropylene

foams (2.30 χ 105 cells cm 3 compared to the 2.67 χ 105 cells cm 3 of the unfilled

polypropylene foams), this small difference was attained to their higher relative density,

which affected the determination of Nf (see equation). As a matter of fact, polypropylene

+ 0.5 wt.-% Comparative Talc A foams (Comparative Example 1) still displayed

considerable lower cell size values (around 160 µ η , when compared to the 268 µ η of

the unfilled polypropylene foams), comparable to the other polypropylene-talc foamed

composites. Nevertheless, the main differences regarding cellular structure are still

observed with incorporating talc to polypropylene (cell size reduction, increased cell

density and improved cell isotropy when compared to the unfilled polypropylene foam),

mainly for a talc concentration of 1 wt.-% or higher.

[51] Figs. 12 and 14 to 17 , as well as in comparative fashion Fig. 13 show

increasingly finer cells (smaller cell sizes) and more isotropic-like cellular structures

(aspect ratios closer to 1) with increasing microcrystalline talc concentration, up until a

Talc A amount of 10 wt.-% (Example 5) is obtained. Saturation of the system in terms of

the cell nucleation efficiency is obtained when the talc concentration reaches 10 wt.-%.

[52] Only slight differences were found between Comparative Talc A and

Comparative Talc B foams. Although the higher cell size reduction was apparently



observed for the Comparative Talc A-1 .7 foam ( 1 .7 wt% Comparative Talc A ;

(Comparative Example 4), when compared for instance with the Comparative Talc B

counterpart (Comparative Example 8), it has to be taken into account that the St-1 .7

foam presented a lower talc content when compared to Comparative Talc A - 1 .7

( 1 wt.-% Comparative Talc B in Comparative Example 8 , compared to 1.7 wt%

Comparative Talc Ain Comparative Example 4). When comparing more similar talc

contents, almost identical results were obtained in terms of cell size for both types of

talc, though the incorporation of the finer talc (Comparative Talc B) led to foams with a

higher cell density (3.15 105 cells cm 3 , compared to 3.00 105 cells cm 3 for 1%

Comparative Talc Afoam; Comparative Example 2), mainly related to their lower relative

density (higher expansion).

[53] Effect of talc morphology: Although the addition of Talc A (Examples 1 to

5) led to foams with higher cell sizes when compared to the ones with Comparative Talc

C (Comparative Examples 1 to 4 ; around 187 µ η compared to 156 µιτι ) , these foams

according to Example 4 displayed cell densities that were more than 2 times higher than

that of polypropylene + Comparative Talc C foams, which was related not only to the

lower relative density, i.e. higher expansion, of polypropylene + Talc A foams, but to the

microcrystalline morphology of the talc particles. The highest cell nucleation was

obtained with 5 wt.-% Talc A (microcrystalline talc). At 10 wt.-% Talc A , lower cell

nucleation is obtained due to a considerable aggregation of talc particles in the

polypropylene matrix.

[54] In particular, nucleants should have a combination of the most uniform

possible size, shape and surface properties. Since Talc A has a microcrystalline

morphology when compared to Comparative Talc C and hence a much higher and

uniform surface area ( 1 1.0 m2/g compared to the 6.5 m2/g of Comparative Talc C), direct

result of microcrystalline talc's smaller platelets when compared to the much larger

individual platelets of the highly lamellar talc, a higher cell nucleation is obtained.

Without wishing to be bound by theory, it is believed that this better cell nucleation is

attributed to the fact that the rough and higher surface area of microcrystalline talc tends

to entrap more air creating more nuclei and finer bubbles.

[55] The analysis indicates that although the addition of both 1 wt.-% talc

Comparative Talc D (Comparative Example 12) and 1 wt.-% Talc B (Example 7) led to

foams with quite similar average cell sizes (around 190 µ η ) , the second type of

(microcrystalline) talc resulted in foams with considerably higher cell densities

(2.68 105 cells cm 3 in the case of polypropylene + 1 wt.-% Talc B foam (Example 7)

and 1.21 * 105 cells cm 3 in the case of polypropylene + 1 wt.-% Comparative Talc D -



see comparative shown in Figs. 19 and 2 1) , which was related to the microcrystalline

talc morphology of Talc B.

[56] The foams produced according to the two-step extrusion-mixing and

foaming process were analysed by DMTA characterisation as described above. The

results and extrapolated n values are shown in Table 11:

Table 11: DMTA-characterisation of the polypropylene-talc foams produced according to

the two-step extrusion-mixing and foaming process:

[57] The parameter n is an indicator of the deterioration of the properties of the

foams when compared to the unfoamed equivalent, and taking into account the reduced

density of the foams. A lower n-value indicates a better performance of the

corresponding foam. The results displayed in Table 11 indicate that the foamed

materials of the Examples according to the present invention have improved or

equivalent performances, in view to the comparative examples, where lamellar and

highly lamellar talcs were employed. Even in the case of Example 5 , in which the high

loading of microcrystalline talc lead to aggregation of the particles, the performance of

the talc-loaded polypropylene foam corresponds to that of the comparative materials.

[58] The cellular structures of the various foams produced according to the

single-step injection-moulding Mucell® foaming process were measured. Since the



properties of the cellular structures varied in the square plates, depending on whether

the measurements were taken in the flow direction (FD) and the transverse direction

(TD), both measurements are displayed in Tables 12 and 13. Fig. 22 illustrates the

zones considered in the transverse direction (TD) and the flow direction (FD).

[59] Example 8* represents a material that has identical components and

proportions as in Example 8 , but wherein the injection speed in the single-step injection-

moulding foaming process was reduced from the standard 0.200 m-s 1 to 0.065 m-s 1 .

Table 12: Cellular structures in the flow direction (FD) of polypropylene-talc foams

produced according to the single-step injection-moulding foaming process:

Relative N
Example <PVD w D (Mm) Fig.

density (cells · c m 3 )

Comp. 13 0.86 107.1 154.8 1.38 105 23, 24
Comp. 14 0.75 208.7 242.4 8.73 104 23, 25
Comp. 15 0.67 121 .3 113.1 8.43 105 23, 26
Comp. 16 0.62 73.9 94.5 2.08 10 23, 27

8 0.85 39.3 37.2 1.25 107 24, 28, 29
8* 0.85 65.4 6 1.0 2.10 10 29
9 0.74 6 1.2 56.7 5.28 10 25, 28
10 0.66 88.5 86.0 1.63 x 10 26, 28
11 0.61 77.2 76.4 2.52 χ 10 27, 28
12 0.85 44.9 4 1.3 9.06 χ 10 24, 30
13 0.73 54.6 54.1 5.68 χ 106 25, 30
14 0.66 46.9 59.0 4.68 χ 10 26, 30
15 0.61 70.8 67.5 2.49 χ 10 27, 30
16 0.84 47.5 56.1 3.94 χ 10 24, 3 1

17 0.73 68.6 59.8 5.55 χ 10 25, 3 1

18 0.66 72.4 58.8 4.83 χ 10 26, 3 1

19 0.60 76.5 67.6 3.32 χ 10 27, 3 1



Table 13: Cellular structures in the transversal direction (TD) of polypropylene-talc foams

produced according to the single-step injection-moulding foaming process:

[60] The cellular structures of the various foams produced according to the

single step injection moulding foaming process are shown in Figs. 23 to 40.

[61 ] As can be seen, the incorporation of talc resulted in foams with lower

average cell sizes. As is shown in Examples 8 and 8* of Tables 12 and 13, as well as

Figs. 29 and 38, a lower injection speed led to foams with higher cell sizes and lower cell

concentration, both in the flow direction (FD) and the transversal direction (TD).

Therefore, the injection speed was maintained at 0.200 m-s in all other Examples.

[62] In the unfilled polypropylene foams 1 to 3 (Comparative Examples 13 to

15) the cell sizes φ in all directions remain above 110 µ η and the cell number below

106 cells cm 3 . The difference between the cell sizes in the flow direction (FD) and the

transversal direction (TD) is relatively high, and the cell aspect ratios AR = - < 1. On

the other hand, the foams made form the polypropylene/Talc A composites have cell

sizes φ in all directions remain below 80 µ η , sometimes below 40 µ η and the cell

number concentrations above 106 cells cm 3 , in some cases even above

107 cells cm 3 . Furthermore, the difference between the cell sizes in the flow direction

(FD) and the transversal direction (TD) is relatively lower, compared to the non-

nucleated foams, and the cell aspect ratios are closer to 1, meaning that the foams are



more isotropic. The influence of the flow direction on the foaming is lower and hence

more dimensionally uniform ("symmetrical") foams can be obtained.

[63] Among the nucleated polypropylene foams, the differences between the

various talc concentrations were not significant. However, it can be seen that higher talc

loadings lead to increased N values for the cell concentrations. The addition of

increasingly high amounts of microcrystalline talc had a higher effect in terms of cell size,

especially for the more highly expanded foams, particularly in the transversal direction

(TD). It is speculated that this may be due to a plasticization effect of the talc, which

promotes higher differences of cell sizes in the flow direction.

[64] Fig. 33 shows the effect of talc incorporation and concentration on the cell

structure. In the case of weight reduction of 15 to 16% (Examples 8 , 12 and 16), it is

clearly visible that a high cell nucleation effect is obtained when the amount of talc is

increased. Although in some specific cases increasingly higher concentrations of talc

led to foams with even higher cell densities, the biggest differences were found between

the unfilled polypropylene foams and the ones with microcrystalline talc.

[65] The foams produced according to the single-step injection-moulding

foaming process were analysed by DMTA characterisation as described above. The

skins of the samples formed during foaming were retained as opposed to the two step

foaming process. These measurements were also taken both in the flow direction (FD)

and the transverse direction (TD), see Fig. 22. The results and extrapolated n values

are shown in Tables 14 and 15:



Table 14: DMTA-characterisation in the flow direction (FD) of the polypropylene-talc

foams produced according to the single-step injection-moulding foaming process:



Table 15: DMTA-characterisation in the transverse direction (TD) of the polypropyl

talc foams produced according to the single-step injection-moulding foaming process:

[66] The data shows that the E's p ec-values of the unfoamed composites

increased with increasing talc loadings. Generally speaking, E's p ec-values decreased

with decreasing relative density (i.e., with increasing weight reduction). Furthermore,

polypropylene foams with talc displayed higher E's p ec-values than the respective unfilled

polypropylene foams, in particular in the flow direction (FD). It is believed that this effect

is related to a combination of a finer cellular structure and mechanical reinforcement of

the foams effect due to the talc.

[67] Though there is not a global tendency in terms of mechanical properties

with increasing the amount of talc, polypropylene foams with 2% and 5% Talc A

(Examples 12 to 19) present improved mechanical behaviour in the transverse direction

with foaming, as assessed by their lower values of Gibson-Ashby's exponent n . This

implies a slower deterioration of mechanical properties in foaming with increasing the

amount of microcrystalline talc in the foamed polypropylene composites.



[68] Equivalent tests were carried out using polystyrene foams instead of

polypropylene foams. The production of foamed polystyrene was also carried out using

foaming by injection-moulding physical foaming known as the Mucell® foaming process.

Polystyrene atactic homopolymer "Polystyrol 165H", provided by BASF, was foamed

using supercritical N2 (0.7 to 0.8 wt.-%) as the physical blowing agent, to obtain square

plates of dimensions 10 cm 10 cm 5 mm. The talc incorporated was Talc A (see

Table 2), in concentrations of 1, 2 and 5 wt.-%. The composites were produced by initial

preparation of a polystyrene-talc masterbatch comprising 10 wt.-% Talc A with

subsequent dilution of the masterbatch to obtain the desired concentrations.

[69] The temperatures of the injection unit during the injection-moulding

foaming Mucell® process are shown in Table 16. The counter back-pressure during

injection is 20 MPa, the mould temperature 20°C and the cooling time inside the mould

45 to 50 s.

Table 16: Injection unit temperatures

[70] Various foams were produced using the above described process.

Polymer dosages and injection speeds are presented in Table 17:

Table 17: Polymer dosages and injection speeds

[71] The various foams produced from the polystyrene comprising 1, 2 and

5 wt.-% Talc A , and their unfoamed equivalents had the densities shown in Table 18.

The densities were measured according to ISO 845.



Table 18: Densities of unfoamed and foamed polypropylenes:

Foam characterisation:

[72] The cellular structure of the various polystyrene foams was analysed and

assessed in the same way as for the polypropylene foams above. The cellular

structures of the various polystyrene foams produced according to the two-step

extrusion-mixing and foaming process were measured according to the above

mentioned procedure and are shown in Tables 19 and 20:



Table 19: Cellular structures in the flow direction (FD) of polystyrene-talc foams

produced according to the single-step injection-moulding foaming process:

Table 20: Cellular structures in the transversal direction (TD) of polystyrene-talc foams

produced according to the single-step injection-moulding foaming process:

[73] The cellular structures of the various foams produced according to the

single step injection moulding foaming process are shown in Figs. 4 1 to 58c.

[74] As can be seen, the incorporation of talc resulted in foams with lower

average cell sizes. In the unfilled polystyrene foams 2 to 4 (Comparative Examples 18



to 20) the cell sizes φ in all directions were between approximately 50 µ η and 60 µ η

and the cell number below or around 107 cells cm 3 . The unfilled polystyrene foam 1

(Comparative Example 17) presented clearly higher cell sizes in both the FD and TD

direction, of approximately 85 µ η and 90 µ η , with a cell number below 106 cells cm 3 .

It is thought that this is due to the lower proportion of blowing agent and a less effective

cell nucleation. In the case of the unfilled polystyrene foams, the cell density increased

with higher foaming efficiency.

[75] Among the nucleated polystyrene foams, the differences between the

various talc concentrations were not significant. However, it can be seen that higher talc

loadings lead to generally increased N values for the cell concentrations. The

incorporation of talc clearly reduced the cell sizes in both directions, promoting the

formation of foams with much higher cell densities. The detected cell sizes were below

50 µ η , in some cases even below 20 µ η ; the cell density was above 107 cells cm 3 , in

some cases even above 108 cells cm 3 . Furthermore, the difference between the cell

sizes in the flow direction (FD) and the transversal direction (TD) is relatively lower,

compared to the non-nucleated foams, and the cell aspect ratios are closer to 1,

meaning that the foams are more isotropic. The influence of the flow direction on the

foaming is lower and hence more dimensionally uniform ("symmetrical") foams can be

obtained. This is also illustrated in Fig. 57.

[76] Significant differences were also observed when increasing the amount of

talc, with foams displaying lower cell sizes and higher cell densities. There is clearly a

higher cell nucleation effect with increasing the talc concentration. The cell size

reduction and cell density increase is particularly pronounced with increasing the amount

of talc for foam weight reductions of 16 and 28% (see Fig. 58a to 58c), leading to the

conclusion that the cell nucleation induced by talc is more effective at lower weight

reductions.

[77] The polystyrene foams produced according to the single-step injection-

moulding foaming process were also analysed by DMTA characterisation as described

above. The skins of the samples formed during foaming were retained as opposed to

the two-step foaming process. These measurements were also taken both in the flow

direction (FD) and the transverse direction (TD). The results are shown in Tables 2 1 and

22:



Table 2 1 : DMTA-characterisation in the flow direction (FD) of the polystyrene-talc foams

produced according to the single-step injection-moulding foaming process:



Table 22: DMTA-characterisation in the transverse direction (TD) of the polystyrene-talc

foams produced according to the single-step injection-moulding foaming process:

[78] The data shows that the E's p ec-values of the unfoamed composites

increased with increasing talc loadings in both foaming direction and transversal

direction. Generally speaking, E's p ec-values decreased with decreasing relative density

(i.e., with increasing weight reduction). Furthermore, polystyrene foams with talc

displayed higher E's p ec-values than the respective unfilled polystyrene foams, in

particular for the weight reductions of 16% and 28%. It is believed that this effect is

related to their much finer cellular structure, which was induced by the talc particles.

[79] Polystyrene foams with talc presented lower reductions of the specific

storage modulus values with foaming when compared to the respective unfilled

polystyrene foams. Once again, the biggest differences were found for foam weight

reductions of 16% and 28%, where cell nucleation induced by talc was more effective.

In particular, the use of 2 wt.-% talc as the nucleating agent in the polystyrene foams

appears to have the best improvements.



C L A I M S

1. Polymer-based foam composition comprising

a polymer; and

up to 2 0 wt.-% talc particles, based on the total weight of the composition;

wherein the talc particles are microcrystalline talc.

2 . Polymer-based foam composition according to claim 1, wherein the polymer-

based foam composition comprises up to 10 wt.-% talc particles.

3 . Polymer-based foam composition according to claim 1 o r 2 , wherein the polymer

is a thermoplastic, a thermoplastic elastomer, a rubber o r a polypropylene

polymer.

4 . Polymer-based foam composition according to claim 3 , wherein the

polypropylene polymer is a polypropylene homopolymer.

5 . Polymer-based foam composition according to any previous claim, wherein the

polymer is the major component of the composition .

6 . Polymer-based foam composition according to any previous claim, wherein the

microcrystalline talc has a n average particle size d50 by Sedigraph of 0.5 to

10 µ η , and/or a n aspect ratio according to Jennings theory of between 9 and 15 ,

and/or a surface BET area of 5 to 25 m2 g .

7 . Polymer-based foam composition according to any previous claim having an

average cell size of φ = 150 µ η o r less in either the vertical direction ((PVD), o r the

width direction ( D) or both .

8 . Polymer-based foam composition according to any previous claim having a ratio

V D W D of the average cell size in a vertical direction p V D to the average cell size

in a width direction p D of 0.7 o r more.

9 . Polymer-based foam composition according to any previous claim containing

Nf = 105 o r more cells per cm3.



10. Polymer-based foam composition according to any previous claim produced by a

two-step extrusion-mixing and foaming process.

11. Polymer-based foam composition according to any of claims 1 to 9 produced by

a single-step injection-moulding foaming process

12. Use of the polymer-based foam compositions of any of the previous claims in the

production of packagings, food packaging products, plastic parts for automotive

vehicles, thermal and/or noise insulation foams, pipes, consumer goods and

appliances.

13. Product comprising a polymer-based foam composition according to any one of

claims 1 to 11.

14. Method of formation of a polymer-based foam composition as defined in any of

claims 1 to 11, comprising:

a) providing a polymer composition;

b) providing a microcrystalline talc product;

c) introducing the microcrystalline talc product into the polymer

composition in an extrusion-mixing process; and

d) foaming the polymer composition using a gas such as C0 2, nitrogen

or a noble gas.

15. Method of formation of a polymer-based foam composition as defined in any of

claims 1 to 11, comprising:

a) providing a polymer composition;

b) providing a microcrystalline talc product; and

c) introducing the microcrystalline talc product into the polymer

composition and foaming the composition using a single-step

injection moulding foaming process.
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