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(57) ABSTRACT 

The invention refers to a method for producing expanded 
polymer pellets, which comprises the following steps: melt­
ing a polymer comprising a polyamide; adding at least one 
blowing agent; expanding the melt through at least one die 
for producing an expanded polymer; and pelletizing the 
expanded polymer. The invention further concerns polymer 
pellets produced with the method as well as their use, e.g. for 
the production of cushioning elements for sports apparel, 
such as for producing soles or parts of soles of sports shoes. 
A further aspect of the invention concerns a method for the 
manufacture of molded components, comprising loading 
pellets of an expanded polymer material into a mold, and 
connecting the pellets by providing heat energy, wherein the 
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expanded polymer material of the pellets or beads comprises 
a chain extender. The molded components may be used in 
broad ranges of application. 

(51) 

(52) 
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EXPANDED POLYMER PELLETS 
2 

producing soles or parts of soles of sports shoes. In addition, 
the invention concerns a shoe, in particular a sports shoe, 
with such a sole. CROSS REFERENCE TO RELATED 

APPLICATIONS The polyamide may, for example, comprise as a basis a 
5 polyamide, a copolyamide and/or a polyetherblockamide. 

This patent application is the U.S. national stage appli­
cation under 35 U.S.C. § 371 of PCT/EP2015/057909, filed 
on Apr. 10, 2015, which application is related to and claims 
priority benefit from German Patent Application No. DE 10 
2014 216 992.5, filed on Aug. 26, 2014 ("the '992 applica- 10 

tion"). The '992 application is hereby incorporated herein in 
its entirety by this reference. 

1. TECHNICAL FIELD 
15 

The present invention relates to a method for producing 
expanded polymer pellets, the polymer pellets obtained 
therewith as well as their use, such as for producing cush­
ioning elements, for example for sports apparel or sports 20 
shoes. The present invention further relates to a method for 
the manufacture of molded components using expanded 
polymer pellets, articles obtained therewith and the use of 

Furthermore, the polyetherblockamide may comprise at 
least one of the following features: 

a Shore D hardness in the range from 20 to 70 Shore D; 
a tensile modulus in the range from 10 to 1100 MPa; 
a content of polyether blocks from 1 to 90% by weight, 

preferably from 1 to 75% by weight, more preferably 
from 1 to 50% by weight, and a content of polyamide 
blocks from 10 to 99% by weight, preferably from 25 
to 99% by weight, more preferably from 50 to 99% by 
weight, in each case based on 100% by weight of the 
polyetherblockamide; 

a density in the range from moo to 1030 g/m3
; and 

a melting point/melting range from 110 to 200° C. 
The blowing agent may be selected from nitrogen, carbon 

dioxide, ethanol, isopropanol, or mixtures thereof. Further­
more, a nucleating agent, a chain extender, or both may be 
added in step b. 

the articles, such as for sound insulation. 

2. PRIOR ART 

It is possible that the die is a round die. The pressure at the 
25 die may lie in the range of 70 to 250 bar. The mass 

temperature at the die may lie in the range from 150° C. to 
170° C. 

Expanded polymers or polymer foams are well known 
from the prior art. From WO 2006/077395 Al, closed-cell 
polyamide foams are known, which are produced in the form 30 

of sheets and can be further processed to form e.g. seals. 

It is possible that the expanded polymer is pelletized in an 
underwater pelletizing device. 

A further aspect of the invention concerns expanded 
polymer pellets, which are obtainable by a method described 
above. The pellets may comprise a size in the range from 2 
to 10 mm when measured according to ISO 927 6. Moreover, 
the pellets may comprise a particle density in the range from 

WO 2006/045513 Al and EP 1 650 255 Al describe the 
production of a cross-linked foam of a copolymer having 
polyamide blocks and polyether blocks and the use of the 
foam. WO 2007/082838 Al relates to expandable, blowing 
agent-containing thermoplastic polyurethane having a spe­
cific hardness. In a similar manner, WO 2010/010010 Al 
relates to an expandable, blowing agent-containing thermo­
plastic polymer blend comprising thermoplastic polyure­
thane and styrene polymer. DE 10 2011 108 744 Al is 
directed towards a method for the production of shoe soles, 
wherein plastic bodies made from foamed thermoplastic 
elastomer on the basis of urethane (TPU) or on the basis of 
polyetherblockamide (PEBA) are used. 

35 20 to 400 kg/m3
. Furthermore, the pellets may comprise a 

mean cell diameter in the range from 10 to 350 µm. 
A further aspect of the invention concerns the use of the 

expanded polymer pellets for producing cushioning ele­
ments for sports apparel, in particular for producing soles for 

40 shoes. 
A further aspect of the invention concerns a cushioning 

element for sports apparel, in particular a sole for a shoe or 
a part thereof, produced using the expanded polymer pellets 
described above. 

Compared to this, the objective of the present invention is 45 

to provide expanded polymer pellets that can be produced in 
A further aspect of the invention concerns a shoe, in 

particular a sports shoe, with a sole as described above. 
as wide a processing window as possible and that can be 
further processed to form stable parts which can be used in 
a broad area of application, e.g. for the production of parts 
having damping properties and a low weight. A further 50 

objective is to provide an improved method for the manu­
facture of molded components or articles from expanded 
polymer pellets. 

A further aspect of the invention concerns expanded 
polymer pellets which are based on polyamide, and exhibit 
a variation of less than 50% in their storage modulus in the 
temperature range of -40° C. to +40° C. 

A second aspect of the invention relates to a method for 
the manufacture of molded components, comprising 

a. loading pellets of an expanded polymer material into a 
mold; and 

3. SUMMARY OF THE INVENTION 

According to a first aspect, this objective is solved by a 
method for producing expanded polymer pellets, which 
comprises the following steps: 

a. melting a polymer comprising a polyamide; 
b. adding at least one blowing agent; 
c. expanding the melt through at least one die for pro­

ducing an expanded polymer; and 
d. pelletizing the expanded polymer. 
The invention further concerns polymer pellets produced 

with the method as well as their use, e.g. for the production 
of cushioning elements for sports apparel, in particular for 

55 b. connecting the pellets by providing heat energy, 
wherein 

c. the expanded polymer material of the pellets comprises 
a chain extender. 

In an exemplary embodiment the chain extender has been 
60 provided after a polymerization of the polymer material. 

In another exemplary embodiment, the expanded polymer 
material comprises a semi-crystalline polymer. 

In step b, the heat energy can be provided by means of at 
least one of the following: pressurized steam, electromag-

65 netic radiation, radio frequency radiation, microwave radia­
tion, infrared radiation, ultraviolet radiation, electromag­
netic induction. 
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In one embodiment, during step b. the pellets are heated 
to a temperature between a glass transition temperature and 
below the onset of melting of the expanded polymer mate­
rial. In exemplary embodiments, the pellets are heated up to 
a range of from 100° C. to 5° C. below the melting point of 5 

the expanded polymer material. They may be heated up to a 
range of from 60° C. to 5° C. below the melting point of the 
expanded polymer material, such as 40° C. to 5° C. below 
the melting point of the expanded polymer material. 

The chain extender can comprise at least one selected 10 

from a polymeric material containing epoxy groups, pyrom­
ellitic dianhydride, and styrene maleic anhydride, or com­
binations of one or more thereof. In one embodiment, the 
chain extender is a styrene-acrylate copolymer containing 
reactive epoxy groups, such as a compound of the following 15 

formula: 

20 

25 

4 
tive epoxy groups. In another exemplary embodiment, the 
polymer comprises polyamide (PA) or polyetherblockamide 
(PEBA) and the chain extender comprises at least one 
selected from a polymeric material containing epoxy groups, 
pyromellitic dianhydride, styrene maleic anhydride, or com­
binations of one or more thereof, in particular a styrene-
acrylate copolymer containing reactive epoxy groups. In a 
further exemplary embodiment, the polymer comprises ther­
moplastic polyester ether elastomer (TPEE) and the chain 
extender comprises at least one selected from a polymeric 
material containing epoxy groups, pyromellitic dianhydride, 
styrene maleic anhydride, or combinations of one or more 
thereof, in particular a styrene-acrylate copolymer contain­
ing reactive epoxy groups. 

A further aspect of the invention relates to a method for 
the manufacture of molded components, comprising 

a. loading pellets of an expanded polymer material into a 
mold, wherein the expanded polymer material of the 
pellets comprises an additive increasing the amorphous 
content of the polymer material; and 

b. connecting the pellets by heating the pellets to a 
temperature between a glass transition temperature and 
below the onset of melting of the expanded polymer 
material. 

In one embodiment of the manufacture method of the 
second or further aspect, the pellets are produced by a 
method comprising the steps of: 

a. melting a polymer material wherein the melt comprises 
at least one polymer, at least one blowing agent and at 

wherein R1 to R5 are H, CH3 , a higher alkyl group, or 
combinations of them; R6 is an alkyl group, and x, y, and z 
are each between 1 and 20. 

30 least one selected from a chain extender or an additive 
increasing the amorphous content of the polymer mate­
rial; 

In another embodiment, the chain extender is selected 
from one or more of a tri-epoxide or tetra-epoxide. The chain 35 

extender may be, for example, triglycidyl isocyanurate and/ 

b. expanding the melt through at least one die for pro­
ducing an expanded polymer material; and 

c. pelletizing the expanded polymer material, in particular 
in an underwater pelletizer. 

In some embodiments, the pellets are produced by the 
method according to the first aspect of the invention. 

The chain extender may be added in an amount to provide 

or tetraglycidyl diamino diphenyl methane. In another 
embodiment, the chain extender is selected from one or 
more of styrene maleic anhydride. In a further embodiment, 
the chain extender is pyromellitic dianhydride. 40 amorphous regions in the expanded polymer material allow­

ing interdiffusion of polymer chains across the interfaces of 
the pellet boundaries, in particular in an amount of 0.1 to 
20% by weight, more particular 1 % to 10% by weight, such 
as 1 % to 5% by weight, based on 100% by weight of the 

In one embodiment, the polymer is selected from at least 
one of polyamides, polyester, polyetherketones, and poly­
olefins. The polyamide can be at least one of homopoly­
amide, copolyamide, polyetherblockamide, and polyphtha­
lamide. The polyester can be at least one of polybutylene 
terephthalate (PBT), thermoplastic polyester ether elastomer 
(TPEE), and polyethylene terephthalate (PET). The 
polyetherketone can be at least one of polyether ketone 
(PEK), polyether ether ketone (PEEK), and polyetherke­
toneketone (PEKK). The polyolefin can be at least one of 50 

polypropylene (PP), polyethylene (PE), olefin co-block 
polymer (OBC), polyolefine elastomer (POE), polyethylene 
co-vinyl acetate (EVA), polybutene (PB), and polyisobuty­
lene (PIB). 

45 base polymer material. 
The base polymer material may be a polyamide, for 

instance at least one of homopolyamide, copolyamide, 
polyetherblockamide, and polyphthalamide, as an example, 
polyamide 12. 

The chain extender may be a polymeric material contain­
ing epoxy groups, such as a styrene-acrylate copolymer 
containing reactive epoxy groups. 

It is possible that the pellets of the expanded material have 
internally an at least partially ruptured foam structure. 

A further aspect of the invention concerns an article, 
which is obtainable by the method described above with 
respect to the second or further aspect of the invention. 

In another embodiment, the polymer is selected from at 55 

least one of polyoxymethylene (POM), polyvinylidene chlo­
ride (PVCD), polyvinylalcohol (PVAL), polylactide (PLA), 
polytetrafluoroethylene (PTFE), polyvinylidene fluoride 
(PVDF), tetrafluoroethylene (FEP), ethylene-tetrafluoroeth­
ylene (ETFE), polyvinylfluoride (PVF), perfluoroalkoxy 
(PFA), and thermoplastic polyurethanes (TPU). 

In an exemplary embodiment, the article is produced 
using pellets of the expanded material that may have inter-

60 nally an at least partially ruptured foam structure. Such an 
article may be used for e.g. sound insulation. 

In an exemplary embodiment, the polymer comprises 
polybutylene terephthalate (PBT) and the chain extender 
comprises at least one selected from a polymeric material 
containing epoxy groups, pyromellitic dianhydride, styrene 
maleic anhydride, or combinations of one or more thereof, 
in particular a styrene-acrylate copolymer containing reac-

Another aspect concerns an article as described above, 
wherein the article is provided as at least one of the 
following: a packaging material, a reusable packaging mate-

65 rial, a pallet, an article for medical transportation, an article 
for chemical transportation, an article for breakable goods 
transportation, an article for interior insulation, an article for 
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exterior insulation, an article for pipe insulation, a geofoam, 
a temporary housing, a road crash protection, an article for 
appliance insulation, an article for industrial appliance insu­
lation, a sun visor, a dash board, a car seat, a center console, 
a car door, a child/baby seat, an article for battery cover/ 5 

insulation, an article for engine insulation, a bumper, a crash 
structure, a protective helmet, an article of protective cloth­
ing, a boat fender, a medical stretcher, a surf/rescue board, 

6 
FIG. 4: a diagram representing storage modulus versus 

temperature for an expanded polyamide pellet as produced 
in Example 1 (ePA12) and a comparative expanded poly­
propylene ( ePP); 

FIG. Sa: a diagram representing a hysteresis loop for a test 
plate made from expanded polyetherblockamide pellets as 
produced in Example 2, wherein the area under the com­
pression branch of the hysteresis loop is hatched; 

a buoy, a boat hull, a snowmobile seat, a core for skis/ 
snowboards/water skis/wakeboards, a jet ski seat, an artifi­
cial turf, a venue or playground flooring, a sports hall 
protective flooring/wall, a conditioning roller, a resistance 
weight for aerobics, a swimming aid, an article of furniture, 

FIG. Sb: the diagram of FIG. Sa, wherein the area within 
10 the hysteresis loop is hatched; 

a bean bag, a cow mat, a drone, an article ofluggage, a plane 
seat, a plane/glider wing, an article for aeroplane cabin 15 

insulation, a plane food tray, an article for airline food trolley 
insulation, an under floor, an article for heating protection, 

FIG. Sc: a diagram representing the hysteresis loop for the 
test plate made from the expanded polyetherblockamide 
pellets produced in Example 2 ( ePEBA) in comparison with 
a test plate made of expanded polypropylene ( ePP); 

FIG. 6: a scarming electron microscopy (SEM) image of 
an expanded polyamide pellet as produced in Example 1; 
and 

an article of advanced protective equipment, a medical cast, 
a turbine/rotor blade core, a run-flat tyre, hand grips, bev­
erage insulation, lamp covers, mattresses. 

FIG. 7: a scarming electron microscopy (SEM) image of 
an expanded polyetherblockamide pellet as produced in 

20 Example 2. 
Another aspect concerns the use of an article produced 

with the method according to the second or further aspect of 
the invention, in the production of cushioning elements for 
sports apparel, in particular for the production of soles for 
shoes, preferably midsoles. 

Another aspect concerns the use of an article produced 
with the method according to the second or further aspect of 

25 

the invention, for packaging applications, reusable packag­
ing, pallets, medical transportation, chemical transportation, 
breakable goods transportation, interior insulation, exterior 30 

insulation, pipe insulation, geofoam, temporary housing, 
road crash protection, appliance insulation, industrial appli­
ance insulation, sun visor, dash board, car seat, center 
console, car door, child/baby seat, battery cover/insulation, 
engine insulation, bumper, crash structures, protective he!- 35 

met, protective clothing, boat fenders, medical stretchers, 
surf/rescue boards, buoys, boat hulls, snowmobile seats, 
core for skis/snowboards/water skis/wakeboards, jet ski 
seat, artificial turf, venue or playground flooring, sports hall 
protective flooring/walls, conditioning roller, resistance 40 

weights for aerobics, swimming aids, furniture, bean bags, 
cow mats, drones, luggage, plane seats, plane/glider wings, 
aeroplane cabin insulation, plane food tray, airline food 
trolley insulations, under floor, heating protection, advanced 
protective equipment, medical cast, turbine/rotor blade core, 45 

a run-flat tyre, hand grips, beverage insulation, lamp covers, 
mattresses. 

A further aspect of the invention concerns a shoe, com­
prising an element, in particular a sole, obtainable by a 
method described above with respect to the second or further 50 

aspect of the invention. Another aspect of the invention 
concerns a shoe comprising a foam element molded by using 
a method described above with respect to the second or 
further aspect of the invention. 

Preferred embodiments of the invention are described in 55 

the following description, the figures and the claims. 

4. BRIEF DESCRIPTION OF THE FIGURES 

FIG. Sa: a mold when being filled with pellets of an 
expanded polymer material. 

FIG. Sb: the mold of FIG. Sb when filled with pellets of 
an expanded polymer material. 

FIG. Sc: the mold of FIG. Sc when heat energy is applied 
to the pellets. 

FIG. 9: a diagram representing heat flow versus tempera­
ture for expanded polyetherblockamide pellets with different 
amounts of chain extender (CE). 

FIG. 10: a midsole produced by fusing expanded 
polyetherblockamide pellets with chain extender (CE). 

FIG. 11: a diagram representing heat flow versus tem­
perature for expanded polyetherblockamide pellets with 
different amounts of chain extender (CE). 

FIG. 12: a midsole produced by fusing expanded 
polyetherblockamide pellets with chain extender (CE). 

FIG. 13: a diagram representing heat flow versus tem­
perature for expanded polybutylene terephthalate (PBT) 
pellets with different amounts of chain extender (CE). 

FIG. 14: a diagram representing heat flow versus tem­
perature for expanded thermoplastic polyester ether elasto­
mer (TPEE) pellets with and without chain extender (CE). 

FIG. 15: a diagram representing normalized melting 
energy versus content of chain extender (CE) for expanded 
thermoplastic polyester ether elastomer (TPEE) pellets with 
and without chain extender (CE). 

FIG. 16: a scanning electron microscopy (SEM) image of 
expanded polyamide (PA12) pellets/beads. 

FIG. 17: a scanning electron microscopy (SEM) image of 
expanded polyamide (PA12) pellets/beads comprising chain 
extender (CE). 

5. DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the following detailed description, preferred examples 
and embodiments of the invention are described. 
First Aspect of the Invention 

The polymer used for the production of the expanded 
The figures show: 
FIG. 1: an experimental setup for performing steps a. to 

c. of the method according to the invention; 
FIG. 2: schematic diagram of an underwater pelletizing 

device for performing step d. of the method according to the 
invention; 

60 polymer pellets comprises at least one polyamide. The 
polymer can be on the basis of a polyamide. In particular, the 
polymer can comprise at least 10% by weight, in particular 
at least 30% by weight, preferably at least 50% by weight, 
of a polyamide, in each case based on 100% by weight of the 

FIG. 3: schematic diagram of a die face plate of an 
underwater pelletizing device; 

65 polymer. Preferred ranges are 10 to 99% by weight, prefer­
ably 25 to 99% by weight, more preferably 50 to 99% by 
weight, of polyamide, in each case based on 100% by weight 
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of the polymer. It is also possible that the polymer comprises 
or consists of 100% by weight of polyamide. 

The polymer can be on the basis of a polyamide. In 
particular, the polymer can comprise at least 10% by weight, 
in particular at least 30% by weight, preferably at least 50% 5 

by weight, of a polyamide, in each case based on 100% by 
weight of the polymer. Preferred ranges are 10 to 99% by 
weight, preferably 25 to 99% by weight, more preferably 50 
to 99% by weight, of polyamide, in each case based on 
100% by weight of the polymer. It is also possible that the 10 

polymer comprises or consists of 100% by weight of poly­
amide. 

Suitable polymers are polyamides or polyamide-contain-
ing polymers that are expandable. Particularly suitable are 
those having a tensile modulus above 10 MPa and/or having 15 

a low temperature dependency. Suitable are, for example, 
polyamide-6 (PA 6), polyamide-6.6 (PA 6.6), polyamide-
6.10 (PA 6.10), polyamide-11 (PA 11), polyamide-12 (PA 
12), polyamide-10.12, or polyamide-10.10. Also combina­
tions thereof can be used. Particularly well suited is PA 11 20 

or PA 12, or a mixture thereof. Preferably, PA 12 is used. 
Suitable polyamides or polyamide-containing polymers are 
commercially available. 

Particularly well suited is polyetherblockamide (PEBA). 
Polyetherblockamide is a blockcopolymer with polyamide- 25 

segments and polyether-segments. For example, suitable 
polyetherblockamides comprise a content of polyether­
blocks from 1 to 90% by weight, in particular from 1 to 50% 
by weight, and a content of polyamide-blocks from 10 to 
99% by weight, in particular from 50 to 99% by weight, in 30 

each case based on 100% by weight of the polyetherblock­
amide. It is also possible to use blends or mixtures of two or 
more, in particular two, different polyetherblockamides. It is 
further possible that the polymer comprises or consists of 
100% by weight of polyetherblockamides. It is further 35 

possible that the polymer comprises or consists of 100% by 
weight of polyamide and polyetherblockamides. 

8 
lonitrile (SAN), and/or rubber, in particular TPU. The con­
tent of the other polymer may be below 50% by weight, in 
particular below 10% by weight, preferably below 5% by 
weight, based on 100% by weight of the polymer. In one 
embodiment, the polymer used for producing the expanded 
pellets comprises no (i.e. 0%) thermoplastic polyurethane. 
In one embodiment the polymer used for producing the 
expanded pellets comprises no (i.e. 0%) other polymer than 
the polyamide. 

The polymer used for producing the expanded pellets may 
be used in any form, for example as granulate or powder, in 
particular as granulate. Suitable forms of the polymers are 
commercially available. In case that the base or starting 
polymer contains adherent humidity or water, the polymer is 
preferably dried before melting and drying is completed 
prior to foaming, in accordance with procedures known to 
the skilled person. 

In the first step of the method according to the invention, 
the polymer is melted. Suitable methods for melting or 
fusing are known to the person skilled in the art. The melting 
may, for example, be done in an extruder. Suitable extrusion 
devices or extruders are not subject to any restrictions. 
Common extruders or commercially available extruders can 
be used, for example single screw or twin screw extruders. 
The extruder also serves to homogeneously disperse the 
polymer. 

The dimensioning of the extruders ( e.g. design, length and 
number of revolutions of the extruder screws, temperature 
profile, pressure) may be chosen by the skilled person, such 
that added materials are homogeneously dispersed and inter­
mixed into the melted polymer. The extruder is usually 
operated at a temperature at which the polymer material is 
completely melted. Suitable temperatures depend on the 
polymer used and can be routinely determined by the skilled 
person, for example, for polyamide 12 suitable temperatures 
are in the range from 180 to 320° C., in particular from 220 
to 290° C. 

It is also possible to use two extruders arranged in series. 
Good results are, for example, obtained, if the first extruder 

Particularly well suited are furthermore polyetherblock­
amides which comprise at least one of the following prop­
erties: 

a Shore D hardness in the range from 20 to 70 Shore D, 
in particular from 35 to 70 Shore D; 

a tensile modulus in the range from 10 to 1100 MPa, in 
particular from 80 to 1000 MPa; 

40 is a twin screw extruder and the second extruder is a single 
screw extruder. The first extruder is used to plasticize the 
material and homogeneously disperse additional materials, 
e.g. a blowing agent. Due to the inclusion of the blowing 
agent, the viscosity of the material is significantly reduced, 

a density in the range from 1000 to 1030 g/m3
; 45 and the second extruder could be used to cool down the 

a melting point/melting range in the range from 110 to 
200° C., in particular from 130 to 175° C. 

Herein, the Shore D hardness is measured according to 
ISO 868. The tensile modulus is measured according to ISO 
527-1. The density is measured according to ISO 1183. In 50 

the present invention, the melting point or melting range, 
respectively, relates to a measurement according to ISO 
11357. Herein, the melting point or melting range, respec­
tively, of the polymer designates the point or range at or 
within which the crystalline regions of a semi crystalline 55 

polymer melt. 
Suitable polyetherblockamides are commercially avail­

able. They may be produced by known methods, e.g. by 
means of copolycondensation of polyamide-blocks contain-
ing reactive ends with polyether-blocks containing reactive 60 

ends such as described in WO 2006/045513 Al. 

material in order to improve the melt properties and increase 
the pressure needed for foaming expansion. This can also be 
achieved by employing a single extruder being sufficiently 
long to allow the material to be heated and then cooled in a 
controlled way. Additionally, it is possible to insert a static 
mixer between the first and second extruder. Suitable tem-
peratures for the first extruder lie in the range from 170 to 
320° C., in particular in the range from 170 to 220° C. or 
from 220 to 290° C. Suitable temperatures for the second 
extruder depend stronger on the used polymer, e.g. for 
polyamide 12 a mass temperature in the range from 150 to 
190° C., in particular from 165 to 180° C., is suitable, and 
for polyetherblockamide a mass temperature in the range 
from 130 to 180° C., in particular from 155 to 165° C., is 
suitable. 

An exemplary arrangement 1 is shown in FIG. 1, with a 
twin screw extruder 2 and a single screw extruder 9. 
According to FIG. 1, polymer is introduced at hopper 4 and 
blowing agent 5 is fed by means of an injection device 6. It 

From among the mentioned polyamides and polyether­
blockamides, mixtures or blends thereof might be used as 
well. The polymer for producing the expanded polymer 
pellets may contain or be blended with another polymer in 
addition to the polyamide, for example, thermoplastic poly­
urethane (TPU), polyphenylene ether (PPE), styrene-acry-

65 is possible to introduce additional materials, e.g. a chain 
extender, at hopper 4 together with the polymer and/or at the 
point of injection device 6 or in the vicinity thereof. The 
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extruder 2 is moved via a gear 3. In the extruder 2, the 
polymer is melted and mixed with the injected blowing 
agent 5 and optionally additional material added. According 

10 

to FIG. 1, an adapter 7 is provided between the extruder 2 
and the extruder 9, and the extruder 9 is moved via a gear 5 

8. The extruder 9 may, for example, be a cooling extruder. 

In one embodiment, the polymer for producing the 
expanded pellets comprises polyetherblockamide or consists 
of polyetherblockamide, and a chain extender is added as 
additional material to the polymer melt. 

In addition, it is also possible to melt the polymer together 
with granulate made of used tires (rubber) and caoutchouc 
powder. The thermal decomposition of the compounds in the 
extruder leads to the formation of cracked gas (nitrogen and 
carbon monoxide), which can act as blowing agent, and 

In the extruder 9, the polymer melt is further mixed with the 
blowing agent and cooled and subsequently extruded 
through a die 11, preferably a round die, such that a foamed 
or expanded extrudate 12 is obtained. The die 11 is con­
nected to the extruder 9 via an adapter 10. 

In one embodiment, at least one blowing agent is added 
to the melted polymer. In general, volatile liquids, gases, and 
decomposable compounds that are inert with respect to the 
polymer melt under the conditions present in the extruder 
and which form a gas, are suitable as a blowing agent. 
Suitable blowing agents are nitrogen, carbon dioxide, etha­
nol, isopropanol, or mixtures thereof. Particularly well 
suited is supercritical carbon dioxide, or a mixture of super­
critical carbon dioxide with ethanol. The blowing agent may 
be fed to the extruder with the base polymer with or without 
being previously mixed. Alternatively, the blowing agent 
may be added to the polymer melt at a suitable location of 

10 carbon, which can act as reinforcing and nucleating agent. 
After extrusion the melt is expanded through a die. The 

die may, for example, be a round die or a slit die, in 
particular a round die. The diameter of the die depends on 
the size of the extruder, the desired particle size and density, 

15 and may be e.g. in the range from 1 to 5 mm. Expediently, 
the die is attached to the extruder. The pressure at the die 
depends on the polymer material used and density specifi­
cation, and may lie in the range from 40 to 400 bar, in 
particular in the range from 60 to 250 bar. Preferably, for 

20 polyamide the pressure may lie in the range from 80 bar to 
220 bar, and for polyetherblockamide the pressure may lie in 
the range from 45 bar to 200 bar. The mass temperature at 
the die depends on the polymer melt and may lie in the range 
from 140 to 180° C., in particular from 150 to 170° C. 

the extruder and be intermixed within the extruder. Suitably, 25 

the blowing agent is homogeneously dispersed in the poly­
mer or melted polymer. The amount of added blowing agent 
lies in the range from 1 to 20% by weight, in particular from 

Inside the die and particularly after leaving the die, the 
melt is subjected to a sudden pressure drop and the polymer 
expands or foams. Depending on the shape of the die, the 
expanded or foamed polymer is obtained as a strand or a foil. 
Preferably, a round die is used to obtain a strand. The 1 to 10% by weight, in each case based on 100% by weight 

of the polymer melt. Particular amounts of blowing agent are 
1, 2, 3, 4, 5, 7.5, 10 or 15% by weight, based on 100% by 
weight of the polymer melt. Particularly suitable is e.g. a 
carbon dioxide-ethanol mixture with 2 to 6% by weight of 
carbon dioxide and 2 to 4% by weight of ethanol, based on 
100% by weight of the polymer melt. 

30 expanded polymer or foam is stabilized by cooling. Cooling 
can be done in an under-water pelletizing device, a water 
bath, a conveyor belt, or a calibration unit where the 
geometry of the foam strand also can be adjusted. 

Subsequently, the expanded polymer is pelletized. Suit-

In addition to the blowing agent, further conventional 
additives or materials that facilitate the processing may be 
added to the polymer melt in the extruder, for example, a 
nucleating agent, a chain extender, flame inhibitors, plasti­
cizers, reinforcing agents, pigments, dyes, heat- or light­
stabilizers, antistatic agents, fillers, or mixtures thereof. 
Suitable nucleating agents are additives which can be both 
soluble and not soluble in the polymer melt to promote foam 
cell nucleation. Examples of non-soluble nucleating agents 
include talc, or silica. It is also possible to add a crosslinking 
agent to the polymer melt. Crosslinking agents are described 
e.g. in WO 2006/045513 Al and EP 1 650 255 Al. In one 
embodiment, no crosslinking agent is used, or the polymer 
pellets are not crosslinked. 

35 able pelletizing devices are known to the skilled person, e.g. 
an under-water pelletizing device or an under-water granu­
lator. The pelletizing may, for example, be performed in an 
under-water pelletizing device which enables both con­
trolled cooling of the expanded polymer and pelletizing. 

40 Such devices are commercially available. Their operation is 
based on the principle that the polymer strand leaving the die 
is cut into discrete particles in a cutting chamber that is 
completely filled with water. The dimensions of the cut 
particles depend upon the cutting speed and throughput of 

45 the extruder/die and also the dimensions of the die. Suitable 

In one embodiment, at least one chain extender is added 50 

to the polymer melt. It is also possible to feed at least one 
chain extender together with the polymer to the extrusion 
device. Suitable chain extenders are compounds which 
increase the melt strength of the polymer melt. Particularly 
suitable chain extenders are oligomeric or polymeric com- 55 

pounds with reactive groups, e.g. epoxy groups, which react 
with the melted polymer to increase the molecular weight 
and degree of branching, thus improving the rheological 
properties, such as the melt viscosity and the melt strength 
of the polymer used. Suitable chain extenders can be based 60 

on styrene-acrylate copolymers and are commercially avail­
able, e.g. Joncryl® ADR-4368C of BASF. Suitable amounts 
of chain extender are 0.05 to 10% by weight, in particular 
0.1 to 5% by weight or 0.1 to 3% by weight, based on 100% 
by weight of the polymer. The use of chain extenders is 65 

particularly beneficial when using polyetherblockamides as 
polymers for the production of the expanded pellets. 

temperatures for the water in the cutting chamber are in the 
range of from 20 to 100° C., in particular from 50 to 100° 
C., preferably from 70 to 90° C. Due to the temperature 
difference between the extrudate having been expanded 
through the die and the water in the cutting chamber, the 
polymer immediately solidifies in form of particles, prefer­
ably sphere-like particles. The pelletizing device is expedi­
ently positioned directly after the die. A suitable under-water 
pelletizing device is for example shown in FIG. 2. Another 
suitable underwater pelletizer is described in U.S. Pat. No. 
5,629,028. 

FIG. 2 shows an exemplary arrangement for a device 100 
for under-water pelletizing with die face plate 101, cutting 
blade assembly 102 and water circulation housing 103. As 
shown, the expanded polymer 12 (see FIG. 1) passes, via an 
extruder die 104, the die face plate 101 and is subsequently 
cut into particles 105 by the cutter blade assembly 102 which 
is surrounded by water circulating in the housing 103. The 
extruder die 104 is arranged between the extruder and the 
under-water pelletizing device 100, and conveys the 
expanded polymer 12 from the extruder to the under-water 
pelletizing device 100. The particles 105 are leaving the 
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water circulation housing 103 and are subsequently dried 
(not shown). The under-water pelletizing device 100 is 
driven by gear 106. 

FIG. 3 shows a schematic diagram of a die face plate 101 
of an underwater pelletizing device. The die face plate 101 
contains holes 107. The number of holes depends on the 
dimensions or size of the extrusion device. In exemplary 
embodiments, the diameter of the holes is between 2.3 mm 
and 2.6 mm and the number of holes between 1 and 4, e.g. 
there may be 2 holes when using a diameter of 2.3 mm. 

The shape and size of the expanded polymer pellets can 
be adjusted by e.g. the throughput in the extruder, the shape 
of the die, the temperature and pressure at the die, the water 
temperature and water pressure in an under-water pelletizer, 
the cutting speed of the blades of the pelletizer. The selection 
of suitable conditions lies within the routine skill and 
knowledge of the skilled person. 

The expanded polymer pellets may have a spherical 
shape, an ellipsoid shape, or triangular shape. Preferably, the 
pellets have substantially spherical shape. If the pellets are 
essentially spherical in shape, they may, for example, com­
prise a size from 2 to 10 mm when measured according to 
ISO 9276, and a particle density in the range from 20 to 400 
kg/m3

, e.g. from 50 to 300 kg/m3
. Suitable mean cell 

diameters are within the range from 10 to 350 µm. 
The invention also concerns expanded polymer pellets 

which are based on polyamide, and exhibit a variation ofless 
than 40%, preferably a variation in the range of 30 to 40%, 
in their storage modulus in the temperature range of -40° C. 
to +40° C. Preferably, they have a density in the range of 
from 70 to 100 kg/m3

. 

The invention further concerns expanded polymer pellets 
which are based on polyetherblockamide, and when formed 
into a test plate exhibit a relative energy loss during a full 
hysteresis cycle (after 10 or more cycles) in the range from 
10 to 90%, preferably from 10 to 35%. Preferably, they have 
a density in the range of from 50 to 90 kg/m3

. Herein, the 
relative energy loss during a full hysteresis cycle designates 
the quotient of the area (integral) within the hysteresis loop 
divided by the total energy exerted during compression, i.e. 
the area (integral) under the compression branch of the 
hysteresis loop in a force versus compressive strain ( dis­
placement) diagram. This is illustrated in FIGS. Sb and Sa, 
respectively, and further described in Example 2 below. 

12 
desirable, e.g. in the automotive sector or aviation industry. 
They also can be used to form components having good 
energy absorbing properties. They are, for example, suitable 
in components for automotive crash protection. 

5 Second Aspect of the Invention 
In a second aspect, the invention concerns a method for 

the manufacture of molded components, comprising loading 
pellets or beads of an expanded polymer material into a 
mold, and connecting the pellets or beads by providing heat 

10 energy, wherein the expanded polymer material of the 
pellets or beads comprise a chain extender. The terms 
"pellets" and "beads" are used interchangeably herein. 

As an example, the chain extender can be provided after 

15 a polymerization of the polymer material. For example, the 
chain extender can be added in a separate compounding step 
and/or immediately before expanding the polymer material. 
The chain extender may be incorporated into the base 
polymer material that is used for the production of the pellets 

20 of the expanded polymer material. The chain extender may 
be added to the base polymer in a compounding stage. 
Alternatively, the base polymer may be first supplied to the 
polymer processing apparatus, e.g. an extruder, via a supply, 

25 

e.g. a hopper, and then the chain extender may be added. 
For connecting the pellets, heat energy may be provided 

in a variety of different ways. The heat energy may for 
example be provided in the form of pressurized steam that 
is supplied to the molding tool. Alternatively or in addition, 
the heat energy may also be provided by means of an 

30 electromagnetic field. The heat energy may for example be 
provided by irradiating the molding tool and/or the pellets 
with electromagnetic radiation. The electromagnetic radia­
tion may for example be selected from one or more of the 
following frequency ranges: radio frequency radiation (30 

35 kHz-300 MHz), microwave radiation (300 MHz-300 GHz), 
infrared radiation (300 GHz-400 THz), ultraviolet radiation 
(789 THz-3 PHz), or from another frequency range. The heat 
energy may also be provided by means of electromagnetic 
induction. An energy absorbing material may be added to the 

40 pellets, to increase the amount of heat energy absorbed by 
the pellets, for example when irradiated with electromag­
netic radiation or being heated by electromagnetic induction. 
All of the above mentioned possibilities may be combined 
with one another. 

During step b. the pellets can be heated to a temperature 
between a glass transition temperature and below the onset 
of melting of the expanded polymer material. This heating 
leads to an increase of the amorphous chain mobility and to 
bead to bead fusion of the expanded polymer pellets. As an 

The expanded polymer pellets can be used in a wide range 45 

of applications. The expanded polymer pellets may be 
processed to form components that are very light-weight and 
show good temperature performance and temperature inde­
pendence. They can be processed to produce components 
exhibiting light-weight, good elasticity and good energy 
resilience in a wide temperature range. 

50 example, the heating is preferably conducted above a glass 
transition temperature of the expanded polymer material. In 
exemplary embodiments, the pellets are heated up to a range 
of from 100° C. to 5° C. below the melting point of the 
expanded polymer material. They may be heated up to a 

The expanded polymer pellets are therefore very well 
suited for producing cushioning elements or components 
with cushioning properties, such as for sport apparel, for 
example for producing soles for shoes, in particular sports 
shoes. To this end, the expanded polymer pellets are expe­
diently loaded into a mold comprising a cavity having a 
shape that corresponds to the component being produced. 
Therein, the expanded polymer pellets are connected to each 
other, in particular by letting heat act on them, for example 
by feeding pressurized steam to the mold. 

The invention also concerns sports apparel and shoes, in 
particular sports shoes, produced using of the expanded 
polymer pellets. 

Other applications of use for the expanded polymer 
pellets are areas where cushioning or damping properties 
and high stability within a large temperature range are 

55 range of from 60° C. to 5° C. below the melting point of the 
expanded polymer material, such as 50° C. to 5° C. below 
or 40° C. to 5° C. below the melting point of the expanded 
polymer material. 

The term "onset of melting" as used herein means the 
60 temperature at which the polymer material starts to melt. 

This may be determined e.g. according to DSC ( differential 
scanning calorimetry), such that, in a diagram of heat flow 
versus temperature, the temperature at which the heat flow 
increases indicates the onset of melting. The term "melting 

65 point" as used herein, means e.g. the melting peak obtained 
by DSC. Suitable conditions for DSC are e.g. a heating rate 
of 1 OK/min for a temperature range of 25° C. to 250° C. The 
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glass transition temperature of the expanded polymer mate­
rial also can be determined by, for example, DSC. 

The chain extender can comprise at least one compound 
selected from a polymeric material containing epoxy groups, 
pyromellitic dianhydride, and styrene maleic anhydride, or 5 

combinations of two or more thereof. Suitable chain extend-
ers are styrene-acrylate copolymers containing reactive 
epoxy groups, for example, a compound of the following 
formula: 

14 
polymer comprises PBT and the chain extender comprises a 
styrene-acrylate copolymer containing reactive epoxy 
groups, or e.g. Joncryl® ADR-4368C. 

As another example, the polymer comprises polyamide, 
such as polyamide 12, or polyetherblockamide (PEBA), and 
the chain extender comprises a polymeric material contain­
ing epoxy groups. As a further example, the polymer com­
prises polyamide, such as polyamide 12, or polyetherblock­
amide (PEBA), and the chain extender comprises 

10 pyromellitic dianhydride. As a further example, the polymer 
comprises polyamide, such as polyamide 12, or polyether­
blockamide (PEBA), and the chain extender comprises 
styrene maleic anhydride. As a further example, the polymer 

15 comprises polyamide, such as polyamide 12, or polyether­
blockamide (PEBA), and the chain extender comprises a 
styrene-acrylate copolymer containing reactive epoxy 
groups or e.g. Joncryl® ADR-4368C. 

In a further exemplary embodiment, the polymer com-

wherein R1 to R5 are H, CH3 , a higher alkyl group, or 
combinations of them; R6 is an alkyl group, and x, y, and z 
are each between 1 and 20. Such a chain extender is 
commercially available as Joncryl® ADR-4368C ( of BASF) 

20 prises thermoplastic polyester ether elastomer (TPEE) and 
the chain extender comprises a polymeric material contain­
ing epoxy groups. As a further example, the polymer com­
prises TPEE and the chain extender comprises pyromellitic 
dianhydride. As a further example, the polymer comprises 

The chain extender also may be a tri-epoxide, tetra­
epoxide, or a combination thereof. Suitable chain extenders 
are, for example, triglycidyl isocyanurate and/or tetragly­
cidyl diamino diphenyl methane. Another suitable chain 
extender is a styrene maleic anhydride. A further suitable 
chain extender is pyromellitic dianhydride. 

25 TPEE and the chain extender comprises styrene maleic 
anhydride. As a further example, the polymer comprises 
TPEE and the chain extender comprises a styrene-acrylate 
copolymer containing reactive epoxy groups or e.g. Jon­

30 

The expanded polymer material may comprise a semi­
crystalline polymer, or a polymer blend containing at least 35 

one semi-crystalline polymer. 
The polymer of the expanded polymer material may be 

polyamide, polyester, polyetherketone, polyolefin, or a com­
bination thereof. The polyamide can be homopolyamide, 
copolyamide, polyetherblockamide, polyphthalamide, or a 40 

combination thereof. A very suitable material is polyether­
blockamide (PEBA). Generally the polyamides can be the 
same polyamides as defined above in the context of the first 
aspect of the invention. The polyester can be polybutylene 
terephthalate (PBT), thermoplastic polyester ether elasto- 45 

mer, (TPEE), polyethylene terephthalate (PET), or a com­
bination thereof. The polyetherketone can be polyether 
ketone (PEK), polyether ether ketone (PEEK), polyetherke­
toneketone (PEKK), or a combination thereof. The poly­
olefin can be polypropylene (PP), polyethylene (PE), olefin 50 

co-block polymer (OBC), polyolefine elastomer (POE), 
polyethylene co-vinyl acetate (EVA), polybutene (PB), 
polyisobutylene (PIB), or a combination thereof. 

Other suitable polymers are polyoxymethylene (POM), 
polyvinylidene chloride (PVCD), polyvinylalcohol (PVAL), 55 

polylactide (PLA), polytetrafluoroethylene (PTFE), polyvi­
nylidene fluoride (PVDF), tetrafluoroethylene (FEP), ethyl­
ene-tetrafluoroethylene (ETFE), polyvinylfluoride (PVF), 
perfluoroalkoxy (PFA), thermoplastic polyurethane (TPU), 

cryl® ADR-4368C. 
In a further aspect, the invention concerns a method for 

the manufacture of molded components, comprising loading 
pellets of an expanded polymer material into a mold, 
wherein the expanded polymer material of the pellets com-
prises an additive increasing the amorphous content of the 
polymer material; and connecting the pellets by heating the 
pellets to a temperature between a glass transition tempera­
ture and below the onset of melting of the expanded polymer 
material. The heating can be carried out as described above. 
An additive increasing the amorphous content of the poly­
mer material modifies the polymer such that better connect-
ing of the pellets in the mold is achieved. Such an additive 
can be a chain extender, without being restricted thereto. 

The pellets used for manufacturing the molded compo­
nents may be produced by using the above described meth­
ods using either a chain extender or an additive increasing 
the amorphous content of the polymer material, or a com­
bination thereof. It is also possible to provide for two or 
more melting stages before expansion. It is also possible to 
add the blowing agent and chain extender or additive in two 
or more melting stages before expanding, e.g. melting the 
polymer, adding the chain extender or additive, then cooling, 
melting the polymer, and adding the blowing agent. Further 
possible is melting the polymer, adding a chain extender, 
then cooling, and repeating the process but with adding the 
blowing agent. 

The chain extender may be added in an amount of0.1 to 
20% by weight, in particular 0.1 to 15% by weight, prefer­
ably 0.1 to 10% by weight, such as 0.1 to 5% by weight or 

or a combination thereof. 60 1 to 5% by weight, based on 100% by weight of the base 
polymer material. The same amounts may be used for an 
additive increasing the amorphous content of the polymer 
material. 

As an example, the polymer comprises polybutylene 
terephthalate (PBT) and the chain extender comprises a 
polymeric material containing epoxy groups. As a further 
example, the polymer comprises PBT and the chain extender 
comprises pyromellitic dianhydride. As a further example, 65 

the polymer comprises PBT and the chain extender com­
prises styrene maleic anhydride. As a further example, the 

Particularly suitable base polymer material are selected 
from polyamides and are, for instance, homopolyamide, 
copolyamide, polyetherblockamide, and polyphthalamide. 
Very suitable is, as an example, polyamide 12. 
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The chain extender may be a polymeric material contain­
ing epoxy groups, such as a styrene-acrylate copolymer 
containing reactive epoxy groups. 

FIGS. Sa, Sb and Sc show a mold which can be used to 
conduct the method for the manufacture of molded compo­
nents according to the second aspect of the invention. FIG. 

16 
protective flooring/wall, a conditioning roller, a resistance 
weight for aerobics, a swimming aid, an article of furniture, 
a bean bag, a cow mat, a drone, an article ofluggage, a plane 
seat, a plane/glider wing, an article for aeroplane cabin 

5 insulation, a plane food tray, an article for airline food trolley 
insulation, an under floor, an article for heating protection, 
an article of advanced protective equipment, a medical cast, 
a turbine/rotor blade core, a run-flat tyre, hand grips, bev-

Sa shows a mold, generally designated with reference 
numeral 200 and comprising two parts 201 and 202. The 
mold 200 comprises a cavity 205 which is filled with pellets 
220 via a supply tube 210. FIG. Sb shows when the cavity 10 

205 is completely filled with pellets 220. FIG. Sc shows the 
application of heat energy 230 on the pellets 220, in order to 
connect the pellets. After having connected the pellets, the 
mold 200 can be opened via parts 201 and 202 to release the 
molded component (not shown). 

erage insulation, lamp covers, mattresses. 
The molded components produced may be used as or be 

suitable as an article, in the production of cushioning ele­
ments for sports apparel, in particular for the production of 
soles for shoes, preferably midsoles. 

An aspect of the invention concerns a shoe, in particular 
15 a shoe comprising a cushioning element. The cushioning 

element may be a sole, in particular a midsole. Suitable 
midsoles may be produced e.g. by fusing expanded 
polyetherblockamide pellets containing chain extender. 
Such midsoles are shown in FIG. 10 and FIG. 12 and further 

Molded components can be manufactured in a molding 
from the pellets of the expanded polymer material using 
steam-chest molding. This technology as well as steam­
chest molding machines are known in the art. Such steam­
chest molding machines are commercially available, e.g. 
from the company Kurtz GmbH (Germany). In this process, 
first the pellets are fed into the mold. After closing the mold, 
the pellets are subjected to steam pressure. The conditions 
used for steam pressure and temperature are dependent on 
the material of the pellets used (polymer material, chain 
extender, additive). These conditions can be determined by 
the person skilled in the art using routine experiments. The 
temperature can be chosen such as to be, on the one hand, 
above the glass transition temperature of the polymer mate­
rial to allow additional mobility of the amorphous regions in 
the polymer and, on the other hand, below the onset of 
melting of the polymer material so that the foamed pellets do 
not begin to melt and ultimately collapse. As an example, the 
molding can be conducted using a steaming profile with a 
ramping the pressure/temperature up and down for a prede­
termined time of duration. The skilled person can determine 
suitable pressure, temperature, and time/cycle conditions by 
balancing e.g. pressure and time. If the pressure is too high, 
the pellets can collapse and melt. If the time is too short, the 
pellets will not receive enough energy and may not fuse 
correctly. It is also possible to use the melting material of the 
polymer material to create fusion, for example, for expanded 
polypropylene having double melting peak with fusion 
occurring between melting peaks. 

20 described in Examples 3 and 4 below. 
Another aspect of the invention concerns an article com­

prising a foam. The foam can be produced by fusing or 
connecting expanded polymer pellets using the methods 
described above. The article may be sport apparel, for 

25 example a shoe, such as a sports shoe. The shoe may 
comprise the foam in form of a cushioning element, e.g. as 
sole or midsole. 

The molded components also may be used for sound 
insulation. Suitable molded components are in particular 

30 foams with open cell configuration. As an example, the 
expanded pellets, and thus the fused foam may have an at 
least partially ruptured structure. Pellets or fused foams 
suitable for producing sound insulation articles may be 
produced e.g. from polyamide, such as polyamide 12. The 

35 polyamide may contain a chain extender. Such expanded 
pellets are shown in FIGS. 16 and 17. FIG. 16 shows a 
scanning electron microscopy (SEM) image of expanded 
polyamide (PA12) pellets without (i.e. 0%) chain extender. 
FIG. 17 shows a scarming electron microscopy (SEM) 

40 image of expanded polyamide (PA12) pellets comprising 
1.5% chain extender. The enlargement scale in those figures 
is 200-times of a distance of 100 µmas shown. Those figures 
show that the cells rupture when increasing the percentage 
of chain extender. 

It is possible that the pellets of the expanded material have 45 

internally an at least partially ruptured foam structure. 6. EXAMPLES 

The invention is illustrated by means of the following 
examples that show embodiments but do not limit the 

If the article is produced using pellets of the expanded 
material that may have internally an at least partially rup­
tured foam structure, the molded component produced is 
suitable for e.g. sound insulation. 50 invention. 

The molded components produced may be used as or be 
suitable as at least one of the following: a packaging 
material, a reusable packaging material, a pallet, an article 
for medical transportation, an article for chemical transpor­
tation, an article for breakable goods transportation, an 55 

article for interior insulation, an article for exterior insula­
tion, an article for pipe insulation, a geofoam, a temporary 
housing, a road crash protection, an article for appliance 
insulation, an article for industrial appliance insulation, a 
sun visor, a dash board, a car seat, a center console, a car 60 

door, a child/baby seat, an article for battery cover/insula­
tion, an article for engine insulation, a bumper, a crash 
structure, a protective helmet, an article of protective cloth­
ing, a boat fender, a medical stretcher, a surf/rescue board, 
a buoy, a boat hull, a snowmobile seat, a core for skis/ 65 

snowboards/water skis/wakeboards, a jet ski seat, an artifi­
cial turf, a venue or playground flooring, a sports hall 

Example 1 

As base polymer, a polyamide 12 material was used. The 
polyamide 12 used was Vestamid LX 9012 obtainable from 
Evonik Industries AG, Marl. As blowing agent, a combina­
tion of 4% by weight of (supercritical) carbon dioxide and 
3% by weight of ethanol, based on 100% by weight of the 
base polymer, was used. 

The base polymer and blowing agent were fed to the twin 
screw extruder 2 according to the setup shown in FIG. 1, 
wherein the reference signs designate the same as in the 
discussion of FIG. 1 above. In the extruder 2, the polymer 
introduced via hopper 4 was melted and mixed with the 
injected blowing agent 5. The temperature profile in the 
extruder 2 was in the range of from 170 to 220° C. In the 
cooling extruder 9, the polymer melt was further mixed with 
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the blowing agent and cooled. The mass temperature in the 
extruder 9 was 170° C. Subsequently, the molten polymer 
was expanded through a round die 11 at a pressure of 220 
bar, resulting in an expanded extrudate 12 in strand form. 
Thereafter, the expanded extrudate 12 was fed to an under- 5 

water pelletizing device as shown in FIG. 2. The temperature 
in the water circulation system of the underwater pelletizer 
was 70° C. The pellets obtained were dried after underwater 
pelletizing, and prior to density measurements. They had a 
density of 89 kg/m3

. 

The pellets were investigated by means ofDMA ( dynamic 
mechanical analysis) to evaluate the storage modulus at 
different temperatures, and further by scanning electron 
microscopy (SEM). 

10 

For DMA, a known test apparatus was used and a storage 15 

modulus analysis was carried out with a -40° C. to +40° C. 
temperature sweep under the following test conditions: 5° C. 
increments; 5 min soak time at each temperature; 25% initial 
compression strain; 5% sinusoidal oscillation around initial 
strain; and 1 Hz oscillation. The pellets tested had substan- 20 

tially spherical shape with approximately 5 mm diameter. 
The results obtained are shown in FIG. 4 showing the 
storage modulus (in kPa) versus the temperature (in° C.) for 
EPA12. For comparison, measurements of a foamed poly­
propylene (Neopolen P9230K of BASF; EPP) having 25 

spherical shape with approximately 4-5 mm diameter and 
similar stiffness properties are further shown in FIG. 4. 

As is evident from that figure, the polyamide pellets 
EPA12 show a variation of approx. 35%, more precisely a 
decrease by approx. 35% in storage modulus when changing 30 

the temperature from -40° C. to +40° C., compared to the 
expanded polypropylene particles EPP with approx. 288% 
decrease in storage modulus. 

In FIG. 6, a scanning electron microscopy (SEM) image 
of the expanded polyamide pellet is shown. The enlargement 35 

scale is 20-times of a distance of 1 mm as shown. The image 
shows that the pellets have closed particle skin and uniform 
cell sizes, thus, providing an excellent foam structure in 
particle form. 

18 
molten polymer was expanded through a round die 11 at a 
pressure of 200 bar, resulting in an expanded extrudate 12 in 
strand form. Thereafter, the expanded extrudate 12 was fed 
to an underwater pelletizing device as shown in FIG. 2. The 
temperature in the water circulation system of the underwa­
ter pelletizer was 70° C. The pellets obtained were dried 
after underwater pelletizing, and prior to density measure­
ments. They had a density of70 kg/m3 and were investigated 
by scanning electron microscopy (SEM). 

Further, for evaluating mechanical properties, the pellets 
were bonded together via steam to produce a test plate. The 
test plate had a density of approx. 84 kg/m3 and was tested 
with regard to its compression behavior. 

The compression testing was carried out using a known 
testing apparatus at 23° C. under the following test condi­
tions: 20 mm thick sample; 50% compression; heel stamp 
( diameter of 50 mm); speed of 50 mm/min; and 5N pre-load. 
The results obtained are shown in FIGS. Sa, Sb and Sc. For 
comparison, measurements of a similar test plate made from 
foamed polypropylene (Neopolen P9230K of BASF; EPP) 
having similar stiffness properties are shown in FIG. Sc. 

The diagram in FIG. Sa shows the hysteresis loop for the 
first cycle for the test plate made from the expanded 
polyetherblockamide pellets, wherein the total energy 
exerted during compression of the test plate is hatched. The 
diagram of FIG. Sb shows the same diagram as FIG. Sa, 
however, with the area within the hysteresis loop being 
hatched. Form the hatched areas in FIG. Sb and FIG. Sa, the 
relative energy loss in% during one full hysteresis cycle can 
be calculated by dividing the area hatched in FIG. Sb by the 
area hatched in FIG. Sa. The relative energy loss during the 
first hysteresis cycle for the test plate made from the 
expanded pellets of the present example was approximately 
57%. Further test cycles were conducted, wherein in the 
tenth cycle the relative energy loss was approximately 31 %. 

The diagram of FIG. Sc shows the hysteresis loop for the 
test plate made from the expanded polyetherblockamide 
pellets (ePEBA), in comparison with a test plate made from 
expanded polypropylene pellets ( ePP). The values show that 

Example 2 

As base polymer, a PEBA material was used. The used 
PEBA material was Vestamid E62-S3 obtainable from 

40 the ePEBA test plate demonstrates good mechanical prop­
erties during compression up to 50% compressive strain 
(displacement) with good recovery (low plastic deforma­
tion) and low hysteresis, thus improved compression prop-

Evonik Industries AG, Marl. According to supplier's infor- 45 

mation the number following the letter E indicates the Shore 

erties when compared with the ePP plate. 
In FIG. 7, a scanning electron microscopy (SEM) image 

of the expanded polyetherblockamide pellet is shown. The 
enlargement scale is 20-times of a distance of 1 mm as 
shown. The image shows that the pellets have closed particle 
skin and uniform cell sizes, thus, providing an excellent 

D hardness according to ISO 868, meaning that Vestamid 
E62-S3 comprises a Shore D hardness of 62. As blowing 
agent, a combination of 4% by weight of (supercritical) 
carbon dioxide and 2% by weight of ethanol, based on 100% 
by weight of the base polymer, was used. Further, a chain 
extender based on styrene-acrylate copolymer was used. The 
chain extender was Joncryl® ADR-4368C of BASF which 
was used in an amount of 2% by weight, based on 100% by 
weight of the base polymer. 

50 foam structure in particle form. 

Example 3 

As base polymer, a PEBA material was used. The used 
55 PEBA material was Vestamid E62-S3 obtainable from 

The base polymer, blowing agent and chain extender were 
fed to the twin screw extruder 2 according to the setup 
shown in FIG. 1, wherein the reference signs designate the 
same as in the discussion of FIG. 1 above. In the extruder 2, 
the polymer introduced via hopper 4 was melted and mixed 60 

with the injected blowing agent S and the chain extender. 
The chain extender was introduced with the polymer as a dry 
blend in the hopper. The temperature profile in the extruder 
2 was in the range of from 170 to 220° C. In the cooling 
extruder 9, the polymer melt was further mixed with the 65 

blowing agent and chain extender, and cooled. The mass 
temperature in the extruder 9 was 158° C. Subsequently, the 

Evonik Industries AG, Marl. Further, a chain extender based 
on styrene-acrylate copolymer, namely Joncryl® ADR-
4368C (BASF) was used in amounts of 1 % by weight, 2% 
by weight, and 2.5% by weight, based on 100% by weight 
of the base polymer. For comparison, the base polymer was 
also tested without chain extender. The polymer together 
with the same blowing agents as described in Example 2 and 
the indicated amount of chain extender were melted in an 
extruder, similar to Example 2. Subsequently, similar to 
Example 2, the melt was expanded through a round die and 
fed to an underwater pelletizing device to obtain expanded 
pellets. 
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The pellets (before molding) were tested on their heat 
flow-temperature behavior via DSC measurement using a 
heating rate of 1 OK/min for a temperature range of from 25° 

20 

C. to 250° C. The test results obtained are shown FIG. 9, 
wherein the data from the first heating of the DSC measure- 5 

ment were used. In FIG. 9, the designations of the curves 
indicate the amount of chain extender and, if, the offset of 
the curve compared to zero. The curves have an indicated 
offset of 0.5, 1, and 1.5, respectively, for better comparison. 

quently, the compact material was cooled and the material's 
heat flow-temperature behavior was measured using DSC 
using a heating rate of 1 OK/min for a temperature range of 
from 25° C. to 250° C. The test results obtained are shown 
FIG. 13, wherein the data from the first heating of the DSC 
measurement were used. In FIG. 13, the designations of the 
curves indicate the amount of chain extender and, if, the 
offset of the curve compared to zero. The curves have an 
indicated offset of 1 and 2, respectively, for better compari-

As can be seen, neither the peak nor the width of the curve 10 

is affected by the chain extender. However, the height of the 
peak is affected in that the height is decreasing with increas-

son. As can be seen, the peak of the curve is affected by the 
chain extender in its height. The height of the peak is 
decreasing with increasing amount of chain extender. That 
means that the crystallinity of the polymer decreases with ing amount of chain extender. That means that the crystal­

linity of the polymer decreases with increasing amount of 
chain extender. 

The pellets containing 2.5% by weight of chain extender 
were loaded into a mold and fused by providing steam into 
the mold. The mold was a tool for molding midsoles for 
shoes. FIG. 10 shows an image of the midsole obtained after 
molding. 

Example 4 

15 increasing amount of chain extender. 

Example 6 

As base polymer, a TPEE material was used. The used 

20 TPEE material was Amite! EM400 obtainable from DSM. A 
chain extender based on styrene-acrylate copolymer, namely 
Joncryl® ADR-4368C (BASF), was used in an amount of 
2% by weight, based on 100% by weight of the base 

As base polymer, a PEBA material was used. The used 
PEBA material was Vestamid E55 obtainable from Evonik 25 

polymer. For comparison, the base polymer was also tested 
without chain extender. A compact material was formed, 
wherein the process included melting of the polymer, adding Industries AG, Marl. A chain extender based on styrene­

acrylate copolymer, namely Joncryl® ADR-4368C (BASF), 
was used in amounts of3% by weight, 4.5% by weight, and 
5% by weight, based on 100% by weight of the base 
polymer. For comparison, the base polymer was also tested 
without chain extender. The polymer together with the same 
blowing agents as described in Example 2 and the indicated 
amount of chain extender were melted in an extruder, similar 
to Example 2. Subsequently, similar to Example 2, the melt 
was expanded through a round die and fed to an underwater 
pelletizing device to obtain expanded pellets. 

The pellets (before molding) were tested on their heat 
flow-temperature behavior via DSC measurement using a 
heating rate of 1 OK/min for a temperature range of from 25° 
C. to 250° C. The test results obtained are shown FIG. 11, 
wherein the data from the first heating of the DSC measure­
ment were used. In FIG. 11, the designations of the curves 
indicate the amount of chain extender and, if, the offset of 
the curve compared to zero. The curves have an indicated 
offset of 0.5, 1, and 1.2, respectively, for better comparison. 
As can be seen, the height of the peak is affected in that the 
height is decreasing with increasing amount of chain 
extender. That means that the crystallinity of the polymer 
decreases with increasing amount of chain extender. 

The pellets containing 5% by weight of chain extender 
were loaded into a mold and fused by providing steam into 
the mold. The mold was a tool for molding midsoles for 
shoes. FIG. 12 shows an image of the midsole obtained after 
molding. 

Example 5 

the chain extender and extrusion of the resulting material. 
Subsequently, the compact material was cooled and the 
material's heat flow-temperature behavior was measured 

30 using DSC using a heating rate of 1 OK/min for a temperature 
range of from 25° C. to 250° C. The test results obtained are 
shown in FIG. 14 and FIG. 15, wherein the data from the 
first heating of the DSC measurement were used. In FIG. 14, 
the designations of the curves indicate the amount of chain 

35 extender and, if, the offset of the curve compared to zero. 
One curve has an indicated offset of0.2, for better compari­
son. As can be seen, the peak of the curve is affected by the 
chain extender in its height. The height of the peak is 
decreasing with the presence of chain extender. That means 

40 that the crystallinity of the polymer decreases with addition 
of a chain extender. Further, the curve is smoother when 
chain extender has been added. 

FIG. 15 shows that the melting energy (normalized) 
significantly decreases by 29% when adding chain extender 

45 in an amount of 2% by weight. This illustrates the change in 
crystallinity due to chain extender addition. The same ten­
dency would be seen when plotting the results of expanded 
PEBA of Example 4 above (FIG. 11) and of expanded PBT 
of Example 5 above in the same marmer as in FIG. 15 

50 (normalizing melting energy and plotting against chain 
extender content). 

Example 7 

55 As base polymer, a polyamide 12 (PA12) material was 
used. The polyamide 12 used was Vestamid LX 9012 
(obtainable from Evonik Industries AG, Marl). As blowing 
agent, a combination of 4% by weight of (supercritical) 
carbon dioxide and 3% by weight of ethanol, based on 100% 

60 by weight of the base polymer, was used. A chain extender 
based on styrene-acrylate copolymer, namely Joncryl® 
ADR-4368C (BASF), was used in the amount of 1.5% by 
weight, based on 100% by weight of the base polymer, and 
without chain extender. 

As base polymer, a polybutylene terephthalate (PBT) 
material was used. The used PBT material was Ultradur 
B4520 obtainable from BASF. A chain extender based on 
styrene-acrylate copolymer, namely Joncryl® ADR-4368C 
(BASF), was used in amounts of 1 % by weight and 1.5% by 
weight, based on 100% by weight of the base polymer. For 
comparison, the base polymer was also tested without chain 
extender. A compact material was formed, wherein the 65 

process included melting of the polymer, adding the chain 
extender and extrusion of the resulting material. Subse-

The polymer together with the same blowing agent and 
the indicated amount of chain extender were melted in an 
extruder, similar to Example 1. Subsequently, similar to 
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Example 1 the melt was expanded through a round die and 
fed to an underwater pelletizing device to obtain expanded 
pellets. 
. In FIGS. 16 and 17, scanning electron microscopy (SEM) 
images of the expanded polyamide pellets are shown. FIG. 5 
16 shows the pellets without (0%) chain extender, FIG. 17 
with 1.5% chain extender. The enlargement scale in those 
figures is 200-times of a distance of 100 µmas shown. The 
images show that the pellets have partially ruptured foam 
structure, shown by the ruptures in the cell walls which . 10 
mcreases with the amount of chain extender, thus providing 
an excellent foam structure for sound insulation. 

The invention claimed is: 
.1: Method for manufacture of molded components, com-

pnsmg 15 
a. loading pellets of an expanded polymer material into a 

mold, wherein the expanded polymer material of the 
pellets comprises an additive increasing amorphous 
content of the expanded polymer material; and 

b. connecting the pellets by heating the pellets to a 20 
temperature between a glass transition temperature and 
below onset of melting of the expanded polymer mate­
rial; 

wherein the expanded polymer material comprises a poly­
amide comprising, as a basis, a polyetherblockamide, 25 
and wherein the polyetherblockamide comprises fol­
lowing properties: 
Shore D hardness in a range from 20 to 70 Shore D, as 

measured according to ISO 868; 
tensile modulus in a range from 10 to 1100 MPa, as 

measured according to ISO 527-1; 
a content of polyether blocks from 1 to 90% by weight, 

and a content ofpolyamide blocks from 10 to 99% 
by weight, in each case based on 100% by weight of 
the polyetherblockamide; 

30 

22 
a density in a range from 1000 to 1030 kg/m3

, as 
measured according to ISO 1183; and 

a melting point/melting range from 110° C. to 200° C., 
as measured according to ISO 11357. 

2. Method according to claim 1, wherein the loaded 
pellets are produced by a process comprising the steps of: 

a. melting a polymer material wherein a melt comprises at 
least one polymer, at least one blowing agent and at 
least one selected from a chain extender and an additive 
increasing the amorphous content of the polymer mate­
rial; 

b. expanding the melt through at least one die for pro­
ducing the expanded polymer material; and 

c. pelletizing the expanded polymer material. 
3. Method according to claim 1, wherein the loaded 

pellets are produced by 
a. melting a polymer material; 
b. adding at least one blowing agent; 
c. expanding a melt through at least one die for producing 

the expanded polymer material; and 
d. pelletizing the expanded polymer material. 
4. Method according to claim 1, wherein the additive 

increasing amorphous content of the polymer is a chain 
extender and wherein the chain extender is a polymeric 
material containing epoxy groups. 

5. Method according to claim 1, wherein the loaded 
pellets of the expanded polymer material have internally an 
at least partially ruptured foam structure. 

6. Method according to claim 2, wherein the expanded 
polymer material is pelletized in an underwater pelletizer. 

7. Method according to claim 4, wherein the chain 
extender is a styrene-acrylate copolymer containing reactive 
epoxy groups. 

* * * * * 
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