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Soft propylene copolymer composition

The present invention relates to a propylene copolymer composition comprising a
heterophasic propylene copolymer, a propylene based plastomer and an ethylene
based plastomer, an article comprising said propylene copolymer composition and
the use of said propylene copolymer composition in a single ply roofing

membrane.

Background of the invention

Soft polymeric materials such as thermoplastic polyolefins (TPO), polyvinyl
chloride (PVC) or ethylene propylene diene methylene rubbers (EPDM) are
generally used for upholstery applications e.g. in automotive applications, or for
single ply roofing.

These materials generally can be categorized into two groups — thermosets and
thermoplastics.

Thermosets such as e.g. EPDM show long-term weathering ability and good
performance when subjected to fluctuations in temperature, UV light, and ozone.
Their drawback is that they cannot be sealed so that for upholstery applications
EPDM needs to be stitched and for singly ply roofing EPDM needs to be glued
with a bitumen modified rubber kit.

As thermoplastics usually Ziegler-Natta catalysed polypropylene resins,
metallocene catalysed polypropylene resins, metallocene catalysed ethylene
copolymer resins or heterophasic propylene copolymers with a random copolymer
matrix phase (RAHECOs) with a low stiffness in form of a low tensile modulus
are used for the above described applications. As thermoplastics these resins can
be sealed contrary to thermosets.

Ziegler-Natta catalysed polypropylene resins have the drawback of a high
oligomer content, which causes fogging and high volatile organic compounds
(VOC) values. On the positive side, these resins show comparatively high melting
temperatures at a low stiffness shown by a tensile modulus of less than 200 MPa.
Metallocene catalysed polypropylene resins on the other hand show a low melting

temperature due to the absence of higher molecular weight fractions and
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syndiotactic polymerization effects of the metallocene catalyst. On the positive
side, these resins show low oligomer migration and consequently low fogging and
high volatile organic compounds (VOC) values, and a good sealing behaviour.
RAHECOs have the drawback of oligomer migration, which causes fogging and
high volatile organic compounds (VOC) values. Additionally oligomer migration
impairs adhesion and sealing properties of the thermoplastic resins.

In order to improve the impact properties of RAHECOs it is known to add
ethylene based plastomers, which are known to have good sealing properties due
to a low zero shear viscosity. It has however, been found that the sealing
performance of the blends of the RAHECOs with the plastomers do not improve
the sealing properties. Additionally, these compositions of soft RAHECOs and
ethylene based plastomers do not provide sufficient improvement of the oligo

migration, sealing properties or softness.

Thus, there is a need in the art for thermoplastic polymer compositions, which
show an improved balance of properties of increased softness, low VOC values,
low fogging, improved impact properties, improved non-linear viscoelastic
behaviour and favourable melt strength especially for upholstery applications and

singly ply roofing.

It has surprisingly been found that a propylene copolymer composition
comprising a heterophasic propylene copolymer with a propylene random
copolymer matrix phase as main component, to which a propylene based
plastomer and an ethylene based plastomer are added, shows such an improved
balance of properties and thus is especially suitable for upholstery applications
and singly ply roofing. It has been found in the present invention that the
propylene based plastomer surprisingly acts as compatibilizer between the

heterophasic propylene copolymer and the ethylene based plastomer.

Summary of the invention

The present invention relates to a propylene copolymer composition comprising
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from 50.0 to 90.0 wt%, based on the total amount of the propylene
copolymer composition, of a heterophasic propylene copolymer having a
matrix phase and an elastomeric phase dispersed in said matrix phase,
wherein the matrix phase is a propylene random copolymer,

the heterophasic propylene copolymer further having a melt flow rate MFR2
0f 0.2 t0 12.0 g/10 min, determined according to ISO 1133 at a temperature
of 230°C and aload of 2.16 kg, and

a xylene cold solubles (XCS) fraction in the range of from 20.0 to 50.0 wt%
based on the total amount of the heterophasic propylene copolymer (A),
determined according to ISO 16152 at a temperature of 25°C,

from 5.0 to 25.0 wt%, based on the total amount of the propylene copolymer
composition, of a propylene based plastomer having a density in the range
of from 845 to 870 kg/m?3, determined according to ASTM D1505 on
compression moulded test specimens and a melt flow rate MFRz of 1.0 to
30.0 g/10 min, determined according to ASTM D1238 at a temperature of
190°C and aload of 2.16 kg, and

from 5.0 to 25.0 wt%, based on the total amount of the propylene copolymer
composition, of an ethylene based plastomer having a density in the range of
from 850 to 900 kg/m?, determined according to ISO 1183D on compression
moulded test specimens and a melt flow rate MFR; of 0.5 to 30.0 g/10 min,
determined according to ISO 1133 at a temperature of 190°C and a load of
2.16 kg.

Further, the present invention relates to an article comprising the propylene

copolymer composition as described herein.

Still further, the present invention relates to the use of the propylene copolymer

composition as described herein for the production of an article, such as the use

of the propylene copolymer composition as described herein in a single ply

roofing membrane or a car upholstery.

Date Regue/Date Received 2023-04-17
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Definitions
A propylene copolymer composition denotes a polymer composition with a molar

majority of propylene copolymer(s).

A heterophasic polypropylene is a propylene-based copolymer with a crystalline
matrix phase, which can be a propylene homopolymer or a random copolymer of
propylene and at least one alpha-olefin comonomer, and an elastomeric phase
dispersed therein. The elastomeric phase can be a propylene copolymer with a
high amount of comonomer which is not randomly distributed in the polymer
chain but are distributed in a comonomer-rich block structure and a propylene-
rich block structure.

A heterophasic polypropylene usually differentiates from a one-phasic propylene
copolymer in that it shows two distinct glass transition temperatures Tg which are

attributed to the matrix phase and the elastomeric phase.

A propylene homopolymer is a polymer which essentially consists of propylene
monomer units. Due to impurities especially during commercial polymerization
processes a propylene homopolymer can comprise up to 0.1 mol% comonomer
units, preferably up to 0.05 mol% comonomer units and most preferably up to

0.01 mol% comonomer units.

A propylene random copolymer is a copolymer of propylene monomer units and
comonomer units in which the comonomer units are distributed randomly over the
polypropylene chain. Thereby, a propylene random copolymer includes a fraction,
which is insoluble in xylene — xylene cold insoluble (XCU) fraction — in an
amount of at least 70 wt%, more preferably of at least 80 wt%, still more
preferably of at least 85 wt%, most preferably of at least 88 wt%, based on the
total amount of propylene random copolymer. Accordingly, the propylene random

copolymer does not contain an elastomeric polymer phase dispersed therein.

A plastomer is a polymer which combines the qualities of elastomers and plastics,

such as rubber-like properties with the processing abilities of plastic.
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An ethylene based plastomer is a plastomer with a molar majority of ethylene
monomer units.
An propylene based plastomer is a plastomer with a molar majority of propylene

monomer units.

Usually, a propylene polymer comprising at least two propylene polymer fractions
(components), which have been produced under different polymerization
conditions resulting in different (weight average) molecular weights and/or
different comonomer contents for the fractions, preferably produced by
polymerizing in multiple polymerization stages with different polymerization
conditions, is referred to as “multimodal”. The prefix “multi” relates to the
number of different polymer fractions the propylene polymer is consisting of. As
an example of multimodal propylene polymer, a propylene polymer consisting of
two fractions only is called “bimodal”, whereas a propylene polymer consisting of
three fractions only is called “trimodal”.

A unimodal propylene polymer only consists of one fraction.

Thereby, the term “different” means that the propylene polymer fractions differ
from each other in at least one property, preferably in the weight average
molecular weight — which can also be measured in different melt flow rates of the

fractions ~ or comonomer content or both.

In the following amounts are given in % by weight (wt%) unless it is stated

otherwise.

Description of the figures

Figure 1 shows the behaviour of the strain hardening factor at a strain rate of 10.0
s’ (SHF e10) for Hencky strains in the range of about 0.5 to about 3.5.

Figure 2 shows the behaviour of the strain hardening factor at a strain rate of 5.0 §°
1 (SHF e5) for Hencky strains in the range of about 0.5 to about 4.5.

Thereby, in Fig 1 and 2 sample 1 represents IE4, sample 2 represents Refl,
sample 3 represents HIFAX ™ CA 10 A, commercially available from
LyondellBasell, sample 4 represents CE1 and sample 5 represents IE3.

Date Regue/Date Received 2023-04-17
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Detailed description

Propylene copolymer composition

The propylene copolymer composition according to the present invention
comprises a heterophasic propylene copolymer (A) having a matrix phase and an
elastomeric phase dispersed in said matrix phase, a propylene based plastomer (B)
and an ethylene based plastomer (C). The matrix phase of the heterophasic

propylene copolymer (A) is a propylene random copolymer,

The propylene copolymer composition comprises the heterophasic propylene
copolymer (A) in an amount of from 50.0 to 90.0 wt%, preferably from 52.0 to
85.0 wt%, more preferably from 54.0 to 80.0 wt% and most preferably from 56.0

to 75.0 wt%, based on the total amount of the propylene copolymer composition.

The propylene copolymer composition comprises the propylene based plastomer
(B) in an amount of from 5.0 to 25.0 wt%, preferably from 10.0 to 23.0 wt%,
more preferably from 12.0 to 22.0 wt% and most preferably from 15.0 to 20.0

wt%, based on the total amount of the propylene copolymer composition.

The propylene copolymer composition comprises the ethylene based plastomer
(C) in an amount of from 5.0 to 25.0 wt%, preferably from 10.0 to 23.0 wt%,
more preferably from 12.0 to 22.0 wt% and most preferably from 15.0 to 20.0

wt%, based on the total amount of the propylene copolymer composition.

The propylene copolymer composition can further comprise a propylene based
plastomer (D) which differs from propylene based plastomer (B) in a higher
density.

The propylene copolymer composition preferably comprises the propylene based
plastomer (D), if present, in an amount of from 0.5 to 5.0 wt%, preferably from
1.0 to 4.5 wt%, more preferably from 1.5 to 4.0 wt% and most preferably from 2.0

to 3.5 wt%, based on the total amount of the propylene copolymer composition.

PCT/EP2020/066486
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The propylene copolymer composition can further comprise polymeric
components which are different from components (A), (B), (C) and optionally (D)
in an amount of preferably 0.0 to 10.0 wt% based on the total amount of the

propylene copolymer composition.

It is however preferred that the polymeric components of the propylene

copolymer composition consist of components (A), (B), (C) and optionally (D).

Besides these polymeric components the propylene copolymer composition can
comprise one or more additives in an amount of from 0.0 up to 5.0 wt%, based on
the total amount of the propylene copolymer composition. The one or more
additives are selected from slip agents, anti-block agents, UV stabilizers, acid
scavengers, antioxidants, alpha- and/or beta nucleating agents, antistatic agents,
pigments, flame retardants, etc. Such additives are commercially available and for
example described in “Plastic Additives Handbook”, 6 edition 2009 of Hans
Zweifel (pages 1141 to 1190).

Usually, these additives are added in quantities of 100 to 2,000 ppm for each
single component.

The one or more additives can be added to the polymeric components in a
blending step.

Thereby, the one or more additives can be added to the polymeric components in
form of master batches in which one or more additives are blended with a carrier
polymer in concentrated amounts. Any optional carrier polymer is calculated to
the amount of additives, based on the total amount of the propylene copolymer

composition.

The propylene copolymer composition preferably has a melt flow rate MFR; of
from 0.3 to 10.0 g/10 min, more preferably of from 1.0 to 8.5 g/10 min, still more
preferably of from 1.5 to 6.5 g/10 min and most preferably of from 2.0 to 5.5 g/10
min, determined according to ISO 1133 at a temperature of 230°C and a load of
2.16 kg.

PCT/EP2020/066486
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The propylene copolymer composition further preferably has a melting
temperature Tm of from 145.0°C to 160.0°C, more preferably of from 147.0°C to
158.0°C, still more preferably of from 148.0°C to 156.0°C and most preferably of
from 150.0°C to 155.0°C, determined according to ISO 11357-3.

Still further, the propylene copolymer composition preferably has a crystallization
temperature Tc of from 88.0°C to 105.0°C, more preferably of from 90.0°C to
100.0°C, still more preferably of from 91.0°C to 97.0°C and most preferably of
from 92.0°C to 96.0°C, determined according to ISO 11357-3.

Additionally, the propylene copolymer composition preferably has a heat of
fusion Hf of from 10.0 J/g to 50.0 J/g, more preferably of from 15.0 J/g to 45.0
J/g, still more preferably of from 18.0 J/g to 40.0 J/g and most preferably of from
20 J/g to0 35.0 J/g, determined according to ISO 11357-3.

Further, the propylene copolymer composition preferably has a crystallization
enthalpy Hcr of from 20.0 J/g to 60.0 J/g, more preferably of from 25.0 J/g to 55.0
J/g, still more preferably of from 28.0 J/g to 50.0 J/g and most preferably of from
30.0 J/g to 45.0 J/g, determined according to ISO 11357-3.

It is further preferred that the propylene copolymer composition has an amount of
xylene cold soluble (XCS) fraction in the range of from 35.0 to 65.0 wt%, more
preferably of from 40.0 to 62.5 wt%, still more preferably of from 45.0 to 61.0
wt% and most preferably of from 50.0 to 60.0 wt%, based on the total amount of
the propylene copolymer composition, determined according to ISO 16152 at a

temperature of 25°C.

Further, the propylene copolymer composition preferably has an amount of
solubles in n-hexane in the range of from 30.0 to 60.0 wt%, more preferably of
from 32.5 to 57.5 wt%, still more preferably of from 33.5 to 55.0 wt% and most
preferably of from 35.0 to 52.5 wt%, determined using a Soxhlet apparatus.
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The propylene copolymer composition according to the present invention as
defined above or below surprisingly shows an improved balance of properties as
regards to high softness as shown in its low tensile properties, improved impact
properties, as shown in its improved Charpy notched impact properties especially
at low and very low temperatures, low fogging as shown in its low iso-octane
migration, total carbon emission and fogging gravimetric, improved non-linear
viscoelastic behaviour as shown in the Large Oscillatory Shear (LAOS)
measurement and favourable melt strength as shown in the strain hardening factor
(SHF)

The propylene copolymer composition shows a high softness as can be seen from
the below defined preferred tensile properties:

Preferably the propylene copolymer composition has a tensile modulus of not
more than 350 MPa, more preferably not more than 300 MPa, still more
preferably of not more than 250 MPa and most preferably of not more than 200
MPa, determined according to ISO 527-2 measured on injection moulded test
specimens.

The lower limit of the tensile modulus is usually not lower than 50 MPa, more
preferably not lower than 75 MPa.

Thus, the propylene copolymer composition preferably has a tensile modulus in
the range of from 50 to 350 MPa, more preferably in the range of from 75 to 300
MPa.

Further, the propylene copolymer composition preferably has a tensile stress at
yield of not more than 15.0 MPa, more preferably not more than 12.5 MPa, still
more preferably not more than 11.0 MPa and most preferably not more than 10.0
MPa, determined according to ISO 527-2 measured on injection moulded test
specimens.

The lower limit of the tensile stress at yield is usually not lower than 2.5 MPa,

more preferably not lower than 3.5 MPa.
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Still further, the propylene copolymer composition preferably has a tensile stress
at break of not more than 25.0 MPa, more preferably not more than 22.5 MPa,

still more preferably not more than 20.0 MPa and most preferably not more than
18.0 MPa, determined according to ISO 527-2 measured on injection moulded test
specimens.

The lower limit of the tensile stress at break is usually not lower than 3.0 MPa,

more preferably not lower than 4.0 MPa.

Further, the propylene copolymer composition preferably has a tensile strain at
yield of at least 15.0 %, more preferably at least 20.0 %, still more preferably at
least 25.0 % and most preferably at least 30.0 %, determined according to ISO
527-2 measured on injection moulded test specimens.

The upper limit of the tensile strain at yield is usually not higher than 100 %,
more preferably not higher than 85.0%.

Further, the propylene copolymer composition preferably has a tensile strain at
break of at least 250 %, more preferably at least 300 %, still more preferably at
least 325 % and most preferably at least 350 %, determined according to ISO 527-
2 measured on injection moulded test specimens.

The upper limit of the tensile strain at break is usually not higher than 1000 %,
more preferably not higher than 850%.

Still further, the propylene copolymer composition has a flexural modulus of not
more than 350 MPa, more preferably not more than 300 MPa, still more
preferably of not more than 250 MPa and most preferably of not more than 200
MPa, determined according to ISO 178 measured on injection moulded test
specimens.

The lower limit of the flexural modulus is usually not lower than 50 MPa, more
preferably not lower than 75 MPa.

Thus, the propylene copolymer composition preferably has a flexural modulus in
the range of from 50 to 350 MPa, more preferably in the range of from 75 to 300
MPa.

10
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At higher temperatures of 80°C the propylene copolymer composition preferably
has the following tensile properties:

Preferably the propylene copolymer composition has a tensile modulus of not
more than 75 MPa, more preferably not more than 70 MPa, still more preferably
of not more than 60 MPa and most preferably of not more than 50 MPa,
determined according to ISO 527-2 measured on injection moulded test specimens
at a temperature of 80°C.

The lower limit of the tensile modulus is usually not lower than 15 MPa, more
preferably not lower than 20 MPa.

Thus, the propylene copolymer composition preferably has a tensile modulus at
80°C in the range of from 15 to 75 MPa, more preferably in the range of from 20
to 70 MPa.

Further, the propylene copolymer composition preferably has a tensile stress at
yield of not more than 5.0 MPa, more preferably not more than 3.5 MPa, still
more preferably not more than 3.0 MPa and most preferably not more than 2.5
MPa, determined according to ISO 527-2 measured on injection moulded test
specimens at a temperature of 80°C.

The lower limit of the tensile stress at yield is usually not lower than 0.5 MPa,

more preferably not lower than 1.0 MPa.

Still further, the propylene copolymer composition preferably has a tensile stress
at break of not more than 5.0 MPa, more preferably not more than 3.5 MPa, still
more preferably not more than 3.0 MPa and most preferably not more than 2.5
MPa, determined according to ISO 527-2 measured on injection moulded test
specimens at a temperature of 80°C.

The lower limit of the tensile strength is usually not lower than 0.5 MPa, more

preferably not lower than 1.0 MPa.

Further, the propylene copolymer composition preferably has a tensile strain at

yield of at least 25.0 %, more preferably at least 30.0 %, still more preferably at

11
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least 35.0 % and most preferably at least 40.0 %, determined according to ISO
527-2 measured on injection moulded test specimens at a temperature of 80°C.
The upper limit of the tensile strain at yield is usually not higher than 100 %,
more preferably not higher than 90.0%.

Further, the propylene copolymer composition preferably has a tensile strain at
break of at least 25.0 %, more preferably at least 30.0 %, still more preferably at
least 35.0 % and most preferably at least 40.0 %, determined according to ISO
527-2 measured on injection moulded test specimens at a temperature of 80°C.
The upper limit of the tensile strain at tensile strength is usually not higher than
100 %, more preferably not higher than 90.0%.

The propylene copolymer composition further shows improved impact properties
as can be seen in below preferred Charpy notched strength values:

The propylene copolymer composition preferably has a Charpy notched impact
strength (-20°C) of at least 50 kJ/m?2, more preferably of at least 55 kJ/m?, still
more preferably of at least 60 kJ/m? and most preferably of at least 65 kJ/m?,
determined according to ISO 179/1eA at -20°C.

As upper limit, the propylene copolymer composition preferably does not break in
the Charpy notched impact strength test at -20°C.

The propylene copolymer composition preferably has a Charpy notched impact
strength (-30°C) of at least 2.5 kJ/m?, more preferably of at least 3.0 kJ/m?, still
more preferably of at least 3.5 kJ/m?, determined according to ISO 179/1eA at -
30°C.

As upper limit, the propylene copolymer composition preferably does not break in
the Charpy notched impact strength test at -30°C.

The propylene copolymer composition preferably has a Charpy notched impact
strength (-40°C) of at least 1.9 kJ/m?, more preferably of at least 2.0 kJ/m?, still
more preferably of at least 2.1 kJ/m? and most preferably of at least 2.2 kJ/m?,
determined according to ISO 179/1eA at -40°C.,
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As upper limit, the propylene copolymer composition preferably has a Charpy
notched impact strength at -40°C of not more than 6.0 kJ/m?, more preferably of
not more than 5.0 kJ/m2.

Thus, the propylene copolymer composition preferably has a Charpy notched
impact strength (-40°C) in the range of from 1.9 to 6.0 kJ/m?, more preferably in
the range of from 2.0 to 5.0 kJ/m2.

The propylene copolymer composition further shows improved fogging properties

as can be seen in below preferred values:

Further, the propylene copolymer composition preferably has a fogging
gravimetric of not more than 0.15 mg, more preferably not more than 0.12 mg,
still more preferably not more than 0.10 mg and most preferably not more than
0.07 mg, determined according to DIN 75201:2011-1 method B .

As lower limit, the propylene copolymer composition preferably does not show
any measurable fogging gravimetric at all (i.e. a measurable value of 0.00 mg),
more preferably has a fogging gravimetric of at most 0.02 mg .

Thus, the propylene copolymer composition preferably has a fogging gravimetric
in the range of from 0.00 to 0.15 mg, more preferably in the range of from 0.02 to
0.12 mg.

Still further, the propylene copolymer composition preferably has a total carbon
emission of not more than 75 ugC/g, more preferably not more than 65 ngClg,
still more preferably not more than 60 ngC/g and most preferably not more than
50 pgC/g, determined according to VDA 277.

As lower limit, the propylene copolymer composition preferably does not show
any measurable total carbon emission (i.e. a measurable value of 0.00 pgC/g),
more preferably has a total carbon emission of at most 10 pgC/g, still more

preferably of at most 20 ugC/g.
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Additionally, the propylene polymer composition shows improved non-linear
viscoelastic behaviour as shown in the below defined Large Oscillatory Shear
(LAOS) measurement:

The propylene copolymer composition preferably has a Large Amplitude
Oscillatory Shear Non Linear Factor at a strain of 1000%, LAOS~Lr (1000%), of
from 1.5 to 5.0, more preferably from 1.7 to 4.5, still more preferably from 1.8 to
4.0 and most preferably from 1.9 to 3.5.

Further, the propylene copolymer composition preferably has a Large Amplitude
Oscillatory Shear Non Linear Factor at a strain of 500%, LAOSNLr (500%), of
from 2.0 to 6.0, more preferably from 2.5 to 5.5, still more preferably from 2.7 to
5.0 and most preferably from 2.8 to 4.5.

Still further, the propylene copolymer composition shows a favourable melt
strength as shown in the strain hardening factor (SHF) defined below:

The propylene copolymer composition preferably has a strain hardening factor,
measured at a strain rate of 10 s and a Hencky strain of 2.5 (SHF e10) of at least
1.15 up to 3.00, more preferably of at least 1.20 up to 2.80, yet more preferably in
the range of from 1.22 to 2.50 and most preferably in the range of from 1.24 to
2.00.

Additionally, the propylene copolymer composition preferably has a strain
hardening factor, measured at a strain rate of 5 s and a Hencky strain of 2.5 (SHF
e5) of at least 1.05 to 2.60, more preferably of 1.08 to 2.50, yet more preferably in
the range of from 1.10 to 2.00 and most preferably in the range of from 1.13 to
1.80.

The Hencky strain is an indirect measure of the drawability and the strain

hardening factor (SHF) is an indirect measure of the melt strength.

Further, the propylene copolymer composition preferably shows the following

properties:
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Further, the propylene copolymer composition preferably has a Vicat softening
temperature A50 of from 40 to 80°C, more preferably of from 45 to 75°C and
most preferably of from 50 to 70°C, determined according to ISO 306, method
AS0.

The propylene copolymer composition preferably has a complex viscosity at 0.05
rad/s, eta*o.0s radss, Of not more than 80000 Pa-s, more preferably not more than
60000 Pa-s, still more preferably not more than 40000 Pa-s and most preferably
not more than 20000 Pa-s.

The lower limit of the complex viscosity at 0.05 rad/s, eta*o.0s radss, is usually not

lower than 10000 Pa-s, more preferably not lower than 12500 Pa-s.

Further, the propylene copolymer composition preferably has a complex viscosity
at 300 rad/s, eta*s00 radss, Of not more than 900 Pa-s, more preferably not more than
850 Pas, still more preferably not more than 800 Pa-s and most preferably not
more than 750 Pas.

The lower limit of the complex viscosity at 300 rad/s, eta*zo0 raass, 15 usually not
lower than 500 Pa-s, more preferably not lower than 550 Pa-s and most preferably

not lower than 650 Pa-s.

Still further, the propylene copolymer composition preferably has a complex
viscosity at a G* of 1 kPa, etai xpa, of not more than 80000 Pa-s, more preferably
not more than 60000 Pa's, still more preferably not more than 40000 Pa-s and
most preferably not more than 20000 Pa-s.

The lower limit of the complex viscosity at a G* of 1 kPa, eta; xpa, is usually not

lower than 10000 Pa-s, more preferably not lower than 12500 Pas.

Still further, the propylene copolymer composition preferably has a complex
viscosity at a G* of 2.7 kPa, etaz 7xpa, of not more than 80000 Pa's, more
preferably not more than 60000 Pa-s, still more preferably not more than 40000
Pa‘s and most preferably not more than 20000 Pa-s.
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The lower limit of the complex viscosity at a G* of 2.7 kPa, eta; 7 kpa, is usually

not lower than 10000 Pa-s, more preferably not lower than 12500 Pa-s.

Further, the propylene copolymer composition preferably has a complex viscosity
at a G* of 5 kPa, etai kpa, of not more than 70000 Pa‘s, more preferably not more
than 50000 Pa-s, still more preferably not more than 30000 Pa-s and most
preferably not more than 18000 Pa-s.

The lower limit of the complex viscosity at a G* of 7 kPa, etarxpa, is usually not

lower than 10000 Pa-s, more preferably not lower than 12500 Pa-s.

Additionally, the propylene copolymer composition preferably has a
polydispersity index, PI, of from 0.8 to 3.5 Pa™, more preferably from 1.0 to 3.0
Pa’!; still more preferably from 1.3 to 2.5 Pa™ and most preferably from 1.5 to 2.2
Pal.

The above described complex viscosities and PI are measured by dynamic shear
measurements complying with ISO 6721-1 and ISO 6721-10 at a temperature of
170°C.

Preferably, the propylene copolymer composition is obtained by melt blending the
heterophasic propylene copolymer (A), the propylene based plastomer (B), the
ethylene based plastomer (C) and optionally the propylene based plastomer (D)
and optional further additives. Melt blending of the heterophasic propylene
copolymer (A) with the propylene based plastomer (B), the ethylene based
plastomer (C) and optionally the propylene based plastomer (D) results in a
heterophasic system wherein the propylene based plastomer (B), the ethylene
based plastomer (C) and optionally the propylene based plastomer (D) are
dispersed within the heterophasic propylene copolymer (A) and substantially

accumulate in the elastomeric phase of the heterophasic propylene copolymer (A).
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In the following, the heterophasic propylene copolymer (A), the propylene based
plastomer (B), the ethylene based plastomer (C) and the optional propylene based

plastomer (D) are described in more detail.

Heterophasic propylene copolymer (A)

The propylene copolymer composition comprises from 50.0 to 90.0 wt%, based
on the total amount of the propylene copolymer composition, of a heterophasic
propylene copolymer (A) having a matrix phase and an elastomeric phase
dispersed in said matrix phase, wherein the matrix phase is a propylene random
copolymer,

the heterophasic propylene copolymer (A) further having a melt flow rate MFR»
of 0.2 to0 12.0 g/10 min, determined according to ISO 1133 at a temperature of
230°C and a load of 2.16 kg, and

a xylene cold solubles (XCS) fraction in the range of from 20.0 to 50.0 wt% based
on the total amount of the heterophasic propylene copolymer (A), determined

according to ISO 16152 at a temperature of 25°C.

The heterophasic propylene copolymer (A) is preferably present in the propylene
copolymer composition in an amount of from 52.0 to 85.0 wt%, more preferably
from 54.0 to 80.0 wt% and most preferably from 56.0 to 75.0 wt%, based on the

total amount of the propylene copolymer composition.

The heterophasic propylene copolymer (A) preferably has a melt flow rate MFR,
of 0.5 to 10.0 g/10 min, more preferably of 0.7 to 8.0 g/10 min, still more
preferably of 0.8 to 6.5 g/10 min and most preferably of 1.0 to 5.0 g/10 min,
determined according to ISO 1133 at a temperature of 230°C and a load of 2.16
kg.

In a heterophasic polypropylene copolymer the matrix phase and the elastomeric
phase usually cannot exactly be divided from each other. In order to characterize
the matrix phase and the elastomeric phase of a heterophasic polypropylene

copolymer several methods are known. One method is the extraction of a fraction
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which contains to the most part the elastomeric phase with xylene, thus separating
a xylene cold solubles (XCS) fraction from a xylene cold insoluble (XCI) fraction.
The XCS fraction contains for the most part the elastomeric phase and only a

small part of the matrix phase whereas the XCI fraction contains for the most part

the matrix phase and only a small part of the elastomeric phase.

The heterophasic propylene copolymer (A) preferably has xylene cold solubles
(XCS) fraction in the range of from 22.0 to 48.0 wt%, more preferably of from
24.0 to 46.0 wt% and most preferably of from 26.0 to 45.0 wt%, based on the total
amount of the heterophasic propylene copolymer (A), determined according to
ISO 16152 at a temperature of 25°C.

The total comonomer content of the heterophasic propylene copolymer (A) is
preferably in the range of from 15.0 mol% to 35.0 mol%, more preferably of from
17.5 mol% to 32.5 mol%, still more preferably of from 19.0 mol% to 30.0 mol%
and most preferably of from 20.0 mol% to 27.5 mol%.

The comonomer of the heterophasic propylene copolymer (A) is preferably
selected from ethylene and alpha-olefin comonomers having from 4 to 10 carbon
atoms. It is especially preferred that the comonomer of the heterophasic propylene

copolymer (A) is ethylene.

The heterophasic propylene copolymer (A) preferably has a melting temperature
Tm as determined by differential scanning calorimetry (DSC) of from 130°C to
160°C, more preferably of from 140°C to 157°C and most preferably of from
145°C to 155°C.

Further, the heterophasic propylene copolymer (A) preferably has a flexural
modulus of from 130 MPa to 380 MPa, more preferably of from 150 MPa to 365
MPa and most preferably of from 175 MPa to 350 MPa, determined according to

ISO 178 on injection moulded test specimens.
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The heterophasic propylene copolymer (A) can be polymerized in a sequential
multistage polymerization process, i.e. in a polymerization process in which two
or more polymerization reactors are connected in series. Preferably, in the
sequential multistage polymerization process, two or more, more preferably three
or more, such as three or four, polymerization reactors are connected in series.
The term “polymerization reactor” shall indicate that the main polymerization
takes place. Thus in case the process consists of four polymerization reactors, this
definition does not exclude the option that the overall process comprises for

instance a pre-polymerization step in a pre-polymerization reactor.

Preferably, the matrix phase of the heterophasic propylene copolymer (A) is
polymerized in first polymerization reactor for producing a unimodal matrix phase
or in the first and second polymerization reactor for producing a multimodal
matrix phase.

The elastomeric phase of the heterophasic propylene copolymer (A) is preferably
polymerized in the subsequent one or two polymerization reactor(s) in the
presence of the matrix phase for producing a unimodal elastomeric phase or a

multimodal elastomeric phase.

Preferably, the polymerization reactors are selected from slurry phase reactors,
such as loop reactors and/or gas phase reactors such as fluidized bed reactors,

more preferably from loop reactors and fluidized bed reactors.

A preferred sequential multistage polymerization process is a “loop-gas phase”-
process, such as developed by Borealis A/S, Denmark (known as BORSTAR®
technology) described e.g. in patent literature, such as in EP 0 887 379,

WO 92/12182 WO 2004/000899, WO 2004/111095, WO 99/24478,

WO 99/24479 or in WO 00/68315.

A further suitable slurry-gas phase process is the Spheripol® process of Basell.
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Suitable sequential polymerization processes for polymerizing the heterophasic
propylene copolymer (A) are e.g. disclosed in EP 1 681 315 Al or WO
2013/092620 Al.

The heterophasic propylene copolymer (A) can be polymerized in the presence of
a Ziegler-Natta catalyst or a single site catalyst.

Suitable Ziegler-Natta catalysts are e.g. disclosed in US 5,234,879, WO 92/19653,
WO 92/19658, WO 99/33843, WO 03/000754, WO 03/000757, WO 2013/092620
Al or WO 2015/091839.

Suitable single site catalysts are e.g. disclosed in WO 2006/097497, WO
2011/076780 or WO 2013/007650.

The heterophasic propylene copolymer (A) can optionally be subjected to a
visbreaking step as e.g. described in WO 2013/092620 Al.

Heterophasic propylene copolymer resins suitable as heterophasic propylene
copolymer (A) are also commercially available. These resin are usually already
addivated with stabilizer packages. Thus, when using commercially available
resins as heterophasic propylene copolymer (A) the addition of additives as

described above might have to be adjusted to the already present additives.

Propyvlene based plastomer (B)

The propylene copolymer composition comprises from 5.0 to 25.0 wt%, based on
the total amount of the propylene copolymer composition, of a propylene based
plastomer (B) having a density in the range of from 845 to 870 kg/m3, determined
according to ASTM D1505 on compression moulded test specimens and a melt
flow rate MFR3 of 1.0 to 30.0 g/10 min, determined according to ASTM D1238 at
a temperature of 190°C and a load of 2.16 kg.

The propylene based plastomer (B) is preferably present in the propylene

copolymer composition in an amount of from 10.0 to 23.0 wt%, more preferably
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from 12.0 to 22.0 wt% and most preferably from 15.0 to 20.0 wt%, based on the

total amount of the propylene copolymer composition.

The propylene based plastomer (B) preferably has a density in the range of from
850 to 868 kg/m?, still more preferably in the range of from 853 to 865 kg/m? and
most preferably in the range of from 855 to 864 kg/m?, determined according to

ASTM D1505 on compression moulded test specimens.

The propylene based plastomer (B) preferably has a melt flow rate MFR3 of 1.1 to
20.0 g/10 min, more preferably of 1.2 to 10.0 g/10 min, determined according to
ASTM D1238 at a temperature of 190°C and a load of 2.16 kg.

The propylene based plastomer (B) preferably is a copolymer of propylene and at
least one comonomer copolymerizable with propylene, for example comonomers
such as ethylene or Cs4 to Cao a-olefins, in particular ethylene and/or 1-butene, 1-
hexene and 1-octene. Preferably the propylene based plastomer (B) according to
this invention comprises, especially consists of, monomers copolymerizable with
propylene from the group consisting of ethylene or 1-butene. More specifically
the propylene based plastomer (B) of this invention comprises - apart from
propylene - units derivable from ethylene or 1-butene. In a preferred embodiment
the propylene based plastomer (B) comprises units derivable from propylene and

ethylene only.

It is especially preferred that the propylene based plastomer (B) does not contain
monomer units derivable from styrene or derivatives thereof. Accordingly, the
propylene based plastomer (B) is preferably a copolymer that consists
substantially, i.e. of at least 99.0 wt%, more preferably of at least 99.5 wt%, still
more preferably of at least 99.8 wt%, like of at least 99.9 wt%, of propylene and
ethylene units. In another embodiment only propylene and ethylene units are

detectable, i.e. only propylene and ethylene have been polymerized.
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In particular, it is preferred that the propylene based plastomer (B) is a copolymer

of propylene and ethylene featured by a rather high propylene content.

Accordingly, it is preferred that the propylene based plastomer (B) has a
propylene content of at least 60.0 mol%, more preferably at least 70.0 mol%, still
more preferably at least 77.0 mol%. In particular, it is preferred that the propylene
based plastomer (B) has a preferably propylene content in the range of 60.0 to
95.0 mol%, more preferably in the range of 70.0 to 85.0 mol%, still more
preferably in the range of 75.0 to 80.0 mol%.

Additionally or alternatively to the previous paragraph, it is preferred that the
propylene based plastomer (B) has a comonomer content, preferably ethylene
content equal or below 30.0 mol%, more preferably in the range of 10.0 to
28.0 mol%, still more preferably in the range of 15.0 to 25.0 mol%, like in the
range of 18.0 to 23.0 mol%.

The propylene based plastomer (B) preferably has a Vicat softening temperature
(ASTM D1525) of from 35 to 65°C, more preferably of from 40 to 60°C.

Further, the propylene based plastomer (B) preferably has a flexural modulus of
from 5.0 to 25.0 MPa, more preferably of from 7.0 to 20.0 MPa and most
preferably of from 10.0 to 17.0 MPa, determined according to ASTM D790.

Preferably, the propylene based plastomer (B) is a propylene rich elastomeric
copolymer of propylene and ethylene known in the art. Such propylene rich resins
are, for example, commercially available as Vistamaxx™ propylene-based
elastomers from Exxon or Versify™ plastomers and elastomers from Dow
Chemical Co.

Ethylene based plastomer (C)

The propylene copolymer composition comprises from 5.0 to 25.0 wt%, based on

the total amount of the propylene copolymer composition, of an ethylene based
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plastomer (C) having a density in the range of from 850 to 900 kg/m?, determined
according to ISO 1183D on compression moulded test specimens and a melt flow
rate MFR2 of 0.5 to 30.0 g/10 min, determined according to ISO 1133 at a
temperature of 190°C and a load of 2.16 kg.

The ethylene based plastomer (C) is preferably present in the propylene
copolymer composition in an amount of from 10.0 to 23.0 wt%, more preferably
from 12.0 to 22.0 wt% and most preferably from 15.0 to 20.0 wt%, based on the

total amount of the propylene copolymer composition.

The ethylene based plastomer (C) preferably has a density in the range of from
853 to 895 kg/m?, still more preferably in the range of from 855 to 890 kg/m? and
most preferably in the range of from 857 to 887 kg/m?, determined according to

ISO 1183D on compression moulded test specimens.

Generally, the ethylene based plastomer (C) has a melt flow rate MFR2 of 0.5 to
30.0 g/10 min, preferably of 0.6 to 25.0 g/10 min, more preferably of 0.7 to 20.0
g/10 min and most preferably of 0.8 to 15.0 g/10 min, determined according to
ISO 1133 at a temperature of 190°C and a load of 2.16 kg.

In one preferred embodiment the ethylene based plastomer (C) preferably has
melt flow rate MFR; of 0.5 to 10.0 g/10 min, more preferably 0.6 to 9.0 g/10 min,
still more preferably of 0.7 to 8.5 g/10 min and most preferably of 0.8 to 8.0 g/10
min, determined according to ISO 1133 at a temperature of 190°C and a load of
2.16 kg.

The ethylene based plastomer (C) is a copolymer of ethylene and at least one
comonomer copolymerizable with ethylene, for example comonomers such as C3
to C20 a~olefins, in particular C4 to C8 a~olefins, e.g. 1-butene and/or 1-octene.
Preferably the ethylene based plastomer (C) according to this invention
comprises, especially consists of, monomers copolymerizable with ethylene from
the group consisting of propylene, 1-butene, 1-hexene and 1-octene. More

specifically the ethylene based plastomer (C) of this invention comprises - apart
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from ethylene - units derivable from 1-butene or 1-octene. In a preferred
embodiment the ethylene based plastomer (C) comprises units derivable from

ethylene and 1-octene only.

It is especially preferred that the ethylene based plastomer (C) does not contain
monomer units derivable from styrene or derivatives thereof. Accordingly, the
ethylene based plastomer (C) is preferably a copolymer that consists substantially,
i.e. of at least 99.0 wt%, more preferably of at least 99.5 wt%, still more
preferably of at least 99.8 wt%, like of at least 99.9 wt%, of ethylene and 1-octene
units. In another embodiment only ethylene and 1-octene units are detectable, i.e.

only ethylene and 1-octene have been polymerized.

The comonomer content, preferably 1-octene content, of the ethylene based
plastomer (C) is in the range of 3.0 to 30.0 mol%, yet more preferably in the range

of 5.0 to 20.0 mol%, still more preferably in the range of 7.5 to 18.0 mol%.

The ethylene based plastomer (C) preferably has a Vicat softening temperature
(determined according to ISO 306) of from 30 to 55°C, more preferably of from
3210 50 °C.

In one preferred embodiment the ethylene based plastomer (C) is prepared with at
least one metallocene catalyst. The ethylene based plastomer (C) may also be
prepared with more than one metallocene catalyst or may be a blend of multiple
elastomers prepared with different metallocene catalysts. In some embodiments,
the ethylene based plastomer (C) is a substantially linear ethylene polymer
(SLEP). SLEPs and other metallocene catalysed ethylene based plastomer (C) are
known in the art, for example, US 5,272,236. These resins are also commercially
available, for example, as Queo™ plastomers available from Borealis,
ENGAGE™ and AFFINITY™ plastomer resins available from Dow Chemical
Co., EXACT™ polymers from Exxon or TAFMER™ polymers from Mitsui,
Lucene from LG Chemicals and Fortify from Sabic.
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Propylene based plastomer (D)

The propylene copolymer composition can optionally comprise from 0.5 to 5.0
wt%, based on the total amount of the propylene copolymer composition, of a
propylene based plastomer (D) having a density in the range of from 875 to 900
kg/m?, determined according to ASTM D1505 on compression moulded test

specimens.

The propylene based plastomer (D) is preferably present in the propylene
copolymer composition in an amount of from 1.0 to 4.5 wt%, more preferably
from 1.5 to 4.0 wt% and most preferably from 2.0 to 3.5 wt%, based on the total

amount of the propylene copolymer composition.

The propylene based plastomer (D) preferably has a density in the range of from
876 to 895 kg/m>, still more preferably in the range of from 877 to 890 kg/m? and
most preferably in the range of from 878 to 888 kg/m?, determined according to

ASTM D1505 on compression moulded test specimens.

The propylene based plastomer (D) preferably has a melt flow rate MFR2 of 3000
to 8000 g/10 min, more preferably of 4000 to 7500 g/10 min, and most preferably
of 5000 to 7000 g/10 min, determined according to ISO 1133 at a temperature of
190°C and a load of 2.16 kg, when using Gottfert MFR Grader M140 with a half
die.

The propylene based plastomer (D) preferably is a copolymer of propylene and at
least one comonomer copolymerizable with propylene, for example comonomers
such as ethylene or C4 to Cao a-olefins, in particular ethylene and/or 1-butene, 1-
hexene and 1-octene. Preferably the propylene based plastomer (D) according to
this invention comprises, especially consists of, monomers copolymerizable with
propylene from the group consisting of ethylene or 1-butene. More specifically
the propylene based plastomer (D) of this invention comprises - apart from

propylene - units derivable from ethylene or 1-butene. In a preferred embodiment
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the propylene based plastomer (D) comprises units derivable from propylene and

ethylene only.

It is especially preferred that the propylene based plastomer (D) does not contain
monomer units derivable from styrene or derivatives thereof. Accordingly, the
propylene based plastomer (D) is preferably a copolymer that consists
substantially, i.e. of at least 99.0 wt%, more preferably of at least 99.5 wt%, still
more preferably of at least 99.8 wt%, like of at least 99.9 wt%, of propylene and
ethylene units. In another embodiment only propylene and ethylene units are

detectable, i.e. only propylene and ethylene have been polymerized.

In particular, it is preferred that the propylene based plastomer (D) is a copolymer

of propylene and ethylene featured by a rather high propylene content.

Accordingly, it is preferred that the propylene based plastomer (D) has a
propylene content of at least 70.0 mol%, more preferably at least 80.0 mol%o, still
more preferably at least 87.0 mol%. In particular, it is preferred that the propylene
based plastomer (D) has a preferably propylene content in the range of 70.0 to
96.0 mol%, more preferably in the range of 80.0 to 95.0 mol%, still more
preferably in the range of 85.0 to 93.0 mol%.

Additionally or alternatively to the previous paragraph, it is preferred that the
propylene based plastomer (D) has a comonomer content, preferably ethylene
content equal or below 30.0 mol%, more preferably in the range of 4.0 to
30.0 mol%, still more preferably in the range of 5.0 to 20.0 mol%, like in the
range of 7.0 to 15.0 mol%.

Preferably, the propylene based plastomer (D) is a propylene rich elastomeric
copolymer of propylene and ethylene known in the art. Such propylene rich resins
are, for example, commercially available as Vistamaxx™ propylene-based
elastomers from Exxon or Versify™ plastomers and elastomers from Dow
Chemical Co.
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Article
The present invention further relates to an article comprising the propylene

copolymer composition as defined above or below.

The article is preferably selected from automotive articles, such as car interiors,
like car upholstery, or construction articles, such as single ply roofing, like single
ply roofing membranes.

The single ply roofing membrane is preferably composed of

i) atop layer,

il) a bottom layer, and

iii) optionally a scrim layer,

wherein either layer i) or ii) or both layers i) and ii) comprise the propylene

copolymer composition as defined above or below.

Use

The present invention further relates to the use of the propylene copolymer
composition as defined above or below for the production of an article, preferably
an article as defined above such as in a single ply roofing membrane or car

upholstery.

Examples:
1. Measurement methods
a) Melt Flow Rate (MFR»)
The melt flow rate is the quantity of polymer in grams which the test apparatus
standardized to ISO 1133 or ASTM D1238 extrudes within 10 minutes at a certain

temperature under a certain load.

The melt flow rate MFR: of propylene based polymers is measured at 230°C with
a load of 2.16 kg (MFR230/2.16) according to ISO 1133 with the exception of
propylene based plastomers (B) and (D).

The melt flow rate MFR; of propylene based plastomer (D) is measured according
to ISO 1133 at a temperature of 190°C and a load of 2.16 kg when using Géttfert
MFR Grader MI40 with a half die.
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The melt flow rate MFR; of propylene based plastomer (B) is measured at 190°C
with a load of 2.16 kg (MFR190/2.16) according to ASTM D1238.

The melt flow rate MFR; of ethylene-based plastomer (C) is measured at 190°C
with a load of 2.16 kg (MFR190/2.16) according to ISO 1133.

The melt flow rate MFR: of the propylene copolymer composition is measured at
230°C with a load of 2.16 kg (MFR230/2.16) according to ISO 1133.

b) Density
The density is measured according to ISO 1183D. The samples preparation is
carried out by compression moulding according to ISO 1872-2:2007.
The density of the propylene based plastomers (B) and (D) is measured according

to ASTM D1505 using compression moulded test specimens.

¢) Comonomer content

Quantitative nuclear-magnetic resonance (NMR) spectroscopy was used to

quantify the comonomer content of the polymers.

Comonomer content quantification of poly(propylene-co-ethylene)
copolymers

Quantitative '*C{'H} NMR spectra were recorded in the solution-state using a
Bruker Advance III 400 NMR spectrometer operating at 400.15 and 100.62 MHz
for 'H and *C respectively. All spectra were recorded using a '3C optimised 10
mm extended temperature probe head at 125°C using nitrogen gas for all
pneumatics. Approximately 200 mg of material was dissolved in 3 ml of 7, 2-
tetrachloroethane-d> (TCE-d>) along with chromium-(IlT)-acetylacetonate
(Cr(acac)s3) resulting in a 65 mM solution of relaxation agent in solvent {8}. To
ensure a homogenous solution, after initial sample preparation in a heat block, the
NMR tube was further heated in a rotatory oven for at least 1 hour. Upon insertion
into the magnet the tube was spun at 10 Hz. This setup was chosen primarily for
the high resolution and quantitatively needed for accurate ethylene content
quantification. Standard single-pulse excitation was employed without NOE,

using an optimised tip angle, 1 s recycle delay and a bi-level WALTZ16
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decoupling scheme {3, 4}. A total of 6144 (6k) transients were acquired per
spectra.

Quantitative '*C{'H} NMR spectra were processed, integrated and relevant
quantitative properties determined from the integrals using proprietary computer
programs. All chemical shifts were indirectly referenced to the central methylene
group of the ethylene block (EEE) at 30.00 ppm using the chemical shift of the
solvent. This approach allowed comparable referencing even when this structural
unit was not present. Characteristic signals corresponding to the incorporation of
ethylene were observed {7}.

The comonomer fraction was quantified using the method of Wang et. al. {6}
through integration of multiple signals across the whole spectral region in the
13C{H} spectra. This method was chosen for its robust nature and ability to
account for the presence of regiodefects when needed. Integral regions were
slightly adjusted to increase applicability across the whole range of encountered
comonomer contents.

For systems where only isolated ethylene in PPEPP sequences was observed the
method of Wang et al. was modified to reduce the influence of non-zero integrals
of sites that are known to not be present. This approach reduced the
overestimation of ethylene content for such systems and was achieved by
reduction of the number of sites used to determine the absolute ethylene content
to:

E=0.5 (SBB + SPy + SP& + 0.5( Saff + Say))

Through the use of this set of sites the corresponding integral equation becomes:
E=0.5 (Ia +Ig + 0.5(Ic + Ip))

using the same notation used in the article of Wang et al. {6}. Equations used for
absolute propylene content were not modified.

The mole percent comonomer incorporation was calculated from the mole
fraction:

E [mol%] = 100 * fE

The weight percent comonomer incorporation was calculated from the mole
fraction:

E [wt%] = 100 * (fE * 28.06 ) / ( (fE * 28.06) + ((1-fE) * 42.08) )
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Differential scanning calorimetry (DSC) analysis, melting temperature
(Tm) and crystallization temperature (Tc):

measured with a TA Instrument Q2000 differential scanning calorimetry (DSC)

on 5 to 7 mg samples. DSC is run according to ISO 11357 / part 3 /method C2in a

heat / cool /heat cycle with a scan rate of 10°C/min in the temperature range of -
30°C to +225°C.

Crystallization temperature and heat of crystallization (Hc) are determined from

the cooling step, while melting temperature and heat of fusion (Hf) are determined

from the second heating step.

e)

Xylene cold solubles (XCS) content

is measured at 25°C according to ISO 16152, first edition; 2005-07-01.
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f) The hexane extractable fraction
The fraction extractable in n-hexane is determined according to the following
procedure using a Soxhlet apparatus:
A 250 ml round bottom flask is dried in a vacuum drying oven at 110°C until a
constant weight is reached. The dried flask is then cooled in a desiccator to room
temperature and its weight is then noted to an accuracy of 0.0001 g.
1 g (0.1 g) of the sample is weighed into a Soxhlet thimble (Schleicher & Schiill
603) with an accuracy of 0.0001 g. The Soxhlet thimble is closed by means of a
cut-off second Soxhlet thimble that is inserted bottom first into the first Soxhlet
thimble containing the sample.
The dried and cooled down round bottom flask is filled with 150 ml n-hexane and
is situated into a heating mantle. The closed Soxhlet thimble is situated into the
Soxhlet apparatus and the Soxhlet apparatus is situated onto the round bottom
flask. A water cooling device is mounted onto the apparatus and the heating
mantle is switched on at stage 2 for an extraction for 24 hours. After said 24 hours
the heating and cooling is stopped and the round bottom flask is taken out of the
Soxhlet apparatus. The Soxhlet thimble is taken out of the flask with tweezers and
the n-hexane is drained into the flask. Optional n-hexane remaining in the Soxhlet
apparatus is also drained into the flask.
The content of the round bottom flask is then concentrated to dryness in a
rotovapor under nitrogen stream, the flask containing the residue is further dried
over night under vacuum at 90°C and then cooled to room temperature in an
desiccator. The dried round bottom flask is finally weight with an accuracy of
0.0001 g and the hexane extractable fraction is calculated according to the
following formula:

(m, —m,) X 100
my

%C6:

with % Cs = n-hexane extractable fraction
m; = weigh-in sample
m> = final gross weight of the round bottom flask

my = tare of the round bottom flask
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g) Flexural Modulus
The flexural modulus was determined according to ISO 178 at a test speed of 2
mm/min and a force of 100 N, whereby the length of the span between the
supports was 64 mm, on test specimens having a dimension of 80x10x4 mm?
(length x width x thickness) prepared by injection moulding according to EN ISO
1873-2.

h) Tensile test:
The tensile test (modulus, stress and strain at break and stress and strain at yield)
is measured at 23°C and 80°C according to ISO 527-1 (cross head speed 1
mm/min) using type 1A directly injection moulded test specimens according to
ISO 527-2(1A). After preparation of the test specimen were prepared the polymer
in the test specimens were rested at room temperature for 96 h before testing to

ensure that the polymer is fully crystallized.

i) Charpy notched impact strength
Charpy notched impact strength is determined according to ISO 179/ 1A at

temperatures of -20°C, -30°C and -40°C by using injection moulded test
specimens as described in EN ISO 1873-2 (80 x 10 x 4 mm).

j) Vicat softening temperature

The Vicat softening temperature is measured according to ASTM D 1525 (=1SO
306) method A (50°C/h, 10N).

k) Fogging determined according to DIN 75201 method B
Fogging is measured on a 2 mm compression moulded specimen. Fogging means

the evaporation of volatiles matters of trim materials of vehicles. The measurements
were done on compression moulded specimens (diameter 80 mm -+/- lmm,
thickness 2mm) according to ISO 75201, method B. This method evaluates the
volatility of organic constituents by gravimetric measurements. The samples were
dried at room temperature for 24 h using silica gel in a desiccator. The test was done

at 100°C. The beakers have to be closed by using tarred aluminium foils (diameter

32



10

15

20

25

30

CA 03143309 20231~-12~313

WO 2021/004727 PCT/EP2020/066486

103 mm, thickness 0,03 mm) and glass plates and the cooling plates on top. After
the testing time (16 h at 100 °C) the glass plates have to be removed (not usefully
anymore at this method), the aluminium foils are removed and weighted back. The
gravimetric Fogging value “G” (%) shall be determined by the following equation:
G = weight of aluminium foil after Fogging test —tare of the aluminium foil, in mg

G sample = Average in mg of the 2 foils used for each sample.

1) Carbon emission
The total amount of volatiles is measured according to according to VDA
277:1995 from pellets. The Total Volatiles value is the total emission of organic

carbon, determined according to the method in VDA 277.

m) Dynamic Shear Measurements (frequency sweep measurements)

The characterisation of melt of polymer composition or polymer as given above or
below in the context by dynamic shear measurements complies with ISO
standards 6721-1 and 6721-10. The measurements were performed on an Anton
Paar MCR 501 stress controlled rotational rheometer, equipped with a 25 mm
parallel plate geometry. Measurements were undertaken on compression moulded
plates, using nitrogen atmosphere and setting a strain within the linear viscoelastic
regime. The oscillatory shear tests were done at 170 °C applying a frequency

range between 0.01 and 600 rad/s and setting a gap of 1.3 mm.

In a dynamic shear experiment the probe is subjected to a homogeneous
deformation at a sinusoidal varying shear strain or shear stress (strain and stress
controlled mode, respectively). On a controlled strain experiment, the probe is
subjected to a sinusoidal strain that can be expressed by

¥ (t) = ¥ sin(wt) 1)

If the applied strain is within the linear viscoelastic regime, the resulting
sinusoidal stress response can be given by

o(t) = gy sin(wt + &) 2)

where

0y and y, are the stress and strain amplitudes, respectively
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w is the angular frequency
d is the phase shift (loss angle between applied strain and stress response)

t is the time

Dynamic test results are typically expressed by means of several different
rheological functions, namely the shear storage modulus G’, the shear loss
modulus, G’’, the complex shear modulus, G*, the complex shear viscosity, [1*,
the dynamic shear viscosity, [J', the out-of-phase component of the complex shear

viscosity [J"”and the loss tangent, tan (] Owhich can be expressed as follows:

G' = %cos6 [Pa] (3)
G" = %sin& [Pa] 4
G* =G' + iG" [Pa] (5)
N =1"—in"[Pas] (6)
0’ =£" [Pas] )
n’ =2 [Pas] ®

The polydispersity index, PI, is defined by equation 9.
PI= 105

G'(wcop)’

ocop = ® for (G’=G") 9

where wcop is the cross-over angular frequency, determined as the angular

frequency for which the storage modulus, G', equals the loss modulus, G".
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n) Large Amplitude Oscillatory Shear (LAOS)

The investigation of the non-linear viscoelastic behaviour under shear flow was

done resorting to Large Amplitude Oscillatory Shear. The method requires the
application of a sinusoidal strain amplitude, yo, imposed at a given angular
frequency, o, for a given time, t. Provided that the applied sinusoidal strain is high
enough, a non-linear response is generated. The stress, o, is in this case a function
of the applied strain amplitude, time and the angular frequency. Under these
conditions, the non-linear stress response is still a periodic function; however, it
can no longer be expressed by a single harmonic sinusoid. The stress resulting
from linear viscoelastic response [1-3] can be expressed by a Fourier series, which

includes higher harmonics contributions:
o(t,w, V) = Vo - Z [G' (@, Vo) - sin(nwt) + G",,(w, ¥,p) - cos(nwt)]
n

with ¢ = stress response
t =time
o = frequency
vo = strain amplitude
n = harmonic number
G’n = n order elastic Fourier coefficient

G’y = n order viscous Fourier coefficient

The non-linear viscoelastic response was analysed applying Large Amplitude
Oscillatory Shear (LAOS). Time sweep measurements were undertaken on an

RPA 2000 rheometer from Alpha Technologies coupled with a standard biconical
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die. During the course of the measurement the test chamber is sealed and a
pressure of about 6 MPa is applied. The LAOS test is done applying a temperature
of 190 °C, an angular frequency of 0.628 rad/s and a strain of 1000 % (LAOSNLF
(1000%)) or 500 % (LAOSNLF (500%)). In order to ensure that steady state
conditions are reached, the non-linear response is only determined after at least 20
cycles per

measurement are completed. The Large Amplitude Oscillatory Shear Non-Linear
Factor (LAOSNrr) is defined by:

G’y

LAOSy (X%) = g
3

with G’y = first order elastic Fourier coefficient

G’3 = third order elastic Fourier coefficient
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o) Uniaxial Extensional Viscosity by Sentamanat Extension Rheometer
(SER)

The uniaxial extensional viscosity, n'e (t, £) was obtained from uniaxial
extensional flow measurements, conducted on an Anton Paar MCR 501 coupled
with the Sentmanat extensional fixture (SER-1). The temperature for the uniaxial
extensional flow measurements was set at 170 °C, applying extension rates range
from 0.3 s to 10 s™'. Particularly care was taken for the preparation of the
samples for the extensional flow. The samples were prepared by compression
moulding at 230°C followed by slow cooling to room temperature (forced water
or air cooling were not used). This procedure allowed obtaining well shaped
samples free of residual stresses. The sample was left for some minutes at the
testing temperature to ensure thermal stability, before carrying out the uniaxial
extensional flow measurements. The sample’s dimensions were fixed: 18 mm

length, 10 mm width and 0.6 mm thickness.

p) Strain Hardening Factor (SHF)

The strain hardening factor is defined as

_nEt & _ng(d)
nive(t)  3n*(0)

with  n"e(t, £) = uniaxial extensional viscosity, determined according to o)

SHF

N"Lve (t) = three time the time dependent shear viscosity n*(t) in the linear
range of deformation
The determination of the linear viscoelastic envelop in extension n*LvE (t), using
IRIS Rheo Hub 2008, required the calculation of the discrete relaxation time
spectrum from the storage and loss modulus date (G’, G”’ (®)) was obtained by
frequency sweep measurements as described above. The underlying calculation
principles used for the determination of the discrete relaxation spectrum are
described in Baumgirtel M, Winter HH, “Determination of the discrete relaxation
and retardation time spectra from dynamic mechanical data”, Rheol Acta 28:511-
519 (1989).
IRIS RheoHub 2008 expresses the relaxation time spectrum as a sum of N

Maxwell modes
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N t
G(t) = Ge-Zgi-e T
1

with  gj and A; are material parameters

Ge is the equilibrium modulus
The choice for the maximum number of modes, N, used for determination of the
discrete relaxation spectrum, was done by using the option “optimum” from IRIS
RheoHub 2008. The equilibrium modulus Ge was set at zero. The non-linear
fitting used to obtain nLve (t) was performed on IRIS RheoHub 2008, using the

Doi-Edwards model.

The Hencky strain is an indirect measure of material drawability and is
determined as follows:

Hencky strain [ ] = time [s]. Hencky Strain Rate [s]

2. Propylene copolymer composition
The following resins were used for the preparation of the propylene copolymer

compositions of the examples:

a) Polymerization of the heterophasic propylene copolymers Al and A2

e Catalyst
The catalyst used in the polymerization process for the heterophasic propylene
copolymers Al and A2 has been produced as follows: First, 0.1 mol of MgCl, x 3
EtOH was suspended under inert conditions in 250 ml of decane in a reactor at
atmospheric pressure. The solution was cooled to the temperature of —15°C and
300 ml of cold TiCls was added while maintaining the temperature at said level.
Then, the temperature of the slurry was increased slowly to 20 °C. At this
temperature, 0.02 mol of dioctylphthalate (DOP) was added to the slurry. After
the addition of the phthalate, the temperature was raised to 135 °C during 90
minutes and the slurry was allowed to stand for 60 minutes. Then, another 300 ml
of TiCls was added and the temperature was kept at 135 °C for 120 minutes. After
this, the catalyst was filtered from the liquid and washed six times with 300 ml

heptane at 80 °C. Then, the solid catalyst component was filtered and dried.
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Catalyst and its preparation concept is described in general e.g. in patent
publications EP491566, EP591224 and EP586390. As co-catalyst triethyl-
aluminium (TEAL) and as donor dicyclo pentyl dimethoxy silane (D-donor) was

used.

e Polymerization of Heterophasic propylene copolymer A2
Heterophasic propylene copolymer A2 has been produced in a Borstar™ plant in
the presence of the above described polymerization catalyst using one liquid-
phase loop reactor and two gas phase reactors connected in series under
conditions as shown in Table 1. The first reaction zone was a loop reactor and the

second and third reaction zones were gas phase reactors.

Table 1: Polymerization conditions of heterophasic propylene copolymer A2:

A2
Prepolymerization
TEAL [kg/h] 4.1
Donor [kg/h] 0.66
Temperature [°C] 20
res.time [h] 0.33
Loop
Temperature [°C] 70
Split [%] 15
H2/C3 ratio [mol/kmol]| 5.5
C2-feed [kg/h] 253
MFR» [g/10min] 6.0
XCS [wt%] 3.0
C2 [wt%] 2.0
GPR 1
Temperature [°C] 75
Pressure [barg] 213
Split [%6] 60
H2/C3 ratio [mol/kmol]| 21.8
C2/C3 ratio [mol/kmol]| 63.0
MFR; [g/10min] 1.7
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XCS [wt%] 22.0
C2 content [wt%] 6.5
GPR 2

Temperature [°C] 80
Pressure [barg] 15
Split [%] 25
C2/C3 ratio [mol/kmol]| 400
H2/C2 ratio [mol/kmol]}] 180
MFR; [g/10min] 2.0
XCS [wt%] 43.0
C2 content (total) [wt%] 15.0

PCT/EP2020/066486

Heterophasic propylene copolymer A2 has a melt flow rate MFR; (230°C, 2.16

kg) of 2.0 g/10 min, a flexural modulus of 330 MPa and a melting temperature

Tm of 151°C.

e Preparation of heterophasic propylene copolymer Al:

Heterophasic propylene copolymer A1 is prepared by vis-breaking heteroophasic
propylene copolymer A2 to a melt flow rate MFR2 (230°C, 2.16 kg) of 3.8 g/10
min as disclosed in the example section of WO 2017/198633.

Heterophasic propylene copolymer Al has a melt flow rate MFR; (230°C, 2.16

kg) of 3.8 g/10 min, a flexural modulus of 330 MPa and a melting temperature

Tm of 149°C.

b) Commercially available components

Plastomer B1: Propylene based plastomer with random ethylene distribution

having a density of 862 kg/m?, melt flow rate MFR; (190°C, 2.16
kg) of 1.4 g/10 min, an ethylene content of 16 wt% and a flexural
modulus of 14.4 MPa, commercially available from ExxonMobil as
Vistamaxx 6102

Plastomer B2: Propylene based plastomer with random ethylene distribution
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Plastomer C1:

Plastomer C2:

Plastomer C3:

Plastomer D:

TPO-Ref:

kg) of 9.1 g/10 min, an ethylene content of 15 wi% and a flexural
modulus of 12.8 MPa, commercially available from ExxonMobil as

Vistamaxx 6202

Ethylene-1-octene plastomer having a density of 870 kg/m® and
melt flow rate MFR; (190°C, 2.16 kg) of 1.0 g/10 min,
commercially available from Borealis AG as Queo 7001LA

Ethylene-1-octene plastomer having a density of 862 kg/m® and a
melt flow rate MFR; (190°C, 2.16 kg) of 1.0 g/10 min,
commercially available from Borealis AG as Queo 6201LA-P

Ethylene-1-octene plastomer having a density of 870 kg/m* and
melt flow rate MFR; (190°C, 2.16 kg) of 6.6 g/10 min,
commercially available from Borealis AG as Queo 7007LA

Propylene based plastomer with random ethylene distribution
having a density of 879 kg/m?, melt flow rate MFR, (190°C, 2.16
kg, half die) of 6627.44 g/10 min, an ethylene content of 6 wt% and
a melting temperature Tm of 97°C, commercially available from
ExxonMobil as Vistamaxx 8880

Propylene based thermoplastic polyolefin (TPOs) manufactured in
the presence of a Ziegler-Natta catalyst using the LyondellBasell’s
proprietary Catalloy process having a density of 880 kg/m?, a melt
flow rate MFR; (230°C, 2.16 kg) of 0.6 g/10 min, a flexural
modulus of 100 MPa and a XCS content of 64.8 wt%,
commercially available from LyondellBasell, Italy as Adflex™
Q100F
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c) Preparation of the polymer compositions

PCT/EP2020/066486

For the examples the following compositions as listed in Tables 2 to 4 were

produced by melt blending:

Table 2: Propylene copolymer compositions of inventive examples IE1-4

(heterophasic propylene copolymer A2 + plastomer B1 and C1) and comparative

example CE1 using heterophasic propylene copolymer A2 alone

IE1 1E2 IE3 1E4 CE1
A2 [wt%] 70 67 60 57 100
B1 [wt%] 15 15 20 20
C1 [wt%)] 15 15 20 20
D [wt%] - 3 - 3

Table 3: Propylene copolymer compositions of inventive examples IE5-8

(heterophasic propylene copolymer Al + plastomer B1 and C1 or C2) and

comparative example CE2 using heterophasic propylene copolymer A1l alone

IES 1E6 IE7 IES CE2
Al [wt%] 70 60 70 60 100
B1 [wt%] 15 20 15 20
C1 [wt%] 15 20
C2 [wt%] 15 20

Table 4: Propylene copolymer compositions of inventive examples IE9-11

(heterophasic propylene copolymer Al and plastomers B2 and C3)

and comparative examples CE3-6 using heterophasic propylene copolymer Al

and only plastomers B2 or C3

IE9 | IEI0 | IEI1 | CE3 | CE4 | CE5 | CE6
Al [wi%] 85 80 70 85 80 85 80
B2 [wt%] 5 10 15 15 20
C3 [wit%] 10 10 15 15 20

3. Properties of the propylene copolymer compositions

The properties of the propylene copolymer compositions of inventive examples

IE1-11 and comparative examples CE1-6 were measured.
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As reference example Refl a propylene copolymer composition consisting of 100
wt% TPO-Ref was used. For Refl tensile modulus, DSC data, volatile emission,
fogging, rheological parameters, LAOS and SHF were measured. The other
properties indicated with * listed in Table 4 were taken from the technical data

sheet.

The properties of the examples are listed in Tables 5 and 6.

Figure 1 shows the behaviour of the strain hardening factor at a strain rate of 10.0
sl (SHF e10) for Hencky strains in the range of about 0.5 to about 3.5.

Figure 2 shows the behaviour of the strain hardening factor at a strain rate of 5.0 s
! (SHF e5) for Hencky strains in the range of about 0.5 to about 4.5.

Thereby, in Fig 1 and 2 sample 1 represents IE4, sample 2 represents Refl,
sample 3 represents HIFAX CA 10 A, commercially available from
LyondellBasell, sample 4 represents CE1 and sample 5 represents IE3.

Table 5: Properties of examples IE1-4, CE1 and Refl

IE1 IE2 IE3 1E4 CEl1 Refl
MFR: [g/10 min] 2.82 | 296 2.80 2.49 2.01 0.6*
Flex Mod [MPa] 165 159 136 124 333 100*
Tens Mod [MPa] 184 165 140 127 347 n.d.
Stress Yield [MPa] 7.8 7.7 6.7 6.5 12.2 | Noyield
Pt*
Strain Yield [%] 32.9 32.0 37.3 40.0 19.1 | Noyield
Pt*
Stress Break [MPa] 14.4 14.1 13.7 12.2 19.4 10*
Strain Break [%6] 561 555 621 499 487 500*
Tens Mod, 80°C [MPa] 41 40 32 31 78 n.d.
Stress Yield, 80°C [MPa] 227 | 2.26 1.92 1.89 3.91 n.d.
Strain Yield, 80°C [%] 46.3 44.6 62.0 76.1 22.9 n.d.
Stress Break, 80°C [MPa] 227 | 2.26 1.92 1.89 3.91 n.d.
Strain Break, 80°C [%o] 46.3 44 .6 62.0 76.1 22.9 n.d.
Charpy NIS, -20°C [kJ/m?] 83.4 75.7 NB NB 3.1 PB:110*
Charpy NIS, -30°C [kJ/m?] 8.7 3.6 NB 6.6 1.9 n.d.
Charpy NIS, -40°C [kJ/m?] 234 | 222 3.23 3.30 1.74 5%
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Her [J/g] 40.5 40.5 35.5 33.3 46.9 27.1
Ter [°C] 954 94 4 943 947 96.6 97.9
Hf [J/g] 334 31.2 26.8 259 52.8 28.9
Tm [°C] 151.7 | 151.2 | 151.2 | 151.1 | 151.5 143.4
Vicat A50 [°C] 68.4 67.7 60.2 58.5 100.8 60%*
XCS [wt%] 52.6 53.2 58.3 59.5 34.7 64.8%*
C6 extractables [wt%)] 37.2 38.0 49.1 49.5 18.3 n.d.
Total emission [pgC/g] 41 46 46 46 4 <1
Fogging [mg] 0.03 0.03 0.04 0.07 0.03 0.29
PI [Pa] n.d. n.d. 1.82 1.90 2.69 2.63
eta*o.0sradss [Pa-s] n.d. n.d. 17372 | 18153 | 25597 88502
eta*3oorass [Pa‘s] n.d. n.d. 710 707 640 934
eta kpa [Pa-s] nd. | nd. | 17067 | 17927 | 26523 | n.d.
etaz 7xpa [Pa‘s] n.d. n.d. 14657 | 15443 | 22467 | 101169
etas kpa [Pa's] n.d. nd. | 12772 | 13482 | 19475 | 84622
LAOSNLr (1000%) n.d. n.d. 2.14 1.99 1.59 1.71
LAOSNLr (500%) nd. | nd. | 3.24 | 3.06 | 254 2.43
SHF e10 (Hencky strain n.d. n.d. 1.28 1.25 1.31 1.05
2.5)

SHF e5 (Hencky strain 2.5) | n.d. n.d. 1.16 1.19 1.12 0.93

nd. not determined
NB no break
PB partial break
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CLAIMS:

1. A propylene copolymer composition comprising

(A)

(B)

©

from 50.0 to 90.0 wt%, based on the total amount of the propylene copolymer
composition, of a heterophasic propylene copolymer having a matrix phase and an
elastomeric phase dispersed in said matrix phase, wherein the matrix phase is a
propylene random copolymer,

the heterophasic propylene copolymer further having a melt flow rate MFR; of 0.2 1o
12.0 g/10 min, determined according to ISO 1133 at a temperature of 230°C and a load
of 2.16 kg, and

a xylene cold solubles (XCS) fraction in the range of from 20.0 to 50.0 wt% based on the
total amount of the heterophasic propylene copolymer (A), determined according to ISO
16152 at a temperature of 25°C,

from 5.0 10 25.0 wi%, based on the total amount of the propylene copolymer
composition, of a propylene based plastomer having a density in the range of from 845
to 870 kg/m?, determined according to ASTM D1505 on compression moulded test
specimens and a melt flow rate MFR, of 1.0 to 30.0 g/10 min, determined according to
ASTM D1238 at a temperature of 190°C and a load of 2.16 kg, and

from 5.0 to 25.0 wt%, based on the total amount of the propylene copolymer
composition, of an ethylene based plastomer having a density in the range of from 850 to
900 kg/m?®, determined according to ISO 1183D on compression moulded test specimens
and a melt flow rate MFR2 of 0.5 to 30.0 g/10 min, determined according to ISO 1133 at
a temperature of 190°C and a load of 2.16 kg.

2. The propylene copolymer composition according to claim 1 having a strain hardening factor,
measured at a strain rate of 10 s and a Hencky strain of 2.5 (SHF ¢10) of at least 1.15 to 3.00,

and/or a strain hardening factor, measured at a strain rate of 5 s and a Hencky strain of 2.5
(SHF e5) of atleast 1.05 to 2.60.

3. The propylene copolymer composition according to claims 1 or 2 having a Large Amplitude
Oscillatory Shear Non Linear Factor at a strain of 1000%, LAOSx.r (1000%), of from 1.5 to
5.0, and/or a Large Amplitude Oscillatory Shear Non Linear Factor at a strain of 500%,
LAOSxr (500%), of from 2.0 t0 6.0.
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10.

11.

12.

13.

The propylene copolymer composition according to any one of claims 1 to 3 having a melt
flow rate MFR; of from 0.3 to 10.0 g/10 min, determined according to ISO 1133 at a
temperature of 230°C and a load of 2.16 kg.

The propylene copolymer composition according to any one of claims 1 to 4 having a tensile
modulus of from 50 to 350 MPa, determined according to ISO 527-2, measured on injection

moulded test specimens.

The propylene copolymer composition according to any one of claims 1 to 5 having a Charpy
notched impact strength determined according to ISO 179/1eA at -40°C of at least 1.9 kJ/m? up
to 6.0 kJ/m>.

The propylene copolymer composition according to claim 6 having a Charpy notched impact
strength determined according to ISO 179/1eA at -40°C of from 2.0 kJ/m? up to 5.0 kJ/m?.

The propylene copolymer composition according to any one of claims 1 to 7 having a fogging
gravimetric of from 0.00 to not more than 0.15 mg, determined according to DIN 75201
method B.

The propylene copolymer composition according to any one of claims 1 to 8, wherein the
heterophasic propylene copolymer (A) has a flexural modulus of from 130 MPa to 380 MPa,
determined according to ISO 178.

The propylene copolymer composition according to any one of claims 1 to 9, wherein the

propylene based plastomer (B) is a random propylene-ethylene plastomer.

The propylene copolymer composition according to any one of claims 1 to 10, wherein the

ethylene based plastomer (C) is an ethylene-1-octene plastomer.

The propylene copolymer composition according to any one of claims 1 to 11 further

comprising

(D) from 0.5 to 5.0 wt%, based on the total amount of the propylene copolymer composition,
of a propylene based plastomer having a density in the range of from 875 to 900 kg/m®,

determined according to ASTM D1505 on compression moulded test specimens.

The propylene copolymer composition according to claim 12, wherein the propylene based

plastomer (D) is a random propylene-ethylene plastomer.
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14.

15.

17.

10

Use of the propylene copolymer composition according to any one of claims 1 to 13 in a single

ply roofing membrane or car upholstery.

An article comprising the propylene copolymer composition according to any one of claims 1
to 13.

The article according to claim 15 being a car upholstery or a singly ply roofing membrane.

The article according to claim 16, wherein the singly ply roofing membrane is composed of
1)  atop layer,

i)  abottom layer, and

iii} optionally a scrim layer,

wherein either layer 1) or ii) or both layers 1) and ii) comprise the propylene copolymer

composition according to any one of claims 1 to 13.
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