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:ﬂ‘ (54) Title: PROFILE

W) (57) Abstract: A profile of a thermoplastic moulding compound for windows and doors is disclosed. The profile is characterised

©) in that the thermoplastic moulding compound comprises a propylene block copolymer with a nucleating agent and a filler, and that
the profile (i) has a tensile modulus of at least 2000 MPa, determined according to DIN 53457 (ii) has an impact strength of at
least 20 kJ/m?, determined according to ISO 179/1eA/23 °C; (iii) has a welding factor of at least 0.7, determined according to DIN

S~ 53455; and (iv) has a Vicat B softening point of at least 75 °C, determined according to ASTM D 1525, condition B. Preferably the
polypropylene block copolymer includes two components A and B consisting of A) 80-98 parts by weight of an isotactic polypropy-
lene homopolymer as a coherent matrix component with a decade regularity of > 95 %, and B) 2-20 parts by weight of a copolymer

O consisting of 50-70 parts by weight of propylene and 30-50 parts by weight of ethylene and/or further C4-Cg alpha-olefins as a dis-

? persed elastomeric component; with a ratio of the intrinsic viscosities of the components B/A of 0.9 to 4.0 and a melt index of the
moulding compound of 0.15 to 0.8 g/10 min.
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Field of the Invention

The present invention relates to a profile and
more particularly to a window profile of a thermoplas-
tic moulding compound for windows or doors.

Technical Background

Window profiles, such as window frames, window case-
ments, and door profiles, such as door frames, and simi-
lar parts of windows and doors have been made of wood for
several hundred years. During the past decades profiles
of polymer materials, more particularly polyvinyl chlo-
ride (PVC) have replaced profiles of wood to an increas-
ing degree.

Although PVC has many advantages as a material for
window and door profiles, it also has several disadvan-
tages. Thus, for such profiles rigid or hard PVC is pre-
ferably used. However, PVC loses its rigidity rather
rapidly at increased temperatures. Also, to enhance the
impact resistance impact modifying agents are often added
to PVC which have an adverse effect on its rigidity and
its heat distortion resistance. Further, PVC is not a
preferred material from an environmental point of view.

In view of the disadvantages of PVC, suggestions
have been made to replace it with other polymer mate-
rials, but so far none of the suggested replacement mate-
rials has been quite satisfying. Important properties of
a replacement material for window and door profiles are
stiffness, impact resistance, and easy joining of the
corners of the profiles. When using plastic materials the
joining of the profiles is preferably made by welding.

One proposed replacement material is polypropylene
plastic. It has not been possible, however, to combine
the desired stiffness on the one hand with the desired

impact resistance and weldability on the other hand.
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When using e.g. a propylene random copolymer, the desir-
ed stiffness may be achieved by adding a relatively large
amount of filler, such as talc, but this leads to a
reduction of impact resistance and weldability. A propy-
lene homopolymer on the other hand may have sufficient
stiffness and weldability, but lacks sufficient impact
resistance. Stiffness and impact resistance may be
increased by adding reinforcing materials, such as glass
fibres, but this leads to deterioration of the weldabi-
lity and also to increased wear on the equipment for
making the profile, such as the extruder barrel and
screw.

As an example of a suggested replacement polymer
material for profiles of PVC, German Patent DE 38 25 796
may be mentioned, which discloses a moulding compound for
window and door frames. This moulding compound comprises
100 parts by weight of polypropylene and/or a propylene
copolymer; 6-28 parts by weight of EPDM and/or EPM; 0-49
parts by weight of polyethylene and/or an ethylene copo-
lymer; 1-8 parts by weight of glass fibres; 20-45 parts
by weight of talc; 7-15 parts by weight of titanium
dioxide; and 0.5-2 parts by weight of polyolefin stabi-
lisers. The moulding compound is extruded into a window
profile, and the profile has a modulus of elasticity of
more than 2000 N/mm?, and a percentage of less than 14 %
by volume of glass fibres, talc and titanium dioxide.

It is stated in the German patent that a conven-
tional window profile of impact modified PVC has a modu-
lus of elasticity of about 2400 N/mm? at 23°C and that the
polyolefin polymers used according to the German patent
cover a range of 700-1400 N/mm® only. To obtain a higher
modulus of elasticity, reinforcing additives in the form
of glass fibres and talc must be added. These additives,
however, impair the mechanical characteristics at low
temperatures as well as the weldability of the profile
and cause increased wear on the extruder when making the

profiles. In order to enhance the mechanical character-
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istics at low temperatures, EPDM and/or EPM is added,
which however deteriorate the stiffness and the weldabi-
lity of the profile.

It is obvious that there is a need for further
improvements with regard to window and door profiles
of non-PVC polymer materials.

Summary of the Invention

It is an object of the present invention to provide
a window or door profile, such as a window frame or case-
ment or a door frame of a polyolefin material which ame-
liorates or eliminates the disadvantages of the prior
art.

It is another object of the present invention to
provide a window or door profile with a good weldability.

It is still another object of the present invention
to provide a window or door profile with a high stiff-
ness.

It is yet another object of the present invention
to provide a window or door profile with a high impact
resistance.

It is a further object of the present invention to
provide a window or door profile with a high heat distor-
tion resistance.

According to the present invention these and other
objects are achieved by making the window or door profile
of a thermoplastic moulding compound which comprises a
propylene block copolymer.

More particularly, the present invention provides a
profile of a thermoplastic moulding compound for windows
and doors, characterised in that the thermoplastic mould-
ing compound comprises a propylene block copolymer with
a nucleating agent and a filler, and that the profile

(1) has a tensile modulus of at least 2000 MPa,
determined according to DIN 53457;

(ii) has an impact strength of at least 20 kJ/m?,
determined according to ISO 179/1eA/23°C;
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(iii) has a welding factor of at least 0.7, deter-
mined according to DIN 53455; and

(iv) has a Vicat B softening point of at least 75°C,
determined accofding to ASTM D 1525, condition B.

These and other features and advantages of the pre-
sent invention will appear from the following description
and the appended claims. For the sake of simplicity the
following description refers to window profiles only.

Detailed Description of the Invention

As mentioned above, the moulding compound comprises
a propylene block copolymer. Particular details regarding
this propylene block copolymer will be explained in more
detail below together with details regarding its prepara-
tion.

The window profile should have a high stiffness,
which means that it should have a high tensile modulus.
More particularly the window profile should have a ten-
sile modulus of at least 2000 MPa, determined according
to DIN 53457. A high tensile modulus of the window pro-
file is obtained by selecting a propylene block copolymer
with a high tensile modulus. It is not possible, though,
to achieve a tensile modulus of at least 2000 MPa with a
propylene block copolymer only, and to further improve
the tensile modulus and obtain the required value for the
tensile modulus of the window profile, a filler is added
as will be described in more detail below.

In addition to a high tensile modulus of at least
2000 MPa, the window profile of the invention should
have a high impact strength at 23°C of at least 20 kJ/m?,
determined according to ISO 179/leA. Normally, a high
impact strength and a high tensile modulus are contradic-
tory properties of a material. In the present invention,
however, a combination of a high tensile modulus and a
high impact strength has been successfully achieved by
using a propylene block copolymer, and more particularly

a so-called heterophasic block copolymer comprising a
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propylene homopolymer matrix containing a rubbery propy-
lene copolymer.

In order to be dimensionally stable and be able to
retain its form‘during storage and handling the window
profile should have a high softening point. As a measure
hereof the window profile according to the invention
should have a Vicat B softening point of at least 75°C,
determined according to ASTM D 1525, condition B.

A further, very important property of window pro-
files of polymer materials is the weldability. Window
profiles of wood are joined by screwing or gluing, while
window profiles of polymer materials are joined by weld-
ing together the corners of the profiles. Such welding
should be easy to carry out and result in a strong weld.
The strength of the weld is determined in terms of the
welding factor according to DIN 53455. The window profile
according to the invention should have a welding factor
of at least 0.7.

In addition to the above properties, the window pro-
file according to the invention should also result in an
acceptable corner strength when two profiles are welded
together at an angle of 90° and tested according to DIN
50 014. This is achieved when the window profile has the
above welding factor of at least 0.7.

The window profile of the invention may be any pro-
file used to make a window, and is preferably a profile
for a window frame or window casement.

A preferred window profile according to the present
invention may be made of a moulding compound as describ-
ed in the non-published International Patent Application
PCT/EP98/08487 with an international filiné date of
29 December 1998.

In such a preferred window profile, the moulding
compound comprises a propylene block copolymer which

includes two components A and B consisting of
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A) 80-98 parts by weight of an isotactic polypropy-
lene homopolymer as a coherent matrix component with a
decade regularity of > 95%, and

B) 2-20 pafts by weight of a copolymer consisting
of 50-70 parts by weight of propylene and 30-50 parts by
weight of ethylene and/or further C,-Cgs alpha-olefins as
a dispersed elastomeric component;

with a ratio of the intrinsic viscosities of the
components B/A of 0.9 to 4.0 and a melt index of the
moulding compound of 0.15 to 0.8 g/10 min.

The overall percentage of ethylene and/or further
Cy4-Cg alpha-olefins, preferably ethylene, in the poly-
propylene block copolymer is 2.6-6.5 mole%, preferably
3.5-5.0 mole%.

Preferably, the propylene block copolymer contains
87-97 parts by weight of A and 3-13 parts by weight of B.

Preferably, also the melt index of the moulding com-
pound is 0.2 to 0.5 g/10 min.

As described in the above mentioned International
Patent Application, processes to enhance the stiffness
and impact resistance of polypropylene are known in the
patent literature. In particular, admixing of elastomers,
widening of the molecular weight distribution, providing
of reactor blends and the addition of nucleating agents
have been disclosed. These methods, however, constitute
only part solutions that do not lead to stiffness-impact
resistance relations corresponding to the present
demands.

According to the said International Patent Appli-
cation, a polypropylene moulding compound is provided,
which at the same time has a very high tensile modulus,
stiffness and impact resistance.

In spite of the contradictory properties of stiff-
ness and impact resistance which set a limit to the
improvement of the properties of heterophasic polypropy-
lene blends, a moulding compound was developed according

to said International Patent Application from propylene
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and ethylene by using Ziegler-Natta catalysts in a two-
stage polymerisation process, which moulding compound may
be used to extrude pipes with high strength, high tensile
modulus, and high impact strength. According to the pre-
sent invention, it has been discovered that such a mould-
ing compound may also be advantageously utilised for the
preparing of window profiles.

The thermoplastic moulding compound of propylene
and ethylene is prepared with the use of a stereospecific
Ziegler-Natta catalyst and addition of hydrogen and with
a preceding prepolymerisation, by

A) polymerisation of propylene at temperatures of
50-90°C and pressures of 2-5 MPa, and

B) polymerisation of the blend of this polypropylene
homopolymer and newly added propylene and ethylene and/or
further C,-Cg a-olefins at temperatures of 40-100°C and
pressures of 0.5-3 MPa.

The polymerisation is carried out in two stages in
two reactors arranged in series. A prepolymerisation pre-
cedes the first reactor. The prepolymer is e.g. transfer-
red to a loop-reactor and the polymerisation is then car-
ried out in a surplus of liquid propylene. The polypropy-
lene homopolymer prepared in the first stage is separated
and passed into the second reactor, where propylene and
ethylene are added and the corresponding copolymer is
obtained by gas-phase polymerisation as a disperse phase.

In order to regulate the molecular weight, hydrogen
is added to the reaction system.

During the polymerisation the conditions mentioned
below are used:

Polymerisation stage 1: Temperature: 50-90°C, preferably
60-80°C; Pressure: 2-5 MPa, preferably 2.5-4 MPa;

Polymerisation stage 2: Temperature 40-100°C, preferably
60-90°C; Pressure 0.5-3 MPa, preferably 1-2 MPa.

In order to prepare the moulding compound of the

invention, a stereospecific Ziegler-Natta catalyst is

used, which consists of several components, and besides
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a titanium-containing solid component also includes an
aluminium alkyl compound and an external electron donor
compound.

Fine partiéulate alumina, silica or magnesium chlo-
ride with a high specific surface area are used as sup-
port materials for the supported titanium halide, prefer-
ably titanium tetrachloride, and electron donors, e.g.
ethers, ketones, lactones, alcohols, mono- or polyfunc-
tional carboxylic acids and esters thereof, preferably
phthalic acid derivatives. The titanium-containing solid
component 1is available on the market and is prepared
according to methods known from the literature (e.g. DE
43 30 661; EP 0 573 862; WO 96/11216; GALLI, Macromol.
Symp. 112, 1-16 (1996)).

Trialkylaluminium compounds, e.g. triethylaluminium,
are particularly suitable as cocatalysts.

In addition the catalyst system also contains an
electron donor, and more particularly dicyclopentyl
dimethoxysilane as a specific external electron donor.

It has been discovered that this particular external
electron donor seems to be necessary in order to confer

a high isotacticity and consequently a high crystallinity
to the polymer, which in turn gives the polymer a desired
high stiffness.

In order to further improve the crystallinity of the
propylene block copolymer and hence the stiffness of the
inventive thermoplastic moulding compound, a nucleating
agent is added. Preferably, 0.01-2.0 % by weight of one
or more nucleating agents are added to the thermoplastic
moulding compound. As examples of preferred nucleating
agents to be used in the present invention, mention can
be made of sodium benzoate, 2,2 -methylene-bis- (4,6-di-
tert-butylphenyl)phosphate sodium salt which is marketed
under the trade name ADK STAB NA 11 by Palmarole AG,
Switzerland, and another metal salt of organic phosphite
marketed under the trade name ADK STAB NA-21 by Palmarole
AG, Switzerland.
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As mentioned earlier, the moulding compound of
the window profile according to the invention includes
a filler. Preferably, the moulding compound includes up
to 20 % by weight, more preferably 5-18 % by weight of
filler, based on the weight of the moulding compound. The
filler in the present invention is a particulate filler
as opposed to a fibrous filler, such as glass fibres or
the like, which causes wear on the equipment for extru-
sion of the moulding compound and in addition has a nega-
tive influence on the weldability. As preferred examples
of particulate fillers, talc, mica, wollastonite, kaolin
and chalk may be mentioned. Talc is a particularly pre-
ferred filler.

In order to further improve the processing and
handling properties, other conventional additives, such
as thermal stabilisers, antioxidants and/or light stabi-
lising agents, antistatic agents, slip agents, pigments/
dyes, metal deactivators, flame proofing agents, may be
added in amounts that are conventional for such addi-
tives.

In order to illustrate and further facilitate the
understanding of the invention, some non-limiting exam-
ples are given below.

Example 1

The moulding compound was prepared continuously from
propylene and ethylene in two polymerisation stages.

To this end, two serially connected reactors were
used. During the polymerisation, predetermined tempera-
tures, pressures and monomer ratios were maintained for
the two polymerisation stages. Hydrogen was added as a
molecular weight regulating agent.

A commercial supported Ziegler-Natta catalyst which
is suitable for the preparation of polypropylene in mono-
mer suspension and gas-phase was used for the polymerisa-
tion.

A separate prepolymerisation reactor was arranged

before the first polymerisation reactor. In the prepoly-
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merisation reactor, a prepolymerisation was carried out
in liquid polypropylene at 15-20°C during 2-3 min follow-
ed by addition of solid catalyst component, triethyl alu-
minium (TEA) coéatalyst and dicyclopentyl dimethoxysilane
(DPDMS) external electron donor. The resulting prepolymer
was transferred to a loop reactor, where polymerisation
with formation of polypropylene homopolymer was carried
out in an excess of liquid propylene. The reactor con-
tents were passed continuously to an intermediate con-
tainer, where polypropylene and unreacted propylene were
separated by evaporation of the monomers. Then the poly-
propylene homopolymer was transferred to the second reac-
tor, where gas-phase polymerisation was carried out after
feeding of a propylene-ethylene mixture to form the cor-
responding copolymer as a dispersely distributed phase.
In Table 1 the polymerisation conditions, monomer
ratio and product properties are shown. The product
properties were determined according to the following

methods:

Melt flow rate (MFR): ISO 1133/temperature
230°C/loading 2.16 kg;

Ethvlene content: Determination by infrared
spectroscopy;

Intrinsic viscosity: Determination in dekalin at 135°C;

Decade regularity: Determination by infrared

sSpectroscopy.

TABLE 1
lst Reactor
Pressure, MPa 3.3
Temperature, °C 70
Hydrogen, ppm 270

TEA/silane, moles/moles 4/1
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2nd Reactor
Pressure, MPa 1.2
Temperature, °C 65
C,/ (Co+ C3), mole % 0.41
H,/C;, mole % 0.038

Moulding compound

MFR (230°C/2.16 kp), g/10 min 0.23
Ethylene content, mole % 4.
n " , weight % 3.
Intrinsic viscosity B/A, dl/g 3.5
Decade regularity, % 96

To the resulting polypropylene polymer there were
then added 0.15 % by weight of sodium benzoate (nucleating
agent) and 12.5 % by weight of talc (filler) and 3.8% by
weight of titanium dioxide (colour pigment) and the
moulding compound was extruded by a single screw extruder
(L/D = 30; D =70 mm; 40 rpm) at a temperature of 220°C
into a window profile.

The mechanical properties of the window profile were
determined and found to be as follows:

Tensile modulus (DIN 53457): 2366 MPa;

Impact strength (ISO 179/1eA/23°C): 33.9 kJ/m?;
Vicat B softening point (ASTM D 1525, condition B):
86.9°C;

Welding factor (DIN 53455; 205°C/8.7 bar): 0.72

Example 2 (Comparative)

In this Example a propylene block copolymer was
prepared according to the method disclosed in Example 1,
with the exception that instead of dicyclopentyl dimeth-
oxysilane, cyclohexylmethyl dimethoxysilane was used as
an external electron donor; that the overall ethylene
content of the resulting polymer was 9.5 mole% instead
of 4.5 mole%; that talc was added as a nucleating agent

instead of sodium benzoate; and that 20 % by weight
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instead of 12.5 % by weight of talc was added asg a
filler.

The mechanical properties of the resulting window
profile were determined and found to be as follows:
Tensile modulus (DIN 53457): 2397 MPa;

Impact strength (ISO 179/1eA/23°C): 38.6 kJ/m?;
Vicat B softening point ((ASTM D 1525, condition B):
72.7°C;

Welding factor (DIN 53455; 205°C/8.7 bar): 0.65.

From the results of Examples 1 and 2 it is evident
that the thermoplastic moulding compound according to
the invention provides an excellent window profile, which
fulfils all the required criteria although only a small
amount of filler is used. In comparison it was necessary
to use a much higher amount of filler in the moulding
compound of Example 2 and, yet, it did not succeed in
achieving the softening point and the welding factor

required for the window profile.
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CLAIMS

1. A profile of a thermoplastic moulding compound
for windows and doors, characterised in that
the thermoplastic moulding compound comprises a propylene
block copolymer with a nucleating agent and a filler, and
that the profile

(i) has a tensile modulus of at least 2000 MPa,
determined according to DIN 53457;

(ii) has an impact strength of at least 20 kJ/m?,
determined according to ISO 179/1eA/23°C;

(iii) has a welding factor of at least 0.7, deter-
mined according to DIN 53455; and

(iv) has a Vicat B softening point of at least 75°C,
determined according to ASTM D 1525, condition B.

2. A profile according to claim 1, wherein the poly-
propylene block copolymer includes two components A and B
consisting of

A) 80-98 parts by weight of an isotactic polypro-
pylene homopolymer as a coherent matrix component with
a decade regularity of > 95%, and

B) 2-20 parts by weight of a copolymer consisting
of 50-70 parts by weight of propylene and 30-50 parts by
weight of ethylene and/or further C;-Cgs alpha-olefins as
a dispersed elastomeric component;

with a ratio of the intrinsic viscosities of the
components B/A of 0.9 to 4.0 and a melt index of the
moulding compound of 0.15 to 0.8 g/10 min.

3. A profile according to claim 2, wherein the pro-
pylene block copolymer contains 2.5-6.5 mole% of ethy-
lene.

4. A profile according to claim 2 or 3, wherein
the melt index of the moulding compound is 0.2 to
0.5 g/10 min.
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5. A profile according to claim 1, wherein the pro-
pylene block copolymer is a nucleated propylene polymer
containing 0.01-2.0 % by weight of a nucleating agent.

6. A profiie according to any one of the preceding
claims, wherein the moulding compound comprises up to
20 % by weight of filler.

7. A profile according to claim 6, wherein the
moulding compound comprises 5-18 % by weight of filler.

8. A profile according to claim 6 or 7, wherein the
filler is selected from the group consisting of talc,
mica, wollastonite, chalk and kaolin.

9. A profile according to claim 8, wherein the
filler is talc.

10. A profile according to any one of the preced-
ing claims, wherein the profile is selected from window

frames and window casements, and door frames.
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