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Process for transforming polypropylene into a crystal modification

of high transparency and articles resulting from said process

The present invention relates to a process for producing polypropylene articles
comprising a high relative content of the orthorhombic gamma-crystal modification by
applying four consecutive process steps, namely (a) heating a polypropylene
composition comprising a propylene random copolymer and an alpha-crystal nucleating
agent to form a melt, (b) shearing said melt at a high apparent shear rate, (¢) shaping
said melt into an article, and (d) cooling said melt in a specific range of cooling rate to
obtain polypropylene articles of high transparency. The invention also relates to
polypropylene articles of high transparency and low haze being characterized by a high
relative content of the orthorhombic gamma-crystal modification, and to the use of such
articles for packaging. Such articles are resulting from a four-step melting and shaping

process as defined before.

When using articles like cups, cans, jars, pails or bottles, all being characterized by a
low average wall thickness, for packaging any kind of material which should be clearly
visible and recognizable for the applicant and/or consumer through the wall of said
article, high transparency is an important precondition. These articles must, however,
also exhibit a certain stiffness expressed by the modulus, the compression strength or
also the stacking height in order to ensure transportability and safety. Furthermore,
said articles must possess high thermomechanical stability, as expressed by the
melting point and the heat deflection temperature. If propylene polymers are used for
producing such articles it is difficult to strike a compromise between transparency on
the one hand, and stiffness and heat resistance on the other hand, as the crystallinity

of the polymer will normally affect stiffness positively but transparency negatively.

It was therefore the target of the present invention to find a process for producing
polypropylene articles having high transparency combined with high stiffness and heat
resistance. As polypropylenes having a high relative content of the orthorhombic
gamma-crystal modification of isotactic polypropylene were found to advantageously
combine said target properties, a process was sought which is able to produce articles

comprising such polypropylenes with high speed and process safety.

It is well known that different types of crystal nucleating agents will affect the crystal
structure of the polymer differently, enhancing the presence and relative amounts of

specific crystal modifications of isotactic polypropylene, like the monoclinic o-
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modification, the pseudo-hexagonal p-modification and the orthorhombic y-modification.
While the polymer structure will affect the degree of expression of a specific nucleation,

the type of crystal formed will be determined by the nucleating agent.

Such nucleating agents for isotactic polypropylene can also be separated into two

classes with physically distinct behaviour:

- particulate nucleating agents with a conventional dispersion mechanism, for
which particle size and polarity difference to polymer are decisive. Examples for
this class include inorganic nucleating agents like talc, but also organic
nucleating agents like sodium benzoate, organophosphates and salts of p(tert-
butyl benzoic acid), as well as polymeric nucleating agents like poly(tetrafluoro-

ethylene)

- soluble nucleating agents with a sequence of dissolution upon heating and
recrystallization upon cooling defining the degree of dispersion. In the latter
case, solubility and the resulting crystal shape are decisive for the efficiency.
Examples include sorbitol derivatives, nonitol derivatives and benzene-

trisamides.

In the prior art several attempts to generate moulded articles having a high relative
content of the orthorhombic gamma-crystal modification of isotactic polypropylene are
described, which are however either only suitable for polymers with very poor
mechanical performance, or which involve operations of high technological complexity
resulting in high processing cost. For example Libster et al. (Journal of Colloid and
Interface Science, vol. 299 (2006) pages 172-181) present a special microemulsion
technique for dispersing a specific nucleating agent, namely a disodium salt of
bicyclo[2.2.1]heptane dicarboxylate (trade name Hyperform HPN-68, commercially
available from Milliken Inc., USA) to achieve a K,-value of 0.66 in an isotactic
polypropylene copolymer having an ethylene content of about 3 wt%, in comparison to
a K,-value of 0.42 as achieved by a standard process, relating to a relative content of
the orthorhombic gamma-crystal modification of 66% versus 42%. Such a process will
not be suitable for industrial practice. On the other hand, Piccarolo et al. (Polymer,
vol.42 (2001) pages 1167-1176) demonstrate the necessity of either high pressures or
low cooling rates for even achieving limited relative content of the orthorhombic
gamma-crystal modification like 27% at a cooling rate of less than 0.1 K.s” for an
isotactic polypropylene copolymer having an ethylene content of 3.1 wt% nucleated

with dibenzylidene sorbitol (trade name Millad 3905, commercially available from
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Milliken Inc., USA). Again, such low cooling rates will not be suitable for industrial

practice.

It has now surprisingly been found that a specific melting and shaping process
involving a propylene random copolymer and an alpha-crystal nucleating agent is
suitable for producing moulded polypropylene components being characterized by an
average relative content of the orthorhombic gamma-crystal modification of more than
50%. More specifically, said melting and shaping process involves four consecutive

process steps, namely:

(a) heating a polypropylene composition comprising a propylene random copolymer

and an alpha-crystal nucleating agent to form a melt,

(b) shearing said melt at a high apparent shear rate of at least 100 s™,

(c) shaping said melt into an article, and

(d) cooling said melt and the resulting article at a cooling rate of 10 to 10000 K.min™
to obtain polypropylene articles of high transparency.

The polypropylene composition comprises an isotactic propylene random copolymer
preferably comprising from 80.0 to 99.0 wt%, more preferably from 85.0 to 98.0 wt%,
even more preferably from 88.0 to 97.5 wt%, of propylene and preferably from 1.0 to
20.0 wt%, more preferably from 2.0 to 15.0 wt%, even more preferably from 2.5 to 12.0
wt% of ethylene and/or a-olefin(s) with 4 to 12 carbon atoms. More preferably, said
isotactic propylene random copolymer comprises only propylene, and ethylene and/or
1-butene as comonomers. Particularly preferred are isotactic propylene random
copolymers having only ethylene as comonomer. Especially preferred ethylene content
for copolymers having only ethylene as comonomer is from 1 to 10, particularly

preferred from 1 to 8, more particularly preferred from 2 to 6 wt%.

For being applicable in the target application areas of injection moulding, extrusion
blow moulding and injection stretch blow moulding, these polypropylene random
copolymers shall have a melt flow rate as determined according to ISO 1133 at 230°C
and 2.16 kg load (MFR) from 0.5 to 200 g/10min, preferably from 1.0 to 150 g/10min,
most preferably from 2.0 to 100 g/10min. This corresponds to a weight average
molecular weight Mw as calculated from the molecular weight distribution determined

by size exclusion chromatography according to ISO 16014 from 80,000 to 950,000
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g/mol, preferably from 100,000 to 850,000 g/mol, most preferably from 120,000 to
750,000 g/mol.

In order to achieve the desired combination of mechanical and optical properties it is
further preferred that the polypropylene random copolymers shall have a narrow to
medium broad molecular weight distribution. More specifically it is desired that the ratio
of weight and number average molecular weight, Mw/Mn, as calculated from the
molecular weight distribution determined by size exclusion chromatography according
to ISO 16014 ranges from 2.2 to 6.0, preferably from 2.5 to 5.0.

Suitable production processes for the mentioned polypropylene random copolymers
are generally known to those skilled in the art. For the production of these isotactic
polypropylene copolymers single- or multi-stage polymerization processes based on a
heterogeneous Ti/Mg type catalyst (Ziegler/Natta type) or a heterogeneous or
homogeneous metallocene (single-site) type catalyst can be employed. The catalyst
system will normally be complemented by a co-catalyst component and at least one
electron donor (internal and/or external electron donor, preferably at least one external
donor) controlling the stereoregularity of the produced polymer. Suitable catalysts are
in particular disclosed in US 5,234,879, WO 92/19653, WO 92/19658 and WO
99/33843, incorporated herein by reference. Typically the co-catalyst is an Al-alkyl
based compound. Preferred external donors are the known silane-based donors, such

as dicyclopentyl dimethoxy silane or cyclohexyl methyldimethoxy silane.

Preferably, a multi-stage process is applied in which both the molecular weight and the
comonomer content can be regulated independently in the different polymerisation
stages. Such processes are for example described in more detail in EP 887379 A1, EP
1032599 A1 and EP 1155048 A1.

For achieving the desired combination of molecular weight distribution and random
incorporation of comonomers, polymerization procedures as described in EP 2042552
A1 and EP 2030996 A1 are especially suitable.

Furthermore, the alpha-crystal nucleating agent is preferably mixed with the propylene
random copolymer in a weight ratio ranging from 0.0001:99.9999 to 1:99. Thus, the
polypropylene composition comprises from 0.0001 to 1.0, preferably from 0.0005 to 0.8

wt% of said alpha-crystal nucleating agent.
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According to an advantageous embodiment, the nucleating agent is an organic alpha-

crystal nucleating agent.

According to a further embodiment, the alpha-crystal nucleating agent is a particulate
nucleating agent. More preferably it is selected from the group consisting of non-
substituted or substituted benzoate salts, aromatic organophosphates, non-bridged or
bridged salts of o-hexahydrophtalic acid, poly(vinyl cyclohexane), poly(4-methyl
pentene-1) and poly(tetrafluoro ethylene). Most preferably, said alpha-crystal
nucleating agent is selected from the group consisting of sodium 2,2'-methylene-bis-
(4,6-di-tert-butylphenyl) phosphate (CAS No. 85209-91-2, tradename Adekastab NA-
11, commercially available from Adeka Palmarole, France), a mixture consisting of 60
wit% Hydroxybis (2,4,8,10-tetra-tert. butyl-6-hydroxy-12H-dibenzo(d,g)(1,3,2)
dioxaphosphocin 6-oxidato) aluminium (CAS No. 151841-65-5) and 40 wt% Li-
myristate (CAS No. 20336-96-3) (tradename Adekastab NA-21, commercially available
from Adeka Palmarole, France), the disodium salt of Cis-endo-bicyclo[2.2.1]heptane-
2,3-dicarboxylic acid (CAS No. 351870-33- 2; tradename Hyperform HPN-68,
commercially available from Milliken Inc., USA) and poly(vinyl cyclohexane) (CAS No.
25498-06-0).

The four steps of said process for producing articles comprising predominantly
comprising a high relative content of the orthorhombic gamma-crystal modification can

be carried out in one or two connected sequences.

According to one embodiment, the steps (a), (b), (¢) and (d) as defined before are
carried out in one connected sequence and one processing setup. According to this
embodiment, the step (a) of heating a polypropylene composition comprising an
isotactic propylene random copolymer and at least one alpha-crystal nucleating agent
to a temperature of from 200 to 350 °C to form a melt is carried out in the single-screw
extruder belonging to an injection moulding machine, an extrusion blow moulding
machine or an injection stretch blow moulding machine. The step (b) of shearing said
melt at an apparent shear rate of at least 100 s™, the step (c) of shaping said melt into
an article and the step (d) of cooling said melt and said article at a cooling rate of from
10 to 10000 K.min™" are carried out in the die and tool section of said processing setup.
Preferably, the heating step (a) is performed in a temperature interval from 220 to
320°C.
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According to another embodiment, the steps (a), (b), (¢) and (d) as defined before are
carried out in two connected sequences and two different processing setups. According
to this embodiment, the step (a) of heating a polypropylene composition comprising an
isotactic propylene random copolymer and at least one alpha-crystal nucleating agent
to a temperature of from 200 to 350 °C to form a melt is carried out in a conventional
melt mixing device like a specially equipped single screw extruder, a reciprocating co-
kneader or a co-rotating twin-screw extruder. Preferably, the heating step (a) is
performed in a temperature interval from 220 to 320°C. The resulting melt is then
cooled and solidified in the shape of granules to be re-heated before performing the
further process steps. The step (b) of shearing said melt at an apparent shear rate of at
least 100 s can be carried out either in said melt mixing device or in the following
processing setup. The step (¢) of shaping said melt into an article and the step (d) of
cooling said melt and said article at a cooling rate of from 10 to 10000 K.min™ are
carried out in the die and tool section of an injection moulding machine, an extrusion

blow moulding machine or an injection stretch blow moulding machine.

A shear rate of 2 100 s™" is used in step b) of the present invention. More preferred, the
shear rate is = 150 s, still more preferred = 200 s, even more preferred = 300 s™. A

practical upper limit is about 5000 s™, preferably 3000 s, more preferably 2000 s™.

A cooling rate of 10 to 10000 K.min™ is used in step d) of the present invention. More
preferred, the cooling rate is = 100 K.min™, still more preferred = 500 K.min™", even
more preferred = 1000 K.min™". A more preferred upper limit is 8000 K.min™", still more
preferred 6000 K.min™.

It was a further target of this invention to obtain polypropylene articles of high
transparency and low haze being characterized by a high relative content of the
orthorhombic gamma-crystal modification. Said articles article comprise a propylene
random copolymer and an alpha-crystal nucleating agent and are characterized by an
average relative content of the orthorhombic gamma-crystal modification of more than
50%, preferably of more than 55%, as determined by wide-angle X-ray scattering
(WAXS). An upper limit of the average relative content of the orthorhombic gamma-

crystal modification is 95%, more preferably 90%, most preferable 85%.

Preferably, said articles comprise a polypropylene composition comprising a propylene
random copolymer and an alpha-crystal nucleating in a weight ratio ranging from
0.0001:99.9999 to 1:99. More preferably, said articles comprise at least 75 wt% of said
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polypropylene composition. Most preferably, said polypropylene composition is the only

polymeric component present in said articles.

Such polypropylene articles are typically resulting from a four-step melting and shaping

process involving steps (a), (b), (¢) and (d) as defined herein before.

According to one preferred embodiment, such polypropylene articles are moulded
articles obtained by injection moulding or extrusion blow moulding or injection stretch
blow moulding, having an average wall thickness of at most 2.0 mm and a haze at

2.0 mm thickness not more than 45%.

According to another preferred embodiment, such polypropylene articles are moulded
articles obtained by injection moulding or extrusion blow moulding or injection stretch
blow moulding, having an average wall thickness of at most 1.0 mm and a haze at

1.0 mm thickness of not more than 30%.

Typical shapes of such polypropylene articles are cups, cans, pails, jars and bottles. A
preferred use of such polypropylene articles is the area of packaging solid or liquid
substances, like foodstuff or non-food materials. Especially preferred is the use of such
polypropylene articles for packaging foodstuff like dairy products, ice-cream, pudding,
soft drinks, ketchup, mayonnaise, mustard and the like. Also preferred is the use of
such polypropylene articles for packaging chemical compositions like detergents,

adhesives, paints, polishes and the like.

In the following the present invention is further illustrated by means of non-limiting

examples.
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Examples

Definition of the test methods:

a) Melt Flow Rate

The melt flow rate (MFR) is determined according to ISO 1133 and is indicated in g/10
min. The MFR is an indication of the flowability, and hence the processability, of the
polymer. The higher the melt flow rate, the lower the viscosity of the polymer. The

MFR; of polypropylene is determined at a temperature of 230 °C and a load of 2.16 kg.
b) Charpy notched impact test

Charpy impact strength was determined according to ISO 179-1eA:2000 on V-notched
samples of 80x10x4 mm? at +23 °C. The test specimens were prepared by injection
moulding in line with ISO 1873-2.

c) Flexural test

Flexural tests are performed according to ISO 178:2001 at +23 °C on injection moulded
samples of 80x10x4 mm? prepared by injection moulding in line with ISO 1873-2. The
flexural modulus (E-modulus) was calculated from the linear part of said flexural test

results.
d) Haze

Haze is determined on injection moulded plaque samples of 60x60x2 mm? according to
ASTM D 1003-00. The samples have been prepared by injection moulding using a melt
temperature of 220°C and an injection speed of 0.8 m.s™, corresponding to an
apparent wall shear rate of 400 s™ in the tool, and a tool temperature of 60 °C, resulting

in an average cooling rate of 3600 K.min™ at a cycle time of 1.2 s.
e) NMR-spectroscopy measurements:

The comonomer content was determined by quantitative nuclear magnetic resonance
(13C-NMR) spectroscopy after basic assignment (e.g. “NMR Spectra of Polymers and
Polymer Additives”, A. J. Brandolini and D. D. Hills, 2000, Marcel Dekker, Inc. New
York). Experimental parameters were adjusted to ensure measurement of quantitative
spectra for this specific task (e.g. “200 and More NMR Experiments: A Practical
Course”, S. Berger and S. Braun, 2004, Wiley-VCH, Weinheim). Quantities were
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calculated using simple corrected ratios of the signal integrals of representative sites in

a manner known in the art.
f) Molecular weight distribution

Number average molecular weight (Mn), weight average molecular weight (Mw) and
molecular weight distribution (MWD) are determined by size exclusion chromatography
(SEC) using Waters Alliance GPCV 2000 instrument with online viscometer. The oven

temperature is 140 °C. Trichlorobenzene is used as a solvent (ISO 16014).
9) Differential Scanning Calorimetry (DSC)

DSC is run according to ISO 3146 / part 3 /method C2 in a heat / cool / heat cycle with
a scan rate of 10 °C/min in the temperature range of +23 to +210°C. Crystallization
temperature and enthalpy are determined from the cooling step, while melting

temperature and melting enthalpy are determined from the second heating step.
h) Wide-angle X-ray Scattering (WAXS)

Samples prepared for WAXS were prepared in the same way as for the haze

measurement.

The determination of crystallinity and of polymorphic composition was performed in
reflection geometry using a Bruker D8 Discover with GADDS x-ray diffractometer
operating with the following settings: x-ray generator: 30 kV and 20 mA; 84 =6° & 6, =
13°; sample-detector distance: 20 cm; beam size (collimator): 500 ym; and
duration/scan: 300 seconds. 3 measurements have been performed on each sample.
Intensity vs. 28 curves between 20 = 10° and 26 = 32.5° were obtained by integrating
the 2-dimensional spectra. The quantification of intensity vs. 28 curves were then
performed as follows:

Intensity vs. 20 curve was acquired with the same measurement settings on an
amorphous iPP sample, which was prepared by solvent extraction. An amorphous halo
was obtained by smoothing the intensity vs. 28 curve. The amorphous halo has been
subtracted from each intensity vs. 28 curve obtained on actual samples and this results
in the crystalline curve.
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The crystallinity index X. is defined with the area under the crystalline curve and the
original curve using the method proposed by Challa et al. (Makromol. Chem. vol.56
(1962), pages 169-178) as:

_Areaunder crystalline curve

= A x100 .
Area under original spectrum

C

In a two-phase crystalline system (containing a- and B-modifications), the amount of 3-
modification within the crystalline phase B was calculated using the method proposed
by Turner-Jones et al. (Makromol. Chem. Vol.75 (1964), pages 134-158) as:

B_ 1¥(300)
1%(110)+1%(040) +1%(130) + 1®(300)

where, 1’(300) is the intensity of B(300) peak, I* (110) is the intensity of a(110) peak,
1(040) is the intensity of a(040) peak and I9(130) is the intensity of a(130) peak

obtained after subtracting the amorphous halo.

In a two-phase crystalline system (containing a- and y-modifications), the amount of y-
modification within the crystalline phase G was calculated using the method developed
by Pae (J. Polym. Sci., Part A2, vol. 6 (1968), pages 657-663) as:

Y7y
T 19(130)+1Y (117)

where, 1(130) is the intensity of a(130) peak and IY(117) is the intensity of y(117) peak

obtained after subtracting a base line joining the base of these peaks.

Polymers

Table 1 - Polymers

Polymer Mw Mn Mw/Mn C, Cluster
index
kg/mol kg/mol - wt% “C-NMR
RA130E 447 97 4,6 3,8 9,98
RE906MO 195 60 3,3 3,6 10,02
RE909CF n.d. n.d. n.d. 57 9,96
HE365FB 223 47 4,7 0 n.d.

The polymers listed in table 1 are commercially available from Borealis AG.
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Claims

1.

A process for producing articles comprising a polypropylene composition, said
process comprising the steps of

a) heating said polypropylene composition comprising an isotactic
propylene random copolymer and at least one alpha-crystal nucleating agent to

a temperature of from 200 to 350 °C to form a melt,

b) shearing said melt at an apparent shear rate of at least 100 s™
c) shaping said melt into an article and
d) cooling said melt/article at a cooling rate of from 10 to 10000 K.min™.

A process according to claim 1, wherein the isotactic propylene random
copolymer comprises from 80.0 to 99.0 wt% of propylene and from 1.0 to 20.0
wt% of ethylene and/or a-olefin(s) with 4 to 12 carbon atoms.

A process according to claims 1 or 2, wherein the alpha-crystal nucleating agent
is mixed with the propylene random copolymer in a weight ratio ranging from
0.0001:99.9999 to 1:99.

. A process according to any of claims 1 to 3, wherein the at least one alpha-

crystal nucleating agent is a particulate nucleating agent selected from the group
consisting of non-substituted or substituted benzoate salts, aromatic
organophosphates, non-bridged or bridged salts of o-hexahydrophtalic acid,
poly(vinyl cyclohexane), poly(4-methyl pentene-1) and poly(tetrafluoro ethylene).
A process according to claim 4, wherein the at least one alpha-crystal nucleating
agent is selected from the group consisting of sodium 2,2'-methylene-bis-(4,6-di-
tert-butylphenyl) phosphate (Adekastab NA-11), a mixture consisting of 60 wt%
Hydroxybis (2,4,8,10-tetra-tert. butyl-6-hydroxy-12H-dibenzo(d,g)(1,3,2)
dioxaphosphocin 6-oxidato) aluminium and 40 wt% Li-myristate (Adekastab NA-
21), the disodium salt of Cis-endo-bicyclo[2.2.1]heptane-2,3-dicarboxylic acid
(Hyperform HPN-68) and poly(vinyl cyclohexane).

A process according to any of the claims 1 to 5, wherein the heating step (a) is
performed in a conventional melt mixing device like a single screw extruder or a
co-rotating twin-screw extruder in a temperature interval from 220 to 320°C.

A process according any of the claims 1 to 6, wherein said melt is shaped into
an article with an injection moulding or extrusion blow moulding or injection
stretch blow moulding process.

An article comprising a propylene random copolymer and an alpha-crystal

nucleating agent being characterized by an average relative content X; of the
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orthorhombic gamma-crystal modification of more than 50% as determined by
wide-angle X-ray diffraction (WAXS).

An article according to claim 8, wherein said article is a moulded article which is
obtained by injection moulding or injection stretch blow moulding and which
article has an average wall thickness of at most 2.0 mm and a haze at 2.0 mm
thickness of not more than 45%.

An article according to claim 8, wherein said article is a moulded article which is
obtained by injection moulding or injection stretch blow moulding and which
article has an average wall thickness of at most 1.0 mm and a haze at 1.0 mm
thickness of not more than 30%.

A moulded polypropylene article according to any of the claims 8 to 10 which is
a cup, a can, a pail, a jar or a bottle.

A moulded polypropylene article according to any of the claims 8 to 11 which is
obtained by a process according to any of the claims 1 to 7.

Use of a moulded polypropylene article according to any of the claims 8 to 12 for
packaging solid or liquid substances.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/054774

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C47/48 B29C47/88 Co8K5/00 B29C45/00 B29C47/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29C CO8K CO8F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2008/088995 Al (DOW GLOBAL TECHNOLOGIES 1-13
INC [US]; HENSCHKE OLAF [CH]; TORRES
ENRIQUE [) 24 July 2008 (2008-07-24)
page 2, line 13 - page 4, Tine 20; claim
17

page 6, line 30 - page 7, line 15

page 23, line 24 - page 24, line 4

A US 6 410 662 Bl (USHIODA TSUTOMU [JP] ET 1-13
AL) 25 June 2002 (2002-06-25)

column 4, 1ine 6 - line 59

column 6, Tine 32 - Tine 38; claims 18-20
A WO 20087024154 A1l (EXXONMOBIL CHEM PATENTS 1-13
INC [US]; WELLS BRYAN G [US]; YEH SUSAN
CHIA-Y) 28 February 2008 (2008-02-28)
paragraph [0003] - paragraph [0025];
claims; table

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i i i "

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
1 June 2011 27/06/2011
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 Kopp, Christian

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/054774

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 650 818 A2 (MITSUI TOATSU CHEMICALS
[JP]) 3 May 1995 (1995-05-03)

page 3, line 46 - line 51; claims 6,7;
examples 1-3

EP O 343 647 A2 (IDEMITSU PETROCHEMICAL CO
[JP]) 29 November 1989 (1989-11-29)

page 2, line 45 - page 3, line 43

page 5, line 3 - line 14

EP 0 329 810 Al (IDEMITSU PETROCHEMICAL CO
[JP]) 30 August 1989 (1989-08-30)

column 1, Tine 10 - column 2, line 50;
figure 1

US 2010/040813 Al (WADA ISAO [JP] ET AL)
18 February 2010 (2010-02-18)

paragraphs [0007], [0012]., [0020],
[0021], [0022], [0042]; figures

US 4 302 504 A (LANSBURY ROBERT C ET AL)
24 November 1981 (1981-11-24)

column 1, 1ine 9 - line 35

column 5, line 10 - line 28

EP 0 969 036 Al (NEW JAPAN CHEM CO LTD
[JP]) 5 January 2000 (2000-01-05)
paragraphs [0002], [21.25], [0075],
[0113]

JP 63 097648 A (CHISSO CORP)

28 April 1988 (1988-04-28)

abstract

1-13

1-13

1-13

1-13

1-13

1-13

1-13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/054774
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2008088995 Al 24-07-2008 AT 482255 T 15-10-2010
AU 2008206567 Al 24-07-2008
CA 2674686 Al 24-07-2008
CN 101583663 A 18-11-2009
EP 2137257 Al 30-12-2009
ES 2348323 T3 02-12-2010
JP 2010515810 T 13-05-2010
KR 20090097924 A 16-09-2009
US 2010055362 Al 04-03-2010
US 6410662 Bl 25-06-2002 AU 8647898 A 01-03-1999
DE 19882607 B4 02-04-2009
DE 19882607 T1 27-07-2000
WO 9907747 Al 18-02-1999
JP 3852283 B2 29-11-2006
W 434267 B 16-05-2001
WO 2008024154 Al 28-02-2008  NONE
EP 0650818 A2 03-05-1995 DE 69407535 D1 05-02-1998
DE 69407535 T2 25-06-1998
JP 7125064 A 16-05-1995
EP 0343647 A2 29-11-1989 DE 68912825 D1 17-03-1994
DE 68912825 T2 26-05-1994
JP 1299851 A 04-12-1989
JP 1960953 C 10-08-1995
JP 6089191 B 09-11-1994
us 5026778 A 25-06-1991
EP 0329810 Al 30-08-1989 AT 96079 T 15-11-1993
AU 604846 B2 03-01-1991
AU 1206988 A 23-11-1989
CA 1318759 C 08-06-1993
DE 3885086 D1 25-11-1993
DE 3885086 T2 17-02-1994
us 4863653 A 05-09-1989
US 2010040813 Al 18-02-2016 AU 2007295404 Al 20-03-2008
CN 101511930 A 19-08-2009
WO 2008032735 Al 20-03-2008
KR 20090067171 A 24-06-2009
US 4302504 A 24-11-1981 AT 354079 B 27-12-1979
AU 498482 B2 15-03-1979
AU 1487176 A 05-01-1978
US 4302504 A BE 842890 Al 13-12-1976
BR 7603794 A 08-02-1977
CA 1079894 Al 17-06-1980
CH 601405 A5 14-07-1978
DE 2626279 Al 23-12-1976
DE 2660615 C2 05-08-1982
DK 261176 A 12-12-1976
ES 448739 Al 01-07-1977
FI 761685 A 12-12-1976
FR 2314211 Al 07-01-1977
GB 1495776 A 21-12-1977

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/054774
Patent document Publication Patent family Publication

cited in search report date member(s) date
IE 42856 Bl 05-11-1980
JP 1104829 C 16-07-1982
JP 51150560 A 24-12-1976
JP 55046664 B 25-11-1980
JP 1314023 C 28-04-1986
JP 55095570 A 19-07-1980
JP 59017951 B 24-04-1984
LU 75148 Al 01-07-1977
MY 31981 A 31-12-1981
NL 7606319 A 14-12-1976
NO 762020 A 14-12-1976
NZ 181133 A 03-04-1978
PT 65215 A 01-07-1976
SE 434820 B 20-08-1984
SE 7606687 A 12-12-1976
ZA 7603489 A 25-05-1977

EP 0969036 Al 05-01-2000 CN 1243525 A 02-02-2000
DE 69818022 D1 16-10-2003
DE 69818022 T2 09-06-2004
ES 2205559 T3 01-05-2004
WO 9924496 Al 20-05-1999
TW 446730 B 21-07-2001
us 6238615 Bl 29-05-2001

JP 63097648 A 28-04-1988  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report

