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(7) ABSTRACT

This invention relates to the use of a linear dialkyl peroxide
having an hexyne or an hexene backbone, for producing a
controlled rheology polypropylene heterophasic copolymer
of melt index MI2 larger than 15 g/10 min, having simul-
taneously a very high impact resistance and a high flexural
modulus.
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IMPACT STRENGTH POLYPROPYLENE

[0001] The present invention relates to polypropylene
heterophasic copolymers modified with linear dialkylperox-
ides in order to better control their impact strength.

[0002] Several processes for increasing the impact
strength of polypropylene (co)polymers are known in the
art, for example, by modifying said (co)polymers with
elastomeric modifiers or with peroxides.

[0003] Where an elastomeric modifier is used to modify
the (co)polymers, it can be added in either of the following
ways:

[0004] reactor polymerisation of polypropylene het-
erophasic copolymers. These polypropylene het-
erophasic copolymers exhibit typical heterophasic
morphology consisting of ethylene propylene
bipolymer spherical domains dispersed in a semi-
crystalline polypropylene matrix. This material con-
sists generally of three components: a polypropylene
homopolymer, a rubbery ethylene propylene bipoly-
mer and a crystalline ethylene-rich ethylene propy-
lene bipolymer. The amount and properties of the
three component material are controlled by the pro-
cess conditions. The mechanical properties of the
final product are influenced for example by:

[0005] 1. the molecular weight, molecular weight dis-
tribution and tacticity of the propylene homopolymer
matrix;

[0006] 2. the molecular weight and molecular weight
distribution of the ethylene propylene rubber phase;

[0007] 3. the ethylene/propylene ratio of the ethylene
propylene rubber phase;

[0008] 4. the content and dispersion of the optional
ethylene rich ethylene propylene bipolymer;

[0009] 5. the size and distribution of the rubber phase
domains;

[0010] 6. the melt viscosity ratio of the propylene
matrix and rubber phase components.

[0011] Melt blending polypropylene (co)polymers
with elastomeric modifiers to prepare polypropylene
heterophasic copolymers. Elastomers such as ethyl-
ene propylene rubber (EPR) or ethylene propylene
diene monomer (EPDM) provide improved impact
behaviour. The impact resistance of these composi-
tions depends upon the content, the composition and
the morphology of the elastomeric modifier.

[0012] Both methods have been described for example in:
“Polypropylene, structure, blends and composites. Volume
2—Copolymers and blends. Edited by J. Karger-Kocsis,
Published in 1995 by Chapman § Hall.

[0013] WO0-95/11938 discloses a process of modifying
(co)polymers by contacting them with a peroxide compound
containing an activated unsaturated group and an acid group
in the presence of a polymer reinforcing material, or prior to
the addition of a polymer reinforcing material. The primary
object of that invention was to modify (co)polymers in order
to introduce an adhesion promoting functional group and to
improve their properties. The resulting modified (co)poly-
mers have improved impact strength, flexural strength, ten-

Dec. 15, 2005

sile strength and elongation at break, increased melt flow
index and the other properties equal those of the unmodified
impact (co)polymers.

[0014] WO-97/49759 discloses a process for enhancing
the melt strength of a propylene (co)polymer by the steps of:

[0015] mixing an initiator with the propylene
(co)polymer at a temperature below the decomposi-
tion temperature;

[0016] then heating the mixture above the initiator
decomposition temperature in order to decompose
the initiator before the polymer has melted and in
order to react the radicals created by the decompo-
sition with the polymer.

[0017] WO-96/03444 discloses a process for modifying
(co)polymers by contacting these with an organic peroxide,
some of said peroxide being decomposed. Cyclic ketone
peroxides have been found particularly efficient in the modi-
fication processes. They have been employed in the degra-
dation of polyolefins, the cross-linking of polyolefins, the
dynamic cross-linking of blends of elastomers and thermo-
plastic polymers, the grafting of monomers onto polymers,
or the functionalisation of polyolefins. The resulting modi-
fied (co)polymers had a larger melt flow index, a lower
weight average molecular weight and a narrower molecular
weight than the starting (co)polymers, while keeping an
adequate melt strength.

[0018] WO-00/23434 discloses a composition comprising
a cyclic ketone peroxide and a phlegmatizer having a 95%
boil-off point falling in the range of 220-265° C. Preferably,
the peroxide is a cyclic ethyl ketone peroxide and a single
phlegmatiser is used.

[0019] U.S. Pat. No. 4,707,524 discloses the use of per-
oxides that do not decompose to tert-butyl alcohol and have
a half-life time in the range of 1 to 10 hours at 128° C. for
controlling the molecular weight and molecular weight
distribution of polypropylene.

[0020] WO-96/20247 discloses cross-linked polymer
compositions of propylene-ethylene copolymer and ethyl-
ene-a-olefin copolymer prepared by melting and kneading
the constituents in the presence of a radical forming agent,
a cross-linking agent and eventually a peroxide inhibitor.
These compositions were characterised by a high impact
strength and a high flexural modulus.

[0021] EP-0,208,330 discloses a propylene polymer com-
position with increased whitening resistance and increased
impact strength, obtained by addition of an ester, in the
presence of a peroxide, during extrusion.

[0022] None of these prior art documents discloses
polypropylene heterophasic copolymers having simulta-
neously a melt flow index MI2 larger than 15 g/10 min and
increased impact strength, while keeping adequate rigidity.

[0023] Tt is an aim of the present invention to provide
polypropylene heterophasic copolymers exhibiting simulta-
neously high melt flow index and high impact strength.

[0024] Tt is also an aim of the present invention to provide
polypropylene heterophasic copolymers exhibiting high
impact strength for high degradation rates.
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[0025] 1t is another aim of the present invention to provide
polypropylene heterophasic copolymers with very high
impact resistance over a large range of temperatures.

[0026] 1t is a further aim of the present invention to obtain
polypropylene heterophasic copolymers with controlled rhe-

ology.
[0027] 1t is yet another aim of the present invention to

obtain a material with an optimal balance of flexural modu-
lus, impact strength and melt flow.

[0028] This invention discloses a polypropylene (co)poly-
mer degraded with a linear dialkyl peroxide of the general
formula:

@

R R
| |
R—O0—O0—C—C=C—C—0—0—R
L L

[0029] wherein each R is the same or different and is a
hydrocarbon or a carboxy or a heteroatom and each R' or R"
is the same or different and is an alkyl having one or more
carbon atoms or an aryl, with the restriction that at least one
R' and at least one R" is an alkyl having one or more carbon
atoms,

[0030] or of the general formula:

1
RS R#x Rex RIS @

R¥—O0—O0—C—C=C—C—0O0—O—R*

RS RS

[0031] wherein each R* is the same or different and is a
hydrocarbon or a carboxy or a heteroatom and each R® or
R or R** is the same or different and is an alkyl having one
or more carbon atoms or an aryl with the restriction that at
least one R® and at least one R*® is an alkyl having one or
more carbon atoms,

[0032] said polypropylene retaining an Izod notched
impact strength larger than 20 kJ/m* for melt flow indices
larger than 15 g/10 min and degradation rates larger than 5.

[0033] The degradation rate is defined in this specification
as the ratio MI2g,/MI2,,, 4.4 Of the melt indices of the
starting polypropylene fluff MI2;  and of the degraded
polypropylene (co)polymer MI2y g rodea- MI2gu/MI2 4. rgea
is at least 5, preferably it is at least 10 and more preferably,
it is at least 20.

[0034] Preferably, the degraded polypropylene (co)poly-
mer of the present invention retains an Izod notched impact
strength that is larger than 30 kJ/m* and more preferably
larger than 40 kJ/m? for values of the melt index larger than
15 g/10 min.

[0035] This invention also discloses the use of linear
dialkyl peroxide having a backbone containing at least 6
carbon atoms and a double or triple bond, to degrade a
polypropylene (co)polymer, for producing a controlled rhe-
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olog}zl material having an impact resistance larger than 20
kJ/m for values of the melt index MI2 larger than 15 g/10
min.

[0036] The half-life of the linear dialkyl peroxides of the
present invention is measured for a 0.2 molar solution in
benzene. The half-life temperature of a peroxide is defined
as the temperature required to decompose half of the mol-
ecules in one hour, and thus a less reactive peroxide is
characterised by a higher half-life temperature. The half-life
temperature is typically higher than 140° C., preferably, it is
higher than 145° C. and most preferably, it is about 149° C.

[0037] A longer half-life temperature has two favourable
consequences:

[0038] 1. the peroxide decomposes more slowly; there
is thus more time for mixing with the polymer melt in
the extruder resulting in a more homogeneous material;

[0039] 2. there is at any time a lower radical concen-
tration, reducing the probability of side reactions.

[0040] Reducing the extrusion temperature increases the
half-life temperature of the peroxide.

[0041] The melt index MI2 is measured using the method
of standard test ISO 1133 at 230° C. and under a load of 2.16
kg, the flexural modulus is measured using the method of
standard test ISO 178 and the impact strength is the Izod
notched impact strength measured according to the methods
of standard test ISO 180.

[0042] The process for preparing a controlled rheology
polypropylene heterophasic copolymer by degrading a
polypropylene with a linear dialkyl peroxide having a back-
bone containing at least 6 carbon atoms and a double or
triple bond, comprises the steps of:

[0043]

[0044] a) Reactor polymerising a polypropylene het-
erophasic copolymer;

either

[0045] b) Extruding the polypropylene heterophasic
copolymer of step a), with said linear dialkyl peroxide
having a backbone containing at least 6 carbon atoms
and a double or triple bond, and optionally with one or
more filler(s), in an extruder, at a temperature sufficient
to maintain the copolymer in the molten state;

[0046] or

[0047] c¢) Extruding a polypropylene (co)polymer with
said linear dialkyl peroxide having a backbone con-
taining at least 6 carbon atoms and a double or triple
bond, optionally with one or more elastomeric modi-
fier(s) and/or one or more filler(s), in an extruder, at a
temperature sufficient to maintain the copolymer in the
molten state.

[0048] The specific group of linear dialkyl peroxide hav-
ing a backbone containing at least 6 carbon atoms, and a
double or a triple bond, and a half-life temperature higher
than 140° C. for decomposing half of the molecules in one
hour, can be represented by either of the general formulae:
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@

R R"
R—O—O—(lj—CE —(lj—O—O—R
L L

[0049] Wherein each R is the same or different and is a
hydrocarbon or a carboxy or a heteroatom, and each R' or R"
is the same or different and is an alkyl having one or more
carbon atoms or an aryl, with the restriction that at least one
R' and at least one R" is an alkyl having one or more carbon
atoms

2
RS R#x Rxx RIS @

R¥—O0—O0—C—C=—=C—C—0O0—O0O—R*

RS RS

[0050] wherein each R* is the same or different and is a
hydrocarbon or a carboxy or a heteroatom and each R® or
R or R** is the same or different and is an alkyl having one
or more carbon atoms or an aryl with the restriction that at
least one R® and at least one R*® is an alkyl having one or
more carbon atoms,

[0051] Preferably, the peroxide is a linear dialkyl peroxide
containing at least two peroxide goups and wherein each of
R' and R" or each of R**, R® and R®® is an alkyl, more
preferably a methyl. When all the substituents R' and R" or
R** R*® and R® are methyl, the linear dialkyl peroxide has
an hexyne or an hexene backbone. Most preferably, it is
2,5-dimethyl-2,5-di(tert-butyl-peroxy)-hexyne(3).

[0052] The treatment of a polypropylene with peroxide
generally produces a modified polymer by creation of func-
tional groups. Peroxide radicals can cause chain scission
and/or cross-linking, resulting in an increase of the melt flow
index. It must be noted however that increasing the degra-
dation ratio causes a decrease of the flexural modulus. The
amount of peroxide necessary to carry out the invention
depends upon the chemical nature of the peroxide, upon the
starting melt flow index and upon the desired final melt flow
index: it is directly proportional to the final melt flow index.
Melt flow index of from 2 to 70 g/10 min have been
obtained, but the efforts of the present invention are focused
on products having a melt flow index larger than 15 g/10 min
and a degradation rate larger than 5. The main departure
from the strength and stiffness behaviour of prior art mate-
rials occurs for resins having a melt flow index above 15
g/10 min.

[0053] Inapreferred embodiment of the present invention,
the polypropylene heterophasic copolymer is prepared by
copolymerising propylene with ethylene in the proportions
of from 5 to 20 wt % of ethylene and 95 to 80 wt % of
propylene. The copolymerisation is effected in two reactors
as follows:

[0054] a) the catalyst and propylene are charged into a
first loop reactor equipped with a circulation pump, at
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a temperature of from 60 to 80° C. and under a pressure
of from 35 to 40 bars, using the liquid monomer as a
suspension vehicle, in order to produce a homopolymer
of propylene on the surface of the catalyst grains;

[0055] b) the polymer-coated catalyst grains are trans-
ferred to one or more secondary gas phase reactors with
a fluidised bed and ethylene is added in order to
produce an ethylene-propylene rubber.

[0056] The polypropylene heterophasic copolymer so
obtained has a typical heterophasic morphology consisting
of ethylene-propylene bipolymer spherical domains dis-
persed in a semi-crystalline polypropylene matrix. These
materials generally consist of three components: a propylene
homopolymer, a rubbery ethylene-propylene bipolymer and
a crystalline ethylene-rich ethylene-propylene bipolymer.
The amount and properties of the components are controlled
by the process conditions and the physical properties of the
resulting material are correlated to the nature and amount of
the three components. In the present invention, the preferred
amount of ethylene is of from 9 to 15 wt % and more
preferably, it is from 11 to 14 wt %.

[0057] The polypropylene heterophasic copolymer is then
extruded in an extruder with a linear dialkyl peroxide and
with one or more optional fillers, such as glass fillers, talc,
calcium carbonate or clay minerals. The linear dialkyl
peroxide has a half-life temperature higher than 140° C. for
decomposing half of the molecules in one hour. The extru-
sion is carried out at a temperature that is just sufficient to
maintain the material in a molten state. In the examples
carried out with the preferred peroxide of the present inven-
tion, the extrusion temperatures are typically of from 160°
C. to 200° C., preferably of from 160 to 190° C.

[0058] The resin obtained after degradation of the
polypropylene (co)polymer at low temperature exhibit an
excellent impact performance. That result is totally unex-
pected as it is generally known in the art to work at
temperatures higher than 200° C. with high half-life tem-
perature peroxides, in order to compensate for their low
reactivity level. It must be noted in addition that the resins
prepared according to the present invention retain higher
impact strength than prior art resins, for extrusion tempera-
tures higher than 200° C.

[0059] The Izod notched impact strength of the final resin
depends upon the amount of ethylene present in the polypro-
pylene heterophasic copolymer: it increases with increasing
amounts of ethylene. The rigidity, on the contrary, decreases
with increasing amounts of ethylene, thereby imposing an
upper limit to the amount of ethylene incorporated into the
copolymer.

[0060] Tt is further observed, that the final resins obtained
according to the present invention, when extruded at cold
temperature, retain an Izod notched impact strength at 23° C.
above 40 kJ/m?, for melt flow indices ranging from 15 to 40
2/10 min and for an ethylene content of from 9 to 15 wt %
in the polypropylene heterophasic copolymer. For an ethyl-
ene content in the polypropylene heterophasic copolymer
larger than 12 wt % and an extrusion temperature of at most
200° C., the impact strength of the compositions according
to the present invention remains above 40 kJ/m* for melt
flow indices up to 70 g/10 min. Throughout this disclosure,
cold extrusion temperature is understood as a temperature
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ranging from the temperature at which all components are in
the molten state up to a temperature of less than 200° C.

[0061] In addition, it is also observed that both the extru-
sion temperature and the percentage of ethylene contained in
the polypropylene heterophasic copolymer have an influ-
ence on the behaviour of the I1zod notched impact strength as
a function of melt flow index. Decreasing the extrusion
temperature and/or increasing the amount of ethylene results
in final resins that retain the impact properties at values of
the melt flow index larger than 40 g/10 min. It is thus
possible, playing with these two parameters to tailor the
desired final resins.

[0062] The copolymers of the present invention are used
in several applications that require simultaneously a melt
flow index larger than 15 g/10 min, high impact strength and
high flexural modulus such as for example: crates, ice cream
containers, yoghurt beakers, storage bins, suitcases, lids,
pails, technical parts, garden articles, automotive parts,
batteries, thin wall packaging, medical waste containers and
compounds. Compounds are particularly valuable as they
allow the production of articles with less or no elastomeric
modifiers thereby allowing reduction of cost and processing
time.
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diluted 50% in Esso Primol 32: 2,5-dimethyl-2,5-
di(tert-butylperoxy)-hexane;

[0070] a linear peroxide with a short half-life tem-
perature sold by ATOFINA wunder the name
Luperox® 802PP40: di(2-tert-butylperoxypropyl-
(2))-benzene

[0071] a linear peroxide with a short half-life tem-
perature sold by Akzo Nobel Chemicals B.V. under
the name Trigonox® 101: 2,5-di-tert-butyl-2,5-dim-
ethyl peroxide;

[0072] a diluted linear peroxide with a long half-life
temperature sold by ATOFINA under the name
Luperox® DIMOS50 and diluted 50% in mineral oil:
di-tert-butyl-peroxide.

[0073] a cyclic peroxide with a long half-life tem-
perature sold by Akzo Nobel Chemicals B.V. under
the name Trigonox® 301: 3,6,9-triethyl-3,6,9-trim-
ethyl-1,4,7-triperoxonane.

[0074] The properties of these five peroxides are sum-
marised in Table I.

TABLE 1
Luperox Luperox
Peroxide 130MOS85 Luperox 101 802PP40  Trigonox 101  Luperox DI  Trigonox 301
Active oxygen 9.5% 10% 3.8% 10% 10.9% 7.5%
Half-life® 149° C. 138° C. 146° C. 138° C. 149° C. 149° C.

*The half-life temperature is measured by the temperature at which half of the molecule of peroxide are
decomposed after one hour in a solution 0.2 molar benzene.

EXAMPLES

[0063] Several samples were prepared using as starting
material a polypropylene heterophasic copolymer having a
melt flow value MI2 of 2 g/10 min and an ethylene content
of from 10.5 to 12.5 wt %. The polypropylene heterophasic
copolymer has been extruded in a single-screw Gloenco
extruder with various peroxides in order to obtain the
desired melt flow index for the finished material. The
formulation of these materials contains in addition 500 ppm
of Irganox 1010, 500 ppm of Irgafos 168, 400 ppm of
calcium stearate, 3500 ppm of talc and 2000 ppm of Atmer
129.

[0064] Two temperature profiles were used on the Gloenco
extruder:

[0065] normal temperature profile of 180-200-200-
200-200° C.

[0066] low temperature profile of 170-170-170-170-
170° C.

[0067] The following peroxides were used:

[0068] an diluted linear peroxide with a long half-life
temperature sold by ATOFINA under the name
Luperox® 130MO85: 2,5-dimethyl-2,5-di-(tert-bu-
tylperoxy)-hexyne(3);

[0069] a linear peroxide diluted into mineral oil sold
by ATOFINA under the name Luperox® 101 and

[0075] The flexural modulus was measured at 23° C. using
the method of standard test ISO 178 and the Izod notched
impact strength was measured respectively at 23° C., 10° C.
and —-20° C. using the method of standard test ISO 180.

[0076] The amounts of peroxide were adjusted in order to
obtain the target MI2’s of 12, 25 and 40.

[0077] The results are summarised in Tables II to VII.
TABLE 1II

Granulation with Luperox 130MOS8S5.

Target MI2 (/10 min)

12 25 40 12 25 40
MI2 (g/10 min) 11.2 21.1 37.8 10 264 354
MI2 real® 72 14.2 21.8 5 133 174
(/10 min)
Extrusion Normal Normal Normal low Low  Low
temperature (° C.)
Flexural 1080 1040 1007 1082 1023 999
Modulus (Mpa)
Izod at 52.0 47.7 43.1 54.1 489 458
23° C. (kJ/m?)
Izod at 15.4 12.8 11.4 43.9 13.8 129
10° C. (kJ/m?)
Izod at 7.8 7.3 7.0 7.9 7.8 7.0
-20° C. (kI/m?)

*MI2 real stands for MI2 of the polymer after granulation: it can be evalu-
ated by an indirect technique such as Gel Permeation Chromatography
(GPO).
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[0078] [0081]
TABLE III TABLE VI
Granulation with Luperox 101 50% diluted in mineral oil. Granulation with Luperox DIMOSO.
Target MI2 (/10 min) Target MI2 (/10 min)
12 25 40 12 25 40
12 25 40 12 25 40
Extrusion Normal Normal Normal Low Low low
MI2 (g/10 min) 122 247 406 1.6 247 343 telmpef‘dlture
MI2 Irg o5 181 76 a1 152 180 Flexura 1062 1018 1001 1084 1007 966
. modulus (Mpa)
(/10 min) Tzod at 469 293 158 535 384 176
Extrusion Normal Normal Normal low Low Low 23° C. (kI/m?)
temperature (° C.) Izod at 12.4 12.1 11.0 16.1 122 108
Flexural 1044 1006 964 1073 1008 963 10° C. (kI/m?)
Izod at 7.0 6.4 6.2 7.7 69 6.8
Modulus (Mpa) . 5
-20° C. (kJ/m?)
Izod at 459 184 137 472 198 163
23° C. (KJ/m?)
Izod at 134 111 9.8 13,5 1.5 98
10° C. (kI/m?) [0082]
Izod at 6.8 6.1 6.2 72 6.6 65
-20° C. (KJ/m?) TABLE VII
Granulation with Trigonox 301.
[0079] Target MI2 (/10 min)
12 25 40 12 25 40
TABLE IV
Extrusion Normal Normal Normal Low Low  Low
Granulation with Luperox 802PP40. temperature
Flexural 1120 1065 1136 1073 1012 989
Target MI2 (/10 min) modulus (Mpa)
Izod at 54 51 21.1 515 475 45
12 25 40 12 25 40 23° C. (kI/m?)
Izod at na.t n.a. n.a. 43.1 12.8 10.7
MI2 (/10 min) 11.0 235 401 13.5 252 36.6 10° C. (kJ/m?)
MI2 Irg 8.7 169 277 6.7 115 184 Izod at 6.5 72 82 6.4 61 61
(2/10 min) -20° C. (kJ/m?)
Extrusion Normal Normal Normal low Low  Low
temperature
Flexural 1067 1015 992 1029 1013 994
Mzzirﬁs (Mpa) [0083] It can be concluded from these examples and data
Izod at 45.3 172 133 476 212 165 that a polypropylene degraded with the linear dialkyl per-
23° C. (kI/m%) oxides according to the present invention exhibits outstand-
Ilzoidét e 122 106 9.3 14.0 1.3 104 ing impact properties for values of melt flow index larger
Izod a't( m) 7n 6.8 59 75 63 63 than 15 g/10 min, quite contrary to observations made on
-20° C. (kI/m2) polypropylene degraded with conventional linear peroxides.
It compares also advantageously with a polypropylene
degraded with a cyclic ketone peroxide as can be seen by
[0080] comparing the Izod results of Tables II and V. In addition, it
is observed by comparing these same two tables, that the
TABLE V impact performance of the degraded polypropylene is less
sensitive to the extrusion temperature. The impact strength
Granulation with Trigonox 101. of a polypropylene degraded with a cyclic ketone peroxide
] begins to significantly loose its impact strength when it is
Target MI2 (/10 min) extruded with the cyclic peroxide at a temperature of 200°
12 25 40 12 25 40 C.: the Izod notched impact strength at 23° C. falls to 21.1
- kJ/m* for a MI2 of 40 g/10 min. For the degraded polypro-
F’“mswtn Normal Normal Normal — low Low  Low pylene according to the present invention, extruded with a
cemperature . . . o .
Flextural 1050 1040 1102 1043 1000 962 hneag dlalkyl.peromde at 200° C., thg Izod impact strength
modulus (Mpa) at 23° C. retains a value of 43.1 kJ/m~ for a MI2 of 40 g/10
Izod at 19 207 133 47 24 14 min.
23° C. (kJ/m?) ) )
Izod at nat na. na. 12.7 9.9 8 [0084] The half-life temperature of the peroxide used to
10° C. (kI/m?) degrade the polypropylene plays a significant role in the
Izod at 6 7.6 6.9 6.1 58 48 & POYPIOPY Py s

-20° C. (kJ/m?)

1n.a. means: not available

impact behaviour of the degraded material but other factors
are at play as can be seen by comparing Tables II and VI. The
peroxide Luperox DI has exactly the same half-life tem-
perature of 149° C. as Luperox 130; it exhibits better impact
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performances than other peroxides having low half-life
temperatures but it does not match the performances of
Luperox 130 for melt flow indices larger than 25 g/10 min.
The half-life temperature, although very important, is thus
not the only determining factor in the determination of the
impact strength of the degraded material, and the chemical
structure of the peroxide molecule also influences the end
results.

[0085] The linear dialkyl peroxide used in the present
invention has the further advantage of producing the desired
degradation level, i.e. the desired melt flow index with a
smaller amount of peroxide than the cyclic ketone peroxide
Trigonox 301. The consumption (expressed in ppm) of these
two peroxides for obtaining polypropylene with desired
degradation levels is displayed in Table VIII.

TABLE VIII
MI2 Trigonox 301 Luperox 130MO85
12 g/10 min 480 ppm 270 ppm
25 g/10 min 970 ppm 485 ppm
40 g/10 min 1420 ppm 750 ppm
[0086] 1t must be noted that the percentage of active

oxygen of the Luperox 130MOS8S5 is larger than that of the
Trigonox 301, thereby at least partly responsible for that
difference in consumption.

[0087] From these examples, it can be concluded that the
linear dialkyl peroxides with an hexyne or an hexene back-
bone offers an important mechanical advantage over con-
ventional linear peroxides such as Trigonox 101 or Luperox
101 and over cyclic ketone ketone peroxides such as
Trogonox 301.

[0088] It is possible to produce better flow materials that
keep their impact strength for a melt flow index as high 70
g/10 min as observed from the Izod notched impact test at
room temperature. The materials also show a better impact
performance at lower temperatures, down to —20° C.

[0089] The flexural modulus is higher in most cases.

[0090] In conclusion, the resins produced according to the
present invention exhibit an improved balance of stiffness,
impact, strength and flow properties. The materials produced
according to the present invention are thus particularly
useful for preparing articles that require simultaneously high
melt flow and good impact strength. Indeed high melt flow
material is easier and faster to process, particularly in
injection moulding, thus allowing shorter cycle time and
reduction of the walls’ thickness while keeping an accept-
able stiffness and impact strength.

1-18. (canceled)

19. A degraded polypropylene (co)polymer produced by
degrading a precursor polypropylene copolymer with a
linear dialkyl peroxide having a double or triple bond, said
degraded polypropylene copolymer retaining an Izod
notched impact strength larger than 20 kJ/m? for melt flow
indices greater than 15 g/10 min. and for a degradation rate
MI2,/MI2, ;o geq larger than 5.

20. The degraded polypropylene (co)polymer of claim 19
characterized by a degradation rate MI2q,,o/MI2,. ... 4.4 Of at
least 10.
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21. The degraded polypropylene (co)polymer of claim 19
characterized by a degradation rate MI2q, /MI2,. ... 4.q Of at
least 20.

22. The degraded polypropylene (co)polymer of claim 19
characterized by an Izod notched impact strength greater
than 30 kJ/m? for melt flow indices greater than 15 g/10 min.

23. The degraded polypropylene (co)polymer of claim 19
characterized by an Izod notched impact strength greater
than 40 kJ/m? for melt flow indices greater than 15 g/10 min.

24. The degraded polypropylene (co)polymer of claim 19
wherein said copolymer is a polypropylene heterophasic
copolymer containing from 5-20 wt. % of ethylene.

25. The degraded polypropylene (co)polymer of claim 24
wherein said copolymer contains from 9 to 15 wt. % of
ethylene.

26. The degraded polypropylene (co)polymer of claim 24
wherein said copolymer contains from 11 to 14 wt. % of
ethylene.

27. The degraded polypropylene (co)polymer of claim 19
characterized by an impact strength when the melt flow
index reaches a threshold value that increases with decreas-
ing extrusion temperature.

28. The degraded polypropylene (co)polymer of claim 19
wherein the linear dialkyl peroxide has at least two peroxide
groups and a hexene or hexyne backbone.

29. The degraded polypropylene (co)polymer of claim 28
wherein said linear dialkyl peroxide is characterized by the
formula:

®

R R
R—O—O—(lj—CE —(lj—O—O—R
L L

wherein:

each R is the same or different and is a hydrocarbon or a
carboxy or a heteroatom, and each R' or R" is the same
or different and is an alkyl group having one or more
carbon atoms or an aryl group, provided that at least
one R' and at least one R" is an alkyl group having one
or more carbon atoms or the formula:

2
R$  R#x R+ RS @

*R—O0—O0—C—C=—=C—C—O0—O0O—R*

RS R$$

wherein:

each R* is the same or different and is a hydrocarbon or
a carboxy or a heteroatom, each R¥, R** or R** is the
same or different and is an alkyl group having one or
more carbon atoms or an aryl group provided that at
least one R® and at least one R®* is an alkyl group
having one or more carbon atoms.

30. The degraded polypropylene (co)polymer of claim 29
wherein the peroxide is a linear dialkyl peroxide containing
at least two peroxide groups and where each of R' and R" or
each of R**, R® and R* is an alkyl group.
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31. The degraded polypropylene (co)polymer of claim 30
wherein each of the substituents R' and R" or R**, R® and
R*® is a methyl group and the linear dialkyl peroxide has a
hexyne or a hexene backbone.

32. The degraded polypropylene (co)polymer of claim 28
wherein the linear dialkyl peroxide is 2,5-dimethyl-2,5-
di(tert-butyl-peroxy)-hexyne(3).

33. A process for producing a degraded polypropylene
(co)polymer comprising:

a. providing a precursor polypropylene (co)polymer;

b. extruding said precursor polypropylene (co)polymer
with a linear dialkyl peroxide having a double or triple
bond in an extruder at a temperature sufficient to
maintain said (co)polymer in a molten state and which
does not exceed 200° C. to produce a degraded
polypropylene (co)polymer having an Izod notched
impact strength greater than 20 kJ/m* for melt flow
indices greater than 15 g/10 min. and a degradation rate
MI2q,/MI2, ;o geq larger than 5; and

c. recovering said degraded polypropylene (co)polymer
from said extruder.
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34. The process of claim 33 wherein said extruder is
operated at a temperature within the range of 160-200° C.

35. The process of claim 33 wherein said extrusion at a
temperature within the range of 160-190° C.

36. The process of claim 33 wherein said polypropylene
(co)polymer precursor incorporates at least one of an elas-
tomeric modifier and a particulate filler selected from the
group consisting of glass, talc, calcium carbonate, and a clay
mineral.

37. The process of claim 36 wherein said (co)polymer is
extruded with a filler selected from the group consisting of
a glass, talc, calcium carbonate, and a clay mineral.

38. The process of claim 37 wherein the linear dialkyl
peroxide has at least two peroxide groups and a hexene or
hexyne backbone.

39. The process of claim 38 wherein the linear dialkyl
peroxide is  2,5-dimethyl-2,5-di(tert-butyl-peroxy)-hex-
yne(3).



