Office de la Propriete Canadian CA 2037627 C 2002/09/17

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 037 627
gln gfga”isge ] ffgjage”g of ; 12y BREVET CANADIEN
Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1991/03/06 (51) CL.Int.>/Int.CI.° CO8L 51/00, CO8L 71/12, CO8L 23/12,
(41) Mise a la disp. pub./Open to Public Insp.: 1991/09/27 CO8L 53/00
ol _ (72) Inventeurs/Inventors:
(45) Date de delivrance/lssue Date: 2002/09/17 DeNicola, Anthony J.. Jr.. US:
(30) Priorité/Priority: 1990/03/26 (07/499,133) US Guyer, Ralph A., US

(73) Proprietaire/Owner:
MONTELL NORTH AMERICA INC., US

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : COMPOSITIONS THERMORESISTANTES A BASE DE POLYMERE DE PROPYLENE
(54) Title: HEAT RESISTANT PROPYLENE POLYMER COMPOSITIONS

(57) Abrége/Abstract:

Disclosed are resin compositions comprising (a) a polyphenylene ether resin, a styrene resin or mixtures thereof, (b) a styrenic
grafted propylene polymer material, (¢c) one or more monoalkenyl aromatic hydrocarbon-conjugated diene block copolymers,
hydrogenated products thereof or mixtures thereof, and optionally, (d) a propylene polymer material.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




2037627

L8 { S 1 AN PROUOSYLEND POLYMER IMPOSTITION,

Abstract of the Disclosure

Disclosed are resin compositions comprising (a) a
polyphenylene ether resin, a styrene resin or mixtures

thereof, (b) a styrenic grafted propylene polymer material,
(c) one or more monoalkenyl aromatic nydrocarbon-conjugated
diene block copolymers, hydrogenated products thereof or
mixtures thereof, and optionally, (d) a propylene polymer
material.



2037627

<

2364s

10

15

20

25

Case 7005

This invention relates to compositions comprising (a)
a polyphenylene ether resin, a styrene resin or mixtures
thereof, (b) a styrenic grafted propylene polymer material,
(c) one or more monoalkenyl aromatic hydrocarbon-conjugated
diene block copolymers, hydrogenated products thereof or
mixtures thereof, and, optionally, (d) a propylene polymer
material.

Polyphenylene ether resin, also known as polyphenylene
oxide, is recognized in the art as an engineering plastic
having excellent high heat distortion temperature, high
stiffness and high strength at elevated temperatures.
However, it has the drawbacks of poor impact strength, poor
processibility due to high melt and glass transition
temperatures and poor chemical resistance thereby limiting
its field of application.

In an attempt to overcome these drawbacks,
polyphenylene ether resin has been blended with other

resins. For example, U.S. Patent 3,383,435 discloses a
composition comprising polyphenylene ether resin and a
polystyrene or a rubber-modified styrene resin, wherein the
rubber component is a highly unsaturated rubber, such as,
polybutadiene. U.S. Patent 3,658,945 and 3,943,191 dis-
close compositions comprising polyphenylene ether resin and
an EPDM-modified styrene resin. In these patents the EPDM
rubber replaces the highly unsaturated rubber used in the

U.S. Patent 3,383,435 in an attempt to increase the impact

strength. However, no significant improvement was achieved.

Other compositions have been disclosed comprising a
polyphenylene ether resin and an EPDM-modified styrene
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resin with additional components. U.S. Patent 4,172,826
discloses compositions comprising polyphenylene ether
resin, EPDM-modified styrene resin, hydrogenated A-B-A
block copolymers and, optionally, a filler. 1In U.S. Patent
4,483,958 the composition disclosed comprises polyphenylene
ether resin, EPDM-modified styrene resin, an inorganic
filler and a thermoplastic elastomer selected from

styrene-conjugated diolefin copolymers and styrene polymer
grafted polyolefin.

Various blend compositions of polyolefins and
polyphenylene ether resins have been made in an attempt to
improve properties, such as impact strength, chemical
resistance and melt processibility of polyphenylene ether
resins. For example, U.S. Patent 3,361,851 to Gowan
discloses a composition comprising polyphenylene ether
resin and polypropylene, wherein a small quantity of
polypropylene is dispersed in the polyphenylene ether
resin. The reference teaches that the amount of the
polypropylene that can be incorporated is limited to no
more than 10% by weight of the total composition and that

incorporating amounts of polypropylene exceeding 10%
results in phase separation during the molding of such

compositions and delamination of the molded articles.

It has also been disclosed that larger amounts of
polypropylene can be incorporated in polyphenylene ether
resin compositions if elastomeric block copolymers are
present and, optionally, polystyrene. Compositions of this
kind are described in U.S. Patent 4,166,055; 4,764,559 and
4,383,082 and EPA 263678. These patents teach improved
compatibility between the polyolefin and polyphenylene
ether and improved impact strength. However, there is a
substantial decrease in flexural modulus and heat
distortion temperature.

U.S5. Patent 4,713,416 to Del Giudice et al. discloses

a composition of (a) polyphenylene ether resin, (b) a
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thermoplastic copolymer other than polystyrene that is
incompatible with polyphenylene ether resins, such as
crystalline olefin polymers, polycarbonates, aromatic
polyesters and polyamides, and (c) a compatibility
promoting agent. When the incompatible thermoplastic
copolymer 1s a crystalline olefin polymer the reference
teaches using either (a) block copolymers consisting of a
vinyl aromatic monomer and a crystalline olefin or (b) the
product obtained by grafting a vinyl aromatic monomer onto
a crystalline polymer of a CZ-C6 olefin.

It has been found that compositions comprising (a) a
polyphenylene ether resin, a styrene resin or mixtures
thereof, (b) a styrenic grafted propylene polymer material,
(c) one or more monoalkenyl aromatic hydrocarbon-conjugated
diene block copolymers, hydrogenated products thereof or
mixtures thereof, and optionally (d) a propylene polymer
material exhibit excellent retention of heat resistance,
high stiffness and tensile strength at elevated
temperatures, high chemical resistance, good gloss and
surface appearance, melt processibility and high impackt
strength, as well as, improved compatibility.

One embodiment of the invention provides compositions
comprising, by weight, (a) from 10 to 65% of a polyphenyl-
ene ether resin, a styrene resin or a mixture thereof, (b)
from 30 to 75% of a styrenic grafted propylene polymer
material, and (c) from 1 to 15% of one or more monoalkenyl
aromatic hydrocarbon-conjugated diene block copolymers,
hydrogenated products thereof or mixtures thereof, wherein
the total amount of (a) + (b) + (c) is 100%.

Another embodiment of the invention provides
compositions comprising (a) from 10 to 65% of a
polyphenylene ether resin, a styrene resin or mixtures
thereof, (b) from 5 to 30% of a styrenic grafted propylene

polymer material, (c) from 1 to 15% of one or more
monoalkenyl aromatic hydrocarbon-conjugated diene block
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copolymers, hydrogenated products thereof or mixtures
thereof, and (d) from 1 to 70% of a propylene polymer
material, wherein the total amount of (a) + (b) + (c) + (4)
is 100%.

The compositions of the invention are useful in the
manufacture of molded articles, such as automotive parts,
appliances and motor housings.

Unless otherwise specified all percentages and parts
are by weight in this specification.

The polyphenylene ether resin of component (a) 1s a

homo- or copolymer selected from those having the repeating
structural units of the formula:

n

wherein the oxygen ether atom of one unit is connected to
the benzene nucleus of the next adjoining unit, n is a
positive integer higher than 50, Ry, R,, R3,
Rq, the same or different from each other, are hydrogen,
halogen, hydrocarbon radicals, halohydrocarbon radicals, or
halohydrocarboxylic radicals containing at least two carbon

atoms between the benzene nucleus and the halogen atom.

and

The preparation of polyphenylene ether resins corresponding
to the above structural formula is described in U.S.
Patents 3,306,874, 3,306,875, 3,257,357 and 3,257,358.

When the resin material of component (a) is a styrene
resin, it is selected from crystal styrene homopolymer,
high impact polystyrene, alkyl ring-substituted styrene
homopolymer where the alkyl is methyl or ethyl,

—4 -
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styrene/alkyl ring-substituted styrene copolymers and
styrene/alphamethylstyrene copolymers.

The component (a) according to the present invention
may also be a mixture of the above-described polyphenylene
ether resin and styrene resin. The proportion of the
styrene resin in the mixture is from 2 to 98% based on the
total amount of the polyphenylene ether resin and styrene
resin, preferably the styrene resin in the mixture is 10 to
60%.

Component (a) of the invention is present in the
amount of 10 to 65% by weight, preferably, from 20 to 60%,
most preferably from 30 to 60% based on the total composi-
tion.

Component (b) of the present invention is a styrenic
grafted propylene polymer material. Styrenic grafted
propylene polymer material as used in this specification
means those grafted propylene polymer materials where the
styrenic grafting monomer is styrene, an alkyl ring-
substituted styrene where the alkyl is methyl or ethyl,
combinations thereof wherein the alkyl ring-substituted
styrene 1is present in an amount of from 5 to 95%, or a
combination of styrene or an alkyl ring-substituted styrene
with 5 to 40% of alpha-methylstyrene or alpha-methyl-
styrene derivatives. Preferred grafting monomers are
styrene and mixtures of styrene and alpha-methylstyrene.

The propylene polymer material backbone of component
(b) can be (i) a homopolymer of propylene, (ii) a random
copolymer of propylene and an olefin seleCted from ethylene
and C4—C10 alpha-olefins, provided that, when the
olefin is ethylene, the maximum polymerized ethylene
content is about 10%, preferably about 4%, and when the
olefin is a C4~-C10 alpha-olefin, the maximum
polymerized content thereof is about 20%, preferably about
16%, (11i) a random terpolymer of propylene with two
alpha-olefins selected from the group consisting of

_-h
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ethylene and C4--C8 alpha~olefin, provided that the

maximum polymerized C4~-—C8 alpha-olefin content is about
20%, preferably about 16%, and when ethylene is one of said
alpha-olefins, the maximum polymerized ethylene content is
about 5%, preferably about 4%, (iv) a homopolymer of (i) or
a random copolymer of (ii) impact-modified with from about
5 to 30% of an ethylene-propylene copolymer rubber, or an
ethylene-propylene-non-conjugated diene monomer rubber
having a diene content of about 2-8%. The ethylene content
of (iv) being from about 20 to about 70%. The C4C1p
alpha-olefins include linear and branched C4—C10
alpha-olefins such as l-butene, l-pentene, 4-methyl-
pentene-1, 3-methyl-l-butene, l-hexene, 3,4~-dimethyl-
l-butene, l-heptene, 3-methyl-l- hexene, l-octene, and the
like.

Suitable particulate forms of the grafted propylene
polymer material include powder, flake, granulate,
spherical, cubic and the like. Spherical particulate forms
prepared from a propylene polymer material having a pore
volume fraction of at 1east about 0.07 are preferred.

Most preferred for preparing the grafted propylene
polymer material is a propylene polymer material having (1)
a weight average diameter of about 0.4 to 7 mm, (2) a
surface area of at least 0.1 mz/g, and (3) a pore volume
fraction of at least about 0.07 wherein more than 40% of
the pores in the particle have a diameter larger than 1
micron. Such propylene polymer materials are commercially
available from HIMONT Italia, S.p.A.

The styrene monomer, alkyl ring-substituted styrene
monomer or methylstyrene derivative, except
alpha-methylstyrene, can be used alone or in combination
with each other or with alpha-methylstyrene to graft onto
the propylene polymer material backbone. All except alpha-
methylstyrene and its derivatives readily homopolymerize
when used alone and graft copolymerize with each other when
two or more are present, including alpha-methylstyrene.
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Preferred styrenic grafted propylene polymer materials
of the present invention are grafted copolymers of styrene
or of styrene and a methylstyrene derivative monomer on
polypropylene or on an impact-modified polypropylene
backbone.

The styrenic grafted propylene polymer material of the
present invention is prepared by the free-radical-initiated
graft polymerization of at least one vinyl monomer, at
free-radical sites on propylene polymer material. The
free-radical sites may be produced by irradiation or by a
free-radical generating chemical material, e.g., by
reaction with a suitable organic peroxide. |

According to the method where the free-radical sites
are produced by irradiation, the propylene polymer
material, preferably in particulate form, is irradiated at
a temperature in the range of about 10° to 85°C with
high~energy ionizing radiation to produce free-radical
sites in the propylene polymer material. The irradiated
propylene polymer material, while being maintained in a
substantially non-oxidizing atmosphere, e€.g., under 1inert
gas, is then treated at a temperature up to about 100°C for

a period of at least about 3 minutes, with about from 5 Lo
80% of the particular grafting monomer or monomers used,
based on the total weight of propylene polymer material and
grafting monomer(s). After the propylene polymer material
has been exposed to the monomer for the selected period of
time, simultaneously or successively in optional order, the
resultant grafted propylene polymer material, while still
maintained in a substantially non-oxidizing environment, is
treated to deactivate substantially all of the residual
free radicals therein, and any unreacted grafting monomer
1s removed from said material.

The free-radical deactivation of the resulting graft

copolymer 1is conducted preferably by heating, although it
can be accomplished by the use of an additive, e.g.,
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methyl-mercaptan, that functions as a free-radical trap.
Typically the deactivation temperature will be at least
110°C, preferably at least 120°C, Heating at the
deactivation temperature for at least Zo'minutes 18
generally sufficient.

Any unreacted grafting monomer is removed from the
graft copolymer, either before or after the radical
deactivation, or at the same time as deactivation. 1If the
removal 1s effected before or during deactivation, a
substantially non-oxidizing environment is maintained.

In the method where the free-radical sites are
produced by an organic chemical compound, the organic
chemical compound, preferably an organic peroxide, is a
free-radical polymerization initiator which has a
decomposition half-life of about 1 to 240 minutes at the
temperature employed during the treatment. Suitable
organic peroxides include acyl peroxides, such as benzoyl
and dibenzoyl peroxides; dialkyl and aralkyl peroxides,
such as di-tert-butyl peroxide, dicumyl peroxide, cumyl
butyl peroxide, l,l1-di-tert-butylperoxy-3,5,5~trimethyl-
cyclohexane, 2,5~-dimethyl-2,5-di-tert-butylperoxyhexane,
and bis(alpha-tert-butylperoxyisopropylbenzene); pPeroxy
esters, such as tert-butylperoxypivalate, tert-butyl
perbenzoate, 2,5-dimethylhexyl 2,5-di(perbenzoate),
tert-butyl-di(perphthalate), tert—butylperoxy—z—ethyl
hexanoate; and 1,1-dimethyl-~3-hydroxybutylperoxy-2-ethyl
hexanoate; and peroxy carbonates, such as di(2~-ethylhexyl)
peroxy dicarbonate, di(n-propyl)peroxy dicarbonate, and
di(4-tert-butylcyclohexyl)peroxy dicarbonate. The
peroxides Can be used neat or in a diluent medium, having
an active concentration of from 0.1 to 6.0 pph, preferably
from 0.2 to 3.0 pph.

According to this method, the propylene polymer
material, preferably in particulate form, at a temperature
of from about 60°C to 125°C is treated with from 0.1 to 6.0
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pph of a free-radical polymerization initiator described
above. The polymer material is treated with about 5 to 240
pph of a grafting monomer at a rate of addition that does
not exceed 4.5 pph per minute at all addition levels of 5
to 240 pph of the monomer, over a period of time which
coincides with, or follows, the period of treatment with
the initiator. 1In other words, the monomer and initiator
may be added to the heated propylene polymer material at
the same time or the monomer may be added l) after the
addition of the initiator has been completed, 2) after
addition of the initiator has started but has not vyet been
completed, or 3) after a delay time or hold time subsequent
to the completion of the initiator addition.

After the propylene polymer material has been grafted,
the resultant grafted propylene polymer material, while
still maintained in a substantially non-oxidizing
environment, is treated, preferably by heating at a
temperature of at least 120°C for at least 20 minutes, to
decompose any unreacted initiator and deactivate residual
free radicals therein. Any unreacted grafting monomer is
removed from said material, either before or after the
radical deactivation, or at the same time as deactivation.
The styrenic grafted propylene polymer material, component
(b), is present in the amount of from 30 to 75%, based on
the total composition, except in the compositions
containing optional component (d). When component (d) is
present, component (b) is present in the amount of 5 to
30%, and preferably from 10 to 25%, based on the total
composition. In either case, the styrenic grafted

propylene polymer material has from 5 to 70% of the
styrenic monomer grafted or graft polymerized thereto, and
preferably from 10 to 55%.

Component (c) according to the present invention is
selected from one or more monoalkenyl aromatic hydrocarbon-
conjugated diene block copolymers of linear or branched A-B
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or A-B-A types or radial (A--B)n where n = 3-20, and
hydrogenated products thereof or mixtures thereof, where A
is a monoalkenyl aromatic hydrocarbon polymer block and B
1s a conjugated diene polymer block. Typical monoalkenyl

aromatic hydrocarbon monomers are styrene, C linear or

branched alkyl ring-substituted styrene and iiﬁyl toluene.
Suitable conjugated dienes are butadiene and 1soprene.,
According to the present invention mixtures of
component (c) are selected from the group consisting of (i)
two or more of the monoalkenyl aromatic hydrocarbon-
conjugated diene block copolymers, (11) two or more
hydrogenated derivatives thereof and (11i1) at least one
monoalkenyl aromatic hydrocarbon-conjugated diene block
copolymer and at least one hydrogenated derivative thereof.
The monoalkenyl aromatic hydrocarbon-conjugated diene

block copolymers have a number average molecular welght of
from 45,000 to 260,000 wherein the proportion of the

monoalkenyl aromatic hydrocarbon monomer in the monoalkenyl
aromatic hydrocarbon-conjugated diene block copolymer (c)
ranges from 5 to 50%, preferably from 15 to 40%, and more
preferably from 25 to 40%. When component (c) is a
mixture, two or more block copolymers or hydrogenated
products thereof in various amounts and types can be used.
When a mixture is used it is preferably a 50/50 mixture.

The monoalkenyl aromatic hydrocarbon-conjugated diene
block copolymer and their hydrogenated derivatives used in
the composition of the present invention are commercially
available. The linear block copolymers are preferred.

The block copolymers can be synthesized according to
the methods in U.S. Patent 3,459,830 and 3,994,856. The

method for hydrogenation of the conjugated diene block is
also known in the art. The hydrogenation catalyst which
can be used includes noble metal catalyst, such as
platinum, nickel catalyst and copper-chromium catalyst.
Specific examples of the methods for hydrogenation are
described in U.S. Patent 4,188,432.

~10-
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The monoalkenyl aromatic hydrocarbon-conjugated diene
block copolymer is present in the resin composition in an
amount of from 1 to 15% by weight based on the total
composition, and preferably from about 4 to 12% by weight,

The propylene polymer material useful in the present
invention as component (d) includes crystalline
homopolymers of propylene, random copolymers of propylene
with other alpha-olefin(s) or diene monomers, random
terpolymers of propylene with two different monomers
selected from the group consisting of ethylene, other
alpha-olefins and diene monomers wherein at least one
different monomer is ethylene or other alpha-olefin, and
impact-modified propylene polymers. These polymer
materials generally have a crystallinity (by x-ray
diffraction) of about 15% or greater.

The other alpha-olefins useful in the preparation of
the random copolymers of propylene include ethylene and
C4-—Clo alpha-olefins. When ethylene is the other
alpha-olefin, the ethylene content is no more than about
10%, preferably about 4%, and when the other alpha-olefin
is C4"Clo' the content is nc more than about 20%,
preferably about 16%. The diene monomer of the random
copolymer of propylene can be a C4~010 linear diene,
such as butadiene and decadiene, wherein the copolymer has
a diene content up to about 5%, preferably about 4%.
Butadiene is preferred.

In the random terpolymer of propylene and ethylene
with other alpha-olefins or propylene with two different
other alpha-olefins, the other alpha-olefins can be
04~C10 alpha-olefins. The propylene/ethylene/other
alpha~olefins random terpolymers have a maximum ethylene
content of 5%, preferably 3%, and a maximum Cs=Ci0
alpha-olefin content of 20%, preferably 16%. In the

propylene/two different other alpha-olefins terpolymers,
the total content of the other alpha-olefins is 25%,

-1]—~
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preferably 19%. The random terpolymers of propylene and
ethylene or other alpha-olefins with a diene monomer
contains from up to 5% of a diene monomer, such as
4-ethylidene-2-norbornene and dicyclopentadiene.

The C4—ClO alpha-olefins useful in the preparation
of the random and terpolymers of propylene can be linear or
branched, such as l-butene, l-pentene, 4-methylpentene-1,
3-methyl-l-butene, l-hexene, 3,4-dimethyl-l-butene and

l~-octene.

The impact-modified propylene polymers comprise a
homopolymer of propylene or a random copolymers of
Propylene with ethylene or a C4—C10 alpha-olefins as
described above, which is impact-modified with 10-60% of
ethylene-propylene copolymer rubber (EPR) or ethylene-
propylene non-conjugated diene monomer rubber (EPDM) having
an ethylene content of 20-70%, and in the case of EPDM a
diene content of 2-8%.

Exemplary non-conjugated dienes include 1,4-hexadiene,
>-ethylidene-norbornene and dicyclopentadiene.

The impact-modified propylene polymer can be prepared
by first polymerizing the propylene or a random copolymer
of propylene and then polymerizing the propylene and
ethylene with or without a diene monomer in the presence of
the homopolymer of propylene or a random copolymer of
propylene. The impact-modified propylene polymer can be
produced in a single reactor or series of reactors. 1In the
alternative, the propylene homopolymer or random copolymer
with an alpha-olefin(s) or a diene, and the EPR or EPDM can

be prepared separately and then mixed by melt-kneading.

The preferred propylene polymer materials are
crystalline propylene homopolymer and ethylene/propylene
rubber impact modified polypropylene homopolymer.

The propylene polymer material is present in an amount

of 1 to 70% of the total composition, and preferably, from
5 to 55%. |

~12-~
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The propylene polymer backbone of the grafted
copolymer and the propylene polymer material per se, when
present, form the continuous or matrix phase of the
compositions of this invention. The other components of
the compositions, including the styrenic grafted portion of
the graft copolymer, are dispersed in the continuous phase,
or put another way, form the dispersed phase.

mixing equipment, i.e., a single or twin screw extruder,
Banbury mixer or any other conventional melt compounding
equipment. The order in which the components of the
composition are mixed is not critical.

The present invention will be illustrated in greater

detail with reference to the examples of the invention set
forth below.

xamp 1e -4, 8- | S ' . 23, ~-30, and -

The compositions of this invention are produced by a
general procedure comprising mechanically blending
components (a), (b), (c) and (d) as set forth in Table 1 in
a Henschel mill until a homogenous mixture is obtained
(approximately three minutes). The mixture was then
compounded at 575°F in a vacuum vented, 50 mm, counter-
rotating, intermeshing twin screw extruder manufactured by
Packaging Industries. The compounded mixture was injection

molded in a 1.5 ounce, 25 ton Battenfeld injection molding
machine with a barrel temperature of 575°F and mold

temperature of 140°F. The molding cycle for the tensile
and flex bars consisted of a 10 second injection time, 25

second cooling time and 5 second mold open time. For the

impact plaques the injection time was increased to 15
seconds.

The compositions of comparative examples 5-7, 14-18,

21, 24-26 and 31 were produced in the same manner as set
forth above for the examples.

-13-
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The physical properties set forth in the Tables were
measured by the following methods:

‘Tensile Strength AS5TM D-638
Break Elongation ASTM D-638
Yield Elongation ASTM D-638
Flexural Modulus ASTM D-790
Flexural Strength ASTM D-7990
Hardness ASTM D-785
HDT ASTM D-648
Notched Izod ASTM D-256

Plate Impact - Measured DY using a Rheometrics
automatic impact tester (Model RIT 8000), having a 1/2 inch
diameter tup and a 2 1/2 inch diameter backing ring to
support the impact plaque. The test was performed at 23°C,
at a constant speed of 2.2 meters/second using 3x3x0.125
inch impact plaques. Break energies were computer
calculated from the area under force vs. deflection curves.

Surface Appearance - Surfaces of injection molded
impact plaques were visually examined for swirls and grainy

appearance. The impact plaques were rated according to the
following scale:

- Excellent, no swirls or graininess
~ Good, slight swirls

- Fair, pronounced swirls, slight graininess

= N W WD

- Poor, pronounced swirls and graininess

~14-
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In Table 1, Examples 1-4 of the invention show the
combined effects of using a monoalkenyl aromatic

hydrocarbon-conjugated diene block copolymer and a
poly(styrene grafted propylene) copolymer to compatibilize

> the compositions. The compositions of this invention
exhibit a good balance of ductility, surface appearance,
impact strength and modulus, and the balance of properties
are retained even as the polyphenylene ether resin level 1is
increased.

10 In contrast, comparative example 5 shows a brittle
blend with low impact strength and a poor surface
appearance, demonstrating poor compatibility. The addition
of a hydrogenated monoalkenyl aromatic hydrocarbon-
conjugated diene block copolymer comparative example 6,

15 1improves ductility, and impact strength and slightly
improves surface appearance, however, the modulus is
significantly decreased. When the block copolymer is
replaced with poly(styrene grafted propylene) copolymer,
comparative example 7, the modulus is increased

20 significantly, but the composition exhibits poor ductility,
impact strength and surface appearance,

The compositions set forth in Table 2 were prepared
according to the general procedure used for the
compositions in Table 1, except that an ethylene-propylene

25 rubber modified polypropylene is used instead of the
Crystalline propylene homopolymer.

In Table 2 examples 8-13 of the present invention
demonstrate a good balance of impact strength, modulus and
HDT, in addition to good surface appearanCe. However, when

30 the poly(styrene grafted propylene) copolymer is used
alone, (comparative examples 16 and 18) the blends have low
ductility, low impact strength, and poor surface
appearance, and when the block copolymer is used alone,

(comparative examples 15 and 17), the blends have a low
35 modulus.
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The compositions set forth in Table 3 were prepared
according to the general procedure used for the
compositions in Table 1, except that a poly(styrene grafted
propylene) copolymer by the radiation method set forth
herein was used instead of the poly(styrene grafted

propylene) copolymer produced by the peroxide method set
forth herein.

It can be seen that in the compositions of the
invention, examples 19 and 20, that a good balance of
properties is observed in particular stiffness/impact,

whereas, in the compositions of the comparative examples
14, 15 and 21 this balance is not seen.

~18-
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In Table 4, the compositions were prepared according to
the general procedure used for the compositions in Table 1,

except that polystyrene was used instead of polyphenylene
ether.

Again, the compositions of the invention, examples 22
and 23, demonstrate better impact and stiffness balance when
the poly(styrene grafted propylene) copolymer and the
hydrogenated monoalkenyl aromatic hydrocarbon~conjugated
diene block copolymer are used in the combination as
compared to the compositions of the comparative examples
24-26. It can be seen that the composition with poly-
propylene and polystyrene only, comparative example 24, 1is
brittle and exhibits 1low ductility and impact strength, but
has high modulus. When the block copolymer 1s used alone,
comparative example 25, the impact and ductility increased,
however, the loss in modulus is severe. In comparative
example 26 where only poly(styrene grafted propylene)

Copolymer is used, the modulus is high but the ductility and
impact strength are low.

-20-
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The compositions set forth in Table 5 were prepared

according to the general procedure used for the

compositions in Table 1, except that optional component

(d), propylene polymer material, was not present.
Examples 27-30 of the present invention show a

significant improvement in stiffness/impact balance over
that of comparative example 31.

-22-..



Iable 5

. Example No,
48 £9
40 50

10 10

50 40
5647 6036
6.6 26.3

42 39
194000 196000
7635 8270
125 138

79 104

2.0 2.9

37 35
20.8 26.1

60

10

30
6441

18
28
211000

8619

151
105
2.4

39

26.9

WP i

50
5469
5.4
9.0
340000
10500
139

97

0.6

- — =

(1) Hydrogenated styrene/isoprene diblock copolymer Kraton G 1702

(37% styrene, 63% rubber),

(2) Hydrogenated styrene/butadiene/styrene triblock copeclymer, Kraton G

(29% styrene, 71% rubber).

(3) Hydrogenated styrene/butadiene/styrene triblock copolymer, Kraton G

(4) Styrene grafted polypropylene, 45% styrene content,

(29% styrene, 71% rubber).

(1.57 parts of

t-butylperoxy-2-ethyl hexanoate/100 parts) polypropylene of active
peroxide, grafting temp. 100°C, styrene B84.4 pph, feed rate 2.4
pph/min for 35 min, deactivation at 135°C for 3 hours produced by the

(5) Styrene grafted polypropylene, 35% styrene content, 1 part of

Compogition al
Polyphenylene Ether 30
5 SEp'l) -
seps ‘%) 10
SEBS(a) -
4
PS~g-pp( ) 60
(5)
PS-g-pp -
10 Tensile Strength (psi) 5290
Yield Elongation (%) 4.4
Break Elongation (%) 41
Flexural Modulus (psi) 192000
Flexural Strength (psi) 7413
15 HDT @ 66 psi 115
HDT & 264 psi 79
Notched Izod Impact 1.9
(£t-1b/in)
Unnotched Izod Impact 37
20 (£t-1b)
Plate Impact 24.3
(f£t-1b) @ 23°C
produced by Shell Chemical Co.
25
1052 produced by Shell Chemical Co.
1651 produced by Shell Chemical Co.
30
peroxide method set forth herein.
35

t-butylperoxy-2-ethyl hexanoate/100 parts polypropylene of active
peroxide, grafting temp. 102°C, styrene 53.8 pph, feed rate 1.8

pph/min for 30 min. deactivation at 132°C for 4 hours produced by the
peroxide method set forth herein.

-23-
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The ¢bmpositions set forth in Table 6 were prepared

according to the general procedure used for the
compositions in Table 1, except that £w0'hydrogenated
monoalkenyl aromatic hydrocarbon-conjugated diene block

copolymers were used, instead of only one.
The compositions of examples 32-35 demonstrate

improved HDT/stiffness/impact balance over that of

comparative example 31,

-4 -
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15

20

25

30

35

Tahle ©
Example No, Comparative Ex.
Composition 32 33 14 35 31
Impact modified (1)
polypropylene 16 5 - - -
Polyphenylene Ether 50 50 50 50 50
SEP(Z) 5 5 5 5 -
SEBS(B) - - - 5 -
SEBS(4) 5 5 5 - -
PS-g-pp - - - - >0
PS-g-pp(ﬁ) 24 35 40 40 -~
Tensile Strength (psi) 4321 4800 5665 5916 5469
Yield Elongation (%) 4.9 4.7 5.1 4.9 5.4
Break Elongation (%) 13.6 12.4 11 8 9.0
Flexural Modulus (psi) 231000 251000 291000 310000 340000
Flexural Strength (psi) 7290 8140 9587 9986 10500
HDT @ 66 psi 140 143 146 145 139
HDT @ 264 psi 98.5 91 114 107 97
Notched Izod Impact 1.4 1.7 2.1 1.4 0.6
(£t-1b/in)

(1) Ethylene - propylene impact modified polypropylene, with 14% rubber

having 8.5% ethylene, and a MFR of 3.5 dg/min.
(2) Hydrogenated styrene/isoprene diblock copolymer, Kraton G 1702

produced by Shell Chemical Co. (37% styrene, 63% rubber).
(3) Hydrogenated styrene/butadiene/styrene triblock copolymer, Kraton G

1652 produced by Shell Chemical Co. (29% styrene, 71% rubber).
(4) Hdydrogenated styrene/butadiene/styrene triblock copolymer, Kraton G

(5)

(6)

1651 produced by Shell Chemical Co. (29% styrene, 71% rubber).

Styrene grafted polypropylene, 35% styrene content, 1 part of
t-butylperoxy-2-ethyl hexanoate/100 parts polypropylene of active
peroxide, grafting temp. 102°C, styrene 53.8 pph, feed rate 1.8
pph/min for 30 min, deactivation at 132°C for 4 hours, produced by
the peroxide method set forth herein.

Styrene grafted polypropylene, 34% styrene content, 1 part of
t-butylperoxy-2-ethyl hexanoate/100 parts polypropylene of active
peroxide, grafting temp. 103°C, styrene 53.8 pph, feed rate 1.8
pph/min for 30 min, deactivation at 132°C for 4 hours, produced by
the peroxide method set forth herein.

-26~



10

e ey e O
£@3€@d

As demonstrated above, the compositions in which the
monoalkenyl aromatic hydrocarbon-conjugated diene block
copolymer and the styrenic grafted propylene polymer
material are used in combination have a better overall
balance of properties and surface appearance than the
compositions where they are used alone or not at all.

Other features, advantages and embodiments of the
invention disclosed herein will be readlly apparent to
those exercising ordinary skill after reading the foregoing
disclosures. In this regard, while specific embodiments of
the invention have been described in considerable detail,
variations and modifications of these embodiments can be

effected without departing from the spirit and scope of the
invention as described and claimed.

~26~
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A composition comprising, by weilght,

(a) from 10 to 65% of a resin material selected from the
group consisting of (1) a polyphenylene ether resin, (11) a
styrene resin and (iii) mixtures thereof having 2 to 98% by
weight of styrene resin based on the total amount of
polyphenylene ether resin and styrene resin;

(b) from 5 to 30% of a styrenic grafted propylene

polymer material having a styrenic monomer content of 5 to 70%

obtained from a process comprising:

(1) irradiating a propylene polymer material at a

temperature in the range of from 10°C. to 859C. with
high-energy ionizing radiation to produce free-radical
sites in the propylene polymer material;

(2) treating the irradiated propylene polymer material at
a temperature up to 100°C. for a period of at least about
3 minutes, with about from 5 to 80% by welght of styrenic
monomer, based on the total weight of propylene polymer
and styrenic monomer;

(3) simultaneously or successively, 1in eilther order,
deactivating substantially all residual free radicals 1n

the resultant grafted propylene polymer material; and

removing any unreacted styrenic monomer from sald

material; or

a process comprising:

27651-12
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(1) treating a propylene polymer material at a

temperature of from 60°C. to 125°C. with from 0.1 to 6.0

parts per hundred of an organic compound which 1is a free-
radical polymerization initiator having a decomposition
half-1ife of about 1 to 240 minutes at the temperature
employed;

(2) over a period which coincides with, or follows, the

period of treatment with initiator, with or without

overlap, treating the propylene polymer material with
‘about 5 to 240 pph of styrenic monomer; and

(3) simultaneously or successively, in either order,
deactivating substantially all residual free radicals 1n
the resultant grafted propylene polymer material; and

removing any unreacted styrenic monomer from saild

material;

(c) from 1 to 15% of one or more monoalkenyl aromatic
hydrocarbon-conjugated diene block copolymers, hydrogenated

products thereof or mixtures thereof, and

(d) from 1 to 70% of a propylene polymer material,
wherein the total amount of (a)+(b)+(c)+(d) 1s 100%, and
wherein the grafted propylene polymer material (b) 1is prepared
from a propylene polymer material having a pore volume
fraction of at least about 0.07 wherein more than 40% of the
pores have a diameter larger than 1 micron, a surface area of

at least 0.1 mz/g, and a weight average diameter in the range

of about from 0.4 to 7 mmnm.

-28-
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2. The composition of claim 1 wherein component (a) is

present 1n an amount from 20 to 60%.

3. The composition of claim 1 wherein component (a) is a

polyphenylene ether resin present in an amount of from 20 to

60%.

4 . The composition of claim 1 or 2, wherein component
(a) 18 a mixture of polyphenylene ether resin and 2 to 98% of a

styrene resin, based on the polyphenylene ether resin and

styrene resin.

5. The composition of any one of claims 1 to 4, wherein

component (b) 1s a styrenic grafted propylene polymer material

-

selected from the group consisting of a graft copolymer of

styrene on polypropylene backbone, a graft copolymer of styrene

on ethylene/propylene random copolymer backbone, a graft
copolymer of styrene on ethylene/propylene rubber impact-

modified polypropylene backbone, a graft copolymer of

styrene/alpha-methylstyrene on ethylene/propylene rubber

1mpact-modified polypropylene backbone, a graft copolymer of

styrene/alpha-methylstyrene on ethylene/propylene random

copolymer backbone and a graft copolymer of styrene/alpha-

methylstyrene on polypropylene backbone.

6 . The composition of any one of claims 1 to 5, wherein
the styrenic monomer content of the styrenic grafted propylene

polymer material is from 10 to 55%.
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7. The composition of any one of claims 1 to 6, whereiln

component (c) 1s one or more monoalkenyl aromatic hydrocarbon-
conjugated diene block copolymer of a linear or branched A-B,

A-B-A or radial (A-B), type, hydrogenated products thereof or

mixtures thereof, wherein A 1s a monoalkenyl aromatic

hydrocarbon polymer block, B 1s a conjugated diene polymer

block and n = 3-20.

8. The composition of claim 7, wherein component (c) 1s
of the A-B-A type or a 50/50 mixture of a hydrogenated
monoalkenyl aromatic hydrocarbon-conjugated diene of the A-B-A

tvype and of the A-B type or two A-B-A types.

9. The composition of claim 7 or 8 wherein A 1s a
monoalkenyl aromatic hydrocarbon polymer block comprising
monomers selected from the group consisting of styrene, Cy_4
linear or branched alkyl ring-substituted styrene and vinyl
toluene, and wherein B 1s a conjugated diene polymer pblock

comprising monomers selected from the group consisting of

butadiene and 1isoprene.

10. The composition of any one of claims 1 to 9 whereiln
component (d) 1is a propylene polymer material selected from

the group consisting of a propylene homopolymer, a random

copolymer of propylene and other alpha-olefins, a random

terpolymer of propylene with two different monomers selected

from the group consisting of ethylene, other alpha-olefins and

diene monomers wherein at least one different monomer 1is

~-30-
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ethylene or other alpha-olefin, and an impact-modified

homopolymer of propylene or random copolymer of propylene.

11. The composition of any one of claims 1 to 10,

wherein (d) is present in an amount of from 5 to 55%.

12. The composition of any one of claims 1 to 10 whereiln

the propylene polymer material of component (d) 1s a propylene

homopolymer present in an amount of from 5 to 55%.

13. The composition of any one of claims 1 to 10
wherein, by weight, (a) 1s present in an amount of from 20 to
60%, (b) 1s present in an amount of from 10 to 25%, (c) 1s
present in an amount of from 4 to 12%, and (d) 1s present 1n

an amount of from 5 to 55%.

14. The composition of claim 1 wherein (a) 1s a
polypropylene ether resin, (b) 1s a styrenic grafted propylene
polymer material having a styrene level of 10 to 55%, (c) 1s
one or more monoalkyl aromatic hydrocarbon-conjugated diene
block copolymers, hydrogenated product thereof or mixtures

thereof, and (d) 1s a crystalline propylene homopolymer.

15. A composition comprising, by weight,
(a) from 10 to 65% of a resin material selected from the
group consisting of (1) a polyphenylene ether resin, (11) a

styrene resin and (iii) mixtures thereof having 2 to 98% Dby

-31-
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weight of styrene resin based on the total amount of
polyphenylene ether resin and styrene resin;
(b) from 30 to 75% of a styrenic grafted propylene

polymer material having a styrenic monomer content of 5 to 70%

obtalined by a process comprising:
(1) irradiating a propylene polymer materlial at a
temperature in the range of from 10°C. to 85°C. with
high energy ionizing radiation to produce free-radical
sites in the propyvlene polymer material;
(2) treating the irradiated propylene polymer material at
a temperature up to 100°C. for a period of at least about
3 minutes, with about from 5 to 80% by weight of styrenic
monomer, based on the total weight of propylene polymer
and styrenic monomer;
(3) simultaneously or successively, 1in either order,
deactivating substantially all residual free radicals in
the resultant grafted propylene polymer material and
removing any unreacted styrenic monomer from the
material; or

a process comprising
(1) treating a propylene polymer material at a

temperature of from 60°C. to 125°C. with from 0.1 to 6.0

parts per hundred of an organic compound which 1is a free-
radical polymerization initiator having a decomposition
half-1ife of about 1 to 240 minutes at the temperature
employed;

(2) over a time period which coincides with, or follows,

the period of initiator treatment, with or without

-3 -
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overlap treating the propylene polymer material with
about 5 to 240 pph of styrenic monomer; and

(3) simultaneously or successgively, 1n eilther order,
deactivating substantially all residual free radicals 1n
the resultant grafted propylene polymer material and
removing any unreacted styrenic monomer from the

material;

(c) from 1 to 15% of one or more monoalkenyl aromatic
hydrocarbon-conjugated diene block copolymers, hydrogenated
products thereof or mixtures thereof, wherein the total amount
of (a)+(b)+(c) 1is 100%, and wherein the grafted propylene
polymer material (b) 1s prepared from a propylene polymer
material in spherical particulate form having a pore volume

fraction of at least about 0.07 wherein more than 40% of the

pores have a diameter larger than 1 micron, a surface area of
at least 0.1 mz/g, and a weight average diameter in the range

of about from 0.4 to 7 mm.

16. The composition of Claim 15 wherein component (a) 1s

present in an amount of from 20 to 60%.

17. The composgsition of Claim 15 or 16 wherein component

(a) 1s a polyphenylene ether resin.

18. The composition of Claim 15 or 16 wherein component
(a) 1is a mixture of polyphenylene ether resin and 2 to 98% of
a styrene resin based on the total amount of polyphenylene

ether resin and styrene resin.

-33-
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19. The composition of any one of claims 15 to 18 wherein
component (b) 1s a styrenic grafted propylene polymer material
selected from the group consisting of a graft copolymer of
styrene on polypropylene backbone, a graft copolymer of styrene
on ethylene/propylene random copolymer backbone, a graft

copolymer of styrene on ethylene/propylene rubber impact-

modified polypropylene backbone, a graft copolymer of

styrene/alpha-methylstyrene on polypropylene backbone, a graft
copolymer of styrene/alpha-methylstyrene on ethylene/propylene

random copolymer backbone and a graft copolymer of
styrene/alpha-methylstyrene on ethylene-propylene rubber
1mpact-modified polypropylene backbone.

20. The composition of claim 19 wherein the styrenic
monomer content of the styrenic grafted propylene polymer

material is from 10 to 55%.

21. The composition of any one of claims 15 to 20 wherein

component (c) 1s one or more monoalkenyl aromatic hydrocarbon-

conjugated diene block copolymer of a linear or branched A-B,

A-B-A, or radial (A-B), type, hydrogenated products thereof or

mixXtures thereof, wherein A is monoalkenyl aromatic hydrocarbon

polymer block, B 1s a conjugated diene polymer block and

n = 3-20.

22, The composition of claim 21 wherein component (c) is
of the A-B-A type or a 50/50 mixture of a hydrogenated

monoalkenyl aromatic hydrocarbon-conjugated diene block

copolymer of the A-B-A type and A-B type or two A-B-A types.
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23. The composition of claim 21 or 22 wherelin A 1s a
monoalkenyl aromatic hydrocarbon polymer block comprising

monomers selected from the group consisting of styrene, Cy_g4
linear or branched alkyl ring-substituted styrene and vinyl

toluene, and wherein B is a conijugated diene polymer block
comprising monomers selected from the group consisting of

butadiene and isoprene.

24 . The composition of any one of claims 15 to 23

wherein component (c¢) is present in an amount of from 4 to

12%.

25. The composition of Claim 15 wherein (a) is present

in an amount of from 20 to 60%, (b) 1is present in an amount of

from 30 to 65% and (c) 1s present in an amount of from 4 to

15%.

26 . The composition of Claim 15 wherelin (a) 1s a
polyphenylene ether resin, (b) is a styrenic grafted propylene

polymer material having a styrene content of 10 to 55% and (cC)

is one or more monoalkenyl aromatic hydrocarbon-conjugated

diene block copolymers, hydrogenated products thereof or

mixtures thereof.
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