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BLENDS OF COPOLY (ARYIENE SULFIDE)
AND ETHYLENE—-PROPYLENE RUBBER

This invention relates to compositions comprised of
a copoly(arylene sulfide) and ethylene-propylene
rubbers.

Poly(arylene sulfide) resins are thermoplastic

polymeric materials with good thermal stability, unusual

insolubility, resistance to chemical environments and
inherent flame resistance. Poly(arylene sulfide) resins
additionally have good electrical insulative properties
which make them ideal for electrical and electronic
applications. Their excellent resistance to chemical
degradation makes them ideal for use in chemical
environments which involve organic solvents and strong
mineral acids, such as coatings for pipes, tanks, pumps
and other equipment. These polymers can be prepared by
reacting p—dichloro-benzene with sodium sulfide in a
polar organic solvent to produce poly(phenylene sulfide)
and the by-product sodium chloride in accordance with
U.s. 2,513,188 and U.S. 2,538,941. An improvement on
this procedure involves adding N-haloamides as
catalysts.

Recently copoly(arylene sulfides) have been
discovered. These polymers can be described as having

repeating units corresponding to the structure

[ (—A—S) 1—x (_A_S—S—) X ] n

wherein x is in the range of 0.5 to 0.001, A is a
divalent aromatic radical and n is at least 200 and is
preferably in the range of 500 to 5,000.

It has now been discovered that copoly(arylene
sulfide) can be blended with ethyleéene—propylene rubbers.
This blend can be broadly described as a composition of
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(a) from 99.9 to 60 weight percent, based on the
weight of the composition, of a copoly(arylene
sulfide) corresponding to the structure

[ (=A—8) 1 4 (-B~5-5-)kln

wherein A is a divalent substituted or
unsubstituted aromatic radical, x is in the
range of 0.5 to 0.001 and n is at least 25,
and '

(B) from 0.1 to 40 weight percent, based on the
weight of the composition, of an ethylene—
propylene rubber.

Blends of poly(arylene sulfides) and ethylene—
propylene rubbers are disclosed in U.S. 4,581,411 and
U.S. 4,888,390.

The copoly(arylene sulfide) polymers useful in this
invention are identical to the copoly(arylene sulfide)
polymers disclosed in U.S. 4,786,713 and U.S. 4,855,393,
herein incorporated by reference, except that the
minimum value of n of the copoly(arylene sulfide)
polymers useful in this invention is lower than the
minimum value of n for the copoly(arylene sulfide)
polymers which is disclosed in these references. The
copoly(arylene sulfide) polymers useful in this
invention are therefore inherent in the disclosure of
these references because as the molecular weight builds
up toward the minimum value of n of at least 200 which
is disclosed in these references the molecular weight
passes through a molecular weight associated with the
lower minimum value of n of 25 of the copoly(arylene
sulfide) polymers of this invention. The copoly(arylene
sulfide) polymers useful in this invention can be
prepared by those skilled in the art by following the
teachings of these references and controlling the

"o
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stoichiometry, time, temperature and other variables of
the reaction to achieve a molecular weight associated
with a value of n which is at least 25.

The diiodoaromatic compounds which can be utilized
to prepare the copoly(arylene sulfide) useful in this
invention, include unsubstituted or substituted
aromatics which have two iodine substituents. Preferred.
diiodoaromatic compounds are the diiodobenzenes,
diiodonaphthalenes and diiodobiphenyls which may be
unsubstituted or substituted. More preferably the
diiodoaromatic compounds suitable for the present
invention include p—diiodobenzene, m—diiodobenzene,
p,p'—diiodobiphenyl, p,p'~diiodobiphenyl, p,p'—
diiododiphenyl ether and 2,6-diiodonaphthalene. Most
preferably the diiodo compound is p—diiodobenzene.

In the embodiment of the invention wherein the
composition is partially crosslinked, the disulfide
content of the copoly(arylene sulfide) is in the range
of 50 to 5 mole percent and therefore the value of x is
on the range of 0.5 to 0.05.

The compositions of this invention contain an
ethylene—propylene rubber. By the term "ethylene—
propylene rubber" we mean an elastomeric polymer which
contains specific ranges of units derived from ethylene
and propylene. The ethylene—propylene rubbers useful in
this invention broadly have an amount of ethylene in the
range of 40 to 90 mole percent and an amount of
propylene in the range of 60 to 10 mole percent, based
on the total moles of ethylene and propylene. 1In a
preferred embodiment the ethylene-propylene rubbers have
an amount of ethylene in the range of 50 to 75 mole

‘percent and an amount of propylene in the range of 50 to

25 mole percent, based on the total moles of ethylene

and propylene.
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In one embodiment of the invention the ethylene—
propylene rubber can contain one or more other repeating
units which are not functionalized with a double bond
capable of reacting with the disulfide linkages of the
copoly (arylene sulfide) to result in some degree of
crosslinking. Examples of such ethylene—propylene.
rubbers are polymers composed of 55% ethylene, 44.35%
propylene and 0.65% maleic anhydride,.77% ethylene,
22.65% propylene and 0.35% maleic anhydride and 65%
ethylene, 34.1% p:opyienerand 0.9% maleic anhydride.
The ethylene—propylene rubbers useful in this invention
are well known in the art and are described in
Encyclopedia of Polymer Science & Engineering, Volume 6,
Pages 522 to 526. 1In this embodiment of the invention
there is no substantial amount of crosslinking between
the two polymers and the compositions are therefore
admixtures. |

In another embodiment of the invention the
ethylene—propylene rubber can contain one or more other
repeating units which are functionalized with a double
bond capable of reacting with the disulfide linkages of
the copoly(arylene sulfide) to result in some degree of
crosslinking. Examples of such ethylene-propylene
rubbers are polymers composed of 45% ethylene, 45%
propylene and 10% 5—ethylidene—2—norbornene, 64%
ethylene, 31% propylene and 5% 1,4-hexadiene and 58%
ethylene, 35.6% propylene and 6.4% 5—ethylidene—2—
norbornene. The ethylene-propylene rubbers useful in
this embodiment of the invention are well known in the
art and are described in Encyclopedia of Polymer Science
& Engineering, Volume 6, Pages 522 to 526 and U.S.
4,581,411. 1In this embodiment of the invention there is
some crosslinking between the copoly(arylene sulfide)
and the ethylene—propylene rubber and the compositions
are therefore not admixtures of the two polymers.

LA
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In this invention the average molecular weight of
the ethylene-propylene rubber is at least 5,0007
preferably at least 20,000 as measured by gel permeation
chromatography.

The compositions of this invention can be prepared
by known techniques for blending polymers. For example,
the polymers can be coextruded in convention twin screw
extrusion equipment. Also, powders of both polymers may
be admixed and the admixed powders extruded in a single
screw extruder. Preferably, an admixture of powdered
polymer is prepared and the admixture powder is extruded
in a single screw extruder.

The amount of copoly(arylene sulfide) is in the
range of 99.1 to 60 weight percent, preferably 99.5 to
80 weight percent, and more preferably 99 to 85 weight
percent, based on the weight of the composition. The
amount of ethylene-propylene rubber is in the range of
0.1 to 40 weight percent, preferably 0.5 to 20 weight
percent, and more preferably 1 to 15 weight percent,
based on the weight of the composition.

The compositions of this invention can be used for
preparation of various shaped articles such as pellets,

" fibers and molded articles. The polymer can be prepared

into these shaped articles by conventional processes,
such as injection molding, melt spinning, and melt
extrusion.

The compositions of this invention can additionally
contain fillers, nucleating agents and reinforcing
materials in the form of fibers, minerals, powders or
mats. For example, the compositions can contain glass
fibers, aluminum oxide, calcium oxide, silicon dioxide,

Titanium dioxide, copper, kaolin, and the like.

The compositions of this invention are normally
solid in the sense that at typical room temperatures and
pressures the compositions are in a solid state as
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compared to a liquid state. The solid character of the
composition results from both polymers having a
sufficiently high moleculér weight to be a solid.

The compositions of this invention are
characterized by extremely desirable interfacial
adhesion between the copoly(phenylene sulfide) and
ethylene—propylene rubber. Interfacial adhesion is an
important property 6f a composition of two polymers
because it governs the strength of the blended material.
When the interfacial adhesion is high, the compositions
can withstand higher stress before failure for any given
morphology.

The following examples are used to describe the
invention and should be taken as illustrative and not

restrictive.

Example 1
This example illustrates the enhanced interfacial

adhesion associated with a composition of the invention
wherein the two polymers are an admixture.

A copoly(phenylene sulfide) was prepared by the
melt phase reaction of sulfur and p—di-iodobenzene, as
described in U.S. Patents 4,786,713 and 4,792,600. The
value of x was estimated to be 0.10 as determined by
elemental analysis. The melt viscosity of
copoly (phenylene sulfide) at 300°C at 25 sec™! shear
rate was 5000 poise. Properties of the product included
a melt viscosity of 5000 poise at 300°C and 25 rad sec,
a glass transition temperature of 89°C and an estimated
disulfide content of 10 mol percent.

An admixture was prepared which contained 95 weight
percent of the copoly (phenylene sulfide) and 5 weight
percent of an ethylene—propylene rubber containing 55
weight percent ethylene units, 45 weight percent
propylene units and 0.65 maleic anhydride units. The

o
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ethylene—propylene rubber had a number—average molecular
weight of 54,000 as determined by gel permeation
chromatography. The two polymers were cryogenically
micropulverized to a particle size less than 1.0 mm. A
physical blend of 0.75 g of the ethylene-propylene
rubber and 14.25 g of copoly(phenylene sulfide) was made
and well mixed. The powdered mixture of the above two
polymers, 15 g by weight, was dried for at least 12
hours at 90°C in a vacuum oven. The dried polymer
mixture was melt extruded into a film at 550°F. The
film was cryogenically fractured in liquid nitrogen and
the fracture surface morphology was determined using a
scanning electron microscope. '

A scanning electron micrograph of the cryogenically
fractured surface clearly shows good interfacial
adhesion between the two phases.

Example 2

This example illustrates the poor interfacial
adhesion associated with a composition which is an
admixture of poly(phenylene sulfide) and an ethylene-
propylene rubber. '

Example 1 was repeated except that a poly(phenylene.
sulfide) was used instead of the copoly(phenylene
sulfide). The poly(phenylene sulfide) had a melt shear

1 shear

viscosity of 11,700 poise at 300°C and 25 sec™
rate.

A scanning electron photomicrograph of the
fractured surface of the admixture clearly,indicates'

very poor interfacial adhesion between the two phases.

Example 3
This example illustrates a composition of the
invention wherein the two polymers are an admixture.
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Example 1 is repeated except that the amount of
copoly(phenylene sulfide) is 75 weight percent and the
amount of ethylene-propylene rubber is 25 weight
percent.

The scanning electroh micrograph of the
cryogenically fractured surface clearly shows good
interfacial adhesion between the two phases.

Example 4
This example illustrates a composition of the

invention wherein the two polymers are an admixture.

Example 1 is repeated except that the amount of
copoly (phenylene sulfide) is 90 weight percent and the
amount of ethylene—propylene rubber is 10 weight '
percent.

The scanning electron micrograph of the
cryogenically fractured surface clearly shows good
interfacial adhesion between the two phases.

Example 5
This example illustrates the enhanced interfacial

adhesion associated with compositions of this invention
wherein the composition is an admixture of the two
polymers. : .

A copoly(phenylene sulfide) was prepared as in
example 1. An admixture was prepared which contained 95
weight percent of the copoly(phenylene sulfide) and 5
weight percent of an ethylene-propylene rubber
containing 55 weight percent ethylene units, 45 weight
percent propylene units and (describe the SAN—grafted
portion). The ethylene-propylene rubber had a number—
average molecular weight of 54,000 as determined by gel
permeation chromatography. The two polymers were
cryogenically micropulverized to a particle size less
than 1.0 mm. A physical blend of 0.75 g of the

-y
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ethylene-propylene rubber and 14.25 g of
copoly(phenylene sulfide) was made and well mixed. The
powdered mixture of the above two polymers, 15 g by
weight, was dried for at least 12 hours at 90°C in a
vacuum oven. The dried polymer mixture was melt
extruded into a film at 550°F. The film was
cryogenically fractured in liquid nitrogen and the
fracture surface morphology was determined using a
scanning electron microscope.

A scanning electron micrograph of the cryogenically
fractured surface clearly shows good interfacial
adhesion between the two phases.

Example 6
This example illustrates the poor interfacial

adhesion associated with a composition which is an
admixture of poly(phenylene sulfide) and an ethylene-
propylene rubber. o

Example 5 was repeated except that a poly(phenylene
sulfide) was used instead of the copoly(phenylene
sulfide). The poly(phenylene sulfide) had a melt shear

1 shear

viscosity of 11,700 poise at 300°C and 25 sec™
rate.

A scanning electron photomicrograph of the
fractured surface of the film clearly indicates very

poor interfacial adhesion between the two phases.

Example 7
This example illustrates a composition of the

invention wherein the two polymers are an admixture.
Example 5 is repeated except that the amount of

copoly(phenylene sulfide) is 98 weight percent and the

amount of ethylene—-propylene rubber is 2 weight percent.
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The scanning electron micrograph of the
cryogenically fractured surface clearly shows good
interfacial adhesion between the two phases.

Example 8
This example illustrates the poor interfacial

adhesion associated with compositions which are
admixtures of poly(phenylene sulfide) and an ethylene—
propylene rubber.

Example 7 is repeated except that the
poly (phenylene sulfide) used in example 6 is used in
place of the copoly(phenylene sulfide).

The scanning electron micrograph of the
cryogenically fractured surface clearly shows poor
interfacial adhesion between the two phases.

Example 9
This example illustrates a composition of this

jinvention wherein there is some degree of crosslinking
between the two polymers.

Example 5 is repeated except that the
copoly (phenylene sulfide) had a greater amount of
disulfide linkages, different amounts of the polymers
were used and a different ethylene-propylene rubber was
used. 1In this example the amount of disulfide linkages
in the copoly(phenylene sulfide) was 20 percent
resulting in the value of x to be 0.2.' The ethylene—
propylene rubber contains 74 weight percent ethylene
units, 26 weight percent propylene units and 5 weight
percent 5—ethylidene—2—-norbornene, based on the weight
of the ethylene-propylene rubber. The ethylene—
propylene rubber had a number—average molecular weight
of 54,000 as determined by gel permeation
chromatography. The amount of copoly(phenylene sulfide)
was 98 weight percent and the amount of ethylene—

.y
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propylene rubber was 2 weight percent. A compression
molded film was prepared from this composition at 280°C.
A strip of this film was stirred in hot 1,2,3,4-
tetrahydronaphthalene for 6 hours. 52 percent of the
strip was insoluble. This confirms the crosslinked
character of the composition.

Example 10
This example illustrates the poor interfacial

adhesion associated with a composition which is an
admixture of poly(phenylene sulfide) and an ethylene-—
propylene rubber.

Example 9 was repeated except that a poly(phenylene
sulfide) was used instead of the copoly(phenylene
sulfide). The poly(phenylene sulfide) had a melt shear
viscosity of 11,700 poise at 300°C and 25 sec™! shear
rate.

A scanning electron photomicrograph of the
fractured surface of the admixture clearly indicates
very poor interfacial adhesion between the two phases.

Example 11
This example illustrates a composition of this

invention wherein there is crosslinking between the
polymers.

Example 9 is repeated except that the amount of
copoly(phenylene sulfide) was 0.5 weight percent and the
amount of ethylene-propylene rubber was 99.5 weight
percent. A strip of this film was stirred in hot .
1,2,3,4~tetrahydronaphthalene for 6 hours. 50 percent
of the strip was insoluble. This confirms that even a
small amount of high disulfide linkage containing
copoly (phenylene sulfide) results in a composition

having crosslinking.
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CLAIMS

o

A composition comprising

(a) from 99.9 to 60 weight percent, based on the
weight of the composition, of a copoly(arylene
sulfide) corresponding to the structure

«r

[ (—A=S—) iy, (-B=S—5-)y 1,

wherein A is a divalent substituted or
unsubstituted aromatic radical, x is in the
range of 0.5 to 0.001 and n is at least 25,
and ,

(B) from 0.1 to 40 weight percent, based on the
weight of the composition, of an ethylene—
propylene rubber having an amount of ethylene
in the range of 40 to 90 mole percent and an
amount of propylene in the range of 60 to 10
mole percent, based on the total moles of
ethylene and propylene.

The composition of claim 1 wherein the divalent
aromatic radical is provided by diiodobenzene,
diiodonaphthalene or diiodobiphenyl.

The composition of claim 1 wherein the divalent
aromatic radical is p—diiodobenzene, m—
diiodobenzene, p,p'—diiodobiphenyl, p;p'—
diiododiphenyl ether or 2,6—diiodonaphthalene.

The composition of claim 1 wherein the amount of
component (A) is in the range of 99.5 to 80 weight
percent and the amount of component (B) is in the
range of 0.5 to 20 weight percent.
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A composition comprising

(2)

(B)

from 99 to 85 weight percent, based on the
weight of the composition, of a
copoly(phenylene sulfide) corresponding to the
structure

[ (—A—'S—) 1—x (—A_S-S_) X ]n

wherein A is a divalent phenylene radical, x
is in the range of 0.5 to 0.001 and n is at
least 50, and

from 1 to 15 weight percent, based on the
weight of the composition, of an ethylene—
propylene rubber having an amount of ethylene
in the range of 50 to 75 mole percent and an
amount of propylene in the range of 50 to 25
mole percent, based on the total moles of

ethylene and propylene.



INTERNATIONAL SEARCH REPORT

International Application No

PCT/US 92/07371

L. CLASSIFICATION OF SUBJECT MATTER  (if several classification symbols apply, indicate all)®
According to International Patent Classification (IPC) or to both National Classification and IPC
Int.C1. 5 C08L81/02; //(81/02,23:16)
II. FIELDS SEARCHED
Minimum Documentation Searched?
Classification System i - Classification Symbois
Int.C1. 5 cosL
Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched®
. DOCUMENTS CONSIDERED TO BE RELEVANT?
Category ° | Citation of Document, i1 with indication, where appropriate, of the relevant passages 12 | Relevant to Claim No.l3
A EP,A,0 142 825 (PHILLIPS PETROLEUM 1-5
COMPANY)
29 May 1985
cited in the application
see page 3, line 15 - Tine 22; claims
1,2,6,7,9; examples 3,5; tables 3,4,6,7
A DATABASE WPIL 1-5
Week 8633, 8 October 1986
Derwent Publications Ltd., London, GB;
AN 86-216197
& JP,A,61 148 268 (TORAY IND) 5 July 1986
see abstract
- /-_
° Spedal categones of cited documents :10 “T% later docum:nl published after the international filing d:(e
an . . or priority date and not in conflict with the application but
A" document defining the general state of the art which is not i i ;
considered to be of particular relevance ;:Ie:n t‘i.:: :ndemnd the principle or theory underiying the
"E® earlier document but published on or after the international »X* document of meh 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 invoive an inventive step
which is cited to establish the publication date of another “y* document of particular relevance; the ciaimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
#(0” 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
IV. CERTIFICATION
Date of the Actual Completion of the Intemational Search ! Date of Mailing of this International Search Report
12 NOVEMBER 1992 | 17. 1. 92
International Searcning Autharnty . Signature of Authonzed Officer 7
EUROPEAN PATENT OFFICE : KLIER E.K. A)?/i;’///
i 7

Form PCT/ISA/210 {sacond theet) (Jamuary 1925)




International Application No

PCT/US 92/07371

IT. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET)

Category

Citation of Document, with indication, where appropriate, of the relevant passages

" Relevant to Claim No.

CHEMICAL ABSTRACTS, vol. 108, no. 2,
11 January 1988, Columbus, Ghio, Us;
abstract no. 7036, 'POLY(PHENYLENE
SULFIDE)RESIN COMPOSITION'

page 41 ;column 1;

see abstract

& JP,A,62 172 057 (TORAY IND)

29 July 1987

Form PCT/ISA/210 (extra sheet) (Jamzary 1985)

Ly



ANNEX TO THE INTERNATIONAL SEARCH REPORT

ON INTERNATIONAL PATENT APPLICATION NO. lei 920723“1‘10

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 12/11/92

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP-A-0142825 29-05-85 US-A- 4581411 08-04-86

CA-A-- 1225185 04-08-87
EP-A- 0316019 17-05-89
- JP-A- 60120753 28-06-85
US-A- 4888390 19-12-89

For more details about this annex : see Official. Journal of the European Patent Office, No. 12/82



	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

