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BACKGROUND OF THE INVENTION
Polyphenylene ether resins (hereinafter referred to as "PPE") are generally

characterized as amorphous resins having relatively high glass transition
temperatures (Tg's), good ductility and high strength. A natural consequence of
the high Tg's of PPE is their excellent dimensional stability over a temperature
range extending up to about the Tg's of the resins. Unfortuhately, PPE are
limited in their chemical resistance, especially to aromatic hydrocarbon solvents,
and their melt flow. Crystalline resins, on the other hand, when heated to
appropriate processing temperatures past their crystalline melting points (Tm's)
are generally characterized as having very low viscosities (i.e., high melt flows)
especially when compared to the viscosity of PPE at their processing
temperatures. Additionally crystalline resins are widely known for their
. chemical resistance to many solvents.

Numerous blends of PPE with varieus crystalline resins have previously
been undertaken to enhance the chemical resistance and melt flow of the PPE.
For example, US Patent Nos. 4,315,086; 4,600,741; 4,923,924; 4,978,715; and
5,089,566 relate to compositions of PPE and polyamide and/or polyester resins.
Additionally, US Patent Nos. 4,373,064; 4,584,334; 4,945,018; 4,972,021; and
5,166,264 relate to blends of PPE and polyolefin resins. '
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' about 2500 mPa at 25°C and retains substantially this same modulus up to about
200°C. Blending of PPE into a polyamide to result in a blend having a polyamide
continuous phase and a dispersed PPE phase would increase or reinforce fhe
polyamide's resistance to temperatures in excess of the polyamide's Tg. This
reinforcement would be effective up to the lower of either the Tg of the PPE or
the Tm of the particular polyamide resin utilized in the blends. The

" reinforcement phenomena of PPE in polyamides is well known as noted in R.R.
Gallucci Polyphenylene Ether-Polyamide Blends, SPE 44th Annual Technical
Conference & Exhibit, p. 48 (1986).

In compositions wherein the Tg of the PPE is less than the Tm of the
crystalline resin (such as PPE/polyamide 6,6 blends), lowering the Tg of the PPE
should in theory result in a lowering of the overall heat resistance of the blend.
For example, a 1:1 wéight ratio of PPE and polyamide 6,6 has a heat distoftion
temperature (HDT) measured at 66 psi of about 202°C. When the PPE is diluted
with polystyrene resin to make a 05051 weight ratio of
polystyrene:PPE:polyamide 6,6 the heat distortion temperature drops to about
140°C. This is believed to be the result of the polystyrene lowering the Tg of the
PPE to about 147°C. -
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to a linear increase in the HDT of the conposition. For exanple, polyam de
6,6 has a Tm of In compositions wherein the Tg of the PPE is higher than the Tm of the
| crystalline resin (such as in PPE/polyamide 11 or PPE/polyamide 12 blends), the
heat distortion temperature measured at 66 psi is about 160 to 164°C. In these
blends, the crystalline continuous phase softens as the temperature approaches
the corresponding melting point (polyamide 11 has a Tm of about 192°C and
polyamide 12 has a Tm of about 175°C) and the heat distortion temperature is
accordingly diminished. According to this theory, the PPE Tg could be reduced
down to about the Tm of the polyamide continuous without significantly
negatively affecting the heat resistance of the composition.

In commonly owned US Patent No. 4,972,021 it was found that blends of
PPE and polypropylene wherein the PPE had an intrinsic viscosity of less than
about 0.30 dl/gm had a higher heat distortion temperature than the same
composition wherein the PPE had an intrinsic viscosity higher than about 0.30
dl/gm. Polypropylene has a Tm of about 165°C which is lower than the Tg of
the PPE such that based on the reinforcement theory as explained above, the Tm
of the polypropylene should control the heat distortion temperature in
PPE/ polypropylene compositions as long as the Tg of the PPE remained above
the Tm of the polypropylene. The Tg of a PPE having an intrinsic viscosity of
about 0.30 is about 207°C and the Tg of a PPE having an intriflsic viscosity of
about 0.18 is about 185°C. The increase in the heat distortion temperature of the



about 257[err]C and a 1:1 weight to weight PPE: polyam de 6,6 blend has an
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The goal of increasing the heat resistance of PPE blends containing

crystalline resins haviﬁg crystalline melting points (Tm) higher than the PPE
glass transition temperatures (Tg's) has been unexpectedly achieved by
compositions comprising a PPE resin having an intrinsic viscosity less than about
0.30 dl/gm as measured in chloroform. In a preferred embodiment of the
invention, the crystalline resin is selected from the group consisting of
polyamides, polyesters, and polyarylene sulfides wherein the crystalline resin
has a melting point in excess of the glass transition temperature of the PPE. In
another preferred embodiment of the invention, the crystalline resin has a
melting point in excess of about 210°C. The compositions may further contain
impact modifiers, reinforcing fillers, reinforcing fibers, processing aids, thermal
stabilizers, oxidative stabilizers, electromagnetic modifiers, flame retardants,

colorants, neutralizing agents, nucleating agents, and compatibilizers.
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be a consequence of affecting the crystallinity of the polypropylene in

sone fashion by the relatively | ow nol ecul ar wei ght PPE. The effects noted
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fromthe group consisting of pol ters, and pol yaryl ene

sul fides wherein the crystalline re As a nelting point in excess of the
glass transition tenperature of the PPENIn another preferred embodi ment of
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stabilizers, oxi ve stabilizer
retardants, secondary lower alkyl (e.g., alkyl containing up to 7 carbon atoms), phenyl,

haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least
two carbon atoms separate the halogen and oxygen atoms; and each Q2 is
independently hydrogen, halogen, primary or secondary lower alkyl, phenyl,
haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for Ql.
Preferably, each Q! is alkyl or phenyl, especially Cj7.4 alkyl, and each Q2 is
hydrogen. |
Both homopolymer and copolymer PPE are included. The preferred
homopolymers are those coﬁtahﬁng 2,6-dimethyl-1,4-phenylene ether units.
Suitable copolymers include random copolymers containing, for example, such
units in combination with 2,3,6-trimethyl-1,4-phenylene ether units. Also
included are PPE containing moieties prepared by grafting vinyl monomers or
polymers such as polystyrenes, as well as coupled PPE in which coupling agents
such as low molecular weight polycarbonates, quinones, heterocycles and
formals undergo reaction in known manner with the hydroxy groups of two PPE

>

chains to produce a higher molecular weight polymer.



colorants, neutralizing agents, nucleating agents, and conpatibilizers.
5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON PPE, per se,
are known pol yners conprising a plurality of structural units of the

cformula (1): [err] wherein for each

- structural unit, each Qerr] is independently hal ogen, primary or secondary
| ower al kyl (e.g., alkyl containing up to & carbon atons), phenyl,

hal oal kyl , am noal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy wherein at

S gemendan: ) AIEGERPRARNE Chocsesais andciimarsinresonpet 2
phenyl, PPE contemplated for use in the present invention include all those presently
known, irrespective of varia.tions in structural units or ancillary chemical
features.
The PPE generally have an intrinsic viscosity often less than about 0.35
dl./g., preferably in the range of about 0.10-0.30 dl./g., and most preferably in
the range of about 0.15-0.25 dl./g., all as measured in chloroform at 25°C.

Polyesters suitable for use as Component B of the present compositions

include those comprising structural units of the formula (II):

—0—R+—0—C—A1—C—
(i)

wherein each Rl is independently a divalent aliphatic, alicyclic or aromatic
hydrocarbon or polyoxyalkylene radical, or mixtures thereof and each Al is
independently a divalent aliphatic, alicyclic or aromatic radical, or mixtures
thereof. Examples of suitable polyesters containing the structure of formula (II)
“are poly(alkylene dicarboxylates), elastomeric polyesters, liquid crystalline
polyesters,  polyarylates, and  polyester  copolymers such as
copolyestercarbonates and polyesteramides. Also included are polyesters that
have been treated with relatively low levels of diepoxy or multi-epoxy
compounds. It is also possible to use a branched polyester in which a branching
agent, for example, a glycol having three or more hydroxyl groups or a
trifunctional or multifunctional carboxylic acid has been incorporated.
Treatment of the polyester with a trifunctional or multifunctional epoxy
compound, for example, triglycidyl isocyanurate can also be used to make a

branched polyester. Furthermore, it is sometimes desirable o have various



hal oal kyl , hydrocarbonoxy or hal ohydrocarbonoxy as defined for err].
.Preferably, each Qerr] is alkyl or phenyl, especially (err] alkyl, and
each @ is hydrogen. Bot h honopol yner and copol ynmer PPE are incl uded.
The preferred honmopol yners are those containing 2, 6-dinethyl -1, 4- phenyl ene
ether units. Suitable copolyners include random copol yners containing, for
exanpl e, such units in conbination with 2?3, 6-trinmethyl -1, 4- phenyl ene et her
units. Also included are PPE containing noieties prepared by grafting vinyl
nononer s orcomaentrations of acibapd hysirgxghesdgrmsipsadr tiees polyestee ddéjpndingyvdti ch
coupling agtgn;ﬁ .such as | ow nol ecul ar jwei ght pol ycar bonat es, qui nones,
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about 0.10-WicIo equivglents perngramwithe the ysej of acid reactive species. In other

instances, it is desirable that the polyester has a relatively high carboxylic end

group concentration, e.g., about 5-250 micro equivalents per gram or, more
preferable, about 20-70 micro equivalents per gram.

The R1 radical may be, for example, a Cp_10 alkylene radical, a Cg-19
alicyclic radical, a Cg.p0p aromatic radical or a polyoxyalkylene radical in which
the alkylene groups contain about 2-6 and most often 2 or 4 carbon atoms. The
Al radical in the above formula (II) is most often p- or m-phenylene or a mixture
thereof. This class of polyesters includes the poly(alkylene terephthalates), the
poly(alkylene naphthalates) and the polyarylates. Polyesters are known in the
art as illustrated by the following U.S. Patents, which are incorporated herein by
reference.

2465319  2,720502 2,727,881 2,822,348
3,047,539 3,671,487 3,953,394 4,128,526

The poly(alkylene' terephthalates), for example, poly(ethylene
terephthalate) (commonly abbreviated as "PET"), poly(cyclohexyldimethanol
terephthalate) (commonly abbreviated as "PCT"), and poly(butylene
terephthalafe) (commonly abbreviated as "PBT") are examples of suitable
polyesters for the present invention. Additional suitable polyesters include
poly(alkylene naphthalate)s such as, for example, polylalkylene-2,6-
naphthalate)s including poly(butylene-2,6-naphthalate) (commonly abbreviated



t he range of about 0.15-0.25 dl./g., all as neasured in chloroform at
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The various polyesters can be distinguished by their corresponding glass
transition temperatures (e.g., Tg) and melting points (e.g., Tm). The liquid
crystalline polyesters generally have Tg's and Tm's that are higher than the
naphthalate-type polyesters. The naphthalate-type polyesters generally have
Tg's and Tm's that are higher than the terephthalate-type polyesters. Thus, the
resultant PPE alloys with the liquid crystalline or naphthalate-type polyesters
are typically better suited to applications requiring higher temperature
resistance than are the terephthalate-type polyesters. The PPE alloys with
terephthalate-type polyesters are generally easier to process due to the
polyesters' lower Tg's and Tm's. Selection of the polyester or blend of polyesters
utilized is therefore determined, in part, by the desired property profile required
by the ultimate end-use application for the PPE-polyester alloy.

The polyester may include structural units of the formula (III):

o

: |
i
~0—R1—0—C— Az)k —R2-—"¢\2—C—

(I1) © ©



7 concentrations of acid and hydroxyl endgroups on the pol yester,
dependi ng on the ultinmte end-use of the conposition. It is preferred
for at |east sone of the polyester to contain nucleophilic groups such as,
for exanple, carboxylic acid groups. In sone instances, it is desirable to
reduce the nunber of acid endgroups, typically to |l ess than about 30 mcro
equi val ents per gram with the use of acif reactive species. In other

i nstances, it is desirable that the polyester has a relatively high

car boxyl i ¢ ahdrahRPisCERIdB]Y defined I R2 iﬁla%l?réxfﬁﬁyfén@rﬁd&‘w andl £D{s, per
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alicyclic radical, Cerr] aromati'c radical or a pol yoxyal kyl ene radi cal
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atons. The Alerr] radical in the above fgrmulLa (I11) is nost often p- or

m phenyl ene or a m xture thereof. This S of polyesters includes the

pol y(al kyl ene terephthal ates), the poly | ene napht hal ates) and the

pol yaryl at es. Po(Iyé)sters are known in the art as illustrated by the
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pol y( cycl oheefgteticeet hanol terephthal ate) (commonly abbreviated as "PCT"),

and pol y(butyl ene terephthal ate) (commonly abbreviated as " PBI"% are
exanmpl es of sui t Berausecfythertendencyt of pelyssterste undesge hydrolyti¢i degradation
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pol y(but yl egasmpoSitRAR B Miirflention e | prefl?PE £ YA RE polyester be substantially
free of water. The polyester may be pre-dried before admixing with the other
ingredients. More commonly, the polyester is used without pre-drying and the
volatile materials are removed through the use of vacuum venting the extruder.
The polyesters generally have number average molecular weights in the
range of about 20,000-70,000, as determined by intrinsic viscosity (I.V.) at 30°C in
a 60:40 by weight mixture of phenol and 1,1,2,2-tetrachloroethane.
Polyamides, also known as nylons, which can be used in the present
invention include any polyamides and polyamide copolymers known in the art.
Examples of such polyamides are those prepared by the polymerization of
monomers selected from the following group:
(i) monoamino-monocarboxylic acids haviﬁg at least 2 carbon
atoms between the amino and carboxylic acid group;

(ii) cyclic or lactam structures of (i);



8 "PBN') and pol y(ethyl ene-2, 6-napht hal ate) (commonly abbreviated "PEN").
Liquid crystalline polyesters having nelting points | ess that about
380[err] C and conprising recurring units derived fromaromatic diols,

al i phatic or aromatic dicarboxylic acids, and aromatic hydroxy carboxylic
acids are also useful. Exanples of useful liquid crystalline polyesters are
those described in U S Patents 4,664,97fnd 5, 110, 896, which are

i ncorporated herein by reference. Various m xtures of polyesters are al so
soneti nmes very sgL abl The, vari ous polyesters can he distingui shed
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napht hal at e-typedmlru@,@rmgciapmal |y have Tg's and Tmis that are higher
than the terephthal ate-type polyesters. Thus, the resultant PPE alloys wth
the |iquid cryst éiv)iverious eraphirtations ©f mprogminasarkoxylisrasids, factamsy bet t er

suited to applications requiri highet ,tenperature resistance than are the
t er epht hal at e-tygéarﬁm%? ?@?%ﬁl%ﬁgl%ﬁ'l oys with terephthal ate-type
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conventional techniques fof stabilizing the viscosity of the resultant polyamidés.
The balance of the monomer proportions can also be adjusted so as to control the
acid to amine endgroup ratio. The dicarboxylic acid may be used in the form of a
functional derivative thereof, for example, an ester or acid chloride.

Examples of the aforementioned monoamino monocarboxylic acids or
lactams thereof which are useful in preparing the polyamides include those
compounds containing from 2-16 carbon atoms between the amino and
carboxylic acid groups, said carbon atoms forming a ring containing the -CO-
NH- group in the case of lactam. As particular examples of monocarboxylic
acids and lactams there may be mentioned -aminocaproic acid, butyrolactam,
pivalolactam, -caprolactam, capryllactam, enentholactam, undecanolactam,
dodecanolactam and 3- and 4- aminobenzoic acids.

Diamines suitable for use in the preparation of the polyamides include the
straight chain and branched chain alkyl, aryl and alkaryl diamines. [lustrative
diamines are trimethylenediamine, tetramethylenediamine,
pentamethylenediamine, octamethylenediamine, hexamethylenediamine (which
is often preferred), trimethylhexamethylenediamine, m-phenylenediamine and
m-xylylenediamine. Monomers which have more than two amino groups can

also be utilized to make various branched polyamide materials.



by the ultimte end-use application for the PPE-pol yester alloy.

pol yester may include structural units of the fornmula (111):

(1) [err]

The

.9 wherein Rerr] is as previously defined. R2 is a pol yoxyal kyl ene radi cal

~and A2 is a trivalent aromatic radical, usually derived fromtrimellitic

acid and has the structure (1V): ’(1IV) Such pol ynmers and their node

of preparation are described for exanple in U S Pat. Nos. 4,544,734,
4,556, 705, and 4TheeiGaboxylid atidaneay be eepresaited byetheifollbwing fermealgV):

Because of the tendency of polyesters to undergo hydrol ytic degradation at

the high extrusion and nol ding tenpeQaturad encountered by the

I I
HO—C—Y—C—OH
V)

wherein Y is a divalent aliphatic or aromatic group containing at least 2 carbon
atoms. Examples of aliphatic acids are sebacic acid, octadecanedioic acid, suberic
acid, glutaric acid, pimelic acid and adipic acid. Monomers which have more
than two carboxylic acid groups can also be utilized to make various branched
polyamide materials.

Polyamides suitable for use in the present invention may be made by any
known method. The polyamides can have linear or branched structures or be
mixtures of linear and branched structures. They preferably contain a substantial
proportion of amine end- groups. | Polyamides in which the amine end group
concentration is at least about 40 meq./g. are particularly useful. In many
instances, it is preferred that the amine to acid endgroup ratio to be about 1 or
greater than 1. It is also within the scope of the invention, however, to employ
predominantly carboxylic acid-terminated polyamides.

The crystalline polyamides are often preferred by reason of their solvent
resistance however, blends of crystalline and amorphous polyamides may be
employed. Typical examples of the polyamides include, for example, nylon-6
(polycaprolactam), nylon-6,6 (polyhexamethylene adipamide), nylon-11, nylon-
12, nylon-6,3, nylon-6,4, nylon-6,10 and nylon-6,12 as well as polyamides from
terephthalic acid and/or isophthalic acid and trimethylhexamethylenediamine;
from adipic acid and m-xylylenediamines; from adipic acid, azelajc acid and 2,2

bis(p-aminophenyl)propane or 2,2-bis-(p-aminocyclohexyl)propane and from



conpositions of this invention, it is preferred that the pol yester be

. Substantially free of water. The polyester may be pre-dried before adm xi ng
with the other ingredi-ents. More conmonly, the polyester is used w thout
pre-drying and the volatile materials are renoved through the use of vacuum
venting the extruder. The pol yesters generally have nunber average

mol ecul ar weights in the range of about 28, 000-70,000, as determ ned by
intrinsic viscosity (1.V.)) at 30[err]Cin a 60:40 by wei ght m xture of

phenol and tdrephthalid eididc rel 0githadRminodicycldldxyiietteme. al SAs kpRERicus]
nyl ons, which can be-used in the present invention include any -pol yam des
and pol yaringentionssl, ymixairkscamd/ar copolymnersEefi e oroimangc bf pibley fotiegeingr e

t hose prepared by, the pol ri zati-on of nonqQners selected fromthe

ol T ot ng. gobamides or BrepblyTherersrs- FRRECAT .16 alsa oy tuin B srapaof famst
2 carbon a t ag carb ' | roug;.

(ii) cycli present VBRI, OPRAAES 5{43’%}1%%5 HOHoA8, 351626 Rylons6,
10 (nylon-13 WAl Rylonald, st prafe fblyRiyleA16,6 8Ad n§loredi am ne whi ch

contains at | east 2 carbon atons betweeh t'he am no gfoups and a

di car boxyl i ¢ aci dheapaly(arylene sulfide) resins (referred to hereinafter as *PPS") used in
the present invention are derived from the known polymers containing arylene
groups separated by sulfur atoms. The preferred poly(arylene sulfide) resins
include various poly(phenylene sulfide)s, for example, poly(p-phenylene sulfide)
and substituted poly(phenylene sulfide)s. Typical PPS polymers comprise at
least 70 molar %, preferably at least 90 molar %, of recurring units of the

following structural formula (VI):

S__..
(V1) : .

When the amount of said recurring units is less than 70 molar %, the heat
resistance may be somewhat limited.
The other 30 molar % or less, and preferably 10 molar % or less, of the

recurring units of PPS can be those of the following structural formulae (VII):



(iv) various conbinations of nonoam nocarboxylic acids, |actans,
di am nes and di car boxylic acids. The term "substantially equinolar”
proportions includes both strictly equinolar proportions and slight
departures therefromwhich are involved in conventional techniques for
. stabilizing the viscosity of the resultant pol yam des. The bal ance of the
. mononer proportions can also be adjusted $® as to control the acid to am ne
- endgroup ratio. The dicarboxylic acid may be used in the formof a
~ functional derivative thegeof, for exanple, an ester or acid chloride.
Exanpl es of the aforenentfSoned nonoam no nonocar boxylic acids or |actans
t hereof which are use (N preparing the pol yam i ncl t hose

. conpounds cont ai ni ng 2-16 carbon atons beé afd

' carboxylic acid groups, id bon atons formn ring c ai ning the
-CO NH group in the cas§‘o@:mm As particul ar exanpl es of
nonocar boxyl i ¢ acids and | act there may be nentioned -am nocaproic acid,

but yrol actam pival ol actam -caprolactam capryllactam enenthol actam

undecanol actam dodecangl actam and 3- and 4- am enz@i c acj ds.
Di am nes suitable for id§bth{‘) ration of OE s _Lnclude the
straight chain and br ed” thaN—4 kg, aryl an karyl m Nes.

[I'lustrative diam nes are tri met hyl enedi am ne,
t et.ramet hyl enedi ani ne, pent anet hyl enedi ani ne, octR#&et hylR#edi anmi ne,
hexanet hyl enedi am ne (waigh isoften preferred),

tri met hyl hexanet hyl ene <s gn_yl enedi am ne_a xyd Yyl enedi am ne.
Mononer s whi ch have no v/ am no groups can be“utilized to nmake
vari ous branched pol yam de materi al s.

R22 R21

(VII)

wherein R21, R22, R2Z3 and R4 are independently selected from the group
consisting of hydrogen, halogen, alkyl, phenyl, alkoxy, aryloxy, nitro, amino, and
carboxyl groups.

The PPS of the present invention may be linear, branched, or cured
polymers, or mixtures of the same. Linear PPS of relatively low molecular
weight may be prepared by, for example, a process disclosed in the specification
of U.S. Patent No. 3,354,129, which is incorporated herein by reference. Linear
PPS having a relatively high molecular weight may be prepared by, for example,
the process disclosed in the specification of U.S. Patent No. 3,919,177, which is
incorporated herein by reference. Branched PPS may be prepared by the use of a
branching agent, for example, 1,3,5-trichlorobenzene, which is disclosed in U.S.
Patent 4,749,163 and which is incorporated herein by reference. The degree of
polymerization of the polymers prepared by the processes of U:S. Patent Nos.
3,354,129, 3,919,177 and 4,749,163 can be further increased by curing in an oxygen -



The di carboxylic acids may be represented by the followng forrmula (V):
[ferr] (V) wherein Y is a divalent aliphatic or aromatic group
containing at |east 2 carbon atons. Exanples of aliphatic acids are sebacic
acid, octadecanedioic acid, suberic acid, glutaric acid, pinelic acid and
adi pic acid. Mnoners which have nore than two carboxylic acid groups can
al so be utilized to nake various branchedi4pol yam de nmateri al s.

Pol yam des suitable for use in the present invention may be made by any

known mnet h I ' [
mxtures. of TIanere i Bl SRS pERre R 4 FRERligRIng BB ST s kR, 1
subst anti al p@fo&ixﬂ)éafteﬂpofyrﬁammlc&nd groups. Pol yam des in which the am ne

end group concentration is at |east about 40 neq . are particul arl
useful . In many |'ﬁb€aBE$smaD’t bﬁst@ﬂll@QﬂtWaﬂlﬂfh@Ctmﬂ@edo d&ltheeﬁé&lsup

ratio to be, ab ut wWthin the sc eof .the
| nventi on, &, riinstigharemtivniey i, o tematdiniEtRasaino,
ol yam des r r f efH; on
o Y hai ¢ sJ%fgﬁ%‘ylr%??;‘?aﬁ?é%ﬁ?é%% Bisiftdar i) hifl RIEICHISRC LxpaRS
pol yanm des QOmg :hettm@fomﬁdor@anmlof@aﬁmdm 6g@6u k\enubdm&fardbé founad §l€J.Sf or

exanpl e, nyl on- 6m&pol caprolacta ,. hylon-6, 6 (pol yhexanet hyl ene

adi pani de), Pa.t)em a.14, 6@4% wluch is mcorporated herein by reference, which discloses
1ncorporanon of substituted thiophenols into halogen substituted PPS. Another
method involves incorporation of chlorosubstituted aromatic compounds
containing the desired functionality reacted with an alkali metal sulfide and
chloroaromatic compounds. A third method involves reaction of PPS with a
disulfide containing the desired functional groups, typically in the melt or in a
suitable high boiling solvent such as chloronaphthalene.

The PPS, more specifically, the poly(p-phenylene sulfide) resin, preferably
has moieties which will react with an epoxy group or other electrophilic species.
Suitable reactive groups for the PPS include, for example, amine, thiophenol, and
acid groups.

Though the melt viscosity of PPS used in the present invention is not
particularly limited so far as the blends which can be obtained, a melt viscosity of
at least about 100 Poise is preferred from the viewpoint of the toughness of PPS
per se and that of about 10,000 Poise or less is preferred from the viewpoint of
the injection moldability.

The PPS in this invention may also be treated to remove unwanted
contaminating ions by immersing the resin in deionized water or by treatment
with an acid, typically hydrochloric acid, sulfuric acid, phosphoric acid or acetic
acid as found in Japanese Kokai Nos. 3,236,930-A, 1,774,562-A, 1,299,872-A and  *



12, nylon-6,3, nylon-6,4, nylon-6,10 and nylon-6,12 as well as pol yam des
fromterephthalic acid and/or isophthalic acid and

tri met hyl hexanet hyl enedi am ne; from adi pic acid and m xyl yl enedi am nes;
fromadi pic acid, azelaic acid and 2,2 bis(p-am nophenyl )pr opane or

2, 2-bis-(p-am nocycl ohexyl ) pr opane and from

12 terephthalic acid and 4,4[err] diam ndai cycl ohexyl net hane As
previously nentioned, mxtures and/or copolyners of two or nore of the
foregoi ng p8i23&iA3deA, all of meioh yreirscorperated hetéinffctdferinde. Bbes@neGprdidii N
the scope of the gresent |nvent|on Preferred polyam des are nyl on-6,

nyl on4, 6, nyPehcatiens, rifﬂl%ﬁrqgrraaddtmbatwlal‘zerym 1mm$r§yalngl nythmPESethm
nyl on- 6. ar su ins (referre reinafter
na Phps) udmpurI el i Bty ﬁss isenfiehies e ertert B eie? atbuirhone
cont ai nin SUen i

pol y(aryl gngfﬁstl fi de)gjélem ns incl ﬁﬁ%ﬁ?}f’éﬁlﬁl}o B%'B%f eny elﬁgeggg‘{s%%ge?s?bo’flgr
exanpl e, polly bypweiglhteare deddabdie)w&hchstuhahﬂieui debsiblayi (4bmrity0.S%eby wexF

sul fide)s. Typ| cal PPS polyners conprise at |east 70 nolar % preferab

| east 90 nolPiefergedhand ééh mumplers dessthan abput 0d1% byiwejght most preferreds nul a
(VI):

In the compositions of the presLnt invention, the crystalline resin is
generally present in amount of amount sufficient to be a continuous phase
wherein the PPE phase is dispersed within the crystalline resin phase. The
weight ratio of the crystalline resin to PPE can vary widely but is generally at
least 25:75 and preferably at least 35:65. Blends containing greater amounts of
the crystélline resin are also very useful.

The compositions of the present invention also preferably contain a
compatibilizer for the PPE and the crystalline resin. Appropriate compatibilizers
are those which affect the compatibility of the PPE with the crystalline resin.
Compatibility is meant to include the minimization of gross phase separation
between the components of the blend (i.e., the PPE and the crystalline resin).
Indications of improved compatibility include resistance to delamination,
improved physical properties such as increased tensile and/or impact properties
and/or a stabilized morphology between the blend component phases under
static or low shear conditions.

The role of the compatibilizer is thought to effect reactions between the
resin components (i.e, PPE and crystalline resin). These reaction products
between the PPE and the other resin components can be block, graft and mixture
of block and graft copolymers as well as random or scrambled copolymers

between the various resins components depending on the compatibilizer



(VI) Wien the anpunt of said recurring units is less than 70 nolar % the
. heat resistance may be sonewhat |imted. The ot her 30 nolar % or
| ess, and preferably 10 nolar %or |ess, of the recurring units of PPS can

be those of the followi ng structural fornulae (VII):
13 [err] :
RR3 R4 16err]
utilized. It is possible that a variety of copolymer architectures are made in the
present compbsitions. The presence of the copolymers is believed to be indicated
by improved'ductility as well as a stabilized morphology observed under sfatic
or low shear rate conditions applied to molten blends. Composition which do
not contain the reaction products (i.e.,, copolymer) have poor morphological
stability, meaning that the dispersed phase particle size increases under low
shear rate conditions in the melt and the dispersed particles coalesce readily.

Numerous compatibilizers for PPE blends are known in the art as
illustratively seen in U.S. Patent Nos. 4,135,086; 4,824,915; 5,001,201; 5,041,504;
5,212,255; 5,122,578; 5,132,373; and 5,247,006, all of which are incorporated herein
by reference. The selection of an appropriate compatibilizer depends in part on
the crystalline resin to be used in the composition and the available potential
reactive groups present on the crystalline resin. For example, polyamide resins
contain an amine endgroup and thus compatibilizers which contain anhydride or
carboxylic acid moieties are often preferred for PPE/polyamide blends.
Polyester resins contain carboxylic acid endgroups and so compatibilizers that
contain epoxy and/or orthoester groups are among the effective compatibilizers
for these PPE blends. Polyarylene sulfides are thought to have reactive sites of
carboxylic acids and amines thus compatibilizers that contain moieties reactive to
these groups are useful for compatibilizing PPE/ polyarylene sulfide blends.

The compatibilizer may be first pre-attached to the PPE to make a
functionalized or compatibilizing PPE. By making a functionalized PPE before
allowing the contact of the compatibilizer with the crystalline resin, minimization
of potential side or competing reactions is accomplished. The functionalized PPE
may be made in solution, as illustrated by U.S. Patent Nos. 4,642358; 4,732,937;
4,746,708; 4,859,739; 4,927 894; 4,994,525; 5,001,201; 5,041,504; 5,115,042; 5,135,983;



(VIl) wherein Rerr], Rerr], Rerr] and R err] are independently sel ected
fromthe group consisting of hydrogen, hal ogen, alkyl, phenyl, al koxy,

aryl oxy, nitro, am no, and carboxyl groups. The PPS of the present

i nvention may be linear, branched, or cured polynmers, or m xtures of the
sane. Linear PPS of relatively | ow nol ecul ar wei ght may be prepared by, for
exanpl e, a process disclosed in the speci¥ication of U S. Patent No.
3,354,129, which is i ncorporated herein by reference. Linear PPS having a

relatively a | 4t y chl?nar b
process di s%?osed in elsszgc i cgltil odg of g%at%‘rc\?%gm%ﬁg%g 11'_%&% I'ch
- is incor pOI’Aﬂlethde‘éiyntHw fuﬁcftﬁrrwlmenoﬁrmayhbd ak ighé® witkpaekdrdaytibhs

~use of a branching agent, for exanple 1,3,5-trichlorobenzene, which is

di scl osed ishah &s llhaf’eté#ﬂed&nﬂdﬁ Restent Nash ﬂfﬁ54t4Q5t ﬂ5551§6664388rﬁ31,e4,58%§97
elerence. IhB iRl SO0 %Y oy R M RISER SRt
e L oA oA ORI fenconginad such et e f e
exanpl e, a functionalized PPE, is really meant a mixture of functlonahzed and
| unfunctionalized PPE effective for compatibilizing the PPE with the crystalline
resin. Generally, an effective amount of the functionalizing agent is up to about
8% by weight, and is preferably from about 0.05% to about 4% by weight; based
on the amount of the PPE. In the most preferred embodiments, the amount of
the functionalizing agent is in the range'of about 0.1% to about 3% by weight
based on the amount of 'the PPE.
Useful examples of compatibilizers include compounds having both:

(i) acarbon-carbon double bond or a carbon-carbon triple bond and

(ii) at least one member of the group consisting of carboxylic acid,

anhydride, amide, imido, ester, epoxy, amino, orthoester, hydroxyl,

and carboxylic acid ammonium salt.
Illustrative compounds include: maleic anhydride, fumaric acid, maleimides
such as N-phenylmaleimide and 1,4-phenylene-bis-methylene- , '-bismaleimide,
maleic hydrazide, methylnadic anhydride, fatty oils (e.g., soybean oil, tung oil,
linseed oil, sesame oil), unsaturated carboxylic acids such as acrylic, crotonic,
methacrylic acid and oleic acid, unsaturated alcohols such as allyl alcohol and
crotyl alcohol and unsaturated amines such as allylamine and trialkyl amine salts
of unsaturated acids such as triethylammonium fumarate and tri-n-

butylammonium fumarate. Such typical reagents are described in U.S. Patent



peroxi de after polynerization. The PPS may be functionalized or
unfunctionalized. If the PPS is functionalized, the functional groups nay

i nclude, but are not limted to, am no, carboxylic acid, netal carboxylate,
disulfide, thio, and netal thiolate groups. One nethod for incorporation of

- functional groups into PPS can be found in U S. Patent No. 4,769,424, which
- is incorporated herein by reference, which8di scl oses incorporation of
| substituted thiophenols into hal ogen substituted PPS. Another nethod

| nvol ves | RO 348 68 01 765/5860 S 4 S84, AARM lafe CHIEBALHASeS” QlrBir!1b}0

the desired functTonali'ty reacte an afkali netal sulfide an

. chl or oar omatéfereraggpounds. A third nethod involves reaction of PPS with a
- disulfide containing the desired functional groups, typically in the nmelt
“or in a suitabl e MNempobymerg sdiphatic podycazBoxHioramapnharenl dpe. useful forrpe

. S, i fi,call | 5 | | fi,d [ f bl y h

S, e SR L e AT A L LB A g e

. Speci es.  Sulyj; glaﬁc r;gﬁgéé%%xWiQ WRRdS, Qircit?] RStePE AndNadiHMemid &R répradiited BYHRe.
t hi ophenol , "and aci h th I

r oups: Though the nelt viscosity of PPS used
in the pres¢simulv@mii)on is not particularly limted so far as the bl ends
whi ch can be obtained, a nelt viscosity of at |east about 100 Poise is

- preferred fromthe viewpoint of the toughness of PPS per se and that of

about 10, 000 Pgj or less j r r ' oint of the injection
mol dabi lity. (ﬁﬁ) The P@d@%&éﬁ@%&lmo be treated to

~renove unwanted contam nating ions by inmersing the resin in deionized
- water or by treatment with an acid, typically hydrochloric acid, sulfuric

~aci d, phosphohérin® i Hlinefxedr brarechdd ahairg satlirated alpphtichydiararbérs of from
3,236,930-A, 1,774,562-A, 1,299, 872-A and

2 to 20, preferably 2 to 10, carbon atoms; Rl is selected from the group consisting
of hydrogen or an alkyi, aryl, acyl, or carbonyl dioxy group of 1 to 10, preferably
1 to 6, most preferably 1 to 4, carbon atoms, especially preferred is hydrogen;
each R is independently selected from the group consisting of hydrogen or an
alkyl or aryl group of from 1 to 20 carbon atoms preferably from 1 to 10 carbon
atoms; each RIII and RIV is independently selected from the group consisting
essentially of hydrogen or an alkyl or aryl group of from 1 to 10, preferably from
1 to 6, most preferably 1 to 4, carbon atoms; m is equal to 1 and (n+s) is greater
than or equal to 2, preferably equal to 2 or 3, and n and s are each greater than or
equal to zero and wherein (ORI) is alpha or beta to a carbonyl group and at least
two carbonyl groups are separated by 2 to 6 carbon atoms. Obviously, RL, RI,
RII and RIV cannot be aryl when the respective substituent has less than 6
carbon atoms.

Ilustrative of suitable polycarboxylic acids are citric acid, malic acid, and
agaricic acid; including the various commercial forms thereSf, such as, for

example, the anhydrous and hydrated acids. Illustrative of acid esters useful



15 3,236,931-A all of which are incorporated herein by reference. For
sone product applications, it is preferred to have a very low inpurity

| evel in the PPS. The inpurity level is usually represented as the percent
by wei ght ash renmaining after burning a PPS sanple. Typically ash contents
of the PPS of |ess than about 1% by wei ght are desirable, with ash nunbers
| ess than about 0.5% by wei ght preferred d%d ash nunbers |ess than about
0.1% by wei ght nost preferred. In the conpositions of the present
“invention, tlerein imfadé, foe example, acegginditrate yndrmmenot and/arrdirdteafy] aifaites
~sufficient to be a continuous phase wherein the PPE phase is dispersed
‘within the canydtha likeSwisable agrhamidessefial berein indudeforrexample VAV tdiathyl
‘resin to PPE.can_var i d byt is . general at, | gast 25:75. and,preferaply
Tl easy 25-wet wiE el LKy b SRR g bt Sher iy Rl dRL AR,
are al so ver &g@f] P . RATRARIdd : ﬂﬁg@@ [ \quek' S0
- preferably cdo?\t al nggm&?%%tar%?ﬁ zér ggirddﬁggﬁ @éc'ggﬁ the c?{l/gtbgl i neyyg‘gﬁhﬁ

Appropri at e aidrahide. | Dagivatiees of hhe otdgoiy ol prirbokyic acipatarbialsd yuitiblehe
" PPE with the crystalline resin. Conpatibility is nmeant to include the
' mi ni m zat i onfosf uge des the apractiep aphiithenpresent davendosomSuiable functipnalizingd

i e, P b Skl NSt AR FBI4R05 Phod B e 00057,
Slabili zed narEion MERERALd BB PrabReBhos. tont nhases under stati ¢ or

- 'ow shear condi ti Qithoester ~containing compounds represent another preferred
| embodiment of the present invention. The utility of orthoester compounds to
affect compatibility between PPE and crystalline resin is per se known in the art
as illustrated in US Pafent Nos. 5,231,197; , all of which are incorporated herein
by reference. [Especially preferred orthoester compounds include those

containing the formulas (IX) and (X):

H,C-O C.H
\__OCH; (9 2lls

C'H o/ \CH3 { y

(IX) and O ).

An orthoester functional PPE may be prepared by solution-capping of
PPE having hydroxy end groups with an ortho ester functionalized halotriazine.
The PPE having orthoester functional moieties is preferably prepared by melt
extrusion of PPE with at least one graftable ethylenically unsaturated ortho ester
monomer. The functional ortho ester monomer may be represented by the

general formula (XI)



The role of the conpatibilizer is thought to effect reactions between the
_resin conponents (i.e., PPE and crystalline resin). These reaction products
bet ween the PPE and the other resin conponents can be bl ock, graft and

m xture of block and graft copolyners as well as random or scranbled

copol ynmers between the various resins conponents dependlng on the
conpatlblllzer 20 16 wutilized.
It is possible that a varlety of copolymer architectures are nmade in the
present conpositions. The presence of the copolyners is believed to be

i ndi cated by inproved ductility i vel (CHg)jar Qt e(bRerd mor phol ogy observed
under static or |ow shear Mat®-TB érﬂ*ons applced to nol ten bl ends.

Conposi tion which do not contain %31 i<?®p Raducts (i.e., copol yner)

have poor nor phgkggl cal stabil |(1%} I?reanl ng that the dispersed phase

particle size i ases ungér | ow shear rate conditions in the nelt and the
Y

di spersed palidrein ;:R ,eR 4Qdp land C* are d?dl{bmwmm@mkdbﬂl Zierascfl%
PPE bl ends are known in the art as illustrativel y seen in U S. Patent S.
4, 135, 086; alkydene gadical, acmilViOt_s a greftabko ansaturated? grou represenged by the

5,132, 373; d 5,2 of which are incorporated herein by
reference fgﬁ gFHﬁﬁ?QéﬁkUIappropriate conpati bilizer depends in part
on the crystalline resin to be used in the conposition and the available

potential reactive groups pr eserR”Qn thR11:rystaI line resin. For exanple,
pol yam de resins c=C’~

7/ \
- R11 R12)—
wherein each R11 may independently be hydrogen; or a Cj.g radical, or
substituted derivatives thereof; or an aryl radical, or substituted derivative
thereof; or any other group that is inert to the ortho ester. The value of m may be

1 or greater. R12 can be one of the following formulae (XIII):

't | CHy—
—C— or TCH— o _@
(XIII) .

[ustrative examples of ortho ester monomers which may be employed in
the present invention include 4-acryloyloxymethyl-2-methoxy-2-methyl-1,3-
dioxolane, 4-methacryloyloxymethyl-2-methoxy-2-methyl-1,3-dioxolane, 4~
acryloyloxymethyl-2-methoxy-2-pheny}-1,3-dioxolane and the isomeric mixture
of 4-(2-methoxy-2-methyl-1,3-dioxolanyl)methyl vinylbenzyl ethers. Methods
for the preparation of various useful ortho ester materials and their reaction with
'PPE can be found in U.S. Patent Nos. 5,132,373, 5,142,049, 5,171,866, 5,153,290
and 5,212,255, which are all incorporated herein by reference.

Preferably the ethylenically unsaturated ortho ester monomer is of the
formula (XIV):



contain an am ne endgroup and thus conpatibilizers which contain anhydride
or carboxylic acid noieties are often preferred for PPE/ pol yam de bl ends.
Pol yester resins contain carboxylic acid endgroups and so conpatibilizers
t hat contain epoxy and/or orthoester groups are anong the effective
conpatibilizers for these PPE bl ends. Polyaryl ene sul fides are thought to
have reactive sites of carboxylic acids @nd am nes thus conpatibilizers
that contain noieties reactive to these groups are useful for

conpati bilizing PPE polyaryl ene sul fide bl ends. The conpati bilizer
may be first pre-attached to the PPEAqto nake a t i OQH4 zed or
conpatibilizing PPE. By making a fungtionalized PPExpefore allow ng the
contact of the conpatibili zHpCwTH-tGe Q@3 @?]r @}.II;; m ni'm zation of
potential side ofXI8)npeting reactions is acconplished. The functionalized
PPE may be made in solution, as illustrated by U S. Patent Nos. 4,642, 358;
4,732,937; 4, 746An0khers pystprresh . ethylpnicably urgsabyatesh orthp Rytersgnonomer is
5,041,504; 5,115, 042; 135, 983:; )

‘17 5, 159,0‘@”%8‘%,"525‘?3@%?“%“‘6} whi ch are incorporated by reference.
‘Alternatively, the functionalization nmay be acconplished with nelt
‘reactions, such as illustrated in US. Patent Nos . ~6580Uds; 4,755, 566;
-4,808,671; 4,888,397, 4,693,620; 5,059,646; and 5§247)Q06, all of which are
‘incorporated by reference. HaCroGH+GER & ofCHpe PPE is
functionalized s(W)that use of the term

It is sometimes advantageous to use an initiator in the melt preparation of
the orthoester functional PPE with an ethylenically unsaturated ortho ester
monomer. It is also sometimes advantageous to employ at least one lubricant
which is substantially inert to the ortho ester and other ingredients. The
presence of the lubricant decreases the reqﬁired melt processing temperature to
produce the functionalized PPE, as well as the compatibilized blends prepared
therefrom. As a result, gel formation is minimized. Suitable lubricants will be
apparent to those skilled in the art; in general, they are solids with high lubricity
or relatively low melting solids or oils.

The compositions of the present invention may also contain at least one
impact modifier that is not a compatibilizer compound for resin composition..
The impact modifiers include elastomeric block (typically diblock, triblock or
radia teleblock) copolymers of alkenyl aromatic compounds and dienes. Most
often at least one block is derived from styrene and at least one block from at
least one of butadiene and isoprene. Especially preferred are the triblock and
diblock copolymers comprising polystyrene blocks and diene derived blocks
wherein the aliphatic unsaturation has been preferentially “removed with

hydrogenation. Mixtures of various copolymers are also sometimes useful. The



functionalized PPE, is really meant a m xture of functionalized and
unfunctionalized PPE effective for conpatibilizing the PPE with the
crystalline resin. CGenerally, an effective amount of the functionalizing
agent is up to about 8% by weight, and is preferably fromabout 0.05%to
about 4% by wei ght; based on the anount of the PPE. In the nost preferred
enbodi nents, the anount of the functionali22ng agent is in the range of
about 0.1%to about 3% by wei ght based on the anount of the PPE.

Useful exanp thBldch B el AN ; :

(i) a car bon@gﬁ% %gglﬁe@{)égbﬁl?or el cg?)gglr}-ggar ogqﬁ?%%gglggﬁyﬁa}ﬁﬁuy in the
(ii) at |easta frabuas 500000t toe300y000p Bioclscapolpehers of:ehib@y(%é hfe @ththercially
anhydride, am de, .imdo, ester, epox am no, orthoester, hydrox

|,
and car boxy| p¥ailably fzemoRhelhGhgmical ﬁmpaw iumiqxoﬁh,sotmdsmanleﬂﬂ&é:TQM and

anhydride, fumaric acid, ngleinides p L

1, 4- phenyl en¥ Vg‘?’n&"'h?faéﬁg-e' ,gra_gﬁ g@lﬁgf m@i Rﬁgﬁlﬁgéﬁﬁ?&@%mﬂ and
met hyl nadi ¢ af\bygride, fatty oils (e.g., soybean oil, tung oil, linseed
oil, sesame oil), unsaturated carboxylic acids such as acrylic, crotonic,
met hacrylic aci d @theplsaitabkcinipaatmaetifiert ate ahe ebrd-shellitypagradit cypolyimarsol
and crotyl al cohol and unsaturated am nes such as allylamne and tri al kyl
am ne salts bt genesalirthese haveds Rriedeminantly ceonjngatednrianer akberyecengdor a

Lri-n- butyl apni wm Leral ey Bugh, Rl €l FEAZETLR Ut 950° Tl 0Rtn et

polymerized thereon and derived from monoalkylarene and/or acrylic
monomers alone or, preferably, in combination with other vinyl monomers. The
core-shell copolymers are widély available commercially in pellet and powder
forms, for example, from Rohm and Haas Company under the trade names EXL-
3330, EXL-3691, EXL-2600, EXL-2607, EXL-2647, EXL-3386, and EXL-3607, and
-are described in U.S. Patent Nos. 3,808,180, 4,034,013, 4,096,202, 4,180,494 and
4,292,233.

Various mixtures of the aforementioned impact modifiers are also
sometimes useful. The amount of the impact modifier generally present, when
one is used, is an amount effective to improve the physical properties, for
example, the ductility of the composition when compared to the same
composition without an impact modifier. Improved ductility can be indicated
by increased impact strength or increased tensile elongation to break. Generally,
the impact modifier is utilized in the range of about 1% to about 20% by weight
based on the total weight of the composition. The preferred range is about 3% to
about 15% by weight; based on the total weight of the composition and the most
preferred range is between about 5% to about 12% by weight; based on the total

weight of the composition. The exact amount and types or combinations of -



18 Nos. 4,315,086, 4,755,566, and 4, 888,397, which are incorporated herein
by reference. Non- pol yneric aliphatic polycarboxylic acids are al so
useful for preparing a functionalized PPE. Included in the group of species
are the aliphatic polycarboxylic acids, acid esters and acid am des

i represented by the formula (VI11): (M 1)

(R[err]O)[err]R(CCIR[err])[err](CO\IR[err]zg[err])[err] wherein Ris a

- linear or branched chain, 'saturated ali phatic hydrocar bon of from2 to 20,

"~ preferably te m .t

consisting o ?qﬁa%t%:? odxg‘%{-%ﬁﬂggégﬁﬂl]ﬂﬁerm# in écyl %‘r 3?151% 7nq§|ng§§ ‘gf%ﬁ}be of
1 to 10, prfg{g;rbik@{d(cénﬁj@,sﬁloﬁmst preferably 1 to 4, carbon atons, ,

. especially preferred i s hydrogen; éach Rerr] is independently sel ect ed

- fromthe group cGnsipﬂsiti@sod)f thedpregemt iswention|dayl also irmiydle gffeckvehnfoumts 1
' to 20 carbo ons pre céably fromé to 10 carbon atons; each err]_ and

' Rlerr] is ot é |as¢e fie selegted fzam the groymronsifsing of antEexi tsmﬂayn@f

- hydr ogen or I r referabl fro

- nost pref errg@zﬂ?%hﬁ%’ drﬁ? r%tg%agﬂt && alh%étfiﬂ éa%l%gg‘qrg gygsm? IW?- ')’s, |C8f8§F8§?t er
~than or equinfofcidg @\% alfilfersdUsthbilizess, Orarﬁlsta'ﬁtd E% I%Eﬁc&@fsh and

. greater than or equa zero and wherein (OR[err]) alp or beta to a
car bonyl grlabpicants. &fhdseastditives awer kmowh inrthe |ast as are ¢psir affectNaeyleSzelwar&i

carbon atons. Obyiously, Rerr], err], Rerr] and Rerr] cannot be ar
when t he r&ﬁﬂ&dvs\/efl HAeEperatign: E&I tiva gmams of tae seditivesmkary widely, bu

1l ustrati V‘flegfarg Ws{xgﬁy%rggér*% %%‘Xi)ﬁﬁt 'tg Sébgu?Sﬁ%torr' I%Oiaé: y’wer{%i\{ baSsd

- and
on the weight of the entire composition.

Preparation of the compositions of the present invention is normally
achieved by melt blending the ingredients under conditions for the formation of
an intimate blend. Such conditions often include mixing in single or twin screw
type extruders or similar mixing devices which can apply a shear to the
components. It is often advantageous to apply a vacuum to the melt through a
vent port in the extruder to remove volatile impurities in the composition. The
compositions of the present invention are useful for making molded articles such
as housings for electrical connectors in under-the-hood automotive applications,
and are useful for making various other molded articles.

All of the ingredients may be added initially to the processing system, or
else certain additives may be pre-reacted or pre-compounded with each other or
with one of the primary polymer components, PPE, compatibilizer compound
and crystalline resin. It appears that certain properties, such as impact strength
and elongation, are sometimes enhanced by initially functionalizing the PPE with
at least one of the typical compatibilizing agents prior to blen.ding with the-

crystalline resin. While separate extruders may be used in the processing, these



agaricic acid; including the various comercial forns thereof, such as, for
-exanpl e, the anhydrous and hydrated acids. Illustrative of acid esters

usef ul 19 herein include, for
exanpl e, acetyl citrate and nono- and/or di- stearyl citrates and the |iKke.
Suitabl e acid am des useful herein include for exanple N, N err]-diethyl
citric acid amde;. N,N err]-dipropyl citrc acid am de; N phenyl citric
acid am de; N dodecyl citric acid am de; N, N -didodecyl citric acid am de

and N-dode | ) [ vatyl . t ’f‘.ﬂﬁi | ycarhoxylic
acids are gﬁds%ﬁgédlhts E%I(Hé%f %Eoﬂéee PP%S%IEQ wgg{,}c%% sgfgl%%é( pr éeg g}ﬂq;?ll‘l%\;gﬁﬁ}péé.
Sui t abl e f ueedi Eaﬁdsi aldig deylengids toaBcdkinhivdile | theUaddifigh e6f theS various
4,315, 086; 4, 755,566; and 5, 000,897, which are incorporated herein by

ref erence. componentshdeistaiso sometimesrayl vaoragemustorempplayeatt leastasrieevent port

preferred enbodinent, of the presept .inventio The utiljty of orthoester
conpounds 18 eadetgctiopnbetw ﬁ'teyPeSétm OB oY, YeRHRSt Fg‘?ﬁétm@ﬁ’helil% Ofer

o2, Do | Nl b She bt R BB SR e o W3 B2 B 8l
ort hoest er BleHERY tinddshd deniptsrires) Usriwdlings EdipoReRt hdditionNodittbr ¥hd
Lerrl sequence, without undue additional experimentation.

It should be clear that the present invention affords a method to increase
the heat resistance of PPE blends with at least one crystalline resin, especially
blends with at least one crystalline resin having a melting point of at least about
210°C. The method involves admixing a PPE having an intrinsic viscosity less
than about 0.30 dl/ gm with at least one crystalline resin having a crystalline
melting point greater than the glass transition temperature of the PPE. The PPE
phase is preferably the dispersed phase.

All references cited are incorporated herein by reference.

EXAMPLES

The compositions of Tables 1 and 2 were extruded on a Werner-
Pfleiderer twin-screw extruder at a temperature of about 275-300°C with a
vacuum of 10-20 inches Hg applied to the melt during compounding. The
resultant compositions were molded using a Toshiba injection molding machine
using a temperature set of about 275-300°C and a mold temperature of about 80-
110°C. Samples of the compositions were also subjected to measurement of
notched Izod impact strength according to ASTM D256 (employing a sample size
of 2.5 inch by 0.5 inch by 0.125 inch), Dynatup (energy to fracture, falling dart
test) strength according to ASTM D3763 (using 4 inch diameter .by 0.125 inch
disks), flexural modulus and flexural strength according to ASTM D790



An orthoester functional PPE may be prepared by sol ution-capping of PPE
havi ng hydroxy end groups with an ortho ester functionalized halotriazine.
The PPE having orthoester functional noieties is preferably prepared by
melt extrusion of PPE with at | east one graftable ethylenically unsaturated

ortho ester nononer. The functional ortho ester nononer nmay be represented
by the general fornula (XlI)

20 _ [er2r5] ~ Wwherein Rierr], Rerr],

Al kol ene” § dsiBloy e gatapls §7RIatabi ok 1350 b §6p ipeRs dseh eilesgonne

fol low ng foraul 21524 'of 66 psi according to ASTM D648 (employing a sample size of 6
inch by 0.5 inch by 0.25 inch), heat sag laccording to ASTM D and tensile yield
and tensile elongation at break according to ASTM D638.

The materials used in the following examples were as follows:

PPE-anhydride is poly(2,6-dimethylphenylene ether) resin which has been
reacted with trimellitic anhydride acid chloride to result in an anhydride
functionalized PPE having an intrinsic viscosity of about 0.46 dI/ gm measured in
chloroform at 25°C, obtained from GE Plastics.

PPE-epoxy is poly(2,6-dimethylphenylene ether) resin which has been
reacted with mesityl-glycidoxyl-chlorocyanurate to result in an epoxy
functionalized PPE having an intrinsic viscosity of about 0.40 dl/gm measured in
chloroform at 25°C, obtained from GE Plastics.

PPE-0.25 is poly(2,6-dimethylphenylene ether) resin having an intrinsic
viscosity of about 0.25 d1/gm measured in chloroform at 25°C, obtained from GE
Plastics.

PPE-0.28 is poly(2,6-dimethylphenylene ether) resin having an intrinsic

- viscosity of about 0.28 d1/gm measured in chloroform at 25°C, obtained from GE
Plastics. |

PPE-0.46 is poly(2,6-dimethylphenylene ether) resin having an intrinsic
viscosity of about 0.46 dl/ gm measured in chloroform at 25°C, obtained from GE
Plastics. _

HDPE is a high density polyethylené obtained from Soltex Polymer Co.
under the tradename FORTIFLEX as grade B54-25H-96.



[err] (XI'l') wherein each Rlerr] may independently be hydrogen; or a
Cerr] radical, or substituted derivatives thereof; or an aryl radical, or
substituted derivative thereof; or any other group that is inert to t he
ortho ester. The value of mmy be 1 or greater. R12 can be one of the
following fornulae (XiI1): [err]

G (XI11) Illustrative exd®pl es of ortho ester nononers

whi ch may be enployed in the present invention include

4-acryl oyl oxymet PE-Rig® tl'?ylﬁﬁé e tl3ala Qéﬁhal{lﬁﬁm% an IAV. of about 0.59

4- et hacr yl oyl oxynet hyl - 2- net hoxy- 2- me di oxol an
acr yI oyl oxyaeet ydas@revbt tinxya 21pghemdight 3tcd| m«nghhe naixtiiteh eof sphenokl,mj2a-ur e
4- (2- met hoxy- 2- net hyl -1, 3-di oxol anyl ) net hyl vinyl benzyl ethers. Methods

f or the prelhag Q}'ﬁeﬂ’faf\?a?lrflﬁ'tgug useful ortho ester materials and their .
reaction with P be f Nos.. ,5 132, 37 142, 0
50171, 886, 5. 153P B4 nh PSTRESBae ispEihalnte) XRRin BAIRE ARUF Yok abaith O
reference. as measF&d erlﬂbl tlt);e HdYhENtS aldeighP's FhikkdieedoP PR8n6EL §12,2-
mononer is of the fornul a
tetrachloroethane at 30°C.
TDP is tridecyl phosphite.
additives is a mixture of hindered phenol, thio compound, poly(a-olefin)
lubricant, talc, and polytetrafluoroethylene added at 1.6 total weight percent.
The following examples are provided to illustrate some embodiments of
the present invention. They are not intended to limit the invention in any aspect.

All percentages are by weight based on the total weight of the entire

composition, unless otherwise indicated.



21 [err] Anot her preferred
.ethylenically unsaturated ortho ester nononer is represented by the formula
(XV) . o [err] (V)
It is sonetines advantageous to use an initiator in the nelt preparation of
the orthoester functional PPE with an ethylenically unsaturated ortho ester
nmononer. It is also sonetines advantageo@® to enploy at | east one | ubricant
which is substantially inert to the ortho ester and other ingredients. The
presence of the |ubricant decreases t %ﬁggl red nmelt processing
tenperature to produce the functionalize E, as well as the :
conpati bi fi zed bl ends presaﬁlaré fherefrilam As|a resulyt, gdls fornpgion s
mnimzed{_Suitable |ubrijcan M 1] bd apparkent tolthoselskilled in the
art; in ge¢ lPé’f&-I()Zﬁhey are soli d‘ESQ/ith O gh 1L80icitP or rjdlativepdy | ow
mel ti na séd of—oils. The comdositiohs of Hhe p[gsen_t iLhventidon nma
al so cgnt |Pr?Ea't0f16ast one |rrpac1 0m)dif|59r tha@ is né® a dcﬂrpatl PP ze g

conpound e onpoSHtof: e—i AW LE e e—eaStetei C
bl gIc)k (ty&ﬁgp_ﬁy di bl ogk, tribl cag @dl al Jsgrebl §9k) cgk%gal ymas of

al kenyl armgg'zmn'd?—a‘n'd—dhlﬁnes Fst 10 10
TDP 0 0 0 0 3 3
[;roperﬁes: |
HDT 318 269 (271 224 278 259
NI, ft-Ib/in 58 93 1.8 1.5 1.8 57
Tensile yield strength, psi {6000 |5100 |6000 |3600 |6200 {4900
Flex. Mod., Kpsi 205 169 249 179 248 203

As noted by the illustrative data in Table 1, blends of high density
polyethylene and low molecular weight PPE have higher HDT, tensile yield
strength and flexural modulii that the same composition made utilizing a higher
molecular weight PPE. Comparison of the HDT of samples 1 and 2, each
containing 10 parts of a elastomeric block copolymer, to the HDT of samples 3
and 4, each containing only 5 parts of a elastomeric block copolymer, further
demonstrates that the sample containifig the larger amount of elastomer have a
higher HDT. These results are also unexpected since the elastomeric block
copolymer is known to plasticize the PPE and would be expected to further
reduce the Tg of the PPE. Samples 5 and 6 which contain 3 parts tridecyl
phosphite show are lowered HDT as compared to samples 1 and 2 but sample 5
containing the lower IV PPE still retains a higher HDT than sample 6 that
contains the higher IV PPE.



often at | east one block is derived fromstyrene and at | east one bl ock

- fromat |east one of butadiene and isoprene. Especially preferred are the
triblock and di bl ock copol ynmers conpri sing pol ystyrene bl ocks and di ene

derived bl ocks wherein the aliphatic unsaturation has been preferentially

renoved with hydrogenation. M xtures of various copolyners are al so

soneti mes useful . The 28 22

wei ght average nol ecul ar ‘wei ghts of the inpact nodifiers are typically in

t he range of about 50,000 to 300, 000. ‘Bhbkdk2.copol yners of this type are

comerci ally—available fromShell Chem cal Conpany under the trademark

KRATON, amd include, for S@unﬂﬂWa7 gradds D11p1, D1102, G1650, Gl651, Gl1652,

Gl1701 and ’f%)g’éi —C-her—st ?EE%:MM% m)difiers are the core-shell

type graft ) ide |, gener ~have a predom nantly conjugated
di ene rubj 3 ZZISITCO Uss-]i nked acryl ate rubbery core
and one o e 'Shells pol yneri t hgreon ahd derived from nonoal kyl arene

and/ or aci)ppg _B@noMers alone oif g preflegably] in conbination with other
vinyl nongners. The core-shell g¢opolyners arg widely available conmmercially

in pellet |puleggwder forns, for |dgganpl e45fro;1 Rohm and Haas Conpany under
the trade {nanes EXl- 3330, EX1-3691. HXl -260D, EXL-2607, EXL- 2647,

EXL- 3386, |3@G-1RR- 3607, and 10 10
properties:
HDT 365 382
Heat sag @ 400°F, mm 217 154
NI ft-Ib/in 11 9.2
Flex. Mod., Kpsi | 285 324

Tensile yield strength, psi | 8605 | 9294

As noted by the illustrative examples in Table 2, sample 8 containing the
0.28 1.V. PPE has higher HDT, heat sag, flexural modulus and tensile yield
strength when compared to the same composition containing 046 1LV. PPE
(sample 7) in place of the lower L.V. PPE material. These results are unexpected
as the Tg of the PPE phase is lower than the melting point of the polyamide 6,6
used in the compositions. A lowering of the I.V. would be expected to decrease

the thermal properties since the PPE Tg should be controlling the thermal
properties of these blends.



are described in U S. Patent Nos. 3,808,180, 4,034,013, 4,096, 202,
4,180, 494 and 4, 292, 233. Various m xtures of the aforenentioned
i npact nodifiers are al so sonetinmes useful. The anmount of the inpact
. nodi fier generally present, when one is used, is an anount effective to
. inmprove the physical properties, for exang e, the ductility of the
' conposition when conpared to the sane cog%%sition W t hout an i npact

nmodi fier. Inproved ductility can be indicated by increased inmpact strength
or increased tensile elongation to brediableédperally, the inpact nodifier is
utilized i p—the—range—of—abott—igto—eabort—20% by mptgh%—?ased on the total
wei ght of |t he conpositi"on.ga o ferraxﬁranggﬁis aptut 3% to about 15% by
wei ght; ba B ' dﬁ T1§To (ﬁ?[i() @nd he nost preferred
range i s between about 5%to abou% 1294 by weijght; bpSed om the total weight
of the conppprip@g. The exact a t ahg typgsigor cpgbi nati ons of

23 inpact|nodifiers utilized will depénd inlpart oph the dequirenments
needed in [RPEf+D&I bl end conposj®ion. |20 @npos] 10ons |of the present
invention pan_also include effecfive a of _at least gne additive
sel ected fyBETthe group consi stip?0 of mifhants 0f| amg

PET-2 0 0 50 50

KD-1102 10 10 10 10

additives yes yes yes yes

properties:

HDT | 284 299 295 334

NI @ 23°C, ft-Ib/in 1.6 27 1.7 2.0

NI @ -30°C, ft-1b/in 11 |17 |10 |13

Dynatup @ 23°C, ft-1b 10 36 35 33

Dynatup @ -30°C, ft-1b 6 27 13 23

Tensile yield strength, psi | 7800 |[8100 |7300 | 7600

The illustrative data in Table 3 demonstrates part of the unexpected
results obtained for PPE/ polyester blends containing lower L.V. PPE. As seen by
comparing sample 10 to sample 9 and sample 12 to sample 11, not only are the
HDT properties unexpectedly higher for the low LV. PPE containing samples
(i.e., samples 10 and 12), but also the impact strengths are also unexpected
increased with the use of the lower L.V. PPE as compared to the higher L.V. PPE
containing blends (i.e., samples 9 and 11).

The preceding examples are provided to illustrate some embodiments of

the present invention. They are not intended to limit the invention in any aspect.



_retardants, drip retardants, crystallization nucleators, dyes, pignents,

colorants, reinforcing agents, fillers, stabilizers, antistatic agents,

pl asti ci zer s—and—+ubr+eants—These additives are known in the art, as are

their effecti\ﬁislsgvgﬂrls anq( t hods of incorporation. Effective anmounts of

; .. €T I1a, e .

the additives v - they are ésually present in an amount up to
about 50% or m)ﬂ m based on t e wei ght of the entire conposition.
Preparati on of ns of the present invention is normally

achieved by nelt blending the ingredients under conditions f
formation of an intimte bl end. Such C(?ESIH gns S BET WAS BEEN hg in
single or twin screw type extruders or rom éﬂ}ﬂ@gg whi ch can
apply a sh iR %&g&)ﬁponents. It is often advgnt agedlis—+-6

int_ -e—appty a vacuum
to the nelt rough a vent port in the extruder to renove volatile

| inpurities in tRagAMROSI tA%eni‘ib?lé‘sﬁmmmdﬁﬁén%n{#ﬁiﬁgﬁsent I nvention

. are useful for making nolded articles such as housings for electrical

| connectors in ufdpr - tddidpersedhphase tompriging iac polyphenylent ether vesihuhaviog
maki ng various other nolded articles- Al'l of the ingredients may be

added i ni t 28 Infringic viscopity dessdhap abput 830 A/ garsander t ai n additives nay be
pre-reacted or -compounded wi th each ot her. or with one of the pri.mary
bol yer componenPL, FPESOUEIAN s Compritinga S RAUMS, Tesit HaifR 4
appears th ' ; ] h [ t4¢0
alrog sonet i ﬁgﬁgﬁﬁ?ngéﬁh‘@geﬁ?‘?féﬁﬁ&f gﬁg‘t :ﬂoqén)gllaszslS %aﬁ? e&théEmgnE%‘ﬁﬁg? qfeg‘set

- one of the polpphenylengethiertesirzi ng agents prior to blending with the

~crystalline resin. Wile separate extruders may be used in the processing,
. these Claim 2. e thermoplastic composition of Claim 1, wherein the

melting point of the crystalline resin is at least about 210°C.

Claim 3. The thermoplastic composition of Claim 2, wherein the
crystalline resin is selected from the group consisting of polyester resins,
polyamide resins, and polyarylene sulfide resins. _

Claim 4. The thermoplastic composition of Claim 3, wherein the
crystalline resin is selected from the group consisting of poly(butylene
terephthalate), poly(ethylene terephthalate), poly(butylene naphthalate),
poly(ethylene naphthalate), polyamide-6,6, polyamide-6, poly(p-phenylene
sulfide), and liquid crystalline polyester resins.

Claim 5. The thermoplastic composition of Claim 1, further
comprising a compatibilizing agent.

Claim 6. The thermoplastic composition of Claim 1, further
comprising at least one additive selected from the group consisting of impact
modifiers, reinforcing fillers, non-elastomeric metal salts, flow promoters, flame
retardants, drip retardants, dyes, pigments, colorants, stabilizers, antistatic

~ agents, crystallization nucleators, plasticizers, non-reinforcing fillers and

~ lubricants.

TN O 08 D



24 conpositions may al so be prepared by using a single extruder having
.hultiple feed ports along its length to accormpdate the addltlon of the

various conponents. It is also sometines advantageous t1His Bestane a.ted
one vent port in each section between the feed ports t.o

(either atnospheric or vacuum) of the nelt. Those of or

art will be able to adjust blending tines and terrperatures as vve
conponent addition |ocation and sequence3lwi t hout undue additi onal
experinmentati on. It should be clear that the present invention

affords a met hod1sign Pncr eaak arhidehfade Hoth ThabsmpebitRRFobtREgs) Wi th at
| east one crystalline resin, especially blends with at |east one

crystal line resiiaima8i ng A tbetmoplastic comyfosition eamiprisimgit 210[err] C. The
met hod i nvol ves adm xi g a PPE having an intrinsic viscosity |ess than
about 0.30 dlI/gkd) wi @h ’éPeF phase-cempsising arpolyphenyleng eféeareslyslmmgne

melting point ¢ r=at er |on tenperature of the PPE. The
PPE phase ?‘gub?u G ¥ 511 %esa%g%éflggﬂ {%ﬁgﬁé} Al'l references cited are
I ncor porated he I\/PLES
The corrpositiongﬁyof Tal:ﬁ es 1 and pgna\;\sgrgozém u(}%daon a%lrnr?err-esﬁlel

t wi n- scr everpstallicier melting tpoine %bwee @hnaﬂwgla&ZSuaﬂﬁ&Qhri biature ‘(ﬁlCﬂHém
of 10-20 inches Hg applied to the nmelt during conpoundi ng. e resultant
conposi t i opelyphenyleneiethensesin; and'oshl ba injection ol di ng machi ne using a
tenperature set ,Qf about 75 S?gt[ err]C.and.a nol.d tenperature of about 80-
110[err] C. Sanp®s of QRO l\‘?ﬁﬂ)’ée%?§§‘e§tﬂﬁs fied & gy £ IREIRY

of notche dv)lfe?&n ﬁ@%s&h&?@% has grc%gglﬁx‘?e ééTMuE Poind SR BeAAR! ©

si ze

transition temperature of the polyphenylene ether resin.

Claim 9. A thermoplastic composition consisting essentially of:

(@)  a dispersed phase comprising a polyphenylene ether resin having
an intrinsic viscosity less than about 0.30 dl/gm.; and

(b) a continuous phase comprising a crystalline resin having a
crystalline melting point greater than the glass transition temperature of the
polyphenylene ether resin.

Claim10.  The thermoplastic composition of Claim 9, further consisting
essentially of a graft copolymer of a polyphenylene ether resin and a crystalline
resin, wherein the crystalline resin has a crystalline melting point greater than
the glass transition temperature of the polyphénylene ether resin.

Claim11. A method to increase the heat resistance of poly(phenylene
ether) resin blends with at least one crystalline resin, the method comprising
admixing a poly(phenylehe ether) resin having an intrinsic viscosity less than
about 0.30 dl/ gm. with at least one crystalline resin having a crystalline melting
point greater than the glass transition temperature of the poly(phenylene ether)

resin.
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of 2.5 inch by 0.5 inch by 0.125 inch), Dynatup (energy to fracture,

.falling dart test) strength according to ASTM D3763 (using 4 inch dianeter

by 0.125 inch disks), flexural nodulus and flexural strength according to
ASTM D790 25 (enploying a
sanple size of 6 inch by 0.5 inch by 0.25_.inch), heat deflection under a

| oad of 66 psi according to ASTM D648 (enpl oying a sanple size of 6 inch by
0.5 inch by 0.25 inch), heat sag according to ASTM D and tensile yield and
tensil e el ongat i Climt 12r eaFhe cmethiich @f tGlaiy@Th,Déd@rein at leash@neacwystallise

used in the fpl] ow ng exanples re as_ follows: PPE- anhydride is.

pol y(2, 6- di%%%&ﬁ?@ﬁ?%%&ﬁ 1?%%@1@%&?@&?@1% been reacted with
trimellitic anhygyj: cid | QL4 i ; i

functionalized Pgl[gu%g%/?ng gﬁgilﬁﬁhﬁ?s(lsfgqﬁ%%%id{ge%& gﬁ%ﬁg f}gsg%n%llep 8 r%ther)
measur ed i neegiH Bra0di@pEtset I;}ﬁ{s@,r r]C, obtained from CGE Pl asti cs. _

PPE- epoxy i s pol y(2, 6-di net hyl phenyl ene ether) resin which has. been reacted
wi th nmesityl-glycidoxyl-chlorocyanurate to result in an epoxy .
functionalized PPE having an intrinsic viscosity of about 0.40 dl/gm
measured in chloroformat 25[err]C, obtained from GE Pl astics.

PPE-0. 25 is poly(2, 6-dinethyl phenyl ene ether) resin having an intrinsic

This Sheet Has Been Replaced
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viscosity of about 0.25 dl/gm neasured in chloroform 'at 25[err] C, obtained

- from CGE Pl astics. PPE-0. 28 is poly(2, 6-dinethyl phenyl ene et her)
resin having an intrinsic viscosity of about 0.28 dl/gm nmeasured in
chl oroformat 25[err]C, obtained from GE Pl astics. PPE-0.46 is

pol y(2, 6-di met hyl phenyl ene ether) resin having an intrinsic viscosity of
about 0.46 dl/gm neasured in chloroformsg 25C obtained from GE Pl astics.
HDPE is a high density oI eth | ene obtained from Soltex Polymer Co. under
t he tradenane FORTI FLE 'ﬁbhéENBSBOESFEBGBLENDS CONTAINING

26 . PET-11is a polﬁé | ene tere ht hal at e re5|n having an |.V. of
about 0.59 as neadf%edQ If¥ QLY NE FRHER) 01,1, 2, 2-
t etrachl or oet hane at 30[err]C PET 21is a pon(etherne
terepht hal ate) resin having a Y 0. pasured in a 1:1

wei ght to wei ght m xture of21H . 2 s¥oet hane at 30[err]C.
TDP is tridecyl phosphite. addltlves is a mxture of hindered phenol,
t hi o conpound, pol y(a-olefin)

Blends of polyphenylené ether resins and crystalline resins wherein the

polyphenylene ether resins have an intrinsic viscosity less than about 0.30 dl/gm
are provided. The blends have increased heat distortion temperatures over
compositions containing a polyphenylene ether resin with a greater intrinsic
viscosity. The blends may further contain compatibilizing agent, impact

modifiers, and reinforcing fillers.



| ubricant, talc, and pontetraquofdetherne added at_1,6 total wei ght

percent . ThieSlieeﬂHasBpm acairpl es are provided t tﬁt&p@tmhf@# e

enbodi nents of t ntion. They are not
invention i n any rcentages are by wei gpt bife on the of a
wei ght "of the entire conmposition, unlessootherw se ihd

27 TaRl Sanple

2 3 4 .5 6 PPE -Z@Q;gk 50 0O 50
0 50 Whap PpEcladmed: 0 50——e 50 0
50 HDPE Claim 1. A5Qhermo§Qastic5Qompos§9ion comEPising50 KG 1652
10 10 5 5 . 10 10 TDP .. 0 0
0 0 3 (a) agdispersed phasg GRIRYiEingpe Ppolyphenylene

318 269 etBét resZR4havind8an inbPiMbicfviddbéity less than dbdut 9.3

1.8 5.7 Ten5|l jeld strength, psi 0 6000
3600 6200 4%80‘1%/ d In' chiSggorm i%gzg@ ]h 248

203 the polyphenylene ether resin comprises a functlonallzed
poly(phenylene ether)resin comprising an orthoester
moiety; and

(b) a continuous phase comprising a crystalline
resin having a crystalline melting point greatexr than the
glass transition temperature of the polyphenylene ether
resin; wherein the crystalline resin is a polyester resin.

Claim 2. The temperature composition of Claim 1,
wherein the melting point of the crystalline resin is at
least about 210°C.

Claim 3. The thermoplastic composition of Claim 2,
wherein the crystalline resin is selected from the group
consisting of polyester resins, polyamide resins, and
polyarylene sulfide resins.

Claim 4. The thermoplastic composition of Claim 3,
wherein the crystalline resin is selected from the group
consisting of poly(butylene terephéhalate), poly(ethylene
terephthalate), poly(butylene naphthalate), poly(ethylene
napthalate) and liquid crystalline polyester resins.

Claim 5. The thermoplastic composition of Claim 1,
further comprising at least one additive selected from the
group consisting of impact modifiers, reinforcing fillers,
non-elastomeric metal salts, flow promoters, flame
retardants, drip retardants, dyes, pigments, colorants,

stabilizers, antistatic agents, crystallization
nucleators, plasticizers, non-reinforcing fillers and
lubricants.
THIS SHEET HAS BEEN
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As noted by the illustrative data in Table 1, bl enbhisSheet HesHeen
pol yet hyl ene and | ow nol ecul ar wei ght PPE have hi gh n H _
strength and flexural nodulii that the sane conposi i 4 zing a

hi gher nol ecul ar wei ght PPE. Conparison3d the HDT of sanples 1 and 2, each
cont ai ni ng 10 partia®in §.el At GWidl | AGleCEHIVDnY "Ehe conipesiPbrof osanpl es
3 and 4, eacﬁ contgining only 5 parts of a elastoneric block copol yner,
further derohs®FBt&s that the sanpl e containing the |arger anount of

el astoner have a higher HDT. These results are al so unexpected since the

el astoneri c bl ock | yer i asii g : ad.wqul d be
expected to furthgggggdﬁée §h§h§38§?l%§59EPE&hég%%FEQESggﬁagggl ch contain
3 parts tridecyl pAdsphi tdisprreed ephader ccPRIPXL3LNG oRpPelyPleryhenes 1
and 2 but Sa&@hér5régﬂhahﬁbﬂ9ﬁzgﬁ|ﬂﬂﬁ¥1d§idm¥iéﬁdéﬂtfEiéﬁé“%ﬁhﬁ'@h@é HDT

h I h ' [ |V PPE.
t28an sampt e glt/g%t acsort]rtlea}e{sr{fretd inlg ?rqgg?:[grg at 25°C and where:ighnw%: 7

8 PPE- Anhydrpdtyphenylene efHeb r&gdih PPbompPidés a functionaliz@d5 O
PPE- -.28

poly(phenylene0 etherf%%é%n comprising an orthoester
moiety;

(b) a continuous phase comprising a crystalline
resin having a crystalline melting point greater than the
glass transition temperature of the polyphenylene resin;
and .

(c) a copolymer of a polyphenylene ether resin and
a crystalline resin wherein the crystalline resin has a
crystalline melting point greater than the glass
transition temperature of the polyphenylene ether resin;
wherein the crystalline resin is a polyester resin.

Claim 8. A method to increase the heat resistance of
poly(phenylene ether) resin blends with at 1least one
crystalline resin, the method comprising admixing a
poly(phenylene ether) resin having an intrinsic viscosity
less than 0.30 dl/gm as measured in cholorform at 25°C with
at least one crystalline resin having a crystalline
‘melting point greater than the glass transition
temperature of the poly(phenylene ether) resin; wherein
the crystalline resin is a polyester resin and wherein the
polyphenylene ether resin comprises a functionalized
poly(phenylene ether)resin comprising an orthoester
moiety.

Claim 9. The method of Claim 8, wherein at least one
crystalline resin has a melting point of at least about
210°C.
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PA-6, 6 45 45 KG 1702 10 10

properties: HDT : 365 382 Heat sag @400[err]F, mm
21.7. 15«4 N, ft-1b/in 11 9.2 Flex. M., Kpsi 285
324 Tensile yield strength, psi 8605 33294 As noted by the

il lTustrative examgi@Sin Nolabhe 2, ne@dpd e §ccorti@iimi NP ! hewReZ8ih- Ve hBPE has
f_l exur al dul us, and te%ﬂeelyl e| d st rengt h when

hi gher HDT, heagt sag,

conpared to ©% Yé&%@&?&&.%%@cm%%% FE&mmple 7) in
place of the lower I|.V. PPE material. These results are unexpect ed as the
Tg of the PPE pha l.qwer, than h Ltin oi h 6, 6
used in the corrpos%:itlt%)nnsﬂ' Fﬂ%‘ﬁggﬁfég Ig°€ \?\'/%&?ld % %’ggeprecjt%dgﬁs

decr ease t he polar(pdlenyleyer tetéfsarsiu es inh daPENT dnhrdnied chwisonsdblyl ing t he
thermal propefld §arye t&]‘?s@.ﬁeﬂdé;zs_r%%(%m?)as measured in chloroform

29
at 25°%C.

Claim 12. The composition of c¢laim 7 wherein the
poly (phenyiene ether) resin has an intrinsic viscosity in
the range of 0.15 - 0.25 dl/gm as measured in chloroform
at 25°C.

Claim 13. The method of claim 8 wherein the
poly (phenylene ether) resin has an intrinsic viscosity in
the range of 0.15 - 0.25 dl/gm as measured in chloroform
at 25°%C.
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Sanple: 9 10 11 12 PPE—epoxy
30 ~ 30 PPE- 0.46 '20 0. 02 8 _4 X
0 20 ~7T0 10 PET-T

0 PET- 2“ This Sheet Has Been Repladed 0 50 KD- 1I92

10 t|ves yes yes yes
properti es HD;H“II IIII" ﬂﬂ 28% 299 295 334 NI @
23[err] C, ft 2.7 020N @- 30[err]C ft @m
1.1 1.7 1.3 Dynat up @23[err]C ft-1b 10 5%
Dynatup @ - 30[err]C ft-lb 6 27 13 23 Tensrle yr eld strength,
psi 7800 8100 7300 7600 ThELAIMSstrative data in Table 3

denonstrates part of the unexpected results obtained for PPE/ polyester

bl ends containing |lower 1.V. PPE. As seen by conparing sanple 10 to sanple
9 and sanpl e \iat f Qaitmdce: 11, not only are the HDT properties unexpect edl y
hi gher for the low I.V. PPE cont aining sanples (i.e., sanples 10 and 12),
but al so the I mpact strengt hs are al so unexpect ed increased with the use of

the lower I.V. PP onpar hi gher V. PPE .contai ning bl ends
(i.e. sarrpl es 9 Z%'&".“Lf) Khé "ﬂPZ e‘g)é?f? FYIAL SHHPUSINGr & provi ded to

illustrate some engpdi regispeéd phbe éHrﬁ‘éﬁﬂﬁg h'ﬁbWﬁHe@n?len-E@Heﬁre? nWilving
intended to limt the invention in any a
an intrinsic viscosity less than about O 0 dI/gm and
(b) a continuous phase comprising a crystalline resin having a
. crystalline melting point greater than the glass transition temperature of the
polyphenylene ether resin, wherein the crystalline resin is selected from the
group consisting of polyester resins, polyamide resins, and polyarylene sulfide
resins. '

Claim 2.. The thermoplastic composition of Claim 1, wherein the
melting point of the crystalline resin is at least about 210°C.

Claim 3. The thermoplastic composition of Claim 2, wherein the
crystalline resin is selected from the group consisting of poly(butylene
terephthalate), poly(ethylene terephthalate), poly(butylene naphthalate),
poly(ethylene napthalate), polyamide-6,6, polyamide-6, poly(p-phenylene
sulfide), and liquid crystalline polyester resins.

Claim 4. The thermoplatic composition of Claim 1, further
comprising a compatabilizing agent.

Claim 5. The thermoplatic composition of Claim 1, further
comprising at least one additive selected from the group consisting of impact
modifiers, reinforcing fillers, non-elastomeric metal salts, flow promoters, flame
retardants, drip retardants, dyes, pigments, colorants, stabilizers, antistatic agents,

crystallization nucleators, plasticizers, non-reinforcing fillers and lubricants.
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30 REPLACEMENT SHEET VWhat is cl ai ned: C aim1. A
t her nopl astic conposition conprising: (a) a di spersed phase conprising a
pol yphenyl ene ether resin having an intrinsic viscosit yhid $s& Had¥uden
0.30 dl/gm wherein the intrinsic viscosity is neasured 1 at
25[err]C, and (b) a continuous phase conprising a cry mw"mﬁ'
having a crystalline nelting point greater than the gla ' il
tenperature of the pol yphenyl ene resin, @ferein the crystalline resinis
selected fromthe group consisting of polyester resins, polyam de resins,
and pol yaryl ene izde regl . ' | £ conposition
of daimi1l, V\her(g?irl{;'t@he nel %clg&?ﬁ?b@o%m%eg&&?g%ﬂﬁrﬂ@?%ﬂ s at | east
about 210 [err] Claim@. ai m & thermdpastib Rbiusiedn cos@ragt i on of Caim 2,
wherein the crystalline resin is selected fromthe group consisting of

pol y(but yl ene t €alphtehdispeeged phase comprising a polyphenylene ether resin having

an intrinsic viscosity less than about 0.30 dl/gm.;

(b) a continuous phase comprising a crystalline resin having a
crystalline melting point greater than the glass transition temperature of the
polyphenylene ether resin; and

. (&) acopolymer of a polyphenylene ether resin and a crystalline resin
wherein the crystalline resin has a crystalline melting point greater than the glass
&amiﬁon temperature of the polyphenylene ether resin.

Claim 8. A thermoplastic composition consisting essentially of:

(a) a dispersed phase comprising a polyphenylene ether resin having
an intrinsic viscosity less than about 0.30 dl/gm.; and

(b) a continuous phase comprising a crystalline resin having a
crystalline melting point greater than the glass transition temperature of the
polyphenylene ether resin.

Claim 9.  The thermoplastic composition of Claim 8, further consisting
essentially of a graft copolymer of a polyphenylene ether resin and a crystalline
resin, wherein the crystalline resin has a crystalline melting point greater than
the glass transition temperature of the polyphenylene ether resin.

Claim 10 A method to increase the heat resistance of poly(phenylene
ether) resin blends with at least one crystalline resin, the method comprising
admixing a poly(phenylene ether) resin having an intrinsic viscosity less than
about 0.30 dl/gm. with at least one crystalline resin having a crystalline melting
point greater than the glass transition temperature of the poly(phenylene ether)

resin.
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pol y(ethyl ene terephthalate), poly(butylene napt hal ate), poly(ethylene.
napt hal atg), pol yam de-6, 6, pol yam de-6, poly(p-phenylene sulfide), and

liquid crystalline polyester resins. Claim 4. The thernoplastic
conmposktion of Gaim1l, further conprising a conpatabilizing agent. Claim
5. * The ther nopl astic conposition of Claim1l, further conprising at |east

one additive selected fromthe group condsting of inpact nodifiers,
reinforcing fillers, non-elastoneric netal salts, flow pronoters, f1 ame

retardants, dripigiglandantthe @vhodPbOTEanLS 1ochHé@m St [Rh&DPbhe Z8%Stalline
antistatic agents, crystallization nucleators, plasticizers,

non- r ei nf oresimbas almglltm@pmint obat keaatasbout 210°C d ai m 6. An article

made from the caonposition A thernopl astic
conposi ti on conpafigndg: T e me?hég of Clalm ll wherem the poly(phenylene ether)

resin is a dispersed phase.

o
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(a a dispersed phase conprising a polyphenyléne ether resin having an
Lntrinsic viscosity |less than about 0.30 dl/gm wherein the intrinsic
viscosity is neasured in chloroformat 25[er]C;, (b) a continuous phase

conprising-a crystalline resin having a crystalline ter
than the glass transition tenperature ohgthe pol yphengtmACERMENEISHEERI N,
wherein the crystalline resin is selected fromthe gr;q 3 o}

pol yester resins, polyam de resins, and pol yaryl ene}stl f#' &MG?@?@S d (c)
a copol ymer of a pol yphenyl ene ether ggapgsand a crysfal “n Wherein
the crystalline resin has a crystalli h'e—r'rE'?ti ng poi nt h

resin.

glass transition tenperature of the pol yphenyl ene ef
- A thernopl astWbatdeelatneed i on consi sting essentially
phase conprising a pol yphenyl ene ether resin having an intrinsic viscosity
| ess than about 0.30 dl/gm wherein the intrinsic viscosity is neasured in
chl or of or m atClais} &r r | C,A thesmeplastic contposition gomprigingise conprising a

crystalline rgsin t | [ Woli e gl ass

transition te.((3 .er.ag_t]t?}%g%]g at%ﬁ%oﬁﬁqg&riﬁy@ﬁ %&Pé'{réeg?lﬁﬁ% erﬁeaibﬁat%_{ﬂ

crystal | ine ringihgiciviscosifyclese than about {3Q) d¥arp, wbersins thengtrinsicpdssosity és

resins, polyam i o ene sul fide resins. Claim 9. The

t her nopl ast i ?ﬂ%%ﬁjﬁ%f@tcﬁ%dg‘?ﬁﬁ %aéﬂd further consisting essentially of a

graft copol yrB} ofa sonfisupph ehgse cemprisiag a eyslalline dresindrayingas | drysfaltingsi n,

the ol ass tr Ananq panfGreals ufbr S ofbss ikhsih tpdTHuke BN Bopnghydierr L han
resin, wherein the crystalline resin is selected from the group oonsisting' of

her

polyester resins, polyamide resins, and polyarylene sulfide resins.

Claim 2. The thermoplastic composition of Claim 1, wherein the melting
point of the crystalline resin is at least about 210°C.

Claim 3. The thermoplastic composition of Claim 2, wherein the crystalline
resin is selected from the group consisting of poly(butylene terephthalate),
poly(ethylene = terephthalate), poly(butylene napthalate), poly(ethylene
napthalate), polyamide-6,6, polyamide-6, poly(p-phenylene sulfide), and liquid
crystalline polyester resins.

Claim 4. The thermoplastic composition of Claim 1, further comprising a
compatabilizing agent.

Claim 5. The thermoplastic composition of Claim 1, further comprising at
"least one additive selected from the group consisting of impact modifiers,
: reinforcing fillers, non-elastomeric metal salts, flow promoters, flame retardants,

drip retardants, dyes, pigments, colorants, stabilizers, antistatic agents,

crystallizatid'lti'nucleators, plasticizers, non-reinforcing fillers and iubricants.
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d af m 10. A nethod to increase t he heat resistance of pol y(phenyl ene
gther) resin blends Wth at least one crystalline resin, the m
conpri sing adm xi ng a pol y(phenyl ene ether) resin having an i

chlorofformat 25[err]C, with at |east ogg¢ crystalline resin
crystalline nelting point greater than the glass transition tfeqp
the pol y(pher@lﬁlé‘n@ et he"\r" argglermadﬁﬁmtm qompositipr ohClaimd. r esi -
fromthe group consisting of polyester resins, poI yam de resjns,
pol yaryl ene sul fide resins. '
32 a &laimd.  THetheamerlastisicompapition compligingsi n at | east one

aaimiz T nechasrapiEeend dRifhng o gbypRslers oter Fe Balbran | ogin
i's a di sper s dafripsie iscosity less than about 0.30 dllgm wherem the mtnnsuc viscosity is
measured in chloroform at 25°C; '
(b) a continuous phase comprising a crystalline resin having a crystalline
melting point greater than the glass transition temperature of the polyphenylene
ether resin, wherein the crystalline resin is selected from the group consisting of
polyester resins, polyamide resins, and polyarylene sulfide resins; and
(c) a copolymer -of a polyphenylene ether resin and a crystalline resin
wherein the crystalline resin has a crystalline melting point greater than the glass
transition temperature of the polyphenylene ether resin.

Claim 8. A thermoplastic composition consisting essentially of:

(@) a dispersed phase comprising a polyphenylene ether resin having an
intrinsic viscosity less than about 0.30 di/gm, wherein the intrinsic viscosity is
measured in chloroform at 25°C; and

(b) a continuous phase comprising a crystalline resin having a crystalline
melting point greater than the glass transition temperature of the polyphenylene
ether resin, wherein the crystalline resin is selected from the group consisting of
polyester resins, polyamide resins, and polyarylene sulfide resins.

Claim 9. The thermoplastic composition of Claim 8, further consisting
essentially of a graft copolymer of a polyphenylene ether resin and a crystalline
resin, wherein the crystalline resin has a crystalline melting point greater than the
_glass transition temperature of the polyphenylene ether resin.

J Claim 10. A method to increase the heat resistance of poly(phenylene ether)
resin blends -With at least one crystalline resin, the method comprising admixing
a poly(phenylene ether) resin havmg an intrinsic viscosity less than about 0.30
di/gm, wherem the intrinsic is measured in chloroform at 25°C, with at least one
crystalline resin having a crystalline melting point greater than the glass
transition temperature of the poly(phenylene ether resin, wherein the crystalline
resin is selected from the group consisting of polyester resins, polyamide resins,
and polyarylene sulfide resins.
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