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Field of the Invention This invention relates to bl ends of
pol y(phenyl ene ether), 5 poly(arylene sulfide), polyester resins and
conpati bili zer conpounds. The bl ends exhi bit enhanced physj cal

properties such as i
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enhanced ﬁrmperesmamgﬁneadly kpowine but such bbtdsrae‘agyplcaﬂyl bnttle andohaee i on.
poor chemical resistance in the absence of compatibilization between the
materials. Accordingly, there have been numerous methods developed
for providing compatibilization between the two resins. These methods
generally involve functionalizing the poly(phenylene ether) resin, the

15 poly(arylene sulfide) resin, or both, presumably in order to make
copolymers between the two resins. The resultant copolymers are thought
to serve as compatibilizers for the remaining poly(phenylene ether) resin
and poly(arylene sulfide) resin. Examples of various compatibilized
blends of poly(phenylene ether) resins and poly(arylene sulfide) resins

20 can be found in U.S. Patent Nos. 5,290,881, 5,122,578, 5,292,789, and
4,528,346 as well as EP-341422-A, EP-368413-A, EP-491884-A, JP 03121159-
A, and JP 04213357-A; all of which are incorporated herein by reference.

Accordingly, there is a need to provide compositions of

poly(phenylene ether) resins and poly(arylene sulfide) resins which

25 demonstrate enhanced properties such as m\proved taensxle strength and'
-elongation.
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2 - ~ SUMVARY OF THE | NVENTI ON The needs

d|9€ussed above have been generally satisfied by the surpr|S|ng

di scovery of an inproved t her nopl astic conposition whigh conprises: 5
a) a poly(phenyl ene ether) resin; 2 b) a poly(arylene sul fide)
resin c) a polyester resin : d) "a conmpatibilizer
conpound. In prefg ' ' mati bilizer conpound
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enhance t he ovE‘P‘&PF‘sﬁ? operties of the final conposi tion. The
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The pol y(phenyl ene 2} Myﬁwm‘*i‘ﬂé 8™ er known as "PPE") enpl oyed .
in the present i nven) iagpolyestekresiva pol yners conprising a plurality of

structural units of -
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" composition. The description which follows will provide additional
15 details regarding this invention.
DETAILED DESCRIPTION OF THE INVENTION

The poly(phenylene ether) resins (heréinafher known as "PPE")
' émployed in the present invention are known polymers comprising a

plurality of structural units of the formula (J)

X af
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20  wherein for each structural unit independently, each Q1 is independently
halogen, primary or secondary lower alkyl (i.e., alkyl containing up to

about 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,

25  halogen, primary or secondary lower alkyl, phenyl, haloalkyl,

hydrocarbonoxy or halohydrocarbonoxy as defined for Q1. Most often,

each Q1 is alkyl or phenyl, especially C1.4 alkyl, and each Q2 is hydrogen.

. Both homopolymer and copolymer PPE are included. The

preferred homopolymers are those containing 2,6-dimethyl-1,4-phenylene

30 . ether units. Suitable copolymers include random copolymers containing,



each Qerr] is alkyl or phenyl, especially Clerr] alkyl, and each Jerr] is
hyd#ogen - Bot h honopol yner and copol yner PPE are included. The
preferred honopol yners are those containing 2,6-di nethyl -1, 4- phenyl ene 30
ether units. Suitable copolyners |nclude3randon1copolyners contalnlng,

3 - for exanple, such units in conbination with
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met al  conpound cg\gewatograp § Vﬁﬁﬂﬂ%&é"aw Eﬁ&iﬁfg“ ual ly -
in conbination 03-0.6dl./g .yﬁdmuﬂxﬁﬂhﬁrc}ﬂmbﬁﬁmhiﬂ?c Particularly
useful PPE for many ose whi |se m Vi ng
at |east one am mal'%'ﬁ?@g %Rﬂe@%ﬁs’y eo éﬁaetrsi E{cal

is typically | cone anonqhydrmayatmnphsr ¢compotnd t huch as 2;§daytemlgpouﬁ,36-

Tt 52 RIS bl Y empine KRR 11
or di met hyl am rfouplings&hey typisall ramtain ahleastpne heavy mefal eempoun (mqsh ng
reaction mxturga éé?pb iﬁﬁ#gﬁ&b&é/opéweﬁﬂéoﬁfaﬁuﬂd usually fivebbitationewith end
groups, typical lglnouso gzeglahena reaction m Xtures
' . Particularly useful PPE for many purposes are those which
20 comprise molecules having at least one aminoalkyl-containing end group.
The aminoalkyl radical is typically located in an ortho position to the
hydroxy group. Products containing such end groups may be obtained by :
incorporating an appropriate primary or secondary monoamine such as
di-n-butylamine or dimethylaniine as one of the constituents of the
25 oxidative coupling reaction mixture.. Also frequently present are 4-
hydroxybiphenyl end groups, typically obtained from reaction mixtures
in which a by-product diphenoquinone is present, especially in a copper-
halide-secondary or tertiary amine system. A substantial proportion of
the polymer molecules, typically constituting as much as_about 90% by
30 weight of the polymer, may contain at least one of said aminoalkyl-
containing and 4-hydroxybiphenyl end groups.
It will be apparent to those skilled in the art from the foregoing that
the PPF. contemplated for use in the present invention include all those



in which a by-product di phenoqui none is present, especially in a copper-
haJ&de secondary or tertiary am ne system A substantial proportion of

t he” pol ymer nol ecul es, typically constituting as nuch as about 90% by 30
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cont ai ni ng and 4-hydr oxybi phenyl end groups : It will be

apparent to th I om t.he for Lk ng ,t PPE
cont enpl at ed fgféﬁél &lﬂr?%% lglreggg‘%‘}e ﬂ%‘ﬂ‘ﬂ ﬁe‘ﬂb‘é“ ld}f‘%()%reanall&t}e
4 pr esentchemmhfeamespect ive of variations in structural units or

gpgiseln?r?/nvent C henFe bne e ocf)rth?ap Eﬁ?ﬁ‘east sgprrgd% he ]I; Egto be
functi onal i zed! eaﬁhmmiéﬁ?ﬁ’ghﬂ@ functionglized.c Funchionalized %8 e %€ | cast

one reacti e f PFE whith caitaitdat Ydassbnér&&adﬁ@ze functiBh&b group) vachohl‘ﬂyebe

vey to Tunct  oRienE Sy 8 PEmer letEuB o gongctheckickine,of the polmer one

olefinic conpouhdnused as a funct | onal [ 2| ng agent Typical 10 reagent s used

to accorrpl ish this biﬂecfv’ S,n W%%ﬂl gkci_ea xﬁ,ﬁ Qymari C

acid, cinnamc_acid m des suc ‘fmaﬁel m 3‘

1, 4- phenyl ene- igast @menglefinic pempounids nsed:iasi ueﬁmchonahmsmgq:wr}{zpuel

M nseed o 10 oaigere, uiad |t ccbalglis ted“cg‘%‘é@%ﬁ%“m“ ‘““%“"%8“‘“*‘? i,
i ns i satu Xy | S yli

crotonic, net héﬁgﬁr‘%eacf‘ﬂnéﬂﬂ Al 'ccmlcur?é' uriag H“ SoHth al&such

alsI a: 'yl al cog phenplinalethide ahﬁd|h01 nitleietbis-pety lﬁﬁeﬂﬁ,&'«bmh lesinide,

al lyl am ne an t un at ur,at ac such a

triethyl amoni mlff?‘nﬁyﬂfa&‘n@ eﬁ‘ IH g ﬂ?’u q*y r?élga{ Gb SQ¥pean oil,

t ypi caI reagenttungcml,phnqmdl mj, sesaged nil),funsatumtadlmboaﬂﬁ acidsdsdy abed in

20 EQMS to%&? 8&}_% g
[ ncorporat ed her éregﬁmcﬁ'ﬁé%cap%ndagﬁm F?rreagg‘gl?lant ageous
to use an .mt.sasbrasu )trvémlsdcqncbﬁrqiyl alcoholcmdfluwemm ApHpepsuch@sh t he

ol ef i ni ¢ compoiilamtitie At ErRilkyPtadhine Ralts of unsaturated acids such as

triethylammonium fumarate and tri-n-butylammonium fumarate. Such

. typical reagents for preparing a useful functionalized PPE are described in

20 US. Patent Nos. 4,315,086, 4,755,566, and 4,888,397, which are
incorporated herein by reference.

It is sometimes advantageous to use an initiator in the reaction -of
the functionalized PPE with the olefinic compound. ' Suitable initiators for
use in the current invention include free radical initiators' generally

25 known to the art Specific initiators include various peroxides and
hydroperoxides. Specific examples include benzoyl peroxide, 2,5-
dimethyl-2,5-di(t-butylperoxy)hexane, dicumyl peroxide, 2,5-dimethyl-
2,5-di(t-butylperoxy)hexyne-3 and cumene peroxide, with 2,5,-dimethyl-
2,5-di(t-butylperoxy)hexyne-3 being preferred. . When it is used, the

30 amount of initiator used can vary from about 0.05 weight percent to about
0.5 weight percent relative to the weight of the PPE. :

Non-polymeric aliphatic polycarboxylic acids are also useful for
preparing a functionalized PPE. Typical of this group of functionalizers




use in the current invention include free radical initiators generally 25 .
known to the art. Specific initiators include various peroxides and

hydF oper oxi des. Specific exanples i ncI ude benzoyl peroxide, 2,5-

di met hyl - 2, 5-di (t - butyl per oxy) hexane, gurryl peroxi de, 2,5-dinethyl-

2,5-di (t-butyl peroxy) hexyne and cunene” peroxide, with 2,5, -dinethyl -
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acid, and agar 'rgépecﬁ%gubéh%eﬂpﬁg aécar%%n Juiy cial fornms thereof,
Hlustrative of suitable polycarboxylic acids are citric acid, malic

20 * acid, and agaricic acid; including the various commercial forms thereof,
such as, for example, the anhydrous and hydrated acids. Ilustrative of

acid esters useful herein include, for example, acetyl citrate and mono-
‘and/or di- stearyl citrates and the like. Suitable acid amides useful herein
include for example N,N'- diethyl citric acid amide; N,N'-dipropyl citric

25 acid amide; N-phenyl citric acid amide; N-dodecyl citric acid amide;
N,N'-didodecyl citric acid amide and N-dodecyl malic acid amide.

~ Derivatives of the foregoing polycarboxylic acids are also suitable for use

in the practice of the present invention. Suitable functionalizing
compounds can be found in U.S. Patent Nos. 4,315,086, 4,755,566 and

30 5,000,897, which are incorporated herein by reference.

_ The amount of the above mentioned functionalizing agent that is
required to appropriately functionalize the PPE is that which is sufficient
to improve the compatibility between the various components in the
composition. An effective amount, based on the amount of the PPE, is



such as, for exanple, the anhydrous and hydrated acids. Illustrative of
acid esters useful herein include, for exanple, acetyl citrate and nmono-
and/or di- stearyl citrates and the |ike. Suitable acid am des useful

her ei n include for exanple NN - digthyl citric acid am de;

N, N-di propyl citric 25 acid am de; N-phenyl citric acid am de; N dodecyl
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anount of the ®Pithefunctionalizing agent and any other ingredients. The presence of

| t t
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functionalized P I s.al sop gonetines advant ageous to enpl oy at
| east one | ubr |f8%’ﬂ?h% ?ﬁast antially inert to the

}‘ UBCt i onal 112| ng agerﬁmhﬂnﬂh kl’bﬂﬂili&lwﬂlrba‘ epparent to theseskilledcin thie art; int he

t
broducetho. iepEsal ey i€ ApliAe B hyal RBAERY N SeBERIGN Sndifing solids
prepared t _her efaropils. AExamples include poly-tettafhor ne, faltpaacid amidegas
formation mdibé[biéiij and claimed in ¢ ?@h&fﬁ'@, ?ﬁglmg BWne?JahrﬁﬁatﬁﬁP%éﬁm to

t hose skil I ed [

lubricity or reNet Bzéﬁﬁtznvﬁhﬂ“ﬂ??ﬁ})sé yminum alky Pl!ﬂs-"% onales A @?Cgmude
pol y-tetrafl uoramt holhidwed ﬁ\atdopeﬁdhfg,a&ﬁlﬁ&;ﬂy dned pplivationnSet.! Nored in

copendi ng, ComB?}ﬂsé’)@“ andal%PAr'o%%;[ulltea p(ﬁy(a-oleﬁns) as disclosed and claimed in

. copending, commonly owned application Ser No. 07/816430 (abandoned)

" 20  and commonly owned U.S. Patent Nos. 5,214,099 and 5,281,667, which are
incorporated herein by reference.

_ The hydrogenated poly(a-olefms) are often preferred. They may
be obtained by the’ catalytic polymenzatlon of a-olefins followed by
hydrogenation to remove residual unsaturation. The catalysts which may

25 be employed in their preparation include cationic and metathetic catalysts.
Methods for preparing hydrogenated poly(a-olefins) are. disclosed, for
example, in US. Patent Nos. 4,225,739, 4,282,392, 4,311,864, 4,319,065,
4,334,113 and 4,409,415, all of which are incorporated herein by reference.
The products comprise polymers of various molecular weights, including

30- oligomers.

N The most preferred hydrogenated poly(a-olefins) are those having
kinematic viscosities of about 2-20 centistokes and especially 8-12
centistokes at 100°C., as determined by ASTM procedure D445. They are




No. 07/815211 (abandoned), al um num al kyl phosphonat es as di scl osed and
cla¢ned 1n copendi ng, commonly owned application Ser. No. 07/ 816629,
and” hydr ogenat ed poly(a-ol efins) as disclosed and clainmed in

copendi ng, commonly owned application Ser No. 07/816430 (abandoned) 20 and
comonly owned US. Patent Nos. 5,214,099 and 5,281, 667, which are
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D445. They ar egroup in a non-reachve solvent for PPE The reacted PPE may
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i nvol ves react ang @R?hthalhc amdcacpbnhhbrtdn:ltAddltug\zilexamples‘andmethads to

group in 21810 | ¥Gct? FuElon d1¥ed”'PPE TAAE. beAfdiit (ﬁaﬁﬁsd)pai?&ﬁhm 10
be isol at e vent I ona tec u sSucC as precipi tati on [ a non-
sol vent. Non- | feagheéylu einisdnaerparated hereir by referaneg

succi nic anhydri de May(ﬁml sulfid€) Ristn?(efeaTddIfo hirdifiafter 43 *PPS")
used in the present invention are derived from the known polymers
. containing arylene groups separated by sulfur atoms. The preferred
20 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 récurring units of the fqllowing structural formula

(1I):
O
(I |

25 When the amount of said recurring units is less than 70 molar %, the heat
resistance may be somewhat reduced.
- 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 (IV):



" SR

anhydride'acid chloride, 1-acetoxy-acetyl-3,4-dibenzoic acid anhydri de,

and Xt erephthalic acid acid chloride. Additional exanples and nethods to 15
prepare such functionalized PPE can be found in U S. Patent Nos.

4,600, 741 and 4, 642,358, each of which isgincorporated herein by reference.
The poly(arylene sulfide) resins (referred to hereinafter as "PPS")

used in the present inventi @+are derived fromthe known pol yners

contai ning aryl ene groupg=Separ ated by sul fur atonps g

pol y(aryl ene sul fide) 4. } I ncl ude various po
exanpl e, pol y(p-phenyl ene=Sul fide

sul fide)s. Typical PPS pol yke @

and substituted
rise at least 70 nolar % preferably
units of the follow ng structural formula

at least 90 nolar % of recurr

(rer): 25 Wien the anmount of said recurring units.is |less than 70 nol ar
% the heat resi stance may be sonewhat reduced. The
ot her 30 nolar % or | esg~xnd pref ly 10 nol ar I%s ~ t he
recurring units of P %@—ﬁwfollmw-
formulae (I1V): -4 [err]

: R23 R24 . :

2% -
R22 R21
~ wherein R21, R22, R23 and R24 are independently selected from the group
consisting of hydrogen, halogen, alkyl, phenyl, alkoxy, aryloxy, nitro,
$ amino, and carboxy 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

10 by reference. Linear PPS having a relatively high molecular weight may
be prepared by, for example, the process disclosed in the specification of
US. 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

15 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 atmosphere or in the presence of a crosslinking agent such
as, for example, a peroxide after polymerization.

20 The PPS may be functionalized or unfunctionalized. If the PPS is
functionalized, the functional groups may include, but are not limited to,
amino, carboxylic acid, metal carboxylate, disulfide, thio, and metal
thiolate groups. One method for incorporation of functional groups into



wherein Rlerr], Rerr], Rerr] and R err] are independently selected from

t he §roup consi sting of hydrogen, hal ogen, alkyl, phenyl., alkoxy,
aryloxy, nitro, 5 amno, and carboxy groups. The PPS of the
present invention nmay be |inear, branched, or cured pol yners, or

m xtures of the same. Linear PPS of relatBvely |OM/ nDIecuIar meight
may be prepar qipdan [ fSadRh in&ﬂ@o

speci fication of U. %;Q%atent NSU£%W§‘ gﬁ)d$Z|c s |ncorpora d herein 10
by reference. hergidabyppreferencey w aéqsvl@pss hingprpefation Af \subshtuted,

be prepared bydu endls ifttoe hal npsﬂlsaftﬁtal mseﬂnbﬂ\eihﬂneﬂi&t i inveRteson of

U. S. Patent 919 177 or at ed here| n by referen

Br anched PPS a‘?femﬂ 5@880‘? Q‘“gé Ph Ct%
exanpl e, 153, Edesmedhlﬁmhenalitye resictech witl'dl an| aflkahl metab. sﬁlﬁ@t anhd
4,749, 163 and d f

poI ynerizati oném % pol'yrre sm‘tdg ﬁ?gg?%ﬂ‘%%&gé‘g@gg%g%“gpﬁﬂg”g tltR

Nos. 3,354, 12% dg@ﬁdeswmmztﬂ gedfumhma fgroups, typicallysinetheopeltyr i ng
in an oxygen %{Wﬂﬁiﬁoléhgmb&ﬂﬂg%ﬁﬁﬁ%ﬁcﬁﬁséhﬁeﬁéﬁhﬂ\h&ﬁ agent such

as, for exanple, e after ri,zati 2 e PPS may
be functionali zed 0 JOEH & Y the, EﬁB‘P ylene FH#&%? om‘i"zed
t he funct ii@nal gfa'a mmmmmdbpwﬂhmaw‘ﬂinmd

Chiolate Sré‘ﬁ'pg EraFRLerN” bR RackiR ablbh ol P&Q?ég?ﬁ&ss o

9 PPS camatampleuaﬂme} thlc@heﬁalanda&ignbuiﬁg 424, which is incorporated’
herein by reference, Tl QIEE@ g,gps"gn

t hi ophenol s i nt o hal ogen tgéfﬂtpi ?i gﬁ&g g?%t er ranrreq{lﬁ | n\ls vé;xghon is

i ncor por at i on Bet paftishlas mlm-tcufaarag e jble bighoearcbe phtained, a melt 5

desired fumcti oiRaedityof @@ﬁmw UOG'Po?de‘ﬁ@'#reféﬁeﬂ from méiﬁewbmt 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
20 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 3,236,931-A, all of which are incorporated
~ herein by reference. For some product applications, it is preferred to have
" a very low impurity level in the PPS. The impurity level is usually
25 represented as the percexit by weight ash remaining after burning a PPS
sample. Typically ash contents of the PPS of less than about 1% by weight
are desirable, with ash numbers less than about 0.5% by weight preferred
and ash numbers less than about 0.1% by weight most preferred.
Polyesters suitable for preparing the present compositions include
30 those comprising structural units of the formula (V):

ﬁ Il

W | —O0—R#—0—C—A—C—

" wherein each R4l is independently a divalent aliphatic hydrocarbon, .
* alicyclic hydrocarbon, aromatic hydrocarbon, polyoxyalkylene radical, or



chl oroardmati ¢ conmpounds. A third nethod invol ves reaction of PPS with

a disulfide containing the desired functional: groups, -typically in the nelt
or in a suitable high boiling solvent such as chl or onapht hal ene.

The PPS, nore specifically, the poly(p-pbenyl ene sulfide) resin, 10
preferably has noieties which will react with an electrophilic species

(i.e., anixtaress thereafi cineb @uvh - ABuist atel h&éﬁﬂ V@ divalént ARphdthe PPS

Though-  he_reicvshE S sk ladieal. 8t FHG0Rs Brtesin Exstophs, of sisble oy
particul arl %/ polyesters sontaimings thé esthctunss oﬁkﬁmimﬂan(\l)ean@tpolyhlkyl&nesl tf 15
u e (0]
the 'Y oug Wi’?‘ L3 %‘g%%ff%nﬁlk%@* AR THOBUIAE JoeBee . O
preferredS P° yapylatescand palxaster copolymerssusbtastopelyestercathopates. It

The PPS in t fﬂs%lsdlpaéﬁxbm @'b'i&’nélﬁdtﬁl?@ﬂ &Rvoﬁizﬁva?bmnchu%\ﬁ@gir. gy

contam natin |ons by, i mer si the re I n deilon ter
treatment wit ‘Py@‘%&gll‘f"ﬁ}&jr SFi morg Eygﬁﬁgﬁummcm a
Rhoipggzl g6gc&lfunchawltor: nraltifunctidnal ndrl acids hak®eeh iHebrporati’l. 93t0-d

gq% ﬁ%ﬁ re ncor orate
herein béﬂr ef%eg#géﬂid% s@ ol ﬁgl;gﬁdwg nrals:fbe%l%se;t jceto have
a very | I ngempeyn lexampie; i atecah useds toamake 25
represented ag EfteS PS
sanpl e. ‘Typi calurhﬁ%}gft E{eﬁfsmg?%hrﬁéh ng% han gggws@f%y \%EI ght
are desirabl e Rahgper sompound, for example & diepoxyesempopndfisr r ed
and ash nunbeslso |1eé£ultfbﬁmiﬁhﬁti - thio RvletRldt Weight tothh é%‘ier durin,

P et er s e tbind el i s e e
wherei n d&ch Wirdousconeatrations of acil and diydno Es londthecpalipester,
alicyclic hydagsaiding off MlRitifndty Sh@SRERE he 9&$¥8§1£%h ylene radical, or
In some instances, it is desirable to reduce the number'of acid
endgroups, typically to less than about 30 micro equivalents per gram,
. with the use of acid reactive species. In other instances, it is desirable that
20 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 R41 radical may be, for example, a C2_10 alkylene radlcal, a
Ce-10 alicyclic radical, a Cg.pg aromatic radical or a polyoxyalkylene
25 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 (V) is most often
p- or m-phenylene or a mixture thereof. As previously noted, this class of
polyester includes the poly(alkylene terephthalates) and the polyarylates.
Such polyesters are known in the art as illustrated by the following U.S.
30 ' Patents, which are incorporated herein by reference.

- 2,465,319 2,720,502 2,727,881 2,822,348
3,047,539 3,671,487 3,953,394 4,128,526



L]

m.xtures thereof and each Alerr] is independently a divalent aliphatic,

al *cyclic or aromatic radical, or mxtures thereof. Exanples of suitable
pol yesters containing the structure of fornmula (V) are poly(al kyl ene

di car boxyl ates), el astoneric pol yest ersllliquid crystalline polyesters, 5

pol yaryl ates, and_pol yester copol ymers such as copol yestercar bonates. It

is al so p055| bl e i euwllé(a eé@ph@mb@a) |fnrmxmplae.bpa ethylenejent |,

for exanple, Faw nqcbﬁ,r,ﬁ&ﬂ?r grougs or @PET"

tri functlonal nct {,ona boxyl | c amﬁf&l nco par at ed.

Tr eat nent of P@ P Liﬂ*‘#/h“! | %% poxy 10

conmpound, fOI"PGTX'a))Dhﬂd polyqbutyl l&)é tfeﬁé;ihtnm cﬁﬁﬁmﬂ Oameumsutas make
a branche? Qgﬁ te ur her B&@t r@ntfof t he n £st er. Wlththa :
nul ti funcTion P uRGE ffﬁfi SCEYSBHRR, W

al so usef ul fpoly(nthylem rterephthalate) | @Elf)abemgl thet mxbstt pqu:nb.glentembeturl ng

\gLTOﬁ;Oggﬁz%&‘{gl OW&CI@ P#ﬁhgr oxy en groups on tﬁ%yes?g\r/e o

-

dependi ng on the Uihe pelyestenmaydaclkde steuctural nitsiof the formula = In some
instances, it is desirable to reduce th nunber of @cid endgr oups,

'typicallytolessthan about 30 mc eqfji val ents pgr grgm with the
use of acid reactive species. |In otlfer ,Hetances il S |fesirabl e that 20

the polyester has a rel atiOreR}-hiQrhCeahdoxNH-+ R42%erN gr&Ceoncent rat i on,
e.g., about 5-250 mcro equival ents per am or, noye preferable, about
20-70 mcro equivalents per gram The 1 radical may be, for
exanple, a C[ ] al kyl ene radical, a 0 Clerr] -a¥icyclic radical, a

derr] arorratl radi or a pol yoxyal k ne, 2 di cal ch t he
al kyl enelfro E gﬁ\ oAk Pre g"%’ﬁi&' négﬁnﬁﬁtgﬂ' zl-agure \ST 4¥¥gar%naatorrs.
The Alerr] rqﬂtlyodcyallayleae rldicat dned B2 & 4 \frivialeritofontiticeradical, usually

poryester i nciisdl St FimgHliiarid ABaa SR Fu bR g ' he” pol yar y at es.

Such polyesters are known in the art as rated by the followng U S.
30 Pat ents, which are incorporated her ref erence.
2,465,319 2,720,(M1® 2,727,881 2,822948 3,047,539

3,671, 487 %ﬁgpgi%em ‘ant’fheifhode of preparation are described for example
15 in US. Pat. No. 4,544,734, 4,556,705, and 4,556,688, which are all
incorporated herein by reference. |
Because of the tendency of polyesters to undergo hydrolytic
degradation at the high extrusion and molding temperatures encountered
by the compositions of this invention, it is preferred that the polyester be
20 substanﬁally free of water. The polyester may be predried before
admixing with the other ingredients. More commonly, the polyester is
used without predrying and the volatile materials are removed through
the use of vacuum venting the extruder.
The polyesters generally have number average molecular weights
25  in the range of about 20,000-70,000, as determined by intrinsic viscosity
(LV.) at 86°F. in a 60: 40 by welght mixture of phenol and 1,1,2,2-
tetrachloroethane.
Compatibilizing agents for the PPE, PPS and pelyester- resins are
another element of the present invention. Suitable compatibilizing agents



The pol y(al kyl ene terephthal ates), for exanple, poly(et hyI ene

t e¥ epht hal at e) (comonl y abbrevi at ed as "PET"),

poI y(cycl ohexyl enedi net hanol -t erepht hal ate) (comonl y abbrevi at ed as
"PCT"), and poly(butylene terephthal ated2(comonly abbreviated as 5 "PBT")

are often the preferred polyesters for the present invention, wth

pol y(et hyl enmqiudem“mmp?umsmhldemgtamsrm capalile of zeacting, with

Various m xt i pr, PP, aRfTHA"folyekieR" osiiss0 EAMILITSE Yosfhl Satd -
g P! yes“&r&‘i‘gqémiyﬂgetﬁrt%e qgeay; $nd oriioeshed, PRI, GapforERs
0 7] r f or
Figure V. Réani F Pagertty y ainclidene co dsandoﬂ&mmga muRiplent

aromatic radic sua ._deriv t he
structur eg(v F@' % ep‘%‘y resit A™ o(ﬁ%@j%%}c#"%‘ﬁdr?o o€° pr epgﬁéét i on
are descri bedfdmmmtmmdegm&pm nThe prefemed\compatibilizixg; aganbzs@mpase and
4,556, 688, C 2] rrg&qﬁ,

Because of \tNE’gl F 3§ﬁau l?as tT‘)yes%g:@@i’t 0 uﬁg@igg Qﬁeﬁlé o g with

degr adat i on aroumcm@m@pn e JPE, pex molesule o

by the CO”DO%IMF!& the dversgd ﬂuﬁmelrcuf rehéuvé ti;ﬁs?ﬁ{a@dbéﬂeds thaa Dgleyest er

o
“f\gd ‘é"'ét Q?Uf/adghqibundwhaﬁﬁgtﬁvaﬁdyabﬁ feactivegroapspar molemde dlth@bggeral .
Laveununber é?f’:#%%?ﬁ%hg #@i’aﬁéwg agent fo tea“r‘;f-r{;g% o Eg%?f’ﬁe% y

20, 000- 70, Ooo'eaetxvejspegnes; ned by |ntr| nsi c vi SCOSI ty (LV.) at 86[err]F.
@ 8040 by vel Offiydn ?E&frﬂ phegnt emboditent 2of the in¢eh@sh) oheet hane.
Corrpatl b| I I zi ng agtl PPE, PPS an pQ gester r,esi ps _are

compatib; hzer is added in an amount effectivé fo provide a thermoplastic

resin composition which exhibits improved compatibility over the same
composition without a compatibilizer. Compatibility is meant to include
the minimization of gross phase separation between the components of
the blend. Indicators of improved compatibilization include, for example,

) 20 increased tensile properﬁes, reduced delamination tendency, increased
ductility and improved phase morphology stabilisation. It is through the
effect of improving the compatibility of the blend components which
determines, in part, the desirable physical properties of the blend.

By the term "ortho ester” is meant a compound in which one carbon -
25 atom is attached to another by a direct carbon-carbon bond and to three -

further carbon atoms through oxygen. The orthoeste;r' may be
characterized by the structure (VIII):

—C(OR6
(VII)- (ORS);

wherein, R® is a hydrocarbon radical, usually a Cj4 primary or
30 secondary alkyl radical. The R6 radicals may the same or different and
may even be connected together to form various cyclic structures. The
ortho esters can be considered to be esters of the hypothetical orthoacids
R-C(OH)3, wherein R is an organic radical. The existence of such
orthoacids is for the most part unknown, since they immediately



anot her el enent of the present invention. Suitable conpatibilizing agents

12 I ncl ude those conpounds whi ch contain groups capable of reacting
W th the PPE, PPS, and the pol yester resins. Exanples of useful
reactive groups include, for exanplgs epoxy and orthoester groups.
Preferred conpati bilizing agents include conmpounds containing nultiple

5 orthoest er {elfdite to’dnPenBonalRak c'd&&s CRIgRRH/E Sestéld lof $HCh atids! Ne
af orenenti oned rouQ‘f Taeéggreferred Ibilizing ci& nts C rise

on average at JTEATOWR AN F?'HPRF!Q%S@?E&B@?{ME‘ 'r“:g"

groups cont ai rsubstituted ester¥-of HiStypend t he poI yester resi n per nol ecul e,
al t hough the averag er thve may_ be | e t han r 10
nol ecul e (e.qg., the‘g‘g% pl%lh?‘ﬂé ) ?'b'esy H‘?W&ﬁ&lﬁmgggs Be

. conpounds Bav i nepresented jlhe)fomndat(DQe groups per molecule). It is also
possi bl e for the conpatibili zi ent to cQnt nore than one type of
reactive speci es. coprAi ne enbodi ment of the

i nvention, the 15 corrpatlblllzer s adfed i X an anount effective to

provide a thernoplastic r n LtHoMehi ch exhibits inproved
conpatibility over (K sane conposition wthout a conpatibilizer.

Conpatibility t470 p
separation bet@e{@‘ﬁhe conpo%eér#ﬂ%do@r Fllgm? M%ﬁ%nl ndrc I-ef a ;{%& 'ﬂ'proved

conpat i bi | i zat PEmarycen secontdery @lhyiplfés-wmrom@cem;b@h i @nsR eard es,

reduced del am fgiriedted &Nsmya str&r&aﬁﬁﬂ ringdV hért‘pﬂﬂﬂld phase
nor phol ogy stabilisation. I's throu e effe |nprov ng. the

conpati bi %%y W)h eﬁ‘lvéﬁdf'iﬂﬂ‘rp%rﬁeéc cof herep IQV ‘Fh,lgn envitht4 t he

desi rabl e physhgdioxyntsthyl-2afetboxyiPemetiefldl,3-dioxolane is al8b.téfakbra® "2ort ho
ester" is rrean% Eﬁg@ﬁ und in which one carbon 25 atomis attached to
another by a d org %%ﬂtbon bond and to three further carbon

at ons t hr ough oxygeRelyoléfinsoranxbe polyolefiy lcopolymersc fcantaihing zexthbestehe
structure (VI gdoups are uséffil 'ab compatibilizing agents. The orthoester functional
15 polyolefins or polyolefin copolymers, preferably contain orthoester
moieties represented by the formula (X):
ACH)y—O OR1S
y A
R16) CHYK—O R14

is a C14 primary or secondary alkyl radical or is an alkylene
radical forming a second 5- or 6-member ring with C* R4 s a C14
primary or secondary alkyl or Cg.10 aromatic radical, or RM and RD
20 together with the atoms connecting them form a 5-, 6- or 7-member ring;
R16is hydrogen or C1-4 primary or secondary alkyl; Kis 0 or 1; J is from 1
to 2-K; and p is 0 when R15 and C* form a ring and is otherwise 1.
The R1® radical may be a C1.4 primary or secondary alkyl radical
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or secondary
25 butyl. Primary radicals and especially the methyl radical are generally
preferred.
It is also possible for R1° to form a second 5- or 6-member ring with
other portions of the molecule. For this purpose, one of the carbon atoms



A

wherein, 'R6 is a hydrocarbon radical, usually a Clerr] primary or 30

secondary al kyl radical. The R err] radicals may the sanme or different and

may even be connected together to formvarious cyclic structures. The

ortho esters can be considered to be estprs of the hypothetical orthoacids
R-C(OH)3, wherein Ris an organic radical. The exi stence of such

ort hoaci ds i s ifthe torthowstr iy is desipauted Gt ks endioate itsTwoldi &t pant of said

13 dehy%reg(;aqe h.%ﬁgonventlonal car boxyl ic acids. However, esters of
such aci ds % and the conpositions of this i nvent i on include
certain pol ymer ThesROS valuetmay dbetaeCs-4qprimiary orypenndary alkyl radicah aexanpl e

f a bi th | 15 t ted
gy ?heI ?f)?gul'gfe?ﬂ%v | iJfOPSR Cgppmﬁ tg"w %BI s ag escr gd ?&E‘gﬁﬁgu?e
(VI 11) andSR] dmdrocarbon) radisal., Finaliye it js possiblefordv s and Baodraethgr dpky|

Clerr] aromat Ifarmaﬁs-t;aloerEih%fhn rtdld%[tﬁéaion@é&nnecun ehagcted to forma

T, S g i i i i G
hydr oxymet hyl -ghdhRIioktyis preferably i, d;ioghmxol ane is also useful as a
Contai ning ort hooot e values of J anc i BcBebd o Whdlfes Ing cyRUf RKRES 1o
ort hoest eA0f urpietyids a@mmbe;rotble&-mmber riogy dnegeneralp pangmber ringscdrer abl y
[Cgp'; i”“ N orthoesieférred; that'®, ¥ is5F ah@7iS IS NHBWever, the ihOEAHbR alsd) includes
compositions in which a 6-member ring is present, which requires either
that J and K both be 1 or that K be 0 and J be 2. :
The value of the subscnpt p also depends on the cyclic structure of
15 the orthoester monety If C* is part of a ring structure with R15, all four
valences thereof are satisfied and p will be 0. If this is not the case, p will
bel. _
The following is an illustrative orthoester moiety (XI) which may
be present in an orthoester functionalized compatibilizer:

H:IZC-O OCH;

oD —CH-0 CH;

20 and which may also be referred to as a 4-(2-methoxy-2-methyl-1,3-
dioxolanyl) radical and is usually preferred. Intermediates . for
preparation of such compounds include 4-hydroxymethyl-2- methoxy-2-
methyl-1,3-dioxolane, which is obtainable by the reaction of glycerol and
methyl orthoacetate. An improved method for the preparation of this and

25 structurally related compounds in substantially pure form and the
products thus obtained are disclosed in U.S. Patent 5,231,197, which is
incorporated herein by reference. The following illustrative orthoester
moiety (XII) may be present in the orthoester functional compatibilizer:

. 0

(Xm



wher e Ii[er‘r] is a (Jerr] primary or secondary alkyl radical or is an

al kyl ene radi cal formng a second 5- or 6-nenber ring with C; R err]
is a (Jerr] primary or secondary al kyl or Cferr] aromatic radical, or
Rlerr] .and Rlerr] 20 together with the ’ilg.oms connecting themforma 5-, 6-
or 7-menber ring; Rlerr] is hydrogen~or Clerr] primry or secondary

alkyl; Kis O &) ' ;g,ni%pd i B d C
for?/n aring angnilési@gfiﬁgé fxﬁ%miyl may .BQ T e er‘ag} Q’ra ?geﬂ&%&hb?a
Qerr] primary Bloxabicgele{2} 2loity)) sadiauthe methylod rderivatitentheree fga be
n-g._roplyl : Izoprpﬂﬂanlecln_-bytd}]uk, r?fdﬁ’{éﬂt bg_emyfe&mdwemaflwmbta Hubs&x# 5 gd
radi cal s and especi a e radi cal .ar ner r :
o oo A W PR b ki Bl
ot her porti @&ns yo! i foupdr posH,S. oRst. O , 153,
14 in the ' | S..0esi t Male) its role as
part of s:aind 533%’3@%%%??\%‘:&5‘?E&b%?%?%rgww%%hl be a Cl4
primry or secondarymekymwgbﬂwrcampound'ldéypitteﬂyatiiqm'dfqrrs epdxyoer a
Cler ] ar omat i Cofthb Ashir B pBiAER! EBmpaLbRLAHGAPORIdS MV a foldulde | ¢
I s possible for rr] and err] together to forma 5-, 6- or
I7- rrgnbelr ring \/\X"ﬁgﬁ}thé"&m ()Whetﬂ i%{;‘ut H900 are preiJ’eneg THds reyiously

di cal de 4 the preferreld ' Lot d leastab
rR[aelrrcia. ' Imtm] sepr iesfdﬂﬁgln hpdrg eri.}do:lﬂipiﬁlﬁnbeﬁtdﬁl em\)aigﬁggﬁ{)q*\]atae?iStK depend
on whet her the ISASHVE B5PYRY Bet Holagyle, althqugh the average reactive fumber By, | g
I n general, 5-nbefless than@sper molecule fe.gf, ¢he edmpaltibiilizer, cofnpsusid anay beis 1.
Ho Cthe i ; g ey . . )
e e ony SRR Eonds haiRGRE SRS o B BB
be 0 and J be 2molecule). Two orrmere grthe ester moietigssxepresented, by foomuda §X) on
the cyclic B4 ruet epexplgrdips &ﬂ?g@ﬁéxﬁﬂ Behinkey Bxﬁnoitfar? %io‘ilfﬁ{att,ii’ihﬁléi ng
structure V\Ath% rL, al |, four ™, . ? t her eof  ar tisfied and p
will be 0. If t the roRessing conditions,

al enc .
o ﬁ\e PPE cogpposition and is not reggtive
fol l owing i s anwith tis oathovester afid @pory mvietiey, ([Hlstrative bxamples of useful
linking groups include: alkyl, cycloalkyl, aryl, esters, amides, heteroaryls
. such as, for example, triazines, pyridines, pyrimidines, furans, etc.,
20 phosphoryl, sulfonyl, dialkylsilicon, and the like. Additional examples of
ortho ester or epoxy compounds useful in this invention include: ortho
ester and epoxy derivatives of bisphenols such as bisphenol A, resorcinol,
hydroquinone, pyrocatechol, bisphenol F, tetrabromobisphenol A, phenol
: novolaks, o-cresol novolaks, polypropylene glycol, hydrogenated
25  bisphenol A, saligenin, 1,3,5-trihydroxybenzene, 4,4'-dihydroxybiphenyl,
- 1,5-dihydroxynaphthalene, cashew phenol, dihydroxydiphenylsulfone
and 2,255, -tetrakis(4-hydroxyphenyl)hexane; glycidyl ethers of
halogenated bisphenols, glycidyl ethers such as a diglycidyl ether of
butanediol; glycidyl esters such as glycidyl phthalate, glycidylamines
30 such as N,N-diglycidylaniline; linear epoxy resins such as epoxidized
polyolefins and epoxidized soybean oils; cyclic epoxy resins such as vinyl
cyclohexane dioxide and dicyclopentadiene dioxide; glycidyl esters of
hexahydrophthalic anhydride, dimer acids; glycidyl amine epoxy resins
derived from diaminodiphenylmethane, isocyanuric acid, hydantoin;



be *present in an orthoester functionalized conpatibilizer.

H2C- O - [err] 20 and which nmay al so be-
‘referred to as a 4-(2-nmethoxy-2-nethyl -1, 3- di oxol anyl ) radical and .
is usually preferred. Internediates for preparation of such

conpounds i ncl ude 4-hydroxynet hyl - 2- ne&Poxy-Z- met hyl - 1, 3- di oxol ane, -
which is obtainable by the reaction of glycerol and nmet hyl

T ot ar a1y oy oy bl doetied ool BRERPENOE b Bybelibic S
product s thuéﬂg‘@% rgoé(y% ‘? Pﬁ%l’ﬁg‘a‘ﬁé{\é&f?ﬂ?‘s’zgi&?ﬁ ter,pndh i s

i ncor por at edepexyderivgtives: of hdogenﬂzladz HispHenulsy grihiol estérsatuchiaasoa biseest er
T ery (X1 offi BRePT@REN'of BulalRafl WORPoGhdl itk 407bisSRIR egbe&' zer.

ove noiety

may be rePer PBthalgtes made from the paction f glycerol orthp st and: phitaloyio] oct yi )
radi cal ; thechierite aid texéd spécies gdmrﬁqhe@?a 6rl'ho estdll plthakRte buadbhe

reactlon of antiall r anount '
of pentaerythri toll%%’gkﬁﬁ ?f;{c%r%%%.? ﬁ%shefjr lﬂgggﬁ ?‘Yd gh%%lﬁf “g‘g“@ Bl yol ef i ns
can be found ihe epoxy ansk onthe ester tomproadsican also contajamtbﬁ:lgmhpshhatf whi ch
are i nCOFpOr&Tr@dreBeﬁﬁé nwmi H&f PEEICPPS, the l este?h%rcﬁﬂpﬁ{rb@' | g

compoundae, ¥Rl ot i el el ot ot e
about 18| })?gel?O?opreferred AsI previ ou:ly 10 di scuss:d t he pref e;re(c;lr
(r:rglnggb: e, alth qﬂ”@ﬂﬁﬂ ve% re H%?eﬁéln% %meré &ﬁ{?mﬁ‘&g anp2 per
nmol ecul e (e. F5%r QC'EW?EaE"PBP?rl qus'cfmsmm! myp%ea ngd mixtures of epoxy
and ortho ester-functional groups. Examples of such ortho ester
15 substituted polymers include, for example, ortho ester-functional
polystyrene and polyolefins (i.e., polyethylene and polypropylene), ortho
ester-functional elastomers such as EPR, EPDM, and styrene based block
copolymers, ortho ester-functional polysiloxanes, ortho ester-functional
. polycarbonates, polyimides and polyetherimides, ortho ester-functional
20  polyalkylene glycols and similar ortho ester substituted polymers.
~ The novolak phenol-type epoxy resins are sometimes preferred.
Novolak phenol resins include those obtained by the condensation
reaction of phenols and formaldehyde. The novolak phenol-type epoxy
resins usually are obtained. by reacting novolak-type phenolic resins with
25  epichlorohydrin to give structures schematically illustrated by formula
(XIm): |
(XI)

' O-—CH;—CH—CHg O-—CI-Iz-—CH—-C[—Iz O—CHz—CH—CHg
CHy 2\(@13 CHs
7N
U _

wherein N is 0 or more and.typically from 0 to about 5.




m xture of reactive conpounds having a variety of reactive groups per

mol ecule). Two or nore ortho ester noieties represented by formula (X) 15
or epoxy groups can generally be linked by nost any group that is stable
to the processing conditions for .the PPEigonposition and is not reactive
with the ortho ester and epoxy noieties. Illustrative exanples of useful

Lie?'girggrglrgups i ncl Clilgiéaesﬁd émﬂyﬁéﬁﬁhl@’rhre aoailableﬁﬁl?ba , as ECNeS
et oroaryl s 1988 Yl spfle B EPE 17 B3 Bl e dRLY B s

Addi t i onal ex?mguwu%orE¢Nf9495$iﬁdragévemgysrwmﬁognds useful in this

i nvention incl ude: an eriyat e

such as bi sphenol Aoﬂ}eggollscf‘ﬂoﬁ iculdt Wgﬁﬁééﬁ‘ t\f'% %/?g@ggegﬁ%'?ag'b?’g‘ﬁhenol
F, tetrabr oﬁnblsslphbleophenolphmhde phenolmmbmlsm-ccesoﬁ potrencly bisphenol A, -

ol ypropyl ene gbysieln |
E 3yg tlro?lhydroxyb nzen%ﬁywﬁg{%lwl FA"bxs'iﬁ{ehQPQ hd mixtures

1, 5-di hydroxynzﬂf &%+ ene, cashew phenol, di hydroxydl phenyl suI f one

2,2,5,5,-tetrakis(4- mﬁl Gléﬁ&hﬂitl“% Pineyd ceians&\ grou
halogenated bi spheno cid et.er.s. such er,

but anedi ol ; y’g?dé)?" gieg?‘g aﬁt h# ?‘b&zﬁlﬁ

such as NNsl.dl glcpmliqdnﬂa Imclude} |foeaexangﬂey coj ymersuofl m w-plnﬁtdlwﬁh a
pol yol ef i ns an %ﬂ d X es C QE_EH' nyI
cycl ohexane di %ﬁ a% |c§g d@“ﬁ'@& ene di Sl}l%d&m %/c'& &_r@ e?ss
hexahydr opht hal hereimmeans ethyl mwomdeug tgew’ldgﬂc aﬁmnegélpgnyeﬂw
derived from di pheimla_ j@&@ és%é}ﬁy%@um@ aP-AnsdtufABg Oladids are
16 m xed epo lﬁ’ié tq'ﬁ ophenol p- oxybenzoi ¢ aci d;
salicylic epoxyf ‘*'%E‘i’ cﬂ%ﬁ’ﬂ!fﬁ!’@ &%e resins; ortho ester and
epoxy derivatives of hal ogenated bi sphenols; ortho @sters such as a bis-
ortho ester ether of butanediol; conpo s such as t:\ s-ortho ester 5

phthal ates nmade fromthe reactigg %@5 r and pht hal oyl
chloride and m xed species such aS the epoxy Or tho este pht hal ate nade
by the reaction of glmol ortho es®r, glydicol, and pht hal oyl chlori de.

. 15 wherein RS represents a hydrogen atom or a lower alkyl group. Examples
of the glycidyl esters of o,B-unsaturated acids include glycidyl acrylate,
glycidyl methacrylate and glycidyl ethacrylate. The epoxy-functional
polyolefin is preferably an olefinic copolymer containing about 60% to
about 99.5% by weight of an a-olefin and about 0.5% to about 40% by

20 weight, preferably about 3% to about 30% by weight, of a glycidyl ester of
an o,B-unsaturated carboxylic acid. When the amount of glycidyl ester is
less than about 0.5% by weight, litle or no discernible effects are
observed. To the contrary, when it exceeds about 40% by weight, gelation
occurs during melt-blending with the compatibilizing PPE to damage the

25 extrusion stability, moldability and mechanical properties of the product.
It is also possible to blend the functional polyolefin with various non-
functionalized polyolefins such as, for example, linear low density
polyethylene (commonly abbreviated "LLDPE"), polypropylene and
ethylene-propylene copolymers.



The epbxy ‘and ortho ester conpounds can al so contain other groups that
are.reactive with the PPE, PPS, the polyester, or all three. The 10
conpati bilizer conpounds nay be used singly or as m xtures of two or

nor e. Conpati bilizers may al g@ i nclude pol yners contai ni ng
ort ho. ester-functional groups, epoxy-functional groups, and m xtures
of epoxy and or Suitablé dopolyifibisOd! tetpbliiifiers FSPNIALE epBky-FuRictidiial ho

ST M AR T e A ———
pol ypr opyl ene) ethylehe-glycidybst emefthamrylateal edpolyararss s uethylenebglRcidy?DM
ol yai | oxanes. e PRcAdte viny] PR Tefpbiy el fiiefle-plf 851 MPlmeryiate-
pol yet her i nPdesme@ylho assylate f urterpodymers20  etbylemersthghe @cydatesglynidyl
henol - type. opopreoh A rpiigihedp) THE pleferred epoxy-funtEgnibylyPlofins gre
resins incl ude q‘%b‘ésf%[}f%‘n Yostome s&Pwohtd. “n%agﬁ &P&mﬁ*énol s
and for mal dehy dGETWBONDOand (BONDFAYDPCardOfom Elf rAtdchemiSundéry thee
Co give st uct (AASRMIYEIAREKDS, PIoce il ey ormia  forr]
wherein N 1® 0 or nor'Ehexnomipatibilider ycoimponrad i uséxdih an amount effective to -
L0y 12 (BIECRECH PAOSDI BRUARGIS kCeUp e SO SHURGRF A
2.8) . elongation, of the composition.” The amount of the” compatibilizer

compound is typically in the range from about 0.1 weight percent to about

15 weight percent based on the weight of the entire composition. - .

5 It is possible to obtain compositions that have a marked
improvement in chemical resistance to common automotive solvents by
combining a PPE andat least one compatibilizer compound with the PPS
and polyester resin, over comparative compositions comprising

. unfunctionalized PPE. Thus, according to another embodiment of the

20 invention, a PPE is used in combination with at least one compatibilizer

~ compound, PPS, and polyester resin to obtain superior chemical
resistance. .

Addition of an effective amount of at least one compatibilizer

compound having at least two reactive groups to the PPE/PPS

25 compositions comprising a polyester resin, optionally in combination with
a reinforcing filler, led to-the surprisingly discovery that the resulting
compositions had a unique combination of beneficial properties, such as,
for example, increased ductility and tensile properties. Additionally, by
combining the above components in effective amounts, it is possible to

30 create a resin composition with no flash capabilities when the resin is
injection molded. The term "no flash” resin composition is intended to
include not only those compositions which exhibit no flash, but also those
compositions which exhibit substantially no flash characteristics.




and ECN 1299 or ECN 9495 (average value for N= 3.4). - There is
no particular restriction on the starting phenols, but . 5 suitable phenols

i ncl ude phenol, o-cresol, mcresol, p-cresol, bisphenol A resor ci nol ,

p-tertiary butyl phenol, bisphenol F, bi&Bhenol S, and m xtures of

t hese. _ Pol yol efin and pol yol efin copol ymers conprising epoxy

groups. are al sorwggf ukcﬁanﬁgmt bhe | eAlBA Fmt of MeANpiventioh, Stheh
or.e copo r an [err]-olefin

olefinic 10 conpounds.inclu , )

with a - gl ﬁﬂ'ﬂmd‘é‘bm CBF‘P&’H }sr?él AFMPW‘E‘&%W?@ ide a
[err]-OAefin asthesm@plastic ltesifii ra:oﬁqm%suai hwlﬂae eﬂnbﬂsl iR roﬁtd ephysicalet C.
Anmong- them et él ene,. |s sDrefer ! TP 9‘{!#@"1 est of ”P)
[err]-unsaturat sé*c@ Impry ﬁ%r?ér'é? rﬁﬁpé’ @&V)
[err] 15 5Aheomn1ha§aummm&ommﬂtb1ﬂgmo ahbxhzeracdmpeund.l kyl group.

5?32?115? acryl gI et heﬂé%ﬂﬁ%}?%ﬁg ?‘r\acréfcg’é‘éﬁ%?& m@gfrﬁﬁkhacryﬁgt e. The

epoxy- f unct i onaimpact mpdlf}ersetfqmpmblprwi abeOl'ahucQ B c &P
cont ai ni ng abou Qesin about: 99. 5% by wei ght of an [err] oI efl n and

0, 0, 0,
el Ght ;. of ta°gf‘y8}’éyi‘n°ré‘és%m gifiers' for PP PRS sk bofestes seinss ab"”tcaify
Wien the armunt defived fforflydnees# fiioreInonomers séledthd fraothe gr
HERACR o et o b )
wi t'h the conpat theit eahen geﬁlvﬁtwes dsiweajlas benjpgatedxdienes. oic‘.speqblly ipreferred
Rodh L TCBEENN e e i ik
functional i zed fRlyding nataral and s¥ polymerie matesials showingeelasticity at
pol yet hyl engs ( cmntem;aéihﬁﬁw améy lhél'aBE bothPRbéMBpERMhERCarid €opolymers,
et hyI ene- propy! emiu xP a¥\ om, block, radial block, graft and core-shell copolymers as
well as combinations thereof. The impact modifier may also be
functionalized. ; |
. Olefin polymers and ‘copolymers employable in the invention
20 include low density polyethylene (LDPE), high density polyethylene
(HDPE), linear low density polyethylene (LLDPE), isotactic
polypropylene, poly(l-butene), poly(4-methyl-l-pentene), and the like.
Additional olefin copolymers include copolymers of one or more a-
olefins, particularly ethylene, with copolymerizable monomers including,
25 for example, vinyl acetate, acrylic acids and alkylacrylic acids as well as
the ester derivatives thereof including, for example, ethyl acrylate,
methacrylic acid, methyl methacrylate and the like. Also suitable are the
ionomer resins, which may be wholly or partially neutralized with metal
ions. '
30 A particularly useful class of impact modifiers are those derived
from the vinyl aromatic monomers. These include AB and ABA type

block, tapered and radial block copolymers and vinyl aromatic-conjugated
diene core-shell graft copolymers.



18 . Sui tabl e copolyners or terpolyners for the epoxy-functiona
pol yol efin include, for exanple, ethylene-glycidyl acrylate copol ymers,

et hyl ene- gl yci dyl nmet hacryl ate copol yners, et hyl ene- gl yci dyl

met hacryl at e-vinyl acetate terpolyners, ethylene-glycidyl nethacrylate- 5
met hyl acrylate terpolyners, ethyleneZchyI acryl ate-gl yci dyl

met hacryl-ate ter pol éﬁagﬁ&f’g&ﬁé& X6 fo nﬁ%{é’?? Qﬁé'%ﬁhbﬂl%rare

avai | abl e from _Sum under rrar ks
| GETABOND and Heriped sresmﬁdmf mmlnmem QEprising monoeﬂmylrm

Iégégfﬁvéot o] usuall’%ho e kbbgf%glh g&gﬂ&e' é ggmérbﬁ ﬁ t nsil e
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corrpﬁtl bi | igzer rep res%lﬂedpwm;fadtMAﬁﬂé& copd lktgldrﬁggEhé [cOfij dlgze ]
wei ght percent 4o, %g){y be DA w % 51}' ase ‘ﬁ% ?E% t he
entire corrp05|t|o % hat
have a marked pmpemepmmhrhorthebhﬁmblockeepelyam to conmon autonotive
solvents by @gﬁﬂb@estgﬁﬁr%%gb &rsOiYe 1 3h) f&eéxﬁﬂgﬁound

with the PPS PO conparative corrp05|t|on
conpri si ng USnfatent Nyﬁal 3:9@&%@:4%@- %@% 659 @1@!\%@5@%@& ment

of the 20 10onvend UK. PatéH, 264 wsdnuﬂcm@ath Pefoferic@aH, B
conpati bilizer yest resin to,obtain suoerl or

d. PP
cheni cal 55&?‘%?83&1& °tS Aﬁniﬂg&il S‘PP n%ﬁﬁsef? ude, PolyHivrmes ot
I easL ogg E;: g gngolybtltadinne {SBR)¢ gulystyrenespolp(pthylenepripyleme); qmlyuynemf)ups
to the S Si ORkl in
cortbi nat | on wi tpﬁ’wmg‘% abd ivERER e RO Balaiedd  chch R Bloek! Y
di scovery that copelymers| tar«ngavaﬂableoaqmmem ally from aa unuq\l@rcofrmmmn of -

Consile S'r%%re??ﬁ*“‘“ Y [p? Tetrolgum’ Ghd€ AR, GadsRGrE BOLPRENE, ShILECC:
ef fective amou db%‘f‘frbﬁle tigdemark  KRAJ QN éé‘ldn@’é'i'ﬁﬁ’s R 8t h no
flash capabili t&MMSEPIK)I\ESI nis I njection nolded. The term "no

[Lasi st comos! gl £RA Wb gopohiotand ol 497 S o
exhi bi t subst arproduktioncasf wellhas Herdrogendtidr, cif . desired, are disclosed in U.S.
20 Patent Nos. 3,149,182, 3,231,635, 3,462,162, 3,287,333, 3,595,942, 3,694,523
and 3,842,029, which are all incorporated herein by reference.
Examples of triblock copolymers include polystyrene-
polybutadxene—polystyrene (SBS), polystyrene-polyisoprene-polystyrene
_ (SIS), poly(a-methyl-styrene)-polybutadiene-poly(a-methylstyrene) and
25 poly(a-methylstyrene)-polyisoprene-poly(a-methylstyrene). Particularly
preferred triblock copolymers are available commercially from Shell
Chemical Co. under the trademarks CARIFLEX and KRATON and
Kuraray under the trademark SEPTON.
Another class of useful impact modlﬁers is derived from
30 conjugated dienes. ‘While many copolymers containing conjugated dienes .
have been discussed above, additional conjugated diene modifier resins
include, for example, homopolymers and copolymers of one or more
conjugated dienes including, for example, polybutadiene, butadiene-
styrene copolymers, isoprene-isobutylene copolymers, chlorobutadiene



19 . Thus, according to one enbodi nent of the invention, the
conpati bilizer conpound is added.in an. anount effective to provide a

t hernopl astic resin conposition which exhibits inproved physi cal

properties, such as inproved tensile properties or no flash capabilities 5
over the same conposition w thout a conpatibilizer conpound. . ‘The

I nvention al so_include 05|t| ng, gont ai ni ng el oneric act
it ers comBPRineSe PR K iR toholinere, ppliSdnE and the RS
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horr:c)pol yger S aFJPDMhOh rocesses for ﬂﬁé piodgcticin dhefeob lae Idisclostidhiin HUSC_IT_h
graft an core S nat e e

| mpact rmdifie Igﬁg 25%%%0 3% %%Q*b@?m ag;»,?&tigﬁ W(i'dgfyrrers.

and copol yner s a incrrperated hereinbyaeférenc0 i ncl ude | ow density
pol yet hyI ( LDPE) Ot?\ b U @iﬂ:‘tyﬁfo% e ( [ I ohdd
density po yet hyI ene bﬁ%ﬁﬂeﬁl s%‘? i 3 p?‘gpy ene he lipo 1-but ene),

pol y( 4- met hyl - Iy ggnerad, these have a mdpmlamﬂmoemﬁ sHeneer s

i ncl ude copol yﬁﬁbﬁe@fc&@emoa pf@ﬂénﬁnanﬂ cr&bﬂiﬂl&ﬂ a&?ldté(i'ubBé c&bhaﬁ&ne

wi th copol yneri zabl & nononers ﬁ{l udlln exarrpl e,, Vi

acrylic acids 2W§ aPky/mer jshe é{%’é‘ de t| ves

theL elof i ncl udlmmodlhylaeemrpalhﬁd/mt m:i'ylm:rmbnbmers alonemhamefémbl)acm
Fggl %s n&/ﬁl?%ﬁ”&)ﬁ{ \Aﬂ“ ‘Pﬁh 66\%1‘ ﬁhgfln?/ neu?lfsgl ?glgedtsﬂgltl% of %hequmdl ons.

30 A panedifiersmay uﬂm apntauassacﬁve gpowps, nfedi ¢xamplea agid, hepaxy,
derived foxazd Hﬁbl,esgé cl BA
type bl ocdk mpi)gred and pgi@%f&bnapom{ﬁn&'&eé%uga %%régﬁeﬂ\

i?ock c H&lw ny
aromat i c- conj uQ:&P@ \ers argy; Y:cﬂf‘@lb I°°§\‘ﬂ?‘ta dny and powder
forms, for example, from Rohm and Haas Company as grades including

" 20 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.

Also wuseful are the coresshell copolymers wherein an

interpenetrating network of the resins employed characterizes the

25 interface between the core and shell. Especially preferred in this regard

are the ASA type copoiymers available from GE Plastics under the
tradename GELOY resin, and described in U.S. Patent No. 3,944,631.

In addition, there may be employed the above-described polymers

and copolymers having copolymerized therewith or grafted thereon

30 monomers having functional groups and/or polar or active groups. The

epoxy functional a-olefin elastomers previously described are an example

of this type of useful impact modifier. Finally, other suitable impact

" modifiers include Thiokol rubber, polysulfide rubber, polyurethane

rubber, polyether rubber (e.g., polypropylene oxide), epichlorohydrin



20 . An especially preferred subclass of vinyl aromatic nononer-
derived resins is the block copol ymers conprising nonoal kenyl arene
(usual Iy styrene) blocks and conjugated diene (e.g., butadiene or isoprene)
or olefin (e.g., ethylene-propylene, ethylene-butylene) blocks and 5
represented as AB and ABA bl ock copolyners The conjugated di ene

bl ocks may be pgp ﬂa l‘n{%?ﬁgﬁ% Fw%# H%- 18 Cohegnd"ﬂ\@fxﬁﬁﬁlmh& Holy(ether-

properties are S|m pol ymers Sui t abl e
AB type bl ock &8%5 %@WWHF@B elastomers.o; exanpl e, US. Patent
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M ABAtrlbI ock ¢ pol rbegrgﬂ
processes for t3%3R lmpact et jage usualli present H?cﬂ"b 8 9Ved,
are discl oged iparts e rof ﬂ\b&otﬁofm&&l m.SOtﬁé?r ihpact

3,287,333, 3,59 4,52 3.8 wh|

I ncor por at ed he‘?‘g3 %? ‘Pg\’ é%presen? and ml’é%n%; an \@Pﬁi’gfﬂrﬂ?dlﬁm
colpol %/mers | nc:mdthdl)@uyhmh pol ybut agl ene- pol yst yrene (SBS) _
pol ystyrene- pol yi sopr@fgs y

pol y([err]-nmethyl-styrene gpol ?éi‘fa I e e poI y(%l rr|-rret%‘ﬁy?°l rene ‘mﬁ 25
pol y([ er r] - met hageerding fe)the inyentiasn may_alsn comprise apamglas

fPartlgﬁl ar % haviRgad ﬁliélﬁﬂ glte m?emﬁ]@m %’:iﬁxﬁtlﬂar&xﬁ EEE?(M@ geal ljy
rom She ca un er e t.rademar 291 n
Kuraray under t ﬁ}ea ﬁ?%ﬁ'e

i rpact nodi fi erdnhyzlrdembytd:iﬂhbp agidgaltds ofiimportanidbi foe tharmeltmg
copol yners. cont gl g uf@" o 9ae” dnét Gt o be lower than the compounding

. temperature of the polymer mixture; when the melting. temperature is
20 equal to or higher than the compounding temperature, the metal salt is
less effective for improving the mechanical properties. The compounding
temperature is the temperature at which the constituents of the 'polynier
mixture according to the invention are mixed to a more or less
homogeneous mass in the melted condition or a similar condition. The
25 compounding temperature generally is above about 285°C, usually
between approximately 300° and 350°C.

Suitable metal salts are inorganic or organic salts, more preferably
metal salts of organic acids. Suitable organic acids are saturated and
unsaturated aliphatic carboxylic acids, aromatic carboxylic acids, aliphatic

30 and aromatic sulphonic or phosphonic acids and salts of alkyl hydrogen .
sulphates. The organic part of the salts preferably has a molecular weight
below about 500, more preferably below about 300.



have been. di scussed above, additional conjugated diene nodifier resins
I ncl ude, for exanple, honopol yners and copol yners of one or nore
conj ugat ed di enes including; for exanple, polybutadi ene, butadiene-
styrene copol yners, isoprene-isobutylen?gxnxﬂyners chl or obut adi ene

[
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the like. Et hyl n r F%DM al so
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EXL 3330, Ext. sbo1, 198 S0RR0n Bl rebigsng Ri0Y, 5 Bhrécnekiliaid B He
3607, and are destpustlmnﬂ of the. pressrdninvisiotiona, SﬁftabhOremftﬂ'Bmg) fillers are
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Especi al ly pr eflswrﬂﬂahrn- fass, ) Hakg d d fiber didntér TroMAbdut BPpMORCAbGTR T
available from C;.Eﬁeals &lsoyﬁgerlass ﬁbers in the finished molded part is typically,
for example, from about 0.01 mm to about 0.5 mm. The glass fibers may
20 be employed as rovings or as chopped or milled glass fibers, and may be
provided with a suitable finish and an adhesion promoter or promoter
system based on silanes. The amount of reinforcing fillers -is
advantageously from about 5 weight percent to about 60 weight percent,
especially from about 10 weight percent to about 40 welght percent based
25 on the total weight of the composition.
' Other fibrous reinforcing materials, e.g. carbon ﬁbers potassium-
titanate single-crystal fibers, gypsum fibers, wollastonite, aluminum oxide
fibers or asbestos may also be utilized. Non-fibrous fillers, e.g. glass
. beads, hollow glass beads, talcs, inicas, chalks, quartzes and natural or
30 calcined kaolins are further preferred fillers, as are combinations of these
materials with glass fibers. Like the glass fibers, these latter fillers may be
provided with a finish and/or an adhesion promoter or adhesion
promoter system. The combination of a non-fibrous filler that also has a
platey structure, e.g. talcs, micas and platey kaolins, with glass fibers is

-



tradenerre.GELOY resin, and described in U S. Patent No. 3, 944, 631.

In" addition, there nay be enpl oyed t he above-described pol yners and
copol ymers havi ng copol ynerized therewith or grafted thereon 30 nononers
having functional groups and/or polar or ,gctive groups. The epoxy

functional a-olefin elastoners preV|oust descri bed are an exanple of

modi 1 615 i ncl SESTALDL Bt for” &wsﬁﬁblléﬂeh%ﬁéﬂ% e, fidtropic
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w de vari at Son-wé'i@taﬁﬂ\éﬂéntﬂfe mmdl fier used is 5 generally an
anount sufficient t rove e L 0, npact
nodi fiers such as d?ﬁ%&kml?f’s#f‘ﬁ ggle EB?%?" Hb"reé‘%m may%se@;&ﬁt#ﬁ %Slgaétar e
usual | y presentonenpalynseroofidn aﬂcehylabmahc&ﬁnmaumi pSuitable pqlgmqsapfshxsf

PPE. The epoxy c ¢
I npact nodifi erl%&gr}é{ %ualﬂeﬁp%}f@'%%’u up okg%out %3‘310 parts
per 100 parts cfuspeasipptand mum polymerigationer They igenerallyccontainyat least

modi fiers ARy adisutIBe byeeight Of stHuttutaPanits défived UFom'@Ra ironfitie
may al so be utilized en an epoxy conpound is ufilized, the

pol ymer m xturem°“°meeié’é&hﬂf?¥§“‘l‘]6q<¥}3 invention may al so conprise a

non-el astonmeric netal salt .15 havi ng4sa_gele %@g tenperature | ower than the
conpoundi ng tenperature of the polyrer xture with the exception of

met-al salts of di hydr ocar byl di t hi opegphinic acid. It is of inportance
for the nelting t enper ature of th
12

It to be lower than the
conpoundi ng tenperature of the pol) m xture; when the nelting

tenperature is 20 e@M) to or h| gher t t he corrpoundl ng tenperature, the
T ot kRS e Sy B g
constituents of h@hgepobg/rlewer alkyl and f is from 0 to These resins include
homopolymers of styrene, chlorostyrene and vinyltoluene, random
- 15 copolyn{ers of styrene with one or more monomers illustrated by
acrylonitrile, butadiene, o-methylstyrene, ethylvinylbenzene,
divinylbenzene and maleic anhydride, and rubber-modified polystyrenes
comprising blends and grafts, wherein the rubber is a polybuladiene ora
rubbery copolymer of about 98-65% styrene and about 2-35% diene
20 monomer. These rubber modified polystyrenes include high' impact
polystyrene (commonly referred to as "HIPS"). Non-elastomeric block
copolymer compositions of styrene and butadiene can also be used that
have linear block, radial block and tapered block copolymer architectures.
They are commercially available from such companies as Fina Oil as
25 under the trademark FINACLEAR resins and from Phillips Engmeenng
Resins under the trademark K-RESINS.

The alkenylaromatic compound when present is generally used in
the range from about 1% to about 25% by weight and preferably from
about 5% to about 15% by weight; based on the weight of the total

30 composition.




m xture according to the invention are mxed to a nore or |ess

Hanogeneous nass in the nelted condition or a simlar condltlon The 25
conmpoundi ng tenperature generally is above about 285[err] C, usually

bet ween approxi mately 300[err] and 350Gg Suitable netal salts
are inorganic or organic salts, nore preferably nmetal salts of
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dodecyl benzerppg jg useaLihPﬂPEinf%ur?T:g'tsgfﬁae%t that the PPS is'thé ebhtin hﬁ@ ts may

-be taken froma broad range pI’OVI ded t hat th as a
mel ting t enpertf® sPmposition will have-goprd ghemical resigtapce and; s

L errpeL at ug e. Igrbpestics gﬁﬂl ﬁillﬁidJﬁithﬁPFSﬂHbWever,wﬂéldﬂiéPPEdﬁ ﬁdﬂé&meEd
ut this does no ta iu assi um
barium beryl Rl ?fﬁ'&n L‘&bﬂ? %Jﬁﬁé%‘ Cﬁgf%ec the cop&m P‘%\ Bﬁ‘? ¥ cul ar,
metal sal 1@ ofenhaneed cdustilify caved right dreae(imlll'l’necmumorefprbﬁounuai aI Asalt
when utilized,; | oy f %li‘ﬁ?ﬁ

about 5 wei ghtmpercen baseg%? eJo Wl Qlt eproper&‘é& 05|F| on.
The addition sompositien devglopi mtmsblesd aquboamf MiMImiuﬂ rcomwnenb -
conposi tions gortdia ssmel;sm &&Pf'ésmc—‘ﬂd 5&&&&&%%&&%&&&@&6@6 15

hose, |11 br oudhRge easﬁp&?ﬁs% B ot PEE 5 prdito ralftery e bett pabtanee .
from 1bow ofl thelp lfesyéxeb‘lendh&m bgnecréad&elrwm\aﬁeiamﬁ leveBhsfuthe PREN 1| M
ol dod part 1 4 1)’3’%% f@heg 1 thg b bk o %%58?%%9*%%% se¥8ic 0.5
mm The gl ass increased.mayFon furthereippogvements; cati igastoones compaibilizer
miled glass fidepSundtd &ddedSn an amount sufficient to enhance the physical
properties such as tensile strength.
" 20 The compositional ratios of the present invention all, except the
functionalizing agent, of which are expressed as percentages by weight of -
the total composition, can range from a level from about 5% to about 94%
by weight of PPE resin, about 5% to about 94% by weight of PPS, and
about 1% to about 90% by weight of polyester resin, and up to about 15%
25 by weight of at least one compatibilizer compound. The composition may
further comprise up to about 8% by weight of a functionalizing agent
based on the weight of the PPE; up to about 20% by weight of elastomeric
block copolymer, up to about 25% by weight of alkenyl aromatic polymer
and up to about 5% by weight of the metal salt. o
30 The composition preferably comprises PPE at a level, expressed as
percentages by weight of the total composition, from about 5% to about
94% by weight, more preferably between about 25% to about 40% by
weight, and most preferably from about 30% to about 35% by weight. The
composition preferably comprises the PPS at a level, expressed as




provided with a suitable finish and an adhesi on pronoter or pronoter
system based on sil anes. The amount of reinforcing fillers is

advant ageously from about 5 wei ght percent to about 60 wei ght percent,
especially from about 10 wei ght percent2é6o about 40 wei ght percent based 25
on the total weight of the conposition. O her fibrous
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the glass fi befrony apput 0. bynweight-hased | an the tatalyweigh
pLoctes?og}qS The ﬁbmoamﬂ?ﬂ\goslt%dcdl prétefably |cofi Riprial thenBcticAAliAHg t?
apou 0 DYy WwWel based, on ol a wel OSI I on.
The conposi 11 CREENSat e‘fﬁl'ewmemew%ﬁh% cighE oF the, FPE G

one pol ymer of atsouta8% dyyy e orecpraferably; ﬁﬁmtabbheol;w%”tmabout 41%h|bg

uepons) on and S 5%# g fe %‘z‘i%mﬁﬁéutaéh@% B 4Pt eist 1o
about 25% by vx)éﬂgm thef emx)uémnntmuahuelassonter wsﬁhfaedmsam amnymdiﬁ&r,u c
mononer ofy g Neejiir it Addition to another compatibilizer compound or alone,! ft' isl
preferably present at a level, expressed as percentages by weight of the
total composition, of about 2% to about 18% by weight, more preferably
from about 5% to about 15% by weight, and most preferably from about
_ 7% to about 12% by weight. The composition preferably comprises the
20 elastomeric block copolymer at a level, expressed as percentages by
weight of the total composition, from about 2% to about 18% by weight,
more preferably from about 3% to about 10% by weight, and most
preferably from about 4% to about 7% by weight. The metal salt is
preferably present at a level, expressed as percentages by weight of the
25 total composition, from about 0.05% to about 5% by weight more
preferably present at a level from about 0.1% to about 1% by weight, and
most preferably present at a level from about 0.1% to about 0.3% by
- weight. Preferably PPS and PPE are in a wéight ratio of between about
75:25 and about 30:70, more preferably between about 70:30 and about
30 50:50, and most preferably between about 70:30 and about 60:40.
Preferably the epoxy functional elastomer and the elastomeric block
copolymer are in the composition in a weight ratio of between about 15:2
and about 5:10, more preferably between about 12:3 and about 6:6, and
most preferably between about 10:6 and about 7:5. Preferably the



wherein R45 is hydrogen, |ower alkyl or halogen; Y is hydrogen, vinyl,
hat ogen or lower alkyl; and f is fromO to 5. These resins include
honopol yners of styrene, chlorostyrene and vinyltol uene, random 15
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25 10 PW}’-!@‘Q% ¢ed fomthie applicationf t he present invention can vary
wi del y dependi rghe0 ,tggn MBLKib! qggﬁg‘,@ﬁ% efFen t high
| evel s Ofsu{%% one ong&r%ﬁn‘%ﬂbg%e?%e% corresat&:;i%gnﬁiﬂéus
phase and \Ad; el tye TQE BaANY{ t hat
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and good 15owproperties exlpbxbgﬂarhyrﬂm gmsentahd»m vim:lludléFle koefficient when

the PPE is adqgdgj, C e
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pr onounced. Astemperammendémaw,rmhe@umbhtx he conponents are utilized, the

properties of the Thecompositions may contain or be free of conventional additives
such as plasticizers, pigments, dyes, lubricants, mold release agents,
20  stabilizers, antioxidants, or crystallization nucleants.

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
25 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 inivention
are useful for making molded articles such as housings for electrical
connectors in under-the-hood automotive applications, and are useful for

30 making various other molded articles.

EXAMPLES

The composxtlons of Table 1 were extruded on a Welding-

Engineers 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




conposi-tion develop into a blend of those of the i ndi vi dual conponents.

For exanple, as the polyester resin is added in an amount sufficient to be
the continuous phase, when PPE is added to polyester, the heat resistance
15 of the polyester blend will be incregsed with.increasing levels of the

PPE. As PPS is added to the binary blend, flow and chem cal resistance
are y mcrgdmtad nt KO powitions yﬁg@r moldedt gsing tahg jection pedlding | zer

conmpound i s added,in an.anounf su C|ent t yS
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| east one corrpatl I lizer conpqund he composi t ion m urt

conprise up toP )6 iope it 5 advaning IPFEIH‘% thee RP tﬁ%ed on
copol et up F““‘“‘*ﬁg e af Wa| e T o oo onalized DY 0K
up to about S%Pt?ﬁm%flhh%l %%R@ﬁr&%&f ‘5%‘8 ﬁ\grg&en% %ggﬁ%&wo

pr ef er abl y1@omseimpesitine By functionalizing the-BRE before adding the compatjbilizey

wei ght of the tcg a}g,gﬂ
wei ght, nore pref gg{tﬁ\/\ée tt&é g@@qto a g‘&t‘ i%mg ager&%tﬁlht and
nmost pr ef er abl ywm C%mmdzssmhe avided esired 8i t i on

T ket i i 26 T o b
about | oaooysaiEing e RRE avifh S FubonpliERERRRTE SO BOABB ¢ b SBe y
weight, 15 amdmpmt(blhzef ecmhppuhdomlabmﬂaﬁﬁﬁfmso &teouutlﬁﬁ&hdny wii dhe. The
5"hs. per cent aqRacaghall gﬁp’f%?‘??ﬁ Sifcfignaifal Ble PR, TRE, repifion RS
about 90%fpctienajized RRE: qanctber amqmphdmcbboutsema! owaysut Insaney
weight,  annBBdinEHeSLHRD preseh Tiition, Wi tialived PPIYs Widd by The
intimately admixing the functionalizing agent with the PPE without the
20 compatibilizer compound preseht in a separate processing step. In a
subsequent processing step any remaining ingredients, including the
compatibilizer compound, are intimately admixed. In another
embodiment, a single extruder that has at least two ports for introduction
. of ingredients is utilized. The PPE and the functionalizing agent are
25 introduced into the throat of the extruder (first port) and compounded.
Simultaneously, additional ingredients are introduced into ports
downstream of the first port and the compounding continued. Each
portion of the extruder is preferably vacuum vented. Typical
compounding temperatures are in the range from about 275-340°C.
30 The materials used in the following examples were as follows:
PPE 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.
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2 tensile strength at break in psi
b tensile elongation at break in percentage

Table 1 illustates the lmprovement in tensile properties noted with
the addition of a compatibilizer compound to compositions comprising
PPE, PPS and polyester resin. Sample 1 is a PPE/PPS utilizing a cured




wei ght, nore preferably between about 8% and about 16% by weight, and 5
nost preferably between about 10% and about 14% by wei ght

Preferably the conposition is free of additional resin materials such
as polyi mdes, polyan des and pol ycarbonate resi ns. Determ nation of
an exact ratio for a conposition is, |n3Bart determ ned by the intended
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screw type ext Au&é’ﬁs q’ﬂt?%\rﬂ‘ﬁ mpee m’&%s"\/\,ﬁ‘i"&%"zg B?Ri'eﬁpmqé‘ éﬂghear '
to the conponenridulitibi bﬁ a)féan aﬁbmgmmpoﬁndanplgompos1homamgt he
mel t t-hrough a yen der olatile i mpurities
in the conposi tff‘IB fio c :??é q ‘gl S%Eg&ﬂ’l nventi on are
useful for making mSaseplesrs |t01b%wemhrm inoa ssepgsateoserigse from cthe other :
CONNECt Or S45n %ﬁ%oéxﬁ@ﬁ%e%ﬁ%hﬁﬁe%ﬂ?la'diﬂ:;lic%bgcoﬁﬁgsﬁbﬁ td$&mple for 30

maki ng various ot ded_ articles

EXAVPLES except thatig.diffargntlatiaf P, was used. The difference, ip properties
el di ng- cféiﬁbﬂﬁ?itéstmennﬁpbﬂ&h@(tdfuétﬁﬁ afing Eciitesll samplesofwithinua

275-300[err] C \qu&culm'esenes (‘#uma(!)ll;l 10- 20 | nchg\s &na%gll !tl(xa &a%tg%@lt

during conmpound®
comprising PPS, polyester, a compatlblhzer compound and PPE or
" 20 functionalized PPE have enhanced ductility, as noted by increased tensile
properties.

Samples 13 to 18 are a separate series from Samples 1 to 12 and
were made with a branched PPS in place of the linear PPS of the prior
samples. As with the cured PPS compositions, enhanced properties are

25 obtained with the addition of a polyesﬁér resin to compositions comprising
PPS, a functionalized PPE and a compatibilizer. :

The samples in Table 1 are intended to illustrate the present
invention and are not intended to limit the compositions that may be
obtained by furﬁ1er_ optimization for specific property profiles.




resul tant. conposi tions were nolded using a Engel injection

machi ne using a tenperature set of about 290- 300[err] C and MIIMHI"II""'III“I"
tenperature of about 110-130[err]C Al the conpositions were * ested

tensile yield and tensile elongation at break according to ASTM D638 5

The actual extrusion conditions enployegymay affect the physical '
properties of the resultant blend. In &Riﬂserred enbodi nent of the

present i nvent ifon it is advantageous t-o—prem-x the PPE with the

functionali zi ageAtCOmPQSden@Pmpmmganal i zed PPE. The functionalized

PPE can then be m xg dl\%& 15 (phién Q'eb redients to formthe final 10
conposition. By fun | ndﬂ betore addi ng the conpatibilizer
conpound it is thout ﬂa‘iyé%&,ecﬁ dﬁ)“'qsﬁb functionalizing agent with the

bet neen LLZELnE??‘S‘Q”IW D oot Ul 10 poc”can be achi eved.
Prem xi ng the PPE v@h f?fé‘gfﬁﬂﬁﬁeﬁﬁgmp?“ﬂ& agent before mxing wth the 15.
conpat i bi | i zer2.conpbhe dompositiomofiClain 1, veherein then¢compatibilizer compound

funct | onl i ié%ﬁ@%&%@“&?ﬁ%‘n‘%@ h“’S‘PEn sl ofiae 9?“3:*‘9'@ & 1ehi¥

embodi ment of We TBP%‘@]G"P‘FPFEE@ Abe igFRUP mlm of orthp ester, .
intimtely adngpé oﬁ-fiﬁlxi&%bf%ﬂ\ble%m th the PPE without the 20
conpatibilizer corrp es ar t I‘OCESSI n ie

subsequent protessi ﬁ'ﬁ E";P %P %f%mpﬁﬁbﬁb'@?ﬁg“m?émd

conpati bilizer uqmmlnd, arfamount emtmkyuﬁ rovidd a compositioh vehich exhibits

enbodi ment, a er h S tr tion
of i nar di ent sDiRAsBe ERM ot Aeh S SR ol Pondt, . 'R
i ntroduced int gomposmm:thoﬁtmeecoamathibm:(mmpou@@rt) and corrpounded
Si nul t aneous| ygq, add'l‘hé%ﬂ{ RESE6F EMitn 8] WHeRbin® BHSKE oh the th@l welght of

downst ream of the first t an e corrpoundl ng conti nued C
portion of ¢ he e sqmpesition, 3 )v@ﬁm presen; a\saﬁevel from
conpoundi ng t eaBEUBEN @6 abcut 9% h rﬁ@@m‘ tReN ol l&n‘é— Sdlfid?) ' febin 3

PPE 15 pol y( 2, EGERbIAN A RER, B ”&q@aﬁ i %ﬁviv@@ "By, PR and the
viscosity ef apolyesﬁar/tésmhs gresenhatia bavel fronh about Uk toaboftPA% hyOweightai ned
fromGE Plastigs.  The composition of Claim 4, wherein the poly(arylene sulfide) resin
is present in a sufficient amount to be the continuous phase.
6. The composition of Claim 4, further comprising at least one
functionalizing agent in amount up to about 8% by weight based. on the
weight of the poly(phenylene ether) resin.
7. ©  The composition of Claim 6, wherein the functionalizing agent is
selected from the group consisting of functionalized olefinic compounds
and non-polymeric polycarboxylic acids.
8.  The composition of Claim 4, further comprising at least one
reinforcing filler present at a level from about 2% to about 50% by welght
based on the total we1ght of the composition.
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29 -4 » PPE- CA i s a nucl eophi | e-cont ai ni ng PPE prepare

3%. by weight citric acid with PPE. The PPE-CA was furthe lmmmmalnmrﬂl ,"I
di ssolving in toluene and precipitating with nethanol and dried at about
110[err]C prior to use. 5 PPS-13i2s a cured PPS. PPS-2 is

a branched PPS. - PBT is pol y(butylene terephthal.ate) obtained

from GE Plastigs as ERPOXY i S Ye0QV Ql ak
sol d by G ba- Gg, gy g}leE&{ﬁ@QS%m%lgf Claim 8, wherein the Yeififorciiig’ ﬁffé% 8+

sanpl e PPS-1 pelected frmm the proup.consisting BPghays fibers, cartrincfibérs, petassiuin

%75 275_ 0 hﬁ’anate Jsﬁfgllé cr%stapﬁgers, aﬂxmgmmcbx:de fx})ﬁ@aﬁgss bead’, hollow 3 2

275 0 glasg beads,lwllgstom@s, talcsy mjcas, chalks, quartzes, qatyra kaolins, 4
ggg 00 ?. calcgued kadllg%, and n?ﬁctures the:@of 5941 3 4 g
250 0 10. The Eg@pgslh% accoriiyng to Clamg 112 4 r gogtpnsmg an
225 0 1mp@ct modifiér presenat a levél from abouB2%4to about0% by welght 8
275 0 9468 5.5

275 o Pasedion the fotal weight.of the fomposition” 0. 6.7 10
275 0 1d3. 5 The gompositigm of Claim 10, whereirp the inmrpact modifier is
275 0 gd,ed fr gnag,e?, 10860 7. 7 . 12
225 0 e 0] %ﬁ éﬁ:ons:sﬂg? 10380 7. 13

0 275 0 (17} 62 hock copolymers gf alkenyl arpmatic comgongtds and 14

0 250 0 162.dienes?5 7340 4 7 15

0 225 0 ..162. 5 . . 6710 16

0 275 - 0 (iif g5 oy Hinctional o3 .°5'°1e,f“‘ elastgfies; and 5 4 17 -
0 250 0 (iil)6 2 . somixtdpe of (i) dnd (ii). - 8537 18

0

225 T%Eﬁ
a tensile st rengt h at eataposi%%n Of éfaufh 1, Wherégl%ensf)rﬁ %?!l' (l)snaat

break in per cerdfibleck copolymer. TabI e 1lillustates the |rrproverrent in
tensile properti3es norlesd cmiposition o Tlaidli 12, Oli)vhbfreﬁa GREPBlocR topslymer

Rt et o iy sk e
derived midblock.
14. The composition of Claim 4, further comprising at least one alkenyl
aromatic polymer.
15.  Anarticle made from a composition comprising:
(a) a poly(phenylene ether) resin;
(b) a poly(arylene sulfide) resin;
(c) a polyester resin; and
(d) a compatibilizer compound.
16. A method for making a composition comprising:
intimately admixing a poly(phenylene ether) resin, a poly(arylene
sulfide) resin, a polyester resin, and a compatibilizer compound.
17. A composition consisting essentially of:
(a) a functionalized poly(phenylene ether) resin;
(b) a poly(arylene sulfide) resin;
~ {c) a polyester resin; and
(d) a compatibilizer compound.
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30 - PPS and an unfunctionalized PPE. Conparison of Sanple 1 to Sanple 2
macie with a functionalized PPE denonstrates the enhanced tensile

strength and el ongation noted with the use of functionalized PPE. Sanple

3 contains a functionalized PPE and gf conpatibilizer conpound added 5 in
an effective ampunt to increase the tensile strengt’h and el ongati on over

Sanpl es 1 andCQMPOSITIONS OF SR@h¥EEH NE ETHER) w ¥{ ABMRENEed PPE and
a cured PPS WH&' S. OMPARIBELEBER free of

vi sabl e si gnsC@MPOUND e[ ani nation. Both sanples required | ess pressure
upon injection 10 nolding over Sanples 1 to 3. Conparison of Sanples 6 and
7 to Sanples 4 and mnsmcme&?mmmmms intensile
properties with th dd C a ound.ta

conposi tions cont aqurﬂprovea h}ﬁiﬁ%{»ﬁgﬁ% @%S bﬁ’%"d M aﬁ?&‘%’&ﬁesﬂ er
resin. poly( ene gther) mesinera Mﬁ(arﬁlmesaplﬁndab aresisy mespdlyestet he

ot helr 1? corrp@ﬁg{;@msﬁl tamh htf ¢ ga{,_ﬁf Pgheac&m g@,}‘gh i bi ON to
sanpl e exce a i {feren 0 € erence
in propert?es <@ ‘Q'?fehb?&t{ § Agentsy URpast-m Wt%'iﬂm andynp| es
within a :phtfbmingaﬁllaerhoe; rovide conepositions dﬁtaexlﬂslt obédttbﬁsﬂ@t a,

bl ends c P st atibildi o] PPE or
20 functi onal%%&%’l’%‘% égn ‘élg”&ﬁ%ﬁsﬁfq%jy @b géﬁ) ﬁ?flba

tensile Whoasareuseﬁﬂmtheelecmsdnnmlec&ﬁmdu&lsyare a separate
series fromSanples 1 to 12 and were made with a branched PPS in

pl ace of the |linear PPS of the prior sanples. As with the cured PPS
conposi tions, enhanced properties are 25 obtained with the addition of a
pol yester resin to conpositions conprising PPS, a functionalized PPE
and a conpatibilizer. The sanples in Table 1 are intended to
illustrate the present invention and are not intended to limt the
conpositions that may be obtai ned by further optim zation for
specific property profiles. '
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31 CLAI ME: 1. A conposi tion conpri e td?@%ﬁf-grft
of the conposition: (a)  25-40% by wei gﬁlllﬂllllﬂmlﬂllﬂﬂlrl yl engpgifies)
resin, (b) 40-65% by wei ght of a poly(arylene sul frde) resin;

(c) 1-25% by weight of a polyester resin; and (d) O. 1 15% by wei ght
of a*conpatibilizer compound conpri sing at | east two reactive groups

sel ected fromthe group consisting of offho ester, epoxy, or mxtures or
ortho ester and epoxy. 2. The corrp05|t|on of claim1, wherein,
based on the total weight of the composition, the poly-(phenylene et her)
resin is prese@LAiMS: | evel from 30%to 35% by weight; the poly(arylene
sulfide) Tesin i's present at a level from50%to 60% by weight; and the
pol yester resin is present at a level from2%to 15% by wei ght. 3.

The conposition of cfaimg @6m§b§h€i@nfé&ﬁ$‘§isfﬂ%{)%§éé@ Gh EﬁéSEoEQ

functionalizing agent in ambunt up to 8 by we based on the wei ght of
t he pol y( phenylwatight hef) thescamposicion:

(a) 25-40% by weight of a paly(phenylene ether)
resin; _ :

(b) 40-65% by weight of a poly(arylene sulfide).
- resin; )

(c) 1-25% by weight of a polyester resin; and

(d) 0 i- 15% by’ we:.ght of a.compatibilizer compound
compr:.s:.ng at least two reactive groups selected from the

group cons:.st:.ng of ortho ester, epoxy, or mixtures or
ortho ester and. epoxy.

2. 'I‘he corrrposz.tz.on of cla:.m 1, where:.n, based on
the tota.l weight of the composit:l.on, the poly (phenylene
ether) resin is present at a level from-30% to 35% by
weight; the poly(arylene sulf:.de) resin ig present at a
level from 50% to 60% by weight, and the polyester resin
is present at a level from 2% to 15% by weight.

3. The composxtion of claim 1 or claim 2 further
comprls:.ng at least one functlonalizing agent in amount
up to 8% by weight based on the weight of the
poly (phenylene ether) _xesin.

4. The composition of claim 3 wherein the
functionalizing agent '.i-s selected from the group
consisting of functionalized olefinic compounds and non-
polyméric polycarboxylic acids.
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4. * The conposition of claim3 wherein the functionalizing aﬁmmﬁmll”umll“l
‘'sel ected fromthe group consisting of functionalized olefinic
non- pol ymeric pol ycarboxylic acids. A . V7
5. Thes,conposition of any preceding claimfurther conprising at |east one
reinforcing filler present at a |evel frgBZ%to 50% by wei ght based on the
total weight of the conposition. The conposition of claim5,
wherein the reinforcing filler is selected fromthe group consisting of

gl ass fibers, carbon fibers, potassiumtitanate single crystal fibers,

al um num oxi de fibers, glass beads, hollow gl ass beads, wollasconites,

L o CS, ik UG LRt e ok hy e c0RRENS il OERAL

claimfurt herc@zﬁp@isﬁnggaanleaaacbnaroﬂeinﬁorpﬁ.nge Gilhérapresehtf Bema2% to
20% by wei ght_ based on the total i ght ,0 nposi i on.
level from 2% to 50% by weig t ase on the total weight

of the composition.

6. The eomposition of ciaim 5, wherein the
re:.nforc;ng filler is selecced from the group consisting
of glass fibers, carbon fibers, potassium tltanate single
crystal f:_v'.bers, aluminum oxide fibers, glass beads_,
hollow glass beads, wollascoﬁitee, tales, micas, chalks,

_ quartzes, . natural kaolins, calcined. kaoliuns and mixtures
thereot. |

7. The composltz.on accord:mg to a.ny preceding
claim further compr:.sing an impact modifier present at a -
level from 2% to 20% by weight based on the total. we:,ght
of. the compos:.t:.on, '

8 The composxt:.on of" claim 7, wherein t:he impact
modifier is selected from the group consisting of: .
(1) block copolyters of alkenyl aromatic compounds
and dienes; _
{(ii) epoxy functional q-olefin elastomers; and
(iii) a mixture of (i) and (ii).

9. The composition of claim 8, wherein the block
copclymer  is a triblock copolywer.

10. The composition of claim 9 wherein the block
copolywmer cowmprises polysr.yrene endblocks and a
seléctively hydrogenated dienederived midblock.
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rom the oroup consi sting o 1) b ock copolyrers of LI IEHNNNIN

aromati ¢ conpounds and di enes; - (ii) epoxy funttional ™
[err]-olefin elastoners; and (itii) a mxture of (i) and (ii).

9.- *The conposition of claim8, wherein the block copolyner is a triblock
copol yner. 10. The conposition of claim9 wherein the bl ock

copol ymer conprises pol ystyrene endbl ocks and a selectively hydrogenated
di enederi ved m dbl ock. 33 33 11. The
conposition of any preceding claim further conprising at |east one al kenyl
aromat i ¢ “pol yner . 12. A nmethod.for nmaking a conposition of claimi1
conpri si ng: '

11. The composition of any preceding claim, further
comprising at least one’aikenyl arqmatic polymer.

12. A method for making. a composition of claim 1
comprising: _ '
intimately admixing a poly(phenylene ether) resin, a
poly (arylene sulfide) resin,'a polyester resin, and a

' cpmpatibilizer-compound.
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inti mately adnmi xi ng a pol y(phenyl ene ether) resin, a poly(arylene sulfide)
resin, a polyester resin, and a conpatibiflizer conpound.

. - 34
- COMPOSITIONS OF POLY(PHENYLENE ETHER)., POLY(ARYLENE

e SULFIDE) POLYESTERS RESINS, AND A COMPATIBILIZER
o COMPOUND

ABSTRACT OF THE DISCLOSURE:

Improved compositions are provided which comprise a
* poly(phenylene ether) resin, a poly(arylene sulfide) resin, a polyester
resin, and a compatibilizer compound. The compositions can further
5 comprise functionalizing agents, impact modifiers, flame retardants, and
reinforcing fillers to provide compositions that exhibit improved tensile
strength and elongation characteristics. Articles molded from these

compositions are useful in the electrical connector industry.
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