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UNI TED STATES PATENT APPLI CATION OF BI SWAROOP MAJUMDAR  B2Rcioberie9a-or
REDUCI NG THE RELEASE FORCE OF COWPATI BI LI ZED POLYPHENYLENE ETHER- POLYAM DE
RESI N BLENDS CROSS- REFERENCE TO RELATED APPLI CATI ONS Not appl i cabl e.
FEDERALLY SP RESEARCH Not appl i cabl e. BACKGROUND ENTI ON 1.
Field of thé‘%\sﬁ% ion The invention relates to a net hod%égpgﬁédggégi ng the
rel ease force of articles nade froman inpact nodified conposition of a
conpati bilized s pol yphenyl ene et her-pol yam de resin bl end. Thetémwsrenti on
also relates to the conpositions and articles forned out of the

conposi tions nade by the nethod of the invention. 2. Brief rUﬂﬁmmmmmmm’of
t he Rel at ed ArYNIPER STATESRYTERHARRLIGATIPNr esins (referred to

"PPE") are | oOFcom*rerci ally attractive materials because of i j que

conbi nati on of physical, chem cal, and electrical properti e“ﬂ'mm@w"’lwmﬁ% e,
t he conbi nati @iswirddradgyuMasarns W th pol yam de resins into ed
bl ends results in additional overall properties such as chem c&pooooz*

resi stance, hid¥P strength, and high flow Exanples of such conpatibilized
bl ends can be f%‘éﬂ%Lb‘ﬁ S. 22 Cctober 2002 -2 Patents 4, 315,086 (Ueno,

et al); 4, 659,“9 van der Meer); and 4,732,938 (G ant, et al). The

properties of gorese bl ends can be further enhanced by the addition of

various additives such as inpact nodifiers, flame retardants, |ight
stabilizers, pPYBEEARTQRRERUGHNG THERELEAFEQRCE PREOMPABBKIZERNt i oxi dant s and

fillers. The %@E%@ﬁggﬁ&_p&ﬁw b¥a.de blends make them
y O

attractive for a varie end-use articles 1n the autonotive market,
especially for under hood and various exterior conponents. Many of these
conponents are_subj ect ed %%ngvari ety of abuses such as inpacts and as such

require out st antSHREFFRENE FAERAESUSAYONBcti 1 ity. Moreover, nany of

t hese sane artﬁggﬂﬁ,é{%ﬁe_preferenti ally produced using conversion techni ques
such as injection Ing. Sone of the desirable applications, for exanple,
connectors have very thin wall sections and therefore require resins that

require very lj{:ttle rel ease pressure to eject the part fromthe tool in
order to avoi o ERAHMFE W%tﬁfég’}%ﬂt The same resins nust al so have

out st andi ng dulqg){%%;ﬂéablg‘l ow, and surface appearance. Conventi onal
PPE/ pol yam de bl ends have an i nadequat e bal ance of properties to wdely
penetrate many potential markets. It is therefore apparent that a need

continues to ist f PP | yam conpositions that have reduced rel ease
force yet ret gﬁmﬂ{%%&‘) OFQHE?NyEN%gﬁ

1. Field of the Invention
The invention relates to a method for reducing the release force of articles
made from an impact modified composition of a compatibilized
5 polyphenylene ether-polyamide resin blend.
The invention also relates to the compositions and articles formed out of
the compositions made by the method of the invention.
2. Brief Description of the Related Art
Poly(phenylene ether) resins (referred to hereafter as "PPE") are
10 commercially attractive materials because of their unique combination of
physical, chemical, and electrical properties. Furthermore, the combination of
these resins with polyamide resins into compatibilized blends results in
additional overall properties such as chemical resistance, high strength, and

high flow. Examples of such compatibilized blends can be found in U.S.



ot her attractive physical properties. SUMVARY OF THE | NVENTI ON The needs

di scussed above have been generally satisfied by the di sc@2Dgtobér 2002

i nproved net hod for reducing the ejector force of articles formed from
conpati bilized pol yphenyl ene ether resin/pol yam de resin conposition,
wherein the nethod conprises: (a) nmelt-mxing in a first step from10%to

| ess than 30% by wei ght pol yphenyl ene ether resin 22 Cctober 2002 -3 with
fromO0.7%to 1.1 % by weight of a non-polyneric aliphatic polycarboxylic
acid or derivative thereof and from1l %to 15% by wei ght of at |east one

el astoneri c bl ock copol yner, wherein tf% el astoneric bl ock copolyner is a
m xture of a di-block copol ynmer and tri-bl ock copol yner, wherein the

copol yrer rTPI’I sesq@r@o yaryi ene_bl ock and a saturated or unsaturated
r ubber 86‘#@“5 £n0sct 81409570k (ven et Morr andeti’ B 2 Grrant et bl ef i n

Wi th fromrﬂég}og) AR PIhNEbEALs Gh 1R (‘ﬁg%%)ﬁhzgﬁeﬁﬁ il adifonlof Uhribtdf 1 NET 11

mxing in a st ep, rom I'yam e resin; wherein the
total wei giditiods mbheaﬁmﬂlgaamndélﬁeegﬂamesetﬁ:rdanﬁsﬂ@lﬁtbtabﬂﬁ%sbmomﬁsgxgt based on

t he total ht of t .conposi ti.on first preferred enbodi nent of the
present i ﬁ'i\ggﬂ‘gi“@nhea{ fa ‘bF‘ES’I"é‘\}Qi“dF‘@SB‘é‘F&g‘?ﬁ about 10% and about 49% by

wei ght, the ci tiht phRGéA phﬁ%ﬁies o PPEIp%%%@@&HBds%ﬁ(@tﬁ&ﬁ aBPRYULe TorQ% by

wei ght, the el astoneric k copolymér is present fromabout 1 %to about

8% by wei ghticty whendeiise a@tl@lss mrtbc agtoimotivk madkst | egpastallydat wides haod and

D g e Bt B b M SRS B s GORGIFTR, 2 o

polystyre ure of a

pol yst yr eabuse®kich(a8 iMphctoaids)Sush fgRik ysatswhsﬁhg ifnphdlr@Harkc@RAN MIBTlItRNd a

pol ystyrene-poly (ethyl ene-propyl ene) diblock copolyner, the functionalized

el ast omer Moreper manyeafdhese same pitistas asopigferantils peodused usiggsnyerignght , and

t he polya % by
wei ght . | rlflgcgLgl ggson ﬁﬁgIe}\aeeci?1 e%‘dlﬁégds n&ggdgﬁﬁgfﬁ’ra@ge ﬂ)l %\?tle)ﬁ%ﬁamﬁ “pet ween

about 10%aittctbddhak Vbl‘}ethhﬂ\ﬁvylaﬁécﬁeni &gl thedefora dlite wesind thinaedifitle vdrne citric

22 Cct ober 2002 WO 99154404 PCT/1JS99105280 ..4_ acid, ,the el astorrerl c bl ock

copol yrmer lit l?iﬁmressaf?d%eﬁét? martifesm heAeef inoFler fnavoid diststomol et h t he

;2?‘3;2?2532%1&%%82%'3 B P P IS Anlie B SREG ont st iplyedhce. 100 PO

plr ef ;ar red (bnb?dionelrﬂPEjgolydnmdp b ha‘:ar'?x?nadaquatgtblatanfmmﬁ:;:mpﬂabs Cié)e&zﬁdely

el astoneric olefin is de fromethyl ene and at | east one .. S

1- ol ef i n. PFYf rgtq:xgaq){pptmt@'} ‘enbodi nent of the present invention, the

rosin fo or o hyl CRoacr L%%a“é"h‘é‘f‘%‘fhe"a%“?éﬁﬂ.‘%ﬁg eammorebpaseonyiene

of the preempesiiignsdhatihgre rednecdingleats foreel ek eagainithest oneric olefin is an

et hyl ene- f alized with nmal efic anhydride or

et hyl ene- ggh%gét{trgigtgveﬁiﬁlgalrpggﬁgé&l?%nct| onalized with malefic anhydride. i 5
In a sixth preferred enbodi mrent of the present invention, the PPE level is
bet ween ahout 10% and_abqut 30 b vvel ght) the citric aci d | evel is between

about 0. sSFAMMARY G TH EWB/)EW the el astoneric bl ock copol yner
conponent i s pF[(ﬁEﬁQéds 15%[1%3%99H5ve1h@v£:9e&13§éﬁ ral fthYsﬂé’ﬂ' 'lhe dl\fé&ﬁf ?&an

el astoneric bl oc copo ynmer conmponent contalins a mxt

pol ystyr enﬁpmbd/(netﬂmﬁlfenedhmng(tmmﬁctqﬂcfbme oy aﬂmb:stfomﬂrldd‘ﬁkn coopeyayibitizedind

pol ystyrene-p t hyl ene- proopyl ene) di bl ock, copol yre t he functionalized
el ast oner Pl yaﬁ@?yﬁ cictheg fesiy pRJ YV aRle ppoip GorapRsitans Miesin the method comprises:

ethyl ene- propylgnfein®iif (P2 fify LD HohP 1Pk Rds Wah BoPPbEEGRANNY I | de the
functionalized elastoneric olefin is present at a level between about 1%
and about 8% byolyphejlyleneatietr tdser 2s pol yanide is present at a | evel between
about 35% and about 85% by weight. In a seventh preferred enbodi ment of the
present invention, the ejector force is at |least 50% | ess than the sane
conposition not containing the functionalized el astoneric ol efin.



22 Cctober 2002 WO 99154404 _;  PCT/US99l 05280 The description which
follows provides further details regarding this invention.2Z0BQCBFZNO02N OF
THE DRAW NGS Not applicabl e. DETAILED DESCRI PTI ON OF THE | NVENTI ON PPE, per
se, are known polymers conprising a plurality of structural units of the
formula (1): @ Q@ p @ QL (I) wherein for each structural unit, each QL is
I ndependently hal ogen, 10 primary or secondary |ower al kyl (e.g., alkyl
containing up to 7 carbon atons)) phenyl, hal oal kyl, am noal kyl ,
hvdr ocar bonoxy) or hal ohydr ocar bonoxy erein at Least two carbon atons
separate the hal ogen and oxygen atons; and each @ is independently

hydr ogen, hal ogen, primary or secondary |ower alkyl, phenyl, haloal kyl, Is

hydr ocar bonoxy qr. hal ohydr ocarbonoxy as defined for . Preferably, each Q
is al kyl or phé‘ﬂght{r]or@&fé/er%i~|1¢@.we@ténf WP?‘PQEYGH%EQ@%J@‘Q rolyspshaxylin. Bot h

homopol yrrer  and. ASRALNIRKCFReA M) ¥ASH 1576y BEEHESS RilomRpol yrer's are

t hose contai ning 2, meth nits. Suitable
copol ynmer s i ncllag®enteziodiorvkcopolyyeerveheteintiad ¢lasigmedoblbok cepodymédrds asuch units
'n combination mvg(ttupe gf a3di§l;l;[)crki (%%topy);rlle_rlahg _txli)-rt])Forclzch%&)elymerz, %vhgr;éig ltoheerco123((3)1(';/121“%

comprises a polyarylene block and a saturated or unsaturated rubber block, and

from 1% to 15% of a functionalized elastomeric olefin , with from 0% to 20% by

weight of a polyamide resin, and

( b) further melt mixing in a second step, from 15% to 85% of a

polyamide resin;

wherein the total weight of the polyamide resin is from 35% to §5% by weight based on

the total weight of the composition.

In a first preferred embodiment of the present invention, the PPE level is
between about 10% and about 49% by weight, the citric acid level is between about
0.8% and about 1.0% bv weight, the elastomeric block copolymer is present from about
1% to about 8% bv weight, wherein elastomeric block copolymer contains a
polystyrene-poly (ethylene-butylene)polystyrene triblock copolymer, a polystyrene-poly
(ethylene-propylene) diblock copolymer, or a mixture of a polystyrene-poly (ethylene-
butylene)polystyrene triblock copolymer and a polystyrene-poly (ethylene-propylene)
diblock copolymer, the functionalized elastomeric olefin level is between about 1% and
about 8% by weight, and the polyamide is present at a level

between about 35% and about 85% by weight.

In a second preferred embodiment of the present invention, between

about 10% and 15% of the polyamide resin is added with the PPE, the citric



WO 991 54404 PCTI US99/ 05280 _(r ether units. Al so included are PPE

contai ning noi eties prepared by grafting vinyl nononmers oR2g@stopeeR80%uch as
pol ystyrenes, as well as coupled PPE in which coupling agents such as | ow
mol ecul ar wei ght pol ycar bonat es, qui nones, heterocycles and fornmals undergo
reaction in‘g(ggbyggmganner wi th the hydroxy groups of two PRignedIeriaase t o
produce a hig nol ecul ar wei ght pol yner, provided a substanti al
proportion of free OH groups renains. The PPE generally has a nunber

aver age nol ecul ar weight within the range4of about 3,000-40,000 and a

wei ght average nol ecul ar wei ght w thin the range of about 20, 000-80, 000) as
determ ned by gel permeation chromatography. Its intrinsic viscosity is

most often in tééd theglastomesisflack BOR@YG‘QBC‘EH‘PP&W and the fungtigalizedchi or of or m
at 25C. The PP I I ‘%‘%3” A of at

| east one mnoh%lggtgry$§?g%g%‘ I ?:Gltgct)ﬁtgoun %éég?l%gesﬁgb%%d\? rgsr%gﬁaﬁéd 9963

tri met hyl phenol secGiad stepsivhengit dahweighepgrearangdslaye bagetionatle taral vselght@foupl i ng;
they typically contain at | east one heavy netal conpound such as a copper,
manganese or coBBICPTPRRYGENd, usually in conbination with various other
materials. Particul aplanaghberCl ErlbitBbo: B PRSAR uichubRiane whi ch 20
conpri se nol ecul es havi ng |'east one am noal Kyl -contal ni ng end group. The
ani noal kyl radi fiskctiosalizgg ielaatonyericadetireid derivexhfront dtbyiens aitd atiedst ohta€slydr oxy
group. Products Cfeﬁxﬁ-?' ning such end groups nmay be obtai ned by incorporating
an appropri ate y or secondary nonoani ne such as di-n-butylam ne or

di met hyl am ne as Oneln%cfohﬂﬁdﬁ&@&%%ﬂ%aﬁn&ftoffﬂ%;?x%sé??firﬂ»%hh&ﬁ tr@Upl i ng
reaction mxture. Also frequently present are 4 h droxg;bl phenyl end groups,

typically obtai hemnbndmedeéastqucmlahruuseisrwed fwhitcan ethplenepoehpdene resin

dlphenqu|none S ent JaII in a copperhalide-secondary or
tertiary am he 8‘9%‘?‘8 gﬁﬁg&aﬁﬁgf‘%ﬁ BI’oportl on of the polyner nol ecul es,

typically constitutifg @eh puirébenBoind08s bl presda: RULARSY 12002 VIO

991 54404 PCT/ US99105280 .7 ight of the polyner, may contain at |east one
of said am noal fwneoahzadmmgbmm deﬁfyvmwwlmmﬂpym rgﬁmups I t WI Il be
apparent to tho k'alxllzeﬂ e art, fr ok ﬁ\fl%reepﬂ- t hat Qse

cont enpl at ed fo e he pr é%?rd}yﬁi ﬁtl SnYiher 88yatl“i tH6ses presently
known, i rrespecmﬂeaoﬁm,zéarwﬁﬁmmc myatrrduct ural units or ancillary chem cal
features The pol yam de resins useful in the practice of the present

invention arté a genelnasixdprelprisd emhodimment ol e B@Sﬁ}}ll’é‘fﬁmoﬁﬁﬁﬁggﬁéﬂeied by
the presence of s"’\ﬂ:é@:@e &&It gR aﬁd&@@xwfmb bbaé%@{ee e Atc MUY PRefis® are the

generally preferred polyam es and are aval rom a variety of
comer ci al sour betsveefitabout M8%\aadiatiest 1.0% bywetights thetelasomstiiosieek 6, nyl on-12,

nyl on-6, 10, nyl on on 6/ 6T and nyl o [6T i am contents
bel ow about 0. 5N &WF’E%‘PB%?&M%PW"F %}?cﬁ’égé’ f°§‘§”8 %1} Ii’E’I\'%e‘ r phous

nyl ons ey be_ usieidinleflstdhfbiid BIbAopBRamdl b b e BARAE Ahitlfe of ¥ XL T es of
various polyamdes as t s well as various pol'yam de copol yners are al so

useful . The 2Ds Ipoptsefrem-pdly(mhylam-ues/ldm) polyetybttmmj@b@k copadymerardt

i ti 6 d I 6,6. B I
Loerul e are meoBnaeRtpolieRRrte Do BTok oY anGE, hETiMRoRAG °°
pol yani des can Q&s%&am&ub&ﬁéﬂwmﬁé Ripy |ré§iﬁ8¥‘@thl9feﬂ6%’i§ﬁﬂex@dﬁ%h as
t hose described in U S. Patent Nos. 8 f 250; 2,Ur1l, 251; 2,130,

2,130, 948; 2, 24Yesde functiogalizedsgith madle@ﬂMirwGhe &mconmﬂ;zeﬂ@hsmrm e, is a

polymerization praduct of capr.ol actam 0 6 i densat roduct
of adipic acid é’:\ ‘ﬁw@rﬁﬁeﬁm% %ﬁé”eeﬁ ng? anﬂ?f’?)ﬁtéipgy wflélt sation
product bet vgen gy &hﬂe%?#ésé’rﬁ%&lélmﬂb&%&@%&ﬁ%% d?ﬂsdb@ﬁ%ﬁdbfw&lg&' d, zs
ot her useful diacids for the preparation of nylons include azelaic acid

sebaci ¢ aci d, dodecalﬁeadewldprmmmb@@nwhofwhmesandnvm thel djesterci ds.
CI her useful m nes_.i.ncl mx ne_di am ne 4- am. no nyI ) met hane
“di - (4am nocycl o 85&‘7@%???55&? 1%95213( g‘fﬁa‘é‘ﬁfﬂ%‘ﬁﬂsﬂw é?%‘ém ea 2, 2-di -

functionalized elastomeric olefin.



22 Cctober 2002 WO 991 54404 PCTI US99/ 05280 _g_ am nocycl ohexyl ) propane.
Copol yners of caprolactamw th diacids and di am nes are aQBaQMQBQZI n one
enbodi ment of the invention, polyam des having viscosity nunber of about 90
to about 350 m /g, preferably between about 110 and about 240 5 m/g as
measured i n woQeSuey¥ei ght percent solution in 96 wei ght pepcensymsdsphuric
acid in accordance with 1SO 307 is preferred. In another preferred

enbodi ment of the present invention, it is preferred that the am ne
endgroup to acid endgroup ratio (i.e., -NMz/-COzH) be < 1.0. The anount of
the PPE and pol yam de used in the present invention can to vary w.-dely
depending on the properties desired., Generally, the anounts are such that
the pol yani de remai A§edeEripganiwhishfollowsgaoviden further setpdls regandiag dhis s

di sper sed "Vithiiﬂv%-l?{?)npo' yazni de and/ or each other. Useful anounts of

pol yar ni de range between about 35% and about 85% by wei ght based on the

wei ght of the entire conposition. For applications wherein at s |ower
viscosity is an_i r’rEortant factor) higher |evels of polyande, e.g., from
about 50%t 0 aldFFCREBEENGF THEDRMWINGSed on the entire weight of the
conposition, arlqoﬁt licablby used. Conversely, for applications wherein

di nensi onal stabrl ity 1s key) lower |evels of polyamde, e.g., from about
35% to about 50% by wei ght based on the entire weight of the conposition,
are 20 typical Ihl;é used._ An exact armint of polyam de can be readily

det er mi ned wi t HOERAERJESCREPONQFIHERYBHIYY one of ordinary skill in this
art. in the nethod r wln'ﬂy L L hidkid.zkng agent shoul d
be enpl oyed in the gfrpgtb %a%%%ng% t e&@gbn%ggpﬁr%%?%hgg?%ﬁol d purpose for
usi ng a conpat i dtruckurgl agjesf thefdrmulafi):ove, in general, the physical
properties 2s of the PPE-polyamde resin blend, as well as to enable the
use of a greater proportion of the pol yam de conponent. Wen used herein,

t he expression "conpatibilizing agent” refers to those pol yfunctional
conpounds which interact with either theQRPE, e pol yam de resin, or both.
This interaction may be chem cal (e.g. grahi«g) or physical (e.g.
affecting the surface 22 Cctober 2002 4@iPG1U899/ 05280 g
characteristics of the dispersed phases). ther instance the resulting
PPEpol yam de conposition appears to exhibif T nproved conpatibility,
particularly as evi dencemby enhanced i nﬁact serengt h, mold knit |ine
strength and/or el ongati 6n. As used herein, the expression "conpatibilized
pol yphenyl ene et her-pol vani de base resin" refers to those conpositions

whi ch have been physically or chemcally conpatibilized with an agent as

di scussed abovewhasim&irleadssttintsmi anitprash (3lds indspenderalychapdgesi cal |y

conpati ble wi thoyt such agents, as t ht | .S. Pat. No._3,379,792. In
Che’ pr act | cd® of PHRET) PEEEARaaIeREs SR n Akl GoRsprERgarp BHATIESR o

pol vcarboxvlic aghfl§, pHeRyl 881da Ltaﬂgn&ggg%{,&iol:&;,bﬁgxﬁqgnt . Included in the
group of non-polyneric aYiphati pol ycarboxylic acids species, also known
as conpat i bi | i zbalohpdrocanbonpxynwherein gt least éwotarbonyetoms sspardtethe i phati ¢

pol ycarboxylic acids, and acid esters reprss_e,nted by the formula (I1): (1)
( R~O) ~, R( COORu) hplogmrangpyygsn atoms; and each Q< is independently hydrogen,

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

15 hydrocarbonoxy or halohydrocarbonoxy as defined for Q1. Preferably,
each Q1 is alkyl or phenyl, especially C14 alkyl, and each Q2 is hydrogen.
Both homopolymer and copolymer PPE are included. The
preferred homopolymers are those containing 2,6-dimethyl-1,4-phenviene
ether units. Suitable copolymers include random copolymers containing,

20  for example, such units in combination with 2,3,6-trimethy!-1,4-phenylene



t s wherein Ris a linear or branched chain, saturated aliphatic

hydr ocarbon of from2 to 20, preferably 2 to 10, carbon a%%QEt,Ob@%%quRl IS

selected fromthe group consisting of hydrogen or an al kyl) aryl, acyl, or
‘carbonyl dioxy group of 1 to 10, preferably 1 to 6, nost preferably 1 to 4,
car bon at ongyg d4iskdds hydr ogen bei ng especially preferred; SLINSR/52§05

i ndependently sel ected from 2o the group consisting of hydrogen or an al kyl
or aryl group of from1l to 20 carbon atons preferably from1 to 10 carbon

atons; each RIIl and RV is independent!|y®sel ected fromthe group

consi sting essentially of hydrogen or an al kyl or aryl group of from1l to

10, preferably froml to, 6, t, pr rably .1 to.4, carbon.atons; mis
equal to | and® srgfujff‘s‘gﬁf’é%ﬁ‘?eqﬁﬁﬁ%gm& gt“bm%t,lesfsfe?ﬁrg‘flgyably equal to
2 or 3, and n adfhifig ¥yl ARMBNEEES 31y nBANsuRh a8 HERtytéhed SdsOuelPdld Wherein
(ORS) is alpha or beta'to a carbonyl”group and af [east two carbonyl groups
are separ at ed bqupled §PE ig avticlncompding agayy sedsdsyiowmholeqlar wiight and RV

atoms. 22 CoPORERrosRsS ARG S A8 oaR oSS PR AT v o

sui t abl e polsyc &nhb@fitharned GiftSthahg debly groupsSblwo T €haded 1@, pradieeanari ci ¢
acid; including the various comercial forns thereof, such as, for exanple,
t he anhydr ous enyrilequdar vieiphispolymey previded a substentiad peoportierplil  her ei n

i nclude, far e . aggt jtrate and nono- and/ or di- stearyl s
citrates and tﬁ%’é’ﬁlﬁg U|rt¥a € acid am des useful herein include, for
exanpl e, N, N -di et h¥he L’PErgieﬁeragj' HasahambeNaviragh raciepylhr Wiefﬁhit wigheh d am de;
N-phenyl citric acid am de; N odecgl citric acid am de; N, N -didodecyl
citric acid anitherangg okpkRssSdPP-40809 ang aweightiayeragpaqleaaneight t he
foregoi ng pgl yca | \ I I I ractice of
t he presentl%l ?‘Pﬂggﬁa@ﬁ.@%g@oﬁ%lzg’ga%? @g?;qflta “Iég% Egétbyﬁgk%%gogonpounds
can be found i rhibrfatoBeiphyt 1sldmtrindic I1s0o€i86is rbst bfterdimthe 4artpedbf 2B6utand

5, 000, 897. The ampunt »Zéx t he above nenti ?ned non-pol yneric aliphatic

pol ycar boxyl i ¢ CalSra dl-Ag 2 meeasugrsl ingdlargtoapatdsiGat el y functional i ze the
PPE i s that which ignswbEiacd &/ J oy s QIRRLLAbL & en the
various 15 conponent?l? ?& taﬁe ocr?})lgs[#%n g# |rrx§)§)ove e’f’ﬁgil}s‘%%‘?%cée%@

char act eri st i c®refmaenmhydorRyasormatbncompdiogt such 8s 2,6ixvitmol oabB6é- properti es
such as, for exanple. 1| o operties, tensile properties, surface
appear ance) *an 1?‘%&*‘){1?12%%?~A§a%$3’e‘5€[5 marﬁigff:‘f@b%&g‘p?(gvcﬁdcﬂgf PURs of i nproved
conpati bility idaplifg thestypiangeohil aATeddabh®ReaviyFRétAMREn Sl stigh
properties such as increased tensile and 20 inpact properties and a

st abi | i zed nor (A6 OFPhEANEARSEIPE copadirprepauscinusiallyin sembinadien wathat i ¢ and/
or | ow shear c j L I.S.t hought that reactions can occur between
‘'sone of the co%g%gﬁtgg&g#%‘ﬁﬂéa%onposi tion, for exanple, between the PPE and
t he non-pol ynmeri c alPapiafarty psefylRPEfox ylang paepekes atdthostowhiehl yneri c

ali phatic polycarboxylic zs acids and the pol yam de resin, or between the
PPE, non- poPd mesomapriseimpigeyles baying atlsast one amingalkyl-spatainiag ped gEawPde r esin.

These reaction . : i : en the
conponent s of fﬁ@%ﬁ%ﬁa‘ft‘ﬁ‘.‘ gsetzglﬁn y&édgat gﬁﬁgﬁgégﬁﬁé‘??gﬁl i phatic

pol ycar boxyl i ¢ laydrdxy graand &totlocts ctitBiningpduchrend grawgsposy beé obtairtelidbyaver age
particle size of the dispersed PPE 22 Cctober 2002 WO 99154404

PCTNS99/ 05280 - POTpRRRAng AN RPICREALS DIUTAR{ A fePRdatysmPRRATPRE SHER 8h of t he
copol ymer struchit . i i ] hQRud nunber of PPE
particles, in t‘?\ilé“fggprlre aeﬁr?%n%@?&%%@%o?g&ﬁt\%ggge p%r?%ibgﬁlg di anet er of
about 10 m es onexidatigy eaiptingireactios puingirel Alsbdrequbstly presavesrest in the

overal |l surface g&pea&ance. There appears t%@be a mninmumthreshold | evel
of nonpol yner i ch¥doxkaiphenyl en &9%5}1141@“5& ingthiromyreacting EEUIES hchi eve
the desired conpatdny b : ] i ndi cated by
enhanced physi cal dé‘?o%?ﬁ%@ é@?‘@%&gﬂggégﬁi&é?ﬁs%g##?@gg?ﬁéﬁfnbers of
relatively | ar ghalideRiecpaddry ol ¢ertinhyedmineagdstem. Ausdsemtiahpmpbettdd afns.  An

increase in the_level of
the po?ymer molecules, typically constituting as much as about 90% by




t o non-polyneric aliphatic polycarboxylic acid above the m ni mum has a
positive effect on enhancing the conpatibility but unexpeé? &¢tapend@0dheen

di scovered to have a significant effect on inproving the surface
characteristics of the blend. In the practice of the present invention, an
ef fective anwonbd/sads t he above 1 s nentioned non-pol yrmeri c PEITIUSHANSLEE

pol ycarboxylic acids, based on the total weight of the conposition, is from
about 0.6%to about 1.2% by weight, preferably fromabout 0.7%to about

1. 0% by wei ght. Ampbunts |ess than about 076% by wei ght result sufficient
nunbers of PPE particles having an average di aneter greater than about 10
m crons such that. L.cle fornme fr sheet..of the,conpatibilized
PPE/ pol yam dqu%%%tgosf?&%gnyﬁﬁ' h g%ré%fia%?éegsgﬂr}ef%%%‘d(éﬁﬁé‘g?elgxge Wi th respect
to pits and gricbfitaiingand 2-liydrexytipttenyt embgioupd. 2% by wei ght afford

i ncreased flow characteristics but at the expense of |ow tenperature inpact

| XP . .
strength and the cobtovillde apparentio Hwse plgHed in theast ondheforegnins that The
met hod accor di ' [ e e fRIEREShhLON one or
nore of the soQ%%F%gggﬁeg@{%%?%%%%%%%é}%g g&l?fn o exafrtgbée% ABA
tribl ock copol ypresentlgithonrBireispbanie of vpriatyoreria strittarahuBita otlancilfard t ype
bl ock copol ynmer rubber additives which nmay be used are thernoplastic
rubbers conpri §E“'éﬂai€ﬁ48“6?- two al kenyl aromatic bl ocks which are typically
22 COct ober 2002 E}};glg =12 St
bl ock, e.g., a bﬁ%ﬁ%‘?ﬁﬁ‘? m?%%%ggég%gﬁ’%@g Pgesgélqtﬁ g‘tﬂa y
hydr ogenat ed. Meneric fsnibf of lesise khowhlas oklonsmhhyaresrzediby tith fuesarice 0bpn| yner s

B A Dype bl bcs ger e IO RIS B8 Pt tomt 28 ths Esaraly breresshr ont
Nos. 3, 078, #o4,polvAlRidied ald ard AAilatie fronva ¢RRet(QP coﬁﬂ'@rcg?]%%ﬂ (4§§)%IEIJCU K.

I
Patent 1, 264, 741.” Exanpl es of typical specie$ of A-B A- B- ock

copol ymer s i nclpadyamisles.dtopreven-spch yontionidén sylosBR) nvlon-6,10, nylon 6,9,

pol ystyrene- pol yet h e-pr I .:R0] yst.vrene- pol vi sopren .

pol y(anet hyl st ﬁﬁ%‘é&%@ﬂfgﬂf‘%.‘%?g% “blg‘f 5!%‘%86%‘55‘8?%1% °élrt|§)56'5?l§’§'i yrene
(SBR), to polysierceitas @ll)as Othirs, etch £ khe h&Rephee MEénsAREDe useful for

pol yst yr ene- pol yi soprene pol ystyrene and

pol y(a- met hyl stRarteidyr BoE-pslvasmifle Applisafignandiviyres of vasius polgamides ass t he

sel ectivel y, hy Ny 1 nti oned
bl ock copol i/srre(rj‘xslagfge aF‘g“S\i’S’é@ f“&lIa§ céﬁ@ﬁ&%%aljglﬁic}%x{sgﬁkﬁ%@%t 5%% ynmers are
avai | abl e commepaiyahides forctie blendabetheqiredens irsetiticresre riyimi-6idnd gylon-6,6.i ps
Petrol eum under_the trademar k SOLPRENE, Shel | Chenjcal ., under the

¥ addanmr k. KRATORANEREAISH ATRILS TEHES pre Ao HRE PR EFORUAaiee ORbFaB Bt Ao t he
trademar k SEPTGMeal BolyBthii®tdigd. of the present invention, the

functionalized elastoneric polyolefin is an eiastoneric polvolefin
cont ai ni ng at | ea¥he pakyamides candk obkaingbby)a oupbeookweli-kngwofpragessedr i de,

epoxy, oxazgline, and orthoester. 1. ssent i ral pnsts,0f the
eloas%/omer i c%pol‘cﬁ}%fléf gﬁ)sﬁldgsﬁi’reﬁ\}%y Etf&&?ﬁ"i%l @W&%ﬁ?@-ﬁaﬁﬂ“ﬁér C3-s
1-olefin, such B8309BORYAEIID; 25100862 akd 251016062 NyloRBfot eRihIRSis alhE
proportions of ethylene and at |east one C3.s 1-olefin are not critical

provi ded that tprlymedgatioreprasisatefcapralactara. iNylon-6,6ds 2 rendepsatidneproduct

of adipic acid and 1,6-diaminohexane. Likewise, nylon 4,6 is a condensation

%dar%ar ubber

.~

product between adipic acid and 1,4-diaminobutane. Besides adipic acid,

25 other useful diacids for the preparation of nylons include azelaic acid, sebacic
acid, dodecane diacid, as well terephthalic and isophthalic acids. Other useful
diamines include m-xylyene diamine, di-(4-aminophenyl)methane, di-(4-

aminocyclohexyl)methane; 2,2-di-(4-aminophenyl)propane, and 2,2-di~(4-



25 polynmer. In a preferred enbodi ment, the functionalized el astvneric
polyolefin is a functionalized ethyl ene-propyl ene rubber 2% Ogtober 2002
functionalized et hyl enepropyl ene-di ene el astonmer. The di ene portion is at

| east one non-conjugated di ene, such as ethylidene

nor bor nene, {fwhgsadi ene, or dicvcl opent adi ene. 22 Cct glegrusadaszZsoVNO

991 54404 PCTI U599/ 05280 -13 These el astoneric polyolefins are known in the
art as EPR and EPDM el astoners. As previously discussed, the functionalized
el astoneric polvolefin is an el astoneric®pol yol efin containing at |east one
noi ety of the group s consisting of anhydride, epoxy, oxazoline, and
orthoester. The func iona{i zed el astqgneric polyol efins are well-known in
the art as ar fTHEP exgPPraRans. HOR é{mﬁ?fr?@é?%ﬁﬁfpé‘é‘ﬂb@af‘\aga%t hods can
be found in U K.mbdsand alb9aserar. 882, 194, 3,928,497, 4,147,740, 4,590, 241,
4,996, 263, 5,124,410, and 5, 393, 833, anong others. to In an especially
preferred enbodi ireone erthbedimenhuicthe imventiphepdlyaroides having edceditystwmber i ¢

et or abl y, ¢ Hel FHER Grnbot ol B Prstetabl UsBv gt thoth 1 Eand aobR28) ' Enw
that has been gi/}oyededstiréPicd 0. 9elHIPerlehEsohtidifin aveighepdra! t ant

el astomers are commonly referred to EPR-graft-nmalefic anhydride t s and
EPDM gr af t - nmal sfiphurihagdiin aheordanee withdSOS07 isepreferreda himgniethepretertasher al | y
in the range of bet.wee out 0. B% and 3% by wei ght . hased on_the wei ght of
he. eF ast oner - RBTUERAF oLME Phesepriny oty s Bieesiree Hies BR Piipg pfebut

bet ween about {LARNENEROHP r ‘Va‘p%_mgg/gmmbgqu_@bl y between about 1% and
about 8% by 20 wei ght,” wherein the wei ght percentages are based on the
entire wei ght of ThhemowxpokthePEE.andrpodyamidpasedin the preseat inventiarbaaai nent |
the inpact podifier. ¢ rises a mxture of .

pol yst yr endd pol ¢ TS HetrpeRiryomibs PRor ey fsiied Genraly HeMBPYRAng

pol ystyr ene- pokyetthyd the poRiagidé fdingliHel BflineaRHasR with kheomapunt of the
functionalized elastoneric olefin level is zs preferably between about 1 %
and about 8% bgompersints dispersess withisthe polsaneidp pad torearmother.i Ueefehn al so

i nclude effect] . I A efo) /My t he group
consi sting of SerAEYBeheRlioPlongeBebeBeplesh Xa SERRERY S afht

pi gnent's) col obasetin the alight o€ tie entit@tdmpavitiors | Bornipphcations whiergig acl ay,

mca, and talc, antistatic .22 Cctoper 2002 WO 991 54404 PCTI US99/ 05280 -t4
agents, pldsti Ba%r\'é%cowabﬁaemeﬂaa ftﬁr'ﬁ&heééewi%?fé&lxawﬁw- B i ves are
known in the abboud®ulotiblesds B) Wit tRsduilie ARK: WelghPermef

i ncor poration. E?L%ectlve anount s” of The additives vary wdely, but they are
usual | y pr esentompositionave titpically tused bGonvesgdy, dor applzatignsweherhing  based on

t he wei ght of the entire psiti,on. Especi.al ref erred addi tjyes

i ncl ude hi nder dipensional §Eag$%pﬁﬁie¥nlﬁwﬁ§‘s"%§ﬁé pgh%ﬂgge'(f&'i%ﬂag?‘bﬁs\/gri ous
fatty acids. The piRBEe% 80waigRLPised Oh the'eifreAetGE R of Bfe ARMSIsRIINY afedNges Up
to about 2% total conbined weight based on the Total weight of the
conposi ti ort0 Tiyepigallypssedt iAovexatt anhmird ofpolyamidnmeandte neadilypdetempined nvent i on
is to normally aghieved by nerely blending,he ingredi ents under conditions
for the format i“()’ﬁ‘o “afey APeHRT %oéﬁé'.o@%éﬁr‘glgﬂﬂﬁgﬁ%g@“ﬁffgp i ncl ude

m xing in single [althé Weth&Tofthe pydentiventitny, ScmFSﬁmiﬁag afientisheuldedd ces

whi ch can apply a shear to the conponents. All of the mgredl ents may be
added initi al | ymployeseinghe preparatipngyf sheegmpesitign. dhe swedeldpuspesedpr i ves may
be preconpounded. wth one.or nore of the primary ¢ nent. referably the
PPE. ol ast omor I ETH B RABRIA RSt Sipimpriet iFheher dhe BRAC pRIReEHSS of  n,
and/ or the pol ¥AhIPPE-pblyaR@@fesirl Blahd, &8 el 43 tO EAKLE teQfie obdlGReads | NPact
strength and el ongati on, "are soneti mes enhanced by initially preconpoundi ng
the PPE, el ast qrrepoution|of¢he polyamide component. When used herein, the expression

aiqy

"compatibilizing agent" refers to those polyfunctional compounds which
interact with either the PPE, the polyamide resin, or both. This interaction
may be chemical (e.g. grafting) or physical (e.g. affecting the surface



20 copol yners, and the functionalized elastoneric olefin, opti %na (ﬁ/% W th
any other ingredients, prior to conpounding with the poly e :
however, these inprovenents are done at the expense of increasing the
viscosity of the conpatibilized conposition. In the present invention, it
i's preferablyggbdaiesat | €ast 5 % by weight, preferably at pPensi99/85286 by

wei ght, and nost preferably, at 25 | east 10% by wei ght pol yam de be. added
wi th the PPE and non-pol ynmeric carboxylic_ acid. The remai ning portion of
the polyanide is fed through a port downstream In this manner, the
viscosity of the conpatibilized conposition is reduced w thout significant

reduction in ot N | Ca 1.8S - i r r s may be

used i n the prGAaecle B e Blspllf hiseds in thht- T BRARL BrsSitp 1315 1701

-1 5 PCTI US9910p8eamide cpmpbsitiah hypeure praxdibibinpidved cémpatitglis, ext r uder

having nmultiple feed ports al ong Its | ength to accomodate the addition of

the various corRFsweamy a3 evidenced by gnhaResd imgadsgensthampld keit iseuum to the

Vol ati1'e. i mpur iFeRgH art]Br SonfiRich, VEDhech Yok e LYt WORIpaBILETTE oo

will be abl & t poiyhhenylenk etiébrpolvaimids basedtedinieéura taith@se caifpositidnsas

conponent addition, w thout undue additional experinmentation. It should be
b

clear that conp®RiFkpayabesaphysically eschemiceallycompatiglizedyath an ageat #ade by t he

met hod of this gl | N Qeet J : LhAnention. The
invention wll cgée&%e(rat gr@e'iaal'sﬁjésﬂt%sral?gsg %&@%@gﬁ%?{%ﬁ %8&)22%1% es.

EXPERI MENTAL | reotripatibleanithast suble agenits, astaughtiat @S0 BatsNbad,874#®9en used: i 5
PPE: a pol y(2, 6- dL{?j‘éhyl -1, 4-&2enyl ene ether) wt an,igtri nsi c viscosity
of 45 m/g as nea Fragtice gf theneesent Byentiop, fog-pobrenin ANeEA of 0.6 gram

per 100 ni; PA 1@c'ar8 Rk uaHL 46 el ma&oﬁ\ﬁg@&% é%ef[ﬁtb?\%ru@%d B {hed

according to ASTM D/89°in a solution of 8.4% nyl on m 90. o
Form ¢ Aci d andgranp 2bnamipnlymesricpliphptinpotigearbotyli¢ 2cipls gpéciep, als€CRhbwoiasri c
aci d nonohydrate; SEBS:; polystyrene-pol t hyl ene- but yl ene) - pol ystyrene
triblock copol meaﬂgéﬁﬁpsp%%’fy§¥gﬂx@ﬁ§§acﬁ¥§/2% a&ﬁﬁ%ﬁ%&ﬁ %) di bl ock

copol ymer ; EPR‘&l%oﬁﬁi@%iﬁﬁe&rﬂra{éﬂyéﬁé}?réﬁ%@&éﬁfeﬁ@%?@nﬁﬁlﬁ [pbout 0. 7% by

wei ght zs mal ef’i ¢ anhydride. The 1 ngredi ents were ‘conpounded 1 n the weight
ratios as indicated(ih the foRQWRIGOCRNACONRIRWL n-screw extruder with

Lemmer ature, Set L] 005 RIS LLOE ot SR Plht Sa AL R nRE IR Laabgus, 280 and
from 2 to 20, preferably 2 to 10, carbon atoms; each R! is selected from the
group consisting of hydrogen or an alkyl, aryl, acyl, or carbonyl dioxy group
of 1 to 10, preferably 1 to 6, most preferably 1 to 4, carbon atoms, with
hvdrogen being especially preferred; each RY is independently selected from

20  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 R 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,

25  preferably equal to 2 or 3, and n and s are each greater than or equal to zero;
and wherein (OR!) is alpha or beta to a carbonyl group and at least two
carbonyl groups are separated by 2 to 6 carbon atoms. Obviously, R!, Rll, Rl

and RV cannot be aryl when the respective substituent has less than 6 carbon

atoms.



was 300 rpm the throughput 10 kil ogranms per hour. Al ingredients with

22 Oct ober 2002 -16 exception of the polyanmi de were fed af2 ProPeReR of
the ‘extruder; the polyam de was split-fed partially into the throat of the
extruder with the remai nder fed downstream about halfway the I ength of the
extruder. TR sfsiapds comng fromthe extruder were pell efdragdobsase

| aborat ory equi pnent and dried for about 3 hours at about 110C. The dried
pellets were injection nolded into standard ASTM t est speci nens for

measur enent of physical properties. The #¢-ector force was neasured in kN nR
as the anmount of force required for the ejector pins to push a nol ded

speci nen out of the injection nolding tool. A lower |evel of force is
preferred. Illustrative of suitable polycarboxylic acids are citric acid, malic acid,

Sanpl e: 1234PPE20202020CAHD.. 850..8S0. 850. 8SSEBS4. 7.SP02SER3. 7S302EPR- g- MAHO584
PA-6, 61 3131313BK BBEE af@.lﬁf?%@l?@%h%@%ﬁé?ﬂ%ﬂ?@%@ﬁ tReréol sich as,
19919919 1. Bhrie e ARMYlirold ind hydaffachBO 13 A8 Acid ecifs usetul
F)6.130.119.119. 0TS6. 20x105. 81x106. 27x10" 6. 19x10' ' TE47233740EM2. 39x102. 30x1
02. 34x102. 32x 1bereivoinglgdeJ8r @aumple. &28tyl cigrapOariompnercanst/ or di- stearyl

he PPE; | HonBFEEs snAag it BscidpleR BN dhmihibdior oBHE oo

C and was measN;Nddidthyd cit@eski@ hmdds N\NBiprspyIRasideid aides Niphenyio ASTM
D648, 4 NI stands for notched |zod inpact reported in N.mcmand tested
accordi ng to D add pxpide; N-dedesy} eifriqcichamisie; Mg cdidedea gitric #dder gy to
fracture falling.dart,t,est) repgrted,in. N mand.nea ed according to

pa 763, 75 ot antligeAnd Nikideh 3Rl i, B TR AER-BERRE o' anc
measur ed accor goiygarbxyiRidddeai8also Shitatl@isitust @1 the ptactice b BRIpréstn? _
-17tensil e elongation at break reported in percent and nmeasured according
to ASTM D638; invENieR-aRenples of suitablefnnerisnaliziag samppyndegy tedgund ik NV n2 and
measur ed accor g : t@@% fl | yield and is
reported in k r'réz?g,gtneg‘tﬁgg%rﬁé g’c@%dr% |6§’g’ 0%@%&%5@8@% conposi tions
contain the fol | ow Tige @rdduit ofelse alihvé mertphed pengoeitm&sealiphatid 2S, 0. 3 wei ght

percent Irganox 1010, and 0O, 3. wei ght percent KiI; rein all Laht are
based upon thePPé(F%q%oﬁg‘PWdWaY‘ﬁée%miaPP&?r‘aﬁé\{’] g%“ﬁégjé@éﬁgr 9 i t he
properties of iR AAPASLIARAR (PIASRRE Bk idinidibillidDefveddife GRTHRS L T ONS

cont ai ning the nctionali ze oneric ef1n have significantly | ower
ej ect or forises componetde i tharphpoditivhahd dmptaierthe smifaceaharictesistrsmfitie bl ock

copol ymer. A conposi tion containi on t he functionalized el astongric
olefinis illus® P@H%W@‘SH]_BF%SSP gtﬁb‘i‘f%é?‘f’?%%sﬁ‘cgr?&aﬂ&'%%ﬂl’ i A" bot h
the functional ingsgbrabd 8drBBpidpePhi&f SRV pREarRARS ARIei 1keD IR PreviBRAL Y TET
unexpectedly exhibited |l ess the 50% of the ejector force of sanple 1

cont ai ni ng onl ylischesed) indicotiens ef inipyevectensapaibiity indudreresistancated by t he
shoue Tt uet, B GBS SRR DS JPLAT el B SREEL YT o

the functional i%Z rie y resu i N superior

notched |zod i nppatt srbpérties inda s&OIRRE #RorphoRgfbeRveétnwhe bRnidRbRipohentng t he
very |l ow ejector force. Mreover, conpositions containing only the

functi onal i zed phasgstunder statioppd/ ot low shgar conditising. 3, unexpectedly
denonstrated an inf«la i

rigr surf.ace appearance as conpared Qsi tion

contai ning both the Sy %ﬁqgﬁ% Qﬁg E%a&ggﬁ‘sa%apooﬁﬁ?ri AP} TSRS ?‘5§8tg‘38§%n§§?mr i
bl ock copol ynerof the ebin&sitidie forkXamplé betwelthd PPRaA® tiosbri-polyhéidci ng t he
ej ector force of articles fornmed from

aliphatic polycarboxylic acids, the non-polymeric aliphatic polycarboxylic

25  acids and the polyamide resin, or between the PPE, non-polymeric aliphatic

polycarboxylic acid, and the potlyamide resin. These reactions are thought to

lead to various copolymers between the components of the blend. In this

manner, as the non-polymeric aliphatic polycarboxylic acid is added to a

PPE/ polyamide composition, the average particle size of the dispersed PPE



conpati bilized pol yphenyl ene ether resin | pol yam de resin_conposition)
\/\h(ranr)ei n the net Iﬁodytlcz)orrp?/i ses: (a) nelt-mxing in a first 22&stolerdlPd oo t o
| ess’ than 30% by wei ght pol yphenyl ene ether resin with fromO0.7%to 1.1 %
by wei ght of a non-polyneric aliphatic polycarboxyllc acid or derivative
thereof and §§9iR4dea%0 t0 15% by wei ght of at |east one el aptpurgiossbl ock
copol yner, erein the elastoneric bl ock copolyner is a mxture of a
cfi-block copolyner and tri-block copol ymer, wherein the copol yner
conprises a polyaryl ene block and a satuthted or unsaturated rubber bl ock)
and from1l %to 15% of a functionalized elastoneric polyolefin, wi-th from
0% to 20l o by weight of a polyamde resin) and (b) further nelt mxing in a
second step, fPWF%S%E?%’SQSWa%V g tethe darmationof thgcopsiymeme total wei ght

of the polyam vk Nieli 0 9 ' 1ihe. t ot al
wei ght of the %g‘lrrpos%'t {tﬁlbél%g%fﬁ%{qﬁgg%%&%sx %‘lﬁgﬁhﬁef%mr%epﬁt@%émnet hod is
done in an extthedermedattiolesRiving ditaverdgd paitielp daditktés ab0aOTHMSdréRs ar e done

sequentially in the sane extruder. 3. The method of claim1l, wherein the
non- pol ynmeri c 1 STSREE isFesRATGtblg f95 18 impravementrin bl pxeaali surfacger eof is citric
acid or a hydr |k ' i 8%to 1.0% by
wei ght. 4. %I'hegl; taﬁ%nég'o?ﬁ%@g?ﬁ\b%%ﬁ%gg}l #%@Q%%P@%%H%E ?Qé&n Is a nylon-6
or a nyl on- 6, 6polgsienic alipR&idqudi pdaebo M0 AcidiThat is Fdymind ttdachiefe thealesirdd

wherein the anobunt Qf the elastoneric block copolynmer is from1 % by wei ght
to 8% by wei gh‘eonaagf@ah%{nfef‘ﬁeew@iegﬂf’ﬁwt ﬁEO'é’ﬁFPE%aEB%B_%eﬂthYcﬁi‘hch.nghe
met hod of cl ai ghdsicatpedgerfles' ot WL in'sBfticidH Qlh®BA 428 tvely larger

PPE particles that lead to surface imperfections. An increase in the level of

10 non-polymeric aliphatic polycarboxylic acid above the minimum has a
positive effect on enhancing the compatibility but unexpectedly has been
discovered to have a significant effect on improving the surface characteristics
of the blend.

In the practice of the present invention, an effective amount of the above

15 mentioned non-polymeric aliphatic polycarboxylic acids, based on the total
weight of the composition, is from about 0.6% to about 1.2% by weight,
preferably from about 0.7% to about 1.0% by weight. Amounts less than
about 0.6% by weight result sufficient numbers of PPE particles having an
average diameter greater than about 10 microns such that an article formed

20  from a sheet of the compatibilized PPE/ polyamide composition has
unacceptable surface appearance with respect to pits and grits. Amounts in
excess of about 1.2% by weight afford increased flow characteristics but at the
expense of low temperature impact strength and the color of the composition
darkens considerably.

25 The method according to the invention incorporates in the composition
one or more of the so called elastomeric biock copolymers, for example, A-B-
A triblock copolymers and A-B diblock copolymers. The A-B and A-B-A type
block copolymer rubber additives which may be used are thermoplastic

rubbers comprised of one or two alkenyl aromatic blocks which are typically



el astoneric polyolefinis from1l % by weight to 8% by wei ght base n the
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polystyrene and poly(a-methylstyrene)-polybutadiene-poly(a-
methylstyrene), as well as the selectively hydrogenated versions thereof.
Mixtures of the aforementioned block copolymers are also useful. Such A-B
and A-B-A block copolymers are available commercially from a number of
15 sources, including Phillips Petroleum under the trademark SOLPRENE, Shell
Chemical Co., under the trademark KRATON, Dexco under the tradename
VECTOR, and Kuraray under the trademark SEPTON.
In the method of the present invention, the functionalized elastomeric
polyolefin is an elastomeric polyolefin containing at least one moiety of the
20  group consisting of anhydride, epoxy, oxazoline, and orthoester. The
essential structural units of the elastomeric polyolefin are derived from
ethylene and at least one Cs3 1-olefin, such as, propvlene, 1-butene, 1-hexene,
and 1-octene. The proportions of ethylene and at least one Cs.s 1-olefin are
not critical provided that they together constitute the major portion of the
25 polvmer.
In a preferred embodiment, the functionalized elastomeric polyolefin is
a functionalized ethylene-propylene rubber or a functionalized ethylene-

propylene-diene elastomer. The diene portion is at least one non-conjugated

diene, such as ethylidene norbornene, 1,4-hexadiene, or dicvclopentadiene.
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generally in the range of between about 0.05% and 3% by weight based on the
weight of the elastomer.
A useful amount of the elastomeric block copolymers is between about
1% and about 15% by weight, preferably between about 1% and about 8% by
20  weight, wherein the weight percentages are based on the entire weight of the
composition. In an especially preferred embodiment, the impact modifier
comprises a mixture of a polystyrene-poly(ethylene-butylene)-polystyrene
triblock copolymer and polystyrene-poly(ethylene-propylene) diblock
copolymer. The amount of the functionalized elastomeric olefin level is
25  preferably between about 1% and about 8% by weight.
Compositions of the present invention can also include effective
amounts of at least one additive selected from the group consisting of anti-
oxidants, flame retardants, drip retardants, dyes, pigments, colorants,

stabilizers, small particle mineral such as clay, mica, and talc, antistatic
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agents, plasticizers, lubricants, and mixtures thereof. These additives are
known in the art, as are their effective levels and methods of incorporation.
Effective amounts of the additives vary widely, but they are usually present
in an amount up to about 50% or more by weight, based on the weight of the
5 entire composition. Especially preferred additives include hindered phenols,
thio compounds and amides derived from various fatty acids. The preferred
amounts of these additives generally ranges up to about 2% total combined
weight based on the total weight of the composition.
The preparation of the compositions of the present invention is
10 normally achieved by merely 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.
All of the ingredients may be added initially to the processing system,
15 or else certain additives may be precompounded with one or more of the
primary components, preferably the PPE, elastomeric block copolymers, the
functionalized elastomeric olefin, and/or the polyamide. It appears that
certain properties, such as impact strength and elongation, are sometimes
enhanced by initially precompounding the PPE, elastomeric block
20 copolymers, and the functionalized elastomeric olefin, optionally with any
other ingredients, prior to compounding with the polyamide resin, however,
these improvements are done at the expense of increasing the viscosity of the
compatibilized composition. In the present invention, it is preferable that at

least 5% by weight, preferably at least 8% by weight, and most preferably, at

™~
th

least 10% by weight polyamide be added with the PPE and non-polymeric
carboxylic acid. The remaining portion of the polyamide is fed through a port
downstream. In this manner, the viscosity of the compatibilized composition
is reduced without significant reduction in other kev physical properties.

While separate extruders may be used in the processing, these compositions
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more vent ports in the extruder to remove volatile impurities in the
5 composition. Those of ordinary skill in the art will be able to adjust blending
times and temperatures, as well as component addition, without undue
additional experimentation.
It should be clear that compositions and articies made from the

compositions made by the method of this disclosure are within the scope of

10 the invention.

The invention will be further illustrated by the foliowing examples.
EXPERIMENTAL

In the examples the following materials have been used:

15 PPE: a poly(2,6-dimethyl-1,4-phenylene ether) with an intrinsic viscosity of 45
ml/ g as measured in toluene at 25°C. and a concentration of 0.6
gram per 100 ml;
PA-6,6: a polvamide-6,6 with a viscosity of 54-62 mi/ g according to ASTM
D789 in a solution of 8.4% by weight of nylon 1n 90% Formic Acid and an
20 amine endgroup number of 42 peq./g.;
CAH: citric acid monohydrate;
SEBS: polystyrene-poly(ethylene-butylene)-polystyrene triblock copolymer;
SEP: polystyrene-poly(ethylene-propylene) diblock copolymer;
EPR-g-MAH: ethvlene-propylene rubber grafted with about 0.7% by weight
25 maleic anhydride.

The ingredients were compounded in the weight ratios as indicated in the
following table in a twin-screw extruder with temperature settings over the
length of the extruder between about 280 and about 310° C. The screw speed
was 300 rpm, the throughput 10 kilograms per hour. All ingredients with
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required for the ejector pins to push a molded specimen out of the injection molding

tool. A lower level of force is preferred.

Sample: 1 2 3 4
PPE 20 20 20 20
CAH 0.85 0.85 0.85 0.85
SEBS 4.75 0 0 2
SEP 3.75 3 0 2
EPR-g-MAH 0 5 8 4
PA-6,6" 13 13 13 13
PA-6,6" 55.7 55.7 55.7 55.7
Properties

HDT’ 191 199 199 195
NI* 1.8 1.4 1.3 22
Dyn.’ (73°F) 43.8 38.0 39.0 38.0
Dyn. (-20°F) 6.1 30.1 19.1 19.0
TS® 6.20x10* 5.81x10" 6.27x10° 6.19x10*
TE’ 47 23 37 40
FM® 2.39x10° 2.30x10° 2.34x10° 2.32x10°
FY’ 9.56x10° 8.85x10° 9.23x10° 9.20x10°
Ejector Force 1.04x10" 5.07x10° 4.39x10° 4.39x10°

' denotes amount of PA-6,6 added with the PPE; * denotes amount of PA-6,6
added downstream HDT is reported in °C and was measured at a load of
455kN/m? as measured according to ASTM D648, * NI stands for notched Izod
impact reported in N.m/cm and tested according to D256; > Dyn. stands for

Dynatup impact strength (energ gf to fracture falling dart test) reported in N.m and
measured according to D3763; ° TS stands for tens1le strength at yield reported in
kN/m?® and measured according to ASTM D638; ” TE stands for
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As can be seen from the propcrtles of the compositions presented in the table, the
compositions containing the functionalized elastomeric olefin have significantly lower
ejector forces than does sample 1 that contains only an elastomeric block copolymer. A
composition containing only the functionalized elastomeric olefin is illustrated by
Sample 3. Compositions 2 and 4, containing both the functionalized elastomeric olefin
and an elastomeric block copolymer unexpectedly exhibited less the 50% of the ejector
force of sample 1 containing only the elastomeric block copolymer. As demonstrated by
the above data, use of the combination of the elastomeric block copolymer and the
functionalized elastomeric olefin unexpectedly resulted in superior notched Izod impact
strength as compared to sample 3 while maintaining the very low ejector force.
Moreover, compositions containing only the functionalized elastomeric olefin, e. g.,
sample 3, unexpectedly demonstrated an inferior surface appearance as compared to

composition containing both the functionalized elastomeric olefin and as elastomeric

block copolymer.
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CLAIMS

1. A method for reducing the ejector force of articles formed from
compatibilized polyphenylene ether resin / polyamide resin composition, wherein
the method comprises:

(a) melt-mixing in a first step, from 10% to less than 30% by weight
polyphenylene ether resin with from 0.7% to 1.1% by weight of a
non-polymeric aliphatic polycarboxylic acid or derivative thereof and
from 1% to 15% by weight of at least one elastomeric block
copolymer, wherein the elastomeric block copolymer is a mixture of
a di-block copolymer and tri-block copolymer, wherein the
copolymer comprises a.polyarylene block and a saturated or
unsaturated rubber block, and from 1% to 15% of a functionalized
elastomeric polyolefin, with from 0% to 20% by weight of a
polyamide resin, and

(b) further melt mixing in a second step, from 15% to 85% of a
polyamide resin;
wherein the total weight of the polyamide resin is from 35% to 85%
by weight based on the total weight of the composition.

2. The method of claim 1, wherein the method is done in an extruder
and wherein the first step and the second step are done sequentially in the same
extruder.

3. The method of claim 1, wherein the non-polymeric aliphatic
polycarboxylic acid or derivative thereof Is citric acid or a hydrate of citric acid
present in an amount from 0.8% to 1.0% by weight.

4. The method of claim 1, wherein the polyamide resin is a nylon-6 or
a nylon-6,6 resin.
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block copolymer is from 1% by weight to 8% by weight based on the weight of
the entire composition.

6. The method of claim 1, wherein the amount of the functionalized
elastomeric polyolefin is from 1% by weight to 8% by weight based on the weight
of the entire composition.

7. The method of claim 1, wherein the elastomeric block copolymer is
a polystyrene-poly(ethylene-butylene)-polystyrene triblock copolymer, a
polystyrene-poly(ethylene-propylene) diblock copolymer, or a mixture of a
polystyrene-poly(ethylene-butylene)—polystyrene triblock copolymer and
polystyrene-poly(ethylene-propylene) diblock copolymer.

8. The method of claim 1, wherein the elastomeric block copolymer is
a mixture of a polystyrene-poly(ethylene-butylene)-polystyrene triblock copolymer
and polystyrene-poly(ethylene-propylene) diblock copolymer.

9. The method of claim 1, wherein the functionalized elastomeric
polyolefin is an elastomeric bolyolefin containing at least one moiety of the group
consisting of anhydride, epoxy, oxazoline, and orthoester.

10. The method of claim 1, whereln the functionalized elastomeric
polyolefin is functionalized ethylene-propylene rubber or a functionalized
ethylene-propylene-diene elastomer.

11.  The method of claim 1, wherein the functionalized elastomeric
polyolefin is EPR-graft-maleic anhydride or EPDM-graft-maleic anhydride.



d&s10%& ()-dn|[:vWA4 d3f 10%& ()- d110% & ()- d.10% & ()-

d, 1 10% & ()- d F+10% & ()- d9(10% & ()- 3yvu4 dL10% " & (2R-October 2002

d! 109" & ()-10"10"10" d :GLOW & ()- d f810% & ()- d5109%& ()- /G |[:vUA
d dLlO% & ()-d d°110%"& ()- dL310% & ()- d°10%"& ()- ds@lo% & ()-
dL10% " & ()-;J]|[:vu4d d dLy&10%" &() d ds!3"10%"& ()- dL, 10%"& ()-
ds10% " &()- ds10% " &()- d &10%"& ()20].y|[:vu4 d ds310%9"& ()-d

d90" 10%"& ()- d. 10%9"& ()- d,10%"& ()- ds)910% " & ()- d(!10%"& ()-
()*+; >4 d 109 & () - ds&&lO%&'()- d 108 & ()- d

"s109% & () 10)1210) "8 methdd. 8P lafin (1), whetih[the \fecter fésdd) 6 1856 theth 0%
10% & ()-d d'10% & ()- d d 0% & ()- . ds10% & ()- d GIO% & ()-EwW [:vU4 d
ds109% & (tyratcpfdbe ﬁ@%ezpwtpasﬁommt&oogalntagdhg ﬂmtmatl;ed el@stameds ()-

nglOA ﬁéﬂ “ol "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading
43] c" 4 %h)'gS]c "Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading
93] c"A "Defaul t Paragraph Font p} %, 5g=EN=V] i f ) mey* (x@\YonsZ[\]"_"~aQq(.

T O - 027\ 8<y?AFI L YZ’\/ahf il prrrrss/sCs s|sssss . t*tPttv]5;

] Ebcdef ghi j ki nbpgr f En"i mmﬁm&r XiRg IR HsRoot

Ent r yWor N

<:>:>@\Bc%%%%ma?&@%%ﬁ“éﬁéﬁéﬁﬁ%EF%'SQB% of antioxidanfs.
flame retardants, drip retardants, dyes, pigments, colorants, stabilizers, antistatic
agents, plasticizers, lubricants, and mixtures thereof.

14. The method of claim 1, wherein the polyamide resin has an amine
endgroup to acid endgroup ratio of less than 1.0.

15.  An article formed out of the method of claims 1-14.



