; 1 JKLe3e. >6. T_m~~ammu METHOD OF FORM NG A CONDUCTI VE THERMOPLASTI C

COVPGSI TI ON BACKGROUND OF | NVENTI ON Pol y(aryl ene et her) en
nodi fied with polyam de resins to provide a wide variety mﬂﬁum ‘wmmmlnmf
properties such as heat resistance, chem cal resistance, Gloyd

hydrol ytic stability, and di nensional stability conpared to e| hér

unnodi fied resin al one. Wien a conductive agent, such as conductive carbon

comosi 11 oM TAPELOF FORVIG B CONTRYCFF\Ve TelROMOPEASTIC SobP sty .

pai nti ng may be achieved. A variety of nethods have been described for
preparing conductive PAE/ PA conpositions. U S. Patent No. 5,843,340 to
Silvi et BACHGROEBNDYOHENVENIEONpr epar ati on of conducti ve PAE/ PA

conposi tions having excellent ductility by nelt blending polyphenyl ene

et her, an unsat nmodi fyi ng, pol [ nd. functi nallzm
conpound in an nen?tgﬁrs 5[5 1 (#%e %Pﬂﬁ% 'ngWJP CaIGH: fBn of
the pol yargré@de %ndncfelib&@awftﬁeﬁeﬂ@ihr El@ﬂp@ﬂf@s n@cw atshhéah%glﬁaﬁden@ﬁém&fal the
pol yam de "and conductive carbon having a low vol atiles content. U. S.

Pat ent No.regstarcp, agict sirauigth, éy@r@musjta@rht&t andl dimgesienad stabilide sempared ta

t her nopl astic co r e se
ey oel i 4AAALT LT, SAIE! el Bl S e BB BgE e,
el ectr ocorlﬂaukt |1s/encba;5d@@ted tih@cC foly (bt eite0 BB fol yamids (BAEnax)edomyosﬁmdxst
formng th atibilized PAE/ PA base resin, then adding, the

el ectroco ‘i ¥ cendustvitisp suifable forelegtzesiaiic nainting mayib e@ggxegvgd Silvi et al.
general |y describes a nethod for the preparation of conductive PAE/ PA

conposi tions hqaz'vaﬂe@w%étﬁms 196 ek H¥scn5@c?f r@ﬁﬁxr@%ﬂh&i\)@@/@)ﬁA
bl endi ng pol yphenyl ehe ether, an unsaturated act fying polyner and a

f unct i onaldompesitionspoUhsl iPateah Novi 6848, 340 el Solm i ezjnal I genemllwodbscmbes on with
a portion of the polyanide bsequept |y, nelt bl ndln

oot naor rPAEneh e BREAk SRERPGRoapiN Rictitt Akl By il

vol ati | es Hi&idig tpolyphenyterre~ethed an Mnﬁamﬁeédemhpm mbdif@dg 256dyrher @h@rarrar aj an
et al. general 'y describes a nethod of making a conductl ve therrmrgcl) astic

conposi t i dAn¢iswekising remaeundeiasin ivifial siepentivaallpmmeanbisatonevithiane
conti ”UOU%fpgx%l ol&%Ydéeranangul%%qdeﬁﬁ?t mgﬂebl%ﬂcﬁm%%vit}{' Ih\é FmRAhdd: NgF ggcf«‘yt

wherein th esistivit e conposition Is at |east parti
determ ne(polbgamldeamhc:dnldud:ta/esxazlmndﬂadkhravmgsupiewsmlhtﬁdemetemt hin the
continuous phase. The thernoplastic conposition preferably conprises a

conpatibilized d o one, pol y | en t her S at | east
one pol yani de rlzgr E) ate L&F gm@ ?? an%%llﬂteg afn%ea?ﬂai 1?‘9&658%%5 2 and
opti onal | theraftplatic EBmPosifion GPAPtsiAPPA) 4 esmpatidikddd PABPA badetdesix] dant s,

| ubricants, and fillers. PAE/ PA congom tions are tyei?q(t:al | y manuf act ur ed
using a silByl<-rastsdw weightirer 180 parts B treiahé of (Nt sstebictoeendygtive ebeiv | engt h

and a screyy, s&lh R &l o@ﬁ'oﬁtl.% gﬁgﬁﬁ”ﬂ qﬁt%l‘n‘ﬁﬂg @FE{ Mtﬁaﬁfzeﬁ) PP base

conposi tions having desirab roperties typrc urre an extruder
havi ng at reeashen adelingetheaiacabeondnctive adroabladngt h t o d| aneter ratio of at
| east 40. Such extruders require so nmuch space that there it is difficult

PAS) PA pr epar at) S HEESA PAAL S Fonvi At 2Buh R seab st L R Mifer o
SUMVARY Ofprépeyatidh! O conductive PAE/PA compositions having excellent ductility, the
method comprising melt blending polyphenylene ether, an unsaturated impact
modifying polymer and a functionalizing compound in an initial step, optionally in
combination with a portion of the polyamide, and subsequently melt blending with the

remainder of the polyamide and conductive carbon black having a low volatiles
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The above-descri bed and ot her drawbacks and di sadvantages are alleviated by
a nethod of preparing a conductive thernoplastic conposition, conprising:
adding to a first feed port of an extruder about 20 to about 70 parts by
wei ght of a poly(arylene ether) and 0 to about 20 parts by weight of a
first polyam de; adding to a second feed port of the extruder about 20 to
about 75 parts by weight of a second pol yam de, wherein the second feed

port is downstr, f the fiyst.fe ort: and.adding to the second feed
bort or a tnir & PobfencSs. ot bis GohRRatauf i EeRyBeite  HORY 1y

wei ght of of reakieE B lcbAdRtIGO MirnSpIABt A BGHposkidrOceifbing 20 [wBt Bhd dispersent of a
conducti ve carbon bl ack and about 80 to about 95 wei ght percent of a third
pol yani de,Phigfe pelymer Hwitk hg canfiruoys ppfrase jpolyiaeinand ehnleet ange cendushivity eed
port; wher.ein.the . ew. | e L; .er i . t han
5. 2 " QTR WHERh HR% A RREARIYIIOR o lRER Cht 1Ak Rulifh”

pol y(aryl ekermitedryy thedapidly aize df the dispersediphasetitiad the contimiong phakdi t | onal
conmponents_in, the conductive,.ther | astic,conpositian, are described in
detail bel B\ heRoR sﬁyzquﬂmrag?%%wwew@Onjfaﬁl@ﬂae_ﬁblmff ot depst

di agr amatgng jr!él%dﬁ§leﬁe CORMERIsiONA! 1683t b §lolaRAd QUEART LAd diSRIst! Bfe t he
preparation of a conductive thernoplastic conposition. FIG 2 is a

si npl i fi ecoddengiviipmimtpacting egensf and aptipnaltieronsonf inaare aefi ompags erodifiersa fi r st
enbodi nent_, of,. t he net hod LG i S inmplified diagrammatic view of an
ext r uder éﬁa%fl?ﬁmﬁ?qoﬁgﬁse@%?ﬁﬁ’ @ggﬂf?ﬁs'enbodi ment of the method. DETAILED
DESCRI PTI ON One enbodi nent is a nethod of preparing a conductive

t her nopl asti c QYR toposiieEPhteSiypiallpdaimdadt@red dsingsh diggelsgewt oof an
extruder about 20 to about 70 parts by wejght of a poly(arylene ether) and
0 to abouttWipseay extrgder feriged By pisceawv sHehandpscrey dhianpctelo Bxisébnd f eed
port of thg,exid Rots 26 tEARPAUt Bbhs 1 ie! @kated end

pol yani de, f\l/v%ér el n kﬁasée{%:sond fee porctozi%g%ggmst rle%gran oftﬁ %bﬁe }%o?%? feed
port; and tapidilhgraqoire e edooad hideg apdeast dwelxe thaimely drsked spemt lanith e

ext ruder out. 5 t.0 t 40 .pagts b ight .of a concentrate.conpr.ising
about & t Uit 98 Gemghet dof cuieh SRt 0w RhREK BRCBERIRG abou
80 to aboufiffRalt\e b&idinrRédateMbmah nfanl/thdmhfRAIMB ae8tiedMTEHeRé 13 4 R4t 4 d f eed
port is downstream of the second feed port; wherein the extruder has a

screw | endtAEPS nieparetiay method that allews thgnsgef morgcosmagiextmdeish t o di anet er
ratio is preferably less than 35, nore preferably less than 33, still nore
pref er abl ygihessaRYaHEF pRMgaNTOre preferably less than 27, yet nore

pref er ablyl?essAt han ggv % present inventors have discovered that PAE/ PA

conposi tions having excellent properties can be prepared using extruders
havi ng twel ve Jkhefabaue-dpseribed sndipticndrawbadisand|disadvintagss dicasteviated it i 0 | ess

concent r at PR AR ¢ SrdBiFRoRsRBlbR cPESHAbE PlPrgE 3o

a first feed port of an extruder about 20 to about 70 parts by weight of a poly(arylene

ether) and 0 to about 20 parts by weight of a first polyamide; adding to a second feed
port of the extruder about 20 to about 75 parts by weight of a second polyamide,
wherein the second feed port is downstream of the first feed port; and adding to the
second feed port or a third feed port of the extruder about 5 to about 40 parts by
weight of a concentrate comprising about 5 to about 20 weight percent of a conductive
carbon black and about 80 to about 95 weight percent of a third polyamide, wherein
the third feed port is downstream of the second feed port; wherein the extruder has a

screw length to diameter ratio less than 38.



di scovered particular m xing conditions may be enployed in preferred

enbodi nents that produce the PAE/ PA conpositions using an extruder having a
screw length to dianeter ratio |l ess than 35, nore preferably |ess than 33,
still nmore preferably |less than 30, even nore preferably |less than 27, yet
nore preferably less than 22. Figure 1 is a sinplified diagramillustrating
a conventional extruder used for preparing a conductive thernoplastic
conposition. Aol ryl.ene ether), optionally in _combination wth.a

porti on of pol R RoRgRs Shabihe riRh B Rang B ST ARG bt geq vi
a first pahdl palidmideReink,and thétheds wiilidimGadi@dnabeorisutiRasaf i carlaetivee| ement s
typically used for nelting and distributive mxing. A polyamde is then
added vi a thermeplantic eaepnsiian, argigsqribed pradetail Relay. occurs in a second ni xi ng
section simlar to the first m xing section. A conductive carbon bl ack,
optional | yrd qggﬁb i Fidk AddhGsonal pol yamide, is added in a third

f eedport gﬁgﬁfurt égﬁﬂygﬁwgkoccurs Fﬁ a third m xing section designed for

i ntense di spersive mxing. Although specific barrels are not shown in the
figure, conventhlGnal ises hooplifippi daghmmatiquiview aft ot ednvefticial | edisider] 2
barrels in the e truda& %ﬁd a sc.eM/hgngip £to %jane er. ratio.Pf at | east

40. The r &PTRSHANQLYSER, TOrIAG PRPREUAN SRR FRjduchve Igrnonigstic GompRUin i act ness
of an extruder design, with |lower values corresponding to a nore conpact
desi gn. Fi gure FGi 8 iga sinfpbified idegrahmeiaview! df ugtek atdagonfigeaticriged foui t abl e
for use in a first enbodi ment of the nethod. A poly(arylene ether),
optionall y‘firﬁt gehasimentiod themethod, portion of polyam de and/ or one or nore
addi ti onal conponents, is added via a first port and mxed in a first

m Xi ng section el Swi R d i and

i St bt [ve M R R i OB o TERIEMY “and
furt her macseogndomchodsment of theemethdd.ni xi ng section similar to the first

m Xi ng section. A concentrate conprising conductive carbon black and

pol yam de [ j i feedport and further m xing occurs in a third
mi xi ng seé‘?’gﬁﬂiﬁﬁgﬁ&?ﬁ#ﬁ nl'y moderate distributive mxing. Addition of
t he conductive carbon bl ack as a concentrate in pol yam de enables the third
m Xi ng section Qe kmbslmidnensdacorthadedf tppegahiagt hi cahduttivien thedmoplastic i n
Figure 1. The extruder can therefore us§:é1 or fewer argels and have a
screw | en§ORPPHUIGNAoBIREINEaraddinede e Hrihicedgort b a@ﬁ%‘g@é@ fite4P R<2bPBly as 9
barrel s ag@/&hs%y%QWolfﬁ%i)ga&&nQ'eﬁx@Bta%H 0 t8tabButcio REQURAv&Ent IR gt used in
this enbodinment. "4 Figure is asinplified diagramillustrating an
extruder olyeatifle; afldingds e seeond feedport ggthb@dtm@ttaboﬂt 3o abethdparts by

pol y(aryl ene .et her pthonal ly .in.conbi nation wth ortion.qof | yam de
bna or - oncvapied Btonndobine Kot B e o O Hat i RaPlp4R 3y s R 11

m xed in gedd pat; ant xidigg € tHel seCordfeRDp&€ 004 tIBRT feed pbie BF tHesextryifércaboly used
for nelting and di stributive m Xing. yam de and a concentrate

A pol
conpri si ng ©oRAECtd patscht %iﬂhb?%écko%?ﬁ'ﬁmgg FoBRRTIHRS et PHeRbaecRW il a
second TeqRRQNt of AWnditivE LhroBh iR RGO 8O & ?ﬁgﬁwwmfg%pgcaﬁ% £n

simlar t Irst mXxing section. tion o e pol e and the
conduct i vehicd polyamids, avherein flee thirddieeld pertds gownstedamoodsthe secanldi fieedhavitpn of

the third f.eed rt_an he third. m xi sectiaon.sho in,Figure 1.

adai ¢ 1 on orHersR G Eier BS ecathinh ettt B 48k SR Y Tk o 386 Gaites t e

M Xi Ng 1 equigdteto afahfferadtio GOPRAMDIN Sesh @M 17 @ibra Pekekablileaxthinidel stitl t h as
few as 7 barrels and/or a screw length to dianmeter ratio of around 20 nmay
be used i rmemipselerabbiicpethen 3Bx evanduets preferahby kess tan gdy ygrmengrefiseablet hod
are kno““l%ﬁéﬁﬂf?%rt and commercially available from for exanple, Wrner &
Pfl eiderer. Sultable extruders may include so-called super-conpoundi ng
extruders, which are characterized by extra deep screws. There is no
particul ar |i mTet peseninyvérdodelsivgndisfoveted that iPARIDAI cormpesitipns| keaving s.

Sui tabl e m Xxi el enents include, for. exa e, ,.m.xing ele ts on each of
She: ahar ¢ SXopl Bimaries cancheamerised PnE REBIEH Bvisk e ro v SRder
barrel andingRphiserenelnstl tYdRen AR aRNRENBan 3B AvHARhE Yordaeieve vbdiShlaglé
described in U S. Patent No. 4,752,135; m xing el enent disks having m xing

wi ngs as desddedynthd fermyofa cpageatiateip polyamidys IdePresent isverders have furthennd

5,593,227 to Scheuring et al.; mxing elenents having two opposing | obes
wherein one | obe is tapered, as descriBed in U S. Patent No. 6,116,770 to
Kiani et al.; and the various m xing el enents described in U S. Patent No.

5,932,159 to Rauwendaal. The nethod may utilize any poly(aryl ene ether).
The term pol y(aryl ene ether) includes pol yphenyl ene ether (PPE) and
poly(aryl ene ether) copolyners; graft copolyners; poly(arylene ether) ether
i ononmers; and bl ock copol yners of al kenyl aromatic conpounds, vinyl

. o



O wherein for each structural unit, each Q is independently hal ogen,
primary or secondary C~-Cg al kyl, phenyl, C--Ca hal oal kyl, C1-C8

am noal kyl, O -Cg hydrocarbonoxy, or CZ-Cg hal ohydrocarbonoxy wherein at

| east two carbon atons separate the hal ogen and oxygen atons; and each Q@
i s independently hydrogen, hal ogen, primary or secondary Cl-C8 al kyl,
phenyl, Cl1-C8 hal oal kyl, C -Cg am noal kyl, C1-C8 hydrocarbonoxy, or CZ-Cg

hal ohydr ocar honoxy wherein_ at |east two carbon at.ons separate the hal ogen
and oy gertiepned PeFlaf ne cofffor My R o B il Aol %)
al kyl , andhfasbddé thé PARIRAethgidsitionk visihg d@nexdfudeRhiihg aBeidw hawghpal yner
and copol yner pola%/i( aryl ene ether) resins are_ include preferred

d._ Th
honopol ynehamelereratindsis thandei Bioxe prefaably tetsrippm Rdngtlk ﬁ@r%;FthPrab]rbﬁ Jess
aomro : rel AR
conb; nat i Citbs FRGFbR RIS 9P RECHERIRY REDBa 980 B0 e

derived from for exanple, copolynerization of 2,6-dinethylphenol with
2, 3, 6t ri met hyl ghgurell. isAl smplified digthnailbuspoeling arcpheméiondl trpderassed or

tai ni i et d by grafting.vinyl | y. h
pol yst yr eregirag agnfiugbe el eoparyione AbaldevobsthaliontaRebn
coupl i ng ggepdribinbtech gt %NJiHPﬁ&PlﬂfaboM@ﬂnﬂiét aR@loy CHD R ahdPe AIditHABES,

er

heterocycl es and formal s undergo reaction in known manner with the hydroxy
groups of compopents(inpddednea afinsppricindintiged o »fisd mising shetismegonmsts ar

ekof
wei ght pol (.afr. t i eS] . .esent , i d0n further
i ncl ude c()S}rér‘t)q:“lg";1g‘tlt(3 Ji%glﬁt}sé tg@%ﬁc&sg? ﬂgﬁé} ezla ﬁ%&%‘g{r‘bﬁ‘}?ﬁ%%g@( a’?‘;}{z’ éﬁdg% lg?%er)
gener al | y thas addeduvines smdﬁf/g)edgwda &ﬁﬂliﬁl‘thd:ein@hhg @ccwbadtita STdbﬂﬂ Iﬁﬁir;g)OU]E
40, 000 atom ¢ mass, units (Al .and a wei ght average no| ecul ar, wei ght o
about 20, G681 ASIERYALE %e,fgefdnmwg seglotre b FoRAERV D ArR) Lﬁek,n%wp n
chromat 09rc%H{BYnatiIHewf?ﬁ”a)dﬁﬁ{o}ﬁéleP&e{%gﬂﬁ[ Jis QA& &l lay HFRY rdeaysit ARd! AkthbNsi €

viscosity of about 0.2 to about deciliters per gram (dL/g) as neasured
i n chl or ofmixingapc@BCin \W thitdnniiking seatigre desigeed farr intenise dispersde miximgy

preferably, he up to.abput .0.5 dlL/g. Als ithin this ran e.dntrinsic
D ccosty MHpuER b @B Bl oF sty b i ettty Sagfond dnodsdgpisBl] b7 e
utilize a rBipgfe d fotdl bnat16asy 13 6agEE ¥n Belexfradetlagd @ seichelengthnél danlefdtratitt ri nsi c
viscosity pol y(aryl ene ether) in conbination. Determning an exact ratio,
when two i9itaf jgast 40. vThewtiprof serewrlength &) diametqr iga megqsurs of thecammastnepnt r i nsi ¢
Vi scositi foxtri$e . . { 4 at e

physi cal Sv:fggee)r(tl eéﬂlagée1 |’?uél§4. ﬁ’%reg%g?{/%oé{eg}?denﬁfehgle&t%%g??ﬁaggglﬁgﬁoé&&ae%l typically
prepared by the oxidative coupling of at |east one nonohydroxyaromatic
conpound such JdSg@ree-isyd sinplified diagBang-ilustnatingph shtmddr suitsblalfgrsusesipst ens ar e

general ly | oyed for ch coupling; .they typically contain at. | east one
envy et A eanSimsnCat (eanedel, S dor et P setioB il B Sofbisnfd
usual 'y i nyigtoapomiadhiodpolyainidevaiic@wie of ifdke MRtisad bomponeatd iseslded vixad al yst

systens and net hods for_ preparing. pol yphenyl ene ethers are descrjibed in,
for exanpligst persandogyingsh inng dirst anixigwg sepron gompesed of screpwy elements typigally 028, 341

to Hay; U. : : : / f Pat ent
No. 4?011,‘%8% ?‘Zin%@ﬁlf’ 93dji$at§‘gt“%onle’§n‘qgs%{ é‘?&%{ﬁﬁ% ’%queﬁ %2%“3‘?5 ﬂoé.éc‘iff%z, 115
t o Mawat arfeedportabng fiutier ndatrenocoosin 4 s8@hd 28 ikimg dectio Fhimidai2ta theBirstnn et

M 155 o A R AR T S B SRR, Ry
627, 466 Adied feedial feedportaind fﬁ’ﬁlﬁérirﬁiblir@fdc)éuﬂdSﬁfauhir@ﬁiiMﬁF%Udti%ﬂQieﬁtgh&f )

resins for_ many purposes include those that conprise nolecul es having at

| east one fanPalyanederate distriiutiva gnising. ghddipon vhhegondestiveyarboadileck asj
typically i A ixe: to tihe .

P oduct s’ SORPARER 5 AREL sRuRatE Bl RRE iy RonaNE ARl
appropri atte the thiRl mixing setiondaFygurenodiienextaiden casthdreforehuse yill aori feweor

di net hyl aE ne,as one of the_ co stiﬁs,uents of the _ oxidative coupling reaction

m xture. ASEIS AR SPIHY toafiamaten faitonleyhihgR Sy | AR RYtrades g4 as
Lyptcally @RIRINGHrdd Alldr a s &R Kot Withalfef Patio ot R 5 Ry G in

di phenoqui none i s present, especl y In a copper-ha |de-segon ary or
tertiary dhiseemboginenn A substantial proportion of the polyner nolecul es,
typically constituting as nuch as about 90% by wei ght of the polyner, may
contain at |east one of the am noal kyl 4cont ai ni ng and 4- hydr oxybi phenyl end
groups. The net hod conprises addi ng about 20 to about 70 parts by wei ght of
the poly(arylene ether) to the first feed port. Wthin this range, it may
be preferred to use a poly(arylene ether) anmount of at |east about 25 parts
by weight, nore preferably at |east about 30 parts by weight. Also within
this range, it may be preferred to use a poly(aryl ene ether) amount of up

M T oy o M T oy



The nethod may utilize any polyam de as the first pol yam de, the second

pol yam de, and the third polyam de. The first polyam de, the second

pol yam de, and the third pol yam de may be the same or different from each
ot her. Suitabl e polyam des include those conprising repeating structural
units of the fornmula -NH R -NH CO R2-CO wherein R and R2 are independently
CZ- C-2 al kyl ene. Typical exanples of polyam des (nylons) useful in

conductive co siti,ans i.ncl.pde... for anpl. e ol yam de- 4.6 ol yam de- 6,
ol yan de- 6. 6. TR At detAp M figfion S AGRA G o GhRlE: GRaabE iR RA £
pol yam desésohf enodiniét Y HdRethod 2 A pSlylRy1kncA&h&9) SpASh RS inPERRAR AT I OM
terephthalic acid and/or isophthalic acid and trinethyl hexanethyl ene

di am ne, pathyaperties oppelyanids anderraephmercaddifianabicorppanentp) ipladdediviam nes,
pol yam de r dikpi ¢ ..aci 1 [ i .

D2 b s (i ARRCEC L B iRl B Clrn B B Rey lofBlts swpically ¢ g
f r om conbiusat fop mseltixig irel diptiibheate mixingl/ arpolgapide had acoacutate c@diisingaci ds

wi t h hexanet hyl.ene di am ne, sem -crystalljine polyam des pyepared from
t er epht hal*PRAUEHY? GRr ng’]&fih%}di polygmigs aéﬁ(&h%%giﬁét‘ﬂ? petteot ifRebaind _
2- met hyl ?ﬁ‘ﬂ&e@'ﬁ%&% SRErsGhANedbnd ﬁﬁ‘ﬂn?%&fﬁa‘i{' S8 RaPfoCha e Mx?xg% t&gispht hal i c

acid and 8 4, am no-di cycl ohexylnet hane. M xtures and copol yners

of two or Additeonodf theepdlyameigoiand thelcyndrictize cnegentthteotobthe seahd feed iprtal so
under st ood,,t hat, use of .the.teerm. "pol yam de" .[ncl.udes the toughened. or super
Lough: por b ads aniarod S U MR B0 50 bl Su FiuhR SrRSIEROE hey ar e
nor e comMPidure KNONMYitiG 6f téalohaidtive arpdRBlackl dsYa céhcBntraté ARB rEddces ehePont
under the tradename ZYTEL ST, or may be prepared according to nethods

descri bed nyixingfrequitedzafisr all componenis kave b added 7 ggpiden WEhAsdpvi s 4, 474, 927
to Novak, bénééﬁand}o?‘hbﬁ&%\ﬁ%%gh 8 Warteter Lt 8¢ Eﬁ%uﬁé?fié)' hl‘ag/ibeTHs%ﬁemstﬂ%er t ough
nyl ons are prepared by bl endrng one or nore polyanmdes with one or nore

pol yneri c embodmypemt.ymeri ¢ el astomeri ¢ tougheni ng agents. Suitable toughening
agents are disclosed in the above-identified U S. patents, as well as in

U S. Patent No 3,884, 882 to Caywood r., and 4,147,740. tg Sw ger, and
Gal | ucai et al EXCSLTEbleo ropnitRgdia 1RO At RR 1 Oy At and

Pol yet hyl @p@merdlally \RiilabRofrom, o iexampRl Wether RPpflddRerd 3SuilabBBeltrudbispi cal 1y,

t hese el astomeric pol yners and copol yners may be straight chain or branched
as wel | asnayripsludpen-gatied supsrcrommennding extrudens Whiehhgre sharecterizad byyexdra;

copol ymr%egg&?e&pey are characterized as having incorporated therein
ei ther by capol ynerization or by grafting on the prefornmed pol yner, a

nmononer having functional and/or active or highly polar groupings capable
of i nteracti ng Thietehisono aptreenlag litmtatitve qmo kheadesdgn rodit the xindividual toixéghance

t he toughness of the, polyam de I r. Ln a preferred enbodi nent, the
rst  pol gaet: SHEbBRHE Sonih B okt cEHBPIF TGS FDENS 4B cBttef

i ndependefiid ¥haFRNRhich ard GhYiadial entBrwipRisyRIBHER- Qitkin B ktiddt Baelt iRy eof . I n
a highly preferred enbodi nent, the second pol yam de conprises pol yam de-6

and pol yaspeagwedio wipe pieenethergngrihg clindeeyplly ag desseibecbint U.-St RatenhiNed

pol yam de hisSes.Ngl L desr. : f ' tryca st a
Port 1 on of Cha sor i faRk ks ik ARHEADESth SEAMETE U s2palofE0. B
in the foMNoso3,185,86% wcleanpol ¢f @hrant S 3eX2t a0 )Schalringnet aé; mixipgelements. | n
particul ar, recycled scr fromthe uf acturing nop- ¢gan tipve

pol y(aryl é‘ﬁ%‘ngtt%Qrﬂppﬁﬂp%i‘ﬂieaé”_%@é%&ggﬁ%‘sﬁﬁ@ﬂ a3 ﬁcrg’§8dngg§r E%te’étf t he
pol y(aryl ene ¢t fser @n’iddd&t fal.r ahd RRL w&%ﬁemiﬁ'h'% Rl dn@C Y&dcBHed RUTLS. MRY
account 9 for up to about 50 wei ght percent of the poly(aryl ene ether)

and up t o PatpotiNo19103 b5 Ytet Rpevendanl. of the first pol yam de.

The method may utilize any poly(arylene ether). The term poly(arylene ether)
includes polyphenylene ether (PPE) and poly(arylene ether) copolymers; graft
copolymers; poly(arylene ether) ether ionomers; and block copolymers of alkenyl

aromatic compounds, vinyl aromatic compounds, and poly(arylene ether), and the



The net hod conprises adding O to about 20 parts by weight of the first
polyam de to the first feed port. Wthin this range, it may be preferred to
use a first pol yam de anount of up to about 10 parts by weight, nore
preferably up to about 5 parts by weight. The nmethod conpri ses addi ng about
20 to about 75 parts by weight of the second polyam de to the second feed
port. Wthin this range, it nmay be preferred to use a second pol yam de
amount of . least f 25 rts b i 21 ab Least about
30 part s ttuefdortiflne e te & PEhEdhe g, RiBiariny e 1580.. 2
second polPpaythsnarsthen) ra3insUjte tkidiodnopdlyaers pvnipiishg wehghlity obsteudpirell er abl y
up to about 50 parts by weight, yet nore preferably up to about 40 parts by
wei ght . TWé“ﬁ@fﬁ@é“@BWbrises adding to a third feed port of the extruder
about 5 to about 40 parts by weight of a concentrate conprising about 3 to
about 25 wei ght percent of a conguctive carbon ack and about 75 to about
%gf wei|ght percents of the

aim de dre based on the total

wei ght of the concentrate. Prefefred\conddctive carbon bl acks include those
havi ng an average particle size 00 nanoneters (nm,
preferably | ess than about 100 n | ess than about 50 nm

n2/ g, yet nore preferably greate an abgut 100Q n2/g. Preferred
conductive carbon bl acks may havp a,pore vglunme (jmeasured by di butyl

pht hal at e absorption) greater t hanQabout 4& cubi d centineters per hundred
grans (cnB/100g), preferably greater than about 00 cnB/100g, nore
preferably greater than about 150 cnB/ 100g. Exenpl ary conductive carbon

bl acks i . 1all; | | I
Chor cal < iy 07 SR RRLACHIENTREL O, alhiledR Rabhal aRbHILED,
from Chevrsecon@hemi CalCs  uikger phiaeylt r@d€s ndnlalksl, C.07-C{ Sapivoalkehd@tGyve

Furnace) and E.C. F. (Electr.i nductjve Furpace); fhe carbop bl acks

avai | abl e Bt aeér%?aﬁﬁk%ﬁy REEPORGYY Wheal' plaleast e carbpi @etisxcr2,
XC305, anqgg%@ﬁhe %Q)é%ﬁ'eanga&ﬁ%@n DAL SarfdlOBITR OF 84 |ib(de%¥§dénﬂ?'k§rd¥%g%ﬂ} Akz0
Co. Ltd under the trade names "KETJEN BLACK EC 300, EC 600, and 6 JD. The
conduct i véalegemoprimane komesgctralans edi-Ca  alkylanphanyl, o Crdolal@ligylt €idbout 5
wei ght per.cent ase n the. total wej of .the ¢ sithaon. Wthin this
T et T R e S S e A T U

| east abouivotaonatosty sepaarant halopdreand Xiygérndtbins aPrdfeably, e @' id alkyMei ght
percent. Alsp within this range, It may be preferred to use a _carbon bl ack
anount of ophenylasperially Guei i, andrpelhQ” ivipdepedentlyrhydrgen o msthbout 3

wei ght percent, even nore preferably up to about 2 weight percent, still
more preferabl yg4ip Hoﬁlo%BB)fHerlanﬁ_ Wog%erp&ﬂ Allene T&Ber§ FRGRE af LR IVTHRY.
conprise about 5 to about 20 wei ght "percent of conducCtive carbon bl ack,
based on tThe prefertd hemgpalymerstane thos camprising 2,6Wimgthylphiendereaether, uniits. may be
preferred 0.4se 2 Clondl%CtiingledcaltatI)l melc%Ckl aréounéon(l)f .Sl.neasstucﬁlb%lrjntts 7invvei ght
percent. YEEPW CRPRTERT s range, 't may B%yglré eF e (EE"a "eohatct i ve
carbon bl aebarmivntwiti 2i806-ttmetholt 4 bheteghtthpe ugiey) twhidhengobe detivat e nmay
conpri se about 80 to about 95 wei ght percent_ of the third pol yam de, based

on the totEMwefghtexgmplhe coppbmrzatioan ot B.ordimethylphenpd, With nedd.be
preferred hi 1 ] ?,gm 0, el oJoercent.
Also wit hinﬁllﬁ)lte Hﬁg)h?%(ﬂgeéqﬁofmﬁg?@%%?% e eé}?lggg telg%a):gesggt ﬁ“rtﬁg‘ﬁgf?g‘%’ee anount
of up to aisepareddBy weitig vt cemomelnoagdliytrieonsuch ashpolysiyrdoes; iav evatlaadon

bl ack and th hi | yami de, the cagncentrate ma opt i onal | furt her
compr i oo aouriehdolitgent Fhesftestadin SRED Epliing SRl SRR o8 dav Hpteotte

wat er - | nSQi/éiglt%og&Bﬂ)Bﬁ&tbﬁ qURDNES heerowmEled ald fHraXi8uhaée réition & kiwaipl e,
POLYOXYTER from Pol yChem Al | oy. VWhen present, the dispersing aids may be
present i Anapnenwishitie ydresogrouws of tve nebderylepe ethsrtheinsde peaduce phigher on t he
total wei t 0, / t hi j , | S} id
anount maglq %Fg’{]aerr‘gglﬁ@ ‘gbgﬁg%{ ?égg%hgﬁ e@mﬁé}l%ﬁ?g%eprr%%ﬁ{ %Er@?gél fﬁl?%fngr ably
at | east dhdude cbmbihghinspéanestthe dbse. Wi thin this range, the dispersing aid
anount may preferably be up to about 1 S weight percent, nore preferably up
to about 10 wei ght percent. In a prefe6éred enbodi nent, the nethod further
conprises adding about 1 to about 26 parts by weight of an inpact nodifier
to the first feed port. Wthin this 11




range, it may be preferred to use an inpact nodifier anmount of at | east
about 3 parts by weight, nore preferably at | east about 5 parts by weight,
still nmore preferably at | east about 10 parts by weight. Also within this
range, it may be preferred to use an inpact nodifier amunt of up to about
22 parts by weight, nore preferably up to about 20 parts by weight, stil
nore preferably up to about 18 parts by meight Suitabl e i npact nodifiers

ey oo o o L EHSIAE o bR . AR foat BB 8 o
propyl ene abdutb8l0e0 eroastsbud - 450G latolmipembenanits FAKEVY lagd osratélgurrwm@
(e.g., styrene and algha-nethélstgrene) ugat ed di nmes butadlene

|soprene mplerulas| weight ehapouty 4e0Q ﬁ9|4b@ub§p@189y4\f"gjaa@ﬁ ggtegw@eg i ge
d t . | Kyl
oryl at es PR chini¥erdS) B pAfERIE BfperRil B8] “t:"ﬁc“é‘?ﬁ*r?g‘%ﬁ P

met hacryl ariseoswyndf axboyﬂ 012 to idbel)lt O'Ht(eleq:lhteysrmef mamo(dl.{zﬁg)oduaneasumdl mde

honopol yne r adi block raft shel

Copol ynar Ehiondoear 2527 WA s REe. St viofin: el AresbBITE R pact

modi fiers ;o 041Q1 A BAISY Mtﬁﬁlkt}nsaﬁﬁg@\ the thtfihdit Qtsestqty ﬁ?%éfé'i%@ 0 atal kenyl
aromati c conpounds and conj ugated dinme conpounds. Specitic exanples, of the
al keny| aleseatiost @.3bdgindés almmsa@l%toymélﬁea h;ghnetnmytcsvtlgcpelnepoly(arylene

i Vi my! oA LRy S BT peli BB BB o R OB

conbi nat i @fSex@etios iwhgn aiwd ﬁﬂﬁﬁm@%c@émédﬁmf @geegwlngie@bxk&ronl tharexaet i C
compounds. O these, styrene, pha- et hyl styrene, p-nmethyl styreng,
vi nyl t ol udHEBSic yhosifiy pt&theepféx(aaflewpttbtr rf?fé%ﬁ usfd; andsthe ktirmats ahysicalor e
preferred n?g@ Sﬁfgnﬁwanples of the conjugated dinme include 1, 3-butadiene,
2- et hyl - f uta I ene, 2,3-dinethyl-1, 3-butadiene, 1, 3pentad|ene and the
| i ke. Preferred anong t hem are 1, 3- but adi ene and 2-net hyl -1, 3but adi ene. The
conj ugat ed di mdhielpotaryleny eﬁ'er)paﬁn:i aﬂeltypioallyan“cparel by Hypom@@éirvatceuplinmer eupon
t hey may bg gp[e%ented as qﬁ@ ai ni n é ef| cks. ;%enpl &8 of A-B
and A- B- A%l 8tk EdpolFnel8™q T"t’féf%“’?%;} mBﬁt‘%tm %‘H" dbl0ERY E8Yol Yner s,
st yr ene- ( {5 uemethplhamol £ NEitaldbtodyseknsCap Peldrall P employee Tet SQubr ediplidi;bl ock
copol yners, al pha- net hyl st yrene-but adi ene di bl ock copol yners,
st yr ene- bieydyvpisalsgoptam at least gne heavy sesslyremipeund such as a copper, manganese
Styrene: ( 8t Wbl GrRbluliCAThng i LERBinkfl P LAGNABROMHIE Arerials. Examples

rene tri pha 1

styrene-i soprene- st l'oc mers
met hyl st yofcatalyst s@dteﬁrsezmdl mbthedssfohptepaynge pelyphénylene letlpopadeydesertbedand t he

ol i o 5. TR AP AR 0 iR Kol e a2l ane Ry b R gl ass

transiti o §epmentativs. & 151'793571 8§53 tzbaasab@lstamaw@, U restdi ¥ e raedl1y2doess t han
about -40C. Such A-B and A-B-A bl ock copolymers are avail abl e conmercial ly

as, for exaépidss, 3t4ﬁé0 Yopemitau eteal |- %n%aiw Herdé)yl 18ite Mastatarbptolly #e$. havi ng
t t |

KrATON G TI0H SR P0G ionEhedionsRredh nidA kP, B 8 AN s gob oy ©, 20

havi ng a szyutcene a];olEﬂrepéanoPataﬁJt Applgdatlopeﬁ@em @PMairRatol KatvakinetKilat amd

copolymor Thganena Brisct #oidetiparay XL FaEMY R HoRR Bl ho )

styrene- (ethylene but yl ene) -styrene tri bl ock copolyners avail abl e from

Kuraray as SEPPMBORE wefhl fpbgr(rargteﬁé @theASre - RirENRyOPuffldes @dlete thod® and

A- B- A bl ock copol yners incl ose avail abl e under the tradename SOLPRENE
from Phi | |thqt§om@mu¢ﬁuéﬂsdlaymt lessé one snsreaiey weponming ewrheosRcolheal so

onomer Al RO adE e GhSalff R b KRG b BRSO

ions. |n geng:aProdubik cxmtamlﬁglehd:h biycpgrcglpafma}cb@obgamd%yhmcemaranmgohmm nant |y
conjugated dine or crosslinked agwﬁlate r ubber ore and one or nore shells
pol ymer i z@8PIORERE 0 PTERAY d&F i JEPn mrﬂ%‘tﬂﬁ‘gtlﬂeenét r At RHAABNG QY | i ¢

MONOMEr S iRy Hfmﬁé‘asc&{ébbmt:'c@ﬂsﬁ%éﬁﬂs of 18 oxVdaBlb OBNRIFEESetioRt MfkturkmPact
nodi fiers |nclude t he above-descri bed types containing units having pol ar
groups or Adsae MQuénﬂwcpmmalaregﬂdwdmxyb@hem lend gronpsc epicallyg oabtaipasl froer s such
as Thi okol rubber, polysulfide rubber, polyurethane rubber, polyether
rubber (e.g., polypropyl ene oxide), ep¥chlorohydrin rubber,

et hyl enepr opyl ene rubber, thernoplastic polyester elastonmers, thernoplastic
ether-ester elastoners, and the |like, as well as m xtures conprising any
one of the foregoing. Specially preferred i onomer resins include those sold
under the trade nane SURLYN by DuPont. A conbination of two or nore of the
above descrlbed |npact nDdlflers may be used In one enbodlnent the

o " S o o, ”~ a1 o o, oy Y o



copol yners, and conbi nations conprising at | east one of the foregoing

i npact nodifiers. In one enbodinent, the inpact nodifier conprises a
styrene- (et hyl enebutyl ene)-styrene triblock copolynmer, a
styrene- (et hyl ene- propyl ene) di bl ock copol yner, a styrene-butadi ene-styrene
triblock copolyner, a styrene-(butadi enebutyl ene)-styrene triblock
copolyner, a malefic anhydri de-grafted ethyl ene-propyl enedi ne- nononer

copol ymer, t e-p | e ek r l. i r i.nation
conprisinéeapoﬁégé ?gkgl%ﬁﬁ¥ﬁ%9§8?§§§i%@hﬁﬁﬁgﬁgﬁﬁﬁ%?ﬁﬁgﬁs?ﬁFﬁga 6$e erred
enbodi mentcoppdrhatidevperdhddrg ror aemiary aneasydiep. € e sqistditiab paipoafun ehehe di bl ock
copol yner apd a styrﬁne-(ethfleneibutylene)-styrene triblock copolynmer. In
this enbodP ;melgeules, yripally eanstilubng -as mBush ahabowdi 9 ow weight 9hdlie may be
used in a ggﬁynt 1 %0 u 3 r b ' (:thin S
range, thg,0 tyrbng@%et y e%ej%rgggfe%g% d?ﬁl%%k %3%@?@&%?”%%%@ﬁt‘%§

pr ef er abl y-lpelratyblphasyl eab@uiupd. parts by weight. Also within this range, the
styrene- (et hyl ene- propyl ene) di bl ock copol yner anount may preferably be up

to about 10 parts b ight.. Alsp.in.this_.enbqodi t, the .

st yrene- (et hyl g&'&%%@%@ﬁ@}mgets ‘@Hag ?brquf)lagc@ a@’%gﬁ@r{:@ps E’é’ywﬁlghhgfeglq n an
anount of pabgatylede thepho e f:3t R4 PortDWitkih Gk ranfé! #f inthytHRi prefeABd & udehe
styrene- (et hyl ene-butyl ene)-styrene tribl ock cogolyner anount naY

pref er abl m@(altqunéa@%herh%wnt@f ghieast Pputdd garts byweighhi mererpreferably ginge, t he

t - - Tl |
o o o abl s RS 30t BBk L RR6 s e farf0R kPR BURUE e |y
further coob(arskenadther)ganadmtivf Op o abowtbiuparts tyaweight) ymose ipedferablly wp to

conpati bil | zi agent to. the first feed port in order to inprove the

physi cal ﬁ*"%‘ﬁg&’tﬂa&%&wq - pol yphenyl ene et her - pol yani de resin bl end, as

well as to enable the use of a greater proportion of the polyam de

conponent. Wt iy hbihed AROtilizd 8nf PORAMIR hi BN Er2GRManAIBUARE FBOhd

preferably be at |east about 0.2 parts by weight, nore preferably at |east
€

about 0. 3 pehemids agg@ithehthird\pelyarmide Phefiest aplygmide, theasseontbpalyannids, g@r t by

wei ght. ALso ..t hi i st €;: r u .

compat i bi 151! el sHAPER, sl MY chrafelhl k65, Stn; e gyigble

pr ef er abl polyantidesdhciude thogadomprisingaepdating sducturdhentitsusele fogmelan, t he
expression "conpatibilizing agent"” refers to those pol yfunctional conpounds
which interact with the pol yph (] e » ~Lhe polyam de, or, preferably,
both. This interaction may be %ﬂ%ﬂ%ggﬁ4%§3%fc rafting) or physical (e.g.
affecting the surface characteristics of the dispersed phases). In either
case the rafewih Rhgn&’RE/aaAn@@m@@ﬁIyicgrc@@p@w@, to exhibit inproved
conpatibility, particularly as evidenced by enhanced inpact strength, nold

knit |ine strength and/or eIonggtion. Sui tabl e _conpatibilizing agents
i ncl ude, for exaRiebexamples af aolypmidss (Yyians) uselyb iy cerdysbn Gempesiiiens; ed

ol yol ef i i 394 A )N [k UNGL | g ounds,
poly M ! éi‘a_%gfeéréﬁl%ﬂﬁéh @;}folfa%f@%, lyaRfle. 8%, GolRle-¢ PP

and functionalized po ene et hé resins obtal ned by reacti ng ‘one or

nmore of t ipelyamidd-b2glolyanmade-b3npalyaoidet4, ipolyiamidey6,40emdpolyantida6 48] as( ar y| ene
th . Liquw d di | . tab . . ti.hi i zi t
ST R SRR T R oA AL o

di me wi t h tafneth§Bhbx DN@hyTBREO 0RMise | RBfagddds prepabl 8Forg Qdipigati@dardl AR Vi nyl

nononmers, such as styrene and al pha-nethyl styrene; olefins, such as
et hyl ene, xyhdsngdiapanesy pobisstdes prepyad \iren cadipie xasith -and/op czelais. acid agng

dodecene- 4,5, ang..m.x T e TOTN Pe N . r h a
nunber av (1;2 fzag{éqﬁbr%ﬁg%ﬁyg%h\%@é) ﬁ(?JaSF ’ rz}%gllllj cﬂ%?@n{%{ g%ll%%r%és’gg %ﬂ’l“ﬁ%s{g (ﬁ%ﬁ) to
about 10, @othbAMkipnpr ef eteadihyhadioouindb0 ifddhtHatic alaadior 5,adpdc Abkids Thndthe
honopol yners an rs can be produced by the ne hgds desg@'ﬁEd in,
tha
1

copol.yne
For oeanp exeranby IR il s cisislisgs PO amiles 7 DiEpagt oS CEHDIRS e 11 o
exanpl es Ghdlok qipHitAliERCRR! AABR S alndfHyle dRhRULID SRGhyl PUnYAnSIRYIERE
pol y(1, 3- pent adi ene), pol y(butadi ene-i soprene), polystyrene-butadi ene),
pol ychl or cligreine, pand/( bpeldinédes- al preparedt hyffom yr dergphthalic  acid  and
pol y(but adi ene- styrenei soprene), poly(butyl ene-butadi ene), and the |iKke,
and conbi nati ons conprising at | east one of the foregoing |iquid dine
pol ymers. Epoxy conpounds suitable for use as conpatibilizing agents
i ncl ude epoxy resins produced by conde®si ng pol yhydric phenols (e.g.,
bi sphenol - A, tetrabronobi sphenol -A, resorcinol and hydroqui none) and
epi chl or ohydrin; epoxy resins produced by condensi ng pol yhydric al cohol s
(e.g., ethylene glycol, propylene 15




gl ycol, butyl ene glycol, polyethylene glycol, polypropylene glycol,
pentaerythritol and trinethylol ethane and the |ike) and epichl orohydri n,

gl ycidyl etherified products of nonohydric al cohols and nonohydri c phenol s,
such as phenyl glycidylether, butyl glycidyl ether and cresyl

gl ycidyl ether; glycidyl derivates of am no conmpounds, such as the

di gl yci dyl derivate of aniline; epoxidized products of higher olefinic or

cycl oal kene,, or .natural .unsatyrateq,oils (e, d., soybean.qil) as well as of
the for egg?’n'éharr?laﬁ'ldgcyaiorpﬁx e 's&’&‘h‘ﬁ%ﬁ %’%ﬂ/&oﬁ 0 Fi"ﬁwg AtMEt one of
t he for egeieforeppg\potAr@sNaS alad bk fided. | | ke. Oxi di zed pol yol ef i n waxes
suitable for use as conpatibilizing agents are well known and descri bed,
for exanple, in U S Patent Nos. 3,756,999 and 3,822,227. Generally, these

are prepared byt iaglsgundsistasd thet use o dhesten “alvamiden ingdrdesdhs fughened an

especi al | i chized i X1k Sy o p i none
corrpoundslsrsglirl agﬁglég%]g%@%gésgs Sg %%ﬁf’%%@&b gag sqgl?% C zgaltrlkzg% (tar rzed as
havi ng at atesaste enensily kmewheare dvatabboeommagiallys e.gedioim Edodecmmbongér gr oups,
whi ch may be ip the r.-di fferent six-pmenbered, carhon rings, ,provi ded
that t noy tcctyins 4T STor B mRbAed oweting 58 Hathops defifbkdfl  on of

the nonocye dxam@ly, WOS\Patcit odl4, | BESIS foVEhsei, T40B7Re N Ak, s4)pdy i n the
ring structure, the carbon-carbBon doubl e bounds and carbon&& car bon- oxygen
»

doubl e boR@yraenthd,26baftadaftiion. t These synst tough nylomk arg preparedihp blendimge t han
one ring is. present in 1. nsubstitute inone. the rin be. fused,
non- f used,og%rOr br;ﬁ)(t)rﬁ: por%an-lpgss gvdﬁlr ?Iriegg} na rgt?g)lll O?Jrhcdbf)fogd i relg?:tep%é%e&?- car bon
doubl e borshghenihy agerty dSaistld eughatlhg agehautendiscloddugahe dbavesidéntifaidi on such
as -C=C-C=C-. The quinﬁnes may be substituted or unsubstituted. In

subst i t ut &S RATEnEs Wetli 1ot deieot Nospbe4.844 riCmayPode s radhrd> 149 t he
maxi mum nyigy; gt e{rﬁpb%ﬁﬁé’&! & By JrpQR a6 Hd RE&IBhETof EHW-MoHﬁTEdS

i ncl ude hange% (e.g. chlorine, bronine, fluorine, etc.), dr ocar bon
radi cal s iPobjethyleng”,bf. adrgiie @obindcisnbohrdha. A2Ry37 @982)oaMipically! thései cal | y

turated hydr. b i cal |, al kyl | . h t ed
or vat | vEESBHEFEARIERTS 87 #ppoly o Ghot 4P SEHEmhEin 6" RETEREEED Ml Her ef n,
parti cul aiglaft plyBRr arkiUédpelymes, iRBIERBUopsisShellRHERVHPbETerd, NAdhBREERRAL OM

connects the radical to the quinone ryng.ge.g., al koxyl ). Exanples of
speci fi c §haraeerzed;asdiaviae incopporated thysein sberpneopolymprativoeibheaging

2,2"' -di ph ' ' - di ' : . :

2.2 6. b S BiSE e Byfyich PRRRAAL KON fungtiopal andion active o highly polar

1, 4- napht lgcoppines apable 61 meatplattueg) withosreadhelih@ta e polyamide matrix so as to

2-chl oro-1, 4- benzaoqui,none, . 2, 6-di net hy| - 1, 4benzoqui none, conbi nati ons
conpri si n§MLANCE g’ﬁstgu%}’ilgssoqftgﬁﬁ(’l?’ﬂf"éi@é’% %ui nones, and the |ike.
Organosi | ane conpounds suitable as conpatibilizing agents are characteri zed
as having at | ¢asbpraaeedéhbsdinent O Ronsishniide,ah€ 86ddaa pblamidE) asd HRXygen
link and at | east one carbon-carﬁon doubl e bond or cargon-parbon triple
bond andJdHrd pplyarride sash Jréapendestly cearaptiseopelypmidert epejyanided6, a0indr capt o
group, prQwi j i t..di : . t he
o 1 on” afiegiey Ak, W8 HARrEHPRRa Hhiiub, BR ol lBUREta | 02,
as an al kprlyamide-@and erlyagidei@6bdndedtiet highly prefarddhanisodiment) tlat thind wher ei n
t he al koxy or acetoxy, gro enerally has |l ess than 15 carbon atons and may
al so cont &° mﬁ&?@?ﬁ“&?&ﬁgﬂgﬁgéPfagxygen). Additionally, there may al so be
nore than one silicon atomin the conmpound, such nultiple silicon atons, if
present, bEingIﬁh@KﬂQr&héﬂMﬂﬂm&m,Qﬂiﬂﬁﬁpbhﬁh(ﬁ&h@pob@ﬁr@%ﬁaﬂéban@ﬂm
silicon-silicon bond; or a divalent hydrocarbon radical (e.g., nethylene or
phenyl ene figftomplypmidy mpe bg kprovided nint etheofforsi efan ercsydethorily@mdeneonpounds

i nclude g ] J: VSt , :

2" (3 cycl SHERRaAgae b B, ORIAAN: ropyclet serap fom, the mansfasturing 2,

vi nyl - t ri siofRendictiox yellylarylynsetheryeolyainideyowhgloeiion mydythelged axy sodrensf, and
gama- mer capt Qpr opyl trj net h si |l ane. Paol yfunctional conpounds suitable as
conpat i bi |thezP<ﬁz,{a5>8ém gherand e ik %@yq%‘ss Sugha rP?xCqu Y0P TeY account

pol yfuncti onal conmpounds are those having in the nol ecule both a

car bon- car bon doubl e bond or a carbon-carbon triple bond and at | east one
carboxylic acid, anhydride, am de, ester, imde, am no, epoxy, orthoester,
or hydroxy group. Exanples of such polgfunctional conpounds include malefic
acid, malefic anhydride, fumaric acid, glycidyl acrylate, itaconic acid,
aconitic acid, nmaleimde, nmalefic hydrazide, reaction products resulting
froma diam ne and nal efi c anhydride, dichloro mal efic anhydride, malefic
acid am de, unsaturated dicarboxylic acids (e.g. acrylic acid, butenoic
acid, nethacrylic acid, ethylacrylic acid, pentenoic acid), decenoic acids,

. o Y " o r o




carboxylic acids, anhydrides of the foregoing unsaturated carboxylic acids,
unsaturated al cohols (e.g. al kyl alcohol, crotyl alcohol, nethyl vinyl
carbinol, 4-pentene-1-ol, 1,4-hexadiene-3-0l, 3-butene- 1,4-diol,

2, 5-di net hyl - 3- hexene- 2, 5-di ol and al cohols of the formula C' H2n-sCOH,

C'H2" _~OH and C'H2"_90H, wherein n is a positive integer up to 30),
unsaturated amnes resulting fromreplacing fromreplacing the -CH groups)
of the ab p t a i me

pol ymor o, SIS B4 SEGRE RGN, U 13 IO Sher) 438 ISR ¢
conpatlb|hwgmmgmagﬁmﬁﬂuf@mtmﬂﬁnmﬂet|ons of the present invention are

mal efi ¢ anhydri de and fumaric acid. The second group of pol yfuncti onal

conmpounds have oth .oup sent b the erein R

i s hydrogen or F\ %‘Ft&?ﬁ COH‘%W“ %‘ifﬁt?g bt & 9%0%%,&’&%? thé%%%tb) at

| east twopgkRMRR t@%@ﬁ?sft f%‘ﬁd?t MM HRL tHid Bang 8N nfy B Itrteh%atto o8 §Girgtd from
carboxyllc acid, acid halide, anhydride, acid hal'ide anhydride, ester,

or t hoest epolyamid¢eamaunt @6 up deriahoit dnphrisayi weight ahars préferablyfup myahiocwe5 of this
group of cg%ggtlgﬁbezers are the aliphatic polycarboxylic acids, acid
esters an8¥acrd"am des represented by the fornul a:

(RO ", R(COOR~~)"(CONR~R~" ) S wherein Ris a linear or branched chai n,
saturated al i pIThé irﬁetlm(ﬁb@ﬁpﬁmmddfngfz{bbm 201t0 abOut PS5 ghes dYl weightt of 4R, car bon

atonms; R~ is or an al ky| or carbonyl dioxy group of 1
to 10, pr é?cepamvp{yaml Sotogthe ﬁﬁqoeﬁﬁfstét rﬁb"{fﬁn s 2angeaiBey be BiFECTTE!Beci aI ly
preferredyi ggQgp

aryl gr oulpléefs? géné? f1l ggl%l ca{}%((g)ﬂﬁlg a)tf gtn%g Qg%rge er a% y Wﬁﬁ‘]@?@%& ?ég%frahlgn at oms
each R~ aadeﬁstabeutlimmmyevmglyc Mldo wghin this @ngglikmhy be peafgtkedgtoaisp aof from

cqual o Tl ppfvalidd Syl i TR, B Puflt Bl oo eRBRdP yBRlal Lo 2

or 3, andabo@Bd partdbeweikh ﬁfﬁ@tee;rrete%ty@gtmuat 40 ParteHyowapkt. Wher ei n (ORS)
is al pha or beta to a carbonyl group and at east tmo carbonyl groups are

separated by 2 go 6 carbon atons. Cbvious and RIv cannot be
aryl when the f §r§‘§é]t*9‘1/%91§lﬂlbs§ﬁ |at1@léﬁtt° Hé@lrﬂ ef%f‘éj E%ﬁf @%W‘B‘Gﬁr gha¥ke. tosui t abl e

pol ycar bo I i
gar i ol o M SOPELESRY, W of o QincBHAP B b s o APRbL s it
t her eof , peckntad  condbbtive eatborpblack ahé ahmkty’tﬁr usbaah @7 h)ydglatt mEicent I0ﬂ$ Of

t hese, I cid s nother of the d Cco

T ust r at Pl eftvestider wheigoraphemerssty dhife Gedion iy cRRumplosk Sad SRR, T o o
and nmono- palRahRle a@lésztseabnlthecﬂotdlaleﬁgltaﬂmetcbﬁcdntrlse Sui t abl e am des usef ul
herein include, for exanple, N N -diethyl citric aC|d am de, N-phenyl

citric acid am de, N-dodecg C|tr|c acid amde, N N -didodecyl citric acid
am de, and N dB8Edeyed penduetive paaborEblseks atChgdeﬁhe‘teebarvew HeRAVageRaTHElE t he
salts the flaccl 186 ¥ al kal i
and alkalﬁﬁglggtﬂﬁlﬁgFggo b@?@ﬁ&%§éﬁ%ﬁa y o u?%g%?gagg?ggglnclu e cal ci um
mal at e, catefwrahffychSrtaam abguatt Hs simu nPrﬁrEtieqondncmpmaam h]m:ks maathave The third
group of functlo cOonpo have oup, nost
o1 of b abl e AR EBHPL AR EPOHCAD AR Bfebpt el oD ettty fetet: o
anhydr i de:haﬁSetbem 4@@%%, yet hitR€ pheTérabl9! gradtedthaf BLR: l(liUOefné/rgabPﬂéfei*red
carboxylic acid or anh{ﬂrlde group. Exanples of conpatibilizers within this
group i ncresictiys gerbpn @kawdhaveea a@tedVQiWIﬂé Hmgasured by rdipwylnphthalateci ni ¢
anhydri de f ride,

ol or of or BpTErpftid srRieP S BGI UL oRES Poneiels Bed Hikdred el (G PIRKS

chl or oac ep;df&ab:lgl gﬁeatelatzhmd abm 108 drm3t/1(1t)gamode pfafmmgegremdhmm labmnalset vl
glutaric acg AND se melliti dride acid _chloride.is

preferr edcmlzﬂp%ter 2%* cznplany’ i°§n JXE | S?rt%? p lésr rBgluge athec Saben; Mlackzers of
this grougohgeRlifity ealIgsle Wirtd Lol BRREn acnahtdaen lfHdelt hehePQlageamulfene

et her) whereby thé conpatibilizing agent is a poly(aryl ene

et her) - f UREINIGHEITEXG thorpsotytede Ubackf available dommpdtticvrdn Ehcrglcat;enndsr thec| ude
t d | ef i i dri | d, d
Che I ke, e TSGR URerdonhd €t HiracEend . 6%, M dhwic SRGbRGS & "

conpat i bi Fumaag dgeadatison bihckslaonitné ﬂgnpgﬁmmad@pdmtzd)mﬁndw@m GadByanky Used
alone or in various conbi nati ons of one another with another. Furthernore,

they may be added directly to the nel l0blend or pre-reacted with either or
bot h the pol yphenyl ene ether and pol yam de, as well as with other resinous
materials enployed in the preparation of the conpositions of the present
invention. Wth nmany of the foregoing conpatibilizing agents, particularly
t he pol yfunctional conpounds, even greater inprovenent in conpatibility is
found where at |east a portion of the conpatibilizing agent is 19



pre-reacted, either in the nelt or in a solution of a suitable solvent,
with all or a part of the polyphenylene ether. It is believed that such
pre-reacting may cause the conpatibilizing agent to react with the pol yner
and, consequently, functionalize the pol yphenyl ene ether as noted above.
For exanpl e, the pol yphenyl ene ether may be pre-reacted with malefic
anhydride to form an anhydride functionalized polyphenylene et her that has
i mproved I h d onpa o] nal i zed
polyphenyl%)g}nigg&]tk@e)té 9%’ n@g¥¥%g%tgggégp &EE er c%ﬁ%¥9§§n ddi ng

addi t i ves atdilableefrérh rﬂizof(&EQt@Qﬁder thé eradenanes KEE!EN@IIACIQ@ EO0g0bhECd feed
port. Such additives may include, for exanple, stabilizers, anti oxr dants,

ant i ozonafP$ and§08 TPe b sendustive garbery black giaybeeed ingy asropmf pf shops0.5

non- condugy sy &i vbélgﬁt er B &aSdd on FRAbfal We%n 3P thet ‘i—‘rfﬂo's%ﬁ%n 3PfninG FR' nations
conprising at |east of 'the foregoing aaditives. enerally

pr ef er r edrange,aitl chaydst praﬁbdretl ity @se & cconduetlfve caboh btk parduntof ht ledwt about

pol y(aryl e et he the fir am de. .Thos ordi nary
R 1o v Tekos it Siout orHaRD R easuabauiils s boghtt ﬁr%wgﬁedﬁrss and
net hods Ofan%Qdittmé’)anﬁrél@HEd W@b’@ aCapsInl prRBk %iogﬂt of Up A ALEHDIGY; the
met hod conprises: ‘adding to a first feed port of an extruder abou 30 to

about 45 percens, Wrmr@mblafumtmdrw érvb@hEP@'Gmir yvenompna B@fﬁy@blimpﬁarts by

wei ght of f iyl St. aba i V\er ht of an i npact
nodi fier; aﬁ‘ érzr%f’l%@ Ceg% gﬁé OTGH”S%??IYSP?‘% ﬁbou&tru ég Cen 25 to about 40
parts by vvel ght of a second pol yam de, wherein the second feed port is
downst ream of fhe édnr:&ttra‘teeﬂap@bmpnamchbaddiSngota(botlheOswﬁghd peeefit pifrt or a
third feed rt, of der ab ut 10 to abqut 30 parts wei ght of a
concentra?%‘%g‘ﬁ %ri) biﬁ?% 5assdt°6 the sotel weisher IL‘h © PRICERIFALC. of ‘éhIEdﬁ’éucti ve
carbon bl agle %@%@%Jﬁre?e%eaqoqll@@utco%ueeeh%rboﬁ%&%ram&fm R I shopehyani de,
wherein the t’hr rd"feed port is downstream of the second feed port; wherein
t he ext r utksighbpercents e%lwwitbrmghis ramgeqitamayt ter preferried td @ comdnctB@.cathonanot her
enbodi rrené %he met (I‘;Lod co |§es %@ddr nabto a first feed port of an

ext ruder BIS gyt q d p‘ér'gf'l i ght of a poly(aryl ene ether)
conpri sing 2, 6-dinmethyl - 1 4- phenyl ene ether units,

2,3, 6- E) rimet gylfhécéndéh&ﬁtwnﬁ@ﬁ:oﬁ%ﬂﬂﬁé about 86 to ghsowl%wéi)g'hn@bicem dzfglserﬂmﬁ, b?borlit
4 to about 1 p y wei of, a styrene-butyl ene- styrene tribloc
copol yner po‘é(ﬂ‘&“%oé%ﬁegé’nttﬁe l}Yelﬁlﬁ ‘%‘/ ¢ eongpniyate. o NYithin thys range, it may be
styrene- ( n C on eed port
ot he. exPridar PARRY ABRERALE %%&gﬁﬁfﬁ Rl abBHoT Heleh BeSpie e

conpri si ng/it]hiﬂ thasmiadge, 6t may bp prefemedion)ss;a thid pabauide anountafoptto 200yart s by
wei ght of 03 v& %}lgentratte conprising about 7 to about 13 weight percent of a
conduct i ve IEB6RBFAck and about 87 to about 93 wei ght percent of

pol yam de-6, 6; wherein the second feed port is dowstreamof the first feed
port; wherein thedétionutbethehasnductics eurbognigihdk taad dharhirérpdlginide,l #gs t han

27; and wherein the co osrlrylon after extrusion exhibits a val une

resi stivi COISPUYE 0%, ApHaRally, derther SRPEISE ArfisRersing aifed Svisahde dispeeingst r engt h
at 23C of 43k {ngRIk ﬁ’a@%&teﬂﬂaslﬂﬂfnféﬂ %F&ﬁé}br S&kiRC eohieRGalt BD abéQbi‘eBQ ﬁfrt er

nol di ng, the conductive thernoplastic nposi tion prepared by t met hod

pr ef er abl yxamrbiﬁbP%Y@)ﬁiTER@ rﬁ@m §Dly€]h161yl Alloyp Wdlelabm%t:ntlmhtﬂdﬁ;persmg

cven: mor o 9 b SEPy S Tt & sttt SlroBb R okl b RRRE Hersan B o

det er m nathieowntad weidit YiEhel RQt&taw. t Withth the @dage, Sl Dik@ssihg aidl And @ ehdyn t he
exanpl es. After nol ding, the conductive thernoplastic_conposition prepared

by the neprfé@rable/éreeatmsyal&@hﬂ By eightperrsnt paere M@@abhﬁéé%askﬂb%étwla@asur ed
t 23C t
et o - s quicieebty vAfs8 oy M3 rilectlnd AR arictull b BSKERIFEE wps0, oo

pr ef er abl ytb@u't 1I53mght@bmeht Adr& prefizablg up ltd abmrtéOprreegmpedobm at | east about 50
kJ/ m2. After nolding, the conductive thernoplastic conposition prepared by

t he net hod pre er abl ibits a _notch od inpact. str sured at
-30C accordi ng IE 8 qrg%‘rié “@Ph’é’fer’lt’etﬁgt §ﬁ‘6‘t?‘“§5f ngw esn%ﬁe%p%?atﬂl y at

| east abodbout2ekgdrtby MBIt T80 iRipatemabifiér 38 thefifsk faddopdrt. 18VitHihnRis even
nore preferably at Ieast about 20 kJ/n2. Alternatively, the notched | zod

i npact strength nay be expressed as alpercent retention of the notched Izod
i npact strength exhibited by the correspondi ng conposition w thout
conductive carbon black. In this case, the conposition nay retain at |east
about 40% preferably at | east about 50% nore preferably at |east about 21




60% of the notched |zod inpact strength exhibited at 23C by the
correspondi ng conposition w thout conductive carbon bl ack. After nol ding,

t he conductive thernoplastic conposition prepared by the nmethod preferably
exhibits a Dynatup at maxi mum | oad neasured at 23C and 5 mles per hour
according to ASTM D3763 of at |east about 20 foot-pounds (ft-1b), nore
preferably at |east about 25 ft-1b, even nore preferably at |east about 30

ft-1b. Af ' ' ' L4 p ared by
the et ot B SranErelbfiol o SHE b dsh BlodRR Adkoufi GPARER b SRR 50
and 5 m | &g weghthoore pretaralsliy g 1dast AuMS RIS dyokeight, stk sioralpoeferaBlyf 4t- | b,
nore preferably at |east aboyt 5 ft-|lp, even nore prefergbly at |east about
7 ft-lb. aﬁ%@%&fﬁ@@ﬁw by fie -nétlippwé{E‘WFE%?irﬁﬁgﬁ’ HoRay ﬁﬁpr STEhiorseBd as a
percent r [ : SIS : N aTHRs
correspong%ﬁgﬁégﬂ%gé}%?gﬁﬁznt 08%g%%nducﬁ#gghgggggﬁhgpgkﬁgﬁ#%ﬂ%H?;Ocase,
t he conposbeito2) masts byt weightatstillemste ataderablyOdy tprabbetr &% |partatby saight.about

80% nore_preferably, at l.east.about 90% of he nat at maxi m | oad at
23C exni bSPUPIEy Tonatt dipd B8R TR ctBberd GmBH B EheT eI ar bon
bl ack. Thmnmd%ﬂid pelyinbRz41Ra! Molidts 60FRASbheeRr RPGIERES Qyg.! bBylRs,hod
preferably exhibits a Vicat tenperature neasured at 120C per hour accordi ng

to 1 SO 306rapylene, |lcbwenagmndt 43pglyl-lrpeniens) o falireaplagorpaticl apeROmMEEH UE-8340C,

even nor es@{'e?fceef[rﬁbmﬁhﬁhlehﬁm};rene), conjugated dienes (e.g., butadiene, isoprene, and
chloroprene), and vinylic carboxylic acids and their derivatives (e.g., vinyl acetate,
acrylic acid, alkylacrylic acids, alkyl acrylates such as methyl acrylate, alkyl
methacrylates such as methyl methacrylate, and acrylonitrile). The polymerization
products include homopolymers and random, block, radial block, graft, and core-shell

copolymers, as well as combinations thereof.

Particularly useful impact modifiers include A-B (diblock) and A-B-A
(triblock) copolymers of alkenyl aromatic compounds and conjugated diene
compounds. Specific examples, of the alkenyl aromatic compounds include styrene,
p-methylstyrene, alpha-methylstyrene, vinylxylenes, vinyltoluenes, vinylnaphthalenes,
divinylbenzenes, bromostyrenes, chlorostyrenes, and the like, and combinations
comprising at least one of the foregoing alkenyl aromatic compounds. Of these,
styrene, alpha-methylstyrene, p-methylstyrene, vinyltoluenes, and vinylxylenes are
preferred, with styrene being more preferred. Specific examples of the conjugated
diene include 1,3-butadiene, 2-methyl-1,3-butadiene, 2,3-dimethyl-1,3-butadiene, 1,3-
pentadiene, and the like. Preferred among them are 1,3-butadiene and 2-methyl-1,3-
butadiene. The conjugated diene blocks may be partially or entirely hydrogenated,

whereupon they may be represented as containing polyolefin blocks.

Examples of A-B and A-B-A block copolymers include styrene-butadiene
diblock copolymers, styrene-(ethylene-propylene) diblock copolymers, styrene-
isoprene diblock copolymers, alpha-methylstyrene-butadiene diblock copolymers,
styrene-butadiene-styrene triblock copolymers, styrene-(ethylene-butylene)-styrene
triblock copolymers, styrene-isoprene-styrene triblock copolymers, alpha-

12



about 350C. The invention is further illustrated by the foll ow ng
non-limting exanples. 22 EXAMPLES 1-6, COVPARATI VE EXAMPLES 1-6 These
exanpl es and conparative exanples illustrate the advantages of adding the
conductive carbon black as a concentrate. Al conponents were obtai ned
commercially. The poly(arylene ether) was a poly(2, 6-di nethyl -1, 4- phenyl ene
et her) obtained as PPO 0.40 IV from General Electric Conpany. The

i e enaleubs AnE R AL BRE e FieBitely iilarkedictings B 91 osi ty

of about tambimaAes@ehpaisingt ldastamammdﬁf@dlrguhfpuéurﬁocﬂﬁeﬁ Theev-Baindani de- 6
was obt ai ned a% ECHNYL ASN 27/ 32- C obt ai ned from Rhodi a havi ng an
ami ne enddrBub blrck Lpolymets may pre m PEhE 81388 Hmmtépr’r@ame@aﬂ@.@adgsSty of

e S i OSSP o 5

styrene- butopdlyaﬂasstyairene dvailableck commbicialy wass, obtﬁirnede:@m;iﬁRATqﬁeG 1651
from Kraton Pol ymers. The_ hi ndered phenol anti oxi dant was obtai ned as

| RGANOX 197@npﬂethy@%arqn§le@9) diploek corpyneiavinget styreng pentartiod 3feeigt ai ned
f Ca d
(our) s Bispat BVELEACRb K RALAES o/ RULFONE O o1 SHEGHRESURILRE, 0
obt ai ned hstykiad)} fieBe A o680 0opdlyheohavikg o stgmmmgnﬁemtdﬂGOdwatght peméntllo
kg/n8 and a. e .vol of 495 ntrate tai ning 10
ng it - neaRufiBleS i, dius Dot oo kRAT AR GLftihe BRe s S (BB de- 6 6
concent r abgypyhsieP Blbf REpbIyaTBr Rohiv Bie Fof KQV&raf\lai SEPTON® q005; NRT fie

conpounded using a Werner-Pfleiderer 30 mllineter tw n-screw extruder with
ten bar r epETeRadethylsae-busylaaalysthirene tabbmbt@pomtem aydilaglo frong Kuramp as

termer at kg Phydan el ot RURLS SO0 IR PP ST IoA- S Sof £54554F

respectiv ruder atl ons per m nute (r

and a thr bu;ghpj@‘polgfnewlmmdedhos&@[vaﬂmlé .undbiethecradeadinit STLRRENE®R, frompact
nodi fiers conpatl?lllzer and stablllzers wer e dry bl ended and added in

the feed *HHWR Petiolens ard under theitiadename KESTHR® Hom/BaX®e- 6 were added in a

side feed at barrel 7. For Exanples 1-3, the concentrate was added in the

side feed at banfeluitbld R P MAHUS a%%ﬂﬂﬁéll%?fﬁe gPafdEYp adeggm xture
of powdered pol yam de-6,6 and conductive carbon bl'ack was ‘added in the side

feed at zmnontyarrf:sens Whlqih@lacyolmw;ﬂ]wr maddxldc'tnmghahdswrthrrgetdl idns.ough a
typi cal i d|e etize 1 sanpl es
wer e nol d ufgi ﬁ% RIS %g%@?n?ogﬁyﬁegssgaum %“F@gy c}ggg&lggrtgﬂ@xen& a
mel t t enper atogslmked aé’@[h@: Aubbertyctobe amE6d oif @ofdf shbﬂﬁ)golymntzéu fietdoarndi ne of 3
seconds, a hol dér time of 10 seconds, angd a cooling tine of 20 seconds.
derived from monoalkenylaromatic and/or acrylic monomers alone or in combination
with other vinyl monomers. Other impact modifiers include the above-described
types containing units having polar groups or active functional groups, as well as
miscellaneous polymers such as Thiokol rubber, polysulfide rubber, polyurethane
rubber, polyether rubber (e.g., polypropylene oxide), epichlorohydrin rubber, ethylene-
propylene rubber, thermoplastic polyester elastomers, thermoplastic ether-ester
elastomers, and the like, as well as mixtures comprising any one of the foregoing.

Specially preferred ionomer resins include those sold under the trade name
SURLYN® by DuPont.

A combination of two or more of the above described impact modifiers may be
used. In one embodiment, the composition comprises about 2 to about 26 parts by
weight of an impact modifier selected from the group consisting styrene-(ethylene-

butylene)-styrene triblock copolymers, styrene-(ethylene-propylene) diblock
13



Specific volunme resistivity was determ ned on the narrow parallel portion
of a injection nolded multipurpose test specinen. Tensile bars were carved
at both ends with a knife and cooled in a freezer for 2 hours at -40C. The
pi eces were cold fractured to obtain brittle fractures. Both ends were
painted wth silver paint and the resistance was neasured with a

mul timeter. The read-out resistance was corrected for the dinensions of the

h |  d ey h Cfic v
Reai st 1 vi Fopointe, il AMEEA RORboRAY. b RALe Blle A BRRpdolng IR ey
SVR i s t hmod{feed.fi ¢ vol unme resistivity expressed in kil oohmcentineters

(kohmcnm), R neas is the neasured resistance in kiloohnms, Ais the fracture
area in square-centineters, and L is the(?#é ngt h between fractured surfaces

' centi ot or I VR f M isRia: i EURASY SRR PEBPHRES R RGN LR 06,
Not ched | gagichEPagins! LIRS R omBEASH Akl (cAcADfHRInd QbR 10 15O

180. Dynatup energies at maxi mum1oad were” neasured a or 23C an

m | es per copolymerc costyreng-hutadkSEnatypes driblookicopalymes, Bxstpsne-(duthdicnea

conpositi imlar to.that of, Conparative Exanpl e ut. it wa r epar ed
e ng o 180ERRLHent RGN ebonrRiP e bRgd fuipdfiBiekertn, gl ieR o
conduct i véieaeuaaomet acdpoiied @t cthyd@rqitpdemnsubiead beethe GREPQEI bi ons and
properties are presented in Table 1. The data show that the inpact strength
of the nofRBpaaen st leaseens oftheomegoing impactmadifies. 1 is significantly
deteriorated by the addition of conductive carbon black, as evidenced by

Conpar ative Ex I i Qg@m _ _al so
achi eved only ﬂnggeﬁgftegre%o%r? u?:??%llt’t &%@ﬁg%ﬁem I \I?Ig?il %geg? (‘%%QS%Z to

17, 684 ki pwphlene)rdiblock 24polymenpmdi s ostyrebz-ethylese-tutglepelegmene tvibtdok
conductive carbon bl ack concentrate, exhi bi,ted nmuch, better retention of
Conaer st fanbrnen 8 G oA GeRnam iyt dedtorha i ¢y
val ues of nfaythe ub&Binkdd ARt SFhbMEStSabbRpats : irthissrangld 5.
Conpari son zf Ilzlxanﬁle 2 with Conparative agﬁlww&“ faggcnt he sane

overal | cthepbgens-Ghylmenippdenz) grodeskrwgolymen amopptmpaptefiratdy be adleastusi ng

t he prese { i bit.ed i r .M t ] i d i npact
strength, qlg%ep%ﬁg%%éﬁtnpég? h%’ﬁir?lgn%lﬁ%gﬁdﬁlgg%%{ﬁ%ey 1&01152%@3(1%% y
conpar ed tibldckrpasolyiey embBanpayepréfepabdpbe epl taishougy 18 pids bypmwedht.eAlsolider and a

conventi opnal thod. 2 Tabl e .
v ! &?s etgmgoé}ment, tge styrene-(ethélf'lene-butylene)-styrene triblock copolymer may be

used in an amount of about 1 to about 13 parts by weight. Within this range, the
styrene-(ethylene-butylene)-styrene triblock copolymer amount may preferably be at
least about 4 parts by weight. Also within this range, the
styrene-(ethylene-butylene)-styrene triblock copolymer amount may preferably be up
to about 10 parts by weight.

The method may, optionally, further comprise adding about 0.1 to about 5
parts by weight of a compatibilizing agent to the first feed port in order to improve the
physical properties of the polyphenylene ether-polyamide resin blend, as well as to
enable the use of a greater proportion of the polyamide component. Within this range,
the compatibilizing agent amount may preferably be at least about 0.2 parts by weight,
more preferably at least about 0.3 part by weight, yet more preferably at least about
0.5 part by weight. Also within this range, it may be preferred to use a
compatibilizing agent amounts up to about 2 parts by weight, more preferably up to

about 1 part by weight.
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C. Ex. 1Ex. 1C. Ex. 2FI RST FEED PORTof a | ene ether34.1034. 1034. 10KRATON
G17018. 008. 008. O0OKRATON G 16517.007.007.00citric aci d0. 700. 700. 701 RGANOX
10760. 300. 300. 30KI, 50% in water0.100. 100. 10Cul 0. 010. 010. 01SECOND FEED
PORTof am de-6, 638. 0023. 6033. 00of am de-610. 0010. 0010. O0OTH RD FEED PORTof
am de-6, 6 ound----5.00conductive carbon bl ack----1.6010% CCB i n of

am de- 6, 6--16. 00- - PROPERTI ESVi cat at 120C/ hour F3453553551 zod | npact

Strength at 2 kJ/ . 847. 521, 9] zod | gpact .. engt t _-30

o) 36 05y, 5ot WES hebeld. 0 ey TRAMaEAo bkt 16885, those o1 o
| rpact  Stpstyghétionhl - @pdubdd bR BicK 6 imerabiSpeieh f the YolyphenyRari Siliey, tthe
kohm cm -10817, 630 26 Table 1 (cont.) Ex. 2C. Ex. 3C. Ex. 4FI RST FEED
PORTof a PAyamide.nesy prefarably, heth. iy éneragtyom maydg. demiqaRAerengratiing) or

Gl6517.0 -1 Gl i ' ) 70, -, 1.5 LN
wator 0 200aiar &g BB e i rdc BT e Wenched Hllacek) Lol "
am de- 610cal@ 1ife BRukihgl FAF/PRAEEyRGIRTIOIN appedss- 16, &hibit dnploved compatihitity, ve
carbon bl ack--1,80--10% in of am de-6, 618. 00---- PROPERTI ESVi cat at
00 hour PRIRbORCHT 98] i sUmard Bch e Eds GI0d KRB me P0G ANGPS o

| npact Stggmakibnat - 30C kJ/ nR19. 89. 710. 9Dynat up | npact Strength at 23C

ft-1b31.820.326. 7Dynatup | npact Strength at -30C ft-1b9.40.76. 1Specific

Vol une Resistivit}é o
Suitable compatibilizing agents include, for example, liquid diene polymers,

epoxy compounds, oxidized polyolefin wax, quinones, organosilane compounds,
polyfunctional compounds, and functionalized poly(arylene ether) resins obtained by
reacting one or more of the previously mentioned compatibilizing agents with a

poly(arylene ether).

Liquid diene polymers suitable for use as compatibilizing agents include
homopolymers of a conjugated diene and copolymers of a conjugated diene with at
least one monomer selected from other conjugated dienes; vinyl monomers, such as
styrene and alpha-methyl styrene; olefins, such as ethylene, propylene, butene-1,
isobutylene, hexene-1, octene-1, and dodecene-1, and mixtures thereof. The liquid
diene polymers may have a number average molecular weight of about 150 atomic
mass units (AMU) to about 10,000 AMU, preferably about 150 AMU to about 5,000
AMU. These homopolymers and copolymers can be produced by the methods
described in, for example, U.S. Patent Nos. 3,428,699, 3,876,721, and 4,054,612,
Specific examples of liquid diene polymers include polybutadiene, polyisoprene,
poly(1,3-pentadiene), poly(butadiene-isoprene), poly(styrene-butadiene),
polychloroprene, poly(butadiene-alpha methylstyrene), poly(butadiene-styrene-
isoprene), poly(butylene-butadiene), and the like, and combinations comprising at

least one of the foregoing liquid diene polymers.

Epoxy compounds suitable for use as compatibilizing agents include epoxy
resins produced by condensing polyhydric phenols (e.g., bisphenol-A,
tetrabromobisphenol-A, resorcinol and hydroquinone) and epichlorohydrin; epoxy

resins produced by condensing polyhydric alcohols (e.g., ethylene glycol, propylene
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kohm cnR116, 9226 27 Table 1 (cont.|l Ex. 3C. Ex. 5FI RST FEED PORTof | ene
et her 34. 1034. 10KRATON G 17018. 008. OOKRATON G 16517.007.00citric

aci d0. 700. 701 RGANOX 10760. 300. 30KI, 50% i n water0.100. 10Cul 0. 010. 01SECOND
FEED PORTof am de-6, 620. 0033. 00of am de-610. 0010. 00TH RD FEED PORTof

am de- 6, 6 ound--5. 00conductive carbon bl ack--2.0010% CCB i n of

am de- 6, 620. 00- - PROPERTI ESVi cat at 120C/ hour F3553601 zod | npact Strength at

Strngi ' Bcolslehg Bb B3 gich e i Bivprt et el pat iRl | TPct

ft-1Db6. 70tr&ﬁ¢tbszlbfethanb/@hd e Rks) atd picklokaydria) n@l&&ﬁdﬁBéthEﬂil@ecEpMpbtes)fs how
that the nethod prov s a,cond ve, t hernopl asti c t|on exhi biting
superi or Mepakydric: sleohpls, and, mepno wﬁﬂfcph@n S; Sutlh 2 sl g 1?!5%6)&&& abl e

heat resi sfaCEhRAMRRS &4 Qi(?’é?ﬁé Crd PH&%E&%f%hH&H&de@gsdcﬂe
conduct i ngyga bon bl ack Sé}g%aﬁc ncent ?Qt eI n pol yam de.
as the diglycidyl derivate of aniline; epoxidized products of higher olefinic or
cycloalkene, or natural unsaturated oils (e.g., soybean oil) as well as of the foregoing
liquid diene polymers; combinations comprising at least one of the foregoing epoxy

compounds; and the like.

Oxidized polyolefin waxes suitable for use as compatibilizing agents are well
known and described, for example, in U.S. Patent Nos. 3,756,999 and 3,822,227.
Generally, these are prepared by an oxidation or suspension oxidation of polyolefin.

An especially preferred oxidized polyolefin wax is “Hoechst Wachs”.

Quinone compounds suitable for use as compatibilizing agents are
characterized as having at least one six-membered carbon ring; at least two carbonyl
groups, which may be in the same or different six-membered carbon rings, provided
that they occupy positions corresponding to the 1,2- or 1,4-orientation of the
monocyclic quinone; and at least two carbon-carbon double bonds in the ring
structure, the carbon-carbon double bounds and carbonyl carbon-oxygen double bonds
being conjugated with respect to each other. Where more than one ring is present in
the unsubstituted quinone, the rings may be fused, non-fused, or both: non-fused
rings may be bound by a direct carbon-carbon double bond or by a hydrocarbon

radical having conjugated unsaturation such as -C=C-C=C-.

The quinones may be substituted or unsubstituted. In substituted quinones, the
degree of substitution may be from one to the maximum number of replaceable
hydrogen atoms. Exemplary substituents include halogen (e.g. chlorine, bromine,
fluorine, etc.), hydrocarbon radicals including branched and unbranched alkyl,
cycloalkyl, olefinically unsaturated hydrocarbon radicals, aryl, alkylaryl, and
halogenated derivatives thereof; and similar hydrocarbons having heteroatoms therein,
particularly oxygen, sulfur, or phosphorous, and wherein the heteroatom connects the

radical to the quinone ring (e.g., alkoxyl). Examples of specific quinones include 1,2-
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VWil e the invention has been described with reference to a preferred

enbodi nent, it will be understood by those skilled in the art that various
changes may be made and equi val ents nay be substituted for el enents thereof
wi t hout departing fromthe scope of the invention. In addition, many

nodi fications may be nmade to adapt a particular situation or material to

t he teachings of the invention w thout departing fromessential scope

t her eof . r it n edt t tlo limted
to the par Pgmg%nbééiﬁ%n?&glsc 2% déﬂ%wkﬂ% nﬁ%gp%B%FmﬁpgéPéd for
carrying QLﬁ’ 63614t8traﬂileﬂ@ylt4 Qﬂilpll%ilbqﬁlhaﬁe tlhb—nhﬁhtﬁd)‘t}dnﬁbhewl |4-ndpheHogdimons,|

enbodi nents falling within the scope of the appended clainms. Al cited
patents, pdreaphthogpinpast ;i shleraniag @r%‘?ror]e‘i‘@f‘”éﬁ%é@oa?»e |2rﬁ:6m}ﬁ§1?§é'tle4d her ei n

by refer erﬂgﬁzoqﬂm{)ﬂ&'cronﬁm&loﬁg ¥0m83s1ng at least one of the foregoing quinones, and
the like.

Organosilane compounds suitable as compatibilizing agents are characterized
as having at least one silicon atom bonded to a carbon through an oxygen link and at
least one carbon-carbon double bond or carbon-carbon triple bond and/or a functional
group selected from an amine group or a mercapto group, provided that the functional
group is not directly bonded to the silicon atom. In such compounds, the C-O-Si
component is generally present as an alkoxyl or acetoxy group bonded directly to the
silicon atom, wherein the alkoxy or acetoxy group generally has less than 15 carbon
atoms and may also contain hetero atoms (e.g., oxygen). Additionally, there may also
be more than one silicon atom in the compound, such multiple silicon atoms, if
present, being linked through an oxygen link (e.g., siloxanes); a silicon-silicon bond,
or a divalent hydrocarbon radical (e.g., methylene or phenylene groups); or the like.
Examples of  suitable  organosilane = compounds  include  gamma-
aminopropyltriethoxysilane, 2-(3-cyclohexanyl)ethyltrimethoxysilane, 1,3-
divinyltetraethoxysilane, vinyl-tris-(2-methoxyethoxy)silane, 5-

bicycloheptenyltriethoxysilane, and gamma-mercaptopropyltrimethoxysilane.

Polyfunctional compounds suitable as compatibilizing agents include three
types. The first type of polyfunctional compounds are those having in the molecule
both a carbon-carbon double bond or a carbon-carbon triple bond and at least one
carboxylic acid, anhydride, amide, ester, imide, amino, epoxy, orthoester, or hydroxy
group. Examples of such polyfunctional compounds include maleic acid, maleic
anhydride, fumaric acid, glycidyl acrylate, itaconic acid, aconitic acid, maleimide,
maleic hydrazide, reaction products resulting from a diamine and maleic anhydride,
dichloro maleic anhydride, maleic acid amide, unsaturated dicarboxylic acids (e.g.
acrylic acid, butenoic acid, methacrylic acid, ethylacrylic acid, pentenoic acid),
decenoic acids, undecenoic acids, dodecenoic acids, linoleic acid, esters of the

foregoing unsaturated carboxylic acids, acid amides of the foregoing unsaturated

17



WHAT IS CLAIMED 1S: 1. A method of preparing a conductive thernoplastic
conposition, conprising: adding to a first feed port of an extruder about
20 to about 70 parts by weight of a poly(arylene ether) and 0 to about 20
parts by weight of a first polyam de; adding to a second feed port of the
extruder about 20 to about 75 parts by weight of a second pol yam de,
wherein the second feed port is downstreamof the first feed port; and

addi ng tockbearoos! eafluifls Y thd Mokl dRBLk e LS HelRy, about O

t o about y wel'g a concen conpri sing 0 'about 20
wei ght pemmniratedi dcalmihd (el \atkyd aalbalrolplcastyd ahwhabomtthyD winylababinods wei ght

percent of a third polyamd wherein,the third feed port is dowystream of
the secondPeBEBSPH: V\herefﬂ'hFﬁ%‘L@}(et'}G er has a F%w | engt h t4od18”ameter

ratio less 5%‘1%&@&3 -Hexerd® 50BS1NGHE AboldifbMide fMBRILCNHL NOILANEENIdAt e i
added to the second

and C,H»,.9OH, wherein n is a positive integer up to 30), unsaturated amines resulting
from replacing from replacing the -OH group(s) of the above unsaturated alcohols
with NH; groups, functionalized diene polymers and copolymers, and the like. Of
these, two of the preferred compatibilizing agents for compositions of the present

invention are maleic anhydride and fumaric acid.

The second group of polyfunctional compounds have both (a) a group
represented by the formula (OR) wherein R is hydrogen or an alkyl, aryl, acyl, or
carbonyl dioxy group, and (b) at least two groups each of which may be the same or
different selected from carboxylic acid, acid halide, anhydride, acid halide anhydride,
ester, orthoester, amide, imido, amino, and various salts thereof. Typical of this group
of compatibilizers are the aliphatic polycarboxylic acids, acid esters and acid amides

represented by the formula:
(R'0)mR(COORM),(CONR™MR™),

wherein R is a linear or branched chain, saturated aliphatic hydrocarbon of from 2 to
20, preferably 2 to 10, carbon atoms; R' is hydrogen or an alkyl, aryl, acyl or carbonyl
dioxy group of 1 to 10, preferably 1 to 6, more preferably 1 to 4, carbon atoms,
especially preferred is hydrogen; each R" is independently hydrogen or an alkyl or aryl
group from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms; each R™ and
R" are independently hydrogen or an alkyl or aryl group of from 1 to 10, preferably
from 1 to 6, most preferably 1 to 4, carbon atoms; m is equal to 1 and (n + s) is greater
than or equal to 2, preferably equal to 2 or 3, and n and s are each greater than or equal
to zero and wherein (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, R", R™ and R

cannot be aryl when the respective substituent has less than 6 carbon atoms.

Suitable polycarboxylic acids include, for example, citric acid, malic acid,

agaricic acid, and the like, including the various commercial forms thereof, such as for
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feed port. 3. The method of Caim1l, wherein the extruder has a screw

|l ength to dianeter ratio less than 30. 4. The nethod of daiml or 2,
wherein a portion of the poly(arylene ether) and a portion of the first

pol yam de are provided as a recycled poly(aryl ene ether)/pol yam de
conposition. 5. The method of Caim1l1, wherein the conposition conprises up
to about 1.8 weight percent of the conductive carbon bl ack, based on the

total weight gf the composition . Ih od of. Cai.m.1, furth
conprisingX Fh%wéﬁﬁﬂﬁgﬂsF%igﬁgﬁ&djg“ﬁagﬁi%ﬁ§emgpah?“%ﬂs§Wﬁﬁﬂb3€ﬁwnndifier
to the fi pedferteiedompitibilidfle agénts. ThBlusRAthRdoDkstedsahd¥fill, hetbiar Riclude gor

conposition after molding exhibits a volune resistivity of up to about
10, 000 ki Exaspplecagetyl rfitrate and mono- and/or distearyl citrates and the like. Suitable

amides useful herein include, for example, N,N’-diethyl citric acid amide, N-phenyl
citric acid amide, N-dodecyl citric acid amide, N,N’-didodecyl citric acid amide, and
N-dodecyl malic acid. Especially preferred derivates are the salts thereof, including
the salts with amines and, preferably, the alkali and alkaline earth metal salts.
Exemplary of suitable salts include calcium malate, calcium citrate, potassium malate,

and potassium citrate.

The third group of polyfunctional compounds have both (a) an acid halide
group, most preferably an acid chloride group and (b) at least one carboxylic acid,
anhydride, ester, epoxy, orthoester, or amide group, preferably a carboxylic acid or
anhydride group. Examples of compatibilizers within this group include trimellitic
anhydride acid chloride, chloroformyl succinic anhydride, chloro formyl succinic acid,
chloroformyl glutaric anhydride, chloroformyl glutaric acid, chloroacetyl succinic
anhydride, chloroacetylsuccinic acid, trimellitic acid chloride, and chloroacetyl
glutaric acid. Among these, trimellitic anhydride acid chloride is preferred.
Furthermore, it is especially preferred that compatibilizers of this group be pre-reacted
with at least a portion of the poly(arylene ether) whereby the compatibilizing agent is

a poly(arylene ether)-functionalized compound.

Preferred compatibilizing agents include citric acid, maleic acid, maleic
anhydride, malic acid, fumaric acid, and the like, and combinations comprising at

least one of the foregoing compatibilizing agents.

The foregoing compatibilizing agents may be used alone or in various
combinations of one another with another. Furthermore, they may be added directly
to the melt blend or pre-reacted with either or both the polyphenylene ether and
polyamide, as well as with other resinous materials employed in the preparation of the
compositions of the present invention. With many of the foregoing compatibilizing
agents, particularly the polyfunctional compounds, even greater improvement in

compatibility is found where at least a portion of the compatibilizing agent is
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8. The method of Claim1l or 7, wherein the conposition after nolding
exhibits a notched |zod i npact strength neasured at 23C according to | SO
180 of at |east about 15 kil ojoul es per neter-squared. 9. The nethod of
Claim1l, 7 or 8 wherein the conposition after nolding exhibits a notched
| zod i npact strength measured at 23C according to | SO 180 at |east 40% as
great as that of the correspondi ng conposition w thout conductive carbon

bl ack. 10, A net f. i d i h | i ition,
corpr st nBrsiphatn i HRER oG Gid AfabS SO TR, STball 3PS about a0
parts by wRi gblypeényBenBOttiéRr Vit EREbERNED )thtORIH Ptd hacting may cause the

2, 6-di met hyl -1, 4- phenyl ene ether units, 2,3,6trimethyl-1,4-phenyl ene ether
units, or CeMPYHBIARE AERNt to seashWithhe pelymer gndpennsequenthy fusctiopalizs B8t of a
styrene-b rihl C I 0 parts
by meightBg¥b§9§F§%éﬁg¥?g?ﬁ§ﬁé%§§%rg@gF%%E?kﬁ?%ﬁ%@ﬁﬁggggviﬁgg?ﬁggé%ng to a
second f eert-eacted ofithtrhddeciexanhydirle taldfomi a®nliydridb durtctidhalizad pslyblenviinght of a

pol yam de conprising pol yam de-6 and. pol yam de-6,6; and about 16 to about
50 parts Bhcheightb 1Ep ﬁéeﬁ?rpa%t@)ﬂetgnﬁ%ﬁsifﬂg RBYBTICE OmPEdt 1933wei ght
percent ofoRfgRAHAIZY BosBhAnBleafck and about 87 to about 93 weight
percent of pol yam de-6,6; whérein the second feed port is downstream of the

first feed port; wherein the extruder has a screw length to dianmeter ratio
| ess than 27; ahemghodanay, ohdonadlypisther epmpiiseaddiag pddigivemtodhnfitst fegda vol une
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In one embodiment, the method comprises: adding to a first feed port of an
extruder about 30 to about 45 parts by weight of a poly(arylene ether), 0 to about 10
parts by weight of a first polyamide, and 1 to about 26 parts by weight of an impact
modifier; adding to a second feed port of the extruder about 25 to about 40 parts by
weight of a second polyamide, wherein the second feed port is downstream of the first
feed port; and adding to the second feed port or a third feed port of the extruder about
10 to about 30 parts by weight of a concentrate comprising about 5 to about 18 weight
percent of a conductive carbon black and about 82 to about 95 weight percent of a
third polyamide, wherein the third feed port is downstream of the second feed port;

wherein the extruder has a screw length to diameter ratio less than 30.

In another embodiment, the method comprises: adding to a first feed port of
an extruder about 33 to about 40 parts by weight of a poly(arylene ether) comprising
2,6-dimethyl-1,4-phenylene ether units, 2,3,6-trimethyl-1,4-phenylene ether units, or a
combination thereof, about 4 to about 10 parts by weight of a styrene-butylene-styrene
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wherein the composition after extrusion exhibits a volume resistivity of up to about
1,000 kohm-cm and a notched Izod impact strength at 23°C of at least about 40 kJ/m?

measured according to ISO 180.

After molding, the conductive thermoplastic composition prepared by the
method preferably exhibits a volume resistivity of up to about 10,000 kiloohm-
centimeters (kohm-cm), more preferably up to about 1,000 kohm-cm, even more
preferably up to about 100 kohm-cm. A detailed method for determination of volume

resistivity in molded samples is provided in the examples.

After molding, the conductive thermoplastic composition prepared by the
method preferably exhibits a notched Izod impact strength measured at 23°C
according to ISO 180 of at least about 15 kilojoules per meter-squared (kJ/m?), more
preferably at least about 30 kJ/m?, even more preferably at least about 40 kJ/m?, still

more preferably at least about 50 kJ/m?.

After molding, the conductive thermoplastic composition prepared by the
method preferably exhibits a notched Izod impact strength measured at -30°C
according to ISO 180 of at least about 10 kJ/m?, more preferably at least about 15
kJ/m?, even more preferably at least about 18 kJ/m®, even more preferably at least
about 20 kJ/m?.

Alternatively, the notched Izod impact strength may be expressed as a percent
retention of the notched Izod impact strength exhibited by the corresponding
composition without conductive carbon black. In this case, the composition may

retain at least about 40%, preferably at least about 50%, more preferably at least about
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60%, of the notched Izod impact strength exhibited at 23°C by the corresponding

composition without conductive carbon black.

After molding, the conductive thermoplastic composition prepared by the
method preferably exhibits a Dynatup at maximum load measured at 23°C and 5 miles
per hour according to ASTM D3763 of at least about 20 foot-pounds (ft-1b), more
preferably at least about 25 ft-1b, even more preferably at least about 30 fi-1b.

After molding, the conductive thermoplastic composition prepared by the
method preferably exhibits a Dynatup at maximum load measured at -30°C and 5
miles per hour according to ASTM D3763 of at least about 2 ft-1b, more preferably at
least about 5 ft-1b, even more preferably at least about 7 ft-1b.

Alternatively, the Dynatup at maximum load may be expressed as a percent
retention of the Dynatup at maximum load exhibited by the corresponding
composition without conductive carbon black. In this case, the composition may
retain at least about 70%, preferably at least about 80%, more preferably at least about
90% of the Dynatup at maximum load at 23°C exhibited by the corresponding

composition without conductive carbon black.

The conductive thermoplastic composition prepared by the method preferably
exhibits a Vicat temperature measured at 120°C per hour according to ISO 306 of at
least about 320°C, more preferably at least about 340°C, even more preferably at least

about 350°C.

The invention is further illustrated by the following non-limiting examples.
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EXAMPLES 1-6, COMPARATIVE EXAMPLES 1-6

These examples and comparative examples illustrate the advantages of adding
the conductive carbon black as a concentrate. All components were obtained
commercially. The poly(arylene ether) was a poly(2,6-dimethyl-1,4-phenylene ether)
obtained as PPO® 0.40 IV from General Electric Company. The polyamide-6,6 was
obtained as PA 6,6 LOW IV/PX 1010 from Rhodia having an amine endgroup
number of 51 milliequivalents/gram and a relative viscosity of about 126 measured at
4% in concentrated sulfuric acid. The polyamide-6 was obtained as TECHNYL®
ASN 27/32-35 LC obtained from Rhodia having an amine endgroup of about 93
milliequivalents/gram, a reduced viscosity of about 123 milliliters/gram. The styrene-
(ethylene-butylene) diblock copolymer was obtained as KRATON® G1701 from
Kraton Polymers. The styrene-butylene-styrene triblock copolymer was obtained as
KRATON® G1651 from Kraton Polymers. The hindered phenol antioxidant was
obtained as IRGANOX® 1076 from Ciba-Geigy. The compatibilizer citric acid was
obtained from Cargill. The stabilizers potassium iodide (KI) and cuprous iodide (Cul)
were obtained from Ajay Chemicals. The conductive carbon black was obtained as
KETJEN BLACK® 600 JD from Akzo having a bulk density of 110 kg/m> and a pore
volume (DBP) of 495 mL/100g.

A concentrate containing 10 weight percent conductive carbon black and 90

weight percent polyamide-6,6 concentrate was obtained from PolyChem Alloy.

All test blends were compounded using a Werner-Pfleiderer 30 millimeter
twin-screw extruder with ten barrels and a screw length to diameter ratio of about 32.
The temperatures of barrels 1-10 were 500-536-536-554-554-554-554-554-554-
554°F, respectively. The extruder was operated at 350 rotations per minute (rpm) and

a throughput of 50 pounds per hour.

The poly(arylene ether), impact modifiers, compatibilizer, and stabilizers were
dry-blended and added in the feed throat at barrel 1. Polyamide-6,6 and polyamide-6
were added in a side feed at barrel 7. For Examples 1-3, the concentrate was added in
the side feed at barrel 7. For Comparative Examples 2-4, a dry-blended mixture of
powdered polyamide-6,6 and conductive carbon black was added in the side feed at
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cooled in a water bath, and pelletized.

All samples were molded using a Van Dorn 85 ton press using an ISO
specimen tool, a melt temperature of 290°C a mold temperature of 100°C, an injection

time of 3 seconds, a holding time of 10 seconds, and a cooling time of 20 seconds.

Specific volume resistivity was determined on the narrow parallel portion of a
injection molded multipurpose test specimen. Tensile bars were carved at both ends
with a knife and cooled in a freezer for 2 hours at -40°C. The pieces were cold
fractured to obtain brittle fractures. Both ends were painted with silver paint and the
resistance was measured with a multimeter. The read-out resistance was corrected for
the dimensions of the piece (length, width and thickness) and reported as Specific

Volume Resistivity, calculated according to the formula:
SVR =Rppess X A/L

where SVR is the specific volume resistivity expressed in kiloohm-centimeters
(kohm-cm), Rpess 18 the measured resistance in kiloohms, A is the fracture area in

square-centimeters, and L is the length between fractured surfaces in centimeters.

Vicat temperatures were measured according to ISO 306. Notched Izod
impact strengths were measured at -30 and 23°C according to ISO 180. Dynatup

energies at maximum load were measured at -30 or 23°C and 5 miles per hour
according to ASTM D3763.

Comparative Example 4 had a composition similar to that of Comparative
Example 3, but it was prepared using a 14 barrel extruder similar to that depicted in

Figure 1, with conductive carbon black added at a second downstream feed.

Compositions and properties are presented in Table 1. The data show that the
impact strength of the nonconductive PAE/PA blend in Comparative Example 1 is
significantly deteriorated by the addition of conductive carbon black, as evidenced by
Comparative Examples 2, 3, and 5. Comparative Examples 2, 3, and 5 also achieved
only moderate conductivity (volume resistivities of 16,922 to 17,684 kiloohm-cm). In
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comparison, Examples 1-3 prepared with conductive carbon black concentrate
exhibited much better retention of impact strength and substantially higher
conductivity (volume resistivity values of 6 to 108 kiloohm-cm) versus Comparative
Examples 2, 3, and 5. Comparison of Example 2 with Comparative Example 4 shows
that, for the same overall composition, Example 2 prepared with a ten barrel extruder
using the present method exhibited a higher Vicat temperature, higher Izod impact
strength, higher Dynatup impact strength, and comparable conductivity compared to
Comparative Example 4 prepared using a 14 barrel extruder and a conventional

method.
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Table 1
C.Ex. 1 Ex. 1 C.Ex.2
FIRST FEED PORT
poly(arylene ether) 34.10 34.10 34.10
KRATON® G1701 8.00 8.00 8.00
KRATON® G1651 7.00 7.00 7.00
citric acid 0.70 0.70 0.70
IRGANOX® 1076 0.30 0.30 0.30
K1, 50% in water 0.10 0.10 0.10
Cul 0.01 0.01 0.01
SECOND FEED PORT
polyamide-6,6 38.00 23.60 33.00
polyamide-6 10.00 10.00 10.00
THIRD FEED PORT
polyamide-6,6 (ground) -- -- 5.00
conductive carbon black -- -- 1.60
10% CCB in polyamide-6,6 -- 16.00 --
PROPERTIES
Vicat at 120°C/hour (°F) 345 355 355
Izod Impact Strength at 23°C 69.8 47.5 21.9
(kJ/m?)
Izod Impact Strength at -30°C 26.0 17.7 11.7
(kJ/m%)
Dynatup Impact Strength at 23°C 293 32.0 24.8
(ft-1b)
Dynatup Impact Strength at -30°C 29.7 6.7 0.9
(fi-1b)
Specific Volume Resistivity - 108 17,630
(kohm-cm)
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Table 1 (cont.)
Ex.2 | C.Ex.3 | C.Ex. 4
FIRST FEED PORT
poly(arylene ether) 34.10 34.10 --
KRATON® G1701 8.00 8.00 -
KRATON® G1651 7.00 7.00 --
citric acid 0.70 0.70 --
IRGANOX® 1076 0.30 0.30 --
K1, 50% in water 0.10 0.10 --
Cul 0.01 0.01 -
SECOND FEED PORT
polyamide-6,6 21.80 33.00 --
polyamide-6 10.00 10.00 --
THIRD FEED PORT
polyamide-6,6 (ground) -- 5.00 --
conductive carbon black -- 1.80 --
10% CCB in polyamide-6,6 18.00 -- --
PROPERTIES
Vicat at 120°C/hour (°F) 361 359 358
Izod Impact Strength at 23°C 53.7 17.0 17.3
(kJ/m?)
Izod Impact Strength at -30°C 19.8 9.7 10.9
(kJ/m?)
Dynatup Impact Strength at 23°C 31.8 20.3 26.7
(fi-1b)
Dynatup Impact Strength at -30°C 9.4 0.7 6.1
(ft-1b)
Specific Volume Resistivity 21 16,922 6
_ (kohm-cm)
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Table 1 (cont.)

Ex. 3 C.Ex. 5

FIRST FEED PORT

poly(arylene ether) 34.10 34.10

KRATON® G1701 8.00 8.00

KRATON® G1651 7.00 7.00

citric acid 0.70 0.70

IRGANOX® 1076 0.30 0.30

K1, 50% in water 0.10 0.10

Cul 0.01 0.01
SECOND FEED PORT

polyamide-6,6 20.00 33.00

polyamide-6 10.00 10.00
THIRD FEED PORT

polyamide-6,6 (ground) -- 5.00

conductive carbon black -- 2.00

10% CCB in polyamide-6,6 20.00 --
PROPERTIES

Vicat at 120°C/hour (°F) 355 360

Izod Impact Strength at 23°C 42.6 17.1

(kJ/m?)

Izod Impact Strength at -30°C 20.3 9.7

(kJ/m?)

Dynatup Impact Strength at 23°C 30.1 22.9

(ft-1b)

Dynatup Impact Strength at -30°C 6.7 0.9

(fi-Ib)

Specific Volume Resistivity 6 17,684

(kohm-cm)

The examples show that the method provides a conductive thermoplastic
composition exhibiting superior impact strength, and conductivity, while maintaining
comparable heat resistance compared to compositions prepared without adding the

conductive carbon black as a concentrate in polyamide.

While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without

departing from essential scope thereof. Therefore, it is intended that the invention not
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2. The method of Claim 1, wherein the concentrate is added to the second
feed port.
3. The method of Claim 1, wherein the extruder has a screw length to

diameter ratio less than 30.

4, The method of Claim 1 or 2, wherein a portion of the poly(arylene
ether) and a portion of the first polyamide are provided as a recycled poly(arylene

ether)/polyamide composition.

5. The method of Claim 1, wherein the composition comprises up to
about 1.8 weight percent of the conductive carbon black, based on the total weight of

the composition.

6. The method of Claim 1, further comprising adding about 1 to about 26
parts by weight of an impact modifier to the first feed port.
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7. The method of Claim 1, wherein the composition after molding

exhibits a volume resistivity of up to about 10,000 kiloohm-centimeters.

8. The method of Claim 1 or 7, wherein the composition after molding

exhibits a notched Izod impact strength measured at 23°C according to ISO 180 of at

least about 15 kilojoules per meter-squared.

0. The method of Claim 1, 7 or 8 wherein the composition after molding
exhibits a notched Izod impact strength measured at 23°C according to ISO 180 at
least 40% as great as that of the corresponding composition without conductive

carbon black.

10. A method of preparing a conductive thermoplastic composition,

comprising:

adding to a first feed port of an extruder about 33 to about 40 parts by weight
of a poly(arylene ether) comprising 2,6-dimethyl-1,4-phenylene ether units, 2,3,6-
trimethyl-1,4-phenylene ether units, or a combination thereof, about 4 to about 10
parts by weight of a styrene-butylene-styrene triblock copolymer, and about 4 to about
10 parts by weight of a styrene-(ethylene-propylene) diblock copolymer;

adding to a second feed port of the extruder about 30 to about 35 parts by
weight of a polyamide comprising polyamide-6 and polyamide-6,6; and about 16 to
about 20 parts by weight of a concentrate comprising about 7 to about 13 weight
percent of a conductive carbon black and about 87 to about 93 weight percent of

polyamide-6,6; wherein the second feed port is downstream of the first feed port;
wherein the extruder has a screw length to diameter ratio less than 27; and

wherein the composition after extrusion exhibits a volume resistivity of up to
about 1,000 kohm-cm and a notched Izod impact strength at 23°C of at least about 40
kJ/m® measured according to ISO 180.
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