15 Decenber 2006 METHOD OF FORM NG A CONDUCTI VE THERMOPLASTI C COMPGCSI TI ON
BACKGROUND OF | NVENTI ON Pol y(aryl ene . ether) resins have been nodified
with polyam de resins to provide a wide variety of bengfbedeglbepi@igerti es
such as heat resistance, chem cal resistance, inpact strength, hydrolytic
stability, and dinensional stability conpared to either unnodified resin
al one. Wien a conductive agent, such as conductive carbon black, is

i ncorporated into poly(aryl ene ether)/pol yam de (PAE/ PA) conpositions,

el ectric RV S\ . i inting may be

achi eved%)i%g?{? %@Wéﬁbﬁmeﬁggﬁéggégﬁﬁ C&?‘éﬁéﬁ]ﬂﬁl\fconduct ive
PAE/ PA conpositions. U S. Patent No. 5,843,340 to Silvi et al. generally
descri bes preparation of conductive PAE/ PA conpositions having excell ent
ducti |l i t BAGKGROUNDIGIINVENDION phenyl ene et her, an unsaturated i npact

nodi fyi ng polynmer and a functionalizing conmpound in an initial step,
optionally in_conbination with a portion of the polyan de, and

subsequent |y herterdeas @ihey wesins hage beemimenified gwith Hiolyasudy aesiae tand
conduct i ¥@vkRI PAdL! AGKHNBY bBRLR: i | e i - cheaigpt No.
5,977, 24 _Ero Mari e Lohrrtg{]j er et gl%a%ér%g?ga \:u%lsg%g%{aﬁ Eeégtagcéﬁ%lgﬁ%n | astic
conposi tfesistapempmpadtstregth, ydodppastathlity, 2sdldidfdnsiBAalmatility @einparedsl  (b) 1-7
© parts by _.wei ght 100 parts wei gh f gg of "an el ectroconducti ve

~ car bon %‘@Egpm?ﬁ%{eécfﬁfﬂggf ebr}gﬁ%“ %P&%&Fé&eé 0t sk 3 GPRFUCHYS ﬁ@g‘m S
conpat i bblhélz 4e iRAfEpbiAtedameo poBFirflent REROASHIL AL NP AS/EAS OSAOGHGE! ve carbon
bl ack.- U.S. Pat eﬁbeo_. .6, 17_f, gg%ﬂ‘lt o Silvi et al. I‘tgenera? I'y tescribes a

‘net hod fdectiicdly condysiivitigsshitaie fapslbatrostatic pAimmepbpachidvedns havi ng
excellent ductility, the nethod conprising nmelt bl ending pol yphenyl ene

et her, an unsagtur. ' odif Y0909l mer, and a functi 1.Zi ng
conpound in a%%?%’?%&g@g%% h%pu Sﬁwb?% erC rr?gig'h%ﬁ F%’ﬁlu&n“iehlp‘gg}g&ti on of -
t he pol yamisitioand $08s datennt Ny. 1$e848,3a0e reli Sitvi vt hl.t BenerdlgmabqReses of the

ol yam de and. conductj ve carbon bl ack having .a |low volatiles content. 1 15
Be anb‘ erPrepfEation of conductive BA%?PA compositions hgvmg excellent ductility by melt

b_lending 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 content.

U.S. Patent No. 5,977,240 to Marie Lohmeijer et al. generally describes a
thermoplastic composition comprising (@) a éompatibilized PAE/PA base resin, and
(b) 1-7 parts by weight per 100 parts by weight of (a) of an electroconductive carbon
black. The composition is prepared by first forming the compatibilized PAE/PA base

resin, then adding the electroconductive carbon black.

U.S. Patent No. 6,171,523 to Silvi et al. generally describes a method for the
preparation of 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 subsequéntly melt blending with the
remainder of the polyamide and conductive carbon black having a low volatiles

content.




U.S. Patent No. 6,221,283 to Dharmarajan et al. generally describes a
- method of meking a conductive thernoplastic conposition containing at |east
one di:spersed - phase polyner with a continuous phase po|yPElenfdRfdis | east
one conductivity inparting agent wherein the bulk resistivity 0%'the
conposition is at least partially determned by the particle size of the
di spersed phase within the continuous phase. The thernoplastic conposition
preferably conprises a conpatibilized blend of at |east one pol yphenyl ene
‘ether resin, at |east one polyam de resin, and at |east. one conductivity

i nparting agent.s. Paicht. 278 385 oM BarlardRl & 4 o t.modifiers -
stabilizers, antioxidants, ] l’Jibf?Sl t((:)a-nt s, %ﬁ%{gﬁ @I %%%Pa?%@ﬁﬂ?eﬁam‘?q ions are
t ypi cal | pf makirgae condustive thegmeplastigbampasition Oontainip at I64EVnSdpbiSe]
char act'ehhégd %ﬁgsc ew 'c%it th ag&ng)scr ew.di aneter. Existing
manuf act BriHgt agtt & RS Pobyrests anhat rigast eanier edsiductivigper t i es
typi cal | impLtié afeRvigotbin UHE Hullayd t . barrel s and screw
| engt h tg pdi_ggnetgeer ratii_o of gt F%ai%ﬂgﬁgﬁgﬁ&gﬁ%l}éﬁ%ésr g{feg‘%d?aftéa@o much _
space t hdgternpaed byithe partiglef fize of thet disparsahpidatvitiihelie tohtHesys HRALS act uri ng
faciliti ' | for PAE/ PA preparation nmethod that all ows
the use ‘gﬁe t#o%&@%#%fgp{bg&%%@é?a@b@@ﬂmeﬁwmmmwQfl@blﬁéStdescr i.bed
and ot heonedipalyphersdenndther Sadiiaat 48RE dHe® palyh@ide? r&h P¥nd fIEJsP"gHeOf
~ prepari n%&l% conductive thernoplastic conposition, confprising: _ad) ng to a
C first f eBHIPIHIYoimpHting taggete randheptorally onebwumoid ofdirtpactinodifie)t of a
pol y(ar ydig4if . : ab Q. parts by weight of a first .
pol yam de; gﬁeﬁtﬁgﬁé%d%ﬂg’elg%%%n%é%ﬁ @Pt of the extruder about 20 to about .

75 parts by weight of a second polyam de, wherein the second feed port is

downst r eam of PAR@A icosipofitient por typicully adduRentdd Liife SSmpR%f&HEYPOrt or a
third fel%ﬁl Qort of the extruder about 5 to about 40 parts by weight of a

~ concent rYEESEESUechapsirnzed by aserw lenptinend)hisciser diemetent Eaistiomduct i ve
car bon hhafifachirehea BRstho 0 the 95, Wej percent ,of g third polyam de,
wherein the thi rg_g feed por t Iﬁgeg%&m%t&@ggn g’fs ﬁ%‘gﬁ%e e&ﬁﬁf’a}?e@rﬂpﬁtgﬁ; wher ei n
the ext fuRieallyneeguire ascexsmder hgringtas ldisareelve batdlDahd s Sschdidlendth and a

| 1ength Qfadh &85 ratiB Wk at 1eR846E' Sich%xtadig CrgqntPn?er sozgn?l%h space that there it is
difficult to accommodate them in many manufacturing facilities. There is a need for a

PAE/PA preparation method that allows the use of more compact extruders.

SUMMARY OF INVENTION

The above-described and other drawbacks and disadvaritages are alleviated by
a method of preparing a conductive thermoplastic composition, comprising: adding to
a first feed port of an extruder about 20 to about 70 parts by weight of a poly(arylene
ether) and O 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 ﬂle
second feed port or a third feed port of the extruder about 5 to about 40 parts by
weight of a concentrate comprising about $ 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/and a length of less than 14 barrels.




'

I n anot her aspect of the present invention, there is provided a nethod of
preparing a conductive thernoplastic conposition, conprising: adding to a
first feed port of an extruder about 33 to about 40 par{sSplnpiel odifs of a
poly(aryl ene ether) conprising 2,6-dinmethyl-I,4-phenyl ene ether units, ,
2,3,6- trimethyl-1,4-phenylene ether units, or a conbination thereof, about
4 to about 10 parts by weight of a styrene-butylene-styrene triblock

copol ymer, and about 4 to about 10 parts by weight of a

styrene- (et hyl ene-propyl ene) diblock copol ynmer, adding to a second feed
port of the gxhrdiE@Tasdeost thdPrdsentahamtionhadis froWied YBietldl o?geg yam de
conpri sing pol yanm de-6 and pol yam de-6, 6; and about 16 to e} parts
by wei ghtcopductive Siesaenl W@OEWF‘P&%@P&E@& 7 to about 13 weight |, percent
of a conductive carbon black and about 87 to about 93 wei ght percent of

pol yami de- 6, 6addMge(oeifhst WWJ@@@ raa the first feed
port; V\,herel n the extruder has a screwdlegi%%g%g@%ﬁ@r&g&%% %ss -t han

27 and &ff amolx(arylene | edhes) wchmprisinghd frditmethybhd-pliesyleie cthee wa@Epe3ig-1 on af ter |

extr t of t 1,000 kohmcm and a
ot thou VLA Bndhylent. Wier 1t bl §:dolytharigR, thpenf abant 4ito/abputionr cd

accor di rlgrlkdnylv&igh”t%a s@eenkSbubAeRGF engfﬁ@lﬁoc@dgﬁg dé}ﬂfo Igteg,gr},é,gudl ng

nmet hods: t| I | ar}l cul ar (go (aryl ene et ins, and
net hods: 8l # slyFae- ﬁ'@mlylm)dibbckmpkﬂynueme t her mopl astic.
conpositi on are descrl bed in detail below BRIEF DESCRI PTION OF DRAW NGS

CH G I d '
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t dfl 1 f de
conposi tveigh EGPO Panhisle @Ompm?iﬂg P@nﬁﬂ%f@lﬂ‘mﬁ?ﬂl&é— i ; Ahd %E?‘gicg%

the ne

confi gur used. for rst enbodi nent a
“sinplif FE td?% t"Y"égthafl Sf’n"&ﬁt"étﬁtmmgﬂrm abarut USeweipghtr a
| second %@Rﬁéﬂﬂ HPthoHéuchbg ARIROStacORld able FF R du 1_99\Iwe1ght percent of

5polyam1de-6 6; wherein the second feed port is downstream of the first feed port;

wherein the extruder has a screw length to diarneter ratio less than 27 and a length
of less than 14 barrels; 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
kJIm measured accordmg to ISO 180
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One enbodinment is 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 weight of a poly(arylene etherjspadafdet shogbout 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
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 conprising about 5 to about
20 wei ght percent of a conductive carbon black and about 80 to about 95
wei ght - per cerfdthef embodimients, inoludang dethoddesileiing phtcill polyhetsherid) i S
dov_vnstrea(r_in o&rth(g second fee &ﬁrt; . Wherein the extruder has a screw

| engt h B¢ #CYABYLS rosins; and) iaetbods utilizine additional camponcatigniihe gontlusties er rati o
|5 pref Shathbplabes SohPaict) arMEG R Gh BEARIYLESS. than 33, still more
preferably | ess than 30, even nore preferably | ess than 27, yet nore

pr ef er abl | ess than 22. The present inventors have di scovered that PAE/ PA
Conposi ﬁléﬁEW%’ﬂ@%@ﬂ%' 6%rties can be prepared using extruders

having twelve or fewer barrels and/or a screw length to dianeter ratio
| ess than 38 eny t:he, c |V bon black .is added.in the formof a :

concentrate F#j'po ylgn? ds(emgq‘ﬁaéd p‘iriaeér%%@lﬁtlﬁvg‘rﬁvorog hasvegiomgl extyders pecenper
2006  drenfigneatin ysad fordhe preparationgf € cotdiutiied Gemipldfic esmbeifsh.i n preferred

enbodi nents that produce the PAE/ PA conpositions using an extruder having
a screw | ength.tp. di.aneter .ratio |l ess than 35, nore preferably |ess than
33, still nof':gbpfbsfaeﬁ”é‘gﬁbai dagranypalic vigw %ﬁxmcw%wgwy §us than 27,

. yet nor g fipteh®dodbhont bt hdiReH.22. Figure 1 is a sinplified diagram :

illustrating a conventional extruder used for preparing a conductive.

t hernopl astic_conposition. A poly(arylene ether), optionally in

conbi nati on W4-H & asemplibed dingreainyatiei dew af dn extrisles canfigwoationadet] foronal ,

conponept Sond Smdd i i port and m xed in a first m xing section

conposed %?u s%ar e%%ngmtgg{%ﬂ;%t‘cal |y used for nelting and distributive

m xing. A polyamde is - then added via a second feedport, and further

m xi ng BECAMBEDDBESCRIRFAONT xi ng section simlar to the first mxing .

section. A conductive carbon black, optionally in ‘

One embodiment is a method of preparing a conductive thermoplastic
 composition, comprising: adding to a first feedr 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 ab.outl 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 perceﬁt of a

_.third poelyamide, wherein the third feed port ié downstream of the second feed port;
‘wherein the extruder has a screw length to diameter ratio less than 38. The screw
length to diameter ratio is preferably less than 35, more prefe_rabljr less.thaﬁ 33, still

‘ niore preferably less than 30, even more preferably less than 27, yet moré preferably -
less than 22. '

The present inventors have discovered that PAE/PA compositions having
excellent properties can be prepared using extruders having twelve or fewer barrels
and/or a screw length to diameter ratio less than 38 when the conductive carbon black

is added in the form of a concentratc in polyamide. The present inventors have further
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conbi nation with additional polyamde, is added in a third feedport and
further mxing occurs in a third mxing section designed for intense ,
di spersive mxing. Although specific barrels are not snpﬂgm%%eéﬂﬁmfigure,
conventional nethods typically require a total of at | east arrels in.
the extruder and a screw length to dianeter ratio of at |east 40. The
ratio of screw length to dianeter is a neasure of the conpactness of an-
extruder design, with | ower values corresponding to a nore conpact design
Figure 2 is a sinplified diagramillustrating an extruder suitable for use. -

ina fir |, I8 f. .hod. A .pal y(arvl.ene ether ptionally in
conbi nat i‘%%"g%p‘?ﬂb‘g%@%? ﬁllu(()ﬁr}gc;%fnq%g?%a%a&(?eaeﬁé’/(l%e&dﬂé’r rr?fﬁ F’%‘bﬁ‘g‘g}eﬁ‘fsonal |
conponenttbat predued dbel PAIRAP A cohiposition® ikingRd dxtruas haVigys fiskRv Bhin@ section
conposed ,0f screw 2I erTﬁnts typically used for nelting and distributive

m xi ng. AAseftgiadessdham a5, marreprefirably less dhan33.f slimere prefvably Jessher

m Xxing o rg) | T SESF | LM lar the first mxing
section. q%c?ﬁ%?ﬁ??i@??éggrﬁgl [ gglgﬁg Coﬁggt;}fnl&bsgﬂr%%rragi ﬁle%ﬁktg%lkb nd pol yam de is

~added in a third feedport and further mxing occurs in a third mxing
section desi giegire i a8 acihplifisodngiam idiustratingut cotsrentiosiah gxtriibdivkédfprof t he

et BRpRAhP R SoRhREHe PecdonGR RS Maitn, s Rl ApIets sibEDngoaateliyon | n
‘Figure lin Tdmmtﬁmwde;ﬁmcanpbﬂi@hebpr;ﬂﬂ%hgﬁd% And®r LRWEE: REE! tﬁ%ﬁg@ﬁi‘ have a

screw length to dianeter ratio less than 38. An extruder w few as 9
barrel s Sefapients, sadded viergiint past andarmistedrin pdirstomixingsevtionl c@fiposeit ofe used i n

this enmbgdigent, . Figure.3 is a sinplified diagram

any ustratg%lg i eenést éﬁ’ﬂ%ﬁgsw g%ﬁg‘%‘& aﬁ‘gg“ﬁ’l b‘ﬁ“_’é’é@%‘eﬁb@&?’%ﬁf’ ‘gf the

met hod. hepaiddédivid ersecaidh@seliporgpiridofiadhley miRing0GERUAN #Mecod! Midn@Or tion of
pol yam de and/or.. one or_nore additjonal conponents, is added via a first

port andSHFHQRSiRifar £o the, fgst mixing section; | 4 wondiepiye sarben blackeoptisingpin s
typi cal | Yombia@hef Yith"Bddifidtal Pt adiidd, ik Byl | % | yakdg and a
concentrat e conpr | si ng _.cond?gg(i véé%ﬁg%ﬁé%ﬁ%c%ﬁgﬁgf%égﬁ%r%gghﬁgt hen
added viBixing esotrd ineedipot tmixigdsection tdesigned Xom intase Udispordiva nsigimgnd ni xing -
section ﬁitmi o E:cqﬁt ge first EFI n&.s&gtéj on. Additiaon of the polyam de.
and t he 2ORAELTPAIGE BATTE ATe ot shows i the Sty cpystignglymethods typically

require a total of at least 12 barrels in the extruder and a screw length to diameter ratio

of at least 40. The ratio of screw length to diameter is a measure of the compactness

of an extruder design, with lower values corresponding to a more compact design.

Figure 2 is a simplified diagram illdstréting an extruder suitable for use in a
first embodiment of the method. A poly(arylene ether), optionally in combination
with a portion of polyamide and/or one or more additional components, is added via a
first port and mixed in a first mixing section composed of screw elements typically
used for melting and distributive mixing. A polyamide is then added via a second
feedport, and further mixing occurs in a second mixing section similar to the first
inixing— section. A concentrate comprising conductive carbon black an(f polyamide is

~ added in a third feedport and further mixing occurs in a third mixing section designed
for only moderate distributive mixing. Addition of the conductive carbon black as a
concentrate in polyamide enables the third mixing section to be shortened compared
to the third mixing section in Figure 1. The extruder can therefore use 11 or fewer
‘barrels and have a screw length to diameter ratio less than 38. ' An extruder with as
few as 9 barrels and/or a screw length to diameter ratio of around 26 may be used in

this embodiment.




allows the elimnation of the third feed port and the third m xi ng section
shown in Figure 1. Addition of the conductive carbon black as a '
concentrate also reduces the mxing required after all;ceiReReMdgshave
been added. An extruder with as fewas 7 barrels and/or a screw length to
dianeter ratio of around 20 may be used in this enbodi nent. Extruders

sui table for performng the method are known in the art and comercially.
avai lable from for exanple, Wrner & Pfleiderer. Suitable extruders may
i ncl udé so-cal |l ed super-conpoundi ng extruders, which are characterized by

extra deep sgLeWS: : Jh ' rticul ar |imtation.on the design of the

i ndi vi dual m§ ng Yy gg{en?ﬁﬁséedgcﬂ?#% ltlalg‘%n#%nﬁgme?xéwgfiﬁ%u"iaﬁ@l BHE5® 1o exanpl e,
M Xi ng edeeomhémbatimeacsf the metiel. SAgfoly amine etiah)e opfloraflgiidlcomnBlnafivh Pi NY |
relation 'thin.th%_eE}ru er parrel and configured to w pe one_another and
the cyl i‘ﬂ@é?‘ PREIGNOT Potyaud IddPRePrase afditiopd] cponentszspadded viaa xi ng
el enent gl i b | : ' ' . t . Nos.

3. To5, sent borf SR llded o Pasc}ate 8305 35kpRE S b sichRhboichly: g

el ement susedh fui meltingend distrifintiye nikam. wh eobiamidenmd Dhpceitrat@pangtkings _
descri bed i,n U. S. . Patgnt . 116,770, to Kiani, et al.; and the various

m xi ng Soadusive gehony ﬁﬂ‘é‘ﬁaﬁl’\‘lﬁ p?ﬁ%‘?"‘%:%ﬂ?eth?n ,que@,wg@s%gd derdpatinaittaal . The
met hod rapthett tlxidE ocoiys 04 YRR nERRIgEBRon simie 1§ Ble 'i?é xéc%ﬁ. et her)

i ncl udes pol yphenyl ene ether (PPE). "and poly(arylene ether)” copolyners;
graft c@%ﬁﬁ‘%ﬁf@e polyginisieyandnthe ccondudtivet ¢esreritatrotee the; seeordl Fledglorcopol yner s

ot ner) . ey TR B bR B HE e, Yol oyl s i BB G P e oo < g ot

| east orRigwt It hedditiosg6ilrgondieliviehRrdnkislack R0h YéelitBals8tB@Icks fIRSi ns are

known pol yoers c.orrprém g a plurality of structural wunits. of the formula
rQe Q GMXEE r@lulred after all components have been added. An extruder with as few as 7

barrels and/or a screw length to diameter ratio of around 20 may be used in this

embodiment.

_ Extruders suitable for performing the method are known in the art. and
commercially available from, for example, Werer & Pfleiderer. Suitable extruders
~ may include so-called super-compounding extruders, which are characterized by extra

deep screws.

‘There is no particular limitation on the design of the individual mixing
elements. Suitable mixing elements include, for example, mixing elements on each of -
the shafts which are in radial interwiping relation within the extruder barrel and
configured to wipe one-a_nother and the cylinder walls, as described in U.S. Patent No.
4,752,135; mixing element disks having mixing wings as described in U.S. Patent
Nos. 3,195,868 to Loomans et al. and 5,593,227 to Scheuring et al.; mixing elements
having two opposing lobes wherein one lobelis tapefed, as described in U.S. Patent
No. 6,116,770 to Kiani et al.; and the various mixing elements described in U.S.
Patent No. 5,932,159 to Rauwendaal. |

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

aromatic compounds, vinyl aromatic compounds, and poly(arylene ether), and the
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wherein for each structural unit, each QL is independently hal ogen, primary
or secondary Cl-Cg al kyl, phenyl, C-C8 hal oal kyl, CI-C8 am noal kyl, CI-Cg
hydr ocar bonoxy, or C2-C8 hal ohydrocarbonoxy wherein at |£astenipapPrdir bon
atons. separate the hal ogen and oxygen atons; and each (2 is 1 ndependently
hydr ogen, ‘hal ogen, primary or secondary Cl-C8 al kyl, phenyl, C-C8
hal oal kyl, CI-C8 am noal kyl, Cl-C8 hydrocarbonoxy, or C2-C8

hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons. Preferably, each QL is alkyl O phenyl, especially C -4
al kyl, apg..e §.S:l ndent |y hydrogen .0 t hyl . Both hopppol ynmer
and. copo yn§§P5§¥$%§P9$£§§%£ﬁ‘8 )M}g%ghgg%Fﬁiiﬁgﬁﬁﬁéﬁﬁafﬁﬂeﬂﬁr Kerred
honopol yRelyriese tiheseresiasnatd khovgin SobyrflbrsRbmpkiBiag Y pRPRItE T rubfdidiS -

Sui t abl e coeﬁ#KnFrs {nclude random copol ynmers conprising such units in
_conbi nat YK Hithhiosm8lag_ ¢ i net hyl - 1, 4- phenyl ene ether units, which nmay be
derived from for exanple, copolynerization of 2,6-dinethylphenol wth
2,3,6- trinmethyl phenol. Al so ineluded are poly(aryl ene ether) resins
containing noieties prepared by afting.yi nyl Inononmers or polynmers such
‘as pol ystyrenes, as well as cqup \ he ether) resins in which
coupling agents such as | ow nollecular eI pl ycar bonat es, qui nones,

het erocycl es and formals under o r¢ ' [ bwn manner with the hydroxy
groups of two poly(arylene ether) Huce a hi gher nol ecul ar

viei ght. pol ynmer. Pol y(aryl ene ef ne present invention further
i ncl ude conbi nati ons of any of Decenber 2006 The
poly(aryl ene ether) generally 2 nge nol ecul ar wei ght  of
about 3,000 to-about 40,000 atpm g nass Wnjts (AMJ) and a wei ght average:
nol ecul'ar wei ght of about 20, 0p0Q 0 aboutQ80, 00p AMJ, as det er ni ned by gel
permeati on chromat ography. The'pol y(aryl ene ether) generally nay have an
intrinsic viscosity of about 0.2 to about 0.6 deciliters per gram (dUg) as

- nmeasur eq, i .:., CRL.O 25C. Wihiwm this ra e intrinsic viscosity
may pr e]g”elkeg%fly Eeéagfﬁo%u?c%%oﬁ?ﬁ’o%hd l.lsﬂngfp%agﬁbnhinﬂg%mr%@? $the
i ntri nsisecondagosCi-¢s malkyhr phesiyp! €08 daloall§BStCabP Uimbodlkylac,ld, 1 s al so

possi bl o utilize a high. i rinsic viscosit oly(aryl ené
he ' %y&rocartbonoxy, or é] -83 halr(.l)ilydrocarbonoxy whereﬁ/l ‘Et lezs(t tw% carbon atoms

separate the halogen and oxygen atoms; and each Q? is independently hydrogen,
halogen, primary or secondary C;-Cg alkyl, phenyl, C;-C;z haloalkyl, C;-C;
aminoaltkyl, C{-Cg hydrocarbonoxy, or Cp-Cj halohydrocarbonoxy wherein at least
two carbon atoms separate the halogen and oxygen atoms. Preferably, each Qi is alkyl

or phenyl, especially C;4 alkyl, and each Q% is independently hydrogen or methyl.

Both homopolymer and copolymer poly(arylene ether) resins are included.

The preferred homopolymers are those comprising 2,6-dimethylphenylene ether units.

Suitable copolymers include random copolymers comprising such units in

combination with 2,3,6-trimethyl-1,4-phenylene ether units, which may be derived

from, for example, copolymerization of 2,6-dimethylphenol with 2,3,6-

trimethylphenol. Also included are poly(arylene ether) resins containing moieties

prepared by grafting vinyl monomers or polymers such as polystyrenes, as well as

- coupled poly(arylene ether) resins in which coupling agents such as low molecular
weight polycarbonates, quinones, heterocycles and formals undergo reaction in known

‘manner with the hydroxy groups of two poly(arylene cther) chains to produce a higher
molecular weight polymer. Poly(arylene ether) resins of the present invention further

include combinations of any of the above.
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ether) and a low intrinsic viscosity poly(arylene ether) in conbination.
Determ ning an exact ratio, when two intrinsic viscosities are used w | |

depend on the exact intrinsic viscosities of the pol y(ggﬁ[?&%%epg

resins used and the ultimate physical properties desired. The po (arylene
ether) resins are typically prepared by the oxidative coupling of at |east
~one nonohydr oxyaromati c conpound such as 2, 6-xyl enol or

2,3,6-trinethyl phenol. Catal yst systens are generally enpl oyed for such
coupling; they typically contain at Ieast one heavy netal conmpound such as

~a copper, man aII I n co atiqoqn with
vari ggs ot her %@?’% %‘?femg%xﬁ%#pg&%mﬂgf cat%ﬂr@ V?%%H}? FEE A or
pr epar i ngbgi] &Qﬁﬁartyl et et0(00s avidc dass’ Hed (ANU aeW@{teav gg Pat ent

No 3,306,874, .306, 4266and40831toHa, at ent
No: 3, Zgifﬂicgf;ﬁa‘ﬁﬂgé ?g‘?g%‘g@(?é 0sito, ket 89,009 S*Mﬁat@ndew);undd by1ge00 and
4, 038, 343einta I 42 115 t t.

5 25, dpelaRalionnbiatoaiohd: The Yoarying Bellundu dfuak it S MIRHRL By oy

No. 4, 8OBiSETHMYtof abwmitt @2eto abqutE&ﬁo#@mlneﬁapﬁngraﬁrpqhuggitdsomeh@re&!}g 074 A2
to Kavvak ] n_ Pat )l i cati.on No. 627,466 A2 to
" Canpbel | bItlaltgltoa?&ﬂ zgr% tgcﬁgﬁ"f‘%&%ﬁf %d?@ggm%%%ﬂwwfqr@y Rgupde many
pu_rposesabmnlolﬂjeughqsm vitlah 16i6 VR ﬁ?sqlermhﬁﬁw \%cotgﬁjvg{hg, a;?rtef zﬂﬁg%e%e

ra

am noal k ﬁ ?)t @,L/g dpgr oup am noal kyl prcally

| ocat ed {€AStaRC Bodi ﬁPP?,ﬂlldP tosetilizs atigh htymhsuxyxsctgrtppply(d?ybduct s

cont ai Ni QeI Y6 2959 H-RY; by .| nco ating an. appropriate

pri mary oreIZeconggér;y nong'%%émgg I&P@ q‘H %l]ﬂ 9‘?‘3 Oler%FﬁWI anm ne as

one of t#re exavhgatid, ekrns tvod zmthasmmmnw aBOWuRdd, REill" &3fchil Y EE} :H{(;, Al so
tain

' frequentl resent.are 4-h ybi phenyl end groups, typ| cal ed
Cfrom . 7 BB HROsites 96 dhe %‘5{8@&7‘6&9 filgDredns ppedwidcthealyater pl@(smal

di phenogsiopaties désir@i.esent, especially in a copper-halide-secondary or
tertiary am ne system A substant ial proportion of the polyner nolecul es,
typically constituting as nuch as about 90% by wei ght of the polyner, may
contain at | ebstpob{arylme etheraiesing ateldypicalbngrapared by drebxidatiie ooy phenyl

end gr Ollﬁs -at_ least one monohydroxyaromatic compound such as 2,6-xylenol or

23 ,6-trimethylphenol. Catalyst systems are generally employed for such coupling;

they typically contain at least one heavy metal compound such as a copper, manganese

or cobalt compound, usually in combination with various other materials. Exarﬁples

| of catalyst systems and methods for preparing polyphenylene ethers are described in,

for example, U.S. Patent Nos. 3,306,874, 3,306,875, 3,914,266 and 4,028,341 to Hay;

- U.S. Patent Nos. 3,257,357 and 3,257,358 to Stamatoff: U.S. Patent No. '4,0'11,200

.7 and 4,038,343 to Yonemitsu et al.; U.S. Patent No. 4,742,115 to Mawatari et al.; US.

) Patent Nos. 4,806,297 and 4,935,472 to Brown et al.; U.S. Patent No. 4,806,602 to

White et al; European Patent Application No. 153,074 A2 to Kawaki et al.; and
European Patent Application No. 627,466 A2 to Campbell et al. |

Particularly useful poly(arylene ether) resins for many purposes inciude those
that comprise molecules having at least one aminoalkyl-contaiﬁjng end group. The
aminoalkyl radical is typically located in an ortho position relative to the hydroxy

- group.  Products containing such end groups may be obtained by incorporéting an
appropriate primary or secondary monoamine such as di-n-butylamine or
dimethylamine as one of the constituents of the oxidative coupling reaction mixture.

Also frequently present are 4-hydroxybiphenyl end groups, typically obtained from
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The net hod conprises addi ng about 20 to about 70 parts by weight 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 parts

by wei ght, nore preferably at |east about 30 parts by 6@% eﬁog)g Wi t hin

this range, it may be preferred to use a poly(aryl ene et her) amount of wup

to about 60 parts by weight, nore preferably up to about 50 parts by

wei ght. The nmethod may utilize any poI yam de as the first polyamde, the
The first polyam de, the second

second ol yam d and t.h m de.

pol yani dgea % mi 'i?s t"PnVY}Helb&niVaPﬁo \éCt Qheé‘é‘l‘ﬂlﬁ'énf'stﬁnﬁfeé?m:d?%?@ﬂlbhtﬂ drom each
th co r i ructural

ot her. tﬁﬁ@bh&ﬁlde%&diﬂﬁiﬂﬁls térﬁ%éuegﬁngclgﬁgﬂer gp%dbgaﬂﬂal &IUOH bf Sth

uni ts of formila NHFR - NH and are 1n %pendent I y
C2- C12 apdymenwmolerylss.ceypicaliymphgituipig p@hmmasamoanyowsy Vet \Of thél

conduct i npQ inclu for ex m de-4, 6, pol yam de-6,
pol yani o%qgﬁgr [%? a?‘r?% iny gt gegftya?r‘i‘ede(’?ngﬂ‘ p&ﬁv%‘%@@é CBH@““%I i de- 6, 4,
pol yam dehﬁdmiﬁnpmglz ¢l grapsde- 6, 12, as  wel | as pol yanm des prepared from
-terephthalic acr d and/ or isophthalic acid and trinethyl hexanethyl ene

di am ne, poly @1 gr epared fromadipic acid and neta xylyl enedi am nes,
. pol yani des pr o r@iﬁ%?%ﬁ@dlgglaboﬁnlﬂ &r amléﬁél parwcb:d vapight of the

2, 2-bi S-ﬂdj)j-,( | L s resulting
from caonbi natéhgﬁg&gﬁhﬁgg%osﬁ?%g a&@mn tﬁ{Ssrop%f i IP% %?5‘?’8 Pfﬁ c acids
with hwmfﬂ(tam‘t@mhd} WD VA, ofsatrimastabtﬁm ab |paﬂ§bp@+d%m d@se prefpalgs; from

| ene_ di am ne and.

1 ht ' ht d d h t
o et ny Heb bl ey Pl Ao a‘iirlaﬁﬁﬁigmeeﬁitﬁ@y B areaed ormseer epht hal i ¢
aci d an%olﬁa@ﬁn@%ﬁ@ﬁjﬁﬁﬁo@t@%@ up‘ko‘bbo&’t' P r}ﬁ&% ﬁggﬂﬁ%ﬁgx% %{I xtures

and/ or copolyners of two or nore of egorng pol al so be
used. | tabpat 3 pagts baeightood t hat use of the term "pol yam de" includes the
t oughened or super tough pol yam des. Super tough pol yam des or super tough

nylons, as tg‘ﬂét gd nguﬁﬁ%r& )f)oi( A 2P 4R ?rs%l o?)l?alrr%dgotﬂgesregoin%l 'y, e,

fromE. |.
polyamide, and the third polyamide. The first polyamide, the second polyamide, and

the third polyamide may be the same or different from each other. Suitable

polyamides include those comprising repeating structural units of the formula
-NH-R'-NH-CO-R2-CO-
wherein R' and R? are independently C,-C; alkylene.

Typical examples of polyamides (nylons) useful in conductive compositions

include, for example, polyamide-4,6, polyamide-6, polyamide-6,6, polyamide-11,

- polyamide-12, polyamide-6,3, polyamide-6.4, polyamide-6,10, and palYarrlide—6,l2, as
well as polyamides prepared from 'terephthalic acid and/or iseophthalic acid and

txir_nethyl hexamethylene diamine, polyamides prcpered from adipic acid and meta

xylylenediamines, polyamides prepared from adipic acid and/or azelaic acid and

' 2,2-bis-(p-aminocyclohexyl)propane, semi-cr)rstalline polyamides resulting from
'combinations  of terephthalic and/or isophthalic and/or adipic .acids with
hexamethylene diamine, semi-crystalline polyamides prepared from terephthalic

and/or isophthalic acids and hexamethylene diamine and 2-methyl pentamethylene

diamine, and  polyamides  prepared from terephthalic ~ acid and




t he tradenane ZYTEL(r) ST, or nmay be prepared according to nethods
described in, for exanple, U 'S. Patent Nos. 4,174,358 to Epstein,
4,474,927 to Novak, 4,346,194 to Roura, and 4,251, 644 {onJoffiris These
super tough nylons are prepared by blending one or noré péiyanm es wth
one or nore polyneric or copolyneric elastoneric toughening agents.
Sui t abl e tougheni ng agents are disclosed in the above-identified U S
patents, as well as in U S. Patent Nos. 3,884,882 to Caywood, Jr., and

4,147,740 ,to Swiger; and Gallucci et al., "Preparation and Reactions of
Epoxy- Mot T"gﬂmn%ﬁiﬁé!‘ﬁwwﬂ}aﬂsz Mpsres pa/gr capglymery@f two or myre of25- 437

(1982). Tﬂ@foi?%ta!)r%gpotly'ﬁﬁﬁesﬁh?ﬂ%@ s, pol ymers and copol ynmers may be

strai ght cha branched as we as graft polymers and copol yners,

i ncludi ng core-shell graft copolyners, and they are characterized as

havi ng i ncor priatalse underséiad thatt yserofithe eop Spylyemidedtindadesthdipughientd i ng  on
the prefarned pol yner, a nongner having functional and/or active or highly
polar gr 55‘1‘3‘?%5 u%’a%oa{%?rﬁldﬁ‘ SﬁPgrtgﬂéﬁ P\‘gy i S%Rfﬁé?‘fgl?duil‘ﬁlst #eths¥| yam de
matrix saredsodeConBRGIEN tkaowvhLark QuaIBESSonttherlciByPOLY HEIE 1 PAIPSAE ndel N @

preferred enmbodiment, the first polyam de, thé second pol yam de, and the
third pofffdidgaarae &Y THIR Sdn9e may\bequepared acoondipgm s tetheds desicsibed we- 6, 6, or

I Xt q | X f.er . e [ . the ol yam de
conpr 1 serdt SARPRAS, Phudhe Mol Yt Gl AL B0 el 08088 o7 2"
enbodi meRbyral ired 4,851,844 poloffiitnd Ttessipes Rhgh ayivasa@erépabed ByblandMgef erred

enbodi nent, at | east a .gortion of the poly(arylene ether) and the first
ol yam o8 af e HOLAIGEs pity e oMo Polyiciey o SeposBRGeasigianeic

et her) / pRluRHSE 2 LA OS hitibed ;ougeerﬂ%%%&w & didRRUE i heoBloBRi LA NC.
manuf acturing a non-conductiVvée po ryl ene ether)/ pol yam de conposition
may be ubed patents, soweld @s of U.S. PetepbNys. 3884882 totCagwpodyJd, hinkb4 147,340

pol yam dg. Such. a re | ed sourcg, may account_ 9.15 nmber 2006 for up
to aboutFosé%firg fpd p@%@‘éﬁﬁ %ffﬂt’ hﬁ’@%@}t"é‘r ﬁ@r%ea@f“ﬂ@r )[))F;EEP&X&'E}’I%Q%OM 100
vei ght  peslgehylead”, Unetppi.r Bélypoky avdldey, Ep.ez;zmwmlm?.ﬁ ;T@?‘?E?’dﬁl‘i"w 0to

about 20 parts by weight of the first polyamde to feed port.
W t hi n t flpgomesigolymersvagd pepabyraers maycbe graight chaini emsbranched as well as

graft polymers and copolymers, including core-shell graft copolymers, and they are
_ charaéterized as having incorporated therein either by copolymerization or by grafting
on the prcforined polymer, 2 monomer having functional and/or active or highly polar
groupings capable of interacting with or adhering to the polyamide matrix so as to

enhance the toughness of the polyamide polymer.

In a preferred embodiment, the first polyamide, the second polyamide, and the

third polyamide each independently comprise polyamide-6, polyamide-6,6, or a
mixture thereof. In a highly preferred embodiment, the second polyamide comprises

* polyamide-6 and polyamide-6,6. In another highly preferred embodiment, the third

polyamide comprises polyamide-6,6.

In a preferred embodiment, at least a portion of the poly(arylene ether) and the
first polyamide may be pfovided in the form of a recycled poly(arylene
ether)/polyamide composition. In particular, recycled scrap from the manufacturing a
non-conductive poly(arylene ether)/polyamide composition may be used as a source of

the poly(arylene ether) and the first polyamide. Such a recycled source may account




pol yam de anmpunt of up to about 10 parts by weight, nore preferably up to
about 5 parts by weight. The method conprises adding about 20 to about 75
parts by weight of the second polyanmide to the second { SLeH{E’éIZOOWth' n
-~ this range, it may be preferred to use a second pol yam de anount 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 second
pol yam de anmount of up to about 60 parts by wei ght, ml;re ngfera?l ybup to
50 parts by wepght, yet nore_preferably up to about parts by
agiogtht . f%e“‘?‘rz‘f ﬁ%ﬁ“tc%(ﬂmgéfe‘a‘@ﬂﬁ ﬂﬁ?l’teop‘é‘Y(WIP@P e gndrep &F abows Hl@;)r u?eg t
it 5 i : Lght of a concentrate conprising abou o]
Zggﬂt 25%%“3 %E%@élgﬁﬁkg?a coﬁguctive carbon bl ack and about 75 to about
97 wei ght percent of a third pol yam de, where wei ght percents of the
conducti ve cafberme¢thed compriseshadding idto pboyta dmrtar’cg bai%}ad ogrthc_t fﬁ??tt ggalt e
' ' N acks inclu
having aRolBiEdd eIy s, BHEE 45T Rieeects st GopoharB e ter & i
pr ef er abpylyhaite dofcamt aBoptto hOGutNO paFRISy wagﬁE%&@lp\‘efEﬁﬁgrﬁ NPyt 50 nm
Preferred cqonductjve car Eon bl acks may "have a surface area greater than
" about . ZOEa“sgdlYa‘f"égh%ter per gram (n2/g), preferably greater than about 400
n2/ g, yet nore preferably greater than about 1000 nR/g. grgfea_redt I :
i I uge i buty
 phthalate. abuny mePaRlbomies MaNRe MeBAC 20 48 085 5 PAMH Y PR hundr e
eseRond) idsrtefthe atvopd oet.  Within atie ddngé 01 neyH el SO fbrred Qs €
| S;Z;Tgrgbl rgg?m:uﬁlan abou%1 %ﬁqﬁ an()lOO . Exer%pl ary conductive carbon
blacks | REAREOH ROl ls oRquat RF atderihabeuitaAS Bar i WaBMemeropResthlybi an
Chem cal & lesReigboukt BO pafta B9 viRAgR A@%‘E%&Lﬁg& Iﬂgn%p@% éjﬁﬁpe%r 1@6?{%& avai |l abl e

from Chevron Chemical, under the trade nanes S. Ctive
Fur nace)Seserdl polampide(qneu of ap o abiowtt 60/ parts—by marigh),; mofeepreferddbnuplacks

avai'l abl Lon under the trade n s 10 15 December 2006
VUL CAN( r?)oyéazi, %@%ﬁgé%gﬁ&gﬁ@ytw O@h?’%o‘ﬁ pﬁ%ggﬁévetgg'ﬁﬂ‘rer cially

avail able from Akzo Co. Ltd under the trade nanes KETJEN BLACK(r) EC 300,
EC The method comprises adding to a third feed port of the extruder about 5 to

about 40 parts by vfreight of a concentrate comprising about 3 to about 25 weight
‘percentqof a conductive carbon black and about 75 to about 97 weight percent of a
third polyamide, where weight percents of the conductive carbon black and the third

polyamide are based on the total weight of the concentrate.

Preferred conductive carbon blacks include those having an average particle
size less than about 200 nanometers (nm), preferably less than about 100 nm, more
preferably less than about 50 nm. Preferred conductive carbon blacks may have a
surface area greater than about 200 square meter per gram (m%g), preferably greater
than about 400 mzlg, yet more preferably greater than about 1000 mzlg. Preferred
conductive carbon blacks may have a pore volume (measured by dibutyl phthalate
absorption) greater than about 40 cubic centimeters per hundred grams {cm’/100g),
preferably greater than about 100 cm*/100g, more preferably greater than about ISb
cm’/100g. Exemplary conductive carbon blacks include the carbon black
commercially available from Columbian Chemicals & under the trade pame
CONDUCTEX®);, the acetylene black available from Chevron Chemical, under the
trade names S.C.F. (Super Conductive Furnace) and E.C.F. (Electric Conductive

Furnace); the carbon blacks available from Cabot Corporation under the trade names
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~ Wthin this range,

600, and 600 JD. The conductive carbon black may be used in an anmount of
about 0.5 to about 5 weight percent, based on the total weight of the
conposition. Wthin this range, it nay be preferred touy?&:gm%p Sehsct i ve
carbon bl ack anpbunt of at |east about .1.0 weight percén nore preferably
at | east about 1.5 weight percent. Also within this range, it may be
preferred to use a carbon black amobunt of up to about 4 weight percent,

- nore preferably up to about 3 weight percent, even nore preferably up to

about 2 vveﬁg: ercent, still rmre referably up to about 1.8 wei ght
per cent . VERECANRC &6t 12at XCARY ; atslitthe qagbaab blacks Gomasiagtiallper cent  of

Winin et 2 R Co, Eﬁﬁﬁ"de erre&%use AN BRI 5 R Ll e

anmount 060(] ead 60 HOUThe comht;@srﬁcaﬂﬁmjﬂmtk méY BOuwdlii bfl albingt of ab@R.0.5t My be
preferred e a,conductjve_carpon black ampunt of up to about 13 wei ght

percent . QHBSW(?&W peicentypgsed omshe tatalapelght ¢ipthe sompesifion sWikhiny s per cent
of Lhe Uil it MRl Y8 Prlemedased aOébntih&u{ipéa%ome%:ﬁeﬁné ‘o2 e efpRuf at e

Wthin this range, it may b referred to use a anount of
| east abbﬂt”e@ltmcgm mpatlrefwtablyﬁatslmst ghauibil 15 whight peacege, Alsbwm;/nﬂm pr ef erred

.to 'use mount of bout g ercen
addi t i Oﬂrar[t% ﬂnﬁé’ o‘%dﬁ‘b?‘i RaPEch°Hi Hg‘&&’?aa?%oa‘??f@t |‘}Pdt°p‘?|1’|°§}gﬂ1 ‘H@‘ghtt he

~ concent res@nfBoreOfbicRibd) b Y to fabhth® et el At, 2veh SRRE pheddtallytp Ui tabl e
di'spersing aids include the water-insoluble s nthetrc resins épnnercrally

avai | abl30Hs? Weight pageniptid, meepvdyeairzrpr tp aboetnk. Pufeighhparceit! oy. When
~present, the dispersing . aids may be present in an anount of about 0.1 to

about 20 wei gfe E&‘i&ﬁﬂ&t& spersrnﬁﬂmet b 04 q xleoughio ofeégthgg?e%gnge;ﬁ rate.

Arount may pre | east

" about | omdrgdﬁtvep:ex!merhiaclqrbagdmmﬁ;ertahl Wavghtl(ﬁaﬁé cadietifrate. Witﬂhtthjspel’ cent.

Also within this n he di sper nou may preferably be up to
about 15%%%% Jr 3@@ ﬁ ”edntﬁr‘@e cé’Pa aﬂﬂprt'eiaﬁwr}@mi@ \l\%‘ﬁb?ﬁo‘%@r cent . In
a_pr ef eryaghtgRRA. RS w1ﬁ1h€ﬂxi’§%ﬁ§léj ity Ot 265 S to
about 26 p%r ts by weight of an inpact !l;ﬁrfer er tot he&?lr r‘gg’ef ee port .
W t hi n bick ampunt gf tuet@@hbretrwmeht percent.
The concentrate may comprise about 80 to about 95 weight percent of the third

polyamide, based on the total weight of the concentrate. Within this range, it may be

preferred to use a third polyamide amount of least about 87 weight percent. Also

within this range, it may be preferred to use a third polyamide amount of up to about

93 weight percent.

In addition to the conductive carbon black and the third polyamide, the
concentrate may, optionally, further comprise a dispersing aid. Suitable dispersing
aids include the water-insoluble synthetic resins commercially available as, for
example, POLYOXYTER® from PolyChem Alloy. When present, the dispersing .
aids may be present in an amount of about 0.1 to about 20 weight percent, based on
the fotal weight of the concentrate, Within this range, the dispersing aid amount may
preferably be at least about 1 weight percent, more preferably at least about 2 tveight
percent. Also within this range, the dispersing aid amount may preferably be up to

about 15 weight percent, more preferably up to about 10 weight percent.

In a preferred embodiment, the method further comprises adding about 1 to
about 26 parts by weight of an impact modifier to the first feed port. Within this
| 1 |




range, it may be preferred to use an inpact nodifier amount of at | east
about 3 parts by weight, nore preferably at |east about 5 parts by weight,
still nore preferably at |east about 10 parts by wei ghfspAl.gRMdoRi N this
range, it may be preferred to use an inpact nodifier anount of up to about
22 parts by weight, nore preferably up to about 20 parts by weight, still
nore preferably up to about 18 parts by weight. Suitable inpact nodifiers
i nclude natural and synthetic el astoneric polyners, including the

0ol ' ' , | | ef i . 0. I ,

P oy ! entieh 3R b G d (U RIS AR AREWA o Rfetoit Mber s

(e.g., byyright, ant pefehablyret lydi sbhytef ehrts b9didal /il Mot prfdibly at

but adl enf’reé ﬁogrg&e, nd C Iorgpre_ne,), and vinylic carboxylic acids a_nd

their delP¥d0PYe P%ITSS‘?X wEigh | Al eyishin this sanag) it saydhegprefemeditasrg i ¢ aci ds,
| kyl I I .

al kyl acighRl Rodsik hRsunlBE ! to Ablou! ?% %aﬁ%l}néy\lvpeg yhekébfi‘(g rﬁé@%ﬁ@pﬁ%% as

net hyl nmet'hacryl ate, and acrylonitri . Ion cts
i ncl ude #hwb 6l yartsr by avedghtasialdbmorb| preferablpdipato iomeK8 gares by vagightcor e- shel |

copol yne wmell a nbi.nati,ons thereqf. Particularly ef ul act
modi 1 er Suabls fipact. Bodifiely dugpds ek aad. ppibeticockstomslie| pReSor  al kenyl
ar omat i CincRdR@UME podyiseratibiy §ridasks Hroeh RIFRRIES olcBRS¢E b @ les, of

the al kenyl aromatic conmpounds include styrene, p-nethylstyréne,

‘al pha- meRRpylers; r &hutengi and xd:mefhwk1-pentepe), oalkenydasomatin ynpagherh alemes,

di vinyl b : t the ik d
Conbi nats Bene 54 ATRARLGRAS, SHET R TR s, Bld®aiRbtse Homat i ¢
| cpnp?) ;Jnlctﬁﬂorﬁj)rehh)egﬂd _vitg}iixcrcﬁl rixyld phids ARd ][wéiﬁ Hgﬁﬁﬁ@;ash Eb.%t?fvhﬁyl %Ilgétét@,ne,

. vinyl tol uenes, and.vin enes are preferred, with sftyrene bei ng nore
" opr e?‘/er r e*H’.rﬁ@péﬁ‘I Iaékﬂ?é}ﬁl}p(ﬂy @sidss aﬁﬁ’é ‘t‘?gﬂ?‘iﬁ@af’t“éhl adivgthyli %@W@&‘e __ﬂikylg

1, 3- but adi@RGylads TR ot AL AR, of SAAIRLINY! Py SpbUbAALENS L 3

pent adi ene, and the ) erred afong themare 1 I'ene and

2- met hy|predigts ingludd bemepolfinerscod raglate blatkemdiab block serafyaddecopashellal | y or
entirely_ hydrogenate reupon they nmay be represented as containing

pol yol ef(IORX%P’(? ggwEﬁgﬂ%c\r’}'g@n tfd%ﬂ?@r d A-B-A bl ock copal ymers include
styrene-but adi ene di bl ock copol yners, styrene-(ethyl ene-propylene) diblock
copol yners, dtayticulaly usefol dpacti hlodofere GRAILYEBAB (diblock) and A-B-A

al pha- net iyl st yr ene- but adi.ene di bl ock copol yners, i ]
st yrene-(Hﬂﬁ%"iq5 eRPXYeran et + dlkenvh crromstie| gorapaynds and conjugated diene

- styrene-bilipBuh BN s geking! &afbles! o BB Sikenyl 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 preférred. 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-butadienc 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—butadiéne
diblock copolymers, styrene-(ethylene-propylene) diblock copolymers, styrene-
isoprene diblock copolymers, alpha-methylstyrene-butadiene diblock copolymers,

- styrene-butadiene-styrene triblock copolymers, styrene-(cthylene-butylene)-styrene
driblock  copolymers, styrene-isoprene-styrene triblock  copolymers, alpha-
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triblock copolynmers, styrene-isoprene-styrene triblock copolyners, alpha-
12 15 Decenber 2006 nethyl styrene-butadi ene-al pha-nethyl styrene tri bl ock

: : . s he
copolynmers, and the like, and conbinations conpri sing | east e of t
foPegoi ng i nmpact nodifiers. The A-B and A-B-A block co o]i)f/cr%li’gr may
preferably have a glass transition tenperature (Tg) |less than about -20C,
nore preferably |ess than about -40C. . Such A-B and A-B-A block copolyners

are avail able commercially as, for exaanF, theh _ ene cantent of
tyrene- 5 AN} di _ . r ving a
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K o . tyr obet Ryl.enes but yl.ene) - st yrene
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Cooe. aval Lable unler Cho tadenan S BHENE ) f rob CRARRPRITAES (e
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di fi a8ttt o%ﬁf . s,
.gyl blee\rf\%éﬁrﬁagfraggrt i aIKIr%%ﬁg’ut ra rlgiaée; wy(zﬁ@;?gﬂﬂf E)Hr?ssgg?‘}.]&(e&gzeé'r@a! , the
O bor S ar e i in62% CSle Thatt b 30 anigly gl one o
I r r.u ry. cor , C ‘
'f 'LgEZohrﬁéﬁgaﬁﬁeF‘?@e?@t%nF H’éﬂ’g’éﬁ @%Qm& 91§ﬁ§/ (Slﬂel éB’F?ﬂer(@ﬁ wisieners al one
or in coprbpyleid)aliblodk chpdliher avdilaile £EH K TASy a@tsfﬁfrc?]%afdol i T S

include the above-described types containing units having polar "groups or
" active fSifeRs-sHaengriduene)styronst fritdeck avprdphérarmeilsblp dromelerasmychs as

Thi okol ysul £ 1 ber bb r I _t*her r ubber
(e.qg., p% ypro%y er?_e?ﬁ_lgxélréfgﬁépgﬁi %h?%ﬁghéﬁﬁgfﬂ%bebﬁe@%yl%ﬁeg%?)f\gfglrene
rubber , Hédr ogplasdrs inglodey doteavailabit Qs She th®iARR! SOLPRERERE oS!

the |i as, wel| as mxtures conprising any one of the

. and e,
1? L?Z;grﬁi&iﬂ%gﬁ%‘?lsww Pﬁ‘ieémee‘aa(l%%ﬁéfﬁqw‘@ﬁqfﬁ egefe t hose sol d under the
trade nane SURLYN(r) by DuPont.
: Also suitable as impact modifiers are core-shell type graft ‘copolymers and

ionomer resins, which may be wholly or partially neutralized with metal ions. In
general, the core-shell type graft copolymers have a predominantly conjugated diene
or crosslinked acrylate ribbery core and one or more shells polymeﬁzed thereon and
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, tﬁermoplastic 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 |




A conbi nation of two or nore of the above described inpact nodifiers may be
used. I n one enbodi nent, the conposition conprises about 2 to about 26
parts by.- weight of an inpact nodifier selected from’thgslgrce egﬁ&glstlng
styrene- (et hyl ene- butyl ene)-styrene triblock copol yner
styrene- (et hyl ene-propyl ene) diblock 13 15 Decenber 2006 copol yners, and
conbi nations conprising at |east one of the foregoing inpact nodifiers. In
one enbodi nent, the inpact nodifier conprises a styrene- (ethylene-

but yl ene e I Lene: t | ene
DU el Beeohd | BB S IBne RS (B ERSe BRI
st yr ene- fobdifedi. ene- but yI ene) - st yrene tr| bl ock copol yner, a nal ei c

anhydri de-grafted ethylene propyl ene- di ene-monomer copol yner, an

et hyl ene-propyl ene r t.he like, or a conbination conprising at .
| east one of %hé’“f’o‘r’rg ’Hﬁm n‘[i%\c‘inp?r?fqudéﬁ‘? cqrﬂplaseg,reefsgrre@c(egg&m:r ment, the

CoONposi tbnﬁﬂeﬁ@f@ﬁbﬁ@stxﬂ)l%Wr%}ﬁisﬁﬁérhYEepﬁgeig% gewg{ggfr ylﬂ)eal@fr‘%‘ﬂflﬁa?' ymer and

a styrene-{ethylene-butyl ene)-styrene t
enbodi medpolymes, @t ywneb@adbpbemeq@r ttmlb@lm@))pmiyﬂnbncd( S@Qﬁ(ﬂ—@)ﬁ&ﬂlenefmy be

used in {9 about, 13 Wt hin thIS
range, t?"ﬁ%%‘q%yr eﬁrée ?@’?%% BRAVBIE A Al %%ﬁ%g% WE?“PMWP‘
prefer ahilyndamoﬁbmble&ﬁ:bolyﬁﬁﬁUTan4eﬂh§1l’eh§- mpmbgmbbeél s& hd i Lo S range

‘t he styrene- (et hyl ene- pro Iene) P copol yner amount nay preferably
be up t FORBBRALONTORPFIERES geag.ogﬁpfﬂwfg@gomg imhact medifods.nent , t he

styrene- (et hyl ene-butyl ene)-styrene trlblock copolyner may be used in an
- anount of abagyt f hin this t he
.styrene- (et h)c/]IHenééb éﬁ)gﬁg g‘teg?etfrlléeop%f)gﬁh %yn%?ty’ér?ﬁ&ﬁtﬁn%ﬂf/

© pref eramrypsﬂeleat dlbloeksbom)ﬂmn&r émbar tsgmme Mﬂiygdil&buﬁﬂeﬁﬁ) -WivEenk Nirfbildck range,

t he styre Iene B?é e tr| bl ock copol yner am)unt may
prefer abcf’y leS EVS) y"fﬂ eB?/‘ %EY@‘PP(P“’WI@“%H@@( RDpl yf@?it i onal |y,
further tﬁ@%ﬁa‘bﬂ iR 48 lafiBual@iibolk 111:0t Q)oﬁ?@ﬁ'g)aés by Veizhe, OWiite GBI cafbe

corrpatlblllzmg agent to the first feed pOrt 1'n order to I nprov the
~ physi calthgstpgsaee EIG@F-P![OBEI%Q)Id}'ﬁh@ﬁWmhen@tahmunpmhypmfm}dnlyee anlehdtend, as

~well as abBut 4 parts by weight. Also within this range, the styrene-(ethylene-propylene)

diblock copolymer amount may preferably be up to about 10 parts by weight. Also in
thls embodlment? the styrene-(ethylene-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 tribleck copolymer amount may preferably be at
least about 4 parts by weight. Also within this range, the
styrenc-(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 iraprove 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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enabl e the use of a greater proportion of the polyam de conponent. Wthin

. this range, the conpatibilizing agent anount may preferably be at |east
about 0.2 parts by weight, nore preferably at |east abaut by

wei ght, yet nore preferably at |east about 0.5 part by \Ae?cgﬁ’t%? OESSO Wi t hin
‘this range, it may be preferred to use a conpatibilizing agent anpbunts up
to about 2 parts by weight, nore preferably up to about 1 part by weight.
14 15 Decenber 2006 When used herein, the expression "conpatibilizing

agent" refersyi0 tho ol yf.unctional c¢onpounds .which jnteract with the
pol yphenyl enev%lfeﬁeﬁ’featetﬁ%em’pmeyﬁwr&g‘o‘br co P@’?’g‘%\ﬁ peetotrRtersriy ¢hasgt er act i on
may be cpsigfimationa. Gom@Smiis | BHIChOTintePAtY Shidl tHe - ShlyMbhREhd Ndndchepsur f ace

characteristics of the dispersed phases). In either case the resulting

. PAE/ PA cerlipanide; o pagfprablys beb. ks inierdctipn avaycbec drepuical e i praftingdawct i cul ar |y

as evid 0 i I t h, d knit line strengt,h and/ or
el ongat ?@ﬁg%éﬁh%br}l%%%gw ‘%el %aﬁgag%%ﬁ g’? ﬁ?c‘ihfpc?éﬁedfpgf‘seéi(aﬁb% T § qui d
di ene potagehs resubingXyAEPHD ooragssitiou iafhesed td axhiBik GnpFove@ comPHBIERES |
or ganosi | ane gt?ngs?ungs, BOl yfunctional conpounds, and functionalized

pol y( ar yRastierlagly,as svidenced, By ghhapced impsct strength,imeld dwit line strsrgthandfone
_ previ ouséwném%j oned conpatibilizing agents with a poly(arylene ether).
Li-quid diene polynmers suitable for use as conpatibilizing agents include
homopol ymers of -a- conj ugated di ene and copol ynmers of a conjugated diene
with at | easbuitahle Wmm'gﬂizii@ agemindinicholey Girheeamelenjiqgidt diendpealpmsss, vi ny|
-nonomner s C ) tyrepe and,al pha-nethyl. styrene; olefins, such as

et hyl ene?pogyopﬁé)ﬁ'g?s’ %ﬁlglﬁg-?f(’lyql‘g%bd’f%’e ,Qqqéx@?gé@%}la%tcéﬂ@gﬂ‘}dcsand
- dodecengolyfuactibnal 46 (ﬁﬁad§,%ﬂ%ﬁctﬁﬁlikécﬂmlg%ary%&r@h&f’l'ééﬁﬁro%tﬁ?éﬁ hiave a
nunber aver age nol ecul ar wei ght of about 1 atomc "mass units (CAMJ) to
about 10tBBEAMY ophmare rofphy riBwewsly Smemtinned conipatibiliging oEeniaMyith These

honopol I gopol yners can be produced by the nmethods described in,
for examﬁ’, 535!.}%.6&%fent Nos. 3,428,699, 3,876,721, and 4,054, 612. -

Speci fic exanples of |iquid diene polyners include polybutadiene,
pol yi sopr ene,Liquid diene polymers suitable for use as compatibilizing agents include

e—-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 dodeéene—l, 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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pol y(1, 3- pent adi ene), pol y(butadi ene-i soprene), poly(styrene-butadiene),
pol ychl oroprene, pol y(but adi ene-al pha net hyl styrene), :

pol y(but adi ene- styrene- isoprene), poly(butyl ene-but adi n e like,
and conbi nations conprising at |east one of the foregoﬁﬂgéﬁpgﬁgﬁk@iene
pol yners. Epoxy conpounds suitable for use as conpatibilizing agents

I ncl ude epoxy resins produced by condensing pol yhydric phenols (e.g.,

bi sphenol -A, tetrabronobi sphenol -A, resorcinol and hydroqui none) and

epi chl orohydrin: epoxy resins produced by condensi ng pol yhydric al cohols
(e.g., eﬂ%L r]i’étyéﬁr&‘?cg&’ C,OI:I?IO yene gll‘E?l,-POlmepylenﬂglycog.pentaeuyﬂmto[ and15
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epiCEIgrphm@hwhki@bﬁmﬂdﬁhdemhnﬁ@ﬂ?eqmpmﬂQu?UEﬁgmhmgngg?yﬁﬁﬁﬁmggﬁ?ﬁolﬁ and .
hydr i nol s uch .a n t her, bu : ci et her an

Cr syl - GEDERES Fen ind Sy Bl ictben BCal Jriaons seH sunbeinds i oot ho

di glyci dyb Herdigtiayioeddtirt [FeanifROXbflidiskd bRAUGS Syhighb o G N ¢ or

cycl oal kene, or natural unsaturated oils (e.g., sofﬁea 0|I§£as wel | as of

~ the foreglegkene gunaturgl vasatysated wils ¢.g¢ sopbeamnoil)assvelbapof the oregding east one

of the f oj: . GO unds; and.the like. OxiLdized pol yol efin waxes
suit abl eﬁhlgqu dﬁé% §°§9‘§§fﬁp§?. TRREARI R :’éimgsata{?aé?ﬁﬁef ?% gfrfgwgg’éﬁ%epﬂégcri bed,

f or exanpbmpourisiand.thfkent Nos. 3, 756, 999 and 3, 822, 227. Cenerally, these
are prepared by an oxidation or suspension oxidation of polyolefin. An
especially preferred oxidized polyolefin wax is "Hoechst Wachs". Qui none
conpounds sui ﬁéﬂ{lﬁfﬁf’iy%gé“ yaxesonfstabledor vse a5 gompatihilizing agenth aveawelbr i zed as
havi ng ahdv%ﬁ%hd%%rﬁie&'fﬂ%’ﬁ%%ﬁ% GAORN PateRONol 3.h yl

groups, which may be in the safe or %?%F%#@ﬁybgi%bﬁgg%%%ﬁgzﬁgﬁ%o "rings,

pr ovi dedGengrally,tt ape prepyregdei 4 oxidatinor sresiggension @xidativh ef poRrolefin.

1,4-oriegtation.of the .mnocycljc, quinone; an | east two car bon-carbon

doubl e b@?}%gpﬁcwlﬁwée F?%OXIEFP%BPIYP?%“W& i3 %ﬂsﬁ{?@én doubl e bounds and

- carbonyl carbon-oxygen doubl e bonds being conjugated wth respect to each
other. \Were Quinent hasmpiitdsi BGitdtle PERSQBE hd) 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 14-orientation of the
monocyclic quinone; and at least two carbori-carbon double bonds in the ring
structure, the carbon-carbon double bounds and carbonyl carbon-oxygen double bonds
being conjugated W1th 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,
particularty oxygen, sulfur, or phosphorous, and wherein the heteroatom connects the

radical to the quinone ring (c.g., alkoxy!). Examples of specific quinones include 1,2-
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t he unsubstituted gui none, 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 radi cal having conjugated unsaturation suc - = =C-. The
gui nones may be substituted or unsubstituted. In substi{]‘;ul?éc mggrfzrlogges, t he
degree of substitution may be fromone to the maxi mum nunber of repl aceable
hydr ogen atons. Exenplary substituents include hal ogen (e.g. chlorine,

brom ne, fluorine, etc.), hydrocarbon radicals including branched and

unbr anchgd al K1¥|| , cycloal kyl, olef]ni aigl |y upsaturated hydrocarbon

radi cal sPengogpmong, . v it grhanzodpiponey, 5| 44 sARhENPAUIONGa 1 4/E diphesogainongnd

sim | ar hydbgeadhiaihylad Mpltabgtinghd T5-hitisilinonP 2T UlbighAbh¥in8%y 98N,

sul fur, o%zdphosphqrou)@,q’ andpvvheﬁﬁeli n thé & tergatngrlrlt ’co’nnﬁe:% gmb Ié18ﬁ<‘%’/adi cal to
t he qui ndsenaphthgqgisong,, dhlkorils,) . 2Ehimplilebbatzogiacid, i c2@udinetied-1j4acl ude

]2" g._ ) é‘?pﬁgnnzgg@%%{%m% Pngtip%eg%gﬁuu,sﬁﬂnﬁogtgl;%s ’olrlté %%%g %Jrleé](ﬁtqg ‘quinones, and

2,2, 6, 6ihetlitder amet hyl - 4, 4' - di phenoqui none, 1, 2- napht hoqui none,

1, 4- napht hoqui none, 2, 6- napht hoqui none, chloranils, 2-chloro-1;

4-benzoqui nong, 2,6-dinmethyl-1,4- benzoqui none, conbinations conprising at
| east one of PrEanpylaggspmgovisisivitale aa sempethilizing agenty geenedwractanized onpounds
sui t abl CafBavi R IPhid &i; | ge | | east
one silicon atom %dgﬁ%édﬁtlg%a&ggl%%ﬁ%%%E%h&gﬁﬁé‘@g%noﬁg?ﬂq%iﬁgﬂ gtﬁ | east
one car bleastoae isahontoabbe dooisid bond oacdibm-cabdomiple baldearkibacth funi@ial a

functional r.0 el ected froman am ne group or rcapto group,
pr ovi dedg‘toﬂﬁgelf:%%l %ﬁWC’H BHAP EYP S F PLIR %“P&FPV@GEEM%.%C@ silicon
-atom | ng@ufhs GONMBREAYSoondBe t6Tie §i'licmFQ&§HQnTx§‘%uéi§S| p@g@t' &lepé-%a.gi“ as an

al koxyl or ‘acetoxy group bonded directly to the ‘at om erein the
al koxy otforapaseniiy sgresally prest ab by alkaxyll @ssetohpgrold toadbbdiredtyansheand may

| ey Q. ._Addi t j.onal t h I b
rore ¢ naiteh Ay RO Ao, r HURT Bl Bt R o6 tiancl o ot ons, it
present , atbis afd napkRo coltaiiigtera RNy @aD dxypén)( %(ﬂition’ﬁil&,lqli&@@ﬁéy al$

silicon-silicon bond; or a divalent hydrocarbon radical (e.g., nethylene
or phenyPemRg tisg,ene sificon fgtom jipdhe compawnds sueh multiplepsiicasy glomwsiif ane

conpoundsieidi€ lHade I Birough 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  gamima-
. aminopropyltriethoxysilane, 2-(3-cyclohexanyl)ethyltrimethoxysilane, 1,3~
divinyltetracthoxysilane, 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 catbon-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




am nopropyl tri et hoxysil ane, 2-(3-cycl ohexanyl)ethyltrinmethoxysilane, 1, 3-
di vinyl t etraet hoxysil ane, vinyl-tris-(2-nethoxyethoxy)silane, 5-

bi cycl ohept enyl tri et hoxysi |l ane, and ganma- ner capt opr opy I met h i | ane.
Pol yfuncti onal conpounds suitable as conpatibilizing agtiﬁgmwhﬁﬁ§§§ three
types. The first type of polyfunctional conpounds are those having in the
- nol ecule both a carbon-carbon double bond or a carbon-carbon triple bond
and at | east one carboxylic acid, anhydride, am de, ester, imde, am no,
epoxy, orthoester,_ or hydroxy roup. Exanpl es of such pol yfuncti onal
conpound§aPAETHisddcids) eanbhydiades, Q%'alt@ cforegaingd ringaturatedrecarboxatic dacids,yci dy!

acryl ate,,,.1 i hd,~8CaR. 4 I d, | ej mi de, ei.c ;hydrazj de,
reacti onugérao uc sgkr:(g@llj t(u’:‘%g E#ﬂf)}%mgl(g{gl(f|1’ar(r:1m éichhggl @le{g&l;\n %r?‘(ﬂ 1,“°Ldi chloro
mel ei ¢ adipedicheld;olnal ei ¢ abitchermliete,3-ulsat ur at geudbgar boxyl i ¢ agbds (e. g.
acrylic i d, hu oi c acid,  nethacrylic_ acid, ethylacrylic acid, pentenoic
acid), ggé‘gﬂﬁa@i'g‘gﬁeﬂgfe“%ﬁﬂ’é@eﬂ@i g"%@i‘%@f tf&o@%@é}%é@mé&,%ﬂm&%i c acid,
esters ofind 081, ] ' d ly ' j . des of the
foregoin unggiH?g?ggh%%%ﬂ?f?%ggﬁ%ﬁgmgaﬁﬁﬁﬁ*?%qﬁggg, %%ﬁﬁﬁg%ﬂg@gp%oxylic
~aci ds, afmpdrepliemgofiom hreplacingtbe rGHUgmap(sy af dit aboveounshiveated aldshols

unsat ur a cohaols fe.q. alkyl.alcohol, crotyl alcohol, nmethyl vinyl

car bi nol &%ﬂ -pe %Oélﬁ%-élggt??naﬁ?%jyﬂ@%a?lé’ﬁ’@!%@lﬂo ?X@-lﬁﬁ?fén%‘ld thedikg; oPf

2, 5- di methieyd, o hex@e Grefefrediconpasllizing Qlaeht i Q;ﬁg np O
CnH2nn- 70H ang C.H2$T9€H,_mherefn n gg%a Séﬁff?@@°%ﬁ?@§é€“h t%m 0),

unsat ur a\¥entios wedaleicuthyivide and fomarieptidci ng from repl acing the - OH
group(s) of the above unsaturated alcohols wth NH2 groups, functionalized

. di ene pol yner <ap , he i X, & hes t of the
preferred con%%??gﬁoﬁ?zg}r%ﬂgggﬁtogﬂﬂfg:%gg%n%%gﬂl}“gﬁshagf F?f@ @e@e&ﬁ?"p i nvention
are mal eiepreagrtgdiby diee forchual (BR) wvleesinl R Ehigydieeanet g @H@i,cﬁryipggf pnct i onal
conmpounds hav dboth a) a rou;f represented. by the fornmula ( 3 wherein R
i's hydr ogEPust digKy g r?n%&g)ﬁt sl fwo Fpupseach ghywhich may bgrtbugamewid (b) at

| east t viffefent R¥ectiCiom caMakGhic BB, R hilRieSHIE ke, i '?jhtgpﬁﬁi cted from
carboxylic acid, acid hali _de,9 anhydri de, g’(:l ﬁafl?’cfgiéanaz{(/igr | de€, d‘é, ,

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)R(COORY),(CONR™R™),

wherein R is a linear or branched chain, saturatéd 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 RT is independently hydrogen or an alkyl or aryl |
group from ! to 20 carbon atoms, preferably from 1to 10 carbon atoms; each R™ and
RY 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, RY, RE R™ and R™Y

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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ester, orthoester, amde, imdo, amno, and various salts thereof. Typical
of this group of conpatibilizers are the aliphatic polycarboxylic acids,
acid esters and acid am des represented by the formnul a.Jas ber 2006
(RONMR(COOR')"(CONRFRR )s wherein Ris a linear or br n]gﬁcgal ¢hain,
saturated aliphatic hydrocarbon of from2 to 20, preferably 2 to 10,
carbon atons; R is hydrogen or an al kyl, aryl, acyl or carbonyl dioxy
group of I to 10, preferably 1 to 6, nore preferably I to 4, carbon atons,

especi al | referred is hydrogen;, each RO is independently hydrogen or an’
al kyl or éﬁﬂ&l’?eaé o ApIdEQs, and; ydsated: apidsn Qf hese, citriefagidais| apothepmf the 0 10

car bon at ek - : ranfd € 1F en. or_an. alkyl or
aryl group of e??%%é%tltgigqllng%rngferﬂéﬁﬂgﬂsgg%mnéswﬁ (@X%,{‘Pﬂﬁrﬂn b‘?"i‘f raflé%/y i to
.4, car borexamphs ;acetyl sitetpuand henb- andiof istessy)l ¢ifags @ad ahe lkBanSEitabggual to
2, preferably e l, to 2 or.,3,. and n, an are each greater than or equal
to zero a%d%/&]ﬁgtﬂr{le(e@u}c%@, frgrrample, NZ‘dE‘?Shiél EcHskl amigleoNppheanl at | east

t | ide.t - id SRl , R,
Wo  car hmiglachT £Hids, RIQRdepaiiat \Aﬁéeigt?x%’rﬁge, I@,I\ﬁ-cﬁ&’dd%i?ﬁs%%@?flé{d SRMEOMR Y

R, RIIl and RN cannot be ary respective uent has | ess

than 6 ca¥edecyt ortic acidi tBipleialho pyefarddoderiviates acs the salis thegiof, inoludinganyl e,
Vo oS s oL B ahd Syl e

~various comrercial fornms Yhereot " Such™as T oMt grdine._ cartn, metal

----- - - -Exeikipldop o sutiable2ARSinelidoRhlCiunt halate) Ruenmy sitardpiysiigh adiagi ds. O
these, citric acid is another of the preferred conpafibilizing agents.

|11 ust r at®g 8OBFSIWRCHEFAC.ysef ul herein include, for exanple, acetyl citrate
and nono- and/or distearyl citrates and the like. Suitable am des useful

- herein includepef , i L dd a ACH | de, nyl
citric acid am get?{rdl\l-e%%fdﬁ;égPogﬁnfﬁgﬁ%g\é@p%{rﬁt“#e;ﬁa ,nggd%gggl_&@ﬁfri c acid
ani de, a@oupNmot proférabinl ancacat cidorifs jgenmipadddy (b raeflesr ek eaboydicamkidr e t he
preferably, the alkali

salts thergof.. includin the salts with am nes_and, abl y

and al ks, ¢ efrr_S?‘H& _QEF?‘?.?% e F YU Prefrabhibe cadarylic pdidionde

cal ci um eBhylide EalLi BRAAHIES BF QomPMAB I WillR alie ouﬂqﬁc aas AL ! trate.
The third group of polyfunctional conpounds have bot al) an acid halide
. -anhydride acid chloride, chloroformyl succinic anhydride, chloro formyl succinic acid,

chloroformyl glutaric anhydride, chloroformyl glutaric acid, chloroacetyl succinic

_. anhydride, chloroacetylsuccinic acid, trimeliitic 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 compaltibilizing
agents, particularly the polyfunctional compounds, even greater ﬁnprm.rement in

compatibility is found where at least a portion of the compatibilizing agent is
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. ether. It

~group, nost preferably an acid chloride group and (b) at |east one
carboxylic acid, anhydride, ester, epoxy, orthoester, or am de group,

preferably a carboxylic acid or anhydride group. Exa
conpatibilizers within this group include trinelliti cnpﬂan ?c%kbarezoggi d

chl oride, chlorofornyl succinic anhydride, chloro formyl succinic acid,
chlorofornyl glutaric anhydride, chlorofornyl glutaric acid, chloroacetyl
succinic anhydride, chloroacetylsuccinic acid, trinmellitic acid chloride,
and chloroacetyl _glutaric acid. Anong these, trinellitic anhydride acid
chl or i derFgeasteds eithesin thempelt ordp poiolutionofipsuitahle solugntywith alf er p part vhat
conpati Qi Li i royp ; - t it t | t .a i on of
Che pol yargTameRiiehs, Shéff CE o heRfed B, S, el Hadbng SR s e
pol y( ar ydoematibilizarg) agennhtt teactalitlr dit palymerimet, cBhefeemBd fiarfipadlizbithd zi ng
agents incluyde citric acid, | ei c_aci d, leic  a hyﬂéjde, malic acid, .
fumaric Pé’i. enylene ¢ &M R%tf’dé‘ eV oFiB P ‘T’astﬁ‘&BﬂﬂyPF"éW e&@l?ef!“éﬁéfs?e one of
the for qeirdgicacBdhialié hitiydfd@ UL RkR: an P& (ﬁl‘ﬂf&ﬁ?btﬂﬂliiﬁ?éﬁ%?ﬁﬂgﬂﬁé\#lé%@g agents.
? one anot her t

may be used alone or in various conbinatfons o anot her.
Furt her rethes, thatehaneimprevesd deoehpalibidity | witht thet hwlyastitle bbanphred for & r eact ed

with either.or.both th ol vphenyl ene et her and polyam de, as well as with
ot her rélgpﬁﬁdﬂ%lor?ﬁilze%pﬁgﬁ'gﬂ%@%@/%ﬁi n the preparation of the conpositions
of the present invention. Wth many of the foregoing conpatibilizing

- agents, part it msthyd tdag, qionhlly) Ghritlesn 2bmpasaalddSaddaites tthe Frffeddnpr ovenent
in conpatibility is found where at |east a portion of the conpatibilizing
agent i oty ghesecppd depdoporhsghe thigd feedcpasty, Sbeh pdditives mpw insbyde, dor i n a
-sol ution B Subiighle Y t enyl ene
x%;'g p Sib gy ?ﬁg{x@g{ghaféﬁrdgg?@é%ﬁ?ﬁgqﬁg%fecaggé% ‘%’%g’ Iﬁgl]g)rérl@g’ti bi I'i zi ng
agent t dJY estabilmérsh ronecopductiver fillad, dswosiéy ueodilfiyss, fandc tthorlide] zadt he

pol yphenyl ene .et her as. .not above. r exanpl e, .t.he pol yphenyl ene et her
oy b SHRBIPERRT SOmATERE il 6RE iy tier e A GTehn iy o sy
functi opgdfedaditdAlMRBAMAURREs tofhb Hrst! Bal phrasvith TRE BB AePahéd 'ah%,t y with
the pol yam de conpared to a non-functionalized polyphenylene ether. The
met hod Wepresambtthe fisstipplyamide. nEhosefprdisery il inghe ddinndysstect additiessf i r st f eed

and determine suitable amounts and methods of addition without undue

experimentation.

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 seécond 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-timethyl-1,4-phenylene cther units, or a

-combination thereof, about 4 to about 10 parts by weight of a styrene-butylene-styrene
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: pdrt, the second feed port, or the third feed port. Such additives may
i nclude, for exanple, stabilizers, antioxidants, antiozonants, nold

rel ease agents, dyes, pignments, UV stabilizers, non- co%gcehj\égridtokl ers,
~viscosity nodifiers, and the |ike, and conblnatlons conprising at | east

one of the foregoing additives. It is generally preferred to add nost
additives to the first feed port with the poly(arylene ether) and, if
present, the first polyam de. Those of ordinary skill in the art may select
additives et erm ne sw t abl e _amounts and net hods of addition w thout

undue i‘ﬂ@?ﬁr’lﬁ’é &inand byt &t tonahout @ werts by avaightdp @m‘?’(@@écmﬁddl ng to
first i ght of
' 2 pol y( a?ﬁgneggje{hﬁg{cg&%d?ﬁl %%%gg{ngqgg%ﬁsfe%@p&ke%ﬂke é““%% ?Smél{?' ol 3am’ de,
and | totebowt 33 a)a]iarbyswéjghtwd' |agpdlyarhidacomprisia polyaiidd-eand polghmgict 0 a
second f f _the e der ,about, 25 to about 40 parts b wei ght of a
second pgﬁgéﬁ?a‘[éc‘“?Mé?éPﬁ u DALt n@%ﬁweqéﬂﬁﬁ%%%? tt‘hegfl r st
feed por khoutnd t?&c&ﬂ dhondsend cﬁxﬁsﬂbﬁekﬁn&ab(ﬁltfs'?'ﬂ hduf6d W Of the

ext ruder- about 0 about 30 parts 3/ a concentrate Tonprising
about 5 p@%@épolysrrwr@ﬁ;twhq;@mdbmecm &eépndumdowmheanmmeuimbﬂee(hnd about

82 to ab i of . a third | e hird feed
port i's 'g%ﬁmg"?l}e\eég%qg% ?ﬁ{‘&second FeLde 'E%l?ttg%%eg]?reﬁaﬁovwf?é‘ %Pudé‘i‘ has a
screw | ewbedir thecomipekieion lafer exth&tdh &thabiits3Dvollihedasthaty i 4930t ; the

met hod co rises: adding to a first feed port of an extru er about 33 to

about 4018 ?k@h@ycnvm%notshedalzp«émm@t strength a$t238€ of eblepstiaboutgt0 k(6> di met hy! -

1, 4- phen I i -trimethyl -1, 4-phenyl ene ether units, or a
conbi natl|¥10 %ﬁrg@@m@ §(P 1%O‘to about 10, parts by weight of a

styrene-butyl ene-styrene 20 15 Decenber 2006 triblock copolyner, and

about 4 to abAfitr hibldiagt thebyontibighd teimaplastitr eRfpdsidly pRPEred BP I €NE)
di bl ock copol yme a&a@jdl to a second feed port of the extruder about 30

to about™§ Oﬂy HE dopo o‘f%‘éﬁ’(l&éogd!ﬁpﬂ gbors Hu0GMakile@hos and
pol yani d&nnﬁreﬁars i‘l&ﬁmﬂﬁﬂ@t mbfe %&f&?ﬂg up” t RESES 9 0 Wohl &rlxjc%ve% §ncent rate

conpri sing about to about percent a con 1VeM@ar bon bl ack
and - abomreﬁmbﬂloulabmhougwmlgmmm p@ldctaﬂed mbthpd Iﬁyxadatdﬂm@atﬁn ofkelugicn the

S econd fr%? gtnp 8; in mosldecp tlésexg Eo%dehrﬂ?ﬂfelegusir%p{eged

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 ki/m’, even more preferably at least about 40 kJ/m?, still
more preferably at leést 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 ki/m’, even more preferably at least
~about 20 kJ/m’,

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

- Vret‘ain at least about 40%, preferably at least about 50%, more preferably at least about
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- port; wherein the extruder has a screw length to dianeter ratio | ess than
27, and wherein the conposition after extrusion exhibits a volune
resistivity of up to about 1,000 kohmcm and a notched,4 dgmhgpﬂﬁ%
‘strength at 23C of at |east about 40 kJ/nm2 neasured according to | SO 180.
After nol ding, the conductive thernoplastic conposition prepared by the
nmet hod preferably exhibits a volune resistivity of up to about 10, 000

kil oohm centinmeters (kohmcm, nore preferably up to about 1,000 kohmcm
even nore preferably up to about 100 kohmcm A detailed nethod for

det er ni n80YeRf dhe @et%ﬁ% Izqdoigppact virength exhibitad it S376| bysthescoprespoinding i n t he

exanpl esnc%@ﬁ%sgtri%{r%w&ngw&te@ﬁgg&ﬁgﬁé{aﬁg t her nopl asti ¢ conposition prepared

by the era ched 1zod inpact strength nmeasured
at 23C according to I SO 180 of at |east about 15 kil ojoul es per

net er - squar ed Afffed /m@jlingpuhe copdweiiee ahénmoplastie asimplitioh #epdedd W9, cheven nore
preferably at |east about 40 kJ/nR2, still nore preferably at [east about
50 kJ/ nmemiepdgreigpbly exbibitspdDmsin atmaxdmpmdoad pleaaredat 230 esd 6 ndles pr epar ed

by the ahl| -3 | zpd. | ppact rengt h neasur ed
o) o PELBAH ReaURiAs XsPRTDATES of o el Boud A ool Bl THIFE Hidtet or abl
at’ | east peelferalily ableadt dbort, 2 5efiry) engrt ofy rbfrabDY ¥t [8dst heRs Bo@oput 18 kJ/ nk,

even nore preferably at |east about 20 kJ/nR. Alternatively, the notched
be expressed as ercent _retention of the

| zod i npact rengt h.ma
'nét ch:acrjrpl zodS | %g‘ﬂoqglf’ggﬁlb"t ROREBRITKS tt]é‘?i“@??atsﬁ% coBwesitipn enaged byibesi ti on

wi thout gRRdHGHLXEAEALRABIOL S anlf o S'ﬁg%%flog%&?ea&%’%%@?g@% retain

at | east about” 40% “preferably at nore pre at | east
. about  2miléSpddwenberordifiif o ASTM D763 bfatrledst Absht2zfdb,imga glefehblgnagt h

- exhibite t, 23 t he correspondin coprposi tion without conductive
car bon b%ﬁgﬁbo'ﬁg’t@?{b’ﬁﬁf”ﬂm&? p’FEFéﬂ’gﬁﬁ %ﬁtﬁg‘g‘ttﬁéﬂl%pl astic conposition
prepared by the nethod preferably exhibits a Dynatup at maxi num | oad

measured at 2ZfFerdBively, the Tynalp' at HAAmARE RIdI gy 5O Attded3 83 Rlenfit | €aSt
about 20 foot-pounds (ft-1b), nore
- 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 1SO 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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preferably at |east about 25 ft-1b, even nore preferably at |east about 30
ft-1b. After nolding, the conductive thernoplastic corrposition prepar ed by

-the nethod preferably exhibits a Dynatup at maxi num | o lélrg&)é - 30C
ou t

and 5 mles per hour according to ASTM D3763 of at Ieast a -1 b,
nore preferably at |east about 5 ft-Ib, even nore preferably at |east
about 7 ft-1b. Alternatively, the Dynatup at maxi num | oad nmay be expressed
as a percent retention of the Dynatup at nmaxi mum | oad exhibited by the
correspondin corrp03| tion wthout conductive carbon black. In this case,

t he co_rrpEglAtl\gHPﬁ GQYIBARAKTVEZRSAMIHIS 1960% preferably at |east about
80% nore preferably at | east about 90% of the Dynatup at maxi num | oad at
23C exhibite I car bon
bl ack. The cg'ﬁlgééc:e?%gﬁ%ﬁgﬁ%g sr?{?%e co%ﬁ% Elkgcﬁht%\@htggg?e ’%M?ﬁﬁ‘i‘}%t hod

pr ef er abthy coedhctivg saholi lxﬂatk mermebmwmtmazsmr@m[ﬂ)heﬁteaﬁera%btmw

accor di n to IS | east .about 320C, re preferably at | east
about 34 nglﬁ@ Rﬂlgf”é( ek W3 9O Y(%rgd{‘j!geé%’ob“ PheRyisne ity on i s

further le 5@1; o 4 ﬁ&hl@%@gg Decenber
2006 EX(,I)At\JI\/IDl & g @bc%vgfw Tl VE EXANP%%“%% %lllgge exan%ﬁs gﬁﬁzdwé%rrpar ative

exanpl esobtmn@ﬁhtaﬁaﬁ'fé @ﬁeL@H(/ﬂfPé@dQIGfﬁmudRhgdlatlmmngo:ﬂmamma/endaomn bl ack

ol y(ar s B R poticgGVARRETGHD oS R B0 eI & ot a e

as PPQ( r4%Gn4dnbahtiaramEriner id. ETae tpol yantidssonys olibed ab VatgRysed was
obtained as PA 6,6 LONIV/ PX 1010 from Rhodi a having an am ne endgr oup

nunber oASE12H3EB defuii Abaingd Spwr ahv@hdlaatngemm@ ondgrom of; absuta®but 126

e e NGB AR EA M o T QAR A e 0 0

endgroup(etbnyleabdmtyléi&) diblotk @qpnlymbemxtas/ @:rtmmibd aaeréRIACEEIIJ@lGE’HHI fivnof about
123 millilite ram_The st (et u ne) di bl ock copol yner
wms obt dTISR BT GRS 51y OYSTE06 I FUMOWof PR Wi Dbiained

~styrene-loRAYON®-G1651A6mt m&e&mlﬂyﬁgﬁol Yiﬂi%rhﬁ‘i@ére@lﬂhéﬂo'i‘%quéﬁdant 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 catbon 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 mI./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 barre]l 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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"KRATON(r) GL1651 from Kraton Pol yners. The hi ndered phenol antioxi dant was
obt ai ned as | RGANOX(r) 1076 from Ci ba-Geigy. The conpatibiizer citric acid
was obtained fromCargill. The stabilizers potassium i g nd
cuprous iodide (Cul) were obtained from A ay Chenicalseg?%%mggﬁi&gtive
carbon bl ack was obtai ned as KETJEN BLACK(r) 600 JD from Akzo having a
"bul'k density of 110 kg/n8 and a pore volunme (DBP) of 495 ni/100g. A
concentrate containing 10 wei ght percent conductive carbon black and 90

wei ght percent pol yam de-6, 6 concentrate was obtained from Pol yChem Al | oy.
Al t estbastekesThieeampandes product whn gisshapgerbthrevahed tpical semding Hiemet er -+

t W n-scr aNg 1 els and a screw length to dianeter ratio
of about&%(&@hfﬁgﬁ%reﬁr%ﬁé?%{ﬁér]leeg%(%' barrels 1-10 were

500- 536- 536- 554- 554- 554- 554- 554- 554- 554F, respectively. The extruder was
operated at 350 sactphdsi wase meldedi usitge a( Mam) Damnd85 aon tpresy gling aaf ISSY pounds
per hour. The poly(aryl ene etfg{), i hpact nodifiers, conpatibilizer, and
st abi | i ZPFemgatecl, gmeltteanpsaareo{ 299 d a aneld tempperature Pl AP Yatandnicption el 1.

Pol 1 de- I : e ' ' | 7. F
Evarpl o 103 FREPBG B0 o SrBHAF find RoBolbllind ER Aot 701 7 o

Conparative Exanples 2-4, a dry-blended m xture of powdered pol yam de-6, 6
and conduct i @pecHichmiurd resistivitss wasldetdrmined he thsi wherofvegalidl po2Rnld Decenber

2006 * barre). 7. C ounded product s discharged thro a typical

st and At moldsd ROy Booren, Tiels T Sters ot bl iptLe ver o

- ol ded UgHINg #hidihdPesBI&Pir RTrddb&Sfor Yo hogs 3R -LPO. SREPiIRD 0 coi el t
tenperature of 290C a nold tenperature of 100C, an i1njection tinme of 3

.. -seconds, frawtired th olgaini nittlofradGres.c Botldendsanete painesdl witly silverpaink add tikeconds.
-Speci fic volunme resistivyi tieﬁ was, det erm.ned on the narrow parall portion

|
Cof a . i APENAEV RIS amplsmacter. ke e “E'i‘trfﬁﬂsta‘ﬂe@ﬁ‘éqslcéﬁﬁﬁtpg?%r e carved

at bot h teadsmedidd oF th@pleRe WOV i8H 4dd MidkheRY 2hd t&oried NRWechile - 40C. The
pi eces were cold fractured to obtain brittle fractures. Both ends were

~ pai nt ed YWelume Hesigayity, silawlaigd deeonding tethedoamde was nmeasured with a
~multinmeter. The read-out resistance was corrected for

SVR = Rpeas X A/L

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

- square-centimeters, and L is the length between fractured susfaces 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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t he di nensions of the piece (length, width and thickness) and reported as
Specific Volune Resistivity, calculated according to the formula: SVR =
R. x AAL where SVR is the specific volune resistivity

kil oohmcentineters (kohmcm, Rneas is the neasured rl?‘r? 5‘%8‘%08

kil oohms, A is the fracture area in square-centineters, and L is the
~length between fractured surfaces in centineters. Vicat tenperatures were
measured according to | SO 306. Notched |Izod inpact strengths were neasured
—at -30 and, 23C according to I SO 180. Dynatup_ energies at nmaxi mum | oad were
measur edCoRtparisen. o Exampled ntt3 spieppied gt Rerductive carannblack wormiody 63,

Conpar at d t tive

- Exanpl e %&'ﬁg mcﬁaﬁe%%eﬁgt?@%m ntdnggcf4 g%rlﬁ?ﬁel éﬂeﬂxtsrt']lﬁ}st er %L?ﬁlﬂp%elat o that
depi ct edconductRiiyUveluine m&ittﬁvrwﬂmtof\&tocmﬁobmohhﬁmh) aclsedCaimnparatiecond :
downstream feed, Conpositions an re presented in Table 1. The

. data shggﬁaﬂ’i’j s 4 r?’ea“ QBFIPQ?%{%]%“B%??# e Rpgnphet howt end i n

Conpar ath¥e fEPHRERArSe dverhlPcorib&itidd, Eaahble ?%tgﬁ%%@meﬂtet:l%aﬁgf ﬁ&%ﬁ i on of

conductive’ carbon bl ack, as evi denced arative Exanpl e 3, and 5.
Conpar atusing @eaprpicat nethod, exhrhited fah@hela&’lmaemnperamﬂey hrginderlmdeummnduct ivity
(vol une res ti f 16,922 7 n 15 Decenber.
2006 cO} sh‘rglh E@Z\Iﬁﬁ%?pegnqa% ?‘Eﬁédé@ Wﬁ%&‘lﬂ‘@i}r%& e‘ﬁf %ck
concent f@étﬁ argoivy Biarplend Gheaedd eingel 9ot barl Ckirbd®Rasdd §tdoaaitbnand
substanti al hi gher con uctivity (volune resistivity values of 6 to 108
Ki | oohm@?gl ersus Conparative Exanples 2, 3, and 5. Conparison of Exanple
- 2 with Conparative Exanple 4 shows that, for the same overall conposi tion,
- Exanple 2 prepared with a ten barrel extruder wusing the present nethod
exhi bited a higher Vicat tenperature, higher |zod inpact strength, higher
Dynat up. i npact strength, and conparabl e conductivity conpared to '

Conpar ative Exanple 4 prepared using a 14 barrel extruder and a
conventional nethod. 25 -

25




15 Decenber 2006 Table 1 C Ex. 1 Ex. | C. Ex. 2 FIRST FEED PORT

pol y(aryl ene ether) 34.10 34.10 34.10 KRATON(r) G1L701 8.00 8.00 8.00
KRATON(r) GL651 7.00 7.00 7.00 citric acid 0.70 0.70 0,58 ceb?gg%%((r) 1076
0.30 0.30 0.30 KI, 50%in water 0.10 0.10 0.10 Cul 0.071 10 . SECOND
FEED PORT pol yam de-6,6 38.00 23.60 33.00 of am de-6 10.00 10.00 10.00

THI RD FEED PORT pol yam de-6,6 (ground) -- -- 5.00 conductive carbon bl ack
-- --1.60 10%CCB in polyamde-6,6 -- 16.00 -- PROPERTIES Vicat at

120C/ hour  F 345 355 355 1lzod Inpact Strength at 23C 69.8 47.5 21.9

(kj/ M) Mablgll pmact Strength at -30C 26.0 17.7 11.7 /m Dynatup | npact

Strength at 23C 29.3 32.0 24.8 ft-[l 6)EDyinat iBx. | njaCiESt2r engt h at - 30C 29.7
6.7 0.9{ FIRST BEEBRTi c Vol une Resistivity -- 10§ - 17,6B0 ohmcm
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 [ 001 0.01
| SECOND FEED PORT :
polyamide-6,6 38.00 23.60 33.00
polyamide-6 10.00 10.00 10.00
_ 1 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 32.0 248
(ft-1b) .
. Dynatup Impact Strength at -30°C 29.7 6.7 0.9
(f-b) :
Specific Volume Resistivity - 108 -1 17,630
(kohm-cm)

26




26 15 Decenber 2006 Table I (cont.) Ex. 2 C. Ex. 3 C. Ex. 4 FIRST FEED

PORT poly(arylene ether) 34.10 34.10 -- KRATON(r) GlL701 8.00 8.00 --

. KRATON(r) Gl651 7.00 7.00 -- citric acid 0.70 0.70 -- | [ 76 0. 30
0.30 -- KI, 50%in water 0.10 0.10 -- Cul 0.01 0.01 - %gg@ ORT

pol yam de-6,6 21.80 33.00 pol yam de-6 -6 10.00 10.00 - TH RD FEED PORT

pol yam de-6,6 (ground) -- 5.00 -- conductive carbon black -- 1.80 -- 10%

CCB in polyarnide-6,6 18.00 -- PROPERTIES Vicat at 120C hour F 361 359 358

| zod Irrpact Strertlgth at 23C 53.7 17.0 17.3 J/n2 lzod Inpact Strength at

-30C 19 [nP Dynatup lnpact Strength af 23C 31 .8 20.3 26.7
(ft-1b)| Dynatup | npact St rength at |- 3@c2. h QLR 6.[1C. Kx.¢- b) Specific
Vol umre [HERSTIFREDYORIT 16, 922 6 (kghm cm)
' 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 -
KI, 50% in water 0.10 0.10 -
1 cul _ 001 | 001 -
| SECOND FEED PORT :
polyamide-6,6 21.80 | 33.00 --
polyamide-6 ' 10.00 10.00 -
THIRD FEED PORT
polyamide-6,6 (pround) - 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
(kV/m’) |
Dynatup Impact Strength at 23°C 31.8 203 | 267
(ft-1b)
Dynatup Impact Strength at -30°C 94 0.7 6.1
(fi-b) ,
Specific Volume Resistivity 21 16,922 6
(kohm-cm)
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.27 15 Decenber 2006 Table 1 (cont.) Ex. 3 C. Ex. 5 FIRST FEED PORT

pol y(aryl ene ether 34.10 34.10 KRATON(r) G1701 8.00 8.00 KRATON(r) Gl651
7.00 7.00 citric acid 0.70 0.70 |RGANOX(r) 1076 0.30 %ﬁgceglﬁl 2@%%| n
water 0.10 0.10 Cul 0.01 0.01 SECOND FEED PORT of am de-b, 50° 33.00
of am de-6 10.00 10.00 TH RD FEED PORT of am de-6,6 (ground) -- 5.00
conductive carbon black -- 2.00 10% CCB in pol yam de-6,6 20. 00 PROPERTI ES
Vicat at 120C hour F 355 360 |zod Inpact Strength at 23C 42.6 17.1 KkJ/n2
| zod | npact Strength at -30C 20.3 9.7 kJ/n2 Dynatup |npact Strength at 23C
30.1 22 %abled(comy Dynat up I npact Strength at -30C 6.7 0:9 ft-1b Specific

Vol une Resistivity 6 17,684 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) B - 5.00
conductive carbon black - 200
10% CCB in polyamide-6,6 2000 [~ --
PROPERTIES ' e
Vicat at 120°C/hour (°F) 355 | 360
Izod Impact Strength at 23°C 42.6 17.1
(kJ/m®) e
Izod Impact Strength at -30°C 203 - 9.7
(kJ/m?)
Dynatup Impact Strength at 23°C 30.1 22.9
(ft-1b)
Dynatup Impact Strength at -30°C 6.7 G2
(ft-1b)
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

28




(kohmcm) The exanpl es show that the nethod provides a conductive
t hernopl astic conposition exhibiting superior inpact strength, and
“conductivity, while maintaining conparable heat resist od to
conposi tions prepared w thout adding the conductive ca?ﬂ%gm %%g%&%s a
concentrate in polyam de. While the invention has been described with
reference to a preferred enbodinent, it will be understood by those
skilled in the art that various changes may be made and equival ents nay be
substituhg?.tor el ement.s .t hereof. wi thout departing fromthe scope of the

i nvent i oR® lited driths pticylamombedimentdisslosed asdhe best madle aootenmdripd fox

particulghnﬁ' td -naterni . . Yol t he.inventjion w thout

departing f r%éantsﬂsﬂg %%‘]ugg’clg%etﬂft ﬁ‘téér)‘é%’%ﬁ‘#ﬁg‘?‘gb@?@? g)]ifl Pq@gdw&%g@gt hat the
i nvent i owvithit the 3®pt 5f Decppbmded204ifis. be linmited to the particul ar enbodi nent
di scl osed as the best node contenplated for <carrying out this invention,
but that the inve tioQ wi | | iqclupe al | §g?&ﬂinents falling wthin the
scope of the AppBiddliiethralent gpplications frsreferanees arg pnoTRaEatedns, and
ot her reﬁaﬁﬁngaﬁwm%idw@ﬁ@ﬁﬁggﬁd herein by reference in their entirety.
29 ----------- --- 15 Decenber 2006 CLAIMS: 1. 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 weight of a poly(arylene
ether) and O 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 adding to the second feed port or ‘a third feed port of the

s extruder about 5 to ; -
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about 40 parts by weight of a concentrate conprising about 5 to about 20
~wei ght percent of a conductive carbon bl ack and about 80 to about 95

wei ght percent of a third pol yam de, wherein the thi rd1§ ece 500'6
downstream of the second feed port; wherein the extruder 'has a “SCrew. | ength
‘to diameter ratio less than 38 and a length of less than 14 barrels. 2.
The method of Claim1, wherein the concentrate is added to the second feed
port. 3. The method of Caim1l, wherein the extruder has a screw length to
di ameter ratio less than 30. 4. The nethod of Claim2l1 wherein a portion of
the poly(aryl ene ether) and a portion of the first. polyam de are provided
as a reoy\%#T ol y(aryl ene ether)/pol yam de conposition. 5. The nethod of -
Claiml, i’h t'he conposition conprises up to about 1.8 weight - per cent
of the donductl ve carbon bl ack, based on the total weight of . the .
conposition. 6. ?}Hogl of O ai .m 1, further conprising adding about 1 to
- about 26 par s byi‘wét1 ¢pd o9 PFeraRpaC? cepdudtiver theomoplestid rcompbsiieh,port . 30
15 Decenpgh ,%QQ? 7. The nethod of Claim 1, wherein the conposition after
nmol di ng ]?nb s a volune resistivity of up to about 10, 000

Ki oohmcentl neters. 8. The nmethod of Claim1l wherein the conposition after
mol di ng exhi bttd(kn&tmﬁtﬂté‘obd mrdofmpacttudeﬂatmlugm tOTRBRI 70Gaitk b??w%lgﬁcor di ng

ot hoa of thrbetsin ARl Aol Py S Brotahet bbb o a ot chec

“lzod inpact strength neasured at 23C according to ISO 180 at Ieast 40% as

great as thatadiing ea Geédid Red Pordo MTRAELAL iboli D abGANY plky/ By caT DON
- black. 10. thod of preparing a conductive thernoplastic tonpdsSition,
* conprisi W@l t of a second polyamide, wherein the second feed port is dowristream 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 pott;

wherein the extruder has a screw length to diameter ratio less than 38and a length '
of less than 14 barrels. |

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 lias a screw length to

diameter ratio less than 30.

4. The method of Claim 1 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 1to about 26
parts by welght of an 1mpact modtﬁer to the first feed port.
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adding to a first feed port of an extruder about 33 to about 40 parts by
wei ght of a poly(arylene ether) conprising 2,6-dinethyl-1, 4-phenyl ene
ether units, 2,3,6- trinethyl-1,4-phenylene ether units r a.,co '6nati on

t hereof, about 4 to about 10 parts by weight of a styré%@%efﬁ‘ti?fe e-styrene
triblock copolyner, and about 4 to about 10 parts by weight of a
styrene- (et hyl ene-propyl ene) di bl ock copol yner; adding to a second feed
port of the extruder about 30 to about 35 parts by weight of a pol yam de
conpri sing pohyanm gfa POt Ya4hdg- .ang a -t abgut 20 parts
by wei ght of Zyconggﬁﬁpg?gdcgﬂrrprl S| 2@%@%‘3? glet g&g%%stjﬁoﬁé‘&%i'ﬁﬁﬁmgper cent
of a conexhibits/evelambaesistivilylof ap o atiau 10,800 kiloactdedéntBBeteR] ght percent of

pol yam de-6, 6; wherein the second feed port is downstreamof the first feed
port; wherein the_,lfeﬁdr e({ms. a,screw length to dianmeter ratio |ess than
27 and a | ength gragde aipy 1 \yehereip the composifian after moldingonmosi ti on aft er

extrusi ogy Ry Phoehd@ 1464 #Badt S&bbi ¥ o ' ! 0 cmand a
not ched | zod i npact streﬁlgFia‘l at r%l@ﬂg%%g%{ ?%%5@58%@?&4@%S§J%r?§°msured
accor di nlpastabb80518Rjoudds b nisteresqbaed.2006 METHOD OF FORM NG A CONDUCTI VE
THERMOPLASTI C COMPCOSI TI ON ABSTRACT OF THE DI SCLOSURE A conducti ve

t her nopl astic,co siti,on | r red- a nmethod in which poly(arylene

ether) and, o%ti gﬁgfw,tho 06??#@?133“%%@@3%8%“%@%%@%0 a first feed

POrt,  POLMisIE nb@h@rIRH i e 1

conductive car bgn bl ack lihﬁ’apoﬁg%m&ggl S ad%eéc? (fjo t Igmg%@oﬁgj flgéd‘tport or a

third f eleastpdi% .as\reateas thqprafpéhe atormsponklingo bottpdsitich RatvhECYARREVe ‘

et her)/ polyani.de conpositions has typically required an extruder having at
i hiack,

‘a screw ¢ diameter ratio of at |east 40, the present nmethod allqws
the use of extruders having a screw length to dianmeter ratio |ess than 38

and as | ow asj®0 of hRewWdd of PR ugt | L& qp&h@ﬁ_ W c%rm Q £ 10n
prepared by the nethod exhi biri?s hi gh con Scdt?fe\r/i ty a !ﬁs ?g |m§)g%) strengt h,
and it i9mpESEELl for nolding articles such as el ectrostatically-paintable

- autonotive exterior panels.

- adding to a first feed port of an extruder about 33 to about 40 parts by weight

of a poly(arylenc ether) comprising 2,6-dimethyi-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 aboﬁt 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 a length |

- of less than 14 barrels; 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
' kIm® measured according to ISO 180. '
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Figure 2. 32
15 December 2006

METHOD OF FORMING A CONDUCTIVE THERMOPLASTIC COMPOSITION

- ABSTRACT OF THE DISCLOSURE

A conductive thermoplastic composition is prepared by a method in which
poly(arylene ether) and, optionally, a portion of polyamide are added to a first feed
port, polyamide is added to a second feed port, and a concentrate of conductive carbon
black in polyamide is added to the second feed port or a third feed port. Whereas
preparation of conductive poly(arylene ether)/polyamide compositions has typically
required an extruder having at a. screw length to diameter ratio of at least 40, the
present method allows the use of extruders having a screw length to diameter ratio
less than 38 and as low as 20 or lower. The cbnductive thermoplastic composition
prepared by the method exhibits high conductivity and high impact strength, and it is

useful for molding articles such as elcctrostaticaily—paintabl'é' automotive exterior

panels,

Figure 2.

32




