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%rmto 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 -

the pol yampssitioand $08sdteant Ny. 5e848,3aDerdi Sityi et fal.t BenerdlgmakdedBss of the

g.a lowvolatiles content. 1 15

pol yam de and. conductj ve carhbgn bl ack havipng . I
Decenbe_rprmmnlfg?"rfgé‘mm B ﬁl%?P‘% composifians Baving cxeglisnaducilitaby medner al | y
descri b%erﬂliﬁ?"p'&%henylene 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.




of making a conductive thernoplastic conposition containing at |east one

- di spersed phase polymer with a continuous phase polymer and at |east one
conductivity inparting agent wherein the bulk resisti VHMer%inb%P@O% o
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
‘inmparting agent, and optionally, one or nore of inpact nodifiers, o
stabilizers, angip K | £ fillers. PA conposifions. are
typi cal | y manuf ac%?lggqﬁj;ﬁ’znjglﬁams@gg*@nﬁ%weto{#‘ g‘f“\ﬁﬂ@ %W“é?ﬁ?fﬁ@i :

char act ePf maliingya gomtnctive Hemgbplastivlcanpasigon CoRMRing at 164t Shd BBpersed .
manuf act ﬁ;sgg Il hods. .f or PAE/ PA c osi tions having desirabl e properties
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| engt h t tmpditi &it wisdréia 8k A -r.uders, yequire .so nuch :
space thatpt h_ggfrggi t is di ffibghkl k‘%t%?;&a grgnt;ﬁ;%%gpgé%lhgﬁ]ﬁ; At kﬁﬂf%ﬂ facturing
facilitidetermined byithe patislsasizeof the ¢isgorsal phaepavidiin o &itHesus Pakseal | ows '

t he use ' t.ruders. . SUMWARY OF | NVENTI ON The above-descri bed
and ot he?ﬁ%r aé@é@g‘ﬁg&%}%&p@?‘ 88\?5?{3?‘38 LompLses f compatenlized blendiafie leastof .
pr epar i nopea polypHertyidnee ethbe regin) a6 tbdst CRIEP Polyhineld | 12D 9. g’iﬁng to a
~first feed port. of an extruder about 20'tg§about 5%%%@383%?0 t of a
" pol y( ar yPenductivity, gpparting agenty aadooptiaelipaons drymees gfftinphet miodifids,
pol yam dgapigsdi nds : fe ort of the extruder about 20 to about
iREAL Aib Ades G0 s gﬁgﬁ?

75 parts by wei'ght of a’se b ‘e, wherein the second feed port is.
downstream of the first feed port; ‘and adding to the second feed port or a

third feed pdtAEFA tchapesitiontiere ajpieillySmbtuRbordd 4QnPd smglRVscreifioght of a
concentrate conpri si%% about. 5 %o about 20 wei ght pefcent of a conductive

~ carbon BPAERCSKFXEHdeH chatnctesizad by stewidength aﬁ#gp@@mv dinmetet. hExistipg| yani de,
wher ei N midiadblrided QRSP ToE PAF ; f the second.feed rt; wherein
t he ext rn:lJO!er hasg_; screw | en%?%qﬁ) 3l a‘?r)gméo?mr[al?‘?%gl i lﬁawogg%&‘hd a

lengt h dypipallysregning apdessanderheving atHedde comhver baid@fifand A AN igtagpect of

‘the pre ' ticon, .t e ds,provided a .nmethod of preparing a
~ conduct ?@E[e}ﬁ?tﬁe%%qugaé tl?agp géhp%gpthg‘?ﬂj”é JRPHFEs G Hruch 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.
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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-I|,4-phenyl ene
ether units, 2,3,6- trinmethyl-I,4-phenylene ether unitsysPtcembePidgnat i on

t hereof, about 4 to about 10 parts by weight of a styrene-butyl ene-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 polyan de-6 and pol yam de-6,6; and about 16 to about 20 parts
by wei ght of jRafARGARIEESFhE PRREASHAGLIBRANC Ts HBvialPhimeARd WD ﬂ;@ per cent
of a conductive carbon bl ack and about 87 to about 93 wei ght t of

pol yani decopdtivatherBomiatisconpesiiancompristet i s downst r eam of the first feed
port; wherein the extruder has a screw length to dianeter ratio | ess than
27 and 8 | engidtingolo d 6 iclqforder hrtiAlde: o 34 PRENR 40 1GrE BIRASLAT O7 21 LT
extrusion_exhibits a volunme resistivity of up to out cmanda,
not ched #od Rofy(aryiens ather) camprising 2, 6‘fdlabthblleb,4t-plmbﬂuie éther Kdﬁtﬁﬂzmsured

d m h mbod | ud
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FIG | 4D tefia styrge{athalene-propylens) diblockioopolyinenal extruder -

configuration used for - the preparation of a conductive thernoplastic
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si mpl i f ivexdghti of palymimdecm infy polymsde-gcad [
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second epbod nt f th

‘met hod : ng 5 cﬁf(ﬂ corceniate romnisiigcaboud plosabiquori3 weight i si ng:
addi ng t it to out . 70 parts by
el ght %’?‘%“‘fp%fé(%ﬁ‘ﬁﬁﬁ‘n’ﬁ‘lﬁbﬁ& o S BT oY oyt 32, Ve Pl ot o

first polyamide-6,6; wherein the second feed port is downstream of the first feed port;
o 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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pol yam 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
downstream of the first feed port; and adding to the sergnd.fieeshogort or a
~third feed port of the extruder about 5 to about 40 parts by. weight of a
concentrate conpri-sing about 5 to about 20 wei ght percent of a conductive
carbon bl ack and about 80 to about 95 weight percent of a third polyam de,
wherein the third feed port is downstream of the second feed port; wherein
the extruder has a screw length to dianmeter ratio | ess than 38. The screw
|l ength to dianeter ratio is preferably I ess than 35, nore preferably |ess.
than 33, sti|Qthenembodimefits) mbllidgamsthodamildfng pautoulaOpy@FRéR iy | ess

t han 27, yet m)r.(%‘A ref er abl | ess. .t han 4%2 The -present | nventors” have

di scoveBH Pplyami %m,g;ga aé%ﬁﬁ%@f"{l‘? Wilizing gdditionak cemponents inrthp eendusivean be
prepar ethemopBis@X bdriplitfor) N desc: l; r barrels and/or a screw
length to di gmeter ratio [ ess th%%éggﬁgkgﬁﬁg conductive carbon black is
added in_the formof a concentrate in polyanm de. The present inventors have

- furt her BRIEFDERCRIPION OB ORAWINGFer ed particul ar ni xing conditions may be
.enpl oyed in preferred enbodi nents that produce the PAE/ PA conpositions

usi ng an ext er V] . ew. length to. dianeter ratio, |l ess. than 35,
nore preferably |1e2§ %%ﬂg@&& sqy?gf"flmm?r"g 10 é)?aﬁl gpqvgtitéona{ HXHUY  even
mor e pr edrgunition wsed férfthap2Baratiant of @ cenduti¥thailapldsas Sotpaviiar- Figure 1 is
a sinplified diiagramillustrating a conventional "extruder used for ‘
preparing a ctive t.he | astic conpasition. A poly(arylene ether),
_optionally Fﬁég%fﬁﬁ ‘Wé'?flgﬁ‘iahn P 0FE 9L ar extsrdes porfisusttionosedfs or nore”
-addi t i ofgkst cAHIIRNRRLStheintetRsled via a first port and mixed in a first
m xi ng section conposed of screw elenents typically used for nmelting and
distributive_mxing. A polyamde is then added via a second feedport, and
further .m xi ﬁ@-o%@@r%mpﬁﬁ diagrenumaticniien of e cxtiisler sonfiguaationmséhrf i rst
m Xxi ng i i bon bl ack, optionally in conbination wth
addi ti o%a %glg?gﬁd%ﬁgygﬁlgﬁ%ﬁ I'n a third feedport and further m xing
occurs in a third mxing section-designed for intense dispersive m Xing.
Al t hougRESHECEDI RERERIANONar e not shown in the figure, . conventional nethods:
typically require a total of at least 12 barrels in the extruder and a

. Screw I engt hOBg gth@o%ltng&t riéataI ?nethod' 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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of at least 40. The ratio of screw length to diameter is a nmeasure of the
conmpactness of an extruder design, with |ower values corresponding to a

nmore conpact design. Fi gure 2 is a sinplified diagrami|4#gs fol Sshen
extruder suitable for use in a first enbodi ment of the rret%e{"g). %ﬂ) :

poly(arylene ether), optionally in conmbination wth a portion of polyam _de
and/or one or nore additional conponents, is added via a first port and
mxed in a first mxing section conposed of screw elenents typically used
for nelting and distributive m xing. A poI yam de is then added via a second"

nd ,m xi on simlar to
[ rotprr iR L hBSUATIIAAG BEFHES: by e 3N P Bl Ebbimabon bl ook
and pol ydhitdeoduse thd(ﬂedﬁ/l’ﬂ cantpokitidng egdg%texaﬁderf MVidteh stiew Reg@CRUrS in a

third m sect.i ned for only noderate distributive m xing.
Addi t i on)aéﬁ“%i ‘FfefaE}Bﬁ ﬁﬁnv ScapBoprefraik less than 33ngidhmore erqfqrralpigllyam de

onabl oo 016 Bk R aSRALEL P SeS SRR SPRR G L0, 111

m xi ng sectioh in Fig extrdder gf G6re
,barrels and have a screw length to dianeter ratio | ess than 38. An extruder

with as few &tguge bds ﬁ@lrap!afn@ﬂ’ dmgtansdhumﬂngmgwnvbﬁt;?ggeﬂ{r:mer Iuaéd3ﬁ)r0f around
o b nbdl nt. 4 15 Dec igure is a
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~enbodi neit @mtﬁmoﬁewﬁmda Poitiohy bR pOIRMEIE R dr 099tbpzﬂ+tjeyaéltﬂt18r%'fb' nati on

with a portion of polyan de and/or one or nmore additio conponents, is
added vi So@Pofenissis aﬁé’?‘i Vigridfing pastiandhmixetliin gtfirsti mixing swetion ommp«mai@fed of

f |t di stributiv
ol yan deTen et Blcalty SFfor R b MR B Lt gl

pol yani déhearaldedein achdaﬂld/fe&dﬁorﬁeﬁﬂnﬂxrﬂleﬁdﬂﬁng o inl HIsbERId Miih@d OCCUr'S
on simlar to the first mxi section ddition

n
of the: pRRFHRIA 5.4 NGt BRHBGRTb. cbrioubisite embon Bitskssesindlly bod port
al | ows t EsinSthain HithORdRiordal) Po ﬂh{]@e f@%d&?ﬁﬁ Ay cL'I’@ed B! ndnbxrglng S_eCt 'on

shown in Figure 1. Addition o e conductive car
concent rBxng [oseurs g uc dkird meixingi sectign rdesigned dorafritaise adlbpeﬁsimf) efigies have

been add n ext. W t h few.ag 7. barrels and/or ascrewlengthto
di amet erlgﬂh ﬁ%‘ 38?015? gﬁ‘ﬁ?}s ‘Hg ‘B‘@“H&éﬁ figre; ispaventinm] anefaeds typically
- require a total of af 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
o 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.




Extruders suitable for performng the nethod are known in the art and
comercially available from for exanple, Werner & Pfleiderer. Suitable
extruders may include so-called super-conpoundi ng extrigdgis @i are
characterized by extra deep screws. There is no particular Timtation on
the design of the individual mxing elenments. Suitable m xing elenents

i ncl.ude, for exanple, mxing elenents on each of the shafts which are in.
radial interwiping relation within the extruder barrel and configured to
wi pe one another and the cylinder walls, as described in US. Patent No.

4,752, 135 m | .1 n g as scribed in U S.
Pat ent %lg%sf ge g‘;mop 1@0‘%@& S%l tratmﬁ tagg; é’é M fg et al.
m xi ng eieenmhembodamenmf mamaﬁWbSArmljlr(&@ww\&lﬁi)e bpn&{&ﬂyh@lé@mbﬁmﬁ@@er ed, as

descri bed.jn S. 116,770 to Kiani et al.; and the various
m xi ng e‘rfﬁiﬁ@rﬁ?@%&%‘fm@ ‘H‘d@@“e goRer pddigonal 09312011@139 ivaddgd wenalaal . The -

met hod gyt ﬂtlah&%llﬂ&YIIPglﬁfétarE’L&u%IQGCghgq%gp% &H{Qrg %,% %{,Bwa‘ll? et her)

i ncl udes pol yphenyl ene et her aryl ene po j§/mars

g ][ af It ) dlspdlfmtlﬁ?g pod yl(sa'tt;ntwn anigirige rA pelylamudel alidcnmmsv:ntﬁmicdlgpﬁdﬁl@?pol ?/rrer S
of al ke romati c Vi conpoun and pol y(aryl ene
et her), ‘éﬁﬁ“‘%ﬁ& &gg’l’fg a’ie' aéﬁiﬁfii @8%?%9‘? cf?FéiPE’énﬁP&/ sing at

| east orfarthér mb@g Gé(ﬁﬂ@inrwseo%ﬂdl nliRRgl éeliﬁ‘on siftflaY ¢ Mgl B8CHELAS %%ctlo sins are

known poIerers conprising a plurality of structural units. e formul a

re Q diprorrpt Wre pelypmidsrandathh eondugtiverconcentiate toethcme@’md ﬁecdrp]bependent I y
hal | Cl -
o noa 1P 06 Yiftinau8 S0 M ated boelrhoR S o MR I iog P in i fubior o1 n ot

| east t RigwariboAdditionsf t}map)aldﬁétﬁretd%ﬂadhalbl@@@ﬁh 206ncRNYAe AlsBlodies akd each Q2

s i ndependent Ié q}[@g hal ogen, primary or secondary ClI-C8 al kyl,
phenyl , CHHF A ceﬁnpeaentfahmdmekyflﬂdedqumgd@rm rasdpeey,7 or C2- C8

hal Ohyd'wﬁ@fsb&ﬂ%ya WaeHSlefletBito! &@Rkter 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




two carbon atons separate the hal ogen and oxygen atons. Preferably, each QL
is alkyl O phenyl, especially C -4 alkyl, and each @ is independently
hydrogen or nethyl. Both honopol yner and. copol ymer pol y{ pedehRer®jsher)
resins are included. The preferred honopol yners are those conprising

2, 6-di met hyl phenyl ene ether units. Suitable copolyners |nclude random
copol yners conprising such units in conbination with

2,3,6-trinethyl -1, 4-phenyl ene ether units, which nay be derived from for
exanpl e, copolynerization of 2, 6- dinethylphenol with 2,3, 6-

trimet hyjipheno] co@'b&{?lti&%c' iﬁglﬁg& gn?/tp% tﬁgﬁ%ro?nﬁp %her e5| n cgnt ai ni ng

nnlet|es 5repar )Y gra

pol yst yr Bolgéarylase wihef) @Sins @mnh@«dn R PHhér Woﬁi@ﬁsﬁ?"hef)%nﬂ@ 'ststﬂu&uml ch
coupling aggﬂéﬁ uch as | ow nol ecular weight pol'ycarbonates, quinones,

“het er ocy¥ft rorgriel s undergo reaction in known nmanner with the hydroxy
groups of two poly(arylene ether) chains to produce a higher nolecular

wei ght” pol yner. Poly(aryl ene ether) resins of the present invention further
include conbi nations of any of |t above. .6 15 becenber 2006 The ,
‘poly(aryl ene ether) generally has aver age nol ecul ar wei ght of
about - 3, 000 to about 40, 000 at ( nits (AMJ) and a wei ght average

nmol ecul ar wei ght of about 20, 0 80, 00p AMJ, as determ ned by ge
per meati on chromat ography. - The| e ether) generally may have an
intrinsic viscosity of about { .6 feciliters per gram (dUg) as
nmeasured in chloroformat 25C] Ww&hin ghis range, the intrinsic viscosity
may preferably be up to about|O0. .NAlso within this range, the
intrinsic viscosity may prefer | eastjabout 0.3 dUg. It is also

possible to utilize a high intfific visd@sity poly(aryl ene ether) and a
low intrinsic viscosity poly(aryl ene ether) inZonbination. Determ ning an
exact- ratio, when two intrinsic viscosities are used, w.ll depend on the

- exact S B SRS S h ] | ene resins used and the
ul ti mat ﬁ)e%[gl @g éﬁcgr%%e{dﬁqe%‘?deé?c?‘eg? 1¥( %‘%ﬁ“@?‘ﬁ&yﬂéﬂé‘“’etmw r¥sins are
typi cal Isycqudenar@dChy alkiyl; @heakd] | €eCzouRldalgl, -6 AdRshikyne C,

nmonohydr 0 matic co und, such as 2, 6-xylenol or 2,3,6-tri metahyl phenol .
Cat al yst! éfj/’&fg’ﬂ’é‘”ﬁ’r é’rg(g«%(g% bk @Y@ﬁﬁ#rbmym erific#t keasipMiongarbon atoms

separate the halogen and oxygen atoms; and each Q7 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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end gr ougrs exachaaticgtwibsh tooTpntrinss vistdisitigs alh:ou&e@(%mlmd@@ﬁaltoﬁﬁwpﬁiatcﬁ by
~weight of the .poly(arylene ether) to the first feed port. Wt In this
" range, i ' g‘“’ﬁﬁé’ﬁ é’*rtg‘?j pely(anglgne gthep) rpsing ysashandetheellimateophiysicaf at | east
about’ZEprapé,ﬁgsdmirwi ght, nore preferably at |east about 30 parts by
wei ght. Al'so within this range, it may be preferred to use a poly(arylene
ether) anmount of up to about 60 parts by weight, nore p‘refe_rably up to
about 50 par t Shepl(atyigme ctlieresins hedypigllyutrepiredbpthe pallataaicdeplag t he first

BolYam d8. A1SEcan bR dSenfl! Dhuhlhd Lo 8" B o
2,3,6-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. Examples
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 include those
that comprise molecules having at least one aminoalkyl-containing 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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pol yami de-6, 6, pol yam de-11, polyam de- 12, pol yam de-6, 3, pol yani de-6, 4,
pol yani de-6, 10, and pol yam de-6,12, as vveII as pol yam des prepared from
terephthalic acid and/or .isophthalic acid and trinmethyl hexamethylene
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accor di Q ods, desc for exanple, U 'S. Patent Nos. 4,174,358
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t ougheni gutaij)am@bysmlgl&bl e toughening agents are disclosed in the
above- |dent|f|ed U S. patents, as well as in U S. Patent Nos. 3,884,882 to

Caywood, Jr. and . Gal.l ucci et. al " Pr epar ation
and Reactions of Etﬁoxy %égwéegnﬁlﬁo&%@% hrs Pojypgride, ghe secand; o)
27, pp. poRamidT a(lda&a)mdwg:anﬁﬂé yThé ﬁm golyﬁlnﬁﬁzt ﬂi&(eb@n@ﬁ’élyxﬂﬁﬁé 4Aad /
copol ymtah By f stral ht chain or branched as well

third polyamide miay 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 palYarﬁide—6,l2, as
well as polyamides prepared from 'terephthalic acid and/or iseophthalic acid and

tximethyl hexamethylene diamine, polyamides prcpéred from adipic acid and meta

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

' 2,2-bis-(p-aminocyclohexyl)propane, semi-cr);'stalline 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




graft polynmers and copol yners, including core-shell graft copolyners, and
they are characterized as having incorporated therein either by

copol ynmeri zation or by grafting on the prefornmed poly Jier havi ng
functional and/or active or highly polar groupings cagginggggﬁﬁggracting
with or adhering to the polyamde nmatrix so -as to enhance the toughness of -
the polyam de polyner. In a preferred enbodinent, the first polyam de, the
second pol yam de, and the third polyam de each independently conprise

pol yam de- g, ..pol yap de-6,6, or a mxture thereof. In a highly preferred
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about 5 to about 40 parts wei ght of a concentrate conpriSing about 3 to
about 2 581%91@13@0 polymers and copolymers may be straight chain or branched as well as

graft polymers and copolymers, incldding 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




percent of a conductive carbon black and about 75 to about 97 wei ght
percent of a third pol yam de, where wei ght percents of the conductive
carbon black and the third polyam de are based on the f§?gknm@}gﬂ% of the
concentrate. Preferred conductive carbon bl acks include those having an
average particle size |ess than about 200 nanoneters (nn), preferably |ess
t han about 100 nmu, nore preferably |ess than about 50 nm Preferred
conductive carbon blacks may have a surface area greater than about 200

t han about 400 nR/g, yet

square neter per. gram (n2/.g), preferably greater
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" under thBAtsbydeeightres 10 15 Decenber 2006 VULCAN(r) XC72, XC305, and
XC605; and the carbon bl acks commercially available from Akzo Co. Ltd

under the tragge RAIRS AN ( Q and.gQ0 JbD. The

. conductive carbon bl acéﬁﬁgy Ehélggddbil)ﬁﬁg?ﬁgr%aﬁtg%ggg%gﬁtw%gg Oq]tgeabou‘t 5
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wei ght peretchpolyanisle arapunt of apde aboyt afpparts byboight, dnwei whierapty apné , st | |
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based on the total weight of the concentrate. Wthin this range, it may be

preferred to Tizemathodndugitisseaddiigdona HiRL keed Posnéf BE ck@aRd: 1BHQAUS 17 Wei ght
per cent. Altsg Wi thin thi rfamge, it may be preferred to use a conductive
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car bon
-percent of 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 conducfive 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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i nclude natura
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about 80 to about 95 wei ght percent of the third polyanide based on the
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about 93 weight percent. In addition to the conductive carbon bl ack and
~the third polyam de, the concentrate may, optionally, further conprise a
di spersing aid. Suitable dispersi 8 aids include the water-insol uble
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al kyl a®lagkgmoyng fasabwuﬁwelahtrgcr@ne al kyl methacryl ates such as
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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 Weight
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 |




products include honopol yners and random bl ock, radial block, graft, and
core-shell copolyners, as well as conbinations thereof. Particularly

useful inmpact nodifiers include A-B (diblock) and A- B'Alsdlﬁ&fehll%%%
copol ynmers of al kenyl aromatic conmpounds and conj ugat ed di ene conpounds.

Speci fic exanples, of the al kenyl aromatic conpounds include styrene,
p- met hyl styrene, al pha-nethyl styrene, vinyl xyl enes, vinyltoluenes,
vi nyl napht hal enes, divi nyl benzenes, bronostyrenes, chlorostyrenes, and the
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styrene- I t - r tripl ock copol yiers

styr ene-#@%ﬁ%gﬁga )l"/i r%ér@a?%eé%ccggﬁl §%t8? y‘ﬁ%"reg &3‘51’ SWB%&T’Z” isoPisagetfifer 2006

- et hyl stehl@mpechel), and eiredial qattixyis Byids tayd aler BediRiigek (&Q?Qi{ﬁ/ﬂﬂé&ateﬁnd t he

:like, and  conbi n%ﬁl ns conprising. at 1east one of .the toregoing | npact

” nodi f i er®@lie,acid, lg)ﬂ%prylﬁ_ Beidspabak asyatey el srayngthyds é%fl?%‘y #g}ﬂe a gl ass
transiti 1l - f ly | ess

t han aboﬁl;}tgth{1 C%%Sﬁgﬁsﬁ%ﬁ%n &ga_lc -laéglag%%%(lzoopo }nen?lgeegglé&ae\ggéﬁ bl e

commer ciprpductsincluile homgpotpiners ant eandoiny ibéovk; (adiah loekazrpit ol @reghetli bl ock

copol yner ving_a_sfiyrene .content of. 37 weight percent available from
Kr-at on ﬁgp%eg’g%wml}lat@ﬁ&ﬁ“{fhe styr ene- (et hyl ene-

butyl ene)-styrene tribl ock copol ynmer having a styrene content of 30 wei ght
percent  avaiHastidubarfy esefll dinpactPalotiins iaslulERATBN(Eb16kSSdnd tA8-A

: %Eé;gﬁ?k&;ﬁi%&?ne_ r%gylo nael?cen(gfll b:l«.xrggnl;ﬁgoggr!aggﬁlrds ade' : (i)?ljuegazerdo r:i]iefxlér aray as
‘ compounds. Specific examples, of the alkenyl aromatic compounds include styrene,
p-methylstyrene, alpha-methylstyrene, vinylxylenes, vinyltoluenes, vinylnaphthalenes,
divinylbenzenes, bromostyrenes, chlorostyrenes, and the like, and combinations
comprising at least one of the foregoing alkenyl aromatic compounds. Of these,
styrene, alpha-methylstyrene, p-methylstyrene, vinyltoluenes, and vinylxylenes are
preferred, with styrene being more 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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styrene- (et hyl ene-butyl ene)-styrene triblock copol yners avail able from
Kuraray as SEPTON(r) 8006 and from Repsol as CALPRENE(r) 6170P. O her A-B

and A-B-A bl ock copol yners include those avail abl e und the.tr nane
SOLPRENE(r) from Phillips Petroleum and under the trad§%%ﬁ§m@E' (r) from
Dexco. Also suitable as inpact nodifiers are core-shell type graft
copolyners and iononer resins, which may be wholly or partially
neutralized with metal ions. In general, the core-shell type graft

copol yne H]@fﬁ. . I i i 2 i ene ., or crosslinked gcrylate
rubbery g%%e angﬁ%ﬁ{éﬁgi?%m%ga g‘?:eélf)ﬁ %g?;‘ﬁrr@ﬁ 88"0[1“8?‘3’0?1‘"@% lr‘]lﬁ’erai“aed from
monoal kenyhbinetietsi congpnigingrat feastyine o f iR RERbMgd OIS MEdifidks CTAPIADBLLEN Wi th

ot her- vi opers., O her i ct difiers include the above-descri bed
types co%%i%ngﬁﬁggﬁwlgmﬁ%%ﬁ% r%hbqgawgla& trapsitjopctemperetuiro (B legs oups, as
wel | as ) |_ameo [ | o ub l.ysu] fi de rubber,
pol yuret%gs&lrtubber’%gg%%t eIS' l%glghgfa%{) gpé‘ﬂwp%@}bgg%ﬁ“gﬁéﬁ(&ﬂ&ég

epi chl or cippthmiers r ubdrer , ®ialiyblene-copimaylatipe rapbergt hebs(ggggjegst I¢fe POI yest er
el ast oner,s e | astiC er-ester elastonmers, and the |ike, as well as

t tn
mxtur ess%lé?ﬂ?)'?‘f ﬁoﬁ‘ge"ﬁli‘??ﬂ@ﬂ ‘E‘?Iﬂ?lﬁeonﬂb&ﬁwdxaﬁ@gass@@m eantept pf 27 weight! i ononer
' | gl : I b Pont. A
-Lgfr{)ﬁa{l?ggnd%?v%l%&?{?ﬁm%%gﬁ% Eyk%&gg%ggggrescri le?{%ggr nrfcﬁ%lﬂ}y s may be
used. | rbwHenriserartsitdock: erpolymmqydeivingom stycaprdoneat abd0itwelght pepdeptit 26 -
ts b l,gh f ' t nodifjer llected fromthe gro consistin
g? ;r Zne}'a(v% eﬁ%-& ﬁ%hgﬁ‘g@n@fﬁlﬂéngﬁﬁf@@c Flééb;mﬂ%réﬁgt}n%-(eﬁgf{ene— e
st yr ene-frepylyieynitblptiopypdiair SidabBrekiont KiEraPes o8O f01C ARy er s, and

‘conbi nations conmprising at | east one of the foregoing inpact nodifiers. In
~ one enboﬂﬁﬁ%f‘?th}fl?f@"bqﬁfgﬁ%@'sﬁﬁ@nef trévocko nepdlweers aavatlgtile rfeoni dlimutagnas

butyl en r il I -{e | ene- pr.opyl ene)
i bl ook ookt o0 drd S5 KR, HERLPRENESE BRR e kb Bchfindr .
st yr ene-bidxkt axtiodynsers hutlydeetheye avallabReudder bhe GhdGaRe! WEPR ERE@RESIC
anhydri jﬁ%&r aét eﬂ et hyl engé %?gy ene- _di ene-nononer copol yner, an
et hyl end BBy EEERER 3B upder th tradegame VECTHR® fram Rgkemt i on conpri si ng at
| east one of the foregoing inpact nodifiers.

: 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 |




In a preferred enbodi ment, the conposition conprises a styrene-(ethyl ene-
propyl ene) di bl ock copolyner and a styrene-(ethyl ene-butyl ene)-styrene
triblock- copolymer. In this enbodinent, the styrene-(eﬂ¥%&en éfﬂggylene)
di bl ock copolynmer .nmay be used in an anount of about 1 SBGG parts
by weight. Wthin this range, the styrene-(ethyl ene-propyl ene) diblock
copol yner anount may preferably be at | east about 4 parts by weight. Also
within this range, the styrene- (ethylene propylene) di bl ock copol yner

anount NBYp r W palr. ' Also.in this
enbodi nent, ¥ Eéegst%)é eor?gﬁ) &tﬁ}lﬁh?e: E'glflél %tn ts?ﬂ’l%/é)\rﬁgth?hﬁobqg%’lg uBest ymer  may
be usedmndlfa:m anount of about 1 to about 13 parts by weight. Wthin this
range, the styrene-(ethylene-butylene)-styrene triblock copol yner anount

may preferabl be at apout 4 parts_by weight. Also within this ,
range, -the P8f e rf‘lé‘?q?l??‘étnég‘ﬁdf"}’?‘étné)"dé@?r é‘P{BPfES‘Pﬁbﬂ sbreneoisthiylener anount

(TS%/l g:l:}c]lg{/, ??Jor e?@cé%?%ggb%d |n§a;%§u%?%8%teﬂghe{lgy?§pﬁa{z q& %ky wei ght
01;] a colnmp yodrj A ﬁigrrfmgémtadte@eistweﬁﬁl ttﬂ:tloéleedgcgigmbr in sqgc;l&j;(gglfagidgilp; (r)]\ée ; ts1e
hel T s ESRAS e RlbidrkoBRiviRE A B it Bah4E Fy o pomytare

- conponendiendAinbhbmert NopolyaRge an 'E:ﬁli le6OpRsHyIdde| nfibeS, agC e A
‘preferably he at |east about 0.2 garts b;lwel ght, m)reepr g%er arbly at | east

about 0.99mpinatiogyromprising at last one pEtherferegpiapliypant modifisrs.about 0.5 part by
weight. Also within this range, |t may be preferred to use a

: tibil . b ht :
 comati bl V21 SOBHPORMLIR (e SHOMS, ELEN MRS
*ﬁ helr e:c n, nrbMIMrébmchngdmnwL aﬂIl Ia zsqmgwa(@ﬂierenelbaf)&lrn%)-ﬁt?r&lBO&mloctkh he
ol yfuncti ona oun i ch jnteract 0 enyl ene et her, e
Bol zam f8pPo Oléffn ) nBB? %‘ﬁ?fym Bt the sﬂﬁ‘“@'ﬁ#ﬂ?%?@ﬁ)‘l&ﬁ&@@c ymﬁwr (e.qg.

gr af t i nghaybe udell)s iab anofif &‘ab@ﬁtfﬁﬁ)téﬂ?ﬁttiﬁ‘?aﬁé’ﬁy %%RQ%'A @&t 8hd &Lg&s of the

di spersed phases). In either case the re ting conmposi tI'on appears
t o exhi ke SWWB@MHG%WQYIF«M)I diblgck cqpelmauimannymay pefirgtdp dedt leystenhanced

i npact sai,{)ﬁn,gtdgm rﬂ}) %‘éﬂi t Aléo thﬁ} rﬁmgtrz?ng%n /eosttyrenef()erglgﬁene -propylene)

diblock copolymer amount may preferably be up to about 10 parts by weight. Also in

this 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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Sui tabl e conpati bilizing agents include, for exanple, liquid diene
pol ynmers, epoxy conpounds, oxidized pol yol efi n wax, qui nones, organosil ane

conpounds, pol yfunctional conpounds, and functionalized ﬁ&le%ggﬁréldcgne
ether) resins obtained by reacting one or nore of the previously mnentioned

~conpatibilizing agents with a poly(arylene ether). Liquid diene polyners
suitable for use as conpatibilizing agents include honopolyners of-a-
conj ugat ed ‘di ene and copol yners of a conjugated diene with at |east one

mononer sel ect,ad from ot her conjugated di enes; .vinyl npnogers, such as
styrene and aPﬁHﬁ- HV?mEIQF%ﬁ%? ‘%Hiﬁgwpgﬁyﬁﬂﬁéagﬁﬁyﬂﬁ 1561 ene,
but ene- Ipolyfimohetay| edifipoud@x efich AkkRACwWIth WD SIIREENEsL R MbXT Ures
thereof The liquid diene gol yners may have a nunber gj\;/[eragee nmbl ecul ar

wei ght  oPolxggmide, on @refeishiye botha sEhigrinteractionu)ayt e clismical 16,2080 ftixg) or

prefera u . Al These honopol yper.s and
copolyn&?ﬁmggﬁ --%%@gﬁﬁ%%%%%ﬁgﬁaémﬁggﬁg%gﬁ%h§§g$ﬂ§gﬁ9ﬁW§§?£rHE% le, U.S.
Pat ent Nase the 43a/tHIZPAB/PAY bonigdsitiei dpgeadSto Blidbit iMpRFed iconpiabiltyes of
l'iquid diene I neng i nc| ude pol ybut adi ene, pol yi soprene,

pol y(1, ?%B?ngfglr ésn%‘)‘ : eﬂa&f bﬁ( BE#%P% Har:c shengilo ymold dinit lineystrength sod/ati ene) |
_-ponchquam&&Bﬁj pol y( but adi ene- al pha net hyl styrene), '

pol y(but adi ene- styrene- isoprene), poly(butylene-butadiene), and the |iKke,

and conbi nations conprising at |east one of the foregoing liquid diene
pol yners. EpoXyitablengraupatibilizing agenés inshides foraxamplep iyiidi diexd pgymgant s

‘i nclude - y esi ns pr.educed. b ondensi ng pol yhydri.c phenols (e.qg.,
bi_sphenoq(i)i%%$ &0?'3% o@ﬁﬁ%@%ﬁé’#@gﬁﬁ{f Waé‘so‘}“é’?%i" é’f%"‘?’?}la‘i“b(fﬂmﬁ_ > and

- epi chl orgityRinétiinaP EYounds Hind FaRERHAGEEH pMy@ﬂ}mrb‘iﬁé}préaﬁisWQﬁédCbﬁ'lgom' S

{e.g., ethylene glycol, propylene 15 - --- -"---- BT
Decenberte38H§ oRfl ¢t drore it he envevighsly onentinsied eompiatibiizigyagshts withyar opyl ene

glycol, hristol and trinethylolethane and the Iike) and
AR

epi chl o cidyl etherified products of nonohydric al cohols and
nmonohydri ¢ phenol s, such as phenyl glycidylether, butyl glycidyl ether and
cresyl gl yci dyheidhdiene golymiedy Isuidahle viat aseods asmp@ibilizimo apelss isddéde as the
- d10LYCl QY BRIt St 8cofiphted GienSPid SpiFmde OF 5 Sonjugated dibne with ot | ' ¢ O
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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cycl oal kene, or natural unsaturated oils (e.g., soybean oil) as well as of

the foregoing 1liquid diene polyners; conbinations conprising at |-east one
of the foregoing epoxy conpounds; and the |ike. Oxidi zgﬁﬂgol O%@Oi n waxes
suitable for use as conpatibilizing agents are well kn ¥ sgribed,

for exanple, in U S Patent Nos. 3,756,999 and 3, 822,227. Cenerally, these
are prepared by an oxidation or suspension oOxi dat I on of polyolefin. An
especially preferred oxidized polyolefin wax is "Hoechst Wachs". Quinone
conpounds suLiﬁbl e fgg kjse as )&orrpatl bilizing agents are char act erized as
havi ng a@lyc8 ool me ehecalyesbroolypepylese elysak pertaerytuitolom|

groups, Yﬂ‘n@!ﬁ?{mha@l% drd B qlk%z hd %&1&1&8@&@ ﬁfrgtﬁggﬁ&g EP I;.lgtg e | NS,

provided that they occupy po orrespb

1, 4- or i emaohydricoflcolnds andnnmyﬂiydnc q:\hbmﬂme:uclamel patsn)}l gAgdidylees Hupgn- car bon
double bo t he tr th ar bon-carhon doubl e bounds and
car bony! & Eygfqﬂ) th8§<§'/‘§£ e%élﬁy gl}f?@hée%‘@f;ﬁsdﬁ&f”é@ gPpowdspBich t o each

ot her. Vgrife REcHMA e dfNhilife; péﬁﬁ‘i‘dl&ed' rodhl;\g d&“ﬁfgﬂéé odtinfd o gw none,

the rings may be fused, non-fused, or rings may be bound
by a di r e¥dlodlisensopr eatusbnnsabuated onislﬁeigosoybyarammmmmsbmherfmmag havi ng

conJ ugat u - C=C C=C- . e be substituted
unsubgiam{dlr}[i gﬁ(f b i% o bé?%n{;&n? e%PSq%?“}P(fﬁth at tg‘?ﬁeﬁf@‘@ fBTe M8<POEYt i on may
be from omﬁpdsmld‘s;l‘@drmalmmm nunber of repl aceabl e hydrogen atons. Exenpl ary
substituents |ncI ude hal ogen (e.q. chI orine, bromne, fluorine, etc.),
hydr ocar bon r als I.ncl udi ng bra hed and unbranched al kyl, cycloalkyl
ol efini cal | y ﬁﬁ HPE%%% ley 86P%§’aﬁ3§0113@ﬁ%11121&g|@g¢1§$ gte welhd
hal ogenam%ﬁ%a\&gdd&a fhesa | Bl d
heteroatons therein, parti cuﬁ{g? ;‘}Hg}g? en eﬁ{suNF% §9§ H‘%‘%%ﬁ%@%g and
wher ei n Gigaerhldy, éh@atmrpmpmﬁdiysart tmdatlcadmmlspdnmh mmatibmoﬁ@oryblbﬁn( e.g.
al koxyl) ) | i panes i.ngl.ud 16 15 Decenber 2006
benzoqw‘ﬁg%pec a‘@%@%’%ﬁ ﬂ'&ﬁ‘ipgg’ [%‘%“d'l'aﬁﬁé # %°hs4 4' - di phenoqui none,
. 2,2",6,6' -tetranethyl -4, 4' -di phenoqui none, 1, 2- naphthqu|none
1, 4- napht hoquQuinge c&nﬁotﬁﬂ@h%ﬁm& nege us@hbé)réyﬁiﬂaﬁblh%lr@h el Lare |
4- benzoqyi none, 2, 6- dlnethy -1, 4- benzoqui none, conbi nati ons conprising at
| east ondhAC terized pg haviBg At leasti Meriis membgred 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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the |ike. Organosilane conpounds suitable as conpatibilizing agents are
characterized as having at |east one silicon atom bonded to a carbon

t hrough an oxygen link and at |east one carbon-carbon ﬁ?ﬂ%&%m%%ﬂBGOr
carbon-carbon triple bond and/or-a functional group sel’ecte roman am ne
group or a mercapto group, provided that the functional group is not
directly bonded to the silicon atom In such conpounds, the GO Si
.conponent is generally present as an al koxyl or acetoxy group bonded
directly,to the silicon atom whergin the al koxy or acetoxy group

gener al | §e799UNgEs _tllvé" CPEOQUANISn e GRIPhSIGUISYE.a ot chinbegiogiigrer o at ons
(e.g., 03}99,%,’6)%etﬁﬁﬂ:'tﬂjlﬂ[@ﬂi%hen%@ﬁﬁ@n@ﬁﬂé ﬂwcﬁafnoﬁe,r ?,4'[1{5?&}@@&113}1%,' con atom
e si pr esent, I ng

in the conpound, such multi I'1con atons, e i nked

t hrough 2s$-waphithequinpmey ( ehigrapilsi | @xchuires)l;4-berzbdiinoms, si Rjéedimetiohd;4- or a

di val ent [ hydrocar baon radi.cal (e.qg., nethyl ene .o henyl ene, groups); or the
ke, ERhBE8s CabRPE ahfurtits i oBos Shaloireing quigarm e

am nopr ofilltke] et hoxysi | ane, 2-(3-cycl ohexanyl)ethyltrinethoxysil ane, 1, 3-
di vinyl t etraet hoxysi |l ane, vinyl-tris-(2-methoxyethoxy)silane, 5-

bi cycl ohept enél tri et hoxysilane, and gamma-nercaptopropyl tri met hoxysil ane.
Pol yf unct i onalPr&8psilsns gempopadsisiugable as spppetititizing agentsigenehardctasizedie t hr ee

types. Thepfu: e i - havi in the
ol eoul o BofEd IEHPENE it MhApT R CABREHIOSIPL SRR W) L bona
and at | kasttonemarbon-gatbon biltle dondl or earbotdcdrblen triphé bend arV@ra fundiisial ani no,
epoxy, - orthoester, .or hydroxy roup. Exanples of such pol yfunctional
conmpound& PR &f ﬁ%@l frameamamine &F"“%Eﬂré‘i Tgercapt, WPC@PVﬁdﬁﬁéqut dheyfungtiongl yci dy|
--acryl at egrobip 36 A0 §ir&blythorAEPM YAE sifiCd atof! ¢ 1 g&l,ﬁh cafdydrig de,
reacti ongr;())r%duct.s rres:}J’I toi ng from 211 di aﬁ%oﬁg E\gh&ngf%rfl an Sngra'igeC?éi di chloro

mal ei ¢ atAReHds gardraliyc prsdnd asan dikoxyingacehony gobugh teadbdiredtly tagkals (e. g.

acrylic ' t ' Ci net hacrylic acid thyl acrylic acid, pentenoic
aci d) ; %gééogin%t%&:{’ g’@?‘%ﬁl &ﬁnaglgocf%’ nOi aé:etgé’ %QUP&?BQI@EH#%%&E%&E?Q lﬁa ?aﬁg‘?‘bi c acid,
est ers oftoinband fray aBoicogatinEaéry ra&irﬂﬁ(eﬁ‘g@,&b@ééﬂzj Adaaidhally ahbd dy &> of the
foregoing unsaturated 17 ---------- --- -- 15 Decenber 2006 “carboxylic

aci ds, aPfhinprs dan epe siligon gtasydn rihe sampewnditweh aayltpleysilieora etoms, if

present, being linked through an oxygen link (e.g., siloxanes); a silicon-silicon bond;

or a divalent hydrocarbon radical (e.g., methylene or phenylene groups); or the like.
Examples of  suitable  organosilane  compounds  include  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
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unsaturated al cohols (e.g. al kyl alcohol, crotyl alcohol, nethyl vinyl
carbinol, 4-pentene-l-ol, 1,4-hexadiene-3-0l, 3-butene- 1,4-diol,

2, 5-di met hyl - 3- hexene- 2, 5-di ol and al cohols of the for rrg,)] 01I5|2r5(§)§1-1,
CnH2nn-70H and C. H2" 9CH, wherein n is a positive integer Up to 30),
unsaturated amnes resulting fromreplacing fromreplacing the -CH

- group(s) of the above unsaturated al cohols wth NH2 groups, functionalized
di ene pol yners and copol yners, and the like. O these, two of the
preferred ,%orrp,ati bilizing agents for conpositions of the present invention
are mal eCRPaRAiFdrackls, sy ricd dkd dforephings awmsaturatrdo ugarlafxyliol géidsyct i onal

conpound o gr r e ed, by the fornul erein R
is hydr ogle]%mg?tegn&g?l’&)ﬁ ,(g'gf yﬁWa%lﬁ;%’o%?oq@arab%ﬁ% 15‘1‘%5‘({/ ﬁ?ﬁu%“,c{%'ﬂﬂh( b) at
| east twd-pgnienpd-addach of whiddexadighedBol, he sane 3ajuterdlf f er ent I’Sﬁﬂigﬁ:t ed from

carboxyl | cig, I d halide, anhydride, acid halide anhydride, ester,

or t hoest g&ﬁﬁ&ﬁ&?‘%@ﬁ?‘}fﬂﬁé’ﬁﬁlnﬁd aleehols pf thestosmmlas ColtarsO8t, Caflp@iQHl of this
group  OhndORALOR whéRin & £pdsd ) mh; ! ' | acid
esters and aCr;}pza Eam des r%pr e'é‘gsﬂt?%ﬁhﬁg t e@%?,ﬁté%%@?a%ﬂuh%e?&sﬂ?mg

(R O nR( tonReplacpgNiRiRReplacingtthe eDH goup(sh of ithe abover ulsampaée dicohdls N,

sat ur at egritﬁll\ilﬁhatic h drtocaﬁb%fdof from2 to, 20 referably 2 to 10,
carbon atons, REGESHPAFEYRHZGE! dighe Bpkapers apd, popalugersopad: tieidikey | Of di oxy
group of thesd, awd(of (e giréfearddl ootph@bifizing WebntP '6f %ﬁBbé{tﬂmstﬁf éﬁ 4pn atons,
especial|y preferred is _hydrogen; eac §0 I s 1 ndependently rogen or an
al kyl - or In¥ggtion a5p waleiq andirinde epdlymerie Beid- at ons, preferably from 1 to 10
carbon atons; each 0 and Rn' are independently hydrogen or an al kyl or

. aryl group of At y ol I | 10 6 t preferably i to
4, carbon at qu;lfé{ Q%‘)lllg grc(])tjﬁ'gl O?Jﬁ an 0%{# 55@5%‘%“338‘?%’& g‘?tﬁ gaﬁa‘h gequal to
2, pr.ef ercpisbentehibplithd forthube (GR) avhdrein &k BydasgeneaCin gnBtLY], baneor equal
to zero and Wi'l rein (LERR'@I)1 i alé)ha or beta tp a carbonyl group and at | east
two car nl?ﬂﬂy @P&%&O r ‘%@%aﬂté ashtw groupsyeash of lueh maybs thommonsl y, R,
R R d@ifErelNelédn@émRartdkylic ¥0e Sﬁﬂ%&" ' ] s |ess
than 6 car bgn aetoms. _Srﬂi t abl zl%pl y’?§?%§¥§?1 C c#ﬁ‘g’ #@%@%Wﬁ%aml e,
citric sk, orthapster, amidg, imidgagriob cardoiadoussalts thveedfi Kiypicahef thigigngupt he
vari ous GoRfbifthers 3 Be dNBRAR polfUHbxEHc (Sls, a6 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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15 Decenber 2006 exanpl e, the anhydrous and hydrated acids. O these,
citric acid is another of the preferred conpatibilizing agents.
Illustrative of esters useful herein include, for exa acet: Citrate
and nono- and/or distearyl citrates and the |ike. Suitgﬁéécegﬁhc%ds%useful
herein include, for exanple, NN -diethyl citric acid am de, N-phenyl

citric acid am de, N-dodecyl citric acid am de, N, N -didodecyl citric acid
am de, and N-dodecyl malic acid. Especially preferred derivates are the
salts thereof cluding the salts with amnes and, preferably, the alkali

i s - - -
and al kal F53B1Pke the, aplidsqusand; ydrated, acids.a Qf beses gittialse iszanother ofthele
cal ci um fled by et . PRiASE d potassjumcitrate.
The t hi rgﬁgroup %@%&F@?ﬁﬁcé&%ﬁél conp@t%g’gr%g%}e%ﬁ%ﬂ’ﬁﬂ rﬁfn é‘???"é I’(To'hal i de
. group, nosamplefaeetabkitraten amd ntbnoh land/br digeapylpcinn@ds @Y thé Hkeassuitbe:
bt cf or bl ML HBITFRLE Bdp. G AN BB ST Ak eidcoN-phmyl
pref erabl’y ‘a"tabOXyTT ¢ 'derdh ot Silydrt-Oe4rit e Lo
conpat i bidiie kRl #hide] R-dodeéyl Gt BoilHAiHE N N LeTBIdeb 31 Gerio AR Mhdad o] I
chl oride, chloroformyl succinic anhydride,” chloro fornyl  succinic acid,
chl or of orhglpdegylimatic @clalln rﬁwe@fy lpmﬁrmdodemmes ggi tlte;ualt'lx ltlmod,, incl_mlgﬁfgg?c et él
. succinic ri-.de or.oace ccjni Ci inellitic acid chloride,
- and chl.orﬂégge yl“lllﬂlg u [gers i %“%gcﬁrﬁt.%miﬁbntbetaﬁ]é@e,a“@rq_t“;FéWFi‘fqﬂ&‘ g5k dRftte aci d
chl ori de Exgmplazy of suitible salts inbRideesleiun fnalate, Q8RRML Sitdade, Potalshilh Grhdbat
conpatibilizers of this group be pre-reacted wth at Teast a portion of

the pol y@af PPEHEUVBCHENS: wher eby the conpatibilizing agent is a
pol y(aryl ene ether)-functionalized conpound. Preferred conpatibilizing
~agents incl uderygi thirli ©ré&d df gﬁﬁﬁl@ > A6 JSRLE R ry de, [,c, acid,
fumaric acid, and trhggrﬁfdke, pa gg?w%?n‘%ﬂ ons‘%cgar}fﬁ?}?@%j at acﬁziéagﬁleone of
the for eguiupg nowhrpeeférbblyiani avigl elgeridls grolipearfdof) goileagt easTpabobilici id)g agent s
may be u daJdonetor i n va[r}hgu§ conbj nati ons gttﬁagne anot her wi_th anot her.
Fur t her moP & { fie§™ fafPBY> 80T % LIS 2rovps (veferablt 2 spdRgylisy agd err eact ed
with el t Baydolctosdp. ¢ BRamplcy BROBMbANSILLY Yt this BRIYIRIGe cifcilfib! as with
other resinous materials enployed in the preparation of the conpositions

of the prBdERdeasdahliondn, chiyroformslspceinic andydrdes gelorgfocmpipatéibicl acid, ng
agents, | r -he u i | coppounds.. even greater .i.nprovenent
in corrpglt?l F’fy‘%w’t‘@ #ﬁs{tabguarjl@% (%I’ e%%g({rgflaglggfg Bl 518 C%tgr({aﬂ%tyﬁé'r‘ﬁ?&f‘? bi i zi ng
agent i sanhydride, chloroacetylsuccinic acid, trimellitic acid chloride, and chloroacetyl
_ 5 tyl

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 imprm.rement in

compatibility is found where at least a portion of the compatibilizing agent is
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*extruder

19 15 Decenber 2006 pre-reacted, either in the nelt or in a solution of a
~suitable solvent, with all or a part of the polyphenylene ether. It is
bel i eved that such pre-reacting may cause the conpati bH'%EéeH;%e t to
react with the polymer and, consequently, functionalize thée polyphenyl ene
et her as noted above. For exanple, the pol yphenyl ene ether may be
pre-reacted with mal ei ¢ anhydride to forman anhydride functionalized

pol yphenyl ene ether that has inproved conpatibility with the pol yam de
conpared to a non-functionalized pol yphenyl ene ether. The nethod may,

opt i onalRrg-Teactds sigher i thsrmalborin @i seitiwa @i eisyusable solvens, with sl of 2partoport, t he
second TieddiHonyBho tdifer! NIt 4 eFvR hat fi Mo @YY Chal Bhubd Ghatde, ToOF
exanpl e, stiabili1zers, antioxidants, antiozonants, no ref ease agents,
dyes, piwmmntibilizing\agenahi teactewsh tiopelemedmet, icosschjuédtBt $unctibsdlies ithey
rmdifiers,l nd .t he Ihi ke, an conb'#nation c}cl)rrprlitsilng at | east one of the
f or egoi A YipRogther s pated ahave,| For e’ﬁ’l"‘éi‘ért & doypheqylengether 20aY ks ves to
the firsieh@REdRAIH midid adtiRiBOtY iV dneRBy b fitlized foliRafRL the
first polyam de. Those of ordinary skill ?,n the art may ‘sel'ect addi ti ves
and det eathdrnéhat uhas birepraviesu ncompatibiilitet wisls thef  podigintido ncampdredit touradue

experingntatiqn. ln on nbqdi t, the method conprises: adding to a first
feed porl}ongli‘m%honaf&etdfpl?megﬂgﬁn&gﬁ to about 45 parts by weight of a '
poly(arylene ether), O to about 10 parts by weight of a first pol yam de,

- and | to abourhedficthed frmyypticRhlly) furttier @bmprARe&Iding dditlvies to the didétFeedt 0 a
‘'second feed port O‘S\Aft he extruder abqut 25 to about 40 parts bfi/?i wei ght. of a

second POty i sreond feqdoport. rhe dhigh deadcpait. pSpeh pdditiveanmey d fethe first
-feed pord. d | . eqio LT t of the

' ekggglt}lf Sﬁ%ght&g’ %‘Eg{f?ﬁ%%’ part sf‘%{égm‘g‘?gﬁ?@%f’ aaggll(;:%’n@g%fte@ grtn gﬁcg:’orrpr i sing-
about 5UY sholizert8 noaigntiuctiver dillats, ofis@sitp ndodifiesse anar blen lideacdndand about
82 to about.95 wei ght .percent of a i r ol yam de, wherein the third feed
~ port is“8 "P%saﬁg “glﬂg 3338%“2§“Fe%éiﬂﬁog¥‘?g°1‘é1g%[‘gPﬁeﬁ hé ExEFSHEY has a
~screw | epgblled @ alidaBitaidditves & the Tist aNpP withthe POk YA BRE Eﬁdﬂt , the

nmet hod conprises: adding to a first feed port of ~an extruder about 33 to
about 40f prasens thy figinghanide. aTheseyfardinanekidt inghg ad amyr sebichaddiyes- di met hy| -
1, 4- phenyh eRgoRhiE" MHIE: afodn™ bl "HdMdds L ot RAGRSH SNk lndi 1) O @

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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- conbi nation thereof, about 4 to about 10, parts by weight of a
styrene-butyl ene-styrene 20 15 Decenber 2006 triblock copolyner, and
about 4 to about 10 parts by weight of a styrene-(ethyl émg&gpxﬁ%ne)

~ di bl ock copol yner; adding to a_second feed port of the €xtruder ‘about 30

to about 35 parts by weight of a polyam de conprising pol yam de-6 and

pol yam de- 6,6; and about 16 to about 20 parts by weight of a concentrate
conprising about 7 to about 13 weight percent of a conductive carbon bl ack

and about .87 .t o ‘about 93 wei ght percent of polyam de-6,6; wherein the
second f LERIOHoFe E“ﬁo@\h’%?‘i’@grﬂ t9r abonk 16 jparts by awaight nfia stysghefathylenene

ext ruder : I . ' t 4 a 7. and erein
The conpBarD| BePEbRUIERN Rl TR ool {58 bR MG Air P 38071 G
about  1{@a®uk b madmbarwkightruftacpdghnhido doinprisiey pelyasidi-6 add paBGmefe-at | east
about 40 gg/qi qggreglac ordiqg_to | SQ 180. After nolding, the
conduct i 9% e F‘Wﬁ%l Piiee g?rc'rpof’é'ﬁst oteight S CRBY AN MRRNNLAPOPE éft@r abl y
exhi bi t s alout OB gt ?&ﬂcﬁﬁt‘dﬂatdén@ﬁcti"&g c&aoﬁ@%ﬁl‘c aﬂ@%ﬁ%@ ghid ARRY3 GRIYLE TELers

(kohmcm, nore preferably up to about 1,000 kohmcm even nore” preferably
up to abbercentEd pRlyamiders,6:avhiseinithestcomd feed pbibiis devmstreim af dterfirf feud| une

resistivity. i | &s i s_provided. in.the ex les, After | di ng,
t he cond (]é:[%{’i v@%ﬁ%ﬂﬁ%ﬁ%g’@ﬁrc R %W;i?"(ﬁ%h 5 tré]lbaé‘?eg?f Wg‘q’ﬁﬁ;@ thﬁ'blzhba“ referably
exhi bi t swhereht theadmiposition MARE bxtEisiRNGMILIFRATHURR r8distA3l ofagLe dhol® to | SO

180 of at |east about 15 kil ojoul es per neter-squared (kJ/nR), nore
pr ef er abl 0@ kohrazm anghv petclanl Izad impack steangthoat @3pE of et lebityabant 40ddén’ about 40
kKJ/ m2, st re .pref by at | east about 50 kJ/n2. After nolding, the
conduct i I&/lgl';tuﬁeér“%ncgﬁdgfgetpgé@g%bsition prepared by the nethod preferably
exhibits a notched Izod inpact strength nmeasured at -30C according to |ISO
180 of at | eaAftenhmiding0tHe bordluctivgg ehcpnoplestRbbompdsifidie prepae@Uy i  kJ/ N2,
even nore preferably at, |east about 18 kJ/nR2, even nore preferably at |east
about  20BRHeeprelsrably xpibife i voRHE FeeaHBE of 2pcila Abeitt 1600 isfeshomay be
express r | h i ppact. strength
exhi bit g‘%“gélefeﬁﬁ%%‘g‘?’?g?%’oﬁ%ﬁy&%%& olgil]ﬁ gﬁ&\%’ lﬁ‘ﬁ%%'?( Bg%ln UctiveeSr bon

bl ack. [preferably uptreabouh &0Ckeiposin | AHdetadgd method for determination of volume

resistivity in molded samples is provided in the examples.

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

more preferably at least about 50 kJ/m?.

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

kJ/m®, even more preferably at least about 18 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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- retain at |east about 40% preferably at |east about 50% nore preferably
at | east about 21 15 Decenber 2006 60% of the notched |zod inpact
strength exhibited at 23C by the corresponding conposii{ gh.oMpbiritk
‘conductive carbon black. After nolding, the conductive thernoplastic
conposition prepared by the mnmethod preferably exhibits a Dynatup at

maxi mum | oad neasured at 23C and 5 mles per hour according to ASTM D3763
of at |east about 20 foot-pounds (ft-1b), nore preferably at |east about
25 ft-1b, even nore preferably at |east about 30 ft-lb. After nolding, the
conduct i 8% € the ppisaed dzadorpnst sirengtly cahibited aby230G by thetdeomdspondingr abl v

exhi bits _a_ n@s “P j I ured at -30C and 5 mles per hour
accordi nag?gdA @g@é‘?@%ﬁ%ﬁg{‘% ut 2 ft-1b, nore preferably at
| east about 5 ft-Ib, even nore preferably at |east about 7 ft-Ib.

Al ternati vel y Afteheméiing uhe abndmtiveuthermpthsiaycddgposiidhegepded byathger cent
retention of the %natup .at maxi mum | oad exhi bited by the correspondi ng

conposi t Msthagdiprefsisblycexhehitsis Nmagur 8 shaxsmueidoad measvred #238C and8 nilesposi ti on

o ot or abfe i deEang BONSTEEH RS B Gt Baek pflur 87 Re P b afots 5
exhi bi t epreffsratilpet least abey@sdi-itg evernmpasprefegblyat (bt hbau@ndwcibi ve car bon

bl-ack. The conductive thernoplastic conmposition prepared by the, nethod
preferably exhibitg,a Vicat t erature asured at. 120C per hour
according to ﬁg@f dige. the c?léﬁ’gg"% opFgc cepwesipr frsenastd, bytthe east
about  34QGhoB\EBrRBIE ePfibite aiﬂfr}é \ &dopvention is
further 111 Ss;i?atefe% ’ﬁ? tﬁe ?o ovt\L/lﬂ;nsé ﬁ%ﬁﬁﬁq?ﬁﬁg%gﬁ%gg?d 822'21%1 Decenber
. 2006  EXmilet fS Hbub accCENRARARSYM BEASLER 1&ash aBhve Deft-4ix angak peefaablyGonpar at i ve

- exanpl es i llystr t he advant § of addjn he conductive carbon bl ack
as a con&?@ﬁ?ﬂ%‘ftﬁ“ﬁ?’lev%fw&%’ﬁ&gﬁaﬁP‘e‘%ﬂﬁ?’éﬁ"‘%goé“"bommrci ally. The
poly(aryl ene ether) was a poly(2, 6-dinethyl-1,4-phenyl ene ether) obtained
as PPQ(r) 0. 4R1tbHafivey) tfe Wnahup F: 4RANiGnCRARARYy bd BEpaQey 3005 8nf Was
. 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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obtained as PA 6,6 LOWVIV/PX 1010 from Rhodi a havi ng an am ne endgroup
nunber of 51 mlliequivalents/gramand a relative viscosity of about 126

-measured at 4% in concentrated sul furic acid. The pol y?grbgc%in%ey\@(ﬁmobt ai ned

as TECHNYL(r) ASN 27/32-35 LC obtai ned from Rhodi a havi'ng an am ne
endgroup of about 93 mlliequivalents/gram a reduced viscosity of about
123 mtililiters/gram The styrene- (ethyl ene-butylene) diblock copolyner
was obtai ned as KRATON(r) G1701 from Kraton Polynmers. The

styrene-butyl ene-styrene tribl ock copol ynmer was obtained as KRATON(r)
Gl651 frgm%%i IGMP SRATHYEHE Phdnol antioxi dant was obt ai ned
as | RGANOX(r) 1076 from Ci ba-Geigy. The conpatibiizer citric acid was
obtained fro ' |l zers netassi adi upr ous
i odi de (Cul) w%?%k%t‘f’laegﬁg‘éaﬁ‘ﬁﬁdrﬁg N ay e é‘%nsa‘?g‘ftg% q’%%dg%‘ﬁ‘%gt%ﬂ%@% r bon

bl ack watheodanduciect asrbokEHIdEKN aBlACKGcntG20 JAIL f comipohlme Werei slgaiaedul Kk

density of 110. kg/ and a pore_ vol une P) of 495 nl/10Qg. A concentrate
cont ai ni ‘F?&""T?fcb@ilg'g Eﬁ““‘d@ﬁl e“&?ﬂﬂ‘@_c‘f’f‘%/% Pég’?%é' ugethyl L dwhemdene gtherht per cent
pol yam dgstfin€d §9PPOG o.gb ayvfisn gﬁ@ﬂaﬂ%&ﬁ&@bﬁgm fdz&daaﬁde-/é'd whest bl ends

wer e conpounded usin nmer - ei derer 30 nil[inete L wi n-5crew extruder

Wi t h t eroltizinedlas Rvdo,6 SOWeW/PeadOmO tfgordi Bhedierhavingi an efmisbeodgrd® The

. rels. 1z - - -554- - 554- - - -
soar, T dusiter OF aF oo b ahEh St YoRiVa VBt A SSaBow dPA TR E "ot mut o

(rpm amd; ia dohtaigleglibul firic SRid) 0 Uhe HoPRimiledr was! Bained ¥ arpdiene1 @ her ),

I npact nodifiers, conpatibilizer, and stabilizers were dry-blended and

added i MSN2¥EE45 e btaingd Famr Rhodia hagingaan eaime endgronpef yhontd® 6  wer e

~added i .S : . I . ‘
20000 | B0 48008) HORLED o P gl RO

dr y- bl en(déhgienebutylened fdiblpcnaepagmpn lwmanoliainéd Gis AR ATONRI0G1 %01 Genbon bl ack
was add in %@e si de_feed at Zi" 15 Dece@sr 2006, barrel 7. The
conpound=@i9s: Bhyets, They siyrengbyblenesha i tbloskrapglymer res pibiained & cool ed

in a vatierAeIN® @b 1PRbIEKEASH Polhlers 2N SRindGEE phBlof Gdltid S Bagvan Dom 85

ton press using an | SO specinen fool, a nelt tenperature of 290C a nold
t enper atabptainesk asBIGANGXK® 108 fioonCiba-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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‘ti.me of 3 seconds, a holding time of 10 seconds, and a cooling tine of 20
seconds. Specific volune resistivity was determ ned on the narrow parall el
~portion of a injection nolded multipurpose test speci e&ﬁﬂ%&ﬁ ghars
were carved at both ends wth a knife and cooled in a treezer Tor 2 hours
at -40C. The pieces were cold fractured to obtain brittle fractures. Both
‘ends were painted with silver paint and the resistance was neasured with a
mul tinmeter. The read-out resistance was corrected for the di nensions of

the piece (length, width and thickness) and reported as Specific Vol ume
Resi st i viamel 7¢ aleq pampannded prodpeigwes displargest tapueh astyRical girandingndie, wher e SVR

is the s %‘E‘%ﬂ%%s‘y%%éﬁﬁiga}&% y expressed in kil oohmcentineters

(kohm cn), sured resistance in kiloohns, Ais the fracture
area in square-centinmeters, and L is the Iength between fractured surfaces
in centinmeterAll Mopds werpmobledresingvar ¥anedemr 83 tee podsdi wiing anl 180 306.

Not ched |1 zod inpact strengths were neasured at -30 and 23C according to

| SO 180.5pegimenipRl. amsh drrareraiire al 200 fraenld tepapesatiieof PR, #n inetien 23C and
5 mles i NG raf | 4 had a
.conposi ttlﬂgiog?ryné Ogiigt% 215t é%légoéoﬁa-r%éﬁg%@\%d g%ﬁlﬁﬁ%ﬁé\ggf%ﬁ%@l{&ms pr epar ed
using a 14 barrel extruder simlar to that depicted in Figure 1, with
conduct i ve cdteoifichichuhe mdidavitatvandstenmninegd do instaresnpdraied podanpefsd t i ons and
properti.es are ented in Tahle 1. The,data show that th i ct

51 1 engt HABFEo BRl A TBH AR Pire S ABPEAE! cheoH b NS TR BOSIG 1. | s

- si gni Ti oant bicdR! 8 QMEh Ddhs REY hoae RTaeRNdysL ] ack, as
“evi denced b? Conpar at 1 ve Exanpl esﬁg,dz gb&gr?g %@@Coqn%g gﬁegg&e&g%ﬁp es 2, 3,

.-and 5 alfswtaedhieolsdin twitlle fracivkes.a Betlc antiuedre painyed(with silwer petit ahd e | es of

-16,922 t0.17,684 kiloohmem:. In. 24 Decenber 2006 conpari , Exanpl es
175 pr oSG ¥ BERRTE T maliedien ot e bRUaRT AR VB RTBHEA e ch
better rnré anhé@bmiof HPPrkce qkh%ﬂ?mm%d_smkb%aﬁs laRd lrdpoe@NBrSpeeRduct i vi ty

(volume resistivity val ues of 0 108 kil oohmcm versus Conparative

 Exanpl esVglumg Registivity, ctlowpiad reepnding tetharfptnaul2 wi t h Conparative Exanple 4

~ shows that, for the same overall conposition, Exanple 2 prepared with a

ten, barrel ext ruder SVR = Ryess 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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using the present nmethod exhibited a higher Vicat tenperature, higher |zod
i npact strength, higher Dynatup inpact strength, and conparable

conductivity conpared to Conparative Exanple 4 prepar si ng: barr el
extruder and a conventional method. 25 15 Decenmber 203%}9?5‘5'??82@% Ex. 1
Ex. | C Ex. 2 FIRST FEED PORT pol y(arylene ether) 34.10 '34.10 34.10

KRATON(r) GL1701 8.00 8.00 8.00 KRATON(r) Gl651 7.00 7.00 7.00 citric acid -
0.70 0.70 0.70 | RGANOX(r) 1076 0.30 0.30 0.30 KI, 50%in water 0.10 0.10
- 0.10 Cul 0.01 0.01 0.01 A SECOND FEED PORT. pol yam de-6,6 38.00 23.60 33.00
of ami decognpasisp Enamples ol-dopreppiefDWHRECOIORIV shtheni Black @ncepteiad) - - - -

2 Prperily ikf” B silion of iheid stERd RRRAARY Ridet, | o 2ac
69. 8 47.@nRictBrity((kpluMe)resiztddtyl vabastofH tee TR kil@bm-0CvabuddCatparatide 7 /m -
Dy r_1at P é}%p E:s 2S,t3r, and g.hcg}npggs%nzogf ]%(313!12[)19 2 %VlllthCdrIlptns;rellt?\?e Example 4 shows
‘ that, for the same overall composition, Example 2 prepared with a fen barrel extruder
using the present method exhibited a higher Vicat temperature, higher Izod impact
strength, higher Dynatup impact strength, and comparable conductivity compared to

Comparative Example 4 prepared using a 14 barrel extruder and a conventional
method.
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Dynatup I.npact Strength at -30C 29.7 6.7 0.9 ft-1b) Specific Vol une
Resistivity -- 108 - 17,630 ohmcm 26 15 Decenber 2006 Table | (cont.)
Ex. 2 C Ex. 3 C Ex. 4 FIRST FEED PORT pol y(aryl ene e{\§L)n s s34 10 - -
KRATON(r) GL701 8.00 8.00 -- KRATON\(r) Gl1651 7.00 7.00 --"citric acid 0.70
0.70 -- I RGANOX(r) 1076 0.30 0.30 -- KI, 50%in water 0.10 0.10 -- Cul 0.01
0.01 - SECOND FEED PORT pol yam de-6,6 21.80 33.00 polyam de-6 -6 10.00
10.00 - THI RD FEED PORT pol yam de-6,6 (ground) -- 5.00 -- conductive carbon
black -- 1.80 -- 10% CCB in pol yarnide-6,6 18.00 -- PROPERTIES Vi cat at
120C/ hoydableds] 359 358 1 zod Inpact Strength at 23C 53.7 17.0 17.3 J/nR

| zod I npact Strength at -30C 19.8 9.C. EQ.19] /ExRiDyn@ikep 2l ppact Strength at
23C 31. SFIEBFEBDPOKTt -1 b) Dynatupg | npact|Strengtlh at -3DC 9.4 0.7 6.1
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
(l/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)
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(ft-1b) Specific Volunme Resistivity 21 16,922 6 (kohmcn) 27 15 Decenber

2006 Table 1 (cont.) Ex. 3 C Ex. 5 FIRST FEED PORT pol y(aryl ene et her

. 34.10 34.10 KRATON(r) Gl701 8.00 8.00 KRATON(r) G1651, 4 citric
acid 0.70 0.70 | RGANOX(r) 1076 0.30 0.30 KI, 50%in \%ét%%g@.%i%b(?.élo Cul

0.01 0.01 SECOND FEED PORT of am de-6,6 20.00 33.00 of am de-6 10.00

10.00 THI 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 PROPERTIES Vicat at

120C/ hour F 355 360 1zod Inpact Strength at 23C 42.6 17.1 kJ/nR |zod

| npact STableddepntd -30C 20.3 9. 7 kJI/nP Dypatup lnpact. Strength at 23C 30.1
22.9 (ft-1b) Dynatup Inpact StrendthEat2 - BECER. ¥ [0CHEXx. 4
FIRST FEED PORT

poly(arylene ether) 34.10 34.10 -
KRATON® G1701 8.00 8.00 -
KRATON® G1651 7.00 7.00 -~
citric acid 0.70 0.70 -
IRGANOX® 1076 0.30 0.30 --
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
1zod 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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ft-1b Specific Volune Resistivity 6 17,684 (kohmcm The exanpl es show
that the nethod provides a conductive thernoplastic conposition exhibiting
superior inpact strength, and conductivity, while mai nt%ﬂ!e%%ube? ar abl e
heat resistance conpared to conpositions prepared w thout a n he
conductive carbon black as a concentrate in polyam de. Wile the invention
has been described with reference to a preferred enbodinent, it wll be
under stood by those skilled in the art that various changes may be nade
and equi val ents may be substituted for elenments thereof w thout departing
from t heTallgpdcent)t he i nvention. 1n additjon., many nodifications may be
made toj_adapt a particular_situatijonExr3 npteEka$ [to the teachings of the

i nvent i pRIRGT FBED PORParti ng from gssential scopejthereof. Therefore, it is
i ntended t haly(dfgRné BheNt 1 on not ~ 2§ If {ecknbeioZP06 be linmted to the

particul ar xR PONGEGY 761 SCT osed as [TNg hest mapE ¢ontenplated for carrying
out this T RERTH ® G531 tnaE theT1ve .Db;" :MJ:-CQ..' clude all enbodi nents

fal |l i ng—within_the—scope—of—the—afpe Hs— All cited patents, patent
appl i Caﬁiﬁﬁmciﬁ‘f ghct—eferences ar&70pe r@ﬁpauad herein by reference in
their epti 1076 5 $d8enhe-3%006 CLAIMS: 1. A nethod of

- preparijng FleHiainWalee t her mopl astilc @dhpoksi Oil®n, | conprising: adding to a
first fleedGybrt of an extruder aboft @01tof albddt JO parts by weight of a

- pol y(ar)SECONEXFEED PRI O t o about {20 partis by we|jght of a first pol yamn de;
addi ng {t o polemédeds feed port of the eglgpuderspiput 20 to about 75 parts by
wei ght [of goRg@meiRds POT yam de; Wher € qolgae [SeRpg | eed port is downstream of

‘the firSFHRTSFEEBBORT AN

polyamide-6,6 (ground) B - 5.00

conductive carbon black - 2.00

10% CCB in polyamide-6,6 2000 [~ --
PROPERTIES : o

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
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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 weight percent of a conductive carbon black and abo 0] ut 95
wei ght percent of a third pol yam de, wherein the thirdﬂiggﬁn%§¥?ﬁgs
downstream of the second feed port; wherein the extruder has a screw | ength
to dianeter ratio less than 38 and -a length of less than 14 barrels. 2.
The met hod of Claim 1, wherein the concentrate is added to the second feed

port. 3. The .nmethod of Claim1, wherein the extruder has a screw length to
di amet er b dimited)te the pasticplapembodimeat disglpasd asfthabest morlevdontesiphated fur ti on of

t he polygﬁﬁﬁ -3 (| t J1 st pal yam de, . provi ded
as a recycl e?%@l%%%‘gﬁg’%lgttﬁg&é %o?@g)rlﬁ‘g‘g lglgh%%%l?ﬁ%ﬂqm?pm%rﬁﬁmget hod of
d ai m |, wishar the scaphof temppendddadaiagnpri ses up to about 1.8 wei ght percent
of the conductive carbon bl ack, based on the total weight of the

conposi tion. T thod of Caiml1l, further conprising adding about 1 to
about 26 par&I %B’svgai% ’ Qf’?enéri‘pphf)"’é’é’f’s’nﬂ@i? g referenges at¢ dagorpasalgd port. 30
15 DecenhetindIGbference hdeirRhfingy.of Caim 1, wherein the conposition after
nol ding exhibits a volune resi'stivity of up to about 10, 000

kil oohmcentinmeters. 8. The nethod of Caim1l1l wherein the conposition after
nol di ng exhibits a notched |zod inpact strength nmeasured at 23C according
to 1SO 180 of at |east about 15 kilojoules per neter-squared. 9. The

met hod of Caiml wherein the conposition after nolding exhibits a notched
| zod inpact strength neasured at 23C according to ISO 180 at |east 40% as
‘great as that of the correspondi ng conposition w'thout conductive carbon
-black. 10. A method of preparing a conductive ‘thernoplastic conposition,
conpri si ng: ‘

29




adding to a first feed port of an extruder about 33 to about 40 parts by
~weight of a poly(arylene ether) conprising 2,6-dinmethyl-1,4- phenyl ene
ether units, 2,3,6- trinethyl-1,4-phenylene et her unltslsﬁee co natron
t her eof about 4 to about 10 parts by weight of a styrene‘bnt ﬁene styrene
-triblock copol ynmer, and about 4 to about 10 parts by wei ght of a
st yrene- (et hyl ene- propyl ene) ‘di bl ock copol ymer; adding to a second feed -
port of the extruder about 30 to about 35 parts by weight of a polyanide
conpri sing pol yam de-6 and ponanlde 6, 6; and about 16- to about 20 parts
by wei ght of a concentrate conprising about 7 to about 13 weight percent
of a cond&EAg%% carbon bl ack and about 87 to about 93 wei ght percent  of
pol yam de- wherein the second feed port is downstreamof the first feed
port; wherein the extruder has a screw length to dianeter ratio | ess than
27 and a Iengﬁ rﬁ%ﬁg@ﬂﬁf 14 barrels; and wherein the conposition after
- extrusi on exhibi tsAa PEPRFIRg | 3 )Foéduqmet thermpplasticl co®Positbny cm and a
notched g%?ct strength at 23C of at least about 40 kJ/nR2 neasured
according to | 180. 31 15 Decenber 2006 METHOD OF FORM NG A CONDUCTI VE
THERMOPLASTI C COMPOSI TI ON  ABSTRACT OF THE DI SCLOSURE A conducti ve
t her nopl ast i cadsingtssa firss feddspost ehar exdrudyr daouezﬂudabdhtvméﬁhs bpWeydhar yl ene

0

ort polspflabR s Seg B wfie AhoRBu Witk s pdmianir at o o -

| conductr ve carbon black in polyamde is added to the second feed port or-a
third feed pmddm@Ntﬁﬁ%aéondpfe%a%&to@tﬂe%ﬁrtrﬁ@é?%%t ¥6 tBOJbXﬁta’fQ’b&gkgryhaw ng at

- ether)/pol yam de conpositions has ttﬁ pi cal required an ext

- a screw Veightof asscendprlyampideawhereist QSCCD@&%dpGn i Hewngireaseofttherfiishod al | ows
" the use fggdggﬁ gers having-a screw length to dianeter ratio  |ess than 38
and as | ow or lower. The conductive thernoplastic conposition
prepared by the net hod exhi bits high conductivity and high inpact strength

and it is usskling tocthe rmtouhdrfge(hpbnt of ashisd! Eed Poricd b leRihddriabahd ¥ gPai nt abl e
autonot i ye exterior %ure 2.
parts by t of a co centrate 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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7. The method of Claim 1, wherein the composition after molding

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

8.  Themethod of Claim 1 wherein the composition after molding
exhibits a notched Izod impact strength measured at 23°C according to ISO 180 of at
least about 15 kilojoules per metér—squared.

9. . The method of Claim Iwhereiﬁ the composition after molding

~exhibits a notched Izod impact strength measured at 23°C according to 1SO 180 at

least 40% as great as that of the corresponding composition without conductive

carbon black.

10. A method of preparing a conductive thermoplastic corhposition,

comprising:

- adding to a first feed port of an extruder about 33 to about 40 parts by weight
of a poly(arylene ether) comprising 2,6-dimethyl-1,4-phenylene ether units, 2,3,6-

- trimethyl-1,4-phenylene ether units, or- a combination thereof, about 4 to about 10

parts by weight of a styrene-butylene-styrene triblock copolymer, and about 4 to about
10 parts by weight of a styrene~(ethylene-propylene) diblock copolymer;

adding to a second feed port of the extruder about 30 to about 35 parts by

~ weight of a polyamide comprising polyamide-6 and polyamide-6,6; and about 16 to

about 20 parts by weight of a concentrate comprising about 7 to about 13 weight
percent of a conductive carbon black and about 87 to about 93 weight percent of
polyamide-6,6; wherein the second feed port is downstream of the first feed port;

wherein the extruder has a screw length to diameter ratio less than 27 and a lcngth

- 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

* Kfm? measured according to ISO 180.

31






