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conti nuous phase polymer and at |east one conductivity inparting agent
wherein the bulk resistivity of the conposition is at |east partially
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Not applicable.

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to a method of making a conductive thermoplastic
10 composition containing at least one dispersed phase polymer with a
continuous phase polymer and at least one conductivity imparting agent
wherein the bulk resistivity of the composition is at least partially determined
by the particle size of the disPex—'sed phase within the continuous phase. The
thermoplastic composition preferably comprises a compatibilized blend of at
15  least one polyphenylene ether resin, at least one polyamide resin, and at least
one conductivity imparting agent, and optionally, one or more of impact
modifiers, stabilizers, antioxidants, lubricants, and fillers. In one
embodiment, this invention provides a method of controlling the bulk
resistivity of a compatibilized blend of at least one polyphenylene ether resin
20  and at least one polyamide resin, wherein the polyphenylene ether resin is a
~ dispersed phase and wherein the method comprises varying the

compatibilizing agent content and/or the level of level of copolymers



Not applicable. BACKGROUND OF THE I NVENTION Field of the Invention The
I nvention relates to a nmethod of naking a conductive thernoplastic 10

conposi tion containing at |east one dispersed phase pol yig}elbtPodhs

conti nuous phase polynmer and at |east one conductivity inparting agent
wherein the bulk resistivity of the conposition is at |east partially
determned by the particle size of the dispersed phase within the
continuous phase. The thernoplastic conposition preferably conprises a
conpatibilized blend of at 15 | east one pol yphenyl ene ether resin, at |east
one polyamde resin, and at |east one conductivity inparting agent, and

optionally, basvesn ffm;ﬁal?f)hélﬁméﬁé etHEdebinefdy ﬁ ?fdd&%%& afqy b ogidants,
| ubricants, and fillers. |In one enbodi nent, P I's 1T nventlon p}r?ﬁ/ es a
met hod of coﬁﬁP@Fi’rqdngh@ﬁﬁ@agtitlle sizeesi stivity of a conpatibilized blend of at
| east one pol yphenyl ene ether resin 20 and at | east one pol yam de resin,
wherei n the pol yp@.gn | ene.ether resin is a dispersed phase and wherein the
met hod conpri ses Fémﬁ%}‘qw s@ salatasi toi the gpnduatiee conpusitivnsofiher t he

| evel of |ev ' | 7. Novenber 2003 between .t he pol yphenyl ene
ether resin g{ﬁépé)%?gg%rége@% gnsal]dﬁ %ﬂ'&’/@l’ectoﬁkgucﬁ‘i‘@ﬁgwlﬁﬁ%%ép the methedsi ze.
The invention also relates to the conductive conpositions of the nethod

and arti & esBrieflPeddripbidihef #RRUIS{eldv&CONPOSi tions of the method. 5 Brief
Description of the Related Art Autonopbile nmanufacturers have for a nunber

of years investigated the
Automobile manufacturers have for a number of years investigated the

use of plastic body panels to replace stamped sheet metal panels. The
motivation for the replacement has included weight reduction in addition to

enhanced performance through elimination of dings and corrosion of the

10 panels.

In the automotive assembly process, it is often desirable to assemble
plastic panels and metal body panels onto the automotive frame in the same
operation. An undercoating is subsequently applied through an electro-
deposition process to afford corrosion resistance to the metal components.

15 Subsequent to this process, paint is applied through an electrostatic process to
insure a high transfer rate of the paint onto the panels. Each of these
processes involves a baking step at elevated temperature, often in excess of
180°C and the high temperatures have been partly responsible for the limited

success of plastics in these applications.

20 Plastic components are in general not sufficiently conductive for
electrostatic paint processes. It is known in the art, however, that conductive
additives can be formulated into the resin composition to increase the
conductivity of the resin. These conductive additives are generally expensive,

difficult to handle, and often adversely affect other critical properties such as
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adversely affect other critical properties such as 2 7 Novenber 2003
ducti | i t YUMEARYPEBIE BYVETIOMe quantity of conductive additive necessary
for a particular application is desirable to avoid these and ot her adverse
affects. It is therefore apparent that a need continues to exist for

a dispersed phase comprising a polyphenylene ether, the dispersed phase
having a particle size between 0.2 and 3 microns;

a continuous phase comprising a polyamide, wherein the polyamide Is at
jeast 40% by weight of the total resin composition;

a compatibllizing agent selected from the group consisfing of citric acld,
maleic anhydride - fumaric acid, malic acd, and derivatives of the foregoing
compatibilizing agents;

and

a conductivity imparting agent comprising either (a) a conductive carbon
black powdor present in an amount between about 0.5% by weight and
about 3.0% by weight based an the entire weight of the resin camposition,
{b) é conductive carbon fibril present in an amount between about 0.2% by
weight and about 3.0% by weight based on the entire weight of the resin
composition, or {c} a combination of a conductive carbon black pawder
and a conductive carbon fibril present in a combined amount between
about 0.2% by weight and about 3.0% by weight based on the entire
weight of the resin composition

wherein the composition has a specific volume resistivily after molding of

fess than about 100 KOhm-cmi.



In one aspect, there is provided a thernoplastic conposition conprising: a
di spersed phase conprising a pol yphenyl ene ether, the dispersed phase
having a particle size between 0.2 and 3 microns; a cont;ingMg e
conprising a polyam de , wherein the polyamde is at |east 4 8,/0 y wei ght
of the total resin conposition; a conpatibiltzing agent selected fromthe
group consisting of citric acid, maleic anhydride,.. f umaric ac malic
acid, and derivatives of the foregoing conpatibilizing agents: and a
conductivity inparting agent conprising either (a) a conductive carbon

bl ack powder prasbataspast, dnranponidedeinadedofggutingh Gyivevdeghblagind about
3. 0% by | . sed on, the entire weight of the resin conposition. (b) a
conducti(\\'[/y')gll'p%%ﬁ1 rgn (ﬁgctglf%ie abﬁ\r’%%oénr{)t“s"f]ﬁ' an armount between about 0.2% by wei ght
and about 3.0% by wei ght based on the entire weight of the resin

conposi t ibkemdingrio fain an wbmbtaddendin of a conducti ve carbon bl ack powder and
a conduct.i \;ﬁ?@’ ar b'on f{hbr_il present in a conbi ned anount between about 0.2%
by wei ghf’”J RBEETC 560 by wei ght based on the entire weight of the resin
conposi t agrolysineidei n t he conposition has a specific volunme resistivity after
nmol di ng of | ess.. &0 ' - 4 . 003 I n anot her
aspect, efere a?éilr%lﬁ@\gg%‘ggﬁg net %ﬁ%%&%ﬁé%%‘%%g@?%%i%ﬁ ve thernoplastic
conposi t rakiasntipdile, hevarmoasid rodiqadd jand detivadivas nfthedomgoingt her ;

compatibilizing agents; and

a conductivity imparting agent selected from the group consisting of
conductive carbon black, conductive carbon fibrils, and mixtures thereof,
wherein the composition has a specific volume resistivity after molding of
loess than 100 kGhim-cm.

DETAILED DESCRIPTION OF THE INVENTION

3a



a polyam de; a conpatibllizin g agent selected fromthe group consisting
of citric acid, mateic anhydride, fumaric acid, malic acid, and

derivatives of the foregoing conpatibilizing agents; angiR.m000 s Vity

i mparting agent selected fromthe group consisting of conductive carbon
bl ack, conductive carbon fibrils, and m xtures thereof; wherein the
conposition has a specific volune resistivity after nolding of |ess than
100 kOChm cm_ DETAI LED DESCRI PTI ON OF THE | NVENTI ON 3a 7 Novenber 2003 The
t her nopl astic conpositions of the present invention are nade from resins
able to withstand paint process oven tenperatures. Useful resins include
various pol ymdhegthenaoplasticabimpasisondiobihe gresesxarhtion 405 H@gﬂ@t e
cont ai ni ng bl ends .and al.l oys, and pol yphenyl ene ether 5 containing bl ends
and al | oys. 5 ARIEL0 W“sﬁ&%ﬂfi PRI AIPCesEED tamperatwes. Usefal wekdns

G o 1 potyoheatorasdtd PHGRNe IR gt RO RBRYY She e b Bamtn ni de. The
resin composdlyLaibordesiaiiahl Blehd LAdBAPA Yo EATAL, SLAD. 2
t'ner resi

conpat i gi lized blend of a polyphenylene e 89613 ni de resin.

10 Conpdt i bidritaiadng blamds anid altdysp Bavhsies of theh popngr ) ' resin

are generally, k ovx(/ﬂ in_the art. These %I ends are typi {:a%fg%a e lﬁfsough

reactive cdﬁﬁ’b’l‘#}di’ éjcﬁr@@ﬁﬁt&{lfeﬁs,ipﬂ}}ﬁphérn)deaddthérgilpodyesaexcp@l}qjﬂéﬂylléﬁé ng

agent to ccbquls' toilonﬁ ccint ai_ni_n ggly henyl ene ether resin and pol yam de

resin. The conr{lftl)c’)P FHIHYE & . pad; nylgne ethgry polyamids, i Bre pr oduct s
resin composition is preferably a resin composition comprising a

compatibilized blend of a polyphenylene ether resin and a polyamide resin.

10 Compatibilized blends of polyphenylene ether resin and polyamide resin
are generally known in the art. These blends are typically made through
reactive compounding techniques involving addition of a compatibilizing
agent to compositions containing polyphenylene ether resin and polyamide
resin. The compatibilizing agent is thought to result in reaction products

15 between the polyphenylene ether resin and a polyamide resin and that these
reaction products improve the compatibility between the polyphenylene
ether resin and polyamide resin. The reaction products are believed to play a
role in the reduction and stabilization of the dispersed phase particle size, key
indices of compatibility. The improved compatibility results in enhanced

20 physical properties such as, for example, increased ductility. Hlustrative
compatibilizing agents for blends of polyphenylene ether resin and
polyamide resin include citric acid, maleic anhydride, fumaric acid, malic

acid as well as various derivatives of the foregoing.

The polyphenylene ether resins (hereinafter referred to as “PPE”) useful in
25 - the present invention include all known polyphenylene ether resins.

Preferable resins include poly(2,6-dimethylphenylene ether) as well as the

4



15 between the pol yphenyl ene ether resin and a pol yam de resin and that
these reaction products inprove the conpatibility between the

pol yphenyl ene ether resin and polyam de resin. The rea ts are
believed to play a role in the reduction and stabiliza?&%%gg@épﬁﬂ%

di spersed phase particle size, key indices of conpatibility. The inproved
conpatibility results in enhanced 20 physical properties such as, for
exanpl e, increased ductility. Illustrative conpatibilizing agents for

bl ends of pol yphenyl ene ether resin and polyamde resin include citric

Cd. nal el ! . iy | .
Ger i vat | ves BOUNEF rEfins ot PRy Rl o 226 SRt el Ry o a1 o
referred t ocaifipofiibng wieebid hich he%@resétgﬁggfse&é%di @Vﬂﬁ%&gghg&t Hgge al

known polyphenylene et her resrns er e resins 1nclu
pol y(2, 6-di emhyﬂeppmmy Icemao'&trisePPE&samg la glasd thenditién Newrgyepaturd 408 Tg)
copolyner resi ns of - i methyl phenol and 2,3, 6- trinethyl phenol. I

conposi t i oniShEE F}@fhﬂ’ﬁl QyenHemperatire axn desirablaasiis use pHa podyamidatesin f or

I {. t t t t .
Ty i herdving e nEln 1) Aafrdnaathe alr RRReRIe T 0
pol yam de rlﬂ%ﬂsévmﬁb@ﬁsﬁgﬁéﬂ Wb R Atabtut B:20 A4 %E(F‘\?\tteen %Pé he oven

tenperature. The intrin viscosity I's typical 0.20 and

about 0. 60 MbAgurad inwBRFUfREh hN2370. oogiéwariﬁno%é% the hediny ard atsb%gfdln the
resins are also useful based upon simlar principles. The rati PPE to

pol yam de r@ﬁdmmwlprmmﬁME@ut Is preferably 10 adjusted so that the
pol yam de resin renmains the continuous phase. Preferably the polyamde is

at | east abou&.hégg‘/%g bf WEQO po?yaryi1 e ;['eostu(lalcaﬂ %?nl')p widely but is preferably

10 adjusted so that the polyamide resin remains the continuous phase,
Preferably the polyamide is at least about 40% by weight of the total resin
composition. Increasing the level of the polyamide results in enhanced
ductility and flow and is often preferred. The resin compositions may contain
more than one type of pol)}arnide resin such as a blend of nylon 6 and nylon

15 6,6. When a mixture of nylon 6 and nylon 6,6 is used, it is often preferred to
have a limited amount of nylon 6 in order to maximize the heat resistance of
the compatibilized blend of PPE and polyamide resins. Minor amounts of
nylon 6 are often useful at improving certain physical properties, for example,
ductility. Moreover, the amine to acid endgroup ratio of the polyamide resin

20 or mixture of polyamide resins may also be varied as well as the relative
viscosity of the polyamide contained within the resin composition. Such
variations are useful for fine-tuning certain physical properties desired in the
final composition. These and other variations of the polyamide and the

polyphenylene ether resins do not detract from the present invention.

25 The compositions of the invention may additionally contain various

property modifiers such as elastomers for ductility enhancement. Useful

5



iti [ | yam de results in enhanced
conposition. Increasing the |level of the po _ in
dutr:r}t)ility and flow and is often preferred. The resin conpositions nmay

contain nore than one type of polyamnmde resin such as awvg,@,gep%odgy![oinf
and nylon 15 6,6. Wen a nmixture of nylon 6 and nylon 6,6 is used, Iim’ze
often preferred to have a linmted anount of nylon 6 in order tlo maxde
the heat resistance of the conpatibilized blend of PPE and po yamt e
resins. Mnor ampunts of nylon 6 are often useful at inproving ce{ alCiOI
physical properties, for exanple, ductility. Mreover, the a_mdne o] ?ns
endgroup ratio of the polyanide resin 20 or mxture of polyam de reze
may al so be aagtemersfonibid purpdseare khamnéﬁl tr?\élﬁgra?g:i?i(c)%?eé frbg. é&gﬁ(@ i de
' i_{ hi n. esin conposition. Such var _ f ol
19 ?Ete?![ Eﬁ?n\éms Q:E?l{j{-‘f %ﬁkﬁgp‘@éﬂmé}g@é@Y@Té@u%@@dﬁwchqnaimmEd éthpddneconposi ti on.

At ' d the ol yphenyl ene et her

osins do notoRLTE BrbBieds s ER it io{sh Sk dnderkeproniyireienres o

: L : - i fi ch as
the inventi afe fhays@edidd élﬂﬁbwerftoﬁfo%kréﬂégyrﬁé%, ﬁ%@&%}ér Kgg% It&{;]zgls(gmar s
el astomers for ductility enhancenment. eru )t . tvrenic
for thisS purppelynaers anciowrB diblbblgcfﬁpbly?x!?&s! ’f"ll% ehgséatﬁhd;fxé%g reo%lﬂ:gng

nd various_aci uncti ona -
copol yrors. PRy mEmGpEY eCithessowbivhymay de)usesismechaihypiasat eibBds 21 © e
—— for exanple, A-B-Atri
so called etARLONRH! ﬁ'g%%%ﬁ%%ﬁﬁ?om lopkaehish ae y pigally blyoeke
copolymers and*A- o i ' ed. are thernopl astic rubbers
copol ymer I bRRS aAdd Itd%%f b‘mﬂﬁe Q‘a‘%ﬂlbpﬁ‘i{%“%‘eﬁ’ﬁmﬂﬁ ’&F‘@%eﬁﬂr‘éiaﬂwast yrene
conpri sed of one or two al keny onatc bl _ Ttially
bl ocks and wtaliphydragarsked eMixturas i tRceaiBI IO M hiRs TRY LEIPR
or . . iy
10 copolymers are especially preferred in the present compositions.
Suitable A-B and A-B-A type block copolymers are disclosed in, for
example, U.S. Patent Nos. 3,078,254, 3,402,159, 3,297,793, 3,265,765, and

3,594,452 and U K. Patent 1,264,741. Examples of typical species of A-B and

A-B-A block copolymers include polystyrene-polybutadiene (SBR),

15 polystyrene-poly(ethylene-propylene), polystyrene-polyisoprene, poly(a-
methylstyrene)-polybutadiene, 'poIystyrene-polybutadiene-polystyrene (SBR),
polystyrene—poiy(ethylene—butylene)—polystyrene, polystyrene-polyisoprene-
polystyrene and poly(a-methylstyrene)-polybutadiene-poly(a-
methylstyrene), as well as the selectively hydrogenated versions thereof.

20 Mixtures of the aforementioned block copolymers are also useful. Such A-B
and A-B-A block copolymers are available commercially from a number of
sources, including Phillips Petroleum under the trademark SOLPREN E, Shell
Chemical Co., under the trademark KRATON, Dexco under the tradename

- VECTOR, and Kuraray under the trademark SEPTON.

25 Also useful elastomers include functionalized elastomeric polyolefins

such as elastomeric polyolefins containing at least one moiety of the group

6



totally hydrogenated. M xtures of these triblock copolynmers and di bl ock 10
copolyners are especially preferred in the present conpositions. Suitable

A-B and A-B-A type block copolyners are disclosed in, feny, mgp%&n U. S
Patent Nos. 3,078,254, 3,402,159, 3,297,793, 3,265,765, and 3,594,452 and

U K Patent 1,264,741. Exanples of typical species of A-B and A-B-A bl ock
copol yners include pol ystyrene-pol ybut adi ene (SBR), 15

pol yst yrene- pol yet hyl ene- propyl ene), pol ystyrene-pol yi soprene, poly((X-

nmet hyl st yrene) - pol ybut adi ene, pol ystyrene- pol ybut adi ene- pol ystyrene (SBR),

pol yst yr enecdii Afﬁﬁ‘%ff ) .-pol.ystyrene ]

pol ystyr ene- pol yi o{)%/en - g%%’éétggﬁ'e%zghée’ﬁ%lcg?ghﬂﬁ?tﬁ&IH‘?/ﬁﬁ?@hal

- pol ybut adi stnectpodly{reitsoftthy bRsys @8 8) ; electively

hydr ogenat ed versi ons t her eof . ZOQ%QPH?SS%%% ﬁ%ngpgrfior% hryleng apdati

copol yrer s 18% enesGaibelefin, sgos s pdpyhn, Atdténd) 0ReHRPRAY ebcterte.”

a nunber of sources, including Ph WS

avai |l abl e mmercially fro

Pet r ol eum mb%Pf?HfE“P é&éﬁ&zr)’&em%,asw (C3.s Gdefim ate Koot criticder t he

t rademakk 7, der, t he tr.adenane VECTOR, and Kuraray under the
tr adema::sk @@'E%d %%EQ %)gﬂ)égﬁfl Coé'lsé 5 ﬁ@‘? DY orpedion efthei pplymered

el astoneric polyolefins such as elastoneric polyolefins containing at

| east one noi et in@WnetdiRbeddkeh S tHe %ﬁ%ﬂh@&%g&%ﬁ%ﬁ%@& 9 anhydride,

epoxy, oxazoline, and orthoester. The essentlia i3 of the
el ast oner i éupetigualizedrethylenderopgikricrratbe: byh ERfcHGhIBE] étﬁgﬁefneﬁ’”e Cm
1-olefin, such as, propylene, 1-butene, 1-hexene, and 1l-octene. The
propor t i on&TBPY gpﬁfﬂ%ﬁ%eléﬁﬂ’%?nl%dle@ﬂ@or@anés at lehstf oree AOR-cOBjugdted i cal 5

i ded t I tut ' ti f th | )
provi ded t bgénd RE¥ EQ%Wﬁren N3 bmuen%, {,Qﬁ'xegc%{:l?erne?g; dlic(;rrélc?pentacelierr)\(e)e. Yet

10 These elastomeric polyolefins are known in the art as EPR and EPDM

elastomers.

A useful amount of the optional elastomeric block copolymers is
~ between about 1% and about 15% by weight, preferably between about 1%
and about 10% by weight, wherein the weight percentages are based on the
15 entire weight of the composition. Various mixtures of the previous described
impact modifiers are also useful. Other property modifiers include
nucleating agents, flame retardants, stabilizers, pigments, dyes, and mineral

fillers and reinforcing agents.

In order to render the composition sufficiently conductive to achieve the
20  desired electrostatic paint capability, the resin composition contains at least
~one conductivity imparting agent, i.e. at least one conductive additive. The
conductive additive is preferably selected from the group consisﬁng of
conductive carbon black, conductive carbon fibers including milled fibers,
conductive carbon fibrils, and various mixtures thereof. The conductive

25 ‘additive can be added directly into the compatibilized blend during the melt



I n one enbodi nent, the functionalized el astoneric polyolefinis a
functional i zed et hyl ene-propyl ene rubber or a functionalized ethyl ene-
propyl ene-di ene el astonmer. The diene portion is at |eas 5 j ugat ed
di ene, such as ethylidene norbonene, 1, 4- hexadi ene, or d?@ﬁ%ﬁgﬁgﬁ%%g?ene.

10 These el astoneric polyolefins are known in the art as EPR and EPDM

el astoners. A useful anmpunt of the optional elastoneric block copolyners is
bet ween about 1% and about 15% by wei ght, preferably between about 1% and
about 10% by wei ght, wherein the wei ght percentages are based on the 15
entire weight of.the conpos'tHgg. Various m xtures of the previous

descri bed HAPEENEBEP OF dreteiallythesanductive gVvesaBherip-dispersedr s
include n ' . a , il zers i_gnent.s, dyes,
nchude  floRifd AARRYERES of AR RELALAATE B pRkaNL (6 TR SIS
conposi ti okoRdfiétive LdditiveGaRsI hH9atBdaphasy 8o b MRk Sbh&htrate of
el ectrostatic paint capability, the resin conposition contains at |east one
conduct i vi the conpdudtivegpditjéne in theresa thatasill oltemeteld betome thddi ti ve. The
conductjve additive 'hs preferably selected fromthe group consisting of
conduct? ve CEBRREAUHPHRSE. lEgRg mrRftice fdhsdnventien it isaefarredyforitheed fi bers,
conductive | bril s, .and .various, m xtures thereof. The conducgtive 25
Taadi 1 ve. SHRORE it TR g B BRI R SR, 1B RO ARV | e
mel t 7 7 Nphashas orld IREREPIN LRI A MieRIE AR shalldd Snf SRS thite
addi tive can be p%le?e-gdi sper sed I:?ntao one cl) t he resisnsao %tnﬁe corrpﬂc}éition.
It is prefecadhetivecadditivei Hyaresiziet prémaeiinikintcane thatdittleast 50%,0 t he
pol yam de phase _so as to_nake a concentrate of

preferably at least 80% and most preferably essentially 100% of the

10 conductive additive resides within the continuous phase. It is also possible to
use more than one conductive additive concentrate in the preparation of the

resin composition.

Useful conductive carbon blacks include Ketjenblack Black obtained from
Akzo. Useful carbon fibrils include those obtained from Hyperion Catalyst
15  International and having an average diameter of about 2 to about 200 microns
with a length to diameter ratio of at least 100-1000 or greater. As previously
discussed, the conductive material may be added directly into the resin
composition or is preferably predispersed into a resin, preferably into a

polyamide and used as a concentrate.

20  The amount of conductive material added is that amount that will resultina
final resin composition having a specific volume resistivity below 1 x 10°
Ohm-cm, preferably below 1 x 10* Ohm-cm, and having a surface resistance
above 1 x 105 Ohm, preferably above 1 x 106 Ohm. More preferably, the resin

- composition has a specific volume resistively below 4 x 10 Ohm-cm and has

25 . asurface resistance above 3.5 x 105 Ohm. When the specific volume

resistivity is below 10 Ohm-cm, the resin composition is sufficiently

8



the conductive additive in the resin that wll ultimately beconme the a 5
conti nuous phase. In the practice of the invention it is preferred for the
conductive material to reside primarily with the ContinV@Rﬁemﬁeﬂzoos

pol yam de, phase as greater conductivity can be achieved wth a smaller
anount of the conductive additive. By reside primarily is neant that at

| east 50% preferably at | east 80% and nost preferably essentially 100% of
the 10 conductive additive resides within the continuous phase. It is also
possible to wuse nore than one conductive additive concentrate in the

prepar at i oBoRduétife td ARV F6CERESbSAR X%H&%%Lc%%gg#gf)}, @%ﬁﬂ%ﬁ%@ gks

I ncl ude Ketjenbl ack Bl ack obtained fr

i ncl ude t hossistabtaisrdebvierlOCHm etheaRsiadomhysditidh i Rbeseadbh@ictiveaditdhavi ng
an average di aneter of about 2 to about 200 microns wth a length to

di amet er r Beveelectrgrderasition gbthropuTesioy inkibitor onto theplastic comptinentissed,

t he conductijve terial e added,. dirgectly int.a the resin_ conposition
or is pref gpélﬁ‘lc(frggfl@(ﬁ astegfg'gge & ﬁf?oé'bcf“ré“%raé%{]‘%fﬂé{ﬁ eF NREY dePpdiingri de

d e f ' -erial..added i
Fhat anpunt ™ AHSARBERE ficfor <ok HaCrdRMMpI8, afIPUTRAITE5G B ed | S
speci fi c vahdnke rasé 6f i)(dl?ﬂplﬁeh?le@l\@elthér redfn tdPolyarhideredial aplueling'pw 1 x 104

OChmcm and having a surface resistance above ™l x 105 Chm preferably
above 1 x weddingwonditienpemipdoyad. yOnetod skilbimthecantoass reddily determisgeci fic
T e s e A R S T
Ohmcm - t hge fiRShBIF AWM Witholut uidile' dpeRthdndtion. The range of
10 conductive additive is generally between about 1.4% by weight and about
2.5% by weight, preferably between about 1.6% by weight and about 2.2% by
weight based on the entire weight of the resin composition. Typically, when
the resin composition comprises a conductive carbon black powder, it is
present in an amount between about 1.5% by weight and about 2.3% by
15 weight, preferably between about 1.6% by weight and about 2.0% by weight,
all based on the entire weight of the resin composition. Also, when typically
the resin composition comprises a conductive carbon fibril, it is present in an
amount between about 0.3% by weight and about 3% by weight, preferably
between about 1.6% by weight and about 2.0% by weight, all based on the

20  entire weight of the resin composition.

In the practice of the invention, it was unexpectedly found that the PPE
particle size plays an important role in the bulk resistivity of the composition
for a given level of conductive additive and polymer ratio. As the PPE
particle size decreases below a certain threshold value, the bulk resistivity of
25 the composition unexpectedly increases. As previously discussed numerous

factors are believed to play roles in determining the dispersed phase particle



7 Novenber Z003 conductive to allow for electrostatic painting. Conversely,
when the surface resistance is above 10s Chm the resin conposition is not

so conductive as to have el ectro-deposition of the cor$@gieRbsitdal t or
onto the plastic conponent, an undesirable affect. The range of conductive

additive does vary depending 5 on a nunber of factor such as, for exanple,
the type of conductive additive and the ratio of polyphenylene ether resin
to polyamde resin, as well as the nolding conditions enployed. One of
skill in the art can readily determ ne an optim zed set of nolding

condi tions baseﬁbeesgc% for rrple the design of the nolded article
wi t hout undlf& ﬂ‘étﬁf%ﬂ e, fpeexample, the weiglirdtiotdf\the aedhg,ithe | S

ener al | ehive d ab 5% by wei ght

gr ef er ab%/ytabet vve%glrcl%gg&h %Té%@r%?f’% Q}ﬁ . f -t 6&%‘9%9"2@}036‘;& tﬁy@?cgfht based on

t he entir e comighibibhs nyatarsy ST the resin

corrp03||t|or(1: ccgﬁﬁrrmllse?tgra@ggﬁét&gtn?@e carktt‘)/\(’)ér%gg a%fﬁhg%\%]‘é'?’ aI}CFHTes““’ﬂPgselnt in

an anount parawetersaised tdp5épzh‘¢ therglih canth h?é}%ml I
vve| g

pref er ﬁly bet ween about 1.6% c{ ht and about 2 0%
based tHéV"émqr’r’é‘C Siig:: H@th @frregﬂmgcon@ustute tinamﬁﬁ@snd/\:hen typically

the resin onductlve carbon fibfil, it is present
in an anog&fm%%g{ rgtﬁgﬁp ?%bglswgr bane padpmer vty covetimindis

pr ef er abl y % about 2. 0% by wei ght, all
based on the 20i eﬁtl‘%gﬂm}%aérll?a%pﬁg\é@hrggé 6W8§W$353%’T h@ﬁ@nﬁhﬁctlce of
the i nventbuﬂgresistnm afrthnr&eﬁipftsﬁﬁ/oﬁ%%&cﬂi’édﬁ @agﬁﬁ tﬂ}@ Lg $iz& plays
an inporta oIelnthe bul k resistivity of t §S| ]Fd; aglven

| evel of c pexped phvise ippdy med withintbe coatihaou hhébépa?lﬁlen?art'd e size
decreases below a certain threshold value, the bulk resistivity of

10 The method of the present invention is normally achieved by merely
blending the ingredients under conditions for the formation of an Intimate
blend. Such conditions often include mixing in single or twin screw type
extruders or similar mixing devices which can apply a shear to the
comporents. All of the ingredients may be added initially to the processing

15 system, or else certain additives may be precompounded with one or more of
the primary components, preferably the PPE, the optional elastomers, and/or
the polyamide. It appears that certain properties, such as impact strength
and elongation, are sometimes enhanced by initially precompounding the
PPE, elastomeric copolymers, optionally with any other ingredients, prior to

20 compounding with the polyamide resin, however, these improvements are
done at the expense of increasing the viscosity of the compatibilized
composition. The conductive additive is preferably added in the form of a
concentrate in polyamide resin with the other polyamide resin or
alternatively, is added after some mixing of the polyamide and other

25  components has been accomplished. While separate extruders may be used

in the processing, these compositions are preferably prepared by using a

10



25 the conposition unexpectedly increases. As previously di scussed nunerous
factors are believed to play roles in determning the dispersed phase
particle 9 7 Novenber 2003 size. These factors include, q§ t he
wei ght ratio of the resins, the am ne endgroup concentration of the

pol yam de , the | evel and type of conpatibilizing agent, the nol ecul ar

wei ghts of the resins, and the mxing paraneters used to prepare the resin
conposition. Accordingly, the present 5 invention includes a nethod of
maki ng conductive thernoplastic conposition containing at | east dispersed

EQﬁéﬁcF?Li?@ral%%gvﬁﬁérgﬂ%\éﬁéﬁﬁmis?%eci Ror Blme e brgth 4 Boccsmmane
O L} Olhad SAGRK G hE Yabibuk 20K fihdie RAL p&%%@%&%{m%‘?ggg y® por sed

phase polymer w e contl nuo ase yrer t he

present i nvahiwmtoithe &iﬁkﬂﬂﬁi:b}ﬂ h@ml@é@@n@brﬁﬁéﬂ \Ventliicﬁ%%etebcﬁ'ddégrtéd' ents
under conditions for the for mat ion of an intimate blend. Such conditions

of t en i ncl tRIBOWE ¥iolagile impinigiee imthe epmposition. tHpese o ardirdey skill irsihe | ar
m xi ng devi ces i/\g }I;l&can appl a.shear to nponents. All of the
i ngr edi®nt &t d@@di‘i‘ﬁtth 41§?gtt8n?ﬁénér*@@@§§qtﬁﬁesl55 welkasm or el se

Comonent scoPEREn LR PR LR R PR BbE B o "o

pol yam de. It appears that certain properties, such as inpact strength and

el ongat i ONPredéed RBRPITRNEHIAELBPEYddriVidd ﬁrbhvaﬂ%sm%ﬁ%@a pH¥ol PPE,
el astoneric copolyners, optionally with any other i ngredi ent prior to 20

conpoundi n@dihahlrtgm putinaivi decasityi bstwieenebeout 03besel abpatdE0mlig aare  done

at the expense of incregsing the viscosity of the conpatibilized
Heast one poiyalmge 6, & having a re iat-?ve Viscosity behvercgl)l about 120 and

10 about 135 when measured according to ISO 307 protocol and having an
amine endgroup number between about 45 and about 53, polystyrene-
poly(ethylene-propylene) and polystyrene-poly(ethylene-butylene)-
polystyrene block copolymers, conductive carbon fibrils in t-he form of a
concentrate of fibrils in polyamide resin, an amount of at least one

15 compatibilizing agent to result in a PPE average particle size of between

about (.2 microns and about 3.0 microns.

Included in the present invention are articles made from the
compositions of the method. Such articles include fenders, doors, quarter
panels, rocker panels, trunk lids, hoods, mirror housings, bumpers, gas filler

20  doors, and the like.
All patents cited herein are hereby incorporated by reference.

The following illustrative examples demonstrate various embodiments
-of the present invention. However, they are not intended to limit the

.invention in any manner.

11



conposition. The conductive additive is preferably added in the formof a
concentrate in polyamde resin with the other polyam de resin or

alternatively, is added after sone m xing of the polyarni er 25
conponents has been acconplished. Wile separate extrudZFgﬁﬁg@gbgﬁ%%ed in
the processing, these conpositions are preferably prepared by using a 10 7
Novenber 2003 single extruder having nmultiple feed ports along its length
to accormodate the addition of the various conponents. It is often

advant ageous to apply a vacuumto the nelt through at |east one or nore
vent ports in the extruder to renove volatile inpurities in the
conpositioﬂﬁ“ﬂﬂﬁk@ of ordinary skill inthe 5 art will be able to adjust
bl ending tinmes and tenperatures, as well as conponent addition, wthout
undue additional ,experipentation. Preferred conponents include PPE derived
fromat |east 2,%-585%?%5%13%’@051%%?&9@ RPoIan Fnpresimodifiedosi ty

bet ween ab . | / at .. least on ol yam de 6,6 having
arelati ve%ﬁ‘s@%@%‘ﬁ‘e’%‘# %Bg&p qf?% lericpther ’éeffb‘&fmgjgpﬂﬁ’@ﬁmﬁi@égﬁmed
accordi ng tce t5RI0A POATRENE agAd: j ) nunber bet ween
about 45 andnabout 55r, pol yst§‘renépm&$33§?R§ﬁ§1§$S?%%ﬁ“gﬁg?ggﬁb“g

pol yst y? en@gpot.yBevhtingehd lewdl ef epmppaoibiiiivgepenbihaiile REIRRhY IRE S,
conductive_carbon figi%iﬁ% in the formof a concentrate of frbrils in

pol yami de Feiaungya trefptivaly rengtant newas possible tdodeierinige slyeaffedto
result in PE . ticle size of between _about 0.2 mcrons and
about 3.0 %f?ra gtﬁ{;}%.(? Z%%%ulg@% ﬁeﬁlsgﬁéty F‘é’%%arf’f”?%Eﬂ{‘?‘k}ﬁh‘éﬁﬁ)-aﬁ%méﬁésﬁ\ﬁiﬁﬂe from
the conposids ddigriinedh R AeGowPSRIRT pbidditol MLl f&jideys. doors.

quarter ]
multipurpose test specimen according ISO 3167. The test specimens were

10 molded as described in ISO 2945 for dumb-bell bars with an injection
molding machine. Both ends of the test specimen were broken off in a brittle
fashion so as to obtain a portion with a uniform cross section of 10x4 mm and
a length of about 70 mm with a fractured surface at both ends. The fracture

* surface at both ends was coated with a silver paint and the resistance was

15 measured between the fractured surfaces v;rith an electrical multimeter and
corrected for dimensions to calculate the bulk resistivity. It is important that
brittle fractured surfaces and not surface obtained by cutting with a knife or
sawing and the like are used. When needed samples may be cooled to obtain

brittle fracture surfaces.

20 The following materials were used in the formulations with all parts as

parts by weight based on the entire weight of the composition:

PPE 0.46 1V poly(2,6-dimethylphenol) suppied by GE Plastics
G-1701 polystyrene-poly(ethylene-propylene) obtained from
Shell Chemical Co.

12



panel s, rocker panels, trunk |ids, hoods, mrror housings, bunpers, gas
filler 20 doors, and the like. Al patents cited herein are hereby

i ncorporated by reference. The following illustrative e les d strate
vari ous enbodi ments .of the present invention. Homever?%gm%g?g%t
intended to limt the invention in any manner. |l 7 Novenber 2003 Exanpl es
A series of resin conpositions based upon an inpact nodified

conpati bilized blend of a pol yphenyl ene ether resin and a pol yam de resin
containing carbon fibrils and utilizing varying |levels of a cQupatibilizing
5 agent. By:yatiyying the | ompat i.bilizin ent ile holding the

r emai ni ng \}Ea;{l@% | es rel at %&gsﬁ‘{%‘%‘s@xtﬁ Y?“ﬁ?ﬁﬁ@'g?ngﬁfﬁr% ermne the
effect of particle size QBtliHbK fioRs Shbil\(Hemical @Basure of conductivity).
Bul k resistivity was determ ned on the narrow parallel portion of

i njection nolded nultipurpose test speci nen according | SO 3167. The test
speci mens WP 10 nol ded hindeted phiebebantiori@@nebfaihed fHduniTibekleippr s Wi th
an injection nolding machi ne. Both_ends of the test speci nen wer€ broken

off inabrittle fashion2852380xd08ptain a portion with a uniform cross
section of 10x4 mmand a length of about 70 nun with a fractured surface

at botl3 enﬁ ~cThe fractur t . bot h ends , was ated with a silver
pai nt and tﬁgsresi st ance %gé%gtﬁ%lggﬁtgggstggf%gg t?‘ﬁ'gdfcf?%‘t lg'ﬁ'rfaces
with an electrical nmultineter and corrected for dinensions to cal cul ate

the bulk rESistivity. It potdssies icditie! Sithindd frbhl Ajdy enbMliedssur faces and
not surface obtained by cutting with a knife or

Cul Copper(l} iodide, obtained from Ajay Chemicals

nylon 6,6 grade Ultramid 105 having an amine endgroup number

of about 51 and a relative viscosity of about 126

10 carbon fibrils 2 20 weight percent concentrate of carbon fibrils having
an average diameter of about 10 to 15 microns in nylon

6,6 obtained from Hyperion Catalyst International
maleic anhydride obtained from Amoco
fumaric acid obtained from Aristech Chemicals.

15  The proportions used were PPE (38.6), G-1651 (6.9), G-1701 (3.3), I-1076 (0.3),
PETS (0.3), KI (0.1), Cul (0.01), nylon 6,6 (32.4 - 33.2), conductive fibrils (6.5 -
8.5), maleic anhydride (0.3 - 0.7)

The data in Table 1 illustrates the change in bulk resistivity in KOhm-
c¢m obtained by varying the maleic anhydride level in the compositions. The

20  carbon fibril concentrate was used at a level of 8.5 weight percent based on

13



sawm ng and the |like are used. Wen needed sanples may be cooled to obtain
brittle fracture surfaces. 20 The followng materials were used in the
formulations with all parts as parts by weight based o wei ght
of the composition: PPE 0.46 1V poly(2,6- dinethyl pheno?)t\s s"g’é’%.me%ﬁ‘%”
Plastics G 1701 pol ystyrene-pol y(ethyl ene-propyl ene) obtained from Shel I
Chem cal Co. 12 7 Novenber 2003 G 1651

pol yst yrene- pol y( et hyl ene- but yl ene) - pol ystyrene obt ai ned from Shel |

Chem cal Co. 1-1076 hindered phenol antioxidant obtained from G ba- Gei gy
as |rganox 1076 5 PETS pentaerythritol tetrastearate obtained from Lonza

Inc. K pahasseight bpthetentirelrion %592,?{3 er (|

i odi de, obt ai nedgf romA a Chemtggél’itszgnyl on gra gatas‘} n‘}gpﬁggi%%an ng an
am ne endgra&.%lfﬁirrb’érghtoé b@ﬂlbn&he@nﬁracbﬁipﬁ:tsiﬁ/@w scosity of about 126 10
carbon fibrils a 20 wei ght percent concentrate of carbon fibrils having an
average di aneter of about 10 to 15 mcrons in nylon 6,6 obtained from
Hyperion Catal yst International maleic anhydri de obtained from Anbco

fumari c acid obtained fromAristech Chem cals. 15 The proportions used were
PPE (38.6), G 1651 (6.9), G 1701 (3.3), 1-1076 (0.3), PETS (0.3), Kl

(0.1), Cul (0.01), nylon 6,6 (32.4 - 33.2), conductive fibrils (6.5 -

14



8.5), maleic anhydride (0.3 - 0.7) The data in Table 1 illustrates the
change in bulk resistivity in KOhrn- cm obtai ned by varying the mal ei c
anhydride |l evel in the conpositions. The 20 carbon fibri fe was
used at a level of 8.5 weight percent based on 13 7 hbvz Qg&ggpéﬁﬂ%e

wei ght of the entire conposition and corresponded to a |evel of fibrils of
about 1.7 weight % based on the entire conposition. 14 7 Novenber 2003
Tabl e 1. Sanpl el2 Mal eic anhydride |evel 0.30.7 PPE particle size range
0.4-1.90.3-1.1 microns Bulk resistivity 19 8163 39 Kohmcm As can be seen
fromthe data in Table 1, as the Ievehﬁﬁg conpati bilizing agent increases
the PPE particle size range decreases. Unexpectedly, the decrease in 5 PPE
particle size plays a role in the bulk resistivity of the conposition
wher ei n r eBaipilg the range of | PPE partlcle325|zes tol a snal |l er average

particle MaABic SHHRERESIVEE Ggl ST Vi Ty, creasig the particle size

I ncr eases —of—a—h evel—off-He—conduet i ve agent to achi eve
t he same jEEE ”?ﬁ.‘ﬁles'xijerange 9 64— 9 03-1.1 g

_ microns

Bulk resistivity 19+ 8 163 + 39

(Kohm-cm)

As can be seen from the data in Table 1, a5 the level of compatibilizing agent
increases the PPE particle size range decreases. Unexpectedly, the decrease in

5 PPE particle size plays a role in the bulk resistivity of the composition
wherein reducing the range of PPE particles sizes to a smaller average particle
size increases the resistivity. Decreasing the particle size increases the need
for a higher level of the conductive agent to achieve the same degree of

conductivity.

10 The data in Table 2 using fumaric acid as the compatibilizer further illustrates
the change in bulk resistivity in Kohm-cm as the PPE particle size changes.

Two levels of carbon fibrils were utilized.

Table 2.
Sample 3 4 5 6 7 8.
Fumaric acid 0.25 0.25 045 1045 {065 |0.65
Carbon fibril level | 1.0 14 1.0 1.4 1.0. 14
Bulk resistivity 25+3 |3+05 [1222+19+2 [Off [109 =+
(Kohm-cm) 465 scale |29

As seen by comparing sample 3 with sample 5 with sample 7, as the level of
I5  compatibilizing agent increased, the bulk resistivity also increased, due in

large part to the reduction in PPE particle size from the increase in the level of

15



conductivity. 10 The data in Table 2 using fumaric acid as the

conpati bilizer further illustrates the change in bulk resistivity in
Kohrn-cm as the PPE particle size changes. Two |evels of brils
were utilized. Table 2. Sanpl e345678 Funmaric aci dO. 250. g%ﬁ%@ggp %q3250. 65
Carbon fibril level1.01.41.01.41.0.1.4 Bulk resistivity 25 33 0.51222 9
20 f 109 {Kohm cm 465scal e29 As seen by conparing sanple 3 with sanple 5
with sanple 7, as the level of 15 conpatibilizing agent increased, the
bul k resistivity also increased, due in |arge part to the reduction in PPE
particle size fromthe increase in the level of 15 7 Novenber 2003

conpat i bi | ceinpatibféxihg agentr Wesrded t6 bb&iin tﬁ@@aﬁ@%g@@@bﬁ@oﬁ&u&%@{?ﬂ vity,
an increased | oadi ng_ the conductivity inparting agent was required. It
shoul d be Bragasedandingtherendumctivity émpasting agentemsaequtredd of making a
conductive conposition having a bulk resistivity of |less than 50 Kohmcm 5

Konm cm and (S PNGUEEREARRE 1l i€ Brosest ieaticRye i < predhed abmakiBES t han
about 1.5 yebAAhHEE ESMpostlorCIVIHE Y BilikoteliTRE) ' eRYRN sBASSIUBSN the
5  preferably less than about 20 Kohm-cm, most preferably less than about 10
Kohm-cm and using less than about 2.0 weight percent, preferably less than
about 1.5 weight percent, of conductivity imparting agent based upon the

total weight of the composition.
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total weight of the conposition. 16 7 Novenber 2003 CLAIMS: 1. A

t hernopl asti c conposition conprising: a dispersed phase conprising a

pol yphonyl ene ether, the dispersed phase having a par%“&%&nﬁ%ﬁgo&ftween
0.2 and 3 microns; a continuous phase conprising a polyam de, erein the
polyam de is at |east 40% by weight of the total resin conposition; a
conpatibillzin agent selected fromthe group consisting of citric acid,
rnal ei anhydride,-fumari ¢ acid, malic acid, and derivatives of the
foregoing conpatibiiizing agents; and a conductivity inparting agent
conprising either (a) a conductive carbon black powder present in an
anount between about 0.5% by wei ght and about 3.0% by wei ght ‘based on the

entire weicglimet the resin conposition, (b) a conductive carbon fibril
present in an anount between about 0.2% by weight and about 3.0% by wei ght

based on the entire weight of the resin conposition, or (c) a conbination

of a condycti vetheahbglastd asikpiaisiecom@igingg conductive carbon fibril present
in a conbi ned anobunt between, about 0.2% i ght and about 3.0% by wei ght

0

based on PHESRATEST BhasREYRPriSNG prhoiwP enﬁee%ﬁﬁm@'éﬂw grepapedhhesene
conposi ti ARviRGS FariBieGidd Setwebh ez AeSBshitronty after nolding of less than
about 100a%%8§(‘m p 'asLhc%rl(l:;()) m%sail %@Qm?cIe (\:Nlh%irer}% %hemgtslggrin%etirs]%t pol yphenyl ene
et her '

least 40% by weight of the totat resin composition;

a compatibilizing agent selected from the group consisting of citric acld,

maleic anhydride - fumaric acid, malic acid, and derivatives of the faregoing

compatibilizing agents;

and

a conductivity imparting agent comprising either {a) a conductive carbon

black powder present in an amount between about 0.5% by weight and

about 3.0% by weight based on the entire weight of the resin composition,

(b} a conductive carbon fibrit prosent in an amount between about 0.2% by

weight and about 3.0% by weight based on the entire weight of the resin

composition, or (c) a combination of a conductive carbon black paowder

and a conductive carbon fibrit present in a combined amount between

about 0.2% by weight and about 3.0% by weight based on the entire

weight of the resin composition

wherein the composiltion has a specific volume resistivity after molding of

less than about 100 kOhm-cm.

2. The composition of cialm 1 wherein tha polyphenylene ether
comprises at least one compound selected from the group consisting of
poly(2.6-dimethylphenyiene sther) and copolymers of 2,6-dimethylphenot
and 2,3,6-trimethylphenol. |

d.  The composition of claim 1, wherein the polyamide comprises at
least one compound selected from the group consisting of nylon 6 and

nylon 6,6.
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conprises at |east one conpound selected fromthe group consisting of
pol y(2, 6-dt net hyl phenyl ene ether) and copol yners of 2, 6-di net hyi phenol
and 2, 3, 6-trinothyl phenol. 3. The conposition of claim %yWgkel Soddhe
pol yam de conprises at |east one conpound sel ected fromthe group
consisting of nylon 6 and nylon 6,6. 17 7 Novenber 2003 4. The conposition
of claim1, conprising |less than about 1.5 weight percent of the
conductivity inparting agent S. The conposition of claim1l. wherein the
conposition has a specific volune resistivity after nolding | ess than 20
kChmcm 6_ The conposition of claim1, further conprising about | weight
percent to about 15 wei ght percent of an etastoneri bl ock copolyner. 7.
The conposition of claiml further conprising one or nore of inpact
nodi fiers. stabilizers. antioxidants, lubricants, and filters. 8. The
conposi ti on of Ted abmpbsitibe véclairatl, tarapiisiad ¥ssftharhabadriduetight ty i nparting
agent resides in the conti.nyous ase 9. The conposition of claiml| wherein
at | east FHIEBH qfﬁEe EBHMVFX/WQ?%‘?%%WH ng agent resides in the continuous
phase 10. The conposition of claiml wherein essentially all of the
conductivity linparting,_ agept, resides in.the continyous phase. 11 _ The
conposi ti oh ofré’%)ﬁ?'ﬂf’?g'&!ﬂ'gpg?'ﬁmf ﬁewﬁ%rﬁ%%gptqom%g?n a§§e§?‘#‘$§‘ vol ume
resi stivi tyoi@hb eesiswlig 4i@r afolding tessithan 2b@Ohni6mkChm cm_ 12_ The
conposition of claim1l wherein the conposition has a specific

6. The composition of claim 1, further comprising about 1 weight

percent to about 15 weight percent of an efastomeric block copolymer.

7.  The composition of claim 1 further comprising one or more of impact
madifiers, stabilizers, antioxidants, fubricants, and fillers.

8. The compasition of claim 1 whereln at least 50% of the conductivity

innparting agent resides in the continuous phase.

9. The composition of clalm 1 wherein at least B0% of the conductivity
impading agent resides in the continuous phase.

10. The compasition of claim 1 wherein essentially all of the conductivity

imparting agent resides in the continuous phase.

11. The compasition of ciaim 1 wherein the composition has a speclfic
volume resistivity after molding of less than about 10 kOhm-cm.

12.  The composition of claim 1 wherein the composition has a specific
volume resistivity after molding of less than about 50 kOhm-cm.

13. A method of-preparing a canductive themmoptlastic comgposition of
claim 1 comprising;
blending to fornm an intimate blend;
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volune resistivity after nolding of |ess than about 50 I cChrn-cm 13_ A
nmet hod of - preparing a conductive thernoplastic conposition of claiml
conprising; blending to forman intinmate blend; 18 7 Blhef a

pot yphenyl ene ether; a polyamda; a conpatiblizin agent seFected from
t he group consisting of citric acid, malefic anhydride, fumaric acid,
mal i ¢ acid, and derivatives of the foregoing conpatibilizing agents; and
a conductivity inparting agent selected fromthe group consisting of
conductive carbon bl ack, conductive carbon fibrils, and m xtures thereof;
wherein the conposition has a specific volunme resistivity after nolding of
| ess than 100 kGhrn-cm_ 1 9

a polyphenylene ether;

a polyamide;

a compatibilizing agent selected from the group consisting of citric acld,
maleic anhydride, fumaric acid, malfic acid, and derivatives of the foregoing
compatibilizing agents; and

a conductivity imparting agent selacted from the group consisting of
conductive carbon black, conductive carbon fibrils, and mixtures thereaf;
wherain the composition has a specific volume resistivity after molding of
less than 100 kOhri-cm.
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