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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
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The invention relates to a method of maki ng a conductive thernoplastic

conposi ti on betwesmitegpalypheadbnd ethddi fopg Bigﬁﬁ ith a
conti nuous phase polhﬁ;rygng%gt I ease? %ﬁ% %ﬁgﬁ t V|dt%;.lxle¥%%rr'?)llm%ﬁ}fgent
wherei n t he Bifipersassphasepariiclefsizene conposition is at least partially
determ ned by the particle size of the dispersed phase within the

conti nuous phase. l.ﬁhe t her nopl asti c corrplosi tion preferably conprises a
conpati bilized bl eRE TBYERHON WlsQ relatas todhe sprdyreve cemparitiass of that | east

one pol yam dg,digsd east ong conductivity inparting agent, and
optionally, onel”?(?)érl angfagﬂgg Li fr{napa%ctfm%&efqoé‘%%{mé’f%ﬁm?% ns Qﬁ%&)medhtnds.
| ubricants, and fillers 7 Novenber 2003 CONDUCTI VE COMPOSI TI ONS WITH

COVPOSI TISONABL Y DebEFRShdrEs! dBeliteliedl £ VI TY CROSS- REFERENCE TO RELATED
APPLI CATI ONS Not applicable. 5 FEDERALLY SPONSORED RESEARCH Not

appl i cabl e. BACKGROUND COF THE | NVENTI ON
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



Field of the Invention The invention relates to a nethod of nmaking a
conductive thernoplastic 10 conposition containing at | east one dispersed
phase polymer with a continuous phase polyner and at |eagl, QRGeCaiAuctivity
inmparting 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 et her
resin, at least one polyamde resin, and at |east one conductivity
inparting agent, and optionally, one or nore of inpact nodifiers,

st abi | i zeustilight Ppxirdiaation of tir quantity, ofarehdhictive relditive Ab@ss&fodanent
this inventio rovj.des a npthod of controlling the bulk resistivity of a
conpat i biplaf'icéﬂa'gﬂéﬂ porgis desyapleoayisid yheremfidepibies aduerseedfents20 and at

| east one pol yam de resin, wherein the pol yphenylene ether resinis a

di d | [ . ' t h
Compat 1 b1 1121 ng Raory “BRA B OR TR P RGP oot Tt et a0l yror s 1 7

Novenber ni{}idg bendeetivd Hﬁrﬂ@pﬂ&%’t%xﬁﬁ@siﬁbh@r resin and polyam de resin
and/ or the dispersed phase particle size. The invention also relates to
the conductive conpositions of the nethod and articles nade fromthe
conduct i YEMYARYGR THIOREVETI®ONHe net hod. 5 Brief Description of the Related
Art Autonobil e manufacturers have for a nunber of years investigated the
use of plastic body panels to replace stanped sheet netal panels. The

notivation faor the rep] acenent a§hei ”&'m‘éﬁ@don‘{"%isiﬂ?& cdufgglion in addition to
enhanced per fIBPPr‘h?fB%CI’tth?%ﬁﬁﬁovéqe?ﬁl AL TTon of i ngs arlljg) co% rosi on of the

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.



10 panels. In the autonotive assenbly process, it is often desirable to
assenble plastic panels and netal body panels onto the autonotive frame in
the same operation. An undercoating is subsequently appljggd,bhrsgh an

el ectro- "deposition process to afford corrosion resistance to the netal
conponents. 15 Subsequent to this process, paint is applied through an

el ectrostatic process to insure a high transfer rate of the paint onto the
panel s. Each of these processes involves a baking step at el evated
tenperature, often in excess of 180C and the high tenperatures have been
part|y responbidnbderfagpect, ierd is piovided a sibosPpraphri ashiwsivé thethphaic
appl i cat i ono.80, faFhL L GOrRANSNL,S. are in general not sufficiently
conductive Tor = el'ectrostatic parne processes. It is known in the art,
however, that conductive additives can be fornulated into the resin
conposi t ibkkimding tp frareas mtithés blemhducti vity of the resin. These conductive
additives are ener al expensive, difficult to handle, and often
adversel?%‘*’@gpyswﬁ Critical properties such as 2 7 Novenber 2003

ducti |l it y.poaineidezati on of the quantity of conductive additive necessary
for a particular i -Qﬂ i i fe Clet & and ot her adverse
af fects. {LME hp {'%;ﬁlgg éé’gastgippar eﬁ?rg'?ﬁdaé’%gﬁ ﬁg%&@st@é?@tfgﬁrﬁggafo exi st for

met hods eofateinmkhydidec haearic acd, traficanyd. agd dervdivpo of thederegSOWVARY OF THE

| NVENTI %A‘Baﬁ@ﬁz’ﬁi%&dﬁ qere is provided a thernoplastic conposition
conprising: "a di spersed phase conprising a polyphenyl ene ether, the

di sper sed qondedivith Impanneagt selerteddiogeinp SrPPneishIReld 3 microns; a

cont i NUOUSARREVE c&BHR blask DraudRleY @b ibrlsVagd Mblurkd thapsdryam de is at

wherein the composition has a specific volume resistivity after molding of
less than 100 kChim-cm.

DETAILED DESCRIPTION OF THE INVENTION

3a



| east 40% by weight of the total resin conposition; a conpatibiltzing

agent selected fromthe group consisting of citric acid, naleic
anhydride,.. f umaric ac malic acid, and derivatives of 7idgehBEEHRINT
conmpati bilizing 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 wei ght

of the resin conposition. (b) a conductive carbon fibril present in an
amount 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

conduct i ve carlBsrthsrmeplastistompasitdons cioihetyrricseet BaeBGdnfdrbhidPESsENt 1N a

conbi ned anpunt tween., about 0.2% by wei ght and about 3. 0% by wei ght
based on th‘éesg}?ta}%ﬁ%\@g%@ﬂ&mnfgfﬂam@rp@%ﬁsmveaﬁpnmammmwseﬁumr@shﬁs

it | f] | I, St Vit ft | di fol th
about - 100" FORRAAREE b HER A 834 MeVh stiches. fes seampléner e | - prov ded
a et hod of plyepdionas: @or&@ﬁﬂHgbléfﬁistﬂgir @@Lﬁ{i{%ﬁlg@?g&y}}%o as descri bed

above conprising: blending to"fo ethe lya _ tibllizin g
agent sél e ctoadainingybiemel sgmelgllayan Haimpigs of sGih Eﬂo@yxﬂ‘éf Slend B 81183')§1de i de,
fumaric aci dwéml i.c acid, and derivatives of the foregolng
conpat i bi | i2FigedRcarbonate/ABD malyphenylgne eiteary/ipody esgan pobgiRgiyend r om
the gro o | SL1ng of .
group RR&l pdry Pheéllylene sulfide, and polyphenylene ether/polyamide. The
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



conductive carbon bl ack, conductive carbon fibrils, and m xtures thereof;
wherein the conposition has a specific volune resistivity after nol di ng of
| ess than 100 kOhmcm_  DETAILED DESCRI PTI ON OF THE | NVENN N 88 ZodNovenber

2003 The thernopl astic conpositions of the present invention are made from

resins able to withstand paint process oven tenperatures. Useful resins
I ncl ude various pol yner blends and al |l oys such as, for exanple,

pol ycar bonat e contai ning bl ends and al |l oys and pol yphenyl ene ether 5
cont ai ning bl ends and al |l oys. Exanpl es of such pol ynmer bl ends and all oys

I ncl ude pol @%3 ol. nyl.ene, et her l.yest e ol yphenyl ene

et her/ pol yp?j]. nﬁ?lgl%gggéu ?%%g'cgﬁ%qﬁ%%%ﬁghwa?éig'(tz?:iéfe/ﬁ%{ﬁ yat iIg‘e. The
resin conpagrhp@éitibhis WIR8AEH Heat fdiftafSE R sie@No firibliGhe’ o :
conpati bilized bl end of a pol yphenyl ene ether resin and a polyam de resin.

10 Conpat i béxample, phisw deredvers, Fﬁﬁd@diﬁ?e glhdstransition tanpepphitafi.derg)esin
are generally _known in the art. These blends are typically nade through
reactive comgbenthatythecveni tatperatreave dgsiselele s inusd oha polyarmidy fdsii ng

agent tqQ c Qsitions. cont.ai ni n ol yphenyl enge et her resin and_pol yam de

resin. $heq3n"£vr}‘8§tairﬁfa R\%}nggeen%rﬁ%sg‘%éﬁm pndpe PRERiemPRIatiEe ih product s

15 bet ween HB8nd . ' ] | d that

t hese reacl%1i on g%sgggi?%i%#%glﬁ%t%%gg%p@? ?B%O%yd%&m?%:ﬁgm &

pol yphenyl efeaswretién chitbforandt ZBIC, aOtifke v &itbns HHahe ea6hE5 e ]Qfsteﬁfé%hﬁ are
e

believed to play a role in the reduction and stabilization o
di spersed praged upantsiniilar prirejpleey i ndi ces of conpatibility. The inproved
conpatibility results in enhanced 20 physical properties such as, for
exanpl e, incr The ?gtig of E’i’%itg)%ol)lzérlr#gé ;easaril \c/aen vary 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



conpati bilizing agents for blends of polyphenyl ene ether resin and
pol yam de resin include citric acid, nmaleic anhydride, fumaric acid, nmalic
acid as well as various derivatives of the foregoing. TheRghyehans ene
ether resins (hereinafter referred to as "PPE") useful in 25 - the present
i nvention include all known pol yphenyl ene ether resins. Preferable resins
I ncl ude pol y(2, 6-di net hyl phenyl ene ether) as well as the 4 7 Novenber 2003
copol ymer resins of 2,6- inethyl phenol and 2,3,6- trimethyl phenol. In
conpositions wherein high heat resistance is desired to accommodate, for
exanpl e, paint cure ovens, PPE having a glass transition tenperature (i.e.
Tg) hi gher elafipmensfantis pempseatre keoareirei drdhhe iAslide, fb%eex%h@e

t'he’” oven

pol yam de resin 5 havjn mel ting point (i.e. Tm) greater than

t enper at ur e.S?YI‘ﬁglc @HF#‘ F%B&NW‘%@(S@ Y3tipus agigdifunttignilézedethybdiput 0. 20 and
about 0. 60 I n oroformat 25C. Qther variations in the
resins are g#égy %Zlgtﬁl% 8%%%0@@3?#@ tTIBgietﬁ'?Ii]&"Hlég).- EppecipHy ipsefefrrddPE t o
pol yam de r @sé theCacAlRdYel 46 . ' b 10 j ysted so that the
pol yanide resin r ermai ns f he g?nﬁ“?ﬁ‘ﬁéﬁ?@h@é‘g&%pt%‘fma@{ gﬁé"*b'é‘l‘?mde i's

at | east> abeopoly@sersyandeh ghtlilibck bops§inadrs! Eisé R-BC&{H)]@?‘%A Bhe .'f,llrg)%easi ng

the level of the polyamde results I n"enhanced ducti and is

of ten pref eFPRAYMHIUDEsT addBinsssvhidbrmayre mdtaienhembglafgha\&;%u%&stypet of
, O. en a mxture

ol yam de r has a_hl end. of | on 6 and nylon 15
8f %yl on 6 g%ggﬁi}fggr?fé’% Ourgwl% ,enIYP Z’iog"%ﬁlq Riockss avhich age typically styaehe ni t ed

amount of nlgRRs Bnk | m t heat . resistance of the
conpati bilized bl end ﬁ{%%%eﬁ%rl]{ﬂ@ %g% ég%dégner §§’.Cﬁs‘t"ﬁm%rmﬁy gligor nyl on

6 are of t entodisldy hiydadvgermapedv Mighaes bflitheayibi & c&}f&?ﬁ{etré g8d cfigfoc'ﬁx anpl e,

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. Exampies of typical sp-ecies 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



ductility. Moreover, the amne to acid endgroup ratio of the pol yam de
resin 20 or mxture of polyamde resins may also be varied as well as the

relative viscosity of the polyam de contained wthin thedesibBr 2003

conposi tion. Such variations are useful for fine-tuning certain physical
properties desired in the final conposition. These and other variations of
the polyam de and the pol yphenylene ether resins do not detract fromthe
present invention. 25 The conpositions of the invention may additionally
contain various property rmdifiers such as el astoners for ductility

enhancenent rkﬁg{ﬂcg 003 el.astonprs,for this purpose are known
inthe art and in 3 for éx fooazglxw ofhgester o ¢ geaerdiabnd vari ous
acid funct |snmdtuzﬁd1retslbflth@@ias%xﬁ@iﬁk§>6 cﬁ@ﬂ%?bi‘é*ﬁfeﬁgé&fﬁ%rfl gﬁwg aft - mal ei ¢

anhydride). Especially preferred ar he so ca

copol yner s, lepgronedxml-olefin, Bu@has,l ;lniop?karﬁ- TOROENGELRex@e, And 1d%&
copol yners..The A-B .and A -E-A ock copol yner rubber ad tlves whi ch
may be used B quwp%ﬁpéﬁm}’éeﬂ%%F"slea&mnﬂ‘ﬂsedi-aiéﬁmam not ¢rdGcal keny!

aromati ¢ bl typical | rene _blocks and a rubber bl ock,
e.g., a butadi ene }fﬁ?t%f\;\ﬁ%ﬁ] %Egﬁétﬂ?‘? Fli9r Bertiangefheypalymergenat ed.
M xtures of these triblock copolyners and di bl ock 10 copol yners are

e Al ey P ef dncé dibédindiite BRI o ABRATII QiSronitd BBLRID, A0 o B A

type bl ock copol yners are disclose

3,078, 254, fenmznmle@d ahmﬁeﬁﬁapymaﬁbzsﬁmamnc&mea%g%% Y. K. Pat ent
1,264, 741. Exa es,.of typical species of A-B and A-B-A blo copol ymers
i ncl ude poly éj‘%‘ﬂﬁ %ﬁ%?%n § $BRE porfon is at least one non-conjugated

pol yst yr engy ne- pol yi so rene,” pol y((X-
met hyl styr gnée}gg- po{:}b% ?ﬁﬁh §B¥'°5§?€7'?f‘§ Lﬁj“%‘éﬁﬂlﬁ' SEH Eﬁi’@ apsntadienene ( SBR),
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



pol ystyrene- pol y(et hyl ene-butyl ene) -pol ystyrene,
pol ystyrene- pol yi soprene- pol ystyrene and pol y(a- nethylstyrene)

- pol ybut adi ene-pol y(a nmethyl styrene), as well as the sl
hydr ogenat ed versions thereof. 20 M xtures of the afor e?rehﬁ@t%%@égdz%q:;

copolynmers are also useful. Such A-B and A-B-A bl ock copolyners are

avail able commercially froma nunber of sources, including Phillips

Pet rol eum under the trademark SOLPRENE, Shell Chem cal Co., under the
trademar k KRATON, Dexco under the tradenane VECTOR, and Kuraray under the
trademark SEPTON. 25 Also u astoners inclJude functionalized

el ast omer | ETPEFHOEHFRET P ﬁa ¥' empi"éaﬂdVH?éﬁﬁ Rf@rﬂhépﬂ’isﬁg at

| east one_ gl &f b fiEsHk O B EcdmBBYRIRET: POOERINL 36 RS ol anhydr i de.

epoxy, oxaz o i ne, oester e essen t he

el ast omeri @oﬁ@hmwcaeédi@lw&n&emev}@@i Efxﬁﬁb? haye 65@s a0 nalke a ESﬁééntPJt@ o@m

1-ol efin, such as, propylene, 1- bu ene hexene, and 1-octene.

proport i onshe)tomilh;dmmkhndeam tlheaeaﬂindmtwﬂhumlﬁatﬂleﬂmenomeeheot crl t ical 5
provi ded that .they together constitute_ the ortlon of the polynmer. In
one enbddi FERENUSESP Eﬁ?ct Poth§|nr2fé@?ee¢fatbﬁdwé¢ntjéorbbﬂ i refarred forgthe

functional i r ne _rubber fun t| onal i zed .ene-
propyl ene- 8§§%e&-ﬁe@k}%g%$ t3} ﬁ%?‘S.PéHEaﬂgv %‘n &9 u]"‘é%lés( etﬁ‘repﬁ P'{'Ba'ﬁj ugat ed
di ene, suchhase £ pidatelemdmti bﬁg%aa m@\r@ﬂm ‘%59‘“6 i ene.

10 These el ast one g pol yol efll n regekef\com I n tﬂgagﬁa%g%élg ‘%ftlég

el ast oner scoﬁdwx&sieﬂdchmunmycﬁestdeqamtam;ﬂ&t rlans tlaeat leadt|500k copol yners is
bet ween about 1% and_ about 15% by wei preferably between about 1% and

about 10% BYeifEay et legrtdh rndi@oskp erqbéy esserdigdly HIQ% phtkal on t he

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



15 entire weight of the conposition. Various mxtures of the previous
described inpact nodifiers are also useful. O her property nodifiers

include nucleating agents, flame retardants, stabilize§§kwgﬁggpﬂ¥%, dyes,
and mneral fillers and reinforcing agents. In order to render the
conposition sufficiently conductive to achieve the 20 desired

el ectrostatic paint capability, the resin conposition contains at |east one
conductivity inparting agent, i.e. at |east one conductive additive. The
conductive additive is preferably selected fromthe group consisting of

conduct | vecoRaRa olclow Gonelbei bR Bt | BBDelAE) Uhagul Lty | bers

conductive carbon fibrils, and various m xtures t e conductive 25
"addi tive cemisthrcaibtdhveil0eChy, hetresin®mpogitivhlis hbrsslchnhdnetiviiad /g t he
melt 7 7 Novenber 2003 processing step or preferably, the conductive

addi ti ve chAveelestre-dergsiticrraf thegasTesien inhibiter oase the plastinconympesitt i on.
It is preferable to,pre:-disherse the, conductive, additive into the,

pol yam de Bﬂé’é‘éj%ggagg eff{)echﬂﬁﬁe Lanee ek oA cg]vgfachlﬁge doRaYarY dep ve in
the resin LRgIL M ' e i : N the
practice of Ht% h%‘y#%\%re% fdgﬁsﬁcﬁsagbg%[%ﬁ &gﬁe’?%lre%&gr&ggﬁ%g??%gararlat%‘leeri al to

resi de pri aadithy ravié bf ﬁhlgfph@ﬂfyielih@@ﬂﬁer ®sth to pelyaiidd @esinPARHR1GS theeat er
conductivity can be achieved with a smaller ambunt of the conductive
addi tive. Bwlding danditipnaeinpjoyed n@antof skl irathe arasen se4dily deetminbl y at

| east 80% and nost preferably essentially 100% of the 10 conductiyve
addi tive r%‘%PH&@W&ﬁFW{Iﬁ‘Q %BEtCPH gﬁé@é.“?‘?“fifgr §XapPlpdBe gesigno  use

more than gngmeGARMAT LRIAHIHOLY GriRReS bt SntaBiohN THR"GREE 31 on of the

resin conposition.
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



Usef ul conductive carbon bl acks include Ketjenblack Bl ack obtained from
Akzo. Useful carbon fibrils include those obtained from Hyperion Catal yst
15 International and having an average diameter of abou}pg,LQnaPaids 200
mcrons wth a length to dianmeter ratio of at |east 100-1000 or greater.
As previously discussed, the conductive material may be added directly
into the resin conposition or is preferably predispersed into a resin,
preferably into a polyam de and used as a concentrate. 20 The anpunt of
conductive material added is that amount that will result in a final resin

corrpositior%. havt%,rl\% 3 specific volume resistivity below | x 105 GCmcm
pr ef er abl y "B ot Pe 260 Bolydenfornexample, tle weightfratio af¢he sésing gheabove 1 X

composi 11 o haetdbr 888 Bnlertralion Efe s olyaris dhe leveliandom peimh om and has
Fosi stivity 12 Do o Pop O moteputr bkt Be K0 S b el Bk fvdingne |y s 7
When Che surface recistanca s above on g A AR e BRI T o
so conduct IR¥FTHON Biclydgse Bledad of nekdng tondudive thernmipiagicon i nhi bit or
addi ti ve 050D BTERG Elksit dRertset plsemey mer snern cwptifoousxanp o,
to. polyant ney Boymety Rt edef oneBnllRyl Bk RsRete hErCesgRchene of
condi Qnihﬁg}?mﬁ?gfkgm‘?ﬂ orRTolR by Y E5ing the BactiBle Sitthe.

wi t hout untgeligRprser mivasa podymerhithinnbe cohtitGouopHass pulymaedi tive is

general |y between about 1.4% by wei ght and about

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



2.5% by wei ght, preferably between about 1.6% by wei ght and about 2.2% by
wei ght based on the entire weight of the resin conposition. Typically, when

the resin conposition conprises a conductive carbon bl agk, £ is
present in an anount between about 1.5% by wei ght and aboﬁgwgé/g%df 15

wei ght, preferably between about 1.6% by wei ght and about 2.0% by wei ght,
all based on the entire weight of the resin conposition. Al so, when
typically the resin conposition conprises a conductive carbon fibril, it
is present in an anount between about 0.3% by wei ght and about 3% by

i ght, preferabl bet ween abpout 1.6% Db i ght and about 2.0% by wei ght,
\gle: gbaseg Blﬁ‘gﬁ%ﬁx%ﬁd%ﬁ?‘flég\w&umle %@ed( H@ytﬁ\éf‘:lir?g% e g?ﬁomw pr :agti ce
f the i | @Rt u ticle size
ol aye an | B addidrofiRE vARGKE Epifilldent ik bIBh AlVEnElEeouB R kbR °1 o 4

gi ven | evela@iumadte meletiaddighiat ¢et dnkdr HiBe Vaitipbrts s thRexBRfgerh@r ticl e
si ze decreases below a certain threshold value, the bulk resistivity of 25

t he conpostarnove ¥oitile tmpurijies it tkasemposidiq elhigsesifprdiraryskibimibeer ous
factors_are beJ.{lgve to pla rolc?_s in determ ning the dispersed phase
particle 93% gplie togdmstibjendimgdynes and demperatnirre as Ml @scanpl e, the

pol yar do. crReneCad AR ol SR ERRRI B IEERRB 0 ol ecu

weights of the resins, and the mxing paraneters used to prepare the resin
conposi t i OPrefégedicdmisnents iR IEPPEddtiveaVRBii mehgt_ci,mﬁﬁle&leﬂgﬁﬂwﬁl of
ast di spersed

maki ng conductive thernoplastic conposition containing at |

phase pol yamd hawihgarc nttineigodscostydssrweehabeut Gi3blarat abea.50dl g, at
conducti vi tg i mpart ng}iagen wherein the bulk resistivity of the
conposi t i JFAFORGORPYBMIER oy hvingianplatiee pisresibl ketyyesn aout 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.
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t he di spersed phase polynmer within the continuous phase polyner. 10 The
nmet hod of the present invention is normally achieved by nerely bl ending
the ingredients under conditions for the formation of agr&R%H%gngaplend.
Such conditions often include mxing in single or twin screw type
extruders or simlar m xing devices which can apply a shear to the
conponents. All of the ingredients nmay be added initially to the processing
15 system or else certain additives nay be preconpounded with one or nore
of the primary conponents, preferably the PPE, the optional elastoners,
and/or the_polyam de. It appears that certain properties, such as inpact
strength éﬁﬁU@P@ﬁgation, are sonetines enhanced by initially
preconpoundi ng the PPE, elastoneric copolynmers, optionally with any other
i ngredi ents, prh@r t.o 2 congounding wi.ith the pol yam de resin, however,

t hese i npr ovenenft $*RFROT HSHL CAMPOsions Raged ugron aie imperhmadifiedi scosity of

th t ik . i b4 d ' ddi t,i r ef er abl
added 1 s PRf Ry &L BRAR 36 £ Boly HerGRGt Gh o™ st G binckidk reor

pol yami de fcesitdingig catbbREmals ﬁﬁamtﬂizﬁingqgﬁ%gﬁ&%ls%?%@éé@lﬂp@@ggr ate

pol yar ni de and ot her 25 conponents has~been dcconpl1 sh
extrude? s mggnbeBuiveryinghe hevebob cesgiatibilizings@eno Mok Roking ahe preferably
prepared by using a 10 November 2003 single extruder having nultiple feed
ports al on ant, hlewasd giossi etermine itiveleffect
| éeﬁflaémgsw&m 6§ retatpialy gamstant, iewad giossible tf determine itine!
conponents I: en ant ageous, to apply a vacuyumto the nelt through
at | east on é b %Fﬁér%rgfg%\? o} nl?"gl\pf)(oﬁ'etc? vﬁyt(ﬁén"efié‘g'gﬁ [0 Fo’c‘éuc'fl‘é%l/ Bullsrgsiptivity
i mpuriti esway dderARIEAGSH tHRarrd ' imbdddn Gibihg S art will
be able to adjust blending ti gshgﬁ%apg%géﬁ%%{%@gﬁsdwadﬁé conponent
addi ti on, wultipurposedest spbdimiennatortng ISOWT6A! PR 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 with 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



Preferred conponents include PPE derived fromat |east 2,6-dinethyl phenol
and having an intrinsic viscosity between about 0.35 and about 0.50 dl/g,

at |east one polyam de 6,6 having a relative viscosity?Qﬁﬁmﬁlnriﬂﬁyt 120
and 10 about 135 when neasured according to | SO 307 protocoF and aving an
am ne endgroup nunber between about 45 and about 55, polystyrene-

pol y(et hyl ene- propyl ene) and pol ystyrene-pol y(et hyl ene-butyl ene) -

pol ystyrene bl ock copol ynmers, conductive carbon fibrils in the formof a
concentrate of fibrils in polyam de resin, an anount of at |east one 15

conpati bi | izt agent tor ina.P ver article size of between
about 0.2 nt‘lgtll:ér;%lns and abo@?@*@‘#&R%H@E“f‘ﬁ%ﬁ@ﬁ%@ﬂ&%@m i nvention
are articles made from t hebtGASH B SABR (Henkieg) A8t hod. Such articles

i nclude fenders, doors, quarter panels, rocker panels, trunk |ids, hoods,
m rror housings, bunpers, gas filler 20 doors, and the like. Al patents
cited herefd0& e hereby i howigred pthedobantietidannobtair&d fioph B4 Tkigy
illustrative exanpl es denonstrate various enbodi ments .of the preéesent

i nvention. However, they &F ¥838exlffénded to linit the invention in any
manner. |1 7 Novenber 2003 Exanples A series of resin conpositions based

2ain Bnd BRel yam de- resPRERBRE SiaRieA b AR SRR s ng

varying levels of a cQmwatibilizing 5 agent. By varying the |evel of
conpati bi | Kzi ng agent whi betaRsingh ReHitiBCobthRTEE RLARY AR CabhfRsakel atively
constant, it was possible to determne the effect

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
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of particle size on bulk resistivity (a nmeasure of conductivity). Bulk
resistivity was determ ned on the narrow parallel portion of injection
nol ded nul ti purpose test specinmen according | SO 3167. T i mens
were 10 nol ded as described in | SO 2945 for dunb-bell EZ\#&S\@&%{??@%
injection nolding machine. Both ends of the test specinmen were broken off
ina brittle fashion so as to obtain a portion with a uniformcross
section of 10x4 mmand a length of about 70 nun with a fractured surface
at both ends. The fracture surface at both ends was coated with a silver
pai nt and the resistance was 15 neasured between the fractured surfaces
with an el dberwei ht otithe drtirelcotifosi @l ' | Lp.calcul ate
the bul k resisti gi ty. It is i npor?%ﬁtgﬁtaﬁlgt&gg;rsﬁ{% eEE?‘rB?c@&r%leﬂP@ﬁﬂ%%ges and
not surf acebemitdiheeight % basedgnihelensirk nbfrgpositionsawi ng and the |ike are
used. When needed sanples may be cooled to obtain brittle fracture
surfaces. 20 The followng materials were used in the fornmulations with all
parts as parts by weight based on the entire wei ght of the conposition:
PPE 0.46 IV poly(2,6- dinethylphenol) suppied by GE Plastics G 1701

pol ystyrene- pol y(et hyl ene-propyl ene) obtained from Shell Chem cal Co. 12 7
Novenber 2003 G 1651 pol ystyrene-pol y(ethyl ene-butyl ene) - pol ystyrene

obtai ned from Shell Chem cal Co. 1-1076 hi ndered phenol anti oxi dant
obtained from Ci ba-CGeigy as Irganox 1076 5 PETS pentaerythritol
tetrastearate obtained fromLonza Inc. Kl potassiumiodide, obtained from
Aj ay Chem cal s

14



Cu! Copper(1) iodide, obtained fromAjay Chemcals nylon 6,6 grade Utramd
105 having an am ne endgroup nunber of about 51 and a relative viscosity
of about 126 10 carbon fibrils a 20 wei ght percent conc rbon
fibrils having an average di aneter of about 10 to 15 n?@%%%@%?ﬁﬁﬂﬁfon 6, 6
obtai ned from Hyperion Catal yst International maleic anhydride obtained
from Anoco fumaric 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), KI (0.1), Cul (0.01), nylon 6,6 (32.4 - 33.2), conductive
fibrils (6.5 - 8.5), maleic anhydridenﬁg 3 - 0.7) The data in Table 1
illustrates the change in bulk resistiV|?y'in KOhr n- cm obt ai ned by varyi ng
the mal ei ¢_anhydride level in the conpositions. The 20 carbon fibri

concentraf Bamgde used at a | evpl] of 8.5 weljght p_ercejt based on 13 7

Novenber 2N edc YR T 1eQEL T EntiTe Co rtromand corresponded to a
Niale eyel 3 . i
' ot—3 "6'3""" eht—0%-5 sé?d on—the entire conposition. 14

| evel of t’ rtsof —about—t—werght—%b

7 Novenbef ?Ed%arﬁlgi&%zefarggnp @4 | ei ¢ arfh§drdilde Ijevel 0.30.7 PPE particle
si ze rangp(MAAONS)90 3-1.1 nicfons
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



Bulk resistivity 19 8163 39 Kohmcm As can be seen fromthe data in Table
1, as the level of conpatibilizing agent increases the PPE particle size
range decreases. Unexpectedly, the decrease in 5 PPE pa?%!%%ﬁbé}ﬂﬁ) | ays a
role in the bulk resistivity of the conposition wherein ucl ng t e range
of PPE particles sizes to a smaller average particle size increases the
resistivity. Decreasing the particle size increases the need for a higher

| evel of the conductive agent to achieve the same degree of conductivity.
10 The data in Table 2 using fumaric acid as the conpatibilizer further
illustrates the change in bulk resistivity in Kohrn-cmas the PPE particle
si ze changesmpafibiliziagalgennf Ircerdes fo bbkiih kise vme d@égéé éﬁéona_ﬁ&lxﬁtyz -an

Sanpl e345678 Fumar.i c aci d0. 250. 250. 450. 450. 650. 65 rbon fibril

| evel 1. 01. ulcreqsesilloedmgattfmqndru@gmyu1mpayngg ageft waisFegamedd 20Ff 109
{Kohm cm) 465scal e29 As seen by conparing sanple 3 with sanple 5 with sanple

estativi ty arehOgpecEarRR ek présenf yStikion Pehidks = wetked 6 mekingE
particle shzenfihowvd B&@Bﬁftﬁﬁé}%dlﬂg%%lk%ﬁkn{?ﬁy bt less than 50 Kohm-cm,
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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7 Novenber 2003 conpatibilizing agent. In order to obtain the sane degree
of conductivity, an increased |oading the conductivity inparting agent was
required. It should be clear that the present inventionTH@R%Hﬂgfz :ﬁethod
of making a conductive conposition having a bulk resistivity of Tess than
50 Kohmcm 5 preferably |ess than about 20 Kohmcm nost preferably |ess
t han about 10 Kohm cm and using |ess than about 2.0 wei ght percent,
preferably | ess than about 1.5 weight percent, of conductivity inparting
agent based upon the total weight of the conposition. 16 7 Novenber 2003
CLAIMS: 1. A thernoplastic conposition conprising: a dispersed phase
conpri sing a pol yphonylene ether, the dispersed phase having a particle
si ze betwegais?2 and 3 microns; a continuous phase conprising a polyani de,
wherein the polyamde is at |east 40% by wei ght of the total resin
conposition; a conpatibillzin agent selected fromthe group consisting of

c} tr ihc ?chd, p{m@habpﬁgﬁw%ﬁ.hg@siﬁ&m@ﬁbﬁgngﬁgci dEj mal i c daci d, and derivatives
of the foregoin conpati biil,zin agents; an a conductjvity inparting
agent conpr %?f?ﬁge‘éf’f' C‘("ﬁ?”%"‘%ﬁ&’d’ﬂ@?‘%’ée’é‘é?%ﬁ the dispersssviasepr esent in an
anount behW@ing aafmtitie GikPbdivenr ndhhnddthicbgut 3. 0% by wei ght based on the
entire weight of the resin c ositjon, (tg‘) a conductive carbon fibril
present i ﬁgcﬁﬁu%%{ﬁﬁh% %906.3'2‘%90?‘ efin 4t Pehvamidedsat 3. 0% by wei ght
based on {daet 0% Bywaghe bt theftotah@siresdmposition;

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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conposition, or (c) a conbination of a conductive carbon black powder and
a conductive carbon fibril present in a conbined anobunt between about 0.2%
by wei ght and about 3.0% by wei ght based on the entire W&\ ghbePhoddre resin
conposition wherein the conposition has a specific volume resistivity after
nmol ding of |ess than about 100 kChmcm 2. The conposition of claim1
wherei n the pol yphenyl ene ether conprises at |east one conpound sel ected
fromthe group consisting of poly(2,6-dtnethyl phenylene ether) and
copol yners of 2, 6-di met hyi phenol and 2, 3,6-trinothyl phenol. 3. The
conposition of claim1l1, wherein the polyam 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 claiml, conprising |less than about 1.5
wei ght percent of the conductivity inparting agent S. The conposition of
claim1l. wher efte tbmpositipost thin 1 hasnprispe Eskititan stdulrfe weighsti vity after
nol di ng | ess t[}tar} EO kOnmﬁc .6 _The conposition of claim1, further
conpri si nPHRRHONtQEPIHIC V&%@ﬁmq B9bout 15 weight percent of an
etastonmeri bl ock copolyner. 7. The conposition of claiml further.
conprising one_or nore of ippact difiers. stabilizers. aptioxidants,
| ubri cant s2- antf9 P?T’BP%‘&O%PFE'HE" do %‘?Iir” SHCOS?FO(?FQPrﬂaIS Weercgfcn at | east 50%
of the conginghb \tbdistivilyfar kidldng gastihae 20 k@hm-omt he conti nuous phase 9. The
conposition of claiml| wherein at | east 80% of the conductivity

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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inparting agent resides in the continuous phase 10. The conposition of
claiml wherein essentially all of the conductivity inparting agent
resides in the continuous phase. 11 _ The conposition of yglaielo rein

t he conposition has a specific volume resistivity after nolding of |ess

t han about 10 kOhmcm_ 12 The conposition of claim1l wherein the
conposition has a specific volune resistivity after nolding of | ess than
about 50 IcOhrn-cm 13 A nethod of -preparing a conductive thernoplastic
conposition of claim1 conprising; blending to forman intinmate blend; 18
7 Novenber 2003 a potyphenylene ether; a polyamda; a conpatiblizin
agent selected fromthe group consisting of citric acid, nalefic
anhydride, fumaric acid, malic acid, and derivatives of the foregoing
conpatibilizing agents; and a conductivity inparting agent selected from
t he group wcpolgplanyenecftherconducti ve carbon bl ack, conductive carbon
fibrils, and!ngé+ﬂges thereof; wherein the conposition has a specific

vol ure restBTYN Ty after nolding of I|ess than 100 kOhrn-cm. 1 9
a compatibilizing agent selected from the group consisting of cilric acid,

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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