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The properties of the poly(arylene ether)-polyamide blends are often enhanced by the
addition of compatibilizing agents for the base resins; flow modifiers, impact
modifiers, and fillers. The blends are very popular for use in molding a variety of
automobile parts, e.g., body panels, trunk lids, hoods, and many smaller components,
such as fuel filler doors and mirror housings. Replacement of metal automobile
components with plastic parts has many advantages, such as weight reduction and the
élimination of corrosion problems. However, in many automotive applications, the
plastic component must appear identical to adjacent metal components, in terms of

color, texture, and overall appearance.

An electrostatic painting operation is often used to apply paint to plastic and metal
components in automotive assembly operations. Since such a painting operation
requires that the plastic be sufficiently conductiv.e, conductivity additives must be
incorporated into the plastic. Moreover, since the paint is usually baked onto the
panel at elevated temperatures (e.g., greater than 180°C), the plastic component must

be able to withstand such temperatures, without degradation or warpage.



panel at elevated tenperatures (e.g., greater than 1 80C), the plastic
conponent nust be able to withstand such tenperatures, w thout degradation
or war pag¥®O 20066265606/ 062656 PCT/ US2005/ 040522 MNany t yRES/65200501492ar y| ene
et her) - pol yam de bl ends have the heat resistance needed for the painting
and baki ng operations Mor eover, the bl ends have- been adequat el y

formul ate e t he neeﬁg

F A e SR O R STRaT YRR G el B st cesistines aeadedons ve

and di ffi g the painfiapdhe bamgldpemmenqwmewer thk Dlendd hevs Bleh afehaatlyot her
propertles such as ductility and surface appearance. Technologlsts have

becone ve wv@wd tgpionidedhenpeeqssary GOaRYqtRity| fen eleetratatic-neintingrialieoughl ends
whi ch bal gps g &t’gmﬁt"ive%f eo%“é{ %ﬁ' i 8 $ ket 544%%1@1? TP&?E)Le%gEceC still
occur for a \' e use |ca I ONs an manur act urrng con I't1ons.

For exarrplseadVdrsdtﬁﬁff&& ot pr@leftfds,csﬂch ab du@iByam subfate appeatadeel part has the
| ow coeffi ci ent of t her mal expansi on (CTE) required in many instances. In

t he case fu | . | er. doors r rt{s i ch be.  cl ose|
pOSi t | oned ﬁe«e&e%ﬁﬁsw lled ,a%%,gﬁ tesew?gaehwﬂm polzamIdeo
preventi “Bleﬁ&?%%dh%lﬁﬁ@ a ﬁiﬂlﬁéf'dﬂe Afedt gé}ﬁést SHowef&CprobRAR cah%ﬁr ances

can be very difficult to conS|stent y nal ntain when the autonobile is
r epeat edl 9c<mxpfbsedvmetsmﬂ ﬁmtusarmbphc@imnewtndomanufecrtpengtqonémodur iFy use.

ot act P Ry Aol e Bho b AEE T B R Y Rt ance

of a car Menhﬁltalpans?oﬂmmﬂrequ@&l M @enPlRtinté. Aalthe odse@T faRISAIIAAErsa " O ass
A" surface an appearance approaching Class A quality. As noted in

U.S. Pateftd ethsrasa%w {dbonaw baicleselyapgsitioned devegnanetal peyuponeatsi ml@wOns of
"Class A" " " | S
descri be afEQF%? Eﬁﬂlcal?o?rgxaerﬁ g%é%l C alﬁg és{% ﬂltg Ia ?hgl nls Eﬂgfel ca
adj acent fdiuﬁ&xheeﬁectaal bess ue:f)adffﬁcﬁln td edonBistehtly exdintai (;vihele.the Sjﬁnﬁmdhiless) and
color. Furthernmore, the s ace, shoul d be generallg free of various
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Moreover, both consumers and dealefs of automobiles (as well as manufacturers)
place a great emphasis on the overall, painted appearance of a car or truck. A molded,
painted plastic part often must have a "Class A" 'surface, or an appearance
approaching Class A quality. As noted in U.S. Patent 5,965,655 (Mordecai et al),
there are various definitions of "Class A". In general, a Class A surface as used
herein is meant to describe a painted plastic surface which is substantially identical to

an adjacent sheet-metal surface, in terms of texture (i.e., smoothness) and color.

Furthermore, the surface should be generally free of various defects, such as splay and

péint popping.

Some of the commercially-available poly(arylene ether)-polyamide compositions for
electrostatic-painted applications employ talcum (talc) as a filler. While these
products usually exhibit a good balance of dimensional stability, rigidity, heat
resistance, and impact strength, they may exhibit some drawbacks under certain
conditions. For example, when the compositions are molded, the presence of talc can
lead to splay. Splay is often manifested as streaking or pale marks on the molded

article - usually near the mold gate. Moreover, when the articles are painted, other
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example, the compositions, as molded and then electrostatically painted, should
exhibit a relatively high-quality surface appearance, substantially free of the defects
mentioned above. Furthermore, the desirable surface appearance should be'obtainable
even when the composition includes substantial amounts of filler materials.
Moreover, other properties for the molded compositions should also be substantially

maintained, such as dimensional stability, heat resistance, and impact strength.
BRIEF DESCRIPTION OF THE INVENTION

A conductive thermoplastic resin. composition is described. The composition

comprises:

(a) about 20% by weight to about 80% by weight of a poly(érylene ether);
(b) about 80% by weight to about 20% by weight of a polyamide;

() a compatibilizing agent for components (a) and (b);

(d) a conductivity-imparting agent for the resin composition; and

(e) about 1% to about 50% clay, based on the weight of the entire composition.
3
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(I'1). The painted artrcle has face characterized by fewer defects than
a surface produced when the conductive blend formed in step (1) conprises
a talc fiDer icompirareg atoleasthene [p@lyphenylene ether, at least one polyamide, a

compatibilizing agent, a conductivity-imparting agent, and a clay filler material, to

form an intimate blend;
(1)  molding the blend formed in step (I) into the article; and
(1)  electrostatically painting the molded article formed in step (II).

The painted article has a surface characterized by fewer defects than a surface
produced when the conductive blend formed in step (I) comprises a talc filler in place

of the clay filler.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a phbtomicrograph of a painted test specimen molded from a conventional

poly(arylene ether)-polyamide composition.

FIG. 2 is a photomicrograph of a painted test specimen molded from a poly(arylene

ether)-polyamide composition according to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The thermoplastic compositions of the present invention comprise a compatibilized

blend of a polyphenylene ether resin (or other poly(arylene ether)) and a polyamide
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prinet pl e?accommodate for example, paint cure ovens, PPE's having a glass transition
temperature (Tg) higher than the oven temperature are desirable. The intrinsic
viscosity is typically between about 0.20 and about 0.60 dl/g as measured in
chloroform at 25°C. Other variations in the resins may also be useful, based upon

similar principles.

. The polyamide resins - often referred to as "nylons" - are usually characterized by the
presence of an amide group (—C(O)NH—). Nylon-6 and nylon-6,6 are the generally
preferred polyamides, and are available from a variety of commercial sources.
However, other polyamides are also possible, such as nylon-4,6; nylon-4; nylon-12;
nylon-6,12; ny]oh-6,10; nylon-6,9; nylon-6/6T; nylon-6,6/6T; nylon-9T, as well as
amorphous nylons. Mixtures of various polyamides, as well as various polyamide
copolymers, are also useful. The bolyamide may also be one or more of those
referred to as "toughened nylons" (see U.S. Patent 4,997,612), which are often
prepared by blending one or more polyamides with one or more polymeric or

copolymeric elastomeric toughening agents.

The most preferred polyamide for the blends of the present invention is polyamide-
6,6. The polyamides can be obtained by a number of well known processes, as

described in U.S. Patent 6,469,093, and patents referenced therein. The weight ratio
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added. Usually, the compatibilizing agent is present at a level of about 0.05% to

about 4% by weight, based on the weight of the entire composition.

The conductivity-imparting agent (sometimes referred to herein as the "conductive
material”) can be selected from a variety of materials, with the proviso that it does not
significantly affect the physical characteristics of the thermoplastic composition in an
adverse manner. It is often a carbon-based material, such as carbon black ("CCB'f;
e.g. Ketjenblack EC 600 JD available from AKZO, Deventer, The Netherlands), or
carbon fibrils ("CF"), (e.g., BN fibrils available from Hyperion Catalysis
International, Cambridge, Mass., USA). '

Carbon fibrils are sometimes preferred. Exemplary materials of this type are
disclosed in U.S. Patent 6,221,283 and Patent W(Q/94/23433 (also incorporated herein
by reference). The carbon fibrils are typically in the form of vermicular tubes, with
graphitic outer layers disposed substantially concentrically about the cylindrical axis
of the fibril. Carbon fibrils usually have a length-to-diameter ratio of at least about 5,
and more preferably, at least about 100. Even more preferred are fibrils whose

length-to-diameter ratio is at least about 1,000. The wall thickness of the fibrils is
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composition can be measured by various techniques. One suitable method is

described in the referenced patent issued to Koevoets, U.S. 6,469,093).

The most appropriate level of conductive material will depend on a number of factors,
such as the type of additive (e.g., its inherent conductivity); the ratio of .PPE to
polyamide resin, and the molding conditions employed. Usually, the conductive
material is present at a level in the range of about 0.1% by weight to about 10% by
weight, based on the weight of the entire composition. Typically (but not always),
when the conductivity material comprises carbon black, it is present in an amount
between about 0.5% by weight and about 3% by weight. Moreover, when the resin
composition comprises a conductive carbon fibril, it is usually present in an amiount
between about 0.1% by weight and about 3% by weight, all baséd on the Weight of the

entire resin composition.

The resin composition further comprises an appropriate amount of clay, which is used
as a filler or extender to provide various characteristics, e.g., firmness, strength, and
moldability. As used herein, the term "clay” is generally meant to embrace some

form of hydrated (hydrous) aluminum silicate, and is described in many references.
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1990 (M dgineral compounds may have the same chemical formula, but they differ in

crysta]lizatjon). In some preferred embodiments for this invention, the clay is kaolin-

based, e.g., in the form of kaolinite, although other constituents may also be present.

Clay is often obtained and used in various physical forms, e.g., flake and plate-like
structures. For the present invention, the clay preferably comprises particles which
are in the form of plate-like laminates (though they may be somewhat irregularly-
shaped). The particles usually have an average particle size (through their largest
dimension) in the range of about 0.3 micron to about 50 microns, and more
preferably, from about 0.5 micron to about 15 microns. In especially preferred
embodiments, the average particle size ranges from about 0.5 micron to about 5
microns. (Kaolins are naturally fine in particle size, with an MPS (median particle

size) which is usually between about 0.3 micron to about 5 microns.

Those skilled in the art of reinforced plastics understand that clay materials are often
obtained and treated by a number of techniques. For example, kaolin materials such
as kaolinite can be produced in various forms, e.g.,, water-washed, calcinated
(calcined), and air-floated. The clay can also be delaminated, to separate plate-like

structures from each other.
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el enents, such as sodium potassium calcium nagnesium and ferrous- or
ferric iron.. The mneral constituents of clay give rise to various groups
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pl astics understand that clay materials are often obtained and treated by
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surface appearance.

Various types of additives can be used to modify the clay surface in such a manner.
" Non-limiting examples are provided in U.S. Patents 6,808,808 and RE—30,450, which
are incorporated herein by reference. As an example, the clay can be treated with a
functionalized silane compound, by known techniques. To illustrate, -a
"functionalized" silane compound (e.g., an organosilane compound) can be one which
includes one or rﬁore hydrolytic alkoxy groups which generate silanol groups, and can
form covalent bonds with the surface hydroxyl groups of clay, by means of
condensation. The compounds also typically include functional organic moieties
which can form bonds with the surrounding organic matrices, i.e., in the PPE-

polyamide polymer. Examples of the hydrolytic. groups are ethoxy or methoxy
groups. ‘

Non-limiting examples of functionalized organosilanes are those which have pendant
€poXy or amino reactive groups, such as 3-glycidyloxypropyl-trimethoxysilane and 3-

aminopropyltriethoxysilane. However, other suitable epoxy- or amino-functional
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dependi ng,,. i exanmpl e, on how nuch noisture (free or bonded within the
clay structure) should be removed. In sone preferred embodi ments, the clay
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mat eri al . Theeameunttoéfvelay presenben \the pobahmmcagmui@n bét algpendi on alatiovs t he
clay to b rrechnicll . bo ;J trix.
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rroun r '
surroundi TP oPALs %or a gtlvéncgnsd-usle apphcatlon basexsD in part on the teachings set forth in

this specification.

The compositions of this invention frequently include various impact modifiers, most
of which are well-known in the art. Those which are employed enhance the impact
properties of' the molded article, without substantially affecting the other physical
properties of the composition of this invention. Particularly useful materials are
various eldastomeric block copolymers and core-shell copolymers. Such materials are
described in many references, like some of those mentioned above, as well as in U.S.

Patent 5,965,655 (Mordecai et al), which is incorporated herein by reference.

Non-limiting examples of the block copolymers include A-B-A triblock copolymers
and A-B diblock copolymers. These materials are usually thermoplastic rubbers
comprised of one or two alkenyl aromatic blocks which are typically styrene blocks,
and a rubber block, e.g., a butadiene block which may be partially hydrogenated.
Mixtures of these triblock copolymers and diblock copolymers are sometimes useful.
Specific examples of block copolymers are styrene-butadiene-styrene triblock

copolymers; styrene-ethylene/butylene-styrene triblock copolymers; styrene-
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pol yam de pol yner. Exanples of the hydrolytic. groups are ethoxy or methoxy
groups. Non-limting exanples of functionalized organosil anes are those

whi ch havWOR8dd¢AES6 epoxy or amino reactive groups, sucPCIEUS00549PRdy]
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clay. These conpourids are conmmercial ['y "aval'l e anount
f unct i onalcbpdlpgersgent usual |y ranges from about 0.1%to about 5% based on
the dry weight of the clay, but this range can vary as well. The anmount of

clay present n.the pol yner .conposition wll de d on varig fagtors,
such as tﬁﬂonr']é'mt@gopp % é’fp Cy &H° Z‘eﬂe@?%ft t"ﬁ‘gﬁﬁv_f)egeaﬁl& a‘#fiﬁ‘fﬁ'@c of ot her
conponent snaérRBE Nt THese iy BHRD IBH ek dRplell polpseraardidre ash a@.nﬁhlyﬁﬁbls
requirenents for  the nolded article, and conpoundi ng capability. ual ly,
the clay ReyRtesweth aghellof ayaethyl methaerylasggachhas siysne-methymetheicyfatet o about

50% by wei : . | f e gntire [ ti dn preferred
enbod; mence, i, SRS IER R sndih® BRI 0B8R0 Ry HaBhoLt 0%
by wei ght maalifikriis onetrviag pepilsbutydipnetaertast is prafodbeabss linked, Wakheln is in
the range of  abqut 15% by wei ght tq about 25% by weight. Those skilled in
the art V\na?‘]y]ab%%? |such g5 thasednegiionsd @b@¥ee the npst appropriate |evel of
clay for a given end-use application, based in part on the teachi-ngs set

forth i n ThBhasosRES ifpadth TRRicA B §ptRR L&y 1 el frequently
i ncl ude vg}]i. gug [ rrpa@;p nodi f]iq?arr sl,%cm)st oéfﬂtf\%h??ﬁérgélgy%ﬁ}gﬁ%gn |Sr§)_rnt he art.
Those whi varienscfagtprs, sostiobwhihcwerehaeritinpad prevpruskyer Uswedlypthet thedifiet ted

oL e OB gBRRI ST 5550 D9 AE AR b PR ©° ©

vari ous  ekmtire @0mpoSitibh.OhksoeNsHe foiRd eniodirB&HtE 1151V 41 i€ BPBk YA of abath

material SO.aSE‘/?by weight to about 10% by weight.
The compositions of this invention can also include effective amounts of various
additives. Non-limiting examples include: stabilizers, antioxidants, lubricants, flame
retardants, drip retardants, dyes, pigments, colorants, antistatic agents, plasticizers,
and combinations of any of the foregoing. These additives are known in the art, as are
their effective levels and. methods of incorporation. Effective amounts of the
additives vary widely, but they are usually present in an amount up to about 40% by
weight, based on the weight of the entire composition. The preferred amounts of
these additives usually ranges from about 0.1% by weight to about 2% by weight,
based on the total weight of the composition. However, the flame retardant can
sometimes be present at a level of up to about 20% by weight. (Moreover, in addition
to the clay material, the compositions may sometimes include one or mére additional
fillers and/or reinforcing agents, as long as they do not adversely affect the

appearance or properties of the molded article).

In some preferred embodiments, the polyphenylene ether-polyamide blends are
substantially free of talc. While talc is a common filler in some polyphenylene ether-

polyamide blends, its presence can lead to surface defects when the blends are made
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described in many references, |like sonme of those nentioned above, as well
as in U S:. Patent 5,965,655 (Mirdecai et al), which is incorporated herein
by ref er eWO20006893636i i t i ng exanpl es of the bl ock copol ynREEBUSHEIUEE22A- B- A
triblock copolyners and A-B diblock copolyners. These materials are

usual |y thernDpIastic rubbers conprised of one or two al kenyl aromatic
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copol yners; st yrene-but adi&ne di bl oc copo ting
exanpl es ofher kmbodmesnsd)ehé polyplaanty]amo @itiferguobyaaride blehds 4ral dlscasmubytaniially
material s se may have, for exanple, a polyacrylate core such as
pol ybutyl freﬁé’?ﬂ“éare with a shell of a methyl nethacrylate, such as
styrene-net hyl net hacrylate, or an acrylonitrile-nethyl methacryl ate shel

Anot her t Yip&eRéral the€-cohfpokitiolP 3¢ tthisAdedtiddr aleSpRpared i HItablEHAiND theadi ene
core that is preT’erab cross-linked, with an acrylate shell such as those

ment i oned V&Wﬁemgfpﬁ@néﬁn'ﬁlfﬁﬁn@h mh@a@tblmuaﬁmdmmo shnyanjiondd nsererdureal | y
enpl oyed %%E&c@n?fBﬁ?%ﬁteR%aM?é 'n?'ﬂ?n fi"};Ctsn%r 9{"?\? 5 cre\%/'\,qé&g e‘aﬁg =B | oned

previously WBlght to
about 25%inyilan/ang&ilﬁg degised which bea \applghzt shéart d@etheemmpsaxeﬁt@npml of iz I n
some preferr?eﬂcll enbodi me%@ the level is in the range of about _0.5% by
wei ght t omgsedients gayRe yddegiritialty, o thersecsssing system, phelse pertameddiiivesan al so

nel ude: - SFIRe 5‘5?‘2‘9%?.“3%%%‘2 RS bR L

r et ar dant §PEdy& oppogplesiatomens) endint she @nlyastidd. i dnagemnt snstamcess tdedthimer s,
properties such as impact strength and elongation can be enhanced by initially ﬁre—
compounding the PPE, elastomeric copolymers (if present), and some of the other
ingredients, prior to compounding with the polyamide resin at a downstream location.
However, care should be taken to maintain the viscosity of the compatibilized
composition at an acceptable level. It is often advantageous to apply a vacuum to the

polymer melt through at least one or more vent ports in the extruder, to remove

volatile impurities in the composition.

Those familiar with polymer processing are very aware. of other details regarding
extrusion and other melt-blending procedures. They would be able to adjust blending
times and temperatures, as well as component addition, without undue, additional
experimentation. Moreover, those of ordinary skill are familiar with subsequent
production steps, e.g., cooling and pelletization, and then drying before the molding
step. Molding of the compositions can -then be carried out at appropriate
temperatures, according to conventional procedures, e.g., the use of commercial
injection-molding machines. Many of the references cited herein contain details

regarding extrusion and molding processes.
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and conbi nations of any of the foregoing. These additives are known in the
art, as are their effective |levels and. nethods of incorporation.

Ef f ecti veVRriBMI62638f the additives vary widely, but thdRETAFROQMYEIRY
present in an anmount up to about 40% by weight, based on the weight of the
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In some preferred enbodiments, the pol'yphenyl ene ether-polyam de bl ends are
subst ant i edrhgorfentsecasf atsal be adhéd byt thic methad, cogyrthe laktomeric npad pmers).

pol yphenyl ene et her - | yam.de. bl ends, its presepce can | ead t.o surface

et eet s viBReR e isEbelP o iisdr ST p beouBiGRoBss BoroRiekPrat 2
conduct i vVaoiiiflg e forBhRaione s alcs&riedYaboé, drGtherd Sled@Sdtati AR cBatgd Ges| y. The
present inventor discovered that the use of clay, rather than talc, in

conposi t i Bededfarti¢le.s Anyigrportantaaitriiugmhef theaprthad isihe akilityt teeprepare agisles

appear anc h N i-clie il e.q8L ant i

o mta i 30 ReRe 1306 R bER Bt ool pREP TR Ble o ner
enbodi nentssirablesuffadeyqppemyph@ne et her - pol yani de bl ends are al so
substantially free of mca. In general, the conpositions of this.invention
are prepagWﬁ E§| t-blending the various ingredients to forman intimte
bl end, ac {g o conventional procedures. Such conditions often include
mxing in single or twin-screw type extruders, or simlar mxing devices

whi ch canTReBkamplesWRRh oW Rfe MEFAPPNRBIrstivelind SouldiSot Uet@h&ifiednh bemay be
added initially to the processing system or else certain additives may be

pr e- conpo@hoedt efiliritatiea carthersrope of thermdaimet! imMeptiemnponents - preferably the
The following materials were used in the examples:

PPE: Poly(2,6-dimethyl-1,4-phenylene) ether resin having an intrinsic viscosity, in

chloroform at 25°C, of about 0.4 dl/g.

SEBS: G-1651™ polystyrene-poly(ethylene-butylene)-polystyrene, obtained from

Kraton Polymers.
Citric Acid.

PELTP: Stabilizer: Pentaerythritol tetrakis(3-laurylthiopropionate), obtained
from Clariant Benelux (Sandostab™4020). ’

Antioxidant: Irganox™ 1098, available from Ciba Specialty Chemicals.

Antioxidant: Irganox™ - 1076 (hindered phenol), available from Ciba Specialty

Chemicals.

Kl: Potassium iodide.
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PPE,. the optional elastoners, and/or the polyam de. In sone instances,
certain % erties such as inpact strength and el ongati on can be enhanced
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| east 'one or nore vent ports in the extruder, to renove volatile
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very aware of other details regardi ng extrusion and other nelt-Dbl ending
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steps, e.g., cooling and pelletizati'on, and then dryfng before the nol ding
step. . Mol di ng of the conpositions can then be carried out at appropriate

t enper aturraﬁ:t FRGC™H M 5t BMEDWSIOhH 90, feRpRPdftR e sife 6F 4.8 ligobse of
commercial injection-nolding ITB.ChI nes. Many of the references cited herein
contain details regarding extrusion and nol ding processes. 12 WD
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directed to a nethod of preparing a conductive thernoplastic comnposition.
The method is based on the step of conbining at |east one pol yphenyl ene

et her, at Wdbstonitene NydlysiMiddenodéfialompfate)bobtained froapipglos Minerals.
conductivity inparting agent, and a clay filler, as described previously.

O her ¢ ca | so be .added, by thi rrethod e.qg., the_ elastoneric
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t hen eIectr static coating t n itnportant’ attribute
of the nehaddn MPI hnechmhbamlyletsnzepnéﬂ)drmicmrtsi viithsa +325 mesh residue of 0.02.

The maximum free moisture of the clay was about 0.5% (pretreatment value).

Conductivity Agent: Conductive Carbon Black: EC600JD, obtained from AKZO
Nobel.

A 28 mm Werner and Pfleiderer twin screw extruder was used for tlte experiments,
having a total length of 12 barrels. The extruder had multiple downstream ports for
the selected side-feeder addition of certain ingredients, as indicated in Table 1. For
each sample, the constituents for the throat-addition were combined by blending and
then feeding to the extruder. The polyamide (polyamide-6,6) and the appropriate
filler were initially combined to form a masterbatch. These masterbatches were
produced on a separate, 28 mm twin screw extruder, having a total length of 9 batrels.
The successive extruder temperature settings ranged from about 60°C to about 300°C,
with the die temperature at about 290°C, resulting in a melt temperature of about 320°
C. All of the polyamide (55%) was fed via the throat. The fillers were partly fed via
the throat (20%), and partly fed via a side-feeder (25%). .

40% of the appropriate polyamide-filler masterbatch was added to the final
formulation in the primary extruder, replacing 22% of the polyamide and 18% of the
14



(such as autonotive parts) with good physical properties, along with a
hi ghl y- desirabl e surface appearance. EXAMPLES The exanpl es which foll ow
are nerel YA30PYLR%t i ve, and shoul d not be construed to MET/USINYS/e8522 of
limtation on the scope of the clained invention. The following materials
were used in the exanples: PPE: Poly(2,6-dinmethyl-1,4-phenyl ene) ether

resi n havi I LNsiC. Vi |t i.n_ chi.arof at of a t 0.4
07 SopdReahordhl kP SlcalcBiaRionbudibe, AHAAIE GE Mesac Ve o
obt ai ned foyoway Kf ahedoRaktysan ortQ"Sidefeedér o inPELGIE: 1) Svalie Ither esriductive

Pentaerythritol tetrakis(3-1aurylthiopropionate), obtained from C ariant
Benel ux_ ( SateRa (s 9 &)y, wanof Gk erand domngtassex part Suigfeedera?y dpitider om G ba

Speci alty i WoNq : i
avai | abl & TrampeRt e 08 hit T8 el AaP M Rl dlnd s6liAGs PASOPHIm
2006/ 0626260R@EN°0S204b0030822 withilthe GepeMpefature apdi ORE, rB¥althg in a melt
Pentaerythritol tetrastearate, obtained from Lonza Benel ux. Polyam de:

Nyl on 6, 6 tgjpparatury afraWPANC05, having an ani ne end-group nunber of about
50 neq, and a relative viscosity of about 2.4 in 96% H2SO4 Talc: Fintalc''M

M 15: 3My i QPH2O, ..av rl i 4 1 n Fl l;,cTM MD3:
3IMASI ozgg’g , S%vé?acg]gag' g%raﬁg?ié%g frgﬁ- gtkégo oné.&ﬁg'fr?‘i %Orrg%({sgt%\%bﬁ'?%s%ogﬁ%?eg X toNygl 0sTM
4 (nodi fi edneantibad dillersp he.qitale dind malabpgit€ ST ovei4ll Sompdsitiyns afedee fordt ed cl ay

alum num.sjlicate), available as Translink(r) 445 from
( in Table 1: ) (r)
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conventional fillers, i.e., talc and wollastonite. The overall conpositions
are set forth in Table 1: 15 WO 2006/ 062656 PCT/ US2005/ 040522 Tabl e |
Throat CoWjbifa¢{Pa2636 5 #2a #3b #4a #5a #6a Tal c* Wl | a- REHYSPAF40522,] c*
Talc** stonite PPE, 0.40 |V 25.9 25.69 25.9 25.7 24.9 25.9 SEBS 5.5 5.5
5.5. 5.5 5.55. 5 Citric Acid 0.7 0.7 0.70.70.70.7 PELTP 0.1 0.1 0.2
0.1 0.1 | rganoxij 3 107 T gaeX T Qe T 0T o 0 2TQe 10 ‘ 1698 Cul 0.01
PETS 1.0 Tot al WA% 3 32.3 é% 33§3 32 54% 32 38 Po r\g%r F«=e§e Si de feeder
#1 16 WO 2p06/ 06262546R\5>CT/ U>2005/ D40522| PA 66, 48 8 48 48 48 48

Talc 18 18 18 18

Wollastonite 18

Clay 18

(Total 66 66 66 66 66 66
Side

Feeder 1)

Side- l
feeder
#2

Carbon Black | 1.7 1.7 1.7 1.7 1.7 1.7

(Totai 1.7 1.7 1.7 1.7 1.7 1.7
Side

Feeder 2)

Formulation | 100 100 100 100 100 100
Total

(a) Comparative Example; (b) Present Invention

* Talc: Fintalc™ M15 ** Talc: Fintalc™ MO03
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2.4 RV Tal c 18 18 18 18 Wl lastonite 18 Clay 18
Si de Feeder Side feeder #2 Carbon Black 1.7 1.7 1.7 1.7 1.7 1.7
(Total 1.%O 12 /0626561 7 1.7 1.7 Side Feeder 2) Formul at iBT/4S2065/088392100 100
100 100 Total (a) Conparative Exanple; (b) Present Invention * Talc:
FintalcTM ML5 ** Talc: FintalcTM M3 17 WO 2006/ 062656 PCT/ US2005/ 040522
The eXtrU%Eeextr%at@%pea%ﬁnﬁhgﬂé’%s%gi-w‘ﬁ@r e,%ﬁ%&w{}@drge& dnédiel, PRld eti zed.
The conpositions were then Il ed and |nJe | on- ND to test speci nens
(175 mm x coﬁ)iS5SmmeW2r€5thmﬁrﬁPedlSindgnﬁcﬁtﬁﬁlmbitdﬁn@eﬂestnmhlms (THe meIxt
terrperatu S 300C,. with d.te rat ure between about 75-80C.
TR Ao it 9508 & 1B F Rt Stsel e e B

A cycl e t|
(pl agues) sggace vﬁquﬁﬂatd fen@uayure%me%q aBbltysaguoel o f:}Fc‘Péﬁﬁ\E lof aBdu ¥BL45
conmposi ti on. The priner was a ant hracite, solvent-based system
suppl i ed bgconds was achieved.

(Total 66 66 66 66 66 66

The test specimens (plaques) were conventionally painted with an electrostatic primer -
composition. The primer was a black anthracite, solvent-based system supplied by
Ford Motor Company. A conventional spray gun was used to apply one layer of
primer. Curing conditions for the primer system were as follows: 20 minutes, at 130°
C. The thickness of the coating (after curing) was approximatély 20 microns in each

instance. The coatings were then inspected, using an optical microscope.

Table 2 provides a summary for the results of the visual inspection of the coatings.

Table 2

#1 #2 #3 #4 #5 | #6
Filler in | Talc Wolla- Clay Talc Talc Talc
sample -stonite
Surface NOT OKAY | OKAY NOT NOT NOT
Appearance | OKAY OKAY OKAY OKAY
After
Painting

The coated article of sample 1 is shown in FIG. 1, which is a photomicrograph, at
approximately 10X magnification. Paint popping is prevalent throughout the surface.
Moreover, samples 4, 5, and 6 also exhibited paint popping. Sample 2, which
contained wollastonite as the filler, had a good surface appearance. (However, as

described below, the use of wollastonite has other drawbacks).
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Ford Mdtor Conpany. A conventional spray gun was used to apply one Iayer of
primer. Cg,rln condltlons for the prinmer systemwere as follows:

m nut es, ® The thi ckness of the coating (after WW@?S/M?Z

appr oxi rrately 20 m crons in each instance. The coatings were then

I nspected, using an optical mcroscope. Table 2 provides a summary for the

results OfTHeheoa\fédSlai?ticlé FP&Giplers, vahﬁcheexﬁga?émgﬁy actaRlify 20#&iae§%e§%%t #4 #5
#6 Filler in Talc Wl la-_Cay Talc Talc sanple stonite rface NOT

OKAY OKAY INENtiRgGTiS Klagwn Apﬁlé‘aﬂawé@hmomhwomwg@nmat 1A% mpgrificationng  The

coated- art I C m cr.ograph,
at appr ogh%a 1?,& %ggelf?n’a%l hfah dﬁwgnﬁ&P ?%‘"%P"é’gm g‘l]ﬁds&B?’e‘{%eéﬁ FUQTSy oughout
the surf acMoreoMrr ey esmpdsitian eSsatplb,3 was comphableens thdiotied deaipabitipPpi ng.

Sampl e 2, whi ch contained wol | astonite as the filler, had a good surface
appear ancé’S‘e(il-‘B\%b@rl i termy o€ physiral PHPEBIES, Supkl a3 epast Stmg}’a%&ﬁ‘i}’t andhas

ot her drama%mﬁgmﬂ ) MR SO0B(0/A80 Wb a5 lRR RRacAn TGRS On“c' e

of sanple 3 enpl oyed  cfay according to the presen I nven
shown i n HRtiffnesd, thate wis 4 snal moreasepindmpattatreggtaph, at | OX magni fication.
The surface was of high quality, and free of paint poppi ng and ot her

I nperfections. ve th 0 of .s opparable to the
ot her co é’?R‘%SBWES qqﬁ [ & i9 (rﬁ H’ﬁ W&%St{(’é‘f‘ﬁgﬁ%ﬂ) ﬁmfga ‘C%S‘Gér tes,
such as i n@astofsdifRAgbibl stabgityli twona%&qmeh@%&ualn?%Sﬁ@ﬂﬁﬁx of edRXMIPLE whi | e
there was a snall decrease in CIE-reduction and stiffness, there was a

smal | i ncfbsese With relagaely high bAYratios, e.g., about 1 : 10. This property is thought to
have a negative effect on dimensional stability and warpage.

In marked contrast, articles molded from sample 3 (clay-containing) exhibited no
evidence of warpage. Furthermore, the CTE values for sample 3, in both the flow-
and crbss-ﬂow directions, were comparable to samples which employ talc as a filler
material. As described previously, dimensional stability and freedom from warpage
are critical attributes when the compositions are being used for parts which require
close tolerances over the lifetime of the part. When coupled with the high-grade
surface appearance for electrostatically-painted parts, the compositions claimed herein

represent a significant advancement in the art. -

Other modifications and various of the invention may occur to one skilled in the art,
without departing from the spirit and scope of the claimed inventive concept. All of
the patents, articles, and texts which are mentioned above are incorporated herein by

reference.
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Conpositions like those of sanple 2 (wollastonite-filled) exhibit
deficiencies, in terns of dinensional stability. Wllastonite is usually
in the formof needl e-shaped fibers, with relatively high L/D rati os,

e.g., about 1 : 10. This property is thought to have a negative effect on
di mensi ongi agkapi ity and warpage. In marked contrast, articles nolded from
sanple 3 (clay-containing) exhibited no evidence of warpage. Furthernore,
the CTE vg(}hagsscflolr . arrpl e 3, in both the flow and cross-flow directions,
wer e conpar Fath sé%l es which enploy talc as a filler nmaterial. As
descri bed_previously, n5| n stability and freedom from war page are
critical a&ttri ﬁLﬁ‘)@guWéﬁ ?rﬁ@p@é%%mm%w& s ed for parts which
require close tolerances over the lifetime of the part. Wen coupled with
t he hi gh- W ade20%byfweightdp 86% binweighteof @payardenatthayl | y- pai nted parts, the
conpositions clainmed herein represent a significant advancenent in the
art. QO he(b)mdgd%datweipht tanrd%/By weight 6f a péleathidéent i on may occur to one
skilled in the art, wthout departing fromthe spirit and scope of the

cl ai med i pyent } ¥empaiRRhg afddt £ RatHIhd (p)articles, and texts which
are rrentlgzzed abovg are |ncor por actogg%ﬁ%r Eﬁ E (bref erence. 19 CLAIMS What

is clai rm(/jd) n uc{:onduct e theggo%astl C_resin conposition, conprising:
(a) 20% by~“wei gﬁ? IB}?/ M&%ﬁn 1d ’f?gwg}%?%]ﬂg er); (b) 80% by
wei ght to 20% b yam de; (c) .a cqnpatibilizing agent for
corrponent(.»e (a) 1%’&8 5@%‘)193’ W&&gﬁédébﬁﬂﬁ?ﬁ ?wﬁh@wagmgf fherf‘g‘tléf‘g“émpoﬁgﬁont he resin
conposition; and (e) 1%to 50% by weight clay, based on the weight of the
entire coﬁrp05| Theeompagsitiophef daimpl svheran ﬂwfpcxl:j'pshenyltne ethereomprisese

gotggglegﬁ!%(?ly&éé;t 12:?% \r;rg é’h iﬂ}e%%é‘}{' 2 gcgi)o Y resin derlvgcg| EQQ{J ZG,g'—e ether), or

dimethylphenol and 2,3,6-trimethylphenol.

3. The composition of claim 1, wherein the polyamide comprises a material
selected from the group consisting of nylon-6; nylon-6,6; nylon-4; nylon-4,6;
nylon- 12; nylon-6, 10; nylon- 6,9; nylon-6, 12; nylon-6/6T; nylon-6,6/6T; nylon-

9T; and a mixture or copolymer comprising at least one of the foregoing nylons.

4, The composition of claim 1, wherein the compatibilizing agent of
component (c) is selected from the group consisting of liquid diene polymers;
epoxy compounds; oxidized polyolefin wax; quinones; organosilane compounds;
polyfunctional compounds; polycarboxylic acids; and a combination comprising

at least one of the foregoing compatibilizing agents.

5. The composition of claim 4, wherein the compatibilizing agent is present
at a level of 0.05% to 4% by weight, based on the weight of the entire

composition.

6. The composition of claim 1, wherein the conductivity-imparting agent of
component (d) comprises at least one material selected from the group consisting

of conductive carbon black and conductive carbon fibrils.
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di et hyl phenol and 2, 3, 6-trinet hyl phenol. 3. The conposition of claima1,
wherein the pol yam de conprises a material selected fromthe group

consi sting of nylon-6; nylon-6,6; nylon-4; nylon-4,6; nylon- 12; nylon-6,
10; nylon- 6,9; nylon-6, 12; nylon-6/6T; nylon-6,6/6T; nylon- 9T, and a

m xture ok cop Il t ol one.of.the faregoi ng.nylons. 4.
The corrpoZ'l ti Oﬁh%?@i‘é? (gs%%(?fsc\}\ﬁglr@i“r’]he?%étﬂ%:eocr%g‘t“ftmtlyf%pﬁﬁm d‘gﬁ 1B conponent
(c) is sepesinedt 4 fevod suffficigitad pradidisa siecliy volurhé epistvity eflessxhymers;  epoxy
conpounds; oxidi zed pol yol efi n wax; quinones; organosilane conpounds;
polyfunct?%ﬂhﬂﬁﬁ%ﬁﬁﬁﬁﬁa e gogIpsitiopdspoidedaci ds; and a conbi nati on
conprising at |east one of the foregoing conpatibilizing agents. 5. The

conpositign of i " [ h onpatibilizing agent is present at a
Tevel of B osodfis a1 aEORRR dtaif i in g e sl o

conposi ti presend at Aleeelcip@sittid provide £iprcificolutiefeSistivit6f less than
conductivitysinparting agent of  conponent (d) conprises at |east one

mat eri al &doe&t}@acw&ﬁ?rfh@éogmw%&@pk@ng of conductive carbon bl ack and
conductive carbon fibrils. 20 7. The conposition of claim®6, wherein the

conducti vity-i ting.age i.S 1 present, at | evel. sufficient.to provide a
specific %‘ol urrngg ?‘té%IP%(gft@qglt%/ Ccl)q‘lml le’s‘gﬁ?rﬁlgrfhe F?Z%%tlfﬁlrﬂn&ﬁﬁé% ?—:gren{]ﬁe

conposi t i priesénd atteleld 0.184 by i € B asdi it @6 109, b vadipht! baseloh ehd) t he
conductivity-inparting agent is__present at a |level sufficient to provide a
speci fi c Veighhe! the eptyEresin gompositis t han 1x104 Ohmcm after the
conposition is nolded. 9. The conposition of claiml1l , wherein the

conducti vity-i ting..age S resent, at | evel of Q.1 % by. wei ght by
wei ght  t ot Gon DRECABR IR ekl l, MRty ¥y FPrmpent 61 Pirbfist¥

conposi t i plate-1i. larhiiategdonposi tion of claim 1, wherein the clay of conponent
(e) conprises

11.  The composition of claim 10, wherein the clay has an average particle size

in the range of 0.3 micron to 50 microns.

12.  The composition of claim 11, wherein the clay has an average particle size

in the range of 0.5 micron to 15 microns.
13.  The composition of claim 1 , wherein the clay is calcinated.

14.  The composition of claim 13, wherein the clay is surface-modified, so as

to provide reactive functionality on at least a portion of the clay surface.

15.  The composition of claim 14, wherein the clay is surface-modified with an

organosilane compound.

16.  The composition of claim 15, wherein the organosilane compound

comprises pendant epoxy or amino reactive groups.

17.  The composition of claim 15, wherein the organosilane compound further
comprises functional organic groups which can form chemical bonds with the
poly(arylene ether) or with the polyamide, or with a polymer matrix formed by the
combination of the poly(arylene ether) with the polyamide.
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plate-like |am nates. 11. The conposition of claim 10, wherein the clay has
an average particle size in the range of 0.3 mcron to 50 mcrons. 12. The
conposition of claim1l1l, wherein the clay has an average particle size in
the range of 0.5 mcron to 15 microns. 13. The conposition of claim1 ,
wherein the clay is calcinated. 14. The conposition of claim 13, wherein
the clay is surface-nodified, so as to provide reactive functionality on
at least a portion of the clay surface. 15. The conposition of claim 14,
wherein the clay is surface-nodified with an organosilane conpound. 16.
The conposition of claim 15, wherein the organosilane conpound conprises
pendant epoxy or am no reactive groups. 17. The conposition of claim 15,
wherei n t h& or dhaeeinpesigorcohgammtl fitherdvomprismgpt le@stonk gompomerdl or gani ¢

groups whigh c form cheni cal.. bonds with i.he l.Ly(aryl ene.ether) or with
the pol yaﬁﬁqﬁcé?(fﬂ%?n\%\ﬁ? RTOYP SOTSIFHE 9?’3@’?‘5? I’P‘b‘i‘ﬁ@‘ﬁ’ %@’ﬁ%@s’ )éjétb%ﬁl ion of the
pol y(aryl aibgicgitselameetddddds AR amale; dyeh, fimedtd Scot@BmeSintikiafic of claim 1,
further conprising at |east one conponent 'selected fromthe group

consi st i nagwts, plagheizerpragdicombinationsof 4nyditke fosemoingki dants, | ubricants,
flame retardants, drip retardants, dyes, pignents, colorants, antistatic

agents, plastigizers, and c i nagigns .of any of t f.or eqoi 19. The
conposi ti h% of ﬂ}? 8?‘???‘1%?0‘}/\%@%% ’H@’ef%glﬁmﬁ’ﬁ‘airf‘?‘gﬁe’i@aﬁg{?‘ Ushel |

copol yner céfol ghiertdranted¥Rim&idt1ocopeBphesner . 20. The conposition of claim
1, substantially free of talc. 21. Athernoplastic article nolded fromthe

conposition of claiml. 22. The article of claim2l, in the formof an
aut onobi | 80.par The e@npgsifpe off daimal,tsilbdtantmtlydrediofi¢ple.o cl ai m 21.

21. A thermoplastic article molded from the composition of claim 1.
22.  The article of claim 21, in the form of an automobile part.
23. A painted article according to claim 21.

24. A conductive polyphenylene ether-polyamide composition, comprising

@) 20% by weight to 80% by weight of a polyphenylene ether derived from
2,6-dimethyl phenol, or derived from a combination of 2,6-dimethyl phenol and
2,3,6-trimethyl phenol;

(i)  80% by weight to 20% by weight of a polyamide selected from group
consisting of nylon-6; nylon-6,6; nylon-4,6; nylon-4; nylon-12; nylon-6,10; nylon-
6.,9; nylon-6, 12; nylon-6/6T; nylon-6,6/6T; nylon-9T; amorphous nylons, and

combinations thereof;
@ii))  0.05% to 4% by weight of a compatibilizing agent for components (i) and (ii);

(iv)  aconductivity-imparting agent for the resin composition, present in an
amount sufficient to provide a specific volume resistivity below 1x 10° Ohm-cm

for the composition;
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24. A conductive pol yphenyl ene et her-pol yam de conposition, conprising (i)
20% by weight to 80% by wei ght of a pol yphenyl ene ether derived from

2, 6-di met hyl phenol, or derived froma conbination of 2,6-dinethyl phenol
and 2,3,6-trinethyl phenol; (ii) 80% by weight to 20% by wei ght of a

pol yam de sel ected fromgroup consisting of nylon-6; nylon-6,6; nylon-4,6;
nyl on-4; nylon-12; nylon-6,10; nylon- 6,9; nylon-6, 12; nylon-6/6T,;

nyl on-6, 6/ 6T; nyl on-9T; anorphous nylons, and conbinations thereof; (iii)
0.05% to @¢do by 10%itgB0YMy weiphtElay, i takdd & the vAgEt bf fHRrenbGRGAR™LtBn 4nd and
(ti); (iv) a conductivity-inparting agent for the resin conposition,
present in an anount sufficient to provide a specific volunme resistivity
bel ow | x 056 CAAYchy veight trel (26 byowiightofia car-ghell ot ebstrandivblogk wei ght cl ay,
based on the,weight of the entire conposition; and (vi) 0.5%by weight to
10% by weFPY ™ a core-shel | or el astroneric block copol ymer. 25. The
conposition of claim24, wherein: the ratio of conponent (i) to conponent

(i) is ipstheThapb8p&iticitof cldim 30 wiRrein:2>: the conpatibilizing agent is
sel ected fromthe group consisting of citric acid, naleic anhydride,

fumaric agj . ic acid .trimellitic.anhydride aci.d . chlorid and
derivati vglse q%tfong%n?%lé)fo %f“' %‘él)ftSr"Sﬁ‘é’Pﬂ‘a‘f%ﬂ%‘é l%ﬁ’ﬁ&ﬁ‘&ei‘\cﬂﬁ yclsr%ﬁt ?%g agent is

sel ected fromthe group consisting. of carbon black and carhon fibrils; and
the clay fhe CEUPRFhIHFII8 24FRl 1S e bW ANT HTOHD RPRFSUREIN IS 8%iH | zed i | ane

conpound. ygfc ﬁh&&ﬁ@&%ﬂ%ﬂ@&&@}iﬁ&ﬁ@a&dﬁﬁh@ﬁﬁﬁ ARG RRcRPI Grid L1 Cl e,
conprising the ol owm ng steps;
and derivatives of any of the foregoing;

the conductivity-imparting agent is selected from the group consisting of carbon

black and carbon fibrils; and

the clay is calcinated and surface-modified with a functionalized silane

compound.

26. A method of producing a painted thermoplastic article, comprising the

following steps;

() combining at least one polyphenylene ether, at lease one polyamide, a
compatibilizing agent, a conductivity-imparting agent, and a clay filler material, to

form an intimate blend;
(I)  molding the blend formed in step (I) into the article; and
(III)  electrostatically painting the molded article formed in step (II).

wherein the painted article has a surface characterized by fewer defects than a
surface produced when the blend formed in step (I) comprises a talc filler in place

of the clay filler.
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(I') conmbining at | east one pol yphenyl ene ether, at |ease one polyan de, a
conpati bilizing agent, a conductivity-inparting agent, and a clay filler
material, to forman intimate blend; (Il) nolding the blend forned in step
(I') into the article; and (I11) electrostatically painting the nol ded
article formed in step (11). wherein the painted article has a surface
characterized by fewer defects than a surface produced when the bl end
formed in step (1) conprises a talc filler in place of the clay filler. 23
27. The nmethod of claim 26, wherein step (Il) is carried out by injection-
nol ding 28. A nethod of preparing a thernoplastic conmposition, conprising
the step of blending at | east one pol yphenyl ene ether, at |east one

pol yanm de27.a ¢hepathodidfickim@6awbetein stepdhdsicariivd byt-iynjpectiomg agent, and a
cal ci nat e%oﬁiigg/ material, so as to forman intimate blend. 24

28. A method of preparing a thermoplastic composition, comprising the step
of blending at least one polyphenylene ether, at least one polyamide, a
compatibilizing agent, a conductivity-imparting agent, and a calcinated clay

material, so as to form an intimate blend.
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