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of the Invention: The present inventionij.elates to a conductive pol yacet al
conposition and, nore 5 particularly, to a conductive pol yacetal
conposition characteri Py Oy 1) AESCO 8 yWility, as well as
el ectrical conductivity, [ow viscosity and | ow noi sture pick-up. 2.
Description of the Related Art: Polyacetal resins, also known as

pol yoxynet hyl ene (POM resins i I er.nppl astics that have
broad use, for exanple, as itﬁ&t@f\g“o. a wde variety of 10
applications. Polyacetal resins typically exhibit excellent mechanical
properties, fatigue resistance, wear, abrasion and processability. In sone
of the riesi n Ragllof dtlnoggionel ectri cal conductivity is required. Conpounding
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comercially avail able electrically conductive carbon black, which has been
used to formelectrically conductive polyacetal resins is KETJENBLACK] err ]
EC carbgn bl ack (a.tr rﬁtgf ’0  Akzo Nobel Chem cals, Inc., Chicago,
IL). Typrfcal ' il conpositions include an oxynet hyl ene
copol ymer an®qphekth] Rsis, Al known s pBlyBRymetaileh& @A) Bl A Kn Sifeering.

el ectrically conductive carbon bl ack. ile these conpositions provide
excel | ertermopksiidsithatthaye btoad asid fariexample, adweplacenents for ackals mcawisle vatiety of

t oughness and fl exi.bil | of the final.nolded prqduct. In l.ications
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conductive carbon bl ack can ‘increase the nelt viscosity of the polyacetal
resi n amcdndietivaylés retparedel t f1 ow, whi ch can make processing of the resin by
I njection nolding techniques difficult. In addition, it is known that if
the nelt viscosity is too high, polyacetal degradation and associ ated
formal dehyde (il w8t PolyabdlalReqs S S AR nfdBn A TRy QbndudlifE T | ON

nol di ng) can result
15 carbon black has been practiced as a method for imparting electrical conductivity to the resin.

For example, electrically conductive polyacetal resin compositions are disclosed by Masamoto et
al., in U.S. Patent No. 4,391,741; and by Kausga et al., in U.S, Patent No. 4,555,357. One
commercially available electrically conductive carbon black, which has been used to form
electrically conductive polyacetal resins is KETJENBLACK® EC carbon black (a trademark of

20 Akzo Nobel Chemicals, Inc., Chicago, IL). Typical conductive polyacetal compositions include
an oxymethylene copolymer and about 6 percent, by weight, of the KETJTENBLACK® EC
electrically conductive carbon black. While these compositions provide excellent conductivity,
the addition of the carbon black reduces the toughness and flexibility of the final molded
product. In applications where higher flexibility is required, breakage can occur because of poor

25 elongation and low practical impact strength. Moreover, the electrically conductive carbon black
can increase the melt viscosity of the polyacetal resin and degrade the melt flow, which can make
processing of the resin by injection molding techniques difficult. In addition, it is known that if
the melt viscosity is too high, polyacetal degradation and associated formaldehyde emission

during processing (such as compounding or injection molding) can result.
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el ectrically conductive carbon bl acks in_pol yacetal resin conpositions,

| ower quantities of generally super condiéti ve types of carbon bl acks such
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conpodi ti on pé'q ?%ﬁ?%(%ﬁ?@l@)@ﬁéﬂfﬁmﬂ‘é sigengHyand flexibility of polyacetal resins containing

an electrically conductive carbon black by incorporating a polyurethane into the composition.
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For example, Kusumgar et al., in U.S. Patent No. 4,828,755, disclose conductive oxymethylene
polymer compos(itions having enhanced flexibility and toughness by the incorporation of

elastomeric polyurethanes.

20 SUMMARY OF T NTIO
Accordingly, the present invention is directed to an electrically conductive polyacetal

resin composition including an oxymethylene polymer, an elastomeric polyurethane, and an
electrically conductive carbon black having a lower structure level (DBP absorption) and larger
particle size (lower surface area) than conductive carbon blacks heretofore used in these

25 compositions. The electrically conductive carbon black used in the compositions of the present
invention is more easily dispersed in the composition polymers (polyoxymethylene and
polyurethane) to lessen any increase in melt viscosity during compounding, and to provide an
electrically conductive composition with improved toughness and flexibility, as well as good

fluidity and processability that can be injection-molded, blow-molded, plated, and the like.
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toughness and flexibility, as well as goad fluidity and processability that
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resin Compagog.i on. The conposition |ncludes an oxynethylene pol ymer,
el astoneri c pol yurethane, and an electrically conductive carbon black. The
electrically conductive carbon black has a 15 | ower structure |evel, and

a larger pri ar | ower surf a nducti ve carbon
bl acks her et g?rb%@%ifsgﬁl%oﬁl ﬁgfe EBFFBB’&”[‘YCB tgﬁhé é{&ag@rqoe patiye pplyacriali ve
carbon blagkediiosi a%ﬁﬁ&@naﬁ&aatﬁﬂo@y& 0oy RALYRESE A and about
100 nerr]/qg, ang g pore vol une, DBP absoeregtlgn 1%‘? ‘?)Y \%gghxé%gut 150 and
about10350 m /100g. The oxyrret hyl ene polyrrers used in the conductive

pol yacetal conposition known in the
art. The polymers typlc ; ‘ i d are
characteri-zedr ¢ bt mfslde E‘E@Ji?&éﬂélé tr°i 4l
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and an electrically conductive carbon black. The electrically conductive carbon black has a

15 lower structure level, and a larger primary particle size (lower surface area) than conductive
carbon blacks heretofore used in these compositions. The electrically conductive carbon black
has a surface area, BET (N,), of between about 40 and about 100 m*/g, and a pore volume, DBP
absorption, of between about 150 and about 350 mi/100g.

The oxymethylene polymers used in the conductive polyacetal composition of the present
20 invention are well known in the art. The polymers typically have high molecular weight, and are
characterized as having a basic molecular structure of repeating carbon-oxygen links in
alternating oxymethylene groups, -OCH,-. It is known that homopolymers consist solely of this
carbon-oxygen structure, whereas copolymers have the oxymethylene structure occasionally
interrupted by a copolymer unit. As used in the present invention, the term oxymethylene
25 polymer is intended to include any oxymethylene homopolymer, copolymer, terpolymer, and the
like.

Typically, the homopolymers are prepared by the polymerization of formaldehyde, or by
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wel |l -suited for use in the conductive conpositions of the present invention
are oxymet hyl ene copol ymers. Exanples of the oxymethyl ene pol yners used in
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pol yners o rk of BASF Aktiengesellschaft, Germany). Preferably, the
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about 70 and about 80 percent, by weight, of the oxymethylene polymers; and most preferably,

there is about 75 percent, by weight, of the polymer in the overall composition.

Oxymetﬂylene copolymers typically possess a relatively high level of polymer
crystalinity, i.e., about 70 to 80 percent. As noted, oxymethylene copolymers have repeating
20 units of -OCH,- groups interspersed with comonomers, for example, as represented by the

general formula:

RZ R2
|
| —0-C~C~{Ry),
25 ' ] I

wherein each R, and R, comprise hydrogen, lower alkyl and halogen-substituted lower alkyl
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PCT/ US97/ 18866 -5- radicals, each R3 coanLse nmet hyl ene, oxynet hyl ene,

| ower al kyl and hal oal kyl -substituted nethyl ene, and | ower al kyl and

Lo tor on TRIER A EcboRPHTE HBAVERE, CAMARSie. R BB bbbl SHesshEcd ot wo
car bon at gethyldnB CardSlower alliienB BhWHRY1-Zdstifed o&yﬁﬁ%&;ﬁé@&% gnﬁé gg% Qg/ %Z{g%? e

of about 0.1 to about 15 nol 5 percent of the’co
f or med cofrpmi zsastoghresdnalesive. diachioes adlod ratical pref@aldly hes framtonetto tiecarbon

recurring oxynethyleng units (-QCH2-). . The conononer units may be

i ncor por a?tgﬂ%i ‘HFlb‘gltvﬁe %38 BBIP'Wé?at’(?Br‘? %‘P@“F‘E%‘“s‘{‘ &5 RIEseaei| %bﬁﬁtr(?-im oyt 1 Hmol
produce t ' - Q= | Lpkage. The
Ocyrmot Byl P ol I Bt Bt Rl o o BB O 7 4 Sooul
conposi t | $h3 pefcerit®fithereoursing okymethpiehe onitsa-©CHRQr ThpL@nsnodFhRE iy Behavi ng

a nmelting point of at |least 150 [err]C, and are typically mllable or

pr ocessabPECTRPraked itR,EF sPRALENEH during thextienue! copolymsrizationite prastige theGopplyme} C.
Commer ci L ymens typical |y have a nunber average

nol ecul a?ﬁy\/\@?éﬁ%‘kgﬁ (g'[;ﬁloegg% %Orgaé%&lﬂhééel ectrically conductive carbon

bl ack used in the present invention has inproved 15 properties over the
conducti ve carbon bl acks, such as KETJENBLACK EC car bon bl acks,
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super conductive carbon bl acks. The carbon 20 black in the present
conposi t i Geminercial ppimgthylene toprdymens 4y picedlytiagh a sumbertaverage arobanlab matdght of &t

least 10,000.

The electrically conductive carbon black used in the present invention has improved
15 properties over the conductive carbon blacks, such as KETJTENBLACK® EC carbon blacks,

conventionally used in conductive polyacetal compositions.

As noted, the carbon black used in the conductive polyacetal compositions of the present
invention is characterized by lower structure level (DBP absorption) (ASTM D-2414) and lower
surface area (BET, N,) (ASTM D-3037) than the superconductive carbon blacks. The carbon

20  black in the present composition is a medium surface area and high structure carbon black. It
differs however from conventional acetylene blacks by its more graphitic nature, and by the
ellipsoid shape of its primary particles (wherein the ratio between the large and small axis is
about 1.4).

Preferably, the carbon black used in the conductive compositions of the present invention
25 has a BET nitrogen surface area of between about 40 and about 100 m%g; preferably, the surface
area is between about 40 and about 70 m?%g; and most preferably, the surface area is about 65

m?/g. The pore volume, DBP absorption, of the carbon black is typically between about 150 and
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present invention and other known conductive carbon bl acks: Table 1
ENSACO erefprepsesl carporyiaghl. ACK[ err] EC 600 JD  VULCAN[ err] XC72

Table 1, below, compares the surface area (BET, N,) (m*g), pore volume (DBP
absorption) (cm3/ 100g), and volatile content (%) of the conductive carbon black used in the

15 conductive polyacetal compositions of the present invention and other known conductive

carbon blacks:
‘ Table 1
ENSACO™ 250 | KETJENBLACK®EC 600JD | VULCAN® XC72
Surface area 65 1250 254
(BET, N,) (m*/g)
20 | Pore volume 190 510 178
(DBP absorption)
(cm?/100g)
Volatile content 0.15 0.7 1.5
(%)
25 The carbon black used in the conductive polyacetal compositions of the present

invention has less undesirable effect on the melt viscosity than the conductive carbon blacks,
such as KETJENBLACK®EC carbon blacks. The increase in the composition’s viscosity due
to the addition of carbon black is directly related to the aggregate structure level and surface

area of the

SUBSTITUTE SHEET (RULE 26)
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t he present invention. The nore uniform di spersion of the conductive carbon
bl ack cablagksan resylhin mprexed angehaniealipropertiss gp tietnobiaceal qomposisiopssaehss a

cal . ! : N | p
oo thll%ﬂér mgﬂg{‘sln\%?g@z &%elﬁ%s%b%ﬁ e?)ém?cﬁf %o%rd(:&ﬂﬂ{y as wel ' as goo

el ectri calF condu above, Dbecause-“the carbon bl ack used in
the present invention has | ess of an adverse inpact on the nechani cal
properties of the polyacetal conposition than a typical conductive carbon
bl ack, while psootediahgve beeaups ba carbonblack nsadip therirgdent invertitindgs less of ke
car bon adverse impact on the mechanical properties of the polyacetal composition than a typical
conductive carbon black, while providing electrical conductivity, higher loadings of the carbon
black, ranging from between about 10 and about 20 percent, by weight, can be used. The higher
15 carbon black loading capability allows for the production of a wider variety of compositions,
characterized by a wide range of mechanical and electrical properties. Moreover, since the
mechanical properties of the polyacetal compositions of the present invention are less affected by
the addition of the carbon black, an acetal polymer characterized by lower molecular weight
(higher melt index) can also be used for further broadening the range of properties that can be

20 achieved.

Furthermore, it has been found that although the carbon black used in the present
invention can have higher loadings than conductive carbon blacks heretofore used in these
compositions, the conductive polyacetal compositions of the invention are characterized by a
lower moisture pick-up relative to known compositions. It is believed that this effect is directly

25 related to the properties of the carbon black used in the present invention, such as its lower

surface area, which provides better dispersion and wettability.

As noted above, the thermoplastic polyurethanes used in the polyacetal compositions of
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effect | Bafihd BEL hiiarbryl ch8lsRhipdl dnfl pbEsoBy RS th Sareflial BB AURAN, RIS e

in the pres ent1 on, as’| OWer surtace area, provi
better deapeiifg Fendd)Sucheistiab nldlécplar Aright pelyopprefrablhglytdler Thppalgirethanes
pol yur et hanes used in the polyacetal conpositions of WO 98/19312

PCT/ US97faremauep@ed by procpsseswhich areconvendiongliip thecst, sugbrasgegionecihghprosestusmer

flexibiljty, and are d%ﬁlccribed in the related art. For exanple, useful

el ast one le?%‘)&wﬂ?réfrﬂ%enes'are di scl osed by Kusungar et al., in U S. Patent
No. 4,828,755, which is incorporated herein by reference. Elastonerit

pol yur et hanes which are suitable for inproving the inpact strength of the
oxymehyl ene Bbt polmetio pplys!stand polyohexdendersswhigh tantberisod atgdbose soryeationnllyr om

pol yester | yol s alyet her pol.yol r. pol yacetal s, havi ng, free hydro

bnd o oufEbioakinbe S ya Rise BRI B s el BRmERS R eBlPa L e RiF R -
ext endi ngo 1688 Fols SpHiyetRet didlyY o iRttt WierddThaling R1Rla? welthed ARInabBly AR S-
The pol yur ét hanes can be prepared by processes which are conventional in

t he art, aslalout40@the one- shot procedure or the prepol ynmer procedure. 10

The polyneric polyols and pol yol extenders which can be used are those
conventionally enployed in the art for the preparation of such elastoners..

The pol ynmeri cTROLYR)-SxRhEnE 5Ene @BA ¥n the elastomeric polyurethanes of the present
15 compositions can be any of the diol extenders commonly employed in the art. For example,
aliphatic diols, such as ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol, 1,4-
butanediol, 1,2-hexanediol, neopentyl glycol, and the like, as well as dihydroxyalkylated

aromatic compounds.

The polyisocyanates used in the elastomeric polyurethanes of the present compositions
20 can be any of those commonly employed in the preparation of polyurethane elastomers. For
example, the polyisocyanates can be a diisocyanate such as 2,4-tolylene diisocyanate, 2,6-
tolylene diisocyanate, 4,4'-methylene bis(phenyleneisocyanate), 1,5-napthalene diisocyanate, 1,4-
phenylene diisocyanate, and the like, including mixtures of two or more of the above

diisocyanates.

25 A particularly suitable polyurethane elastomer is a low hardness, chain-extended, low
molecular weight polyoxirane polymer, such as STAT-RITE® C2300 static dissipative polymers
(a trademark of BFGoodrich Chemical, Cleveland, OH). Preferably, the conductive polyacetal



pol yester diols, polyether diols, or mxtures thereof having nol ecul ar

wei ght s betwgasnemhout 400 and about 4000. The chai n-ext endi per/a8PRksssUSed
in the elastoneric polyurethanes of the present 15 conpositions can be any
of the diol extenders comonly enployed ih-the art. For exanple, aliphatic
diols, such as ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol,
1, 4- but sgvsepasitionpf sheprrsentimventioniaelpdastbetwesinabott, 1 0zand abbret 20 peeceny bywedightas

di hyd | d ' ds. .Th | yi d i h
o) nat omsr gt Ry EieuBhg RRkofief TR IE Rl T Srb RRHANGHIR athvass sl 1rand
those congmut ¥5 Fé’fieérﬁy&dwéi h, BEthB pERAFAhdne R1:fonRe! IS B&?ergﬁlgft?lgﬁ% Shout O

exanpl e, the pol yi socyanates can be a diisocyanate such”as ene

di i socyank percent,by weight, efithe golyvrethannin the overall-comphsitieme

bi s(phenyl enei socyanate), 1,5-napthal ene diisocyanate, 1,4- phenyl ene

dii socyanate, and the like, including mxtures of two or nore of the above

dii socyanates.yf aés}_ilre,d, the cofitRabd i)(l%'i&{a‘ll Forﬁﬁ{)stii%ﬂ &ttﬂﬁbﬁéﬁ%ﬁﬁﬁ%ﬂ&or&a LASOMer 1S

a | ow hardness, chal h-extended,” | ow nol ecular weig ol yoXirane pg’l yner,

such as Stabllifed Bghinst dxida?is0@nd tegradatioh sfol prdmple, uaig\aseabiliZed phrtid@aAR skitdle

BFGoodri ch Chenical, C evel and, Preferably, the conductive polyacet al

VWO 98/ 193¢puse with polyacetal resins. A prgf;é)rr'ed antioxidant is ethylenebis (oxyethylene) bis [3-(5-tert-

Hbout 10 B bt BERP oplotaieR hiclris RbahRRal M An 8B HGANRS 201"
Mor e pr efaatiokidynt (b fradapaRe$ CibaGeigh Coksl SHaR@HREN YD Dilsed A& ds SBRMEI] 2

percent, by weight, of the polyurethane el astonmer; and nost preferablYy,
t her e 19 s leasb 05 pepcepb by arpightinf tgmrgwsdamr inttheepressing corapdsitinnsi Marh prederebly| |

conposi tipn.. . I eshred, ~t-he co %uct B acetal conposition of
the pr eséfr?\%}e ilsg?/eé?{? ?’b??ogggr_gﬁgd gﬁ%‘%Plg’l b Xi%%%ﬁo&?tbgﬁtwléﬁqﬂlng'ga?%%ti on,
for exambgmpobifiond afd sloRDbrefefily, BiRdré 1sGbbar 0. perdbitahy Refoff, o?ﬁfc aWtthafiant .
pol yacetal resins. A preferred antioxidant is ethyl'enebis (oxyethylene) bis
[ 3- (5-t epresentut yl - 4- hydroxy-mtolyl) propionate], which is commercially
avai |l abl e as | RGANOX[ err] 245 antioxidant (a trademark of Ci ba-Geigy Corp.,
Hawt horne, NY). |If used, there is preferably at

The conductive polyacetal compositions of the present invention may be prepared by any
15 conventional procedure that will result in an intimate blend or mixture of the above components.
Preferably, dry or melt blending procedures and equipment are used. For example, the
polyurethane elastomer (in the form of pellets, chips, or granules) can be dry mixed with the
oxymethylene p:ﬂymer (in the form of pellets, chips, granules or powder) typically at room
temperatures, and the resulting mixture can be melt blended in any conventional type extrusion
20 equipment, which is typically heated to a temperature of between about 180°C and about
230°C.

The conductive polyacetal composition resulting from the intimate blending procedures
can then be comminuted, for example by chopping, pelletizing or grinding, into granules, pellets,
chips, flakes or powders, and processed in the thermoplastic state, for example by injection

25 molding or extrusion molding, into shaped articles, for examples, bars, rods, plates, sheets, films,

ribbons, tubes and the like.

The present invention will be further illustrated by the following examples which are



10 least 0.5 percent, by weight, of the antioxidant in the present:
conposi ti apsos/M3lie preferably, there is between about 0.2 pefyadaysss0. 3
percent, by weight, of the antioxidant in the present conpositions; and
nost preferably, there is about 0.3 percé%t, by wei ght, of the anti oxi dant
present. The conductive polyacetal conpositions of the present invention
may be priggadasdtohy iBpsjrative ingie ard yaapt terhsceasirued ehlimiting the seopalof then an
intimate .bl end or m xture of the above conponents. Preferably, dry or nelt
blendingIBY%%@aUres and equi prent are used. For exanple, the pol yurethane
el astomer (in the formof pellets, chips, or granules) can be dry m xed
with the oxynethyl ene polynmer (in the formof pellets, chips, granules or
powder) typically at room tenperat ur &XAMPLEIhe resulting mxture can be

mel t bl ended i ny conventd gnal t extrusi.on.?2 equi pnent,, which is
typically heatlg’a&tt%“ﬂni ‘X‘ﬁﬁgf%vﬁ??séfﬁ‘ﬁéﬁﬁﬁ%ﬁfl%&#y f%'%f“éﬁ?’t] @lﬁmta;bout

230[ er ¢ ] ombl&iti6Rd) diumas ebﬁlpafédxaﬁ%ﬁknes:&mglawmeﬁﬁ%Hﬂngm%d‘. "THE ctoErﬁnercial
inti mate bl endi ng procedures can then be comm nuted, for exanple by

choppi ng,coppbbicon REGERENGE) mets Hig)STAROR M OA0HSEL P edeltad tspolghep svhidh iskes or
powders, and | astj c_stat fqQr exanple by injection

T O
e e e i e R T T

WO 98/ 193H&following components (percent, by weight):

PCT/ US97/ 18866 - 10- intended to be illustrative in nature and are not to
be construed as limting the scope of the invention. EXAMPLE | To determ ne
the effectiveness mg@ i ive p acetal 5
corrpogtlfti ons, it wgioéggrggre {Eézgiggér?#é?%g%’@g&%&t al rzé%‘i)/n conposi tion.
The commerci al conposi t iMFIEREFERENGE) was HOSTAFORM err] C9021 ELS acet al

copolymer, which is typically used for the lgroducjti on of i n% ect i on- nol ded,
extruded and bl ow ol PEP234Agolyurethane (BFGoodrich) 12.0

ENSACO™ 250 carbon black (M.M.M. Carbor) 17.0
IRGANOX® 245 antioxidant (Ciba-Geigy) 0.3
15 The samples were compounded and molded. Each sample was evaluated, and the melt

flow index (MFI) (g/10 min), Izod impact strength (kJ/m?), tensile modulus (MPa), flexural
modulus (MPa),(surface resistivity (ohm/sq), and volume resistivity (ohm-cm) were measured.

The results are reported below in Table 2.

Table 2
MFI 1ZOD TENSILE FLEXURAL SURFACE VOLUME
IMPACT MODULUS MODULUS | RESISTIVITY | RESISTIVITY
{(g/10min) (kI/m?) (MPa) (MPa) (Ohm/sq.) ' (Ohm-cm)
20 REFERENCE 4.1 22 1520 1620 513 32
SAMPLE A 5.4 4.6 1740 1740 30 3

As shown in Table 2, an electrically conductive polyacetal composition of the present

SUBSTITUTE SHEET (RULE 26)




contai ners. The conposition within the scope of the present invention
(SAVPLE A) Woned198€d the fol |l owi ng conponents (percent, by weChS)7/188@
HOSTAFORM err] C52021 acetal pol yner (Ho_eiggt) 70.7 (MFI =52 g/ 10

m n) STAT-RI TE[err] C2300 pol yuret hane (BFGoodri ch) 12.0

ENSA ] 2 | ack M M .. 17. X| 24
NSACT er H%v 0%33{@&%)% p%fyurétﬁ/lane, carbocrgl'glg%énd an antloxﬂﬁgt@ghib}t% 1g\13g£fgi(rh]ty, >

ant i oxi da

conpounded; ; : h ndex
(V) ol e e R M AR AOLaAT R BBt 2844 ey
fl exural rpoljuharsarhpdea), surface resistivity (ohm'sq), and vol une
resistivity (ohmcn) were neasured. The results are reported below in Table
2. Table 2 I | ZOD TENSI LE FLEXURAL SURFACE VOLUME

| MPACT ~ MODULUS  MODULUS  RESI STI ViEI MpRES STI VI TY (g/ 10mi n)

(kd/merr]) (MPa) (MPa) (C%%L?E_sq. (Ghmcm 20 REFERENCE

4.1 5 2. 2 To determirieXe effect of thibGi2€tal polymer %4dif fluidity on the 3cSMMRL BroPerties
5.4 4.6 . 1740 1740 30 3 As shown in

Tabl e 2, &hthsicondystivgprlyaedpldqrmprsitiops fou samples (hnpdsi anddy) wire prepared esimgt

SUBSTI TUT b . ..

PCT/ US97/ %ggﬁﬁ%“g ﬂpﬁaﬁfhpﬁgﬁ?ﬁfﬁ% ég%%ﬁ?pﬂﬁné?rﬁ%%% The MEhofsash gesings §0 g410
ant i oxi damgin, ZX§ Dindif, ddAB3e/10frhini dh byditibh BNAE adedt Folynsdr! @O YbHposti R Shcluded
modul ae, and hi gher conductivity than the reference "acetal poFyrrer sanpl e.
EXAVPLE | vafous amountsT achel airethane, £4rborblagls tand an ehtéoxadeat siithjothy seipe of dien

compos|? i BfFeer ORI e e et I e R lF cfoesd g vepmigblstd
iohsf g gr e/nt1 gémeiﬁ TableHOT AN RGN a R 'BId th€ iR Flow B MIFD e/28tny, $an
J impact strength (kJ/m?), tensile modulus (MPa), and volume resistivity (ohm-cm) were

measured. The results are also reported below in Table 3.

Table3
15 | SAMPLE: A B C D
Acetal resin , 70.7* 70.7%* 75.7%* 75.7***
STAT-RITE® C2300p 12 12 12 12
TPU
ENSACOT™ 250 carbon 17 17 12 12
20 | black
IRGANOX®245 03 0.3 03 0.3
antioxidant
MFI (g/10min) 5.4 2 10.2 5.7
Impact strength (kJ/m?) 4.6 5.9 66 7.4
25 | Tensile modulus (MPa) 1740 1725 1390 1350
Vol. Resistiv. (ohm-cm) 3 25 1.8x10* 2.4x10*

*HOSTAFORM® C52021, MFI = 50 g/10 min

SUBSTITUTE SHEET (RULE 26)



mn, 27 g/10 mn, and 13g/10 min. In addition to the acetal polymer; the
corrp05|t|0w3)98n9$mded various ampunts of a polyurethane, caidaomsobhsek. and
an antioxidant within the scope of the 10 present invention. The sanpl es
were prepared with the formul ations (pertent, by weight) listed belowin
Tabl e 3. Each sanple was evaluated, and the nelt flow index (MI) (g/10

mn), | zod.. g%i@;%me@%&l( vahglrg%é/]dp tensi | e modul us (MPa), and vol une

resistivity &'Pesults are al so reported bel ow in

Tabl e 3. T A B C
D Acetal resin 70. 7* 70. 7** 75. 7** 75. 7***
STAT- RI TE C2300p 12 12 12 12 TPU

ENSACO err] 25G&scshnbomn Table 3, sambles A and B, and:lsimples C and D, hed the same quantitied 2
20 bl ack_l NOX24 0.3 M’) 0.3
0.3 antiolfd e%pef af t:psﬁpeﬁ§1 polymer resin havieg yarious MFI's. Higher quantitiespd tise

5.7 1 WFSaC%;orﬁitfc OQH}bé gllaa% ﬁ%%u)sed m%ix?RESAandB Igcégolyurethane ngﬁmomdam

7.4 25 enS|

1350 Vol . giagities i were the bamein)all samples. Whlle all o¥.the samples refor®d1ddo8 elektrical
2.4x10[ err] *HOSTAF err] 52021, MFI = 50 g/ 10 mn WD 98/ 19312
PCT/ US97/ PEpeRgics, tho mee Ay @quprt@g phthe, salmes varjerl. Jf gam lm seen that

*** HOSTAF ] shown n .Tabl e

and B, an les ﬁeagégj Rd h%:}h{l ‘leéég%lép soarp rdrg“’thvﬁ antt tee angflma P‘ftfrg?%?ﬂt ni%‘g"es of

t he acet amm&mﬁ@ranr&&:l&nhﬂtﬁﬂﬁg aiproBessatiity. ?arddu&hgmx@w cbinBSsi®n $HE S

conductive carbon black were used In san'%l es A and he pol yur et hane and

ant i ox}0dapbtained in sample C in comparison to sample The properties of samples C and D reveal a
very good electrical conductivity, inferior however to samples A and B, associated with very

high toughness and impact strength. Samples C and D also presented lower rigidity (flexural

modulus).

EXAMPLE III
15 To determine the effect of the polyurethane content on the impact strength (kJ/m?) and
tensile modulus (MPa) of the conductive polyacetal composition, the sample B composition (as
reported in Table 3, EXAMPLE II) was evaluated and compared to derivative compositions
(samples E and(F) with different polyurethane (and acetal resin) contents within the scope of the
present invention. The samples were prepared with the formulation of sample B (percent, by
20 weight) listed in Table 3. Each sample was evaluated, and the impact strength and tensile

modulus were measured. The results are also reported below in Table 4.

Table 4
SAMPLE | TPU content Impact strength Tensile modulus
(kJ/m?) (MPa)
10 54 1850
25 B 12 59 1725
15 6.0 1470

SUBSTITUTE SHEET (RULE 26)



guantities were the sane in all sanples. Wile all of the sanples reported
good el ect wiocmliopzoperti es, the nechani cal and fl ow propertpEegusd7/18e
sanples varied. It can be seen that sanples A and B were highly
electrically conductive, very rigid and ikpact resistant, while maintaining
an excellent fluidity and processability. Particularly high flow
conposition vvas 10 obtained in sanple C in conparison to sanple D. The
properties of Ies D,reveal ver ood el ectrical conductivity,

i nferior hovvev é‘gﬁﬁa@?‘ Abg Impt SE?@E%%@E “Pﬂ“’&/%qll}acﬁ?agi‘nof{‘w&l’m’ess
and i npaciiigir H&l’eﬁhed%@ﬂﬁ' ;%?Py&etﬁﬂfé denBhB RaPineRee dnk Q

(flexural rr%%:lgqus) EXAMPLE 1 1 | 2 51 determ ne%ﬁﬁl?#ﬁ%hl@é’m{?d?lﬁsm
pol yur et hmocl:mcthanne @mtenhwas mmsedsls significant}kdore iempoltinta Mhe decrsase enemmsitatis
(MPa) of he ctl ve ace copposi tion, the sanple B conposition
(as r epor% B‘Pee°°§t “%éﬁ\ﬂﬂe@%ﬂ §o %?s&} g g Elmﬁﬂd’r‘tﬂ?ﬁt?éro@éhet“@mpomﬁon
der i vatsl Vg6 %&Eksﬁﬂﬁ (RABRAIE Shdra A5 %s fi 03 nd
acetal resin) liEgontents \?VI tﬁl n the scopggz)oy\%‘;ﬁgl rogse }r%s\?éegwcg goc"flﬂeg V("‘?h
sanpl es weers diffepat etiavibishindératefisile sttt sstdopditiohs. sanpl e B (percent, by 20
weight) listed in Table 3. Each sanple was eval uated, and the inpact
strength and tensil e nodulus were neasured. The results are also reported

_?_g:qg:’\’l ien nggg : 5S%ﬁ%§txéjlmﬁlmen-{f é‘f e ﬂmtv%rr?non(lwﬁgg)be@ éggcrx ted Eigtn ; h

5.4 purposes of 1llustratlon vai&i} rdadificationBmay be made withddt departing from the spv@ax?d
1725 F 6.0 1470
98/ 19312 scope of the 1nvent10n For example the oxymethylene polymers used in the invention may

PCT/ USQ7/ in. Table 4 act stren of the

conducti VS plaeat I rBear Bk Rl sy o't NP e A uS e, S Rurdbathe

cont ent V@%ﬁbﬁﬁ{geég%ﬁﬁ héﬁﬁ%tadﬂﬁéﬁa&ﬁeﬂ tppésmtaboﬁlzeadp&gh@n@sanhgﬁ e PR ¥4 i«rﬁ}xg%”e

content was increased is Slﬂ ficantly nore i nportant ecredse n¥€ans

t hat the additives do not materially affect the desired properties, including enhancement of impact
strength and electrical conductivity, of the resulting conductive polyacetal composition and the
articles molded therefrom. Accordingly, the invention is not to be limited except as by the

15 appended claims.

What is claimed is:

¢



the pol yurethane content has an effect on the resulting mechanical .

propertieswaogipsizconposition, 5 allow ng, for exanple, ”Bécﬁ;]/ﬁél'/ﬁssss
characterized by a very good inpact resistance associated wth very

di fferent behaviors under tensile stress-tbnditions. Al though particul ar

enbodi nents of the invention have been described in detail for purposes of

illustration, various nodifications may be nade w t hout deﬁarti nmf romthe
M

spirit and scope of the invention. Form&e, the oxy m[ﬂgi ‘H“"Hﬂ
s

used in the invention may 10 i nclude izers, forrm#A
scavengers, nold lubricants, antioxidants, fillers, colorants, reinforcing
agents, light stabilizers, other types of stabilizers, pignents, and the
like, so long ds theAmeldittitallysodductive polyacetal atsiny cahpwition] Eenstisig: ed

roperties, including, enhanc nt _of inmpact sfrength and el ectri cal

(F:J ong uctivity, W%B%P%‘ét&%ﬁ“ﬁgg% ﬁgﬁertcggteblb%@&@? an oxungtbylend poiymend t he
articles nol de i t j i .S It elimted
except as by t%gﬁ%h%%‘gggé’ﬁﬁ g %‘?Iﬁg%ﬁﬁﬁ% ﬁfge%ﬁgﬁ?mhrggblegmcﬂ% Qﬂﬁggcgy@ggr n

PCT/ US%/ btk Gaving 4-suffhodl dvka, BET (N,)Yof behesehraboal 40yand @Betk q00 We/d) 9hy éﬁ@lteal
resin conpositign, conprising: between about 65 and about 85 percent, by
wei ght, of’® e@%ﬁ?eﬁbﬁwpé‘ﬁﬁv eiveeR abeyit d o ard 2hont350mI/A00%; andut 20 per cent,

by wei ght, of ,Gal i on 5.bl ack having a surface
o ea BT (N2) PPRETRbAIOans sfRGY BhickE, STHeRR, Sr e Arrn At irelare
vol une, DBP absorption, of between about 150 and about 350 m/100g; and

bet ween about 10 and about 20 percent, by weight, of an elastoneric
pol yurethane. 2.  Tipgolyateja eesimompositionefelsonilt fusthen¢onmirising at Jeakt0.5 her

conpri si ng%‘?g’fﬂ gﬁgiﬁgt %f%&&%%danpy wei ght, of an antioxidant. 10 3.

The pol ya resriy conpositiron of claim11, wherein said conposition
conpri ses between about 70 and 80 percent, by weight, of said oxynethyl ene
pol ymer. 4. The pol yacetal resin conposition of claim3, wherein said
conmposi® i on cofpri Sgbe polyacetal resin composition of claim 1, wherein said composition comprises

between about 70 and 80 percent, by weight, of said oxymethylene polymer.

4. The polyacetal resin composition of claim 3, wherein said composition comprises

about 75 percent, by weight, of said oxymethylene polymer.

£
5. The polyacetal resin composition of claim 1, wherein said composition comprises

15 between about 12 and 17 percent, by weight, of said carbon black.

6. The polyacetal resin composition of claim 5, wherein said composition comprises

about 12.5 percent, by weight, of said carbon black.

7. The polyacetal resin composition of claim 1, wherein said composition comprises

between about 10 and 15 percent, by weight, of said elastomeric polyurethane.

20 8. The polyacetal resin composition of claim 7, wherein said composition comprises

about 12%, by weight, of said elastomeric polyurethane.



about 75 pertent,. by ht, of said oxynethylene polymer. 5. The

pol yacet al WOS8[19312 0 ﬁ ‘m 1, wherein said conp@ITYUSINVIRBEHIPri ses
15 between about 12 m wegisght, of said carbon black. 6.

The pol yacetal resin conposi tl'bn so *c aim 5 wher ei n sai d corrp05| tion

conpri ses abou er,cen h r bon The

pol yacet al res n coﬁb%g?l?'?c %“6&4‘ (foéﬁ;%\ élon\gkglﬁé g g{ﬁi:ramcsa 'bi‘??ké’éﬁﬁri ses
bet veen ahipike &Qaem@r%ﬁz)gsﬂfe@w&en alwum &dtabo@f 7058Y£ aﬁhﬁgpb&r%mrﬁe DBP

pol yur et hane. ol yacetal resin conposition of claim7,

wher ei n satisdrptionpafdietwenn aboutplS0sied abdnn 200 200y wei ght, of said

el ast oneri ¢ pol yur et hane. WO 98/19312

PCT/ US97/ 18866 9. The pol yacetal resin conposition of claim1, wherein
sai d carbon bl agk hpge Go1SilelRRS BEd of ] 40 and
about 70 nferr]|/qg, an%ﬁ%%gre vlo SIDBPanlngllri 91\}/}6%9% Pﬁ &ggﬁg&tgﬁ? 150

and aboutsuzfate aes, TPD N)Dof aboilthes mﬁg,ymdat}mke V(ﬂﬁml DBRRbsHrptica) oPdboat 89N 9,
wherein said carbon black has a 5 surface area, BET (N2), of about 65
nerr]/ g, ™HH@P& pore vol une, DBP absorption, of about 190 ni/100g.



