WO 2008/ 105121PCT/ JP2007/ 071434 DESCRI PTI ON SEM CONDUCTI VE RESI N
COVPOSI TI ON 5 TECHNI CAL FI ELD The present invention relates to a
sem conduwDIie@/1eRIN conposition. Mre specifically, thecravant/hnass el ates
to a sem conductive resin conposition excellent in reproducibility of
volume resistivity, in which volune resistivity can be controlled 10 to a
desired value in its sem conductiyesd@E@@py Producti on nethod thereof, a
product formed by using the conposition and uses of various articles using
t he nol ded product. BACKGROUND ART 15Materials having volune resistivity of
106 to 1012 ?cmwhich is at the |evel inteLnedi ate between the vol une

resi st PHEGORPUCEVE 8EaRY tPEEODFTIWsul ating materials, are generally

call ed "sem conductive resins". Sem conductive resins, with their
advantages in antistatic property, dust-adsorption preventing 20 property
ands t hegbhkecamrrerrgdped in fiel ds where static control is required, for
exanpl e, such a material is used as resin material for chargi ng conponents
| i ke chargi ng Tio¢ Isesendr ghmgnbidn sredrdedi sohar gpmigdnelucsi o remige
formati on devi ces such as eLeqtrgEhotographic copiers and electrostatic

recor dPRPPARVTBs AFOFRUEICHAL YT nEhS rgent i aRspotatiafy toemi conduct or
conpon ]Fgﬂﬁ: , n .Qr. th e .of _enhancing. t.ranscriptian
efficigﬁ%éc% t é%%oﬁ%ggﬁaéé Qﬁ%ﬁ%ﬁﬁhngxgggggﬂﬁlghgs gog?cﬁ (%ﬁgylg i mnating
st at i cvelead rigyitsy i%i 07) PLeGitsi N veoDRe NS St iivi thyS RGN rashi:@1g@at rol the
volune resistivity to a very narrow range 30 such as 1010 to 1012 ?cmin
seM cohbuet demineggivahue Gomersd Isgnieradptisbvefregéthodpfodudinmar tietigod
conduc%%vit% to _an elec%rieﬁ%gy insul ative resin include (1) a nethod of
addi ng 8TFFATt dnPrOESTT At HEIFHO P Yo SEBAVERS i GAPORE tEeR| P S salPfoy with a
hydr 0PBaLI Gud A AKTRL AL NN, ArfORAIELEVE o I N 11S 1ol ecul e and (3) a

nmet hod of mxing the resin wth conductive material such as 5 netal or
carbon material. DI SCLOSURE OF | NVENTI ON The nethod (1) using
surfactant is a nmethod of expressing conductivity by allowi ng a | ow

mol ec uBAFKGRAWBR: ABTrf actant to bl eed 10 out on the resin surface and absorb

nojsture present. in_the atnosphere. In thjis thad, the vol.ume resistivity
obkiined hereqﬁﬁxﬁﬁagﬁeh%yﬁ%g %ﬁ1ﬁﬁbrF81i%T@'.oﬁ&éH8 mﬁ%ﬁﬂ%heg§@rface is
washedwhihe isufaghant chayiing nedi 9t Bd6feni Snuashad QWY itQ 1L hereby
reduce conductivity. 15Wth respect to the nethod (2) involving conversion
i nto abf gyetwilishahygdtiophidd dnsollpieng satwe.dlen avbidengraddn rafesd
conducfivity, the obtained volune resistivity is limted to, at nost, a
range o?e@k§§q980E61% TS ur t FELCGuEtBe yReting /| 8y-thsthedrt he size or

shape I.SReE Si gggﬁg j ' o o] ccordin o _formng
condit%%ﬁé?ﬂ%gﬁgi%ﬁdgﬁﬁﬁcu tCiﬁrgﬁgg#g'#%%%1ggsgggé%%héﬁﬁ?%ﬁélﬁgth and as a
r ezul tprdgeartyeandt thvé tyiegnret becgoi rildigd Phrest s@latic control idVth
respect to the nethod (3) of mxing with conductive material, as a
conduc¥eIE e eEPal exadHddeduch eheatesial, ia 25ed oaluctsivemagewdak i s
f or med; t.hr ee- di.nensi onal | a&.g certain add'&ion anount point and a

ife }

percol%cﬁ on aﬁﬁéﬂ%nﬁ?{%ﬁ? e PRI Emay, e Pt uFRRFE % _ei@_%a{l‘é) 100 ?cm
i s obseriedrgAagobd N9k ihtaglesfggﬂ%iadlﬂo etgggéécli%g(gg As difficult to

control the resistivity to a'rang m  Under these

ci r cunstearigeshoto@thyiriad uwobl.ens pand eslie dfroat s8N CsHHICtinge dee5Eds and
conposjtion by mxing a matrix thernoplastic resin, fine carbon fiber
hadi ngtidi® &PBFadeeranGox)(8AREB2 DY PTT/SERE0OTABTAR Aativamenss - of 200 nm or

| ess, -matrix ther | astic resin and/or a theLnopl astjc el astoner
togetﬁgpﬁﬁgg’b%%ﬁﬂﬁ%ﬁﬁosgg(? eJ%%EﬁE?bogafﬁﬁ?ngﬁﬂﬁﬁ &C6RPAt R Open No.
2003- 26511688 knc PYo H1SHAI RBBR=EORAt Ll B i 8§ BPeatdl SifRLROH CNLLAF M an
i sland structure of
eliminating static electricity from precision components, it is
required to control the volume resistivity to a very narrow range

30  such as 10'° to 10'% Qcm in semiconductive region.

Generally, examples of method for imparting conductivity to
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5 dispersion phase resin in the matrix resin (sea) to disrupt contact
between fine carbon fibers with the di spersion phase resin, to thereby

obt ai n sewDcossdsizivity. In this nmethod, as in the foregorngaevhash of
conversion into alloy with hydrophilic polyner, since it is difficult to
control the size or shape of the 10 di spersion phase according to form ng
condi t3oreslectani-e bhyl uigtduliatty veanastin bievgtualel y1pbt aneidthd of adding In

addi tion,_anot her sem conductive resin conposition obtained by conbination

of t he"HeRGaET( 2§ 2 hrfd EPPodc BhpFPRY &g ‘@Indbri ko5 8% i isadlhgYc Wi B e f i ber

and p - i.static.agent e erei.n,. ha n proposed in
Japancta HErPepe BEh il sk AR ROl PSS D RS TRR BARE et hod.
since {3) iesmdthbélcott tmitxa nst @hkyr&omd raltht kengesriwd and Stikuckuer ascordi ng
to form ng conditions, sem conductivity is hard to be obtai ned.

Fubt hetaterle orscarpormmatiesiadeni conduct i ve resin conposition 20 obtai ned by
m Xxi ng conductive thernoplastic resin (A having surface resistivity of 106
? or less and containing carbon black and/or carbon fiber with conductive

t heLmyplee bkErE 6§k mdBTRaNl Ng surface resistivity of 1012 ? or nore and
cont ai ni ng carbon bl ack and/or carbon fiber conpatible with (A) has been

proposed in Japaneseh@bd M3t estindpphifodton Lai 8-mpebdor 2091e247d42) . This
met hod sinply mxes 2 kinds of conductive resins. At the time of m xing,
t he diperstonttndxliadtiorbngi anlef acdscofarheeighs mawifastgneatd yoldaget uat e

aggording to,_kneadi.ng intensit ich leads to surface.resjstance of a
b(rigad “inga B;f%e 106"t Sfﬁ%ﬁce? %%%e%s rtrgymf)ﬁsgm&ea%%s@ éPeﬂiﬁeadi ng

i 11 egitablshbhese ar @ngenes al&d,oOn they ot gl hand, ; sepd, copductd sin
CONpPOSi t | e O B TR T 1 LNty P (s%/érﬁ/ StFe resin
havi nd-spant tio¢ esrddr odr hoh s e0lirs @cmaadd cattdornt e ket rhtentledvddigidei n has
been proposed in Japanese Patent Application Laid-Open NGs. 2002-121402,
2002- $GP26USARCHIS- §2X1BY Phed Hite to6EaMEAtWaShask ap@v o pEReFY®s of car bon

precursQl el ﬁor?déctci%ritagnaceous mat eri al having a carbon content of 97 nass
That 1s

% or | ess. “in‘these docunents, addition of a carbonaceous materi al

hayi ng a hi ghweont &peeft iBPHRE the@HAND 23 YALHIR LYot Ykt ¥n 0fndH2 ?cm or
higher is intended to suppress rapid changes in volume resistivity at the
time 6flpwrwhth drdresbél JapemaeseRasénte 1o\ppikidativodohanak«gpen NO.
H09-87418. ), However, in thjs thod, a desired resistivity cannot obtai ned
unl esgoflﬁgt)")&b‘ﬁ]pv%s’i PN OR b s')’ogﬁ““ﬁa’sﬁgsbfﬁ‘ifr‘”rﬁ% &Sof-1BaFed ct¥s &f car bon
precugsge, and-Larbor fhber, impiopal,. ¥ | QhfdC fiber,

whi ch is used Egaigjconductiv(lyty ad}zglsnt er'\é?lrr{%g%gf oikltérr?bt{/dlg}ﬁ%gr ?‘%38?br ce at the
time efinté Kmeadizegoar shoperadf @ndivbeebi causesecgigatadi Ugtatatigea i n
resistivi t(g,. . The present invention provides a stable

séfi cBREBEdin® Tedrmipapesiditdenseal t i aglisidicnlehangetall w dlogmea

resistiyi ven i f fluctuations _ of ound 10 mass% jn the conductive

fill e%o}éo(tr:\%(%cg ¢ go@%%]?,a% assu&oFSEE?%g %heeﬁ(?ﬁéﬁgﬁvb#yr“a?ﬁrﬂ’tdé’@r ease in
resi staRtLo LIS @FebYs@dgi tion of conductive filler to an electrically

i nsul ative resin. As a result of extensive studies the
present i nverfbrs tegpecimte fhometrhoideWsi cosalikiimg whehpeabdhersivet hey have
found out 25 that by allow ng an electrically insulative resin to contain
two KPAHSTHAL c GFdBcEPVEIstiveratRalrhgl Higddereip the estmitd wal ues of

pey co ! i i fi , sem . condyct i resin conposition having
B A e R HBE U AR 1B R St Sy P & BBt d vl U of
per cohadiitn waednhepeint il eabescoNer s phalohOdLYndfe @neonductive
filler when the volune resistivity of resin drastically changes from an

i nsul aesiatinddivonltuoges comguddiVeo LeJicam i adskiged haccordintive filler
to the resin. Th is, according to the present invention, the follow ng

t o
senicﬁ%dﬂ%ﬁf@@rﬁzgynmﬁﬁﬁﬁﬁgﬁﬁiBﬁ,db$%ﬂﬂ€¢iGﬁ ARt herl tiher gésB1shivityr oduct
usin 0§t 4 wses of varjous..articles using 5 the nol ded
prodgg%Fgggﬁggeggr%g?éggaol.Aﬁg%hicgégﬁﬁﬁﬁ§§erggfﬁw3% 55T 1 &n cont ai ni ng
t300 OprdBict ikhNPso8ds YTUCkimechhdib & iSe WREE £ ok idiilhe beNa ey Ky
t hreshol d val ues of percolation between at | east two kinds of the
conduktiateifi thersopkasiiitchicesany afiyee afarbont HibEr rrEssi%y 230 2vdhege
sem conductive resin conposition according to 1, wherein the at |east two
ki nds of the conductive fillers each contain 98 mass% or nore of carbon and
the volune resistivity of each of the fillers is 101 ?cmor less. 3. The
sem conductive resin conposition according to 1 or 2,



15 wherein the difference between at | east two kinds of the conductive
fillers in threshold val ues of percol ation obtained in adding a single
conduct i weof2nés/@s12t0 a resin is within a range of 20 t or¢@/IrE®ING1434 The
sem conductive resin conposition according to any one 20 of 1 to 3,
conprising conductive filler (A) having a threshold val ue of percol ation of
2 1o 10iaResds o aaNetChicVeeds) | £mdnBhabayk N Aridyieshobd ryal Mesf/or
percol ation of 13 to 60 mass% the threshold val ue of percolation being
obt ai nedtharaddlagfiax silagkemeonchpxttihee hiklleted prposednin2babake

sem conductive resin conposition according to 4, conprising from1l to 10
mass% EFtEBEd%E&I?Jikfé‘tflioprgﬁliiA@P%dqq-r GRPB-2%L A% )rrasBYs eFinbaddct i ve fill er

(B) in i.G. resi . JThe_senl conduct.i ve resin,_ conmpgsition
accor dicﬁgs%lo g,@%éesﬁéllsﬁ ;Cﬁféstné?%}()dcocﬁp e%?r%fancol 0135’% \?nglcFﬁl%? C{ii) and
consluctiii¥ped8idn Idrelse( Besin iheaHhebrppkasidt reda) ks 49sPBRSS %Hralgss.

7. The sem conductive resin conposition according to any one of 4 to 6,
wher ei Retvagnctinee dairbber £{8§rg svifihnehgr djpdpdrst oni pershavesnin a tfd ber

di amet %E} of 3.%} tg 120 23. 8. The sem conductive resin conposition according
to any “BRESRY WPHaGT7 SSRREPRIVFICIHECt i Ve WS Bethey ias fithéhgr aphitic fi ber
5 havi j-her di r 120 to. .hon. fi.ber. having.a fiber

di anet grgrg?éig)@%eéne%%%%§ %glﬁ%on Sglr tllgggegi%oa@%%%ahgg?%l&%%ip(z%elygﬁeri to

500 m s9ndbeitsers eamdtietlverd ent re0NPRS| 4140 ACeapgbngrtohany one of 5 to
8, wherein the thernoplastic resin is at |east one kind 10 sel ected from

t hé0 gr 8lipreenisins phageofcpot Yigro iyl dnenipn| garditénes, ABSniewiductpetiyacet al |
pol ybut%l ene .t erepht hal at e | ycar bonat e, pol yam de, pol yphenyl ene et her,

pol yph&AYI ¥he S fiPPdE, OBB?%#?IEI‘ ether ketone, pol yether ketone,
pol ysul fone, ppl yeifigs sul gﬂ&ﬁlelpcge}[r@cgﬁauﬁzﬂ@eegels'iﬂu'cgmﬁé%ﬂi%n pol ymer,

cycl ool efin polymer, 15 fluorine resin, polyimde and po enzi m dazol e.

10. Thebszimebigucbinbenaiesim cfonphesinetosdac@r dnag (8P, ammprieiel 4 to 9,
conprising a region where change in volunme resistivity of the resin conplex
i s 10X3AC B RERLRl RRVing R idartefibehaznd e lygea-tapoumtioftatlie eoaducti ve

fildersg,in,t resin is_w.¢thin a 20 range of 10 to_20 mass%. ., 11. A nethod
ofidpro :lLJécIP%egOPt hee%gél?ﬁ c%arllsdubc SVEP ngﬁgc%hﬁ%‘?l‘aﬁefiﬁ ConT %‘fpﬁ’&ltc\?%lf}? nor e
ki nds Dfid-+ddesr Sio. Wheo i i2gl eastsd W, khndsnofnddie Lepdustive fillers
having a difference in threshold val ues of percolation between the two

Wi t hi ndBffiangd ¢b $balbby 5®naed %5 he es@b-iHlandedt Fuciantd exaropldasti tor esi n.
12. Th]_@ nmet hod of éEroduci ng .the sem conductive resin conpasition according

to 11, WHEré FOPAE CaPRF o R ICRBIRF RS 6F 1She2g8nbRides VOUEIeEr s each
contain 98 masgaL fABLE, O%tlplqr %%gtﬁgg_r%&?i%%{]dgg‘?%{zgskéé Y !Jo\{rmp%%é‘.%%g of

the fillers is 101 ?cm or Tess. e net pr oduci ng

S€lfl costohcitnede by emi Ri 6P pesiuti Qe aCKlip1a st Oc 1ie &in 1) MREHR RutB8ce

di fference between WO 2008/ 105121PCT/ JP2007/ 071434 at |east two kinds of

t he cofffUctivetyi efel’ ih orhleshoind antedndhg peaduinatilecki sndiehi n a range

of 20 40 s%_ the threshold val ue of percol ation, hei ng obtained in
addi ngéagcbﬁnngﬁ eE(Z)‘ﬁJd tq%ufzitIlV%rtkaHaé§£ﬁ9 ECSP FRL hast S§FIBF®duci ng

the serdGeRdYELLVEE 8PN or more and containing carbon black and/or

carbon fiber compatible with (A) has been proposed in Japanese

25 Patent Application Laid-Open No. 2001-247772). This method simply
mixes 2 kinds of conductive resins. At the time of mixing, the
dispersion and distribution states of the two resins greatly
fluctuate according to kneading intensity, which leads to surface
resistance of a broad range of 10° to 10'? Q especially in a case

30 where kneading irregularities are generated.

On the other hand, semiconductive resin compositions
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conposition according to any one of 11 to 13, conprising conductive filler
(A.) having a threshold value of percolation of 2 to 10 mass% and
conduct i weof2néd/@5124B) havi ng a threshol d val ue of percolatriseznonh71d8t t o 60
mass% the threshold value of percolation being 10 obtained in adding a
single conductive filler to a resin. 15. The nmethod of producing the .-
sem ConGugki¥end @8/t He@IROSEEL QM ARG BhRdi E0edbr CRMBbLSHRECHF AR bdp 10
mass% of conductive filler (A) and from5 to 19 mass% of conductive filler
(B) i ncelrepnopllest ikd emesiinthdfe 6. liEse beehhpdodsqat ddudapgneébe Patent
seniconduitive,resin conposi tion according to 15, wherein the total content
ft

of condRBLFGREFIT IT&L A APCRNICR o 1¢a 4P 71 1 2907 B)072R erer HBPpT&& L% resin
is 20 S ) 7. h . dugi t he_sem.conductive resin
20 combertton SRR G P ary e et eho ot e BT R ORAUC IV e £ 1T er
(A)5i s chirBengtepty i@ el BEr AR NG @albBe! coli Bt @ 0 R8st J20 .. 18.
The nmet hod of producing the sem conductive resin conposition according to
any oneTb#t 1i4,t dnl Thenhededunaurduetdyei®b dfi ld eprbBacsods matgraphi tic
fiber Egving a fiber dianeter of 120 to 500 run, carbon fiber havingza
fiber GFYMEYet WH19R3 CPBEEBE Lk PRUHESRS pard i & Ve UGy PR BEPEHEY @fe 187 ze of
l1to5 u 19 T : f. pr i 1 uct i resin
conpos?@?bﬂié%%%fﬁiﬁg ?§£§%%ugﬁép5%gggé?% %%%iaﬁgkggﬁgt%%'%%UPﬁérnoplastic
resin iresattiwiast aanenki pthsaldRtatiom t (FegeBanegnaskstdng oOf
polépropyleneh pol ystyrene, ABS resin, polyacetal, WO

2008/ 168pd1gatH/orPReddr OFer MO pdlOpHEi ¢ ene Howepat halmtdispolkeybadhbonat e,

| i.d | yph | th | yph | | fi de, polyeth th
polyarige, seluanptsne eliel, bopengene Sl hee, polyelner Slher
liqui d3gryssals R WBRE, o EY f%ﬁdﬁasnoEO#gﬂﬁﬁzF&EQQEEQE 55@!55r#§%|¥ﬁgége and

5 pol ybenzi m dazol e. 20. The nethod of produci ng the sem conductive resin
conposiiti ootaccardiamgydg ahy ohgidfcabdno FlBerwhaiain icondudat aye fillers
(A is a fine graphitic fiber in nelt-blending conductive fillers (A) and
(B) i nCPRUFHEpRE3EFEeF el PardeRURY LiheagtinghEonoe fathehyy &phiet PE fi ber

i S{€on t 20. % or less. _21. The nethod, of, produci ng the
seﬁco%é%%%ﬁl eorgeglgﬁm%%ln%%sivﬁlgn 8eeoraiTg attofiﬁﬁtB%%P%? 1 to 20,

conpri séffstaviegi on where change in volune resistivity of the resin conpl ex
is 10xilOcm (2-6X11) when the total anobunt of the conductive fillers in the
15 resin i s wikhlsi ppraseangenvintion praoidesshstad2e Aepicohubictfiorned of the
sem conducti ve res%n coq? sition described in any one of 1 to 10. 23. An

i nj ect Fom-h51°HBAS pFoTCTEHOEdPEd B Lt HED6H éBndRL TS & FEStAVEERPBEH i on
descri bede12t30YiBRE &F rdhal90 4Qs &4 i@ nLNLEGEL ’x}’é"ﬂﬁqeﬁr gS‘H&%m} ]

according to 23, wherein change in volune resistivity at eac oin

1030 | Oceeyr2) ByldhpprdSsindy GORRbREELOTged REotiwde fior medigtahbe
sem conductive resin conmposition described in any one of 1 to 10. 26.

The cofptessipgnaddi veen mlogearuatéve diidd etroto5an whierainic28 1yhange i n vol une
resist'ﬁ%&ﬁétgt eachwpoint is 10xIl10cm (2)(11). 27. An extrusion-nol ded

e e . . . ] . . . .
pr oduc ormed of ST seni conductive resin conposition described in any one

of 1 to 10. 28. Haeaexbsdsi e mAdad; PL oGl ACEREAL PG40 2 HRELET N

have made from a view to solving the problems, they have found out

25 that by allowing an electrically insulative resin to contain two
kinds of conductive fillers having different threshold values of
percolation in a specific range, a semiconductive resin composition
having a stable volume resistivity can be obtained. The term
“threshold value of percolation” used herein indicates the mass

30 content of a conductive filler when the volume resistivity of resin

drastically changes from an insulative region to a conductive
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change in volume resistivity at each point is 1010cm 30 29. A sheet product
formed of the sem conductive resin conposition described in any one of 1 to
10. WO 002006321 PCT/ J P2007/ 071434 30. The sheet foroedrbody7idescri bed
in 29, wherein change in volune resistivity at each point is 10xIlGcm  31.
The folLnmed product according to any one of 22 to 28, formed of the

Sem CongyebhVen I R8IRgCORROSIEARI RS T bed 4 @y ,@nerof 1 6 to 10, wherein
t he nunber of particles having a particle size of 1 umor nore dropping off
the surface of Thae fi redobddygi so SN0 rreseatPipesnitinid, aheafollbwesrsy when
the fornmed body having a surface area of 100 to 1000 cnR is imersed in 500
n of 6@%6%@&’63&7@r@ﬁ%ﬁa@@mccsmp@,oprq@uwzon Feibpri BBeFeRT 6@ seconds.
10 32. uct accordin one of .22 to 28, .forned of the
seni coﬁg {_‘?9:{{/2@%6 n go(r:r%m i Jitolr?nggs %%I tevflﬂ}oélﬁeajé% 31%% U0 her ei n
thes t otak A4igas A¥auBE, |§ar;L kyég/l:&o@rldle@ss t he amount of nethyl ene chloride
is 0.1 ug/g or less, and the anount of hydrocarbon is 0.5 ug/g or less in
nmeasur ément onAt mo@@netaVedré@rt raampd2 1 61cmPc@ftssiurithac ewar ea dayre

headspace gas_chromat ogram under conditions of heating tenper ature of 85 C
and eqtPibrat |C6%%1dtuicﬁév%ff31361%r §Vhe§81]A e 1difdeaenset Fanspsabedcdo

Cormr'%aggegh r ;%rr%%f’z {[8&'% oding, 10 any .9 %sof Zﬁéoondu 1vé4 A

part use nspo fon in c ean room corrp & for med product
accor difng1ées any wareinfa 224 2% 10356- A0 myddacl e foLmsd of the
sem conductive resin conposition described in any one of 1 to 10. 36. The
artQ cl 8-accor di'mgy Ste(ml@@nd\mm‘e@ rcddien goppebetion acpPidils thutk, an | C test
socket, varjo r ol co |ers a seam ess belt, a _roller bearing, an

g & Teret |

anti st §PFESTD o dizdsr 5t bt CRBHCAGS SHLRIS (AR, a
peri ph@&ﬁ‘{aﬂfﬂ% ?nragggdozf "h%r C’rofa ctaQBGn d Cﬂl%mvgil{lﬁe reSJgstlw.té/h ghe

present invention can provi a senm conductive resin 1n hange in
vol uneeselsi s ittet YilsecOnd (]Jdle.’d:nt @rbeewkt hin a range of 10)(1-1Qom even if
fluctuation of 10 mass% or so occurs in the conductive filler content, by
addi ng3t o t he Thssisemacondagtivewraaindsosposbhidu tiogerfing ek ha Ag

th shold val yes af ercola n diff nt from y ranpge of 20
ol TRSEst % T EN N RsIRErE 05l Lo bdiy hBYS (P B is FEREUETAES of

add'ngf§§£$kéﬁ1ﬂiQﬁrésﬁéid‘ﬁéidQSHQEYpéfbéﬂH%l%%sbBtaiﬁ%&PE%lgd@iﬁata'nvent'on

that "change in volune resistivity 1s controlled to be within a range of

| oxi | osmg e amsdukaive hiel Idicfif éoenceesin niarhersiof a digides dfettdeen the
original volume resistivity and the after-change volune resistivity (in a
preci sB2%¥fse, ceanmon |ogarithm val ues) nostly 10 falls within two digits,

refergably on i Qi.t . . . X \ S r.ar u r of 2
PoT1e PRk VRt e St e e DDA pRReP g o Yl BREL cone
i meentddN ith dgsSebipelbiny dehaubtidtdTHe 1cenduet hyeidd |d Et'hS:e'éﬁ@@dl n the

present invention include at least two kinds of conductive fillers whose
thres h‘@hlﬁlailfu@s;rgbl%i@rqmlﬁt Rohoi $0didftr ent fondueaicte diliderbyBh specific

range .of .difference. t efollovmn ex ation o additoion of the two
ki nds & ?v%&uégf:@%h‘?]icp §Si 8 nﬁﬁﬁc%ftvbé‘g% irf] i%aifﬁ)l magsdr 26M%ach of the
flllertshf Hekey t Y u filler
(B)". In e;S ggfge éﬁg? ecpft %r%gg%g?g%g%e %Jr%’d Oh@%lég% ulgt%?jve%gngl g%}slggr e added,
two ofcdriteratieedfiblemeaio theekohl oW ng requirenents, and as |long as the

effects of the invention is not affected, types or properties of the other
£i%] ers may b&hEssgBt ernduREd vac €66 EN ngPIRP idaonoRCepRding dnt Hon.

comprising from 1 to 10 mass% of conductive filler (A) and from 5

to 19 mass% of conductive filler (B) in thermoplastic resin.

6. The semiconductive resin composition according to 5,

wherein the total content of conductive filler (A) and conductive
30 filler (B) in the thermoplastic resin is 20 mass% or less.

7. The semiconductive resin composition according to any one

5



First, conductive filler (A) which enabl es expression of conductivity when
added even in a snmall anount is described. Exanples of conductive filler
(A) used wo 2nészopresent i nvention include (1) fine graplrctrierbansand (2)
carbon nanotube. As (1) 30 fine graphitic fiber, those having a fiber

di aneter of 50 to 500 rimand an aspect ratio of 100 to 1000 are preferred.
Furth | anat i i | t . 2) Qi-ubepet hose
having&%ffﬁﬁéﬁ'd%gﬁgﬁﬁﬁ %ﬁﬂa%cgggg.%ﬁ%%%hég§a%gagggigﬂ?g??g:of 100 to 1000
are priefwemeed. fPaet i didmestdey prefes ried 1@0omng.t he above conductive fillers 5
is (1) fine graphitic fiber. On the other hand, since (2) carbon nanotube,
whi ch &5 nanorfice peBi derdydritviec Fesinhaanredidiga e6Resfid ditePdy ShE

therefore, it_tends to form secondar articles_and further for

hi gher®ordd® dar FRef e 10 bY%r@Jr]éltﬁq:or{tB&f l%e%%%%a‘}frya%%r% Fc?‘régér Since it
I s gveryh i bCghfef OqHRReESe st 18564 G r0ghOMBrabed M GbeSnynaform of
primary particles by use of shearing force at the tine of kneading, the
aggl oneinatrediipaectec| €S Arte peegendr idaddoa pestincles tHwiingaggbeneiated
forms, whereby realize conductivity through |inkage between particles.
Accor di‘s wf éoﬁ?r%ﬁ@iﬁﬂg conductivity to be within a 15 specific range
depen on control ling dispersion of agal oner.ate | C t time of
kneadﬁ%g, in g%ﬁeFeﬁbg%n#wgﬁﬂﬁoﬁﬁﬁ%%c?%%%?ﬂﬁﬁ%hsgggg% L%%g%b%%'a g%

parti cdes; ¢angheygOR1101dHRd thb PnSONE 138t rebih {4 ne: areaphti bhe kiker, which
forns aggl omerated particles through electrostatic-1ike weak force, is
adVantsgeatsd fAirthathe kero2® agysbesivat of perlvioeylean, beobusiyneneavel ed
out by use of shearing faorce at the tinme of kneading so_that each of the

pri marAPSdesiEr eBOLHH W e BPOYRIEH SR IFeARBP Hh 3R Te @UNTROPIPF T t he
resin. r.ding ' j e I ontroldd n j nce in a
seni canduc ﬁgg’r%%}%ﬂ?ﬂﬁﬂgg%igé?éﬁhﬁﬂﬁggggﬁgQ%%g52h§96%3d98%9%%%%€ctive
fill eretdder @enbgt pWolihe epdrebénd hepdlivaalgeaphitd o dfuheer sustaescri bed. |t
is preferable that the fiber diameter of the fine graphitic fiber be within
a rangelofethert onbd® driguipf crnetd) melyvoeameceeloslafdas PPREREE0 nm t he
sur.face energy increases .30 exponentially, ich leads to rapid increase in
cdfies VAT GPEC BE odH VAN %&_PW%?E%H%%& CT/J P2007/ 071434

In a cgge WhergSUehi Bofdd 196apBL1L CodrdiRyi tii 8nbheaded d dndnkneaded with
resin, it is not sufficiently dispersed, resulting in aggl onerated

parti cdfed soabt ecomgriginghe resion wWhaidel nhatoge efd iwilemiel yefbsniwitgonducti ve

net wor k and obtain reprodqcibi%i%{ of 5 cgnductivity. Further, aggl onerated
part | QfedNeeRBFRR P SFUdR dBt el d 2R %Belsi bR Farfitehithprh &S

cross-J| j.nkin ffec ith ive - filler ( i bed. | ,
deterﬂ%ﬁ%@iﬁgoﬁ%if%ééﬁg éﬁﬁgaggg%%fﬁgﬂf%é %? E%%q%%%%rggig%gﬁgéi%xceeds 500
me) a daal@ebramoud of nHasthe fine graphitic fiber will be required in
order to achieve a desired conductivity, markedly deteriorating stability
of corducti vi RymeThed rebgorducésyi theraamilconduhbhve mesfinf icompeat bovraceous

fibers (product generated i iately after reaction, before graphitization
treat PRLRRRE K éHTnvﬁﬁopggg%ﬁﬁfﬁé&ﬁSH?’I@hfﬁﬁé%éFl ?afﬁngbﬂP Scess
that theqmal l:ééﬁ&?&@i%o%‘i‘h%gé %%J!rﬁ;[ di %%?k%f&éé‘ GRLR%SholaNea Rl i ¢l es of
several nanoneters order an eposited, fibers grow in the |ongitudinal

di r ectdfopeasol &€idn nsdtwekagehé gl tdfinhal taovsd Wregp. tbt 50 smssdsd atrkat thi s

growh in the longitudinal direction ends in the very early stage of the 20
r éact ibdendsdbsequertdypopilasthe ddess that thermal |y deconposed carbon is

deposi.ted and gccun%$%%eq;on Ehe.out rwal l, ofdt e, _hol |l ow tubes, fibers
grom/fﬁ'the ra Paluitecti SRoMHHatd i's:® St P8 them T di°Vapor - gr own met hod,
the fidbg QE%Q%& A&J&a&llgytégeif,r WiHaed gt chbeseardststagex phad Nsr reaction
and the Tiber dianeter | 5 determned by the reaction tinme. Therefore,
nat ur alohynct bee | &rigerrst bachi beitgdinamet aass$ her siadel ef thebaspast thati o of

the fine carbonaceous fiber. In a case of fine graphitic fiber having a
smal | vVadpret resitdtoviady afgeachoutthef fébhepetisye Of i99errni§éSbe added in
order _to inpart conductivit 0 the resin, which leads to 30 increase in
tﬁg tﬁ%esholdTbﬁlTﬁfhﬂé|9 r?%?é??%ﬂﬁ tRe §epé§ﬁ?%?cﬁﬁﬁ? di*ffBrence in the
threshaldoval 4es Mepanggl abion §if 9 CERALEL] Uie Wer bet

005, ToREgY B BiecBRig 81PN dr ! (B} tends to becone snall. which | eads
to failure in obtaining stable region of conductivity. It is
preferable that the aspect ratio of Sthe fine graphitic fiber be within a

range of 100 to 1000, nore preferably 5 120 to 500, still nore preferably
150 to 300.



AS a result of studied nmade on cases of adding fine graphitic fibers having
different aspect ratios to resin, it has been found out that it is nore
advant agewoodasoiose fi ne graphitic fiber having a | argePCagpsot/oTias4d o- SO
that the anobunt of the fiber 10 required for inparting conductivity to
resin can be reduced and the threshold value of percolation can he small.

| f thezaspegdt Mald &inds! 68SthdasbnlRr il ber o 1of thheshhng SLBaRY U

fi ber added to resin nust be 10 nass96, narrow ng the difference in

t hr eshpkdcokdiuies dfs pétbbhat i mdea om eontbicdd wen sk, f ichketht&hoMhi ch causes
failure in stabilization of conductivity., On the other hand, in cases where
t he aspecterek iRprepdatien oy ffeiphénbrerdhnchat SaRIlacererdetive he
aspect fggi%g tcoalélsed a_decrease in the threshold value did not occur. After

resin an I ne grarﬁﬁﬁflfc fi ber were kneaded, a nol ded sanpl e thereof was 20

sligediko therehy mRreRAr e raptbliciid PheVeR theafddiManassahcr oscopi cal |y
observed, many aggl onerated particles renmaining in the resin was found. The
r easoncboposiiorc awchedasg unedtyhanet b 1hcredse icomphés aspesinduattiive
strengt hened t{hree-di nensional ent angl ement anong particles, so that

seari ngittrelAt heréngi AetifesholihZadraget menedehieBuPl foto rd 8rssit
every fil.a r ef [ .aspect, rati g 0 I i.tic fiber
exceedéh!ilo i ﬁtlpg glgﬁfg%u{l%) th%%flgémgeél?]iﬁecstihecﬁtd %8%@%0 #\rflgge%reotal%%%ﬁhbecause
of forpgatidnofeoagdkesprated Ralshiothessa1ydidgh pryoh 88doh wdidid ure to obtain
the effect of reduction in the threshold value of percolation. 30lt is

pr & er abtaindvhtint hddaneragelngitee cphdnarivpdtiligrdd02aofesire fine graphitic
fiber ed in the inventign, as detelmned by W ,

2008/ 108121 PCT/PASGRPE72 ﬁrggqc&ﬁigdi’cg]?ra%vf%w%’&tﬁg&, 88 thin a range of
0. 336 : r.abl : 341 ri il nore

pr ef erg%ﬁlgo%%ggataggg£§h%é ﬁ%quhéOI?%jﬁgglcﬁrbf%ﬁglcgecoﬁgn}? Eltéérégoc’b{sgi ned by the
react i oondidtdive ghohein(Aheancadirah 8i t€ctd aslskkert e@edudtigs, faslaenti oned
above, thrpu%p paral l el accunul ation of theLmally deconposed carbon on

hol | ow(Blbles theereplagiaic asisi@sponds to di stance between tree rings is
referr to as.interplanar spaging *02. The carpon.graphene accunmul ated on
th{eseho ow tuETehse imse:cgfjaaﬂée%lpci’ 5 gl’\‘?e%e d?f SHH R ufftigengﬁ?ﬁerﬁ i medi atel y
after thmpdRaabnoncanel e dTiier 0REORL GRldN: @Bsgl Veshtd e Jd ber surface is
rough. By heating this, the arrangenment of the graphene can be orderly and
t he fiberdwsiirifvaecéitaar bA)smoot kondsciaivedillflerel(Brt frontnodridpilgtin t he
fiber can be enhanced and contact resistance can be reduced. By addition of
a 15 shati? drfoaft ™8FSt ¥ fiS$6-graphitic fiber to resin, conductivity can be
i npart to t r esi t t d, I: : . the average

i nter p?g'nar sggl(ﬁ ﬁ%ltg?]]d%;];(c%gocﬁs?‘l%s§4g§gr?e%l%§%ﬁ§§§?ﬁ§h§%§3‘5 al s have not
gramwn satifdsditebhl ¥ccasdiarpar adyWwohd & vat abl i1 2pdvgsaphi doadhbbete
resistivity of a single fiber is 10 tinmes larger. 20 Accordingly, when

m xed Wiler d8) nisefoes ranepivisnst 8ibdrethavénaf & ndileer hiraeseusof 3.5

fi ber/re(s#%/fi ne carbonaceous fiber becones difficult. As a result, twce
or rore’ t f8-anount of the filler, as conpared with the amount of fine
graphiid c fibefhWtphyelde g:%%lh%eﬁg Eﬂ%%e@tli%pnaacﬁf\sw!fe%qg O attain
conductivity of the sane 25 level in the resin conposite. Therefore, the

di f f erengesiinibhresdmtd nealveanyfoperarohiat tonlfy ammceiduebhdectivd er (B)
beconmes snmall and stability of conductivity tends to deteriorate. It is

prééf erfiddern (Bhel pricifenorppiéhic obiharataving griidimn iddiapeber eBpkdfl e of

o STl B 0t A0 R0 ot 58 her Bt Rlane L
in an ammeRt ptt 2o d %alinY0s 2008/ 103121 PCTLIPPOQ7 /081434 mass% even nore
preferably 3 to 8 nmass% If "an anbunt exceeding 10 nmass% of fine graphitic
fiber Irfust beTaddedthed atft sireduol tgretlre Siesti cohtiyctofvd hesiasi n of 106 Qom or
| ess, the difference in threshold val ues of percolation from conductive
fill ercomBpshther rRESTSHRL tanangtalsi ot §S ofo chhdudieireiinythends to
deferiorate, . .. On th t her han L f an unt less than 2 mass% of
ohe’ SRehPPles i Daeeio 5 Bh SARI CARICHS SATATREY SEPELTNT (9FOE the resin
becomRen@Bt LM JASPBrop§eesd it %tyabies s tﬂ%%ihes%m;f@é&atq vary
because of a slight effor 1n weighing out conductive 10filler (A . It is
preferred in the present invention that the amount of fine graphitic fiber
to be added in conbination with conductive filler (B) to theLnoplastic
resin be wwthin a range of 1 to 10 mass% nore preferably 2 to 9 mass%
still nore preferably 2.5 to 8 15 mass%



If the addition anount of fine graphitic fiber is less than 1 mass% when
the content of conductive fillers ((A + (B)) fluctuates by 10 mass%

fluct uatiwo 2o@nigsi2in the volune resistivity of the resi rcranz®7bn4be | ar ger
than 101-10cm 200n the other hand, if the addition anmount of fine
graphitic fiber exceeds 10 mass% the volunme resistivity of the resin .
beco EI‘P;?H h nd fal | i t I tive
regi gﬁéo e 14fyiquz?ggg?grp i t|I%11E£}t%érp%%@?ﬁgﬂcﬁlﬁg%ébg\%yﬁgg%ﬁ Etgodl ;5 Fgnene

char acégdSt i yphsedl die tdia fpdesepdl yenrasit ie@her CREt taee prefaeetieby
thermal | y deconposi ng carbon source (organic conpound) in the presence of
or gani kettarensicel gaukieeng, aedpysthar Sxbfpilces pof vebhebnisisif cd @8t gani c

conmpound) .servi material s._fqr the fine aphi.tic_fiher i.ch.can_be used
Pt e PR By e ST AP UHRL Y retd LOB e oFeh L aphEare g, 228

et hyl RSyl §R8,1 £1 hane, natural gases, carbon nonoxide and m xtures
WO 2008/ I05121PCT/J P2007/ 071434 thereof. Anong them aromatic hydrocarbons
such as0t ol uerthcandthedzehepmrdndqihef ehe eskmiconductiveThesimgani ¢ transition
metal conpound contains transition netal serving as catal yst. The

t ransi ¢PEIPSHEEAR pecardisicemenenyf 08e gifouds te €4r 10hFeThEPEICEAVe t abl e.
Prefer exa es thereof include ferraocene a nj ckel ocene. . In
an at n%@%hegrseq% the? nedgggﬁ%(l)g%fi%nberreé& PSE?‘%%??%%“%%%%H *€Uch as
sul fursand thi@phgne My ke cusednasndpaattaly stsdh daf@rrddieirkupposee of
efficiently renoving gases such as hydrogen 10 adsorbed on the surface of

t ridnsi fimon grepali ttat &lbest ipacbntrelled ttohereB) entrancssscat al yst activity.

Usi ng reduci ng _gas such as hydrogen as carrier gas, the organic conpound,
the orghmic t?]%’ﬁsF‘?FBﬁdn%? AL nERa e OTSHFE U e cBfpdlnd are suppl i ed
into a cLi f te o] t r g ur 8 1300 C
to t he?%aq%tgg%o%%g%g ng;etacr(ljerg{a1 yo o%'gbgfl %%Figﬁegéérﬁ%ﬂr%(}%g&g fi gggi&l

AS f orwerencBbngbe: f av MBdee el st avimat & @heObéai mesbrpy «di Ssol vt gt gani ¢
transition nmetal conpound and sul fur conpound in aromatic hydrocarbon and a
mat er i B3=§ast¥)i edreat the teotper amoratodt 2thasaonCustivewetlens @ Gbed.
I—belgever, Jin.case of using |i ggru g material, since gasification or

deRonpoi i &% Bf tiHR Fdi&gtaltotRurs Th™8f&°wnal | of the reaction tube to
ther eby, cause Jupeyan €i £ iRUORLEf sdMe-JRERHLIE, r 00 Chdmgpilitsohn a
tendency for of thus generated vapor grown carbon fiber to agglonerate.
Ther ef@dse;ridedwih hatiespecioft @ tornoof the raw material, gas material, which
can enabl e uniformconcentration of the raw material in the reaction tube,

i s preterred. An injectignaddery pgodatt Fumecheft FamsTeisiPHCat VR at al yst
to sul fur. compound cat al yst .ai sul fur/(transiti metal + sulfur)) 30 is
in a rJE:iensglé1 gn}%l?f)sjf%l dn%éscé‘ﬂl%glﬁnt%n A i8%ijz %glsrb't han 10 mass% renoval
ofgohydrpgen adsar bggle @i dheinakal ysbahec aRerdingorp! £3 e.wHedetiher eby cause
di sturbance in supply of carbon source to the catalyst and as a result,
gener atlizoyeofincuo bowe pastistiestptdiereadbapoinbers 1&hdecmo (38¢UF111{ the
rati o exceeds 35 nmass%, catalyst activity is 5 enhanced, which tends to

resul t23:n i ncPe5SEPT#S FiRRsredtrenPhet e rf orfser oF i Fameifttd 039LghSEe | ner ease
inth c L.n..fiber, at i radi al fibers or the |ike
to thgﬁeg%gb?%{nggs%%% %%Sg?gér%r%tg eég/gg(rﬁtgi élfgg.PérhleCﬁpr eferred ratio of the

suppl izzg anounheotohpeedAwWntAonater paddicd kheoeaind efo @as hewe{saw
material (g)/gas (L)) in the reaction tube is 1 g/L or |less, nore

pI28f ercilsinge0iB ylumsr resdéstiviiy|atmmeshppetet abd O3 2QgnL (3EX%EE)- In a
case ere the concentration of the raw ymaterial in the vapar phase exceeds
L e or ooBr R B AeH Broui arehnet: U nrardughi tRe 1a

sur f age 6f, g&ﬁéﬁ&%nv%gggrg%gmrgaar Bngigfrl?glbglfoi_ne car bonaceous fi ber

filaments fu er generates fine carbonaceous er filaments fromtheir
surfaess, to trherebyrdgion-moskieprddiast akckedinge-ca@ahonneeoiss fi ber
filaments and such a fiber alone cannot be singly dispersed.
change in volume resistivity at each point is 10**'Qcm (2=xX=11).
30 209, A sheet product formed of the semiconductive resin

composition described in any one of 1 to 10.
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201t is preferred that thermal treatnent at a tenperature of 900 to 1300 C
in the inert atnosphere be carried out for the purpose of renoving organic
subst ancesoxweosr1t ars attached to fine carbonaceous fiphenrzwrhHaess Al so,
in order to enhance conductivity of vapor grown carbon fiber, it is
preferred that 25 further treatnent at a tenperature of 2000 to 3500 Cin
the ingrt at h rrq u ther ehy,gev : 8. in

Any h%g)t' treg? ﬁgn?ﬂ$%$ﬁf§%§legsggd?o%e%%vlek{é (;%lp%gntz gbf@lé}&%sﬁgg@ta%y be used as
long ag1the fesnaceriednaketatn @i tignpet Stawe @=2800)C or higher,
preferably 2300 C or higher, for exanple, 30 Acheson furnace, resistance
furnadd.and hirgh- foegbpepdhgtnaceocdmdbdcerploged. o 3 dive 28as&3™2M net hod
where electricity is ap[\)rl ied WO 2008/.%0512 PCT/. P2dOO7/ 0714§I41f d(gf ctly to
powdePfoths ABTFHRPDEHY VEor Rttt T HMEy B8ne%$?%ﬁi'é3c? 1h ahy OB Greferred
atpospheng fofei0gl Ml hORBLIROE oot QAQxygeNad e BLARERREE ez IBX €
preferably, a noble gas atnosphere of one or nore Kinds selected from

ar gonpmheki ¥4ere N@UbARG blie th&kesurFateeoshohé eforkel toelymak $0@at ment tine,
the nore preferable in teins of productivity. If heating is continued for a
| ong triosé cmf perf briveRissdPri $e8k ntkerdhendosBridpedediatisd ReFBEYyACE

deteriorate _the production,yield. Generall retentjon of nper at ure
f or 1@rr?ian8Fe§OQot°l%(9 r CBf t'ey HHETPE Je]?‘aouorén(imp tﬁ%r%ovgae%%gratgl%of the 10

forme 1Q%g\éoﬂ£ctvbgevﬁl io!%ezzpaﬁﬁée%@ﬁ;ﬂi@a t3rg6s d&meisature is sufficient.
In order tor crystal of fine graphitic fiber to develop further to thereby
enhange .condughkVvidymedarreducar hcderd B4 €p, abpr ome oxff & (B2068) , fefmernt al

boron, boric acid (H3BO3) may be bl ended in 15 conducting graghi%ilzati on
t r eat Entthby selebIUCHL Ve Fediferaihos 16£0R 08eS o-esshancaly Pherd

at nosphere. The addition unt. of boron,c , pending.pn cheni cal
and p silgal w%?%%]é} ﬁ'thfs,togg -3 é)ﬁc“)lﬁ)& gg?fﬁgf{.g g%r ﬁ%%%ﬁp?e, in case of
usi ng hekaR 6arhide (BECLh bhed@mynt. 1 gh§ & 22g9ngadoth. Aot HF mass%
preferably 0.1 to mass% based on the anount of carbon fiber. By

t her malyldrotreadn nigs Wi .t5h nhdgoor compoumdnessysemgit mint rhoeggaptratedhr esent
in the fine graphjtic fiber is enhanced and so is ﬁonductivitxé A _preferred

bdfon THPBURE - B oFE aPhe8UF FRTUSHEEN B Y 2BSR St i985F FBEPMR TS 3 $56F on t he
cryst 3 s - ra 0 % ki 1k pysrentnd n

conduc Qun\%#[tgg%? %ieﬂ%rtggﬁi teiglgp%it%tglr%rotfa?fgi ﬁu@tsim%\ne{: lrlgg?% nore preferred
amountod 360nhdupBss% or nore. The anpbunt of boron which can be substituted
into graphene sheet is about 3 mass% A |arger anmount, especially a boron
anount3330 excéediny GserhsedrpreBentat iy PRPEESHT diec doBTae BFOHHion
oxide and it may becone a ﬁa %e f 5 decrease in conductivity.

Al so, FEPTEHBIpL? fo8k BF 8 hg FhdSffinity between fine graphitic fiber
ang regin, thg fhpe graphid keahbpeFtd@bbansubigetasht,0 coxbdabiag thieat ment
to i ntroduce phenolic hydroxyl group, carboxyl group, quinone group or

| act ofergeduprédudtheadmosdihaceo dny tdmer p£s22 flac8&.r eat mrent nmay be conduct ed
by using silane-based, titanate-based, alum num based or phosphat e-based
coupl i3%g agenfn article foyaed of obRRIITVECRAPFELV] BS UL FOTROPhE hvent i on
wil | l%le desgr(iibed. nlO%%eco]@d cE(i) vg filler (B) used in the invention, mlled
fi ber SESFLHERT at? BT Fi P&- based i t ch- based or rayon-based carbon fiber
can bggused. Anprgferérd Jdben: Hyaretsy, whekia franga-talcld e 42qmn nore
preferably 4 to | OQom still nore preferably 5 to 8pm |If the fiber dianeter
eXbeedhut®, pan 1C riemul aockees wwlols frolhedibycardiesen i BeankiPSsurf ace of

the foLned body, resulting in difficulty in obtainin %rmoth surface.
A preflifed2al r beardngl RArdin Siebdr 8 & P&ﬁge 8F 10 to 40, nore

pr ef ere%%'gﬁr%?%g@ics%oa égll ! gD)Eﬁeelp{tﬁlfb%r apl %e%%)ﬁé?ca:iopa%{ thenaspeet ratio of

the car er-excee gﬂo, reshol val ue” of percol ati on becones

far below 3QpaessYchdpiehlsesults in that the difference in threshold
val ues of percolation fromconductive filler (A) becones smaller than 20

mass% and st aBhki pyesdntcdmaeotiontgan emdyitle bessmmirdeadiugtdee er¢viatiad.

A preferred interplanar spacing d002 is in r f 0.338 25 to 0.350 mm,
m§5e pRAElr ahRRIR . uyolyme. BABL FhiV 1t - C?f%?]%oagw%g]f gPa]B"F YO B4 % o 0. 346

rrm range of 10**'Qcm even if fluctuation of 10 mass% or so occurs in

9



Al so, as conductive filler (B) used in the present invention, carbon
particles, as well as the above-nentioned mlled fibers, can be used. A
pref erredvpantswbeisize is in a range of 1 30 to 50 pm poore2pr/efies«ably 5
to 40 nu, still nore preferably 10 to 30 pm If the particle size is finer
than 1 pn1 the threshold WD 2008/ 105121PCT/JP20071071434 val ue of

per col gld arnpGeerbs L1 SBLIBsEM oI LesY! Lie [ Redfintad headtl Epgence in
t hresho rlIues of percol ation from conductive filler (A) beconmes smaller
t han ZrQansss% cehétehires tfahilkirt yhafigp nditetshsl 8 yva Bueks dm pleecrmakedrhy
deteriorated and flowability of 5 the resin tends to be inpaired. In

cont r adtfferenthérprared@l otdiezebexz caangs0pAP o eeritisS K8chi PEikREt for

fine carbo i_ber.to erve as Ilnk t ween carhbo partiche thereby
il CO Ot SEMTT R Fo PEBRBTEY A e Tone BF AR atheBe L

I niger Péﬂrl%rrsse%ﬁ!;ﬂﬁ 4032 d Sekhna T @Hgghé)f L33 18vharQospOsndwor e
preferably 0.338°to 0.348 nmu, still nore preferably 0.340 to 0.346 nu.

The CdnﬂuﬁkkN&anblﬁme(ﬂEElGiéﬂltﬁ thequtesehtdi todrd ivdrttHas aareéhgeshol d
val ue of .percol ation which value, when the filler (B) alone is added to
resin, 19" @crf eremts fheh the #hﬁ%%lrﬁﬂce vl pabers i Haditst PERWeRR t he

duct fill f 5 o fer abl 22 5 to 45
rassvs i Ra grBR b, S ok Ry RO F L et the BReBPSGalo PRBIEREO! Y, °
preferyed £hat {hei ampyieaket Qengé)m&&&doﬁel&géfﬁrhﬂ Ba1wdaen ﬁégﬁfﬂy al one to

t her nopl astic resin to 20 obtain the vol ume resistivity of 1060cm or | ess,
2210t o B0 Ireass Yhibetwmrds girtef epabfgrb t onB5dhmss %r shads. nidere,pef er abl y 28
to 50 nass% I f the anpunt of the_fine graphitic fiber required
to obt%ARTSRETY oPRUrAEF T dSiPsti MY BIo% e tPeditn of 106 Ccmor |ess 25 exceeds
60 mass% flowability of the resin tends to be deteriorated although
conductivity tends to be stabilized. In contrast, if the volune
resi stepgtt ook bR castvINGaduberH rrverTaon] ess by addition of the
conductive filler (B) in an anmobunt |ess than 22 mass% the difference in

t hr eshol d val @ege@haﬁ‘eelpertém @treeﬁnbelmﬁlpﬁeléoﬁ@%ﬂbﬁﬁ fin] deEgilA) and

becones s Il and thereb tabilit onductivity tends to be
. Thow BFoDSAS e B389 brAdad the PEELLY YR Dol hat

when tln;elcaaedaetia;sg )2 G b @aa)ea@twecgm@@st LaRse thrkhg conduct i ve
filler (A) to thernoplastic resin, the anmount of the conductive filler

(B) bevdlmea pangeraildiitom 26 dﬁﬁﬁe%enmrfeomreédﬂ aiiher6 biyoal Speesslg still
more 5 preferably 7 to 12 mass% |f _the amount. of the conductive filler (B)
i's Iesl’santgﬁaﬁde ORNGE-f ef} TRy SOppPERRRt TEHABetioR partddrophet

Condugéht l{l &4 ‘{9 conduc@?vee 161he?n% 1\§'hfngge bﬁg%{atys IfneQ IéQr aatﬂdpn of

st abi i conduc i vity agal ns anges 1n co Irfons at t e time 10 of

km@adléégzh%fmehéllftguer%CQ%Sreferred to kb théndiminte @filtbe coyduaid ve
filler (B) exceeds 20 nmass% flowability of the resin at the tinme of

nDIdingxmmwctﬂeaifnﬂﬁdw'@m”théknmldedepMMdatﬁh@eﬁdsrtmOb%]ﬁhkkeeﬁy
deteri orated. 15N\oreover, preferred tha1%§¥e total unt of the
conductEELVE et SLYR) a¥e(B§§e@h1?ﬁe°FhEFﬁ%pT i®© PFEEENBE 20 nass% or

:g:;_ fm&%w%&feé&ﬁﬁve{éegﬁ@asgr{aogs 185 1a§tuh%] I%r %&erﬁg!ynée@lms% or

e total anou of the con uctlve illers ((A +

(B)) 2@ hottherébesdoplypski 6rresiger@ieseds 2K rags rillowabi atybef the
resin at the tine of nolding and/or flexibility of the nolded product tends
t @5be dideenipedtaetording to ufke qmem@opnﬁemtkorr -esin used in the present

t | t th 1 t hyl
o bovt ome P58 ot e 2l B N T bh Gl RGBS S0 e 1o
nyl on 8,40 Jc%g} e'?yla(&ﬁeglgvel{]y 00 @ﬁalfrer@mtc 1ROL¥ERL g AS

resin(acrylonit styrene copol yner),
Examples of conductive filler (A) used in the present invention

include (1) fine graphitic fiber and (2) carbon nanotube. As (1)
30 fine graphitic fiber, those having a fiber diameter of 50 to 500 nm

and an aspect ratio of 100 to 1000 are preferred. Further
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resin(acrylonitrilel/styrene/butadi ene copol yner), polyethyl ene

t erepht hal at e, pol ybutyl ene terephthal ate, polyethylene 30 naphthal at e,

l'i quid crwetads/eizyest er, pol yphenyl ene sul fide, pol ycarbomatm;/071434

pol ysul f one, pol yet her sul fone, polyimde, polyether imde, polyam de

i mde, polyether ketone, polyether ether ketone, polyacetal, polyphenylene
et her , o 4difiredn PRl yPhenylgRe 18t ber , R0l ¥hesziwidazeleudRyd thogsi ne resin.
Preferred fromthe viewpolnt of heat resistance and 5 chem cal resistance
are pahareirher eéiber dkietneter pdl yetdeso swl fandnen pspyet hertiomodel@hdte i qui d
crystaI%&ﬁI ynmer, preferred fromthe viewpoint of dynamc strength are

pol ycak &re, rpofyprrchy| ene et her and pol ybutyl ene terephthal ate, and
preferred from.the viewoint of t er - absaqr bi_n r - t-gas
gener ati on is@fﬁt&%#%%f%flﬁe%&r;eﬁe?mong thle ab%vgnggﬁ&e%%?ﬁ%dt lgwg gve
conductd vef idiher offni cenadyeti-ve dd lkher ot r afghd, heihesi n2) espasdral ly in a
case where fine graphitic fiber is used as conductive filler (A, it is

pr ef ertachttubat, bhiekiig rehokéetoedgy aphitticéesi bexs e Jeoger cbhedive t he

m nimum 15 Specifically, it is preferred that the breaking ratio of the
fine (RuRita%t pedf Eherelpoitr 5PPEY %0 BETMFEFOPEREY R?d%técp}r%éf &rdbly 15 % or

! ess, ?&J%(‘r!hler ro%m rlgqf)hee\r/ﬁa_ﬁ%:r e]foﬁ%%g{cﬁl.eess%rom %cr:{ce{l?(meré%o%r %%r FTEQOIQ%]F I ng.

out the kneading st e Co I hg the aki'ng the Tine graphitic
fiber go-dihec20 Hikidaury: forvexpmplicte £6!dowWdigeappesaches my be
enpl oyed. Generally, in a case where inorganic filler is

mellot - kaegpided rat e pdgrindgisadni foresih pimghyshartigldohyeviss applied to

aggl onerated inorganic filler to_break the | oneration of the . fjler into
fine pheardingsfahee tHerfhen&oel PErkW%é‘dngpegg%da%{?ﬁﬁWﬁi yai‘fﬁ%%i%e

ol ter%il[ee%-ﬂ%'s /5 Me@%err%sgﬁngﬁa%ﬁ%ﬂ @ggjioﬁ_gféf-é@gféﬂsgewhgg‘@%ym those

enpl oyl ng "m FStone mechani sm such as tw n-screw unidirectional extruder
havi ngrdditir-edusgdudtioriaiyn tarkugndi Ngkadies Beappby i prrticesshearing force onto
screw el enents, are used. However, when such a kneader is used, filanents
of the fine 3@cgraghiyly, fodrdromling beorshpikdivitynteor raisthin @ a case where
a single screw extruder is used, althaugh breaking of.filanents can be
sd%pre%%eeci},g Gi §%%g%i(g§Pe@€St e ??IB%JFO ofilﬁgeﬁ%% oro_rfci ﬁg%l?]é?te?éi n order
to attgin;wkborm diSRans 87 WALLE RYPRLESEHhAS REeaKi Re Abwl Peedidt@ry it is
preferred to | ower shearing force by using a co-rotating tw n-screw

ext r uddre witzkouf agKnewdiangddpsctidles caseba gresirledkneaddercontirehtcan

attain dispersion over a |long period of time wthout high shearing force,
or to (e TangpeErRltitiicitigesr etfpheh ifPEss A LGN SREFLHEFS Al so, a

prefer th r.Jntroduci fine [ 1] iher sin ader is
B et ho s BEP et T PO el s o Poeriy o Shambl e s Bt ase
wher e 4 ddeRt 84 apitilca fsi ben BOkddia vt hetaed asid oy @sknodr shdneiaded in a
tw n-screw unidirectional extruder, a preferred kneading nmethod is that

pel | et®omfe ahethestiimeacd kneedtueezd ithies aablopperthen privaypsPaesEiilss t he
kneader, the resi e|lle are nelted wth heatjng froma heater and

shear i 5" ﬁ@%fo‘iﬂ%‘%ﬁ:{ f"’ﬁéjsé?lgmgl,s%ﬁﬁ EﬂlF‘Pﬁémfﬁ %é‘ &%&pﬁfiff%' fiber is

si de-f f e 41 am-o dek | id.id i the
fine ﬁ%ﬁrﬁd??}éi% bl(raﬂr qu %tgg ?%és:}ﬁlégé%%etgrsf g%%%lltq?ggﬁ%%gﬂf%%%?he hopper
into tdwmikpeadetivd AdAonamenti fibediRakbagsaid fid areat soofl the fine
graphitic fiber by the pellets tends to proceed until 20 nelting of the
peb| etpnsoipiee eEll1Simc elie pririeiovwgr Bhaitede fithé&heusde | Frame tBFesent

i nventi.on, havi ng a bul k specific gravity of 0.01 to 0.1 g/cnB, readily

i nvol i FS fe59% cﬁléf‘fi cult to deaerate by using a normal single-screw
extruder or umcd%é%fémbﬁewhéer% eXiatdar sARth 1 e 286 ifhge cannot
easily introduced into the resin. In this case, a batch-type pressure
kneadejrapaythg £Xeal bentvichan geabiddet pfabd capelll emof Blppreessibry br eaki ng
of fiber, can be used. The resin kneaded by a batch-type pressure kneader
may belijgpetetduteddrst Ghansblinf e iSHEdaae SRR S8FERReXEruder to formit
i gho pellets .BJOExa I,elsﬂ1 if i njtecti on-.nol di n em?,Ltnhod i QfxlrUdﬁ el her than
g&Rer SPORGRE-HBfh 8 CPy APP Ot S MeReds TRTEH s YhSEPESTIT etti%Sh WO

2008/ 1532 LRCH{ 1,R20Q7/ 071434
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nol di ng where the material is integrally nolded with netal conponents or
ot her conponents, double-color injection nolding, core-back injection

nol di ng, wendes/wbki2inj ecti on nol ding and injection pressPoDlJE20G07145H
injection nolding, it is required to 5 set appropriate conditions in
consideration fro changes in surface resistance val ue caused by the resin
tenperature, thAe eotdsagidire seopesatilie @ERGhtRecMPlviNG PLESSHES: in
Exanpl es of specific uses of the sem conductive resin according to the

pr esentPiInFBREFSH-THE F861ini nikl ke tndtc safdidbent actdicperskilel tesuMater
carrier ette, .tote bottle, wafer boat, ICtip tray, ICtip
carrier. %%Bgéxp%?%?eci h@ag:clfiie%a?%?ttt%élgp%k?% e feélipacking, liquid
cryst alergagseht By Ml QUSORASES v LUABEK LAY o }QNAGE 98&%&1%1 Y oy
devi ce component, a magnetic card reader, connector, cgrrpu Y °HD

er si’o

car?i ecconNRehewtt 5 Earthar, aGyRoheastedrgdrariclHSAr&as{helg tWOisGeLCOi |
m)tor(VC%[p of HDD and |iquid crystal panel carrier; in the field of office
aut orePRORCEYYR fHetRer SdPRcERRRAl |GRtEHAr gedramaidmking efifiget faltm ng

appar a - ct rophot ogr.aphi c ier and an e|ectrostatic
recor d%ﬁ%@%‘%ﬁ‘?ﬁt@?ﬁg u %?aée%cprcl%’éerdgéag?& I ‘%%,Der&ofét&ﬁﬁr PR & stagle

di schargsngtbeity. a transfer roller, a transfer belt, a developing roller,
transfer drum for recording apparatus, a printed-circuit board cassette,

bushi ng, paper Tanthdifibecadi et epaperccticetled i la 1hegbrcantundgs i nk

ri bbon_canpster i.de pip, tray, roller, gear, sprocket, housing for
corg(gut Eﬁe JFrbrbeerﬁlq‘?g’E’éngﬁij fjé%ewgﬁ{lopehéﬁ@ﬂfg‘%d @D RONEROLSi aghiqye Bt er

housi Nge s £RMMNEGTH R, ARY4 It ot,..in the .fiel f. comuni cation

i nstrunent ., conponent slgf'%'%dg& %ﬁ%%%l,orpagcj e gﬂag%iﬁ?%t%fnsl i de nenbers;
in t hecandomminiiey.f i Blal red@8bhouse ST S1EUCR 88ah Ield O Bt eri al ,

under hood, el ectronic or electric device housing, gas tank cap, 30 fuel
filterCa¥plaqgoye Edhneet @rodugsl gbharatdd grmdébtéanks fiand rdaeribandl e; in
ot her ]géﬁl)r_ds covyet I n%trrate;%r{i al for electric wires and power cabl es,

el ect ric Cabl B EGPpoFE A (EGPG AT S Hh<IIHeralt Veper reesr aiethedr pet
nothpr oohesNE6L,, tBabebh roRQe $0LE. +h AR 100 bl ower fan, sheet-shaped
heati ng el eneer%t and p%l ;e/psrvvi tch. Hovve1\:/er, tll%g{/%i%‘rg%m%%sree ycaer%éjﬁpﬂﬁry and all
pr oductssglordddiingcstaliwantfdgeopsref fped oFf stherk Ve drit 3se ok-gel-uded in
t he sco (fﬁj%g)th% invention. EXALvVIPLES Hereinafter, the present invention
is des OSh tGreat BreTED 9Fevail B remeritudgned deaniiies. asowbser, the

scope gf,.dihepres nvent i is naot limted by the follow ng Exanples.
ot |5 gt oA HaThen SPFal Ritwtial STard Sandl Eaxh Bt et

expl aifrecthe longitudirndie qakeduchh oondetihodyaf vepnductsive fill Q used in
Exanpl es and Conparative Exanples is delscri beg f)%l ow.lﬁ)(/ F§88C§?0%Ai5 nmet hod
of?0f | eeagttdpRi- t | Difselment MGCRLIS)the process Beriz amermbelyosesan@idd hi ophene
of a rras%?rat.io of 92 1 are m xed together to prepare a raw nateri al

S
Ii qui &2 TRE FEWTRRET S ePPgardrslatgshioreBhe newtein waldpofatbe heklied at
400 Cgupekol atphlize :Th o j 14 r mat eri al .gas,is supplied by 20
using a ((:earri er hy rfo&geﬁgggggi%%%i%l éﬁ%—eﬁg cén're%lfa?oﬁgf quIﬁa%E(sphavi ng an
i nner dhiearebér vaboA-2f-owm ﬁédh@dhed}gahtfi@;fer@&%mi§%%%%anﬁe€@§}?i (aq The
supply rate of the raw material is 10 g/mn and the flowrate o phydrogen
is 604Y PR, SArYY apftfidee O&r tee bieaqtiiome pndi tinet Bikerl @A anmrehei ght : 150 25

i i i.th 80 of . t he above- gbt ai ned reacti on_ product and
gg}ci ?ggg%g’ge&@ﬁ %‘ef g?aith%rbrtlin??jar JorrshaRss phetera hlyr dgie dereraci bl e
(i nnethdi amBELrdi kA MM thei il vl LS fiddied Wt 80, g of the fine
car bonaceous fi ber obet ai ned aftere tﬁ"geg%%%%é%a a&lr?a'to%notﬁﬁgt 931%%0 C and
gr aphiceirbataceous ediforent Tat a3688eCof SF3R: Gahbhedi QUE i HISH NhAni gh-frequency
heat i n% fgr nace for 30 mnutes in argon atnosphere. WO
2008/ £8842 13%B9<IPIEG 2P0 72 450 JeCameunti 08 donduarti@A) fuskedrimdxaml es and

Co i ye, | . Car bon . napof i ber (trad ,
car boh P bk (RS Ty md T PG L BERE OOy Aufur HEA e el SPOM

DBKKO: BKr&ade in G t . KETJENBLACK EC- 600JD
(her e naf ter ref g%egﬁ%%%ﬁKgﬁiu%aéﬁgg%%% ll());g'LE‘gén ngFSUEh , Tt . (3)

Car bofii fisemoindse ifhehei tafdtolidefalued 60 @xrcWErion from conductive
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10 [Conductive filler (B) used in Exanpl es and Conparative exanples] (4)
Car bon nanofi ber (trade nane: vapor grown carbon fiber (hereinafter

ref erred wo 2a68/8CGKk) nmanuf actured by SHOM DENKO K. K. ) PpCDyrtiarbmnas4f i ber
(trade nane: HTA-CMF-0160-0H (hereinafter referred to as CF 1) manufactured
by TCED TENAX Co., Ltd.) 15(6) Carbon fiber (trade name: HTA- CMF-0040-011
(herei mafiter (®f iRt €@ 88cbfe BndmNUlASENT £l Ay +BOEDR; TENAX; 0., Ltd.)

(7) Graphite particles (trade nanme: UF- G30 manufactured by SHOM DENKO

K. K. ) obtaini®) sHaipl tregpantoL|lesdidctadetpane: UF- G5 manuf act ured by SHOWA
20 DENKO K. K.) _. (9) Carbon_precursor prepared by pulverizing petrol eum coke
or pitch coke dhd-tdMSIEAPAE Fhet para iecbecsi setio e Bheudhinen Exanpl es and
Conpar at.L Ve l.e er__et her .k e (-hereinafter onet.i nes

abbr ovesr L EXE RS R BEHHE 1 RCh s b Rl B byt BB . )
andsa pebyearbponatsei(hemnsia ]g@frer%gqgt Leesta@bdgevi ated as PC, trade nane:

| upi | on S3000, nmanufactured by M tsubishi Engineering-Plastics Corporation)
are used as a Bbex msudst o€ segdied 3ddeKoeadangs nef kodlinExanpées 1 to 14
and Conparative anples 1 to 12 WD 2008/ 105121PCT/ JP2007/ 071434

For knggaPWgt,lca SCaPERGY i SSErBl aPetiderati?BA6R koo, idehew

di aneter. .. 4 Dy=.37 t ro sed. .Resin and
conduct%i[esrel ??Werolﬁ{e:Bicﬁg}éeiF %g[{é%%ega%%%%%%%t&& E%ﬁ\é@%%% C |hvl§af:i Il er
(A.) i sibst riedriceed sf napyer sisledreedel o- §J hendineadi BEoiist cONduE edpupder the
conditions that the resin tenperature of polyether ether ketone (PEEK) is
380 C apdubred oy Aopartbng spesiictividp tpmesds ten bel yedudsshame ERE), the
resin rature. is 270 C and g screw rotati speed is 100 rpm 10

[ Eval u%ﬁ?%%‘%e‘fﬁ’&&u& Olzaep%lb‘?‘?;']ﬁt&ﬁnt ﬁ?’éslﬁ%lﬂnq};'ue] For kneading,
Labo Pl astom | f e TQy0 i ki ﬁg{ S o, LTD.
is used. Fi rsti{fﬁ%{s%%%lpgé?ﬁf?%gesgq%ﬁ%o%ﬁ% 1n§|5t|V,| ,tﬁgného en (t?%gﬂfegsi nis :
mel t edficongugihiveécf Fiber {ddadrto( Besis nudt educedmébes einnrrbvihg kneadi ng
is conducted under the conditions that the resin tenperature is 280 C, the
ni xer FOtERTVITS ABqliBReshed 8@ lupm ahderrollatdaai fgom | sandustiTeni nut es. The
kneaded. | &1 S | ded b t-pressing into_a flat plate having a size
of ?%oogif%% QB)Z mg][lagﬁdcﬁ%esﬁaﬁ%gr?eﬁls a\ﬂ#ﬁzegfﬂ%so hceof’éjﬁf:%éyégﬁeasured
and then 2bhecayther hhhberif Bt WAk rahigh dhe ¥oLYNE, r&sicsideaw tyoyal ue
changes drastically frominsulative region to current-conducting region, is
r egar delee axhaniomepencbhat i am inlereshel th vidlauespExanpheso ausedlé and

Conpar ati ve Exanple 13 25For. kneading, a co-rotating tw n screw extruder
(ZE40A3§<C%Rﬁie $Br %b\ﬁd?%@%d H3Lh 014 Bt SPFURmNdfASruFBE By Bbr strof f i s

used. cRRSidhaih0Lr eEbEed, Lo, oGl W Ileel LA TS
i ntroduced 91‘}ra:]§)mla si de eecf{are oré%&%%%r@ﬂ%ﬁ QQrHﬁé ljeeokn{%’% ing is
coliducs eikathder thbeclspnstidd=o@s aothan resinn 30Henparatule ws 270 C and a
screw rotation speed of 100 rpm WO 2008/ 105121PCT/J P2007/071434 [ Met hod
of nol B SPrafpley dbseyrves, apdnCorgmcmeirescExpaptlesles remadning et i on
nol di i s conducted to. nD a flat plat 100 x.100 x 2(thickness) mm
usi ngn%lef fjecti 6n- ng?%ﬁc%‘rg h&%hlﬁ?éso(nt &85egh£s Con veas%ufild "R R
increase in the aspect ratio strengthened three-~dimensional

entanglement among particles, so that searing force at the time of
26 kneading the resin could not ravel out every filament. Therefore,
if the aspect ratio of the fine graphitic fiber exceeds 1000, it is
difficult to form efficient conductive network because of formation
of agglomerated particles, which may lead to failure to obtain the
effect of reduction in the threshold value of percolation.
30 It is preferable that the average interplanar spacing doo:

of the fine graphitic fiber used in the invention, as determined by
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5 nanme: "F-45", manufactured by Kl ockner) under the conditions of nolding
tenperature of 400 C, die tenperature of 180 C and injection speed of 50
ram sec iwothes/wsre of pol yether ether ketone (PEEK), amrdtiimiheriease of

pol ycarbonate (PC), nolding tenperature is 280 C, die tenperature is 100 -C
and injection speed of 50 10 mmi sec. Conpression nolding is
conduckedagt g 2686-Lt\Wohhndr REES VY 61014800 Kkfdenk wshRe 8ot hesamigr m ng
machi ne manufactured by N ppo engineering Co., LTD. Sheet nolding is
conductrede apr2BraBlfo0 . PE7 atd B BA1Cnfpr sbl Phide psefigrablTy di 838ntbh 250 mm
in wdth and 200 umin thickness) and an uni axi al extruder having a

di anet 8r36f ®Mrth 30 MmO (manufactured by SOKEN). The results are shown in
Table 2. In Tahle 2, 0 is.the case ere ange. i-n | une_resistiwvity of
(he resin sat £t enrosataRtrotin Aot pELEhEse e Pirersathange i 20

vol sine gi-8&i 84 i MHd ¥a0fial hgi F&S a8 ReNPes 33§i'rc§ffs¥ 1QXh8n { 2 aB-abbkre, [ Fi ber

di aneter and Particle size] A neasuring nethod of shape paraneter of
conducthveudh Ipaeral2sli scdescldtient bél dherrEanducteicorpbEéd ecsrlame oobser ved by
a scanni ng?el ectron_m croscope at magnification of x 100 to 30,000. The

mi cr ogPaphPE THRESes E&FE: i WpAlt GORTESRRANRFeR HPAPPLEr PEEYSRR fTaRerings

" LUZEX- AP ture I ation) d.fiber di r or m nor
axis of S:?I)f)fé(}%t[rlle u%t% i \%8 ??$¥@aﬁﬁggﬁ§%%£8%r%°%agﬁ€e#%b%%gqég{%g% a nunber
aver aggchiRera @it ehe Ofio PR itelb@ sSk 2 ear KEHENBLASKvE By absemaee1by a
scanning el ectron mcroscope at magnification of x 500,000 and subjected

t 01@ hemsaner anelegdinsedy absrr ithed rabovicn [Fidenhehenythoserbiasgddyt rati o]
6Conductive fillers e observed continuously by an aspect ratio scanning
el ect r BHAT €T ségﬁefg{)eﬁa@%ﬁ%‘:@atlrsoﬁo‘é‘fhx PyoRed- D lﬁan?i;lﬁm' cally. The

obt ai n?grémga'b% Eﬂé’ﬁﬁﬂglre‘?#e.t hen! JRAG-ANAlY Z6H é@gt%ik%ﬁ{ S22kl or major

axes of 300 conductive I aments are asure ai n a- nunber
aver ageahilpersncengt h.AslGAspeal tf adéiartirencabbul at edibywhdl Fidengecan wyver age
fiber length by an average fiber dianeter. [Specific surface area] A
speci f pehanedheadarentaat masdytaachycan thogedugad- 15 Bbssidption eetdhod

usihg NOVA 1000 (trade name, manufactured by Yuasa.lonics, |nc. [ Bul k
dolieP, BT ihnt! 6296n 0 e BRRRE SRS Fihal o8l Bo R e s e S
measur b8gi gt rdd Rdetne Ak density Jedepbhahded Dy MRasuihose can ent
after shaking the cylinder for 1 mnute wwth a shaker. [Resistivity] A
resi st aveétagda sndabtralaedr byparsinggda. Setamrdsp@s Béshigh diage2B5hkower
resistivity than that of carbon filler, adding the carbon filler_to the
si | ver CpEstas PRVPEAST riF T SEdALehenbY t B €arBBReY iMitdy GrwstReLIsF¢Yer

past e Ay [ ne. . e ed 100, % o f
Measur r%]}?%fca\%g %%ﬁen]?%stsll%gttl:é@ilt?yogﬁéasdlr?t%’{igegggeo%y{? ?% q%lgﬁdg%:l?é%rw th an
i nEul aAt@drdiesilst aneen Melheyd (Ritghréesi Staree rBRt erand faddtaaen R840,

manuf act ured by ADVANTEST CORPORATI ON), WD 2008/ 105121PCT/ JP2007/ 071434 on
nol dedcddetingsehasi figber 4 okain Méviesthvbonaasfous0gibem becoere. On
difficult. As a result, twice or more of the amount of the filler,
as compared with the amount of fine graphitic fiber with well-
developed crystals, is required to attain conductivity of the same
26 level in the resin composite. Therefore, the difference in
threshold values of percolation from conductive filler (B) becomes
small and stability of conductivity tends to deteriorate.
It is preferred in the present invention that fine
graphitic fiber capable of attaining volume resistivity of 10° Qcm

30  or less when added alone to thermoplastic resin in an amount of 2

to 10 mass% be used, more preferably in an amount of 2.5 to 9
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nol ded bodi es having a volune resistivity of 10' GCcmor |less, a four-probe
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fiber exceeds 10 mass%, the volume resistivity of the resin becomes
smaller than 10° Qcm and tends to fall outside the semiconductive
region.
The fine graphitic fiber having the above described
26 characteristics, used in the present invention, can be prepared by
thermally decomposing carbon source (organic compound) in the
presence of organic transition metal compound.
Examples of carbon source (organic compound) serving
materials for the fine graphitic fiber which can be used in the
30 present invention include toluene, benzene, naphthalene, ethylene,

acetylene, ethane, natural gases, carbon monoxide and mixtures

156



Injection volume : 2 nL. 30The total anount of outgas, the generated anount
of nethylene chloride and n-heptane, are calculated fromthe following WO
2008/ 105 0RPGR/1WFP2007/ 071434 et hod. Total out gas anountCpgig)/e7igsot al
peak area of sanple - total peak area of blank) / (n-octane peak areal
n-octane mass (g)) x 1/ (sanple mass(g)) 5Generated nethyl ene chloride

aTount (RALE) RPN o8 Slall T BARachLAL T den o ReakefEeanal n-oct ane

/ n-octane “nmas sanp Gener at ed hept ane

amuntehpghl) are (Pesderacaa of heptane) / (peak area of n-octane in-octane
mass (g)) x 1/ (sanple 10mass(g)) The cases which satisfied al
requi rement s fThat ordrniottaiansutyers metmintcompornggrepigrineddanfhhtoR he

gener at ed_net hy| ene chl oride_ampunt_is 0,1 pg/ r .| ess and t th
gener Z&a1cEPEBI YA i _ag%EntT %t&a%st}ﬁQ%P%agssl,s rneeg\e/%%%lgtoeéd gs ",
thgse h3upli gNedeld AUSdBePnfa Q! dIRNE. OfpldiaecheakimsieNithaeseval uat ed

. e features ol conductive fillers are collectively shown
i n Tabhhe1hdandetRe-aTRosi hiokslaghaar operti es of each conposition are

collectively shown in Table 2 and 3. c 22 ra CL L 81, 04 OV 9299 0
00 C E 000 a)-@.an atmosphere of thermal decomposition reaction, sulfur
compound such as sulfur and thiophene may be used as a catalyst aid
for the purpose of efficiently removing gases such as hydrogen
10 adsorbed on the surface of transition metal catalyst particles to
thereby enhance catalyst activity.

Using reducing gas such as hydrogen as carrier gas, the
organic compound, the organic transition metal compound and the
sulfur compound are supplied into a reaction furnace heated to a

15  temperature range of 800 to 1300 °C to thermally decompose to
thereby obtain fine carbonaceous fiber.

As for form of the raw material, a material obtained by
dissolving organic transition metal compound and sulfur compound in
aromatic hydrocarbon and a material gasified at a temperature of

20 500 °C or lower can be used. However, in case of using liquid
material, since gasification or decomposition of the material
occurs on the wall of the reaction tube to thereby cause uneven
distribution of the material, which results in a tendency for of
thus generated vapor grown carbon fiber to agglomerate. Therefore,

25  with respect to form of the raw material, gas material, which can
enable uniform concentration of the raw material in the reaction
tube, 1s preferred.

A preferred ratio of the transition metal catalyst to
sulfur compound catalyst aid (sulfur/(transition metal + sulfur))

30 is in a range of 10 to 35 mass %. If the ratio is less than 10

mass%, removal of hydrogen adsorbed on the catalyst becomes
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incomplete, to thereby cause disturbance in supply of carbon source
to the catalyst and as a result, generation of carbon particles
other than fibers tends to occur.

If the ratio exceeds 35 mass%, catalyst activity is

5 enhanced, which tends to result in increase in interaction between
fiber filaments to cause increase in the number of branches in
fiber, generation of radial fibers or the like to thereby form
strongly agglomerated particles.

The preferred ratio of the supplied amount of the raw

10 material to the carrier gas flow (raw material (g)/gas (L)) in the
reaction tube is 1 g/L or less, more preferably 0.5 g/L or less,
still more preferably 0.2 g/L or less. In a case where the
concentration of the raw material in the vapor phase exceeds 1 g/IL,
heterogeneous nucleation of catalyst particles occurs on the

15  surface of generated vapor grown carbon fiber and fine carbonaceous
fiber filaments further generates fine carbonaceous fiber filaments
from their surfaces, to thereby form a silver-frost-like fine
carbonaceous fiber filaments and such a fiber alone cannot be
singly dispersed.

20 It is preferred that thermal treatment at a temperature of
900 to 1300 °C in the inert atmosphere be carried out for the
purpose of removing organic substances such as tars attached to
fine carbonaceous fiber surface. Also, in order to enhance
conductivity of vapor grown carbon fiber, it is preferred that

25 further treatment at a temperature of 2000 to 3500 °C in the inert
atmosphere be carried out to thereby develop crystals.

Any heat treatment furnace used for development of crystals
may be used as long as the furnace can retain at a temperature of
2000 °C or higher, preferably 2300 °C or higher, for example,

30 Acheson furnace, resistance furnace and high-frequency furnace can

be employed. In some cases, a method where electricity is applied
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directly to powder or a molded body to heat it may be employed.

A preferred atmosphere for thermal treatment is non-
oxygenated atmosphere, more preferably, a noble gas atmosphere of
one or more kinds selected from argon, helium, neon and the like.
The shorter the thermal treatment time, the more preferable in
terms of productivity. If heating is continued for a long time,
the formed body is sintered and solidified, to thereby deteriorate
the production yield. Generally, retention of the temperature for
10 minutes to 1 hour after the temperature of the core part of the
formed body or the like has reached the target temperature is
sufficient.

In order for crystal of fine graphitic fiber to develop
further to thereby enhance conductivity, boron carbide (B;C), boron
oxide (B,0s;), elemental boron, boric acid (Hs3BO3) may be blended in
conducting graphitization treatment by heating at a temperature of
2000 to 3500 °C in inert atmosphere.

The addition amount of boron compound, depending on
chemical and physical properties, cannot be flatly defined. For
example, in case of using boron carbide (BsC), the amount is in a
range of 0.05 to 10 mass%, preferably 0.1 to 5 mass%, based on the
amount of carbon fiber.

By thermally treating with boron compound, crystallinity of
graphite present in the fine graphitic fiber is enhanced and so is
conductivity. A preferred boron amount contained inside fine
graphitic fiber crystals or on the crystal surface is in a range of
0.01 to 5 mass%. For improvement in conductivity of the graphitic
fiber or affinity with resin, more preferred amount is 0.1 mass% or
more. The amount of boron which can be substituted into grapheme
sheet’is about 3 mass%. A larger amount, especially a boron amount
exceeding 5 mass%, present in form of boron carbide or boron oxide

and it may become a cause for decrease in conductivity.

18

1.

CD



l-a) oONCD 6_it 02 a) - a) >t0 E-F < C3 CL Luuogi, w00 Lwu wOC w 1L
wr 1L wdoi, wis wdoz 0 i> CD-0S LTJg 0 dODA VGCF-S INO (araosoa)a Z JO
UF- G 30 swednis/@arbon precursor WO 2008/ 105121PCT/ JP20QT/10700A8714 24

Also, for the purpose of enhancing affinity between fine
graphitic fiber and resin, the fine graphitic fiber may be
subjected to oxidation treatment to introduce phenolic hydroxyl
group, carboxyl group, quinone group or lactone group to the

) surface. Further, surface treatment may be conducted by using
silane-based, titanate-based, aluminum-based or phosphate-based
coupling agent.

Next, conductive filler (B) used in the invention will be
described. -

10 As conductive filler (B) used in the invention, milled
fibers of polyacrylonitrile-based, pitch-based or rayon-based
carbon fiber can be used. A preferred fiber diameter is in a range
of 3 to 12um, more preferably 4 to 10um, still more preferably 5 to
8um. If the fiber diameter exceeds 12 pm, irregularities are

15 formed by carbon fiber on surface of the formed body, resulting in
difficulty in obtaining smooth surface.

A preferred aspect ratio of carbon fiber is in a range of
10 to 40, more preferably 15 to 35, still more preferably 20 to 30.

If the aspect ratio of the carbon fiber exceeds 40, the threshold

20 value of percolation becomes far below 30 mass%, which results in
that the difference in threshold values of percolation from
conductive filler (A) becomes smaller than 20 mass% and stability
of conductivity tends to be markedly deteriorated.

A preferred interplanar spacing doo: is in a range of 0.338

25 to 0.350 nm, more preferably 0.340 to 0.348 nm, still more
preferably 0.342 to 0.346 nm.

Also, as conductive filler (B) used in the present
invention, carbon particles, as well as the above-mentioned milled
fibers, can be used. A preferred particle size is in a range of 1

30 to 50 pm, more preferably 5 to 40 nm, still more preferably 10 to
30 pym. If the particle size is finer than 1 um, the threshold
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value of percolation becomes below 30 mass%, which results in that
the difference in threshold values of percolation from conductive
filler (A) becomes smaller than 20 mass%, whereby stability of
conductivity tends to be markedly deteriorated and flowability of

5 the resin tends to be impaired. In contrast, if the particle size
exceeds 50 um, it tends to be difficult for fine carbon fiber to
serve as linkage between carbon particles, to thereby fail to
obtain stability of conductivity.

A preferred interplanar spacing dep: is in a range of 0.336

10 to 0.350, more preferably 0.338 to 0.348 nm, still more preferably
0.340 to 0.346 nm.

The conductive filler (B) used in the present invention has
a threshold value of percolation which value, when the filler (B)
alone is added to resin, is different from the threshold value of

15 percolation of the conductive filler (A) by a range of 10 to 50
mass %, preferably 22.5 to 45 mass%, more preferably 25 to 40
mass%.

Specifically, it is preferred that the amount of the
conductive filler (B) when added alone to thermoplastic resin to

20 obtain the volume resistivity of 10° Qcm or less, 22 to 60 mass%,
be more preferably 25 to 55 mass%, still more preferably 28 to 50
mass%.

If the amount of the fine graphitic fiber required to
obtain the volume resistivity of the resin of 10° Qcm or less

25 exceeds 60 mass%, flowability of the resin tends to be deteriorated
although conductivity tends to be stabilized.

In contrast, if the volume resistivity of the resin can be
10° Qcm or less by addition of the conductive filler (B) in an
amount less than 22 mass%, the difference in threshold values of

30 percolation between the conductive fillers (A) and (B) becomes

small and thereby stability of conductivity tends to be reduced.
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It is preferred that when the conductive filler (B) is
added in combination with the conductive filler (A) to
thermoplastic resin, the amount of the conductive filler (B) be in
a range of 5 to 20 mass%, more preferably 6 to 15 mass%, still more
preferably 7 to 12 mass%. .

If the amount of the conductive filler (B) is less than 5
mass%, effect to supplement conductive paths of the conductive
filler (A) will be lessened, which results in deterioration of
stability of conductivity against <hanges in conditions at the time
of kneading or molding process.

If the amount of the conductive filler (B) exceeds 20
mass%, flowability of the resin at the time of molding and
flexibility of the molded product tends to be markedly
deteriorated.

Moreover, it is preferred that the total amount of the
conductive fillers ((A) + (B)) in the thermoélastic resin be 20
mass% or less, more preferably 18 mass% or less, still more
preferably 16 mass% or less.

If the total amount of the conductive fillers ((A) + (B))
in the thermoplastic resin exceeds 20 mass%, flowability of the

resin at the time of molding and/or flexibility of the molded

‘product tends to be deteriorated.

The thermoplastic resin used in the present invention is
selected from the group consisting of polyethylene, polypropylene,
polystyrene, cycloolefin polymer, nylon 11, nylon 12, nylon 6,
nylon 610, nylon 612, nylon 66, aromatic polyamide, AS
resin(acrylonitrile/styrene copolymer), ABS
resin(acrylonitrile/styrene/butadiene copolymer), polyethylene
terephthalate, polybutylene terephthalate, polyethylene
naphthalate, liquid crystal polyester, polyphenylene sulfide,
polycarbonate, polysulfone, polyether sulfone, polyimide, polyether
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imide, polyamide imide, polyether ketone, polyether ether ketone,
polyacetal, polyphenylene ether, modified polyphenylene ether,
polybenzimidazole and fluorine resin.

Preferred from the viewpoint of heat resistance and
chemical resistance are polyether ether ketone, polyether sulfone,
polyether imide and liquid crystal polymer, preferred from the
viewpoint of dynamic strength are polycarbonate, polyphenylene
ether and polybutylene terephthalate, and preferred from the
viewpoint of water—absorbing property and low out—gas generation is
cycloolefin polymer.

In kneading the above conductive filler (A), conductive
filler (B) and the resin, especially in a case where fine graphitic
fiber is used as conductive filler (A), it is preferred that
breaking of the fine graphitic fiber be controlled to the minimum.

Specifically, it is preferred that the breaking ratio of the fine

o

graphitic fiber be controlled to 20 % or less, more preferably 15
or less, still more preferably 10 % or less.

In order to carrying out the kneading step while
controlling the breaking of the fine graphitic fiber to the
minimum, for example, the following approaches may be employed.

Generally, in a case where inorganic filler is melt-
kneaded with thermoplastic resin, high sharing force is applied to
agglomerated inorganic filler to break the agglomeration of the
filer into fine particles and then the filler is dispersed
uniformly into the molten resin. As kneaders generating high
shearing force, many of those employing millstone mechanism, such
as a twin-screw unidirectional extruder having introduced therein a
kneading disc applying high shearing force onto screw elements, are
used. However, when such a kneader is used, filaments of the fine

graphitic fiber will be broken. In contrast, in a case where a

single screw extruder is used, although breaking of filaments can
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be suppressed, dispersion of the fiber cannot be uniform.
Therefore, in order to attain uniform dispersion while suppressing
breaking of the fiber, it is preferred to lower shearing force by
using a co-rotating twin-screw extruder without a kneading disc, to

5 use a pressure kneader which can attain dispersion over a long
period of time without high shearing force, or to use a special
mixing element in a single-screw extruder.

Also, a preferred method for introducing the fine graphitic
fiber into a kneader is a method of introducing it into molten

10 resin. For example, in a case where the fine graphitic fiber and
the thermoplastic resin are kneaded in a twin-screw unidirectional
extruder, a preferred kneading method is that pellets of the resin
are introduced into a hopper in the upstream of the kneader, the
resin pellets are melted with heating from a heater and shearing

15 heat from the screws, and then the fine graphitic fiber is side-fed
from the midstream of the kneader into the molten resin. If the
fine graphitic fiber and the resin pellets are introduced from the
hopper into the kneader at the same time, breaking of filaments of
the fine graphitic fiber by the pellets tends to proceed until

200 melting of the pellets completes.

Since the fine graphitic fiber used in the present
invention, having a bulk specific gravity of 0.01 to 0.1 g/cm?,
readily involves air, it is difficult to deaerate by using a normal
single-screw extruder or unidirectional two-screw extruder and the

25  fiber cannot easily introduced into the resin. In this case, a
batch-type pressure kneader having excellent chargeability and
capable of suppressing breaking of fiber, can be used. The resin
kneaded by a batch-type pressure kneader may be introduced before
solidified into a single-screw extruder to form it into pellets.

30 Examples of injection-molding method include, other than

generally used methods, various methods such as insert injection
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molding where the material is integrally molded with metal
components or other components, double-color injection molding,
core-back injection molding, sandwich injection molding and
injection press molding. In injection molding, it is required to

5 set appropriate conditions in consideration fro changes in surface
resistance value caused by the resin temperature, the molding die
temperature and the molding pressure.

Examples of specific uses of the semiconductive resin

according to the present invention- include, in electric and

10 electronic fields, wafer carrier, wafer cassette, tote bottle,
wafer boat, IC tip tray, IC tip carrier, IC carrier tube, IC card,
tape packing and a reel packing, liquid crystal cassette, various
cases, storage tray, storage bottle, carrier device component, a
magnetic card reader, connector, computer slot, HD carrier, MR head

15 carrier, GMR head carrier, HSA carrier, voice coil motor (VCM) of
HDD and liquid crystal panel carrier; in the field of office
automation equipment, electrically-charged members in image-forming
apparatuses such as an electrophotographic copier and an
electrostatic recording apparatus, such as a charged roller, a

20 charged belt, a discharging belt, a transfer roller, a transfer
belt, a developing roller, transfer drum for recording apparatus, a
printed-circuit board cassette, bushing, paper and bill carrier,
paper feeder rail, font cartridge, ink ribbon canister, guide pin,
tray, roller, gear, sprocket, housing for computer, modem housing,

25 monitor housing, CD-ROM housing, printer housing, connector and
computer slot; in the field of communication instrument, components
of cellular phone, pager and various slide members; in the
automotive field, various members such as interior material,
underhood, electronic or electric device housing, gas tank cap,

30 fuel Ffilter, fuel line connector, fuel line clip, fuel tank, and

door handle; in other fields, covering material for electric wires
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and power cables, electric cable éupport, a radio wave absorber,

floor material, carpet, mothproof sheet, palette, shoe sole, tape,

brush, blower fan, sheet-shaped heating element and polyswitch.

However, they are merely exemplary and all products providing

5 advantageous effect of the invention are included in the scope of

the invention.

EXAMPLES
Hereinafter, the present invention is described in greater
10 detail by referring to Examples. However, the scope of the present
invention i1s not limited by the following Examples. Firstly,
production method of raw materials and samples are to be explained.
The production method of conductive filler (A) used in
Examples and Comparative Examples i1s described below. (Production
15  method of fine graphitic fiber: VGCF-8)
Benzene, ferrocene and thiophene of a mass ratio of 92 : 7
1l are mixed together to prepare a raw material liquid. The raw
material liquid is supplied into an evaporator heated at 400 °C to
volatilize it. The volatilized raw material gas is supplied by
20  using a carrier hydrogen gas into a SiC-made reaction furnace(
having an inner diameter of 120 mm and a height of 2000 mm) heated
at 1250 °C. The supply rate of the raw material is 10 g/min and the
flow rate of hydrogen is 60 L/min.
A graphite crucible (inner diameter: 100 mm, height: 150
256 mm) is filled with 80 g of the above-obtained reaction product and
calcinated at 1000 °C for 1 hour in argon atmosphere. A graphite
crucible (inner diameter: 100 mm, height : 150 mm) is filled with
80 g of the fine carbonaceous fiber obtained after the above
calcination at 1000 °C and graphitization treatment at 3000 °C is
30 carried out using a high-frequency heating furnace for 30 minutes

in argon atmosphere.
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[Conductive filler (A) used in Examples and Comparative Examples]

(1) Carbon nanofiber (trade name: vapor grown carbon fiber

(hereinafter referred to as VGCF-S) manufactured by SHOWA DENKO
) K.X.)

(2) Carbon black (trade name: KETJENBLACK EC-600JD

(hereinafter referred to as KB)) manufactured by Lion Agzo Co.,

Ltd.

(3) Carbon nanotube (hereinafter referred to as CNT)

10 [Conductive filler (B) used in Examples and Comparative examples]
(4) Carbon nanofiber (trade name: vapor grown carbon fiber
(hereinafter referred to as VGCF) manufactured by SHOWA DENKO K.K.)
(5) Carbon fiber (trade name: HTA-CMF-0160-OH (hereinafter referred
to as CF 1) manufactured by TOHO TENAX Co.,Ltd.)

15 (6) Carbon fiber (trade name: HTA-CMF-0040-0H (hereinafter referred
to as CF 2) manufactured by TOHO TENAX Co., Ltd.)

(7) Graphite particles (trade name: UF-G30 manufactured by SHOWA
DENKO K.K.)
(8) Graphite particles (trade name: UF-G5 manufactured by SHOWA

20 DENKO K.K.)

(9) Carbon precursor prepared by pulverizing petroleum coke or
pitch coke and controlling the particle size to be 20um.

In Examples and Comparative Examples, a polyether ether
ketone (hereinafter, sometimes abbreviated as PEEK, trade name:

25 150PF, manufactured by Victrex plc.) and a polycarbonate
(hereinafter sometimes abbreviated as PC, trade name: Iupilon
53000, manufactured by Mitsubishi Engineering-Plastics Corporation)

are used as a thermoplastic resin.

30 [Kneading method]

Examples 1 to 14 and Comparative Examples 1 to 12

26



INOI 6 2c ci) cri 2 10Qd I1d 1Gd Od Gd Od Od Gd Od Od Gd N3Ed ) 139d ) 133d
113 713 C texa 913 913 Ex3 813 61(3 0Ov13 1113 Z 113 C 113 171: X3
WO 2008/105121 PCT/JP2007/071434

For kneading, a corotating twin screw extruder (ZE40A x
40D, screw diameter: 43 mm, L/D = 37) manufactured by Berstroff was
used. Resin and conductive filler (B) are introduced from a hopper
and conductive filler (A) is introduced from a side feeder.

5 The kneading is conducted under the conditions that the
resin temperature of polyether ether ketone (PEEK) is 380 °C and a
screw rotation speed is 100 rpm. As for polycarbonate (PC), the
resin temperature is 270 °C and a screw rotation speed is 100 rpm.

10 [Evaluating method of percolation threshold wvalue]

For kneading, Labo Plastomill (trade name, manufactured by
Toyo Seiki Seisaku-sho, LTD.) is used. First, resin is introduced
into the mill, and when the resin is melted, conductive filler (A)
or (B) is introduced therein.

15 The kneading is conducted under the conditions that the
resin temperature is 280 °C, the mixer rotation frequency is 80 rpm
and the kneading time is 10 minutes. The kneaded sample is molded
by melt-pressing into a flat plate having a size of 100 x 100 x 2
mm and its volume resistivity values thereof are measured and the

20 carbon filler content at which the volume resistivity value changes
drastically from insulative region to current-conducting region, is

regarded as the percolation threshold value.

Examples 15 to 16 and Comparative Example 13
25 For kneading, a co-rotating twin screw extruder (ZE40A x 40D,
screw diameter: 43 mm, L/D = 37) manufactured by Berstroff is used.
Resin is introduced from a hopper and conductive filler (A) is
introduced from a side feeder or a hopper.
The kneading is conducted under the conditions of a resin

30  temperature of 270 °C and a screw rotation speed of 100 rpm.

27



-1-

10

15

20

25

30

coCal ocMm0O 0O
75-C3-0 0 LO0O OO0 2 E a

0000xx x 2, oen-O000 x XI 00 x x

WO 2008/105121 PCT/JP2007/071434

[Method of molding]
Examples 1 to 16 and Comparative Examples 1 to 13

Injection molding is conducted to mold a flat plate (100 %
100 x 2(thickness) mm) using a injection molding machine (trade
name: “F-457, manufactured by Klockner) under the conditions of
molding temperature of 400 °C, die temperature of 180 °C and
injection speed of 50 mm/sec in the case of polyether ether ketone
(PEEK), and in the case of polycarbonate (PC), molding temperature
is 280 °C, die temperature is 100 °C and injection speed of 50
mm/sec.

Compression molding is conducted at 280 °C with a pressure
of 200 kgf/cm® using a thermoforming machine manufactured by Nippo
engineering Co., LTD.

Sheet molding is conducted at 280 °C for PC and 370 °C for
PEEK, using a T-die (with 250 mm in width and 200 pm in thickness)
and an uniaxial extruder having a diameter of with 30 mmd
(manufactured by SOKEN). The results are shown in Table 2. In
Table 2, o0 is the case where change in volume resistivity of the
resin satisfies 10%*'Qem (2=X=11), x is the case where change in
volume resistivity of the resin does not satisfy 10*%*Qcm

(2=X=11).

[Fiber diameter and Particle size]

A measuring method of shape parameter of conductive filler

is described below. Conductive fillers are observed by a scanning
electron microscope at magnification of x 100 to 30,000. The
micrographic images are input into an image analyzer (trade name:
“LUZEX-AP”, manufactured by NIRECO Corporation) and fiber diameter
or minor axis of 300 conductive filler filaments are measured to
obtain a number average fiber diameter or particle size.

KETJENBLACK is observed by a scanning electron microscope

28
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at magnification of % 500,000 and subjected to the same analysis as

described above.

[Fiber length and Aspect ratio]

Conductive fillers are observed continuously by an aspect
ratio scanning electron microscope at magnification of x 100 to
3,000 panoramically. The obtained images are input into the image
analyzer and fiber length or major axes of 300 conductive filler
filaments are measured to obtain a- number average fiber length.

Aspect ratio is calculated by dividing an average fiber

length by an average fiber diameter.

[Specific surface areal
A specific surface area is measured by nitrogen gas
absorption method using NOVA 1000 (trade name, manufactured by

Yuasa Ionics Inc.).

[Bulk density]
1 g of conductive filler is put into a 100 ml of measuring
cylinder. A bulk density is obtained by measuring content after

shaking the cylinder for 1 minute with a shaker.

[Resistivity]

A resistivity is obtained by using a silver paste which has
lower resistivity than that of carbon filler, adding the carbon
filler to the silver paste, increasing the content of the carbon
filler in the silver paste and extrapolating the value based on 100
% of carbon filler.

Measurement of volume resistivity of a molded body is
conducted with an insulation resistance meter (high resistance

meter, trade name: R8340, manufactured by ADVANTEST CORPORATION),
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on molded bodies having a volume resistivity of 10°® Qcm or more. On
molded bodies having a volume resistivity of 10° Qcm or less, a
four-probe method (trade name:Loresta HP MCP-T410, manufactured by

Mitsubishi chemical corporation) is used.

[Recovery of filler after kneading]

In the case of PEEK resin composition, 1 g of the composition
is immersed in hot concentrated sulfuric acid for 10 hours. This
is subjected to filtration, water washing and drying to recover the
filler contained in the resin.

In the case of PC resin composition, 1 g of the composition
is immersed in chloroform for 10 hours. This is subjectéd to
filtration, water washing and drying to recover the filler
contained in the resin.

In the case of COP(cyclo olefin polymer) resin composition, 1
g of the composition is placed in a graphite crucible and
calcinated at 1000 °C in the presence of argon to decompose the

resin, and whereby the filler alone is recovered.

[Breaking ratio of carbon fiber]

The recovered fiber is observed by an electron microscope
to obtain a number average fiber length by an image analysis. The
Breaking ratio of the carbon fiber is calculated by the following
formula.

Breaking ratio of carben fiber (%) = {1-( carbon fiber
length of molded composition / fiber length of raw material wvapor

grown carbon fiber)} x 100

[Particle elimination (berry drop)]
A flat plate of 100 x 100 x 2 mm is immersed in 500 ml of

pure water and applied thereto is 40 KHz of ultrasonic wave for 60
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seconds. After that, the extracted water is aspirated by a
submerged particle counter to thereby count the number of particles
having a particle size of 1 um or more. The cases where the number
of such particles exceeds 5000 per unit surface area of 1 cm® are
evaluated as “x”, those with the number 5000 or less are evaluated

as \\OII

[Outgas measurement]

The amounts of n-heptane, methylene chloride and total
outgas are measured respectively by using headspace gas
chromatography according to the method described in Japanese Patent
Application Laid-open No. 118222/2001. Specific measurement method
is described below.

Two pieces of test sample (total area: 12.6 cm®) of 22 x 10
X 3 mm are cut out from a molded body. A gas is extracted from the
sample under the conditions of a heating temperature of 85 °C, an
equilibration time of 16 hours in a 22 ml-volume vial into which 10
BL of n-octane is added as an internal standard substance. The gas
generated in the vial is measured by gas chromatogram (GC/MS). The
measurement condition is shown below.

Apparatus: “GC/MS QP5050” manufactured by Shimadzu Corporation,
Column: CHROMPAK PORAPLOT Q 0.32mm x 25 m,
Column temperature : 35 to 240 °C (10 °C/min),
Inlet temperature: 230 °C,
Interface temperature: 280 °C,
Carrier gas: helium,
Inlet pressure: 100 KPas,
Total flow rate: 60 mL/min,
Injection volume : 2 mL. ‘
The total amount of outgas, the generated amount of

methylene chloride and n-heptane, are calculated from the following
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method.
Total outgas amount (png/g)= (total peak area of sample
- total peak area of blank) / (n-octane peak area/ n-octane mass
(g)) x 1/ (sample mass(g))
5 Generated methylene chloride amount (pg/g) = (peak area
of methylene chloride) / (peak area of n-octane /n—-octane mass (g))
x 1/ (sample mass(g))
Generated heptane amount (pg/g) = (peak area of
heptane) / (peak area of n-octane 7/n-octane mass (g)) x 1/(sample
10 mass(qg))

The cases which satisfied all requirements that the total
outgas amount is 1 pg/g or less, that the generated methylene
chloride amount is 0.1 ng/g or less and that the generated carbon
hydride amount is 0.5 pg/g or less, are evaluated as “o”, those

15 which fell outside one or more of these requirements are evaluated
as “x”.

The features of the conductive fillers are collectively

shown in Table 1 and the compositions and properties of each

composition are collectively shown in Table 2 and 3.
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INDUSTRIAL APPLICABILITY
Since the change of volume resistivity can be

controlled in a narrow range (within 10*1(Qem) ) even when
the content of the electroconductive filler in a resin is

b fluctuated in 10 mass%, the semiconductive resin
composition according to the invention can be used in a
wide range, for example, in electrical and electronic
fields, as wafer carrier, wafer cassette, tote bottle,
wafer boat, IC tip tray, IC tip carrier, IC carrier tube,

10 IC card, tape packing and reel packing, liquid crystal
cassette, various cases, storage tray, storage bottle,
carrier device components, magnetic card reader, connector,
computer slot, HD carrier, MR head carrier, GMR head
carrier, HSA carrier, a voice coil motor (VCM) of HDD or

15 liguid crystal panel carrier; in the field of office
automation equipment, as electrically-charged members in
image-forming apparatuses such as an electrophotographic
copier and an electrostatic recording apparatus, such as
charged roller, charged belt, neutralized belt transfer

20 roller, transfer belt and developing roller; a transfer
drum for recording apparatus, printed-circuit board
cassette, bushing, paper and bill carrier, paper feeder
rail, font cartridge, ink ribbon canister, guide pin, tray,
roller, gear, sprocket, housing for computer, modem

25 housing, monitor housing, CD-ROM housing, printer housing,
connector and computer slot; in the field of communication
instrument,‘parts of cellular phone, pager or various slide
members; in the automotive field, as interior material,
underhood, electronic or electric device housing, gas tank

30 cap, fuel filter, fuel line connector, fuel line clip, fuel

tank, or door handle and various parts; in other fields, as

37



=1-- d G O 91:x3 91:x3 El, 'x3 sdwoo | NDUSTRI AL APPLI CABI LI TY Since
t he change of volune resistivity can be controlled in a narrow range

(wi thin Woadi@emw¥§i2zieven when the content of the el ectroeomdeziom4d4 |l er in
aresinis 5 fluctuated in 10 mass% the sem conductive resin conposition
according to the invention can be used in a wde range, for exanple, in

el ectrical and electronic fields, as wafer carrier, wafer cassette, tote
bot t | ecowafr@mpaaitediGld potrayect€iti picar riret ,pdecacabke,tube, 10 IC
card, tape packing and reel packing, liquid crystal cassette, various
cases, edeotage taale stwpkeet borefléo vave ebsfshte chbhpohents, magnetic
card reader,, %annector (of0) Hter Iog, @D caﬁyi NFEE%EQOEerier’ GWR
head cHBALSEL 2 HSATRT T ermCePNEPRE E8FF thotst ﬁyg\%’ of or 16 liquid
crystal panel, canf i 6fsoud tAgnl i shdeol sabijce A ni@mté Dameqi prent, as

el ectrically-charged nenbers in image-form ng apparatuses such as an

el extroph raphi ¢ copier and an electrostatic recordi ng apparatus, such
as charged roller, charged belt, neutralized belt transfer 20 roller,
transfer belt and developing roller; a transfer drumfor recording
apparatus, printed-circuit board cassette, bushing, paper and bill carrier,
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various parts; in other fields, as W) 2008/ 105121PCT/J P2007/ 071434
covering materials of electric wire and power cable, electric cable
support, radi o wave absorber, floor nmaterial, carpet, nothproof sheet,

pal ette, shoe sole, tape, brush, blower fan, sheet-shape heating el ement or
5 polyswitch. Cdains 1. A sem conductive resin conposition containing two
or nore kinds of conductive fillers, wherein one conductive filler is
carbon nanotube, wherein the difference in threshold val ues of percolation
between at | east two kinds of the conductive fillers is within a range of
10 to 50 mass% and wherein the sem conductive resin conposition conprises
a region where change in volune resistivity of the resin conplex is
10n112cm (2.a5.11) in an extent that the total anpunt of the conductive
fillers in the resinis within a range of 10 to 20 mass% 2. The

sem conductive resin conposition according to claim1, wherein the at | east
two kinds of the conductive fillers each contain 98 nmass% or nore of carbon
and the volune resistivity of each of the fillers is 1010cm or |ess.
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3. The sem conductive resin conposition according to claim1l1 or 2,

wherein the difference between at |east two kinds of the conductive

fillers in threshold val ues of percolation obtained in adding a

single conductive filler to aresinis within a range of 20 to 40
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of clainmscidimko 3, conprising conductive filler (A) having a threshold

val ue of percolation of 2 to 10 nass% and conductive filler (B)
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The o MEd DU el Lot ) ot e o e f e
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10, wherein the total outgas amount 1Is g/g or less, the amobunt of
met hyl eng, & Bb@ktirdBedloBthOserhicthd @@ fesh mosn@m&s&m inaamwmfc@fns hypdr ocar bon
is 0.5 1iii.g/g or less in neasurenent on those generated from 12.6
cn? of swur fracemarneaichicdimaadspace, gasd & e eamdmystied FediH td@ositoa ek ibeOif Sny Gfie
heati ng t esrpeinat tne woéreiBhEnumbel oRgtitidsihbving b ipottietsiza@ 1 @ oflBordxdappisg off the surface
of the formed body is 5000 pes/cm? per unit area or less when the formed body having a surface are of 100 to 1000
cm?2 is immersed in 500 mi of pure water and ultrasonic wave of 40 kHz is applied for 60 seconds.

13. The formed product according to ¢claim 11, formed of the semiconductive resin composition described in any one
of claims 1 to 10, whergin the total outgas amount is 1 pg/g or less, the amount of methylene chloride is 0.1 po/g
or less, and the amount of hydrocarbon is 0.5 pgfg or less in measurement on those generated from 12.6 cm? of
surface area by headspace gas chromatogram under conditions of heating temperature of 85°C and equilibration
time of 16 hours. '
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