10

15

20

25

30

DESCRI PTI ON SEM CONDUCTI VE RESI N COVPCOSI TI ON TECHNI CAL

FI ELD The present invention relates to a sem
w@omdaeilieve resin conposition. Mre specifical PET/IR2067/071434

invention relates to a sem conductive resin

conposition excellent in reproducibility of volune

resistivity, in which \gdRepresyStivity can be
controlled to a desired value in its semnm conducti ve

regi on, production nethod thereof, a product fornmed by

using the conposition _and uses of various articles
SEMIQ%NW%TFHE Rt e S PESFIE ONBACKGROUND ART Mat eri al s

havi ng vol une resistivity of 106 to 101 2 Wem which is

at the level internedi ate between the vol une
TECHNERISFIRIpHY of netals and that of insulating

materials, are generally called sem conductive

r esiig" pr8eait oimitmttiice resehss i teh seheiconddvaitagesin

in.antistatic propert dust - agdsor ptj on preventing
COmPGSEAEPt y Morg FESC fk%%l%ﬁweﬁﬁ§eanVﬁn?%Qﬂ(f?*ﬁﬁ@ﬁetgt%tic

| SRt L i Yolll! . OF _eX ug terj.al. -l

et CABRESL LA el O OB Sen 1 BRIy o

volunghaegh pgividy,s it ki ghngobehd s-candtdvsepacgi g kehtsolled
of 1nage formation devices such as el ectrophotographic

to a dgsilerd Emdiceligctites sani condttridiengedev c axr @t tibkemethod

eher G SRS OISR LIS, S50 condct of components,
varidus@BSELEREd Al self kalbensyadd Jigueepi er and obtaining
clearer images or slowy elifrmnating static
el ectricity from precision conponents, it is

BACKGROUND ART

Materials having volume resistivity of 10° to 10%*2? Qcm
which is at the level intermediate between the volume resistivity
of metals and that of insulating materials, are generally called
“semiconductive resins”. Semiconductive resins, with their
advantages in antistatic property, dust-adsorption preventing
property and the like, are used in fields where static control is
required, for example, such a material is used as resin material
for charging components like charging rolls, charging belts and
discharging belts of image formation devices such as
electrophotographic copiers and electrostatic recording devices and
like containers for transporting semiconductor components.
However, recently, for the purpose of enhancing transcription
efficiency of the copier and obtaining clearer images or slowly
eliminating static electricity from precision components, it is
required to control the volume resistivity to a very narrow range
such as 10'° to 10'? Qcm in semiconductive region.

Generally, examples of method for imparting conductivity to
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required to control the volune resistivity to a very
narrow range such as 1010 to 101 2 Wmin
wa@essaaiiducti ve regi on. General ly, exanpl es of POEIIROG/071434
for inmparting conductivity toan electrically
insulative resin include (1) a nethod of adding
an elsgifhealdit ingpyabivettedofincdnder ting teshedsph addiong
£ ahlqg méth a hgdr Qgélic poIXner havi ng a  conductive |,
surtaghpity n'3) @ REFReGI R HAPVESF189 nBihdeBR APkPnglifg with a

hydrobfSl it W n ' Lak - |

varobEEL M S Elke G PR Rt e et fotB g Ee Hha

(3) auséiigpd Wif atkany tise admbhadthf cexpI@SSIeNGaterial such as
conductivity by allowng a | ow nol ecul ar wei ght

metal oo feratomt mebebiakd out on the resin surface and

absorb noisture present in the atnosphere. In this
nmet hod, the volune resistivity obtained here is on the

prscroseted i klelkerd®l 2 Wem and when the surface is
washed, the surfactant having bled out there is washed

awayh¢ andthexdely ) r esiice uorfdethhvi 1y.a Wdtdhodespeekpt®ssing
the method (2) involving conversion into alloy with
condupifrigphii alperinmm lovneeleenl aipbidiohy donfactast to bleed

conductivity, the obtained volume resistivify.is
out of THQ'Eols, Sur e o b oPRRgE i o5 o 5L 0T S Herkne
atmosphEAdel Inithid RRIUBR! Bhd Aol BeNcest B o A Mradh@BRehere
of a dispersion phase is easily changed according to

is on figrariongecondi 1¢°ors, 10f ? | Qclidrfd ubleh thestabfacd drsmwashed,
i on conducting path and as a result, the resistivit

the surfaelantehaBg dHies opetheEs \is Weshefeaia¥tta Fhareby

reducd®IRQE L3):0f M Xxing with conductive material, as a
conductive ﬁ%terial is added to the resin, a

With respect to the method (2) involving conversion into
alloy with hydrophilic polymer, since ion mobility dominates
conductivity, the obtained volume resistivity is limited to, at
most, a range of 10° to 10*? Qcm. Further, in a polymer alloy,
since the size or shape of a dispersion phase is easily changed
according to forming conditions, it is difficult to stably form a
ion conducting path and as a result, the resistivity cannot be
controlled precisely.

With respect to the method (3) of mixing with conductive
material, as a conductive material is added to the resin, a
conductive network is formed three-dimensionally at a certain
addition amount point and a percolation phenomenon where the
resistivity plunges from 10%® to 10° Qem is observed. Accordingly,
it is generally considered as difficult to control the resistivity
to a range of 10° to 10'? Qcm. Under these circumstances, a
production process of a semiconductive resin composition by mixing

a matrix thermoplastic resin, fine carbon fiber having an average
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conductive network is forned three-dinensionally at a
certain addition anmount point and a percol ation
w@b@sosaaon where the resistivity plunges fronPdDIR007071434
10 Wmis observed. Accordingly, it is generally
considered as difficult to control the resistivity to

diamécdranrge 200 AQsot 0], 2 WeMLmdhder thRe86plastic resin and/or
ci rcumnst ances, a production process of a
a themwipdesddct €Vast@sm togepbst t ham deennoxbngsad tat riapanese
t hernmoppl astic resin, fine carbon fiber having an
Patenty drRge R e r-ORS0 Hifr of 09 58] 650 on Tk (iGRY non-
LC Lesi [,0 pl.asti ast.omer
o T er o Rt pes BelB0attad TSL S0 830G, SRR or
dispffilonCahb o8 t&dih QRernhNoma2P03-28%688kea) BYo Usi d¥9ipt contact
nonconpati ble resins, this nethod can forman island
betwesry fdngr eavfonli Bigwrsi vathbhtlse dieplemsinnt Peasmtrdsin, to

r.esi sea) to disrupt . contact between fine carbon
therdqiip S at KT RO GHarEr 8 BAnSBCF dEF thodro Sehapatpe

. , : Uity Chi _ . he
oredi BeSEEL ConE L. LA LB TR PR Bl o,
sincenydr aphil££i Qaltyner coatA6E tHe is3zdi bEi shipe ter qomt rol
. the size or shape of the dispersion phase according to
dispergignnghesm i adasisdnasbei Eonting icehtlyt tamhotsdys condbbyivity
bt ai ned. . I n_.addi ti.on, another sem conductive resin
&ﬂnxﬁbksog.??%%,%ﬁ%ﬁﬁnﬁgd by conbination of the methods (2)
and 3L adeerPs] SiEh rMBbhi Xod @R vRAYEDg, Cﬁsr&‘;&ift'i%%f

and polyner-type antistatic agent bl ended therein, has

obtaibednbpr cpdsieth iipn] apaties endatoeist (Apphhdat3)gn dotpdi EPRG a
No. 2003-313428. Also in this nethod, since it is
matrig FEFEhl baties casbyn cbHeolancheodgact st atrgéabie agent
e 0050, SLOILRL ERONLAL Q0 BRI P B
Laid-0pBHURS | VED0ESI1B4C0MPASIsbl @A this method, since it is
difficult to stably control the sea-island structure according to
forming conditions, semiconductivity is hard to be obtained.
Furthermore, still another semiconductive resin composition
obtained by mixing conductive thermoplastic resin (A) having surface
resistivity of 10° Q or less and containing carbon black and/or
carbon fiber with conductive thermoplastic resin (B) having surface
resistivity of 10'? Q or more and containing carbon black and/or
carbon fiber compatible with (A) has been proposed in Japanese
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
where kneading irregularities are generated.

On the other hand, semiconductive resin compositions

3
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obt ai ned by m xi ng conductive thernoplastic resin (A
havi ng surface resistivity of 106 Wor |ess and
w@oeBadIizng car bon bl ack and/or carbon fiber wWaTJP2007/071434
conductive thernoplastic resin (B) having surface
resistivity of 101 2 Wor nore and contai ni ng carbon

compBil AGly aRdfpetLarid nhet ngoppatidlea WEtBafﬁ%nrﬁﬁééﬁ%%%r and

proposed i n Japanese Patent Application Laid-Op
Carbqnxinb2¢7blemded1ﬁhexaﬂ@thed séaplpraposes. anﬂapbneﬁe Patent
onductrve resins. At the tine of

App LA o F LRS- | BUOE ok ML CoPB 20 vignd s 7418
In tl% H%%ufn%ﬂf% ua&hee ac%%glr dég?%%&ég]%%? a BI nt ensr tJ_ySOr” is a

‘o surface r ance 0 ro ran e of

carbdfebas 184t @r WEIRRGG hYchfvdh GRReewhese g’ﬂ@l@éﬁ@@s or less.
irregularities are generated. On the other hand, sem

Thatc@ﬁdutmlt@ﬁ&&ﬁﬁQ¢U®@n968I@diﬂtﬂ@@npflle@ﬁEQHHdayuscmaterlal
Vi n articles of carbon precursor and carbon
ravintd B P Bl

Tthé&feHPRESE bR RISt GpBSeuns nresigdiadéy of 10°
L 0 4

oo IO GRS R IO

resistpatitiychestid tarbolf Pbesat sof." IS%eaJﬁlaéﬂDéH@CE%Q:lé%t

aterial having a carbon content of 97 mass %or |ess.
APPlIFﬁ5ﬂ0P3L34¢rQHﬁﬁ5@OHOHQHE$R%ﬂB -dddileereof ia this method, a

M IR P —
30 md@%g@eérVﬁof@kﬁﬁ?@%t&@léygﬁfQﬁﬁb%ﬂpbgeGQQQQ?%ﬂdncggbgﬂeflber

resistivity at the time of formation. (See Japanese

in toRafentMoAppivecat tha tijidt GaebohCEitddg- 87‘54]:8 JsHoweyels
in this nethod, a desired resistivity cannot obtained

CondUGﬁP&EYt%@%@&osﬂﬁr BROkYh iyl §8esbindstomgortnbhe Bime of
enca iRl o e PRSP oBR e TS bttt e used
resis@sveopductivity adjuster, is broken by shearing force
at the tine of

The present invention provides a stable semiconductive
resin composition realizing small change in volume resistivity even
if fluctuations of around 10 mass% in the conductive filler content
occur, by suppressing phenomenon of rapid decrease in resistance
caused by addition of conductive filler to an electrically
insulative resin.

As a result of extensive studies the present inventors
have made from a view to solving the problems, they have found out
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

content of a conductive filler when the volume resistivity of resin

drastically changes from an insulative region to a conductive
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kneadi ng or formation, which causes great fluctuation

in resistivity. The present invention provides a
w@r@bhesigeni conductive resin conposition real Pi/mpo07/071434

smal | change in volune resistivity even if

fluctuations of around 10 mass% i n the conductive

regidd lir€Eq00RG ele ACHMuctBY e SHPPIES HNgLRheagpgNON of
rapi d decrease in resistance caused by addition of

condilett ve, f atterdimy ao ehechbresalt yinvasiiliahj vehe e&lilowing

A s a result of extensive studies the present
semiGapddetdre R/ e opisirar RFUCEiss m@h@o@ Hehereof, a
0 ey have.found ut that b .
prOddﬁE h?]t E%a??% %n At VE régl con%ﬁlﬂu? f%‘f )

the maya@@cbkyguéﬂlkﬁ&ﬁbgaﬁkgglggéferent t hreshol d val ues
of percolation in a specific range, a sem conductive

1. resim seonposdteivehandsig aospadl wlorolcomealieshgtiwg toxr more
can be gbtalned The term "t hreshol d val ue of
kinds, ofc GPafr eV ddd IREPei HRFTHRATL 408s I hECHRRSE ddhtéreshpld

valuh %%”Bg££$‘§%1 l%%% é@ﬁnaﬁrﬁéaéﬁ EQB Lfﬁ&%téfnéﬁ% %onchtlve

resin aras anges froman Insu Ive re

flll&sCQBdHQtlilMﬁraegﬂaQ@el pragddi fig goheaeggnductive fil I er to
the resin. That is, according to the present

2. i nvéis @ﬁmicwuqﬂﬂvwrﬁgisemmrdpmecr:esdiing to 1,
sitjan, roduc ion ne d t hereof, roduct

Wher%nﬁg St Rk ]ce(ﬁ%o %ﬁn%o"%g&? GPRPArFHIR ﬁﬂt%e&lse@‘:h

conta4$i BE ﬁggédnﬂfjﬁgrgr89u8$rbéﬁ9%ng6tﬂéo¥éfﬁﬂg f£31s%1v1ty of
sem conductive resin conposition contalning two or

each nyfr ehki Atlslenfs dendotticweofi lésr.s, wherein the
difference in threshold val ues of percol ation between

3. at |"&gseemiwrndusdd vef reRen cemteatinienf preerding tw Lhpr 2,

wherelnr%ﬂg féggn%% beQween aé least two kinds of the conductive

fillers in threshold values of percolation obtained in adding a
single conductive filler to a resin is within a range of 20 to 40
mass%.

4. The semiconductive resin composition according to any one
of 1 to 3, comprising conductive filler (A) having a threshold
value of percolation of 2 to 10 mass% and conductive filler (B)
having a threshecld value of percolation of 13 to 60 mass%, the
threshold value of percolation being obtained in adding a single
conductive filler to a resin.

5. The semiconductive resin composition according to 4,
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
filler (B) in the thermoplastic resin is 20 mass% or less.

7. The semiconductive resin composition according to any one
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2 . The sem conductive resin conposition according to
1, wherein the at |east two kinds of the conductive

wo pdoBasd2each contain 98 mass% or nore of car bPET/awrrdo7/071434
the volune resistivity of each of the fillers is 101
@Lmor less. 3 . The sem conductive resin conposition

of 4 86CHJ ARG %oﬁ&u@tlvé/wﬁrl@deﬁ tae di fielencaphetyeefiver
at ['east two kinds of the conductive fillers in

havintha esttgd dialeesrodf pRrcaloatizonmobt ai ned in adding a
single conductive filler to aresinis within a range
8.  of Fbetormirqnslieiiva rawe comMPeshater ¥ecqreking to ahy one

osi.tion accordln n n :
ot ¢ BRGS0 RaRAR s MR g i Srpphiis oftoer
havingaéLﬁthr @%%ﬁ@k@k'&f‘ﬁﬁb %otQO@OmﬂHS§a§BE%df@@@guﬁévﬂﬁg a
iller (B) having a threshold val ue of percol ati on of
fiberl18itmettd: resS$YEot h2 whrogs kakbon aparet ioflepehevlingi @rparticle
bei ng obtalned in adding a single conductive filler to
size gfrbsih. 209 MMThe seni conductive resin conp03|t|on

- Contet T Fris IR E T BekBRL O RdRGRG € any one

of 5 €8NGUGHIMR ik khert¥dDmdpl alshetNBL BStiL afesihst bone Thid
sem conductive resin conposition according to 5 ,
selechheérsion tthe gotup QqnﬂhamingfOﬁom@d@pt99y1¢m¢fuquxﬁtaﬁane,

conducti.ve filler in_the ther 2
ABS rrgkiooRstveEssaly PO(lP%Pél ﬁpsoﬁ%%é%@ §f nOTyiatsoriate,
0
ro1refBRORIVAN TGN AP Te PERBRh] oRebe SR

etherf kbesndgi aiRyethef Ebﬁbnko ﬁamyﬁﬂlfdhe, Poayseher sulfone,
conductive resin conposition according to any one of 4
polyethey imigter diiguédnatatiatePPLyher, (BicLooleifhe BP-HPMt i c

fluor££§e£e51n, polyimide and polybenzimidazole.

10. The semiconductive resin composition according to any one
of 1 to 9, comprising a region where change in volume resistivity
of the resin complex is 10**'Qem (2=£X=11) in an extent that the
total amount of the conductive fillers in the resin is within a
range of 10 to 20 mass%.

11. A method of producing the semiconductive resin composition
containing two or more kinds of fillers, wherein at least two kinds
of the conductive fillers having a difference in threshold values
of percolation between the two within a range of 10 to 50 mass% are
blended in a thermoplastic resin.

12. The method of producing the semiconductive resin
composition according to 11, wherein the at least two kinds of the
conductive fillers each contain 98 mass% or more of carbon and the
volume resistivity of each of the fillers is 10 Qcm or less.

13. The method of producing the semiconductive resin

composition according to 11 or 12, wherein the difference between
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having a fiber dianeter of 120 to 500 nm carbon fi ber

having a fiber dianeter of 3 to 12 nmm or carbon
w@arositedles having a particle size of 1 to 500 PCTIP2007/071434

The sem conductive resin conposition according to any

one of 5to 8 , wherein the thernoplastic resin is at

at 1dRAStweNRikiH b SalRCledahtoMd e 19:0UP i ROABFSINAIN Rfalues of
pol ypr opyl ene, pol ystyrene, ABS resin, polyacetal,

percqicitybut ¥k emecliier epliahgkead €, 2(pdloy dar henat e, tipel rardaste,Ld

pol yphenyl ene et her, pol yphenyl ene sul fide, pol yether
valug e Pekep bkl op fIsj@chebtkErehen F6I0)adI #ofrERI bl SpadNetive
fille%“ltfooger gﬂllyet her imde, liquid crystal polynmner,

cycl ool ef T h polyner, fluorine resin, polyimde and

14. pol yhenzirhdazet rddhciifet 58N GONBIchicteve esé&in
conposition according to any one of 1 to 9 ,

compasdfrprhsaage adimgyiton anfierre chfanide tion 18pl comprissingt icentipctive

..., Of tége resin conplex is 10x1 Wem (2 X 11) in an .

EiLlghent RERERY theFEEaPLanBRe OF PRECEORT iQfe 4 il éPsmasss
' LSk, it Ny f t 9 -

end SOAELLESD L PR g S9RAp 1001 0080 WS cbacion

of 1X@BPEesihhedr ,CAHAIRrBghS WY WH1URD6E KbRESI L 1idH HethS,
Wwherein at |east two kinds of the conductive fillers
obtaipmgdi fy addidd & edvelencendurlivled fialeestofa p@msdal-ati on

between the two_within.a range of, 10 to. 5 0 nass% are
15. b1 enBed™Phiat e T T e PECUCHES gt of

compo@&@gHﬁiéﬁkéin %ECQQQUG&ﬂﬁgisﬁﬁéi@r&R”PQ§;ﬁkpﬁmss% of

according to 1I, wherein the at | east two kinds of the
conducthdecti Ve i (A)enadesdedn Contcailn A8ssussLra@mdmrtevef filler
carbon and the volune resistivity of each of the

(B) ipj FhersopiastdE @emidr | ess.

16. The method of producing the semiconductive resin
composition according to 15, wherein the total content of
conductive filler (A) and conductive filler (B) in thermoplastic
resin is 20 mass% or less.

17. The method of producing the semiconductive resin
composition according to any one of 14 to 16, wherein conductive
filler (A) is fine graphitic fiber having a fiber diameter of 3.5
to 120 nm.

18. The method of producing the semiconductive resin
composition according to any one of 14 to 17, wherein conductive
filler (B) is fine graphitic fiber having a fiber diameter of 120
to 500 nm, carbon fiber having a fiber diameter of 3 to 12 um or
carbon particles having a particle size of 1 to 500 pum.

19. The method of producing the semiconductive resin
composition according to any one of 15 to 18, wherein the
thermoplastic resin is at least one kind selected from the group

consisting of polypropylene, polystyrene, ABS resin, polyacetal,
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13. The nmethod of producing the sem conductive resin
conposition according to 11 or 12, wherein the

walrdoBapance bet weenat | east two kinds of the chPOTURNINVE1434
fillers in threshold values of percolation is within a
range of 20 to 40 mass% the threshold val ue of

polybRe el atian hehnd,ebt abhafl dihoadal NG, s L pﬁlyphenylene

conductive filler to a resin. 14. The rethod o
etherpr pdugphhtleaes eni £ tandusiliyeeheesetheo ipgsirts, opolyether
according to any one of 11 to 13, conprising. o
ketonggnelekYFudecoriel | BplyaiheradHdgonct hpekyriitew didelep fiquid

rcojation of .2 t0.10 ss% and. conductive filler.
crystRE PRt FSERBPHSTH S S ber CHNGET ST "B iF3 FBThyeite and
polybBBSSHeadha &.hreshol d val ue of percol ation being
obt ai ned in adding a single conductive filler to a

20. resThe A&thod e pebHoding tdrodwnilngnthet sesrimoricduct i ve

resin composition according to 14, conprising from1
compopdtIen AEEHIBRICEACRRY i AR Pifl Lar te A7 adrasedm 50pgugeive

. mass% of  conductive filler.. in ot I 1.C L Qs
1o s SRR LB L0 AP TR b cEsite e

£i111e€QMPRSiddONBICEAr HhOOHOmbpl aWheE ek th & dot-abt Ge8t @Ntthe
of conductive filler (A) and conductive filler (B) in
fine thepmbplasiiberr ési contsrdQedassdpor2? ésr 1ess.The
nmet hod of producing the seni conduyctive resin

21.  conpB8i TP hCoPAPAYCIRY diie SREIEPRIUCt e & SiRer ei n
. y o fi L . _ . .
compo%?%%#&t éG%f%HkEe o%&%y'éﬁe ?ge19L@92§L'%ﬁﬁk@ggﬁggV%Pﬁéﬁion

| anmeter o to 1 run. e ne
wherePeBghigd ng theusenteondiictiityeor eshd LHIROSotnb0Bx is 10**'Qcm

according to any one of 14 to 17, wherein conductive
(2£X=11) when the total amount of the conductive fillers in the
resin is within a range of 10 to 20 mass%.
22. A product formed of the semiconductive resin composition
described in any one of 1 to 10.
23. An injection-molded product formed of the semiconductive
resin composition described in any one of 1 to 10.
24, The injection-molded product according to 23, wherein
change in volume resistivity at each point is 10%*'Qcm (2=SxX=11).
25, A compression-molded product formed of the semiconductive
resin composition described in any one of 1 to 10.
26. The compression-molded product according to 25, wherein
change in volume resistivity at each point is 10**'Qcm (2=x=11).
27. An extrusion-molded product formed of the semiconductive
resin composition described in any one of 1 to 10.
28. The extrusion-molded product according to 27, wherein
change in volume resistivity at each point is 10**'Qcm (2=x=11).

29. A sheet product formed of the semiconductive resin

composition described in any one of 1 to 10.
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filler (B) is fine graphitic fiber having a fiber
di anmeter of 120 to 500 run, carbon fiber having a
wo pdwenodeaneter of 3 to 12 mm or carbon parti cP€BJP2007/071434
having a particle size of 1 to 500 nm. 19. The net hod
of producing the sem conductive resin conposition

30. acc’ﬂ{éji ett.o 88 %(ﬂj d;et% c%@béé' im,e WhetBen change in

thernoplastic resin i s east one Kind sel ected

volumd NBilheveepup: consi shiing of poi*ymrcapybenesil) .
pol ystyrene, ABS resin, polyacetal, polybutylene
31.  t er Bphtiwirete prodigic rdsmrstiag pel i e origﬁﬁpﬁ@n%er@med

t her,, | yph | | fide,. pol yeth th ket ,
o R BB s S e gl heg ot hgtam e
to 1O€gﬁ%ﬁkﬁﬁthéahﬁﬁbef'o%”bgrﬁﬁ¥§é§“hd¥yﬁﬁ”§rpaEVf&P@'éﬂﬂdTof 1

ner, uorine resin, polyiraide an

mm or R ezl Hgzet £.t 10 suttfecaes hactheoffopmedubddyg 1000
sem conductive resin conposition according to any one
pcs/cfpad gt Breaher el ¢5 ¢ ofiic the efPFNe R ROYAPaVeng § flertace

phitic_fiper in nelt-blendin onductive fill.ers

area %éﬁjghgo(%bbgn?fhéstﬁ%@ﬁ%ﬁ?gsnigoﬁe@?ng%ﬁﬂﬁﬁhakﬁ%% apd
ultra%gﬁag'd&%egBﬁpEGtkﬁé1ﬂsb%bpi§egcigf(ﬁd edcbadgbe 20 % or

ess. 21. The nmethod of producing the sem conductive
32. resThe ciomesi biroduetc coraimignyotamngnyymaeofofl 22t 50208, formed

conprising a region where change in volume resistivit 1
of thefsaHENEEFRIEOMALE COMPORLELIAR HEETIREA1AY FHe Pt

total anmount of. the ugt | filliers /i,n kh Sidjd S
to 10, inell PARGE B B A 20 eteot® d2 A pr et 1 o e

amoun®©fof RRLISTLEONERII 4R RSN CEdpTirt 1eBsdesand i tied dmount of
any one of 1 to 10. 23. An injection-nolded product
hydrod¢armed isf Ot hengAyiwoidsst ineneassinenedirposi thove generated

describhed_in any one of 1 to 10.
from 12.6 cnP of surféée area by hea&%pace gas chromatogram under

conditions of heating temperature of 85 °C and equilibration time
of 16 hours.
33. A part used in transportation comprising the formed product
according to any one of 22 to 28.
34, A part used in transportation in clean room, comprising the
formed product according to any one of 22 to 28.
35. An article formed of the semiconductive resin composition
described in any one of 1 to 10.
36. The article according to 35, wherein the article is a spin
chuck, an IC test socket, various rolls in copiers, a seamless
belt, a roller bearing, an antistatic fiber, a part for
electrostatic coating, a fuel tube, a peripheral part around fuel
or a tube for chemicals.

The present invention can provide a semiconductive resin in
which change in volume resistivity is controlled to be within a

range of 10%*1Qcm even if fluctuation of 10 mass% or so occurs in

9



10

15

20

25

30

24. The injection-nolded product according to 23,

wherein change in volune resistivity at each point is
wageog/1ivee (2 X 11) . 25. A conpression- nol dePCpIRdmi71434

fornmed of the sem conductive resin composition

described in any one of 1 to 10. 26. The

the csﬂgf%% qn1ARk-dedn PLaduel, aga0ndi Y MR Zasivhgieidast two

change in vol une reS|st|V|ty at each point is 10x1 Wm
kinds(@f Xedidductiz@. fAhlexd risiiog- nbldsioo pi odilctesf ofnpdroflation

t he sem conductive resin conposition described in any
diffeppat ofrom ©§cR0Oter Mhe erngasPEriimiu&y prsdict sach of the

ccordi-n 27, wherein apge in val [ [
thresg?fcgacehll.%gl g)telng IPL%%(S_Lqua(tZQg 'll‘.Jfl?ﬁ ofu%gldlga %5&%{ éﬁ' the
fllle9£0 1y @oMedeOfetinte. sefm, W#%‘s%ﬁtrﬁﬁiréh@ﬁmoiﬂhblton
scribed in any one of 1 to 1 The sheet forned
“chanbedyncknﬂumebedsnatiﬁntyMnsrebntrb&&gﬁaﬁqwbeowmnbin a range of
reS|st|V|t¥Bat each_point is 10x1 \Wm (2

10%*" e’ maced Thrbdtee HEd6raPrRg +o AHYPGiTe 05t dﬁl‘f% %tween

[ 0
the opP L SRIPRERETLEENANN ] 1B LB Rates o
re31s@§‘H1’:§| €% Rayi8dide PAAILS| @ofhd e lﬁga];:ﬂﬂlﬁknoﬁfa!]még) mostly
droppi ng off the surface of the formed body is 5000
fallspesticim Zwoedights, aresfeoablyseneahdivitherf éered Bisdg, X
havi ng a surface area of 100 to 1000 cnR is imersed
repre?%n?ﬂx?Qﬂar LCHRFE MERST Qhd<uF?risoni c wave of 40 kHz
is applied for 60 seconds. 32. The formed product
according to any one of 22 to 28, forned of the

BEST HODE GURI (RRRYENEG eSTUT THETINYENRTDON descri bed in any one
of 1 to 10, wherein the total outgas anpunt is 1
or H@@%lnatﬂt@ranﬁbﬁt poEsenit Hylvensien| by @Pesqréb@dllﬁgsi@tall

o SRR Ssq Bl RIBUIL, oL Y dfobRr g IO B IR
include at least two kinds of conductive fillers whose threshold
values of percolation is different from each other by a specific
range of difference. In the following, explanation on addition of
the two kinds of conductive fillers is made by way of examples, and
each of the fillers is referred to as “conductive filler (A)” and
“conductive filler (B)”. In a case where three or more kinds of
conductive fillers are added, two of them need to meet the
following requirements, and as long as the effects of the invention
is not affected, types or properties of the other fillers may be
determined according to uses of the invention.

First, conductive filler (A) which enables expression of
conductivity when added even in a small amount is described.
Examples of conductive filler (A) used in the present invention
include (1) fine graphitic fiber and (2) carbon nanotube. As (1)
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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from12.6 cnR of surface area by headspace gas

chromat ogram under conditions of heating tenperature
w@2008500@ and equilibration tinme of 16 hours. BGI/JP207/071434

part used in transportation conprising the forned

product according to any one of 22 to 28. 34. A part

explaH§€£bﬂ'%ﬂﬂ&a%%pﬂﬁéétléﬁbﬂ-n.ﬁéeﬁﬁ)deHBonCQEHBtﬁb@g thse
formed product according to any one of 22 to 28. 35 .

havindna afibed elibioened of 1 he $@mnmoaddcan wesmeesi matio of 100 to
conposition described in any one of 1 to 10. 36. The
1000 areirteLfegaesr di ng to 35, wherein the article is a spin

Chu% rtf&btﬁﬁﬁﬁg&~ g am&% R Eggbgl éhéﬂgyfyé flflers

seant ess fer bearlng, an an atic fiber

is (18 PRkd i thglt@et E%éﬁtl OnCORS idtthera rbtgl, bubee @) carbon
peri pheral part around fuel or a tube for chem cals.

nanotﬁhe,pﬂesﬁnu5|naeumetﬁrfnndeprp&rdECkES%ﬂha§0ﬁd&@rgeeCOheSlve
resin in which change in volune resistivity
energyored GHISE#TOE ot i EHIGF 4Ot sRge 6?%%55@%&{%&8%6?@“

furth{e' ;thf%a’it' {90 o}gy 191%rle§;ofﬁe reg%;{ tEBHdHftéé/c,eondary

er content Ing to t east

partiki8gs gfineonguctd warhi ket scimayiveg dtltépesbél thevad ues of
percol ation different fromeach other by a range of 20
agglonersedrass¥icéashinf fate ofhpethaly RAtiad ebebriguse of

measur ed at tﬂe time o addln

h of the fill
shearlpgt G 4o Anb FeLHTE n FRETPRESCHE (ARAMERGAC-Rrasticles
are p}égﬁﬁpgﬁlkﬂevggggﬁ:ﬁ?%ﬂ&h'Vé&&lbﬁef&H@d‘fo&ﬁg t@h&%%by

range of 10x1 Wni neans that the di fference

realik8 dddiets votydtgidsgibatiwkeget betwsdrgipeatcivdbsme
resistivity and the after-change volunme resistivity

(i nracoprdigise s 6asEroE bt IFONGYSELVHRY Vet (REsY1iBSRI §

specific range depends on controlling dispersion of agglomerated
particles at the time of kneading, in other words, on how precisely
the size of agglomerated particles can be controlled. In contrast,
(1) fine graphitic fiber, which forms agglomerated particles
through electrostatic-like weak force, is advantageous in that the
agglomerated particles can be easily raveled out by use of shearing
force at the time of kneading so that each of the primary particles
can be reproduced well and dispersed uniformly in the resin.
Accordingly, in light of the purpose of controlling resistance in a
semiconductive region, the fiber can be said to be a good
conductive filler. Hereinbelow, the mode of the fine graphitic
fiber is described.

It is preferable that the fiber diameter of the fine
graphitic fiber be within a range of 50 to 500 nm. If the fiber
diameter is less than 50 nm, the surface energy increases
exponentially, which leads to rapid increase in cohesive force

between filaments.
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falls within two digits, preferably one digit or |ess.
Here, X represents an arbitrary nunmber of 2 to 11.
WGBESF/10ADE FOR CARRYI NG OUT THE | NVENTI ON Her eP@EIR2007/071434
the present invention is described in detail. The
conductive fillers used in the present invention
i ncl iddea atadecabbrevwoudt ndsiok geaphctiy eilbeld eESHWSRS] in
threshol d val ues of percolation is different from each .
and pepdedyyikthspaeini ctr disgaosf suf fiucandy. dILﬁpehﬁe_d,d resfultlng
: i tion on additjon of the two kinds o
in aqloeily BEPLANE] TUaRheRiid i) TR ardipt ccar Ling o

effienatt16f foba &iddistiver ghersad altrﬁir %%E%ggngﬁgéé%lgcsié)ility of

filler (A) " and "conductive filler { _
condygiere tyhr eBughemnr egyl onisratfecc padticti e fdnldierisgak8 such

dded, .two of themneed to neet the follow ng .
defe‘%isld{ﬁ (ERFBRTSIOMPrAS T BhEaER 1 Heroserdénking effect w;th
ties of_ the

| vent i ] t aff ,-types or prope
coma e o My e anb e 10 dBkePhPRG 19 Jubarosh stable
residtfieriitgvention. First, conductive filler (A which

enabl es expressi on of conductivity when added even in

a sl [thenbiher i dladeser badecdxain em, 0 LapgeEtdmRint of
iller used.in the present invention include (1)
the éjinﬁe gﬁﬁéﬁ%ﬂ? cfd SHePLahdPt Zﬁe%’&llﬁénlﬁaﬁﬁﬂ%gﬁo AO@l@Y?fa
A j ' 0 Vi .a fiber. dianmeter o
dess SR ORRRRLLLS | bt eqtpOra DBKLAY, By LPSL L aTerer
condyutéfretyed.Theurehes:eXplanahn gRowth Indemmde bat ef o A S

(2) carbon nanotube, those having a fiber diameter of.
carbopagrgoys of Hef nd PAAdAS hegenarittied ofmd@Datel vl Gt ear ecaction,
e SEREEEL A BUL LYoy Sheried atprg Lhe bove .
Gener@tlher fﬁﬁﬁhghﬁb@%@eég)tﬂéﬂk%ﬂ%rmally-decomposed carbon is
dissolved in catalyst fine particles of several nanometers order
and deposited, fibers grow in the longitudinal direction as the
first stage (growth of hollow tubes). It is said that this growth
in the longitudinal direction ends in the very early stage of the
reaction. Subsequently, in the process that thermally decomposed
carbon is deposited and accumulated on the outer wall of the hollow
tubes, fibers grow in the radial direction. That is, in this
chemical vapor-grown method, the fiber length is mostly determined
at the early stage of the reaction and the fiber diameter is
determined by the reaction time. Therefore, naturally, the larger
the fiber diameter, the smaller the aspect ratio of the fine
carbonaceous fiber. In a case of fine graphitic fiber having a
small aspect ratio, a large amount of conductive filler must be
added in order to impart conductivity to the resin, which leads to

increase in the threshold value of percolation. As a result, the

difference in the threshold values of percolation from conductive
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nanot ube, which is nanoneter-order particles, has a
| arge cohesive energy and therefore, it tends to form
wae@snaey particles and further form hi gher- ordEIP2007/071434

particles from aggl onerati on of secondary particles.

Since it is very difficult to disperse these
fillaggimneeatiedtpasdddileesmhnlf oA @& RERBEY PATl1iAd e by

use of shearing force at the tinme of kneadi ng, the
obtaigggicomtrhl edreatren cifesoadecpiesant in the resin in

their aggl onerated forns, whereby realize conductivity

t hr oght S PRRAGEBER vigdtt part PEPRST TRidér afnghy, Tine

Qntr el || Gt Vi i hi_n peci
seep Pl ELLDORE VG ¥ Dipl2 D 10 B0PPoR LY 5y,
120 tparsoog! esial hdwee tyreEeobbkpenst e, 300.0t her words, on
how precisely the size of agglonerated particles can
be center sebedt oA switiedsiade 19n féamesgodphiticg f fiey
i.ch _forns aggl onerated particles through ) )
Traptli g FOOPRT | b QLRI POF DAL ZAVANE SGBdiRS i thabas
b t g riLcle sily. vel ed P
cen (R R0ELOELAL X B KL EL oA Rt L SRS b
fibed hatviagch Dirddie a3l ¥aPis-tdCt@s tCaRe band ey eduetd fiber
wel | and dispersed unifornmy in the resin.
requigedofar ngrgariing icghtustitHey pgr pesénotar dre reiducad and the
resi.stance in _a _semiconductive region, the fiber can
threﬁggigay T?% ?ﬁgg?ﬁiggé%%%%dﬁﬁii es_ghﬁer. Her ei nbel ow,
t he 10@ge0hshhe: Tid18 96 8PNkLd CidPalhol StAESLHd AR o kne
is preferabl'e that the fiber dianmeter of the fine
fine graphitic fidzer sbidedi tdiresir ange bé BO masB)0namroving the
the fiber dianeter is less than 50 nm the surface

d1ETeZRBFGY T ncHeridiod deXporehtqalFeF CoRRl o | Berds aoadpgpive
fillérnQE?9sﬁhiéh(%Qﬁ%%EV%aIfﬁééain stabilization of conductivity.

On the other hand, in cases where the aspect ratio exceeded 1000,

the phenomenon that an increase in the aspect ratio caused a
decrease in the threshold value did not occur. After resin and
fine graphitic fiber were kneaded, a molded sample thereof was
sliced to thereby prepare a thin film. ‘When the film was
microscopically observed, many agglomerated particles remaining in
the resin was found. The reason for this can be assumed that the
increase in the aspect ratio strengthened three-~dimensional
entanglement among particles, so that searing force at the time of
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.

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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between filaments .In a case where such a fine
graphitic fiber i s blended in and kneaded with resin,
w0 roog/1es1apt sufficiently dispersed, resulting P@T/JP2007/071434
aggl onerated particles scattering in the resin,
failing t o efficiently forma conductive network and
X-raP @R EEPERAMIHIC, | b¥ Qifntonduchipvi bY. oFsBd R&Y .0.343 nm,
aggl oner at ed partlcles remai ning to such defective
more dirsyfersbbdy Caidibttoobt 8kh @ancrosis-l mokengrefésiil ywitt.B38 to
conductive filler (B) described |later, deteriorating
0-34%ﬁW¥orn1stable resistivity. If the fiber di anet er

eXC Qg %gfboﬁ%4 %g%eElBQPLgEt )y ed Eh?orea?Flon will

grap |t|c e requiredin order
grow andeskr edaLonaductdovh by, 1.08¢ kadley rda8l | 8 ahdtdoned above,
stability of conductivity. The reason lies in growh
througic pane$he bfaddurelledi bonat edwesrkilber de¢prpekmt carbon on
enerated_i medi ately after reaction, befare

hol 1ol ABRPE T Z4tT0m TPEaEREREIPTH T T F SVepaTS i tree Tings
u ss thal,
is réﬁ§E?%gng£%§6%#%%:égﬁégr on fgfgb%soﬁgédcﬁﬁbggt%figﬁene
accurfulB@ecpabh | €hL DN owevehas NARGTAhGES Of 0elveéRf disorderly
deposited, fibers growin the |ongitudinal direction
mannegs itnmadiair@ty stfage (he owadrtsfonrhehboviheny b@is;rosqopir:aély

at _this growth in the _lon |tud|nal rect
obse s HAS PN T Sar ey Lty 1Y g FhhS, U5
arrangdhSEOUSALING JiRohlRePLACERS JiiRk  YhakdBlly [BeaTBOSEL.
carbon I s deposited and accunul at on the outer wal
can be tmbbehhokkow tebek;, fdlkersogrmobintdyhdnr adeafiber can be
direction. That is, in this chem cal vapor-grown
enhangeghand @¢R¥qqtbéﬁSF§F@¥¢€|C%? #63??9u@%@ernﬁﬁéédé%t%¢ﬁeOf a

ear | ta of the rea ti,on th flber dla te
. snmlldSFeXné :9%%1 f%ﬁe TLRR %Eﬁ% %8 g% uc£1v1ty can

P ned eretore,”
be impatdedlty, tHéq%eEQﬁgeﬁmn the other hand, in a case where the

average interplanar spacing dgo: exceeds 0.3453 nm, since the
crystals have not grown sufficiently, as compared with crystallized
graphitic fiber, resistivity of a single fiber is 10 times larger.
Accordingly, when mixed with resin, electron transfer between fine
carbonaceous fiber, resin,/fine carbonaceous fiber becomes
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
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
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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the fiber dianeter, the smaller the aspect ratio o f

the fine carbonaceous fiber. In a case o f fine
w@e@phoiiec fi ber having a small aspect ratio, BCT/aR29€7/071434

anmount of conductive filler nust b e added in order to

I mpart conductivity to the resin, which leads to

mass$) n&\?ﬁ%??r%triﬁgp%lg??f%lﬁflﬁo!tg \éa}n&?%ﬁf percol agk0f, Ahchrd

fesu erence in the threshol d val ues of

exceelBi€ OlAagBs f s oNERGNAebhY et &l FBsef BlustebdsatiGedeodrattain
smal |, which leads to failure jn obtaining stable
volume exgsirstdfvicwndficthe ingpin pfi §0pLstrepabless hathe e fference

i o SRS A48t L roent i e LBl e i
becomé% L%{ael?%ggp&?éﬁ{ﬁbéyy o00ch8u300 i A SAd:esH! be®eriorate.

e on cases of adding fine graphitic fibers
havongtith fdterenhandpect dratEimoesntoleesitthan 2 hassbeef fine
found out that it is nore advantageous to use fine

graphifppHiitier fpbee bruAddgdaandr Hee %%p)ér@ regisbiveey tHatthe
. the amount.cof the fiber requi.red.for_inparti .
resin e \r#)t y"{cinb Olrge%leﬁSCa She redicEdvanacT h%f]t hreeé:ﬁcs)_ﬁa
tend Y&lHe-Plocpelic0! & i0N163MALPer8GRIin Wdighh8gashecCéondldtAve
I's I ess than 100, the anobunt of the fine graphitic

filleti bwer. added to resin nust be 10 mass% narrow ng the

difference in threshold val ues of percolation from
condiict§ Rreferref {1B)the eERnEatREIPHAY (gt fhe amount of

: stahi.i.zation_of condugcti.Vvi .t t h '
zine SR GEERABRRCl SRR 1 o] o e loceve

fillePhENOMRN@AHAGH1 Mt i NGle@asebk Nwithe raspeahgeabf ol ceuised
a decrease in the threshold value did not occur. After
mass%y esdre gneferaklyraph 9 vateberswelle Moreageaferaldy ded to 8
,sanple thereof was sliced to thereby prepare a thin
massst¢i|lm wen the filmwas

If the addition amount of fine graphitic fiber is less than
1 mass$%, when the content of conductive fillers ((A) + (B))
fluctuates by 10 mass%, fluctuation range in the volume resistivity
of the resin tends to be larger than 10*'Qcm.

On the other hand, if the addition amount of fine graphitic
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
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
present invention include toluene, benzene, naphthalene, ethylene,

acetylene, ethane, natural gases, carbon monoxide and mixtures
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m croscopi cal ly observed, many aggl onerated particles
remaining in the resin was found. The reason for this

w@anshesiassuned that the increase in the aspecPCT/ara0a7/071434
strengt hened t hree-di nensi onal entangl ement anong
particles, so that searing force at the tine of

there#ﬁg?g#%%%?ﬁg?ff%%&héﬁi%lﬁyﬁ?gcéfﬁﬁﬂs Qt-neusr Yol hdsurama

e aspect ‘ratio of the fine graphitic

benzeid hofe @regedsed000, it is difficult to formefficient
conductive network because of formation of .
aggTomerteed cphransl Weon weiteh AepPwdl adtedPsuFEapdition

obtai.n the effect of reducti in th hr eshol
metal FeGuRgoPat FBELIT | S5y SFEPSDT ot RAC-CneS avhr aggr it of
group%?é?&ll@n@E £FRAGLNG P2 gh1& he phbrergE@phidia s RBEreost

In the 1nvention, as determ ned byX-ray

includk ffdracicean aed hoictkdhoeewethin a range o f 0.336 t o
0.343 niti, nore preferably 0.337 to 0.341 nm stil
mor Bn prefadmesphene 338 themyadsdepppratd gy geaction, sulfur

carbonaceous firber o L.ned b t r i i r .
compoyiit (G 881 81T B0 S TERE T [ Bongeciads dutilndy 21
for tRPMEpdhr 8e0lr Pt ael, 2e64PId AldaR 0 shichhgs NRfdabgen

deconposed carbon on holl ow tubes. Here, what
adsorlsed res phrdsutfack Stfancenbét vere mahede cricagyst marticles to

referredt o a s interplanar spacing d G2 - The

therelyrPhrngraphbnty de AGtVat¥d on the hol | ow tubes is-
ar r anged 1A uer o disendel ¥ aponar Jdmediatel yoaf tafe

the Téaction an en m Croscopi cC Yy observe

organid R&mpPRHBACEhe Srde@u@ht rBnyitieat megallhtsmpétied and the
arrangenent o f the graphene can b e orderly and the
sulfuf i dpeosmdf ate swrlied énbot k. reeaFipny dyghece dreatigoio a

bility in the fib b d. and, cont act
cenpeTRRIE AAeEocan B8 FRdbabl By HABFLTbY G REegl FO

thereégﬁﬁﬁﬁgﬂﬂv%%§gggégﬂgid%%eegiEiﬁéf] ber to resin,

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
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,
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))

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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b einpartedt o the resin. On the other hand, in a

case where the average interplanar spaci ng dOo2
wez@saad20. 3453 nm since the crystals have noPCTURRANT/071434

sufficiently, a s conpared with crystallized graphitic

fiber, resistivity of a single fiber i s 1 0 tines

incom%fgégﬂxtoA%ﬁgEgbgg%ﬁhséMHigtH}%gﬁbgwf%”s%%?;?éofl #%ﬂa%psource

ransfer betwee I ne carbonaceous sSIn/tiné
to théasdenaeeousdf hbes heaaresqdhéfieidd ofAcCSrBof §sakticles
twice or nore of the anount o f the filler, a s
other comgparidewst hehtie wommanure f fine graphitic fiber with
wel | devel oped cry{stals, I s required to attain

ConbuctIRi A8 FACREIS AL TRSPEr FRAETHEY aGhRvity is
enhan@% Qﬁﬁkﬁ:t£H85e$9rfésdﬂQeiH'£ﬁé¥ eih”%%?%gé between

ues o f percolation from conductive

fiber bECOIRStSMRb| cansk strafidaiskyif the Qngibeli Vit Yréediths Hino
~ deteriorate. It i s preferred in the present invention

fiber hganddatdogr aphradial ifidersapabiiee difkeatrabheérepw dlarme
resistivit f. 106 Wem or | ess when added alone t o

Stronﬂ}%rmogélage?eg?ﬁtﬁ%eﬁn amount of 2 to 1 0 nass% b e
used, o MU erpneherably 46 @R amBENt e dnckmd b2 PHBSSH
even nore preferably 3 to 8 mass% If an anount

materexceedithg tQrmss%af fHliowe (gaapmtd:cafli ey /gust (e in the
added to attain volune resistivity of the resin of 106

reactigmmtord dssl ghk oF fieEtenBers PirasidldOval aéks @t less,

.., percol ation om conductive filler (B) becqnes [
Stllla%%r%tpgﬁflgirfj‘éigp?)b% uctolrv??flsteﬁgsgt a%%twgr}ﬁr&igg..m
concehP€atdldieorNand, rih itaBuntinl €8S Jan ZniBes&&dedd Reg/1,

graphitic fiber is to be added and the vol une
heterogsistusyiniglebtide glesiatabgebnesrtlils oW pronrd ess,the

resisitivi t¥ values of the resin tend to vary because
surfagg of JSNGKETERr BWFPIh IR BhFATP Yt ikstdaaei féhe | Farhonaceous

fiber(fglaments 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.

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

be employed. In some cases, a method where electricity is applied
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It is preferred in the present invention that the
anount of fine graphitic fiber to be added in

w@ooobiterei on with conductive filler (B) to PCT/JP2007/071434
t hernopl astic resin be within a range of 1 to 10
mass% nore preferably 2 to 9 mass% still nore

direc??ﬁggggg%ﬁfﬁ'grtg ﬁbﬂﬁ%?%%d fghgﬁeﬁgqﬁSi @ %gngﬂ%%§§ed.

ic fiber 1s Ies mass% when

conhepterGRNAebb¥Befé | & THe(ARl +r & tnerft Ust uahes
by 10 mass% fluctuation range in the vol une

oxygenebédtdtmiosphetet heoreginefieeatdd vt 02 beobler gers ehansgigere of

1QCm On the other hand, if the addjtion anount of .
one of | FiRre Bt FELPFERT EE0T0 REskehr Pre™y ahtnene Like-

LSk it ' e S I m
The SR P VOSFET BT ar O e Cent LoRdUCt Fra T 0! on.
termsThe pidcgraphiti af hbarihavifngdrita nabay€odes criedime,
characteristics, used in the present invention, can be
the fprepdrdivby st herhered ahst srpési htedartboriheggpyedeteriorate

organj c cQ und) in e presence of _organjc
the BEPAHETIToN ALt QEBISaHNY:  ESNEs BF CH norrREEEe ToF
10 migg{gﬁmc? IC?BHQUQg%e§%Wé RenPRESELAL S Qe BB bl ]%9§rt of the
graphitic fiber Ich can be used in the presen
FormetdN¥&dY ican thecl ude had usnehebetzeneargwphichakeatyure is

ethylene, acetylene, ethane, natural gases, carbon
suffigpaliki de and m xturesthereof. Anong them aromatic

B¥g g??%%rn%ﬁ%uggggﬁ?%o?l# G 1%eagg:agﬁ:{]€f$ & HE to ddevelop

! ol ranS|t! on - neta conmpoun
furth§9n£@!tr}§exfe%§néhﬁa19éb RIlucs eyt Pg wsrdiatakystie THE), boron

ransition nmetal is an elenent of groups 4 to 10 of
oxidet i@, @er | oelemdreizle boPpef droiit exanpl(8sBOhemenf 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.
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i nclude ferrocene and ni ckel ocene. In an atnosphere of
thermal deconposition reaction, sulfur conpound such

wa@sgoosabfiar and t hi ophene may be used as a cat aP@EIP207H071434
for the purpose of efficiently renbving gases such as
hydr ogen adsorbed on the surface of transition netal

cat ahyst E%Eitﬂn}gé %}g&{%séhgfe@ﬁhaﬁ{gﬁf&c ﬁf%ﬁtyssetween fine

activity. cing gas such as hydrogen as

graphGahti eibgasand Resofgathe Tiorpeouaghithe Dilganmay be
transition nmetal conpound and the sul fur conpound are
subjestipgl t@doxnrﬁtadlanr bueatment ma@rﬁ@a@@cph%m&lc hydroxyl
o ther

f 800 to 130
grovnyoRRPRastl CThe: Eoyr Ot S0 16 SarbORa ST thoske A
surfa?T ef, Orp Q- Of s e LAW JRERER R ma B@tc%rrﬂdﬁbtegt ﬁyn@ﬁrh;y

i Ssol ving organic transition metal compound and

silanstbhBed £ ompemade-ba s8¢ red iwnimydrbeaed onr et sphatibebasdd
gasified at a tenperature of 500 OC or |ower can be
couplgsgdade®wever, in case of using liquid material, since

Oa et Ay ECRTRERL AT B U6 PBLSLLAARSG AL e

descrigMen distribution of the naterlal, mhlch results in
a tendency for of thus generated vapor grown carbon
fi bés tondggtiorerfaieéer TRy efsrde innithk fespecion,o riddav
of the raw materi al as material, which can enable
flberﬁnpﬁoP%Wéﬁwéﬂ%% sqche PREGPTTRERFT AT HAYPRePased

carbor e%gﬁe?nca{nu %% dpr f ga grréi ﬁ;eerr rdggméé Jfolgf r¥ %e range

ransi til on meta cat a 0 suI ur conpoun cata
of 3 abdi1fsh) fbre pheassitipn rt abur, setfur )n)orieSptrﬁfarably 5 to

range of 10 to 35 mass % . If the ratio is |less than
8um. 10f the fiber diameter exceeds 12 pm, irregularities are
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
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
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
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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mass% renoval of hydrogen adsorbed on the catal yst
beconesi nconpl ete, to thereby cause disturbance in
waeppligsiof carbon source to the catal yst and aBCHEJIP2007/071434
result, generation of carbon particles other than
fibers tends to occur. If the ratio exceeds 35 raass%
value .Coaé %&%&l%i&ﬂ'ﬁé’coﬁ%seggfgﬁ 690 MHsﬁﬁh Ezﬁ@gﬁ, fosuesdlitn that
in Fncreasée in 1nteraction between fiber filanments to
the dLASRncBCELaASIErddhdiiie vauaberopfpdycanehesni firdm bwmductive
generation of radial fibers or the like to thereby
fillef oifh becomgs yseajgleanthaned0 peadsol ebershE prarerited of
ratio of the supplied ampunt of the raw materi 1
condugig i FPRIS gt T GREFEaN TR e FRRe T LAty of

L0 reagt ! 9/ Ly, pr oy £ pefiarablye si
che <411 LEREL 20 Jugitcbe) ok pRagecs g ol

exceed £FD phf) 3t CBSRIRY Bet HefedaCENtIoat ifdneotatihen rider to
material in the vapor phase exceeds 1

/L, ,
serve It drivdegeobstvrarl sarbon E@r*éﬁeﬁlaq%:sttOng?F%lPﬁésf%‘c]c s
ner.at ed vapor grown carbon fiber

.on the surface of .
obtainfaine t¥ap dﬁﬁg&%ﬁ&vFgger filaments further

SorE ;@é%gr%ﬁeiﬁ@é%%%o‘é%aﬁﬁ&fdofo% LRt s Faoge thrio. 336

sur to thereby forma silver-frost-1like fine

to 0.350 bapdaeepustéidigry fo.3asend so auB such saifl bmoralmreferably
cannot be singly dispersed. It is preferred that

0.340 trerQrad4 6t PBat nent at a tenperature of 900 to 1300 Cin

: gﬁ%@ﬁcgn&%ﬁ? NEBe GATLLEN PN ed Ol LRELPULROSE: On has

xr
u ances such as tars attac

a thrdilif £3hopasLoMs-dJ1R8H ot Uivh 8€R vaAhR), whBnotierfilder (B)
enhance conductivity of vapor grown carbon fiber, it

alonei s prdefeer tedrédiat, fiw dhéferenntfmom the shresperdtvaiee of
percofgtéggpgftgthgEaégégféet??laggrzA) 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
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
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

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

small and thereby stability of conductivity tends to be reduced.
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at nosphere be carried out to thereby develop crystals.
Any heat treatnent furnace used for devel opnent of
w@eoosiiedizl may be used as |long as the furnace cROT/IENEH/0T1434
at a tenperature of 2000 OC or higher, preferably 2300
OC or higher, for exanple, Acheson furnace, resistance
fur nace Apdehbghefireauentynf vhoacs, sanike empioyeg, |
some cases, a nethod where electricity is
addedppl icedldtinetidny widhpahederoonduat ived ded1bodyat ccdeat it
be enpl oyed. A preferred atnosphere for thernal

may
theme%@tsﬁéﬁt r?%l%ﬁ&@@@ﬁ&pédoétmm@ﬁéctw gfiller (B) be in

a ra né% se%ec%eép%$%§1g$§8 %{%7%e8% gnd“%iﬁ?ﬂisﬁé;l more

preféag%r§hortgrlzrﬁhgg@ernal treatnent tine, the nore
preferable in ternms of productivity. If heating is

contihude fopuat | @ohdg-hd menpdtbheitoriiddelrodB) | 5s siadertddn 5

and solidified, to thereb% deteriorate the production
MASS Y| éﬁféeCéeE%r%HHfg}LeH\e@FeﬁPp eloFve W@tbén%riaﬁr@nmﬁtwe

he er e t.he cq
el M1 MU ke AT TR S NS o
stabiﬂﬂﬂyebft@Hﬂﬁméﬁiﬂﬂty égéﬂﬁitcéﬁﬁﬂges|ﬂnoééﬁﬂlﬁiahsc%fsﬁﬁé time

of fine graphitic fiber to develop further to thereby
of knﬂﬂﬁangeocdmdUbﬂmwmﬁpceberon car bi de (B C), boron oxide

, el emen bor o boric H 3BOB ) may
be Diferibd TG0t GOBRAGhYT OISR (F babHRaAoDE)
nassd e&ftlbwgbﬁil@rtm%ga&ggfn ol 28Q0 tgﬁg%%o%l | gﬁ”
at nosphere ition anmpbunt of boron conpoun
flexiddpengi ag o aldriccabratdotp tysidsalkoppepritite@a,y cannot
be flatly defined. For exanple, in case of using boron
deterdgrpigd- (B C), the amount is in a range of O 05 to 10

0
Was%%%e%%%i?rg@l s pf%f%grednahsfbtﬂ%a%egaf amount of the

conductive fillers ((A) + (B)) in the thermoplastic 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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amount of carbon fiber. By thermally treating with
boron conpound, crystallinity of graphite present in
wo b@sfipsiel gr aphitic fiber is enhanced and so i BCT/JP2007/071434
conductivity. A preferred boron anmount contai ned
inside fine graphitic fiber crystals or on the crystal
s 2 SU S Lpsaasr 5 9 0
lmldei’ n%gr) o%er%ed%t Illﬂﬁa%bnﬁdug}f%ﬂe% yq%F I)Itq%'e %B?L P é;nte ECEF?%rerkec;Crone'
polyadbtal) tpolwichBnyBehd, e tREES poal efé@baARmRhyilen®. dther,
mass% or nore. The anount of boron which can be
polybspbsnidancdd entoffrepireneeshaet is about 3 mass% A

| arger _amount, especially a bhoran anpunt exceeding.5

s S5 BT R O CRGy T 1P BT R BT e Tho o B de
chemiégg fésfgﬂénggc pE ﬁbf§%€ﬁ%rf%EhQ§CE ! %olyether sulfone,

conductivity. Al so,” for the purpose o enhanci ng
polyethéi nidiebahdeenqgfil decmrsaphi pbtyhieberomtdri-edi fivorh the

fine graphitic fiber may b e subjected to oxidation

viewppibht o tyresicns EseREE FFEnBPLECHYRITREH, §réphenylene

car boxyl .gro gui nQ (o] or_lLactane qgr.o t t he
ether gpf R VHRGVIRRP, CRTHACE £ Ba FRAC Ty B8 Sorbudted
viewpBidt USt REte-LaP8s PASEH pildpkandt gadasid ol yak nymabasedy is

or phosphat e-based coupling agent. Next, conductive
cyclobiikfet fdBymeged in the invention wwll b e described. A

s conductive filler (B) used in the invention, mlled

fi béPskeegdizgl (aer §Powe t FeBLBayedi plet hifpaseqngpctive
. ra - ha carbon fiher.. b.e used. A preferred -
s YAl AR rer ol oo iatte b 3 DRt Ehf Grarnitic
fiberPief @sablay dohaubOwe ,fisliich! (APf €iprief erapkyrsdtenim

. If the fiber dianmeter exceeds 12 urn, irregularities
breakang éDruted fhny grapoitifd Bébeonbs wwdrdomlded thethiemmgd mum.

bod resulting in
Specifgcglly, it Es greferred 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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difficulty in obtaining snooth surface. A preferred
aspect ratio of carbon fiber is in arange o f 10 to
wdgosiragiel preferably 15 to 35, still nore prefRCHDP200201434
to 30. If the aspect ratio o f the carbon fiber
exceeds 40, the threshold value o f percol ation
becones, far _hel ow 3 S9 ich results. i at the
be su%ﬁlfefsesreéiﬁcglf%e]fsnlroensr?%l g% vaf%kégs@o afnnp?gr %%I g?%%%ﬁp'r om
There £ORAUGH gt |t &TatAinbaeQrB SN S deats ibhanh20e NS essing
and stability o f conductivity tends to b e markedly
breakies erfi dthat ilbed priefier pedfented pladawespabeaylapootas by
. inarange,o f 0.338 to 0.350 nm .nore preferabl ,
a5 01 350 G 407 BAEETI- SSEFH COrEIDT SPATRBE) CORSARITY ligs: to
use a PilBafle fnodadr GANUAC AN LLLLLTa L US8E bPed NP Long
esent i nvention, carbon particles, a s we a s the
perio@l9w e-ifRNY oneek Mildrednkbbens, feade,b og Usedsefa special
preferred particle size is in a range of 1 to 50 nm,
mixingoelensmnef enabl yiggytter seFewnmextrider.nore preferably 10
to 3.0 fm . If the particle size, i finer than 1 mm, . .
t Rk # o shRETAF RS R L SRt LBA PRLTHRSS HEI b 3odtaphitic
- Yo, Y esuld Snelehobindl 1he-sliddighente b nott
flbert reosl’?o%e\%g JEejzéjo p?é:r@lggl gti olﬂ% romlcgnguc%i ve I%ol I Ieélr
resin( AFokeepamsl s Tdn ar chbanwiZdrarasedrinbegedph ittiabiflibey and
of conductivity tends to be markedly deteriorated and
the thé¢ovaidsitiy sesihanedingadeddsn td BENgpapyednidirectional

ontrast, if th arf.icle sjze exceeds_ 5 , it :
exuu%%lﬁ'df tp&eﬁsra?‘flﬁf%iﬂ nfgoimeﬂlﬂg Jcsa(r;%l@% P Fg%‘rgy% ooj%setrhvee resin
are 1RSrdd ¥eR08nPEt YaR AT BontRar th&tl RS b2 therrbyadai,! the
to obtain stability of conductivity. A preferred
resinipdElqisanae spacedgridbolensihg framargéeated. 836 shparing

0. 350, nore preferably 0.338 to 0.348 nm still nore
heat ﬁﬁ@méﬁgbﬁyrews, 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
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
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.

Examples of injection-molding method include, other than

generally used methods, various methods such as insert injection
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0.340 to 0.346 nm The conductive filler (B) used in
the present invention has a threshold val ue of
w@essabsei on whi ch value, when the filler (B) BCDIR200E071434
added to resin, is different fromthe threshold val ue
of percolation of the conductive filler (A) by a range

. of 10._t 0 90, . 9
moldlrgﬂ, & ereoFge ztgaﬂisegrlf& 1Bf %%?é%%ie%llyle%ggfikg, xf}%ﬁﬁg&él nor e

erab mass

compor¥rfsebredihdat cdnipnaneent defbiheaerdist byeidn ldardihB)

when added al one to thernoplastic resin to obtain the
core-healkuieieebict imiltdingf, $68dWiETh dimileetdon 2ROl HLIBD afss Y
. be nore preferably 25 to 55 mass%. still .nore .
injectyiosr EEEFYIPEINT 50 TasuhectiOPHBO Lttt 16 1onESHPHESS tO

raphi.ti ' require - isnt VOhiNE: s

set a é§§§%93§t§$§§¥2 é?iré%igogglqéﬁéﬂxg% g?olggs eiiééh§”§5ace

resistBsE vallevediddd byokhkheet 5itenpeidsute, behe molding die
deteriorated although conductivity tends to be
tempesttatyie brddthe malghtgasressfirehe vol ume resistivity of
h

the resin can be 106 W I by addi t.i on. of ,
COnIEHLE PFI PEFCBC 147 hneont Foso EHaR 32 Ta

nasgbb

he dif in t - '
cceorlf 35 FREPEELLT, KERhob ks ofpeLsol als

electsdtald rabddtherehyr staabtbit ywoferx andsetigj t yoteridstle,
be reduced. It is preferred that when the conductive
wafer fiddter ICBfib steaitted HiBofBFHERY 0F WPERTIRE ERRIUIG FBrd

cove S 08 $OrHOTIRIL RSt eGP R CORUBL Y, Ul
cases{T?ﬁE?%%%LE%?@!yé@%ﬂd%elgoﬁﬁ§§9@céﬂﬂﬂdr ARG EcPr @dyaaing, 7a
magnetic card reader, connector, computer slot, HD carrier, MR head
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
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,
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,

fuel filter, fuel line connector, fuel line clip, fuel tank, and

door handle; in other fields, covering material for electric wires
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If the amobunt of the conductive filler (B) is |ess

than 5 mass% effect to suppl enent conductive paths of
wo b@saaiiducti ve filler (A will be | essened, wCTHP2007/071434

results in deterioration of stability of conductivity

agai nst -changes in conditions at the tine of kneading

SR AL I
floorahatde 41, Mea@beD| dbHigo it %b@étb'éalétﬂéz sheenBbied tape,

product tends to be markedly deteriorated . Mreover,
brushj t blevear efeer,r sdeeha&'haﬂa@d th@aaﬁnan@merm‘ anidepolyswitch.

duct i fill I [
sonee SIS S HLels (L0 e merel astic,
t f 64
e S S 08 P BB A PR o L

the ihbenthwrnoplastic resin exceeds 20 mass% flowability
of the resin at the time of nolding and/or flexibility
of the nolded product tends to be deteriorated. The
t hernopl astic resin used in the present invention is
EXAMPLEPected from the group consi sting of polyethylene,

gg' ﬁ%E?PMéP{& Eﬁ'eyﬁk&&‘i‘@’nﬁ%é%lt?eheié ra@gﬁrﬁ%a J.HW;PQater

on 12 , nylon 610, nylon 612, nylon
detaiﬁGbyawéﬁﬁﬁﬂuhgpﬁbyﬁﬁambﬂes% Soweseﬂ, the scope of the present
(acrylonitrile/styrene copol ABS resin

1nven€a@my4aamqtr |1I1@}L§?9r]@fﬁe"¥lkmt éﬁ@wen%d?ﬁ%ﬂlw@ﬁ) Firstly,
proasB B EE TR 8 ROty Bt AyLens RANURAH So ooF: f B Sxplained.
CW@E@' pr&ab%rmeezabap&@radn%ﬂ%twéffmer (A) used in
Examples and Comparative Examples i1s described below. (Production
method of fine graphitic fiber: VGCF-S)
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
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
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
carried out using a high-frequency heating furnace for 30 minutes

in argon atmosphere.
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pol ycar bonat e, pol ysul fone, polyether sulfone,
pol yi m de, pol yetherim de, polyam de im de, polyether
waedosnesizpol yet her et her ketone, polyacetal, PCT/JP2007/071434
pol yphenyl ene et her, nodified pol ypheny]. ene ether,
pol ybenzi m dazol e and fluorine resin. Preferred from
the viewpoi nt of heat resistance and chem ca
resi stance are pol yether ether ketone, polyether
[Con@wdﬁﬂmeefibbeyetkmﬂueed de Erampliepiathdc Cympataporey mMeramples]
referred fromthe viewpoint of dynam c strength are
‘?ﬂ‘ﬂl&?@aPBBﬂg%%er p@%ﬂ?@eﬁ?{“éne"@?%@rﬁh@ 56@%@%
heréfﬂé%%@&héé %ﬁ%eé”g% %TGQ%E%GQ éﬂnfac%u¥ gg DENKO
-absor pe-rty an wout-g nera on
K_K_)s cycloolefln polyner In kneadlng the above
conductive filler (A) , conductive filler (B) and the
(2) Gaadion, lelspdci (d@dagei nazaecaswamemcmm—@mmi tic fiber
IS u%ed as_conductive f|IIer , It 1s preferred
(herqina't6r eBRFAg- St & &St e’ g‘F HlactaicpibBy ben Ago Co.,
Ltd, controlled to the mninmum Specifically, it is
preferred that the breaking ratio of the fine

(3) ekl hitofuher (e ccantrrel | egrdra30+% 8¢ teSS, nore

r ef er abl 15 96or | ess, still nore preferably 10 % or
[Conqusgg ve| AL o ueadr §hnExautletsh enlzln@ardparmi@t‘@o ewhinbées]
Q}rollln the %kln of the fine % |t|c i ber
aor CRe™ A POEXBIPT e, VAATE FOPYDBWE ZChes

hermf@ere@f@y&% teeaer@!;&yy rag}m%ae@ﬁee esﬁdaar %?8&6 K.X.)

is neltkneaded wth thernoplastic resin,
(5) Gﬂnbbnnglﬁéw(thaﬁeapaheedHTK%GMRﬁOQHBFGHeCheﬂHﬂH@&mb@ referred
filler to break the ag %Ioneration of the filer into

to a%lQﬁelba?%¢¥ﬁ4ﬁ$u§ﬁé PHeRCYP I HIAN €p- i Btdiksper sed
C%mb ]é/ | n{t%atdreeng;glet eﬁ‘l‘i %&EHOOAO Soﬁfnﬁlerelnafter referred

genera ng hi
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
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:
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.

[Kneading method]
Examples 1 to 14 and Comparative Examples 1 to 12
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shearing force, many of those enploying mllstone
mechani sm such as a tw n-screw unidirectiona
we@zaosaoel havi ng i ntroduced therein a kneadi ngpdi/sR2007/071434
appl yi ng high shearing force onto screw el enents, are
used. However, when such a kneader is used, filanents
of the bR AP Uofzolbbehy Wik n[l%%rgv05§9ru&é‘r (ZELOR x
contrast, 1 n a case where a single screw extruder
40D, usedw amhﬂtgh Reaki ng/Df= fi1)amaAtSacanhal Sdsyp%@gﬁ@gff was
di spersion of the fiber cannot be uniform Therefore,
used~|nR@ﬁknuaqdocaﬂﬂa¢FﬂYﬁnﬁkﬁﬁﬁrdl5be¢%¢cwnhM®ﬁP§ed from a hopper

SSIn rea g. the r preferred to
and qo %ﬁ%a #1 g?@ lByl Eﬁ?%§c§% gr?%t%uﬁ feASEcr ew
ext rm@ekn%&iwtlsa Hneadteg Es, (e USRaf LSS the
kneader which can attain dispersion over a long perio
resimoftetmpaeamitd @it philghtsaeasting fketore OPERK) U€380 °C and a
special mxing elenment in a single-screw extruder.

ScreWAlr%ata%rFésreadr éd ﬁ@?h’é@“f ofsi fP¥ m}mq@gb@ﬁeteu fRC) , the

h fih d [
ceossFFRBRREAERE BB 1B % LSR5kl - LIS aE 15, 300 .

case where the fine graphlth fi ber and the

thernoplastic resin are kneaded in a tw n-screw
[Evalwaitdhgecttilomhlofereradeéatien pirekehokd kaesdi ng net hod

is that pellets of the_resin are introduced into a

hopp&r Fﬁe?@%PQJp§PP€aﬁ#6Ft?W&9ﬁ<déééé? ngpRy megyfactured by
Toyo %%llhcft Se a%ﬂfr%#l% th f§q}§eﬁg f%ﬂ{% h?%ﬁ.grlgnzgntroduced

hearlng e screws, ‘an e fine

into @haphilic afﬂcb@zhehstﬁé decéed iy aB1 b, ndietiRarmeokiiher |
kneader into the molten resin. If the fine graphitic

or (Bﬂ|bérl@ﬁﬁpdqﬂ§drébenEp@IIets are |ntroduced fromthe

hop nto.the knead t the sa nme, . br eaki ng of

£ e kB Gt T Y FRECHRERA ST Fher SO H oIt Pats the
re51n£§%%?%%§29&99%6§BQan| HH%'thQrcgogéﬁioBekkgﬁéency 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
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

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

temperature of 270 °C and a screw rotation speed of 100 rpm.
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Since the fine graphitic fiber used in the present

i nvention, having a bulk specific gravity of 0.01 to
w2808, readily involves air, it is difficeXCT/JIR207/071434

deaerate by using a normal single-screw extruder or

uni directional two-screw extruder and the fiber cannot

easi Lntroduced into the resin. In this case, a
[Metm%gf%%¥P;géé%feSsure kneader having excellent
Exampg“saﬁg%@bw £ﬂdmé>%@a@%@ O arSMRRY @Ssbng3br eaki ng of

I ber, can be used. The resin kneaded by a batch-type
pr egsiga loneadédimnyi heondicbddced npefdore fdati giited(100 x
into a single-screw extruder to formit intghfell ts.

100 x Bdgmdicksest) i MpedSioa- AolDl AgEiAR FOdRE) BRel iRt ndrade
t gener al sed t var i 0 !
name: iﬁg“gr‘:’t i Brae ix%ynuﬁrﬁdd:gﬁ’ggﬁée}é‘%e@h&%%fgﬁgl g(?%%r&gs of

moldidditeeiakhy fol gedod b, retaltaperanent soorisu herand
conmponents, doubl e-col or injection nolding, core-back

injectinjrecteed obl &0 mgy/ ssandwi theicgsctifopokpbEhey elifter ketone
injection press noldin In injection nol

: LN it is
(PEEK) o' 48 EBe se1 St SHLYSEED tiens Pl déndctarure
- Qpsi ' 1.9, ENA0GES, ie f 368 EE3b3! GRCE) W 8o
S zsiagéegfés%%éﬁkgéggfﬁ ?gnperé?uégé ?hgennlding di e
mm/sed enperature and the nol di ng pressure. Exanples of
specific uses of the senmiconductive resin according to
t heCpmasesstionnprehdimn-18 wohddeted mle|48 r§ cvbliy @ pressure
electronic fields, wafer carrier, wafer cassette,.to
of 20§ JfEH/5T VI ETS BodPeTReE PG B ohite T L cges pe Hifppo
engin&M Lot Ubgrp| C card, tape packing and a ree
packi'ng, liquid crystal cassette, various cases,
st osleger tmicdWingt Ds agendiattieldeat c280 i °€r fdevPCeand 370 °C for
conponent, a magnetic card reader, connector,, K conmputer

PEEK, shwing FDTcai?i GFithVRoRerd Rrvidit aauRZABadm cbi ritgckness)
and at i Lh eyt YOLEE 1 MRt Q1 ME ¥ with 30 mmo
(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
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HDD and |iquid crystal panel carrier; in the field of

of fi ce automati on equi pnent, electrically-charged
woreoaod2i n i nage-form ng appar atuses such as BOT/JP2007/071434

el ect rophot ographi c copi er and an electrostatic

recording apparatus, such as a charged roller,

Rl bhr @ 905563 Yrld +&8a L ANSfe |5§£l el
at ma?ran %ﬁﬁfi a deVe o%%ngsggb%%r, traﬁﬁr agrunrfo¥ s a8
descrrg@@rggdﬁ;.apparatus, a printed-circuit board cassette,

bushi ng, paper and bill carrier, paper feeder rail
font cartridge, ink ribbon canister, guide pin, tray,
.. roller, ge sprocket, .housing for conputer, nodem
[FlbeﬁoL§?$ﬂl%ﬁgLEFBECEdﬁyFﬁa CD- ROM housi ng, printer
hou%bﬂ&ua&ﬂﬁ@%ﬁhﬁ%réngr&Qﬁﬂ%&%%dsEehtlﬁﬁbﬁéﬁ§1Hyebﬁ Qfpect
conmruni cat 1 on 1 nstrunent, conponents of cel l'ul ar

ratiopb@@ﬁnlﬂguyﬂécamngﬁi¢KuEbdﬂelée negbeficationt b€ x 100 to
autonotive field, various nmenbers such as interior
3 OOOm@mrmlca&ﬁcrer Kbe dobtetiaed dnrgcoraks é@tthc ig&Qi Eee image

usi n ank ca fuel filter

ama Ly GO B o AP R RGO A0t BBFS  Ghic CLars o e Hhe

FilambPRr OLDES fd-gld8d €OVESHNG ARLEHH& JﬁgidaeeQﬁbbg length.
wi resand power cables, electric cable support, a radio

wavaspbsorierio ﬁbooalnw&&ﬂedﬂby davpéing raxt lpregebe fiber

sheet, palette, shoe sole, tape, brush, blower fan,
lengtBhwtan RsE@IRe 51PN SIWRERE - and pol yswi tch. However,

they are nerely exenplary and all products providing

advant ageous effect of the invention are included in
[Specl hec seoacef akBg) i nvention. EXAMPLES Hereinafter, the

present invention is described in greater detail by

r ef r spaci fio Emaﬁpbesar¢bwgweﬁasuhed§@opéiabgﬁhegas

esent invention is not linte q¥ the foll own

absorE& e

%ﬁﬁﬂqg;hodeﬁ§ngNOVA 1000 (tra ame, manufac u%%d 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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production nethod of raw materials and sanples are to
be expl ai ned. The production nmethod of conductive
wo pooBans1eA) used i n Exanpl es and Conparative ERENpP2067/071434
i s described bel ow. (Production nmethod of fine
graphitic fiber: VGCF-S) Benzene, ferrocene and

on mollabg 8@fesofha%ﬁ£83§ {791151&% Qfesg%t:LVZty Jfglr(ﬁ Axes: more. oOn

together to prepare a raw material [1qui The raw
moldedBbedi@é Hawiuhgd ai sosupgl td sititratanoevaponanosr heeded a
at 400 OC to volatilize it. The volatilized raw
four-ppgpbe i mtthyad (teadgppimnedianestei H§ MCRaF41%r Mapdiagenured by
. as. into a Si.Cnmade reactian furnace ( having an inner
i S oot G oA B g HES0r 2000 mm) heat ed at
1250 0C . The supply rate of the raw material is 10
g/mn and the flowrate of hydrogen is 60 L/mn. A
[Recogeaphof ef idriex bifeeti mmesdidiganet er: 100 mm  hei ght: 150
is filled with 80 g of the above-obtained reaction, |
Gbe anel cff BTt egsar q@wsetﬂeflr 11heuwet iwearcg)@ﬁosﬂlon

. at nos her C u0| I hne I.a 100
is inferSed ] o (BRARALLRS] B A05) 50 RRvFne this
is su%?é99&§Q§PQ§JEEQ%EOHbtﬁﬁﬁgﬁjw@%h@ﬁ t£ﬁﬁﬁﬂ¥§ﬂ% to recover the
cal cination at 1000 OC and graphltl zation treatnent at
£i11e3006ntinesl dar thedrestnusi ng a hi gh-frequency heati ng
furnace for 30 m nutes in argon atnosphere. [ Conductiy

f iRy Ehe( BFstRid B TER ARpFEPAEF1eBnpar %t?@eth&éwﬁlfpeé}tlon

rho r r g
is injolpcd AOTABELRN st PESPRTE, YRR AR,
flltrayl&&%t@&Nlﬁ@sKm& and Drydagbes bbesked tthad€inage:
KETJENBLACK EC- 60QJD (hereinafter referred to as KB))
contapgmadf Bctireededynti on Agzo Co.,
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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Ltd. (3) Carbon nanotube (hereinafter referred to as

CNT) [Conductive filler (B) used in Exanples and
w@ormpassaei ve exanpl es] (4) Carbon nanofi ber (tPredar2007/071434

nanme: vapor grown carbon fiber (hereinafter referred

to as VGCF) manufactured by SHOM DENKO K .K.) (5)

secoked bonrtébeihAd,r ade 8apRactEPWEMErOis69sHH-ated bg a
(hereinafter referred to as CF 1 ) nmanufactured by

submenF@ PENAKCBo. ourttegr) te6rh€aelypreduntiethet nameenan® particles
, HTA- CVF- 0O, 40- OH (herei nafter referred to as CF 2
having fuPECTUFEd BiF TOGHOITERAXE Gioze Lt 3hs ¢ageGriishet §2le number

' r nokFs . tured 2
of SR AT Bl B0l e R M AR S i & e
evaluetdd ast bxed #1Ho SSHMANDENKQLlibdS B008) 0L O9H are evaluated
precursor prepared by pulverizing petrol eum coke or
as “qitch coke and controlling the particle size to be
20mm . I n Exanpl es and Conparative Exanples, a
pol yet her ether ketone (hereinafter, sonetines

%gb kal PEEK, trade name: 150PF, manufactured
Lout y'\%%%tre%g%@.) and a pol ycarbonate (hereinafter

sonetteresoahbs exf al-¢@paanBl métiadenamlokufe | &8 total
S3000, nmanufactured by M tsubishi Engineering-Plastics
outgaspPFer B BtNehrrespsetlgsly harsdpgl heederaesigns

cnrodI2R0L09 SRUNOAL SR e AL B2 COBRUALLYE, oo
Appli@¢hddefa {ZEAD 11040D: 585 B i anglalss 43 @y Lo F method
37) manufactured by Berstroff was ‘used. Resin an

is desomdbetlibeldw.l |l er (B) are introduced froma hopper

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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and conductive filler (A) is introduced froma side
feeder. The kneading is conducted under the conditions
wWo b@is/1031e1 resi n tenperature of pol yet her etherP&EIRM067/071434
(PEEK) is 380 OC and a screw rotation speed is 100
rpm A s for polycarbonate (PC) , the resin
enperature is 270 OC and a screw rotation speed is
00 rpm [Evaluating nethod of percolation threshold
val ue] or2 kReadihagambalo RlASHamtbrdi rads RaeR, of sample
manuf act ured by "Toyo Sei ki Sei saku sho, 'LTD. ) is
- totabestaliaret, of asiank)s /i nuroduses peaatho atrbe/ mtdctamdmass
when the resin is nelted, conductive filler (A or (B)
¥s1/ rRampaecEBAsE fBrdei n. The kneading i s conducted under
t he conltlostha ere np ur e 80
the mxer P BEtpy e ray b SR Gl e e avea
of megﬁﬁg'lengzhtlb%déﬁ AQJ8utLe8s Jﬁ%ig&%@ll%d/ﬁaM&é Snass (g))
melt-pressing into a flat plate having a
x 1/( sam@leoﬁnals@(ogX) 100 x 2 mmand its volune resistivity
val ues thereof are neasured and tpe car bon filler
cont ent GaRexgticch heRE2VD| AR e dieY PVi Ty (ReffuéTERaRfes
aIIy minsyl e/[e t
hepta%%fren Eén uc% fq}e%ézlactg%\é é?%%;nredgﬂ S§s (Ph * 1/ (sample
mass %gycol ation threshol d val ue. Exarrpl es 15 to 16 and
nparative Exanple 13 For kneading, a co-rotating
t Wi mhsc¢msewhnque$a1(:zmm »140beawtyemendisabesr thg3rotal

L/D = 37 nuf act ure Berstroff is use Resi n
outgaﬁsamw%&@cézjw Bt i et %Wﬁ&sdﬂﬂ?‘?@flm
chlor£§ Jdﬂ%yﬁgdof /@'%hdgeggeﬁﬁﬁ ﬁﬂéﬂatﬁgpegﬁer§¥€3 carbon

neadi ng 1S condu under onditionsS of a resin

hydridengenaiturie ofs 27¢) HGrandsa, serevevaihaitednaspeed, dfhose
100 rpm [ Met hod of nol di n%]
which fell outside one or more of these requirements are evaluated

metho

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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Exanples 1 to 16 and Conparative Exanples 1 to 13
Injection nolding is conducted to nold a flat plate

W@ 2@8/1951200 x 2 (thickness) mm) using a injectPCNJP2007/071434

Table 1

nol di ng machi ne (trade nane: F-45", manufactured by

Kl ockner) under the conditions of nolding tenperature
of 400 0C, die tenperature of 180 OC and injection
speed of 50 nm sec in the case of polyether ether
ketone (PEEK) , and in the case of polycarbonate (PC

, molding tenperature is 280 OC, die tenperature is
100 -C and injection speed of 50 nm sec. Conpression
nol ding is conducted at 280 OC with a pressure of 200
kgf/cm 2 using a thernoform ng nmachi ne manuf actured by
Ni ppo engi neering Co., LTD. Sheet nolding is conducted
at 280 0C for PC and 370 OC for PEEK, using a T-die
(with 250 M in width and 200 urn in thickness) and an
uni axi al extruder having a dianmeter of with 30 mF
(manufactured by SOKEN) . The results are shown in

rapre 2 . T Tablle Z ,To[i's tHe ¢asd where change in
vola@ne resi gtivitly of the resijn satijsfies 10x1 Wm
(2—“—’_§ Ig) | x| g bhe. cage3 M@ | ¢Bange in vol une
resgsiH vty |of [tHe resjn|does |not satisfy 10x1 Wem (2
X B81) .  [Filber diametler |and Rarticlie size] A
nmeasuri ng ngt hod |[of [shape pardmeter |of conductive
fillew is dgscriled|be| ow. Corlductivie fillers are
ongr%gc‘éo‘by &, seqnni % gl eéctgc%n§r oscope at _
WHQ%II%@IICI’T‘)?X‘_.L Yo <307C MNhe m crographic
i mage& are i|nput |into fan|i nagg anal yjzer (trade nane:
g (2128 %l8]3/33% 8
D:_Té 8’,88803033;'@ Y/
3
an"\ o
g 8% |2R(B|g|3|e|=2|R| =
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"LUZEX- AP", manufactured by N RECO Cor poration) and
fiber dianeter or mnor axis of 300 conductive filler
wo pdoaresies are nmeasured to obtain a nunber averPEm&EP2007/071434
fiber dianmeter or particle size. KETJENBLACK is
observed by a scanning el ectron m croscopeat

Table 2

magni fication of x 500, 0 and subjected to the e
anal ysi|s asodegcriobag a%o & [d:i b@r Lgngtihyapd Agpect
Pa®i 0] Qnduct Pvef (Ml ers | ar ¢ obiserlved con?i nuo by
@ aspect ratj o scapni ng ¢l e¢tragn m'croscoge at
gegni filcatfi ®n| 8f | ® 160|Co|® Q6D |Fano? 4n? claPl y© The
obt-arnegd—mages areTnput into the [rmage janal yZer and
-é%%er llengt h or pmj or axes$ off 300 donductji ve|l fi|ler
gxlament s aﬁe gepsul gditp|eptai N & |-o Nuybes pwel age
gEt%r liengt h.| Aspect rati ¢ i $ cal cyl atled jby div|ding
an averlage fiper|lenpgth by am ajerdge |fi ber di apeter.
ISRecifjic [surfacp afea] Alspgciflic|sur[ffacle afea|is
$r8as ur 6d, byoni br pgeh ogas ks orgtlien &t dodo usbngoNOVA
A8@ (tlrade njane|] nanufactured by Yuasa ljonigcs | nc|).
TByLk densityl I[ g pf conducfive TiflTer ijs put [ntp a
8E®=m || of| geasul bnOocYld neer .o A dUlk [densbtyoi o
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Table 2 (continuation)

filler in the silver paste and extrapol ating the val ue

based on 100 % of carbon filler. Measurenent of volune
wo e®Baoi1eity of a nol ded body is conducted w tPCEHAP2007/071434

i nsul ati on resistance neter (high resistance neter,

trade nane: R8340, manufactured by ADVANTEST

CORPORATI ON) , on nol ded bodi es havi ng a vol une

resistivity of 10s Wem or nore. On nol ded bodi es

having a volune resistivity of 10s Wemor |ess, a

four-probe nethod (trade name: Loresta HP MCP-T410,

manuf actured by M tsubishi chem cal corporation) is
used. [Reocoyﬁry 8f >f<!l!oer aélt 11 kneﬁdl ngl | n.the gase,
of© PEEK | resi gonppsijtion, %f t he [conmpiositidn IS
I rgrersed in hot| concentrated sul furic|acid for 10
hamEs. T g Ps [s@bj®cteéd (& fil®ratPor, *wat e washi ng>
and Arvilnaltn vriacnl/Ar +thal £ 1 or Aant A1 nAadl o~ + WA
[ Z IR A | oy Ty O LN AAYAY4 C1 LA Y2 L] 1 YUTIC gl 1TTC U LILIL] L9l A2
eeSBE IIn the gase| of] PC resip conposijtion, 1 g|of the
éo@g@slti"or ¥s [ifmeT sled i hthl of of of m|f &r 110*hourE. | ©
1STs|subjectled folfiltratipn, water washing and
dgy®g fo rfecover the filler contained infthe resin.
|83 Be gase uf |COP(xylcko pPef{r<polymer) rieskn x o
compesitlion, 1|g of tlhe clonposition id placed in a
graphj te crucifl e pnd calcinated at 1000 OC in tlhe
ﬁ@g@wcexof ardorn t»o [deconmpose st he xegi g, [and whekely o
theefa | ller |al orle i 5 rlecovired| [Bieakilng rjati o aof
¢arbgn fiber] Ihe yecovered T her 15 gbserved by an |
e ect|rpn Fri| cEocgpectjo Dbt & n| &2nunBer| &verage fli Ber| T
(51 pid > : X 5¢ > L X > 3 P ey
clengilh by° an~i nege| '@nakysi s© The Breaki ng rafN o of thé
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formula. Breaking ratio of carbon fiber (%9 = {I-(
carbon fiber length of nolded conposition / fiber

wo esogtibsiof raw material vapor grown carbon fi be€h/JB20%7/071434
100 [Particle elimnation (berry drop) ] Aflat plate
of 100 x 100 x 2 mmis imersed in 500 mM of pure
wat er and applied thereto is 40 KHz of ultrasonic wave
for 60seconds. After that, the extracted water is
aspirated by a subnerged particle counter to thereby
count the nunber of particles having a particle size
of 1 mmor nore. The cases where the nunber of such
particl es exceeds 5000 per unit surface area of 1 cnR
are evaluated as LLx", those with the nunmber 5000 or
| ess are eval uated [Qutgas. neasurenent] The anmounts of

n- heptane, -nethylene chloride and total outgas are

neasured riesgecti Vel y Qy usilng headspace gas
chronmt ograp@y acgerding fo [the method described in
Japanese Fat @éntEAp@ | ©dt i@n |Lai d- open No. 118222/ 2001.
Speciffi ¢ nepagurémet fEt hdd |i s described bel ow. Two
pi eces of teg sanple (totall area: 12.6 cn2) of 22 x
10 x 3_mmijar& cut |oul flromd nol ded body. A gas is
extracged fgom the samml e urlder the conditions of a
heating tenmgecature pf 85 0¢ , an equilibration tine
of 16 Ho@gssin-a 22 m -valurfe vial into which 10 i of
n- octiafle d sZa&tled |as &n iTit grnal standard substance.
The g@ag ggngraled infthe vigl is nmeasured by gas
chronefog @& (GC/ MB) | . |The neasurenment condition is
shown Eelghw—Apparat s tGCM5S QP5050" manuf actured by
Shi meidgu aor gor@tijon| .| »
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Col um: CHROMPAK PORAPLOT Q 0.32mm x 25 m, Col um
tenperature : 35 to 240 0C (10 ¢ mn) , Inlet

wo esopaoature: 230 0C, Interface tenperature: PSDIRON7/071434
Carrier gas: helium Inlet pressure: 100 KPas, Tot al
flowrate: 60 nL/mn, Injection volune : 2 nl. The

a s, the generated anount of
INDU%@%%%}F%%%B% IC%%I&e%Tgﬁd n- hept ane, are cal cul ated from
t hei fek| entngrehied .o fTotdl gt Basi aopunt v( dgnhg e
(total peak area of sanple - total peglk area of bl ank)
conttolhedctiane peakear esEnge otvahkimmd9 * (dRomiX ¥ven when

the (RGFBT L= pdd HEF CToTRRAYF EhECCREdr o) S 1 pEBich i°

f .n- - : I
flucﬁgggegg)ﬂs q&%esg%n, oﬁﬂ@”@eﬁ?éénﬁg):t)lv% Ve {isanpl e

nerat ed heptane anount (ng/g) = (peak

compake@ioh hepicantnd Hdpeeke af Raecnt iBnockhande [usattamea
mass (g) ) x 1/ (sanple mass (g) ) The cases which
widesaehngkied oal lexaapiie entit sl eABF1ERE Bodale lQfgedric

e UL R kTG O] 255 Lhak the herated sy one
wafeQeB%%@EeQCpﬁﬁEpQﬂﬁgviﬂ@ BBUBRL +i-$ Q. 5 100/ G 0F 1 d £SBube,
are eval uated as LL 0", those which fell outside one
IC catkdporepef pgdsieng e reseht saakengyalliated asryxtal
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
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
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
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

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

tank, or door handle and various parts; in other fields, as
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The features of the conductive fillers are
collectively shown in Table 1 and the conpositions and

w@e@panilees of each conposition are coll ecti veP@T/3iR00M071434

in Table 2 and 3 . Table 10O0Table 2 (continuation)Tabl e
3 OO NDUSTRI AL APPLI CABI LI TY Since the change of
volunme resistivity can be controlled in a narrow range
covetPhhinat2@Xh1EWe) o1 eavieni whehré hendopoertr afaktlre
el ectroconductive filler in aresinis fluctuated in
elect@ina@g%let rersatitooritidte veavesrRSesRSSsi 5P~
rdin t he |nvent can be in
mateFéﬁ e, CF%P63X AR PGP I%%?r?tapa gqe eﬁﬁé%;%?le'
tape,' ?h:?ﬁh a%l‘&@fe%f G f | SheeBiRipeansaitieg totanditt tde,
boat, ICtip tray, ICtip carrier, ICcarrier
polykuWhechl.C card tape packing and reel packlng liquid
crystal cassette, various cases, storage tray, storage
bottle, carrier device conponents, nmagnetic card
reader, connector, conputer slot, HD carrier, MR head
carrier, GWR head carrier, HSA carrier, a voice coi
notor (VCM of HDD or liquid crystal panel carrier; in
the field of office automati on equi pnent, as
el ectrically-charged nmenbers in inmage-formng
appar at uses such as an el ectrophot ographi c copi er and
an electrostatic recordi ng apparatus, such as charged
roller, charged belt, neutralized belt transfer
roller, transfer belt and developing roller; a
transfer drumfor recording apparatus, printed-circuit
board cassette, bushing, paper and bill carrier, paper
f eeder
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rail, font cartridge, ink ribbon canister, guide pin,
tray, roller, gear, sprocket, housing for conputer,
wo@sileusi ng, nonitor housi ng, CD- ROM housi nBCT/JP2007/071434
printer housing, connector and conputer slot; in the
field of communication instrunment, parts of cellular
phone, pager or various slide nenbers; in the
autonotive field, as interpomsmaterial, underhood,
el ectronic or electric device housing, gas tank cap,
fuel filter, fuel line connector, fuel line clip, fue
1. t?”k% Qém980£d£@¥¥@§ %Q9n¥%&h%%% $§5cdﬁkéﬁﬁ§ﬂg two orx
fields] "ascovering naterials electric wre and
morePRWBHsCBBI Bon8hEEi¥é Cr LaDL £ SUPPOFE in Ak Od WaF€rence in
absorber, floor material, carpet, nothproof sheet,
threpabetit galsheecSopercodhaeiobriostyedh owerl¢asy two kinds of
sheet - shape heating, el epent or pol smﬁtc? CLAI 1. A
the seRPEEhANRt FYELRES| hS COHRDDOSTtF ohPRINt AT nthgte we? gPass® -
nore kinds of conductive fillers, wherein the
difference in threshol d val ues of percol ati on between
2. at | east sEMOc &hdigdst Dfe thes CONEGId srer fd 1l |8F SodcBimvg tHd N
a range of 10 to 50 mass% 2 . The sem conductive
claimesi nwbempdsi thenaticter 8 ngwe okEnds mi theheeriwcihes
at least two kinds of the conductive fillers e

c
fill@Sﬁ;ﬁPﬁhggoﬁﬁ§§@6%§ ﬂ%?%%o?r¢%ﬁfﬁn9_rﬁF?%%nv%Tuhghe volume
resir%ib#%gvbkyegghegfhtﬁé fbfléfé|§£51¢59ég10¥tﬂb95.|eSS-

sem conductive resin conposition according to
claiml1 or 2, wherein the difference between at | east
two kinds of the conductive fillers in threshold
3. val uBkeofepirerdiag bre obt B hetPiae siddiaty aF Qafting to

clai%ogdg%t5yew ELLE£ Egeadifference between at least two

kinds of the conductive fillers in threshold values of
percolation obtained in adding a single conductive filler to a

resin is within a range of 20 to 40 mass%.

4. The semiconductive resin composition according to any
one of claims 1 to 3, comprising conductive filler (A) having
a threshold value of percolatioh of 2 to 10 mass% and
conductive filler (B) having a threshold wvalue of percolation
of 13 to 60 mass%, the threshold value of percolation being

obtained in adding a single conductive filler to a resin.

5. The semiconductive resin composition according to
claim 4, comprising from 1 to 10 mass% of conductive filler
(A) and from 5 to 19 mass%$ of conductive filler (B) in

thermoplastic resin.

39



10

15

20

25

30

resin is within a range of 20 to 40 mass% 4 . The
sem conducti ve resin conposition according to any one
wotooshesies 1 to 3 , conprising conductive fillPBPCT/§PRP07/071434
having a threshol d val ue of percolation of 2 to 10
mass% and conductive filler (B) having a threshold
val ue of percolation of 13 to 60 mass% the threshold
6. vaIu@h@fspeicghautbhveerﬂginb¢@mm@ﬂithpmdm¢m@m®i@qngie
conductive filler to a resin. 5 sen1conduct|ve
claipedjinVEEKFGSI Fh6ntaERer BPRGERE eFaFﬁ¥ﬁucthBﬁpF+%%ﬁ5

fr 1 §5% n r a
Bl Sy A %ﬁ%rn%%léét”é?&
or 1e@si.n.6 . The sem conductive resin conposition
according to claim5 , wherein the total content of
conductive filler (A) and conductive fiIIer (B) in

t her nopl asti c r55|n is 20 pass% or | ess

7+ seni CBRABETEGRMTREF VR oRpOST t F P AL @C?%EW orfe any
one f %hg s ﬂ Eg @ ’WH@ Eﬁh”c888$8g£b¥efiiiéfr Afoéégf%%ﬁ

|ne graphltlc fiber aV|ng a er dianmeter o
graph2@iamciBer Mheifgnacondeet HVEmELSENo £LORPHStS i DMO nm.

according to any one of clainms 4 to 7 , wherein

conductive filler (B) is fine graphitic fiber having a

fiber. di anet f 120 00 bon fib
®. {1 paFni SVBEEYIORCEITS 525 i GIRSA TP A T pas "Eb Sy

one BaViAgiAsPartibche §h28:9h 1ohQuoPPOM:i1Per TP is fine
sem conducti ve reS|n COHDOSItIOﬂ accordlng to a n Yy

grapomeloff¢barnha51h@ 8 fiwmbereiamébertdher nbplastsd o resj n
is at | east one kind selected fron1the group
carb@6n§pgﬁpn§aggng a fiber diameter of 3 12 pm or carbon

particles having a particle size of 1 to 500 pm.

9. The semiconductive resin composition according to any
one of claims 5 to 8, wherein the thermoplastic resin is at
least one kind selected from the group consisting of
polypropylene, polystyrene, ABS resin, polyacetal,
polybutylene terephthalate, polycarbonate, polyamide,
polyphenylene ether, polyphenylene sulfide, polyether ether
ketone, polyether ketone, polysulfone, polyether sulfone,
polyether imide, liquid crystal polymer, cycloolefin polymer,

fluorine resin, polyimide and polybenzimidazole.

10. The semiconductive resin composition according to any
one of claims 1 to 9, comprising a region where change in
volume resistivity of the resin complex is 10**'Qcm (2=x=11)

in an extent that the total amount of the conductive fillers

in the resin is within a range of 10 to 20 mass%.
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pol ypropyl ene, polystyrene, ABS resin, polyacetal,
pol ybut yl ene terephthal ate, pol ycarbonate, pol yam de,
we@olmgpiany| ene et her, pol yphenyl ene sul fide, ppCTaR20er071434
et her ketone, polyether ketone, polysulfone, polyether
sul fone, polyether imde, liquid crystal polyner,
cycl ool efin polyner, fluorine resin, polyimde and
pol ybenzi m dazole . 10. The sem conductive resin
conposition according to any one of clains 1 to,9
11. con@rW@ﬁ@@daOﬁeﬁﬁéﬁuﬁﬁéﬂetéﬁaﬁ@@lFHHGBFEﬁﬁerE%F%PlV|ty
the resin .cao IS 10x1 m
comp%ﬁ&?ﬁﬁntQ%ﬂt%ﬁ?'q&btﬁf)éﬁbﬁﬁfeof P&% ggng ?lve f?FFé?%n
at 1ddkd N8 d 8Sidud S Mt B dangeOfr il eke 20vAmgs% 11. A
nmet hod of producing the sem conductive resin
diff mosiid dhoentdidiveg tas of prorce lkitids: bEtiiekhetse two
wherein at |east two kinds of the _conductive fillers
Withi?a\ﬁ AP i FF r®rie 5% Mafsds Rdled VERTES I fer col at i on
th e¥1ét¥%§mn within a range of 10 to 50 mass% are
erTﬁ%%%% 4 thermopl astic resin. 12. The nethod of
produ0|ng the sem conductive resin conposition
according to claim11l, wherein the at |east two kinds
12. of tie cerithect iofe piriddusriagedble SeRLaPNAYEtAESSYFERD
nore of carbon and the vol une resistiv ach _ of

[
comp@ et ¥ | RGP T D WM™ s P G‘ffl“lefﬁélen&t &aéft two
kindaproofju ngc trjxlﬁl:ﬁ.%. %}Lq.l“ﬂ_fetfsveearc%s'c%n"‘t%mo%@ IIH%.I%S’G or more

according t 12, wherein the difference
of cdetyeeihdttieasdldid ddids iofi the fCerAMCkifv &b Ifliddsrs is

in threshold values of percolation is within a range
10! Qcm or less.

13. The method of producing the semiconductive resin
composition according to claim 11 or 12, wherein the
difference between at least two kinds of the conductive
fillers in threshold values of percolation is within a range
of 20 to 40 mass$%, the threshold value of percolation being

obtained in adding a single conductive filler to a resin.

14. The method of producing the semiconductive resin
composition according to any one of claims 11 to 13,
comprising conductive filler (A) having a threshold value of
percolation of 2 to 10 mass% and conductive filler (B) having
a threshold value of percolation of 13 to 60 mass$%, the
threshold value of percolation being obtained in adding a

single conductive filler to a resin.

15. The method of producing the semiconductive resin
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of 20 to 40 mass% the threshold val ue of percol ation
bei ng obtained in adding a single conductive filler to
wW@2008403121 14. The met hod of producing the PCT/JP2007/071434
sem conductive resin conmposition according to any one
of clainms 11 to 13, conprising conductive filler (A
having a threshol d val ue of percolation of 2 to 10
comp oSS Yrard coaraduet itve cllelimef 4( Byonpviagna fhewshotd 10
val ue of percolation of 13 to 60 mass% the threshold
mass % ffucHAUsSHYS dtilefrbdPngaoBt AFABA® i h°addi RgS8*sPhgl e
conductd. filler.to LA. . et hod of
Condﬂéﬁﬁﬁiﬂ%%?% fe (& nﬁ@oﬁgﬁgggbgaFégfn%ggﬁggition
according to claim 14, conprising from1l to 10 mass%
of conductive filler (A) and from5 to 19 nmass% of
16. condbet meehbid bér pEBYuchnyhehaopbrastbudnetine 16sifThe
met hod of producing the sem conductive resi

I N
comp TS A AL dPnG 1 PdTc L ai mY i E Swhef 8P PhEt GPAFe"T
of c%ﬁ%&é%yﬁéﬁffEN% gg%bvgﬁ%lk%%hugg%v@ngiggggqu5Vgnf;l!er

In ernop cresinis mass% or l'ess. 1
thermdif J8B1N04 Of i Priedue Rgstshe osemieggnduct i ve resin
conposition according to any one of clains 14 to 16,
wherei n conductive filler (A) is fine graphitic fiber
havi ng a fi ber di aneter  of % 5 to 120 nm 18. The,
17. et R6F FEHCGURS RgOFHEISEnBEnaGEEFIRIPEERS Tosin
CONPOS| t.i - N n f Gl ai 144t 0 :
comp GRAARI (ALY L i%ﬁg’groq’%)&i SRS gfl g%ﬁi teuOpherein
condi@viwg @& fidyer (i anetfdmneofyrbdb it-d. cS@Qbem heatilbon af ifherer
having a fiber dianeter of 3 to 12 nm or carbon
diameplat il ek havd g anFarticl e

18. The method of producing the semiconductive resin
composition according to any one of claims 14 to 17, wherein
conductive filler (B) is fine graphitic fiber having a fiber
diameter of 120 to 500 nm, carbon fiber having a fiber
diameter of 3 to 12 pm or carbon particles having a particle

size of 1 to 500 pm.

19. The method of producing the semiconductive resin
composition according to any one of claims 15 to 18, wherein
the thermoplastic resin is at least one kind selected from the
group consisting of polypropylene, polystyrene, ABS resin,
polyacetal, polybutylene terephthalate, polycarbonate,
polyamide, polyphenylene ether, polyphenylene sulfide,
polyether ether ketone, polyether ketone, polysulfone,
polyether sulfone, polyether imide, liquid crystal polymer,

cycloolefin polymer, fluorine resin, polyimide and
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size of 1 to 500 mm. 19. The nethod of producing the
sem conducti ve resin conposition according to any one
wotooshedieas 15 to 18, wherein the thernopl asti cPCEIP2007/@71434
at |l east one kind selected fromthe group consisting
of pol ypropyl ene, polystyrene, ABS resin, polyacetal,
pol ybut yl ene terephthal ate, pol ycarbonate, pol yam de,
polybBRtyRbeaybeae ether, pol yphenyl ene sul fide, polyether
et her ketone, polyether ket one, pol ysul fone, polyether
sul f one, polyether imde, liquid crystal polyner
cycloolefln 0 fluorine reS|n
20. dpiet ybehy ?‘ﬁ]%%z%@d ucing i SRHNG dp C\‘Cpllrvoedl]:celsng t he
n n [ rdi ng, t07 AL NS n
compo%?‘ﬂ?g. B e L o it rve 1T ors (e
condudthii-Bergraphit ix) fibes fhneedtbbiendingt tonduot invelt-
fillers (A and (B) in the thernoplastic resin and
blendinpt gpedpftitie fihéeﬁ?abh?t@%dfK%brl$st%%h¥¢%ﬁm%ﬁﬂ%§Flc
be 20 % or |es e net hod Prioduci ng_t
reSlnséﬁgcﬁﬁaﬁﬁfFv%§rE§?nf%% %%??l%%lacc%?e i g ?%PéE?Olled to
be 200k glahme 11l to 20, conprising a region where change
in volune resistivity of the resin conplex is 10x1 Wm
(2 X 11) when the total ampunt of the conductive

fillers inthe resinis within a range of 10 to 20
21. mas@he pothad pp HRE? FoF HEdt T ’ieﬁ%l%%ffﬁl%mtfctlﬁﬁem

I,n cQ osi.tion descrlgg% LB apy; H e, pfLelajyns 1 to
d to "an i 1Yt
Compofﬁ 153 SKSCFR[-82t FBnhd pr oduct orned of the
comprising a region where change in volume resistivity of the
resin complex is 10**'Qcm (2=X=11) when the total amount of

the conductive fillers in the resin is within a range of 10 to

20 mass%.

22. A product formed of the semiconductive resin

composition described in any one of claims 1 to 10.

23. An injection-molded product formed of the
semiconductive resin composition described in any one of

claims 1 to 10.

24. The injection-molded product according to claim 23,
wherein change in volume resistivity at each point is 10**'Qcm

(22X=11).
25. A compression-molded product formed of the
semiconductive resin composition described in any one of

claims 1 to 10.
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sem conductive resin conposition described in any one
of clains 1 to 10 . 24. The injection-nol ded product
wa@e@snoeiiag to claim 23, wherein change in vol uP€r/JP2007/071434
resistivity at each point is 10k 1Wm (2 X 11)
25. A conpression-nol ded product forned of the
sem conducti ve resin conposition described in any one
of clains 1 to 10.26. The conpressi on-nol ded product
according to claim25, wherein change in volunme _ |
26. resTbei ¢Prprasstarhmpbint PEodexl FEFRY{PRK to1§1aim#S,
An extrusion-nolded pro t_for ; - X1
Wher?&@nf@@ﬁ&ﬁcﬁpvgoﬁggfngggg%géy |3H§ge§%?$2§%l?% %%yl%neiacm
(2=xdi€faims 1 to 10. 28. The extrusion-nol ded product
according to claim 27, wherein change in vol une
resistivity at each point is 10x1 Wm (2 X 11) . 29

. A sheet product formed of the_sem conductive resin
27. conpdseEitsrsdescrrheadi RraAPcbnEoBreLI &F k" to 10.

. 30. . The sheet .praoduct i LBLchak m 29, whergin
Seml?ﬂﬁﬂﬂﬁ%ﬁvﬁ fgfﬁ%egfgéfggﬁégﬁygggnggh p%ﬁ%tg's 10x1 " Wem
claind? 1 %o 1b). . 31. The formed product according to any

one of clains 22 to 28, forned of the sem conductive

resin conposition described in any one of clains 1 to

10, wherein the nunber of particles having, a rtic
28. siz@hﬁfeftﬁﬁﬁéPnﬁﬂPédaﬁoﬁﬁﬁaﬁcsfFccorglng e8 BRLILLS,

wherein change in volume resistivity at each point is 10***qQcm

(25X=11).

29. A sheet product formed of the semiconductive resin

composition described in any one of claims 1 to 10.

30. The sheet product described in claim 29, wherein
change in volume resistivity at each point is 10"*'qcm

(2=X=11).

31. The formed product according to any one of claims 22
to 28, formed of the semiconductive resin composition
described in any one of claims 1 to 10, wherein the number of
particles having a particle size of 1 pm or more dropping off
the surface of the formed body is 5000 pcs/cmzper unit area
or less when the formed body having a surface area of 100 to
1000 cm? is immersed in 500 ml of pure water and ultrasonic

wave of 40 kHz is applied for 60 seconds.

32. The formed product according to any one of claims 22
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the surface of the fornmed body is 5000 pcs/cm 2 per
unit area or |ess when the forned body having a
wagowoBacd2ar ea of 100 to 1000 cnR is imrersed i PCHORR0OI/071434
of pure water and ultrasonic wave of 40 kHz is applied
for 60 seconds. 32. The formed product according to
any one of clains 22to 28, fornmed of the
to 28semoeorducti YBer esmhconAposive oneslescediyedsihiamy one
of clainms 1 to 10, wherein_ the total outgas anmount is
describgg/ gropnle88e PheCamdlift LoFC mb? hyVRAESERI bRT de°t3

outga%b%ggga oL h?ﬁaﬁgagg &@gsanyggtﬁﬂéunydsfcﬁgpgpléﬁeO-5

or 1 ess’i asurenenf on those generated from
chlork?eb iGM8 . af ngugf age1a6ea hyahendspasangast Chyambtagbam is
under conditions of heating tenperature of 85 0C and
0.5 1@Qui lirbiatsisonnt ineesoteménhoonsthg8e geparatadefirém 12.6
, transportation conprising the formed q?d acconging to
cm® ofnyUBRACHT 2EPRAINE BRTWPIE BT A YRR CUEE iHAeT
1l ansport atien in.clean toom ,¢ogprbei Agqt Bguk 98 HRd: ;
condlﬁﬁ'ﬁ“hé@é%&ﬁ%gn otah one oglgfains 22 to Zgg 35. Amlon
time ¥ 116 @du@ned of the semiconductive resin conposition
described in any one of clainms 1 to 10. 36. The
article according to claim35, wherein the article is
a spin chuck, an |IC test sgc?et variougigol£§eigormed
33. copPeP&rtauSEanfBsSTBRFPOT ST P eF O BRAFFAYY HH
| static f ek, Pt fHarmgl gt kgskatic coating, a
bOdyggﬁﬁofﬁbéf a pe?ighgral garﬁmaround fuel or a tube for
chem cal s.
34. A part used in transportation in clean room,
comprising the formed body according to any one of claims 22

to 28.

35. An article formed of the semiconductive resin

composition described in any one of claims 1 to 10.

36. The article according to claim 35, wherein the article
is a spin chuck, an IC test socket, various rolls in copiers,
a seamless belt, a roller bearing, an antistatic fiber, a part
for electrostatic coating, a fuel tube, a peripheral part

around fuel or a tube for chemicals.
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