SPECI FI CATI ON ELECTRI CALLY CONDUCTI VE THERMOPLASTI C RESI N COVPCOSI TI ON
TECHNI CAL FI ELD [ 0001] The present invention relates to a

t hernopl astic resin conposition containing a fine carbon fiber, nore
specifically, to an electrically conductive thernoplastic resin
conposition that provides a nolded article having a good nol di ng
appear ance and havi ng an excell j ¢ conductivity. BACKGROUND
ART [ 0002] Conventi onal | Bh Eﬁi&éhﬁgd for inparting an

el ectric conductivity to a thernDpIastic resin conposition, there

have been known t ce-treati a | ded face of a

t her nopl astic r@é%@@wg%ﬁﬁ@rﬁﬁyi H %@%WM%SWI ating, a
netal deposition and the |ike (f@pMV@EIMIION see Patent docunent 1,

JP- A- 2004- 168025), (2) a method for blending into a thernoplastic
resin an electrically conductive substance such as an electrically
conduct i VEEQOBMWIEIAISEEML.Bs a netal powder, a carbon powder and a neta
fl ake; Jﬁ§ﬁﬁ fiber of alum num stainless steel, brass and the
like; el ectrically conductive fiber such as a netal -coated

gl ass fl ber anttha msémmﬂuelneron edlgteh®d hi #RrmloB0R8le resin comPdition

above- de§%r hed gh géé th a surfac ﬁ%ﬁf ?tneqé reguj.res @
cunber sone post-5t efof* St c‘?tl’l RIS SR Ya e AR dedticrHE sopdugive
el ectri cathbymoplladua&esaﬁ doﬁgﬁu@ftmﬁ thaandotides Iﬁexhbmédadﬁiélé'lﬁe‘iwﬁgcah ébd

dr awback N it tea_1 S d to 4 rm an elechrlgg . con uctlve | ayer "t hat
i s non-unt rrrlﬁ AL ER éaﬁlé‘lga?dh"éﬁze I iBR “?Wé‘ Yor oduct is

not suitable for recycling because a step is further required to tear
away an aéggﬁ;ggiﬁ%%%é*ﬁguctive | ayer havi ng been fornmed by the
surface cycling of a waste product is intended.
[ 00041 Ol06®& ot her hand, the above-described nethod (2) of blending
an

Conventionally, as a method for imparting an electric conductivity to a
thermoplastic resin composition, there have been known (1) a method of
surface-treating a molded face of a thermoplastic resin with an electrically
conductive paint, plating, a metal deposition and the like (for example, see
Patent document 1: JP-A-2004-168025), (2) a method for blending into a
thermoplastic resin an electrically conductive substance such as an
electrically conductive powder such as a metal powder, a carbon powder and a
metal flake; a metal fiber of aluminum, stainless steel, brass and the like;
and an electrically conductive fiber such as a metal-coated glass fiber and a
carbon fiber, and the like.

[0003]

The above-described method (1) with a surface treatment requires a
cumbersome post-step of subjecting a molded article surface to an electrically
conductive treatment, and the method also has such a drawback that it tends
to form an electrically conductive layer that is non-uniform and is easily
detached. In addition, the product is not suitable for recycling because a
step is further required to tear away an electrically conductive layer having
been formed by the surface treatment when recycling of a waste product is
intended.

[0004]
On the other hand, the above-described method (2) of blending an

1



el ectrically conductive substance into a thernoplastic resin requires
no particul ar post-processing and there is no problem such as the
detachnent of an electrically conductive |ayer, and the nethod al so
excels in a recyclability; however, there are problens such as

foll ows. [0005] Since the effect of inparting an electlic
conductivity is._|low when an egectri cal ly conductive powder such as a
carbon pdtg@rically pgnduchye gurbshaaces T 41 therameplagtia Jgsi® TRaRiges no
bl endi ng preiealar ost-pasieksithel01d {HRAE ho Pratile RNAUGNL SHRCALthhment of
conductlwtg However, the bhenoy n ol}‘l an electrically conductive
powder i rf% ieaﬁlgcgﬁ]é(rmﬂfw%% el @‘gﬁF %a&%b@ﬂe Pep&rreleia anscelAbHuy;
properti esovafved thesdhtcantoblBhdeekhadd follbRs. i N particular its inpact
resi st ang@ él’fe bl endi ng of an electrically conductive fiber such as
a stainl é9808k eel fiber and a carbon fiber woul d i nprove the

stiffness and Bheerke dfRperftigarihgad estitiCMREtHiENsAGGF Wwhen an
electric (ior%duc ivity would be betfer in lgorrparl son wth the case of
addi ng arf'&fECRTY YIS G\ FECH SRt PR REY R agmpfal owdst aadiq v
broken whestdieflaig: iekidedd ahdekntas@its anduidey eboiiged!feN dnpariifs an

| ar ge anount 'bs %g i.n required for,co ensstgtigg, whi ch, resu ts,lr] a
si gni fi cdM®"d&gf ¢ PLARCHRItY APV eeT dhgnRlending ipaar sleckrieallva
nol qefj a{dg%dg&i%®@ﬁ&§14 dhﬂ_g NaQRe sEadt thmﬁﬂ @ibgrr@ﬁgaé{tgntié}mdmgegm _
article . t this reason, there has heen denanded.a resin
conbos: t BT BAPEIIRS th & 4FT Ot LA ol ot RIS Bt
bl endi ng weiumice. MT'led Blasdmghio@hare| dedtticgllE oschdetiive t fhandutls @ S0
excel | ent i sta ur f ance and the J]ike.

in.inpact,resi ce, e a r s
L0007 stetnless’ gl e ad 4 caPhan JFEEAY DRBFR oo SELHRCRE it | y
r Iepor ted tﬁeﬂ&ﬁbpg&ﬁe@ﬁﬁﬁbéhib&lsimb@ﬁ_ﬁbs‘iglan @gﬁb@g\ eha%ﬂ@% ub@h&fsi\ﬁt’y_ would
el ectric onductive substance 1Is e .in a r. asti,c resin
Conpos & 1 PEE SheoRBETER: VI e RessBbaGUneABh BTG CCUREH .
JP- A- 2006yd¥idelr5 3Howehe g Iz fibsr Beesmilpailokah whdmb@ghgahtRad anddmnebidede
conposi tel}r/’aa{ er_iélas @rn%éknown to have characteristics.such as a.less
pol | uti ottt HHTBRFE PEaEts B 8 dPEmERo A" & 1940 dPAyired Socompetisationnd
excel | encehich aegudizy dh abi $ighificah®00&radaidenpias iahe inpaer irabistaibUdinng
a carbon nanotube bl ended i.n a. .thernoplastic resin,conposition wuld
ender  ar BRALINCefek CP TGt aaiFIa PO B Epe o GRt AP e o® by etk
nol di ng, mexldedsiticienol di ng and the |ike. However, a nolded article
obt ai ned [QMQQ nol di ng met hod such as injection nolding, which exerts

I

shear on ten resin upon nol di ng, does not have an enough
el ectric conduEbtt vhisyreaued @eré hesc et &madddly apresas compelitign, with

ext rusi on | di, nd t.he.lik In particular, there is r.opl,em in
That the 8l et eI MSaulE iborpRel ALY SEHCHEpORE Fubaf, hER AR
been obt diigkdléntria dongdhctiivite @ridols dpe escallent ia inimiet sheatancat surface

[ 0009] I notube also is readily aggl onerated due to
its | ow ae}pé)ﬁéel%'ég’:‘c%?’l%la&?legﬁieo a thernoplastic resin, which causes the

emer gencd08®7laggl omer at es on the surface of a nolded article and

wor sens the su . n | rtigul ar a low injectio
speed, the aggi[%ﬁg(?eéf%gg%él%g%r% losn@%]g%% u eeégrhgga%ﬁef} LEGRP UL TERORY @
surface chrposikdedteaidlivheecimpadarhos nanptils g fhidedtricaldy ebbdietivae

mol ded ard 6l 603V b B 9908 RUNLEAGE APREIL MGG ok Batent document
2: JP-A-2009-001740, Patent document 3: JP-A-2006-016553), which has been
partially in practical use. These composite materials are known to have
characteristics such as a less pollution with particles, excellence in a fluidity,
less warping and excellence in a recyclability.
[0008]

A composite material including a carbon nanotube blended in a



For the foregoing reasons, it has been difficult to obtain a nol ded
article excellent in both an electric conductivity and a surface
appearance by using a conposite material including a carbon nanotube
bl ended in a thernoplastic resin conmposition. Patent References
[0011] Patent docunent 1: JP-A-2004-168025 Patent docunent 2:

JP- A- 2009- 0017 0 Patent docunent 3: JP-A-2006-016553 SUMVARY OF

| NVENTI O PRepRIarkiees i copportiony i reRdenms ENCRgD eijetric conduspivity

obj ect ofont e nf18SEMrticY ®)t besksi Sndi@inR! AkkARIAD rﬁbﬁﬁﬁé S 1the like.
conduct i t her nopl asti.c reﬁgn cqQnp $S|t|on capabl e orm ng

7ol ded arf9EFEhavaged HitiGle ebiane @Yc%ﬁt&démgvmh%@uelm@ Pasntionn

surface %61@%@“@]@0&@&91‘@%@5}: lo8Sh Sﬁtﬂf&ﬁmsn’y%wﬁ Iﬁgﬁlwéycﬁ(ﬁngM

[ 00131 The pres i nventiqn relates to the fall ow n% It ens.
an enoug electnc conductivity such as those obtained by press molding,

extrusion molding and the like. In particular, there is a problem in that the
electric conductivity of a molded article is low which has been obtained by a
high injection speed with a high shear rate.

[0009)

A carbon nanotube also is readily agglomerated due to its low
dispersibility into a thermoplastic resin, which causes the emergence of
agglomerates on the surface of a molded article and worsens the surface
appearance. In particular, at a low injection speed, the agglomerates of
carbon nanotubes readily emerge on the surface of a molded article, and thus,
it is difficult to obtain a molded article having a good surface appearance.
[0010]

For the foregoing reasons, it has been difficult to obtain a molded
article excellent in both an electric conductivity and a surface appearance by
using a composite material including a carbon nanotube blended in a

thermoplastic resin composition.

Patent References

[0011]

Patent document 1° JP-A-2004-168025
Patent document 2: JP-A-2009-001740
Patent document 3: JP-A-2006-016553

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0012]

An object of the present invention is to pfovide an electrically

conductive thermoplastic resin composition capable of forming a molded
article having a high electric conductivity and excellent in surface

appearance and impact resistance.



[0014] 1. An electrically conductive thernoplastic resin
conposition, conprising: 100 parts by mass of a thernoplastic
resin conponent, which consists of 1 to 100 % by mass of a
pol ycarbonate resin (A) and 0 to 99 % by mass of a rubber-reinforced
resin (B) obtained by polynerizing at | east one vinyl nononer
sel ected,f d{} ISt of an aromatic vinyl, a vinyl
cyani de n the presence of a rubbery
pol yrer, [ems] 0.1 to 20 parts by mass of a fine carbon fiber
(c), wherein a,r]gprea hi t e- net _BI ane consisting solely of carbon atons
forms a tenpl et BePiesephipwantiph gelagesite theifellewmsitahag ¢l osed head-t op
part and [popy)- part with open |lower-end, 2 to 30 of the
tenple-b II-sh“gged truct.ural u&nits are stalgéed_shari ng a common
central adxis t0%f of§FHFaygr SHBRTRCEEN g thRBNARIGFIEE at BSITr ccompnftattad
i n head- tcombpaisingstyle with a distance to formthe fiber. [00151 2.
The el ectri cal conductive ther | agti c resin conposition according
(o t he above i 1HHFATE D5 R b T RAITIESC 14558 SR Re ) el Goum
carbon ficherto(1DD. % [H30hass ofda poliRathrité k&dh () 6AADURLIV S by mass of a
t her nopl asg%c__fes' n oggosi ')on gc.cor ding to the. above item1 or 2,
wher ei n AR AT G ¢ ’?meglé ohLHLrdt PY xPUYERE N - IR8t olgd vipY
fihber af(irﬁoﬁcﬁnélesgieétbanfr&ﬁ: tHeD@iAlp céz-clis_ia_ﬁiﬁg efegd h&*@@hﬁ}é \ﬁﬁfﬂﬁbbgfviﬂﬂ
t her mopl astig resin conposition according to any one of the above
itens 1 tcga%*‘fée\ﬁl’fgraefnﬁetﬁacéﬂ%t%ﬁsﬁeﬁén BRupTasaRee ‘nga ’E"ﬁg’e%aiﬂé’&%ﬁ”ea%s an
ou'éer di anet er0.D tof205pd10s 4§ xﬁﬁ?lsaaﬂa dihel @RBon dibaf€d)ekvidraih B3 ghaphdte-mu,
and an aspect, ratio | D) of ,t aqqgregate is. 2 to 150. 018 5.
The el ectnleg 7 ?;Od’ﬁgﬁl.fﬂ:“[ \?BIQE%e(ﬁnﬁ%I%Q& P Ol?%sﬁownéoﬁpwffl%g’t?ﬁé%@@ﬁéi ng
to any omrerwetutahendbaomprigng doded Acadber @iamt ltahlﬁl bbaepasy keth fopbar
is produced b or ase.growth using a catal yst containing a
el ement g%W%c%%(}éa?rt(?ng@ H)g t@%oﬁﬁ?@&ﬁ%qlgg?a}?ﬁﬁo?hﬁém@g,uws, aw ,%t%\?%eénd
Si, and ahasish ccommoh dentiddexid tteforar hemehidpare,i smdtle bysrophghtarer
less. [ O(gg'r%]lected in head-to-tail style with a distance to form the fiber.

[0015]

2. The electrically conductive thermoplastic resin composition according

to the above item 1, further comprising 1 to 15 parts by mass of a carbon fiber
(D).

[0016]

3. The electrically conductive thermoplastic resin composition according
to the above item 1 or 2, wherein an angle 8 formed by a generatrix of the
body-part and a fiber axis is less than 15°,

[0017]

4, The electrically conductive thermoplastic resin composition according
to any one of the above items 1 to 3, wherein an end of the body-part of the
aggregate has an outer diameter D of 5 to 40 nm and an inner diameter d of 3
to 30 nm, and an aspect ratio (I/D) of the aggregate is 2 to 150.

[0018]

5. The electrically conductive thermoplastic resin composition according
to any one of the above items 1 to 4, wherein the fine carbon fiber is produced
by vapor phase growth using a catalyst containing an element selected from

the group consisting of Fe, Co, Ni, Al, Mg and Si, and an ash content in the



6. The electrically conductive thernoplastic resin conposition
according to any one of the above itens 1 to 5, wherein the fine
carbon fiber is produced by the nethod conprising feeding a m xed gas
containing CO and H2 onto a catal yst containing a spinel-type oxide
of cobalt, in which nmagnesiumis contained by substitution form ng

solid solution, t nitiate a reactjon and growi ng the fine carbon
fiber. [(%’fcﬂanb":n QWS@I %&Yr‘i"‘é‘&ﬁwl k$fduct i ve thernopl astic resin

conposi tijpmgiccording to the above |tem 6, wherein when the spinel
type OXI IS resent "x" which is a solid

sol ution®r ange{'l&FP Yu‘?’ﬁnldélwgﬁ"% tb%rni"lﬁas"[“ﬁﬁ%i‘]‘ compopitipy) fsarding

article, tyaayens otflﬁlee eb&ed #tbeall 46 5 aricdieid Mg ARetamphad™eck 6s pEIURed
ition,accordin ne of ..t he above itens 1 to has been

conposi t g to.qQ
mol ded a:t?éf the Jeetdod Lonppitieg fegdingp miKANEI CROTIBBYDE do 53 Hapertr i ng

to the presapdt bdﬁt@fﬁzh@na dpiedleybs cﬁdi@é“cﬁ%baﬁ ghe§hidhC dldghesium is
conducti ve the%ﬂgg i“g reS|fn conposi havi ng a.hi gh nol dabi Iéty
and el ectPE! WO IPENRE {7 1ofip g0 dmtbﬁtﬁeﬂ TEARFEIC AR

properti gdowingtthe ﬂ@sdamboﬂ:ﬁbeﬁ hi s reason, a nol ded article produced
by neans [(g{#ot he el ectrically conductive thernoplastic resin
conposi ti 3f the present invention has a high electric conductivity

and an excel | ettie Shbﬁr&%ﬂyaduﬁd@bﬁﬁ@@h@xﬁﬂoplﬁﬁfi’@feﬁﬁ%bﬁz&)@ﬁh@ﬁn ddderding
reasons wh%ht h%PeI ectri cal con uctive therno lfﬁ astic resin
B2 L

conposi t i*d S E AN i Pl gxige fig depigsgnted by
consi der &g.£93 @), I ﬂ\/@h_xc[h(l@%?sbhd solutmrl:tarrﬁgte,of@xmg\tﬁﬁidn@ b subticmf i ne
car bon fi[‘?@;ﬁ collectively called as carbon nanofi ber or carbon

nanot ube be generally categorized into the follow ng three

nanost r uét ur edi aaslded amichs, iﬁhéxebﬁafhd elactrivally aiiﬂmeﬁve abshheplasgtit ons

and structures carb n nap ot u l.ayer concentric
eyl i ndr | SRR GPIBRien AarPRGR OTF SABRACEY e 1o 7 HaY Bheh Zhadad
publ i cat ia@d pabceaxain ned application Nos. H03-64606 and HO3- 77288
Japanese Lai d- Qpen publication No. 2004-299986 (2) Cup stack type

carbon nanot ube (fishbone type);
EFFECT OF THE INVENTION

[0022]

According to the present invention, there is provided an electrically
conductive thermoplastic resin composition having a high moldability and
electric conductivity while maintaining the original physical properties of the
resin. For this reason, a molded article produced by means of the
electrically conductive thermoplastic resin composition of the present
invention has a high electric conductivity and an excellent surface
appearance and impaect resistance. The reasons why the electrically
conductive thermoplastic resin composition of the present invention attains
this effect are considered as follows.

[0023]

First, conventional ultrafine carbon fibers collectively called as carbon
nanofiber or carbon nanotube can be generally categorized info the following
three nanostructured carbon materials based on their shapes, configurations
and structures:

(1) Multilayer carbon nanotube (multilayer concentric cylindrical graphite

layer)(non-fishbone type);



| JSP 4,855,091 M Endo, Y. AL Kimetc.: Appl. Phys. Lett, vol 80
(2002) 1267 et seq. Japanese Laid-Open publication No. 2003-073928
Japanese Lai d- Qpen publication No. 2004-360099 (3) Platelet type
carbon nanofi ber (card type) H Mirayama, T. nmeda,; Nature, vol 345
[ No. 28] (1990) 791 to 793 Japanese Lai d- Open publication No.

2004- 300631. [0024] ~Ina (1) nmultilayer carbon nanotube
conductivity iveRpTespIblisaHian of pruningd apPlisadionaNssn BeFHEEGHe and
hi gh becaugss7ebggtron flow in a graphite network plane (C axis)

direction contributes to conductivity in a |ongitudinal direction. On
t he ot her handy 2S¢ %@'6@895’ Lation &i?ezg%ag%ﬁf&ﬁn ty, electron flow

i's perpend) Cubatadktype 8RR AshodEbIMIhbBh& Bfhef;C- axi s) direction and
i s generated I\j g)ir ct ﬁont act between fibers, but it is believed
that within a P& i 4t PAte interfiber contact is not so contributive,

el ectron flow By FRldecYroNEineaid 181 PRIR. et Swwlfaagobay e 70l Rq,
conductive filler plays mre i r‘rlg _rtantN?oég thgﬁel ectron flow'in
fibers. Ease of2RATEER RER SUGHCMAR NP 0GHH §vity performance
of a fikl ler. |Jaﬂ2ﬁ1€i§@ﬂ§ﬂ§@@|€?%ﬂalﬁbﬁi@n m(rj Roo4-penEy w]lgfe, ? ?{ aphi Ite

net wor i.S indrica cl gsed and, j unpi ng effec unne
effect h Bg?ﬁ’églf’é? aﬁ{’%‘?‘ BEp %F?f'“g(ﬁ‘i‘ B8R 1ittle occurs. [ 0025]

I'n an ultrafing. daragamh] Pemabay Natard 21 $45N0ee (9996)3’)910@81193 ype
structure, an open end of .a graphite n e I's exposed in a

si de peri pher a‘?g%ad‘reﬁ% }C{'QgegWé‘gﬁ%ﬁﬁ%ﬁo},\%@i%@@%en adj acent fibers
i s inproved24jn conparison wth a carbon nanotube. However, since the
fiber has a piling,structure in which G axis of a. graphite networ

bl ane 1o i nli Hed 00 BRHBESH SIS Brrolr feltedatie hiane

| ong: t udid‘iﬂéctfohgﬁ“rthg)«ia%%i heabtube iisrhiglﬁs:idagﬁ% éleb@bni ffow @%C?%,gé%te |
resulting in reduce onductivi.ty as ol e conposition. [ n
cont r ast ,%elmﬁ’ék E%ﬁ’r‘}o@?*‘ﬁgﬁge t&?f%/ﬁ‘i’lﬁté’ q%ﬁg\lgo ‘é‘?ﬂﬁcﬁ’(?glgﬁyo‘ﬁ B C”‘:'tgﬁfé"dm‘Jil

pr esept ihchmnitobon ene thondiletri hen;flarb@néﬁtbhemﬁ)on/f’r}aﬂbtdbe n@indbelieig to
any of three categaries (1). to (3). As.described lLater  it.is .
po3st bl o BFSFRP R ReerTdieHAscR SEHPI Gy iaions (s Berctions
responsi bimgl ingentractd by firovy tontact bBghédidifibals, dute@t i0Beldveldhehat
fiber itse.llfl.whi . qc%fromthe og%?

tenpl e- beTHPEA BEAREUaS 110oF CURERETBPLIPEY: 0 ipBRaT Y G THostah B W ou
and t hi s ¢ieabatsl ymdded rfrdnt e tafhapiaeensng dondooiedidllievigliys more
perfor nar}lcn%oirpantthleolfra efﬂa@i eﬁe%grzog flow in fibers. Ease of electron emission
involves conductivity performance of a filler. It is supposed that in a carbon
nanotube, a graphite network plane is cylindrically closed and jumping effect
(tunnel effect hypothesis) by n-electron emission little occurs.
[0025]

In an ultrafine carbon fiber having a (2) fishbone or (3) card type
structure, an open end of a graphite network plane is exposed in a side
peripheral surface, so that conductivity between adjacent fibers is improved
in comparison with a carbon nanotube. However, since the fiber has a piling
structure in which C-axis of a graphite network plane is inelined or
orthogonal to a fiber axis, conductivity in a longitudinal fiber-axis direction in
a single fiber is reduced, resulting in reduced conductivity as the whole
composition.

[0026]

In contrast, fine carbon fibers contained in a composition of the



It is also supposed that the presence of the open end which is an
active site leads to high affinity for a resin and inproved
dispersibility in kneading and at the sane tinme contributes to

mai nt enance and i nprovenent of the physical properties of the resin.
[ 0028] Since a bondi ng-part of aggregates of

t enpl e- bel | aped structural units (described |l ater) are connected
via a wedl® %pf ’%@anlaée CORGRLERE ROy P@g%[@@é“&?@%bﬂ&ﬂ&tt@@%qu at

t he bondith@es ch®Rgbiies iBato fB)r CasHstABek NeRdI AGs JoRsBRNEEA! a thRAple-
catalytl(rfﬁga B)roa ﬁrgaﬁ gﬂg@ép i S b i eved at resent to be the
nost pro %&Pgﬁ ASHERLY 1p %‘tté"’ia\% g B%ﬁﬁ’@fl?%}? toy gépcevarfiavedn pn
whi ch | ongngithdinm@binystidn betls fiser lragamwhﬂa@mtﬂa‘n BRI fr Al Be Ypen
|ntr|cate4qy-(§r¥ila gle? f)g@ Eral tolramé bal | s).are_ forne
However , G "BaBEMIG PREFGapRdb Bod iy ieapghulerpr i brLAlesRendlm. i n
a proper drengtis pbobadiky uﬁm%t@ﬁﬁfmﬁﬁ%ﬁﬁenﬁ)ﬁﬂB@ﬁdd&lvﬁ@%élﬁﬁh{%ce in
(partial gutti.ng) and opening of fiber assenblies, so that it can be

di sperse(fi;l %nr esi n conponent wi thout using special dispersing
t echni qudooz7ldevi ce. For this reason, it is presuned that a nol ded

article having,a high electr uctivit an excel | ent surface
appear ance is b’tsafd%goswpf’ﬁ%ij?h ‘?ﬁlﬁ@e‘%"ﬁeoafn% egPRER epAy¥hich 1s an

properti estioé difeclendsito. hiBRI zEEnDEzSﬁRI £TEEN Qdeﬁiﬁz&BﬁVﬁﬂélﬁﬁsﬁlﬁmﬁhn

FI G 1(a#&e PE:! dra{g\ng sche i cal I show %ﬁa m ni mal (gtructura
unit (tenPiteiBE §1%A g‘édsastf‘ Urst ﬁ’ﬁ]it?% YDA PRI RP G IRP Y e RS o
fiber; andthd ﬂiys’t(zﬁ)pmper&edlbﬁwmgasﬁcher’rat| cally showi ng an aggregate
consi st i T@Oﬁ] to 30 stacked tenpl e-bell-shaped structural units.

FIG 2(a) i a drawi ng schematically show ng connecting aggregates
with a certai rSidstaaboeding-fart rof cadgrbgites f Gend|dhell Shapsi awuidGural

schemati cal |y, ved connect.i on when regates. are, conn ct ed
with a ce%%“]’S %i%gc Vﬁeraglca are conneftéd vy |asW§ale‘%|%i ﬁ%g@ﬁa& t higree ik
car bon f iageregatexd medselpal Refleofnae thxabpldindl sitdVBPEsER %BRY&M%QJT
THE | NVENTI 00 escribed above e ctricall
conduct i @% %@{ r‘L”m)g Seppraly &Fﬁtaig%&f’?]l BRAY gﬁoﬁ’éﬁp"fﬁ@&f? heﬁ‘\‘?gﬁ"f{ia&n
cont ai ns pt@@npatce sbebyhaamsbfpmm:bmgmpbmhc fore dageRAROPrbd@ition,
consi sti f |l yc esin n rubber- nfqQrced resin
(B), andgg.gl%n%egage% %lal’%t S (mngagl a%?“%‘% %ée‘é BORE i E&gh% @? 1 fiy ox
opti onal ln}orémnehie:rtucmﬁ)apmmn:glacb (Evepdriin by 1nmss fodzballglas o forhidder
(D). Her ??ofv&e%r, Méﬁ%g}ll 4%s A5&d (iln YR pIé?sréﬂ ?x?\%n%ltolnveﬁ"e X8 Qaegfo%el
length by adjusting shear force, promoting shortening (partial cutting) and
opening of fiber assemblies, so that it can be dispersed in a resin component
without using special dispersing technique or device. For this reason, it is
presumed that a molded article having a high electric conductivity and an
excellent surface appearance is obtained without impairing the original

physical properties of the resin.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG. 1{(a) is a drawing schematically showing a minimal structural
unit (temple-bell-shaped structural unit) constituting a fine carbon fiber;
and FIG. 1() is a drawing schematically showing an aggregate consisting of
2 to 30 stacked temple-bell-shaped structural units.

FIG. 2(a) is a drawing schematically showing connecting aggregates



[ 0031] In the foll owi ng description, unless otherw se

i ndi cated, "fine carbon fiber" denotes a carbon fiber having a
particul ar structure descri bed bel ow, and does not nmean a carbon
fi ber having a known structure. [0032] << Fine carbon fiber (C >
A fine carbon fiber (C) used in the present invention has a

t enpl e- bel | shaped structure gs sho in FIG 1(a) as a m ninal

structuraf 1t€ﬁ’i 91't‘?&ntf{§ﬁtp"|“§e felerp s gg?ﬂ'mﬂ@ Aphuscp Aravinsaitesmaticapy es,
whi ch hashawigd dubMal YordctiBdr whah - 530844 D oY% - RANbete W R | Scertain
different,.froma Christnmas bell that 1s very close to cone-shape.
shown indﬁt&nc"i(_a), a structural unit 11 has a head-top part 12 and a
body-part 13 heMingiaa TEMARRE dfithe fead &1BbE DRk lprédicheanRrueABE! ¥
has a sh?je a@@?\dey of rotation fornmed by rotation about a central
axi s. The &} al unit 11 is constituted by a graphite-net plane
consi sting solely of carbon atonms, and the circunference of the
open-end ody- | £, 0 f..the graphite-net plane.
Here, al ﬁé@ﬁﬁ%@%@%&flgd éﬁﬁlu a’wh?part 13 are, for
conveni efe@30]i ndi cated by a straight Iine in FIG 1(a), they are not
necessarily styaight,. but . may he curyed.as shown in FIG descri bed
later. [0033] *ﬁf%égﬁ‘aﬁ?‘%%é‘rb?" '3 %egerc\érd%lﬁi ;?%‘%F%P’@e&hetrm gptichgesin
open- end ceinp@sitipnd of aheapr@sul tinvehdogeaniainsi 100 pihe Hpdyvagardr 43
is sli ght#é/'oblli qﬁe‘to the central axits of th‘;gl t enpl e- bel | -@Qapedd
st ruct ur APCIRPR ARG TSR SATPESHORREBtny AifeRdvearbppate tefunAYsind gy o
pref er giblrybﬁzler-réiﬂfogceﬂ&'e,s_irf (B)]E _hgri (pi &h Q:)g;?ﬂr% By nffas@ of taﬁﬂ:e (Eé%b{ﬂ ﬁb@.i[
excessi v aJ ge,. in i ber.consti in rom structyra
ot sl il ftnalt fudfel rodrioRdocts BBHS AVbBASS PLACHAIE0R Siber
det eri or 4Dj.orHéreatonduptadnations iate givenlfor révpiestieh égfdneats.On t he ot her
hand, w t[(ltguq]?l]snal ler O, it has a structure like a cylindrical tube

€

and t hus open end of the graphite-net plane constituting the
body-part in thetigt follotvingldesdriptiot, euhless ohepasRdindicatbd ‘@Heedarbon

circunference surface of t fiber. |eading.to deterioration in
conduct i \;3?){3 y BEERERA S Sﬁgﬁﬁelfl?%‘@%.a P@‘dﬁ‘gﬂal structurg SF’ilﬁ%d E’ﬁl"b"’on
fi ber haandeloesthst ardniar coebot fibedhatingakessn struttusben their shape is
observed @&,’ﬁ whol e negl ecting such irregularity, it can be the that
t hey havé a tenpl e-bell -shaped structure where the body-part 13 is

gr adual | w<dfinarcgsbrt Bvar(@)+he open end side. In terns of the fine

b fiber, o] WPt gQn _not that 0 j i thi
Che above. r andsti 2AHen BRGS0 Bise R SHEBriapt HBR-ERdase Al Z i ¢
11 i s obskayal sasichushas ehnegl ecifllGy Idef asts nandmil sogutaal past.s,A8

1y I i L,k nge.. Th in, det 1 i f
0Tt s Ve Bleb eIt b Tt € o e e R R AR i Ereg
wher e a thliicdknedsheped hedpodyt, pelrith iis defarkat Fypny arGlasstmderiell that is

ifi 1 | engt f t | e-bel | -. d
Fruot ur P glerd b SRR Se, 1 M0 REIG 1P, e TR FaPl it T o6
shown i nhead&tor b)Y 10 amslya bedrgastiddrating lmeepgroend ikeld 49thple B4I2) L
moasur ed oS GEESERSDAR A QB0 o BRT oE RS, B0 TSR Sotalidl abovt

measured values 1s determne verage e

for the wishtradexisct (el stomitiwdllunit (11 is sonsteited bpeagtamdtermeteplane
straight .L1ne.: l b -part..13 ks oft curved n

t her ef or 8(%&%}%“%%%5%@?%%1&%6 éldA %ﬁlosh%q‘iéhie}l%c%%%%m¥eﬁe?ﬁ?eo 1%)}‘ltfy(-)]§’p"aé\1 ?n‘iggt o]
gi ve a stipsbedit-pait iy theropeneald ofalheezrapdissikt plane. \Biewr, pithdugledhas a

7 by ) . ' i th
connect erk o) A6 pafi e MSRFTRAP 183G, 700 BIARE MG Bu 2 RRIERY
t he fi guhey. inAF I@néf&i thiest hee et thecepapdy tstiaghty phwtaiday lsboutvetdDis

see FI " |jres about "d" (see FIG 1 or |ess,
\(/\/nerei nq?(?g;g}g%\%wg“h\%é?(in%gqggéébri bed for a tfarrpl e- bel | -g\rgped

The body-part 13 is gradually enlarged toward the open-end side, and



[ 00361 Furthernore, as described later, active nitrogen is not
used as a starting material, so that other atonms such as nitrogen are
not contained in the graphite-net plane of the tenpl e-bell-shaped
structural unit. Thus, the fiber exhibits excellent crystallinity.

[ 00371 In a fine carbon fiber used in the present invention,

as shown in FIG (§ 2 to 30 of such_tenple-bell-shaped structural
units ar @5st aeRBl. $hargengrairivent the hodvapantold ge mlightly oblique to the

t enpl e- b%hm@haﬂadofstql@%hﬂﬂ@ebemhhp@agfﬁ&%% %&m( Qﬁ&ealr{‘éﬁ@%rfm ed 8

soneti ne nply referre as qreae stac
pref er abliy t@eg%ngss rél]’?jr eﬁ’@?%b‘f- 92‘%1 % 15< 99381 further Pleﬁfﬁlaﬁr &r
di anet er <"Df ofjpthe Wﬁﬂﬁxp@féesﬁ@eltym%rétggr Q%eeﬁgéi béll&lttu@l %0&5‘1@ the

preferably 5 to.30 nm further preferab neter of a
fine fi b&FYychiradauis has- @StFWPEﬁaé’é‘s@ as Sl’t H’&Pelqﬂlboéoﬁb@sﬂ%@mﬁtﬂ@ a

pol yner, d%téri’fflﬁemﬁniﬂuéﬁnd’!ﬁﬁdﬁytl@l Q%lﬁa‘i‘d@ﬁs fQFecBiot ng)rp"f,‘]ié 'o%@ Ahand,
functi ons such as co ductivity e ot her . hand, "D' ‘decrease€s,

a di amet &fthp S&n?d#?re 4 %%P%ta’éésll es%"ﬁh%‘i“?ﬁ%é@ qr@lnﬁlqsothfpmp@n
strongl y eag@f e ead thienss: Sahe @oné@aﬂir{ggtﬂeoood&qfalexar{ﬁé @n thJrfa& ﬁi:ﬂtt y

i n disper t hem i r par ation of conposite with a
body- par talﬁﬂg%gr ¥R tlg thepputeg wfﬁ?%‘a pwircerdpthe ﬁyelmia%@ngﬁg it

at three dp@iri¥ratioa/id kénddckividribandeh 38fhcknf £iBOBst he head-top part of
t he aggrcf&%%@ and cal cul at| ng an average. Although FIG 1(b) shows a
t e

body- par r dianeter "D' for conveni ence sake, an actual "D' is

preferably an ?N@ﬁﬁ@@atﬂontﬂf&lflﬁébsdéff&ﬁis‘é@liliﬁ%gélaﬂdlgt@%ﬁﬁ@est BLEShen
poi nt s. nner d" t he body-part of the

aggr egat &P‘F% %1&?8 I%Bb?ﬁhve‘é)raéfae?’ B eyn%‘p’ ?‘éfl%s‘é‘?h 11#%‘1;‘1%#’33%;}? éf“érb&tﬂhy 3
to f10 ng}thzﬂgahéhr Havhogl yte paplé- bbllﬁﬁhpéid %iﬁ%&ﬁreldzhélﬁ %%g JF Bagt 15 4) ]
prerera In ree poiln , an
fromthe g%%‘g%a]{m %’%\P?@(S?W? ltP"eﬁBP’é B8 F‘aghafﬂeae’é{l? wétt ?aﬁn%?ﬁ‘ltbon
aggr egat e}baﬂcth@a’b@ué dbsorptivh Rraganefh than@h fltGin %ﬁ@bb&@ﬂﬁl

body- part |nn r .di anet er onven e sake, )
or ef er abP Bl %\}élftdaga%ﬁ‘ ﬂi“’% Wﬁ%‘aéﬁ? éB“\‘i{a‘Hﬁ‘iématt L} Ffeogﬁ%w,‘ijﬁﬁ rae‘ﬁh‘ﬂ'e
pEi nt fS hegk\Wing defeo@giﬁ&ﬁﬁ@kﬂa&tpzﬁté g @neﬁﬁﬂﬁgé &Ilﬂﬁnfﬂh@gb%vb @gﬁ &
"L" of t r egat.e an art,. o aneter "D' is
150, pr o eREte S8 BGRB8 o B B BhtepAC b ShBTRoNe 4 Braaumgerthe
aspect r &ba@-tolapfarﬂ)]a‘l wh@té’@dhi&&&e@s 6ﬂﬂh@d&od§f§)a@f ir@eFRILElyCMridadr Mok
t ube and conlc&my vf18ty in er a

(]

8 ctlonllgﬁéillng%eflber is
i npr oved PHd hERER ‘8 R e f'g“r ht't 8- P pPaHedapsh stTachiralg

t Ee bpdyuﬁfﬁr dombehitec2 5{veacthy ];aéscm@ltm islew) 6s'Lfdseehieint iy FagPagedeoi n
the circunferentia e of .t eadi eteriqration in
conduct i Iy %é?%éghegai g@é?ﬁtpcflp e é’b?dylzhé flﬁgmt)ﬁéﬁ?in t@b?%‘?aé top
smal | er @aueeidﬁr aﬁdoan talvemgmenf ehdm@afasarh& vgsﬁaémué atdteimPledN®sd the
constituting the art r

frequen'ltjf‘y‘/’ ﬁﬁorg%‘é éieglars %1‘&?‘ @HPF‘H@ u %flhgqi‘ﬁb%}deagﬁ
]'Ehgt conmaaisuvedyntaesmmtdd;eadﬂﬁtad‘tubby sthegllsbdgrepa‘zﬁma)yﬁdft?blthr@ed g
i ber cir Dt face is te er of. _connecte
short gr a%ﬁ%gle? Caﬁle Fheagu’fer(ﬁ ng%ﬁig CHerer[ F}b%gn‘?eﬁﬁﬁ top81ve

deteri orataubatamlaibvndurHre\ailWlden a fiber axis direction in a single
fiber. [ The fine carbon fiber is forned by connecting
the aggregates in a head-to-tail style as shown in FIG 2(a). A

head-to-tail s¥jybe predmsed dab fine aaubonfﬁlgarr thd beadtor pertf hawa chapen

fiber, a r s is forned froma

conbi hat Paitb e BBy R BRE Xa BTG T Sor Bl eEved Fabe

| ower endppeaiide G thheﬁgmh)er m@gtgbafahe%ewi Bpepaifti i tgpithByafbout

bondi ng the t ead-1L0 ut,er nost

t enpl e- belpl -(B% FIg hﬁlb%c u;l‘tfa Souér%l 1;1;8 h%%lsncé)cgnfg gﬁ:Ig}ga}@))ﬂb lpgs,
wherein “D” and “d” will be descrlbed f01 a temple- bell'shaped structural unit

aggregate.



[ 0042] Each bondi ng part formng one fine fiber of the fine
carbon fibers does not have structural regularity; for exanple, a

| ength of a bonding part between a first aggregate and a second
aggregate in a fiber axis direction is not necessarily equal to a

| ength of a bonding part between the second aggregate and a third
aggr egat i.g{%rther nore, as shown in FIG 2(a), two aggregates bonded
share a n central axis and may be connected in a straight I|ine,

but as in the Ferpkemba, Iassfaeaﬁ%esi m%trua@dw@rﬂlho?&gr@g@&teﬁsgdﬂasgadl
sharin a centra

21c shown in FIG éb])c ge%/ r&d bonded wi t hou

axi s, r eSEEHg™aseHak §p oAt st c@ttefr@ FU¢ %nﬁb‘?ﬁfi‘“-n@ep%ttconﬁ@méﬁg?h
"I'f of thge tg@ﬁphﬁaﬂ@f biéi@@ﬁﬂleﬁi ’étlfe@ﬂ -shipell ASSRREANEILS Thus, the
appr oxi ng{.b& ﬁg)nstant eacnﬂy er. However, since in vapor phase
gr ow h, FEeF 1‘??'&9("@?]11%‘}@15%8 BFoduct gaseous conponents and a
cat al yst [aosf7la solid product conponent exist in mxture, a

2 Tbcal ol te s & NSPaF BP® Hotheh CRoRHEER: HREnSERe s FBe" P ng
on a fl owi(sg 2&5@0&3f@hehh@m@hﬁwﬂl bRASIDGLNERANE] ¥ 8BS hicdftafked sHA1 ad

Boss! bl y CFRSAN Y Fh AR & FORKPl PatRsth socies somb Ssaremtie 31
possi bly i & S

[0043]f t(lﬁeleindfﬁeﬁ, marﬂem@ﬁ@fnbﬂ@ fhelfbﬁ@t dtda;ugls&gﬂszi g,ﬁ@%&ﬁt@”)l a‘-’I‘Heeéﬁgk f
sone o e open e graphite:n a s in e lower end o

t he tenpl™t I‘S§ﬁ%%¥‘tpq tzrtﬁgs’ e preferably osed in the fiber

ci rcunf er[em&]al surface dependi ng on a connecti on di stance of the
aggr egat es. n W t-hou ctivit fi ber__axi

G Sect on i n Rg o tebiaspt 7 E CEEPERT btk nechatEit ity DR den
adj acent xnh bﬁfe§e1@xaly betol 3hay ddrihice profdribli Hgo €bfeatl BydianRitecHT an
St ot ur e T inegry B, TS HRGER LA CHEPRSILI LS BANTE &
bel i eved lafpet ahimanefli@ﬁGStcOfoeaadddl’e f@ﬁrgbﬂﬂgfpilefcu@élef&ndtidn@ aidheeted
by curvin f the aggregate i f oG rV|n onn C part
of the a§ g? %fvéé’ %ﬂ%ﬁg&?% thﬁ‘ Rl Aet BY g ‘flho iiflﬁgiaeﬁre
c?n _beh ?dﬁa&f@@hmds&¥§ﬁﬂb§&r&ts rlgnantcaggdmeg atlienbﬁl?/ B.leoﬁlerl ?t@bawl other,
straig a ructura aramses

D) For s iEREbp B, T aYarie il Saptis SR PR, Reprotiaroh ¢ fe

car bon flcbmrppsme pwaak sh@biymmdt A Wduphit Od&grdiﬁ)lle@él D2 mmaammea
nmeasured | S nge, o to 4. | i et A. graphite
i b ¢ o E5as PR idRelpeS, B eBrde byt RATE B A et Hh
if Wis lheag-tbhamrt of ghamlg’gi‘@aee( finldi ¢edctgat1dgcmyaizaﬂalgbni Althobph FIG.t he
sane ti f ,be 0 rger_anmunt.l.S
eaui r ed R ngFe £ bAIEREL: AREPHRRe B 9 i Robl e S $08 hp ATRAL D
[0045] s p1ef¢¥a@&3aph|a_tverqgewﬁdah@am_adﬁﬂﬂ ed uekehieth aiede byre¥RDintsi ng
Gakushi ”T@é%}jd of a fine carbon fiber is 0.350 nmor |ess, preferably

0.341 to 0:348 nmIf d002 is nore than 0.350 nm graphite
crystallinity As ixﬂmlediiaoxaele‘di”arf(thedmdm:tahvbf the sggregaiead.3 i@rﬂ(l he,

h 341 I I d h
product | Sueteftliar o 20 Ru Horl (ReRGBENCE 0 [ Bt "AE, H it
car bon f iesr dismetes y° weﬂeghtmmedl B&fexa@hdbyrmemng 1tmtrt1free:ab1rﬂm is
ot necespafy (981 458TRAL AR 631 004651808 kel ool Bl B

wei ght or "'nor'ean Wel ght €ss, re pre y
wei ght omstivstwradnthi a%(gtgga\mlagldt cajcullaelslg afl hoeragde. cdﬂt}muztgm BIG. 1(b)

ceLer n%ﬂo&g%@@dﬁgl@%nﬂ 0182k 98 35 Bl RRGAHE Al hn GRERHSIP D O

0.1 or nore o
preferably an average o

the measured values at the above three points.
[0040]
An aspect ratio (I/D) calculated from a length “L” of the aggregate 21

and a body-part outer diameter “D” is 2 to 150, preferably 2 to 50, more
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Wien a stress parallel to the fiber axis is applied to the fine
carbon fiber having the above structure at the bonding site where the
t enpl e- bel | shaped structural unit aggregates are bonded to each ot her
by week force of van der Waals force, sliding at carbon fundanenta

pl anes takes place, which leads to the cutting of the fiber in a
manner of puII|n of f. When the fine carbon fiber is produced, it is

formed adrelsyridhe: ot i Withtn aeenapect ratiern Sber formeddagrestructure
intricateky rﬁ&teaa}%%cammva%{d caﬁmnmﬁ 15'4‘%&35399 anfebé?(% il 8 smgqued

and kneaded with a resin, it is separated off_by shear force,
ent angl ediPggds dmerateds bak dhe w&w&*@a qfgketgraphegmet rpéf;n@n@pnsmtutmg

di sent anghethodgpdpads tihe sf:ﬁd&@m%@r@ﬁ)i@s fdrBelosh an\ﬂ@léntﬂr' §)Q}%s%3d1ﬂ Aht he

resin conmponent. For this reason IS pr esuned’ t

article ﬁawwéel&nﬁlnaé [yuslage wof ithe é“&wemkqaidwa o éﬁ&?%a@% ap| Wugwmce

appear an%@@@erpmﬁbm}mﬁ hogl, dhBRALE} REnd, hﬁtﬁu ShaRdr 26et £lo, the
properties of the re [ 00481 <Process f'o manuf acturing a fine

car bon fiopeg>ends of plgb%lél’slée Peh HaneH &8?%#?%51% the feodyapadnof ither
i's 3vts hf Olst:Q\WBur am?ufslaie xﬁ%*eti]?é‘hlfe'ngﬁrreﬂtp%lsﬁ mﬂ@araﬁnﬁmazﬁaaﬁﬁf of
gro us a Cca rererred cata nprises an el enen

sel ected® #ﬂ? %ﬂ?ﬁb ] tgﬁgfi‘bﬂ%’éfﬂé’tb%&e% aﬁéacee&%%ﬁrs cam be NRPEAYEdSPut &ind
the pref ﬁbéﬁd:ufcaﬁﬂ‘emlau Ssudfoldk &@@oggﬁt&@&t@l alﬂlgnm @m%rﬁéatedmﬁrt
preferably, usi ngfaa catal yst which is_an oxid f cobalt having a

spi nel t gpapkiigE |P1%¥%éweﬁ%n%§ﬁnﬁﬂac%n U By deieapration an

form ng sehdwttR@iylin DAbeVaHO H1HRBAGE 1A @Ml fiBegonduct ed supplying a
m xed gai(l)(%ﬁﬁt aining CO and 112 to the catalyst particles to produce

a fine c fiber. [00491 A spinel type crystal structure of
cobal t where Nbhd $insubabbh Uil {0 Firiningl %9|¢cﬂm%@d1ﬂ§|tﬁ@ dgerb@peesans ed

of Co by e vt abve sarRywroRi el Trlediee ol 50y Meana Thanioh

sel ect ed confEhutaltiah 6f et&:lter fige Chabge ﬁbeﬂ he Nmﬁhﬁgfmmbw&ﬁgment
number . of 4 or

neutral, and is for

spi nel -t{‘i‘ﬁﬁle&@?‘%ﬁelso ﬁﬁ?mﬁgmbmﬂ% ﬂfsﬂaﬁ 33?%#3?13 BAtE {erdhpbARe o

icgns : gndggdﬂgﬁteﬂ Bﬂ&hh@fl?\ﬁéidexid (t‘dﬂ? Gﬁtheil@lih@%] Taggﬂzfg&te’vlr eAsr @I@p&ﬁﬂa%@de by
n an Les ctive C alt oxi avl n a 1

ovsear f PhntRirt i, Fae Hrbairon peoh o cbhotioads RerebelRheged ang

Co: n ar e sttesisal bhhﬂdirb‘yhd\r@cbﬁdfa(ggfﬁg&wﬁﬂbds $ﬁéellltdcbﬁ1to iﬁﬁé @findrgars effi d

sol uti1 on ormat i on S S tution wt ! el ectric.,c

S et R R atrob e e kiR o Sl pB i G T

y ha\ée aa\ggfelgatelvizliti erndafxrlalmgmdlbatheah@aﬂ g pdry P awhylstt]aaégrsgamcamlrled

can e mal nt e .use as .a ta a,Sol |

Corutt on etk o b I35 cpening I secoBd g Sarf 518, Aad i byBR ot

pr ef er abkycl)cotnbimations afe satially ninsticdtodomunt filka. x of |ess than 0.5

results T@&(?or catal yst activity, leading to production of a fine

carbon fi inalower yield. If x is nore than 1.5, it is difficult
to produce a ﬁndhdioﬁd}m@par%’tmﬁu@bﬁuﬁhﬂr{ﬁ)er[ﬁﬂ)ﬁéﬁne carbonfibers does

spi nel -t oxi de, crystal_ tur.e of the cat t can ,be confirped
by xR, S0G Ry Sl RhE e B e et e OB BrbRL fTL SRSl
t he rangéebfech Sﬁ]cst agg):e&ﬁﬂa aml angecen@ ragkesgaitt yn @. BiG 4:0s AiRtHonns |
"a" is smll substltutl Iut format i with,. M is
adequablt difeS ATy 2R oF Bpefhy WPt bR L "B b areBnd ae
crystal hgwteggtaahdta tled cggsdgans. Iﬁmqhmmbmw 3. §ib8rmim FEGAR{L)] cwb t
to pr Odu%ggre%ggeézﬂ'onded share a common central axis and may be connected in a
straight line, but as in the temple-bell-shaped structural unit aggregates 21h
and 21c shown in FIG. 2(b), they may be bonded without sharing a central
axis, resulting in a curved structure in the bonding part. Alength “L” of the

temple-bell-shaped structural unit aggregate is approximately constant in

11



W suppose that such a catalyst is suitable because solid solution
formati on by substitution with magnesiumin the spinel structure

oxi de of cobalt provides a crystal structure as if cobalt is

di spersedly placed in magnesiumnmatrix, so that under the reaction
condi tions, aggregation of cobalt is inhibited. t00Oal A
particle size of the catal yst can be selected as appropriate and for
exanpl e, 9ashofiher; o Hpgwvprn sipeecievappy phase tggowth.psteating methrials and

di anet er .hy008¢t gaseous b Rntsits Qﬁﬁta' &Jtﬁﬁrs@%ﬁdgf&ﬁﬁ?kﬂ%dxgtlt %Sﬁgoﬁghtan

appropriate support such as a substrate or a catalys

appr opr i &PEstaFpIEEee.of trppauty distabutiop mgy mgcuif i awse@ca@prvaysahg

catal yst pardyagls, anmalsléh;@t a@taet&hp&ﬁglﬁ!yyﬁfgh'e?dte&g;shgﬁul%og&&lﬁiaﬁe‘é by
n

directly spraying the catal yst particles or sprayi a suspénsi on of
the partidepeadingop & foyapg %lse @W&ﬁtﬂteraasan@%rre@wmglmtummf a

spray a %@'zﬁﬂﬂa%@'ﬁﬂ@unﬂ@gﬁﬂxotshmmm cbibdnsp@cﬁﬁteﬁfﬁ ?5@&%} tp@@élbi

catal yst partjcles are activated hefore being reacte a“sour
gas. Act|r\?é‘ﬂlit%msvag%éﬁndﬂaye§6%&t@cﬁoﬁ}ﬁ ¢edaet-ng under a gas
at nospher[go£gint ai ni ng H2 or CO ~Such activation can be conducted by

dilutingtheagr% asvvl %é,tégas such as He and N2 as
necessary. At ‘lﬁ’r@l ed‘ht tfopatiteteds @t demefueeme of $he open

pref er ablgnddQfF 41 S h@e mrﬁaﬁéﬁ@rtﬁelmmémnﬁoom tembRORG]- ?]hagp

There are I’lO Eal‘tICU restrictigns_to a reagtor for vapor

gr owt h, FONES apnhaTResed Bt oftker exeumsfereniisl aerface idepantise
react or md & Edrficdiiseddngtnécastt Qhe GBPRGhtes. Ce’ﬁé@hi&@ﬁ'tlﬁa%vzthout

cont ai ni ng cC{IO and H2 |§_used as a source gas to be a carbon source in
vapor - ph&SBAYFEEH I pdther axis direghiongh & W%ﬁ@@ﬁtb%ﬁ gleteriorptod,gas

[ (H2/( 112:ﬂ5ﬁ@)1(}t1h5y Pe&t @akiipchtlfib& s&%nvaé Yonpi®¥ed PaEkSH aﬂbyngeff&tm
vol % nth di tion conce Qo | ow, cyli ndr| cal
gr aphi te chgﬁé‘ser?’éﬁwpét‘é@?%@%eﬁﬁ b?‘Lé basier | ctugher 3me sayben t o
a fiber a_wes st@cthbe coh ey obarded bl A PI‘EM mig. t TR tBOALYGt EAE be
o o o PR B8 Pt Bt A esod i vt
fi sh- bonehs hapgegdteattssld drochoies dfoﬂlﬁuﬁéxﬁﬂ/dctﬁénl pad bf BRE Aligheedibon.
Therefore, parameters associated with a structure can be determined by
observing an aggregate having a relatively straight part in a TEM image, as
the structural parameters (8, D, d, L) for the fiber.
[0044]
In XRD by Gakushin-method of a fine carbon fiber, a peak half width
W (unit: degree) of 002 plane measured is within the range of 2 to 4. If W is
more than 4, graphite exhibits poor crystallinity and poor conductivity. On
the other hand, if W is less than 2, graphite exhibits good crystallinity, but at
the same time, fiber diameter becomes large, so that a larger amount is
required for giving functions such as conductivity to a polymer.
[0045]
A graphite plane gap d002 as determined by XRD using Gakushin-
method of a fine carbon fiber is 0.350 nm or less, preferably 0.341 to 0.348
nm. If d002 is more than 0.350 nm, graphite crystallinity is deteriorated
and conductivity is reduced. On the other hand, a fiber of 0.841 nm is
produced in a low yield in the production.
[0048]
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[ 0059] The source gas can contain an inert gas. Exanples of
such an inert gas include CO2, N2, He and Ar. The inert gas is
preferably contained in such an amount that it does not significantly
reduce a reaction rate; for exanple, 80 vol % or |ess, preferably 50
vol % or | ess. Furthernore, a synthetic gas containing 112 and CO or a

wast e gas such as a steel converter exhaust gas can be, as necessary,
used after apptlpeshrententgentsined {roti@oﬁnecagmﬂﬁm iseficraweightior
conduct i fgks V%BQerétﬂé’i%?e g{glﬁ}{\ﬁ&iti&l iPh& ﬁ@@e@sé{l 4? £Q20§§Qon gﬂﬁﬁxon

pr ef er abl a reaction era I'S aIp

fiber doé?!;n%% lgribvis 0ch % ey wetsht %amreua‘nda?»r"éabst |V‘(mgh1enpé¢®t e s
too hi gh FOBY c n b I

to, for eiiﬁml)%el? 9s %u‘?f%%?é%n% ‘Inltl)out Alg%arhéggl éﬂ(‘;(;# ess T%ﬁgﬁl

I n ter ms coptent ﬁed@&ei wingst femur aeighipdramphade agrowstlusaftdecodngtioned
at an anbgenty pf RI4ELL, ey the vi ewpoint of conveni ence of a reactor
or operation. but as long as carbon growth of Boudouard equilibrium
pr oceeds 04 reaction can be conducted under the pressuri zed or

reduced- pr ess‘«Wﬁeﬁ%@iﬂeb@Balilmqg%h{a fiber adik i ?%?pﬁ@?rfodcﬁ ﬁ?ogger

that accaording to this manufacturing process i ne car
an yi el dfioer abam&tl@alabw pirpeturpert Eheubondingisiier where Hee @emaleylsetﬂ is

consi der @HE}Y@J‘ !sﬂ'lil@furrah %.Bltt Nl eéé‘te@ a(i'Q QJ\‘)QHE& Qp %BCET%E'H&B‘ We'eﬂ Force of

process. i el fine cafbon ber accordi ng
manuf act eﬁapﬁé %%1§§%1“Cf30$ 1@%@&@%@%&@@%&1 Ela@@smk@splarze rvoligh
for exawﬂ)éaﬁis% 370} &Q@xﬂfgobﬁj&eoﬁbelang 2l ﬁlal‘l’ﬁbﬂ ¢ g%ﬁ@%ffcawaﬁe\ﬁsihe A2

result, a fine %§r bon ber containing reduced_anount Inpurities
and ash &8rhoendibss wegepdwsd above eraﬁe%eaﬁoretﬁglme@ratf@oeswhmh long

Al t hough fﬁa:ﬁéﬁﬁ‘cﬁtﬁ%&fxs 08 MidEatd1§-RONGIBY. PEbIveVS Q.Hf‘ent &etﬁ&ﬁ‘e £d1B8n
car bon flﬁg E’B’é‘%ﬁ dﬁ]}ﬁ% this manpufacturing process for a fine carbon
fiber gt it 3 kreadsddvithia resiBpids| sspatptefoff basherseforce,
bet ween exdt hge meﬁtzﬁi@lé@uﬁéﬁoﬁﬁ%ﬂe'sb%hé' MR RERT (J=80MY abutdhe) and
sour ce- ggﬁeflowl ng cau arjation of a tenperature near the fine

0

cobal t parsertargedopond a; rtglgn B camhon fiber 1§0W?1I%a4153%}|5%r1ngﬂtﬁvw¢ﬁm

i nterm t%&ﬂbbﬁerﬁf oqte@d;als F@seh! g Islesﬁe@fr&wa% ﬁﬂ‘oldéaeaﬁmémgn@at
I n ot her vvc}b s i S sgecul at«(a}l t hat four processes [1) formation
Blghy 5165

of a hea lf-‘ cgPducuRp radodn | exspllentus et paPearanog igobininedf a
body- par tithibut hgipheiig erdelitinsDpRedcStyrupd IR of ERd rfgyse of growth
due to t egiature i ncrease caused by the processes [1] and [2], and
[ 4] COO|I($%4 y a flowing gas, are repeated on fine catal yst

particl esPrédesé ﬁfxrmaﬂefaban@lﬁgﬂg fardarbet ib@>t 0 a fine carbon fiber

structure. [0064] <<T tic.resip conpone
[ £ p]rocess or ma?m?fgctunng a Hne carbon %%er is as follows. The

fine carbon fiber is produced by vapor phase growth using a catalyst.

Preferred catalyst comprises an element selected from the group consisting of
Fe, Co, Ni, Al, Mg and Si, and the preferred feed gas is a mixed gas
containing CO and Ha., Most preferably, using a catalyst which is an oxide of
cobalt having a spinel type crystal structure containing magnesium by
substitution forming solid solution, vapor phase growth is conducted
supplying a mixed gas containing CO and H: to the catalyst particles to
produce a fine carbon fiber.
[0049]

A spinel type crystal structure of cobalt where Mg is substituted
forming solid solution is represented by Mg:CosxOy. In this formula, x is a

number indicating substitution of Co by Mg, and nominally, 0 < x < 3.
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The thernoplastic resin conponent contains 1 to 100 % by mass of a
pol ycarbonate resin (A) and 0 to 99 % by nmass of a rubber-reinforced
resin (B). [0065] The pol ycarbonate resin (A) used in the
present invention is produced by, for exanple, reacting a di hydroxy
or pol yhydroxy conpound such as bi sphenols with phosgene or the

di ester of carbonic acid. [Q066] The specific exanpl es of

bi sphenolfuthesmegys, Fydroguimisreelestel suginjirioglpphimgharge of the whole

bi s- (4- hygrRxkPheaRsalkars, aﬁa%s (fénﬂaw %Xlwﬁ%@y bt &V%Lga'fim s, a
bi s- (4- hydr oxyphenyl) - suI fid bi s- (4- hydr oxyphenyO- et

bi s( 4- hy FPHIE)[SHRN gHide tce‘ﬁ%lt GonQs (mqwéﬁ ﬁs&wé trgmlwn'éo iors, andy |
substi t utyaeh:C QRIS nd afial SHbSaltulRd £QTPQHEEStRA KakRoehd é)om

substituted conpounds thereof, and the |ike, ‘and these are used al’one
or in cofBFRESEVER: vt t tphedlo deobavienposiias]l pOeTIystal structure is

Parti cul aepRisEARUERE T8 0TL,0eN BotH Qﬁ@seo?@oa'ﬂﬁijdoﬁom@su stituted by
di hydrox(yj\&l aryl | kane, ﬁgl ch may be aqptionally branched }f T

The di hy %x% RN & K] SPh‘é{‘mnayA@é’lu?é%l sl Slnblﬂtl‘@kaff?ptﬂétmtlhbsfe

havi ng arusbkdltidy @uh M 8P CONt BRcDGS thAQR i el t/Be hludal
group. Thtla1 ref iarr IgEQ fi exar?p %@tl he gl hydérj oxl;dlaa)rﬁg{mr%ane

i ncl ude 484 Sd'iht*'i‘ffd ox{opeveryinghla syt gphwee anmiae Wlb}P-‘é’pﬁéﬁége Ahpat a

t et ranet Ryindi Qtlaléhd@tnﬁ*e(cﬁn%é%@ﬁ&ﬂﬁﬁﬂyl) p-di i sopropyl benzene
and thengb%xseo [ 0069] A branched pol ycarbonate is al so produced,

for exa by replacing a portion of a di hydroxy conpound, for
exanple 0.2 tOF(ﬁ' tHehyseiRl Leateliish, Peblhysnasy raEQ@oﬁN@Cﬂeﬁ)i@seﬁw &S

% 6 i nethyIBabIE O 8 QL RyerecREFErTMyLSnpl ene soli. sotien mymupt
, 4, 6- 11 ab4k dDeEsOtheph® B Y ddulbent gate, calalPsPadtivity feddydld XYyRIARBM N of a
benzene %?1% éaq 01'1I eex 007101;%1 yield. If x is more than 1.5, it is difficult to
produce a spinel type crystal structure.
[0051]

A spinel-type oxide crystal structure of the catalyst can be confirmed
by XRD, and a crystal lattice constant “a” (cubic system) is within the range
of 0.811 to 0.818 nm, more preferably 0.812 to 0.818 nm. If “a” is small,
substitutional solid solution formation with Mg is inadequate and catalyst
activity is low. The above spinel-type oxide erystal having a lattice constant
larger than 0.818 nm is difficult to produce.

[0052]

We suppose that such a catalyst is suitable because solid solution
formation by substitution with magnesium in the spinel structure oxide of
cobalt provides a crystal structure as if cobalt is dispersedly placed in
magnesium matrix, so that under the reaction conditions, aggregation of
cobalt is inhibited.

[0053]

A particle size of the catalyst can be selected as appropriate and for
example, 1s 0.1 to 100 pm, preferably 0.1 to 10 pm as a median diameter.
[0054]

Catalyst particles are generally placed on an appropriate support such

as a substrate or a catalyst bed by an appropriate application method such as
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It is preferred that the viscosity average nol ecul ar wei ght (M) of

t he pol ycarbonate resin (A) is from 15,000 to 35,000. The i npact

resi stance of a reinforced thernoplastic resin conposition becones

hi gher when the viscosity average nol ecul ar wei ght of the

pol ycarbonate resin (A) is not |less than 15,000, and the noldability
of a reinforced thernoplastic resin conposition becones hi gher when

t he nol esprawingeiogisei sSpotyingcetalyeirp35icBetn Moubsinaed er abiajysttkied

vi scosi t Vi i My ). .Qf /G- onat.e. i

(n e 1 ol EOBHIRLE Y Bt ARl R el E PRI el R @
bal ance ctspenmarhahtheapagiclemigt h solvehtbhéngs lsthandl mpsicthest duymgg 1t tand
a fluidi rm¢993$x&ianmunt The rubber-reinforced resin (B) used in
the present ‘i.nvention 1I's obtained by polynerizing at |east one vinyl
nmonomer d80&dted fromthe group consisting of an aromatic vinyl, a

vi nyl cyani de LAl pr hbery
ol yrer (00778 - oS FRYRUREE KA, CriaBlsElpabflohRa-EeRaRRER Bitofe b

but adi eneerefbhewithse yoaree igasadielivatiobbergergealy contnited- hythedtiage
rubber, Rk ene:uBBRbspihl LA RS, MIPRR! CRULgheH URBRLtign can be

et hyl ene- propyl ene r ubber, ethy enepropylene-non-conjugatea di ene
rubber, #erguéted bypbbiting phe Rbovosgdwith pubbert gagi sard- zcHel 4l N2 as
COMPOST t GrobbARRY., 21dih6OMTukP AL YRIIOXANKIACK WL Bu ERMROSL LR AMDBRD
and the like. Anong these, preference Is given to butadiene rubber,

st yr ene- Ba6RBI*EnBoRe BERiprabdy AHP 6mPEP FCe- but adi ene rubber, acrylic
rubber, dpggg-acrylic conposite rubber and silicone-acrylic conposite
rubber because the nolded article obtained fromthe electrically
conducti ve t heFigl axt ine pesfieplay meekiations &F a Weagpr dentvapey eriidsen
shows exeebletwhith! BGEHARDEMABE Q1B a1 FRAGE fRRI At Q!}E&d-ﬂe(&gfe%lztox
Here, the diene conponent of the diene-acrylic conposite rubber

descr i bedndolfaidized; bpskreagtt ai ni ng 50 % by mass or nore of butadi ene
units, spggesf]i c exanpl es of which include butadi ene rubber,
styrene-but adi ene_ rubber, acrylonitrile-butadi ene rubber and the
like. [0074] A mixedygas guptpiiing (Brnd Hsnsontad as & sttarceliseadodks 9l i ¢
conposi t PR urksSid NosR-pheky pBsd@ed froman al kyl (metWacryl ate and
a ponfuTctuﬁnal nononer. Here, the al kyl (mea)acrylate includes, for
exanpl e, app | kyl acrylate such as nethyl acrylate, ethyl acrylate,

n-propyl acryl g @ddRisbocedbiatoal & H2o8d [HNERY COACT RS abB 0 2l kY
met hacryl ate such as h nmet hacryl a - et hyl hexyl 'nethacryl ate,

g xyl te, 2 XYy lat,

-1 auryl Hetdike S ReerRbYL? ey Oneolths e dVBieRd e grlditron srmsenbietion lof
two or nMabeie TPRHAMSa] A hiteAeY hlaicdsi fonala RBGREIa Iobehd'HRS sth@fure
exanpl e, allyl. nethacrylate, etﬂyle e glycol dinethacryl ate,

propyl en@2grlieldie Yithet ivadsy | Qi dhe pthenBatd.afdt ds e hrpetthzel?| thee,
1, 4- but ylgit: &f theUentiloBbhathybdbtuctileadtliueay e itee axtd b4 Exibon
|socyanur%#§ and the |ike. ghese nTy be used, al.one or |n conbipation

Bﬁ’pﬁ acey

of two orfldfPErp UPHE poagpes larger and similar to a fish-bone shape,
leading to lower conductivity in a fiber direction.
[0059]

The source gas can contain an inert gas. Examples of such an inert
gas include COg, N2, He and Ar. The inert gas is preferably contained in
such an amount that it does not significantly reduce a reaction rate; for
example, 80 vol% ox less, preferably 50 vol% or less. Furthermore, a
synthetic gas containing Hz and CO or a waste gas such as a steel converter
exhaust gas can be, as necessary, used after appropriate treatment.

[0060]

A reaction temperature for conducting vapor-phase growth is
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The conposite structure of the diene-acrylic conposite rubber

i ncludes a core-shell structure wherein the periphery of the core

| ayer of a diene-based rubber is covered with an al kyl

(et WAcryl at e- based rubber, a core-shell structure wherein the

peri phery of the core layer of an al kyl (netWcryl at ebased rubber is
covered with a diene-based rubber, a structure wherein a diene-based
rubber amdeferakly k490 (taesaRcEy maere. prefernbly H¥r tardd0 ACer Lfianeehakionh

one anot Qerlpe@am@qg YE3B" to%t ré“ﬁb‘éi SMICE& By di epea?@%%ﬂem'aﬁg?ﬁf yni t

and an al ky met | )acryl at e- based nmonomer “uni't a
sequence, 16%@11 tranpqrrEure gy high, an yipldsis|reduesl. CMW topetipeut

si i cone-Renwhit&d €0 MRASIAkEHIE, L@H@ﬁrsdﬁ%ﬁ&ﬂebﬁfh ANE1 2 B HAF GegONTPI | S NG

primarily a pol yorganosi| oxane, anong whi ch preference is given to
t he polye @%ﬁosrloxane containing a vinyl polynerizable functional

group. An acr iy ferkdé0¥e] r&RMBANRREsUE Sl dd- erﬂ}%gs% brvmge? réﬁk)idﬁcted

conposi te rubber is simlar to those al rea ai ne
acrylic mifernRimbpssmsust from theeriewaeing ¢ Cféﬁ’i‘?ﬁtﬁ-ﬂﬂﬁeﬂfr%rbbéﬁtﬂr or

[0077]  operatiif HR@MROBhESsSIAHEL BrSwi of B%uﬁbtlldl(aoﬁ?uﬁ%ﬂﬁln% Proceeds,
conposrte rubber includes a_core-shell structure wherein

per i pher yh®freppidor e bayrepdysied ﬁeeyoﬂgam%eﬁrewﬁdear@eﬁewdnye@evered
with an Qbﬁ&ﬁmﬁnetl)acrylate based rubber, a core-shell structure
wherein eri phery of the core |ayer of an al kyl

(et Wacr 9%?2 based rubber is covered wth a pol yorganosil oxane

rubber, a strugtuse MRS GicthchDRIYOT SAR08EIRARRE th uaggrnﬁﬂﬁféﬁuﬁh%y'
(neth)acrylate bas d rubber _are intertw ned with gne anot her

st ruct ur @ro¢ees & He ca petopn y161d o) 8 ipmea PR ibes PR qm@wgaﬂjwent

of a pol yal kyd &affﬁly\éﬁcﬁé” SRidrably rlﬁ%hély ahoth Srth%'%' el Ly Lavdsdondit h
one anotherlag give a network-1ike rg g% structure, and the |ike.

[0078] TREARWIBBRFPEBFYsES- | Anpriglhrbd Bye saspor:dhas accoadingnta shisn
pol yner i &@émﬁacwﬂﬂg bhReaClolr ANfiRd c@abbﬁdﬂfe@'m 0! IR d1Z@abi0 Borl Eidrh SOT
on a nong H%{ gﬁénrthe rubbery p é n accordance With a

pr epar at ifrtonetthddspet Aeighyieds ey‘f?é? Yf&t iR 2 jesults adirg capon
control ﬁb@ﬁrcbhﬁilﬁm%l mtc@a a@fodteofridiReitYePRAY BRE . col@@h9s described! t
IS prefer ed tha{)%p éage particle dianeter of the rubbery polyner

is fronr@ V¢ 67 ause the inpact resistance of a reinforced
t her nopl 480431 resin conposition can be further hei ghtened. [0080]

The prof fered coptent of .ihe, rabery polYTEL i L0S Lybbery T gl nkoroed
carbon fiber prepared by this manufacturing process for a fine earbon fiber is
not clearly understood, it is speculated that balance between exothermic
Boudouard equilibrium and heat removal by source-gas flowing causes
variation of a temperature near the fine cobalt particles formed from the
catalyst, so that carbon growth intermittently proceeds, resulting in
formation of the bonding part. In other words, it is speculated that four
processes’ [1] formation of a head-top part of a temple-bell-shaped structure,
[2] growth of a body-part in the temple-bell-shaped structure, [3] pause of
growth due to temperature increase caused by the processes [1] and [2], and
[4] cooling by a flowing gas, are repeated on fine catalyst particles, to form
the bonding part unique to a fine carbon fiber structure.

[0064]
<<Thermoplastic resin component>>

The thermoplastic resin component contains 1 to 100 % by mass of a
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The vinyl nonomer to be polynerized in the presence of the rubbery
polymer is selected fromthe group of an aromatic vinyl, a vinyl
cyanide and a (neth)acrylate ester. The aromatic vinyls include, for
exanpl e, styrene, anethylstyrene, vinyltoluene and the like, and it
is preferably styrene. The vinyl cyanides include, for exanple,
acrylonitrile, methacrylonitrile and the like, and it is preferably
acryl oni telycarbomsde raainyEer andOetosdd & byimasudba fubbeexamboreed aesin
met hacrylgje ester such as nethyl nethacrylate, ethyl nethacrylate,
2- ethylhﬁ thacryl ate, an acrylate ester such as nethyl acryl ate,
et hyl 95%% butyl acrylate, and the like. [0082] There is
no particul ar Thé%@)@%éu%ngfb ?esﬁ'ﬁ'{ﬂpgséccﬁ)fn O gbﬁglﬁ\ré?at on is produced
YRy oRond Re 0y

rubber-rei nforced reésin, m%b- ynerize n
but pref &Fedde eﬁgm@ﬂwewatcéma a s*iimyp@: méyliuzdamoncmmml Sﬁclwla@e
variety Qfisgthabl &ftﬁ’f;%@éeré%r&% d@&%e@éﬁ%x%ﬁ%ﬁd upon pol yneri zi ng

i n order toegdjust a | ecul ar weight and a graft ratio of the
r ubber - r 0¥8%r ced re5|n [0083] <<Carbon fiber (D)>> In the
present inventtrRy), s cdas %ﬁﬂl@@rOWSﬁ%nglserlﬁ@ﬁd@S 9{?@' 4 4-

conmponent, as necessary. The carbon fiber includes or na car'’bon

fibers sdehvdrexepiemylhasbis Yahpboxyplay Danlkagepi t brs- éﬁhﬁ@rmpbwi)
fiber. [ QQ@élukane bid-{4- h§dﬁ&?&ﬁéﬂﬁﬂsﬁ1‘%@ %@&(&ﬁ&@%y{ph@ﬁ%l Ie&lélﬁ bgse

in the pr ifnt i nyent ber diameter

and a fiB Yl‘ié‘?ﬁﬁ’ﬁeﬁﬁl)g‘eﬁalez@hﬁf 4-Irydupxyph wé)aa%]éo%én@ékﬂcﬂvbrsnb@tre&
becones @m@aﬁha@ ﬂ% sh%sﬁtﬂbﬁféo%ﬂé%dbrbﬂ h§1oeéﬂd§ﬁ%rsh@@te\&h€dhﬁ&ﬁads

fiber d| ter of car bon f becones sma| |, d sufficlent

bl endi ng* ééta%du‘éw ke, a%ﬂldeﬂ@é? aire Yo dline o Wonéb@éﬁlpér?@éhéﬂfpcﬂl
wave Sth&ﬁhQﬁn@ﬁQHQQE | i ke cannot be obtained to the extent that
connensurgﬁﬁ]a.blending anount when the di aneter becones too | arge.
An enougﬁ ect cannot be obtained with a small anmount of bl ending

\r/]vheg tPe fi berpéxeiggkh Obr%fﬁﬁ?r&@r b@a,nt flvléfﬁlr Eoz ?;ﬂ%é o@lﬂatuhg& ohHR a

an 0 er ng rs e flujdi nmel ted resin,
resultingﬂﬁﬁpg¥$¥ﬁﬁﬂﬁhﬁnﬁnwkﬁgdﬁﬁﬁ&eéﬁﬂoéﬁkY@H@ edf 0085]

<<El ect r {g@d]y conductive thernoplastic resin conmposition and nol ded
article>> e el ec | y conducti ve thernnplastlc resin
conposi ti on ofT]i‘%qurdé%}@’ 13wﬁ€1i<ﬁ¥ﬁ%ﬁh%mawcmuem 5 Acerguple, those

above- memhkiesh AU GabHE AB G H12Eb Poélﬁbn TeldDRY tJ @r}? }Sﬁ%roﬁlgs' MTheB) .

fine car %?Qfeiile erspgcc:i)ﬂ’c aer:]{gm% és! ° Lg %ahybd?gx; 1316\55151 kane mclude 4,4~

dihydroxy-2,2-diphenylpropane (namely bisphenol A), tetramethyl bisphenol

d
pm

A, bis-(4-hydroxyphenyl)-p-diiscpropylbenzene and the like.
[0069]

A branched polycarbonate is also produced, for example, by replacing
a portion of a dihydroxy compound, for example 0.2 to 2 % by mole, with
polyhydroxy. The specific examples of the polyhydroxy compound include
fluoroglycinol, 4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl)-heptene, 4,6~
dimethyl-2 ,4,6-tri-(4-hydroxyphenyl)-heptane, 1,3,5-tri-(4-hydroxyphenyl)-
benzene and the like.
feo70]

It is preferred that the viscosity average molecular weight (Mv) of the
polycarbonate resin (A} is from 15,000 to 35,000. The impact resistance of a
reinforced thermoplastic resin composition becomes higher when the viscosity

average molecular weight of the polycarbonate resin (A) is not less than
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The bl ending ratios of the pol yearbonate resin (A) and the rubber
reinforced resin (B) are: from1l to 100 % by nmass for the

pol ycarbonate resin (A), and fromO to 99 % by mass for the
rubber-reinforced resin (B) in 100 % by mass of a thernoplastic resin
conponent (the total of the polycarbonate resin (A)and the
rubber-reinforced resin éB) ; and preferably from40 to 90 % by nass
for the pé§¥arardnttee ialigyapf angitfoured 1hermopbrsticygsimasempaoritivhe
rubber-regj ' \ wrai o 1 I ' indnOf w4 N
fine car ?gﬁ&@{a%??gl{egs‘ Irge%lén e%%iggéal gae%%%t l%'?l ér%ralgggér Q?Bar{ ?é’g%%) 0 ]i/%)(}g
parts by prafssakly, theeviseasityopreasgs enalessilar werahvr(die), of ghe frohwdarorfatem
0.1to 1l r Dy \ I : :

mass. [ 00G0T 0 MRRRAT G Lol 00 AL E kiR edind) WP B Balthep

bl ended ioh agnedgaic] streagtum falling eald ighast|stemetls aodndlitityi ty can be
obt ai ned [gygy] W thout blending in a |arge ambunt due to the existence
of the fine carbon fiber in the present invention and the smaller
anount al | ows g nuhbepreinfreetgeaitadBl used thither prgsent inhentidrerndi ng
rati o of i ol e :

mass ol St paea LY Dy e piretns ERCRR v RonBHLE sC IR0 ol ery
conponentcoRFHating o apraspmasis Yinnbe viorbcxanide and gaimethincrilase esten iease
it is bl gpdedasehbeof Alhitherd plyie9eneral ly not less than 0.1 parts by
mass. [0289 A m xing rrethod for obtaining the conposition of
the presé®®73lnvention is not particularly linited, and may be

enpl oyed a conpgnt iaprky Y pk MREkads, Eop! 8, nﬁmﬂgezlée' NGbyde

those, for exanple, in which respective conponents have n
uni f or M ForFeREPUdiche 1ebhesharyianitiile hutathsae mbker, isoprenmitabber,
m xer, achldbpRenBl 8088y, apdl Neubbdie, eYhrlhBRplge CRIRRIE Ny R -

nel ted and kneaded by a si n(gl e screw extruder, a tw n screw extruder,
t he Banb@F§PHPREROBICORIEaf¢k edieppogppber, acrylichpybbere epishlarpleduiy

conduct i vabhdier MBpAA Sy Sic! @dinthBREPOSILEAN Qficdhte PSASERkahOMERL1oN,
known additives may be ;}g‘ged in.,a range not interfering wth the
spirit ofOPRESEE e@iﬁwﬁ rj #entheonikeThedBroagdithespesprefiende 1 wivga to
vari ety outadiehé i vBBerS Weireds-tAuthHRNE FudbaF dablond b R diehandants,
auxi liary, alln g‘#ﬁﬂleox#dan_t, a ultraviolet absorber, a lubricant, a

pl asti ci 2P NcrYrbey- VERRASTHY yepasiteaibhst iaadagitisongjanylic gopppsitant
(a pi gmertibbé By uaddhé heoldb&@krticR SbthiRN, Ao Y bR-GAQNAoAGeAL: an
ant i funga.}1 agent, a silicone qil and a coupling agent. [0091]

The resi METRPYSFHG SRSIF CURBONPFER &bt thénPapiTsnnaBREPRthoS eHicdlenhy

can be meligfage hpparranyd shed uapr@trysigfar¥el ded articles by a known
nol di ng E&i&?d A nol di ng- process net hod i ncludes, for exanple, an

injectio ding nmethod, an injection conpression nolding nethod, an
extrusion net @eke, ahzl @WnaDkeapensm@t BOGhe adMas My 1ID B pesit®t hlter an

ai r-pressure.nml di ng .net hod, cal epn nmol di ng met hod, an inflation
mol di ng s ”%afﬂ@vgﬂ% Weﬁ.ong@%& ?‘ﬂg@y MSSOX TRPREEOT; Ruitadligas urdtean
L nj ect i ospmlﬁgi %@nﬂﬁbb?&f &flﬂﬁl@mﬂcmcﬁcgu@didié_ﬁgphﬂﬂ)%l E,OﬁtyfiﬁhéublﬁgangEQOd
ecause a aea rtj € WL, a_ | nsi,onal accuracy can ope
bt af ned P Tar S i b digad b St BROPST 0002)

[0074]

The acrylic rubber component in the diene-acrylic composite rubber is
those polymerized from an alkyl (meth)acrylate and a polyfunctional
monomer. Here, the alkyl (meth)acrylate includes, for example, an alkyl
acrylate such as methyl acrylate, ethyl acrylate, n-propyl acrylate, n-butyl
acrylate, 2-ethylhexyl acrylate; an alkyl methacrylate such as hexyl
methacrylate, 2-ethylhexyl methacrylate, n-lauryl methacrylate. These may

be wused alone or in combination of two or more compounds. The

18



A nol ded article of the conposition of the present invention has a
hi gh el ectric conductivity and is excellent in surface appearance and
i npact resistance, and in addition, the article is also suitable for
recycling. For this reason, the article can be suitably used in
various applications, including housings of an electric and

el ectroni c_equi pment and an el ectroni c equi pnent part having

pot ent i alPopripbtternal opormer inrudestive emmla retlbsrl free ey (aEM gthFleme
exanpl e, o} equl S as
o Per sondlY SRS P, RRRER, BloBD ATHPUEEN IR, P4 R e H ol

(i ncl udi Wgmathdcauliade.ds ydusylepe glvsel @m}ethacrw tevtmblml Cyanprmhet tnialld
facsiml ?s&?&ﬂhﬁ&e aﬁd%ﬁ@'l&re 388 g’k?eqﬁﬂeﬂrmgﬁe oﬁlrggcﬁkﬁl%@%gl dt: tw%
canera (incfuding a video canera, igital canera an

vi deo equi pRERCOBPERNES a vi deo, a HUSIca| instrunent, a nDblle

equi pnentipgay) el ectronic pocket book, a personal digital assi st ant
(PDA) and the Ilke) a Ilghtlng equi pnent, a tel ephone (including a
mobi | e phone) , ThePmpositeortrresiire of ghet diene-aphdigi cegnrnsite tabber fickidesg
tackl e and.pi-Rhak |st1%ﬁﬂ%wﬁeﬂ%‘i:9%fae ﬁﬁer\gf%%'tﬁ%%&fe dl%ﬁ’g{ Bfig"a&erf Fased

furniture, a sanltary product, a uct ferial & and

the |ikerupbond cheedapphi antalks H@H}ﬁ)tﬂabﬁ@%e%%ﬁedsrgbhﬁen at eorg-shell
chassis Q. afu! ®6LFSRItRe e,%tphwhf e &lgqayapoﬂogﬁ% (:&%ﬁ%ﬁﬁt@f a

nobi | e equi prent. because the f'ect s present 1 nvention are

especi al [bysesk appler l%wq’esﬂ[tbmgsl@ne baded Febenf & etrugthiee priesein a

i nvent i ogidd- baéa@ I%Bbﬁaﬂganmkﬁl SRaR) L dr G Bk xapé/d ﬁb&a& %}e REQAHEIIAN
exanpl es, working exanpl es and conparative exanpl e However, vari ous
vari at i ongthaye paothstst ponolyspr-shachresdiareimy émneoham ragrotaswadi ng
the gist a0f M@lldy[‘(’xﬁ@ﬂi) ma%tss@mﬁweltmt BLigs ¢Rta | NBHT é@eﬁg@' !
not be |Iﬁltg é@ the fol ow ng exanples. 10094 Productlon 0

r ubber - r 84t5ed resin (B) <Production exanple 1> Production of the

rubber-r¢@®ﬂgrced reS|n (B-1) 96 parts by mass of
oct anet hyl t et racycl osi | oxane, Earts by mass of
y- met hacr yl oxypFb 11%1 FHBPRABSIIRITRY FRiRRECEHF Pmasite wpbandescaibed

et hyl ortBesd |ik CgioRe V‘@h@gl_ﬁéﬂﬁ%dphﬁls&hg ah npél?@ré&%%&ﬁo@he”aeﬁﬁoﬂé vehich

si | oxane-based m xture ﬁ{nlxture added was a sol ution
pr epar ed PESEEE0| i ngVBR6A0patites BYIYprEANOgHONESYI ypgntaining a  vinyl

dodecyl bgammswm@ﬁaﬁ@tmﬂm%uparm ey BSIbBEr dbSipohbed: u!‘@& €h rthe
whi ch was. Stlrred a honoqgﬁﬁr at 10 0 revol utions/ 2 m nutes,

whi ch wag! m@?@ml& COFRRASHG T3HhOET tnigilH 1@ 1hoRbghinRsE exnlvdred for'the

pressur e aefylzGul¥Bar dmphiicitRf thSiRBLQCBFIRNIoXGMHsREGaBRS) | oxane | at ex.
[ 00951 Al so, 2 parts by nass of dodecyl benzenesul fonic acid

and 98 pé?qgnby mass of distilled water were charged into a reaction
vessel equi ppeThan dobapa)sft@agﬁﬂtbtulﬂl eftihen sRBhaiadsflic %oﬁ%kit@glﬁﬂﬁ%ﬁ a

liotecy! bERIBIEL Bl s Aokt 4o B €1 e BFOTARD 1§ Featorn daren of o

aqueous polyskinvsibzBbe Gubbie 19@%2@11 xﬂtlgadipsalkﬂx @ﬁ%tlﬁ)@&ﬁﬂat\é%s@dded
dropmnse 0 ﬁ%’4 houri?ﬁgg after e co | eti. of dr opw se

addi ti on™ FerPES VTG, ?%Hp %HS a¥e) egan

down. Af aiieylt fmstH)&a@rlat@FbaJsbﬁlUhdabé@51sa|cb%‘h@d '&NQt}Stzii 196 1gﬁﬁ@:§ﬂoxane
t enper at ur or 4 %urs he I|qU|ﬂ'mas neutralized wth a sod
hydr oxi déug‘&‘ﬁedfhss SO UET off ?lc?l%b"t‘ aP MY PHee a8 Wrnﬁah’dé Efloﬁé‘fjre aPafil

(L-1) . A(peth)aorylate-Hdred paibper gandstdesaiied aigX ohb-ahotNGS adgﬂra@lmaé
170 C for ,30 mnutes to.d ter ne the.solid efalent conce % ﬁ;
whi ch wadheseindthesagaeps og% osﬂoxane and the segment o a polya

(meth)acrylate are linearly and sterically bonded with one another to give a
network-like rubber structure, and the like.
[0078]

The rubbery polymer is prepared by, for example, an emulsion
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Then, 43 parts by mass of the pol yorganosil oxane | atex (L-1) and 0.3
parts by mass of sodi um pol yoxyet hyl ene al kyl phenyl ether sulfate
were charged into a reaction vessel equi pped with a reagent injection
container, a cooling tube, a jacket heater and a stirring apparatus,
and 203 parts by mass of distilled water was added and m xed.
Thereafter, a mxture was added which consists of 19.2 parts by nass
of n- but yolyeesiratien vty 7theanetiorhpf ragedishl giolygheviea tiow ripftatter @ G4
parts by £ I | J... di 0. ts by
rass of Cariyarh U AP kY R Komel Th RebMALE A8 2 e AR
with nit megfdedbyf she ssmplsiominoloyerizafaen.f itow teaspulgh cohtsl regottiole
vessel aQHa&@ﬁnQﬁ@H@E&E&%f;M@én%@iSed to 60 C. Wen the tenperature

inside the reaction vessel ‘'reached 60 C, added was an agueous

sol uti on [@@ftlai ni ng 0.0001 parts by mass of ferrous sul fate, 0.0003
parts by mass gf jdisodium ehdy angdham.n e g0y rts
by mass of Rongalli e di ssol ved ai n 1%@:%‘& ?Es_‘ﬂg‘g}é an%%?%%l cﬂ?s?}el flégb&
vat er, t @obAnes # Borabilchl O forgpnecaret thi impae resisthecpof grmeifeaeidon
of the aghylabflaeQERANERSApodifIR AR LY ey BEr hBghtd Mg d rose to 78 C
This state S mai ntai ned ?or one hour, thereby to conplete the

pol yneri 1898%Yn of the acryl ate conponents to obtain a conposite

rubber | at ex OT}Aéf)?BﬁUrgé@Qﬁt.eln@é)@@Ee by I Yhe AGE Mﬁﬁ&&bﬁ&bl%ﬁ{forced

[ 00971 . er theoliqui 1 tenperatiure inside the reaction
vessel fapsings s &0 tad0 3y beawaskiol uti on was added, in which 0.4
parts by [pmeg of Rongalite was dissolved in 10 parts by mass of
distilled vvate,f‘. Then, a mxed liquid of 11.1 parts by nmass of
acrylonitrile, M3 vyl penomer khke Detymesiseshn thrirreserpact sheoyubbay of
tertiary pgoliniér REAIRRAT B3t VRSupddad HoRMSEnPY 8l vif r
and the polwéprsgri ﬁati on wa coér,%u}:1 ed. After tchengl\énp‘fle?}i)%gﬁno{be?%gg
dr opwi se ‘BEHPMEFBRAEneptar | o\liengramatie vinidn dnslade.olve dreumpleastyaepreous
sol uti on WasyRdpRee, FThyMuledhdaRPRe PAdet SnRYit TRSSeREaBIS It sulpgat e,
0. 0006 par t}ayby ss. of disodi um ef Erjlyl gnednj am n% (taet?agc_e _atg a%@
0. 25 par "&by VRBRKESOCRSig A erAmRlce 2aTdeRit vk methegryaptislogndabs of
di still edinvabed it Ehaeferably x8¢1dnigubd The (mbtablyIa e dBSSntlude, for
acrylonitrile, 22.2 pglgtsl y mass of styrene and 0.1 parts by nass of
tertiary SBHEOPIS hyidr BYS PRY e wastedd ded drf’@pvﬁlé@yévé’ilﬁ%@w latg atttt es
t o condughethherylitey Pesthy BlexON mdhh eyl 4ee 00BN EItk O:t0f LAE dr QR E
addi tion apq all qw,ng i.t tfoJ stand .for one. hour, the m xture was
cool ed d&fV el VAR Hatea bl serdath ap t@%g’g?ymsr wherein an
acryl oni fogg2- st yrene copol ymer was grafted to a conposite rubber
consi sting of jpolyorganosiloxane and a butyl anylate rubber. [00981
Then, 150 partﬁhed Fals B?ltﬁ?%’qd%ﬁgﬁ%l‘Eﬂi%ﬁnmdhg‘%ﬂ apedwsing theand
stirred, riibbsuietifoe@dCidsii, aGRl Mg MASoRINETHMas, hiy &AnPhePRthAN Rk
5% Into t.?r;{g cal cium acg%ate yeous sol utijon, ég]g parts. by mass of
Uhe | at eRTHFTEIHE T8 AT FOp Iy ST BAVEERAALPR ymabadd drBis wwicty of
t her eby ghaﬁpﬁ' ghﬁéfai' @gé]liﬂﬁ thay f@.l(so %ﬁd%@d@%&lyﬁﬁ@ﬁ%@hﬁo% to adjust o
separ at ed, shed and thereafter dri to.obtain_.a dry powder of the
CUbber - ¢ &Y BPLEN AR AR BAL 000t heRIReE Tl 2o
Producti w083 the rubber-reinforced resin (B-2) To 100 parts by
mass (as ] i d.content) of a pol ybutadiene |atex with a solid
S2caehis abog

content co of 35 % and an aver age particle dianmeter of

0.08 pm 2 parlhsthegseseridhiventiamtetirbonifibar aepoby BRmdeata@XaniVitioml
average particle diameter of ﬁ{fi(f)s %% i ch consisted of 85% of an
n-butyl ACFHPETE HhiPECHTa™ 5oh5F °& Oat AR IACTRaes rdinany: carkay &d
whi | e st buch aga PRM-batéd edrbon ber thém wiort-baeddtailosn Ber nutes to
obtain a :]ar ged but adi ene- based rubbery polyner latex with an
aver age [)bar cle dianmeter of 0.28 pm [ono] The resultant enl arged
It is preferred that the carbon fiber to be used in the present invention

is those with a fiber diameter of 4 to 20 yum and a fiber length of 3 to 20mm.
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Acrylonitrile 30 parts by mass Styrene 70 parts by mass Cunen

hydr operoxi de 0.8 parts by mass t-Dodecyl mercaptan 0.8 parts by nmass
After the graft copolyner |atex obtained in this manner was

coagul ated with dilute sulfuric acid, it was washed, filtered and
dried to obtain a dry powder of the rubber-reinforced resin (B-2).
[0102] Synthesis of fine carbon fibers (C) <Reference exanple 1>

Pr oduct i drhieskabpeauseftheqasbemdiben betdrees expensive dne 300 diffioflty in its

| on- exchapged. et Rttt fhase 4! e

[ Co( NOa) ?}GHZ.O: nol eequl ar wei gﬁyﬁ%ﬁ%gﬁe ?%rﬁogpﬁ%%j) %ae%éf%&?ﬁm&nm‘an&
nagnesi ufiidient blendipacdizct rekms apl dedirir cowlugphitviys Glektlon Qentdic
mol |, toprePahS sy el inl |y, (1 - r nmr 2 0
powdery anmoni um b?i(l:%r bonat e [l?gl\l\/\ga%ggt gr%l@él%{j%? V\r% gh? %%:_egg] hi?f 78
nol | was camseetspsate & blengddngramennt grheaxthealigedtevdiaomesdoplegar eAn
r aw- Mat ernaligB YL Ohrcd)be X ined PHBLRL QRS 2
wer e m'xgd a? a reaction teerrpernzft ure O’?Eéﬁ%‘ll%m%ﬁ%ﬁé%k%é&&% @%%t%%re

was stiridgriersth elothescarbpa fHieacispihoat e Gurthedthes hanf srebpgviisired
and t hen 18k41adowkd O ﬂuic&ig{ off BRIRHAUGT WBSItER! Gl @ﬁﬂfﬁ?}ﬁ tu? ?ygég&fn%ed

with a nortar to_provide g of a catalyst. A crysta
const ant @ngextyuipg system) of the spinel structure in this catalyst
was 0.816gpsyp and a netallic element ratio in the spinel structure

of the substitutignal solid solution was Mg Co = 1.4 1.6. 01041
<<RElectrically conductive thermoplastic resin composition and molded

article>>

The electrically conductive thermoplastic resin composition of the
present invention is produced by mixing above-mentioned polycarbonate
resin (A), rubber-reinforced resin (B), fine carbon fiber (C), and optionally
carbon fiber (D).

[0086]

The blending ratios of the polycarbonate resin (A) and the rubber-
reinforced resin (B) are: from 1 to 100 % by mass for the polycarbonate resin
(A), and from 0 to 99 % by mass for the rubber-rveinforced resin (B) in 100 %
by mass of a thermoplastic resin component (the total of the polycarbonate
resin (A)and the rubber-reinforced resin (B)); and preferably from 40 to 90 %
by mass for the polycarbonate resin (A) and from 10 to 60 % by mass for the
rubber-reinforced resin (B).

[0087]

The blending ratio of the fine carbon fiber is from 0.1 to 20 parts by
mass relative to 100 parts by mass of the thermoplastic resin component,
preferably from 0.1 to 10 parts by mass and yet preferably from 3 to 10 parts
by mass.
loossl

Although the carbon fiber (D) may arbitrarily be blended in a
requisite amount, an enough electric conductivity can be obtained even
without blending in a large amount due to the existence of the fine carbon
fiber in the present invention and the smaller amount allows for the better

appearance. In this regard, the blending ratio of the carbon fiber is
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A quartz reaction tube (inner dianmeter: 75 nmg9, height: 650 mm was
perpendicularly fixed and in its center was placed a support of
silica wool on which was then dispersed 0.9 g of the catal yst. Under
He at nosphere, the tube was heated to a furnace tenperature of 550 C,
and then a m xed gas consisting of CO and H2 (volune ratio: COH2 =
95.1/4.9) as source gas was fed fromthe_ bottomof the reaction
tube at ZCRPGWS, BRtengre tharg 1P marks pypmasshigiatave tonlQY montsshy aveaglit ofe

carbon fitherthefdfladtic resin cMpdiEltdayB B3 PreferaBlF AR Iﬁ?xze T )QQt
By egree

was deternmned as 1.5 % by weight. A peak half _w dtth "W

obser ved plaﬁtsiﬁbmé‘ﬁﬁrl yHt asgrit f%&ﬁ@%@l@&e 1S 18 alspezenrralpomt ess 12437
nm Furt lger pe¥te byfigsw. a TEM i mage, paraneters related to the

di mensi OE(CSBQ‘SO#‘] tenpl e-bel | -shaped structural units constituting the
fine car i ber obtained and the aggregate of these were D = 12 nm

d=7nm L =Alkifmg Wdhsd 9 oBtainthd @hé chBYESBES APOM pFedentA
stack nunber of the tenx}gl ex bﬂéh shaped structural units constituting
the aggr SyRUIRLS APRATteylarlp ligites, apdpgy s pmalaeder spmentionelly
three poikhb®n( Medhdd. (Hhp)dyaBldmedhddsliddain tkweheadetARpRf ihNehich

aggregate. FIG 3 shows a TEMJjnmage of the fine carban fiber prepared
0 et or EitHEClYG FREOTEHR DY DATORBLYTBN BAHIOPE ths TRimssbel KGreion o

resin ][ratsiﬁﬁéllpﬁig&, @pginhbfdrggiﬁd@,eafﬂiméﬁgremer fainﬁetc’ihe _lik_e,l an&?h%/?[lﬁﬁe
mass O e | e, car po e roau e (0] sSitmilar 0 e
oo go noraphigitt aslids and Raeael By acmflR A6 g0 Copien o &v gt Sorre
pol ycar beratder, e¢bé Bapthbr3 Q004 oveheddiy t he M tsubi shi Engi neering

Pl astics @)q Ltd.), which was prelimnarily m xed by the Henschel
m xer, ar[u Oﬂereafter the fornmul ati on was nelted and kneaded at 250 C

by a tw n scrdwtexhe dkictticahlyeatecand thhendfhitenrdbix e o¥@Dn of the
pelletized totprodq;ce the Vpol X%?r bonat e, mast.erhat ch cont ai pi ng, the
fine car BOFFePL BRYE G FPF Iagd G Btk heiadged dhforrmres 2ok HitpHREnger e
ulsed. Poknydarthermaﬁﬁt (o8) the" Fra30R0 Fiveraiie:. FYI‘EG{Q@ aMcIiﬁ'k}Eé si(abzu)aegé Hﬁﬂéi) ng
Plastics _Ca., L (.vi scosity-avera cul.ar wei M) :...22000) .
Car bon 1 BERtY B Aokt ada B fafand p e Tt st i, an
Car bon nantibxieng,GNE)tratibiet mbssdehat Dibr{dB6HLHtR0iciZead el -YélBssing

pol ycar bgnat e). .made ,by. t he erion talysis, contai,njing.,1l5 %.ij.n
concent r 678 28 ésftﬁg}ﬁ aﬁ%ﬁg%ﬁﬁoégm\m%ﬁn gng ad&%%@’f‘@rthﬁglkfgr?n%gﬁ’é an
aspect rahi sntioticibbisd ddean &n 44iAkal agent, Akil&ont aspeet ¥ ouplin
materials_were mxed in the proportion shown in Tables 1 and 2, tﬁey

wer e mnel f’%%iutand kneaded by a twin screw extruder ("KTX-30" made by

the Kobel®i%dél, Ltd.) at 260 C and pell etized. This pellet was nol ded
&, Ledl) “at oI soRme Rk SOu § a8 Franie obienech & 2Bis B ng
eval uat i cas beemeldsalr imteda otitle faoied} of molded articles by a known molding
method. A molding-process method includes, for example, an injection
molding method, an injection compression molding method, an extrusion
method, a blow molding method, a vacuum molding method, an air-pressure
molding method, a calender molding method, an inflation molding method
and the like. Among these, preference is given to an injection molding
method and an injection compression molding method because a molded
article with a high dimensional accuracy can be obtained with an excellent
mass-productivity.
[0092]
A molded article of the composition of the present invention has a high

electric conductivity and is excellent in surface appearance and impact
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<Eval uation nmethod> [ Surface specific resistance] A
rectangul ar plate with dinmensions of 100 mm x 100 mm x 2 nm was nade
by injection nolding at a varied injection speed (5 nmsec., 20

nm sec. and 40 mmsec.), and its surface specific resistance was
measured by using a Iom1resistivity meter ("MCP-T600" made by the

M t subi shi Chem cal Lt d. (A resistance value not | ess_than the
equi pmenteHBROGE eichin ﬁﬁl‘#ﬁﬂﬂ ddide tvalss sNibable fopregysljnappBer thise]

A rect angih, Rhat &tiMd Rafli L OsioNs 0cdl 90 vAiMcSs %1m16n§ fHHﬁQﬁﬁg
made by injection nolding at. @ varied injection, speed (5 20

M sec. &RYSAEs Pé#ﬁs%%ctym apdelpetEomis g iRt aﬁ@kecﬁmnq %ﬁpmfenéd

0: A SU%B@@ﬁab&gsﬁ&@hﬂaﬁgﬁbﬁl%%rdl@ect?emﬁg:%ﬁcf *afe '1ﬁte§f§%91t1& @ME) not
| ust r ous A: Convex or rous enboss is seen on a nol sSurt ace X

A nunber F&F egammpdse 1hmay b Berd Biisgses @fscos@éﬁnmtlanmua@ne%wwéc@ a
[0111] [ b@%@ﬁai E@ébﬁﬁe@'r(ﬁﬁ]ludmg a néteh6sl @ﬁﬂe‘)" é‘buﬁb&ﬁ)? I(1‘£ﬂcfd?hx§’é Qﬁﬂﬁil&ms

of 100 m"nx%qh mnvvas made by |nJeC|onm)
test piefEyst @r%&eﬂt é*s*t:e BYisien \r'\}aE“BF%%cé‘d ashiaile aManERng wgpuewn

frame w bhdfi egamnens, o ad% #0As¥1el QD cHMeXa 2thdl@dthEVRlJiddeskBeSSa 2
mm, on i.ch an |ron SOOH%%mas dropped to measure the height

such t hattgit rwl\ﬁa@ﬂ ohedyiggensisyeh as a video, a musical

instrument, a mobile equlpment (an electronic pocketbook, a personal digital
assistant (PDA) and the like), a lighting equipment, a telephone {including a
mobile phone), and in addition a tool for playing such as a fishing tackle and
pinball means, a product for vehicles, a product for furniture, a sanitary
product, a product for building materials and the like. Among these
applications, suitableness is given to a chassis of an electronic part such as a
laptop personal computer or a mobile equipment because the effects of

present invention are especially exerted.

EXAMPLES
[oo9s]

Hereafter, the present invention will be explained more specifically by

showing production examples, working examples and comparative examples.
However, various variations may be possible for the present invention

unless exceeding the gist of the invention, and therefore the present

invention shall not be limited to the following examples.

[0094]

Production of the rubber-reinforced resin (B)

<Production example 1> Production of the rubber-reinforced resin (B-1)

96 parts by mass of octamethyltetracyclosiloxane, 2 parts by mass of
y-methacryloxypropyldimethoxymethylsilane and 2 parts by mass of ethyl
orthosilicate were mixed to obtain 100 parts by mass of a siloxane-based
mixture. To this mixture, added was a solution prepared by dissolving 0.67
parts by mass of sodium dodecylbenzenesulfonate in 300 parts by mass of
distilled water, which was stirred by a homomixer at 10000 revolutions/2

minutes, which was thereafter passed once through a homogenizer under a
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pressure of 30 MPa to obtain a stable premixed organosiloxane latex.
{0095]

Also, 2 parts by mass of dodecylbenzenesulfonic acid and 98 parts by
mass of distilled water were charged into a reaction vessel equipped with a
reagent injection container, a cooling tube, a jacket heater and a stirring
apparatus to prepare a 2 % dodecylbenzenesulfonic acid aqueous solution.
While heating this aqueous solution at 85 °C, the premixed organosiloxane
latex was added dropwise over 4 hours and after the completion of the
dropwise addition, the temperature was maintained for one hour and cooled
down. After this reaction liquid was allowed to stand at room temperature
for 48 hours, the liquid was neutralized with a sodium hydroxide agueous
solution to obtain the polyorganosiloxane latex (L-1). A portion of the
polyorganosiloxane latex (L-1) was dried at 170 °C for 30 minutes fo
determine the solid content concentration, which was found to be 17.3%.
[0096]

Then, 43 parts by mass of the polyorganosiloxane latex (L-1) and 0.3
parts by mass of sodium polyoxyethylene alkylphenyl ether sulfate were
charged into a reaction vessel equipped with a reagent injection container, a
cooling tube, a jacket heater and a stirring apparatus, and 203 parts by mass
of distilled water was added and mixed. Thereafter, a mixture was added
which consists of 19.2 parts by mass of n-butyl acrylate, 0.07 parts by mass of
allyl methacrylate, 0.04 parts by mass of 1,3-butylene glycol dimethacrylate
and 0.04 parts by mass of tertiary butyl hydroperoxide. The atmosphere
was replaced with nitrogen by passing a nitrogen gas flow through this
reaction vessel and the temperature was raised to 60 °C. When the
temperature inside the reaction vessel reached 60 °C, added was an aqueous
solution containing 0.0001 parts by mass of ferrous sulfate, 0.0008 parts by
mass of disodium ethylenediamine tetraacetate and 0.24 parts by mass of
Rongalite dissolved in 10 parts by mass of distilled water, to initiate radical
polymerization. Due to the polymerization of the acrylate components,
temperature of the liquid rose to 78 °C. This state was maintained for one
hour, thereby to complete the polymerization of the acrylate components to
obtain a composite rubber latex of polyorganosiloxane and a butyl acrylate
rubber.

[0097]
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After the liquid temperature inside the reaction vessel fell to 60 °C, an
aqueous solution was added, in which 0.4 parts by mass of Rongalite was
dissolved in 10 parts by mass of distilled water. Then, a mixed liquid of 11.1
parts by mass of acrylonitrile, 33.2 parts by mass of styrene and 0.2 parts by
mass of tertiary butyl hydroperoxide was added dropwise over about one hour
and the polymerization was conducted. After the completion of the dropwise
addition and allowing it to stand for one hour, an aqueous solution was
added, in which 0.0002 parts by mass of ferrous sulfate, 0.0006 parts by mass
of disodium ethylenediamine tetraacetate and 0.25 parts by mass of
Rongalite were dissolved in 10 parts by mass of distilled water. Then, a
mixed liquid of 7.4 parts by mass of acrylonitrile, 22.2 parts by mass of
styrene and 0.1 parts by mass of tertiary butyl hydroperoxide was added
dropwise over about 40 minutes to conduct the polymerization. After the
completion of the dropwise addition and allowing it to stand for one hour, the
mixture was cooled down to obtain a latex of a graft copolymer wherein an
acrylonitrile-styrene copolymer was grafted to a composite rubber consisting
of polyorganosiloxane and a butyl acrylate rubber.

[0098]

Then, 150 parts by mass of an aqueous solution was heated to 60 °C
and stirred, in which calcium acetate was dissolved in a proportion of 5%.
Info the calcium acetate aqueous solution, 100 parts by mass of the latex of
the graft copolymer was gradually added dropwise, thereby to coagulate the
latex. The resultant coagulate was separated, washed and thereafter dried
to obtain a dry powder of the rubber-reinforced resin (B-1).

[0099]
<Production example 2> Production of the rubber-reinforced resin (B-2)

To 100 parts by mass (as a solid content) of a polybutadiene latex with
a solid content concentration of 35 % and an average particle diameter of 0.08
pm, 2 parts (as a solid content) of a copolymer latex with an average particle
diameter of 0.08 nm, which consisted of 85% of an n-butyl acrylate unit and
15% of a methacrylic acid unit, was added while stirring. The stirring was
then continued for 30 minutes to obtain an enlarged butadiene-based rubbery
polymer latex with an average particle diameter of 0.28 pm.

[0100]

The resultant enlarged butadiene-based rubbery polymer latex was
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charged in a reaction vessel, to which further added were 100 parts by mass
of distilled water, 4 parts by mass of the Wood Rosin emulsifier, 0.4 parts by
mass of the Demor N (a trade name, manufactured by the Kao Corporation, a
formalin naphthalenesulfonate condensate), 0.04 parts by mass of sodium
hydroxide and 0.7 parts by mass of dextrose. A temperature was then raised
while stirring and when the inside temperature reached 60 °C, 0.1 parts by
mass of ferrous sulfate, 0.4 parts by mass of sodium pyrophosphate and 0.06
parts by mass of sodium dithionite were added, thereafter, a mixture
comprising the following components was continuously added dropwise over
90 minutes, which was maintained for one hour and cooled down.
[0101]

Acrylonitrile 30 parts by mass

Styrene 70 parts by mass

Cumen hydroperoxide 0.8 parts by mass

t-Dodecylmercaptan 0.8 parts by mass

After the graft copolymer latex obtained in this manner was
coagulated with dilute sulfuric acid, it was washed, filtered and dried to
obtain a dry powder of the rubber-reinforced resin (B-2).
[0102]
Synthesis of fine carbon fibers (C)

<Reference example 1> Production example_of fine carbon fibers

In 500 mL of ion-exchanged water were dissolved 115 g of cobalt
nitrate [Co(NOs)2 6H20: molecular weight 291.03] (0.40 mol) and 102 g of
magnesium nitrate [Mg{NQs)2 6H20: molecular weight 256.41] (0.40 mol), to
prepare raw-material solution (1). Furthermore, 220 g of powdery
ammonium bicarbonate [(NHH)HCOs: molecular weight 79.06] (2.78 mol) was
dissolved in 1100 mL of ion-exchanged water, to prepare raw-material
solution (2). Next, raw-material solutions (1) and (2) were mixed at a
reaction temperature of 40 °C, after which the mixture was stirred for 4
hours. The precipitate formed was filtered, washed and then dried.

[0103]

The product was calcined and pulverized with a mortar to provide 43
g of a catalyst. A crystal lattice constant “a” (cubic system) of the spinel
structure in this catalyst was 0.8162 nm, and a metallic element ratio in the

spinel structure of the substitutional solid solution was Mg : Co=1.4: 1.6.
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[0104]

A quartz reaction tube (inner diameter: 75 mme, height: 650 mm) was
perpendicularly fixed and in its center was placed a support of silica wool on
which was then dispersed 0.9 g of the catalyst. Under He atmosphere, the
tube was heated to a furnace temperature of 550 °C, and then a mixed gas
consisting of CO and Hs (volume ratio: CO/Hz = 95.1/4.9) as a source £as was
fed from the bottom of the reaction tube at a flow rate of 1.28 L/min for 7
hours, to synthesize a fine carbon fiber.

[0105]

An yield was 53.1 g, and an ash content was determined as 1.5 % by
weight. A peak half width “W” (degree) observed in XRD analysis of the
product was 3.156 and d002 was 0.3437 nm. Furthermore, from a TEM
image, parameters related to the dimensions of temple-bell-shaped structural
units constituting the fine carbon fiber obtained and the aggregate of these
were D=12nm,d=7nm, L=1140m, /D =95, 0=0tc 7 © (average: about
3°). A stack number of the temple-bell-shaped structural units constituting
the aggregate was about 10. Here, D, d and 8 were determined for three
points (1/4)L, (1/2)L: and (3/4)L from the head-top of the aggregate. FIG. 3
shows a TEM image of the fine carbon fiber prepared in Reference example 1.
[0106]
<Production example 3> Production of a resin masterbatch comprising the
fine carbon fiber

10 % by mass of the fine carbon fiber produced by a method similar to
the foregoing reference example 1 was blended into 90 % by mass of the
polycarbonate resin ("S-3000F" made by the Mitsubishi Engineering Plastics
Co., Ltd), which was preliminarily mixed by the Henschel mixer, and
thereafter the formulation was melted and kneaded at 250 °C by a twin screw
extrusion kneader and the molten mixture was pelletized to produce the
polycarbonate masterbatch containing the fine carbon fibers.
f0107]

As other blending components, follows were used.

[0108]
Polycarbonate (A): "S-3000F" made by the Mitsubishi Engineering
Plastics Co., Litd. (viscosity-average molecular weight (Mv): 22000).
Carbon fiber (D) "TR06Q" made by the Mitsubishi Rayon Co., Ltd.
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Carbon nanotube (CNT): the masterbatch (MB6015-00, base polymer:
polycarbonate) made by the Hyperion Catalysis, containing 15 % in
concentration of carbon nanotubes which has a diameter of 20nm and
an aspect ratio not less than 5.

[0109]

After respective materials were mixed in the proportion shown in
Tables 1 and 2, they were melted and kneaded by a twin screw extruder
("KTX-30" made by the Kobe Steel, Ltd.) at 260 °C and pelletized. This
pellet was molded by a four-ounce injection molding machine (made by the
Nippon Steel Co., Ltd.) at 300 °C to make necessary test pieces, and the
following evaluations were carried out.
f0110]
<Evaluation method>
{Surface specific resistancel

A rectangular plate with dimensions of 100 mm x 100 mm x 2 mm was
made by injection molding at a varied injection speed (5 mm/sec., 20 mm/sec.
and 40 mm/sec.), and its surface specific resistance was measured by using a
low resistivity meter ("MCP-T600" made by the Mitsubishi Chemical Co.,
Ltd.). (A resistance value not less than the equipment measurement limit
was denoted as ND.)

[Molding appearance]

A rectangular plate with dimensions of 100 mm x 100 mm x 2 mm was
made by injection molding at a varied injection speed (5 mm/sec., 20 mm/sec.
and 40 mm/sec.), and its molding appearance was identified.
©: A surface is smooth and lustrous.

o A surface is smooth, but not lustrous.
A Convex or fibrous emboss is seen on a molded surface.
x: A number of convex or fibrous emboss is seen on a molded surface.
[0111]
[Impact resistance]

A rectangular plate with dimensions of 160 mm x 100 mm x 1 mm was
made by injection molding to make a test piece. The made test piece was
placed on an aluminum hollow frame with dimensions of 100 mm x 100 mm x
20 mm (wall thickness: 2 mm), on which an iron ball of 500 g was dropped to

measure the height such that a crack was generated on the test piece.
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Tables 1 and 2 elucidate the following. In the exanples 1 to 8 wthin
t he scope of the present invention, depending on nolding conditions,
nol ded articles can be readily obtained, which have a high electric
conductivity, and are al so excellent in surface appearance and i npact
resi stance. [01151 In the conparative exanple 1 outside the
scope of éhf present invention, despite it has a high inpact
resistanJ ‘ghe degradation of electric conductivity is large at a

hi gh inj ecti onTsileed, axdn® chlted e RBE bl AP Pﬂi@h@@&é ??es' Bt@b %ﬂtl%%en
on the rm ded artéale surface and therefore it |s icult to obtain

a nol ded ‘AFtCR%° JesRRt iyestirpafercisiag crrueld nlﬁ)f%‘]htlms mddeﬁ

t he COWpai’r&l‘ble‘éeca@wa@ﬂy?oﬁt&r{édu&i}ﬁéh hhee aaiPRR14dPRconBub@FiBe and
anount of bI ndln&ls re red to obtain_a high electric

conduct i VAR P59 exeel ﬁ@@l’%@aﬁlﬁ%aegﬁwﬁc‘i‘ﬁ%bﬁta’(}?%l ble on a

nol ded ar[pindle surface Therefore, it is difficult to obtain a nol ded
article excellgnt,in surface ap ear ance. u[éOél L‘tﬁc In the
conparative ex & BUMBHHIE 8 Fmplech (9 8 S0P yofc Behdireprnt
obt ai ned.inj&tid], despite iABas ADIBh abP4et dbistaaed, 488 ER oW ddYid6S electric

el ectrical Ié conduct i g{ therrmgaaﬁtlc resin co(g‘pom tion of the
present i“AUERFRBH &8¢ cah BHeght HIAEP S angdr lth%l%enﬁ’é?f‘il% of

hi gp el eqirbjeemcmmdy@ﬂmns&g&a aimdtlee(&@blﬂeﬂtaﬂtﬁld Rug@te A& %h&%ﬁﬁcgaﬂ%
surface

aLt 1 NDUS (SI}A\L USABI LLI 0112‘%@ A nol de
article SFOHY RAREEEi& Polfegrartick sroslent i“ORCALANCE. hi gh
el ectiicleorductivity and is excellent in a surface appearance and an
i npact resist and in addition ticle js also itabl e for
recycling. For nt ﬁ}?% CPRRALHIVE fEamples $§ céﬁlsb‘ég §f8ﬁ €apgR %g’éﬁ g harge
vari ous _ampdurrtaifl}:ﬂéh&hngns lreghiingd o dbtaigs Efgh%ieﬁirﬁ%cﬁxﬂ@cﬁﬁ%}hleadmg
O S QB A AN RBLEFID S SRR R R0 RS,
it is difficult to obtain a molded article excellent in surface appearance.
[0117]
In the comparative example 5, sufficient electric conductivity cannot
be obtained.
[0118]
As shown above in accordance with the electrically conductive
thermoplastic resin composition of the present invention, there can be
obtained a molded article having a high electric conductivity and excellent in

impact resistance and surface appearance.

INDUSTRIAL USABILITY
[0119]

A molded article of the composition of the present invention has a high
electric conductivity and is excellent in a surface appearance and an impact
resistance, and in addition, the article is also suitable for recycling. For this
reason, the article can be suitably used in various applications, including
housings of an electric and electronic equipment and an electronic equipment
part and the like,

Description of symbols
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10120] 11: structural unit 12: head-top part 13: body-part 21, 21la,
21b, 210: aggregate CLAIMS 1. An electrically conductive

t hernopl astic resin conposition, conprising: 100 parts by mass
of a thernoplastic resin conponent, which consists of 1 to 100 % by
mass of a pol ycarbonate resin (A) and 0 to 99 % by nass of a
rubber-rﬁéﬂ%ﬁrced resin (B) obtained by polynerizing at | east one

Vi nyl sel ected fromthe group consisting of an aromatic

Vi nyl , a}gtgyudﬁyapﬁﬂm and a (inetWacrylate ester in the presence of
a rubbery pg and 0.1 to 20 parts by mass of a fine
carbon fi %&ggpﬁﬁ%reln a graphite-net plane consisting solely of
car bon augnsmﬁppgﬁ;a tenpl e-bel | -shaped structural unit conprising
cl osed h% d- i ]@ﬁ and bod part with open |Iower-end, 2 to 30 of
the t enpld: BLRI2 E%d”@?%ﬁ% ural units are stacked sharing a common
central axis to forman aggregate, and the aggregates are connected
in head-to-tail style with a distance to formthe fiber. 2. The

el ectrically conductive thernoplastic resin conposition according to
Claim1, further conprising 1 to 15 parts by mass of a carbon fi ber
(D). 3. The electrically conductive thernoplastic resin conposition
according to Claiml or 2, wherein an angle 0 fornmed by a generatrix
of the body-part and a fiber axis is less than 15. 4. The

el ectrically conductive thernoplastic resin conposition according to
any one of Clainms 1 to 3, wherein an end of the body-part of the
aggregate has an outer dianeter D of 5 to 40 nmand an inner dianeter
d of 3 to 30 nm and an aspect ratio (LID) of the aggregate is 2 to
150. 5. The electrically conductive thernoplastic resin conposition
according to any one of Clains 1 to 4, wherein the fine carbon fiber
i s produced by vapor phase growh using a catal yst containing an

el enent selected fromthe group consisting of Fe, Co, Ni, Al, My and
Si, and an ash content in the fine carbon fiber is 4 % by weight or

| ess.
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6. The electrically conductive thernoplastic resin conposition
according to any one of Clainms 1 to 5 wherein the fine carbon fiber
I s produced by the nethod conprising feeding a m xed gas contai ni ng
CO and H2 onto a catal yst containing a spinel-type oxide of cobalt,

i n which nmagnesiumis contained by substitution formng solid

solution, to initiate a reaction aﬁg@g@@ﬁjng the fine carbon fiber.
7. The electrically conductive the tic resin conposition
according to Claim6, wherein when the spinel-type oxide is

solfd sol uti,on range of

magnest U i's OAE T Sroacallvg "anfiigy JHErBPRlsSHRer Erain heombosition,
el ecni calcbmpa:'mimglct | ve thernopl astic resi n conposition according to
one of O ainms }06 palts %‘Smggse Or g%i‘lglei‘go ast {é)sggscgg?)onent which consists
of 1 to 100 % by mass of a polycarbonate resin (A) and 0 to 99 % by mass of a
rubber-reinforced resin (B) obtained by polymerizing at least one vinyl
monomer selected from the group consisting of an aromatic vinyl, a vinyl
cyanide and a (meth)acrylate ester in the presence of a rubbery polymer, and
0.1 to 20 parts by mass of a fine carbon fiber (C), wherein a graphite-
net plane consisting solely of carbon atoms forms a temple-bell-shaped
structural unit comprising closed head-top part and body-part with open
lower-end, 2 to 30 of the temple-bell-shaped structural units are stacked
sharing a common central axis to form an aggregate, and the aggregates are

connected in head-to-tail style with a distance to form the fiber.

2. The electrically conductive thermoplastic resin compesition according

to Claim 1, further comprising 1 to 15 parts by mass of a carbon fiber (D).

3. The electrically conductive thermoplastic resin composition according
to Claim 1 or 2, wherein an angle 6 formed by a generatrix of the body-part

and a fiber axis is less than 15°.

4, The electrically conductive thermoplastic resin composition according
to any one of Claims 1 to 3, wherein an end of the body-part of the aggregate
has an outer diameter D of 5 to 40 nm and an inner diameter d of 3 to 30 nm,

and an aspect ratio (/D) of the aggregate is 2 to 150.

5. The electrically conductive thermoplastic resin composition according
to any one of Claims 1 to 4, wherein the fine carbon fiber is produced by
vapor phase growth using a catalyst containing an element selected from the
group consisting of Fe, Co, Ni, Al, Mg and Si, and an ash content in the fine
carbon fiber is 4 % by weight or less.

6. The electrically conductive thermoplastic resin composition according
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to any one of Claims 1 to 5, wherein the fine carbon fiber is produced by the
method comprising feeding a mixed gas containing CO and Hs onto a catalyst
containing a spinel-type oxide of cobalt, in which magnesium is contained by
substitution forming solid solution, to initiate a reaction and growing the fine

carbon fiber.

7. The electrically conductive thermoplastic resin composition according
to Claim 6, wherein when the spinel-type oxide is represented hy Mg Cos-<Oy,

"x" which is a solid solution range of magnesium is 0.5 to 1.5.
8. A molded article, wherein the electrically conductive thermoplastic

resin composition according to one of Claims 1 to 7 has been molded and

processed.
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