-1- DESCRIPTION Ili CARBON NANOTUBES ‘COATED W TH - TRbed
AROVATI C CONDENSATI ON PCLYMER Technical Field The ‘ '
- present invention relates to carbon nanotubes coated
with an aromatic condensation polyner, to a process
. for their production, to a conposition conprising
themand to a nol ded ' pppdugtsthgreof . Background Art
Car bon nanot ubes have a structure with excell ent
~strength. and elasticity, and are expected to provide
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Profist (hé<e@di-ng nitric acid -or sulfuric acid. The
article in Science 282, 95(1998) presents a nethod of
cutting carbon nanotubes by acid treatnent for

BacikgrogddeAtén of carboxylic acid, followed by
acylhalihde cerversi aavel at Be rueanbexykis agkd1Mehl strength
thionyl chloride to obtain an acyl halide which is
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functional groups into carbon nanotubes, and thus 1mprov1ng

' thelr dispersibility in solvents. For example, an article in

_Science 280, 1253(1998)-reports on the introduction of

carboxylic acid groups into carbon nancotubes using nitric acid

~or sulfuric acid.

The article in Science 282, 95(1998) presents a method of
cutting carbon nanotubes by acid treatment for introduction of

carboxylic acid, followed by acylhallde conver51on of the-

carboxylic acid with thlonyl chloride to obtaln an acyl halide

which is then reacted with arn amine to obtain an amide
derivative. waever, this method has adverse envirocnmental
consequences since it uses a halide such as thionyl chloride
for the reaction, while the high reactivity of the obtained
acyl halide also renders its unstable, making its isolated
production difficult. ‘ | -

An exampie_of attempting to micronize carbon fibers is

reported in Science 280, 1253(1998), wherein heat or



1 ultrasonic waves are applied in the presence of, for
- exanple, nitric acid or sulfuric-acid to cut and

m croni ze single- walled carbon nanotubes. Yet, even

t hough the carbon nanotubes are cut by acid
. “treatnent, the carbon nanotubes aggregate during
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Disclosure of the Invention

Tt is an object of the present invention to provide
carbon nanotubes coated with an aromatic condeﬁsatioﬁ polymer,
to a process for their production, to a composition cémprising
them and to a molded product thereof. Coating of carbon
nanotubes with an aromatic condensation polymer can promote
‘their adequate dispersion in resins and solvents, thereby
'yielding a composition with excellent dispersibility and

orientation.

Best Mode for Carrying Out the Invention.

(Carbon nanotubes)

The carbon nanotubes which are coated with an aromatic
condensation polymer according to the invention have a mean
diameter of no greater than 300 nm, more preferably 0.3-250 nm,

even more preferably 0.3-200 nm and most preferably 0.4-100 nm.
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even nore preferably 0.3-200 nm and nost preferably.
0.4-100 nm 2 Actual production is hanpered if the
nean dianmeter is less than 0.3 nm whille a nean

di ameter of 300 or greater is not preferred because
t he |nprOV|ng effect on dispersion will be reduced.
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consist of a derw e wal |
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The mean particle size can be determined with a
.coﬂventionally known size distribution measuring device and
particle size meaéuring device. Methods of measurement
include, but are not limited to, light scattering methods and
laser doppler methods. _

A carbon nanotube has the shape of a cylindrically
wrapped graphene sheet, and may consist of a cylinder with a
single wall or multiple walls. Graphene'sheets may also be
stacked together in a cup form. The .carbon nanotubésﬁ
'acco;ding to the invention are preferably single-walled carbon
nanotubes, multiwalled carbon nanotubes. or cup-stacked carbon
nanctubkes. ,

Such carbon nanotubes may be produced by conventional
publicly known processes which include, but are not limited to,
gas phase flow processes,'catalystwcarryinq gas phase flow
.iprocesses, laser ablation processes, high-pressure carbon .

monoxide processes, arc discharge processes and the like.
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publicly known processes which include, but are not
limted to, gas phase flow processes, :

catal yst-carrying gas phase flow processes, |aser
abl ation processes, high-pressure carbon nonoxide
processes, arc discharge processes and the |ike. 3
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' usmg a strong acid at pH 0.01-2. The _strong acid
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r.ef er ahl d dIS erS|on red by dispersing
padtie e SO tEes. Fiiin SoRFERE By Ighpa et

acild/gatimeit: Maldida = b@l/ll—m/lllo, (pgacatightt,) homh@&lﬁlcéﬁf or
the i ke. The physical treatnment nay be acconpl i shed

talS most preferably carried out in the presence of

ultrasonic waves. :
As preferred examples of physical treatment there may be

mentioned ball mill, bead mill, homogenizer, ultrasonic and
- high power shear treatment. The carbon nanotubes are '
preferably used as a dispersion prepared by dispersing the
carbon nanctubes in a solvent by physical treatﬁent with a
ball mill, bead mill, homogenizer or the like.

- The physical treatment may be accomplished using a
solvent-free dry‘System, or a wet system using an organic
solvent or acid. . Physical treatment may also be Combined.with
ultrasonic treatment. The solvent used therewith is
preferably a solvent with strong chemical oxidative power such
as a sulfuric acid/nitric cid mixture or a sulfuric

acid/hydrogen peroxide mixture.



solvent free dry system or a wet systen1u3|ng an
organic solvent or acid. Physical treatnent may also:
be conbined with wultrasonic treatnent. The sol vent
used therewith is preferably a solvent wth strong
cheni cal oxidative power such as a sulfuric _
agl trlc cid Xt.ur u -
it A M AR R S R St
wﬂhblwhaﬂmyahrOmpohyapbmeﬁmiaheumbdlfgratbeaim@ention is
- pol yam de or . th .invention re er
prefiably & SHRLLY BGPYAREBebCoNBRTLr nGor bUpe ol T RRS oF
the E@uu@wlﬁg fermullas (A) and (B): NHArl-NH (A
- OC- Ar 25 (B) wherein Arl and Ar2 each |ndependently
| reHﬁe§€nTN%"C6 20 d|6%lent aromatic group, and
sabicshyfngot he fol l owigng inequality (1): 0.8 <- al/b
- 4/3,(1) mhe;eln a |s t he nunber of noles of the

whe rgi SBET AR o 1A e ERITRg ARt v SFPESERTEd 2§ 6-20

Givahenmul @O&éklgn%rgu s the nunber of noles of the

aromatic dicarboxylic acid repeating unit Trepresented
and pyptiefriung tBE. fﬂﬁﬂoaﬁﬂgAﬁQEQEéﬁlFMdébEndentIy
r gpgegent,,a<Cq-30 d|v ent aromati c group, and as
speci fic exanp(es there may be nmentioned

' wherﬁenaaphenyheneumpara0§henyEenef bheharphahjtedbamine

repegtﬁn aBHF %§§553§n¥e gtgﬁkﬁﬁfg gﬁeny %nb is the number

I'sop opy I'p eny e, 4,4"-

~of mdﬂphenﬁlEhesatbdeic4d4badbphehyteaesd|repeatnng'unit

neket on - di phenyl ene et her,
reprg %n% ﬁg % gﬁgﬁa % , heta-xylyl ene, para-xylyl ene
and oam@oh qudhulndapenmenuﬁyanmpnawenhydu@@eﬁoaﬁewelent"

hese aronmat,i ¢

arongfiENGSR.BTORL! €2 OLOURS, IRY, BRo} 0UCPEOIETNLY be o o

menthbapdnesta-héngl kyk, gpeup-phehyasnepethyhe- pheyylene,
2,6- -BL B%hygeng?x¥l7 nacgt%yle cloglﬁyl group such
isopropylidenediphenylene, 4,4'-biphenylene, 4,4'-
diphenylenesulfide, 4,4'—diphenylenesulfone, 4,4'-
diphenyleneketone, 4,4'-diphenylene ether, 3,4'-diphenylene-
ether, meta—xylylene, para-xylylene and ortho-xylylene.

- One or more of the hydrogen atoms of these aromatic
groups may'be independently replaced with a halogen such as
fluorine, chlorine or bromine; a C-6 alkyl group such as

methyl, ethyl, propyl oz hexyl} a C5-10 cycloalkyl group such

- as cyclopentyl or cyclohexyl; or a C6f10 aromatic group such
as phenyl. The structural unit of formula (A) and/or (B) may

" also be a copclymer comprising two or more different aromatic

groups.

Among these, Ar' is preferably meta-phenylene, para-

.phenylene or 3,4'-diphenylene ether, and more preferably para-

phenylene or a combination of para-phenylene and 3,4'—
diphenylene ether, and for a combination of para-phenylene and

3,4'~diphenylene ether, the molar ratio is preferably in the
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‘as cycl opentyl or cyclohexyl; or a C6-10 aronatic
group such as phenyl. The structural unit of fornmula

- (A) and/or (B) nmay also be a copolymer conprising two
or nore different aromatic groups. Anong these, Arl
is preferably met a- phenyl ene, para- phenyl ene or

ran 3$&£H?Qy qucp%h%r,]gqq nore preferably para-

Ne of a Conbi nation of par a- phenyl ene and 3, 4' -
d|ﬂhénybepeeééhablyamdtéephangbahenarlpmr@fphenylene and
IP &ﬁ$ l.ene and .3, 4'-di phenyl ene ether, the nolar

MOL, ({I§ T f &5 PR wisdes range of between 1:0.8 to
1 k2. Sp‘é’cﬁfllcs piefarablof peiedephedylcengoonds for the
par a- phen ene, and nore preferabl ar a- phenyl ene. ..
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an
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andB, 34 'didsirdreyIveree ceteriére rarkdl ART | &S p@@ﬁapﬁ%ﬁwéﬁ@e Wit the
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coﬂ&ﬁ(gephgz% J_erB?lr;]e J;Zaact gtil% g%l%gﬂ‘iag‘%g etfhgﬁleag%Aral ?ﬁenylene
andhéi, rﬂg—lmnheelyrlaﬁﬁ@eaj:ﬂlerb@ta/\/é\@n 1b61189am| the panghest |
beéMEQ lﬁ.?f?ﬁ@ﬁxf pgl yam des can be produced by

conventional pug1|cly known processes such as sol ution

pomhaae 2autci1dry, anumaﬁmmnpmlmamyﬁﬁerp@@tb@npa@@uﬂﬁﬂtby

- CO ve r%%: atl qﬁﬁi H%Qﬁ% %% %%%%e%scggl %1on ne

con e propor |on o the aromatic
POMymﬁrmmaﬂldnujﬂﬂuerﬂmauaﬁ|pohymeaab@Xybmcaadlmelt

onent and an i ndex of .t he cul_ar i
PO TRELTBRNAT Aoy R T ToHET oAE D s bd] B ARTOLLed
by wWen pdicgsaltdeth tof aheorcenatdid an aofi n@. &og#pb(ﬂi@ntrrhnidnthe
98 mﬁ@bcon ntrated sul furic aci and neasured t
LSRRI 70 DS IERERT afE e e ot eFSFEbPy the
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car Qon nanot ubes .
v1scosgty ﬁin when dissolved to a concentration of 0.5 g/100

mL in 98 wt$ concentrated sulfuric acid and measured at 30°C,

" is preferably 0.05-20 dL/g and more preferably 0.1-10 di/g.

As a preferred process for production of carbon nanctubes

‘coated with é wholly arcomatic polyamide, there may be.

mentioned a process wherein.at least one type of aromatic

diamine represented by formula (H) below and at least one type

of aromatié dicarboxylic acid diéryl ester represented by

formula (J) below or the aromatic dicarboxylic acid diacyl

halide represented by formula (K) below:

NH,-Arl-NH, . (H)
R°~0,C-Ar?-Co,-R* (J)
Xoc-Ar-cox? (K)

(wherein R® and R!® each independently represent a C6-20

aromatic group, Ar' and Ar? each independently represent a Cé-

20 divalent aromatic group, and X' and Xz represent halogens)
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coated with a mholly aromatic polyan1de there may be -
mentioned a process wherein at |east one type of _
aromatic diamne represented by fornmula (H) bel ow and
at |least one type of aromatic dicarboxylic acid

di aryl ester represented by fornula (J) bel ow or the

aromati ¢ dicarboxylic acid cyl re sent.ed
ax= GRRERT & (R ORET b L gy S0 TP
fol ROwRE AneqeeRiRE0(£J) X OC-ArzZ-COX2 (K) (wherein
.R9 and R10 each |nde f%fqgl epresgnt a C6-20
aronatlc gr oup, inde@gndently

(wh&PRY SNt sar k- nuﬁgeﬂlaglr%uesﬂr@fram@ agfmlcarmlaﬁme
and X2 represent halg%ens) are charged in

- reppropbFefloRy SPRUEiantdls| e i ST iy THE S A% ffP ©
"the'EEQHQE%Eydigéerx§llc Sh g <qidt l(é@téfwﬁgﬁ¥ébéhﬂéa by

e nunber o | es of the aronatic diamne: -
formepreééhted blyef armmdl¢ Hjicarlo®y ) ke t el gh gy lofhalide

reppgggﬁtg& b hgoéﬁgfgt $apkg?rboxyllc acid diaryl ester

represente or the aromatic
anddtbanbbhylc@rh@ndndn@twbe$ajwbear¢e@d@%@nﬁ@ﬂ IRaction,

-afte gn% ? (F%é QQlEfﬁ f%£§%€é$$$§%£e resd$sd£$QOfVéa in an

reac I on, tin
orgaﬁactsohvenbductacsdﬂmssmﬂwwmt|mn®nth©r@9&Nm£¥nﬂQﬁﬁﬂd

or_aci di ol vent t he. pol e d carbon
carfinottneteBre Tt BrEet i Rl TP er nat i vel v,
thkléeﬂﬁgtb@ehﬁpttb@ﬁd aa Prioe essninvhened e Etodessstwhgeein

db
et LEREN e BUO Bl S BAR Epa b S b LA by e

abeﬂowdaﬁdyhteSé&str@mﬁasgmiedfbyrémmtﬂteﬁid@rﬁmﬂqu©rac1d
aci alide

aromatic dica
dlam SEERT B PO hR A KO TBE Bl NR2 MY - R gy romatic
dlc&@b@i&&f&eaéﬁa &ﬂ@cﬁﬂ)hallde represented by formula (K)-

below:

NHg—Arl—NHQ | (H)
R%-0,C-Br?-C0O,~-R*° (J)
x'0C-Ar?-cox? (K)

(wherein R® and R!® each independently represent a C6-20
aroﬁatiC'group, Ar! and Ar® each independently repreSent a Cé-
20 divalent aromatic group, and X' and Xz'represent halogens)
are charged in proportions'simultaneously satisfying the
following inequality (2)':

| 1< c/d € 4/3 (2)°
(wherein ¢ is the number of moles of the aromatic diamine
represented by formula {H), and d is the number of moles‘of
the aromaticldicarboxylic acid diaryl ester represented by
- formula {J),dr the aromatic dicarboxylic acid diacyl halide
represented by formula (K)),
“to synthesize a wholly aromatic polyamide having more amine_
ends than carboxylic acid derivative ends, which is then

reacted with carbon nanotubes (N) obtained by surface . .
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X10C-Are-COX2 (K) - (wherein RO and R10 each

i ndependently represent a C6-20 aromatic group, Arl
and Are each i ndependently represent a C6- 20 dival ent
aromatic group, and X1 and X2 represent hal ogens) are
charged in proportlons si mul t aneousl y satisfying the

ecd ol ng i nequallly (ki < odh 5 #3520 LUneReLY e

e nunber romatic “di am
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_ flm@ﬁd)caw Ilczsca]_(éit@dil acyl halide represented by

formula (K)), to synthesize a wholly aronati
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- nanot ubes “(N)  -obt ai ned by surface 7 treatnent in an - '
indysteiia Kol misvoad pHtd CriL s faater iwrirerucké vity by the
folfle&hﬁ NGi19R%E 119N AMRAYRTd 129 d'{%‘%‘h\ﬁ%ﬂ 37N &N %%%04]
sol ven or acidi ¢ solvent and the pol ymer - coate '
acqrdiory fengthehesvandicril tered and isol ated. In ot her
wor n Wi ol,l [
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fonnndxm r{Hl Iandricgduded o tares atibseadedy ;‘wph@@[tpctmewcfcyon in
th t [ Met hod 31
pr%c%%%ggoﬁ%\%g%gop% Eigf}tj‘a] [gwl%r?\l; nti on [ Met hod 1] -
A et hod i n whi chNipnbrmerlr epr esent ediby fornul as
(H and (J) bel ow,ar 22 ed i00 heat.,reaction in
prescribed pr oporF‘l oﬁ%étﬂgé 0 toél h a pol Jl)nsr
NHZ-rAr anNHRr{ Hn  RO=21G sAr G%)COEQGdeOJ(breArﬁesam:btArveZly the

san A AR bt ARl ST R VT O
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[ nd%pecnder(]:té Y

represen 20 monovalent aromatic group, and specifically

phenvyiene, naphthalene{ biphenylene, 1sopropy11dened1phenyl

‘diphenyl ether, diphenyl sulfide, diphenyl sulfone, diphenyl

ketone or the like. One or more of the hydrogen atoms of
these aromatic groups may be independently replaced with a.
halogen such as fluorine, chlorine or bromine; a Cl-6 alkyl
group such as methyl, ethyl, propyl or hexyl; a C5-10

cycloalkyl group such as cyclopentyl or cyclohexyl; or an

.alkoxycarbonyl group such as methoxycarbconyl or ethoxycarbonyl.

Amcng these, Ar' is preferably meta-phenylene, para-phenylene
or 3,4"'~-diphenylene ether, and more preferably para-phenylene

or a combination of para-phenylene and 3,4'-diphenylene ether.

Ar? is preferably meta-phenylene or parawphenyiene, and more

‘preferably para-phenylene.

The number of moles of each monomer (reaction component)

in [Methed 1] above must simultaneously satisfy inequality

{2): | .
- 0.8 < ¢c/d € 4/3  (2)



represent a C6-20 nonoval ent aromatic group, and
specifically phenyl ene, naphthal ene, biphenyl ene,
i sopropyl i denedi phenyl, di phenyl ether, diphenyl
sul fide, diphenyl sulfone, diphenyl ketone or the
like. One or nore of the hydrogen atons of these

whe%%q%aE'ESQE Bpﬁu %rb%f'REQEQnG%nEB¥ é?@hé%@g M&&ﬁiﬁe

hal ogen suc uori ne, chlorine or brom ne,;
repr@ﬁb@hedgbwuéogm@ﬁaaéHmeahywe endyd, ipr ol nerbRBXYT ; Males

-of tﬁ% %90m%¥§'Oéh%ﬁkbgggﬁecsﬁ%ﬁ aalﬁ¥8i08§95¥lﬁggresented by

cycl ohexy of —an oxycar ony roup suc
formmﬁﬁhdﬂycabbmayl or ethoxycarbonyl - Anong t hese, Arl

a3 SHCEIN ek RREn Lty B2C BREDULCRanch 3, 3o

*w111p®@adnﬁ€m¢benetoObbaadanb|paﬂymeroﬁlparahphenyfeneeand-

Aeardly SToRBAYIERS Ler Loy o BHEn) PERE. PHRUEnERE Cff et 8r abl y

prefRaadIRheNyl eregrihechymheireobraBkesholy eaeb sengoeiter and
(reaction conponent) in [Method 1] above nus

| evensfiemet RAESHEP l§a9.§#yOFn@a&§FPFy fhs ugpgtelipye. for o/d

is pHeFeldb1yBi(vBerehn foke bLherewabey A g@baﬁe@fthbﬁ 1.2.
aromatic diam ne represented by fornul a above and

Thusg ¢§etﬁ@tﬁmﬁﬁeﬁaagenépésC/éfaFﬁ@rQFBﬁaFPcgE?céPHEQ§FPE may

" be c%%%Qd@k@HYb est er ci/gpkegented by formula (J) above).
hat is, if c/dis smaller than 0.8 or larger than

4E®§ wﬁaémepn pa dMethedl &1t Bagbbai A aCpEEPReredrthon or a
solv%ﬂ%~§¥%g'ﬁb%ngeQ%gﬁﬁer%%c@gbﬁneﬁh%a?b?”exgﬁﬁléomﬁrseml-

or c préf erably 0.9 or greater, nore
‘heatgrefrepablipnowb3dler sgieaten anda é@éﬁtﬁ@ﬁesaﬂéﬁéFaBﬁy

de5091% dobegﬁ%aﬁgfpré%grQQBCf bh %eEleﬁdteh erature is

erab fror € me geMer
prefEIZblyTﬁlﬁ 36ﬁeCopandumprﬁa@g@fﬁéﬁbéyd13 c8Pli Ag téf the

oL OUSTL U0, R ghe 0N JR5EG RSB, okl prbefeg, ana
if ior ia hsgheenthhneQBHéﬁtthelbpm@lneappnuh,Oﬁuthéoreactlng
dian$¥2MRLS1 %esggkéeded, or by-products will tend to result
from decomposition. The reaction time will depend on the -
temperature conditions, but will normally be between one to
several tens of hours. The reaction.may be carried out under
pressurization or reduced.pressure, but will normally be
carried out under ordinary pfessure or under reduced pressure.
The reaction is preferably carried out while distilling off
‘the monohydroxylated cémpounds such as phenol which are
produced.' Reduced pressure is suitable for heat-melting
reaction, and ordinary pressure is suitable when a reaction
medium is used. |

The reaction will usually proceed even in the absence of

‘a catalyst, but an ester-exchange catalyst may.be used if

' necessary. Examples of ester-exchange catalysts to be used

for the inventicn include antimony compounds such as antimony

trioxide, tin compounds such as tin (I) acetate, tin octylate,

.



heat ed reaction mhlle stirring in a reaction solvent
~as described belowis preferred. The reaction
tenperature is ‘preferably 100-380C, and nore
preferably 180-350C. If the tenperature is bel ow 100C
the reaction will not proceed and if it is higher

_dib%ﬁgﬁtgﬁogxﬂﬂg ng'b&g E?h@& éﬁétﬁf@CtégQaighénéggth

e exceed y pro fend to resu
metbﬂOBﬁdESOHpohlBBonalEthreaetHbﬁ tahbamnlmedebeadlbﬂ such

ature conditions, but r Ly
as SR CBRRoP S 808 BP-faniulr ChohpeaSnetpaspltaRnite
compayinde eathi ed dmphungerphpeee$UE|aaﬁlonlphengﬁuphdsphlte.
nor ried o

pressur be , car
Varg CiRnaryt bR EEs suCH inaBrPRHIRELS RS aLE0 PREeTabLY
useaeag&uﬁg tﬁep&eget@ahy carried out while distilling:
= of f- -the nnnohédrox ated conpounds such as phenol

whilehadrétipnodacdd) RBAUddd- pFRSSGREPPE EGPPEBPESféw are,‘.

alsBeﬁkeﬁgkbbﬂg aH@@@tb@@or@n@h@rgéﬁ@f!oﬁrﬁﬁsarﬁrbﬁortlon
suitab whéen a reaction nediumis used. The reaction

'SatWﬁﬁVlﬂguﬁh?yf@ﬁé@@éagevéﬁqPﬁl#ﬁe absence of a

catal yst, but an ®st el -gxchange qatnl ystiyymy be used
if necessary. Exanples of ester- exchange catal ysts to

'(wheéemgedx ) f sePrReenhvefhRolor Al DAEtanPYNEAYIBBNPEURES
aro?#@gcaalgﬂﬁthQM Eﬁaoéhgea B@Q'58”P9899§o§g§9ca§c5andlaryl
5 |Euty _

' acetate, tin octyae tin OXI' e and
- estéicbutyl t enddilacergrasesahkal the parth bpevaliohal e§ sheh

Carggncﬁgﬁ%ggbggeggﬁ , alkali metal salts such. as sodium

carbonate an Ssium carbonate, and phosphite
coftpeundsbsuchaastdbphertifl photphsteaaﬁdhaWEphbﬁybame

- hjt i a Lves such as antioxidants are
defQPQ%E b %rgg agﬁégdgguﬁlng the reaction. In addition

toTbbDwamdhtJyatube (carban nanptebesabhy ape smhiber than
0-oB5TPERIRRE FRo%Farl b R EAGHI! Foy 01008 EenT A"
nanstub80cé@dpofieher €krom( xher pplement s rhe twetightpastsobyn) /
.15 V\Elghprgferagly not larger than 100 because coating of the
carbon nanotubes with the polymer will be insufficient.
Research by thefpreseht inventors has indicated that the range
0f. 0.01 € (n)/(x) € 10 is preferred and the range of 0.01 <
(n)/(x) £ 1.0 is especially preferred for inequaliﬁy (3).
The reaction described above may be carried out in the
absence of a solvent, but if necessary a solvent such as N-
‘methyl-2-pyrrolidone, l-cyclohexyl-2-pyrrolidone, _
dimethylacetamide} diphenylsulfone, dichlbromethane,
chloroform, tetrahydrofuran or water may be used. Such
solvents may be used alone or in combinations of two or more.
The obtained reaction product may be dissclved in an
| organie solvent or acidic solvent, for example, sulfuric acid,
l—methyl—Z?pYrrolidone, l-cyclohexyl-2-pyrrolidore,
" dimethylacetamide or the like and filtered to obtain carbon

nanotubes coated with a wholly aromatic polyamide. A solVent—

10



aromatic diamne (H) and the aromatic di carboxylic
acid diaryl ester (J), and (n) represents the parts
by wei ght of the c¢arbon nanotubes (N)). The carbon
nanot ubes (N) in this case have the sane definition
as expl ai ned above The weight ratio (n)/(x) is

solﬁ[kf]Teera?ﬂI%aYJt n%e ae]tthtor}_a% k%qupe téea ?néttalw'slalltb%uch as

0 IS0 e car nanot ube comnponent
- 1itfhiom tdiel quol darerr cTahle:Jwal gjhlqlaideo (=) /abe)e Hes usleslowith the
Solpreferably not larger than 100 because coating of the-
carrbonnanot ubes with the polyner will be insufficient.
Res[emrtdtbcbyZ}t hey nmftes:ehtm mﬂﬁmoﬁﬂld]a&aidtdjcﬂﬁtc@dlpbh&hts

(ndISnd A0S, < ofe O, - (N0 55, 10 Sl S ed and

| snma:‘aafécaﬂsjprrémwllﬂ YrieHor it rp&&fﬁdr@ﬂdi’ﬁﬁ@:bl Iamam a
: above may be carried out in the absence of a solvent

POyt T necessary a solvent such as N

met hyl - 2- pyrrol i d(mg,A;l oyl ohexyl - 2- pynyr ol i done,
di'met hyl acet am de | phenyl sul-fone, dichl oronet hane,

chl or of orm tetraﬁ@@?oﬁﬁr‘a{?@}br wat er rfdy be used. Such
soluents ymay-2 b?n“&@ﬁef‘é?”@oﬂﬁulé‘s compi pay i PK‘F Ofci wo

or nore. The obtained reaction product my
indfipsyelandd i repressyam @%@Q/éhtvad@retcuam%nast@q/@ﬁpupf the

sedfI e o A, S ad I el o cor

1-cycl rro yl acetam de or
tha iwe 1gnal a‘ndrrt@raed ].:tcdy@mtlaim céir band Kanbt m@em@atwmula

}{e&bllaeeég}]qia}?/l aorfi%‘mﬁt J&E‘ﬁdﬁn%oe%ree% 1'n%tyl E sal t
‘mersl,uc:mm fIuaringn c;tﬂlcsrmd@ orbmummmm:hlmdldn@ mayhdloggne is
or AR A VR VA0 IR, AL AP s
stdtarinmtyasndcantd (K) beI ow are simnultaneously reacted

I n Ipr eﬁ‘f ‘L',Ihboecfi ﬁr Ooofrttheorl%vte%tol%tna}.l neaach poQLJ ){:rﬁ%r :reaction
components (monomers) is reacted. in a proportion satisfying
fhe following ineguality (2):

| 0.8 € c/d < 4/3 (2)
(wherein c¢ is the number Qf moles of the aromatic diamine
represented by formula (H), and d is the number of moles of
_the_aromatic.dicarboxylic acid diacyl halide represented by
' formulé {K)). , .
If ¢/d is less than 0.8 or greater thanr4/3, it will be

‘difficult to obtain a polymer with a sufficient degrée of
- polymerization. The preferred lower limit for c¢/d is 0.9,
more preferably 0.93 and even more preferably 0.95. The
preferred upper llmlt for c/d is 1.25 and more preferably 1.2.
Thus, the optlmum range for c/d according to the invention may
be considered to be 0.95 < c/d £ 1.2.

o The reaction temperature for [Method 2] is preferably
between -20°C and 100°C, and more preferably between -5°C and
50°C.  If the temperature is below fZOQC the reaction will not

11



NH2- Ar' -NH2 (H) X10C-Are-COX2 (K) Arl and Ar 2 in
- general formulas (H) and (K) each independently
represent a C6-20 divalent aromatic group, the
details of which are the sane as for Arl and Art
expl ai ned for the whol Iy aromatic pol yam de. X1 and

|  pr88% f% 'E“H%ﬁ%%Q H%%H{ﬁﬁﬁywciﬁy %Q%@ﬁctgn%lll tend

spec:lflcalyt ere m e.mentioned Tl ,
to atd=rlimerdm oiﬂcrmlpmﬂitu@:d} e, O @rtlarretuns,x matefréeded The ,

these fr and nt of: t|V|t
re%%ng ng nﬁit d tf]m efr %he | r?\?}e/lr?tllt&r?ns’ but

-Wl]e]aa’mm:fajthe Heeaﬁﬁmn ccmm&m:_erst@r_e(nmnctmss)oﬁ $10urs The

- react ed, n roportion, f e follo
e RIA 8 PO Y SA LAt S H oA e e FERgtion

|  solntHrerdf c s ngéth}ﬁie&r omatic diam ne repr esent ed

by formula (H, i s the nunber of noles of
o G Y b SIS RAAP R 1419 dBFSp08s Bt

neLeralfloz_réB“@’&K)a) balglcﬁ/sqws?taln%%s fdran o =ar, ﬁh@att%re wholly
than 4/3, it will be dlflculttoobtalnapoly

- argpatic Esqﬂf&ran@f%tp%ﬂgwe rSicovissisfrer i IZatiesF S SR - ‘the
- polgfné%c a‘éﬂ HeOWRsHddMan d %fuﬁ/ﬂécﬁ erg’alt@rn%tﬁrv%fl%r Q;l‘Pl'ey
co

even nore preférably 0.95.. The preferred
nﬂm\atrraﬁlrﬁn Florthg dzax@r:@lzgeﬂqdrqmtewm efodigBlop may, be

adiUHSq e Qpid ar%re% dsre @%q&fyl%tothe
ere

Fhvent i on may conS| <cld < 1.2.
Thé’x resdlotengn almi’p@rsaﬁ\inﬂr@tﬂmlimlzqdqr@ plefcaicdigihpxyl-2-

nd \/ﬁ%&é’z?ﬁnﬁeﬁgyﬁg%gr grpuré |O§Lp%ﬁ%aﬁr5%§gé l%etween -5C

: dicrrela:o:tdrrmthﬁmd mmlorb]fqmocé@d:raém/dindfultanu @rhw@lt@rr may be

use %ﬁwﬁgpcéﬁé %%%ﬁw&%‘% M@%ﬂ% rlal?ﬁdﬁqs&f@ents may be

econp s} ti'on € st artl ng reaction
used ma'LcmeI ondepermbmnartadrfmmei'aiwr@rcmen ols sdimtent -

solvﬁplelle ac_’eralI ! ¥ne%ealbesta en On%ka%l%eeveeraaijth %Sca%f shcl&l'll_r Fuch as
lithium chloride or calcium chloride may alsc be used with the
solvent. o

_ The.preSent invention is characterized in that the
reaction is carried out by adding, in addition to (H) and (K},
the carbon nanotubes (N) before the reaction in a proportion
satisfying the following inequality. ‘ \

0.001 = (n)/(x) £ 100 (3)

(wherein (X)'represents the total parts by weight of the

monomer component comprising the aromatic diamine (J) and the
aromatic dicarboxylic‘écid diacyl halide (K), and (n)
represents the parts by weight of the carbon nanotubes (N)).
The.capbon nanotubes (N) in this case have the same
definition as explained above.
| " The weight ratio (n)/{x) is prgferably not smaller than
0.001 because it will be difficuit to isolate the carbon
nanotube compecnent from the polymer. The weight ratio (n)/(x)

is also preferably not larger than 100 because coating of the

12



reaction is preferably carrled out by heatlng in the
reaction solvent described hereunder. The hydrogen
hal i de produced by the reaction may be neutralized
with a basic substance for renmpval, and the wholly
aromati c pol yam de product recovered. If necessary,

.clarb q’} er nac{t?ﬂ\;)g S %Ty%hbeth\ga S(m%'}d wElirl' E' e_dLnsﬂrfflcl:Lent

con ation of the neutral. zed
Resd&fﬂﬁlhy1&hﬁlpnamenmaynw@ntadpuﬁﬁgd1hdnca§eda§hat the range

g t tlon Asal vent a <
%: Zqﬁérrol ddﬁ% ﬁ%ﬁﬁ o] exyl%g §an98|950n601
/d4>{l)EtSh)ﬂ aratsslmsiﬂmcﬁlphfemﬂeﬁ?@rfr@rde £ ord|1¢1l&|q@|admtyhdﬁé
chlorof orm tetrahydrofuran or wate be, used
i P et e e oy bonRtedtiaitetnesn
orgéﬁicléﬁﬂkéﬁﬂﬂﬁi‘HbﬂdldNyHMﬁ@ﬁﬂ Oﬁ%rohxhwpl@r ﬁmﬂéuréc acid,
' sol vent- sol ubl e al kali netal salt or al ne earth- :

 N-neE - SN EIGRORS 1O ARG 18 YSES &|d8“ﬁm
dim&HOrd G AR AlR0 e used Wrld) fine ersel ¥@NbbtEie carbon

present 1nvention is characterized in that the

nanqteders civatetariired olto gy #0E9G1G PoAd@Stedn to (H)
- andidiflog dhe Larhandanptaies ehdrrher e ddie Jeeaeld oy

: in a proportlon satisfying the follow ng inequality. .
formulgel &) (amd (6d) Lelrno a(r@) Fuhiscdias ©e) - é&éftson 1n
f t [ QP AL -
proddiS ol e A D W Il L Do) ROATHL A0 RORE amine
ends:htc%aarrbmqﬂbcchcﬂmd adiiat yWematatdere( Kndsand (n)

represents the p Sy hy.gyei ght of t car bon
nanot ubes (N)). $ﬁ£ %grbéﬁfnanotubes ? in this case

“have the sane dé@rﬂﬂrﬂuﬁ—@@zeRﬁlalnéd'above The |
01 Bechice 1t San B I rrin T T st £ fedotively
the CEMBOES m&ﬁohuﬁeAménempbminédonmtheg@nﬁyh@rthéheompOSition
- of %ﬁ%ﬁﬂTﬁd'tlo zﬁQ%i;ﬁﬂ heﬁﬁgggg?LéﬁagaﬁL?ﬁg%%rmula
(T )\Md&htﬂﬁﬁdpﬁndﬁﬂtlyIﬂeﬂnesanﬂﬁélaﬂﬁﬁﬂ monovalent aromatic
group, and specifically phenylene, naphthalene; biphenylene,
iscpropylidenediphenyl, diphenyl ether, diphenyl sulfide,
diphenyl sulfone, diphenyl kétone or the like. One or more of
the hydrogen atoms of these aromatic groups may be
lndependently replaced with a halogen such as fluorine,
chlorine or bromine; a Cl-6 alkyl group such as methyl, ethylr
propyl or hexyl; a C5-10 cycloalkyl group such as cyclopentyl
or cyclohexyl; or an.alkoxycarbbnyl group such as
methoxycarbonyl or ethoxycarbonyl. Among these, ar' is
preferably meta—phenyiene, para—phényléne or 3,4'-diphenylene
ether, and more preferably parawphenylene or a combination of-
para-phenylene and 3,4"-diphenylene ether. ar? is preferably
_meta—phenylene or para-phenylene, and mote preferably para-
phenylene. ‘ .
‘The numbef of moles of each reaction component'(monomer}

n [Method 3] above must simultaneously satisfy inequality
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Research by the present inventors has indicated that
the range ~of 0.01 -< (n)/(x) < 10 is preferred and
the range of 0.01 (n)/(x) < 1.0 is especially.
preferred for inequality (3). The obtained reaction
product may be dissolved in an organic solvent or
(2 cidic solvent, for exanple, sulfuric acid,
et hyl - 2- pyrrol i done, 1-cycl ohexyl -2-pyrrolidone,
di met hyl acet am de orl t<heAd l€e 4ar3d f{i2)t'ered to obtain
car bon nanot.ubes %§$ted wi t.h a<ﬂpoll aromat,i c

(WISOT S tRrtS [T HOHS™ A mdt e & Rt Giamine

repepi@sesd asl byorthoranuigs, (ddd and  Hhdel et & moles of
‘ subj ected to heat reaction in  prescribed proportions

thg ARG IF e SRrtY Heviatgt holid anh i temdengeaented by
foﬁﬁiﬁpxyjlc acid derivative ends: NH2-Arl-NH2 (H) -

RI- 02C- Are-C2-R10 (J) Arl- and Ar 2 in formul as (FD

and { 33/ hbovel fe % i \id] wllﬂhéloeiarb@ a@smblmnd‘-o obtain

a Ard1 xRl AA, d hdeaaithd Qi ATON 18R plerddle £ c/a
ol I'y aromatic amde, while RO and R1O in ornu a
is (%eaeta’:tm Ghwde nltﬂ yﬂﬂrldprt@seﬂmffatc@@tzctqmmrem polymer
|y £ 97 She | yl.gne,
Wl%p a enigL 111 eneng |ps%gak%py [ elr?gjdl pI’]Télne Iupper Limit

| fom'mﬁsﬂ mief@ramﬂlmrﬂer%ﬂ 2 fricde, pmaﬁmawly dulZf.on&hus, the

gpg o Jeetane e r
p%y rogq)éng};e}ows o(%); hlglseMéalr(cglr?aoyj %rfouq’%s nay eﬁlttq%n may be
00ﬂaddépemﬁémnIQﬁ rlep! ac/ed Swilt.l2.a halogen such as

sucor h%e_L ﬁhﬁlo?nra{%ﬁ &)rol%%?ng%f; Wéi_% *l)lﬂe%flok l %1&.81ep ends 1is a

whcd.)ﬂq/i @a:ldnyaltlg:r mﬂ;&tm]dea&wlieyt@h@palﬁ Weasctr 6yiC lamle xylre
pre I%E§%Lgbxﬁfi AE% g%Fﬂig SgﬂAsa%Qns og&garbo%ygr%%ps
rretIa}epII@ra)dtﬁﬁIm qfar aephenry 3gneagr b3, 4 -S&Ilﬁheﬂtylrférm@tlon or a
o ST A0 L 1 8L acs: PR 2ne SRy o semi-
hea&tehierrea/&ftﬁbri shanef estdbini ng. ARt &- phenytione sl vent as
ceRENEILene, and Jore prelably bara mhenylene. .
Vpre&@Q@©E@rHOO—380°C, and more preferably 180-350°C. If the
temperature is below 100°C the reaction will not proceed, and
if it is higher than 380°C the boiling point of the reacting
diamine will be exceeded, or by-products will tehd to result
from decomposition. The reaction time will depend on the
temperature conditions, but will normally be between one.to
several tens.of hours._.The reaction may be carried out under
pressurization or reduced pressure, but will.normally be
carried out under ordinary pressure or under reduced pressure.
The reaction is preferably carried out while distilling off |
- the monohydroxylated compounds ‘such as_phenol which are
produced. Reduced pressure is suitable for heat-meltiné
reaction, and ordinary pressure is suitable when a reaction
medium is used. ' |

The reaction will usually proceed even in the absence of
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in [thhod 3] above nust S|nultaneously satisfy
inequality 13 (2) 1 < c/d <- 4/3 (2)' (whereinc is
t he nunber of noles of the aromatic di am ne
represented by fornula (H), and d is the nunber of
nol es of the aromati c di carboxylic acid diaryl ester

a caﬁ:oaff?e{]tno utb an feosrteB.JI %xt(c‘p el fcacgaqyj\ﬂit ]‘q gfr b%nﬁlslegr if

€ possi aroma
neqﬁﬁsﬁmyde Nﬁdﬁp]&ﬂﬂﬂﬂﬂﬂstﬂﬂ4EXdﬂahgeIdéﬂamystmstgrbatﬁﬁed

ot it will he difficult to obtain a pol yne '

FO4 TP (HOVH 961 L P o A AR, GHeTr g antimony |

-trlttppmeJ Ri2i Bt c&r@fo&{d% issacr efserabl y(1d. %&eammmen octylate,
preferably 2. Thus, the optlnun1range f ¢/d in

Lyt Hoth 3% e 1and iR sl & t 3t 6si d Do SHE

met%p/éﬂaftsl ZacH\ I 1\ @10 TRl G ol mmaqq Welch 1ne@BR@USUCh
am ne ends is-a wholly aronmatic polyan1de wherein at -

és | e ure O0B TR RN A eandprpért@r%?di%m saghenategogngk Phgsphite
r@i&&&@ﬂ%ﬁ%‘i & QURsSpHEnG ra@ﬁftﬂﬁ'bh%fny[lw%%%%%hlte

reactl on OI‘ a solvent-frée
Valrﬂecats r@qldlfrﬂgv&rfemqforas st ooyl dapdifplage @ 1seniprefeared Y

Jd g in a reaction solvent as '
"e cfgscr |%{%v‘%&% grvﬁ&sLI grd;f erred. The reaction tenperature
i s Thpr efferialy ya 06380 @0 laredhiresy e\flpq’refmmmwsmmwoends
e e | 0 t BaGLI0 I
ob‘éa:tﬁ&? aﬁ e‘%o Jr% LE’hef Satlk?:ean W ]Iﬁ)%%b%an Ngs%éj réd\éfed for the

roceed, and I's hi
: re&b:d]JlornglrpCﬂ rdraforttherny wd:tllafg/lr(g a:mene‘fq&Jdem@ inequality.

exceeded, or byzprodugct Wy ten o re from
deconp05|t|on qhégfeac |onk % 90 gend on the

R (wHeemJaeT a¢>u)r e eqorec etri ton £ h b uto ti 1l Ipamrmﬂd}l webeﬂxtlcetcxﬁee:ﬂne

ol BRI B IO Syn 1S SO IR
repidsemidd trox Aty by wedrghted outheurdatboor dlam:rtylbes (N) ) -

O SR oAl S oS e eACian S
deﬂmﬂdh}td{ | satEch g elbids: Suchl asrephenalingi ¢y aneface
treatment in an acidic scolution at pH 0.0l~2;

- The welght ratio (n)/(x) in 1nequallty (3} above is
preferably not smaller than 0.001 because it will be difficult
. to isolate the carbon nanotube component from the polymer.

The weight ratio (n)/(x)} is also preferably not larger than
100 because éoating of the carbon‘nanotdbes with the polymer
will be insuffiéient. Research by the present inventors has
indicated that the range of 0.01 £ {(n)/(x) £ 10 is preferred
and the range of 0.01 < () /{x)y < 1.0 is especially preéferred
for inequality (3).

In [Method 3], the procedure for reacting the wholly
aromatic polyamide with numerous amine ends and the carbon
'Ananotubes (N) is not particularly restricted, but there may be
mentioned a method of reacting the carbon nanotubes (N) in a
solvent solution of the wholly aromatic polyamide with

numerous amine .ends. The wholly aromatic polyamide has high
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produced. Reduced pressure is suitable for
" heat-nelting reaction, and ordinary pressure is :
sui tabl e when a reaction nediumis used. The reaction
"wi Il usually proceed even in the absence of 14 a '
cat al yst, but an ester-exchange cat aI yst may be used

necess es of .ester- e cat st tO
redis B F o e et G e trERE 2R, Fek
‘me Bty .as NuH-HmEI ng rﬂy@esd%.lsid I’é:x(i@ltpoum‘dSamS umlisasttainnlpomt
acetate, tin octylate, utyltin oxid
as ((;w%ukrw W& ‘et .5 m&ﬁqrﬁ@ al e L %S&Int $OdEHon-
as 10 GldHREGHT atetipdltalire |'f%1xa|re%@ttl%nsb@|ﬂweé$l 0@ WMolly
car bonat e andePot aSSI um car bonate, and phosphite

AT PG RRL YATEIea 37 Idihp MEFRAT o SFHiINGe SaAG Brrpliéfycarbon

na @1 PVAT MU ROt '1‘@%&“%&%0@&%&@#‘ Q%%t %1%&%d but
al so pre erably used during the reaction

is @rsfmiad 1ol GFEUE winch manse oS endlbde éﬁd@oool@t al dthe
ten?;%oe/ L?f]ad té‘%ecl%ru%“d“%%t %%%t(llépn %rlgla?‘@%d fr%rcgete@e and i1f

action i'n a proportion satisfy
1t iiredugheay tirrO@B0<C (qy)—/p(r)@du@t_’so@l(la) temhleitel et from
: deJo esfi%o% tohfe th t%l Q:%r ?ry t\@l%ﬁ_t Ofl‘hteh%ea\éft&ql lny(t e
e fﬁm rous “am'ne “groups, 1)rn
wﬂrlepdeemmi 1t hmepmdxpmegMOrxﬂlﬂﬂm@scaan wnaliom@bre@lly

b@%«ee}gf%nceartbon naenot u (gy Ih%utr %er %bceta,ol?)e

ni tionm as rt?‘xpl a| Ned above, Sr & 6bt i hed
pretf)em]tﬂf}acaacdmrﬂ&tsrhm Hyn rmat@@i dnetacﬁ:alout ianaatreplidtion
2. The wei ratio (n)/(x) in inequality (3)

SO]avk%\]Fe 9% eﬁrcgfl@%gbﬂ? oot I I'er than 0.001 because it
vvl Ipl dod vdirftf istigdnt ast Oi-mealhatle e reanidoneandtulye lohexyl-2-

entfomh olynmer, The ight ratio (n)/(x
oy ® By SO Tt P rlper CRIETVI60 1BeRase.
_ dldmaiﬁdﬁ@tqrfadehe c@ﬁrdi@rfdlﬁmowﬁl&%n&ﬂdﬂ@fﬁ}ﬁenp@rymrteMaly be
be i nsufficient. Research by the sent |nventorsl hasd
us g di9TatdtF HRAC H0E W@e@f t@%f’ /Y( fpopatif polyamice
with efieddrefhs and nlehendangadfitd Ghredinhbhdkupesl. @)i.s Such

sof?gﬁﬁg %Egytg!%&%Br%%one or in combinations of two Oor more.
A solvent-soluble alkali metal salt or alkaline earth metal
salt such as lithium chloride or calcium chloride may also be
used with the solvent. * |

' The obtained reaction product may be dissolved in an
crganic solvent or acidic solvent, for example, sulfuric acid,
.N;methyl—Z—pyrrolidone, l-cyclohexyl-2-pyrrolidone,
dimethylacetamidé or the like and filtered to obtain carbon
nanotubes coated with a wholly aromatic polyamide. A solvent-
soluble alkali metal salt or alkaline earth metal salt such as
lithium chloride or calcium chloride may also be used with the
solvént. | |
| The carbon nanctubes coated with the wholly aromatic
.polyamide with numerous amine ends obtained by [Method 3] are
coated with the wholly aromatic polyamide by mutual

interaction of covalent bonds and/or ionic interaction between
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~for inequality (3). In [Method 3], the procedure for
reacting the wholly aromatic polyan1de W t h numner ous
- am ne ends and the carbon nanotubes (N) is not
particularly restricted, but there may be nentioned a
: met hod of reacting the carbon nanotubes (N) in a
t l.utio f_the. wholl r | a e,
- oneh RS R R O BRs TR R oY BL B TR Bt v e
carbioglyl1Bnoesost aheecandohhenebbulees ewjui cleshavdilgben surface
Non-nel ting types al so

t f
tIegingfagF%gﬁ?FﬁﬁéCs?SEﬁB%Fn “as wel |, the reaction is

pr¢MétﬁbHy4¢arAlmdtaua iA sBkoki ORe E@@ctg@ﬁt&@ﬁpongnts
erature for reaction_between the - aromatic

moBSF‘%ﬁ? defweERSRamef BERUART nét bndRd anly) t]ﬁ%i/‘&‘ér%ﬁﬁ

| -slmnaﬁaheaaglgszeB&twbﬁ_Hogr&sd:%@@t PepbreUbRs | ¥o obtain a
~.restricted -but s preferabl 0C ‘and_nore

pPolygperehaBi)po3nore08tinegf epfs ¥h@ﬂp@@5@%¥%l%§ %%%@mﬁ@{?vatlve
" ‘engkhe reaction will not proceed, and if it is higher
t han 250C by- products MA|| tend - to result from
deconposition of ¥heAst'alHing naterialH) The reaction

time wll dependynpthe tegperature ﬁ@pdltlons but

wil | nornalhy be bet ween one to several tens of
hoBrs.arkhéin’edet ioemearal goehelalbl yHaceonpl(Kshedchby .

incGPL0ES0°LL00cLEcP LoBELLAM, SELUSHY 0t 4080, e
detaliycbﬁhekyth2arpythe|Edmeeasdfuﬁtmyﬁaﬁﬂiahﬂdexplalned for

dj | sulfo chloronet an Iorofor
theWABETY SELASLFe oSLERLPROIE! PANG S g{eﬁgkﬁéaéﬁf%ﬁlaw
(K )beépeeaenhehmho@éysaranﬁtspepnfy@miﬁg tMet@ mayelPeus
epnds and the, carbon
meng Lb gt Ral er L Snith oRe BROMIE st mbeTHiE- of Cobrine is
predernmodeamoiy sbhysat £sohubhe atkadpoiet abf saddcoivity,
e earth nmetal salt such as lithiumchloride or .

'sta@%ﬁ%{%2§ I%??He may al so be used with the sol vent..
Thenobmethed 4pacti oRe pinudcticmy d&clli s8otNedréscahon
conSifenie tolyent of acidic selvent, Lor examle, i rying

the - follow1ng inequality (2)': '

1 < c/d < 4/3 (2)"

(wherein ¢ is the number of moles of the aromatic diamine
.rrepresented by formula (H), and d is the number of mcles of
the aromatic dicarboxylic acid diacyl halide represented by
formula (Kj)-. ‘ ‘

If ¢/d is 1 or smaller it will not be possible to obtain
a wholly aromatic polyamide with numerous amine ends.  If c/d'_,
is greater than 4/3, it will be difficult to obtain a polymer
with the sufficient degree of polymerization. The upper limit
- for c/d is preferably 1.25 and more preferably 1.2. Thus, the
optimum_range for c/d iﬁ [Method 4J-of the invention ﬁay be 7
considered to be 1 < c/d = 1.2.
' A wholly aromatic polyamide with numerous amine ends is a

wholly aromatic polyamlde wherein at least 60% and more
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N- et hyl - 2- pyrrol i done, 1-cycl ohexyl -2-pyrrolidone,

di met hyl acetam de or the like and filtered to obtain
carbon nanotubes coated with a wholly aromatic

pol yam de. A solvent- soluble alkali netal salt or

al kal i ne earth netal salt such as l'ithiumchloride or

pre RN DA R 30l S L BB, A Boves
poﬂn@mete:wdrh Wﬂ?ﬁnﬁmﬁ e[méﬁh@bit aunad; lp:;te([;fmbdxg
th t
petlprino SOEE M NS oLy LIRS PoLXAmGe BV ana

50°@ Nt ermciion agtavean &b ithecamwe 2erfds tofke trleaaiolnl ywill not
aromati c_pol yam de and the_ car bo>g,y| ends of the

ProgaithorRithrict ubes W sravdiaedh Us (i PYcET ety ild tend
to A0 oS A Mpod INBLRPS Al MRERAD nigh maftieGh alIRe  The

reaction conponents (nonomners) of general fornulas

reac(m)oramw)wwen SiERaTS o (i HAEGGIIRF rEaceEd lithons, but
wil P RAGE Y gﬂ%{] dNS 0 t%bts@v%xaal RUNTRIE BRVIARD  The

nor e am e en an carboxylic acid derivative ends:
readNHLArl s WHZE {a4)ably Qarriepl ©©X2 b(YK)heﬁ'tlln@nd.nArtl'@ irgaction

eral gpd (K) each independently
SOl‘%g%r esen{ HE&G}%OI(%?V ent aromatic group, the
deftted Ihsyaxfogsiri dinldrde tHreshmedadyf diheAmrteaaid ofr @ay be
neuts® llazlech ft [ bl"lie V@“o'%t%r %Eatfo% %ﬁ%@ylde tglrédwholly
i'M genera % oriiu repr esent I'ogéns, an
ar OnS{IEic fpcc]@}alngdddﬁqneadm;t bee quertieshed IfA mmqem@ary, the

po JOTLP L PIIS) A00 L9 LY 18 B MR 68
conc&irﬂhja{tlﬁqn and tdos tnedtr { INetead d efctdfort ha@huhn&mt imery, be
23 SR Brohofad cip cart G ST OB | nequal | Ty

(B 'sollvenic/ghdh 483 N-éthyl-2-pyrrolidone, 1- cyclohexyl- 2—
pyrrolidone, dimethylacetamide, diphenylsulfone,
dichloromethane, chloroform, tetrahydrofuran or water may be
used during the reaction in [Method 4]. Such solvents may be
used alone or in combinations of two or more. A solvent-
" scluble alkali metal salt or alkaline earth metal salt such as
lithium chloride or calcium chloride may also be used with the
solvent. ﬂ

In [Method.4} of the invention, the reaction is
preferably carried out by addition of the wholly aromatio
polyamide with numerous amine ends obtained in the manner
described above and carbon nanctubes (N} obtained by surface
treatment preferably in an acidic solution at pH 0.01-2, in
proportions satisfying the foilowing'inequality.

| 0.001 < (n)/(x) <100  (3)

(wherein (x)} represents the parts by weight of the wholly
aromatic poiyamide with numerous amine ends, and (n)
represents the parts by weight of the carbon nanotubes (N)

obtained by surface treatment in an acidic solution at pH
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(wherein c is the nunber of noles of the aromatic
di anmine represented by fornula (H), and d is the
nunber of noles of the aromatic di carboxylic acid .
diiacyl halide represented by formula (K)). If c/d is
-1 or - smaller it will not be possible to obtain a -
0. [yilgily aromatic pol yam de with nunerous am ne ends. |If
is greater than 4/3, it will be difficult to
obtH&ia: caaqmjrynﬁmowm:tehs tie siuf futmaeraias@eguaee ahe same

. | yneri zation.. The r limt, for c/d.is prefera

_deﬁ e T e S DR e o Brh e R iske R Angle

trdimendtd i drivRidath Ascafudihe iawvem i iy, be ‘
considered to be 1 < ¢/ << 1. 2. %&I aromatui h
pol M et G hFdHulrfRer GU aﬁ?%@ West Sypaller than

0. U OB L R0 yang e \Méeroeﬂfflaiullte&s;t 16Q00-ard tms@r eakbon
preferably at |east 80% of the ends consist of -am ne

nangoHss . COMRIGEactiWh tenparlatiate f Gng MeNeE Fptie (n)/ (x)
is pc{l%z‘@r He DA Weal e %ang%rld t%plo@n%é&ru%eorc%fa%&%l B the

bet ween -SC an 50C. the tenmperature is bel ow -

canken rreﬁmﬁtmemwuﬂndxhe mqic@@dr ‘ﬁrié ife mnsugffﬁucgﬁért
Restcgm 003F s 5 1‘%\Mntto(%%d hal nl‘%ﬁltgattefdr Mat the range
eco t1on .

e starting mater i The Treaction
of tq .l \ﬁ | {n d’e(oe)ncé drO titee ptr@;ﬁgaefrr@tdna@dcm tna@@@ ofu@.01 <.

\'?Ihe rkorlmﬂ llyS bees ];peect %}%éeq: e %ro%l 1t l’{rﬁ

reaction is pre bFy <carried out b eat
thérr eattthmd Lol v LZdESIEldLbEd ﬂme:re:lﬂa?@é:r.mgﬂtéle Wholly

aroc a(%{ ng lg%{ﬂldcfehr%erl qlu%euqneq:y { hen{ln Ct I l?;%e r?&u:bon

Yali asl ¢ subst ance rem)val
naridtelhdmldm igr onet ipe dlopdmrdey p:lecsctl.tdlctreebmbelrtedthelrb may be

nerSEEFRELY % 2 WIBLo R RSOSSN B L2 O
solrveatt isalwsalait ich ey ubﬁ;ll@djarsinertﬁwlpdmmsieamth
nmol di ng _stock s Iut| vent s c as

AT S R0 1 d0RE, D GHAIACS: gl ofigs hion
resdistRinnd acei amdi%fcdiepfl%’@ﬂﬁidsf (HWQngl'ﬂltCéﬁl};IMr(althtd@al’f@,r
mef%yﬂgWﬁ(ﬁgR ﬁet€f¥1‘¥§§§§1“1é¥ é¥¥§¥ In?éom this standp01nt
as well, the reaction is preferably carried out in solution.-

The réaction temperature for ieaction between the'wholly
aromatié pbiyamide‘with numerous amine ends and the carbon
nanotubes KN) by [Method 3] is not particﬁlarly restricted but
_is preferably 0-250°C and more preferably 30-200°C. If the
temperature is below 0°C the reaction will not proceed, and if
it is higher than 250°C by-products will tend to result from
decomposition of the starting material. The reaction time
will depend on the temperature conditions, but will normally-
be between one to several tens of hours. The reaction is
preferably accomplished by heated reaction in a reaction
solvent as described hereunder. l

A solvent such as meéthyl—Z—pyrrolidone, 1- cyclohexyl 2-
pyrrolidone, dimethylacetamide, dlphenylsulfone,

- dichloromethane, chloroform, tetrzhydrofuran or wéter may be

19



used during the reaction in [Method 4]. Such solvents

may be wused alone or in conbinations of:two or nore.

A solvent- soluble alkali netal salt or alkaline earth
- nmetal salt such as [lithiumchloride or calcium

chl orirde may al so be used with the solvent. In

usécg/g; ergcb Logaéﬂeo éeqp h%}hoe]ﬂ %maﬁlc Spljolyamide'

y carrle out t|on of the \whol 1
Wlth(nnmanpuqxﬂm&nn(Hndﬂtdndunhawmarbmn menemdbeabtﬁinedSuch
the Qer descr.i bed abave and .carhon na

SO](JI\%‘) bt &ine buysesuraflocne Ctrlrelarftrﬁé3 W&F&Pe?bf’ tCﬁ’O ﬁ’r moxe.
A &Hﬂﬂhﬂt{ﬂﬁlﬂbkﬂt&ﬁkaﬂi Gnel12,5d1t ot QAMELIiQRS earth metal
atisfyin foll nequal it 0.001 <- (n)/(
5o 3P e RO el edormed v sdos ity MevgRLso be
useaf ﬂﬂﬁh\ﬂnglgblﬁﬁnymatlc pol yam de wi th nunerous am ne _
: represents the parts by wei ght- of the

end and (n)
| carTE’(?n sk L@t l%t%%@&%wagumaeésepéaeﬁieﬁp 2
orgﬁhﬁﬂﬂéﬁﬂ%éﬁﬂlﬂﬁ‘ﬁ&ﬁﬁidﬂédy%éﬁﬂlLf%& e&%%pQQrbgﬁlfurlc acid,

nanot ubes (N) in this case have the sanme definition as

N-maEl i HedP Yate,doded  dre YsBohienyd *Byps'mrfbéteelone, |
dlﬂéﬂﬁ?ﬂﬁ@@fdﬂld@qc@ck%bc1%%%“%!@nfﬁﬁt%@eg QL- %btggﬁacaxbon

wei ght ratio (n) dh is preferably not snal
nang, Hecatss mitn Bl whe ldivf firemat ico puoéa'lamdet he

car %ncaQ@Q%t?%%o%%%%%n%%%tfHQWfE%etﬁgl%ﬁ%ﬁl Comatic

‘ wei ght ratio i's al'so preferabl arger
.polﬂ@a“rﬂrdﬁomtkbve@almowatamgleoferndlse obttaivedbby MMrbhobed] are

coalleld Wile RElY IR aé%%at&%“&a eg.%ﬁap@eﬁtﬁ%gtl by

the present |nvent rs has T ndi € range of
lnt@r@£t40@npﬁ(ﬁpvelen® beongisekedred andichéntamgetabn between

the a%&ne epﬁ%) kpe Wbb QZa%%%%%lall ;%L?érgggfgﬂe

the
carb@a@ﬂlﬂgdsh@fwh@blyar@p@n&hn@tp@bﬁamhdehwhehenbeenouarface

e.ends and t.he ¢ rbon nanot ubes (N) is not -
tre%?re{&l cﬁl %rl ycr*géLtCr i° ?é’& But there may be
(Carbon nanotubes coated with (wholly) aromatic

polyester/carbonate) _
A wholly aromatic ﬁolyester, aromatic polyester carbonate
and aromatic polycarbonate according to the invention -

preferably‘comprises one of the following structural units:

ﬁ | ﬁ | _
—C—Ar-C—0—R™—¥-R%-0— ©

H
—C—0— —RI—YL R —0— o)

[wherein Ar® represents an optionally substituted C6-20
aromatic group, R' and R? each represent an optionally
L Substltuted phenylene group, and Y* represents a group selected

from among the following groups (E):
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. formula (O):

menti oned a nethod of reacting the carbon nanotubes
(N) in a solvent solution of the wholly aromatic
pol yam de with nunerous am ne ends. The whol |y
aromati c pol yam de has high resistance and therefore
requires a high tenperature for nelting. Non-nelting
types also exist. Fromthis standpoint as well, the '
reaction is preferably carri.ed out in solution. The
reaction tenperature for reaction™etween the wholly
aRbmatic pol yani de/wi t h numer ous anpqe ends and the
carbon nanotu N) - by [ Mt hed. 3 2R
—pérticul arl y /festri cted but }\S Y ,
re preferaply 30-200C. |f\the #enpe ature is below -
O&' t he sreact hon will /not proceed, ' is hi gher
t han 250C by- s wil'l tendt.o resul t from
decomposi-tion e starting material. The reaction -
time wll deffend oif t he tenperature conditions, but
will normally be between one to several tens ofg)
hours. The reaction is preferably acconplished by
heated reaction in a reaction solvent as descri bed

(wHEF SUN AT g8 Aeé@hvﬁﬁﬁe§éﬁﬂeﬁ§l§*B@ﬁf&ée@tp&frpéég@n@me group

1- cycl ohexyl rrolidone, dinethylacetam de

Se](ﬂ‘%ﬂﬁé’hyﬁ@ﬂ faérr@g W%W‘Iﬁfbné“tafﬂa?g@nsohlc&r‘ Gyl groups, cs

or & rapydiofiuran Qi yat efs ey e 114 usgk folg tde-12 aralkyl
react’i on between the whol I'y aromatic polq%/)am de wth
ILAIfer Ul AniTRPIGRRP Ehdr e egorpihandtibes (N). Such

2$|A reo.?c A sﬂier gﬁ%&%%bqﬁle aﬁ ka Mr;reltrg@{dsi{a%{%sgicc;%d Wlth_

a ahell e azmmat ieten 1 yestier Ay ey idgnatiaumidhl gravdesor

x5 Ge l&}[ﬂ% Jde may also be used with the solvent.
€ obt ai ned reacti on product may be dissolved in an

or g“smlarcsmmtdmamnwlcuscﬂqﬂehtconfmmeemarﬁﬂmfesented by

the ‘-Hol n%i fdczr ﬂ‘,yl 2-pyrrolidone,

yrro I'done,  di net hyl acet am de or the
I | ke and filtered HQ@CGJ@trél—ﬂOGEr bon ndhdt ubes coat ed

iR oLy aramache poluari e, Te:6akbon.1aqEyPeRove,)

Coatdt Wi t aroma
an aromatic diocl compoeonent represented by the following

HO~R'-Y'-R?-0H . (0).
(wherein R', R? and Y' have the same definitions as in formulas
(C) and (D}),

and a diaryl carbonate represented by the folloWing formula
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pol yam de w t h numerous am ne ends obtai ned by [ Method
4] are coated with the wholly aromatic pol yam de by
mutual interaction of coval ent bonds and/or ionic

i nteraction between the am ne ends of the wholly
aromati c polyam de and the carboxyl ends of. the

car bon_nanpt ubes whi ch have been. surface rreated |
nERERRNCRENGLUbES, Whieh Naue been, sUlgce, LLEREEdelr, and
eachwbel t¥) eat et +om @@éy@sﬁﬁdf@@&ﬂuﬂhﬁIﬁgéhgwuﬁydmoxyl,

aromati c pol yester, ol yester carbonate and .
- cargpy u%%%ﬁ%ﬁ?%ﬁﬁ ogdﬁf’}#@ﬁoglf%o%)m/em.on |

peefiegadl y CIQ(HPéi"S§§tP@§ Qi G e d b Neh St et alhe
rireunltsdEI OOn CAra-COR 1HI1?2-O (C)ﬂ% 11 C%56 %.— s

fol powing (Dyegwhbibims AF4B #2Pr &3khts an optional ly
substituted C6¢2@ oaFoRmYi gsgroup, Rl apgyR2 each
represent an optionally substituted phenylene group,
and Y represeftd & grdapfsefettéd frofPanmong the
n o
(e ot ot R BT depaationt 1 Toar BEAN ot § caaonylie
compprey oud iSet@ct@mmb¢bn®én@mgemymﬁd@em diral ogewmsynent and
. Cl- r r y.C I S
g l§?§$68+%%%%gaﬁ%p%%%%€ %fayégléQ%%i§:$%4b§§é¥g)coﬁg%ﬁ%%t
and rgperesent scarbomt egeot ofed- 00) JardA qaidmbsrsozf areaction,
r oduc 'o of _car nanot ubes coat y)
are 6 AL e e T I Ve dond ot SR an
org&nqﬁzﬂmﬂﬂbmtlahmimme polymer-coated carbon nanotubes are

flltered and 1solated

‘As examples of aromatic dicarboxylic acid components

" there may be mentioned terephthalic acid, isophthalic acid,

methylterephthalic acid, methylisophthalic acid, naphthalene-
2,6-dicarboxylic acid, naphthalene-2,7~dicarboxylic acid,
,diphenyldicarboxylic acid, diphenylether dicarboxylic acid and

diphenylsulfOne dicarboxylic acid. These aromatic

dicarboxylic acids may be used alone, or a plurality may be

used together. Terephthalic acid and isophthalic acid are
preferably used together in order to obtain a satisfactory
amorphous polymer. | | | |

As exampleé of aromatic diol components there may be
mentioned 2,2—bis(4—hydroxyphenyz)propane,-1,1—bis(4—
hydroxyphenyl)cyclohexane, 2,2-bis(3,5-dimethyl-4-
hydroxyphenyl}propane and 2—(4—hydroxthenyl)—2;(3,54dichloro—
4-hydroxyphenyl)propane, among which 2,2- blS(4—

hydroxyphenyl)propane and 1,1-bis(4- hydroxyphenyl)cyclohexane

are preferred. These aromatic diol components may also be

.used either alone, or a plurality may be used together.

According to the process of the invention, a portion of
the aromatic diol cémponent may be replaced with another

aromatic diol component such as'hYdroquinone or 4,4'-
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An aromatic di carboxylic acid conponent represented by
‘the followng fornmula (L): HOOC-Ara-000H (L) (wherein
Ara has the sanme definition as in fornmula (C above),
an aromatic di ol conponent represented by the
followwng fornmula (0): HO-R1-Y1-R2-OH (0) (wherein

: have, t

sl Ao e e i nge gl pies
_prqmuma ol richef manmetw(ga)polozmemu floxp-es@mplR;, PRLwepn 1
_moldev“};frreé 4 NG Wy %%194% 3Ry be the same or

ren and "~ eacC se ect ed from anong hydrogen,

halm.gmmpkﬂ;mhr oxfy ldiamdr headonagsterthgneups valbe @enéioned

.. al kyl. groups are, charged .in Iar ratl

a1t HESr €L R TR n et sl eobgny L
'caﬁbﬁniﬁﬁ?(ﬁﬂenjl_p;ﬂ%}yi ﬁﬁ?ﬂbdﬁ@e ﬁhde%qu?ih&ﬂ <arbohate,
= rejn._e is the nunber .of noles the araomatic -

- amq%%aﬁ%iy gifdhonats ds; p@ ¥ Kede Tgra-

- Thdde iz lcmfﬁt@\%aﬂ HeS dshe) nuhey, ofr moiesireflity may

t he di aryI carbonat e conponent), and then the carbon
be mafst e g are added for reaction, after which the

rest] tidigui18ACtd 0N PrPALsLs)i §-o195 Qlead d (BAn OF.92RH 1
sol vent and the poI ymer - coat ed carbon nanotubes are

tenq |t ced agh P9 lawlarich t e ofakhieePolomedromiile a ratio
TardGArOXY 1 G 3610 COMIRNAI %011HeHS S D@ HEERHI19RRY, and

terephthallc aci d, 1sophthalic acid,

thensfippe eweétmh%ma: i@ rnest. hyITh@mitetf&l rinedagiedationship
for?\(:l napﬁal ene djl%arﬁ%lrégo“fxyl i C aC| (?nd especially 0.97 =
g/ (e+f) <

The .invention is further characterized in that‘the carbon
nanotubes (N) may be added in addition to the mcnomer
components for the reaction in a proportion satisfying the
following inequality:

| 0.001 < (n)/(m) < 100  (6)
(whefein (m) represents the total parts by weight of the
‘monomer components including the aromatic dicarboxylic acid
compcnent (e}, diol'component (f) and diaryl carbonate (g,
and (n) represents the parts by weight‘of the carbon nanotubes:
(N ) - ' '

The ‘carbon nanotubes (N) referred to_here have the’same
deflnltlon as explained. above. |

If the weight ratio (n)/(m) is smaller than 0.001, it
1 will be difficult to 1solate the carbon nanotube ‘component in
the polymer. The weight ratio (n)/(m) is preferably not
larger than 100 because coating of the carbon nanotubes with
- the polymer will be insufficient. Reéearch by the present
inventors has indicated that the range of 0.01 € (n}y/(m) £ 10
is preferred and the range of 0.01 < (n)/(m) £ 1.0 is -

especially preferred for ineguality (6).
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di phenyl di carboxyl i c acid, diphenylether dicarboxylic
acid and . di phenyl sul fone di carboxylic acid. These
aromatic, dicarboxylic acids nay be used alone, or a
plurality may be used together. Terephthalic acid and
i sophthalic acid are preferably used together in

or defe O QIR A 1SR 1i$HRAGA,  1aMDHRIRUS A )éBE%Bmpi\%shed
exanpl es of aromatic diol conponen s there may

by rﬁﬁﬁqtolﬁ“eﬁj prpging- By dr dEY plrasly | (Pir apave, andltbnesearbon |
h '}?@q% E%@s%tﬁ%a% Zﬁﬁ'ﬁ%%h%a%'e@e%%%boﬂnd
ydr oxypheny ro ,

pane an
repg:e(s@rrw &3y pHenylgL-12w(iRies fdiratler dT) :
. 4-hydroxyphenyl ) pr opane, anong mhlch 2, 2- bi s(-4-
hydr oxyphenyl ) pr opane and
14, 1- bq@ﬂﬂ-hydroxyphenyl)cyclohexane are preferred.
s€ aromatic di ol conponents may also be used
"~ either alone, or a plurality may be used together
Acgording to the process of the invention, a portlon
Q the aromati c di ol conponent maybe replaced W th
'/é/eth r aromatic diol conmponent such as hydroqui none
%16'?1|J£ydr oxybi-phenyl, in a range whi ch does
not ai properties of the resulting polyner
éﬁ exanpl e, between 1 nole percent and 15 nole
peNcent). As exanples of diaryl carbonates there may
be nentloned _di phenyl carbonate, di-p-tolyl
car bonate. , p-chl orophenyl = carbonate,
(whepredy Rp- t%ﬂ@dRca@@@ha@@demendehbbhthvpreeeebneme or more
_ groﬁ&%n%e%'&%dd'f&%n}éhoﬁ ”ng E):g;e'ns PAL G li'k?rglé oups, C5-10

preferred. These diar nat es may S

. CYCépaékﬁﬁugdpmp@ &P~ 1Beae§édgﬁ@g@ﬁhend Fe—8r puRdkys) groups.

A.b@n@/&%}féls%t g%@hkafbg@%%e% g ]|y fend ﬁn ggl ¥ least

pol ynmeri zation o while aratio
onet Ggeup. ﬁahadteﬁnémemsemoohoﬂétﬁoalﬁwltheoppbyneﬁ land

cyeAUBRRUAT SIS 1 LECS g SOl oot iy groups.
Thell&ptamdnesp@ceabhy80a97iﬁtege¢eeﬁ)O<4.1.1.

As examples of such pyridine-based compounds there may be
mentioned 4-amino§yridine; 4d—dimethylaminopyridine, 4-
diethylaminopyridine, 4-pyrrolidinopyridine, 4- _
piperidinopyridine, 4-pyrrolinopyridine and 2—methyl—4—
dimethylaminopyridine. Particularly preferred among these are -
4Fdimethylaminopyridine and 4—pyrrolidinopyridine.

In-this reaction, primarily diaryl carbonate reacts at
first with the aromatie'dicarboxylic acid component and
aromatic diol component} to produce a phenol. Since most
arcmatic dicarboxylic acids have low solubility, a.high
temperature is required to initiate this first stage of the
reaction, and a long time is necessary to completion of the
first stage of the reaction. However, using.a specific
pyridine—based compound as described above unexpectedly allows

the initial phenocl generatien to be completed at a very low
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The invention is further characterized in that the
carbon nanotubes (N) nay be added in addition to the
nmononer conponents for the reactionin a proportion
satisfying the followng inequality: 0.001 <- (n)/(m
- 100 (6) (wherein (m represents the total parts by
teRi gt dlie idenemRr-tCparRnty itRgludi A sbh@urprisingly,
- - aromatic dicarboxylic acid conmponent (e), diol o
it omoienequalaid @ asylenc asheracgchgnoe gagadwpt in the
1atlBPTASEN S £ he Paflmah)t ejghfe et B eaKARA BaRatubesy,
(N)) The carbon nanotubes (Ny referred to here have
thared s anel ovdlefd rdi Hiodiyngs exydhaiendd ddboegreef ofhe wei ght

r.ati.o n. | S..S lLer. . t : el il e, .
polyie D d fsFRedfod A Hbue perto shetine
t heC' o Ippreird i rikhé aseidg leompatingl (ma)y/ ) uvissdprief er ablkplytic
~__nat. larger -than.100 because -coating of the.gcarhbon
it se SRR e SoTy ed O moa% Aoct fr gPaRpi? and more
prefesedrigh datwden or.@9enimo lien\eert or.90Bamcilegi eatead rebakct to
the r e of 0.01 <- (n)/(mM < 10 is preferred and . '
1 qﬁ%@ F§£ éHWﬁOQfﬁ%l(QJ'(n)/(rﬁ <- 1.0 is especially
- pr afrergied dhrafcdsreqdalthly i@kentddnlhener poaymeet zbheon
i nvention is prefergbly acconplished, by reactin

CemBRSS ) 0T edn@OLPT e TBGRE Lok P EhEaPBERCTice Of the

py Hl@ietel Resgdude sPEes ease yoiz s -aynicdi.ne Thas pd 1 grERead i on
7 represented by the followng formula (T) R 14 R15 N:
LEMORFE WIS WP IREY BRACRES &hén tRRBEEERYER Py the
rea&%ﬁk%ﬁ%@%t@ﬂ?f%ﬂl%ﬂﬁﬁg,Qh@u@%o&eb%%bqgtﬁbﬁnbinnng .
hydr ogen, C1-6 alkgl groups, C5-10 cycl oal kyl gr_ougs1
POLEBers 2@tioTgr odfs tARAPOG YIS TAZAItRPN GEBRES2TURChdFdOelow
200™RY a0 rl2e f Qred shetweeniRid @aqgﬁi& wR16 be ahcheasta
one group selected fromanong Cl-6 al kyl %rougs, C5-10
making 1t impossible to obtain a polymer with a high degree of
pelymerization, while it is also preferably not above 400°C
because the polymer will tend to undergo degradation.

According to the invention, an alkali metal salt or
alkaline earth metal salt may be used in addition to the
pvyridine-based compound, in order to increase the
polymerization rate.

As examples of such catalysts there may be mentioned
~hydroxides, halides, carbonic acid salts and bicarbonic acid
salts of alkali metals'such as lithium, sodium, potassium or
cesium and/or alkaline earth metals such as magnesium or
calcium. Particularly preferred are potassium carbonate,
sodium carborate and disodium salt of bisphenol A.

According to the inVention, there is no restriction
'agaihst using a conventional publicly known ester-exchange
catalyst in addition to the pyridine-based compound, alkali:
‘metal salt and alkaline earth metal salt.

The-amounts of such alkali metal salts and alkaline earth

metal salts used may be'catalytic amounts, but are preferably
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cycl-oal kyl groups, C6-12 aryl groups. and C6-12 aral kyl
groups. The letter n represents an integer of 0-4. As
exanpl es of such pyridi ne-based conpounds there may be
menti oned 4-am nopyridi ne, 4-di nmet hyl am nopyri di ne, 4-
di et hyl am nopyri di ne, 4-pyrrolidinopyridine, 4-

betpvlié)@x{ I@Impmﬁrdldg N 4 Y 1N e G erably between
y di met hyl am nopyridine. Particularly

0. Jpr@flceh efmchrﬁ)r@& ﬁeslea atith Feginestthyioark AEPr odi Beand

ard ggq 5%) . In this reaction, primarily
ary ona e reacts at first with the aromati c

di car deeylpnpcamsd cdforijeneimtvearid orar grretfieg adhilel the initial
t r e ... Si.nc ti
po SOt LALANEE At 108 TSl BEAPLS
t entymrenata rand ilrreeqwmpmj:atmmmlﬂs ajreaddaajlslyf |rras_tsesit age the

el S e GO T SRR AR
tenememarse USimg @ SpAGifdIlc pdlyiiediinertiase d ccefound sas

d scrlbed a2g¥e unexpectedly allows the initial
?ﬁ%ﬁﬁﬁ to be conpleted at a very low 24 |

t enpey qﬂﬂrﬁl@idzalﬂ’icﬁh shorde ipRI ined; ofe dofBucAle80at ordinary
sur r|3|ngly it S|nultaneously acts as an

Presfie e iailfe CatiIqRst RhesvE ey A% thead@idfiatnhe

.poqur@@ﬁétm )&%%lt&rlcﬁlarlboorﬂﬁte%e&ra@ﬁljﬁtdto%,rdlhﬁﬁrye@fessure

allowing a polymer with a high degree of

Wl%|wqaﬂat9r@@8webéf%&@éu thergadigit pdticodesction

sydtdi®-atThg A=A ?ﬁ‘ qgn@&%&@r@%Myb§nu%%ﬁ1h@r% gas
catal ytic anoun preferably between 0.00001 nol e and
2L PHEHS @ aﬁ@tm%ﬂrpﬁéf%@lry et idess -0. Obe pollemgad zation

- red0Qn MOk (W s F%ec&tcdl%r % 'Pgs%ﬁfct%%”%%@eﬁt W &k about

In the process of e I nvent | the pol ynerization

- 0. 2&dfpdramnm-e for thermal polynerlzatlon i'n the presence

of té?:%rdlﬂg‘ CE' nech% %%é %é%’ tea e%qq %Ooq;’heﬂ&%mponents

polynerlzatlon erature referre 0 herd is
are egmsdreatalnly @ﬂlatrlged rse.mht@mew@tlemﬁmd @wn@@cé;m @r!f,orthe

£ 2GRN f, coRaly Merjzat bon o J T JGAAYTRE 28L Qlaryl

tamaannelsb I dw
carbonate may be introduced into the reactor at separate
points from the start of the reaction. .

The wheolly aromatic polyester, aromatic'polyester

carbonate and aromatic polycarbonate of the invention are all

amorphous polymers, and they may be used to obtain molded

. products by, for example, melted meclding such as extrusion

molding. The amorphous nature of the polymer obtained by the
process of the invention can be confirmed_aceording to DSC,
for example, based on phenomena such as a lack of melting
point. _ | |

The reduced viScoeity of the wholly aromatic polyester,

aromatic polyester carbonate and aromatic polycarbonate

-obtained by the process described above is preferably 0.05-3.0,

and more preferably 0.3-2.5. If the reduced viscosity is less

than 0.05 the mechanical strength will not be adequate as a
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200C, the nelt viscosity of the polynmer will be
i ncreased nmaking it inmpossible to obtain a polynmer
with a high degree of polynerization, while it is
al'so preferably not above 400C because the pol yner
will tend to undergo degradatl on. According to the
_ gﬂy ﬁéqb I t I or@likal Lth
i Z(fB tl@lrbr?bgaé}{udse |lﬁé ad&’gé |e%r11:etrgttﬁ% s
prq@mﬂmcma vb]a]sledaa:ca‘qmmmtmaqllm deret compdrisased.he
polyher rate a e f . such
_ t here- rr%%z/a% lon LIOduCcF Cﬁ)xc ?glﬁdsgg 2’ gre%:eér l(JOrIﬁeg
praws sk siad tchamchmd:anbcun com;carric s&lltvsarmf cal Iea:lzjdmtsallyent

h [.ithium, sodiu ot.a um.or cesium
for R Rt 1S R de g ST SR Gden
narRambecml arAbsy pflreﬂ':feﬁ:rr:j@g ﬁflgfepﬂtsailf’mleli@} ﬁ@@b@:ﬁaa&r%intloned
|um rbonat e an i.sodiumsalt o i.spheno
A et IR, L e?ré;e.tsraﬁg leesEtheiroftxed
solagaaimst using a conventional publicly known
ester-exchange .catalyst in addition to the
pyri di ne- based conmpound, alkali netal salt and
al k@ldrieafdddy Bl Saltded m%ha@%khﬁt%r%ﬁ'na%li@' p@)|l|§%| 'ter
netal salts and alkaline earth netal salts used rfay
be ¢ &Ry HIO @G PP L QR ey @ Tpitdfedaeptizn Bet meederably
. MELAQBNS%Tgw éiﬁgéﬂ@¥(%6%ﬂ11@95 Bheh oﬁgkﬁcb%hﬂ%§%oxyllc
: prmol % and 0.°005 nol % W t spect to
aCJ{Ché‘-OH@O@ﬁm @ndi @i @dmm@énﬁ dll@lt ﬁ@mpp@@@sts of the
| nvent 1,97, pref ef;ahl %oggﬁl'éq'atc'lﬁl coRRLWIRET 23t @ ¢

reaction tenperature 1s a rel at |ver I"ow t'enperature

 aliphetive diedperargnerits sgreadialriopdr dhsedmed arhegatfional

saﬂygﬁﬁgi %%%' lﬁ%@ﬁ%@ag%rgpalq%¥DQH¥ner'Zat'on

ture for the meri Zation reaction is
pref erabl y 60-320C.< T/ Holyrierd zatl on rgacti on may be

(wregRdyctad at qrdingsy . %rﬁﬁsﬂr% o % L opdiged

pressure, but th&™Y it a meri zati on reactlon S
‘dlembbawabbyaa&docﬁm@@mpnmre&ﬁufé is the number of moles of
rthe diol component),
and then the carbon nanotubes (N) are added for readtidn in a
proportion satisfying the following ineguality (8}::

0.001 £ (n)/(m) < 100 “(8)
(wherein (m) represents the total parts by weight of the
monomer components including the aromatic dicarboxylic acid
component (e) and the diol component (f), and (n) represents
the parts by weight of the carbon nanotubes (N)), - |
after which the obtained reaction product is dissolved in an
organic solvent, and the polymer coated carbon nanotubes are
filtered and separated. |
As examples of aromatic dicarboxylic acid components

" there may be mentioned terephthalic acid, isophthalic acid,
~methylterephthalic acid, methylisdphthalic acid, naphthaléne~
2,6-dicarboxylic acid, nraphthalene-2,7-dicarboxylic acid,

diphenyldicarboxylic acid, diphenyletherdicarboxylic acid and
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wi th gradual pressure reduction thereafter. The
reaction systemat ordinary pressure is preferably in
‘an inert gas atnosphere of nitrogen, argon or the

i ke. The polynerization reaction tine is not
particularly restricted and may be about 0.2-20

diphBRYL Sul ASEOAdEagobRyI e pEcessTidsd herdmuendt idicadduxylic
‘ conponents are_preferably charged smultaneod%r%1 rgh '
acidg pencherusedt ANt aFT dIPHHE FeetTon, PHutsH foigr-ner -

- rereSfthyBlenich 4ha diapiing oas banal e ravp hecé s ilused

_ into the reactor at separate points fromthe start_ of
togetherrbacerenr TheoWhdllya avdiet 2 HROTY edtefRhat DRt ner -

PRLY §éférr§§r9$€ﬂﬁfe§ng aéfgﬁﬂé@l@qﬁy&ﬁr ferdfs thiere

o inve t|on are anDrp ous polyners, and they may be
'~ may beedenbiohedi athplded ng@@hctb,%EPI¢EW1%&%n%4EP01 13-

. sugh,a n 4 npl -
ersnEL S TLILE USRI, 2.2

dimephpmpsepaﬁeﬁhel;nmenpennyba®limobonii5ﬂp@nb@@@¢xﬁh@ ¥
ucf As a | ack

Xa ed on, pheno
hexaa?g%%Ft ng %gﬁﬁ?éd*ﬂg reﬂg%é%FV|£%%§??y of "t he whol |y
cyclah@ﬁaﬁedlm@tu&ﬁber 1, aropal dite pohy@shethaao bonht 2 and
aronatl car onate obt |ned e e
cyeL hStRrpeiRapteRore bF ererRbT s Yool ERbESRSryLene
glyc@iﬁfgéﬁbéMe@hﬁiéné gl{cbhe @@ﬂmmeﬂhylsnesglyces | ess
han 0.05 the nechgnlcal tregg ot be %%ﬁ?te
dlet%¥1%n96g¥¥§?% 2BHPOSPE PR, SR AT T¥CT - Featert
diol$d. ﬁa?hﬁe pEeduglbas, Mb£|abplﬁﬂﬁﬁi@ﬁtmaylyenﬁﬁed together-
. conplicated, The reaction product obtal

oTOP CREAPFBhaE TELOBF oRBSEN? So TN LSOT YREL 5 a%ﬁl%ﬁ?@ta%%rc in

term8Ob¥ephe OFc@GLARCYEOLYENty {Ofe 0r550E UhEgBUASY at 35°C in
i solation into polyner-coated carbon nanoﬁyge?wefsht

a 1.3rafdkrebessliént s2t hefetraghberpehbfbRed

- ratid) CQBP&@E@BMB@ %HdtHBeBQhéé df 2p2etELEBLY| Ol Dt hadie/ g, |
n1xe sol vent Car bon nanhot ubes coated with

morespheiaraphyi - 50 QegLég)and even more preferably 0.3-5>
dL/g. ' ‘

(Carbon nanotubes coated with wholly aromatic azole)
A wholly aromatic azole according to the invention is
preferably a wholly aromatic azole conforming to the following

formula (F)} and/cr (G):

72 Wedh N
m~*——~<:: //jMA\\\ At
CY? A& (F)
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A sem -aromatic polyester of the invention is
preferably a sem -aromatic pol yester conprising an
aromati c di carboxylic acid conponent and an aliphatic
di ol . conmponent. The aromatic dicarboxylic acid
conponent “and the al i phatic diol conponent are
charge%dln a nol ratio satlsfylng t he fO||OMAng
inequal¥ty (7): 08 <e'/f' < 1.2 (7). (wherein e' is
t he éxégf es of .the aromatic dicarboxylic acid
nent - 4 mol es of the diol
conp nent an t he carbon nanotubes (N) are
added reactl in a proportion satisfying the
followi'ng inequal'fty (8): 0.001 <_ (n)/(m(Gx_ 100 .(8)
(wherein (m) represents the total parts by weight of
the nononer conponents including the aromatic
: wh@djeuaf G x phidc Yacé e exrﬂ‘porr&iﬁpe(rﬁjer&nki/ tdel aittdd from the

nent ), and _(n e@ts the parts
aro B g it b Ao tsel N 5P BFERES v i e
. tetr@bﬁa&leﬁﬂ;d ARACL 1N oY Clanids AdP Ssepyvedehts an Corpanitvalent
, sol vent d the pol yner-coated carbon ranotubes are
aroWﬁW%%ﬂ%ﬁ?”&ﬁd separated. As exanpl es of aromatic

diceareendd ©PEEnRABRONENt Sindt h@r)em@@y peeuseat kosed or
terephthalic acid, isophthalic aci

togeibaty| fér aftihalceseadig, rnﬁétaﬁylru%aﬁhpﬁm Fe 146 gmay be
appr‘&ﬁﬁﬁtaﬁ%'l%n%el%c@e@ﬂ &ar Q‘ﬁ’&yld'e%l%kidproportlon between 0:100
hal ene- 2, 7- di car boxyl i ¢ aci d,

and épﬁh@nyldlcarboxyllc aci d, d|phenyletherdlcarboxyllc ,
agid ande2indi1 dsphepyhsy! t@peﬂh&@%@%&hwyagégreggﬁ\@@ a Cé6-
aromatic dlcarboxyllc acid e used alone, or a

20 tﬁltaﬁa]auiwtn@yoa@ta@grp@@et e, exai@péﬁﬁt kEEFECAciacANEe

but L$RPRRANIiR;ACA (3 € chEelenablypdsed together in
order to obtain a $atisfactory arorphous polyner. As
preferred exanples of aliphatic diol conponents there

nay- be nentioned ethyl ene glycol, 1,2-propylene.
:;iliﬁ;xﬂ, 1, 3- _ :

:W

(wherein Y* is selected from among O, S, SO, SOZ, NH and
C(CHs)2) .

One or more of the hydrogen atoms of these aromatic groups may
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trimethyl ene glycol, 1,3-butanediol, 1,4- butanedlm
2, 2- di net hyl propanedi ol , neopentyl glyco

1, 5- pent anedi ol , 1,6- hexanediol, 1, 8- octanedlol,
1,10-decanedi ol , 1, 4- cyclohexanedlnethanol 7
1, 3- cycl ohexanedi et hanol , 1, 2- cyclohexanedlnethano

betfﬂ )ﬁ%¥%§ﬁ§'ehb Céﬁ&?kﬁﬂﬂpth%gﬁ% eng%%%ﬂlas fluorine,

- pent oct amet hyl ene gl'yco
- chldisirey |end ginyios ; &ndFdiEﬂ¢pﬂl@ﬂ®U@|¢@@h afh@@éhyl,‘ethyl,
pha |oIs I [ ural it :
pri& hsé%}Fﬂi her ecu ﬁ%ﬁméro% %P%% ag c&%lgggntyl

or s:am}:careoma‘lt,l ompd yIfsﬂe.‘r ,aromattier @&o@fg: shehr edupﬁényl

casi.t t he,val nmeasur,
AP £S5 LA BN RodEhanbo2onr ety ghée e dtnts = co-
20 s:pmaleﬁft) ars:matltdwe;ﬂcajg;ge 0fd prefsprabliy OekarPlek/ Gghere may
. nore preferably 0. L/ g and even _nore pre erag %‘ ,
be greststonfy @ﬂet(acﬂwiﬁ%t g~ d ey h ORf P phenylene,

2, ARGy 182 €)2, 7A iy 1ak@iatd @ razol e according to

"the invention is preferably a mholl% aromatic azol e
o€

lsw%ﬁd@etddm%lwlcﬂqeow%d PEPheny Lere aftdAor (G N
dlﬁhéﬂyﬁ%n%%dl@ldeZS AN 4¥ Y2 N el )le@é!@%ﬁ%‘oﬁeyz qand.y3 are

each i ndependent|y 'sel ected fromthe group consi sti ng
dipdrery legekedone, An4 r@ptrpé@éw@n@ esheg, Betd addpbgnylene

_et@pﬁ%t%%%%en%nd %t 2 8120 %wh%we , Ome

: aromatlc oun ornu as F and
or pwiugsed al @Y&roqeég@tti@ms o|fn tiigiseh a@&’@‘@ttlﬁegm@luﬁﬁ may be

iRl PO Y g, BB e lyaacany
chlfogrimé g @E)onam (@) Grtdegényde grioypr epods @t Qeahﬁav 2ohyl,
pr&ﬁ?ﬁ{%ﬁa%%g&lar%nﬁ%J%IQ %%ﬂba%@%leéégﬂbeiukﬁe yclopentyl
0r cyclohexyl; or a C6-10 aromatic group such as phenyl. The
structural unit of formula (F) and/or {G) above may even be a
copolymer comprising two or more different aromatic groups.
| ‘Preferred among these are para-phenylene and 2, 6-
naphthalene.
Specific examples of preferred wholly aromatic

condensation polymers include the following

- polybenzobisoxazoles:
N N =

<O
0N d v/
N o -

I <0
0 N

or the following polybenzobisthiazoles:
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~ but are not limted to, the follow ng: (wherein Y4 is
‘'selected fromanong 0, S, SO S, NH and = C(CH3)2)
One or nore of the hydrogen atons of these aromatic
groups may 29 be independently replaced with a
hal ogen such as fluorine, chlorine or bromne; a C6
ﬁ al yl/; ouppsuch nmet hyl, ethyl, propyl or hexyl; a
' __%§$ I oa kyl /groyp such as cyclopentyl or
C
- i m~for il as ( and (G |ndependently represents a
-~ C6- 20 divalent aromatic group, and as specific -
‘exanpl es there may be nentioned net a- phenyl ene,

p : phenylene 2, 6- napht hyl ene,
(7- i sopr opyl i denedi phenyl ene.
Ay 8 ‘ dlphenylenesulflde o

4,74 - dlpheny enesulfone 4,4 - -di phenyl eneket one,

4, 4' - di phenyl ene ether, 3,4 dlphenylene et her,
neta xnyIene par a- xnyIene and aqrt ho- xnyIene
or TH&S® Sty RFATGIEE SOMFENSR tiREs BOABIRES Bag &?ps

prd@tRe by ndgpandandan rp%la%qq; anobmap&@Ic@g%@ sS @%haas

fluorine, chlorine or bromne; .a C6 al grouE@
solad g fRALymaTHyAat ion ey medi r@@%weréze's-lm cydl aldWIree of

po194RUA SHAR RS, UG DO ty¥cler or (CYEaReXY thel iAnEheh@
aromatic group such as phenyl. The structural unit of

visicoeriiva (iR afdrod isge laissl & onay conernisEag 1ogopdl Yér 97100
mlL %?lg?rg:‘ %thg éo%e%hfé%% Qi frfeenant a% Qimah'dcm% %L&R%d at 30°c,

red anong these are para-phenyl ene and 2,6
s papptitehraldve 0 . 0Spddir i (llekanplees! oorpr prefiegdbiyoll-P-80
éﬁnatlc condensation polyners include the follow ng
pol'ybenzobi soxazoles: / No ~o NO, ON
The wholly aromatic azole can be 1ndustr1ally produced

'Wlth a satisfactory level of productivity by the follow1ng
process accordlng to the invention.

Specifically, at least one compound selected from the
group consisting of aromatic.émine derivatives represented by

the following formulas (Q) and (R):

NH, . NH,
Y44' Y3H (Q)
NH, Y3H
Y2H r%u—f2 , _ (R)

(wherein Y¥? and Y® are each independently selected from the
.group consisting of O, § and NE and Ar® represents a C6—20
tetravalent aromatic group, or (@)} and (R) are optionally

hydrochlorides)
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or the follow ng pol ybenzobi sthiazoles: 30 1 N/ N _
S ~s 'S~ N These wholly. aromati c condensati on '
pol ymers may be produced by conventional publicly
known processes such as solution polynerization or
nelt pol ynmeri zati on. The degree of pol ynmerization of
In |nherent -V|sco%|ty r1i-nh

.and elprol%ysoﬁd(:hdlcfllﬁ{ = Of & ha% t| on ofon(? 55§00 nL in

en di o4 CordentTa
di.c@foantwhiconoend rad eidr tilveu riep raGieth tand biye asier €d1atw306,
£ isjﬁaor erably 0.05-100 (dl/g), and nore preferably
OrMif g>) i(dl /g). The whol |y aromatic azole can be

i .rR)‘ast-aifycp)ggmﬁced withs satisfactory |evel of
roductivity by the follown process according to

he1Rin rﬁknFieBﬁeSSBéél Pi E&MFY, 8%\%’3@%3& aB%aEbﬁp%ﬁ‘ﬁpr and

R12 §ﬁ&e§ﬁe@aEhoﬁhHB%en9é9H@ CQE?kéEéﬁg Rl aab98Rt b6 é”t@ﬁzo
: derivatives represente gy | owi ng"formulas (Q
SrOMEEQ REOUH2 NH2 2 x 3 YH YH (Q NH2 X Y3H y 2H NH2

are (d?)az(cj’&? €] Ny Yo 130 43 5 %1%‘“1@%%%%%3@#’%%' ﬁfzr%ln%ﬁt%@

fromthe group consisting of O,
fol laepmess emestuer 1G8-20( )t et raval ent aromatic group, or (Q

and (R) are opgignal rechlorides) 31 and thelr
* hydrochl ori des(tJ gnd Q%[Jﬂf)lgégt %e?aromatﬁg%
(whediedax oxyd itheaciuhtder iofatriole sr egr ébentedmby ithemine .

derlég f@@'%%pﬂgggﬂgéﬁ %§)fo@%@ﬂ%?Qb%r%bQQ%}Rﬁsigskhe number
of moles of the aromatic amine derivative represented by
.formula (R) above, and j is the number of moles of the
aromatic dicarboxylic acid derivative represented by formula
' (S).above), ‘ ..
and then the carbon nanétubes (N) are added for reaction,
after which the resulting reaction product is dissolived in an
organic solvent and the carbon nanotube component is filtered
and isolated. | ' |

ar' and Ar® in formulas (Q), (R) and (S) above are the
same as Ar' and Ars explained for the composition of the wholly
aromatic azole, R“Z-and R in formula (S) each independently
'~ represent hydrogen or a C6-20 monovalent aromatic group, and'
specifically phenylene, naphthalene{ biphenylene, |
~ isopropylidenediphenyl, diphenyl ether, diphenyl sulfide,
:_diphenyi sulfone, diphenyl ketone or the like. One or more of
the hydrogen atoms of these aromatlc groups may be
1ndependently replaced with a halogen such as fluorine,
chlorine or bromine; a Cl-6 alkyl group such as methyl, ethyl,
propyl or hexyl' a Ch-10 cycloalkyl group such as cyclopentyl
" or cyclohexyl; or an alkoxycarbonyl group such as
methoxycarbonyl_or ethoxycarbonyl. _

The numbers of moles of each meonomer (reaction component)

preferably éimultaneously satisfy the fecllowing inequality
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(wherein Ar 5 represents a CB-20 dival ent aromatic
- .group, and ~R12 and-R13 each i ndependently represent
hydrogen or a C6-20 aromatic group) are chargedin a
nol-ar ratio sinultaneously satisfying the follow ng
~inequality (9) 0.8 < (h+i)/j S 1.2 (9) (wherein his
gyt.he nunber of noles of the aronatic am ne. derivative
represented by fornmula (Q above, i is the nunber of
mol es of the ar@n®ts cllaming derliadative répresented by -
fornul bove nd i s the nunber _of s he
Cmssnh e BRI s Baes okt UE pRoraletalte™

dedioranive rePreafzone)d b@ndo&h&ﬂath@ )cabbor,; nandtubbs @umber
reacti,on, .aft h the result

£ oo G AT SBdPseaer nak LG taRieebog by

for&?fﬂLQat her) cm Namet- tjqucw@Oﬁaﬁbelrs offi tnbereedofaanle

- |solated Ara and Ars in f ornul as % g %

arag@&\}@ sHeamhoxvddrfe a&sldA.d@réﬁatAﬁ@ é)‘?BF SkBRPoPTt ﬁermula

s)CRRIHtion of the wholly aromatic azole, RI2 and R13

in fornula (S) each |ndependent ﬁ re%resent hydr ogen
gr-6dp,

If dhen 0EG-200- ORGPl @it ) ddorkat iSE thapg0-8 or larger than.

1. 25P8¢ fhf-Qaky ﬂtﬁlﬂuq'%eton%ﬁtﬁtatiﬁl %n?olgl’n@@emﬂtﬁnlﬁ sufficient

|sopod£ylldened|phenyl ny _
deggglef iode poldimshdrpat ion foﬁ‘éle dpp’ﬁén)lllmk-ét 6@@ dhtihél 1is

suilt wg%%p%aoﬁmﬂﬁgEﬁ%EEr%%Qthd@@g%ﬁda%Qgﬁ brkhsseferably

. aro i-c groups dependently replaced with a
0. %%al oFére ymmﬁraélmuaoﬁbme (h+@ N1/ Gr iLme st tBPaii Ael. alCIES6

_pregg%glg{/%“@gf%ﬂ?i A MELRYl: pEERLl-o Sz;‘ipbé's or THS%Y' thé

group such P3s cyc
optdywimo hrexyde; forr dm&alkgx¢capmdnwg gpo@besuﬁﬁea§lon may be

R s R

si muitpameliss lof Satrinsfly st HE)f ahlkdoviRng mayeeakiseyl 82one or
tog%%%er, in which case the molar ratio of (Q): (R) may be
appropriately selected as any de51red proportion between 0:100
and 100:0.

The reaction may'be a solvent reaction or a solvent-free
heat-melting reaction, but for example, a heated reaction
while stirring in a reaction solvent as described below is
preferred; The reaction temperature is preferably 50-500°C,
and more preferably 100-350°C. If the temperature is below
50°C the reaction will not proceed, and if it 'is higher than
500°C by-products will tend to result from decomposition. The
reaction time will depend on the temperature conditions,-but
will normally be between one to several tens of hours. The
feaction may be carried out under préSSurizatioﬁ or reduced
pressure. h '

The reaction will usually proceed even in the absence of
a catalyst, but an ester-exchange catalyst may be used if

necessary. Examples of ester-exchange catalysts to be used

for the invention include antimony compounds such as antimony
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0.8 <_ (h+i)/] S 1.2 (9) (wherein h is the nunber of

nol es of the aromatic am ne derivative represented by

formula (Q above, i is the nunber of noles of the

aromati c am ne derivative represented by formula (R

above, and j is the number of noles of the aromatic
tric%f%ﬂJb ¥%kﬁw®%ﬁﬂdge% Eﬂtbﬁetﬁﬁpr§§98589a@¥ f@iﬂub@tylate,

dbov ereatlonshlp-+|)' is smalle

dibuthd 1. ®x0rdel angedibhaydtin. 2iacetatg, bellﬁiiﬂneuﬁ@r‘ée

bt ai.n _a r wth fficien r
met el I FACrORe TR I FCFERCE o O firf 2 g5atte such
as @dlﬁﬁbk}&r@o&at@ﬁﬁdpp@ﬂ:&&&hb}h Oagboaadeevendrrphesphlte

r ef erabl 0.95. . The . upper__|i.mt f +
comTiiniy o 5 Fopatng e PBBehy UE 6hAL i Eh iRk ApPposprite.
variRhef ecalilts ves0suchhus, ahlté oxdpanmsmarangesboprehierpbiy

accordl n% to the invention may be considered to be -

) FeactiPnes. Conpounds of formulas (Q and
(@bﬂ“%éﬂ%%nu%%%o%h%@% @batkagetiher a WRoMichremseithazole
nmolar ratio of (Q:(R) may be appropriately sel ected
accozdizgy tdééameednmeeﬁépﬂroﬁaﬁeﬂﬂeeﬁﬂ@tg‘%s zﬁﬁ #66: 0.

prefgﬁéﬂﬁ§”§dd@& MRy the BoIPLentzaheaet s@Areing materials (Q),
solvent-free heat-nelting reaction, but for exa

(R) ansediSed hedaer she WRRICE 190 AR ﬁgp|rﬁpﬁrFé88t P@ﬁlg@ylng the

| ybelow is preferred. The reaction
.fOll%QJl\ﬁ ar%r%lel(élqg%yrgggrabl 50-500C, and nore
B preferably 100-880C I t’H@ t 8np8Pat ur 195 bel ow 50C
_ wheﬂ@%nr%%gt' f@seh&%th%rQ%%%q % s'Ey'heh%hE' ghekne
y-products will to résult "from
romggdenpdsintinen deThe a tiegce cioswoniems swi () deeﬁBdoﬁh?he
er A Wil normal | e t ween-
aromaﬁceq%t csﬁsevergﬁ%gens ?1 g%?rgl 'ﬁ?te&r e(ggtl)éﬁgnée?
represented toyt pander byr essghitz atfi diheocardgdic eénof§P@§§ur 8))
The o 2ashian ik iatal by RLOGEAY @il hykherabsenee
cataﬂ an e t ér - exchange catal yst may be
_ .deflmﬂeddnf amemeﬂaamyed Ebm;el es of ester- exchange

C%%al%%hzhk ra%lusﬁd is preferably not smaller than.
0.001 because it will be difficult to isolate the carbon

us

nanotube component from the polymer. - The weight ratio (n)/(m)
is also preferably not larger than 100 because eeating of the
- carbon nanotubes with the polymer will be insufficient.

Research by the present inventors has indicated that the range
of 0.01 £ (n)/(m) £ 10 is preferred and the range of 0. 01 <

(n)/(m) < 1.0 is especially preferred for inequality (10).

'H(Wholly aromatic condensation polymer as matrix and
| compesitiOn comprising carbon nanotubes coated with aromatic
condensation polymer)

The present invention provides an aromatic condensation
polymer composition comprising 100 parts by weight of at least
one type of aromatic condensation polymer selected from the

grOup_consisting of wholly aromatic polyamides, wholly
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for the invention include antinony conpounds such as
antinony 33 trioxide, tin conpounds such as tin (1)
acetate, tin octylate, dibutyltin oxide and

di butyltin diacetate, alkaline earth netal salts such
as cal cium acetate, alkali netal salts such. as sodi um

: ardﬁy%g9n%§ngQQeQ%ta§§b %kﬁ@rg gEEteﬁngaPﬁeﬁgbéBe aromatic

compou such as phenyl i'te and triphenyl
po lphesloined e s, Vaemou@r@matnpveglyaeheasaanﬁowh@éhysaaﬂéatlc'

' I f I E
g R
coa&&mbmdmhgth@ hmembmuentb@deneatbon pampmabedeécglheé above.

ref dded _to .t he pol at i startin
T P BT R G o GrenBrBr e r by, bRt B8 Pnlacl
parﬁ&om@rWEQ@hifhm@fymﬁ@ H%fe&@bﬂ@mﬂngolpaﬂualbyywéiﬁht with
‘ 001 <- - 100
re%ﬂ%§tt69aﬂ%@ P%§tﬁthbW&H%£ aFBﬂég}&cd ﬁ%satlon
"pol érvatufet@@na@&%@wsc@Qbothaﬁaeung a@éoﬂBéﬁCat less than
i carboxylic acid diaryl ester

,and (n)_ |
- Ole préde Rt's WERENFar s B lm@ﬁgﬁﬁfgﬁéﬁﬁé EQ&B%ﬁlﬁﬁﬁoFUbgngCt

of ﬁNb&ovE@em%%haﬁﬁcﬁqn%&%?%%tﬁ@k i phthbsacagechaxe then 100
sane definition as explai ned above. The wei ght ratio _

par@@)P@nﬁeﬂghﬁréﬁér@@ﬂﬁlﬁgtWéﬁélPéﬁomﬁaﬁomgleeitﬁéeause

It winlok QﬁedbEEhE%HE E%nﬁ%ﬁ%@%gohhﬁoﬁ?ﬁQanoﬂ BQRH@@n
conponent fromthe pol'yner. The wei ratio (n)/(m

'ProﬁycﬁﬁsQxﬁﬁéﬂéﬂébﬁyS@@ﬁSHbﬂQéﬁYtﬁéntheocbééags§a§bﬁﬂlng
nan®tu ?gICBaEQQEn ”%&%@ eW%tEtEEﬁgEH'XHBrembE£1Q§ty are

i nsu I ent esearc by the présent Tnventors has
exhiijpditedted that the range of 0.01 - (n)/(m < 10 is

pr reed t < ( < '
esgé%ié?ﬁ?g@ggfggpd%%%gtqlne g |?§ P%%éﬁlfvﬁéﬁgykﬁe carbon
nangroiresi endontiensabiran ipokypmdenastianr prlygmdr serving as the

matg 3P4 'Eh%”a%%@Bsa%&%% %%rbﬁge?%$ghﬂge%h89 egrﬁhgﬁlc

con ation resent”i nvention
polgamuddescampanemagl¢heoﬁdé&s&ungnformulas (A) and

~NH-Ar!-NH- (A)

~OC-Ar?-Co- - (B)
(wherein Ar' and Ar? each independently represent a C6-20
‘divalent aromatic group}, R
and satisfying the following iﬁequality (1);

0.8 < a/b < 4/3 (1) |

(whefein a 1s the number of moles of the aromatic diamine
repeating unit represented by formula (A), and b is the number
of moles of the aromatic dicarboxylic acid repeating unit

represented by formula (B))}.

(Molded articles) |
Molded articles such as fibers and films can be formed

from the aromatic condensation polymer composition obtained in

- the manner described above. A molded article with excellent

mechanical properties can be obtained if the carbon nanotubes
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pol ymer conposition conprising 100 parts by wei ght of
at | east one type of aromatic condensation pol yner
sel ected fromthe group-consisting of wholly aromatic
pol yani des, wholly 34 aromatic polyesters, aromatic
polyester carbonates, aromatic pol ycarbonates,
natic I b d I r c z
2 R 00 St o Ut ht “of CEhLBan hanc: ibaes ene of
thaxmﬂhﬂﬁd\mnﬂldﬂ@e aromati ¢ condensati on pol ymer

i b ve. .. The coa ed carbon ;nanaqt r
&%qfaggga g ) lfV§6 188rpsgv1des ghﬁg 88 Srtlcle
havﬁﬁgﬁ@ﬁﬁmﬂqn hab@t@&kkscbﬁeW&E@hhnwmhb 1eagmhwuseod1®ectlon
part b ght_ of the_araomati ¢ condepnsat.i
or R e BodRss earbion TAReuBES 58 LCBa  BE CREAZS
coﬁ@ﬂlblﬂ@rh @bMﬂﬂdﬂﬂidﬂ d@dshsh@n@lbﬁlQﬂbtprtabeewelgnt of
Iy ef fect ~ of inproved nechani-cal properties, while H
at &ﬁ@éﬁepn@héﬁpfoﬁf ﬁéFF@tB§ ﬁ@P&ﬁPSPﬁéoﬁDPGFﬂﬁeﬁhPP ected

£rREGORE GO iCRAledt 18iNee Whe1a50aRbLIE tgeNdenyakians,
pol ymer" conposition produces excellent dispersibility

' whogfl vt Re caGdtied Podset e rfandrGhes icnprdsess e regeébPPeat €S,
arot§RILY @Q%r@o%%%‘%‘t%e%.eargﬁghgbt%@ly@@%e%%oﬂﬁh'Gholly
‘conQensatlon pol ymer 'used to coat the carbon
- aropatdrubes lend e &r-Oatlild pemtenbat WeAIpS| pierarbon
‘nandtu %@gc%%t%%ew1%%tkhé % ohg%ﬁﬁogg ab %g%l%5e polymer
_ preferably aromati ¢ pol yam des conpr|5|ng t he
~ destalibew ﬁQOW@nn@mdsb@Aﬁaan@g(Bﬁ orimptAtioNHcogAficient F of
0. 1OgrArre%%er(§% %r%a PAﬁlnﬁﬂgtﬁﬁgse%%hd %@%&Eg@@”%kxm the .
repr g36nt a 2 di'val'ent aromatic group
foldatiisyifiegriie fidlllowi ng i nequality (1): 0.8 < a/b <-
4/3 (1), (mhereln a is the nunber of noles of the
ar omat cI@i)am ¥aingdpeating unit represented by

< cokOf pal t he nunber of noles of the
aromatic dd@@mbuk@llc aC|d repeating unit represented
| 3<cosE¢r5nia (B) |
F= 2

(wherein ¢ represents the azimuth in X-ray diffraction

| measurement and I represents the 002 diffraction intensity of
graphite}. B |

The orientation coefficient F is moré preferably 0.2 or
greater and even moré preferably 0.3 or greater. ' A higher
value of F is preferred, but thé_theofetical upper limit for
totally oriented multiwalled carbon nanotubes is 1.0.

The invention also provides a molded article héving
carbon nanctubes oriented in the lengthw1se direction cof the
melded artlcle, characterized by comprlslng a composition
consisting of 100 parts by weight of at least one type of
aromatic condensation polymer selected from the group
consisting of wholly aromatic polyamides, wholly aromatic

polyesters, aromatic polyester carbonates, aromatic
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(Mol ded articles) Mlded articles such as fibers and
films can be formed fromthe aromatic condensation
pol ymer conposition obtained in the manner descri bed
~above. A nolded article with excellent nechanica
properties can be obtained if the carbon nanotubes 35
d it | ie
ol ErOBAFOLED 00| BEc LEROIISIR, U iy L) B omac
azoleverndndnd p@bvl@l@speartmltd,edﬂaquh‘fclcef qaa:hmg Wﬁ@@es
nanot ubes, ori ent ed Jn the.le t |
coa‘f%% "Fr% ot drQuatie & nd né?él%mﬁgét%?|dzee rl%red Rbove,
andcbmptmatngh@ @@ﬂmmmlmamntuMHEnhﬂveupnﬁoxMthnﬂmnm ﬁyof at
1 8 egst % areomatsl ¢ 6an q} t| on
ea%%l@n%? s%?e%¥%@ ¥ r'oifit h gTdﬂ% onsisting o ﬁ ly
fol BéWimy | €qpot yeum des): whol |y aromatic pol yesters,
aromatic Eolyester carbonates, .aromatic
pof ytat twéhst es, s€hilaromatic pol yesters and mholly

(wh@f@ﬂﬁtL& %é@&%%en@@dtﬁeoé EQde@ﬁténbytyewgeﬁ olie laser
carbon nanotubes coated with the aronatlc

. - polzbhehsat | R PRI YIePr ey iRt bl el © drit ARG ®

dlr@@tﬂgﬂl eht abi o coefd ol ety Fd o . hOmayeat efrtfiafile, and

he carbon nanot ubes as detern1ned fromthe follomnng
Tyy ﬁ@PWﬁBQHF§1Fh8~ﬁ bpoy &BEENAIEYNWHER EEBs@ser/pojarization

plaﬂx%oissépl%ﬁ)e&]ﬂgrpgn%, : 0> 2 t}(mrﬁjt{hv@lé@Qfﬁ:%Qfﬂﬁ)n or

e azl nut I n X-ray raction neasur enent . and
Perw@lmieslems thetipor thid raktilon mokdediaxtigile, in the Raman

pr%@mer a]g I!)I/ %lj?g (%f:k%]ﬁ %é@&mdgfiﬁlmafliéj Hnfan -

greater and even nore preferably
SPeGKEbsmogybater A hi gher value of F is preferred, but

hfl'tlé hlgcﬁg%&car i’@fgrmoj{r%é {I‘Prtllé of@lLI{'lyoPré q‘ltl?éi: or film.

on nan
The aromatic condensation polymer used to coat the carbon

nanotubes and the aromatic condensation polymer serving as the
matrix of the composition are preferably wholly aromatic
leyamideS'comprising the following.formulas (A} and (B):

| ~NH-Ax'-NH- (AY

_ -0C~ -Ar?-Cco- (B)

(whereln ar! and Ar? each lndependently represent a C6-20
divalent aromatic group),
and satisfying;the following inequality (1) :

o 0.8 < a/b < 4/3 (1) |
(wherein a is the number of moles of thé aromatic diamine
repeating unit represented by formula (A), and b is the number
of moles of the aromatic dicarboxylic acid repeating unit

represented by formula (B)).

" Examples

The process of the invention will now be explained in
greater detail by examples. However, these examples are in no

way intended to be limitative on the scope of the inventiocn.
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The ‘i nvention al so provides a ol ded article haV|ng
carbon nanot ubes oriented in the | engt hwi se direction
of the nolded article, characterized by conprising a
conposition consisting of 100 parts by wei ght of at

| east one type of- aromatic condensation pol ymer

Se'%ﬁt%% QIQ%EgF?y HEatSBHS'§Ph99wQE &@Qeﬁﬁlﬁéﬁgﬁtﬁ§lng a

“pol yam omat 1 c yesters, aromatic
Peqaﬂnwésﬁemt¢aﬁbgnaﬁes;tanohﬁtM¢l$6ppéﬁyegrbonates

- angbdég@F%%g%rQﬁ' yesLers %ﬁg ﬂ?8h£¥ aromatic azol es,

arts by wei car on nanot ubes
co&hedmﬂamhphhelaﬂenauze oﬁndhasaﬁrbnnpmhguﬁubes in the
descr.i bed t ubes

h
IiohRrG B GPLGALGi oA BBr AP PYagt (00Rha haL o baygrmethod

“usihi@anOMT3089 Mepreseat&dbhyNtihkeisbotbow hgdequahé omean
repr esents t

G 12): P .= IYY/ I XX (12 erein |
PM&% ﬁﬁﬁﬁ%@ﬂ&é%%@B?%ﬁﬁ%&ﬁ%&%ﬁmr
ultPaisentied tRpakahkak tort Bael pRALRW $8 NdheEBVLoP-Pyrrolidone
parallel to the plane of the nolded article, and 1YY

(hergdnadénis aPRecwiphrd Pht BMSVty when the |aser

polani pakihoRi aRkaBe hAdonkaAt adpreependisubar chepbhe
Ien thmnse direction or perpendicular to the plane of .

nancREbRsl ded article, in the Raman spectrumfromthe

Cahb?%M”Q%QEH§ﬁ§sbEoﬁohﬁéb%ﬁgnRﬁHEBoséQ§§5f?ﬁ@@@g}aph from
The nol ded article may be in the formo ber ~or

an HrBRO byhdispechat Lebesadensasi saspekgmenredseddt Bheoat
dlahﬁ%eeéfaﬂa 1@ﬁgehgb8§eamﬁ Bketﬁéoea h&ncRRdepsBEEON

pol ymer “servin matri x of e conposition are
Obsﬁreﬂéﬁabwt\mm ey 7Tabomat ix 9p0111}/a?tﬁ@e$ BoriH s ngan]éneasured,

oiehRL TR A, 9 g A bione o

thei ndependentltyrr epr ebentaabob- 2enotipakbengndr bhat pgerage
va1850UR) rn@nd patisiyi0gst e ER"%Q&Bgn'HSHHELbéx Eélng

calculated as the mean aspect ratio.

(4) Coverage of aromatic condensation polymer on carbon
nanotubes _

The aromatic condenSation‘polymer-coéted carbon nanotubes
were heated to 150°C in air using a TG-8120 differential
thermogravimetric system by Rigaku, at a temperature elevating
rate of 10°C/min,eand the value was determined based on the
weight reduction ratio due to decomposition of the aromatic:
condensation pdlymer and the carbon nanotubes.

{5) Mechanieal properties: A tensile test was conducted
using a 1225A Tensilon Universal Tester by Orientech Co., Ltd.,
'~ to determine the Young's modulus and tensile strength.

(6} X—ray-difference measurement: An X-ray generator
(Model RU-B by.Rigaku Denki) was used for measurement under
conditions with target CuKa rays, 45 kV voltage, 70 mA current.
The incident X-rays were converged and monochromatized with a

" multilayer mirror by Osmic Inc., and the sample cross—-section
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0.8 <- alb < 4/3 (1) (wherein ais the nunber of noles
of the aromatic diam ne repeating unit represented by
formula (A), and b is the nunber of noles of the.
aromati c dicarboxylic acid repeati-ng unit represented
by fornula (B)). Exanpl es The process of the
was I Iﬂhé“»@fﬁ? %ﬁpk%%%%%lsglogrﬁ%%ﬁ%ddet@hE by
exanpl es mever ese exanples are 1n no
_difﬂnﬂaﬂ&ﬂuﬁﬁn&ﬂxaﬂénﬁtdﬂhaﬂiaﬂwuehegs@oﬁéoommtHe250 mm
n. 37 rd f.ug I
imad MR o ety BT sendonan et Bhasatartal By
condﬂdﬂeqxunﬂdﬂnqmndibldMEam1¢arEl@bmesezéemgahupénéﬁﬂ mm.
article size of the carbop.nanotubes in.the
0t SHer o G S n S HRSE SRS Ty R SR D SPEEFERG=ter
usecrrmah-pda nﬁ&ﬂr@.a@'@ﬂwm&@l Mpercatxroareketry {NabRias®I RCDy, Horlba
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perpendicular to the fiber axes.

Refereﬂce-EXample 1: Synthesis of single-walled carbon

. nhanotubes

An Fe/Co catalyst was supported on Zeolite using Zeolite
1Y powder (HSZQBZONAA, product of Toso) as the porous carrier
and iron. {(II) acetate and cobalt acetate as the catalytic
- metal compounds. The catalyst support amount was adjusted to
2.5 wt% for each. Next, -the catalytic powder was set in a
quartz boat which was then placed in the quartz tube of a CVD
apparatus prior to evacuation, and the temperature was raised
from room temperature to 800°C while introducing Ar gas at a
flow rate of 10 mL/min. After reaching the'target of 800°C,
ethanol vapor was introdueed at a flow rate of 3000 mL/min and
the powder was kept for 30 minutes in the Axr/ethanol
atmosphere. The resulting black-coclored product was analyzed

by laser Raman spectroscopy and transmission electron’
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t hernogravi netric system by Ri gaku, at a tenperature
el evating rate of 10C/ mn, and the value.was _
determ ned based on the weight reduction ratio due to
deconposition of the aromatic condensation pol ynmer
and the carbon nanotubes. (5) Mechanical properties: A
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i ght source used was a sem conductor |aser with a
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con for the graphite fuct ure- deri ved G ban
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KunalttaelGSJMeyl (Clcyy) Didden thae aser fpaol @mamd,tp.lzalrteowasl;reatment

ric 0980 BRSO B! Qe chel B, (BRERIANGS. o
1000°C over 30 mlnutes in a wvacuum, and then the temperature
was raised from 1000°C to 2000°C over 30 minutes at a pressure
of*5 atm under an argon atmosphere, and further from 2000°C to
2800°C over a period of an hour for firing, to obtain
graphitized multiWalled carbon nanotubes. The obtained carbon
nanotubes were observed by TEM, revealing a mean diameter of

58 nm and a mean aspect ratio of 36.

Reference EXample 3: Acid treatment of carbon nanotﬁbes

After adding 30 parts by weight of sulfuric acid to 1
part by weight of the carbon nancotubes obtained in Reference
Example 1, 10 parts by weight of nitric acid was sloﬁly added
dropwise. Upon completion of the dropwise addition, the
mixture was sﬁbjected to ultrasonic treatment at 28 kHz for 1.

hour in a 70°C hot water bath. After completion of the
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nanotubes An Fe/ Co catal yst was supported on zeolite
using Zeolite - Y powder (HSZ-320NAA, product of Toso)
as the porous carrier and iron (ll) acetate and '
cobalt acetate as the catalytic netal conpounds. The
catal yst support anpunt was adjusted to 2.5 w%for
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reveal i ng?a nmean rticle size of nm and a mean
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about 10 nm Reference Exanple
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reaé){loq'HICE I@%tﬁlﬁg tragcatt(glkneetd C@emperaq:gre 5 B eed sfystem was
' ad]usted to 320°C and the degree of vacuum was adjusted to 0.5

| .mmHg (66.7 Pa), so that the phenol and diphenyl carbonate

-+ produced by the reaction were slbwly removed out'of.the-system.
After completion of.the reaction, dichloromethane was added to
the residue.and the mixture was suction filtered with a 0.22

Hm pore Teflon membrane filter to remove the'residual phenocl
and diphenyl carbonate, for isolation of 0.55 part by weight

of carbon nanotubes.

Reference Example 5: Physical treatment of carbon nanctubes ‘
After adding 0.909 part by weight of the carbon'nanotubes
obtained in Reference Exampie 1 to 300 parts by weight of NMP
(N—methyl—Z—pyrrolidone), a MINI ZETA (air)‘bead mill by
Netzsch Inc. was used for 1 hour of treatment.at 2500 rpm

using 0.8 mm-diameter zirconium beads, to obtain a carbon



First, the tenperature was rai sed fromroom
‘tenperature to 1000C over 30 minutes in-a vacuum and
then the tenperature was raised from 1000C to 2000C
over 30 mnutes at a pressure -of 5 atmunder an argon
atnosphere, and further - from 2000C to 2800C over a

nadg%uﬁgjdygﬁyigyﬁg for firing, to obtain graphitized
mul tiwall ed carbon nanotubes. The obtai ned carbon
nanot ubeés were observed by TEM reveal i ng a-.nean

’Re r%HEkF@x%Efl%86””1and a mean aspect ratio of 36.
ef erence I'e 3: Acid treatnent of carbon -
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conpl etion of the dropwi se addition, the mxture was -
subjected to ultrasonic treatnent at 28 kHz for  hour

RefidtccB0Exhaplewatzer bath. After conpletion of the 40 .
reaction, the sqlution vwas %Q 100 Barté
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Tefl on nmenbrane filter, washed _ with water and

thaits Gihgt 6RIORES BPEREEPERARBIE LASOPABNFPESLERFR| EXETBASOP Yere
useg@ar bon nanotubes After adding 0.5 part by wei ght of

phenol to 0.1 part by weight of the acid treated

car bon nanot ubes obtained in Reference Exanple 3, the
Refgké%%reEw%%pg%ogessed with a nortar for 10 minutes at

~about 60C and then subjected to ultrasonic treatnent

at P28RA wedr et) carhanedanAtabr0dikpe raarer WAt RPtained in

theafgﬁk W%hﬁ%rlgspﬁékérQXCQEEgghpqg @'pgﬁﬁ¥btceﬁggn@t%80

art by wei ght of dinethylam nopyridine
parWér@ya@@e@htt@éréh@ gadbpaacanen Lhes phtﬁnaﬁédlatReferenCE,

lnar ressune, 200C. © After 30 minutes, the
--Exa?%ﬂ e?a%&?e %%% rai sed to 220C whil e at ordlnary

pressure, and the pressure in the systemwas gradually

'Refe%%%%%dE el % hours fromthe start of the
ction, e tenperature was again rai sed and the

prés&drereated multiwalled carbon nanotubes were obtalned
in the same manner as Reference Example 3, except that VGCF

carbon nanotubes by Showa Denko Co., Ltd. were used.

Reference Example 10:

Phenylesterified multiwalled carbon nanotubes were
~obtained in the same manner as Reference Example 4, except
that the carbon nanotubes obtained in Reference Example 9 were

used.

Reference Example 11: -

_ A multiwalled carbon nanotube dispersion was obtained in
the same manner as Reference Example 5, except that 4.680
parts by weight of VGCF carbon nanotubes by Showa Denko Co.,

"Ltd. were used.
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was reduced, and then after 5 hours-fromthe start of:
the reaction, the final attained tenperature of the
systemwas adjusted to 320C and the degree of vacuum
- was adjusted to 0.5 nmHg (66.7 Pa), so that the
phenol and di phenyl carbonate produced.. by the
reaction were slowy renoved out of the system After
conpl etion -of.the reaction, dichloronethane was added
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300 parts by wei ght  of ) met hyl - 2-pyrrol i done :
o g R T 1 10 o T by R SR S “adeh ot rosen.

70. Forpartwuy qfeltgmatdmrﬁeraetpraﬁﬁmropmicmiomgd@ &as added
mm di anet er zirconi.um beads,, to obtain a

while St s pdridiadn.y . RetdTaintle YBRafpre it e arA%F:d%]O C for

60 mireatesl dmd tivald e eay han waneitulbes carce wbhaidietkiden was
t he same manner as Reference Exanpl e 3, except that '

 addqohe o AP Marfdihae BBt ded THF ROLELSFE PeLaHsite doPe
was WRIS- 580t 2 tRRS anenee Hxamm] ené pkenysesteid fdoadmer had

mul'ti wal'l ed Carbon nanotubes were obtained in the
n IR Shin eSS et érferte BHMS)e 4, except that the
carbon nanotubes obtained in Reference Exanple 6 were

used. Reférence Exanple 8: A nultiwall ed carbon
Refaransta e adinsiserlsion Ergpasmtdiare @t wholhy sdedafdmer

._ polifnd #W%uMSe PirBXGHERYs that 4.680 parts by

wel ght t he carbon nanot ubes obtai ned in Reference

Exdiise adigre Wddd.3 Rafagitendy Medigbite of: N- .
7methylpyrrolldone, 18.82 parts by weight of p,phénylenediamine

and 34.84 parts by weight of 3,4'—diaminophenyl ether in a
thoroughly dried three-necked flask equipped with a stirrer at
ordinary pressure and dissolving the-components under nitrogen,
63.07 parts by weight of terephthalic dichloride was added

7 while'stirring.. Finally, reaction was conducted at 80°C for

60 minutes and 11.57 parts by weight of calcium hydroxide was
added for neutralizing reaction, to pbtain a solution of a
'wholly aromatic polyamide with numerous amine ends. The
obtained pOlymer dope wés reprecipitated in watexr and the

precipitated polymer had an inherent viscosity of 0.32 (dl/g).

Reference Example 14: Preparation of wholly aromatic polyamidé
with numerous amine ends

_ ~ After adding 1717.38 parts by weight of N-

- methylpyrrolidone and 69.68 parts by weight of 3,4'-
diaminophenyl ether in a thoroughly dried three-necked flask

equipped with a stirrer at ordinary pressure and dissolving
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Acid treated multiwall ed carbon nanot ubes were
obtained in the sane manner as Reference Exanple 3,
except that VGCF carbon nanot ubes by Showa Denko Co. ,
Ltd. were used. Reference Exanple 10:

Phenyl esterified nmultiwalled carbon nanotubes were

thOEAMREATES WHRISATE VRIS, 33, B@f%%%%%eng%%ﬁbﬁt4of
_ except that the carbon hanotubes obtal ne
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- ordinary pressure and di ssol ving the conponents under

nitrogen, 70.08 parts by weight of terephthalic
Exatipgll ari de was added while stirring. Finally,
reactlon was conducted at 80C for 60 m nutes and 12.85.

parfid sy aRsignt 500 PREESURYhYELEREde TulisnesAydgyrgplidone,
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di am nophenyl in a thorou
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ter‘é?ﬂltﬂgﬁicpﬁg%ﬁli 5% 1800 disssakulngnt he GOUROAGALS wafdgH )y,

reactlon was conducted at 80°C for 60 minutes and 2.3 parts by
weight of calcium hydroxide was added for neutrallzlng

. reaction. The obtained polymer dope was suction filtered with
a 0.22 ym pore Teflon membrane filter and washed with watef,
and there was isolated 0.55 part by weight of céfbon nanotubes
- coated with a wholly aromatic polyamide.

The amount of the wholly aromatic polyamide Coafing the
carbon nanotubes was 19.3 wt% according to measurement by a

differential scanning calorimeter.

.Example 2

After adding 0.52 part by welght of the phenylesterlfled.
single-walled carbpn nanotubes obtained 1n Reference Example 4
into 40 parts by weight of NMP and further adding 1.337 parts
by weight of diphenyl terephthalate and 0.454 part by weight
- of para—phénylenediamine,'the mixture was heated and stirrea

 for 3 hours at 200°C. The polymer dope ocobtained from the
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63. 07 parts by weight of terephthalic dichloride was
added while stirring. Finally, reaction was conducted
at 800C for 60 mnutes and 11.57 parts by wei ght of

cal ci um hydroxi de was added for neutralizing
reaction, to obtain a solution of a wholly aromatic
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pol ymer dope was reprecipitated in wat er and
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141 the conponents under nitrogen, 63.07 parts by :
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numer ous am ne ends.” The obt ai néd pol yner dope was

paritepredepiohat 64 PnivaférmanadirBepyecephest BETpor§Rer A 0.1
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0. nggggke hglﬁh%horpughly dried three-necked flask -
_ |ppe stirrer at ordinary pressure and

dlssoIV|ng the conponents under nitrogen, 6.395 parts
Exag%l%6|ght of terephthalic dichloride was added. while
rring. Finally, reaction was conducted at 80C for
60AMMtrut bsadndg2234partssbipy weight of an NMP dispersion of

the carbon nanotubés_obtained in Reference Example 5 'at .200°C
- for 1 hour to éhoroughly remove the water in the dispexsion,
0.703 part by weight of“para—phenylenediamine and 1.330 parts
by weight of 3,4'~diaminodipheny1_ether were added, the
mixture was subjected to 28 kHz ultrasonic treatment at 0°C
for dissolution of the amines, and then 2.639 parts by weight
.0f terephthalic dichldride was added prior to continuing the
reaction for 60 minutes. while conducting 28 kHz ultrasonic
treatment at 0°C, and finally, reaction was conducted at 80°C
for 60 minutes and 0.48 part by weight of calcium hydroxide
.was added.for neutralizing reaction. The obtained polymer
dope was suction filtered with a 0.22 um pore Teflon membrane
filter and washed with water, and there was isolated 3.91
.parts by weight of carbon nanotubes ccated with a wholly
aromatic peolyamide.

| A 0.1 part by.weight portion of the obtained carbon
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wei ght of cal ci um hydroxi de was added for neutralizing
reacti on. The obtai ned pol yner dope was suction _

filtered with a 0.22 pm pore. Teflon nenbrane filter

_ and washed wth water, and there was isolated 0.55
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Examgh® iy wei ght of carbon nanot ubes coated-with a
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in SCANYMELH QIR a3 ydxaha 3 The rsameorpasedyie veight
was conducted as in Exanple 2, except that 0.227 Rart '
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solution was diluted with NMP, filtered with a 0.2 n filter
and washed with NMP, this procedure was repeated 3 times, and
finally the_solution‘was washéd with alcohol and dried undef
réduced‘pressure_to obtain 2.52 parts by weight of carbon
nanotubes coated with the wholly aromatic polyamide with
numerous amine ends. A 0.1 part by weight portion of the
obtained carbon nanotubes was dispersed in 100 parts by weight
of NMP with ultrasqnic waves, and after 1 minute of
centrifugation at a centrifugal acceleration rate of 51,000
m/s®, a precipitate was obtained at 0.008 part by weight. The
amount of the wholly aromatic polyamidé coating the carbon

nanotubes was 26.0 wt% according to measurement by a

differential scanning calorimeter.

Example 6 . .
A 200 part by weight portion of the solution of the

wholly arbmatic polyamide with numerous'amine ends polymerized
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t he carbon nanot ubes obtained in Reference Exanple 5
at 200C for 1 hour to thoroughly renove the water in
t he di spersion, . 0.703 part by weight of '
par a- phenyl enedi am ne and 1. 330 parts by wei ght of
-3,4' - dianinodiphenyl et her were added, the mxture was
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centrifugal acceleration rate of 51,000 nm s2

| red%@tugﬁqsa?wa/va@ BHEdimed o FRIGE AT wewfxnePéhtcaﬂPﬁ@

andTRY Ofs e e ldhe %camty %r%?hlal‘ﬁ'@ de1 ﬁltlld%g Wi e,

car bon nanot ubes was .5 W% according
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> al ne ence m-xt ure
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diffgyéﬁ%ial'scanning calorimeter.

Example 7

The same procedure was conducted as in Example 1 except

- for using the carbon nanotubes of Reference Example 6, and a

0.1 part-by weight portion of the obtained carbon nanotubes
was dispersed in 100 parts by weight of 98% sulfuric acid with
ultrasonic waves, and after 1 minute of centrifugation at a

centrifugal acceleration rate of 51,000 m/sz, a precipitate was

.obtained at 0.02 part by weight. The amount of the wholly

aromatic polyamide coating the carbon nanotubes was 21.1 wt%

- according to measurement by a differential scanning

calorimeter.

Example 8

The same procedure was conducted as in Example 2 except
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stirring at 100C for 24 hours. The resulting reaction
solution was diluted with NWP, filtered with a 0.2 }i
filter and washed with NVMP, this procedure was
repeated 3 tines, and finally the solution. was
- washed with al cohol and dried under reduced pressure =
tain 2. rt i.ght bes
rol LB R PP RIS AR ana che
dlﬂ’mm iamanesEnisiA dkiH padivelny weisdktvaporieon iof the
he obt ai_ne carg;)n anot ubes was di spersed in 100 '
Sanbea %ﬁi MP Wi th ul trasonic waves, and
after 1 mnute of centrifugation at a centrifugal
eleration rate of 51,000 nis2, a precipitate was
Exad‘H*‘tc]ﬁ med at 0.008 part by weight. The anmount of the

WhalHey mRMdddeRRidande certudted ke qar lE@g@mple 3 except
nanot ubes was 26.0 wt % -accordi hg.to nmeasurenent é a -

fo%l?&@%ﬂh%lcmlﬂ?@%h&ﬁ iwdt &L ereRms ExgmR120
part by weight portion of .the solution of the wholly
aromati ¢ pol yam de wi th nunerous am ne ends
Exggsilpnedd zed 46 in Reference Exanple 14 was dil uted

Wi tﬁlel%%l P gl\iﬂﬂ c%fnd'ﬂ'}{l%eho aRr %a@%aﬁpq@ f4%encept
e ol |

% ution of t aromati c pol yamde wt
fommrr@usth@mqaerkm@rmlanmmﬂ% ogoRgerensesl Fxcoplehére
was added 2 parts by weight of the carbon nanotubes
~obtained in Reference Exanple 6, and the nixture was
Exagngbjeedtled to ul trasonic di spersi on and further reacted

whi g 0 e LtinRg

reaTl&%l oSnIin r%e?ﬁneﬁa%% di 1Gred ctE%Léjh“?’lﬂl\/-llé’lg1 Fgﬁ%?[lgrltgdﬂvmetx ept
fora Widgp thiel toarrbcen chamssthde: swictth RN x etnlsies Epeopdeude

was repeated 3 tines, and finally the solution was

washed with al cohol and dried under reduced pressure

Exatmpl@btlal n 2.52 parts by wei ght of carbon nanotubes

'co ed with the ol | aroma am.de w t h
| I sl ke Whol) ¥ ar omBl.e Dol YaMe ML, o o prcept
fort Imein@bttaien@duwrbmmmbeﬁ \R@Semesl@@r FedmplelQO.
parts by weight of NMP-with ultrasonic waves, and
after 1 mnute of :
Example 13

The same procedure was conducted as in Example 3 except

for using the carbon nanotubes of Reference Example 10.
Example 14
The same procedure was conducted as in Example 3 except

for using the carbon nanotubes of Reference Example 11.

The results for Examples 1-14 are shown'iﬁ Table 1.
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centrifugation at a centrifugal acceleration rate of
51,000 nis2, a precipitate was obtained at 0.006 part
by wei ght. The anmount, of the wholly aromatic
pol-yam de coating the carbon nanotubes was 24.5 wt %
according to neasurenent by a differential scanning
calorineter. Exanple 7 The_sage 1procedure was ‘
conducted as in Exanple 1 except for using the carbon

nanot.upeédTofseRef ere?r?ééelExam)ﬂ’reecéPlf&ﬁelo Cogpatipatizegyl Coating |

wei ght | porti on “GbEi n@ﬁscakﬂb(ﬂﬁ aﬁ%‘fﬁﬁ’ﬁe‘%lb:ﬁ%s coverage
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Ex&0E 3 | BgRERONE At a ngentrifugaly, ggcelrgratiogiogate. [of 29 9
Exdpl00)| RES.Zx. a5 preci pefate Wwas owobial ngd at @.002 parjt 24.5
Exdmploeh gRe¢L.EXhes anountiMbf t he wholdog  arlomat i0c092 26.0
-E&ﬂwﬂﬁa Aef d6at® ng t h8MRar bon nafotdébes lwas 21994 wt % 24.5
| Exanpd 8 i Ref 4Fx. t2Chd | o di%Pérentlial s&28ni ng 21.1
Exa ;[% E :{é’fﬁjax E7v mfgrbc 'Fﬁ?;d Ealanal npl\r\arh rep \ADQ'OQ 244
Exdﬂ% RefEx. . 10 “wMp "% Vo o001 T 07085, 31.1
Exafnb’]!é“ﬂe R &2, '8' Exaf g 2—e "CP‘O o ™Y ”°'0'5QJ9“'° 19.8
Exaﬁ@l’@@m ReMNeKUDES s @i tu E&%&@@zef@UP' € 1, and lplge 19.3
ExafpSPer FHe@nEx.N 10| sullfudid Gecadl d Sal.Gent was evalogat ed jin 22.3.
Exapfie 1SMwE . pannel as Bxanple|7. EBxanpl e j9 Thev.9ane 33.4
7

Exampigcdfifed - Bas 1éhnduct®® as in FRABI e 3 excdph®s for 27.

usi ng the carbon nanot ubes of Ref er ence Exarrpl e 7.
Exanpl e 10 The sanme procedure was conducted as in
- Exanpl e 4 except for using the carbon nanotubes of
EX&R@fl@r drifce. Exanpl e 8. Exanple 11 The same procedure

| t h U h
car o%}géﬁ%ﬁ‘u e? 091[6)9% erenglw%égﬂ&l Off %he %a%&l iiﬁnombes
coatiesl s ptrf@c@dmléwagog@mducp@dmud@ Eﬂoaraplnedhn Example

1 t%x%%%tparts by weight of NMP (N-methyl-2-pyrrclidone), the
,‘mixture'was subjected to 28 kHz ultrasonic treatment for 1
hour. _The NMP solution was added to 1500 parts by weight of
an NMP dope of the polymer obtained in Reference Example 12,
and the mixture was stirred at 90°C for 1 hour tb obtain a
uniform polymer dope. The polymer dope was kept at a dope
temperature of 80°C, and then extruded into a solidifying bath
‘at 56°C comprising a 30 wt$ aqueous NMP solution, using a cap
~with 5 holes with hole sizes of 0.3 mm. The distance between
the cap surface and the solidifying bath surface was 10 mm.
The spun filament was washed with water at 50°C and then dried
at 120°C to obtain a filament. The obtained filament was
st;etched.to a factor of 10 on a hot plate at 500°C to obtain
a stretched'filament The results of measurlng the physical =

property data are shown in Table 2.

Example 16
The same procédure was conducted as in Exahple_iS except

for using the carbon nanctubes of Example 3.
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for using the carbon nanotubes of Reference Exanple
10. Exanple 13 The sane procedure was conducted as in
~Exanpl e 3 except for using the carbon nanotubes of

Ref erence Exanple 10. Exanple 14 The sane procedure
was conducted-as in Exanple 3 except - for using the
carbon nanot ubes of Reference Exanple 11.. The results
for Exanples 1-14 are shown in Table 1. 48 Table 1

Ex&Mﬁlmsﬁﬂ Sol vent Precipitatioh Cbnpatibilized Coati ng

d Spars) an. attgat%g gyp %{bon (el SRR spersion of

.thd%éfbcﬁ(mm{cﬁ:lﬂ)égefokﬁ)alrfbcﬂz,rﬁ Rel?éeﬁjmice :'ExiaﬁlfplEX5 4t 200°C
29. 8 Exa le 4 Ref.Ex. 5 NW.0

0. 02 0. 09
fo%%@"@a’iﬁalﬂ“@%@hl@ Nite G068 (G092 260 dhsperdion,

0. 1@@@1& Qa;Reiel@ht @Wlﬁ%&%r@l@fbd&%nﬁne Exl@ﬂml 818 part
Ref . 6 sulfuric acid 0.02 08 21.1 Exanp

by R@l@@ % st 4 urqlcaﬂaléﬁOdil@h?Pﬁd s d’e@éﬁ%ﬁe@ 9the

'mlﬁ%ﬁré5%a§7éﬂ%;ed%edx¥§ @Ep%§h§lﬂ§nx§%ﬁﬂﬁJ%r%%tB%BtEét % C
NVP 0.01 0.0 Exanpl e 11 Ref . 9 sulfuric acid

fory P elodin L BheFd nES, R@qu%hem %tﬁ%ﬂa@taam weight

- of %&%pﬁut@%ﬁ%%e%ﬁcﬁggm'&% ]a%ld?%r\dpc@éj i o@'vgg%cg%ltgmggng the

a@écatm s off tEmugdd il i0. 0 nsrat ing wé dhiz gl tggsonic

tre Q}‘*tbesa Ce%a qdﬂ tfll a&lﬂ?"h%}é a4 %”Wa'sc conducted
Caaclroyam Eéacnobt ai ne R@x @)éparo
“at i Ghtt oot aqvmu(mum layld: 24 ;iylr5r @landore) wetilght mfxt:@d@lum -
n %&J\& %gj I ment for
ydhour ecstN %ﬁr}éﬁé\,\u’;ﬁgla&g%%&{ Ilefg%d' parts by
we i Tt aiftained polymer dope was added to 1500 parts by
weight of an NMP dope of the polymer thained in Reference
. Example 12, and the mixture was stirred at 90°C for 1 hour to
. obtain. a uniform polymer dope. The polymer dope was spun by

the same method as in Example 15 to obtain a filament.

Example 18 _ _
The same procedure was conducted as in Example 15 except
for using 4.680 parts by weight of the carbon nanotubes of

Example 7.

'Example 19

The same procedure was conducted as in Example 18 except
for using 4.680 parts by weight of the carbon nanotubes of
'.Example 3. |

,Example 20 _ i

After heating 300 parts by weight of an NMP dispersion of
the carbon nanotubee obtained in Reference Example 5 at 200°C
for 1 hour to thorougﬁly remove the water in the dispersion,

0.864 part by welght of para-phenylenediamine and 1.635 part
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~an NWP dope of the pol ymer obtained in Reference
Exanpl e 12, and the m xture was stirred at 90C for 1
hour to obtain a uniform polyner dope. The pol ymer
dope was kept .at a dope tenperature of 80C, and then
extruded into a solidifying bath at 56C conprising a

ouS S 5 es
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readr {108 BOF 160 i MER TS Heonsi i 28 iz L} TaRp i
tre@tr@e@mw 0 TC, Tabf tee 2. wHEXaDE #halfl vihe a1t i ecedWdhducted

' V\@,s conduct ed -as- i n Exanpl e 15 except - for -using :the
at §ATG kP RIS S i 20 Bamy %m@qp fArGadctum

" hydPReatd g, 300 R Se by MRighi1 of s ap ANVRdicsper si on Of

t he carbon nanot ubes obtai ned in Reference Exanpl e

atT bt Figred. oMo A4 dtighlaideshove 1500 wardrs |bn/
weidtie & SHENSIPNop - J6§ Hardo ! é’F'cQJHa:LQl d in IFE{tefct)afrencvea

par a- phenyl ened| am ne and "0. 318 part wel g
Example Joﬁ,amnﬂ)uﬁttﬂ]mttmmefaw@mb@t t%e anmmrlehﬁaar to

: j ]E;ﬂ& I oni tgﬁgt

obt |ss%q%1®%o%1ﬁﬂoﬁ§3t afrit(%tors,' %éﬁgﬁ 3(?%%% absf Fpun by

the \gmghtmetdgfod exsepiht Hdampe ldi dtﬂ drad debeds adcfedamanctr to.
continuing the reaction for 60 mnutes while

conducting 28 kHz ultrasonic treatnent at 0OC, after
Examghlic 2K i nal | y, reacti on was conducted at 80C for 60

MUt n art by P cal CI ydr.qxi
vvairsh%a%}% g} 5°T ]d%rfealwlazsl r?goz}delg%tl o> Il ciL eq{cep t
for pcﬂlymertl ddjfe paas sadde v etightS GF pare s:ak:t)bomv@lagiﬂ:ttuhfesﬂmf_
_ Exa %1 qpe of the polymer obtained in. Reference
nB( €12, and the mixture was stirred at 90C for 1

hour to obtain a uniform polynmer dope. The pol yner
ExarfdR® 24BS Spun by

The same procedure was conducted as in Example 15 except
for using 4.680 parts by weight of the carbon nanqtubes of

Example 13.

Example 23 _ ) _

The same procedure was conducted as in Exémple 20 except
for‘using an NMP dispersion of the carbon nanotubes obtained"
1n Reference Example 1.

The results of measuring the physical property data for

Examples 15-23 are.shown in Table 2.
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the sane nethod as'in Exanple 15 to obtain a filanent.
Exanpl e 18 The sane procedure was conducted as in
Exanpl e 15 except for using 4.680 parts by wei ght of
" the carbon nanotubes of Exanple 7. Exanple 19 The
same procedure was conducted as in Exanple 18 except
for using 4.680 parts by égbggt of t he carbon

nanot ubes of Exanple 3. anpl € 20 After heating 300

parts by wei ghhturng‘ san NIVP Tebins pes SI cnOméntath@ncclr borkRaman
nanot ubes|obt gi ngd.in Refg ggt}%q: gfg%ten?tocc ﬁﬁﬁy/ng

1 hour to thoroughfy r enove Int
di spersion, 0.864 part by wei ght of

par a- phenytenediam ne gand 1 235 parit——50 by Wei ght .of
3,4 -di.am nodi p gnyl' her %6AF% ad ed,_the —mxtiure

EW@lguJo? ected t®628 kHz ul trakonic [treatnent at |0C 0.18

Eﬂﬂﬁﬂ@lﬁ@OlutI0n7 T Thelamn and [then 3. 245 pdrt bﬁ 21
wel ght of terephthalit—dichloride was—added pritor—to i

Examnte nbd ng the 79eactipn for2%0 m nutes whil e - 0.16

)

E@@p(ﬂucm ng 28 kkgz ultrpsoni g treat ment oagy_@C agfter
ot I 3 I CaCcTT O vwwvas uunuuul. ou. OUC 1T Ul GO
ah

—EM‘ I" 19” ! \yl roanpt il wna. .o nnel one £ A
AR d 0.593part by weidht of cal cPurd? hydrloxi de

- Emalslamd for neatraliging rgaction. The.eés ai ngd

R ey ngu_d)pc was —addedito—-1506 pd!tb by ght—7of—an
dope of -t he ,%ol ymer obt ed | Refgré\éﬁé rxanpl e

Exppplamt t he mi xtare was stiraed at [90C Dos34 hodr to

Ex@RpEL B H Jnlror%pmy § dopfg The 0| yg\zg 4 &0pe |Vas

spun by he sanme nethod as 1 n Exanp t o _aobtlain a

f|\| ament . Exanpl e 21 The sane pr’ocedure was conduct ed

as in Exanple 15 except for using 4.680 parts by

wei ght of the carbon nanotubes of Exanple 11. Exanple -
Exapple 24 .

After adding 9.360 parts by weight of VGCF carbon
nanotubes by Showa Denko Co., Ltd. to 300 parts by weight of
"NMP (N-methyl-2-pyrrolidone), a MINI ZETA {air) bead mill by

. Netzsch Inc. was used for 1 hour of treatment at 2500 rpm

‘using 0.8 mm-diameter zirconium beads, to obtain a carbon
nanotube dispersion. After then heating 300 parts by weight
of the NMP dispersion of carbon nanotubes obtained in this
manner at 200°C for 1 hour to thoroughly remove the water in
the-dispersidn, 1.728 part by weight of para-phenylenediamine
and 3.270 part by weight of 3,4'-diaminodiphenyl ether were
~added, the mixtufe was subjected to 28 kHz ultrasonic
treatment at 0°C for dissolution of the amines, and then 6.490
part by weight of terephthalic dichloride was added prior to
continuing the reaction for 60 minutes while conducting 28 kHz
ultrasonic treatment at 0°C, after which finally, reaction was
conducted at 80°C for 60 minutes and 1.18 part by Weiéht of
calcium hydroxide was added for neutralizing reaction.

The obtained polymer dope was added to 1500 parts by.
weight of an NMP dope of the polymer obtained_in Reference
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The sanme procedure was conducted as in Exanple 15
except- for using 4.680 parts by weight- of the carbon
nanot ubes of Exanple 13. Exanple 23 The sanme

~ procedure was conducted as in Exanple 20 except - for
usi ng an NWP dispersion of the carbon nanotubes

Exa tf%r¥§j %4$ % HS@%%rEX%ggl%t&arggePEe§HhESf8F 1.hour to
asuritg ysi¢al "propérty data ror  Exanples .
othin231anejkﬂhowmlwmefadbpez EbeTabteiﬁeMopngymer dope was

: ile Orientation Raman dul
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= addg&gﬁﬁ1360 parts bét VCCE carbon nanotubes
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dlﬂﬂ@%%ﬂ*dgyﬂgﬂaﬁé pbr@obEQQn%& w%1%h@|O%E{ﬁe(ﬁhﬂilagﬁﬁed

. Net zsch I'nc. “was used f hour of treatnent
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o |spér5| art
thepanxtmh&ﬂ%h@ﬂ@dmamedeto dlssolutlon for 30 minutes at 180°C

under a N, atmosphere. _

7 Reaction was then carried out for 1 hour at the same.
temperature while distilling off the phenol under reduced
pressure of 100 mmHg. The temperature was then raised to
200°C and the pressure reduced to 30 mmHg, and reaction was
.'cohtinued for 1 hour at the same temperature and pressure.
After then raising the reaction system to a temperature of
280°C and reducing the pressure to 0.5 mmHg (66.7 Pa), |
polymerization was carried out under those conditions for 0.3
‘hour to obtain a carbon nanotube-containing aromatic
polycarbonate. '

Next, 2000 parts by weight of dichloromethane was added
to 20 parts by weight of the aromatic polycarbonate to |
.dissolve the aromatic polycarbonate, and then the solution was
suction filtered with a 0.22 pm pore Teflon membrane filter
and washed to obtain aromatic polycarbonate-coated carbon
nanotubes. A 0.1 part by weight portion of the carbon
nanotubes obtained in this manner was dispersed in 100 parts
by weight of dichloromethane with ultrasonic waves, and after
 1 minute of centrifugation at a centrifugal acceleratioh rate
of 51,000'm/52, a precipitate was obtained at 0.03 part by
weight, while 0.07 part by.weight was confirmed to be
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and 3.270 part by wei ght of 3,4'-diam nodi phenyl ether
were added, the m xture was subjected to 28 kHz
ultrasonic . treatnent at 0OC for dissolution of the :
am nes, and then 6.490 part by weight of terephthalic
~dichloride was added prior to continuing the reaction
I k u c
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: Shd TFEasfSn “RAS ° T E6H
in h@@rs@@tbhewaanalb@ﬁpemaﬁubedandTpees£am€1ngAﬁhEer&héﬁ were

conlfAT 0 LR ERSh L9 B! ST B eEe UL 2. oL 380
‘stapal yiethzatreagtwas . carrled out under those conditions

for, 03 . our o obtain a garben nanotude caniaining ..,
_ reduced, and after 5 hours from the start of the reaction the
reaction was brought to a final attained temperature of 320°C
- and a wvacuum degree of 0.5 mmHg (66.7 Pa). Polymerization was
~carried out under those conditions for 0.3 hour to obtain 19
parts by welght of a carbon nanotube-containing arbmatic
polyester carbonate,

Next, 2000 parts by weight of a phenol/1,1,2,2-

tetrachloroethane mixed solvent (60/40.we1ght ratio) was.added
to 19 parts by weight of the aromatic polyester carbonate to

dissolve the aromatic polyester carbonate, and the solution

~ was suction filtered with a 0.22 pm pore Teflon membrane

filter and washed to obtain aromatic polyester carbonate-
coated carbon nanotubes. A 0.1 part by weight portion of the
carbon nanotubes obtained in this manner was dispersed in 1060

parts by weight of dichloromethane with ultrasonic waves, and’
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‘pol ycarbonate. Next, 2000 parts by wei ght of

.di chl oronet hane was added to 20 parts by wei ght of

the aronmdtic polycarbonate to dissolve the aromatic

pol ycar bonate, and then the solution was suction

filtered with a 0.22 pnpore Teflon menbrane filter

_ tai | year, a

R bt T B R e pration
ratardbrbl rwbmbaés ebpaianéplltatehwssnra]nhem&asat 0.04 part by

we%}}‘cﬂﬁervﬁe ' Y ]0060%:26}:@ %y AL %tglavtasogogllfﬁ %r oret %%ne

FASOni € VES,

‘comgﬂﬁxbﬁlmxﬁd(MnzﬂhaaduﬂnﬂdﬁdmyﬂhaaecelEh&tm@numat@f afromatic
51, 000 nis recipi.tat obt ai ned 0.03 p °
S LR ot o et e %8 Vo

be 53 conpatlblllzed in the d|ch|oronethane The
: aronatic_ polycarbonat e coated the carbon nanot ubes at
Exagple 4y Exanple 26 After placing 5.81 parts of

t erephthald Grfddhure %%Q%rdn%u&)éd\’\@sgﬁh @fxamEle 26 except
i sophthalic acid, 12.56 parts by

fovo.%?(ul%;ﬁd@éxmafetrﬁfmpw@da% CHi §§\§§§grtm)llcz@04§ parts
parg:%é tﬁ#g'v@l yHaf H phew rearkonatie, 912 4Qabtar@é Wel gltight of

. mil tiwal I'ed car bon nanot ubes obt ai ned in
2, %%ﬁkﬁkﬁnﬂydgaﬁﬁﬂh@nyl aﬁa@@nﬁodblﬁyh@@péhﬁ-pam@ éfL- 75 parts
by 4idiJIRt Qﬁ%ﬂ}Qa LQ atof 8a¢hah @%%ﬁﬂ% %romatlc

stlrrer an uumdistillation systemwth
po hietstegers darflest ca;hmmnmaygtu@@@ospﬁeﬂelmﬂgr@r@at@@lght

‘porgtlr'lgln [SAGHAr Ang. e%%?xo‘%‘&b So&b%'a&h%e‘ﬁi 2 n3Q0G2Rd r yas

nary pressure m nutes the tenperature
disgeyseal sed 06 2206 WWIM@lmwmnp£|dan@l@m@m@ahyne with

ul SR Wa"i‘r%% URQDy Gl i ﬂﬁnut%' Stel | e?ltt'r‘i'%u%fatﬁ'&%r‘%lt a

ane ténp erature the essure :
Cemmﬂiﬁugam wcced@aedloﬁhaasﬁamﬁ'@g ﬁﬁﬂemMan mepeec1p1tate was

oot GRS R ot Qohake LT or ity f sa0hved By 3hoULs ALLgh: yas

star t ere(nlo tmefmmer € wWas
conﬁumﬁh@rtbabsedcamﬂthb&lnmeﬁsdmethEedmchdpr@m@tahher 5The
ho rs fr Ehe start .of t %actlon t he
amoun of w y aromatic po yes er coating the carbon

nanotubes was 26.9 wt%.

Example 28

A dispersion of the 3 parts by ﬁeight of multiwalled
carbon nanotubes cbtained in Reference Example 6 treated for 1
._hour in 10 parts by weight of ethylene glycel using a
homogenizer was added to 40 parts by weight éf bishydroxyethyl
terephthalate, and then 0.014 part by ﬁeight_of antimeony
trioxide was added and reaction was conducted at 200°C. The
. temperature was raised to 270°C over a period of 30 minutes,
after which the system pressure was reduced from ordinary
pressure to 0.3 mmHg over a period of 2 hours, and finally
_reaction was conducted for 30 minutes at 270°C, 0.3 mmHg to
obtain carbon nanotube-containing polyethyiene terephthalate.

Next, 2000 parts by weight of a phenol/1,1,2,2-
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“obtﬁ%

reaction was brought to.a final attained tenperature
~of . 320C and a vacuum degree of 0.5 mmHg (66.7 Pa).

Pol yneri zation was carried out under those -conditions
for 0.3 hour to obtain 19 parts by weight of a carbon
nanot ube- Containing aromatic polyester carbonate.

| ted¥eXIh1 %u@k Q%n%f %O?%?? gﬁ%ht %a%lo was added

tetrachl oroet hane m xe solvent wei ght ra I 0)

‘to vids redued byt oveligshgarafs the weilglkt hofl enise tarephthelate to

dlé%ﬁ es#%{ gaﬂggngp%ene t%@%t%%l%%% a%%ﬁﬁth% solutlon was

sol'uti ol "was sucti

| sucfh:lctrerfedttﬂﬁdﬁ aili2Z Pm2go nen }Eefrleoﬁerf&mmr auaambrﬁnlet éniter to
and wa obt i n ar [ ster _c: r bonat e-
obti SRR i drhsak A6 L e 2R ohy CRSPRR PRBPErBRS

gf Ahei gﬁfaorbyﬁmgme@qum@hnﬁi n:;megI Maelbmnnemombes
I spersed in 100 parts by weight o | or onet-han

OLI%"%% QRS Wagn disRe PPQr o uPé‘ L& 0¥ Welght
of ridifagat,izomn ate B Lenidrickeaah caea &leer abilentr abe/ab

000 nmisz, a precipitate was obtained at 0.04 part 7

We%ﬂbt\ﬁﬁﬁﬁﬂ WMﬁhe?%?qﬂ§ﬁ%%Q'W@Ve®el@Hﬁ‘@é§eébnfﬂﬂﬁﬁaet8f
cerRe iGonRatid ldized ddh e @aahberenririanen Hecagust, 000

gf aromatic polyester carbonate coating the carbon
m/shanat 95§§1n@§a32. Bagt optainadpre 270FheashinkY pretelur e The
amolft GRigated RS drfd h%h%@a%)éc%%tatlfn%r W3l B rBofl

parts by wei ght of terephthalic acid parts by
nann@@l@ts oS gopl®t Walt.c acid, 11.42 parts by weight of

2, 2-bi s(4- hydroxyphenyl)propane (brsphenol A) and

21.75 parts by weight of diphenyl carbonate, to

Exagiptlsl @%hol |y aromati c pol yest er - coat ed car bon

nangt. l}esé1 % r3t06b a\gel ght e %gltti %g gf t he carbon
nanot es o ner S |snersed in
dlammnqamaa;dqmqkﬂthydﬂbomlohudeom@tBaﬁé wiatrly by weight of

r nd u f_centrifbugat i.an o
poldpHRARPE SRR, T R Ehes, Ml SR 4t et Bo 1poghig? soc
forpldcihputrat.e w&Rexobtmﬂn@@ ahie0 redcpaoh pyoweicghtto 60°C,

ile O 05 confirmed to.,b .
6 SgoRBEE B FEad A BRSPS BERkAE i re 0216613 part by
welght of terephthallc ac1d and 0. 23421 part by weight of the

multiwallied carbon nanotubes obtained in Reference Example 6

- were added, and the mixture was stirred at 100°C for 2 hours

and at 140°C for 18 hours. The resulting reaction product was
added to 100 parts by weight of water for reprecipitation.

The precipitate was washed three times with 100 parts by
welght of‘sulfuric acid, and then suction filtered with a 0.22
um pore Teflon membrane filter and.washed to isolate 0.21 part'
by weight of wholly aromatic- azole-coated carbon nanotubes. A
0.1 part by weight'portion ef the coated carbon nanotubes
obtained in this manner was dispersed in 100 parts by weight

of 98% sulfuric acid with ultrasonic waves, and after 1 minute

. of centrifugation at a centrifugal acceleration rate of 51,000
- m/s?, a precipitate was obtained at 0.02 part by weight, while

© 0.08 part by weight of the carbon nanotubes was confirmed to
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amount” of wholly aromatic pol yester coating the carbon
nanot ubes was 26.9 wt% Exanple 28 A dispersion of the
3 parts by weight of nultiwalled carbon nanotubes
-obtained in Reference Exanple 6 treated for 1 .hour in
10 parts by wei ght -of ethylene glycol using a

| ; nagfedst 0r40; partsaby meight itate-
be. CEﬁgEgggééggfﬁe ?ggepﬁtha 3te and then 0. %%%??Eﬁ% by

‘was wemghnedfbanthanﬁymettr@atm@nmasnaa@%dp@ﬁaﬁr%ﬁd@@%ﬁbt of.
“methi?%égg%g%gtegcﬁh 5905 %gh ar%eggeﬁéigﬁg “@ﬁli@'@a@9t§hrt

over~a perro nut ter which t
by wesyghenofr édsurerhas neduteueﬁrmaﬁocdnﬁarwedp?@s%@re to

' eri of 2-ho finally :
| ComPFEéEg?E%e§a§“ch u@?ggaP8Fuég i gggat 270C, 0.3
mIHg taﬁlou@ltt aifntaar bnnlmgnatuhatmonaaohe ngoating the
e yeth terephtha Next 0 ar ts i ght
carbgp Qaﬁﬁ pF1Wf32§ gg ge Ppggﬁgapgegﬂaﬁ e%@ QQ a
dirfeekvent( 6eL40:wei ght okakhkeprwas added to 20 parts by
wei ght of the polyethylene terephthalate to dissolve

t he pol yethyl ene terephthal ate, and the sol ution was

Comp%%%%h%@ %&ah &%dlmﬂth a 0.22 pmpore Teflon menbrane
ilter to tain eth | ene tereghthalate coat ed

Caﬁﬁ@ﬁ daserasass R- é pag rPYbye&EP hPLp6rEPBR BRRPRBOSS

r t BReso ebtai ned.i Ant hbd pBRREr bYAFeight of 98%
VGcggs%gngg%%%n 1OOOparts by MEIS PB ye

SulfpﬁéﬁoﬁpldluglEQtéﬂﬁééﬁpéﬁéeWHHﬁérnF%@dP§8F%@ﬁFaFGOPE5alned
by lmﬁhgﬁke %En%&ﬁ? gEEﬁéﬁoﬁkca“@¥%§rlﬁﬁga§fh@&eleratlon

m nut e o centri ation at a centrifuga
ratea@éeﬁén@@@onﬂﬁat@a©f05@8O@@rtn¢%zwe%9%?ecw%ﬁ¥%l% Wagpart by

welg?lk?_t "{.\‘Jat e% iR g:ﬁ{ b Aipi e g APUWHe dulfuric acid.

ene tere ate coating the carbon
nanotubes mas 25 8 W% Exanple 29 After adding
ight of 4,6- diam noresorcino
_Compgrﬁ%groch or| e ?ﬁ 37 part by wei-ght of '
paﬁyﬁmoﬁphgem61a@|@ 1t bermi Wyureiwhs ofi cpshoat napgtubes

(VGC%”H%y %%owa Denko Co., Ltd. in 100 parts by weight of_NMP
using ultrasonic waves, the precipitate obtained by 1 minute
of centrifugation at a centrifugal_acceleratidn rate of 51,000
m/s® was 0.085 part by weight, while 0.015 part by weight was

confirmed to be compatibilized in the NMP.

Comparatlve Example 3

The polymer dope obtained in Reference Example 12 was'
kept at a dope temperature of 80°C and then extruded 1nto a
solidifying bath at 56°C comprising a 30 wt% agueous NMP
ISOlution, using a cap having 5 holes withlhole sizes ofo.B mm.
The distance between the cap surface and the solidifying bath
surface was 10 mm. The spun filament_was washed with water at
50°C and then dried at 120°C, after which stretching was
carried out to a factor of 10 on a hot plate at 500°C to

obtain a stretched filament. The Young's modulus was 6O GPa,
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for 24 hours. After cooling the reaetion product to
60C, = 6.82 part by wei ght of phosphorus pentaoxide,

. 0.16613 part by weight of terephthalic'acid and

and

0.23421 part by weight of the multiwalled carbon
nanotubes obt ai ned |n Reference Exanpl e 6 were added,

the m.xture was OC for 2 hours  .and

156636&F gr 8 e reg%(%gng reaction product

.'mas added to 100 parts by weight of water for:

reprecipitation. The precipitate was washed three
times with 100 parts by weight of sulfuric acid, and
then suction filtered with a 0.22 pn1pore Tef | on
menbrane. filter ‘and washed to isolate 0.21 part by

wei ght of. wholly aromatic azol e-coated car bon :
nanot ubes. A 0.1 part by melght portion of the coat ed
car bon--nanot ubes- obt-ai-ned i -t hi-s manner was- di-sper sed-
in 100 parts by weight of 98%sulfuric acid with

ul trasonic waves, and after- 1 m nute of’
centrifugation at a centrifugal acceleration rate of

- 51,000 nfs2, a precipitate was obtained at 0.02 part

by weight, while 0.08 part by weight of the carbon

nanot.ubes was confirmed to 56 be conpatibilized in the
sulfuric acid. Also, a precipitate was obtained by
the same treatnent .in 100 parts by wei ght  of

met hanesul fonic acid at 0.01 part by weight, while
0.09 part by weight of the carbon nanotubes was
confirmed to be conpatibilized in-the nethanesul fonic
acid. The anount of the wholly aromatic azol e coating
the carbon nanotubes was 8.39 wt % according to
measurenent by a differential scanning calorineter.
Conparative Exanple 1 After dispersing 0.1 part by

wei ght of carbon nanotubes (VGCF) by Showa Denko Co.,
Ltd. in 100 parts by weight of 98% sulfuric acid
using ultrasoni c waves, the precipitate obtained by 1
m nut e of centrffugation at a centrifugal acceleration
rate of 51,000 m's2 was 0.08 part by weight, while
0.02 part by weight was confirnmed to be :

conmpatibilized in the sulfuric acid.
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Conparati ve Exanple 2 After dispersing 0.1 part by

wei ght of carbon nanotubes (VGCF) by Showa Denko Co.,
Ltd. in 100 parts by weight of NWMP using ultrasonic
waves, the precipitate obtained by 1 mnute of
centrifugation at a centrifugal acceleration rate of
51,000 ms2 was 0.085 part by weight, while 0.015
part by weight was confirned to be conpatibilized in
the NMP. Conparative ExanptBABMShe pol yner dope

obtai ned in Reference Exanple 12 was kept at a dope
~tenperature of 80C and then extruded into a-

soll didas g haddpd RGOy icHated W@ WM00aqueIUparts by

| we@%@% solutlon using a cap having 5 holes with hole

STofaty keadfh Ond e 1 &F WEtiGe FARETSRS 190 Padymer
seEHE%é&“fﬁBM'ﬁhé)qgﬁhﬂxﬂdhsf%ﬂfﬁﬁ“%ﬂM%hdMly“QrdFEQJ§PUn

[ anent was was water at 50C and 't hen dried

o f
Polgtemigdys . Sl wwii iEnastie tRAHiI MRS vds - ediomadd oo lvg sk er

cadffldle Of LR @& Wiy aa}kﬁ)r?étegéoogetrrﬁ— l%to?dar?:l%egolyesters

stretched filanment.” The Young's rodul us was
an%w@@dﬁmg@@mﬂq@@ﬂﬁﬂmmnMB§%®%ﬁuhv1%BmmN%@y

ntCat gyﬁﬁ Loated with 0.01-100 parts
:weﬁ? ed, Laf £

wel ght of east one type of aromatic
corderizattiesh qﬁﬂk;qmmarsmLzécﬁ%@dqom@lm}etgx @lpim 1, wherein
Y/ | ya

ne SRR A B A B Xe sy et ae |
pOLmamnﬂa(ﬁqmpqmﬁmﬂgngﬂnaps sehithar ddtliowripgl Yesterlss dAd and
(B )wholly aromat.i c azoles, wth respect to 100 parts by

“Wwei ght of the carbon nanot ubes. 2. Coated carbon
nanot ubes accordlﬁgﬂP@x&+nﬂﬁ11 mhere|A) the aromatic
‘condensati on poly _Lsza whol |y ar ong pol yam de
conpri si ng groupsn§F #ﬁ ?§h|OMAng fo Ias (A) and
wherB)Yin N AnhdNBr? (8ch independently represent a C6-20

divalent arcmatic group,

and satisfying the following inequality (1}:
0.8 < a/b < 4/3 (1)

wherein a is the number of moles of the aromatic diamine

,repeating unit represented by formula (A) and b is the number

of moles of the aromatic dicarboxylic acid repeating unit

represented by formula (B).

3. Coated carbon nanotubes according to claim 2, wherein

_the wholly aromatic polyamide is one wherein Ar' is

-

and/or
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OC-Ar2-CO (B) wherein Arl and Are each |ndependently
. represent a C6-20 dival ent aromatic group, and _
satisfying the followi ng inequality (1): 0.8 S alb -
4/ 3 (1) wherein a is the nunber of noles of the
~aromatic. diamne repeating.unit represented by
formula (A) and b is the nunber of noles of the
_aronatlc dlcarbo ylic acid repeating unit represented
Coat ed carbon nanot ubes accordi ng
gin the wholly aromatic polyamde is
R s and/or 59 and Ar2 is 4. Coated-
‘car bon nanot ubes according to claim2, wherein -the
mholly aronatic polyanide is a copolymer wherein Arl
andisr? and and Are is and the copolynmerization ratio is
1:0.8 to 1:1.2. 5. Coated carbon nanot-ubes accordi ng.
to-claimi, wherein the aromati-c condensation polyner-
s=o(0e from anong wholly aromatic. polyesters,
2 pol yester carbonates and aromatic
-‘-oo ¢ar bonat es conprising one of the follow ng
structurdl units (C) and/or (D): 60 0 0 11 3 11 2
-GCA -CO0-R-8l--R-0- () 0 GCGO-R_F1 R2-0- (D

[wherein Ar3 represents an option substij tut

o S B et BT JUBI HE 2 eF FOPEHCAS [ r et Ty vherein
the Ofid DIl & Yomstbsthd 14 6k heny | £neogs Diper aftteélin Ar' i

represents a, group selected =

and

s

and Arz_is

-

and the copoljmerization ratio is 1:0;8 to 1:1.2.

r

5. Coated carbon nanotubes according to claim‘l, wherein
-the aromatic condensation polymer'is.one from among wholly
aromatic polyesters, aromatic polyester carbonates and
aromatic pelycarbonates comprising‘one of the following

structural units (C) and/or (D):

‘60



~fromanong the follow ng groups (E): la \\C R RB or
(E) (wherein R3-R8 each independently represent at .
| east one group sel ected from anong- hydrogen,
hal ogens, C1-6 al kyl groups, C5 or C6 cycloal kyl -
groups, ©6-12 aryl groups and C6-12 aral kyl  groups,
nd q represents an integer of 4-10)]. 6. Coated:
rbon n%otubes accordl ng to claim1l, wherein the
romatl C ondensat ol yger is a seni-aromatic _
eC—e@PﬁrﬁR ge or@-cdi car bogyl i ¢ acid
corrponent and an aliphatic diol conmponent. 7. Coated
car bon nanotubes according to claim1, wherein the
aromatic condensation polyner is a wholly aromatic
ole conformng to the followi ng formula (F) and/or
G: 61\ / NY2 Y3 (F). NN\ /YA Y2 N (G (wherein
-a' ependently sel ected fromthe
ﬁlst ng?:g12 83 S and NH, Ar4%9epresents a
CG 20 tetraval ent aromatic group, and Ar5 represents
a C6-20 divalent aromatic group). 8. A process for
[wheReadU gt Oﬁepf:e§@@tts€dar€ appohomahby umsstnmtmcuu Qo i)
: claim 2, wherei n(i\ 4 east one type of aroma n%ll
aromgitafi A& OFpr Bs et oRbfafcg}rﬁﬂ B 5%) N e east
subs@Ae uk¥ee ph% aeaEaGi-6ugi, Canhboxy| repacsentd o yc_ifrcesﬂ: eselected
' represent ed ﬁépfor mul a bel ow or the aromatic

fromgpagrgokiei &0 Hlagasﬁp&’ﬁal (Bdé represented by -
formula (K) beI ow. NH2-Ar1-NH2 (H) Ro- 02C Are- C02- R10

J)

—_—— Hz
R* " or o
(Cya
4\

(E)

-(whefein R*-R® each independently represent at least one group
selected.from among hydrogen, halogens, C1-6 alkyl groups, C5
‘or C6 cycloalkyl groups, C6-12 aryl groups and C6-12 aralkyl
 groups, and ¢ represents an integer of 4-10) 1. |

6. Coated carbon nanotubes accordlng to clalm 1, wherein
the aromatic condensation polymer is a semi-aromatic polyester
comprising an aromatic dicarboxylic acid cqmponent and an
~aliphatic diol component. ' '

7. Coated_carbon'nanotubes according tohclaim 1, wherein
the aromatic condensation polymer is a wholly aromatic azole

" conforming to the following formula (F) and/or (G):
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X10C- Are- COX2 (K) (wherein R9 and R10 each

i ndependent |y represent a C6-20 aromatic group, Arl
and Are each independently represent a C6- 20 dival ent
aromatic group, and X1 and X2 represent hal ogens) = are
charged in proportions sinultaneously satisfying the
fO||OMA |nequaI|ty (2): 0.8 <.c/d < 4/3 (2) (mhereln
cist nunber nol es of the aromatic di am ne
repre ,f%r a (H, and dis t he nunmber of

: of omat i acid diaryl ester
- represent e fornpdla (J) or the aromatic

di carb ﬁM{? aci lacyl halide represented by ‘
formula'(K)), 62 dnd then the carbon nanot Ubds (N) are
-added for reaction in a. proportion satisfying the
following inequality (3): 0.001 <_ (n)/(x) < 100 (3)

- (wherein(x) repreggnts the total parts by wei ght - of

t he r co nts conprising the aromatic - '
' (ﬁﬁ\ hgpoar tic digarboxylic acid diaryl

(J) ad&A e ar i ylic acid diacyl

(K)/'and epresents the parts by weight of
't he car nanotu s (N)), after which the resulting
reaction product is dissolved in an organ| sol vent
~or acidic solvent and the polyner-coated - carbon

nanot ubes are filtered and isol ated. 9. roc for
Wffﬁ%lum%oﬁnef YEo%%%oe%%l?bb‘ﬁ AeRERAbESY a@&%‘r ‘ﬁgﬁf%“ the

gr&lRidBrs i WBIELIJY @, |easiq ang wlereprasensti g C6 20
di am ne represented by forml'a H) below and_at |ea

Lot Al BRGSO W c bR | ESREFESBFAr 31 Cesehy divalent
ardipRriesept )by fornula (J) below or the aromatic

di carboxyli'c acid diacyl halide represented by

f orfrulfa HHQCHsel. W MRINCL i QEHICoARgIoge e, cep Rty es

acéo@dn?&l% @’l%lgp)ﬁz WRerein at least one type of aromatic

diamine represented by formula (H) below and at least one type'

hal i d

\/

of aromatlc dicarboxylic acid diaryl ester represented by
formula (J) below or the aromatic dlcarboxyllc acid diacyl

halide represented by formula (K) below:

NHp-Arl-NH, ‘ (H)
'R%-0,C-Ar®-CO-RY - (J)
X'0C-Ar?-cox? (K)

(wherein R® and R'® each independently represent a C6-20
aromatic group, Ar! and Ar? each independently represent a Co-
20 divalent aromatic group, and X' and ¥? rebresent halogens)
are charged in proportions simultanecusly satisfying the
following inequélity {(2): _

0.8 £ ¢/d £ 4/3 (2) |
(wherein ¢ is the number of moles of the aromatic diamine
represented by formula (H), and d is the number of moles of
"the aromatic dicarboxylic acid diaryl ester represented by
~formula (J) or the aromatic dicarboxylic acid diacyl halide

represented by formula (K)),
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(wherein RO and R10 each independently represent a
C6-20 aromatic group, Arl and Ar2 each independently
represent a C6--20 divalent aromatic group, and X1 and
X2 represent hal ogens) are charged for reaction in
pr oportions sinultaneously satisfying the follow ng

| | 2 1< ¢ the .
and R Y it s el ArehaE Y e r”efie@'ﬁt gg in a

pr@of@imleaﬂﬁﬁyaa@ tthd Sfdlmeammﬁaerneqfuamlt@s ): the
aromatic di carboxylic acid iaryl ester represent ed by
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(whedé e (feprasenat dHorda s 1y selghesicre tae
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&ﬁ’é‘@i@t@ﬁza(rwoﬁﬂtﬁi rbecdlcpydl Qflace%tterrea( Ahd RN aromatic

acidic , solution at are adde for reacti on

'dlcrarr}@mpwonpbratqm R |T§Md€g tHle foold dW)ng Sieqealtat rhe

Palg@f} ‘b %é{%]hﬁq—ef( M %ari)or}(%%rfoogt%;b{eh%e(man (x)

represents t arts I'ly aromatic
aftpyl yeinicle Wig rr%a*nlrrelrezn@acand:r( M adeprtedentdd ssfed ved in an

orgLLS BVBION: e L. b SROLURGS M. A e

resu ting reac iOn di'sSol

_ camcgamamﬁnibeartam ﬂdrtdarreds @lm:bnlsoaradtetdhe

pol - coat ed ar bon at ube are filter n
- i sol at ecPrOf(?S Afgro essC{q Cnc B SdusiET % fcagg’atneélamtubes
acaardiony rnanatlulbies 2,acwhmdamg ato 1@Iaa;|tmo519 \m@reelorf aromatic

dler:n“rgrro%s%fb%rnc B B Rt B M e v
of Ardnhas o hﬁc&&mﬁ}qefﬂd’llatd:l.@i’l dds iyl fe@sﬁ:mrﬂ &e@@)esem‘eel) by .

an aromnt i, c .di ol onent represent
B o Hg PP | RELR O eyl
halRKe Ffi_ép&re@eﬁtelaia\m; tﬂaﬁcn&ﬂrae d@f Ibréa!ltolenS as in formulas

NH,-Ar!-NH> (H)
- R®°-0,C-Ar?-co,-r (T}
XtoC-Ar?-cox?. (K)

(wherein R® and R' each independently represent a C6-20
aromatic group, Ar! and Ar? each 1ndependently represent a Cé-
20 dlvalent aromatic group, and X' and X° represent halogens)
are charged for reaction in proportions simultaneousiy
satisfying the following ineqnality (2y':

1 <c/ds 4/3 (2)!
(wherein c is fhe number of moles of the aromatic diamine
represented by formula (H), and d is the number of moles of
the aromatic diearboxylic acid diaryl ester represented by
formula (J) or the aromatic dicarboxylic acid diacyl halide

represented by formula (X)),

to synthesize a Wholly aromatic polyamide having more amine

ends than carboxylic acid derivative ends, after which carbon
nanctubes (N) obtainedrby surface treatment in an acidic

solution at pH 0.01-2 are added for reaction in a proportion
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(O and (D), and a diaryl car bonat e represent ed by
the followng formula (P): 0O Rte i OO Rat (2)
‘(wherein the two R71 groups nay be the sanme or .
different, and each is selected fromanong hydrogen,
: hal ogens, hydroxyl, carboxyl, ester groups and Cl-6
| OrQuyr : rjﬁ'%gji liar .ratios _'
Sat%élymntggr?glo%gs Oyllg{a\wﬁr@% ng tahlgt%).élél)de ng inequalities
(4) and (5): 00.60%/f @/08 (¥)100.9< gf)(e+f) < 1.1
' 5). 64 .(wherein e is.then r.of .nmal.e h
oondein T SRR S Sbere gy, R PRt e e od Y
aronad igs pafl vawel di olitdorganentenaisd agd 9nt) heepurisentsf the

nol.es of, the diaryl carbonate conponent), &hd then
| parttshéwc&fedﬁpqnﬁo%%esca(%o%@né’%&ggasf 3&)r)éacti onin a
-and RIHPOriHeOo - egAtli Sy ngddie doprodueg iisequialsidtlyed)i80&n
: < (n)/(m <- 100-(6) (wherein ( represents the 'd '
OTgaTHalS Pait KF Vit ightc oo lrrat ﬁ%%ﬁ@@ SonpBRentate
carddif I e ANt xl £ aRox¥lbigtaei.d conponent
(e), diol conponent (f) and diaryl carbonate (g), and
(MO0 - dpressnss e MW%P% ogf-ech&achpopanctubes

acedRPRES c1¥W 5 aflirdti G Bhenkese Wira i@Nacid
product is . dissolved in an _organic solvent and the
compalere reers@sEd tast Bonh then dtadBeyiage fopmpler dd)and
isolated. 11. A prpgress3iepoproductiqr,of coated
car bon nanotubes according to claim®6, wherein an
(whegregimatizc Hiasakbexybhie deifdnitomponeninakdranlal ilphagbeve)
' UMRARant Lhar i har .rati - :
an ag:laot%%asé‘iyl ngrbtqheco?r[m ow ng:%%r#ee%&a tie{g;b 7)t:h%0.fg)l-lgwel'n/gf'
formu al. @)(:7) ' h '

HO-R'-Y1-R?-0H (0)

(wherein R', R® and Y' have the same definitions as in formulas

(C) and (D)),
and a diaryl carbonate represented by the following formula

{(P):

O

o———JL——no | R | j"
Y
o,

(whefein the two R*! groups may be the same or different, and

each is selected from among hydrogen, halogens, hydroxyl,
carboxyl, ester groups and Cl-6 alkyl groupst}, '
. are charged in molar ratios simultaneously satisfying the
‘following inequalities (4) and (5): '
0 £ e/f £1.05 (4)
0.9 < g/(e+f) £ 1.1 (5)
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(wherein e' is the nunber of noles of the aromatic
di car boxyli.c acid conponent and f' is the nunber of
mol es of the diol conponent), and then the carbon

~ nanotubes (N) are added for reaction in a proportion
satisfying. the followng inequality (8): 0.001 <

wl{égél(rme 1510&}1% E%.F&%]}eroef '?no(lrQs o%prtq’%ergx%ﬂal%% g%larboxyllc

~part’s by wei nmonomer conponents i nclu
comnwl@rm,na& iics difoarbonydn o faciad escafpdrientdifcd) C@n@om@t and

nent (f and repres nts the art
o ford TR o A o s A S B gt )
and)kxﬂeemetdqer escthh@n rm*r@hm:tes S(M)i ss@ \E&hﬂem faanr r@la@arm@ in a
solvent, and t ner at ed carbon ot ubes are
Pr QY el S SORHTRRE S oK b Ceeet Boduct | on
of coated carbop. panot ubgs/ Iapcgrm(mg to(gjaim?7,
wherein at | east -one cqonpound sel ected fromthe

e e D e o L e TS IR

moﬂcﬁmxes;%ﬂ&ﬁ%&ytg heyd10]d 0 NG d rrorlas d Qi enbokiGe acid
NH2 NH2  Y2H Y3H Y3H N2 Xy 2H NH2 (R (wherein

COMPOTEY Y& ar éijé%acwqwme(rﬁ | prsklE@ed faedhorRée (g),
and)f P LN SN 9fe Qard AR N A dHRPILISINS ndnotubes

C6-20 tetravalent aromatic group, or (Q and (R) are
(N)optionally hydrochlorides) and thel r hydr ochl ori des,

af WA dreaste ones ARONRE 1G5 i Co?{)l s ng & ad Qilssolvesa)d in an

erivative represented by the formula (
organir] BOCHAr SrCh AR P (ISpepwr@adian Wh%@@@@@@@ﬁlsy are

fllrteeqrﬁeargos & B2 dival ent aromatic

| 11. A process for production of coated carbon nanotubes
according to claim 6, wherein an aromatic dicarboxylic acid
_ component and -an aliphatic diol component are charged in a
melar ratio satisfying the following inequality (7):

| 0.8 £ e'/f £ 1.2 (7)
:(wherein e' is the number of moles of the aromatic
dicarboxylic acid component and f' is the number of moles of
the diol component), '
and then the catbonlnanotubes (N)-ére added for reaction in a
proportion satisfying the following ineqguality (8):

0.001 £ (n)/(m) £ 100 (8)

(wherein {(m) represents the total parts by weight of the
monomer components . including the aromatic dicarboxylic acid
component (e} and the diol component {(f), and (n) represents
 the parts by weight of the carbon nanotubes (N)),
_aftér which the obtained reaction produdt is dissolved in an
organic solvent, and the polymer-coated carbon nanotubes are
filtered and separated.
| 12. A process for production of coated carbon nanotubes
aCcérding to claim 7, wherein at least one compound selected

from the group consisting of aromatic amine derivatives
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group, and R12 and R13 each independently represent .
hydrogen or ~a C6-20 aromatic group) are charged in a
nol ar ratio sinmultaneously satisfying the follow ng
inequality (9): 0.8 < (h+i) /j - 1.2 (9) (wherein his
t he nunber of noles of the aromatic amine derivative

la. i er of.
rgﬁﬁ%%s of qﬂéq%F%gggyéﬁgﬁgae éﬁfﬁ%tﬁve rep?gggnted by
‘fornula (R) above, and j is the nunber of noles of the

NHaronatN% di carboxylic acid derivative represented by
' ? rnu a 2(S) above), and then the carbon nanotubes (N)
dded for reaction in a proportion satlsfylng t he
I ng |nequaI|ty (10): 0.001 <- (n)/(m.- 100 (10)
'Y4{mhereYﬂ4(n) repregants the total parts by m5|ght of
' the 66 aromatic di ami ne derivative conponents (Q, (F@ N
and the aromatic dlcarboxyllc aci-d derivative oo
Hconponqqq (S), and (n). represents t he parts by wei ght
t carbon nanotubes (N)), after which the
re ting reaction product is dissolved in an organic’
t and the carbon nanotube conponent-is filtered
_ Yand i sifated. 13. (&Ryprocess for production of coated
car bon nanotubes according to any one of clains 8 to
12, characterized in that the carbon nanotubes used

(whaddre iebtyédi nad by §¢5féa&htiﬁﬁﬁ¢@ﬁweﬂﬁuyegbfg&ﬂﬂd:from the
solution of pH 0.01-2. 14. A procesg for production of

gro&%’atcé)dlséértﬁﬁ‘ﬁ ﬁefn@tfuﬁeémda@@ora&’ldné\rt or&RyeBFRtHfa C6-20

tetHadlaM®er® 0okt 1Chrdeker ingked g) nah@atR)tB%eWBEQﬁaﬁélly
are charged for reaction into a carbon nanotu

repared by di spersing the carbon nanot ubes
Ry SOSH S 617 5 d by di h b b

and %h%lrs%bW%%hhgbrE@E%'C%Edt%%aﬁ@%@% YSileNg ramRakl mil,
m_| hormogeni zer. 15. "A process for

‘dlcﬁﬁ$@ﬁ6ﬂﬁ§na@ﬂdb@&Fé@aéaﬁﬁoﬁe@éﬁéﬁﬁﬁéﬁ.bY the following
formula (8): .

 R¥-0,C-Ar°-C0,-R*  (8)

(wherein Ar® independently represents a C6-20 divalent aromatic
group, and R and R™ each independently represent hydrogen or
a C6-20 aromatic group)
are charged in a molar ratio simultaneously satisfying the
following inequality (9):

0.8 £ (h+i)/3 £ 1.2 (9}
{wherein h is the number of moles of the aromatic amine
derivative represented by formula (Q) above, 1 is the number
of moles of the aromatic amine derivative represented by
formula (R) above, and j is the number of moles.of the
aromatic dicarboxylic acid derivative represented by formula
(8) "above), |
- and then the carbon nanotubes (N) are added for reaction-in a
proportion satisfying the following inequality (10):
. _ 0.001 £ (n)/{m) = 1060 (10)
_(wherein (m) represents the total parts by weight of the
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according to any one of clains 8-to 12, characterized
in that the carbon nanotubes used have a nean
particle size of 0.01-5 Pm 16. A process for
producti on of coated carbon nanotubes according to
any one of clainms 8 to 12, characterized-in that the

n of ubes_used. have a nean di agnet of 0..3-200
aroﬁ?n{Pgﬁg%ﬁgar(g%ﬁ% con eonms]-oa(%r}ecﬂ‘r}E spo@?fe&r)c&%géti S on
aroganpe i @'iu@rﬂ%beypm tschy cfmighattjmlfe aioxﬂ;ﬁ?&intor(ﬁ)t,ymcbf(n)

. aronmat i c_condensat.i on pol ymer_sel ecte romthe_grou
repfGTRTST i HO of = ihoI 1) i (%5 1S ATy AgRsIapes (),
after oneicle tipol yesie shg afddmiich PYGRENEN CHRYMBERS . in an
aromati c ol ycar honates, sem -aromatic pol yesters and
OTIZPLF | §PhY t%rz:d @RI EELIh R GHPRO E FRAE By LfeifgHitered

and Of s¢Dat &g carbon nanotubes according to claim1. 18.

~An_aromati ¢ condensation pol yner conposition :
actdr dt iRIFIE TS a9 Prodifdricim athewmt@datdagbon nanotubes

acc&ﬁlﬂ?@sﬁ% ié}ﬂ/ cﬂ%l dercltéSﬁ.% g Gpaly ,t t}%a(i:%r Q}ized in that

nanotubes and the aronmatic condensation pol yner
the seawheny ranatheemtyded cire b tedmsskiky omrEz car ¢ neleginept in

arqpat i yam ising the followi ng fornulas
1A and&%iB :l‘?ﬂﬁﬁ}fﬁﬂﬁ%%' _OC-Are-CO (B)
(wWher i reirde sendf Ar e regiaiv i inde peh dersitleyl cepbesenznatubes
: i v t.ar t i-C..Qr.oup),, satisfying.the.
aceqliyih KU ol Y T H P e 3% PR i enat
the (wiremeinrs eies dheergauhiferr ofearmlies: dhttche amabetn aanctube
: I.am ne epeating unit represented by fornul A, .
i or B B s el SRS ke thebRere tubes n a
solwrgakhoxpyisd cdi d reepasimgsund a te@rlesentedperd mill or
homd<d- il a (B)). 19. A nolded article having carbon
anotubes oriented in the | engt hwi se direction or in

t N .plrame: cafe stsh & oo idedivardtiiosl @f coated carbon nanotubes
according to any one of claims 8 to 12, characterized in that
the carbon nanotubes used have a mean paﬁticle size of 0.01~5
pm. |
7 16. A process'for production of coated carbon nanotubes
according to any one of claims 8 to 12, characterized in that
the carbon nanotubes used have a mean diameter of 0.3-200 nm.
) 17. An aromatic condenéation polymer composition
' comprising 100 parts by weight of at least one type of
aromatic condensation polymer selected.from the grbup
‘consisting of wholly aromatic polyamides,.wholly aromatic
polyesters, aromatic polyester carbonates, aromatic

polycarbonates, semi-aromatic polygstérs and wholly aromatic

'~ azoles, and 0.01-100 parts by weight of coated carbon

nanotubes according to claim 1.

18. An aromatic condensation polymer composition
acpording to claim 17, wherein the aromatic condensation
polymer used to coatlthe carbon nanctubes and the aromatic

condensation polymer serving as the matrix of the composition
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characterized by -conprising a conposi.tion-consisting
of 100 parts by weight of at |east one type of
aromati ¢ condensation pol yner selected fromthe group
consi sting of wholly aromatic pol yam des, wholly
. aromatic polyesters, aronatic.polyester car bonat es, _
t| arbon 3t es m_-aronmati ¢ Ly nd
T AR Pt Eh g WW%%%aﬂﬁﬁf%ﬁ
fothlasaHEOnamanBubes coated with an aronatlc

condensati on poly ac ding to cl and by
havi ng an orienta?ﬁgn Eoéﬁ%|0|ent. Z# 0. 1 or greater
for the carbon nanotuggé—@$-detern1nedBfron1the
foll.owng fornula (11): 21(0 cost sin Od <cos2Ce=
(whexpedn &gy sndl &Hd gach) iy Sy $PEsE8en s “oné O

dlv@q@&&t%ﬁoﬁaglbagr@b&Jract|on measur enent and |
represents the 002 diffraction intensity of

andgeaptisteng2eheatpslaednar dnrersahaviynglear bon

nanot ubes oriented gn< Lhg kepgthwi se girection of the

mol ded article, characterized ~ 68 by conpr|5|ng a
Wh@éﬁﬂ@s@tH@nt@@n§p§bﬁﬁgoéfm@@@Sprt§hbyaﬁem@h@? dppmane

repe%@ﬁhgggﬁl YRE %s@ﬁ@gﬂtbgo%ggﬂﬁﬂﬁaﬁh? mﬁgPYHEES the number

sel ec rou nsisting o y aronmatic
of m@ﬂyanp¢e§hewhobmytapodapacbpgwyestep$d~aepﬁating unit.
repggggg%%grbga%ggﬁﬁ&gs zronatlc pol ycar bonat es,

m-aromati C po yeste and wholly aromatic azol es,

and °0. Blm@@deﬁaatslbyembaghhgotarbanedanatbbas oriented in
Ithenﬁggt% %%Sacgg&%bg o%oo%l@ﬂm (jlé]t t@%ﬂp qugrtlcle;

nano av& SR 6P eftat o 5 &tk Ieas
chagaeaEeuzedhhy eoﬁpra31ngpaesemped1byohheoﬁshbomnggof 100

parf g P i SR b aha T it BHE! EFPRNER PREP hagy condensation

;polpmbarséaéboedpEanm tReofgirenpedopatatliely 6 whelly aromatic

pOlXBPgéagg?§P8?g§e§%égg 92 Baigég erg? g?%m_t?ergiyesger

carbonates, aromatic polycarbonates, semi-aromatic polyesters
and wholly aromatic azoles, and 0.01-100 parts by weight of
‘carbon nanotubes coated with an aromatic ccndensation polymer
according to élaim 1, and by having an orientation coefficient
F of 0.1 or greater for the carbon nanotubes as determined

from the following formula (11):

[T 1)cos? gsingag
C<cos” ¢ >= ,2
[“1@rsingdg (44
F=3<cosz¢>—-1
>

(wherein ¢ represents the azimuth in X;ray diffraction

measurement and I represents the 002 diffraction inténsity cf

graphite). , '
20. A moided articie having carbon nanotubes oriented in

the lengthwise direction of the molded article, characterized
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I YY represents the G band intensity when the | aser

pol ari zation plane is oriented perpendicular to the

| engt hwi se direction or perpendicular to the plane of
the nol ded article, in the Raman spectrum fromthe
car bon nanotubes in polarized Raman spectroscopy).

;ﬁ:f@il?gﬁda %é 431taiccnordl Il sFt%_nC afm&i)% gér% t(]?y weight

een earo IC Ccon ensalon
- of colatladme: omdodrypmaﬁbtam:eeatartd dd”lﬁieﬁﬂs@lt&folnc polymer selected
condensat i On

ner, ser the matrix t he
G I, CIU ST 9P o o h A ALGs E SRS g
wh&l&yfaﬁdmmwiﬁzﬁdﬂyﬁﬁﬁﬁrd/ﬂaﬁﬁMéﬂﬁ@ polNd=AR- Nerbobhtes,
. erOE(a}'ri’( (wherein Arl and Ar2 each
ar‘?%@p‘é Gri/l) C&}ﬁft@s%ntseé“mrﬁla%cv@loémeS&leéﬁataln@ wholly :
ar&haiy) o ANk Satd-af yi o e fRl I ewiig Wenegvalist lﬁo(ajc')ed carbon
0:8 <- a/lb <- 4/3 (1) (wherein a is the nunber of -

| nangfie HRIREENSHY ©diidhile andegdattheg Ghiet carbon
| nar[&glk‘f‘éﬁﬁ{ﬁf‘e by, farimaf:a dtl( on bo%cﬁ B § %% RUAREN ,0f retater

-nmoles of the aromatic i c aci repeati ng uni
th%%&e@erﬁsedfekwfeff(ﬁfrﬁﬂ% yB)ohe Z’pll,@wrmlgd@@uarttlml d12)

acgording, 0 clai or 20, wherein the nol ded |
article ?s Efi bep?-llzgg 23. A nolded article according

(whey eiraila 1gemre 200t ahdrei G bame 1 ated @r tilere tre daser
‘pofdﬂﬂyat %n plane is oriented parallel to the lengthwise
direction or parallel to the plane of the molded article, and
Iyy'represents the G band intensity when the laser poierization
plane is oriented perpendieular to the lengthwise direction or
perpendicular-tq the plane of the molded article, in the Raman
spectrum from the carbon nanotubes in polarized Raman
spectroscopy) . ' ‘

21. A molded article according to claim 19 or 20, wherein
the aromatic condensation.polymer used to coat the carbon
_nanotubes and the aromatic condensation polymer serving as the
-matrix of the composition.are wholly aromatic pelyamides
comprising the following formulas (Ai and (B):
|  -NH-Ar'-NH- (A)

' -0C- Ar? -CO~ (B)

(wherein Ar! and Ar? each independently represent a C6-20
divalent aromatic group) ,

.and_satisfying the following inequality (1):
0.8 < a/b £ 4/3 (1)
(wherein a is the number of moles of the aromatie diamine
repeating unit represented by formula (A), and b is'the number
of moles of the aromatic dicarboxylic acid repeating unit
iepresented by formula (B}).
22. A molded article according to claim 19 or 20, wherein

the molded article is a fiber.
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23. A molded article accordlng o clalm 19 or 20 ‘wherein

the molded artlcle is a fllm
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