DESCRI PTI ON  CARBON NANOTUBES COATED W TH AROVATI C

CONDENSATI ON POLYMER Techni cal Field The present

i nvention relates to carbon nanotubes coated wth an

aromati ¢ condensation polynmer, to a process for their

production, to a conposition conprising themand to a

nol ded product thereof.,.. nd Art Carbon

nanot ubes have a struc@%%gﬁﬁﬁgﬁggxcellent strength

and el asticity, and are expected to provide
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carbon nanotubes are insoluble in resins and

solvents, it is difficult to achieve their adequate
Techpiepdr EL8hdin resins and solvents. ' Research is
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I ntroduction o carboxylic acid groups into carbon
produghothbesclising nitric acid or sulfuric acid. The

article in Science 282, 95(1998) presents a nethod of

-cutting carbon nanotubes by acid treatnent for
BackgnovwoduBrton of carboxylic acid, followed by
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functional groups into carbon nanotubes, and thus iﬁproving‘

their dispersibility in solvents. For éxample, an article-in

Science 280, 1253(1998).reports on the introduction of

carboxylic acid groups into carbon nanotubes using nitric acid
or sulfuric acid. : :
"~ The article in Science 282,.95(1998) presents a method of "’

cutting carbon nanotubes by acid treatment for introdﬁction of

'carboxylic'acid, followed by acylhalide‘convérsion of the 

‘ carboxyiic acid with thiohyl chloride to obtain an acyl halide

which is then reacted with an amine to obtain an amide
derivative. However, this method has adverse environmental

consequences since it uses a halide such as thionyl chioride

for the reaction, while the high reactivity of the obtained

acyl halide also renders its unstable, making its isolated
production difficult. | | "_
An example of attempting to micronize carbon fibers is

reported in Science 280, .1253(199%8), wherein heat or .
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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

treatnment, the carbon nanotubes aggregate during

separation treatnment such as filtration and therefore
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polycarbonates. ‘ : '

. Disclosure of the Invention

| In a first aspect, there is provided coated carbon nanotubes coated with 0.01 — 100 parts by
- weight of at léast one type of aromatic condensation polymer
‘selected'from the group consisting of wholly aromatic
‘polyamides, wholiy aromatic polyesters, aromatic polyester
carbonaﬁes, aromatic polycarbonates, semi-aromatic polyesters
_and wholly aromatic azoles, with respect to 100 partsAby

'VWeight of the carbon nanctubes.




of aromatic dicarboxylic acid diaryl ester represented
by fornmula (J) below or the aromatic dicarboxylic
acid diacyl halide represented by fornula (K) belomr
NH2- Art-NH2 (H) R9-02C- Are-C02-R10 ( J)

X10C- Are-COX2 (K) (wherein RO and Rl) each

i ndependently 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

f ol | bwva sagpnd ngpeetahert is pf@jded Q.pBocessdbreprodactibh df (ad)ed carbon

ndndhBEsk Beffnell Boolvh) QvhBMIE fea® bnd Wit aRinalide aromatic
di am ne represented by formula (H), and d is the
dippiner represksaseds byt He rawdemt(H) dmﬂambmmﬁ m& deiadt one type

d t ted b
o e £ TP BB RS ety B e Serrecates by

omati c dicar
fOblyular ) abekpy, oantihehemrokbe icakdhioa hargllukescil) ddeeyl

d { t tisf th
na PR e L= LRRERAP Ry, Podm B RRE bR 0 L1 oy
.(mhere|n (x) repreBeHs-tHe total parfg)by wei ght of

the nononmer conpo t ogpr|5|qg the aromatic
di amine (H), the ‘f‘g%%ét%i? draartboxyl i €9hci d diaryl

ester (J) and the;dmmﬁmhﬂccoﬁFcarboxyl(@)a0|d di acyl

hal i.de nq represents the parts by weight of
(Whete i F, t u%%%h (Nyyerandent i E‘ﬁP{fﬁ%e?ESQI 8671@0

ardMﬁﬁﬂd‘ﬁtdﬂﬁ¥“£¥1'dhdﬂ@&gobﬁéﬁ hﬂd@@en@%ﬂ%ﬁ&crégkegght a Cé6-
or. acidic solvent and the polyner- coated .Car bon
20 JEAyctesds FHEFEIG FRWRINPRS of attenl X*2zepregenii halogens)

area%:B%‘i‘ged her %ﬂcﬁaﬂﬂ"dﬁ@%ﬂn@%@&g& Qé@g\%f#i&ﬁ

coate car bon nanot ubes
follgydmdod@eadped idfy ak@mati c di ani ne represented by

formula (H) bel owoa%d@ /IdeQSt e typ&)

(whereln c is the number of moles of the aromatlc diamine
represented by formula (H), and d is the number of moles of
7the aromatic dicarboxylic acid diaryl ester represented by
formula (J) or the aromatic dicarboxylic acid dlacyl halide
represented by formula (K)},
and then the carbon nanotubes (N) are added for reaction in a
proportion satisfying the following inequality (3):

0.001 £ (n)/(x) € 100 (3)
. (whereln (x) represents the total parts by weight of the
moncomer components comprlslng the aromatic diamine (H), the
aromatic dicarboxylic acid diaryl ester (J) and the aromatic
dicarboxylic acid diacyl halide (K), and {(n) represents the
parts by weight of the carbon nanotubes (N)),
—after which the resulting'reactien prdduct is dissolved in an
organic solvent or acidic solvent and the polymer-coated

'carbon nanotubes are filtered and isolated.
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of aromatic dicarboxylic acid diaryl ester represented

by fornmula (J) below or the aromatic dicarboxylic

acid diacyl halide represented by fornula (K) bel ow

NH2- Ar' -NH2 (H) R9-02C- Are-(C02-R10 (J) X OC- Are- COX2

(K) (wherein R9 and R10 each-independently represent

a C6-20 aromatic group, Arl and Are each independently

represent a C6- 20 divalent aromatic group, and X and

X2 represent halogens) are charged for reaction in

proportions sinultaneously satisfying the follow ng

[ ;}gqum d thiyd géct ‘therdlis ﬁz;oﬁﬂdéd §proée(s§fof ?rbducﬁWcSétéH cis
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d for a ( r the aromatic

geca?%lo%ﬁ%l gﬁaé&r&)o acy c) djea yelpr esntgn er(f’%resented by

foammlika (0K) e lowr s:;mtthmmzrmnmwﬂmldmammlmoigmm dleacyl

nore _am.n t han cayboxylic acid
hagrlfj\?atrﬁegesgﬁl&?% ng’t %fo ai @{1 g’ O%fanot ubes (N)
obt ai ned. by surfaceNHEeBth&nb in an acidig solution

at pH 0.01-2 are ad ed for e ofy i N roportion
satisfying the foll ﬁﬁéqﬁ&FI%y (3)%J8 001 S

(n)/(x) < 100 (3) (xwmmﬁnf¥4bdm2represenug)the parts by
@l ly ~aromatic polyam de with am ne

ht of, the why
“éﬁagelﬁn‘a @hd r%prségﬁt %nfiﬁé’enESPF Yoy ShESRRn o2 (420
afahenc NngrotpPesri Mad Arantddihehddhdasut iy NBepresent a C6-

reaction product is dissolved in,an organic solvent
2Qr Ry IeRT SRFUBAE LGnETPHE paRfindr -2t ¥d TIRFPBPRt halogens)

af@nahMhesq af o f Ebheeednand b%@bake%n%bs&&uqtfa@wddg fy

aspect,"there is_ provided a process for production o
S%%ﬁﬁﬁ%ﬂ“ﬁxﬁ&%nf%h evipgsinsquelined (2bdve, wherein an

aromatic dlcarboxyllclaglg/d < 473 (2)°

(wherein c is fhe number of moles of the aromatic diamine.
representedrby formula (H), and d is the humber of méles of
the aromatic diéarbpxylié écid diaryl ester represented by
formula (J) or the afomatic dicarboxylic acid diacyl halide

represented by formula (K)),

to synthesize a wholly aromatic polyamide having more amine

ends than carboxylicracid derivative. ends, after which carbon

nanotubes (N) obtained by surface treatment in an acidic

solution at pH 0.01-2 are added for reaction in a proportion

satisfying the following inequality ({3):

. 0.001 < (n)/(x) £ 100 (3)
(wherein (x) represents the parts by weight of the wholly
aromatic polyamide with amine ends, and. (n) represents the
parts by welght of the carbon nanotubes (N)),
and then the resulting reaction product is dissolved in an.
organic solvent or acidic solvenf and the polymer-coated

carbon nanotubes are filtered and isolated.
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conponent represented by the following formula (L):
HOOC- Ara- COOH (L) (wherein Ar 3 has the sane
definition as in fornmula (C) above), an aromatic diol
conponent represented by the following forrmula (0):
HO R1- Y1-RZ-OH (0) (wherein Rl, R2 and Y' have the
sane definitions as in-fornmulas .(C and (D)), and a
di aryl carbonate represented by the follow ng fornula

(P) * 10 folfliasfecd lhﬁ@ISRSI‘I)Vldﬁld alprocedsidr prédbRmet Ebatehe two
Egﬂ?l as%ﬂneﬁ%bgvc wh %rlrr?anoarrorﬁl fc]c %al%n){ li Q each is
ectggg$ atic d ylig

rom anong hydrogen, ogens,” hydr oxyl ,
CREBR ROy regresegtedpbyaﬁHeCkoﬁlabkmb GoRHAs:, (Bfe
charged in nolar r taneously satlsfylng t he
fol | owi ng i nequal i tal%deésjéi%% 0 5B f S 1.05 (4)
(wigeige 19 Apt éeefs) the shmk (c@ferﬁtlorl las-aad Tedtduild | &) above},

( t he nunber of "aTidcS of the aronatic
a“ acré*r“Loxa?s.‘ﬁo fPIRIETE TSPTRESREABERY ofhaofebleving

fQﬂmyLa dKnconponent and g is the nunber of noles of
-~ the diaryl carbonag& cQn pnep%gt and then the carbon
nanot ubes (N) are tion i@ proportion

(Whate&hleﬁg Rﬁ%ﬁcDWIO\MaR& IRIURIH Ve 220 %sﬁ nd (f% formulas
S

- (wherein (m represents the tota part
'(C%e %t(&sgfhe nmononer conponents including the

andr am%liaﬁydl earbexykic ré?ir@se?ﬁ'&o@@nR:)h%e)folq'owlng formula
(P):

conponent (f) and diaryl carbonat

Sl

(P)

(whefein the two R groups may be the same or different, and
_ each is -selected from among hydrogen,'halOgens, hydroxyl,
‘carboxyl, ester groups and C1-6 alkyl groups),
. are charged in molar ratios simultanecusly satlsfylng the
following 1nequa11t1es (4) and (5):
< e/f £-1.05 (4)
~o.9-£‘g/(e+f) < 1.1 (5)
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and (n) represents the parts by weight of the carbon

nanotubes (N)), after which the resulting reaction

product is dissolved in an organic solvent and the

pol yner - coat ed carbon nanotubes are filtered and

isolated. In a fifth aspect, there is provided a

process for production of coated carbon nanotubes as
{wiefieried caliov & haMrerdiar arf avcolret ief d:t‘t@r@cﬁé%““ C gEjeprboxylic

nt aI| C C
CO%%%%%%I g?q?saﬁ}lo da Llylonfg n?(%w %)r%ovvl ng i neaél}g‘?l ty nt and
g (3) the Biumbes /df mo<1e:|s 2f the disherkicrsbonatd mponent),

nunber of moles of the aronat dlcar Xyl
g TR Rt ot RERHTERIED G Bt f dtgon in 2
pr@)g)gﬁigﬂ?m )s,atamf_ymeﬁ thke f@aarlbﬂnmﬁnmw&slf:(ﬁ\ﬂ) ar ﬁ
added for reacti tiop. satisfyjing the
fol |l owi ng i nequa 1Q@P(§)(£b?56£ 4 ?%?/(n) 180 (8)
(wheheral Mm)i Peprepeesentthe e tat Jaay tisy lmemtghif afhe
. the nononmer conpagnents |nclud|ng t he ar(g? %) d
MOFPEEEh FRYPCE RS 1RE I REN tt e PLaR tite rboxylic aci

coﬁ?@ﬁ@ﬁ%m( eff) aiand cbﬁbo&l%m;eqqr)t Sind RE 91 Tapomitght(g) ,
the carbon nanot ubes N) after which the

- angpt(@i nEBPTEEsaLSokhEr BAIEE PY Hedgditved itheasarbogamagotubes

(N ? ol vent, and the polyner-coated carbon nanotubesare
i (tered and separated- 2d In a sixth aspect, there is
afpesviviéghatperosesyltdngpreageironpPsPdecst d§ ddaswdived in an
orgéﬂggu98§v@ tdghgn? npgggmewhﬁﬁﬁkgdakéf§3ﬁ ndhStubes are
onpound se ecte t group consi sting of
fikdtenedi andnineldéedvatives ne derivati represented
by the followng formulas (Q and (R): NH2 NH2 3 2x

In a fifth aspect, there is provided a process for production of coated
carbon nanotubes as defined above, wherein an aromatic dicarboxylic acid

 -component and an aliphatic diol component are charged in a

molar ratio satisfying the following ineguality (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 carbon‘nanotubes (N)-are added for reaction in a

proportion satisfying the following inequality (8):
0.001 £ (n)/{m) £ 100  (8)
~(wherein (m) represents the totél-parts by weight of the

" monomer components including the aromatic dicarboxylic acid

component (e) and'the diol component (f), and (n) represénts ‘

' the parts by welght of the carbon nanotubes (N)),

after whlch the obtalned reactlon product is dissolved in an

" organic solvent, and the polymer-coated carbon nanotubes’ are i

filtered and separated.
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YHYH(Q NH Y3H 2 XY HNH (R) (wherein Y2 and
Y3 are each independently selected fromthe group
consisting of o, S and NH and Ar4 represents a C6-20
tetraval ent aromatic group, or (Q and (R are
optionally hydrochlorides) and their hydrochl ori des,
and at | east one aromatic dicarboxylic acid
derivative represented.by the following formula (9):
R12- 02C- Ars-CO2-R13 (S) (wherein Ars independently
represents a C6-20 divalent aromatic group, and R12
and IRy 8xth asphct; thedels eravisdad b procesp foe productiny oficogteh or  a
carGlir R0otalied Hﬁidﬁﬁed@b@&bp)vh@élﬁaﬂbﬁf@ﬁ@mhﬁbuﬂd fncRa ratio

hta satl fyln follow ng inequalit
fr}b}'%h% @‘?f%l‘{‘ gl%ft Egmatie - a(rwmeiarwatsgvm ,
repurbentet! mp-l e&eOffoU_fl%n&rr@T&tdﬁ‘uﬁLraéqe(Q)des{rlcya{.r{% ¢ |
er (0]

represented by fornula (Q" above he nu
nol es of the aromatic am ne, derivative represented by
NHE or mul antgR) above, and j is the number of noles of the

I ¢ dicarboxylic acid derivative represented by
(S) above), and then the carbon nanotubes (N)
e atlded for reaction in a proportion sati-sfying the
ol l owi'ng i nequal it} (10): 0.001 <- (n)/(m < 100 (10)
(wherein (m represents the. total parts' by weight of
~the aromatic diamne derivative conmponents (Q, (R
NHand th¥*Haromati c di carboxylic acid derivative

o ent (S), and (n) represents the parts by wei ght
"0 e car bon nanot ubes (N)),
2
v NH, " (R)

(wherein Y° and Y® are each independently selected from the
group consisting of O, S and NH and Ar? represents a C6-20

tetravalent aromatic group, or (Q) and (R) are optionally
hydrochlorides)

“and their hydrochlorides, and at least one aromatic

dlcarboxyllc acid derivative represented by the follow1ng

- formula (S):

R'?-0,C-Ar *~C0.-R™ (S)
(whereln Ar® 1ndependently represents a C6-20 divalent . aromatlc

group, and R and R each 1ndependently represent’ hydrogen or
a C6~20 aromatic group)

are charged in a molar ratio simultaheously satisfying the
following inequality (9):
' 0.8 £ (h+i)[j 1.2 (9)
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after which the resulting reaction product is
di ssolved in an organic solvent and the carbon
nanot ube conponent is filtered and isolated. In a
seventh aspect, there is provided an aromatic
condensation pol ymer conposition conprising 100 parts
by wei ght of at |east one type of aromatic
condensati on pol ynmer selected fromthe group
consi sting of whol]y argmatic pol.yam des,

(unSfiimeh oL ohg earmbdr “GF ot Fe” 86! §Be: 6 cuarasn Sdee

derafQimd Cre;pﬁésy@ﬁt@@nlayeﬁorﬁﬁﬂh DPMBbbeepoliyest ehs alﬂld'lber
whol |y aromatic azoles, and 0.01-100 parts by weig

of malegpRbdhardberabhtt ABLRe. ageHéVPHéHeaESPées?Pt?ﬁ S’H

forrfi1ght (R ASISSte, tJi‘ﬁJie%' $sPERY T f8dharMBkdgdiast bel @he
havi ng_car bon nanot ubes oriented.in the |engthw se

arontﬁﬁlé%tdid‘ramowlw]eafpmreemwhevmraeaeﬁeflut@ﬁeby formula

(s) & ‘g%terlzed by conprising a conposition consisting
of 10 parts by weight of at |east one type of
and #hemattihe conders aanvtulpes vy apé ezdaddf Fom rhecgnmpln a

t I
- propBRBal 8 e Rt h el AR GOl XEghARRL MIOLY
L aromatic poI y@aIOtﬁJdnét &%) /S@m -Sarmu C fdyesters and
t 01- OO ts. b
| <whese%4p§2%”%g#8ﬁ%8%%?eﬂc% ke donusigit of “he
romangde . by h

‘an or?%ﬁ%g??Zﬁﬂ%%ef ?%?eﬁfL$§§$ %g§v§? g?ggt%?d?%én?he

arowlbbrdm@tleblcaﬁajei eden inedlt: 1 ¢ omotpendéot | 03 Ngand (n)

e T i iy G iU S R s o mapaties s ).

-aftetrherheizitmittte In'e%lrtamgjlﬂ‘é‘arcﬁgidrorprmwfﬁﬁed&sﬁfﬂjvéd in an
repres%pts the(PO%]diffraction intensity of ) )
-organic solvent and the carbon nanotube component is filtered

and isolated.

In a seventh aspect, there is provided an aromatic condensation polymer composition
- comprising 100 parts by weight of at least one type of
aromatic condensation polymer selected from the group
_cons:Lstlng of wholly aromatic polyamides, wholly aromat:Lc
polyesters, aromatic polyester carbonates, aromatic

' polycarbonates, semi-aromatic polyester's and wholly aromatic
‘a'zc}l'es_, and 0.01-100 parts by weight of coated carbon

- nanotubes as defined above.




graphite). In a ninth aspect, there is provided a

nol ded article having carbon nanotubes oriented in

the | engthwi se direction of the nolded article,
characterized by conprising a conmposition consisting

of 100 parts by weight of at |east one type of

aromati ¢ condensation polyner selected fromthe group
consi sting of wholly aromatic pol yam des, wholly

ar o3 %k therests provigadia meldedirielehaving sarbbonamoies oriented in

theal R R YEPFOOPAL£SorSE +RLOTARLLG ROt YESL er S 1 8ac ;
~wholly aromatic azg?§§?ra§§]3ﬁﬁﬁgﬁﬁﬁﬁbé%%s é ﬂéﬁ%ﬁg artICleF
chagiatsaig® & dnborempeiotndes asndesi hednaboneisadtg Rf 100

delkat ot he , tdhes e orkentation P of at .
pa Ieas?tgﬁgﬁgﬁﬁgnaggg?%r ng%%é%§%?7§fa%r?%8?é§e59836 ation
PolyRers sellewteg daimm itdre (@Xup GomsigyihdXoflRholly aromatic
' ik Hepr. e nd intensity.when:.the -
polyAREtes) MEOIITP R & S e ShPnr L 4P B i pa ter
carpepgtadr sarodiatdct pod yoanmarmted, teniheapbastief pbhgesters

: ‘art] . a Lyy re ts the G band .
ert BASESy Sk o2 0oabE (S FILST 08 i weiant oo
carken emeot peepeadatatanith ke drengitiv s ridREit 06n Opol ymer

as d&ﬁfe@%@é,%ﬂcllgfhatvﬂllgtang Mﬂgﬁ&ffﬁg}@? mol ded article, in

the Raman spectrumfromthe Carbon nanot ubes in

F Oﬁocﬂdltriczreobf@mmmt 'd ﬁ@tﬁﬁthéséaﬁbbtn_ ala%ltg%%% t%_rse S LRI ned
: Q coat ed.w ‘an aromati c ‘condensati on '
'frcmg%ﬁﬁﬁﬁg¥l?Y%P?w{ﬁﬁﬂgl?oF1%héir production, to a
conpogition conprising themand to a nol ded product
_<m”i@gLe - £( Fi$§n64¢carbon . hanottbes with an aromatic
o

ndens gt Ol I can pronote their adequate
dispersrbﬁgghgh@é$ﬁs and sol¥ents, thereby yielding a
3GO0R? ELhQn wi th excel lent dispersibility and :
}?m—e++en€aLLonJ Best Mode-for Carrying Qut the Invention.
(Cardon. nanot ubes) The carbon nanot ubes which are
coated with an aromatic ' ‘

(wherein ¢ represents the azimuth - in X-ray diffraction
measurement and I represents the 002 diffraction intensity of

graphite).

In a ninth aspect, there is provided a molded article having carbon nanotubes oriented in

the lengthwise direction of the molded article, characterized

by comprising 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 polycarbonates, semi-aroﬁatic polyesters and wholly
aromatic azoles, and 0.01-100 parts by weight of coated carbon

nanotubes as defined above, and in that the carbon
nanotubes have an orientation P of at least 0 and no greater
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condensati on pol ynmer according to. the invention have
a nean dianeter of no greater than 300 nm nore
preferably 0.3-250 nm even nore preferably 0. 3-200
nm and nost preferably 0.4-100 nm 2h Actua
production is hanpered if the nean diameter is |ess
than 0.3 nm while a nean dianeter of 300 or greater
is not preferred because.the inproving effect on

di spersion wll be reduced There is no upper limt

than the, peefeep&@§@ﬂﬂéaf ﬁ%? B0
the lower Jimt is 5. O, preferably 10 qg% even %g%t

prefefabry/ 138 0. THd2dean di aneter and aspect ratio of
(wnb_ee@ar ban rdpanidiies JRY P84 of N osd xgy Mﬁéﬁﬁ\.’ﬁ‘é Phser

ﬁn an_ el ectron m croscope. For exanpl
‘po %Fé?%%ﬂoﬂrﬁﬁ?WENﬂS(Praﬁgﬁﬁﬁepewaéhaﬁlumwnhanﬂﬁngnnm1se

dlﬁ@dtﬁ@hUéﬁd?éﬁaﬂléﬁctbythge ﬁ%@ n%ftQ%egh%H%% zygicle, and’
| ongi tudi nal | ength of on -~ nanot ubes. “THe Torm
TrroFePRESERIBofkhRafoPEBEs dint enwd tcontposittheon aser polarization

plésd abl i Shed,bag 9?e% &iagnﬁgiﬁﬁioﬁengtﬁggggn 1rectlon or
m eroscopy) of the er cross-secti ons paral
perRenHeitdertaxidee ph&mepwéfeheemomﬁad patfictbe anzehe Raman

and even _nore
P R O Tt WanGEuaR: 1o pB It E0Ge g RamiRne
Speﬁéﬁ@ﬁﬁKmE@ with a conventionally known size
di stribution neasuring device and particle size
measuri ng devi ce. Methods of neasurenent include, but
are not limted to, light scattering nethods and
M . nanot ube-hag the shape
Digsstd @1?%@1' gﬁﬁﬂaegawd%ﬁgwoma RARRdnbar polygh rmy

to. anﬁuﬁéﬁsofoﬂ ﬁﬂeifdﬁfo&htglgpégtgg egﬁ%%kggtﬂgyli &prislng

th cg G aphene sheets na
°map Qﬁuﬁf@ﬁ%@eqher@émebnthanebﬁbesCoatdngdbmgch&bbmﬁ

| nanoﬁdbéﬁ“ﬂiﬁhfﬁﬁ §¥&$§t§@|¥o§aggsgt$ghlSglggggogan'promote
,‘thelr adequate dlsper51on in resins and solvents, thereby
' yielding a composition with excellent dlsperSlblllty and

orlentatlon

'Best Mode for Carrying‘Out'the Invention.

(Carbon nanotubes)

The carbon nanotubes whlch are coated with an aromatlc
condensatlon 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 mest'preferably 0.4-100 nm.

2h




i
i

nanot ubes, nultiwall ed carbon nanotubesor cup-stacked
carbon nanotubes. Such carbon nanotubes may be
produced by conventional publicly known processes

whi ch include," but are not limted to, gas phase flow
processes, catalyst-carrying gas phase flow

' processes,. | aser abl ation p sses, pressur
Actualy A6H U Gk ide HoMEES: fr&%@ éb%@l &bé§é§§85

than aNG the hitkae 3 (Ir%'a@lt m@mrétr ff Y friehres)s Hee:
carbon nanot ubes are pref erabl subjecte t o physica

prefannad MamauRfd/ide dRRRCVANS ©d; CTheFiGRe rEd&T Mg -of Pe
reduddie carbon nanotubes with the aromatic condensation
polymer. As a specific preferred exanple of chenica
tTheatendrit na h@pe mdyinid @en ttiben e ok edawt foft the
RIS ng reng Aclthiy 10.0
mean %§ atﬁgﬁ%ﬁégh kﬁ&lg carO%%r %gégghﬁggghzﬁuﬁg% Rty
and amsdumqna(preﬁanibiy IWodiCoxyl groups as substituents,
ereb reasin [ |t d ersipility in
%%? 4# %orgfﬂgfon%ﬁfég %%%ntfjfﬂ% Cj%rkeﬂxarmles
nanotmfbes;t @Yy t@Cloté&e(linlmledOb@lobstarvkm:nmdurtlhera@ redye digron
i oned, nitric Cld sul.furic hi c
mlcroﬁéﬁo@e %635% §c| & i RS M % dyc%r O% g%dr es
trantsli’rﬁ.rses(ifo,n M@agro\mmh:,mﬂstbm aaia, Icm xislerde&oofdlrectly

- dereBHUhE AN Y he 80 0 TR Ohne coppon
nanothib@kl.y  aeRrC erirmaed thel ds rdoe: e&mmlmésy mnr efher red. -

The ., mxing ratio itric acid a ul furic aC|d |s'
ComPOﬁattl%rCﬁnca Y2 &3@8 E&S%Pfﬁ ?%Bf S ErRETY S

o electa@ndhsWlodédop vaciogd l@x/elflbe Ui)bs\&e—ls@ait)lon@‘lemm@ﬂarallel

treatment is nost preferably carried out in the

‘to thg dd&Rde 3FFS-. ul trasoni c waves. As preferred exanpl es

Q’fnep@t%'f%@ﬂreﬁr gabrephrihene mayeba s MRMI-GNesh,baldre
mll, bead m I, honogenizer, ultrasonic. agq 5 %
prefesaRay Shéas Hie 300 AU S THOTEARB 6T Saotules -2rd -

The mean particle size can be determined with a
coﬁventionally known size distribution measuring device‘ahd
particle size measuring device. Methods of measurement
inelude, but are not limited to, light scaﬁtering methods and
laser doppler methods .

A carbon nanotube has the shape of a cyllndrlcally

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 nanotubes’

' accordlng to the invention -are preferably single-walled carbon

nanotubes, multiwalled carbon nanotubes. or cup- stacked carbon

-nanotubes

Such, carbon nanotubes may be produced. by Conventlonal

publicly known processes which 1nclude, but are not limited to,

gas phase flow processes,'catalyst—carrylng gas phase flow

processes, laser ablation processes, high-pressure carbon

monoxide processes,. arc discharge processes and the like.

"3



preferably used as a di spersion prepared by dispersing
the carbon nanotubes in a solvent by physica

treatment with a ball mll, bead m |, honogenizer or
the like. The physical treatnent may be acconpli shed
using a . solvent-free dry system or a wet system

using an organic solvent or acid. Physical treatnent
mayPaFSECHENEBRbPAeB2RPPR NAPPFEB6AIC treat nent. The

SO#N@”&aPﬁSQ ﬁFﬁ5€ﬁb&E LSe EQE@EQBE¥ QuﬁiEXEQ %thhy51cal

strong chem cal oxidative power.- suc uri c
treetmemhuamdéOC|ahﬁmxca&etueaamsntfhﬁﬁereacodthyqrgéehhe

car&ﬁ%?ﬁéggtﬁﬁé%”&ftﬁ tﬁgaép?ﬂa §H°§§B§§n§8€£89 ﬁ%ipmer

y aromati ¢ pol yami aromat
poAyaniﬂeeuSéﬂcfprefhereﬁvenampmelsfpchémrablytaeatment

the¥%ﬁ+%%ﬁﬁ%q£%$%h?§%d¥g§} %ag? %ﬂﬁﬁ%ﬁrokﬁg %Lﬁtrong acid
at PHIBFW122C1>Tﬁ£DSMh@n@|acfﬂlt&édtﬁéﬁteaah yield carbon = -

nang RS R g e PE SRt n o tor Ot RUSFRERhagF oyEE 155

subftBruentd p hdfSo¢ linvheseingathe hbeinuspesnaf nol es
of the aromatic diamne repeating unit represented by

disHeRTAR A ¥R HMEBLTERT herRAntapL 181 aHOIES1 of Do hgamides. As

exarb ARt £ St ERHOXY] dS @£|ﬁHf@D@ﬁlﬂnﬂouﬁétusé@pfﬁ§§@tﬁﬂy be
by formula (B). Arl and Ar2 each independently
men?%ﬁﬁ%ﬁmﬁ&t%%QIﬁ%%ﬁdl%%}%%¥1Ca?%hﬁt|EY%¥%®%1°5hﬂ agid,

pho$ResH{d exambeshihele ABYd bend "BNLEOPES thereof, among
net a- phenylene par a- phenyl ene, ortho-phenyl ene,

‘whlqp(p%ﬁﬁﬂﬁiﬁﬁ mrgquﬁ%%h@ﬁye@%@urgc4ac1d and nitric acid
~and IS0 PRV 'gﬁnﬁgbﬂbgﬁYEeQ‘éndﬂfaﬂd Riahkeny e%%lddf’ai:e preferred, |

di phenyl enesul fide, 4,4'-diphenyl enesul fone, 4,
andchkﬁh%ﬁd%ﬂﬂﬂﬁﬂﬁﬁﬁ¥e®-ﬂ¢l®ﬁp%@%y¢%m%ce4hby preferred. The

rmleﬁdlréyﬂg“¥34‘ﬂﬁ%rlc acid and sulfuric acid is not

'partlcularly restrlcted but is preferably nitric

acid/sulfuric acid = 10/1-1/10 (by weight). Chemical

treatment is most preferably carried out in the presence of

ultrasonic waves.

‘As preferred examples of phy81cal treatment there may be

mentloned ball mill, bead mill, homogenlzer, ultrasonic and

high power shear treatment. .The carbon nanotubes are
- preferably used as ‘a dispersion prepared by’ dlsper31ng the

: carbon nanotubes in a solvent by physical treatment with a

ball‘mill bead mill, homogenizer or the like.
The phy51cal treatment may be accompllshed u51ng 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.



| repedlol yHEC WA TEINAA |RY HERHU RNl ‘
© of mohdk -k phany eig ethedi A A2 1S il @R B0e u ¢ h

L

-diva#%_wﬁ%eg

et her, neta-xylylene, para-xylylene and
ortho-xylylene. One or nore of the hydrogen atons of
these aromatic groups nmay be independently repl aced
with a hal ogen such as fluorine, chlorine or brom ne;
a CG6 alkyl. group such as nethyl, ethyl, propyl or
hexyl; a C5-10 cycl oal kyl group such as cyclopentyl
of Cahedmhexydtuler s ac@BLad i hariiel Y ctprkdiek relyamide)
pﬂ9§y¢?oﬁﬁ§ SEEHEL Y oi§%ﬁi&%_£§%5ﬂ%é&(fﬁeZHHVéHtiéa is
- may also be a copo r-conprising two or nore
prefelf ey entwizy bt 4 coma b pse 1 yarnhde t emer L 2¥ng jgroups of
fer y. - phe e a phenyl ene or

the €§§Fq%§%ié%y é%%fgt ei,gé%dﬂﬁtfe preferably para- .

phemAereHer a combi nak on of para- phenyl ene and 3, 4' -

Qhﬁgggﬁ_ e ether, an {or a conbi nation of '

par a- eﬁgﬁene and 3;% -di phenyl ene ether, the nol ar
wherdat iRl sinpr efrér abby indepenbenangereprbeemweea €6028 to

2. A 2 1is greferably met a- phenyl ene or
AHY> nore preferably para-phenyl ene.
and & SPBEidd o rexarpl sy dig predgid eoegonppunds for the
‘ |nveg%:on,_ghere may ‘be nentioned wholly aromatic

gui§ aniards = vihet ein AFY) i's para- phenyl ene and/ or -

 wherdirf g di Phaw 1 an &t e moBdy F 2 hs PsdaPheryd Lene A

particularly preferred whol | aronatic(folyanide i's

éh&ﬁ the number

the copolynerization ratio (the nolar ratio of the

reproffigshdiy | e nd(B), 4' - di phenyl ene ether as Arl)

being yin al-Ree £ AROENAEpcREEWEED LoPrBsaRd 1:&6220THESE1ent

whol |y aromati ¢ pol yam des can be produced by

 aromatgr eftduimalanlists ciBe Kowh PrUtRke®st ek BRY ¥ uti on

menti%mé@aa-tﬂﬁhyi

ynmeri zation.” T

t oci | : T I
eﬂ{e@{) o;f%ﬁéé‘{q%%’%@aﬁé Zaéf.ﬂ{b%bx{é&éne,

degree can

2, o—regithtol e, Dy’ theolpriapomd.ont.of "t he aromati c di am ne

isopf%ﬂ?%ﬁHgHe&yﬂﬁéAViene, 4,4"'-biphenylene, 4,4'-

diphenylenesulfide; 4,4'—diphehylenesulfone, 4,4“—

' dibhénylenekétone, 4,4'-diphenylene ether, 3,4'—diphenylener-'

- ethef, meta-xylylene, para-xylylene and ortho-xylylene.

- One cr more of the hydrogen atoms of these aromatic
grqups may be independently replacéd with a halern such as

fluorine, chlorine_dr bromine; a C-6 alkyl. group such as

'methyl, ethyl, prole:or hexyl} a C5-10 cycloalkyl'group'such
“as cyclopentyl or cyclohexyl; or a C6-10 aromatic group such
-~ as phenyl. The structural unit Qf formula (A) and/or (B) may

" also be a copolymer comprising two or more differentraromatic

groups.

.Among these,,Ar} is preferably meta-phenylene, para-

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

lhphenjlene or a combination of para—phénylene and 3,4"-

diphenylene ether, and for a combination of para-phenylene and

3,4"~diphenylene ether, the molér ratio is preferably ih_the

5



aromati c di carboxylic acid conponent, and as an i ndex

of the nolecular weight of the resultant polyner, its

i nherent viscosity qginh when dissolved to a

concentration of 0.5 g/100 niL in 98 wm % concentrat ed

sul furic acid and neasured at 30C,. is preferably

0.05-20 dL/g and nore preferably 0.1-10 dL/g. As a
ran%ﬁéﬁéﬁkﬁﬁ“ﬁﬁbdeé&5¥6K>drddébtlon of carbon nanot ubes

} 16925 80 WLER B MGOLY (ALRERLN € 1BOLYARRAS phBRVECHBY and
ment Foned & process In at e type o

morengnﬁﬁanabkyzyanﬁ?phﬁﬂyi&w&ed by formula .(H bel ow

o0 Sl S RIS f AL deain 16 me g,

inwveardrat,i ctl'shm—;am@q»()ﬁe crneaﬁndarobcho@iol]l},alamatam @svémaaddes

qula K) be )
whe RS rg LS. EebaRPBl 1Eng: BRIAPY ols ~ERPhepYREPS: RERST -
and and &Opaa@hpgadwen@eﬂt hygaepneaeahslg Pee2@racdmahbtly
Qup; and Are each i.n epen ntIy repr esent -
oS 1t P IR i et 5 £3-Pasdrphenylene
and Blaogenpherfy i chaiegedd pﬁ.r%@@r ba@as;aﬁleﬁyutaaeeousty the
satisfying the follomnng inequality (2): ?%
COPOlY“@FSZ@QlO(f\AHé‘rtéOn (Ehes M@ FRdee &t ﬁ:&ee?a&ra gnylene
and @r Q”&td!l(i)kl@r@‘]]e@l% dreRiresented) bycfiggmihac bb) rangd. dcis
he nunber of noles of the aronatlc di car boxyl i c aC|d
betwﬁe@r)ll Oe$t @iy djlegented by fornula (J) or the
a&%%te' %h@ﬂq%r ReaaitG A Hrd@ds hald 4R Jrernesentsd
by fornmul a and théen the .carbon nanotubes (N) are
- convgadd@nedr o/ KNoait @ ORFSEe S dl e S tHgttion

polynaqtly 3&&9{ 0yl 13 i3S ‘fJo‘i%éﬂ A 1 N G Ge3QH vent
or acidic solvent and thée polyner-coated. carbon

- polymemdraiésonar e Thie p@rle@ea'mraits}@matde@r% SN & @@Iﬂ;trolled

by thRELE PR BH ikoRed RiacesH MHLidbmponent. and the

: aromatic dicarboxylic acid component, and as an index of the
molecular weight of theeresultent bolymer, its inhetent
viscosity hinh-when dissolved to a concenﬁration 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 dL/g.

o As a preferred process for production of carbon nanotubes
coated w1th a wholly aromatic polyamlde, ‘there may beh
mentioned a process wherein at least one type of aromatic
-dlamlne repreeented by formula fH below and at least one type
of aromatic dicarboxylic acid diaryl ester represented by
'.formuia (J) below or the aromatic dicarbexylic acid diacyl

halide represented by formula (K) below:

NHz-Ar'-NH, = (H)
R°~0,C-Ar?-CO,-R'®  (J)
xtoc-Ar?-cox? (K)

(wherein R® and R each independently represent a C6-20
aromatic group} Ar! and Ar® each independently,represent a Ce-

,20 divalent aromatic group, and X' and X° represeﬁt'halogens)

6.



at | east one type of aromatic di am ne represented by
formula (H) below and at | east one type of aromatic
di carboxylic acid diaryl ester represented by formula
(J) below or the aromatic dicarboxylic acid diacyl
hal i de represented by fornmula (K) below NH2-Art NH2
(H R9-02C Are-(C02-R10 (J). X OC-Are- coxzfé,
are ¢hgeged mm@wm@%oﬂmqﬂdam&w Patdpiaddg the
rogwp, Arl and Are each independently
fou%h’%gsent@i(%qg 0 dival ent aromatic group, and X1
and X2 represent0. Halogeiss)s 4% charl@éd in proportions
si ul taneo y f
(unefLHIE EURON GRS AL MbILE of TS ARRI e
'represméretsedafby higo amoieat (1) diznd e is epresentet W malad an

. is.the urrber f of

the %‘T%tbjo%ﬁjr%a%%?}ay Gr C’flé) c%l‘uyrelZpr esee]'lnt eﬁ%’@* or Ml 2

form{ya (J)orchheugé m}gwdma:t:ob Ccatd‘m?d}dxﬂla:clqacbldi mc\,\faﬁﬂelde

rese or K to synthesize a o}

'repr%ﬁ‘%‘?ﬁ :}’ %‘g{m%%wﬁg)%re amyne ends t han d

and ﬁﬁ%ﬁxﬁﬂéléEEﬁbﬁiﬁ&ﬂdﬁﬁﬁeye rm&te\MﬁdﬁﬂIﬁbﬁiﬂﬂactlon,
reacted with carbon nanot ubes Cg{bt ai nechfy slu

P

afteh hist it T Ao “pHD

orgaii b ihient r&s W didik reaeEdmn e pcﬂﬁlmmd n
-an organi c solvent, or.acidic -solvent and the

| carbopy| RARGLERRE AF S af b TRh AR eSS4 | t ered and

_ 'ﬁpééérea%ldéwt hete MONESy SRR Mo Lebqemedmﬁun
whol |y aromatic polyam de in-the manner dcf IC{J 1

~at l%mevrrmytsﬁée QAR B § YRR SRS IP R Yrigp-La

%W%ﬂdlw Peyaéﬂn%né A5 o 4\t Yicdisher @lacid
Met hod 3] or hod 4] according to the invention
ldlaryl ester represented by formula (J) below or the aromatlc

11'1 an

dicarboxylic acid diacyl hal;de represented by formula (K).

" below:

NHz—-ArltuNHZ A . (H)
Rg—OZC-ArZ—Coz—Rlo (J)
x*oc-Ar? -cox? (K)

. (wherein R’ and R10 each independently represent a C6-20
aromatic group, Ar and Ar? each 1ndependently represent a C6— 
20 divalent aromatic group, and X! and x? represent halogens)
are charged-in proportions s;multaneously satlsfylng the
| following-inequality (2)" . |
' 1 <c/d £ 4/3 (2! o
{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 dlcarboxyllc acid diaryl ester represented. by
. formula (J) or the aromatic dlcarboxyllc acid dlacyl hallde
‘represented by formula (K) Y, ‘ o
“to synthe81ze a wholly aromatic polyamide having more amine
“ends than carboxylic acidtderivative ends, which is then

reacted with carbon nanotubes (N)-obtained by surface -




[ Method 1] A nmethod in which nononers represented by
formulas (H) and (J) bel ow are subjected to heat
reaction.in prescribed proportions to obtain a
. polymer. NH2-Ar'-NHZ (H R9-Q2C Are-C02-R10 (J) Arl
and Ar 2 in formulas (H) and (J) are respectively the
sane as, Arl and Are explained in regard to the whol

trealmRTHt 110 30IAf o, S| TR ARl RGO L7 1 GriiFa pcn the

res@aGhd ndependentdsbauepr s eits & 1A IOV RMic solvent:

aromati c group, and specifically phenylene,
or afgishitcthalcdiien thigsisk iy e i L imssprasptedd elediphappiot ube s are

£11tHRREW tggyytég_phenyl sul fide, diphenyl sulfone,
* %%pheny qketone or the like. One or nore of the

hyldr sgérer atads ;ofca ittes eraradmitd st qpedigss widhn e wholly
: _ | d vith | e
arorrfrall?:g;%? ?ﬂ’g%c 31365" 9B 35&d i 1h. 2 de}%d%%%%alsa%%hfﬁa?ng ok

rine or bromne;
industiohi add ymgtriogucest wilth praopiyd £ aart dgx yWrodmc@5-vidy by the

i e S S S R

accoetdioxy car howy linveftung .t hese, Art is preferably

R R R St

| formeqsli na@hi andof( Jparalphe nlee nriARE L3 todinehenyeane ion in
ether.. Ar2 is preferably mneta-phenyl ene or
presgylBenh BROPSHE 1 oRTd HioPP t Pk e PR Bar a- phenyl ene. -

- The nunber of nokegs-pfi-each nonomer ((peacti on
.conmponent) in [Mthod %h above, must si nul taneously
satisfy inequali?y’o%%Yg 0“82=% ¢/ d &I 3 (2) 8 ;
(wherghd &risid hekunbes of) ndes(of dhe asmidGrely the
- diamne represented by formula ( above and d i s 'the

‘-‘Sam?naﬁbé\ﬂf otnfohes el a et rgmatg R et bidxy 11RO Bk gﬁrom?ti?_ :
polydindtg, estee Repsggented byorinmul@)( é)acabq&ﬁ@)e;agm@htly

is, if c/dis smaller than 0.8 or larger than 4/3, it

- represent a C6-20 monovalent aromatic group, and specifically
phenylene, naphthalene, biphenylene, isopropylidenediphenyl,
.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-fluoriné,_chlorine or bromine; a Cl-6 alkyl
group such as methyl, ethyl, propyl orx hexyi; a C5-10.
cycloalkyl grpup‘sdch as cyclopentyl or cyblohexyl; 6r an
alkoxycarbonyl‘group such as methoxyCarbonyl or ethoxycarbonyi;
Among these, Arlris preferably meta—phenylene,_paramphenylene‘

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

- or a'combination;of para-phenylene and_3,4‘—diphehyLene'ethér.
Ar®? is preferably meta-phenylene or para—phenylene,”and more

"preferably-para—phenylene,”

The number of moles of each monomer (reaction component)

'in [Method 1} above must simultaneously satisfy inequality

- (2):

0.8 < c/d < 4/3 (2)



will be difficult to obtain a polynmer with the
sufficient degree of polynerization. The lower limt
for ¢/dis preferably 0.9 or greater, nore preferably
0.93 or greater and even nore preferably 0.95 or
greater. The upper limt for c/d is preferably 1.25,

and nore efer ater _t e
(whergipi fhp ﬁg&uﬁgF¥CP3 g@@SPd959968 ?ﬁ%mFE%%naﬁ%ﬁlﬁg
repreBeneenshgeredmd195 () ChBove dnd. dThe thachumbeirnof moles

[ Method 1] nmay be a olvent reacti gn or a d b
of theopyERATEFediRERPORY RGOl dabipoN, BEECF of SBRERBIESTa™Y
formu$&M(g)hggted)reaction while stirring in a reaction
' solvent as descrlbed bel ow is preferred. The regctlon
That gempéfatdfeiiss smglérar ey 908- 380b2rgRd FB

“will- BE9E§%§9E31%8Q03%%@alhfatB%lyﬁﬁgpﬁﬁﬁhuEﬁe|§ub§h@$éﬂ@0c

he reaction will not proceed, and if it |s hi gher
' degreﬁhaﬁ B@@EmEMeZbeﬂpmng E@ﬁnﬂoﬁﬁrthemﬁéaépan ddiani ne

, prefe?%kh bg §X8§e%%gat%E b%oQEOgEgkérﬁbng begg Le §§§H£Er and

_ deco osrtion. fhe reattion depend on
even thee pe&ﬁemab&weocaﬁdpmlgmsatbut wrhe nﬁpﬁﬁlﬂymbé for ¢/d

o one,t.0 ver u a Ny o,
ss oxERUSERORLS SHEVRERl beRseRbniOLES gligceecebian o
- Thus, pthesupe;mhmtrwmbb ﬁornavuyabeordangleq bhe Undention may

- ordlnar ure upder reduced pressure. The '
be coPééS?FS é fg/gbﬁyacgrrled out while distilling -
oht rehetmnnohdeMEyhaﬁed]cmapohade sotlhens phenbion or a

| d. Red d b
sorvelfiLERGE! BerpPhadied, Dagices PLESUCE LaapiLentealas-

.heateaurEathOnhenlaerea&rrang tedaurehstiisadsoThenteasti on
aII proceed even hgﬁthe a

senc

describet bl S Y bR eger s to c RiRgBCear AR ot SRS~ RE ESel®
preferéblpeeeasaem chxanpl esref pesterabXghangessafal ysi§ tbe

used, for _the_inyention include ané nony conpounds
-tempe§BEHrﬁsl§nP?ﬁﬁﬁy105 ﬁo&%&ereﬁFﬁlBBnﬁé hdgog Eﬁngge?rnand_
i it(hy Bﬁﬁhékethbhn3Q©PE|@h@,balldhgupwhhtnoﬁxtde asdcting
- di butyltin diacetate, alkaline earth
dlamlne will be exceeded, 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

pressurlzatlon or reduced pressure, but will normally be

-carried out under ordlnary pressure or under reduced pressure

'~ The reaction is- preferably carried out while distilling off
'the monohydroxylated cempounds such as phenol which are
‘prcduced.‘ Reduced pressure is suitable for heanmelting
_reaction, and ordinary pressure is’ suitable when a reaction

medium is used.

The reaction will uSually proceed even in the absence_of o

'fa 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 antrmony

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

o



 carb@R( RghoBUEEFr oN;

metal salts such as cal cium acetate, alkali neta
salts such as sodi um carbonate and potassi um
carbonat e, and phosphite conpounds such as dlphenyl
phosphite and triphenyl phosphite. Various additives
such as antioxidants are also preferably used during

. the reaction. In additioh_toéﬁfb and (J),g%ﬂe car bon
dibup¥hbibeE 1ER) 28Fe CLRIEY L5 er SlahE24Gded G dPE £RETD
metal€881t8NsliBhaaRr @RYEL LAN aceabitsf Yiangahhe mkelahowangs such

i neq uallté 0.001 -< (n)/(x) ~ {00 (3) (wherein (x
as speprEsEAr OﬂﬁéetéﬂﬁlP85ﬁ§§lHW~W@F§ﬁPaéﬁrtﬁ@d PRPSRALICE
compghﬂakn%uéhba@ngegh%ngﬁo sehdieanReX i h%%@q %h%%%hlte

ester en s the parts y wei ght
Variohe addibomesasocobes @NFFOXIﬁ@n@erB@ﬁ @éﬁ@t@§@§€€ﬁP1Y

used'EUEEhﬁTﬁﬁéerggﬁ%lERe same definition as explained

ratio (n)/(x) -is preferably .not
-sial hddithan t@ Q@1 bedauseé i thw icdarbendinkhiotubest dN) are

w100, SPL R ol SALRAN--PR0R ¢RE) SRIPRIRY L A"E B e ey

-satlbﬁylhgrghe Ebamowmﬁgbenaqsalematlng of the carbon

- nanotubes with t Rol y i nsuff.icient.
" Research by tRe(ﬂﬁHese“£E;H@L d%s has &%dicated t hat
whetéﬁnraﬁgerepte@eﬁis<thénﬁbt&l ﬁaiaslbypweﬁqhtedfanﬁe
e, of s.es

arongPEe AN98: 2L Wnfeand) eb9) piphafig! Fégsffivse%@gégc?%sddlaryl |

".esteﬁboyﬁ maydbengarepedsertsi ahkheargbsepcaedyha sal vast,

but if necessary a sol vent such as N-.
done, 1- cyclohexyl 2- pyrrolldone

drret BykBeAt ARhdeubasphrNyiaukhore cadieCc hhokorBEhaaRe
chloroform tetrahydrofuran.or water may .be used. Such

' defimgi{@Rt 8SnEPhE1AEEd2APERe .or in . conbinations of two

. OFh8DRE: Hhergbﬁalmﬁﬂ/Wﬁacaeo@reee@aenynabtb@mal1er than
di ssol veg in an__organic solvent or, acidic solvent,

| 0.00% Jpeerunpl &t ye#%upﬁcdaéﬁaculi ket hypLetpy L6l FasRED

nanot a5y CLOREXMEnE- E¥6ﬁ°£hg0ﬁ81ymer.l The weight ratio (n) / (x)

Zis also preferably het'larger than 100 because coating of the

o carbon‘hanotubes with the polymer willrbe.insufficient.

Research by'the\present inventors has indicated that the range

0of. 0.01 = (n)/(x) £ 10 is preferred and the range of 0.01 $

o)y /(x) £ 1.0 is especially preferred for inequality (3).

The reactlon 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- pyrrolldone,
"dimethylacetamide, diphenylsulfone, dichloromethane,

echloroform, tetrahydrofuren.or‘water may be used. Such

solvents may be used alone or in combinations of two or more.

The obtalned reaction product may be dissolved in an

) organic Solvent or acidic solvent, for example, sulfurlc acid,
. l-methyl-2- pyrrolldoner 1-cyclohexyl-2- ~pyrrolidone,
".dimethylaeetamide or the like‘and filtered to obtain carbon

. nanotubes coated with a wholly aromatic polyamide. A solvent-

10



di net hyl acetam de or the like and filtered to obtain
carbon nanotubes coated with a wholly aromatic
pol yam de. A solvent 10 soluble alkali netal salt or
al kaline earth nmetal salt such as Ilithiumchloride or
cal cium chloride may al so be used with the sol vent .
t-hod .i.n V\,hl the react,i ts
soLu i St AT A i G R o guch as
1itisiumuldrdrecusd o eaclicaidhn rtkp]rcesme ble;y prIopoMd aided vith the
obtain a polyner: NH2-Ar'-NH2 (H) X OC Are-COX2 (K)
SOlVﬁqt and Ar 2 in general fornulas (H) and (K) each

| ndepeided] y A eRr@sRnti rd wHIG A 1l viad 81t o I hent s

grou the details of which are the sane as for Arl
mownf & dxiefisted fermilss vl 13ndr Grntisd PoldFEn de.
srmdikdﬁgedgay'réﬁﬂﬁﬁdﬂlﬁ‘ﬂﬂﬁgérlﬁé@ JRIVSEEN DAL ASIn a

specifically there may be. nentioned fluorine,

POolyE®iGri ne, bromine and iodine. Chlarine is preferred

among. these frowﬂgbg sh@ndpoi nt of rgactivity,

stability and ‘cost . I'n ll\/bthod 2] of the invention,

each of the reack Of-Aromfsdfient s (m)r{émers) i's

r gact r | 1 Oy :
i%%qugﬁd b ajjrp %&gé}ifg,;%ﬁ&ﬁ%% F’g %1&% Ig)l nc |s t he
indemmb?@mtdﬁ/ m@lpe:esefhtt Iae%r—@r@atdioradjeam me:omae:ploes;emwd the
detaQXsf%&n%%gc%H) e séﬁe g% qbialog angs %fh d for
mati c dicar OX|IC acid diacyl allgerepre &
the Wolﬂo’r raurlomaCCIi):) pollfyamlltdiel s IXésandh&ﬁ n &memleaﬁcermula
0 KRRk, Hoatsbebe sl HR b dat s AR e H

jmentpuoefeelr rfédlorawer Ic‘hmoh: iher, ®rdnisel.a®d msdueepr eterla:hdl_\;ne is
.prefgr%%dag%o%%e%hg%%ef@%%f%%%bg¥a%d%%1nt o% react1v1ty,

‘stability and cost.

In [Method 2] of the invention, each of the reaction
compOnents (monomers) is reacted in a proportron satrsfylng

the follow1ng inequality (2):
0.8 < 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 aromatic,dicarboxyl;c_acid diacyl halide represented by

"formule {K)).

If c/d is less than 0.8 or greater than 4/3, it will be

‘difficult to obtain a polymer with a sufficient degree of

- polymerization.  The preferred lower limit for c/d is 0.9,

more‘preferably 0.93 and even more preferébly 0.95. The

preferred upper llmlt for c/d is 1. 25 and more preferably 1.2.

_Thus, the optlmum range for c/d accordlng to the 1nventlon may

be consrdered to be 0.95 < c/d £ 1.2.

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 -20°C the reaction will not

11



preferred upper limt for ¢c/d is 1.25 and nore
preferably 1.2. Thus, the optinumrange for c/d
-according to the invention may be considered to be
0.95. <- c/d <- 1.2. The reaction tenperature for
[Method 2] is preferably between -20C and 100C, and

nore preferably between -5C an ROC. If th .
ProdRib e ALd 1L i Swarsse e oMt Sy ettt wigl tend
to d¥ACeeEtrandiddondodit iirghar tHHans k0@ i@ Pyrafeadudtss.  The
- will tend to result from deconposition of the |
rea%ﬁ%ﬂﬁiﬁﬁ?ﬁnﬂ%%%zﬂ%ﬂe?ﬁu?nrﬁ%%nQQNPﬁﬁ%ﬁ¥ﬁﬁIqoqﬂﬂﬁﬁﬂP§n1but'
willl e MR GRREY UrNSo Rilve M)l e 1B 1N R8s . The

.. between one to several tens of hours. The reaction is
reagirismerigbpyr edarabdy e@rbpcheatt My iNeatHear dactiheh reaction
solv%th%ﬁ%ﬁggiﬁkL%%Qe@%kéﬂﬂder- The hydrogen hal i de

y t

produce e reaction may be neutralized with a
b &%iec hndrstgsme dafldder mogalcedakd tihe wissidbioramaiatiie
I ' product. r.ec I f ' [y, t
e S i S e (38 S B g vholly
- aromaid c eodgemtidat powdeictt recvwerread.i zdd meastsisarry, the
: ol ution,my b dj ust ed .f.Qor use_as [.di.n
ol e BB Ve g e e e e By A e T
- concentyaltdlvex yif- 2hepyentlraddned dieretdiyneetlatide, may be
| sul f one, :

o3 SRR 0P &Y 6 VAL ) b8 SR Bl ng ¢ he
_reaebﬂmﬁnknshwhtb@dNzhetﬁgqhzswyw&mﬂsikﬂny be-cywsethexyl-2-
eunBi2eed Lacomal s o g ol e solvent
- dichddebmashahiet, hichmoghiferie tet realyeirvfudinoorderamy ala80 be
eIt bt Teb st v el A 07 Byl IUSTLEN 15, e
‘usedaddibhg@, oirn iaddiotbaRataohl) odndwoKbr mdie.cambemivent-
sord§oLhes (N befor the Tegcilon L1 8 DEgRO Lol aucn as
1ithSuk0Bh(3)ride or calcium chloride may also be used with the
solvent. ' _ ‘ |
The present invention is characterized in that the
reaction is'carried'out'bY'adding, in addition to. (H). and (K},
the carbon nanotubes fN).befofe the reéction in a propdrtion
.‘satisfying the-following inequality. o - \ |
o | " 0.001 S (n)/(x) £ 100 (3)
'(whérein (X).represehts-the-total'parts by weight of the
" monomer component comprising the arématic‘diamine (J) and the
aromatic dicarboxylic acid diacyl halide (K), and (n)
represents the parts by weight of the .carbon nanotubes (N)).
| Theicapbonﬂnanoﬁubes”(N)‘in this casé haye,the_same:
definition as explained above. - o o )
" The weight tatio (n) /{x}) is prefefably_nOt smaller'than
0.001 because it will be diffiduit,folisolate the carbon
‘nanotube component from the polymefh The weightAratio_(n)/(x)

is also preferably not larger than 100 because poéting of the

12



(wherein (x) represents the total parts by wei ght of
the nononmer conponent conprising the-aromatic di am ne
(J) and the aromatic dicarboxylic acid diacyl halide
(K), and (n) represents the parts by. weight of the
carbon nanotubes (N)). The carbon nanotubes (N) in
thlsc have. t deflnltl n. as

Carbcﬁb&ﬁé] Tﬁ%%\e"fjgtmeﬁ)h ito’ ynﬁ]ix"jllls pr ef eﬁf@%y See‘?c

Resedftdl Iy dH@prdsditl heoattsers thad lindieatidd ittt the range

of 0 ggf'@t o P Be e TR AT (B e D ol 7

/ ot 4 ar gerid headp ki 1DIBE glaser oedd Nih0f i idigmalli var Rin.
nanot ubes with the polynmer will be insufficjen

R aln H)ed Hee gt edhtP ol Y e JHfi Taesd ihan
orgaﬁlhh:e J AN+ Qﬁr Q\&L]dfc s(dll)x/éri‘e O d:fariied ergede@ntt acid,

e range of 0. (n)/ < 1.0is espeC|aIIy

n- metﬂ‘r}le-e?rderJf@rldmua?I"IQ}gﬂ](CS’)eXYIﬂHeZW%WQ%%rCt i on
_ dlmeﬂ{cﬂ:ﬁ% % nd& A1 S0 vad 'a{hc?rflpcregr?éﬂ %&Qibf@a(‘in Qfarbon -

ent, for exarrple sul furic acid,
nanotirest rmatz%cpyrf:ir@ ialoffes 1 11y mlﬁ@@lp®m¢%¢1 done,

@Jlr mat hyl acetan dg, of trh%l«ﬁqe r@%doﬁﬂé %f%sﬂré@e&@é@lwy

on - nanot Ubes coated Wit y ar tic

| 'formmg/eeﬂeranq MeT)hdzk Biw Aerretshael datehitwh hesHonegaction in
'prescrlrbi_]r e(fteggjeggo}%lo fSor‘EBL” 41'_& ?rl%l(eégelb%a%r?%qﬂore amine

ec reaction in cri bed portions

. ends tmmbtcmnb@(mnlqrmrlmaiﬂmgratUrtea amde ends than

carboxylic aci dﬂ%g vative ends: NH2-Art-NH2 (H)
R9- 02C- Ar e- 002 % % and Ar 2in fornulas (H
and (J) above amé- ogsmﬁﬂaﬂaky\wthe (SHNEe as Art and

e BB Aot e PRERIREE L AR B Gb Rlor b UBsgrAvely

the dahje eﬂizmﬂlndeplen&énékylameesem ragﬁ:ﬁelZf)o n‘ohevabmpbﬂtlon

or L STRAL, B SO SPRAL Ol anent e o comun

(J).éﬁdﬁﬂﬂﬂdepﬁﬁdﬁntlyKﬂﬁphéséﬂﬂfa(R£ =20 monovalent aromatic

"grpup; and specifically phenylene, naphthalene, biphenylene,

isopropylidenediphenyl, diphenyl ether, diphenyl sulfide,.
diphenyl sulfone, diphenyl ketone or the like. . One or more of
the hydrogen atoms of these aromatdc’ groups may be
1ndependently replaced with a halogen such as fluorine,

chlorine or bromine; a C1-6 alkyl group such as methyl ethyl(

‘propyl or hexyl; a C5-10 cycloalkyl group such as cyclopentyl

or cyclohexyl; or an‘alkoxydarbony1 group such as

methoxycarbonyl or ethoxycarbonyl. Amongfthese, art is

‘ preferably meta—phenylene para- phenylene or 3,4f—diphenylene

ether, and more preferably para- phenylene or a combination of-

_ para phenylene and 3, 41~ dlphenylene ether. Ar2 is'preferably

. meta- phenylene or para- phenylene, and more preferably para—

phenylene

The number of moles of each reaction component'(monomer)

-in'[Method-Bj'above must 51multaneously satlsfy,lnequality

13



di phenyl sul fone, di phenyl ketone or the |ike. One or
nore of the hydrogen atons of .these aromatic groups
may be independently replaced with a hal ogen such as
fluorine, <chlorine or brom ne; a Cl-6 al kyl group
such as nethyl, ethyl,. propyl or hexyl; a. C5-10
(Z)pycloalkyl group such as cyclopentyl or cycl ohexyl;
or an al koxycarbonyl group such as nethoxycarbonyl. or

et hoxycarbonyl . Anmong tdyese 443 i) preferably
nmet a- par a- phenyl ene or 3, 4'-di phenyl ene

phenyl.ene,
(VDG © - o e a BTk gifishyi i Ohe it anine

.replﬁé)é’@itf@i |]:Qﬁ ofrmpPed arphenyene andrd hutdheny ehes of

et her. 21is preferably nmet a- phenyl ene or

“the ﬁ%ﬁﬂi@ﬂwb%ﬁ&%r@w et bl B PEm - AR by

formEs NUAPber of noles of each reaction conmponent
(nononer) in [Method 3] above nust sinmultaneously

satf stAd dimdguat iamalley (2t willk rm’td be ptysFifR)e to obtain

a0 i ORI (Bl IR AP BE 1t oo

is guaiter dharplde’s3 ofit tvﬁellarb@mﬂﬁidmiar ex ydhit@ iaciad polymer

: w.ithdirtehréll ef%tl%rn,etnecprq%g%nt edq fb%Olgmebﬁlzatt(&\QJ{jt aI'Ifr%leC/udppier ]llmlt

“Ye pos's
for aAshdld Y rarfEnEt 1o/ rioIZ)Bamrmemmtdw pﬁﬂf@fx@lﬂﬂ_}am e emisis, the

‘ c/d IS reat be..di fficult to
P E R RO Bfetadgregtapn ey be

consp@qn’mi'itiﬁﬁ:xeorl <Th:e’duﬁpar 2.0 mit for c/dis preferably "

1.25.a e prefera the optinum range,
B R RS SR i b e pane S is o
whold@n$mdﬁﬁedct@oh@ahlﬁeCMﬁefeanatAlWh@k|%0&r@ﬁwth©re

n roys . anine ends i s a ol

preBbIT 88 Uelae Aot T Bncfoacrsast SbioMing groups.

prrelfeeﬁ:aialcytl@h logagMe8BUmoBt heé;e@@s aCer3ivehtofrea®@ti®n or a

e reac& gn of [Method 3] may be a sol vent

solv%ggc rgﬁ pag-me tlng re ctlon but for example, a semi-
heated reaction while stlrrlng in a reaction solvent as’

described below is prefeired. The reaction tempe:ature is

'preferably 100~-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 tend to result’

from deoomposition. The :eaction 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

:ptessurization or reduced pressure,,but will'normally'be'”

‘Carried out under ordinary pressure or under reduced pressure.

The reactlon is preferably carried out while dlstllllng off

- .the monohydroxylated compounds such as phenol which are
'~ produced. Reduced pressure is suitable for heat—meltlng

o reaction; and ordinary pressure is suitable when a reaction

medlum is used.

The reaction w111 usually proceed even in the absence of

14



e

“treatment In an acidic so

solvent-free heat-nelting reaction, but for exanple, a
sem - heated reaction while 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

t h ti i 11 -not d, d_ if it is_higher .
2 CatRhY a0 he bt T Ty PH RIS (HEEaETHY P Grrhel
necadMddrpe axcoqdeds OF dyrdr-adusisngd [datengstd t@Ik tused

from deconposition. The reaction tine wll depend on |, '
for {ihe IBIRTEIRTUrT TOME tATUNEIOTHUtCHRRPURHGT nif Fly 3 antimony

tri AR AN & Ao GRUEIAlcH &S ©Ofn hOLY Sacetdi€e | 8AGH | ¥k ylate,
may be carried out under. pressurization.or reduced

dibyirelsiyr exisia aid 19l tin phlacetratedout kahies sarth
met 0 Ay RIESSIH & ar#y rad&duced ﬂvﬁ?ﬂrrﬁetaf 21ts such

reaction Is prefer carried out e distilling

~as sefdiun e rhenoityed rand |t ek siob owardwomsaicdy aangheipsphite

comq\ggeﬁg]tcc{-gn:ﬁr"}eclhnggﬁﬁ%nﬁ?ﬁﬁ%&oﬁfiz#{/&&% sur eﬁlﬂs&jé@éhite'

Variguis agldd vihers sudaad antimedidants ased ldherebetdloly

~wll wusuvall roceed -even in the absence of - 14 a
use&é\né{ua{:ll)}]s%y%}bgutxpefncctels%ér-exchange catal yst may be used

- i fehenedesdar yardmeanipl g lofaneistee rwigtc ranmger oat alnyisis drals

- he use for t i nventi on incl.ude anti.nony conpounds
obtadnat’ Sy ARSI D S o v AR e the
" readtlijoradet & erddaridety|sadttel s fydirkuttid i foodwlingnichequality.

as cal of um act gl s Rl TErar TN s Tabh STas® "
{whesedinumxgardepiaisernyd Hied assidimeardonat ejeisgitk of the

hosphi te , conmpounds, such ,as di phenyl phosphite and
 who LS HEOMAT i ch UPAATE 26 ok b ARG G, S and (n)
Creprafdr®y day e A adargiterablohe usathdumaiptiises (N)).

reacti on. The wholly aromatic. ol yam de wi th nunerous
i CEHEST ST SaHie Hhd e AN FrarddiubEne

" defibhk 1€ saddegh famddi@bdRICtdRN dift DHYLRY BN surface

satisfying the foll ovvlllr:lgE i nequal i t){).

ion at pH .01-2.

'The,weigﬁt ratio (n)/(x) in inequality (3) above is

"preferably not smaller than 0.00lfbecause it will be difficult

- to isolate the carboﬂ nanotube component from the polymer.

The weight rétio (h)/(x) is also preferably not larger than

" 100 because boating of the carbon nanotubes with the polymer

~will be insufficient. Reseaxch by the present inventors has

indicated that the range of 0.0l £ (n)/(x) < 10'is'preferred

and the raﬁge of 0.01 < (ﬁ)/(x) < 1.0 is espeéially préferred

for inequality (3}, , | ' ‘_ '
Ih‘[Method 3], thé_probedure for reacting the-whoily

‘_aromatic_polyamide‘with numerous_aminé ends'and the carbon
"nnanotubes‘(N) is not particularly restricted, but there may be
mentioned a method of reacting the carbon‘nanotubes (N} in a

‘éolvent_solution of the wholly aromatic polyaniide with

numerous amine ends. The wholly aromatic pglyamide has high

15
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' S’Olvi 285965

0.001 S (n)/(x) < 100 (3) (wherein (x) represents the

total parts by weight of the wholly aromatic

pol yam de with numerous am ne groups, and (n)

represents the parts by. weight of the carbon-:

nanotubes (N)). The carbon nanotubes (N) in this case
ve the inition as explajned above, and

res a&?%oa'%@n@lu‘?g%{ © YRR NERT A a"c?rﬁﬁ’%r%%‘ﬂﬁlgwfe

mel@dnPH NdH-rdeldhey WejdE dBdd QN3¢ ( X)Fidh i tiemdadddndpoint
(3: above is. preferably not smaller than 0.001
as S9 treRF G B fRTREATablYy FRBI RS e Hargohtion.

Nafd Uk, COTme Nest: éfé)[{ﬁf@ef&ohy(é@étlérrh%éfﬁegéﬁ 1 Iholly
(n)/(x) is also preferably not | arger than

- aromel S0 iy with Hélr@%rr%e:ﬁw Fiekrg ubeds vindh &frfe carbon

MUYLEr ILbSde !;?élﬁ@f&h t
HAn O esent |nve)%1tors Sf] cate that the ran%gsto icted but

is mraferabln)i4390°€ AG .mm af e ferhblanBA+200 Ahge If the

temp?enrgaétuuaﬁ | t:L"Q / t%(]?ovi nO "[](}\/g‘tl'Les &e%zrc%cntc%le l lgL::} réyex%q)ceeoc[, and if

it iedcighwyr tﬂimm/rﬁﬂ(]%ﬂ ka,rmmdtmt}cmlvgﬂam deend ttho memrloustrom

ccGARSTP P UL RN, JANRLUES (e 5B ing

VWll]ITEid]IHZthfOIT edod Itngnptel'mtﬂ.ﬂd’domrrmrmdﬂb?ﬁ ]dLN) wirk Ja normally

ol vent_sol.ution of .t who ar OITB.tI
be Nl it e L et R AR ettt s
' preﬂmda)kﬂrp Gedag higledl Dy eﬁa:tea:he_%aﬁtﬁﬁdrharrefaorr&eactlon

uires, a hi erature for nelting. Non-nelting
%set&% s standpoint as well, the
I gacidiorerits arcef %rﬁbi%st&f},ﬂl—@d-p@ﬂrdlﬁcﬁﬂielﬂ I1ma;ycﬂhﬂ1exyl 2-
r actlonte eraturefor eac{,i nbetvveenthe whol ly =~
éﬁd’r‘fﬁ’t”l SlTe lddE and t he
dlCHﬂﬁﬂ@M&tH&ﬂ@ﬁldﬂﬁbﬂﬂfbrﬁy &N&&@%@dﬂoﬂd&a&pbr water may be.
rticularly restricted but is preferably 0- 250C an
use & éfreé'(ﬂty?% beimeen fhenah Ocléﬁ‘p@rrWrtéq PHEgW e

witH0@uhRe JRaGkier Wrlds Rld RHRCeeGboMGarbtubdes SM)i.Oh&kich |

t han 250C by-products will tend to. result from
solvents may be used alone or in combinations of two Qr more.

A solvent- soluble alkall metal salt or alkallne earth metal

salt such as lithium chloride or calcium chlorldermay also be

used with the solvent.

The obtained_reaétion pfoduct may bé dissolved in an

' organic solvent or acidic solVent for example, sulfurlc a01d
N-methyl-2-pyrrolidone, l-cyclohexyl-2- -pyrrolidone,

dimethylacetamide or the llke and flltered to obtain carbon

nanotubes coated w1th a wholly aromatic polyamlde A solvent-

soluble alkali metal salt or alkaline earth metal salt such as.
llthlum chloride or calclum chloride may also be used w1th the

_solvent

The carbon nanotubes coated with the wholly aromatlc

polyamlde with numerous amlne ends obtained by [Method 3] are

coated with the wholly aromatic_polyamideﬁby rnutual

interaction of covalent bonds and/or ionic interaction between

g



deconposition of the starting material. The reaction
time wll depend on the tenperature conditions, but
will normally be between one to several tens of
hours. The reaction is preferably acconplished by
heated reaction in a reaction solvent as described

ereunder A ven ch as_N-neth rol i dqne,
- the mCnglo exyIfS%EEyrhgl 3bﬁ§0q$3ﬁﬁlﬁﬁ%¥ﬁﬁ%ﬁ% CP%
carbdkpheewbsubﬁomﬁe cdirbibino hemei-hare, wﬁﬂdMWHaﬂeﬂbeen surface

‘ etrahydrofur n or ter may be. used for the
reated oAt &ff CREVRRSIIy aromatic polyanide with

nyrertews anm ne evdsoandnt heicar ReR naneiubes dioonsueh
sol vents may be used al gne or in conmbinations of two

~(mongpegs) e O0f Aeagrgdnt O&BHGBISe (A kamnd fétaledam age

's1mu§k5ﬁbbﬂ%lﬁa&bﬁcﬁﬁﬁahn ?%b%c%ﬁ%@da%ﬂdﬂdytqgh%hkQIb%%th a
cal cium chloride nay a use h the sol ven

polymps bBVanfieBoreactiibs phoguthapayasdodivddel vedd wegdvative
ends®rgani c solvent or acidic solvent, for exanple,,
' sul furic acid, hhnethyl 2- pyrrolldone

1- cycl ohexyl - 2- p&Hrnﬂﬂd@%@ di met hyl{8tet ami de or the

li ke and flltere id t al~R2zcar bon, ot ubes coat ed
with a wholly aronma (?ﬁgbpgp§an1de A Eﬁyvent- sol ubl e
ahkalandred = igalgeneradl Kalime sear tH retdl (8aldaguch

inacpqehs )l M EBLOLLAs oF ogl GLUmGRLOLLdR Y gl soche

vent e C4rbon. na S
detamﬂShofhehmhblhyeatbﬁasame pel yami de' watd Arrengisined for

' ] ends_obt ai ned_ b Met hgd £ . coated with th
ehe QP APonaPtE BETVANHET of itaak drhievace brfrile
{K) reyaeeantbhaﬁsgand[oandospecnﬁﬁeaaaylOhebetmegnb&6 t he

of the omatic g ol.yam,de and

ment 2008, ST Erbke of S RE L noh AN OEuBBS SAPERChavErbEgARe 15

prefsnréaCEmoh@eahedelﬂram ahedstaﬁdbwﬁﬁt OENEEEQd14ht&,
N bng $ whi ch the reacti on conponents (nononers) of.
Stabyeh offfitas (H) and (K). below are |
in [Method 41 of the lnventlon, each of the reaction

components (monomers) is reacted in a proportion Satisfying
‘the following inequality (2);‘
1< c/d$4/3 (23
(wherein ¢ is the number of moles of the aromatlc diamine
.represented by formula (H), “and d is the number of moles of

the aromatic dicarboxylic acidgdiacyl halide represented by

“.formula {K)).

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 dlff;cult to ‘obtain a polymer-
‘w1th the suff1c1ent degree of polymerization ' The upper limit
- for ¢/d is preferably 1 25 and more preferably 1.2. Thus _the
optlmum range For ¢/d in [Method 4] of the 1nventlon may be |
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.

17



.Ssi mul taneously reacted in prescribed proportions to
obtain a polyner having nore am ne ends than
carboxylic acid derivative ends: NH2-Arl-NH2 (H)

X OC-Are-COX2 (K) Art and Ar 2 in genera

fornulas (H and (K) each independently represent a

0 div Ient mat oup, the .detailJs af which
prefezeb ihers e s 100 oA [P R GXRIAnet PaRnc i ouDs -

whe! Ine 2ramt itenpRlinamirde. foXl ard sy i g@ﬂ@wferably
formulg (K) represent hal ogens, and specifically

betweeRere Onky 256 oM iConedck MesE mEe femadrivh e thesm i °gn@nd

50°C. 'OqEn%heCQ|%P e thte AlLRIIR 2P0 tHese St BR11 not
standpoint. of reactivity, stability and cost. In

procepNret kod 4 4t tise hilghent ithan dddh Cofo yrpe oS é’ﬁll tend
to re%%%oggf:yrr? d.e(': ?_;%‘ilr i)on' >f %1% '1]?:1?1 'ir%%%';rtl ;13:

sati's ow-ng i nequal ity
reactdbd (d)re. WQWﬂed@p@nd iog th@|hmM@§raﬁunﬁﬂqgndﬁtuﬂm§ but
will BENBNNG Ha g eRres enf ed oy A1OTBLA of %%d dkg
e nunber of noles tTie “ar omat i"car ‘
reactachdiﬁi@apﬁehab&@ecmemneﬁewmadhbyheh&nm@lan(Kbp rbhctlon
1 céd IS 1.§r smal ler it will not be possible to obtain
solvept, fseey t5F F€ U8y am de. wi th numerous ami ne ends.
Ehech@drb@egrhaﬂ&ﬁetband&b&diﬂy\ﬁdd ﬂmﬁaﬁibhi&n&tbéo

et <GR53ED 2,800 4L ULl o0l L) il 58122 cne unovsy

aromaﬂﬁef@ba@bm1a62§raﬂ@cﬁoméc@W%&%ﬁab|Efln%ceﬁhuﬁy,thae

_ opti mum ran r c/din_[Mthod 4] .of th on
polympl iy BE N er e ed 0 e L ety Brealfesnakixag v he
 conceft@aBtos ©Q|Yﬂ§|ﬁ%u@kﬁﬂlﬁéme&@@&t&@hn%oaﬁiiomsmay be

whol Ly aromatic m de wherein_at | east 60% and
adjusﬁﬁpefff HF@féFaBIVoéalpga§F°§§%FSAUFHQnends consi st of.

AMBEvehOURSCh as N-methyl-2-pyrrolidone, 1-cyclohexyl-2-
pyrrolidone,'dimethyiaCetamide, diphenylsulfone,
aichlorOMethane, chioroform, tetrahydrofuran or water may be
used during the reaction in [Method 4]. Such solvénts may be

used alone or in combinations of two or more. A solvent-

  501uble alkali metal salt or alkaline earth metal salt such as

lithium chloride or calcium chloride may also be used with the

solvent.

In [Method 4] of the invention, the reaction is

'preferably carried out by addition of the wholly'aromatic

polyamide with numerous amine ends obtained in the manner

described above and carbon nanotubes (N) obtained bylgﬁrfaCé

‘;treatment'préferébly-in an acidic solution at pH 0.01-2, in

,propoftions‘satisfying thé following inequa1ity.

0.001 £ (n)/(x) < 100 (3)

. (wherein (x) represents the parts by‘weight,of'the wholly

arométic'polyamide with numerous amine ends, and (n)

represents the parts by welght of the carbon. nanotubes (N)

‘obtained by surface treatment in an acidic solutlon at pH

18
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AromafnE gy 2T PEE BRGNS

 nundfous ATER @01 4hg

The reaction tenperature for [Method 4] is preferably
bet ween -20C and 100C, and nore preferably between -5C
and 50C |If the tenperature is below -20C the
reaction will not proceed, and if it is higher than
100C by-products will tend to result from :
0 Odugé)orrpositi on of the starting materials. 'The
-0t i on time will depend on the tenperature
conh td0ffon MKnotwidds narneld yrHbes heiweemwneHeo same
several tens of hours. The reaction is preferabl

- defiuri i BUISRLHART RPITE1 T e i B2 1R i surface

treaRad bed ferpunges . solhe: lrngesy haldde produced by
the reaction may be neutralized with a basic

suli aidalorratdmvil),/ @nd ihemhmrabamstatsmaller than
0. oPOlpaH & Wf%cltl fﬁé%’iefdﬁ%uﬂ{ _ﬁ@cieosbslaeftlye A€ carbon

polymer may be washed and purified, or alternatively

nanqthibe comgsintandt | Hrorofthe@alamend | /B redatitorratio (n) / (x)

. t] ] f ' i Al '

i ST AR (SRS AT IR S or the

carbbreydroiedds ity rihe irdoneye diviethylecietsarfifdesient .
di_phenyl sul f one i chl orqnet hane, .chl.or.qf o : ‘

resARIER) M Weeo W A LG SUGNA Moy che range

of O.@Hctd om)i/N{)Met Had 4 .praucdrsel wend Shayadige used .01 <

' ne aor . n conbinati.ons of two.or.somre. A saol.yent-
o) AR Fof B RS0 s e R St @
sugh @& tHdd Rijymutid erridediredad weaeitliorg dhenashadllso
used with the . solvent. In [Method. 4] of. the o
é?lé’reakﬂwjécmq &GP
nancatids om)ofi s hetovpeldof ety cegidivardadie bwitt khere may be
nuner ous am ne. ends obtai ned . in the manner escrihed
mentonFd gn BB P AT UEEY (S SrEHed By _ac@H in a
solﬁerrﬁtgtslgﬂrtg:i@ﬁﬁfcﬂ abley wihdiary %i:idiia]fti&olpﬂlig@{ﬂ%iagil:el ‘with
H, 0.01-2, in proportions satisfying t ol | owi.,n .
Sj)g,)y Ar t(l:% H@i’é‘ﬁ%‘%’? (13695 high
resils2RIREERNS e Radre Beqair@h Dfhitfre dph oy C
.~ pol yam de w th nurerous ani ne ends; and (n) ‘

' melting. Non-melting types also exist. From this standpoint

as well, the reaction is preferably carried out in solution.
The reaction temperature for reaction between the whoily
aromatic polyamide with numerous amine ends and the carbon

nanotubes (N) by [Method 3] is not pérticularly 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-thaﬁ 250°C by—products will tend to result from

decomposition of the starting material. The reaction time

- will depend Qn‘the ﬁemperature conditions, but will normally
- be between one to several tens of hours.  The reaction is.
:preferably-apcomplished_by heated reaction_in_a'reaction'

solvent as described hereunder.

A solvent such as meéthyl—pryrrolidone, l-cyclohexyl—-2-
: 4

pyrrolidone, dimethylacetanide, diphenylsulfone,

- dichloromethane, chleoroform, tétrahydrofuran-or wéter.may be
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IR
N

represents the parts by.weight of the carbon nanotubes
(N) obtained by surface treatnent in an acidic _
solution at pH 18 0.01-2) The carbon nanotubes (N) in
this case have the sanme definition as expl ai ned above,
and are obtai ned by surface treatnment in an acidic

t at . Th
used) e, dh Fott G vq ot e deal B contie s 1 g vamae
witlrdlrftfrrlemdds tegni sl @t tded Cietid O rie oA @ponent  such

fromthe lymer, The weight ratio (n)/(x) is also
S0 LvsndsSe Mg &%d%sq%rfg]é?n‘fi YOO RO g Dfo% Hwre-

A saidhan Jangiubes with ddes podymeromidixdeine earth metal
insufficient. Research by the present inventors has

- salfy ffatied i umehlaigde orr osahciurg ghyquddec Mgy jagso be

usedP B8 ek and Jdg range of 0.01 (n)/(x) <- 1.0 is
especial ly preferred for inequality (3). In [Method

41Ehet (e tgrigest utea dtoron epadungl trivey wholdis s adrsatie an

' I
orgah MHIer Tt IS NI oINS A S ¥ hric aciq,
—mettlherlearwme)llr@narorﬂed:ﬁlméw»qdlrﬁ meactliimpriche
dlme%ﬁl%%elt%%&t beosfr: (HI}IP n c}(ae W%}%Vtelrh.ttesroel& tt'oorob%a:r_n arbon

arond AUMer ous am ne "ends.,
nanotlm@e\m@dolay:eair o.rm:th @ Mw]am che:dm:fn giol yeasiidst.ance and

ref or equi h| h .t re f nel tin
I\Ilg‘rﬁl Sl tl%ng glfpes o CgD tset 3}11'\%}}% ﬁﬁl&ﬁdﬁﬁo TG
polyweﬂllde e eantdrams anpref erradd yohaarimieat kqut[Merthod 4]_ are

n..The.,reaction raturef r reacti
coatiR Rk EhE" TSRS ARG N T S thder ous
1nte&ﬁbmeoand§ afdr sl tC &rdaels dﬁﬂﬂﬁﬂﬂﬂﬁhﬁﬂ%ldneﬂdﬂﬂﬂmhibﬂtween

.S .not i tricted but i s preferapl
| the GRaBgceRNs hh o W R ashEo e nd the
.‘carbbemaer'eat:ler ef i#@{?@\ﬂb@f]ﬁ tﬂm&eﬂretb d @ﬂll\gjﬂ Iharet lblrére@ﬁ%gﬁface
it 1§ higher than. 250C by-products-w ten
treafgﬁgr d8uPP PPN CIECIHEESiti on of the starting

‘materbah. nEhetierRet icehtdd it | wvidanend gonatthe
tenperature conditions, but will normally

polyester/carbonate)
A wholly aromatlc polyester, aromatlc polyester carbonate
and aromatic polycarbonate according to the 1nventlon ‘

preferably comprises one of the following structural unitsi'

- —C—AP-C—O0—R'—¢-R>-0—
- “ - 1 2 | |
| _.,,.__,C_,,, -—R —\d—R —-O-— o )

[wherein .Ar® represents an optlonally substituted Ce- 20
'aromatlc group, R* and R2 each represent an optlonally
;'substltuted phenylene group, and y? represents a group selected

from among the followrng groups (E):
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be between one to several tens of hours. The reaction
is preferably acconplished by heated reaction in a
reaction solvent as described hereunder. A solvent
such as N-net hyl - 2-pyrrolidone, 1-cyclohexyl -
pyrrolidone, dinethylacetan de, diphenylsulfone,

di chl or onet hane, chloroform tetrahydrofuran or water
may be 19 used for the reaction between the wholly
aromatic polyan1de wi t h nunmer ous\ anmine ends and the

garbon nanot N). Such solven g may be used al one

rin conb|nat| s of two @r ) A, solyattt - sol ubl e
—atkal i netal/ safz ox al kal i pé ea ,'ah/Q alt such

s lithiumghloride pr calgi ' de may/ al so be

Rused ai th the sol vent. ,Jne obt-'hed
may be di sso 11 an organ sol vent
sol vent, for exanple, sulfuric acid,
N—wethyl 2- pyfrr ol rgfone, 1- cyclohexyl 2-pyrrolidone,
di ret hyl acetam de or the like and filtered to @Qtaln
carbon nanotubes coated with a wholly aromatic
pol yam de. The carbon nanot ubes coated with the whol |y _
X he%re%PtH3CRsp@$&’ﬁ”11€’§ hfeAt 3
" [ Met hod 4] are %%%te% ff %ﬁeéa%ﬁfl§@g$%%§%léﬂgqbroup
Selweﬁarﬁr@@ [yrond deddrdgstrar é@thqgermf, €avd edtkylogdwups, C5
AR J-aN
oF hey%LoI yygrgﬁkﬁﬁﬁppo yan1 §£H¥§ ca?§8§§ﬁ§ %galkyl
grou@ﬁ tﬁ@db&rH@@rﬁ@@@waay\Mﬂhﬁ@ehawé'Med@)éurface
t e Achdi | .ve te r bon _nanot ubes & ated
A %E?%ﬁoll%% I% ng'éb?§e§%§§%hapﬁgﬁgP%fs “W % d with .
wapéﬁﬂﬁl@rpmbyegt@Dlyafﬂmﬁn/gohyma¢®@memecauhdnab@ b@nd '
explgaggg @%k%gﬁrbonate according to the invention
erabl y conprises one of the follow ng structural
uﬁntsromﬂfnchApaxﬁo®thﬁQ&d3d cOponent represented by

the follcw1ng formula {(L):
HOOC -Ap3 COOH (L)

eactifon product
or acidic

(wherein Ara-has the same definition as in formula (C) above),
‘an aromatic diol component represented by the foilowingr
- formula (0):

' | HO-R!-Y!-R?-OH (0) . _ ,
(wherein R!, R? and Y' have the same definitions as in formﬁlas
(©) and (D)), o | o
and a diaryl carbonate represented by the following fbfmula

{P):
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0 GORL-)'F R2-0- (D) [wherein.Ar3 represents an
optionally substituted C6-20 aromatic group, R and
R2 each represent an optionally substituted phenyl ene
group, and Y' represents a group selected from anong
the following groups (E): 20 RR R R or R5~ R6 (E)
ere%n R3- R8;,each i ndependent |y represent at | east

(whegain oFBipt W eRec B WitoMahtify i segen o thalidderent, and

eachcis6s@hg¥te§r996§aaﬁ@ngohygﬁo%¥ﬁl0ﬁ55¥be9§0U9§drg§y12
ryl groups and C6-12 ara groups, "and q
carbegpt es%ﬁ?@raﬁrpﬁpégéﬂdoﬁ1451@§lj<ylAgt§©B§éés for

are PROFYSLI on RE1gar P Blﬁéngﬁﬁﬁﬁﬁaﬁeéﬁﬁﬁy“%SE%s§y£ﬂ8°£h¥)
| aromati c polfester ol ycarbonate w now be
follewpnai hedaualieias| (4 Anaadofbl i c di carboxylic acid

conponent repbeee%(%d<b)i the foll ow ng 4 fformula (L):
HOOC- Ar a- COOH (L) “"(wher éi'n Ar 3 has the 'sane
definition asOi.8 fopmikaf()Cs dbdve), dm)aromatic diol

e A O G TR o X
compargaret def | 1$ ttiomsnasbén bdormulas of GhandiéD) fompsdet and
g lsqa?ryl ﬁﬁﬁ%qute L %re%egﬂgddfgryfecggﬁogg%ggcggéggegt),

and then. the carbon nanctubes {N) are added for reaction,

. after which the resulting reaction product is -dissolved in an

organic solvent and the polymer-coated carbon nanotubés are
filtered and isoleted. | ' 7

| ‘As examples of aromatic dicarboxylic acid components
there may be mentioned terephthelic acid, isophthalic acid,

methylterephthalic acid,[methylisophthalic acid,‘naphthalenen

2,6-dicarboxylic acid,_naphthalene42,7—dioarboxylic acid,

diphenyldicarboxylic acid, diphenylether dicarboxylic acid and

diphenylsulfOHe 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 examples of aromatlc diol components there may be
mentloned 2,2- blS(4 hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)cyclohexane, 2,2ebls(3,5~dlmethyl—4—

',hyerXthenyl)propane and 2—(4—hydroxyphenyl)'2 (3,5-dichloro-

4—hydroXyphenyl)propane among whlch 2,2- blS(4—

'hydroxyphenyl}propaoe‘and 1,1- blS(4 hydroxyphenyl)cyclohexane

. are‘preferred ‘These aromatlc diol components may also be

used either alone, or a plurallty,may ‘be used together.
Accordlng to the process of the 1nventlon, a. portion of

the aromatic diol component may be replaced with another

-aromatic diol component suchras‘hydroquinone or 4,4'-
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21 (wherein the two R' groups nmay be the sane or
different, and each is selected from anong hydrogen,
hal ogens, hydroxyl, carboxyl, ester groups and C -6
al kyl groups), are charged in nolar ratios

si mul t aneously satisfying the follomﬁng I nequalities

.. (4) and, (5): <elf < (4 /[(e+f) < 1.1
dﬂnﬁ%%%%leé%%wgr Hsntﬁerm%evhb@)l n%fPe% %?9 it c
propié el dOXyf | €he COAPONENg §Ol§méfe PuAbekambl aplestwfen 1
: the di ol conponent and is the nunber of nol es of

mOl%rRﬁ%ﬁ%RQIa%%r%%ﬁﬁ?eec%%%%%%%l) and then the carbon
nanotdbas, (N} &F eqagdded éé%béﬁ@@ééoﬂheréﬁ$§& Wi bt iehed

resultin g reaction product is dissolved in an organic

diphken¥leria e pdl yrreto boht eareardbn, ndhor rdekorgrheny 1

I e o) ﬁ%§ﬁgﬂ
car%ﬁ%%@% 3§ I C §9d9% oﬁ%ﬂ§s e%%dﬁ%§ mﬁ%ﬂ%ﬁﬁ? nate,
amongrdpithativheryd, cashmﬁaﬁelle pardicularly preferred.

The@tcgf%fﬁe@ﬂlg&g%e 25 h E?Hﬁ‘é’é& ng&g@al 519 aacﬂvf{:lrallty may

be uﬂﬂdﬂtqgﬁﬂhémﬂ ene-2, 7- dlcarboxyllc acid, :
h xylic hen | et car

- Sippenvlilcar oy ¢ acl 4 diphem et per, dicar oy,

tendartonatdlay pbkymémqutxbﬁunfkthﬁnpdﬁymémmiWHKWEEa(HaEno
Iur used to er, Te.re alic acid
1ar it v T OF MRS L00SDe s T SR LS REE, ana
the marfitere troe it N E&&if@tﬁ‘&ﬁd or yrhearmf@ﬂ’@m&h cpcdeyjrmnon%lp
|.es ar omat co e

for PAIRIE 9 FOTOE ossypﬁ" pf'opa&?ﬁ{e P 0-97 <
g/(ehyﬁrGKMQMenyl)cyclohexane bIS(3 dlnethyl-4-
| 2}{[‘?‘{ oﬁfg’hl%engaﬁ%gl qup?ﬁ%t(%ée%_qﬂacqﬁqﬁ%qlzed in tnat the carbon

o%ibﬂy PP RENY (DD rARBRE, 1 rA ERRG tHH e e @, thdinsdrfbme

phenyl)propane and
COmpfnf%% P ERFTEMAT Ayt 1 MBRRRF t g dedniidy the

- follﬁﬁq%@ qm@qﬁdﬂigyol conponents may al so be

| 0.001 £ (n)/(m) < 100  (6)
(wherein (m) represents the total parts by weight of the
‘monomer components including the aromatic dicarboxYlio acid
component (e}, diollcomponent (f) and diaryl carbonate (g},

and (n)_représents the parts by.weightiof ﬁhe'carbon nanotubes-

)

_ The ‘carbon nanotubes (N} referred torhere have,the‘eame

'_definition'as explained above. - ' ,

If the welght ratlo (n)/(m) is smaller than 0 001, 1t

: Wlll be d;fflcult to 1solate the carbon nanotube component in-

the polymer.. ‘The weight fatio (n)/(m) is preferably not

e_larger than'loO because coating of the Carbon nanotubes with
ethe polymer will be'insnfficient;' Reeearch‘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)iﬁ 1.0 is o

‘especially preferred for inequality (6).
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used either alone, or a plurality my be used

together. According to the process of the invention, a

portion of the aromatic.diol component may. be

repl aced with another aromatic diol conponent such as

hydr oqui none or 4,.4' 22 di hydroxybi phenyl, in a range
ch does ot air, the propert|e of the resul t.i.n

oo e YTV 1 e dan E g Thed

pon or° eXa
by rrmlce;lpej @:emt@oun@s& e(xanpl eaa eihdli @)y labzardbaimat ehe hemrdon

nanao e rren Ieglrfi)er%saq]‘; ggyé'lnfﬂayrrlfg.lo aﬂt@oep?a’itsg co?nlp)gund
repr@wwe-doﬁyoltyie ganhenatg andndiiraphthyl carbonate,
anong whi ch di phenyl carbonate is particularly

preferred. These diaryl carbonates may be used al one,
140r apjsurality may be used together. In formula (5),

a gil{e+f) ratio smaller than 0.9 will tend to del ay
| ymeri zation.of the polynmer, while a ratio |arger
than 1.1 will increase coloration of the polynmer, and

erefore neither is preferred. The preferred

,/fel ionship for formula (5) is 0.95 < g/(e+f) -<

1.1, Ianz a8 Secyally 0.97 -< g/(e+f) S 1.1. The

i nve R M further characterized in that the carbon
\\napgpubes (N) may be . added in addition to the monomer
ddiponents for the reaction in a proportion satisfying
the following inequality: 0.001 < (n)/(m 5 100 (6)"

.. (wherein (m represents the total parts-by weight. of
(whethén RbhonﬁiIﬂﬁneooenisdepehﬁdmngythepﬁeseﬁt|@ne or more

| c.ac n onent (f)

- grouf o B R SR e To Y gty LB Al San, SLbHgS ) C5-10

_ cyclpa&kylbgrwepghtCGﬁlQhergarbaﬁu@én@hdbeﬁ 1Qkaalib& grOups.
car bon n not be ferred to, here nave tﬁe

B b Rl PORCH LT R eEhGes, kM o i3°3% least

oneegroup selected from among Cl-6 alkyl groups, c5-10

cycloalkyl gronps, Co-12 aryl groups and C6+12 aralkyl groups.

The letter n represents an integer of 0- 4.

As examples of such pyridine-based compounds there may be'
mentioned 4-aminopyridine, 4- dlmethylamrnopyrldlne,,4—
diethylaminopyridine, 4-pyrrolidinopyridine, 4-
piperidinopyridine, 4- pyrrolinopyridine and 2—methyl 4-

' dimethylaminopyridine Particularly preferred among - these are
4 dlmethylamlnopyrldlne and 4—pyrrolld1nopyr1d1ne

In this reaction, prlmarlly diaryl carbonate reacts at
first with the aromatlc dicarboxylic acrd component and
aromatic d;ol component, to produce a phenol. Since most
aromatic dicarboXylic‘acids have lon solubility,.a‘highr

.temperature is requlred to initiate this flrst stage of the.

: reaction, and a long time is necessary to completlon of'the

- first stage of the reaction. However, using a specific
pyridine-based Compound as described above'unexpectedly allows

the initial phenol generation'to.be completed at a very low
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If the weight ratio (n)/(m is smaller than 0.001, it
will be difficult to isolate the carbon nanotube
conmponent in the polymer. The weight ratio (n)/(m is
preferably not |arger than 100 because coating of the
carbon nanotubes wth the polynmer wll be

i nsufficient. Research by the present. inventors has
temR e Th A Phe T L6t O E10e / (o T sgnaly,
it gineflefarehad; the g angeirnfe 4l exeHamde Mat=d ybt0 iirS the
especially preferred for inequality (6). 23 The .
lat%ﬁwﬁﬁ%&?<ﬁftqﬁ§i%ﬁﬂ%ﬁﬁ%ﬁwHQQ 3P Hognsdrion,
ther@by @AAldWIGhi AMPRUAGR A Witd @ AR RByralkowe and the

carbon nanotubés in thecﬂpesence of a pyridi ne-based
Po l ya$dartd Ate froe $En Pa@ BiE & effal |sB\itg PRaded &5 pime.
R%e"%%ﬁ:i%@%as@h Yo dnMIRI R %a%%ea%%ealgne%c@atal tic
i ndependently represent one or re groups selecte
amoufiytg mpaiedieg aindr dgéweenCr-6 WMy modreoapsl, 0CH51role and more
‘ L l..9rQups, - r S -.J2ar [ .
Pre QT S, W U B W e o
1 moRe5 ofRM®iper@nt] gast. one group sel ected from anong

Cl-6.al kyl__aroup -1Q. l.Qal kyl. . gr -12 .aryl
oL en b et oF, Ty riger Y Thd Pty et it
tempeeprtesentis ramhiemtmade podfyn@rd.zaAd cexdmpltés pfresacivte of the

oy ELILDGRRSEN SOTRRUAIS, | Do R € A FENHS0R L 2ot ion
- tempdirethykarefemryeiddicne hedepyrsr ahieditroppiadiore, of- the .
reacBiBET LISV IE & X SR dii and
polypeefieatednanong. thbepelgieriadicet hyhpeiraopye disn@elow

200 B PHEI L SRR T LD L Scteaclon, B il
makidgcacbanpbiseistedtreonparent sapdlymer with a high degree of
'polymefizatidn, while it is also preferably not above 400°C
 because the polymer will tend to undergo,dégradation.' |
' AcCording to the inventioﬁ; an alkali metal salt or 7
"alkalige earth metal salt may be used in addition to the
pyridine—baséd compound, in order to increase the_ |
polymerization rate.
| ~ As éxamples of such catalysts there may be mentioned
'hydroxides,,halides,rcarbonic acid salts and bicarbonic acid
saltsfof alkali metals such as lithium, sodium, potassium dr
cesium and/ox alkaliﬁe earth metals such as magnésium-or
' calciﬁﬁ. 'Particularly preferred are potassiuﬁ carbonate,

. sodium' carbonate and disodium salt of bisphenol A.

7 According to the invention, there-is no restriction
-agaihst'using_é conventional publiély known ésterﬁexchange
;catalyst in addition to the.pyfidine—baéed cdmpound, alkali
metal salt and alkaline.earth meﬁal salt.

The amounts of suéh‘alkali metal salts and-alkaliﬁe earth

metal salts uSed.may‘beAcatalytic amounts, but are preferably
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aromati c diol conponent, to produce a phenol'. Since
nost aronmatic di carboxylic acids have | ow solubility,
a high .tenperature is required to initiate this
first stage of the reaction, and a long time is
necessary to conpletion of the first stage of t he

reaction. However, u3|%g a_specific pyn% ased
betwesihdlittl a8tes @bt Gib e U dh & IRF y %ﬁé;ween

0.1 ipidilaRhenaopenaratliah e Heqor at edial & ey

l'ow 24 tenperature and in a short period of tinme. Also

aromgfrigy iSidglgpmpqnendi-nul t aneousl y acts as an
est X ianas LAl iy ddis od atp%reﬁtr%@ﬁyOfthtehﬁnltlal

aronati c "pol yester carbonate productl on, thereby
polvatd mvdaty ca pm%qmonmﬁelmp&ﬂﬂtgﬁede@r @e reflatively. Low

{ { f
comfATR 1A hd AP AL ARl BN 0 che
finaﬂatg&dmarimtdm te;m];m‘rertatley b &thee g 1n@00GQE tioine and

ferabl y bet 00 d
comp ST S AP ALl Aty Helynn G008 gl 9, a0
\ preﬂef]:aﬂ:l’lgr rﬂ(béi@)s"cof the invention, the pol yrrerl zation :

eraturefor t.her mal oI nerlz ion_in t presen
oft e O YSPRR A Chg v B Fosibc bR dibary
preding R Z@idedn rddRiRer q;trwseurref emed tlh(e rienenas. the -
pol t enper at, urngtrlc%gtg%n reacti ef tem f?ylrpﬁwan% Pressure
with)QnamRIE1Z @tﬁe@edmercnidﬂlenl eheelee\@tezOOCThteh eerazeittlon
- Vi scosHy of the polyner will be |n3rea,sed meki ng it
systgiphdds |°c¥ldénta6yok§>cf£sﬁ%epd1syﬁ§|efﬁrtai’? & Pn“gﬁmdé&neéé; i

atm AR icatni@hogdm, | & ridlon e,r ehleo 10kef. er aley pqume&qeetlon
400C bhecause the poI ynmer wiill tend to under

cacdd@radaficon R@@omrﬁdqu&at% rRFeAtCHRA sRdamey) e about
o_z_ng@t #osalt or alkaline earth netal salt may be used

in addition to the pyri di ne- based conmpqund, in order .

t BGGeEdade tonéh SpHPRESSz &L & &her étné’enﬁéoé‘xal’%ﬁ’iee§°8'ﬁ3°nents

%H%&e%%%@&y%%%r@Eﬁf%nﬂﬁMtQ%e@%@ﬁ@oﬂﬁQo a reactor at the

- start of the .reaction, but a molar equivalent of the,dlaryl.:

-carbonate may be introduced into the reactor at separate

points from the start of the reactlon
The wholly 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 moldlng such as extrusron
"moldlng ‘The amorphous nature of the polymer obtalned by the

_process of the 1nventlon can be confirmed accordlng to DSC,

for example, based on phenomena such as a lack of melting.

pOlnt . A
The reduced v1sc051ty of -the wholly aromatic polyester,

aromatic polyester carbonate and aromatlc 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 mechanlcal strength will ‘not be adequate as a
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hydr oxi des, halides, carbonic acid salts and

bi carbonic acid salts of alkali netals such as

[ithium sodium potassiumor cesium and/or alkaline

earth nmetal s such as magnesi um or cal ci um

Particularly preferred are potassium carbonate,

sodi um car bonate and. di sodium salt of bisphenol A
res%Ec%?ﬂ?ﬂ@lFbO?heaPﬁveﬁtFBnlStﬁé?%t?§ EBapedt Pi Ehfon
prod@at Nsh W$i Ngpa §@Byeaﬁt9§ﬂypﬁakéCwm{sm%@ted

est er - exchange cat al in addition to '

pytieli heaphbed BHARWG dObaﬁkaﬁd byethf éﬁpte@ﬂdtioned

pro@éi‘@lié‘edfé‘ééfvé@t sl b JH agraw ﬁt rSYERy Lkééivent

| salts and al allne e ts use
forbél%%wbmyt®@ @m@unﬁelabuonalet@rp@bymbrycoasebeCaebon

nol referably bet ween
nang e e e o p o PR T s B s R TP Et PR
dle&QWmmethﬂm©lam@m@b@m@l/l]h Zh%—pebnaehlofoéhhane mixed
Solégw@ntlon preferably the initial polynerization
reacti on tenperature is arelatively low tenperature
and the tenperature is gradually raised to the final _
neélzatlo t.enper at ur {h ¥ner|zatlon
AT TR o e v BTy b SB P OAE  Sre b e
prfefs&lfrﬁb-la/rtﬁﬁhﬂf@@voiﬁl@s’@@i YERI it [t i 9ve i €86h | 08 FRYEPEably
conducte under reduced

A SeRTsanga %%tpcﬂr—aénarl¥ %‘i[;) rf?%i?u{i}e%%%a&wﬁaweacﬂwbexyllc

‘ _ac1cprcﬁfnqxcatéryc alnDr£h Nar b EESS Wikl Wddp&iadual pressure
g uction thereafter The reaction systemat ordinary

FETE ot SFFHIGET W ARG reomnent RPHEre of

o allphattrngQfﬁaolarcgﬁrfpdi{ertﬂ"'Qaﬂé kénarkhen pol yArend 22t P 1o

reaction tlne IS not partlcularly restricted and may
satigd vigsltthe el wHdig sinegdridivhgl 1o t he process of

the invention,gthecconppnents pare preferably charged

S|nultaneously into a reactor at the start of the

(whergdey igon 1 dthen rislar fuinlieantofoftishea iimatic

dlcarboxyllc acid ~component .and f' is the number of moles of
| 'the diol component}, ‘ |
. ,and—then.the-carbon nanotubes (Nj are added for reactidn in a

proportion satisfying the following inequality (8):

| 0.001 < (n})/(m) €100  ~(8)

1(wherein (m) represents the total parts by weight of the
monomer componente ineluding the aromatic dicarboxyliC'acid'
component (e) and the diol compenent (£}, and (n) represents
the parts. by weight of the carbon nanotubes'(N)), |
after which therebtained reaction product is dissolved in an
-Organic solvent, and the polymer coated carbon nanotubes are
filtéred and separated |

‘ ~ As examples of aromatic‘dicarboxyiic acid components
“there ma?~be mentioned terephthalic aqid, isophthaiic acid,
‘:methylterephthalic'acid,.methylisdﬁhthaiic acid,'naphthalene—
,2,64dicafboxylie acid, naphthaiene—Z;7—dicarboxylic acid,

diphenyldicarboxylic.acid, diphenyletherdicarboxylic acid and
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carbonate may be introduced into the reactor at
separate points fromthe start of the reaction. The
whol | y aromatic pol yester, aromatic pol yester
carbonate and aromati c pol ycarbonate of the invention
are all anorphous pol yners, and they may be used to

dlphe%%i uff égegargég HE Sagyd f dhgééngﬁgma@f%t arboxylic

as extrusion e annrp ous
| aCldsrmmyrbeomsé@eab@mgnemrcﬂnﬁ&msmlbythey pe ogesd ofgetieer.
tion c confiyr accor to
. Terep‘é&éﬂ&‘é a‘BJa e%ln nt %%fh%% HC s%%h 9% ]PE\DE "f‘bin%‘%se‘i
togetip@LNin Jh@efeﬂ@C@@tNiﬁC@S$ay1@fa&h@ryh@hbyphmwmmpmIymer
carbg e and aroma

ol yester ar onat fer na
BOI YEaF ioha e 2gBE L hedk b3 HHE b Goatat deatrrREd abbvere
may bé Sndhelsrad! ¥ By Dond. H ycand nmepﬁbﬁfgeéﬂélglﬁc&z 5, 3-
| f the reduced viscosity is,

| trlmeﬁ%ﬁh%%?c%ly%@¥enbt¥rQW¢$n?Q&°%e %d%qﬁ%?%n%gl%i262f%S|n
dlmetﬁff$9§%$ﬁéﬁhofndnéépéﬁt ?Iﬁ@é?r 1henpSnPahd@iol, 1,6~

ion wll be subs nor e conpllcated The
hexanecémh oh- Preeueredbehi nJedl %yd@%n%%%ne?at foned

cycloﬂé?&ﬁé&nﬁ%’:ﬁéﬁéﬂl Vedh 10, @11 108 ANk &1 ROENEAL1 Or 1 asidi C

vent or dissolutioh and isolation into
- cycloerymedinezhano bar boime anbe b esl YPe1 pr ke eFamethylene

| | ;
TLyeo D S B e B E cePhanes i Yot €otvent .

' dlethjmawlmbt@m@sdc@mmﬂwe hakeedlar ofese pbinkatie)
diols 2P s MO LoRO) YESLE oDt NE) MEPIBONLEY cogether.

a sem arorra C-polye ter corrpr|S| ng an
Tﬂewm@lecuﬂ&ar®©xghtoofath@ semporermabhd ROLyespeat | En

~terms Oﬁp vgpg 'ﬁgal%ﬁ% o%fﬁ@Q%%éé&ré&'Qt 35°C in

onent "are
a 1. 2o¢1&ﬂfgephembh/lmlaz Zﬂu:e’oracslalmsd@fthn@nehe 4661 v hght

-'ratlo qfu{iéy (7g é%e'ranée of—ppége£g%ly 0.1-20 dL/g,
- more preferably 0.2-10 dL/g 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 arsmatic azole confOrming to the:follbwing

formula (F) and/or (G):

N N
\\\ /// Q§§\ 3 A;s'
NS

' (,FJ
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(wherein e is the nunber of noles of the aromatic
di carboxylic acid conponent and f' is the nunber of
nol es of the diol conmponent), and then the carbon
nanot ubes (N) are added for reaction in a proportion
satisfying the followi ng inequality (8) 0.001 <
(n)/(m -< 100 (8) (wherein (mM represents-the total
part s Nby. wei ght the nononmer conponents including
tic gifcamNQoxylic acid conponent (e) -and the
d represents the parts. by
es (N)), after which the
reactl product is dissolved in an organic
sol veM, and th&Npol yner-coated carbon nagpt ubes are
flltered and separated. As exanples of aromatic
di carboxylic acid conponents there nmay be nmentioned
wherte%.rne@“ Baki 92 actd, o4 SPPMY ér?d@x% selected, from the
nethyl terephthalic acid,-methylisophthalic acid,
grour;ggjlmt@m of, @,dlsc@rr@okwd é’sracmpresents a C6-20

I
tetr ntha g%?na?tlz ri%%rpgci g& BégwsgtSﬁg}:gl Ca(26 .20I dlva}ent _

enyl T box rboxylic

' aromaﬁmCdg&w@pQZ d|phenylsulfonedlcarboxyl|c aci d. These

d | b
SRy ol N ES (ens OB HE it o
togetll‘@(]‘phU.hBaMhQChCICdS&r & hgr efoéraablryatusae@bf t@et {&r may be
spor Il he BT 33t B e R BN el 0+ 200
and 1@@y0be menti oned ethyl ene glycol, 1,2- propylene ,
t hyl I |, 1,3-but
LA Dhe shetnans’ SFhAnin el ifspanadnbry ReSeeappis o co-
20 tegky@@ﬂent 3fpmﬂtaﬁi@mgbp,lagd F&%???ﬁsﬂthereof 1nc1ude,_'
t i 0 ecanedi qQ - :
but 35?0P8% ggﬁé& ﬁeFﬁangPe % gﬁgyépghexanedlnethanol, 1,2

cycl chexanedi net hanol , trimethyl ene glycol,

__tetranet hyl ene gLycoI pent anet hyl ene glycol :
' amst hyl ene glycol, diethylene glycol and

dipropyl ene glycol. These aliphatic

:I:{:r/
*_

“(wherein ! is selectéd—from.ambhg 0, S8, 80, SOz, NH and

C(CH3)).

~One or more of ‘the hydrogen atoms of these aromatic groups may
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fethqy, g@tgc

diols may be used alone, or a plurality nmay be used

t oget her. The nol ecul ar wei ght of'the sem -aromatic

pol yester, in terns of the reduced viscosity (the

val ue nmeasured at 35Cin a 1.2 g/dL :

phenol /1,1, 2, 2-tetrachl oroethane = 4/6 (weight ratio)

solutiop) is in the range of preferably O 1-20_ dL/
be %&ﬁ@%}%@%}bﬁﬁ@l%% LYY A ftR RESD iR prefler %ﬁgiyﬁef
ch1dk i3 OLdLHIQ)mJ(I@'r horcranotiupe sy £<Qad edhi o tds WadlHyl, ethyl,

aromatic azole)' A wholly ar orratl c azole according to

prore vty lon 8 Lo prefarainald by WHBIQYP afevmtd Céw{@entyl

or cﬁf%lf\g{{nylg taheb({ﬁid Y H ¢ f V&B\Iﬁpeg% n}‘?;kgs/ gfhérfjl N-

1Y Y2 N (G
are edoh fpﬁd@é@ﬁddrﬁ’ol poslel(&dt. eﬂdﬁp@mdtelmé:lygnf@@pfesents a Cé-

20 (ygﬁéﬁ :g%éﬁaéaciﬁfgﬁhrwéndwégr éé%%ﬁgs%ﬁﬁégiégiiy%ﬁ? may

etrava arona oup, and S represents

" be ndintailcersd naertcaarmhemglreﬂm) pﬁ@nﬁdlmd,sl@fefmmﬂcasﬂ(@ylene,

and G sed e _or oget her, in which case
2,65 %a&*]%&i’)&r %{tlb%%fn FE)at}Ig) 4:!491 appropriately

- isopsmipadtietkrasi igmerdasinesd @rwwﬂpmmm,em,og'}oo and

oSt o e (B end (O pdependently -

dlpn@ﬁynﬁnakdﬂuﬂéyﬁ4|4ﬂﬂdﬂ#henjﬂﬁnéﬂéthﬁﬁ I3rn¢4uiﬁhhnyﬂuhe

f ol | owi ng{y efl,ﬁ{q\ V\M%Ey(é g) YAé |asf1 seclret toedXJlrqurgnaermn%ne

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

propyl or'héxyl; a C5-10 cycloalkyllgroup such as cyclopentyl

.or-Cyclohekyl; or a C6-10 aromatic group such as phenyl. The.

. structural unit of]formula'(F) and/or (G) above may evern 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 inc;ude‘the following

polybenzobisoxazoles:

N N
~ T 0 )
o o .
NN |
¢
o . "N 7
or the.fdllowing polybenzobisthiazoles:
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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 bronmne;, a C6
~al kyl group such as nethyl, ethyl, propyl or hexyl; a
C5-10 cycl oal kyl group such as cycl opentyl or
cycl ohexyl : or a CB 10 aromatic group such as phenyl.
N5 i and (G independently represents a
at+c group, and as specific

' 2 be nenti oned neta-phenyl ene,
par a- phenylene ort ho- phenyl ene, 2, 6- napht hyl ene,
2, 7 naphthylene 4,4" isopropylidenedi phenyl ene,
di phenyl enesul fi de,
, 4,4'- diphenyl eneket one,
' 3,4' -di phenyl ene et her,
% xyl ylene and ort ho- xnyIene One
or nore of the hydrogen atons of these aromatic
groups. may be independently replaced with a.hal ogen
‘StmﬂeﬁﬁsdﬂdkﬂyIaiomﬁﬂMMWd@ﬁdﬁhdﬂﬁﬂﬁﬂh@ohymgﬁ% ab@ybe

ro such .as th ro or 10
oo D B O O Lt P Lo b PR SaEo o
solu@fich @&llfthearionmtiion gfrouelszu@lela,&leeheewlonThe The degree of
stryctural unjt of fqormula ) .and/ or abo
POolyEGEH 45&19n Sdpd %éﬁﬁﬁrugﬁn Nl &F ¥h?%¥%ht
VJ_sc@rsQle@Jt i@ g QRS dlsteRzeer ed emraﬁldelae&etabe of 0.5 g/100°
‘phenyl ene and 2, naphthalene Speci fic exampl es ,

nL le 9|§r &dr Fé’@%’i’&lqa}eéir SHREIE L Ce Girden$aG B asaryfesd 30°C.

is pregewd®1ihe fooll10w na1/p9lyherz Q@r%oﬁ&é@e%%blly h .N-80
(dl/o)l N or the follow ng polybenzoblst azol es 30 s s
/g

The wholly aromatic azole can be 1ndustr1ally produced

"w1th a satlsfactory level of producthlty by the follow1ng
process accordlng to the 1nventlon

Spe01f1cally, at least one compound selected from the
group con51st1ng‘of aromatic amine derlvatlves represented by

the following formulas (Q) and (R):

NH, = NH,

' Svn g
NH, Yo

{(wherein Y? and Y® are each independently'selected.fme the
.group consisting of O, S and NH and Ar' represents a C6-20

tetravalent aromatic group, or.(Q) and (R) are'optionally

"~ hydrochlorides)
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FE
Mot

/" \ I N These wholly aromati c condensati on pol ynmers
may be produced by conventional publicly known
processes such as solution polynerization or nelt

pol yneri zati on. The degree of polynerization of the
polymer, in ternms of the inherent viscosity Binh when
di ssolved to a concentration of 0.5 g/100 nL in 98

and tjeiic SYERRGTEEd dad f @it el aiid s urER tdc 30C,
dlcaﬂ%ﬁlﬁf@rﬂd’ c%rqﬁra]tQLv% (U B s erh & HY @o@l%@h%g

0-80 (dl/g). The wholly "aromati c azol e can
formuhﬁhkﬁrlally produced with a satisfactory Ievel of

GLinvist y~byptshe fol lo g process according to
eﬂe |%vé%{|§n ]§pe0|f|calrgg at |east one. conpound

(whersdlne@rédréporsthes gr66p26odswaﬂeng efromrbirat groapi nend

m-a?éséﬁﬁé|%g§ r E@es §$¥a¥e§hg36ft hﬁgrfﬂgﬁforHU|§E”2°

‘aromaNH& @Roupsherein Y2 and Y3 are each |ndependently
- el ected fromthe roup .consi sti S.and NH
are HREORE 471 G Rida 45 16 g e S S g the

follo@ﬁ@@pan@@daﬂhﬁyui%ﬁ@ are optlonally hydr ochl ori des)
31 and their grgchlorl es, and at | east one aromatic

: di carboxylic 4o VAT ve }epresent & by the.
(wherkahl eWiRg thkohba ( S nidi2 OAF At GPuRE3 o« Shnine |

(wherein Ar 5 represents a _C6-20 dival ent aromatic

derlvapégﬁ rgﬁgesented 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 repréSentedlby formula
(s) above), | | |

and then the carbon nanétubES (N) are added for reéction,
after which the resulting reaction product is dissolved 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 Ar? explained for the bomposition of the wholly

aromatic azole, R*? .and R in formula:(S) each indepéndently

represent hydrogen'or a C6-20 monovalent aromatiC'group, and

 specifically phénylene, naphthaléne, biphenylene,

isopropylidénediphenyl diphenyl ether, diphenyl sulfide,

 r;diphenyl sulfone, diphenyl ketone or the like. One or more of

the hydrogen atoms of these aromatlc groups may be
1ndependently replaced . w1th a halogen such as fluorlne,

chlorine or bromine; a Ci-6 alkyl group such as methyl, ethylf

_propyl or hexyl; a €5-10 cycloéikyl group such as.cyclopentyl
'i'or.cyclohexyl* or an alkoxycarbonyl group such as o

‘ methoxycarbonyl or ethoxycarbonyl

The: numbers of moles of each monomer. (reactlon component)

preferably‘SLmultaneously satisfy the following 1nequa11ty
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e

R12 and R13 each independently represent hydrogen or a
C6-20 aromatic group) are charged in-a nolar ratio
~simultaneously satisfying the following inequality
(9) 0.8 -< (h+i)/j <_ 1.2 (9) (wherein h is the nunber
of noles of the aromatic amne. derivative
represented by fornmula (Q above, i-is the nunber of
(%)} ‘nol es of the aromatic anine derivative represented by
formula (R) ahpve,<apgdi{)} d§ ¢ he, munber ofy nol es of the
aromatic dicarboxylic acid derivative represented by
(whefrgd mulha 1 5( sﬁea@wé)er &fd mHEs (e thsr BESRTRARSE GBES( N)
derl%%%l@%d§@ r%reﬂ%ga'q?nfoﬁﬁiﬁ¥ hi eibote regyl thednumber
reaction pro [ i ssolved in an .organic .sol vent '
of maigst & mb@mmmm@@mm@meman@ef irepaesgntafd by
oI d a a
'formuf)l qtR abOV% s%glr?srj Snt %”Hgm%r% exp (Olﬁg)r(?(‘ejd%?oq-ﬁ)e
aromemdnoeutamban1uheawh@Iqerxmahnme ae@zeﬁentRﬂzban@ORm@la
(s) IE fornula (S) each independently represent hydrogen
20 nonoval ent aromatic group, and
If t&@e&eﬂﬁ@dbhﬁhﬂ@eﬂ%H&ﬂdj n&phmhaﬂenethhmp@eﬁybenéarger than -

' d h h di
L2 ST LS e R S AU gycacion

degrkiekes ﬁﬁ&yﬁbrﬂ&hﬁl@h thﬁmhﬂdmﬁgeﬂaahmﬁﬁoaf (hhesej is

’ aromati ¢ groups nmay .be, :inde ndentl | aced Wi
suithigasn Senpntes FrerRdY R AL e Renenr CrekeLy
0.95l kT'hegﬁ@'Fb@rSllﬁ.hll&S Rt mm, e’tjhyds sudrepylly ar. 1hemxz>lre a
: C5-10 Ci oal kyl group such as c .o nt& gb
prefegepdpexy éPdaﬁvﬁl“kEiW@arP& a&lapﬁ Jdeh us, t

opt ifREN 6w r@@&V'h@& yothexeardiony o The ﬂ@Wﬁ&t&oﬁfmay be
: nol es of each monomner (reaction cqonmponent) preferably

consipuetateolsl ¥ - rsf@”’tlﬁe(]f & Hodi®ng. i nequality 32

(%bmpounds of formulas (Q) and (R) may be used alone or
together, in Wthh case the molar ratio of (Q):(R) may be

approprlately selected as any de51red proportlon 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 etirring in a reaction solvent as described below is
preferred. The reaction temperature-  is preferably 50-500°C,
and more preferably 100-350°C. Iflthe'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 conditionSg-but
will normally be between one to several tens of hours. The'
reaction may. be carrled out under pressurlzatlon or reduced
pressure. ‘ _

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 compoﬁnds such as antimony
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0.8 -< (h+i)/j < 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 amne derivative represented by formula (R
above, and j is the nunber of noles of the aromatic

di carboxylic acid deri atlv resent ed. by I
trloxege,agépefomppup & PBF aéngﬁ HI ce%at% EQanF%Ylater

+I)Ij i'S’sma
dlbut&*ﬂ@ﬂn%&% Eﬁﬁgéﬁ_bb'ﬁﬁlltlh Zi,laldetmyé be ldiaftfiheulet ri-d

tain a. polymer with a sufficie .degr e of
metalpéagfﬁer Sghi R, CTAEIBIECATY a&ﬁ+g‘)€ gl gaits such

as sofh aQE%Pgngtengh@ %6%%%%@Q&Vc%r%%n&&@ ,everl mhiogphite

: prefera . e upper I|n1t for (h+|)/
conmposnidtablghl 2, diphenygr ehesabiE @ﬁ&gtnﬁa?SPhlte
eVarloBreE%gﬁQE¥e£ g%chT%%Sankq%foQHt@U@k%a%Q%cf%&e&@ﬁabmy

ing to the invention may be considered to be
used Au@ing (thei xhpc8idnds. Cbnpounds of formullas (Q and

be use t er,, i chgasa d heol
%B%aFa PPongp%fék%% exggﬁ'apprgggvggtﬁgjselectedo ©
_acc0ra$n@nyodeheredvemmp@mtl@mﬂ@ﬂnmnam aubEE0 (Nand@TE00: 0.

prefe}g%&&ﬁ%%}d:egig e gx[%eg% SOle\r%r%ta %%Cts! %E:tq gamaterlals (Q),

g Teact | on, Yor exanpl e,
" (R) a@dhqane@eteaetm@e ﬁdmduidn|unwaKPHGPQ£ﬁynn|aﬁt Wiéyt the

as descrlbe gelo preferred. The reaction
follopdnfer REGHE S Ypr! érably 50-500C, and nore
preferably 1006350€. hﬁ/the teryper at ur@Oi)s bel ow 50C

. the reaction wl| eed, and i.f it
(wheregdgn ¢ méoéépﬁ)‘?s&n&dué‘sep ] %t % Bedi§ gsl}é;oo?hpetrhe
aroma@:‘i%o@B@ﬁilh'eoﬂier-dﬁ%tlﬁ%’i@gin@’bﬁérlﬁlfs wid)l, ﬁﬁpe&’nﬁ drhe he -
: t enper ature caonditiqns, but . wi no et ween
aromang £ codpera e re g Hang. Saret el e am et
repre%%%@se@h%ubalr&@'bypﬁx%i@ﬁﬂ ZHt i Oi‘an’}:&:ducfadnomrm ufe. ) -

he reaction will usually proceed even |n t ab nce
81he sagkea yspotpines,n s tid % 31 SS"S“

-deflnH%QQn!%s explained above.
| The weight ratio- n)/(m) is preferably not smaller thanr
,l0.001 beoeuee it will be difficult to isolate the carbon
nanotube component from the‘polymer, The weight ratio'(n)/(m):
is also preferably not larger than 100 because coating of the
-carbon nanotubes with the polymer will be 1nsuff1c1ent
Research by the present inventors has indicated that the range
,:,of 0.01 £ - (n)/(m) = 10 is preferred and the range of 0. 01 =
| 7'(n)/(m) £ 1.0.is eSpec1ally.preferred for inequality (10)

(Wholly aromatlc condensatlon polymer as matrlx and
“compo51tlon comprising carbon nanotubes coated w1th aromatlc _
condensatlon polymer) '

| The present 1nventlon provides an aromatic. condensatlon
'polymer composition comprising 100 parts by welght of at least
done type of aromatlc condensatlon polymer selected from the

'.group con51st1ng of wholly aromatic polyamldes, wholly
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Ry

necessary. Exanples of ester-exchange catalysts to be
used for the invention include. antinony conpounds
such as antinony 33 trioxide, tin conpounds such as
tin (I) acetate, tin octylate, dibutyltin oxide and
di butyltin diacetate, alkaline earth netal salts such
as calchun1acetate al kal i tal ;salts §UCh as sodiu

aromphi GoRat ¥ ARG Fot ATSTBICaPBINEEE S aRa " BRESSRPY 3T oMt LE

polyearpeHAds ssUeBmas adiopAeny ppheephict-e and thbphengkomatic

phosphite. Various additives such as antioxidants are
azolgpgoapfePePabl{0 we&dsdtwi HE1ORE PEACETERT™ REFCLHPESN

-coat@@nQEHﬁeﬁhQOQE%QdﬂﬂEhc%nWQ%%EXm@hoﬁgﬁy%eéz@egcrlbed above.

according to the invention, carbon nanotubes % ar
The gpatedabRybandeanpsubke pakyREETLaRPdN §68Ft Phgl.1-60
partgaB rh@#ghgc%nd &BkeaQQe%ékﬁggpoﬁe1bh§a&%§05&°ﬁeh?h@ with

proportion satisfying the owi ng Tnequality (

- resp@c00to<l(R) pemfs- byooel byt @@heheuﬁrpmptﬂepﬁeeéﬁﬂeathen
- poly 8&3' ??rEﬁeong% %h%a?éfh? an%%gg?%e%rg'ﬁgEBeat less than

erivative corponent ‘ ) ar omat
0.01dpaatbbxyke¢g3t|dtdwaﬂylbesdéff@@pltaﬁd gahieve an effect

AR e T R R A L

partsahe wdethni thenmad déxpl aiilédbabowre. cdhelwernght.

BthBSot e B PReBdCaPPEPRCiT CaraTE T R ERPGH "

-prodﬁ&@@tHbéeQmﬁﬁﬁndﬂbp%&@ﬁbﬁh&tpObanhe thatwedi ghtcbpat i o

o (n)/ is also preferabl not

nanofBbghebn cEaEIRY: oP<CRe LR AP B e R el TAP LAY 2T

exhipotgaer will be insufficient. Research by t he present
|nventors has i ndi.cat ed .t-hat he ran

B i baatac; EOnRERER aanang er. Dagd Bp gogt the carbon

nanoﬁﬁbéénhnﬁ theOaksmagpecicahbynpaefienr pdliperi Beguahiyt s the
Whol |y aromati c condensati on r as matrix

- matréﬁdOf éﬂﬁo%PWPBﬁlEbﬁﬁr?§?n§r€£PEBHlHaH89ﬁ ¥s 2EGRREGC
polyﬂhiﬁe@réﬁﬁﬁr§51ng the follow1ng formulas (&) and (B):

~NH~ Ar*-NH- . - (A)
A ~0C~Ar? CO~ o (B)
(whereln Ar' and Ar each 1ndependently represent a C6-20

divalent aromatic group)

.and satisfying the following iﬁequality (1) :

0.8 < a/b £ 4/3 (1)
(wherein a is the number of moles of the'eromaric diamine
repeating'unit represented by formula‘{A), and b is the number
of moles of the aromatic dlcarboxyllc acrd repeating unit

represented by formula (B)).

-(Molded artlcles) _
. Molded articles such as flbers and fllms can be formed
from the aromatic condensation polymer composition obtalned in

the manner deserlbed above. A molded article with exeellent

mechanical properties can be obtained if the carbon nanotubes
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-comﬁyfyfi

nanciYREESPren 3

F=

-condensation polyner) The present invention provides
an aromati c condensation pol ynmer conposition
conprising 100 parts by weight of at |east one type
of aromati c condensation polyner selected fromthe
group consi sti ng of wholly aromatic poI yam des, wholly

-34 aro t| c .pol yest aro pol yest.er
are G atoan A AP Bes Herir. &PSmRAFES OF
the ﬁ@m %rre.;laﬂ@ whol |y aromatic azoles, and 0.01-100
parts f)él wei_ght of carbon nanot ubes coat ed W|th t he

arewsti end&G R ERLiREr PFSYadssed pdvisd affrdcle

havi¢RAlRG HeRS %rﬁdﬁmasukafr%eaft%dorﬁf Q:'h%bh)é itle @ike®@ion
parts by wei ght and m)recﬁreferably parts b

or iyeitdie 'pl\anteh ofr édypedolided 60 tiarles Waﬁa@icgcmrlc%fe

dlo%n Uiy Ifs hr ¢Rated b%»am%ht of

nanot ubes are use | ess than 0.01 part by wei

at liems |o|nebetymef quc@rtomactlarcmoem@wtéfcﬁve@loly@fer. A d

cone C cat e
whols;nyncaeom@@lar M%Mema@nm@q&msmmn@mes,

arom%t%du%%eg 2 % Qes,'%gﬁ{sﬁg éﬁﬁé’ #?% ag% %%%ﬁly

IR ANGt N reS|ns excel Fentostrer ICcity
aronartac axloillist, e dindT e -Gt |p@r¢(snd>3znmgchrt prl ymmqused
coat the carl% nanot ub and the ar on&%tl

SV mﬁ‘g 150 CoRS SRR POLYTIE
desc@dlﬂip:dSlablo@l@a araeacprb@,if érating. anhelriynarsanian copdfjiatiedes I of
corrprlsm t IIovmn formJIa A a
1 SR BRPRERE TR SRR CRO OB LGy B SREE AR £ron the
foll@&lﬁhgl rdepende ntliy repr esent a C6-20 dival ent ‘
aromatj c group), and satisfying the follow ng

i nequ 1[¢5c6§l?)¢551n&1¢8<- alb < 4/3 (1) (wherein a'is the

fromm‘t%'éa%’r% ?f’o #"»Jh%ﬂ]ty %be?r{a%é %%q]y]a%Qd

< coshgie he aromatic di am ne

f-“@mnﬂw (11)
3<cosig>—1
-2

(wherein ¢ represents the azimuth in X-ray diffraétion

- measurement and I represents the 002 diffraction intensity of

graphite). ‘
The orientation coefficient F is more'preferably 0.2 or

greater and even more préférabl& 0.3 or greater. - A higher

- value of F is preferred, but the theoretical upper limit for

totally oriented multlwalled carbon nanotubes is 1.0.

The invention also provides-a molded artlcle hav1ng

‘carbon nanotubes orlented in the lengthw1se direction of the -

molded artlcle, characterized by comprlslng a composition

4lcon515t1ng of 100 parts by weighf'of‘at least one type of

.aromafic_condensatibn polymer selected_from‘the group

consistiﬁg ot wholly aromatic*polyamides, wholly aromatic

'po;yeéters,‘aromatic polyester carbonates, aromatic
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repeating unit represented by fornmula (A), and b is

the nunber of noles. of the aromatic dicarboxylic

acid repeating unit represented by forrmula (B)).

(Mol ded articles) Ml ded articles such as fibers and

films can be formed fromthe aromatic condensation .

pol ymer conposition obtained in the manner described .
PO Ly RRRNE e frp| I LT e G R BT et d&%gw ca‘aﬁ"mad“c
azold¥ ORELd | @S0 £alo & Lbt 2l e dsd { gt beo £atpasomanistheses 35

are oriented i-n the Iengthwi se direction or in t

he
coatqst afietofthe heromtided errdenest yecid sty Jeqhetbed above,
and 1“8 AL OYIGIeS ﬁbﬁ@%ﬁ%@%aﬁéﬁé!éh SRV Mg €BFIDON of at

nanot ubes oriented in the I engthwi se direction or in
leastt He anidimeo of redeenothe Qrti cie, repreanierd 284 Hie

conprising a co jtion consisting of 100 parts by
f°1l%%ﬁ Bt %Rglgggf'one type of aromatic condensation

iy b /3l ected(1Zyom the group consisting of wholly -

-aro i ¢_pol yam des ol Ly .ar .G . po t ,
(WheEﬁ%ﬁgﬁW%IEBF 8ster Eg?ggnéﬁég,&%g%%ﬁgfgchﬁgﬁ Ehe: laser
polaolHCasHONRS s, iSent i anoaat par pblykster shantengiohyise

> onmat i | es d 0.01-100 ts, b ight : an
e dLRULE S20LPR 0 8,01 100, Par e Pryplatatlicte, anc

I, répREeBasaki enepal yame idesasihedwhbaveheaddsby patamgzation .-

an orientation coefficient F of O.# or, great er. «
plang e caf HER- HANRT DNERC 80 IBE of i B 19385 TRES 141t Qo n? ©”
perpdd it Bat 14 "the ' Rl43 60SthesShol@de axCOEPep>=if ti2e Raman
- I (Osinodo (11) F 3<co0s20>-1 2 ém?erein (Eaman
 SPeCHIBER cSEPT StRRCATR Tt FRRACHRT By LR PPTAEL FOR
. spectBaSHESFENT and | represents the 002 diffraction
.'intensttg of .graphite). , _ : . .
The molded arficle may be in the form of a fiber or film.

, The aromatic condensation polymer'used to coat the carbon
rnahotubéé_and-the aromatic condensation polymer serving as the
' matrix of the composition are preferably wholly aromatic
polyamides comprising the following formulas (A) and (B):

| ~NH-Ar'-NH- ' (AY |
_ ~0C-Ar?-CO- (B)

(wherein‘Arl and Ar® each independently represent a C6-20
~divalent aromatic group), ' . ‘
“and satisfyingfthe following inequality §1):

| 0.8 < a/b £ 4/3 (1)

{wherein a is the number. of moleé of the aromatic diamine
ﬂrepéatihg_unit.represénted‘by formula (A), and b is the number
|  ,0£ moles of_the aromatic dicarboxylic acid repeating unit

:‘represénteq by formula (B)). ' ' -

Examples ' _
The proCess.of the invention-will now be explained in
; greater detail by examples. Howeyef, these examples are in no

way intended to be limitative on the scope of the invention.
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The. orientation coefficient Fis nore preferably 0.2
or greater and even nore preferably 0.3 or greater. A
hi gher value of F is preferred, but the theoretica
upper limt for totally oriented nultiwalled carbon
nanotubes is 1.0. The invention also provides a nol ded
aghlcle havi car bon ganotu s _oriented

étﬁﬁP§§léng§&tF8Ragﬁ tRE* Lielos £EG Pmpllgﬁed using a

Pers@héﬂaGEQtrledgbyCﬁemﬂéthngalQQpﬁeeitbop , consi sti ng
of 100 parts b ght of at | east one type of
aﬁ@ﬁa#ﬁ€n08ﬁ6§ﬁ§éﬁ| hZBolMGREFNSBPBEf ed. from the group

CORsi skbRgpaktWaok! ¥iaroagt LepebyBBhdRSHoWIBEEYin the
aromatic pol yesters, aromatjc polyester carbonates,

disparsieni 6038Cpsl Yaar BEAGHEST B¥np- st BRht PE2pbEYRRY gPgthod
us1nangnmﬂ?bbﬁOaﬁgﬁgBtracﬁzgyeﬁlkﬁﬂgoocgl,1ﬂ9dparT§ebMean

wel ght of carbon nanotubes coated with the aromatic
partiohdensari offi pochnerpgesesppedprapevet wasdmeasLhaf fhRkeT

ultrgééHQE @?BQEHQS% E8¥e @8 Q5 hgRLat hoR- ﬁéebyﬁlz ~56a881 Ydone
and no t he

_ greater as represented
(heré@hh@tﬁmgaQQUaVn@neélaﬁ NpP:. IYYIIXX (12) (wherein IXx
r esen : a [ S S
R o e
nanotebgshMAse dlrectlon or paraIIeI to the plane of the

I ticle, _ and e ;
TR OB TobafisheeRa8p el bR PIEE k0BT ME qorarn from
an HeBDenbedeeapbmdLahbaatbolehewhengkhm&seddhnecthen,or

. r pendi gu "th n the | ded in
dlamgﬁgg ﬁh§88%gF 5%21?Ee cgrB%%Bﬁgng?uBégﬁ%g
obsepohanezedtﬁaﬁaa Tspeqin s copy) .arkdee (Al ,dEDar tWweolee measured,

n the fo :

Th
with (PNBCREBFRER BOLPROPTubEE (b=B650-TnEcbRpoaR CTsEEd as

the méﬁﬁtdbaﬁeaad bhetHEOGBtbﬁnCﬁﬁdeﬂ&BEBQnapdlyheraverage
matrix of e co 0si‘'tio

: th
valugrafel s ooHAGH §2hr Babf LRSI GaRE aasneeﬂﬁﬁésfnae%ﬂ%
calchDhtew Y tRerdkas LApeaddréBio.

(4} Coverage of aromatic condensation polymer on carbon
" nanotubes ‘ |
The aromatic condensation polymer ~coated carbon nanotubes'
were heated to 150°C in air using a TG- 8120 differential
thermograv1metrlc system-by ngaku, at a temperature elevating:
rate of 10° C/mln - and the value was determlned based on the
welght reductlon ratio due to decomposition of the aromatic-
condensation polymer and the carbon nanotubes. o
. (5) Mechanlcal properties: A ten51le test ‘was conducted :
using a 1225A Tensilon Unlversal Tester by Orlentech Co., Ltd.,-
" to determine the Young's modulus and tensile strength. _
_ (6) X?ray'difference measurement: An Xfray'genereter_i'
- {(Model RUwB'bynRigaku Denki) was ﬁeed for measprement under
condltlons with target CuKa rays, 45 kv voltége, 70 mA current.
The incident X-rays were converged and monochromatlzed w1th a ’

“multilayer mirror by Osmic Inc., and the sample cross-segtion
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-NHArl-NH (A)' -0OCAr2-CO (B) (whereinArl and Ar2
each independently represent a C6-20 divalent
aromatic group), and satisfying the foll ow ng
inequality (1): 0.8 <- a/b < 4/3 (1) (wherein ais

t he nunber.of noles of the aromatic di am ne

repeating unit. represented by faornmula (A, andjl bis
was MEREURGRHEY tHP WEIEdCarl. RO SEHGRHC T i

diffracikddr @Pealisng i berkeRkes entied; by Jfoor md & @ﬁb)mm
Exanpl es he process of the invention wll now be

imagisgpbadiated (ipaodgcdardr Fadtiaiflli 1y (e xafh Mes s HeReer Was
e I d b
conacfDEEE FHRIPLERAALES 1) Seeds ifor 70
@ent Poflagalzesieparani specThios oy :addtemRansite Fpesitagrgter

used ﬁggﬁonﬁlcroH%%%E“%%mQ %%%tQ%mM#h&'ﬁea%Rggﬁgicwzhorlba

articre~si ze neasu e size
Joblnonvbhe camrben exanatihes ilasthe ll@tﬁperourme sEleve wa swas

. me r ed a ligh er n nmet.hod S
o L T
beam alh.ameaiere&oh FaRneees ];se;d a@lp&dim.ﬁ'na\m yraasur.ed Tafitsedevice
trasonic.treatnent for one m nute in
was uﬁeﬁe?ﬁﬁ p: ﬁfﬁﬁ&ﬁ&&ﬁen (Sﬁ’erc&rﬁéﬁoay APobe deddoydn
manneHNPLThé3hnNE?@S@la%%%@&FQQd1&&%mlaﬁﬁﬁbgftatmheO%lde of
- carpon nanot ubes ransm ssi on e
the fwPEFoge@yeflﬁﬁgpo@Paﬁﬁ %&mecgﬁos-@@ﬁmﬁ} El 0 fiber

axes EBROKARALIremenaS o¢Xafken@dmand sphet rdind g @he aadbon
| engths of all of the carbon nanot ubes observabl

nandtwoﬁﬁv the7 NS asMrRNGEmMESe & ORSHBEEK Y Ae &

. structatB- HQ%l%earég%a%@|Hﬁt@%sﬁﬁ%’QHQQPtESéhﬂEHéERaman shlft
cal cul ated as the nean_di aneter of the carbon

wave ﬁ&ﬁ@?@b@§ ngad tRECa¢sy agdren the laser polarlzed plane
was allgned parallel to the fiber axes, and for the G band

AdAntensity {Iyy) when_the laser polarized plane was aligned

"‘perpendicular to the fiber axes.

'.Refereﬁce'EXample 1; Synthesis ofrsingle—walled carboo
nanotubes o | ' _.

An Fe/Co catalyst wes‘sﬁpported on zeolite.using Zeolite
dlY powder {HSZQBZONAA, product of Toso} as the porous ca;iier;
and ifon_llij acetate and cobalt acetate as the catelytic
.emetsl Compounds. The catalyst support amount was adjusted to
2.5 wt%‘for each. Nextr4the catalytic powder‘wasiset in a |
quarﬁz boat which was then placed in the quartz tube of a CVD
apparatus prier 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 reachlng the target of 800°C,
'ethanol vapor was introduced at a flow rate of 3000 mL/min and
‘the powder was kept for 30 minutes in the Ar/ethanol
atmosphere The resultlng black- colored product was analyzed

by laser Raman spectroscopy and transm1551on electron
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val ue of the aspect ratios of the carbon nanotubes
being calculated as the nean aspect ratio. (4)
Coverage of aromatic condensation pol yner on carbon
nanot ubes The aromati ¢ condensati on pol yner- coat ed
car bon nanotubes were heated to 150C in air using a
TG 8120 differential thernogravinetric. syst em by
mlcww@y SOTHL @Y a«‘zwcewat%gﬂmee% ﬁﬁ:/%ﬁ?w

nanc?d'igaééqe V@:Ue VAR dgieliAAedRaRR:: ok itiA e WRIIARId carbon

reduction ratio due to deconp03|t|on of The aromatic

,nancﬁbﬁtﬁ&{szaitqldrtqg’@l%ﬂﬁdr C&\W]ﬂh'é: cafﬁtﬂ)rﬁm waes0¥ 5)

hya MEERAN G &fSla nqucted
hyd usnlng a 1282%&0 nS| LG ni ver sa ester yg%l ent ech
exchemged trhter tm dmxmnalne:ﬁ Heo Yoamgres thed dagsl ided and metal

: ten il e strengt (6) X-r dlfference renment;
catalSH) deteria YR H ey Bk e e el
: obtaflofedm&e:lh’cemnindﬂlﬁ&rs veare idbsesresd thy t‘Imi\@,etre@ﬂédmg a _
- rays,. 4 kV Vol t 70 mMA current The i.nci
meary Sy et M HOhGL MG ASES it g of 100 or
greadadd.i | awev"éﬁ r arosﬁy dBHHe Mot e thel samirile
_.cross-section 38 was sured by the vertical
SErUGRHGdihf r‘f’étdt%ﬁOfTﬁZ’ oudi #% At -ed X-rays were

detected using a 200 mm x 250 mm imaging plate
(product of Fuji Fil and measurenent. was nduct ed

Refeafﬁaﬂé%e ESRRYicorts YR D Skt gk gil Idrech s nhn. mApotubes

Polealdtzes BarSReed 0sAoM: tHe S maapre! ¥ Bledference
used was a m crol aser Raman spectroneter (LabRanHR t%)/cDe

‘Exampdi da eXFSHIth thadntheTRe astdianatieaparadair s ioghtt "o &r

appa4$ed Na% 2 6oL, CRAUGhIadASn Wit A t48R21NMy. carbon
wavel ength, and the |aser beam di aneter was focused

nanotybsspMeR PRREHyMEdhm AfHeT deiidd caldeonyddd they same

mann%%l%%'@%Qe@%m%% FRREH1QS QO 1 &éﬂﬁ%ﬁfﬂdf“MHHJZégyyﬁg'and
he incident laser was irradiated fromthe side of

| metatlhéfafqaaefrsteo@@o@hac@mqw faraagier elSGCoW 199/ ka0t pragleict of
Kura&'ﬁ%%gfﬁéﬁ% foit%qu%%%m%yedﬂf&f“%ﬂ%@ﬂ@%f%%%ﬂdﬂ“@f@étment
Flrst ‘the temperature was raised from room temperature to
1000 C over 30 minutes in a vacuum, and then the temperature
| was raised from 1000°C to 2000°C .over 30 minutes at a pressure
of.S-atm under an argoen étmosphere, and further from 2000°C‘to
~ 2B00°C over a period of an héur for firing, to obtain
.graphitized multiﬁalled carbon.nanotubes.- Tﬂe_ebtained carbon
‘nanotubes were observed by TEM, revealing a mean diameter of

58 nm and a mean aspect ratioc of 36.

Reference Example 3: A01d treatment of carbon. nanotubes _
After adding 30 parts by weight of sulfuric acid to 1 )
part by weight of the carbon nanotubes obtalned in Reference
Example 1, 10 parts by welght of nitric ac1d 'was slowly added
dropwise. Upon completion of the dropwise addition, the
—mixture was subjected'to ultrasconic treatment at 28 kHz for L

hour in a 70°C hot water bath. After-completion of the
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nanot ubes; the nmeasurenent was conducted for the
graphite structure-derived G band intensity (Ixx)
having a Ranan shift wave nunber of near 1580 cm -1
when the | aser polarized plane was aligned parallel
to the fiber axes, and for the G band intensity (Ilvy)
when the | aser polarized plane was aligned ]
reachappen8bheuparutdonheasi peredxés. 1ﬁ@féﬁ§ﬁ§ebExHﬁBQét10f
watedyRbheai$uef o8l Ngha- %ﬁ%lﬁglﬁﬁégogolﬂ@ESBuQS? éﬂc%$
catal yst was supported on zeolite using Zeo
filtpsaderithisZ- 820RNAN peoduefépnTosupraset fieltpor ousshed
W1thC 5£b§r and.Lrop.g4! 1) acetate and cobalt acetate ds
e cat a ytic ~mefal conpounds. The catal yst support
anDunt was adjusted to 2.5 wt% for each. Next,-the

- wder uartz bopat ich was
RefefBhBLYELEnRONTR] RSP st Dei SHROR B “haplphl péfdtubes
]E)Afbert adevaguat b oparandyt hél{;ﬁﬂ’p'ef apuéﬁo_gvasor gi.segart by
o om.roomtenperature.to 800C e i ntroducing Ar gas
weighf OFE" PRT A STRoE &L 4 8a o POt Pl O (AP Al o
Refetanget Egémpséogt, tleé hamtuy@paas\Apﬁom&.é@duw@éhab Rortar
gé w, rate of nin and the powder was kept for
for HAYtes #h %ﬁﬁ%u%r‘i%t%a%@ t%?%%%%te%léo ultrasonic

' treatx@éruttaﬂ%@m% £8F Ol @thh PheEUSt i Mas amat YR wayeka@gﬁh
man spectroscopy and, transm ssion electron' .39

| afteﬁ]‘&lﬁbgleobg, p%‘}ﬁ|1P¥n‘|‘@1‘§)1?%d%€t‘iibﬁ9ih%‘fi3’%lW%OMFﬁeﬂnd _
0. OO@ﬁfﬁ@@t BANRE Les ofkaimeﬁﬂf &%ﬂﬁ%ﬁ%%ﬁ&iﬁ@uﬁére added

(single-walled carbon nanot ubes/zeolite/ netal :
theretyp. a?%tfeaﬁglaﬁlpﬁéa i R1tdedery dtoPrddrpE vadingSorrey 200°C.

AfteRO3 SRk & henyashatb 4, ONga X£HaN0ed- Mad 86 °EO0yhile at

neutrality to renove the zeolite and netal catalyst,

. ordinafy RFFIFRER | DT RN P TRY BHFE nbindt ey Stiere was

grad@Pt B) nedycaspon Nanot ubes, et gfep&ﬁ‘elfﬁl@ds@é'rg% the

revealing a nean particle si 1.2 nm and
reactyipctt et fRFrapbrorvagyragt o  raHAed and nose memere

was Mé@e%ﬁ@%%rpm& SHUAH I & & W dih &L_ the

about nm

- reaction, the final attained temperature of the system was

" adjusted to 320°C and the degree of vacuum was-adjusted to 0.5
rmmHg (66. 7‘Pa), so that the phenol and diphenyl carbohate |

- produced by the reaction were slowly removed out of the- system.
';After completlon of the reactlon, dlchloromethane was added to

- the residue and the mixture was suction f;ltered with a 0.22
'pm poxe_Téflon membrane‘filter to remove thefreSidual phenol
and diphenyl carbonate;.for,isolation of-0;55 part by weight

Qf carbon nanotubes..

,Reference Example'S:‘Phyéical treatment of carbon nandtubes N

_ h After'adding 0.909 part by weight of the_¢arbon'ﬁanotubés
obtained in Reference Example 1 to 300 parts by ﬁéight of NMP |

(N—methyl-Z“pyrrOlidone}, a MINI ZETA (air)‘bead-mill by -

| ‘Netzsch Inc. was used for 1 hour'of-treatmentrét'2500‘rpm

using 0.8 mm-diameter zirconium beads, to obtain a carbon
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Ref erence Exanple 2: Synthesis. of nmultiwalled carbon
nanot ubes Reaction was carried out in the same manner
as Reference Exanple 1 except that the reaction
tenperature of the CVD apparatus was 600C, and
production of nultiwalled carbon nanotubes was
“confirmed. After purification in the same nmanner as
nano%@% éﬁg@eéféﬁﬁle 1 for rempval of the zeolite and
- netal catalyst, an electric furnace (SCC U 90/150,
product of Kurata G ken Co.,. Ltd.) was used for
Re£e§ﬁ§§ﬁi@ﬁf§?l8n6treatnent First, the tenperature was
r aicsed tirbameHoANN ke WReN BHULE rhon 1000EusKer w3 eNREteSed
in a vacuum and then the tenperature "~was raised from
in thgogeneorannec eveReIGIATNAGt EX¥aEP1ls gressgept $hat &PMm
carb%%d% n%%u%%QOBb%%Eg%Bh%he %%Qe %%t?%EmE&%”QZQQQQ t8ed.
0C over peri o our Iring, to. obtain
graphltlzed mul tiwal | ed carbon nanotubes. The obt ai ned

Refegggg%nExggggguges were observed by TEM revealing a

er of 58 nmand a nean aspect ratio of 36.
: R@heneﬁeetéxaﬁpbd &ulA@WdlﬂedaCHebbnohaoatbbﬁs were
t ube [ | f '
Obtal% uggc%ggl Bﬁo %g% art%% R%f%%ﬁ?XemE %%rbénexcept
thatnahetubebonbhannedbea EbtanaadelnERaﬁpkenﬁe EGapates 6 were
usedby wei ght of nitric acid was slowy added - dropw se.
Upon conpl etion of the dropw se addition, the mxture
mas subjected to ultrasonic treatnent at 28 kHz for 1-
Ref E 790 Hgt wat er bath. After conpletion of the
e.eﬁﬁana PER;"*t Aé sol ution was added to 100 parts by
malgb&tQﬁalm@HebaEbbndhhnthbe angptheidhl whedobtained in

sol ution ~suction | tered. w or.e
the 3RREOHORERD: aRolPERFRRCoWBEREH  Swpt neRGEEE BRAC. 4 680
partiksbyawedghReber ensechxponl Aadot BheBybpshenkhi cat Refie@bnce
n nanotubes After.adding 0.5 part by wei ght of
gart by weight of the acid treated
carbon nanotubes obtained. in Reference Exanple 3, the
m xture was processed with a nortar :

 Reference Example

Acid treated multiwalled carbon nanotubes were obtained

in the same manner as Reference Example 3, except'that VGCF

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

ReferenéérExample 10: ,
' Phenylésterified.multiwalled carbon nanotubes were

obtained in the same manner as Reference Example 4, except

- that the cérbon naﬁotubes cobtained in ﬁeferghce Example 9 were

used.

" Reference Example 11: -

_A multiwalled carbon nanotube diSpersion was obtained in-

the same,manner'as.Reference Example'S,'except that 4.680

'partsrby weight of VGCF carbon nanctubes by Showa‘Denko Co.,

"Ltd. were used.
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for 10 m nutes at about 60C and then subjected to
ultrasonic treatnment at 28 kHz for 10 mnutes in a
70C hot water bath, after which 10 parts by wei ght of
di phenyl carbonate, and 0.0061 part by wei ght of

di met hyl am nopyri di ne were added thereto. and
reaction was initiated at ordinary pressure, 200C.
After 30 mnutes, the tenperature was raised to 220C

Refel@;é@ @Eamﬁéﬂil@ry PF SStH EL ora sk thie ypreassdye i n the
stem was gradual Ig/%reduced After 3 hours fromthe

- dhEker ﬁdqiﬁlﬁ ¥ eaktibRatthe RedperEtuE Wi agai n
meth%%éufleldolal%ﬁé‘e T 855 Y -t hasy radunad.o @nsgihaty 1wl dnine

fromthe start of the  reaction, the final

and 34 (%4 rlfeﬁdrﬁﬁerﬁwr‘ﬂaiwfét ot thel 'sybiaarnerhenid (iher e @

B

ordircarpopae SsuIpE omm:@edlssylvhegr thet compeeeats| sidgr nitrogen,
enpved ,out of JL.he sy, t.e
70. 04 FRATOAY AIEHTbT oot re il L F R A s e

T et e resi dug
whll@rmitizl‘mrtg Xt U imanalsy s uota ori dn Ivtaa etbrwiudted BB\ for

ore TefI ranefllter t Ve '
Lé‘h%? %&% bohate rTfD Cal%[ %@Mjbd%fas
' added)afdir lhye\y‘ﬁraghtznnj Jﬁ@idmibmandﬂhmmtam&rmﬂqgner dope -
' e 5: Physical treat of carbo nanot u
vas IRRECIRIGHED oot S e APRE e nad
©an imMaaednibesi s b ad nesie i . Retd—ﬂr/eﬂce Exanple 1 to 300
parts by wei ght of NMP. (N nethyl-2-pyrrolidone), a
M N ZETA (air) bead m Il by Net zsch I nc. was used

Refefdicd maitipXd ISeatE’@éﬁaﬁitﬁfr@Q}ﬂ’ phollsy ngr dhadtic
mm di anet.er zirconi um peads, _to obtain a carbon 41

~ POLYRTRHER UbE- i PRI bh. 3RS ¢iifite. Exanple 6: Acid
tziﬁ@éﬁdadﬁdﬁcj v} 1 R € a5 hets rw]o,talbﬁsc v eN-obt ai ned in

o t he sane manner_ as Reference Exa XCe| at 7
 methy ey TEak K haridt Vb S A e S THFGre; drod BREHpTRiATine
' and Nerey Lﬁ?ﬁ: BRefes eqee &xa e diaminophenyl ether in a
thoroughly dried three-—mecked flask equipped with a stirrer at
ordinary pressure. and dissolving thercomponents under ﬁitrogen,
"63.077parts_by‘weight of terephthalic dichlofide-was added
- while stirring. . Finally,'reaction'was conducted at 80°C for.
SOIminutes and 11.57 parts by.welght of calciumfhydroxide was

added for neutralizing reaction, to obtaln ‘a solution of a
| wholly aromatic polyamlde with numerous amine ends. The
obtained polymer dope was reprecipitated in water and the

_ precxpltated polymer- had an inherent v1sc051ty of 0 32 (di/qg).

Reference Example 14: Preparatlon of wholly aromatic polyamlde
:w1th numercus amine ends

After add1ngﬂ1717.38 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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Phenyl esterified nmultiwalled carbon nanotubes were
obtai ned in the same nmanner as Reference Exanple 4,
except that the carbon nanotubes obtained in '

Ref erence Exanple 6 were used. Reference Exanple 8: A
mul tiwal | ed carbon nanot ube dispersion was obtained in

t he sane nann as Ref erenc except that
the jofgonantE Biple o gir s« (63 0 ot S i e
- tere@mttaﬂaaqd; ldriclfiqfoerleiec &va PRIdE whiier & tisedi.ndRef erienqd y,
: nmple 9: Acid treated nultiwalled carbon nanotugﬁZp
rea%@él FecaicraduGted fE Shé Fa&0 &y Parts

by w%'lg%)ﬁc%ﬁt ctail@tlum@dr%%{lw WA AlddRes i Mallzlng

DenkoCo., Ltd. were used. Reference Exanple 10:
reacpiieny| ét OPtRIiEd amiNiiare @ ic ar B0 Ilah GUifFE igeme lyamide

w1th°l?1'i.1ﬁ1'e'}%%s' '31 I?xh SR MRS A% RefRS %J&%m@&arﬂdgfe 4ias

except e car bon nanot ubes obtai ned

. repreeﬂ@ﬂeﬁeedaanmaé:egc werce thes gure Refidradmee Eedamﬂre haghan
' '1nheéeg@|g5@%5g§q ben na 32¥HQ@ di spersi on was. obt ai ned

sane nner as nce Exanple 5, except
that 4 680 parts by wei ght of VGCF carbon nanot ubes
Exam%ﬁ Sqowa Denko Co. Ltd.. were used. 42 Reference
anple 12: Preparatlon of pol ymer dope After adding

‘ - 1AfTe3B apding 50 Owpiagitts @W Neﬂ@ﬁhykﬂyﬂtﬂﬂdﬁhyiPYKMEﬂiﬁone,
parts, by wei ght of p-phen edi.ami ng, and 3 r
0 pRRLLS PR MELAL 8f phepylsnediaming and LA BRI ne
of pelphedyﬂlemeeliaeﬁined afidak Se@tmrpxpeq: wehjgra: gtfi rirher aa:tid '
. _ordi nar es and.di ssol ving the nts
ereafffl GaeH1B-5 18 o aPrEs, RACHRESs! TRt RELotence
Exam@ﬂéhBoﬁhd@ wasradded y \wiiileel ihﬁ@é%ﬂ@chédﬂﬁﬂa&k equipped
reactlon was condycted at 80C fo
w1th stirrer at or 1nary pressure and dlssolv1ng the
components under nitrogen, 6.395 parts by weight of
‘terephthalic dichloride was added while stirring. Finally,
‘reaction was conducted at 80°C for 60 minutes and 2.3 parts by
weight of calcium hydroxide was added for neutralizipg
reactlon The obtained polymer dope was suction filtered'with'
a 0.22 pm pore Teflon membrane filter and washed with water,
and there was isolated 0.55 part by weight of carbon nanotubes
coated w1th a wholly aromatlc polyamide.
The amount of the wholly aromatic polyamide coatlng the

carbon nanotubes was. 19.3 wtﬁ'accordlng to measurement by a

differential scanning calorimeter.

Example 2 ,
After addlng 0.52 part by welght of the phenylesterlfled

‘81ngle walled carbon nanotubes obtained in Reference Example 4
into 40 parts by weight of NMP and further addlng 1. 337 parts
by welght of dlphenyl terephthalate and 0.454 part by welght
" of para- phenylenedlamlne, the'mixture was heated and stirred

 for 3 hours at 200° C. The polymer dope obtalned from the
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60 m nutes and 12.85 parts by wei ght of cal cium
hydr oxi de was added for neutralizing reaction. The
obt ai ned pol ymer dope was reprecipitated in water and
the precipitated pol ymer had an inherent viscosity of
3.5 (dl/g). Reference Exanpl e 13: Preparation of
whol |y aromati c ¥an1de wth n rous m ne egf
reacAﬂP@rwéddﬁHEti?T7f3é 65?95W59hmEi§ oPmnPore Tetflon
membgﬁhgykﬁiﬁeglbﬁ@nﬁasﬁgdsalﬁﬁrhﬁtEY wehahthete was isolated
enedi am ne and 34. 84 garts by wei ght of
0. 583P4Ttd%HnWﬁéEh§n?¢ EEBKBPN| RARO Pﬁ@ﬁo&@ﬁF?ddWFEH a wholly
aromggg B%QEﬁgdglaS%hEQHgBBﬁg Wet Bha Shbilgr adbmatic 7
ry pressure and dissol ving the conponent s under
'polyamudegenatlﬁe @Mep&ﬁrbObynaepgﬁbeéfWﬁér@ﬁhﬁhﬁtﬁcaccordlng
' dlchlorld t ction
to niaSUeBERErEY 3 OFocPEn e Rabadngr g T mebErTS by
_ wei ght of caIC|un1hydrOX|de was added for
£ m§ﬁutﬁalizing reaction, to obtain a solution of a
y aronmatic polyan1de wi th numerous am ne ends.
Thae ebmelpedcpdhyQEWadopenmastedpaecdplEaamdlen2maee¢ept

enatgBLah I eoPrBL S IRE BF LURerBRdnRlebRishRthy ona 0. 421

partpb§pﬁé@§h@noﬁfBwMOLHyaﬁﬁﬁﬁ&hpﬁeﬁ?lyaﬁhde wakrehused. A 0.1
nuimer ous. ani ne ends After agﬂlng é 8 partstb was
party gy gHe: gkt NPOREERY! Bor EOFi GBRATART BXBE pAPPETEYeS
- disp¥ekeht iaf 1804pardkaniynophgny! o€t hEr watd tberesghiy waves,
dried three-necked flask_ equip Eed with a stlrrei at
S

- and gfBpRatympreksupPE GRACALELERTIRG 5 BhESBERPOHER

acceUBE8E i Bht £98No£6810F0pany s2 bya Wi @tp Diatd eraphidalimed at
: di chl ori de was added while stirring. Finally, | _

- 0.02,pagtib¥ Was9BEnducted at 80' C for 60 ninutes and

' 11.57 parts by wei ght of caIC|un1hydrOX|de was added
: for neutraI|2|ng reaction, to obtain a solution of a
Examph®l fy aromatic pol yani de with nunmerous am ne ends.

Tﬁftebtﬁéaegnaobxﬁebage@ebyaﬁel ﬁErgﬁ'Bhtﬂhﬁdthpéﬁéfbn of

and the prec:lgltate ymer ha
the carbon nanotubes obtalned in Reference Example 5 at 200°C

-for 1 hour to thoroughly remove the water in the dlsper51on,

0.703 part by weight of para phenylenedlamlne and 1.330 parts
'.by weight of 3;4'~diaminodiphenyl 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 welght :

of terephthalic dlchlorlde was added prior to continuing the

o reaction for 60 mlnutes.wh;le conducting 28 kHz ultrasonic

treatment at 0°C, and fimnally, ﬁeaction was conducted at 80°C
" for 60 mlnutes and 0. 48 part by weight of calcium hydroxide '
.was added for neutrallzlng reactlon 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

';r.parte by weight of carbon nanotubes coated with a wholly

"aromatlc polyamlde
A 0.1 part by weight' portlon of the obtalned carbon
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i nherent viscosity of 0.28 (dl/g). Exanple 1 After
addi ng 500 parts by wei ght of N-nethyl pyrrolidone, 20
parts by weight of calciumchloride, 3.406 parts by

wei ght of p-phenyl enedi anine and 0.5 part by wei ght

of the acid treated single-walled carbon nanotubes ,
obtained in Reference Exanple 3 in a thorou f%%

nanotipes- Wask 64 sheasiededdi pHéd Pakiteh by #gigndr ©

ultr% @hﬁ%r%aQ%%ss% %.%QQeQ'359ﬁ$hQ% Qﬁﬁcxﬁﬁﬂﬁ@%%%&&o%n@Qra
trogen, 395 parts by wei ght of tergphthalic,

cent@n@@@@d|@@om%§nam$gm At VS| @féﬁﬂpﬂﬁﬁbnuﬁ nap|9rec1pltate was
obtar%%%it 'a%; OW\?E_ 3)%'}(1“ E{e%eq_tgh%oc le GOLJTIRULES gfad w%o:ily

cal ci-um hy roxi de was added f o
aromeut:r gloilziang der emettiiog. tTiee colcaimednssivpesr Weepé 4we'§s wi%

' fil d h Tef
acooiphy Lt TGl T Kot 57 T HRel ks & Rl R0 ot o

calo&.lﬁxétye&r.t by wei ght of carbon nanotubes coated with a
whol | y -aromati ¢ pol yam de. The amount of the wholly
aromati c pol yam de coating the carbon nanotubes was.

Exampde3 5W % according to neasurenent by a differential

cann ng cal net.er. Exanpl e-2 . After 0.
S :Qy%\ﬁéltg Y S oS P&?g:ﬁ;ﬂ“eﬁfeﬁhﬁ &¢ U% %@%ﬁ

: wholq_g’r B%m@@ﬂ@i @%@%aﬂﬁh@l Radn muﬁﬁx@@mﬁearmice @oﬂylnterrlzed
. parts b ht of NVP. .and furth %gﬂjl %ﬂ%% ht
in Rﬁéﬁt@ncﬁ’y te £ HRSh U HEEr & ;}ﬁ?h& V48 ight

.of NP@" ttob}er‘é?a%t a @hiFrar phery ergdiadmer e mMhxdilye -
was heated and stirred for 3 hours at_  200C. The

aromgghgmee ldepe Ish idithe AUEGAUSh @44 S E1S on WWad e Bgymer

soluthibheted W LR sa d2d pmRee Tef hengHe sy ane fdalr'ltﬁ:rn
~and washed with water, and there was jsolated 0.5

nanopggbesppbiaigied dn (,Rﬁrfﬁéﬁnﬁ%?n@t%%lec@at e dhithe &uxwre was
subj\’%@@ LY £ ALANBLISG R Y@ 51 EhE AP Ur19fert headiald Whlle

aromati c _pol yam de coating the carbon’nanotubes was
stirzang wﬁ%ﬁ@@cgrépﬁ924 hours. The resulting reaction

solution was diluted with NMP, flltered with a 0. 2 n filter
and washed with NMP, thls procedure was repeated 3 times, and
flnally the solutlon was. washed w1th alcohol and dried under
" reduced pressure to obtaln 2. 52 parts by weight of carbon
nanotubes coated wrth the wholly aromatic polyamlde with
numerous amine ends. A 0.1 part ‘by weight portion of the
'obtalned carbon nanotubes was dispersed in 100 parts by welght
of NMP w1th ultrasonlc waves, and after 1 minute of
centrlfugatlon at a centrlfugal acceleratlon rate of 51, 000

| m/s?, a precipitate was obtalped at 0.008 part.by_welght The
{amount of the wholly aromatic polyamide coating the cerbon
nanotubes was 26'0 wt% accoxding to measurement by a

dlfferentlal scannlng calorlmeter

'Example 6 _
. A 200 part by weight portlon of the solution of the

wholly aromatic polyamide with numerous amine ends polymerized‘
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vy .

to neasurenent by a differential scanning calorineter.

Exanpl e 3 The sane procedure was conducted as in

Exanpl e 2, except, that 0.227 part by wei ght of

par a- phenyl enedi am ne and 0.421 part by wei ght of

3 4' di am nodi phenyl ether were used. A 0.1 part by ,

ght portion of the obtained carbon nanotubes was

in Rqﬁ%@%ﬁé@%ﬁmpﬂ{m IHartas B Meigghtvigih NP Qhirayt by weight
of NMP WASORIL MAVLS i M &f Lary Ll off the wholly

centrifugation at a centrifugal acceleration rate of
aromatsic Q0 yHsiZe a\rlmfemtpmqm@ wasligbtegidred dio thio? pedpmer

SOlué%%/ODW% 3&%& SI on ;ﬁaqﬁﬁéqq%}ar@f?%ﬁ:gnot u es%bt alnggfj

nanouubd@fcertaurmmeééreaicezab@mpﬂc& 6, oyl tthe mixture was
subjecrt rcf)@ ﬁt]:ﬁt%%\é%ct h :stpvat ] | ok tgle ﬁ:{r erSI O%Q}fgj Z\r%%le

par ara-p eny Tedétt dmme and
stirypard st ilyJ(W@ ghtr @‘4 Holirg amhmd:qﬁﬂnélngetﬁwmm

soLutdeE e LA G R Dol T G P drithds ¥ drid o

and waeRd? w@ﬁ:@l RME,S M sVl igtdedufe tm&rﬁrﬁﬁﬁt&lﬂeﬁi ¢ dhimers,deand-

, dded prior to contan|n tion for. 60
£inal i) s SO SRAAATT TR G Her
- reduckld Qe st Itraaldbybalrrﬁ@ctszorpam EanGusiged alf #A@bdror

60 minutes and 0.48 part by wei ght of cal ciuym

nanOthWrsoﬁO@éeq/\é@%&é)& f“’&’r"llﬂléhtarréiniaiﬁlﬁg RO Whtd
numer%tsala&a%eo@ma@r depe was-Sust vl dHd tRred oM WU &he \

2 pmpore Teflon nenbrane filter and washed wth

2
obtawpercarw PROCEURES Wl stispersed iparkld Bpnks it verioht

 of NMPARAGR RARQLURES CoakRL Widiy & MR |1y nidhAERIJLC

pol yanm de. A 0.1 part by MEIght portion of the
centréb‘ﬂlgaﬁé@nc@rtb@n ced ridnstadh e apds rditdsey geds 9f1ed, 000

s? p§r§§e9yp%€hegtwgé MPaWhiR adl br88BNLErWaNeSwedBt. The
er mnute of centrifugation at a centrifugal :

o amounac@él élhét woellat @ remag o e deg qeeddingl ttdxee SRgdon

R nanotubes was 24 5 wt accordlng to measurement by a

‘differential scannlng calorimeter.

“,_Example 7

The same procedure was conducted as in Example 1 except

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

'Oll_part-by weight portion'of.the obtained carbon nahotﬁbes

was dispersed in 100'parts by weight of 98% sulfuric acid with

wltrasonic ‘waves, and after 1 minute of centrlfugatlon at a
centrifugal acceleratlon rate. of s, 000 m/s [ a pre01p1tate was

robtalned at 0. 02 part by weight. The amount of the wholly

aromatic polyamlde coating the carbon nanotubes was 21.1 wts

;_accordlng to measurement by a differential scanning

-fcalorlmeter

Example 8

The same procedure was eonduqted as in Example 2 except
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obtai ned at 0.01 part by weight. The anount of the
‘whol |y aromatic polyam de coating. the carbon

nanot ubes was 24.5 w % . accordi ng to nmeasurenent by a
differential scanning calorineter. Exanple 5 A 200
part by weight portion of the solution of the wholly
aromati ¢ pol yam de with nunerous am ne ends '

for puineertiire ¢aiheRafataite Dafmpial erpngs Tanled \w apd the
. par: i . . .0f t : R Ml th
dlsl}\]/a%gso ulttnl giyn é@%l%%ﬁdy%alr‘%nrg{ S%%%I‘?alm gJ:e wi th ©

samenurETTEUsS sanif@mnds.7 To this polyner solution there
was added 2 parts by weight of the carbon nanotubes
obtai ned in Reference Exanple 6, and the m xture was

. Exangullyj ected to ultrasonic di spersion and further reacted

jle stirrin t 100C for 24 hours. .The,r [t

e e B e o ST e ST ed 1Pt

for ading RHd |d@fboranthvashess o i RN ertdd Exampdedute -
was repeated 3 tines, and finally the solution was

- washed with al cohol and dried under reduced pressure
Exanfleobtpai n 2. 52 parts by wei ght of carbon nanotubes

coated with the wholly aromatic Ol%élm'deEWitl}] 4 c
U GRS TRE IS W%.qort%qt%y ei'ght™50¥i o 5P
for Wi nPRlRl a1t hothManidibes Mo riirgRe st e 100
parts by weight of NMP.with ultrasonic waves, and
after 1 mnute of centrifugation at a centrifugal
Exa@fiGel@ration rate of 51,000 nfs2, a precipitate was .
- 'obtained at 0.008 part by weight. The anmpbunt of the
 wBlY Ao RGBT it e TEMITRE (3R darpople 1o except
for B.I?s]'%q{gu% Was 19cbh Ch M Jo BESOT S Nk £0-JTRAS ULef@ite by. a

erential scanning calorinmeter. Exanple 6 A 200
- part by weight portion of the solution of the wholly
o qetj ¢ pol yanmi de with numerous amine ends =
}?a’% ynerized 46 in Reference Exanple 14 was dil uted
~\MﬁhﬁjﬂﬂMﬁ*ﬁﬂQCQ@pn@ﬂ@ﬁﬁ conducte asrin Example 2 except

for using the carbon nanotubes of Reference EXampleulof
Example 13 _

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

for using the carbon nanotubes of ReferenceAExample 11{:

The results -for Examples 1-ldrére shown'ih Table 1.
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of NVMP to prepare a uniform 1l wt % sol ution of the
whol Iy aronatic pol yam de wi th. nunmerous am ne ends.
To this polynmer solution there was added 2 parts by
wei ght of the carbon nanotubes obtained in Reference
Exanpl e 6, and the m xture was subj ected to

ul trasoni ¢ di spersion ang % reacted while
stirring at 100C for 24 H& ﬁ The resulting reaction

SOl Utljl ofir Waesddll [ UselvaMtl N cipidat esr§Compiiibal zed |p Coating
filtdr and washetspairshorNMPiptshitsyy pt odedurtenwgiders | coverage
' repeated 3 ti sevamdtigdnally the solluf®ien Wastwhshed?ts)
Example B IAsdnRpl 3and dri.ed.under reduced pressure to 19.3
Examp\] 2| rae’; EX) v4 + o _hyv . wei-ah of _carhnn Ivnannt ubhec 22'3
Example 3 | Ref. L. MG TN B il N - A 29.8
Examp i bze‘@'_ 5 TR al UL T g TP Y T UE Vg o 24.5
Examﬁ&é'%'Q&E'ﬂﬂlléf EMdsyng O Ipars;, VWET[gITt B0s3d On Of 5570
Examp € 6 |QRIfaENEG [Carbofmanot beSoVv@as di Spersedodsn 100 24 .5
Examfy 7S Heyf . wel ghit sulaghirNMVRcidi { h ultt. pasoniic - wave9g and | - 21.1
| Exanple 8rj RefpEnutlel ofl fuckenmarcid igat.ifeflat 4 cent®-i®Pugal 24.4
Example 8| |dfedt Eon rlat e of¥351 000 P <> 3 dreci fif2r e was 311
gxamp%ﬁf .;3' HEd -5, OOGlfﬂ?-]-}‘ﬁ by grgrgi The-{—-anb! .tgg ot —tlhe1o0
Xamp Lerl. LX, L1 51 nr1c Agi .l
ExampPa 012 gﬁfi@i“.“aﬂ'e HeLYHiTLaes poating; thecarbgjigg 22.3.
Examp'l@”i{-} HYE VAP0 2475 W0 accpT Ui igel O MEAasuT gIget oy @ 33°4
Exampdbl TARERIH=Al 15(C AN Figh Cal Of 1 TTEb /o5 EXANpPl €0/09ENE Saie 27.7

_procedure was conducted as in Exanple 1 except for
using the carbon nanotubes of Reference Exanple 6, and
a 0.1 part by weight portion of.the obtained carbon

Exam@@goggbes vvas di spersed in 100 parts by weight of 98%
~sulfuric acid wit ul trasoni c :waves,_ and aft

1
PEGEE SAOind: - PAgaProh B HeiSbh P Ghe carbon nanotubes

coaté@cﬁhﬁhath@nwh%ﬁ&yoﬁr@%aQQQ @b&%amﬂd@r%@t@hh@661WaExample
obt ai ned at part gé]t The anount of the

1 tonRBPI ParkPoil M6 HBy &% MU Bc o ies hoe JeRvEaR Lidone) , the.

mlxtaeetJtuHBeguB?%c%édl tW %6 2RcONdicRg sbe ieasesemeht Phral
ferential scanning calorineter. Exanple 8 The sane

hourproEbauN@Pmele@ﬁ@ucwéé a69ef EearsId Pagkeepty welght of
an NMP dope of the polymer obtained in Reference Example 12,

and the mixture was stirred at 90°C for 1 hour'te obtain a
uﬁiform-ﬁolymer dope. The pelymer dope was keptﬂat a dope
temperature‘of 80°C, and then extruded into a solidifying bath
at 56°C compriSing a 30 wtd aqueoué NMP solution, using a cap
“with 5 holes with hole ‘sizes of 0.3 mm. The distance between
~the cap sutface and the‘Solidifyihg.bath surface was 10 mm.
The spun filament was washed with water at 50°C and then dried
at 120°C to ebtainfa filament. The obtained filament was
stretched to a factor of 10 on a hot plate at'500°C.to obtain
_a'stretched-filament The results of measurlng the phy51cal

property data are shown in Table 2.

Example 16
' The same procedure was conducted as in Example 15 except

for ﬁsing the carbon nanotubes of Example 3.
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47 for using the carbon nanotubes of Reference Exanple

7, and the dispersion in a sulfuric acid solvent was

eval uated in the sane manner as Exanple 7. Exanple 9

The sane procedure was conducted as in Exanple 3

except for using the carbon nanotubes of Reference

Exanple 7. Exanple 10 The sane procedure was

conducted as in Exanple 4 except for using the carbon
ExampdRotiybes of Reference Exanple B. Exanple 11 The same

procedure was conducted as in Exanple 1 except for |

udifig 1t headamsom Hamstitse Yo Reafldr erfc @nEt@ipidd spersion Of_

the BXAIRLE LR T SR BORRAULE WS LONAEEHCAS W1 ar 200°C

xcept usi ng "t he carbon nanotubes 6
for Reh@men¢@ enmqmughmy ramaﬂﬁﬂhhetﬁéﬂa; isarihepddspemsd on,

0. 16 n%ycted I% ﬁ@ﬁé' %eny é%laﬂﬁ?e %EQP% %H% Eart

bon Aanotu es 0 nce
by wEh@hsamé anCedummum@@yphehyﬂeathﬂx mmxéxamwb@ 3the

u3|n t he car. not ubes Ref er
mix B G Bee R SHIGY Geurte T Lo oS 1 L e
for HﬁsE@hbglfm.c§8tﬁﬁbbmlh%$¥Tam&EdjﬁﬂiWEWBOP@%QWDb@aWEd@ht
Co L bilize at i I spersion . by W)
of tERPRB A ChGGE YRR R (s EooRE LhudpaFhe
‘reacEﬁéﬁpE©r16@€ﬁu5&te% il e Bl idgRef. RHz 4122a3onic
e 3 Ref.Ex. 4 NWMP 0.02 0.0Q8 29.8"  Exanple

4
'treaﬁ@engxat5ONQp @ﬁ§frow@gc§4fgnally, reaction was conducted
at 80°C for 60 minutes and 0.115 part by weight of" calcium

‘hydroxide was.added for neutralizing reaction.

The obtained polymer dope was added to 1500 parts by
weight of an-NME dope of the polymer ebtained in Reference
- Example 12,“end the mixture wae stirred at 90°Cffor 1 -hour to
'obtain,a_UnifCrm,pdlymer dope.. The polymexr dope was spun by

the samé 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 welght of the carbon nanotubes of
Example 7. '

AExample 19

The ‘same procedure was conducted as.- in Example 18 except
for ‘using 4.680.parts_by welght of the carbon nanotubes of

- Example 3.

!Example 20 : o _

After heating 3007parts by weight of an NMP'dispersion,of
the carbon nanotubes obtained in Reference Example 5 at 200°C
for 1 hour to tﬁoreughly remove the water in'the dispersion,

0.864 pert by weight of para-phenylenediamine and 1.635 part
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Exanple 5 Ref.Ex.” 6 NMP 0.008 0.092 26.0 Exanple 6
Ref . Ex. 6 NMP 0.006 0.094 24.5. Exanple 7 Ref.Ex. 6
sulfuric acid 0.02 0.08 21.1 Exanple 8 Ref.Ex. 7
sul furic acid 0.01 0.09 24.4 Exanple 9 Ref.Ex. 7 NW
0.005 0.095 31.1 Exanple 10 Ref.Ex. 8 NMP 0.01 0.09
19.8 Exanple 11 Ref.Ex. 9 sulfuric acid 0,01 0.09
by wepigrht Cfoa}rpq ‘& diampgiodipheny 5 R AT Ve AT ol

letL?]?e %a%@ct@i Ref . . kl-g) lM\Bstcgq- 0. 0% 33t at 0°C
Exanple 14 'Ref. Ex. ‘11 NMP 0. 005 0.095 27.7 Exanple 15

for dafase?lvetdld:rrhgaib tgoag e Sy and g¢he@f3 tHES qurpory. weight

of t ogtial ne Sji dﬁﬂ&éi V%%?B%%@par P{g vée Cﬁ{ﬂi&?ﬁ% the
react(NmB?tdwlfiCQTlplyTlrtcﬂs d&nd)e cccrreiucm.mmr@ v%sﬁsz Jub} s @riic

0 8 at for ....1he
treattm Ut ion vvas' a &l %bofrgﬁ]aarltl ’byll%/\a/e(fahC%H of° i %cte‘j
at 8(1:"@13e€cm‘ &menlpnit;amrambt(ia.lfmaq:an‘t Ref ereinge: E)d'arqﬂ]acm;l
: and, the m x s stirred at 90Cfor 1l hour. to

hydr Qg 138 AT DA SHA HopdS THESoher dope was

krerpat oattaanmpq:o}twmercmp& eeaﬁ a&ﬂfeda:rtd 196N wxttr sideyg

t | ] di t. 56C 30_ W %
esol8 S PR LIRS, 20 S0 SO g9 8 20 M e

Exanpl® €251 28”1 &fneo n&;&’ﬂﬁreTh@sﬂlﬁilaﬂfeﬁi beﬁi vm;e%: fde Tapour to
surface and the solidjfying bhath surface was 10 nm

obtaipm@ Jnhf o AfdmSadaRished Wi tBP WASH dé%P%O@San%Pun by
the s méiired 2 W04 1ebta na didairent .£ifhenat ai ned

filament was stretchedto a factor of 10 on a hot

plate at 500C to obtain a stretched filanment. The
Examgl@syghts of neasuring the physi.cal property data are

shown in Table 2. Exanple 16 The sane procedure was ‘

dofdFered PES e uBeartisice CERBIEEs 2 om JsiampliTel > except

for u%@%%oa Q@@p%@&%% %& @@yﬁﬂﬂeé% 4% carbon nanotubes of

Example 11.

'Example 22 - _

The'saﬁe procedure was conducted as in Example‘IS except
foriusing 4.680'parte'by-weight of the carbon nanctubes of
Example 13. ' ‘

_Example 23 .

The same procedure was conducted as in Example 20 except
for‘u31ng an NMP dlsper51on of the carbon nanotubes obtalned
1n Reference Example 1. _ '

The results of measuring the phy51cal property data for

Examples 15-23 are shown in Table 2.
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Exanpl e 17 After heating 300 parts by weight of an NWP

_ di spersion of

t he carbon nanot ubes obtained in

Ref erence Exanple 5 at 200C for 1 hour to thoroughly

renove the water in the dispersion

0.168 part

wei ght of para-phenyl enedi ami ne and 0.318 part

wei ght of 3,4'-

di am nodi

henyl eth

er were added,

by
by
t he

m xture was subjected toTaBlRHZ ul trasonic treatnent
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$2r si an.

“of

the carbon nanot ubes obtained in Reference Exanple 5.
at 200C for 1 hour to thoroughly renove the water in

t he di spersion,
Exam@d@azmhenylenedlan1ne and 1.635 part

.0.864 part by weight of
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After addlng 9.360 parts by weight of VGCF carbon .
nanotubes by Showa Denko Co., Ltd. to 300 parts by weight of -

. NMP .

Netzsch Inc.

~using 0.8 mm-diameter
ﬁanotube'diSperSion.
of the NMP dispersion

. manner at 200°C for 1

" the-dispersion,

(N-methyl-2-pyrrolidone),

a MINI ZETA

(air)

bead mill by

was used for 1 hour of treatmeﬂt'at_ZSOO rpm

1.728

Zir

After then heéting 300 parts by Weight

conium beads,

to obtain a

carbon

of carbon nanotubes cbtained in this
hour to thoroughly remove the water in

part by-weight of_para—phenylenediamine

and 3.270 part-by weight of 3,4"-diaminodiphenyl ether were

added, the mixture was subjected to 28 kHz ultrasonic

treatment at 0°C for dlssolutlon of the amines,

and then 6.490

‘.part by weight of terephthallc dichloride was added prlor to

© continuing the reaction for ‘60 minutes while conducting 28 kHz

ﬁltfasonic treatment at 0°C,

after which finally,

reaction was

conducted at 80°C for 60 minutes and 1.18 part by weight of

calc1um hydroxide was added for neutrallzlng reaction.

The obtained polymer dope was added to. 1500 parts by

weight of an NMP dope of the polymer_obta;ned in Reference
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by wei ght of 3,4'-diam nodi phenyl ether were added,

the mxture was subjected to 28 kHz ultrasonic

treatnment at OC for dissolution of the am nes, and

then 3.245 part by weight of terephthalic dichloride

was added prior to continuing the reaction for 60

m nutes while conducting 28 kHz ultrasonic treatnent
Examptle0€?2, afngr thiei o xtipmal s ssasriedn akadOcondeet ddhoyg to

C.f t 59 l.gh I

Obtaﬁgdroghéggﬁgggg gﬁg gogﬁeut?§|,g?§§9§egc Pg%m%%hgbbglwas
spunobyamhedspm@ymemhddpesmas Addegleo 15500 patednpy filament.

wei ght of an NMP dope of the polyner obtained in

Reference Exanple 12, and the m xture was stirred at

‘Exam@Q€ B6r 1 hour to _obtain a_uni form pol ymer dope. The

pol ymer dope . was,sSp same t hod a

Rk B e cheTE4 s 25t HB A PR, #eieREnire 22 T ddre.
hydrB&geedure ) peepe@edqe&egheeo&nAExaapl541§aer@epy wkdght of

usi ng 4. 680 parts by wei ght of 't n naEOtUbﬁi %f
dlphE%&%pFér?Pnaﬁﬁanﬂlé Q?r?hQYsHﬁég Fo@ tiwalle

carbeandusbednas oBtEXasBl enlRetxeente E&empueleg 4. @8@ part

parts by wei ght of the carbon nanotubes of Exa
by wgeghExﬁﬁpbéseéemﬁé §aﬁé86eéeedﬁﬁétwéedceneéétEargsbwn

welgE%aQE|%l%@t%§@§%&no?9&1ﬁ§h@g1ﬁEoNHPr€b§E%&Sb%ﬁl@%eﬂhﬁlth a
- car bon nanot Ubes obtained in Reference Exa

- stirgpegul BsPERSHBASULRAYCLAE ﬁﬁyépeaﬁnﬁrépéﬂeylééealparColumnr

the E&%HHE%SWAQ %%1§E@dsEemﬂlbgoI@@EQano§lBEaRE%u%es at 180°C

Young' s Tensile Orientation Raman nodul us strength
Undeéoéfﬂzc@%m®sph$ﬁﬁqlxx F

Reaction was then carrled out for 1 hour at the same.

remperature while dlstllllng off the phenol under reduced

"pressure of 100 mmHy. The}temperature was then.raised te
N 200°C and the pressure reduced to 30'ﬁmHg, and reaction was

‘cohtinued for 1 hour at the same temperature and pressﬁre.

. After then raising the reaction system to a temperature of

280°C and reducing the pressure to 0.5 mmHg (66.7 Pa),

'polymerlzatlon was carried out under those conditions for O 3

‘hour to obtain a carbon nanotube- contalnlng aromatic

polycarbonate. ,
Next, 2000 parts by welght of dichloromethane was added

t0‘20'parts by weight of- the aromatlc‘polycarbonate to

.dissolve the aromatic polycarbonate; and then the solution was

| suction filtered with a 0.22 pm pore Teflon membrane filter

and weshed to obtain aromatic polyearbonate—doeted-carbon -
ﬁanotubes. A 0.1 part by weight portion of the carbon

nanotubes obtained in this manner.wes dispersed in 100 parts:

A'by weight of dichloromethane with ultrasonic WaVes, and after
‘1 minute of centrifugatien at a centrifugal acceleretioﬁ rate

- of 51,000’m/sz, a precipitate was obtained at 0.03 pert by
weight, while_0;07_part by,Weight was confirmed to be
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GPa (gf/de) Exanple 15 76 27 0.18 Exanple 16 77 26
0.21. Exanple 17 79 29 0.16 Exanple 18 71 25 0.523
Exanple 19 73 22 0.512 Exanple 20 72 24 0.563
Exanpl e 21 69. 24 0.498 Exanple 22 72 23 0.538
Exanple 23 70 25 0.549 Exanple 24 After adding 9. 360
part's by wei ght of VGCF carbon nanotubes by Showa
comppbpkd 1&zed [d theo ddohlpgiorethypngei githcoR raupsic

polyEQrE%EE¥E %o@XEBOEB%OQ%k%O% Moo +HEEA 7 13 Begd om ||

tzsch I'nc. was used for 1 hour of treatnent at
2500 rpm using 0.8 mmdianeter zirconium beads, to
a a carbon nanotube dispersion. After then
Examﬁgét?%g 300 parts by weight of the NWP dispersion of ‘
cafbem paactinhes$. 6ﬁt@ame@ o ttleirephirhedec atci200C.Adr parts
by Wi QB o0 OERUTLE BRTBe he LSt By Ulane o 2,2-
“bis( pahgdmbagphengdn@mbpeneanolﬁphé&oaamt UQ2m§9g@erm% by ‘

wel Rk a0k B BEERY L SasBoRRS O g bR Bu: wedab o 1

multiealdiessehibbannahotheeanbhesinadd ihh@e ferddle EaEtophy 6
t  of tereghthallc dlchlorlggﬁwas added .pr.i or

~and 90986ﬁuPHgW?H€ FeREFtoRtt 87 BHeA AR DRRYrd dine o a

reac@@ﬂdngbuﬁg 48 skhiz rewtl bhasanive cui:gatAert 1ak+tQ6n @&@eem with
' whi ch f |nall¥ reaction was .conducted at 80C for

an nifRQEEE ARACE, 18 PAFEOBPPWETEREPHETSCHRS| G ﬁPﬁ%&Fo%Pdéhe

reacﬂae addedcherinautkal iahngakeackiconoofhe 10bt diraedary
ymer dope was added to 1500 parts by weight of an

"preS§mP8dopéf6ﬁrtﬁ@ poryEes GheatRBRSTAtREFeaRc&aised to
‘ 220°%§3?@%@ #2inkBdnthg Bi-¥iHEeWRSeskrked gl %anbenklrmlng‘
distillation of phenol at the 5ame temperature, _thelpressure
in the syétem was slowly reduced. The starting materials were
confirmed. to have uniformly dissolved by 3 hours after the
“start of the reaction. | '
' The temperature was'then-further:raised and.therpressure '
- reduced, and after 5 hours from the start of the reaction the
réaction was-brought to a final attained temperature of 320°C
and a vacuum degree of 6}5 mmHg - (66.7 Pa). Polymeriﬁation was
' carried out under those conditions for 0.3 hour to obtain 19
~ parts by weight of a'carbon nanotube-containing aroﬁatic'
polyester carbonate.: |

Next, 2000 parts by weight of a‘phenol/l,i,é,Z—
tetrachloroethane mixed solvent (60740 .weight ratio) was‘added_
"to,lg parts by weight of the. aromatic polyester carbonate to

-dlssolve the aromatic polyester carbonate, and the solution

L was suction flltered with a 0. 22 um pore Teflon membrane

filter and washed to obtaln aromatlc polyester carbonate—

- coated carbon nanotubes. A 0.1 part by weight portion of the *

carbon nanotubes obtalned in thlS manner was dispersed in 100

parts by weight of dlchloromethane with ultrasonic waves, and
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obtain a uniform pol ynmer dope. The obtai ned pol yner
dope was spun by the sanme nethod as in Exanple 15 to
obtain a filament. Exanple 25 After charging 25.08
parts by weight of 2,2'-bis(4- hydroxyphenyl) propane
(bi sphenol A), 23.54 parts by wei ght of diphenyl

et G DR RS o b oSBTl 11 Fe i oo B o oot eration

ratd. @ﬂ45pﬂmo Ib,ysfv,veraglptre@flphltspﬂeemls Artiasediduatsal. 0 4apdrt by
art t of di methyl am nopyridine into a

we Qi tar L L S PRt 1P ST ras f BRI e diRc g

comptevi ISE] Bl ai il sid | d BtH 0 SRl tiBhe . T NEndY Ul WS aromatic
stirred to dissolution for 30 mnutes at 180C under a

Pol¥es R AePHI A L RGRA T 1 e tFRPTarmaneL Ghes f5rs B2.5 wts.

hour at the sane. tenperature while distilling off -
_ t he phenol under reduced pressure of 100 mHg. The
ExamEe]rﬁ)e?bture was then raised to 200C and the pressure

hour at t‘%ég\gém e ANk "EARh a@%d\aass GO 5[}[%31 0 elxcept

ane terrper ature pressure. er then
. for ng@ising tthe paast ilon wigtremai ‘Lzaenemi'gté“raa]tm ecufd 2800

edugc L
par AL SUEN0 J0S MU AS 05 TERL B0 B et ot
2, 2-fudrs O4-Shyddvourshergy Jolptraiparee c@tntaphmmilotﬁﬁbe&m:br&lm?rﬁ rp@rts

B by wgar t| olr}/car bonat g)eaal\tlext ZOCDiDQC lgr{:)w%okiyl hr%hrfat(if

or< oms ane Wa Wei
pol yieret car-armettiead mzh;t&ar bamatimdecs . drPsShI]yqaatﬂte l"@r mmaigrrt

olyc nat e, .and the he sql ut.ion, was ,.suction
por i G AN R S s, SR i S AT was
di spandsewhsited 0 pehtta b yar@Rititc q@lq&@rmw@:m edth
‘ car bon nanot ubes . 0.1 .par.t ht 0 on .of the
LR R Gl da e o Tt s
centdrlsa@ﬁ;aedddel&%uqam S atey ofeighto caf nd493h| ar pﬂ‘éblﬂﬁﬁ]&ate was
ut e of

ul tr as es and af '
 obtataial HGat R AR: Lo s P e D A oy geight was
con kR0t $2 Rnp=RGiailtiae Was tokt aiired ctor®tO3inRar t The

b _
amoud% of wholly aromatic polyester coatlng the carbon

_ nanotubes was 26.9 wt%.

Example 28 . ‘

A dlsper51on of the 3 parts by welght of multiwalled =
carbon nanotubes obtained in Reference Example 6 treated for l
| hour in 10° parts by weight of ethylene glycol using a
homogenizer was added to 40 parts by welght of blshydroxyethyl
terephthalate, and then 0. 014 part by welght of antlmony
trioxide was. added and reactlon was conducted at 200° C. The
.temperature was raised to 270°C over a.perlod of 30 mlnutes,
after which the system pressure was reduced”from ordihary.
1'preSsure to 0.3 mmHg over a period of 2 hours, and finaily
_reaction was cenducted for 30 minutes at 270°C, 0.3 mmHg to
obtain carbon panOtube—containing,polyethyiene terephthalate.

Next, 2000 parts by weight of a phenol/1,1,2,2-
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wei ght, while 0.07 part by weight was confirnmed to be
53" conpatibilized in the dichloronethane. The
aromatic pol ycarbonate coated the carbon nanotubes at
23.3 W% Exanple 26 After placing 5.81 parts of
terephthalic acid, 2.49 parts by weight of'

tetrb':} ht haI i,c acid, 1Cfpﬁ’cg]p‘g§% b&i mnbgqg%t r@tlzﬁj ﬂ%ﬁ% added
to 2*3}’ pé/!ﬁisghiy Qfelfﬁl‘ﬂhefﬁ”tk?@rmﬁi%f_é@e Pad te e MBI QY to

of the multiwalled carbon nanot ubes obtained in

dis i diflce HSIFIY enearE TRITER Wt wei il e tsofution was

suctddi rEtipd . e idined Nhe ghrd eRet n AR filter to
stirrer and a vacuumdistillation systemw th an

'dmﬁmmakwmm@meémmﬁ&ﬁﬂ@ﬁmaﬂ@@%ﬂ@@éamwﬁﬁs

thegre indt C
ordi nar@z’%l pre sure Af tIer %\%ﬁj %tﬂe@é eﬂioerr?rgge)ar ac?{}?)ees
obtajaed dirs ddhitso RIGE mhid e disdpezdad nge ok easts by weight

ot SRS e canllrgng, Satil AdALY phend

erature ssure
welg\lvas rsitawl) ymftduwéd;ra'ﬁw:s:t aratvensg reatderai%ﬂesr Vvienginute of -

d h di 3
centidPdatite! G B il it Qe d SRS A1 Hoo

m/szf uat peecipnseﬂeandstbbtplies:siuae or, edupeﬁft aydwafigét .5 The
Iclmthe start of reacti on .t he reactl n was

amo“tSlr o htpo YRR LT A e U B G R

nanotateEmwaegree sofwt@..5 mrHg (66. 7 Pa). Pol ynerization
- was carried out under those condi-tions for 0.3 hour

‘ to obtain 19 parts by weight of a carbon
Exampaotgbe- cont ai ni ng aromati c  pol yester car bonat e..

Next, 2000, . parts ht phenol /1,1

_ @?F&Ehlagrd&g’ﬂhgng%’p;geé’%ﬂ g)éfn 9(1&?’/ g%t rati o)
dlam\i@%r%@%@mbq i vieablhl v deeitghte .of7 tﬂ'éa@:taw&iélcght of
yester carhonate to, dissolve the aromatic

0oL YBBPYBEOEN Co AFRGnADS. BHG e, ARSI FaRhe kG gFHy, 80°C
for bl heued wi hita:0c221RRPeR TeHAn FPBYRIRL to 60°C,

6.82 part by weight of phbsphorus pentaoxide, 0.16613 part by
weight_bf’terephﬁhalic acid and 0.23421 part by weight of thé
multiwalled carbon nanotubés'obtained ih Réference Example 6

- were added, ‘and the mixture was stirred at 100°C for 2 hours
and at 140°C for 18 hours. The iesulting.reaCtion product was
"added to 100 parts by weight of water for repiecipitafion.

The précipitate was washed three times with 100 parts by“
weight of'sulfuric acid, and then suction filtered with a 0.22
pm pore Teflon membrane fllter and washed to isolate 0.21 part
by welght of wholly aromatlc azole coated carbon nanotubes.. A
0.1 part by weight portion of the coated carbon nanotubes
obtained'in.this manner.Was dispe;éed in 100_parts by weight'
of 98% sulfuric acid with ultraéonic waves, and after 1 minute
: ofrcentrifugation at a centrifugal.écceleration rate of 51,000
m/s?, a'precipitate was obtained at 0.02 partAby weight, while

0.08 part by weight of the carbon nanotubes was confirméd to
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i’

filter and washed to obtain aromatic pol yester '

car bonat e- coated carbon nanotubes. A 0.1 part by

wei ght portion of the carbon nanotubes obtained in
~this manner. was dispersed in 100 parts by weight of
dichloronethane with ultrasonic waves, and 54 after 1

e cofb U6 9515800 FAET LR Blct ey Kioa aecel stise.

-was oPt@#ngarbybyhewehgbt trobihentd. 06 paotpbhytwebghteigist of

confirned to b atibilized in the dichloro ane,
methafrﬁ@u%.ﬁaﬁh? 8¢ 15r ool L B%F*gze]eyewe&a%on‘mf%oge &Sﬁgpart
by wel§BtCatbeRe NARBhYRESaMBEUBRSs Switk Yeon EXalpbetd bd he !

same_procedure was conducted as in Exanple 26 except
compat bbilsrag bngthpareEhpyewal §RBL6F aE&fepht hal i ¢ aci d,

%hégamB ﬁES Pth@I99519§ h?@ﬁﬁtbé'hEo@é'Q@a@inéZtH@ftS

y wel bi s(4- hydr oxyphenyl ) pr opane

carbopbnephénbESAyaan% 29 ws% paceerdbpgwep gheaseranphenyy 2

'dlffeggﬁgggﬁtgcaﬁgﬁggt@iy%ugﬁgkg aromati c pol yester-coat ed

car bon nanotu part by weight portion of the
car bon nanotubes obtained in this manner was
i [s ' 09 parts by wei ght of dichloronethane
Compagfﬁgseuﬁg? O%Ig waves, and after 1 mnute of
Eéneridugperanngthl p@ntrbﬁugaightceferarben napetgpes

'-VGCFElbO ﬁréz%nrgr cipitaLe "‘@5108b%$£9§db§tw94f$§tp§ft98°

05 part was - con
sulfubbccaﬁpatublhgzeﬁtrmséhEcdwahésronhehpnec1ﬁhéaten®bhalned

ar o ester _coatjing.the,carb
by 1 RlatlRl oY BLRTBL G lP SR Er P RRLL PR 08 CBLg oot o
rate <3f p&ax Iso@ymmff ghis a@f. Otulgd maldedve cdrthonwinidmotuss part by
ai ned i.n Refe%fe)ng{e

df o] .
' welghﬁow%angng§rmgpg g@%&%&&@ &ﬁ%% t%ﬁgﬁ%ﬁakuf¥§¥iéE301q.

honngenlzer was added to 40 parts by wei ght of
terepht hal ate, and then 0.014 part by

' drox et
'ComPaQQE X%Bf%n%n trioxi de was. added and reaction

M@@eﬁO@ﬂ§§éﬁﬂlﬂé @Qﬂfbafbeby weight of carbon nanotubes
(VGCF) by Showa Denko Co., Ltd. in 100 parts by weight of NMP
usihg,ultrasonie waves, the precipitate obtained by 1 minute
of cerntrifugation at a centrifugal,acceieration rate of 51,000
m/s? was 0.085 part by weight, while 0.015 part by weight was

'cenfirmed to be compatibilized in the NMP.

Comparative Example 3
The polymer dope’ obtalned in Reference Example 12 wasi
kept at .a dope temperature of. 80°C and then extruded lnto a

solidifying bath at 56°C comprisinQ a 30 wts aqueous NMP

; solution, u51ng a cap hav1ng 5 holes with hole sizes of: 0.3 mnm.

h_The distance between the .cap surface and the SOlldlleng bath

surface was 10 mm. The spun filament was washed with water at i

50°C and then dried at 120°C,. aftér which stretching was

- carried out to a factor of 10 on a hot plate atVSOOfC to

obtain- a stretched filameﬂth The Young's modulus was 60 GPa,
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Ca

and

tenperature was raised to 270C over a period of 30.

m nutes, after which the system pressure was reduced
fromordinary pressure to 0.3 nmHg over a period of 2
hours, . and finally reaction was conducted for 30

m nutes at 270C, 0.3 mHg to obtain carbon

tg%potube contaln|qghp%6¥%épéH§E§1ETTTPETE?Igge.hbxt,

tetrachloroethane m xed sol vent (60/40 wei ght ‘rati o)
was added to 20 parts by weight of the polyethyl ene
terephthal ate to dissolve the polyethyl ene
terephthal ate, and the solution was suction filtered
with a 0.22 pm pore Teflon nenbrane filter to obtain

. pol yet hyl ene terephthal at e-coated carbon nanot ubes. A

0.1 part by weight portion of the carbon nanotubes
obtained.in this manner was di spersed in-100 parts by
wei ght of phenol /1,1, 2,2-tetrachloroethane m xed

sol vent (60/40 weight ratio) with ultrasonic waves,
and after 1 mnute of centrifugation at a centrifuga

~acceleration rate of 51,000 nis2., a precipitate was
~obtained at 0.02 part by weight. The anount of

pol yet hyl ene terephthal ate coati.ng the carbon

nanot ubes was 25.8 w % Exanple 29 After adding °

0. 21306 part by meight of 4,6- diam noresorcino

di hydrochl'oride to 9.37 part, by weight of

pol yphosphori c acid “the mxture was stirred at 176"
mHg, 80C for 24 hours After cooling the reaction
product to 60C, 6.82 part by weight of phosphorus E
pent aoxi de, 0.16613 part by weight of ~ .
terephthalicacid and 0.23421 part. by m5|ght of the
mul tiwal | ed carbon nanot ubes obtained in Reference
Exanple 6 were added, and the mi xture was stlrred at
100C for 2 hours and at 140C for 18 hours. The
resulting reaction product was added to 100 parts‘by‘
wei ght of "water for reprecipitation. The preC|p|tate
was- washed three tinmes wth 100 parts by
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wei ght of sulfuric acid, and then suction filtered
with a 0.22 pmpore Teflon menbrane filter and washed
to isolate 0.21 part by weight of wholly aromatic.
azol e-coated carbon nanotubes. A 0.1 part by weight
portion of the coated carbon nanotubes obtained in
this manner was dispersed in 100 parts by weight of
98% sul furic acid with ultrasonic waves, and after .1
m nute of centrifugation centri fugal
accel eration rate of 51, O%gh—grﬁsZ a precipitate was
obt ai ned at O 02 part- by weight, while 0.08 part by
ig I t ubes was, o f| r t
\(l:\glnplg ﬁ(;c 99 z& %IP erposuq?eusrl%o aci d J%I dmdjl 10005 parets by
. welgmrte@ﬂolattatleasmsar@tw;meobﬂ)yaﬂd}&’@afre:dﬂo&atmﬂon npdiGner

part i,ght of net hanesul fonic a idat 0.0L1 art
se L el e T 1 R B LIS v GHICIHY reeTie
pol yaarieles)e v AS ¢ erfomaeict t;;blqﬁeﬁ.c&mt i o driazeict ll_:rbltylﬁster
' nmet hanesul f oni ¢ aci q]ﬁ’Th ampunt of the wholly
carbonaigsic gt o &g nac%?r%or?%ncﬁ%‘é%“xﬁiaé’%lyﬁfters
and Wh¥1a6C alrding ilc0 JRATY eREtth Bespedi fderang | &ﬁirts by
: scanni ng. cal ori neter Conpar ative Exanple 1 Aft ‘
. Welg&"sﬁér %‘ﬁgO@IP%’aF{aW URsisght of carbon nanot ubes

( ‘QGCEba@édS%%o@e Mt fEdbes lddborddd nlPA Partsidhy wherein

i ght of 98% sulfuric acid using ultrasonic waves,
- the Pﬁé’mﬁrtééﬁ Forgeaseitigime@ 1 e i pumbiodfly aromatic
1 aatj@ fuggtdian. KRt e ugRl RAGRMARAS I QnfBle @f) and
po yﬁ mg?Zlvvasn%tOg%S part by wei ght, rﬁﬁte Om02 par@\ an
(B): by WGI ght was confirmed to be corrpatlblllzed in the
sul furic acid. Cgpfpggca];mée Exanpl e ZpAfter dispersing.
0.1 part by wei ght of on nanot ubes’ (VGCF) by
Showa Denko Co., —QthArlT\CQf)O parts byBwei ght of NWP
herdShngul L rasppe it |
 whexdShnRLul 45SH0: &4 Smadbi BLCL Pl 1 £ Bl ek o
: dlva&@eél ergriagacr greusl, 51,000 nl's2 was.0.085 part by

e PRSI RRRG Rty onfi e o
- .8 < a/b £ 4/3 (1)

wherein a 1s thefnumber 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 accordlng to clalm 2, wherein

'_the wholly aromatic polyamide is one wherein Ar' is

'abd/or
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Conpar ati ve Exanple .3 The pol ymer dope obtained in
Ref erence Exanple 12 was kept at a dope tenperature -
of . 80C and then extruded into a solidifying bath at
56C conprising a 30 wt % aqueous NWP solution, using a
cap having 5 holes with hole sizes of 0.3 nm The

di stance between the cap surface and the solidifying
bath surface was 10 mm The spun filanent was washed

7—\00C and then dried at 120C,. after

& was carried out to a factor of 10 on
gt pl ate O0Cto obtain a stretched fil anent. '
€ Young's nodul us was 60 GPa, 57 - ------- ---- and

the tensile strength was 18 gf/de. 58 ------------ --

and quq- CLAIMS 1. Coated carbon nanotubes coated with
01100 parts by weight of at |east one type of

aronmatic condensation polymer selected fromthe group
ansi sting of wholly aromatic pol yanides, wholly
tic polyesters; aromatic polyester carbonates,
tic polycarbonates, sem -aromatic polyesters and
whol |y aronatic azoles, with respect to 100 parts by
wei ght of the carbon nanotubes 2. Coated-carbon
"nanot ubes accordirng to claimi1, wherein the aromatic

donde@ad®md mrﬁmryr@nqtslb@a/mqqrcwmﬂxq 63151@@} ﬁam@@rel.n'
: I
the B :W:%ﬂgﬁéﬁ$§1 %vaﬂﬁg% & %g%dﬁﬁﬁﬁm%%ereln X1%ﬁ9 %S

' . Ar2 each |ndependently represent a C6-20 dlvalent
- arqmatic group, and-satisfying the follow ng
L <4Iia;uality (1): : ' '

and

r

and the copolymerlzatlon ratio is 1:0.8 to 1:1.2.
5. Coated carbon nancotubes according to clalm 1, whereln‘
lthe aromatlc condensation polymer is one from among wholly
_aromatic polyesters, aromatic polyester carbonates and
aromatic polycarbonates comprlslng one of the follow1ng

structural units (C) and/ocr (D) :
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0.8 <- 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
aromatic dicarboxylic acid repeating unit represented
by formula (B).. 3. Coated carbon nanotubes according
to claim?2, wherein the wholly aromatic polyamde is
QOone whef2®in Ar' is and/or 59 and Are is 4. Coated
||car bog fnot ubes accor di ngzto claim2, wherein the
- wh.o omghic d).l_)AFﬂ]_d -S polyrrer erein Arl
JAa{’nd@’r and ArRZ IS anﬁthe copol yneri Z(Q?I on ratio
' |s 1:0.8 to 1:1.2. 5. Coated carbon nanot ubes
according to claim1l1, wherein the aromatic
Ocondensatl on Polymer is one from anong whol |y
”ar omati c pol yesters, aromatic pol yester carbonates

and ti £ pokycarbonates conprising one of the
— f—oerwr —éﬁﬁuﬁb rfD-unrts (C) and/(py (D): ,60 o O

11- () O-CO0-R1--N 1R2-0 - (D [vvherelnAr 3 :

represents an optionally substituted C6-20 aromatic

'{whergﬁﬁu $a£H 5§9£8§§miya§uBQEhQQEEEYC6 -2
s eny

_ |tut Rg ene group, and represents a.
aromagiougrespecRédand rdmeamdngranre st Gvik rpigkerpsly E):

i substE%uBQd BﬁeBngke group, and Y! represents a. group selected

from among the follow1ng groups {(E)

___.(i [ Ha
R.' < of '
Cu Ur’
JaN
RE . RE

(E)

-(whereih R*-R® each independently represent at least one group
selected from among hydrogen, halogens, Cl1-6 alkyl groups, C5
or C6 cycloalkyl groups, C6 12 aryl groups and C6~-12 aralkyl
 ,groups, and g represents an integer of 4- 10)] '
| 6. Coated carbon nanotubes accordlng to clalm 1, wherein
the aromatic condensation polymer is a semi-aromatic polyester.
'comprising-an'aromatio'diCarboxylic'ecid'component and an
’ aliphatic diol component. ‘ ) o |

7. Coated carbon nanotubes accordlng to clalm 1, wherein
the eromatlc condeosatlon polymer is a wholly aromatlc.azole

'conformingoto,the following formula (E) and/or (G):
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et

20 divalent aromatic group, and x> and %2 represeﬁt halogens)

R5~R6 (E)  (wherein R3-R8 each independently represent
at | east one group selected from anong hydrogen,
hal ogens, Cl1-6 al kyl groups, C5r), or C6
cycl oal kyl groups, C6-12 aryl groups and C6-12 aral kyl
groups, and q represents an integer of 4-10)]. 6.
Coat ed carbon nanot ubes according to claim1l, wherein
the arpmatic confgnsation polyner is a senm-aromatic
pol y téx\?;;gpfl \Ng an aromatic di carboxylic acid
: nent N\gng” an {phati ¢ €li ol conponent. 7. Coated
carkonnan b accofding 1o claim 1, wherein the
I ¢ condensatyon polynmer is a wholly aromatic
azol e Y'onfornin§3to the following fornul gg(F) and/or
(G: 61 N/ NVAr42 3 YY (F) \ /Y3 Y2 N{(~)
(wherein y2 and Y3 are each independently sel ect.ed
fromthe group copsisting of 0, S and NH, Ar4
- tetravalent aromatic group, and
preésent s/a 20 divalent aromatic group). 8 A
ss. f ' car bon nanot ubes '
ding/to cNai m/2,; wherein at | east one type of
[ di am epresented by forrmula (H) bel ow and
at | east one typeY of aromatic dicarboxyli{(G}acid
diaryl ester represented by formula (J) below or the
aromatic dicarboxylic acid diacyl -halide represented

(whelrgihonfubad (K) ded cciNHhdeperiéht(ly) selected from the

grouggbg%gié%ghgc%fR%g %J%nka%?7%&3'§§%§% g%té a C6-20

tétraValént aﬁomatic gréup, and Ar° rép;ééents a C6~20 divalent

- aromatic group).

8. A probess_fdr_production_of coated carbon nanotubes
according to claim 2,-whereiﬁ at least one type of aromatic
diamine ﬁepresented'by formula (H) below and at least one type
of'arométié dicarbdxylic-acid diarvyl eéter represented by |

formula (J)'below‘or”the aromatic dicarboxylic acid diacyl

'halide'represented by formula (K) below:

NHp~Ar!-NH, ()
'R®-0,C-Ar?-CO,-RY . (J)
x'oc-Ar?-cox? (K).

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

aromatic group, Ar! and Arz-each~independently represent a Co6-

areAcharged in . proportions simultaneously satisfyihg the

following inequality (2):

| 0.8 < 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-Qf

“the aromatic dicarboxylic=écid 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 Are each independently
represent a C6- 20 divalent aromatic group, and X1 and
X2 represent hal ogens) are charged in proportions
sinultaneously satisfying the follow ng inequality
: 0.8 <c/ld -<4/3 (2) wmmeuwclsthenmmm of
and n%lrl%% e tprrpordnetdras M) 2epredded clopyreachipn in a
pro&$9t1§ﬁ“%&ki§f§ﬁ§gn&@@efofioﬂPn Slﬁé%uafE% rpgptlc

di carboxylic acid diaryl ester ente formul a
(J) or the arofafPé éld&ﬁﬁd%ylkclﬁﬁld dléoyl hallde

(whd EPLES AR eg?\é’y é@ﬁ@y' g%tafﬁpgntqﬁgg%@%r\eaw%‘he

' ‘nanot u are adde oportion
moneg ¥ s¢<yfmrg1¢mes f odromi s1on g nietogel ad ¥ drga i B dﬁarﬁttlie <{H), the

arof I RETHERI R 16T FAshbro L8 ohtm ot rafgetic

dlcafmnxykﬂmuaaadhdﬂn¢¥ﬂ(Halld@e Kﬁwommdlcnﬂlﬁé@féwgntﬁ_the
aci.d di ar J nd the natl |carboxyric :

PartE iy df %htr&ﬁ %ﬁr Fhd T ? ks the parts

aftduy wieighttof ﬁd&hIﬁﬁﬁgﬁréaﬁﬁioﬁﬁﬁk&dﬁdt B t@rsydhiedd in an
the resulting reactlondfroduct |s di ssolved in an

OrIPHFAi T WO vt LU i Sty et AP (Rl ymer-coated

caripgl WERictaoaleth r& ar o fanainbess ar g dd | tered and
' |soIated 9. A process for production of coated

‘bh RESSISREEST RGPS @IS GHG magotubes

accdlﬁﬂS‘Ig ane dpien of, anmlif adiadgde Jr?@riﬂﬁfé‘t@ Domatic
formula (H) bel ow and at | east one type ‘of aromatic

diamine seEaasen ted Pwikayiulest @) Repkusantdd byl eddr iira type
of draméﬁﬂd”MﬂHaﬂHH%jyrangdﬁa‘Hﬁ&¥}%”@@ﬂé&2¥%g¥é§éﬁﬁéd by

hallde represented by formula (K) bel ow.

 formudp (®9- bpdony m%a@qnaﬂlc X e TassdaR . aq:rg dlacyl '
hallde represented by formula (K) below: ‘ '
NHz"Ar ~NH> (H)
R%-0,C~Ar?-C0,-R*" (J)
X*oC-Ar?-cox® (K)

{(wherein R’ and R° each independently represent a €6-20
aromatic group, ArlandlAr2 -each independently represent a Cé6-
20 dlvalent aromatlc group, and x! and X? represent halogens)
are charged for reactlon in proportions 51multaneously
satisfying the followrng 1nequa11ty (2)':

o 1<c/d<4/3 (2)
(Wherein c is rhe number of molesrof the aromatic diamine.
represented_by,formula (H), and d is the number of moles of
the aromatic dioarboxylio acid diaryl ester represented by
formula (J) or the aromatic dioarboxylic-acid diacyl halide"
~ represented by'formula (K )), ; o |
.’to synthesize a wholly aromatlc polyamide having more ‘amine
ends than carboxyllc acid derivative. ends, after which carbon
nanotubes (N) obtalned by surface treatment in an acidic

solution at pH 0.01-2 are added for reaction in a proportlon
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(wherein RO and R10 each independently represent a
C6-20 aromatic group, Arl and Are each i ndependently
represent a C6- 20 divalent aromatic group, and X1 and
X2 represent halogens) are charged for reaction in
proportions sinmultaneously satisfying the foll ow ng
ality ) 1l <cld <- 4/3 (2) (wherein c is
satigMauite SLIEY JFAHE L Saa)e di an ne
represented hy. dor il gn{Hx) andigois tfm nunber of
mol es of the aromatic dicarboxylic ?gld d| ter

(wheredgy dgdntE®@spentsr tinea FRHE S0P Y WE @& é & r 1y
aroma@'l%a%q)&lélntl@eagﬁl@fhma?fﬁﬂe haldsde adenrgseriedskhts the

formula™(K)), to synthesize a "whol Ty aronavlcpolyantde

partshiyi mg Ofrithe Cerdbon RamoEaRsaI0 aci d
and tﬁi%r' vald ve.c.and: ?1?0 @t (W ?}O‘Eﬁr&oqs RaReuRes (N an

ai ned by sur e treatne in an acidic solution
organdfc eHLWa@L-@ranelddde@oﬂdﬁnﬁea@ﬁ el @Qdmmanmﬂqnbﬁﬁ 63

ereln represents the parts by
\ii.ght pafocklse Eeal Ig;:odalccmmrlr @fp@toyaatmdd@a\mbpm amineg ubes
Ly SEPLRRENR P ronPRIe dREURIUNN O S

accor?é‘lngo&ong% hen e resultrng-reaction

.Carboi’n%ﬁf‘ghg’%fo%% )@1(1\%}1@% o ‘i%' Wt (3):  0.001 <-

,compopenﬁuabpmssemssdl%@dth@ &mll@mga@ifosumuenﬂlOr acidic

“sol vent and the yQes - car nanot ubes are
. filtered and |s8§§k ge é&&i procesggyor production of
(whereoat ad’chabothaasanebesfiattoodi ag 1o fbamuié (GMeabone),

on 23 B SR st L GRS EpL

. formuawhqoeln Ar3 has.the sane definition as in fornula (O

above), an aromati¢ dial nponent 1 presented by the
fol I ow ng for nﬁPaR('@' Re-GH O?

(wherein RY, R® and Y* have the same deflnltlons as 1n formulas

{C) and (D}) .

‘and a diaryl carbonate represented by the following formula °

(P) :

(P

(whefein the two RY™ groups may be the samé or different, and

each is selected from among hydrogen, halogens, hydroxyl,

:'[Carquyl, ester groups and c1-6 alkyl groups),
t_are charged in molar ratios simultaneocusly satisfying the

‘following inequalities (4) and (5):

0 £ e/f <-1.05 (4)
0.9 = g/(etf) £ 1.1 - (5)
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HO R - Y1-R2-CH (0) (wherein R1, R2 and Y1 have the
sane definitions as in formulas (C and (D)), and a
di aryl carbonate represented by the follow ng fornul a
(F) 0O RI1/ 00 Rl Y-1 (wherein the two R11 groups
may be the same or different, and each is selected

| from ano dHJen e droxw carb
(Whekdt Gr Jow% e’é %% k‘g‘i’{]‘:@? o‘h%s“) © dePRHar e‘%iyqfi?boxyllc
comgﬁ@h@xﬁt,railpé‘ @M&@@@@L@f yhl&?éé 5515"1!}9@ tdwen 1 f@iﬁmé}g: and
inequalities (4) and (5 -< elf_ -< 05 (4) 0.9:~
g igy/lesfyunbyr 10f 5301%51 ¢ @%.W@”yls %rémnmrccawonent)r
and "™h&S Ofe (OGBSO A S hEAr BPX VAL 2 FRP NS redcdSon in a
the nunmber of noles of the diol component and g Is .
propeiet bt ot L yigtestlor  fdvel @ dry | 1 neguronid e
conmponent), apdgfhen RH?/?Q b@nlggnotupgf (N) are
added for reactionin a 'proportion satisfying the
(whérginpwimyg iemupednty: tide 00ital (pa)ﬂt(m)bﬁ-welmi( ®)f the

: o) t
mon TS i LEREEEER rd 4 Ao S R ML A
_com@bmtbob@ A cdiacl d:orn;cmrgmttentf (ea)n,d ctixdrydorqumnaﬂef)

-and agr A Sf%ﬁlev%ein&ﬁ ch?et 55 andﬁ{%ﬁ%tt Lﬂ;gs%sent rboa{} tr}aarnotubes

(N)lech the resul ting. reactlon product ‘i s dlssolved in.

. ani.c_solv and t ol nEr- at.ed carban

afe iR e b St LSRG 15 A in an

orgafrolrc pzrcoldmw mncnftrfmqicﬂq;nwmﬂmaﬁmﬁm eeanidy are

£ A IH Wn r%in an aromati c di carboxylic acid -
1ltere and Isolat

11. A process for production of coated carbon nanotubes

‘according to claim 6, wherein an aromatic dicarboxylic acid

o component and an aliphatic diol oomponent are Cnarged in a

molar ratio satisfying the following ineguality (7):
' 0.8 £ e'/f' £ 1.2 (7)

:(wherein e' is the number of moles of the aromatic

dlcarboxyllc acid component and f' is the number ‘of moles of

the diol component),

and then the carbon. nanotubes (N) are added for reaction in a
proportlon satlsfylng the follow1ng inequality (8):
©0.001 £ (nj/(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 (£), and (n) represénts ;
" the parts by welght of the carbon nanotubes (N)) ‘ |
after which the obtalned reactlon product is. dlssolved in an

;organlc solvent, and the polymer-coated carbon nanotubes’ are

filtered and separated.
12. A process for produotion of coated carbon nanotubes
acoording to claim 7, wherein at least one compound selected

from the group consisting. of aromatic amine derivatiwves
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component and an aliphatic diol conponent are charged
ina nolar ratio satisfying the fO||OMAng i nequal ity
(7): 0.8 <- e /f" < 1.2 (.7) (wherein e is the
nunber of noles of the aromatic dicarboxylic acid
-conponent and f'. is the nunber of nobles of the dio
conmponent), and then t he carbon nanot ubes (ﬁ% are
repregEEd Koy &A@ ifH- it Q9 froptiaonYatand yifg t he
follow ng inequality (8): 0.001 < (n)/(m < 100 (8)
(wherein (m represents.the total parts by wei ght of
NH2the Nomnomer conponents including the aromatic
,Cdr boxylic acid conponent (e) and the diol
- onent (f), and (n) represents ‘the parts by MEIght
y2” of t hgsgcar bon na ubes (N)), after which the obtained
reaction product is dissolved in an organic solvent,
and the pol yner-coated carbon nanotubes'are filtered
and sgparated. 12. A process for production of coated
NHz carb ﬁ*ﬁanotubes according to claim7, wherein at
t one conpound selected fromthe group
onsj sting. of aromatic am ne derivatives 65
Y2H r epr agient ed by the,following formulas (Q and (R):
g NH2 NHZ Y2HXY3H(3 NHZ Y3H /\j\//H Y2H NH2 (R)
(wherein Y2 and Y3 are each independently sel ect ed
[ be r S nd
wh e;ggg]egen %(ga? I%O%&iﬁ% ravarte I}deanr%ofn%tselgy%(?’%%d Afrom (1:(53e
grougndo@E)sanagopflOnaBIyndhwﬁraeulemldeepreednthearC6 20

rtetra¥dﬁ %l825%%%1Ca%%0%%,|%%SRQ9ne %rQ$3t%re optlonally

hydrochlorides)

and their hydrochlorides, and at least one aromatic
{dlcarboxyllc acid derlvatlve represented by the follow1ng
' formula (S)y: S
R'2-0,C-Ar® -CO2 R (S)
"(whereln Ar’ 1ndependently represents a €6-20 divalent aromatic
- group, and RY? and R* each 1ndependently represent hydrogen or
a C6-20 aromatic group) _ '
are charged in a meolar ratio simultaneously satisfying the
following inequality {9): . -
| 0.8 < (h+i)/j < 1.2 (9)

(Whereinrh is the number of moles dflthe aromatic amine
derivative'represen;ed by'fermula;(Q) above, 1 is the number
of moles of the aromatic amine derivative represented by
| formnla (R) above, and j is the number of moles of the
aromatic dicarboxylic_acidrderiVative represented by formula
(S) above), o | | | |
'rand then the carbon nanotubes (N)'are added for reaetionrin a
,'proportlon satlsfylng the follow1ng 1nequallty (10} :
_ 0.001 £ (n)/(m) £ 100 (10}
‘_(wherein (m) represents theAtotal‘parts'by weight of the
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di carboxylic acid derivative represented, by the
following: formula (S): R12-02C Ar5-C02-R13 (S)
(wherein Ar5 independently represents a C6-20 dival ent
aromatic group, and R12 and R13 each independently
‘represent hydrogen or a C6-20 aronmtic group) are
charged in a nolar ratio sinultaneously satisfying the
aromgpi¢ o@\w@lm@]e%mwtyﬂ(e)comp@e@ztse hé@)/ Rk and o
r 0 t|c
aromé%e&%%%éﬁ%gg %ﬁ:%ee%veé@%y fornnlnéf%}? r?%) ab’ove dl n)
representye Harerrtafbyoietolf eheltoe ocrmltbcm amrrts;ubes (N)),
vat i | a abo £, IS
afteldﬁ“geﬁln%{nbeekr?e O,?@g&fg%}{%dr%’% tloq{ TR d| car %/ a'cli_rbl an
Orgamknlaqﬁvaﬁtr&nﬁeﬁhﬁneﬁkbgmfnnnnﬂube(éﬁmpﬁnhﬁﬁ 1suﬁh1tered
nd %p1§Qe carbon nanotubes (N) are added for reaction '
a lsozf %woportlon satisfying the follow ng inequality
(10) :A Qe ss (£ (prﬂoductlﬂg] (cilﬂ)ccliqa\lﬂtﬁ:!f ﬁiaﬂ:h{dﬂ nanotubes
presents the tot arts by weight of the
accongisg Ho. aiafie Verd it & erﬁfsalzae)te(re)z%&& Heat
the cmr@! imarbisdoddd Ha deringt ine SomeReRtrd=Bment in
L an ( represents the parts by weight of the carbon
L#ﬂ%¥ £ @t & Qdi<ch the resulting reaction

Qrﬁd@tpﬁo%éEss%ﬂﬂ/%ddhcaﬁonoro&a@c%t%H e ANG 2R ubes
car bon nanot ube conponent is filtered and isolated.

accorﬁs‘ngAt& G LTI GRS n t6f Ioatddremittsgrized in that
the nm{eli%e%rea%ﬂjéw At 3% ANSOf RIS 1R lj%vnotube

' characterized.in that * the carbon nanotubes used are
- A1SPegian &F Sy I e €l ishedisint the carbesi disaosolbesi dn 2

solvedft BY BHkiZaildrAdrsess il apEQHHP%i?ﬁ O%e%%@hﬁﬁl of

_ carbon nanot ubes - according to any one o ¢l ains
- homogenizegar acterized in that

15. A process for production of coated carbon nanotubes

an

accordlng to any one of clalms 8 to 12; characterlzed in that
the carbon nanotubes used have a mean partlcle size of 0.01-5:
pm. | | |
| Te. A_process for production of ceated 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.
7 - 17, An‘aromatic condensatien polymer composition
' comprlslng 100 parts by weight of at- least one type of
- aromatlc condensatlon polymer selected from the group
consisting of wholly aromatic polyamides, wholly aromatlc ‘
.polyesters aromat;c polyester_carbonates, aromat;c
'epolycarbonates, semiferomatic polYesters and wholly aromatic
:aZOles, and 0.01-100 parts by weight of coéted carbon
nhanotubes according to claim 1. o |

18, An aromatic‘condenSation.leymer composition
aceording to claim 17, wherein the aromatic condensation
polymér used to coat.the carbon nanotubes and the aromatic

condensation polymer serving as the matrix of the composition -
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the nononers are charged for reaction into a carbon
nanot ube di spersion prepared by dispersing the carbon
nanotubes in a solvent by physical treatnment using a,
ball mll, bead mll or honogenizer. 15. A process
for production of coated carbon nanotubes according
to any one of clains 8 to 12; characterized in that
are f"ﬁ‘@léé(r BERTALAGt BPY24EE Sh SPEPE 1Fdd Fdv it ld X1PY of
formB81894- 92)PahdlGg)A process for production of coated
car bon nanotubes according to any one of clainms 8 to
12, characteri zed™InRenafH-t he car bod®nanot ubes used
have a mean di anepgrapf_&,3-200 nm 7. An aromatic
condensation po] yner conposition conprising 100 parts
(whepgineAghtand At° |ceadt iomepypterdfly areprgsent a C6-20

d;.vai%ﬂg.egﬁg}n'a%[lf:p%ﬁolﬂﬁ R selected fromthe group

consi sting o y“aromatic pol yan des, wholly
and ambiafiyingpohyesvédspiagommeiquajdltyestier:. carbonat es,
aromati c pol ycapbgnate ar omat pol yesters and
7 whol Iy aromatic b go]’e§§band2](§301.lodI1 arts by wei ght
(whe@élﬁoated taebanmbaanotubes eacedr diherg aromaltdiondiamide

onati c _condensati.on pal yne osition . '
TepeqbiBRalRg Tt GEEFAPATE?Y GHerSFRULAe (4 gnafilc D i the number
of memadeasat:henarbmbyﬁrer dtisadbbaytoat aldiel eapkaring unit
nanot u eg ag ﬂg gvgtlc condensati on pol ymer :
repredfirRg B¥ fRE™HAPr (R)&f the conposition 67 are whol Iy
\ aropahi ﬁom@bmaﬁkd@&l@oﬂ'ﬁﬁrhﬁgn@aﬁ:banf dlhowuRgs bafieuiast in
: SBF andAé NI—I-ArI-NI—I-((gﬂ CI:ArZCO(%%éV\{] gl 1
 the _PgBHH 2 QéEﬁCtﬁHQpQEd tre dpraemt ot plded article,
charftvakeptdap anin@rgéQHQ) a @aﬂpgaht%w &@ntsh%tfmlgl QW Noo
1 nequal it 0.8 - a/lb < 4/3 %1
parts by weight of at least one type o aromatlc condensatlon
;polymer selected'from the group consisting of wholly aromatic
pdlyamides,:wholly aromatic polyesters, aromatic polyester
carbonateS} aromatic polycarbOnates, semi-arcmatic polyesters
and wholly aromatic azoles, and 0.01-100 parts by weight of
‘carbon nanotubes coated with an aromaticrcondensation”polymer
according to claim 1, and by having an orientation coefficient

F of 0.1 or greater for the carbon nanotubes as determined

from the following formula (11):

[ 105’ gsingds
“<cost g >= B o
[ I@)singdd . (11
.. _F='3'<cos2¢>—.1 ' |
2

(wherein ¢ represents thé azimuth .in X;ray ﬁiffraction
measurement and I‘representé fhe 002‘diffr§ctionrinténsity of
graphite). . _

20. A molded article having carbon nanotubes oriented in

‘ the-lengthwise,direction of the molded;article,‘charagtérized
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(wherein a is the nunber of noles of the aromatic

diam ne repeating unit represented by formula (A,

and b is the nunber of noles of the aromatic

di carboxylic_acidrepeating unit represented by

formula (B)). 19. A nolded article having carbon

nanot ybes oriented in the lengthw se direction or in :
by FREPPI&aHBIOF FREPREIHEANaFPPELEtinghalfad8r P2eldsbhy weight

of BENMPEALSENEnA E?ﬁ@oéfthgemggﬁé'ébhﬁgnggtlgg gfkﬁé b¥e1ected
ht of at |east one type aromat 1 c, ensati on R

frOEoFgﬁegrgepeepeélﬁﬁéﬁﬁtﬁﬁ gh@&@YC@mgmetnngpoﬂyamodby,
who@EQHEEbﬁatﬁgl 8 Qg%erEhOLEXmQEQEH oiyggkggsc LBonates,

aromati ¢ pol yest car bonat es,
aroﬁ@ty@apgbneaesonsEﬁsyasemmtacomatyespenyesaedsmhmﬁlwholly

t | e apd 100_par
aro@%?g%né%%%%$0bggdcga ngéPtﬁagg a& %?gﬁgoggeﬁgﬁf?%ncarbon
nanpohlyeeracaccdiogngot olaimi ) lanangnbyhhaviRg 8arbon

ff . Fof 0.1 for the
P R T RASEL AP MOE LI T LS
‘thaf 00 Nl aag 1idpre@eht &Y I5Psehd S6D1ENONG L9sattar (2of:

I )_ o (11) 3<c0s20>-1 2 (wherein 9
( reegﬁ{ggthe azf %glh in X-ray diffraction
(whemémmrB&ﬁBépaﬁéehtéeﬁhésgnbﬁnﬁhQn@@%s@h&f&ﬁ@h'Eﬂe laser
avin

t hite). 20. A nplded article
PO lggg]r ; ?%r%i%%r £t e, Pa¥dkl ¢ bn® s el engidetiom
diredftidie omlsieck ardi Cﬁ@ tKh B LI bZethe @@of&’e&%iéﬁlé‘g and

: osition consisting of 100 parts by welg
Ty 5?p¥%g§?t6nEh?yﬁebﬁFda%%ﬁﬁ??étEoHE@ﬁsﬁhPohaéeryﬁ@iarlZatlon

plar&eh@tcﬁr_dlerfﬂéﬁnﬁé@é}fﬂ%wsﬂétﬁm Péndﬂ%l&ye WO Con or

an1des mhol y aromati c polyesters,”  aromatic
per p%acgy;ég{ GdiatRisine okt ekl Atiorztes,in the Raman

spe & &&Qﬁiﬁt’dﬂe Qﬁﬂtﬁﬁﬂf (?fa%c?criﬁaé@%rl Yoolarized Raman
spectroscopy) -

21. A molded article accordlng to claim 19 or 20, wherein
the aromatlc condensatlon polymer used to coat the carbon
nanotubes and the aromatlc condensation polymer serving as the
matrix of the comp081tlon are wholly aromatic polyamldes
comprlslng the follow1ng formulas (A) and . ( )

~NH-Ar'-NH- (A)
- =0C- Ar -CO- - (B)
(whereln ar! and ar? each 1ndependently represent a C6-20
~divalent aromatlc group) _
- and satlsfylng the followxng inequality (1) :
IR 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
c.of moles of the afomatic'dicarboXylic acid repeating unit
iepresented by formule {B)).
22. A molded article according to claim 19 or 20, whereln

: the molded artlcle is a flber

69



aromati c azoles, and 0.01-100 parts by wei ght of
coated carbon nanotubes according to claim1l, and in
that the carbon nanotubes have an orientation P of at
| east O and no greater than 0.7, as represented by
the follow ng equation (12):. P = 1YY/ I XX (12)
mggreln | XX represents the G band |ntenS|t¥ when t he
| aser 2 pBPuie2 at T ohC bf aReCP s bRy ehp edl pair al
thelﬁ5¢@§ﬂM§§tlgléeg§|anpim parallel to the plane of the
nol ded article; and 1YY represents the G band
intensity when the | aser polarization plane is
ori ented perpendicular to the | engthwi se direction or
per pendi cul ar to, the plane of the nolded article, in
the Raman spectrum fromthe carbon nanotubes in
pol ari zed Raman spectroscopy). 21. A nolded article
according to-claim19 or 20, wherein the aromatic
condensation pol ynmer used to coat. the, carbon
nanot ubes and the aromati c condensati on pol yner
serving as the matrix of the conposition-are whol Iy
aromati c pol yani des conpr|3|ng the foll owi ng fornul as
(A) and (B): -NHArt-NH (A OCAr2-CO (B) (wherein
Ari and Ar2 each independently represent. a C6-20 - _
divalent aromatic group), and satisfying the follow ng
i-nequality (1) 0.8 <- alb <- 4/3 (1) (wherein a is
t he nunber of ' noles of the aromati-c diamne repeating.
unit represented by formula (A), and b is the nunber
of noles . of the aromatic di carboxylic acid repeating
unit represented by forrmula (B)). 22. A nol ded ‘
article according to claim119 or 20, wherein the
nol ded article is a fiber. 69 23. A nolded article
accordi ng to claim 19 or 20, wherein
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the nolded article is a film 70 ABSTRACT Coated
carbon nanotubes coated with 0.01-100 parts by wei ght
of at |east one type of aronatic condensation polymer.
sel ected fromthe group consisting of wholly aromatic
pol yam des, wholly aromatic pol yesters, aromatic
pol yester carbonates, aromatic pol ycarbonat es,
. sem -aromati c polyesters and wholly aronmatic azol es,
wi th respect to 100 parhgshrgracwei ght of the carbon
nanot ubes, as well as a process for their production.
Aronatic condensati on polyner conpositions conprising

eé%qc£%%é§ BYn¥eh 8% Qéaﬁgﬁ ﬁ@@hed 62rPo0 parts by
nanot es and 100 parts bé ht of an aromatic

welghtone@ st} efst pohgneype af ABPEAHAr EPRAERSE b HRdPOL YT -
seleé%%&mkfgﬁn%he group consisting of wholly aromatic '

. polyamides, wholly aromatic polyesters, aromatic polyester
-carbonates, aromatic polycarbonates, semiwaromatic polyesters
and whélly-aromatic azoles, with respect to 100 parts by
weight of the carbon nanotubes, as well as a process for their
broduction. _Aroﬁatic éondensation'polymex compositions |
-coﬁprising C;Olﬂldo‘parts By weight of thé coated carbon
nanotubes and 100 parts by wéight of an aromatic condensation

-pdlymer,-ahd molded articles formed uSing them.
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