T- S~06 Description COVPOSI TE FI BER ‘| NCLUDI NG WHOLLY
AROVATI C POLYAM DE AND CARBON NANOTUBES Techni ca
Field The present invention relates to a conposite
fiber including a wholly aromatic pol yam de and
~carbon nanotubes, a conposite fiber excellent in
mechani cal characteristics, characterized in that the
carbon ‘nanot ubes are oriented in the fiber axis
direction. Background Art The wholly aromatic =
pol yani de assunes a stYEREEHFHREIP which rigid aromatic
rings are linked, and finds a wde range of uses for
el ectrically insulating materials, various
rei'nforcing agents, bulletproof fibers, and the |ike,
asCOMROSETE| EIBRB eI NGhUD I NG HEBPLE B SARPMMEEC NRLHRANIRRE|
characteristics, chem cal resistance, and the like in
the form of a fi D CGARBON INANOTUBES one of the
materials with a very high-industrial value. However,
hi gh | evel characteristics of -the resin have cone to
be demanded according to the intended purpose. As one
redhdita 1t eglnel ogi es sati sfying such required
characteristics, a conposition obtained by dispersing
car bahe praaitbesvént foh heenBRkastic sesbmpoBite fiber
nanoscal e, a so-called nanoconposite has received

1 RIRRHPR Roh8GeALo8RES pbPYamide and carbon nanotubes,

a composite fiber excellent in mechanical characteristics,

characterized in that the carbon nanotubes are oriented in the

fiber axis direction.

Background Art

The wholly aromatic polyamide assumes a structure in

~which rigid aromatic rings are linked, and finds a wide rangé

of uses for electrically insulating materials, various

reinforcing agents, bulletproof fibefs, and the like, as

materials excellent in heat resistance, mechanical

characteristics, chemical resistance, and the 1ike in the form

of a fiber or a film. It is one of the materials with a very

high industrial value. However, high level characteristics
of the resin have come to be demanded according to the intended

_purpose.

As one of the technologies satisfying such required

' characteristics, a composition obtained by dispersing carbon

T $oé



exanple, in JP-B-8-26164, there is a description that
carbon nanotubes are oriented in a matrix by :
el ectrolysis, an appropriate shearing action; or
conbi ng. Wereas, in W 03/085049, a production nethod
of a conposition including single-wall carbon
- nanotubes and an aromatic pol yam de, and a fiber
t hereof are described. A nethod for addi ng carbon
- nanot ubes in g sul fyric,anhydride solution of _an 1led
napgRSc 1P FarraePla skt ePabt P MANSITER € 1BV e
there is no description of the djspersion or >
NagGHRAS ide el CeteiiRd GrRIH RIhotbeRCeRE tHRArs . For
~conposite fiber, and the effects on the physical
examgler t ilosIPFBrBhah 1641 heher®riy éndRECELPEAPE bhatearbon
mechani cal characteristics of the fiber are also-
- namkniws &reclosiemesi tfihe.a | magnikorby t elecaodypasy an
- of the present invention to provide a conposite fiber
appydpitiate aheuting arcanain ¢ qoloeariiidey.and car bon
nanot ubes i nproved in nechani cal characteristics, and
- part igndrddsy, im wba9ii/0sndy,us aptodtceigh hmekaodl wf a
it is a conposite fiber which includes 100 parts by
coMicHit @fn aiNDhd ¥n@r 8WRGI 6-RALY aBheBoRBINANG tubdsUdHIY an
structural units of "the follow ng fornmul ae (A and

af@aét Weﬁﬁ ;MEaé A and a0FiNet Rerl®r Wt eqbdctBed. 2
or il a (%5 and {B) , Arl"and Ar2 each independently

m ﬁ&g&sﬁ% AP S pEE WBRS CaSE O UPy NV iBePri@ 2Bhydride

~carbon at ons;

solution of an aromatic polyaﬁide is preferably mentioned.
However, there is no description of the dispersion or
-orientation state of the carbon nanotubes in the composite
fiber, and the effects on the physical properties. Further,

the improvement effects on the mechanical characteristics of

the fiber are also unknbwn,

Discldsﬁré of the Invention

It is an object of the present invention to provide a
_composite fiber inciuding a wholly‘aromatic polyamide and.
carbon nanotubes improved.in.ﬁechanical characteristics, and.
partiéulariy, in elastic modulus and strength.

Namely, it is a composite fiber which includes 100 parts
by weight ofla wholly aromatic polYamide.mainly including
structural units of the folléwing formulae (A) and.(B):

~NH-Ar'-NH- (B)



and 0.01 to 100 parts by wei ght of carbon nanot ubes
with an average diameter of 300 nmor |ess, and an
average aspect ratio of 5.0 or nore, characterized in
that the carbon nanotubes are oriented in the fiber
axis direction. Especially when the carbon nanotubes
are multiwall carbon nanotubes, it is preferable that
the orientation factor F of the carbon nanot ubes

whi ch can be determned with the &1? | ow ng fornula
(1)e 2 to rPF&sttdsin 8 < ¢ 1>=tof /20

- 1(0) ,;sin Odo F_3<cos2(p> 1 (1) ,2 where $ represent
e 5 e FOTTLAS Lo (B r I 20 ARe 06 P LBt RNt LY

| represents the diffraction strength of the 002 :
repnaselt 4 ddyadentharond tisarrupdiayeihater 4hesrbrs aroms;

or nore. Further, it is preferable that, in the Raman
arsbdctrlurio A€l ped thr by whégbhr bbncaehon ubasohees galth an

incomng | aser has been applied fromthe direction

- avrtdrgaiiahetertdl 30i0hen caxlsss t andhensiverage ahpect ratio -

fiber, the orientation degree P represented by the
of 6l.bowt R rfeyr Bub@atBerized i thaxxthexgron nanotubes are

oriented in the fiber axis direction.
Especially when the carbon nanotubes are multiwall
carbon nanotubes, it is preferable that the orientation factor

F of the carbon nan_otubés which can be determined with the -

following formula (1}):

| £ " 1($) cos? ¢ sin pd
<cos® g >=L .
— [ I(g)sin g
3<cos’¢>-1 (1)
F=
‘ 2

where ¢ represents the azimuth in an X-ray diffraction

measurement, and I represents the diffraction strength of the

002 crystal face of the multiwall ‘carbon nanotubes, is 0.1 or

more.

Further, it is preferable that, in the Raman spectrum

derived from the carbon nanotubes when an incoming laser has

been applied from the direction orthogonal to the fiber axis

~ to the side of the fiber, the orientation degree P represented

by the following formula (2):



where in the formula, |xx represents the G band

strength.-when the | aser polarization plane has been

arranged in parallel with the fiber axis, and 17
~represents the G band strength when the |aser

pol ari zati on plane has been arranged vertically to

the fiber axis, jt satisfies the range of 0 .or nore

and 0.7 or less. Still further, the invention rel ates

to a nethod for nufacturing the conposite fiber.

Bri ef DescfipTidn n&xxt he Drawings MG 1 is a

phot ogr gh observed by -an electron m croscope TE% :
whiereminhthe| frrmekas d2s S@PrOs RS tHggRrYana sarengtst when
- with the fiber axis of a conposite fiber manufactured
thienl Exenpiod ard zaftieng kanmhaswen ArrAagerddy aprallel with

indicates the fiber axis direction, and white |lines

- thar €ifdea rarilss ke Il@y\nh'gagzjexg:s)fth@ @drdygh strength when

nanot ube. by a cutter. FIG 2 is a photograph observed . ‘

' thieylaBee! polaehzattongspee NaEEMeehr amrahgedli bert teakby to

section cut roughly in parallel with the fiber axis
thef ey mgsid,e fiber manufactured in Exanple 3,

wherein an arrow in the diagramindicates the fi ber

- sa®Sis¥idl 8 iQhglE \Wicke oS © .hermakeks .made by
. dragging of - a car bon nanotube by a cutter. FIG 3 is

a Phahagnant ARGV ad s WLl R LA JE wcaoqne&wfor

fromt crdss section cut roughly in parallel

- maluhorhal fify fher &@SM g ¢upposi te fiber

_ Brief. Descripfio_n of the Drawings

FIG. 1 is a photograph observed by an electron microscope
(TEM) from the fiber cross section cut roughly in parallel with
the fiber axis of a'composité fiber .manuf_actured in Example
2, wherein an arrow in the diagram indicates the fiber axis
difectioﬁ, and ﬁhite lines are the marks made by dragging of
a carbon nanotube by a cutter. |

| FIG.. 2isa photograph.obser\fed by an electron microséope

(TEM) from the fiber cross section cut roughly in parallel with
the fiber .axis of a éomposite fiber manufactured in Example
3, wherein an arrow iﬁ the diagram.' indicates the fiber axis
direction, and white lines are the marks made by dragging of
‘a carbon nanotube by a‘cutter-.

'FIG. 3 is a photograph observed by an electron microscope

(TEM) from the fiber cross s'ection cut roughly in parallel wj._th



5, wherein an arrow’in the diagramindicates the fiber-
axis direction, and white lines are the marks nmade by
draggi ng of a carbon nanotube by a cutter. Preferred
Enbodi ments of the Invention Bel ow, the present
invention will be described in details. (Regarding
car bon nanotube) For the carbon nanotube in a
conposite fiber of the invention, the average
diameter is 300 nmor |ess, referab t n
thotd RSECPEISPF . SOTBOSEEE bt DSHAWRH %fe"rureﬁf Hiple
0.4 to 100 nm The one with a diameter of O.
5, e&s@neéns@@sﬁaﬁpmnnytaefqi%%ﬂ:ﬁmthn%%%%tii}}% flﬁ?ef axis
one of 300 nmor nore is difficult to disperse in a
digmlataen, and whéheelines aarpithe epaksbmade by Hiipgoing of
there is. no upper limt restriction on the preferred
a wanemohantvtdebyge aspestr.ratio, the lower limt
- thereof is 5.0 or nore, preferably 10.0 or nore, and
further preferably 20.0 or nore. Wen the average
aspect ratio is less than 5.0, the inprovenent
prafffaete] emddiE n@rhkanifc ahe dmfeaniiem stics of the
fiber unfavorably becone insufficient. The average
di amyAi,ande e éﬁ%%%ﬁtt r ehvonofoh heiqar ban aagekibed in
can be det’erm ne om t he observation by an el ectron

ddBLqQscope. For exanple, -it is possible that, TEM 5
(transn1SS|on el ectron mi-croscope) neasurenent is

F:;g{ﬁgggH%he Cg%g%%%'%b%gﬁh%%)and t he | ongi t udi nal

For the carbon nanotube in a composite fiber of the

invention, the average diameter is 300 nm or less, preferably
0.3 to 250 nm, more preferably 0.3 to 200'nm, and further
preferably 0.4.to 100 nm. The one Qith a diémeter of 0;3 nm
or less is substéntially difficult to manufacture. The one
of 300 nm or more is difficult to disperse in a solvent, and
~hence it is not preferable.

Although there is no upper limit restriction oﬁ the
preferred value of the'averége aspect ratio, the lower limit
thereof is 5.0 or more, preferably 10.0 or more, and further
preferably 2.0 .0 or more. When the averége aspect ratio is léss
than 5;0, thé' improvement effects on the mechanical
charadteristics of the fiber unfavorably become insufficient.
Theéveragediameterandtheaspectratioofthecarbonnanotube

can be determined from the observation by an electron

microgcope. For example, it 1is possible that, TEM



nanot ube are neasured directly fromthe imge.

Further, it is possible to know the formof the

carbon nanotube in the conposite fiber by, for

exanpl e, the TEM (transm ssion el ectron m croscope)

measurenent of the fiber cross section cut in

parallel with the fiber axis. The carbon nanotube is

in the formof a cylindrically coiled graphene sheet.
- It does.not matter whether the cylinder is pade of. a
(FBABFAYER Lo elgsityon MLGresCPRGe Meashyelaidt 1§ Fqrrigd out,

may be nmade of graphene sheets stacked in the form of
apdcupe duameter asdt hbecdpbgitndapalbéepgthhef the carbon
~invention, nention nmay be preferably nmade of a _
nahoglibewaké maabonedaddtede]lyafroml thewainagss bdmwrther, 1t

nanot ube, or a cup-stacked type carbon nanotube. The
isapbesibaaotuobkaoar ehentfivkacbdr ¢llebypazbononuantiubealiny the
- known net hod, non-limting exanples of which may

cbiipbEdeea £RSePh f fow ratdigsl.e,a enéalmymt qarayistgssion
- type gas phase flow nmethod, a | aser- ablati on nethod,

Bt gBnPhHEE SYEBopE I MERs TPERXh o AMBINO G Y ¥rbss section |
~di scharge nmethod; and the like. (Regarding wholly

cREOTR! h%-raehéip}qgggl gp@ twgelewaﬁag_tmti c polyamide in

e conposite fi _ e invention is a wholly
rerehE BALNGH HinSust ot ol e TR o 8 SyLtGtiany
c‘;g&g‘d' gareab(h@neagﬁeg@. 6115 @(ISl'eér xlldﬂ\lfﬁ'ét\(:@‘): Whgé'lérxzil(r‘gcfl@nder
isl made of a ﬁonolayer or a plurality of layers. Alternatively,
it may be made of graphene sheets stacked in the form of a cup.
Namely, as the carbon nanotube in the invention, mentidn.may
be preferably made of a single;wall carbon nanotﬁbe, a
multiwall carbon nanotube, or-a cup~stacked type carbon.
nanotube.

The carbon nanotubes are manufactured by a
conventionally known method, non-limiting examples of which
-may include a‘gas phase floﬁhmethod, a qatalyst carrying type
gas phase flow method, a laser ablation method, a high pressure
‘carbon monoxide method, an arc discharqé method, and the like.

(Regarding wholly aromatic polyamide)

The w_hoily aromatic polyamide in the composite fiber of
the invention is a whplly arbmatic polyamide substantially
made of a structure in which two structural ugits of thel

following formulae (A) and (B)



where in the formul ae(A) and(B), Arland Ar2each

i ndependently represent a bival ent aromatic group
having 6 to 20 carbon atons; are alternately :
repeated. Arland A«Zdescrlbed above each independently
represent a bivalent aromatic group having.6 to 20
carbon atons. Specific exanples thereof may include a
met aphenyl ene group, a paraphenyl ene group, an

ort hophenyl ene g{o , a 2,6-naphthyl ene group, a

2, 7-napht hy¥éné&Lgr . a 4,4 -isdpopylidene
-dlphenylene group, a4,4'-biphenylene group, a

4, 4" -di phenQfeht <4 ide group, a (@) 'diphenylene

.sul fone group, a 4,4 dlphenylene ket gne group,

. whé,ré‘ inlithleefyteubaet Aprangi@p, A% 3nd' Axf] paehyi r@@@eém@ﬁly

group, a netaxylylene group, a paraxylylene group,
repigsant oblikatghylammagrisugro@nbaging pkarzl cayben atipas ;
hydrogen atons of the respective aromatic groups nay
arke agaehnhneependpabltpdsubstituted with a hal ogen
group such.as fluorine, chlorine, or brom ne; an alkyl
gr ouRrhaidnfird ded cd ibbsibové @ hs ifllepsndentel pyepresent
group, an ethyl group, a propyl group, or a hexyl
a Sufﬁ@leﬁt C)é%%ltﬁ' y?ﬁwpna@\ihgg & t8 L CakbpBnatayms .

as a cyclopent group . or "a cycl ohexyl group; or

Sp%rc]: J%é.%nﬁg(bﬁggfa.g U‘Fh@féfbf‘ Sn tl?lclgd%aé bROt a5 ORP1 SE |'1301Qﬁ1p ,

ncrdentally, the structural ~unit
the 9 ) (Bln | opEer den, 7
fp?§np ﬁg?éé%rgﬂgﬁﬁg gr%ups %g?&b t'hese, 5§ |§’ a

%fa%hatkfly\i & rret %F:): er[‘JX' eng gr???’—naphthylene_ group, - &
: | 4 ,4 ! »—1sopropyl:|.dene .diphenylene gréu}é, a 4,4'-biphenylene
group, a 4,4'-diphenylene s_uifide group, a 4,4.‘ -diphenylene
sulfone groulp, a 4,4'-diphenylene ketohe group, a
4,4 —diphénylene-ether group, a 3,4"-diphenylene ether "group,
a metaxylylene gfoup’, a paraxylylene group, and an
orthoxylylene group. |

- Oneora plurali‘ty of the hydrqgén atoms of the respective
aromatic groups may be'eachlindependently substituted with a
halogen gfoup such as fluorine, chlorine, or bromine; an alkyl
group having_ 1 to 6 carbon atoms such as a methyl group, an
“ethyl group, a propyl group, or a ﬁexyl group; a cycléalkyl
group having 5 to 10'carbon atoms such as a cyclopentyl group
cﬁ‘ a cyclohexyl group; or an aromatic group having 6 to 10 carbon
atoms such as a phenyl group. Incidentally,'the struCtural

unit of the formulae (A) and/or (B) may be a copolymer made



a paraphenyl ene group, or a 3,4'-diphenyl ene ether
group, and further preferably, a paraphenyl ene group,
or a conbination- of a paraphenyl ene group and a
3,4' -di phenyl ene ether group. \Wen a paraphenyl ene
group and a 3, 4'-di phenylene ether group are used in
conbi nation, -the nolar ratio is further preferably in
the range of 1 : 0.8 to 1 : 1.2. Ar2 is preferably a
met aphenyl ene group, or a paraphenyl ene group, and
off GMCh&Y Floatee PSRt Cp4FQBRENy| ene group. Nanmely, as
the ones preferably used in the invention, ngftion
may Baitspécthesal | jr TiEePEELETRRAY| § BFtARRERYLene group,
- polyanmide which is a copolyner in which Arl is a
a paraphenyllene group, anda 3 8, 4liphempksneseherhgFoup, and
group, and -Ar 2 is a paraphenylene group, and the.
fuaaiely [T fzatabdly ¢ at baréphengbeae guoup, odrthecombination
par aphenyl ene group and the 3,4'-di phenyl ene et her
'ofgboglﬁrabheﬂyh.)enéabféup rafidi@ Bglgeddiphényleéng ebhdr group.
.2", and a wholly aromatic polyam de in which Arl
Wlﬁrﬂj af—aﬁhén?]?éﬂe R anyl £ Or-diphenifiesse ebhekygroup

aromati ¢ pol yanmi des can be nanufactured by a

ard ﬂ‘é%ﬁt 1 9R% A QWA "ERB Qb 1S4E Ra RS 081 S Fubtithelt preferably

pol'ynmeri zati on netho an interfacial polynerization

l,{Tﬁ}}{gOdrnef cgftniel.t (P%' ri zatj on nmethod. The degree

f~pol i'on can e controlled by the ratio of

gln gg%fatl% di am onenty @A}ﬁ?@}{y aélfgraté]goup, or a

oxy i C aC| onent e nol ecul ar

pﬂﬁ%b%t}]foiprt} heqz{,ﬂ?ls%lft tﬁgy ﬁr%?gghﬂﬁg Fl heraphenylene

di ssolved in a concentratlon
group.

Namely, as the ones preferably used in the 1nvent3_on,
mention may be specif 1cally made of a wholly aromatlc polyamlde
wl_lich is a copolymer in which Ar' is a paraphenylene group apd
- a 3,4'—dipheny1ene_éther 'group,. and Ar? is a paraphenylene
group, andl the copolymerization ratio (the molar ratio of the
paraphenylene group and thé 3,4'-diphenylene ethér group of
Afl) falls intherangeofi1:0.8to1l:1.2, and awholly aromatic
_ poly.ar.nide in which Ai‘l and Ar? are both paraphenylene groups.

| These wholly aromatic polyamides can be manufactured by
a conventionally known method such as a solﬁtion |
ﬁolymerlzatlon.method an 1nterfa01al polymerlzatlonlnethod
or a mélt polymerization method. The degree of polymerization
can be co_htro_llé& by the ratio of an aromatic d_iamine component -

and an aromatic dicarboxylic acid component. As the molecular



of 0.5 g/ 100 nL in a 98 wt % concentr at ed sulfurlc

‘acid measured -at 30 Cis preferably 0.05 to 20 dL/g,

and nore preferably between 1.0.-and 10 dL/g.

(Conposition) As the conposition of the conposite

fiber of the invention, the anount of the carbon

‘nanotubes is 0.01 to 100 parts by weight, preferably
. 0.1to 60 parts by weight, and further preferably 1

to 10 parts by -wei ght per_ 100 parts by . ht .of the
weigllt yorohet respbt yagn pelyween the &ﬁﬁ@ﬁ?ngf vigggsity =
-~ carbon nanotubes is |ess than 0.01 part by weight, the
indi pEctheolls LpAprbEbrarr et HESFRNEH] EhP concentration
characteristics is difficult to observed. Wereas,

ofMieh g ¥ 130 mbrim a-mna@omagem@mgﬁmri@ Ricriel Iﬁ@asured
"~ becones difficult. (Regarding the orientation and the

a®ri@meatisopregtaBly A.beator g0ofLy e andemsienpreferably
resides in that the carbon . nanotubes in the conposite

bétwaesn ar £ Mn®niedinfgLhe fiber axis direction. The
orientation property of such carbon nanotubes is ‘

- eval uadgbdyiti@her than the direct observation of the
fiber cross section cut in parallel with the fiber

‘axis A tRpan cahalﬁaéiﬁbrm SHOSERPE oMpdsated TEDbri Bf the

"t he |nvent| on X-ray dlffractl on neasurenent or a

1&g Eho%x&‘ﬁ:%%o faPL SBsYs 1When pgaeB 100

car on nanot ub e IS a nuf'tlvva I‘ on nanotube, it is

p#’%’rﬁ | S%ﬁ‘géelgg épg¥8#+ﬁw tf) aﬁb O%T;':ts 91%}' weight, and

flgrghér(:bgre%era }prdq_'o 10 parts by weight per 100 parts by
weight of the wholly aromatic polyamide. When the amount of
the carbon nanotubas is less than 0f01 part by weight, the
effect of the improvement of the mechanical charadteristi_cs
_is_ difficult to observed. Whareas, when it is more than 100
parts by weight,r spinning becomes diificult.

(Regarding the orientation and the orientation method)

A feature of the invention resides. in that the carbon
' hanotubes in the composite fiber are oriented in the fiber axis .
direction. The orientatioh property of such carbon nanotubes
_is evaluated .by, other than't'he direct observation of the fiber
croas section cut in parallel with the fiber axis with an
_ electron microscope such as a TEM, in the invention, an X-ray
diffraction measurement or a polakrized Raman spectroscopic
_measﬁrem.ent'. When each carbon nanotube is a multiwall carbonl

nanotube, it is possible to use the orientation factor F



<cos 0>=n (1) 1(0) sin OGd# 0 3<cos2>| F 2 (Masao
Kakunot o, etal, KOUBUNNSHI X- SENN KAl SETSU ( Pol ymer
X-ray D|ffract|on) 1968, MARUZEN). In the formula, $
represents the azinmuth in the X-ray diffraction
measurenment, and | represents the diffraction
strength of the 002 crystal face of the nultiwall
, carbon ‘nanotube. The orientati on factor F of the
mul tiwal | _carbqn. nanot ube nvention is

' r?i?%?%‘?‘bttﬁ 4, Ry 1the ]ﬁcglr]é"“rrig 11510 e]t e(\rl1 ‘oreferably 0.2
or- nore, and nore preferably 0.3 or nore. The higher
t he val ue gf ¢'») Ztg’@‘ﬁ} e it i's preferred. However,
the&jg& Eloca upp ?l%t val ue when the multiwall
carbon  npanot B §¢ N2 been ful ly ]Srl ented is 1.0. The
pol ari zed Ra pﬂctr SCOpI c mea% )rement S .
accow@&&ﬁeggq the fol l-owi ng manner. In.the Raman
‘spdékrﬂm—geﬁ—ved fromthe carbon. nanotube when an
incom ng |laser has been applied fromthe direction
orthogonal to the fiber axis to the side of the
fiber, the orientation property is evaluated at an
(ﬂéé@@tﬂékﬁ&ﬁoﬂ@w@eaf TEDUBBHNBHSH RYSENE KﬁEBESﬂBHg(Polymer
formula (2):
X-ray Diffraction) 1968, MARUZEN).

In the formula, ¢ represents the azimuth in the X-ray
Vdiffrac.:tion measuremerﬁ;, and I represe_n_ts the diffrac’:tion‘
strength of the 002 crystal face of fhe multiwall carbon
' nanotube. | -

The orientation factor F of the multiwall .carbon nanotube
in the invention is preferably 0.1 or more. It is further
prefe;rably 0.2 or Imore, and mo.re preferably 0.3 6r more. The
higher the value of F is, the more it is pr_efer}:ed. However,
the theoretical .upper limit value when the multiﬁall carbon
nanotubes have. been fully oriented is 1.0.

‘The polarized Raman spectroscopic measurement is
accomplished in the following manner. In the Raman spectrum
~derived from the c‘.a\rbon‘ nanotube when an incoming laser has
been applied from the.direction orthogonal to the 'fiber‘axis
to the side of the fiber, the orientation property is evaluated -

at an orientation degr‘ee P represented by the following formula

(2.): R

10



P=1YY/1XX (2) where in the formula, |XX represents
the G band strength when the |aser polarization.plane
- has been arranged in parallel with the fiber axis,
and 1YY represents the G band strength when the |aser
“polarization plane has been arranged vertically to
the fiber axis. In the invention, the orientation
degree P preferably satisfies the range of 0 .or nore
and 0.7 or less. Such polarized Ranan speggroscopic
measur enent? i § Parficul arly effective fbf)the
singl e-wal |l carbon nanotube. However, it is also
wixppe iicnbhe Bosmulas Lherepresorts the Kokandhsérepeth when
Especially when the content of the nultiwall carbon i
tinadasebgs iar szmtign phdnehmsbeay ativanead ibpas@ddedfwith
.~ the carbon nanotubes hides behind the diffraction '
tipatf Hser oixide s@od yIRr reprhsents ehhat Gebaddgsbeength when
preferably neasured by the polarized Ranan

£ P A IS poRiag iRASWepRahe fras Hdwn simgiryathivertdchady to
nanot ube, the orientation degree P asynptotically

LtROPE paERess s = Gnviere tihgendiohybesie baienkaeion degree P |
oriented in parallel wth the fiber axis direction,

' i hgkeofof afdtd Sard 0R 7=k less.
: p?,ﬁ%’e%%glei %ﬂé@@@ AR gh8kedioF aRds ot less

t of the val'ue of ‘P is nore preferably

R N e e
ohBELATILCERENE AP o 8 1ts clBrl pifovane.
R B iR el B B N, AR e
| nﬁggﬁgé. a E:Vsa}:_leuc(:"iaFZ)Lly1 %«hen thé content of the multiwall carbon
nanotubes is small, and the X-ray diffraction peak of the carbon
" nanotubes hides behind the diffraction pattern of the polymer, |
the oriéntatio_n'degree is preferébly measured by the pblarizéd
Raman - spectroscopic measurement. |
For the single-wail carbon nanotube, the orientation
degree'P asymptotically approaches P = 0 when the.nanotubes
| _havé been oriented _in parallel with thé fiber axis. direction,
and the. random orientation thereof results inP =1. The upper
limit of the value of P is more preferably 0.5, and further
| preferabli; 0.3. The closer it is to 0, themore it is preferred.
On the othér Ihand, for the multiwall carbon nanotube, the valu'e
of P tends to appear to be iather higher as COmpared with the

case of the single-wall carbon nanotube. Also in the document

(A. M. Rao etal., Phys. Rev. 84 (8), 1820 (200)), a value P
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0.36 is introduced as the theoretical -val ue when the
nmeasurenent is carried out with the fully.oriented
mul.tiwal | carbon nanotubes alone. In the invention,
for the nultiwall carbon nanotube, even when the
value of Pis 0.5t0 0.6, it can be said that
sufficient orientation-has been achi eved. Wereas, in
the invention, the wholly aronmatic polyanide in the
conposite flber is also preferablg ori ented

e
= 0.5 ilaxiigtdoddeadoms afder NeeRT et o?‘faﬂH@t ﬁr}ler—ni khe
preferably 0.5 or nore. It is rmrefreferably (i
nso i tife 1l

megpneemant israaeriegoatewibhytbe 7Cwkl s
orientation factor F is determ ned by focusing

casbbanhanotanes helatid f r ot tha snvenpien, |fof theenpdpivall
crystal face of the wholly aromatic pol yam de in the

catbBbAUhanbtibeAsevbr widmoché oralue enf itgia Ho Scdicbdn 6, it
nanot ubes and the wholly aromatic polyamde in the

cahi Ber saxiistHateguic@icisnot belentayiba hadebeénaachieved.

process in which in spinning froma m xed solution of
a whghbyeakQnad tﬁepﬁi\b@iﬁﬁﬂl ,ABHe &A1Y asonbtbepolyamide

- floworientation, [i quid crystal orientation, shear
- J.IIOEljhg RbAbo@A L OF :L}§ ¥ §15Cdn &8 beRiralral yi Sro6ht 8y a6 tie fiber
' roCess. e resulting fiber "conposition is

| ax&%ré ?é}_&?t do?fléed'%lﬁéhtéiglﬁj ERYctBr Makepseré gLy 0.5

Fien on on nanot ubes. This is

orf| SSﬁef-SP he* $L§é%r Brecrtergde T 8P BREeEoERes A ther
oG N 3R et Bt CLiiop peplaeifhobhdon
determined by focusing attention on the diffraction strength
I of the 002 crystal face of the wholly aromatic polyamlde in
_ | the ermula (1). |

| ‘As the method for orienting the carbon nanotubes and the
 wholly aromatic polyamide in the fiber axis direction, mention
may be made of a process in which in spinning from a mixed
solution of a wholly aromatic polyamide ‘and carbon nanotubes,
flow orientation, liquid crystal orientation, shear.
orientation, or stretch orientation is achieved,' or other
process. The tesulting fiber coﬁtposition is further stretch
oriented, thereby to i_ncre}ase.the orientation factor of the
carbon nanotubes. This is falso further preferable for
obtaining the composite fiber of the invention. The degree

of increase of the orientation factor F is 0.01 or more,

preferably 0.05, and further preferably 0.1 or more. Whereas,
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t he degree of decrease of the orientation degree P is
0.01 or nore, preferably 0.05, and further preferably .
0.1 or nore. (Method for manufacturing a conposite
fiber) As the nethod for manufacturing the conposite
fiber of the invention, a nethod in which a m xed
solution of a wholly aromatic polyam de and carbon
- nanotubes is prepared, and spinning is carried out
fromthe mxed solution is preferred. As the salven
therdemies RisdeAraageept %pir&wa%lse ARakTer g, 08001 or
- am de type. solvent such as dinethyl acet qﬁde o) '
moreet byeLerallky of i oneandr IHRtRRT P% '?r‘é"’ﬂ? %u%‘ri £ 1y
% sulfuric acid, phosphoric acid, polyphosphoric
aci d, (Methedt femesand bt turnind. a AZORPRS g H%abeflb)r
preparing the m xed solution, any known nethod is
- app! i Rabile mdbhede forf nanefagpheingeihe swmppside fikgs of
of the followi ng process: 1) to a solution of a wholly :
tBE Ok 1St Dok y amhee hodoli h dvickribenmizedt sibbst dor efidewholly
2) a wholly aromatic pol yam de solution and a sol vent

afbRReis| Pplyehicer ko neasboheaabeubeseds 3prepaned, and

sol vént di spersion of carbon nanotubes, a solid

sé@ﬁh&ﬁgaﬂ@ WlyirG ROLYENE o itheafdeed s6TudionnicApreferred.
- ol vent di spersion of carbon nanotubes, in-situ

qu:l;{geé' .].Z\?éﬂiprﬁo‘if uBeMil sYcRILRES, Reh¥aBhdfay She made of |

arried out. n any case, It is inportant for the

aﬁri%%ﬁﬁg OQfﬁéttEBf@g n su OLﬁQeSdiheﬁhle@btbﬂﬁde or

nprovenent t he "mechani c ysi cal properties of

m toor | !
nRerBE RS SR Epbraahnth  brb i 2GR0ty Bk 4y 100

e m xed solufion. From
sulfuric acid, phosphoric acid, polyphosphoric acid,. or

methanesulfoﬁic acid.

As the method for preparing the mixed slo'l.ut:i_on,r any known
method is applicable; However, for eXample, mention may be
made of the following process: 1) to a solution of a wholly
aromatic polyamide, solid carbon nanotubes are added; 2) a
whélly aromatic polYamide_soiution and a solvent dispersion
of carboh'nanotubes are mixed; 3) to a solvent dispersion of
carbon nanotubés, a solid wholly aromatic polyamide‘ is added;
or 4) in a solvent dispersion of carbon nanotubes, in-situ
polymerization of a wholly aromatic polYamide is carried out.
In any case, it is important fof the orientation of the carbon
nanotubes, i.e., for the improvement of the mechanical

physical properties of the composite fiber that the carbon

- nanotubes are uniformly dispersed in the m_ixed_rsol'ution_. _ From
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this point of view, with the nethod 1) in which a
carbon nanotube powder is added to a high viscosity
pol yam de solution, there remains a concern about the
uni form di spersion. Therefore, as the nethod for
_preparing the m xed solution, preferably, first, a
~sol vent di spersion of carbon nanotubes is forned.
, However, the carbon nanotubes thenselves are lowin
solublllty, ‘and nut ual'ly entangl ed renarkabl% For
thig poiabsfnview, widherhe methegd lay énahich @ R nanotube
di spersibility in the solvent. Therefore in the _
powdentisoadded ta adbs ghapl sceni o peilyamice BeAution, there
nanot ube di spersion in a favorabl e dispersion state.
rémaimya wrinaeg Rebodits éies ubiilfiotryn dﬁ.spleesaanbonTherefore,
nanot ubes in a solvent, nention may be nade of a
asrei® aheftiod mswepgrtlhg paet nékedssaeutdishy i poéfenably,
~in the solvent, other than the direct observation of

e U4 W@éﬂré&@@e@ié‘é@ﬁs idheof P4 th&h EnShétubes is formed.
di stribution of the carbon nanotubes is neasurabl e by

HAwEVERM el & S0 3 Gahbe RS ﬂ?érﬁ’é’é‘lvé's la3%€low in solubility,
diffraction nethod, or the [ike. In the invention, in

d h ,
Rt e R B | Bhsgaon, in
oBFB I a RL A  LE g
of LB 55 10 DA %Laiﬁi#%%%b?%%i%tg"”%r%fn DBazbon
METATON: ees;ﬁ@m L0 T3R5 B L

treatment, a _strong aC|d t reat ment, % chen1%al 14
For evaluatlng the dispersibility o the carbon

nanotubes in a solvent, mention may be made of a method fo;
ﬁeasuring thelparticle size distribution in the solvent, other
thaﬁ.the direct observation of the outwerd appearance. The
particle size distribution of the carbon nanotubes is

measurable by a dynamic light scattering method, a 1aser

- diffraction method, or the like.

In the inventioh, in order to enhance the dispersibility
of the carboﬁ nanotubes in a solvent and the dispersibility
in almixed'solvent, the carbon nanotubes are preferably
subjected to SOmeltreatment in advance. The treatment method
has no particular restriction so long as the tube structure
of each carbon nanotube ie held. However, specifieally,
mention may be made of an ulf.rasonic treatment, a physical size

reduction treatment, a strong acid treatment, a'chemical-'
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surface treatnent, or the like. As the physical size
reduction treatnment, nention may be nade of a dry
mll treatnment using a ball mll, a wet mll ‘
treatnment using a bead mll, a shear treatnent by a
honogeni zer or the like, or other treatnent. By these
treatnments, it is possible to reduce the size of the
carbon nanotubes, and to enhance the dispersibility.
Wher eas, an excessive treatnent nmay cause a | arge

- SMEFACE] SKcPRMERE agFettier 48K6: and a damage of the

nanotube structure itself. Thus, the treatment is

requi Aedthe pbypacadrabde reduakieht FePaPRERL + MeEIPN may
As the strong acid treatnent on the carbon nanotubes,
bepmailei ofl 4 \dryneviflilohreaympet mesltnefa dallemiddnt asethgill
a strong acid with a pHof 0.01 to 2. The strong acid
treaatnent ushng gobesd ae 14 cardhemambneatienhdy agranogenizer
carboxylic acid or a hydroxyl group as a substituent.

oPhitpeCankenhancethée wfddtidnt f oByatheekvenkatments, it is

whol I'y aromati c pol yam de, and i nprove the

posEReNY Rid iroiuchs theabh geSb 0bBe agh HooMi fdnatwhe®f and to
0.01 to 2, for exanple, nention may be nmade of nitric

Apia ces!ﬂhteucﬁiglgefgigilf&'}‘;ﬂr OGN d s ,2ahldexBBES PHE i ¥eatment

acid, dichrom<t acid, and a m xed acid thereof. out

mg:é( dgg:ﬁ?g! aniatlf%t’g lgegu%ti%dﬂgﬁeghg%%jpe@é e fr ié\?ld_a%icfbmag‘e '

i ¢ aci m xed acl dichromc aci

ﬁ%ﬁeul:%%{&téﬁ?ggl gtk‘ﬁc@ﬁ%%_e%g?%ﬂflilse%hughet?l'aégl'ﬁ@éﬁ nt is

ratron rs-i icular préfe y used.
St e SRR IR B P R S
aci d %% %hséu g%triotn%egtczidF%E:teggxr!léntlgn the carbon nanotubes,
specifically, mention may be made of a treatment using a strong ‘
acid with a pH of 0.01 to 2. The strong acid treatment can
provide a carbbn nanﬁtube having a carboxylic acid ora hydroxyl =

group as a substituent. This can enhance the affinity for a

solvent or a wholly aromatic polyamide, and improve the

di_Spersibility. As usable strong acids with a pH of 0.01 to

2, for example, mention may be made of nitric acid, sulfuric

acid, hjrdrochloric acid, phosphoric .acid,. dichromic acid, and

a mixed acid thereof. Out of these, nitric acid, a mixed acid

of sulfuric acid and nitric acid, or a mixed acid of dichromic

acid and sulfuric acid is preferably used. The one with a high

concentration is in particular preferably used. An anhydrous
acid such as sulfuric anhydride is not preferred for the purpose

of introducing a carboxylic acid as a substituent. Further,
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the strong acid treatnment is preferably carried out in

the. . presence of an ultrasonic wave. After the strong

acid treatnent, the treatnment solution is dispersed

in water, followed by filtration-and washing. As a

result, it is possible to isolate the carbon

nanot ubes. Also in the case of the strong acid
treatnent, as with the case of the physical - size

reduction treatnent, apn excessive eat e ayse
thg s¢xpRge 268% ﬁé%ﬁl&f%}béSSPFGEFSPE’&YTHSFQS%X“&Eﬁ‘ the.
treatnment is preferably carried ou% atte,g aCld
pPreseacens?t 9n  WHE¥IRAMEF | YavR -t hePEhS Jé & h rong
singl-e-wal | carbon nanotube, a strong, acid treatnent '
trieatdesity atiihe chreabmewtt SByULEPRg il ISPRESRY hig water,
m ni mum damage on the surface. (((; By applying such a
fodllowed dsy dfiltaahion ehdr stashingi s AgogsifReitly it 1s
obtain a carbon nanotube having oxygen atons in an
poRRANARY itat dspllaper thencakbuaveanothkesxygetsationg-hen case
. the surface are present in a proportion of preferably _
ofl Bhkhet ¥ @cidl t2ehtm@bt pars #A&hofhe ardsom odit the phifissical
presence of the oxygen atons on the carbon nanotube

s i FRE8ce3BnPErE8ERBRE 7 6th Rk cessSid @¢eatnehyshnay cause a
techni que such as ESCA. Further, as the chenical

da?n‘é A tt'h%ah'%%tt % Lheucanban TREPLEBLe, ithd Trdament

era | owm ng the strong aci d treat ment,

n%’ro u ko('}-f&% fé&d {20y 1 Sn Cafttieatt i - pﬂl& thereto.

5 ese unctional groups can
PR, B BT B 18,4 e
a strong acid treatment is desirably carried out by using the
.one with a minimum damage on the surface. |

By applying such a strong acid treatment thereto, it is
possible to obtain a carbon nanotube having oxygen a:toms in
an appropriate proportion. However, the onygen atoms on the
surface are present in a proportion of preferably in the range
of 2 to 25 per 100 of carbon a.toms. The presence of the oxygen
atoms on the carbon nanotube surface can be recognized by a
surface analysis technique such as ESCA.

Further, as the chemical surface treatment of the car'bon
nanotube, it is al_so preferable that, following the strong acid
s treatment,-esterification or amidation is carried out. The
J_ntroductlon of these functional groups can be recognized by
the IR measurement the change in surface element ratio by ESCA,

or the like.
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Herein, as the esterification nmethod, for exanple,

mention may be made of a nethod-in which the

carboxylic acid in the carbon nanotube after the

strong acid treatnent and diaryl carbonate are

allowed to react, thereby to obtain an aryl ester

form The reaction is preferably effected in the

presence of a catalyst. Exanples of the catal yst nmay

i nclude pyridine type conpounds such as :

4- anfiRspin; diase, the dprberyf icakingpPatdiosk, oH; &FRpPle.

- am nopyridine, 4-pyrolidinopyridine, N

meftpbpemayi bepyadaliofea meppedoinnebieh dibre cagihpxylic acid

© 2-nmet hyl -4-di net hyl am nopyridi ne. Qut of these, -

indtHiemellipon amnpoppe difterarnded-spynosid dicidp Friegitmendr @and
particularly preferred. \Wereas, as the amdation.

digeihoearbonatsagpbeal Iewtioto meycbe tieelselyf teo méyteoih an
in which the aryl ester formof the carbon nanotube

ar9it akped Byrhhe mid eeaAGidh ikeptaEstably obf baetedyin the
ésterification as descri bed above is allowed to react

o pr¥sh o #M RateaFReUNIEgHRP18S &hitheneataapsthyapnimd,ude
par aphenyl ene di am ne, and netaphenyl ene di am ne.

{ d sk o1 5
or S SRR 5 e e il oo e

B s D
o GRS 1 AT e c O ana
2’_3%3:%&uﬂbes &x e'iféringﬁgpggg\cﬁhel-h e(h% %%ejéﬁégél, | AI-YdﬁI\ethyl
aminopyridine and 4-pyrolidinopyridine .are 'particularly
preferred.

Whereas, as the amidation method, for example, mention
may be made of a meAthodr in which the aryl ester form of the
carbon nanotube. obtained by. the strong ac;ig:i treatment,
followed by estérification as described above is allowed .to
' reacf with an amine compound such as aniline, naphthylamine ’
paraphenylene diamine, and metaphenyiene diamine; |

These treatment methods may be carried out alone, or may
be carried out in coﬁbination. In the invention, the physical '
sizel re,duc;.tion treatment can be'mentioned as a particularly
prefer_re_d t-reafment.

A mixed solution with a whoily aromatic polyamide can
be obtained from a solvent dispersion of carbon nanotubes as

described above. The dispersibility of carbon nanotubes in
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'such a mxed solution is also inportant. The. carbon
nanot ubes are desirably dispersed as uniformly as
possible. It is possible to determ ne the
dispersibility at this time point to a certain degree
by directly observing the m xed solution wth an
optical microscope. As the method of spinning from
the m xed sol ution, any of a wet nethod, a dry nethod,
and a conbination of a wet nethod and_a dry, net hod
susdya T xeskego Lns Loaddt pLERLERRME My QR ‘é#‘ﬁ%n faRptubes
" orientation, liquid crystal orientation, shear
arer i dedt Atakory, @Lsserée@haénuaﬂﬁﬂﬂm%Y|%§tﬁ@ssébiﬁn|n§t is
step, it is possible to enhance the orientation of
pdssd Bikoltby deterntine pbeydisperabdiliey cak bdnis time POlnt
nanot ubes, and to inprove the nechanica

tf B%éﬁt@ﬁ.h%é?ﬁae \Wie i itreez tMlyobbg eraiogathe pkgdralation
is, for exanple, a copolynerized wholly aromatic

wikdl Wdﬁﬂc‘&l"\ﬁh@io@dop&n Oh€St Re pREpbE Nyt esyeimming from
and a 3,4'-di phenyl ene ether group, and Ar 2 denotes a

ﬁﬁ%%b@ﬂ%l@h"uﬂnyaﬁﬂ 4 heet aRAINGEr BzdiiyometAbde and a
er eof the nolar rfatio of the paraphenylene group

co‘ﬂlﬁh apc%.on of a%?@%ﬁ@%ﬁé@&%&@ apy G ida Aay Pedlibed. As

I'n"arange o o0 1:1.2, by carrying out
il TR, 19, AShUR B L e S ey
o) Xeiﬁat-ffédrf%@ﬁs%r%ﬁ%‘é@a.tﬁ@fssho.% LEGR O AUACH 1 8 ehe
s;aq?%;ir?c_li thqtc%) qo?#tgb%q%g%%gg) % felfl aRSe;rQﬁgg{agggé{:ﬁglon of
lngref oy )é;‘ggqa:jﬁé:st%?t IyrrfglsldeStarn ! trll nga on nangﬂlgegs and
to improve the mechanical characteristics. When the wholly
_.arcmatic polyamide is, for example, a copolymerized wholly
aromatic polyamide in which Ar' denotes a paraphenylene group
and a 3,4'—dipheriylene cther -group, and Ar? denctes a
paraphenylene group, and the coéolymerization ratiorlthereof
(the molar ratio of the 'paraphenylene group and the
3,4'-diphenylene ether group of Ar') falls within a range of
1:0.8 to 1:1.2, by carrying out dry-wet spinning using aﬁ
amide type solvent such . as dimethyl acetamide or
meefhyl—z-pyfrolidoneras a mixed solvent, and tpen, caqging
stretch orientation under high temperatures in a high ratio,
it is possible to obtain a composite fiber. The preferred draw

ratio in such a case is 2 to 40 times, and more preferably 5

to 30 times. Stretching with a ratio as close as possible to
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the maxi numdraw ratio (MDR) is desirable fromthe

vi ewpoi nt  of the nmechani cal physical properties. The
~ tenperature for the stretch orientation is preferably

100 Cto 800 C, and nore preferably 200 C to 600 C
Wher eas, when the wholly aromatic polyamde is, for
exanpl e, pol y(paraphenyl ene terephthal amde) in which
Ar' and Ar 2 are both paraphenylene groups, it is

| th ?@%}%ﬁﬁgt Ii,ﬁo]VF ﬁ:%itrnl.oa Agﬂgﬁog% Itcgeé%ﬁb&\?/él@ylednghﬂh@ viewg;oint.“

g usi ent such as 100 %

- |furic acid, phosphoric acid.. pol
 ofoheriehaRtar RS Reth BRolent sty (ARG RPAg7RaLS sor

- liquid crystal spinning, generally, origntati n

thbeSachtéheﬁrb?n‘s‘éghﬁﬂngs arséerapsh HPBmG anpgp%(;g' and
.high draft ratio. The conposite fiber made_of a_whol

mozeopaeiferpblyadife °Cahd €09 bdh nHHEEEEEs YHER 25 ghpﬁly
the invention is-excellent in nechanica

" aromatact eppdyamsdepais i cufel | yeXaREdierst POLYHRANaRhenydene

tensile strength due to the orientation of the carbgn
temaphthbéanidet héncehpokiAroandnArheare hathypagaphenylene
direction. Exanples Below, the invention wll be
gréape’,i hedisnpeies Hhle ty obapinoh Ewmppsite Fiwewdry ligmid
invention is by no way limted to these exanples. (1)
cria®aavepapgidyaiei g aAndcttiesalesayeswdpest 108t % guldfuric
he carbon nanot ubes were neasured-by neans of a TEM

achi¥,( tfa;%l%@ﬁﬁé@ib el eglian N geISEsssple R0 nodeliy,  or
ctured :

manuf a .
methanesulfonic acid as a mixed solvent. With liquidcrystal

'spinning, generally, orientation can be achieved by spinning

a solution from a cap in a high draft ratiof

The composité fibe;'made of a wholly aromatic ?olyamide
and carbon nanotubes obtainable in the invention is excellent
in mechanical characteristics, partiéularly in elastic
modulus and tensile.strength'due to the orientation of the

carbon nanotubes in the composition in the fiber axis

direction.

Examples
Below, the invention will be described in details by way

of Examples. However, the inventibn is by no way limited to

these examples.

(1) The average diameter and the average aspect ratio

of the carbon nanotubes were measured by means of a TEM.
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~ by Hitachi Ltd. The carbon nanotubes were dispersed in
N- net hyl - 2- pyrrol i done (which is hereinafter :
abbreviated as NW.) with a concentration of 0.1
ng/ mL under an ultrasonic treatnent. Then, the
di spersion was added dropwise to a grid for TEM
measur enent, and the sanpl e obtained by drying under
reduced pressure was observed. The dianeters and the

lengths were direotly ; amet
( t{%ggg}gg éﬁﬁr%a¢%r ron pﬁg&@%?:%r r’eIILdg ?Té rn%dnéélgf%%g)ui*ﬁgtured
o 8, ST RSSO ol L DO 10

DLS-7000 manufactured by Ot suka El ectronics Co.,.
N-peghy lndspizsel idgneniph ach pbs S Hia %%&ﬁ’%ﬁ‘fdta&t‘?é’s as

- with a concentration of 0.01 ng/n was prepared, and .,
| NMPL )vid tBUB] GoneentBatAon| @F 26 ohika/ ik aRidRn (AT Sl asonic
hour. Then, dynamic |ight- scattering neasurenments .
treetecnarr i Bdenyttla disperaiion was Added dropaige taer grid

particle size distribution and the average particle
fosi TEM MEessucahsit ptamt hen shinpflegohtaipedody el g ginder
(3) X-ray diffracti on neasurenent: neasurenents were

- redRicdegresbutadeds e ceved.t i Dhe difamdtangeandOuike dengths
ray; voltage, 45 kV; and current, 70 mA for an X-ray

| W Siﬂéeilfr;:r’hé%ﬁ@é’&'frdﬁﬁﬁﬁfeaﬁﬁ&@@ﬁ dnd Bheakverage values

Corporation). The incomng X-ray was condensed and

thBde fMRCh R h ey mul til ayer filmmirror
thrmn% acture '

GCsmc Inc., so that the cross section

by :
of e y ??@P{IW 1d heds\@'dniesd! of the carbon
trang%nsgggﬁmggt od. For 1gééki%lyhéekhdetsecti on 019 thee ©

| nabaedEaE op é&}ﬁ%ie ”ﬁ%ﬁﬂ%emﬁe“ﬁﬁ% photometer DLS-7000
m‘anu.factur'ed by Otsuka Electronics Co., Ltd.., was Vusec_i.' An
NMP dispersion of carbon nanotubes witha concer_n:rati.on of 0.01
mg/mL was prepared, and it was subj-ec't-ed to an ultrasonic
treatment for 1 ._ hour. Then, dynamic. light scattering
measurements were carried out at 25 °C with an Ar ‘laser, and
the particle size distribution and the averagé particle size
were calculated by a histog;:am method analysis.

.(3) X~ray diffraction measurement: measurements were
carried out under the t;onditions of: target, CuKa ray; voltage,
45 kV; and current, 70 mA for an X~ray generator (RU-B mode'l
manufactured by Rigaku Corporation). The incoming X-ray was
‘condensed and made monochromic by a multilayer film mirror
manufactured by Osmic Inc.:-. ; SO that the cross section of each

sample was measured with a vertical transmission method. For
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carried out using an imaging plate with dinmensions of
- 200 mm x 250 mm (manufactured by Fuji Photo Film Co.,
Ltd.), under the condition of a camera |ength of 250
nm (4) Polarized Raman spectroscopi c neasurenent: for
the Raman spectroscopi c device, a mcroscopic |aser
‘Raman spectroscopi ¢ neasurenent device (LabRamHR
manuf act ur ed by HORI BA JOBI N YVON) was used. A '
sem conductor | aser wth a wavelen th of 785 nm
t3E e HSRECRRORKEI, 3T R A oA $ were
‘| aser beam di anet er was condensed o about 1 m
careled W URINY a8y iBRIINGOPhATS il HAFHT TS aPB mm
‘measurenments were carried out in the follow ng manner.
x | 2650 appl (hary e tuesiiyg Fugse PhiotonFtiiAe 6ok eckidn) , under
orthogonal to the fiber axis to the side of the fiber
thenposditbon @ahda cawerai bengble GANH0 swect rum of t he
carbon nanotube, the G band strength (ixx) derived
from {he rylaider] Ramuat specatroscHaiamesshidfanamyve for the
nunber of around 1580 cmi when the | aser polarization
rphane Hpschesscasianghsyide paral dlcrdscbptie flaber Raman
axis, and the G band strength (lyy) when the | aser

1{9@&@1&6 £3bh 9P mPhSNLendAtbEERi LT gﬂ@ﬁﬂafﬁER_t h&alik¥ctared by
he fiber axis were neasured. (5) Mechani cal

HE f‘ﬁﬂchéﬁtﬁt Y‘@§Ngfw5§eugb9(?r-Ab¥eﬁIB€oH§€ct@f faser with a
enS| on univers tester 1225A manufactured by..

f@ﬁgﬁfg ?93785 Lﬁﬂ:YvaEhﬁséﬁSHEt aage&btizeatm@ﬁ layer light

Jec 0O atensile test 1n a single yarn, so that
cé e?%g lf,[?a?ﬁé Qtl{g)qlélilslé% %@gmt Hgaﬁgigg%gs c?c}nd}ﬁ{ﬁad to about 1

um. By the use of such devices, polarlzed Raman spectroscopic

measurements ‘were ‘carried out in the following mgnner. In
applying an incoming laser from the direction orthqgonal_ to
the fiber axis to the side of the fiber composition, and
_measuring the Raman spéctrum of the carbon nanotubé, the G-band
strength (Ixx) derived from the graphite struqture at a Raman
| shift wave number of ‘around 1580. cm™ when the laser
polarization plane has been arranged in parallel with the fiber
axis, and the G-band strength (Iyy) when the'laser polarization
plane hés been arranged vértiCally to the fiber _axis‘ were
measured.

(5) Mechanical characteristics of the fiber: by the use
of a Tensilon universal tester 1225A manufactured by Orientech _
Co., Ltd., the resulting fiber was subjecfed to a tensile test

in a single yarn, so that the elastic modulus and the strength
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(6) observation of carbon nanotubes in the conposite:
a TEM (transni ssion el ectron m croscope) neasurenent
~of the 'fiber cross section cut roughly in paralle
with the fiber axis was carried out, and the
orientation property of the carbon nanotubes was

eval uated fromthe imge. (7) El enmentary anal ysis of

t he carbon nanot ube surface: an evaluation was

'Car(rfi' d out e'gth ESCA (X-ray phot oel ectron ‘
welise %ﬁﬁﬁmﬁﬂ measurenent). By the use of ESCALAB- 200

‘manuf actured by VG Co., neasurenents. were c i T
wth @) ReReEVARIe6S GPIRRE BARGCRRES obh obp cromBbRite:
taking angle = 45 degrees. Reference Exangle 1. f th
a P traR SBF saian @1eeditrnsBGEPERORE) JNGRPILGPPRY OF the
- three-necked flask equipped with a _stirrer, 2152 of .,
£ ety drasedseridipucut sen gy ippauelek with the fiber axls
p- phenyl enedi am ne, and 50.06 g of _
wdls 4tamtised morti pleeny Ithet lverienatd oadnsapent®r o6r Bhaaggrbon

t enperatures, and di ssol ved under nitrogen. Then,
ndftdt Hleyg s dbedil watete frmeptidalmtgenas added
thereto with ice cooling and stirring. Thereafter, the
t enperAal wnemeas agfaghial yis nof eheach risow nhincdaiube spofiace:
reaction at 80 C for 60 mnutes, 37.04 g of potassium

al sl P8 Hesrashdded iba ehfapita mEem (X-iragt photoelectron
reaction, resulting in an aramd resin solution of ‘

s tro@@oagﬂ?cinféacsaﬂei@ﬁd)ty st eefbnags@t 030 E£S0ALAB-200
oncentrated sulfuric acid solution wth a

| m%r@@f&é‘ﬁ%ﬁ%@ %%Qrfc; @0, It Q0uPkmehit s hpepE Al i@Sidut ¥dth a

ai ne precipitating the resulting dope with
wat er _was - N le = 45
MgK o ray (300 w) and at a photoelectron taking angle

degrees. | |
Réference Example 1: Formation of aramid resin solution

To a well dried three—necked flask equipped with a
stirrer, 2152 g of aehydrated and purified NMP, 27.04 g of
.p—phenylenediamine, and 50.06 g of 3,4'~diaminodiphenyl ether
- were added under ordinary temperatures,.and dissolved under
~nitrogen. Then, 101.51 g of dichIoride terephthalate was
- added'theretorwith ice cooling and Stirring. Thereafter, the
temperature was_ gradually inci:eased, and £ inallry upon reaction
af 80 °C for 60 minutes, 37.04 g of potassium hydroxide was
added to effect a neutralization reéction, resulting in an
aramid resin sélution of NMP. The specifig viscosity.
determined at 30l°c of a concentrated sulfuric acid solution

with a concentration of 0.5 g/100 mL of the aramid resin
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3.5 dL/g. Reference Exanple 2: synthesis. of
single-wall carbon nanotube By using Y type zeolite
powder (manufactured by Tosoh Corporation;

HSZ- 320NAA) for a porous carrier, and using ferric
acetate and cobalt acetate for a catal yst neta
conpound, a Fe/Co catalyst was carried on zeolite.
Preparation was achieved so that each anmount of the

at.al yst to be carried was, 2. 9 R '
oLERRYbY Rt e i Ap e 5o i d MEERZ hpd B vas
~was_npunted in a quartz tube of a CVD device. '
3.bv&&&ti on was carried out, and while introducing an

Ar gas at a flowrate of /10 nl/m n, th%é%e eraturet b
Refies enger Buaral erbmSYREbRsie ik SARGLE 18062 EPOAAIRO UL
“the tenperature reached a prescribed 800 C, an

et haByl ugapar Ywaypeneeediitedbawdar f (Baputaginegd RpFoson

m./mn, and the catal yst was hel d under an_ Ar/ethanol,
Coatpmsittiens 152392 0AA) eSor The paiseld | ATbLaEk and using

product was anal yzed with a | aser Raman spectroscopy
fead chacét abe mirgstoba Bt ecetanenier asoupel v s natadsignpound,

it was observed that single-wall carbon nanotubes

a & aod o aedlydbeqas cheriedulon ngqiridduct Hrsipegiad-ieal lwas
carbon nanotube / zeolite -/ netal catalyst) was

addiiRRR 5B ARafodued ahbuati of aticlchenlgsthesims candied was
then washed with an ion exchange water until it

2 BEGAE, neptdAls Fése A EﬁéubétaZ?QU padert kasmlalced in a

catalyst were rempved to purity the carbon nanot ubes.
oo B0UL! o BBl i e obage vt ey e
o NG 19 R e MBe i, "enAV#H398 introducing an Ar gas
.at a.flbw rate of 10 mL/min, the teinperature was in'creaéed_ from
room temperatufe to 800 °C. | After the temperature reac.hed a
prescribed 800 °C, an efhanol vapor was introduced at a flow
rate of 3000 mL/min, and the catalyst was held qnder an
Ar/ethanol atmosphere for 30 minultes. Thé resulting black
product was analyzed with a laser Raman spectrqscopy and a
‘transmission electron microscope. As a résult, it was
observed that single-wall ‘carbo_n nanotubes were formed. Then,
the resulting ‘pJI:oduct (single-wall carbon nanotube / zeolj.te
/ me£31 catalyét) was dipped in 10 % hydrofluoric acid for 3
hours, énd then washed with an ion exchange water until it
.became neutral. As a result; zeolite and the metal catalyst

wefe removed to purify the carbon nanotubes. The resulting

carbon nanotubes were observed by a TEM. 'As a result, the
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aspect ratio thereof was found to be 100 or nore.
However, nost of them assunmed a bundle structure with
~a width of about 10 rm Reference Exanple 3:
Synt hesi s ‘of nmultiwall carbon nanotubes A reaction
was effected in the sane manner as with Reference
" Exanple. 2, except that the reaction tenperature in
the. CVD device was set at 600 C. As a result, it was

~_obser yed ] —

R e S S L e i
JBurifieation nes cartiod ol Lo Semyp gqegg;ﬁe.caﬁgwsver,
baki ng furnace (manufactured by Kurata,K G

mes . of Shemagsrmsd)a lalrgﬂa%rﬁtﬁ%ﬁr@nwtl’ﬁea% nﬁéﬂrﬂctofwsf about

carrled out. First, the tenperature was increased from .
l¢omm tenperature to 1000 C over 30 minutes under

vacuum Then, the tenperature was increased from 1000
REfepeROO(Eatipte 30 Syntbees sunfanu biniwa hbsaxbess prapsubes

at a pressure of 5 atm Further, the tenperature.was -

i ncr easeaabrion20RE Cited38d h ther shriwoumanigsas with

baki ng was carried out, thereby to obtain nultiwal

RE8EDBACAAMRAMPES BURixeeipad thatathe apdadi e itemperature in
treatnent. The resulting carbon nanotubes were

tﬁQS@x@/%{é ¥e @all%\ét A2 806eRUl tastNecAVARGIEL didTBb8Erved
oun nm and the average aspect ratio

tl’i@'ﬁ fnﬁli%@hﬁaglb%a%@onamﬁlﬂeg%gfe 3£8rREd N\VPInOtEB @ame

he multiwall carbon nanotubes 24 synthesized in

.mgﬁBSEegg%%%ﬁﬁen\ﬁ@' @xadged 2AEH{ £ ASPPI S was carried

out to remove zeoiite and a metal catalyst. Then, by the use
' of an electric baking furnace (manufactured by Kurata Cfiken
‘.Co., Ltd., SCC-U-90/150), a graphitization treatment was
carried out. First, the temperature was increased from room
tempe_ratu_re.to 1000 °C over 30 minutes under vacuum. Then,
the ﬁemperature was increased from 1000 °C to 2000 °C for 30
minﬁtes under an argon atﬁosPhere at a pressure'of 5 atm.
-Further, the temperature was increased from 2000 °C to 2800 °C
over 1 hour. Thus, baking was carried out, thereby to obtain
mdltiwall:carbOn nanotubes subjected tx).a graphitization
treatment. The resulting cafbon nanotubes were observed by
a TEM. As a.reSult, the average diameter was_found to be 58
nm, and the average aspect ratio was found to be 36.
Exaﬁple 1

"To 74.3 g of NMP, 0.75 g of the multiwall carbon nanotubes
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treatnment was carried out for 16 hours by an _
ultrasonic wave wth an oscillation frequency of 38
kHz. To the NWP dispersion, 237.5 g of the aram d
resin solution in NWP fornmed in Reference Exanple 1
was added, and the m xture was stirred at 80 C for 4
hours. As a result, a m xed dope of aramd resin /
carbon nanotubes = 95/5 (wei ght ratio) was obtai ned.

T I y ' uded :
ovifefRation AR hOL R OR veTe RGN i Tt Brsonic
., _agueous solution of 3 % . of . NVP t.he f Cc

erGEReHE i SR dnetb oty ToTaL RO B o uf}F Bl Chlve
.at a cylinder tenmperature of 50 C at a ﬁt f .3 .

wikpAhosRéL4pELARJE RSO f e KHp- p|T£n§ G fdspersion,
coagul ati on bath plane was set at 10 nmm The fi ber

237 aRehodkhe promidheesbaGalatiion bRIWREQIREd Hat Reference
water in a 50 C water bath, and dried by a 120 C -

Exdmplegl nodd eddetherpdi theasixsiretwedtdnrrgdsot 80hét for
plate. Previously, the maximumdraw ratio (MDR) in

4 hberstr &<k mgssilép wamidededopacef dnamistmgsiin y, carbon
stretching was carried out in a 0:9-fold ratio

nahbeubeb £ 26/8. (tieikht rat fo fa® obbvd ined + eghlet palyner dope
conposite fiber. The single fiber dianeter of the

thhiEbebtsanel Sadt extruBegdt hmté ray cdaffilattioan bath at a
nmeasur enent of the stretched fiber, the orientation

te%@%gai:ufe%ft B§ caripanotybesumdeanived oft acharts

and the orientation factor " F of the aram d

ot 888 oy 3/ e 51 0y Ao 8o gpeken berglbam, 1
= ft,rglqgtg1 h\@seszgtzacwfiﬁéerzéerﬁﬁ(@@éﬁg of 50 °C at a rate
of 3 m/min. The distance between the cap plane and the
coagulation bath plane was set at 10 mm. The fiber taken out
ffom the coagulation bath was washed with water in a 50 °C water
i:ath, and dried by a 120 °c drying roller. .ThenA, it was
stretched on a 500 °C hot plate.‘ Previously, the maximum draw
ratio .(MDR) in the stretching step was determined. In
actuality, st‘r’etchin;;.was carried out in a 0.9-fold ratio
| thereof (20.3 times, rate 60.9 m/min), resulting in a co:ﬁposite
lfiber. The single fiber diameter of the fiber was 1.58 dtex.
By -the-x-ray diffraétion measurement of the stretched fiber,
| the orientation factor F of the carbon nanotubes was determined
to be 0.25; and the orientation factor F of the aramid resin,

0.750. Further, as a result of the tensile test, the elastic

modulus was 75.4 GPa, and the strength was 26.2 cN/dtex.
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"To 904 g of NWP, 5 g of the nul tiwal | carbon nanot ubes
synt hesi zed in Reference Exanpl e 3 were added. The NWP
di spersion was circulated at a perlpheral speed of 10
ms by nmeans of a wet dispersing machi ne DYNO-M LL
(TYPE KDL) using .0.3-nmdi ameter beads nmade of
zirconia, so that a bead mll treatnent was carried
out for 30 m nutes.- Fromthe TEM neasurenents,. the
averﬁge di aneter and the average aspect ratio of the
fanot ubes after the treatnment were determ ned

dynanfe A0l PRy brg Wedtih AR o cay B anotubes

. particle size in NVWP was_determned, and f d to_be
sEBEhasizofi dR v%efe%%% cEXERRAS 1 BATWERE aft Efeﬁor pre NMP
the treatnent. of the NMWMP dispersion thus
dmsperﬁeqnmesm gltaéaed @tad DETinBeRAE SPeRAPeH0 MdE bY
16 hours. Then, 245 g of the aranid resin solution

: méanaemﬁlanwﬂ¢fdnepeesEngnmaehlnerXE@kMﬁLEtkﬁﬁﬁEJKDéddUS1n9
the m xture was stirred at 80 C for 4 hours. As a

0t Bsiht diamehex coeadpeanade avfnd ik aogsiay /sacdahedn a bead mill

- nanotubes = 98/2 (weight ratio) was obtained. The
tPeXelefbpwasascptebedl outa fild de0 ghdaatesand ofuser vie TEM

by an optical mcroscope. As a result, it was shown.

: méEéﬁréﬁ@nﬂé?thél@déﬂd@éﬁdidﬁéﬂéﬂk&ﬁdnﬁﬁétHbé&a@&saSPect
i mproved. Spinning was carried out in the sane manner

rati¥ td¥ ExaMi£rdon F 8aHbEUREsI M A&OMRAS terdd fifdnt were
vari ous physical properties of the fiber are shown in

a&RBHRifea WISHRAS9 i, TEMa %é r e%%l%l .eC{jh@Peas, by the
m ¢roscope)j measurenent o I ber cross section
-d%HExm_ricQ,thJ“_lgﬁt' 3.R2:aLGly ‘Metat%utrleﬁlehltt,’erth@('a%e‘ifage particle
gsize in .NMP was determi_ned,‘ and found to be 835 nm, which was
smaller than 1147 nm at prior to the treatment. 55. g of the
ﬁMP dispersion thus obtained was subjected to an ultrasonic
treatment for 16 hours. Then, 245 g of the 'éramid resin
'solution formed in Reference Example 1 was .added thereto, and
“the mixture‘was etifred at 80.9C for 4 hours. As a result,
~ a mixed dope ef aramid resin / carbon nanotubes = 98/2 (weight
ratio) was obtained. The mixed dope was placed on a slide glass,
and observed by an optical microscope. As a result, it was
shown that the dispersibility of the carbon nanotubes was
improved. Spinning was ca'rried out in the same Imanner as with
Example 1, resulting in-a composite fiber. Various physical

properties of the fiber are shown in Table 1. Whereas, a TEM

(transmission electron microscope) measurement of the fiber
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the conposite fiber was carried out. The photograph.is
"shown in FIG 1. It is shown .that the carbon

nanot ubes each in a black rod shape are oriented
along the fiber axis direction. whereas, the width
and the length thereof are roughly the sane as the
average di aneter and the |ongitudinal |ength of the
.car bon nanot ubes added Exanple 3 To 990 g of NWP, 10

of the pul ti r-bon_nanot t [
g@?@r%ﬁ%gl%ﬁa W€ 18d885af$ﬁi %?§%Q%§?déﬁgﬁ!gXls ot
circul ated at_a peripheral, spee ans. g
the GRIDRF LherineF waem%rw%@“%uﬁ?ﬁﬁﬁ ilr?gsgown
~0.3-mm dianeter beads nade of zirconia, so that a

ipeBBGH Lk tFeatfrethowmddiatahieFaghon JanPtyhiss. epehmin a

- the TEM neasurenents,- the -average dianeter and the

- baneckaged asipape arat og iehtedeatangohhe nhHR T fesl s figect ion.
"the treatnment were determned to be 32" nm -and 53,

whespast, i vied widtheands;hd hengthr tlyer paf tang sovghdy the same
determ ned fromthe dynamc |ight scattering

aBERBUI averhgeadianetted tadbeéh@8Gomyithbigadf lehgthVRf the

~ di spersion was subjected to an ultrasonic treatnent ‘

chebohbnhauiabethaaded37. 5 g of the aramd resin
sol ution of Reference Exanple 1 was added thereto,

E§gﬁ{ thesm xture Was stirred at 80 C for 4 hours. As a
result a m xed dope of aramd resin / carbon

nanot ‘EL‘Be§9LT YO upe! 96tg orfa‘i:h%) n¥ReiRRi fi Aesbon nanotubes

Spl nnl ng was"™ carri ed out™in the sane rranner as with

oGP be, LR M PP YA b, B ieperson
wg%bhgrculated at a peripheral speed of 10 m/s by means of a
ﬁet dispersing madhine‘DYNO-MILL (TYPE KDL) using 0.3-mm
diameter beads made of zirconia, so that a bead mill treatment
was carried out for 1 hour. From the TEM measurements, the
average diameter and the _average aspect ratio of the carbon
- nanotubes after the treatment were determined to be 32 nm, and“
53, resPectively;- Whereas, the averagg' particle size.
_détermined from the dynamic light scattering measurement was
found to be 886 nm. 75 g of the NMP dispérsidn was subjected
to an ultrasonic treatment for 16 hours. Thén, 237.5 gdof the
aramid resin solution of Reference Example 1 was added thereto,
and the mixture was stirred at 80 °C for 4 hours. As a result,
a mixed dope of aramid resin / carbpn.nanotubes = 95/5 (weight

ratio). was obtained. Spinning was carried out in the same

manner as with Example 1, resulting in a composite f_iberf.
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1. Wereas, a TEM (transm ssion el ectron m croscope)
measur ement .of the fiber cross section cut roughly in
parallel -with the fiber axis of the conposite fiber
was -carried out.  The photograph is shown in FIG 2.
I[t-is shown that the carbon nanotubes each in a black
rod shape are oriented along the fiber ‘axis :
direction. Exanple 4 To 2 g of the nmultiwall carbon

. ..napot ube synt hesized in Reference.kExa 0;
VU A Lt EERRAY Lot G B DSt B en PR s Grble
—about. 98 was added and _stirred. .,Then the mxtu
1 cool BBEEB2B . C, 2 andM héﬁ:jra@('f’-“ﬁtssdpncoﬁ&gﬁ?nged&l{:}??%@%pe)
acid wwth a concentration of about 61 % was sl ow
megsleteneR i the Hdan 6ro8sHRRR Gt LoRghly ihbarailel
carried out in a 70 C hot water bath by an ultrasonic :
“witalvethe t hiker awis 19fatihen compgsditey fdPeygwRAz CREF1gd out.
_ hour. After cooling to roomtenperature, the strong :
" Theiphewgrdpinisashalis per BE@. i2n  Wai ks sheyn peaddepfagbon
menbrane filter nmade of Teflon with a pore size of
néndtphes raedf e s baclby ol shaperep, of iented rdangde fiber
washing were well -perforned to recover the carbon
aRagolubestioffl omthe TEM neasurenents, the average
di aneter and the average aspect ratio of the carbon
ERaApiubgs after the strong acid treatnent were
determ ned to be 26 nm and 56, respectively.
Wier egs. o [N@ AYREAHR1 DAL E! CaBhdR WifiiuBd egfunemileel in
dynamc [1ght scattering nmeasurenent was found to be

- Ré?é{@ﬁbe%ﬁér@h Féﬁ%?ﬁbgk%{%éﬂtﬁ@&@hifﬁiib%id with

Surtace was
a concentration of about 98 % was added and stirred. Then,

. the mixture was cooled to 0 °C, and‘thén, 50 mL of concentrateq
nitric acid with a cbncentration of about 61 % was slowly added
dropwise 1.l:hereto. Subsequently, a treatment was carrie.d out
in a 70 °C hot water bath by an ultrasonic wave with an
oscillation frecjuency of 38 kHz for 1 hour. After cooling to
room temperaturé, the Strong. acid soluﬁion was dispérséd in’
water. By the use of a ‘membrane filter made of Teflon with
a pore size of 0.2 ym (manufactured by Millipore), filtration
and washing were well performed to recover fhe carbon nanotubes .
From the TEM measurements , the average diameter and the average
aspect ratio of the carbon nanotubes after the strong acid
tfeatment were determine_d to be 26 nm, and 56, respectively.
1Whéreas , the average particle size determ'irrxed from the dynamic

light 'scattering measurement was found to be 552 nm. TFurther,
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~and it was found as follows: carbon 92.6 % and oxygen
7.4 % 0.3 g of the carbon nanotubes were dispersed
in 55 g of NWP, and the dispersion was subjected to
an ultrasonic treatment for 16 hours. Then, 245 g of
~an aram d resin solution was added thereto, and the
m xture was stirred at 80 C for 4 hours. As a result,
a m xed dope of aram d resin / carbon nanotubes =

T L4810 7 T e OB R0 gy e

that th di ihilit f th o b 4 e
ailafe Y AR Rl oLt Qe hbof BT LR UBRReID e o
' in a coq;osite fi ber.

with Exanple 1, resultin
0VArg A t@wgaébpnppaaewg% vereniigpaieied 4y S GA Tt -

- Table 1. Exanple 5 0.75 g of the carbon nanotuybes
apdbile tdivperainn stasorybieated teapReRl trapPRLReHr pAtMEN
Exanpl e 4, were dispersed in 74.3 g of NWP, and the :
fdi §ehsuon. waheubp btedftan ananlidreesdnl goluEéaniaf added
for 16 hours. Then, 237.5 g of an aram d resin

tBeketbprmBshadredtuberei® staintrdchatnd&t°ar owas hours. As
stirred at 80 C for 4 hours. As a result, a m xed

adpeeudt, a4 aiLkd efdpe /of Gardmoitl nadinuesazb®d/ hanotubes =
(wei ght ratio) was obtained. The optical mcroscope

sphsenyatizal ohtlils Rasebsiopendéddi cEiedopthaalt hdcroscope
- dispersibility of the carbon nanotubes was al so high

oBY¥EPvARi LRI S FBSernSPi ikl Wagosar riadiedtedn tiigat the
sane manner. as wth Exanple 1, resulting in a

 OFREBRR AR LS Ny REnGRALE aO0R: 85108 ung v
éarried out in the same manner as with Example 1, regulting
ina co‘mpés ite fiber. Various physicai propertieé of the fiber
are shown in Table 1. |
.Example 5

0.75 g of the carbon nanotubes subjected to the strong
acid treatment, obtained in Examplé 4, were aispersed in 74.3
g of NMP, and fhe'dispersion waé subjected to an ultrasonic
‘treatment for 16 hours. Then, 237.5lg of én_aramid resin
_soiution was added thereto, and the-ﬁixture was stirred at780
IQC for 4 hours. As a result, a mixed dope of aramid resin /
carbon nanotubes = 95/5 (weight ratio) was obtained. The
optical micrdscope obsexrvation of the mixed_dope indicated
that the dispersibility of‘the'carbon nanotubés was also high
even in this cése. Spinning.was carried out in the sahme manner

as with Example 1, resulting in a composite fiber. Various
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A TEN o6l RSRISSLOR RLETE TP FHCEOTSPRG:

a TEM (transm ssion el ectron m croscope) neasurenment
.of the fiber cross section cut roughly in parallel
with the fiber axis of the conposite fiber was
carried out (FIG 3) as with Exanple 3. This

i ndicates that the carbon nanotubes are oriented al ong
the fiber axis direction. Exanple 6 To 1 g of the
‘carbon nanot ubes subjected to the strong acid

ok EEATT s FERBY A0 VSRS s,

m nutes at apout 70 C, and then, was sg‘g ect ed t% an
AFPLOMGAT gL the

ultrasonic wave with an oscillation__frequency of. 28 .
Fée r axils

fibpricgiosEsarhiPB Ut 5OYIBLY dihBREH L BArDYA

0.061 g of dinethyl aninopyridine were added thereto,

ofdhe hampehétectidi¢nwasacatt ted edtat FP8o 30 afdeith Example

ordinary pressure. After 30 mnutes, the tenperature

- 3uasThixindiedtes @2t €hetdddborumaieetwhes raeyopiersed along

‘and the inside of the systemwas gradually reduced in

theegsbee. aAi sediBebolioa.fromthe start of the
reaction, further, the tenperature was increased and

EkBRppeegsured was reduced. After 5 hours fromthe
start of the reaction, the finally attained

L enperat i Andrigh £ a88BRCRancOEbYS IS bt &L S B rong
were set at 320 C and about 0.5 mmHg (66.7 Pa),

| a?%é%ébt;&{rﬁ:, hearReROn ﬁsagmgieaqnyb gCéfgﬂigﬁicﬁ was added.

e reaction were sfowy renpve ut si de the

Tg?éiﬁl?ﬁuréfﬁgé {:Pgaﬁgggiﬁt&gg)fﬁaf I'!L%f eﬂ?tn'liq{htes at about

or onet hane was" add to the residue. Suction
TBi Lé'f aatr{ ri]:hvé@ﬁ %%rsr Is% j%%gzegyto ah ultrasonic treatment in
a 70 °C hot water bath by an ultrasonic .wave with an'oscillat.ion_
frequency of 28 kHz for 10 minutes. 100gof diphenylt carbonate
and 0.061 g of dimethyl aminopyridine were added thereto, so

that the reaction was started at 200 °C under ordinary pressure.

'After 30 minutes, the temperature was increased to 220 °C still

under ordinary pressure, and the inside of the system was

gradually reduced in pressu're. After 3 hours from the start

~of the reaction, further, the temperature was increased and

“the pressured was reduced. After 5 hours from the start of

the reaction, the finally attained temperature and the degree .

of vacuum in the system were set at 320 °C and about 0.5 mmHg

'(66.7 Pa), respectively. The phenol and diphenyl carbonate

formed by the reaction were slowly removed outside the system.

- After the completion of the reaction, dichloromethane was
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a menbrane filter nmade of Teflon with a pore dianeter
of 0.2 m (manufactured by MIlipore Co.), thereby to
renove residual phenol and di phenyl carbonate. As a
result, 0.8 g of carbon nanotubes were separated and
purified. Fromthe TEM neasurenents, the average

di aneter and the average aspect ratio of the carbon
nanot ubes after the reaction were deternm ned to be 28

nd 50, respectivegly. .We h ver sz

addbd P e 2EEHo e RHE P § Re Ay R AR pd out by
scattering neasurenent was_found, be 582 nm .
a PRARARS UL Lol de A DRELGE C1BR 3§ ORE A ARS SFs OF ©+2
- carried out by ESCA, and it was found as fol lows: -
uie o migow fou (3 Bcahy MibXdidae s o 9  THherebyt ke kafsifq refpidual
carbons has been increased as conpared with the
phenohgand dipheny e ayhanate. TABsai FeFehEed that ofnhgarbon
- esterification reaction has proceeded. By the use of
. nfndbubesofwéehe cseprormteghotemse phsdyfiedst er Rxommn thes TEM
obtai ned, a m xed dope of aramd resin / carbon _
neagotruineats, 9the (@werghie rdtdamdtemeasnd othedaveragehaspect
- Exanple 5. Spinning was carried out, resultingina .
r§00Posat e thdbeearani qumdiuises ala freapethéesceaftidie were
fiber are shown in Table 1. Exanple 7 To 1 g of the

defEbRInBaNebUBE PHeAN| £8d e50 Iofée;]@é@i . bwhielteas, the
.~ techni que of Exanple 6, 50 g phenol was added. The -

a%f&#é?&y%stféf@t §926N @ rdtigled Ofrdf HNRUI@Pna@hic 1light

abou and then, subjected to an ultrasonic

.s%%x?eéﬁﬂflg }ngaéuzgmtgﬁb%as F, o PRt BgBYnRN Further, the

rasonrc wave w an oscillation frequency _
elemental analysis of the surface was carried out by ESCA, and

it was found as follows: carbon 94.3 % and oxygen 5.7 $. Thus,
the amount of carbons has been increased as compared with the
strong acid treated product. This indicates that the
eéterification reac-:tionrhas Vproceeded.' By the use of 0.75 g
of the carbon nano_tﬁbe phenyl ester form thus obtained, a mixed
| dope of arémid_ resin / carbon nanotubes = 95/5 (weight ratio)
was formed as with Example 5. Spinning w«ﬁs carried out,
resulting in a co:ﬁposite fiber. Various physical properties
. of the fiber are shown in_Table 1. |
Examéle 7

To 1 g of the carbon nanotube phenyl ester form obtained
by the technique of Example 6, 50 g phenol was added. The
mixture was treated iri a mortar for 10 minutes at about 70 °C,

and then, subjected to an ultrasonic treatment in a 70 °C_ hot
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of 28 kHz for 10 minutes. 100g of aniline .was added
thereto, so that the reaction was started at 200 C
under ordinary pressure. After 30 m nutes, the
tenmperature was increased to 220 C still under
ordinary pressure. After 1 hour fromthe start of the
reaction, further, the tenperature was increased.
After 3 hours fromthe start of the reaction, the

finall attained tenperature and the degree.of c

WateY Rathyt o UpbFASQBIC 4RVEHHL D ATHOREONL AbLED g T aeY
(66.7 Pa), respectively. The phenal, and anilin

off @BnkHZBIOX H MaauERen whP eI HEANA L inenBo8Rated, thereto.
the system After the conpletion of the reaction,

sdli cidor ohet heaethas wddedtaatede atesi@lie’C IsgHrerdinary
filtration was carried out by a nenbrane filter nmade

podsshafd on A fuietrh3 @ npione: & atrbectempenapune (Wadningeeared to
by MIlipore Co.) , thereby to renove residual phenol

28NCGcagichiNeundéraof@bhiaty piedhireSf @dteenlnhoorubesm the
were separated and purified. From the TEM

s TS brepRd reactiend VRl pgees] et ecmperatinee saer igereased.
aspect ratio of the carbon nanotubes after the

AFEACT 3 OfoUBE e raft @hBI ReArio JTe Ak NMeadttbrd8, the finally
- respectively. Wiereas, the average particle size

a el £L 4 n@&nﬁéfﬁ%#f@%ﬁﬁwﬂﬂé‘ dd o¥CahbQtiNdn the system
ound t _

measur enment™ was _ 0 -be 539 nm Further, the
ST 20k A R8P R heftctueny.
o ERIET o nEtdne O RRR 5, Jond a4 cdre Bz quy
«Biaf S BRE e T OB kBB 3B ey of ohe
reaction, .dichlorom'ethane was added to the residue. Suction |
filtration was carried out by a membrane filter made of Teflon
with a pore diameter of 0.2 pm (manufactured by Millipore Co.),
thereby ‘to remove residual phenol and aniline. As a result,
0.9 g of carbon nanotubes were sgparated and purified. From
the TEM measurements, the average' diameter and the average
aspéct ratio of the carbon nanotubes after the reaction were
determined to be 297 nm, and 48, respectively. Whereas, the
average particle size determined from the dynamic light
scattefing measuremeﬁt was found to be 539 nm. Further, the
elemental analysis of the surface was carried out by ESCA, and
it was found as follows: carbon 94.1 %, nitrogen 1.5 %, and
oxygenr4.4 %$. Thus, nitrogen was detected, and the amount of

oxygen has been decreased as compared with the phenyl ester
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the use of 0.75 g of the carbon nanotube phenyl amide"
“formthus obtained, -a m xed dope of aramd resin
. /. carbon nanotubes = 95/5 (weight ratio) was forned.
as wth Exanplé 5. Spinning was carried out,
resulti-ng in a conposite fiber. Various . physical ‘
properties of the fiber are shown in Table 1. Exanple
8 A conposite fiber was obtained according to Exanpl e

eGSR o 5, SRR SR R Sl

used. Incidentally t he, average di aneter %h
theawel dbpies PAIS SATPAR RANMIPS o040 Sgem thue
- the bead mlIl| treatnent were 107 nm and 31
obbapeed i velyixathaieps of ralisk 466 1art Farkogj pgnotubes =
determned fromthe dynamc |ight scattering
9SS (weignt naisid punas t Dotmed 188 i  Exampces 5phy§PéﬁPln9
- properties of the fiber are shown in Table 1. Exanple
wls Acaginedi batf,i hersulgsimpt i nedcanpos tagfibeExanfheious
2, except that the nultiwall carbon nanotubes (trade
pnjaﬁcé/ﬁﬁ%paﬁﬂuéacbﬂ r €He by ilShovar Oeshowi. 1. Tambe el .
used. Incidentally, the average dianeter and the

rMRpBgegaspect ratio of the carbon nanotubes after
the strong acid treatnent were 94, nm and 28,

resp ﬁtéa&@afsﬁ/«!‘eﬂ JaReoBYREABE APESFEl Ry U Exanple 2,
detern1n fron1t e dynam c |light scattering

pr SRt et ‘?‘@f‘w;ef?’.ﬂﬁ%%f QErpAB haiB '(%d@h§m@abGCF)

are shown- 33 in Table
manufactured by Showa Denko K. K., were used. Inc:.d_entally,

the average diameter and the average aSpect ratio of the carbon
' nanotubes after the bead mill treatment were 107 nm and 31,
reépectively. ‘Whereas, the average particle size determined
--from the dynamic light scattering measurement was found to be
1010 nm. Various physical prdperties of the fiber are showﬁ
in Table 1.
"Example 9

A composite fiber was 6btainéd according to Example 2,
except thét the mulfiwall carbon nanotubes (trade name VGCF)
-manufaétﬁred by Showa Denko K. K., were used. Incidentallyg
,thé average diameter and the average aspect ratio of the carbon
nanotubes after.the strong acid treatment were 94 nm and 28,
~ respectively. Whereas, the average particle size determined
from the dynamic light scattering measurement was found to bhe

682 nm. various physical properties of the fiber are shown

33



Exanpl e 10 To 50 g of NWP, 0.15 g of the single-wal
. carbon nanot ubes synthesized in Reference Exanple 2
was added. An ultrasonic treatnent was carried out
for 16 hours by an ultrasonic wave wth an
oscillation frequency of 38 kHz. To the NW
di spersion, 247.5 g of the aram d resin solution of
Reference Exanple 1 was added, and the m xture was
red at 80 Cfor 4 hours. As a'result, a m xed.
1nd Yaramid resin / carbon nanotubes = 99/1
(melght rati o) was obtai ned. Spinning was carrled out
Exefptlfe 1fame manner as in Exanple 1, resulting |n a

conposite fiber. Various physical propertleg th % b

fi befoad @ gshH WP, 0 - 18] F thesdngl e vy HEagPgnagiotubes

the. single-wall carbon nanotubes obtained in
syRefhesdizes ExaRpferencesixanpls X vdceaddgded ARulfasonic

acid wth a concentration of about 98 % was added and
trefatmenrt whlsegarrtikd ouktime Mahovuxs by ap Wlioragerjic wave

then, 50 nmL of concentrated nitric acid with a _
witOnsfndgaillert iafn dbeytiefidy BWia8 kdlzowl Fodthie YMPAtigmRsHLLION

thereto. Subsequently, a treatnent was carried out in-

20 ) Lot heakeaniat RebYnagolUht i esonf CRefizcente Example 1 '
oscillation frequency of 38 kHz for 1 hour. After ‘

wacsogld 9 tqng" OAD ﬁlf@@fé‘tv&gse'sttﬁ%eﬁt heNgoaw dreel Hthdlirs.
Isgersed In water. By the use of a nenbrane

Ag( ! l S:%Fu%deagﬁn ;[S&l &’@pe\.“" i3 arAnRe @e8iine/0aPbdn Manotubes

manut act Ur e |pore) filtration 34 and

ZOt uge%fn@ MZ’_O P&F OBHEQJ.Ber eCcYEinihG weay EﬁBrled out
in the same manner as in Example 1, resulting in a composite
fiber. 'Varic'ms physical properties of the fiber are shown in
Table 1. |
Example 11

To 0.5 g of the sinéle—wall carbon nanotubes obtained
in Ref‘erencé Example 2, 150 mL. of concentrated sulfuric acid
- with a.c.oncentrati'on of about 98 % was added and stirred. Then ,.
the mixture was éooled to 0 °C, and then, 50 mL of concentrated
nitric acid With a concentration of about 61 % was slowly added_

' dropwise thereto. Subsequently, a treatment was; carried out
in a 70 °C hot water bath by an ul‘traso_nic wave with an
oscillation frequency of 38 kHz for 1 hour. After cooling to
‘room temperature, the strong acid solution was disPérsed in
water. By the use of a membfan‘e filter made of Teflon with

a pore size of 0.2 ym (manufactured by Millipore), filtration
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Incidentally, the average di aneter and .the average

aspect ratio of the carbon nanotubes after the strong

acid treatnent were 1.1 nmand 100 or nore,

respectively. However, as with prior to the

treatnment, nost of them assumed a bundle structure

wth a width of about 10 nm Wereas, the average

particle size determined fromthe dynam c |ight

scattering neasurenent  was found to be 189 nm which
apd yaghin Ever AP AsBeRRPRTCY GbF SCPBet e ‘F%&% panotubes.

Further, the elenental analysis of the surface was
IpgifApBgaddy - bFhesererase idiapatenupnd akheoprehage aspect

carbon 93.4 % and oxygen 6.6 % By the use of 0.15 ¢
retiphef thwe berbeanvandeshes afite tdhepetopnaramidl tresitment
[/ carbon nanotubes = 99/1 (weight ratio) was obtained
wemet hel sameamanl{Hr ocramowet, hrEspepkevéldy . THowptécalas with -

m croscope observation of the m xed dope indicated

pthatr tdhehe spedendnt ) psefof htepnaboumed anpdndbs swasicture
hi gh. Spinning was carried out in the sane nmanner as

withhaEwaapheok, apeat! 10 Nfmi N whewmosidiR fdvikelage particle
Vari ous physical properties of the fiber are shown in

s138l et drmi AOHRIAL LHE €15 ghe 248t8ePing RRasurement

aramd resin solution of NWP fornmed in Reference

wis2EBLEd leo o 989 ndIV RS {rdkt Elg%l%gffjg%ai{r?g 0haitdX Srior

was stirred at qtaﬁaaﬂqeof_ _ ours, _
OB AL AT LR TRAL OiERl g of che
SBEHIR RIS FOR, B Boof?, SRR s FBUAR'AD 1o

carbon 93.4 %, and oxygen 6.6 %. By the use of 0.15 g of fhe
- carbon hanotubes, a' mixed dope of aramid resin / carbon
nanotubes = 99/1 (weight ratid) was obtaj.ned:in‘ the samé manner
és with Example 10. The optical microscope observation of the
mixed dope indicated that the dispersibility of the carbon
nanotubes was high. Spinning was ca.rrie_d out in the séme
manner as with Example 1, resulting in a composite fiber.
Various physical properties of the fiber are shown in Table
.1"
Comparative Example 1

To 245 g of the aramid réesin solution of NMP formed in -

Reference Example 1, 55 gof NMP was further addgd. The mixture
'was stirred at a temperature of 80 °C for 4 hours, thereby to
obtain an aramid resin solution not containing ca'rbcjn_

nanotubes with roughly the same polymer concentration with
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E

same manner as in Exanple 1 to obtain anaram d fi ber
Various physical :properties of the fiber are shown in
Table 1. Conparative Exanple 2 In the spinning step"
in Exanple 1, the conposite fiber before stretching
and after drying by a 120 C drying roller was taken -
out. I't was eval uated for the various physical

~-properties. The results are shown in Table 1. 36
Claims 1. A conposite fiber, c '

EXRORIG 1 SHIEBUBHI CRA SO0 L By et Ot SFUEIGRoIR yFPe

- aromatic polyam de mainly conprising structural its
sagfe MRBDEE| DMK YEME? 3 L0 OSHTAHaN (a%)a%ﬁ‘d%%%?’?- Vaz fous
-NH-Ar' -NH (A) -OCAr2-CO- (B) where in the general
phiyrimalaoroperiries RE the HheasresRvny Adedé th-y
represent a bivalent aromatic group having 6 to 20
Cangpaaont ateorfxamgice @ 01 to 100 parts by wei ght of
carbon nanotubes with an average di ameter of 300 nm
or | egsthandpanninyesagp sExdEmpla ilo bheSc@mpesibeefiber
characterized in that the carbon nanotubes are
p&fdrdtad dirHibgy binkehrasikSadiiagtbpra 120 ToedepimgsidEler
fiber according to claim1, "characterized in that the

w&d PRReR 288t Ubest afgsMekviaWRltled cRIOAMananntithes, paysical
the orientation factor F of the carbon nanotubes -

Sroided w | Qi | 1f 2
pESPEHILed Mih ekl koW @%owm_@aslb 1t 2 1()
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< Cos 20 >= 0 I() sin 4dc F= 3 <cos 20 > _| 2 where
$ represents the azimuth in an X-ray diffraction
measurenent, and | represents the diffraction strength
of the. 002 crystal face, is 0.1 or nore. 37 3. The
conposite fiber according to claim1,- characterized
inthat in the Raman spectrum derived fromthe carbon
nanot ubes when an incom ng |aser has been applied from
the direction orthogonal Cto.the fiber axis to the side
of the fiber, the orient f}(ai%]ﬁ degree P represented by

the following fornula . P IYY/IXX (2) where i1n .t

f or mil-a, A1 xRORBAF LEENt Qiﬁ%ﬁ%f GRS+ )gt I mkﬁ’g’rﬁdpr&ﬁ%&%“

| aser pol arization plane has been arranged in, parallel. .
CoNBELS ifige ] PPHBAT BB, WEAGREE o PBL i S ORRL E Ry amide

strength when the laser polarization plane has been.
madmdangempwésﬁmgaskyupﬁurﬁgeuﬂibérOﬁxt%? toklayfing qeperal

range of O or nore and 0.7 or less. 4. The-.conposite
fdvnbraeaqer éindy (B0 :cl ai m 1, wherein the wholly

aromati c polyamde is such that Arl is: -C - and/or

: -NH-Ar'-NH~ (&)

-0C-Ar?-Co- . (B)
where in the general formulae (p) and (B), Ar' and Ar® each

independently represent' a bivalent aromatic group having 6 to

- 20 carbon atoms; and 0.01 to 100 parts by'weight of carbon

nanotubeé with an average diametef of 300 nm or 1ess,.and an
average aspect ratio of 5;0 or more, charécterized.in'that'the
carbon nanotubes are oriented in the fiber axis direction.

2. The composite fiber according to claim 1,
characterized in that the carbon nanotubes are multiwall
carbon naﬁotubes, and the orientation factor F of,the carbon

nanotubes determined with the following formula (1):

mel(ﬁ)cbsz¢sh1¢d¢
<cos’ ¢ >=L—0 :
[ 1@)sinpdy
3 2 1 (1)
Fa <cos ¢ > - :
2

| where ¢ represents the azimuth- in an X-ray diffraction

measurement, and I represents the diffraction strength of the

002 crystal face,

is 0.1 or more.
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‘and such that Ar 2 is: 5. The conposite fiber _ :
according to claim4, wherein the 38 wholly aromatic
polyam de is a copolynmer in which Arl is:- ands and,
Are is and the copol ynerization ratiois 1 0.8 to 1
1.2. 6. The conposite fiber according to claim2 or 3,
wherein the-orientation factor F of the wholly o
aromati c pol yam de which can be determ ned by the

formul a ( is 0.5 or. nore,, 7. The ite fibgr, .
accordi n ﬁ%% c?%WRRﬁ}t%MeféPﬁr tﬁgcégggggtigﬁ o?ﬁfﬁgl 1.
oxygen atons present, on the surface %& tBe car@ogrom the
chagpsttareiaes 4@ thed 18 The fAlams8ecst S f6* 28 %fet-
100 of carbon atons. 8. The_conEosite fiber acco&diagf
cauban samotubRisevBen an HaceaiponlAaRGthaR PSR BBPLLEY tXom
are the ones subjected to a physical size reduction
the edtmemttionorThegooaposd tihe fikeraagspdradhe sddg af the
1, wherein the carbon nanotubes to be used are the
f s, 2 ectiedthaian degacaehtrepndsentsid bygthei flollowing
having a pH of 0.01 to 2. 10. The conposite fiber
faERor4diq@ydio claim1l, using 39 carbon nanotubes which
have been esterified, following a treatnment with a

strong aci ¢ having/a,pH of 0.01 to 2. 11(2The
conposite fiber according to claim1, using carbon

wﬁ@f@tﬂp%ﬁe"\'ﬁbfﬁuﬁ}ﬁyeI)QeﬁépﬁgéQﬁ*E§0hhé draMdgtaength when |
the laser polarization plane has been arranged in pai:allel with
the fiber axis, and Igg‘represem.:s the G-band strength when |
the laser poi_arization pléne has been arranged_ vertically to
the fiber axis, | |

satisfies the range of 0 or more and 0.7 or‘less.

4. The composite fiber according to claim 1, wherein the

'wholl_y aromatic polyamide is such that Ar! is:

~and/or
: o

and such that Ar® is:

-

| g '.5. The composite fiber according to claim 4, wherein the
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‘treatnment with a strong acid having a pH of 0.01 to:2
and esterification. 12.- A nethod for nanufacturlng
the conposite fiber -according to claiml,
characterized by preparing a mxed solution of a -
- wholly aromatic pol yam de and car bon nanotubes, and
performng spinning fromthe solution to orient the
carbon nanotubes.. 13.  The nethod for manufacturing

t conposite fi ccordin ' n .
wngdiuonrhaAbLEpee TEami 36t oh poCabOHibeh Cht A ek M se:
reductlon treatnent. 14. The nethod for nanufacturlng
posite fiber according to claim 12, using
manot ubes subjected to a treatnent with a
ong acid having a pH of 0.01 to 2. 15. The nethod
- for manufacturing the conposite fiber -according to
~andl ai m 12, usi ng carbon nanotubes whi ch have been
—esterified, following a treatnent with a. strong acid
having a pHof 0.01 to 2. 16. The nethod for
manuf acturing the/conposite fiber according to claim
1ng car g \anot ubes which have been amidat ed,
<4 0 ent with. a strong acid haV|ng a pH
of to 2,\---/ester|f|cat|on 40

and, Ar? is

’
‘and the coPolymerizétion ratio is 1 : 0.8 to 1 = 1.2.

| .6 . The composite fiber éccording to claim 2 or 3, wherein
the orientation factor F of the Wholly aromatic polyamide which
can be determined by the formula (1) is 0.5 or mbre.

7. The composite fiber according.to claim 1, wherein
~the proportion of the oxygen atoms present on the surface of
" the carbon nanotube to be used is in the range of 2 to 25 per
100 of carbon atoms.

8. The_composite fiber according_to claim 1, wherein
the carbon nanotubes to be used are the ones subjected to a
'physicél size reduction treatment.

9. The_composite.fiber according to claim 1, wherein
the carbon nanotubes to be used are the ones subjected to a_r
treatment with a strong acid having a pH of 0.01 to 2.

10. The composite fiber according to claim 1, using
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carbon nanotubes which have'been esterified, following a
treatment with a strong acid having a pH of 0.01 to 2.

11. The composite fiber according to claim 1, using

carbon- nanotubes which have been amidated, following a

treatment with a strong acid having a pH'of 0.01 to 2 and
esterification.

12. A method for manufacturing the composite fiber

'accordihg(td claim 1, characterized by preparing a mixed

solution of a wholly aromatic polyamide and carbon nanotubes,
and performing spinning from the solution to orient the carbon
nanotubes.

13. The method for manufacturing the composite fiber

according to claim 12, using carbon nanotubes subjected to a

physical size reduction treatment.

14. The ﬁethod for manufacturing the composite fiber
aqcording to claim 12, using carbon nanotubes subjected to a
tfeatment with a strong acid having a pH of 0.0l to 2.

15. The method for manufacturing the composite fiber
according to claim 12, usiﬁg carbon nanbtubes which have been
esterified, following a treatment with a_strong acid having
a pH of 0.01 to 2. |

16. The method for manufacturing the composite fiﬁer

according to claim 12, using carbon nanotubes which have been

~amidated, following a treatment with a strong acid having_a

pH of 0.01 to 2, and esterification.
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