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. @\BCDEe3e~ppg<sXs Z~6~T~ n{. DESCRI PTI ON SHEATH CORE COMPOSI TE CONDUCTI VE

FI BER TECHNI CAL FI ELD The present invention relates to a s -
-conposite conductive fiber. BACKGROUND ART Conposite fiber MB Wﬁﬁm‘m
c a

‘coating a conductive conmponent containiﬁg conductive parti

non- conducti ve conponent have conventiohal |y been used as condué¥iVe
fibers. In Europe and Anerica, a nethod of neasuring a resistance val ue
while contacting an electrode with two positions on the surgmmﬂumwmmmw m
textil e product (hereinafter refeaﬁﬁ§k fbfﬁéﬁrface resi stan m

met hod) has recently been enpl oyed as a neans for eval uating theggygmg«
conductivity w thout i h i r Thi thod has the
probl em that the nea§3ﬁ§§%58%3@%§¥%§§%53§k?§$¢@Qﬁ§Wﬁiﬁfﬁﬁ§§e|y, t he
measur ed resi stance val ue becones higher in case of a conductive yarn
wherein a conductive yarn to be mxed with a textile product has not a
surface ¢ Lve er because a conductive conponent is not contacted
with an éﬁ%@ﬁggé%L.%f¥L$s easy for us to get a suggestion that the surface
| ayer is made of a conductive conponent in order to so|lve such a drawback
and various sugREHEHav@ et Fadélatss ERafpFReabhaePhedCoFPeeat? ng
the surface with a netal such as titanium oxide or cuprous 2 iodide has
been sugdeRLECELEoFHP®  to such a nethod, the resulting product has
insufficient washing durability and exhibits high conductivity at an
initial stage, but the netal is peeled off during washing, thereby to | ower
conductive performances. Therefore, the method is not suited for use in
dust-freé5%¢%@%@%NQmﬁ%% i ndi spensably require washing. Al though a

sheat h-core conposite fiber conprising a sheath conposed ofa conductive

| ayer cont ai ni PR DOYE BRREK SIRKIAPRAPEF S A s Usddiv eseapearedti n
Japanese Exam ned Patent Publication_No. 57-25647, it was not a product

sui ted foPOoRFaERiRAIcCUSBIPdMaParsAcaes- ¢otl & BPRACPBAVSTE IvkecehRARENE cor e
conposite fiber is not easily performed. Since the presence of carbon bl ack
drasti cal?§ve ot EeR hEoRPl hnaddrent ySef astaerwept hei Elpesfn, a core
portion and a sheath portion of a conposite conponent differ in thernal
fluidity, and tHuSUIRPSNThaABREILCR  dpdseiked IGf Peeswed nfoRsees FeFaneenor e,
there was the problemthat the operability is also |owered in post
processesvalieh wWhiHe aopnEa pkbedsan apdederodagrkhht Evagrps bEésrs bekatke t he
sheat h-core conposite shape partially becomes un-uniformdue to the sane
reason. Aubbpeetohfa trEtpleserediftemendinal for prafaded tohaashrfeoee
conposite conductive fiber which is superior in conductivity in a surface

r esi st ancee #ASURE A Fepsnad Janelt ked hbaki 1§cott bvhaastamp kgyednd aaheanshi ch
has good passabl eness in the spinning process and the post process. 3

DI SCLOSURFCOFe TREUR RV/ENTEDR Teadpcddantyi iidiaarts izgakisnadileel wWexhipayi ng
attention to the fact that the coherency and waviness of a conductive fiber
are i npr oveedagl- t N iFageibreneas the Prebdest the bddss Mes su@esk Repayent

i mproved by controlling the center of an inscribed circle of a sheath
conponent CPMABCEFBEEY d6ckavbnnanedys fdst heedieed sppdsiteaceiwaiueabearned by a
mel t - spi nni ng process, which conprises a sheath conponent made of a

fi ber - f orld giye pol Ty wEs ec B At A TP EoHRI MBI ewRarpdp dlerriductiitvg wagnspecific
range, thus conpleting the present invention. A first invention of the
present ipe&dpieshwpEbv destalshuzmdiicit bpe rohposit Bacempustiotd vis bayer
conprising a sheath conponent nmade of a fiber-form ngpol yner containing
conduct i vieecanpor tordkst thacatpenienddi $ nothantadttdd wéspeut elechnode.
inscribed circle of a core conponent and an inscribed circle of a sheath
conponent in a Etdsseseytianusftoet Rbarggestriazh dbatRihefsutfadenseyebed
circle of the sheath conponent and a distance (r) between the centers of
two i nscribedds oflhexorsaitdtsivge chapbokhtviimgrdet do snshe puch/&Rdra®b88k;~~ OL
In a preferred aspect of the first invention, the carbon black content of

t he sheat indovpoinens ssggeshiona hangcderomade t 0 FoE~elpmpdieght. mebhadnor e
preferred aspect, a core-sheath ratio is within a range from20:1 to 1:2 in
terms of afi cartd nyathosot fabe wdahea netpbdrerh 40t i banshrabtdl deospoappbus 4 A
second invention of the present invention provides a sheath -core conposite
conductive fiber conprising: a core conponent nmade of a pol yester

contai ning ethylene terephthal ate as a main conponent, and a sheath
conponent nmade of a m xture of a copol yester wherein



+ethyl ene terephthal ate accounts for 10 to 90 nol % of constituent units

t hereof ' and carbon black. In a preferred aspect of the second invention,
-the sheath conponent is a polyester prepared by copol ynmerizing isophthalic
"aci d and/or orthophthalic acid and/or zgphthalenedicarboxylic acid as the
copol ymer of the acid conponent. In a re preferred aspect, a

copol yneri zation ratio of isophthalic acid and/or orthophthalic acid and/or
napht hal enedi car boxylic acid as the copol ynerization conponent is within a

f % . .th b k
Content | ofoRhdb o3l Blent ot 8o tRAC, PRECSLAPLS SRR Bicr o RSy i gnt
I t . -sheat .o i i.t.hi. g 20: |
to 5501 raFLELAT DL RREE na sy RRLT T IIREND yhRh Bl L (P ERB b BS

t.. . BRI EF SCRI PT| ON. OF DRAW N FIG 1.i i how
St R R S P
vi ew show nr?xa. le of a §Binnﬁre% uiﬁd in the production of the fiber
of the pr%ggngu 89 HO8R{NGn. TPRTERY GPatPHES, CPBABFEAYE REREPENENASHOL e

the foll oy ngs, A re I rr B: Sheath pal yner containing conductive
carbon C %ﬁgﬁ?ﬁ%dc@?‘? ﬁe&}wéﬁe’&?ﬁ %%lﬁ%gépirb%aecm dus torf resr 6 1REDRAdI us
of inscribed circle of sheath r: Di stance between center of inscribed
circle of "ShERt MAhAPERARR!L Yo eAHLERI HaghiPPel e of core H Wall surface of
| ead hol e of flow channel of conductive pol ymer BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON P SROUgR@ pRpathirReeRt somras1te Bdbesseprpetsimaa gheatht
invention relates to a sheath-core conposite conductive fiber conprising a
core conpoPBRPSRAAE FoRAEThEYE L8y Ar §§taipeg eardar Bheak hnconponehedmade
of a fiber-formng pol yner containing conductive carbon black. As shown in
FIG 1, whPRhSsRORS Reeh 589986Eeroiny 2Rpapee EFaiiacdhntirntt Fublipetion t he
present inventiaqn, the fiber-formng polyner, which constitutes the core
componentCi @ gfidd bt “aten? kg RIEOPACE Faifepefor prachdgcpsdlysrmbecansai ni ng
conductive carbon bl ack, which constitutes the sheath component. In such a
cross- secteRER-SPEPL oA GRS TREBE HhedtHs ccioredcenpebétef fiter disenth
component and_a di stance r between the center of an inscribed circle of the
sheat h cofpdhenPedf@es ceftacedihanrpAsaERrEICarbondladk dfashiécabt g
conponent _has a specific relationship. A publicly known pol ynmer having
fiber - f or RPHYF pertivErineged i lfidy ekamphernopilpstiiderepbhyestoore portion
polyolefin is useful as the fiber-form ng polyner, which constitutes the
core conpdrem Shrgtiheogdiipinidea ¢orpoBkaemidPaNddh &6, én BBermglon
11, nylon_12, and copol yam de containing the polyam de as a main conponent
are wel | khohAltns am@ *ﬁms;/em%rs,plfrmatéglarﬁm drapsligetiyl breonesephthal at e,
pol ybutyl ene terephthal ate, polyethyl ene oxi de benzoate, and copol yester
cont ai ni ngU¥ HeepBPyestdreEr Wwasiing poapbdaenthatk e hveldpaedid.i tthé spal yaer
ot her than those descri bed above can be applied as the fiber-formng
pol ymer, WPWeRe@onsRi tRees t REOEeF8esonpvAlNt asi ndrawipgespnoceagensandn as
far as it is a polymer having fiber-form ng performances. According to the
pur poses, Ve#Bipg/ kibEt kg ReefesEsbeasrgariine pheatbt esrs wshnrass ittiet ahapen
particles. A publicly known pol ymer havingfiber-form ng performances, for
exanpl e, PRTyawl HE BecpBeyeshepniforetlué Be the samduceasvencarbon
bl ack-contai ni n fiber-fornin% pol ymer, which constitutes the sheath
conponent. As te qvlsatiafe theopreganpl envenyt ben 6is md prosd denyl sinedtih
nylon 12, and copol yanm de containing the polyam de as a main conponent are
wel | knownCoRg CoRpopgaltpesanrductigre Exhapvhighol yetibglréne itreceptt bl at ey
pol ybutyl ene terephthal ate, polyethylene oxi de benzoate, and copol yester
cont ai ni ngnt e Polfiasr ereasstanaen reamporiay meehowl Bnknalurabihe tpol yoer
ot her than those descri bed above can be applied as the
conductivity,andalsowhichhasgoodpassablenessinthespinning

process and the post process.



-7 fiber-formng polynmer, which constitutes the core conponent, in the
present-invention as far as it is a polyner having fiber-form ng
- performances. The sheat h-core conposite conductive fiber, which does not
"satisfy the relationship ~| between r apd R, has poor coherency of yarn
because of decentering of the core conponent, and al so has poor

passabl eness of the post process because of the waviness. Wth respect to

t he sheat h-core conposite conductive fiber, which satisfies the
re'ati0”%H§bL§§§§ﬁt5§!?ﬁtofNéfﬁTf e conponent does not occur and the
passabl eness 0 He Spi nni ng proce and post process is excellent because
of less waviness. In the present_invention, in order.to | pcate the core and
sheath to sati2?%9tQﬁfﬁ%ﬂé;ﬁQ¥%ﬂﬁﬁfs~%ayetﬁgupﬁﬁahwé§§ BRYLRE dkFEREHPRace H
of a | ead hole gf g f.l ow hannﬁl of the fiber-form ng polyner, which

const i t utss e’ 8Rkat I T MMSoRBRET SBEY AP MAYFEE Bt A §orSUchivieof Hedr t o
1.6S or less. Furtherno when e flow channel of the polyner in the

vi ci ni ty € émE’ﬁBivleﬁeﬁ%f{ EB?tHa(ﬁ?q LSRR HoRROERSERS FEBaF kdahNel s
stream ined, the fluidity of. the polynmer is further inproved and the

spi nnabi |15 BETd % %q}'b%ﬁ'c?]o]rl.nq ficendsde 0 twhdn 1nRETiBeghREES1IBf of he wal |
surface Hin the vicinity of the capillary portion inlet of the spinneret
nozzl e i SREHEY FIRPRFY 5 o Chnse Sect ipscoFes RRPAthocerabrempagite
fiber-formng polyner, which constitutes the sheath conponent, to flow and
t hus t he Tiher ahgadredtty arelécapdenynpanaaess nwhhek comgrises,a sheathhe
spinning tenperature is raised to reduce the nelt viscosity of the

fiber-f orfATLRA Y MAde Wi &hf Beret feuming ted Wiesachnsedpdnanconductive
deterioration of the polyner is accelerated, thereby to cause contam nation
of the spidmeePlasd  tw Hotkrrredifel orabireddiusopBpl abing Tthe poasent of

t he conductive carbon black in the fiber-form ng polyner, which constitutes
t he sheat¥tHpbent, is preferably within a range from10 to 50 o by

wei ght, and nore preferably from15 to 400 by wei ght. Wen the content of

t he conductive %drB6/ Brekiian aiftHisprasenbove ardrige proeidesd shagthi ber
is superior in fiber-form ng performances and conductivity. Therefore, it

i s pref ert@Ue THERDHAR tGad b fifeak conprie imaxedshieahht bemponent
fiber-formng polynmer by a publicly known nethod, for exanple, kneading

Wi t h heatfafe as@ keertwywr@dr%m?exmeudentarhénqmdsﬂmm cathanbiatke
sheat h-core conposite conductive fiber of the present invention is

pr ef er ablGhaFa ¢ er bzednge hadm #Oth respegti bo tay mnsofr idedacéaciat b6 af t he
core conponent to the sheath conponent. Wien the core-sheath ratio is
Wi thin t ROEHERERERIY, alise anesDEerhgedi bkrcle slipesherthncstpenghh of t he
fiber and sheath-core formation. Next, the second invention of the present
appl i cat iDFIRISS seetdescrh bog. e s, ianvedivon(Raefithe dnlsgriblest esrtbea

pol yester fiber anong the sheath-core conposite conductive fiber wherein
t he sheaﬂﬁfdaﬁb@mﬁﬂé%s?Q@RQﬂﬁﬂkﬁﬂVbacdﬁp@ﬁeﬁe.(Ihebagweeh the Gepbéyest er
material makes it possible to inprove the conductivity, durability of
conduct i \@% ytvimdipesHp@nebscbés t srt Spfnnting Hobrewsnande posiopslhess, and
to obtain a conductive fiber having excellent chem cal resistance. The
copol yester as tAR Sheadh conponentdbf thesheat h-coreconposite
conducti vefi ber ofthepresentinvention is a copol yester wherein ethyl ene
t er epht hal at e alotcumre fagrrer) aispedd wdl teofirensinveshionni tset berleot .
Vari ous conponents can be used as the copol ynerizati on conponent of the
copol yestkaclhgsarienthed theoaheatht comxanphtsi s hertdofn ianckude fdiromr boxyl i c
aci ds such as isophthalic acid, orthophthalic acid and

napht hal eiredh@artwxyéeightaci d; and gl ycols (diols) such as pol yet hyl ene

gl ycol . Anpbng these conponents, isophthalic acid, orthophthalic acid and
napht hal enedi caithexyoire pcefearedpaspectply amsed.shhatdpekyder izavionifati o
thereof is preferably wthin a range from10 to 50 nol % and nore
pref er ablay faroye 1frdmo 240 Intdo %: 2THinS teepel ypifeahzarkanraaliboo feBRS @ofd@ti o
in an acid conponent in case of dicarboxylic acids, while it nmeans a ratio
in a gl ycdmeam@onetd the caiseati gdysobent When t he copol yneri zation ratio
is smaller than 10 nol % a sheath-core structure is not forned. In this
case, protrusions are forned on the surface of the fiber and, furthernore,
t he pol yner does not penetrate into the sheath portion of a single |ayer of
a portion of the fiber and the resulting fiber is conposed of only a core
conponent. Such a fiber is drastically inferior in process 10

passabl eness such as spinnability, drawability or post processability. On

t he ot her hand, when the copol ynerization ratio exceeds 90 nol % the
melting point is reduced and the polyner is deteriorated by heating to the

M I T o M - -



~The core-sheath ratio of the sheath-core conposite conductive fiber of the
present- invention is preferably within a range from1 :2 to 20: 1 (core:
-sheath) in terns of an area ratio of the core conponent to the sheath
-conponent. \Wen the sheath conponent satisfies the range descri bed above, a
fi ber having excellent fiber-formng pr‘bperti es and conductivity can be

obt ai ned. Therefore, it is preferred. EXAMPLES The foll owi ng Exanpl es
further illustrate the present invention in detail. First, the nethod of
measuring valu f .physical properti and t he eval uati,on net hod, t her eof
are descri bed. ?h%egﬁ? aégv%g?ggaﬂ%e%@ﬁs PrEZSITedIEHHET STDW I fanner .
12 Usi ng sa Ie(é 60 mMmin,a weft direction, 50 mMmin a warp direction)
made of a° T%{Eﬁ or H%C%W}B?/Shgii%‘b‘}d%%tjav%f&e% SHEREHRF e conposite
conductive fiber at a pitch of 10 nm an el ectrode contacted with the whole
50 mMmin the wdt FHG SARRAT SRS M5OSught i RPOYBBREACEOM 2 nipg etlyienso nm
apart in the weft direction, a resistance val ue was neasured under the
condi ti onseTFPR HRA bdkend® dINalR o ftReNSRE padt@. A high resistance neter
4329A manufactured by Hew ett-Packard Conpany was used as a resistance
nmeter. The casé? \ﬁ/ﬁ@PghtCF%“Rﬂrﬁ“aFnIB%d%@tfvﬁé@hxFH’ée@n@€P§Oéﬁeisﬁ§c¥r‘i’lk%"cﬁld1rcI es
of the sheath and the core of the fiber (hereinafter referred to as a

di st ance DRV dafihdhadatisspresunhe A0i SR pol B adscondteitugpiod (O
", while the other cases were rated "poor ( X ) ", After taking a

m cr ogr apfR b s atlee B8]l sadi earkdn &ola¢kh- usi ng an optical nicroscope

manuf actured by OLYMPUS OPTICAL CO. , LTD. , the distance between centers
was neasured byl Prederaesl ¢2pechaptifdn weapnsy 1 KEYERCENCORPORATE NI The
process passabl eness was eval uated. The case where taken-up of a spun yarn,
unwi ndi ngCYRPANgBB LIS adnpiKHgsteaw rrRparet dywcdbadypeopeingessafhthapl i
during post process are good was rated "good (O", while the case where
they are #@i@rand/okerertheorthpbbe Fcid )and/mhenaph tia Lenediscardesuy eid by
using a neter type C 5059D manufactured by Toyo Seiki Seisaku-Sho, Ltd. A
resin wasa@ditag Hieacepetinee ebnpes aaci@ eombehentol ten resin was
extruded through an orifice having a dianmeter of 0.5 nmfor 10 m nutes, and
then 13 the wel ghthore e feried i srdel get vero tyvkeni zat tdre Mtiala®e. The
washi ng durability was eval uated whet her or not an increase in resistance
val ue wasH@@@@h@ié@l af eeiddwashindy o0 tonekeprhthagiche metidod defdfed in
JI'S L0217 E103. The case where an increase in resistance val ue was not
recogni zethplf tlea l eaedi agriogyt i erescivhe sr shedctgobumé O z4 T i ohi d@npdresrcas e
where an increase in resistance val ue was recogni zed was rated "poor (X)'~,
The aci d ieswitlaheea wagnee af vem et vibet hermat %ot di ssol ution occurred after
imrersing in 95%formc acid. The case where dissolution did not occur
after about 5 Mm@t eeradge frysstaspace, ttiee lvegboni hhaok domendi of ties
rated "good (O ", while dissolution occurred was rated "poor (X)" The
sheat h- cosked bl neeheenenhit &s of i thin f4 beangmst vwal Laitterl. S0fheocasei gitter e t he
whol e filaments have a sheath -core structure were rated "good (O", while
t he ot her casesImer @orst pdefpoord(a§pect The cineesdiclatdf reheéof i beri viaisn
measur ed by Autograph AGS- 1KNG manuf actured by Shi madzu Corporati on.

Exanpl e 12 lrangenduenide: bdynsr gneparas by dhspeesi ngt26~obytheighte of
conductive carbon black into polyethylene terephthal ate prepared by

copol yner¢empondt npd bhefsheaphttepenarcti d, as a sheath conponent, and
honopol yet hyl enet erepht hal ate, as a core conmponent, are conbined in a
core/sheath ratio shown in Table 1-1. The resulting conposite material was
nmel t - spun through a spinneret 14 orif ice having a bore dianeter.of 0 . 5
nm at 2858RINHePESCRIBDNANt OBNDRAKINGHe roughness of the wall surface H of
a lead hole of a flow channel of a conductive polyner is not nore than
1.6S, and then Fakern tip atviawspeeding al0R6sefF-BentWbhbhe SHhipd@ Mkt B
oiling agent to obtain an undrawn yarn of 12 filaments with a circul ar
cross secofdrhe Flresendr anweyat on wasid BIGheZ idy awi dy sP$End0ah s :euesT &
drawing roller at 100C, heat-treated on a hot plate at 140C and then taken
up to obtafr apdhawheyaisedaH B8 e8dr sl0edt fon R tAQ fidWRH She T sent
evaluation results are shown in Table 1-1. Exanple 1-2 A conductive polyner
prepared by dispersing 33 o by weight of conductive carbon black into nylon
12, as a sheath conponent, and nylon 12, as a core conponent, are conbi ned
in a core/sheath ratio shown in Table 1. The resulting conposite materi al
was nelt-spun through a spinneret orifice having a bore dianeter of 0.7 nm
at 270C under the condition that the roughness of the wall surface H of a

| ead hol e of a flow channel of a conductive polymer is not nore than 1.6S,
and then taken up at a speed of 700 mMmn while oiling with an oiling agent
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~conponent, and honopol yet hyl ene terephthal ate,as a core conponent, are
conbined in a core/sheath ratio shown in Table 1 . The resulting conposite
~mat'eri al was nelt-spun through a spinneret orifice having a bore diameter
~of 0.5 mm at 285C under the condition that the roughness of the wall
surface Hof a lead hole of a flow charthel of a conductive pol ymer is not
nore than 1.6S, and then taken up at a speed of 1000 mMimn while oiling
with an oiling agent to obtain 1G an undrawn yarn of 12 filaments with a

circul ar .cross section, The undrawn yarn s further draywn b SSi

t hr ough al%(f?eav&lncgn T ol Iriélr tg'fe 1gge,alﬂg§f-tl?e@\;\€etreedqcoen %ulﬁgfaggatdér& “14 and

t hen tak?ﬁl ng to obtain a drawn yarn having 84 decitex per 12 fil anents.
The eval Ui oW Y& ts are shown in Table 1-1. Conparative Exanple 1-1 A
conducti ve Bfﬂ%{mr repared by dispersing 26% by wei ght of conductive
carbon bif¥ckK 94t & hyl ene terephthal ate prepared by copol ymerizing 12
nol o of isophthalic acid, as a sheath conponent, and honopol yet hyl ene

t er epht hadt ‘at R ST YLINPRRAINRE conPrhetve n"car 2R e- sheath rati o shown
in Table 1-1., The resulting conposite material was nelt-spun through a

spi nner etC oriFcRlRe i Fr @l Dol Wedeter of 0 . 5 nmat 285C under the
condition that the roughness of the wall surface Hof a |lead hole of a flow
channel di: IRTARIE Vel FOl§ Ry $2F%0t |ess than 3.2S, and then taken up at
a speed of 1000 mimin while oiling with an oiling agent to obtain an
undrawn yar RafiuD of | st Soef t hlec ks refil eheatlyss section. The undrawn
yarn was further drawn by passing through a drawing roller at 100C,

heat - t r eat eBil682BCRACHIcRECaRte A 0OE BmeCE Heed caked eyt sbeabhaing eerfEemn
yarn having 84 decitex per 12 filanments. The evaluation results are shown

i n Tabl e af 1insHrikeedt ¢ vec B ahl @re 2 A conductive pol yner prepared by

di spersing 33% by wei ght of conductive carbon black into nylon 12, as a
sheat h cdﬂbwﬁéﬁtwéﬁ@%wfohqu,h@@ afdoraw ebaporémt canduchitviereel ymea
core-sheath 17 ratio shown in Table 1. The resulting conposite materi al
was nelt-spun through a spinneret orifice having a bore dianeter of 0.7 nm
at 270C under the condition that the roughness of the wall surface H of a

| ead hol SBIT MPPBHW CH aERY BYG 08DNBIEt INCENBI9Ner is not | ess than 3.2S,
and then taken up at a speed of 700 mimn while oiling with an oiling agent
to obtain an unthasih yeaie Sfrog nvemeins wilh ke clescet dredr oss section.
The undrawn yarn was further drawn by passing through a drawing roller at
90C, heat-treatBte dresdivt ipvend isn 1r50@tasd tohenshakeh-apreocohpas hita
drawn yarn having 167 decitex per 24 filanments . The evaluation results are
shown in cabfectiive Copeir atdorEems e al- Fokecordupbineatpohngner pfepar ed
by dispersing 30~ by weight of conductive carbon black into nylon 6, as a
sheat h coffeRrent ormhed NP WYL asang cér e sb@@Fdnesempanentonbhrded ¢h aa
core-sheath ratio shown in Table 1. The resulting conposite material was
mel t - spurf it ouferaisgi Pekyeer or¢ttein hayi agnduddi ee dtaneorrbbic®, 5 mm at
270C under the condition that the roughness of the wall surface H of a | ead
hol e of a flow&hahenn ¢h BIGordduehiivd pbbyaer drossotsdadsionadilashapeSyfand
then taken up at a speed of 700 nmimn while oiling with an oiling agent to
obt ai n anthedreagngtarte §ibes ¢f [tareprssant hirveitrian ather fssesefoioing The
undrawn yarn was further drawn by passing through a drawing roller at 90C,
heat - t r et @byioer a WutClpkanstatutssGhaddtreonpkarntp to lobtadiad atdtlaen
yarn having 160 decitex per 24 filanents. The eval uation 18 results are
shown i n Tapl @e bl thedhideaatiomibapplymericen taining icoadualtyimver cariepar ed
by di spersing 23% by wei ght of conductive carbon black into polyethyl ene

t er epht hab baek pr eyhdrodd bygnsbpoh yeer ithiengsped et lepimpoaegltycol Inaswmsheat h
conponent, and pol yet hyl ene terephthal ate, as a core conponent, are

conbi ned ¢roaseoeet sheal hshigte 0 ashraw uisnRTabl &n Inkcrifed eduldlieng fconposi t e
material was nelt-spun through a spinneret orifice having a bore di aneter
of 0. 5nmslataBoCmpatienttdred & anditiaine  batwebe theuglness o@fart hbesval bed
surface H of a lead hole of a flow channel of a conductive polyner is not

| ess t hanc8r2%e odnthé BRBatBk@mpomeait £n¢pREE ATt OO afl iMi St hdBc ok bl ag
with an oiling agent to obtain an undrawn yarn of 12 filanents with a
circular cross section. The undrawn yarn was further drawn by passing
through a drawing roller at 100C, heat-treated on a hot plate at 140C and
then taken up to obtain a drawn yarn having 84 decitex per 12 fil anents.
The evaluation results are shown in Table 1-1. 19 Nr-1 HO~xrox ~~xra
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of the core component has a specific relationship.
Apubliclyknownpolymer having fiber-forming performances,
for example, polyamide, polyester, or polyolefin is useful as the
fiber-forming polymer, which constitutes the core component. As
the polyamide, for example, nylon 6, nylon 66, nylon 11, nylon
12, and copolyamide containing the polyamide as a main component
are well known. As the polyester, for example, polyethylene
terephthalate, polybutylene terephthalate, polyethylene oxide
benzoate, and copolyester containing the polyester as a main
component are well known. The polymer other than those described
above can be applied as the fiber-forming polymer, which
constitutes the core component, in the present invention as far
as it is a polymer having fiber-forming performances. According

to the purposes, the polymer may contain inorganic particles such

as titanium particles.

Apublicly knownpolymer having fiber-forming performances,
for example, polyamide or polyester is useful as the conductive
carbonblack-containing fiber-forming polymer, which constitutes
the sheath component. As the polyamide, for example, nylon 6,
nylon 66, nylon 11, nylon 12, and copolyamide containing the
polyamide as a main component are well known. As the polyester,
for example, polyethylene terephthalate, polybutylene
terephthalate, polyethylene oxide benzoate, and copolyester
containing the polyester as a main component are well known. The

polymer other than those described above can be applied as the
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21 Exanple 2-1 A conductive polyner having a M value of 0.02 prepared by
- di spersing 260 by wei ght of conductive carbon black into polyethyl ene
terepht hal ate prepared by copol ynerizing 30 nol of isophthalic acid, as a
sheat h conmponent, and pol yet hyl ene terephthal ate (PET) having a M val ue of
2. 1, as a core conponent, are conbined in a core-sheath ratio shown in
Table 1-1. The resulting conposite material was nelt-spun through a

spi nner et.Qri fi vin re diapgeter of 0.25 mmat 290C and then taken
i ot o s PR R LB e P O GG AR ern bt h
anundr a arnof 12 .filanments wi.th a circular. cross section. The undrawn
yarn was T 0Rere Rt ARTeBY TRLAT RGT A Bugh oG R R G ofer BaT LoUa N
heat-treateq§9n a hot plate at 140C and then taken up to obtain a drawn
yarn havitd %%ex per 12 filanments . The evaluation results are shown
in Table 2-1. Exanple 2-2 The sane operation as in_Exanple 2-1 was

repeat ed, except'® RAE2ERECeBRAJHRATIEHEONENSHENE BEPhowR iGh Fappaat 1.
The eval uation results are shown in Table 2-1. Conparative Exanple 2-1 The
sane operc&tiigfadhenretanprasiip @adateran edandxBephas ieeot ohayraigsest er
and the core-sheath ratio in Exanple 2-1 were changed as shown in Table
2-1. The %dvdagat PeFarssuPtsdgFensRewRdi AL TEBR ecOra  calprRreRt vy A A not
be obtai ned under the conditions of Conparative Exanple 2-1, the surface
resi st and&S PO9b PassaRjienesimehitite BOPARNGa8s whacrvFRiaf AbPdvadgissance
coul d not be eval uated. Conparative Exanple 2-2 The sanme operation as in
Exanpl e Uith\agspepkdicelhe shanithtanite charespbeyestdictiveetahpre whikhwas
changed as shown in Table 2-1. The evaluation results are shown in Table
2-1 . Sisedisfiantiegedagsonss iphtde eritamider of Hdecomde compsneht does
Conparative Exanple 2-2, the surface resistance, strength, washing

dur abi | i Dplapgclsr and bke daresilsiemess colltdhenspibeiogabuateds &Exdmuist 2- 3
The sane operation as in Exanple 2-1 was repeated, except that the

cor e- she®UPIeRs -8 eBedising hecayse changst agwsirmasin Table 2-1. The
evaluation results are shown in Table 2-1. Conparative Exanple 2-3 The sane
operation as i ArEkAgpPEefentwaRverpbar edin @skEpt to locate the core and

sheath to satisfy the relationship O, the roughness of the wall

surface H of a lead hole of a flow channel of the fiber-forming
polymer, which constitutes the sheath component, of a spinneret
nozzle is controlled to 1.6S or less. Furthermore, when the flow
channel of the polymer in the vicinity of a capillary portion inlet
is narrow down or the flow channel is streamlined, the fluidity
of the polymer is further improved and the spinnability becomes
superior.

In this case, when the roughness of the wall surface H in
the vicinityof the capillaryportioninlet of the spinneret nozzle
is controlled to 1.6S or more, it becomes hard to enable the
fiber-forming polymer, which constitutes the sheath component,

to flow and thus the core and sheath are scarcely formed. 1In this



--'t'hat"the' core conponent in Exanple 2-1 was changed to 6 nylon ( 6 Ny) and
t he core-sheath rati o was changed as shown in Table 2-1. The eval uation

“results are shown in Table 2-1. 23 M 1INA-' ,~0O0~~ Zrl "-100 O1L O OX Op
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0 sheath component, deterioration of the polymer is accelerated,
thereby to cause contamination of the spinneret and to form no
line of thread, sometimes.

The content of the conductive carbon black in the
fiber-forming polymer, which constitutes the sheath component,
is preferably within a range from 10 to 50% by weight, and more
preferably from 15 to 40% by weight. When the content of the
conductive carbon black is within the above range, the resulting
fiber is superior in fiber-forming performances and conductivity.
Therefore, it is preferred.

The conductive carbon black can be mixed with the
fiber-forming polymer by a publicly known method, for example,
kneading with heating using a twin-screw extruder.

The core-sheath ratio of the sheath-core composite
conductive fiber of the present invention is preferably within
a range from 20:1 to 1:2 in terms of an area ratio of the core
component to the sheath component. When the core-sheath ratio
is within the above range, the resulting fiber is superior in
strength of the fiber and sheath-core formation.

Next, the second invention of the present application will
be described. This inventionparticularly relates to apolyester

fiber among the sheath-core composite conductive fiber wherein

the sheath component is a conductive component. The use of a



~N N-O 24 INDUSTRI AL APPLI CABI LI TY The sheat h-core conposite conductive
fiber of the present inventionis in the formthat the conductive conponent
.~conpl etely surrounds the non-conductive conponent and the conductive
~conponent is exposed to the whole surface in a cross-sectional shape of the
fi ber, and has good passabl eness of the9spinning process and post process.
Furthernore, a conposite conductive fiber having excellent chem cal

resi stance can be obtained by constituting the core conponent and the

sheat h conponent using_a eci fic polyester. The conductive fiber of the
present i i %@Qﬁgﬁéaig%lk%ﬁ &rtrgp Sfﬁ%&ﬁb%%??%%%%@%@%@ﬂ’@éfs in

various applications, Exanples .of the purpose for which the conductive
fiber of 4%?H£i%ﬁ¥ﬁfFﬁWEHFﬁéﬁl&%ﬁPqEé% pees af ther IR I DR FReSeSich as
dust-free clothes, and interiors such as carpets. 25 CLAIM5S 1. A
sheat h- c A BBRPAHAE TonaletiovRP e e G s vy L Abekdatvi ndopembhen frade
of a fiber-formng pol yner containing conductive carbon bl ack,
char act erG¥H Gl ERELSE 306 cERBITRIRL ¥Rt er aisebhh hRRfdhermPORENSfPBS t he
following relationship: r/R~ 0.03 ~~~ ~| where R represents a radius of an
i nscri beg:bcﬁ pleatBr cohe CORPSH tesipisheritl vmblil be ¥ efitbedes entdl sremekon
between the centers of two inscribed circles of the core and sheath
conponentsS i@nCAPELYES teacvhenedn eHeyIemerterepimie letemplrcoond scapotit e
conductive fiber according to claim1, wherein the carbon black content of
t he sheat®® cthpement o5 epr$if htuentangel t$ obhaveed. 500 by weight. 3. The
sheat h-core conposite conductive fiber according to claiml, wherein a
cor e- sheat h r atVaricasy edpimporerhngeahr bm 2@et tax Ithe 2copol gnemi vt bon ar ea
ratio of the core conponent to the sheath conponent. 4. A sheath-core
conposi t ecmrnant od thberorohyrssimgasatibershezdiiponenbnente dExampbéyest er
contai ning ethylene terephthalate as a mai n conponent, and a sheath
conponentthmitRo bf iachige udécatbaxygbpol pestier swivdr eisn istdpH Ereel terapid hal at e
accounts for 10 to 90 nol ~ of constituent units thereof and carbon bl ack.
5. The shudtherivrika bompedidt ane oaphdchiatentidier rboegrldicnacid; ehdi gi vicoidner ei n
the sheath conponent is pol yester prepared by 2G copol ynerizing a
copol yner {¢isn swrponenpo byt ey bené rohythe. grisupma ortse s¢ | ognppdnents,
i sophthalic acid, orthophthalic acid and

isophthalicacid, orthophthalic acid and naphthalenedicarboxylic

acid are preferably used. A copolymerization ratio thereof is
preferably within a range from 10 to 50 mol %, and more preferably
from 10 to 40 mol %.

This copolymerization ratio means a ratio in an acid
component in case of dicarboxylic acids, while it means a ratio
in a glycol component in case of glycols.

When the copolymerization ratio is smaller than 10 mol %,
a sheath-core structure is not formed. 1In this case, protrusions
are formed on the surface of the fiber and, furthermore, the polymer
does not penetrate into the sheath portion of a single layer of
a portion of the fiber and the resulting fiber is composed of only

a core component. Sucha fiber is drastically inferior in process



."napht hal’'enedi carboxylic acid. 6. The sheath-core conposite conductive fiber

according to claim4, wherein a copolynerization ratio of the

- copol ynmeri zati on conponent of the sheath conponent is within a range from

- 10 to 50 nmol a. 7. The sheath-core congﬁ3|te conductive fiber according to
claim4, wherein the carbon black content of the sheath conponent is within

a range from10 to 500 by weight. 8. The sheath-core conposite conductive

fi ber according to claim4, wherein a core-sheath ratio is within a range

from 20: la%%a%lenes t%%g%lofagn @ﬁfﬁné@ii?th tg?a%gﬁﬁl§9§pog?ntp%%tthe

sheat h cgrrponent
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30 mol %. According to the purposes, the copolyester may contain

inorganic particles such as titanium oxide particles.

The content of carbon black of the sheath component in the
sheath-corecompositeconductive fiber ispreferablywithinarange
from 10 to 50% by weight. When the content of carbon black is

within the range described above, a fiber having excellent
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using a twin-screw extruder.

It is essential that a composite structure of a conductive
component and a noh—conductive component of the sheath -core
composite conductive fiber of the present invention is a sheath
-core structure wherein the conductive component completely
surrounds the non-conductive component. FIG. 1 is a view showing
an example of a composite structure suited for use in the present
invention.

The core-sheath ratio of the sheath-core composite
conductive fiber of the present invention is preferably within
a range from 1:2 to 20:1 (core:sheath) in terms of an area ratio
of the core component to the sheath component. When the sheath
component satisfies the range described above, a fiber having

excellent fiber-forming properties and conductivity can be

obtained. Therefore, it is preferred.

EXAMPLES

The following Examples further illustrate the present
invention in detail.

First, themethod of measuringvalues of physical properties
and the evaluation method thereof are described.

The surface resistance was measured in the following manner.
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10 10 th % & cloth, 50 mm apart in the weft direction, a re51stance

value was measured under the conditions in the absence of a
conductive paste. A high resistance meter 4329A manufactured by
Hewlett-Packard Company was used as a resistance meter.

The case where the distance between the centers of inscribed
circlesof thesheathandthecoreof the fiber (hereinafterreferred
to as a distance between centers) satisfies the relationship @

was rated “good (O)”, while the other cases were rated “poor (X)”.

After taking a micrograph of a cross section of a yarn using an
optical microscope manufactured by OLYMPUS OPTICAL CO., LTD., the

distance between centers was measured by an image analyzer

manufactured by KEYENCE CORPORATION.

The process passableness was evaluated. The case where
taken-up of a spun yarn, unwinding of a bobbin during drawing and
unwiding properties of a pirn during post process are good was
rated “good (O)”, while the case where they are inferior were
rated “poor (X)”.

The MI value was measured by using a meter type C-5059D
manufactured by Toyo Seiki Seisaku-Sho, Ltd. A resin was melted
at a specific temperature and the molten resin was extruded through

an orifice having a diameter of 0.5 mm for 10 minutes, and then



& () - NTIV' VAVSV VXWWAB@ 10g! ! dy" 10%& ()- y"10%?& ()- y"10%& ()-
f109%g&()- 10T 10T 10T, " 10%& ()-WKH\\\\ \Auv7 10"10%¢& ()- S10%& ()-

10gg 10gg 10gg!| "10%jg& ()-"10%& ()-"10%g& ()-~**abbbb=b~ @ 10" 10%& () -

- S109%& ()- 10z 10z 10z""10%& ()-!"109& ()- "109%C& ()- =beeeeeeeeuV7

10710%&' () - &610%&' ()-s@10%& ()-109%&' ()13 10zz 10zz 10zz!["10%z& ()-

ef fffffsY?7 100 100& ()-X2° 109&' ()-X2° 109%& ()-X2° 10%& ()- X2

1098 ()- X2 109& ()-X27109& ()-& ff fff fCOB?7 1° 109& ()- X2G{ )!'

1098 ()-X2° 109 ()-X2° 100& ()- X2 10%& ()-X2 fifffffffycl/ . 10%& ()-X2°

Took: () -3 FRABITY S trindke (i XSS HPB] > TR (52 S5 MRy 00’

109& ()-X2fffffffiObel/ . 109& ()- X2 109& ()- X2 109& ()-X2' 109%& ()-X2Q

)1 109& () - YBYS MFShing (Qyrabibygy (Yaizgz’ié%tedw TRRIXST THYR 7Y - X2°

1098 ()-X2° 109& ()-X2° 100& ()-X2° 100& ()-X2!'f"fog& ' f(f)feKlcl/’

10%& () - "ncrrmge 19 resistange(jabye waggkgcopmizedmbiey yaxbing 100 times,

YE*f+f f-f.f/f}5cl/ G )!I' ° 10%& ()-X2° 10%&'()@éxz‘ 109& ()- X2 109& ()-X2°

2

109 () - Yoy 19 sreAmmrdsidEfiaigd 1rou@S( YORA7 EdOR- () Txe Capegrgryan
109& ()-X2° 109& ()-X2° 109&' ()-X2° 10%& ()-X2° .

109%& () - Xamgiaye fiaf 5¢9f gii@ece valowgway Nt regogni yeafyeogashirgd 0§
109 ()-X2° 10%& ()-X2?f@AFBfFCEDFEfFf}cl/™ 109 ()-X 109& ()-X2°

1098 () - XAmdD U s( raxed 10084 ( N2, vhdd'e( fhXXaddufiqye X2 increase in
109 () - X2Ff G&F Kf Lf M Nf OF eKLI /° 109&' ()-X2  10%& ()-X2 109& ()-X2°

109&' () - ¥=s 1D (e -v&IWH wads recognized was rated “poor (X)”.

The acid resistance was evaluatedwhether or not dissolution
occurred after immersing in 95% formic acid. The case where
dissolution did not occur after about 5 minutes have passed since
the beginning of immersionwas rated “good (O)”, whiledissolution
occurred was rated “poor (X)”,

The sheath-core formation state of the fiber was evaluated.
The case where the whole filaments have a sheath -core structure
were rated “good (O)”, while the other cases were rated “poor
( X ) ” .

The strength of the fiber was measured by Autograph AGS-1KNG
manufactured by Shimadzu Corporation.

Example 1-1

A conductive polymer prepared by dispersing 26% by weight
of conductive carbon black into polyethylene terephthalate
preparedby copolymerizing 12mol % of isophthalicacid, as a sheath
component, andhomopolyethylene terephthalate, as a core component,

are combined in a core/sheath ratio shown in Table 1-1. The

resulting composite material was melt-spun through a spinneret
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surface H of a 1lead hole of a flow channel of a conductive polymer

is not more than 1.6S, and then taken up at a speed of 700 m/min
while oiling with an oiling agent to obtain an undrawn yarn of
24 filaments with a circular cross section. The undrawn yarn was
further drawn by passing through a drawing roller at 90°C,
heat-treated on a hot plate at 150°C and then taken up to obtain
a drawn yarn having 167 decitex per 24 filaments. The evaluation
results are shown in Table 1-1.

Example 1-3
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arecombinedinacore/sheathratioshowninTablel. Theresulting
compositematerialwasmelt-spunthroughaspinneretorificehaving
a bore diameter of 0.5 mm at 285°C under the condition that the
roughness of the wall surface H of a lead hole of a flow channel
of a conductive polymer is not more than 1.6S, and then taken up

at a speed of 1000 m/minwhile oilingwith anoiling agent to obtain
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channel of a conductive polymer is not less than 3.2S, and then

taken up at a speed of 1000 m/min while oiling with an oiling agent
to obtain an undrawn yarn of 12 filaments with a circular cross
section. The undrawn yarn was further drawn by passing through
a drawing roller at 100°C, heat-treated on a hot plate at 140°C
and then taken up to obtain a drawn yarn having 84 decitex per
12 filaments. The evaluation results are shown in Table 1-1.
Comparative Example 1-2

A conductive polymer prepared by dispersing 33% by weight
of conductive carbon black into nylon 12, as a sheath component,

and nylon 12, as a core component, are combined in a core-sheath
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24 filaments with a circular cross section. The undrawn yarn was

further drawn by passing through a drawing roller at 90°C,

heat-treated on a hot plate at 150C and then taken up to obtain

a drawn yarn having 160 decitex per 24 filaments. The evaluation
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9 a core component made of a polyester containing ethylene

terephthalate as a main component, and

a sheath component made of amixture of a copolyester wherein
ethylene terephthalate accounts for 10 to 90 mol % of constituent
units thereof and carbon black.

5. The sheath-core composite conductive fiber according to

claim 4, wherein the sheath component is polyester prepared by
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