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970372§ - 5 Title of the Invention A precursor fiber bundle for
production of a carbon fiber bundle, a process for producing thereof, a
carbon fiber bundle, and a process for producing_thereof EE g;grou
cu
f

of the Invention .- The present invention rel ateg Z 9{)3
bundle to be processed into a carbon fiber bundl
produci ng thereof, a carbon fiber bundle, an? a process for producw&g
ér orY,

t her eof . In nmore detail, the present invention relates to a prec
fiber bundle to be processed into a carbon fiber bundle,. which is lowin

producti on cost, n [ ivity, and less in the occurrences of
fi ber breakage §i§u2§ E%ﬁdfgg%g ransforned I nto an optinum fi ber

bundle style mhen it is supplied to a cess f roducji ng a carbog
fiber bundle, and PFSEUTFEPE: Eibes auﬁﬁi e grf16=r‘°<§i‘% rﬁgé 7 rf?rré%n fiber
carbon fiber bundl e obtained by using the precursor fiber bundle, and a
process for powsdllei,ng tipeocmsbdorf pbeducing thereof, a carbon fiber bundle,

and a process for producing thereof _ /

.Background of the Invention

The present invention relates to a precursor fiber 'bgndle
to be processed into a carbon fiber bundle, a process for
producing .thereof PR -1 carlgon fiber bundle, and a process for
producing thereof. In more detail, the present invention
relate{s to a precursor fiber bundile to. be processed into a
carbon fiber bgr;dle , which is low in producfion cost, excellent
in productivity, and_. less in the occurz‘ences- of fiber breakage
and fuzz, and can be transformed iﬁto an optimum fiber bundle
style when it is supplied to a process for producing a carbon
fiber bundlé, and also relates to ; process for producing
thereof, a carbon fiber bundle obtained by ﬁsing thé precursor
fib_ez_' bundle, and a process_ for producing the carbon fiber
bundie.

Furthermore, the preseﬁt invention relates to a precursor
fiber bundle made of an acrylic pélymer to be processed into a

carbon fiber bundle, a process for producing thereof, a carbon
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bundl e. Furthernore, the present invention relates to a precursor
fi ber bundl e made of an acrylic polynmer to be processed into a carbon
fi ber bundle, a process for producing thereof, a carbon

2 fiber bundle obtained by using the precursor fi beff~Bene d a
process for producing the carbon fiber bundle. "fﬂBSH£;EE;ET"
precursor fiber bundle made of an acrylic polyner tlo_be ﬂE@QﬂégSo-
carbon fiber bundle, a fiber bundle havingzthe nunber oOf T areR off{f rom
3,000 to 20,000 or having a fineness of frodm 1,000 deniers to 24, 000

deniers h. ha cur ences of .fib br eakage

excel | ent qu%???ﬁ%h 'ﬁﬁfggb&sFBP BRES é% car%%ﬁggﬁlb%Pd
bundl e having a high strength and hi nmodul us The precursor fiber
bundl e nade &f papcagsyfer produming ﬂxyecaﬁbeeegsbarubmﬁ%ﬁcar bon fi ber

bundl e is processed into a carbon fiber bundle which has been being w dely

used as reinforchAsga dorentibasl nprdeurscandibaep|sumiiies nade loE hnehdsymic
aer ospace,

polymer to be processed into a carbon fiber bundle, a fiber
" bundle having the number of filaments of from.3,000 to 20{000
or having a fineness.of from 1,000 deniers to 24,000 deniers
which has‘_ less occurrences of fiber bi‘eakage a-.nd fuz.z and
- excellent quality has been being used fér proauction of a carbon
fiber bundle having a high strength and high modulus.

The precursor fiber bundle made of an acrylic polymer to be
processed into a carbon fiber bundle is processed into a carbon
fiber bundle hhich has been being widely used as reinforcing
fibers' for members and implements in the fields of aerospace,
sports, etc. On the conventional carbon fiber bundle, it has
been mainly examined to enhance tﬁe strength and elastic modulus -
of carbon fibers. Specific examination items include the degree
of crystallite orientation énd. densifying property of the
precursor - fibers, single filament bfeakage, fuzz, adhesion
between filaments, acceleration of stabilization of "the
precursor fibers, etc.

- Recently, the utilization of carbon fibers is being expanded

at a rapid pace into general industrial fields of automobiles,
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sports, etc. On the conventional carbon fiber bundle, it has been mainly
exaim ned to enhance the 'strength and el astic nodulus of carbon fibers.
Specific exam nation itens include the degree of crystalline orientation
and densifying property of the precursor fibers, single filanent breakage,
fuzz, adhesion between filanents, acceleration of stabilization of the
precursor fibers, etc. Recently, the utilization of carbon fibers is
bei ng expanded at a rapid pace into general industrial fields of

aut onobi | es, 3 civil engineering,

3
architecture,; r . d act¥d . idne e S I aw
fi ber- bundlecfgggcg¥g%§8€?ﬁg£’S%ﬁéﬁﬁﬁsct() ee%fb ésggagﬁggag'c§?§b¥ ??%er
bundle as a _multifjlanment higher in strength _and_el gsti ¢ nodul us_at..] ower
cost at highdft pSodisEpngedy to suppﬁ&mévé?FgFH?eFaﬁnPazsr?BﬁﬁﬁPﬁs?ﬁrtt Bor

fiber bundle) to be processed into a carbon fiber bundle is actually
produced as bundliedi ftd abentprorksgathdinhoa air garben bdiiblex, hwrdkeipgisi edl i n

multifilament higher in s.trength and elastic modulus at lower
cost at higher productivity.
| However, the raw fiber bundlé (precursor fiber bundle) .to
be processed into a carbon fibei:. bun_dle .is actually produced as
a multifiiament and wound on a drum or bobbin, and suppiied in
this stj(l.e to a process for producing a carbon fiber bundle.
So, due to the restriétion in the process for producing the
carbon fiber bundle, pa_.rticul?.rly the ‘réstriction in the
thickness .(fineness) of the raw fiber bundle (precursor- fiber
bundle) in the stabilizing process, the productivity is
_ reruarkab]_.y kept low.
That is, the precursor fiber bundle made of an .acrylic
. polymer f;'.o be pr.oces-sed into a carbon fibef bundle ére heated
in an oxidizing atmospheré, havi;ng a temperature of from 200 C
to 350 °C for stabilizing treatment prior to carbonizing
treatmeni_:,. ‘The stabilization is a treatment causing oxidization
and cyclizatioﬂ, but since_ it generates heat, the heat stored
in the fiber bundle comes into question. If the heat stored'in

the fiber bundle is excessive, fiber breakage and adhesion



this style to a process for producing a carbon fiber bundle. So, due to
thesrestriction in the process for producing the carbon fiber bundl e,
particularly the restriction in the thickness (fineness) of the raw fiber
bundl e (precursor fiber bundle) in the stabilizing process, the
productivity is remarkably kept |ow That is, the precursor fiber
bundl e nade of an acrylic polyner to be processed into a carbon fiber
bundl e are heated in an oxidizing atnosphere having a tenperature of from
200 [err]C to 350 [err]C for stabilizing 4 eat nent prior to carbonizing

treatnment. The stabillization is a treagtnment usi_n I dizati
cyclization, e fit a’f“?“'@ser?(ﬁeaﬁgsﬁ‘gat ,é}f'hg: e Fgg%rgﬁaéi%n?{'%e@ﬁ%e&t
bundl e cones into question. If the heat stored in the fiber bundle is
excessive, fidnar thhaak ageexhaindhevebn

4 Dbetween filanents are caused. So, the stored heat nust be kept | ower
than a certain |m«alefore, a precursor fiber bundle having too large

fhickness, i.e., total fineness cannot be supplied into the
stabilizing furnace, and in industrial prbductionl the precursor
fiber bundle made of an acrylic polymer to be prbcéssed into a
carbon fiber bundlé is restricted in thickness (fineness). The
restriction is a cause to keep the productivity low in the
production process of the pgecu:sor fiber bundle to be processed
into the carbon fiber bundle, hence an obstacle in reducing the
production cost of the carbon fibér bundle.

As a process for produciﬁg a thermoplastic synthetic fiber
bundle as a raw:fiber'bundle to be processed into a spun yarn
or a non-woven fapric, not as a precursor fiber bundle t6 be
érocessed inﬁo a carbén fiber bundle, a process for producing
a diﬁidable crimped tow is disclosed in Japanese Patent Laid-
Open (Kokai) No. §6-4724. 1In this précess, a tow.running into
a crimping apparatus is divided by dividing pins provided éf a
position.being qlose to.the entrance of tﬁe crimping apparatus,
and the plurality of divided sub-tows are simultaneocusly
supplied inéo the crimping apparatus, so that the plurality of

sub-tows may be crimped as a whole, to be collected as one tow



Therefore, a precursor fiber bundle having too | arge thickness, i.e.,
total fineness cannot be supplied into the stabilizing furnace, and in

i ndustrial production, the precursor fiber bundl e nade of .an acrylic

pol ymer to be processed into a carbon fiber bundle is restricted in

t hi ckness (fineness). The restriction is a cause to keep the productivity
|l ow in the production process of the precursor fiber bundle to be
processed into the carbon fiber bundle, hence an obstacle in reducing the
production cost of the carbon fiber bundle. As a process for producing

a t her mopl astéfng WaphBi L Cof iking %E@h@i@ﬁl}? diswdeldheh tbusdbetéws ater.
processed into a spun yarn or a non-woven fabric, not as a precursor fiber

;
bundle to b rocessed i,nt.0 f.i_be e, a_pr ppeduci ng
“a di vi dabl ee%?‘?%%’a't%w i’{sl‘las.,ggtg%‘égg | 5 ppELKS P'a:?er‘f‘_? PEo ‘Sé-cé%“en ?Koléﬁai)
No. 56-4724. In this process, a towrunning into a crinping a arz&H§ I S
di vi ded by dPEeERFEOHi AIPEF obuBEdeaiton beoBFPressedi ARte 8o FaTRm, Fiber
entrance of the crinping apparatus, and the plurality of divided sub-tows
are sinmultaricondly, Silpat imckdkage tducuns wfiteg &ppicwenstheograde, tsfnce
pliurality of sub-tows may be crinped as a whole, to be collected as one
tow . it is need to divide a precursor fiber bundle having a fineness
of not less than 300,000 deniers in which filaments are engaged
with each other by mutual oblique crossing énd-are cloéed'up

each other, into .2 plurality of sub-tows, and this also

adversely affects thé production of carbon fibers.

Summary of the Invention

The obsect of the present invention is to provide a
precursor fiber bundle ta be processed into a carbon fiber
bundle which can be_larger in thickness, i.e., in fineness.to
allow a high productivitf gnd a lower production cost to be
achieved when fhe precursor fiber bundlg to be proceséed_into
a carbon fiber bundle is.produced; and which can be easily
divided into sub-toﬁs each of which has a tﬁickness {(fineness)
required in a process for producing the carbon fiber bundle,
considering the restriction in the thickness (fineness) of a
fiber bundle in the process for produqing the carbon fiber

bundle. The object of the present invention also includes to



5 being capable of being potentially divided into .sub-tows |ater.

However, if this process is applied to a production of a precursor fiber
bundl e to be processed into a carbon fiber bundle, fiber breakage occurs
often to | ower the grade, since it is need to divide a precursor fiber
bundl e having a fineness of not |ess than 300,000 deniers in which
filaments are engaged wth each other by nutual oblique crossing and are
closed up each other, into a plurality of sub-tows, and this al so
adversely affects the production of car bon®fi bers. Summary of the

I nvention The object of the present invention is to provide-a

precursor fipeevigien@l progepe HevcRBERWFND f&%ﬁ"&é’ﬁ“ﬁ?ﬁeg b%rkf-!’@%n &
can be larger in thickness, i.e., in fineness to. allow a high productivity
and a | ower aﬂmmtfﬁbarcbaﬁdlte)dme:aiaeﬂiwexhﬂdgemhehprmmﬁbérljmn@mdl e
to be processed into a carbon fiber bundle is produced, and which can be

easily di Vi gglphh NbLoSdhsd P V¥ hitRAE i iﬁb@ﬁsbanahéﬁ%%(ﬂtmsﬁor

required in a process for producing the carbon fiber bundle

producing the carbon fiber b_undle. Hereinafter in this
siaecification, 'a precursor fiber bundle means a precursor fiber
bundle to be processed into a carbon fiber bundle qr a precursor
fiber bundle for proc_iuc‘:i;ion of a carbon fiber bundle.

The precuz;sor fiber. bundle_ the present invention developed
for achieving the above object is a precnu."sor fiber bundle which
can .keep the form of one tow when packed in a container and
potentially can Be divided in the crosswise 'direction into a
pluré.lity of sub-tows when taken out of the container to be used
for producing a carbon fiber bundle. |

The precursor fiber bundle of the present invention is an

'!." acrylic polymer ,f.iber tow having tl.1e total fineness of fror_n not
less than 300,000 deniers to not more than 1,500,000 deniers or
preferably haviﬁg the number of filaments _of 'from not less than
.50,-000 to not more than 1,000,000, which can be potentially
divided into sub-tows each of which has a fineness of from
50,000 deniers to 250,000 deniers.

The precursor f:?.ber bundle may also be a crimped tow or non-

crimped tow. In the case of a non-crimped tow, a moisture
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considering the restriction in the thickness (fineness) of a fiber bundle
I nsthe process for producing the carbon fiber bundle. The object of the
present invention also includes to

6 provide a process for producing the precursor fiber bundle, a carbon
fi ber bundl e obtained by using the precursor fiber bundle to be processed
into a carbon fiber bundle, and a process for producing the carbon fi ber
bundl e. Hereinafter in this specification, a precursor fiber bundle
means a precursor fiber bundle to be prodessed into a carbon fiber bundle
or a precursor fiber bundle fqQr production of a _carbon fiber bundle. :
The precur sGOMRREr ifuRIFTALLY ddenthe n¥FengeoRfddra™ptY %1 & &% Bvi ng
t he above object is a precursor fiber bundle which can keep the form of

one tow when paFuethérmare;othei degremdf potanglenéeént ool dachdiofi dbe isubt-he
crosswise direction into a plurality of sub-tows when taken out of the

contai ner t Qo WERAdeHOErBnOeHE BledusdbPOfibdd Huniltdli®s preferdbly in
precursor fiber bundle of the present invention is an

the range of from not less than 10 ﬁfl to not more than 40 mfl,

measured according to the hook drop testing method. Where the
degrees of entanglement are in that range, the precursor fiber
bundle e.g. the original tow can be easily divided into a
plurality of each of whiqh is used for prbducing a carbon fiber
bundle.

The process for producing a precursor fiber bundle having
the abbve properfies in the present invention comprises.the
steps of dividing a fiber bundle consisting of a pluraiity of
spun filaments into a plurality of sub-tows iﬁ such a way that
each sub-tow may consist ;f a predetermined number of filaménts;
drawipg the filaments with this state of division maintained;
collecting the plurality ofl drawn sub-tows into one tow
potentially capable of being divided into the plui':aiity‘ of sub-
tows when used for producing a carbon fiber bundle; and packing
it into a container. In this process, a plﬁrality of groups
each of which consist of the plurality of sub-tows may also be

arranged to run in parallel each other.



acrylic polyner fiber tow having the total fineness of fromnot |ess than
300, 000 deniers to not nore than 1,500,000 deniers or preferably having

t he nunber of filaments of fromnot |ess than 50,000 to not nore than

1, 000, 000, which can be potentially divided into sub-tows each of which
has a fineness of from 50,000 deniers to 250,000 deniers. The
precursor fiber bundle may al so be a crinped tow or non- crinped tow. In
the case of a non-crinped tow, a noisture

7 content is preferably in the range of from10 %to 50 %

Furthernore, the degree of entangl enent of 8each of the sub- tows divided

fromthe precur ste fdhledsinghe beolh&isyal! Yedrbor *ﬁﬁé@%@&%feﬁ‘ fég.fe
e hook drop

less than 10 mto not nore than 40 m, Teasured according to t

ot 10, T s Wb MRS R0 8, PRERERR TERS 8050k o B

plurality Ofprggggsg;‘ }I:‘\{l(.]}!')gzr-] tlnfnéjlsee din]:t%r ap ;:(:)L?:lxj:glg ao(f:‘aéggftgvlrsb;e ra;zd being
subjected to 'a stabilizing pi:'dcess_ and a carbonizing process.

Acc’:ording .to the present invention, a numb'ez_' of fiiaments
taken up from a séirinerette are once divided into a 'pluralitj
of sub-tows, and the respective sub—towsl are collected into one
tow capable of being potentially divided into .the plurality of
sub~tows later when used for producing a cérbon fiber bundle,
before they are packed in a containe:r:'._

The precursor fiber bundle formed as one tow is once packed
ih a container, since the production speed is greatly different
the treatment speed of the following carbonizing prodes's. In
thé carbon fiber production process, the preci.lrsor fiber bundle
formed as one tow is taken out from thé container and fed to the
stabilizing process. In this éase, it is divided into a
.plurality of sub-i:ows each of which has a predetermined
thickness, before :"Lt is fed to the stabilizing process.
Therefore, the problqn of excessively stored heat as described
before can be prevented from occurring, and carbon fibers with

a desired high strength and high modulus can be produced

efficiently. In the final stage of the process for producing



bundl e. The process for producing a precursor fiber bundle having the
abeove properties in the present invention conprises the steps of dividing
a fiber bundle consisting of a plurality of spun filanents into a
plurality of sub-tows in such a'way that each sub-tow may consist- of a
predet ermi ned nunber of filanments; drawng the filanments with this state
of division maintained; «collecting the plurality of drawn sub-tows into
one tow potentially capable of being divided into the plurality of sub-
tows when used for producing a carbon fiber bundle; and packing it into a

cont ai ner. In this process, a plurality of groups each of which consi st
of the plurthet pretussbrt fibernpunidie, bechearfidaget tiso aren formeal &g ebneach
ot her. ) : 8 The process for

produci ng asHadP YBhrd1Rehatiigll£ 1rgeh ot CARIENd IS BultOWhERY tRE SCa PIRHRT | S€
the steps of dividing the precursor fiber bundle into a plurality of

Sub- £ 015: 2P DE! BinaPlPhES! oo 26! L Z00h BLE°ERE A0 RusBl POP! 80
sub-tows each of which has a fineness being suitable to
stabilizing and carbonizing. s_é, Ithe production of the

| _precursor -fiber bundle, and the production of .the carbon f_iber
bundle can be carried out in efficient condi.tions.

~ The precursor fiber bundle of the present invention il:i..'s
preferably made of the following acrylic polymer.

Preferable acrylic polymer:

An acrylic polymer cohtaining acrylonitrile, ope or more
unsaturated monomers enumerated in the following group A and one
or.mre. unsaturated monomers enumerated in the following grouia
B by amounts shown with the following equations (1), (2) and
(3).

Group_ A: One or more uhsa_turated monomers selected from a
group consisting of wvinyl acetate, methyl acrylate, methyl
methacrylate and styrene.

Groﬁp B: One or more unsaturated monomers selected from a
group consisting of itaconic acid and acrylic acid.

AN (wt%) = 86 (1)

3 £ A (wtd) =< 10 (2)



According to the present invention, a nunber of filanents taken up froma
spi-nnerette are once divided into a plurality of sub-tows, and the
respective sub-tows are collected into one tow capable of being
potentially divided into the plurality of sub-tows |ater when used for
produci ng a carbon fiber bundle, before they are packed in a container.
The precursor fiber bundle fornmed as one tow is once packed in a

contai ner, since the production speed is greatly different the treatnent
speed of the follow ng carboni zing process.loln t he carbon fi ber
production process,.the precursor fiber bundle forned as one towis taken
out fromthe contai ner @QuRBX ed @.& heB (Wbl | £20ng3pr 0cBs39 (3h this case,
it is divided into a plurality of sub-tows each of which has a
predeterm ned thécknmssls et abidvel Forinbllaé Ostined Stcbither ifdd 1pWARGSS.
Therefore, the problem of excessively stored heat as described before can

be prevented from oggUrLLAg 3 Leersedd tih dhdesdiad i
strength and high n%ﬁhl%%ﬂglfr{a%%%{)%%ggghgef( F%? ently. In I{Sﬁe flk%g' gtrage

of the process for Rr (:)d%(éln@gnt (wt%) of the unsaturated monomer selected

from said group A in the acrylic polymer (total wej.ght of
unsat;xz;ated monomers when. a plﬁrality of unsaturated monomers
are contained)

B : Content (wt%) of the unsat'u'rated monomer seledfed
from éaid group B in the acrylic polymer (total weight of
unsaturated -monomers when a plurality ‘of unsaturated .monomers
are contained)

As shown by the foﬁnula {2), thé weight  percent (content‘)
of the unsaturated monomer selected from said group A is in’ the
range of from 3 wt% to 10 wt%. if the arl;ount is less than 3
wt¥, the filaments are slightly less likely to be stpetchéd when
drawn, and the tension in the stabilizing procesé is too high
uﬁpreferably. "If more than 10 wt%, more filaments adhere to
each other when stabilized, and carbonization at a lower
temperature at a lower speed is required fq: preventing it, to
raise the production cost unpreferably.

Furthermore, as shown in the formula (3), the weight percent

(content) B of the unsaturated monomer selected from said group



9 the bfecursor fiber bundle, the filanents are formed as one fiber bundle
having a |arge total fineness, but when the carbon fiber bundle are
produced, it is divided into a plurality of sub-tows each of which has a

fineness being suitable to stabilizing and carboni zi ng. So, the
production of the -precursor fiber bundle, and the production of the carbon
fiber bundle can be carried out in efficient conditions. The
precursor fiber bundle of the present invention is preferably made of the
followi ng acrylic polyner. Preferable acrylic polyner: . An acrylic

pol ymer containing acrylonitrile, one or notke unsaturated nononers

enunerat ed igh 5tq f Odﬂeowa&h@e%euerémarad $56x RN -NPIH) URSALLS YEAITBNATR S
enunerated in the follow ng group B by annunts shown with the foll ow ng

ol ccton 11828 Wyl oot APt e i1 emk e A AR, TR

nmet hacryl ate and stérene G oup B: One or nore unsaturated nongners
sel ected fr @ffgctge lﬁ‘FQﬁi-tﬁ'laé}ﬂ-Pﬁgﬂ@? #%ﬁ?é%‘é‘i‘cﬁ%rﬁ‘%&ﬁ”ﬁ aSFifical
AN (W% [err] 86 (1)

temperature of stabilization dominated by th1s component - is not
sub_st\antially observed, and if more than the upper limit , the
effect of accelerating the stabilization is less efficient to
raise thé production cost unpreferably.

The acrylic.pol.ymer. may _be produced by any publicly knﬁt"‘)wn
polymeriiation _ mej:hod such' as suspension polymerization,
solution polymerizati.on or emulsion polymerization, etc. The
polymerizaﬁion degre_e is preferablj 1.0 or more as intrinsic
'viscosity ([n1) . .'.l.‘he'upper limit of intrinsic viscosity (Inil)
is des:;Lrably'B.'O_ or less since otherwise the production of the
spinning. dope itself is difficult and since otherwise the
spinnihg _stabilj.ty is also remarkably _}oﬁered. The intrinsic
;riscosity in this case refers to the value measured at 25 C
with dimethylfor.mémide as the solvent.

The solution of the acrylic polymer, i.e., the spinning dope
is spun using a coagulating bath of an organic solvent or water,
into an acrylic polymer fiber bundle.

The spinning method may be wet spinning in which a- spinni;ig

dope is ejected from a spinnerette immersed in a coagulating



3 [err] A (W% [err] 10 (2)
10 -

0.25A - 0.5 [err] B (W% [err] 0.43A - 0.29 (3 The
synbols in the above fornmul ae stand for the foll ow ng: AN:
Acrylonitrile content (W% in the acrylic polyner A : Content

(Wwt% of the unsaturated nononer selected fromsaid group Ain the acrylic

pol ymer (total weight of unsaturated nononers when a plurality of

unsat urated nononers are contai ned) B: Content (% of the

unsat urated nononer selected fromsaid grold B in the acrylic polyner

(total weight of wunsaturated nonopers when a plurali of, unsat;rfr tted
%g:‘?e o fom

mononers  ark2onfePhsust spinpdng, i which R sPIPRARG > 15 &IGE |
percent (content) of the unsaturated nononer selected fromsaid group Ais
in the range ofpinremettst Winstalletdd, abbvehethepuhiquid| esurfans PL way
the filanments are slightly less likely to be stretched when
coagulating bath with a distance between them, into air or
inactive gas and introduced into the coagulaﬁing bath, or melt
spinnihg.

In the spinning using a solvent and-plasticizer, the spun.
filaments may.be drawn in a bath immediately, or after having
been washed with water to remove the solwvent and plasticizer.

The acrylic polymer fiber bundle obtained by any of these
methods is drawn with a draw ratio being in the range of from
2 times to 8 times in a drawing .bath having a teniperature of
from 50 C to 98 °C. -If.the drawing ratio 'is too low, the
densifying proﬁerty cannot be obtained to leave voids, and the.
physical properties are likely to be low. If more than 8 times,
the teﬁsion during carbonization increases to require a laréer
apparatus unpreferably. Drawing'in a stgam tube may be used
with drawing in a bath, but in the case of drawing in a steam
tube, it is preferablé to keep the drawing ratio low for
suppressing the orientation of fibers. However, drawing in a
bath only is preferable.

As for the number of filaments of the acrylic polymer fiber

bundle, it is preferable to use a multifilament comprising the

-



drawn, and the tension in the stabilizing process is too high

unpreferably. If nore than 10 wt% nore filanments adhere to each other
when stabilized, and carbonization at a |lower tenperature at a | ower speed
IS required for preventing it, to raise the production cost unpreferably.
Furthernore, as shown in the forrmula (3), the weight percent (content) B
of the unsaturated nononmer selected from said group Bisin
the range of from (0.25 x A- 0.5 w%to (0.43 x A- 0.29 ) wt% If the
anount is less than the lower limt, the gffect of accelerating the
stabilization at the initial critical tenperature of stabilization

doni nat ed bynddbér FPONGNerdts B inS¢he 2ahbal by ebsarsed, 1ahdeifanmes
than the upper limt, the effect of accelerating the stabilization is |ess

Lo Ly ] 5107 ST P B piloreson FBERBAY fox
cost reduction.

Subsequently, the filaments are dried by a‘gentle air flow
having a temperature being; in the range of from 110 °C to 180 C
or a heating :&oller under tension or relaxation, and densified
simultaneously. Prior to the drying and densifying, it is
desirable to apply a proper oiling treatment to prevent the

.adhesion between fi]:aments or to facilitate the handling of the
dried and densified fiber bundle:

The dried and d-ensified fiber bundle is treated to be
shrunken wii:h- a ratio of from 5 % to 18 §&. The. shrinking
treatment is intend_ed to shrink the filam_ents under proper
tension qsing a heaiéing ‘roller or any other heating means such
as hot _;.ir, and this is effective to décrease the tension acting
on the fiber bundle in the subseéuent stabilizing process. For |
decreasitng the tension, a tr_:eétment of shrink having a ratio of
from 5 % to 18 % is important. The heating temperature is in
the range of from 80 C to 120 °C, and as for the ﬁension, it is
preferable to maintain substantially at no tension, but some

~ tension may act for the convenience of process if it can.allow

the above ‘percentage of shrinkage to. be achieved. The



pol ynmeri zati on met hod such as suspension polynerization, solution

pol-ynmeri zati on or enul sion polynerization, etc. The polynerization degree
is preferably 1.0 or nore as intrinsic viscosity ([[err]]). The upper

limt of intrinsic viscosity ([[err]]) is desirably 3.0 or |ess since

ot herwi se the production of the spinning dope itself is difficult and
since otherwi se the spinning stability is also remarkably | owered. The
intrinsic viscosity in this case refers to the value nmeasured at 25 [err]C
wi th di methyl formam de as the sol vent. 14 The solution of the acrylic

olymer, i.e., the spinning dope I S spun usi aqul ating bath of &n
grggni ¢ sol \R—ﬁﬁceGFaﬁg ef sgrﬁ’\lﬁggeaﬁaﬁct?‘f/plw 8113%&! g@?'gb?ﬂfgq 8‘ £ The
spi-nni ng met hod nmay be wet spinning in which a spinning dope is ejected
from a spi nrizresttimentnrempedature, cregjideniden¢imé and proper tension. The
12 bath, sem -wet spinning in which a spinning dope is ejected from a -
spi nnerett e giifdmldsed(@pove tdcH i gfi d:h%urfﬂ‘&n&{téi FLRAULY abbtgihath 34 t h

a di stance between them into air or _
preferably in the range of from 1 denier to 2.0 deniers, more
‘preferably of from 1.0 denier to 1.5 deniers, in view of higher
productivity. |

The precursor fiber bundle obtained as deséribed above may
be processed into a carbon fiber bundle by any conventional
methqd. The stabil:'_.zing conditiions in this case may be as in
the conventional methods. The fibef bundle is treated in an
oxidizing atmosphere having a temperature being in.the range of
From 200 °C to 300 °C under tension or while being drawn.

The shrinkage stress during stabilization of the fiber
bundle made of an acrylic polymer .has correlativity with the
potential.pﬁysical properties of the obtaining carpon fiber
bundle. When the raw fibers are higher in sﬁrength, that is,
more hiéhly oriented to be higher in shringage stress, the
potentiai physical propertigs of the carbon fibers obtained are
higher. However, for obtaining such a potential in physical
properties, it is desirable to control the shrinkage_of fibers
or rather to apply a high tension treatment to the fibers by

drawing.



I nactive gas and introduced into the coagul ating bath, or nelt spinning.
In-the spinning using a solvent and plasticizer, the spun filanents may be
drawn in a bath imediately, or after having been washed with water to

renove the solvent and plasticizer. The acrylic pol et | e
obtai ned by any of these nethods is drawn with a draw rpfTHi8 bBERDHWE

range of from 2 tines to 8 tinmes in a drawi ng bath havijhg a REmALgHUr € ol.
from50 OCto 98 [err]C. If the drawing ratio is too Ié ; =2V

property cannot be obtained to | eave voids,;@and the physical properties
are likely to be low. If nore than 8 tinmes,”” the tension during

carboni zati on | N eeadEdst theluiphysdchlr geopeappeas adfisreimfefairgh|garbon
Drawing in a steamtube nay be used wth drawing in a bath, but in the

case of drawiigeid Pos!g§aferdl!DEndhdt ol S507 218 dnd kel HiH!r GMdi®n
ratio | ow for suppressing the orientation of fibers. However, drawing in a

bath only is_preferable. As_fqr _the number fl s, of lic
pol ymer fi be‘?‘peag:ﬂﬁﬂl%efsilpﬁ' Wéfgaaﬁ? em"fé(;h'ué"‘é1 da%ir%ﬁl #’lk‘s:ﬂfgﬁnelﬁ %o'%orclﬁm g

t he

design is to produce carbon fibers high. in cost performance
which can substitute the conventiénal materials such as glass
fibers, iron and aluminum in price.

The present invention using the acrylic polymer has been
developed to overcome the conventional limit in this situation.
Conventionally, carbon fiberé with a -high tensile strength are
generally produced by stabilizing precursor fibers with a high
capability of shrinkage stress at a high tension, to produce
oxidized fibers (stabilized fibers) with a high degree of
crystallite orientation and a high tensile strength as an
intermediate product. In such a high tension process, the
occurrences of fuzz and breakage of fibers are likely to lower
the grade and processability, ahd to preyent them, the
produc.tion conditions and equipment conditions are variously
designed. However, such approach usua_liy raises the production
cost .o'f carbon fibers.

On the contrary, adcording to the present invention,
styrene, methyl acrylate or methyl methacrylate aé a

polymerizable unsaturated monomer is added to the acrylic
-

“This Sheet Has Been Reﬂlaced

AT



13 nunber of filanents of in the range of from5 x 10[err] filaments to
10-x 10 filanments to enhance the production efficiency for cost reduction.
Subsequently, the filanments are dried by a '"gentle air flow having a
tenperature being in the range of from 110 [err]Cto 180 [err]C or a
heating roller under tension or relaxation, and densified sinultaneously.
Prior to the drying and densifying, it is desirable to apply a proper
oiling treatnent to prevent the adhesion between filanents or to
facilitate the handling of the dried and déhsified fiber bundle. .The
dried and densified fiber bundle is treated to be shrunken with a ratio of
from5 %to p8lgmer Tiébelrsinkicgnatifestehesss shiiokdge tstedas nkthereby
filanments under proper tension using a heating roller or any other heating

neans such af1dpindlithe dathsibhSihStRéf SEdbIVE dihdflPRRSS thebbeDswered.
acting on the fiber bundle in the subsequent stabilizing process. For

acting ol ubsequent st ab | N
Lo 169619 i Mok ety EnpC BRI A oA LDALIRAAG BecReld Bun b6 00

[err]Cto 120 [err]C__.and as for the tension, it .is .
low, to allow the occurrences of fiber breakage and fuzz in the

stabilizing process to be prevented.

Furthermore, a éaﬁbon.fibei bundle of 25,000 deniers or more
in fineness, substantially having no twist, and of from 10 mfl
to 100 mfl in the deg;ee of entaﬁglément measured according to
the hook d;ob testing ééthod can be obtained, and its physical
properties being in the range of from 2.0 GPa to 5.0 GPa,
preferably from 3.0 GPa to 4.5 GPa in tensile strength an§ in
the range of from 200 GPa to 300 GPa in elastic modulus can be
obtained. These éarboq fibers may be used fof general purpose.
"Substantially no twist"™ means a state where the twisting count
per 1 m is not more than 1 turn. |

It ié preferable that the tenéion T in the stabilizing
prodess'satiéfies the following formul# 4).

30 £ T (mg/d) = 120 (4)

More preferably, the tension T is in the range of from 60
mg/d to 100 mg/d. If the tension T is less than 30 mg/d, the
tension is so lqw as to shrink the fibers, and to lower the

degree of crystallite orientation, and the fibers obtained are



preferable to maintain substantially at no tension, but sone tension may
act. for the convenience of process if it can allow the above percentage of
shrinkage to be achi eved. The :

14 percentage of shrinkage may be controll ed by conbining the heat .
treatnment tenperature, residence tinme and proper tension. The fineness (d)
of each of the filanments finally obtained is preferably in the range of
from1l denier to 2.0 deniers, nore preferably of from1.0 denier to 1.5
deniers, in view of higher productivity. The precursor fiber bundle
obt ai ned as described above may be procesddd into a carbon fiber bundle by
any conventi gorlin "&drdiid.e Fteenbthl. | | IENGos@NEhdNR RO iny/d) highSPhyBIcAE as
in the conventional methods. The fiber bundle is treated in an oxidi zing

t h hayi | [ hgs f : 0 t
300 [brr]  uRRoRSrEdf TRE Bl RECAThBT, Bol WLidEEnd perdith R LB hign.”

during stabilization Qf the fibher., bundle de of an acryl.i.c polyner has
Correlgativi tﬁeﬁPFﬁ nollers high in strenggﬁ or return Q/ollerps ]Yarge %n

diameter, etc. are required, to make the equipment ' heavy
industrially undesirably. If return rollers lé.rge in .dianlteter-
are installed fo“r: the stabilizing furnace, it is difficult to
achieve a High frequency of return, making mass processing
difficult. Also in view of this, it is not preferable to. keep
the tension excessive.

In the present invention, since the tension T in the
stabilizing process is kept in a low range of from 30 mg/d to
120 mg/d, the load per unit filaments acting on rollers is
small, and an unprecedented consis_tent carbon fiber production
process to allow mass px;oces,sing can be established. Therefore,
no excessive equipment is neceséary, and general purpose carbon
fibers can be produced by :i.nexpe_nsive equipment, advantageously
in wview of productic;n cost reduétion. As. a result, carl;on
fibers may be used for aéplications where they could not be used
i:ecause of high cost.

The effect of cost reduction by low tension is further
described below. Firstly, the cost reduction effect can be

obtained through process stability. A lower tension is



potential physical properties of the obtaining carbon fiber bundle. Wen
the raw fibers are higher in strength, that is, nore highly oriented to be
hi gher in shrinkage stress, the potential physical properties of the
carbon fibers obtained are higher. However, for obtaining such a potenti al
in physical properties, it is desirable to control the shrinkage of fibers
or rather to apply a high tension treatnent to the fibers by dtaw ng.

15 To mani fest the physical properties of reinforcing carbon fibers
for general industrial applications, the hi tension treatnent is not
required so nuch, and the problemin commodi y design is to produce carbon

fibers high ¢pesoBivaeEber FldRasihbC e loseibstdriddse dheFaeRY iid Oﬂmer
materials such as gl ass flbers i ron and al um numin price.

present inv nt| n u3| ng r%p‘ I|c yner h%§1 bafé}eg%‘?;‘éelo%p%x{f gl){g][;&orre

t he conventi S|tua

fibers during processing, and hence very effective to decrease
produétion troubles such as fhe seizure of filaments and the
strahd on the.rollers caused by such occurrenées; The amount
of fuzz has good correlatively with the processability and the
tension also has ggod correlativity with the amount of fuzz.
The -amount of fuzz is a good indicator for evaluating the
pr@cessability.

Secondly, the cost reduction effect can be obtained through
the enhaﬂcgd volume av%ilability in the stabilizing furnace.
In the carbon fiber'production process, since a strand to be
processed is continuously processed, a series of rollers are
usually'uéed. Since tﬁese.rollers are deflected by the tension
of the strand, the deflection which poses- no problem in
equipment or process stability is secured by design. IA the
case of a cylindrical roller uniform in diameter, the maximum
deflection is proportional to the product of the tension and the
4th power of (roller length L/roller diameter D){. Therefore,
in general, if 'the tension is doubled, the deflection is

. doubied, and to lower .the doubled deflection to the oriéinal

deflection, the diameter must be increased to 1.2 times.



Conventionally, carbon fibers with a high tensile strength are generally
produced by stabilizing precursor fibers with a high capability of
shrinkage stress at a high tension, to produce oxidized fibers (stabilized
fibers) with a high degree of crystalline orientation and a high tensile
strength as an internediate product. |In such a high tension process, the
occurrences of fuzz and breakage of fibers are likely to |ower the grade
and processability, and to prevent them the production conditions and
equi prent condi tions -are variously designegq However, such approach

usual ly raises the production cost of carbon fibers. On the contrary,
accordi ng t o Hspecpabhenthe riianietten, of sd waller diragtlywcaffetes drthemtdipme
nmet hacryl ate as a polynerizabl e unsaturated nononmer is added to the

acrylic availability of a stabilizing furnace, and 1P| e rd fdetier; O
mani f est | ess shrinkage stress, thereby allowng the tension in the

stabilizi ng_ paf Or.go S.I.Ser.t %.sbesnla \ﬁ.eerr(:;d'the volume availability of a stabilizing

furnace is higher, to enhance the carbon fiber productivity.

Brief Description of the Drawings

Fig. 1 is. a schemai:ic side view showing an apparatus for
implementing the process.for producing a precursor fiber bundle
of the ﬁresent invention.

Fig. 2 is a plan view showing typically a poition of running.
state of the divided sub-tows in the.coagulating bath in the
spinning step in thé apparatus shown in Fig. 1.

Fig. 3 is a schematic side view showing an apparatus for
implementing tﬁé pfocess for producing carbon fibers of the
present invention:

Fig. 4 is a plan view showing typically a portion of running
stafe of " the sub—fows collected to one tow in the ;pparatus

shown in Fig. 1.

Description of the Preferred Embodiments
The precursor fiber bundle of the present invention

maintains the form of one tow when packed in a container, and



As a résult, the tension in the stabilizing process can be kept Iomalto
al kow the occurrences of fiber breakage and fuzz in the stabilizing

pr.ocess to be prevented. Furthernore, a carbon fiber bundl e of 25,000
deniers or nore. in fineness, substantially having no twst, and of from 10
mMerr] to 100 nerr]  in the degree of entangl enent neasured according to

the hook drop testing nethod can be obtained, and its physical properties
being in the range of from2.0 GPa to 5.0. GPa, preferably from3.0 GPa to
4.5 GPa in tensile strength and in the range of from200 GPa to 300 GPa in
el astic nodul us can be obtained. These car®on fibers may be used for

gener al pur ppetentiaddyscant ba|diviged: inte" tve or nong sub-keusevwhak takeRi ng

count per 1 mis not nore than 1 turn. It is preferable that the
tension T i notbeostthlk bbataner) arebe sapphiedtd lthefl stabiil ixjripprokassd) .
30 [err] T (ng/d) [err] 120 (4) More preferably,
the tension T | Sey f; . t Welg
Tis less than 3'5141%91}%&% ﬁe t%%%%nggqﬁ%%gu%gémégkeﬁgﬁ?ié e‘rﬂsj,éhand
to lower the degree of crystgllite orientation, and the %iber oQ& i ned
ar.e a process for producing an acrylic precursor fiber ‘bundle as

]

shown in Fiqg. 1_.

In a spinning step 1_., a plurality of filaments are spun from
a spinnerette. The spinning method is not especially limited,
and may bé, for example, any known wet spinﬁing in which many
filaments spun from a spinnerette are coagulaﬁed in a
coagulating bath. The plurality of the spun filaments are
divided into .a plurality of sub-tows each of which has a
predetennj.ned number of filaments. This division is carried out
in the coagulating bath or at the <'>utlet of the coagulating bath
in the case of wet spinning. The division may be practiced by
using a dividing bar. Fig. 1 does not illustrate the divided
state .since it is a side view. If the process is viewed from
above, the divided state can’ be identified. Fig.. 2 is a élan
view showing typically a portion of running state of the divided
sub-tows in the coagulating bath in the spinning step in the
apparatus shown‘ in Fig. 1. In Fig. 2, it is §hown that the
spun multifilament is divided into the plurality of sub-tows 2,

2 by the dividing bar 18 comprising a pole having a elliptic



17 lowin te
preperties c
rollers high
required, to
rollers larg
difficult to

nsile strength. |If nore than 120 ng/d, high physical

an be obtained, but since the tension is too high, return
in strength or return rollers large in dianmeter, etc. are
make the equi pnment heavy industrially undesirably. If retur

e in dianeter are installed for the stabilizing furnace, it
achi eve a high frequency of return, making mass processi ng

n
i's

difficult. Also in viewof this, it is not pyeferable to keep the tension

excessi ve.
stabilizing
the | oad per
unpr ecedent e
processing c

In the present invention, since the tension T in the
process is kept in a lowrange of from30 ng/d to 120 ny/d,
coass dedtiopnapdathengrum inother difectinm showa gy arrow 19,
d consistent carbon fiber production process to allow nass
ap.be established. Therefore, no excessive equipnent is

necessary, and general purpose carbon fibers can be produced by

: Tt Ci o
ig ugﬁirg%gguﬁ_?@éﬁ?%on! C%Ji 'Sell;sxj 1%;%/45?3118{%1@.@%3#?6‘%%% cati grgn &hegr e

| nexpensi ve
reduction.
they could n

hi gh . .o .
%&og?tﬂgegpugeggfgfffqameék'{§K¥ed to a filament drawing step-
3 and a finish oiling step 4 in the divided state.

In this example, the sub-tow group 8 delivered from the

oiling step 4 are fed to a crimping step 5 eqﬁipped with a-

crimper,'and the sub-tow group 8 are crimped, so thaf each of
sub-tows in the sub-téw group 8 is collected ipto the form.of
one tow 9. This convergence of sub-tows are formed by weak
entanglment of filaments located in the side edge portion of
each of adjacent'sub—tbws due to the crimping. The entanglement
along with the length direction pf the filaments at the side
edge portions of the adjacent sub-tows is weak. Therefére, the
fiber bundle formed as one tow 9 can be re-divided into the sub-

tows forming the sub-tow group 8 at the side edge portions of

. the sub-tows at supplying them to a process for producing a

carbon fiber bundle. That is, the pfecursdr fiber bundle 10
having the form of one tow delivered from a drying step 6
subsequent to the crimpiﬁg step 5 has potential dividability
into a plurality of sub-tows in the crosswise direction of the

precursor fiber bundle 10.



The effect of cost reduction by lowtension is further described bel ow
Firstly, the cost reduction effect can be obtained through process
stability. A lower tension is

18 effective for decreasing the occurrences of fuzz and fiber breakage in
the strand formed as an aggregate of many short “fibers during processing,
and hence very effective to decrease production troubles such as the
seizure of filaments and the strand on the rollers caused by such
occurrences. The anount of fuzz has good c@Rrelatively with the
processability and the tension also has good correlativity with the anount
of fuzz. The anwhatptdcdnsstr Fibar domttiliendioc fommed oiley athia iimg palcked in
processability. - Secondly, the cost reduction effect can be obtained

through the egggnggd(ggéuggggwwIfﬂﬂéiﬂéﬁﬂiggtgge§tqpiIizing furnace. In
the carbon fiber production process, since a strand to be processed is

continuously pr Oggs Si:%qa Sr&?éésesf&‘; £(z)'<|><|i§ézs.n§ r ghe precursor fiber bundle

shown in Fig. 1, it is also possible to divide a spun
multifilament into a pluralify of groups .8 each of which
comprises a plurality of sub-tows for preparing a plurality of
precursor fiber bundles 9 in parallel each. of which is dividable
"into a plurality of sub-tows in desired nﬁmber. Fui‘thermo.re,
as the container for packing the precursor fiber bundle 10, a
bale may also be used inéteag:l of a can.

The precursor fiber bun§1e 11 produced through the above
respective gteps is sent to a carbon fiber production process,
as packed in a can 12. The i:'eason why it is once packed in a
container is th.at_ the process for producing the precursor fiber
bundle is greatly different in fiber processing speed from the
ISrocess for producing carbon fibers.

A carbon fiber bundle can be produced, for example,
according to the process shown in Fig. 3. .
In the process for producing a carbon fiber bundle shown in

Fig. 3, the precursor fiber bundle 11 is supplied as packed in

the can 12. Where processing simultaneously a plurality of the



usual ly used. Since these rollers are deflected by the tension of the
strand, the deflection which poses no problemin equipnent or process
stability is secured by design. In the case of a cylindrical roller
uniformin dianeter, the maxi num deflection is proportional to the product
of the tension and the 4th power of (roller length L/roller dianeter D).
Therefore, 1in general, if the tension is doubled, the deflection is

doubl ed, and to | ower the doubled deflection to the original deflection,
the dianeter nust be increased to 1.2 tinmeg3s

19 Especially the dianeter of a roller directly affects the volune

avai lability eacar%ﬁblﬂlb@rnqadﬂalr@é:en aAngahk tde ChRPELR! Mdcedsd) | kel S
smal l er, the volune avai lability of a stab|I|2|ng furnace is higher, to

enhance the cagbgg d|ber productivity. Brief Description of the
Dr awi ngs PE; B 9%ts a schematic side vi ew showi ng an apparatus for

The precursor fiber bundlé 11 taken out from the can 12 is
divided into sub-tows in a Aividing step 13 upstream of a
.~ stabilizing furnace 14. The division can be practiced by gsing;
for example, a grooved roll or dividing bar. Since the sub-tows
are collected or converged with weak entanglement of filgments
placed at the side edge portion of the sub-tows along'wifh its
lengthwise, the division can be practiced very'easily. In the
_division.step, fuzz and fiber breakage little occur.

Each divided sub-tow is. treat‘;ed to be stabilized in a
stabilizing step 14. The stabilization is effected by heat
treatment in an oxidizing atmosphere having a tempé?a@ure being
in the range.of from 200 C to 350 °C in the stabilizing furnace
14. Since each of sub-tows having a predeterminéd size is
treated to be stabilized, excessive heat storagé does not occur,
.and the fiber breakage and the adhesion between filaments in the
stabilizing treatment can be.p;evented. |

Thé stabilized sub-tows are then fed to a carbonizing step
15 and further, as required, to a surface treatment step 16 such
a; sizing step, to be formed as a carbon fiber bundle, and it

is wound in a winding step 17. Since the stabilizing treatment



inpledénting t he process for producing a precursor fiber bundle of the
present invention. Fig. 2 is a plan view showing typically a portion
of: running state of the divided sub-tows in the coagulating bath in the
spinning step in the apparatus shown in Fig. 1. Fig. 3 is a schematic
side view show ng an apparatus for inplenenting the process for producing
carbon fibers of the present invention. Fig. 4 is a plan view show ng
typically a portion of running state of -the sub-tows collected to one tow
in the apparatus shown in Fig. 1. Description of the Preferred
Enbodi nent s The precursor fiber bundl #%of the present invention
mai nt ai ns t hasf oefrattede dgainstensylbetews | RazhCoofaivwidich ahds a proper
20 potentially can be divided into two or nore sub-tows when taken
thickness, the carbon fibers obtained are excellent in strength
and elastic modulus.

It is preferable that the precursor fiber bundle has a total
fineness of from 300,000 deniers to 1,500,000 deniers, more
preferably from 400,000 deniers to 1,200,000 deniers, and it is
preferable that each of the sub-tows finally obtained from the
precursor fiber bundle having potential dividability has a -
finenesé of from 50,000 deniers to 250,000 deniérs, more
preferably from 80,000 deniers to 150,000 denierst

If the precursor fiber bundle has a fineness of less than
300,000 deniers, the degree of entanglement between filaments
is 1likely to be 1less than 10 nfl, and the property of
entanglement of the filaments is 1little and it causes
deformation of tow, and where such tow is supplied into a
stabilizing step and stabilized, irregular tension occurs due
to dislocation between filaments, to cause fiber breakage. If
more than 1,500,000 deniers, the adhesion between filaments
becomes strong, to increase drawing nonuniformity and fiber
breakage, thus lowering the productivity in filament drawing and

carbonization. If fineness of each of the divided sub-tows is

less than 50,000 deniers, the productivity in the carbonizing



out of the container, to be supplied to the stabilizing process. The

precursor fi

pr.oduci ng an acrylic precursor fiber bundle as shown in Fig. 1. In a
spinning step 1, a plurality of filanments are spun from a spinnerette.

Spi nni ng net

ber bundle is produced, for exanple, with a process for

hod is not especially limted, and may be, for exanple, any

known wet spinning in which many filanments spun froma spinnerette are

coagul at ed

n a coagul ating bath. The plurality of the spun fllanents

are divided into a plurality of sub-tows @ach of which has a
predet erm ned nunber of filanments. This division is carried out in the

coagul ati ng

wet spinni ng
1 does not i
process is v
Is a plan v
sub-tows in

shown in Fig.
divided into

Ee%ﬁ 2k &bot hewquhhat igf noie ¢hagulsbi,0gobdbhiers,t Derégaranf

LhUSUA A Eidp UM AP Lo SHALE EhdCgrdde!s @ side view [T the

I ewe om above, the

betheeen Lﬁddlame;ntgflsmhei% to bezdiegsqlmadduamdthg ghrength of

conpr|5|ng a pole having a elliptic

carbon fibers is likely to be manifested. A desirable number
of crimps is in the range of from 8'peaks per 25 mm to 13 peaks
per 25 mm, preferably from 10 peaks per 25 mm to 12 peaks per
25 mm. If it is less than 8 peaks per 25 mm, the adhesion_
between filaments is likely to persist, and the strength of
carbon fibers is unlikely to be manifested. If more than 13
peaks per 25 mm, @:he filaments are buckled to lower the
strength.

The number of crimp is obtained as a mean value of 20
measuring samplés each of which number of crimp is-measured as
fbllows.' A single filament as a measuring sample is taken out

from a precursor fiber bundle and is weighted 2 mg/d. Number

'of peaks of the weighted sample is counted at predetermined

length taking along the straighg lengthwise direction §f the
sample and the resultant is turned into at a length of 25 mm.

The precursor fiber bundle in the pfesent invention can also
be a non-crimped tow ( a st;aight tow having substantially no

crimp). 1In the case of the non-crimped tow, since the degree

The

e division may be practiced by using a dividing bar. Fig.
te can be |dent|f|ed Fig. 2
I ew showi ng typicall on runni n te of t dJVIded
t he E%a&&leatl?’?\%"’(fﬁ"rﬁl ‘%ﬂ%’ﬁe éﬂ?‘f’lﬁ? ngSste ehe 3dbest

1. In Fig. 2, it is shown that the spun nultlfllanent IS

<



21 cross section and they run in the direction shown with arrow 19, 19.
The sub-tow group 2 conprising plurality of sub-tows divided fromthe spun
multifilanment is fed to a filament drawing step 3 and a finish oiling step
4 in the divided state. In this exanple, the sub-tow group 8 delivered
fromthe oiling step 4 are fed to a crinping step 5 equipped with a
crinper, and the sub-tow group 8 are crinped, so that each of sub-tows in
the sub-tow group 8 is collected into the formof one tow 9. This
convergence of sub-tows are forned by weak . entangl nent of filanments

| ocated in the side edge portion of each of adjacent sub-tows due to the

crinping. The,£NiREMSIEMnt YOH 1WRtkNes! €89t Bmall 1 £Cit 0l Medif@ble to
filaments at the side edge portions of the adjacent sub-tows is weak.

Therefore, gf?ﬁ' p_ﬁﬁebgng%ngérg%ﬁg gget k‘%\gs gan l%%rre qx'h\éh%‘ig |ntthethe

sub- tows f e 8t edge po I ons

sub-tows at supplying themto a process for producing, carbon fi ber
bundl e. That %lpqu@%ﬁiéﬁiﬁr sd'i‘hef ety rentapt in €Ris case is desirably

in the range of from 10 % 1;0 50 %. If less than 10 %,
collectability is. too low, and if more than 50 -%, the packing
rate may become too low.

‘The moisture content is obtained by. the resultant of
equation of (10 - B) x 100/B. The B is a weight obtained by
the following measurement. . A tow of 10 g as a measuring sample
taken out froﬁ a precursor fiber bundle is dried by a hot-air
dryer for 2 hours at 105 ‘C and after that the sample is left in
a desiccator having a drying agent therein for 10 minutes and
then a weight of the sample is measured. The obtained value
of the weight is used as the B in the above.

In the process for producing a-preCursor fiber bundle, after
spinning a polymer solution through a spinnerette for forminé
a mmltifilament and coagulating the spun multifilament, thg
multifilament can be divided as desired. It is preferable that
the diﬁiding bar used in this case does not allow any frictional
force to act on the tow, not to damage tﬁe tow as much as
possible, but the dividing bar is not especially limited in

material or form. However, the width of the dividing portipn



having the form of one tow delivered froma drying step 6 subsequent to
the crinping step 5 has potential dividability into a plurality of
sub-tows in the crosswi se direction of the precursor fiber bundle 10

22 The precursor fiber bundle 10 formed like this is j

12 (see Fig. 3) in a packing step 7. In the process
precursor fiber bundle shown in Fig. 1, it is also possig
spun nultifilament into a plurality of groups 8 each of whic
plurality of sub-tows for preparing a pluraBdty of precursor fiber bundles
9 in parallel each of which is dividable into a plurality of sub-tows in
desired nunbef the Haer ¥ Gmpodtanite CUY did@rdfeirapiekithgt! bhepidEEs Aty

fi ber bundle 10, a bale may al so be used instead of a can. The

precursor fi ?’%E’)'?\ﬁf i dl fadls gf:ﬂd‘é?eﬁlééﬁo%h tdCcABOYE thEEPAGHd VEiSL CRAgES

sent to a ca er production process

portions of adjacent divided sub-tows are overlapped each other
with about 1 mm when they a?e finally collected as a tow, if the
tow is non-crimped. This also applies to a crimped tow, and it
is preferable that the guide width ensures that the side edge
portions of the adjacent sub-tows are engaged with each other
by about 1 mm before they are crimped. If such a divided state
caﬁnot be ensured 5& the division in the coagulating step only,
further dividing operation may be added.in another step, to make
the gide edge portions of the adjacent sub-tows engage with each
other by about 1 mm, before they are crimped. The cross section
of the dividing sar is preferably formed to be ellipsoidal or
rhombic, etc. and as small as possible in contract area, for
ensuring that the filaments constituting the_tow is less rubbed
or damaged by:the bar. Especially ip the case of a bar having
an ellipsoidal cross section, it is preferable to place the bar
of which major éxis and the running.direction of tow make
substantially right angle. Such a state is shown in Fig. 2
with a dividing bar 18. And Fig. 4 is a plan view showing
tvpically the state of overlapping. In Fig. 4, the portion of

the overlapping is shown with the mark OL.

[
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as packed in a can 12. The reason why it is once packed in a container is
that the process for producing the precursor fiber bundle is greatly
different in fiber processing speed fromthe process for producing carbon
fibers. A carbon fiber bundle can be produced, for exanple, according
to the process shown in Fig. 3. In the process for producing a carbon
fi ber bundle showmn in Fig. 3, the precursor fiber bundle 11 is supplied as
packed in the can 12. \Were processing sinultaneously a plurality of the
23 precursor fiber bundles 11, cans as manygas necessary are prepared.
The precursor fiber bundle-11 taken out fromthe can 12 is divided into
sub-tows in a diFodi egampke, 16hemsar tawm 0§ dividedi inko ngubvtowscedeh dhie
di vision can be practiced by using, for exanple, a grooved roll or

di vi di ng bar yhBbRCRakh@ Stiirdr@ds o SEUdEdaidds NURsHEd thé Nridring

ent angl enent of filanents
space, Which :jLS shown' with the mark D in Fig. 2, between
adjace’nﬁ sub-téws divided in the drawing step is preferabiy in
the' range Bf frbm 1.5 cm to.2 'cm. If less i'.;han 1.5 om, the -
adjacent d1v1ded _sub-tows_ are engaged too intensively with each
other at the side edg? portiops and it causes increase of fiber
breakage and fuzz when the tow is re-divic.ied in the stabilizing
step, and it c-:auses troubles in the carbonizing st-:ep or lowering
a grade of the carbon fiber bundle. If more than 2 cm, the
sub-tows are less engaged with each other at the side edge
portions, and the sub-tows are taken up irregularly in a step
of forming the non-crimped tow or in a step of forming the
crimped tow, and it causes dislocation of filaments in the .
longitudinal direction. Furthermore, the tow itself is

deformed.

Examples 1 to 10, and Comparative Example 1

A dimethyl sﬁlfoxide (DMSO) solution of an acrylic polymer
consisting of acrylonitrile (AN)/methyl acrylate (@A) /sodium
methaczylsulfot;nate (SMAS) /itaconic acid (Ia) = 93.5/5.5/0.5/0.5

(by weight) was introduced into 60% DMSO aqueous solution of 30



placed at the side edge portion of the sub-tows along with its |engthw se,
the division can be practiced very easily. In the division step, fuzz and

fi-ber breakage little occur. Each divided sub-towis treated to be
stabilized in a stabilizing step 14. The stabilization is effected_by
heat treatnment in an oxidizing atnosphere having a

the range of from 200 [err]Cto 350 [err]C in the s\ %éﬁ nace
Si nce each of sub-tows having a predeterm ned size

stabilized, excessive heat storage does noftzgoccur, :ﬁhd the fiber breakage
and the adhesion between filaments in the stabilizing treatment can be

prevented. C, Tnd at fibeirz duincile tafinsi A O edetticara ¢as ceebmArul ngerd ep
15 and further, as required, to a surface treatnment step 16 such as sizing

step, to be HewiBEJASnEoCEHMN fitkbdowdingdch efdwhichi hasoundfineress nsif ng
step 17. Since the stabilizing treatnent

gjr Ibzne]: T gg? sgog€@t|5 %J%%g %gc g;ﬁ{hr%fﬁ str engrﬁéa&lgtqa%r batHl CkESEnsd Ne
process, an elliptical dividing bar 18 (see Flg. 2) having a
- lengﬁh of the major axis (IMA) of 1.5 cm was used in Example 1,
a length of the major axis of 1 cm was used in Example 2, end
a length of the major axis of 2.5 cm was used in Example 3.
They were drawn, washed with water, oiled, and crimped with a
conventional stuffing box type c:imper. In Comparative Example
1, the fiber bundle was not divided in the coagulating step and
divided only just before it was crimped.
Non-crimped sub-tows obtained after washing with water in
' Example 1 were treated with finish-oil to adjust tﬁeir moisture
content of 2.5 %, 40 % and 60 $ respectively in Exaﬁples 4, 5
and 6.
A fiber bundle of 270,000 deniers was wet—séun and divided
into fhree sub-tows each of which has a fineness of 900,000
deniers at the outlet of the coagulating bath. - In this
process, as Example 7 an elliptical dividing bar 18 (see fig.
2} having a length of the major axis.of 1.5 cm was used. A

fiber bundle of 400,000 deniers was wet-spun and divided into

10 sub-tows each of which has a fineness of 40,000 denie:s at

I
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and el astic nodul us. It is preferable that the precursor fiber bundle
has a total fineness of from 300,000 deniers to 1,500,000 deniers, nore.
preferably from 400,000 deniers to 1,200,000 deniers, and it is preferable
t hat each of the sub-tows finally obtained fromthe precursor fiber bundle
havi ng potential dividability has a fineness of from 50,000 deniers to
250, 000 deniers, nore preferably from 80,000 deniers to 150,000 deniers.

If the precursor fiber bundle has a fineness of |ess than 300,000 deniers,
t he degree of entangl enent between filanment80is likely to be less than 10
mMerr] , and the property of entanglement of the filanments is little
and it caushe aflmtheef othef doagulatdnghdedbsuch Irovwthis sppptesd,imso a
stabilizing step and stabilized, irregular tension occurs due to

di sl ocation pehypee B hamemnlsptisaladseidihe bdy earkagre [Hig.m2)enbRihg a
1, 500, 000 deniers, the adhesion between filanents becones strong, to

_ dent adhesi on bet w “becorms St
orodugt 1 vi Ly SR Mot PabroRanh 88110 GEFE meq | ARk iRe

t he divided sub-t i | ess than 50, Q00 deni ers, .t roductivity in the
car boni zi ng of 1,888,030 deniers was wet-spun and dlviﬁgé)léto 16 sub-tows.

each of which has a fineness of'100,000 deniers at the outlet
of the coagulating bath. - Iﬁ this process, as Example 9 an
elliétical dividing bar 18 (see Fig. 2).having a-length 6f the
major axis of 1.$ cm.was used. A fiber bundle of i,600,000
deniers was wet-spun agd divided into 40 sub-tows each of which
has a fineness of 40,000 deniers at the outlet of the
coagﬁlating bath.  In this process, as Example 10 an elliptical
dividing bar 18'(see Fig. 2) having a length of the major axis
of 1.5_0@ was use@. In Examples 7-10, the sub-tows were
respectively drawn, washed with water, oiled, crimped and dried.
Sample having a lenggh of 5,000 m was takén in each of Examples
1-10 and Comparative Exaﬁple 1 for évaluaﬁing a dividability,'
the degree of entanglement and an adhesion thereof. The results
are shown in Table 1.

The methods for evaluating the respective propeitiés in the
examples were as described below.

(i) Dividability:



25 sfep is too low, and if nore than 250,000 deniers, irregular

carboni zation occurs to | ower the grade. I f the precursor fiber bundle
is crinped, the adhesion between filanents is likely to be dlssolved and
the strength of carbon fibers is likely to be manifest e

number of crinps is in the range of from 8 peaks per 2 nmﬂseHEBTﬁéémﬁEN
per 25 mm preferably from 10 peaks per 25 mmto 12 peakis per REFLAGRD

it is less than 8 peaks per 25 nm the adhesion - bet ween=frtaments 1S
likely to persist, and the strength of cardpn fibers is unlikely to be
mani fested. If nore than 13 peaks per 25 nm the filanents are buckled to
| ower the strendbhl. evaluating rhebdividability,.i 8 opimpeddtern wasitakembye
of 20 nmeasuring sanples each of which nunber of crinp is-neasured as
follows. A Food &,f dndeiiridedamdBasuiyNgromene te dmken »wWamglie®Whdch
precursor fiber bundle and is weighted 2 ng/d. Nunber of peaks of the
wel gnt ed SanRleg, | S8 Ith 03 dBEEIEEE" Tl had 40! Be! BiVAGeE! FiBEy by

straight | engthwi'se direction

scissors, etc. was evaluated as "A"; a sample which could not

 be divided due to fiber breakage or defective division,. "x"; and
a sample which could be simply’manually divided over the entire
length, "Of'.

(ii) Degree of entanglement of a precursor fiber bundle,
measured accordiﬁg to the hook drop testing method:

A precursor fiber bundle (tow) islhanged on a horizontal
setting bar with a fineness of 20,000 deniefs/cm and fixed at
the upper end portion of the bundle on the bar with an adhesive
tape. On the lower end portion, a weighing bar of 20 g/10,000
deniers was fixed with an adhesive tape. A wire having a
diameter of 1 mm and its tip portion having a length of 2 om
'bept at right angle and fixed a weight of 100 g at its lower end
is prepared. The wire ig hooked on the hanged bundle with the
bent tip portion and let the wire fall in downward freely. A
falling distance X (in meter) of the wire is measured. . Such
falling distance x_ (in meter) is measured at 20 different
positions with substantially equal intervai along the width of

the hanged bundle. The mean value (Xm) of the 20 measuring
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sarrplé and the resultant is turned into at a length-of 25 mm

The

precursor fiber bundle in the present invention can also be a non-crinped
tow ( a straight tow having substantially no crinp). In the case of the

non-crinped tow, since the degree

26 of entanglement of filanents is too small, it is desirable to let the
filaments contain moisture for enhancing the collectability. The
noi sture content in this case is desirably in the range of from10 %to 50

% If less than 10 % collectability is t3@ low, and if nore than 50 %
the packing rate may becone too |ow The noi sture cont e7t I s gbt ai ned
by the resul tdafka ofX) et@acrbeulatqdo - Bhrexdegues. (CFRhe (B /8 Femgit of
obtained by the follow ng neasurenent. A tow of 10 g as a neasuring

sanpl e takenewtdndleneret pscar ppectrber Pibdrebusdllei é8 lptaihed- dyr the
dryer for 2 hours at 105 [err]C and after that the sanple is left in a
desi ccator haygsiwhw flf Wdrthudgent therein for 10 mnutes and '

Degree of entanglement (CFP) = 1/X@

(iii) Adhesion: |

A volume of filaments having a length of 5 mm which is
obtained.by cuttiﬁg.a precursor fiber bundle is prepared as a
measuring sample so that the volume is equal to about 10,000
filaments in a precursor bundle (where a fineness of single
filament is 1.5 dehier, the volume becomes 0.0084 g). A rotor
and 100 ml of 0.1 % Noigen SS were put in a beaker, apd'the
sample was added. .?héy were stirred by a magnetic stirrer for
1 minute, énd the mixture was suction-filtered using black
filter paper, to visually jﬁdge the dispersibility of fibers in
reference to six grades. The 1lst grade is the best in adhesion
and the 6th grade, the worst.

As described above, according to the present invention, a
precufsor.fiber bundle can maintain the form of one tow when
packed in a container, and can be easily divided in crosswise
direction into sub-tows each of whicﬁ has a desired fineness
when used for producing carbon fibers (when supplied to the

stabilizing step). So, a thick (large in fineneés) precursor



then a weight of the sanple is neasured. The obtained value of the

wei ght is used as the B in the above. In the process for producing a
precursor fiber bundle, after spinning a polynmer solution through a
spinnerette for formng a nultifilanment and coagul ati ng the spun
multifilament, the nultifilament can be divided as desired. It is.
preferable that the dividing bar used in this case does not allow any
frictional force to act on the tow, not to damage the tow as nuch as
possi bl e, but the dividing bar is not especB&8l Iy |imted in nmaterial or
form However, the width of the dividing portion

27 of the baibes biiRALé a84in bé lphsdudi ertall aréd@amlghep&buudtmgltppramn
has such a width as to ensure that the side edge portions of adjacent

di vi ded sub- &Bv\ﬁxaé"r@az%‘?{ e BQ?d E—éﬁﬂcﬂwﬁr rdbdds atiqy&a &'%Ed&lieynéae
finally collect tom1 tom1|s non-cri npe This al so applies
to a crinped tow, and it _ i referabl e that the quide h ensures,t hat
the si dengdgé -tows each of £h1ch has a predet torm eg tWJ.c}cness ¥5 al.Il
stable stabilizing treatment. Theréfore, both the productivity
improvement of the precursor fiber bundle and the stable
production of carbon fibers having an excellent properties can

be simultaneously adchieved which contribute to the reduction of

cost for producing carbon fibers.

Examples 11 to 13 and Compa:a;tive Examples' 2 to 6

Example 11

Ninew two point three w‘eight percent of acrflonitrile, 6.3
wt% of methyl acrylate and 1.4 'wt% of itaconic acid were
polymerized in nitrogen gas atmosphe:ée at 60 C for 11 hours and
_furtt_xémlore at 73 C for 9 hours by the solution polymer;i.zation
with dimethyl éulfo:&ide as the solvent. The polymer solution
obtained as a spinning dope 'waé 22.5 % in concentration and 240
cps in viscosity. It was extruded from a spinnerette with
70,000 holes of 0.055 mm in diameter into 55 & dimethyl
sulfoxide aqueous soluﬁion of 40 °C, to be coagulated. The
fiber bundle oStaineq here was drawn to § times in hot water

while being washed, subsequently oiled, dried and densified by



portions of the adjacent sub-tows are engaged with each other by about 1
mm before they are crinped. |[If such a divided state cannot be ensured by
the division in the coagulating step only, further dividing operation nmay
be added in another step, to nake the side edge portions of the adjacent
sub-tows engage with each other by about 1 nmm before they are crinped.
The cross-section of the dividing bar is preferably forned to be

el lipsoidal or rhonbic, etc. and as snall as possible in contact area, for
ensuring that the filaments constituting thg4atow is |ess rubbed or danmaged

by the bar. Especially in the case of a_ bar_ having, an_ell|psoid Cr 0SS
section, it PsOpYiRe i eydptrgrtedidapke shFuRkat Pvndpok 'Jslsdgb BhE.

running direction of tow make substantially right angle. Such a state is
shown i n Fi gto2cbtaim a phecutisty iFibet8bundlad wade of ian Rquvddcvpelymer:
showi ng typically the state of overl apping. In Fig. 4, the portion of
the overl appapd 68 $/®vd M il nEhess. . Then, it was treated to be

28 For exanple, when a towis divided into sub-tows each of

stabilized in air at 210 C to 250 “C, and heated up to 1,400 °C
in nitrogen atmosphere, to obtaiﬁ carbon fibers. In succession,
they were electrolyzed at 10 coulombs/g witl_l a sulfuric acid |
aqueous solution of 0.1 mole/liter in conceni_:ration as the
electrolyte, washed with water and dried in 150 °C air. The
carbon fibers obtained here were impregnated with an epoxy resin
acc_or&ing to the method specified in JIS R 7601, to measure the
tensile strength and elastic modulus of thé strand by a tensile
tester. The conditioﬁs in this case and the physical properties'
of the obtai.ned carbon fibers' aré shown in Tables 2a and 2b.
It can be .seen that even if the tensi;n during stabilization is
low, the physical properties of carbon.fibers are satisfactory.

E_xample 12

Carbon fibers were obtained as described in Example 11,
except that 96.1 wt% of acrylonitrile, 3.2 wt% of methyl
acrylate and 0.7 wt% of itaconic acid wére polymerized, and that
the shrinkage percentage was 7 %. The conditions in this case
and the physical p;:'operties of the obtained carbon fibers.are

shown in Tables 2a and 2b.



whi ch has a fineness of 50,000 deniers or nore, the running space, which
Is. shown with the mark Din Fig. 2, between adjacent sub-tows divided in
the drawing step is preferably in the range of from1.5 cmto 2 cm |If

| ess than 1.5 cm the adjacent divided sub-tows are engaged too
intensively with each other at the side edge portions and it causes

i ncrease of fiber breakage and fuzz when the towis re-divided in the
stabilizing step, and it causes troubl es |jgthe carboni zing step or

lowering a grade of the carbon fiber bundle If nore than 2 cm the
sub-tows are | ess engaged with each other at the side edge portions, and
the sub-tows areg Deupsirregularly in a step of formng the non-crinped

tow or in a step of formng the crinped tow, and it causes di sl ocation of

filaments in the I eCt, . On. r .1 h ktself
I's deforned. Ca!rgg&xtﬂgﬁe'}% Ire ‘%Lt%ln(f %o%aé%%‘%%%alﬁ EXTEB fe 147

di met hyl sul f oxi de ;DNBO solutlon of _an acr lic consi_sti ng_of
acryl oni tri| &CaRF I'éﬁ Wik \ah eeryleRi tridar u s'f iﬂfér’%ﬁ%lf grxidate
(SNAS)/itaconlc acid (A = 93.5/5. 5/ 0. 5/0 5 . (by weight) was introduced

into 60% DIVB@anLkout%smﬁJtimMicSOacid were-polymeriz'ed, and that the

shrinkage percentage was 18 %. The conditions in this case and
the physical_préperties of the obtained carbon fiberé are shown
in Tables 2a and 2b.

Comparative Examples 2 ;ﬁd 3

Carbon fibers were obtained as described in Example 11,
except that 99.3 wt% of acrylonitrile and 0.7 wt% of itaconic
acid were polymeriied, and that éhe shrinkage percentage was 5%.
The conditions in this case and‘the rhysical properties of the
obtained carbon fibers are shown in Tables 2a and 2b. Since the
monomer as the second component (group A) was not oontained,'fhe
physical properties of carbon fibers were low when the ténsion
during stabilization was low.

Compafative Example 4

Carbon fibers were obtained as described in Example 11,
except that the fiber bundle was drawn in a bath and in steam
by 12 times in total. The conditions in this case and the
physical properties of the obtained carbon fibers are shown in

Tables 2a and 2b.



29 [err]C, and a fiber bundle of 400,000 deniers was wet-spun, and

divided into four sub-tows each of which has a fineness of 100,000 deniers
at the outlet of the coagulating bath. In this process, an elliptical
dividing bar 18 (see Fig. 2) having a length of the major axis (1M of
1.5 cmwas used in Exanple 1, a length of the major axis of 1 cmwas used
in Exanple 2, and a length of the major axis of 2.5 cmwas used in Exanple
3. They were drawn, washed with water, oil®d, and crinped with a
conventional stuffing box type crinper. |In Conparative Exanple 1, the

fiber bundl e waschmbafh¥i¥we Estdhgilee scoagul ating step and divided only just
before it was crinped. Non-cri nped sub-tows obtained-after washing

with water in ample l.were treat i th, finish-qil .t ' hei - s
moi St ure: cont entagpes S¥EES WEEE Selldh L Sldackd 3 WbckiBld in
and 6. A fiber bundle of 270,000 deniers_was wet-spun and divi ded
into three sEFeRBlR Facie¥erihittrthibeadrafRntiRenbuplig(ras not treated

to be shrunken. The results are shown in Tables 2a and 2b.
Comparative Example 6
Carbon fibers ﬁere obtained as_described in Example 12,
except that the drawn fibér bundle was treated to be shrunken
by 2 %. The results are shown in Tables 2a and 2b.

‘The methods for evaluating the properties in the examples

. were as described below.
(iv) Number of fuzz:

' From a precursor fiber bundle, ten 1 m long samples were
taken. From each of the.samples, a fiber bundle.consisting of
from 1,000 filaments to 2,000 filaﬁents was divided and faken,
and the number of fuzz in a length range of 0.5 m at the center
was counted on an iilumiﬁated cloth inspeétion table. The mean
value of 10 samples was calculated in numbers/m 10K (number of
fuzz existing in 10,000 filaments of 1 m in length), and the
value was adopted as the number of fuzz. The numbers of fuzz
of the precursor fiﬁer bundles made of an acrylic polymer used

in Examples 11 to 13 were 8 to 9 numbers/m 10K.



deniers at the outlet of the coagul ati ng bat h. In this process, as
Exanple 7 an elliptical dividing bar 18 (see Fig. 2) having a |l ength of
the major axis of 1.5 cmwas used. A fiber bundle of 400,000 deniers was

wet -spun and divided into 10 sub-tows each of which{h NES T
40, 000 deniers at ﬁasa%i%’ N éﬁ@\’
outl et of the coagul ati ng bat h. In this process, &s A

elliptical dividing bar 18 (see Fig. 2) hav'agg a l|length of the major axi s
of 1.5 cmwas used. A fiber bundle of 1,600,000 deniers was wet-spun and

divided into 16 sup-tows each qf i ch has_.a finene of ,100,.000 deni er,s
at the outl et o?vi) hlée%zc')%%tﬁaf;ﬁ% g, eﬁ'.ent °Fn°?ﬁ$%n pf%?:eerséa,u%é% eE)‘?z?rar‘Sngg an
elliptical dividing bar 18 (see Fig. 2) having a-length of the mmjor axis
of 1.5 cm wadcgerdingatei Bae ekl dren testdngonethadni ers was wet - spun and
divided into 40 sub-tows each of which has a fineness of 40,000 deniers at
the outl et of thA cadasnlfibiergbbadbe id rhanigied pnozdssrizontaiametEibg bar

el liptical '

and fixed at the upper end portion of the bundle on the bar with
an adhesive tape. On the 1ower-end portion, a_weighing bar of
éOO g was fixed with an adhesive tape. A crochet needle with
a weight of 10 g'was-pierced through thg carbon fiber bundle,
and the crochet needle falling distance X (in cm) was measured
50 times. Of the measured wvalues, 10 lérgest values and 10
smallest values were excluded, and the mean value Xm (in cm) of
the reméiniﬁg measured values was used, to obtain the degree of
entanglement (CFC) (in 1/m = mfl) of the carbon fiber bundle
.according ﬁo the hook drop .testing method from the following
formula:

o Degree of entanglement (CFC) = 100/Xm

This Sheet Has Been Reﬂlaced
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di viding bar 18 (see Fig. 2) having a length of the magjor axis of 1.5 cm
was used.- In Exanples 7-10, the sub-tows were respectively drawn, washed
with water, oiled, crinped and dried. Sanple having a |length of 5,000 m
was taken in each of Exanples 1-10 and Conparative Exanple 1 for
evaluating a dividability, the degree of entanglenent and an adhesion

thereof. The results are shown in Table 1. The nmet hods for eval uating
the respective properties in the exanples were as described bel ow
(i) Dividability: 31 For

eval uating the dividabitity, a crinped toapmas taken by 5,000 m and
divided manually fromend to end. A sanple which was poor in dividability
and had to be djvided forcibly by scissors, etc. was evaluated as "[err]";
a sanple whi €#PL8utd not Dbe divided due to fiber breakage or defective
division,."x"; and a sanple which could be sinply manually divided over

the entire ength, "O', IMA of Mois- Divid- | Degree | Adhe~ | Produc-
Divid- ture ability of sion tivity
ing bar | Content ' Entan- | (grade) of
(cm) (%) ' gle- Carbon-
ment ization
Example 1 1.5 - @) 22.2 1.5 O
Example 2| 1.0 - A 17.3 1.5 O
Example 3 2.5 - O 28.3 1.5 O
Example 4 1.5 2.5 O 8.3. 3.0 A
Example 5 1.5 40 O 11.9 3.0 0.
Example 6] 1.5 60 O 13.4 | 3.0 A
Example 7 1.5 - O 8.2 1.5 A
Example 8| 1.5 - O 23.4 1.5 A
Example 9 1.5 - A 42.5 6.0 A
Example 10 |- 1.5 - A 43.5 | 6.0 A
|} Compara- dividing just X - - -
tive before crimping:
Example 1 |could not be
divided due to
too often fiber
breakage




(ii) Degree of entangl enent of a precursor fiber bundle. measur ed
according to the hook drop testing nethod: A precursor fi ber bundle
(tow) is hanged on a horizontal setting bar with a fineness of 20,000
deniers/cmand fixed at the upper end portion of the bundle on the bar

wi th an adhesive tape. On the |lower end portion, a weighing bar of 20

g/ 10,000 deniers was fixed with an adhesive tape. A wre having a
dianeter of 1 nmand its tip portion having a length of 2 cm bent at right
angle and fixed a weight of 100 g at its I¥ner end is prepared. The wire
I s hooked -on the hanged bundle with the bent tip portion and let the wire

fall in dowward freely. A falling distance X (in neter) of the wire is
measur ed. n ter) is neasured at 20 different
positions wt taétraF?éééﬁdg eré%ﬁ along the width of the hung

bundl e. Tho_n;ea,n__ma,l_u.e Xm) - of fhe 20 neasui ng

32 data (X)|is cal cul at fd. The degree (§£§Bliizaﬁwdn nerr] ) of
Temperatu:e ' Time .Drawing Tension
(C) {(min) Ratio | (mg/d)
Example 11 225/230/245/252 110 1.2 95
Example 12 225/230/245/252 110 1.2 -100
Example is | 215/'225/235/245 iso 1.3 .80
C-Example 2 | 225/230/245/252 | = 110 | , 1.0 140
é—Example 3 225/230/245/252 110 0.95 ‘110
C-Example 4 225/230/245/252 110 1.0° 135
C—;Exantple 5 225/230/245/252 116 1.0 140
C-Example 6 225/230/245/252 110 1.0 130

(C-Example: Comparative Example)



ent angl enent of a precursor fiber bundle is obtained by the follow ng
farmul a. Degree of entanglenent (CFP) = 1/ Xm (i)

Adhesi on: A volune of filaments having a length of 5 nmwhich is
obtained by cutting a precursor fiber bundle is prepared as a neasuring
sanple so that the volune is equal to about 10,000 filanents in a
precursor bundle (where a fineness of single filanment is 1.5 denier, the
vol une becones 0.0084 g). A rotor and 100 ml of 0.1 % Noi gen SS were put
in a beaker, and the sanple was added. Thgy were stirred by a magnetic
stirrer for 1 mnute, and the m xture was suction-filtered using bl ack
filter paper, to visually judge the dispersibility of fibers in . reference

to six grade&abIgezﬂ,chgﬁgggu%g £ BeFh & Bagdhesion and the 6th grade,

t he worst. As descri ove, according to the present invention, a
precursor fi per—burede—egr—ai-rt-a-—t-he—toermeof—ore—tow-wher—packed—+
contai ner, ahd can be eadi |Stabidiidation Jr ossViPlsesiahil extopexrtiesoofub-t ovis
each of which has a desirjed fineness whgn used for producing carbon fibgrs
(when supplipd to the stjabilizing step).] So, a thigdeddr2®ria fi neness)
precur sor . - -
Number of Fuzz Strength Elastic Degree of
(partic;.es/m 10K) (Géa) Modulus Entangle-
(GPa) ment (m)
Example 11 ' 8 - 3.5 230 30
Example 12 8 3.5 250 30
Example 13 S 3.4 230 30
C-Example 2 | 30 3.6 © 250 -
C-Example 3 9 2.9 220 -
.C-Example 4 22 - 3.5 250 -
C-Example 5 25 3.5 . 250 -
C-Example 6 14 3.5 250 -

\ (C-Example: Comparative Example)



33 fiber bundle can be produced at a very high productivity, and in the
carbon fiber production process, it can be divided into sub-tows each of
whi ch has a predeterm ned thickness to allow stable stabilizing treatnent.
Therefore, both the productivity inprovenent of the precursor fiber bundle
and the stable production of carbon fibers having an excellent properties
can be simultaneously achi eved which con#di bute to the reduction of cost
for producing carbon fibers. Exanples 11 to 13 and Conparative
Exanples 2 to 6 Exanple 11 Ni nety two point three weight percent of
acrylonitrile, 6 w % methyl acrylate and 1.4 wt% of itaconic acid
were polynerize ?ﬁ ﬁ?téiﬁﬁﬂ%%;if'atnnsphere at -60 [err]C for 11 hours and
furthernore at 73 [err]C for 9 hours by the solution polynerization wth
di met hyl sul foxi e as t He RESCUERPT Lihar hupdie, tQ Jpe Hroqessed Hey carbgn
spi nni ng dope was 22.5 % in concentration and 240 cps in viscosity. It
was extruded fibemsa opipnieieytwany tfilaments capable of being formed as one

tow when packed in a container and capable of being divided in
crosswise di?ection into a plurality of sub-tows when taken out
of the contéiner, to be used for producing carbon fibers. 

2. A precursor fiber bundle to be processed into carbon
fibers, according to claim 1, "wherein said.one tow is a tow made
of an acrylic polymer, having a total fineness being in the
range of from 300;000 deniers to 1,500,000 deniers and capable
of being divided into sub-tows each of which has ; fineﬂeés
being in the range of from 50,000 deniers to 250,000 deniers.

3. A precursor fiber bundle to be processed into carbon
fibers, according to claim,z, wherein a fineness of each. of the
many filaments constituting the respective sub-tows ;s 1 denier
to 2.0 deniers. | |

4. A precursor fiber bundle to be processed ihto carbon
fibers, according to claim 2, wherein a fineness of each of the
many filaments constituting the respective sub-tows is 1 denier

to 1.5 deniers.

* c L ] S *



70,000 holes of 0.055 mmin dianeter into 55 %dinethyl sulfoxi de aqueous

salution of 40 [err]C, to be coagul at ed. The fiber bundl e obtained here
was drawn to 5 tines in hot water while being washed, subsequently oil ed,
dried and densified by 34 a

drying drum and treated to be shrunken by 15 %in 113 [err]C air, to
obtain a precursor fiber bundle, nmade of an acrylic polyner and of 1.5 d
in filament fineness. Then, it was treated o be stabilized in air at 210
[err]Cto 250 [err]C, and heated up to 1, [err]C in nitrogen

atnosphere, to offain cal PRRchLHSF SEibler BURGES Stdbe prBeY¥s¥&d GrlceehikBbized
at 10 coulonbs/g with a sulfuric acid aqueous solution of 0.1 nole/liter

i n concentratl as _t cira he n | AN
[err]C air. I‘fﬁg&sc'ar Jé%'f’?%érg o%ﬁé%ﬁlg\é\@ﬁe‘r@%%g }e@r#%rg{elgﬁa?'e Hvﬁ t J'haﬁ‘;l%%oxy
resin according to the nmethod specified in JIS R 7601, to nmeasure the
tensile strefylPmemEs AERGE™RAR us of the strand by a tensile tester.
The conditions in-this case and the physical properties of the obtained
carbon fibers ar€.showna préabrser Zikmxdb@hdle to be processed into carbon

fibers, according to claim §, ﬁhérein the number of crimps is
in the range of from 8 per 25 mm to 13 per 2§ mm.

7. A precursor fiﬁer bundle to Be processea into carbon
fibers, aécording to.apy one of claims 1 through 4, wherein said
filaments are non-crimped and have a moisture content being in
‘'the range of from 10% to 50%.

8. A precursor fiber bundle to be processed into carbon
fibers, according £o any one éf claims 1- through 7, wherein each
of the sub-tows has a degree'of'entanglement being in the range
of from 10 mfl to 40 mfl aécording to the hook drop testing
method.

S, A precursor fibér bundle to be processed into carbon
fibers, according to any one of élaimS'l throﬁgh 8, wherein
(a) said acrylic polymer consists of gcrylonitrile, one or more
unsaturated monomers of group A and one or more unsaturated
monémers of group B;

(b) said one or more unsaturated monomers of group A is or are

one or more unsaturated monomers selected from a group

N



It .can be seen that even if the tension duri ng stabilization is | ow, the
physi cal properties of—earbon fibers are satisfactory. Exanpl e 12
Carbon fibers were obtl_ jned as described in Exanple 11, _except that 96.1

Wt % of acrylonitrile, '352h en ikenl acryl ate anfl 0, Wele efasi segenli
acid were pol ynerized, shrinkage percejitage yas sced The i
conditions in this cas i cal propertiesi ' rbon

fibers are " shown in Tables 2a and 2b. 4
35 Exanpl e 13 Carbon fibers werébbtained as described in

Exanpl e 11, QxstRkihfat ¥ Winhel adadeaiiel,! i IRetnh WM Yeof1a86 Y| maehytat e
and 4 wt % of itaconic acid were polynerized, and that the shrinkage

per cent age S 9 di L. jn this case and the physical
pr operties-\g%'ett#ecg%tlépﬁe %aér%%}fel'bers are shown in Tables 2a and 2b. ..

{c) said one or more unsaturated monomers of group B is or are -

one or more unsaturated monomers selected from a group
consisting of itaconic acid and acrylic acid;
(d) the content AN (wt%) of the acrylonitriie in the acrylic
polymer satisfies the followiné formula (1): . |
AB (wt$%) 2_8‘6 , (1).
a.nd
(e) the content A (wt%) of the unsaturated monomer (s) seiected'
from group A in the acrylic poiymer and the content B (wt$%) of
the unsaturated monomer(s) selected from group B in the acrylic
polymer satisfy the following formulae (2) and (3):

3 = A (wty) <10 : cer (2)

0.25A - 0.5 S B (wt%) = 0.43A - 0.29 .... (3)

10. A preqxréor fiber bundle to be processed into carbon
fibers, acqording to ariy one of claims 1 through 9, wherein the
number of said filaments is 5 x 104 to 10 x 105.

11. A process for producing a précursor fiber bundle to
be processed into carbon fibers, comprising forming a group
comprising a plurality of sub-tows each of wh:i.gh is separated

each other from multifilaments spun from a spinnerette; drawing

_—
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Conpar ative Exanples 2 and 3 Carbon fibers were obtained as descri bed
In Exanpl e 11, except that 99.3 wt% of acrylonitrile and 0.7 wt % of
itaconic acid were polynerized, and that the shrinkage percentage was 5%
The conditions in this case and the physical properties of the obtained
carbon fibers are shown in Tables 2a and 2b. Since the nononmer as the
second conponent (group A) was not contained, the physical properties of
carbon fibers were | ow when the tension during stabilization was | ow.
Conpar ati ve Exanple 4 Carbon fibers we#4 obtai ned as described in

Exampl e 11, (Ro8at ol 1he ekt BLehUDl S iiud) A B N rsham

by 12 times in tot . e conditions in this case and the physica

S """ ConpaPHET FeVB AREPcsSLOT o5 BEh FoPPPARIR o bRIAC AR at 0B ed

as described in _
said plurality of sub-tows when used for producing carbon fibers
latér; and packing_the tow into a container;

12, A.proéess for produéing a precursor fiber bundle to
be proceésed into carbon fibers, according to claim 11, wherein
the meahs fqr collecting in a form to allow division into said '
plurality of sub-tows is crimping.

13; . A process for producing a precursor fiber bundle to
be processed into carbon fibers, according to claim 12 or-13,
whereip said fiber bgndle collected in the form of one tow
capable Qf being divided into a plurality of sub-tows when used
for producing carbon fibers is a tow made of aﬂ acrylic polymer
and hﬁving a total fineness being in the range of from 300,000
tows is %n the range of from 50,000 deniers to 250,000 deniers.

14.- A process for.producing a precursor fiber bundle to
be processed into carbon fibers, according to any one of claims
11 through claim 13, wherein
(a) said acrylic polymer consists of acrglonitrile, one or more
unsaturated monomers of group A and oﬁe or more unsaturated

monomers of group B;

e ¢ L omos w



Exanpl e 12, except that the drawn fiber bundle was not treated to be

shrunken. The results are shown in Tables 2a and 2b. Conparative
Exanpl e 6 W cedbt ai ned as described in Exanpl e 12
except that the dr m e was treated to pe=shrurker—by- The
results are shown d 2b. The me hBﬁi§S‘fb4fTév3aﬂa&EN the
properties in the exanples vvere as described bel oW. RU(’#A‘W::ENunberl
fuzz: From a precursor fiber bundle, jgn 1 mI© aken

From each of the sanples, a fiber bundle consisting of from 1, 000 -
filanents to(B) Osxid |dra;rrm1t mowas utsatdedtad dndrednssrs ofhdrbop Auibeorocaréuzz
in alength range of 0.5 mat the center was counted on an illum.nated

cloth inspecphan $abligore NiiBRAUratalilCmBhondrs AU IR NS ¢8bmU 2t egrbdp
nunbers/ m 10K (nunber of fuzz existing in 10,000 filanments of 1 min

I h dth I d d h b f T nb f
fﬁggt 2)f ?Eectﬁ?gﬁﬁ%%béfjefl era e esgsﬁﬁgggﬁ?uaﬁgﬁ‘y licC ug%a%’nﬂsﬂg{—ﬁﬁfﬁ

Exanpl es 11 to 13 were 8 to 9 nunbers/ m 10K
méthacrylate and styrene;

(c) said oge or more _unsaturated monomers of group B is or are
one or more unsaturated monomers selected from a group
consisting qf itaconic aqid and acrylic ecid;
(d) the content AN (wt$%) of the acrylonitrile in the acrylic
polmer satisfies the following formula (1):

AB (wt%) = 86 cee (1)
and |
(e) the content A (wt%). of the unsaturated monomer(s) selected
from group A in the acrylic polymer and the content B (wt¥) _of
the unsaturated monomer(s) _selected ‘f.rom group B ::Lr; the acrvlic
polymer satisfy the following formulae (2) and (3):

3=<a (wts) =10 eoe (2)

0.25A - 0.5 = B (wt%) = 0.43A _0.29 ... 3)

15, A process for producing a precursor fiber bundle to
be processed into carbon fibers, e.ccording to claim 14, wherein
the spun filaments are drawn at a ra.tio being in the range of
from 2 times to 8 times, and in succession treated to be

shrunken in the range of from 5 % to 18 %.

)AL L



37. ~  (v) Degree of entanglement of carbon fiber bundl e neasured
according to the hook drop testing nethod: A carbon fiber bundle is
hung on a horizontal setting bar and fixed at the upper end portion of the
bundl e on the bar with an adhesive tape. On the |lower end portion, a

wei ghing bar of 200 g was fixed with an adhesive tape. A crochet needle
with a weight of 10 g was pierced through the carbon fiber bundle, and
the crochet needle falling distance X (in ofd was neasured 50 tines. O

t he neasured val ues, 10 | argest values and 10 snallest val ues were

excluded, and thgsean valpeockRd | for Pradfucilie mmiwsw@rmhﬂés
was used, to obtain the degree of entangl enent (CFCD (in 1/m= nferr]

of the Carbo@h&'? rﬁﬁ’%}d'd‘inéﬁfi& Gké'gute%PEQSrh? 2 Lk #&%%%@s&&om

the foll ow ng ent an

_into carbon fibers stated in any one of claims 1 through 10,
into sub-tows; sdpplying the sub—toﬁs into a stabilizing
process, to treat them for stabilization: and supplying them
into a carbonizing process, to treat them for carbonization.

17. e.process for ptoducing carbon fibers, according to
claim 16, wherein the stabilizing process is carried out ia an.
oxidizing atmosphete having a temperature being in the range of
from 200 C to 300 °C and tte carbonizing process is carried out
in an inactive atmosphere haying a temperature being in the
range of from 500 °C to 1,500 °C.

18. A process fbt producing carbon fibers, in which the
precursor fiber bundle to be processed into carbon fibers stated
in claim 9 is divided into a plurality of sub-tows and in which
the sut-tows are supplied into a stabilizing process and treated
to be stabilized, and supplied into a'carboﬁizing process and
treated to be carbonized, comprising said statilizing process,
being carried out in the following conditions;

(a) the stabilizing treatment time is in the range of from 45

minutes to 180 minutes,

| O O



38+ Table 1 LMA of Mis- Divid- Degree Adhe-

Pr.oduc- D vid- ture ability of si on tivity

i ng bar Content Ent an- (grade) of -(cm

(% gl e- -Car bon-

ment | zation Exanple 1 1.5 - O 22.2

1.5 O Example 2 1.0 - [err] 17.3 - 1.5 @)
Exanple 3 2.5 - o) 2873 1. 5 - o Exanpl e 4
1.5 2.5 8.3 [err] gB

40 o) (b) the graw:uy G:‘at:l.o ig 1ﬁ%|1@ng8 oflfg .9 t%dnot 1ar%r
13. 4 3.0 [err] Exanple 7 1.5 - . 8.2 1.5
[err] Exanplthar8 thel D5defined-by o] 23. 4 1. 5 [err]
Exanple 9 1.5 [err] - 42.5 6.0 [err] Exanple 10
1.5 - [ebr]=1+4§m@: O G o.derr] Conpara-  dividing just
X - - tive before crinping: Exanple 1 coul d not
be where 'D\Hagceq_sd ‘l’;ﬁet Raximum drawing rat:Lo, and

{c) tension T satisfies 30 < T {(mg/d) = 120.

19, A process for produging carbon fibers, according to
claim 18, wherein the sté.bilizing; process is carried out in an
oxidizing atmosphere having a temperature being in the range of
from 200 C to 300' °C and the carbonizing process is carried out
':i,.n an inactive atmosphere having a tetnperaturé being in the
range of from 500 °C to 1,500 °C.

20. A carbon fiber bundle having a totai fineness of not

less than 25,000 deniers, substantially no twist, and a degree

of entanglement being in the range of from 10 m—l to 100 m-.'l
| according to the hook drop testing method.
21. . A <carbon fiber bundle, according to c¢laim 20,

wherein the tensile ‘strength is in the range of frém 2.0 GPa to
5.0 GPa and the elastic modulus is in the range of from 200 GPa

to 300 GPa.

* c L M S *



toq-often fiber br eakage

39 Tabl e 2a (continued on Tabl e 2b)

Stabilization
Tensi on
Exanpl e 11

[ T]ercg)er at ur(e ) TTméaSHEET II?I)\S“B(EE!I/ d)
err : mn ny
225/ 230/ 245/ 252 ' 110 48 1 2 tHEBLACED Beatpl e

Exanple 13
gig;ggg;ggg;ggﬁPRECURS?gOFIBER BUqDéE FOR PROQECTION ngA CARBON FIBER

BUNDLE, A PROCESS FOR PRODUCING THEREOF, A CARBON FIBER
‘BUNDLE,, AND A PROCESS FOR PRODUCING THEREOF

' Abstract of the Disclosure

This invention relates to a precursor fiber bundle for

production of a carbon fiber buhdle, a process for producing

the precursor fiber bundle, a carbon fiber bundle produced

with the precursor fiber bundle, and a process for producing

the carbon fiber bundle.

A percursor fiber bundle according to the invention has a

fineness being in the range of from 300,000 denier to’

1,500,000 denier and has a potential dividability to sub-tows

each of which has a fineness being in the range of from

50,000 denier to 250,000 denier.

The precursor fiber bundle is obtained by dividing a

multifilament spun from a spinnerette into a plurality of

sub-tows, drawing the sub-tows in this state, and after that

conVerging the sub-tows into one tow with overlapping

adjacent sub-tows at a side edge portion thereof. The

converging is practiced typically by passing the overlapped

sub-tows through a crimping apparatus.

A carbon fiber bundle according to the invention is

produced by dividing the precursor fiber bundle into the sub-

tows and after that treating the sub-tows by passing thereof

is Sheet Has Been Reﬂ laced

T -
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C Exanpl e 2

3 - 225/ 230/ 245/ 252 110

225/ 230/ 245/ 252 110
225/ 230/ 245/ 252 110
225/ 230/ 245/ 252 110

Exanpl e)
(continued from Tabl e 2a)
Properties of

Nunber of Fuzzthréﬁgﬁ”ﬁﬁéblllzﬁhgﬁ%3§ cagﬁgﬁfﬁiﬂg processes.

Ent angl e-

(particles/ m10K) (GPa)

Figure 2

225/ 230/ 245/ 252

110
0.95
1.0
1.0
1.0

49 Stabilization

1.0

135
140

130 (G Exanpl e:

140 C- Exanpl e
C- Exanpl e 4
C- Exanple 5
C- Exanple 6
Conparative
Tabl e 2b
Physi cal
Car bon Fi bers-

110

40
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(Ra)" nent ([err]m Exanpl e 11 8 3.5
3¢ Exanple 12 8 3.5 250 30
Exanpl e 13 9 3.4 230 30 C Exanple 2
30 3.6 250 - C- Exanpl e 3 9
2.9 220 - C Exanple 4 22 3.5
250 C-Exanple 5 25 3.5 250 -
C- Exanple 6 14 3.5 250 - (C Exanpl e:
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What is clained is: 1. - A precursor fiber bundl e to be processed
into carbon fibers, conprising many: filaments capabl e of being forned as
one tow whén packed in a container and capabl e of

crosswise direction into a plurality of sub-tows M@TQMSM??
container, to be used for producing @® bon fibers recursor ]
fiber bundle to be processed into carbon fibers, according to claiml,

wherein said one towis a tow nade of an acrylrc pol ymer, having a total
fi neness bei nd PRECURSORaEJBER{ BUNDLE 3POR OPRODUGTEON OB A CARBONMOFERMR cr s

and capabl e - Ohuhﬁhﬁi gl bké@ﬁssnwnsﬁhobmmamﬂﬂ&oﬂhlxrcmn FiBEReEsS -

orecursor 11 ber bundPUNDEE, RSB R BRBGERS, ROk PHoROCHG hBERmO | 0 (o "

precursor fiber bund
claim?2,-wherein a fineness of each of the nany filanents constituti-ng the
respective sub-tows is 1 denier to 2.0 deniers. . 4. A precursor

fi ber bundl eabdrdeoPthaqsiSaI8suUrknt 0 carbon fibers, according to claim 2,
wherein a fineness of each of the nany filanent s constituting the .
respective sub-tows is 1 denier to 1. denrers

A oercdrsor ﬁber bundle -for producing a carbon fiber bundle has a
fineness beino in the range of from 300;600 denier 101,500,000 derlier and has a
~ potential dividability to. sub-towe each of which has a fineness being in the range
of fro'm.50 000 denier to 250,000 denler. |
The precursor ﬁber bundle is obtained by drvrdmg ; multrﬁlament spun
from a spinnerette into a plurality of sub-tows, drawing the sub-tows in this state
and after that converging the sub-tows into one tow with overlapprng adjacent sub-
tows at a side edge portion thereof. The converging is. practiced typically by
oassing the oVerlapped sub-tows through a crirrrpiog apparatus.
A carbon frber bundle is produced by dividing the precursor fiber bundle
into the sub-tows and eﬁer t_het_ﬁtrea_t_ing the sub-_torrvs by passing thereof through

 stabilizing and carbonizing processes.

REPLACEMENT SHEET

Figure 2 AR c 05 FEB 1998 | |-




42 5. A precursor fiber bundle to be processed intg.carhon fihers

according to any one of clainms 1 through 4, wherein sm<§hqﬂ%3%§g¢ssyﬁgr
crinped. 6. °° A precursor fiber bundle to be procgssee—+ni-e—catrho
fibers, according to claimb5, wherein the nunber of crijps 4@5 nange
of on18 per 25 nmmto 13 per 25 mm 7. A prec rsor @KE} ndl €

t processed into carbon fibers, according to any ope of clains 1
through 4, wherein said filanments are non-crinped and have a noi sture
content being in the range of from10%to 58% 8.

fiber bundle to be processed into carbon fibers, according to any one of
clai ms 1 throtiger7 bupiddeciobtednhd by thiénguthd gedimscar difpescbohdle, and
ent angl enent being in the range of from10 nferr] - to 40 nferr]

accordi ng to 4 herduls dHap produicitg ¥RENESrbon Fikkr bunddddr ecursor fiber
‘bundl e to be processed into carbon fibers, according to any one of clains

1 through 8, Whengi & ofAkodel Shal WGk EBle: BURALS n2lie?SHV L2 LS

one or nore

‘polymer to be processed into a carbon fiber bundle, a fiber
bundle having the number of filaments of from-3,000 to 20,000
or having a fineness of from 1,000 deniers to 24,000 deniers

-~

st which has less occurrences of fiber breakage a-.nd fuz:z and
excellent quality has been being used for production of a carbon
fiber bundle having a high strength and high modulus.

The precursor fiber bundle made of an acrylic polymer to be
processed into a carbon fiber bundle is processed into a carbon
fiber bundle which has Been being widely used as reinforcing
fibers' for members and implements in the fields of aerospace,
sports, etc. On the conventional carbon fiber bundle, it has
been mainly examined to enhance the strength and elastic modulus -
of carbon fibers. Specific examination items include the degree
of crystalline orientation and densifying property of the
precursor fibers, single filament breakage, fuzz, adhesion
between filamgnts, acceleration of stabilization of the
Precursor fibers, etc.

Recently, the utilization of carbon fibers is being expanded

at a rapid pace into general industrial fields of automobiles,



unsat urated nononers of group A and one or nore unsaturated nononers of
group B; .(b) said one or nore unsaturated nononers-of _group A s or are
one or nore unsaturated mononers selected froma g E@E}{HJACEMEE{P

43 conhsisting of vinyl acetate, nethyl acryla ety Sﬂﬁg%cryl ate
and styrene; (c) said one or nore unsaturated rmnarrars of _qgro ifs or
are; one or nore unsaturated nononers selected fromga ﬂ&' siistfi ng of
itaconic acid and acrylic acid; (d) the content AN wt% of the
acrylonitrile in the acrylic polyner satis&' es the following formulfa (1):
AN (W% [err]86 1) a t A
(W% of the unskd unanhbflesnche rgisys sed e qhrsbeftiie® grﬁ)maamﬂoﬁrcﬁhg aBonC
pol ymer and ‘the content B (w% of the unsaturated nononer(s) selected

Eg;;m group BeiBetfer8er YehbraPOlikBBELS2hY Shpi 182 EPLAOM Blef REGH! 3RnkFbnand

treatment is not required so much, and the problem in commodity
design is to produce carbon fibers high in cost performance
which can substitute the conventional materials such as glass

fibers, iron and aluminum in price.

4'. 0y
p e

The present invention using the acrylic poiynier has been
devgloped to overcome the conventional i:'ut_tit in this situation.
Conventionally, carbon fibers with a high tensile strength are
generally produced by stabilizing precursor fibers.with .a.high
capability of shrinkage stress at a high tensj:on.,.‘..,to -m.pr—odu.ce
oxidized fibers (stabilized fibers) with a .high degree of
crystalline orientation and a high tensile .strength.. as an
intermediate product. In such a high tension..process, . .the
occurrences of fuzz and breakage of fibers are.likely..to .lower

- t':he” grade and précessability, ‘and to prevent them, the
produci:ion conditions and equipment conditions are variously
designed. However, such approach usually raises the production
cost of carbon fibers. - +

On the contrary, according to the present invention,
styrene, methyl acrylate or methyl methacrylate as a

polymerizable unsaturated monomer is added to the acrylic



3 [err] A (W% [err] 10 .. (2 0.25A - 0.5 [err]
B (w% [err] 0.43A - 0.29 ... (3) 10. A Uy SE Fodeendl e to
be processed into ‘carbon fibers, according to any mﬁﬁw ‘rl‘ﬁg lfi}f'through

9, wherein the 1 5n er of
said filaments is 5 x 10 to 10 x 10 11. Al pr oct40dPN939r dduci ng a
precgursor fiber bundle to be processed into carbop fibers, conprijsiing

-~

formng a group conprising a plurality of sub-tows €ac [
separated each other fromnultifilanments spgn froma_spinnerette; draw ng
44 the sub-tows in this state; collecting the plurality of drawn sub-t ows

into a form gfe qg?, W Q%O}Q%{?ozfﬁanq;e' ngr 'Vé a6k 4 é’&.ta&;lesaél-% élaifiﬁgitg%w

sub-tows when use for pro g car bon ers ater |ng
into a container pr o S for roduci ng ecursor, fiber
bundl e to b§°§|t&8é’ss}éﬁs| ﬁf’ﬁ’hc:ﬂ bHﬁng’f’b@rss t‘g\c@BFHFﬁg t?‘&%clﬁl?% f1de,1RAge
the means for collecting in a formto aIIow division into said

portions of adjacent divided sub-tows are overlapped each other

with about 1 mm when they a}*e finally collected as a tow, if the
tow is non-crimped. This also applies to a crimped tow, and it

is preferable th;t the guide width ensures that the side edge

ki

portions of the adjacent sub-tows are engaged.with .each .other
by about 1 mm before they are crimped. If suchra-divided-state
cannot be ensured by the division in the coagulating. .step--only,
further dividing operation may be addefi in another-step, “to-make
the side edge porﬁions of the adjacent sub-tows -engage with each
other by about 1 mm, i)efore they are crimped. The eross -section
of the dividing bar is preferably formed to be -ellipsoidal or
rhombic, etc. and as small as possible in centact -area,  for
ensuring that the filaments constituting the. tow is less -rubbed
or damaged by" the bar. Eépecially 1n the case of a.bar having
an ellipsoidal cross section, it is preferable to place the bar
of which major axis and the running direction of tow make
substa-ntiallf right angle. Such a state is shown in Fig. 2
with a dividing bar 18. And Fig. 4 is a plan view showing
typically the state of overlapping. In Fig. 4, the portion of

the overlapping is shown with the mark OL.



plurality of sub‘tows is crinping. 1h- i1§:- A pﬁgﬁ&y}44m_pLQgggjng a

precursor fiber bundle to be processed into carbg ffLﬁ@EyH%ﬁts

claim12 or 13, wherein said fiber bundle coll ect

produci ng carbon fibers is a tow nade of an acryl
total fineness being in the range of from 300, 000

N The—foef

e
capabl e of being divided into a plurality of sub-fo e ed
c po?\gn@?y %%Wd

TERE
Lone t ow

0
hajvi ng a

0, 000

deriers, and a fineness of each of the sub- tomsiis in the range ¢f from

50, 000 deniers to 250,000 deniers.. 14. A proce
precursor fiber bundle to be processed int'o catir fibers,

ling a

according to

any one of ct@i NMgnald teiRBIBbUEHAIEN IS, 1009660 Ndek frs aldls ake¥-spuRQ! YRl
consists of acrylonitrile, one or nore wunsaturated nonomers of group A and

one Oor nore nsat.ur,at.e NonNer f rou B; . .
45 (b) sai dob¥EIGH &B&& FOUE Bk devR SR & O vhish, BRS & of 4

nore unsat urated nononers selected froma group

?rées%ngfor

100,000 deniers at the outlet of the coagulating bath. In this

process, an elliptical dividing bar 18 (see Fig. 2) having a

length of the major axis (IMA) of 1.5 cm was used in Example 1,

a length of the major axis of 1 cm was used in Example 2, and

a length of the major axis of 2.5 cm was used in Example 3.

They were drawn, washed with water, oiled, and-erimped -with-a

conventional stuffing box type crimper. In Comparative. Example

1, the fiber bundle was not divided in the coégulati-.-ng---step -and

divided only just before it was crimpéd.

Non—-crimped sub-tows obtained after washiné'-.-~wi-th sater in

Example 1 were treated with finish-oil to adjust their moisture

content of 2.5 %, 40 &% and 60 % respectively in- Examples 4, §

and 6.

A fiber bundle of 270,000 deniers was wet-spun and divided

into three sub-tows each of which has a fineness of 90,000

deniers at the outlet of the coagulating bath.

In this

proces's, as Example 7 an elliptical dividing bar 418 (see Fig.

2) having a length of the major axis of 1.5 cm was used. A

fiber bundle of 400,000 deniers was wet-spun and divided into

10 sub-tows each of which has a fineness of 40,000 deniers at



consisting of vinyi acetate, fethyl

acfyl ate, met hyl methacryl ate

and styrene; (c) said one or nore unsaturated nonomers of group Bis or

ar e

one or nore unsaturated nonorers selected fro _ F .
itaconic acid and acrylic acid; (d) the content Al s I\ETHSFE

hng of

BT

acrylonitrile in the acrylic polyner satisfies th ollowing formulp (1):

AN (W% [err] 86 ... (1) an (e14t¢i@'rq¢{?et A
ol

(W% of the unsaturated nononer(s) selected fro

oup Ain the facfylic

pol ymer and the content B (W% of the unsgturated nononmer(s)y—setedt ed
fromgroup Bin the acrylic polynmer satisfy the feldawing fornul aeJ(Z) and

(3):

0.25A - 0.5 [err] B (W% [err] 0.43A - Q.29 ... (3)

3 [ o] edaiubtdng ettid dlifridability, a crimped tow was. takéh by
15. A process

for Paoauc: 19, 800 REWRPalubila MU 1L0 £rBR BRACESSEHAL 112 GRLDPA LhDEE®:

according to claim14, whereln

ilamenfs are drawn a

being in the range of .from2 tines.to 84ime, and in _succession treated
iy nes and ok

to be

shr unRE?® iRePRe ip, -, tp be divided forcibly by
scissors, etc. was evaluated as YA"; a sample which could not
be divided due to fiber breakage or defective division,. "x"; and
a sample which could be simply manually divided over the entire
length, "Qw,

(ii) Degree of entanglement of a precurser ..-fiber -bundle,
measured accordirig to the hook drop testing met-:hod:

A precursor fiber bundle (tow) is hanged..on -a.-horizontal
setting bar with a fineness of 20,000 denie;sjcm---.a-nd fixed at
the upper end portio}l of the bundle on the bar with .an.adhesive
tape. On the lower end portion, _a weighing Ibar.-.of 20 g/10,000
deniers was fixed with an adhesive tape. A wire having a
diameter of 1 mm and its tip portion having a Jength .of 2 com
bent at right angle and fixed a weight of 100 g at its lower end
is prepared. The wire is hooked on the hanged bundle. witi'x. the
bent tip portion and let the wire fall in downward freely. A
falliﬂg distance X (in meter) of the wire is measgured. Such
falling distance X (in meter) is measured at 20 different

positions with substantially equal interval along the width of

the hung bundle. The mean value (Xm) of the 20 measuring



46 16. A 'process for produci-ng-carbon fibers, conprising the steps
of dividing the precursor fiber bundle toi bg processed into carbon fibers
stated in any one of clainms 1 through 10, int:o sub- ? yH-Rg—-t-ne
sub-tows ‘into a stabilizing process, to treat them mﬁf_@@zmm and
supplying them into a carbonizing process, to trea hem for —
car boni zati on. 17. A process for producing Sa’b0ﬂ4ﬁh?Fﬁﬁw cclor di ng
to claim16, wherein the stabilizing process is cafrfjed out 1n‘an .
oxi di zi ng at nosphere having a tenperature belhg in I he Tange—of—i&dorh 200
[err]C to 300 [err]C and the carboni zing process i ried out in jm

i nactive at nosphdivé Regreg aftmﬁ%@%&ﬁgaimmﬁgme 8H6d
{err]Cto 1,500 [err]C 18. A process for producing carbon fibers,
i n whi ch the aguoselingotof ther hbokddieop otdetitigeradRd:i nt o carbon fibers
stated inclaim9 is divided into a plurality of sub-tows and in which
the sub-tows areps i ] biLi zi praces eat e
stabilized, and ?ugﬁ%%ﬁd?irﬁ%ogﬁ gg}%o%%ziﬂrﬁl%pr ggegsﬁg%ggo{l{r:%gtggt?{og%gb axr
parboni zed, SAMPELSLRG Sl SRRRE' SANTRUETSE end B W bl i

an adhesive tape. On the lower end portion, a weighing bar of
200 g was fixed with an adhesive tape. A crochet needle with

a weight of 10 g was pierced through the carbon fiber bundle,

and the crochet needle falling distance X (in cm) was measured
50 times. Of the measured values, 10 largest values and 10
smallest values were excluded, gnd the mean value Xm (in cm) of
the remaining measured values was used; to obtain the dééree of
entanglement (CFC) (in 1/m = m-l) of the carbon fiber bundle
-according to the hook drop .testing method from the following
formula:

Degree of entanglement (CFC) = 100/Xm



h .g l

(a) the stabilizing treatnent tine is |n the range of fromds mipytes to

180 ni nut es, gg Pl ;NHWﬂTSHEER

ratio Is in the range of fromO0.9 to not Iarger d by
D=1+ (Dmax - 1) x 0.6 where Dmax is the maxi dramnqgr g} and (c)
tension T satisfies 30 [err] T (ng/d) [err] 120. pr ess for
produci ng carbon fibers, according to claim18, rein the. st zi ng

process is-carried out in an oxidizing atnospher¢ having a tenperafure
being in the range of from200 [err]Cto 330 [er. zing
process is ¢ a ctiy spher havi ng _a }enperatur

being in theééé%ﬁggﬂg% f?gn15 errf%g?ag% 506“1 C:gc 12 e hyl
carbon fiber bundle having a total fineness of not |ess than 25,000

deni ers, subBeEBAgEYIRLeFncsSVTreRRd a degree of entangl enent being in the
range of from10 nferr] to 100 nferr] according to the hook drop testing
nmet hod. (c) said one or more unsaturated monomers of group B is or are -

one or more unsaturated monomers selected from a group
consisting of itaconic acid and acrylic acid;
(d) the content AN (wt%) of the acrylonitrile in the acrylic

polymer satisfies the following formula (1): '

" AN (wt%) ;_8'6 ee. (1)
and
(e)_ the content A (wt%) of the unsaturated monomer(s) selected
from group A in the acrylic -polymer and the content B (wt$%) of
the unsaturated monomer(s) selected from group B in the acrylic
polymer satisfy the following formulae (2). and (3):

3 = A (wt%) =10 ee. (2)

0.25A - 0.5 = B (wt%) = 0.43A - 0.29 .... (3)

10. A precursor fiber bundle to be processed into carbon
fibers, according to any one of claims 1 through 9, wherein the
number of said filaments is 5 x 164 to 10 x 105. |

11; A process for producing a precursor, filzer bundle to
be processed into carbon fibers, compriéing forming a group
comprising a plurality of sub-tows each of which is separated

each other from multifilaments spun from a spinnerette; drawing



21. A carbon fiber bundl e, accord| ng to claim?20, wherein_the tensile
strength.is in the range of from2.:0 GPa to 5. Ojggen savantnk i C

modulus is in theé range of from200 GPa to 300 1GFA: el

14 0CT 1999

45

(b) said one or more unsaturated monomers of group A is or are
one or more unsaturated monomers selected frbm a- group
consisting of vinyl acetate, methyl acrylate, methyl
methacrylate and styrene;

{c) said one or more _unsaturated monomers of group B is or ére
one or more unsaturated monomers selected from a group

2 consisting qf itaconic acid and acrylic é.cid;

{d) the qontent AN (wt%) of the acrylonitrile in the acrylic
polymer satisfies the following formula (1):

AN (wt%) 2 86 cee (1)
and |
(e) the content A (wt%) of the unsaturated monomer(s) selected
from group A in the acrylic polymer and the content B (wt%) of
the unsaturated monomer(s) selected from group B in the acrylic
polymer satisfy the following formulae (2) and (3):

'3 = A (wt%) =10 ce. (2)

0.25A - 0.5 < B (wt®) = 0.43A --0.29 ... (3)

15. A process for producing a precursor fiber bundle to

be processed into carbon fibers, a;ccording to _cl_aim; 14, wherein
the spun filaments are drawn at a rai:io being in the range of

from 2 times to 8 times, and in succession treated to be

shrunkén in the range of from § % to 18 %.



