Chopped Carbon Fibers and a Production Process Ther eof

BACKGROUND OF THE INVENTION Field of the Invention The present

i nvention relates to chopped carbon fibers suitable for produqh%% ar bon
fiber reinforced resin with a thernoplastic resin as the matri'x, an | so
to a production. process thereof. Particularly, it relates to choppfflogq-5
carbon fibers produced from carbon fibérs | arge in the nunber of
filaments and large in total fineness (so-called large tow), and to a
production process thereof.. |n nore detail, it relates_to chopped .carbon
fibers excel | ent iTRIPRRY CAgPLORRIREFSRRA & EFONCELORRT TSP g‘&’@rﬁtﬁ’ dl e
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requi rements for carbon fibers becone ' _

process thereof. Particularly, it relates to chopped carbon
fibers produced from_carbon'fibers large in the number of
filaments and large in total fineness (so—called lérge tow),
and to a productibn process thereof: In more detail, it
felates to chopped carbon fibers excellent in handling
convenience such as flowability and bundle integrity as a
reinforcing material of short fiber reinforced resin moldings,
and a production process thereof.
Description of 1 Ar

Since.carbon fiber'réinforced resins are far more
excellent- in streﬁgth{ stiffness and dimensional stability
compared to non-reinforced resiné, they are widely used iﬁ
various areas such as office machine industry and automobile
industry. The demand for carbon fibers has been growing year
after year, and is shifting from premium applications for
aircraft, sporting goods, etc. to general industrial
applications concerned with architecturé, civil engineering
and energy. So, the requirements for carbon fibers become

severe, and cost reduction is a major issue as important as



severe, and cost reduction is a nmmjor issue as inportant as

.2 higher performance. To nmeet such requirenents, in recent years, carbon
fibers (bundle) large in the number of filanents and large in total
-fineness are being supplied to allow cost reduction. Vari ous net hods
are used for producing carbon fiber .reinforced resins, and anong them -the
nost popul arly adopted nethod is to nelz-knead about 3 to 10 mm | ong
chopped carbon fibers together with resin pellets or resin powder by an .

extruder Tor pohLetididnnCanl| £9 dber CAIBIOUILIRoRERESS Sy redpe hen (o

i nj ection-no ets 1nto a product. The " chopped carbon fibers used

In such a prg&sfé, L H D6 Fiblrs DUpEh &L PV gl 1hNEha kb0 L Filbarhtand
stabl e supply, and .the chopped carbon fibers bundl ed by .a sizing agehnt are -
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feeder, etc. -‘An especially inportant property in this case is

flowability, raggctidess this property is satisfied, the carbon fibers are
bl ocked in a feeder hopper in an extrene case, not " al l owi ng processing. :
| n areas wher € porgddicusametheds| &rk uded fdmpmodubing t¢erbdn didleirl ity of a
powder in a hopper has correlation with various property val ues such as
the coeffici painfdrdad oieisins, and among them, the most popularly adopted
|  method_is to melt-knead about 3 -to 10 mm long chopped carboﬂ '

fibers together with resin pellets or resin powder by an

extruder  for pelletizatioh (called the cémpounding process),

and then to injection—moid the pellets into a product. The

chopped carbon fibers used in such a process are usually

bundled by a sizing agent for constant and stable supply, énd

-the chopped carbon fibers bundled by a sizing agent are

automatically continuously metered and supplied to an extruder

by a screw feeder, etc.

An esﬁecially important property in this case is

flowability, and unless this property is satisfied, the carbon

fibers are blocked in a feeder hopper in an extreme case, not

allowing processing.

In areas where powders are handled, it is known that the

flowability of a powder in a hopper has correlation with

various property values such as the coefficient of friction,

the angle of repose, bulk density and form factor. For

example, it is known that at a lower coefficient of friction,

at a smaller angle of repose and at a higher bulk density, the



theé angle of repose, bulk density and formfactor. For exanple, it is
-known that at a |lower coefficient of friction, at a smaller angle of

repose and at a higher bulk density, t-he '

3 flowability is higher. However, in the case of chopped fibers, the form
factor of the chopped fibers greatly affgects .these property values than in

t he case of @h%%\ﬁqﬁri YSQS ﬂgéheie-xa%h&ve&be-iﬂngﬁg HAsd ?,gge)'gﬁogﬁganes

various, dep ng o neasuri ng conditions, since an al conical form
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t hough property v €s can be judged to sone extent, the final evaluation

is effected OynaRf,i tEBt hbRGLe lES iepbEe BetbResciapioruidepenting ondustrial-
producti on. ~Eor inproving the flowability and bundle integrity of

chopped car hsaurieis conai t Doiss ! aniliiveq aas ideal peapused form ¢apaotskee Pat ent
Lai d- Open (Kokai) Nos. 5-261729 and.5-261730, etc..i n reference to

publ i cly knofermpealddeihgndt factdd dnitiieesizands t Buhriapeesntothgl pbing ber s
very simlar to chopped carbon fibers. Chopped carbon fibers are very

| arge in t hecatidigrionsn (droprheighityr ainopping véleciamd@tcand ard $HreRd | i ke
rods or flakes, and carbon fibers are provided as a fiber bundl e large in
the nunber oflda Itheemeesuned |elpe iis edfectedneyicdhe gvankdtygPhsthei pers

processed after doubling fiber bundles . .
sample. After all, though property values can be judged to

sonme extent, the f?nal evaluation is effected by confirmation
tests using the actual equipment in industrial production.

For improving the flqwability'and bundle integrity of
chopped carbon'fibers, various techniques are proposed in
Japanese Patent Laid-Open (Kokai) Nos. 5-261729 and 5-261730,
etc, in reference to publicly known powder handling techniques
and techniéues for glaés fibers very similar to chopped carbon
fibers. Chopped carbon fibers are very large in the diménsion
than the grain size of a powder and are formed like rods or
flakes, and carbon fibers are provided as a fiber bundle large
in the number of filaments and large in total fineness unlike
glass fibers processed after doubling fiber bundles
respectively small in the number of filaments. So, the
chopped carbon fibers are generally lower in flowability than
chopped glass fibers. To replace chopped glass fibers in view

of performance itself and cost performance, carbon fibers are



reépectively small in the nunber of filanents. So, the chopped carbon
:-fibers are generally lower in flowability than chopped glass fibers. To
repl ace chopped glass fibers in view of performance itself and cost

performance, carbon fibers are 4
required to have equi val ent processability in the existing equi pnent to
that of glass fibers without |owering #4productivity. Conventi ona

chopped carbon fibers have been produced from about 1,000 to 30, 000

continuous freairealiSto HOARY &iquikval e6@Shroésdl 10t yofinC 8hBOBX sPELS 1N
recent years, a carbon fiber bundle larger in the nunber of filanents and

| arger in tegaipméhbebesshdthat kektesefibeps QaitdRMt ddteringecones necessary
to produce chopped fibers fromsuch carbon fibers. To produce a
carbon fi beprbdndtiéviyger in the nunber of filaments and larger in total
fineness, it is generally handled in a flat formfor smoothly renoving the
reacti on heat -ofowwéndsitanad. choppedAcadbdrort ifieyer hasradbeeh apsdided From
nunber of filaments and large in total fineness is higher in flatness than
the conventbenhl1lc@@bdie 30E00bgaut tnucusl filamgaitsi.onHowévehe far mostf t he
carbon fiber bundle is flat, the sizing agent is likely to perneate the
bundl e deepTRAlFHEOn R qarbeor fihsshsinyegentyyeesss 8i aerbenthHikedr

conventionaL process adopted for a . '
undle larger in the number of filaments and larger in total

fineness than before is produced, and it becomes necessary to
produce chopped fibers from such carbon fibers.

To produce a carbon fiber bundle larger in the number of
filaments- and larger in total fineness, it is generally
handled in a flat form for smoothly removing the reaction heat
of oxidation. |

v A carbon fiber bundle large in the number of filaments and
large in total fineﬁeSs is higher in flatness than the
convéntionél carbon fiber bundle, and in addition, if the form
of the carbon fiber bundle is flat, the sizing agent is likely
to permeate_the bundle deep inside. For these reasons, if a
process similar to the conventional process adopted for a
carbon fiber bundle consisting of 1,000 to 30,000 filaments is
adopted for producing chopped carbon fibers, the flatness
adopted in the production becomes higher.

On the other hand, if the form of the carbon fiber bundle
is fiat, the chopped carbon fibers have low flowability and

bundle integrity disadvantageously.



carbon fiber bundle consisting of 1,000 to 30,000 filaments is adopted for
:produci ng chopped carbon fibers, the flatness adopted in the production
becones higher. On the other hand, if the formof the carbon fiber
bundle ‘is flat, the chopped carbon fibers have low flowability and bundle
I ntegrity di sadvant ageously. . 5 | f
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bundl e becomes hi'gher, causing the sizing agent |eés ely to perneate

the fiber bundls [eer ks Efber MANRA & BRcBHBS! Bi§Hd LI iRGCOHBSsizing

irregular. Furthernore, the shear force-acting i.n the conpdundi ng process

is likely toagdift 9@skanfiReds £ pgutaRaithe thebeiSer Mithdliddeepalihsiass |ikely
to be formed for lowering flowability. Thus, in the transfer fromthe

hopper . of t e RBeNBUAGL & DEESHrilty dRceMbs Ullefeguidich Fuethkesons,

bl ocking are likely to occur. As a general conventional nethod for
obt ai ni ng chippethearartbooe fadieimy izl ther sbmpombding iprexcesebisdl tke by eto
imersed in a sizing agent, and bundled i.n a drying step, and subsequentl.y
t he carbon fbdexos largechsppecdgen dheutftibersn amd Tideri badd soare dl kel i nuos
line. On the other hand, as a general nmethod for chopping glass fibers, a
si zi ng agentta deafpirined for Meversimen fdbwebilitier s, Thusnd iphshg| txandferers
are cut in a wet state, then being dried. |If this nethod for chopping

gl ass fiber £Lxom &bephenpek h ddre compounding process to an extruder, -

such troubles as blocking are likely to occur.

As a general coﬁvenfional méthod for obtaining chbpped
carbon fibers, at first carbon fibers (bundle) are immersed in
a sizing agent, and bundled in a drying step, and subsequently
the carbon fibers are chopped by a cuttér in the continuos or
discontinuos line.

On the other hand, as a general method for chopping glass
fibers, a éizing agent is applied to melt—spuﬁ glass fibers,
and the glass fibers are cut in a wet state, then being dried.
If this method for chopping glass fibers is adopted, chopped
fibers with higher bundle integrity can be easily obtained
with a smaller amount of a sizing agent deposited, and this
method ié adopted for carbon fibers in Japanese Patent Laid-
Open (Kokai) Nos. 5-261729 and 5-261730. However, the carbon
fiber bundle to be chopped by these techqiques coﬁsists of
about 12,000 filaments, and these techniques are not intended

to process a carbon fiber bundle larger in the number of



fibers with higher bundle integrity can be easily obtained with a smaller
.ampunt of a sizing agent deposited, and this nethod is adopted for carbon
fibers in Japanese Patent Laid- Open (Kokai) Nos. 5-261729 and 5-261730.
However, the carbon fiber bundle to be chopped by these techni ques
consists of about 12,000 fil anents, 8 t hese technlques are not. i ntended

.carb fib bundl| e | —-
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conposite. I'n more detail, the preseént |nvent|on I's intended to sol ve

such problens as the necessity ; Mctive carbon fiber
bundl e larger in the nunber of filaments and ..larger in total fineness as a

raw material, anthéhsretagld navehtibhorebates toartiobyad| Catlhsre oikarsof
chopped carbon ‘fibers ~.caused by the high flatness involved in the use of

the cost- ektelléne wairion ihi feowhbbiiey and bun@ie integtbty, susmﬂ dgor
variously to solve the above
a carbon fiber relnforced composite.

;n more detail, the present invention is intended to solve
such problems as the necessity of uéing the cost—effegtive )
carbon fiber bundle larger in the number of filaments and
larger in total fineness as a raw material, and the decline of
flowability and bundle integrity of.chopped carbon fibers
caused by the high flatness involved in the use of the cost-
effective ca;bon fiber bundle. -

The iﬂventors studied vafiouély to solve the above
problem;,.and as a result, completed the present invention. .

The chopped carbon fibers of the present invention
comprise a set of chopped carbon fibers impregnated with a
sizing agent, the short fiber bundle pieces constituting the
set, having an average weight per unit length of 1.7 to 4
mg/mm in the fiber length direction and a coefficient of
variation of 30 to 60% in the distribution of weights per unit
length in the fiber length direction.

A preferable process for producing the chopped carbon



probl ens,.and as a result, conpleted the present invention. The
:chopped carbon fibers of the present invention conprise a set of chopped
carbon fibers inmpregnated with a sizing agent, the short fiber bundle

pi eces constituting the set, having an average wei ght per unit |ength of
1.7 to 4 nmg/mmin the fiber Iength diréction and a coefficient of
variation of_.30 to 60%in the i stribution of weights per unit_‘length in
the fiber ‘I JﬁgFﬁsd??eE%?cﬁFesen lﬂvﬁPEf%?afﬁwpﬁﬁﬁﬁﬁﬂﬁ?eféFeBFOQGC|ng the
chopped car
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Figs. 1 are graphs shoﬁing the results of property
evaluation in Example 2. .

Fig. 2 are graphs showing the results of property
evaluation in Example 3.

Fié. 3 are gfaphs showing the results of property
evaluation in Comparative Example 1.

. DETAILE ”DE P HE TNVENTION

In the présent invention, general purpose carbon fibers
with a strength of 2,000 to 7,000 MPa and an elastic modulus
of 150 to 500 GPa are usually used, but the present invention
is not limited thereto or thereby.

The carbon fiber bundle used ip the process for producing
chopped carbon fibers of the present invention can be a multi-
filament carbon fiber bundle consisting of 20,000 to 150,000
filaments with a single filament fineness of 0.3 to 2.0

deniers, preferably 0.6 to 1.0 denier. The carbon fibers



DETAI LED DESCRI PTI ON OF THE | NVENTI ON In the present invention,
.general purpose carbon fibers wth a strength of 2,000 to. 7,000 MPa and an
el astic nodulus of 150 to 500 GPa are usual ly used, but the present .
invention is not limted thereto or thereby. The carbon fiber bundle
used in the process for producing chopped carbon fibers of the present

vention cg beedegillice dLYATERLCAL RO HOBEUNIS, Ol 1190l

20,000 to 1 anents Wwth a sing anment fineness

deni ers, prefer EP' %‘[1%?'?]]&1(8 d&r%c@?%: gf:ongec&aﬂé}p']E_Ii.fﬁielfebi?Oducﬁ%n - c a-n be

8 having twist o turns an be use e carbon ers
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process of the present 1 nvention~ or roma wound carbon fiber bundle.

Therefore, WaghP8I wOind¥arddie fa8EROBuALDE! S Bl dforls tMbEhes svmdie
deci ded appropriately as required. When the carbon fibers are to be

tw sted, theneobhibosafibd¥es eehabl bal tyistddtiam by decbgegover, to
forcibly twist the carbon fibers, or t.he carbon fibers can also be
aut omat i cal lappropt saesll pyagsinfee@lired.t hem from t he bobbin in the

| ongi tudinal direction. In the twi sting caused by unreeling, the carbon
fibers can be puWhen theomaxbosi débehe dobhio ker thistednsthie babikrbaiai n.
Furt hernore, depending on the process, a carbon fiber bundle inpregnated
with 0.1 tobg. Beghdpibfaldpmiovatpd by using ‘power, to forcibly twist the
.carbon fibe?s, or the carbon fibers can also be automatically
twisted by unreeling them from the bobbin in the longitudinal
direction. 1In the twisting caused by unreeling, the carbon
fibers can be pulled from outside the bobbin or from inside
the bobbin. Furthermore, depending on the process, a carbon
fiber bundle impregnated with 0.1 to 2.0 wt% of a primary
sizing agent and dried for improvement of handling convenience
can also bé used as a raw material of chopped carbon fibers.

The sizing agent used in the present invention can be
either a thermosetting resin or a thermoplastic resin as far
as the carbon fibers can be bundled.

The sizing agent which can be used here is, for example,
one or more as a blend of urethane resins, epoxy resins,
urethane modified epoxy resins, epoxy modified urethane
resins, polyester resins, phenol resins, polyamide resins,

polycarbonate resins, polyimide resins, polyether imide

resins, bismaleimide resins, polysulfone resins, polyether



siiing agent and dried for inprovenent of handling convenience can also be

sused as a.raw material of chopped carbon fibers. The si zing agent
used in the present invention can be éither a thernosetting resin or a
thernmoplastic resin as far as the carbon fibers can be bundled. The
si zi ng agent which can be used here is,9for exanple, one or nore as a

bl end of ur | NS,
epoxy nodi f%‘eJI %ﬁﬁgt ﬁ%‘#ﬁs' g)%q?(’,lh gl 52‘5’ h&f f%%?’n gg{”] s ns %%n%am de
resins, polrué%aﬁboae&epcf 11ROL YL de rﬁy ol tﬁ@ls¥e£@§:[né i 1615 dLBNS
blsnale|n1de resins ysul fone resins, polyeth

9 sulfone resl Bgued@s Y¥i rs%ﬁoael agBebils é&llwt\ibayl PNE T distane  resin,

and polyacrylic resins. Any of these resins is used as - an aqueous _
di spersi on Qispaysocls ¢ldtfiedts FBEuLIME N alisBPebAtoin Gd SHIAD Ehowdtut | On
can also contain a small anmount of a solvent. Anong t hesé resins, an,

ur et hane resifnawsdbvérc el astic nodulus in tension of 1 to 30 MPa as
measured in the formof a filmis especially preferable. An urethane resin
I s excellent i nAmdey ddpesel rebynsp amndtethemebapsinbeith amdeliastilee el astic
modulus as a filmis controlled, the bundle integrity becomes nore
pref er abl e. mpfulhe i dwrisiomodd| Ustas3@ MBd msi mebsysed timrthie Wean ifea
effect of inproving the bundl e integrity is small, and if nmore than 30
MPa, the regphm|gsfquﬁqughiydpreferable. An urethane resin is excellent
in the capability to bundle carbon fibers, and if the elastic
modulus as a film is controlled, the bundle integrity becomes
more preferable. If the elastic modulus as a film is less
than 1 MPa, the effect of improving the bundle integrity is
small, and if more than 30 MPa, the resin is fragile and
likely cause opening when stirred for the transfer from the
hopper of the compounding process to an extruder, hence
troubles.
The above elastic modulus in tension as a film is obtained
by thinly casting an aqueous urethane sizing agent solution on
a sheet, drying at room temperature for 24 hours, at 80°C for 6
hours and furthermore at 120°C for 20 minutes, to form an about
0.4 mm thick, 10 mm wide and 100 mm long film, pulling it at a
speed of 200 mm/min for tension test, and measuring the stress
at an elongation of 100% in MPa.

Furthermore, in the present invention, it is preferable’

that the sizing agent is an epoxy resin. An epoxy resin is a



| i kel y cause opening when stirred for the transfer fromthe hopper of the
_compoundi ng process to an extruder, hence troubles. The above
elastic nodulus in tension as-a filmis obtained by thinly casting an
aqueous urethane sizing agent solution on a sheet, drying at room
tenperature for 24 hours, at 80[err]C f®0 6 hours and furthernore at

120[err] C fq jl.%.?ﬁgmg[?:é}lfsexégl{éﬂﬂni%n 23RN} vefleds n;m% I{H natEDxTELYA flCarind

100 nm | ong ing It at a spee mn for tension test,

and neasuri gedihgc3lilkeaficedl Bk Us@NBF bANePbxP KGN dBRe is =~ -
Furthernore, 1n the present invention, it is preferable that the sizing

agent s an ©RMErael, NbufNtikd ek oFShA bfofy resin together with an
10 sizing agent excellent in adhesiveness to the matrix resin . and heat
resistance. Jhgnise @bsaf £pdsd priefegbhbbe s$bnceritiebainddie hntedghrtyse of

an epoxy resin together with an urethane resin is also preferable since
t he bundl e gl adyd ichoppédt terldrfibersachnnbéi farthexarimpeofradt her i nproved.
In the present invention, it is also preferable that the sizing agent is
an acrylic resinInAthacpyésent dsivenitionpr it eiaflecapreferabhg thphtths nce
it is good in adhesiveness to the matrix resin and excellent in heat
resi stance |$iedngnagepbxysramigeryttic yesini Hn RGEMLIC FESLR dFone is
preferable, and the acrylic resin can also be used with an urethane resin
or epoxy rediyeferable as a sizing agent since it is good in adhesiveness

to the matrix resin and excellent in heat resistance like an

epoxy resin. The use of an acrylic resin alone is preferable,

and the acrylic resin can also be used with an urethane resin

Or epoxy resin,

Moreover, to further improve the bundle integrity of short
carbon fibers, it is also effective to add a reactive sizing
agent such as a silane coupling agent by 0.05 to 3 wt%.-

In the present invention, the urethane resin can be
obtained by addition polymerization of a diisocyanate and a
polyol with hydrogen atoms capable of reacting with isocyanate
groups.

The diisocyanates which can be used here include, for
example, aromatic diisocyanates such as tolylene diisocyanate,
naphthalene diisocyanate, phenylene diisocyanate,
diphenylmethane diisocyanate and xylylene diisocyanate, and

aliphatic diisocyanates such as 1,1, 6-hexamethylene

diisocyanate and hexane diisocyanate.



Moreover, to further inprove the bundle integrity of short carbon fibers,
:it is also effective to add a reactive sizing agent such as.a silane
coupling agent by 0.05 to 3 W% In the present invention, the.

uret hane resin can be obtained by addition polynerization of a
diisocyanate and a polyol with hydrogeﬁlatons capable of reacting with

| socyanate. grougs for the KW, SQCHBQEG&M%BT% 9 sUsfiflchessn gl ude,

for exanple, aronmatic d||socyanates such as tolyl ene ||socyanate

napht hal ene yldds Beyanaheludd Pullyaitded péﬁewﬁga&ﬁ;h HidresRi! gebhpseat

di i socyanate and xylyl ene diisocyanate, and aliphatic dllsocyanates such

as 1, 1, 6- hexaeelehyseoBta théd Ay Jaali€ i8Adpbewaee £t iC YENBhE: or more of
As for the polyol, a first -group of polyols which can be wused here include

pol yet her p@lly@ll&nw bhidysirsucH agr etthglehe dkide sl deitabhgdrdFubslslitd on

pol yneri zation of one or nore of al kyl ene oxi des such as ethyl ene oxide
and tetrahyer golyagdtic alquilodhstichc aal ebhplesaicdlywolgt pybppkeng ycol ,

propyl ene glycol, butylene glycol, glycerol, hexanediol,

trinethyl ol glygede butptenaarlycodt glycerddi erxandddeladdi tion

pol ymeri zation products of a pol yhydric phenol such as resorcinol or

bi sphenol , &mipeshelolprrransiion panpretythsltdl a aliulgbasesideradddticn acid

such as succinic acid, adipic acid,
polymerization products of a polyhydric ‘phenol such as

resorcinol or bisphenol, alkylene oxide addition products of a
pol&basic.carboxylic acid such as succinic acid, adipic acid,
fumaric acid, maleic acid, glutaric acid, azelaic acid,
phth%}ic acid, terephthalic acid, dimer acid or pyromellitic
acid.

A second group of polyols which can be used here include
pquester polyols such as condensation products of a
po;yhydric-alcohol and a polybasic carboxylic acid,
condensation products of a hydroxycarboxylic acid and a
polyhydric alcohol, etc., and the polyhydric alcohol and
polybasic carboxylic acid can be selected from those stated
above.

A third group of polyols which can be used here include
polyester ether polyols such as polyester polyethers with
hydroxyl groups at the ends obtained by condensing by a
polybasic carboxylic acid, a polyether obtained by addition-

polymerizing an alkylene oxide to any of said polyesters, and



fumaric acid, maleic acid, glutaric acid, azelaic acid, phthalic acid,
:terephthalie acid, dinmer acid or.pyronellitic acid. - A second group
of polyols which can be used here include polyester polyols such as.
condensati on products of .a polyhydric al cohol and a pol ybasi c carboxylic
acid, condensation products of a hydrodgcarboxylic acid and a polyhydric
al cohol , et rolyaratbbhetpolydyithre rdsinlzoontdinngd Wil caabbaXyki ¢ acid
can be selected fromthose stated above. A-third group of polyols
whi ch can bepaiged Witk anpdlylmarhpoiatesskeletberipdthom®lecoheasspshid@st er
pol yethers with - hydroxyl groups at the ends obtai ned by condensing by a
pol ybasi ¢ cadawl compenenta efid.yet her obtai ned by addition- " pol ynerizing
an al kyl ene oxide. to any of said polyesters, and

12 pol ycar bonat'eTheeeha¥e resings W@é#éabﬂhnlge augrd yhexebpreferapby yiiclideh a
pol ycarbonate skeleton in the nol ecule as said polyol conponent, etc.

--The epoxy SPO¥¥nEeRANE oRkHingd widh peranppefer Aiepolacelide a2pbhg resins
obtained with an am ne or phenol, etc. as the precursor. " Epoxy
resins wthPEFEAPRE-as the precursor include tetraglycidyl

O e e e ST B BLIB o snciuce
tetraglycidyl diaminediphenylmethane,'triglfcidyl-p—
aminopheﬁol, triglycidfl—mraminophenol aﬁd triglycidyl
aminocresol.

Epoxy resins with a phénol as the precursor include
bisphenol A type epoxy resin, bisphenol F type epoxy resin,
bisphenol S type epoxy resin, phenol novolak type epoxy resin,
cresol novolak type epoxy resin and resorcinol.type epoxy
resin.

Since.most of epoxy resins are insoluble in water, they
are used as aqueous dispersions. In this case, if a high
molecular epoxy resin is used together with a low molecular
epoxy resin, the dispersion stability improves. Furthermore,
they preferably improve the flexibility of the fibers
impregnated with a sizing agent, to improve process
passability. Concretely a mixture consisting of a liquid
epoxy compound with a molecular weight of 300 to 500 and a
solid epoxy compound with a molecular weight of 800 to 2000 at

a ratio by weight of 50 : 50 ~ 5 : 95 is preferable. If the



am nocr esol . Epoxy resins wth a phenol as the precursor include
:bi sphenol A.type epoxy resin, bisphenol F type epoxy resin, bisphenol S
type epoxy resin, phenol novol ak type epoxy resin, cresol novol ak type
epoxy resin and resorC|noI type epoxy resin. . Si nce nost of epoxy
resins are insoluble in water, they arld used as aqueous dispersions. In

t hi : I h al -
ol Seuras Lnult U oS540 SIRKY LRI LRl BORIT Y = |
t hey prefera@ﬁﬁgdfg%@oggdtﬂgaélfgg{gga&aﬁ;q Shgefibers |npregnated with a

S|Z|ng agent, to 1 nprove process passa ity. Concretely a mixture
consisting of a |ﬂh@“b@ryfpexfe§ﬁi@%ﬁ%hwchﬂ Be"RLEE WeHe %b@ﬁhe%hgggo ot

500 and a solid epoxy conpound wth a nol ecul.ar weight of 800 to

a ratio by weiigtlly ¢omp8sed50f (&4 rdciyricdacia 963}1%@1)3'& Os{llaftet B8lymer

13 amount of the liquid epoxy conpound i$s too |arge, integrity and

heat resi st ancamethrlcryate polymdls agidy theseeshtsindd 053/ eRailEeiHgechbg) e
include those mainly conposed of an acrylic acid polyner, acrylate polyner

or net hacrylaite grel noer 1imbted hos echednd.ai geflchbytabyiFninad Hhelws, Batsare not
limted to them Concretely Primal HA-16, HA-8, E-356, etc. produced. by
Ni ppon AcrylE4&bfak etha prodbeedised Nippon APrel ckajdleishet kadsbéounsedpl yi ng a
si zing agent in the
Preferable methods for applying a sizing agent in the
present invention include dipping a running carbon fiber
bundle in a sizing agent solution, 5ringing a sizing agent
solution deposited on the surface of a roller into contact
with a running carbon fiber bundle (kiss roll method), and
feeding.a sizing agent solution from holes or slits of a guide
in contact with a running carbon fiber bundle (guide oiling
method). Especially the guide oiling method is preferable to-
control thé solution content and to control the form of the
fiber bundle. If a sizing agent is discharged by a required
amount from the holes or slits formed in a guide, the intended
solution content can be easily achieved, and the width of the
fibers can be stably controlled by the width of the guide. 1In
this case, the number of Qﬁides can be one or more, and the
sizihg agent can be applied to one or both sides of a flat
carbon fiber bundle. After applying the sizing agent, the

fiber bundle can be rubbed by rollers while running, for

easier permeation of the sizing agent solution deposited on



present invention include dipping a running carbon fiber bundle in a

:Si zing agent. solution, bringing a sizing agent solution deposited on the
surface of a roller into contact. with a running carbon fiber bundle (kiss
roll nethod), and feeding a.sizing agent solution fromholes or slits of a
guide in contact with a running carbonggi ber bundl e (QU|de oi ling :

ol Uei b conthl Mheddl dlk2agiie Mhdiba bRaRIS DLEPLE, Kbelablgl |

sol ution content an I beTr bun si zing

agent is di seha¢ gagk tb&b@ﬂ BEHEI £0; s AUl 2Bt D6 ?@é SR Vzg &% 59§g9d in

a guide, the intended- solution content can be easi

wi dth of theaphipBic thah skeiflabhen € YYEibad QYné@eth. CHéhfé tELBﬁ agég

this case, the nunber of guides can be one or nore, sl zing a

can be appliftside dhe FibketbusdlesiH ikellato sermmévé&r bundl e. After
applying the sizing agent,:the fiber bundle can be rubbed by rollers while

running, for eadi preferabdéi sl wtidmeohitahBlcagErsl sRithodoRsdepogid egd on
14 the surface deep inside the fiber bundle. It is preferable -that the
fi ber bundl endzzlecthmilesd fnrtHis sesthiodls ¢henoaebad tRibersappppedagihhg si zi ng
agent solution, since the perneation deep Inside the fiber bundle is
likely to besigimigeegent solut iopragfee palsiseds bhunougin a owtzzie hobérwithed hod

is to use a nozzle.hole. In this method, the carbon fibers dipped in a
S|2|ng agernp¥ﬁQQHﬁF8AnaﬁedﬁﬁmsﬁﬁrdIﬂoodgnldenthIspluﬁh9nwcphtant- In

this case, itgis preferable that the nozzle hole diameter is
such that the value obtained by dividing the sectional area
(cm?) of the carbon fiber bundle calculated ffom the yield(g/m)
and the specific weight of the carbon fibers, by the area (cm?)
of the nozzle hole. is 0.4 to 0.7. According to this method,
the sizing agent solution deposited too much can be squeezed
ogt and can pérmeate the fiber bundle deep inside uniformly.

Other.solution content control methods include squeezing a
sizing agent solution. deposited carbon fiber bundle by nip
rollers, and blowing away the sizing agent solution once
deposited on the fiber bundle too much by the compressed air
ejected from a nozzle hole. )

The control of the tension and form, especially the
control of the width of the fiber bundle after impregnation
with a sizing agent solution till cutting is important since
the control affects the flowability and bundle integrity of

the chopped carbon fibers. So, various guides, grooved



predeterm ned dianeter, to decide the solution content. In this case, it
:is preferable that the nozzle hole dianeter is such that the val ue

obtai ned by dividing the sectional area (cnferr]) of the carbon fiber
bundl e cal culated fromthe yield(g/m and the specific weight of the
carbon fibers, by the area (cnferr]) d5the nozzle holeis 0.4 to 0.7.
Accordi ng t ordlliersIetelted, arkh@ridrddtd tR0Qhie0L UEhONi iR pdck@Rgmuch can
be squeezed out and can perneate the fiber bundl e deep i'nside unlgorn1y.

Q her sol ut idensitit dnt aceahge! o e Juos tonebydeo spureZ ibiFore sutthggagent

sol ution deposited carbon fiber bundle by nip rollers, and bl owi ng away

t he sizing dfentpakinti dansite refyesiticethenvabee folberinadnlyediodditgh by

the conpressed air ejected froma "nozz_l e hol e. The control of the.
tensi on and Yl rhotedpédnaheyst (B afdriheolfibértbendialtdy dhet Wédthbef thwdl e
after inpregnation wth a sizing agent solution til/l cutting is inportant

since the dolerobunfifiectthe heridtdwdn theydinechbionl rerpendgcilgroto thee
chopped carbon fibers. So, various guides, grooved

15 rol l ers, Tker axdésalmBhhed to achieve the intended packing density in a
range of 5,000 tg 20,000 D)mm before cutting. The packing density refers
to the val ue obt&PnERepBressntyiinyentieny ofhe Packing densjtyi of Hehe i ber

Ll B aBhrb 0 Lo LRl LA 12 VOBLAE e
- of S,OOO\to 20,000 D/mm when a sizing agent is applied. 1If
the packing density of carbon fibers is lower than 5,000 D/mm,
it is difficult to keep the bundle'integrity high even if the
solution content is controlled, since the bundle integrity is
dominated by the low packing density. If the.packing density
is higher than 20,000 D/mﬁr it takes time for the applied
sizing agent solution to sufficiently permeate the fiber
bundle deeé inside, causing irregular impregnation in a
continuous process, thus lowering the bundle integrity.
~In the present invention, the solution content at the time
of cutting should be 10 té 35 wt%, and the solution content
before drying should 15 to 45 wt%. The reason why different
solution contents are adopted is that the respective steps are
different in the relation between the processability and the
optimum solution content. The solution content at the time of

cutting is selected to prevent that the fiber bundle is

disintegrated, in an extreme case, into single filaments by



In the present invention, the packing density of the carbon fibers in a
.carbon fiber bundl e nust be-kept in a range' of 5,000 to 20,000 D/ nm when a
sizing agent is applied. If the packing density of carbon fibers is |ower
than 5,000 D’nm it is difficult to keep the bundle integrity high even if
the solution content is controlled, sikke the bundle integrity is

do nat ed_ byeHd\arleay RBEkLNolamisld Yecthibnd NEBREA T dantibg LiahLALeT

than 20,000 D)mm it ta es 1 e app ng agent So Ion to
suf fici ent] yRerdRpbaqt hfbéf@eadhe@w%e tﬁ@eEutf‘éi- 48 adeAUS oRY g,nér SOHLAT -

i npregnation in a continuous process, thus |owering the bundle rntegrity.

In the preséapind,Ntadt s6lutide cotténtoatCeREePindlos R yiinke is05etoEtédy
should be 10 to 35 wt% and the solution content before drying should 15

to 45 wt % Tie ensazenthhy thd fandaice. sehsibnNo£ i Mol udionadepseeoi s t hat
the respective steps are different in the relation between the

processabi | iimprawve the inpégmity o ttheofibentisuridlelhe ISoltHEi §61@ﬁmrent at
the tinme of cutting is selected to prevent.that the fiber bundle is

di si nt egr at edntientansekargemw ddee surfincestensdbord ilsaimamgerpyand the _

16 the shear force (opening action) applied by cutting, and that the-
chopped fi béunddghdéntegnitheafhenrt drybhgdés highethe ot her hand, the
solution content at the tinme of drying is selected to ensure that the
surface. t ensi on BPrtHee thame svagens. t the  sphuhion wentanbgis tgoniralied i ber

bundle. If the solution
to be 1n a range of 10 to 35 wt® when the wet fibers are cut

by a cutter into chopped carbon fibers. A preferable range is
15 to 25 wt%. If the solution content exceeds 35 wt%, chopped
carbon fibers adhere to each other to lower flowability, and
adhere to the cutter blade and rollers, being liable to cause
troubles in the cutting step. If the solution content is less
than 10 wt®%, the carbon fiber bundle is likely to be opened by
the shear force applied by cutting unpreferably. The éolution
content before drying must be controlled in a range of 15 to
45 wt%, preferably 25 to 35 wt%. If the solution content is
more than 45 wt%, the drying load tends to be large and the
dryer is likely to be contaminated, and if less than 15 wt%,
the bundle integrity may decline.

As a further other feature of the present invention, it
was found that even if water or a sizihg agent solution is
additionally applied also to the chopped carbon fibers, the

bundle integrating effect can be manifested when water is



content is larger, the surface tension is larger, and the bundle integrity
,after drying is higher. For. the above reasons, the solution content
is controlled to be in a range of 10 to 35 Wt % when the wet fibers are cut
by a cutter into chopped carbon fibers. A preferable.range is .15 to 25
w% |f the solution content” exceeds 35w % chopped carbon fibers adhere

ES: F;f?”éZ?%éiq%aﬁq“f “%“%Bi";%%‘t&dfﬁ*i%% %U?{t £o580 ffedh tpeend

solution-content is | ess @ e GahRoY \ PeLy (1Y igely to

be opened by®° s‘sﬁ&ﬁn flgryg ap ? |ng unpre efqgfi ?%e sol ution
b

orof orabl'y 257 Bistbeh TordR SBBLLCY 1l f@%n?gr%?@?iagi%%%’%%:f%%% the-

drying | oad x@% gl510c %@éﬂ%&?taw *ﬁ‘@anf”dh% X Lfiissiry &&&qm%tn@menat ed,

and if |less e bundle.integri y may- decl1 ne.
further ot hein{@éﬁﬂ!ﬁ Hut! Be G&@éﬁ%r'@é&'ﬂm@nagéht ¥epuf i d & hat even i f

water or a sizing adgent solutionis ditionally applied also to the
chopped car bggait sl Rpp1headhetéPtaiitdnigngnal becore adrimgranhkest ed
when water is 17 evaporated. If the

fiber bundl echépsad ciirban Fibwesesbtditientaftelr Hegsng hare kbod %n boedieber
bundle is I|ker to be opened by the shear force applied by the cutter. as

gesg[lbed beiﬂtégrluyakla@ thidi £aseulds teo ldlguadnaddbpperb¥ivb@ppldedd i n
e ‘water,is best in view of cost, but any aqueous SlZlng agent
expected to give a buhdlé integfating effect can be used. The
aqueous sizing agent in this case refers to a water soluble
sizing agent or aqueous emulsion, and it may also contgin a
small amount of an organic solvent.

In the present invention, the solution content refers to
the rafe of the weight of the sizing agent solution to the
weight of.éried carbon fibers.

In this case, the concentration of the sizing agent
solution must be set to achieve an intended sizing agent
deposition rate. Usually a concentration of 0.3 to 10 wt% is
adopted.

For cutting wet fibers, any usually used cutter such as a
rotary cutter like a roving cutter or guillotine cutter can be
used. At the time of cutting, it is also preferable to use a '

brush, etc. for removing the chopped fibers which are going to

adhere to or have adhered to rotating parts such as a roller.



integrity, but if water or a sizing agent solution is additionally applied
~after cutting and before drying, the chopped carbon fibers obtained after
drying are good in bundle integrity. In this case, as a liquid
additionally applied,. water is best in view of cost, but any aqueous

Si zing agent expected to give a bundlgg ntegrating effect can be used. The

aqueous si zi pg AGeUoudt b $wE8Ee p&LEIRy (Rr2i gt ShdSH LB fon ToHtR@tagent

or aqueous emulsion, and it may al'so contain a “small anobunt of an organic

sol vent. | fedthe PRRSpaELE MY ER hUbert FAngaEULL OFhE iR o ff RiuRRS ng)
the rate of ?f\(aé wel% ght of ?he si,z%gm%beent solgﬁtion to the weight of dried

carbon fibergpe choppdd datbsnCaESers hers aprratati on tiie thibes zivig agent
solution must be set to achieve an intended sizing agent deposition rate.

Usual |y a coacesdt®dd ot @f crBain pibbedpliity,adait edopped fibeors cutting wet
fibers, any usually used cutter such as a rotary cutter |like a roving
cutter or guitgpodverk inutflewabhbibp anddrindde tihtegiiky ofarc e iogainedi.s '
also preferable to use a brush, etc. for renoving the chopped fibers which
are going to adher eheo poeshab elnverdrisn i dheothopped pbihers adile furghes| | er.
18 If the count of tw st, packing density and solution content are kept in
respecti vel ydpiepein tatgedravhihe being sfibratedngprefer@kibgfed car bon
fibers are separated in the fiber axis . o

fluidized state. If wet chopped carbon fibers are vibrated

when dried in an oven, it can be prevented that bundles of the

flat chopped carbon fibers adhere to each other, and they are

separated in the fiber axis direction into less flat chopped

carbon fibers, to assure higher flowability. It is preferable

that the vibration frequency is 5 to 25 cycles/second and that

the amplitude is 3 to 10 mm. The drying rate is. also

optimized to secure flowability.

The cﬂopped carbon fibérs produced like this are separated

in the fiber axis direction, and as a result, the individual

fiber bundles constituting a set of chopped fibers, i.e.,

short fiber bundle pieces vary to some extent in size, weight

and number of component single filaments, but become small in

the respective average values, to be improved in flowability.

. If a fiber bundle is cut at a length of several
millimeters, the form becomes cylindrical or flaky, though

depending on the production method. Especially when a thick

fiber bundle is used as a raw material, it usually becomes



direction at a certain probability, and chopped fibers inproved in
flowability and bundle integrity can be obtai ned. In the present
“invention, The chopped fibers are further dried in hot air while being
vibrated, preferably in a fluidized state. If wet chopped carbon fibers
are vibrated when dried in an oven, itigcan be prevented that bundl es of
the flat chopped carbon fibers- adhere to each other, and the¥ aFe t
separated | ik o iflet Bkptedi PReGIAIIvneE PEUQSE LREGANINIEY TiaFpBhete

fibers, to assure higher flowability. .I't i f bl .hat the vibrati

1 oquency | S8 e BBY PEPLEFE AGTIT Th kI oPRain FRETIg HTAESR ¢ 5% 6 20y

The dryi te | l.s. i m d.,t f Hillitd w1 d
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s:at of | chopped tfﬁ%&gfé, %lﬂgefjf&v%icﬁséﬂl%g?ogﬁ%l ?%’i (Lai(r}gsl%\slgr%;glg? %bggrr{éﬂ%(? ent

n size, veigll e3ifeluTBErchl FPARRL ToR0RE fodATS, but become smal|

in the respecti've average values, to be inproved in flowability. | f

a fiber bundle i syeubyab feh€NBidwa1113€YCEAN biAdId MRitRIGE 1 tyhe £l ehen becones
cylindrical or flaky, thoug dependi ng on the production nethod.

Especi al | y wWagdpped agkonl EDSErdWKllAred Uaedhaspredeaiit Mhlventabn &anuseial |y
becones 19 like a flat plate,.

especi al | y agxpildield Kactapguémce flainew geehniosl tfindingsr byethe
restrictions in sizing solution : _
inventors. The technical findings are described below.

As for indicators of flowability and bundle integrity,
instead of using the bulk density or the angle of repose
alone, it is best to use a value obtained by dividing the bulk
density by the tangent value of the angle of repose as an
indicator of flowability. However, since there is a problen
that the measured angles of repose of chopped carbon fibers
vary greatiy, the inventors studied further and as a result,
found that Wi%/K -« W2 which is a substantially equivalent
physical. quantity to the value obtained by dividing the bulk
density by the tangent value of the angle of repose can
express the flowability more accurately, and that when the
value is in a specific range, especially excellent flowability
can be secured.

It can be demoﬁstrated by the following numerical

expressions, that the value obtained by dividing the bulk

density by the tangent value of the angle of response is a



i mpregnation, cutting, etc. If the flatness of the plate form is higher,
the flowabitity is lower. .So, it is desirable that the flatness of the
formis as | ow as possible. The excellent flowability and bundl e
integrify of the chopped carbon fi ber§ obt ai ned in the present invention
can be explained in reference to new & hni cal findi ngs by the inventors.

The techni cg)yfdipdh NgSaRE £e¢ jvaadnket8vwi2/k « wAs for indicators of
flowability ang bundl"™e integrity, instead of. using the bulk density or the
angl e of repose pahfn@enéity s giito use a val ue obtained by dividing the
bulk density by the tangent value of the angle of repose as an 'indicator
of flowability. keyevslunesi(20® thdrinithis pesk)em that the neasured angl es
of repose of chopped carbon fibers vary greatly, the inventors studied
further and as -aAngial ¢f rémosed =t tah WGh/hi)/K [err] Werr] which is a
substantially equival ent physical quantity to the val ue obtained by

di vidi ng the bul h: Hehght yfiom Hodtoangentomalmueidfinghe angl e of repose can
express the flowability nore accurately, and that when the value is in a
speci fi ¢ range, &spBafiits ol messugingf tabdei (4 tgn idafhps Saedl ed. | t

can be denonstrated by the follow ng nunerical  ex ressigns, t hat, t he val ue
obt ai ned by divi #heg the wright @dhsheychopred ﬁ’é’rf‘d%‘nfmv-g fe™et St %ngl e of

response is-a : 20
P table is Wz, the angle of repose can be expressed as follows:

Wz = (1/3) x & x r? x h x (W1/V1)

Because of h-= r x tan (angle of re;;ose), tan (angle of
repose) can be expresséd by the following formula:

tan (angle of repose) = 3WaV1 (7T £W1)

Hence, the value obtained i)y dividing the bulk density by
the tangent value of the angle of repose is as follows:

Bulk density/tan (angle of respose)

= (W1/V1)/ (3W1V1/ (mrW1) = Wi?/K- W2
If V1 is 200 cm3 and r is 4 cm, then we have K = 3V12/(7tr3)
= 597. |

Since the measuring accuracy of W2 is higher than that of
the angle of repose, the above is very practical as an
indicator of flowability.

General technical explanations about the angle of repose
and bulk density are as follows.

The flowability of chopped fibers in a hopper under their

self weight is decided by the friction coefficient between the



physical quantity equivalent to Werr] /K [err] Werr]. Bul k density

= Werr]/V[err] Vl[err]: Volume (200 cnferr] in this case) --Angl e
of repose = tan[err] (h/r) . h: Height frombottomto top in piling
r: Radius of measuring table (4 cmin this case) When t he wei ght of

t he chopped.fibers_on the neasuring table is W2, the angle of repose can
o eP] Vi o W ShA U sines pHRALED, ule R kiR hetrLEREAD Hectrung
f ' b . he, f i ng f | a; I f
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is as foll ows: densi respose)

(Werr]/ MV er E%é&@%ﬂsﬁr\é&? bleé:%@ﬁrﬂéﬁﬁ%]t‘%ﬁr li:h)a' gr%’(%g{éHélK ddydel, Werr]

If V[err] i§& and r- _ en we have K
3Vierr]/([ergjfieng IdeginsoBhd flowind furldle FRESHhLEE SGLEARhOn err]

is higher than that of” the angle of repose, the above is very practical as

an indi cat oproét{dmymEdrdeY are phys{@E @lanteehBlCahi@XRtanad ons about
the angl e of repose and bulk density are-as foll ows. The flowability

of chopped fapprsxinnatedi®PeheUbdBk ddidity 2@kdf thei ghilé soflewipded by the
friction coefficient between the _ -
respectively, though not directly. For this reason, the bulk
density and the angle of repose have been used as property
values qf'choﬁbéd carbon fibers.

The bulk density is decided by the density and deposition
rate of the sizing agent applied to the chopped fibers and the
density énd‘voids of the carbon fibers, and the angle of
repose is decided by the size, surface smoothness,
hygroscopicity, form, etc. of the short fiber bundle pieces.
So, the buik density aﬁd the angle of response are values
which cénfchange independent of each other, and the above

.mentioned correlativity between the bulk density and the angle
.of repose is a phenomenon occurriﬁg under limited conditions.

If the chopped carbon fibers of the present invention are
used as a reinforcing agent, an excellent carbon fiber
reinforced resin can be produced.

The thermoplastic resins which can be suitably used as the

matrix.include almost all thermoplastic resins such as ARBS,

polyanides, polycarbonates, polyethylene terephthalate,



21 wall and the fiber bundles, the friction coefficient between fiber
bundl es and fi ber bundl es, the .pressure caused by the self weight and the
shear stress generated on the wall. If the shear stress becomes higher
than the frictional force, sliding begins and flow ng occurs. The shear
stress and the frictional force are ph¢gical quantities whi ch can be

ul k densi
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So, -the bulk density and the angle of response are values which can change

i ndependent " gkneagi dptaﬁ{sm%%dotfhs 88076 wiredd enegtCearsbmtfidldns bet ween
the bul k density and the angle of repose is a phenonenon occurring under

limted condbuh@léd and trddtebdhascheppeibenrduve ahar 97oto tI® wire s any
I nvention are used as a reinforcing agent, an excellent carbon fiber

rei nforced regi bheasbdwee pembiondd matrix Thesisar nopl astic resins which can
be suitably used as the matrix include alnost all thernoplastic resins

such as ABS, pol Jizen messsentolinganbboat bs , desginibedy behew t n apittchale&ind 1

based on examples. . . - .
At first, the measuring methods used in the present

invention are described below.
[How to obtain the weight of a short fiber bundle piece]
Procedure 1. One hundred carbon fiber bundle pieces sampled aﬁ
random were weighed by an electronic balance capable of
weighing down to 0.1 mg, and the weight of the short fiber
bundle pieées was averaged.
{How to obtain the average weight per unit length in the fiber
length direction of short fibér bundle pieces]
Procedure 2. Cut lengths were measured, and the average value
of the cut lengths was used to divide the individuél values
obtained in'Procedure 1, for obtaining the avefage weight per
unit length in the fiber length direction of short fiber
bundle pieces. Then, thé coefficient of variation (CV value =
Standard deviation/Average value) was obtained.

{How to obtain the side lengths of short fiber bundle pieces]



22 pol ybutyl ene terephthal ate, polyether imdes, polysulfones, polyether
sul fones, pol yphenyl ene oxi de, nodified polyphenyl ene oxide, polyphenylene
sul fi de, polyether ketones, and alloys of these resins. A thernoplastic
resin conposition generally consists 3 to 70.wt % of short carbon fibers
bundl ed and treated as descri bed above and 97 to 30 wt % of any of the
above nentioned nPheiprojasites. areas addeaiyemdferennyabht]lanytites aes thebed

bel ow.in nore detail based on exanpl es. At first, the measuring

met hods usedwenghéd qamzentfibenvbubhdbe mieceae seriebadabetedy.by [thmvimagebt ai n
the weight of  a short fiber bundle piece] Procedure 1. One hundred carbon
fi ber bundl epppeessinamsing at compwtien desarisidghetieby. and dite: themgiths

bal ance capabl e of weighing down to 0.1 ng, and the wei.ght of the short
fiber bundl efpthkecsides 1&\/2?‘99@6?80‘{4-%R@mpﬁlﬁﬁet%v@?%gfé-hﬁé’l gHeSper
unit length in the fiber length directjon of short {fiber bundl e pieces]
Procedure 2.9&hectioparespacuiated aipingthensizcupigrentiale lepgthse cut

| engt hs was used to divide the i_ndivida '

| values _obtained jn Procedure 1,
for obtain nBREHERSAYSHATENGRE LAY GhEaiNedndPnPEACEHES idrer TNt h
direction of _short, fiber bund|e fficient:of

ect | 1 | eces TE%n, " hg co€
variation (CPVRFCEVE aVEFATG VAL YRY i 3T SOPATEFAGRT 2152 108t ¥Fh&q.
[ How t o obt a&gtgﬁ?eé_i de lengths of short fiber ‘bundle pieces]

[Image processing]

The width of chopped carbon fiber bundle pieces were
evaluated by the image processing using a computer for more
accurate measurement; The computer used for the image
processing was Macintosh 7600/132, and for scanﬁing to enter
the image, EPSON G-6000 was used. At first, the fiber bundle
piéces were weighed one by one and placed on A-4 size paper
side by siée. The number of samples was 50 to 100. A glue
was sprayed over them, to fix them, and a traﬁsparent film was
stuck on them. Additionally, a black closed squafe accurately
known in area was attached for reference. Since units of
image processing are pixels, a reference in millimeters is
necessary for correction. It was placed on the image
processor of EPSON G-6000, and entered into Abode photoshop
IM3.0J software for storage. Then, it was pasted on
NIHimagel.55 software for image analysis. Since the software

is not for directly analyzing the width, the circumferential



23 The projected areas and circunferential |engths of the weighed
carbon fiber bundl e pieces were neasured by the inmage processing using a
conput er described later, and the lengths of the .sides in the direction
per pendi cul ar to the flber axi s dlrectégn were cal cul ated using the
circunferential lengths and the averag®® cut Iength obtained in Procedure

2 e ol ST RERKLE EIARE MALUER BIYL O R IR B I B R A i

obt ai_ned € processing dt'h ™o car

bundle pi eCeg ppLée Vil ‘dﬁtﬁﬁj,. Q)feI:Qelﬂr@@f‘e %eié' Eﬂeussi{@ A LSUIRYL 6T OF

nmore accurafe neasurenent e conputer used for t mage ~ processi Ng was
Maci ntosh 7609132 iand oS Eﬁ@ NESErd & Waliuel h@hé rWﬂﬂzh Stk §988svas

used. At first, the fiber bundle pieces were weighed one by one and p aced

on A-4 size gaPghe GltiPiRkeSiHs. sBErabilEr 2ol EABDL&Ra AP Vallteldds A
glue was sprayed over them .to fi-x them ‘and a transparent filmwas stuck

on them Addgivoded Iby 28 Rbasktainsesk Hiw «idehur By elnagk R yisisar ea was
attached for reference. Since units of inage processing are pixels, a

ref erence inothétiimdgy priogesstngssathodoareoavatlaole fidr wvalphaded on the
I mge processor of EPSON G 6000, and entered into Abode photoshop - | M3. 0J
sof twar e forasdocayde Tised, withomt apast;mbbdnm,NlLEh tisgre | cab beocompaeed or
i mage analysis. Since the software is not for directly analyzing the
wi dt h, the cWibhrifhirsemeithlod.
- W1 and W2 néceésary for calculating the flowability'
indicator were measured as f&llows. -
[How to obtain Wi/K - W]
(1) Measﬁrement of Wi: Two hundred cubic centimeters of short
.fiber bundles were supplied into a 500 cc measuring cylinder
which was then dropped from a height of 3 cm ten times. The
g;aduation at the top of the short fiber bundles in the
measuring éylinder was read to obtain the volume,.énd the
‘weight of. the 200 cc volume after drop packing was obtained by
proportional calculation as Wi (g).
(2) Measurement of Wz2: A samp;e was allowed to drop little by
little onto the center of a smooth and clean horizontal
measuring table with a diameter of 8 cm and a height of S cm,
and when the sample simply fell from the measuring table
without piling on the measuring table any more, the weight of

the sample on the measuring table was measured as W2 (g). The

sample was allowed to drop on the measuring table, with a



24 length was obtained in pixels by Perineter/Length command, and
corrected in mllineters in reference to the size attached for correction.
Fromthe corrected value, the width of both sides of the cut piece was
subttacted, and the remaining value was divided by 2, to obtain the side
width by image analysis. Oher.inmage pfdcessing nmethods are available for
eval uation bheiightinobel Use@ wint kept abgvertdid diop iof theypihed bsamwkepar ed
with this method. Werr] and Werr]. necessary for calculati.ng the.
flownability (BhdWedEKorWasias Feisulatedsacennding, to] BRwOreinpryimetijasg.r |
/K[err]V\[err]% 1) Measurenent -of erréy Two hundred cubic centineters of
short fiber [BUA %1%1%‘- bupgieeintegwityls00 cc neasuring cylinder which

was then dropped froma height of 3. cmten tines. The ﬁgraduatlon at_ the

top of the short- '?r??)é?un&}ﬁdll%egﬁl?lﬁewaﬁré%?ﬁ]ﬁdn YC§PFF| S ingad dato
bt th | ht of _t 00 | ft d Ki

oas obt ai nedsb} 00 &b daaknal 208 Eal of | Pt CHEBPH) fuﬁe S MRS Rent
of ' st h aﬁﬁng#’g%ﬂméa%%! soRELFEERE 08 C'r%tgatt{ il AT L
and a hei ght t{?@ éfﬂmden%ri@ “jeg ﬁ@gséxa&? aaqut'S 'c'gﬁ )ilE@LJi %c’é}@ﬂéﬂ:}] ?ﬂr' ng

table w thou e neasurin t he

sanpl e on th%&@@%ﬂﬂ%n%ﬁbhstﬁ@a ”%%l{ﬁéj d%?ls\i\@y(g}. OTli"eg/cm or less

was judged to be. poor in bundle 1ntegr1ty.
{Evaluation of.flowablllty]. .

.When the fiber content of the molded product obtained by ~
an actual production equipment could not be controlled stably
at a desired value, the flowability was judged to be poor.
Example 1

A substantially non-twisted carbon fiber bundle consisting
qf 70,000 filaments with a total fineness of 49,500 D,
impregnated with 1.5 wt% of an epoxy sizing agent (obtained by
dispersing a mixture consisting of equal amounts of Ep828 and
Epl001, respectively bisphenol A diglycidyl ethers produced by
Yuka Shell, into water using an emulsifier) as a primary
sizing agent was dried and wound around a bobbin, to have a
yield of 5.5 g/m, and it was unwound at a speed of 15 m/min
and introduced into a bath containing 5% in purity of a water-
dispersed urethane sizing agent with a tensile modulus in

tension of 1.5 MPa at an elongation of 100% as a film, to be



sanple was allowed to drop on the neasuring table, with a

25 height of 1 to 2 cmkept above the top of the piled sanple. (3)
Werr]/K [err] Werr] was cal cul ated according to an ordi nary met hod.

[ Eval uati on of bundle integrity] The bundle integrity was tested by
forced stirring. Into a 1000 cc beaker 26200 cc of short carbon fibers were

suppl i ed, ~abfpsiidieth R ch $hbr S8 AT QnAl H9An! PERE Burkldrivid s, and

t he bul k den y Wwas neasured and calculated according to the above

nentioned nMethesezdd WY la 48RS1EYwOEh G hdl L Hinkke®l of €356 MBS tioltged to be
poor in bundle integrity. [Evaluation of flowability] When the fi ber

content of tagjustettddmedech sbletiwd dbhtetit aft Bok adEI ikt Bundpaent
could not be controlled stably at a desired value, the flowability was .

judged to bewpdih .of B30l B/dm. The Aibdrs aririealihyrodueddvidited ac @blbdng
fi ber bundl e consisting "of 70,000.filaments with a total fineness of
49,500 D, ioptegnateed wuthat. & WGt ofh eepoxy Thei dgoprhtfibelrsawnél by-
di spersing a m xture consisting of equal anmounts of Ep828 and Ep1001,
respect i vel ya bfehHaesl cangegtyef d30% staner dnjeddipedn byvenydéa 199k | foi nt o
wat er using an enulsifier) as a primary sizing agent was dried and.wound
around a bobBinutes whdle fheyweven gletmldig mwirgndniit was Hkeatgdattaaspeed
of 15 mMmn and introduced into_a bath _containing 5%in purity of a water-
vibration frequency of 16 cycles/second at an amplitude of 6
mm, to obtain chopped fibers with a sizing agent deposition
rate of 3.2 wt%. Their processability was tested using an
extruder with a 0.3 m® hopper. The flowability was good, and
the chopped fibers could be processed without any problem in
view of fiber content control stability. The results are
shown in Table 1.
Example 2
A substantially non-twisted carbon fiber bundle consisting
of 70,000. filaments with a total fineness of 49,500 D,
impregnated with 1.5 wt% of an epoxy sizing agent (obtained by
dispersing a mixture consisting of equal amounts of Ep828 and
Epl001, respectively bisphenol A diglycidyl ethers, produced
by Yuka Shell into water using an emulsifier) as a primary
sizing agent was dried and wound around a bobbin, to have a
yield of 5.5 g/m, and it was unwound at a speed of 15 m/min

and driven to run at a tension of 2 kg in contact with a guide

oiler having a 10 mm wide and 100 mm long groove. From the



di spersed urethane sizing agent with a tensile nodulus in tension of 1.5
.MPa at an elongation of 100% as a film to be

26 impregnated with the sizing agent. Then, the bundle was squeezed by a
nozzl é with a hole dianeter of 2.6 mm be adjusted to have a sol ution
content of 30% and a fiber bundle wdth of 8 300 DDmm The fibers were -
i ntroduced ioibing rsitngf thetguidamilaxn, at sizinagadent ®lwhionTWeschopped
fibers with a solution content of 30%were dried in an oven at 190[err]C
for 5 m nutBateRrd anchsuppléad nk? Aghievis Pesphutioneonfantacdd 3t whs, )
vibration frequency of 16 cycles/second at an anplitude of 6 _ mm to obtain
chopped fi befQr @RI YANg fhggsame n$izidyosigensnas rased ofn Example; 1TRe| fhe

Fl vt 1ty SREGHPeRRd  ThESe oY G ThPBorLDEER Wt SFbeesbea TR Enout |
a0 20Dl ST SNt N, SOllRLact St e Sathiz e,
Pl o oon G40 o o0 Tah LA SR A5E8 e (I R EeR? 200
o Touiors SOk 16RO Ibes ol eBERRIE RO chegDect Vel
tegULZi/fel gr) St il WBhtent! 8t bW e ¥2$edr i st wid 1309 NEh 2 500bbi N,
" minutes while the woven metallic wire in it was vibrated at a
vibration frequency of 16 cyéles)secdnduat an amplitude of 6
mm, “to obtaiﬁ chopped fibers impregnated with 3.2 wt$ of the
sizing agents. Their_processability was tested using an
extruder with a 0.3 m> hopper. The flowability wés good, and
the chopped fibers could be processed without any problem in
v;ew of fiber content control stabiliﬁy. The results are
shown in Téble 1. The distributions of weights and widthé of
the short. fiber bundle pieces ére shown in Figs. 1.
Example 3
Chopped fibers were obtained as described in Example 2,
except that the vibration during drying was effected at a
vibration frequency of 16 cycles/second at an amplitude of 3
mm. Their processability was tested using an extruder with a
0.3 n’° hopper. The flowébility was rather lower than that in
Example 2, but the chopped fibers could be processed without

any problem in view of fiber content control stability. The



yield of 5.5 g/m and it was unwound at a speed of 15 minin and driven to
run at a tension of 2 kg in contact wwth a guide oiler having a 10 nm w de
and 100 mm | ong groove. Fromthe _ . 27
oiling slit of the guide oiler, a sizing agent solution was netergd and
supplied to achieve a solution content 68 30 w% for applying the same

s S AT AR ekt 15, B MR o] R LT
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30% were drieggd Fpyan pven at 190[err]C for 5 mnutes while the woven
netallic wire in ?t was vibrated at a " vibration frequency of 16

cycles/secongxgﬁpg@ anplitude of 6 nmm to obtain chopped fibers ,
i npregnated with 3.2 wt % of the sizing agents. Their processability was

tested using an ExdubitentihllyanSn3twisidd daeppar fidée BurRDidonkY stafig

good, and the chopped-fibers could be processed w thout ‘any probl-emin

view of fibebfCcooi@il fiQRimealtsswdbhlattotalnEihenekssonr£s, SHOW) in Table 1.
The distributions of weights and widths of the short.fiber bundle pieces

are shown i nikppegndted ighple53wtd of d&ihappxy bibing awert ofubdaieddaby
described in Exanple 2, except that the vibration during drying was
effected at dispeédsiatg enniixéguenconsistliie pdl eghstcameunits of IPBR6t add of 3
mm Their processability was tested using an-extruder with a
Epl001, respectively bisphenol A diglycidyl ethers, produced
by Yuka Shell inﬁo water using an emulsifier) as a primary-
sizing agent was dried and wound around é bobbin, to héve a
yield of 5.5 g/m, and it was unwound at a speed of 15 m/min
and driven to run at a tension of 2 kg in contact with a guide
oiler having a 10 mm wide and 100 mm .long groove. Froﬁ the
oiling slit of the guide oiler, a sizing agent solution was
metered ané supplied to achieve a solution content of 20 wt$%,
for applying the same.sizing agent as used in Example 1 to the
carbon fibers. Then, the carbon fibers were rubbed by five
rollers arranged in zigzag, adjusted to have a fiber bundle
width of 8,300 D/mm, and introduced into a roving cutter, to
be cut at a length of 6 mm. Then, on a woven metallic wire in
an oven, the cut fibers were spread and water was sprayed |
uniformly over the cut- fibers, to achieve a solution content

of 30 wt% including the sizing agent solution applied before.

Subsequently they were dried as described in Example 2, to



0.3 nferr] hopper. The flowability was rather |ower than that in Exanple
2, but the chopped fibers could be processed wthout any problemin. view
of fiber.content control stability. The :

28 resdlts are shown in Tabl'e 1. The distributions of weights and w dths
of the short fiber bundle pieces are sha9n" in Figs. 2. Exanple 4° - A

substanti al | - t ﬁﬁ% ' GANSH §t | _pfey

filaments wi %ﬁegﬂtlo a ?ingﬁggggoihggé%%%g%l %u%%pr%egng?gdo%?agl vr\x'tg% of
an epoxy SiZpggnegentrda! drBedsbini 1 Epalay tested U5iAE £ONSHEILYE Of -
equal amounts of Ep828 and  Epl001, respectively bi sphenol A-diglycidyl

ethers, produged ahy.YwéanSpgbt, i Md A @hoppelIf BFe RINBGINd o) p?dcassed

primary sizing agent was dried and wound around a bobbin, to have a yield

of 5.5 g/m eitholt véty probues h aiewesH fibetbcohfent edwtxbl ven .to run at
a tension of 2 kg.in contact with a guide oiler having a 10 mm w de and

100 nn1Iong_gtamwxitj?(Mnﬂeheesﬁlténgreléﬁowﬂ inh@aplede. oi-l er, a sizing
agent solution was netered and supplied to achieve a.solution content of
20 % forExpmple fy t he sanme sizing agent as used i'n Exanple 1 to the
carbon fibers. Then, the carbon fibers were rubbed by five rollers
arranged in zi gzdhonpgidusatdonof haers dinnregnabeddvith vii i Widf of, 308iekinm
and introduced into a roving cutter, to . . :
agent were obtained as described in Example 4, except that the
primary sizing agent was not applied; Their processability
was tested using an extruder with a'0,3 m® hopper, and the
carbon fibers could be processed without any problem almosf as
in Example 4.
Example 6
Chopped fibers impregnated with 3.3 wt® of sizing agents
were obtained as described in Example 2, except that the
sizing ageﬁt applied by the guide oiler was an acrylic resin
(Primal HA-8 produced by Nippofi Acryl Kagakusha). They were
compounded with a nylon resin using an extruder with a 0.3 m’
hopper. The flowability in the hopper was good, and no
problem occurred in view of fiber content control stability.
The results are shown in Table 1.
Comparative Example 1
Chopped fibers were obtained as described in Example 2,

except that the drying was effected without vibration. Theikr

processability was tested using an extruder with a 0.3 m’



be cut at a length of 6 nm Then, on a woven netallic wire in an oven, the
cut fibers were spread and water was sprayed uniformy over the cut
fibers, to achieve a solution content of 30 w%including the sizing agent
solution applied before. Subsequently they were dried as described in
Exanple 2, to - 30 29 obtain chopped

fibers i npreggabes. Widde F13wib¥a 0fy! s SiF¥10 ancBBeBERing WRiirred
processability was tested using an extruder =~ with a 0.3 nferr] hopper, and

the chopped Frbgaéntnyl hdie aplowengestabVé igrddessi)igpr Ofhe Mdsultsewrefl -
fiber content control stability. The results are shown in Table 1.
Exanpl e 5 -~ showfhidpbleanhonThe béistitifuteignst ed weidhts and Widiths sifzi ng
agent were obtained as déescribed in Exahple 4, except that ‘the primry

si zi ng agent thassmmtt dfijplerebundIéepieqraass shiownt yn Bags & et ed usi ng an
extruder with a 0.3 nferr] hopper, and the caibon fi'bers could be
processed wi ComparafrivepExbiiplea? nost as -in Exanple 4. Exanple 6 :
Chopped fibers inpregnated with 3.3 w % of sizing agents were-obtained as
descr.i-bed in Exarfgiarped erckpr fikers iwerssioptagnagdeds dgssiuibedpynt he gui de
oi ler was an_acrylic resin (Primal HA-8 produced by N ppon Acr

|
Kagakusha) . B¥egPlferde exerpbubirt the Hibey bypdlesviithiwas é‘ﬁljééﬁiﬁédﬁ? with

a 0.3 err opper. The flowability _ in the hopper s-qood, and no
y ]3,90(? pD mm. Their procesglabirlity waspgestc\a,\g‘ us%n‘g an extruder

with a 0.3 m®> hopper. The flowability was so low as ﬁot to
allow processing at all. The results aré shown in Table 1.
Example 7

Chopped carbon fibers were obtained as described in
Example 2, except that thé fiber bundle width was adjusted to
5,800 D/mm. Their processability was tested using'an extruder
with a 0.3 n’ hopper. The flowability was rather lower than
that in Exémple 2, but the chopped fibers could be processed
without any problem in view of fiber content control
stability. The results are shown in Table 1.
Example 8
| Chopped fibers were oBtained as described in Example 2,
except that the sizing agent solution waé metered and supplied
to achieve a solution content of 35 wt% at the time of cutting
before drying. Since the chopped carbon fiber pieces adhered
to the blade at the time of cutting, a brush was attached to’

scrape off the adhering carbon fibers, to allow cutting



probl em occurred in view of fiber content control stability. The results
are shown in Table 1. Conparative Exanple 1 Chopped fibers were
obt ai ned as described in Exampl-e 2, except that the drying was effected
wi thout Vvibration. Their processabrlity was tested using an extruder with
a 0.3 n8B : 31 30 hopper. The flowability

was poor, an%ﬂk@ﬁhbggwccwe pfcseegggwnw%saltgg%ag siRPl &

processing. The results are omm I n I stri utlons of wei ghts

and w dt hs OfextEﬂaef’h\Q:[Eh fd Rers RANALSpdk ECahea e oRBBINI £ Wl Yook, and -
Conparative Exanple Chopped -carbon fibers were obtained as

descri bed i nthExaH@blse@ £ P icouat bé heréddieddwitheuwi gh) pesb Bt Ut ed. to'

3,300 D'mm Their processability was tested using an extruder wth a 0.3
nferr] hoppetiewlbe filsywlidritientWasnesol Gyt aasilidly.t0Thal kesubtocassi ng at
all. The results are shown i'n Table 1. Exanple 7 Chopped car bon’
fibers were shbannikn Pabldedcri bed in Exanple 2, except that the fiber
bundl e wi dth was adjusted to 5,800 D)mm Their processability was tested
usi ng an ext Egdgplewlth.a 0.3 nierr] hopper The flowability was rather
| ower than that in Exanple 2, but the chopped fibers could be processed
Wi t hout any probl@h@?@ﬁqnﬂ;heﬁﬁ Wﬁberobtﬂnnﬁ4)a§oﬁ@ﬁ§Flb%@aknIEquplﬁhé:

results are shown in Table 1.
except that the sizing agent solution was metered and supplied -

to achieve a solution content of 20 wt% at the time of cutting
before drying. The chopped carbon fibef pieces did not adhere-
to the ‘-blade at the time of cutting, to show very good cutting
processability. Their processability was tested using an
extruder with a 0.3 m° hopper. The flowability was rather
lower than that in Example 5, but the chopped fibers could be
processed without any problem in view of fiber content control
stability.- The results are shown in Table 1.
Comparative Example 3 |

A sﬁbstantially non-twisted carbon fiber bundle consisting
of 70,000 filaments with a total fineness of 49,500 D,
impregnated with 1.5 wt% of aﬁ epoxy sizing agent (obtained by
dispersing a mixture consisting of equal amounts of Ep828 and
Epl001, respectively bisphenol A diglycidyl ethers, produced
by Yuka Shell into water using an emulsifier) as a primary
sizing agent was dried and wound'around a bobbin, to have a ~

yield of 5.5 g/m, and it was unwound at a speed of 15 m/min



Exanpl e 8 Chopped fibers were obtained as described in Exanple 2,
except that-the sizing agent solution was netered and supplied to achieve
a solution content of 35 wt% at the tinme of cutting before drying. Since

t he chopped carbon fiber pieces adhered 35 0 the bl ade at the tine of
cutti-ng, a brush was attached to scrape“off the adhering carbon fibers, to

al low cuttingnd driven to run at a. tension'of 2 kg in3dofbadt Nwittlslay guibeel r
processability was tested using an extruder with a 0.3 nferr] hopper. The
flowability ehlegdoskimnd 10 hhewideppedl Fadets lonygl droever ocasaedha t hout
any problemin . view of fiber content control stability. The results are
shown i n Tabbi#ling sddnmife the guide @Gnidkmed of isieisgwegenbbsaliuibdbmof 10
described in Exanple 2, except that the sizing agent solution was netered
and suppl i edwtd oimahizity wasohateved cunt evippdfied0tot sehteveha tgadaitdon
cutting before drying. The chopped carbon fiber pieces did not adhere to
t he bl ade atcohgent r@tg a0 wtlti for arpLHaW ey sguedstuing mgent as used
processability. Their processability was tested using an extruder with a
0.3 n8 hoppet? Hfamlievalel the GasbemtHders.ondhernabne Hzarhan Eidegse 5,

fiber cont enPeEbiibied SPABLFRL joL iR Fuganbedart SHEMRe modmteds E

Conpar ati ve E%é%“gﬁ¥f%er bundle width of 8,300 D/mm, and introduced into a
roving'cutter, to-be cut at a length of 6 mm. The'Chopped
fibers with a;éolution.contenﬁyof 10% were dried in an oven at
190°C for 5 minutes while a woven metallic wire in it was
vibrated at a vibration frequency of 16 cycles/second at an
amplitude of 3 mm, to obtain chopped fibers impregnated with.
2;4% of Qiiing agents. Their processability was tested using
an extruder with a 0.3 m° hopper. The flowability was so low .
as not to-éllow processing at all. The results are shown ‘in
Table 1. : When the drying-conditions as described-in Example 1
were adopted, a problem in the processing was occured that

some were scattered as single filaments out of the system.



A substantially non-tw sted carbon fiber bundle consisting of 70,000
filaments with a total fineness of 49,500 D,
" an epoxy sizing agent (obtained by dispersing a mxture consisting of
equal amounts of Ep828 and Epl001,
into wgger using an enulsifier) as a

ethers, produced by Yuka Shell
primary

respectively bi sphenol

I npregnated with 1.5 wt % of

si zing agent was dried and wound around a bobbi n,

A di gl yci dyl

to have a yield

h a guide .oiler

adg usted to
rowW ng cutter, to
-$ol Uty on content of

n

slit of the
met er ed ‘and
g the sane
t he carbon
have a

. o
il'e-a woven .

Di | gty was tested

lig§yk was so low as

Average side length of short fiber bundle pieces
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of 5.5 g/m and it wasu4hrwothd--atrarspeqe—af—/5—pfm
32 and driven to run at a tensipnjof 2 Kg ijn donfa
having a 10 nm w de anjdg300 ohg|gladve.| 5 Hropst B il i n
. . . . Q
guide oiler, a sizing nt sptléle wﬁfu 190 | Wtfof | B B yg\@éﬁ
supplied to achieve a ol uti cpnfent jof {10 W Polfor appi\a
sizing agent as used |3 Exanplg L fo|tHe darbon] f|bérs| Then,
fibers were rubbed byl ¥ive r rAngdd, i|n, i, bz g,
. . ~t §_ .
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Table 1. Wen the drying conditions as described in Exanple 1 were
adopted, a problemin the processing was occured that sonme were scattered
as single filanents out of the system 33 [err] '
34 Conparative Exanple 4 Chopped fibers. were produced as-described in
Exanpl e 1, except that the solution corg4ent at the tine of cutting before

drying was sedonlard®iVk%kxdfisr&hopped fibers adhered around the cutter
bl ade, to cauSe frequent w.ong cutting, and any desired chopped carbon

fibers could not kaogptdi Pffers GRIMALIbUMEeE @ dribed inChRRMSTe fi pers

were produced as described in Exanple 4, . except that ‘the sizing agent
sol uti on was exgeptethbt othé heoluytiicie conltentt at agid ‘eitmed oFokut t g Coeatsry - of
7 W% at the tine of cutting, and that water was sprayed over the chopped
fibers unifaiodingbyaa setayt 4% wadhi eTheachopped dfibeast adhepéd 40rowdd
i ncluding the sizing agent solution applied before, before .drying. The
chopped car bdrhef ichétebubtidde piter emusienrpquerp arzirgd coy tihg, i apdcanyf
cutting were joined at the tinme of ' _
desired chopped carbon fibers could not be obtained.
Comparative Example 5
Chopped’ fibers were produced as described in Example 4,
except that the sizing agent solution was applied from the
guiqe oiler to achieve a solution content of 7 wt% at the time
of cutting, and that water was sprayed over the chopped fibers
uniformly by a spray, to achieve a solution content of 40 wt$%
including the sizing agent solution- applied before, before
drying. The chopped carbon fiber bundle pieces finely
separated by the impact of cutting were joined at the time of
cutting. fheir processability was tested using an extruder

with a 0.3 m3 hopper. The flowability was unstable, and there

was a problem in supply stability.



cutting. Their processability was tested using an extrud
hopper. The_flowabil-ity was unstable, and there mas a p ﬂﬂlnuﬂr Hﬂﬂﬁ“ﬂﬁ
stability. : moos  x
CLAI M5 1. Chopped carbon fibers, conprising a set of chopped carbon
fibers inmpregnated with a sizing agent, gghe short fiber bundle pieces-

constituting the set, having an averagecﬁgiﬂgt per unit length of 1.7 to.4
ng/ M in the fiber Iength dlrectlon and reff|C|ent of variation of 30

60% i h d h h
W ooty on. |3 CRbia'dRAl FiBELON Salittidild o $281 0 ¢ 9'15%%%%?% e
rate of the g@ f%Pfﬁﬁﬂ' EGQ§Ethngi£iﬁH‘§§§% re§ﬁgcghg yfl?%) ei ght

of not snaller t han average welght™‘to e t.ot t he

rate of the puabes éansﬁﬂ%tuhbbe&e Qéledlﬁaﬁxfgce% %épegéweimlw;;& %n‘i’%' ght
of not larger than 1/3 of ‘thé average weight to the total nunbéer are

respectivel yiehggit dhan 71@% 4 fg/fMoppeehs ot Lehgts; dBfeet M Gnd aCl ai m
1 or 2, wherein the short fiber bundle piéeces are al nost -rectangular in
the cross secéfpivieritoiof gagiyeiyni of LI tU GOY @Agthe @lstiimitidneodge
value in the side length.is in a range of 1.5 to 6 nm while the .
coefficient wéightts gidromnit Lbrgthdin | Ergtfibdes ilengthrdinmctofor25 to 40%

4. Chopped carbon fibers, according to any one of- clai.ns 1
2. Chopped carbon fibers, according to claim 1, wherein the

rate of the number of short fiber bundle pieces respectively
with a weight of not smaller than double the average weight to
the total number and the rate of the number of short fiber
bundle pieces respectively-with a weight of not larger than
1/3 of the average weight to the total number are respectively
less than 10%.

37 Chopped carbon fibers, according to claim 1 or 2, wherein
the short fiber bundle pieces are almost rectangular in the
cross sectional form and vary in the side length, and the
average value in the side length is in a range of 1.5 to 6 mm
while the coefficient of wvariation in the side length is in a
range of 25 to 40%.

4. Chopped carbon fibers, according to any one of claims 1
through 3, wherein the sizing agent is mainly composed of one
or more as a mixture of urethane resins, acrylic resins and
epoxy resins.

5. Chopped carbon fibers, characterized by having the



through 3, wherein the sizing agent is mainly conposed of

m xture of urethane resins, acrylic resins and epoxy re Ililiﬁmlgillﬁﬂiﬁﬁil
carbon fibers, characterized by having the ' '

36 foll ow ng property: 0.5 [err] V\[err]/(K[err']V\[err])[err] 1 5 K
Constant = 597.° Werr]: Wight of carb@®® fi bers packed in a container with

a capacrty ?31%%% err]: “Maxi mum wei ght of carbon fibers capable
of piling on a t &%g%hrl g tabl e made of stainless steel with a

dianeter of 8 cng, $.<GQpimed- @ar banifsbers, according to any one of clains
1 through 3, mhrch have the follow ng property 0.5 [err]

Werr]/ (K[ erg} W&iddantd er sp71. 5 K- Const ant 597 . Werr]: Weight of
carbon fibers packed in a container with a capaC|ty of 200 cc .(9g) -

Maxi mum wei gii: Weimitbolf Eabbss Lot adked ihng Gdntaineat wiBASUT | ng
tabl e nade of .stainless steel with a diameter of 8 cm 7. A process for
produci ng choppacl toardfo200i ber $g) conprising the steps of applying a sizing
agent as a water dispersed sizing agent to a continuous carbon fiber
bundl e consi®zi Mpxdfnum weight of carbon fibers capable of piling on a flat

measuring table made of stainless steel with a diamefer of 8

cm

6. Chopped carbon fibe;s, according te-any one of claims 1

through 3, which have the following property:

0.5 £ wi?/(K+W2) £ 1.5

K: Constant = 597

Wi: Weight of carbon fibers paeked in a container with a

capacity of 200 cc (qg) e
Wz2: Maximum weight ef carbon fibers capable of.pi;ing on a flakt
measuring feble made of stainless steel with a diameter of 8
cn
7. A process for producing chopped carbon fibers, comprising
the steps of applying a sizing agent as a water dispersed
sizing agent to a continuous carbon fiber bundle consisting of
20,000 to 150,000 filaments, controlling the packing density
in a range of 5,000 to 20,000 D/mm, cutting the carbon fiber
bundle in a wet state of 10 to 35 wt% in solution content at

the time of cutting, and drying with vibration at a solution’

content of 15 to 45 wt® before drying.



20,000 to 150,000 filanments, controlling the packing den
5,000 to 20;000 Dmm . cutting the carbon fiber bundle. i mw 'I!ilﬂlj ﬁlllo
to 35 wt.%in solution content at the time of cutting, .a
vibration at a solution content of 15 g 45 wt % before drying.
37 8. A process for producing chopped carbon fibers, according to claim.
7, .wherein tRe éoPnQ¢Qﬁﬁcﬁmnandupl@@ech¢9ﬁ§dﬁcdﬁhﬂﬂ fdbenfd eeeardiginite
drylng are respectlvely 15 to 35 Wt % process for producin chopped
carbon fiber §ladBchr dibRFain t@ﬁaﬁﬁiﬂt19%m9Qﬂq¢QFhétc§Pﬁoﬁlm?b%? g s
cut in a wt state of 10 to 30 w% in sol ution- cogﬁen nd water or a

et Ehég

si zi ng agen?ngoF}&i‘? c}??’?%read’é}wtlpgn%?yr%fﬁﬁqte‘d’etl@ p&&€ < i ber bundle
bef d h | t t ent . of ., 45 Wt % bef
rying. - 1o 9 é?%%‘é%ése%v Foty ‘E"%a B%:% HARRS EaTBOR FLBERS: SR ot o

| wh dd f
Sl ut | on toerfﬁsl%hﬂﬁp g, 2pel Sk Baiikoirctuf il d o et
spraying.  13e fy J%Oanpgs;gag&w& =z %ﬁ&b%géfb&fs AGEYAI NG 1o

claim7, whereint e co I .ndous regna ha’si'zi ng

2gﬁ?;nt5°' uti 98%?1 £ aeBsedA Rs04g 1@1&9& dﬁed £8 EROLELR) ééhe £3 glft i on
process for producl ng c opp car bon flbers according to
claim7, V\hefaﬁh&'lé he fd . a&yaaentté%ﬁlé% iaS s80BLE6A &dntent of 25 to
45 wt¥ before drylng. |
'10. A process for producing chopped carbon fibers, according
to claim 9, wherein the additional application of water or a
sizing agent solution to the chopped.fiber bundle before
drying is effected by spraying. |
11. A process for producing chopped carbon fibers, according
to claim 7, wherein the continuous fiber bundle impregnated
with a sizing agent solution is passed through a nozzle hole,
to control the solution content.
12. A process for producing chopped carbon fibers, according
to claim 7, wherein the sizing agent solution is. applied to
the continuous carbon fiber bundle by guide oiling to supply
the sizing agent through a guide.
13. A process for producing chopped carbon fibers, according
to any one of claims 7 through 12, wherein the cut short fiber
bundle pieces as wetted by a sizing agent solution are dried’

in hot air while being vibrated at 5 to 25 cycles per 1



the'.continuous carbon fiber bundl e by guide oiling to supp &7
agent through a guide. 13. A process for producing ChoneHmHHEﬁm"ﬂHgﬁHlll
according.-to any one of claims 7 through 12, wherein the cut shart uf | Ser=
bundl e pieces as wetted by a sizing agent solution are dried in hot air
whil e being vibrated at 5 to 25 cycles ggr 1

38 second. 4. process for -produci ng chopped carbon fibers, according.
to any one of éﬁalﬁs 7.to0 13, wherein the packing density of the carbon

fiber bundl e 1uet hedrBYeds Stdt MERRIhgSChSEH&Y cdrBoRdirabeky, Peéasfatg ti ng

isin arange of -8,9000't'0"15,3%0 &ihg endip -  PREGERULHY
to any one of claims 7 to 13, wherein the packing density of .
the-carbon fiber bundle wetted by a sizing agent solutidn

immediately béfore cutting is in- a range of 8,000 to. 15,000

D/mm.
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