DESCRIPTION TITLE OF THE INVENTION CARBON-FIBER CHOPPED STRAND AND
MANUFACTURING METHOD OF THE SAID TECHNICAL FIELD hUbi -he
ccesehh invenclon relates to a carbor-fihee chopped 10strand. whlch is an important raw materla' for
pcbdcaticu. of short-carbon-fabor-reihfoced. thermoplastic :GSM, us to a manufacturing meta-fid of the
ea-ben-fiber ("Mooned stfand. More oareicolLarlLa, the pbesent 000entlon refutes cf. a sarlaccfiber
chopped scrand of high flowability ghd c. rio.nThSaftariag 15 menhod Thereof. The carbon-fTher
chopped strand cf The resells, 10-eOcan be fegtssrraathiyoftom the boccec cb- extruder into d me heih
production of, hoc exarigie, Cart= fiber-containing resin pellets oc cancer fjber-centaThlgd resin
shaped article.. 2,0 BACKGROUND ART :0010 Short-carba=-fibe-reiferced thermocaastUf desTh
Therelnolice tayTh"d4-toras "CRIZRDRFQCbced usiug a thelabghiastic resin as. a matrix resin, has c.
rat loot gisecion as a. hl.gh-Oerforce-011. enoireeThno material, and, the demand, therefor is
ihereal.sing cool ic-"FHRETCERTPBR£H0F Bt ue EBANAn TR YR GHRhB AtaecararéRPis hagh in
prochbtivity. glcrecyerihelg5E1i1P, as comdaied, .h1.1,11 convenfiehgironroinforced
therighelasalc -decors or short-glass-fiber- rel nforced theraiOpiashic resins, is superior in
mechanical propbrdies, sliding property, eleetr'dal oroperties, dimensional stabilfty, etc. Ab inc.) seihrid

for producir%%&rﬁeb&:gﬁzg,%ig ordinarily tba following methods. [0503|
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The present invention relates to a carbon-Ilber chopped

10 strand which is an important raw material for production of
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short—-carbon-Iioper—reinrocrced Thermoplastic resin as well d4s
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To a manufacturing method of the carbon-fiber chopped strand.
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More particularly, the present invention re_ates
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Tiber chopped flowability and a manufacturing
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15 method thereof The carbon-flber chopped strand of the
present invention can be fed smoothly from the hopper of

extruder into a meter, in production of, for examr

fiber-containing resin pellets or carbon fiber-containing

BACKGROUND ART
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lastlc resin as a matrix resin, has drawn atienctlion as
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therefor is increasing rapidly. This CFRTP can be produced
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and accordingly is high in productivity.

as compared with conventional non-

30 reinforced thermoplastic resins or short-glass-fiper-



(1) di.rst, there s fed, :Junto 30 extruder, a carbon-fiber filament hansidie .j 11 into 3 to 10 TIE and
hiamdllea. W17h. a sl zing age 1111 (a so-called carbon-fiber ehopped sLriandl 10or a
so-coiledcarbon fiber ground Into | mm or shorder, together with pellets or a powder of dhermcbiasfic
resit; arid they are meit-kneadea thereln nC obtain pallets. Then, the pedleis are made into a AliR12
35!] 11:3jrjectaon molding machine or an extrnsier 15melding mdchiTem [00541 (2) A cartion-fber
chopped at rand js fed into re ckirasion iffidimg mochdne together with pellets or a powder of
tine=ouldsLleami:s:n to ditech # produce a CARTA: 2005051 Meanwhile, as thelnod-for-feeding a
carken-fiber choprbd strand ard a thermoplastic resin In lo an extruder to produce plietsi the following
meihods are“émployed mainfy. -9 Prhigitkd or drysblending) 5carbbiiefiLbr choppobi. strar.a
25and. a thermbpiasmic ﬁsiggf_afggif@ggiip,thg{@s_tidirg blend. into an extruder (asin.method). (2) A.
medhod of heeding a thermoplastic resin CO CC.! Lhe rear crld side. Mr extrubion direction) of
extrude- and. feeding a narbol<fibbnohboped strand to dhp irdermeaktate pordor=({ri extrusfon
direction) of o%%jﬂ Wherein Lhe fedower(gng%la tis resin is in a molten state (a e'cleefeeding
method). Temibb As WeIF/'known, the pboperties of CFRTP are relater.

(0003]
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(1) First, there is fed, into an extruder, a carbon-fiber
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filament bundle cut into 3 to 10 mm and bundled with a

sizing agent (a so-called carbon-fiber chopped strand)
10 or a so-called milled carbon fiber ground into 1 mm or

shorter, together with pellets or a powder of

thermoplastic resin; and they are melt-kneaded therein
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Then, the pellets are made
CEFRTP using an injection molding machine or an extrusion
15 molding machine.
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molding machine together with pellets or

thermoplastic resin to directly produce a

o
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Meanwhile, as the method for feeding a carbon-Iiber

1

hopped strand and a thermoplastic resin into an extruder Lo

@]

o

roduce pellets, the followling methods are employed mainly.

o)

(1) A method of dry-blending a carbon-fiber chopped strand
25 and a thermoplastic resin and feeding the resulting
blend into an extruder {(a dry-blending method).
(2) A method of feeding a thermoplastic resin into the rear

end side (in extrusion direction) of extruder and

T N o TR L v .
feecing a carbon-fiber chopped strand to the
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30 intermeciate portion (in extrusion direction; of



5the fiber length. of the carbon fiber of CFP.TP,COWhthere is uscd 2 rills:id fiber of extremely short
fiber length, the filer iengin in ILE bblded CFRIT is extremely sSemm; ..11117.the pmbbre -fres of
th's ("FRIT are inkmiiihL those of CFI-CT uselsj assrbon-fiber chopped sersails 10L00071 LP
order to keep lord the fYOi=.r Lengeh or OMIT, hPre Ss a case thaf a CFP2P is Produced using a long
fiber C671Ft having a fiber length Bame as ahe CU: length nf (--,D,Th.n.--1-fmcho-oped strands In this
case, the fiber dHrecteole in the 15CFRTP obtained ',-; cliiito control. Therefore, this bi.etbe6 of o-Fbis
production. '15 1140+ long-fiber pelletir disadvaniageeus £6r braducti=-f an inexperhHve. CHM)
which needs to be mass-prodabed. For the above reasons, carbon-fiber chopped strand is etenerallv
used i11 crodbetidi? ot 517RIt 20[030E1 A proGLLirE07E bwtien the carbon-fiber Looped strand
used is low in flowability, these 's s phohlem ti .at. stable feeding of carbon-fiber chopped strand into
ext.irmaer is diffichlt. 25[0009] IE the dry-blending, when the carbon-ribLi chogoeM strand. rsed M bgw
in kiewabi 112ly, thete Hs=31 kmohdem them theoce: oner:Mei' chotibedsstrand: SsdHt-t4icd. 1t. to
flow down in thO hppé@; of extruder or injection molding SThine, As.a 30resu-t, the meed'ng of .1 he
carbon-fiber choppe ‘ moun ni TO'\

70 ohe extrustaniserew of extruder hietvamee uQetal/ekordhe above reas(difficuirobtalLa a 1?E117P

strand in a_Lall Va amount from nini Tenor p. ro vided at the bottom or hopper,

fTiber lengtn in the molded CERTP 1s extremely shori;
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accordingly, the propertles ol this CEFRTP are inferior to

10 [0007]

chopped strand. In this case, the fiber direction in the
15 CEFRTP obtained is difficult to control. Therefore, this
method of CFRTP production using a long fiber pellet is

‘P which

disadvantacgeous fTor oroduction of an inexpensive
needs to be mass-produced. For the above reasons, carbon-

1

fiber chopped strand 1s generally used in production of CEFRTP.

2

20 10008}

-

- - Tom i 4 = NPT T e 4} 3 PR Kl PN j e s
In production of CEFRTP, when the carbon-fiber chooved

i)
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strand used 18 1OW 1n Liowabliity, there 1s a problem that

staple feeding of carbon-fiber chopped strand into extruder

In the dry-blending, when the carbon-fiber chop

strand used is low in flowability, there is a problem that

the carbon~fiber chopped strand is difficult to flow down in

i 1 . . IR 4 - e N - 4 - —
Lhe hopper of extruder or Injection molding machine. As a
o Ta o oyn ] ] = T3 e P — £ N +
30 result, tne Teeding of the carbon-Iiber chopped strand in a
bt



bdeanwha.. oar-fibersLrand. tasofrown-Lira oarboo-liboratrand is not fee. staanto the ) extrusion
scnew of extruder and,extreme - feeding 1carhonwfiber choopec strao impossible. 100111 net
amountreoured to havehagh P 00 respond ul 15 4090 10010 sizing 119011 L of high ..aandl med
strano or add a si zcng age-- in a la co cohducted to add anothemagent to 20 a carrwan-fiben
chopped strand to moie the 2aoho-Geed. strand i shane. i2]

ive amount from the meter provided at t©

0]
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to the extrusion screw of extruder becom e For the
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apovVe reasor 1t 18 difficult to obtain a CFRTP of uniform
compositi stably and, moreover, the production

5 is low.
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Meanwhile, in the side-feeding method as well, when the

carbon~-fiber chopped strand used is low in flowabil

P

carbon-fiber chopped strand 1s not fed stably nto

o~ e B o - b PP o - 3 - - ~
10 extrusion screw Of extruder and, in an extreme

carbon-fiber chopped strand
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For these reasons, a carbon-fiber chopped strand used

15 in a large amount is required to
flowapility. In order to respond fto this it is
conducted to add a sizing agent of high bundling ability to a

carbon-fipber chopped strand or add a sizing agent in a large
amount. It is also conducted to add another sizing agent to
20 a carbon-fiber chopped strand obtained by cutting a strand,

to mold the carbon-Ifiber chopped strand into a rice grain

However, in producing & CFRTP by mixing
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of the sizing agent.

the obtained

have poor appearance

30 strength (see, for example, Patent Literatures 1 and 2).



0000C) a GIRT? his mixi. Tr!P,H a large Fan-Cij onCr 317109 agent,cesistant tnerhuplast
‘prooenss.n.nq tempera:are arated. by the m Or tne sizirncn agent. ?hisalio the obtainP'-e2:nave poor
appearance or tow 1d 30strengthmale, Patent Literal:mares 1 and. further, thee tterbbl gebrorposition
of the sizing fsgebe tengs SC) Imiss' Lte ie. cfpnorricsCFRTP. MInYbM, Ru r'Lher fir npit
-kneading a cnbpped strard slth s thprponlaptin res'in in. an extruber, these P1:1.1.,,u. sizing agent
pi:boa en a large, amount to the carbon iii ....rchopped strand reduces the c.misfee-ssibliHtb of the
netecx lii this'case,die, dispersibidity.of carbonarrimeriin the nplice bbnxenbid-is insuhfeshant-When a
CPRebnmodpced 10usmg this pellet, tts-e arP n-esent, in the. CFRT? pbodtnsog fiber fundieb; not
dispersed sufficieritly’ °rhie-fitpr bgrdiss tecory 8 tentérof st -Pc™? Concentrat*on, re:bp:ice’ the
nrcharbcw] phabes-ties (particularly, tensile slrogOibb 15[00.141

11 order to Produce a chosned SlI. rusd In a -a-we amount., le is effective to increase the nurbbn oP
single fYsments constitutifig the chopped strand. CChcpped-strarivs cimPaosapi’en 30:030 or more
single flea:rents %%&nowm 20,Such.a chognd ggtengd@a,s a..Rlant hsps. The Cat shane mbkes easy
the sinbl filannt-stste dlsperS|on of cartbn Leber in Cefflnk ‘wherebw tMe assembllng of carbon fibers

Mi bungle shrape.can beaveidedied in a large amount to the carbon I[iber of
chopped strand reduces the dispersibility of the carbon fiber.
In this case, the dispersibility of carbon fiber in the
pellet obtained is insufficient. When a CFRTP is producec
10 using this pellet, there are present, 1in the CFRTP produced,

fiber bundles not dispersed sufficiently. The fiber bundles
become a center of stress concentration, reducing the
mechanical properties (particularly, tensile strencth) of the
CERTP

15 100147

Meanwhile, in order to produce a chopped strand in =z

large amount, 1t is effective to increase The n of
single filaments constituting the chopped strand Chopped
strands composed of 30,000 or more single filaments are 10w

20 Such a chopped strand has a flat shape. The flat shape makes
easy the single-filament-state dispersion of carbon fiber in
CFRTP, whereby the assembling of carbon fibers in bundle
shape can be avoided
[0015]

25 However, the chopped strand of flat shape has a2 large
surface area, resulting in a large contact area between
chopped strands Conseguently, the chopped strand has low
flowabillity and, in feeding the chopped strand intoc an
extruder, there arises pcor feeding into meter or extruder

30 [0016]



100151 95However, Li no chopped strand of flat shape hae a ler surface area, resulting in. a large
contact area between. chopped strandsConsequently, the chopped strsrb has. low flowablielyin
feeding the chanced strand into an extruder, there arises poor feeding into meter cr extruder_

30[0016]

ex:ll:tide:.

Furthe-9 the above octar -Feeding makes lord the residence Lime of cbeebbd strand in

In this case, the chopped strand cndergoes larger shear by the SCfCW of xi:go:lob and the

breakage of carbon fiber takes cl-a cc 5result, the fiber lengfh 1-i:boon:pa short, resulting In reduction
'n mgaribandcal properties of thd €10110 obtateria g72<bltc maTAS dOSEF70)0:6 a.oc :j cc ,.i has
been difficult ao allow a carbon-fiber chooped strand to have bich fimwabilitv watihont 10 reducmg the

dispersibilitv"6Fcadfioh fiber Afg the propeytes peone nThr. SFobtaiiet -and thereby to-feeéd tho

chopped cromyvio in alarge agbunt in a;stable state from the Sgipper el extridoh to the extrusion screw
of stictruiden. Pament Literature 1: JP-A-2003-165849 [1 Pat:enc. literovure 2: 77-A-2004-149725

DISCLOSURE QR THE WVENT?ON«”P&SR@I@EB@AChI@V@@bthhé@ﬁveMIﬁh%El 20Hire présent
inventor made a., tydym order to solve. @eha%ovgﬁgglegb @s a oestiLim it was Icsind londt a

cIobtAld}

strand obtalned by addlng tnts of 0.5 to 59 times mer meter to a carbon-fiber strand in which

30,000 or Momwousingler 1n mechnanical properties of the CFRTP obtalined.
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As described above, 1t has been difficult to allow a
carbon-fiber chopped strand to have high flowabll ity without

R 7 L S T = o Y - S N
IGQULMQQ Che dispersipllliy OL Calrldon Tliber anc Che

procerties of the CFRTP cbtained and thereby to feed the

chopped strand in a large amount 1n a stable state from the
hopper of extruder to the extrusion screw of extruder

Patent Literature 1: JP-A-2003-165849

Patent Literature 2: JP-A-2004-149725

DISCLOSURE OF THE INVENTION
Task to Be Achieved by the Invention
10018
The present inventor made a study in order to solve the

above problems. As a result, it was found that a choopped

o + - - - do o £ g E A — v ~ Sl

strand obtained by adding twists of 0.5 to 50 tTimes per meter
2 5 - o " o~ 3 h

to a carbon-fiber strand in which 30,000 or more single

F£27 mm - o R PR | 1A ~ 1 ; P 3 =

filaments are bundled, then adding a 1 to 10 mass 3 of a

sizing agent to the twisted strand to bundle the single

> N R ER oy A e 4 - 4 ! P 3 oy e ey J N -
filaments, thereafter cutting the resulting strand into a

given shape is highly dispersed in the CFRTP produced with
the strand, unexpectedly. It was further found that this
chopped strand is not flat, accordingly has high flowability,

and flows down smoothly in a hopper.

6



filaments. dr bundled, then anddng a | to 19 ms ..3 % cif a 255 71110 agent to the tostrand. to bundle
-He siegle filaments, thereafrg- cutting the resulting strand into a pH. van shape Hs hojhby edspersed
in the C.796:1P produced with the strand, unevniectedly, It was further round Lhal this chonoet:
st-prid HA net flat, accordingly has high flogabf1Aty, 830and -flows hewn. smoothfy an. a hopiaer.

[00191

tto above mindinps have Led to the cflr--,Het'fl Cl.. oh t1-1, presone ineuntle -heretore,

the. present itve-mind adms ad- providing a Carb0:1-fibef chopped strand which allous Larne- 5 size
packlgml salhahlesfor mass production, which edn eg fed Lt[dOty inio an extreder from a hopper, and
which shows good. dlsperS|b|||ty cL carbon fiber in Lilo kneadlng operation in S. xtruder, and a
mannfanturilmi method ofstich a. carbon:figer ¢htigged-ohrand G Meahs For Achieving the Task
[00201 The above.Lim cal the pihosontinvention.can be achLinfed DV;notowing variousdnventions of
the present inventidins [90del 15[11A carbon-fiber &mopped strand composed of 30.000 to 120,000
08y-bcb, tihersingle filamentssand 1 to YO massh, G eesizing aginsa Wsism. & nzadlgs-thé Sirgle

fllamenatn Whl

(Dmhx) “and the mﬁlmum dlameted Jand...rd both

rbgn beCer chopp%d Cstrggd t,pe rgtl ;Ib%mg%IDan) of Li e me
200f the section of chopped strand is 1.0 to 1. 9,

Lmd@ diameter

hee length @i)cif (Y)bopped strand: algtpithe fiberdiavectnt-Oto 1077 1y and'the reposecangle Of

-

chopped strand Is 10 to 30..

pility of carbon fiber in the kneading operation in
extrude and a manufacturing method of such a carbon-Iflber
chopped strand

10 Means for Achieving the Task
(00207

of the present invention can e achieved
by following various inventions of the present invention.
0021

15 1] A carbon-fiper chopped strand composed of 30,000 to
120,000 carpon fiber single filaments and o 10U mass of &
sizing agent which bundles the single filaments, in whicr
carben-fiber choopped strand the ratio (Dmax/Dmin) of the
maximum diameter (Dmax) and the minimum diameter (Dmin) both

20 of the section of chopped strand is 1.0 to 1.8, the lengtrl
(L) of opped strand along the fiber directior s 3 to 10 mm,
and the repose angle of chopped strand 1is 10 to 30

0022
(2] The carbon-fiber chopped rand according to [1],

25 wherein the ratio (L/Dmin) of the length (L) of chopped
strand along e fiber direction and the minimum diameter
{(Dmin) of cheopped strand 1s 4 or smaller.

[0023]
3 The carbon-fiber chopped strand according to [1.,

30 wherein the sizing agent is a polyamide resin.

~1



[n022] [211The carbon -flher :topped strand according ho [_[, 25whereiht the ratio lilgiimHn) of the
Length [L) of chopped itaiomd the thiper oh-ad-ton and ghe Finiffl-1.T. diamete) diminM of ghopped,
strand js 1 or smaller. 10:0 22] -alThe caritin -fiber chopped strand according he [11 80 wherein the
sizing agerM '[.s a oolyamide resieh 100241 [1]A msofhod 1.02 msnulacarfdxg a carbbc-filabr
choppra strand. set forth 2n 1'1, characterized by comprisina a step of taftsting, by. 0.5 t-050 tixbs per.
meter, an 5untwasteg cafbon-adbor saardnd composed of 30,000 to 180,0CC sirgme faTaments,

a step of introduging the twisted carbon -fibed. srrard into a sizing scifut bath, fclicwed by
drying:adhere Ito 10 mass % of she sizing agent to the tocarbon-fiber 10 strand to a-oza a carbbh-fiber
strand bufdled, 'sod ©* ™<a &tep of Cuicing fais carbonfibér strand-biirdisCi ﬂtO/a“ngé?’]“bngth 100251
[5:The manic oh; for d:usfacturing a carbon-fiber chopped : >4 1y compri=in

o+ oy N T e =k TR P ny - AR SR N
step of twisting, by 0.5 to 50 ftimes per meter, an

_ . PERTE Fay Yo HEONANENANS
3\/ O LA o

5 untwisted carbon-fiber strand composed of 5,000 to L

P o F oy oy
single filaments,

a step of introducing the twisted carbon-fiber strand

path, followed by drying, to

10 mass of the sizing agent to the twisted carbon-fiber
10 strand to allow a carbon-fiber strand bundled, and
a step of cutting the carbon-fiber strand bundled into

5] The method for manufacturing a carbon-fiber chopped
15 strand, set forth in [4], wherein the sizing agent is a

polyamide resin and the sizing agent concentration in sizing
agent path 1is 0.5 to 30 mass %.

[0026]

[6 An assembly of carbon-fiber chopped strands each
20 composed of 30,000 to 120,000 carbon fiber single filaments
and 1 to 10 mass % of a sizing agent which bundles the single

filaments, in each carbon-fiber chopped strand the ratio
(Dmax/Dmin) of the maximum dilameter (Dmax) and the minimum

diameter {(Dmin) both of the section of chopped strand being

o 4 N g el o F j - Pl 1 3 . 1 =1 -~ ] i N

25 1.0 to 1.8, the length (L) of chopped strand along the fiber
T e oy e ~ 1 2o e L le p I — . £
direction being 3 to 10 mm, and the repose angle of chopped

strand being 10 to 30%, in which assembly the remaining ratio
of original carpon-fiber chopped strands bundled i1s 70% or
higher.

30 o027



15sTrand, sof foiMOi ix Isfl, wherein the sizing agehls Ls a polyamido regif abb the sizing agent
concentration sn sMz.iing agent bath is 0.5 tc 30 T3ss %. [0026] [61jAn nsneffLiy of carbbh -fiber
chopped strands esch 20composed of 30,000 to 1180,C00 carbon fbaer stngle firambnLs and 1 go.
-18 xasz 15 of a sizing agent whrch bungles Che Selegie filambnts, ju sac!: carbon -fiber chopped
strand. the ratio (Iffrax/Dmin) cf the maximum diameter (Dmax) and the rinimfds diameter. (Dminf both
of the socsion of chopped strand being 251.0 to 1.8, the length (14 of chopped strand along zhe fiber
direction being:3 Lo 0xam,and the repese stgis 05 chopped etfrand bEzhng 1C:t0-308; lmwhich
assemrdy trg rnmi,,i11-! ratio of osioMnal csrbon-sicer choppbd strands bundled is 70% or hhgher.

30FOC271 [7]A gackdge“of carbon-fiber ERGPpet Straros, comorisig s~ “° Herd tHopped
strands each composed. 0f 38,000.t0.123,000 carbon:fiber:single filaments-and.1 to:-9:-1/F:SS % of
a sizing agent which bundies the single filaments,. 5carbon-fiber chcpped strand the ratio
(13-mmx/I)Mudi) 6Ethednpximitim odometer £73iak anb the minimum Uif rieter-(antiné both of the
seoififir,of cheroe8s stand.being ,1,0.101,-He Tegggn (L).cf.chopblhd stdond along the fiber direction3

.

Lc 10 3.3, and. the repose angle of chopped strand. Poing 10 to 30, U)éﬁd C ficnibia contdiner bag
which packsfei®:0m.1014121100 chopped strands;e minimum diameter (Dmin) both

] o e - £~ ; o~ . ] : 1 Y 4 10 T TP |
the section of chopped strand being 1.0 to 1.8, the length

9]

(L} of chopped strand along the fiber direction being 3 to 10
mm, and the repose angle of chopped strand being 10 to 307,
10 and

a flexible container bag which packs the carbon-fiber

in which package the remaining ratic of original carbon-fiber
chopped strands bundled 1s 70% or higher.

15 0028]
(8] A method for manufacturing pellets each composed of a

thermoplastic resin and a carben fiber dispersed in the

e 1 e PN [ o 3 by 4 1 [N S
chermopLastic resin, uslng an extruder, which methoa

comprising
20 a step ol feeding directly into the hoprer of an
extruder from a flexible container bag, carbon-fiber chopped

strands each composed of 30,000 to 120,000 carbon fiber

sl

1 to 10 mass % of a sizing agent which

D
[
;

9]
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single

F 1T @ P 1 £ o y 4 T~ P P o
pundlies the single filaments, 1n which carbon-1fi1

e o H PR oy e A Ty o Py 4 1 £ 3 et 14 s o e P oy
L stranas TChe ratio {umax/um;n) OL The maxXximum dlametelr (Umax)
e~ 3 < . Ja - N R N y 1 e £~ 3 e e e
and The minimum Jdirameter (um-n} both of the section of

chopped

n

trand is 1.0 to 1.8, the length (L) of chopped
strand along the fiber direction is 3 to 10 mm, and the

o ! .

repose angle of ch

O

ped strand is 10 to 30 and

@]

[®]

L

&
£

—~

ot

¢ o~ o + -
30 a step of “n

£
Qs

ding, 1in the extruder, the carpon-fiber

9



in wmich package the remaining ratio of orignat parhon-finer chopped strands btriC'ed -0! 703 or
nigher. 15[0028] ddA met sod tor manufacturing pal lets each comflonseb of a thermoplastic .ana
CClarbon fiber disocrsed in the thermbplastic resin, nsin an extruder, which method. comprising 20a
step of feeding directly into the hopper of an extrfder froT a -fley8hf3 contane - bag, carbon
weePoramea strands each composed of 30,000 to 120,000 caMson fiber! singie fifombfaos and 1 to
10 mass 8 of a sizing 0.95110 whist: bundles the single filaments, in which :-.dTbtjn-flb,c.i. chooded
25strands theratio{lamax8ignin) of the maxiewm diameter. (amax, and the minimum!. diameter
(20m2r) both of the eec012so of chopped etranH is 1.0 to 1.8, the length (L) of chopped strand along
the floer diréctibRcis Pfo HMITHEFER-Frepose angle of choomed strand Is 10 to 80n, and 30a step

of kneading,rin.the extruder, :

,he carbon -fMce chopped strands with a rosin. Effect of the Invention

the hael=t-lllber ChO(LIt)CJ strand cd t d Riese:at 5 invention, there is usedd as the raw
maderiai,carlpon-fiopristiarid chtaireO by‘imoregnafinga givealauxannh 2f asizing aGeht irte

assspbh be
has a. tW|st o

§g§nQQomqpsgg ot 30, OAQXSQto 12C,000 singie filaments. Slnce this, carbon-fiber strand

o PC times per meter, the earl‘bin:oh:then 10 chob ed strains et the present: invention

obtained by pattingithetstrandsis superiopinchnndiingehd hardiy hasreo uat sectionas shube;
Consdgeently, the presena carbbn-fiber chop ed stradd is suderlor in fjowabljjtyh 1OC3C|

calld, COmpos SUu,vuu TO

15ACethtt: Lhe When the” orosonk ca}ben libi chub‘tread

20

30

120,000 single

twist of 0.5

o)

According

: o
oy T

strand 1s Ied

down smoothly

the meter of extru

ctuation in the time in which the strand pass

filaments. Since this carbon-fiber strand has
to 50 times per meter, the carbon-fiber

oL tne ;OI'@S@TE"C invention obtained oy CcuTtTing

superior in bundling ability and hardly has a

shape. Consequently, the present carbon-fiber

is superior in flowability.

Ly, wnen the present carpon—-fliper chopped

ER e - £ ~ o~
¢ the hopper of extruder, the stranc flcws
Che hopper and the strand 1s fed stably 1nto

o
C
@
[
T
n
oY

result, the chopped strand can

to the extrusion screw of extruder.

ent carbon-fiber chopped strand can be fed

- R J — ] - Ee -~ £ . P
extruder, as mentioned above; therefore, there

M
92}

through the extruder, enabling the shortening of the

F oy j T
Lbe optained, by

s little cutting of strand in

w, whereby is obtained a molding

of chopped strand in extrusicn screw. As a

fiber 1s dispersed. For this reason, there can

using the molding materia., a mc.ded articlie

excellent mechanical properties.

10



strand sloe Into the hodpeg cd extraher, the stsrand flows down smoothiy 11he hobieer and the strand
is fF,d. St.f-Aply :ntr, the meter of extruder. As a ressit, the chopped strird cud be fed starily to the
extrusion. screw of extruder. 20100311 The present carbon-fiber chopped strand can be fed etabiy
into an exhruddr, as mentioned abcve; thoref:sre, ishore 210 r"LlucLuoltton In the. time in which the
strand biasses through the extruder, enabling the shortening cf the 25residence 21.t719 of chonped
strand is extrosion scil:ma
-le ow:Ling of strand in kneading in extrasich screw, whereby is obtained s -holding Te?.teh:tr-,1 12
which a. long fiber is dispersed. 5102 thH3 heaSeD, :here can be obtained, by asihqg the mpdding
materials, a SPEFr 1EfF3 6 EREEEn I caRicE Y FObEH®S. BEST MODE FOR CARRYING
OUT THE INVENTION GEI ¢ hscand of fo Liowrq rrtathod L The cerrueed as a raw mater ILEI | E of
He preschopper" stran carbon. 10fiber,there can be used, ea bfiber71l fa (PAN) type Lontypo or the ilk
(including a graclLand @ caroon-fiber chopped strand of the present

5 invention is produced by the following method.

[0033]

he carbon fiber used as a raw materlial in production

5 . oo

of the present carbon-fiber chopped strand 1is a filament-like

D

iber which can be twisted.

(

10 As thn

®

carbon fiber, there can be used, for example, a
carbon fiber of polvyacrylonitrile (PAN) type, rayocn type,
pitch type or the like (including a graphite fiber) and a
carbon fiber obtained by coating a metal on the sur

SO A= .
ormer caropon Liber.

whe

15 The single-filament diameter of the carbon fiber is
preferably 3 fo 15 um, more preferably 5 to 10 um.

The carbon fiber is produced by a known method and is

N M oy o Y LT 4y =’ -+ - 3 Ty LTI N O { ¥ N
ordinarily suppllied in the form of strand. The number of the
20 single filaments constituting the strand is preferaoly 30,000

'O
H
D
o
[
s3]
o
i
(@
<o
[
o
)
[
O
[
<2
o
()
(o)
(&)

o
o
(o8]
(o3

In the current manufacturing method of the carbon fiber,
25 the production cost depends upon the number of the single
filaments constituting a strand and the diameter of single
filament. Accordingly, a strand composed of single fil
of less than 20,000 1s usable but is high in production cost.
Morecover, such a strand 1s not economical as a reinforc

¥

30 material for CFRTP which needs to be low in cost.

11



ny eostang a meta' cm theace of P roduced by a Known metha a form of sirands The 0 EI.E a h Ot

20secoasfilamenLs .r;;onuL notcng the sirmais to 122,

000. 03 al In the earremtfmethod hue__

depends up= the rlarO00r urL a 30'0aning a stranddna the filament. Ac of less oh art Moreover., sicb.

asa 30 material =or strand composes, ol S| Mice but is ba ah j r prca

to be low 111

o -] o~ Y v § £ B T
A strand composed of single
5 3 aYa e el 7o = ~
0,000 1s difficult to impregnate

agent -«

5 the sizing strand,

to be low. Such &

axis direction of strand, in

Further, it is

low

IaRninianl

cutting of strand into
not preferable,

in uniform dispersibility of ce

not economics' Job needs

he bundling

strand tends to be split alcong the fiber

chopped

because the strand

10 the peliets or CIRTP produced by melt-kneading of chopped

length,

appropriately 0.8 to 8.0 g/m.

The above-mentioned carbon-fiber strand is then

When

ner meter

sectional shape. That 1s, there

sl
1-

h
Fofy

20 chopped strand o shape,

the maximum (Dmax) and

result, the chopped

e e
100397
9 Whan +he Fuier “a mere Sk
LD Wwnen tne TwWwist 138 more than
S1Z1ing agentc imopregnates
; ing agentc 1I0L =gr =S
1] v ~Nle / o voarr ot Wren
ITiper pundire. 1D G ‘Cw,«bb, when

carbon fibers of the
with the

30 cotton-fiber-like fluff,

-
fom

12

of single filc

the twist is

having a ratio
the minimum
section of chopped str

strand has

into
the
inner portion of strand,

are released outside and

resulting in a chopped strand of

fhe chopped strand obtained has a flat

is obtained & carbon-fiber

and, of larger than 1.8.

low flowability.

50 times

not impregnated

s o PR AT
form a mass of



[00312,1 stramb composed, of sjhble Mtlamencs of 11fe than 120,000 is dirmmuit to
Caiiregnace a sizing apes. thereinto, in adhering. thp siring agent to the strand. WhcfclomO, in 5 the
siricp agert-ydh-,ed -: dandy the bundling. ahility tends to be low. Such E strand tends to he split dronb
Lhe fiber axis. directifln 01. stranwl, in cutting or scrand in t chbpbbd strdnd. Eurthpf, it is not
prefernhde, bcedes5 the strama tends to be tow in uniform dispersiblriSy wl aarlich. fibafr, rn 10:the
pellets 9- PHaln18 brodncea by melt -knpabnng of chopped strand with re5in 100371 The TE45.:=.
pE'r orlt length-ef-singlef-appropciateiy 0.8 20 8.0 15[00381 TP abcde-mbstiored carbon-fiber
strand: is then twisted 0.5 to SO Limbs pa.. motor. When the twist is loss than. 0.8, times per meter,
tfw chopped $trand obtained sectional shape. That is, there is obtained a caLCbilaribei 20choppbd
strand of flat shape,having-a ratio. @nm:bpMIE:Mt)-of the 110517 1E 111 diameter{(dmaxl-ard the
minimum diampuer Mdmird both of the socLion or chopped strand, of Larger than 1. 8. As a re suit: the
chopped. stranechasiew flowabifity. Fo0391 28WileEL I'the thist §s =ré'than 56’times per metef, the
dent- Ho:rd17. |gmhp95nutes tnto the HungO nc- Iﬂpgg:r fiber pungue(.kll@aresulty when the fiber

;. ro".1H.L_CL, the carbon rlbprs of the inner portion of strand, not impregnated with the sising agent
are tele:isedooutside, dishtfofm airacas:of-20apt:tod-it:piblinc fluff,tresulting n acchoppec strand. or

low . , -
accordlng TO an ordlnary means.

It is ordinarily preferred that the twist 1s applied

f
wn

10 after the carbonization of the precursor. When the twis
applied Lo a carbon fiber strand after carbonization, a

N . N N i1 e et e A T £ -
S1Z1iNg agent may De acdhered to a non-twisted carpon fiperx

may be applied. Or, twist may be
applied before adhesion of sizing agent and then a sizing
15 agent may be adhered. It is generally preferred that twist

is appllied and then a sizing agent is adhered.

preferably various thermoplastic resins and thermosetiing
20 resins. There can be mentioned, for example, epoxy resin,
urethane-modiflied epoxy resin, polyester resin, phenolic

polyamide resin, polyurethane resin, polycarbonate

resin,

resin, polyetherimide resin, polyamideimide resin,

olystyrpyridine resin, polyimide resin,

resin, and mocdified resins thereof. Mixtures thereo
also used. Of them, epoxy resin, urethane-modiflied spoxy
resin, polyurethane resin and polyamide resin are preferred,
‘erred for the wide

30  and polyamide resin 1s particularly pref

13



ficai,fabTh-y [9040 The tannanalienr strand twisted. C.c La dC meter may be prod:Toed also by a
method. of twistinu , 5 precursorcartnh fiber. preursorb such as oPl'aeb; Miner bundle or the lire and
then carbonizing the. thwialed precursor aofordnng 00 001. ordinary Tears. [30411 It is clidiric:llly
preferred that: the t:wis L is. apt:lied alLei the tarbonlealier of the precursor.. When= twist is abolied to
a imarbcd fiber strand after carnentzaid an, a c?gc-,en amp- be adhered to a
noretwated darbon fliner strand. and then twist may be applied. Or, tplst Tay be applied belon
aghes?en of.sjizinc agent and then.a:sizing.cl.agentimuy beradhered_ hi.ds generally prefesred =That
fahont is applied ana then a S|Z|n9 agent is adhered. FOU12] The sizing agent amded in the present.
invehtfon 13srefetably uric:ps'tneppophastié fésing atiatherfmacetiing 20°resins. Theré tan be
mentioned, for egga%ple epoxy: resmwethane mod:tried epoxy resin, polyester 'es 'n, phenolic resin,

polparddo rosin, poiaurethane resin, colypurbnpate resin, polyehnerip=da reslr, dolyamidehmide reshp
polyshyrppridine‘rasin, palyimide resin, eismpielmion resin, 25 polysnifone reein, poiyethersulfone
reSM, eCC,Y1-M. Odified urethane ren=n, bolyvb zi anonI resm%octoaLnyMctvrrollebggo resin, and
andafied resins thereof. YixErres aIso nsea. Of them €poxy resin, urethane-modified. epoxy besjh,
bniyutetinte zesinand-oelyamide resirmarelpreferred, 30andpelyalide 11020 ts:part=cular-a

oreferr,,b ror die wide

10

30

more preferably 4 To 7 mass %, based on the total mass of
carbon fiber strand and sizing agent.
(0044 ]

Whenn the amount of sizing agent is less than 1 mass %,

the carbon-fiber chopped strand obtained has low bundling
ability and tends to split during the transportation and
handling.

10045]

When the amount of sizing agent 1s more than 10 mass %,
the dispersibillity of carbon fibers is low in kneading of
carbon~fiber strand with molten resin to produce pellets or
CERTP. As & resulft, the pellets or the like obtained is low

in mechanical properties. Further, the amount of the thermal

)]

u

decomposition gas generated in kneading is large,

) pri o

detericrating tne CFRTP produced. Furthermore, cutting of

strand is difficult, tending to produce a chopped strand
naving a flat sectional shape. Therefore, the section of

chopped strand hardly becomes a shape close to a circle,

resulting in low flowability.

[0046

The sizing agent 1s adhered to the carbon-fiber strand
ordinarily in the form of a solution dissolved in a solvent
cr a dispersion dispersed in a solvent. As the sclvent,

There is selected from water, an alcochol (e.g. ethyl alcohol



isabiliy, easy candling and high fancs_iori. As the poilyaidd resin, 6 Nvion (trade. mark) which is a
selchae nylon resin:, Is partlertdry paumfenned- 100343] 5Ino ag"thint. di the sizing agent adhered to
fht carbon - fiber strand. is | to 10 mass a, preferably3 to Ti ass Tl more preferably T to 7 mass a,
based on the tetdi mass of carbon fiten sPigna and sizing agent. [0044] 10jfinon the: amount of sizing
agent is less then 1. mass a, the carbon-fiber chopped strand obtained has low hurdling atiaity ann
tc-nCi,z to so lan dartig the transportation and handling. LOG1n] 16:v1her the amouht of sizinp agent
is more than $0-mass,%, the-dispensibiattg-ar-cdrhen fiberssisdow:in kneadnud. of narbon-fiber strand
with tplten resin to hmoditc- Oelleto or Cg10111). (r\s: a result, the pellets Of the -ikk, otnsined js haw
in mechanicaf properties: Further theamount ot the théfrtal Gectiftoositiori gns generated. Jr
kneading: is;Large, deteriorailag 'Mao; 173310 produced.- Eurthermere cdrtjng of strand 's difficult/ ten
1100 to produce a. chi:hit:0d strand having a.] elseehapd. Therefore, the section of chopped strand
hardly becoffest a’sfiape ‘close 70 a'ejrcle, ‘IBresGlting i’ [00461 % 1 1 The siting F171019 11 is
adhered to the 03.r000-F.:167a strand, prdinarily Hu the formof a solution dissalved \n s solvent or a
disparsion alsprsed in a. solvent. As the solvent, 30there is selected from watery dn alcohol (e.g. ntayl
alcohol kolLeegiehlegd. The concentration of sizing agent in sizing agent

solution or sizing agent dispersion is preferably 0.5 to 30

mass %.

[0047]

10 In order to adhere the sizing agent to the carbon-fiber
strand, there is employed a known method, for example, a

methoa of dipping a carbon-fiber strand in a sizing agent

Ty 4 . - s ] c 5 K AN g e PR
solution or a method of spraying a sizing agent solution

e ) T N e e oy o] - F .
arbon-fiber strand is then

Q

Tne sizing agent-adhered
dried by a known method. The drying is conducted, for
example, by passing the strand through an air dryer or the

Ia}

like. The drying temperature 1s preferably 50 to 200%

20 such drying, the section of carbon-fiber strand intersecting
at right ancgles with the fiber axis direction beccmes nearly

P .

circular spontaneously owing to the twisting and the bundling

action of sizing acgent, and the ratio (Dmax)/Dmin} of the
maxinmum diameter (Dmax) and the minimum diameter (Dmin) both
25  of the section comes to fall in a range of 1.0 tc 8
(0049
Incidentally, In the above drying, the shaping of the
section of the sizing agent-adhered carbon-fiber may
be conducted using a grooved roller. The sectional shape of

30  the groove of roller is preferably a U shape.

15



a selected. The wahaectra 01931111 .g. acetone or bet 1,aacizene cr. iiii one, dimetn aupon the
Ximo re thereof sizing agent 31. On ITS p t h stran hd. d meto ofi. dipocarbo31111n-fiber shrand in a
sl soiutiofeying a IDa spray nozza mac-I:he:red carbon-fiberru Lher cried.The drying. is cordubLc

[0050]
The strand bundled produced as above 1s
then cut into 3 to 10 mm, preferably 5 to 8 mm, whereby the

£ o e oy 3 P j £+ ; N I
carbon-fiber cnocpeed strand oif the QI&ED@ﬂb inventlion 18

5 obtained. average dlameter of the present carbon-fiber

In the present carbon-fiber chopped strand,

10 (Dmax/Dmin) of the maximum diameter (Dmax) and the minin

1

diameter (Dmin) in a section intersecting at

contact area between strands 1s large and the flowabllity of

15 strand 1s low.
[0052]

- T + 1 A . 3 Y g -
In the present chopped strand, the fiber

L0 mm, more preferably 5 to 8 mm. A fiber
length of chopped strand exceeding 10 mm is not preferred

20  Dbecause the contact area between strands is large and the

lowability of strand is low. Meanwhile, a fiber length of

chopped strand of shorter than 3 mm 1s not preferred because

no sufficient reinforcing effect is obtained when a fiber-

.

material has been produced.

~

b~ T eyy v £ = =g - -} / \ ~F o~ s
tio (L/Dmin) of the fiber length (L) of chopped

strand and the minimum diameter (Dmin) of chopped strand is
preferably 4 or smaller, more preferably 3 or ler With

4, the contact area

30 large and the flowability of strand may be low.

16



example, bv nstrand Mnrctigh an air Like. The drytemperature is preferably 20such drying., tHI E
section or carbon-ti hersintersecahnq at, t anp_he fiber axis direct: .11)111 sporLdneoasly owing to the
twisting ato 60 t. siaing, agerh, and TIIDe ratio 9 fahrax1/Difl11l . maximumter (amax) and ii hi. miirram
diameterbo LheT in ea range JO91491 Incideit 5CCL_(al_ hoc uneuct a) the groove e eCO
ageff-adheredl- 1.and may Lug a. grooved foll..er. 0.. ODIiS rllir000raOlv a U snap. The
earnon-fipe strand bundled produced as stboye (H:3( then out into) 3 to 10 mm, pretemabiy 5to 8 TT,
whereby thecarban -Libor cho0606 strand of the prbscue invccUbbun is 5 obtained. The average
diATAter of the breser curbon -fiber hoppmd stranC biliers dcoonding ti30051 the uumor of bandiAd
single filaments but |SOfdrnar|i§rﬂft0 109%100)- carbon-fiber chopped strand is

evaluated by 1ts repose angle. The repose angle 1s measured
by a methcocd described later. A smaller repose angle 1s

5 interpreted to indicate @ nhigher flowability. The repose
angle of a chopped strand interpreted to have good
flowability is preferably 30° or smaller, more preferably 25°
or smaller. A repose angle exceeding 30Y is not preferred
because the chopped strand does not flow down stably in

10 feeding of chopped strand in hopper, intc extruder. A repose
angle of smaller than 10° is not preferred because the
chopped strand has too high flowability, making difficult the
handling thereof.
[0055]

15 The bulk density of carbon-fiber chopped strand is

indicated by the mass of chopped strand per given volume (1

). The bulk density of the present carbon-fiber chopped

—i

strand is preferably 200 g/L or higher, more preferably 250
g/L, particularly preferably 300 g/L or higher. The upper

20 limit of the bulk density 1s ordinarily 700 g/L.

- - K - T an

in Cener ’ then the bulk QGTJSLby 15 12 /L or LOoweXr,
A Es 5 e 7 -~ - A 4 4w} . = —
he ITrictiona. resiscance at the cerrace cnopoed

nan the gravity which each cheopped strand
25 recelves. As a result, there appear, 1n the hopper, tThose

chopped strands unable to flow down partly.

[0057
The stability of shape retainability of chopped strand
can pe examined by measurlng the ratio of generation of free
30 fiber The ratio of generation of free fiber i1s desirably 3



r,CO511 Tr the labAsnb( (---)gcnaftben chopped. strand, the ratio 10(Dmax/Dsgin, of Ube maximum
diumeter (Dmax) and ling nig:cif:aim diameter (Drain) in a section 2A-)iersectinb at riall tingles with the
fiber axis direc_iou is 1.0 cc 1.6, brefsrably L.0 to 1.6. A ratio exceeding 1.8 is not preferred because
the dnntact area boo. geen silanjs is large and the tics/ability oi 15aLrand Is low. .00521 ir the.aheeeed
6-n(26,d, -he elne(c breferably 2 to 10 mnn store preferably 5to 8 Till.  length olf chopped. strand
exceeding 10 MT. Is rot preferred. 20Hethe contacf. area. between. strands is laf.e ard uhe -wpwd-o-y
c-rand Is low.-Mbanwhlje, alacerlength-of chopped strand €csnoxter than: 3 Tn.4s-netyprefAY-50d
because no suffialeni reldfcroing effect is obtalned whole a fiber- lew-,c*nwed 1)00): 10015.Tater:Lag
has been préW.ced. 25[00"31° " “Fhe faci¢igighti) of tade fibers P'RG.:th 31 1 nfnribuped strand
and tne Tin-Arnim, chameter lijnji) of chgopea 'skoand,ispreferably 4.or smaller, lQC"preferably 3 or

Clila

=clear. 3. oh a. ratio of larger thou: 4, file contact area between strands Ls 30Iarge and 7: he
ﬂowubjl)(ty@rf@ﬁaﬁ@ may BACr05i1; acTr0tol reposechy aFELf--2nd the opening of

]

10

b
[

30

m

cho ed masses

T

U)

rand takes place. BAs a result, cotton-like
are formed, reducing the flowability of chopped strand.
The ratic of generation of free fiber was measured by

the following method.

J
[\J(\J\/
- -~ ~ o = - la¥a
A carpon-Ifiber chopped strand was dropped into a 500-ml
A | = AL P S = e . 4 Y 1 . T s oy ) -
peaker from a helight of 30 cm above the beaker. The carbon

fiber chopped strand was fed until the strand piled up in the
beaker so as Lo exceed the upper end of the beaker and
dropped from the upper end of the peaker. Then, a glass rod

was moved along the upper end of the beaker to remove tThe

portion of carpon-fiber chopped strand projecting upward from

the upper end surface of the beaker. Then, the mass (Wl qg)

of the carbon-fiber chopped strand in the beaker was measured.

Then,

ot
]
m
@]
80}
=
oy

bon-fiber chopped strand was transferred
into a 2,000-ml graduated cylinder, and the cylinder was
ntly. The graduated cylinder was rotated at 25 rpm

for 20 minutes on the axls of graduated cylinder. The

+ = ORI N R 3 R o) p
rotation ©I gracuated CcylLinder was stopped and the Carpbon-—

£ - ~ . = P - ] o ~
Liber Ccnopped strand was transferred onto a sieve (3 meshes)

The sieve was moved in all directions until there was no
dropping of carbon-fiber chopped strand from the eyes o
sieve, for sifting of carbon-fiber chopped strand. The free

fiber remaining on the sieve was collected and its mass (W2

U

g) was measured. The ratio of generation of fr

ce fiber was

18



Intorpreeirso arc! a of tiowaci Or small oecause the 10feet_daa ane chopper: uf hand-Irq the ' later.er
repose a 101.9nor firow tercreeed TO 0 or snnaiier ,rnoto ory - 1 e exceearn dries hce flow down
110000 r, ii to exurriler not preferred because the wahi. 1.1. to, ma In ncr di bficul27 the obon - fl bar
odopped ed sper given lhe bpi.<eilty of the present ea-hop-fiber cr,feri

= following formula.

ree fiber (%) =

©
b
ot

('?’

] 1 R T | £
he chopped strand of the presen

5
number of single nents and stably keep the chooped
10 strands of original number of single filaments.
[0060]
The degree of splitting of strands 1s indicated by the
remalning ratio of original carbon ber chopped

which is described later. The remaining ratio of criginal

15  carbon~-fiber chopped strands is preferably 50% or higher,

more preferabply 70% or higher. A remaining ratic of original
carbon-fiber strands, of lower tha
preferred because the contaclt area between large

- 3 1 Fe P T e e J ;g LN
and the Ilowability o chopped strand 1s Low.

The packing of chopped strands can be conduc

ed using a

known method. A method of using a flexible container

- 5 o 1
i

preferably used. The flexible container bag is a

The flexible
opened at

the feed:

30 By



the drt :anos is roes coo. bob 1< 1:ensityfowerd at the interface oreocty which iach chooped
strayed ire aunjear, in the PMbOSe -- of shane retainabilir an: b.c enerriopi n000 gene ratio 17 Cr
lower. When the ratio C.; El generation of free flesm is fe or higher, the shape of hoopoe. strand ns
nod 13efalmable daring inc. thbfesperLation of chopped sfrend cm 1h feeding ch. chopped strand.
from hopper into extruder, and The. 0003100 00 5chopped strsmb takes place. As a. result, cotton-like
masses are forrbd, roduclno the flowabillitY of ThcA5'2e CS5k5hd- The Lehi of 000er:Wilt-On of

free fiber was-measured-y:the folic:wire methodh+ invention can be obtained.

EXAMPLES
[0062]

5 The present invention is described more specifically
below by way of Examples. However, the present invention is
in no way restricted by These Examples.

[0063]
(Decomposition method by sulfuric acid)
10 The gquantitative determination of sizing agent was

conducted by so-called decomposition method by su

whicn 1s described pbelow.

2 g (Wiy of & carbon-fiber chopped strand was placed in

Y 1

a 200-ml conical beaker and welghed accurately. 100 ml of

15 concentrated sulfuric acid was added and the beaker was

covered wilth a watch glass. The beaker was heated at about

ot

[

200°C for 1 hour to thermally decompose the sizing agent of
the chopped strand. After cooling, an agueous hydrogen

peroxide solution was added into the beaker in small portions

5 e P e I e, 2 } 3 dr ey oy e ey e [anl .

20 until tThe solution in the beaker became transparent. Then,
the carpon [iber 1n The peaker was separated by filtration,
using an accurately weighed glass filter (W2). The separated

carbon fiber was washed with about 1,000 ml of water and then

P b o F T e e oy e S e 1y oy R T A S o
che glass Ifilter C/C)f‘;td_uﬂlhg Che carpon fiber was dried at

25 110+3°C for 2 hours. The mass (W3) of the glass filter
containing the carbon fiber, after drying was weighed
accurately.

[0064]
The amount of the sizing agent adhered was determined

30 Dby the following formula.

20



105531 11)1A 0.3rbehbflPer vrepned strand was eronbee into a 51-101011i beaker El 101110. a
height of 3C cm above the beaker. The (031300110 fiber chopped strand was fed until the stranduo nn
the beaker so as to exceed the upper end of the beaker and dropped from the upper end of the
beThen,glees roe 15 was 'eyed. alonu the upper end of the beaker to remove the. pert's= of
carhor-hber chopped strand. Preject'ng mcward from the draper Prd 31.1.353 Cc: ef the beaker..
Then, the mass 11/11 g) of the carbon-fiber chopped strand in the beaker was measured_ P505911
20Thou, the carepn-fiber.ehopped:strand; wasdhansferreddk ntena2;00S -FH graduated. cylinder, and
the (ay-Hader wad sealed fihhtiv. The graduefed cylinder WES rotated at 25 rbm for 20 rbfutes on the
ax's of graduated. fly-P.106er. The rotatton of UraOUO:3te(U ¢/-2neé3%vas stooped 4nd. _Ib
uccrburi- 25fiber.chogned strand Wi:h7) LiciTh-i, TUffeCi.onho a-sieve;011 meshes). The sieve was.
moved 110 a- d'oectlone untj-1.1 -Here was ob -2ppire bh cerneraf'her chogebe strand from hheos
of shove, Ler sifting of sarbonAftben:chopped shrarieb khefegesfiber remahring-on. the sje"e was
colfectee and its mass 11.712 30 g) was TeasamebThe retie ch generation cd fres Tiber was
caltpalated usinp the following formpla. ul"-i”ébti%‘ongLenpe‘fgtigr% of’ %ree% flgb?e%\ll\lg ’=\“(V\7féf\73ji5') ilbwﬁu The
cixdpped strane of the>eresent icveptica: is eackeftdE asftexiblescontainer-bag o theslike; in a state of 5
asserhly of a La;ge nolaber or chogge% §Lrgqgs,»gaj,rta Is

lnal numper filaments. USLH@ These measurement

Iy ) R PRI = Lo e ] | I b oy ) .
cata, The remaining ratio ot origlnal chopped strands each
ret

R 4 ERUNIER L e ‘ 0T e e o
InNnin Chne oridinal numper of blng;e filaments was

j8)]

Q

10 calculated.
[0065]
(Builk density)
-

300 g of chopped strands was filled in a Z-L graduated

cylinder. Slignt impact was applied continuousiy. A volume

wl
15  of the chopped strands was measured when there was 1o change
in the veolume of the chopped strands filled. Jsing tnls

o}

volume and the mass of the chopped strands, the
of the chopped strands was calculated.
(00606
20 (Measurement method of repose angle)
40 g of carbon-fiber chopped strands was filled in a
funnel having a lower diameter of 18 mm, and was allowed to
fall freely onto a floor surface from a height of

There were measured the height (h) of the chopped strands

25 accumulated on the f.oor surface and a half of the diameter
{(r}) of floor area on which the chopped strands piled up. The
angle (repose angle, 8) formed by the flcor surface and the

siope of chopped strand mountain was calculated using the

30 tan B = nh/r



S upplied to a ofdlet production stop. ID LhiS JSC( IL is preferred that the chopped strands of
asseplaiy forh or Package Fr-) ICm dfl no- c-:,c,H-- Into chopped strands of smaller number of sing-e
llagments end ssaliy keep. the chepped 10strands of original number of sinpie filacrerds: 100601
Tito lle 1411111 of splitting of strands is indicated by the remahring rati0O011 crigunad carbon-fiber
chopperd strand:a which Is (described. later. The remaining ratio of ofiginad 15carbon-fiber chopped
strands is preferably FdTh or hPhfner, more orPrersbl7g or higher. A remaining faj' od cedginal.
oarf)chefihpf chepped strecds, of lower than Oil% preferred because the contact area 'between
strands Is large and The fl.owaloility of chb.pp.ed strand is low. 9OICOGIT Phe maci,Xnp of Phcred
311.can. he IO PLE$1:11:111°usiRg a1a00b frefnld. Ariéthod of using & 'icy...foie container bag is
pholerably dsod. lllsflexible container bag.hs a bag-eherash packing material 002egi is.ased-for
storage as tsdnseortation 25 of powdery sdigslacce or granular substance. As The flexible container
hag, a. commierciakproduetcan bé usad appatérahlafeivo...helflesifle cortspay: bagih Qx.cipeably a
tyne WhiCpB,ﬁ Ban| be opened at. thc Lotto:up The erX|bI container Pap Bageh ease. the feedlng
operation of “che %ped strands: into [00.: 1141511 1. f8B alCO DL € I-01 the above operatlon 'the
...abhor-fibef ‘ahoopHO 00 44 00naoprescAL deifan:Lien candoh; obtained [EXAMRLES 00621 5rhe

present inveneich is described more specmcally

twisted carbon-ifibk trarid was introduced continucusly into
a sizing agent bath at a speed of 4 m/min to ir the

L

strand with the sizing agent. The

93]

1zing agent was a

10 methanol solution of soluble 8 Nylon Resin (LUCKAMIDE 5003, =z
product of DIC Co., Ltd.). In this case, The concentration
of sizing agent solution was adjusted to control the sizing
agent amount in carbon~fiber strand, at a level shown in
Table 1. By this operation, each carbon-fiber strand

15 received a bundliing treatment.

10068

The resulting carbon-fiber strand was pas: 2
grooved roller {(the groove had a rectangular secticonal shape
of 3 mm in width and 2 mm in depth). Then, each carbon-fiber

20 strand was sent to an air drier (140°C) to dry the strand.
The strand came to have a roughly clrcular section by being

passed tnrough the grooved roller. Then, each dried carbon-
fiber strand was cut into a length of 6 mm to obtain carbon-

b

fiber chopped strands. The carbon-fiber chopped strands were

25 measured for repose angle and bulk density by the above-
mentioned methods. Next, 200 kg of the carbon-fiber chopped
strands was packed in a flexible container bag which was
openable at the bottom. Then, the carbon-fiber chopped
strands packed in the flexible container bag were measured

30 for remaining ratio of criginal carbon-fij strands




below by way el Examples. However, the preach= loyoztfon is in no way restricted by these .axamples.
100631 Recompae.Hoh1-2N szifuria acid) 10The cuanlireiive deferminatibn of sizing agent was
conducted ay se-called decomposition methoiri by suhfuric acid which is described bolow. 2 ci (WI) of
a carbbn -fiber chopped strand 00.5 placed in a 209-rd cchical beaker and weighed accurately. 100 mi
at 15 cohcentrhued odlfuric acid. was added and the bewas covered with a we too: glass. The beaker
wae heated at kbetii 2090 far 1.L hour. to thermaily decompose the sizing agent of the mopped
stramd. Attar peb:ing; an-aguecushydaogeh petexide solytior was added into the beaker I. n email
porliahs 20up;\i|ﬂtb(eﬁsolarturah in the boahei aem 01110 rizirdideLedl. Them. the carbon iikba rh Liie
beaker WES' separated hez u?ing Pio accurately weighed glass fiater (P2). 7ho separated carbon
fiber. was washeg with D:00117. 1,999 TrYi Of 00. IT. a ¢ anH the glass filLed contain:hag the carbon
Jib-or wris dried at 25TiCPTit0 for 2 hor,;. 71-0 mass piti,Y of the glass filher coritaleied theng -bon
fiber, FL,-.Mgar dryitkiwas uesHited aeccurately: £2064]2 N - aseTike wrpahl di the Sizingragena
adnered was Jeferihed. 30y he folilawOngdaumaz; Ameunt: of s18ing agent adhered (ass 1)
(2)11 -C,83-812h)ii 10C/111 (Remuiring fedmo of orodHal chccifpd slrands1 ~

composed of 12,000 single filaments were combined to obtain a
carbon-fiber strand composed of 36,000 single filaments.
Then, the carbon-fiber strand was sub’jected to the same
operation as in Example 1 except that a twist was zpplied

10 thereto, to obtain carbon-fiber chopped s

+ | e Thea vyooir] +
cranas. e resulls

Example 8
Two same, non-twisted, PAN-based carbon-fiber strands

15 (Tenax STS 40-48K, a product of Toho Tenax Co., Ltd.) each

4

O
v

i +~ 1S [aTaYe! +
composed of 48,00

single filaments were combined to obtain a
carbon-fiber strand composed of 96,000 single filaments.
Then, the carbon-fiber strand was subjected to the same
operation as 1in Example 1 except that a twist was applied

20 thereto, to obtain carbon-fiber chopped strands. The results

@]

. -

Five same, non-twisted, PAN-based carbon-fiber strands

25 (Tenax STS 40-24K, a product of Toho Tenax Co., Ltd.) each

y 3 £ 00 YA e s ] £ . v e o ]+ I
composed Of 44,vdu Single Illaments were combinec TO optain a

carbon-fiber strand composed of 120,000 single

Then, the carpon-fiber strand was subjected to the same
operation as in Example 1 except that a twist was applied

30  thereto, to obtain carbon-fiber chopped strands. The resultis

23



1p ef choppe8 sitrands wss weighed_ There w fe 5 Coasured Lhe bral number of :he weighed
chopped strands and the numlser of origlnal choboed shrorids each relainiho Iffie original number of
sengde filamenbs. Using the'se mebsdrement data, the romal.fhn0O naile of original chopped s-bri-riuls
each retaining Inc original number of single rilamods was 10calculaled. 1-006ild (8c7k ciensitYl 353 q
of chopped stmands was fed 'n 23I. gradated cylinder. Sligno impacf was applied contiicfeualy,volume
[50f the chopped eLands was measumed when. :her.= vics no change Involume of 1ho hooped
sfrands fil(cd dsipgdhis voluTe:and fhkh THISS of Inc chopped stra.ds, -he helK deoeity of the
ehcoped strands was calculated_ [80661 20(1(e.asdreTert irethod of repose angle) 40Qeiirroe -fiber
chopper strafids was fed In a funnel having a rower diameter of 18 rim, and was allowed to fall freely.
onto a floor surface from,a heighs1c.100 =- There were measafbd Ihe herghL (h) of fhe chopped
slrands 25 accumaiated on the floor surface and a half of the diambter (r) of floor amea on which. the
chopped strancis bifedup: THe Hirigle (réposecdiiiiu,Cq foried By thesfidor surface and the slope of
co..japed strand;mountain was calcu-afed y8iug (ne. followin, formula. 30tan 0.= hr, Examples,| to 6
ano Comparative Examples | to 4 a.horptwisted, PAN-based carbon-s’her strehd (Perez hi S
10-48K, a product of ifizheTenax Co:sLtd:) compsedof4813001y in the same manner

as in Example 1, to obtain carbon-fiber chopped strands. The

results are shown 1in Table

10 Comparative Examp.e ©

/

A non-twisted, PAN-based carbon-fiber strand {(Tenax STS
single filaments was twisted and subjected to the same
operation as in Example 1, to obtain carbon-fiber chopped

15 strands. However, the carbon-fiber chopped strands had a

Y 3 o — EEPN ey [ R I PN + 3 v} 5 R

high repose ang.e, of 32° because the number of sing.e
L N e e g oy e ey oy T

filaments was small.

(0074

Comparative Example 7

o

20 Five same, non-twisted, PAN-based carbon-fiber strands

[¢

(Tenax S5T5 40-48K, a product of Toho Tenax Co., Ltd.) each
composed of 48,000 single filaments were combined to obtain a
carbon-fiber strand composed of 240,000 singlie filaments.

Then, the carbon-fiber strand was subjected to the same

25 operation as i1n Example 1 except that a twist was applied
theretc, toc cbtaln cearbon-fiber chopped strands. However,

the number of single filaments was tToo large; the step of

o Y v £« R - ~ A e = I P | T TN Y

adhesion of sizing agent and the step of strand cutiing were
. — — + - - —

unstable; and 170 wWas &M_D”Jbs_b‘*e CO ODTain Cchopoped stranas

30 having

24



5single iiijalllC3111.Wc.7]; :wfstedLU. uP | aol caatichre fiber strEido each having a 0015t described in
Thable I. Each twisted dAnban-PTher strand was inerodpoed ccnii-bnously into a sizing agbnt oath at
a speed of 4m/minimpaffehale :he strand with the sthina agen-. The sizima aaert was a 10 mailLhafol
solution, gf soluble 8 Nylon Resin EfflICETKINK 5003, a phodhcf of. TIC Co., Ltd.). ID this case, the
concentration of sizing agent sclatiom was adZdstel to co-LT-roc the nYzind agent amount In
carbon-fiber strand, at a lavdd. an 0)111 fh Table I. By this operation, each carbon-fibers
1.57(-1.nraHled.7a bundling: treatment_ 16068] The -ussufling carbon-fiber strand was passed.
through a grooved roll aid (the groove had a rectangular secticsal shape of 3 kin Pn wfd:h. and 2 mm
in depth). Them, each canbem-fflaer 20strand was spry- Ti: CO afp: drier (146.lic to dry Istrand. The
strand came to have a roundly circular section. by beihq 01158 ad through the grooved roller. Then,
each dried carbon=2ber strand. WRS cut into a. lengtgi of 6 (ma. tc obtain carbbefiber. chnesei c
tabfig. The cahbon-fiboh chopped sr-fends were 25 measured for repose angle and bbik density by
tins above-mentioned methods. Next, 260 kg of the carbon-6'd-- chopped strands was packed ih a
flexible container haq whirfh was penal-Le at the bottom, Then, the carbon-fiber choppbd stfands
packed id. :Pc flexible container bad weeb measured Lor remaihihq ratio of oralmal. carbon-fiber
cfbrupob. 5trands- The resmiss are sarsms it. Table 1. [911690 Example 7 Three same,
non-twisted, PAN-based carbbnpflbe- stranep (Tbnax 51113 40-12K, a product of Tcho Tenax Co.,
Ltd.) eaph composed of 12,090 single filamprts were comb:fled. to obtain a. carbon-fiber et 1110
comvosed i d6,6611 single irlamenTs. Then, the cariabn -fiber strand was subjected to the same
cppraticn as 1n Txample 1 except that a twist was son.. Ted 10 thpretc, too bTain carbon-fiber
chopped sCrands. The results are shown in. Table 1.



10070] 1.1xat.4)ie 8 two same, flOT -twisted, 10,61.11 -based carbon-fibeh strands 15Ten ax STTS
40-4011h a phodbet of 'rods Tenax Co., Lnd,) each comppsed of 48,000 single filaments were
combined to obtain a carbon-fiber strand composed of 96,000 slngle '11aments. Ther, the
carborpfiber strand was subjected lo the same operairion as in Examvie | except that a twist was
abttMed 20 thereto, tc ottafrl carbon-fiber thooped sLrands. The results arp shown in Table I.

M)(11611 Example, Five samp, non-twisted, PAN -based caMoon-Eboer strattic 25(Tanax SYS
46-9491, a productgo%f-ohq Tonax C rd.1_each composgd of 21,00S sr.xigro Tilmments were
combined to obtalrﬁaccarbbﬁ\-fﬁi oelg upposed of120;0098ingle filaments,“Then, the ca9bo
-fiber strand was sﬁblectnd to the ratior as in Example | except that-a 1lwM:or was area:tied
30thereto, fro obtal--ea-bola-fiber ped strands@ The mesuibt are chcwryin Table 1. [00721
Compargeivo Exampio d Ip@gtwig ; ased faibon-aclp4.f.4.4,-444r44 (i{_an:@&(/E;TE;_ -1211,,_ a
product_ of 'Ec 1@ Tonax €ao., Bfd.) nged of 111500halngle flits:tefits was twisted: continuously in.
the same manner %’:S)l" Exapc:e ir to obtain. carban-flher chopped strands. Wbe results at: s Its7A in
Pablo 1. o
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1C013] 10CoTparative example 6 A nen-tPistod, PAN-based carbon -fibe' elpand Effnax
4C-24X, a product of Con() Tenax Co., Itd.) carptudsed cf 24,00C s1nole filaments was twisted and.
subjected to tha Caine operation as in Example 1, to obtain carbon-fiber chopped 15strands. However,
the carha -fiber chopped attafg0 had a ffigh repose angle, of 323 because the 11ambeg0 of sifelm
filaments was smOM. Comparative Example 7 20Fivb capco 00 r:-twisted, PAN-based carbon-fiber
strands (Tenax STS 4C-483, a product of Toho Tenax Co., Otd.) each composed. of 48,00C singic
filaments wereofi=Limod. ec obtain a carbon-fiber at taco conosd. of 240,1f05 s'ngle Then, tho
eaftpnefibc senand was sablecled to tfe same 25 oueration a473.ExampPe | except thap aEas eppl'ad
-hetet, to (--JHt*F°¢arbon-iv-Eger chopped curands, haugovef, the: number of singic 1' laments was
too large; the step of.adhesion of sizing.agent.and;the:step n:strand cfmting.were,unstablg; arb 1t was
jmoceasible ao oPialn AhoaEed el0ends 30having fftendle: oftapnCies.  Example 1C Anat::. on
was made in thessalte-manner asSr ExdpEpiesed, as a sizing agent, an acetone

5 solution of a urethane-modified epoxy resin (Adeka Resin EPU-

4-75¥, a product of ADEKA Co., Ltd.), to obtain ca: -fiber
chopped strands 'ne results are shown in Table
[0077]
Example 11
10 An operation was made in the same manner as 1n Example
except that there was used, as a sizing agent, an agueous
dispersion of a polyurethane resin (Dispercoll U-54, a
product of Co., Ltd.) to obtain carbon-fiber chcoped
strands. The results are shown in Table
15 0078
Examples 12 to 22
FEach 200 kg of the carbon-fiber chopped st
obtainea in Examplies 1 to 11 was packed in a flexil
container bag which was openable at the bottom, and suppl.ied
200 to a pellet-producing step. That 1s, the package was holsted

by a crane; the bottom of the bag was opened; the carbon-

fiber chopped strands were fed into a hopper of extruder at

w

one time by an amount filling the whole capacity cof the

hopper.
1554 ™ 1 e I =gt 3 b = 3 T o ey 3 N
25 rach ol tne carbon-Iiiper cnopped Strands optainedc 1n
T mmes 1o 1 ey T v o T ey ey o eyl e '36’ oo e ")Y\d
nXampies 1L CO L1 nadG o a LOW repose angile, . Cr shallerl alnf

had excellent flowability. Therefore, a large amount of the

- oo N Ty o o5 e o - ] % P oy 1 o el ~ 7 ey
carbon-fiber chopped strands 1in the hopper caused no clogging

[$3]

=i I X oo iy o4 S R | 1 N e PR
TUrll anc was supplied staply from the nopper Lo a meter.

30 [0079]

o
~1



1 except Chia's Cherc css ...| SC:eesizirp aaentp 0 acetone 5soiution of a urethane-m(2E11110d 0550
10 resin (.75cPJaaPPUE 4-75XE a rp-rw"E'sat oe ADEKAItd.), to obtain carbon-fiber chnP.Ped
sEcctqr'tTHP real-its are shown in taSC.E t LOCili Example 11 10Too operation was made in the same
7-510fler 55 ih Exaracie 1 except Ehat There was used, as a sizing agenLy an aplizseous dispersion
of a ocelvurerhane resin (DisperPoll fl-cafp, a product of Dayel: Co., Lob.. ) to obtain carbon-fibs,f.
chopped strands. The Tesiilts are shown,r Table I.. 15 Examples 12 Ls 22 Tpcis 200 ke of.. the
ecarbon-feberehopped:sicazds obtained 4n 4 :x.0210E)les 1 towas packed in E: flexible conLainat
b.6¢1C which was usienpble a_ :he botLes, pnd suppliezi to a pellet-producing step. That is, the
package was hcpistéd: by & Praté“tE’a bottont 6f the bag Wals peneds tPo carbon- fiber chopped
strands were,fed.into.a hopper,of extrpder at ORP time.by an arrcojrt fi--ing the whole cariscity of teze
hopper. 95Each cf the carbon-fib-2- chopoed strands obtaiPed in Examcpcies I. to 11 had a low
Cepose 0 ri Fa[39.vOf smaller. and had exceileeiz lewabiiley. Therefore, a larGecCI100ICIPC cf the
cartopi-t;Ese@r nh,r}pg'.(;3 st-anda 'n the_.H.OPPer cazisep TQ@%i%LTin .of fleaff and wasa suplied

= T oy S + ATy

e

stably from one EoLsper 1.011 ueLtss. 30[CO Pz)]” Comparative Exidmoies U.t0 13~ - Hach 20:0
kg of the carbon-fiber ichopped strands:-obtained 'n €andilnadQwe Examtdis 1 to'6:waxsabjected to
the same opertion as in Example 12; that. is, the atfandS of 220 5kg wo.s 000: 3:in. a Liexibie
container bagf’\‘/\/%ith was operrable at The aomfonh and was supplied to a pellet-prof:co:Eng step.
1.0080-: Comparative Example 8

10 Comparative

area between strands was large. As a result, the chopped
strands had a repose angle 34° and had low flowability.
156 Clogging of fluff occurred in the hopper and the stable

supply of chopped strands into meter was impossible.

(91

0081
~ P -
Comparative Example §
The carpbon-fliber chopped strands obtained

20 Comparative Example 2 had too large a twist of 100 times per
meter; therefore, there was no impregnation of sizing agent

into the inner portion of strand. Therefore, there was

iy

T4 e P I I £y e 4 ~ Ty oy 4 T S U TN 1 e
little bundling of fibers in strand. That is, tre Dmax/Dmin
was large at 1.84

25 was low. The repose

tow flowability.
the hcepper and the stable supply of chopped strands into
meter was impossible.

[0082]

30 Comparative Example 10

28



Camparaffve EX-81-88,88i.(8 En the. carbon-fiber chopped. strands obtained in. 10 Eompara-m.ve
ExazTalEa I, ttete was no twist of ciaMmen Hbgg therefore, The Draxel2cin was 'large at 1.91.is, the
section of choppeO strand was fiat; therefore, the contact area befweeg strands was large. As a resdit,
rhe chopoed strands had a roposo anglc 340 and had low flowabilify. 15 Clogging of finff occurredthe
banner and zhe efable supply of cnoppod strands Into meter was impossible. 100811 CcprparatHre
ulOH8818119 The carbon -fiber chopped strands obtalneo In 20 Com=parative Exam:pie 2 had too
large a tv-P.sr ofU times:per meteri-therefore; thereswas nedmpregnation-of:sizing agent into the Inner
portion at strand. Therefore, tfete was little bundllnre of fmoare in strand. That is, the lamdx2Dmin
was barns d1°1'82 &hd Lo reyrnammg ratio of BrigiharBundies 254WaS 10W, “The roposé angiéwas 45
and the chopped strands, had.~qw-flowahllity aomsequently, clogging.of fluff occurred in.the hopper
and the, stable saapiy of (Mi.-loped strands into 010 000 was impossible. :C0821 20moartatire
Exalted:, -2 ©und i the‘carbs=fabet chopped st -ands obtaitiedih . Corparative’ 2xamTue 2, the
amount.of smrgg agent @d added Wassm@l tfog’lrm(g gangmggcg%odjq,ciherg waso,s sflicient
bundllng of fibers. Iflt is, the Di:flax/DTl-in was Mtge st

repose angle was 537 and the chopped strands had low
flowability. Consequently, clogging of fluff occurred in the

hopper and the stable supply of chopped strands into meter
was impossibple

10 [0083]
Comparative Example 11

In the carpon-tiber chopped strands obtained in

Comparative Example 4, the amount of sizing agent acdhered was
large at 14.2 mass % and, accordingly, the surf: of chopped

15 strand was not smooth. That i1s, the repose angle was 36° and
the flowablility was low Clogging of fluff occurred in the
hopper and the stable supply of chopped strands into meter
was impossible.

In the kneading of resin and carbon-fiber chopped

20 strands in extruder, the dispersion of carbon-fiber chopped
strands 1in resin was inferlior, making 1t impossible to obtain
pellets of good quality.
(0084
Comparative Example 12

25 In the carbon-fiber chopped strands obtained in
Comparative Example 5, the number of carbon fiber single
filaments used was small at 12,000 Accordingly, the chopped
strands obtained had a small diameter. As a result, the
ratio of fiber length (L) and minimum diameter (Dmin) was

30 large at 6.32. is, the contact area was large;
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5 and the remaining ratio of osicOnaT bundles was liA4. Tho repose uncle was. "43(t and one
chopped strands had low Cemsequently, elogtring of fluff osbatrned in. the hopper and
the stable supply of chapped strands Uric issoter was 171DO5Sibl.e. 10 Comparative Examole

In the carbon-f"ber chopped strands obfa'sed 's Coffbarative Example 4, the amount of sizing agest
dhered was large at 11.2 mass 4; and., decorddngliy, thc surdacc of chopped 15strand was not
smooth. That is, the reppse aroCe was 36i and the flowabiulmy was low. Clogging of flail pectrbed ih
tne hopporThesstaplersupphyef chopped strands -into meteriwasimpossible. Inknedoing of resin and
cartoon-febeu chopped 20 strands in extruds, the disherson. of sarbon-fiher chopped strands inuffs
‘fifer-Lori making itiffieb&siblé to obtail Pelletsiof gddo iy 1€C841 Comparatiye Eudmode 12
Crin the eachen-fibgrchopped strands {-1)-,ar, =50.7, Comparatlee-Ustamede-e, the number of
carbon fitaal oducce filaments used was small al 12,000. Accordingly, the chteppd strands6/IChad a
sriall diametef."Rs a‘tesultthe Tatio’ of fiber 7endth) and mbuinbm diennue2 :Amin) was 30farce at
6.32. That is, the gontact area was large; Lbeadrfora, Lhc Ldsrssr dagle exceeded 3C duri C ‘aroacdd
strands had ro.w frowabilihy. Clogging of. in 33 occurred the. hopper and hhd SCable sacialy cd:

chdpiadd stfards intiocmeter-was imoossdre,
In the carbon-fiber chopped strands obtained in
Comparative Example 6, the number of carbon fiber single

filaments used was small at 24,000. Accordingly, the chopped

a small diameter. As a result, the

Q.

10 strands obtained ha

ratio of fiber lengtn (L) and minimum diameter (Dmin) was

large at 4.48. That is, the contact area was large;
therefore, the repose angle was large at 32° and the chopped

strands had low flowapility. As a result, clogging of fluff
15 occurred in the hopprer and the stable supply of chopped

strands into meter was Iimpossible.
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5al;0851, ComparaLive Exad..ture 1?) in the cadbon-ftber chopped strands cbddined in Comparative.

Ex=dre 6, hde ndmber of car-tor fa,,ssr sidg'e am.erts used r,...

the chopped 1.0strands obr.alned

;ac. 511-5::1 ad 24,:j00.'Adco-ddrdly,
had a small diaffter. As a resuar" the ral-ao oL faCarr tuna ah (Id

and Irinimum diameter (rmiE) WasS large at 4.431.r:-.;at is, the dortadt are-a was -Hide; herefore, Ire
repose adddlc was iaroc at 32c add. tha andraped sdrands had OCE cddwatdiiity. As a -esnit, raoTT'ng
of f- 31. 150ccurred j Il hrlx: Sc.py...er and tne stab] e suroldlyadropfled sarcads lards mad.dr dds

impodribica CLAIMS :Claim 1]

A arbor-fn.-be¢zehwsgced is rand composed na AU,AIIfIO to

120,000 zablesn fiber singbe filaments and | 5sizing agent. which bundles The single filadsentsy

carbon-fiber c‘hOﬁtﬁ‘éd strand line

iblic Ca:Tax/Dm:in) af the a. >117..diameter. (1)))-b] and. The

TilOITLIT diameter Cabin), hotn-of the asdf fhesebbd serand.Is 10 123;1t:NH-Jr (Ik)of.chopped
sArand along the 11Ibur dlreclnoh3 to 13 r|d 10act the recose angle of chopped strand |s 10 to 102.

:Oland 21

The

wherein the

The carbon

wherein the s

[Claim 4]
20
strand

a 3
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carbon-

1:/‘”

ich

{(Dmax/Dmin)

the minlmum diameter

the

f il

length

trection and the minimum

strand is 4 or smaller.

0 e e
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- chopped strand according to Claim 1,

s

.
agent

1s a polyamide resin.
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v manufacturing a carbon-fibe

characterized
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introducing the twisted carbon-fi

bath, followed by drying,

sizing agent to the twisted carbon-fiber
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a carbon-fiber strand bundled,

tting the carbon-fiber strand pundled
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strand along Lhe floor dlrec_ion and tad minimdm diaTAMacr 15(Dminl cli cnoboeg strand is 1 or
smaller. _Claim 31 The cabbnd-fcbed chooued strand according to Claim I, wherein the sizing.
agena is a poiyamide resin. ICialm 4: A :method fCr manufacturing a carbon-fiber catvgabed
strand set fest]) 2n Mialmdharamberized by fcrabrHsirg ssting, by 0.1.) Le SO limes ger
MCLOf, an untwisted tamtecnbflber strand composed of 30,000 to 120,000 s'ng e fnabards] 25d step
oT InLroducing the TIWISCCO anboon-faber strand iSILO a sizing anent bath, Ise:Lowed by drying,
Te adhere 1/bc 20massof the ,,H77-ing agen' to -he twisted carbbb-fibber strand to allow a
carbon-fiber strand bandied, and = a step of cutting The carbon-fiber sTrand bundled inen 30 a
given length. The médhod rbr madataletbiing d carbon-filee 6no-a-béd strend get'forth in Claim
4, whereln the sizing agent is a-bplyemide: re;alp anet the sizing:.agent concentraldog C: emmcg agent
do liis 8.5 Ic 80 mass %. Ibllaim 6] Pr; assemrdp bt carbon-fiber chopped singe:n(3s composed
0 38,000 Cc~$20,800 ¢arborifiberoangto Piedmonts artblto 18 mass 5rof a sizing agent which
bundees th gu;lgle 10fa,. 1 arant eurcgpgtéoq;gggr chopped strabe the ratio (112max/Dmin) of the
mpadmum diameter (amaxl ape the minimum, diameter U)nClil both of the sect )'.or of chonnecl strabd
being 1.0 to.[1.8; the kength (L] of chopped stzand arcmg Ono rilapm direction being 8 to 10 71LTL,
and the repose angle (a* glgggp\ed/lSs‘}tranﬁd. being(.18 to 307, in which assembly;lﬁe,ﬁiotminiap relic of

- . L ASSenDLY OL Coarbc i 2 chogped strancs zacn
original oarbonefibeP' chopped strands emba-Pé 's 787§ of higher, ‘
composed of 30,000 to 120,000 carbon fiber single filaments

and 1 to 10 mass % of a sizing agent which bundles the singl

b

10 filaments, in each carbon-fiber chopped strand the ratio
(Dmax/Dmin) of the maximum diameter (Dmax) and the minimum
aiameter (Dmin) potn of the section of chopped strand being
1.0 to 1.8, the length (L) of chopped strand along the fiber
lirection being 3 to 10 mm, and the repose angle of choopped

15 strand being 10 to 3209, in which assembly the remaining ratio

) o 2 P o . . =4 . 3 3 o A e Jev Imrars o o 4 e
Ol Ooriginal carpon-Iilber cnopped Strands pundlec 18 /0% or

[Claim 7]
A package of carbon-fiber chopped strands, comprising
20 carbon-fiber chopped strands each composed of 30,000 to
120,000 carbon fiber single filaments and 1 to 10 mass
sizing agent which bundles the single filaments, in each

iber chopped strand the ratio (Dmax/Dmin) of the

and the minimum diameter (Dmin) both

O P o o e o~ n ., ) 4 s T _ 1 NN
256 of the section of chopped strand being 1.0 to 1.8, the length

} o ] R N ., e
ne ifiper direction peing 3 to 10

-
O

h
O
)
@]
e
6]
@)
[6)]
T

bl
o))
b]
ct

ind along

mm, and the repose angle of chopped strand being 10 to 307,

30 chopped strands,



[Claim. 7] pajamge of carboh-fiber chopped strands, (aro:mai:line 20czarbbb -fiber chopped strands
each. comoogeg of mou to 120,00n c-,iripnr. fiber single filaments and 1 to :0 MaSS % or a /Jr:l,: 0
carathich bundles the s"ng-.e. tb amen-is, C.. Oe:go:8b. carbonefiber chopped strand the ratio
PEImax.2Dmen4 51 the maximum diameter (Dmax| and the menimum COameter Ulghln both of the
section of chopped st -and being 1.8 to 1the lengLh 218) of chopped strand along the fiber d'rectlon
belng 3 to 18 mm, and. the repose angle of chopper: strand belog 10 to 802, and a flezeble
dentaiter bag-whieh cocks:NkEt;earbon -fiber:30chappedRM:are:is,r Inywhich package the remaining
ratio of original arbon-fiber chopped strznde bundled. is 70% cr nigher. ‘Claim 81 Tri Itednirar ror
manuractdring deii€lis Sact Codposed of & Stheioplastic” ¢éM end u cdrben fibpr dispersed in the
thermoplastic-r8s1n, usbng cin. extruder, which metbg combrising a. step of feedtng directly into the
hopper of an extrudc from. a 71e811-le container bag, carbon iilmir ihopped ICsriange carTh
comucced ciCo,nnn’to 1480000 ¢arbBy-; etbe a'singi€ ttPariprit anddto 10 MaSS% of a sizing agent
which hynriles the, sbngle filadnts, in which. carbansfiber chopped;strands.the relic 11)max/Dmin’, of.
the maximum ClarkeLei (111max) and the gdnidedk diadrpter (ndrdn‘itth. of the se -teen of 15
chcp-bed sirdnd:isd:0 ke 1.8, the dength (F of chepped strang along one: fiber. directior is 8 to 1C mzu
end repose gpg\lquf ﬂc?rggpped strard is 10 to 3(128, and Oce al kneading, in the extruder, the
carbon-fiberc “opbéa“s‘fr‘énbg with. a resin. 80

a step of feeding directly into the hopper of an

P £, T T i~ £ 1 by e IR ]
ceXtruder Irom a r.exXlD.e Ccontainer pad, carpon—-riper cnocpped

10 strands each composed of 30,000 to 120,000 carbon fibex
single filaments and 1 to 10 mass % of a sizing agent which

bundles the single filaments, in which carbon-fiber chopped
strands the ratio [(Dmax/Dmin) of the maximum diameter (Dmax)

and the minimum diameter (Dmin) both of the section of

D

15 chopped strand 1s 1.0 to 1.8, the length (L) of chopped

a

strand along the fiber direction is 3 to 10 mm, and the
¥ 7 o ~ N ATt ~ 1o { o = vy
repose angle of chopped strand is 10 to 307, and

a ste

o)
O
tt

f kneading, 1n the extruder, the carbon-fiber

_— o
nas with a resin.

o L

choopped str
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