
DESCRIPTION TITLE OF THE INVENTION CARBON-FIBER CHOPPED STRAND AND
MANUFACTURING METHOD OF THE SAID TECHNICAL FIELD hUbi                                 -he
ccesehh invenc1on relates to a carbor-fihee chopped 10strand. wh1ch is an important raw mater1a' for
pcbdcaticu. of short-carbon-fabor-reihfoced. thermoplastic :GSM, us to a manufacturing meta-fid of the
ea-ben-fiber ("Mooned stfand. More oareicoLarLa, the pbesent 000ent1on 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-e0can be fect smoothly from the boccec cb- extruder into d me heih
production of, hoc exarigie, Cart= fiber-containing resin pellets oc cancer fjber-centaTh1gd resin
shaped article.. 2,0 BACKGROUND ART :0010         Short-carba=-fibe-reiferced thermocaastUf desTh
Therelnolicr ra,Th"sU to as "CFI:7P") proCbced usiug a thelabghiastic resin as. a matrix resin, has c.
rat loot gisecion as a. h1.gh-0erforce-011. enoireeThno material, and, the demand, therefor is
ihereal.sing cool icy. This CERT!? ca:: ha breduced by in"eetlam cguldihb- ariaccordingly is haqh in
prochbtivity. g1crecver, the1-gFC1i1P, as comdaied, .h1.1,11 convenfiehgironroinforced
therighelasa1c -decors or short-glass-fiber-   reI nforced therai0piashic resins, is superior in
mechanical propbrdies, sliding property, eleetr'dal oroperties, dimensional stabilfty, etc. Ab inc.) seihrid
for producing the CER(29,ere 5 ordinarily tba following methods. [0503l 



(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 sI zing age 1111 (a so-called carbon-fiber ehopped sLriandl 10or a
so-coiledcarbon fiber ground lnto I 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=ouldsLIc mi.s.n to direch If 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 employed mainly.                  meihkd or dry-blending) 5 carbbnefiLbr choppobi. strar.a
25and. a thermbpiasmic resin and feedin the restidirg 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.-fibbn ohboped strand to thp indermeaMate pordor ((ri extrusfon
direction) of  extruder Wherein Lhe fed Lhermoplastis resin is in a molten state (a e'cleefeeding
method). Temibb As well 'known, the pboperties of CFRTP are relater. 



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 fY0i=.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 1110 a long fiber pellet ir disadvaniageous Zor broducti= of an inexperhHve. CHM)
which needs to be mass-prodabed. For the above reasons, carbon-fiber chopped strand is etenerallv
used i11 crodbetion ot 517RIlh 20[030E1 TH pr0d11i-1.071 owhen 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 112Iy, there Hs 31 kmohJem them the ca.:boner:Mei' choubed strand. Ss dHt-t-icJ.1t. to
flow down in th0 hooper of extruder or injection molding =Thine. As a 30resu-t, the meed'ng of '.1 he
carbon-fiber chopped strand in a  Lall Va amount from nini Tenor p. ro vided at the bottom or hopper,
70 ohe extrusion screw of extruder hietvamee uOet.a0 eFor the above reas(difficuirobtaLa a 1?E117P



bdeanwha.. oar-fibersLrand. tasofrown-Lira oarboo-Iiboratrand is not fee. staanto the ) extrusion
scnew of extruder and,extreme - feeding 1carhonwfiber choopec strao impossible. 100111  net
amountreoured to havehaqh P 00 respond uI 15 4090 10010 sizing 119011 L of high ..aandl med
strano or add a si zcnq 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] 



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) !miss' Lte ie. cfpnorricsCFRTP. MlnYbM,           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 Iii this case, tie dispersibidity of carbon rimer in the nplice obnxenbd is insuhfesbant. When a
CPRebnmodpced 10using this pellet, tts-e arP n-esent, in the. CFRT? pbodtnsog, fiber fundieb; not
dispersed sufficiently. The fitpr bgrdiss tecorb a center of st'"-Pc''',' concentrat*on, re:bp:ice' the
nrcharbcw] pbabe -ties (particularly, tensile slrog0ibb 15[00.141
11 order to Produce a chosned SI. rusd In a -a-we amount., le is effective to increase the nurbbn oP
single fYsments constituting the chopped strand. Chopped strands cimPaosapi en 30,030 or more
single flea:rents ars, known. 20 Such a choond sarehd has a. Plant hsps. The Cat shane mbkes easy
the sinbl filannt-stste dispersion of cartbn Leber in Ceffink, wherebw tMe assembling of carbon fibers
Mi bungle shape can be aveided. 



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]          Furthe-9 the above octar -Feeding makes lord the residence Lime of cbeebbd strand in
ex:II:tide:. 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 C10110 obtateria g72-1.11         TAS dOSCf70)0:6 a.oc :j cc ,.i has
been difficult ao allow a carbon-fiber chooped strand to have bich flmwabilitv watihont 10 reducing the
dispersibilitv of caglion fiber ang the propegt'es pc one nThr.,-) obtained and thereby to feed tho
chopped cromvio in a large agbunt in a stable state from the Scipper el extridob to the extrusion screw
of stictruiden. Pament Literature 1: JP-A-2003-165849 [1:Pat:enc. literovure 2: 77-A-2004-149725
DISCLOSURE OF THE INVENTION Task to Be Achieved by the Invention 55 I 20Hire present
inventor made a. study in order to solve the above prohlegb, As a oestiLim it was Icsind londt a
clobtAidi strand obtained by adding tnts: of 0.5 to 59 times mer meter to a carbon-fiber strand in which
30,000 or Morno single 



filaments. dr bundled, then anddng a I 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, unevniected1y, 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 mindlnps have Led to the cflr--,Het'fl Cl.. oh t1-1, presone ineuntle -heretore,
the. present itve-mlnd adms ad- providing a Carb0:1-fibef chopped strand which allous Larne- 5 size
packlgml salhahle for mass production, which edn eg fed Lt[dOty inio an extreder from a hopper, and
which shows good. dispersibiiity cL carbon fiber in Lilo kneading operation in S. xtruder, and a
mannfanturilmi method of such a. carbon-tiger chugged ohrand. IG Means for Achieving the Task
[00201 The above Lim cal the pihosont invention can be achLinfed DV notowlng various inventions of
the present inventldins [90del 15[11A carbon-fiber &mopped strand composed of 30.000 to 120,000
08y-bcb, tlher single filaments and 1 to )0 mass , of a sizing aginsa wsism.., nzadlgs the sirgle
filamenatn,which carbon-fiber chopped strand. the ratio (LamaxIDnIn) of Li e maximum diameter
(Dmhx) and the minimum. dlameted Jand...rd both 20of the section of chopped strand is 1.0 to 1.9,
hee length  (1i) cif ()bopped strand algtp the fiber di wectnt -0to 10 771, and the repose angle Of
chopped strand Is 10 to 30. 



[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 msnu1acarfdxg 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 introducing 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 step of cuicing fais carbon-fiber strand biirdisC into a given length. 100251
[5:The manic oh: for d-usfacturing a carbon-fiber chopped 



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 stng1e 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 10 ram, and the repose stgis 05 chopped crfrand bEzhng 1C to 308, ln which
assemrdy trg rnmi,,i11-! ratio of osioMnal csrbon-sicer choppbd strands bundled is 70% or hhgher.
30FOC271  [7]A gackage of carbon-fiber chopped stranos, comorisiag                    hero chopped
strands each. composed. of 38,000 to 123,000 carbon fiber single filaments and 1 to -9 -17F:SS % of
a sizing agent which bundies the single filaments,. 5carbon-fiber chcpped strand the ratio
(13-mmx/I)Mudi) of the mpximum odometer 173iax anb the minimum Ulf:meter (amine both of the
seoififlr of cheroe88 stand being .1.0 to1, -He Tegggn (L) cf chopbbd stdond along the fiber direction3
Lc 10      3.3, and. the repose angle of chopped strand. Poing 10 to 30, U)and C ficnibia contdiner bag
which packs fne 0.0...1011111100 chopped strands, 



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
CCIarbon fiber dlsocrsed 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 the ratio (amax8ignrn) of the maximum diameter. (amax, and the minimum!. diameter
(10m2r) both of the eec012so of chopped etranH is 1.0 to 1.8, the length (L) of chopped strand along
the floer direction. is 3 to 10 MITH and the repose angle of choomed strand Is 10 to 80n, and 30a step
of kneading, in the extruder, :,he carbon -fMce  chopped strands with a rosin. Effect of the Invention
the hael=t-Illber ChO(LIt)CJ strand cd t d Riese:at 5 invention, there is usedd as the raw
maderiai,carlpon-fibpr strand chtaineO by imoregnafing a given. auxannh 2f a sizing aGeht irte
assspbh-Mbrim strand composed ot 30,005 to 12C,000 singie filaments. Since this carbon-fiber strand
has a. twist ofto PC times per meter, the earl:bin:oh:then 10 chobbed strains et the present: invention
obtained by patting the strand is superior in hnndiingehd hardly has a    at sectionar shube.
Consdgeently, the presena carbbn-fiber chopped stradd is suderior in flowabilitv. 10C3Ci
15ACethtt:Lhe when the' orosonk carben-libil chubtread 



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 ln 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 asihq the mpdding
materials, a mudded 5:rr1cle 30of excellent mecnamicai properties.  BEST MODE FOR CARRYING
OUT THE INVENTION GEl c hscand of fo Liowrq rrtathod L The cerrueed as a raw mater ILEl I E of
He preschopper" stran carbon. 10fiber,there can be used, ea bfiber71l fa (PAN) type Lontypo or the ilk
(including a gracILand a 



ny eostang a meta' cm theace of P roduced by a Known metha a form of sirands The 0 EI.E a h 0t
20secoasfilamenLs .r:;onuL notcng the sirma is  to 122,    000.  03 al In the earremtfmethod   hue_
depends up= the rlar000r urL a 30'0aning a stranddna the  filament. Ac of less oh art Moreover., sicb.
asa 30 material =or  strand composes, ol SI Mice but is ba ah j r prca          not economics' Job needs
to be low 111 



[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. Whcfclom0, 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, bccdcs5 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, of single f appropciateiy 0.8 2o 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 strand. obtained sectional shape. That is, there is obtained a caLCbilaribei 20choppbd
strand of flat shape, having a ratio (1nm:bp/MI:Mt) of the 11.05171E111 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. strand has low flowabirity. F00391 25WileE11 Ine twist is =re than 56 times per metef, the
dent- Ho:rd17 imbhcomutes tnto the Hung-. nc-tnp cr fiber bundle. 11.a a resuity when the fiber
::_ro'.1H.L_CL, the carbon ribprs of the inner portion of strand, not impregnated with the sising agent
are tele:ised outside, dish fofm a:ra as of 20apt-to:I-fit:pi-1Lnc fluff, resulting in a choppec strand. or
low 



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:Illy
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 sizinc agent and then a sizing. 15 agent muy be adhered_ ht. is generally preferred =That
fahont is applied ana then a sizing agent is adhered. FOU12] The sizing agent amded in the present.
invehtfon 13 preferably uric:ps tneppoplastic resins aria thermocedlino 20 resins. Ihere can be
mentioned, for exaxple, epoxy resin, urethane-mod:tried epoxy resin, polyester 'es 'n, phenolic resin,
polparddo rosin, poiaurethane resin, colypurbnpate resin, polyehnerip=da reslr, dolyamidehmide reshp
polyshyrppridine rosin, palyimide resin, eismpielmion resin, 25 polysnifone reein, poiyethersulfone
reSM, eCC,Y1-M.Odified urethane ren=n, bolyvb-zi alodhol resin, octIyaLnyMctvrrolleborp.. resin, and
andafied resins thereof. YixErres    also nsea. Of them epoxy resin, urethane-modified. epoxy besjh,
bniyutetlnte zesin and oolyamide resin are preferred, 30and pelyaTide 11010in 1s part=cular-a
oreferr,,b ror die wide  



isabiliy, easy candling and high fancs_iori. As the poilyaidd resin, 6 Nvion (trade. mark) which is a
selchae nylon resin:, ls partlertdry paumfenned- 100343] 5Ino ag"thint. di the sizing agent adhered to
fht carbon - fiber strand. is I to 10 mass a, preferably3 to Ti ass TI 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 Ian dartig the transportation and handling. LOG1n] 16:v1her the amouht of sizinp agent
is more than 10 mass %, the dispensibiattg or cdrhen fibers is low in kneadnud of narbon-fjber strand
with tp1ten resin to hmoditc- 0e11eto or Cg10111). r\s: a result, the pellets Of the -ikk, otnsined js haw
in mechanical properties. Further, the amount of the therrtal deccirroositiori gns generated. Jr
kneading: is Large, deteriorailag 'Mao: 17331-0 produced.. Furthermore cdrtjng of strand 's difficult/ ten
1100 to produce a. chi:hit:0d strand having a.] elseehapd. Therefore, the section of chopped strand
hardly becomes: a shape close 70 a ejrcle, 95resulting in idw [00461         The siting 1111010 11 is
adhered to the 05;r000-F.:167a strand. ordinarily Hu the form of a solution dissolved 'n s solvent or a
disparsion alsprsed in a. solvent. As the solvent, 30there is selected from watery dn alcohol (e.g. ntayl
alcohol  koLo oichler 



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 



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 6o t. siaing, agerh, and TIlDe ratio 9 fahrax1/Dif11 . maximumter (amax) and ii hi. miirram
diameterbo LheT in ea range JO91491  Incideit 5CCL_(a I_       hoc uneuct a) the groove   e eCO
ageff-adhered1- 1.and may Lug a. grooved foll..er. 0.. 0DIiS rIlr000raOIv a U snap.           The
earnon-fipe strand bundled produced as stboye (H:3( then out into) 3 to 10 mm, pretemabiy 5 to 8 TT,
whereby the carbon -Libor cho0606 strand of the prbscue invccUbbun is 5 obtained. The average
diATAter of the breser curbon -fiber hoppmd stranC biliers dcoonding ti3O051 the uumor of bandiAd
single filaments but is ordinarily 1 to 10 100)- 



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 eIne(c breferably 2 to 10 mnn store preferably 5 to 8 Till.      length olf chopped. strand
exceeding 10 MT. ls rot preferred. 20Hethe contacf. area. between. strands is laf.e ard uhe -wpwd-o-y
c-rand Is low. Mbanwhlie, a lacer length of chopped strand cc snoxter than 3 Tn. is not prefAY-50d
because no suffialeni reldfcroing effect is obtained whole a fiber- lew-,c*nwed 1)00): 10015.Tater:Lag
has been preW.ced. 25[00"31         The racic :IgigIrin) of tade fiber 1P'nc.:th 31. 1 nf nnbuped strand
and tne Tin-Arnim chameter lijnji) of choopea sLoand is preferably 4 or smaller, IOC' preferably 3 or
=clear. 3. oh a. ratio of larger thou: 4, file contact area between strands Ls 30large and 7: he
flowubj1)(ty of strand may bA  rn05i1,  a. 10101 repose  by a TEL'f'--, 



Intorpreeirso arc! a of tiowaci Or small oecause the 10feet_daa ane chopper: uf hand-lrq 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 Ihe bpi.<eilty of the present ea-hop-fiber cr,feri   



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  C r
lower. When the ratio C.; El generation of free flesm is fe or higher, the shape of hoopoe. strand ns
nod 13efa1mable 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, roduc1no the flowabillitY of ThcA5'2e CS5k5hd-         The Lehi of 000er:Wilt-0n of
free fiber was measured by the folic:wire method_ 



105531 11)1A 0.3rbehbf1Per 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 chopped strand was thansferred II. nto a 2,00S -TH 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 cy-2nee -3 was stooped and. _lb
uccrburi- 25fiber chogned strand Wi:h7) LiciTh-i.TUffeCi onho a sieve 011 meshes). The sieve was.
moved 110 a- d'oect1one untj-1.1 -Here was ob  -2ppire bh cerneraf"her chogebe strand from hheos
of shove, Ler sifting of sarbonAftbem chopped shraneb khe free fiber remahring on. the sje"e was
co1fectee and its mass 11.712 30 g) was TeasamebThe retie ch generation cd fres Tiber was
caltpalated usinp the following formpla. Patio of generation of. free fiber W = (Wfa./W1',x100         The
cixdpped stranc of the eresent icventica is eackeft IF a flexible container bag or the like, in a state of 5
asserhly of a large nolaber or chopped straads, arfa ls 



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-- lnto chopped strands of smaller number of sinq-e
lilagments end ssaLiy keep. the chepped 10strands of original number of sinpie filacrerds: 100601
Tito lIe 1411111 of splitting of strands is indicated by the remahring rati0011  crigunad carbon-fiber
chopperd strand:a which ls (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 chopped 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. 90ICOGIT Phe maci,Xnp of Phcred
311.can. he 110:111:11; 1:1.11.using a lao0b mefnud. A method of using a 'icy...foie container bag is
pholerably dsod. Ills flexible 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. commercial product can be usad appaterahlafeiv. ...he flexlfle contspay. bag ih Qx.cipeably a
tyne whjcpB, Ban be opened at. thc Lotto:up The flexible container Pap Bageh ease. the feeding
operation of chopped strands: into loo.: 1141211 1.10By aICO DL C l/- 01 the above operation, 'the
...abhor-fiber  ohoop0O 00 110 0no prescAL lei/an:Lien can bh, obtained. EXAMPLES _00621 5rhe
present inveneich is described more specifically 



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 ml
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 pcb:ing, an aqueous hydaogeh peroxide solytior was added into the beaker I. n email
porliahs 20until the solarturah 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 washec with D:00117. I,999 TrYi Of 00. IT. a c 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 dryitki was uesHited accurately. 12064]               Tikr wrpuhl di the sizing agena
adhered was Jetermihed 30by he folilowOng forrmaa.  Amount. of s18ing agent adhered (mass 1)
(2)11 -C,83-812h)ii 10C/111 (Remuiring redmo of orodHal chccifpd sIrands1 



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.fhn0 naile of original chopped s-bri-riuls
each retaining Inc original number of single rilamods was 10calculaled. 1-006ild (8c7k ciensitYI 353 q
of chopped stmands was fed 'n 23I. gradated cylinder. SlIgno impacf was applied contiicfeualy,volume
[5of the chopped eLands was measumed when. :her.= vics no change Involume of 1ho hooped
sfrands fil(cd. Using this voluTe and fhb THISS of Inc chopped stra.ds, -he helK deoeity of the
ehcoped strands was calculated_ [80661 20(1(e.asdreTert irethod of repose angle) 40eiirroe -fiber
chopper' strands was fed In a funnel having a rower diameter of 18 rim, and was allowed to fall freely.
onto a floor surface from a heighs nc 100 =- There were measafbd lhe herghL (h) of fhe chopped
s1rands 25 accumaiated on the floor surface and a half of the diambter (r) of floor amea on which. the
chopped strancis bi(ed up. The Hi ngle (repose anulu, Cq formed by the floor surface and the slope of
co..japed strand mountain was calcu-afed u8iug tne followin, formula. 30tan 0 = h/r  Examples I to 6
ano Comparative Examples I to 4        a.horptwisted, PAN-based carbon-s'her strehd (Perez hi S
10-48K, a product of ifizno Tenax Co., Ltd.) compsed of 48,1300 



5single iiijallIC3111.Wc.7]; :wfstedLU. uP I 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 maiLhafol
solution, gf soluble 8 Nylon Resin EffICETKInK 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. a 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. [91169O 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 s1ngle '11aments. Ther, the
carborpfiber strand was subjected lo the same operairion as in Examvie I except that a twist was
abttMed 20 thereto, tc ottafr1 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 product of -oho Tonax Co., 1_rd.1 each composed of 21,00S sr.xigro Tilmments were
combined to obtain a carbon -Tibor strand supposed of 120,009 single filaments. Then, the ca9bo
-fiber strand was subjected. to the same operatior as in Example I except that a 1wM:or was area:tied
30thereto, fro obta1- ea-bola-fiber chopped strands@ The mesuibt  are chcwn in Table 1. [00721
Compargeivo Examplo d fpnatwistad, PAN-based faibon-aclp4.f 4.4,-444r44 (1enax STE;    -1211,, a
product_ of 'Echo Tonax Co., Pfd.) comged of 111,00h a1ngle flits:tents was twisted. continuously in.
the same manner .35 )1" Exapc:e ir to obtain. carbon-f1her chopped strands. Ube results at: s Its7A in
Pablo 1. 



1C013] 10CoTparative example 6          A nen-tPistod, PAN-based carbon -fibe' e1pand Effnax
4C-24X, a product of Con() Tenax Co., ltd.) 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 sm0M. 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 were. f.:=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 I except thap aEas eppl'ad
-hetet, to (--)ht.*.r. carbon-iv-Eger chopped curands, haugovef, the: number of slnqic 1' laments was
too large; the step of adhesion of sizing agent and the step n' strand cfmtlnq were unstable; arb 1t was
jmoceasib1e ao oPialn AhoaEed e10ends 30having fftendle: oftapnCies.      Example 1C Anat::. on
was made in the salte manner as. ir Exam-pie 



1 except Chia's Cherc css ...l 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-feber chopped sirazds obtained in ',.:x.0110E)les 1 towas packed in E: flexible conLainat
b.6c1C which was usienpble a_ :he botLes, pnd suppliezi to a pellet-producing step. That is, the
package was hcpisted. by a Prate; tE a bottom of the bag Was opened; tPo carbon.- fiber chopped
strands were fed into a hopper of extrpder at OPP time by an arrcoirt fj--'nq the whole cariscitv of teze
hopper. 95Each cf the carbon-fib-2- chopoed strands obtaiPed in Examcpcies I. to 11 had a low
Cepose 0 ri i a, 39.'; Of smaller. and had exceileelz ilowabiilLy. Therefore, a larGe CI100ICII C cf the
cartopi-fiEser nhnpp'.(-3 st-anda 'n the H.OPPer cazisep TO CiOTTing of fleaff and wasa suplied
stably from one EoLsper 1.011 ueLtss. 30[CO Pz)]  Comparative Exidmoies U. to 13         Hach 20:O
kg of the carbon-fiber chopped strands. obtained 'n CandilnadOve Examtdis 1 to 6 wax subjected to
the same opertion as in Example 12; that. is, the atfandS of 220 5kg wo.s 000: 3:in. a Liexibie
container bag. which was operrable at The aomfonh and was supplied to a pellet-prof:co:Eng step.
1.0080-: 



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 choppe0 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
u10H8818119 The carbon -fiber chopped strands obtalneo In 20 Com=parative Exam:pie 2 had too
large a tv-P.sr ofU times per meter; therefore, there was no impregnation of sizing agent into the Inner
portion at strand. Therefore, tfete was little bundl1nre of fmoare in strand. That is, the lamdx2Dmin
was barns d1 1.84 and Lilo remaining ratio of original bundles 25 was low. The ropose angle was 45'
and the chopped strands had -ow flowahlIftv 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           In the carbs=-fabet chopped st -ands obtained in. Comparative :2xamTUe 2, the
amount of sizing agent ad:added was small at, 0.1 mt4s.s.and., thcbolodc, therc was no sflicient
bundling of fibers. Iflt is, the Di:flax/DTI-in was Mtge st 



5 and the remaining ratio of osicOnaT bundles was liA4. Tho repose uncle was. "43(t and one
chopped strands had low                       Cemsequent1y, elogtring of fluff osbatrned in. the hopper and
the stable supply of chapped strands Uric issoter was 171DO5Sib1.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 hopporThe staple supply of chopped strands -into meter was impossible. Inknedoing of resin and
cartoon-febeu chopped 20 strands in extruds, the disberson. of sarbon-fiher chopped strands inuffs
'fifer-Lori making it iffieb.ssible to obtain Pellets of godo flHHH-y. ICC841 ComparatiYe Euamode 12
CrIn the eacben-flber chopped strands (-1)-,nr,,==0 "7 Comparatlee Ustamede e, the number of
carbon fitaal oducce filaments used was small a1 12,000. Accordingly, the chteppd strands6/IChad a
sriall diameter. Rs a result, the ratio of fiber 7endth) and mbuinbm diennue2 :Amin) was 30farce at
6.32. That is, the contact 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 strards inho meter was imoossdre, 



5al;0851, ComparaLive Exad..ture I?) 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,...;ac. 511-5::1 ad 24,:j00.'Adco-ddrdly,
the chopped 1.0strands obr.alned had a small diaffter. As a resuar" the ral-ao oL faCarr tuna ah (Id
and Irinimum diameter (rmiE) WaS 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 0CE cddwatdiiity. As a -esnit, raoTT'ng
of f- 31. 15occurred j II hrlx: Sc.py...er and tne stab] e suroldlyadropfled sarcads lards mad.dr dds
impodribica  CLAIMS :Claim 1]         A arbor-fn.-bd. oho aced is rand composed na AU,AllflO to
120,000 zablesn fiber slngbe filaments and I 5sizing agent. which bundles The single filadsentsy
carbon-fiber chomped strand line iblic Ca:Tax/Dm:in) af the a. >117..diameter. (1)))-b] and. The
TilijOITLIT diameter. Cabin) botn of the asdf fhesebbd serand ls I.to 1?3;It:NH-Jr (IL) of chopped
sArand aiong the 11lbur dlreclnoh3 to 13 rid, 10act the recose angle of chopped strand is 10 to 102.
:Oland 21         The catlesn-t'bez clicsoped strand accordlnd so Ciaig. 1, wherein the ratio (12/0bln] of
the length (l) of chspbbd 



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 10 massof 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 medhod rbr macataletbring a carbon-flbee ono-a-bed strend, set forth in Claim
4, whereln the sizing agent is a bplyemide re:alp anet the sizing agent concentraLlog C. emmcg agent
do Ii is 8.5 lc 80 mass %. Ibllaim 6]           Pr; assemrdp bt carbon-fiber chopped singe:n(3s composed
o 38,000 Co 120,000 carbon fiber oangto Piedmonts and I to 18 mass 5 of a sizing agent which
bundees the single 10f a.. 1 a.r ant e,mprbon-fiber 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 length (L] of chopped stzand arcmg Ono rilapm direction being 8 to 10 71LTL,
and the repose angle (a* chopped 15strand. being( 18 to 307, in which assembly tle iotminiap relic of
original oarbonefibeP chopped strands emba-Pe 's 787g or higher. 



[Claim. 7] pajamge of carboh-fiber chopped strands, (aro:mai:line 20czarbbb -fiber chopped strands
each. comoogeg of mou to 12o,00n c-,iripnr. fiber single filaments and 1 to :0 MaSS % or a /Jr:I,: 0
carathich bundles the s"ng-.e. tb amen-is, C.. 0e:go:8b. carbonefiber chopped strand the ratio
PElmax.2Dmen4 51 the maximum diameter (Dmaxl 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 l0 to 802, and                  a flezeble
dentaiter bag which cocks NI El carbon -fiber 30chopped PM:are:is,  In which package the remaining
ratio of original arbon-fiber chopped strznde bundled. is 70% cr nigher. 'Claim 81 Tri Itednirar ror
manuractdring oclielis each codposed of a. 5theimoplastic _cern end u cdrbcn 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 1180,000 carboy-, e-be a singic ttraripntu and I to 10 MaSS % of a sizing agent
which hunriles the sbngle filadnts, in which. carbon-fiber 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 is 1.0 Lc 1.8, the length (I) of chopped strand along one fiber. directior is 8 to 1C mzu
end repose angle of crecpped strard is 10 to 3(128, and           0ce al kneading, in the extruder, the
carbon-fiber chopped stranbg with. a resin. 80 


