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the pellets in the production of 10 rei nforced thernopl astic resins.
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roduction require a fre pon fiber roduct form
gbnventlonal garbon f|beﬁhfﬁrh%véh¥}9ﬂuﬂﬁ¥ﬂﬁﬁﬁw§9 BypEBE?Fﬁgf%?carbon fiber
strand made upmehufacbuning| canchors tibrelt g liledst, heéhewrtsubt $hg i pel hgant
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results_in blunt-ended forns S " Pat ent No.

4 818, 679 SIEFF&FOFSFﬁBt%?EmO.

Carbon fiber reinforced thermoplastic resins
are'conventlonally manufactured by batch blending carbon -
fiber with thermoplastic resin and feeding the blend to
an extruder/compounder. :The resulting extrudate is

15 formed into molded articles employing conventional

B injection molding or extrusion molding techniques.

Developmentslin the compounding industry have redently
favored feeding the carbon fiber separately from the
resin pellets/powder. The carbon fiber is typically

20 introduced into the polymer melt in an effort to minimize
thé'mechanical-dégradation of the fiber length. Separate
' feeding of the cafboh_fiber requires precise metering of
the carbon fiber addition. Economic concerns for high
volume production require a free-flowing carbon fiber

25 product form. cOnvgntional carbon fiber forms are
manufactured by cutting a carbon fiber strand made up of
carbon filaments buhdled together with a sizing agent
into short lengths, e.g., 3-10 mm or so. The cutting
operation necessarily results in blunt-ended forms, e.q.,

30 as shown in U.S. Patent No. 4,818,615. Similar forms are
described in U.S. Patent No. 5,227,238 and EPA 338,919.

The flow characteristics of the various carbon
fiber product forms have a significant 1mpact on the
feeding and metering behavior of the fiber. Two of the

35  principal factors influencing the flow characteristics of
a given carbon fiber product form (other than its

stic resins.
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For use in convezn{;‘go na‘figlenrte'1?1f %CSQPLPSEHB pﬁé”é{ﬂ& a tumbl:.ng and
flowing action, any. advantage in flow properties owing to '
- the streamlined shape of the pellet 1s more than offset -

15 by its low dens:.ty wh:.ch is on the order of o 05-0.15g/cc '
(50-150g/1) 'rhus, the spherioal pellets descr:.bed in
Japanese Patent No. 4,300, 353, J.ndJ.oated to be useful
therein as J.nsulat:mg mater:Lal, re:.nforcement for carbon
mater:.al fllters and adsorption equipment , would not be

20 suitable for use in conventional re:l.nforced thermoplastic

resin manufacturlng operations.
Heretofore, no carbon fiber pellet

manufacturlng process has been. able to provide a product
which at the”same t;me_possessesﬁhlgh_den51ty and a

25 streamlined norphology; characteristios which combine to

| yield low resistance to flow. Apprpcess capable of
producing such a producteand,'of.course, the product
itself, would represent,a'significant advance in the
technology of carbon fiber reinforcements for

30 _thermoplastiolresins;

w& .
_ It is an object of this inventlon to prov1de a
process for the manufacture of a carbon fiber pellet
35 suitable for use in the product:.on of reinforced

thermoplastic resins.
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process Por th8/kanuf acture of ‘a- carbon fiber pell et having a streamined
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invention theré I's _provi a process menu
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or” suspensi on of a sizing) agaifxiry fRitNcebonSiciBersPen 41 &8 ution

aggl omengt es, WheLELDahfo S Ule CATI0) rlcgI %%re%ta;:c form wet, sized carbon
fiber agglomerates, wherein the cut carbon fibers are
formed by wet-chcpping carbon fibers to an average length
of from about 1 to about 10mm and an ~average diameter of
from about 2 to about 20 microns, and wherein the cut

15 carbon fibers are mlxed with the solution or suspension
of sizing agent in the wet-chcpped state;

b) = contacting the agglomerates with a tilted
rctatlng surface for a period of time sufficient to form
densified wet streamlined carbon fiber pellets; and,

20 . - ©) drying the densified wet pellets to
provide streamlined carbon fiber pellets possessing a
density of at least about 300 g/l.

In addition to the foregoing process, the
subject invention includes the resulting streamlined

25 carbon fiber pellets and the use of the pellets in

' ~ producing reinforced_thermoplastic'resins.

In ccntrast to the carbon fiber pellets that
are produced by the procedures described in U.S. Patent
Nos. 4,818,615 and 5,227,238, EPA 338,919 and Japan

30 4,300,353, the carbon fiber pellets resulting from the’
process of this 1nventlon are both streamllned and dense,
characteristics which impart excellent flow
characteristics maklng them ideal for use in conventional
reinfcrced thermoplastzc resin manufacturlng operatlcns. |

35 The term "streamlined" shall be understood
herein to refer to any shape or ccnfigﬁration which
provides less resistance to flow than a blunt-ended
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maki ng them i dea
manuf act uri ng #

for forced thernoplastic resin

o term "streanli ned" shall be

under st ood herein to reng.tm isyasschsmatiaxﬁmﬂgdhagmau wﬁloneprOV|des

15

.less repystancalilef¥ b#2end BLUEESgr@f’Ctheg “invention for

manufacturing carbon fiber pellets. and,
Fig. 2 illustrates variously shaped carbon

fiber pellets which can be obtained by the process of the ‘
invention. _ . -
D TIONS OF ° FERRE ODIMENTS

20

The principal components of the carbon fiber
pellets herein are carbon fibers, or filaments, and a
sizing agent. :
The expre551on "carbon fibers" shall be

‘understood herein to include graphite fibers and these

25

30

'35

fibers coated with another material, e.g. an inorganic
material such as a metal or metallic compound or an
organic material such as a polymer, etc. Further
included are carbon fibers which have been mechanically
and/or chemically treated to modify one or more of their
properties. Thus, fibers which have been surface-treated
can be used to improve bonding to the sizing agent and/or
the matrix thermoplastic resin.

' The fibers herein are cut from tows containing
from about 1, 000 to 2 000 000, and preferably from about
50,000 to about 700,000, . 1nd1v1dua1 fibers or filaments.
The tows can possess deniers on the order of from about
700 to about 1.5 million, and preferably from about
35 000 to about 500, 000, denier.

. When chopped carbon fibers are employed, one
obtains a carbon fiber pellet having a seed-like or

-4-
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cont ai ni ng fiber forms can be used herein. 1In general, polymeric

| resins are preferred. Thus, the sizing agent can be a
solution or suspension of a thermoplastic or |
thermosetting resin including that on an epoxy resin,

15 urethane-modified epoxf resin, polyester resip, phenol
resin, polyamidé resin, polyurethane resin, polycarbonate
resin, polyetherimide resin, polyamideimide resin,
polyimide resin, bismaleimide resin, polysulfone resin,
pPolyethersulfone resin, epoxy-modified urethane rc31n,

20 " polyvinyl alcohol resin, polyvinyl pyrrolldone re51n, and
the like. Dependlng on the nature of the sizing resin,
the solvent or suspending agent for the resin can be
water, an alcohol such as methanol or ethanol, a ketone
such as methyl ethyl ketone or acetone, a hydrocarbon

25 such as cyclohexane, toluene or Xylene, a halogenated
hydrocarbon such as dichloromethane, an amide such as N-
methyl pyrrolidone'or dimethyl formamide, an ether such
as tetrahydrofuran, and the like.

The concentration of sizing resin in the

30 solvent/suspendzng.medium can vary over fairly wide
limits, e.g., from about 1 to about 55, and preferably
from about 5 to about 35, weight percent. Specific.
sizing agents that can be used with generally good
results include a watérborne polyurethane having a solids

35 = content of from about 3 to about 35 welght percent, a
waterborne epoxy resin having a solids content of from
about 3 to about 55 welght;percent and an agqueous

-5-



from about 1,000 to 2,000,000, and preferably from about 50,000 to about
700, 000, individual fibers or filanents. The tows can possess deni'ers on
t he order_of froEn about 700 to about 1.5 mllion, and prefgsbsasbssem about

35 3§W968mf8 about 500, 000, denier. .\When chopped carbon fibers are
enpl oyed, one obtains a carbon fiber pellet having a seed-like or -4- WO
96/ 04416 PCT/ US95/ 09850 -el | i psoi d shape,
e.g., as shomaolntqu op.fram abousr & &pr akont &n¥eigh ﬁﬁﬁﬁﬁﬂﬁbarbon fibers:

from about 2 an .avera f t 2to
about 20, and prefer abIV‘f r&d‘dutl%q‘%ogrg Fg§§@m%%§%§§e;n Q@gngt hto*
di amet er rat i amotin€s oof aéﬁnﬁngzwem:t soapchieveothe desiras siagudi-y from

about 3Q0:1 t EG r?t s B ¥didly Yyraayes ehan awrﬁuimﬂmfx@re 10
enpl oyed in the undflng carbon fibers to r Jorns can be

i
used herein. pAtgexetyded no ThiRi &-Pesi AR aPB“ﬁfe?grﬁ’e m%‘:entt he si zing
agent can be golatiénpsusperssicrerzminobeoiisadt whicbpwikl iproridehdimedset t i ng

resin includi gg?ﬁ?aél Qnt@w&i'e%hg gﬁriferabﬂ?eff’@xﬁ‘eam fd .@d g@poxy

resin, I
pol ycar Bgngszabegtnﬁ' P *h(—.'!-'ﬁrfﬁﬂillé'—n FAZIBSI 9ﬁn§€|[%lnpﬁ<gc§l¥%r§ea't¥hanel ;?rsnl ge
resin, lglsnalghghgepéfﬁéfg,polysulfone resin,

. In addition to the carbon fiber and sizing
components, 'the’ carbon fiber pellets herein can contain
sizabie amounts bf”bne-br-mOre'other ingredients, e.g., ‘
other fibers, carbon black, glass powder, aramid pulp, -

15 recycled milled carbon fiber pellets,"etc., for a total
amount of such ingredients of up to about 50 weight
percent of the pellets. These and other optional
ingredients are conveniently combined with the carbon
fibers and/or the solution/suspension of sizing agent-

20 prior to or during the mixing of the carbon fibers with

' the sizing agent. . _ '

- In the flow diagram of Fig. 1 which illustrates
the manufacture of carbon fiber pellets as shown in Fig.
2, cut carbon fibers, i.e., those which have been

25 'chopped,'supplied at 1 and a solution or suspension of
'sizing resin, e g., a waterborne polyurethane containing
1-35 weight percent resin, together with any optional
ingredients such as those mentioned above supplied at 2
and 3 are introduced in predetermlned anmounts, e.g, to

30 . provide approximately 3-6 weight percent sizing, to mixer
4 where agglomerization of the sized fibers takes place.
Advantageously, where chopped carbon fibers are employed,
the fibers are chopped in the presence of a suitable

_ liquid, e.g., water when the sizing agent is dissolved or

35 suspended in water, prior to introduction into the mixer.
Amounts of liquid of from about 15 to about 65; and
preferably from about 20-to about 55, weight percent of

possessi ng an §ﬂ?1 ﬂldahgrcnnabout 1 to about 10, and preferably
?o abou

=
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al cohol resin, polyvinyl pyrrolidone resin, and the |ike. Depending on the
nat ure of wWireealadieng resin, the solvent or suspendi hg agent POIYUSOSEISSESi N
can be water, an al cohol such as nethanol or ethanol, a ketone such as

met hyl ethyl ketone or acetone, a hydrocarbon 25 such as cycl ohexane,

tol uene or xyl &ﬁmﬁﬂ%hoﬁﬂé{rsdaPX d%é’&%fé’n%'}h %ﬁ.fq‘.a%ﬁed !132 b@%ﬁ%%.ﬂgn@he an

am de such as &H yrrol i1 done or mam r such as
t et r ahydr of ur arfhopRe& FdberRe. The concentration of sizing resin in the 30

sol vent/ suspendi ng nedi uTheaBay¥Bén Pilsér fRjdlonarates r@suitifgdfronr om

percent . Speci e iyl BEERELIthTare M hHAHach R BERRFY Y8500
resul ts i%cl udeelletiigerobne Fheypebleéetirerh oamdpen operated3shroughbount ent of
from about 3 tq Hiaa 3anyRi 8t aR§1&8 ina A MR Ypuudee tePPFBvigai N having a
sol i ds content éﬁf £3¥2 %bggt.3 tooqggu{dfg%amaéﬂgi e%%gn gnd an agueous
VO 96/ 04416 nt action to build a PERPURSSA85850 ESF ut i on
of from about Zxampdiequanglesi gfit fpem cabmutpoldy wionpboytr goirdoand | n general,
oot ol Seeut - PRSI S BRAUEL 9 ) St 0 AR ” P00 2 L
are not ¥cl uddiPrizemtal ang digs sperds of @ﬁQB|%}QH§eﬁtt° about 60,
sol uti on/ suspensid preFerablysedonhabutviid $U @bclt BOQMrpm can
advantageously be utilized. Periods of operation for
batch-mode manufacturing can vary from about 2 to about
30, and preferably from about 5 to about 20, minutes for -
15 most pellet sizes. In continuous-mode manufacturing, the .
average residence time of the carbon fiber agglomerates
in the pelletizer can vary from about 10 to about 60, and
- preferably from about 15 to about 30, minutes depending
on the feed rate and capacity of the pan. Periods of
20 -time more or less than those stated can, of course, be
employed depending upon the shape, density and size of
the product pellets desired. Spray unit 6 associated
with pelletizer 5 can introduce additional liquid into
the pelletizer if desired, e.g., in order to aid in
25 nucleation and growth of the pellets. The wét product
pellets are discharged from the pelletizer into
bin/conveyor 7 and transferred to vibrating dryer 8 where
the pellets are dried at a temperature of from about 120°
to about 350°C. The dried carbon fiber pellets are then
30 introduced onto vibrating screen unit 9 where they are
-classified into suitably sized and oversized product.

'_The suitably sized pellets, are discharged at 10 and sent -
to-the'bagging operation and the oversized material is
transferred to mill 11 where it is ground to particles

35 and recycled through 12 to mixer 4.
The carbon fiber pellets of this invention
possessing a seed-like or ellipsoid configuration as
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about 0.5 to about 10, and preferably from about 0.8 to about 6, weight
percent of sizing in the product carbon 10 fiber pellets. In addition
to the camof‘tj‘ er and sizing conponents, the'carbon fibepcpRishHiogsdEr € N
can contain sizable amounts of one or nore other ingredients, e.g., other
fibers, carbon black, glass'powder, aramd pulp, 15 . recycled mlled
carbon fiber pellets, etc., for a total, anount of such ingredients of up to

about 50 wei gifhowar dBnFigs 2 rRaYR |3 Maximmedength 8fLEromppbeit 4 to
~ingredi ents ampoagnzeni endl yredatabiad faicmh abloatcar bonabottr 36 anth Orart he

sol ution/susp Is of : SiZi g t ) &PLl0 og dyrtng the m xing of
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whi ch i |l ustrpreferablyafuemcakout & tendhouts #hemmped| BAXIMAMshown in Fig.
2{ .clut gaar bonlti'x't:i._éﬁhéss"of-fréﬂ?élfbﬂ&?'(ﬁ._fs havabbaens?Sand pféﬁémi bysuppl i ed
a and a sol_ution or, suspensi on of sizing resin, e waj er borne
pol yur et hane EGRPaPRPRY # ' ".%‘?‘a’ht‘t 'p&“ber# PYSFA9e; B'S%Fh‘g?nﬁ‘fﬁﬁ °a€r’1y
optional ingra#i deastsaboutis3edaikitemand)pirefbvablyupnl average dulkl 3 are
|t roduced | nqgnggeleofi Booh WBUHY o th abBuB0700g/PLe¥k dend fRbed P! € ¥

3-6 weight percent Sizin to mxer 4 where agg]onerization of the sized
fibers takes BF‘aég.eriﬁﬁa%faﬁ’é%ﬁgﬁ“%ﬁ-’erogocﬁBpggﬁu'Ea?BBno?? b(é'ge”oﬁ e
enpl oyaw, theperbpellete clioppfibers idompriediagca pélletushaum ein iRjg.d,
ol e, MOERER ol EhE O e BV eiindle, 1 FLSTEIPLS
about 15 to aBaygedy, imnalignmentwith the dppgitudinal sasis &b theei ght
percent of . pellet. Each of the pellets illustrated in Fig. 2, i.e.,

' embodiments (a), (c) and (e), possess cross sections A-A'! -

15 shown in corresponding figures (b), (d) and (f). '

The carbon fiber pellets herein can be added to
‘any of a wide variety of thermoplastic resins and
thermoplastic resin blends as a reinforcement component.
Suitable resins include polycarbonate resins, polyamide

20 resins, saturated polyester resins (e.g., :
polybutyleneterephthalate resins (PBT) and polyethylene-

- terephthalate resins (PET)), polyurethane resins,
polyacetal~rééins, polysulfone resins, polyether sulfone
resins (PES), polyphenylene sulfide resins (PPS),

25 polystyrene resins (PS), poiyolefin resins, polyvinyl
chloride resins, polyetherketone resins (PEK),
polyetheretherketone resins (PEEK), polyetherimide resins
(PEI),_polyarylené oxide resins, polyphenylenesulfide
resins (PPS), polyamideimide resins, polyarylate resins,

30 thermoplastic polyimide resins and acid modified
polyolefin resins, and compatible blends of the

foregoing.
’ The following éxamples-are illustrative of the

process of this invention for manufacturing carbon fiber
35 pellets and the pellets thus obtained.
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carbon fi b&¥O MM therates resulting fromthe nixing operati RCTAISIS09850

di scharged into rotary disc 5 pelletizer 5. The pelletizer can be
operat ed throughout a broad range of angles and disc speeds to provide

sufficient action to bU|@taﬂggegemshf¥1¥eraiﬁgéegshadgw;ﬁ%é%ngkgraggg+es of

from about 40 t abo t, 70l err roma
fromthe 10 n eaﬁsehsa%%oeeblfe## Showbdn §ige akoud 60, and

preferably fr omcamnuoiﬁ-tnodebopErEﬂloﬁ pror amaleihen dheg pelldeyshesurig] zed.
Perii ods of operzat llqlr t?ﬁrl:‘ea gxégﬁ?fégcgql ng can vary fromabout 2 to

about and pre roma 0 about® 20, mnutes for 15 nost
pel | et si@es. In contlnuous nDde manuf acturi ng, the average residence tine
of the carbon fiber agglonmerates in thexpgbtgtizer can vary from about 10
to about 60, aqg pr. |y from about to about 30, minutes depending on
the feed rate and g@égégfy -of the pan. Periods of 20 time nore or |ess

than those stated can, ofhoppedecatkornfilers|, ddtenyi pysspssingeanhape,
density and si Zaevéifag‘eh‘?aeﬂ%ﬁ“ﬁ% QﬂoﬁEténﬂF%ﬂ@C&n %W&&dé”h&aﬁeﬁé?o& at ed

h I t urd 1nto i zer
Gesi o 18, o 'anpuly Jo mlcsohe (veRe separae, £e duilaberatery; shahe orLrew

pel | et s. The vidinichd Machpneselisd aMadell RYoR)gahd wdrth khepaliketi zgr into
operation, 20 g of a waterborne polyurethane containing
6.6 g (33 welght percent) solids and 87 g additional
water were introduced to the mixer. After 2 minutes of -
15 mixing, an additional 20 g of the'waterborne polyurethane'
and 87 g water were added with mixing continuing'for
another nminute for a total mixing time of 3 minutes. The:
carbon fiber agglomerates were then discharged into a
rotary disc pelletizer (Eirich Machines Ltd Model TR10).
20 |
B. Pelletizing
The agglomerated carbon fibers from the mixing
operation were pelletized in the rotary disc pelletizer
operating at about 55° from the horizontal and 30 rpm for
25 about 10 minutes causing the aggregates to accrete and
densify into seed-like pellets. |

C. Drying | |
The wet pellets from the_pelletizing operation
30 were dried in a laboratory oven at 120°C for 60 minutes.
The dried, seed-shaped pellets possessed the following
properties: .
length 13-16 mm
- width 3-4 mm
35 thickness - '2=3 mm

average bulk density 333 g/1
v1bratory flow rate 148 lb/hr
sizing resin 3 wt$



bi n/ conveyor 7 and transferred to vibrating dryer 8 where the pellets are
dried at a tenperature of from about 120[err] to about 350[err]C. The dried

car bon flﬁﬁg%l £Els are t hen 30 i ntroduced onto Vi br apiciiyssgiessy unit
9 where t classified into suitably sized and oversized product. The

suitably sized pellets, are dlscharged at 10 and sent to the bagging
operation and the overS|zed mat er i al nsferred to ere it is
ground to particles 35 In thig ?’é‘?:y@r]ed’ ﬁ&{ﬁjé’% fEa F}P@EF é&i%e carbon -
fiber pellets ﬁmdw ,S ViibyaB8bip nf pow Srestss s Teastkriedk apon 2l hpswtoiry )

configuration 04 - brator Cra tsman Model
PCT/ Uogs/ 09850 4%, lame }QQ"?‘% ’g\%g" Line gt (Tt e

about 20, and Iiﬂoeﬁéﬁaﬂ-llﬁlﬁ dnatkrched §Q %lﬂ"tf@% ﬁ’ﬁ] aaﬁ nﬁx?’ﬁu?‘ﬁ’% dt h of ’

fromabojit 0. % Pitiched atnd $r cdgod| frdm dMhehoxtizdntalaboThe4, nm a -
maxi mum 5 t.hi nes of fr o] r ly from
about 2 to abou{i’ n°8$§$%§€ %‘fﬁllg’% nSI%tﬁ‘i%tan?ege? ﬂ% g '

300g/liter andnmaefaemrtygancan'ena@ke@mp & Pfoﬁbppﬁn?abﬁﬁltaoo to

about 7009/ 1 i ty§{e a&%yC%fsahH;ﬂaﬂ/frﬁgﬂé& Wit Giraks008 EarBHRUL
200, 000 flbers 10 per et The fi bers conp r| |ir|1:% igel lﬁt shown in

Fig. 2 are for fiher r?&?ﬁluﬁﬁrt éﬁmﬁy’%ﬁwe‘?ﬁtﬁf ¥rgely in
alignnexg wt fmédsmﬂmggtthedtmme and sweﬁghthe:ﬁ)qiﬁoduct EasbhargeﬁefMI ets
illustrated in.H g:ra%r - enbodi.rrents (a), (c).and.(e), possess cross
sections A-A '

D. Use of the Pellets in Provid:.ng ' ‘
: Bg;gfo;ged Polxcarbogate Res;,n

15 _ Polycarbonate was introduced into the entrance
of a twin screw compounder and 20 welght percent of the
dried, . seed-shaped pellets of this example was introduced

~ into a side feeder located at the midpoxnt of the
compounder barrel resulting in addition of the pellets

20 directly into the polycarbonate melt. Feed rate was

' approximately 100 l1lb/hour.

S 2-4
The procedure of Example 1 was followed but

25 with the v_a_riatiohs and the results shown below.

Variation(s) Average . o . :

From the Dimensions(mm) of Dried Average - Vibratory

Process of Seed-Shaped Pellets sizing Bulk Flow
Example  Example 1.  Length/Width/Thickness Resin(wtX) Density(g/t)  Rate(lb/hrd

2 9 minutes . 93/3 3 . 313 153.
total mixing . : :
time

35 3 .- 80g total - 18/5/4 _ é 476 231
: waterborne o : . ]
polyurethane;
148g total
additional
40 water

4 809 total 121404 6 3} 4 180
waterborne

30

polyurethane;
45 1489 total
additional
water; 6
minutes total
mixing time



15 shown in corresponding figures (b), (d) and (f). The carbon fi ber
pellets herein can be added to any of a wide variety of thernoplastic

r.esi ns andWhe/M4at8l astic resin blends as a reinforcenment cof§IEE09850

Sui tabl e resins include polycarbonate resins, polyam de 20 resins,
.saturated pol yester resins (e.g., polybutyleneterephthal ate resins (PBT)
and pol yethyl ene- terepht hal agfpi85ing €M Bame RAUMPSUAEIARCDEESEAS e
polyacetal resins, polysul fone resins, polyether sulfone fesins (PES),

pol yphenyl ene ss tieseribednin(Bppletl, 20 palighty pereeh€sbistheS),

pol yol efin resins, polyvinyl -chloride resins, polyetherketone resins (PEK),
pol'yet her et her peldessr ofi ExappPEEK3  wers yigttradudede asesednfoPEehent in

pol yaryl ene oxi de resins, polyphenyl enesul fide resins (PPS), polyam deim de
resins, pol yar ped¥carbopate B8Sin. "t hernppl astic pol yinide resins and acid
nodi fi ed pol yol efin resins, and conpatible blends of the foregoing. The

follow ng exanples are illustrative of the process of this invention for
manuf act uri ng. carbon fiber 35 pel | he pellets thus obtained.
WD 96/ 04416 ' Ekﬁuﬁﬂﬂ_i - PCT/ US95/ 09850

Exanples 1-4 illustrate enbghed- FDSEr$RE¥ %ﬂﬁbﬁi%t@&?i B9mhngvesgs shaped
pellets shown in Fig. 2. A continuous-node oOperation for making the pellets
of Fig. 2 is i maximoat 2ength Exnds asicrohs average maximum diameter at

l.a rate of 50 lb/hr and a waterborne polyurethane (9.95

10 weight percent solids) at a rate of 1.7 gal/hr (14.3
1b/hr) were continuously introduced into a pin mixer .=
(Ferro Tech Model 12T35) with the sized fiber
agglomerates being continuously discharged from the mixer
into rptary disc pelletizer (Ferro Tech Model 036).

15 After 20 minutes in the pelletizer operated at 55° and 30
rpm, wet pellets were continuously fed through a '
fluidized bed dryeér (Carrier Vibrating Equipment, Inc.,

Model QAD—1zsosj at 215°C at a rate.of approximately 100

lb/hr where they were dried and de-dusted. The seed-like

20 -pellets had the following properties:
length ' 6=-8 mm
thickness 1.5-2 mn
average bulk density 588 g/1
25 . _ vibratory flow rate 170 1b/hr
sizing resin : 2.5 wt$
30



EXAMPLE 1 A. M xing Chopped carbon fibers, 400 g, possessing an average

l ength of about 6 nmand an average di aneter of 10 about 8 mcrons were
char ged ‘E’ﬁf@ %?é)orat ory scale mxer_(Eirich Machi nes Ltd pdasedosiodéde) and
with the 3ot I operation, 20 g of a waterborne pol yurethane containing -
6.6 g (33 weight percent) solids and 87 g additional water were introduced
to the m xer. After 2 mnutes of 15 ng! 28 an additional 20 g of the
wat er bor ne pol yur et hane and 87 g P ded with m xing continuing
for another minute forrike tptddedurd of Exampdé 3 wasufeblowd kpdr bon fi ber’
aggl onerates were then discharged into a rotary disc peI letizer (Eirich

Machi nes Lt dwitbeth@ RiQyiators ang [thei ZﬁﬁglfFﬁesh@Vﬂ Med carbon fibers
fromthe m xing operation were pelletized in the rotary disc pelletizer

operating at about 55[err] fromthe horizontal and 30 rpmfor. 25 about
10 m nytes causing &ﬂ: a greg tes to accrete and densify into seed-1like
pel | et C. Drying m‘[’é iGns dmf) QiMOE T BRE peI | eti zi a@per aviboweers 0
were dried in a |ab y OVM ;% ‘@ E@ﬁg&ed,
seed- shaped Pt SF ssed roperties™ T eng
13- 16 10m wi dt he waterborne 3- 49/38m 35 4 cknég%
2-3 nm aver age buI ﬁ‘ﬁ?ﬁfﬂﬁy 333 g/I
_ €16 lb/hr) o .
15 9 aquecus epoxy 8/s2/2 — 7 k144 174
. emulsion :

(12,9 wt% :

solids) st )

3.0 gal/hr ' : ‘

20 (25.2 lb/hr)

-12= -



Jibratory flowrate 148 Ib/hr sizing resin 3 Wm%-9- WO

96/ 04416 PCT/ US95/ 09850 I n this and al

of the ot h&YOBO4MA es which follow, vibratory flow rate was RETAR9509850pon a
vibratory flow table having an in-line vibrator (Craftsman Mddel No. _
315.116131) attached to the bottomof a 30 X 16 inch 5 tray pitched at a

S5[err] angle fromthe horizont aboMpARESIMIE"
oscillations per mnute with a voltage controlle

volts.
pr oduct .

and wei ght of
Provi di ng Rei nforce
I -ntroduced int
percent of the
into.a side fe
resulting in addition of t

Feed r atcaridh appr oxi

melt.

Aver a

é’

Fxane

Sbifratisy BARRL 10

[lets 20

of Exanple 1 waiden | owed duiboib

P jagerated at 4, 000

e flowrates were determ ned by 10

Nfitiies aodaficw rates¢® theycarhorfibelr pedlBes| ofs in

Pol ycar bgnate Resin 15 :
tardc8ngf sgverph krowdy carhssufdberaptoductei ght

s of this exanple was introduced

ht of the conpounder

directly into the pol.

tely shihd b/ oy k EXANRLER gy

anpl i tude of about 32
The tray was i nit iThlel follbwingirabl@ Pregerits dataaroenthiebBalk

measuring the tine

Pol ycar bonat e was

barr el
gcarbonate

F

edure

of th theerahicy! Fa8% RAtet Ne REELI LS

shown bel ow. Product _Fiber Product _(g/1) _(lb/hr) _(1b/hr)
10 o . .
Examplell chopped seed-like 333 148 -
_ pellet
Example 2 chopped seed-like 313 153 -
15 - pellet -
Example 3 chopped seed-like 476 231 -
pellet
20 Example 4 chopped seed-like 417 180 -
pellet
Example 5 chopped seed-like 588 170 -
_ pellet
25
Example 6 chopped seed-like 488 198 -
: pellet
Example 7 chopped seed-like 377 174 88
30 pellet
Comp. blunt-ended
Example 1 strand cylinders 444 178 -
Comp. blunt-ended '
35 Example 2 strand plates 233 54 -
- Comp. blunt-ended
Example 3 strand flakes 345 117 53
40 Comp. blunt-ended
Example 4 strand flakes 300 - 46
45 *K-Tron Soder North America Model K2MV560 60 mm single

screw feeder Qperated at 325 rpm and low setting.



Vari ation(s) Average Fromthe D nensions(nm of Dried, Average

Vi bratory Process of Seed-Shaped Pellets Sizing Bulk Flow Exanple

Exanpl e 1 Length/ Wdth/ Thi ckness Resin(wm % | Density(g“.%g /09850
P

Rat e(1 b/ ¥ 6 9 ninutes 9/3/3 '3 313

mxing time 3 5 3 80g tot al 18/ 5/ 4 - 6 476 231

wat er borne pol yuret hane; 148g total additional 40 ~ water 4 80g
t ot al 12/ 4/ 4 6 As thddd data Hlibwjatferbeompapablerimuliane; 45

ég? 8422:361' 20Gehsqties] AL pEL MY 'GP £rls?s n%ﬂg&%%@’g%;‘ggsso Enpl oyi ng

the same conpsdgnifiicpntiEdigher flas hates thanikhgl cazbonofikenht percent
of the pellet $o2hsFs2MBhe domfdrative @haleds I Thubor coMPAFing the

5 pellet product of Example 3 with the carbon fiber form of
Comparatlve Example 1, the former: possesses a vibratory
flow rate whlch is nearly 30% higher than the latter, a
result which is entirely disproportlonate to the slightly
- higher density of the pellet of Example 3 (about 7%
10 higherlthan the product of Comparatlve Example l).

=14~



60 | ycarbonate resin. 5 EXAVPLE 5 ed fibers of approxi mately 3 mm

f
average na ngth a !ﬂlyu u“ ﬂ E uage maxi mum di ameter_at_a rate o
50 | b/ hr ﬁhggmkﬁferborn ﬂ I " 95 10 [ eTTent ol

at a rate of 1.7 gal/hr (14 /hr) ‘were continug

pin ni xer (Ferro Tech Mbodel 12T35) mnth t he sized

-continuously dijAIsedATomDt 1g: M xer into rotary disc pél etlzerd(F?rro
Tach Model 036). 15 ﬁﬁter 20 n1nute |n t he etizer erated a
55[err] and 30 rpm_ et peIIePspﬁngs%o %;%=ﬁfqﬂ1 %ﬁ“a TAPBFdi zed

bed dryer ( Car rRel aﬁﬁoM@ﬂFMQCEQBrpﬁeat Inc., Mbdel QAD—12608) at 215[err]C

at ‘a rate of approximatelay 108ikPh§! cﬁ\geé&gg}eyfﬂﬁrx% q; d gQﬂﬁigHsted.

oW n roperties:
ghg ?n?ne\(lj\ll %![ Ee 2001' sus eei:llsllonso ad_ tSlilBQZaQﬁﬁ %{ 5 wet, sized carbon

1.5-2 nmm aver agﬁm laggdomerates, whebéfn fhe 2t carbon flge\fﬂs%&%gr atory
PCT USas! 09850 96/ D8y, &'% EXhERPEa dfbon fivers to an Avariye’ Tengtn
from about 1 to about 10mm and an average diameter of
from about 2 to about 20 mlcrons, and wherein the cut
10 carbon fibers are mixed with the solution or suspension
of sizing agent in the wet-chopped state: '
b) contacting the agglomerates with a tilted
rotatlng surface for a period of time sufficient to form
densified wet carbon fiber pellets possessing a seed-like
15 or ellipsoid shape: and
c) drylng the densified wet pellets to
provide carbon fiber pellets of seed-like or ellipsoid
shape possessing a density of at least about 300 g/l.

20 2. The process of Claim 1 wherein the sizing
agent is an aqueous suspension of polymer particles
having a solids content of from about 1 to about 55
weight percent.

25 3. The process of Claim 1 wherein the sizing
agent is a waterborne polyurethane having a solids
content of from abput 3 to about 35 weight percent.

4. The process of Claim 1 wherein the sizing
30 agent is a wate:borne epoxy resin having a solids content
of from about 3 to about 55 weight'percent.

5. The process of Claim 1 wherein the sizing
agent is an aqueous solution of from about 2 to about 8
35 weight_percent polyvinylpyrrolidone. '

-15- is Sheet Has Been Reﬂlaced
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IgguF[gcggg&ﬁ gglgxangle S—MasﬂfoTrﬁﬁEHrbuf with the variations and the.
From t he ' \gl nmensi ons \‘@e‘ \g‘““‘““‘\‘“\“ variation(s) pCTmsgsﬁ\;:‘grog?:ge

- Vi br at orvolgf’(%“égs of 1Shdped Peéllets Si zi ng

Bul k FIOM/Exaane Examplre—7— '
Lengt h/ W dt h/ Thi ckness ‘Resin(w % Densi ty(g/l) Rate(lb/hr) 10
8 wat er bor ne 6. The process]of3f2aim 1 whereln the tilfed

488 rotd€Eng bHRIO AL diacl of G2kbbary 16140/ d¥)1k  zer. 9
agueous epoxy - 7 . 377
174 emul sion (12.9 mﬂ@bsollds) at 3 0 gal/hr 20

(25.2 Ib/hr) -12- WCr 96/ GEHél@rocess of Claim 1 wherein the tilted

PCT/ US95/ 0985 ] ! -
Tor thedhor e SefabTAR LA RN R of Wigotabyuisy Jeblapygecn s data

of
Exanpl es 1-7 operatedrat %ﬂKﬂMQRSNQﬁJﬁrPPbéP°BFoﬁﬁct§°5? sou (iénnﬁ%°
Exanpl es 1- 4)thIYH6r1zontal and a speed of from about 8 Enraboutuﬂnan

Pensi tysgﬁg\?v @Pef“ NoFes %ﬁ‘%&‘g{ ime %Egr%m%ggét % to %‘?‘P?rb (I o hr)
(I'b/hr) minutes. .
1o _ :
8. The process of Claim 1 wherein mixing is
carried out in a pin mixer operated in continuous mode.

9. The process of Claim 1 wherein mixing is
15 carried out in a mixer operated in batch_mode.

10. A carbcn flber pellet of a seed-like or
e111ps01d shape hav1ng a bulk density of at least about
300g/1.

_ 11. The carbon fiber pellet of c1a1m 10 '
possessing a length of from about 4 to about 20 mm, a
width of from about 0.5 to about 5 mm and a thickness of
from about 0.5 to about 5 mm.

25 | |

12. The ‘carbon fiber pellets of Claim 10
having a bulk den51ty of from about 400 to about 700 g/1.

| ' 13. A process of reinforcing a thermoplastic.
30 resin which comprlses xntroduclng ‘into a thermoplastic
resin a quantity of carbon fiber pellets of a. seed-like
or elllpsoid shape hav1ng a bulk den51ty of at least
about 300 g/l.

35 . 14. The process of Claim 13 wherein the carbon
fiber pellets possess a bulk density of from about 400 to
about 700 g/l. '

Sheet Has Been Re‘ilaced
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10 Exanple 1

chopped seed-1i ke 333 148 pel |l et Er?rr}[) -
iﬁﬁgbéhkieea?m 476153%%3%%%&?%“““?%2% o 4 e
s $8d-2 |5i ITERNAFIONAL Appuéﬁfhdi\?bbﬁ%lgﬁ}égt B i’%R_!\AgJ@ ITFEg-?y ®GH
198 (G Tutsruatiepal Pppat Classificatipn e seed)| | je(u) Ir@éFihtional Publicatibiglmnberzl i ndg;a:m%/%?s
o oo B o i e RS e i
g't 2@ m?m?& Apiizstion Numbg-i 5 Coﬁp‘qriu}sgsmssq @1 ge%qgg‘li States Egg%i@?ﬁﬂ peent (AT, BE, CE,
bl unltz2ER@RekoR: RRY Buted St I ¢ fobssuR 05 B 38*S R G5 GR, IE, IT, LU, MgNLy ET. SB).

*K-Tron Soder

oper@g@o @3 > rpm and | ow setting.
,ear 5 A August 1994 (05.08.94)

PCT

Postbus 9300, NL-6800 SB Amhem (NL),
(71)(72) Applicants and Inventors:

Knoxville, TN 37922 (US).

stone Avenue, Dobbs Ferry, NY 10522 (US).

North Aneri‘ca Model. K2ZW560 60 nmm si ngl e screw feeder
- 13 Published\D 06/ 04416

Us

(71) Applicant: AKZO’(OBEL N.V. [NL/NL]; Velperweg 76,

SECKIST, Duane, R.

[US/US]; 504 Annandale Road, Knoxville, TN 37922 (US).
S, William, M. [US/US]; 340 Dominion Circle,

(74) Agent: MIRAGLIA, Loretta, A.; Akzo Nobel Inc., 7 Living-

With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

SG 9100493 -2.

(54) Title: PROCESS FOR MANUFACTURING CARBON FIBER
FOR PRODUCING REINFORCED THERMOPLASTIC

PELLETS, PELLETS RESULTING THEREFROM AND PROCESS
RESINS EMPLOYING THE PELLETS

(57) Abstract

the pellets. The carbon fiber pellets are especially suitable for use

Carbon fiber pellets havmg improved flow characteristics are

of a sizing agent, shaping the agglomerated mixture on a tilted rotating surface to provide dense pellets of streamlined shape and drying

in the manufacture of reinforced thermoplastic resins.

prepared by mixing chopped carbon fibers with a solution or suspension




As these data show, for conparable bulk densities, the pellets of this

i nvention exhibit significantly higher flow rates than the carbon fi ber
forns of the conparative exanples. Thus, conparing the 5 pel | et product
of Exanple 3 with the carbon fiber form of Conparative Exanple 1, .the
former possesses a vibratory flow rate which is nearly 30% hi gher than the
latter, a result which is entirely disproportionate to the slightly higher

v

density of- the pellet of Exanple 3 (about 7% 10 hi gher than the product
of Conparative Exanple 1).  -14- WD 96/ 04416 | : ’
PCT/ US95/ 09850 WHAT IS CLAIMED IS: 1. A process for manufacturing carbon.
fiber pellets which conprises: a) m Xi ng cut- carbon fibers with a -
solution 5 or suspension of a sizing agent to formwet, sized carbon

fiber aggl omerates, wherein the cut carbon fibers are forned by

wet - choppi ng carbon fibers to an average |length of fromabout 1 to about
10mm and an average di aneter of from about 2 to about 20 mcrons, and
wherein the cut 10 =~ carbon fibers are mixed with the solution or
suspensi on of sizing agent in the wet-chopped state; b)" contacting the
aggl onerates with a tilted rotating surface for a period of tine sufficient
to formdensified wet carbon fiber pellets posseSS|ng a seed-like 15 .or
el l'i psoid shape; and, :
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c) drying the densified wet pellets to provide carbon fiber pellets of
seed-li ke or ellipsoid shape possessing a density of at |east about 300
g/l. 20 WO 96/04416 . 2. The process of O aim1 wherein thecEusssagsspoent
I's an aqueous suspension of polyner particles haV|ng a solids content of
fromabout 1 to about 55 weight percent. 25 3. The process
of Claim1 wherein the sizing agent is a waterborne pol yurethane having a
soljds content of fromabout 3 to about 35 wei ght percent. 4. The process
of Claim1l wherein the sizing 30 agent is a waterborne epoxy resin
having a solids content of fromabout 3 to about 55 wei ght percent. 5.

The process of Caim1l1 wherei-n the sizing agent is an aqueous sol ution of
fromabout 2 to about 8 35 wei ght percent pol yvinyl pyrrolidone. WO
96/ 04416 - ¥ US95/ 09850 6. The
process of Caim1l whewein the tilted rpEaEsag=suarfjpce is that of a rotary
di sc pelletizer. 7. hprocess of dallm1I whereirfthe tilted 5

rotating surface is that a Jotary di fc pel | etizzgf operated at an angle

of fromabout 40 [err] to aWglt rizontal and a speed of
from about 8 to about 60 rp s LHence=T ne from about 2 to about
30 minutes. 10 8. The procesg of Sharg] 1 wherein xing is

. - i =1 _
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carried out in a pin mxer operated in continuous node. 9. The process of
Caiml wherein mxing is 15 carried out in a mxer operated in batch
node. 10. VEO26/B44dh fiber pellet of a seed-l1ike or ellipsoi hEReRROHRYI NI 2
bul k density of at |east about 300g/l. 20 11. The carbon fiber pellet of

Cl aim 10 possessing a length of fromabout 4 to about 20 mm a w dth of
fromabout 0.5 to about 5 mm and a thickness of fromabout 0.5 to about 5
mm. 25 12. The carbon fiber pellets of Caim10 having a bul k density of
from about 400 to about 7Q%Lg/l. 13. A process of reinforcing a

t hernopl astic 30 resin I ch conprises introducing into a thernoplastic
resin a quantity of carbon fi ber pellets of a seed- Ilke or ellipsoid shape
havi ng a bul k de - Ramabout 300 g/ . 338 14. The
process of C ai ri= - & i a bulk density
of from about 400 ;

FIG.24 FIC.2B

e/e
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