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PROCESS FOR MANUFACTURING CARBON FIBER PELLETS, PELLETS RESULTING THEREFROM
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GROUND OF THE I ON

This invention relates to a process for
manufacturing carbon fiber pellets, the resulting pellets
and the use of the pellets in the productlon of
reinforced thermoplastic resins. .

Carbon fiber reinforced thermoplastic resins
are conventionally manufactured by batch blending carbon
fiber with thermoplastic resin and feéding the blend to
an extruder/compounder. :Thc resulting extrudate is
formed into molded articles employing conventional
injection molding or extrusion molding techniques.
Developmentslin the compounding industry have recently
favored feeding the carbon fiber separately from the
resin pellets/powder. The carbon fiber is typically
introduced into the polymer melt in an effort to minimize
thé'mechanical-dégradaticn of the fiber length. Separate

' feeding of the carbch_fiber requires precise metering of

the carbon fiber addition. Economic concerns for high
volume production require a free-flowing carbon fiber
product form. Conventional carbon fiber forms are
manufactured by cutfing 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.,
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
principal factors influencing the flow characteristics of
a given carbon fiber prcduct form (other than its
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flow characteristics, a carbon fiber product form should
have a fairly high bulk density and relatively low flow-
resistance, i.e., @ streamlined shape. Product forms
produced by a strand-cutting technique such as described
in aforementioned U. S..Patent Nos. 4, 818 615 and
5,227,238 and EPA 338,919 might possess a suitably high
level of bulk density but their blunt-ended
configurations are not conducive to low. flow-resistance.
Although it is known from Japanese Patent No. 4,300,353
that a spherical carbon fiber pellet can be obtained by
mixing carbon fibers with a solution of polymer as a
sizing agent in an apparatus hagingpa tumbling and _
flowing action, any adVantage in'floﬁ properties owing to
the streamlined shape of the pellet 1s more than offset
by its low density which is on the order of o 05-0.15g/cc
(50-150g/1) Thus, the spherical pellets described in
Japanese Patent No. 4,300, 353, indioated to be useful
therein as insulating material, reinforcement for carbon
material filters and adsorption equipment, would not be
suitable for use in conventional reinforced thermoplastic
resin manufaoturing operations.

Heretofore, no carbon fiber pellet
manufacturing process has been. able to prov1de a product
which at the same time possesses. high dens1ty and a
streamlined morphology, characteristics which combine to
vield low resistance to flow. A process capable of
producing such a product and, of course, the product
itself, would represent a significant advance in the
technology of carbon fiber reinforcements for |
_thermoplastiolresins; '

§HMMABI.QEL!EE.LN§EHIIQE .

_ It is an object of this invention to prov1de a
process for the manufacture of a carbon fiber pellet
suitable for use in the production of reinforced

thermoplastic resins.
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It is a particular object of the invention to
provide a process for the manufacture of a carbon fiber
pellet having a'streamlined shape, e.g., a -seed-like
configuration, and a bulk density of at least about 300
g{l. S - _
-In keeping with these and other objects of the
present invention there is provided a process for
manufacturing carbon fiber pellets which comprises:

- a) mixing cut carbon fibers with a solution
or suspension of a sizing agent to 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
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,

. €) 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
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
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 making thenm ideal for use in conventional _
reinforced thermoplastic resin manufacturing operaticns;

The term "streamlined" shall be understood
herein to refer to any shape or ccnfigﬁration which
provides less resistance to flow than a blunt-ended

-3-
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'pellet of the same volume and den51ty. While the term is
'speciflcally 111ustrated herein with the shapes of the
pellets shown in Fig. 2, infra (i.e., seed-like or

e111p501da1), other flow resistance—reducing shapes are
contemplated, e. ges lens-like or convexo-convex, tear-
like, etc.

F E I
Fig. 1 is a schematic flow diagram of one
embodiment of the process of the 1nvention 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

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

‘understood herein to include graphite fibers and these

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.

o 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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ellipsoid shape, e.g., as shown in Fig. 2. It is
preferred to employ chopped carbon fibers possessing an
average length of from about 1 to about 10, and
preferably from about 2 to about 8, mm, an average
diameter of from about 2 to about 20, and preferably from
about 5 to about 12, microns and a length to diameter
ratio of from about 200:1 to about 1200:1, and preferably
from about 300:1 to about 1000:1.

Essentially any sizing agent heretofore
employed in the bundlihg of carbon fibers to make carbon
fiber forms can be used herein. In 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,
urethane-modified epoxf resin, polyester resin, phenol
resin, polyamidé resin, polyurethane resin, polycarbonate
resin, polyetherimide resin, polyamideimide resin,
polyimide resin, bismaleimide resin, polysulfone resin,
pPolyethersulfone resin, epoxy-modified urethane rcsin,

" 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
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
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
content of from about 3 to about 35 we;ght percent, a
waterborne epoxy resin having a solidéﬁcoﬁtent of from
about 3 to about 55 weight percent and an aqueous

-5-
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solution of from about 2 to about 8 welght percent
polyvinylpyrrolidone. B

In general, it is preferred to use the minimum
amounts of sizing agent to achieve the desired result.
However, amounts of sizing greater than the minimﬁm’are
not excluded. Thus, e.g., an amount of sizing agent

'solution/suspension can be used which will provide from

about 0.5 to about 10, and preferably from about 0.8 to

‘about 6, weight percent of sizinq in the product carbon

fiber pellets. -

' In addition to the carbon fiber and sizing
components, the' carbon fiber pellets herein can contain
sizable amounts ef”One-br-mOre'other ingredients, e.g.,
other fibers, carbon black, glass powder, aramid pulp,
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
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

'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 optlonal
ingredients such as those mentioned above supplied at 2
and 3 are introduced in predetermlned anmounts, e.g, to

. 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
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
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the carbon fibers are génerally suitable in preparing the
chopped fibers. - .

The carbon fiber agglomerates resulting from
the mixing operation are discharged into rotary disc
pelletizer 5. The pelletizer can be operated throughout
a broad range of angles and disc speeds to provide
sufficient action to build and densify the pellets. For
example, angles of from about 40 to about 70°, and
preferably from about 45 to about 60°, from the

horizontal and disc speeds of from about 8 to about 60,

and preferably from about 10 to about 50, rpm 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
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

-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
nucleation and growth of the pellets. The wet 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
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
and recycled through 12 to mixer 4.

The carbon fiber pellets of this invention
possessing a seed-like or ellipsoid configuration as

-7—
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shown in Fig. 2 'have a maximum length of from about 4 to
about 20, and preferably from about 9 to about 16, mm, an
maximum width of from about 0.5 to about 5, and
preferably from about 2 to about 4, mm; a maximum
thickness of from about 0.5 to about 5, and preferably
from about 2 to 'about 4, mm, an average bulk density of
at least about 300g/liter and preferably an average bulk
density of from about 400 to about 700g/liter and contain
an average of from about 5,000 to about 200,000 fibers
per pellet. The fibers comprising a pellet shown in Fig.
2 are for the most part commonly oriented, i.e., they are
largely in alignment with the longitudinal axis of the
pellet. Each of the pellets illustrated in Fig. 2, i.e.,
embodiments (a), (c) and (e), possess cross sections A-A'
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, polyamlde
resins, saturated polyester resins (e.g.,

polybutyleneterephthalate resins (PBT) and polyethylene-

- terephthalate resins (PET)), polyurethane resins,

polyacetal resins, polysulfone resins, polyether sulfone
resins (PES), polyphenylene sulfide resins (PPS),
polystyrene resins (PS), poiyolefin resins, polyvinyl
chloride resins, polyetherketone resins (PEK),
polyetheretherketone resins (PEEK), polyetherimide resins
(PEI),_polyarylené oxide resins, polyphenylénesulfidg
resins (PPS), polyamideimide resins, polyarylate resins,
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
pellets and the pellets thus obtained.
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Examples 1-4 illustrate a batch-mode operation
for making the seed-shaped pellets shown in Fig. 2. A
continuous-mode operation for making the pellets of Fig.
2 is illustrated in Examples 5-7.

XAMP 1
A. Mixing |
' Chopped carbon fibers, 400 g, possessing an
average length of about 6 mm and an average diameter of
about 8 microns were charged to a laboratory scale mixer
(Eirich Machines Ltd Model RV02) and with the mixer in
6peration, 20 g of a waterborne polyurethane containing

6.6 g (33 weight'percent) solids and 87 g additional

water were introduced to the mixer. After 2 minutes of _
mixing, an additional 20 g of the'waterborne polyurethane
and 87 g water were added with mixing continuing'for
another minute 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).

B. Pelletizing

The agglomerated carbon fibers from the mixing
operation were pellétized in the rotary disc pelletizer
operating at about 55° from the horizontal and 30 rpm for
about 10 minutes causing the aggregates to accrete and
densify into seed-like pellets. |

C. Drying | |
The wet pellets from the_pelletizing operation

were dried in a laboratory oven at 120°C for 60 minutes.

The dried, seed-shaped pellets possessed the following

properties: K
length 13-16 mm
width 3-4 mm
thickness © 2=3 mm

average bulk density 333 g/1
vibratory flow rate 148 lb/hr
sizing resin 3 wt$
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In this and all of the other examples which
follow, vibratory flow rate was measured upon a vibratory
flow table having an in-line vibrator (Craftsman Model
No. 315.116131) attached to the bottom of a 30 X 16 inch
tray pitched at a 5° angle from the horizontal. The
vibrator was operated at 4,000 oscillations per minute
with a voltage controlled amplitude of about 32 volts.
The tray'waslinitially'fiiled“with 200 grams of carbon
fiber product. Average flow rates were determined by
measuring the time and weight of product discharged from
the tray. ' :

D. Use of the Pellets in Providlng

Bg;gfo;ged Polxcarbogate Res;n
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
directly into the polycarbonate melt. Feed rate was
approximately 100 l1lb/hour.

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

with the variatiohs.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(a/l)  Rate(ib/hr)

2 9 minutes i 3 33 153
total mixing . : -
time

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

4 80g totatl 127474 é 114 180

waterborne

polyurethane;

1489 total

additional

water; 6

minutes total

mixing time

-10~
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Employing the same compounding procedure
as described in Example 1, 20 weight percent of the
pellets of Example 2 were introduced as reinforcement in

polycarbonate resin.

EXAMPLE S
Chopped fibers of approximately 3 mm‘average

maximum length and 8 microns average maximum diameter at
'.a rate of 50 lb/hr and a waterborne polyurethane (9.95
lweight 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 rotary disc pelletizer (Ferro Tech Model 036).

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

pellets had the following properties:
length ' 6=-8 mm
thickness 1.5-2 mn
average bulk density 588 g/1
vibratory flow rate 170 1lb/hr
sizing resin : 2.5 wt$
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EXAMP 6=7 _
The. procedure of Example 5 was followed but

with the variations and the results shown below. —

5 Varistion(s) Average . .
From the Dimensions(mm) of Dried, Average “Vibratory -
"Process of Seed-Shaped Pellets - sizimg Bulk Flow
Regin(utX)

Example Examle 7 Length/Width/Thickness Density(asl) RsteClib/hry

10 8 waterborne . - 107372 3 488 198
. - polyuretharne ' : :
at 1.9 gal/hr
(16 lb/hr)

15 9 aqueous epoxy 87272 — 7 377 174
. emulsion .
€12.9 wtX
solids) at
: 3.0 gal/br
20 (25.2 lb/hr)

-12= -
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The foilowing Table presents data for the bulk

densities and flow rates of the carbon fiber pellets of

Examples 1-7 and several known ;afbon fiber products

(Comparative Examples 1-4):

S Type
Carbon of ‘Shape Bulk Vibratory
Fiber Carbon of Density Flow Rate
Product Fiber  Product _(g/1) _(lb/hr)
Examplell chopped seed-like 333 148
_ pellet
Example 2 chopped seed-like 313 153
: pellet
Example 3 chopped seed-like 476 231
pellet
Example 4 chopped seed-like 417 180
pellet
Example 5 chopped seed-like 588 170
_ pellet
Example 6 chopped seed-like 488 198
: pellet ‘
Example 7 chopped seed-like 377 174
pellet
Comp. blunt-ended
Example 1 strand cylinders 444 178
Comp. blunt-ended '
Example 2 strand plates 233 54
- Comp. blunt-ended
Example 3 strand flakes .- 345 17
Comp. blunt-ended
Example 4 strand

flakes_ 300 -

Sdrew
Feed*
Rate

(1b/hr)

53

46

*K-Tron Soder North America Model K2MVS60 60 mm single

screw feeder operated at 325 rpm and low setting.
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As these data show, for comparable bulk
densities, the pellets of this 1nvention exhibit
szgniflcantly higher flow rates than“the carbon fiber
forms of the comparatlve examples. Thus, comparing the
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%
higherlthan the product of Comparatlve Example l).
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WHAT IS CLAIMED IS:

1. A process for manufacturlng carbon fiber
pellets which comprises:

a) mixing cut carbon fibers with a solution
or suspension of a sizing agent to form wet, sized carbon
fiber agglomerates, wherein the cut carbon fibers are
formed by ﬁet-chopping 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
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
or ellipsoid shape: ané, :

c) drying the densified wet pelléts to
provide carbon fiber pellets of seed-like or ellipsoid
shape possessing a density of at least about 300 g/l.

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.

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
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
weight_percent polyvinylpyrrolidone. '

Sheet Has Been Reﬂlaced
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. | 6. The process of Claim 1 wherein the tilted
rotating surface is that of a rotary disc pelletizer.

7. The'process of Claim 1 wherein the tilted

"rotatlng surface 1s that of a rotary disc pelletlzer

operated at an angle of from about 40°* to about 70° from
the horizontal and a speed of from about 8 to about 60

"rpm for a residence time of from about 2 to about 30
mlnutes.

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
carried out in a mixer operated in batch mode.

10. A carbon flber pellet of a seed-like or
elllpsold shape hav1ng a bulk density of at least about

3009/17

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.

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

' 13. A process of reinforcing a thermoplastic.
resin which comprlses lntroduczng ‘into a thermoplastic
resin a quantity of carbon fiber pellets of a. seed-like
or elllpsoid shape hav1ng a bulk denslty of at least

about 300 g/l.

. 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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