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(57) Abstract
A process for making a subsmntlally uniform composition of

contact with the polymer in the extruder.

(54) Title: PROCESS FOR MAKING A UNIFORM DISPERSION OF ARAMID FIBERS AND POLYMER

short aramid fibers and polymer wherein the fibers are provided with

a significant moisture content to improve handling characteristics and are partially dried and opened by shear forces in an extruder before




used in waednwmeo of this invention. DETAI LED DESCRI PTI OplcEhod/i¥¢81 i ¢ and
t hernopl astic polyneric materials are often reinforced using short fibers
and, in cases where the special qualities of aramdi materials are desired,”
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extruders. By 'cohgulating theilatex ansbyenting shumyawaterfromithie éxthules or particul ate
materials of small diameter and high aspect ratio having a length of 0.1 to

8 mm 20 SUMMARY OF THE INVENTION o
This invention relates to a process for continuously combining short
aramid fibers with extrudable polymer to yield a substantially uniform |
composition comprising 15 to 99 weight percent of the polymer and 1 to 85
weight percent of the aramid fibers comprising the steps of providing aramid
25  fibers having a moisture content of 20 to 85 weight percent water based on the

weight of the fibers; continuously introducing the moist aramid fibers at a
substantially constant rate into an extruder; applying heat to the fibers in the
extruder to evaporate water from the fibers; subjecting the heated fibers to shear
forces in the extruder before introduction of the polymer; to open the fibers;

. 30 - continuously introducing the polymer into the extruder downstream from -
introduction of the fibers; mixing the polymer and the fibers in the extruder to
yield a substantially uniform composition; and expelling the composition from the
extruder.

35 BRIEF DESCRIPTION OF THE DRAWING
The figure is a schematic representation of an extruder which can be
used in practice of this invention, '
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used havi ng2ts ealleH azmatti® pelymerper cent of ot her- di ami ne substituted for the
diamne of the aram d Okuas af4Gf fibers in dry form, especially short aramid fibers which
are highly fibrillated such as aramid pulp, tend to clump and agglomerate and
bridge across transfer conduits in ways that make continuous, constant rate,
feeding very difficult. As will be explained in detail hereafter, it has been
25  discovered that moisture in the short fibers causes a dramatic change inthe
character of the fibers, permitting them to be easily handled and fed at a constant
rate into and through extruders.
By "short aramid fibers" is meant aramid fibers or particulate
materials of small diameter and high aspect ratio having a length of 0.1 to 8 mm,
30  preferably 0.7 to 3 mm. The short fiber aspect ratio, which is the ratio of length to
diameter, is from as little as 10 to as much as 1000 or perhaps slightly more.
While this invention may be effective for and can be used with short
fibers of several kinds, it finds use primarily with fibrillated materials or materials
with very high surface area and low bulk density. Such fibrillated materials or
35  short aramid fibers include pulp and particularly aramid pulp which is made in
accord with the teaching of U.S. Patent Nos. 5,028,372 and 5,532,059 or by
refining aramid floc with an original length of 0.1 to 8 mm. For purposes of this
invention, short aramid fibers also includes particulate materials known as
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Para-aramids are the primary polymers in the short fibers of this
invention and poly(p-phenylene terephthalamide)(PPD-T) is the preferred para-

25 aramid. By PPD-T is meant the homopolymer resulting from mole-for-mole
polymerization of p-phenylene diamine and terephthaloyl chloride and, also,
copolymers resulting from incorporation of small amounts of other diamines with
the p-phenylene diamine and of small amounts of other diacid chlorides with the
terephthaloyl chloride.

30 Meta-aramids are, also, important for use in the short fibers of this
invention and poly(m-phenylene isophthalamide) (MPD-I) is the preferred meta-
aramid. By MDP-I is meant the homopolymer resulting from mole-for-mole
polymerization of m-phenylene diamine and isophthaloy! chloride and, also,
copolymers resulting from incorporation of small amount of other diamines with

35 the m-phenylene diamine and all of small amounts of other diacid chlorides with
the isophthaloyl chloride. _

Short aramid fibers which are dry or even which contain small
amounts of moisture, such as 2 to 5 weight percent or, perhaps slightly more, as
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wei ght pergent short arByrtdtidg that the mdist fibers of this invention can be handled and
- metered without difficulty is meant that such moist fibers can be fed cbntinuously

at a constant rate using conventional feeding means such as single screw or double

screw feeders, conical, inverse cone, loss-in-weight, or volumetric feeders,

vibrating feeders, conveyor belt feeders, and the like. High surface area, dry,

25  fibers cannot be fed at a constant rate using such feeders.
The polymeric material which is to be combmed with the short fibers

can be any polymer or combination of polymers which can be extruded through an

extruder. Elastomers and thermoplastic polymers are generally embraced and

include: polyolefins such as high and low density polyethylene, polypropylene;

30 ethylene vinyl acetate copolymers; ethylene methyi acrylaté copolymers; ionomer
resins; polymethylmethacrylate; polyvinylchloride; EPDM rubbers; chloroprene;
copolyester elastomers; polyethyleneterephthalate; polybutylene-terephthalate;
liquid crystal polymers; polyetheretherketone; polyetherketoneketone; ABS;
polyphenylsulphide; polyamides; polyimides; polyurethanes; silicones; and the

35 like. The polymeric material must be liquid or at least softened at operating
temperature in an extruder and can even be liquid at 20°C or lower as may be the
case with thermoset resins including phenolic, epoxy, polyester, and vinyl ester
resins.
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or G is a heated section where the polymeric material is melted or at least softened
25 and additional moisture is evaporated, H, I, and J are sections with mixing - -
elements to uniformly disperse the aramid fibers into the polymer, and K is the
end section of the extruder and may be fitted with an extruder die or not, as
desired. Elements H and J include vents 14 and 15 for release of evaporated
moisture.
.30 Element B is preferably fitted with screws having deep flights to
ensure constant material take-up from port 10. The moist short aramid fiber
material is introduced to port 10 in separated form or in chunk form of 1 to 5
centimeters, or thereabouts, which, due to the moisture present in the fibers, can
be fed at a constant rate. Although not a preferred method, the moist short aramid
35 fibers can be introduced into the port of the extruder as a continuous formed bar or
"wet lap" of fibers having just enough moisture to cause the fibers to hold the

n

shape of the wet lap.
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melt or soften evaporat e nore e noil sture. XIng is
continued tAr otbdlike empomagw%mhﬁtandmem%m i on

is expelled fr%hishq @ﬂtmuqaareledrmu? Wmc@maiaﬁﬁ&nmué&wﬁmaﬁ&d&stlon
of the extruder an ﬁat A Inhﬁqfducfgﬁ m external s rl_fg and the
heat softens orPOFet: WEIR % 8% Bﬁ??ﬁ%?mﬁﬁ?&n‘f e 4%%b¥rs, and

evapor at es wat dntrddueed tdElement Grte méttm' softer the polyméremd edtaporatemidre ofhter uder

hydrol'ysi 5 on O e Bl 214 b Bl R, 0T

hydr ol ysi s on c‘%?%te'ac? Lv@’f‘ﬁglscon Ur
shoul d” be ddnploenmoylt@nawmuediﬁpmothﬁsmudqrbaest mayibe generated by themnixing

ext ruder befOreachaﬁofﬂk%k&ua&%ahba%myﬁﬁ@dufearﬁﬂeﬁmhﬁl s&&cersEMﬁece to
the Figure, noisture from tege short fi'bers 1d S{LD ent|rely
through vents hrakspitensor melts the pplymer, mixe ymer an erq,fm s i nportant

to note that th&aperateswater fronttheatizame. ﬁhéWatdﬁsxele‘asemMmdﬁwmﬁﬂeﬂmfrom
t he noi st aram g{%i gerﬁ. Wien the polyner is introduced into the extruder
downst r eam f r oW tg‘t aramd fibers, the mxing is easily

20 ‘When the polymer is subject to degradation by hydrolysis on contact

with moisture, as from the moist fibers, the moisture should be completely
evaporated from the fibers and vented from the extruder before the fibers reach the
polymer. For example, by reference to the Figure, moisture from the short fibers
would be removed entirely through vents 11 and 12 in elements D and E.

25 It is important to note that the polymer is introduced into the extruder
downstream from the moist aramid fibers. When the polymer is introduced into
the extruder downstream from the moist aramid fibers, the mixing is easily
accomplished and uniformity is readily obtained. Adequate mixing is not
accomplished when the polymer is introduced into the extruder upstream from the

30 moist fibers. In that event, the fibers cannot be opened before contact with the
polymer. It has been found that when the polymer is fed upstream from the fibers,
or at the same port, only partial fiber dispersion can be achieved in the
composition. Uniform fiber dispersion is only achieved, as in this invention,
when moist short aramid fibers are fed to the extruder and are partially dried and

35  opened before mixing with the polymer.
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product sold by E

| Pon de Nenpur S und r t t denarre
D o 15 0w WGt PRSI aSP A Aot e OB AW el ovas g proghct
Pf | ei derer tw nsoldbyE. LaluRomnt duNem&;rwiﬂCdsmyanygmﬂepmettraﬂmamemvmct i on of
the pulp a d@wstreamfromthat a port for introduction of the polyner.
The extrud had, "as shown in the Figure, eleven sections with four vents
and two feed ports, wasThsnamnngsaxm’DanedmraSMhmemaWemPﬂmdgmxmml e,

K Togram per Hane Sabedle %%P%“*'“V’}?Es‘ Rt for Hdein GEputp & o ‘?,} ) Z
ki | ograms per hénwnstipameiron) teqduction phtge polymer. The extruder
as shown in the Fxgure eleven sections with four vents and two feed ports, was 33
20  diameters in length and, for this example, was run at 350 rpm. The moist pulp
was fed into port 10 at a rate of 22.7 kilograms per hour and the polymer was fed
into port 13 at a rate of 10.4 kilograms per hour. Water vapor was released from
the extruder at vents located in Sections D, E, H, and J. Heat to the various

sections was set to achieve the following temperatures in operation:

Zait

25 .
Section B C D E F G H 1 - J K
Temperature  245-252  119-195 119-124 71-80 49-58 86-91 42-55 79-83 89-99 88-91
°C)

The moist pulp was fed using a loss-in-weight feeder with a large
mouth feeder and an open spiral single screw, as sold by KTron-Sauder
(Switzerland) and the polymer, in pellet form, was fed using a low rate feeder with

30 auger-style screws, also from Ktron-Sauder.

The combination of pulp and polymer which was expelled from
section K of the extruder was found to be 51.5 + 0.5 weight percent pulp
uniformly and consistently over the duration of the run. Tests showed that the
pulp fiber length was not altered by the process. When pellets of the combination

35  were melted and pressed in a very thin sheet, visual inspection showed that there
were no fiber aggregates.



the extryggbemrmyents located in Sections D, E, H and J

vari ous sect?ons was set to achieve the follow ng terrperat%&@bs%ﬂm‘t’411
operation: 25 Section B C D E J-- -
K Tenperature 245-252 nm&&m&awm&m&m&%&&ﬁ&ﬁ%%&&é

89-99 88-91 ([ery ht . f er
with a |arge m)ut 9}"& gl?diggg%vg?gﬁ 9“%@@6{”? gﬁ ligﬁ%g?%s{ggefé?ﬁtmé%g%l ﬁa‘f’
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conbi nati on f pul p and(ﬁw \é\ﬁt&@? b@ fromsection K of the
extruder was found to b F@Pr*’e@ T avas ipwodnced intotha y and
I(:onsi ﬁtent ly ovemdm'ddwnam'emﬁommbpulpum/h&ﬁm;e Elml]?ﬂmﬁxbdﬁcéggﬁtoﬂﬁép fiber
engt h was not r e t co nat| pn 35
were nelted and%%#rrgéegcehg %ﬁe&tﬂgﬁﬁ&h&g@& 83”\99% eﬂﬁgtﬁ c‘fﬂeﬂ?fi E"rﬂﬁ‘h@ﬂet hat
there were no fiupifprmdispetgionda e?polymmt. shoul d be noted that the pulp could
be fed at -a constant rate because it included about 50 wei ght percent

water. |If the  sture_content of the pulp had been | ess than 20 wei ght
percent wat &9 rT:-%Qﬁllip&i%&ure of the pulp woul d have been such as to make it

i npossible to feed at aIﬁQlﬁSEﬂﬂhplé,aﬂlesarﬁeshortaramxdﬁber'xﬁa@ﬁél%’@:ﬂﬁ's e be
noted that the poI 1V\%s mt%gﬂ %othe extrugﬁ stream romt he
pul p. Wien the (Y éfﬁﬁ' Xampl | pas eont Y GpRbmedAtRr om t he
pul p, the fiber su bsmniallbsonmmnmate,aWhapmylofpolgnierﬁnawmﬁﬁteﬂ,llmﬁfoﬁffon
in the polyner VeARAP e’JnFu Flﬁwﬁ aramd-fiber
material wth tﬁé&%une nol ésct?tl}}'?e eve ém@hgg%%agdéﬁﬁ ﬁb n&
cont i nuousl ¥3 cospmRsEanyfrom thatha peri ferintroduction ofithe polymer. v'\i'herexa'uda'rhadty of
polynmers in a 4Qeﬁnldecﬁ%%mmﬁnw£nh%r@é@§dr&eaﬁm §% Bfatefet! fnHERgth,
havi ng a port for |ntrodﬂmt|c1n of, the eci berti
moist pulp was fed into eexlruder using a Hasler 4021, loss-in-
weight feeder fitted with pig tail style twin screws, and it was noted that any
moisture level of less than about 20 weight percent would have resulted in fibers
20  which were too fluffy or too highly charged with static electricity to feed using -

that device.

Temperatures in the extruder were adjusted to be high enough to
soften the polymer at introduction but low enough to keep hot water vapor from
clogging the port. The polymers, feed rates, and other information were as

25 follows:
Polymer Feed Rate Pulp Feed Rate Extruder Speed
Polymer {kg/hr.) {kg/hr.) {rom)
- ethylene/vinyl acetate 1 4.54 10.4 400
jonomer 2 545 12.7 250

EPDM 3 4.54 10.4 350
" Vinyl acetate content of 18 weight percent and melt index of 8 dg/min. as sold
by E. 1. du Pont de Nemours and Company under the tradename Elvax® 450.
30 2 Jonomer resin of the zinc cation type having a melt index of 1 gram/10 min. at
190°C as sold by E. I. du Pont de Nemours and Company under the tradename
Surlyn® 9020.

Ethylene-propylene-diene-monomer (EPDM) resin of 70 weight percent
ethylene content, Mooney viscosity of 25 (ML 1-+4 at 125°C), and 2.5 weight

35 percent ethylene norbornene, sold by DuPont-Dow Elastomer under
the tradename Nordel® IP 3725.
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one i nstance, tt3'|§ copol ynmer was 5]1 wei ght 300

Example 4 _
In this example, the same extruder was used as was used in Example
2. Short aramid fiber material having chﬁ'erent concentrations of moisture were
15 fedat substantlally constant rates. _
The fiber material was poly(p-phenylene terephthalamide) pulp with
an average fiber length of 1.3 millimeters, a BET surface area of 6 to 7
‘meters¥/gram, and a Canadian Standard Freeness of about 380 milliliters. It was
the product sold by E. I. du Pont de Nemoilrs and Company under the tradename
20  Kevlar®, merge 1F538. The polymer was the same as that used in Example 1.
The fiber material was fed to the extruder using the same feeding
apparatus as was used in Example 2 and the fiber material was used with three
different moisture "_'contents. Temperatures in the extruder were adjusted to be high
enough to soften the polymer at introduction but low enough to keep hot water
25  vapor from clogging the ports. The moisture content, feed rates, and other

information were as follow:
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Example 5 .
15 In this example, the short aramid fiber material was aramid floc. Two

kinds of floc were used — one was a meta-aramid, 3 millimeters in length with a
diameter of 10 to 12 micrometers, and the other was a para-aramid 2 mllhmeters
in length with a diameter of 10 to 12 micrometers. The meta-aramid floc was
poly(meta-phenylene isophthalamide) as sold by E. I. du Pont de Nemours and

20  Company under the tradename Nomex®; and the para-aramid floc was poly(para-
phenylene terephthalamide) as sold by E. 1. du Pont de Nemours and Company
under the tradename Kevlar®. Both kinds of floc were used having 33 weight
percent water.

The same extruder and fiber feeder were used in this example as were

25  used in Example 2. The polymer was the same ethylene vinyl acetate copolymer
as was used in Example 1. '

The polymer and the floc were introduced to and conducted through
the extruder at a rate which resulted in a composition which was 40 weight
percent fiber wherein the fiber was uniformly dispersed throughout the

30  composition. The floc, with 33 weight percent moisture, was easily fed
continuously and at a constant zate. Floc at a moisture content of less than 20
weight percent, however, had a significant electrostatic charge and was difficult to
feed continuously.

10



18 WO 99/07770 5, 0 Di scont i nuous 400 Whipoznideengssl p
havi ng 35 and 72 wei ght percent water fed continuously and at a constant

rate in this ex%@émgggt_h 18 wei ght percent noisture 5 was very
difficult to fe = The test of the pulp with 18 percent

moi sture was i nter r Ajpreckss fareontiineumslylddmbining amntid fibersokith an bxtnsiable of
fibers fornmed in thg. : eadﬁ%' ale I LNut af t er, .t hat;—t he
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di ameter of 10 to 12 rcobstantgaterito afirextmdera- ar ani d fl oc was '
pol y( nmet a- pfignyl ene,y g&-?ﬁ&m&iﬂg 't?jegéfmg iy vggo urs and
20 Cofrparii;/t?Under (t:)thiB? adenane rrex| err[; an edr?ee rlgf}!yr()é%ﬁ% oc was
pol y( para- phenyl ene t@?@ﬂ?ﬁﬁkﬁrﬁm de) as sold by E. |I. du Pont de Nenours

and Conpany under t e shbjResieie hakd Fibers? sheak fotelés iafthd &fuddEborsed having
33 wei ght percent water, &I’qt}gg{saa g{) ruder and fiber feeder were used in

this exanple as were 3810 of e fle 2. The pol yner was the sane
et hyl ene vi nyl acet et eontimeduglycintraduciag the peotimer ikt abeextnider dbwnfiaifeémand
the fl oc We{se introduq&&j%é -gﬂgf%%r}g%g.ed through the extruder at a rate

whi ch resulted in a conposition Was 40 wei ght percent fiber wherein
the fiber was unif ofninyixifigsthe polymner and the fihers inttbe extruder tonyieki 4 substantialty

floc, wth 33 wei ght ReifeRAlcofpbsitidhndas €asily fed continuously and at a
constant rate. Floc at a i | ess .than 20 wei ght percent,

ture copfent of
however, had a si gngX €XB¢ing Hondrom thegxtmider. was difficult to feed
continuously. 19.  The process of Claim 1 wherein the aramid fibers are fibrillated aramid pulp.

20 3. The process of Claim 1 wherein the aramid fibers are aramid floc.
4.  The process of Claim 1 wherein the aramid is para-aramid.
5.  The process of Claim 1 wherein the aramid is meta-aramid.
6.  The process of Claim 1 wherein the fibers have a length of 0.1 to 8
millimeters.
25 7. A process for continuously combining aramid fibers with an extrudable
polymer to yield a substantially uniform composition comprising 15 to 99
weight percent polymer and 1 to 85 weight percent aramid fibers comprising

:F

the steps of: _
a)  continuously introducing aramid fibers having a moisture content of
30 ) 20 to 85 weight percent volatile liquid based on the weight of the

fibers, at a substantially constant rate, into an extruder;

b)  continuously introducing the polymer into the extruder downstream
from introduction of the aramid fibers; '

c)  mixing the polymer and the aramid fibers in the extruder to yield a

35 substantially uniform composition, and
d)  expelling the composition from the extruder.
8.  The process of Claim 7 wherein the aramid fibers are fibrillated aramid
pulp.

11
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WHAT | S QA Mgp A process for cont i nuousl y conbi ni ,% ar am d f| bers
wth an extru aZ)Ie polymer to yield a substantially uni f or M 36??3?!%‘?
conprising 15 to 99 weight percent polymer and 1 to 85 melght percent

aram d fibers C9”prTﬁéBﬁ)c5ssofClmxﬂ‘thh‘é¥e%Pﬁae%§amﬁ)ﬁbei¥ k&t&:ﬂ figgam d fibers
atll e

havi ng a noi st ur, tent of to 85 wei ercent vo IC]UI d based
on the weight. of18t he P PIPEFS.© ?‘Fﬂfb‘hgﬂ AdB¥etamidne noi st ar ‘ani d
fibers at a subslﬂanﬁ‘habfopesscnfﬂlant?Mdkmmﬂiemrmdethetwl&ami&

T om the 11 her s12u) T2 BREES drCIHAEy Shefolf e ol uPRR IRkl $F0 Tons” 'n' the

extruder bef®re int mildimeterdsn of the pol ymer; e) continuously int r oduci ng

t he pol yner | nt 93t ha aﬁdﬂﬁfyﬂ ! mﬂ{oeégg]oi- C int roducti on of
t he fibers; :{1X|ngﬁ?S ggoqldggg and the f] erfsslnthe extruder to yield a
subst anti al | y ulf ofiriTe Bﬁhemeesgyf%mlu ng the conposition from

the extruder. 215, Thq:rﬁdmﬁﬁﬂeb?tﬁ s%of@ﬂiﬂmh&@nﬂhégk@uddbk?o? q
e aramid

fibrillated aram d ocess.-.of - .Cl ai m.1;wherel

fibers are aramid f Xpenivmilh%cem%%‘gﬁwr Claim1 wherein the aranid is
par a- ar am d105. l6ThA;pmannmdebyﬂleapmdsswﬁ€|lamri7 Wha-enﬂhe‘efkmdablﬂaﬁdylﬁéﬂm d.
6. The process of 5&;@ rs have a length of 0.1 to 8
mllinmeters. %&%hprmgﬁ eI:‘}’}?(’O%‘P%uousl y conbining aramd fibers
with an extrudabl e polymer to yield a -substantially uni f'orm conposi tion
conprising 15 to 99 wei ght percent polyner and 1 to 85 wei ght percent
aram d fibers-conprising the steps of: a), continuously introducing aramd
fibers having a noisture content of -30 20 to 85 wei ght percent
volatile liquid based on the weight of the fibers, at a substantially
constant rate, into an extruder;
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b) womiontious| y i ntroduci ng the polyner into the extPalersodasgsst ream
fromintroduction of the aramd fibers; c) m xi ng the polynmer and the __
aramd fibers in the extruder to yield a 35 substantial ly

uni form conposition, and d) expel ling the conposition fromthe extruder.
8. The process of Claim7 wherein the aramd fibers are fibrillated
aramd pulp. 11 9. The process of Caim7 wherein the aramd fibers are
aramd floc. 10. The process of Claim7 wherein the aram d is para-aramd.
11. The process of Caim?7 wherein the aramd is neta-aramd. 12. The .. -
process of Claim7 wherein the fi ber¥ihave a l ength of 0.1 to 8 5 S
mllimeters. 13. A product nade by the process of Claiml. 14. A product
made by the process of Claim7. 15. A product made by the process of- Clal_m
1 wherein the extrudable polynmer is ethylene vinyl acetate copolyner. 10:
16. A product..made by the process. of. Cai-m7 wherei n. the extrudabl e. pol-yrrer
is ethylene vinyl acetate ‘copolyner. ,
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