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OF THE INVENTION 5 Thernotropic liquid crystalline polyners are readily
ground t owermalobws4 particle sizes by using a two or nore ®cagsoyeismdi ng
process. TECHNI CAL BACKGROUND Ther nopl astic pol yners which are in fine
particle 10 formare often desired for uses such as papernaki ng and
maki ng nonwoven cl oth and ot her structures. Mst poly- ners can be ground
by conventional nethods, although sone %olgners are_grou ﬁ nost readily if
they are cooled, for GRIARING OF &LQULPeCHY Fﬁ&BFHEnPBFXHg St enper at ur es.
15 Thernotropic liquid crystalline polymers (LCPs) are nore difficult to
grind to small particles because of their inherently fibrous nature. Such
LCPs usual ly have ori- ented denBibsOF MTHEINGENTIGN ate, and when such

domains are broken up they,formsnmaller domain Lcle | 2Q, are
al so oriehted. NolH&F 8Frﬂ%i'1\FmEJ&ﬂugﬁegﬁyagﬁg?ﬁgaa&%a%regfe?r&ﬂ%ﬁ%t ai n
their orientgibond 2ed @yanidalpyrt Lo sozeesbybhamisiord swof brf ineres,

al though these fi- brous materials do not necessarily have round cross sec-
tions. 25 Assthgeedfibfdng BREPEPFEls are fornmed, for exanple frompellets
of LCP, they tend to formclu ) t kerRbmgsr the grinding action of
t he apparatus which is breakrﬁégﬁgigﬁggéggipartrcTes. Al t hough br eakdown

of the LCPs will TEeihbplakeipl asslyrdrs pwbdebs deconms Ging Hagwizolaind
inefficient, see for instance U,S. Patent 5,100, 605. It

ha e f ound
that twolbr ABEBR SESYLHHIhIRRGILHR0lOLs ST & haﬁnpgpgg?nﬁ%ﬁ\ggf %\a )
reduci ng LCPﬁak?ngrﬁkﬁﬁkM%hycﬁ%@H £ tbeh&S . structures. Most poly-

mers can be ground by conventional methods, although some

polymers are ground most readily if they are cooled, for
example to dry ice or 1liquid nitrogen temperatures.

15 Thermotropic liquid crystalline polymers (LCPs) are more
difficult to grind to small particles because of their
inherently fibrous nature. Such LCPs usually have ori-
ented domains in the solid state, and when such domains
are broken up they form smaller domains (particles) which

20 are also oriented. No matter how much these domains are
broken up they retain their orientation, and eventually
come to resemble short stiff fibers, although these fi-
brous materials do not necessarily have round cross sec-
tions.

25 As these fibrous materials are formed, for example
from pellets of LCP, they tend to form clumps which other
hinder the grinding action of the apparatus which is
breaking up the LCP particles. Although breakdown of the
L.CPs will still take place, the process becomes very slow

30 and inefficient, see for instance U.S. Patent 5,100,605.
Tt has now been found that two or more stage grinding
processes are much more efficient in reducing LCPs to

relatively small particles.



1 WD 03/020484 PCT/ US02/ 27544 U.S. Patent 5,100, 605 describes the grinding
of a (largely) isotropic LCP fornmed by extruding the LCP at or near its
so- cal | edwolog@risgy t enperature (tenperature above whi ch PCTIGSOn7skonger
liquid crystalline). In an 5 exanple a two stage grinding process is
described. The present invention concerns grinding LCPs with are ani so-
tropic. U S. Paterf.%, 1P4te0s destd? bedS5 gdesdirafest thav geinddogl £ wai ght

LCP (essentia ! ol yners") t o] 0 rs ntiop i a
fuo St age o MR R bor SaEESels FoBobantoa BhoenbEugrhb' Bhsn S8 BE, &
Applica- tiomdad32#bsdeserchtlede glinding otehpBeataremal(tempepartiirel e
materials. No nention is nmade of nultistage, 15 grinding_processes in these
references. SQUAERYWEECHHEL NFENTP ONCTFERE ﬂﬂﬁ@ﬁ@iéﬁQEﬁﬁgk%%ﬁﬁ)'a ptBcé¥s for
grinding an | oRi h oRI b QL alsld Mg, to orm
smal | par?hﬂ%ggﬁﬁgianggﬁﬁg%%?%%i@kfﬂgéﬁgtﬁggF§§%oﬁ%Eﬁﬁ%#%ﬁystélIFE%

pol ymer frompmegmnt panvést ésnotosaetnsagirsodiogi dGferwbth opre kindsiod
crystalline qgl ner, wherein the inprovenent conprises, grinding said

ani so- tropict %btropic liquid crystalline polynmer in two or nore

separate stages. 23y]Idi spatwent 6 74| 505 COBSEF fi5es aghinaeag bor 1bar morg
smal | particles fromlarger particles of an anisotropic thernotropic

liquid cryst aleGHeapoWedsht cbaBri @srentially) “BroRPAYIERE" | h)to Pow-
10 ders. No mention is made of a two stage grinding proc-
ess.

U.S. Patent 5,922,453 and Japanese Patent Applica-
tion 8-13245 describe the grinding of LCPs to smaller
particle materials. No mention 'is made of multistage

15 grinding processes in these references.

SUMMARY OF THE INVENTION

This invention concerns, a process for grinding an
anisotropic thermotropic 1liquid crystalline polymer to
form small particles of said anisotropic thermotropic

20 liquid crystalline polymer from larger particles of said
anisotropic thermotropic 1liquid crystalline polymer,
wherein the improvement comprises, grinding said aniso-
tropic thermotropic liquid crystalline polymer in two or
more separate stages.

25 This invention also concerns, a process for forming
small particles from larger particles of an anisotropic
thermotropic liquid crystalline polymer, comprising:

(a) grinding said anisotropic thermotropic ligquid
crystalline polymer in a first grinding apparatus;

30 (b) removing said anisotropic thermotropic liquid
crystalline polymer from said first grinding apparatus;

(c¢) grinding said anisotropic thermotropic liquid
crystalline polymer from (b) in a second grinding appara-

tus; and



crystalline (c) crystalline tus; and grinding said anisotropic
thernmotropic liquid polynmer in a first grinding apparatus; renoving said
ani sot ropwo oBlamsptropi c liquid polynmer fromsaid first @cradongs44
apparatus; grinding said anisotropic thernmotropic liquid polymer from (b)
in a second grinding appara 2 WO 03/ 020484 PCT/ US02/ 27544 (d) renoving said
ani sotropi c thernntro@ﬁg,rﬁmqvlag eyidt Anlised rpplymhemmanreomid. seennidl

gri ndi ng appa I J rej ertaj are
used, and sonégggﬁ?%gﬁgé}é§1§§§I;Fiéﬁyn |%§£%§%£$d§%£n8+ééd%@%%E%€€S'
apparatus which can exert enough shearing and/or crushing force to cause
the material being ground (usualﬁx an LCP& to be broken into smaller

pi eces. Such apparatuses i ncl UdaE2EeS B INVENTEQN di ng di si ntegrators
and pin nmidls, di sger8ih! Serthihdt&slsPefe dhibad Slat! iSmel S CLARNSES,
gyra- tory crushers, cage mlls, pan crushers, ball, pebble rod and tube
mlls, disk attritionBwi Rl s\grimdingorappatiaioig’e-id i neast eny. apfpaBytusCP"

is meant a pal [ch_is.ani sotropi.c _when tested by the TOL test ,as
described in Y#g?ﬂngéngxé%g %f ,1f%fa5&ﬁ%ﬁﬁ?§}%%rS%VSEﬁEgr S?Efbdxby
reference. ByatiSer tbhlr qttet SalreBsingheydddidrayudeaeyt @d aneb)i sto be

anisotropic in the nelt, as described in the TOT test. 20 Herein "LCP"
i ncl udes bl endECReR GBI BHABLAEr ISCRTer s, SUSH | dppRBITERRS L dmgladgs

| east aboyy FQaMéﬂﬁilPEr ¢8REuBling! R AUERLREGnPasEd AR168e W

anount of pol yner
mills, fluidized bed air-jet mills, jaw crushers, gyra-

tory crushers, cage mills, pan crushers, ball, pebble rod
and tube mills, disk attrition mills, attritors, disc re-
finers, etc.
15 By “LCP” is meant a polymer which is anisotropic
when tested by the TOT test as described in U.S. Patent
No. 4,118,372, which is hereby incorporated by reference.
By thermotropic is meant the LCP may be melted and is
anisotropic in the melt, as described in the TOT test.
20 Herein “LCP” includes blends of LCPs with other polymers,
so long as the LCP is at least about 50 weight percent of
the polymer blend, based on the total amount of polymer
in the blend.
By “anisotropic” herein is meant that the LCP in the
25 solid form (to be ground) is oriented. This may be
tested by grinding the LCP particles. If the LCP is ani-
sotropic, when small enough particles are produced they
will be fibrous, that is short and fiber-like (although
usually stiff) in nature. Preferably the LCP does not
30 have a clearing temperature, that is it decomposes at a
temperature before reaching a clearing temperature.
By “grinding” herein is meant reducing solid parti-

cles in size using a grinding apparatus (see above).



in the blend. By "anisotropic" herein is neant that the LCP in the 25
solid form(to be ground) is oriented. This may be tested by grinding the
LCP partiwbes/02d484 t he LCP is ani- sotropic, when small en®agluspaetsuc| es are
produced they w1l be fibrous, that is short and fiber-Ilike (although
usually stiff) in nature. Preferably the LCP does not 30 have a clearing
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clearing tenp tucg. Lgri.nding: rein is meant reducing solid parti -
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PCT/ US02/ 27544 By Bg" “epmpat'sihgrehereinchsamesnen thef efanaty dtemn (hP, is
meant one or nore. "conpri si %{F'hherei n,is neant the naned itens (np-

B .
terials), andtﬁﬁ}aﬁﬁxer axqdiaTo ot 8AELFLoR L cBAREELALS 9% ROTRRSbe

present. By "ghaasi hhgdbehpreisBpts meant that the ground (at any stage)
LCP is separated into classes of particle sizes. These may be a range of

si zes, such as 30 By 6¢lassifiegdsdiengirhricughean3othethtber emoungt (at
retained by a_10 6 ) en)., er (;retained a sh screen)
0. g xeeal srplarees (ralal nsd byea 3P MhA 8618

or smaller thah passi ng t mesh ~"SCreen) .

ot herw se indgg¢ated simMssesimes ber gl Rangee ofl QiR ScEesSawi Bl Jot&0
about 1.0 cmlong and whose wdth is equivalent to the opening in_a US
standard 15 sBe&Bn (BRSERBIsAREWNGR fal3 hetpsli sereeR cbBE apRf2dies, b 1

Lot 91 o 05 083 BB o IBLCToMesRehy il sy
herein is neaotr pémellld |thpn he8 L CResh bdpgssand | bhooaghriadiig mesh
apparat us, reécreen). Unless otherwise indicated sieve sizes herein
are slotted screens with slots about 1.0 cm long and
whose width is equivalent to the opening in a US standard
15 screen of the same nominal mesh size. Preferably after
the last grinding stage a majority of the LCP wili pass
through a 30 mesh screen, more preferably a 60 mesh
screen.
By a grinding stage (or step) herein is meant plac-
20 ing the LCP to be ground into a grinding apparatus, re-
ducing the average {(mean or median) particle size of the
LCP, and removing the LCP from the grinding apparatus.
Herein an LCP is ground. Useful LCPs include those
which are described in U.S. Patent Nos. 3,991,013,
25 3,991,014 4,011,199, 4,048,148, 4,075,262, 4,083,829,
4,118,372, 4,122,070, 4,130,545, 4,153,779, 4,159,365,
4,161,470, 4,169,933, 4,184,996, 4,189,549, 4,219,461,
4,232,143, 4,232,144, 4,245,082, 4,256,624, 4,269,965,
4,272,625, 4,370,466, 4,383,105, 4,447,592, 4,522,974,
30 4,617,369, 4,664,972, 4,684,712, 4,727,129, 4,727,131,
4,728,714, 4,749,769, 4,762,907, 4,778,927, 4,816,555,
4,849,499, 4,851,496, 4,851,497, 4,857,626, 4,864,013,
4,868,278, 4,882,410, 4,923,947, 4,999,416, 5,015,721,
5,015,722, 5,025,082, 5,086,158, 5,102,935, 5,110,896,



duci ng the average (mean or nedian) particle size of the LCP, and renoving
the LCP fromthe grinding apparatus. Herein an LCP is ground. Useful LCPs

i ncl ude twog/ogdasch aredescribedin U S. Patent Nos. 3, 991, @TC3/US02/27544

253, 991, 0144, 011, 199, 4, 048, 148, 4,075, 262, 4, 083, 829,

4,118, 372, 4,122,070, 4, 130, 545, 4,153,779, 4, 159, 365, .

4,161, 470, 4, 16919339561841906°, YL OLGAB H4eaclr19f4ghich is hereby incor-

4,232,143,4,2 4,245, 4, 256, 4 , ‘ .
4272, 625, 4, H67366%, Bia EpEerdndsy 350 4eBprgan ratent application
304, 617, 369, 4366429¢2, 4,588k dickrdd 723y 28f 4L.CR7 ik3Bn aromatic polyes-
4,728,714, 4,749, 769, 4, 762, 907, 4,778,927,433%5,555, ) )
4,849, 499, 4, 858¥ 496, AVSFRLAF7 PAULBEE (S iy ,oeFpecially an aromatic
4186812781§18§81 ¢8t8rI23 834 bn Aad¥hatli@md B! is meant that all of

5, 015, 722, 5, 025, 082, 5, 086, 158, 5, 102, 935, 5,110, 896, 4 WO 03/ 020484

PCT/ US02/ 275448h8, a48mg58n &g Had10 A2BAn earsh pertwdf ran sahemathic i niod -
porated by reference, -and. European Paten i.cati.on 356,.226. referred
Porm of LUP | SPaii ohar Eraaty o aropBr Soaiiniit | Ovse cBiBe8, i) 28
especi al | y anegtefqt bfmilepoloresittler Bthan 1satayald L winiadly mely | ltave dvder hat
all of the atons in the main chain_are gart of an aromatic rinq?,ﬁ or_are
functional grBaBE ©&nife YN Jsed) ngsTBECRTEBAtis: &l nIgniMee, Siprer
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or any of their chem cal equivalents in polyneriza- tion reactions.
rived from terephthalic acid, ‘ethylene glycol, and one or

15 both of 4-hydroxybenzoic acid and 6-hydroxy-2-napthoic
acid, or any of their chemical equivalents in polymeriza-
tion reactioms.

Besides other polymers, the LCP (composition) may
contain other materials normally found in LCP composi-

20 tions, such as fillers, reinforcing agents, pigments, lu-
bricants, antioxidants, and filler and reinforcing agents
are preferred.

Preferably after one, some or all, more preferably
all, of the grinding (in any combination) stages the LCP

25 1is classified, at least as to larger or smaller than a
certain size. In a two stage grinding process it is also
preferred that the LCP is classified after or at the end
of the first stage. In grinding processes with more than
two stages it is ‘also preferred that the LCP be classi-

30 fied after each stage, except for the final stage. Many
types of grinders have interchangeable screens or sieves
attached to them and materials is not allowed to exit the
grinder until it will pass through the screen attached to

the grinder. A screen attached to a grinder is not con-
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classificatiogb Alternately material exiting the grinder may sinply be
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St ageSecond Stage hamrer m | | hanpranmdrhill dihammetntil hapmermi |1 disc m |1 disc
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Other combinations may also be used. In preferred combi-

10 nation the apparatus for the first and second stages is

the same, differing only by the size of the screen on the

exit port of the grinder, being smaller (higher sieve

number) in the second stage, or the clearance between the

working (grinding) surfaces is made smaller in the second

15 stage. For example in the first stage one can grind to

about 5 to about 30 mesh, preferably about 5 to about 15

mesh, while in the second stage one can grind to about 20

to about 100 mesh, preferably about 30 to about 70 mesh.

If a third grinding stage is done, it is preferred that

20 the product be ground to about 60 to about 150 mesh. By

grinding to (equal to or smaller than) a certain mesh

size in this instance means at least about 90 weight per-

cent, more preferably at least about 99 weight percent,

of the LCP can pass through a sieve of the desired size.

25 These sieve size ranges overlap. As noted above the av-

erage particle size will be reduced in any grinding
stage.

Many grinders have adjustments which may be made to

them, such as clearance between the grinding surfaces or

30 elements. If the same (type of) grinder is used in more

than one grinding stage, changes can be made to these ad-
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dry) are particularly useful for forming nonwoven sheets
or papers by typical papermaking techniques.

15 In some instance, especially when the LCP is ground
dry, it is preferred to cool the LCP, for example with
dry 1ice or liquid nitrogen. This sometimes allows the
grinder to more easily break up the LCP particles which
are fed to it.

20 In the Examples, except as noted, all of the LCP
used had the composition as that of Example 4 of U.S.
Patent No. 5,110,896 of hydroquinone/4,4'-
biphenol/terephthalic acid/2, 6-naphthalenedicarboxylic
acid/4-hydroxybenzoic acid in molar ratio

25 50/50/70/30/320.

In the Examples by a “pulp” is meant fibrous mate-
rial suspended in water.
In the Examples the following apparatus is used:

Sprout-Waldron mills are made by Andritz Sprout-
30 Bauer, Inc., Muncy, PA 17756, USA
Bantam® Mikro pulverizer was made by Division of
MikroPul, United States Filter Corp. Summit, NJ 07901,
Usa
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I's desired to produce a pulp of the LCP. Such pul ps (or
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diameter Sprout-Waldron model 12-2C-2976-A single rotat-
ing disc refiner equipped with plates in one pass with
the gap between plates of about 25 pm, a feed speed of
about 60 g/min. and continuous addition of water in quan-

tity of about 4 kg of water per 1 kg of the pellets. The

resulting LCP pulp was additionally ground in a Bantam®
Mikro Pulverizer, Model CF, to pass through a 30 mesh
screen. The final pulp had arithmetic, length weighted,
and weight weighted mean lengths of 0.21, 0.65, and 1.40
mm respectively.
Example 2

The LCP used had the composition of the LCP of Exam-

ple 9 of U.S. Patent 5,110,896, hydroquinone/4,4'-

biphenol/terephthalic acid/2, 6-naphthalenedicarboxylic
acid/4-hydroxybenzoic acid in molar ratio
50/50/85/15/320. The particulate LCP was prepared by

grinding a melt blend of LCP (70 wt. %) and a polytetra-
fluoroethylene powder (30 wt. %) in a Bantam® Mikro Pul-
verizer (model CF) along with liquid nitrogen until the
particles passed through about a 10 mesh screen. The
particles were reground in the same unit with additiomnal
liquid nitrogen until they passed through a 40 mesh
screen.
Example 3

Strand cut pellets of LCP were ground on 30.5 cm di-

ameter Sprout-Waldron type double disc refiner model 12-

2, equipped with plates type C-2976-Ain one pass using an

din

at es



Ahl strom Master Screen F1 was nade by Ahlstrom Ma- chinery Corp.,
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conti nuous ad@Pfi GPTFLIRAET FMHEEPR Pt YadPTabdut TUERGLIEY Rbt &P 4 kg
of the pelletgy Te wé.’tee_sﬂlﬁéflgll-ﬁg R RBSp&ithid onalhy s9r@NG 1 dwas
Bantam(r) M kio Pulverizer, Mdelr CF, to pass through a 30 nesh 15 screen
The final pul pddadieneilAyetgmundengrithmityhrenovingdthei ghtereifijinmedthean

| engt hs of _ 0. 21 . 6 nd_1,40 .mm.respectively. nple 2 _The LCP used
had the co o%?‘F?gn 0 eR%heWiEEB S‘P%Fan?gzsdf}ﬁglénégxa SJ.(gPﬁa-eEﬁtr/ 911%%%96,
hydr oqui none/ 4ydgyuchi RReROI B8 GRdt Raki6 8ahgess Saepaphijaahenad Gay hoxydic
aci d/ 4- hydr oxybenzoic acid in nolar ratio 50/50/85/15/320. The particul ate
LCP was prepatbdobgh @i A0 mesh nskcrebhend &inbCP gylp whady)amiichmetic,

polytetra 25 fluorpethyle owder . (30 mt... % i.n ntarrér) M k Pul -

veri zer (node eP:ﬁ%Bm ‘6%2;950?? a i?fﬂl(?d %%J@%tgﬁfedﬁ%%le%?hgea ar%?%?é@spa%%ed
through about ga1380 oesb,sengen. séhem Raspeetegelre reground in the sane
unit with additional Iiquid nitrogen until they passed through a 40 nesh

30 screenl® Exanpl e 3 Strand cut pell etEkasPlecd were ground on 30.5 cmdi-

ameter Sprout -Vl dign typendaybl e, 496,187 "EEp RS Jlépared by rough

grinding an LCP having the composition of Example 9 of

U.s. Patent 5,110,896 of hydroquinone/4,4'-
biphenol/terephthalic acid/2, 6-naphthalenedicarboxylic
15 acid/4-hydroxybenzoic acid in molar ratio

50/50/85/15/320, and which also contained 30% by weight
glass fiber, and was in the form of resin pellets (right

circular cylinders approximately 1/8” in diameter and

length) in a Bantam® Mikro Pulverizer, Model CF, with
20 ligquid N, also present, and with a coarse (about 10 mesh)

discharge screen. The course cut resin was then placed

back in the Bantam® Mikro Pulverizer, Model CF, with ad-
ditional liquid N, until the final product passed through
a 40 mesh screen.
25 Example 5
Pellets of LCP were ground in a 91.4 cm diameter
Sprout-Waldron Model 36-2 single rotating disc refiner
with equipped with plates type 16808, with a gap between
plates of about 0.73 mm, at feeding speed of about 1.5
30 kg/min., with addition of about 98.8 kg of water per kg
of the pellets. After a first pass, pulp produced was
diluted to comsistency of about 0.8 wt.% and ground a
second time with double recirculation of the slurry

through the refiner at gap between discs of about 0.25



2, equipped with plates type C2976-A n one pass using an 8 WO 03/020484
PCT/ US02/ 27544 interdisc gap of 25 m feeding speed of about 60, g/ mn.

and contiwomas2@edi ti on of water in quantity of about 4 IgTafSomatses per 1
kg of the pellets. This LCP pulp was additionally ground (w thout renoving
the water fromthe 5 first step) with about an additional 1 kg water/kg dry
product in a Bant aRefingok LEPPEWLEr (wasr saus@siedCrthnangiasn AtHrsirgn &F 60

mesh screen. ELnal_p d .{hnetic, ~leng i ght d i

wei ght ed neanﬁkggﬁfhﬁngggb.%g#ﬁOggg%%aﬁﬁ5§£8égnﬁﬁf%%p %??@glﬁgef%gﬁyahple
4 The 40 meshrpasali gllas ehbGP awistheaiag ed1bygthugieighitiad ngndn w&Ryiavi ng
the conposition_ of Exanple 9 of U S. Patent 5,110,896 of

hydr oqui none/ Wedghtgd,meae) /eayatiis 128 i @- tbi dP 248 napht Halendth EHIREG i ¢
15 aci d/ 4-phydreyxubgnzoic acid in nolar ratio 50/50/85/15/320, and which
al so contal ned 30% by weight glass fiber, and was in the formof resin
pellets (right <circular cylinders approximately 1/8 in dianeter and

|l ength) in a Bantam(r) M kro Pul verizer, Mdel CF, with 20 liquid N2 al so
present, and with a coarse (about 10 mesh) discharge screen. The course
cut resin was then placed back in the Bantam(r) M kro Pul verizer, Mde
CF, with ad- ditional liquid N2 until the final product passed through a
40 mesh screen. 25 Exanple 5 Pellets of LCP were ground in a 91.4 cm

di aneter Sprout-Wal dron Model 36-2 single rotating disc refiner wth
equi pped with plates type 16808, wth a gap between plates of about 0.73
mm at feeding speed of about 1.5 30 kg/mn., with addition of about 98.8
kg of water per kg
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of the pellets. After a first pass, pulp produced was diluted to

consi stency of about 0.8 wt.% and ground a second tinme with double
recircul awoon/oofs84 he slurry through the refiner at gap beCcmasn2/aelisscs of
about 0.25 9 WO 03/020484 PCT/ US02/ 27544 mm Refined LCP pul p was screened
t hrough an AhlstromF1 WMaster Screen with slots 0.36 mmw de (about 45
mesh). Final pulp had arithnetic, |engERARMEght ed, and wei.ght ,wei ghted

mean | engt hs of O. 0.45 ] .82.mmrespec- 5 tively. 10 WD 03/ 020484
PCT/ US02/ 27544 CLAW?EtV\%%t bulgggfaéi §nréd is: 1. A grinding process for forming

smal | particles foomAaggehdpagt iptesesd @oranfcahimpi embidr npdropiTesi -
5 uid crystal Line Rolyner, conprisin%a (a) a first grinding stage wherein
sai d ani so- t f&pPc lefgrFoPREHiICIESqHtd 3t W5 5RP 150! NGt I n a

first grindi ”Qié%%ﬁ;@%ﬁiiiﬁ@) b@%g\ékﬁgcéﬁbgiéﬁlhéw ropic thernotropic liquid
10 crystalline polyfrer from Sgl d°first grinding apparatus; (c) a second
grindi ng stage wherei fasaiad &hirso gropdinghetage opieréinui dadidy saml $dne
polymer from (b) .is . ground_in.a second.grinding. apparatus: and (d

Perv ng sai dCARPE: FOIsROatRSRAG: rORRLL (TGP R AdL AR kB ere Yol Sherd r om
sai d second gihndi HYrappaiahdsng dppakatpepcess as recited in claiml
wherein said thernotropic liquid crystalline polynmer contains one or  nore
other ingredients. 3. (PhelSPOviss £3ide AHEPHLEPRY G RS RIF shitdid0

thermotropy c Ligdid)¢i%at gbliRerPL¥RBEalS 21iPLENGr¥hliing apparatus;
(c) a second grinding stage wherein said aniso-
tropic thermotropic liquid crystalline polymer from (b)
is ground in a second grinding apparatus; and
(d) removing said anisotropic thermotropic liquid
15 crystalline polymer from said second grinding apparatus.

2. The process as recited in claim 1 wherein said
thermotropic liquid crystalline polymer contains one or
more other ingredients.

3. The process as recited in claim 1 wherein said

20 thermotropic liquid crystalline polymer is a blend with
one or more other polymers.

4. The process as recited in claim 1 wherein said
thermotropic liquid crystalline polymer is classified af-
ter one or more of said first grinding stage and said

25 second grinding stage.

5. The process as recited in claim 1 wherein said
grinding is done dry.

6. The process as recited in claim 1 wherein said
grinding is done wet.

30 7. The process as recited in claim 1 wherein at
least about 90 weight percent of a product of (d) passes

through-a 30 mesh screen.
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one or nore other polynmers. 4. The process as recited in claim1 wherein
said thernotropic liquid crystalline polyner is classified af- ter one or
nore of swDWM302wM8s grinding stage and said 25 second gri mATrEposeAge. 5.
The process as recited in claim1l wherein said grinding is done dry. 6.
The process as recited in claim1l wherein said grinding is done wet. 30 7.
The process as reci8edThe chprdeedswasr erechted | dastchdbut 19wheirghn @dr cent

of a product of (d)_passe t hr.ougha 30 sh screen. .11 WD_03/,020484
PCT/ US02/ 2754@6%4.t Tﬁgo‘ﬂfoggsg’eég et?lefré:(fqﬁn Ocjisa"‘il 1R E Sffn?(éi east”
about 90 wei ghirpesieedts Ofma@sproeveén of (d) passes through a 60 nesh
screen. 9. The process as recited in claim1l_herein said 5 thernotraqopjc

liquid crystalline pofjiferPFecess apsnareelted] yostebaingl ThergtBceds s
recited i C#\ﬁﬁé&rﬂo%&&iéoﬂ%{ wWid Ceggétéwﬂn&”?é’.lfyn@ e addit i opalngriadi ng

stages. 11. e pro of clfarm 1 eretn said first 10 grinding
appar at us antdaehbyeksisecond grindi ng apparatus are the sane or different. 12

10. The process as recited in claim 1 additionally
comprising one or more additional grinding stages.

11. The process of claim 1 wherein said first

10 grinding apparatus and said second grinding apparatus are

the same or different.
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