WO 01/ 51555 PCTI USOL/ 01421 LI QUI D CRYSTALLI NE POLYMER COVPCSI Tl ONS

CONTAI NI NG SVMALL PARTI CLE SIZE FILLERS FIELD OF I NVENTIQON.5 Thi s invention
rel at es WO OVMEPTot ropic liquid crystalline polymer bl endst CUBRUIA Hng i nert
fillers and small particle size fillers, and in particular, relates to

such bl ends roperties.
S ne AR RIS R ALPOE MR HIORS R oaARSs proper {15,
have become inportant iSMBLDPARIIOEESIZHEILIFERSef ul as nol di ng resins
for general purpose uses, and nore specifically in the electrical and
electronics industries due to their thermal stability, chem cal

resi stance, and other desirabhgr pRyPPeVENGGONLS For many el ectrical and

el ectronics applications, L ing resins should in particular exhibit
properties suchThis igendoadiiass tnthemabttapic Bouifi atystallimphmessblesisch

appl i cations include rr t t d
circuits, %ﬁ@aw@aP%?&ﬁﬁepﬁﬁgsméﬁaaéﬁ r%%% Clr 3hﬁﬂ e zemFﬁt%:g;at:dfew
20 Injecti Qi RIAE HaviRE Sth & aﬁ'}%sﬁfﬁtz{n'ddamﬁrfeée ﬂegghlﬁ@ﬁ'ﬁﬂﬁeﬂehie@ns consi st

of skin surtaces, 1nner skin layers, and unoriented cores. See, e.g., "
The Structure of Thernotropi c Copol yesters”, Linda C. Sawyer and M chael
Jaffe, Journal of Materi A i 5 F1 Eﬁ%‘ (1986). The skin surfaces
can be separated fromt little force. Thus, in a

mghal | i zed 25 SyhédsRropRVIRfid BagaNiRlyREsILOPaLliave beesmadher e to the skin
surface to forma netallized layer, one is still faced mnth t he weak

bon](c:h nlg beltrm?&?ﬁt tierss ofreananpice hEmgysaiulAs anqldimgirasias o5 gFRertlayer s, resul ti ng
infailure o e _net
ai ded gr eaR¥HOTHSFA gnllorégﬁ mﬁéﬁrll&qﬁ(ﬁ% ué]ggﬁczﬁta'hﬁ% tr&@?ﬁbﬁ%@; orcenent has

uci ng wever ass ers giverise to
r oug_h SUU&% thdi:htlﬁehnalrﬁabih@'eshdmbﬂil&eﬁﬂam‘edam:hSllhBt ddsirablen nost el ectronic
applications. Heretofore, it has not been possible to achieve an LCP

pol ymer bl Biegertigsi ng conventional additives to achieve a material having

bqgh good adhesggnyaly SUBSTATHERIQHEREs (Rbidtidh, 1@ AblEASRRiECT/ US01/ 01421

should in particular exhibit properties such as good adhesion and low surface
roughness. Such applications include chip carriers, printed circuit boards,
integrated circuits, encapsulated chips, and surface mount components, to name
a few.

20 Injection molded specimens and extrudates of LCP compositions
consist of skin surfaces, inner skin layers, and unoriented cores. Seg, e.g., ©
The Structure of Thermotropic Copolyesters”, Linda C. Sawyer and Michael
Jaffe, Journal of Material Science 21, 1897-1913 (1986). The skin surfaces can
be separated from the inner skin layers with little force. Thus, in a metallized

25 surface, even though the metal plating can adhere to the skin surface to form a
metallized layer, one is still faced with the weak bonding between this
metallized layer and the inner skin layers, resulting in failure of the metallized
surface under stress. Glass reinforcement has aided greatly in reducing this
effect. However, glass fibers give rise to rough surfaces, which are undesirable

30 and unsuitable in most electronic applications.

Heretofore, it has not been possible to achieve an LCP polymer blend

using conventional additives to achieve a material having both good adhesion
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and | ow surface roughness properties suitable for use in electrical and

el ectron catlons SUMVARY OF I NVENTION 5 This inv Iudes
conposi t:‘%(zgﬁag%ﬂrprl sing liquid crystalline polyner; i ner?&flﬁ@%?&

smal | particle size filler having a nmean particle size |ess than about 50
nanonet er s gm?er LARL s@AdbIC FfSisE BB REAGngCONPOSI ti ons of
this i nventa}{gjng\g h{gﬁéé&@ﬁ SEPH%at %or%s %n el eét ronic angmel ectrical
appar at us. dkdmnicaspplidasioand enbodi nents of this invention will be 10
better understood in view of the follow ng detail ed description of
preferred enbodiments. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
Conpositions according to this invention conprise an LCP conponent; 15 an
inert filler conponent; andSEMMRY S INVENIIODe fi|ler conponent.

Opt i onal compon I : l.uded are
art%cles nmol ded 1§8h?§dﬂﬂ§mg%%%§@%P%%@&w rg1er§%ﬁy¥ﬁ% %gﬁ%lons of this
i nvention epditt ineexlddr] &l salhpaticle size. fgler hhﬁngatrﬁéahipaetcblsmzé aces, as
wel |l as | ow surface roughness properties. gyonent ThernDtroplc
li quid crys?%?lth?rhéb%Wﬁé‘P‘ér“?tE@PgA)ls%ﬁ”él‘%@ﬁ@\ﬂ%P ‘i“ﬁldteﬂé“ %S CORPISHIS ous ter s,
I ncl uding ﬁgxﬁh?é aiithn, ﬁ{&umﬁ iaffBsif clecfoniB@hYMer is optically
an|sotrop|ék#ﬁkkﬁw the melt p ége %agisﬁltsl Féﬁt &%en 25 exam ned

bet ween cr oeis@ﬂcqj(abparamer Othesiasgpcss q:mil eambozinrngntsmﬁthnsm@pmonayﬂl be

"therrmtropl c" is rrea t hat r.m nel.t ed .an n

8ol 1 dl f eker urdeEtopkn e o iR TR R IRt 06 L PASEFE  her ei n

i ncl ude thegrﬁggcﬁ‘ggh@_ liquid crystalline polyesters and liquid crystalline
pol y(ester-am des), poly(ester-imde), 30 poly(ester-amde-imde), or

m xtures thereof. These terms have their usual neaning, and sinply
indicate that th , , 0 ester and
optionally amd ?)t bB Sare liquid

crystalline pol y@@ﬁlpbﬁmo@%cmlng&oﬁm@tuh@rnnpﬁei)mpﬁecdart hap cohpegenppl yesters

be 2 SUBSTI TUTE SHEET (RULE 26) WD 01/51555 PCT/ USOL/ 01421
15 an inert filler component; and ‘a small particle size filler component. Optional

components include conventional additives. Also included are articles molded
from such compositions. Preferably, compositions of this invention exhibit
excellent adhesion, e.g., to metallized surfaces, as well as low surface
roughness properties.

20
LCP Component

Thermotropic liquid crystalline polymers (LCPs) are known in the art
by various terms, including "liquid crystal" and "anisotropic melts." A
polymer is optically anisotropic 1f, in the melt phase, it transmits light when

25 examined between crossed polarizers using a polarizing microscope. By
"thermotropic” is meant that the polymer may be melted and then re-solidified,
1.e. is thermoplastic.

The LCP polymers useful herein include thermotropic liquid crystalline
polyesters and liquid crystalline poly(ester-amides), poly(ester-imide),

30 poly(ester-amide-imide), or mixtures thereof. These terms have their usual
meaning, and simply indicate that the repeat units in the polymer are joined by
ester and optionally amide and / or imide linkages. Preferred polymers are
liquid crystalline polyesters, and it is further preferred that these polyesters be

2
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aromatic polyesters. By "aromatic" is nmeant that, except for the carbon
atons ¢ j in functional groups such as ester, amd Lm all of
t he car bgﬂ&@%ﬁ% in the main chain of the polyner are pregl)e(g'g/U%@Og‘f%nati C
rings such as phenyl ene, naphthylyl ene, biphenyl ene, etc. Carbon atons in

other tYPes,ghade JEQERLIIBySUAR A ikt TR, SR P BPRNlcaftpn iRl | tuent s on

the aromatic ring n“a repeat unit ved from net hyl hydr oqui none or
2-t - but yI - Zontayehrdaxyibenoaiicgragpskuchas fser, anste @riesdnllaf thet dagborpl aces i n

t he polyner such as i.n n-al kyl am des. O her .substituent groups such as
ol open. | etERS Mo i ehaifgs i B Y BLSRR i ARERAITEES SHE AL ¢ he

conmponent s ﬂfenwaﬁe,\eda?hdhylﬁ&%mfph@meaiey@t%.t elarbbtefloms if bet-&Pes §ONPOSI ti ons

of the present” invention, there may be used for exanple: i) hydroquinone;
ii)54,4' - digyedriogydichlre pikyl may be pésghicasciubstitiérity on wprempiicriags. @5 i v)

terephthali.c acid; v) .p-h oxyb i¢ acid or i rjvatives; vi) 4,4 -
di hydr oxybiPRdRRT (‘H?tggg%%/dg%%?%?%ﬂégy%fq‘élpoﬁ & %’i’%lupa'td'i'ves; viii) 2,6 15
napht hal enaglidestypedi¢ eciaCdnd/oriatso fredeytlat@ter Hiavap it theipolyaedrducioss

conbi nati ons thereof. These conponents are all known in the art and are

comrer ci al iy n-glkxl aneidee Gthepsubstblept papswichys haloaen. ¢thes, dadyl y avai | abl e
to those i h - i nati ons of these conponents, a

conbi nat i ornlm%)f gﬁégégaeﬁ%dﬁg%f FZ - di hydr oxybi phenyl, terephthalic acid,

4- Iy dr oxybenzoi cAadiettonpodets 61 212 wiaphtdrainenepolyestéraxepd icthedi@P i s
preferred. Also preferred are LCP conpositions that have a nelting point
gr eat er thd%?“&%?éﬁton?,Qétbé.pres?ﬂbmﬁﬁiﬁ‘o@o%%@ﬁ%EPé‘?‘QE’éSF?“E]Sh‘Bri ses one or

more LCP ¢ [ EAQMRS i) 4 A" @Ry AERYBbh 20hi30411); 49 i85HnARAE4; 85 wei ght
percent of "t éedl%ll(l)&rr%(’)gl)t’l on, > hor gﬁgr‘gﬁg&zbl ylﬁﬁet V\)ée% lgclcoﬁgut 50 and about 80
wei ght 25 pe) eeethtivfiictansl; eppihgdidxybenzoanaticeeits donatipesferdadt y bet ween

about 60 an bout. 75 j ght., percent of .the.conposi.t.jon. Inert Filler
Conponent 1‘ﬁ€y‘frﬂé¥ lpl??ﬂym‘w{bd‘h%ﬁﬂ@ﬁt“de&ﬁﬂﬁ E@éatrbllgg’fvé’rlgggy bet ween about 15
angds 30 aboyphfaldneiidhboRRICAN; i0f 6-hhErok QIPRShtHAN adi@ orkBiibaRitioapout 10 and

about 50 vol une _Egcent of the conposition), nore preferably between about
20 and abohereab hegsglompenanghare@tl knpengo throst andare capanas¢ialy nor e

preferably, av%ilab%%J %?I%T%gr}';'eéggg -gy Q&%Eu%? )eaM\ﬁ)y gt%i?a%?eSt% tﬁ(%y ity ﬁpel«{rp 1421

Of the combinations of these components, a combination of hydroquinone,

4,4'-dihydroxybiphenyl, terephthalic acid, 4-hydroxybenzoic acid, and 2,6-
20 naphthalenedicarboxylic acid, is preferred. Also preferred are LCP

compositions that have a melting point greater than about 330 °C.

The LCP component preferably comprises one or more LCP
compositions, in an amount between about 40 and about 85 weight percent of
the composition, more preferably between about 50 and about 80 weight

25 percent of the composition, and even more preferably between about 60 and

about 75 weight percent of the composition.

Inert Filler Component

The inert filler component comprises preferably between about 15 and
30 about 55 weight percent of the composition (or between about 10 and about 50
volume percent of the composition), more preferably between about 20 and

about 45 weight percent of the composition, and even more preferably,
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bet ween about 25 and about 35 wei ght percent of the conposition. The inert

filler conponent may conprise one or nore inert fillers. ers are
pr ef er ab¥9 H?’(jﬁs purity (greater than 99% fillers and i n%?f(ﬁéo\/dlf#out

limtation netal oxides, such as Si02, Ti02, A1203, zZnO Sn02, 5 CaO MO

o U S e S5 LRSS sl B AL o

pr ef er abl y figigt drigstientmdy Sbinpfisd &k (&uﬁ&eaﬁerv\/ﬁllbﬁst onite, talcs,
borosilicate glass _and synthetic calcined silicates of cal cium and

magnesi um The ilmest flllqarmareeprgfeﬁ%bif'érgilmuylthégf@atar thap PP W) dllgrsandof | ess t han
about 30 1@, ma%%?ﬁ ool indififioh A8 Hhidlle! ERLORIOATiONAOL R KBy e er ably

has an oil "BOSOr ess an about re oll sorptlon
nuber is he, Mg(Dmlmhrgmammalés arai kaodihs (rldesd] meﬁerab@@caja:laed; of filler. In a
preferred enbodi ment, the inert filler co onent C at | east one of
Si 2, Casoalunggemnsiligsiesiaad kaol éf’rfdc?é@z’ supha P?FBF]@S ﬁ?fg(g E@Eef% enbodi ment

the inert fi and
505 5 0B ARIARC ahq CATRES 8RR R wdIRRBhiPIACO R IEE |

(avai l abI e ahd synthztie. caMmmirallcsa,tes@fe:a]rwum lapgl m‘ﬁlg)1¢5wm| ch has a purity of at
| east . 7% an a ar t ze of 6. s preferably
cal ci ned and i gthH’ée‘T EP%F f%ré‘s]tysla Efpagtt&!‘ﬁmégo §s%n3 %ﬁv" ilable from
U B  O/PSURinSCi m@ﬁ@x{gegﬂ'ﬁlrﬁ]bﬁa%nn&*—ﬁ)ler MeteedblDass #h S absopRidnl Cl e size
of 4 mcrons and no particle size greater than 20 mcrons, or whiskers,

such as Fr anibenlers llhén ab@0 S0( wherie| cakabsomptiomnumber S)the o QS gFBnRsed on,

Chi cago, IL%1 heg ) 0d| mensgg’] of 2 mcrons in dianeter and 30 m crons
average i n PERETRE BF0DOF AR PLBISF: conprises a chloride process rutile

type titani um difgxipdéferrsdiembadimbng i inprt3fieRCbmpoay admphibes af teasn SMC Cor p.
Baltinore, MD). Small Particle Size Filler Conponent The small particle

size fill etoneéﬁﬁé?ﬂeﬁﬁs@e)rﬁﬂS%éﬁhlﬁlfeé‘F and JiiQ2 pbt e Pisfated 0.5 and about 5
velOnt per GabbaRhed: Ve GROMARA :bABondR LofiAled R iE1sPbhd ¥ i€, BRDJ, Det ween

about 1 an abo wel ght per cent conposition Fe sial | particle
size fill ernnd AHONEIO, igyrefeoahby fised ¢aeomphowy) sdicaf suches FECH #4C ded t hat each

(111 er has @ e AUl 11 5o oL bl SEabl e e PRS0
SUBSTI TUTE ggHE-1n4 Rellebn %Qx)ncle size of 6.5 microns. CaSOQj; is preferably calcined
and in the form of particles, such as CAS-20-4 (available from U.S. Gypsum
20 Corporation, Chicago, IL ), which has a mean particle size of 4 microns and no
particle size greater than 20 microns, or whiskers, such as Franklin Fiber H30
(available from U.S. Gypsum Corporation, Chicago, IL), which has dimensions
of 2 microns in diameter and 30 microns average in length. TiO, preferably
comprises a chloride process rutile type titanium dioxide, such as Tiona®

25 RCL-4 (available from SMC Corp., Baltimore, MD).

Small Particle Size Filler Component

The small particle size filler component comprises preferably between
about 0.5 and about 5 weight percent of the composition, and even more
30 preferably between about 1 and about 3 weight percent of the composition.
The small particle size filler component may comprise one or more
fillers, provided that each filler has a mean particle size of preferably less than

about 50 nanometers, more preferably, less than about 40 nanometers, and even

4
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WO 01/51555 PCTI USOL/ 01421 nore preferably |l ess than about 30 nanoneters.
These fillers are preferably of high purity (99% or greater) and incl ude
Ti 2, S1WP0FIF3, and Al 2Si B. Preferably, these fill er PUTAIWIQEA2D; |
absorption nunber |ess than about 30, where oil absorption nunber is the
ratio of granms of_oil| per 100 gr of filler. 5 A highly preferred small
particle si‘?%refﬂr?fF{é‘:le @Sﬁh@zam%ﬁa\?&?m‘ﬁﬁe Fhesenfillegs e Beefegblyof at i on,

Pi gment G qliph pdity99% igaterhE thellAR TROTBAD, PRLDL Gl AS$i€5. Of about 20
nanonet er s a%élpa %Qoz Oassggya%r gr egt er t_hg’ﬁs’}Qé’. S%bg’qmi o?lallzﬁAddi tives 10
Convent i ondirefeoably,ithess fiiieys nyead delhbsorptionpowmiber lessthah abdws 30r esent

invention and inc¢lude without l.imtatiop one or f rei ci ng agents,
i grent o, a8 gbfegptakpben it i Bl AL it dpRiarir Sl col or ant s
such as ant hr agAhighe prefirfRIcdm Ay Saticledize flIRdis B HA3qaldiksle fogf er r ed
fillers and/or reinforcing agents include talc, glass flake, glass fiber,

aram d fi bdPegussidCerperation) Pigment Graifpe Akeen, o) whidhdres adnegsasirtidlons of our
i nventi on i i wi th ot her
ol yior o Tk AIPPECR SRS alEs HOREE LokBaRLmalbB30, M 11 0 100

coatings as well as injection nolded or extruded articles, particularly for
el ectrical or _electronic applications requiring excellent adhesion and | ow
surface ro@%—béﬂﬂﬂt‘—’ﬁ% finished articles, such as chip carriers, printed
clpgul t boardS’Cér{Ueﬁ%r?atlggdi?i%scﬁ{h%Ee a&&E&%B%U@BE‘i&Pﬁ% e pfidySUr f ace mount
conponents. Conpositions of our invention preferably have excel |l ent

i nproved 25nedhtiesiand irtcbudst o liniitati®s one ogmoreref @idforad: sgenfsaces, and | ow
surface roughness roperties. Tests f nmeasuri ng adhesi on i ncl ude sinple
pecl tape (RUEPENES. ahi bl&ﬁwplggaﬁadﬁ% BVFi TR %%@Folsgﬁnfﬁamlaﬁs o
measur ed f%%a%tﬁnér%%éir&& d$8€ pufa relingdsikt Nk UPFRGRSSRIRAE 3i@sy from the inner
skin layer of the LCP), and peel strength tests (e.g., determning the
force or eremfsgremgaqgentethdlwdertelvoglasafldE, ghsofiter, arparid fihet, andithebeen adher ed
to. .t he LCP)I. Tests for neasuring surface roughness include visual

[ n%%)ecti on 8?3 i nspection under magnification. 5 SUBSTI TUTE SHEET (RULE 26)
WO 01/ 51555 PCT/ USO01/ 01421 Preferred Methods of Preparation

Preferred Applications

Compositions of our invention may be used alone as molding pellets or
mixed with other polymers. The pellets may be used to produce fibers, films,
20 and coatings as well as injection molded or extruded articles, particularly for
electrical or electronic applications requiring excellent adhesion and low
surface roughness in the finished articles, such as chip carriers, printed circuit
boards, integrated circuits, encapsulated chips, and surface mount components.
Compositions of our invention preferably have excellent improved
25 adhesion to other surfaces, e.g., metallized surfaces, and low surface roughness
properties. Tests for measuring adhesion include simple peel tape tests (e.g.,
applying and removing, whether by manual or measured force, a tape to see if
the skin surface separates from the inner skin layer of the LCP), and peel
strength tests (e.g., determining the force or energy required to remove a
30 second layer that has been adhered to the LCP). Tests for measuring surface

roughness include visual inspection or inspection under magnification.
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The initial LCP conpositions of the present invention nmay be prepared from
the appropriate nononers, or precursors thereof, by standard

pol ycond®@s®t518 t echni ques (which can include either nel PCTAEHYP143hH,

and/or 5 solid phase pol ynerization), preferably under anhydrous conditions
and in an |nert at nospher For exanple, the requisite amounts of acetic
anhydri de, BrpferrediMgtiodsigidr eRANALORy henzoi ¢ aci d (or optionally the

acet at e/ di acet at and the

di aci ds, and optﬁlgﬁg{ 1aYEEP %ﬁlpfgﬁlo{lp?fcgﬂﬁ?’ Ir%/gg%lgg&g)c@?ﬁ %)p%eﬁ%l%gﬁé%le are

conbi ned | rfrcﬁnnl&aaa;ipr@namsﬂd)melqummemrmswhdrénfabmtandaed ni trogen inlet

tube, and conbination disti.ll atl n_head/ conde ser faC|I ate
by- pr oduct RO&YRSY ‘F‘)S‘m%@"li”éﬁ‘é‘isl S ‘K}’e"é’é‘épaﬁﬁil € eﬁé?eheﬁ‘a%%rﬁl 8Fe dried and

purged wit hig %fdisnﬁéﬁéaf hP pHFErabl d\éﬁéﬁﬁh ARoAditibhEshdCiAhent s,
ITB.I%t ai nedQSHg:}-}) I tTogen, loa}r)g heat ggﬁdurl ng v whi c0 tlllrre el i ngredi ents
react and dngrt byngspbetaciorkamplertie r(:slusﬂtﬁ amgpuritp pf m:mnleydrabeﬁiﬁc acid) is
removed via,.the distillation ser I ected. Wien the
pol ymeri zatdighy % b@éﬁ%ylﬁeé’é?llcfcb(g@b%? e?‘f?ﬁ%ﬁ@f%ﬁta et“ﬁ%tm:’r?l)unt of
by- product grahd &gtsﬂ@d&&?@eﬁuma&@ﬁ%@ﬂk dlﬁdi@s aﬁ@bbﬁdihalm@ﬁﬁ) tbgopl aced under
reduced pressure (e 300 Pa(abs) or less) and is heated to a higher
t errper at ur epergept exashy @qeél@ enhyshiisigatre spmpiiediie fapafting vEsseberursduct and to

| ete the. ITEI‘I | [ aried

rdi ng t\%ltl?%st)(rrer pjuos F:rg é{lé‘f‘t t%é’ Tﬁ(ri I%H %ﬂoﬁ QQQHEﬁcg{]ﬁeaﬁ?c%n?&sey
poI ymer i zat(t@ﬁcﬂ@aebgq)rodﬁﬁerdnmam)elt may t hen be rem)ved, cool ed, and

allowed to solidify prior to purification and /. or subse uegt processi ng
such as nelt conpsissasting vesss! ?%thﬁﬁﬁﬂ‘ﬂp@ﬁwrﬁﬁp%é“‘g%‘! conposi tion
with the i I i y other desired
additi ves. qﬁéf’%gncdoﬁﬁ.géﬁﬁ %Ekg%%gddcﬁgﬁegn% tefn?] hﬁqr@algﬁgﬁﬁl ce capabl e of
M Xi ng the ninbgee atei lpaied duripg tvali¢h thee tipoingesiiants wack a&ldlahgbqumsl tions,
such as an xtr either s le.or.twin screw. rtant that the
cofonent s &BF%B@I‘WV"BP’@E%%&“’(%?Q )H§Fen%ﬁve§0’ I%Weéjl’%t’i}@t SEB dgnrrper ature

at which t%nﬁ&%@?%@l@%@llédtéﬁ( Wi ki ;%T%ﬂnh‘niéi’fonaapﬁéﬁrg REAy dgpleXi mum

di spersion of the fillers in the LCP Twi n screw extruders my be
ei t her co- rastindicatgd by thecamauat of by-grodvgt c@lecdBemMpNUIEECADSEET tHeRULE 26) WO

01751555 PCT/ ltJeSnor]ﬁ/ags]ié%ilaced under reduced pressure (e.g. 1300 Pa(abs) or less) and is

heated to a higher temperature, to facilitate removal of any remaining by-

20 product and to complete the polymerization. Polymerization conditions may be
varied according to, e.g., the reactants employed and the degree of
polymerization desired.

The LCP melt may then be removed, cooled, and allowed to solidify
prior to purification and / or subsequent processing such as melt compounding

25 the liquid crystalline polyester composition with the inert fillers, small particle
size fillers, and any other desired additives. Melt compounding can be
accomplished by any device capable of mixing the molten liquid crystalline
polyester and filler compositions, such as an extruder, either single or twin
screw. It is important that the components are thoroughly blended together at

30 an effective temperature at which the ingredients flux sufficiently for a uniform
and maximum dispersion of the fillers in the LCP melt. Twin screw extruders

may be either co-rotating or counter-rotating.
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The conpounded conpositions may be cut into pellets for nelt fabrication
into a wde variety of articles by conventional processes

extrusi (}’HOQHalSF%j ection nolding into such forms nol ded ar¥ég/ﬁg%l%§1‘r‘lzdl filmns.
Optionally, the nolten polynmer along with the other conmponents and 5
additives may be, transferr i il Y r i paratus such as a
melt extruder iﬂ%?%?p?urﬁdg(g??[gﬁésﬁﬁllcﬁrﬂéf)tﬁ’ggﬁ?n@p%pgssg?ﬁrr??gg unit, for the
pr epar at i ofbriefticarihiocd wide ety dfarticitdiedcatvdhtionad pepeskes bwhtasi cal

apparatuses. Again, the conponents should be or oyghl | ended for

maxi num di Syessngng IBIFCtE?{bmgBiXP& ﬁ“&?%@égmﬂﬁlo&am%% a‘}{iﬁg“?sol | owi ng

Exanpl es il | ust pat: r g{mﬁgb BiSwiththSothbPVERtdRRtsiagdnot 11 m ted
to these Exanpl Q@?lgﬁlﬁf}?L}%@gen €es, {T‘ﬁe é‘g”qowi (r)lg na(frgéi alsS were used: 15
LCP: For Exdlitivedsndy menilarRfertddeditcOfy pohry agpropmoatp appasatust surh-as a melt

di ydr oxybi phenyl / hydr oqui.none/ t.erephthalic .acid/ 2, 6- t ht hal.ene

di car boxyl ?Wﬁ%ren 3 g%?%@u‘fsz‘ﬁ% epaﬁ’fﬁna of ﬁPlanWé!“él%r g%‘?‘geb%flﬁp%‘é b/ 85/ 15/ 320.
For Exanpl arﬁclle ), sui 85 Rioldell nd/6P slpéﬂeﬁ@]%rctrf&ﬁﬁfc]iﬁﬁﬁse@, 4A gain, the

di ydr oxybi phenyl /"hydr oqui none/ t erepht hal i ¢ aci d/ 2, 6-napt ht hal ene 20

di car boxy| campaiedfsshhyldriexhirengly blended fonmeaximpmedispersigng of the
50/50/87.5/12. 5/ 320 and 10-30- ppmof alkali netal. For Exanple 4, the LCP
pol yrer coFﬁﬂ‘F 8€Shot h 4, 4" - di ydr oxybi phenyl / hydr oqui none/ t er epht hal i ¢
agld/ 2, 6-napt ht hal ene di carboxylic aci d/ 4-hydroxybenzoic acid in a nole
ratio of 50/50/87.5/12.5/320 and 10-30- ppm of alkali nmetal, and 4,4' 25
di ydr oxybi phenyl / hydr oqui none/ t er@éﬁt\l&ﬂl&i aci d/ 2, 6-napt ht hal ene

di car boxylic acid/ 4- e I id. .l Akt .. 50/ 50/ 70/ 30/ 320.
In Exanple 7, ;rﬁ%??lwhgﬁy( 1 Fegg‘lﬁls?%{e rﬂl"’%é’?dwé’;ag{luu n%ne 1|Ssopht hal i c

aci d/ 2, 6- paphidAisenetinad owykd Exanpldd.4- hydr oxybenzoic acid in a nole
ratio of 100/70/30/270. 30 Inert filler: CaSO4 i CAS-20-4; TiQ2 is

Ti ona(r) RCL-4; IstheExagplesgihe fallewingfpateddpwW eihher s is Franklin Fi ber

( (%LESggl) | partiiglpe $ofExihple®h ‘and 2Fhel ICIBOYARA chinprses 4/4’- SUBSTI TUTE SHEET

>3

diydroxybiphenyl/hydroquinone/terephthalic acid/ 2,6-napththalene
dicarboxylic acid/4-hydroxybenzoic acid in a mole ratio of 50/50/85/15/320.
For Examples 3, 5, and 6, the LCP polymer comprises 4,4’-
diydroxybiphenyl/hydroquinone/terephthalic acid/ 2,6-napththalene

20 dicarboxylic acid/4-hydroxybenzoic acid in a mole ratio of
50/50/87.5/12.5/320 and 10-30- ppm of alkali metal. For Example 4, the LCP
polymer comprises both 4,4’-diydroxybiphenyl/hydroquinone/terephthalic
acid/ 2,6-napththalene dicarboxylic acid/4-hydroxybenzoic acid in a mole ratio
of 50/50/87.5/12.5/320 and 10-30- ppm of alkali metal, and 4,4’-

25 diydroxybiphenyl/hydroquinone/terephthalic acid/ 2,6-napththalene
dicarboxylic acid/4-hydroxybenzoic acid in a mole ratio of 50/50/70/30/320. In
Example 7, the low melting LCP comprises hydroquinone/isophthalic acid/2,6-
naphthalenedicarboxylic acid/4-hydroxybenzoic acid in a mole ratio of
100/70/30/270.

30 Inert filler: CaSQ; is CAS-20-4; TiO; is Tiona® RCL-4; SiO; is
TECO 44C; and CaSO, whiskers is Franklin Fiber H30.

Small particle size filler: Ti0, is Degussa P-25.
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\é\nDI 01/ 51555 PCTI USOL/ 01421 The conpositions of Exanples 1-7 are set forth

elowin Table 1. Al values are in parts by weight. TAB el 23

256 7 WOPBE%s 65 60+ 61 61 61 Inert Filler Casos W@g‘%

CaS™% 33 -- -- -- -- -- -- whiskers SO -- -- -- -- 313131 TIi®25555

575757 S | Particl i EillersTi . TOTAL 100

200 200 100 100" Tepedtiphidhs B ESpRp eéqé%gﬁgr%‘r %’“@‘ob%%ﬁ’ é‘eissa‘ﬁ? f, AP

di ydr oxybi phgiesl ardriecse@miynesightt er epht hal i ¢ aci d/ 2, 6- napt ht hal ene

di car boxylic aci d/ 4- hydroxybenzoic acid in a nole ratio of 50/50/70/30/320;

56 of the 60 parts conprises

4, 4" - di ydr oxybi phenyl / hydr oqui none/tggepht hal ic 10 acid/ 2, 6-napt ht hal ene

di carboxylic acid/ 4-hydroxybenzoic am% in a nmle ratio of

50/ 50/ 87. 5/ 12. Bxaddfle and | 10130 ppn2of |al kiali [metdal . | AIB of] th@ conpdunds in

t he Exanpl es—were nade-Hn—a—40M Vet ner—and—PH-ei-derer—Z2SK—twh—Sefew

ext ruder ham:ﬁg a zone Wi t$0 conveﬁ?ticnal6515 ccﬁWey ngmel emer@tls, a ﬂ)ne wth

kneadi ng o In'éiﬁjil erements, and a f OW pressure zone W th venting under

vacuum of jany volatiles fromthe polyner nelt and a die. In sone of the

Exanpl es the &@dSOider was fitted 28 th a28ide 3Buffer-to [fackliflate-th

addition offillers.—lni s 2 and3—the—partteulate—CaS dded

in the reay al%&twith { he3dt her 'ngriedients. 20 I p EXanpl es™2 and ™3, the

LCP (65 wt Po ofwhiskers ot all conposition) was added to the rlear zone Wt

second feefder SiParticul at e-CaSD4 {23 |wt % of [t he- totadl conpaditijon$lwa

added to the rﬁgr ZoRe- Wtsh ar-t+h
2

D

(72 )
o}

trda f aaodqy
LER® |

|5 |cc5,|C| & ps" (>4 Cr‘g..l70 57 57

Small Particle
Size Filler
TiO; 2 2 2 2 2.3 2.3 2.3

TOTAL 100 100 100 100 100 100 100

* 4 of the 60 parts comprises 4,4 -
diydroxybiphenyl/hydroquinone/terephthalic acid/ 2,6-napththalene
dicarboxylic acid/4-hydroxybenzoic acid in a mole ratio of 50/50/70/30/320; 56
of the 60 parts comprises 4,4’-diydroxybiphenyl/hydroquinone/terephthalic

10 acid/ 2,6-napththalene dicarboxylic acid/4-hydroxybenzoic acid in a mole ratio

of 50/50/87.5/12.5/320 and 10-30 ppm of alkali metal .

All of the compounds in the Examples were made on a 40MM Wermner

and Pfleiderer ZSK twin screw extruder having a zone with conventional

15 conveying elements, a zone with kneading or mixing elements, and a low
pressure zone with venting under vacuum of any volatiles from the polymer
melt and a die. In some of the Examples the extruder was fitted with a side
stuffer to facilitate the addition of fillers. In Examples 2 and 3, the particulate
CaSO, was added in the rear along with the other ingredients.

20 In Examples 2 and 3, the LCP (65 wt% of the total composition) was
added to the rear zone. With a second feeder, particulate CaSO, (23 wt% of the

total composition) was added to the rear zone. With a third feeder a preblend

8
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SUBSTI TUTE SHEET (RULE 26) WO 01/51555 PCT/ USO01/ 01421 was nmade consi sting

of particul ate SHA ( 5w %of the total conposition, ile Ti02 (5
wt % of tWE %GR conposition) and Degussa P-25 nanonete%?’é’%@@“%%of

the total conposition), and this preblend was added to the rear of the

extruder. 5 Ex I S I oL @A 0 and 3,
except t hat ¢ agB E&ﬁsﬁ%’)ﬂ%q%ﬁﬂ%ﬁdtﬁbﬁ?@%%@ %&ghfgéta? ?@gé&qﬁ%’%t note * in
Table 1) amtlgheltileaﬂiﬂ).ml(s vafo pRarte total adrap&ass) aad degussa R-B® second f eeder
was increase by 5 w% (to 28% of the total conposition) In apple 1, the
LCP was adé?é’épmﬁe*t?l‘é)ﬁ(%éﬁt%%ﬁg? tOfAIFARFROSIIONS SRE S pie(?? e”&%sra%eglr)ebl end was

added to theq.eal A Eextifder.Prebl end was made as in Exanples 2 and 4, but
CaSO4 whi skers were used in Exanple 1 instead of particulate CaSO4. The
rest of the CaSGkamipiskwas m@adewinidasty tohbattofEaxhmples 2dind Jpgxceptithatl vi a a si de

stuffer before the vacuum zone. .EX es 5 an i d

W th TECO ARCLPRRHIOTVE § DIEHS Of D P 6% BPRet  EhE b Lt E Bhposi 1 on)
was rear fed il M &eHE CaSOL 28I RPN ARGs&BAE kstlibNPaPincitabEdb R Gidaised silica
(5% of the total conposition), RCL4 le Ti02 (5.7 wt% of the total

ruti
conposi t i orflo 2846 oDihgusteticormBitiamnonet er Ti 02 (2.7 wt % of the total

conposition) wa dded, to .t h ear n ith a second.fee The

remai nder of thjngixflﬁngl’f l(()fé‘)'a ﬁf&)"‘(’ﬁs a@ﬁ%‘?fooﬁgfeaféo%%ﬁaﬂ%&l{hl%n%l\ﬁ/\%s added vi a
a g de st ufif&ter PEFBIRAE MAEE LHhE 98 zondlETHRPrétnd WEPRAAE by S |1 n Exanpl es
1to 6 were all set at 340 C and a die tenperature of 350 C._ The total

rate of th&ExemmpsdrandybwaSa$Qnwhiskersovere psegrindixagple}t sitedfodd of 200

rpm s. Exanple i I r [ e same 25
rodeof addRr et PR Pa ekt iofle CAS0R Mg aBARABIBARI bkl S STIE | &
resin was aydsadadeelibiangld ifferlbefdrbitise canpmuteng exanpl e, the barrel

tenperatures were set at 250 C and the die at 260 T crew speed and
the rate was t he&EXeapiesasandd Eﬁ%ﬁ%p&a@ Ty IB?‘EGA&"‘P ﬁg(&)%{;%ﬁﬁgd cgnposi '? i ons
exiied the sﬂic%z T%Q‘?)CP"@%MSF&'@Q%I st bR et RER SHrebddr. | Nt O

pellTets with a conventional strand cutter. Prior to injection nolding, the
pel | et s werfeprkblead consstmgyfi TEQD 4dpplused siaca(5)o abthhdetakcompositB®M).C. The t est

speci mens ygre, ol dath 03 Al Q¢ BES o MR Si8Y and Degussda P25
nanometer TiO, (2.7 wt% of the total composition) was added to the rear zone
with a second feeder. The remainder of the silica (26 wt% of the total
20 composition) was added via a side stuffer before the vaccum zone.
The barrel temperatures in Examples 1 to 6 were all set at 340 °C and a
die temperature of 350 °C. The total rate of the compounding was run at 200
Ib/hr at a screw speed of 200 rpm’s.
Example 7 was made with the same filler package and in the same
25 mode of addition of the ingredients as in Examples 5 and 6, except the LCP
resin was a low melting LCP. In this compounding example, the barrel
temperatures were set at 250 °C and the die at 260 °C. The screw speed and
the rate was the same as in Examples 1 to 6.
As the compounded compositions exited the die, they were quenched
30 | with water spray and cut into pellets with a conventional strand cutter. Prior to
injection molding, the pellets were dried overnight for approximately 16 hours
at 150 °C. The test specimens were molded on a 6 ounce HPM molding
machine at barrel temperatures of 345 °C a nozzle temperatures of 350 °C -

9
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machi ne at barrel tenperatures of 345 C a nozzle tenperatures of 350 C - 9
SUBSTI T ET (RULE 26) WO 01/51555 PCTIUSOL/ 01421 36 npl es
1-6 and@%ﬂgﬁ%r Exanple 7, a nold tenperature of 110 C, Qgggfsgf/gfgl?fgw speed
of 120 rpm The cycle tinme was 1.5 sec injection boost, 5 sec injection,
10- 15 seco h he_i.nject.i O psi to
12000 pei A8 Frar BRGPIsPL s ey SRGREN T Himb AR AEbE PREC E%aci
pressure Wag, s6d a dére®QPedibof 1 200t ERie dalestime e ald otieéttonsiodsyg at room
tenperature for at |least 16 hours before testing. The follow ng physical
tests descri ssednpetias, h0-Wésecadrhold dhsuniection bopst Bresspee@ngrdce®i ng to t he

f oLl ovi : . pailie : b g
Vat er | a1 s (RO o a30f b kTR Rl prie s ST BTy R0 & s Bhe T B,50.
Tersi | e st matigpresaure wak eetga 500 psiviie tegelsars edroailaved tontapnd/aBrgom t hi ck

tensile bars with a_crosshead speed of 0,51 cm (0.2")/mn according to
ASTM D638- $ampesaiuss for@hlrgels Ohquss brieks tegingecur at el y det er mi ne el ongat i on.

DTUL (Heat Do | ect | onnitorperaliflical @STMER 8 nerct Py A fsthS ar e

di spl ayed below in T Exanpl e Tensile Elongation Fl exural

Fl exur al Dbdlthe Stampigs fccBtdien gt the Klthwing ptoct86:86 edtabléshed 89¢he2116000 -- 2
17260 1.48 20680 7500 7. 3 17490 2. 44 0 1495000 266 4 17260 1.48
20680 1675056 156‘?‘%&%233‘662?‘%3%%%&%%?0%@&366 6 17150 2.56 18940
1505000 267 7 14360 PlehRalli5a0lud 428PRRural Yrch@hLSTVMMYODbi on has been

described with respect to what is at present considered to be the
preferred enmbodi ment sTensile ptgengeh el elpnationyvs measured2m 3 ham (V8Mt i on is not
limted to ,he. disclosed.enbodi.nents. .Tg the contnar the. invention is
ntended ¢ AMEBIRITE BPROUL Raar TTid st S b Ao an it PR Ehent s
i ncl uded WASTM bb&E3-8piStidin gabes 6e@fReusel tb hAecvappsiteamineadlomgatibhe

DTUL (Heat Deflection Temperature) - ASTM D-648.

15 The results are displayed below in Table 2.
TABLE 2
Example Tensile Elongation | Flexural Flexural DTUL
Strength Strength Modulus

1 18680 1.79 24800 2116000 -
2 17260 1.48 20680 1675000 267
3 17490 2.44 18350 1495000 266
4 17260 1.48 20680 1675000 267
5 17490 2.44 18350 1495000 266
6 17150 2.56 18940 1595000 267
7 14360 2.13 19500 1423000 -

While this invention has been described with respect to what is at
present considered to be the preferred embodiments, it is to be understood that
20 the invention is not limited to the disclosed embodiments. To the contrary, the
invention is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the appended claims. The
scope of the following claims is to be accorded the broadest interpretation so as
to encompass all such modifications and equivalent formulations and functions.

10
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scope of the following clains is to be accorded the broadest interpretation
SO0 as e ass all such nodifications and equi val ent ns and
functi on@o &%E%UBSTI TUTE SHEET (RULE 26) WD 01/51555 PCT/P%%&WW%

IS CLAIMED I S: 1. A conposition conprising: liquid crystalline polyrrer, |n
an anqgﬁAfm§@gg@dﬁﬁq§ 40 and about 85 5 weight percent of the

conp er, in an anount between about 15 and about 55
melght percent of the conp05|t|on and snmall particle size filler having a
mean partlcle size.less than about 50 nanoneters, in an anount between
about 10. 5 ZhEOHBRITOBCUBP NS per cent of the 10 composition. 2. The

conposi ti oniRfd Gyatalling poWdedrSintinSdihShink Betneeh hbd1R140GATRBOSESS at | east one of
Si 02, Cas™4, CasS»4 whi skers, and Ti02. 15 3. The conposition of Caim 2,
whér e|welghtnbrcmwthqqolﬂmosk’é@ﬁponent conprises at |east one of Si02, Tio02,
and A1203. 4. rises fused
Si 02. 20 5. nelrﬁgh 05|r??%l{ﬁ%gpg%n%ghgi53%%@3’??23?%?%5%8&%5% a

chl oricdgpeigieassnd rutile type Ti02. 6. The conposition of Caim1l, wherein
sai d |nert filler has a _mean particle size  of ab%ut 30 microns or less. 25

7. The commlkna&acleﬁlzefélpﬁhalvm%eeép Radiglepizgiery thampbqw Pl size filler
Cor’rprln%gg ette Eﬂ{;flugge%?ﬁrﬁ g@tﬁn%boﬂ-trt% ﬁf?afg@cﬁhts' é]g@epegeﬁlmt%e wherein said

snmal | par as a nean parti si ze of |ess than about
4010naru)ﬁﬁ,benusn. 9. The conposition of Caim1, wherein said small particle
size filler has a mean particle size of Iess t han about 30 nanoneters. 11
SUBSTI TUTE SHEET ( RULE 26)

2. The composition of Claim 1, wherein said inert filler comprises at least one of

Si0,, CaSO,4, CaSO4 whiskers, and TiO,.

15 3. The composition of Claim 2, wherein said inert filler component comprises at

least one of Si0,, T10,, and Al,Os.

4, The composition of Claim 3, wherein said SiO, comprises fused SiO,.

20 5. The composition of Claim 3, wherein said TiO, comprises a chloride process
rutile type TiO,.
6. The composition of Claim 1, wherein said inert filler has a mean particle size

of about 30 microns or less.
25

7. The composition of Claim 1, wherein said small particle size filler comprises

titanium dioxide.

8. The composition of Claim 1, wherein said small particle size filler has a mean

30 particle size of less than about 40 nanometers.

9. The composition of Claim 1, wherein said small particle size filler has a mean

particle size of less than about 30 nanometers.

11
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