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“ LI QUL B- CRYSTALLI NE POLYESTER Techni cal field 5The present invention relates
to a wholly aromatic |iquid-crystalline polyester which exNMﬂNMﬁNWﬂMﬂw
mechani cal properties and excellent diel éctric properties uency
regions. 10Background Art ' I n nodern societies, nultiki®dia in
daily life is rapidly devel oping and I TS (Intelligent $Tansp6‘t Systenms)
such as ETC device used in toll roads and GPS becones wi dely used. In order
to treat the extraordinary increassEdbrofATDOOr mati on and

t el ecommuni cati ons technol ogi es, the frequency of signals used for the
transmi ssion i s bewgaoiny ARONATICASTRUEL-aRYSEUIOrINEI FUIOEREtERON

communi cati on devices enpl oying such a high frequency, 20 engineering

pl astics which exhibit excellent dielectric properties in high frequency
regions (especially in gigahertz bands) attract attention. The engi neering

pl astics al secextidi tfgoogd productivities and |ightweight properties and
therefore, they are expected to be applied 25for chassis and package of.

commungcati on devi cesrignd 3333442115 AL 112433284211 8311101 wndi1y
el ectronic devices as well as for dielectric body and the Iike.
aromatic liquid-crystalline polyester which exhibits good

mechanical properties and excellent dielectric properties

in high frequency regions.

10 Background Art
In modern societiee, multimedia in daily life is
rapidly developing and‘ITS (Intelligent Transport Systems)
such as ETC device used, in toll roads and GPS ‘becomes
widely used. In order to treat the extraordinary increase
15 ef information and telecommunications technologies, the
frequency.ef signals used for the transmission is becoming
higher.
As material used for the information

communication devices employing such a high frequency,

20 engineering plastics which exhibit excellent dielectric
properties in high frequency regions (especially in
gigahertz bands) attract attention. The engineering

plastics also exhibit good productivities and lightweight
properties and therefore, they are expected to be applied

25 for <chassis and package of communication devices and
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" Anong the engineering plastics, thernotropic liquid-crystalline polyester
‘resin-(which is called as 5 liquid-crystalline polyester resin or LCP
hereinafter) has the follow ng excellent properties and is especially
expected to be suitable for manufacturing devices which use high frequency
signals: (1) excellentdielectricproperties:therelative 10permttivity (sr)
ts constant in the frequency regions enployed and-dielectric | oss tangent
(tan5) is small, (2) good physicalities: nechanical properties including

| ow expansiedre qgiroperd ydeli hensi analvefldbids t yPrhdakleesirstamcely fdrahethe
retardancy and rigidity are good, and 15(3) good nolding flowability: which
al l ows prodessi.ng of nolded articles having down-sizing and thinner parts.
Anong the liquid-crystalline polyester resins, wholly aromatic

| i quid-crystalline pdnwest ersheonpngsinegrng plastics, -thermotropic

oxy- 2- napht hoyl repeati nguni t, 4, 4' - di oxybi phenyl 20 -repeating unit and
aromat i ¢ dildaphemdr yepdatimg wailtydst «er traiglrpr qporitdhons sar eal eeentad y
proposed because they exhibit good dielectric properties, heat resistance
and no di ng iproocessakdtldlyi s geo Uge PatentreAppl iccatriamn HRubd ircattion Neas
2004- 152865 and US Patent Application 25Publication No. 2004-164282). 3
The 1iqui d-treystadlineipgl yestel sedt SCloesed rith dshe ahpvei d woe §0é€1 gnTes and
Japanese Patent Application |aid open No. 2007-154169 include a great
amount of G@ertdmpy haylsuepestd N tinhdnufhetghi S4chet i gas dreiystakdine 5
~polyesters exhibit excellent dielectric properties, their nechani cal
properties isugh Asdquiast stqefigdh are rel atively poor.

Accordingly, a wholly aromatic |iquid-crystalline polyester resin which
exhibits exgel | edxeHElOCIri Cdielectric  properties: the relative

10 permittivity (er) is constant in the  frequency regions
employed and dielectric loss tangent (tand) is small,
(2) good physicalities:  mechanical properfies including
low—éxpansion proberty (dimensional stability), heat
resistance, flame retardancy and rigidity are good, and
15 (3) good nwlding flowability: which allows processing of
molded articles having down-sizing and tﬁinner parts.
Among the liquid-crystalline polyester resins,
wholly aromatic liquid—crystalline polyesters comprising 6-
oxy=-2-naphthoyl repeating unit, 4,4'-dioxybiphenyl
203  repeating unit and aromatic dicarbonyl repeating unit in
ceftain proportions are recently proposed. because they
exhibit good dielectric properties, heat resistance and
molding processability (see us Patent Application
Publication No. 2004-152865 and US Patent Application

25 Publication No. 2004-164282).



10 properties as well as good nechanical properties such as inpact
-strength i's desired. Summary of the Invention An object of the present
invention is to provide 15 a wholly aromatic liquid-crystalline polyester
whi ch. exhibits excellent dielectric properties in high frequency regions
as well as good nechani cal properties such as inpact strength.

The present inventors found that a wholly 20 aromatic liquid-crystalline
pol yester which conprises 6- oxy-2-naphthoyl repeating unit,

4, 4' - di oxybi phenyl repeat ilnguini-crard Andmt i podiyearberyl df epeatkag Unit in
a certain proportion and further conprises a snall anbunt of benzenedi oxy

repeating whd ex&vdi trsicexeetdeatcds eleet rigo25050pehtices atshi 1psoved
mechani cal properties such as 4 inpact strength. The present

invention praa\y dgsera N0l 2y02rDEBL 69 LhaUhdeChY $fraldd nenRAlYy st e6-oxy-
consisting of the repeating units represented by formulae (1), (I1),” (111)

and (1V): 2-nehereidyl repeattihgy melar. propardi ol the.fepeaing vyt

represented by formula (I') based on the total repeating units constituting

the wol |y pay1s teGd | 8k Oo CF Y Sl 11108, POk YESLEF r1 8 48R Ml % éﬂ%ﬁ@
nolar ratio of the total anmpunt of the repeating units represented by

formul ae (ldocrardtca it heprepeatiog unshchepresentiggh by forrubagthV) is.from
90/ 100 to 100/ 90;
relatively poor.
Accordingly, a wholly aromatic liquid-crystalline
polyester resin which  exhibits excellent dielectric

10 properties as well as good mechanical properties .such as

impact strength is desired.

Summary of the Invention
An object of the present invention is to provide
15 a wholly aromatic liquid-crystalline polyester which
exhibits excellent dielectric properties in high frequency
regions as well as 'good mechanical properties such as
impact strength.
The present inventors found that a wholly
20 aromatic liquid-crystalline polyester which comprises 6-
ogy—Z-naphthoyl repeating unit, 4,4'-dioxybiphenyl
repeating unit and aromatic dicarbonyl repeating unit in a
certain proportion and further compriées a small amount of
benzenedioxy repeating unit exhibits excellent dielectric

25 properties and improved mechanical properties such as



the nmol ar proportion of the repeating unit represented 15by fornmula (I1)
‘based-on the total anmount of the repeating units represented by fornulae
(1) and (I1l1) is 80-99.9 nmol % and the two "-0-" attached to the benzene
ring in formula 5 (111) are positioned #eta or para to each other and "Ar".
in formula (IV) represents a bivalent aromatic group. Brief Description of
the Drawings 5Figure 1 is a schematic representation of the dunbbell-shaped
speci nen used.for the tensile strength test. Detail ed Description of the
Preferred Empoditmentrength. In the specification and cl ai ns,
the term 10' ' aromati c" represents a group having an aromatic group

conprising up to fourrnd ngseséry ONBYESE 185 0BROMRYRE & GrndTEIPes fbhat i c
nonocyclic or polycyclic fused cyclic group. "Aromatic" group al so includes

a group wharijui d-#e @t J10rie, H- penhesed MoAgEy ekt engr Jol X%C'f&péé'eﬁgg
cyclic groups are 15 linked by at |east one |inking group whic

sel ected framthe prapLensist ingaf1 £ar bon- carpon b Y (ﬁﬂ.)-ﬁ

al kyl ene, am no, carbonyl sul'fide, sulfinyl and sul onyl group. - In the
speC|f|cat|on and- @@{tern1"mholly 20 aromatic liquid-crystalline
pol yester" refer|s ol 'y aromati€lliquid-crystalline polyester which
~exhi bi ts anksot Hopi e e phase and is called as thernotropic

li qui d-crystafli né pol Vester by those skilled in the art. The anisotropic

melt phase can be, confir by 25means of conventional polarized |ight
syst em usi ng_q O O oO— (I1)
__o—ﬂ:::H—o—— (III)

~CO-Ar-CO- (IV)

5 wherein:
the molar proportion of the repeating unit represented
by formula (I) based on the total repeating units
constituting the wholly aromatic liquid-crystalline
polyester is 40—80 mol %;

10 the molar ratio of the tetal amount of the repeating
units represented by formulae (II) and (III)- to the
repeating unit. represented by formula (IV) is from 90/100
to 100/90;

the molar proportion of ﬁhe repeating unit represented

15 by formﬁia (IT) based on the total amount of the repeating
units represented by formulae (Ii) and (iII) is 80-99.9
mol%; and

the two "-0-" attached to the benzene‘ring in fermula



6 orthogonal I.ight polarizer. In nore detail, the sanple on the hot stage
-under...ni trogen at nosphere may be observed. - The whol |y aromatic
liquid-=cry' stalline polyester of the present invention consists of
repeating units represented by the following fornulae (1) to (1V):

wherein the two "-0-" attached to the benzene ring in fornula (111) are
positioned neta or para to each other and "Ar" in forrmula (1V) represents a
bi val ent aromati c group. The wholly aromatic |iquid-crystalline polyester

10 consisting of d:he phove drechidied Jepeatd ng, WS dBYed nediidey bot fy, of
those give anisotropic nelt phase and those do not, depending on structural

conponent s Qf kg POlyEStRIne AN 4 8l T ANt Sequenee. di sjFdution of the
conponents. The wholly aromatic |iquid-crystalline polyester of the present
15invention is limted to those exhibit anisotropic nelt phase. acid as

wel | as ester form ng derivatives-such as acyl derivatives, ester

-derivative | i.de ther . - In the wholly aromatic

Iiquid-cryg?gﬁﬂ%%gﬁkﬁﬁﬁgégg {gaéﬁéaﬁﬁixiﬁlSinvention, the nol ar proportion

of 5 he repeating uni present ed L a ( . 1.he _tot

repeat5|¥ ng units is 4(L)lﬁ.l-(l urrr?ﬁl I'CLOA;léf;rgf e?é%?@ggg{%?ge)r%ﬁbea%e&aaﬁ%én%rékpre %rabl y

50- 65 nol % _ . f. s i i e i ng
c?urllr%béaés l-sha e%’a@(%?r?erp u%c{i‘if@f_ di%% &Qm%f%%e%%éq%tﬂ Peat

unit represe y formu are ydr oxXybi as well as -
ester formng derivatives such as acyl derivatives thereof.
Exanpl es of nononers which provide the repeating unit represented by

form @ (Lide ALE Ionu NG JESAIET A 28 YELY Af3flnd 97 N0

In the specification and claims, the term
10 "aromatic" represents a group having an aromatic gfoup
comprising up to four rings. "Aromatic" group may be -6-
membered . monocyclic or. polycyclic fused cyclic group.
"Aromatic" group also includes a group wherein two or more
6-membered monocyclic or polycyclic fused cyclic'groups‘areb
15 linked by at least one linking group whichnis selected from
the group consisting of carbon-carbon bond, oxy, Cl1-6
alkylené, amino, carbonyl, 'sulfide, sulfinyl and sulfonyl’
group;
In the specification and claimg, the term "wholly
20 aromatic liquid-crystalline polyester" refers to a wholly
aromatic  liquid-crystalline - polyester which exhibits
anisotreopic melt .phase and 1s called as thermotropic
liquid-crystalline leyester by those skilled i§ the art.
The anisotropic melt phase can be éonfirmed by

25 means of conventional ©polarized 1light system using



15derivatives .thereof. I|nthewhol|yaromaticliquid-crystalline polyester of-
“the present invention, the nolar proportion of the repeating unit
represented by for mul a (I'l) based on the total anount of the repeating
units represented by formulae 20 (I1) apd (I11) is 80-99.9 nol %
preferably 85-99 nol % and nore' preferably 90-98 nol % in view of good
mechani cal properties of the resulting wholly aromatic |iquid-crystalline
pol yester. If the nolar proportion of the repeating unit represented by
formula (11) ggg on 1 he, 2559t al; gpunt f r ngtln [ resented
by fornul ae : 1) andS?II% Q * ess tﬁg%r%gga(P .%hgu$£5%§?$58 : ol ly
aromatic i Y, i I e hi bi t oor heat

. &¢G§E%#é Q&d@?lyqa%ﬁ%ﬁﬁ Qgﬁoéghgﬁe ma obs%rv %It

resi St ance nononer s rovi ere

represented by fornul 'c li-c ds suc )
terephthalic aC|d |s@% tﬁ% ?g§a%?§gg%%§ T ?haﬁ% %%ﬁggﬁﬁogypygsﬁgfd,
1, 6- naphth C na hthal nedi car box c acid, . 1,4-
naphthalenggg fgpég%%€dalégépg%Pcaf oxXyD gﬁen9 aﬁﬁp%ﬁklﬁgkyPhl%é

al koxys or u ted rivativ S .as mell S, es form ng
derivatives égéggégé%ﬁfg eﬁi\éﬁ??ﬁﬁp 5%Fhaﬁal et?héfgb

| nt hewhol | yar oma id-cecpstalline pol yester of the present

i nvention, exanp group 15"-Afy" contained in the repeating unit
: represented\gy f i nclude the foll ow ng groups: :

tieli gu

. —CO-Ar-CO- ‘ (IV)

wherein the two "-0-" attached to the benzene ring in
formula (III) are positioned meta or pafa to each other and
"Ar" in formula (IV) represents a bivalent aromatic group.
The wholly aromatic ligquid-crystalline polyester
10 consisting of the above described repeating units may
include both of those give anisotropic melt phase and those
do not, depending on structural components of the polyester,
and ratio and sequence distribution of the componeﬁts._ The
wholly aromatic liquid—crystalline poiyester of the present
15 invention 1is limited to those exhibit anisotropic melt
phase.
Examples of monomers which provide'the repeating

unit represented by formula (I) are 6-hydroxy-2-naphthoic



9 Preferably, the repeating unit represented by formula (I1V) is
-one or- nore repeating units selected fromthe group consisting of the
repeating units represented by the following fornulae (1) to (3) in terns
of controlling nmechanical properties, heat resistance, nelting point and
mol di ng properties of the resulting wholly aromatic |iquid-crystalline

pol yester: (.3) coCQ | nt hewhol | yaromaticliquid-crystalline 10 pol yester
of the present invention, the nolar ratio of the total anpunt of the

repeating units nepresent ad bysfor miaeild ) qapdvath bk s( asommat ia%( ?é\a/)@gfy

repeating units) to the repeating unit represented by fornmula .

(aromatic diGaRNAXY dLPAAY Y @t 4-Pe d FOMR 904100, 4 05 JOOL 90, capd
15preferably 95/ 100- 100/ 95. = - -The nethod for preparing the

whol 'y, aromatic |iquid-crystal line § 'yeéfcﬁﬁa@{%t he, presgnt i, oveniion is

not limted and any nethod known to the art can be enployed. tor exanpl e,

conventi On%ol—yfé(gtye,@erdfzactﬂeoggr@é}f)@sir?#&?tfén,zotﬁ@lIﬁc?faflpéfjgﬁé’f%j?o%'c?f].d

slurry polymeri zati on net ho for preparing polymer to give es ondi ng

- anong g he_abpue: deseri Red, Innones, CONRPRANLS MY ha -l o4et. The, npllen

aci dol ysi s net ho brefera |y ‘use preparing e ol ly aromatic

|1 qui d-crysigdy neepobyeskeryofcLhe or agerl |yentd ong Lo Lhig 1k hody the

nonomers are to give nolfen solution and thén e soluti‘on

reacted tonghy@,t@%dnﬂéfgu#ﬁ%ﬁgggg%ngbjégqﬁ p o step of this nmethod nay'be

carried out undér Vacuum't e renoval of the volatile by-products
e el o T ot e T B BT
10gi ve SOH&%f%é%é%é%%éﬁ?%diﬂ&t é%ﬁurénf%lﬁqgggnfjEn—éﬂh§g§oxybiphenyl
10 as weil as ester forming derivatives such as acyl
deriﬁatives thereof.

Examples of monomers which provide the repeating
unit represented by formula (III) are hyd#oquinone;
resorcin as well as ester forming derivatives such as acyl

15 derivatives thereof.

In the wholly aromatic liquid-crystalline
polyester of the presént.invention, the molar proportion of
the repeating unit represented by férmula (IT) based on the
total amount of the repeating units represented by formulae

20 (II) and (III).is 80-99.9 mol%, preferqbly é5—99_mol% and
more’ preferably 90-98 mol% ;n view o0f good mechanical
properties of the resulting wholly aromatic liquid-
crystalline polyester. If the molar proportion of_ the
.repeatiné unit represented by formula (II) based on the

25 total amount of the repeating units represented'by formulae



heat - exchange .}i qui d nmedi um In either of the nolten
-aci-dgl-ysis nmethod or the slurry polynerization nethod, the polynerizing
~nmononer nmay be in the formof |ower acyl derivative obtained by 15

acyl ating the hydroxyl group. The | ower @&cyl group nay have preferably 2-5,
nore preferably 2-3 carbon atons. Acetyl ated nononers are nost preferably
used for the reaction. The |ower acyl: derivatives of the nononers nay be 20
t hose prepared beforehand by acylating the nmononers independently or may be
t hose produded iand helTeacisonesyst@mrbys @ddb by, anhacHeahiltgnagaidlspch as
acetic anhydride to the nononers upon preparing the wholly . aromatic

l'i qui d- crystrablaitie palydst-ery 25111 ieid herl vfsttde tmldenacddolyisi odamt hod
-or the 11 slurry polynerization nmethod, a catalyst may be used in the
reaction, ifeadtesieke@tance. Exanpl es of the catal ysts include
organic tin conpounds such as dialkyl tin oxide (ex. dibutyl tin oxide) and
diaryl tin oxide; orgadinglldd an Wb EaIROHNGEi SHChragialk @ tiddl My
silicate and titanium al koxi de; titanium di oxide; antinony trioxide;

al kal isne orraltkaldgie Lartdn By afo saht 2 0f 16ar BEXYld1eomaei it S¥chs A% PPt Assi um
acetate; salts of inorganic acid (ex. K2SO4); Lewis acid (ex. BF3); 10and
~gaseous aciadicat abyshs ssUcheaspandahal-ogenal ed jhyagen i(eXachel) .2 6

Wien a catalyst is used, the anount of. the catal ySt added to the reaction
based on t hehethah cieearRiS I8N iR eferabl vy bes 10:h000, PR g ARl i ¢
preferably 20-200 15ppm The wholly aromatic |iquid-crystalline polyester
of ‘the presgenly,i nventim-mRyrhe oirRied S ithe polyqukilng reactjon
vessel in nolten state and processed to give pellets, f ékes or powders.
20Ther eaf t e friiewhehlomaiamd:ghiiqui Gie oI ystal i ng POLySSHS 1By, Pe ang
subjected to the solid phase heating process In vacuum or under inert gas

al MIPher 8515400, A% N OGN, 081800 DELbUTL 088 ebn dRd%h i@ elsIOUR fieat

‘resistance and the like,” if desired.
as ester forming derivativeslsuch as ester derivatives and
acid halide thereof.
In the wholly aromatic liquid-crystalline
polyester of the present inveﬁtion, exampies of the group
15 "-Ar-" contained in the repeating unit represented by

formula (IV) include the folloWing groups:

O



25The wholly aromatic liquid-crystalline polyester 12 of fhe pr esent
‘invention‘exhibits small dielectric |loss tangent in high frequency regions
such ‘as gigahertz bands. Specifically, the dielectric loss tangent neasured
at the frequency of 1 GHz using the stick-shaped test piece with 5 .length
of 85 mMm wdth of 1.75 nm and thickness of 1.75 nmis.preferably |ess than
or equal to 0.001 and nore preferably less than or equal to 0.0008. :
The dielectric |loss tangent of the wholly aromatic |iquid-crystalline :
pol yester of the presendrehbifvemheon (e paskied by resenant; cgyity
perturbation nethod. Furt her, therﬁgod fhpactpstrength o?ythe
whol |y ar om@trngilld quivy CEuStald idie Rob¥ester.f nihe, present | t
measured according to ASTM D256 using the §ﬁdﬁﬁ§h15 te§%£ﬁ%£%§§mf?ﬁm
llength of G&hdmarogt fofi d2idqmrand ot gknass, Pf o2 O ML S. PLefegably
greater than or equal to 100 J/m and nore prefe#ngy;g?eat%regia%g%rggqual

to 130 J/mand (LISl one, rblm@Xhbbifhs at’f'oe%\%ﬁg:iﬁgttéﬁr%dtc%fcmé%t%i?91%;h-

-20The present invention further provides a arona

i qui ds t rystealydmie-40l ygé%@gtgggpo%raito%&9{@{5&&@9 tm@%tg’ﬂg't lr%%i%{ton%ciic

| i quid-crystalline polyester of the present 1nvention an

i ngredi ent $y61ding properties of-@HéV%E%&thﬁ?h@ﬁ&fl%i%%é?%%fgsigég%ge

pol yester 25conposition of the present. invention nma 0sé ° ned 13
by .adm xi ng..Qn& 0n {7y §,d 1 ic and/or organic filler with the wholly
aronatic-liquidfzr;étaﬁ%%ﬁggpo yester of the present invention. Exanples of
i norgani c gr [or organic fikbgrs may 5 include.q! ss fiber, silica-alumna
fiber, aluri'da fiber, cgrbon’fi ber, ootaﬁg'un1t|tanate fiber, alum nium

borate fiber, ar@fi dyfiber, talg, iteCQ d¢Pt e, dol omite,
clay, glass flak ass beads, S al | oon, cal ci car bonat e, barium
sul fate and\rbtg J oxide?\égﬂ-k' : gl ass fi be s preferably used
because of its good bal ance of physical properties and cost.

In the wholly aromatic liquid—crYstalline‘
10 polyester of the present invention, the molar ratio of the
total amount of the repeating units represented by formulae
(II) and (III) (aromatic dioxy repeating units) to the
repeating gnit represented by formula . (IV) (aromatic
diéarboxy repeating units) 1is from 90/100 to 100/90, and
15 preferably 95/100-100/95.
| The method for preparing the wholly: aromatic
liquid-crystalline polyester"-of the present invention is
not limited and any method known to the art can be employed.
For example, conventional .polymerization methods such as-
20 molten acidolysis -and .slurry poly@erization, methods for
preparing polymer to give ester bonding among the above
described monomer components may be employed.

The molten acidolysis method is preferably used



The i norganic .and/or organic fillers nmay be added fo the wholly aromatic
‘l'iquid-crystalline polyester conposition of the present invention in an
amount of 0.1- 15 200 parts by weight, preferably 1-100 parts by weight per
100 parts by weight of the total weight apount of the wholly aromatic
liquid-crystalline polyester. - If the amount of the inorganic
and/or organic fillers is nore than 200 parts by weight, the noldability 20
of the resulting wholly aromatic liquid-crystalline polyester conposition
tends to bedlecrgasgdrohgt henexhawsding ofaddata i Noedu 04— & gsod1 1 hee
nol di ng device tends to be increased. , _ The whol |y
aromatic |iggliybaresstaf| khe polomster 125ahttBe . Whotd Y8k QMitdthiod, the

l'i quid-crystalline polyester 14 conposition according to the present

i nvention mayhdidhesrbenadriexed M §hyeneAr: J0r & addi 44 vesq idhdesixed.
For exanple, nolding |ubricant such as higher aliphatic acid, higher

al i phatic eshelsi i gher-addphatis g decnli ghar s aldiRhaki ¢ apld Fefad

sal t, polysiloxane and fluorocarbon resin; colorant such as dyes and

pi gmenys;  aptdoxidanty; & hgrepgbgstahy | beere Wi@@sgﬁlﬁ_e“%ﬁd@f‘t LSkathc agent;
and surface active agent may be adri xed. f%e term "higher™ group herein

used refers 19 tihe {9 ouR Bk 230- 2% Cﬂﬁﬁor\z@f%le %ﬁzi—géﬁjo@u d ubpL.ganis such |

as higher aliphatic acid, higher aliphatic ester, er aliphatic acid

metal salt gr i uorogcar ;e surfactant may be added to the pellets of
t he mhollyghf%ﬁhtic Ct?cfﬁ?gicrystalline pol yester or the wholly aromatic

| i quid-crystalline poﬂryees%]lq{rrﬁﬁ%ééggﬁgpﬂ%%%%&){)ﬁ%téﬁgrg epﬂ gts to

t he nol di ng process, so tha re er surface of the

pel et in cnoc nHienehal Ly arppmticdl ligui d- ceystalling polyester or the

whol |y aromatic Trquid-crystalline polyestér conposition oF the present

| nventd on MRy £oupI 1 38008, 0601 300NE, addl { gpal Jkes i comonent, whigh can

be subj ect to processing s s noldi ng a sare range o

» tenperatynﬁ%%giéJE%QW1élﬁaiﬁfgfﬁ%%idﬁguid-crystalIine pol yester of the
present invention, unless € additional resin conponent inpairs the object

of the present inventféngig§g¥ab IgﬁeofoHQengd%!t' nal. resi,n c onents 15
i ncl ude thernopl astic 'testns such aspdiyamidé, éésef?etgbcfcga ot ae
pol yphenyl e qxggherofnd dfggéyrgdmdﬁégvatigps t her eof,, .pol ysul f one,
pol yet her st fone. PR Yethe? t hr e aha°pol yam dsi it I e (i set 1Ay
resins Suc as.phqu]lse1 % resin, epoxy resin ang olé%nide resin. ghe anount
of the addil§ oral re$i n T€5Fpofént 4°18 Tnof Vilni P81 VARV RayCBE2HREEr P¥ed
depegggnt on the intended property. Typicall such additional resins may
be added tc??%ﬁ?Rﬂiﬁfl§ﬂ8r3ﬁﬁ§&3”ﬂiqﬁFggErystiPFi “5ﬁiy%§¥gr956ﬁﬁbs??Yon in
an anmount qf :
(%ave preferably 2-5, more preferably 2-3 carbon atoms.
Acetylated monomers are most preferably used for the
reaction.
The lower acyl derivatives of the monomers may be
20 those prepared beforehand by acylating the monomers
independently or may be those produced in the reaction
system by adding an acylating- agent such as acetic
anhydride to the monomers upon preparing the wholly

. aromatic liquid-crystalline polyester.

25 ' In either of the molten acidolysis method or: the



10 0.1-100 parts by weight, preferably 0.1-80 parts by wei ght per 100 parts
by wei-ght 'of the total weight anount of the wholly
aromatici qui d-crystalline pol yester. The whol ly aronatic v
liquid-crystalline polyester conpositioniaf the present invention may be
obtained by 15 adding the inorganic and/or organic fillers, _
rei nforcenents, additives and other resin conponents to the wholly aromatic
| i quid-crystalline polyester of the present invention and nelt : :
xneadi ng- 10ey 7 X1 HE Byiisl N @1 N EACHNGa MENLDE, PUCD A8,BREPUEY 4 XeLy,
kneader, single screw extruder, twn screw eXtruder or € like at a
temperat ure.of -f{ oM nearqdm o4 Tm + 30C. ~ The whol ly aromatic
quuid-crystal$|ne pol yester or the wholly - aromatic liquid-crystalline
pol yester conpositio prese in i may. b ocessed.in a.
T o QB oar VT b F | A CHOLt . CH 6 HondblP

25conventi onal manner to give no

nvent i onal _mannei ed articre fri “onc
Loehni quos Feb BE o ot ranty eoney T EEA SRLaBOL G O Eh, YL T BRh P e

l'iquid-crys | i,c | yester_ or_the whol.ly aromatic |iquid-crystalline
polyes%er 6%%%03??f§2 &ﬁﬁ}h%xﬁg%éeﬁf%%%hgh?%ﬁﬁ%&WTbFPgPS%EQﬂ<ﬁHCh as

dielectric rti ' i gh. ency regions. as l.I as. good, chani cal
properties %%%%%53tﬁﬁﬁggfﬁgt?%%%?%H%n§%¥%e€%€%?%?miWﬁﬁm%ﬂﬂﬁkfgé gifor
nanufacturié%bgggctrqpagjp§{ts of. ant nna, .connector, su? trate and the

li ke which use_%ighffredhéﬁcf%ﬁ%ﬁ% . arfaiine orrhg %?é%@ﬁt FATERL I on
he Exanpl dSSRH Conbard | VE" EXARbI G “orél (140" { BRpGTAA e FTrf CoHE PP bot | on
t enper at ure_under | oad gDTUL), ten ile strqush, flexural strength, |zod

i npact streh > Qhd &P PEELTI &T'oss' TangEm i v ars)" at e?atSed§8d Byt he

i T elnt B SCHFFE TEE a7 | Tt BT Exor B CB0BD P51 Kb\ PASERERENPEATAEST

Chi ba, Japan%@or %Pe sane type of DSC device is used. The LOP sanple to be
exam ned is atdd from a roomtenperature at a rate of 20C/ m nute and

25endot her m ¢ peak (qug is recaorded. Thereafter, LOP sanple
Whén a catalyst 'is wused, the amount of the

catalyst édded to the reéction based on the total monomers
may‘preferably be 10—1000 ppm, and more preferably 20-200
15 ppm. |
The wholly aromatic liquid-crystalline polyester
of “the present .iﬁvention may be obtainéd from the
leymerizing feaction vessel in molten state -and proceséed
to give pellets, flakes or powders.

20 . Thereafter, the wholly aromatic 1iiquid—
crystalline polyester may be subjected to the solid phase
heating process in vacuum or under inert gas atmospheres
suéh as nitrogen gas and helium gas in order to improve

. heat resistance and the like, if desired. |

25 The wholly aromatic-liquid—crystalline polyester



17 is kept at .a tenperature 20-50C higher than Tm for 10 m nutes. Then the
-sanple. is 'cooled to roomtenperature at the rate of 20C/ m nute. Then, LCP
~sanple is heated again at a rate of 20C/ mi nute. Endothernic peak found in
the 5final step is recorded as nelt point2(Tm) of a wholly aromatic

| i quid-crystalline polyester. 2) Deflection tenperature under |oad (DTUL)
Test piece with length of 127 mm wdth of 12.7 mm and thickness of 3.2 mm
was nol ded froma wholly 10 aromatic |iquid-crystalline polyester using

injection rod dihg macdarer (WUHvEGRQonllBxniNbssei fhast i gibndusthial 1£9s,
~ Ltd). Deflection tenperature was neasured using the test piece according to

ASTM D648 ungdefedtoaich of i dn 82r Mpaenc@neeb@ahisNG Jcaf & Of o 2641d Pr » 15530 s .
Tensil e strength i r%&daﬁ%gelfgghaSed specinﬁ%gﬁ%th t%i%ﬁnezs of

2:0.UWTShOW&édlﬂﬂdﬂﬂﬁyﬂ-Mﬁé epkdedthrema WMol Ly 8FPMBl-Gured at the
i quid-crystalline polyester using injeCion nolding machi ne (M N MAT M

26/ 15, Sumft&f%héﬁﬁﬂ)/ywn@u%ﬁ{rz' &% ird dede 29%&@—%11%@@'1&%%}8?%2\?:%}1 15 -

ton, cylinder tenperature of 350C and di e tenperature of

strengi h was.pasWekysiNg Lhecgpeei AER shy USiRg Tﬁ%@é@f(yﬂ@/g&uﬁa"
Lt d ) nm and

testing machi ne, Instron Japan Co., .) with span distance of 2

t
pulling rals oS Qimn. a5 Fior ol slaggalh 98 g oo; ana  RPHI N0

test piece with length of 64 Mn w dt 1277 mm an nm

vas 1ol ded S om.aNollds ARAMERL L |4 O coystadddne pol yester using

i njection ol ding machi ne (M NI VAT 15, Sum tono Heavy Industries, 5

Ltd.) with clanping piessulee plodpsLony (el | ndgf,denper, ;u[tﬁqe()f dooe gnd

die tenperature of 7 Fl exural strength was neasured I'ee- poi

bendi ng oSt g, | \STEIESET, (U versal oy e mchine. rston, Japen

Co., Ltd.) W span di mm-and conpaction ra
ra”*ﬁkﬂ- 5%&9%%{fdﬂx%ﬁnSgéquggured by resonant 'cavity perturbation

method.

Further, the Izod impact strength of the wholly
aromatic liquid;crystalline polyester ~of the present
invention measured according to ASTM D256 using the bending

15 test pilece with length of 64 mm, widﬁh. of 12.7 mm and
thickness of 2.0 mm is preferably greater than or equal to

‘lOO'J/m and more preferably greater thén or equal to 130
J/m and therefore, it exhibitsTan'excellent Izod impact
strength.

20 . The present invention further provides a wholly
a:omaticx _liquid—Crystalliné polyester composition
comprising the wholly aromatic liquid-crystalline polyester
of the present invention and other ingredients.

The wholly aromatic'liquid—crystalline polyester

25 composition of the present. invention may be those obtained



| zod .i npact strength was nmeasured according to ASTM D256 using the sane
‘test piece as that used for neasuring flexural strength. 156) Dielectric

| oss tangent (tanb) Stick-shaped test piece with length of 85
mm width of 1.75 mm and thickness of 1.78 mmwas nol ded froma wholly
aromatic liquid-crystalline polyester using injection nolding nmachi ne
(PS40, Nissei Plastic Industrial 20 Co., Ltd.). The dielectric |oss tangent
at 1 GHz was neasured using the test piece with vector network analyzer

(Agi I ent Teshnabagkesglapan, okt duidraceabdigag il 88PPANLCAWILY filler
perturbation nethod. I'n the Synthesis Exanpl es and

Exanpl es, fugldiowkng 2Babbreviabhepscare: E&Lcr%&i}lﬂz@édggbﬁﬁetsadéﬂ ngr
pol yester .resi n nononer] BON6: 6- hydr oxy- napht oic acid

4,4'-dihydﬁg%yghmm%ﬁﬂ HReryidiroqui none 5RE: resorcin TPA: terephthalic
acid Exanple 1 -BON6, BP, HQ and TPA were fed in a reaction 10 container

equi pped with an agi t@idrﬁﬂé’@%ﬁ%%% ah@EAUErTRL T, NG, 8- @Pﬂf&@rmég the

ratio shown in table 1 so that the tofal nononer anpunt was 6

pOtaSQlUmi%ﬁﬁﬁﬂdé2§1agsnng%% 6dﬁ%ﬂééLibﬁmlﬁéa%lgg?un%fﬁmJ?ﬁbfyﬂggers)

and acetic anhydride 1.03 fold noles to the total 15 anount
hydroxy gr qups$f 'EfB%eHDn%FE%a%é’!ﬁﬁ@ added e tP?b&Pnt alinGelin i [he Hb%%t'éi vas

pol ynmeri zed under the- follomnng condition. Table Synthesi s exanpl e

nmononer ratiger, BONOnid fiber, talc, mica, graphite, wollastonite,

dolomite, clay, glass flake, glass beads, glass Dballoon,

calcium carbonate, Dbarium sulfate ana titanium oxide.

10 Among them, glass fiber 1s preferably used because of its
good balance of physical properties and cost.

The inorganic and/or organic fillers mayrbe added
to the wholly aromatic liquid~-crystalline polyester
ébmpqsition ofbthe present_invention in an amounf of 0.1-

15 | 200 parts by weight, preferably'l—loo parts by weight per
100 parts by weight of the total weight amount of the
wholly aromatic liquid-crystalline polyester.

If the amount of the inorgaﬁiqiahd/orbrganié
fillers is more than 200 parts by weight, the moldability

20 of the resulting wholly aromatic liquid—crYstalline
polyester éomposition tends to ‘be decreased or the
exhausting of the cylinder or die of the molding device
tends to be increased.

The wholly aromatic liquid-crystalline polyester

25 or the wholly aromatic liquid-crystalline polyester



BP HQ TPA g 661.3 260.7 11.0 248.3 nol %54 21.5 1.5 23 Under the nitrogen
‘at nosphere, the mxture was 20 heated fromroomtenperature to 150C over 1
hour and kept at 150C for 60 m nutes, then heated to.350C over seven hours
with distilling out the by-product acetic acid. Then the pressure was
reduced to 10 mrHg over 90 minutes. Wheh4 20 the torque becane the
predeterm ned | evel, the polynerizing

composition according té the pfesent invention may fﬁrther
be admixed wi?h one or more addifives, if desired. For
example, moldihg lubricantvsuch as higher aliphatic acid,
higher aliphatic ester, higher aliphatic amide, hiéher
5 aliphatic acid metal salt, polysiléxane and fluorocarbon
© resin; colorant such as dyes and pigmenté; antioxidant;
thermal stabilizer; UV absorbent; antistatic agent; and
surface active ageﬁt may be admixed. The term "higher™
groqp»herein used-refers to the group of 10-25 carbon atoms.
10 | Molding lubricants such as higher aliphatic acid,
higher aliphatic ester, higher aliphatic aﬁid metal salt or
fluorocarbon-type surfactant may be added to the pellets of
the wholly aromatic‘ liquid-crystalline polyéster or the
wholly aromatic liquid-crystalline polyester composition
- 15 before subjecting the pellets to the molding process, SO
that the agent adhere to.theléuter surfaée of the pellet.
The wholly aromatic iiqﬁid—crystalline polyéster
or the Wholly aroﬁatic liquid—brYstalline polyester
composifion of the present invention may comprise one.dr
20 more additional resin component thch can be subjected té
processing such as molding at the same range of the
temperatures as the wholly aromatic liquid—crystalline
polyester of the pfesent invention, unless the additional
resin component impairs the object of the present invention.

25 Examples of the additional resin components N



reacti on was term nat ed. The resul ting polyner was renoved fromthe
<contai-ner,” cooled to solidify and crushed by crusher to give pelletsa

whol I'y aromatic |iquid- 5crystalline polyester.As a result, approxinmately

t heoretical amount of acetic acid was disbilled out. The
melting tenperature, deflection tenperature under |oad, tensile strength,
flexural strength, lzod inpact strength and dielectric |oss tangent (1 GHz)
10neasured using the resulting wholly aromatic liquid- crystalline

pol yest er amre 1sfiewt Harmkadll 5 21 c Ex@sphessich, aComparain e Exssmplestdr,and 2
Wholly aromatic liquid-crystalline polyesters 15 were obtai ned by the

simlar nmapRarydde Eanpbel fpeXEePéns hatt ONOARE Lahia@uaRd tder BRDtfe HFf
pot assi um acet ate used were changed as shown in Table 2. The

nel ting tenmpenaldsepodefdactdmn trperatdraiunsdel, | oadyetensiie & rangt h,
flexural strength, Izod 20 inpact strength and di'electric | oss t angent (1

GHz) neasurRd Wsding ithieid,eSthbil ngnhuheb byt 85 FRt} & 14 fuisthgr Y§Ea|;!1{é}?ol
‘pol yesters are shown in Table 2. Table 2: Physicalities of the whol
aromatg ¢ | ixquiidr,Crofsd:a) 1hde PoLYESHEI $im2de TRRLEN2 TS INt of the
additional resin components 1is not limited, and may be
determined dependent on the intended property. Typically,
such additional resinsvmay be added to the wholly aromatic
"liquid-crystalline polyester cOmposition-jjl an amount of
10 0.1-100 parts by weight, pfeferably 0.1-80 parts.by weight
per 100 parts by weight of the total Weight amount of the
wholly aromatic;%;quid—crystalline polyester.
The.whblly arcmatic liquid-crystalline polyester
composition of the present invention may be obtained by
15 adding the inorganic and/or organic fillers, reinforcements,‘
additives and other resin components to the whollyraromatic
liquid~crystalline polyester of the présent invention and
melt kngading;the.mixture using:a-kneading madhine,such és
Banbﬁry mixer, kneader, single.screw extruder, twin screw
20 extruder or the like at a temperature of from near Tm to Tm
+ 30°C.
The wholly aromatic liquid—crystalline polyester
or the wholly - aromatic bliquid—crystalline - polyester
composition of the present invention may be procéssed in a

25 conventional manner to give molded article, film, sheet,



Cormparative Exanple 1 2 3 45 6 1 2 Mnoner ratio (ml %) BON6 54 54 54
‘54 60-60 B

e

bonded ﬁextile and the 1like. For example, injection
molding or extrusion techniques may be preferably ﬁsed.
The wholly aromatic ‘liquid-crystalline polyester
or the wholly . aromatic liquidfcrystalline ‘polyester
5 composition of the present invention exhibité excellenf
dielectric properties in high frequency reéions as well as
good mechanical properties such as impact strength and
therefore, is suitably used for manufacturing electronic
parts of antenna, connector, substrate and the like which
10 use high frequency signals. |
The present invention is further described in

reference to the following Examples.

Example

15 | ~ In the Exampleé and Comparative Examples, melting
temperature (Tm), deflection temperature under load (DTUL),
tensile strength, flexural'strength, Izod impact strength,
‘and dielectric loss tangent ,(tan5)  are éssessed- by the
Eollowing procedures. |

20 1) Melting temperature (Tm)

vThe differential scanning calorimeter Exstar 6000

(Seiko Instruments Ihc., Chiba, Japan) or the same type of
DSC device 1s used. The LCP sample to be examined is
heated from a room temperature at a rate of 20°C/minute and

25 endothérmic peak (Tml) is recorded. Thereafter, LCP sample



- 60 56
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25
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is kept at a temperature 20-50°C higher than Tml for 10
minutes. Then the sample is cooled to room temperature at
the rate of 20°C/minute. Then, LCP sample is heated again
at a rate of 20°C/minute. Endothermic peak found in the
final step is recordedv as melt point (Tm) .bf a wholly
aromatic liquid-crystalline polyester.
2) Deflection temperature under load (DTUL)

| Test piece with length of 127 mm, width of 12.7
mm and thickness of 3.2 mm was molded from a wholly
aromatic liquid-crystalline polyester using injection
molding machine (UH 1000 — 110, Nissei Plastid Industrial
Co., Ltd). Deflection temperature was measured using the
test pilece according to ASTM D648 under load of 1.82‘MPa
and heating rate of 2°C/min.
3) Tensile strength

A dumbbell-shaped specimen with thickness of 2.0

mm shown in Figure 1 was molded from a wholly aromatic

liquid-crystalline polyester using injection molding

" machine (MINIMAT M 26/15, Sumitomo Heavy Ihdustries, Ltd.)

with a clamping pressure of 15 ton, cylinder temperature of
350°C and die temperature of 70°C."Tensile strength was
measured using the specimen by using INSTRON5567 (Universal

testing machine, Instron Japan Co., Ltd.) with span

distance of 25.4 mm and pulling rate of 5 mm/min.

4) Flexural'strength



10

15

20

25

RE - _'F 2 - 2 - - TPA 23 23 23 23
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Bending test piece with length of 64 mm, width of
12.7 mm and thickness of 2.0 mm was molded from a wholly
éromatic .liquid—crystalline polyester using.- injection
molding machine (MINIMAT M26/15, Sumitomo Heavy Industries,
Ltd.) with clamping pressure of 15 ton; cylinder
temperature of 350°C_and die temperature of 70°C. Flexural
strength was measured by thrée—point bending fest using
INSTRONS567 (Universal testing machine, Instron Japan Co.,
Ltd.) with span distance of 40.0 mm and compaction rate of
1.3 mm/min.
5) Izod impact strength

izod impact strength was measured according to

ASTM D256 using the same test piece as that used for

measuring flexural strength.

6) Dielectric loss tangent  (tand)

Stick-shaped test piece with lengtﬁ of 85 mm,
width of 1.75 mm and thiékness of 1.75 mm was molded from a
wholly aromatic liquid—crystalline- polyester. using
injection molding machine (PS40, Nissei Plaétic Iﬁdustrial

Co., Ltd.). The dielectric loss tangent at 1 GHz was

measured using the test piece with vector network analyzer

(Agilent Technologies Japan, Ltd.) according to resonant
cavity perturbation method.
In the Synthesis Examples and Examples, following

abbreviations are used.



20 20 20 22 BP/ (BP—FFC&RE)_ (mol %9 93.5 '95.7 91.3 91.3 95.2 90. 9 100 100
‘pot assi um-acetate (PPm 22.6 100 10

19

[Liquid-crystalline polyester resin monomerj
BON6:6—hydroxy—2—ﬁaphthoic.acid
BP: 4,4'-dihydroxybiphenyl
HQ: hydroguinone
5  RE: resorcin

TPA: terephthalic acid

Example 1
BON6, BP, HQ and TPA  were fed 1in a reaction
10 container equiﬁped with an agitating device with torque-
meter and a condenser in the ratio shown in table 1 so that
the total monomer amount was 6.5 mol. Then potassium
acetate 26.7 mg (22}6 ppm to the total amount of the
monomers) and acetic anhydride 1.03 fold moles to the total
15 amount (moles) of hydroxy groups of the monomers were added
to the container. The mixture was polymerized under the
following condition.

Table 1: Synthesis example 1, monomer ratio .

BONG6 BP ' HO TPA

g 661.3 260.7 11.0 248.3
mol % 54 21.5 1.5 23

" Under the nitrogen atmosphere, the mixture was

20 heated from room temperature to 150°C over 1 hour and kept
at 150°C for 60 minutes, then heated to 350°C over seven

hours with distilling out the by-product acetic acid. Then

the pressure was reduced to 10 mmHg over 90 minutes. -When



10 10 10 10 100 Tn{C) 343 349 338 340 342 334 335 355 DTUL(C) 307 331 307
305 ¢ - |

20

the torque became thé predetermined level, the polymeriéing

reaction was terminated. The resulting polymer was removed

from the contéiner, cooled to solidify and crushed by

crusher to give pellets of a .wholly aromatic liquid—

5 crystalline polyester. - As | a - result, approximately
theoretical amount of acetic acid was distilled out.

The melting temperature, deflection temperature
under loéd, tensile.'strength, flexural strength, Izod
impact 'strength and dielectric loss tangent (1 GHz)

10 measured using the resdlting wholly arbmatic liquid-

crystalline polyester are shown in Table 2.

Examples 2-6, Comparativé Examples 1 and 2
| Wholly aroﬁatic‘ liquid-crystalline polyesters
15 were obtained by ﬁhe similar manner to Example 1 except
' that monomer ratio and the amount of potassium acetate used
were changed as-shown in Tabie 2. |
| The meltihg temperature, deflection temperature
‘under load, teﬁsile stfength, flexural strength, Izod
20 impact strength and dielectric loss tangent (1 GHz)
measured using the resulting  wholly aromatic liquid-
crystalline polyesters are shown in Tabie 2.
Table 2: Physicalities of the. wholly aromatic liguid-

crystalline polyesters



330 302 312 341 Tensile strength (NPa) 271 246 237 257 241 237 49 107
‘Flrexural strength (MPa) 203 207 193 201 211

10

21
Table 2
Example Comparative
| , Example
- 11 2 3 4 5 6 1 2
~ 2 [ BONG 54 54 54 54 60 |60 60 56
§ BP 121.5 |22 21 21 19 18 | 20 22
S | HO 1.5 1 2 — 11 — — =
v | RE — — — 2 — 2 - -
< | TpA 23 23 23 23 .20 20 20 22
o . .
z
°,
o
BP/ E 93.5 [ 95.7 91.3 |91.3 [95.2 90.9 | 100 100
- (BP+HQ+RE) - . ,
(mol %) .
potassium 22.6 | 100 10 10 10 10 10 100
acetate
(ppm)
Tm (°C) 343 349 338 340 342 334 | 335 355
DTUL (°C) 307 331 307 305 330 302 | 312 341
Tensile 271 | 246 237 257 241 237 |49 107
strength ' '
(MPa)
Flexural 203 | 207 193 201 211 208 | 107 163
strength
(MPa)
Izod (J/m)" 151 156 135 154 138 146 | 13 40
tané (x1073) 0.5 0.5 0.6 0.6 0.4 0.5 0.4 0.5
*

*: Value measured at 1 GHz.

The WhoIlyvaromatic liguid-crystalline polyesters
of Examples 1 to 6 which contain 90-96mol %‘of BP based bn
the total amount of BP, HQ and RE showed superior
meChanicaleroperties including tensile strength,“fiexural
strength and Izod impact stfength to those of Comparative
Examples 1 and 2 which only contain BP as aromatic diol.

The wholly aromatic liquid-crystalline polyesters

of . Examples 1-6 exhibited small dielectric loss tangent




208 107 163 lzod(J/m 151 156 135 154 138 146 13 40 tans (x10-3) * 0.5 0.5
‘0.6 0.6 0.4 0.5 ’

22

like those of Comparative Examples. The wholly aromatic
ligquid-crystalline ©polyester of the present invention
exhibited good mechanical properties without impairing

dielectric prbperties.

5
Comparative Example 3
BON6 (80mol %), BP (9mol %), HQ (lmocl %) and T?A
(10mol %) were fedyin a reaction container equipped with.an
agitating device withvforgﬁe—meter aﬁd a condenser so that
10 the total monomer amount ‘was 6.5 mol. | Though the

polymerization reaction was carried out in the same manner
as Example 1, the wholly aromatic liquid-crystalline
polyester could not be obtained because the content of the
reaction gontainer became too aggregated to carry out

15 agitation at temperatures around 160°C.



0.4 0.5 *: Value neasured at 1 GHz. The whol ly. aromatic

‘| i‘qui @-crystal | i ne pol yesters of Exanples 1 to 6 which contain 90-96nol %
of BP based on 5- . the total anount of BP, HQ and RE showed superi or
mechani cal properties including tensile gsrength, flexural strength and

| zod inmpact strength to those of Conparative Exanples 1 and 2 which only -
contain BP as aromatic diol. The wholly aromatic |iquid-crystalline

pol yesters 10of Exanples 1-6 exhibited snall dielectric |oss tangent 22

| i ke those ywofaTCarpanativmee Bxanpl es. The whol Iy aromatic |iquid-crystalline
pol yester of the present invention exhibited good mechanical properties

W thout inpairing di el e¢hioilayprapenhts. hgeﬁraabé b\fglﬂﬁgplﬁoﬁ%,ester
BON6 (80mol %9, BP (9nmol %9, HQ (I nmol %9 and TPA (10mol %9 were Ted in a

reacti on confraiinerinOubppedeWirtdpamt iag) tahing Q%%k%%é%&ilt&&qy@rﬂﬁigé and
a condenser so that 10 the total nononmer anmount was 6.5 Though t he

pol ymeri zatign reagt,i o mas La{ri®d .out in the sane nanner as Exanple 1,
the wholly aromatic Ilqu crystalllne pol yester could not be obtained

because the conter he €@action container becane too aggregated to
carry out 15ag|tterrperatures(Ta)round 160C. 23

- -CO-Ar-Co- ' (IV)
5 wherein:

- the molaf,proportion of the repeating unit represented
by formula (I) based on the total repeating units
constituting the wholly aromatic liquid-crystalline
polyester is 40-80 mél $;

10 the molar ratio.of the total amount of the repeating
units represented by formulae (II)' and (III) td the
repeating unit represented by formula (IV) is from 90/100

- to 100/90; |
the méla; proportion of the repeating unit represented

15 by formula (II) based on the total amount of the repeating
units represented by formulae (IT) and (III) is 80-99.9
mol%; and

the two "—O-“ attached to the benzene ring in formula



~WHAT IS CLAIMED I'S: 1. A wholly aromatic |iquid-crystalline polyester
‘consi,sting of the repeating units represented by fornulae (1), (1), (II1l)
and (I1V): wherein: - the nolar proportion of the repeating unit
represented ' by fornmula (1) based on the4otal repeating units
constituting the wholly aromatic liquid-crystalline polyester is 40-80 nol
% 10the nolar ratio of the total ampunt of the repeating units represented
by forrmulae (11) and (111) to the repeating unit represented by formula
(1V) is froniBD) 180e tpod 001 80:dthet anbar ppr-aperkt barhobthhe kLepeatiig iy,
unitrepresented 15 by fornula (11) based on the total anount of the
repeating ufbimsutepl egent edr byef o nul Beval bhtandofbkh ) 'g%%oﬁ?-.%- 9 mol % and
the two "-0-" attached to the benzene ring in formula 24 [11) are
positioned nmeta or para to each other and "Ar" in fornmula (1V) represents a
bi val ent aromatic group. 2. The wholly aromatic |iquid-crystalline polyester

5 accordingio clai mihewherelp themmlar pLopestLePsefilhg.r epeatidg unit
represented by formula (I1) based on the totgﬁ annug? of ?ﬁ% ?gp aﬁ?%é

uni ts ¥epr esensegh by EQFEQ@%&(ﬂﬁ)w@@ﬂeiﬁlkhei§mggng%dgﬂg@tion of the

I repeating’ unit represented. by formula (II) based on the
totalnamount of the repeating units represented by formulae.
(IT) and (III) 1s 90-98 mol%.

10 3. The wholly aromatic liquid?crystalline polyester
according to claim 1 or 2, whefein the repeating unit
represented by formula (IV) is one or more repeating.units
selected from the group consisting of the repeating ﬁnits

represented by the following formulae (1) to {(3).

(1) (3)

o @
o oo ot
~co ~co

4. - The wholly aromatic liquid-crystalline polyester

15

according to any one of claims. 1 to 3, wherein the Izod
impact strength measﬁred according to ASTM D256 using the
20 bending test piece with length of‘é4 mm, width of 12.7 mm
and thickness of 2.0 mm is greater than or equal to 100

J/m.



103. The whol ly. aromatic |iquid-crystalline polyester according to claim1l
‘or: 2 _-wherein the repeating unit represented by fornula (1V) is one or nore
repeating units selected fromthe group consisting of the repeating units
represented by the followng fornmulae (1psto (3). 4. The wholly aromatic
|'i quid-crystalline polyester according to any one of clainms. 1 to 3,
Wherein the Izod inpact strength neasured according to ASTM D256 using the
20 bending test piece with length of 64 nm wdth of 12.7 nm and thi ckness

of 2.0 nmis, greater #han,91equalroh@ 1Q0 ﬂ@ﬁid%}fzé%?ﬂbﬁqéﬂhﬁlt;wiéw tic

| i quid-crystalline polyester according to any one o ains 1'to 4, erein

‘the dielectricrd tangenty MeASUr ed at-jthed requency 4of 1y GHz; ysi pg.the
sti ck-shaped testﬂ%?ece mﬁtﬁllength of SSahnl 5w dt'h -of "1.75 nn%and ©

thiCkness(ﬁiéigg%FT@i§oé§s§aﬁeéﬂtoﬁe%%ﬂ@eé(%élé%y“%ié?uéﬁ¥29%fylaéﬁ tic

| i qui d-crystalline polyester conposition conprising par y werl ght of

the whol Iy J;24 OFRL! & dqUisdapaystalli ng; Rakyesley Accordi pg 1a any,one of
ht of at *| east

claims 1 to 5 and 0.1-200 parts by weig ne I'norgani c and/ or

organi till&iey de 0 Wioh | dn@rofiBtifoLiankds coyst gl i pe ol yester 15

conposi tion according to claim erein e i-norgani c and/or organic
filler is §§4§5%e%?f69@@£he group consisting of glass fiber, silica-alun na
fiber, alum na fiber, carbon fiber, potassiumtitanate fiber, alum nium

~borate fiber, aramd fiber, talc, mca, graphite, wollastonite, dolonte,
20 clay, glass flake, glass beads, glass balloon, calcium carbonate,

bariunlsulf@;e, tita%&“@hﬁﬁhﬂ? %Q%m%t%%ﬁbﬁg%hhgnc&@%%%gaine polyester
| compositiog comprising 100 parts by weight of the wholly

10 aromatic liquid-crystalline polyester according to any one

of claims 1 to 5 and 0.1-200 parts by weight of at least

one inorganic and/or organic filler.

7. The wholly aromatic liquid-crystalline polyester
15 . composition according to claim 6, wherein the inorganic
and/or organic filler isAselected frbm the group consisting
of glass fiber,_silica—alumina fiber, alumina fiber, carbon
fiber, potassium titanate fiber, .aluminium borate fiber,
aramid fiber, talc, mica, graphite, wollastonite, dolomite,
20 - clay, glass flake, glass beads, glass balloon, calcium
carbonate, barium-sulfate, titanium oxide and a combination

thereof.

8. The wholly aromatic liquid-crystalline polyester

25 composition according to claim 7, wherein the inorgénic



8. The wholly aromatic |iquid-crystalline polyester 25conposition according
to-ctaim7, wherein the inorganic 26 filler is glass fiber. 9. A nolded
articl e obtainable by nmolding the wholly aromatic |iquid-crystalline

pol yester according to any one af cl ai ms 5k to 5 or the wholly aromatic

| i quid-crystalline polyester conposition according to any one of clains 6
fo 8. 10. The nolded article according to claim9 which is antenna,
connector or substrate. 10 15

filler is glass fiber.

9. A molded article obtainable by molding the wholly
aromatic liquid-crystalline polyester according to any one
5 of claims 1 to 5 or the wholly aromatic liquid-crystalline

polyester composition according to any one of claims 6 to 8.
10. The molded article according to claim 9 which is

antenna, connector or substrate.
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