SPECI FI CATI ON WHOLLY AROVATI C LI QUI D- CRYSTALLI NE POLYESTER Technical field
The present invention relates to a wholly aromatic liquid-crystalline

pol yester which exhibits good nmechani cal properties and excel |l ent
dielectric properties in high frequency yegions. 1l0Background Art

In nmodern societies, multinedia in daily life is rapidly developing and ITS
(I'ntelligent Transport Systens) such as ETC device used in toll roads and
GPS beconmes widely used. In order to treat the extraordi nary increase of

i nformati on and tel econmuni cations %ﬁqplqgj s, the frequency of signals
used for the transmssion is becoﬁfﬁg ”igﬁéﬁdi.

Asnat eri al usedf or thei nf-ormti on, communi cat | evices i.ng such a high
frequency, 20 engﬁ%ggg{ﬁgﬁgﬁﬁégﬁ%sﬂg%?%% %&ﬁ?ggfﬁéﬁgeFﬁgﬁ%gﬁ?électric
properties in high frequency regions (especially in gigahertz bands)
attract attention. The engineeri.ng plastics also exhibit good

producti vi t.i , . li-gh i ght properties and therefore, they are expected
to be appl?%gﬁggggﬁ E%gééfs and package of comuni cation devices and 2

el ecteoni ¢ devi ces a§hgell gggéh_r duglec%ric bo@x and the like. -
Among "t he engi neering pl astics,” t het'mdtropit | i*quid=cr yst@l | Fne "Bl yest er

resin (whi is.called as. |iquid-crystalline polyester resin or LCP
hereinafte%?oﬁgélghélﬁﬁﬁﬁmﬁﬁkft %V%nPOB¥86§ﬁFié§1&Ha PEhegpedi a9
expected tQ bﬁaggitﬁbl%?fonﬁnanufac uriqg%gfviges_mhicb use high frequency
signals: (I '@&xcelteft'difelectT cproperiies:Hhet el-5t Prer10pemRay bbasy (Er)
i's constan;nin.tgeﬁfre uency re?ions enpl oyed and dielectric | oss tangent
(tan6) is shal't? fﬁ?q§8885pﬁ§§'8ﬁﬁrties: nechani cal properties including

| ow- expansi on property(dinmensional stab 515y), heat resistance, flane
retardancv and rigidity are good, and 15(3) good nolding flowability: which

allo rocessi ng of
%@ P gac ground Art

In modern societies, multimedia in daily life is
rapidly developing and ITS (Intelligent Transport Systems)

such as ETC device usad in toll roads and GPS becomes

widely used. In order to treat the extraordinary increase
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of information and telecommunications technologies, the
frequency of signals used for the transmission is becoming
higher.

As material used = for The information
communication devices employing such a high frequency,
20 engilneering plastics which exhibit excellent dielectric
properties in high <ZIreguency regions (especially in

gigahertz lbands) attract attention. The engineserin

{e;

nlasti
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alsc exhibit good productivities and lightweight

properties and therefore, they are expected to be arplied
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for «chassis and package of communication devices and



nol ded articles having down-sizing and thinner parts. Anong t he
| i quid-crystalline polyester resins, wholly aromatic |iquid-crystalline

pol yesters conp 2sing 6- oxy-5-naphthoyl repeating unit, 4,4'-dioxybiphenyl
20 repeating unit and aromatic dicarbonyl repeating unit in certain
proportions are recently proposed because they exhibit good dielectric
properties, heat resistance and nol di ng processability (see US Patent
Application. Publication No. 2004-152865 and US Pat ent Appllcatlon
25PUb|ICaté?@?tﬁﬁquoée%6é%§2k5 wWell as for did€eddquid, 8&¥SEQE|kﬂ%

pol yesters disclosed in the above two references and Japanese Pat ent
Appllcat|0ﬁ$k§[d open No. 2007-154169 include a great anount of

6- oxy2- napht hoyl repeating unit. Though such liquid-crystalline

e o Such ool LaxaE || AL ARGy OPBEELES ! el TERRANLGR

propertieS such asi npact strength are

Accor di ngl whol |y, aro i rystallin ol.yester si_n, whi_ch

exhlbltsex%E?ﬁentgd%% e%f??% i% %%%???es§%si%e Fﬁgél%odL [{qaﬁ¥%aﬁs
ropecties a r ~desired.  Sunmg f.the_Lnvention An

gb]gC% of %hﬁgg?ééé ?P?%%eﬁ’igﬁg{g k% p?%V% e '%5 mho¥F3 a%o%a?rz Hes

I'i qui d- crysﬂglIege]gglxﬁst%rﬂg@ﬁ%hexh%gkgs1egcgglent dlelectrlc prgrertles

in high fréquency regions as well as goo ani cal’ proper?ﬁgéc§ C

i npact stre sent |nventors f ound that a

whol |y 20ar%§a tealF%u? _2PySERIF AeT poﬁgg§FCLdr1D§h COmFiTs 646 18

oXxy- 2- nap th egeatlng unit, _4,4' -di oxybi phenyl repeating unit and aroma
re€dvencySslgnals:

c d-car onyl repea I'NQ Unit i & certain proportion and further conprises a

smal | armount of bgnzegegkg y .k epeat kng unit exh|b|ts exqellent dlelectrlc

properties’ a%d i WBY oved  frech&nt car “proper £ 85 “Sich Sas = °¢ ~at

10 permittivity (egr}) is constant -in the freguency regions
employed and dielectric loss tangent (tand) is small, |
(2} good physicalities: mechanical properties including
low—expansion properiy {dimeneional stabkility), heat
resistance, flame retardancy and rigidity are geod, and

15 (3) good molding flowability: which allows processing of
molded articles having down-sizing and thinner parts.

Among the liguid-crystalline polyester resins,

wholly aromatic 'qu?d crystalline polyesters comprising 6-
oxy-Z-naphthoyl repeating unit, 4,4'-dioxvbiphenyl

20 repeating unit and aromatic dicarbonyl repeating unit in

et

certain propoertions are recently proposed because they

exhiblt good dielectric properties, hesat resistance and
molding processability {see us Patent Anplication
Publicaticen No. 2004-152865 and US Patent Application

25 Publication No. Z004-164282).



4 inpact strength. The present invention provides a wholly
aromatic liquid-crystalline polyester consisting of he repeating

units represented by formulae (1), (Il1), (Il1) and (IV): Ot (I ) Kn--(l1)
(I'Vv) wherein: the nmol ar proportion of the repeating unit represented
by formula (1) based on the total repeating units constituting the wholly
aromatic liquid-crystalline polyester is 40-80 nol % 10the nolar ratio of
the total anmount of the repeating units represented by fornmulae (11) and

(111) to the repeating unit.represented by, formula (1) 'a%sfglomfgng/} 0to
y

100/ 90; the nolar proportion of the repeating unit represented- ormul a

(I'l1) based-9n the-total, appunt of -the, repe_4- it sented by.formul ae
(1) and (Ill)aist80-9§?9 noF%fggﬁé t‘éﬁtmoéffg%?"%g%ﬁﬁé e gpé*FﬁéiBEnzene

ring in formbha, 5, (kbl)-a6e- gahteigoq%%m%i@a_am%%é@ LeoGRch 8t hetgnd “AL

in formula (1V) represents a bival ent aromatic group. Descri’pt'i on of
the Draw ngs;, nthoyl repegigHéQ:&it§ amﬁggggfgMEPL§$é§§%DE%%E%ngEnEhe d

bbel | - shaped sPeci men used for the tensile eng
5 polvesters exhibit excellent dielectric properties, their
mechanical properties s1ch as impact strength are

relatively poocr.
Accordingly, a wholly aromatic ligquid-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 cbject of the present invention is to provide
15 a wholly aromatic liguid-crystalline polyester which
exhibits excellent dielectric properties in high frequency
regions as well as good mechanical properties such as

impact strength.

The present inventors Ifound that a wholly
20 aromatic liquid-crystalline polyester which comprises 6-
Loxy-Z-naphthoyl repeating unit, 4,4"'-dioxybiphenyl

repeating unit and aromatic dicarbonyl repeating unit in a

es a small amount of

€]

certain proportion and further compri

benzenedioxy repeating unit exhibits excellent dielsctric

[l
2]

properties and improved mechanical properties such as



Det ai | ed Description of the Preferred Enbodi nents In the
specification and clains, the term 10"aromatic" represents a group having .
an aromatic group conprising up to four rings. "Aromatic" group rmay be 6-
menber ed nonocyclic or polycyclic fusedscyclic group. "Aromatic" group al so
i ncludes a group wherein two or nore 6-nenbered nonocycLic or polycycl.c
fused cyclic groups are 15 linked by at | east one |inking group which is
sel ected fromthe group consisting of carbon-carbon bond, oxy, 01-6

al kyl ene, amae; cardopyl, sulfide, suifinyl and sul fonyl group. In the
specification and clains, the term"wholly 20 aromatic |iquid-crystalline
pol yester" refers taa wholly,ar Qﬂagh%ibhqglr%-ﬂ@é%taé'mgipﬁ?' yest.gr; whi ch
exhibits anisotrop ¢ nelt phase and is called as thernotropic

l'i qui d-crystalldnepolyester by:these skilled.i-n the, ar tt-h@ThfeﬁQh§9£%op| c
melt phase can he confirnmed by 25neans of conventional polarized _Light
system using + 6 Qrthaggnalg lighto polarlzey, In pore detail . Lhe sanple on
the hot stage under nitrogen ‘at nosphere may be observed. The whol 'y
aromatic |iquid-erys | i neQOpol yester of the present invention consists of
repeating units ) represented bylithe followng fornulae (1) to (I1V):
Co 0 -COArC-00- eretn the two "-D-" attached to the benzene ring in
formula (111¥ are poeifioned neta or para to each other and "Ar" in fornula
(I'V) represents a-bjval ent_aromatic group. The wholly aromatic

liquid-crystalli ster_1 _gons%s;ing of the above described repeating
units may include beoth tiose give anisotropic nelt phase and those do
not, dependi ng on Struct | conponents of the polyester, and ratio and

sequence distrib

liquid-crysta

ion of the conponents. The wholly aromatic
@ygster of the present

—CO-Ar-CO- (IV)
5 wherein:

the ﬁolax proportion of the repeating unit.reprasented
by formula (1) based on the total repeating units
constituting The wholly aromatic  ligquid-crystalline

rolyester is 40-80 mol &;
10 the molar ratio of the total amount of the repeating
units represented by formulas (II) and (IIT) <to ﬁhe
repeating unit represented by formula {IV) 1is from 90/100

to 100/90;

the molar proportion of the repeating unit represented
15 by Tormula (II) based on the total amount of the repeating
units represented by formulae (II) and (III) is 80-9%.9

mol®; and

the two "-0-" attached to the benzene ring in formula



15invention is limted to those exhibit anisotropic nolt phase. 7 acid as
well as ester formng derivatives such as acyl derivatives, ester
derivatives and acid halide thereof.

i nt hewhol | yaromati cliquid-crystalline pal yester of the present invention,
the nolar proportion of 5 the repeating unit represented by. formula (1)
based on the total repeating units is 40-80 nol % preferably 45-70 nol %

and nore preferably 50-65 nmol % Exanpl es of nononers which
provide th peat _unit.represer y mula (L1) are wp e
4,4'-dihyd?%ishi%h%ng#gibgggﬁélﬁégg gétégEFoﬁﬁinﬁc.dgFF§atﬁ§§s §ich*ds acyl

derivative§oghgngof anEIes of non whi ch provide the
repeating uni .

LE011y) remrese g Exanples of mnomers wh :
represented by fornula (FIT) aré Rydroqai iofe, resorcin as
wel | as ester formng derivatives such as acyl 15derivatives thereof.
nt hewhol | yaromaticli qui d-crystalline polyester of the present invention,
t he nol ar £9$Qrﬁi9nrgf%tgg r p_gtigg qqitsrepresented by formula (11)
based on the total anount “6f“th ?epeﬁ?rﬁa units represented by formul ae 20
(1) and (111) is 80-99.9 mol % preferably 85-99 mol % and nmore preferably
90- 98" ol % i n vi ew of *§dod nech%nf%aFCﬁW%%%¥fﬁeSLBFe?ﬁetﬁééﬁptER@ wWhél |y
aromatic Iigu%gC£ §t§IIinec 0I¥ester. If,tpe gnlgr p(ﬁportion of the
repeating URitoF ér@ BRERd B TBF MU ASEl FYbaSEd “6R-ChE S5C6F4tarbdht of
the repeating units represented. by fornul ae
Detailed Description of the Preferred Embodiments

In “the specifilcation and claims, the tTerm-

10 "aromatic" represents a group having an aromatic group
comprising up te four rings. "Aromatic" group may be 6-
membered monocyclic or polycyclic fused cyclic group.
"Arcmatic" group also includes a group whereln Two or mors
t-membered monccyclic or polycyclic fused cyclic groups are

15 linked by at least one linking group which i1s selected from
the group consisting of carbon-carbon bond, oxy, Cl-§
alkylene, amino, carbonyl, sulfide, sulfinyl and sulfonyl
Group.

In the specification and claims, the term "wholly

20 aromatic liquid-crystalline polyester" refers to a wholly
aromatic ligquid-crystalline colyester which exhibits
anisotropic melt phase and is called as thermotropic
liguid-crystalline polyester by those skilled in the art.

The anlsofroplc melt phase can be confirmed by

25 means of conventional polarized Light systen using



(1) and (111) is less than 80 nmol% the resulting wholly aromatic

| iquid-crystalline polyester tends to exhibit poor heat resistance.
Exanpl es of nononers which provide the repeating unit represented by
formula (1V) are aronmatic dicarhoxylic acids such as terephthalic acid,

i sophthalic acid, 2,6- naphthal enedi carboxylic acid,

1, 6- napht hal enedi carboxylic acid, 2,7-naphthal enedi carboxylic acid, 1, 4-
napht hal enedi car boxylic acid, 4,4- dicarboxybiphenyl and 10 al kyl -, al koxy-
or halogen Ltute QLI tive S e8teL form.n QQriv%}ives
such as estggggg?ﬁﬁétﬁv s an% gglgeﬁa|l ?ﬁereo?e 127 Bl SRl on

| nt hewhol | Li - . pol.yest f t
i nventi on, ¥§%S%F“'eg 5 G ot s8R, - a-ﬂ%" R fed i Hne rsre%iiet”q ng unit

represented by for Urfle ﬁ, V14D a‘%%‘?natgﬁg';g'llgg OF IR LIV STHET mor e

Prefe:ably, t?e reloeat n tLe res ! ath t t
repeating units, sel ected fromthe group consistin e repeating units
representea%by%Pﬁe folFow ng™ T or u ?a@ (Y76 5(3) %ﬁptéﬁﬁ§%ﬁ'9%nn%¢%1ﬁ ng 5
mechanpi cal operties, h eat resistance, neltln pai. nt and nnldlng
propertles OPIE q? % ¢i ngewhor T §" arenat & %u glcr§étalllne pol yester:

|

| nt hewhol | yar onat | Ii |d crystalline 10 pol yester of the present

i nvention, the ratio of the t tot;aly anmount of the repeating units
repr esent ed_by [1) and (I11) (aromatic di oxy repeatingunits) to
the repeatin esented by fornmula (1V) (aromatic di carboxy
repeating units)from90/100 to 100/90, and 15preferably 95/100-100/ 95.

““C? N O (II;

— 0 e () (III)
R
—~CO~Ar~CGC~ (IV)

wherein the two "-0-" attached to the benzene ring in
formula (IIl) are positioned meta or para to sach other and
"Ar"™ in formula (IV) represents a bivalent aromatic group.
The wholly aromatic ligquid-crystalliine polyester
10 consisting of the above described repeating units may
include both of theose gilve anisotropic melt phase and those
do not, depending on structural components of the polyester,
and ratio and sequence distribution of the components. The
wholly aromatic liquid-crystalline polyester of the present
15 invention 1s limited to those exhibit anisotroplc melt
phase.
Examples of monomers which provide the repeating

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



The nethod for preparing the wholly aromatic |iquid-crystalline polyester
of the present inventidn is not limted and any nethod known to the art can
be enpl oyed. For exanpl e conventional polynerization nethods such as 20

nol ten aci dolysis and slurry pol yneri zatji on nmet hods for preparing pol yner
to give ester bondi ng anong the above descri bed nononer conponents nay be
enpl oyed. The nolten acidolys s nethod is preferably used 10 for preparing
the wholly aromatic liquid-crystalline polyester of the present invention.

In this nethod, jthe,npnoners.are-heated;to giue il ten salution, and. then
the solution is reacted to give the nolten polyner. The final step of this

met hod may;be; carfed 't@@d§ér¥@§999%5Oa£8CEhhﬁaﬁglﬁggn%ggrgk{the

vol atil e by-products such as acetic atid or water. he slurry

pol ymeri zation methogd,is Q@@Faq$ﬁ51?§dsiQr&ﬁgkﬁgnnoqﬁﬁﬁi%L%Fr%%%g§QHEn a

heat - exchange fluid to 10 give so tate polyner the Fm o

suspensi on, € - e..) 4 qui redi.um n_ei.t her .of the

nol t en acﬁ%%?%%%ﬁ%%et dﬁ%%p&? ee%Tuyégegg %ﬁérF?gtﬁg%a§ePﬁ8§?*%ﬁgn ot

pol yneri zi. .y . he.in starm.of, .l o acyl derjvative obtained

by 1g§acylg??28Q§%%Eh§%r3§yF Q?%gg.gghgkﬁoﬁér¥§%§ L%régb ﬁ%geﬂa9§ LHE

preferably. 2-5, _pr-eferahly_2-3. carbon a Acet yl at ed noners, .are
%%% @%@%J&ﬁcﬁ gply.2-3 azmbr% t.Qms ot gfﬁ%ﬁ“ TS

most prefer y us for “the reaction. The | ower atyl’ Xres “of “t he
monomer s be t hos . betorehand.,by acyl ating the nmononers

i ndependent % o?%%ﬁilg§“$h%%%9%%%%ﬁ£e 8iﬁgtﬁ'glréaction system by addi ng an
acyl ating agent such. etic-aphydride to the nononers, upon preparing the
whol Iy aromatic |iduf -@?@%%aﬁfiﬁgxgoeY§SW§PfL25$ﬁO%W§%erﬂ8fr@%ganﬁpgen

aci dol . ysi.s method or_the. .slurry polynerizatio t ho a catalyst nmay be
used in th%mqu%a%o];f%ensjeﬂl e%e%Yr*é%’?/md“‘“a T} 22k Ekgerrpgégy Ot‘thé)lé’ﬁteglyysts
inclyge o&ggni%eﬁqn compounds_such as_dial kyl. tin oxide éﬁé' di butyl tin
oxi de) and diafyI ~tin oxide:" or ganf € Tt afi“dm Conpdunds®'suth a8 alfkéxy
titaniumsilicate and titani um al koxide; titani um dioxide; antinony ox e;

al kal i ne oral Karine edfth-fetal salt of carboxylic acid such as potassi um
acetate; salts of ier anic acid (ex. K2SO4); Lew s ggid éex“ BF3);. 10 and
gaseous acid catal ysts ' dger f ek, TREPREING

” a8 ald " Hardgenated” Wy dr by
Wien a cataly§t is usedk;tge annuné Qf_the catal yst added to the reaction
based on tHe" t ot aFPhonomers may prefefabPy be 1o~ 10862 pphy “CaRd rere-e -

preferably 20-200 p%nl ; . _The wholly aromatic |iquid-crystalline
pol yest er 0FStHe pres et i nGEniSoh may” 'Bel uht A heda F + BAY t ABSBoP&T 25V

reaction vessel in nolten state and processed to give pellets, flakes or
po %S. erivatives thereot.

In the wholly aromatic liquid-crystalline
polyester cf the present invention, the molar proportion of
the repeating unit represented by formula (IT) based on the
total amount of the repeating units represented by formulas

20 (IT) and'(III) is 80-99.9 mol%, preferably 85-99 mol% and
more preferably 9%0-%8 mol% in view of good mechanical

properties of the resulting wholly aromatic liguid-

line polvesier. If the molar proportion o

—

crysta “he

h

repeating unilt represented by formula (IT} based on the

]
8]

total amount of the repeating units represented by formulae



20Thereafter, t hewhol | yaromaticliquid- crystalline polyester may be
subjected to the solid phase heating process in vacuum or under inert gas
at nospheres such as nitrogen gas and heliumn order to inprove 12 of the
present invention exhibits small dielectric | oss tangent in high frequency
regi ons such as gigahertz hands Specifically, the dielectric |oss tangent
nmeasured at the frequency of 1 GHz using the stick-shaped test piece with
5 length of 85 mm width of 1.75 mm and thickness of 1.75 mmis preferably

| ess than pnd;eqm t9:0,00% alr@séTD{ﬁaHr@fC)ern%Q{QY, less Egéﬂzegnsqmblw

0.0008. The dielectricloss tangent of the who Ty aronat i
liqui d-crystalline polyester,of 1he,presepL.-10 iLnygatian can be peasured
by resonant cavf%y gg?turbat¥onanethod§ Phscd v%%Fquhggg*Pﬁé E?%a

i mpact strengt h-of: tthe wholly aromatic liquid-crystalline polyester of the
present invention neasured according to ASTM 5256 using the bending 15

test P ece | ength of;.od.om. wét hoalet12.7 rameand. i gknegs ol.2.0,mm i s

preferably greater than ‘or equal to 07J/ mand re prefera

than or emlttpeg%g% Amaanggt herefore, egf%bgtf%mg@i X%%'c'agfhﬂ%gpf;?%

i npact strength. e present invention further provides d

aromatic |iguid-cryatalling nolyester. coupasition cofpei sing. the unol |y

aromatic |iguid-cryst Tine polyester o prest !nvgntloh’an ’ther
B TR Ll L TR (R AT L
af ot ¢ 1140 a- or ystal [ 48 Bl yeeTor - of “Ehe present | AGeHtion,  Lrer
i 11 Cac al U he Fer AR aTt Por T Lt boh #1 Be? C RBPRSETBARTH L anaré
or nat s, "ol DL€, 212y Vgl Aes MFIARRT (1SS HRHE P ReE b T oot Ea Lum
Carbonate’a§aéé%@9S%é%%&ﬁgag%rE%% 9%%@1%§Lxe'as ester derivatives and
acid halide therecf.

In the wholly aromatic ligquid-crystailine
polyester of the present invention, examples of the group

15 "-Rr-" contained in the ~repeating unit represented by

formula (IV) include the following groups:

| |
=

\__/

<

N\

TN
= \_/

\

PN

T T



10 Anmong them glass fiber is preferably used because of its good bal ance
of physical properties and cost. The i norgani c and/ or organic
fillers may be added to the wholly aromatic |iquid-crystalline polyester
conposition of the present invention in an anmunt of 0.1- 15 200 parts by
wei ght, preferably 1-100 parts by weight per 100 parts by weight of the
total weight anount of the wholly aromatic M quid-crystalline polyester.
|f the anpbunt of the inorganic and/or organic fillers is nore than 200
parts by weight, thesppidabikity 20 of resulting wholly aronmatic
liquid-crystalline Pb?%ggnghgbnpgthi%%g %hﬁ%gtd“%g“de%ﬁQééﬁﬁF%ﬁ t he/
exhausti ng it he i nd die of .the nolding device tends to be
ancreasedafg;mu*a TN S b“Tﬁgaﬁuﬁﬁ%F%i t P+ FF qiifd B6Fyst diFne
pol yester 250r Ly .aromaticliquid-crystalline, polyester 14
conpositioﬁ§§cg%$§?ﬁggkgxfﬁé%ﬁréggé¥ﬂ?nve ?%%ﬁnﬁaynﬂﬁﬁtﬁé?rﬁéegdﬁﬂxgﬁ one
or nore additives, |t desired.. For, exanple,, noldi Iubricant+sqgh,as
hi gher aIig%%tfg“égkg?ghﬁgﬁgwﬁﬁ%[ﬂéﬁiggeéférf“hig%ﬁ?sapﬁpﬁﬂﬂ%¥%ﬁﬁ%%%
hi ghet 5 ali | ¢ aci l. salt ol ysi | oxane and f] uorocarbon resin
color%nt g@%ﬁﬁgé*§§gsp%ﬁ%%%%§ﬁghté@ﬁg%t¥8§38aﬁFFevhé?%ﬁHl%%aBPFPEe@PQUV
absorbent; antjstatic agent; and, urfagq1gctive agent may be adm xed. The
term "hi gh*é(?“éigf?%ﬁ%rﬁ%?%:ﬁe%sad refer s°tothe @’F‘@ggyofarfé@%%érl%ﬁdétons.
10 Ml din T&gbrifaggs 8 ¢ch_as_higher aliphatic acid, higher aliphatic
ester, highef aliphatic-aéfd nmetal salt or fluorocarbon-type surfactant may
be added to the pellets of &SF whol Iy aromatic I%guid-crystalline pol yest er
or the whollly aronati #iqu' -crystalline polyeé r conposition before
subj ecting the pe?$etgz~o t he poihdingpretess, s6Ch ecagent adhere to
the outer surface oﬁ the pelle ? The Pll aromatic
Iiquid-crySTgﬁdﬁ%hg/ﬁolyesrer A hol |y aromat i Iggbid-crystalline
pol yester conposition of the present invention nay conprise one or 20 nore
addi tional resin conponen{ which can be subjected to processing such as
mol ding at the same tange™®f th& tetPer afGFBETAS t hé i@HSIry raEomatiioe
liquid-crystalline polyester of the present invention, unless the
addi t onaﬁp?g%??F%%n%BnEﬁF PrFaers tHe Bbj€dt ofhe heopresentifneéntihen
25Exampl es_ of the additional resin conponents include thernoplast c resins
such as pof¥dh d&CHot yest efe poPyacebdl UnpoFypheayEens=at her fandudenat ur ed
derivatives_t hereof, PQL sul fone, polyethersul fohe, polyether inide and
pol yani dei m de, 3&Ad t hefmoset¥Pgt FesiHeBuchersaghanol Lreskn, Bpoxyer esin
and polyimde resin. The anount of the additions.| resin conponents is not
linited, arftPifay-Be détern Aedrgependent on therintendédVpr opertyatic
Typical ly, such additional resins may be added to the wholly aromatic
| i qui d- cr yStERTGHE psPyEestérdconposit -6 iGT@n amolnp ofo 100@/ 96 108npart s
by wei ght, preferably 0.1-80 parts by wei ght per 100 parts by weight of the
totaﬁ5weiéﬁﬁ”&ﬁﬁ%ﬂycﬁb{h%ovhg@1%5aronatic li qui d-crystalline pol yester
The wholly aromatic |iquid-crystalline polyester conposition of the present
i nvention may be obtHifeddyaAS dddi ngrave riimar gahiec ahd/lar organkcic
fillers, reinforcenents, additives and other resin conponents to the wholly
aromati ¢ |4ifiiidlicrypst a4 | es poloyestsérrof of hépr esentehnventiart iand pel t
kneadi ng the m xture using a kneadi ng machi ne such as Banbury m xer,
kneader, Sidigllelereily Exd ruderneting® sorew 20exteuder oent he kinkgcatda
tenperature of fromnear Tmto Tm

For example, conventional polvmerization methods such as

20 molten acldolysis and slurry polymerization methods for
preparing polymer to give ester bonding amcng the above
described monomer components may be employed.

m
AL

fhe molten zcidolysis method is preferably used



30" C. The wholly aromatic liquid-crystalline polyester or the_
aromatic liquid-crystalline polyester conposition of the present invention
may be processed in a bonded textile and the |ike.For exanple, injection
mol di ng or extrusion techniques may be preferably used. The
whol |y aromatic liquid-crystalline polyester or the wholly aromatic

i quid-crystalline polyester 5 conposition of the present invention
exhibits excellent dielectric properties in high frequency regi ons as well

as good neghani cal.. properti sugh i mp . ngth _and therefore, _s
suitably used f%ﬁeﬁgﬁugdctdﬁﬁ%g elgg?Vonfg%%%$§£gofléﬁ?é%ngfygdﬁgéélgr,

SUbStrat? €€g¥ég§@£i%% ﬁ?%%?p%gyégthhﬁgé%%ﬁ% enCyI%iQ5%%§€n?%T?%“jE8@ The

1 1,
present in ion1s fu déscribéd in reference to

Exanpl es. 15in tr | e rudirmraﬂngmmme, el ti
tenperaturﬁ%%#ﬁ%?sdgkﬁegggﬂg%fgﬁﬁe égﬁ?égg%“g? gOidt&BﬁUf¥¥§tE%%T R

ion Foa | e

strength, ex | strengt | zod i.npact. strength, and dielectric.loss
t angent (t%%b‘yggg é%sg§gggé8y%9hglg%I%ﬂﬁrﬁf%g%%e%ﬁr%@?r201Thﬁb%ﬁfﬁg

t enper at ur T - ... ...Tthe differential scanning cal orineter star
6000 %Seikot%%sf?Un%%fé PREEOSoNT B4, Prapany - of St ne! agﬁ ypémﬁ?ﬂﬁﬁcgéevice
is uSed. The LCP sanple to be examped is.heated froma roomtenperature at
a rate of 2071 ﬁf%bfe3ﬁﬁ%ﬂﬁﬁén5§fﬂtgﬁicv%éﬁﬁl?%nﬁ?yT%r?%%b}%ed¥lThe?éafter
LCP sanple _17.is gggtteqperature 20-50' C higher than Tm for 10 m nutes.
Then the sanpre~is“coored To°Toomtenperature at the rate of 20' C/ninute.

Then, LCP sample is heated again at a rate.of 20C m.nute. Endot herm c peak
founa in thenp @he sfurgy poiymerlzaglon method Es cgaracterizedp

in that monomers are reacted in a heat-exchange fluid to
10 give solid state polymer in the form of suspension in the
heat-exchange liguid medium.

In either of the molten acidolysis method or the
slurry polymerization method, the polymerizing monomer may
be in the form of lower acyl derivative obtained by

15 acylating the hydroxyl group. The lower acyl group may
have 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 these prepared Dbeforehand by acylating the moncmers

independently or may be fThose produced in the resac

ot

1ron

system by adding an acylating agent such as ac

i

cic

]

anhydride tc the monomers upon preparing the wholly

caromatic ligquid-crystalline polyester.

o
{n

in either of the molten acidolysis method or the



5final step is recorded as nelt point (Tm) of a wholly aromatic

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

i nj ection nolding machine (PH 1000 -110, Nissei Plastic Industrial Co.,
Ltd). Deflection tenperature was neasured using the test piece according to
ASTM D648 under | oad. of 1.82 MPa and heating rate of 2C/ rain. 153) Tensile
strength umbbel | - s %ed specinen with thickness of 2.0 mm

13 ) Auﬁ - h + = Py
shown in Fisg"j"tilrr(g,;ylp\?\}/aL mﬁﬁﬁégdip%%egav\ﬁdl Py “ar'onats © NG - TSt e
pol yester using.injection_nmolding machine (M N MAT M 26/15, Sum tonp Heavy

| ndustri es,mlfltcdf)O 0\}\‘/ift Iﬁleglglegnpi ng pressure of 15 ton, cylinder

tenperature of 350 C.and die tenperature of Tq'c.Tensile strength was
measured using the sp&EIHef by usimyg 1KSTRONSSE7 (URIvVEFsaPr #@8Fngin
machi ne, |nstror %@pan Co., gt-?qﬁ» w th span ;difstance,__of 25.4 mm and

pul 1i ng rate"6f "5 Fam ' n® u8 4) “Efexufall “stfength ihPugl tin cxide)
Bending test piece with length of 64 mMmm wdth of 12.7 nm and thickness of
2.0 ram wasnﬁmcg%ﬂdf&ﬂr oEﬂl% \%%&Fﬁey drofattc Firdaraier yst s iHes p6lyes esr
using inj eghikon mol di ng. machine (M N MAT M6/ 15, Sumitonp Heavy industries,
5 Ltd.) with“CFdnping pressiretortis ¥on, "ayEHder tehpatatar & idf2r850C and
die tenperature of 70C Fl exural] strength was nmeasured by three-point

bendi ng t e§t-Cdsifig | RETRERBEG7-{ LiF ver sal 2168t g nehihiead hists orea¥dpan
Co., Ltd.) with sﬁp%di stance of 40.0 nm and conpaction rate of 101.3

ram min. 5)F24d ct* sCRERGERLIC acld SUChz G | RPpaeE SstRengtet aas

measur ed accir ding to ASTM D256 using the sane test piece as that used for
measuring FPextr &l- stIEHftth-C 156) < Dil 8FectrPe: | oskevangent AUt ans) BF:)

10 and gaseous acid catalysts such as and halogenated hydrogan
{ex. HCL).

When a «catalyst 1s wused, the .amount of the
catalyst added to the reaction based on the total monomers
may preferably be 10-1000 ppm, and more preferably 20-200

15 pom.

The wholly arometic liquid-crystalline polyester
of the present invention may be obtained froﬁ the
polymerizing reaction vessel in molten state and processed

to give pellets, flakes or powders.

20 Thereafter, the wholly arcmatic liguid-
crystalline polyester may be subjected to the solid phase
neating process 1in vacumm.or under inert gas atmospheres
such as nii:ogen gas_énd helium gas in order to ilmprove

heat resistance and the like, if desired.

R
wn

The wholly aromatic liquid-crystalline polyester



Stick-shaped test piece with length of 8 mm wdth of 1.75 ram and

t hi ckness of 1.75 mmwas nolded froma wholly aromatic |iquid-crystalline
pol yester using injection nolding machine (BS46, Nissei Plastic Industrial
20 Co., Ltd.). The dielectric Loss tanggnt at 1 Giz was neasured using the
test piece with vector netWrk analyzer (Agilent Technol ogi es Japan, Ltd.)

according to resonant cavity perturbation nethod. I n
the Synthesis Exanples and Exanples, follow ng 25abbrevi ations are used.

[ Li qui d-cryst ahl.i ne,-polyestier,Jiesi m; enegr ] 30NG: 6 hydr pht hoi o
acid BP:. 4,4'- dllehyd?oxybl phler;]yi %r oqui none SRE C?lesor cin Ca} E "
terepht hali &, acid Example %rggy@mgpmdaagoq{gd Jeaverected L0 9 _feagtion 10
cont ai ner equi pped wi th an agitati ice Wt to Ge et er a

condenser_i.the ralio shoun J.n,Labl, ¥ §95ghg§*§g%ft9%o %r_cgo%l apgunt

was 6.5 nol". Then potassium acet ate m

of the m) nd.aceti n d ; 3.f 10 the.total .apount
ydr%xﬁgy gr oups Gg{fza %yq{rr% gh %_lcﬁ?é %

(ol es) of NONMEr s Wer e "at e to the" coﬁ?al ner'. The
m Xt ue e was. ol yner | zed, ynde jthe Lol ow ng. conditjon. Tabl e, 1y Synthesis
exampl e 1, omer ratio
- ls preferably less than or equal to 0.001 and more
preferably less than or equal to 0.0008.
The dielectric losg  tangent of the wholly
aromatic liguld-crystalline polyester of the present
10 invention can be measured by resonant cavity perturbation
method.
further, the Izod impact strength of the wholly
aromatic liguid-crystalline ©polyester ~of the ©present

invention measured according to ASTM D256 using the bending

) test pilece with length of €4 mm, width of 12.7 mm and

lay

thickness ¢of 2.0 mm is preferably greater than or equal to

100 J/m and more preferably greater than or egual to 130
J/m and therefore, it exhibits an excellent Izod impact
strength.

20 The present invention further provides a wholly

aromatic liguid-crystelline polyester compogition

comprising the wholly aromatic liguid-crystalline polyester

=

of the present invention and other ingredients.
The wholly aromatic ligquid-crystalline polyester

25 compesition of the present invention may be those obtained
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by admixing one or more dinorganic and/or organic filler
A

with the wholly aromatic llguid-crystalline polyester of

the present invenition.

3

xamples of ilnorganic and/or organic

P,

illers may

lnclude glass fiber, silica-alumina fiber, alumina fiber,

-

carbon fiber, potassium titanate fiber, aluminium borate
fiber, aramid fiber, taic,_ mica, graphite, wocllastonits,
dolomite, clay, glass flake, glass beads, ¢lass balloon,
calcium carbonate, harium sulfate and titanium oxide.

Among them, glass fiber ls preferably used because of its

bend

good bhalance of physical properties and cost.

The Inorganic and/or organic fillers may be added
to the wholly aromatic ligquid-crystalline polyester
composition of the present invention in an amount of 0.1-
200 parts by welght, preferably 1-100 parts by weight per
100 parts by weight of the total weight amount  of the
wholly arcmatic liquid-crystalline polyester.

If the amount of the incrganic and/or organic
fillers 1s more than Z00 parts by weight, the moldability
of the resulting wholly aromatic liquid-crystalline
polyester composition tends to be decreased or the
exhausting of the cylinder or die of the molding device
tends to be increased.

The wholly arcmatlic liguid-cryst

D
n
ot
0]

Y T

bt

1line po

0y

or the wholly recmatic liquid-crystalline polyester
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25

before subjecting the pel

composition according to the present invention may further
be admizxed with one or more additives, 1f desired. For
examp;e, molding lubricant such as higher aliphatic acid,
higher aliphatic ester, higher aliphatic amide, higher
aliphatic acid metal salt, polysiloxane and fluorocarbon:
resin; colorant such as dyes and pigments; antioxidant;
thermal stabilizer; UV absorbent; antistatic agent; and
surface active agent may be admixed. The term '"higher"
group herein used refers to the group of 10-25 carbon atoms.

Molding lubricants such as higher aliphatic acid,

higher aliphatic ester, higher aliphatic aclid metal salt or
g P J

fluorocarbon-type surfactant may be added to the pellets of

the wholly aromatic liguid-crystalline polyester or the
wholly aromatic liquid-crystalline polyester composition

ets to the molding process, 80

bt

that the agent adhere to the outer surface of the pellet.
The wholly aromatic liguid-crystalline polyester
or the wholly aromatic  liguid-crystalline polyester
composition of the present invention may comprise one or
more additional resin component which can be subjected to
processing such as molding at the same range of the
temperaturas as the wholly aromatic liguid-crystalline
polyester of the present invention, unless the additional
resin component impairs the object of the present invention.

Examples of the additional resin components



% : Under the nitrogen atnosphere, the m xture was 20 heated
fromroomtenperature to 150C over 1 hour and kept at 150C for 60 m nutes,

t hen heated to 350C over seven hours with distilling out the by-product
acetic acid. Then the pressure was reduged to 10 nmHg over 90 m nutes. Wen
20 the torque becane the predeterm ned | evel, the polynerizing reaction was
termnated. The resulting polynmer was renoved fromthe container, cooled to
solidify and crushed by crusher to give pellets of a wholly aromatic

l'iquid- Scrystadd i ne.pebyester-Asacesul L aPProxi gL eLyY- e, polvester,

polyacetal, polyphenylene ether and denatured derivatives

thereof, polysulfone, poiyethgrsuLfone, polyether imide and

polyamideimide, and thermosetting resins such as phenol

5 resin, epoxy resin and pelyimide resin. The amount of the

additional resin ccmponents ‘is not limited, and may be

cetermined dependent on the intended property. Typically,

such additicnal resins may be added to the wholly érematic

liguid-crystalline polyester compbsition in an amount of

i0 0.1-100 parts by weight, preferably 0.1-80 parts by weight

per 100 parts by weight of the total weight amount of the
wholly arcmatic liguid-crystalline polyester.

The wholly aromatic liquid-crystalline polyester

composition of the present invention may be obtained by

i5 'addinq the inorganic and/or organic fillers, reinforcements,

additives and other resin components to the wholly aromatic

liguidr~crystalline polvester of the present invention and

melt kneading the mixture using a kneading machine such as

Banbury mixer, kneader, single screw extruder, twin screw

2 extruder cr the like at a temperature of from rnear Tm to Tm

+ 30°C.
The wholly aromatic liguid-crystalline polyester

or the wholly aromatic Liguid-crystalline nolye

953
ot

ter

composition of the present invention may be processed in

o

. .

to give molded article, film, shest,

o
o

conventional manner



t heoretical amount of acetic acid was distilled out. The
nelting tenperature, deflection tenperature under | oad, tensile strength,
flexural strength, |zod inpact strength and dielectric |loss tangent (1 GHz)
| c) measured using the resulting wholly aromaticid- crystalline polyester
are shown in Table 2. Exanples 2-6, Conparative Exanples 1 and 2 Wolly
aromatic liquid-crystalline polyesters 15 were obtained by the simlar
manner to Exanple 1 except that nononmer ratio and the anount of potassium

acet ate used yere changed as,shown inifable 2. mple, THE- LFF
tenperature, deflection tenperature under | oad, tensﬁlg)streng exur al

strength, Jzod: %Oofnp@&ﬁt5§n9mmaﬂeuet~elu§9ft Ll Cpa%&%w%%ng 0t (dl GHz)

measured using the resulting wh [Ty aromatic |qu starline polyesters
are shown in Table 2y, Table12:, Physi. |étle ~th thLLy ar. Qe
li quid-crystalline Polyesters® 21 Table ngcﬁﬁﬁéfatlveJ}
H 516FI or the wholly aromatic llquld—crystaLllne po¢yest@r
5 composition of the pressnft inventlion exhibits excell ent

dielectric properties in high freguency regions as well as

good mechanical properties such as impact strength and

therefore, 1is sultably used for manufacturing electronic

parts of antenna, connector, substrate and the like which
10 use high frequency signals.

The present invention i1is further described in

reference te the following Examples.

Example

15 In the Examples and Comparative Examples, melting
temperature (Tm), deflection temperature under load (DTUL),
tensile strength, flexural strength, Izod impact strength,
and dilelectric loss tangent (tand) arse assessed by the
following procedures.

20 1} Melting Temperature (Tm)

The differential scanning calorimeter Exstar 6000

(Seiko Instruments Inc., Chiba, Japan) or the same type of
D3C device 1s used. The LCP sample to be examined is

heated Zrom a rcom temperature at a rate of 20°C/minute and

]
i

endothermic peak (Tml) 1s recorded. Thereafter, LCP sample
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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
5 final step 1is recorded as melt point (Tm}) of a wholly

ardcmatic liquid-crystalline polyester,
2} Deflection temperature under load {DTUL)
Test plece with length of 127 mm, width of 12.7
mm and thickness of 3.2 mm was molded from a wholly
10 aromatic liguid-crystalline ©polyester using injection
moliding machine (UH 1000 — 110, Nissei Plastic Industrial
Co., Ltd). Deflection temperature was measured using the
tast piéce according to ASTM D648 under load of 1.82 MPa
and heating rate of 2°C/min.
15 3) Tensile strength
2 dumbbell-shaped specimen with thickness of 2.0
mrm  shown in Figure 1 was molded from a wholly aromatic
liquid—crystaliine. polyester using injection molding
machine (MINIMAT M 26/15, Sumitomo Heavy Industries, Ltd.)
20 with & clamping pressure of 15 ton, cylinder temperature of
350°C and die temperature of T0°C. Tensile strength was
measured using the specimen by using INSTRONESE7 (Universal
testing machins, Instron Japan Co., Ltd.} with span

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

el
8
!-T]

4} Flexural strendgth
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Pending test pleces with length of 64 mm, width of
12.7 mm and thickness of 2.0 mm was molded from a wholly
aromatic liquid-crystalline polyester using injection
molding machine (MINIMAT M26/15, Sumitomo Heavy Industries,

Ltd.) with  clamping pressure of 15 ton, cylinder

Frj

temperature of 350°C and die temperature of 70°C. lexural
strength was measured by three-point bending test 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) Ized impact strength

Izod impact strength was measured according to
ASTM D256 using the same. test piece as that used for
measuring flexural strength.
) Dielectric loss tangent (tand)

Stick-shaped test piece with length of 85 mm,
width of 1.75 mm and thickness of 1.75 mm was molded from a
wholly aromatic liguid—-crystalline polyester using
injection melding machine (PS40, Nissei Plastic Iﬁdustrial
Co., Lta.). The dielectric loss tangent at 1 GHz was
measured using the test piece with vector network analyzer
(Agiient Technologies Japan, Ltd.) according te resonant
cavity perturbation method.

In the Synthesis Examples and Examples, following

abbreviations are used.



20 22 | PP/ (BP+HQ+P2) (nol% 93.5 95.7 91.3 91.395.2 90.

potassium 1l acetate '(101:11) 22.6 100 10 '10H 10 10 100

9

[

[Liguid-crystalline polvester resin monomer]

BONG:6-hydroxy-2-naphthoic acid

9 1100 100

BF: é#é'—dihydroxybiphenyl
HQ: hydroguinone
5 RE: resorcin
TPA: terephthalilc acid
Example 1
BONE, BP, HQ and TPA were fed in a reaction
10 container equipped 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 2607 myg (22.6 ppm to the total amount of the
moncomers) and acetic anhydride 1.03 fold molss 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 sxample 1, monomer ratio
BONG | BP HO TPA
g 661.3 2607 11.0 248 .3

rmol % i 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 €0 minutes, then heated to 250°C over seven
hours with distilling out the by-product acetic acid. Then
the pressure was reduced to 10 mmHg over 20 minutssz. When




TM(C) 343 349 338l

| Tensil e

[
<

@

340342 1334375 335 DTU(E) 307 331 307305l

Istrength I 1(MPa.) ! 271 F 246

20

the torgue became the predetermined level, the polymerizing

The resulting polymer was removed

from the container, cooled fto soclidify and crushed by
crusher to give pellets of a wholly arcmatic liquid-
crystalline polyester. As a result, approximately

theoretical amount of acetic acid was distilled out.

The melting temperature, deflection temperature

under load, tensile strength, flexural strength, Izod
impact strength and dielectric loss tangent (1 GHz)
measured using the resulting wholly aromatic ligquid-
crystalline polyester are shown in Table 2.
Examples Z-6, Comparative Examples 1 and 2

Wholly aromatic liguid-crystalline polyesters
were obtained by the similar manner to Example 1 except

that monomer ratic and the amount of potassium acetate ussad

weare changed as shown in Table 2.

The melting temperature, deflection temperature
under load, tensile strength, flexural strength, Izod
impact strength and dielectric loss tangent (1 GHz}
neasured using the resulting wholly aromatic liguid-
crystalliine polyesters are shown in Takle 2.

Table 2 Physicalities o©of the wholly aromatic liguid-

rystalline polyesters

330302312 341



237257241237 1 | 49 107 [ Flexural strength 1(MPa) 20 207 193201211 208 107
163 | l1zod(j/m 151 156 1351 154 | 38 146 13

21
Table 2
Example Comparative
Example
; 1 2 3 4 5 1 2
TR T RoNG 54 54 54 54 60 G0 60 56
§ EP 21.5 |22 27 21 19 T 20 2z
noLEQ 1.5 1 z _ 1 ” - —
® | RE - — - 2 - 2 - -
Ol mea 23 23 23 23 20 20 20 22
o
=
o]
e
falial
BE/ 93.5 | 95,7 51.3 91.3 85.2 0.8 100 100
(BDHHQHRE)
(mol %)
potassjmum 22.6 100 10 10 10 10 10 100
acetate
(ppm)
Tm (0] 343 345 338 340 342 334 ] 335 355
DTUL (¢} 307 331 307 305 330 302 | 312
Tensile 271 246 237 257 241 237 45
strength '
(MPa)
Flexural 203 207 183 201 211 208 | 107 183
strength
(MPa) .
Izod (J/m) 151 156 135 {154 138 146 | 12 40
tanﬁ(xlﬂ”s} 5 0.6 0.6 0.5 0.4 0.5

*: Value measured at 1 GHz.
The wholly aromatic liquid-crystalline polyesters
of Examples 1 tTe 6 which contain 90-9%6mol % of BP based on
5 the total amount of BP, HC and RE showed superiocr
mechanical properties including tensile strength,.flexural
strength and Ized iImpact strength to those of Comparative
Examples 1 and 2 which only contain BP as aromatic diol.
The wheolly aromatic liguid-crystalline polyesters

10 cf Examples 1-6 exhibited small dielectric loss tangent



40 tan 6 (x10-3) 0.5 0-5 0.610.6 1 I 0.41 1 00.4 0.5 *: Value neasured at
1 GHz. The wholly aromatic |iquid-crystalline polyesters of
Exanples 1 to 6 which contain 90-96npl % of BP based on the total anount of
BP, HO and RE showed superior mechani cal propertles including tensile
trength flexural strength and |zod |npact strength to those of
Conparative Exanples 1 and 2 which only contain BP as aromatic diol. The
whol |y aromatic liquid-crystalline polyesters 10of Exanples 1-6 exhibited

smal | dlelegt5|>fK9§§ tanggg%a ZLJQ }&Q%§eConpar t|ve Ex?gptgiylr%iyholly

aromati c

liquid-crystalline polyester of the present invention
exhibited good mechanical properties without lmpairing
dielectric properties.

5
Comparative Example 3

BONG (80mol %), BP {(Smol %), HO {lmol &) and TPA

{10mol %) were fed in & reaction container eguipped with an
agitating device with torgue-meter and 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 ligquid-crystalline
polyvester could not be obtained because the content of the
reaction container became foo aggregated +o carry out

15 agitation at temperatures around 160°C



l'i quid-crystalline polyester of the present invention exhibited good
mechani cal properties without inpairing dielectric properties. Conparative
Exanple 3 BON6 (80mol %, BP (9nol %, HQ (inpbi % and TPA ﬁ were fed in a
reacti on container equipped with an agitating device wi t HCP aue-neter and
a condenser so that 10 the total nonormer anmount was 6.5 nol. Though the

pol yneri zation reaction was carried out in the sane nmanner as Exanple I,
the wholly aromatic liquid-crystalline polyester could not be obtained
because thgatoateAt~o6fEPhéSreacti on contai ner becane too aggregated to
carry out agitation at tenperatures around 160C. MCSLLP 23 WHAT IS CLAI MED
1S: 1. A whol |y aroméit i €h P4 gui dricrgastiad | |lﬁéuﬁ61‘¢é§t5é{a1edﬁ‘§i sticngeef-ethe
repeating units represented by formulae -CO Ar-00-(1V) 5wherein: t he
nol ar proporfi 6h16F he ﬁE%ea??%@ hﬁgt“Péﬁ?e§€ﬁﬁ€§ﬁﬁﬁ@%r%ﬂl§€Ffubé§ed on

t he total gpegt;ggngﬁ &f cogst tthemhollyaronatlclqu|d crystalline
polyester 7 ; he nolar ratio of the total anmount of the
repeati ng unlts é3by formulae (11) and (I11) to the repeating
unit representéd la (1V) is{ffom90/100 to 100/90; iii) the nolar
proporti on.of t ting unit represented by formula (11) based on the
total anountOof tthe répeating units represented by formulae (I1) and (111)

is 80-99.9 nol % —wherei n: the two "-0-" attached to the benzene
ring in fornyl O O o 111
woj@c‘_ (111

~CO-Ar-CO- (IV)

5 wherein:

i) the molar preporticon of the repeating unit represented
by formula (I} based on the total repeating units
constituting the wholly arcmatic liguid-crystaliine

pelyester 1is 45-70 mol %;

16 11) the molar ratio of the total amount of the repeating
units represented by formulae (LI} and (IXII) tc  The
repeating unit represented by formula (IV) is from 920/100
to 100/90;

iii) the molar proportion of the repeating unit represented

15 by formula (II}) based on the total amount of the repeating

units represented by formulae (II) and {(III) is B80-99.9

SO

mol%;
wherein:
the two "-0-" attached to the bkenzene ring in formula

20 (ITI) are positioned meta or para to each other and "Ar"” in



20(1'1'l') are positioned neta or para to each other and "Ar" in MCSLLP 24
formula (1V) represents a bivalent aromatic group. 2. The whol ly

aronmaqui d-crystal li ne polyester according to claim1, wh&(&lhPt he nol ar
proportion of the 5 repeating unit represented by fornula (11) based on the
total anmount of the repeating units represented by forrmulae (11) and (111)
is 90-98 nmol % 3. The wholly aromatic |liquid-crystalline polyester 10
according to claiml1 or 2, wherein the repeating unit represented by
formul a (lE¥yniugaonévor represeepeati dgvanet:s sebeet-ed Hromst.he group
consisting of the repeating units represented by the follow ng formulae (1)
to (3). (1) CO IMOCO,""COCC) 15 4. The wholly aromatic

| i quid-crystalline onester according to any one of clains 1 to 3, wherein
the 1zod Fnpact stréht Wifedsuredacor di kg t6- ASTR-0256"8s g vERé ebendi ng
test piece mntH‘sha pe of 12.7x 64 x 2.0 mmis 20 greater than or equal to
100 J/m “5CCFHE Nghdlq y- et Ohrat i ci”’raupﬂncﬁ??t a1 e %B?V%S?e?“a&jéort&ieng to

any one of .cLale 1 4o 4 .iereln.the . electric 1055, tangent grasured at

total amount of the repeating units represented by formulae

(X} and (III} is 90-98 mol%.

3. The wheolly arcmatic liguid-crystalline polyvester
10  according to claim 1 or 2, wherein the repeating unit
represented by formula (IV) 1s one or more repeating units
selected from the group consisting of the repeating units

represented by the following formulae (1} to (3).
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4. The wholly aromatic liquid-crystalline polyester

according tc any cone of claims 1 to 3, wherein the Izod
impact strength measured according to ASTM D256 using the
bending test pilece with shape of 12.7 x 64 x 2.0 mm is

20  greater than or eqgual to 100 J/m.

5. The wholly arcmatic liguld-crystalline polysaster
accerding to any one of c¢laims 1 f£o 4, wherein the
dielectric loss tangent measured at the frequency of 1 GHz

25 using the stick-shaped test piece with length of 85 mm,



25 using the stick-shaped test piece with length of 8 mm  MCSLLP 25 w dth
of 1.75 mmand thickness of 1.75 mmis less than or equal to 0.001. 6. A
whol |y aromatic liquid-crystalline polyester 5 conpositio% §|ngrising 100
parts by weight of the wholly aromatic |iquid-crystalline & %§ ster
according to any one of clainms 1 to 5 and 0.1-200 parts by weight of at

| east one inorganic and/or organic filler. 10 7. The wholly aromatic

| i quid-crystalline polyester conposition according to claim6, wherein the
i nor gani ¢ vand/horoforigaiti ¢ rfni |dret tilsl cAtndseastt dnel selrectied faomidrhe: group
consisting of glass fiber, silica-alumna fiber, alumna fiber, carbon
fiber, potsssilurhct i%-aitat-e fiber, 15 aluminiumborate fiber, aram d fiber,
talc, mca, graphite, wollastonite, dolomte, clay, glass flake, glass
beads, gl ass ball oon, cal cium carbonate, bariumsulfate and titani um oxi de.
20 8. The ?@olly ar omat uid-crystalline polyester conposition according

ic Li |
to claim 7 wherein’t hé’%PﬁéggaﬂF'Em Fifert 48 gl assY Tibetin9. Amoicded articl e
obt ai nabl e,_by nol di ng the whol | aromatic |iquid-crystalline palyester
accor ding E8TATy "o of CGPAI MY £R75 o P Hhal Ty e te Fee el
| i qui d-crystalline est i [ n ne _of clains 6
to NCSLLsﬁ%%ag}@lgg%ﬁ%S%ﬁfge ar??% égg%%%ﬁg%%ggggg%?gPﬁlgowﬁpgh%nf
antenna, GONNECL:Ofs Of subsfirale. o 1-200 parts by weight of at least

19

one inorganic and/or organic filler.

0 7. The wholly aromatic liquid-crystalline polyester
compositicn according to claim 6, wherein the inorganic
and/or organic filler is at least one selected from the
group consisting of glass fiber, silica-alumina fiber,
aiumina fiber, carben fiber, potassium titanate fiber,

i5 aluminium borate fiber, aramid fiber, talc, mica, graphite,
wollastonite, dolomite, c¢lay, glass flake, glass beads,
glass Dballoon, <calcium carbonate, barium sulfate and

Citanium oxide.
20 8. The wholly aromatic ligquid-crystalline polyester
composition according to ciaim 7, wherein the inorganic

filler is glass fiber.

9. A molded article obtainakle by molding the wholly

]
[S3]

aromatic liquid-crystalline polyester according to any one
of claims 1 te 5 or the wholly aromatic liguid-crystalline

polyester compesition acceording to any one of claims 6 to
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10. The molded article according to c¢laim 9 which is

antenna, connector or substrate.



