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[Mﬂm RODUCI NG I T. Technical. Field 5 The
-lMﬂMﬂﬂWﬂl ntion relates to a4 wholly aromatic

l'i qujfzcrystalline. polyester. resin and a nethod
for. producing the sane. Background Art 10
Thernotropic liquid-crystalline. polyester resin
which is ¢ [ TNTRa Y e resin
gr LCP herg?%%?%%r?ﬂ%gggg%%ggp%%gg?g?gé %ﬁgﬁgding
heat resistance I cal_ pr ties._such as
rigidity,. chenf &) %@gﬁ%g} ﬁ&%@@%ﬁén@onm
accuracy and is used not only for. nolded 15 articles
but also for a. variety. of products such as fibers
and films. . _ Particularly, personal conputers and
TrebPEEalphéRes enpl oy highly integrated devices and
the art wishes to use downsized, thinner. and smaller
- parts forThAempugpente invenmabhon meihtes to a wholly
tel ecommuni cation fields, very thin 20 parts, as thin
agomgtsic nmaridiesgsodllhest podkmesssr aresinsared | BESnethod
requi red. Based on the excellent nolding properties
fotr phedh€Psgi nhkudiang .good flowability and less flash
devel opnent conpared to the other thernoplastic
resins, consunption of the LCPs has. been increasing..
25 Liquid-crystalline polyester resins which have
Background Art

Thermotropic ligquid-crystalline polyester resin
(which is called liquid-crystalline polyester resin or LCP
hereinafter) has good properties_including heat resistance,.
mechanical properties such as rigidity,.chemical resistance

and dimensional accuracy and is used not only for molded

articles but also for a variety of products such as fibers

and films. . Particularly, personal computers and mobile
phones employ highly integrated devices and the art wishes
to use downsized, thinner and smaller parts.for them. In
the information and telecommunication' fields, very thin
parts, as thin as 0.5 mm or less. of the thickness, are
sometimes required. . Based on the excellent molding
properties of the LCPs including good flowability and less
flash development compared to the other thermoplastic
resins, consumption of the LCPs has been increasing..

Liquid-crystalline polyester resins which have
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good. nechanical. properties,. thermal. properties.

and an excellent. noldability have been proposed.

For. exanple, Japanese Pate Application Laid open

No. Hei. 01-294732. and U S. Patent No. 4,849, 499.

provide liquid-crystalline. 5 polyester., resins.

produced by pol ynerizing nononmers such as.
gpofydregypBasailc REPReritdespht Halgmnadei dproperties and an

2, 6- napht hal ene di carboxylic acid and
e&call@nhydrrcob@atbph:ewl higwe abmethoeropuedd as sFarr yexample,

pol yneri zation nmethod or nolten acidolysis. Recently,

Thpamiede cipdtealtl | Apppobyesber Iisd nspane NALO Bapl oyed-294732

for a variety of uses wherein the LCPs. are.
apd otessedpratena INgh- uesper, aoyr epsoehdas.liquid-crystalline
sol der-wel ding and infrared refl ow wel ding. However,

pbhecbtayi deshyist @Jrlddﬂﬁ:ecDQiWe;SéEymégiztﬂﬁgpfn@ﬂ@fﬁégfsb)éuch as
pol yneri zati on a nmethod such as slurry polynerization

pOhydPbk PR HO! Yaid 4 nofte%ah@htall@ suthi Clzeret—rﬁ‘iﬁ{thalene
resistance. In order to obtain a Iiquid-crystalline

dp@éyﬁémmfg%fa %hg azﬂ @Xﬁ@il%xg&@oggg%?héﬁiiStb%zncg ‘method

nmet hods™ usi n ase polyneri ave been

SGEEPRIZ0EO) EXRTILEy ol BELS 0ty s
coor Sy SRR LR A o o
‘ﬁ ﬁ‘b\l’JCI ng. L i qU| d- ch)_/est al | |Pe oI yegﬁeerrelréey ns, \mﬂccphs. are
processed at a high-temperature such as solder-welding and
infrared reflow-welding. However, the liquid-crystalline
polyester resins produced by polymérization_a method such
as.slurry bolymerization or molten acidolysis not exhibit
sufficient heat resistance. |

In order to obtain a liquid-crystalline polyester

resin with an excellent heat resistance, methods using

solid phase polymerization have been proposed. For example,

U.S. Patent No. 6,582,625, Japanese Patent Application Laid

Open No. 2000-248056 and Japanese Patent Application Laid

Opén No. Hei. 11-246654 disclose methods for producing
liquid-crystalline polyester resins which comprise
preparing powdery or pellet-formed prepolymer with a low
polymerization degree and heating.said'prepolymer in solid

phase to give polymers with high degree of polymerization.
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preparing powdery. or pellet-fornmed prepolynmer with a

| ow. polynerization degree and heating. said 24 NOV 2006

prepol yner in solid 25 phase to give. polyners with
hi gh degree of polymerizationy 2 4 NO V 2006 3 As
l'iquid-crystalline. polyester resins. obtained by.
said solid phase. polynerization nethod, U S. Patent
Nos. 5, 015 723 4,742,149, . 4,639,504 and 4, 311, 823

di scl ose. wid-gr e _pol ye ter resins
conposed éﬁ ﬁﬁomn%§ % iﬂ%H&neg Fsr resins obtained

hydr ox oi.c acid tere hthallc acid, ii
b%‘ ¥lgiﬁygﬁ6§§gFﬁﬁé@ﬂ megl%?i% %&9na%h$ha?% gnt Nos.
1 aromatic dIO|S such as hydrqu|none In
a535t ﬁ) Fapditedd.? Patlerft3 2?4 caridn 4aBll, §Pan disclose
Sho. 62-235321 discloses. a liquid-crystalline

l&@P}@sFeb’slt@élﬁn@onm%}é%lsbﬁPrf sldsovingcemposeds ofi ) following
p- hydroxybenzoic. acid, 15 iii)
m@P@meéﬁhydroxybiphenyl, iv). 2, _
6- di hydroxynapht hal ene,. v) aromatic diols such as
ihydrbgdireaybenaad c aic)id?, 6- napht hal ene dlcarboxyllc
acid.. Conventionally known [iquid-crystalline
ipol yestehrhaldQ o esiidg obtai ned by. solid phase
pol ymeri zation exhibit good heat. resistance because
ief) hiugh 'degheeireix yRalyReRi1Zat i on,
iv) 2,6-dihydroxynaphthalene, and
v) aromatic diols such as hydroguinone.

In addition,. Japanese Patent Application Laid
Open No. Sho. 62-235321 discloses a liquid-crystalline
polyester resin composed of following monomers:

i) p-hydroxybenzoic acid,

iii) 4,4'—dihydroxybiphenyl,
v).-2,6-dihydroxynaphthalene,

v) aromatic diols such as hydroquinoné, and
vi) 2, 6-naphthalene dicarboxylic acid..

Conventionally known liguid-crystalline polyester
resins obtained by solid phase polymerization exhibit good
heat resistance because of high degree of polymerization.
However, such liquid-crystalline polyester resins have a
relatively high melt point and high melt viscosity and

therefore, their molding processability was not

satisfactory. The art desires ligquid-crystalline polyester
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However, such |iquid-crystalline polyester resins have

a relatively high melt point and high melt viscosity. 24 NOV 2006

and therefore, their nolding processability was not
25 satisfactory. The art desires liquid-crystalline
pol yester. 2 4 NOV 2006 4. résins which show both
hi gh heat resistance and excellent noldability. The
art also. desires liquid-crystalline polyester resins
containing no flanme retarder such as harnful brom ne
rgsdogpolrichwnseow chatbxhiilgh kpod feahetreter daxtyexcellent
SUVMARY OF | NVENTI ON An obj ect of the. present
mphdebtilanyi.s to provide a wholly aromatic
l'iquid-crystalline polyester resin which 10 exhibits
hi gh heat Thesigtaadecankd séxea |1dnriuipi-epefdt €51 i gidiefester -
object. of the present invention is to. provide a

rﬁeth@dcbﬁta@hﬂdgch6gfﬂﬁ&d|ﬂ@ﬂiﬁﬁﬁﬂ%&%ﬂld33harmful bromine
pol yester. resin. Furt her object of the. present

cbﬂ}eﬁ@ﬁhtﬂoﬁhhéht eaar Q%hd®id gldoqy'fqa%{eystt@éa]fd%cy
yester. resin conposition. conpri sing 15 the

_I|qU|d crystalline polyester resin of. the present
i nvention. The present invention provides. a |iquid-

s@MMﬁh?'b?n%N99h¥§6 er obtai nable by a nethod

conprisingt eps of; 20. preparlng a prepol yner.

. ?gpﬁhf;gngp?fbbgﬁfr%ﬂf?% %Q%E%Q%ééb %EgheQS to provide
a wholly aromatic liquid-crystalline polyester resin which
exhibits high heat resistance and excellent properties.
Another object of the present inventiqn is to provide a
method for producing the liquid-crystalline polyester resin..
Further object of the present invention is to provide a
liquid—crystalline  polyester resin composition . comprising
the liquid-crystalline bolyester resin of the presént
invention.

The present invention provides a liquid-
crystalline polyester obtainable by a method comprising the
steps of;

preparing a prepolymer consisting of the repeating
units represented by formulae (I), (II),. (III) and (IV):

p
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CM2 4 NOV 2006 5 [CcocO (Il). 4 a/ [/ O(lll) r CO
COl Is (IV). wherein, p, q, r. and s represent
relative . nolar. proportions (mol % of the
repeating units in the liquidwcrystalline polyester
resin and satisfy the follomﬁég formul ae: 60:p-80 5
0:rc20 10cq+s<-20 0.05:s/ (qg+s) X0.3 p+q+r+s=100;
and heating the prepolyner in substantially solid

state. at 10 250-350C, provided that the. liquid
crystal 8 pol yester has. a deflection tenperature.

of 280-340Qf;. and a nelt viscosity
of L 10- 68—Fa. s, erein the nel't viscosity is

determ ned at a tenperature 15 30C higher than the

.crystalline nelting t erature. of. the res!n, whi ch
is|deteym Red Oy differential scanning calorinetry,
ang 4 stheay/ Ta 2 . SETrh. -

r
DN '
co s (1v).

wherein, p, g, r and s represent relative molar proportions
(mol %) of the repeating units in the liquid-crystalline

polyester resin and satisfy the following formulae:

10=<g+s=20

0.05<s/(g+s) 0.3

- p+tg+r+s=100; and

heating the prepolymer in substantially solid state at
250-350°¢C,
provided that the 1liquid crystalline pélyester has a
deflection temperature under load (DTUL) of 280-340°C,. and
a melt viscosity of 10-60 Pa.s,
wherein the melt viscosity is determined at a temperature
30°C highér than the crystalline melting temperature of the
resin, which is determined by differential scanning

calorimetry, and a shear rate of 1000 sec-1.

24 NOV 2008
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Figure. 1 is a schematic. representation of.
har noni ca- shaped di e used for. the assessnent of
nmolding. 5 flowability.. The die has. |length of 150.
mm width of 15 mm and depth f 10 mm It has 54.
grids and a side gate. of 5. mmx 0.5.mm DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 10 The
l'iquid-crystalline. polyester resin of the present
invention is. not specifically linmted and may be
any. polyester resin which exhibits. anisotropic. nelt
BﬁﬁﬁgeDEéﬁBIP§I©5ID§dTﬁ§ DRAMWTN opi C.
l'iquid-crystalline. polyester resin by those skilled
in the arFighbeThe anisot mopi echehdét pbaseepadsb@tation of
confirmed by neans of conventional polarized |ight.

haysbeicdssngpear tdiogondled | Eght 10 akiszRissmeht MOF€.molding

detail, the. sanple. on the Leitz's hot stage. under
fnwa]@g@mt§t nosphers 1k Pl e ryed1 vt Aml et gts of 15 mm
pol ari zati on m croscope. 20 e |iquid- crystall|ne
a]@@zl MEBLAr JJresion @f. t her present qlﬂvcﬁsntér?@ éssszagpga%% of 5
. aromati c oxycarbonyl. repeating unit, aronat

mglgxy gepeating unit and aromatic dlcarbonyl _
repeating unit. The |iquid- crystalline polyester resin
of the. 25 present. invention conprises a
p- oxybenzoyl repeating unit 2 4 NO V 2006

DETAILED DESCRIPTION OF THE INVENTION

The liquid—cfystalline. polyester resin of the
present invention is not specifically limited and may be
any polyester resin which exhibits anisotropic melt phase
and.is called as.thermotropic.liquid—crystalline polyester
resin by those skilled in the art.

The ‘anisotropic melt phase can be confirmed by
means of conventional polarized 1light system using
orthogonal light polarizer.. . Ih more detail, the sample on
the Leitz's hot stage. under nitrogen atmosphere may be
observed with Leitz's polarization microscope.

The liquid-crystalline polyester resin of the
present invention is composed of aromatic oxycarbonyl
repeating unit, aromatic dioxy repeating unit and aromatic
dicarbonyi repeating unit.

The 1liquid-crystalline polyester resin of the

present invention comprises a p-oxybenzoyl repeating unit
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7 shown by fornula (1). as. aromatic oxycarbonyl . 24 Nov 200
repeating. wunit:. C (1) P wherein p represents

nol ar proportion (nol % of repeating unit of.

formula (1) in the. liquid-crystalline polyester 5

resin. According to the. inverdtion,. the nolar

proportion of. the repeating unit of. formula (1) is

60-80 mol % preferably. 65-75 nol % based on the.

total repeating units. in the liquid-crystalline
spopesber fewmmla 10(1)Exampl esomafticnoorpeasbonkilchrepeating
provide the. repeating unit of forrmula. (1) are
up4iliydr oxybenzoi c acid. and ester formng derivatives

such as acyl derivative, ester derivatives. and acyl

hgt i de. thereof 7 The liquid-crystalline. polyester

I gsi ‘ resent invention conprises aronmatic
dicgﬁb ﬁt ting units(Ehown by fornulae (11) and

(1) : C41pCO COIls (1V). wherein, g and s
represent nolar proportions (nmol. % of. 2 4 NOV 2006

wherein p represents molar proportion (mol %) of repeating
unit of formula (I) in the liquid-crystalline polyester
resin. |

According to the invention, the molar proportion
of the repeating unit of formula (I) is 60-80 mol %,
preferably 65-75 mol % based on the total repeating units
in the liquid-crystalline polyester resin.

Examples of monomers which provide the repeating
unit of formula (I) are p-hydroxybenzoic acid. and ester
forming derivatives such as acyl derivative, ester
derivatives and acyl halide thereof.

The liquid-crystalline polyester resin of the
présent invention comprises aromatic dicarbonyl repeating

units shown by formulae (II) and (IV):

foOp
co cO |
q
c0 |
c0 . (IV).

wherein, g and s represent molar proportions (mol

o\
~

of
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the. liquid-crystalline polyester. resin, 24 NOv 2006

respectively.. The total anmount of the aromatic
di carbonyl . repeating units of, formula (11) and (1V)
in the LCP of the 5 present invention,. represented
as (q +. s) is 10-20 mol % . preferably 12.5-17.5 np
% based on the total. repeating. wunits in the.

qui.d-crystalline. palyester sin. According to the
%ér#;gnﬁnﬁﬁ?/}métan sf%arin?/@ﬁ/ (f[i | FFhg IOEBYRA a(1B) o5in  the
.18 s/(g+s)..0.3,. preferably 0,08. 10 s/(qg+s) <
%f%f;%S&é%%%%%%ﬁn T3t Shi RS PR ovi BlePeepedtiltg

units. of formula. (I11) are terephthalic. acid and

ester. fOrf ngUerh vt seEh Bkeeseepmdbivatiivesbonyl

and acyl halide, thereof. 15 Exanples of. nononers.

LSRR S Prowde s eplai prgulaudiifs. aofd f(@Wiulian (the BCR of the

2, 6-napht hal ene di carboxylic acid and ester formng

Pdersierdt | vessnsimh asepseeentedi wat i (st andisacy-20 mol %,

hal i de thereof. The liquid-crystalline polyester resin

pofeferfad 1201 pr&sent 5i mueEnt ROrbL0ePr best @& ORRidg di-8X¥ating

repeating unit shown by formula (111): d/ / 0 (I11)

unitehereithe 1 irRAIBSENtS 40l Bfe BOPRESEON £0D1 % of

the. 2 4 NO V 2006 _
According to the invention, q and s satisfy

following formula; 0.05 = s/(g+s) = 0.3, preferably 0.08.
= s/(g+ts) £ 0.2. | | |

Examples of monomers which provide repeating
units of formula (II) are terephthalic acid and ester
forming derivatives, such as ester derivatives and acyl
halide, thereof. |

Examples of monomers which provide repeating

uhits.of formula (IV) are 2, 6-naphthalene dicarboxylic acid

and ester forming derivatives such as ester derivatives and

acyl halide thereof.
The liquid-crystalline polyester resin of the
present invention comprises aromatic dioxy repeating unit

shown by formula (III):

£

r

wherein, r represents molar proportion (mol %) of the
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9 repeating. unit of. formula (II1). in the
liquid-crystalline polyester resin.. According to.
the invention, the nolar proportion of the. repeating
unit of forrmula (I11) is 10-2 % 5 preferably
12.5-17.5 nmol % based on the. total repeating units
in the liquid-crystalline polyester resin. Exanples
nononer s whi ch prOV|de repeating. units of
for La (111 hydr ybi pheny and, ester
TR ARSI b e SOSHEN an L Byt GBH V- Ty sTal Line
thereof. 10 In the |iquid- crystall|ne pol yester resin
p@#y?ﬁéerpF§§éﬁt invention, it. is preferable that
total molar amount of the aromatic di car bonyl
r epeat i ngAcgardsngf tof drlvaul Eevenrtionanghel volasd pmportion
nol ar anount of the aromatic dioxy repeating unit of
of orthdl arépeb)iage wubst aft i &biyulaqualll)1l5iFhe pr2dsembl 3%,
i nvention provides a nethod for. producing a
ptefjardbtyydizal 34k pohmpaster bassidn shi athe coopal seepeating
the steps of; preparing a pellet of. prepol yner
unOosi shi bgeof i ghed-eepeatilngneniphs yeepreas erisad by
formulae (1), (11), (I11) 20 and (tV) : CO(lI) Q-0

P C(Il). ERamples of monomers which provide repeating
units of formula (III) .are 4,4'-dihydroxybiphenyl,. and
ester forming derivatives such as acyl derivative thereof.

In the liquid-crystalline polyestér resin of the
present invention, it is preferable that total molar amount
of the aromatic dicarbonyl repeating units of formulae (II)
and (IV) and the molar amount of the aromatic dioxy
repeating unit of formula (III) are substantially equal.

The present invention provides a method for
producing a liquid-crystalline 'polyester resin which
comprises the steps of;

preparing a pgllet of prepolymer consisting of the
repeating units represented by formulae (I), (II), (III)

and (IV):

L=t .
p ) .

——co@co% '11
I . (11).

24 NOV 2006
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r and s represent relative nolar proportions. (nol % 24 NOV 2006

of the repeating units in the. liquid-crystalline
pol yester resin; and heating pellet. of prepolyner in
substantially solid 5 state : ¥ 250-350C. In the above
method, p, gq,. r and s represent relative nolar
proportions (nol 9% . of the repeating units in the
liquid-crystalline. polyester resin and preferably

' R g=Qwi ng]formul ae; 10 60: p80 10-r20
o@ shlgts) p+g+r+s =10 0 . 15

QL Nystal | 3 polﬁg er resin of the
present invention is obtained by. a nethod which.
npri Rr epar i-ng prepol ymer by pol ycondensati on
» provi de the repeating units shown
- EIV) usi iygy known pol ycondensati on
t hods”such as ten 20 acidol ysis nmethod and slurry
pol yneri zation nmethod, and 2 4 NOV 2006

wherein, p, g, r and s represent relative molar proportions

(mol %) of the repeating units in the liquid—crystélline
polyester resin; and

heating pellet of prepolymer in substantially solid
staté at 250-350°C.

In the above method, p, q, r and s represent
relative molar proportions (mol %) of the repeating units
in the liquid-crystalline polyester resin and preferably
satisfy_the following formulae ;
60=p=80
10=r=20
10=g+s=20
0.05=s/(g+s)=0.3
ptg+r+s=100.

The liquid-crystalline polyester resin of the
present invention is obtained by.a method which comprises
preparing prepolymer by pblycondensation of monomers which
provide the repeating units shown by formulae (I) - (IV)
using known polycondensation methods such as molten

acidolysis method and slurry polymerization method, and
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11 heating. said prepolymer at 250-350C.. The nolten
-acidolysis nethod is. preferably. used for preparing
the prepolyner of the present invention. In this.
nmet hod,. the. nononers are heated to give. nolten 5
sol ution and then the solutiohlis. reacted to. gi ve
the. nolten polyner. The final step of this nethod
may be carried out. under. vacuumto facilitate
removal of. the volatile by- products such as acetic
hﬁéﬁénﬁrS@éﬁeprepﬁéym§ﬁu@¢y266*?%%%|zatlon method is
characterized 10 in that nononers. are. reacted in a
heat - exch@hge mfdljiah t acidglyeisolmedhordat s pplrpderabdy used
the formof suspension in the heat-exchange |iquid

fredipuepalring tther pofepgdiement teh Boéedpkgsestnénivethtdron. In

the slurry polynerization nethod, the polynerizing
thhsoneethdl, compenenbs oy she.arien thha tdenatiy edyifved Mmolten
i e. as | ower acyl ester, which can be obtained by.

sestenbhyi me t e diydeasyl soroupn e hueitedCyb. give the
group. may have preferably. 2-5, nore preferably. 2-3

n62EBAN FEOfRer. ACEtYL. ﬁﬁ{aelrss%re% nost tipref %%%lo\a may be
used for t reaction.. 20 The | ower acyl esters of

cgyglgenomsmer b%actdméetere@geggl@sﬁgrepéﬂgvm of the

acylating the. nononers | ndependently or hose

veﬁggugsdbw gu&sagh'cﬂnas%%te%mcbsysgﬂd%&ngmfﬁ%

acyl ating a such as acetic  anh

TONOMET S the .prepol yner, In either
of the no en EC| glﬁs gmerﬁﬁgglgr gho is" cHarscterized

in that monomers. are reacted in a heat—exchange.fluid td
give solid state polymer in the form of suspension in the
heat-exchange liquid medium.

In either of the molten acidolysis method or the
slurry polymerization method, the polymerizing monomer
components may be in the denatured form,.i.e. as lower acyl
ester, which can be obtained by esterifying fhe hydroxyl
group. The lower acyl group may have preferably.2—5, more
preferably 2-3 carbon atoms.. Acetyl esters. are most
preferably used for the reaction.

The 'lower acyl‘ esters of the monomers may be
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 prepolymer.

In either of the molten acidolysis method or the

2 4L NOV 2006
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2 4 NOV 2006 12. slurry polynerization nmethod, a

catalyst . may. be used in the. reaction, if. 24 NOV 2006

desired. Exanples. of. the catalysts include organic

tin conpounds such as dialkyl_tin oxide (ex. dibutyl

tin oxide). 5 and diaryl tint®xide; organic titanium
~conpounds such as titanium di oxi de, antinony.

trioxide, alkoxy. .titanium silicate. and titanium

al koxi de; alkaline. or alkaline earth netal salt of.
5&8FEBX9P#¥m§EFEa§a@H B§thetas i Gatadetsdt aay fid used in the
gaseous aci d catal ysts such as Lewis acid (ex. BF3)
raadtien, hafogepared-hydrogen (ex. HCO). In the.

present. specification, the highest reaction :

t enper at uEBamplehe @Ol yoter i zattiadiysafs piepaéldrersrgasic tin
referred as. Tmax. In the present invention;. the term
ctppepoliyneuth 45 déebeékglt aipobyiele wiekh |dwudsar ed ofoxide)
pol ynmeri zati on which is obtained by the
ang! yidengansgin 0Bxfaagt i @fyak Whk €Bnkisim Sh®etees t Such as

sol id phase pol ynerization reaction afterward. The

t PEEROLY MBI 1RAS a&,y St aht iR8hH{ 0N L8MREI Ur e ( 6% yOf titanium
from Tmax-60C to Tmax-5C. and has. crystalline:

s{elEing 2Qqt enpanatw & 1609, faem. .'é?CaﬁQFl%ne earth
Tmax+20C. Preferably,. the prepolyner has Tc o rom

TR SR ot G I oLl ) TOBHAO0AS scotate
aﬁéogggggsg'acid catalysts such as Lewis acid (ex. BF3;) and
halogenated hydrogen (ex. HC1l).

In the present specification, the highest
reaction temperature in the polymerization of prepolymers
is referred as Tmax.

In the present invention,. the term "prepolymer"
refers to polymer with low degreé of polymerization which
is obtained by the polycondensation. reaction and which is
subjected to solid bhase polymeriiation reaction afterward.
The prepolymer has crystallization temperature (Tc) of from
Tmax-60°C to Tmax-5°C  and - has crystalline mélting
temperature (Tm) _ of from Tmax-15°C to Tmax+20°C.
Preferably, the prepolymer has Tc of from Tmax-50°C to
Tmax~10°C and Tm of from Tma2—10°C to Tﬁax+lO°C.

Tc and Tm are measured by the fdllowing
procedures.

Method for determining Tc and Tm
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25. Method for deternmining Tc and Tm 2 4 NOV 2006 13.

The. differential scanning. calorineter. Exstar 6000 24 Nov 2008

(Sei ko. Instrunents. Inc., Chiba,. Japan) or the sane

type of DSC device. is used. The LCP. sanple. to. be
examined is heated at a ratel3of 20C/ ninute and
endothermc peak (Tml) 5. is recorded.. Thereafter,.

LCP sanple is kept. at a tenperature. 20-50C higher

than Tm for. 10 minutes. Then the sanple is cooled

to roon1tgﬁﬁeﬂ&¢§ﬁ§%ﬂtHQ%a%QﬂQ?lQﬁ clow el Brgtar 6000
exotherm c peak (Tc) is. recorded.. Then, LCP. sanple
(Beikeatlas tagaion tat e at Clotb20Clapant ecrl@he same type of
Endot herm ¢ peak found in the final step is recorded

Da&€ damvVicepdisntuédd). ThHeeprkpbl wrmplien. tovldenesbataed is
is pulled out. of the polycondensation reaction
heessdl aand isatpr oefszedCroinugeveanpelenglothfdrake. p¥ak (Tml)
powder form Thereafter, the 15 prepolyner is

isubjrecbedeti. therhsdd ftphaserep! YBBRpZat i 98 ept a
process. The form of prepolyner is preferably pel et

tQﬁﬁéHﬁ@uQE Ao-s50 ‘googh oper athgRaki-hy - the ﬁ?hhges Then
phase. polynerization. The structure of . pell

tRet ddnfPiteed; and o Jaref exably, gf %*uré a%nﬁﬂg gate of

Col ummar pellet can 20. exhi wabi'l'ity an

2 SO AR Qégpﬁe%“dﬁ%%s‘é?cﬁﬁ' R, men,

y using such c _
LHEevgﬁgfféc’ o{s C%eateacpd a%%ci%am %al a PL2 eertc}/f C%rb ‘%/minute.
Endothermic peak found in the final step is recorded as
melt point (Tm).

The prepolymer in molten state is pulled out of
the polycondensation reaction vessel and is processed to
give pellet, flake or powder form. Thereafter, the
prepolymer is subjected to the solid phase polymerization
process. . The form of prepolymer is preferably pellet
because of its good operationality on the solid phase
polymerization. The structure of pellet is not limited and
preferably is columnar = structure. Columnar pellet can
exhibit godd flowability and dispersibility in the solid
phase polymerization reaction wvessel. = By using such
columnar pellet, unevenness of color and mechanical
property can be reduced.

The shape of the cross section of the columnar

structured péllet is not limited and preferably, is
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The shape of the cross section of the columar 25

structured pellet. is not. limted and preferably,. is
2 4 NOV 2006 14. circular, elliptic or square, and
nore preferably circular or 4 elliptic... In the.

present invention, the. term" élllptlc" shape neans

not only geonetrical elliptic shape but. also oval

shape whi ch has about l|inear portioninits 5

¢i rcunference and appears as. alnost elliptic.

Cpretddhl vl MRS iG rel $9uaBe  eBRApos ec i e rdvky opl rcular
of the. columar pellet. has a cross section dianeter
ofwRéA 1ptass. - dacttben Aresent piriesntimg) ortheaxiermf"elliptic”
cross section; and when cross section is infinite

shepr) mhanet ept1@>rdfy gesmetriunti redlle)ptdfc 2sbageObum also
and a pellet length of 2.5-5.0 mm The. nethod of

~ osalli d gihagse pehyorri zais onabbuthe lipreepol ywertionthen its

formof pellet, flake or powder is not I|imted. The

csetuffphaseepahnymapibzatison STay s tC g ieut 15 by
heating the prepolyner at. 250-350C using an equi pnent

such as mpkbirst-age yoVenshd ot aky -pMeR, @ppeelﬁxg%qc cross
reacti on vessel, vertical reaction vessel and

s8gtt8hop rVehtl %ll um('l%"iLC Hedn MeS38l -5 ﬁglée%t& edlnameter

polynerlzatlon is preferably 20 carrle ut un

UPBES IESpRecho POt O LAY, o P SO crons

%Séylhan nd %ﬁé% §§§Jéec 188|Xe82%%1%§ Enfogﬂj diameter
of its circumcircle) of 2.5-4.0 mm and a pellet length of
2.5-5.0 mm.

The method of solid phase polymerization of the
prepolymer in the form of pellet, flake or powder is not
limited. The solid phase polymerization may be carried out
by heating the prepolymer at. 250-350°C using an equipment
such as multistage oven, rotary oven, hopper-typed reaction
vessel, vertical reaction vessel and agitator vertical
reaction vessel.

The soclid phase polyme?ization is preferably
carried out under an inert gas such as nitrogen, helium and
argon gas or under reduced pressure. Under such conditions,
the resultant liquid-crystalline polyester resin will take
on good color tone. . The degree of vacuum upon solid phase

polymerization may be dependent on the apparatus employed.

A high degree of vacuum is preferable so that the time

24 NOV 2006
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on good color. tone. . The degree. of. vacuum upon
solid phase polynerization may be dependent on the
appar atus enpl oyed. 25 A high degree. of. vacuumis
preferable so that the tine 2.4 NO V 2006 15. period
required for the solid phase b8l ymerization becones.
shorter.. The solid phase polynerization tine. is not
especially. limted. In general, it may be 3-20 hrs. 5
Thus obtained |iquid-crystalline polyester resin of
PEReé Ofr &sevt nash iy okl fasobfdL pdeser Fiodetheadg@tdiany becomes.
to. ASTM D 648 of. 280-340C and therefore, it

séghithirts an excel l ent heat resistance. Mreover, the
l'iquid-crystalline polyester. resin 10 of the present

i nventi onTpeef excdbldy halsase nepbvlymsebsatyonastime is not
determ ned by capillary rheoneter of 10-60 Pa.s, and '
eeppectiallyyliR@+bd@Pa.Is. gEmedalquiid- elaystal 1348 hrs.

pol yester resin of the present invention exhibits

excel | ent Theat optesirsdanteqgand-ge98t 8Pl dabi bichYeadt ethgesin
sane time. 15 The nelt viscosity 1s. neasured by the

ofoklhewiglg se @t hRden MebROH fOrpriEiet 8L PhIGefBbtcording to
viscosity. Viscosity of liquid-crystalline polyester.

[ (== a e | i.scosity -
nE®S p P! gl SZWZ%U? é V%rfcgg?gﬁe%&\fe_r $t Yexhibits an

nmeasuri ng devi ce. capi oyo Ser Ki

<FELRRMYS=DRy decTobfgelapan) Paving copil Ty of

Moreover, the liguid-crystalline polyester resin
of the present invention preferably has a melt viscosity as
determined by capillary rheometer of 10-60 Pa.s, and
especially 20-50Pa.s. The ;iquid—crystalline. polyester
resin of the present invention exhibits excellent heaﬁ
resistance and good moldability ét the same time.

Tﬁe'melt viscosity is measured by the.following
method.

Method for determining melt viscosity .

Viscosity of liquid-crystalline polyester resin
sample is measured with a melt viscosity measuring device
(capillograph 1A, Toyo Seiki Seisaku-sho Ltd, Tokyo Japan)
having capillary of 0.7 mm¢. x 10 mm. The measurement is
carried out at a temperature of Tm+30°C and a shear rate of
1000 sec-1. Thus obtained value is recorded as melt

viscosity..

Furthermore, the crystalline melting temperature

24 NOV 2006
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carried out at a tenperature of Tmt30C and a shear. 24 NOV 2006

rate of 1000. sec-1. Thus obtained value is recorded
as nelt. wviscosity.. 25 Furthernore, the crystalline.
melting tenperature 2 4 NOV 2006 16. of
l'iquid-crystalline. ponesterlGresin of . the present
i nvention determ ned by differential scanning
calorinmetry may preferably be 340-400.C, nore
preferably. 340-380C.. The liquid-crystalline
Ofol yeSadCadiSt adxHinsi t PYRPHRIat LeFéBi sPancdhe present
excellent. noldability and sufficient stability upon
ipveotagn. dRfeeiningd- brySidifdnantipol yeseaningsigalorimetry
conposi tion of the present invention nay be those
mebt apneferdyly adra xiBd§- 4006 Cor more fpbebesablanmeldar380°C.
or particulate 10 filler and/or. reinforcenent with
Thhe liiquiidd-coryestadl ldime. poppbyestenr a=6si nextkiaips egoofi heat
fibrous fillers and/or reinforcenents may. include
rgkassantiebelexcwilllicta atdmdass fideranal wiirFacibhBerstability
carbon fiber and aramd fiber. Anong them glass 15
upbhenol 8ipgef erabl e because of. its good bal ance of .

physical . “properties and cost.. Exanples of lanellar
or particghgte f'ii&ﬁ§d—é£?é9£li§h8f0fC%&§P§és _ resin
include talc, mca, "graphite, wollastonite, calcium

cfApbonelsn de! Uld G Al GAsi S0 nhlake: +h8B5%ptained
eads, barium sulfate and titani um oxi

by admixing one or more fibrous, lamellar or particulate
filler and/or reinforcement with the liquid-crystalline

polyester resin.

Examples of fibrous fillers and/or.reinforcements

may 1include glass fiber, silica-alumina fiber, alumina

fiber, carbon fiber and aramid fiber. Among them, glass
fiber is preferable.because of its good balance of physical
properfies and cost.

Examples of lamellar or ©particulate fillers

and/or reinforcements may include talc, mica, graphite,

wollastonite, calcium carbonate, dolomite, clay, glass

flake, glass beads, barium sulfate and titanium oxide.

The fillers and/or reinforcements may be added to
the liquid-crystalline polyester resin composition of the
present invention in an amount of 0.1-200 parts by weight,
preferably 10-100 parts by weight per 100 parts by weight

of the liquid-crystalline polyester resin. If the amount
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The fillers. and/or. reinforcements may be added to 24 NOV 2006

the liquid-crystalline. polyester. resin conposition

of the present invention in an anmount of 0.1-200

parts. by weight, preferably 10-100. parts by weight.

per. 100 parts. by weight 25 &f the

liquid-crystalline. polyester resin. If the. anount 2

4 NOV 2006 17 of. the. fillers and/or

reinforcenents is nore. than 200. parts. by. weight,
ofhehendldaprei epd/er rrénfoenamanig is qeing than 200 parts

crystalline polyester resin conposition tends to be
bgecweagbd,or thee exdvadetilngty of oft héheyl inederltiog dijsyuid-

of the 5 nolding device. tends to be increased. The
ctyguatlicngst aldliyested yes¢einr esdampoadnpaesi t i vends  to  be

according to. the present invention may. further. be
dadrexeddwolrh tone ©fthabs €ivgldbli s Wil iddédf eor die of the

conventionally used for. resin conpositions,. if

m8e8ihgddetceFOENBXARBI Be ABlHAGJubri cant such as.
hi gher. aliphatic acid, higher aliphatic ester,

hi gher al atic pher;alLphati tal. -
sal t ("hlgﬁgr" al?g%gf?ccﬂ%geﬁn uéed ré%%?gégggﬁ resan

§%§ gg@l@h'@%@%%@hn DQky Jk?ﬁéP%ﬁ%Hg 1kbg8E983r3%9 further

~Tcol orant “suc yes pi grent's:

bgntl f%@g &P@ﬂﬁ&%h St %llzer U\ aég¥%¥b t’ ghlch are

atlc agent an Surr ace aCt ive agenh y
dded to.t
CO%Y%&PP?EQYFJOW%@ G R S ROEEerbRi GRS pft! Yesirea.

t Jdnvention in appunt of 0.05-1 rts
&Eesen mple, moldqng f&brfgant such as gfgher aliphatic

acid, higher aliphatic -ester, higher aliphatic amide,
higher aliphatic acid metal salt ("higher" aliphatic herein
used refers to C1l0-C25 aliphatic), polysiloxane and
fluorocarbon resin; colorant such as dyes and pigmeﬁts;
antioxidant; thermal stabilizer; UV absorbent; antistatic
agent; and surface active agent may be admixed.

The additives may be added to the 1liquid-

.crystalline polyester resin composition of the present

invention in an amount of 0.05-1 parts by weight,
preferably 0.1-0,5 parts by weight per 100 parts by weight
of the liquid—crystalline polyester resin.

Molding lubricants such as higher aliphatic acid,
higher aliphatic ester, higher aliphatic acid metal salt or
fluorocarbon-type surfactant may be added to the pellets of

the - liquid-crystalline polyester resin or the liquid-
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20 preferably 0.1-0,5. parts by. weight per. 100 parts

by weight of the liquid-crystalline polyester resin. 2% NQV 2006

Mol di ng | ubricants. such as. higher aliphatic acid,

hi gher. aliphatic ester, higher aliphatic acid netal

salt or. fluorocarbon-type stffactant may be. added

to the pellets of 25 the liquid-crystalline polyester.
resin or the liquid 2 4 NOY 2006 18 crystalline

pol yester. resin conposition before subjecting. the. _
CpEiSltétd ine. RMkY et el ng eFriccesemposbt i drat belfercagemdjecting
adhere to the outer. surface. of the pellet. The
thequpdlteyst aid i ideponpéstien. pescassb compasiatt opbhef agent
the present invention may conprise one. or nore

adddirei avaltheesiut ecomparfenie Wi asse gdid «addi ti onal

resin conponent does. not. inpair the object of. the.

present iTheentiopigikxarpkestafiithe addipbopaktEesin resin
conmponents. include. thernoplastic resins such as.

chpbyanitden RO yeskehrekiol YRbenyt gne iyl féd8prise one or
pol yet her ket one, polycarbonate, polyphénylene. ether

m8Pd deRatybad1deeisYal ickas Jiele0fh1e s PURSWIRN®onal resin
I er imde an

pol yet her sul f one and pol yet

cgﬂgeHBﬁ%chngfe%BES iH%%i%S Qﬁﬁpok%$%§%2’é§g?tl5%:&h%sent

polyi m resin.. e.” anmount

SEEPAOSAR COTBIA o 081 A Uy ST 0 componcnts
S e T e T .
pgf?gﬁéhy?éné'zggl¥?ﬁéf b%bfggéﬁy?' ketone, polycarbonate,
polyphenylene ether and denatured derivatives thereof,.
polysulfone, polyethersulfone and polyether imide and
thermosetting resins such as phenol resin, epoxy resin and
polyimide resin. The amount of the additional resin
component is not limited, and may be determined dependent
on the  intended property. Typically, such additional
resins may be added to the ligquid-crystalline polyeéter
resin composition in an amount of 1-200 parts by weight,
preferably 10-100 parts by weight per.loo parts by weight
of the liguid-crystalline polyester resin.

The ligquid-crystalline polyester resin
composition of the present invention may be obtained by
adding fillers, reinforcements, additives and the other

resin components to the liquid-crystalline polyester resin

and melt kneading the mixture using a kneading machine such
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preferably 10-100 parts by wei ght per 100. parts. by 2°4 NOV 2008

wei ght 20 of the liquid-crystalline polyester resin.

The liquid-crystalline polyester resin conposition of

the present invention may be obtained by. adding

fillers, reinforcements,. addifives. and the ot her.

resin conponents to the liquid-crystalline polyester

resin 25 and nelt kneading the. mxture using a

kneadi ng machji ne such 2-4 N OV 2006 19 as. Banbury .
agi xBRNORAEBadek2eBi ndineadglow &ithdider SCrew nexsender, twin
extruder or the. like at a tenperature. of from near

STHEWt @XFmrEeC. okelthekdadkd g reayt dmpecmtriesl @iitfmim snear Tm
tenperature. higher than Tm +20C, but at such a high

te t Empefatur e, Mbgtreshmatiénds maybebeol osedied out at a
charred. The liquid-crystalline polyester resin of
teheerapuesenhigheent thanantht ke d iqui ¢war ystal kBB a2 high
pol yester. resin conposition conprising the sane
texpelutuescekhentesfinafencet! aldaRCo1A 2 B-&: &HEPred.
thick test specinmen of the 10 resin conposition

conpri si ngnBo ii@ﬁ?d—c&?gﬁéggﬁneexgbbyégtgio r8584€ of the
flame retardancy ‘according. to UL-94 Standard test.

ppeERAd. Thechiquhd- gryst alld n%ﬂ%?ﬂ@ﬁg stE8 O §J¥§ester

liquid-crystalline polyester. resin composition

ragefr dé&gpégitﬂ'gnt gfon?éﬁez‘?&rﬁr%: Y‘l%nt isgaenagxkkl)fbl | dg%cieyllent |

usi ng a conventi on ! I ng -p_r ocess, pr e_ er
eABRECLEALARLALNO. o PIRIERAN PRICK"Les®HR0N of the
resin composition comprising no flame retarder exhibits V-0
grade flame retardancy according  to UL-94 standard test
method.

The liquid-crystalline polyester resin or the
liquid—crystalline polyestef.resin composition according to
the present invention may be molded using a éonvéntional
melt molding process, preferably injection molding,
compreésion molding, extrusion molding and blow molding.
The molded articles obtained with the liquid-crystalline
polyestér resin of the present invention exhibit excellent
heat resistance and sufficient moldability and therefore,
are particular useful for parts of electric and electronic
devices; machines and automobiles.

Especially, the liquid-crystalline polyester
resin of the present invention and the liquid-crystalline

polyester resin composition comprising the same are
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The. nolded articles obtained with the 24 NOV 200

liquid-crystalline polyester resin of the present
i nvention exhibit excellent 20 heat. resistance. and
sufficient noldability and therefore, are particular
useful for parts of electric 4hd el ectronic devices,
machi nes and aut onobi |l es. Especially, the
liquid-crystalline polyester. resin of the present
invention and the |iquid-crystalline 25 polyester .
spasrhlyomsest tion EbRpr PiitRE tdrnear apé 2hg Nigey which
2006 20 suitably. used for fine pitch connector and
repeirekbighi bkatr eggilisd ahicgh ameitg aoes i fSlitcawate ldrid .good
flowability. The present. invention is further
descri bedThe peésephceintentien fidd | duirngekbxadpsesibed in
5. Exanple In the. exanples, DTUL, flexural strength,.
reéasehee sbrengt liplfilbateg Esaaipdacy, and flowability
are. assessed by. the follow ng procedures. 10 (1)
DTUL Test strip with length of 127 mm wdth of 3.2
mm and thickness of 12.7 nmm was nol ded using
Ek8hgtti on. ol ding nachine (UH 1000-110, Nisse
Pl astic Industri al ., Ltd.).. Deflection

Co

LermereLutE VR TRARYIEE L ISRk S censcre
s@f@ﬁ&@g, E?gﬁeoge%gkﬁgHCy, and flowability are assessed by
the folldwing procedures.
(1) DTUL

Test strip with length of 127 mm, width of 3.2 mm,
and thickness of 12.7 mm was molded using injection molding
machine (UH 1000-110, Nissei Plastic Industrial Co., Ltd.).
Deflection temperature was measured using the test strip
according to ASTM D 648 under load of 1.82 MPa and heating
rate of 2°C/min.
(2) Flexural strength

The same-.test strip used for determining DTUL was
uéed. Flexural strength was measured according to ASTM D
790.
(3) Tensile strength

ASTM D 638 type IV dumbbell-shaped specimen was
molded using injection molding machine (UH1000-110, Nissei
Plastic 1Industrial Co., Ltd., Tokyo Japan). Tensile

strength was measured using the specimen according to ASTM
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(2) Flexural strength The sane test strip used for.

determ ning DTUL was wused. Flexural. strength was. 24 Nov 2008

nmeasured according to ASTM D 20 790. (3).Tensile
strength ASTM D 638 type. |V dunbbel|-shaped speci nen
was nol ded using injection ndtding nachine
(UHL1000- 110, Nissei. Plastic Industrial Co., Ltd.,
Tokyo Japan). Tensile 25 strength was neasured using
t he speC|nen according to ASTM 2 4 NO V 2006 21 D.
D6888-(4) Flanme retardancy Test strip with length of
127 mm wdth of 12.7 mm and thickness. of 0.8 mm
(80 . Fdagenwekagsdavicded using 5 injection nol ding
machi ne (UHL000-110, Nissei. Plastic Industrial Co.,
Ltd.).. Flast tse:stlp/vaslti'arleegtbutof alc&brmtnngwndthJLM 12.7
standard Fl ane retardancy was. recorded as. total
mipyIr re gy thirekobssheof i 0S8 bus nbeg @.i3remAandvddhemos@eandising
burning time of five strips. 10 (5). Ml ding
ihlewabbhi t woarimeni aershiaped dugl1sbownion FNQUéfs%_i_l ahstic
a. injection nolding nmachi ne (UH1000-110, N sse

TRbhastir¢a1l ndustrialcfLo.,, Ltdr) Merecdsed. yResi RS ed  out
filled in the die at a predeterm ned cylinder

atenpaL ahuke, Uﬁ94cgﬁéﬁééﬁfnpefﬁgﬂéer@EaréQH@y %%@e&ecorded

i njection pressure of
as. total burning time of the first burning time and the

second burning time of five strips.
(5). Molding flowability

- Harmonica-shaped die shown in Figure 1 and a

injection molding machine (UH1000-110, Nissei - Plastic
Industrial Co., Ltd.) were used. Resin was filled in the
die at a predetermined cylinder temperature, at die

temperature of 10b°C, under injection pressure of 157.MPa
and injection rate of 200mm/s. Flowability was assessed as
filling ratio of the resin. That is, the weight ratio of
the filled resin to the amount of the resin when the die is
completely filled with resin.

In the examples, following abbreviations are used..
POB: para-hydroxybenzoic acid
TPA: terephthalic acid
IPA: isophthalic acid .
BP: 4,4'-dihydroxybiphenyl

NDA : 2, 6-naphthalene dicarboxylic acid
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and injection rate of 200nm's. Flowability. was
assessed as filling. ratio of the resin. That is, the
weight ratio of. the filled resin to the anount of
the resin when the. die is conpletely filled with
resin. 20 In the exanples,. féFl owing abbreviations
are used.. POB:. para-hydroxybenzoic acid TPA:
terephthalic acid |PA isophthalic acid. BP

4, 4" - di hydr oxybi phenyl 25 NDA: 2, 6- napht hal ene

di carboxylic acid 2 4 NOV 2006 22. Exanple 1
<Production of polyner with | ow degree of

Exgmpder ilzati on> POB (211. kg, 1529 noles) , BP (61.
kg,. 328. moles) , 5 TPA (47 kg,. 284 noles), NDA (9

<kBgodtttiomn e) polyvetr o idmhyldw diedr2?? iy pdflerization>
nmol es) and potassium acetate. (7 g, 0.07 nole) were

fed in theoBnB 2nal ywerizsed onoles) ai Ber (emmdey,0f328URles),
and equi pped with an agitating device and a. heat

TeAChangerkg Undas theleBitrogen atyoseheres tHg185Xt Urfeetic
10 was heated from t he. roomtenperature to 145C over

adhhouige a@@j«%g Z§7ﬂ4§5ie§9ra%thHEa531uHe%dé%%te (7 g,

m xture. was heated to. 348C for. Seven hours. With

0dpstihdidg Qe LAy DYPr PRUCTy 3 ggf%hgrﬁgégiggb contalner

poI ymsrlzatlon reactlon was carrie

mgge JFH§§§ Vh HthSuﬁg %ﬁev%ﬂ: q? 5% agin device and a
predeternlned eve nerlza i Th TORFaArABF WRS
hég% %gchanger. Under the nitrogen atmosphere, the mixture
was heated from the room temperature to 145°C over 2 hours
and kept at 145°C for 1 hour. . Then the mixture was heated
to 348°C for seven hours with distilling out the by-product,.
acetic acid. The polymerization reaction was carried out
at 348°C for 50 minutes. When the torque became the
predetermined level, polymerization container was.sealed.
Then, nitrogen gas Was induced to the container
and the pressure in the polymerization container was.
increased to 0.2MPa. The Valve at the - bottom of
polymerization container was opened. The content of the
polymerization container was pulled out through the dice of
3.5 mm ¢ x 7 mm to give as strand.. The strands were
transferred to the cuttér through the water-cooled carrier
machine egquipped just under the polymerization container.

Then the strand was cut into pellet by the cutter. = The

pellet of polymer with ‘low degree of polymerization was

24 NOV 2006
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Then, nitrogen gas was induced to the container and
the pressure. in the. polynerization container was.
increased to 0.2MPa. The. valve at the bottom of
pol yneri zati on contai ner. was opened. The content of.
the 20 pol ynerization contai né? was pul | ed out.
through the. dice of 3.5 MmO x 7 mmto give as
strand.. The. strands were transferred to the cutter
t hrough the water-cooled carrier. machine. equi pped
thust oGRaépedhe pol ynerization container.. Then the
strand was. cut into pellet by. the cutter. . The 25
pel | et of Thel yresultiant | pad Hegr wesofcqpainyreer i ¢t kbaut 4 mm
was. 2 4 NOV 2006 23. thus obtained. The resultant '
lpefl ewiwds cdlnowiar. daredwutod. B | omg wikheter. The
circular cross. of 3.4 mmdianeter. The. «crystalline
copbtabfitenues bt e fempdrnbiai rdd phkynsbtdHimeédh polymer
| ow degree of pol ynerization determ ned by
wdthf er esli al deggasni ngf calpniviRidiyWason 34¥etdfined by
crystallization tenperature of the sane was 309C

drbebienphase pAdRIdiZat i 0B31501K@tRL theapel I ghgof  ang
t hus obtained polynmer with 10 | ow degree of

cﬁ%%&%ﬂ%é%%eﬂ egm;ﬁratﬁ&@p%'fy%@ s;e@n% fed iho-c

-tunbl e dryer. e tenperature of. the gas phase in

<§8fﬁdxg§%§£bég%ﬁng%iqgﬁﬂm\ﬁas' 200C. The gas phase was

excha rogen gas. The vessel of the dryer

rﬁz.hgggeg%ggge&gsgkgr%%iﬁe&l%@ %%u%2%8€!¥%£a ﬁg1§ﬁg¥ with
low degree of polymerization (i.e., prepolymer) was fed in
40L-tumble dryer. The temperature of the gas phase in the
vessel of the dryer was.200°C; The gas phase was exchanged
by nitrogen gas. The vessel of the dryer was heated under
nitrogen flow of 120 L/hour, so that the gas phase was
heated to 300°C over 1 hour with rotating the dryer at 15
rpm. At the température, solid phase polymerization was
carried out for seven hours.

After the solid phase polymerization - was
completed, the gas phase was cooled to 200°C and rotation
of the dryer was stopped.. Then, flange of the dryer was
opened and the pellets of the liquid-crystalline polyester
resin were ejected.. At this time, adhesion among the
pellets was not obsérved and pellets were easily pulled out

of the dryer. The resulting liguid-crystalline polyester

resin obtained by the solid phase polymerization exhibited

24 NOV 2005
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15 heated to 300C over 1 hour with rotating the dryer
at 15 rpm At the tenperature, solid phase

pol ynmeri zation was carried out. for seven hours.
After the. solid phase polynerization was. conpl eted,
the gas. phase. was cool ed t02200C. and rotation 20
of the dryer was stopped.. Then, flange of. the dryer.
was. opened and the pellets. of the.
liquid-crystalline polyester resin were ejected.. At
aphisotriopy, adhesdbheanuiipttche agpebbstegvweas hyt polarization
observed and pellets were easily pulled out of the
mdcyes copke egaswipteidn gy iltihgiiod—crtyesieal | | ne pol yester. 25

resin obtained by. the. solid phase polynerization

~exhi bitedD2u4 NV 2006 Réywaid-setyepyllife mMplotl g stledt eresin
as observed by polarization mcroscope equi pped with

whet -S@UE, . cByYka0fl i nkhisge 1t ok dteiypstralthirdee poLyesuer and
resin was 330C,. crystalline nelting tenperature.

meas. v3246sarg Bsmabt pu scosity was 42 Pa.s. To 70
wei ght parts of the obtained |iquid- crystalline

l'yest b, - ' ts, of . | Lo
ehbonsa T60anY sl SR LSl 2SR 1 quia
cggﬁjtég?%get gg?g%%’te‘}fap:%@l Wasy Oa%rgiggq}dt\'/vip-rgahrs dng ugrleas\l\éasfiber_

pelTetizati’on usin Cr ew

BB 5 S oA i By BT e o 47e dgbc Led.
SATar o B hoTaRoed Of 400 LAMIO SLXS L srored to
pelletization using twin screw extruder (TEX30 a -35BW-2V,.
The Japan Steel Works, LTD., Tokyo, Japan) with cylinder
temperature of 390°C and screw rotation speed of 400 rpm to
give liquid-crystalline polyester resin composition. DTUL
of the liquid-crystalline polyester resin composition was
320°C, flexural strength was 190 MPa, and tensile strength
was 152 MPa.. With respect to flame retardancy, total -
burniﬁg time of 0.8 mm thick test piece was 30.2 seconds;.
while that of 0.3mm thick was 13.9 seconds. Both of the
0.8 mm- and 0.3 mm-thick pieces did not produce drop of
resin or other droppings which burned surgical cotton and
flame retardancy was V-0 grade.. In addition, flowability
upon molding was examined at a cylinder temperature of
390°C. The resin filling ratio to'harmonica—shaped die was

57.1 %.

Accordingly, the liquid-crystalline polyester

24 NOV 2008
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of the liquid-crystalline polyester resin conmposition

was 15 320C, flexural strength was 190 MPa, and - 24 NOV 2006

tensile strength was 152 MPa.. Wth respect to. flane
retardancy, total. burning tinme of 0.8 nmthick test

pi ece was. 30.2 seconds; whife that of. 0.3nmthick

was 13.9 seconds. Both of the 0.8 mm and 0.3

mmt hi ck pieces did not produce. drop of 20 resin or

ot her droppi ngs which burned surgical cotton and

repafe rettaidedy was. \exXcefbelet. mithdditésmect - to  heat
flowability. wupon nolding was exam ned at a cylinder
reemperater e(WFULBO0Go 1dhegr eSlowdbility, raki owébl as flame
harnoni ca- shaped die was 57.1. 25 Accordingly, the
retquddneyystal | i ne polyester. 2 4 NOV 2006 25 resin
obt ai ned was excellent with respect to heat

resi stancercpEdt) esmobdi nghé | yebjd # Y witds M8l @Sgree of
flanme retardancy. Properties of the polymer with | ow

p8eghneeifhtion ROl ¥TERrZRLI1QMd) &ndPrEROIM! gyiggkéggiline

liquid-crystalline polyester. resin. obtal

p§9§59t993§%§%ﬂﬁ@$¥éfﬁé&OE§E@¥T%§P$¥€8hQs£a@5i%ﬁ?ﬁ%ﬁﬁtion

Conpar ative Exanple 1 <Production o ymer.” w

r I Lzation> 10 POB (151 kg, 1092
w%g?eg ‘,’%ng(fggﬁ%g?'sm mol es),. TPA (91 kg, 546
gégtivchtlc ggh dride (236 kg,. 2316 npoles). and

assrunacetar 38 g, 0.4 nole) were fed in

c%n‘?o;'fa
<Production df polymer with low degree of polymerization>

POB (151 kg,-1092 moles), BP (102 kg, 546 moles),.
TPA (91 kg, 546 moles), acetic anhydride (236 kg, 2316
moles). and potassium acetate (38 g, 0.4 mole) were fed in
pélymerization container and polymer with low degree of
polymerization was. preparéd by the same procedure as
example 1.

The resultant pellet was éolumnar of 4 mm long
with circular cross section of 3.4 mm diameter. The
crystalline melting temperature of the obtained polymer
with | low degree of polymerization determined by
differential scanning calorimetry was 349°C and the
crystallization temperature of the same was 326°C.
<Solid phase polymerization>

10 kg of the pellet of thus obtained polymer with

low degree of polymerization (i.e., ©prepolymer) was

subjected to solid phase polymerization by the same
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pol ymeri zati on contai ner and polyner with | ow degree

of polynerization was. prepared by the same procedure 24 NOV 2008

.as 15 exanple 1. The resultant. pellet was col umar
of 4 mmlong wth circular cross section of 3.4 nm
di ameter. The crystalline ne@@ing tenperature of. the
obt ai ned polyner. wth | ow degree of polynerization
deternm ned by 20. differential scanni ng cal orinmetry
was. 349C and the ¥stalllzat|on tenperature of the
PEarEIHES @%@xa@l@d pKEsSeDsol Yt | g i bABPEOakyref of the
the pellet of thus obtained polyner with | ow degree.
gaf polapeerizat 880 °Ci to. ,girepptyhetry. ofaslipsid-crystalline
subjected to solid phase polynerization by the sanme 2
P41NOsVe200@si26. prhdedaienasmexgnmiel letexceps hioat ddmerved
tenperature of the gas phase was 330C to. give
apdl Ip¢Blefs |wequwi deerystyal pubeedpodyester 88 Nsolid phase
Adhesi on anong pellets was not observed and pellets
p¥ByReceashkyonpubhlhegmeut .of the solid phase 5
pol ynmeri zati on equi pnment. The resulting

l'i qui d- CrYﬁEaE%b%Qtﬁﬁkyeﬁlﬁ 1&3§f@stgpiﬁh@ego@¥e§Q@ resin
phase. pol ynerization ‘exhi bited anlsotropy in“nmolten

SKHeb d pa| I,QR s GCr
oégﬁﬁgggdbgﬁ?%ﬁ%gtpg%gge%oq D%UE Wwé%ﬁﬁﬁﬁ%ed anisotropy

1!1' %g‘ﬁ%y%ﬂqé n%spot)%gg:@lédr eﬁ%gp%’%%lg?&don microscope

cryst i ne ting tenperatur
equipped with hot-stage.

DTUL. of this liquid-crystalline polyeéter resin
was 336°C, crystalline melting temperature was 403°C and
melt viscosity could not be measured by the same procedures
as Example 1 due to its high <crystalline melting
temperature.

fo the obtained 1liquid-crystalline polyester
resin, glass fiber was admixed and 1liquid-crystalline

polyester resin composition was prepared by the same.

procedures as Example 1. DTUL of the liquid-crystalline

polyester resin composition was 337°C, flexural strength
was 135 MPa and tensile strength was 130 MPa. With respect
to flame retardancy, when test piece with thickness of 0.8
mm was examined, total burning time was 50.3 seconds. The
piece did not produce drop of resin or other droppiﬁgs
which burned surgical cotton and frame retardancy was V-1

grade. Molding flowability was examined at a cylinder
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melt viscosity. could not. be neasured by the. sane

procedures as Exanple. 1 due to its high crystalline 24 NOV 2008

nelting tenperature. 15 To. the obtained
liquid-crystalline polyester resin, glass fiber was
adni xed and liquid-crystalline’ polyester resin
conposition was. prepared by. the sane procedures as
Exanple 1. . DTUL of the liquid-crystalline polyester
resin conposition was 337C, flexural. strength 20 was
temBeRPEUAAdOE eASDI 6 - st FBRGER Sias £130 ivRa. raNe H.o harmonica-
respect to flane retardancy, when test piece. wth
shapedndse o#s028- 'nfn-was exam ned, total burning tine
was 50.3 seconds.. The piece did not produce. drop.
- of resin tn comerl Wiceppi offsthehiccmdarateidrsuegaeple 1, the
cotton and frane. retardancy was V-1. 2.5 grade.
1Myt tldngrisosabi hiet y peaseexam netbsitn a wyki ndete214nNOV with
20(16 27 tenperature of 400C. The resin filling rate

r&9pBat "By Caeathapedi dtenvas. (Bfy1f) 0. Hdw&RNC! uskong9f ot
the conparative exanple 1, the I|qU|d crystall|ne

s@@iy%&easrye;slhnmwalﬁécghb@%lwlw o &q%&%ctrett%ﬂa%%tcy

resi stance (DTUL), however, it waS not satisfactor

in ”D|d'n§r$$§¥@ﬁé5' oﬁﬁﬂgwg%hyﬁﬁharQﬁQﬁy l?w degree of

Properties yner ow degree o

n (i , nd the |i P
PIPURLLEEIINT, ((soe,, PLEPILUTBRLSN0 LIS 1 A 1squia
cpggéglllr?e polé/iTEes g}l opeel\ier{e osblﬂmWn L Taa Tl_eef 1s'olid phase

polymerization were shown in Table 1.

Comparative Example 2
<Production of polymer with low degree of polymerization>
POB (181 kg,. 1310 moles), BP (82 kg, 437 moles),
TPA (62 kg, 371 moles), IPA (11 kg, 66 moles), acetic
anhydride (236 kg, 2316 moles) and potassium acetate (37 g,
0?4 moles) were fed in polymerization container and polymer
with low degree of polymerizatipn was. prepared by the same
procedure as example 1.
The resultant pellet was columnar of 3.7 mm long
with circular cross section of 3.2 mm diameter. The
crystalline melting temperature of the obtained polymer

with low degree of- polymerization determined by

differential scanning calorimetry was 348°C and the

crystallization temperature of the same was 315°C.
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. thus. obtained polynmer with

Conpar ati ve Exanple 2. <Production of polynmer with Iow2
degree of polynerization> POB (181 kg,. 1310 nvoles),
BP. (82 kg, 437 noles), 15 TPA (62 kg, 371 noles);.

I PA (11 kg, 66 noles), acetic anhydride (236 kg, 2316.
mol es) and potassium acetate €87.9,. 0.4 noles) were.
fed in polynerization container and polynmer wth | ow.
degree of polynerization was. prepared by. the sane
procedure as exanple 1. 20 The resultant pellet. was
<eéplimmmhask BolymerieagiomPth circul ar cross section

of 3.2. mmdianeter.. The «crystalline nelting
tenperat ut@ &f blietbbt aefide thafyndrus wikdtnilred degr@eer with
of polynerization determned by differential scanning
loal odenptarey wvos 348Cyarditheic?b cryséa)lipatpelymer) was
tenperature of. the sane was 315C. 2 4 NOV 206 28

saboktdeghase pAyARY i Zatd £n> %Ql%%e@ﬁz&ﬁﬁ?npebbetﬂﬂé same
ow degree o

pPOL¥AREEZALISON {argle Pr EPOYTEIY; YIAS HeubLect ed et 0 15 i q4-
sol id phase. polynerization by the sane 5 procedure as

cBYarPl €ind ﬁi&%#g%g%r‘pfégfh$ OfAhh?FEgh %ﬁ%ﬁﬂfh%%ﬂ?ets was

pol yester resi hesi on anong pellets was.

L . i1 | ed .,0f th
S L R S T S e

atr'on "‘equi pren resuIP
ok ISR RLISbeL e, PoLYSt e egkn 10 obLal ned by

The resulting liquid-crystalline polyester resin
obtained by.splid phase polymerization exhibited anisotropy
in molten state as observed by polarization microscope
equipped with hot-stage.

| DTUL of this liquid-crystalline polyester resin
was 314°C, crystalline melting temperature was 375°C and
melt viscosity was 72 Pa.s.

To the obtained 1liquid-crystalline polyester
resin, glass fiber was admixed and liquid-crystalline
polyester resin composition was prepared by the same
procedures as Example 1. The DIUL of the liquid-
crystalline polyester resin composition was 322°C, flexural
strength was 194 MPa and tensile strength was 143 MPa.
With respect to flame retardancy, when test piece with
thickness of 0.8 mm was examined, total burning time was

57.7 seconds. The piece did not produce drop of resin or

other droppings which burned surgical cotton and flame

4 NOvV 2006
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in nolten state as observed by polarization mcroscopejy, NOV 2006

equi pped with hot-stage. DTUL of this

liquid-crystalline polyester resin was 314C,

crystalline nelting tenperature was 375C and 15 nelt
viscosity was 72 Pa.s. To theZ28btained

liquid-crystalline polyester resin, glass fiber was

adm xed and |iquid-crystalline. polyester resin
conposition was prepared by the sane. procedures as
retamplancl. wEte WDUgmefde.he Mo iy 20l ewatsi bl ty neas examined
pol yester resin conposition was 322C,.fl exura

~ast remgtln neges: tESkperRairand ff 3&0 1@. stTiengtds ivast 18Bing rate

MPa. Wth respect to flame retardancy, when test

thi eeenintilca-tdhapitess Ofwdl 8191m vias exani ned, . total

burning time was 57.7 seconds. The. piece. did not

produce drep @ndBsdibrPr 025 t@)tehe&oxﬁzléé)f’epttﬂgé whbeBi1e 2, the

burned surgical. cotton and flame Z 4 NO V 2006 29

168L3danGkt MAS N 1 iades o Ml dingn Tl guabi L.y as, ]

é%lm ned .gt ancyl i%}l r teerrperatégrg o%\g%%é. Q)I/ehe £ with _
infiLLi t : roni, ca-.shap i.e was .

HEEER R d Lot sh e (OIUET A et g, was mot

liquid-crystalline. |.yester resin was
satesttaein o Pades s AT A Brigzaancy

however, it was not satisfactory in nold

1 owabi | i £y °BFT HCEmeCF et BrQarky .Y%%pé’ﬁt‘%!hggl&fw. figgree of

| ymer, with | ow degree of ol ymerization (i.e., o
pgg F}ﬁgkfognd ﬂﬂe%rpqui@;é%onmer) and( the liquid-

crystalline polyester resin obtained after solid phase

polymerization were shown in Table 1.

Comparative Example 3
<Production of polymer with low degree of polymerization>

" POB (211 kg, 1529 moles)? BP (57 kg, 306 moles),
TPA (11 kg, 66 moles), NDA (52 kg, 240 moles), acetic
anhydride (236 kg, 2314 moles) and potassium acetate'(37 g,
0.4 moles) were fed in polymerization container and polymer
with low degree of polymerization was prepared by the same
procedure as example 1.

The resultant pellet was columnar of 3.9 mm long
with circular cross section of 2.8 mm diameter. The
crystalline melting temperature of the obtained polymer
with low degree of polymerization determined by

differential scanning calorimetry was 317°C and the
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10 crystalline polyester. resin obtained after solid

phase polynerization were shown in Table 1. 2 4 NOV 2006

Conpar ative Exanple 3 <Production of polynmer with | ow
degree of polynerization> 15 POB (211. kg, 1529

mol es), BP (57 kg, 306 noles)30 TPA (11 kg, 66

nol es), NDA (52 kg, 240. noles), acetic anhydride
(236 kg, .2314 noles). and potassium acetate (37 g,
0.4. noles) were fed in polynerization container and
PoIsyhRdrl 1 agittiien demiegradel o o poihaesanatvan a3 C.
prepared by the sane 20 procedure as exanple 1. The
Seduld e sgelpodtymesdiszagailammar of 3.9 mmlong wth
circular cross section of 2.8 nmdianeter. The

- -crystal lid® rel tdfnghd erglereat W tfus tdiet obi@d nesl ymer with

polymer wth | ow degree of polynerization determ ned

llow. 25daljfder et alpo IS A ieal or i ekry Wt e3biGnd  was
the 2 4 NOV 2006 30 crystallization tenperature of.

stipg e3aeR Wap 2720 1 d <SehkSe Phase Rk BB ZAl | 9> L3 KT sape
of the. pellet of thus obtained polynmer with [ow.

f I Lzatho ' . e
PASHEERS, B0 PR IO Lt o PR R0 SR s

pR@eediine. ass-gxampl e i d. exeeplyihai-teperature of p, 5, o
2IEC ¢ 5

the. gas. phase was grve pelTets
oAU A ey BB S RSO0 e
aB%"Sglfg%soﬁmﬁﬂf %%gquphggfled out of the solid phase
polymerization equipment.

The resulting liquid-crystalline polyester resin
obtained by solid phase polymerization exhibited anisotropy
in molten state as observed by polarization microscope
equipped with hot-stage.

| DTUL of this liquid-crystalline polyester resin
was 259°C, crystalline melting temperature was 316°C and
melt viscosity was 113 Pa.s.

To the obtained liquid—crystalliné polyester.
resin, glass fiber was admixed and liquid-crystalline
polyester resin composition was prepared by the same
procedures aé Example 1. . DTUL of the liquid-crystalline
polyester resin composition was 275°C, flexural strength
was 216 MPa and tensile strength was 186 MPa. With respeét

to flame retardancy, when test piece with thickness of 0.8

mm was examined, total burning time was 51.5 seconds.. The



10 pol ynerization equi prent. The resulting 2
liquid-crystalline polyester resin obtained by solid 4 Nov 2006
phase pol ymerizati.on exhi bited anisotropy in nolten
state. as observed by. polarization m croscope.
equi pped with hot-stage. 15 DYUL of this
l'iquid-crystalline polyester resin was 259C,
crystalline nelting tenperature was 316C. and nelt
viscosity was 113. Pa.s. To the obtained
PLEgAI dlit ysral | Phedpeey i . ofr es¢sin gloassotheperdngmpings
adm xed and liquid-crystalline 20 polyester. resin
whbapodurined vasr prephr edt bynt Beds aianpr ocedarésnag was V-1
Exanple 1. . DTUL of the. liquid-crystalline
gpafigest eMoldasion Conpebiliogy wass 2EGmifdeekunal a cylinder
strength was 216 MPa and tensile strength was. 186
t&Raer¥ither egpeen °cto Thanmeeshiet aidaney, rehen tesfarmonica-
pi ece with thickness. of 0.8 25 nm was exani ned, total
shapsingiti weswag . 2125 seconds.. The 2 4 Nov Zoos 31.
pi ece did not produce. drop of resin or other. :
dr oppi NSz Whidef: 1 Ir gheal ol AHE]
retardancy. was. vl1Q§Sﬁ§§egh%bﬁ%ﬁgiﬁgkﬁzﬁ;%%ty W%SB' the
) ey Li nder r of _ 340 .
Y Pl L P P e o e nasad arscidens 4 vien
9 congl usj t Tparative exanple 3, the.
r{%%%lg% Q% gﬁlnc?olrhjg{%ol bevggjrmlrcy Foved T et wW'ER  not

-cryst Ine yester resth was exc
sé@f@%gétégyngkdkggt ];:leg\ivggglnictey’(Dt%B V%q: iJ‘Etla\rl\n%Srre"t:):tardancy.
Properties of the polymer with low degree of
polymérization (i.e.,. prepolymer) and the li_quid—
crystalline polyester resin obtained after solid phase

polymerization were shown in Table 1..



satisfactory in heat resistance (DTUL) or flane 24 Ngy 2005
retardancy. 10. Properties of the polynmer with | ow
degree of polynerization (i.e.,. prepolynmer) and the
liquid- crystalline polyester, resin obtained after
solid phase polynerization e shown in Table 1.. 2
4 NOV 200S 32 Table 1. Exanpl e Conparative
Conparative. Conparative 1. Exanple 1 Exanple 2 :
Exanple 3 POB (nmole %9 70. 50 60 71.4 BP (nmole % 15

Talglopl14.3 TPA (mole % 13 25 17. 3.1. NDA (nole %
- - 1L.Z " TFA( dmp?® | ompabdt v [HomBd L@k POX¥hdtarative
0.13 0 0.15 0.78. |acid *1 Tgmkp348C 3486n348€ 348Lample 3

pOBM(m<HRC¢P49C 348C PIyC  (pof yorer W t h [Ilegow degree| oi.q

Bppahyrer)zation, ofi1prepolyney) Tc 309Co 326C. 3[bL3

TEA/2@1e( pDl yner. w 3| ow degeree of 17. 3.1

NDA (mole %) 2 - - 11.2

IPA (mole %) - - 3 -

Ratio of dicarboxylic 0.13 0 0.15 0.78

acid *1 :

Tmax 348°C 348°C 348°C 348°C

Tm 349°C 349°C 348°C 317°C
(polymer with

low degree of

polymerization,

or prepolymer)

Tc 309°C 326°C 315°C. 272°C
(polymer with

low degree of

polymerization,

or prepolymer)

Solid phase 300°C 330°C 300°C 275°C

polymerization

Temperature

Solid phase 7 hours. 7 hours 7 hours. 7. hours.

polymerization time

Tm(polymer obtained 374°C 403°C 375°C 316°C
after solid phase .

polymerization )

DTUL 330°C 336°C 314°C 259°C

Melt viscosity 42 - 72 113
(Pa.s).

DTUL 320°C 337°C 322°C 275°C.
*2

Flexural strength 190 135 194 216
(MPa). *2 :

Tensile strength (MPa) 152 130 143 186

*2

Flame retardancy 30.2 s 50.3 s 57.7 s 51.5 s
(burning time) *2

Flame retardancy V-0 V-1 v-1 V-1
(evaluation) *2

Molding flowability 390°C 400°C 390°C 340°C
(cylinder temperature)

Molding flowability 57.1 % 26.7 % 48.7 % 66.4 %
(filling ratio)

*1: Molar ratio of aromatic dicarboxylic acid calculated by

the following formula:

(NDA or IPA)/

*2:

((NDA or IPA). + TPA).

Measured after admixing of glass fiber.

With

regard to



pol yneri zation, or prepolyner) Solid phase 300C 330C

300C 275C pol ymeri zation Tenperature Solid phase 7 24 NOV 2006

hours. 7 hours 7. hours. 7. hours. polynerization

time Tn(polymer. obtained 374C 403C 375C 316C after

solid phase polynerization B®Y¥UL 330C 336'C 314 C

259C Melt viscosity 42 - 72 113 (Pa. s). DTuUL 320C

337C 322C. 275C. *2 Flexural strength 190 135 194

216. (MPa). *2. Tensile strength(MPa) 152. 130 143 186
flame| gratardaneancyal8es? wes59. 3hose7 gxambled ssing piece

(burning tinme) *2 Flanme retardancy V-0 V-1 V-1 V-1
wiehalktbatikorps* 2fMOI.@i mp.f | owabi | ity 390C 400C 390C

340C (cylinder tenperature) Molding flowability 57.1
. %26.7 %48.7 %66.4 % (filling ratio) *1: Ml ar

rati o of aromatic dicarboxylic acid cal cul ated by
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the follow ng fornul a: (NDA or. I PA)/ ((NDA or IPA). +

TPA). 5 *2: Measured after adm xing of. glass fiber.. 24 NOV 2006

Wth regard to 2 4 NOV 2006 33 flane retardancy,

val ues were those. examined usjing piece wth

thickness of 0.8 nm 2 4 NOV 2006 34 CLAIMB. |.. A
liquid-crystalline polyester obtained by a nethod
conprising the steps of; preparing a prepol yner.

consi sting. of. the repeatgﬁgk 5 units represented by.
fornul ae (I) (rey, (rer) v): COM QO P

[coco (1) ./ ~(rrr)y r CO CO S (1V) wherein, p

Lo, r Aanbl@uidpresehelienat ped vesitar propoimednsy { nwthod
%9 . of the repeating units. in the. liquid-crystalline
q9m9ﬁ&ﬁ#ﬂgIﬁhﬁrﬁtﬂpﬁsﬁilsfy the foll owing fornul ae:

preparing a prepolymer consisting of the repeating

units represented by formulae (I), (II), (III) and (IV):

0ok
0t -
0Ot w
oot .

wherein, p, g, r and s represent relative molar proportions
(mol %) of the .repeating units in the liquid4crystaliine'
polyestei resin and satisfy the following formulae:
60=p=80 |
10=r=20
10=g+s=20
0.05=s/(g+s)=0.3
ptg+r+s=100; and.

heating the prepolymer in substantially solid state at
250-350°¢C,

perided that the 1liquid crystalline polyester has a
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60: p: 80 10 10cr-20 10:g+s20 0.05:s/ (qg+s) 0.3
p+g+r +s=100; and heating the prepolyner. in

24
substantially solid state at 15 250-350C, provided NOV 2008

that the liquid crystalline. golyester. has a 2 4 NOV
2006 35 deflection tenperatude under. |oad of

280-340C, and a. nelt wviscosity of. 10-60 Pa.s,

wherein the nelt viscosity is determ ned at a

tenperature 30C higher. than the crystalline nmelting
deéppetavor ¢coperied urs ruslar, Whadhoifs 286t-8dfi Aed amd a melt
differential. scanning calorinetry, and a shear rate
vobcot@09 sécil-62. Pallse |iquid-crystalline. polyester

resin according to claim 1, which has a crystalline
whelting.theempel at it ecodtdetiey Maesrbined f her entdeperature
scanning calorinetry. of. 340- 400C. 3. A

3brauhdggeystakhi eﬁepglr_y,%%fa@_rll&%sIn{élctqrﬂfe;osaérﬂﬂkature of the
conpr|5|ng 100 parts by wei ght of

rEbQH'd hvshal 1 i ge d%5e99h¥ﬁ§ferb§f %ﬁ%fgkéngﬁa% and-anning
. 1- 200 parts by. weight of a fibrous, lanellar or

@5& bl &r sn@ad 9 O o GHYIHPTRNI, 4. The
|qU| sta i ne pol'yester resin conp05|t|on

2. The liquid-crystalline polyester resin according to
claim 1, which has a crystalline melting temperature
determined by differential scanning calorimetry of 340-

400°C.

3. A liquid-crystalline ©polyester resin composition
comprising 100 parts by weight of the liquid-crystalline

polyester of claim 1 or 2 and 0.1-200 parts by weight of a

fibrous, lamellar or particulate filler and/or
reinforcement.
4. The liquid-crystalline polyester resin composition

according to claim 3, wherein said filler and/or

reinforcement is glass fiber.

5. The liquid-crystalline polyester resin composition
according to claim 3 or 4, wherein a 0.3-0.8 mm thick plate

of the 1liquid-crystalline polyester resin composition



5

10

20 according to..claim3, wherein said filler and/or.
reinforcenent is glass fiber. 5. The 24 NOV' 2006
liquid-crystalline polyester resin conmposition

according to. claim3 or 4, rein a 0.3-0.8 mmthick

plate 25 of the liquid-crystalline polyester resin

conposition 2 4 NOV 2006 36 exhibits. V-0. grade.

fl ame retardancy according. to UL-94 " standard. 6. The

' crystal lLin QL ester resin according to any
P e V10T 75 SR or STE o S KASAET S IO g miea: UL-94

/ (g+s) 50. 2 7 A nol ded article obtained by
Sgapgaﬁ ‘the Iiquid- 5 crystalline. polyester resin or
the. liquid-crystalline polyester resin conposition
according to any one of clains 1-6. 8. Method for.
6pr od@ibEnd iqulidgeirgstaypstiale iped yeeltyes trefs i nl Qd@sidin
whi ch conprises .the steps of;. preparing a pellet o

apyepﬁlymanmeomStstEUgw@Er%h% o epga G, £y
represented by forrmulae (I),. (I1), E%III) f%St 5 ﬁ@fmUIa

o 0880 L (L) <P BCOCO (1) 4 0/ 1 0 (111).

7. A molded article obtained by molding the liquid-
crystalline  polyester resin or the liquid-crystalline
pquester resin composition according to any one of claims

1-6.

8. Method. for producing a liguid-crystalline polyester
resin which comprises the steps of;

preparing a pellet of prepolymer consisting of the
repeating units represented by formulae (I),. (II), (ITII).

and (IV)
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r COCOI / [ Is (1V) 2 4 NOV 2006 37 wherein, p,

g,. r and s represent relative nolar. proportions 24 NOV 2008
(mol 9% of the repeating units. in the.

liquid-crystalline polyester reS|n and satisfy the
foll owi ng formul ae: 60<_p<_ 80375 10Sr<_20 10<-qg+s<_20

0.05 s/(g+s)<_0.3 p+g+r+s=100; and heating. pellet

of . prepolynmer in substantially solid 10 state at
250-350C.. 8.. The nethod according. to claim?7,

“HSEFdim fai Epdl 13D § sreRTesRil . T2 hivervalar. popportions
elllptlc Cross section with cross section dianeter

(mgRerd kr 66s Wext Fepepsiapl iytits hpj dtheaxlisqofiderogstalline
section) of 2.5-4.0mmand with pellet. Ilength of

20 l5ress e resirhandesAbdsycohdi Agliowdhgi Mo@mudker:ei n

said pellet 10. The nethod according to claim8 or 9,
6lkgéion s and q satisfy the forml a:

0.085s/(qg+s):(err)0. 2.

10<xr<20
103q+s$20.
0.05<s/(g+s)<0.3
p+g+r+s=100; and
heating pellet of prepolymer in substantially solid

state at 250-350°C.

8.. The method according to claim 7, wherein said pellet
is columnar with circular or elliptic cross section with
cross section diameter (when cross section is elliptic ,
major axis of cross section) of 2.5-4.0mm and with pellet

length of 2.5-5.0mm.

9. The method according to claim 8, wherein said pellet

10. The method according to claim 8 or 9, wherein s and g

satisfy the formula: 0.08<s/(g+s)<0.2.



