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LI QUI D- CRYSTALLI NE. POLYESTER RESI N AND. METHOD. FOR -~
PRODUCING | T *@0002* Technical Field 5 The present.
invention. relates to a. wholly aromatic ”mmwn“nul
- liquid-crystalline. polyester resin and a net hod
produci ng. the. same. Backgriound Art 10 Ther notr opi C »rearane
liquid-crystalline polyester resin (which. is. called
l'iquid-crystalline. polyester resin. or LCP
herei nafter) has. good properties. including heat.

resi st ance LI QUIEGHERY e LIPINED eF (11 YoSs T BRI CHE I8N
rigidity, chemcal resistance and di nensiona

but also for a. variety of. products such as flbe

and filnms. Particularly, personal conpute

nmobi | e.  phones enpl oy highly integrated deV|ces and
Tedilg &1 éﬂﬁs to use. downsized, thinner. and smaller

parts %or em the information and tel econmuni cation

fields, as 0.5 mm

| ess oft?ﬁ:r¥ﬁ géﬁggzojgskgﬁggﬁ%tlﬁ%;nthqwq' rWhOllY

as e, . the. excell nt nol di n ropertjes of t
2T G i A5 SSh Qe P JSahAr| Bs 1T agH 4 method
devel ppnent conpared to the. other. thernoplastic.
oqwﬁﬁ9§§%an: d&IAT™®N. of the LCPs has . been
i ncreasi ng.

bt a1 <o for o var ety or proquers such as. i1 ver MMM

Background Art

Thermotropic liquid—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 ofiproducts such as fibers
and filmé. . Particularly, personal computers and mobile
phones employ highly integrated devices and the art wishes
to dse downsized, thinner and smaller parts.for them. . In
the information and telecommunication fields, very thin
parts, .as. thin as 0.5 mm or lessl 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

M
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25. Liquid-CrystaIIine pol yester resins which. have. 2
good nechani cal. properties,. thermal. properties. and
an excellent noldability have been proposed. For.

exanpl e,. Japanese Patent Application Laid open No.
Hei .. 01-294732. and U.S.. 2Patent No. 4,849, 499.
provide. liquid-crystalline. 5 polyester resins.

produced by pol ynerizi ng nononers such as
p- hydr oxybenzoic acid,. terephthalic acid,

goddd 6-maddded £ne. pr&béﬁf?@éY"Ehéﬁmglanﬁropertles and an
4, 4' -di hydroxybi phenyl by a. method such. as slurry

ex&éQLJYéFPc! ' ﬁ%tl'ci%ﬂfitt@ﬁdhé’{}e”%é&{‘ aclogelaes s Fiﬁ’c?ﬁn(e&)émple,_
|1 quid-crystalline polyester resins are 10. enpl oyed

Jagdled: ¥ éﬁ%ypﬁip YSHS yhergh g t{k?e '—&?BS: L 01-294732
rocesse at a -tenperature. éh
am{bbq§L {%} ﬁgd '@iéaiﬁg.%% x%ﬁ%“egghﬂgd crystalline

qui d- crysta res
uced ne&lzatl uch as LY eh '
P“ﬁ’cﬁf&%‘r&% 5? RoFieRY é’é’ é’o"le;fézs”}?otmo%%%?ts ¢ as
15 sufficient heat resi sta ce order to obtajn a
P-NYGRATHRERAI 4 | BRddpol RsTRITD 5148; A%4 ne, Ganaphthilene
excel |l ent heat. resistance, nethods using. solid
diGeHbex oIy nBEl datdish. 4hdve BeeRnerpisdenyior by a method
exanple,. U S. Patent No. 6,582,625, Japanese .
suqbata@ntsluw iRt TR 1 26 Ul @0 rwétmoqilo@rzm tongasbdodmgis.
Japanese Patent Application. Laid Open No.. Hei.

11- 24665 calitsly oslel qustdrodsy oz L L preodpel ngster resins are
l'iquid-crystalline. polyester resins. which. conprise.
empproaeal | fpmpowdevpraetyel bét - beesed wheepdhny mehewi LhPsa are

| ow
processed at a high-temperature such as solder-welding and

infrared reflow-welding. = However, the liquid-crystalline
polyester resins produced by polymerization a method such

as slurry polymerizatibn 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.Appli¢ation Laid
Open No. 2000-248056 and Japanese Patent Application Léid
Open No. Hei. 11-246654 disclose méthods for produciﬁg
liquid—crystailine 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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pol yneri zati on degree. and heating. said prepolynmer in
solid. 25 phase to give polyners with high degree of
pol yneri zation. As liquid-crystalline. polyester
resins. obtained by said solid phase. polynerization
met hod, U.S. Patent. Nos.. 35,015,723;. 4,742,149,
4,639,504 'and. 4,311,823 disclose.

l'iquid-crystalline polyester. resins. conposed of.
following. 5 nmononers:.. i).p-hydroxybenzoic. acid,

i) teremﬁtnalqumaﬂysﬂaﬂDlnélﬂoi by dr0xyds phenybtained
iv) 2,6- dlhydroxynaphthalene and 10 v) aronatic.

by HDl$ Sichy a@&dﬁéﬂym@PDEatiBn ﬂgghbaonu SJaﬁéﬂéﬁ% Nos.
Pat ent Appllcatlon Laid Open .. 62- 2353

5, dﬁ§“ﬁf§eso?a74%o#?9 Cr¥38§§|56§ aﬂalyﬁsgﬁﬁ 825esagsclose

conposed ohﬁng nmohoner s:

ll 2¥4%%§%%§0Xy pﬁe ygstéilféglns composed of following

o %% 6- dlhydroxynaphthalene v). aromatic diols
I% as hydrqu|none and VI) 2, 6- napht hal ene
ig) l.ic acjd. nventional Iy known.
30’ Qﬁ?%?mﬁ yester 20 resins obtained by
) SO|Id phase pol ynerization. exhibit good heat.

11)y 558 A of high. degree of pol ynerization.

However, such. liquid-crystalline. polyester resins.
iiigal 4 -diterdraxipemhl mel t poi nt and high mel t

vi scosity and
iv) 2,6-dihydroxynaphthalene, and

v) aromatic diols such as hydroquinone.

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

1) p—hydrokybenzoic.acid;

iii) 4,4'-dihydroxybiphenyl,
1&)-2,6—dihydroxynaphthalene,

v). aromatic diols such as hydrogquinone, ahd
vi) 2,6-naphthalene dicarboxylic acid.

Conventionally known liquid-crystalline polyester
resins obtained by solid phase polymerization exhibit good
heat resistance because of high degree of éolymerizationL
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 liquid-crystalline polyester
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therefore, their nolding processability was not. 25.
satisfactory- The The art desires liquid-crystalline
pol yester. resins which. show both high heat.
resi stance. and excellent noldability. The. art. also
desires. liquid-crystalline gpolyester resins
containing no flane retarder such as harnful .brom ne.
5 compound whi ch. . can exhi bit good flane retardancy..
SUMVARY OF | NVENTI ON An object. of the. present.

res IWENLHhOBh SHY PEOVH dRigA WRAl Yr&d odedh&e land excellent
iquid-crystal line polyeSter.. resin which. 10

mo B P11 6y, hi gh heat. reS|stance and excel | ent.
propertles - Anot her object. of the. present
inventi [ o] o a0d I [
l'iquid- g?@stafﬁl%%géo %gg eg lgghga Fggﬁgggﬁg%%o & %ter

bresent in

< fip FrdEER Rty 2B btol? BB S8 e mromine

como iy S'rpf@éé%%r?%% ﬁif’oﬁéxihﬁi'a#léiaﬁe‘?'.aﬁ%%&t-{3?. "
provides. a. liquid- crystalline polyester obtainable
by a nethod conprising the. steps of; 20. preparing a
repol ymer consi sting of the repeatlng units

SUP@&F W EWENTIN nul ae. (1), (I1),.(111) and (1V): Co

An object of the present invention is fo provide
a wholly aromatic liquid—crystalline pdlyester_resin which
exhibits  high heat resistance and excellent properties..
Another object of the present invention is to provide a
method for.producinguthe.liquid—crystalline.polyester.resint.
Further objeét of the present invention is to provide a
liquid—crystalline  polyester resin composition. domprising
the liquid-crystalline polyester resin of the preséht
invention.

The present_ invention provides a liquid-
crystalline polyester obtainable by a method compriéing the
steps of;

preparing a prepolymer consisting of the repeating
units represented by formulae.(I); (IT),. (ITI) and (iV):

p
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C CO CO CO wherein,. P. g, . r. and s represent
relative. nolar. proportions (nol 9% of the.
repeating units in the. liquid-crystalline polyester
resin and satisfy the followi ng fornulae:. 60cp:80 5.
10:rc20. 10sg+sS20 0.05:s/5 (g+s) 0.3 p+qg+r+s=100;
and heating. the . prepolynmer. in substantially solid
state. at. 10 250-350C, provided that. the. liquid
crystalline polyester. has. a deflection tenperature
nder . (BTUL) of. 280-340C,. and a nelt
i&ﬁ' of 10-60 Pa.s, wherein the nelt viscosity
3 1 ned at a tenper@ure. 15. 300C hi gher.
. . cdgstalline nelting tenperature of. the
resin, which. is-determned by differential scanning.
. an ear rate of 1000. sec-1.. BRIEF
NG Figure. 1. is a schenatic.
picalgﬁaped die. used for. the.
assessnent of. nmoldimg. 5 flowability.. The . die.
has | ength. of 150. mm w dth of. 15 mm

1 T
co . (Iv).

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

(mol %) of the repeating units in the liquid—crystélline
polyester resin and satisfy the following formulae:.
60=p=80 .
10=r=20
10=g+s=20
0.05=s/(g+s)=0.3
p+g+r+s=100; and
heating the prépolymer.in substantially solid state at

250-350°C,

- provided that the 1liquid crystalline polyester.-has. a

deflection temperature under load (DTUL) of 280-340°C, and

a melt viscosity of 10—60lPa.s,

wherein the melt viscosity is determined at a temperature
30°C higher than the crystalline melting temperature of the
resin, which 1i1s determined by differential scanning

calorimetry, and a shear rate of 1000 sec-1.
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and. depth of 10 mm. It. has. 54. grids and a side.
gate. of. 5. . mm X 0.5. nm DETAI LED DESCRI PTI ON. OF
THE | NVENTI ON 10 The |iquid-crystalline polyester
resin of the present invention. is not. specifically
limted and may be any pol gester resin. which
exhibits. anisotropic. nelt. phase. and is. called as
thernmotropic. liquid-crystalline. polyester resin by
those skilled in. the art. 15 The anisotropic nelt
phase can be. confirned by neans of. conventional.

pol arized |light. systemusing orthogonal. |ight

BRm* PE AT PT TONWE Tt rdwrgde. sanple on. the
Leitz's hot stage. under nitrogen atnosphere may be

observed., &.{JLT Leytz';s polarizathqn;w Crlpe;p?z?é)&ntzélc T{k?

l'i quid-cr i ne. "pol yester resin of presen
venti q onposed of aroggtlc ¥carbonyl

har%“{eg’é‘elé:ta Kk apu% t a2eL Rt | E ok r%spse% TR unitt afﬂalding-
ar [ car bon repeati The.
L Gy UM | RS pBR§ LeRphagin 10 (b iith of 15 mm
present n nt|on conpri se oxybenzo
ol G 1R U ranowt AT of hPELER) Snde o isigate of 5
oxycarbonyl repeating. C (1) wherein. p represents
mm p[Ogr> Ffoportion. (nmol % . of repeating. wunit. of.

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

DETAILED DESCRIPTION OF THE INVENTION

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

The 'anisotropic melt phase can be confirmeq by
means of conventional polarized 1light system using
orthogonal light polarizer. . In more detail, the éample 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
dicarbonYl repeating unit.

The liquid-crystalline polyester resin of the

present invention comprises a p-oxybenzoyl repeating unit
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10 unit:. According to the. invention,. the nolar.
proportion of. the repeating unit. of formula (1) is
60-80. nol. % preferably. 65-75. nol. % based on
the. total repeating. units
in.the.liquid-crystalline. polyester resin. Exanples.
of nmononers. which provide the repeating unit of
formula. (1). are. p-hydroxybenzoic acid and ester
form ng derivatives such as acyl derivative,. ester.
shH@( i Y%t i yesmand agyh. Aal 'a‘i%rﬁahﬁlrc,eo‘coxy-géerbonyl repeating
l'iquid-crystalline. polyester resin. of th 15
uniresent. invention conprises aromatic dlcarbonyl
repeati ng. units shown. by formulae (I I) and (1V) :
CO CO CO (I wher ein, . and s. represent. nol ar
. . 9% of repeatlng unit. of. :
formul a.(1flV). in the.
ald ne. polyester resin,. respectively..
The. total. anount of. the. aromatic dicarbonyl.
repeating units of. fornmula (11) and (1V). in. the.

i G s)wéri%éaggeﬁﬁﬁ%% o] I SF7bE < Bhpaging

unlbc"?‘SSQ of‘o::r%u a_t Otﬁl eptek% r1Qquld crystalllne polyester

resin..

According to the invention, the molar prpportion
of the repeating unit of formula (I) 1is 60-80 mol %,
preferably 65~75 mol % based on the total repeating units
in the liquid-crystalline polyester resin.

Examples of monomefs 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 thereéf.

The liquid—crystalline_ polyester resin of the
present invention comprises aromatic dicarbonyl répeating

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

' (IT)
%co@—co}-
q
| c0 |
00 . (IV)

wherein, g and s represent molar proportions (mol %) of
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units in-the. liquid-crystalline. polyester resin.
According to the. invention,. q and s. satisfy
following., fornula; 0.05. < s/(g+s) 0.3, preferably
0.08. 10 s/(gt+s) _.0.2. 15 Exanples. of nononers
whi ch provide repeating wunigts. of. formula. (I1)..
are terephthalic. acid and ester. formng '
derivatives, such as ester derivatives and acyl
hal i de, thereof. Exanples of nononmers. which provide

reg@fetd NGnikni 68. Rfrofdraruliar) (1a0d arR rév@=naphhalienethe
di carboxylic acid and ester forn1ng derivati ves.

1i ch— @%ﬂlﬁ@%&?}%é’@ér aPQs1§CYl:eQ§é!:E|§vém§r eof

he Iqu|d crystalline. polyestef resin of thé

present “%6@5‘1 005%1]11%1?3 ( ?Fonﬁ‘ﬁéc v\gk&ﬁ?ﬁtigpea‘ibggbonyl

' un|t S fornu _
resents r rti af t.he
repreepeé'tq annJU%stog ]f_B ﬁgﬁl %ri Il(aln)d I@ He the EQP of the
id-crystalline. I ster re Accor
pragsdt {TRESRY or ifﬁar RefErd gronk ol gf 1¢ied ol %,
repeat.i ng_unit., f oy mul a. [ 10 20 mol . %
Dr SR 155727, bl ot bt o S0 L g
repeating. _units . in. the liquid-crystalline
unigs \idsttdre reqiil d st abling. P%ﬁ%ﬁ’é% TQ/RLBA provide
repeatlng

According to the invention, g 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

units of formula (IV) are 2, 6~naphthalene dicarboxylic acid
and ester forming derivatives such as ester derivatives and
acyl halide thereof..

The. ligquid-crystalline polyester resih. of the
present invention comprises aromatic dioxy repeating unit
shown by formula (III):.

OOt =

r

wherein, r represents molar proportion (mol &) of the
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units of. forrmula (111) are. 4,4"-dihydroxybi phenyl,
and ester. formng derivatives. such as. acyl.
derivative thereof. In the |iquid-crystalline.
pol yester resin. of the. present invention, it. is
preferable that. total nolar® anbunt of. the. aromatic
di carbonyl . repeating. units. of. fornulae (I1). and
(1'V) and the. nolar anmount of the aromatic. dioxy
repeating unit of fornmula. (I11l) are . substantially.
repguaing 16nThe ofr eSemula n&adi onn prlowi désuadretdyedtalline
for. producing . a. liquid-crystalline polyester
polnesstte smhieedtin. conpri ses the steps of;. preparing a
pel l et. of. prepolyner. consisting. of the. repeating

units. rpieseiedeby ther miastilon, (4he . mélat) pro@rtion
and (IV) : CCCO(lI) 10. C wherein, p,. q, r. and s

ofr€Hée%%Hea{fﬂ tbﬁgtr@%a&oﬂﬂdﬂ§”kt@@§ 14“@b - Ghol %,
repeatlng units in the. liquid-crystall |ne
g%[oea%lng

pr rya%%. e§' 7. %”%gfat%'. “kQaQS&'Zg%x 3%% pclr

subst a Iy sol'id state af

unit¥Ph ’E‘?{é“oldquPm—&yéthfir?e "5B1GEEPLr resin.

Examples. of monomers which provide repeating

th

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 cf 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 pellet of prepolymexr consisting of the
repeating units represented by formulae (I), (II), (III)

and (IV):

L p -
——co@—co}- 1D
L q
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rel ative nolar proportions. (nmol. % of. the repeating
units in the. liquid-crystalline. polyester resin and
preferably satisfy the following fornulae; 10 60:p: 80
0:rc20 10:q9+sS20 0.05:s/ (g+s) 50. 3 p+g+r+s =10 0O
15. The. liquid-crystallin® polyester resin. of the.
present invention. is obtained by a nethod which.
conprises preparing prepolymer. by pol ycondensation
of . mononmers. which provide the repeating. units
own b fornulae (1I9. - (I'V). using known
b "hods. such as nolten 20
cido & sl uE¥) pol yneri zati on. net hod,
d 11. eating sai-d prepolynmer. at 250-350C.. The
nol t en. aC|donS|s method is. preferably used for
e ; epol yner of the. present invention.
d, th¢. nononers are heated to. give.
< Sol ut fon and tKBA the solution. is reacted
to gi ve. the nolten. polyner The final step. of.

wh% %1|E§:Qfd:p%¥kibe ¥epf%§é ?gia?fggymoyggug?éﬁgrtﬁonsf

removal pr odu suc

S By T LR 0 e

r eact ed |n a he(i exchange fluid to.
polyester resin;

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

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

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

acidolysis method and slurry polymerization method, and
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give solid state polynmer in. the formof suspension

in. the. heat-exchange. liquid nmedium In. either of

the nolten acidolysis nethod or. the. .slurry

pol yneri zation. nethod,. the polynerizing nononer 15

conponents may be. in the. denatured form i.e.. as

| oner acyl. ester, which. can be. obtained by.

esterifying the. hydroxyl group. The | ower acyl.

group. may have preferably. 2-5, nore preferably 2-3
heaGdmRO A0 PrepAI8Mdr BSIEFG-3B0 EC NSt preferably

used for the. reaction. 20 The | ower acyl esters of.

the nongmRy smolByn Beidoh9ee sPrepehsd bef yelmhd, used
acylatlng the. mononers. ~ independently or may be

for hase, ey Catk 'ﬁ‘ré;ﬁ@l{/ﬁéft benth3y $heBeit adiidig fh. 1n

acylatlng agent such as acetic anhydride to the.

thlréon‘?r%‘”tﬁn%d UP I}, PT %&@{éﬂr{&é he, eg}géé’ﬁ@& s '5‘1v§' tﬂgiten

ffol ten. acl sI's neth of t he.

sol%%&%%?r %gtléﬂénHQ%pOdsolﬁgg%éil¥§t r %tgfht%§e%1v% the

réaction eSire anples 0
atal ys i nclude,organic, tin ounds such a
mol G LIS LiRaET i GBS SRR bASHR ( P bt ey SthSE ogy be
di,aryl tin. oxide; anic titani.ym conpounds such.
cargded; { gHF umteR ki d‘éacu‘g‘htu‘%ﬁ)n AT Gt . TEMRY; of the
titanium siljcate and tltanlun1aIKOX|de al kal i ne.
volgtile RyI-Preddrtsh Susdt £ %ﬁﬂq1QﬁaQ%ﬁtﬁ&yW¢%eEC|d
such. as potassium acetate, and gaseous acid
cat al ysfféle S va o Lvevi 51 i 1cPT{ de th@BE3) s @h}@lracterlzed

in that monomers are reacted in a heat-exchange fluid to
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 polyﬁerizing monomer
components may be in the denatured form,.i.e..as lower acyl
ester, which can be obtained by esterifying £he hydroxyl
group. The lower acyl group may have preferably 2-5, more
preferably 2-3 carbon atoms. Acetyl estersi 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
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10 hal ogenated hydrogen (ex. HCl). In the present.
specification, the. highest. reaction tenperature in
the. polynerization. of. prepolymers. is referred as.
Tmax. In the. present. invention, the term
"prepolynmer” 15 refers. tolpolyner with | ow degree of
pol yneri zati on which is obtained by. the
pol ycondensati on reaction and which is. subjected to
solid phase polynerization reaction. afterward. The

s 1Urep Polnkie Missa Iy trd t R It | DNcd €APEs At s ¢ bacmsea in the
from Tmax-60C to. Tnmax-5C and has crystalline.

red®itdM0.i 2Qdenmeyature (Tnm). of from Trmax-15C. to.
Tmax+20C. Preferably,. the. prepolyner. has. Tc of.

from TmaxnQG d0. ofTMeKe 106G t AN I8 GfhdinRe TeRy=tde tin
to Tnax+1OC Tc and Tm are. neasured by the fol "'ow ng

*@ghgg f
coﬂp' fferentla nA?%g %}P%%?égfb ngP1%086lde)
and( Sg lI rili‘hr WS 8ah1cd]c1t4:aaln di]rf’f‘p:?.ﬁ%pgr EBS Such as

devPee: T Use
. e exam.ned is eat ed  at rate. .

t1 t@‘ﬁ%t eéja?ﬁﬁlgﬁdot I‘?e’rtrh“k?nypeagrf?ﬁ?'?e’s %l&o}?yecogﬁeaplum
) Thereafter le is kept. a. te eratur

Si 2§%§ﬁSQﬂ rﬁ&ta?hgﬁngﬁﬁoxFG?' éka&ﬂﬁﬁt&§ }kﬂﬁ earth

the. sanp Ie is. cooled to. roomtenperature at t he.
metag esaJo‘F 020G BRI%L Hhdacé Lot 85 p@AE B sacetate;

recorded. Then,
and gaseous 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 degree of polymerization which
is obtained by the polycondensation. reaction and which is
subjected to solid ehase polymeriiation reaction afterward.
The prepolymer has crystallization temperature (Tc) of from
Tmax-60°C to Tmax-5°C and ~has crystalline melting
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 Tmak-lO“C to Tmax+10°C.

Tc and Tm are measured by the fdllowing
procedures..

Method for determining Tc and Tm
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LCP sanple. is heated again at a rate of. 20C/ m nute.
10 Endotherm c peak found in the final. step is.
recorded as. nelt . point. (Tm). The. prepolyner in.
nolten state. is. pulled out. of the polycondensation
reaction vessel. and is. prdGessed to give. pellet,
flake. or powder form. Thereafter, the 15 prepol yner
is subjected. to. the. solid phase polynerization
process. The form of prepolyner is preferably pellet

because THe diSf@oott DPErathondhgt yabdorifetsol Edstar 6000
phase. polynerization. The structure. of. pellet is

(sdigto | 1id ¢ eemands phef er aBliyal, s Je@lawmar - tisd rsehdlr €ype of
Col umar pellet. can 20. exhi bi t good flowability and

pscdi aB%Eébb'iét)ﬁs'eQi t he 180l i dcpPhass, pol X’.%E”béaté}%lned is
reaction. vessel. By using such columar. pel

QXSS ﬁgg. gga%g) g?‘ﬂn 'ﬁ%%'%a%{r&?'endc?{ﬁé’ﬁﬁ d- ﬁgﬁ Bem1).

S educed. _ P 'he cr oss sectlon
ts E?%%‘%@Z%?d@ PR L A 'E%éiqu%é‘td at a
cerRealteS dinefoh, reRes i i pf%%’- 7 el o rnen
il SR U T
/cunference and appears as aInDst elliptic.

Sr/@dyes yandt o tdisrdiicar Per kel (Ticht i & CF8§§rde§ect i Ghen,

of t he col umar Qellet . has. a. cross section
LCEy; gﬁ@p@p_ is heated again at a rate of 20°C/minute.

Endothermic peak found in the final step i1s recorded as
melt point (Tm).

The prepolymer in molten state is pulled out of
the polycondensation reaction vessel.and is processed to
give péllet,_ flake or powder_ form.. : Thereaftér, the
prepolymer 1is subﬁected to the solid phase polymerizétion
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 cén
exhibit good flowability and dispersibility in the solid
phase polymefization. reaction vessel. = By using such
columnar pellet, wunevenness of color and mechanical
property can be reduced..

The shape of the cross seétion of the columnar

structured péllet is not limited and preferably, 1is
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(when. cross. section is elliptic,. myjor. axis of.

cross. section; and when cross section is infinite

form dianmeter. - 10 of. its circuntircle). of. 2.5-4.0

mmand a pellet. length. of 2.5-5.0 mm The. nethod.

of solid phase. polynerizatildn. of. the prepolyner in

the. formof pellet, flake or powder is. not Ilimted.

The 'sol i d phase pol ynmerization may be carried out 15.

by heating. the prepolyner at. 250-350C. using an
cimeqilifendél ]l spiehc asr Melquiasteg gy ey r& Op & Fe oxBDy circular

hopper-typed reaction. vessel, vertical reaction

or \ee@slgitla@d amta&@rpré@é:ﬁtC@hveﬁe@@h;oahaeeéein reTheptic™
solid phase. polynerization. is. preferably. .20

shetd rmegneutn&nd&uﬁngle%%{ettm&qs e BUCH @S shabll 9980, also
hel i um and argon gas. under reduced pressure.

| oval'llugglgg é&"h glq]%d' tflg:?y'eabott.ﬁe rfﬁ‘:‘ééf‘ orgion ~in  its

ryst I ne polyester resin w
ors 1.0ne degr % on solld
c1f€¥%%é¥%n elﬁﬂék Ion S §9 gﬁmggt %%g%ﬁ%ygn t he.
apparat ed. degree cuum
is prefe’?aée%)rea%oy thg?‘ the‘”ﬁcgizi a5, O5er| Z%'qllﬁ edress
far the pha nerization becones shorte
SO GS L e T LA T oS (7 HErOF S, SRGELON dismeter
especially limted. In general, it may be. 3-20 hrs. 5

(WhERs O nEGOIHGH di8ry SLABAE: pBRYest eP*idsi RE oFLOSS

the. present. invention. has DTUL. determ ned
seq;ygﬂmﬂqﬁgtwhen cross section is infinite form, 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 wvertical
reaction vessel.

The solid phase polymerization is preferably
carried out under an inert.gas.spch_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 wvacuum upon solid phase
polymerization may be dependent on the.aeparatus employed.. .

A high degree of vacuum is preferable so that the time
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ASTM D 648 of . 280-340C and therefore, it exhibits an.
excel l ent. heat resistance. Mreover,. the :
liquid-crystalline polyester. resin. 10 of the.
present invention. preferably has. a. nelt viscosity.
as- determ ned by capillarylsheoneter of 10-60. Pa.s,
and especially 20-50Pa.s.. The. liquid-crystalline.
pol yester. resin of the present. invention exhibits
excel | ent heat resistance and good noldability at the

perSAHE tddBirdd fbe BBkl swilSeoFHakse iSol ymasikLeti oy bBeomes
followng. nethod. Method for determning nelt

shoHtsgosity Viscosity. of liquid-crystalline polyester.
resin sanple. is. nmeasured with a. nelt. viscosity.

”Easuri@gﬁ%evé§fid %%E&%@pgbb@@h@&&z&ﬁioﬁOY%f%%Jdis. not

Sei saku- Ltd, . apan). having capillary.

f.: O.47, nmad . 0. T cad rried
esP%uctl.a a%ty % Jtxteerrdlp'erlat een.egowéfl.’ Im’r% and & é%ekyf:.é"r ate
of. 10 sec-,l.... Thus obt.ain vakue. is.,.re e .
P Satatged DLt lRbRICA KR Re I J e sin

as nelt. e, I né.

lting tenperature., 16. of [|jquid-crystalline. .
of TisebferEiFennireris aindiay abll defridnfiesh Mcording o
determined by differential scanning, calorinetry,  may
ASTH pBeref bif be 8976 4306C, 2Rer o PFEFERED y 1 346X88BEES an
The. liquid-crystalline. polyester. resin exhibits.
excgdd@tedreats nasishiaie®, excellent. nol dability and

sufficient. stability
Moreover,. the liquid-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 liquid—crystalline. polyester
resin of the present invention exhibits excellent heaf
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-1l. = Thus obtained wvalue 1is recorded as melt
viscosity.

Furthermore, the crystalline melting temperature
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upon. nolding.. The liquid-crystalline polyester

resin. conposition of the present invention nay be
those. obtained by adm xing one or nore. fibrous,

lanel lar. or. particulate. 10 filler and/or.
reinforcenent. with the liqukd-crystalline. polyester.
resin. Exanples. of . fibrous. fillers. and/or.

rei nforcenents. may include. glass. fiber,
silica-alumna fiber,. alumna. fiber, carbon fiber.

of aQQqﬂfﬁndkisﬁﬁﬂllneAmpﬁgyéﬁﬁgt &b&&& 1% i behe | Spresent
pr ef erabl e because of its. good bal ance. of.

1nv@@f¥dﬁ“det@fﬁpﬁé&'Qﬁra@§f§9§ént1§¥a@@dﬁiﬂﬁé|é§@%£§ﬁetry
or. particulate. fillers. and/or reinforcernents my

mayI a§ggggrggh‘9dokf£n %%oﬂi@q)*ﬁ temordo bk@%%?gkﬁgkeﬁz%QBQJmc

ohate omte gl ass gl ass

| Thebejla ulé’aé:'c“r%g’fi{r?ée aﬂgrets'tte%”'%% oxi %8%81 qod heat

Feinf nts ma

crystalllne est resin . ,0S. 1 1.0n
reser?%amﬁe e e RERIEBh T nb et YT S e e ey
by wei ght, preferably 10- 100 parts by weight.
UPOB Poiéé dparts. by weight 25. of the.
l'iquid- crystall ne polyester resin.. If the anount 17
of . theTh IIerélq&ﬁéﬁ@FYSFéﬁﬁﬂ@@tenenP@lY?§teﬁDre resin
.than. 200. parts. by weight,. the.. noldability of

- comppeifdenl tiingthe qureserEysngpntaenpsiayedtcerthasg nobtained

conposition. tends. to. be decreased or. the.
by edmustriqgoot. datemeyki fdérows, Hawedlartjper particulate

filler and/or reinforcement with the 1liquid-crystalline
polyester resin.

Examples of fibrous fillers and/or reinforcements
may include 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
properﬁies 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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5 nol ding device. tends to be increased.. The.
liquid-crystalline. polyester resin. conposition
according. to. the present. invention may further be
adm xed with one. or. nore additives,. which are.
.conventionally. used. for ngsin. conpositions,. if
desired.. 10. For exanple, nolding |ubricant such as
hi gher. aliphatic. acid, higher aliphatic ester,
hi gher aliphatic. am de, higher aliphatic. acid '

of Mialfisadds dndighereingbiPhaénts hermbhe thed 200 parts.
refers. to CL0-C25. aliphatic), polysiloxane. and

by f!w@irga@@,r.boahereﬁb@daﬁ@h@&?nt ofuChheas ﬁé/%ltﬁm%v liquid-
pi gments; 15 anti oxi dant hermal . stabilizer

cry%*%saqutl‘?{g %&I%é&ﬁ‘é&:c redgent ; cando suEfage. t%?lh'gve to be

agent dm xed The add ves. nay be added

dec&%ase@? éf quh? %h%%ts%'lhggnc%foﬁfgslz?i1n&8§' dr die of the

nposi ti nvention I'n an.
art b ht 20, preferably O 1 0, 5.
moldine 45 g JRnds tfoo@"p%lf»%%s vel ght * of the
l'iquid- stal li ne polyest reS|n

| ubrica - sucﬁ

%%%t. c. PS&Vgsteﬁ. gher Fesin
al i phatic ester, . her aliphatic acid netal salt

COWQDSl?HQRH%R%ﬂ%QﬁPQyE% tBEr PACSERE ﬁ@WQﬂ¥%ﬂﬁkﬂPYofPﬁEher
. pellets. of 25 the liquid-crystalline. polyester.

be r eaFRixeR . PREN | QR d 8. dI3ER al PRAGLHYESest sfhich are
resin. conposition. before. subjecting. the pellets.

congntiilpnaliy diagd pfetestesin M@a@qsﬁé'-l%nt ifadfaepered..

to the outer surface of. the pellet.
For example, molding lubricant such as higher aliphatic

acid, higher aliphatic ester, higher aliphatic amide,

higher aliphatic acid metal_salt.("higher".aliphatic herein

‘used refers to Cl0-C25 " aliphatic), 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 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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The liquid-crystalline polyester. resin 5
conposition. of the. present invention may conprise
one or. nore additional resin conmponent . unless. the
additional resin conponent does: not. inpair the
object. of. the. present i@d8ention. Exanples of the.
addi tional resin. conponents. include thernoplastic
resins such as pol yani de, polyester, 10 pol yphenyl ene
sul fide, polyether ketone, polycarbonate,
crypdaipheny| poeyekher. rmadliresahpoedtioni rifioses subjecting
t hereof,. polysul fone,. polyethersul fone and
thePobyetBek. 8 ehe a1l iRy "peetkkBy I&si "haChhasS agent
phenol resin, epoxy resin and polyimde resin. The.

adHAUR, Gfhe thfreAddit# Q0] o £ rEsk NHd b1 £EMPONENt is not.

[iTmted,. and may. be determ ned dependent on. the -
i nt ended.or opert AVaell |61 1SYRh additi resi p§q;
may be TR t%?iqtugélci&?&itécrygqalIihglggﬁl;}ggt er. oon
resj:n.. conpesition. ] .qf 1-200 y.
ok H B ety A9 o T8 e SRR S8 g o
arts,.by. weight. . 20 of the |iqujd-crystalling, .
mo AT A e st e it SRR F1 DR it BLenpl resin
resin_copposition of the. present [nvention be.
compgnented IiES W ngMH3ter sthe r PRISTEen? ts&g present
. additives. and the. other resin conponents. to the.
invengdiah-crytzamRHes pdl yeheeradqdidsiopal &/§1me| fomponents
. kneading the . mxture. using a kneadi ng machi ne._such
incigides timgplasti xeFesirpeadeh, assipRf¥aRkiewy polyester,
extruder,. twin screw extruder or. the. like. at. a
poltveisevdtamee. Bflffdeom mexkygpher 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 liquid-crystalline polyeéter
resin composition in an amount of 1-200 parts by weight,.
preferably 10-100 parts by weight per 100 pérts by'weight'
of the liquid-crystalline polyester resin.

The liquid—crstalline. 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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to Tmr20C. Melt. kneading. may be carried out at. a
tenperature. higher. than Tm +20C, but. at. such. a.
high. 5 tenperature, the resin tends to be colored or
charred.. The liquid-crystalline polyester resin of.
the present invention. andl®he |iquid-crystalline

pol yester. resin conposition conprising. the. sane.
exhibit. excellent. flanme retardancy. A 0.3-0.8. nmm
thick test. specinen of the. 10 resin conposition

as cBapbutiyngmirerf| amkeadeef arstaiglexhidridws. e¥t@udegr,adewin

flame retardancy according. to. UL-94 standard test.
scr®i ot ruddie dd QHd-Ciystat | 4 neeieéyestiee 6€SFRoAl near Tm

the liquid-crystalline polyester . resin. conposition
to aG&A@IRg 10. Myl h‘?(nléra%li%@ maly eBkl OBarF¥dbEcTR! dad  a
usi ng a. conventi onal ne . molding. process,

tenS81 AR yh'l:a(}j;g%(it' ?Ra fnng+2?€@”prk‘i§'§' At ”%alq"élnga high

Xtrusion no oW Nno d|ng The nol

t en trjaccl ‘?:Se Obcthae rke% Vﬂ tther%&se 46 %‘é %f’é@l Jﬂ: ng%an*red

resin resent i nVentTon exh
excelle 20 .heat.., resi %_ and suf fi ci ent

nol dabi 7 ey &ﬁ@utlﬁlerc&fyc?r lé}e [B)é)l‘lt S 5§esfl5]l Pf the
t f elect l.ect
preg%&tiuﬁaw%a Ll © G Sl TP SRyl gen pmch wﬁgester
| yester.  resin of the present i nvention.  and t '
r%ﬁnqupamep;g{capm nECMRELBbNGest G eFnibitt i sfcellent

conpri sing the. sane -are 20 suitabl used for fine.
£l ametnp&e ac@?ﬂfm AgPe3rhies! mmethwh:?test specimen 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 polyester resin composition according to
the present invention may be molded using a eonventional
melt molding ©process, preferably injection molding,
bompression nmlding/ extrusion molding and blow molding.
The molded articles obtained with the liquid-crystalline
polyester resin of the present invention exhibit excellent
heat resistance and sufficient moldability and therefere,
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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require high heat. resistance and good flowability..
The. present. invention. is further described in
reference to the. following Exanples.. 5 Exanple . In
t he exanples,. DTUL, flexural. strength,. tensile.
strength, flanme retardancy, a0d flowability are
assessed by the. follow ng procedures. 10. (1). DTUL
Test strip. with length of. 127 . nm. width of. 3.2
mm and thickness . of. 12.7.nm was nol ded usi ng.

suilt¥yRG6t | @fed MBbdi Fane MECTHHIEchIecdOP00ahH0,tHY Ssike which
Plastic Industrial Co.,.Ltd.). Def |l ection

rediBMRENALGH haMas f@@ﬁéﬂsﬁ{béﬁér{w d&ed tEBStabBiitp. 15
according to ASTM D 648 under |oad of 1.82. MPa. and

heat i ng rHat grelsed® M AvehZlofl exdIr éﬁuﬁé}f&ngﬁasc}_ﬁ%ed in
same test strip used for determning. DTUL was. used.

ey T ) el T FRERER “ASTM D a8 iype IV

dunbbel | - shaped speci mren was nol ded using injection
nol di ng machi ne (UH1000-110,. Nissei. Plastic

| ndustrial. Co., Ltd., Tokyo. Japan).. Tensile 25.
ExaﬁFﬁéhgth was measur ed using the speC|nen accor di ng

to. ASTM 21 ,
. In the examples, DTUL, flexural strength, tensile

strength, flame retardancy, and flowability are assessed by
the following procedures.
kl).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
used. 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 Industrial Co., Ltd., Tokyo Japan).. Tensile

strength was measured using the specimen according to. ASTM
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D 638.. (4) Flane. retardancy. Test strip with Iength
of . 127. mm wdth. of 12.7. mm. and thickness. of
0.8. mmor. 0.3. mMm was. nolded using 5 injection
nol di ng machi ne (UH1000- 110, Nissei. Plastic.
I ndustrial Co.,. Ltd.). Flage. test was. carried out.
according to. UL94. standard... Flane retardancy was.
recorded as. total. burning tine of. the. first
burning tinme and the second burning. time of five

D 639.ps. 10 .(5). Mlding. flowability Harnoni ca-shaped
die. shown. in Figure 1 and a. injection. nolding

4)ymaghine AddALQQGAA0, . Nissei. Plastic Industrial Co.
Ltd.) were. used.. Resin was filled in. the. die. at

a predeterdy n@@r%' ladar 1%%@%% B ey @k, dvBddh of 12.7
t enper ature of under 7i nj ecti on. pressure of .

rm, 15700 23 9 o g ioore r ahe f 809mf;%éhw§g0%@da&yusing

was. assesse Ilng ratio e resin. .
t, h f |4 ed int .
o AR b CTRAR Pl i 8 10 nt s
follow

filled MAt reS| In t ex Ies
Industrddtat i Shs argt%s}sd Eﬁ@e 3: thy&f%&yb%%ﬁﬁ%d out
cid TPA: terephthalic Cld IPA i SO alic acid BP:
accpEdintgy g, diedd s banfisrd 25 FBATS 2 oy as o feChided
di carboxylic acid
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,. Nissel Plastic
Industrial Co., Ltd.) were used.. Resin was filled in the
die at a predetermined cylinder temperature, at die
temperature of 100°C, under injéction 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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22 Exanple. 1. <Production of. polynmer with | ow
degree. of polynerization> POB (211. kg, 1529.
noles), BP. (61. kg,. 328 noles),. 5 TPA (47. kg, 284
noles),. NDA (9 kg, 44. noles), acetic. anhydride.
(232. kg, 2271. noles) and pgtassium acetate. (7 g,.
0.07 nole). were. fed. in the. 1nB polynerization.
container.. made of SUS. and equi pped with. an
agitating device. and a. heat exchanger. Under. the.
ni trogen. atnosphere, the mxture 10 was heated from
the roomtenperature to 145C over. 2 hours. and kept
Exasfp1e#3C for 1 hour. Then . the. mxture. was heated
to 348C . for. seven. hours. with. distilling out the.

<P E o ?ﬁ'{?éf P lth‘tgeA:%Pé%/or S%Q%Xrﬁélrlzatlon>

reaction was "ca ed out. nut es

When t hedzor Giie b aﬁfséaemoiésreg%te . ,.nf%{@'molesn

pol ynmeriza ai ner "'was " se rogen

Ol i FO R i I
o 2R, s LR S (1,

olynerlzatlon cont ai ner was_pul | ed out thraqugh the,

0. 0&. cBOBE) 3Meramindx. 1y fhet olMgi velymegizgidon cqpgainer.
strands. were. transferred to the cutter through. the
madgated - $HD1 edagdr FBILPrafdhi He. a%qéHﬁﬁéGlPﬁstdQ)ﬁd‘é? and a

t he pol ynerization contai ner. Then the strand was
heaguexiohaagssl .| etUnsier tthe qutteagen aeosmhepe| | elpe gpixture
polynmer. with. | ow degree of polynerlzatlon was.
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 wvalve at the Dbottom of
polymerization container was opened.  The content of the
polymerization container was pulled ocut 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 equipped Jjust under the polymerization container..
Then the strand was cut into pellet by the cutter. . The

pellet of polymer with low degree of polymerization was.
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23. thus obtained.. The resultant. pellet was
columar. of. about 4. mm |long with circular. cross
of 3.4. mmdianeter. The crystalline. nelting.
tenperature of. the. obtained polymer 5 with. |ow
degree. of polynerization degermned by differentia
scanning. calorinetry was. 349C and crystallization
tenperature of the sanme was 309C.. <Solid phase.

pol yneri zation> 10 kg. of the. pellet of thus

th@Pldt8Ge ol ynmer vvi th. 10 | ow degree of

pol yneri zation (i.e.,. prepolyner) was fed in
40L- t untalg, dfé@ﬁltém@ B@ﬁm@rcawse @élurm@r 625 aRRASY mm.
in. the. vessel the dryer was . ... The. gas - -

d t f
lon%ha§§f§gs @ffgéﬁgf CPXSE' beoen. 4gaﬁm?lomf¥$§§§éoo Th

t'he r was eated under ~ni troge

cry%%%ﬂﬂjim%o %E%&P ePQ@ﬁ?ﬁ 15ﬂﬁ§ag§gaageéonglymer

er at
|
ar r |lé> outrdat i Soeﬁ/en %@%e %/gféllf' ﬁ:ta%g?‘T %%se

ol yner,i zati on mas conpl the gas. phas S.
o1 R GSR DOBEPARANF ot Al 5 Y | e ryer4dhs
stopped. Then, flange of. the dryer. was opened and
crysié lgdizadien SemRREa iyl FRRIIANE i@ HotY2ster .
resin were ejected.. At this tine, adhesion anong the
<Soééld Sha sga P Homesgatianand pellets were easily.

pul led out. of the dryer. The resulting
| i qui d- Oy stcmldfi rtélepq:pq/]e]sqtérof thus obtained polymer with

wit

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.gaszphése 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
éarried 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 ligquid-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 soclid phase polymerization exhibited
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25 resin obtained by the. solid phase. polynerization
exhi bited. 24. anisotropy in. nolten. state as
observed by pol arization. microscope. equipped wth.
hot-stage.. DTUL. of. this liquid-crystalline

pol yester. resin was 330C, 24crystalline nelting
tenperature was. 374C and. 5 nelt. viscosity. was. 42
Pa.s. 70 weight parts of the obtained liquid :
crystalline. polyester resin, 30 weight parts. of

aniAssody bam ﬁl@ﬂ@@ﬁedsﬁéténdas 0FPlseddeSHb N ppOBrization
Electric. dass Co.. Ltd. Shi ga, Japan) was.

AdHxSsk o 44 Wy B NSt SYBhget ed to 10,
i peIIetlzaf?%Hﬂ%S|ng tW|no screﬁlextruder (TEX30 a

- 35BW 2
- Japan) é tq] ?I ﬁ%@aﬂ ﬁ-ﬁ%‘ﬁlg\?%?gtalﬁlg&c‘g (st%errewreﬁn
f t i
wasg o]%yes?(grs& & na(lclolﬁf‘go& ?%%BgDﬂﬂfef%%g Go%S 33'}4 ‘{&€and
melfS%”'d cry, stalli | yester resin. conposition. was
strengt

?Xefﬁ?a S ?e%gth was 190 MPa, and. tensile

t
retardaﬁgymaﬁ}ot%ﬁlgﬁﬁnw9§ﬁb£?? : Fﬁﬁ SOhﬁ?fﬂﬁgk tdgpid-

. piece was. 30.2. seconds, while that. of 0.3mmthick
crygi@llife PIHHRE TeBth, 3ofwetght Baetsnﬁﬁ gapgsoraber
mmt hi ck pi eces did not produce drog 20 resin or.
( cheytipad cﬁterpamchg%BWrrr%%@#nehﬂlmqa@.E gcEBi€oflang Co- Ltd.,
flame. retardancy was. V-0. grade. . In addition,
Shifdeowadipany. waspordmbreld ng eRantwned aasa TYieeeed to
tenperature of 390C. The resin filling ratio. to
pe lHarmiord thiaors hapedgditeviwasscrew extruder (TEX30 o -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
burning 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

oe

Accordingly, the liquid—crystalline polyester
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57.1 % 25 Accordingly, the. liquid-crystalline

pol yester. 25 resin. obtained was. excellent. with-

respect. to heat. resistance. (DTUL),. nol ding

flowability, as. well. as. flame. retardancy..

Properties of. the. polyner 24ith. | ow degree. of. 5

pol ymeri zation (i.e.. prepolyner) and the.

liquid-crystalline. polyester resin. obtained after

solid phase. polynerization were shown. in Table 1.
reddopasBthyYfedEXafgd € &xsBnoduet i amtof pekyeet. Widh heat

| ow degree of polynerization> 10 POB (151 kg, 1092.
redideflce BBTULI02 tkihaif6 FIBLES)11tTPA 491,ka) 546 flame

nol es),. acetic. anhydride (236 kg, 316 nol es) and
retRtBgsipm acetate. (38. g,. 0.4 nole). were. fed in.

pol yneri zati on contai ner and polyner with | ow degree.

f I ' ' . h

o Bol WIRLLeR 90 vae. (BePREETY | DecROTEP SRRIMEE of

f 4., [ . ., Wth, ci I ection, of. 3. .
roSfp TR k! TS, SAESPBPLORs By g¥aine

t he .obtai ned polyner. . with | ow degree of . .
poTyR RN | Eas Lo dRbeariachent To 26013 AtaNg | BPLERERAFAG LoD
cal orinmetry was 349C. and the. crystallization
WE LS RiTL ulr% GPt%el sane was 326C. <Sol i d phase

pol ynmeri zati on>
Comparative Example 1

<Production of polymer with low degree of polymerization>

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

The resultant peliet 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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10 kg of the pellet. of thus. obtained polymer wth.

| ow degree of polynerization (i.e., prepolyner). was.

25 subjected to solid phase. polynerization. by. the

same 26. procedure. as. exanple. 1. except. that the

tenperature. of. the gas pk#se. was 330C to. give.

pellets of. liquid-crystalline. polyester. resin.

Adhesi on. anong. pellets. was. not. observed and

pellets were. easily pulled out. of the. solid phase.
prozeaiinaTed s zakhnplequ pieddpt ThRatr edel tiddperature of the

l'iquid-crystalline. polyester. resin. obtained by
gasSPnskPHhAss. 3330l Yrerd zghyen X hidts esr ani §08 80B¥ysthNiine

nolten state. as observed by polarization. mcroscope
pol§RRRed-d ik, Nolarda0%: diflodg Dpbhicek WIS not observed

I"i qui d-crystal I'ine polyester. Tesin 15 was 336C,
andc.rééﬁ_ﬁ_glttsnewé@%t 'égsiffn%‘%ﬁqtelg €oWas- of’os&é’?‘ngolq%i tphase.

vi scosity. could. not.” be neasured by the. sane.

I -%ﬁﬁgﬂ!e. 1 due to its high

po#%ﬁ%ﬁ%%ﬁqﬁﬁg %ﬁh%lng tenperature. To. the. obtained

l'i qui d- stal line.pol yester, resin,,qlass fjber. was .

adm xed T 1 PG Gy SCAFECRE T VRTedrEr Rebigoter resin

cqQnposi tion wa repared by. the sane r.ocedyres, as,
obtEIaR &Y POl RS o ot N T ARt e yerhr bied. aniSStropy
, poliester. resin. conposition, was 337C, flexural.
in spp R§Ph %@aﬁﬁsETSSQQQ?%ﬂﬁﬁtéh%iP@ia§ﬂFéﬁdPﬁ-wa§C{9600Pe

MPa. Wth. respect.
equipped with hot-stage.

DTUL of this liquid-crystalline polyester 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.

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. 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 droppings
which burned surgical cotton and frame retardancy was V-1

grade.. Molding flowability was examined at a cylinder
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to flame. retardancy,. when test piece. with thickness
of 0.8 mmwas exam ned,. total. burning. tinme was
50. 3 seconds... The. piece did not produce, drop. of.
resin or other droppings which burned surgical.
cotton and frame. retardancg7was V-1. 25. grade..

Mol ding flowability was. exam ned at a cylinder. 27
tenperature. of. 400C. . The. -resin. filling . rate.
to. harnonica- shaped die was. 26.7 0. In conclusion.

ten@ferdtifre GAPRI@IG Ve Tioxar@sn 1fi11D8g rate to harmonica-
i quid-crystalline polyester. resin. was excell ent

shaMdd.did wRespest7 tp, heat resistance (DTUL),. however,
i't was not. satisfactory in nolding flowabi I|ty or

flame. refat ﬁBEMSfoRr%EEHhhﬁsc?ﬂ£a£Q€198'%&%&gr@t{‘d

IOM/degree 0 ymerization ., prepoly

il st A pecpol vestety TRl oMALDEth: with

neri za Ion. were

Tabl e t, Pr od
reﬁé%%ﬁnﬁwaQ?nga#%ggygﬁu% BB né(fzéglgﬁil9nﬁdé @Tﬁﬁ not
15 TPA

sa f£'10 nDIe ld1 Pe 2 k f37 me a cyL
% 66 %l hekerd

anhydrlde (236 k 2316 nDIe . and otaSS|um

acetat el rﬁfes 65a ﬁBFes§o ars d low degree of

onnerlzatlon cont ai ner. and polyner MAth | ow
pol&@@rréeza&florpm yiier§ zat | G SRELFADAr ed@B¢ t hBhganmeliquid-

procedure as exanple 1. 20 The resultant. pellet. was
crysdaliiare oblyepteam lkesgn obtained after solid 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.f37_g,
0.4 moles) were fed in polymerization container and polymér
with low degree of polymerization 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 ﬁemperature 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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with circular cross section. of. 3.2. nmdianeter..

The. crystalline nelting. tenperature of. the.

obtai ned polymer wth. |ow degree. of polynerization

determ ned by differential. scanning calorinetry was.

348C and the. 25 crystalliza&tion tenperature of the

same was 315C. 28. <Solid phase. polynerization> 10

kg of the pellet. of. thus. obtained polynmer wth.

| ow degree. of polynerization. (i.e.,. prepolynmer).
<sdEid ¥ e Oristi6nphase polynerization by the

sane. 5 procedure as exanple. 1 to give. pellets of

l'i qui d- Mwégaéflmep@éyféﬁ%fr@ﬁhg oI@‘E‘Q?ﬁéanémgr with
pel l ets was. not observed and pellets. were. eaSily

ul t. as I ner
lmﬁqu#% 88 fﬁi ??ﬁ%éﬁ}gﬁldqéP%S¥MI f%?péy@%%terwas

10 b b I d I
il SE1BTED PR C RN o
d
“erzai%a?Q PTAGRIECONS, £ BRGS, Mokl 0L SLA9%) i

314C stalline nmeltin, tenp ature was 375C and = 15
Cryr?é? 08P I/eaégr?zr%l . TOANRS Bt affegy pellets was
UId crystalline polyester reSIn gl ass fi ber

no"adﬁ?ﬁ@é"ﬁﬁd ARQuPELdeyst aVerfe. ea%ﬂdﬂﬂ/eﬂlé efesPiE. of the
conposition was prepared by. the same procedures as
solgchiplas el polpme r iRl ionfeqihieneni d
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 314°C, crystalline melting temperature was 375°C and

melt viscosity was 72 Pa.s.

To the obtained liquid;crystalline polyester
resin,. glass fiber was -admixed and liquid-crystalline
polyester résin composition was prepared by..the same
procedures as Example 1. The DTUL of the 1liquid-
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
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20 crystalline . polyester. resin conposition . was.
322C, . flexural strength. was. 194. MPa. and tensile
strength. was. 143. MPa.. Wth respect to flane.
ret ardancy, when test piece with. thickness of. 0.8.
mm was. exam ned, total burm@ang tinme was. 57.7
seconds.. The. piece did not produce. drop of. resin
or 25 other. droppings which burned surgical. cotton
and flame. 29 retardancy was .V-I. grade... Mol ding

retfd ot i wys Wasl expatieed Maldang EYbwABELitiewaer akdh@ned
of . 390C. The. resin. filling. rate. to

at hardpm kde s he@fsle A €un8Sc#8390% . | Pheobekysi ¢n10fing rate
the.” conparative exanple 2, the. 5 liquid-crystalline

to FI‘EH%?&AJ?éa S10Sha) V@Se GxGehbents thh respect to.

heat resistance (DTUL), however, was not .

sati sf aofﬁrXBhBlUEESh”%f fé}?éé"agbhg%ééa%vef 'eﬁ[‘éﬁnople 2, the

ret ar dancy ropertires of ner Wt

ll#ﬁ%ﬁ*é?§%}ﬁlf¥% nFr:fagsgn (Ir%51n DR%EP|Y$§? gn F:E%lth

I"qui crys a Fyeste&r-r eG4 ob

regiidd phase,, ”g%%}%g&@ﬁﬁﬁnsg g%s'rf?,ﬁl? balﬂh {idwnot
qdfﬁgia%e L LML LZSL L 805, 45 P8 (2100 K0 1028y,

nol es), NDA (52 kg, 240 nol es acetic anhydride

(236 kg,PIZElQLrW%S)Of aitlte pBPA¥BPHM Wk atkow ( BEgFee of

0.4.moles) were fed in polynerization container and.
po%ﬁﬂ%ﬁﬁﬁathmtr1(kw@dmgrd@rQPOlbﬁeyherlQadlonthﬁs liquid-

prepared by the sane
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 acétates(37.g,
0.4 moles) were fed in polymerization container and polymer
with low degree bf.polymerization was prepared by the same
procedure as example 17

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 Dby

differential scanning calorimetry was 317°C and the
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20 procedure as. exanple 1. The resultant. pellet. was
columar. of 3.9. mmlong. wth circular cross
section. of 2.8 mmdianmeter.. The. <crystalline
melting. tenperature of. the obtained polyner. wth
1 ow degree of polynerizatiold0determ ned by 25
differential scanning calorinetry. was. 317 C. and
the. 30. crystallization tenperature of. the. sane was
272C. <Solid phase polynerization> 10. kg of. the.
cryetd Eli it idnst apataedrpod Fneie ws dhe whowd2yCee. of.
pol yneri zation. (i.e., prepolyner). was. 5 subjected
<Sdoid gsHd sk phebengel yaetezati on by the same procedure.
as. exanple. 1 except. that tenperature. of. the. gas.

phase Wﬂﬁ)aaﬁcbﬁot&éVﬁePEéfeéﬁ t®hs obtained polymer with
l'iquid- crystall|ne ‘pol yester. resin. Adhesion anong

lmPe|H§g§e$ﬂsof““ {fgatléﬂd R%'Eets‘%¥éb€§?¢0n

pul I ed. out of th phase. = 10 polywen

surbi fuent Thgaigéu' %?nﬁ% el ! g> '1‘} erystalidne }%gl YERLEr same

resin obtalne polynerlzat

bited anlsot It state. obhserye y
Profﬁéa%r.eza%. oR R eisséiopeexce%qﬁ%%ted‘ﬁmpﬁrﬁot 2 Tt gas

A SR I et IR

nelt VISCOSlt was, 113 Pa.s. To the_obtained
po%yqﬁﬁ%rcy?g%%¥|l qﬁﬂﬁﬂﬁn%ﬂong peflets was not observed

and pellets were easily pulled out of the solid phase
polymerization equipment.

The resulting liquid-crystalline polyester resin
obtained by solid phase polymerization exhibited anisotrppy
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-crystalline polyester
resin, glass fiber was admixed and liquid-crystalline
polyester resin composition.lwas prepared by the same
procedures as Example 1. DTUL of the liquid-crystalline
polyester resin composition was 275°C, flexural strength
was 216 MPa and tensiie.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
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resin, glass fiber. was adm xed and
liquid-crystalline. 20 polyester. resin. conposition.
was prepared by the sane procedures as Exanple 1. DTUL
of. the. liquid-crystalline. polyester. resin.
conposition. was. 275C, flegdral strength. was 216
MPa and tensile. strength. was. 186 MPa. Wth respect
to flane. retardancy,. when test. piece. with.
t hi ckness. of 0.8. 25 nm was exam ned,. total.

pidag ndng. rdtre pwasiuck Sdseporls. refhe. &d. opiheee. ddbfdpings.
not produce. drop. of. resin. or. other. droppings.

whidh Ghubresdedusyhghtalcaaidronamad fi hage retelrdlat@Cas. V-1
was. V-1. grade.. Mdlding flowability was exam ned at

gradeCy! | Q@@Idlﬁ@”ﬁﬁ!@«ﬁéﬂlﬂl@j 34QC. ethpinegi mt fial | EP¥inder
rate. to harnonica- 5. shaped die was 66.4 % In.

ten@RIGHYSION Of3 416 COMpA aldyen LXBIPIE Bate {H8 harmonica-
I'i quid-crystalline polyester resin was excel |l ent.

| ding. flowability, however it was
Shagéajdﬁéulsfg%téggyFn heat resistance (DTUL) or

fl t d 10. P ti f h | h
|03‘v”§eg e s e e o L R e
. the, Liquid stal | | | yest bt

¢ 'qyg%ﬁl&ld\\'/?aszpo %%%?%ﬁﬁs?ﬁanr?%sg e witn
abI 1.. 32. Tab

res@?&ﬁ‘pl et%onﬁaﬁgﬂpgecdﬁﬂ%%]\ﬂethonpﬁ?‘éﬂ’% 11Exaﬁ"b?% not

1. Exanpl e. 2Exanpl e 3.,
satisfactory in heat resistance (DTUL) or flame retardancy.

Properties of the polymer with low degree of
polymerization (i.e., prepolymer) and the liquid-
crystalline polyester resin obtained after solid phase

polymerization were shown in Table 1.



POB. (nole.
14. 3. TPA (nol e.
IPA - (Mm---- -

% . 705060. 71. 4. BP.

0.13. 00. 15. o

Ratlo of .

(ol e.

9% 1525. 20.
%.13.2517.3.1. NDA (mole %.2--11.2.

dlcarboxyllco 78.

aC|d *1 Tmax348C348C348C34832TnB49C349C. 348C. 317C
(polymer with | ow degree of polynerization,

r.prepol yner) Tc309C. 326C. 315C272C. (polymer. with,
| ow degree of
Table 1
Example Comparative | Comparative | Comparative
o 1 Example 1 Example 2 Example 3
POB (mole $%). 70 50 60. 71.4.
BP. (mole %) 15 25 20" 14,3
TPA (mole %). 13 25 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)
DTgL 320°C 337°C 322°C 275°C
*
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:

the following formula:

(NDA or IPA)/

*2: Measured after admixing of glass fiber.

( (NDA or IPA).

+ TPA).

Molar ratio of aromatic dicarboxylic acid calculated by

With regard to




pol yneri zation, or prepolynmer) Solid
phase300C. 330C. 300C275C. pol yneri zati on Tenperature
Sol id phase.7 hours.7 hours7. hours.7 hours. 1
pol yneri zation tinme Tm(pol yner. obtained------- 374 o .
C403C. 375C. 316C. . after sol 3@ phase pol yneri zation.)
DTUL330C336C314C. 259C Melt. viscosity42-72.113 (Pa.s)
DTUL320C337C -322C275 C. *2 Flexura
strengt h190135194. 216 (MPa). *2. Tensile
flaodd engtaLtRar 52 M30iA3. h86e* thodd aBRamined using piece
retardancy. 30. 2.s50.3 s57.7 s51.5 s. (burning tine) *2
with &l danay\s Q¥ 1V- 1. V=1. (eval uation) *2.
Mol di ng. Tl owabi I i t y390C400C390C340C. (cyl i nder
t enperat ure)



5

10

15

Mol ding flowability57.1. 9%6.7.%18.7. %66.4. %
(filling ratio) *1: Mdlar. ratio of. aromatic

di carboxylic acid calculated by. the. follow ng
formula: (NDA or IPA) / ((NDA or IPA). + TPA). 5 *2:
Measured after. adm xing. of34 glass fiber. .. Wth.
regard to .33 flanme retardancy, values. were those
exam ned using piece. with thickness. of 0.8 mm 34.
CLAIM5. 1.. Aliquid-crystalline. polyester

obtai nable by a. nmethod @@mMg sing the steps of;
preparing a prepolyner consisting of. the repeating.

1.unig Sli&@i’.&s@f‘ﬁ/@ga@Yﬁl@r @%ll%s(tle)n &Bﬂa)lna(ﬂié JoyaBdmethod

(1V): E C Co wherein, . p,. q, r and s represent
coﬁﬁ* @pgaétgﬁgpgftlons (mol. % of the repeating.
the [T'qui d-crystalline polyester resin and

Satérséspiaf%ggf %J | BWeBglfyﬁ%'ful 88115199%85;800%() t]thcr -r%p%%ting.

10-g+
units represented by formulae (I), (II), (III) and (IV):

Ot

- ‘%CO‘O‘COJ‘ an.
. |

+-O-O
‘LGO Coi a

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
ptg+r+s=100; and
heating the prepolymer in substantially solid state at
250-350°¢C,.

provided that the liquid crystalline polyester has a
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0.05:s/ (g+s) 0.3 p+q+r+s=100; and heating. the
prepol ynmer in. substantially solid state. at. 15
250-350C,. provided that the. liquid crystalline.
pol yester. has a. 35. deflection. tenperature. under.
| oad of 280-340C,. and a nelBt. viscosity of 10-60.
Pa.s, wherein the. nelt viscosity is determned at a
tenperature 30C higher than. the. crystalline.
nmelting tenperature of. the 5 resin, which is."-
defileterinmetetyedafdee enhidak doanniafy.28Ced3 4T iGrtayd andelt
a shear rate of 1000. sec-1. 2.. The
viddaplity sy st@tdo nea . ppl yester resin. according. to
claim 1, which. has a. crystalline nelting.

wheh IMET BRI Be 1. xﬂ%t&rgmtréﬁdl;byde%&mh@at ial $casnpBgature
calorinmetry of 340- 400 A liquid-crystalline

BOﬁzhéﬁﬁk%rtﬁéﬁnfh i éii%ﬁﬁlﬁQfP{éé'QQ?éQQaQQEESo?ythe

Crys I ne ester of

res"“ilrE)‘i mé'rh?{:h 21%nd c@eé‘egrgpnecﬁ’arb dﬁ%&?érlgsm’tl 1 8scanning

rous anel or partlcula e fi

calé?fﬁégég, She%ﬁ iggg' C{g@@&%é&nf polyester

t I on accor claim 3,
wherein sald f|IIer and/ or relnforcenent IS glass
fiber. 5. The liquid-crystalline polyester resin.

conposi ti.on
. I?%e iquid-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.

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

of the 1ligquid-crystalline polyester resin 'composition
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according to claim3 or . 4,. wherein. a 0.3-0.8 mm
thick plate 25 of the. liquid-crystalline polyester
resin. conposition. 36. exhibits. V-0 grade flame
retardancy according to UL-94. standard.. 6. A nol ded
article obtained by nol ding36éthe |iquid- 5.
crystalline polyester. resin. or the.
liquid-crystalline polyester resin. conposition
according to. any one of clains 1-5.. 7. Method for

extpnadici vg0a birgded- £1yséal té ergabyestarcorkinesito  UL-94

whi ch conprises . the. steps of;. preparing a pellet

stafdgyepol ynmer consisting. of the repeating units.
represented by formulae (1), (11), (I1l). and (1V) :
EC(l) Ef COCOCOC 37. wherein, p,. q, r. and s .
represent. relative nolar. proportions.

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

1-5..

7. Method for producing a liquid-crystalline polyester
resin which comprises the steps of;.

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

and (IV):

_ p
| ——GOO_GO}— (11).
L q

O w
LTt W
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(mol. 9% . of the. repeating. units. in the.

liquid-crystalline. polyester resin; and heating

pellet. of. prepolymer. in substantially solid 5

state. at. 250-350C.. 8.. The. method according to

claim7, wherein said pelleB37 is. columar. wth.

circular or elliptic cross section. with cross

section dianmeter (when. cross section is elliptic ,.

10 mpjor axis of cross. section) of. 2.5-4.0nm and
whaMdinh ped) ef, rlongtd dpPeSeht OABLative molar proportions.

(mol %) of the repeating units in the liquidfcrystalline
polyester resin; 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.



