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LI QUI D- CRYSTALLI NE POLYESTER RESI N AND METHOD FOR
PRODUCING +T——Technical Field 5 The Dresent invention
relat aromatic liquid-crystalline
polye lml “@gﬂm % d a met hod for produci ng the sane.

Back groun The rnDtroplc l'iquid-crystalline

pol yest er TPE (which is called liquid-crystalline
pol yester resin or LOP hereinafter) has good
properties including heat resistance, mechanica
properties sbdRUAS-CRYISAMY, INheICEHSTER i BEANCe and
di nensi onal accuracy and is used not only for nol ded
15 articles but AiBaEDHOR vari eRpDUL IpGOduct s such as
fibers and filnms. . Particularly, personal conputers
and nobile phones enploy highly integrated devices
and the art wishes to use downsized, thinner. and
seEhheraparisidor them In the information and

tel ecommuni cation fields, very thin 20 parts -as thin

as 0.5 mm-y. |l egs.otthe thig -$ netlnes e
requi red.. Based on “The. excéFQQ%? noldl % who_1iy

- 21 5.0t ot h 1|ngjud| ood flomablllt and .
$%§£§ TTasgageeeI%dégﬁg “¢orpare 9 %“rhe other ne & "hethod

hernD Lastic ..resins, consunptlon of the LCPs has
et T AAFeH NS 232 Tqu|d crystal line pol yester
resi ns whi ch have

Background Ar:

Thermotropic liguid-crystalline polyester resin
(which is called liquid-crystalline polyester resin or LCP
hereinafter) has good properties including hsat resistance,
mechanical properties such as rigidity, chemical resis=zance
and dimensionzl accuracy and is used not only Zor ﬁolded

articles but also for a variety of products such as fibers

0.
I h

an films. = Particularly, personal computers and mobile
phones employ highly integrated devices and the art wishes
TC use downsized, thinner and smaller parts for them. 1In

the information and ztelecommunication fields, wvery <hin

parts, as tThin as 0.5 mm or lisss £ tThe <thickness, are
sometimes reqgquired Based on the excellent molding
properties oI the LCPs including good flowability and less
“lasn deve_iopment compared To the other hermopliastic

resins, consumption of the LCPs has been incrsasin
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good nechani cal . properties, thermal properties and an
excel lent. noldability have been proposed. For.
exanpl e, Japanese Patent Application Laid open No. .
Hei. 01-294732 and U. S.. Patent No. 4,849,499 provide
l'iquid-crystalline 5 polyester, resins. produced by
pol yneri zi ng nononers such as p-hydroxybenzoi c acid, .
terephthalic acid, 2, 6-naphthalene dicarboxylic acid
and 4, 4' -di hydr oxybi phenyl by a nmethod such as slurry
QY Me=lchatni 1o 1methodh oF ten.gcidahysis, Recently
gF?zuid-crysféﬁ%ﬁ'ne poI?E%?%%'res?ﬁgggpe b%8p§%ﬁﬁdﬁeda

BT PAVE T ;4yses wherein the LCPs. ar processed
at a high-ﬁé%%g%éférg 2@% " as sol dér-3wel*hg atQ

as slurry polynerization

nd an

r example,

HJnfrared ge | di.ng.... However, the , R
4% 33?3fbr%% %ﬁfﬁggﬂﬂﬁégvgéFbrfaﬁé%i%%e%rgﬂhce%?by 01-294732

pal v, i zation.a rethod such _
e n@?% en%é‘&i“&w y‘gf%s not® exhfBPt Proy s f féRead-Reastalline

resistance. In order. to obtain a liquid-crystalline

PRolFedEer T5%edih B eRuand ekveldEiindtsiaineshstamees such as

met hods. 'using solid phase pol ynerizati on have been

PpryseedPepeOicxanple, 1o piPabehti cNmciB} 582, 628aphthalens

Japanese. Patent Application Laid 20 Open No.

20egbe43056 andidapardsd , Paterith yahplsieatdemtiai 8y QeRethod

No. Hei. 11-246654 discl ose nethods for producing

ﬂda@ub@-edws&&Ipdﬁymxﬁﬁﬁﬁﬁfﬂnrﬁétﬁéd“@kcﬁoﬁﬁgﬁrE@@dolysis.

preparing powdery or pellet-formed prepolyner with a

| ow polym&ﬁéﬁﬁ]yn1I&ﬁﬁi&%c§ﬁ§t5§§tEEQD§§§gste:tﬁesins are

prepol yner in solid 25 phase to give polyners w

hipglb ydegr e rof apokiBEZAt LN, yses wherein the LCPs are

processed

fu
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polyester

at a high-temperature such as solder-welding and

reflow-welding.  However, the liguid-crystalline

resins produced by polymerization a method such

as slurry polymerization or molten acidolysis not exhibit

-sufficient heat resistance.

In order to obtain a liquid-crystalline polyester

resin with an excellent heat rasistance, methods using

solid phase polymerization have been proposed. For example

U.S5. Patent No. 6,582,625, Japansse Patent Application Laid

Open No.

Open No.

2000-248056 and Japanese Patent Application Laid

Hei. 11-246654 disclose methods for producing

~ligquid-crystalline polysster resins wnich comprise

phase to give polymers with high degree of polymerization.
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3 As liquid-crystal line polyester resins obtained

by. said solid phase pol ynerization nethod, U S

Patent Nos. 5,015,723, 4, 742, 1 4 9, 4, 639, 504

and 4, 311,823 disclose liquid-crystalline polyester.
-resins conposed of Follow ng 35 nononers: i)

p- hydr oxybenzoic acid, 1ii) terephthalic acid, iii)

4, 4" -di hydr oxybi phenyl, iv) 2,

6- di hydr oxynapht hal ene, and 10 v) aromatic diols such

as hydr oq%@ouaqdim-@d@istﬂaqmiﬂ@pm;ﬂaﬁaetzeniresins obtained
Application Laid Geen No. She. 62-235321 discl oses.

By | $ 0 ds €T Y&t Bhh E0€o PEYLS LA [ £S ik GUPOSeE Ofp s cnt Nos
-fol l owi ng nmononers:” i)~ p-hydroxybenzoi ¢ dcid, 15 T '
4, @i s dyhydro hphepyl , 4i 2,6+ di I oxynapht ene, .
%) arona?ic gyzﬁg'guch aé'ﬁégfggﬁingﬁgf éﬁgqﬂn%gg Hsclose

- t hal epe. dicarh ic acid. Conventionally _ .
R ?q\ﬁ%?gfygf a%oi‘%%lﬁm%egr&mszo‘:%%s“a oBt airfd-v1ng

&ghg%g;g_phase pol ymeri zation exhibit good heat

resi stance because of high degree of polynerization.
wever, such liquid-crystalline polyester resins have

B PR RYYSRFGhC n2Ftpoi nt and hi gh melt viscosity

and therefore, their nolding processability was not
11) terephthalic acid,

iii) 4,4'-dihydroxybiphenyl,
iv) 2, é-dihydroxynaphthalens, and
V) aromatic diols such as hydroguinone.

In addition, Japanese Patent Application Laid

fu

Open No. Sho. 62-233321 discloses a liguid-crystalline
polyester resin composead of following monomers:
1) p-hydroxybenzoic acid,
iii) 4,4'-dihydroxybipheanyl,
iv) 2,€é-dihydroxynaphthalens,
v) aromatic diols such as hydrogquinone, and
vi) 2, 6-naphthalens dicarboxylic acid.
Conventionally known ligquid-crystalline polyester

resins optained by solid phase polyvmerization exhibit good
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olymerization.

However, such liguid-crystazlline polyestar resins nave a

satisZfactory. The art desires liguid-crystailine polyester
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25 satisfactory. The art desires liquid-crystalline

pol yester 4 resins which show both high heat

resi stance and excellent noldability. The art al so

desires liquid-crystalline polyester resins

containing no flane retarder sych as harnful brom ne.

5 conpound whi ch can exhibit good flane retardancy.

SUMVARY OF | NVENTI ON An object. of the present

invention is to provide. a wholly aromatic
Lguﬁ%-%ryskangpe. onesteg»nqgip which 10 exhibits .
Tgh Red FEsiPfPh & Hhd eRe 1t propeFenes. amforqigiellent
obiﬁct.gf;the present invention is to provide. a

Bt #3091 fOFYproduci ng the Iiquid-crystalline polyester.
resin. Further -object of the present invention is to
provi de a TREqaTH- et§St RFiFedliymsidercmesialline polyester
conposition. conprising 15 the liquid-crystalline

Pot yest epntesihnaf nehélpnesamtt aridarestucon.a sThe prieseMromine
i nvention provides a liquid- crystalline polyester

obradwad| ehbyh acaet pdiodapLicsinglbhe rstepsiefsy .20
preparing a prepolymer consisting of the repeating

units represented by formulae (1), (Il), (Ill) and

(1V): (1) L TP5

SUMMARY OF INVENTION

An object oI the present invention is to provide

a2 wholly aromatic liguid-crysta

'—J
,_‘
Jt-
[{)

ne polyester resin which

exhibits high heat resistance and excellent properties.
Another object of the present invenztion is to provide a
method for producing the liquid-crystalline polyester resin.
Further object of the present invention is <*o provide a
liquid—crystalline  polyester resin composition . comprising
the ligquid-crystalline polyester resin of the presént
invention.

The present invention provides a liguicg-

crystalline polyester obiainable by a method comprising the

preparing a prepolymer consisting of the repeating

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

L \_/ OT (1)
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- deflection temperature under lcad (DTUL) of 280-340°C,

cocal (Il). g~ (Ill) Col j1- IS (1V). wherein,
r-, q, r and s represent relative nolar proportions
(mol 9% of the repeating units. in the
liquid-crystalline polyester resin and satisfy the
follow ng formulae: 60<p<80 5510<r<20 10<qg+s<20

0. 05<s/ (g+s)<0.3 p+a+r+s=100; and hearing the
prepol yner in substantially solid state at 10

250- 350C, provided that. the liquid crystalline
pollyest er—has a jdeflection tenperature under |ead

( bi—of 2 O-&#_;C, and a nelt viscosity of 10-60
Pa,| s, erin _ge melt viscOdity is determi ned at a
tenperature 15 -8300C higher than the crystalline
melting tenperature of the resin, which is determ ned

by Piffe tialzﬁQ?nniTg calorinetry, and a shear
r @i<€§§p_s€§;;r_§__BRIEF DESCRI PTI ON OF THE
632;;NG idure\L ¥/s a éphenaﬂﬂé)representation-of

co % JS (1V).

+ 4, ¥ and s represent relative molar proportions
(mol %) of the repeating units in the liquid-crystalline

polyester resin and satisfy the following formula=s:

 ptao+z+s=100C; and

heating

f

ne

3
rt

g

repolymer in substantizlly solid state at

250-35C"

(@]

r

provided that the liquid crystailine polysester has =&

and
a melt viscesity of 10-60 Pa.s,
wherein the melt viscoesity is determined at a temparzture
30°C nigher than the crystalline melting temperaiure of the

resin, which is determined Dbv

calorimetry, and a shzar rate of 1000 sec-i.
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har noni ca- shaped di e used for the -assessnent of.
nmolding 5 flowability. The die has |ength of 150 mm
wi dth of 15 mm and depth of 10 mm. It has 54. grids
and a side gate or 5 mmx 0.5 mm DETAILED
DESCRI PTI ON OF THE | NVENTI ON 19 The liquid-crystalline
pol yester resin of the present invention is. not
specifically limted and nmay be any pol yester resin
whi ch exhibits anisotropic nelt phase and is. called
as thernotropic. liquid-crystalline polyester resin
by those skilled in the art. 15 The ani sotropic nelt
ﬁ '6ﬁBﬁH@yDRﬂﬁ§ﬁ% O conventiona

polarlzed I|g t systemusing “orthogonal [|ight
pol ari zer. re deta|I e l.e. on__the Lejtz' _
hot stage %n éfnnl r ogen a?nn§ﬁ%bgghﬁéy bé°p6%§er%dlon ot
MM%# Leitz gafcgarlzatlon n1$roscope ?0 The

qL?Ibl‘Caryssri F%9 n&5ol YestertPEsiThof 2EABSSPEREeRE molding
Jnventlon is conposed of aromatic oxycarbonyl
PR NEF Uni tThar 8HEL PeSdilengTepeatl 1y hi twadgh of 15 mm
aromati c dicarbonyl repeatlng unit. The
Ui y3t al Pi AB-polJestas Pésigrics tane aPSSpcdesgata of
i nvention conprises a p-oxybenizoyl repeating unit 7
howP by Mfor mul a (1) as aromatic oxycarbonyl repeating
unit: ca 0 1 |

DETAILED DESCRIPTION OF THE INVENTION
The liguid-crystalline polyester resin of the
present invention is not specifically limited and may bse

any polyester resin which exhibits anisotropic m

)
l_
)
IO'
o]
fu
W
(]

and 1is called as thermotropic liguid-crystalline polyester

The anisotropic melt phase can be confirmed by
means of conventional polarized light system using
orthogonal light polarizer. In more detail, the sample on
the Leitz's hot stage under nitrogen atmesphere may  be

observed with Leitz's polarization microscop

The liquid-crystalline polysste resin of the
present i1nvention 1is compcsad of aromatic oxycarbonyl
repsating unit, aromatic dioxy repsating unit and aromatic

dicarbonyl repeating uni

t

1]
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5
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line polysstsr resin of ths

present invention comprises a p-oxybanzoyl repeating unit
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wherein p represents nolar proportion (nol % . of
repeating wunit of. forrmula (1) in the
liquid-crystalline polyester 5 resin. According to
the invention, the nolar proportion of the repeating
unit of formula (1) is 60-80 mpl % preferably. 65-75
nol % based on the total repeating units. in the
liquid-crystalline polyester resin. 10 Exanpl es of
nononers which provide the repeating unit of fornula
re. p- hyd benzoi c_acid _and ester formn _
%kkearvflga?)iyveg}%ﬁg?éas(géyla%er?%%rf‘ﬁlje,c e%}f%‘?arbomgl repeating
dvatives and acyl halide thereof. The
iquid-crystalline polyester -resin of the 15 present
i ngention conprises aromatic di carbonyl repeating
by f}rnulae (rr)y and (I'V): (I1) +CO_" CO
¥—wherein, ¢ @ﬂd s represent nol ar
(mol [9%9 of 8 repeating unit of fornula

(=I') and fornuIaFtIV) inthe liquid-crystalline
pol yester resin, respectively. The total anount of the
romatic dicarbonyl repeating units of fornmula (11)

HHET TPVP i TSPRESECPSoff%lAe  BF QRRSEHRD | fbeht Fonpt repsating
represented as_(q -_s) is 10-20 nol o,. preferably
UG- P75 Tubg based &R thest otiduiepeays gl iine polyester

resin.
According to the invention, *=hz molar proportion

= - - — 4 b = = 4 o
©of <the repeating unit of formula (I) is 60-80 mol %,

ut

prgferably 65-75> mol % based on the tfotal rapsating units
in the liquid—crystélline polyester resin.

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

The liquid-crystalline polyester resin of the
present inventiqn comprises aromatic dicarbonyl répeating

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

CO‘@’CO}— e

T g |
LT W

wherein, g and s repressnt molar proportions (mol

o\?
o]
th
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units in the liquid-crystalline polyester resin.
According to the invention, a and s satisfy follow ng
formula; 0.0-0 < s/(qg+s) < 0.3, preferably 0.08 10
s/ (g+s) < 0.2. Exanpl es of nonomers which provide
repeating units of formula (1) are terephthalic acid
and ester formng derivatives, such as ester
derivatives and acyl halide, thereof. 1s Exanpl es of
nononers which provide repeating units of fornula
LMk a8L 642,85 Maphtshak .dicarboxyljc,acid and er._ .. _
%o?&ﬁnéﬁgefgvg?iggs éggﬁLgé eéfgf éF%v%?ﬁW@ aangf6) ~hthe
¥l hakide thereaf . The liquid-crystalline polyester
?gékﬁ%of‘?ﬁégLEO%%r@ggﬁ“%ﬁVénTTUHXtoﬂp??i%sE%? Yatic
di oxy repe§%Lng‘uqig shown by formula (111): ~\\\DHD
wherein, r-repré&Sefits 9" propor ttoh (AbPmafief €hearbonyl
9 repeating.unit of, formula_(l11) in the
FRETRG CRY SEAHS iR Pofyest el ITkespd AddOr dimgeite LG of the

invention,. the.. nolar. proportion of the repeating

BARESTGf OPPRHI®N/| | 7§pFesenbed0asmlq % sb preefler-aldl ymol %,
12.5-17.5 nmol % based on the total repeating units in
pPreikirgoild- ckystalTi he mpol yestmzss@sion. Exanpleas:10f repeating
nmononers whi ch provi de repeating '

units in the liquid-crystalline polyester resin.

According to the invention, ¢ and s satisfy

following formula; €.05 = s/(g+s) = 0.3,

'
]
[{]
Hh

erably 0.08

= s/(g+s) £ 0.2

4 = < .

Examples of monomers which provide rapesatin

\Q

iic acid and este

H

Examples oI monomers which provide repzating

units o Zormula (IV) are 2, 6-naphthalens dicarboxylic acic

and ester forming derivatives such as =ster derivatives and

acyl halide thersof.

The liguid-crystalline polyester resin of the

presant invention comprises aromatic dioxy rep=ating unit

shown by formula (III):
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units of formula (I11) are 4,4'-dihydroxybi phenyl, and
ester formng derivatives such as acyl derivative
thereof. 10 In the liquid-crystalline polyester resin
of the present invention, it is preferable that total
nol ar ampunt of the aronatic oi carbonyl repeating
units of formulae (I1) and (1V) and the nol ar anpunt
of the aromatic di oxy repeating unit of formula (I11)
are substantially equal. 15 The present invention

Hed ety aun et Bed fddfmu1Pr @4HeHNG A +pe 11 uid stalline
| i qui d-crystalline polyester resin which rlseg

gdig,sdaps fsipreparing a pellet of prepolyner
consi sting of the repeatlng units represented by

G 0% e B et Fororsio

EPQnd S, Jepresent relatlﬁetnnlar proportjons

he F%peéﬁin Domi (8 i YHEYS qdider yst altior @ o1 %,

Fpol_yester r eng heari ng peIIet of prepolyner in
Vsl -p- mol %  based on ths total reps ating
units in the liguid-crystalline polyester resin.
Examples of monomers which bprovide repeating

units of formula (III) are 4,4'-dihydroxybiphenyl, and

ester formlng der_va ives such as acyl derivative thereo

Fh

the

0]
Hh
t

In the liguid-crystalline polyester resin
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 formule (III) are substantially equal.

The present invention provides a method for
producing a liguid-crystalline polysster resin which
comprises the steps of;

preparing a pellet of prepolymer consisting of the

repeating units represented by formulas (I), (II), (I1I)
and (IV):
aWats w
L dp
——C0 -— '
N\ /@ ] (11)
L a
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5 state at 250-350C. In the above nethod, p,. q, r.
and s represent relative nolar proportions (nol % of
the repeating units in the liquid-crystalline

pol yester resin and preferably satisfy the follow ng
formul ae 10 60<p<80 10<r<20 100<q+s<20

0. 05<s/(qg+s)<0.3 p+g+r+s =100 . 15 The |iquid-crystal
line polyester resin of the present inventionis
obt ai ned by a net hod which conprises preparing

prepol yner by pol ycondensati on of nonomers which

' peating lunits shown by fornmulae (1) -

(1 g' \0) pdﬁycondemSHDion met hods such as
norten 20 aci dolTysis thod and slurry polymnerization

met hod, and 11 heating said prepolyner at 250-350C.

rten-asi dohykis nmethod is preferably used for

@ prepol ymer of the present invention. In
Thi8 ethod A1 he qgnoners ak&)heated to give. nmolten 5
solution and then the solution is reacted to. give the
gglgen pol yner. The, final §£e$ of this.nmethod gaé be .
"EEFEEd Sut UnderPYdtuuth 1o TRt FrrardVrelByaF BFOPRE=1ons
vol.ati|l e hy-produces such as acetic acid or water. ,
(mol %) of” the repesating units 1in the liguid-crystalline

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

In the above method, g, g, r and s represent
relative molar proportions (mol %) of the repeating unizs
in the liquid-crystalline polyester resin and prefsrably

satisfy the Iollowing formulae ;

60=p=80

fIA
1A
o

10

-

2

=
A

C

A

gts=20

0.

«Q
A

~

5=s/(g+s)=0.3
p+q+r+s=100.

The liguid-crystalline polyester resin of the
present invention 1s obtained by & method which comprises
preparing prepolymer by polycondensaziion of monomers which
provide the repeating units shown by Zformulas (I) - (IV)

using known Dpolycondensation methods such as moiten

acidolysis method and slurry polymerization method, and

o4 2



1

o

w

o

0

The slurry polynerization nmethod is characterized 10
in that nononers are reacted in a heat-exchange fluid
to give solid state polymer. in the form of
suspension in the heat-exchange liquid nmedium. In
either of the nolten acidolysis nethod or the slurry
pol yneri zati on nethod,. the polynerizing nononer 15
conmponents may be. in the denatured form i.e. as

| ower acyl ester, which can be obtained by esterifying
hde: ygr oxvd peseuPymdhesl ovep-aeyl--group nay have
preferably 2-%, nore preferably 2-3. carbon atons.

Acetyl estgrs St_ .4 'y _Us: for the-_ .. .
reaction. g%“Tﬁéﬁx%gmé$4§%§i§ég e¥§%§% he” nBhcher §01Y used
-ohNose prepared heforehand, by acylating the .

ﬁ%%o Fggrfﬁﬁegéﬁdeﬁrpﬁq r‘ﬁnyobe“?%ogggﬁrBBUggd‘Pﬁlon' In

the reaction system by adding an acylating agent such _
5%‘30e??bn0%hhyﬁ??dem? PRESnoAdiTer $SFFGR prépadiy Mmolten
the prepolyner. 25 In either of the nolten acidolysis
FrethbtoBr ate I2els| uhfy Fol YrEPRzaks o sstIssd, ta give
catal yst may be used in the reaction, if desired.
EXARPE e PO e catBI§ stidniade| gderor ganitthis nmethod may be
conpounds such as dialkyl tin oxide (ex. dibutyl tin
exrdeyd Bmndingicar yvaciummoxitde; ferganicetei t ammomal of the
compounds such as titani um di oxide, antinony trioxide,
wbkaryleibrapuodusitbi satk ard atdet-dni woial koxivdeer .

1

ne

ct

al kaline or. alkaline earth

The siurry polymerization method is characterized
in that monomers are reacted in a heai-exchange fluid *o
give solid state poiymer in the form of suspension in the

heat-exchange liquid medium..

th

Ir either oI. the molten acidolysis method or the
slurry polymerization method, the polymerizing monomer

components may be in the denatured form, i.s. as lower acyl

ester, which can be obtained by esterifying the hydroxyl

group. The lower acyl group may have preferably 2-5, more
preferably 2-3 carbon atoms. Acetyl esters are mos:t
preferably used for the reaction.

The lower acyl esters of the monomers may be
these prepared beforehand by acylating <the monomers
independently or may be those produced in the reaction
system Dby adding ar acylating agent such as acetic

anhydride to the monomers upon preparing the prepolymer.

£

=
=]
(D

I-h

ither of the molten acidolysis method or the
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metal . salt of carboxylic acid such as potassium
acetate; and gaseous acid catalysts such as Lew s
acid (ex. BF3) and 10 hal ogenated hydrogen (ex. HO).
In the. present. specification, the. highest reaction
tenperature in the. polynerization of. pre-polyners

is referred as Tmax. In the. present invention, the
term "prepolyner” 15 refers to polymer with | ow.
degree of polynerization which is obtained by the

mtgn RERIiGR UiRAC ldhAd whighah §scsHblectedstq in the
sol gﬁgée polyne}lzatlon reactlonaa ?ermg& 2 $ﬁ“8 tn the

JYLRAlgHTEr has Gyt al |1 zation tenperature (Tc) of
from Tmax-60C to Tmax-5C and has crystalline neltlng

20 tenper (" of fyom Tmmex;15C to
Preferablsﬁ‘t é'gflgo yné? a%gsbf f+?ﬁéﬁﬁ%n(Qﬁﬁ§W%§ tin
(%gx d C and _Tm qof mﬂmx-l C o Tnmax+ 0_C. Tc
na §%€Uﬁ§h§ﬁ% ﬁﬂ¢"he F0I PBWAg (°Br ofégliFes. t25 oxide).
thh%f { detern1n|ng To and Tm 13 The differential.
g

YcalFoPi MBS EREPEP 160001 T&Ri KB ICRFIMoWRslst ssuch  as
I.nc. Chlba Japan) or the sane. type of DSC device
GiLandat THEOLIFE s anpid iMOThe exanoradeis Hdeted atifsanium
rate of 20C/ m nute and endothermc. Peak (Tm) 5 is
Siddsraded . amrher Badnewr &CRosANsl e d1skddepte abrazalkaline earth
t enperature 20-50C higher than Tnml for 10 m nutes.

MRfgl salt of carboxylic acid such as potassium acetate;
and gaseous acid catalysts such as Lewis acid (ex. BF3) and
halogenated hydrogen (ex. HC1).

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

o

subijected to solid phase polymerization reaction afterward.

The prepolymer has crystallization temperature (Tc). of from
Tmaz~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

Tma»-10°C and Tm of from Tmax-10°C to Tmax+10°C.

H
(9]
o
3
0.
-3
=i
)
t
o
3
[
fu
[0}
o
H
()}
o]
o
<
=)
(¥
Hh
O
=
j—
(0]
s,
l_l
I}
\Q



10

N
(82

"C

the sanmple is cooled 'Co roomtenperature at the. rate

of 20C/ m nute and exotherm c peak (Tc) is recorded.

Then, LCP. sanple is heated again at a rate of

20C/ mi nute. 10 Endotherm c peak found in the fina

step is recorded as nelt point3 (Tn) The prepolyner in

nmolten state. is pulled out. of the polycondensation

reaction vessel. and is processed to give pellet,

fl ake or powder form Thereafter, the 15 prepol yner ‘is

SUbJeCtEd'ﬁﬂét@ﬁf§@£é§t9§§3§cgﬂhxgﬁrbgﬂqu%et%&p%§%§ar 6000
A _

The form of prepolyner is preferabl’y pellet ecaus

Heits Bood-openati opalityyanthessolid phase. o . . . ¢
ool yneri zati on. T%e strOctLW{P%ﬁ D % ?g %gf PRt edPe ©*
o spreferaply js golunpar structure. Col ummar pel | et

an SG[Vgiﬁi b?‘l? 50% Tl owa TIi%t ﬂJaﬁan‘EELSpe\r%i Fl i $3ARhned 1s
the solid _phase pal ynerjzation reaction vessel. By \
QEﬁTEPsﬁbha tSFﬁnﬁﬁrzggﬁpzﬁnHW%v%ﬂ e889pfhesMaFr BE@K (Tml)
mechani cal  property can be reduced. The shape of the
1t 0s5°Sett5on of LhEIS@éGRmar B stameteredspekppt at a
is not limted and preferably, is 14 circular,
EMRHIICT dquafeC Ad@hesr etlpref 8mablipci¥Cuhanutes. Then
elliptic. In the present invention, the. term
the | ppRPés Ishapechednssnoroonl vt geoamd tical ael [dpt i eate of
shape but also oval shape which has about I|inear ;.
Hor¢/omite i eed5 ciothmfrrengeadnd(Bppedss ascatdas!  Then,
el liptic. :
LCP sample 1is hesated again at a rate of 20°C/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 processad *to
give pél-et, _flake or powder form. . Theresaiter, the
prepolymer is subjected to the solid phase'polymerization
process. The Zform of prepolymer is preferably pellet

bscause of 1ts good operationality on the solid phase

‘polymerization. The structure of pelle* is not limited and

preferably is columnar structure. Columnar pellet can
exhibit good flowability and dispersibility in the solid
phase polymerization resaction vessel. . By using such

columnar pellet, unevenness of color and mechanical
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Preferably, the circular or elliptic cross section of
the columar pellet has a cross section dianeter

(when cross section is elliptic, nmajor axis of. cross.
section; and when cross section is infinite form
dianeter 10 of. its circunciraqle) of 2.5-4.0 mmand a
pellet length of 2.5-5.0 min. The nethod of solid
phase pol ymeri zation of the prepolymer in the form of

pellet, flake or powder is not I|imted. The solid
hase 00l YErigald 0fr MYube Lardiednost Ap=b¥r-hsali QQrCLlaL
the prepol yner at 250-350"C. using an equi pment Such

As Julitdistage Qyerhe fﬁlﬁéé/nQV%vcHQgBﬁf L}ﬁgedegrﬁrac'tellgqlatlc"
vessel , vertical reaction vessel agrtator vertrca

s : £, sall poLymerizati | S
srr feraﬁ?yg §§6:c%$r¥eg-out un aﬁX“ﬁér e a§¢> u%%t also
]pltgpgg hel.iumand  ar as or _under reduced | L
pressure Under stch é%ﬁdr?rcﬁs theSfesuogmeton  in  its

uld-crystalli ester resin wll take on good
& c%ﬂmﬁﬁﬂéé "rﬁgmﬂéﬁgﬁ % FAchlRPEpoRiséPrdCehase

pol ymeri zati on may be dependent on_the appar at us

enpl oyed. DERIFYN degitB8 of CVBEULAT | $IprefekdbFECsocress
that the tinme 15 period required for the solid phase
YR 1 Fatiieh GRkENRsT Bhbleerna¥he sobEd phaséon diameter
pol ynmeri zation time is not. especially limted. In

@gﬁgrmC“QQSInﬁﬁdj;CWB '2¢ heslliptic, major axis of croess

section; and when cross section is infinite form, diameter
of its circumcircle) of 2.5-4.0 mm and a peliet length of
2.5-5.0 mm.

The method of solid phase polymerization of the
prepolymer in the form of pellet, Zlake or powder  is not
limited. The solid phase polymerization may be caﬁ:ied out
by heating the prepolymer at 250-330°C using an eguipment
such as multistage oven, rotary oven, nopper-typed resaction
vessel, vertical reaction vessel and agitator wvertical
reaction vessel.

The solid phase polymerization 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.
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5 Thus obtained liquid-crystalline polyester resin of

the present invention has DTUL determ ned according

to. ASTM D 648 of 280-340C and therefore, exhibits an
excel l ent heat resistance. Mreover,. the
l'iquid-crystalline polyester nesin 10 of the present
invention preferably has a nelt viscosity. as

determi ned by capillary rheonmeter of 10-60 Pa.s, and
especially 20-50Pa.s. The liauid-crystalline.
pRoliyRs gy 1esd nrof the RLASENtphAYeNLhopneXhibilsy becomes
excel l ent” heat resistance and good nbldability at the

dJme. 15 The nelt viscosity is neasured by the

following method. Method for determnining nelt
viscosity pVisco of id ystall ol yester -
resin  sanp e |§6%%asupé 9 IPOlyWﬁﬂ%Z%ﬂ{£OSI @m s hot
Jreasur | 3 a graph I'A, . Toyo

é)cﬁﬁﬂngh ﬁﬁ%ﬁ qb ?agah? havi-n§? ¥aB rIFa?§ bFSO 7

mm (A x 10 mm . The neasurenent IS carried out at a
t enper at urd'W¥ TAw30Cand 1SS ¥ el Ligfe nebpester resin
sec--. Thus obtained value is recorded as nelt.
QA seddi PSS 2B LR e, ﬂ@ﬁe£€ﬁ¥st¢ﬁﬂﬁﬁﬂ&&ﬁdtaﬂgordln to
tenperature 16 of liquid-crystalline. polyester resin
TN he. ptesenmt . 280madt i%n adet echiemedoby, di 1§ erstititalts an
scanning. calorinmetry nay preferably be 340-400 C,

groreel Jmref dreadit yr e U9t IBOL,

Moreover,. the liguid-crystalline polyester resin

of the present invention preferably has & melt viscosity as

Q.

etermined by capillary rheometer of 10-60 Pa.s, and

)]

specially 20-50Pa.s. The llGL‘O—erS.a line polyester
resin of the present invention exhibits excellent heaﬁ
resistance and good moldability ét the Same time.

The melt viscosity is measursd by the following

3

method.
Method for determining melt viscesity

Viscesity oI liguid-crystalline polvester resin
sample is measured with a melt viscosity measuring device

L=

(capillograph 12, Toyo Seiki Seisaku-shc Ltd, Tokvo Japan)

having capillary of 0.7 mm¢ =x 10 mm. The measurement is
carried out a:t =z mperature of Tm+30°C and a shesar rate of
1000 sec-1 Thus obtained wvalus i1s recorded as mel:
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resin exhibits good

The Iiquid-crystalline polyester
heat 5 resistance, excellent noldability and
sufficient stability upon nolding. The
liquid-crystalline. polyester resin conposition of
i nvention may be tlhose obtai ned by
nore fibrous,. lanellar or particulate
rei nforcenent with the
[ Exanpl es of
fiber,

t he present
adm xi ng one or
10 filler and/or
liquid-crystalline polyester resin.
offi briousmifddderscaand/rd . pelpbereeneresinMBYd Ncide present
‘silica-alunmina fiber, alunna
XBrnif@S8atrime
Eéergqpalncgg of Srimetry
%'1‘5/“?509580“&

1@@ken Jn hes: SRR RE @G fdPEEeré{T@H_‘Qlt
Its goo
g%éblgﬁa§§@d hezat

gu?e‘%‘er'a
fYeinforcenments

gl ass fiber,
fiber is preferable beCause of
mahysbsaknr%@gergé e a0, Lk oS
particul ate ilTers
riacl tdal,c ﬁ}tlrg,g agp & Mol L ast oni t
TCar bonat . gltasst S ib ff
ads arlun1s Ifate aﬁg tit ntun1ox The fillers
5 283ds 3L
%& oaqgfrﬁcﬁceﬁ%ﬁ}% §2Be-ddded S¥+ﬁ9c*°n+ stability
I|gy|d crystalline polyester resin conposition of the
ention in an anount of 0.1-200 parts by
m5|ght preferably 10-100 parts by weight per 100 _
parts by wWeisght 251 38fArREVIStQIildrEr yst abbiljester resin
pol yester resin. |If the amount 17 of the fillers
CRTICEL Ti@mM foT ceenPB2 580 t mime snitdwn2 06 yDdrd sthdye obtained
wei ght, the. noldability of the. resulting Iiquid-
by admixing one or more fibrous, lamellar or particulate
10 filler and/or reinforcement with <the liguid- crystallins
polyester resin
Examples of fibrous fillers and/or reinforcements
‘may include glass fiber, ilica-alumina fiber, alumina
fiber, 'carbon fiber and aramid fiber. Among them,. glass
15 fiber is preferable because of its good balance of physical
properties and cost '
Examples oI lamellar or particulate fillers
and/or reinforcements may include talc, mica, graphite
wollastonite, calcium carbonate; dolomite, clay, glass
20 flake, glass beads, barium sulfate and titanium oxide
The fillers and/or reinforcements may be added to
the liquid-crystalline polyester resin compcsition of <the
present invention in an amount of 0.1-200 parts by wesight,
preferaply 10-10C parts by weight per 100 parts by weigh
of the liguia-crystalline polyester resin If the amountz

\N)
Ut
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crystalline polyester resin conposition tends. to. be
decreased or the exhausting. of. the cylinder or. die

of the 5 nolding device. tends to be increased. The
liquid-crystalline polyester resin conposition
according to the present inveRtion may further be
adm xed with one or nore additives, which are
conventionally used for resin conpositions, if
desired. 10 For exanple, nolding |ubricant such as.

I gher Aali ti 1 d,.h L.aliphatic_ester, hi r
%5 %%Hafréjgﬁghégm”ﬁﬁgﬂ%?ﬂg |%ﬁé§%%gﬁc%% ﬁ8fa|£h§8|288 parts
(, higher" aliphatic herein..used refers to C10- C25 L
i p‘%&lqhd‘)’, p%??si?‘%ggﬁg‘ga =Yt | dor octa“r%onr?égfh%ng liquid-
coIQ%gﬂE such af d¥§s and pignents;. 15 anti oxidant; _
TREPa 6t atR 91 4eT “S v d6SorbenfOomRAE T EL8RI c.temggentto  Dbe
and surface active agent may be adm xed. The additives
%a@éeﬁdﬁd tot t REDPHGEAY Ay stht| Fiiéipdieyestrerdie of the
resin conposition of the present invention in an

G ¢¥ev0. @5 tENdsarts by et gtese@0 preferably

0.1-0,5 parts by weight per 100 parts by wei ght of
the |iqui dher yst aliione dpolryestagrl iresi n.  Malldisger resin
| ubricants such as higher aliphatic acid, higher
Cimpgrtt ierest@rgrdimghetoathphatriss ag] dinedad i 8@l ha@r further
fl uorocarbon-type surfactant may be. added to the
feel | @t 08d 25wtihe | ish d- erystbtd ne peliyestar regiftn  are
or the liquid 18 crystalline polyester resin
RTRAS I I8ef gsedsubbectidgin  compositions, i desired.

For example, molding lubricant such as. higher aliphatic
acid, higher alipha<tic 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 pigments;
antioxidant; thermal stabilizer; UV absorbent; antistatic
agent; and surface active agent may be admixed.

The additives may be added <to the ligquic-
crystalline polyester resin composition of the presen

invention in an amount of 0.053-1 parts by weight,

Fh

preferably 0.1-0,5 parts by weight psr 100 parts by weight

of the liguid-crystalline polvester resin.

rigner aliphatic ester, higher aliphatic acid metal szlt or

fluorocarbon-type surfactant may be addasd to the pellets of

the 1ligquid-crystallin

[}

polyester resin or the liguid-
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the pellets to the nolding process, so that the. agent
adhere to the outer surface of the pellet. The
liquid-crystalline polyester resin 5 conposition of
the present invention may conprise one or. nore
addi ti onal resin conponent unlf%s the additional resin
conponent does not inpair the object of the present

i nvention. Exanples of the additional resin
conmponents. include thernoplastic resins such as

X i de. . palyester,. 10 pol yphenyl ene sul fi de, . .
Dol at et KeL o oy car bONAe 40 yhbny e et ==tin

enatured, _derjyatives thereof, polysulfone,
t%dyg‘ﬂ%%‘sﬁ fGRe Bhd POIVEEHEr BAA%RSSnd SO that the agent
! ernopsetting resins_such as phenol resin, epoxy resin
KRt - potSi M e T esT nSUFhaCansanthef Perd =addi ti onal
resin 1s conponent_ is not. limted, and may be
det er m ned Mependeritduigir aestat bhded pr apertaster resin
Typically, such additional resins may be added to the
99 A D-Teryst ak | ivee ppryester imesini conpesi tdapdikANone or
amount of 1-200 parts by weight,. preferably 10-100
Mearst a5yl vieirght pesinOfopashsnbyuntieght £h20a0Hithenal resin
l'iquid-crystalline polyester resin. The
damguirceror y st d | neoPol Y|SEEE I e8EN oSGBRASI biron ok the ans
present invention nmay be obtained by.  adding fillers,
irstenforaaenent sxaadiesi wes and theq0thera1r &8l components
conmponents to the liquid-crystal-line polyester resi .
jﬁtﬂﬂﬁtlﬁﬂér%@ﬁﬁgbﬂgctB%sqﬂgwgﬁEHBéQgpgl§Q$§g%?gpolyester,

machi ne such 19

polyphenylene sulfide, polyether ketone, polycarbonate,

(D

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 1s not limited, and may be determined dependent

on the intended property. Typically, such additional
resins may be added to the liquid-crystalline polyester

resin compcsition in an amount of 1-200 parts by weight,.

breferaply 10-100 parts by weight per 100 parts by weight

The liguid-crystalline polyester resin

composition of ths present invention may be obtained by

th

adding illers, reinforcements, additives and the other

Tesln components to the liguid-crysialline polyester resin

and melt kneading the mixture using a kneading machine such
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as Banbury m xer, kneader, single screw extruder,

twin screw extruder or the like at a tenperature of.
fromnear Tm to Tmt20C. Melt kneading nay be carried

out at a tenperature higher than Tm +20C, but at such

a high 5 tenperature, the resiyptends to be col ored or
charred. The liquid-crystalline polyester resin of

the. present invention and the liquid-crystalline

pol yester resin conposition conprising the sane
exhisbiniowexcehlest, fhaseqeetardangye AOr3;0.8Mlger, twin
thick test specinmen of the. 10 reS|n conposi tion
LOMRY I8 Nehdidr fangnd el ppdler cexhiits Vel o grade

fl ane retardancy accordlng to OL- 9 standard teéfom near Im

dret Rgd. o oThe | gy d-cryst. ter resi.n or
17 qui d- crystallﬁ%g po%&és esu?y mposid WTﬁTé) S

AGE the resep1 i nyention_may be nol ded
u5|ndg% conven%?bnal SRS ﬁS\dlég brocBYs, Ptreffaply high
t'n ecti.on nol di ng, g§3|on nDIdlng, ext rusi on

Ty My btGw.T wru}pd% SThe R6l 8edCaprE| eFesharred.
obtalned wi.th the liguid- crystall|ne pol yester resin
‘of the preSént ARG St bikeexe@l Yofite 00 femitn  of the
resi stance and sufficient noldability and therefore, -
PSS er t i et uef land orthart $ighickecyskeiande polyester
el ectronic devices, machines and autonobil es.
Epiéti glompo stifye o ngmpcrtysmi | che podwyesterhibiesi Bx@sllent
t he present invention and the liquid-crystalline 25
iPoineest etray@siay conposi. Bi-0n scompriisi €y tHe: S8PBcARBn of the

a

resin composition comprising no flame retarder exhibits V-0

grade flame retardancy according to UL-94 standard test

“ =

-method.

The 1liguid-crystalline polyester resin or the
liguid-crystalline polyester resin composition accordj;ng to
the present invention may be molded using a .conventional
melt molding process, preferably injection molding,
'comp‘-:_ession molding, extrusion molding and blow molding.
The moldsd articles obtained with <the liguid-crystalline
polyester resin of the present invention exhibit excellent
heat resistance and sufficient moldability and therefors

are particular useful for parts of eleciric and electroni

i S G U

devices, machines and automobiles.

Especially, the liguicd-crystallins polyaster

resin oI the present invention and the liagu rystalline

- P

(l
|
0

polyester resin compesition comprising the same are
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20 suitably used for. fine pitch connector and the

i ke which require high heat resistance and good
flowability. The present invention is further
described in reference. to the foll ow ng Exanples. 5
Exanple In the exanples, DTUL ¢l exural strength,
tensile strength, flame retardancy, and flowability
are assessed by the follow ng procedures. 10 (1) DTUL
Test strip with Iength of 127 mm w dth of 3.2 mm

o } g e on
ﬁﬁ%<ﬁ%ﬂ¥:{ﬁifuﬁg (OR 10004T€% gﬁkgggrgglggdrgﬁg 18R whicn

Alustd vl 1 e tudh 94 lec erature,was
measured Usi ng atﬂﬁe‘ ts)essf%g“rl p£h§5gé§ggrg SD%W)%\éTM D
648 under yqad of 1.82. .MPa _and heating rate of

2C/ nin. gxurap “st FRNGIATRe $8ne 1esiSScASPRded in
deter DTU was used. Flexural strength was
%ﬁiauféd' H6) RS B2BBL980. (3) Tensile

strength ASTM D 638 type |1V dunbbel | - shaped speci nen
was nol ded using injection nolding machi ne
(UH1000- 110, Nissei Plastic Industrial Co., Ltd.,
Sapan). Tensile
In the examples, DTUL) flexural strength, tensile
strength, flame retardancy, and flowability are assessed by
the following procedures.
(1) DTUL
Test strip with length of 127 mm, width of 3.2 mm,
and thickness of 12.7 mm was moided 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 streng:th was measured according to ASTM D

ASTM D €38 type IV dumbbell-shaped specimen was
molded using injection molding machine (UH1000-110, Nissei
Plastic 1Industrial Co., Lxd., Tokyo Japan). Tensile

strength was mesasured using the specimen according to ASTM
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25 strength was neasured using the speci nmen accordi ng
to ASTM 21 D 638. (4) Flanme retardancy Test strip
with length of 127 mm w dth of 12.7 nmm and

thi ckness of 0.8 mmor 0.3 mmwas nol ded using 5

i nj ection nolding machi ne (UH2QO0-110, Nissei Plastic.
I ndustrial Co., Ltd.). Flane test was carried out
according to UL94. standard. Flane retardancy was
recorded as total burning tinme. of the -first burning
tigms.and the second burning tinme of -five strips. 10
(5 Mdlding flowability Harnonica-shaped die shown in

(Fhgufien2 akd B-daddy} ection nol ding nachine
(UH1000- 110, Nissei” Plastic Industrial Co., Ltd.).

were used.n siN,-y\as led,ipnith Le at a - ;
predeternlnéﬁpciTlﬁgerEFénperg£h 52 ?72|émﬁ5 width of 12.7

np ture of QO0C, -u d injectian pressure of
bea géﬁd |nf§b lbn ratg)g# aﬁoﬁﬁisg éldﬁ%bﬁﬁltﬁ“ﬂ%ﬂrc using
.assessed as ling. ratio of the resin, That is, the"
Weli gt Fauq?%ﬁ n?hemFFPFBa r eI Q4P 1 Hed anobihESet t Reastic

resin when t he d|e |s completely filled with resin,
EUST R exdipl esttAf bt | owi Ad-2TEbbriessat i vas aferrisd out
used. POB: para- hydroxyben20|c acid TPA: -erephthalic
4AGFAYTIA LG SOpht haFprRJAEHd Tiame retardancy was recorded

as total purning 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 moiding machine (UH1000-110, Nissei Plastic

Industrial Co., Litd.) wers used. Resin was filled in +*h

(D
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temperature of 100°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.

POB: para-hydroxybenzoic acid
TPA: <Terephthnalic acid

IPAR: isophthalic acid

BP: 4,4'-dihydroxvbiphenyl

NDA : 2, 6-naphthalene dicarboxylic acid
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BP: 4, 4'-di hydroxybi phenyl 25 NDA : 2, 6-naphthal ene
di carboxyl is acid 22 Exanple 1 <Production of
polymer with | ow degree of polynerization> POB (211
kg, 1529 noles), BP (61 kg, 328 noles), 5 TPA (47 kg,
284 moles),. N DA (9 kg, 44 nojes), acetic anhydride
(232 kg, 2271 nol es) and potassium acetate. (7 g,
0.07 nole) were fed in the 1nB pol ynmerization
contai ner made of SUS. and equi pped with an agitating
device and a heat exchanger. Under the nitrogen
at nosphere, the mxture 10 was heated fromthe. room
#hggge{atfre to 145C over. 2 hours. and kept at 145C

or H-fhour. Then the mixture was heated to 348C for.

ggyen hours. with distilling out the by-product,. _

TP P RCAEPY. OF THR! PBEY nt FRaticdh desH@s Gif wassl yengrdj 2t ion>
out .at 348C for 50 m nutes.. Wen the torque becane

the i 5 prefeBelAilheddl evéll® molgabri BAti(6A &ont &dfermoles),
was seal ed. Then, nitrogen gas. was induced to the
EBht aiher ksand28he mriessure NPAt hed palgynmetéizatddes), acetic
contai ner was increased to 0.2MPa. The valve at the
pokydniat (pOPyirgri 2afiilomodosd pi art waszepenedacEhete (7 g,
content of the 20 polynerization container was pulled
oud7t medugh theediferl Oln Eibe MG Xpd1 HEEO-8EY8naS-ontainer
strand. The strands were transferred to the cutter
thadough the watfic cCoghedpsar kii®h, AMCHENE;€0HLPREY: i ce ang 2
dust under the polynerization container. i

heat exchanger. Under the nitrogen atmcsphere, 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 ssven hours with distilling out the by-product,.

acetic acia. The polymerization rsaction was carried out
at 348°C for 50 minutes. Wnen <he torgue became the
predetermined level, polvmerization container was sealed.

Then, nitrogen gas was induced *o the conTtainer

and the pressure in the opolymerization container was
increased to 0.2MPa. The wvalve at the Dbottom of
polymerization container was opensd. The content of the

polymerization container was pulled ou: through the dice of
3.5 mm ¢ x 7 mm Tto give as strand. The strands were

machine eqguipped 3jus:t under <he polymerization con-ainer.

Then the strand was cut intc pelle: by <%he cut:ter. Th

pellet of polymer with low degree of polymerization was

N
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Then the strand was cut into pellet by the cutter. The
25 pellet of polyner wwth | ow degree of polynerization
was 23 thus. obtained. The resultant pellet. was.

col umar of about 4 mm long with circular cross of
3.4 mmdianeter. The crystallisne nelting tenperature
of the obtained polynmer 5 with | ow degree of

pol ynmeri zation deternmined by differential scanning
calorinmetry was 349C and «crystallization tenperature
tofud heysampvas 309C. <Solid phase pol ynerization> 10
kg of the pellet of thus obtained polymer with 10

| ow. degreg of polynerizati-on prepol r) was fed_ in .
40L- t unbl gl%d”r y‘e“?gu%{g%ﬁfe%ﬁelr‘a‘t Ur"ég%f XEE@?“&&S PhadRCth ¢ mm
the vessel of the dryer was 200C._ The gas phase was

& &hanged’ bf/lhTFﬁﬁgenc§8§.s THe ve%sgl ’g‘F‘ tﬁéaﬂle}?é‘ff' Th
was heated under nitrogen flow of 120 L/hour, so that

THE Fas Phas &ne 'nglst%@%é@fﬂb“%ogic Bver dbtroriedy tplymer
rotating the dryer at 15 rpm At the tenperature,

wIdih d piRise pHR9FRA i 2@ on RAsyMeaiFRsdobut Bersgaverd by
hours. After the. solid phase pol ynerization was
Edmsirandd,2t he gasnphase wesatoolimdttp 200@sand 349°C  and
rotation 20 of the dryer was stopped. Then, flange of

(i1

‘arhes thrylelrz ataison opsmeslr andr+ hefpehketamef whbe309°C.

liquid-crystalline polyester resin were ejected. At
<hilsi 4 i pte s sadhelsymosr anmngot ke

10 kg of the peillet of thus obtained polymer with

low degree of polymerization (i.=e. ed in

(
'O
[}
(D
'g
]
[
E
(D
=
z,
fu
9]
Hh

40L-tumble dryer. The temperature of the gas phase in the

vessel of the dryer was 200°C. The gas phass was exchanged
by nitrogen gas. The vessel of the dryer was heated under
nitrogen flow of 120 L/hour, so tha:t <the gas bphase was
heated to 300°C over 1 hour with rotating the dryer at 15
rpm. AT the temperature, solid phase poliymerization was

carried out for seven hours.

Afte

=

the solid  phase polymerization - was
completed, the gas phase was cooled tc 200°C and rotation
of the dryer was stopped. Then, flange of the dryer was

opened and the pellets of the liguid-crystalline polyester

resin wesre ejectad. At This <time, adhesion among =hs
pellets was not okbssrved and pelleis wers sasily pulled ou-
of the dryesr. The resulting liguid-crystalline polyester

resin obtained by <the solid phase peclymerization exhibited
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pel l ets was not observed and pellets were easily pul ed
out of the dryer. The resulting liquid-crystalline
pol yester 23 resin, obtained by the solid phase
pol yneri zation exhibited 24 anisotropy in nolten
state as observed by polarizatipon mcroscope equi pped
with hot-stage.. DTUL of this liquid-crystalline
pol yester resin was 330C,. crystalline nelting
tenperature was 374C and 5 nelt viscosity was 42 Pa.
35 OO~ ihgh S e gptained | qui.d- P
a?r—ysc% al cI]Pi%/n\gglf)\ol {982?%&1 r gg?%g 389\/\/2%[’5]9%?‘%3% Pz B§itgss zation
d chopped strand 03-T-747-CGH, N ppon Electric
%%gscc%‘?“ & .l,%p i ya"" | ApEnT “385 - admi xed. The

m xture- ubj ected to.10 peller-iZation using twn _
screM/exrﬁﬁgé% %TEX%@*& 13§ Frysfid LidifanPei gepter resin
Wkag LID., Tokyo, japan) with cylinder tenperature

"FS 3866 and ot ot | BRLIFESH oPNBODAEPHRRL 6iaS ghve C and
qugid;cryspalline gflyester resin conposition. DTUL

5L % HEL 39Ut rastat | Faes pol yester resin conposition

was 15 320'C, flexural strength was 190 MPa, and

tensil e sthength wasglis52 MRatsW th r égpectortsa ifilsaime 1iquid-
retardancy, total burning. tinme of C.8 nmthick rest

Pi et Was S wexoadsresivhj | 80t hat gt Ba3mm® T g 28&S fiber
13.9 seconds. . Both of the 0. 8 mm and O . 3 mm
tdtiapdo i ecesardi O hor-pLodoge HEepoal 2:0h8% B0 Co. 1Ltd.,
Sher droppi ngs whi ch burned surgical cotton and flame

stelt dapgyamwns we0 g8Rdeeal n asidh t ;@R uf-OWRDL | kl¥5ec=aq =0
pelletization using twin screw extruder (TEXBO(1;3BBW—2V,
The Japan Steel Works, LTD., Tokyve, Japan) with cylinder
temperature of 390°C and screw rotation speed of 400 rpm to
give ligquid-crystalline polyester resin compecsition. DTUL

of the liquid-crystalline polyester resin compesition was

W

20°C, flexural strength was 190 MPa, and tensile strength

burning time of C.8 mm thick test piece was 30.2 seconds,
while that of 0.3mm thick was 12.9 seconds. . Both of the
0.8 mm- and 0.3 nmrthick pieces did no:t produce drop of
resin or other droppings which burned surgical cotton and
flame retardancy was V-0 grade. In addcition, Zlowability

upon moliding was examined at a c¢ylinder temperaturs of

390°C. The resin £illing razio To harmonicza-shaped die was
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25

with c¢ircular cross section of

upon nol di ng was exam ned at a cylinder tenperature of
390C. The resin filling ratio to harnoni ca-shaped die
was 57.1 25 Accordingly, the liquid-crystalline
pol yester 25 resin obtained was excellent with
respect to heat resistance (BI{JL), nolding
flowability, as well as flane. retardancy.
Properties of the polyner with |ow. degree of 5
pol ymeri zation (i.e. prepolymer) and the
d0yf d Lki ne._ pol yester, resin obtained after
IlsquLHd pﬁggiigokyneralsgat %%ngﬁ\%/ernzz ShOWI%% in Tas[ﬁ $h. to
,Jve l;rplel roduct.i on of_ pol yme with | ow
gree o éﬁﬁeh ' zatd C§> 910 PRSI Yy aiogﬁﬂl as flame
BP (102 kg, 546 noles), TPA (91 kg, 546
Cg Netic anhydride (236. kg, 2316 noles) and
potaSS| um acetate (38 g, 0.4 nole) were fed in
pol yner i zati B ot mér &RE pdOYEE N Wi thowl degrdsaree  of
of polynerlzatlon was prepared by the sane procedure
Pegl YIS igedrsite (1 - Thepyerel yaar) penidetthsas iculivmeany safz11in
4 mnlong with circular cross section of 3.4 nm
Rl aivstter. Theincopsiedinsdea frebti rgp tetpehabsr @cQfymefte zat ion
obt ai ned polynmer w th | ow degree of polynerization
wigteerstioned iby Table 1.

heat

Comparative Example 1
<Production of polymer with low degree oZ polvmerization>

POB (151 kg, 1092 moles), BP {102 kg, 546 moles),

TPA (91 kg, 54

(03]

moles), acetic anhydride (236 kg, 2316
moles) and potassium acetate (38 g, 0.4 mole) were fed in

polymerization container and

'Y

olymer with low degree of
polymerization was prepared Dby the same procedure as

exampie 1.

The resultant pellet was columnar of 4 mm long

(€3]
~

.4 mm diameter. The

crystalline melting temperaturse 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

<S0lid pnase polymerization>

10 kg of the pellet of thus obtained poiymer with

1.2

. pra olvmnr) was

{
\

subjected to solid ©phase polymerization by the same
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20 differential scanning calorinetry was 349C and the
crystallization tenperature of the sane was 326C.

<Sol i d phase polynerization> 10 kg of the pellet of

t hus obtained polynmer with |ow degree of

pol ymeri zati on prepol yner) waé6 25 subjected to solid

phase pol ynerization by the sane 26 procedure as

exanple 1 except. that the tenperature. of the gas

phase was 330C to. give pellets of liquid-crystalline
pRelcgester feskRampAdhasio-apongrpel efsS. t MRS MOt ure of the
observed and pellets were easily. pulled out of the

o8l igh phasga 55 pel-wrerd Z?t Len sou prent . 1 TG g or ~ystalline
resulting liquid-crystalline pdTyester resin obtarned

Ry sQldd- phase pol dzZati o q ni sotro e
pnoy%én state a%p o%gg{veggtyggg rlza |o% WQ}crosgg'pé’bs“rv“d
ui pped Wi th hot-sta DI of_ this . , _
aﬁﬁqugdﬁgrﬁgta F?ne ?1 ter éé?n OYfas©336E:s solid phase

stal.li neltmg(D qperature was 403C and nelt

pﬁl sﬁT%Fiﬁﬁﬂ(FQRﬂ neasured by. the same

procedures as Exanple 1 due toits hlqh crystalline

nel ting tepefafbtelnds 1At Ghtsignedine polyester resin
l'iquid-crystalline polyester re3|n gl ass fiber was
ORFELIGE dhd $P R PRt AP yRerigekyest exnidsitrd anisotropy
conp05|t|on was prepared by. the same procedures as
ipxampléasn BYeEeof aphecdsguvddcrlyst aldliare zation microscope

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 crystzlline melting
temperature.

To the obtained liquid-crystalline ©polyzster
resin, giass <fiber was :admixed and ligquid-crystalline
polyester resin composition was prepared by the same
procedures as Example 1. DTUL of the liguid-crystalline
polyester resin compesition was 337°C, flexural strength
was 135 MPa and tensile strength was 130 MPa. With respsct
to flame retardancy, when test piece with thickness of 0.8
mm was examined, total burning tims was 50.3 seconds. Th
piece did not oproduce drop of resin or other droppings

which burned surgical cotton and frams retardancv was V-1

grade. Molding Zflowability was examined at a cylinder
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pol yester resin conposition was 337C, flexura
strength 20 was 135 MPa and tensile strength was 130
MPa. Wth respect to flame retardancy, when test
piece with thickness of 0.8 nmmwas exam ned, total
burning time was 50.3 seconds.z7 The piece did not
produce drop of resin or other droppings which burned
surgical cotton and frane retardancy was V-1 25 grade.
Mol ding flowability was exam ned at a cylinder 27
tameratwre of AN0G Thensesip;fikliRg éage
har noni ca- shaped die was 26. 7 In concl dsi on of

S ali Ve, 2xawple o1, the liquid-crystalline
pol yester resin was excellent with 5 respect to heat

reS|stance ve j‘ was not satisfactory in
nol di ng f|6§/a%%%l%§9§§ TeFSPE&n@ylVEPrdﬁ%W@f%sl

f_the polynmer, with de ree of. . polynerlzatlon
ol BLTS " XVYﬁegFqur&S—é‘ryé'@afFl | Rgcelient with
pol ye ster resin obtalned after solid phase. 10
BoiRAfer i z8t | & wer@ Schvin G TG /1. howepamat i v& was not
Exanpl e 2 <Production of polymer with | ow degree of
s&m%ﬁ"%ﬂ o> NPAOE 19 89l kb1 1819 apl E3pme BRtE8Zancy.

kg, 437 noles), 15 TPA (62 kg, 371 noles), IPA (11

kg, 66 nnl&¥9P°ﬁﬂﬁﬁﬂ cOéhhydeideoagﬁerkgw12816lﬁnleﬁgg ree of
and potassium acetate (37 g, 0.4 noles) were fed in
Ryoll et 22atiicon colit a8 ner  amdepol ymer) wi khal owgegr ee; quig-
of polynerlzatlon was prepared by the sane
crystalline polyester resin obtzined after

g“monlea—

the

solid phase

polymerization were showr 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 (il kg, 66 moles), acetic
aphyd:ide (236 kg, 2316 moles) and potassium acetate (37 g,
0.4 moles) wers fe

d in polymerization container and polymer

with low degre

(0]

O0Z polymerization was prepared Dy the. same

with 10w degree of polvmerization determined by
difZferential scanning calorime=rv was 348°C

crystallizetion temperature of the same was 315°C.
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- procedures as Example 1. The DTUL o

procedure. as exanple |I. 20 The resultant pellet was
columar of 3.7 mmlong wth circular cross section
of 3.2 mmdianeter. The crystalline nelting
tenperature of the obtained polymer wth | ow degree
of polynerization determ ned by differential scanning
calorinmetry was 348C and the 25 crystallization
tenperature of the sane was 3 13 C. 28 <Solid phase
pol yneri zation> 10 kg of the pellet of. thus obtained

<@%Uiﬁebha@EtBolQﬂ@%fﬁéﬂi of polynerization A (i.e.
prepol yner) was "subjected to solid phase -

pol ymeri zati L the ocedure. as . ex le 1 _
‘to give pgplg SQ%T Fqﬁ%gﬁf%gygfaEPPﬁeOBbF&E?%QEOlYmer-Wlth
lE%sinﬂ}Agngsiog ano gﬁﬁeljpts,mas not observed and .

S8 ¥t e Rasi I%Pqp FEFDUOBf tiHe ©-sol i BEPPRSENSr)  was
%ngqeLLzation equj pment . _The. resulting _

P Ti~der ySal 13Ter Pol Hedber . RdsiMer1apGinmi ne byhe  same
solid phase pol ynerization exhi bited anisotropy in
PROFEEHTSt atte asc o2t ed by pol apizat i grelldcs oscOpeliquid-
equi pped with hot-stage. DTUL of this
CFY§irdléngstealyeetpol yestier. redidhesiasn 3246ng pellets was
crystalline nelting tenperature was 375C and 15 nelt
nPits cosd v aras afkl Pasdlete therebtaisiely pulisd out of
liquid-crystalline. polyester

solid phase polymesrization eguipment.

t
o
iy

The resulting liguid-crystalline polyester resin
obtained by solid phése polymerization exhibited anisotropy
in molfen state as observed by polarization microscope
equipped with hot-stage.

DTUL of this 1i

[
o]
o
[
i
9]
H
<
0]
ot
v
[
-
-
o]
0]
'g
@]
}—
<
D
03]
]
0]
13
(]
0]
n
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was 314°C, crystalline melting temperature was 375°C and
melt viscesity was 72 Pa.s.

To the obtained liquid-crystalline polyester
resin, glass fiber was admixaed and liquid—crystélline

polyester resin composition was prepared by the same

Fh

the liguid-
crystalline polyester resin composition was 322;C, flexural
strength was 194 MPa and tensile strength was
With respect to flame retardancy, when <=est piece with
thickness of 0.8 mm was examined, total burning time was
57.7 seconds. The piece did not produce drop of resin o>

other droppings. which burned surgical cotton and Flame
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resin, glass fiber was adm xed and |iquid-crystalline
pol yester resin conposition was prepared by. the sane
procedures as Exanple 1. The. DTUL of the liquid 20
crystalline polyester resin conposition was 322 C
flexural strength was 194 MPa,and tensile strength
was. 143 MPa. Wth respect to =l ane retardancy, when
test piece with thickness of 0.8 mm was exam ned,
total burning tinme was 57.7 seconds. The piece did

produce drop_of resin of, 25 .other droppings. which
BOrHod ot o a1 oot FRTand FIPAE b - Yurangdndy WRfs S2amined
\/- de. Mol di ng f| owabi it s examned at a.
ac‘:'yljau' gédg?l?%%er%?ﬁ?é%‘ﬁ?e 3@6@% 9@& T esing fEsing ildiieng rate
to.harnonica-shageg e was 48.7 % I n conclusion of
the ToNpAt GR T TRABR n%%% wast € - 75 4. qui d-crystal | i ne
pol yester._resin was excellent with respect to heat
resi st ancel P DFORFlURéREVEE, Fhe \emnorotatisat istaobbey 2, the
in nmolding flowability or flame retardancy.
Prapedt1essbili hee pobghpeswietrth | owsdegreesof exceilen  with
pol ynmeri zation (i.e., prepolyner) and the |iquid- 10
a3l | itse pekyestesisesiae obtBIUEH, afHfl=wed! i diphases not
pol yneri zation were shown in Table 1. Conparative
sxtaingt &c S0 xpr D ued 1 OInOf £ DOWUBRN :Whi Ib | GWadearee 0liancy .
pol ymeri zation> 1s POB (211 kg, 1529 noles), BP (57
kg,. 306 mptesyriiedPAA 111k, pﬁﬁ}ﬁfpel:es)«ritw Dﬁ)&szdé(cgree of

240 nol es), acetic
polymerization (i.e., prepolymer) and the liguid-

Ccrystalline polyester =resin obtained after solid phase

polymerization were shown in Table I

Comparative Example 3

<Production of polymer with low degres of pdlymerization>
POB (211 kg, 1529 moles), BP (57 kg, 306 moles),

TPA (11 kg, 66 moles), NDA (52 kg, 240 moles), ace-ic .

anhydride (236 kg, 2314 molies) and potassium acetate (37 g,

0.4 moles) were fed in polymerization container and polymer

Vs . o - . . : :
with low degree of polymerization was prepared by the same

o]
H
0]
9]
)
Q.
o
I
(1}
fu
0]
0]
»

ample 1.

The resultant pellet was columnar of 3.9 mm long

with circular cross section of 2.8 mm dlameter. Tne
Crystalline melting temperature of the obtzined poiymer
with ~Oow degres of Dolymerization determined by

differential scanning calorimetry was 317°C and the
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anhydride (236 kg,. 2314 nol es) and potassi um acetate.
(37 g, 0.4. noles) were fed in polynerization

contai ner and polynmer wth | ow degree of

pol yneri zation was prepared by. the same 20 procedure
as exanple 1. The resultant peifet was columar of 3.9
mmlong wth circular cross section of 2.8 nun

di aneter. The «crystalline nelting tenperature of the
obt ai ned polynmer w th | ow degree of polynerization

@@@@fﬁiP?Qa@yog5t§%§£fééﬁ%éakis%%Qngggﬁc%}ori LQ%hQBS

3 717C and the 30 crystalTization teénper at\dr &

SAIE; 272C 1550l d se pol ynerization> 10 kg of
the pel %%;61%?%@V%be%?g§8§pol ynmer with |ow degree
of polymerjgzation.(i,e. epol ynmer) was 5 subjected '
to solid pjhtgsjgegJ pot y%TiQ%ﬂ(?ﬁ 5. HHE Shfeinmcadumer with
as, exg\rﬂarglvg 1. _Bxcejil that tenperature. of the gas
phase wds©875€% o %$ Wpel Feid opf | {guft d- cr pseabllymer) weas
| yester resin.. Adhesion anong pellets was not

YR ahd pePlefs mErS=easPdivpetizatpoh obyt hehe same
solid phase 10 polynerization equi pnent. The
RIEIRIYTRY #F gerampiystlal ¢xmeppoloest eremesiacuodt afnede gas
by solid phase pol ynerization exhibited ani sotropy.
Rbes®| twad st2dtde Cas tobserived meIdelari 24t i Q01 gUiGIQSGRP’ 11 ine
equi pped with hot-stage. 15 DTUL of this i

'D@kﬁﬁ$ﬁ£1ystaihinePmﬂk¥ﬁ&herah@&bnpel_ets was not observed

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

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

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

To the obtained liduid—crystalliné polyester
resin, glass <fiber was admixed and liguid-crystalline
polyester resin composition was prepared by the same
procedures as Example 1. DTUL o =he liguid-crystalline
polyester resin compesition was 275°C
was 2i6 MPa and tensile strength was 186 MPa. - With respect
to flame retardancy, when test piece with thickness o 0.8

mm was examined, total burning time was 51.3 seconds

=i
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was 259C, crystalline nelting tenperature was 316C and

melt viscosity was 113 Pa.s. To the obtained
liquid-crystalline polyester resin, glass fiber was

adm xed and liquid-crystalline. 20 polyester resin
conposition was prepared by ti3g sane procedures as

Exanple |I. DTUL of the liquid-crystalline. polyester

resin conmposition was 275C, flexural strength was 216

MPa and tensile strength was 186 MPa. Wth respect to
dilesaie getardancyrosher t asbppi ©ce Luistihy t Bickness: okiroppings
0.8 25 nmm was exam ned, total burning tine was 51.5 ~~ °

WEBCONASurJde 3hrghicgae did Not prodyce drop of s1.esin, s y_1
or other droppings which burned surgical. cotton -and

. y Mas Mzl . grade, . Ml ding flowability.. .
gfmﬂa?ggxamﬁﬁ%g%?&a %%%%‘e‘l@{' eqn%esr at” %Igglglf’ d346C. SrhgY - thast

resin fillingr .o harpopica- 5.shaped die was 66.4 .
t070‘7?“3‘1Vn*actounrcﬂ u%i o%f Cgfét hgﬁébnpSFaPi vé-éigﬁpFé‘ “§, tPphbarmonica-
l.i qui Ef[ystalhéngdpplyester resin was excellent with
%ﬁéﬁ%ﬁtjbeﬁﬁ g ffowabi lity, however it was not
satisfactory in heat resistance (DTUL) or flame
retardancyt? 407"PrBPePRi €& ofR¢ heOPBRYAREE VR t3KaTwe 3, the
degr ee of polynerization (i.e., prepolyner) and the
Jhiguidcreryist el inse polyester r ésisirobtwinedesfeetent with

solid phase polynerization were shown in Table 32
respect tc¢ molding Zflowability, however it was no:=

satisfactory in heat resistance (DTUL) or Zlame retardancy.

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

polymerization were shown in Table -.



Tabl e 1 Exanpl e Conparative Conparative Conparative 1

Exanpl e 1 Exanpl e
71.4 BP. (nmole %
17 3.1 NDA (nole

2 Exanple 3 POB (nole %9 70 50 60
15 25 20 14.3 TPA (nmole %9 13 25
% 12--11.2 'PL (nmole %9 - - 3

- Ratio o dicarboxvlic 0.13 030.15. 0.78 .acid *1
Trmax 348C 348C 348C 348' C Tm 349C 349C 348C 317C

(polymer with | ow

decree of polynerization, or

prepol viner) Tc 309C. 326C. 315C 272C (polymer with
T@wedagree or polynerization, O Drepolvner) Solid

phase 300C 330C j

300C 275C polyneri zati on

Terrper at ur e Exampie Comparative Eomparative Comparative
1 Example 1 Example 2 Example 3
POB (moie %) 70 50 60 71.4
BP (mole %) 15 25 20 14.3
TPA (mole %) |13 25 17 3.1
NDZ (mole %) | 2. - - 1.2
IP2 (mole %) 3 -
Razio oZ 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 305°C 326°C 315°C 272°C
(polymer with
low degree of
polymerization,
Or prepolymer)
Solid phase 300°C 33¢°C 300°C 275°C
polymerization
Temperature .
Solid phase 7 hours 7 hours 7 hours. 7 hours
polvmerization time
Im(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 (MFa) 152 130 143 186
*2
Flame retardancy 36.2 s 50.3 s 57.7 s 5L.5 s
(burning time) *2 '
Flame retardancy V-0 V-1 v-1 V-1
(evaluation) *2
Molding flowabilizy 390°C 400°C 380°C 340°C
(cylinder temperature)
Molding flowability 57.1 % 26.7 % 48.7 % 66.¢4 %
(£illing ratio)

*1: Molar ratio of

aromatic dicarboxylic acid calculated b

the following formula:

(NDA ox IPA) ( (NDAR or IPA) + TPA).

admixing of glass fiber. With regard t

O




Solid phase 7 hours 7 hours 7 hours. 7 hours

pol yneri zation tinme Tm(pol yner obtai ned 374r 403C
375C. 316C. after solid phase polynerization DTUL
330C 336C 314C 259C Melt viscosity 42 - 72 113 (Pa.
s) DTUL 320C 337C 322C 275C *33 Fl exural strength 190
135 194 216 (MPa) *2 Tensile s-rength(MPa) 152 130
143 186 +2 Flame retardancv 30.2 s 50.3 s 57.7 s 51.5
s (burning tine) *2 Flanme retardancv_ V-0 V---_. V-1.

Mol | 9 90C,
T e S g O

w20 1 5 @%gs%ﬁ%%%(fllllng ratio) '1: I\/blar
ratio of aromatic di carboxylic acid cal cul ated by
the followng fornula: (NDA or IPA) / ( (NDA or |PA)
TPA)
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5 *2: Measured after adm xing of glass fiber. Wth
regard to 33 flanme retardancy, values. were those.
exam ned using piece wth thickness of 0.8 mMm 34.
CLAIMS 1. Aliquid-crystalline polyester obtained by
a method conprising the steps gfz; preparing a

prepol yner. consisting of the reheating. 5 units
represented by fornmulae (1), (-1), (Il1l) and (1V). cO
of ~~ .Jp (1) cacol (Il) aor (I JdJr) CO, L
~Q T (I'V) wherein, p, q, r andrgcrepresent relative
nmol ar proportions (nol. % of the repeating units. in

the | hquidustystaldine ; a0l yestec, Lesin and satisty oo, o

the follow ng fornmulae: 60<p< q+

@oﬁ§f§éﬁﬂﬁszﬁg'§teps of;
preparing a prepolymer consisting of the repeating

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

—%co—@—co}— am
‘Poojjr_ (111).
—[—00 CO‘TL_ :<IV>

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

-

T

0

9 ) P . - :
(mol %) of <the repeating un in the liquid-crystalline

polyester resin and satisfy the roliowing formulae:

heating the prepolvmer in supstantially sclid state at

provided that the liguid Crystalline ©polyesster has

m
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N
w

p+q+r +s=1 OC;, and heating the prepolyner in
substantially solid state at 15 250-350C, provided
that the liquid. crystalline polyester has a 35

defl ection tenperature under |oad of 280-340C, and a
melt viscosity of 10-60 Pa-s,zgherein the nelt
viscosity is determ ned at a tenperature 30C higher
than the crystalline nelting tenperature of the 5
resin, which is determ ned by differential scanni ng

ar L Vo o ar, te 000 2 The N
#%ihﬁ“-cf§s%a ?ﬁ%t%ggyeggg He§1 %Ecogg %éoto' erdi m melt

h has stalline melting tenperature. 10
é'(%g%1ﬁ%&kby dlége%%hfial scanni ng cal ori netry of
40-_400C 3. A liquid-crystalline polyester resin:
trpodl t 7oh TSR qu?'?FgSllfdo par O U Tigigfht 2bf at ﬁ@m0°rat”r°
I|€§|d crystalline 15 polyester of claim1 or 2 and
JO0@NsET tidsy ves ghtvefaklinbrnedfingneldmaerature of th
particulate filler and/or . reinforcenent. 4. The
1§t d- cYiys€ERl | ilfe pokyestinedesiny codposetennial0 scanning
according to claim3, wherein said filler and/or
qaiqfigrdenentand gl sissafibete 6f The0 sec-:2
liquid-crystalline polyester resin conposition

D

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

pl ate
2. The liguid-crystalline polyester resin according to

claim 1, which has =& crystalline meliing tempesrature

‘determined by fferential scanning calorimetry of 340-
400°C.
3. A liquid-crystalliine ©polyester resin composition

comprising 100 parts by weight of <the liguic-crystalline
polyester of claim 1 or 2 and 0..-200 parts by weight of a
fibrous, lameliar or particulate filler and/or

reinforcement.

4 The iiguid-crystalline polyester resin composizion
accerding pte claim 3, wherein said filler and/or
reinforcement is glass fiber.

5. Tne liguid-crystalline polyester resir composition
.3-0.8 mm thick plate

of <the liguid-crystalilliine polyester =resin compeosition
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25 of he liquid-crystalline polyester resin
conposition 36 exhibits V-0. grade. flane retardancy
according. to UL-94 Standard. 6. The
liquid-crystalline polyester resin according to any
of clainms 1 to 5 wherein s andé6a satisfy the fornul a:
0.08<s/(qg+s)<o0.2. 7. A nolded article obtained by

nmol ding the liquid- s crystalline polyester resin or
the liquid-crystalline polyester resin conposition
%ﬁﬂﬁﬁxﬁmg\kd)am¢amﬂm’abmecladﬂéréaﬁt SaMﬂJHﬂzLPr to UL-94
producing a |liquid-crystalline polyester 10 resin -
sMaErcte mbnpri ses the steps of; preparing a. pellet of
prepol yner consisting. of the repeating units
represented by. fornmulae (1) (TI)C (IIl). and (.-,V):

- - r LI /[ Js (1V)
%ﬁlglﬁcﬁilé r"s ajntlns léfré%ﬁt regfiat peeordlimg to

oparti-ons.
aq{y O clalms 1 to 5, wherein s and g satisfy the formula:

0.08<s/(g+s)<0.2.

7. A moldad articls obtainad by molding the Iliguic-

cr 7S .I 1 a . 1 - e 1 j 13 1 '.
rystalline ' polyester resin or +the ligquid-crystalline

agster r ] c 1 T 1 c 13 = 2 i
polyester resin composition according to any one of claims

8. t for inci
Method for producing a liguic-crystalline

preparing a pellet of brepolymer consisting of the
I'epeatlng units represented Py zrormulas (I), (II), (III)
and (IV):

L CO \_//—O—"[— (D)
l» _ i
TCO_<\:-/>‘°0]‘Q_ (11)

N /"N /T am

Lo
e A~ s (Iv)
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(mol o) of the. repeating units in the
liquid-crystalline polyester resin and satisfy the
following formul ae: 60 <p <80 5 10<-r< 20 10<q+s<_20
0.05<_s/(q+s)<_0.3 p+g+r+s=100; and heating pellet of
prepolynmer in substantially. solid 10 state at :
250-350C. 9. The nethod according. to. claima8,.
wherein said pellet is columar with. circular or

el liptic cross section.. with. cross section diameter
(when cross section is eIIiptic maj or axi s of cross

ectlon) of 2.5-4.Qmm and Wthrafe”et | engt h of
B 0MmP 187 The FefhoGPAGHT nrg‘Jtao*Jc‘f‘alrﬁ?JBaBrPQODor‘-lonS-

wherein s gn_, satlsfy the fornula: 0.085s/ (q+s)
-9% ﬁ) O ' the repeat ng units in the liquid-crystalline.

polyeste -resin and satisfy the fo;low1ng rormulae

60<p<80
1020
1OSq+sS20l
0.05<s/(g+s)<0.3
pP+g+r+s=100; and
heating pellet of prepolymer in substantiallyISOlid

state at 250-350°C.

9. The method according to claim 8, wherein said'pellet
is columnar with circular or elliptic cross section. with
cross section diameter (when cross section 1is elliptic ,
major axis of cross section).of.2.5—4.0mm and with pellet

length of 2.5-5.0mm.

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

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



