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1 VWHOLLY AROVATI C LI QUI D- CRYSTALLI NE POLYESTER AND
METHOD FOR PREPARI NG THE SAME BACKGROUND OF THE

I NVENTI ON 5 FI ELD OF THE | NVENTI ON The presenW”W
application relates to a wholly aromatic lig ”/M@”/’ ”
crystalline polyester and a net hod for preparlngqgu
sane. In particular, the present invention rel ates o

liquid-crystalline polyester which exhibits high 10
heat stability, excellent noldability and flowability

as _ wel |wicLEX Zrdieat ICeCheut -aER P PREL i1 SPoRGEATER
ART Thernotropic |iquid-crystalline polyester (which

is called as "liquid-crystal hinpe pol yester" or "LCP"
15 hereinafter) has good properties including heat

resistance, nmechanrHosl FOROPREPARINGUEHFASAMEYI dity,
chem cal resistance and dinensional accuracy and is

BACGHGROUNONLY TRk TRYERETORrticl es but also-for a
variety of products such as fibers and fil ns.

Paet bcokarnky, TREERSRAN conputers and nobile 20 phones
enpl oy highly integrated devices and the art w shes

to use dowpgpze reEQhEneﬁp?@4c§%§BBerr@qrE sf 01 th%.mwholly
In the information and econmuni cation fields,
bbbRatic liquid crystalline polyester and a methpd for
preparing the same. In particular, the present invention
relates to liquid-crystalline polyester which exhibits high
heat stability, excellent moldability and flowability as
well as excellent mechanical properties.
RELATED ART

Thermotropic liquid-crystalline polyester (which
is called as "liquid-crystalline polyester" or "LCP"
hereinafter) has good properties including heat resistance,
mechanical properties such as rigidity, chemical resistance
and dimensional accuracy and is used not only for molded
articles but also for a variety of products such as fibers
and films. Particularly, personal computers and mobile
phones employ highly integrated devices and the art wishes
to use downsized, thinner and smaller parts for them. In
the information and telecommunication fields, very thin
parts, as thin as 0.5 mm or less of the thicknesé, are
sometimes required. Based on the excellent molding

properties of LCPs including good flowability and less

NN
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parts, as thin as 0.5 mmor |ess of the thickness, are
sonetinmes requi red. Based on the excellent nolding 25

properties of LCPs including good flowability and | ess
2 flash devel opnment conpared to the other '

t hernopl astic resins, consunption of LCPs has been

i ncreasing. Recently, LCPs are enployed for a variety

of uses wherein the resins are processed at a

hi gh-tenperature such 5 as sol der-wel di ng and

EnGEAr edevefibpwene! diBapaldRweven, the LORR N odiesthdMastic
pol yneri zati on a nmet hod such as slurry polynerization

PEsRLY eBoAsLAbYSba Bet Le¥hi Bk subhi ¢hentashsqt.
resistance. In order to obtain a LCP with an eXcell ent

heat 10 rRpgkahange. Loekhade Wabi%2Ql il PRASRriety of uses
pol yneri zati on step have been proposed. For exanple,

t 1855826 nege Patent
ADSTrcatfon Lard GpanoNb. SO00 248008 nd JopEREagure such

Pat endy fonldordiAp Lakd Opers Nog 'J_.J%if'loxlul—'w%é}.%qg’léér (eacewever,

clted references are herein I ncorporated by re

gﬁ%dtéggogggﬁhaa%y{ gglggggm@gow@f lme%i &g gmisseslurry

step prepa ery or pell'et-torme

gze,fgmgmgtgw or? hOVL 89! ¥® pgg,&%g;h&e%ﬁﬁliggg sufficient

ating sard prepolyner in So seto g

. W i gh polynerization degree. In general,
ﬁﬁégngégé%%éECECPs have high melting 20 point besides

broceseed Gt REPear Ty ey o R Bt dger il ctn exBelfent neat
resistance, methods using solid phase polymerization step
have been proposed. For example, U.S. Patent No. 6,582,625,
Japanese Patent Application Laid Open No. 2000-248056 and
Japanese Patent Application Laid Open No. Hei. 11-246654

(the cited references are herein incorporated by reference)

disclose methods for producing LCPs, which comprise the

steps of preparing powdery or pellet-formed prepolymer with

a low polymerization degree and heating said prepolymer in
solid phase to -give polymers with high polymerization
degree. In general, thus obtained LCPs have high melting
point besides the high heat resistance and therefore, need
to be processed with relatively high temperatures.

Japanese Patent Examined Publication No. H03-
55489 proposed LCP obtained by copolymerizing 4-
hydroxybenzoic acid, 2,6-naphthalene dicarboxylic acid and

hydroquinone with a small amount of 6-hydroxy-2-naphthoic
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Japanese Patent Exam ned Publication No. HO3- 55489
proposed LCP obtai ned by copol yneri zi ng 4-

hydr oxybenzoi ¢ aci d, 2, 6-naphthal ene di carboxylic acid
and 25 hydroqui none with a small anount of

6- hydr oxy- 2- napht hoic 3 acid. According to the patent,
thus obtained LCP will exhibit good nechanical and
thermal properties and provide good noldability.
However, what the Japanese Patent Examined 5

Eubbi cat herohNei ng03: 55432 dhsebpged diiud NepkSPned 1cP will

obt ai ned by 10 nélt pol ynerization of the nononers and

bRh bk enodbowe cHaRT N LY | ShSHRL £C fgpéPtD tand provide
PSR RAnR

treatment in a substantially sol

&ggﬁ!h@gggbgmiﬁp.object of the present invention is to

provide a wholfy aromatic |iquid-crystalline

pol yest er gg&%?erexmdﬂé§ hkﬁgmﬁﬁgﬁgﬁg§é“E%E%%ég?hgggmined

be process felatively eratures.

ﬁg%ﬁgéa?ioﬁhﬁopr%%%Q%Sdiyqagﬁﬁ¥§%é?tf%FﬁﬁgiﬂgPaobtained by

or produci ng “sai crystarlTne

RoLYCHANANG ALad Al B9 | L ogbnalal 140 SROIJERLA!  apout

conposi t'i"ons conpri si ng sai d iI'Tst~asp

L8 D1SR | NG BBl OUI L Y| BEenane an o

ester, whi has a ection nper a

%ﬁ%ﬁtéﬁgk%%lgfsgg d??gg%ethe di fference 20 between the

e“crystall'rne " nel ting tenperature of
SUMMARY OF THE INVENTION

An object of the present invention is to provide
a wholly aromatic 1liquid-crystalline polyester which
exhibits high heat resistance and can be processed at
relatively low temperatures. Another object qf the present
invention is to provide a method for producing said liguid-
crystalline polyester and providing liquid-crystalline
polyester compositions comprising said LCP.

In a first aspect of the present invention, a
liquid-crystalline polyester, which has a deflection
temperature under load (DTUL) of 290-340°C; the difference
between the DTUL and the crystalline melting temperature of
the liquid-crystalline polyester determined by differential
scanning calorimetry is equal to or less than 40°C; and
which is obtainable by subjecting a prepolymer consisting
of the repeating units of formulae (I), (II), (III) and

(IV):
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the liquid-crystalline polyester determ ned by
differential scanning calorinetry is equal to or |ess
than 40C, and which is obtainable by subjecting a
prepol yner consisting of the repeating units of
formulae (1), (11), (I1l) andg4 25 (IV) : 4 Co (I) JP
Co 0 wherein, p, q, r and s represent relative nol ar
proportions (nol % of the repeating units in the
prepolyner and satisfy the followng fornulae: 60 S
p+¢ S 78 0.055 g 5311 Sr 520 and 11 5 s 5 20
to hﬁgttment in a substantially solid state. In
anpt wer G 0 he present)invention, a 10

i qui d-crystallime polyester conposition conprising
the LCP 15 as above is provided. In a further aspect

of the present invention, a nethod for preparing a
l'i qui d- erpspeaiNjng polyester which conprises the
st gps oﬂl!l.‘!! (1D)
GO
, q
' O—Q‘O l (111)
r

ING G

co S (Iv)

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

(mol %) of the repeating units in the prepolymer and
satisfy the following formulae:

60 < p+tq £ 78

0.05 = g = 3

11 = r = 20 and

11 = s £ 20
to heat treatment in a substantially solid state.

In another aspect of the present invention, a
liquid-crystalline polyester composition comprising the LCP
as above is provided. |

In a further aspect of the present invention, a
method for preparing a liquid-crystalline polyester which
comprises the steps of:

polycondensing monomers which provide the
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pol ycondensi ng nononers whi ch provide the 5 repeating
units of formulae (I), (Il), (Ill) and (IV) to give
pell ets of prepol yner consisting of the repeating
units of formulae (1), (Il), (Il1l) and (1V): Cof C
(1) wherein, p, q, r and s repgyesent relative nol ar
proportions 5 (nol % of the repeating units in the
prepol yner and satisfy the following formulae: 60 5
p+tqg 78 0.05 < g 311 Sr S 20 and 10 11 <s 5 20
Eége§HPh€CUdﬂ1§rE%D%bkﬁh§aE° eat ¢ ffﬁ ”E@&Ig to
335C in substantially solid state. R E CRIPTI
HE, DRAW [ a repge a
g P rEh o s% 2815.*“2%523 ?%?E%ﬁg aé’%e??%en%b%%amg

i ghracs Lo (17, 0 g5007 bpoaunt 10 o

an a S|de gate f 5 mmx 0.5 mm DETAI LED
OF THE PREFERRED EMBQODI MENTS
‘ (I)

° (1D
—1—co ‘
- L q
—-'_O‘Q"’ I (111)
L r
+ g
co s (1)

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

(mol %) of the repeating units in the prepolymer and
satisfy the following formulae:
60 = p+tq = 78

0.05 = = 3

Q

11

A
A

r 20 and

A

11 s = 20; and

subjecting the pellets to heat treatment at 250-
335°C in a substantially solid state.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a schematic representation of

harmonica-shaped die used for the assessment of molding
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5 1n the present specification and clains, the term
"solid phase polynerizing" or "solid phase

pol ynmeri zation" represents the process of heating the
prepolyner in a substantially solid state.. In the
present specification and claigrs, the 10
liquid-crystalline polyester or LCP is that exhibits
ani sotropic nelt phase and is called as thernotropic
l'iquid-crystalline polyester by those skilled in the

2lbwabTher aNi Seheopiie MRIS RNARS: ¥ D&o CRRf | (IBEh DY s 15 mm
nmeans of a conventional polarized Iight systen1u3|ng

~ 2hthaapeal olei aftt hp. POLArhZ8T 54l BT LR &l lsidY gate of 5

observing the sanple on the 20 hot stage under
bt zogeg ahnosphere. The LCP of the present invention
is conposed of aromatic oxycarbonyl, aromatic di oxy

Q@ﬁAﬁL@ﬁﬂbE§c 9P§§690P¥'THEP§QFFEEREB'EﬁBoEEﬁENTs

[T qui -crysta I ne polyester o resent I'nvéntion

conpri ses no§M epza¥bnf ep @EE@QCQE B EOE ias (bhe term
LRByTepE e Bebapepg EHaRe |

and. 6- oxy- 2- nap repeati ng

S T S e (L0
FEPEBLLAGs INiES WloWL (L)) HESPERY VERY: JbddBT in a
substantially solid state.

In the present specification and claims, the
liquid-crystalline polyester or LCP 1is that exhibits
anisotropic melt phase and is called as thermotropic
ligquid-crystalline polyester by those skilled in the art.
The anisotropié melt phase can be confirmed by means of a
conventional polarized light system using orthogonal light
polarizer. In more detail, by observing the sample on the
hot stage under nitrogen atmosphere.

The LCP of the present invention is composed of
aromatic oxycarbonyl, aromatic dioxy and aromatic
dicarbonyl repeating units.

The liquid-crystalline polyester of the present
invention comprises 4-oxybenzoyl repeating unit of formula
(I) and.6-oxy-2-naphthoyl repeating unit of formula (II) as

aromatic oxycarbonyl repeating units:
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According to the invention, the nolar proportion of
the total anmpunt of repeating units (1) and (lI1) based
5 on the total repeating units in the LCP is 60-78
nol % preferably 65-75 nol % Anong the above, the
nmol ar proportion of the repeating unit (I1) based on
total repeating units in the LCP is 0.05-3 nol%
preferably, 0.1-2 nol% 10 According to the present
invention, by. adding 15 such a small anount of the
regeating _unit (hl) to the main aromatic oxycarbonyl
repeati Nt (If), the step for preparing prepol yner
3 ‘ Ognaci dol ysi(I)met hod, which is

descri bet—bel ow, Jv I | be facilitated. Wen the
proportion of the repeating unit (lI1) is less than
0.05 nol 9% prepolyner in the reaction vessel tends

to gake or solidify-during the preparation process.
V%eE t he & of the repeating unit (I1) is nore

e hept resistldnice of the resulting LCP
Cye ~ zased| I n addition, when the proportion
of the total anount'%f the repeating units (1) and
(I'l) is nore than 78 nol% the prepolynmer in the
wkareinn wessel ¢l seepessisnt o mdlamkerepoztliiod f ymoporg) of -
preparing prepolynmer. . Exanples of nononers, which
pepwattnyhentepeal) ngndunir) oktebpeaytiaell) ahethe LCP.
4- hydr oxybenzoi c acid and ester

According to the invention, the molar proportion
of the total amount of repeating units (I) and (II) based
on the total repeating units in the LCP is 60-78 mol%,
preferably 65-75 mol%.

Among the above, the molar proportion of the
repeating unit (II) based on total repeating units in the
LCP is 0.05-3 mol%, preferably, 0.1-2 mol%.

According to the present invention, by adding
such a small amount of the repeating unit (II) to the main
aromatic oxycarbonyl repeating unit (I), the step for
preparing prepolymer by means of molten acidolysis method,
which is described below, will be facilitated.

When the proportion of the repeating unit (II) is
less than 0.05 mol %, prepolymer in the reaction vessel
tends to cake or solidify during the preparation process.

When the amount of the repeating unit (II) is more than 3

mol%, the heat resistance of the resulting LCP might be
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form ng derivatives such as acyl derivative, ester
derivatives and acyl halide thereof. 10 Exanpl es of
nononers which provide the repeating wunit of fornula
(1'l') may include 6-hydroxy-2-naphthoic acid and ester
form ng derivatives such as agyl, ester and acyl
hal i de derivatives thereof. The liquid-crystalline

pol yester of the present 15 invention further
conprise the aromatic dioxy repeating unit of formula
geklaaswherein r represents nolar proportion (nmol %

of the unit based on the total repeating units in the

LCP. The mpharaqiopsd | ofneh ke B id0X¥£2%he  total
repeating unit (I11) based on fof al repeating units in

EHSunECBf' $hdl -2 JRi %y RIEHE abty. add- p1dy - Ps ”i%r/% than 78

Exanpl es of nonofrers mhlch provi de the repeatlng

1814, Ofc :ﬁ’%fb @)rdér) {ctHde Avdiqali nANG AN 14§ tends to

est ef rlvatlves such as acy | at e

9¥95089'98T2d1¥9 ubfR BLeblEs ﬁeﬁggg ygaLion further

conprlses the a |ng unit of

fornul a %EM%&g ?@fﬁghgmﬁfge Qﬁigﬂ %rggkﬂé thF repeating

proportion base thé tot

GREESParohn ! e p b B e R L 00, log cer
£g§m£85a|dé?%ﬁgﬂfgéynlgﬁchn as acyl derivative, ester
derivatives and acyl halide thereof.

Examples of monomers which provide the repeating
unit of formula (II) may include 6-hydroxy-2-naphthoic acid
and ester forming derivatives such as acyl, ester and acyl
halide derivatives thereof.

The liquid-crystalline polyester of the present
invention further comprise the aromatic dioxy repeating

unit of formula (III):

L O o

wherein r represents molar proportion (mol %) of the unit
based on the total repeating units in the LCP.

The molar proportion of the aromatic dioxy
repeating unit (III) based on total repeating units in the
LCP is 11-20 mol%, preferably, 12.5-17.5 mol%.

Examples of monomers which provide the repeating
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10 the LCP is 11-20 nol % preferably, 12.5-17.5 nmol %
Exanpl es of nononers that provides repeating unit

(1'V) include 2,6-naphthal ene-di carboxylic acid, its
ester and ester form ng derivatives such as acid
halide derivatives. 15 In a peferred enbodi ment, the
total nolar anmount of the aromatic dicarbonyl
repeating units (Il) and (1V) and the nolar anount of
the aromatic dioxy repeating unit (Il11) are

§HP§t§Ptf@kﬁMqugPhI)Aﬁﬁeﬁgaagh&QrBH9196%§eth its ester

I nvent1 on prepar ed

Pekmgﬁadsaﬁaogtmvagnsﬁéhwascacp&9¥édeh gﬂ&heaeun'ts

forfmulae (1)-(VlI) to give prepol yne

SUbJeCt'ngTBQeL@FeB@l¥HEr8Engﬁ@t gesgkﬁgﬂtfu¥@ﬁegeat

treatnent 1s preferably c uct ed eating th

Vg?igggrtﬂ% Qteééglgség;akgoﬁ g8é§§§ﬁﬁgcongttg% formula

ntion prep ensi ng
pners whi ch prOV|de repeating units of fornulae
I\O to give pellets of 5 prepol yner and

ect Je -e peIIets to heat treatnent at 250-335C
oI|d state In the present
q, r and s, wh represent the nol ar

proportlon of t he Fepeatlng unlts (- (1v)
respectively, neet the following fornmulae: 10 60 S p+q
Wi8er@®iN5s SrgpBesents molar proportion (mol%) of the unit
based on the total repeating units in the LCP.

The molar proportion of the aromatic dicarbonyl
repeating unit (IV) based on the total repeating units in
the LCP is 11-20 mol%, preferably, 12.5-17.5 mol%.

Examples of monomers that provides repeating unit
(IV) include 2, 6-naphthalene-dicarboxylic acid, its ester
and ester forming derivatives such as acid halide
derivatives.

In a preferred embodiment, the total molar amount
of the aromatic dicarbonyl repeating units (II) and (IV)
and the molar amount of the aromatic dioxy repeating unit
(III) are substantially equal.

According to the present invention, the LCP ﬁay
be prepared by polycondenéing monomers which provide
repeating units of formulae (I)-(VI) to give prepolymer and

subjecting the prepolymer to heat treatment. The heat

treatment is preferably conducted by heating the prepolymer
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1 1; 5r=520 11 S s S 20. According to the nethod of
the present invention, 15 the LCP is obtained by
pol ycondensi ng t he nmonomers which provide the
repeating units (1)-(1V) to give prepolyner, and
subj ecting the prepolyner to heat treatnent at 250-
335C in a substantially solid state. The

pol ycondensing step may be carried out by any of
conventional nethods for 20 preparing polyester such
as pybtenseci dolysis and slurry polynerization. The
nol ten acidolysis nethod is preferably used for

preparing the apiogdpelry Bdpedt the BPhesamfvertveH,i Othe | ICP may
this nethod, the nononers are heated to give mol ten 25

§@I Upirepa3ed then thel FliddNiAs TReSERErs0 ghyent h9r0v1de
nol ten polynmer. The final step of this nethod

bspegeiﬁgec{n%s upgersyaauue t Q1 agirkht &t tﬁ%vagkepiets of
vol atil e by-products such as acetic acid or

tﬂ@& 51y11nert B8 gS s e A RIHS 3id ONe 21 190y c FPNRRBEEment at

are reacted under t he presence of heat - exchange

§$HL§35% oiye g%éﬁaé%eat §(§e£,?£te§| ninthe form

of suspension in ange i qui d medium In

ei ther of the gl t;ﬁf% @'Ohx%ﬁt%nt hgag,s' IT¥ and s, which

polynerization nmet t he polyneri zi nomer s may

DeprAQenEOthec RO AL [0 e o sophotebatibies (n)-
h¥65of¥5p85999elThemeet the following formulae:

60 = ptg = 78

0.05 = g = 3

11 S¢S 20

11 = s = 20.

According to the method of the present invention,
the LCP is obtained by polycondensing the monomers which
provide the repeating units (I)-(IV) to give prepolymer,
and subjecting the prepolymer to heat treatment at 250-
335°C in a substantiaily solid state. The polycondensing
step may be carried out by any of conventional methods for
preparing polyester such as molten acidoljsis and slurry
polymerization.

The molten acidolysis method is preferably used
for preparing the prepolymer of the present invention. 1In

this method, the monomers are heated to give molten

solution and then the solution is reacted to give the
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| ower acyl group may preferably have 2-5, nore
preferably 2 or 3 carbon atons. Acetyl esters of the
above described nononers are nost preferably used for
the reaction. 15 The | ower acyl esters of the nononers
may be those prepared beforehgnd by acylating the
nmononers i ndependently or nmay be those produced in
the reaction system by addi ng an acyl ati ng agent such
as acetic. anhydride to the nononers upon preparing

ﬁlBQt@he%N r. 20 tReeifhipn) okckhe 5P! tt@'ﬁsacfngghﬁa' $may be

nmet hod or t slurry pol yneri zati on net hod,

ea&ehxat 58Y tﬁhdé%xivaddaﬁ tbeaESbQQLtéEedeEéﬁé¥El of the
Exanpl es of the catal ysts Include organic tin

98@HQHT@%?UﬁQoaﬁc%a'slﬁl% Lisn 20648 684 g Frbuhile L in

oxi de) diaryl tin oxide; organic £itani um

COUPOU”dS ﬁCEh@Sséﬁggpl%?ﬁg%%gh9§%Q%n ﬂ@kbggpymonomers are

trioxide, koxy t icate and titani

illeggwieun@i'e Jlsuc eglehé 1% SR¢L {{ﬁ{aqlge;ﬁ%iu% to give

car oxyI IC acC as potassi um ace

gegﬁauﬁ@e‘jﬁi%gﬁ%r5%%%“( & Y B 9 pelbdhpion in
Laxep %bgnexf::ﬂgnfyl "1y REAPRITRR, efers 1o pol ymer

w th Tow poly on degree Obt ai ned by the above

descri bed Eglgg%?% "y 19? &%§§a19”a8“301h§£s L$ qgfoglurry

to be subj ecte se po 723t Pon

l eggpggélgﬁe%hggﬁed,Tqﬁl %h§§me&?%%%bonm0nomers may be
provided in modified form, i.e. as lower acyl ester, which
can be obtained by esterifying the hydroxyl group. The
lower acyl group may preferably have 2-5, more preferably 2
or 3 carbon atoms. Acetyl esters of the above described
monomers 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
slurry polymerization method, a catalyst may be used in the
reaction, if desired.

Examples of the catalfsts include organic tin

compounds such as dialkyl tin oxide (ex. dibutyl tin oxide)

and diaryl tin oxide; organic titanium compounds such as
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pol yneri zation of prepolyners is hereinafter referred
as Tmax. The prepolynmer nmay has crystalline nelting
15 tenperature (Tm) of from Tmax-40C to Trmax+10C
preferably, from Tnax-30C to Trmax+5C for good

operability upon pulling out {he prepolyner fromthe

pol yneri zi ng contai ner, shortened solid phase
pol ymeri zi ng period, and good heat resistance of
resulting LCP. 20 Further, the Trmax of the prepol yner

E§t95§ﬁﬁra@ﬁbxiﬁg)369n€im8ﬁ9emﬂyﬂd&f§g)35§l£5§go & anium

shortened solid phase pol yneri zing period and g

Emfig?kesﬁﬂg'Eh.%%%uﬂtgik ﬁﬂ@lyggi?%iﬁet ¢ Qﬁﬁ%@ﬁhe earth

spec I cation an al ns mis e val ue neasured

tE'ﬂe ézaclq Ok NG5 I}Sﬂlclsacﬂ\@t RQeh! CHﬁjdﬁ ég‘gi‘hﬂg agetate;

e crystalline ne t enper at ure> rent

ﬁﬁengaegoagl E'l@EE‘éﬁa(lgé(E?fa R t%[st@% %%%lkoo S, BF3) and

nstrunents nc sane

exanggééegdlEgg?ggePrggxpr%eg A sanple to be

mroom errperature at a rate of

20C/ m nute ”Q;ﬁe?tpefé‘gg{%@e'&%% Qq%ﬁ,ﬁeﬂé t:grm "prepolymer"

recor ded. erea € sawp |

%%28%;2; e et
Ep eﬁ?% gguéﬁggtﬁ%&y{%o&x %ts% i al Jpea"flct:tnt.cg]r(le and -that
is going to be subjected to the solid phase polymerization
or the heat treatment.

The highest reaction temperature in the
polymerization of prepolymers is hereinafter referred as
Tmax.

The prepolymer may has <crystalline melting
temperature (Tm) of from Tmax-40°C to Tmax+10°C, preferably,
from Tmax-30°C to Tmax+5°C for good operability upon
pulling out the prepolymer from the polymerizing container,
shortened solid phase polymerizing period, and good heat
resistance of resulting LCP.

Further, the Tmax of the prepolymer is preferably
310-360 °C, especially 320-355 °C for the shortened solid
phase polymerizing period and good thermal stability of the
prepolymer.

In the present specification and claims, Tm is

the value measured by the following method.
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peak found in the final step is recorded as
crystalline nelting tenperature (Tn) of the sanple
prepol yner or LCP. According to the present invention,
the melt 15 viscosity of the prepolynmer which is
determ ned at a 20 tenperature 20C higher than Tmis
preferably 5-40 Pa.s. |In the specification and
clainms, the nelt viscosity is determ ned by the
foll owi ng nethod. <Method for determ ning nelt

vMeeast V> ARt vijaeasht ¥ifh FhQﬂﬁgnplgr%§tgf?FHéed ﬁelting
wth a nelt viscosity neasuring device {capillograp
18mplo¥@urssi ki Seisaku-sho Ltd, Tokyo, Japan) having
capillary of 0.7 nm4 x 10 mm The neasurenent is

carried oufppat ay;¢ &f re qf C f e
prepol ymer or TMF30C or@'{Z th%cfl 0 taiﬁéﬁégﬁeter (DSC)

g%gk%&“dﬁbdiW%éHﬁ@ok%E?gB%QnEQefE%$he%%fﬂ§al%%ﬁé?% or the

at a shear rate o sec- prepdly

gglnteeirkaﬁ:;@t Sfi %)Sg:gldﬁ&?i@é‘t igf u (ft?f,opogl}‘, grbgr:qrhsoet}ifrr?enr or LCP

react vessel IS processe

LS5 Bl TP AL SH, B BB EPSLARLfe ac o

ect e solid ase po :
LRERLTEEL 2T AR PR LSS T (rp0) 1
PRaSEaghe! VIREARLAA, Wi SLEAELSY P oLoBE LT ShBerature
I%gg?g{ggﬁb%%t?Hggﬂg%goﬁﬁgiqbtmg%% egtow%%glg%%pigdis then
cooled to room temperature at the rate of 20°C/minute and
is heated again at the rate of 20°C/minute. Endothermic
peak found in the final step is recorded as crystalline
melting temperature (Tm) of the sample prepolymer or LCP.
According ' to the present invention, the melt
viscosity of the prepolymer which is determined at a
temperature 20°C higher than Tm is preferably 5-40 Pa.s.
In the specification and claims, the melt viscosity is
determined by the following method.
<Method for determining melt viscosity>
Melt viscosity of the 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+20°C for the prepolymer or Tm+30°C for

the LCP obtained by subjecting the prepolymer to the heat
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phase pol ynmerization reaction vessel. By using such
col ummar pellet, unevenness of col or and nechanica
property can be reduced. The shape of the cross
section of the columar 15 structured pellet is not
limted and preferably, is cirgular, elliptic or
square, and nore preferably circular or elliptic. In
the present invention, the term™"elliptic shape"
represents not only geonetrical elliptic shape but

aksatr¥at , shapeawhhchnbas 2Bedt ofi N@aL Ration in its
20 circunference and appears as al nost elliptic.

Preferabl yrhehe r@iddayniir Ofn ehbiBEAC s8h@eS 156541 PEaObut of
the columar pell et has a cross section dianeter

tnbepaRshRAfdd 10 Sr8hEtRLhC v B aX4S 1Qf g#@ééssed to

section; and when cross sectionis infinite for

iagetes] of #isS&Lir, kel @brm.5-4.0 fgg% , ot
gelletﬁ%eﬁg%h 6% 1§§2F%yg?%hﬁﬁ? Tgerérocedupgn%f t é?r he

: . . ) | | . ‘
%QEbQ19ﬁ@§eﬂ§ﬂéﬁﬁﬁééﬁgdOEO Q%ér§§f¥ﬂ gﬁa?%eﬁégﬁﬁgrlzatlon

owder~ formed prepol yner is not mte

Rt B O, BHSC oM P ek pB €8, Egeraniy

ggg%%?fﬁggaﬁggnPfr9E§r%ogﬁegggggegﬁgiggﬁggpr%%%tE%ﬁi% phase

I, vertical reactron ve tator vertic
EoaphLatryesgs. . The SeLlethass rabiTe 430068 inze anc
Eféfgggﬂlyh%hiugbﬁﬁﬁnar structure. Columnar pellets can
exhibit good flowability and dispersibility in the solid
phase polymerization reaction vessel. By using such
columnar pellet, wunevenness of color and mechanical
property can be reduced.

The shape of the cross section of the columnar
structured pellet 1is not limited and preferably, is
circular, elliptic or square, and more preferably circular
or elliptic. 1In the present invention, the term "elliptic
shape" represents not only geometrical elliptic shape but
also oval shape which has about linear portion in its
circumference and appears as almost elliptic.

Preferably, the circular or elliptic <cross
section of the columnar pellet has a cross section diameter
(when cross section 1is elliptic, major axis of cross

section; and when cross section is infinite form, diameter

of its circumcircle) of 2.5-4.0 mm and a pellet length of
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argon gas atnosphere or under reduced pressure. Under
such conditions, the resultant LCP will take on good
col or tone. The degree of vacuum upon solid phase

pol yneri zati on may be dependent on the apparatus

enpl oyed. A high degree of 15 ygcuumis preferable so
that the tine period required for 20 25 the solid
phase pol ynmeri zati on becones shorter. The tine period
for the solid phase polynerization is not specially
bimLted apd in general, it my be 3-20 hours. The LCP
of the present invention obtained after the solid

phase poly i ' il bas.def i 0 '
under | oad@?%TG%d%%%%%ém %gd%g%coér | ndg ga%%%gl%&g@zatlon

:3 ‘ f 9Q: LS, 0
tgfﬁez%?%ségglfaﬁ{'/:nﬁ%% iycs)ge%coéﬁ%gnt Epﬁﬁﬁgatp%%%l t zfnrceis not

THBALER o 1Hhe oLerhaB asuDEd 05 ) HOCS e o
(AT 45 | 550 e 08, Ye Preterablys L bffipment
S28 3480y FISBAL SV, 035 S L1 SEEBSRER Tlceson
VERSEITPLLLORD, LALbEtofndl Shag MY Ul M ereica:

Eggg%&gkugngQqu | oad (DTUL) is the val ue

The solid phase polymerization is preferably
carried out under an inert gas such as nitrogen, helium and
argon gas atmosphere or under reduced pressure. Under such
conditions, the resultant LCP will take on good color toné.
The degree of vacuum upon solid phase polymerization may be
dependent on the apparatus employed. A high degree of
vacuum is preferabie so that the time period required for
the solid phase polymerization becomes shorter.

The time period for the solid phase
polymerization is not specially limited and in general, it
may be 3-20 hours.

The LCP of the present invention obtained after
the solid phase polymerization will has deflection
temperature under load (DTUL) determined according to ASTM
D 648 of 290-340°C, preferably 290-330°C. That is, the LCP
of the present invention is excellent in heat resistance.

The LCP of the invention has DTUL of 290-340°C
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determ ned by the foll owi ng nmethod. 10 <Met hod for

det ermi ni ng DEFLECTI ON TEMPERATURE UNDER LOAD> Test
strip with length of 127 nm wdth of 3.2 mm and

t hi ckness of 12.7 mmis nol ded using injection nolding
machi ne (UH 1000- 110, Ni ssei Pl@stic Industrial Co.,
Ltd.). Deflection tenperature is neasured using the
test strip 15 according to ASTM D 648 under | oad of
1.82 MPa and heating rate of 2C/ m n. Moreover, the

bEB @het e IFasae | BYEREERNLHBT ehelaD| thdagcp BRA! the DTUL
viscosity determ ned by capillary rheoneter of 10-

Rems .- apguespesi aldss 20160P0Sc. Thalodes, pBQféfsbL%P %e LCP

the present invention wll exhi bit an excel T ent

hesi f ape9send1gaad fal a@'tém 8tatlgesafilyt 1 8- 3P 345°C,
melt viscosity is neasured by t e above descri bed

0] I t | Nmpd
B noai oy Hhe I QYIRS T the

byenti On¢aad \Fgl%é)rdg{?ég?ﬁhgﬁo vtH aPRL! 3lcPr e ?m%rlslng no

particulate 17 filler an reinforcenent 1s a

@EQY%QeQndﬁéénEbﬁﬁfBEcE nkisProus fillers and/ or

relnforcenents may I nclude glass flber silica-alum na

fiber, alugjna; ong a fi
Anmong 5 thghl gflassﬂslf—e%gIEIP % era egggéec%f qs the

gasscpalance; pabpalyaLee %ﬁﬁ%gfi.%%?at e,

a@féégﬁuﬁsanw ERECRLT 1BRY gl tdg LAl ¢, m ca,

graphite,

<Method for determining DEFLECTION TEMPERATURE UNDER LOAD>
Test strip with length of 127 mm, width of 3.2 mm,

and thickness of 12.7 mm is molded using-injéction molding

machine (UH 1000-110, Nissei Plastic Industrial Co., Ltd.).

Deflection temperature is measured using the test strip

according to ASTM D 648 under load of 1.82 MPa and heating

rate of 2°C/min.

Moreover, the LCP of the 'present invention
preferably has a melt viscosity determined by capillary
rheometer of 10-80 Pa.s, and especially 20-60Pa.s. That is,
the LCP of the present invention will exhibit an excellent
heat resistance and good moldability at the same time. The
melt viscosity is measured by the above described method.

According to the present invention, a LCP

composition which comprises the LCP of the present

invention and one or more fibrous, lamellar or particulate
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wol | astonite, cal cium carbonate, dolomte., clay,
glass 10 fl ake, gl ass beads, bariumsulfate and
titanium oxide. The fillers and/ or reinforcenents nay
be added to the LCP conposition of the present
invention in an amount of 0.13200 parts by wei ght,
preferably 10-100 parts by weight per 100 parts by
wei ght of the LCP. If the amount 15 of the fillers
and/or reinforcenents is nore than 200 parts by

weh qBk, ahRe oRDdabifirémhtt BE HASW Hirkdd iGRIPOsI tion
tends to be decreased or the exhausting of the

cylinder ogyagl@eaf thg molding d?YbeuEend§1ﬁQeQ% and/or
i ncreased. The LCP conposition of the present

rBY8RbeBmedl sWN H&glcﬁﬁgﬁh%ﬁs Eﬁ% sl | 18R ean d/%gl#ca alumina

rei nforcenent ex st abi |ty an

@IUErdeB%FH%B%d %e/éSTMaQb%%E% £i%k % d34a<}<;m 54 A0 Y among

290-330C fposi ti on accor present

gggﬁ{;} 925’3@51;% N%t E%r %f%%@ai%db\é.ﬂ 5{&1 %n%ggn 1t'£0fg%od balance

r e conventi ona xed

B@SEHXEQFBESF %%%tlb agdh%%lEed For exanpl e,

SUch er aliphatic acid,

i gner al | ERaPPEeScid ;T%Fieg*i%‘we&i'la net oPAl E’ﬁgiﬁzt; fillers
ghh?gét' eleggcgﬁ gﬁg Gﬁ%francﬁud%osg?ﬁggLg%bﬁ%ongraphlte,

phatic noré ., _polysi | oxane "and

&Sihgst ﬁgkgran ﬁé h af§%|$0£grd pi %%ﬁﬁght clay, glass

oxI-aant st h&f
%ggkxgg%igsgggeads,n%a%%&%a%%lfa%e %%da%%%%ng%%,%%ide.

The fillers and/or reinforcements may be added to
the LCP 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 LCP. If the amount
of the fillers and/or reinforcements is more than 200 parts
by weight, the moldability of the resulting composition
tends to be decreased or the exhausting of the cylinder or
die of the molding device tends to be increased.

The LCP composition of the present invention
which comprises the filler and/or reinforcement exhibits
high heat stability and has DTUL determined by ASTM D 648
of 290~-340°C, preferably 290-330°C.

The LCP composition according to the present

invention may further be admixed with one or more additives,

which are conventionally admixed in resin compositions, if
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The amount of the additives added to the LCP 10
conposition of the present invention is not limted
and may be in an anmount of 0.05-1 part by weight,
preferably 0.1- 0.5 part by weight per 100 parts by
wei ght of the LCP/LCP conposiigon. Ml ding |ubricants
such as higher aliphatic acid, 15 higher aliphatic
ester, higher aliphatic acid netal salt or

fl uorocarbon-type surfactant may be added to the

pekhiets.of rbhe dfdndle | hachERngOMMASHLt&M: Pelehe as higher
subjecting the pellets to the nolding process, so

hh@?hblﬁﬁcagﬁf‘id,adﬂqrgﬁetro alfghotiEr eseiiacenpfndbhealiphatic
pellet. 20 The LCP conposition of the present

hAYERY I R gHRY: £OIPHA S 0081 Q" mdRRe addi i ?“3% Esﬂ'nltﬂ "higher

conponents unless the additional conponen es no

Eﬂ@?hbt&@e_ ofkeat Rbrblg PEESEOL {DVEHJAN. BXAMY €%10-c25
of the additional resin conponents include

BE%HQE%SUnSié@?? Pzeﬁa%gfgg?ggﬁaarg% éﬁb&raés%%&{’ resin;

pol yphenyl ene su er ketone,

| nd .
HELBCERRO A RS VY AEP claitn A RERbRIBnes | tpermal

QQEKEFEQErEn1§§ Qﬁﬂuhnﬁﬁﬁgse%&kggFéﬁibnsaégﬁp'a%*ﬁ% surface

phenol " "resin, epoxy resin an i'm de Fesrh.

??@EQE ggghgeﬁgyaggigggEQEd[esin conmponent is not

mted, erm ned dependent on the

i nt ended pggetegéli{%%llt{gﬁ" L¥e {'&‘c‘f{‘tf\%’é“a%f&'d €8 Fhe rcP

may be add conposition ~ 1 h an anmoun

&6%8859@553 R¥ %ﬁEgBEESQB%f§5%%h¥i%Q'£%Onot limited and may
be in an amount of 0.05-1 part by weight, preferably 0.1-
0.5 part by weight per 100 parts by weight of the LCP/LCP
composition.

Molding lubricants such as higher aliphatic acid,
higher aliphatic ester, higher aliphatic acid metal salt or
fluorocarbdn-type surfactant may be added to the pellets of
the LCP or the LCP compdsition before subjecting the
pellets to the molding process, so that the agent adhefe to
the outer surface of the pellet.

The LCP composition of the present invention may
comprise one or more additional resin components unless the
additional component does not impair the object of the
present invention. Examples of the additional resin
components include thermoplastic resins such as polyamide,

polyester, polyphenylene sulfide, polyether ketone,
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parts by weight per 100 parts by weight of the LCP. 10
The LCP conposition of the present invention may be
obtai ned by adding fillers, reinforcenments, additives
and the other resin conmponents to the LCP and nelt
kneading the m xture using a jkheadi ng nmachi ne such as
Banbury m xer, kneader, single screw extruder, twn
screw extruder or the 15 like at a tenperature of
fromnear Tmto Tm30C. The LCP or LCP conposition of

bbeyBaepeAhtel NVenhb PPoRBYyPENED! ded-wisi N ang denatured
conventional nethod such as injection nolding,

88PPLESLe Melhdiag s extyais) om FOl i nggof@ggthge%lfone and
nol di ng. The LCP conposition of the present 2

HOYSBERER exiu i t f é@e{ﬂlsﬁﬁogsﬁg;}é&ﬁﬁ%ﬁm dggﬁh as phenol

sufficient noldability. There

fégiﬁleépBQEaE%%q@Mﬁﬂ%ﬁgﬁ%?%#%ﬂé‘é@§f@pos&%&ogmgﬁﬁt of the

parti cul ar Useful el ectric an

%%%{%@555@?%%%80%&{% angd ﬁBtconPPﬂtn £3q4 and, may be

. res invention i's further Hescr

40 2y LELE BRpEnl ! P M RIS Ly ey canay,
AL o8 SRSERECAY o odh A DR LB B 210n
FA L B A 08 S To a8 Rt 2 ST B08hy 20-200
LS By BEUh0°oL B 300810 o0 FRTLAEL 25! e 4.

measur ed ufﬁQgLEBec%%%béﬁng% of the present invention may
be obtained by adding fillers, reinforcements, additives
and the other resin components to the LCP and melt kneading
the mixture using a kneading machine such as Banbury mixer,
kneader, single screw extruder, twin screw extruder or the
like at a temperature of from near Tm to Tm+30°C.

The LCP or LCP composition of the present
invention may be molded using a conventional method such as
injection molding, compression molding, extrusion molding
and blow molding. The LCP composition of the present
invention exhibit excellent heat resistance and sufficient
moldability. Therefore, the molded articles obtained with
the LCP/LCP composition are particular useful for parts of
electric and electronic devices, machines and automobiles.

EXAMPLES

The present invention is further described in
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‘according to ASTM D 648 under |oad of 1.82 MPa and

heating 10 rate of 2C/ mn. (2) Flexural Strength The
same test strip used for determ ning DTUL was used.
FI exural strength was measured according to ASTM D
790. 15 (3) Mol ding Fl owabilityg Har noni ca-shaped die
illustrated in Figure 1 and a injection nolding
machi ne (UHL000-110, Nissei Plastic Industrial Co.,
Ltd.) were used. The sanple LCP or LCP conposition

vageirBheet € tﬁbofbhgo@hﬁgahxémﬁﬁﬁgeteﬁﬁ'%ﬁ@ &%amples, DTUL,
cylinder tenperature, i e tenperature of 70C, under

N g} e n
CTpaskn snutns Wb A I anANEELLp s} ptbegoed by

EgglQoqﬁow&gglkggcggggggttlon tothe die, i.e. the
wei ght ratio o the filled LCP/LCP conposition to the

ﬁyu%f@ Elﬂ%nL@Bfnhg?ﬁt%§e09%%§' nga f(%‘rUﬁBZ”P' etely

I the e exanples and conparative

exarpl es ebonc o L OPhng AR A angecr 6 SR o 5 2 mn,

POB: 4-hydroxybenz |c aci r oxy PHoi’e

545 s OIEE L1085 VR4, ety SHBIETALSOEfon motang

RSEEEHEh?bH01@6bQ110, 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) Molding Flowability

Harmonica-shaped die illustrated in Figure 1 and
a injection molding machine (UH1000-110, Nissei Plastic
Industrial Co., Ltd.) were used. The sample LCP or LCP
composition was injected into the die at a predetermined
cylinder temperature, at die temperature of 70°C, under
injection pressure of 157 MPa and injection rate of 200mm/s.
Molding Flowability was assessed as filling ratio of
LCP/LCP composition to the die, i.e. the weight ratio of
the filled LCP/LCP composition to the amount of the LCP/LCP

composition for completely fill the die.
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EXAMPLE 1 10 <Production of polymer with | ow

pol yneri zati on degree> POB 238.8 kg (1728 nol es), BONG
4.5kg (24 noles), HQ 35.7kg (324 noles), NDA 70.0 kg

(324 nol es) and acetic anhydride 254.3 kg (2491

nol es) were fed in the 0.5 nB ol yneri zati on cont ai ner
made of SUS equi pped with an 15 agitating device and

a heat exchanger. Under nitrogen gas atnosphere, the

m xture was heated fromthe room tenperature to 145C

over 1 hounnartduéw@iaxa;t;lééleanaer&zﬁxgﬁéwﬁ\f@reﬁaﬁpb@gr below,
Then the m xture was heated to 348C over 8 hours with

db3lbkihggaBBlethgthynpr aduclisedd acetic acid and
pol ynerized at the tenperature for 30 mnutes, then

p@g;pqe§§aggx95ehagiaeg@gaon contai ner was reduced
fromthe atnospheric pressure to 20 torr over 70

BoRgt ea—h'yragpk?agthaﬁh\saéit:uétziiar conducted at the
pressure. Thirfy mnutes after, the torque of the

figachiQpo4uiRenane the predetermned level and the
pol yneri zati on 22 contai ner was seal ed. The reaction

NBR .21 CLiAhRCh D¥end NAHELDGLRY1 100801 gaS Lo the

cont'ai ner e pressur e contai ner was

Bpgr@ggeddggygréyggapﬁg391 nitrogen gas was induced to

t he contai ne the pressure in the container was

rBgL easedphPnd12MPa1qThe valve at the bottom of
po ynerlzgtlon contai ner was opened and the content

gﬁ fipercont ai ner was pulled out through the dice of
.% MO x 7 mMmto give strands of the

<Production of polymer with low polymerization degree>

POB 238.8 kg (1728 moles), BON6 4.5kg (24 moles},
HQ 35.7kg (324 moles), NDA 70.0 kg (324 moles) and acetic
anhydride 254.3 kg (2491 moles) were fed in the 0.5 m®
polymerization container made of SUS equipped with an
agitating device and a heat exchanger. Under nitrogen gas
atmosphere, the mixture was heated from the room
temperature to 145°C over 1 hour and kept at the
temperature for 0.5 hour. Then the.mixture was heated to
348°C over 8 hours with distilling out the by-product,
acetic acid and polymerized at the temperature for 30
minutes, then the pressure of the reaction container was

reduced from the atmospheric pressure to 20 torr over 70

‘minutes. The reaction was further conducted at the

pressure. Thirty minutes after, the torque of the reaction

became the predetermined level and the polymerization
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prepol yner. The strands were transferred to the cutter
10 through the water-cool ed carrier machi ne equi pped
just under the polynerization container and were cut
to give pellets of polyner with | ow pol ynerization
degree or prepolyner. The resyltant pellets were
columar of about 3.0 15 mmlong with circular cross
of 3.2 mmdianmeter. The 20 crystalline nmelting
tenperature of the prepolyner determ ned by

dbhtgigati ahasCHUH NGy Cal OrThERt FYa¥RS0R3%fas At ili®ated by
melt viscosity was 17 Pa-s. <Solid phase

PREMEBRLZAL tPBJeROgky €6 the E%hk@ﬁ%e?fsbh%ﬁaQbEﬁbn%@essure
pol ymer ~ with Fow pol ynmerization degree (i.e.,

pﬁeeﬁéy&sﬁkamﬁég wé@thEYeEEQd'Eot631M@ése| of

40L-tunbl e dryer nade S. The gas phase in the
vessel wastkgpt afi 2y 3 Lhe 4 VRS cai
exchanged by ”'tfggenggggﬁg Tevsos e mas 25 rotated o ooor

4AECERB! L3981 85 f | Aord Gl Ad NSt 2oBLLESEA! RS 82 2mpa.

i d phase polyneri zation ours after

@ﬁgl Q}aﬁ_‘}@ﬂrggi eaq’h tBSt@B Clof Wﬁ%lﬁﬁggﬁggtégg t@&ltalner was

t enperat ure e gas phaseé i VESSE

g?@ﬁgéseﬂq& ot%QOCE:W@érhé %‘furthghﬁbrii{jaleﬁ{é%% Qfas5 SiPred out

yer was opened and the pellets

B FELSE. oAb, 18 M2 SRS 974 08 Wit ene
bpgpgi¥ﬁér. The strands were transferred to the cutter
through the water-cooled carrier machine equipped Ijust
under the polymerization container and were cut to give
pellets of polymer with low polymerization degree or
prepolymer.

The resultant pellets were columnar of about 3.0
mm long with circular cross of 3.2 mm diameter. The
crystalline melting temperature of the prepolymer
determined by differential scanning calorimetry was 332°C
and the melt viscosity was 17 Pa's.
<Solid phase polymerization>

10 kg of the pellets of thus obtained polymer
with low polymerization degree (i.e., the prepoclymer) were
rapidly fed in the vessel of 40L-tumble dryer made by SUS.
The gas phase in the vessel was kept at 290°C. After the
gas phase was exchanged by nitrogen gas, the vessel was

rotated under nitrogen gas flow of 120 L/hour to effect the
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The resulting LCP obtained by the solid phase

pol yneri zati on exhibited anisotropy in nolten state as
10 observed by pol arization m croscope equi pped with
hot - stage. The DTUL of thus obtained LCP was 296C, the
crystalline nelting tenperaturgegswas 333C and the nelt
viscosity was 16 Pa.s. <Preparation of LCP
conmposition> 15 To 70 parts by wei ght of the obtained
LCP, 30 parts by weight of glass fiber (chopped

sbnandpAdsé- pé1ykdri -BicpBan El ectric dass Co. Ltd.
Shi ga, Japan) was adm xed. The m xture was subjected

to pe'|et'F@bboﬁoﬁibn%ﬂﬁﬂﬂWéﬁéfﬂﬁlf%%éL%%%e(fg%sotﬁe dryer
-35BW 2V, The Japan Steel Wrks,” LTD., 20 Tokyo,

JaBaN) igdh CYhiNdee tEERes Al Ul fe Ob 310 aagssgh%\ge [in the
rotatlon speed of 306 rpmto give LCP conposition. The

PLYse0f whheqbERa9BROS ! haR * @a§v§?2@ ﬁBQrtheTﬁgﬁquQange of
strength was 189 MPa. The flowability upon no

exam Al ALY F@ﬁ%ﬁ ﬁHHert%é” qfle% 0C fThﬁlée d(}’ were

25 fi ng ratio to the harnonica-s dle was 8
SPVRer] zalton Heprons %‘ez%é%%%tﬂhé eljetagge not
Pdbvel SR Ut oot %Ei’eaﬂk%éﬁﬂe dryer.
TR e 2EheR . phPS oy PorAtbstlegble WeBE “31ia  phase
polymerization exhibited anisotropy in molten state as
observed by polarization microscope equipped with hot-stage.

The DTUL of thus obtained LCP was 296°C, the
crystalline melting temperature was 333°C and the melt
viscosity was 16 Pa.s.
<Preparation of LCP composition>

To 70 parts by weight of the obtained LCP, 30
parts by weight of glass fiber (chopped strand 03-T-747-GH,
Nippon Electfic Glass Co. Ltd., Shiga, Japan) was admixed.
The mixture was subjected to pelletization using twin screw
extruder (TEX30 o -35BW-2V, The Japan Steel Works, LTD.,
Tokyo, Japan) with cylinder temperature of 370°C and screw
rotation speed of 306 rpm to give LCP composition. The
DTUL of the LCP composition was 302°C and the flexural
strength was 189 MPa. The flowability upon molding was

examined at a cylinder temperature of 370°C. The resin

filling ratio to the harmonica-shaped die was 82 $%.
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prepared by the sane procedure as EXAMPLE 1 with the
exception that a dice of 3.5 Mm4 x 7 nmmwas used. The
resultant pellet was columar of 3.7 mmlong 10 with
circular cross section of 3.5 nmdi aneter. The
crystalline nelting tenperaturg of the obtained
polymer wth | ow pol ynerizati on degree determ ned by
differential scanning calorinetry was 331C and the
melt viscosity was 16 Pa.s. 15 <Solid Phase
BoAypeRi zati on> 10 kg of thus obtained pellet (i.e.,
prepol yner) was subjected to solid phase

Lo ¥PEFHEDbH 08 biyol PRe SaNBLthPLBREEBL Omas i EXAVBhEddgate>
310C for 5 hours to give pellets of solid phase

pol ymeri zegiob CB34A@IRGS| Ol $90RY1 88} | eBINGRD Zh10(5 moles),
observed and pellets were easily pufled out of the

xﬁ%lpbd .BRase i yABLLZAL | bacaYs t .(348e ffdhds)of a B Scetic

was 311C, the crystalline neliing tenperature was

ANt heymelly VisrPsi hy1885 IRreP%Fey 9 polymerization
<Preparation of LCP conposition> 25 To the obtained

LGP a §hess ddeso Yame AARIERD Ao pk«;fi@%%g%%%i% hghrheéﬂ@éee was

prepared by the sanme procedures as

Febathal 15 oomen ERpisil s ouilen suren cre
YRS SERBL NEfla Bl a2aE¥L! BFCE  ECRRY A ¥ fin A ad 050 10

The resultant pellet was columnar of 3.7 mm long
with circular cross section of 3.5 mm diameter. The
crystalline melting temperature of the obtained polymer
with low polymerization degree determined by differentiél
scanning calorimetry was 331°C and the melt viscosity was
16 Pa.s.
<Solid Phase Polymerization>

10 kg of thus obtained pellet (i.e., prepolymer)
was subjected to solid phase polymerization by the same
procedure as EXAMPLE 1 at 310°C for 5 hours to give pellets
of solid phase polymerized LCP. Adhesion among pellets was
not observed and pellets were easily pulled out of the
solid phase polymerization eguipment.

The DTUL of this LCP was 311°C, the crystalline
melting temperature was 333°C and the melt viscosity was 38
Pa.s.

<Preparation of LCP composition>
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The resin filling ratio to the harnoni ca-shaped die
was 66 % EXAMPLE 3 <Preparation of polynmer with | ow
pol ymeri zati on degree> POB 232.2kg (1680 noles), BONG
9.0kg (48 noles), HQ 37.0kg (336 noles), NDA
72.6kg(336 nol es) and acetic ognhydride 254.3kg (2491
nol es) were fed in the 0.5 nB8 pol ynerization
cont ai ner made of SUS equi pped with an agitating

devi ce and a heat exchanger. Under nitrogen gas 15

at nospher epot ReeMopitdig R dicatsrh 44 ompde \{IQQ'Thdmlxed and
tenperature to 145C over 1 hour and kept at the

LeFPes A £ € Xn Owéshoﬁfeﬁgpédm Urt?xewa§aﬁ1@erb1t@c?écﬁ.%es as
to 328C over 6 hours wWith distilling out the

EXAﬁPBﬂU@J Taeeligo A € @l keptc %p&gftigﬁ'p@&@t 468°Cc, the

for 30 mnutes. 20 After that, at e same

kfgﬁsigiurstréngtﬂr%éyrez@é s . Contﬂeneglw%bmt upon

reduced fromthe atnospheric pressure to 5 torr ov

@818&8 t‘%fas Aéxélhfrtne& gg thS ggf n%:%%:atru%c%fn 370°C.
ecane”t he predeterm ne eve merization
£oa! A, W@fﬂ;%ﬂ ed., e £8a054e0nﬁmo%§c eoibahedie was

y inducing nitrogen gas so th ressure | 6

eg,contai ner was increased to O 1MPa. The prepol ynmer

was “pulled out fromthe container through the dice of
EXEMPEEO X 7 mmin the sane manner as EXAMPLE 1. The

resu an? pell ets were columar of about 3.3 5 nmm

LPg LD SLT G8 BE1GRESwOERRGYT n31mTT; 9LETRECL 4 TR S

POB 232.2kg (1680 moles), BON6 9.0kg (48 moles),

HQ 37.0kg (336 moles), NDA 72.6kg(336 moles) and acetic
anhydride 254.3kg (2491 moles) were fed in the 0.5 m®
polymerization container made of SUS equipped with an
agitating device and a heat exchanger. Under nitrogen gas
atmosphere, the mixture was heated from the room
temperature to 145°C over 1 hour and kept at the
temperature for 0.5 hour. The mixture was then heated to
328°C over 6 hours with distilling out the by-~product,
acetic acid and kept at the temperature for 30 minutes.
After that, at the same temperature, the pressure of the
container was reduced from the atmospheric pressure to 50
torr over 60 minutes. At that time, the torque of the

reaction became the predetermined level and the

- polymerization container was sealed. The reaction was

terminated by inducing nitrogen gas so that the pressure in
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crystalline nelting tenperature of the obtained
polymer wth | ow polynerization degree determ ned by
differential scanning calorinetry was 323C and the
melt viscosity was 10 Pa-s. 10 <Solid Phase

Pol ynmeri zation> 10 kg of thus xgptained pellets (i.e.,
prepol yner) were subjected to solid phase

pol ynmeri zation by the sanme procedure as EXAMPLE 1 at
285C for 9 hours to give pellets of solid phase

9@&YEBﬁtéEQeECRasAqm%ﬁéﬁééanﬂﬁlGﬁdﬁﬁaﬁ Wage 1 r@ﬁblymer was
observed and pellets were easily pulled out o

%Digd pQggSEP%YEHE' ég%mig??n%%‘tﬁ%%h e Hide f tNisS ¢ x

the cry I ne ng tenperature was
P 2w §HdtﬁgesgﬁlatthﬁEQShEYEmPgﬁ 1Pa.s. 20

<Preparation of LCP conposition> To the obtained LCP,

glass fi befhé@’a%eéﬂﬁ‘té%@ ?é‘ilelt‘ép WFEOS 1 b MBS £ abo%lt 3.3
prepared by the sanme procCedures as EXAMPLE 1. DTUL

ﬁuﬂelég’g QQE'HO%'frlcglgla‘ﬂ!a%r%%%C’o 2;???1“ e%u% ahmSHi8NEEBr. The

tion, the ity upon

gg%%#gg% Fesin iﬁ?lng %%%#%%§”h§7n%ﬁgg 5%%%%% fPOlymer

4880280, SRIPARALIE: SR cke Baigtan S, tent o
g@ggﬁlng'_@a?ﬂ%rlﬁeg:grys JE)A e§é3 é\DAnd the melt viscosity was

10 Pa's.

<Solid Phase Polymerization>

10 kg of thus obtained pellets (i.e., prepolyme;)
were subjected to solid phase polymerization by the same
procedure as EXAMPLE 1 at 285°C for 9 hours to give pellets
of solid phase polymerized LCP. Adhesion among pellets was
not observed and pellets were easily pulled out of the
solid phase polymerization equipment.

The DTUL of this LCP was 290°C, the crystalline
melting temperature was 325°C and the melt viscosity was 20
Pa.s.
<Preparation of LCP composition>

To the obtained LCP, glass fiber was admixed and
LCP composition was prepared by the same procedures as
EXAMPLE 1. DTUL of the LCP composition was 298°C, the
flexural strength was 210 MPa. In addition, the

flowability upon molding was examined at a cylinder
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173. Qg (0.8 noles) and acetic anhydride 694.3g (6.8
noles) were fed in the 2L pol yneri zati on contai ner
made of glass equipped with an agitating device and a
heat exchanger. Under nitrogen gas atnosphere, the

m xture was heated from 10 thewroomtenperature to
145C over 1 hour and kept at the tenperature for 0.5
hour. Then the m xture was heated to 305C over 4.5
hours with distilling out the by-product, acetic

86hgerAtutbat offi M37¢ e, reacthen WediH € #MBling ratio to
soli1dified and could not be further agitated, and

hhenshoeg-shapbhedigaghkongwas term nated. No pol yner
with low polynerization degree was obtai ned.

CEWPARATIVE EXAMPLE 2 <Preparation of polymer with | ow
pol yneri zati on degree> POB 179.1kg (1296 nol es), BON6

9?rQ€Qr£é§oﬁnb§Sﬁolyﬁgrkﬁﬁéﬁ;159 Eég§m€9H§§%ioHDéegree>
114.2kg (528 nol es) " and acetic anhydiide 254.4kg (2492

nol es) wer gohedrhny h?4095m8§e599|ﬁﬁeﬁb%§gfQ@.S moles), NDA
contai ner nmade of SUS and polynmer with I o

rigaagi r : . f he
EPL R 358, ARpL BB DU B AIPSATRg (5,8, poies)

ggkghgegm qf a@&@tzﬁ-gﬁa%@wzwow t&r&}e{iﬁ%@rm&&é’séf glass

| amet er. e’ crystalline ne
Lapmepanigal 4 SRGIOBt PALYTEL A1 s excnanser
84800 RY-EBLRN! BB hchRbphbre Athd i FBLLe h8EORERYed £rom
the room temperature to 145°C over 1 hour and kept at the
temperature for 0.5 hour. Then the mixture was heated to
305°C over 4.5 hours with distilling out the by-product,
acetic acid. At that time, the reaction mixture was
solidified and could not be further agitated, and therefore,
the reaction was terminated. No polymer with low
polymerization degree was obtained.
COMPARATIVE EXAMPLE 2
<Preparation of polymer with low polymerization degree>

POB 179.1kg (1296 moles), BON6 9.0kg (48 moles),
HQ 58.1kg (528 moles), NDA 114.2kg (528 moles) and acetic
anhydride 254.4kg (2492 moles) were fed in the 0.5 3
polymerization container made of SUS and polymer with low
polymerization degree was prepared by the same procedure as
EXAMPLE 3.

The resultant pellets were columnar of about 3.5
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<Sol i d phase polynerization> 10 kg of thus obtained
pellets (i.e., prepolyner) were subjected to solid
phase pol ynmerization by the same procedure as EXAMPLE
1 at 280C for 9 hours to give pellets 10 of solid
phase pol ynerized LCP. Adhesi @ anong pellets was not
observed and pellets were easily pulled out of the
solid phase polynerization equi pnent. DTUL of this LCP
was 270C, crystalline nelting tenperature was 316C

aid Hd ViiseoStliycwasrlOcPass. o IPwepahatdidmeet CP  The
conposition> To the obtained LCP, glass fiber was

agutxgdl and d&%ﬁ%p%i Hh MB% PhEParied RpHdiesBMBolymer
prgﬁedures as EXAMPLE f&jThe DTUL of the LCP "Poly

ﬁQﬁHOQbWSﬁFﬂﬁﬁééiggifﬁﬂ dbBect! peteinide g hdW@gerential
e

204 MPa. owabi ity upon 20 nol di ng was exani ned
StaAntibi pdebripeRekAti e 9158706nd Elm%lgmgeg}m viséb8oty was
0

ratio to the harnonica-shaped die was
\TI VE EXAMPLE 3 <Production of polymer with | ow
pol yneri zati on degree> 25 POB 691. Qg (5.0 noles), BONG

égoﬁﬂd(ghgsgobsﬁmezgzl;@i&l»ﬁg (0.65 noles), NDA
140.5g (0.65 noles) and acetic anhydride 694.3g (6.8

ol es) Wer?ofﬁg bE ’cﬂgszbltoﬁﬁgh)éﬁe :leﬁ‘fe?tgn(g‘?@_t.?i B?Ego%ymer)

made of gl ass équi pped w agitating device an

PERL %’ﬁ%{;ﬁ%&&%ﬁ HS‘d?Bl@idt %O%él%QEWQQESEG'bJ Nehe same

m xture eated fromt
procedure as EXAMPLE 1 at 280°C for 9 hours to give pellets

of solid phase polymerized LCP. Adhesion among pellets was
not observed and pellets were easily pulled out of the
solid phase polymerization equipment.

DTUL of this LCP was 270°C, crystalline melting
temperature was 316°C and melt viscosity was 19 Pa.s.
<Preparation of LCP composition>

To the obtained LCP, glass fiber was admixed and
LCP composition was prepared by the same procedures as
EXAMPLE 1. The DTUL of the LCP composition was 287°C and
the flexural strength was 204 MPa. The flowability upon
molding was examined at a cylinder temperature of 370°C.
The resin filling ratio to the harmonica-shaped die was
100%.

COMPARATIVE EXAMPLE 3
<Production of polymer with low polymerization degree>

POB 691.0g (5.0 moles), BON6 37.6g (0.2 moles),



10

15

20

25

tenperature to 145C over 1 hour and kept at the
tenperature for 0.5 hour. Then the m xture was heated
to 305C over 4.5 hours with distilling out the

by- product, acetic acid. At the tinme, the reaction
m xture becane 10 solidified and therefore, the

m xture could not further 15 stirred. No polyner with
| ow pol yneri zati on degree was obtai ned. COVPARATI VE
EXAMPLE 4 <Preparation of polynmer with | ow

wo! YIe6yZaln. % desres>, WEB 233.8kg (01630 mel&s) , aB® acetic
67.0kg (360 noles), TPA 59.8kg (360 noles), NDA

Afn ¢ e 448 ey andeaget inplanhydybde 25%edkgin249%he 2L

noles) were fed in the 0.5 nB polynerization

SOMNREPEL 2 PRIE Homdd ROV RREEd Wi h ARsAOk4BLpPEd with an
devi ce and a heat exchanger. Under nitrogen-gas 20

@éf@é@bﬁéedeQEEe”EﬁHu%eH@%%'E%ﬁﬁ%%ééfﬂnt@ﬁdéPOHltrogen gas
tenperature to 145C over 1 hour and kept at the

denpspRtEEe famel hputeyflen fhe mpdayey wag bhat @hd 0 room
348C over 7 hours with distilling out the by-product,

aChbbfaBGEd. TBe RQlgprer i%@%f onyr eggli-on a"fﬁnzt Clt?%fé'& edat the

out™ 25 at that tenperatur or 50 m nutes.

Eérﬂﬁefé@&ré”ogk?}r %U.[% %Odip'e r@ACh! QR PGEAEI A8 as heated to

pr edet erm ne eve t he pol yneri zat1 on cont al ner

SR TP nelepe BT, e PRI BB, Jh5 ghy-procct,
_ ymerization
g@@%f&n%&ﬁ%ﬁs At the time, the reaction mixture became
solidified and' therefore, the mixture could not further
stirred. No polymer with low polymerization degree was
obtained.
COMPARATIVE EXAMPLE 4
<Preparation of polymer with low polymerization degree>

POB 232.2kg (1680 moles), BP 67.0kg (360 moles),
TPA 59.8kg (360 moles), NDA 10.4kg (48 moles) and acetic
anhydride 255.0kg (2498 moles) were fed in the 0.5 m3
polymerization container made of SUS equipped with an
agitating device and a heat exchanger. Under nitrogen gas
atmosphere, the mixture was heated from the room
temperature to 145°C over 1 hour and kept at the
temperature for 1 hour. Then the mixture was heated to
348°C over 7 hours with distilling out the by-product,

acetic acid. The polymerization reaction was carried out

at that temperature for 50 minutes. At the time, the
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5 increased to 0.2MPa. The valve at the bottom of the
pol yneri zation contai ner was opened and the content of
the polynerization container was pulled out through
the dice of 3.5 MmO x 7 nmto give as strand. The
strands were transferred to t3pe cutter through the
wat er - cool ed carrier 10 machi ne equi pped just under
the pol ynerization container. The strand was cut into
pellets by the cutter to give the pellets of polymer

vbthubowrpalndreré et ion deshne (thee- pﬁékfet@f@méd/rmé%el and
The resultant pellets were col umar of about 4 nm 15

tREgpWIL VheelihaUiBh ehASSiAEr3wdsnBrediaaet er. The
crys? ine melting tenperature of the obtained

polyner WrhBnl, OW iRQloyERY | g4 | RRsdagiRR Letes "tR8d Bhtainer
differential scanning calorinetry was 349C and nelt .

hHg VEREOSpHh¥sWAse egHal tha %ps hgﬁéraaael%g P%o%taager was
<Sol i d phase polynerization> of the pellets of

%He%e@&a' ned RPIDMBY. W $he %bj ) ggﬂ%ﬁg' %oéé&aeeof the

e., the prepolyner) were to the solid

ggﬂggggg%XEE hzabh@aha t Re s nel g?%%s e < p%ﬁtlof the

hours to give pe

GUYABLLEE01LEPooht L hBL LagepuadBesas BRERGGAL chledice of
Ber Aaibls kagpat

ets was not observe ets were easi

gb%al i, U}E Oif }nﬂe ggy%ﬁ_géel'hgsress&gﬁélg pell,hgt tbr%n%s were

by the"solid ol'yrneri zati on "€xhi

égbﬁQEEQBXd'%&“%&‘”E&%égfféﬁ&ough the water-cooled carrier

machine equipped just under the polymerization container.
The strand was cut into pellets by the cutter to give the
pellets of polymer with léw polymerization degree (i.e. the
prepolymer).

The resultant pellets were columnar of about 4 mm
long with <circular cross of 3.4 mm diameter. - The
crystalline melting temperature of the obtained polymer
with low polymerization degree determined by differential
scanning calorimetry was 349°C and melt the viscosity was
equal to or less than 10 Pa‘s.
<Solid phase polymerization>

10 kg of the pellets of thus obtained polymer
with low polymerization degree (i.e., the prepolymer) were
subjected to the solid phase polymerization in the same
manner as EXAMPLE 1 at 320°C for 7 hours to give pellets of

solid phase polymerized LCP. At that time, adhesion among
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5 observed by pol arization m croscope equi pped wth
hot - stage. DTUL of the resin was 330C, crystalline
nelting tenperature was 374C and nelt viscosity was
42 Pa.s. <Preparation of LCP conposition> To the
obt ai ned LCP, glass fiber was ;dm xed and 10 LCP
conposition was prepared by the sane procedures as
EXAMPLE 1. The DTUL of the LCP conposition was 320C
and the flexural strength was 190 MPa. The

thevwsbihbt¥ WRENnoEDbESBEVARAS af¥aeNad tat wa reYleaRdey pulled
tenperature of 370C. However, the resin was

sati grf tRd akybhe nozzle of the 15 cylinder and could
not be nDIded The properties of the polynmer with | ow

po'Y”EV'Za@h@nr@%QE%@n@pF%@QE%@EBEtaEB%dng ehlaisdadd phase
by subjecting the prepolynmer to the solid phase

BQWH@E&%QE&BH éﬁh%“:eés ACPs60PBRSI 10N M Eren state as
sunimari zed in tab 1. 32 Table 1 VMPLESCOVPARATI VE

51%@\%@#@1%92%%%&9&&6? ?@J.Z:%ggc%ég7%§iﬁ%§@dg@§t@1 BRGstage.

apbe ( 53 %t%% Slfeoiglz v%@lo%g é (%rzxé catidfe ! melting

TPA (moat 9% ------ Trmax 348
temperature was 374°C and melt viscosity was 42 Pa.s.

<Preparation of LCP composition>

To the obtained LCP, glass fiber was admixed and
LCP composition was prepared by the same procedures as
EXAMPLE 1. The DTUL of the LCP composition was 320°C and
the flexural strength was 190 MPa. The flowability upon
molding was examined at a cylinder temperature of 370°C.
However, the resin was solidified at the nozzle of the
cylinder and could not be molded.

The properties of the polymer with low
polymerization degree (prepolymer), the LCP obtained by
subjecting the prepolymer to the solid phase polymerization

as well as LCP composition are summarized in table 1.



TnB822 331 323 *1315 *1349 CCCCC

. 290C310C285C- 280C- 320C M4,

O4Melt viscosity
17161014<10 04(Pa.s) opolynerization o

otenperature 4 (ar,

N +P

‘a. off--- - opolynerization o c5Hr5H 9Hr-9Hr-7Hr oti ne
32
Table 1
EXAMPLES COMPARATIVE EXAMPLES
1 2 3 1 2 3 4
POB (mol %) 72 70.8 70 75 54 76.9 | 68.6
o BON6 (mol %) 1 0.2 2 - 2 3.1 | -
g HQ (mol %) 13.5 | 14.5 | 14 12, 22 10 -
e NDA (mol %) 13.5 | 14.5 14 12 22 10 2
2 BP (mol %) - - - - - - 14.7
_ TPA (mol %) - - - - - - 14.7
o Tmax 348°C | 348°C | 328°C 328°C 348°C
[
5 Tm 322°C | 331°C | 323°C | 1 |315°C| g | 349°C
o}
oy Melt viscosity
v 17 16 10 14 <10
Q (Pa.s)
g polymerization
0.g 4 290°C | 310°C | 285°C - 280°C - 320°C
g+ o temperature
£ 8.4
Qg &
cFE
. olymerization
358 poym 5Hr 5Hr SHr - 9Hr - 7Hr
a e time
Tm 333°C | 333°C | 325°C - 316°C - 374°C
o =
o 08
.gggg DTUL 296°C | 311°%c | 290°c | - [270°c| - |330%
G
6eTg Tm - DTUL 37°c '| 22°c | 35°C 46°C 44°c
0o B
& om0 4 ~ -
8 L) Melt viscosity
o8 16 38 20 - 19 - 42
(Pa.s)
DTUL 302°C | 313°C | 298°C - 287°C - 320°C
=]
o]
ﬂ Flexural
o 189 208 210 - 204 - 190
& strength (MPa)
E .
o o cylinder
© o2 370°C | 370°C | 370°C | - |370°C| - |370°C
6 g temp.
e T4 .
3 filled v
z5 82 66 98 - 100 - ND
B ratio

*1:

*2:

Polymer with low polymerization degree could not be obtained.

Could not be molded
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04 TnmB33C333C325C-316C-374C e 0 -- --- - roO

;' DTUL296C311C290C- 270C-330C M4J [ No Tm -
DTUL37C22C35C46C44C ap) w r-j a ' o0 a oMelt viscosity
04163820- 19-42 (Pa.s) DTUL302C313C298C-287C-320C 0

Fl exural 189208210-204-190 strength (MPa) cyli nder

"' 370C370C370C- 370C- 370C a Htenp. b-

As apparent from the table above, LCPs and LCP
compositions of EXAMPLES 1-3 exhibited excellent properties.
In contrast, COMPARATIVE EXAMPLES 1 and 3 show that a resin
prepared from a monomer combination which does not comprise
enough amount of BON6 or that from a monomer combination
wherein the proportion of the total amount of POB and BONG6
is more than 78 mol% tends to solidify easily and
preparation of polymers with low polymerization degree or
prepolymer was difficult. Further, COMPARATIVE EXAMPLE 2
shows that LCP prepared from a monomer combination wherein
the proportion of the total amount of POB and BON6 to the
total monomers is less than 60 mol% will exhibit only low
DTUL and cannot provide enough heat resistance.
Furthermore, although the LCP obtained by COMPARATIVE
EXAMPLE 4 exhibited high heat resistance, the crystalline
melting temperature was also high and the resulting LCP

could not be molded at the cylinder temperature of 370°C.
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~ 0 s filled826698-100-ND 2 Z ratio *1: Polymer wth
| ow pol ynmeri zati on degree could not be obtained. *2:
Coul d not be nol ded 33 As apparent fromthe table
above, LCPs and LCP conpositions of EXAMPLES 1-3
exhi bi ted excellent propertiess4 In contrast,
COVPARATI VE EXAMPLES 1 and 3 show that a resin
prepared from a nononer conbi nati on whi ch does not
conprise 5 enough anmount of BON6 or that froma
WBADNEES COALMEBt IgR Wwherein the proportion of the
total amount of POB and BONG is nore than 78 nol %
tends to saligli chﬁﬁsi-ldtgm%lmr@ap@tliy@@t@fr,pOlerLrEhs has a
with | ow polynerization degree or prepolynmer was

defibeylibn kehblent uCVRNRH o fXAMEELR 40 200WS40°C; the

that LCP prepared froma nononer conbi nation wherein

dhecfepenper thdfwedn t Raet opar, anpint takt ROB sgh BONG tRr1ting
the total nononers is less than 60 nol % w ||l exhibit

28hye LWL rBTHlE &ﬂﬁeQ@ﬂ@@Idpﬁﬁ%égﬁlffﬁég ohgakter deﬁﬁrmined

resistance. Furthernore, although the LCP obtai ned by

BPMARAENR th5 1EXOWELE Ag xRl Rirtigd thiyghi fe@bual to or less

resi stance, the crystalline nelting tenperature was

2hsR hh@h;,andahae WRS W T NG Lf%gt]ag%vmggotbpe Bb98eting a

at the cylinder tenperature o
prepolymer consisting of the repeating units of formulae

(I), (II), (III) and (IV):

Lol
p

-
| ° (1D
—1—c0 |

L q
| °—©-° ’ (111)
5 r
1

0 Is (1v)

wherein, p, 9, r and s represent relative molar proportions

(mol %) of the repeating units in the prepolymer and
satisfy the following formulae:

60 < p+tq < 78
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WHAT IS CLAIMED IS: 1. A a liquid-crystalline

pol yester, which has a deflection tenperature under

| oad (DTUL) of 290-340C, the difference between the
DTUL and the crystalline nelting 5 tenperature of the
liquid-crystalline polyester degermned by
differential scanning calorinetry is equal to or |ess
t han 40C, and which is obtai nable by subjecting a
prepol yner consisting of the repeating units of
formuhage< ()< (dd), (II1) and (IV): (1) COf CO 10
wherein, p, q, r and s represent relative nol ar
REOBRkLi @RSatiRNtinoh shi®stapeabiing Wikl iskaltke
prepolyner and satisfy the follow ng fornulae: 60 <

ptq < 78 @nh@5 2iGuidBceriethliSne Sp2d @4 e35 kkR3®¥ihg to

20 to heat treatnent in & substantially solid state.

21alhe 1, GOy std | ERGs Pl VESL ehe26¢AKDREPERature which
Claim1, wherein the crystalline nelting tenperature

WBi@%te§ﬂf%e%?&§éWif%ﬁ%%gnﬂﬁiieéSQﬁﬁﬁﬁgSEQTBE@ﬂetry is 320-

calorinmetry is 0-
345°C.
3. The 1liquid-crystalline polyester according to

Claim 1 or 2, wherein the melt viscosity of the prepolymer
determined at a temperature 20°C higher than the
crystalline melting temperature determined by differential
scanning calorimetry is 5-40 Pa.s.

4. A liquid~crystalline polyester composition
comprising 100 parts by weight of the liquid-crystalline
polyester according to any of Claims 1-3 and 0.1-200 parts
by weight of a fibrous, lamellar or particulate filler
and/or reinforcement.

5. The liquid-crystalline ©polyester composition
according to Claim 4, wherein the filler and/or
reinforcement is glass fiber.

6. The liquid-crystalline polyester composition
according to Claim 4 or 5, wherein the deflection
temperatufe under load of the composition is 290-340°C.

7. A molded article obtainable by molding the
liquid-crystalline polyester according to any of Claims 1-3.

8. A molded article, which is obtainable by molding
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3. The liquid-crystalline polyester according to
Caiml or 2, wherein the nelt viscosity of the

prepol yner determ ned at a tenperature 20C hi gher
than the 10 crystalline nelting tenperature determ ned
by differential scanning cal@gnetry is 5-40 Pa.s. 4.
A liquid-crystalline polyester conposition conprising
100 parts by weight of the liquid-crystalline

pol yester according to any of Clains 1-3 and 0. 1-200
pRet 9 it ilky-omigidl lnfnea Hobyesser! avddoyitdlon according to
particulate filler and/or reinforcenent. 5. The
bhgubg- clysingl hi-ge pol yester conposition according to
Caim4, wherein the filler and/or reinforcenment is

glass fiben. 2feBhodhe ogui dpgeyatrahly ne 1pehyescefystalline
conposition according to Cdarm4 or 5 wherein the

gsigegtéenwh&eﬁp@bﬁb@&geﬁndﬁé keagsobst:he conposition
[ 90-340C. 7. A nolded article obtainable by nolding

t he IIQUIgo@gtahabhbmﬁgpolmsabﬁ@r@ccomau@a topayiek  the
Clains 1-3 nol"ded article, which is

ebpabnahhe byie®l BN RBErdhad i qaid- CTY§§a||tﬁPI and (IV)
pol yest ef conposition accordlng to any of Cains 4-6.

gesﬁe%ﬂ?@\%ﬁf Qo PHeRar idi lldeqyi gfcrsp%o%?@lgnfé% consisting of

pol yest er ich conprises the step

QHEYEQﬁQ§E§h89uHQEQWBESfW@hﬁﬁaQrQY'de &E? reRrest g (Iv):
units of formulae (1), (Il), (Ill)
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wherein, p, 49, r and s represent relative molar proportions

(mol %) of the repeating units in the resin and satisfy the

following formulae:

60 = p+q = 78

11 £ r £ 20 and

11 = s £ 20; and



respectively to give pellets of prepolyner consisting

of the repeating units of forrmulae (1), (11), (111)

and (IV): CCo CO C () wherein, p, g, r and s

represent relative nolar proportions 10 (nol % of

the repeating units in the regg’nh and satisfy the

following fornmulae: 60 Sp+g S 78 0.05S q53 11 Sr

S 20 and 15 11 S s S 20; and 37 subjecting the

pell ets of prepolyner to heat treatnment at 250-335C

In a substanbijakkyngol tHestpérledd. dhe pmdgulymer to heat
according to Caim9, wherein said pellets are
cebdiRantWath26DFgEEeC D £l $upstEn€19BBy SoB€8t bPAte.
havi ng cross section di ameter (when cross section is
@DLiptic, Thpormetisd ofaceioasdngectoomlim 295- wer@in said
and pellet length of 2.5-5.0 mMm

pellets are columnar with circular or elliptic cross

section having cross section diameter (when cross section
is elliptic, major axis of cross section) of 2.5-4.0 mm and

pellet length of 2.5-5.0 mm.



