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

| NVENTI ON 5 FI ELD OF THE | NVENTI ON The‘_Tesent————————————
application relates to a wholly aronatlc

crystalline polyester and a nethod for ﬂﬂu wymwm
sane. In particular, the present |nvent|o

l'i quid-crystalline polyester which exhibits hi"ghs10
heat stability, excellent noldability and flowability
as  wel | WAGLBXCRROBAT ICeLh@uTOaCRYSOPEL L NeS POREEATER
ART Thernotropic |iquid-crystalline polyester (which
is called as "liquiid-crystal |lAne pol yester" or "LCP"
15 hereinafter) has good properties including heat

resistance, mechmTHOE HUFO HEH PASI NG ChHRSSAM@i di ty,

chem cal resistance and dinensional accuracy and is

BREGGROUNENIOF fIoiE mMyvaRer 1 ticles but also for a
vari ety of products such as fibers and fil ns.

PaELDC oiFarriy, pemExaran conmputers and nobile 20 phones
enpl oy highly integrated devices and the art w shes

to use domleze@retsléln&nerap’i\ﬂqc%@érﬁr R O(rjté heé“ wholly
In the informati on and tel econmmuni cation fiel very

bRbRatRart $igasqt r&f‘yé‘@a@lﬁ@nﬁgygss@exof e g, method for

t hi ckness, dare sonetinmes require Based on t

QXQQBEQﬂb|ﬁHéﬂéﬁh@5 p@%“%éfé%b&ﬁafcp§hén%&%@%%% 99Q% nt i on

flowability and | ess
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_resistanée,
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 sﬁch 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, véry thin
parts, as thin as 0.5 mm or less of the thickness, are
sometimes required. Based on the excellent molding

properties of LCPs including good flowability and less
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2 flash devel opnent conpared to the other

thernoplastic resins, consunption of LCPs has been

i ncreasi ng. Recently, LCPs are enployed for a variety

of uses wherein the resins are processed at a

hi gh-tenperature such 5 as sokder-wel ding and

infrared refl ow wel di ng. However, the LCPs produced by

pol ynmeri zation a nmethod such as slurry pol yneri zati on

or nolten acidlysis not exhibit sufficient heat

fégisét anesellopmemnder dompahtead n too LG tdtlosr exged hidlastic
heat 10 resistance, nethods using solid phase

pelsymey, | zanisompstiem - dfave e éra sproeros eithc s i@np! e,
U S. Patent No. 6,582,625, Japanese Patent

Appl i cati oRekend 19pendve. a2@0@mpAGIRS ayk 2Japanes®, of uses
Pat ent Application Laid Open No. Hei. 11-246654 (the

eheee inefareenesd nar @ mkepaidtd el RAY &t et dW-dS{R@NGS)e such
15 di scl ose nmethods for produci ng LCPs, ich conprlse

be ssl@ps-wd 1 PlePaninig pﬁﬂﬂ@f&do&dﬁidﬁﬂwJIH£H§j However,
prepolymer with a |ow polynerization degree and

heat La@ss airddRcero by o livihe rSOatd Phas ndth i ich as slurry
pol ynmers with high polynerization degree. In general,

pbusmekt abRednl s haveehi gt itAliding g@tD%kﬂEb@%S'é&%flClent

the high heat resistance and therefore, need to

peacessedswhhberel atively high tenperatures. Japanese
Pat ent Exam ned Publication No. HO03- 55489 proposed

LCP obt ai ned QMxﬁﬁpoidngbtéhHga4iihydwfgybgﬂzgk%e§ﬁE%t heat
2, 6- napht hal ene di carboxylic acid

resistance, methods using solid phase polymerization step
have beén 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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6- hydr oxy-2-naphthoic 3 acid. According to the

patent, thus obtained LCP will exhibit good

mechani cal and thermal properties and provide good

mol dabi lity. However, what the3Japanese Patent

Exam ned 5 Publication No. HO03-55489 disclosed is the

LCP obtained by nelt polynerization of the nononers

and is silent about LCPs which is subjected to heat

ffadt menPaaerdingubsearitial pptsski d Hies eob@ined LCP will
2004/ 007590 discl oses a thernotropic LCP which 10 is

gED 1B pIoeRs ynegharioral | endneheERal D8OPEY¥8idssends@zovide
a process for producing aromatic LCP using nononers
gRPehmoadabadifyondensed to give a prepol yner which is

then further polynerized by solid phase

pol yneri zaticwgevergP wWhats 40Bedi simssessea pbhyeert Examined
bl end conprising two LCP 15 with at |east two aromatic
Gupdacpsipn NecuH P A sdiscleseh 1EPLh&SLEP7pht203ed by
di scl oses a nethod for preparing wholly aromatic LCP

WeilEh roWpRe Beza bi@pacifngt e eponpmers ammd sulsj estlegt about
the prepolyner to solid phase polynerization wherein
LREsnunieiclf adromasibiechgdt ernd nalhegrtoupsraeatimehe 20in  a
nunmber of carboxylic term nal groups of the prepol yner
substanhéadpecisbild dr eltattieonshi p. US 6, 177, 500, US
6,093,787, EP 0 383 177 and EP 0 324 608 di scl ose LCP
conpri si ngWa 208di/60y 560 depedbiseg anithermd$ répd29 10%1 which
di scl oses LCP foam conprising various repeating

URi het completely an aromatic one. EP 1 081 173 discloses

a process for producing aromatic LCP using monomers which
are polycondensed to give a prepolymer which is then
furfher polymerized by solid phase polymerization.
EP 1 195 408 discloses a polymer blend comprising two LCP
with at least two aromatic oxycarbonyl recurring units in
each LCP. US 6,774,203 discloses a method for preparing
wholly aromatic LCP which comprises preparing prepolymer
and subjecting the prepolymer to solid phase polymerization
wherein the number of aromatic ring terminal groups and the
number of carboxylic terminal groups of the prepolymer meet
the specific relationship. US 6,177,500, US 6,093,787,
EP 0 383 177 and EP 0 324 608 disclose LCP comprising a
variety of repeating units. US 4,429,061 discloses LCP

foam comprising various repeating units.
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4 SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a wholly aronmatic
liquid-crystalline polyester which 5 exhibits high

heat resistance and can be processed at relatively | ow

t enperatures. Anot her object off the present invention

is to provide a nethod for producing said Iiquid-
crystalline polyester and providing |iquid-crystalline

pol yester conpositions conprising said LCP. 10 In a

first aspect of the present invention, a

I'iquid-crystalline polyester, which has a deflection’
PENYBRAt Qe THRIENVEYIdONDTUL) of 290- 340C; the

difference between the DTUL and the crystalline

mel ting teRpecd@cd off the prepemt ciygentitneis to provide
pol yester determ ned by differential 15 scanning

gal otiddelty y psomguar tdisridsywstad 40© apdlyekteh which
i s obtainable by subjecting a prepolynmer consisting
gxhihétpepeighnghemt t s esfiftemmd aend ) cafl Ihe (diddessed at
and (1V) : 5 C(lI) P(Il) COIgO0O(lll)r ~~CO
relatively low temperatures. Another object of the present

invention is to provide a method for producing said liquid-
crystalline polyester and providing 1liquid-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 1less 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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COl / |/ s (IV) wherein, p, g, r and s represent
relative nolar proportions (nol o) of the repeating
units in the prepolyner and satisfy the follow ng
formulae: 60 < p+q 78 5 0.05 < g 3 11 r 20 and 11 s
20 to heat treatnent in a substantially solid state at
250- 3350C under inert gas atﬁbsphere or under reduced
pressure 10 in a substantially solid state from 3-20
hours. In particular, in the liquid-crystalline

pol yester accordiing to the first aspect, the

pr epol yng ny ble prepared by pol ycondensi ng nononers
rcttop ges—Q repeating units (1)-(1V) under the
condi ti o~ whiclp the 15 hig%est reacti on tenperature

(Tmax) in the polycondensation 6 is 310-360C. The
alline nelting_point (Tm) of the prepolyner
erm ned bEifferential scanning calorinetry may

o Tmax- 40@1f o Tmax+10C, and the
5 of the prepolynmer determned at a 5

erature 20C may-be hi gher than the crystalline

nelting tenperature determ ned by differentia

scanning calorimgtry is 5-40 Pa.s. In another aspect
0 8 o@l ol tion, a liquid-crystalline
pol yest eR_c#nposilti on conpridibg the LCP
1 ’
co s (IV)

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+g = 78

0.05 =

Q
IA
w

IA
)
o
o
3
0,

11 = r

IA
IA
¥)
o

11 s
to heat tfeatment in a substantially solid state at 250-
335°C under inert gas atmosphere or under reduced pressure
in a substantially solid state from 3-20 hours.

In particular, in the liquid-crystalline
polyester according to the first aspect, the prepolymer may
be prepared by polycondensing monomers which provides the

repeating units (I)-(IV) under the condition in which the

highest reaction temperature (Tmax) in the polycondensation
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10 as above is provided. In a further aspect of the
present invention, a nethod for preparing a

l'i quid-crystalline polyester which conprises the
steps of: pol ycondensi ng nononmers whi ch provide the
15 repeating units of formulae (1), (Il), (Il11) and
(I'V) respectively under a coﬁﬁition.in whi ch the
hi ghest pol ycondensing tenperature is 310-360C to
give pellets of prepolynmer consisting of the

(R OIE O Fhep B (ol tifangoint B of che
Pt 204 Sl LSRR, oy prinecsy
P T S B T B S e
melt viscosity of the prepolymer determined at a
temperature 20°C may be higher than the crystalline melting
temperature determined by differential scanning calorimetry
is 5-40 Pa.s.

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
repeating units of formulae (I), (II), (III) and (IV)
respectively under a condition in which the highest
polycondensing temperature is 310-360°C to give pellets of
prepolymer consisting of the repeating unitslof formulae

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

O b

Cot e



11 r 20 and 11 s 20; and subjecting the pellets to
heat treatnent at 250- 335C in a substantially solid
state. 10 There is also provided a liquid-crystalline
pol yester, which is consisting of the repeating units
of (1), (1), (I1l) and (IV):_ C(1) p (Il) CO/ | a8
00 (lI1) rco co 1/ . s @V) werein, p, g r and
s represent relative nolar proportions (nol % of the
repeating units and satisfy the follow ng formnul ae:

O ptg 78 5 0.05 g 3 11 r 20 and 11 s 20; which is
h 1
n

6
characte ad in|that: the deflection tenperature
u rO @' J i 290- (III)
r
1 "
o 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+q = 78

5 0.05 = g = 3
11 = r £ 20 and
11 = s £ 20; and

subjecting the pellets to heat treatment at 250-

335°C in a substantially solid state.
10 There 1is also provided a liquid-crystalline
polyester, which is consisting of the repeating units of

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

Or
A0y
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10 340C;, and the difference between the DTUL and the
crystalline nelting tenperature of the LCP determ ned
by differential scanning calorinmetry is |less than
40C. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figure 1 is
a schematic representation of _ harnonica-shaped die
used for the assessnent of nol%i ng 9 flowability. The
die has length of 150 mm w dth of 15 nm and depth of
10 mm It has 54 grids and a side gate of 5 mmx 0.5
nm _DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

51n the/fpresent [specification and clains, the term

" Solfi (fP i zing" ofyypolid phase

pol yneri zatton" lrepresents t%e process of heating the
prepolyner in a substantially solid state. In the

S catipn and clainms, the 10
@ i & pol yester or LCP is that exhibits
an[sorrapi ptt phase and i gvtall ed as thernotropic
l'iquid-crystalline polyester by those skilled in the

art. gge ani sotropic nelt phase can be confirned by :
nmeans YOFt&1%conPent AonaF pdlar i TedreRifenty stughalsivey molar
orthogonal light 15 polarizer. In nore detail, by
BESBPYFAGRENd ™dniH Je O e reReatingeunhber andt segésfy the
%t sg}here. The LCP of the present invention is

8338 e#9 £ OrAMdAREI ¢ oxycarbonyl, aromatic di oxy and

aromati c
60 = p+qg

IA

78

0.05 = 3

Q
A

IA

11 = r 20 and

IA
IA

11 s 20;
which is characterized in that:

the deflection temperature under load (DTUL) is 290-
340°C; and

the difference between the DTUL and the crystalline
melting temperature of the LCP determined by differential
scanning calorimetry is less than 40°C.
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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di carbonyl repeating units. 20 The |iquid-crystalline
pol yester of the present invention conprises

4- oxybenzoyl repeating unit of formula (1) and

6- oxy- 2-napht hoyl repeating unit of formula (11) as
aromati c oxycarbonyl repeatinggunits: 10 COO0 (lI) PO
(1) COl /-/ q wherein p and g represent nolar
proportion (mol % of repeating units (1) and (1)
respectively, in the LCP. According to the invention,

t Aéowebat ipyoporhieorii eothdhea driid souny of rep8ahi B 15 mm
units (I) and (Il) based 5 on the total repeatlng

uandsdepthhefL@® ingn 60- 78 RBEY54 Rl aly $557 e gate of 5
nol % Anong the above, the nolar proportion of t

repeatOng mnit (I1) based on total repeating unlts in
tﬁg LCP@is 0.05-3 nol % preferably, 0.1-2 nol% 10

AREDATLEY DDSCREPPIESEOt THEGPRE%RREM Qﬁﬁbﬁ%mﬁ‘ﬂ%h a
smal | amount of the repeating unit e main

aromatic Oxymat@@nyfeééﬁgaébgglPEEEtQB% ahBec ﬁgﬁQstthe term
preparing prepolynmer by neans of nolten acido

nesdibid phdis€hpbs yalesGliipgd Rel oo d | §se erization”
facilitated. 15 When the proportion of The Ing
urepréddntd Sthe process of heating the prepolymer in a
substantially solid state.

In the present specification and claims, the
liquid-crystalline polyester or LCP is that exhibits
anisotropic melt phase and is called as thermotrobic
liquid-crystalline polyester by those skilled in the art.
The anisotropic 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 oxXxycarbonyl, aromatic dioxy and aromatic
dicarbonyl repeating units.

The iiquid—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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| ess than 0.05 nol % prepolynmer in the reaction
vessel tends to cake or solidify during the
preparati on process. Wen the anmount of the repeating
unit (I1) is nore than 3 nol% the heat resistance of
the resulting LCP m ght be 11 decreased. In addition,
when the proportion of the total anount of the
repeating units (1) and (I1) is nore than 78 nol %
the prepolymer in the reaction vessel also tends to 5

cakg or sglidify gpon preparing prepolyner. Exanples
of gIe Mh%F rovide the repeating wunit of
forrula ar e “4-lhydr oxybenz@ilc aci d and ester

form ng derivatived such as acyl derivative, ester

derivatives and acyl halide thereof. 10 Exanpl es of

nmononers which provide the repeating wunit of fornula

(1) rmay include 6-hydroxy-2-naphthoic acid and ester

fornf ng de ' o-such as acyl, ester and acyl

hal i eod s thereof. T )i quid-crystalline

pol y st ot ; pres%nt 15 invention further

conprise the aromati ¢ 'dioxy repeating unit of formula

(I11)y #0__ </ O (Il1l) r wherein r represents nolar

pIRpEFiR o (ABE 9§ GfeRIRSaNi t moBagedpoopbheisnt almol %) of

repeating units in the LCP. The nol ar proportion of

tﬁgp%\%h‘é‘ii‘é“?d’?%xﬁll) and (II) respectively, in the LCP.
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 molgs,

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 molg, preferably, 0.1-2 molg.

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 repeatirig unit (II) is more than 3

mol%, the heat resistance of the resulting LCP might be
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20 repeating unit (lI11) based on total repeating units
in thg LCPgis 11-20 ol % preferably, 12.5-17.5 ol %
Exanpl es of mononmers which provide the repeating 12
unit of formula (111) include hydroquinone and its
ester formng derivatives such as acyl ated
hydr oqui none. The LCP of the pdesent i nvention further
conprises the aromatic dicarbonyl repeating unit of
formula 5 (IV) : CO COI / / is (IV) wherein s
d&pressnys molar proportion (nmol% of the unit based
on the total repeating units in the rCP. Thetnolar »
roportionyof t romat j ¢ _dicarbonyl repeating uni
E)I\/)Io basedIIgnat etteioot%él Lrvglsgat 9 l%qpﬁﬁﬁogoogretfk@fto'cal
' 2 % - abl 12.5-17. 5 % Exanples o
%ﬁﬂ%ﬁ%rgfpgg{ EgégggégerﬁBéiﬁ n lﬂﬁqémkiab %ﬁcmgéé than 78
= Na ha| ~di.carboxylic acid, .its ester an
Ié%?%? ?E% 'ﬁgggé |%gtfﬁ%stgﬁcﬁeégtéEPdVﬁéﬁﬁﬂﬁ also Tends to
{vati In a preferred enbodi ment, the tota
C%g{éar@%n%ﬁ%td% Uhe! dtoTRE T t e REFBohYREF epeat i ng
and the nol ar amount of the

i I I , ; : :
;ploutrrzt i(c zuﬂu’g%(}&?free%/)e"aﬁ iHURTES, (YRiGh aPéO%lBEt rakzgup skpgating
| A INg to the present invention, the may
B8 beofr R, Tl yEhodneviy RoRRERT R ehd and ester

_ﬂyf%ﬁhﬂf derivatives such 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):

Ry S

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 molg, preferably, 12.5-17.5 mol%.

Examples of monomers which provide the repeating
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repeating units of fornulae (L)-(VlI) to give

p?gpolyngr and subjecting the prepolyner to heat ;
treatment. The heat treatnent is preferably conducte

by heating the prepolyner 13 at 250-335C. |In another
aspect of the invention, the L may be prepared by

pol ycondensi ng nononers whi ch provide repeating units

of forrmulae (1)-(1V) to give pellets of 5 prepol yner

and subjecting the pellets to heat treatnent at

250-1335E E@r@u&@bQqut'ﬁlbﬁu%%l'@d§%%%ﬁnone a@%%ﬁﬁstﬁéter

present invention, p, q, r and s repr

miloami pyoRekt var 19k st B8 JheRaating it 5, (-
resggg?Fvgl;} neét fhe fcollovvln&'q ornulgé oy @g)g ‘P+q

< 78 0.05 #hde %CP o%lt%ezgre%%n§ %gVeﬁ%gﬁrdlngt%o the

nmet hod of the present invention, N
obbapredeby tpel meem@%&%l egcg%o RONg %aggw mélppro 3 d%ormula
the repeating units (1)- |ve
sybyeeting the prepolyner to heat treatment at 250-
335Cin a substantlally solid state. The.
pol ) may be carried out by any of
convent for 20 preparing pol yester such
S\ o= i §;and slur@y) polymerization. The
nol t en aci dol ysi s nethod is preferably used

wherein s represents 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 may
be prepared by polycondensing 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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for preparing the prepolynmer of the present invention.
In this nethod, the nononers are heated to give
nolten 25 solution and then the solution is reacted to
give the 14 nolten polynmer. The final step of this
method may be carried out under vacuumto facilitate
renoval of the wvolatile by-prodd3cts such as acetic
acid or water. In the slurry polynerization method,
nononers are 5 reacted under the presence of

heat -2ooci3wrge fluid to give solid state pol yester
resin in the formof suspension in the heat-exchange

liquid medi um drividbessgicthg ten. aci dol ysi s,_or
the slurry polynerizatigg %ethgggqﬁu§§¥%§5&§#7iﬁﬁe LCP may
miveo M pEEede byl0 PEOYEIEGh 0 A0di f form i.e.  as ,

| oner acyl ester,§mh?chycan be o ai&ggggﬁrSStgpﬁFyin@rOVlde

t re pleyadiongy | ugt ©81p o £TheEs rhOWe, |_ grQup,may .,
preferably have 2-5, mor € pre%e?gﬁl¢% oF°3 % dFporellets of

ap@ﬁpol@@@ﬁ:ybn@ﬁs@.fbsjégtitr@e ﬁﬁ\éﬁefifgcsri gd}fggg-ﬂgggg%ment at

are nost preferably used for reactio
ot epar o4 beror Srand by Sy a1 RG: thetFoterers
Syt om by acki ne an acyTat | Rg SBERETeudH & acerid Sr which
ropol ymer. 30 T et hacrst el P T SepRerping unics (T)-
Catalyet ey beulbateRe KEE FER bR TP e tuLRrea.

60 = p+q = 78

0.05 < g < 3
11 £ r £ 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 substantially solid state. The polycondensing
step may be carried out by any of conventional methods for
preparing polyester such as molten acidolysis and slurry
polymerization.

The molten acidolysis method is preferably used
for preparing the prepolymer of the present invention. In
this method, the monomers are heated to give molten

solution and then the solution is reacted to give the
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Exanpl es of the catalysts include organic tin _
conggunds such as dialkyl tin oxide (ex. dibutyl tin
oxide) 25 and diaryl tin oxide; organic titanium
conpounds such as 15 titanium dioxide, antinony
trioxide, alkoxy titanium SI|H ate and titanium

al koxi de; al kaline or alkaline“éarth netal salt of
carboxylic acid such as potassium acetate; and
gaseous acid catal ysts such as Lewis acid (ex. BF3)

amd15ehal meepas ed hyﬂﬁ@Q%ﬁJﬁ?ﬁ'ﬁ%@%)'o%n Lhe p&gﬁggh may be

invention, the term "prepolymer' efers 1o po :
wetBrhew pehy e Zat | o e e%oob%%%gttagz tp?ergg 2 egof the
descri bed pol ycondensati on reaction an at 6 n

t oobetsubj Byt gdotiact Besaehi dsphase jpolyimerization 10
or the heat treatnent. The hi ghest reaction

tenperatureIhntBQes199E¥”$%g§ﬁ%#%gaggo rep%é gﬁgéohzgers are

e
herei nafter referred as repoF&

crysteédi naqes! tﬂH@Qggésér?g@e%?;Lll{eeaft(—-lc_a@cﬁ%sgfe%?)@%jod to give

Trmax-40C to Tmax+10 prefera rom

Teax+&Cstakegqush anarabi Lity upgn tﬁ%;k%gg %Hih%gggﬁgaion in

prepol yner from t'he pol ynerizing con
sohé dn@@@sgx@maa{@@riza;{ﬂgd%géaggm and good heat

resistance of resulting L I Fugggeé, tgeezrerOf

e BLEPS YIRS S G B EEL Lng onues
Hﬁjiﬁmbﬁﬂibﬁﬂ651§$§HHBH, SEﬂQi|EEXy8£rEQ§ng monomers 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 acidélysis method or the
slurry polymerization method, a catalyst may be used in the
reaction, if desired.

Examples of the catalysts 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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prepolyner. In the present specification and cl ai ns,
Tmis 25 the value neasured by the follow ng nethod.
16 <Method for determning the crystalline nelting
tenperature> The differential scanning calorineter
(DSC) Exstar 6000 (Seiko Instrggfnts Inc., Chiba,
Japan) or the 5 sane type of device is used. The
prepol yner or LCP sanple to be exam ned is heated from
roomtenperature at a rate of 20C/ mi nute and the

etdohénm ¢ dueaki delm ) ahsimbagor dad.o hher eaff ef o Lhe L5 on;
sanple is kept at a tenperature 20-50C higher ? g titanium

Teil 1iicat20 amdnutiesniThe Soemkead s dhem 40 99! €918 91 ne earth
roomtenperature at the rate of 200 mnute and is

heeted agditn af thebbateief 20{d msquhe.oEndot herm g acetate;

peak found in the final step is recorded as

ceyst ghkenas seliti agrheyResatw-® GEMLQf <t i e
prepol ymer or LCP. According to the pfééent%?ﬁeg%%,oﬁFa and

thelogkhatd8 Miy8ee§ehY ( gg,th@lgrepolyner which is
determned at a tenperature 20C higher than Tmis

preferably Sn4@nBa.resddk t R8vEREEHEI CAL 0 . .
clains, the nelt viscosity s detern1ﬁg’ ntéﬁﬂ prepolymer

fnéfGM£ngomﬁdmyhefwﬁiﬁﬁdlBQrﬂgﬂfHéPfy g Jil e 2gree ohtained

viscosity> 20 Nblt viscosity of the sanp e | s neasur

(capi | | ograph 1A, Toyo Se?kl&Selsaku g LEFAFdQ,and that

Japagpihgvisgbeapublartedf 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 préferably
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 1is

the value measured by the following method.
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0.7 MmO x 10 mm The neasurenent is carried out at a
tenperature of Tmt20C for the prepolymer or Tm+30C for

25 the LCP obtained by subjecting the prepolyner to

the heat 17 treatnment, and at a shear rate of 1000

sec-1. The prepolyner in nDItenlétate is pulled out of

t he pol ycondensation reaction vessel and is processed

to give pellet, flake or powder form Thereafter, the

5 prepolyner is subjected to the solid phase _
poMghBodzat ifor ordaeatmineagnentcheThe Eoy9f1ine  melting
prepolyner is preferably pellet because of its good
opemapretuyebpon the solid phase polynerization. The
structure of pellet is not |imted and preferably is

col ummar st Fhet urds £ feotammiarl pekkehsign 1 exhidider (DsC)
good flowability and dispersibility in the solid
phaseapolePher i Fatilan Ieactimenyessak. , By $48h) or the
col umar pellet, unevenness of col or and nechani cal

psaper typearo bebsedukad.ceThes shapg . of +he HR3Dlymer or LCP
section of the columar 15 structured pellet i s not

| $ampbel andopr ekemabky, iisS hedte@l! &om etddRt &9 rature at a
square, and nore preferably circular or elliptic. In

t¥et pr esenR0i’ Veriniuae, the tera "@ddddidfni Shapey
represents not only geonetrical elliptic shape but
atewonved . shaperehtebrhashabemglienaay YL i 90 LNtitSerature
20 circunference and appears as al nost elliptic.

P @f 20 abllyighidre thaeutar ﬂ@rei®i@lﬁ@tééQSSThéeggﬁﬁfeois then
the columar pellet has a cross section dianeter

cooled to room temperature at the rate of 20°C/minute and

(Tml) 1is

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 1is
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 mmé¢é¢ 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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(when cross section is elliptic, major axis of cross
section; and when cross section is infinite form

di aneter 25 of its circuntircle) of 2.5-4.0 mm and a
pellet length of 18 2.5-5.0 mm The procedure of the
solid phase polynerization of the pellet, flake or
powder formed prepolymer is notl7linmted. The solid
phase polymerization may be carried out 5 by heating
t he prepol ymer at 250-335C using an equi pnment such as

Mikeashage , 0uer, askokaky gye@,tgo%&e O%ﬁped reaction
vessel , sertlcalareactlgn vegse & agltator vertica

reaction vessel prER 1 gfﬂ'lérd lﬂl{‘aﬁglggky@%{a{tzgégsog%%ﬁl%g' out of

preferably 10 carrie under ani ne

dwl der
NtheogesL, ddHsand,, apg9n: 93 ggpere un gt
reduced B?essure Under sucﬁ con&ﬂ?lons ds Processe o

rgsubt apd1 1&P, Wfiaﬁ@k%ronggw&q—:rcmfg tone Iﬁ{eﬁf)}:er, the

degree of vacuum upon soli d phase po Jrreri zat

bﬁreﬂ@P?ﬂQEntlsonsdﬁfecﬁfg@r@I)u% %n‘pé 01%1 hl gppg erlzatlon

of 15 vacuumis preferable sot

regu f | i dppba |zat on becone
sﬁ‘grthgrgd T%E:r?alt&ntgerggrl od ?o?‘%t e%ﬂg%dep% er' 1S breferably

p@*ﬂﬂ@f'%@&é@@e'§fn9£s ggﬁaagé¥rébg?t 9L%§g8}QPﬁeS°lld phase

general, it nmay be 3-20 hour

pﬁ@ﬁﬁﬂ@riﬂﬂ@ﬂ&hon @ aégfg BE rofthe%isgréﬁgggguﬁaggted and

pol ynmeri zation w | 1on

| posle £ EIRL) det e&ﬂﬁﬁgaﬁcc_@{gj@&}e‘)_ AST, Molumnar pellets can

exhibit good flowability and dispersibility in the solid
phase polymerization reaction vessel. By wusing such
columnar pellet, unevenness of <color and mechanical
property can be reduced.

The shape of the cross section of the columnar
structured pellet is not 1limited and preferably, is
circular, elliptic or square, and more preferably circular
or elliptic. In 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 is 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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D 648 of 290-340C, preferably 290-330C. That is, the
LCP of the present invention is excellent in heat
resi stance. 25 The LCP of the invention has DTUL of
290-340C 19 and the difference between the Tm of the
LCP and the DTUL (Tm - DTUL) ii | ess than 40C. Mre
preferably, the LCP has a crys &1 1ine mel ting
tenperature (Tn) of 320-345C.  Upon determining the
di fference between Tmand DTUL, the 5 DTUL is the
val-be dér ermi ned with the LCP conprising no filler
and/ or reinforcenents. In the present specification

. . q | |
and clai ms, e preté@etd OBt &IMEr &Y & g%_l%ﬁ_ erization
(DTUL) is the value determ ned by the fgﬂgomnﬁb ym

tthothe 1@edVethodt foke deterpd ey PEELEGT! 1 . .
IrT]rEI\/PERAeTUgE UNDER LOAD> Tesﬂt;@) Strip W t% |§%%° of "271S no

il i . of .12, ' :
miimaiteétdh offhd 2 omndg p&ﬁ@et@dﬁ?ﬁg¥ié%%;%ﬁjéa%gk%?ffﬁrled out

nol ded using injection nolding™ mach

NbogséieaRl iagy i €0 Def | ection .
gsdie | €he nﬂﬁébbﬂ-ﬁﬂne_ at LﬂESjO-)335 I@ ugl an egulipment
tenperature i s neasured using the test strip ﬁ% quip

BBgmua tASTHGR 648nunder Jhoad Qf, 1. a.and .
ﬁ:ngﬂSBg?ate of&gcvnin? Nbregggf,v%ﬁé E%épg? {yeed reaction

vesenl,i nvention) preferobhy hassa meldy viscosity tical
Seternined by capillary rheoneter of 10-8G &t angertica

espectabhyv28s6@Pa. s. That is, 20 the LCP of the
prgsent i%vention will exhibit an excellent heat

resi stance @nd g@@@i&vlﬁﬁggéit%oﬁ&m&@?zﬁgﬁgnt!gga EQ%ferably
nelt viscosity is neasured by the above descri

ne¢hoiled 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 tone.
The degree of vacuum upon solid phase polymerization may be
dependent on the apparatus employed. A high degree of
vacuum is preferable so that the time 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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rding to the present invention, a LCP conposition
Gﬁ?ghdco%prises tﬁe LCP of the present 25 invention
and one or nore fibrous, lanellar or particulate 20
filler and/or reinforcement is also provided. Exanples
of the fibrous fillers and/or reinforcenents may
include glass fiber, silica-alugina fiber, alumna
fiber, carbon fiber and aram d fiber. Anong 5 them
gl ass fiber is preferable because of its good bal ance

[ ; , f_the
e o PRl Refpehfothe TS, T kbPCangnese oo

I nclpete tal ¢, jmica, aphite, | | ast oni te,
gg??iun1car5%n£§e}gggléh1IE,Eglgy, 3@%%% pipleraRey, the LCp

| l,f.at d titapi um oxi de. The .
PP orn oy Sror L, Bl PombebaF hted W Phe Jge34°c.
i f. . inventiqn in an anpu
S a8 e 04990 Rl by oz, che
' - L ght ~of .the : e
Q@rr%ﬁﬂi l%gr%%gto ﬁ’gﬁ‘%ﬁ%{%&%{rﬁ o P oreméEs FemmBEeing no

1520y 200208705 ¢ by ¥ELGNY, Lhe MOl dability of the

resul ting conposition nds“to be decreased or the

exhaustin t cylinder or __di.e of the nolding_
devi ce tegdgrflto e i)gnﬂcerseearlsted.‘c’pﬁwcelq_l(ﬁj‘tc"d??poﬁrtq oflgfims, the

[ ' 20 which co ises the filler
;%ggéf@?g%f otpec nellnaf exhi bi1EeE hiclg%%ea(tmé{la)bl ldist y thgd value

g S, detes niede y) A3TM, B, 048, o 290- 340C
preferably 2 :
<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 injection 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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The LCP conposition according to the present

i nvention may further be adm xed with one or nore
additives, 25 which are conventionally adm xed in
resin conpositions, if 21 desired. For exanple,
nol di ng | ubricant such as highg% ~aliphatic acid,

hi gher aliphatic ester, higher q i phatic ag1de,

hi gher aliphatic acid netal salt (the term "higher

al i phatic" used herein refers to those having d O C25

5fal iphaand/avi eeypfopokysht oxang1apdptbyeregar bon
resin; colorant such as dyes and pignents;

ant|OX|dantExaMpEaal stfabi ltheer; ANbANSOrbepiiers and/or
antistatic agent; and surface active agent nmay be

aﬂﬂlRé@rCQMGnaﬂDumhyof1thu@€dl§L¥§§ agdgdrt o EE@lEgI%lumlna
10 conposition of the present invention is not 1im

ahtbeny abenimaafiaspuntashoR. ObpdrPant Q¥aM@HgPi%er Among
preferably 0.1- 0.5 part by weight per 100 parts

veheht @fasher 1I6PF LCP peor®pshlé ope-MLdi pg |y ét;%&téalange
such as higher aliphatic acid, 15 higher aliphatic

esf ephyhigherpedpphaiés acdd-oetal salt or
fl uorocarbon-type surfactant may be added to the

pel l ets of ExdmplsP of tde LGBn&EPNPASY %zb@_ﬂ‘&{l%te fillers
subjecting the pellets to the nolding process,

tarad/ dhe ragerflo et o omalyhei gt e swface Riflctahe graphite,
pellet. 20 The LCP conposition of the present

iwnlelHstominey, CoAPEiGe Ofernd®d & agdli b pnal r@f‘é glass
conponents unless the additional conponent does ho

i igele, tdle objeeddOf Bd¥ium sulfate and titanium oxide.

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 moldagility 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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present invention. Exanples of the additional resin
conponents include thernoplastic resins such as

pol yam de, 25 pol yester, pol yphenyl ene sulfide,

pol yet her ketone, 22 polycarbonate, polyphenyl ene

et her and denat ur ed derivativef t hereof, pol ysul fone,
pol yet her sul fone and pol yet her } ni de and

t hernosetting resins such as phenol resin, epoxy
resin and polyimde resin. The anmobunt of the 5

adeptredal ré&sirn examohent mby diely | imhtedanand iy be higher
determ ned dependent on the intended property.

TepiehRkye auoh addighieenall 1\sh Hsc MRy tRe adg €n o
LCP conposition in an anount of 1-200 parts g & %qqphatlc

wenghe, prigheraldyidiatl) apaat mebk Weight pefe 100, "higher
parts by weight of the LCP. 10 The LCP conp03|t|on of

thbipheteal |uvedtilbereny herobd ained by, addin
fillers, reinforcenments, additives and f%e othhg7lng cl0-c2s5

r@blmh@bnponmmiStYD,tmbl¥§iﬁﬂﬁbﬁ@|Euﬂpe%wdglodgy%on resin;

m xture using a kneading machi ne such as Banbury

ntxkrrankneader ,asi dgkee SOiEWpeYheHder., S
extruder or the 15 like at a tgnperature 0 ?ﬁ%ﬁﬁ%ethermal

Tehalpl Thz80C. Ufhe abGBroenk¢P §R0APOSLLE QN L e
present invention may be nol ded using a é%ﬁygntﬁgﬁglsurface

rest thioce sapdnasma y npecidmixke®@| di ng, conpressi on
mol di ng, extrusion nmolding and blow nolding. The LCP

conposi ti oM taheuprtesent 2k i RN QYL £X
excel | ent heat resistance and sufflcﬁént Qapéabﬁrbtfbe LCP

Teemefsoirts; ont hef ot elesir@sdn €| svokt abped
LCP/ LCP conposition are particul ar usefirh§p l££§¥edo?nd 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
fluorocarbon-type surfactant may be added to the pellets of
the LCP or the LCP composition before subjecting the
pellets to the molding process, so that the agent adhere-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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electric and el ectronic devices, machines and _

aut omobi  es. EXAMPLES 25 The present invention is
further described in 23 reference to the foll ow ng
Exanpl es. In the exanples, DTUL, flexural strength,
and molding flowability are assggsed by the follow ng
procedures. (1) Deflection Tenperature Under Load
(DTUL) 5 Test strip with length of 127 mm w dth of
3.2 mm and thickness of 12.7 mm was nol ded using

| ppeéethebonakdi ng ﬁ@@ﬁpﬂénQL%héooo ddiler NI SSEi4 denatured
Plastic Industri al . .). Deflection tenperature

wasrireastived Usihkgeblfe tasd1 ¢4l Pon@CCOpL) QtLQ TMLR d
648runder | oad of f gg Ngiséad hea?lng b 9 ré? e an

26biyethéz) frhesalr ahdStﬁE@%Bsgt‘glﬁémeretsﬁﬂ SEEE& Vu\%idphenol

for determ ning DTUL was used. Fl exural strengt

neastinedepogor deBdnt anSPYIR i i M A {3) “%ﬁ ount of the

FI owabi | i ty Harnoni ca-shaped die illustrat
laaddtiankbj ecdd on @n@jd}garf@cmsnenQUHl 9931_%&(9 l\grféelmay be
Plastic Industrial Co., d.) were used

LEP: 0rmifEd @@ﬁ@ﬁ@éhtOQdM%%é'Hﬁ%%ﬁﬁ%drgfhﬁ£¥%9[e %&p%cally,
predeterm ned 20 cylinder tenperature

teaper atidieiehalO0testRdemna 'Béﬂad&EthéséﬁéeLeE t3fhposition
MPa and injection rate of

Flowabi ldrtounmso assesded Hsrfd | b&/ngrerl@th'tg o;treferably 10-100
parts by weight per 100 parts by weight of the LCP.

The LCP composition 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 Banbur& 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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LCP/ LCP conposition to the die, i.e. the weight ratio
of the filled LCP/LCP conposition to the anount of
the LCP/LCP 25 conposition for conpletely fill the
die. 24 1In the exanples and conparative exanples

bel ow, follow ng abbreviations are used. POB:

4- hydr oxybenzoi c aci d BON6: 69hydroxy-2-napht hoi c aci d
5 HQ hydroqui none NDA : 2, 6-naphthal ene di carboxylic
acid BP: 4,4'-dihydroxybi phenyl TPA: terephthalic

; L P ' f | ith | .
SRR Sk AR S B oo,
: 2 35 3 .. NDA 70.0
AGIRAC S B B SR 00 K0
Rl &%), verie dzgoifcrégf‘jg%so. 5 nB polynerization
0

contal ner equi pped wth an 15 agitating
QISR A e el 0 ger 035
emmer ool SPHRCANE bR PR 2L LS o e
o5 IR o8, B0t o DS DO 8 ion moning
SHEIRSLUHE 1500300 es, Alen he prossure of the
Dg%ﬁ%%%w%ﬁ(%é%ééég{ugge&ason@asured 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 1injection 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, wunder
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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m nutes. The reaction was further conducted at the
pressure. Thirty mnutes after, the torque of the
reacti on 25 becane the predeternined | evel and the

pol ymeri zation 25 container was seal ed. The reaction
was term nated by inducing nitrogen gas to the

contai ner so that the pressure ,jn the container was

i ncreased to 0. 1MPa. Then, nitr%gen gas was i nduced to
the container 5 and the pressure in the container was

i ncreased tQmO%%NPaexaEBQegau%ﬁlaéo %ﬁgg%%gn%%%pgﬁﬁs below,

pol yneri zati on contai ner was opene

of t ak Pl 0 hrough the dice of
Bfo%hgx?g@xa$ﬁﬁﬁyﬁg%§?yg E?Faﬁ §x%f the prepol yner.

Threpst na Lansferrgd to the cutter 10 through
tESBma?eP?ggg?ggegé?ﬁﬁerCﬁgchine equi pped just under

t e] [ k,QB _ [ were cut to give
o e s or e Cybar PR Pt ser | 2at i on degree or

0 esul tant pellets were columar of
gggﬁthggSquggﬁﬁ%Iong wWith circular cross of 3.2 nm

digABt £I6_ tﬁgygﬁggé%€§%br$}lﬁtéig%t%§nger ature of the

prepol ynmer ‘defernine t9scanni ng

CBboOr hMBE Ly ; : he nmelt viscosity was 17
Pg?é.uggol?éwgﬁggggggpgﬁgyﬁzation> 20 10 kg of the

ebhet 8ePbphbHg1 bt gbngd pol ymer  with |ow
Solyner?za ion degree (i.e., the prepolyner) were
rephdbyrfed in the vessel of 40L-tunble dryer nade by
SUS.

<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
reduéed 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 1level and the polymerization
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The gas phase in the vessel was kept at 290C. After
the gas phase was exchanged by nitrogen gas, the
vessel was 25 rotated under nitrogen gas flow of 120
L/ hour to effect the 26 solid phase polynerization.
Five hours after the pellets were fed, the dryer was
stopped and the tenperature of jhe gas phase in the
vessel was decreased to 200C over 1 hour. Then, flange
of 5 the dryer was opened and the pellets of the LCP

weortaeheet edas Atsddnadq ti ”ETh@dhfééegléﬂDFWEg erminated by
pel l ets was not observed and pellets were easily

puhiedingt notrbhendgysrco THE LeatLinHAY ESPBRQEakHe pressure
by the solid phase polynerization ex

anmsoheopyntalﬂektﬁasslﬁ&§e§§eé0t8b§eﬁ 8
pol ari zation m croscope equi pped w th ﬁ g stage. The

DTUL of thU$h@BIahﬁ%@oé@ﬁsgﬁﬁzzggg 1%%%ce%r¥§tath?t§onta1ner

melting tenperature was 3 nd the nelt cos

versd 16hPapgessRE-epanatin@n Qfy, d positjon>. 15,70 70 o
parts by aeFSht of the obtafhegﬁf%g é%% lp%f?% %@ a.
1

Il
VEhghtraQfvegl @85S thicbeso £ €HRPRY and 93: 1 t
nggOnaElggtrlc G!assoCb 3¢ §é£?g q %apaﬁy ﬁﬁ?'alner was

asfaeedl. anthet Rk Xtdyf MRS éﬁb&%e%ohgggafl \e/t Iazmatel Mied out

usi ng twin screw extruder

Japasugi eehe VALKS, kTR g Eoky?s@?e&/an)rgdtvygt hsd:nragﬁé%dof the

cylinder tenperature of 3 and

10 give LER.cAEPOSLELO L of the
E%Sﬁggﬁgggﬁtlogrmas 3030 and %%% Qr@%%%erreg to the cutter

through the water-cooled carrier machine equipped Jjust
under the polymerization container and were cut to give
pellets of polymer with 1low 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 prepolymer) 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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strength was 189 MPa. The flowability upon nolding was
exanm ned at a cylinder tenperature of 370C. The resin
25 filling ratio to the harnonica-shaped die was 82 %
27 EXAMPLE 2 <Preparation of polynmer with | ow

pol ymeri zati on degree> POB 234.8kg (1699 nol es), BON6
0.9kg (5 noles), HQ 38.3kg (348 nol es), NDA 75. 2kg
(348 nol es) and acetic 5 anhydr?%le 254. 3kg (2491

nol es) were fed in polynerization container and

8 r pWakB bewyRekynBii;zati on degree was prepared
gyb%‘l% gglarre pFocgglure aleXAI\/PLE 1 with the exception

that a diCeFQBe3h%u@@‘®f%éQr@ﬁ%ﬁ%efﬁ%gajg%§%{ﬁgﬁlgggg dryer

pel l et was columar of 3.7 mm

CWQ§$§¥ﬁ§ﬂéH‘9ﬁd3t%énﬁé% L@ﬁreT%% éHJSBa”!4§$q%W¢n the

as
nmelting tenperature of the obtalned polyner? 7w

; i t i-ne i fferential
e h ol o rerrotuas 290 RBEd' heRECy BBy Frange of

Weke ]&&i%%4iwa%5lFg?h%?.EQ?éSrfﬁgYggﬁh%%%agg%sﬁgT%ggg%’ were

t hus obtai ned pe epol ymer)

. i hase | rizatli ) he sanme rocedure
L2 80 RS AR, o B0 SHELE o o

sobbd-phasarmOUed LD N0 00, TR0 R LEL8 ooye

was 20 not pbserved an . . . The. DTUL
ofné he r§§&1Qiﬁ&aseL@9'y”BEké?%%ﬁPiﬁg?'p"?ﬂ%' Sglld phase

of this LCP was™ 311C, the crys
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 Electric Glass Co. Ltd., Shiga, Japan) was admixed.
The mixture was subjected to pelletization using twin screw
extruder (TEX30 a -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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melting tenperature was 333C and the nelt viscosity
was 38 Pa.s. 25 <Preparation of LCP conposition> 28
To the obtained LCP, glass fiber was adm xed and LCP
conposition was prepared by the sane procedures as
EXAMPLE 1. The DTUL of the LCP %gnposition was 313C,
the flexural strength was 208 a. The flowability
upon 5 nol ding was exanm ned at a cylinder tenperature
of 370C. The resin filling ratio to the
hBKABALEa2shaped die was 66 0. EXAVMPLE 3 <Preparation
of polynmer with | ow pol yneri zati on degree> 10 POB

28Prekgrélssd obl ps)ym86ONGidh Ckg H48ymBLeshtiolQegree>
37.Ckg (336 noles), NDA 72.6kg(336 noles) and aceticC

anhydri de 2B@B3RG4(.3491 (W4%EE)nvees) f eBoNg (Y 5(FBmoles),
pol yneri zati on contai ner nade of SUS equi pped Mﬁth an

algRt 3Bi.Aggderddte mntea) heaDrexTh; (3WRdefo1RIsh T O0eN acetic
gas 15 atnosphere, the m xture was eated fron1the

raonydt edpeladuBegt of 2KAEC mykes L hewe and kept @ﬁyﬁgglzatlon
tenperature for 0.5 hour. The m xture was then heat ed

toonB28ovendt dolyme i Whtdi stdw | bBUyABEitACion degree was
by- product, acetic acid and kept at the tenperature

foreBdraed nuyes th20 Akter phatedatet N@sSHWAMPLE 1 with the
tenperature, the pressure of the container was

reduseed 6 Ofhd f1ea ad {BSPHET 3 C5 PRRFSUIE i »é,% dUd. over
60 mnutes. At that time, the torque of th

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 differential
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 equipment.

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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reaction became the predetermined [ evel and the

pol yneri zati on contai ner was seal ed. The reacti on was

25 term nated by inducing nitrogen gas so that the

pressure in 29 the container was increased to O 1MPa.

The prepolymer was pulled out fromthe container

through the dice of 3.5 Mo X mMmin the sane nanner

as EXAMPLE 1. The resultant pelTets were col ummar of

about 3.3 5 mmlong with circular cross of about 3%2

m di amet er ToThe Cyslaldd ol 400t eperalure o o oy
t he obtai ned polyner wth IOM/po.ynerlra !ontr gWaS

deter ntgesb byt doh f arant bakpa36annL N9 163l oLine 3

323C and theynelt viscogit$amas n%g 5é-s:siﬁe<§&9?F ures as
PRASSPES) YT R IOV M KehOT 1t DusoABLEL PEALDELLENT s ¢, che

(i.e., prepolynmer) were subjected to

olyrerkzat seRehychheys8mes o prqgsdure EX?#PLEblla% .
gSS%ﬁ?or 9 hou?sgto nge pel?ets of sgﬁFH gyghLiity upon

§Z [ Lets was 15 not .
bservod and pel T o aeaets Horh Ry iRt R, of 370°c.
sohéd ehase pohyYARE zald Qn egui nharEh%'EgE%PEngagiﬂa was
LCP was 290C, the crystalline melting tenper

326G and the nmelt viscosity was 20 Pa.s. 20

<Preparation of LCP conposition> To the obtained LCP,
otasgpfir ber was adm xed and LCP conposition was

prepared by the sane procedures as

<Preparation of polymer with low polymerization degree>

POB 232.2kg (1680 moles), BONG6 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 3
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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EXAMPLE 1. DTUL of the LCP conposition was 298C, the
flexural strength was 210 MPa. In addition, the 25
flowabi ity upon nolding was exanmined at a cylinder 30
tenperature of 370C. The resin filling ratio to

har noni ca- shaped di e was 98:? I C(]VPAIRATI VE i(ﬁ(l\)/ELE 1
<Preparation of polyner wt oyy, pol yneri z

degr2e> 5 POB 677.2g (4.9 nol es% HQ 88.1g (0.8

nol es), NDA 173.Qg (0.8 noles) and acetic anhydride

60He3gohbalnerl esk W) it thie]Rb, pol yErjzation,
cont a?ngr made of gl ass equi pped Wltt an agltgél %?g ym

devitedapdtasheat tR¥CBBRGSH ne UGG L 1QQen 08 o 5 o
altsm)sphere, the m xture vvasnﬁgat egrofdyom %% tdﬁ S &dm mm ¢ x

t enper ahutRet SaidSkadNer dshpunvpnd kept at the
temrature for 0.5 hour. Then the m xture was heat ed

to 305C overe4r8shouhfit Wokh 1St il i QUL NE or Spour 3.3
by- pr oduct , acetic aci d\.NpAt t hat tél e, %mr}aéréc?l off°c4

nﬁxtMéﬁgWHSthS@HkahﬁEQdCQBQSCQ@‘%ﬂgﬂtb?Jﬁq&%hgiameter_ The
agitated, and therefore, 15 the reaction was

' : ; r+\W I 0 i zat i Qn .deqgr ee
T e e N b el PO TN AR TR B0t ymer

; | i i d >. P 179..1 .
?iliz‘f}g&geﬁgwetg)ail}%\@o\%@gt%i fﬁ%@% es%’rt%% nﬁggf)%y 1gé§%erent1al

24 5BAm 2 I acetic . .
énhydﬂ%sg‘gﬁ. 4kgé%g¥19§gr?é%s @e%@f gggi Telife Hiacqptty was

piad ekl zati on contai ner made of SUS and pol ynmer with
| ow
<Solid Phase Polymerization>

10 kg of thus obtained pellets (i.e., prepolymer)
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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pol ynmeri zati on degree was prepared by the sane
procedure as EXAVPLE 3. 25 The resultant pellets were
columar of about 3.5 31 mmlong with circular cross
of 3.6 mmdiameter. The crystalline nelting
tenperature of the obtained polyner wth |ow

pol yneri zati on degree detern1neg by differential
scanning calorinmetry was 315C a e the nelt viscosity
was 5 14 Pa-s. <Solid phase polynerization> 10 kg of

t hespebtauned pal | e (d. €., Q%%pMﬁgng £in ratio to
subjected to solid phase pol ynerization byﬁfﬁe e

hacadut eaashEXAPHEe1wat 88QC for 9 hours to give
Sellets 10 of solid phase polynerized LCP. Adhesion

afOMBARRIIeESEMANPLAOY observed and pellets were
easily pulled out of the solid phase polynerization

BEppRBatiBAULE Opol bing rLERLWRS 03 78G: JREY¥SLALL LRe
§§|ffﬂ§ﬁ fénperat%?epmag 316C aﬁd %Eﬁ?ﬁVISCOSI?y wagree”

19 Pa.s. 1opsEreparayien. of mbeBssompashhl 00> (106 iS1es), noa
obt ai ned LCP, glass fiber was adm xed and °L

COMPOSYt i(0NsWAS 1BEePaned fuedihe I REeHY) €5, 855 5 o1
EXKRPH% {. The DTU? of the LGP co ogﬁtlon Was %8?& moles)

anelre t Hedf iexutal §1r§89§ﬁe%@§aggénwg%né£g$%§(%ﬁq%d%ﬁ glass

flowability upon 20 nol di ng was exam ne

teapeppédr eieh &%Qcagigﬁiﬂh i&e@iééing{agi%éé%tggchanger.
har noni ca- shaped di e was 100%

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
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 1low

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 m’
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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COVPARATI VE EXAMPLE 3 <Production of polynmer with | ow
pol yneri zati on degree> 25 POB 691. Qg (5.0 noles), BON6
37.69 (0.2 noles), 32 HQ 71.6g (0.65 noles), NDA
140.5g (0.65 noles) and acetic anhydride 694.3g (6.8
nmol es) were fed in the 2L polynerization container
made of gl ass equi pped with an ggltat|ng devi ce and a
heat exchanger. Under nitrogen a s 5 atnosphere, the
m xture was heated fromthe room tenperature to 145C

over lormpuwiand keptuakrt herot&nmus¥ ature fQr &%§h£¥%¥; The
Then the m xture was heated to 305C over 4.5 hours

Wetpstaslihéi nge tindg he dapei0dud | ofac€ﬁé0|§§ﬁ%¥§3 polymer

the time, the reaction m xture becane 10 so

amgth heoef gred yridel 78 el ok edegubd RIS Let HEE8Dyential
No polynmer with | ow polynerization degree was

obtanminy ECOVPARAELYE EXAVPLES 4- <Phapanat ion of . Lt
polynefmiﬁth Iom1po|$nerization degr ee> 1§%%ég'5§§?%ib y was
(168080l es), BP 67.0kg (360 noles), TPA 59.8kg (360

nol es), NDA 10.4kg (48 nol es) and acetic anhydride

25%0 Dig) giA98 pol pedr veseidgd in the 0.5 m8
poIYﬁg?ization cont ai ner made of SUS equi pped with an

agitating deviie @ﬁdt@UQG@Et§¥§Q§n§§ileE@d?E.Q[trggggolymer)

gas 20 atnosphere, the nmixture was heated fromth

oo  sebpecabdr &d 0sdADf pyRlsel MP{m@sz g‘?ﬂ%m a%) é’fj h:[ehoe same
tenmperature for 1 hour. Then the 'm xture was hea

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),
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348C over 7 hours with distilling out the by-product,
acetic acid. The polynerization reaction was carried
out 25 at that tenperature for 50 m nutes. At the
time, the 33 torque of the reaction became the
predeterm ned | evel and the polynerization container
was seal ed. Then, nitrogen gas s induced to the
container and the pressure in e polymerization
container was 5 increased to 0.2MPa. The valve at the

baot om. @y t (T, qwl weesd zat koA aQnt.aignero wes apened and coric
the content of the polynerization contal ner was

shhedrodt thepugly theedice @13 5 o f!““ 88 the 21
Slvegag strand. %ﬂ% strands mef% trangkerre to 8he ©

coblgmetheougbnt he el @fecolaed CRET iHr, L0 g&sb ngd with an
equi pped just under the pol ynerization Cont arney

stghndtWag aulikbBt anpell eles thye td1es & %gfer 69dgfvgl£rogen gas
pellets of polymer with | ow polynerization deg

re nme r ta | ets_were
E%Tﬁzigﬁeg?pabgﬂ%y4 ﬁ%?t%gg oﬁ%gaﬁtﬁlC|S%tla§rcros§j5? room

Scdmpar gt apet eko Thes -eryhalling rrﬁ LLiNg temperature
of the obtained polymer with |ow polyneriza i on F

degneer set & meped oby ¢kﬂﬁerenfh%h tﬁ%a%H%} re wa%xﬁﬁﬁted to

calorinmetry was 349C and nelt e Viscosity was

txo®rcl essrt harp 10oPasS w1%g'%ﬁ%$9lfbﬁ§ out t bﬁéaroduct

pol ymeri zati on> 10 kg of the pellets thus

podees  aWildh | owdpolpgerdzal | onpdegree (i, e- mltxl?:ure became
prepol yner) were
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) weré fed in the 0.5 md
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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' he solid phase polynerization in the
iggéecﬁgﬁné? gs EXANPLEpl at 320C for 7 hours to give
pell ets of 25 solid phase polymerized LCP. At that
ti me, adhesion anong 34 the pellets was not observed
and pellets were easily pulled out of the dryer. The
resulting pellets obtained by tgg solid phase
pol ymeri zation exhibited anisotropy in nolten statﬁ as
5 observed by pol arization m croscope equi pped wt

halorsdades £ DTHE 9fs 4lhe ] eg%%f%@%dgﬁg pré%gi%?%%%gaa§evel and

melting tenperature was

42jﬁa§%lyﬁg¥fgggfgd MOLFRRNO el 05|H§ﬁg> To the

Coraba L O nn ergyafhg same ocedﬁ?eécis
Si t|on r .
ST | R R AR s containes

t | tr mas 1 0 MPa. The
AN SO L A T o

resin was
;%ﬁgg%?ﬁggﬁaggtﬁzqﬁgzzle o%gﬁheva Bec\Al ndée aRateeml dof the

I ropertles of the polymer with | ow
B%%%g‘f :}Izigt%?gr? dES"r“SCe l(nﬁrrepoaﬁ/n%??ne‘ii hehd chhebeanfedt of the

[ t lymer to _the solid phase
Bgoiﬁggkgg%ﬁg%n ggn&eﬁﬁgaswEéPp JsSsiPtitokhgoeigh the dice of

1 EXAMPLES
écggiEA qgékE%kablg§%> %EVéTagge strand. The strands were

transferred to the cutter through 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 low 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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1231234 POB(nmol %9 72 70.8 70 75.4 54 76.9
68.6 BON6 (nmol %9 1 0.2 2 - 2 3.1 EHQ(nmol % 13.5
14.5 14 12.3 22 10 - NDA (nmol % 13.5 14.5 14 12.3 22
10 2 BP (mol % E 14.7 TPA (mol % - - - - - 14.7
Tmax 348C 348C 328C 328C 348C a~ Tm 322C 331C 323C
*1 315C *1 349C 0 a Melt viscosity 0 a 17 16 10 14
<10 (Pa.s) c polynerization a 3429_0C 310C 285C - 280C
- 320C (a '' o tenperature 04 N 4] o polynerization o

- a time Tm 333C 333C 325C
U el %ﬁr Hrw&%/%%& oggg}véé and pellets were easily pulled
- 3Te&% Fric

out of the dryer.

The resulting pellets obtained by the solid phase
polymerization exhibited anisotropy in molten state. as
observed by polarization microscope equipped with hot-stage.
DTUL of the resin was 330°cC, crystalline melting
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.



OCOOO_ (n"A1li .c (a 4-' DTuL 296C 311C 290C -
270C - 330C M41 =(ad4aN ,Q~ 40, .Da) Tm-

DTUL 37C 22C 35C 46C 44C (/) 4-1 .-4 0. ro o o Melt
viscosity a 16 38 20 - 19 - 42 (Pa.s) DruL 302C 313C

298C - 287C - 320C 0 4 Flexural- -H 189 208 210 - 204
- 190 0. strength (MPa) E o gylinder o 370C 370C
370C - 370C - 370C U -14 tenp. a as o s filled

Table 1
EXAMPLES COMPARATIVE EXAMPLES
1 2 3 1 2 3 4
POB (mol %) 72 70.8 70 75.4 54 76.9 | 68.6
a BON6 (mol %) 1 0.2 2 - 2 3.1 -
g HQ (mol %) 13.5 | 14.5 14 12.3 ] 22 10
e NDA (mol %) 13.5 [ 14.5 14 12.3 22 10
2 BP (mol %) - - - - - - 14.7
TPA (mol %) - - - - - - 14.7
" Tmax 348°C | 348°C | 328°C 328°C 348°C
Ay
5 Tm 322°C | 331°C | 323°C | 3 |315°C| . | 349°C
o .
& Melt viscosity
v 17 16 10 14 <10
2 (Pa.s)
g polymerization
o g 290°C | 310°C | 285°C - 280°C - 320°C
o5 temperature
©
< g
ah e
el
Ty
T E§ polymerization
o0 SHr 5Hr 9Hr - 9Hr - 7Hr
“ o time
o,
Tm 333°C | 333°C | 325°C - 316°C - 374°C
T o8
-
G e DTUL 296°C | 311°C | 290°C - | 270°C - 330°C
S
°© 0T g Tm - DTUL 37°C | 22°C | 35°C a6°C 44°C
£%d 5
8 2 ? Melt viscosity
Q. 16 38 20 - 19 - 42
(Pa.s)
DTUL 302°C | 313°C | 298°C ~ 287°C - 320°C
c
O
D Flexural
- 189 208 210 - 204 - 190
o strength (MPa)
Q
E -
O 5, cylinder
© b 370°C | 370°C | 370°C - 370°C - 370°C
o e A temp.
S |53
2 filled .
20 82 66 98 - 100 - ND™?
[ ratio

*1: Polymer with low polymerization degree could not be obtained.

*2: Could not be molded
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E 82 66 98 - 100 - ND 2 ratio *1: Polynmer wth | ow
pol yneri zati on degree could not be obtained. *2:
Coul d not be nolded 36 As apparent fromthe table
above, LCPs and LCP conpositions of EXAMPLES 1-3
exhi bi ted excellent properties. |In contrast,
COVPARATI VE EXAMPLES 1 and 3 ggow that a resin
prepared from a nononer conbi nati on whi ch does not
conprise 5 enough anDunt of BONG or that from a

fotal amount CETHEB nd  BRG TS FBPESt RbRvee ddfss and Lce
dief n aratjon of polyners
o S Sary ey EERRLEY 30X %lﬁreélp(?lxy?ﬁfér Yogs properties.
f F A MPLE 10 sh
ﬂha%bﬁgééﬁFeggéggkﬁAon1a Eg§g¥gﬁ nﬁPﬁa§|§ﬁ°%hg£g¢na resin
0 n_o he t ot al nt of POB and BON6 to
e B ot e b0 DB Ra D60 Mol shuePE soRRE bicpmpr e

oy L not provi de enough heat
re5|%%an@89£y ??he@ﬁg Q%Bugﬁoﬂh@Iﬂﬁmqmﬁélﬁ@mbbwatlon

LYE %EO XAVPLE 4 exhlblted hi gh heat
reS|stance aPery SPS|PFH§ S5y AT 2 Tir BORasnd BONG6

B Sopbhan Bt SRR, o o rol e i,
é}é§$@%tlgn A‘lI%Hldéggﬁﬁfﬂglngpgéﬁiﬂg?;zggyég1gﬁgree 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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defl ection tenperature under |oad (DTUL) of 290-340C
the difference between the DTUL and the crystalline

melting 5 tenperature of the liquid-crystalline LLOYD WISE

pol yester determned by differential scanning

calorinetry is equal to or Ie§§ than 40C, and whi ¢h

i s obtainabl e by subjecting a’’prepol ynmer consisting

of the repeating units of formulae (1), (Il), (IIl)
53IMPy): (1) PCol /[ (I1) g 00OO0(lIIl) r CO
COo()::) S (IV), 10 wherein, p, g, r and s represent

Fel ative mdl arlisrosbratnysialling opobyesterrepwhichg has a
units in the prepolyner and satisfy the follow ng

A6t AtIckd one ¢ caperq tareg woleps koad <(BTUB) 10fr 220-380® “C; the
11 s 20 LLOYD WSE 38 (p+q+r+s=100) to heat

diéierenceat boPe835ChendBTULnamtd gabeat copphel Pine melting
temperature of the liquid-crystalline polyester determined

by differential scanning calorimetry is equal to or less

than 40°C; and which 1is obtainable by subjecting a
prepolymer consisting of the repeating units of formulae

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

Ot o
—1—CO
q
_TO‘OO l (I11)
ING®
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+q = 78

0.05 =

1Q
IA
w

11 = r £ 20 and

IA
IA
N
o

11 s
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or under reduced pressure in a substantially solid
state for 3-20 hours. 5 2. The quuid-cryﬁtalline

ol yester according to Claim1, wherein the

grygtalline nelting tenperature which is determ nedLOYDWISE
by differential scanning calorinmetry is 320- 345C . 3.
The Iiquid-crystalline polyes?gr according to 10

Claiml or 2, wherein the nelt viscosity of the

pr epol A T fstiddli ned at a tenperature 20C hi gher
than the <crystalline nelting tenperature determ ned

Bye dhedier EneREMenscantni 3 <33 TIA metder | $nérd0gRs. sitmbsphere
A liquid-crystalline polyester conpositlon_ 15 .
hpriRdehg reducesr teransuRs ght of sWestantially solid state
| iquid-crystalline polyester according to any of

dF s 20 houw$ 0. 1- 200 parts by weight of a fibrous,

| amel lar or particulate filler and/or reinforcenent.

2. The |i qifihg crlyistudld-iony sgelljdsteer podiyeatietri orcc2ding  to
according to Claim4, wherein the filler and/or
(digiforlcermmréin gtlasscfybeallfne Thelting temperature which
liquid-crystalline polyester conposition according to
disaidntemrirgd Werdl hif ¢hentdisil estanning eoptoaitetry is 320-
under | oad of the conposition is 290-340C. 25 7. A

#dlsded article obtainable by nolding the

I iquid-crystalline polyester according to any of

@.ai ms 1- 3Thel OYDqWiSEcr$8talline 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 ligquid-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 ligquid-crystalline polyester composition
according to Claim 4 or 5, wherein the deflection
temperature 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.
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8. A nolded article, which is obtainable by nolding
the liquid-crystalline polyester conposition
according to any of Clainms 4-6. 9. A nmethod for LLOYD WISE
preparing liquid-crystalline 5 polyester which
conprises the steps of: polycgndensing nonomer s whi ch
provide the repeating units P forml ae (), (1),
\(79|n”) and (I1V) _respectively under a condition in

i ch the Hi gReddedpopytdadensi nhicbnpenst ur ®bitainable by
310-360C to_give_pellets of 10 prepol yner consisting
ol epbhei ngliahid-orysbahliine (PP1y¢stdr (Iddyposition
and (IV) : [COO (I PCOI / / O(Il) g O0O0C(Ill)
_CCOrddmg tg 3(I1Y\/)Of) £haharei4r6.p, g, r and s represent
relative nolar proportions (nmol % of the repeating
Fnits in tRe rasithoshd $at sf prdparifig | odiirmid-crystalline
formulae: 15 60 < p + q 78 0.05 < q 3 LLOYD WSE
polyester which comprises the steps of:

polycondensing monomers which provide the
repeating units of formulae (I), (II), (III) and (IV)
respectively under a condition in which the highest
polycondensing temperature is 310-360°C to give pellets of
prepolymer consisting of the repeating units of formulae

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

:
__O‘QO ’ (I1D)
il T

co . (v)

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

following formulae:

A

60 = p+g 78

A

0.05 = g 3
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40 11 r 20 and 11 s 20; and subjecting the pellets of
prepolyner to heat treatnent at 250-335C under an
inert gas atnosphere in a 5 substantially solid state
for 3-20 hours. 10. The nethod according to Caim9,
wherein said pellets are colymar with circular or

el liptic cross section haviné cross section dianeter
(when cross section is elliptic, major axis of cross
secti d) Bfr255-20 (amdn and 10 pell et | ength of
2.5-5.0 mm 11. The liquid-crystalline polyester

accor dilncSte =020 mamdwherein the prepol yner is
prepared by polycondensi ng nononers whi ch provides

t he repeat iSW®Iigeitiag (Ehe- peVletaderft herepriténn il heat
whi ch the highest reaction 15 tenperature (Tmax) in
threasoleptorrden3dal + 351G BideB368f. ih2rtThfd | gtindsphere in a
crystalline polyester according to Caim1ll, wherein
ﬁﬁéséﬁw§ﬂ&ﬂﬂwhéoﬁéﬁtEﬁgtpoﬁnt BTrp bdbutdse prepol ymer
determ ned by differential scanning calorinetry is in

tRe range fThem Maixed 0Gccorfimgt10€, Glrdint he, nellie2din said
viscosity of the prepolyner determ ned at a

pedpetst uree 26Clhingber whah t bércuyatal birneemlibitig cross
tenperature determned by differential scanning
sakbipnethayiirgy Sekdss PaestidR. dAakietdird- cinest abtbB8 section
pol yester, which is 25 consisting of the repeating

umi edloptlk), maliby axfkl bf apdss section) of 2.5-4.0 mm and

pellet length of 2.5-5.0 mm.

11. The liquid-crystalline polyester according to
Claim 1, wherein the prepolymer is prepared by
polycondensing monomers which provides the repeating units
(I)-(IV) under the condition in which the highest reaction
temperature (Tmax) in the polycondensation is 310-360°C.

12. The 1liquid crystalline polyester according to
Claim 11, wherein the crystailine melting point (Tm) of the
prepolymer determined by differential scanning calorimetry
is in the range from Tmax-40°C to Tmax+10°C; and 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.
13. A liquid-crystalline polyester, which is
consisting of the repeating units of (I), (II), (III) and

(IV) :

LLOYD WISE
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(I'V) © LLOYDWSE 41 COO0 (1) PCOcio-_]q (Il) 00

(rrr)y r cO col /I s (V) wherein, p, q, r and s

represent relative nmolar proportions (mol % of the LLOYD WISE
repeating units and satisfy the follow ng fornulae: 5

60 < p+tqg 78 0.05 <q 3 11 r 20 and 11 s 20; which is
characterized in that: 10 the deflection tenperature

under load (DTUL) is 290- 340C, and the difference

between the DTUL and the crystalline nelting

tifFfrature of the LCP determined by differentia

scanni ng orinmelry is less than 40C 15
co~®»o 0
p

0 l (I11)

—T1CO0

L q

[
—1 0 0 (111)

L r
ING O

Co s (IV)

wherein, p, gq, r and s represent relative molar

proportions (mol %) of the repeating units and satisfy the
following formulae:
60 = p+g = 78

0.05 = =3

A <

11 £ r 20 and

11 s

IA
A

20;
which is characterized in that:

the deflection temperature under load (DTUL) is 290-
340°C; and

the difference between the DTUL and the crystalline
melting temperature of the LCP determined by differential

scanning calorimetry is less than 40°C.



