LIQUID-CRYSTALLINE POLYMER AND MOLDED ARTICLE TECHNICAL FIELD The present
invention relates to a liquid-crystalline polymer with a high thermal conductivity and molded articles
which are produced by molding the liquid-crystalline polymer. BACKGROUND ART Liquid-crystalline
polymers capable of forming an an isotropic molten phase are known to be a material of which
dimensional accuracy and damping property are excellent and the amount of flash generated during
molding is considerabjy less arpong thermeplastiowesinsitdereiofore. sueh tiamid- crystalline polymers
have often been used as a material for various electric and electronic parts on the basis of these
advantages.  However, in recent years, there arises a problem of heat dissipation inside the parts
-etc. while the parts have become lighter and more compact. Therefore, molded articles imparted. with
heat-dissipating ability are required. In ofdériivtindgart thiefeat-dissipating ability to the molded
articles, thermal conductivity of the molded articles should be increased. A method for improving

moldability andF FerRie eBnEUCIVIEF by GBI AltRiina with a TRrein pamftié didmeter to a

thermoplastic resin is disclosed as a method for increasing,the heat condugtivity of the.molded articles
dissipatirig-aifity) b"ﬂ/lihidlu%liihgl %e t%]%?r%% ¢con é%t“f\%%%ikﬁ% hegr.ilﬁ%pnlqe{))spt%rges\%ns gfscggfﬁler. A method
for obtaining molded articles with a copdugtivity by malding:a compasition: atthesmantastic resin is also
proposed inich graphite is compounded v thermoplastic resin (Patent Document 2). The molded
articles are imparted with high thermal conductivity (neat dissitatin ability) by including the graphite
with high thermal conductivity into the composition of thermoplastic resin. A method for obtaing a
molded article with a thermal conductivity®3yhraldifigla tBmposition of liquid-crystalline polymer is also
proposed, in which a certain fibrous thermal conductive filler' angl %gertaina -like, spherical or

iregularheat-coREUGHERIET Hré TonfAHd&F i cSmbiation® rming an

anisotropic molten phase arse known to be a material o wWnich

i-h

dimensional accuracy and damping property ars excellent and
the amount of flash generated during molding is considerably
less among thermoplastic resins. Heretofore, such liguid-
crystalline polymers have often been used as a material for
various electric and electronic parts on the basis of these
advantages.

However, in recent years, there arises a problem cf heat
dissipation inside the parts etc. while the parts have bacoms
lighter and more compact. Therefore, molded articles imparted.
with heat-dissipating ability are reguired. In order to impart
the heat-dissipating ability to the molded articles, Thermal
conductivity of the molded articles should be increased.

z method for improving meldability and thermal
conductivity by adding alumina with a certain particle
diameter to a thermoplastic resin is disclosed as a method for
increasing the heat conductivity of the molded articles

(Patent Document 1). It is allegedly said that the molded



u the liquid-crystpolymerent Document 3).  {Patent Document 1] Japanese Unexamined Patent
Application, Publication No. 2002-146167 A[Patent Document 2] Japanese Unexamined
Patentpi{catioh, Publicatron No. 7006-257174 ~ [Patent Document 3] Japanese Unexamined Patent
Aoplication, Publication No. 2008-133362 DISCLOSURE OF THE INVENTION Problems to be Solved
by the laventic. As deseribed abpwed, ThdtHods Tofiacll ngeefilles Lhightheriial Conductivitytinto a resin
composition of a material to be molded for the purpose of obtaining molded articles withthermal
conductivifFhiave-beén disclosed! These Patétt Doeumehts distiose t¥chinologies for imparting high
thermal conductivity to the molded articles by a fill. er with high thermal conductivity. — The
techno|65i%€?6‘r1c6%8’dﬁ&ih§%ﬁé’fiHe’}ﬁtﬁﬁWt%@ﬂﬁ&l%ﬁdﬁ%ﬁﬁ&%o%ﬁre%mmatee alis publicly
known as explained above, tlow%\@_rga 'ghermrggLag;ic resin y\{ithcthermgl_cogldygg\(,jlgygqan be developed,
the thermal condUctvity of rolded articlest be increased é’tﬂI“r“ﬁ“c’)?e.%‘éﬂiquid—‘c‘r’fsfé‘lﬁne polymer s
nown tobe materidl: ., 1, 2nplona accuiacy gl damplog proper afe.excand the.amount of flash
generatéd (ﬁmng mol”oﬁ/ng s considerably less among thermoplastic resins. Therefore, liquid-crystalline
pdymeﬁ@“gb&@£Q%g@%QBn%ﬁﬂWE¢@HQﬁ%@gf%Ba@@UE%mpoundgd with the

thermonlastic resin (Fatent Document 2). The molided articlies
are imparted with high thermal conductivity (heat-dissipating

abllity; by including the graphite with high thermal
conductivity into the composition of thermoplastic resin.

& method for obtzining & molided article with a2 thermal
conductivity by molding a2 composition of liguid-crystalline

polymer is also proposed, in which a certain fibrous thermal

Publication No. 2002-146187
‘Patent Document 2] Japanese Unexamined Patent Applicats
Publication No. 2006-257174

Patent Document 3] Japanese Unexamined Patent Application,
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As described above, for the purpose of increasing the thermal conductivity of molded articles, the 1' id-
crystalline polymer with higi mai conductitrequired. tis further necessary to take into account the
properties of molded articles, otherthe thermal conductivity, suc easy of production of the
licuid-crystalline polymer including possiity of melt polymerization and higher meehen strength of
moldedarititles farithe purpostofapprordiate application as @omaterial forractdaldparts. The present
invention has been made to solve th..e problems 4 described above; and embodiments of the present
inventionaseekits providea Muidierstalling pelypefwitich siedsily produced andRéds high thermal
conductivity and molded articles which are formed of a composition of liquid-crystal resin containing
the liquidicrystafime"pdlymer-8hd haFehigh rethancal propertied SMeaRE forSolvingthe Problems
The present inventors have thoroughly investigated to f§_rglyeqthe problems described above. As a
result, ithasBeertfotnd thataTiglidscrysaline polymer formad by polymerizing monomers having an
asymmetrical moleculay structure,.in which enthalpy of fusion LH measured. by way.of DSC
(Differerﬁié?%é%ﬁ%Tn%GCalbﬁrrhge%ﬁ’/) Ts’ gr“ebétehroth;ln egr%oq[]aéﬁg 20 %}ggﬁgﬁle%be%{vgfé%fgﬁd less than
or equal 10.10 J/g, and,inherent viscosify.(L.V;).is greater than or equal to 5 dl/g and less than or equal
to 7 dl/g, increases the thermal conductivity of molded articles, thereby completing the present
invention. More-specifically, the presentinvention provides the-following: +: imaifirstaspect, a
liquid-crystalline polymer formed by polymerizing monomers having an asymmetrical molecular _
structure-isspruideds iwhich-enthalpy of fusien L Hrmeasured byway.of BSCisigreater #ian or equal
to 2.0 J/g and less than or equal to 10 J/g, and inherent viscosity (1.V.) is greater than or equal to 5 dl/g
and lesssthan of eguaktoodlyy. howeeerding fo a secenthaspect 'of therpresentinviention, the
liquid-crystalline polymer according tofirst aspect,

thermal conductivity can be developed, the thermal

and the amount of flash generated during molding is

considerably less among thermoplastic resins. There

iiguid-crystalline polymer with hign thermal conductivity is

thermal conductivity of molded articles, the liguid-

crystalline polymer with high thermal conductiviiy Ls raguired
It is further necessary to take into account the properties of
molded articles, other than the thermal conductivity, 3uch as

possibility of melf polymerization and higher mechanical
= P - PR
strength of molded articles IZor tThe purpesse O appropriate



the monomer having the asymmetrical molecular structure is at least one selected from a group
consisting of 4-hydroxybenzoio acid (HER), 6-hydro y 2-naphthoi acid (HNA), N-acetyl-paminophenol
(APAP), and 4-hydroxy-4'mnipmenyloarboxylic acid (H BOA)  According to a third aspect of the
present invention, in the liquid-crystalline polynfer according to the first or second aspect, the
monomer having th.e asymmetrical molecular structure includes greater than or equal to 0.1 mcli and

less thap ot equalio,30,101% of amonemeLliaying:a ik elieAdsprdiioadauibaspect of the

present invention, --crystalline polymer according to the third aspect, the monomer having the

kink S%@WE@&@ZOAC 2l BERA) o S1hydraxys2nanbihcie acid. (HNA) 41 a+ifth aspea

liquid-crystalline poivmer is providedwhich ne a erage lattice spacing, calculated using the Bragg

equatigh-fem-aetiofReakaiginalingor adace Cokjebsenethinanvcingdy @¢29z18 indasured way of

awide-angle X-rayon measurhod using a sample prepared by annealing a molded article formed of the

li-mMdgrgrys el re pohyrmerkaccbrdingdmany of thefirst td f-qurth aspgetsdér 1@ aiinutes under

conditions of the melting point (Tm) + 20C, is greater than orto 4.0 A and | as than or equalto 4.5 A. 6
containing the liquid-crystalline polymer and have high

mechanical properties.

Means for Solving the Problems

The present inventors have thoroughly investigated to
solve the problems described above. As a result, it hag been
found that a liguid-crystalline polymer formed by polymerizing
monomers having an asymmetrical molecular structure, in which
enthalpy of fusion AH measured by way of DSC (Differential
Scanning Calorimetry) is greater than or equal to 2.0 J/g
{(joules per gram) and less than or egual to 10 J/g, and
inherent viscosity (I.V.) is greater than cr equal to 5 dl/g
and less than or equal to 7 dl/g, increases the thermal
conductivity of molded articles, thereby completing the
present invention. More specifically, the present invention
provides the following:

In a first aspect, a liquid-crystalline polymer Iformed by
polymerizing monomers having an asymmetrical molecular
structure is provided, in which enthalpy of fusion AH measured
by way of DSC is greater than or equal to 2.0 J/g and less
than or equal toc 10 J/g, and inherent viscosity (I.V.) is
greater than or equal to 5 dl/g and less than or equal to

dl/g.



Effects of the Invention By preparing molded articles using the liquid-crystalline polymer of the
present invention, the molded articles of which the average lattice spacing, calculated using the Bragg
equation from a diffraction peak origiig on a face 110) observed in a vicinity of 29=19 measured by
way of a wide-angle X-ray diffraction measuring method, is greater than or equal. 10 4.0 A and less
than or equal®™ 5% Ban b8 GhtdiRed Sint8 ki avérags Tattité $pating can He-arranged within the
range described above,molded articles prepared using the liquid-crystall e polymer of the present
nvention frave-tRermaldoftiuttivity: n %gé&fglﬁlétaﬁlﬁé%ﬁo{?“rﬁ%r of thénp"rege%ﬁﬁveangi%h?ﬁie enthalpy of
fusion LH measured by DSC is greater.t equal.to 2.0.J/g and less.than or egual.to.10 Jig, and
the average 1attice spacing Tsngreé%[le“r t gr\?%f édﬁéﬂ%G 4.%%%]’16%628 ti%nhgr equal tg E4.5 A. As a
result, the mblLdeed articles ofe presgntinyention can.he. provided with high thermal-conductivity as
well as sufficient mechanical strength.  In"the liquid-crystalline polymer of the present invent the
inherent visgosityis. greater.than-gr.eatia;dlig-and-less thansoriegual fo 7-dl/o=Therefore, the crystal line
polymer of the present invention can be appropriateJA produced by a molt polymerization method.
result, the melded articles.cam be easily produted:: G’ 1is ardrawing:torexpiain @ mondmer having
an asymmetrical molecular structure: IA is a drawing showing a case in which the molecular
skeleton #symmetrical hut the molecular structure is asymmetrical when substituents are taken into
account,, drawing showing a. case in which the molecular structure is asymmetrical since the
molecular skelston jteftasymm.etrical and TG 5 a Brawiiig t6 €xpriira Miolééilarskeleton;

& menomer having a kink structure.

the liguid-crystalline polymer according to the thlrd aspsct,
he monomer having the kink structure is
-,

(3~HBA} or 6-hydroxy-Z-naphtholc acid (HNA).

. PR - e
In & fifth =aspsct, & ligulc-crysta

= -~ = £ g B g e = 11T at ~
using the Bragg eguation from a diffraction peal Ooriginating
+ <1 R 4 S i ~F So=n 0@ mezsured b
on & face {110) observed 1n & VICINITY 0L L9515 Measurec oy

sample prepared by annealing & molded article formed of the
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liguid-crystalline polymer according to any oI the first to



in which an! aromatic is a bancene ring, for example;a FIG. 3 is a drawing to explain a kink structure
an a case which an aromatic is a naphthalene ringexample;  FIG. 4 is a drawing to explain an
aromatic.dicarboxylic acid having a ink structure; awing to expl ai.n an alicyclic
dicarboxyl acid has', 'o a kink structure; and ELL7,. O is d drawing to exrlain an ali ink structure.
PREr.RREE:MODE. FOR CARRYING OUT THE INVENTION The present invention. sl- ained with
respect to embodiments thereof below. The resent invention is not limited to the invention described
below. LiquicEeryB-aichheeligii <3§stabiohrher st tH brésent mvention as-8mdlécdlal Structure and
characterized in that the enDv of fusion LIS!. measured by DSC.is greater than or equal.tg,2.0 and
lessan BF &40 g ard Bie hher Bht Viscosity T MOLdsT articies bt AWHaEE

the average lattice spacing, calculated using th

& Bragg
£ - P o £ [ e \.
equation from a diffraction peak origlnatlng Oon a Lace {1107

angle ¥-~ray diffraction measuring method, 18 greater than or
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.
- “ R . - n e o 1
less than or egual to 4.3 A. As a res

of the present invention can be
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conductivity as well as sufficlent mechanical strendgtb.

In the liguid-crystalline polymer of the present 1nvention,
thes inherent visceosity {(I.V.,} 18 greater tihan or sgual To D
di/g and less than or egual TO di/g Therefore, the liguid-
crystalline peolymer cf the present invention can pe
approprlatsiy produced DY & melt polymerization method. As a
resul%t, the molded articles can be easlily produced

BRIEF DESCRIPTION OF THE DRAWINGS



(1.V.) is greater tha cm r equal cm 5 dlig and less than or ecfuaLL. o PhOd-crvstalline poindicates a
: meit- Processable polymer which has a propert eapabU of forming an optical anisoteroic molter phase.
The property of tne anisotropac molten phase can be confirmed by a conventional polarization
inspection method using an orthogona polari More specifically,anisotropic molten phase can be
confirmed by Usihgzlpolarizing rrieroseope ahdrTusser-a moltel samplé’ 8A% Eéitz hot stage at a
magnHficatHon ratio of 40 times under nitrogen atmosphere. When the liquid-  stalline polymer
applicaBle\i8tHé présent Tsvettioh-slinspect €d-Bétween orthogonal polanizes, polari transmitted theret
rough. and optical anisotropy ispnteq even in. a molten stationary _The liquid-crystalline polymer of
the present inventicn fs Preparetfby Polymieri & aidhomer HAVING an asymétricarmolecular
structure, The Jiquirystaflin polymers,(4) below may be exempli .. .. Polyesters mainly composed
ef one or combination two Of moré of aromatic hydroxvcarboxyllc acids and derivatives thereof having
an asyrmelrical moleculay structuge; The, presentinyention s, characterized jp that:gsmonogmer 9
having an asymmetrical molecular structure is used. The asymmetrical molecular structure is
exemplified py,two-casescie. 2 case-where the-moleculan skeleton:is symmetricak; but the molecular
structure is asymmetrical when substituents (.1k1,

asymmetrical since tThe moiecular skeleton 1tsel”

is
ssymmetrical, and 1C is a drawing to explalin a moiscular
skeleton;
FIC. Z is a drawing to explain & kink structure in & case
in which an aromatlc 18 & henzens ring, for exampie;
FIG., 2 is a drawing to e¥plain a kink structure in a case

. I i PR N - [N | — R R T e e
in which an aromatlc 1s & naphthelene ring, I0r @Xamoie;
FIG. 4 1s a drawing to explain an aromatic dicarboxyilic

i¢ heving & kink structure;

il lic
i 1 o e - 1
aczid having a kink structurs; and
FIG. © i & drawilng to eX¥plsain an ailiphatic cicli having &

PREFERRED MODE TOR CARRYING OUT THE INVENTION

Liguid-crystaliing polvmer
| R LR N T N 7 . = [ O I e N
The liguld~crystailine pelymer of the present inventlon Ls

PR - 1 - -~ oo Tra " . v e o |
nrepared by polymerizling & monomer having an asvmmeiricas
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are taken into account as shown in FIG. 1A, and a case where the molecular structure is asymmetrical
since the oiecuaar skeleton itself is asvmmetricg.i as shown in FIG. IS su,s-ituent). Here, the
molecular skeleton is defined taking into account the position of substituents. For example, in the case
of the molecular structure of FIG. IA, the moleskeleton is shown inG. IC  Itis preferred in the present
inventior it the morioris having i as3rmétriearmoleetlat Strubfite tORtaiea teRdinamount of a
monomer having a kink structure. structure in the monomer indicates a change of direction of
molecufarchain fioRGmer-eehnecting directioRy iftheTiqitf2erystalfifie polynierkink sctare is further
exolained using the example where the aromatic, is a benzene ring..In the case of aromatic
hydrox§éatboxgiic acids: a polyihar is fo‘fmér@ by lgdndTr?g8 Wftﬂgotﬁ%rnrﬁbﬁgrﬁeé gf’é}e%gi% sites of
hydroxy graup and carboxyl aro= Thergfore, he manorer:ith the, stryctuite shown by FIG, T)pterms
of positional relafion 6f nvd oxy croup n= carboxvl group is a monomer of a kin.k structure. The reason
ft that t@%ggppq‘_n&erfpa& change the monomer-connecting direction from the arrow al to the arrow al as
shown in FIG. 25. 10 monomer of a kink structure. The reason is that the monomer can change the
monomer-connecting direction from the arrow @3 tadhe amrow-a4 as shownFiG. 20. One other hand,
the monomer with the structure shown by FIG. 21 is not a monomer of a kink structureThe reason is
that thegnonemer-connecting-directiondoesatot:change:from the arouee Sasishownin FIG. 21.
Nexthe kink structure is further explained usdn, the example where the aromatic is a naphthalene ring.
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optical anisotropic molten phase. The property oL Lne

anisotropic molten phase can be confirmed by a conventiona
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= molten sample on & Leitz hot stags at a magnification rATLC
of 40 times under nitrogen atmosphere. When the llguld-
crystalline polymer applicable tce the present invention 1s
inspected between orthogonal polarizers, polarlized light s
tranemitted therethrough and optical anlisciropy 18 exnibited
evern in & moliten stationary state

The liguid-cryvstalline polymer of the present 1nventlon 1S

moliecular structure The liguid-crystalline poiymers (1) to
(4} below may be exemplified.
= Polvesters mainly composad of ong 0r Ccombination oI
v - P “



The monomer with the structure shown hr IC. 3A inrms of positional relation of hydroxy group and
carboxyl groum is @ monomer of a kink structurg. The reason is that the monomer can change the
monomer-connectino direction from the arrow di to the arrow t42 as shown in FTC. 33. The arrow bl
and the arrow b2 may be considered as the same direction, however, the monomer connecting
directiomsis pagalkel-shiftettoyr Ab aslsHowreirRAG. 801 Fie diféctiohal6f§ cccardliel s such a way is
encompassed by thetion mole 4,a- cdd(monomer-connecting:reccion) in. ne liquid crystalline pol

The merameEwith fie sifGetafé sicwF hF ETEX 3D ishif #idHomer-dta 7¢. TiHE rédsons that the
monomer can change the monomer-connecting d.irection from the arrow to the arrow in_as shown in
FIG. 370 2 - The TRoRoMBF W th thé sttcture SAoWA Bm ETE 315s 3ld8 & 'r“'rTo"‘“h‘bcr‘ﬁérV\é?da‘“kink structure.
The reason is thate monomer can cha.monomer-connection frdd the arrow bf.), 11,to the arrow b6 as
shown Wﬁlé@ﬁ@ﬁ@tﬁé ottier hiand: %he‘moﬁb\rﬁrgrl%fh*maelst%éfdie%ﬁ%v%qﬁyuét%k‘%‘ﬁot a
monomer of a kink structure. The reason.is that the monamerconnegting direction.does not change
from the @rrow b7 as shown. in FIG. 31. ~ In regards to the aromatic hydroxycarboxyicc acid h.aving
an asymmetrical molecylar. structute, conventional opes-may-he used.<The-aromaticoxycarboxviic acid
may be exemplified by hydroxybenzoic acid and ester derivatives thereof and hydroxynaohthoic acid
and estgr.derivativesthereof.on, Mote specificallyythe-campeundssbelaw.may berexemplified:
hvdroxyben .oic acids such as 4-hydroxyhencoic acid and 3hydroxybenzoic acid,

[ ; ; i e i 1 el ot L e AaFirnad with
(R: substituent). Here, the mclecuiar sxeleldOn 15 AslinéG w.lh

taking into account the position of substituents. FOor examp.ie,
ip the case of the molecular structure of FIG. 1A, the

T+ is preferred in the present invention that the moncomar

having an asymmetrical molecular structure contains & Ccert

amount of & monomey having a £Xink structure he kKink
s-ryucture ‘n the monomer indicates a change of direction of

molecular chain {(monomer-connecting direction; 1n the lldguid-

e I —
crystalline polymer
he il SJeture is Further explal | Uusing the example
The kink structure is further explained using the example
41 - o . e - - o~ T e o oe ~F ot —
where the aromatic is & benzene ring In the case of arcmatic



alkyl-substituted products of hydroxybenzo - acid such as 3-methv1-4-1"' 0 oenzoic acjd, 3,5-dimet
7-4-hydro ymenzoic acid, and 3,6-dimethvl- -hvgroxybenzoic acid;  alkoxv-substiruted products of
hydroxybenzoic acid such as 3-mean y-4-hydroxybenzoic acid and 3,5-dim hoxy hydroxvbenzojc acid;
halogen-substituted products of hydroxvbenzoic acid such as 3- nioro-4-hydroxybenzoic acid,
2-chloroRydroxyberizdic BEdE-dirRbro-&-nydrogvbeizdiiacid, 3 aihydrs /BEn26iEHTid,
2,5-dichloro-droxvbenzoic acid., and omo-4-hydroxybenzoic acid; . hﬁ/dr%ggapmﬁhqip acids such as
6-hydrG:&2-Paphfi fc 468, 7Hydrsxy-2-nabRthot seid: andiyaroxynaphthor acid® aikyl -stbstituted
;products of thVQL(XD@(‘FrLtQCQ acid such as 6-.12 hydrox7-5-methyl-2-naphthoic acid;
alkoxy-'su'bétﬁﬁteﬂ*ﬁrbm ucts ocf“‘hyarb%(yﬁaﬁﬁthbfck’écid slch as 6-hydroxy-5-methoxy-2-naph oic acid;
and halogen. ssubstituted products of hydroxynap hoic asuch as.6-hydroxy:5:chlore:2:naphthoic acid,
6-ho,v-7-chJere-2- naph oic acid, and 6-hydro7-dichloro-2-naphthoic acid:.  Among the compounds
described above, the compaunds-having akink strugture-are 3-hydroxybenzeie a€id; 6:hydroxy-2-
naphthol acid, 7-hydroxv-2-naphthcdw acid, 6-iy o -6- naphthoic acid, 6-hyd o y-5-mez-naphthoY

hydroxy-5-nethoxy-2-lapithdic ased.6-hwdroxy-banaphthoie acid, Hhydroxy:tpro-2:naphtheic acid and
6-

1]

— N 3 T e T
TTow &5 as shown 1n FiG. ZEF.

{1
3

example where the aromatic

L 3 . e 1n s @b . oy T 2T G oo e
The monomer with the structure shown by DIG. 32 1n TeIms

a monomer of a kink structure The regson 1s that tThe monomer

can change the monomer-connecting direction from the arrow bl

to The arrow k2 as shown in FIG. 3B The arrow bl and tns
rrow b2 may bs considered as the same diresction, nowever, the

MONOMEer—ConnNecting GlrecTion

i 4 T S T 3 =3 = IaT] otk maral ial o shi TT
shown in FIS. 2C. The directional change Dy tThe paral . it

in such a way 18 encompassed by the “change of directlion of
nmolecular chein (monomer-connecting direction) in the 11guid-
crystalline polymer”

The monomer with the structure shown by FIG. 3D 1s also a
monomer of a kink structure. The reason is that ths monomer

can change the monomer-connecting directlion Ifrom the arrow D

to the arrow b4 as shown in FIG. 3%
The monomer with the structure shown by FIG. SF ig also a
monomer of & kink structure. The rezson s that The menomer

carn change the monomer-Connecting CdLYyeCTlon Zrolm Cne arlfrXow 2o



hydroxy-5,7-dichloro- ddphthoic acid. (2) Polyesters macomposed of one or combination of two or
more of aromatic hydroxycarboxyll aci.ds and: derivative's thereof having an asymmetrical molecular
structur (2-h), one or combination of two or more of aromatic dicarhoxylic acids, alicyclic dicarhoxylic
acids, and derivatives thereof having an asymmetricalcular structure (2-B), and one or combination, of
two or fmoré BEaforatt ok SaliRyeit diols, affhatictials, and derivatives thereof having an
asymmetrical rpo!mecylar:*strugtuhre (2-C);. _The aromgti,q_.'h%/,.gr@%/gar 0%}{!:; %%igs S‘Qd ~v\gIIg:ri{y@tives
thereof havingan-&a$yrimetiical fittecutar stilictir8may be exemplified by onés similar to those
described, above. . _ In recards to the aroratic Jicarboxvic.acids. alicyclic di caacids, and derivatives
thereof havingan 13 asymmetrlca(f moecuar structurearomati- dicarnoxyl acids and alicyclic
dicarboxylig acids aye explained in.arder; ., , The aromatic dicarboyyli- acids-/pay bedhose h.aving an
asymmetrical molecular strurture. The mealthe asymmetrical molecular structure is the same as
described abgve It is.alsg preferred:n the present invention that tha monomer having an asymmetrical
molecular structure contains a certain mount of a monomer having a kink structure. The kink structure
in the monomey. indicates a change=of-direction of mplecularchain (ménomer-connectigadirection) in
the liquid-crystalline polymer as described above. The meanfrlg of the kink structure,-"I- 4same as
described abeve;simply-explainedrelation totthe exarmple wheve the-aromatic’is a Berizen® ring below.
kink structure is further explained using tha example where the aromatic is a benzene ring. In. the
case of asematic Hicarbsxyliocacids, a peRjinet I formed by Bondifg X witlk ofHer Thondmérs at two sites
of carboxyl group. Therefore t o L .
by hydroxvbenzoic acid and ester derivatlives T

reci and

jon
[}

1y, the compounds below may be exemplified:
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3-methyl-4-hyvdroxybenzoic acid, 3,5-dimethy -4-DYCQroxXybenzoicl
acid, and 2, 6-dimethyl-4L-hydroxybenzolic aclid;

nalogen-substituted products of hydroxybenzoic acid such
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as 3-chloro-4~-hydroxybenzcll acida,
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loro-i-hydrowybenzoic acid, 2,S-dichloroe-4
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drowvbhenzoic acid
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S-bromo-4~-nvoroxybenzolic aclay

nydroxynaphthoic aclds such as &-hydroxy-Z-naphihoic acid,
T e ’ T Vot e ne G-hvdroxv-l-nanh-holc acid;
Penvdrowyv-Z-naphithoelic acid, and o-hyaroXy-—i-naphticlT dcld:

alkyl-substituted products of hydroxynaphinolc acid such as o~



monomerthe structure shown by FIGs. 4A, 43 in terms. positional relation of two carboxyl groups is of
a kink structure. In the structure shown by FIG.14P, the monomer- connecting direction can be
changed from the arrowto the arrow c2 (see FIG. 40)! .In thim structure shown byi-1

43, t, monomer-connecting dircction can also be changed from the arrow c3 to the arrow c4 (see
7-1(2. B0F RREESsaryhe MORGmeT Formifg the'ligi“14 is asymmetrical.s shown in FTGs. 4A, 443,
these monomers have a molecular structure line-symmetric_in (elat'ion%:) the dot-line in the figures.
Therefore, sith moRomers héﬁiﬁ%“aés%s?i¥ﬁechTikg those shown by FiGS. 4k, 4F are keééssary (F,
andPIG_s.subs;giI ugrét}s;)v,_Q;rl'ntQQRggg\;",hgnga@gtrggggmgg;\ivgpPagchture shown by FIG. 40 is not of a

o

kink stricture. The reason is that monomer-connecting direction does not change from the arrow as

shown in FIG, 4k, . Specificiexamples gf the aromatie di-carboxylicacishinclude-2 6-naphtalene
decarboxylic acid diphenylethpr-3,3'- dicarboxylic acid, dibhenoxve ane-3, 3' -dicarboxylic acic
dipienoxvethane-3;3 sdicarbexyl-c:acid, diphenane-3, dicarho,y-e acidsand 7-chlioro-2-
naphShalene-2,6-dicarboacid;

naphthoic acid, and é-hydroxy-5,  -dichloro-Z-naphtholic acid.
among the compounds described above, the compounds having
a kink structure are 3-hydroxybenzolc acid, &-hydroxy-
naphthoic acid, 7-hvdroxy-Z-naphthoic acid, e-hydroxy-1-
naphthoic acid, 6-hydroxy-5-methyl-Z-naphthoic acid, 6~

—~

nydroxy-5S-methoxy-Z-naphthoic acid, 6€-hyvdroxy-5-chioro-Z-

naphthoic acid, 6-hydroxy-i-chlorc-Z~naphthoic acid, and ©-
hydroxy-5, 7-dichloro~Z-naphthoic acid
(2} Polvesters mainly composed of one or combination of

dicarboxylic acids, alicyclic dicarboxylic acids, and
derivatives thereof having an asymmetrical MoLeCurar STructure
(Z~-BY, and one or combination of tTwo or mors oI aromatic diols,
alicyclic diols, aliphatic dlols, and derivatives thereot
naving an asyvmmetrical molecular structure [(Z-0

The aromatic hvdroxvcarbexylic acids and derivatives
therecf having an asymmetrical molecular structurs (Z-A) may



hal .ogen-substituted products of the aromatic dicarboxylic ac ds such as chloro-isophthalic acid and
bromo-isobhthalic acid; alkyl-substituted products of the aromatic dicarboxyl acids such as
methyl-isophth iec acid, dimeti sophthalic avid, and et_ ' isotenthalic acid;substituted products of the
aromatic dicarboacids such as metnoxy isophthalic acid and ---,Moony isoC Theicyclic dicarboxvric
acids may BBthosefa d&ymmetriédl moledtiar structure, The’meaning of the asyrmmetrical molecular
structure is Jie same as described above.| 4. preferred in.the present invention that the monomer
having aa(h‘!“é’quyrﬁﬁlectrigﬁlf ﬁ"?BTééuWar%ﬁf’u%ﬁr‘é%?o"“n?é’?La.“§t?l]“ctﬁ Feg- t %tprﬁ\éﬁbhr%grd*i?at%‘?%é‘ofeftion of
molecular chain (mongmer-connectingdirestion) in-theliguid-crystalling. polymer. The-meaning of the
Jcin..k structure, which is the same as described above, is simply expiairied in rel ion to the example
where the alicyclohexane, rind below. s:-The kinksstruetuee isdurtherexpiained in relation to the case
where the alicyclic is cyclohexane, In the case of alicyclic dicarboxylic acids, a p ' ymer. is formed by

acids. The monomer with, the srre shown by FIG. 5A in terms of positional relation of two carboxy!
groups is:of-a kink structuee. Sthepreasen isthat the: mononterean change the mdrioner-éénnecting
direction from the arrow d] to the arrow d2 as shown in FIG. 55. The arrow di and the arrow d2 may be
imaginethas e sarme 'direction AsoWaer ! th-monBmer-conndctifigionis garftegta~ns 2

O

ertain amount of a monemer having a kink structure. The kink
structure in the monomer indicates a change of di:

molecular chein (monomer-connescting direction) in the ligulc-

kink structure, which 1s the same as described above, 18
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The kink structure ig Turther explained using Tne eXample
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Wwhere the aromatic 18 & Denzensg Iing In tne case of aromatlc
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monomers at twe sites of carboxyvl group lherefors, The
2~ o + R St Bl SRR iy mir BT o AT AR o taerm o~
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by 1d as shown In FIG. iron. AS described above,di re cifional change by the parallel shift in such a
way is encomnassed by the "change of directiopa of molecular chain (monomer-connecting direction)
inthe liquid-crystalline polymer". On the other hand, the monomer with the structure shown by FIG.
SO is not a monomer or a kink structure. The reason is Bgat fh, monomer-connecting direction does
not charfgefoRTthe arfdirdl aSShown'ii Fis. 555° - spacific examples of the aiicydlic dicarboxylic
acid include adicyclic dicarboxyicids such as cis-1,4- 16 cyclohexane dicarboxylic acid and I,
3-cyclohek8né %%13?60)%&% %‘C%‘; Tatkyl-; %eoxvﬁéﬁdh%fobeﬁlku%%fuvtg ‘prd"c? ucf)S4 ofatc%()a alicyclic
dicaroaxylic acids,such as frans:1.4 ycyglohexane dicarbaxylic acidand.t.chlorsw cyclohexane
dicarboxmlic acid.” " “Inregardstothe aromatla dials, alicyclicel s, alipi icdials, and derivat es thereof
having an asymmetricak molecular structure (2:(), aromaticidials; alieycli- dials, and-aliphatic dials are
explained in order.  The aromatic dials may be those having an asymmetricab molecular structure.
The meaning;of the asymmetrcalamolecular strusture issthessame as described above. It is also
preferred in the present invent= that the monomer having a kink structure is used. A polymer Is formed
by bonding with ather palymers.atiwo sites of-hydrexyl grolip, and thérualse exist aroimatic’ dials
having a kink structure. In addition, the kink structure has thr same meaning as described above and
may bersimilarly: comsideredds theldromaticrdicarbosylic acids iFpaficule® Speeifie Examples of the
aromatAtc dial include rescreen, 6-naphthalene djoi, 3,3' oinv oxydiphenwl, dihvdroxydiphenY] ether,
I-, or 2nEphtiaens 21 26is6d Kofeyvehenveropafé and2 51 A okvphémiymeth Bjandyialkoxv-, or
halogen- _ B )

‘as shown in FIG. 4H.

] = o ] 14 ~5 A L env et ha I
divhenoxvethane-3, 3’ ~dicarboxylic acid, diphenyiethans-3,3

acid; alkyi-substituted products of the aromatic dicarpoxy:
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above. It is alsc preferred in the present invention that Lnoe
3 . o U o T,
monomer having an asymmetrical molecular structul

: a3 - hasring o kink structurs The
certalin amount of a monomer having a xingd sTructure.  wnhe



substituted products of the aromatlic dials such as chlarohydroquinone, methvihveroquinone,
hutylhydroquinone, phenyihydroquHne e, methoxyhydroduinene, ehenox ydroduinone,
4-chlororesoand 4-methviresorc The a opyclic diols mayof an asymmetrical molecular structure. The
meaning of the asymmetrical molecular structure is the same as described above. A liquid-crystalline
polymeT prefaret by dsing a CErai amotint of & monbmer of & strubtalso preferable i the present
Invention..polymer is formed by bonding with otneb. palymers atci of hydroxyl.group, andithere also
exist afit cilc diols of ag%ﬁk s%)f{l?éfa‘r“e“f %%éﬁﬂé?ﬁfé %%Is rC[ph""eﬁseaérflégrrg'téarfifg\fg égg{jescﬁ?)gd above and
mar bec%imgeﬂ;ig%%d%@%%@e alicyclic, dicarboxylic acids i part color, -+ Specifigrexamines of the
alicyclic diol include alloy dois such as cis-1lonexa ed'trans-1, 4- cyclohexanedimeth ol, cis-I,
pyclohexanethanol .fra 1 3-eyciohexanediobFeycjohemanediol;and rans-l=« ohexanedinanol;, and
arkyl-,oxv-, or halogen- substituted products of the aromatic. dlobs.  The aliphatic dool is not
plarticularty-limrted as leng:as ithasian asymnmetrical molecutar:structure. The meaning of
asymmetrical molecular structure is the same as described above .A liquid-crystalline polymer

prepared. by usierigea amount of a monomer of a kink structurealso preferable in the present invention.
Tinning of the kink

The kink structure is further explained in relation te the
case where the alicyclic ils cyclonexane in the cass of

‘ " . - I " B . -

with other monomers at LTwe Sites of carboxyl group simiiarly
. . K + =

“o the arcmatic dicarboxviic acids. The monomer with CThe

however, the monomer-connecting direction is parallel-shifte
by Ad as shown in FIG. 5C LS described above, the directional
change by the parallel shift In such & way 1s encompassed DY
the “change of direction of molecular cnaln (monomer-
connecting direction) in ths liguid-corystelline polvmer”

On the other hand, the monomer with tThe structure shown DY
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structure, whTch is the same as described above, is sl platned in relation to altic dials having a
structure. The aliphatic dboi havingkink str 18 gxplained in relation to dipropanol as an example. In the
case of aliphatic dials, a polymer is formed by bonding. other polymers at two sites of hydroxyl group
similarly as aromatic dics. The monomer wH th the structure shown by FIG.1,6Aain_terrrr]‘s], of positional
relatior of:- twdr hudroxyHgroups 4 of-d KinkStRICKIrE. The TEaSorPIRAKA! the monomiertanthange the
monomer-connecting aa rection from the --row el to the arrow.e2 as shown in FIG. 63. _. 'On the other
hand, theienamer with the striieture Showh T B! 6078 ot a'mbhomer 6f 4 Kink structure, since

the monomer-connecting direction does not change from the arrow e3 as shown in FIG. 6D.

Specifie ‘exaHiplés of the diiphatic diol fifctide finear of branched aliphatic dials such as
1,2-prooanediol, 1 butanediol, and.neopen Polyester amides;main.ly.compased.of one or combination
two or fiforé bt aromatic mydroxvearbo lic acids and der iva Tes thereof having an asymmetrical
molecu lar structure (3-A), ane or.gombination of.two. or more of arom hvdroxyamines, aromatic.
diamines,c defivatives thereof having an asymmetrical molecular structureand one or combination of
two or more cf aromatic di carbaxyhic aeidsatic dicls, alicyclic dicis,

molecular structure. The meaning of the asymmetrical moleculal

- 3 : - - - K J T o e e
structure is the same as described above It is also preferred
ir rhe present inventlion That thg monomel naving & kink

structure is used. A polymer is formed by bonding with other
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pof_ymerS at Two sSitTed Oof DYQ;OX:\‘/ML Jrodg, and _herye als pd

2,6-naphthalens Glci, 2,3 ~dinvaroxydiphenyl, 3,23~
dihvdroxydiphenyi ethner, i,4-, 1,%-, or 2,6~ naphthalene ci10.,
2, 7-bis{d-nvdroxyphenyl)propans, and Z,2-bisi4d-
nydroxyphenyl)methane; and alxyl-, alkoxy-, oF nalogen-



vclic dicarboxmicand derivatives thereof' avrno an asymmetrical molecular structure ~ The aromatic
hydroxycarbo ylic acids and derivative thereof @@Ving an asymmetries" molecular structure (3-21) to
those explained in relation tothus 19 explanation thereof is omitted. = The aromatic hydroxyamines,
aromatic diamines, and derivatives thereof having an asymmetrical molecular structure (3-B) are
explained:h 1 oThe azomatic hydrosygmires maybecthesé having an asymmetrical molecular
structure. The meaningthe asymmetrical molecular structure is the same as described above.
Aromatic hydforyarmineshaving'a kink Strudtire may also e TI86d &< ah-asymmetricalmonomer for
forming the liquid-crystalline polymer of the present invention. The means the klnk_strugture is the

same aETdesETBBE aboves i i Ardmatic h yditExyHmiNes -dincé a Polymer is formed by bonding with

other monomers at certain sjtes of hydrox group ap. d amino group, the, pQ§Juoqa1{ tion of hydroxyl
group ard arlhmoﬁ%upols n‘ﬁp&r‘taﬁtyfrom %ﬁe wewpomf st(rqucﬁ‘he k#t% structure of ar%ﬁatlc

hydroxxamlnes mar_ he enwsgged S gylarly,tome .aremafto hydraxyoarboxyliq agids;in particular.

The aromatic diamines may /e t‘hose“havmg an asymme molecular structure. The meaning of the
asymmgm;:l?Lleecular %trLécIuneAé the same a&dewlbed@g)\glvg Argraatic diam having a kink
structure may also be used as an asymret monomer rcn roamanquid-c s &aline polymer of the  ent

inventiqn. The-neaning.okthe kink structure:is.d same-as-describedhabsve.cinthe asdmatic di amines,
since a’
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af hydroxvl group, and there alsc exlst allcyciic Clons 0L &
kink structure. The kink structure has the same meaning as
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certain amount of a moncemer of 2 kink structure
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nreferable in The present invention. The meaning OI The KInk



lymer is formed by bonding with other monomers at sites of amino group,o sites of amino group is
important from the viewpoint of the kink structuye. The kink struoture of the aromatic diamines may be
envisaged similarly the aromatic hydroxycarhoxllic acids in particular.  Specific examples of the
aromatic hydrcxyamina and aromaticanne include 1-aminopheno, 4-acetamadophenol,
phanylerediamire, -aminermhénet) 3imethVR4oamiriophehof 2-EhisFFaminophenol:4-afmiophthol,
amino-4'-nydroxydiphenyi, 4-amino-4'-hydr=vdiphenylethar, 4- amino-4'-hydroxydipnem_ methane,
4-aminot4 = hydroxydidoRésuifide, fariP2, 5dia indtoltie FBEBerivatiVes adetyl “prord BnyiT etc. may be
exemplified as the aster ivatl yes and/or amido derivatives of the aromatic hydroxyam no.and
aromafic dighiiné. The afbmatic Gicarboacids. aliemcIMe tiliarboxviic acids and derivatives thereof:
having, an asymmetrical molecular structuare és{rgglar‘ rm4) tgg%%gxgginggdn (Z-E) thu the explanation

e - lne monomer WLTI TI noTUr 1 '
thereof* “(4) Poly8§ter Amides malr?ly composed of one or combinatio of two or more of aromatic

lydroxycarbox__ i.c acids angd derivatives, thaving aving an asymmetricamolecular structure (4-A) one
or combination of two or more of aromati hvdroxyamines, aromatic ciHamines, and: derivatives thereof

), asymmetrical.-molecular structureonaor.combination ef-kwe.or sare of aromativiigsacids;

monomer-connacting direction from the arrow £l to the arrow
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Om the other hand, the monomer with the structurs shown by

rTE. 60 is not & monomer of @ kink structur
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alicv_L dicarboxyacids, and derivatives thereof having _ an asymmetrical molecular structureand
aomatmc diol alicvclic diols, alichatic dials, and,gerivatives thereof having an asymmetrical molecular
structure ( exemplified. The aromatic tyaroxycarboxylac acids and d.erlvatives thereof having an
asymmetrical molecular structure (4-A) aresimilar to those e ',craned in relation tothus the explanation
thereotisol an The @romiatic drydraxvami esiaromatic diamines, and derivatives thereof having an
asymmetrical molecular structure (4-B) are similar to those explained in relation to (3-B), thus the
explanation thiedl isomited: - Thearomatic dicariedlic-acids,-alitysif dicafbxylic acids, and
derivatives thereof having an asyr_nmet_rical molecular structure (4-C).are similar to those explained
relatioritor(2vB); S the esianatich’thefedt'is BRMIEY -~ © 12+ M4 6ts! alityclicdiols, aliphatic
diols, and .derivatives thereof having an asymmetrical molecular struc (4-D) are similar to those
explained i reiionA*tHus tHé explanation thereof is omitted.  The liquid-crystalline polymer (1) to
(4) may be combined with a molecular weiht adjuster. as requjred.in addition tg the components
(monomers) deScribed above. ny%r\éf‘e\’rﬁg\épé%ar?i%és of spbec%c comgounqu%for forming the ii 01rvst
n.e polymer of the present thyentic.n may, be exemplified, by-fi=hydroxvbes oHceacid (4-RBA)
6-hydroxv:2 napithoic acid (RCA).acetyl-amincbenzoic acid (ABA), and 4-
hym@x%é?@ﬂ@%@wgﬁﬁx*ﬁﬂé%§¥grA§@ﬂ@@@Mre is the same as described

sbove. Aromatic hydroxvamines having a kink structure may 2180
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the present inventionlu3-nydroxybensoic acid (3-? and 6-hydronaphthcf acid (HNL). cloy of Fusion In
theliquid-crystalline polymer of the present mvegglon the enthalpy of fusion LH is greater than or equal
to 2.0 and less than or equal to 10 j/q. The enthalpy of fusion LH is crmstalline polymer, adjusting a
molecular weight of the liquid-crystalline polymer,Here, enthalpy of fullon LH are those measured by
differentiab scanning €auk)- mGtry (fi80).cThe enthalpy<of fasion L Exis prefetablyT gredthartor equal! to
2.0 Jig for the reason that proportion of high orderliness structure (crystal dne structure) tends to be
high in polyaersolidpand ispreferably’ F=shha Bt e§Galtd 10°Hig $6rredd6f that'Melt ahd Solidification

steps are e controlled as -on moldinc material. More preferably, the ent Hr of fusion! AR isthe range of
T 5 r e v ~ 7:“«,’- - gty ar.
greater{ﬁaﬁ,_@ aromatic 1Vx_“‘uXV ar DO}"Y acids 1n pa coul

Specific examples of the aromatlc hydroxyamnine and
B - e oy < - - 3 o
aromatic diamine include 4-aminophencol, 4-acetamidophencl, N

hvdroxydiphenylsulfide, and Z,-—diaminotcluens Derivatives of
acetyl, propionyl, etc. may be exemplilifled as The e8ster
derivatives and/or amide derivatives of the aromatlic
hydroxyamine and aromatic diamine.

The aromatic dicarboxvliic aclids, alicyclic dicarpexvllc

acids, and derivatives thereof having an asvmmetrical

molecular structure (3-CY are similar to those explained in
relarion o (2-B), thus the explanation thereof is omitted

(4} Polvester amides mainly composed of one or comblnation
of twe or mors of aromatic hydroxycarboxylic acids and
derivatives therecof having an asymmetricsl molecular structure
(4-1)Y, one or combinatlon of Two Or mere o0 aromal.c
hydryowvamines, aromatic diamines, ant derivatives Chereot
naving an asvametrical mcolecular structure (4-B), oneg OF
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comnination of two or more of aromalic dlcarpoxyiil afids,
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alicycliic dicarbeoxylic aclds, ant derivatives Thereci: navingd
s asvimmetrical molecular strugture [4-C ang aromatic diols,
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or equal to 4.0 Jig and less than or equal to 8.0 p8.8tHapreferable monomers for adjusting the
entnafusion AH within the range are those having two or more aromatic rings which are rotatably
bonded 4' -htipti_ Hcarboxylic(HECA) is exempd as -h= partic-- arly preferable monomer. When the
enthalpy of =)s. on JR becomes higher, crystal linity tends to increase and molecules tend to become
dense.{s-airesuli;tinsthermat conductivity:fonds 1o iricrease: Contdnt-of Méfomer Having Rink
Structure The liquid-crystalline polymer of the present invention is prepared by polymerizing a
monomershaving-arrasymmetrical molecular struotupreferably, greater than or equal to 0.1 mol% and
less than or equal to 9.0 mol% of the monomer having  k structure is included in the monomers
having an asyinmetricalaholectlar SGHEkre as e raw fHvatérial>The Anfount of the monomer used
having a kink structure is preferably greater than or equal I;Q.Q.lqmg‘lﬁbradsgg on,total amaqunt of
monomets f6rthe Téasdrthat apolymer with frijection-moldable rmelting point can be obtained, and the
amount of the monomer used aving a kink structure is preferably Jess than,. or equal to 9.0 moil, for thp
reason that'Atd Ts hiigher 8id a désired thermal diffusivity can be obtained_ The monomers described
above may be exemplified as the manomet havinp a kink structure,and 6-hydrox -2-na hthoic acid is
particulafly prefepa inhererLt Viscosity In thepolymer of 'sent invention, the inherent viscosityv.) is
greater than or.eoual to. S.di - and l.ess.than o equalteinherent viscasity s, and

derivatives thereof naving an asymmetrical molecular structure
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(4-B) are simlilar to those exp.alned 1n re.ation o (2-B),
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omatic dicarboxylic acids, alicyclic dicarboXy.ld

~elation to (2-B}, thus the explanation therecl 1s omitied

The aromatic diols, alicvelic diols, aliphatic diols, and
derivatives tnereof having an asymmetirical molecular STrUCTUre
(4-D) are similar to thoss explained ir ralation to (2~
thus the explanation thereof is omitiad

The liguid-crystalline polymers (1} O 4 may be compinsd

I | 3 - - ol P -
naphthoic acid [(HNA}, N-acelvy:i-allnRODENZOLC #CI1G LBAY, na 4
nvdroxy-47 -biphenvlcarboxyliic acid (HBCA Additionaliiy,



are tiose measured in ortnochicrocnenbi at nO T. vrrien the inherent viscosity is within the range
described above the liquid-crystak!line polymergan be produced by melt polymerization. Moreferapir
range ofunnerent vi scosity is greater than or equal to 5.5 dl/g and less than to 6.5 dl/g. The
nnerent viscosity (depends on molecular weights and: species of monomers ccefp Specifics 74 the
inherentwiscositytends. tovintiease Wwhen pelymerizafion lodiséngtheAéd and th erébt viscosity tends
to decrease when polymerization period is shortened. The inherent viscosity can be adjusted in this
way. 2Thefpresatinventiortie charadtefizédin tHitthe inherent viscosity and the enthalpy of fusion
LH are adjusted within a certain range, and these properties depend on molecular weights and species
of monomere tséd fr paHiculdr Preferably, 4-hydroxybenzoip acid (4-MBA), 6-hydroxy-2- naphthoic
acid (HNA), or 4-hydroxy-4:-biphenylcarboxvib acid . .. i§ used since the inherankyiscosity and the
enthalpy of?fjsidﬁlcan‘ be easziy doyasl,ed wrina cértain range. Method of Producingid-crystalline
polymer. The method of produtinp the liquid-crystal lipalymer of the- peesent invention may-be
conventional polymetization processes withoutticular limitation thereto. Molded articles with high

thermal, conductivity and sufficient mechanical strgngthrmay he-obtained-sy any:polymetization

addjustaed by changlng the monomer COMDOnRENts of the liguld-
crystalline polymer, adiusting a molecular welgnht of the
iliguid-crystalline poiymer, elc Here, enthalpy of fusion AH
are those measured by differential scanning calorimetry (DEC)

structure (cryvstalline structure; tends tTo be hign ir polvmer
solid, and is preferakly less than or squal to 10 J/g for the
rezson “hat melt and scildification steps are 2aslly
controlled as an injection molding materiac More preferably
the entnalpv of fusion AHE is within the range of greaver thar
. NP
or egual TO 4 J/g and less than or eguai to 8.0 J/¢
czrticularly preferable monomers for adjusting The
enthalpy of fusion AH within the range are Those havihg twWwo O
more arcomatic rings which are rotatably bonded, and 4-nydroxy-
4" -piphenyicarboxylic acid (HECA) :is sxemplified as The
particularly preferasls monomer When the enthalpy of fusiorn
AH becomes nigher, crystallinity tTends to Increase and
mol=cules tend to DeCcome Jdanse Lz 2 resuli, tThe Thermas
conducsTivity Lends Tto lncrease



cesses. The conventional polymerization processes are exemplified by melt pol merizati on processes,
solid:-phase polymerization processes, solutiosspolymerization! processes, Hnterfafbal polymerization
processes, suspension polymer's on processes, etc. Among: these polymerization processes, melt
polymerization processes are preferable in general from the viewpoi.nt of process simplicity: and
production cost Theligaid=crys £ 7 el polymer of theepresentinfentionéanbe favdrably hraduced by
melt polymerization 25 since the inherent viscosityTthe range described above. One of the features of
the presenpinveRtion ISty tcanbe Frodutad B el plyrterzation Protestes Molded article The
molded arnMcle of the present invention is formed of a composition of liquid-crystal resin,
contaiffifgliduid-2¢ vatan °& pofymé&rifquid-2rystallirre polymmer of t1 ni-nsontventrLon is prepared by
polymerizing the monomer having an asymmefrical molecular structure; a3 described-abgve, and the
enthalWOf”fu%%“ﬁ dH measured y DSt is adjusted wit un the range greater than or equal to 2.0 Jig
and less thap or equal tq.10. Jig.and, the inherent viscosity (X} is-adjusted within the range greater
than or equal to 5 d'less than or equal to 7a result, the molded a of the present invention has high

thermal, congductivity. and-is, provided-with sufficient rechanical strengthe Furthermore; the u dpolymer
of the present inventiont Lne

=
L

; PR T K 1. Y P
*he monomer ussed having 2 kink structure 1s

£

amount of monomers for the reason that a polymer with

preferaply less than or egual to 9.0 mol: for tne reason tnat
o + 1 5 e o A - by oy e
AH is nicher and a desired thermal diffusivity can be obtalined

-~ Yo i ] - i3
having a kink structure, and o-hydroxy-<-napnhtholc acid CHENA
is particularly preferable

In the liguid-gryszalline polymer ¢f the present inVENTion,
the innerent wviscosity (I.V.) 18 Jgreater Tnan oI eguai TC o
dl/g and less than or equal to 7 alig The inherent viscosity
are those measured in orthochlorophencl at 25°C When The
inherent viscesity is within ths range Jdescribec adove, The

< e - 8 o s e e P | o i Srant
POLYVINeYiZation More preferabie range 0L The Lnnerent
- e = - 5 _
o t o - o1 r S mmed leac "
viscosity is greater tThan or egual to 5.5 dl/g and isss tna
4 e oy K lan) - o o~ — - ~ Y oy a1y —~
or egual to 6.5 dl/g The inherent vVisCosiiy Gepends Of



material can be easily produced, therefore, the molded art the present invention caneasii produced. In
the molded article of the present invention, aveyage lattice spac gnulavred u'ric the Bragg egua-ion
from a diffraction peak originating on a f(110) observed invicinityof 29-19' measured by way of a
wide-anul X-ray diffraction. measuring method, is greater than or equal to 4.0 A and ess than or equal
toAs a result, the nfslded apticle bf-the'preséntinventioriachith therval €8hdué 2strérigms that fiber
strength measured by way of t method descrioed in Examples is greater than or equal to 50 ME- for
exampRe L 1 OFhé 8oripogition bt figaiacryStl résit a8 e raw material of the Tolded artiol.e is not
particularly limited as long as it contains the. liquid crys allinh polymer of the, resent inyention. The
composition BHRtfuid-cryst Iorsﬁgfﬁ‘erﬁ%lﬁ be added Wifﬁéf)ﬁ\?c’en?ijgﬁéltgdaiﬁVes g%é’h %%%O%r\iéérl resins,
antioxidqnts,ﬁa:r]dteig([%gnts within afange not hindering the Pu ose of the presenticferable component

il .

othant *esl?q”UTd-‘crys‘taﬂing %of‘yﬂmer of the present invention is a filler witconductm tv greater than or

equal to 2 WimBK and less than or,equal tg 100,W/m.K:. The heat ¢c.on.ductivity greater than or equal
to 2 is p004 rable since the thermal conductivity of molded articles che furt

inherent viscosity and the enthalpy of fusion AH are adjusted

within a certain range, and these propertles depand oOn

of fusion can be easily adjusted within a cartain range.
Metnod of Producing Liguid-crystalline polymer

The method of producing the liguid-crystalline polymer of

o R U o 38 WU O 1T

the present inventlion may DE CONVENRTIOoNaL POLiYMSrizalion
. . » ) o
processes without particular limitaticon Thereto Moilded

ot
3§ g

(il I

noivmerization processes, etc., Among these polymerization

generzl from the viewpoint o©of process simplicilty and

[P o=}



creased, and the heat conductivity less than Or equal to 100 is oreferable since the polymer is
unlikelydecomposed during, compounding into-golyester rbs 1 (the higher value 1-n0:1,1, the higher
ionicity of components)The filler with heat conductivity of 2 to 100 He exemplifiedtitanium oxide,
graphite, boron nitride etc. The content of the fil ~_y greater than. or equal to 10 parts by mass
and messthanrequalrS00 pAis By mass basett oh-To0tcHits by rass of theliguid-crvstalline
polymer. ethodproducing the molded article of the present invention, which is not o ticu:l arly limited,

may 77 piEferablyrselécted Hont E6nvertional prodiclidr methods dépending on species and shi=ne
of the molded article. EXAMPLES . The present invention is explained more specifically with
referencéto BRamphes Hélow” Kowever 1ie Present invention is ot limited to the following description.
Liquid-(]\:fry,?tc?ﬁlhlianeﬁgprlyr‘p@rs used in Examples and Comparative Examples were prepared by the
method below. Examplé I The fav, material monomers, the metal catalyst, and the acylating agent
shown below.were intraduced.into.a polymerizationvessel equipped with asstire; a£efiuxccalumn, a
monomer inlet, a nitrogen inlet, and a depressuri ndidischarding line, which was "hen: flushed with
mUOgngﬁéosition of liguid-crystal resin containing the liguld-

crystalline polymer. The liguid-crystalline polymer of the
nresent inventicon ig prepared by polymerizing the MONOMED

: 3 b h e e 4 - . i R oy o,
havine an asvmmetrical molecular structure, s desCcrlbed ad0ove,
- e -

then or ecual to 10 J/g and the inherent viscosity (I.V.: 18

! ) = e e e sl met s
less than or egual To 7 d./g Ls & result, the molded articlis
. - . Y b = e -3 ay 1 e
of the present invention has high thermal CONAUCLIVITY anG 18
] . P T ot oo - - #V,\llﬂ——y\ ‘-,.TUV-—a. D""T]’W(:\r“@ —-ule
Drovided Wil Ch o suiriiclelno mechanicai sLre [SRUS1 Jal U I S L S ) [
. . : e - T ey 3 e
liguid-crvstalline polymer of The present invention in LS
izl can ! ity selslblal=le thareforse rhe moldsd articlis
material can be easily proaucsed, wherelore, Lhe MoLdsG alticd
- . - - R
of the present 1nventlon cCan ba £asl .y produlied
E, . . o +— - E o
n “he molded article of the presant 1nvention, AL
- - I g ey s T am = e i s oy
average lattice spacing, calculated using Lne 2ragg eqguatiol
= = 4 - T o oo Faee [0 nhae vead
Ffrom & diffracticn peak criginailng on a racse (Lly bserved
. , e o ~ A DU, S s
in z vicinity of 28=19° measured by way ol & wide-angle x-Iray
= m o a Ty P
{ffraction measuring method, 13 greater than or eduéa.s ol g
(' 7 - [ 7 - o + o~ pae i o
L and less than or egual to 4.5 A s & result, the meidsd
oo - — o — - A e g e - O R
srticie of the present invention nkas high Therma. CORUUCTIVILY
rticd L



4-hvdroxvbenzoic acid (4- P : 217 6-hvdroxy-2-naphthoic acid (MN20.3 gmol%) (I11)
4-d1hvdroxybin-envi- carbo(Hat mol%) caielystXsf potassium acetate: 22.5 acetic anhydride: After Hr.'
oducithe raw material, the temperature of. the reactant was raised to 140foild by a- lowing to react
140C '1 hour. Thereafter, the temperatureraised 320C over 5 hours, thenwas requced to If T 28
polymefizafiorrwhile distiling Gcetic adid: excessStE atetic ahhydride, and other T ow-bailing
substances. When a stirring torque reached about 1.5 kgfem, the pressure was changed to a
pressufized Cigrgd}ti&nnfﬁ“rgﬁg’ﬁ%o'r“r%glbpréégﬁré fl$0£rﬁ Ténrﬁa%cg%%?gs%%ﬁe Ic?éndiﬁ?[éi%n %y &%:Iing nitrogen,
and a Ig lymer was discharged:as @ strand from a lower, pert of the-polymerization vessel. The strand
was cut info pen Example 2, ComparativeS Examplesto  Polymers \AIPT" obtained similarly as
Example:l enepe. that species and amounts of monomers inroduced of raw material were set to those
shown in Tables 1, n, and final polymerization temperature was set to a temperature of Tm of the

resulting polymer plus:fror 20C 10f Fhe tesults-are shawn in dables:=k 2: Abbrewviated fla7LeS of raw fl
monomers used areindiceted below,

material of the molded article 1s not particularly

ke added with conventional additives such asz other resins

puroose of the present invention. A prelerazble component other
than the liguid-crystazlline polymer of the present invention
is a filler with a heat conductivity greater Than or esgual Lo

2 W/m ¥ and less than or sgual to 100 W/m+K. The hsa

conductivity greater than or sgual tc 2 is preferable sin

increased, and the heat conductivity less than or egual to 100

¢ prefarabls since the polvmer 1s uniikely to be decomposec
during compounding into polyester resin {the higher value
requires the higher ionicity of components) Tne filler with a
neat conductivity of Z to 100 13 exemplifliec by talc, Tltanium
oxide, graphnite, boron nitrigs, eI The content of the Ifiller
is preferably greater than or egual tce 10 parts by mass and

e .- : = 31y c P ] £ e .-
The methoc ©I ProducCinng thnée Mmolded article C©I The Dpresent

invention, wWhich i1s not particulariy fimited, may De



isophthalic acid (VS)4,4'-dihydroxyfri Examples 3, 4, Comparative Examples 6, The raw materi. ai
monomers, the metal7st, and the acyl ating agent shown below were introduced i polymerization
vessel equipped with a stirrer,c___a monomerrogen inlet, and a depressurizing/discharging line, which
was then. flushed with nitrogen gas. oxypenzoic acid (4 HPA) 215.1moil) 4-dihvdro yhiphenyl1-4
carboxXyHe BeiETHE GA): 1232 F EafalysP oF Fotassium-atatate- 355 mgHcetic anhydride: 222.1 g

In Examples 3 and 4, after the raw material was mtroduced the, temperature of the reactant was raised
to 140@@f?)5ﬂ0\9“ve8%y"é1lo%ﬁn§t0’reafc?‘at T46E Jor T hour. Thereafter- tho- {émperature was raised to
3801 over 5 hours, pressurereduced to 70 Torr (i.e. 1330 a) over 20 minutes, followed by subjecting to
melt polymerization while dist li acetic acid, excessianhydride, and other low-boiling

EXAMTLES

5 P

The pressent invention 1s explalined more speclilla..y wiih
refarence To examplas DEelOW However, the prasent 1nvention LS8
not timitad to the following Qescripilion

The raw material monomers, The metal cataiyst, and tne
acylating agent own below were introduced 1ntc a
molvmeriration vessel eguipped with & stirrer, & Yellux column,

a monomer iniet, a nitrogen inlet, and a

/ ~ ; R, - + - F o KRS
depressurizing/discharging ifine, Wnich was Lhen Tlushed wWiih
nitrogen gas

‘ W= s - g

{1 hvdroxvbenzolic acld [(4-HEBA 217,10 g (72 molx
2o oo - — G A - 2 2 FTITIET Y e 3y ) f:. \ T
{TT) é-hydrowy-Z-naphtholc acic (HNA;: 20.2 g {2 molw;

- 3 P , e —_— S ST Y - TR
{TTT} 4-dihydroxybiphenyli-4-carboxylic acid (HBCA): 101.5 g
. .

(22 molx
b = = P N T
catalyveT Cci povassium acetata L& .2 Id
~ ~ = TreY o ’3"‘{1 - ~
acetlc anhvdride: 2Z4.2 ¢
Lfter introducing The raw material, the fTemperature oi Lo

i = P - - s = - o~ - —
40°C for nour Thereafter, tne temperature wasg ralsed LO
320°C over 5 hours, Then tThe pressure was reducet to LU J0rXr



substances. When a _noreached about 1.5 kqgfcm, the pressu

re was changed to a pressurized

condition through normal pressure from a reduggd-pressure condition by introducerrogen, and a
polymer was discharged as a strand from a lower part of the polymerization vessel. The strand: cut
into pellets. Compa rat = Example 6, procedures were performed until polymerization sir tto those or
Examples Sramditheh after tite irelttpolyrnéihzatt Borate fe e €dPabGUt DS kiF cit He'pressure was
changed to a pressurized conditionrough normal pressure from a reduced- pressure condition
byroduegencaridia polyifle FWAS dischiarged-as Bstraine From afdower Part ofths pofyméiiza vessel.

The strand was out into Bellets In CpmyaragyeﬁExaqigl
polymérizafioh shfifariyFto those of Examples 3%4nd

stirring torque reached about 1J-cm, the pressure was chang

o SV A-Te. 7 Tilon  Thrd N TO IS L L'l
normaFpressite ffom a reduced-pressure condition by introdu

difficultﬁ5 a gpsoéymgr was coll

I S Wb laa b

eprocedures were

§ 9 ~

pgpfo%mgd, un.til melt

1 ST RIS 2 Wa chandsd Lo 4
“thém aftérthe miélt polymetization, when a

edloa 3Q pressurized condition through

cing nitrogen; but since the discharge as

gctgd by decompgsing the polymerization.yessel,c ; ymer was

discharcged as a strand from a lower part of the polymerlzzallon
vessel. The strand was cut into peliests
Erample 2, Comparative Examples 1 to D

Polymers were obtained similarly as Example 1 except that
spacies and amounts of monomers introduced of raw material
were set to those shown in Tables 1, 2, and final
polymerization temperature was set TO a iemperature or Tm o
the resulting polvmer plus from 20°C to 40°C The rasulits are
shown in Tables 1, 2. Abbreviated names of raw material
monomers used are indicated balow
(IVy isophthalic acic (TA
(Vy 4,47 -dihvdroxybiphenvli (BP)
Examples 3, 4, Comparative Examples &, 7

The raw mater.al monomers, the metal catalyst, and the
zcviating agent shown pelow were 1ntroduced Into &
polymerization vessel eguipped with & stirrer, a reflux Column,
& monomer inlet, & nitrcgen iniet, and &
depressurizing/discharging line, which was then flushec with
nitrogen gas
T3 4-hydroxvbenzoic acid {(4-HBAR): 215.1 g (V3 molfs)
(77 4-dihvydroxybiphenyl-4-carboxylic acid {(HBCA 1224 ¢ {27



Examples 5,  The raw material monomers in. the ratios shown in Table 1, the metal catalyst, and the
acylat.ing agent shown below were introduced j@to a polymerization vessel equipped stirrer, a reflux
column, a monomer inlet, a nitrogen and a depressurizing/discharging lined which wasusdeo
with.nitrogen' gas. iddioxybenzo c acid (4-MBA) -dihydroxybiphenyi- carboxylic acid HBCA)
(VI)nydrexvlienzobe a(3-MBA)xcatalyst of potassidm: acétate: 22.5 Mg acetic anhydride: 222 In
Examples 5 and 6,the raw material was n traduced, the temperature of the reactant was raised to
140C, fotlewed anfowingde react-at 140C for 1 hour. Thereafter, the temperature was raised to 340C
in Example 5 and 330C Example 6 over 3.5 hours then the pressure was reduced to 12 Torr (i.e. 1330
Pa) over 20%mikutegHoRdwed By Subjecting t& melt polymierizatioh while digwilthg-acet acid,
excessive acetic anhydride, and other low-boiling substances. When a stirsinue reached apout 1.5
kgf.cm,the prE&&tiré Wak igett to & préssurize condition tirotph normal pressure 31 a polymer was
(éij;:lrlljzrtggr:j aaio%t{%%d from a lower part of the polymerization vessel. Lhe-strand was out into pellets.

; SR Tehle < - 5 + Fhe T
“emperature was raised to 380°C over - nours, Lien tns

nregsure was rveduced te 10 Torr (L.e. 1330 Pa) over 20 minutes,
foliowed by subjecting to melt polymerization while distiliing
scetic acid, sxcessive acetic anhydrids, and otner low-hciling
substances When a stirring torgue reached about 1.5 kgf-om,
the pressure was changed Lo & pressurizied CONCLTion Through

oo .

5 Tl A - o £ Tiarm 3 ~

melt polvmerization similarly to those of Examples 2 and 4,
= T - T o~ - + e - B TR it T S s e R =S

~hen after the melt polymerization, when & sSTIiIring ToOrgus

pressure condition by introducing nii

3 ) 3 e T e T o e £ e 3 P e e
discnarged as o strand —rom a Lower part oL tne DCLVIIS XL 28T LON

vessel The strand wag cut into peliets

Ir Comparative Dxample 7, procedurss were periormed unti.
meit polymerization similarly to those of Examples S oana 4,
then after the melt polvmerization, when a glLirring torgue



Molded articles necessary for the evaluation below were prepared using tneliquid-crystalline polymers
of Examples and Comparative Examples, and groperties of the liquid-crystal line polymers and the
moldeo artirl as were evaluated_ The evaluation results are shown in Tables | and 2. Melting Point
Measurement was performed using DSC1000 (made by TA Instruments Inc. under the condition
below,angkthe vatses of-meltingpoint T sHdthalpy ot fusionare: détermifed fréfthe ¥etond
measurement. (Condition) rting from 50Cchanging to Tm+40C by 20C/min, holding at Tm+40C for 3 r
mutes charging o SOTHV-20C/ikn, hoidiF af BOE™6r 3 Mintés chaitging td' Tm+:46C. by nilr/r't and
holding at Tm+.40C for 3 minutes. Measurement of X-ra DHffractHnr A disk-shaped molded article
of dianiBteFDE AR afiis thickness® mmwhich hadbeeh Stréated Bt atemperature of20C for 10
minutes, was used as a sample and meza;sggequu%g% PINT (made by Rigaku r"Here, the disk-shaped
molded'&ficiE WaS Processed intd a predetermined siza by heating resulting pellet-shaped polymer to
a temperature. of Tm+20C and hot-pressing at a pressure of 10 MPS. Prom the resulting X-ray
diffractii)}ﬁaﬁrgff“é“fﬁ, arf average lattice spacing (u-spacing) was calculatff from a peak top a strong

diffraction peaka vicinity,of diffraction, anglg-»« ir. ©ne ratios shown in Table 1,

the metzl catalyst, and the acylating agent shown Delow were

6

: 3 ;g . -1 bt . 1 P R R
introduced into a polymerization vessel eJuipped with &

stirrer, a reflux column, & monomer iniet, & nitrogen inlet,

and a depressurizing/discharging line, wnich was then fiushed
with nrtrogen gas
(I} 4~hydroxybenzoic acid {£-HBA)
[TT) 4-dihydroxybiphenvl-4~carboxylic acld (HBCA)
VI 3-hydroxvbenzoic acid (2-HBA)
catalyst of potassium acetate: 2.5 mg
acetic anhydride: 2Z22.1 g
in Examples 5 and 6, a2fter The raw materisi Was introduced,

temperature was ralsed To 340°C in Example 3 and 330°C in
Example & over 3.5 hours, then The pressure was raduced o 10
Tory {i.e. 1330 Pay over 20 minutes, Ifcllowed DY subtecting to
melt polymerization while distilling acetiC 2Ci4, SXCESSIVE
acetic anhydride, and other low-poiling substances Wren &

stirring torgue reached about 1.5 kgi-cm, the pressure was

SRS S S W



26=79 attributing to 2d.sine=n.A n: reflection order (n=1) A:ray waveengtn (1.5418 erent Viscosity
(I.V.) a (110). Theinn polymer of 20 mg was cg!lected, then e was dissolved into 10 cc of pentafi
uorophenoi under temperature of 60C. Then 10 cc of chloroform was added thereto and it was
measured u ing a capillary vrscomete (Ubb lohde) under a temperature of 30C. Thermal Diffusivity
Heat congduativity:was: measaretusing acdisk-shaped: ehofdenn tidel 6F@ianieter™TO mm dndickrLess
100 urnhate’ Mobile In (made by al-Phase Co., Ltd.) based on temperature wave analysts. H'cr' the
disk-shapednmolded article wasproceSsed e a'predétérminedc,474-2°br Rieating the result inc
em-shaped polymer to a temperature ofand hot- bmess'np at a pressure of 10 M7m. Measurement of
Fiber Strength = > ©Fhe resiz]ing polymer was passed thr.ough a capillary 0.4 mmoY20 mm at a
temoeratur of TrrmA,0C of thevmeu Capilograph13 (made by 0.0 Sell__ Sel ggk%- IC eLtd.Thereby a
fiber was prefparéd reuitmd-fiber \ﬁfscgﬁbsjggt\éd!‘tg"a 1A0° D20, 3¢l RepisRl Shep

nrepared using the liguid
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Measurement was performed using D3C $-1000 (made by

meiting point Tm and enthalpy O fusion AR were delerminsc
from the second measursment.
{Condition)

. ~ — o - — 3 /] SR 1o -
Starting from 50°C, changing to Tm+40°C by 20°C/min,
rving Ir 3 3

N Lo . G - - P [ N ENES e 2O/ -
nolding at Tm+40°C for 3 minutes, changing To 2437« Dy < L/man,
a & e T oy ey o T i AV E e PO S

holding ar 50°C for 3 minutes, chancging to Tm+40°C by 207C/min,

IR P AT I T e
and helding at Tm+40°C for 5 minuies

: . ey b Eay - T e e
Measurement of X-ray LDLIiraciicr
3 5 S - A o~ S
i Aisk-shaped molded articie ©i diametsl U mm and

- — o e T om e o = - g
AF Tme20°C for 10 minutes, was used as @ samp.s anc measured

b e 7 1
peing RINT imade bv Rigaku Co Hers the disk-shapec moided
article was processed into & predetermined $ize DY neating the



tensile test at a speed 4 100 Tm4min using T,-lasilon (made Ttvo Seiki Seisaku-Sho, Ltd.) to measure

fiber strength. 33 Evaluation of Productivity

~When a polymer was prepared by the production

method described below, the appearance of the polymer discharged from a lower part of the

polymerization vessel was visual' observed and

evalua-ed based on tha criterHa neo  Productivity O:

able tolbe dii seharged:assa strand fromthe loaer paitof L theqsdlymerizatidhevessePand eut by a

strand cutter; Productix: unable to be discharge

d from the lower t of the polymerlzatlon vessel [Table

1) 34 sampiskExanc s2rExmple IExamplg<nity of diffractlon ang.

26=19° attributing to the face (110].
2d-sing=n-Ai
n: reflection order (n=l]
n: ¥-ray wavelength (1.5418 &
inherent Viscosity (IL.V.)

The resulting polvmer of 20 mg was collected, then which
was dissclved inte 10 cc of pental_ uorophsnocd under a
temperature of 60°C Then 10 cc of chlorciorm was addec
thereto and it was measured using a capillary viscometer
(Upbelchde) under & tTemperaturs of 30°C.
Thermal Diffusivity

Haat nductivity was measured using a disk-shaped molasd
srticle of diasmeter 20 mm and thickness 100 um by al-Phase
Mobile 1u {(made by zi-Phase Co., Lid based orn temperature
wave analysis. Here, the disk-shaped molided article was
orocessed intc a predetermined size D hesting the resulting
pellet-shaped polymer To a temperature of Trn+20°C and hot-
pressing at a pressure of 10 MPa
Measurement of Fiber Strengin

The resulting polymer was passed through a capillary of
0.5 mm@x20 mm at & temperaturse of Tm+20°C of the polymer using
Capilograph 1B (made by Toyo Beilki Ssisaku-3ino, Ltd.y, thearebsy
z fiber was preparad The resulting fiber was subjected o @
tensile test at a speed of 100 mm/min using Tensilon (made by
Toyo Selki Seisaku-5ho, Lta To measure fiber strength
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Evaluation

When &

De

G

a lower part of the polymerizatlion vessel was visualls
observed and evaluated based on the criteria below
Productivity ©: able to be discharged ag & strand
lower part of the polymerization vessel and cut by 2
cuttern;
Productivity x: unable to be discharged ifrom ths
nart of the polymerization vessel
[(Taple 17
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[Table was confirmed that heat conductivity of molded articles is high and fiber strength is
increased when?-? crystalline polymers, of which enthalp of fusion CM is greater than or equal to
2J/05, and less than or equall.0 and inherent \ﬁscositygreater than or equal to p and less than or
equal to 7 dllg, are used. That the molded article prepared using tvist 36 conductivity and mechanical
strengthe Futhermarey since the inheréntviseasity (M) is Gredteetanisr-eduial &5 dlg and less
than or equal to 7 dI/g, production thereof is easy. In the present invention, the asymmetrical
monomettis used the. enthaldyyof fision CE softhe ligaid-drystalling soRimer iscadjusted %o greater than
or equal to 2.0 Jig and less than or equal to 10 gl/g, and the inherent viscosityls adnics to greater than
or equaltd 5l¢ esand s tHark 6F egualto dify tiereby Aidfedutar wéight &Rd striicltfe of the liquid-cry
etallir polymer are favorably adjusted, consequently, the Iic(;\_anLd;gg/fggqlIi%gog%lxmgr bgc%mg% dense
within the motded &rtieles SHarmal doniductivity of the olded articies c7 increased. mechanical
strength is increase

h. 2ased, and also the production becomes easy. Agjs@ppie@fgaymccq%jﬂnghgxamples
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certain amount of a monomer of a kink structure



the mechanical strength becomes higher wnen EPA is used as the monomer of a kink structure. 37
CLAIMS 1. A liquid-crystalline polymer formed ty polymerizing monomers having an asymmetrical
molecular structure, wherein  enthalpy of fusion LP, measured by way of DSC (,- ferent Scanning
Calorimetrv) is greaterccmO J/g (ziouas per gram)_and less than or equal to 10 J/g, and  inherent
viscosity (1.7.) is greater than or equal.a di/g ard 1S than or equl to 7 di/g.  The liquid-crystalline
polymer according to claim 1, wherein the monomer having the asymmetrical molecular structure Is at
least one selected from a group consisting of 4-hydro benzoic ac(HER), 6-hydroxy-2-hapniic acid
(H.NR), N-acetyl- aminophenol (R9AR). and 4 fvdrowys4:. Diphepvicathgyiie acigh(HECR). 8. The
liquid-ctystalline polymer according to claim Tor wherein thefl monomer having the asymmetrical
melecula, sitycture inclydes greatet than.ot-equal to.0-1Jnalve and less-than.or egual 0,9.0
mo%monomer having a kink structure. e liquid-crystallipolymer according to claim wherein the
monomer having the kink strugture is m-HER Adiguiistar. ine.polymer the averagedatt.ice:spacing,
calculated using the Braga equation from a

i b : =g 4 =T 4 ~ im ] oo TS e
Scanﬁlng Calorimetry) L8 greatelrd rhan or egual (SRS IRV u/\j

f{ouies per gram)! and iess than or egual to 10 J/g, and

inherent viscosity {I.V.} is greater than or equal to o
dl/g and less than or egual to 7/ dl/g
2 The liguid-crystalline polymer according toe ciaim .,
wherein the monomer having the asymmetrical molecuiar
stryucturse is at least one selected from a group consisting ol
i-nvdroxvbenzoic acid (HBL), €é-hydroxyv-Z-naphthoic aclda (HNA),

- ‘ ; - r v . N roe

N-acetvl-p-aminophenocl (APAP), and 4-hydroxry-4
biphenvlcarboxyllc acid (HBCA)
3 The liguid-crystalline polymer according To clilaim 1 oI &,
wherein the monomer having tne asvmmetrical molecular
structure includss greater than or egual to 0.1 mol% ana .ess

than or egual to $.0 mel% of & monomer having a kink structure.

P

1 - 2 B e S S e p] - Pt - 5 K ~
4. The liguid-crystallines polymer according to claim

wherein the monomer having the kink structure is m-HBR Or HNA
5 L liguid-crystalline polvmsr, wherein the average iatitice



38 diffraction peak originating on a face (110) observed r. vicinity of 29-19' measured by way of a
wideangle X-ray ffr ct on measuring method uging a sample prepared by annealing a. molded article
formed of the liquid-crystalline polymer according to any of claims i to 4 for 10 minutes under

conditions of the meltlng point (Tn, greater than or equal to 4.0 A and less than or eoual to 4.5 A _
diffraction peak originating on a face {110} observed Iin &

= o P— = PR S | o e
vicinity of 26=19° measured by way of a wide-angle X-ray

= Ea T = 4 > e

polymer acoording to any oI CLalms T o+to 4 for 10 minutes under
. . : . . o e 2 s =y e LN ~ o,y

conditions of the melting polnt (T + 20°C, Ls grester than orf



