
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 considerably less among thermoplastic resins. Heretofore, such liquid- 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 order to impart the heat-dissipating ability to the molded
articles, thermal conductivity of the molded articles should be increased.      A method for improving
moldability 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
dissipating ability) by including the thermal conductivity into thermoplastic resins as a filler. A method
for obtaining molded articles with a conductivity by molding a composition of thermoplastic 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 by molding a composition of liquid-crystalline polymer is also
proposed, in which a certain fibrous thermal conductive filler' and a certaina -like, spherical or
irregularheat-conductive filler are compounded in combination 



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 Inventio As described above, methods forinclu ng a filler  high thermal conductivity into a resin
composition of a material to be molded for the purpose of obtaining molded articles withthermal
conductivity have been disclosed. These Patent Documents disclose technologies for imparting hiqh
thermal conductivity to the molded articles by a fill. er with high thermal conductivity.      The
technologiec for compounding the filler with high thermal conductivity to a resin mate al is publicly
known as explained above; however,a thermoplastic resin with thermal conductivity can be developed,
the thermal conductivity of molded articlesi be increased still more. The liquid-crystalline polymer s
nown to be material           ensiona accuracy and damping property are exc and the amount of flash
generated during molding is considerably less among thermoplastic resins. Therefore, liquid-crystalline
polymer with high thermal conductivity is re cu ed in particular. 



As described above, for the purpose of increasing the thermal conductivity of molded articles, the 1' id-
crystalline polymer with higi mai conductitrequired.   t is 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
molded articles for the purpose of approndiate application as a material for actual parts. The present
invention has been made to solve th..e problems  4 described above; and embodiments of the present
invention seek to provide a liquid-crystalline polymer which is easily produced and has high thermal
conductivity and molded articles which are formed of a composition of liquid-crystal resin 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 has been found that a liquid-crystalline polymer formed by polymerizing monomers having an
asymmetrical molecular structure, in which enthalpy of fusion LH 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 equal to 10 J/g, and inherent viscosity (I.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 present invention provides the following:       In a first aspect, a
liquid-crystalline polymer formed by polymerizing monomers having an asymmetrical molecular
structure is provided, in which enthalpy of fusion LH measured by way of DSC is greater than or equal
to 2.0 J/g and less than or equal to 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.       According to a second aspect of the present invention, the
liquid-crystalline polymer according tofirst aspect, 



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 polymer 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 than or equal to 9.0 mol% of a monomer having a kink itructure. Accordinga fourth aspect of the
present invention,            --crystalline polymer according to the third aspect, the monomer having the
kink strucishoxybenzoic acid (3-EPA) or 6-hydroxy-2-naphthoic acid. (HNA) In a fifth aspea
liquid-crystalline  poivmer is providedwhich ne a erage lattice spacing, calculated using the Bragg
equation from actior peak originating on a face (110) observed in a vicinity of 29=19 measured way of
awide-angle X-rayon measurhod using a sample prepared by annealing a molded article formed of the
li-mMdmorvs ell,re polymer according to any of the first to f-ourth aspects for 10 minutes under
conditions of the melting point (Tm) + 20C, is greater than orto 4.0 A and I as than or equal to 4.5 A.  6



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. to 4.0 A and less
than or equal to 4.5 A can be obtained. Since the average lattice spacing can he arranged within the
range described above,molded articles prepared using the liquid-crystall e polymer of the present
nvention have thermal conductivity. In thed-crystalline polymer of the present invention, the enthalpy of
fusion LH measured by DSC is greater than or equal to 2.0 J/g and less than or equal to 10 Jig, and
the average lattice spacing is greater than or equal to 4.0 A and less than or equal to 4.5 A. As a
result, the mbLdeed articles ofe present invention can be provided with high thermal conductivity as
well as sufficient mechanical strength.     In the liquid-crystalline polymer of the present invent the
inherent viscosityis greater than or eatia dl/g and less than or equal to 7 dl/o. Therefore, the crystal line
polymer of the present invention can be appropriateJA produced by a molt polymerization method.
result, the molded articles can be easily produced.  FIG. 1 is a drawing to explain a monomer having
an asymmetrical molecular structure:       IA is a drawing showing a case in which the molecular
skeleton is 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 skeleton itseft asymm.etrical, and 10 is a drawing to explain a molecular skeleton; 



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,. 0 is d drawing to exrlain an ali ink structure.
PRErr.RRFD 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. Liquid-crys--molvmer ligui csystaUolvmer of the present invention as  8 molecular structure and
characterized in that the enDv of fusion LIS!. measured by DSC is greater than or equal to 2.0 and
lessan or equal to 10 J/g, and the inher.ent viscosity 



(I.V.) is greater tha cm r equal cm 5 dlig and less than or ecfuaLL. o Ph0d-crvstalline poindicates a
meit- Processable polymer which has a propert capabU 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 usingz polarizing microscope and Tusser- a molten sample on a Leitz hot stage at a
magnHficatHon ratio of 40 times under nitrogen atmosphere. When the liquid-     stalline polymer
applicable to the present ieve tion is inspect.ed between orthogonal polanizes, polari transmitted theret
rough. and optical anisotropy ispnteo even in. a molten stationary      The liquid-crystalline polymer of
the present invention is prepared by polymeri - a monomer having an asymmetrical molecular
structure. The liquirystafline polymers (4) below may be exemplli              Polyesters mainly composed
ef one or combination two Of more of aromatic hydroxvcarboxylic acids and derivatives thereof having
an asymmetrical molecular structure: The present invention is characterized in that a monomer  9
having an asymmetrical molecular structure is used. The asymmetrical molecular structure is
exemplified by two cases, i.e. a case where the molecular skeleton is symmetrical, but the molecular
structure is asymmetrical when substituents (.1k1, 



are taken into account as shown in FIG. 1A, and a case where the molecular structure is asymmetrical
since the oiecuaar skeleton itself is asvmmetrica.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      It is preferred in the present
invention that the monome having an as3metricai molecular structure contains a certain amount of a
monomer having a kink structure. structure in the monomer indicates a change of direction of
molecular chain (monomer-connecting direction) in the liquid.-crystalline polymer kink scture is further
exolained using the example where the aromatic is a benzene ring. In the case of aromatic
hydroxycarboxglic acids, a polymer is formed by bonding with other monomers at certain sites of
hydroxy group and carboxyl aro= Therefore, the monomer with the structure shown by FIG, T)pterms
of positional relation of nvd oxy croup n= carboxvl group is a monomer of a kin.k structure. The reason
ft that the monomer can 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 a3 to the arrow 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 the monomer-connecting direction does n.ot change from the arrow e.5 as shown in FIG. 21.
Nexthe kink structure is further explained usdn, the example where the aromatic is a naphthalene ring.



The monomer with the structure shown hr IC. 3A inrms of positional relation of hydroxy group and
carboxyl groum is a monomer of a kink structure. 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
direction is parallel-shifted by Ab as shown in FAG. 30. The directional ohs cccaraliel s such a way is
encompassed by thetion mole 4,a- cdd(monomer-connecting:reccion) in. ne liquid crystalline pol
The monomer with the structure shown hr FTC. 3D is aid monomer of a -re. The reason is that the
monomer can change the monomer-connecting d.irection from the arrow to the arrow in as shown in
FIG. 370      The monomer w th the structure shown bm FTC, 31 is also a monomer of a kink structure.
The reason is thate monomer can cha.monomer-connection frdd the arrow bf.)  11 to the arrow b6 as
shown in FIG.      On the other hand, the monomer with the structure shown by FIG. 3k is not a
monomer of a kink structure. The reason is that the monomer-connecting direction does not change
from the arrow b7 as shown. in FIG. 31.      In regards to the aromatic hydroxycarboxyicc acid h.aving
an asymmetrical molecular structure, conventional ones may be used. The aromaticoxycarboxviic acid
may be exemplified by hydroxybenzoic acid and ester derivatives thereof and hydroxynaohthoic acid
and ester derivatives thereof.      More specifically, the compounds below may be exemplified:
hvdroxyben .oic acids such as 4-hydroxyhencoic acid and 3hydroxybenzoic acid; 



alkyl-substituted products of hydroxybenzo - acid such as 3-methv1-4-1 ' o oenzoic acjd, 3,5-dimet
7-4-hydro ymenzoic acid, and 3,6-dimethvl- -hvdroxybenzoic 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-chloro-4-hydroxybenzoic acid,3-di^horo-4-hydroxvbenzoic acid, 3, -dihydro /benzoic acid,
2,5-dichloro-droxvbenzoic acid., and omo-4-hydroxybenzoic acid;      hydroxynaphthoic acids such as
6-hydroxv-2-naphti ic acid, 7-hydroxy-2-nabhthoc acid, andiyaroxynaphthoi acid; alkyl -substituted
;products of hydroxynaphtocc acid such as 6-  12 hydrox7-5-methyl-2-naphthoic acid;
alkoxy-substituted products of hydroxynaphthoic acid such as 6-hydroxy-5-methoxy-2-naph oic acid;
and halogen..-substituted products of hydroxynap hoic asuch as 6-hydroxy-5-chloro-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 compounds having a kink structure are 3-hydroxybenzoic acid, 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-methoxy-2 lap thdic aced, 6-hwdroxy-5 naphthoie acid, 6-hydroxy-loro-2-naphthoic acid and
6- 



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 more of aromatic dHol , alicyclic diols, aliphatic dials, and derivatives thereof having an
asymmetrical molecular structure (2-C):      The aromatic hydroxvcarboxvi - acids and derivatives
thereof having an asymmetrical molecular structuremay be exemplified by ones similar to those
described, above.      In recards to the aromatic Jicarboxvlic acids, alicyclic di caacids, and derivatives
thereof having an  13 asymmetrical moecuar structurearomati- dicarnoxyl acids and alicyclic
dicarboxylic acids are explained in order.      The aromatic dicarboyyli- acids may be those h.aving an
asymmetrical molecular strurture. The mealthe asymmetrical molecular structure is the same as
described above. It is also preferred in 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 monomer indicates a change of direction of molecular chain (monomer-connecting direction) in
the liquid-crystalline polymer as described above. The meanfrIg of the kink structure,-"I- 4same as
described above, simply explainedrelation to the example where the aromatic is a benzene ring below.
kink structure is further explained using tha example where the aromatic is a benzene ring. In. the
case of aromatic dicarboxylio acids, a polymer In formed by bonding: with other monomers at two sites
of carboxyl group. Therefore t 



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. 4P, 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. 40). m-cessarythe monomer forming the ligi  14 is asymmetrical.s shown in FTGs. 4A, 443,
these monomers have a molecular structure line-symmetric  in relation to the dot-line in the figures.
Therefore, such monomers having a substituent like those shown by FiGs. 4k, 4F are necessary (F,
andPIGs.substil uents). On the other hand, the monomer withP structure shown by FIG. 40 is not of a
kink structure. The reason is that monomer-connecting direction does not change from the arrow as
shown in FIG. 4k.      Specific examples of the aromatic di. carboxylic acid include 2,6-naphtalene
decarboxylic acid diphenylethpr-3,3'- dicarboxylic acid, dibhenoxve ane-3, 3' -dicarboxylic acic
dipienoxvethane-3,3'-dicarboxyl c acid, diphenane-3, dicarbo,yr c acid, and
naphShalene-2,6-dicarboacid; 



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 be those ha asymmetrical molecular structure. The meaninq of the asymmetrical molecular
structure is lie same as described above.I 4. preferred in the present invention that the monomer
having an asyrrlfletricaL molecular structure conta7L.  structure - the monomerdicates age ofeftion of
molecular chain (monomer-connectingdirection) in the liquid-crystalline  polymer. The meaning of the
]cin..k structure, which is the same as described above, is simply expiairied in rel ion to the example
where the alicyclohexane rind below.      The kink structure is further explained in relation to the case
where the alicyclic is cyclohexane, In the case of alicyclic dicarboxylic acids, a p ' ymer. is formed by
bonding with other monomers at two sites of carboxyl group similarly to the aromatic dicarboxvlja
acids. The monomer with, the srre shown by FIG. 5A in terms of positional relation of two carboxyl
groups is of a kink structure. The reason is that the monomer can change the monomer-connecting
direction from the arrow d] to the arrow d2 as shown in FIG. 55. The arrow di and the arrow d2 may be
imagined as the same direction, however, th monomer-connectingion is parfted 



by Id 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 direction 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 that fhb monomer-connecting direction does
not change from the arrow dl as shown in FIG. 55.      Specific examples of the aiicyclic dicarboxylic
acid include adicyclic dicarboxyicids such as cis-1,4-  16 cyclohexane dicarboxylic acid and I,
3-cyclohexane dicarboxylic acid; alkyl-, a oxy-, andhalogen-substituted products of the alicyclic
dicaroaxylic acids such as trans-1,4 v cyclohexane dicarboxylic acid and t chlorsw cyclohexane
dicarboxmlic acid.      Inregardstothe aromatla dials, alicyclicel s, alipi icdials, and derivat es thereof
having an asymmetrical molecular structure (2-C), aromatic dials, alicycli- dials, and aliphatic dials are
explained in order.      The aromatic dials may be those having an asymmetricab molecular structure.
The meaning of the asymmetrical molecular structure is the same 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 other polymers at two sites of hydroxyl group, and there also exist aromatic dials
having a kink structure. In addition, the kink structure has thr same meaning as described above and
may be similarly considered as the aromatic dicarboxylic acids in particula    Specific examples of the
aromatAtc dial include rescreen, 6-naphthalene djoi, 3,3' oinv oxydiphenwl, dihvdroxydiphenYl ether,
I-, or 2naphthalene 2, 2bisod-hvoreyvehenveropane and 2 2 r ^ oxvphenyi)meth Pj andyialkoxv-, or
halogen- 



substituted products of the aromatIc dials such as chlarohydroquinone, methvihveroquinone,
hutylhydroquinone, phenyihydroquHne e, methoxyhydroduinene, ehenox ydroduinone,
4-chlororesoand 4-methvlresorc 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
polymer prepared by using a certain amount of a monbmer of a strubtalso preferable in the present
Invention. polymer is formed by bonding with otneb polymers atci of hydroxyl group, and there also
exist aliP cilc diols of a. kink structure. Thestructure has the same meaning as described above and
mar be similarly considered as the alicyclic dicarboxylic acids in part color.      Specific examines of the
alicyclic diol include alloy dois such as cis-1lonexa ed'trans-1, 4- cyclohexanedimeth ol, cis-I,
pyclohexanethanol, tra 1,3-cyclohexanediolTcyclohemanediol, and trans-1      ohexanedinanol; and
arkyl-,oxv-, or halogen- substituted products of the aromatic. dlobs.      The aliphatic dool is not
plarticularly limrted as long as it has an asymmetrical molecular structure. The meaning of
asymmetrical molecular structure is the same as described above .A liquid-crystalline polymer
prepared by usi.ng a amount of a monomer of a kink structurealso preferable in the present invention.
Tinning of the kink 



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 explained 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. 6A in terms, of positional
relation of two hvdroxyl groups is of a kink structure. The reason Is that 'the monomer can change the
monomer-connecting aa rection from the --row el to the arrow e2 as shown in FIG. 63.      'On the other
hand, the monomer with the structure shown ba FIG. 60 is not a monomer of a kink structure, since
the monomer-connecting direction does not change from the arrow e3 as shown in FIG. 6D.
Specific examples of the aliphatic dlol include linear or branched aliphatic dials such as
1,2-prooanediol, 1 butanediol, and neopen Polyester amides main.ly composed of one or combination
two or more of aromatic mydroxvcarbo lic acids and der iva Tes thereof having an asymmetrical
molecu lar structure (3-A), one or combination of two or more of arom hvdroxyamines, aromatic
diamines,c derivatives  thereof having an asymmetrical molecular structureand one or combination of
two or more of aromatic di carboxvlic acids, 



vclic dicarboxmicand derivatives thereof' avrno an asymmetrical molecular structure      The aromatic
hydroxycarbo ylic acids and derivative thereof having 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.       The aromatic hydroxypmines may be those having an asymmetrical molecular
structure. The meaningthe asymmetrical molecular structure is the same as described above.
Aromatic hydroxyamines having a kink struoture may also be used as an asymmetrical monomer for
forming the liquid-crystalline polymer of the present invention. The means the kink structure is the
same as described above. in tI aromatic h ydroxyamines, since a Polymer is formed by bonding with
other monomers at certain sites of hydroxyl group an.d amino group, the positional relation of hydroxyl
group and amino group is important from the viewpoint structThe kiftc structure of aromatic
hydroxyamines mar he envisaged similarly to the aromafto hydroxyoarboxylio aoids in particular.
The aromatic diamines may he those having an asymme molecular structure. The meaning of the
asymmetrical molecular structure is the same as described above. Aromatic diam having a kink
structure may also be used as an asymret monomer rcn roamanquid-c s &aline polymer of the      ent
invention. The meaning  of the kink structure is tl same as described above. in the aromatic di amines,
since a 



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 structure. 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,
phanylenediamine, -amincmhenol, 3-methvi-4- aminophenol, 2-chloir- amlnophenol, 4-aminophthol,
amino-4'-nydroxydiphenyi, 4-amino-4'-hydr=vdiphenylethar, 4- amino-4'-hydroxydipnem_ methane,
4-amino-4'- hydroxydHohesulfide, and 2,5-dia inotoluene. Derivatives acetyl, pror4 onyl, etc. may be
exemplified as the aster ivat1 yes and/or amido derivatives of the aromatic hydroxyam no and
aromatic diamine. The aromatic dicarboacids, alicmc1Mc ciliarboxviic acids and derivatives thereof:
having, an asymmetrical molecular structuare similar rm4) those explained in (2-E) thu the explanation
thereof      (4) Polyester amides mainly composed of one or combinatio of two or more of aromatic
iydroxycarbox__ i.c acids and derivatives thaving aving an asymmetrical molecular structure (4-A) one
or combination of two or more of aromati hvdroxyamines, aromatic ciHamines, and: derivatives thereof
), asymmetrical molecular structureona or combination of Two or more of aromativlic acids, 



alicv_L dicarboxyacids, and derivatives thereof having _ an asymmetrical molecular structureand
aomatmc diol alicvclic diols, alichatic dials, and derivatives 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
thereof is o      The aromatic hydroxvami es, aromatic diamines, and derivatives thereof having an
asymmetrical molecular structure (4-B) are similar to those explained in relation to (3-B), thus the
explanation the fl is omitted.      The aromatic dicarboxyl.ic acids, alicyoil dicarboxylic acids, and
derivatives thereof having an asymmetrical molecular structure (4-C) are similar to those explained
relation to (2-B), thus the explanation thereof is omitted.                    atic iols, alicyclicdiols, aliphatic
diols, and .derivatives thereof having an asymmetrical molecular struc (4-D) are similar to those
explained in rei.ationA thus the explanation thereof is omitted.      The liquid-crystalline polymer (1) to
(4) may be combined with a molecular weiht adjuster as required in addition to the components
(monomers) described above.      Preferable examples of specific compounds for forming the ii 01rvst
n.e polymer of the present thventic.n may be exemplified by 4-hydroxvbe, oHc acid (4-RBA)
6-hydroxv-2 napithoic acid (RCA),acetyl-amincbenzoic acid (ABA), and 4-
hydroxy-4'-biphenylcarbobc(HBOA) . Additionav 



the present inventionlu3-nydroxybensoic acid (3-? and 6-hydronaphthcf acid (HNL). cloy of Fusion In
theliquid-crystalline polymer of the present invention, 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
differential scanning caU-)-:m0try (fl80). The enthalpy of fusion LE is preferably  greathan or equal! to
2.0 Jig for the reason that proportion of high orderliness structure (crystal dne structure) tends to be
high in polymer solid, and is preferably 1=san. or equal to 10 JIg for reason that melt and solidification
steps are e controlled as -on moldinc material. More preferably, the ent Hr of fusion! AR isthe range of
greater than 



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. Is a result, tin thermaH conductivity fonds to increase. Content of Monomer Having Rink
Structure       The liquid-crystalline polymer of the present invention is prepared by polymerizing a
monomer having an asymmetrical 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 asymmetrical molecular structure as the raw material. The amount of the monomer used
having a kink structure is preferably greater than or equal to 0.1 mo1 based on total amount of
monomers for the reason that a polymer with injection-moldable melting point can be obtained, and the
amount of the monomer used aving a kink structure is preferably less than. or equal to 9.0 moil, for thp
reason that AH is higher and a desired thermal diffusivity can be obtained_ The monomers described
above may be exemplified as the monomer havinp a kink structure,and 6-hydrox -2-na hthoic acid is
particularly prefepa inhererLt Viscosity In thepolymer of 'sent invention, the inherent viscosityv.) is
greater than or eoual to S dl - and l.ess than or equal toinherent viscosity 



are tiose measured in ortnochicrocnenbi at n0 T. vrrien the inherent viscosity is within the range
described above the liquid-crystak!line polymer can 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
inherent viscosity tends to increase when polymerization lod is lengthened and th erebt viscosity tends
to  decrease when polymerization period is shortened. The inherent viscosity can be adjusted in this
way.      The present invention is characterized in that the inherent viscosity and the enthalpy of fusion
LH are adjusted within a certain range, and these properties depend on molecular weights and species
of monomers used in particular Preferably, 4-hydroxybenzoip acid (4-MBA), 6-hydroxy-2- naphthoic
acid (HNA), or 4-hydroxy-4'-biphenylcarboxvib acid           is used since the inherent viscosity and the
enthalpy of fusion can be easziy aoyasL,ed wrina certain range. Method of Producingid-crystalline
polymer The method of produtinp the liquid-crystal lipolymer of the present invention may be
conventional polymerization processes withoutticular limitation thereto. Molded articles with high
thermal conductivity and sufficient mechanical strength may be obtained by any polymerization 



cesses. The conventional polymerization processes are exemplified by melt pol merizati on processes,
solid:-phase polymerization processes, solution polymerization! 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. Theliquid-crys I 7 e polymer of the present invention can be favorably nroduced by
melt polymerization 25 since the inherent viscosityTthe range described above. One of the features of
the present invention is that it can be produced by melt polymerization processes. Molded article The
molded arnMcle of the present invention is formed of a composition of liquid-crystal resin
containingliquid- c_vs-an_ e polymer.liquid-crystalline polymer of t1 ni-nsonrventrLon is prepared by
polymerizing the monomer having an asymmetrical molecular structure, as described above, and the
enthalpy of fusion dH measured by DSC is adjusted wit un the range greater than or equal to 2.0 Jig
and less than or equal to 10 Jig and the inherent viscosity (IX].) 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 conductivity and is provided with sufficient mechanical strength. Furthermore, the u dpolymer
of the present inventiont Lne 



material can be easily produced, therefore, the molded art the present invention caneasii produced. In
the molded article of the present invention, average 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 molded article of the present invention hac hich thermal conduc  strengms that fiber
strength measured by way of t method descrioed in Examples is greater than or equal to 50 ME- for
example.      The composition of liquid-crystal resin as the raw material of the molded artiol.e is not
particularly limited as long as it contains the. liquid crys allinb polymer of the nresent invention. The
composition ofliquid-crystal resin may be added with conventional additives such as other resins,
antioxidants, and pigments within a range not hindering the Pu ose of the presentlcferable component
o than the liquid-crystalline polymer of the present invention is a filler witconductm tv greater than or
equal to 2 W/m5K and less than or equal to 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 



creased, and the heat conductivity less than Or equal to 100 is oreferable since the polymer is
unlikelydecomposed during, compounding into polyester 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 moss than or equal to 500 parts by mass based. on 100 carts by mass of theliquid-crvstalline
polymer. ethodproducing the molded article of the present invention, which is not o ticu:l arly limited,
may  77 preferably selected from conventional production methods depending on species and shi=ne
of the molded article. EXAMPLES      The present invention is explained more specifically with
reference to examples below. However, the present invention is not limited to the following description.
Liquid-crystalline polymers used in Examples and Comparative Examples were prepared by the
method below. Example i      The fav, material monomers, the metal catalyst, and the acylating agent
shown below were introduced into a polymerization vessel equipped with a stirr, a. refiux column, a
monomer inlet, a nitrogen inlet, and a depressuri ndidischarding line, which was "hen: flushed with
nitrogen gas. 



4-hvdroxvbenzoic acid (4- P : 217 6-hvdroxy-2-naphthoic acid (MN20.3 gmol%) (III)
4-d1hvdroxybin-envi- carbo(Hat mol%) caielyst of 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
polymerization while distilling acetic acid, excessive acetic anhydride, and other 1 ow-boiling
substances. When a stirring torque reached about 1.5 kgfcm, the pressure was changed to a
pressurized condition through normal pressure from a reduced-pressure condition by &fp:ling nitrogen,
and a Ic.lymer was discharged as a strand from a lower pert of the polymerization vessel. The strand
was cut into pen Example 2, ComparativeS Examplesto      Polymers \AIPT" obtained similarly as
Example 1 encpc_ 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 from 20C tof"The results are shown in Tables 1, 2. Abbreviated fla7LeS of raw fl
monomers used areindiceted below, 



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 yhipheny1-4
carboxyric acid (THECA): 123.  29 catalyst of potassium acetate: 22.5 mg acetic anhydride: 222.1 g
In Examples 3 and 4, after the raw material was introduced, the temperature of the reactant was raised
to 140C, followed by allowing to react at 140C for 1 hour. Thereafter, tho temperature 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 Ii  acetic acid, excessianhydride, and other low-boiling 



substances. When a _noreached about 1.5 kqfcm, the pressure was changed to a pressurized
condition through normal pressure from a reduced-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 3 and then after the melt polymeinzatc boraue re c ed about 0.15 kqf. cm, he pressure was
changed to a pressurized conditionrough normal pressure from a reduced- pressure condition
byroducgen, and a polymer was discharged as a strand from a lower part of tha polymeriza vessel.
The strand was out into pellets In Comparative Exampleprocedures were performed un.til melt
polymerization similarly to those of Examples 3 and 4, then after the melt polymerization, when a
stirring torque reached about 1J-cm, the pressure was changed to a  30 pressurized condition through
normal pressure from a reduced-pressure condition by introducing nitrogen; but since the discharge as
difficult, a polymer was collected by decomposing the polymerization vessel. 



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 into 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)nydroxvbenzobc a(3-MBA) catalyst of potassium acetate: 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, followed       lowing to 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' minutes, followed by subjecting to melt polymerization while distwiling aceti. acid,
excessive acetic anhydride, and other low-boiling substances. When a stirrinue reached about 1.5
kgf.cm, the pressure was nged to a pressurize condition throuph normal pressure  31 a polymer was
discharged as a strand from a lower part of the polymerization vessel. The strand was out into pellets.
Evaluation 



Molded articles necessary for the evaluation below were prepared using tneliquid-crystalline polymers
of Examples and Comparative Examples, and properties of the liquid-crystal line polymers and the
moldeo artirl as were evaluated_ The evaluation results are shown in Tables I and 2. Melting Point
Measurement was performed using DSC1000 (made by TA Instruments Inc. under the condition
below, and the values of melting point Tn, andthalpy of fusionare determined from the second
measurement. (Condition) rting from 50Cchanging to Tm+40C by 20C/min, holding at Tm+40C for 3 r
mutes,changing to 50C bv 20C/inn, hoidir at 50C for 3 minutes, changing to Tm+.40C. by nilr/r't and
holding at Tm+.40C for 3 minutes. Measurement of X-ra DHffractHnr      A disk-shaped molded article
of diameter 20 mm and. thickness 2 mmwhich had been1-treated at a temperature of20C for 10
minutes, was used as a sample and measured using PINT (made by Rigaku r"Here, the disk-shaped
molded article was processed into 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
diffraction nattern, an average  lattice spacing (u-spacing) was calculatff from a peak top a strong
diffraction peaka vicinity of diffraction angle 



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 collected, 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 conductivity was measured using a disk-shaped molded   tide of diameter TO mm andickrLess
100 urnhate' Mobile In (made by al-Phase Co., Ltd.) based on temperature wave analysts. H'cr' the
disk-shaped  molded article was processed into a predetermined c,474-2. Dr heating the result inc
em-shaped polymer to a temperature ofand hot- bmess'np at a pressure of 10 M7m. Measurement of
Fiber Strength       The resiz]inq polymer was passed thr.ough a capillary 0.4 mmoY20 mm at a
temoeratur of TrrmA,0C of thevmeu Capilograph13 (made by o o Sell_ SeHsaku-Shop Ltd.Thereby a
fiber was prepared.resultino fiber was subjected to a 



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 0:
able to be di. scharged as a strand from the lower part of. the polymerization vessel and cut by a
strand cutter; Productix: unable to be discharged from the lower t of the polymerization vessel. [Table
1)  :3 4       amp is1  Examo Is2 I Example 1Example 



iss4 i4- MBA 173 73  '73 =home 1 EINA  12  19_ (mol%) 1MBA   



1 BETA    b Mel ting - 1 Point `50 :14 1332 /3 358 enthalpy fusion 3  6.  - 



'average14.46 49   lattice spacing A      Fiber162 Strength ME-a !1 Productivity 10 -!' 0 



[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 equal1.0 and inherent viscositygreater 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
strength. Furthermore, since the inherent viscosity (1.V.) is Greater than or equal to 5 dl/g and less
than or equal to 7 dl/g, production thereof is easy.     In the present invention, the asymmetrical
monomer is used the enthalpy of fusion CE. of the liquid-crystalline polymer is adjusted to greater than
or equal to 2.0 Jig and less than or equal to 10 gl/g, and the inherent viscosityIs adnics to greater than
or equal to 5 d ie and less than or equal to di/g, thereby molecular weight and structure of the liquid-cry
etallir polymer are favorably adjusted, consequently, the liquid-crystalline polymer becomes dense
within the molded articles, thermal conductivity of the molded articles cz increased, mechanical
strength is increased, and also the production becomes easy. As is app en: by comparing Examples
1and 6 and Examomes 3, 4,alline polymerscontaining a certain amount of a monomer of a Linn
structure tend to be              hanical st es er strehgParticularly 



the mechanical strength becomes higher wnen EPA is used as the monomer of a kink structure.  37
CLAIMS 1. A liquid-crystalline polymer formed by polymerizing monomers having an asymmetrical
molecular structure, wherein      enthalpy of fusion LP, measured by way of DSC (,- ferent Scanning
Calorimetrv) is greaterccm0 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 and less 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 (R9AP), and 4-hydroxy-4'- hiphenvicarboxviic acid (HECR). 3. The
liquid-crystalline polymer according to claim I or wherein thefl monomer having the asymmetrical
mclecula structure includes greater than or equal to 0.1 mol% and less than or equal to 9.0
mo%monomer having a kink structure. e liquid-crystallipolymer according to claim wherein the
monomer having the kink structure is m-HER A liguiista _ine polymer,the average latt.ice spacing,
calculated using the Braga equation from a 



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 using 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 melting point (Tn,greater than or equal to 4.0 A and less than or eoual to 4.5 A_ 


