1 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 aniso ropic molten phase are known to be a material of which

cimensional accuragy and damping propEIY ol eteellent 4 erariouptaldiagh 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 andimorezcompactTherefore, molded articles imparted with
heat-dissipating ability are required. In order to impart the heat-dissipating ability to the molded
articles, thermal gopductivity of the:molded asticles=shauld be Iricreased:r ysAaiéthod for improving
moldability and thermal conductivity by adding alumina with a certain particle diameter to a
thermoplastioresinis discdosetbas ammethad formdredsing the et conddetvity ot the ffolded articles
(Patent Document 1). It is allegedly said that the molded 2 articles can be imparted with high thermal
conductivity¢heatdissipatdig apilisy Byinsibamgtthe ddaenT Kitrtheimal Eshdieavity into
thermoplastic resins as a filler. A method for obtaining molded articles with a thermal conductivity
by molding a composition of thermoplastic resin is also proposed in which graphite is compounded
with the thermoplastic resin (Patent Docug%{e%&gg. 'EhNean ded articles are imparted with high thermal
conductivity (heat-dissipating ability) by including 9ne graphite with high thermal conductivity into the

compositon of thermaplasic esin. . Afnethodfor oblaiaing a,molded artice yith a thermal

conductivity bV%nqoLfc:i’lng argomposmon of liquid-crystalline polymer is also proposed, in which a certain
fibrous thermal.conductive filer and-a certainplatesike, spheyical o irregulanheat-candustive filler are

compounded in combination into the liquid-crystalline polymer (Patent Document 3).  [Patent
Documegt ALJapanese Unexanined Ratent-Apnlicatipn -Beblication Ne: 200211:46187nd
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
varicus 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 reguired. In order to impart
the heat-dissipating ability to the molded articles, thermal
conductivity of the molded articles should be increased.

A method for impreving moldability and thermal
conductivity by adding alumina with a certain particle
diameter to a thermoplastic resin is disclesed as a method for

increasing the heat conductivity of the molded articles

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



[Patent Document 2] Japanese Unexamined Patent Application, Publication No. 2006-257174
[Patent Document 3] Japanese Unexamined Patent Application, Publication No. 2008-133382
DISCLOSURE OF THE INVENTION Problems t@ be Solved by the Invention As described above,
methods for including a filler with 3 high thermal conductivity into a resin composition of a material to

be molded for the purpose of obtaining molded articles with high therm Icgnduc;ivity@av been
disclosed” Tﬁéig %’a‘fgrr\’t §80uln%18ﬁtjégc%§lclg§e% féc%ﬁgpog%sefgrr%%pé:r?irﬁcg?ﬁgﬁ?h%“r%al( conductivity to

e molded aicics . e Wit g eroelconducly ., Feechnolgiesfor compouning the

ermaf conductiv resin material is publicly known as explained above; however,

if a thermgplastie resjip yith-thermal conductivity ¢ap bedeyeloped; the thermalgonduietivity of molded

articles will be increased still more. The liquid-crystalline polymer is known to be material of which
dimensional agcuraey sndrdampipgpraperty are axcellent ard the amoeuntoffiashrgenerated during
molding is considerably less among thermoplastic resins. Therefore, the liquid crystalline polymer with
high theraakcanductivity isyrequired inyparticutano s 1 Ascdescribedh above, festhecpurpese of increasing
the thermal conductivity of molded articles, the liquid- crystalline polymer with high thermal conductivity
is required. kisforthermecessaiyntotake into eebintthesprepariies o afolded &rtichss, other than the
thermal conductivity, such as easy of production of the liquid-crystalline pot%/mer including possibility of

melt poljRefzatoRahd Righet Fechzmicl streRGt 6Fholded artiBRsTOr-RDrposE 6F dppropriate

application as a material for actual parts. The present invention has tgeen magde to solve the problems
are imparted with high thermal conductivity (heat-dissipaltlng

ability) by including the graphite with high thermal
conductivity into the composition of thermoplastic resin.

A method for obtaining a molded article with a thermal
conductivity by molding a composition of liguid-crystalline
polymer is also proposed, in which a certain fibrous thermal
conductive filler and a certain plate-like, spherical or
irregular heat-conductive filler are compounded in cembination
into the ligquid-crystalline polymer (Patent Document 3).

[Patent Document 1] Japanese Unexamined Patent Application,
Publication No. 2002-146187

[Patent Document 21 Japanese Unexamined Patent Application,
Publication No. 2006-257174

[Patent Document 3] Japanese Unexamined Patent Application,

Publication No. 2008-133382
DISCLOSURE CF THE INVENTION

Problems to be Solved by the Invention

As described above, methods for including a filler with



4 described above; and it is an object of the present invention 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 the3liquid-crystalline polymer and have high mechanical
properties. Means for Solving the Problems  The present inventors have thoroughly investigated to
solve the problems described above. Ats a r.esgg, iat hggsbfen Jgun% thact &)llilqucgt}-ccr}ystalline polymer
formed By PolyHERZIAG nTGRSMeErs Naving an asymmetrical molecular structure, in which enthalpy of
fusion 4H measured by way of DSC (DRifferential | alogimetry) is,gr r{ban or equal to 2.0
J/ig (jouré%%err‘gargm %n%ﬁeénso t‘h%t%ﬁcd:or[;“;e(‘ljf(-qt'_ﬁaTr%oEIE 18$ %ﬁ%% %heé%%%?sﬁ%y%\%)d%égreater than or
equal to,5.dl/g and less thap, gr.equal 19,7 dilg, inereases; the thermalcondugtdeyiofonalded articles,
thereby completing the present invention. More specifically, the present invention provides the
followingi, » s I afirst-aspest aliguid-crystalling polymerformed by pdlymeriziag monpmers having an
asymmetrical molecular structure is provided, in which enthalpy of fusion AR measured by way of DSC
is greaterithanoreaual ta-2.001ig andiless thantoreequal de: €0 Ifg; amtkinhbrent visedsity (1.V.) is
greater than or equal to 5 dl/g and less than or equal to 7 di/g. 5  According to a second aspect of
the present inviention tinghadiguidecrgstatiinegafymer according to the first aspect, the monomer
having the asymmetrical molecular structure is at least one selected from a group consisting of
4-hydroxybenZbie deitF (MBAY B-RydrbRy-2oRaBItHoI dd (RRAY, N-a8etytp H’\iE’d}:ﬁ{énol (APAP), and
4-hydroxy-4' iphenylcarboxylic acid (HBCA). ,According foa third agsgeictccf ;hg?{ Qr%srlenat énvention, in
the liquid &Pyatating YoRHfier-dccording t6 the first of 86&8nd" aspect the monoméer having the
asymmetrical molecular structure includes greater than or equal.to 0. 1% and less than or equal to
9.0 mold%°dt %%ﬁém%r%%%fn;hg Yéi‘%ﬁes%’u&uﬁre? - %Eﬁ?o%ﬁg %l)“g\foérﬁ%sépgqct o!f?the present

invention, in the liquid-crystalline.polymer accaiding to fhe third, aspect, theimonomer having the kink
structure”%eﬁ%?/éroégﬁenzé% acﬁy()&HBA) or 6-hydroxy-2-naphthoic acid (HNA). In a fifth aspect, a

liquid-crystalline polymer ispravided inawhich thesaveragedattice spagingscaleulatediusiag the Bragg
equation from a diffraction peak originating on a .ace (110) observed in a vicinity of 29= 9 measured by

way of aywidesangle X-ray,diffeaction measuyingmmethodusing asampleptepared byfannealing a
molded article formed of the liquid-crystalline polymer according to any of the first to fourth aspects for
10 minutesiustdet coaditions of theemeltingypeint(Tia)e 2OC, s greatarthad or efialtv®4:0 A and less
than or equal to 4.5 A. 6 Effects of the Invention ‘ _ ‘
and the amount of flash generated during molding 1s
considerably less among thermoplastic resins. Therefore, the
liguid-crystalline polymer with hilgh thermal conductivity is
reguired in particular.
As described above, for the purpose of increasing the
thermal conductivity of molded articles, the liguid-
crystalline polymer with high thermal conductivity 1s required.
£ is further necessary to take into account the properties of
nmolded articles, other than the thermal conductivity, sucn as
easy of production of the ligquid-crystalline polymer including
possibility of melt polymerization and higher mechanical
strength of molded articles for the purpcse of appropriate

application as a material for actual parts.

The present invention has been made to solve the problems



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 originating on a face (110) observed in a viginity of 2B-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 ¢an be arranged within the ran\g;e described above,
the mol BRPETitREDrBparE udng tHetlichﬁd-ac?yé%gﬁmﬁ%oﬁan tR& predent MVERTGA Have high
thermal gonductivité. In1the Iig%:]d-qggtggwﬁ,polyme;of the qugse@]t invention, the enthalpy of fusion

LH meas“t?re%rb%/vlf) ’% ig g‘régt%ﬁ Wan of equa ©2.67 gyanr?d“lesslfﬁan 3(5r'se(:e|fj:taﬁjtc’)\’/lo J/g, and the

average gtica, spacing is greater;than gr eqyah to 4,0 A and less thap or.egyalto 4.5.A. As.a result, the
molded Articles of the present invention can be provided with high thermal conductivity as well as
sufficienf;mechanical strenih. - sIntheligiid-crystalling polymeriof the present invention, the inherent
viscosity (1.V.) is greater than or equal to 5 dl/g and less than or equal to 7 di/g. Therefore, the
liquid-crystalline pohimenef the presentigveniion:can be apprepriately peodsiceddly a melt
polymerization method. As a result, the molded articles can be easily produced. 7 FIG. lisa
drawingite ekplaii-a mgnarmerhawing an asymmetrical molecular structure: 1A is a drawing
showing a case in which the molecular skeleton is symmetrical but the molecular structure is
asymmetrical when substituents are taken into account, 1B is a drawing showing a case in which the
molecular structure is asymmetrical since the molecular skeleton itself is asymmetrical, and 10 is a
drawing {6 8%lai& niole AP skéldtont BRG E8'%s a drawing to explain a kink structure in a case in
which an aromatic is a benzene ring, for ex%mple; F%;. 3is %ﬁi:r?win%to xplggtz%%}kink structure in a

case in which AR arGmatic & a TRphthalére ARG Tor eXAMPrE: ASER I 5

o explain an

atomatic deabosylo 39 PG & KIKSUUEATE: ., FIG. 55 2 dauig 0 explan analioyolc

dicarboxflﬁc‘ gg"ld‘ﬁavir?gra Ink structure; an

found that a liquid-crystalline polymer formed by polymerizing

monomers having an asymmetrical molecular structure, in which

Fh

enthalpy of fusion AH measured by way of DSC (Differential
Scanning Calorimetry) 1s greater than or egual to 2.0 J/g
(Joules per gram) and less than or egqual to 10 J/g, and
inherent viscosity {I.V.) 1is greater than or equal to 5 dl/g
and less than or egual 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 AH measured
by way of D3C is greater than or egual 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 egual to 7

dl/g.



FIG. 6 is a drawing to explain an aliphatic diol having a kink structure. PREFERRED MODE FOR
CARRYING OUT THE INVENTION  The present invention is explained with respect to
embodiments thereof below. The present invention is not limited to the invention described below.
Liquid-crystalline polymer  The liquid-crystalline polymer of the present invention is prepared by
polymerizing a monomer having an asymmetrical 8 molecular structure and characterized in that the

enthalpy of fudieRH Hishstfed by TFSE Fs §rxt&thah or RGuBFto 20 9/g ARG s than’dt equal to 10

J/g, and the inherent viscosit ﬁIV%}g reater than or equal to 5,di/g and less than Or equal to 7 dl/g.
The Ui ey SRS S GToH s trchiRasRs qual to 5,difg and less than

T SCCo in O TL S Spelt
Srocessable po%/mer whichhasa prop%rty Capable of

forming an optical anisolropic,molten phasg, The,roperty of the.anisoluopic molien phase;can be

confirmed %y%oconventlonal polarization inspection method using an orthogonal polarizer. More

specifically, the apisotopicmalter phase. can be,confirged by using-a | eitz pelaizing-micrescope and
observing en sample on a Leitz hot stage at a magnification ratio of 40 times under nitrogen
atmosphere ;Whesrthe liguid,erysialline- pelymer applicable; to therpresentinventiorpis inspected
between orthogonal polarizers, polarized light is transmitted therethrough and optical anisotropy is
exhibited-evenimarmolter statippagnstate- hy dihecliquid-enyistaling bolymier:of the peesent invention is
prepared by polymerizing a monomer having an asymmetrical molecular structure. The
liquid-crystaifline polymers (1) to (4) below may be exemplified. (1) Polyesters mainly composed of
one or combination of two or more of aromatic hydroxycarboxylic acids and derivatives thereof having
an asymmetriéal Arslééaiar sfuéturd ThHe praideRtinventicifisttrafadterizéd fithatd mofomer 9

the liquid-crystalline polymer according to the first or

second aspect, the monomer having the asymmetrical molecular
structure includes greater than or equal to 0.1 mol% and less
than or equal to 9.0 mol% of & monomer having a kink structure.

According to a fourth aspect of the present invention, in
the liguid-crystalline polymer according to the third aspect,
the monomer having the kink structure is 3-hydroxybenzolc acid
(3-HBA) or 6-hydroxy-Z-naphthoic acid (HNA).

In a fifth aspect, a liguid-crystalline polymer 1is
provided, in which the average lattice spacing, calculated
using the Bragg eguation from a diffraction peak originating
on a face (110) observed in a vicinity of 26=19° measured by
way of a wide-angle X-ray diffraction measuring method using a
sample prepared by annealing a molded article formed of the
liguid-crystalline polymer according to any of the first to
fourth aspects for 10 minutes under conditiong of the melting
point (Ta) + 20°C, is greater than or equal to 4.0 A and less

than or equal tc 4.5 A.



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 122) are taken into account as shown in FIG. 1A, and a
case where the molecular structure is asymmetrical since the molecular skeleton itself is asymmetrical
as shown in FIG. 12 (Ft: substituent). Here, the molecular skeleton is defined with taking into account
the positibhaststibstituehts. For exaafple, in the case of the molecular structure of FIG. 1A, the

molecular skeleton is shown in FIG. 1C. _ Itis preferred in the present invention thatthe monomer
having an asyrimekicd mdlecdiar-Sirdctire ¢ ﬁﬁsuaséenr%iﬁ%gnguln?%%%/rﬁﬁ gr%er I;iay?/klng a kink

structure. The kink structure in the monomer indicates a ch ditection-qf melecylar chain
(monome SHifeciing BRI IE e g roetiling bohioar = 1

id-crystalline polymer. ~ The kink structure is further

explaineﬁ%usigg the example \'?/Qgr%ggecgrg@at@ﬁ ahenzeneg.the case of arematic

hydroxyca(riooxyielcr %&%s, a polymer is formed by bonding with other monomers at certain sites of

hydroxy.group and carboxyl graus: Eherefore Jheimenamerwith #he struetureskown by FIG. 2A in
terms of positional relation of hydroxy group and carboxyl group is a monomer of a kink structure. The

reason isdbatthemanomer can change the menpfenconneeting directionsffora thé @grow al to the
arrow a2 as shown in FIG. 22. The monomer with the structure shown by FIG 20 is also a 10
monomerefla:kink structiré f The teasormis akatithe (nowdmerican- eharigetheimbhémer-Eonnecting
direction from the arrow a3 to the arrow a4 as shown in FIG. 2D.  On the other hand, the monomer
with the strueture shéwh by FIGE 2Esis hiot Ao ECsFa-kifR sfructure. SfHe RasER @ﬁf&%%ﬁe
monomer-connecting direction does not change from the arrow a5 as shown in EIG. 2 Next, the

-

kink struElareds Rirther exphiified 85iny the SampROwhare the Arohfaticls a'naphthalens ring.  The
monomer with the structure shown by FIG. 3A in terms of positional relati f hydroxy graup and
carboxyFGroEp is'ashidiner 8P kink stitictdie: The r%ia:sto"‘”n"ﬁjé%ﬁap tﬂ%%r%%%gm@rédéaé change the

monom\e]g-.cqnn cting directionom theﬁa&(g\g hl to {k}l%agggstgn%s shown in F}G3B<The grow bl and

the arrowb2m yb%%con5|deré§ asthé same direction; however, the monomer-connecting direction is
pafa||6|-§l‘}11if€§%d%g¥ Lb-as;shown in. FIG. 30. The directional change by the parallel shift in such a way is
encompassed by the "change of direction of molecular chain (monomer-connecting direction) in the

liquid-crystalline Qq{)émgg"qu i dherpenamer mithdhe streetuse shown by 46n8Diis atso a aronomer of
a kink structure. The reason is that the monomer can change the monomer-connecting direction from
the arrow b3 tethe arow b4 agishown inFlGe3Bured by DSC 1s greater than or

equal to 2.0 J/g and less than or equal to 10 J/g, and the

average lattice spacing ls greater than or equal to £.0 A and

less than or egual to 4.5 A. 2As a result, the molded articles

of the present invention can be provided with high thermal

conductivity as well as sufficient mechanical strength.

In the liquid-crystalline polymer of the present invention,

the inherent viscesity (I.V.) is greater than or equal to o
dl/g and less than or equal to 7 di/g. Therefore, the liguid-
crystalline polymer of the present invention can be

appropriately produced by a melt polymerization method. As 2

result, the molded articles can be easily procuced.

BRIEF DESCRIPTICON OF THE DRAWINGS



The monomer with the structure shown by FIG. 3F is also a monomer of a kink structure. The reason
is that the monomer can change the monomer-connecting direction from the arrow b5 11 to the arrow
b6 as shown in FIG. 3G.  On the other hand, the monomer with the structure shown by FIG. 3H 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 hydroxycarboxylic acid
having an asymifietricalmofectlzd ‘stit@tre, mentibnal dHEITRaY beaised? TRE aromatic
hydroxycarboxylic acid may be exemplified béhydroxybenzoic acid and ester derivatives thereof and

hydroxyR&PRGIc acid andl dstet Uetivativestherést:  More specifically, the compounds below may
be exemplifiediilygroxybenzoic acidsnsuch as 4 hé/droxybenz c nd 3- diroi(é@enzoic acid;

oWwing. &

¢ Ci
alkyl-substituted pFosdu%tsdgfaﬁg)fd}%xfbenzmcgamd <ich a%%-%e%ﬁ?ﬂ-iﬁfdr%iybgrﬁmc acid,
3,5-dimethyl-4:hygroxybenzoic. acid and,2 6-dimethyl- 4-hydroxyhepzaic acid;. . a oxy-substituted

products of hydroxybenzo™c acid such as 3-methoxy-4-hydroxybenzoic acid and 3,5-dimethoxy-4-
hydroxyhenzeicacid: - 1 halogenssubstituted pradugts of hydroxybenzoicaeid:suchas is a

3-chloro-4-hydroxybenzoic acid, 2-chloro-4-hydroxybenzoic acid, 2,3-dichloro-4-hydroxybenzoic acid,
3,5-dichlere4: hydroxyhenzoie acigs 2,5-dickhforerd-hydroxyllenzoicacidrandture is
3-bromo-4-hydroxybenzoic acid;  hydroxynaphthoic acids such as 6-hydroxy-2-naphthoic acid,
7-hydroxy=2=naphthbizacid; and 6thyaroxy-¢<naphthe e atil; atkyl-sabstituted products of
hydroxynaphthoic acid such as 6- 12 hydroxy-5-methyl-2-naphthoic acid;
asymmetrical, and 1C is a drawing to explain a molecular
skeleton;
FIG. 2 1s a drawing to explain a kink structure in a case
in which an aromatic is a benzene ring, for example;
FIG. 3 is a drawing to explain a kink structure in a case
in which an aromatic is a naphthalene ring, for example;
FIG. 4 is a drawing to explain an aromatic dicarbexylic
acid having & kink structure;
FIG. 5 is a drawing to explain an alicyclic dicarboxylic
acid having a kink structure; and

FIG. € is a drawing to explailn an aliphatic diol having a

kink structure.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
The present invention 1s explained with respect to
embodiments thereof below. The present invention is not
limited to the inventicn describsd below.
Liguid-crystalline polymer
The liguid-crystalline polymer of the present invention is

prepared by polymerizing a monomer having an asymmetrical



alkoxy-substituted products of hydroxynaphthoic acid such as 6-hydroxy-5-methoxy-2-naphthoic acid;
and halogen-substituted products of hydroxynaphthoic acid such as 6-hydroxy-5-chloro-2-naphthoic
acid, 6-hydroxy-7-chloro-2- naphthol acid, and 6ghydroxy-5,7-dichloro-2-naphthoic acid. = Among the
compounds described above, the compounds having a kink structure are 3-hydroxybenzoic acid,
6-hydroxy-2- naphthoic acid, 7-hydroxy-2-naphthoic acid, 6-hydroxy-1- naphthoic acid,
6-hydroxy-bemeti-2siaphihsic ack R6- RYdrory-Semelfokyi2naphthofc &cig é- Py drokvS-chloro-2-
naphthoic acid, 6-hydroxy-7-chloro-2-naphthoic acid, and 6- hydroxy-5,7-d'ch|oro-22- a%hiho c acid.

(2) Polyésfets Tty ednitsed ¢toneor dcomBiafici of fwG or Moré BF Aromatic h@dro ycarboxylic
acids and derjvatives thereof having.an_asymmetrical molecular structure,_(2-A),.one.or.combination of
two or nfore olfea‘?'ﬁm%élﬁicoalfb&%}f%la&&,g(hcyscjl' é o SHE A “t%ereof having

ic"dicar oxylic acids, and derivatives t
an asympmetrical molecular,structure. (2-B), one or eombinati f rymore of aromatic diols,
alicyclic Q?lo'lt\sg,' aliphatic dials, . éyncf %gﬁvgjtl%eﬁq%rleo%f (gagin%]%\ﬂ?aglgm@mgﬁ(igcil Trrnﬁt()alitcﬁar structure (2-C):
The arog%iglhyggoxycggbw(ylic acids and derivatives thereof having an asymmetrical molecular
structure (2-A) may be exemplified by ones similar to those described above.  In regards to the
aromatic dicarbexylic acids -alisyslicdicarkoxytic agigls, andidetivatives thereof having an 13
asymmetrical molecular structure (2-B), aromatic dicarboxylic acids and alicyclic dicarboxylic acids are
explainegringrder b1 <The arameaticdicarboxykc acids mpay-be thosesheving anfasymmetrizal

molecular structure. The meaning of the asymmetrical molecular structure is the same as described
above. Ibistalse preferredin thie prasent #wention that theeneroRériaviAdg ar&symmetrical molecular
structure contains a certain amount of a monomer having a kink structure. The kink structure in the
monometiAdieatesd EhARge FdiFdcddh GiafoleBular thartRtbromér-Connetling ditéction) in the
liquid-crystalline polymer as described above. The meaninr% of the kink struEti re,-which is the same as

describeddiiove? 75 siftiply BRBIEMetTh refatibhi to te BRarmple where

1blle WheBFRE Hrofatic is & behzene ring

below.  The kink structure js further explained using the ex 'HpL%q here_the aromatic is a benzene
ring. In tHe %335%?%%6&15@? é%arb%(?/lig Boul:%%fgop%fygmgro iz %rme \%(y oﬁding with other monomers

at two sites: of Gajao groun Therefore. dhedpanomet wilh fe. SUUCIUE shawn by 4Gs; 48, 46 In

terms of positional relation of two carboxyl groups is of a kink structure. In the structure shown by FIG.

4A, the mopomer-connecting directioncanbe changed;ktomthe atrow.clitodhe asiow-e2 (see FIG.
4C). In the structure shown by FIG. 46, the monomer-connecting direction can also be changed from

the arrow, €340 the arew editseerEIG: 4 Incidentalhy itds ne¢essarytia the mandmer forming the
liquid-crystalline polymer of the present invention that the molecular structure 14
crystalline polymer applicable to the present inventlon 1s
inspected between orthogonal polarizers, polarized light is
transmitted therethrough and optical anisotropy is exhipited
even in a molten stationary state.

The liquid-crystalline polymer of the present invention is
prepared by polymerizing a monomer having an asymmetrical
molecular structure. The liguid-crystalline polymers (1) to
(4} below may be exemplifiled.

(1) Polyesters mainly composed of one or combination of
two or more of aromatic hydroxycarboxylic acids and
derivatives thereof having an asymmetrical molecular
structure:

The present invention is characterized in that a monomer



is asymmetrical. As shown in FIGs. 4A, 4B, 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. 4E, 4F are necessaryy(R, RI, and R2 in FIGs. 4E, 4F: substituents). ~ On
the other hand, the monomer with the structure shown by FIG. 4G is not of a kink structure. The
reason is that the monomer-connecting direction does not change from the arrow c5 as shown in FIG.
4H.  BpEGFE exBMbICEBrRE HFomane tReatbaky IR adiF ntiide s 6%iiphtaleléTdicarboxylic acid,
diphenylether-3,3'- dicarboxylic acid, diphenoxyethane-3,3'-dica{ngyli% aé:id, o cases
diphendx§ethaner3 32dic iid atic BipHenyiethare-3:3- ticarboxylicacid, Snd” !
naphthalene-2,6-dicarboxylic acid; halogen-substitut cts of tic_dicarhoxylic acids
such aslc‘h%ro%sSSﬁt%aW?%Ei% a!érjlhde b%%%—%&)ﬁheﬁ%ga% ;dog?kél-%ub titu%%%%r%%dhétsp(%)éthe aromatic
dicarboxylic agids such.as methyisophtbal ¢ acid. dimethylisgphthalic geid; and ethyl-isgphthalic
acid; and alkoxy-substituted products of the aromatic dicarboxylic acids such as methoxy isophthalic
acid and, ethoxy.isophtbalic geid. 5 - The-alicyslic disarbaxylic acidsmay bedhesehaving an
asymmetrical molecular structure. The meaning of the asymmetrical molecular structure is the same
as descjbed abeve. isialso prefeged.in the present inventiam that the monomeérshaving an
asymmetrical molecular structure contains a certain amount of a monomer having a kink structure. The
kink 15mstrusture dn thecmonomer indieatesis changenefdifection of nsdleetilaf ehdinG- B
(monomer-connecting direction) in the liquid-crystalline polymer. The meaning of the kink structure,
which is the sanyesas teseribed abeve, is Siffiplyex@raired insfetdtforto the eXample Whérd the
alinyclic is a cyclohexane ring below.  The kink structure is further explained in relation fo the case
where tHedHicyglid ISy doHeRank. i therdsetardlichlicHitabbyifd adids, A polyrier is T6rmed by
bonding with other monomers at two sites .of carboxyl group similarly.to aromatic dicarboxyl ¢
acids. The midHorérith the-Sfudiires Stroia b?ﬁﬁé?%ﬁﬁgtgﬁng 5¥ﬁog§dna€%lation of two carboxyl

groups is of a kirllggtr%%upt%g#e reasq é%}pa]t}]!gh%wpomer can change the monomer-connecting

direction ffom the Arrow d € arfow d2 as shown in FIG. 53. The arrow dl and the arrow d2 may be

imagined as thﬁsﬁ@eﬁ?@f@‘}'}vé&oﬂ%ve{h@ep@gQ@H‘@“ﬁﬁ@@%@iﬂ%di@ﬁ@“ﬂ@@aﬁ@ik@bﬁaiﬁed by ,Lci
as shown in FIG. 5C. AS described above, the directional change by the parallel shift in such a way is

encompagsed-by the 'shange ef-directian-afenalesulas ehaipt(maenomer=connecting elireetion) in the
liquid-crystalline polymer”.  On the other hand, the monomer with the structure shown by FIG. 5D is
not a manemer-of arkink struciuee. Therteason i% that the mornomer-cofinecting direction does not
change from the arrow d3 as shown in FIG. 5E. Speci - examples or the alicyclic dicarboxylic acid 16
cyclonexaneuticarbexylic ddie andri;8<yclbhéxand ditarbexylie agid® alkgi-r akbx§ afd
halogen-substituted products of the alicyclic dicarboxylic acids such as trans-1,4-(1-

methyl)cyelRexarte dieartioxylie aBiersHe aRs-£4 (AL ehior Eﬁéﬁ@)@aﬁ@dﬁ&%gﬂzﬁﬁl&&a. In
regards tg;?gtaégi?fgg d;}(g)li,y?{llgg(-:llc diols, aliphatic diols, and derivatives thereof having an
The kink structure is further explained using the example
where the aromatic is a benzene ring. In the case of aromatic
hydroxycarboxylic acids, a pelymer is formed by bonding with
other moncmers at certain sites of hydroxy group and carboxyl
group. Therefore, the monomer with the structure shown by FIG.
2B in terms of positional relation of hydroxy group and
carboxyl group is a monomer of a kink structure. The reason is
that the monomer can change the monomer-connecting direction

from the arrow al to the arrow a2 as shown in FIG. 2B.

The monomer with the structure shown by FIG. 2C is also a



asymmetrical molecular structure (2-C), aromatic diols, alicyclic diols, and aliphatic diols are explained
in order.  The aromatic diols may be those having an asymmetrical molecular structure. The
meaning of the asymmetrical molecular structurgjs the same as described above. It is also preferred
in the present invention 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 StRGEERE In @8ditiont tHe KiRk $FhEite hds the &M heaRing'ds deS& Bk aR5ve and may be
similarly considered as the aromatic dicarboxylic acids&'n articular. . Specific exam%leg f the
aromati¢ail ificresorc f“ﬁ’,%%?pﬁﬁ%ﬁéy%ﬁﬁ,g -ﬁf%ai;dk%ip%%ﬁﬁ é_@ 8iﬁ§8rox“§iphenyl
ether,1,5c- 01['2 6- naPhthalgne did, 2 2-bis£%—hyg&oxyEB§nyl)propane, and 2,2-bis(4-

hydroxypﬁenyq)%gtﬁaﬁ"é?; and aaﬁ<y -,hgl%lxy-, or halogen-substituted products of the aromatic diols such

as chlorohydroquinone, methylhydroguinane Joutdhydroguinone, dhenyinydroguinongyn by

methoxyhydroquinone, phenoxyhydroquinone, 17 4-chlororesorcin, and 4-methylresorcin. ~ The
alicyclic gigls may be: of,an asymwetrical rpelegular strugture,Fhe-meaning ot thesasymmetrical
molecular structure is the same as described above. A liquid-crystalline polymer prepared by using a
certain ayneunt:ofa moenomer of arkirk sttucturs issalsa prefekabie inctheqpresent idventionaA polymer
is formed by bonding with other polymers at two sites of hydroxyl group, and there also exist alicyclic
diols of akinkvstructure. Fhekinkistructdre lidas the same meaning as described above and may be
similarly considered as the alicyclic dicarboxylic acids in particular.  Specific examples of the
alicyclic diol indkitle-alieyel cdioks Stchas Bisel, 4scytlohieRanedioh tanssr4 - érdidhexanedimethanol,
cis-1,4-cyclobexanedimethanol, trans1,3-cyclohexanediol, cis-1,2-cyclohexanediol, and trans-1,3
cyclohex&FemEthaRBE and ikyt: AoxyS orhadlodeReabRitGted praddcts of the aromatic diols.
The aliphatic dni%l IS not articulgﬂgﬂir@%ed as '185‘(9 as it ha§1 an asé/gnrg gicagrﬁogeygular structure. The

. monomer W e St tuye sShown s . N e r .
meaning of the agymme fical molecdular Striicture 1s the same as déscribed above. A I|qU|5-crystaII|ne

polymer prepared byising g.ceriain amoknt, ala tagnomer.of a.igk sl [s glsg greferable in the

present invention. The meaning of the kink structure, which is the same as déscribed above, Is simply
explained in, rejation to,aliphaticdiolshaying a kink structyre, Jhe aliphatig diol havingrakink structure

is simply 18 explained in relation to dipropanol as an example. In the case of aliphatic dials, a polymer
is formedt by, bonding-with othespehunersatriwessites of hydroxybgrotipasimitlady as asamatic diols. The

monomer with the structure shown by FIG. 6A in terms of positional relation of two hydroxyl groups is
of a kinkstructure aTheweasoreis thatthe mandmer ca® chafige tle mononieragannelcting direction
from the arrow el to the arrow e2 as shown in FIG. 6B.

arrow b2 may be considered as the same direction, however, the

monomer-connecting direction is parallel-shifted by Ab as

shown in FIG. 3C. The directional change by the parallel shift

in such a way is encompassed by the “change of direction of

molecular chain (monomer-connecting direction) in the liguic-

crystalline polymer”.

The monomer with the structure shown by FIG. 3D is also a

monomer of a kink structure. The reason 1s that the monomer

can change the monomer-cennecting direction from the arrow b3

¢t

o the arrow b4 as shown in FIG. 3E.
The monomer with the structure shown by FIG. 3F is also a

monomer of a kink structure. The reason 1s that the monomer

can change the monomer~connecting direction from the arrow bd



On the other hand, the monomer with the structure shown by 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 digl include linear or branched aliphatic diols such as
1,2-propanediol, 1,3- butanediol, and neopentyl glycol.  (3) Polyester amides mainly composed of
one or combination of two or more of aromatic hydroxycarboxylic acids and derivatives thereof having
an asyntpefriedl FIoHEeUlRostRICtSEBLA )L BnB 16t cotfbination of two or more of aromatic
hydroxyamines, aromatic diamines, and derivatives thereof having an asymmetrica] molecular
structure (3-B§Tand'6né bl &8mbitdtion G twb Ut HiGre Blfla%mgﬁ% dicarboxyiicactds, oyclic
dicarboxylic ac%c(l@s, and derivatives thereof Qaving{an asg/%rr&ectggarlerr_]olel%yéarrs_truccgtijlrei(é%-O): The

aromatié hjidrosycarboXiic Acids aRdHerivatives tereSfHaving an asymmetrical molecular structure

(3-8) are similarfo thasg.explainad /o telaiando (L) fusing,19 explanation daereptis armted.

The aromatic hydroxyamines, aromatic diamines, and derivatives thereof having an asymmetrical
moleculgr;: structyre g3§8g95%gqugin§96_ el .@e_ aromatic hydroxyamines may be those h.aving an
asymmetrical molecular structure. The meaning of the asymmetrical molecular structure is the same
as described above. Aromatie hydraxyamines: having @ddrk; stueiure/ ey alsa berusedras an
asymmetrical monomer for forming the liquid-crystalline polymer of the present invention. The meaning
of the kink structure is-theaSame asdeseribed above.ra the aromatic hydroxyamines: ginee a polymer
is formed by bonding with other monomers at certain sites of hydroxyl group and amino group, the
positionalsrefatiorT bEhydroxyl tgroup afd @mine greey is.itnportaht frokh e AS#PBint 6f e kink
structure. The kink structure of aromatic hydroxyamines may be envisaged similarly to the aromatic
hydroxybarbexsiicscias iFpafotard e SohvdtiCdiamitesmay belthbse hatihg an asymmetrical
molecular structure. The meaning of the asymmetric(;ﬁl molecular stru%légfeeiosfthe same as described

above. AT diERHECRAVIAG akifk Stricthfe may aiss be (88d a8 E asymmetrical monomer for
forming the Iiindr-grystallinefpcf%lszr of the present. gggggti%né Iﬁpﬁ rﬂgzn'&gg oefggggknkgsitggture is the
T - LT 1 [{{S RN .

same as described above. n the arorhatic dianmin S, since a polymer is formed by bonding with other

monomers a1 1he f sas.of amino group the (g Sies.0l aTuno SrouR i, imperantrom the
the Kin

viewpointo structure. The kink structure of the aromatic diamines may be envisaged similarly
to the argmatic hydroxycarbaxylig acids in particular.  Specific examples or the aromatic
hydroxyamine and aromatic diamine include 4-am ophenol, 4-acetamidophenol,
Nmethyl-1,4-phenylenediasine, 3-aminophen::3-me nyi-d- aminephenot, 2chldredeammophenol,
4-amino-l-naphthol, 4- amino-4'-hydroxydiphenyi, 4-amino-4'-hydroxydiphenylether, 4-
amino-4'zhygroxydiptemymetharies dzaminos4'1 Ry ddox§diphesylsulfidé -andl 2 S<dfamiactofuene.
Derivatives of acetyl, propionyl, etc. may be exemplified as the ester derivatives and/or amido
derivatives bf thexarbriatichydrexyaming drtaromar digming: c1 </

alkoxy-substituted products of hydroxybenzoic acid such as
3-methoxy-4-hydroxypenzoic acid and 3,5-dimethoxy-4-
hydrozxybenzoic acid;

halogen-substituted products of hydroxybenzoic acid such
as 3-chloro-d-hydroxybenzoic acid, 2-~chloro-d-hydroxybenzolic
acid, 2,3-dichloro-4-hydroxybenzoic acid, 3,5-dichloro-4-
hydrozybenzoic acid, 2,5-dichloro-4~hydroxybenzolic acid, and
3-bromo-d-hydroxybenzoic acid;

hydroxynaphthoic acids such as €-hydroxy-Z-naphthoic acid,
7-hydroxy-2-naphthoic acid, and é-hydroxy-l-naphtholic acid;

alkyl-substituted products of hydroxynaphthoic acld such as 6-



The aromatic dicarboxylic acids, alicyclic dicarboxvlic acids, and derivatives thereof having an
asymmetrical molecular structure (3-C) are similar to those explained in relation to (2-B), thus the
explanation thereof is omitted.  (4) Polyester amides mainly composed of one or combination of two
or more of aromatic hydroxycarboxylic acids and derivatives thereof having an asymmetrical molecular
structure (4-A), one or combination of two or more of aromatic hydroxyamunes, aromatic diamines,

and derfVafivES thereBFhiaving aneyineticaofecular structure (4-B), one or combination of two or

more of aromatjc dicarboxylic acids, alicyclic dicarboxylic acids, and derivatives_ thereof having an
asymmetrical fioiediiar sfrictire’ (z -%),Bé:nodj gr%trﬁ’at?(%% ,ggﬁ)é%ﬂg Rio ?,Oajlicph%ﬁé %ﬁoﬁ&%{]d
derivati_vaest g&eoér?lxha_vgqgﬂggk@gxg]?e_%ig _E@g@fylagéyggtugg@@) are exemplified. The
aromatic ﬁy rox car%o?éyllc acids and derivatives thereof having an asymmetrical molecular structure
(4-A) are similay, to,thoseexplained in.relationsto-(1), thusthe; explanation thereokis amitedn  The
aromatic hydroxyamines, aromatic diamines, and derivatives thereof having an asymmetrical
molecularstructyre-(4:8)- are-similas 1o theserexplained in rejationipdB<B) thus:thecexpianation thereof
is omitted.  The aromatic dicarboxylic acids, alicyclic dicarboxylic acids, and derivatives thereof
having ateasyrmetricat moleeular $tructdrecf4yE} afe-similak tor thoserexpldined. in retatibn to (2-B),
thus the explanation thereof is omitted. ~ The aromatic diols, alicyclic diols, aliphatic diols, and
derivatives thémofibavihg ancasymmeéticabmoledutar stiuetifre (410) apE8HATAIS thesE-Bplained in
relation to (2-C), thus the explanation thereof is omitted. ~ The liquid-crystalline polymers (1) to (4)
may be BorblnedSWitht 8 THERcBRE weightHUfIStBFaE FéGuirdeif admiorth e components
(monomers) described above._ _ Preferable exagﬁg s of specific co %ounds for forming the

liquid-criStRiihE pbiyriérok thé PrESERventidRTiaY be‘exémplified by 4-hydroxybenzoic acid
(4-MBA), 6-hydroxy-2- naphthoic _acid (HNA), N-acetyl-aminobenzo ¢ acid (ABA)and 4-
hydroxyﬂl@%%%é%%éar C&)%ylic %EW&—T@%K@A&%% a I)?zgeéf fc}el)?zirr(?pfg?%?boﬁwpounds of a kink
e Sgies 0, erptesent I enlon dde Sydiogbanepic At Beinbiand
6-hydroxy-2-naphthoic acid (HNA). Enthalpy of Fusion  In the liquid-crystalline polymer of the
present inysntion, the eathalpy, of fusion:LH-is greaterthan-orequabto-2 9-)g angresssthan or equal to
10 J/g. The enthalpy of fusion LH is adjusted by changing the monomer components of the
liquid-crysjailine polyntera adjusting azmalectian sveighi-dfdhe liquid-crystalline polymer, etc. Here,
enthalpy of fusion LH are those measured by differential scanning calorimetry (DSC). The enthalpy of
fusion LH is preferablygreates tramer equaldor2:0 dfgifor theoremson tharpropaitionroftigh
orderliness structure (crystalline structure) tends to be high in polymer solid, and is preferably less
than or egjiral (- 10JkEfof e Feasdhithat ek and-sellifieations stspsreasily controlled as an
injection molding material. More preferably, the enthalpy of fusion LH is within the range %fr%reater

than or €deRlf74 870§ ahda&&S tharrdrdguatto 8 pvafge - r+cal molecular strict

(2-A), one or combination of two or more of aromatic
dicarboxylic acids, alicyclic dicarboxylic acids, and
derivatives thereof having an asymmetrical molecular structure

(2-B), and one or combination of two or more cf aromatic dlols,

Hh

alicyclic diols, aliphatic diols, and derivatives thereo
having an asymmetrical molecular structure (2-C):

The aromatic hydroxycarboxylic acids and derivatives
thereof having an asymmetrical molecular structure (2-A) may
be exemplified by ones similar to those described above.

In regards to the aromatic dicarboxylic acids, alicyclic

dicarboxylic acids, and derivatives thereoi having an



Particularly preferable monomers for adjusting the enthalpy of fusion LH within the range are those
having two or more aromatic rings which are rotatably bonded, and 4-hydroxy4'-b phenylcarboxylic
acid (HBCA) is exemplified as the particularly prgferable monomer. When the enthalpy of fusion LH
becomes higher, crystallinity tends to increase and molecules tend to become dense. As a result, the
thermal conductivity tends to increase. Content of Monomer Having Kink Structure 23 - . The
liquid-cry SR FaIfher B HREHERENEIRTEATO & prepared By poiymerizig & hoHoherhaving an
asymmetrical molecular structure; preferably, greater than or equal to 0.1. mol% and less than or equal
to 9.0 nffokbt thE MSHoEFhaving & r&’ gt}ﬁgc ure fne ﬁdggqglsn ﬁ%pr%%jﬁgr%oe{rsjf ﬁa\cl)iﬁa%a{:n'
asymmetrical molecular structure as the ra terial,; Th t 4 d having a kink
structure is pré?(laeraﬁlf/oé?gé er tfljaj'“nc or ga)ﬁ{g\lﬁtog%% ﬁo?‘gc) g\i{éﬁ% %g%mgrﬂgﬁmugfomers for the
reason thata polymer with & igjection-noldable meltingrpRintcam, be obtained,.and the amount of the
monomer used having a kink structure is preferably less than or equal to 9.0 mol% for the reason that
LH is higher.and-a desired thermal giffusivity cande obtained. Ihesmesomers-described above may
be exemplified as the monomer having a kink structure, and 6-hydroxy-2-naphthoic acid (HNA) is
particulartypreferabte. i imhetent Hisedsityr«dn the liGuidecrygstaliine jpolyenericfthé présenténvention,
the inherent viscosity (I. V.) is greater than or equal to 5 di/g and less than or equal to 7 dl/g. The
inherentwiscosity dre those measaradiatorthochloropkendl ar 25Cr WHerr thedRRéfehE Vistosity is
within the range described above, the liquid-crystalline polymer can be produced by melt
polymerization IMopapreterable farfife'6Fthe iﬁﬁé&éﬁgviécg‘sﬁ@}’is reaterthan or géﬁalk’tbrg% di/g and
less than or equal to 6.5 dl/g. The inherent viscosity depends on molegu!?”/veights and_species of
monométs isel Shedificals W Ha mherstit Vistosfy fendsb Hicrdass wheh polymetization pe od is
lengthened.and the inherent viscosity tends to decrease when pol; rizatio riod | ortened. The
inherenf@?&c%%ﬂ?%ﬁn%%aéé}u {edin @ingéayf}ne#h&engre\%jéﬁfg i%\”/gr?t?iﬁn %ch@alﬁ)fctg%%zl; ?n that the
inherent visroslty egdhe. eothaley otiusian bt are adisted withip.acedainange. and these
properties (yepen on molecular weights and species of monomers used in particular. Preferably,
4-hydroxybepzaic acid (4-EHBA), 6ydraxy-2=naphthoic ACiL (INALQE above, is
4-hydroxy-4'-biphenylcarboxylic acid (HBCA) is used since the inherent viscosity and the enthalpy of
fusion can he easiyadiustegwithin-a-certain mange. MethedafiPreducing ¢ iquid-crystaltine polymer
The method of producing the liquid-crystalline polymer of the present invention may be conventional
polymerizatien processes withgubpdartieular limitation thereto. Molded articles with high thermal
conductivity and sufficient

The kink structure is further explained using the example
where the aromatic is a benzene ring. In the case of aromatic
dicarboxylic acids, a polymer is formed by bonding with other
monomers at two sites of carboxyl group. Therefore, the
monomer with the structure shown by FIGs. 4A, 4B in terms of
positional relation of two carboxyl groups is of a kink
structure. In the structure shown by FIG. 4A, the monomer-
connecting direction can be changed from the arrow cl to the
arrow c2 (see FIG. 4C). In the structure shown by FIG. 4B, the
monomer-connecting direction can also be changed Ifrom the
arrow c3 to the arrow cd4 (see FIG. 4D). Incidentally, 1t 1s
necessary in the monomer forming the liguid-crystalline

polymer of the present invention that the moleculiar structure



mechanical strength may be obtained by any polymerization processes. The conventional
polymerization processes are exemplified by melt polymerization processes, solid-phase
polymerization processes, solution polymerizatign processes, interfacial polymerization processes,
suspension polymerization processes, etc. Among these polymerization processes, melt
polymerization processes are preferable in general from the viewpoint of process simplicity and
productioh cosfI TR Fdid crysBlling pormer of teSpre&nt itVentiSiEcan BETATSHABly Tdduced by
melt polymerization 25 since the inherent viscosity is within the ringe dgs%%betqlgb%\é . One of the

featureS o theTESEr invertion it thatitEar BEBroddéed by meltpolymerization processes. Molded

article _ The molded article of the present invention is fgrrﬁggggnglcg%qﬁt}p af liquid-crystal resin
containing e ﬁ'auiic'iel-‘lc@rys’”t}slﬁilﬁyt:aepso'lym*er%.eiC ﬁjeg liquid-crystalline polymer of the p(?esent invention is

prepared fYRANMENfing: e MenAMeLhving By apyaunelion] melesuiar.sitiesie gs described
above, and the enthalpy of fusion LH measured by DSC is adjusted within the range greater than or

equal to:2.0 Jg.angd less thap or equal torL0 Jg-and:thednherent viscosity (1.V.) is adjusted within the
range greater than or equal to 5 di/g and less than or equal to 7 dl/g. As a result, the molded article of
the present ingentionchas high thermal eonslugtivitrand isiprovided withesufficieat stechanieal strength.
Furthermore, the liquid-crystalline polymer of the present invention in the material can be easily
produced; therefore,sheamoldéd article lof tHerpreseneinvehtion capdieeadsily groducéd  in the
molded article of the present invention, the average lattice spacing, calculated using the Bragg
equatiomfronma difracticrepealc ofginatiig on ofage (100) hsEvéd Fa%ichity F29219measured
by way of a wide-angle X-ray diffraction measuring method, is greater than or equal to 4.0 A and less
than or éfuatte45 APAS Hreshit, the molded article of the present invention has hich thermal

conductivity. The molded article of the present invention is provided 26 with s i(i‘i nt mechanical
strength. The SERGIENE Mechalical Strengt iﬁdi%gt%%iﬁétcﬁbcgjf%?rjgﬁaw rﬁ%ags%r@ed%y way of the

method described in Examples is greatey than,or equalto.50 MPa, forexamplency -3, 37 -
dicarboxylic acid, diphenoxyethane-3,3'-dicarboxylic acid,
diphenoxyethane-3, 3’ ~dicarboxylic acid, diphenylethane-3, 3’ -~
dicarboxylic acid, and naphthalene-2, 6-dicarboxylic acia;
halogen-substituted products of the aromatic dicarboxylic
acids such as chloro-isophthalic acid and bromo-isophthalic
acid; alkyl-substituted products of the arcmatic dicarboxylic
acids such as methyl-isophthalic acid, dimethyl-isophthalic
acid, and ethyl-isophthalic acid; and alkoxy-substituted
products of the aromatic dicarbozylic acids such as methoxy
isophthalic acid and ethoxy isophthalic acid.

The alicyclic dicarboxylic acids may be those having an
asymmetrical molecular structure. The meaning of the
asymmetrical molecular structure is the same as described
above. It is also preferred in the present invention that the
monomer having an asymmetrical molecular structure contailns a

certain amount of a monomer having a kink structure. The kink



The composition of liquid-crystal resin as the raw material of the molded article is not particularly
limited as long as it contains the liquid-crystalline polymer of the present invention. The composition of
liquid-crystal resin may be added with conventiorxal additives such as other resins, antioxidants, and
pigments within a range not hindering the purpose of the present invention. A preferable component
other than the liquid-crystalline polymer of the present invention is a filler with a heat copnductivity

greater fHaR-6riegial 62 Wim K ERE Fessthan Of egfiaPto o0 Wimek. TAé Rgat &dhdiictivity greater
than or equal to 2 is preferable since the thermal conductivity of molded articles can be further
increasé‘%% ]a%‘a%ﬁgrne%%%ﬁdE&R/rﬁ?ﬂléesrs"t%%ﬂ%ef%%ﬁ%?todfo% %tﬁr%Pe?raBI% gtlr?fcee %%Gﬁlglémer is
unlikely to be decomposed during compounding intq polyester resin, (the hi lue fequires the
higher ionicity o c““ojfﬁ%or}\jgn? ). The fi é%gw#% § hieqé cpcgg)rldif:%%itf o%‘qzk( t%%%kg?s? g}(%mpliﬁed by talc,

titanium oxide, graphjte, borop pitride,etc . Fhe content of the filler isnreferably:greater than or equal

to 10 parts by mass and less than or equal to 500 parts by mass based on 100 parts by mass of the
liquid-crystalline polymer: e Ehe methodpEprodusing:the molded article ot thelpresentiavention,
which is not particularly limited, may be 27 preferably selected from conventional production methods
depending:on species.and shape 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 f6hewingrdesetiption.dtiquitiscrystafiine potyrnemsiused inExarplés and Corhpéarative
Examples were prepared by the method below. Example 1~ The raw material monomers, the metal
catalyst, Gt sy matingeagent Shewhbelsw were Shfsddted inté apulyrhéfizatidh vessel equipped
with a stirrer, a reflux caolumn, a monomer inlet, a nitr%%en inlet, and. a dr%gre surizing/discharging line,
-HBA

which wéag %ﬂ&ﬁwgﬁ%ﬁﬁﬁﬁﬂ%&%&?lﬁﬁ%h@d% B&fzoid Acid (@ DG mol%) (1)
Ghydnnag%ﬁaggﬁggp%ggégggA:ggj%%é5g§%%% of carboxyl group similarly

to the aromatic dicarboxylic acids. The monomer with the
structure shown by FIG. 52 in terms of positional relation of
two carboxyl groups is of a kink structure. The reason 1s that
the monomer can change the monomer-connecting direction from
the arrow dl to the arrow d2 as shown in FIG. 5B. The arrow dl
and the arrow d2 may be imagined as the same direction,
however, the monomer-connecting directicn is parallel-shifted
by Ad as shown in FIG. 5C. AS described above, the directiocnal
change by the parallel shift in such a way 1s encompassed by
the “change of direction of molecular chain (monomer-
connecting direction) in the liguid-crystalline polymer”.

On the other hand, the monomer with the structure shown by
FIG. 5D is not a monomer of a kink structure. The reason 1s
that the monomer-connecting direction does not change from the
arrcw d3 as shown in FIG. 5E.

Specific examples of the alicyclic dicarboxylic acid

include alicyclic dicarboxylic acids such as cis-1,4-



(1) 4-dihydroxybiphenyl-4-carboxylic acid (HBCA): 101.5 g (22 mol%) catalyst of potassium acetate:
22.5 mg acetic anhydride: 224.2 g  After introducing the raw material, the temperature of the
reactant was raised to 140C, followed by aIIowirlg to react at 140C for 1 hour. Thereafter, the
temperature was raised to 320C over 5 hours, then the pressure was reduced to 10 Torr .e. 1330 Pa)
over 20 minutes, followed by subjecting to melt 98 polymerization while distilling acetic acid,
excessive atetic anhydritie; andotiiérlowabditing Bdbstad ces! SWRER 33tRriRgG GGG Féacted about
1.5 kgf.cm, the pressure was changed to a pressurized condition through normal pressure from a

reduceds pressure.&otiditior? by Aitotuciig nifre Y8 A SAnd B pdlynidrhas diseiifged & a*‘gf‘r%nd from a
lower part of the polymerization vqs_sel. The strand was cut into %)gL{Ietg;E_fgmple 2, Comparative
Exampléd 1355 1 Cpak/ridis Were Shtained Simitary 45 ExARiple T 'except that species and amounts

of monomers introduced of raw material were set to_those shawn in Tables,1, 2, and final
polymeﬁuz%?i%w[ér%%(é}ﬁ e Was s%t“ f:oaékfeor}ﬁﬁgrla%uraeco grzl)%the resTJItiln'g po(lymer plus from 20C to

40C. The results are sh in Tables 1, 2 Abbreviated names of raw material monomers used are
indicated below. (f\y)cis?tsgqé/h%t éhc acid (TA)CEV 4,4'-dihydroxybiphenyl (BP) Examples 3, 4, Comparative

Examples 6, ;.The raw materalmangmers,the metaheatalyst apdithe agylatisg agent shown below
were introduced into a polymerization vessel equipped with a stirrer, a reflux column, a monomer inlet,
a nitrogen inlgtz and adepressuizingldisehargingline; whielvwasahem flushed with nitrogen gas.
asymmetrical molecular structure (2-CY, aromatic diols,
alicyclic diols, and aliphatic diols are explained in order.

The aromatic diols may be those having an asymmetrical
molecular structure. The meaning of the asymmetrical molecular
structure is the same as described above. It is also preferred
in the present invention 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 diols having a kink structure. In addition, the kink
structure has the same meaning as described above and may be
similarly considered as the aromatic dicarboxylic acids in
particular.

Specific examples of the aromatic diol incliude resorcin,
2,6-naphthalene diol, 3,3'-dihydroxydiphenyl, 3,37~
dihydroxydiphenyl ether, i,4-, 1,5-, or 2,6- naphthalene diol,
2,2-bis (4~hydroxyphenvl)propane, and 2,2-bis(4-
hydroxyphenyl)methane; and alkyl-, alkoxy-, or halocgen-
substituted products of the aromatic diols such as
chlorohydroguinone, methylhydroguinone, butylhydroquinone,

phenylhydroguinone, methoxyhydroguinone, phenoxvhydrogquinone,



(1) 4-hydroxybenzo c acid (4-NBA): 215.1 g (73 mol%) (II) 4-dihydroxybipheny1-4-carboxYlic acid
(HBCA): 123.4 g (27 mol%) 29 catalyst of potassium acetate: 22.5 mg acetic anhydride: 222.1g In
Examples 3 and 4, after the raw material was infroduced, the temperature of the reactant was raised to
140C, followed by allowing to react at 140C for 1 hour. Thereafter, the temperature was raised to 380C
over 5 hours, then the pressure was reduced to 10 Torr (i.e. 1330 Pa) over 20 minutes, followed by
subjectifigtd helppelyavekization Whilé distiingl aéatrrécid: -excessive acetic anhydride, and other
low-boiling substances. When a stirring torque reached about 1.5 kFgf.cm, theé) essu%e was changed to

a pressurized CehditlohtAFdugh Rormtal préssiie from & teddeSipresstre cBivdifion by introducing
nitrogen, and a polymer_was dischar edo%s gﬂstrand fror‘g rIO\évaeE part.of ,Lhe_L leygltefggggggessel.

mo_eCu

The strahd &S ebfinto pellefs™ 2 "I Tmparativé Example 6. procedures were performed until melt
polymerizatiop similgy (0 those of Examales 3aand 4, thegafter dhe melt polymegizatign when a
a 1 condition

stirring torque reache out kgf.cm, the pressure was changéd to a pressurize

through normal pressure, from.a reduced:pressyre sandiionbyqintreducingmittogemand a polymer
was discharged as a Strand from a lower part of the polymerization vessel. The strand was cut into

pellets. 5+ I Somparative, Example 7 -praocedures were perforaed untitenelt polymerization similarly
to those of Examples 3 and 4, then after the melt polymerization, when a stirring torque reached about
2.5 kof.cm, thesqpressureawas=changetbtoda 130 pressurizédconditiomtirought normalspressure from a
reduced-pressure condition by introducing nitrogen; but since the discharge was difficult, a polymer
was colleéted:tsyrdecomposing the: polyrietization vesseliBkamplesis; 6. ¢ ciols of a

kink structure. The kink structure has the same meaning as
described above and may be similarly considered as the
alicyclic dicarboxylic aclds in particular,

Specific examples of the alicyclic diol include alicycliic
dicls such as cis-1,4-cyclohexanediol, trans-1,4-
cyclohexanedimethanol, cis-1,4-cyclohexanedimethancl, trans-
1, 3-cyclohexanediol, c¢is-1,Z-cyclohexanedicl, and trans-1, 3~
cyciohexanedimethanol; and alkyl-, alkoxy=-, or halogen-
substituted products of the aromatic dicls.

The aliphatic diol is not particularly limited as long as
it has an asymmetrical molecular structure. The meaning of the
asymmetrical molecular structure 1s the same as described
above. A liquid-crystalline polymer prepared DY using a
certain amount of a meonomer of a kink structure 1s also
preferaple in the present invention. The meaning of the kink
structure, which is the same as described above, 1s simply
explained in relation to aliphatic diols having a kink
structure,

The aliphatic diol having a kink structure is simply



The raw material monomers in the ratios shown in Table 1, the metal catalyst, and the acylating agent
shown below were introduced into a polymerization vessel equipped with a stirrer, a reflux column, a
monomer inlet, a nitrogen inlet, and a depressuyizing/discharging line, which was then flushed with
nitrogen gas. (I) 4-hydroxybenzoic acid (4-HBA) (Il) 4-dihydroxybipheny1-4-carboxylic acid (HBCA)
(V1) 3-hydroxybenzoic acid (3-HBA) catalyst of potassium acetate: 22.5 mg acetic anhydride: 222.1 g
In Examples Siarmdi6 Lafterethe rawmaterial Waiarcduced, fHe Rrfidature dfithé réadiaritwas raised
to 140C, followed by allowing to react at 140C for 1 hour. Thereafter, the temperature was raised to
340C irPExamplis ahd 33T R EXaRpeYE 8Ver S 5 HOUPE ThEN e Bredadrd'was raédided to 10 Torr

(i.e. 1330 Pa) over 20 minutes,_ followe subjecting to melt polymerization while distilling acetic acid,
excessiv8 hEBfi¢ AnAYdridE, dhd Gthel %ﬁ%#ﬁéé %gbgtraﬁggs.%g%%rgﬁriﬁggv tér%ﬁqé%rtgéged about

L5 kgf.cm, the pressure was shange to g pressurized.condition thrpugh-nermajpregsure from a

reduced%%ressUre condfﬁ%rﬁcbyalntro ucing nitrogen, and 31 a polymer was discharged as a strand

from a lower part of the. polyerization vessel. The sjrand was-eut into-nelists. Evaluation  Molded

articles necessary for the evaluation below were prepared using theliquid-crystalline polymers of

Examples apd Gomparative Examplesaane pieperties of thequisherystallinenpalymets=and the molded
articles were evaluated. The evaluation results are shown in Tables 1 and 2. Melting Point

Measuremenptwas perfosredrusing DPSE Q1000 (madée by TArnstrainemts trics) @nderthé ondition
below, and the values of melting point Tm and enthalpy of fusion LH were determined from the second
measurement {€onditioRY G. 61.

On the other hand, the monomer with the structure shown by
©IG. 6C is not a monomer of a kink structure, since the
monomer-connecting direction dees not change from the arrow e3
as shown in FIG. 6D.

Specific examples of the aliphatic diol include linear or
branched aliphatic diols such as 1,Z-propanediol, 1,3~
putanediol, and neopentyl glycol.

(3) Polyester amides mainly composed of one or combination
of two or more of aromatic hydroxycarboxylic acids and
derivatives thereof having an asymmetrical molecular structure
(3-A), one or combination of two or more of aromatic
hvdroxyamines, aromatic diamines, and derivatives thereof
having an asymmetrical molecular structure {(3-B), and one or
combination of two or more of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids, and derivatives thereof having
arn asymmetrical molecular structure (3-C):

The aromatic hydroxycarboxylic acids and derivatives
thereof having an asymmetrical molecular structure (3-A} are

similar to those explained in relation to (1), thus the



Starting from 50C, changing to 2m+40C by 20Cfmin, holding at Tm+40C for 3 minutes, changing to
50C by 20Cfmin, holding at 50C for 3 minutes, changing to Tm+40C by 20Cfmin, and holding at
Tm+40C for 3 minutes. Measurement of X-ray Qiffraction disk-shaped molded article of diameter
20 mm and thickness 2 mm, which had been anneal-treated at a temperature of Tm+20C for 10
minutes, was used as a sample and measured using RINT (made by Rigaku Co.). Here, the
disk-shaped aiotdedartieleewas précese@d Hitdh predetermined size by heating the resulting

pellet-shaped polymer to a jtemgterature of Tm+20C and hot-pressing at a ressure of 10 MPa. From
the resulting X8y BifftRetior pattsh O ¥y Hehiye 355%{‘&%1%&%9%@?{55;0@5) was calculated from

a peak top of a strong diffraction peak in a vicinity of diffraction angle 28= tribufing tq the face
(110). 28Siie&H X1 Fefh &%%Oofﬁifelfa =13 )5%(-%(5; v%%e%gﬁgt%%(lgﬁ 1%6,%?% erent Viscosity (I.V.)

The resyltin poé)%rger 0f 20 mg was collected, then which was dissolved into 10 cc of
pentafluoropheno Under a témperature of 60C. Then 10 cc of chloroform was added thereto and it

was measuredtising a capillary.viscometsr {Ubbelohde}underasterperatuye of 30C. Thermal
Diffusivity = Heat conductivity was measured using a disk-shaped molded article of diameter 20 mm

and thickness,20Q pax by abPhase Mohiledudmace by ai:Bhase €ond td) based on temperature wave
analysis. Here, the disk-shaped molded article was processed into a predetermined size by heating

the resultingrpeliet-shapedpolymer:to astemperature iof Trim20Gand hot-pressing atia pressure of 10
MPa.

above. Aromatic hydroxyamines having a kilnk structure may alsc
pe used as an asymmetrical monomer for forming the liquid-
crystalline polymer of the present invention. The meaning of
the kink structure is the same as described above. 1In the
aromatic hydroxyamines, since a polymer is formed by bonding
Wwith other monomers at certain sites of hydroxyl group and
aninc group, the positional relation of hydrexyl group and
amino group is important from the viewpoint of the kini
structure. The kink structure of aromatic hydroxyamines may be
envisaged similarly to the aromatic hydroxycarboxylic acids in
particular.

The aromatic diamines may be those having an asymmetrical
molecular structure. The meaning of the asymmetrical molecular
structure is the same as described above. Aromatic diamines
having a kink structure may also be used as an asymmetrical
monomer for forming the liguid-crystalline polymer of the
oresent invention. The meaning of the kink structure ig the
same as described above. In the arcomatic diamines, since a
polymer is formed by bonding with other monomers at the two

sites of amino group, the two sites c¢f amino group 1is



Measurement of Fiber Strength  The resulting polymer was passed through a capillary of 0.5
mmOx20 mm at a temperature of Tm5-20C of the polymer using Capilograph 13 (made by Toyo Seiki
Seisaku-Sno, Ltd.), thereby a fiber was preparegy The resulting fiber was subjected to a tensile test at
a speed of 100 mm/min using Tensilon (made by Toyo Seiki Seisaku-Sho, Ltd.) to measure fiber
strength. 33 Evaluation of Productivity =~ When a polymer was prepared by the production method
describédbelows the ppraranee of e polyeridiscirargéd from & fowetFart o?g'?e koRyerization
vessel was visually observed and evaluated based on the criteria below. Productivity O: able to be
dischargéd 5§ BUsifarfifréihe ToWerpart of PSS nikfiYatish $ES5LF 4AG Cuf b atstrand cutter:

Productivity x: unable to be discharged from the lower part of the pgglrrr%%r(l:%altlé)g.vessel. [Table 1] 34

Examplé 81 BXanpie @ Exampie sy carcoxylic cids in

Specific examples of the aromatic hydroxyamine and
arcmatic diamine include 4-aminophencl, 4-acetamidophencl, N~
methyl-1,4-phenylenediamine, 3-aminophencl, 2-methyl-4-
aminophenocl, 2-chloro-4-aminophencl, 4-amino-l-naphthol, 4-
amino-4’ -hydroxydiphenyl, 4-amino-4'-hydroxydiphenylether, 4-

amino-4’ -hydroxydiphenylmethane, 4-amino-4'-

h

nydroxydiphenvlsulfide, and 2,5-diaminotoluens. Derivatives ©
acetyl, propionyl, etc. may be exempliiied as the ester
derivatives and/cr amido derivatives of the aromatic
hydroxyamine and aromatic diamine.

The aromatic dicarboxylic acids, alicyclic dicarboxylic
acids, and derivatives thereof having an asymmetrical
molecular structure (3-C) are similar to those explained in
relation to {(2-B), thus the explanation thereof is omltted.

(4} Polyester amides mainly composed of one or combination
cf two or more of aromatic hydroxycarboxvliic acids and
derivatives thereof having an asymmetrical molecular structure
(4—-2), one or combination of two or more of aromatic
hydroxyamines, arcomatic diamines, and derivatives thereof
having an asymmetrical molecular structure (4-B), one or
combination of two or more of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids, and derivatives therecf having
an asymmetrical molecular structure (4-Cj, and aromatic diols,

alicyclic diols, aliphatic dicls, and derivatives thereof
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having an asymmetrical molecular structure (4-D) are
exenplified.

The aromatic hydroxycarboxylic acids and derivatives
thereof having an asymmetrical molecular structure (4-A) are
similar to those explained in relation to (1), thus the
explanation thereof 1s omitted.

The aromatic hydroxyamines, aromatic diamines, and
derivatives thereof having an asymmetrical mclecular structure
(4-B) are similar to those explained 1in relation to (3-B),
thus the explanation thereof is omitted.

The arcmatic dicarboxylic acids, alicyclic dicarboxylic
acids, and derivatives thereof having an asymmetrical
molecular structure (4-C) are similar to those explained in
relation to {2-B), thus the explanation thereof is omitted.

The aromatic diols, alicyclic diols, aliphatic diols, and
derivatives thereof having an asymmetrical molecular structure
(4-D) are similar to those explained in relation to (2-C),
thus the explanation thereof is omitted.

The liguid-crystalline polymexrs (1) to (4) may be combined
with a molecular weight adjuster as required in addition to
the components (monomers) described above.

Preferable examples of specific compounds for forming the
liguid=-crystalline polymer of the present invention may be
exemplified by 4~hydroxybenzoic acid (4-HBA), o-hydroxy—-2-
naphthoic acid (HNA), N-acetyl-aminobenzoic acid {(ABA), and 4-
hydroxy-4/ -biphenylcarboxylic acid (HBCA)}. Additiocnally,

specific examples of compounds of a kink structure suited to



- PEA

HBCA

the present invention include 3-hydroxybenzeic acid (3-HBA)
and 6-hydroxy-Z-naphthoic acid (HNA).
Enthalpy of Fusion

In the liguid-crystalline polymer of the present invention,
the enthalpy of fusion AH is greater than or equal to 2.0 J/9
and less than or egual to 10 J/g. The enthalpy of fusion AH is
adjusted by changing the monomer components of the liquid-
crystalline polymer, adjusting a molecular weight of the
liquid-crystalline polymer, etc. Here, enthalpy of fusion AH
are those measured by differential scanning calorimetry (D3C).
The enthalpy of fusion AH is preferably greater than or egual
te 2.0 J/g for the reason that proportion of high ordarliness
structure (crystalline structure) tends to be high in polymer
solid, and is preferably less than or equal to 10 J/g for the
reason that melr and solidification steps are easily
controlled as an injection molding material. More preferably,
the enthalpy of fusion AH is within the range of greater than

or equal to 4.0 J/g and less than or equal to 8.0 J/g.

e

articularly preferable monomers for adjusting the
enthalpy of fusion AH within the range are those having two o
more aromatic rings which are rotatably bonded, and 4-hydroxy-
At -Liphenylcarboxylic acid (HBCA) is exemplified as the
particularly preferable monomer. When the enthalpy of fusion

AH becomes higher, crystallinity tends to increase and

E_.J

molecules tend to become dense. As a result, the thermal
conductivity tends te increase.

Content of Monomer Having Kink Structure
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The liguid-crystalline polymer of the present invention is
prepared by polymerizing a monomer having an asymmetrical
molecular structure; preferably, greater than or egual to 0.1
mol% and less than or egual to 9.0 mol% of the monomer having
& kink 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 mol% based on total
amount of monomers for the reason that a polymer with a
injection-moldable melting point can be obtailned, and the
amount of the monomer used having a kink structure is
preferably less than or egual to 9.0 mol®% for the reason that
AH is higher and a desired thermal diffusivity can be cbtained.
The monomers described above may be exemplified as the monomer
having a kink structure, and 6-hydroxy-Z-naphthoic acid (HNA)
iz particularly preferable.
inherent Viscosity

In the liguid-crystalline polymer cf the present invention,
the inherent viscosity {(I.V.) is greater than or egual tc 5
di/g and less than or equal to 7 dl/g. The inherent viscosity
are those measured in orthochlorophencl at 25°C. When the
inherent viscosity is within the range described above, the
tiquid-crystalline polymer can be produced by melt
polymerization. More preferable range of the inherent
viscosity is greater than or equal to 5.5 di/g and less than
or equal to 6.5 dl/g. The inherent viscosity depends on

molecular weights and species of menomers used. Spscifically,
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the inherent viscosity tends to increase when polymerization
period is lengthened and the inherent viscesity 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 AH are adjusted
within a certain range, and these properties depend on
molecular weights and species of monomers used in particular.
Preferably, 4-hydroxybenzoic acid (4-HBA), 6é-hydroxy-2Z-
naphthoic acid (HNA), or 4-hydroxy-4’-biphenylcarboxylic acid
(HBCA) is used since the inherent viscosity and the enthalpy
of fusion can be easily adjusted within a certain range.
Method of Producing Liguid-crystalline polymer

The method of producing the liguid-crystalline polymer of
the present invention may be conventional polymerization
processes without particular limitation thereto. Molded
articles with high thermal conductivity and sufficient
mechanical strength may be obtained by any polymerization
orocesses. The conventional polymerization processes are
exemplified by melt polymerization processes, solid-phase
polymerization processes, soluticn polymerization processes,
interfacial polymerization processes, suspension
pelymerization processes, etc. Among these polymerization
processes, melt polymerization processes are preferable in
general from the viewpoint of process simplicity and
production cost. The liguid-crystalline polymer of the present

invention can be favorably produced by melt polymerization
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since the inherent viscosity is within the 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 article of the present invention is formed of a
composition of liguid-crystal resin containing the ligquid-
crystalline polymer. The liguid-crystalline polymer of the
present invention is prepared by polymerizing the monomer
naving an asymmetrical molecular structure, as described above,
and the enthalpy of fusion AH measured by DSC is adjusted
within the range greater than or equal to 2.0 J/g and less
than or egual to 10 J/g and the inherent viscosity (I.V.) is
adjusted within the range greater than or equal to 5 di/g and
iess than or egual to 7 dl/g. BAs a resuit, the molded article
of the present invention has high thermal conductivity and is
provided with sufficient mechanical strength. Furthermore, the
liguid-crystalline polymer of the present invention in the
material can be easily produced, therefore, the molded article
of the present invention can be easily produced.

In the molded article of the present invention, the
average lattice spacing, calculated using the Bragg equation
from a diffraction peak originating on a face (110] observed
in a vicinity of 28=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 egual to 4.5 A. As a result, the molded
article of the present invention has high thermal conductivity.

The molded article of the present invention is provided



07 (N3 0 2.91E- 07 2.43E- 07 2.20E- 07 2.19E- 07 i Fiber Strength MPa 71 65 62

26

with sufficient mechanical strength. The sufficient mechaniceal
strength indicates that fiber strength measured by way of the
method described in Examples is greater than or egual to 50
MPa, for example.

The composition of liguid-crystal resin as the raw
material of the molded article is not particularly limited as
long as it contains the liquid-crystalline polymer of the
present invention. The composition of liguid-crystal resin may
be added with conventional additives such as other resins,
antioxidants, and pigments within a range not hindering the
purpcose of the present inventiocn. A preferable component other
than the liguid-crystalline polymer of the present invention
ig a filler with a heat conductivity greater than or equal to
2 W/m-K and less than or equal te 100 W/m-K. The heat
conductivity greater than or equal to 2 is preferable since
the thermal conductivity of molded articles can be further
increased, and the heat conductivity less than or egual to 100
is preferable since the polymer is unlikely to be decomposed
during compounding into polyester resin (the higher value
requires the higher ionicity of components). The filler with a
heat conductivity of 2 to 100 is exemplified by talc, titanium
oxide, graphite, boron nitride, etc. The content of the filler
is preferably greater than or egual to 10 parts by mass and
less than or equal to 500 parts by mass based on 100 parts by
mass of the liguid-crystalline polymer.

The method of producing the molded article of the present

-

invention, which is not particularly limited, may be
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preferably selected from conventional production methods

depending on species and shape of the molded article.

EXAMPLES

The present invention is explained more specificaily with
reference to examples below. However, the present ilnvention is
not limited to the following description.

Liquid-crystalline polymers used in Examples and
Comparative Examples were prepared by the method below.
Example 1

The raw material monomers, the metal catalyst, and the
acylating agent shown below were introduced into a
polymerization vessel eguipped with a stirrer, a reflux column,
a monomer inlet, a nitrogen inlet, and a
depressurizing/discharging line, which was then filushed with
nitrogen gas.
(I} 4-hydroxybenzoic acid (4-HBA): 217.1 g (73 mol%)
(II) é-hydroxy-Z-naphthoic acid (HNA): 20.3 g (5 mol®)
(I1T) 4-dihydroxybiphenyl-4~-carboxylic acid (HBCA): 101.35 g
(22 mol%)
catalyst of potassium acetate: 22.5 mg
acetic anhydride: 224.2 ¢

Afrer introducing the raw material, the temperature of the
reactant was raised to 140°C, followed by allowing to react at
140°C for 1 hour. Thereafter, the temperature was raised to
320°C over 5 hours, then the pressure was reduced to 10 Torr

fi.e. 1330 Pa) over 20 minutes, fcollowed by subjecting to melt
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polymerization while distilling acetic acid, excessive acetic
anhydride, and other low-bolling substances. When a stirring
torque reached about 1.5 kgf-cm, the pressure was changed to a
pressurized condition through normal pressure from a reduced-
pressure condition by introducing nitrogen, and a polymer was
discharged as a strand from a lower part of the pelymerization
vessel. The strand was cut into pellets.
Example 2, Comparative Examples 1 to 5

Polymers were obtained similarly as Example 1 except that
species and amounts of monomers introduced of raw material
were set tc those shown in Tables 1, 2, and final
polymerization temperature was set TO a temperature of Tm of
the resulting polymer plus from 20°C to 40°C. The results are
shown in Tables 1, 2. Abbreviated names of raw material
moncmers used are indicated below.
(IVY isophthalic acid (TA}
(Vy 4,4’ -dihydroxybiphenvl (BF)
Examples 3, 4, Comparative Examples ©, 7

The raw material monomers, the metal catalyst, and the
acylating agent shown below were introduced into a
polymerization vessel equipped with a stirrer, a reflux column,
a monomer inlet, & nitrogen inlet, and a
depressurizing/discharging line, which was then flushed with
nitrogen gas.
(I) 4-hydroxybenzoic acid (4-HBA): 215.1 g (73 mol%)

(II) 4-dihydroxybiphenyl-4~-carboxylic acid (HBCA): 123.4 g

2
-]

mol%)
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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 ralsed to 140°C, followed
by allowing to react at 140°C for 1 hour. Thereafter, the
temperature was ralsed to 380°C over 5 hours, then the
pressure was reduced to 10 Torr (i.e. 1330 Pa) over 20 minutes,
followed by subjecting to melt polymerization while distilling
acetic acid, excessive acetic anhydride, and other low-boiling
substances. When a stirring torque reached about 1.5 kgf-cm,
the pressure was changed to a pressurized condition through
normal pressure from a reduced-pressure condition by
introducing nitrogen, and a polymer was discharged as a strand
from a lower part of the polymerization vessel. The strand was
cut into pellets.

In Comparative Example 6, procedures were performed until
melt polymerization similarly to these of Examples 3 and 4,
then after the melt polymerization, when a stirring torgue
reached about 0.15 kgf-cm, the pressure was changed to a
pressurized condition through ncrmal pressure from a reduced-
pressure condition by introducing nitrogen, and a polymer was
discharged as a strand from a lower part of the polymerization
vessel. The strand was cut into pellets.

In Comparative Example 7, procedures were performed until
melt pelymerization similarly to those of Examples 3 and 4,
then after the melt polymerization, when a stirring torque

reached about 2.5 kgf-cm, the pressure was changed to a
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pressurized condition through normal pressure from a reduced-
pressure condition by introducing nitrogen; but since the
discharge was difficult, a polymer was collected by
decomposing the polymerization vessel.
Examples 5, §

T"he raw material monomers in the ratiocs shown in Table 1,
the metal catalyst, and the acylating agent shown below were

introduced intc a polymerization vessel eguipped with a

ot

stirrer, a reflux coclumn, a monomer inlet, a nitrogen inlet,
and a depressurizing/discharging line, which was then flushed
with nitrogen gas.

(I) 4-hydrozvybenzolic acid (4-HBEA]

(II) 4-dihydroxybiphenyl-4-carboxylic acid (HBCA)

(VI) 3-hydroxybenzoic acid (3-HBA)

+

potassium acetate: 22.5 mg

1y

catalyst o©
acetic anhydride: 222.1 g
In Examples 5 and 6, after the raw material was introduced,

the temperature of the reactant was raised to 140°C, followed

lowing to react at 140°C for 1 hour. Thereafter, the

—

by &
temperature was raised to 340°C in Example 5 and 33C°C in
Example 6 over 3.5 hours, then the pressure was reduced to 10
Torr (i.e. 1330 Pa) over 20 minutes, followed by subjecting to
melt polymerization while distilling acetic acid, excessive
acetic anhydride, and other low-boiling substances. When a
stirring torgue reached about 1.5 kgf-cm, the pressure was
changed to a pressurized condition through normal pressure

from a reduced-pressure condition by introducing nitrogen, and
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a polymer was discharged as a strand from a lower part of the
polymerization vessel. The strand was cut into pellets.
Evaluation

Molded articles necessary for the evaluation below were
prepared using the liguid-crystalline polymers of Ezamples and
Comparative Examples, and properties of the liquid-crystalline
polymers and the molded articles were evaluated. The
evaluation results are shown in Tables 1 and Z.
Melting Point

Measurement was performed using DSC Q-1000 (made by TA
Instruments Inc.) under the condition below, and the wvalues of
melting point Tm and enthalpy of Ifusion AH were determined
from the second measurement.
{Condition)

tarting from 50°C, changing to Tm+40°C by 20°C/min,

holding at Tm+40°C for 3 minutes, changing to 50°C by 20°C/min,
holding at 50°C for 3 minutes, changing to T+40°C by 20°C/min,
and holding at Tm+40°C for 3 minutes.
Measurement of X-ray Diffraction

B disk-shaped molded article of diameter 20 mm and
thickness 2 mm, which had been anneal-treated at a temperature
of Tm+20°C for 10 minutes, was used as a sample and measured
using RINT (made by Rigaku Co.). Here, the disk-shaped molaed
article was processed into a predetermined size by heating the
resulting pellet-shaped polymer to a temperature of Tm+20°C
and hot-pressing at a pressure of 10 MPa.

From the resulting X-ray diffraction patltern, an average



Melting Point C 280 280 294 251 248 345 368 enthalpy of fusion 619g-1 2.0 0.90 0.7

lattice spacing (d-spacing) was calculated from a peak top of
a strong diffraction peak in a vicinity of diffraction angle
20=19° attributing to the face (110).
2d+ginb=n- A
n: reflection order (n=i)
At ¥-ray wavelength (1.5418 A)
inherent Viscosity {(I.V.)

The resulting polymer of 20 mg was collected, then which
was dissolved inte 10 cc of pentaflucrophencl under a
temperature of 60°C. Then 10 cc of chloroform was added
thereto and it was measured using a capillary viscometer
(Ubbelohde) under a temperature of 30°C.
Thermal Diffusivity

Heat conductivity was measured using a disk-shaped molded
article of diameter 20 mm and thickness 100 um by ai-Phase
Mobile 1lu {(made by ai-Phase Co., Ltd.) based on temperature
wave analysis. Here, the disk-shaped molded article was
processed into a predetermined size by heating the resulting
pellet-shaped polymer to a temperature of Tr+20°C and hot-
pressing at a pressure of 10 MPa.
Measurement of Fiber Strength

The resulting polymer was passed through a capillary of
0.5 mmdx20 mm at a temperature of Tm+20°C of the polymer using
Capilograph 1B (made by Toyo Seiki Seisaku-Sho, Ltd.j, thereby
a fiber was prepared. The resulting fiber was subjected tc a
tensile test at a speed of 100 mm/min using Tensilon (made by

Toyvo Seiki Seisaku-Sho, Ltd.) to measure fiber strength.



0.9 1.06 6.4 average lattice spacing A 4.53 4.52 4.51 4.57 4.59 ,14 4.49 Inherent Viscosity dL- 4.67
0'? :

Evaluation of Productivity

When a polymer was prepared by the production method
described below, the appearance of the pelymer discharged from
a lower part of the polymerization vessel was visually
opserved and evaluated based on the criteria below,

Productivity ©: able to be discharged as a strand from the
lower part of the polymerization vessel and cut by a strand
cutter;

Productivity x: unable to be discharged Irom the lower
part of the polymerization vessel.

Table 1]

4



CT CC) 4.60 4.76 Thermal Diffusi-ve mi 5-|. 77E -07 1.798 -07 7.738 -07 1.38E

34
Example |Example | Example | Example ExamlleiExample
g 1 s 2 s 3 s 4 g 5 s 6
4= 73 T3 73 73 73 73
HBA
MONOMmE
. HNA 3 Z
(mol1 %) o - ’
HBA
EBCA | 22 25 27 27 25 20
Melting 314 332 366 358 311 288
roint °C
enthaipy of
fusion 5.3 6.4 6.2 5.4 2.4 2.1
Jeg™
average 4.4%6 4.47 4,48 4.47 4.47 4.49
lattice
spacing A
inherent €.¢67 6.45 6.89 5.32 .77 €.82
Vigeoesity dL-
g™
Thermal Z.02E~ [ 2.Z4E- | 2.91E- 2,438~ |2.20E- |Z.12E-
Diffusivity G o 07 07 07 o
mes™t
Fiber T 65 62 51 59 53
Strength MPa |
Productivity | QO O O O O O

[Table 2]



-07 1 f-14 01 2.99E -07 Fiber Strength MPa 118 107 110 82 76 47 67 Productivity

35
Compa | Compa |[Compa |{Compa |Cecmpa {Compa |Compa
rativ |rativ |rativ |rativ |rativ |rativ |rativ
e e S e € = e
Examp |Examp |Examp |Examp |IExamp ;Examp |Examp
le 1 le 2 le 2 ie 4 le 5 le © le 7
e j j
73 73 73 65 €4 73 73
HEA
MONCne -
HNA 27 20 1@ Z0 18
r
HBCA 7 17 27 27
(mol%)
TA 7 g
BP 7 S
Melting o o
‘ . 280 280 294 252 248 345 368
Point C
enthalpy of
fusion 2.0 0.94¢ 1.3 0.7 £.9 1.0¢6 6.4
Jrg’
average
lattice 4.53 4.52 4,51 4.57 4.5% 4.4¢& 4.49%9
spacing A
Inherent
Viscosity dL- | 4.67 5.87 5.49 4,14 4.69 4.7¢ 742
-
Thermal
1.77E OVLLTOE O LLT73E L1 L38E 1014 12.23E 2.99E
Diffusivity N _ _
_ -7 -07 -0 -07 -7 -07 -0
s
Fiber i
) 118 107 110 B2 76 47 67
Strength MPa
Productivity | O QO O O 'S O x

I+ was confirmed that heat conductivity of molded articles

is high and fiber strength is increased when liquil

crystalline polymers, of which enthalpy of fusion
greater than or equal to 2.0 J/g and less than or
J/g and inherent viscosity (I.V.) 1s greater than

i

dl/g and less than or egual tc 7 dl/g, are used.

n

d_

AH 1s

equal to 10
or equal o

That 1is,

the molded articles prepared using the liquid~crystalline

polymer of the present invention are excellent in

thermal



Q 00000x It was confirmed that heat conductivity of molded articles is high and fiber strength is
increased whenquid- crystalline polymers, of which enthalpy of fusion AM is greater than or equal to
2.0 IT/g and less thanequal to 10 J/g and inhere3|at viscosity (I.V.) is greater than or equal to 5 dl/g and
less than or equal to 7 dl/g, are used. That is, the molded articles prepared using the liquid-crystalline
polymer of the present invention are excellent in thermal 36 conductivity and mechanical strength.

Furthermerei sinder theyineremtadgtasity 41V 3 s grezitér. thahuor €ermner's dI/§ sieFless than or equal
to 7 dl/g, production thereof is easy.

inherent viscosity (I.V.) is greater than or equal to 3 dl/g
and less than or equal to 7 dl/g, production thereof is =asy.

In the present invention, the asymmetrical monomer is used,
the enthalpy of fusion AH of the liquid-crystalline polymer 1is
adjusted to greater than or equal to 2.0 J/g and less than or
egual to 10 J/g, and the inherent viscosity (I.V.) is adjusted
to greater than or egual to 5 dl/g and less than or equal to 7
dl/g, thereby molecular weight and structure of the liguid-
crystalline polymer are favorably adjusted, conseqguently, the
liguid-crystalline polymer becomes dense within the molded
articles, thermal conductivity of the molded articles 1is
increased, mechanical strength is increased, and alsc the
production becomes €asy.

As is apparent by comparing Examples 1, Z, 5, and 6 and
Examples 3, ¢, liguid-crystalline polymers containing a
certain amount of a monomer of a kink structure tend te be
high in mechanical strength (fiber strength). Particularly,
the mechanical strength becomes higher when HNA 1s used as the

monomer of a kink structure.



In the present invention, the asymmetrical monomer is used, the enthalpy of fusion LH of the
liquid-crystalline polymer is adjusted to greater than or equal to 2.0 LT/g and less than or equal to 10
J/g, and the inherent viscosity (1.V.) is adjusted tg greater than or equal to 5 dI/g and less than or equal
to 7 dl/g, thereby molecular weight and structure of the liquid-crystalline polymer are favorably
adjusted, consequently, the liquid-crystalline polymer becomes dense within the molded articles,
thermal conductivity of the molded articles is ifrcréa8ed, mechanical strength is increased, and also the
production becomes easy.  As is apparent by comparing Examples 1, 2, 5, and 6 and Examples 3,

4 liquid-crystalline polymers containing a certain amount of a monomer of a kink structure tend to be
high in mechanical strength (fiber strength). Particularly, the mechanical strength becomes higher
when HNA is %sé&%%ltﬂé?ﬁ'é’r?&ﬁi (Wa% kink st urégkgk?%L%XM%%f%ﬁﬁl%%?g

ctystalline polymer
formed by polymerizing monomers haying an asymmetrical molecular, structure, wherein,  enthalpy
of fusioft %ﬁpr%%égu?}e%%&yn\%a?%f ?%?I%?%?erentiél Scanning Calorimetry) is greater than or equal to

2.0 J/g (joules.per gram) and less than aedual 10 109/g. andy inhesent viscosity (k¥ )is greater

than or equal to 5 dl/g and less than or equal to 7 dl/g. 2. The liquid-crystalline polymer according to
claim 1,qvhereinthednonemes havingthe gsymmetrical-moleeulag structure is.dt ledst one selected
from a group consisting of 4-hydroxybenzoic acid (HBA), 6-hydroxy-2-naphthoic acid (HNA),
N-acetyl:pamisepberol {ARAP)aand ehydraxye4 - dipkenykcarbioxylié aditi(HBGA). 3. The
liquid-crystalline polymer according to claim 1 or 2, wherein the monomer having the asymmetrical
molecular structurerincludes greatetthanlor'equal fo 01embR% ahtlddsSthap®ieuaPto’9.0 mol% of a
monomer having a kink structure. 4. The liquid-crystalline polymer according to claim 3, wherein the
monometihaving thel kiR stefuréts FRHMBA GrHNALE! & 4iquid-crystalline polymer, wherein the
average lattice spacing, calculated using the Bragg equation from a 38 diffraction peak originating on
a face (110) observed in a vicinity of 2T=19 measured by way of a wide-angle X-ray diffraction

measuring method using asam Igtprfg%eg b Oan%e%lingc% gw%q% aqiglecfggqﬁdlof the

liquid-crystalliié Bolyiar according to-any of claims 1to4 for 10 mifutes under conditions of the

melting point () +,20G, is, dreater.than or egyal to.4,0+42 and less than ot eauial to 4.5 A
structure is at least one selected from a group consisting of
4-nydroxybenzoic acid (HBA}, 6~hydroxy-2Z-naphthoic acid (ENA},
N-acetyl~p-aminophencol (APAP;, and d-hydroxy-4'-

biphenylcarboxylic acid (HBCA).

3. The liguid-crystalline polymer according to claim 1 or Z,
wherein the monomer having the asymmetrical molecular
structure includes greater than or eqgual to 0.1 mol% and less

than or egual to 9.0 mol% of a monomer having a kink structurs.

4. The liquid-crystalline polymer according to claim 3,
wherein the moncomer having the kink structure is m-HBA or HNA,
5. A liguid-crystalline polymer, wherein the average lattice

spacing, calculated using the Bragg equation from a



38

diffraction peak originating on a face (110) observed in a
vicinity of 26=19° measured by way of a wide—-angle X-ray
diffraction measuring method using a sample prepared by
annealing a molded article formed of the liguid-crystalline
polymer according to any of claims 1 to 4 for 10 minutes under
conditions of the melting point (Ty) + 20°C, is greater than or

&

equal to 4.0 A and less than cor equal to 4.5 A.



