METHOD OF MANUFACTURING AN INJECTION-MOLDED ARTICLE TECHNICAL FIELD  The
present invention relates to a method of manufacturing aninjection-molded article using a liquid
crystalline resin composition. BACKGROUND ART A group of plastics called engineering plastics
exhibit high strength, and can be used in place ot metal components. Among these, a group of plastics
called liquid crystalline resins maintains a crystalline structure when molten. Due to the crystalline
structure, high strEAFHOR arie BAHE elaraRIeNstRS oftfiguidldystallina rdsia® TR ermore, liquid
crystalline resins have little volumetric change between molten and solidifying states due to low
change in the crystalline structure when solidifying. As a result, there is an advantage in liquid

crystalline resins in having low mold shrin#‘a(%fwfx%gg%%in dimensional accurancy of molded
articles.  Capitalizing on the above such advantages of high strength and the dimensional accurancy

being superior, liguid grystalline, resin compasifions.have, beep adapted to ke sed in pregigion
equipment components. However, in a case of precision equipment and optical equipment, a small
amount of fareign particlesrduste ete will affect equipraentipgrfotmange: Asld result §amcomponents
used in precision R-2121(PSTF-035) 2 equipment and optical equipment, e.g., components for
camera modulessdand the like, ultrasonic cleaning is performed using water or the like to remove small
foreign particles, oil content, dust, etc. adhering to the surface of the components. However, for
molded articles made by molding a liquid crystalline resin composition, the molecular orientation is
particularly high in the surface portion, an%zt_&rﬁ{%@wf%g{elatively easily fibrillates. As a result, if
the surface of a molded article peels off, it will become a main contributor to fallen debris (foreign

particles). Therefore, since the generationof foreign particles and the like is 3 preklemit is very
difficult to ultrasonically clean molded articles made by molding a liquid crystalline resin composition.
The abovesmentionedrgensratiaa of fereign padiclesapddhe like ocetiesl duete tireemoiecular
orientation being particularly high in the surface of the molded article as mentioned in the foregoing.
Therefore fasagesinamelded artickewith improved surfate ehataceasticst areain dvtded article
containing liquid crystalline polymer and fiber filler has been disclosed that is characterized in having a

flat surface ForARICRH-BiffetBficé i theSSrtdde o fghnisss B VAR oBYingt by &'85edific surface

tape-peeling test s 0.4 p 1.0t Iess. (Batent Docyiment L), o, Ascordigg Lo dhe method described in
Patent Doc“umenﬂ’, it ¥ tiseful for componénts o%helectric ahd electronic equipment or optical

equipment.and makes it4o preventsuyface parficle, (foreign pasticle) gengration-AWhen using the
technology P-2121(PS11-035)
liquid crystalline resins have little volumetric change
between molten and solidifying states due to low change in the
crystalline structure when solidifying. As a result, there 1is
an advantage in liquid crystalline resins in having low mold
shrinkage and excelling in dimensiocnal accurancy cf molded
articles.

Capitalizing on the above such advantages of high strength
and the dimensional accurancy being superior, liguid
crystalline resin compositions have been adapted to be used in
precision equipment components. However, in a case of
precision equipment and optical eqguipment, a small amount of
foreign particles, dust, etc. will affect equipment

performance. Ag a result, for components used in precision
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3 described in Patent Document 1 in this way, an improvement in the surface characteristics is
possible. However, as described in the Examples of Patent Document 1, foreign particle generation
according to Patent Document 1 indicates foreign particles generating when cleaning a surface by
gently stirring in purified water for 1 minute. Therefore, with the improvement in surface characteristics
according to the method described in Patent Document 1, a result is not achieved that satisfies
fibrillationesyppression aiutingotltrasdniecieamiagt In ether wordspwithrthe aboveanentioned method
described in Patent Document 1, an extraordinarily great amount of foreign particles will generate
when expBsihigihe resfh Hotddd Eﬁiclé‘?ﬁ§é§é’|%l€oﬁdiﬁ6ﬁ‘sl§@cl’r§sifﬁ6§é’ bPGftra&oHitY cleaning or the
like. In addition, with P erg{t D%cument 1, itis eftiab%igtg%q tf}]lat a Q'@hg{ergoldggﬂﬂperature when
molding i$"Aioté préferdfie’in‘Sider td Slppress the generation of the above-mentioned foreign
particles and the like. Actually, molding was performed.at.eanditions withia mold tempgrature of 130C
in the Examples of Patent Document 1. In the case of the condition of the mold temperature being set

to a temperaiidre-exceesingd 0964 temperatuse regidation sannatbe dobeqising water, and thus
temperature regulation must be performed using oil. As a result, from the point of view of facilitating

the productiorsotihjectiorreelded antictes, ithas been desiredus amoldiiiierdohehticrs of a mold
temperature no higher than 100C. 4  Furthermore, since the molecular orientation is&()articularly

high at thauifA6& paFich bf jectior Rl Aftfcfed SUrALR fikiMation tend<'fo S8EISTd tends to

fuzz if ultrasanic cleaning or the like.is formed. a result, a.t chnglogp{ fogggggeg cggracteristic
improvem%ﬁ Ras haen (%earﬁé% e jfﬁé:t?c%nak%g %bp?gsd {0 iﬁj%%%%ﬁ'mélded aerticles. In addition, the

above such fyizz in the, surface and.the ahave sychpeeling-etthe molded-artisle- subaee harm the

appearance of the injection molded article. As a result, it has also been demanded to provide a

superior exterralappearapeedo iFectionmelded artieles made by-ifjection molding adiquid crystalline

resin composition. Patent Document 1: Japanese Unexamined Patent Application Publication No.

2008-239950"PISCLOSUREIOFSTHE INVENTION Rrobléhs té bbssdlved bythBiATentidn  The

present invention has been made in order to solve the aforementioned S#Ch roblems, argld an object
ro

thereof is foprovide & Mty fechnofody fif Obtaning’a Fsla8d &rtdle Slidid AStEl resin
composition to haug a supefior appearance, jn which fiptlation aihe;suiface of the injection-molded
article is sufn’pressea en }uﬁrasonlca‘l’il'?/ cafeaneé%. In particular, 1t is to provide a molding technology
practicable evenygt.copditians of aimalditemperatiresf norhigheethan $80€icles and

the like occurs due to the molecular orientation being

particularly high in the surface of the molded article as

mentioned in the foregeing. Therefore, as a resin molded

article with improved surface characteristics, a resin molded

article containing liquid crystalline polymer and fiber filler

has been disclosed that is characterized in having & flat

surface for which a difference in the surface roughness Ra

value obtained by a specific surface tape-peeling test is 0.4

um or less (Patent Document 1).

According to the method described in Patent Document 1, it
is useful for components of electric and electrconic eguipment

or optical equipment, and makes it to prevent surface particle

(foreign particle) generation. When using the technology
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5 Means for Solving the Problems  The present inventors carried out diligent research in order to
solve the above-mentioned problems. As a result, in injection molding of a liquid crystalline resin
composition, it was found that the above-mentioned problems could be solved by using a mold in
which a heat Insulating layer is formed on a mold inner surface, and injection molding under molding
conditions satisfying a specific relational formula, in which tl is the thickness of the heat-insulating
layer, S isithecinjsotion:speeet; ¢2:1s thectiiickriess dfthélidjectiery molded BRFEECASA T i3%he mold
temperature. More specifically, the present invention provides the following.  According to a first
aspect of Bie irveRfiBRgifE MiethofofThanftfacfumiy &n'iiEction-molded article by injection molding

of a liquid crystal resin com ogiéiggtijrrg}%%}iopnmg dén%pj{sag\%rn%rsm%%u _iglgeql@q_lg Daying.a 1,

heat-insulating FayeY 1orméd on & mold inner surface. an er molding conditions that satisfy the

following fexmula,(1).ig whichdl isdhickness of the- beatinsulatingayek (U isripjection molding

speed (mm/sec), t2 is thickness of the injection-molded article (mm), and T is mold temperature (C). (t
1 X S) /12T 1al009: « £1)r o r Argarding 10 & seconshaspectnin theanethivekofimanafasturfrgan injection
molded article as described in the first aspect, injection molding is performed under molding conditions
that satisfip therfolloling formmalag(| ) nEPLX 52600 we kBT 6 Aeeotdifigts ethird AspESCifthe method
of manufacturing an injection molded article as described in the first or second eg,é)ect, the

heat-insul8aE [aye? hHEPE BT cotfduttvity?6Pn 6 MdRThEA S’ \Wﬂ:rﬁ K3 SACEGtdit

o
m% to”a fourth
aspeCLIn%@%ngggggéﬁdescribed in Patent Document 1, a result is not

achieved that satisfies fibrillation suppression during
ultrasonic cleaning. In other words, with the above-mentioned
method described in Patent Document 1, an extraordinarily
great amount of foreign particles will generate when exposing
the resin molded article to severe conditions such as those of
ultrasonic cleaning or the like.

In addition, with Patent Document 1, it is established
that a higher mold temperature when molding is more preferable
in order to suppress the generation ¢f the above-mentioned
foreign particles and the like. Actually, molding was
performed at conditions with a mold temperature of 130°C in
the Examples of Patent Document 1. In the case of the
condition of the mold temperature being set to a temperature
exceeding 100°C, temperature regulation cannot be done using
water, and thus temperature regulation must be performed using
0il. As a result, from the point of view of facilitating the
production of injection molded articles, it has been desired
to mold under conditions of a mold temperature no higher than

100°C.
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manufacturing an injection molded article as described in any one of the first to third aspects, the heat
-insulating layer includes a polyimide resin. According to a fifth aspect, in the method of manufacturing
an injection molded article as described in any one of the first to fourth aspects, the mold temperature
is no greater than 100C. Effects of the Invention The injection molded articles obtained by the
manufacturing method of the present invention do not generate fallen debris (foreign particles) from
peeling of the niblded erticlessurfaices evehsf oitrdgonivally elebrietr Aisca résult, the injection molded
articles to be used in precision equipment, optical equipment and the like manufactured by the

manufact&ddg Afathad bY thé Bresdntifie ittt 84 bRSUbietted o tFASOMIC RISKMAG Basily, and thus

the cleaning operation during co nent.manufac urir&c%n becperforme more efficiently. The
S :;%p t L
injection rﬁgl%ga{ae?ﬁéleséucfb@ggﬁlee 6y ﬁ%g %aa%nb?gctéﬁﬁg method (ﬁ%ﬁeapr}eser?tnm\slent?on have a

superior appearance, {p pacticular, the swrfaceof the dnjection molded axticles obtained by the
manufacturing method of the present P-2121(PSI141135) 7 invention will not easily peel off; therefore,
the attractivesappearancedends ég pefmainiainedayetta loagtperiod: oktimep r o ideemanufacturing
method of the present invention can be performed under conditions in which the mold temperature is
no higher tiden 266C. rreatectis, thiipetature segiiationdf five hivle UpbhroBtarsg an injection
molded article can be performed not with oil, but with water. As a result, a superior injection molded
article carfhé bbtdified easily. BRIEF DESCRIPTION OF THE DRAWINGS

In addition, the above such fuzz in the surface and the
above such peeling of the molded article surface harm the
appearance of the injection molded article. As a result, it
has also been demanded to provide a superiorlextexnal
appearance to injection molded articles made by injection
molding a liguid crystalline resin composition.

Patent Document 1: Japanese Unexamined Patent Application

Publication No. Z2008-238950

DISCLOSURE CF THE INVENTION

Problems to be Solved by the Invention

The present invention has been made in order to solve the
aforementioned such problems, and an cbiject thereof is to
provide a molding technology for obtaining a molded article
from a liquid crystal resin composition to have a superior
appearance, in which fibrillation of the surface of the
injection-molded article is suppressed even if ultrasonically
cleaned, In particular, it is to provide a molding technology
practicable even at conditions of a mold temperature of no

higher than 100°C.
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FIG. 1 is a view showing multi-layered structures of injection molded articles obtained according to the
production method of the present invention;  FIG. 2 is a view showing multi-layered structures of
injection molded articles obtained according to tlge production method of the conventional technology;
and FIG. 3 is a view showing a multi-layered structure of an injection molded article produced at
conditions satisfying the formula (II). PREFERRED MODE FOR CARRYING OUT THE INVENTION
Although éesbyediments of thenpresent fnventiorswill be explained in detail hereinafter, the present
invention is not to be at all limited to the following embodiment, and can be imgl mented by including

suitable modifiGRPNRAFHFA thé SEepETIhEBhje &bIIHE p?é&eil%eiﬁﬁeﬁt?osr?ain e injection molding of
a liquid cr sé?éline resin \;él%}l‘l(EPSa%%-O?a_S%e% g?gn eo;it%opogﬁgrggqseﬁtsingegggﬂi%chqggcterized in
in [

. r O3S Vv Lo=E .
using a mold i whith a heat-insuld g ?ayer is formed on a mold inner surface, and'in injection

molding af malding conditions, satislying a gertain rejatianal faemulas imwhighpd 4s thesthickness of the
heat-insulating layer (pm), S is the injection molding speed (mm/sec), t2 is the thickness of the
injection-meldegsartisle~tmat sand Heisdthemetcteniperature (&) 1 Beseinaftér the predentinvention will
be explained in the order of a liquid crystalline resin composition, and a method of manufacturing an
injection ragldesiarticle. hitild Crystailite ResiRComposifon: 19 Ty fethsd 5P itifaturing an
injection molded article of the present invention can be agpl'efg to all Iiguid créﬁto?iline resin
compositiBn&ebftairmnga RYaiteGsstaiiife st Tigll RfL aifife Restin ““Uiquidrystalline resin

indicates a melt EgocesssggLeiggl mer havsi)B% &er?ge£té(1%f1p§é% able.ta form an opfjcalhnanisotropic
t

molten ph%gg. e%r?operty of the anisotr pic molten phase can be confirmed by a common method
employing.an prthogonal peharizet. Mere specifigaly. confirnation o the anisofwpimeolten phase can
be performed using a Leitz polarizing microscope by observing a molten sample placed on a Leitz hot
stage at aimagnification p£48 times Undena nitrogenatmospheie Wheactliquidrerystattine resin that
can be employed in the present invention is examined between an orthogonal polarizer, polarized light
normally perietiates evad iffinid nigiermsthioAERPSREE F6Fexalfiple, &7F tHds P12 (PE1-035)

present invention provides the following.

According to a first aspect of the invention, in a method
of manufacturing an injection-molded article by injection
molding of a liquid crystal resin composition, injection
molding is performed using a mold having a heat-insulating
layer formed on a mold inner surface, and under molding
conditions that satisfy the following formula (I), in which tl
is thickness of the heat-insulating layer (um), S is injection
molding speed (mm/sec), t2 1s thickness of the injection-
molded article (mm), and T is mold temperature (°C).

(t1%8) 7t12+T=21000-+ - (1)

Bceording to a second aspect, in the method of
manufacturing an injection molded article as described in the
first aspect, injection molding is performed under molding
conditions that satisfy the following formula (II).

(v 1%x8) S t24T22000- - (11}
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9 exhibits anisotropy optically.  Although the above such liquid crystalline resin is not particularly
limited, it is preferably an aromatic polyester or aromatic polyester amide, and a polyester partly
containing aromatic polyester or aromatic polyegfer amide in the same molecular chain is also in the
scope thereof. When these are melted at 0.1% by weight concentration in pentafluorophenol at 60C, it
is preferable to use a polyester having a inherent viscosity (I.V.) of at least about 2.0 dl/g, and more
preferably 2.0 BEROHHYT CPartiehiy prterable 48 th& ardiiaiePoRfester or aromatic polyester
amide for liquid crystalline resins that can be employed. in the present invention.are a omatic
polyester "6 drotiatic bS@/eiférla{lrﬂ%%tﬁgﬁnﬁoaqgggstaorngelggr%pgﬁné esseferc]fie3 ffiro%ltfr]%ef11 éroup of

aromatic hydroxycarboxylie acick, aramatichydroxylamiag agd argmaticadianie as a constituent

component. More specifically, (1) polyesters mainly composed of at least one of aromatic
hydroxycarkexmlic acidr-ang: derivativesrtheseat r2) folyestens/maily composed of (a) at least one of
aromatic hydroxycarboxylic acid and derivatives thereof, (b) at least one of aromatic d carboxylic acid,
alicyclic dicarboxytio atichand derivatives thereiotcand (¢) atisastonecsf &lfphatic diol, alicyclic diol,
aliphatic diol and derivatives thereof; (3) polyester amides mainly composed ofjga),at least one of

aromatic HydrexyABbkyic aBidand Aelvaves fHistesf P22 (PSTF 055§ 16 at18dst one of

aromatic hydroxylamine, aromatic digmine and derivatives thereqf, and.(¢) at least gne of aromatic
dicarboxyf?@ﬁc%‘y? aﬁ}éﬁclifcl&i%grb%?(y%la%% 3?18edpe“ri?/i';lti\t/efege thereof: (4) polyesteaf aml%es mainly

composedi%@)@égegstfgﬁgkqwggg hydroxycarboxylic acid and derivatives thereof, (b) at least
one of aromatic hydroxylamine, aromatic diamine and derivatives thereof, (c) at least one of aromatic

dicarboxylic acidalicyelie gicarbaxylicaeid=andderivatvesribereofnand ¢d) at least one aromatic diol,
alicyclic diol, aliphatic diol and derivatives thereof; etc. can be exemplified, and
manufacturing an injection molded article as described in any
one of the first to fourth aspects, the mold temperature is no
greater than 100°C.
Effects of the Invention
The injection molded articles obtained by the
manufacturing method of the present invention do not generate
fallen debris (foreign particles) from peeling of the molded
article surface, even if ultrasonically cleaned. As a result,
the injection molded articles to be used in precision
equipment, optical equipment and the like manufactured by the
manufacturing method of the present invention can be subjected
to ultrasonic cleaning easily, and thus the cleaning operation
during component manufacturing can be performed more
efficiently.
The injection molded articles cbtained by the
manufacturing method of the present invention have a superior

appearance. In particular, the surface of the injection molded

articles obtained by the manufacturing method of the present

P-2121(PSTF-035)



a molecular weight modifier may be further used together with the above-mentioned constituent
components as necessary. As preferred examples of specific compounds configuring the liquid
crystalline resins that can be employed in the present invention, aromatic hydroxycarboxylic acids
such as phydroxybenzoic acid, 6-hydroxy-2-napthoic acid, aromatic diols such as 2,6-naphthalenediol,
1,4-dihydroxynaphthalene, 4,4'- dihydroxybiphenyl, hydroqu none, resorcin, and compounds
representetsFthecfolidiing Beherd FériuRER) é?fog/ﬂﬁetﬁaﬁé\ﬁi’?@:&enér%?fd’rﬁﬁﬁﬁ‘f@};vfromatic
dicarboxylic acids such as terephtalic acid, isophthalic acid, 4,4:- diphen Idicglrbq_:xylic acid,

2 6-naphtPBRSFHERGTDORGRE St alt dBMPBGIRES fepresantad 0y the' f%)%é\?vmgoger%el%? formula (C);

and aromatic afines, such 2sR;2minophenelanskpehenylenediaming canbe exempliied. 11

performed under conditions in which the mold temperature 1is no
higher than 100°C. Due to this, temperature regulation of the
mold upon cktaining an injection molded article can be
performed not with oil, but with water. As a result, a

superior injection molded article can be obtained easily.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing multi-layered structures of
injection molded articles cobtained according to the producticn
method of the present invention;

FIG. 2 is a view showing multi-layered structures of
injection molded articles obtained according te the production
method of the conventional technology; and

FIG. 3 is a view showing a multi-layered structure of an
injection meclded article produced at conditions satisfying the

formula (II}.

PREFERRED MODE FOR CARRYING CUT THE INVENTION
Although embodiments of the present invention will be
explained in detail hereinafter, the present invention is not
to be at all limited to the following embodiment, and can be
implemented by including suitable modifications within the

scope of the object of the present invention.

In the injection molding of a liguid crystalline resin

P-2121{PSTF-035)



(X:is a group selected from an alkylene (C2 to 04), alkydene, -0-, -SO-, -SO2-, -S- and -CO-.) OH OH
(B)

composition, the present invention is characterized in using a
mold in which a heat-insulating layer is formed on a mold
inner surface, and in injection molding at molding conditions
satisfying a certain relational formula, in which tl is the
thickness of the heat-insulating layer (um), S is the
injection molding speed (mm/sec), t2 is the thickness cf the
injection-molded article {(mm), and T is the mold temperature
(°C). Hereinafter, the present invention will be explained in
the order of a ligquid crystalline resin composition, and a
method of manufacturing an injection molded article.
Liquid Crystalline Resin Composition

The method of manufacturing an injection molded article of
the present invention can be applied to all liquid crystaliine
resin compositions containing a liquid crystalline resin.
Liguid Crystalline Resin

Liguid crystalline resin indicates a melt processable
polymer having a property of being able to form an optically
anisotropic molten phase. The property of the anisotropic
molten phase can be confirmed by a common method employing an
orthogonal poclarizer. More specifically, confirmation of the
anisotropic molten phase can be performed using a Leitz
polarizing microscope by observing a molten sample placed on a
Leitz hot stage at a magnification of 40 times under a
nitrogen atmosphere. When a liquid crystalline resin that can
be employed in the present invention is examined between an
orthogonal polarizer, polarized light normally penetrates even

if in a molten stationary state, for example, and thus

P-2121(PSTF-035)



(Y:is a group selected from -(CH2)n- (n=1 to 4) and -0(CH2)n0- (n=1 to 4).) Other Components A
composition imparted with a desired property by adding other resins, a nucleating agent, carbon black,
pigment such as an inorganic calcined pigment, Qr an added agent such as an antioxidant, a stabilizer,
a plasticizer, a lubricant, a mold release agent, a fire retardant, or the like to the liquid crystalline resin
composition used in the present invention, in ranges not inhibiting the effects of the present invention,
is also incleded it thealiguid torystdllie resinlédmposition used in the present invention. Method of
Manufacturing Injection Molded Article In the injection molding of the abpove-mentioned liquid

crystalline resi BBSRioR thé HetRod B tarBac g fectish mofdét AfticiE of the present
invention uses a @%dé{‘g.vﬂ%@-%é‘&at‘i suiastir%%g%%ﬁo{/mgg %QMQQ@J'?SE%Q%%BSTF“%)
] A o :

12 surfacg,aan&ﬁe orms injection rﬁol%illng at ing conditions satisty the following formula (1), in

which tl isfhe thickness ofthe bsatinsitating layers (Rmo3 {stheinjgstionmolding speeddmm/sec), 2
is the thickness of the injection-molded article (mm), and T is the mold temperature (C). 1) /it 2 -1 000
(Mold  aromatic polyester or aromatic polyester amide in the same

molecular chain is also in the scope thereof. When these are

melted at 0.1% by weight concentration in pentafluorophencl at

60°C, it is preferable to use a polyester having a inherent

viscosity (I.V.) of at least about 2.0 dl/g, and more

preferably 2.0 to 10.0 dl/g.

Particularly preferable as the aromatic polyester or
aromatic polyester amide for liquid crystalline resins that
can be employed in the present invention are an aromatic
polyester, or aromatic polyester amide having at least one
compound selected from the group of aromatic hydroxycarboxylic
acid, aromatic hydroxylamine and aromatic diamine as a
constituent component.

More specificalily,

(1) polyesters mainly composed of at least one of aromatic
nydroxycarboxylic acid and derivatives thereof;

{2} polyesters mainly composed of (a) at least one of aromatic
hydroxycarboxylic acid and derivatives thereof, (b) at least
one of aromatic dicarboxylic acid, alicyclic dicarboxylic acid
and derivatives thereof; and (c) at least one of aliphatic
diocl, alicyclic diel, aliphatic diol and derivatives thereof;
{3} polyester amides mainly composed of (&) at least one of

aromatic hydroxycarboxylic acid and derivatives thereof, (b)

P-2121(PSTF-035)



In the method of manufacturing an injection molded article of the present invention, a mold is used in
which a heat-insulating layer is formed on an inner surface of the mold (surface on the inside of the
mold). Due to the heat-insulating layer formed on.the surface inside of the mold, it is difficult for the
liquid crystalline resin composition streamed into the mold to solidify in the vicinity of the mold surface.
As a result, the molecules contained in the resin composition prior to solidification contacting the resin
compositiah thatkas sokdifiédatehe meldsrffaeevdrardmin prpeaesh EompbaRion diter
solidification thereof, whereby it is possible to suppress the molecular orientation from increasing at

the moldetPartiERFditscd neT8Blong S the héHt-in§aaling 5y €t fofth&ldn'the inner surface of the
mold acts to delay the solidification of the liquid crystalline resin compositian at th I rface, the
materials éﬁﬁ%ﬁ%ﬁﬁiﬁtﬁgréaocflgé o 3|b%1¥tﬂ:(:i(l}1glrly(/g Jﬁ%ﬁt%%?}fr}( g giti%(r{?g r%é% é?r% %vﬁér%%gh%;t-insulating
layer is fopmedone-a portion of the mold inner surface is also included as the P-2121(PS11-035) 13
"mold in which a heat-insulating layer is formed in a mold inner surface. In the method of
manufacturing pe iRjestien raeltedsartielerafithe presertinuentien, ikis Necessapnto fofm at least on
the entirety of a mold inner surface portion corresponding to the portion of the molded article at which
favorable appeatdrcesitaracististies are desireddandddt Bpréferablesd bR R théentirety of the
mold inner surface.  The thickness (ti) of the heat-insulating layer is notgartic_ularly ggﬂted if

adjusted St-a< 6 84tiSHth8 AoV R MhGId Hf A8 HESRIDBE abdtve™ Fheé thickABSE 8f HE heat-insulating
layer formed an the abov 'krzre‘ae;:ne%otned(@fl%iémféasélgfa&‘?em%% be ynifarm, and may he, eqntain a part

of different thickness. Tn the case of the thicknéss of the heat-insulating layer not being uniform, the
average thickness,is;defined-as i c 4additian; the theemal candugtivity, ot thenbeabinsulating layer
formed on the mold inner surface is particularly preferably no more than 5 W/(mK). By adjusting the
thermal contluctivity of the beat-mnswlating-layério thel abgwe-mentioned rahgelevér ifthelinjection
molded article is molded at a mold temperature of 100C or less, the molded article surface will not peel
off while perférsriy ukiasontc Eleanfrifor thedikes BndhusEMRjectibAmoRied article having a
superior appearance_is more easily obtained. It sho%l ed that thg @bov -mentioned thermal

d be no
conductivify AQICTES fife HiciAtal CORALERGy Fidhstred BY the metRod destfibe &

Wil
e52hibed in the xamples.

P-2121(PS11:035) 14, _ Io adiion. since a gyid enystaline sesin compasiion.gf high temperature is

poured into the mold during injection molding, the heat-insulating layer must have a heat-resisting
property so as tq withstand the;high-tempeyatireschring: molding.ound beheatigsulating layer formed
on the inner surface of the mold to be used in the method of manufacturing an injection molded article
of the presemt inviention preferablyl cortairssspolyinidetresam This Fpdcause the pdlgimide resin has
the above-mentioned thermal conductivity of no more than 5 W/(mK), and has a heat-resisting

property ta6EGUEehPRARSAR thR THER témparattrss BiriRg Tedforf Mdtding“ A8 Siadiic examples

of polyimide resins that can be used, aﬁmpxrggellitig?Cidéyl?:ll\[ILDAg-%acsle pg}lﬁicrznngggiﬁ diols
o] - i

biphenylteftaEABOE I 2Rk bASad poRimide, Folyam de-imide using tHmeilific acid,

bismaleimide-hased resin (hismaleimide/tiazine-baseg er the ike).benaophenonetetracarboxylic
acid-based polyimide, acetylene-terminated polyimide, a thermoplastic polyimide, and the like can be
exemplified: t shoulg e neted/thatia healjnsulatiny resorcin, and compounds

represented by the following general formula ({(A) and the

following general formula (B); aromatic dicarboxylic acids

such as terephtalic acid, isophthalic acid, 4,4'-

diphenyldicarboxylic acid, 2,é-naphthalenedicarboxylic acid,

and compounds represented by the following general formula

(Cy; and aromatic amines such as p-aminophenol and p-

phenylenediamine can be exemplified.
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layer composed of a polyimide resin is particularly preferable. As preferable materials other than
polyimide resin, for example, a tetrafluoroethylene resin or the like can be exemplified. = The method
of forming the heat-insulating layer on the inner surface of the mold is not particularly limited. For
example, forming the heat-insulating layer on the! Inner P-2121(PS 1-035) 15 surface of the mold by
the following method is preferable. A method of forming a heat-insulating layer such as a polyimide
film by coating a solution of a polymer precursor such as a poly 'de precursor that can form a
polymeric heat-ing Yg layer ongo thepold surface, heating the solvent to evaporate, and then
polymerizif? ingf: a Taethod OF VASbr deposition polymerizing a monomer for a heat
resistant polymer, esg=/pyromelliticcashydride and 4,4-diam nodiphenyl ethar; or on a mold of planar
shape, a method of forming heat-insulating layer adhered on a desired portion of a mold using a
suitable faﬁgnig% t%cibqigﬂg employing.a polymeric QE%H”&H@“HQI film o%a) pol%/ﬂgéceggqt-insulating
film of adhesive-tape form can be exemplified. In addition, it Is also possi fé to form a polyimide film,
and furtherform aghromes(Cr) filmsor titagiumdhitride (TiN) film as a metallic skin layer on this surface.
Molding Conditions ~ The method of manufacturing an injection molded article of the present
invention is charactgrized in performang injectier.molding under molding conditions that satisfy the
relational formula \ ta) |.is the thickness of the heat-insulating layer
(pm), S'is tﬂ'e'*inje 2 isthe thickness of the injection-molded article
(mm), and T is the rete emperatug( (7t2-"=1000 (l)By manufacturing the
injection molded article under the

HOQC Y COOH
L0

(Y: is a group selected from - (CHz).~ {(n=1 to 4) and =0 (CH;) 0=~
(n=1 to 4).)
Other Compconents

A composition imparted with a desired propertyv by adding
other resins, a nucleating agent, carbon black, pigment such
as an inorganic calcined pigment, or an added agent such as an
antioxidant, a stabilizer, a plasticizer, a lubricant, a mold
release agent, & fire retardant, or the like to the liguid
crystalline resin composition used in the present invention,
in ranges not inhibiting the effects of the present invention,
is alsc included in the liquid crystalline resin composition
used in the present invention.
Method of Manufacturing Injection Molded Article

In the injecticon molding cof the above-mentioned liquid
crystalline resin composition, the method of manufacturing an
injection molded article cof the present invention uses a mold

in which a heat-insulating layer is formed on a mold inner
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P-2121(PSTF485) 16 above such conditions, the boundary between the outer layer and skin layer in
the injection molded article obtained will not exist in at least a portion of the injection molded article, as
described below. Surface peeling of the injection molded article is caused by peeling of the outer layer
further formed on the skin layer; however, in the lgesent invention, an injection molded article that
does not have this outer layer in at least a portion of the injection molded article is obtained. As a
result, it issposSible tozotitairea Higimguatitysinjectionrmoélkied artitlersuptioy ivthelappearance and
without peeling of the surface even if ultrasonically cleaned.  The injection molded article obtained
by the mefifdd 6L Mmahitadttfing o tHe Prégéntanvention’ ciatabteltized Hy@fiminating the boundary
between the outer layer and the skin layer of the injection molded article at least in one part thereof. As
a result oftsgulcﬁké}? hjec %)ntlrheolgee %?t%}g%é?nﬁglgétéﬁ&fIihéd%r%ebt (é);f éﬁpé’(‘a{:‘ésing surface peeling of
the injection, malded artidleds rgmepicably aised-The iejection mlded arjele deing sygerior
appearance for which peeling of the molded article surface is extremely reduced in this way is
assumed to-he ebtained by-preventing the liguid, crystalline: resimeompositiompewreddnto the mold
from immediately solidifying, and suppressing the molecules in the resin composition prior to
solidificatiaAdtam being drawn by the solidified resin composition, and the molecular orientation from
increasing at the molded article surface., The heat-insulating layer has a function of suppressing
P-2121(PS11-1035) '17 theresin comPdsition from immediately solidifying at the mold surface when
the liquid ﬂ?ﬁt lline resin composition in the molten state is poured to the mold as described in the
foregoing. y improving the injection speed, the time for the resin composition to be filled into the
mold shortens. In othgr words thefilling of, the-iquid crystalling yesinicompasition intertheold can be
completed at a stage at which solidifying of the liquid crystalline resin compositions has not progressed
too much. As aKesyt disispossilerte stippressihedmotecutesiofia patiam proktaselidifying from
being drawn by the hardened resin composition, and the molecular orientation from increasing at the
molded articleslizfates 13 tong imecistreduirad 26 fillthe liggidrdrystalling résth Berposition into the
mold when the thickness of the injection molded article is excessively thick. As a result, when the

thickness dFihefinfetoh mbfietFarticie RiexcessiR thick B phERomenonBhds to occur whereby

molecules of & porion priorfo,soliditying are draun.by ine.solified el compapiion and the

molecular orientation 5t the’molded article surface increases.
is difficult for the ligquid crystalline resin composition
streamed into the mold to solidify in the vicinity of the mold
surface. As a result, the molecules contained in the resin
composition prior to solidification contacting the resin
composition that has solidified at the mold surface are drawn
to the resin composition after sclidification thereof, whereby
it is possible to suppress the molecular corientation from
increasing at the molded article surface.

So long as the heat-insulating layer formed on the inner
surface of the mold acts to delay the solidification of the
liguid crystalline resin composition at the mold surface, the
materials and the like thereof are not particularly limited.

In addition, a mold o¢n which a heat-insulating layer is formed

on a portion of the mold inner surface is alsc included as the
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By setting the mold temperature T to be high, it is possible to delay the solidifying of the liquid
crystalline resin composition in the vicinity of the inside surface of the mold in particular. As a result, it
is possible to suppress a phenomenon whereby molecules of a portion prior to solidifying are drawn by
the solidified resin composition and the P-2121(PS11-035) 18 molecular orientation at the molded
article surface increases.  The characteristic of the present invention is in the aspect of having found
that the bomoadaryibetwesrhthe tutet fayendrmtskig ldyareof areinfactivpdmbldedl Akiefe surface is
eliminated by adjusting such that the heat-insulating layer thickness tl (pm), injection speed S

(mm/sec); rotd tempépdtare THC): AdIRfEEIBn Mo HrfiEiethickhest t2 {rm) <atisfy the above

formula (I). Then, with the present invention, a superior jnjection molded article in vatigus forms
% P lg] I’}eCGS%éI} I‘E%

(particulafi & Cadb BFt2 Inith) BRMGEHTCAS well) San be thanufactured by adjus

justing the injection
speed S (g%{%e%): heatipsulating Jayer. thickness # (pr), and faeldtemparatiye b (C). Jihis is
because, If satistying the above formula (1), the boundary between the outer layer and skin layer of the
injection molded-artiale: Wil not exist atdeastdn agortion. mo 1a@gldition, diyeinjectienimolding at molding
conditions satisfying the following formula (ll), it becomes more difficult for surface peeling to occur,
and it is péssiblestolebtairpan injectonmalded srticle iy & réarkkably stipéribF appearance. More

specifically, by performing injection molding at conditions satisfying the foIIowin%formuI% (II%, it
becomes BASE? Fotba thol@ed aFRIE 6 be GhtaifBd i WhictPd bolindaR/ Betiedbn thd Suter fayer and

skin layer is entirely nonexistent. Hereinafter, the manufacturing conditions of the mapufacturing
method of the p?&en&l?ﬁ\?e}{rﬂ%snswi (e e%%?alr%éed Eegéitaﬁ.nsul%tmg A

particularly limited i1f adjusted sc as to satisfy the above
formula (I) as described above. The thickness of the heat-
insulating layer formed on the above-mentioned mold inner
surface may be uniform, and may be contain a part of different
thickness. 1In the case of the thickness of the heat-insulating
layer not being uniform, the average thickness iz defined as
zl.

In addition, the thermal conductivity of the heat-
insulating layer formed on the mold inner surface is
particularly preferably no more than 5 W/ (mK). By adjusting
the thermal conductivity of the heat-insulating layer to the
apove-mentioned range, even if the injection molded article is
molded at a mold temperature of 100°C or less, the molded
article surface will not peel off while performing ultrasonic
cleaning or the like, and thus an injection molded article
having a superior appearance is more easily obtained. It
should be noted that the above-mentioned thermal conductivity
indicates the thermal conductivity measured by the method

described in the Examples.
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19(t1xS)/2-Lit)2000 (11) First, the heat-insulating layer thickness tl (Rm) will be explained.
So long as the heat-insulating layer thickness ti is adjusted so as to satisfy the above formula (1), this
thickness is not particularly limited. Although diff? ing depending on the type of liquid crystalline resin
composition used, shape of the injection molded article, and the like, it is preferable to adjust the
heat-insulating layer thickness tl to 1 pm to 1000 Rm in the manufacturing method of the present
invention. Adjustingetiiheatrinsslating layérithickhessite @t ldastd pas igipreferitsié in-order for a
suitable heat-insulating effect to be achieved, and adjusting to no more than 1000 Rm is preferable for
the reasof bf tH&I Pré@EIBAG tHe dlfleacartiert. Mdre greferal i healinsuitmgtafer thickness ti
is from 10 pm to 300 Rm.  Next, the injgction fgeeg Sm&@m/%eac‘:))ewgll eegx‘l'?‘e“seds-éiim arly to the
above-méhtiofal Heat ifs i&fig tAet thicki@ss TiY the Mjection speed & only heads fo be adjusted so
as to satisfy the above formula (1), Although difering, depending.an. the- ypefliauid crystalline resin
composition used, Shape of the injection molded article, and the like, it is preferable to adjust the
injection speed:S.in the range of 20 mm/sec to 1000 m/sec in the manufacturing method of the present
invention. Adjusting the injection speed to at least 20 mm/sec is preferable due to being able to
prevent hesitatiGiheamd: atjustingltheinjection speédna word fisard 2060 nimIsec’ réferable due to
being able to prevent jetting. P-2121(PSIF-035) 20 More preferably, the injection speed is from 50

mm/sec to-560 Ahiseed LeNERCthed diateRperatdré T @%ﬁ%%@fﬁﬁﬁle%ﬁl Similarly to the above

heat-insulating layer thickness tl and.the like, the mold temperature T.anly needs to he,adjusted so as
to satisfy th%jgbco%%o%rrrﬁ%@ ‘(;1():1 Rl;fﬁ&ucg%dﬁ;erﬁ%edgpreensﬁr?g“ oﬁ%ﬁg%ﬁe of |quidecrysta line resin

compositin, ysed, shapg of thejnjection-molded article,andstheslike, dt ispreferable tosadjust the mold

temperature T to no higher than 100C in the manufacturing method of the present invention. By setting
the mold temperature ke ne-higher thanil Q06 rtheltemperattiré vegylationrof the moldrcan e
performed using water, and a high-quality injection molded article can be obtained easily. More
preferablyjitheningesofdnbltstemn perataresis fFoThBD rPOOC LY BY adjastitg-theabove-mentioned
heat-insulating layer thickness tl, ir}ection speed S, and mold temperature T, it isgossible to adjust the

injection nMBIdEE BRtide FIEKRESE t2-FI'R $7idS Tafige MBS Spedicaly: ChdB? tie B8nditishs satisfying
the above formul§.((I§)‘, it is P9 sibleotio agjijs&trlrie jenj(;:ctisgn rgolgr(legtaréi JTe thickness t2 10 0.2 mm to 10
Y& conditions s%%%fgyin B ?ormueia](ﬂ it ﬁ)e {

mm. UndeFhe conditions g the above ), it'is possible to set t2 to 0.2 mm to 5 mm.
Although the above problems.tend taaise paiculasly ip theqange of the injection molded article

thickness tZ2 of 0.2 mm to 3 mm, it is possible to easily obtain a high-quality injection molded article
having supsrigs appeasance-without sudace pecting by R-212(RSIF-086) yamide-imide
using trimellitic acid, bismaleimide-based resin
bismaleimide/triazine-based cor the like),
benzophencnetetracarboxylic acid-based polyimide, acetylene-
terminated polyimide, a thermoplastic polyimide, and the like
can be exemplified. It should be noted that a heat-insulating
layer composed of a polyimide resin is particularly preferable.
As preferable materials other than polyimide resin, for
example, a tetrafluoroethylene resin or the like can be
exemplified.
The method of forming the heat-insulating layer on the

inner surface of the mold is not particularly limited. For

example, forming the heat-insulating layer con the inner
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21 molding according to the manufacturing method of the present invention. Injection Molded Article
When the liquid crystalline resin composition is molded, a multi-layer structure is formed. FIG. 1 shows
multi-layered structures (from the central portionlgo surface portion) of injection molded articles
obtained by the manufacturing method of the preSent invention. As shown in FIG. IA, a boundary
between the outer layer and skin layer does not exist in the injection molded article obtained by the
manufactgring amethod of ke présbritinvérsticrral kiasnin apbitivh éfthermbidedbafticle surface.
Therefore, even if performing ultrasonic cleaning or the like on an_injection molded article obtained by

way of the manfifat&iiHagt nteth&8 BHRE preSERTRTETION BlFGHiOA E WHIEASUTACR peeling occurs is
decreased, as shown in FIG. 1B. n contrast, FIG. 2 shows multi-layered str (from the
central poﬁ?glﬁl tlomé\gﬁagé %%rt%%)co??mgéﬁoﬁ rﬁ’cd))l Lei(gla?ﬂclgg o%tgiﬁ% acco i%é%%%gr%anufacturing
method of the;conventignal teghnelqgy. Asrshawrin F1Ga2A raRnuierJayerexists attheentire surface

of the injection molded article. Therefore, when performing ultrasonic cleaning or the like on the
injection meldedarticle akiamedoaccording tecthe mantdtactyring:methoad of thes comeentional
technology, surface peeling occurs at the entire surface, as shown in FIG. 23. Furthermore, FIG. 3
shows thesmgifticlsi/ered strdcture (rom theeesémttalpdrion v StiFaed pottior?) 6farRfecéton

P-2121(PS1-OM) 22 molded article manufactured under conditions satisfyin'%%ge above formula (Il).
As shown TABYE. 32BYSH ahihd e fectiom Mold &P ftitfes dbtirfed a8 ordiify t-fHe“manufacturing

method of the present invention, a boundary between the outer.layef a j . to be
ittt R o giern e oulgrlayes and.sin e iends

entirely none Ion mo artic anufactured under conditions satisfying the above

formula (113 Fherefore, syen itperforming ultrasonig.gleaning & the like sar dyjgetion malded article is
formed for which it is remarkably difficult for surface peeling to occur.  As in the foregoing, the

injection molded article abigineddurhwayofthe marufactfingomethod offthe preséntmivention has a
superior appearance, without peeling of the surface occurring, even if performing ultrasonic cleaning.
Furthermote Sy sekiky theshelliempaaiireteen G hore YHas 100e0 ivFighiGuatig injection molded

article can be obtained easily. ) , , ,
insulating film or a polymeric heat-insulating film of

adhesive~tape form can be exemplified. In addition, it is also
possible to form a polyimide film, and further form a chrome
(Cr) film or titanium nitride (TiN) film as a metallic skin
layer on this surface,
Molding Conditions

The method of manufacturing an injection molded articlie of
the present invention is characterized in performing injection
molding under molding conditions that satisfy the relational
formula of the following formula (I), in which tl is the
thickness of the heat-insulating layer (um}, S is the
injection molding spsed (mm/sec), tZ 1s the thickness of the
injection-molded article (mm), and T is the mold temperature
(°Ccy.
(r1x8) “t2+T21000- -+ +-01]

By manufacturing the injection molded article under the
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EXAMPLES  Hereinafter, the present invention will be explained in further detail based on
Examples; however, the present invention is not to be limited by these Examples. Materials Liquid
crystalline resin 1: "Vectra (registered trademarl;? E130i", containing glass fiber 30% by mass, melting
point 335C, melt viscosity 40 Pas (manufacture %y Polyplastics Co., Ltd.) Heat-insulating layer
formation material 1: polyimide resin P-2121(PSII-035) 23 tape (manufactured by Sumitomo 3M
Limited), theemal essductivityi: 2 WHmK R ebfinstaathdryer fdinfdtromaterial 2/ polyimide resin
varnish (manufactured by Fine Chemicals Japan), thermal conductiyity 0.2 W/(mK) H(il t-insulating

layer form&Hion Hiaferid 32 holfimidieresil fifth {RantfAQGfe &by BuPort™té &l Co. L), thermal
conductivit OQ.Zey(\é/grp_K)r;I'haetthf ?gﬁlccgnglé% vities 8Eth&%bq\{%-g§plti&qerg&%¥iﬁnide resins were
calculated by measuring the coefficient of thermal diffusivity according to the laser flash method, the
specific gravity aceording de the Arehimades,methedrand the speeific heat wsing.a H3CoExample 1

molded article is caused by peeling of the outer layer further

formed on the skin layer; however, in the present invention,

an injection molded article that does not have this cuter

layer in at least a portion of the injection molded article is

obtained. As a result, it is possible to obtain a high-quality

injection molded article superior in the appearance and

without peeling of the surface even if ultrasconically cleaned.

The injection molded article obtained by the method of
manufacturing of the present invention is characterized by
eliminating the boundary between the outer layer and the skin
layer of the inijection molded article at least in one part
thereof. As a result of such an injection molded article being
obtained, the effect of suppressing surface peeling of the
injection molded article is remarkably raised. The injection
molded article having superior appearance for which peeling of
the molded article surface is extremely reduced in this way is
assumed to be cbtained by preventing the liguid crystalline
resin composition poured into the mold from immediately
sclidifying, and suppressing the molecules in the resin
composition prior to sclidification from being drawn by the
solidified resin composition, and the molecular orientation

from increasing at the molded article surface.

The heat-insulating layer has a function of suppressing
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Using the liquid crystalline resin 1 as a molding material, the heat-insulating layer formation material 1
was pasted on the mold cavity surface of a mold for sheet molding with 20 mm width, 50 mm length,
and 0.5 mm thickness, and molding was performed under molding conditions such as the injection
speed and the mold temperature in Table 1, whereby an injection molded article was obtained. It
should be noted that the conditions other than the molding conditions shown in the table are as
follows. MdigingsGénditions Gylinten sbt (SmpeRitie S50C Serevi +otaliBH sheetP158%pth Example 2

24 Using the liquid crystalline_resin 1 as a molding material, the heat-insulating layer formation
s et o))

F a'mold for Sheet lmojl(?i]rr}ig of a

material 25Wa$ 3prayEd Bntd the- iridid Cabty Sufface

8 mm square

with 1 mm thjckniess, baked for ong hou alie i (he.polyigide;suface waspolished to adjust to

the heat-inSu aﬁﬁg ?ayer thickness in T

e 1, and then molding was performed under molding

conditions:guch;as the injection speed and the mold temperature in Table 1, whereby an injection
molded article was obtained. It should be noted that the molding conditions other than those shown in
Table 1 are the sameyasdExarplent. Exdraptel 8n spadnjectibr miclded Beticlelwag fridiufactured by
the same method as Example 2 except for changing the molding conditions to the conditions shown in

Table 1. ltcshard belrotetcthas tHe didingreoh diichater it ffose shdwnih¥%h

Example 1. Example 4 _ Using the liquid crystalline resin a molding. material
layer form&fsHtatetial 3 wad Bppfied thf% 6381%9;855 ?égﬁzl%rl\fbethreer%?d gg\r/n%

b

le 1 are similar to
heat-insulating

ity surface of an 1ISO

standard test piece mold, and.malding was pedarmed under molding, gonditians suehr asdge injection

speed and the molgtemperature in Table 1, whereby an injection molded article was obtained. It
should be noteg that:the molding canditigas wtbenthamthose shown inEabletl are the same as

Example 1. Example 5

progressed too much. As a result, it is possible to suppress

the molecules of a portion prior to solidifying from being

drawn by the hardened resin composition, and the molecular

orientation from increasing at the molded article surface.

A long time is reguired to f£ill the ligquid crystalline

resin composition into the mold when the thickness of the

injection molded article is excessively thick. As a result,

when the thickness of the injection molded article is

excessively thick, a phenomenon tends to occur whereby

molecules of a portion prior to solidifying are drawn by the

solidified resin composition and the molecular corientation at

the molded article surface increases.

By setting the mold temperature T to be high, it is

possible to delay the solidifying of the liquid crystalline

resin composition in the vicinity of the inside surface of the

mold in particular. As a result, it is possible to suppress a

phenomenon whereby molecules of a portion prior to solidifying

are drawn by the solidified resin composition and the
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25 _An injection molded article was manufactured by the same method as Example 4 except for
changlng the molding conditions to the conditions shown in Table 1. It should be noted that the
molding conditions other than those shown in Taple 1 are the same as Example 1. Comparative
Example 1 An injection molded article was manufactured by the same method as Example 4 except
for changlng the molding conditions to the conditions shown in Table 1_It should be noted that the
molding coriditions bt ithanahdSe showriA THbieLarcthdSamé a8 BXample T “Eomparative

Example 2 An injection molded article was manufactured by the. sam s Exam
_ ) ) ple 1
except for a heXEn<UamiG Hier Hot befng %}?ne"’df %Sﬁm%%méfav)%g}rﬁ%%ra%\%%{;g%%le 3  An

injection r%‘%deecdcagitd%gvva(%%@%%uE%%@Y_H%% same.methotas RamparativeExample 2 except for
changing molding conditions to the conditions shown in Table 1. It should be noted that the

molding conditions-ether than these shown in Table 1arerthe sameas Exaenpledt Evaldation of
Molded Articles  Cross-cut adhesion test evaluation and ultrasonic cleaning test evaluation were

Z%rgfgooan]gg?ﬁé?ﬁiﬁpﬁ?dmﬁiartt'.ml@sughth‘@ilé)‘éaﬁfm’esf@‘?&Cﬁhﬁﬁér%’fi?iégliﬁaﬁﬁﬁl’és. Cross-cut
thickness t1 (;.xm)e,vailzjaaj eleocnt\n(mvgg psegfeocarcrin eSd %/ng/rggg])o,d E)naosledd ggzﬁjgl)%r%g&%% (PS|F-035)
T (°C), and injection molded article thickness £2 {mm) satisfy
the above formula (I).

Then, with the present invention, a superior injection
molded article in various forms (particularly in a case of t2
(mm) being thick as well) can be manufactured by adjusting the
injection speed S (mm/sec), heat-insulating layer thickness tl
(um) , and mold temperature T (°Cy. This is because, 1if
satisfying the above formula (I}, the poundary between the
outer layer and skin layer of the injection molded article
will not exist at least in a pertion.

In addition, by injection molding at molding conditions
satisfying the following formula (II), it becomes more
difficult for surface peeling to occur, and it is possible to
obtain an injection molded article having a remarkably
superior appearance. More specifically, by performing
injection molding at conditiocns satisfying the following
formula (II), it becomes easier for a molded article to be
obtained in which a boundary between the outer layer and skin
layer is entirely nonexistent, Hereinafter, the manufacturing

conditions of the manufacturing method of the present

invention will be explained in detail.
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26 K5400, and evaluation was performed by the number of grid cells peeled among one hundred
1-mm square grid cells. The evaluation test results are shown in Table 1. Ultrasonic Cleaning Test
Evaluation The injection molded articles of thg Examples and Comparative Examples were
immersed in water, ultrasonic cleaning was conducted for 1 minute, and the fibril generation situation

of the surface was measured as a whitening phenomenon of the surface, whereby the existence of
fibril generatioh Was evalugted ! Fhe évdlUation test reldlts are shown in Table 1. [table 1] 27 Exam

plei Exam ple2 Exam plea , )
First, the heat-insulating layer thickness tl (pum) will be

explained. So long as the heat=-insulating layer thickness tl
is adjusted so as to satisfy the above formula (I}, this
thickness is not particularly limited. Although differing
depending on the type of liguid crystalline resin composition
used, shape of the injection molded article, and the like, it
is preferable to adjust the heat-insulating layer thickness tl
tc 1 pm to 1000 pum in the manufacturing method of the present
invention. Adjusting the heat-insulating layer thickness to at
least 1 um is preferable in order for a suitable heat-
insulating effect to be achieved, and adjusting to no more
than 1000 um is preferable for the reason of the precision of
the molded article. More preferably, the heat-insulating layer
thickness tl is from 10 pm to 300 pm.

Next, the injection speed S (mm/sec} will be explained.
Similarly to the above-mentioned heat-insulating layer
thickness tl, the injection speed S only needs to be adjusted
so as to satisfy the above formula (I). Although differing
depending on the type of liguid crystalline resin composition
used, shape of the injection molded article, and the like, it
is preferable to adjust the injection speed S in the range of
20 mm/sec to 1000 m/sec in the manufacturing method of the
present invention. Adjusting the injection speed to at least
20 mm/sec is preferable due to being able to prevent
hesitation, and adjusting the injection speed to no more than

1000 mm/sec is preferable due to being able to prevent Jetting.
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E_xam ple 4 Exam ple5 Comp arat ive Exam plel Comp arat ive Exam ple2 Comp arat ive Exam ple3 PI
Film Thickness(tO (Pm) 70 10 20 125

20

More preferaply, the injection speed is from 50 mm/sec to 500
mm/sec.

Next, the mold temperature T (°C) will be explained.
Similarly to the above heat-insulating layer thickness tl and
the like, the mold temperature T only needs to be adjusted so
as to satisfy the above formula (I). Although differing
depending on the type of liquid crystalline resin composition
used, shape of the injection molded article, and the like, it
is preferable to adjust the mold temperature T Lo no higher
than 100°C in the manufacturing method of the present
invention. By setting the mold temperature to no higher than
100°C, the temperature regulation of the mold can be performed
using water, and a high-guality injection molded article can
pe obtained easily. More preferably, the range of mold
temperature is from 50° to 100°C.

By adjusting the above-mentioned heat-insulating layer
thickness tl, injection speed S, and mold temperature T, 1t is
possible to adjust the injection molded article thickness t2
in a wide range. More specifically, under the conditions
satisfying the above formula {I), it is possible to adjust the
injecticn molded article thickness t2 to 0.2 mm to 10 mm.
Under the conditions satisfying the above formula (II), it is
possible to set t2 to 0.2 mm to 5 mm. Although the above
preblems tend to arise particularly in the range of the
injection molded article thickness t2 of 0.2 mm to 3 mm, it 1is
possible to easily obtain a high-quality injection molded

article having superior appearance without surface peeling by
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molding according to the manufacturing method of the present
invention.
Injection Molded Article

When the ligquid crystalline resin ceompesition is molded, a
multi-layer structure is formed. FIG. 1 shows multi-layered
structures (from the central portion to surface portion) of
injection molded articles obtained by the manufacturing method
of the present invention. As shown in FIG. 1A, a boundary
between the outer layer and skin layer does not exist in the
injection molded article cobtained by the manufacturing method
of the present invention at least in a portion of the molded
article surface. Therefore, even if performing ultrasonic
cleaning or the like on an injection molded article obtained
by way of the manufacturing method of the present invention, a
portion at which surface peeling occurs is decreased, as shown
in FIG. 1B.

in contrast, FIG. 2 shows multi-layered structures (from
the central portion to surface pertion) of injection molded
articles obtained according to a manufacturing method of the
conventional technology. As shown in FIG. 2A, an outer layer
exists at the entire surface of the injection molded articie.
Therefore, when performing ultrasonic cleaning or the like on
the injection molded article cobtained according to the
manufacturing methed of the conventional technology, surface
peeling occurs at the entire surface, as shown in FIG. 2B.

Furthermcre, FIG. 3 shows the multi-layered structure

(from the central pertion to surface portion) of an injection
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molded article manufactured under conditicons satisfying the
above formula {(II). As shown in FIG. 3, even among the
injection molded articles obtained according to the
manufacturing method of the present inventicn, a boundary
between the outer layer and skin layer tends to be entirely
nonexistent for the injecticn molded article manufactured
under conditions satisfying the above formula (II). Therefore,
even if performing ultrasconic cleaning or the like, an
injection molded article is formed for which it is remarkably
difficult for surface peeling to cccur.

As in the foregoing, the injection molded article obtained
by way of the manufacturing method of the present invention
has a superior appearance, without peeling of the surface
occurring, even if performing ultrasonic cleaning. Furthermore,
by setting the mold temperature to no more than 100°C, & high-

quality injecticn molded article can be obtained easily.

EXAMPLES

Hereinafter, the present invention will be explained in
further detail based on Examples; however, the present
invention is not to be limited by these Examples.
Materials

Liquid crystalline resin 1: “Vectra (registered trademark)
ElBOi”,.containing glass fiber 30% by mass, melting point
335°C, melt viscosity 40 Pa-s (manufactured by Polyplastics

Co., Ltd.}

Heat-insulating layer formation material 1: polyimide resin
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tape (manufactured by Sumitomo 3M Limited), thermal
conductivity 0.2 W/ (mK)

Heat-insulating layer formation material 2: polyimide resin
varnish (manufactured by Fine Chemicals Japan), thermal
conductivity 0.2 W/ {mK)

Heat-insulating layer formation material 3: polyimide resin
film (manufactured by DuPont Toray Co., Ltd.), thermal
conductivity 0.2 W/ {(mK)

The thermal conductivities of the above-mentioned
polyimide resins were calculated by measuring the coefficient
of thermal diffusivity according to the laser flash method,
the specific gravity according to the Archimedes method, and
the specific heat using a D3C.

Example 1

Using the liguid crystalline resin 1 as a molding naterial,
the heat-insulating layer formation material 1 was pasted on
the mold cavity surface of a mold for sheet molding with 20 mm
width, 50 mm length, and 0.5 mm thickness, and mclding was
performed under molding conditions such as the injection speed
and the mold temperature in Table 1, whereby an injection
molded article was obtained. It should be ncted that the
conditions other ﬁhan the molding conditions shown in the
table are as focllows.
Molding Conditions

Cylinder set temperature: 350°C

Screw rotation speed: 150 rpm

Example 2
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Using the ligquid crystalline resin 1 as a melding material,
the heat-insulating layer formation material 2 was sprayed
onto the mold cavity surface of a mold for sheet molding of a
40 mm sguare with 1 mm thickness, baked for one hour, after
which the polyimide surface was pelished to adjust to the
heat-insulating layer thickness in Table 1, and then molding
was performed under molding conditions such as the injection
speed and the mold temperature in Table 1, whereby an
injection molded article was obtained. It should be noted that
the molding conditions other than those shown in Table 1 are
the same as Example 1.

Example 3

An injection molded article was manufactured by the same
method as Example 2 except for changing the molding conditions
to the conditions shown in Table 1. It should be noted that
the molding conditions other than those shown in Table 1 are
similar to Example 1.
Example 4

Using the liguid crystalline resin 1 as a molding material,
the heat-insulating layer formation material 3 was applied
with double-sided tape onto the mold cavity surface of an IS50
standard test piece mold, and molding was performed under
molding conditions such as the injection speed and the mold
temperature in Table 1, whereby an injection molded article
was obtained. It should be noted that the molding conditions
other than those shown in Table 1 are the same as Example 1.

Example 5
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An injection molded article was manufactured by the same
method as Example 4 except for changing the molding conditions
to the conditions shown in Table 1. It should be noted that
the molding conditions other than those shown in Table 1 are
the same as Example 1.

Comparative Example 1

An injection molded article was manufactured by the same
method as Example 4 except for changing the molding conditions
to the conditions shown in Table 1. It should be noted that
the molding conditions other than those shown in Table 1 are
the same as Example 1.

Comparative Example 2

An injection molded article was manufactured by the same
method as Example 1 except for a heat-insulating layer not
being formed in the mcld.

Comparative Example 3

An injection molded article was manufactured by the same
method as Comparative Example 2 except for changing the
molding conditions to the conditions shown in Table 1. It
should be noted that the molding conditions other than those
shown in Table 1 are the same as Example 1.

Evaluaticn of Molded Articles

Cross-cut adhesion test evaluation and ultrasonic cleaning
test evaluation were carried out on the injection molded
articles of the Examples and Comparative Examples.

Cross-cut Adhesion Test Evaluation

The evaluation was performed by a method based con JIS
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K5400, and evaluation was performed by the number of grid
cells peeled among one hundred l-mm sguare grid cells. The
evaluation test results are shown in Table 1.
Ultrasonic Cleaning Test Evaluation

The injection molded articles of the Examples and
Comparative Examples were immersed in water, ultrasonic
cleaning was conducted for 1 minute, and the fibril generation
situation of the surface was measured as a whitening
phenomenon of the surface, whereby the existence of fibril

generation was evaluated. The evaluation test results are

shown in Table 1.

[table 1]
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As is evident from Table 1, it has been clarified that
surface peeling does not easily occur in the injection molded
article obtained by the manufacturing method of present
invention, as is evident from the peeling number in the cross-
cut adhesion test evaluation. Since surface peeling dces not
easily occur in the injection molded article obtained
according to the manufacturing method of the present invention

in this way, it is possible tc maintain a clean appearance.
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easily occur in the injection molded article obtained by the manufacturing method of present invention,
as is evident from the peeling number in the crogsscut adhesion test evaluation. Since surface peeling
does not easily occur in the injection molded article obtained according to the manufacturing method of
the present invention in this way, it is possible to maintain a clean appearance. P-2121(PSTF-035) 28
In addition, as i$evidht fiorh Tabte 15 avB50RoF fibHPFeFeratitn entifely i déciitfing was obtained
from the ultrasonic cleanin%;est evaluation for Examples 1 to 3 and 5. It h%sege n confirrlrged for

Examples™ /¥ 3 aréf5 74t BBufibary Getvetsh e diiter /e an d 8Kkin ter doedhot exist in the
injection malded article suyface: \ agdiion, plthouah fiprikgengtalip-aldhe sufasegeusred i
t :

Example 2f e generated area thereof is extremely small when compared with the generated area of
fibrillation pecyying.inthe palded.aticte, sufaceef the Comparativei Examples.alherefore, it has been
confirmed that a boundary between the outer layer and skin layer exists in a part of Example 4. It
has been ponfirmeed, that the snanufacturirg: methyed ofithie present iwentidncarmmanafdcttre a
high-quality injection molded article even under conditions of a mold temperature no higher than 100C.
As is evidéft fibm the iestreof Exbffsled 1163 8nd 5 and the rdSultBPEXaRple 1 fMaEBeen

confirmed that a superior injection gml%ed article is obtained focr1 whic
fibril generation of the suriace occcurred 11

Eé%mple 4, the
generated area thereof is extremely small when compared with
the generated area of fibrillation occurring in the molded
article surface of the Comparative Examples. Therefore, it has
been confirmed that a boundary between the outer layer and
skin layer exists in a part of Example 4.

It has been confirmed that the manufacturing method of the
present invention can manufacture a high-guality injection
molded article even under conditions of a mold temperature nc
higher than 100°C.

As is evident from the results of Examples 1 to 3 and 5
and the result of Example 4, it has been confirmed that a
superior injection molded article is obtained for which a
boundary between the outer layer and skin layer does not exist,

by performing manufacturing of the injection molded article

under conditions satisfying the above formula (II).
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injection molded article under conditions satisfying the above formula (I). P-2121(F'S11-035) 29
CLAIMS 1. A method of manufacturing an injectign-molded article by injection molding of a liquid
crystal resin composition, wherein injection molding is performed using a mold having a heat-insulating
layer formed on a mold inner surface, and under molding conditions that satisfy the following formula
(1), wherein tl is thickness of the heat-insulatingda§éfpm), S is injection molding speed (mm/sec), t2 is
thickness of the injection-molded article (mm), and T is mold temperature (C). (t 1xS) /t2 -1-1;-=1 000
2. The method of manufacturing an injection-molded article according to claim 1, wherein injection

molding isyperfomed nder ipolding concitions hah,sqlisfy the follgyingdamule;th (i) (a. 2000

(11) 3.The method of manu acturing an injection-molded article according to claim 1 or 2, wherein

the heat-insiating layer bas:a theymal congductivitigbra maredhan &WHEBKY.: dn The method of
manufacturing an injection-molded article according to any one of claims 1 to 3, wherein the

heat-insulatiag tayer includes arpalyimitiegesn. He Thermethodsofimanufactdrihg ahrigjection-molded
article P-2121(PSTF-035) 30 according to any one of claims 1 to 4, wherein the mold temperature T is
nogyeamﬁmhaﬁ{mnxnﬁating layer formed on a mold inner surface, and

under molding conditions that satisfy the following formula

(1), wherein tl is thickness of the heat-insulating layer (um),

S is injection molding speed (mm/sec), tZ is thickness of the

injection-molded article (mm), and T is mold temperature (°Ch.

(v 1x8) Jv2+T&1000 -+ -{1)

2. The method of manufacturing an injection-molded article
according to claim 1, wherein injection molding is performed
under molding conditions that satisfy the following formula
(ITI}).

(1 1 X%) v 2+T22000-+ 011

3. The method of manufacturing an injection-molded article
according to claim 1 or 2, wherein the heat-insulating layer

has a thermal conductivity of no more than 5 W/ (mK).

4, The method of manufacturing an injection-molded article
according to any one of claims 1 tc 3, wherein the heat-

insulating layer includes a polyimide resin.

5. The method of manufacturing an injection-molded article
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according to any one of claims 1 to 4, wherein the mold

temperature T is no greater than 100°C.
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