METHOD OF MANUFACTURING AN INJECTION-MOLDED ARTICLE TECHNICAL FIELD  The
present invention relates to a method of manufacturing an injection-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 of metal components. Among these, a group of plastics
called liquid crystallinebesiAs ¥idainfakisa ciyEtallie StrUctOmE BiierPnolEEh. ARE oL the crystalline
structure, high strength is one of the characteristics of liquid crystalline resins. Furthermore, 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 shrinkage afd-exéelfind’in dimensional accurancy of molded
articles.  Capitalizing on the above such advantages of high strength and the dimensional accurancy
being superior- HGuRi-Gry SRHInE TEEh - ddthpSSiti6riRave béemadaptedtd BEGSETin Prédision
equipment c](ﬂ)lmpeocrlce{lts._@?% ever, !Epr@ case ofﬁg&ergl:isi%n ﬁ(ﬂ%l f; C?”é%”&é%“?%k%“i rg&qt, a small
amount%?forépgn parﬁgles‘, ust, etc. wilfaffect equﬁ)men perflormangef § a‘result, Tof components
used in BB&;@%gg&%ﬁl(PSll--O%) 2 equipment and optical equipment, e.g., components for
camera modules and 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, angzthus tleisurfagerrelatively 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). Thexetpre,since thelgeneration of fereigarparticles and tihed like isca prolitemmi it is very
difficult to ultrasonically clean molded articles made by molding a liquid crystalline resin composition.
The abovéahenticratgéneration of foreignusarticles and alke like ovetirs duecortha endlécular
orientation being particularly high in the surface of the molded article as mentioned in the foregoing.
Therefofdl @ fholdedPafticke with improveaSurface haracieristicsr d 7&sin molBed article
containing liquid crystalline polymer and fiber filler has been disclosed that is characterized in having a
flat surfdceSTor WHIGH-R titferénce MHtha Crfac FoGdiness P4 viiRbbtaned by a $pécifid surface
tape-peeling test is 0.4 4m or less (Patent Document 1).  Accarding to the method described in
Patent ohc%n%:éf sf ?ﬁi% ﬁ%gfuﬁolfé:%%fﬁc?den?sl gP eI%Efgri%na%'l%ﬁelécs:tqur%% e%%iptr%gnt or optical

equipment, and makes tto preyent:syitage particle (forejgn particle) generatinn. Whep using the

technology
liguid crystailine 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
shrinkage and excelling in dimensional accurancy of molded
articles.

Capitalizing on the above such advantagés of high strength
and the dimensicnal accurancy being superior, liguid
crystalline resin compositions have been adapted fTo be used in
precision eguipment components. However, in a case of
precision eguipment and optical eguipment, a small amcunt of
foreign particles, dust, etc. will affect eguipment

performance. As a result, for components used in precision
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P-2121(PS11-035) 3 described in Patent Document 1 in this way, an improvement in the surface
characteristics is possible.  However, as descrjbed in the Examples of Patent Document 1, foreign
particle generation according to Patent Documetfit 1 indicates foreign particles generating when
cleaning a surface by gently stirring in purified water for 1 minute. Therefore, with the improvement in
surface«chataeteristicsnaccording 40 theymethech deseribed, inRatert Bocumént-l carestdt is not
achieved that satisfies fibrillation suppression during ultrasonie cleaning. In other words, with the
above-mentidsed arethdddescribed in Patestbécurmentl iaweitradrdinerilyigreat arouint of foreign
particles will generate when exposing the resin molded article to severe conditions_such as those of
ultrasonié efsaniiy rthelikke L aEBRIBA, WA PatértBecimERtt ifis%staliiished that a higher
mold temperature when molding is more preferable in order to su%oress hel%eneration of the

above-fghfished fortdigh particies At e iike. Actudfy, HidRgwas p&isrmed At E5hditions with a

mold temperature of. 130C u}tét):peeC%Exar{lEI% of Patggt gocumggt. l. In ghelca%eigf the condition of the

mold tefperatare bg%ﬁ St 16 a eranr|oer<'§1:‘tu?eS e&ﬂgeeding 100 f]érﬁ?peratulrg regulation cannot be done

using waley.,80d inys tepneratuce feguiation must he pefonngdaising ol AAsaesult, from the point

of view of facilitating the production of injection molded articles, it has been desired to mold under
conditigns.of a-mold-tempergture pohigher than 100G, -+ ; FHrtheraorey sincertbe molecar

orientation is particularly high at the surface portion of injection molded articles, surface fibrillation
tends to-eocur apditends o fuzzdfiWirasoniecieaning of the like is, performed. Asra sesulto &
technology for surface characteristic improvement has been demanded that can be applied to injection
molded articlésied khradditfienitke abové Such fuzziihithesarface andiahe abové suth peeling of the
molded article surface harm the appearance of the injection molded article. As a result, it has also
been demarided fprdvidiels sugericriateal Appearance t8jEeHsH fholded afticies®made by
injection molding a liquid crystalline resin comgosition. Patent Document 1: Jaﬁ)gnese Unexamined

Patent ASpIREHGA PubfiaticirRd 92068250656 BISEE GSUREIFE THE INVERTHORProblems to be

Solved by the Invention . The present invention h; beer% made in oc{dgr to oIv? the aforementioned
e CcClLes

such prabBleffst &nd-ah-oBjEctthbfeof <t providea moldi nad

S?gc%%}ogy for o %alnlng a molded article
from a liquid crystal resin composition tg have a superior ap aranc t',n \p{hich fibrillation of the
surface%}]trﬁ%o%?elcrﬁ%n?mél%jg laéticﬁg 5 Eﬁggﬁe%%eé sven if%%tr&son?céll?/ cleaned. In particular, it is to

%%Vci:de a molding teghnology. pragticable gyen, aticongitions of amgld temperatuse of Ag higher than
| the like occurs due to the molecular orientation being
particularly high in the surface of the molded article as
mentioned in the foregoing. Therefore, as a resin molded
article with improved surface characteristics, a resin molded
article containing liguid crystalline polymef éﬁd fiber filler
has been disclosed that is characterized in having a flat
surface for which a difference in the surface roughness Ra
value obtained by a specific surface tape-peeling test is 0.4
pm or less (Patent Document 1).

According to the method described in Patent Document 1, it
is useful for components of electric and electronic eqguipment
or optical equipment, and makes it toc prevent Surface.particle
(foreign particle) generation. Whenﬁﬁéing the téchnoiégy

P-2121(PSTEF-035)



5 Means for Solving the Problems  The present inventors carried out diligent research in order to
solve the above-mentioned problems. As a resg{, 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
conditionscsatisfying arspegifisrelationalformula, imwhichst! issthe thickness-oftlredheat-insulating
layer, S is the injection speed, t2 is the thickness of the injection molded article, and T is the mold
temperatuse . Morfe:specifically cthempresentdisclopuresproviges the following. According to a first
aspect, in a method of manufacturing an injection-molded article by injection molding of a liquid crystal
resin compdsitict éjectioh meklig kaskrisimedeuding ammetd Havinged RBat-insGialiRg fayer formed
on a mold inner surface, and under molding conditions that satisfy the following formula (1), in which ti
is thickrf6ssefiRe FRat-ifstfatiiNIEyE (), SISIHELESsh FoldifG SPEed TMMTIES), {2 is thickness of
the injection-molded article émr:%g and T.is mold tem%(gr,ature (t% (t %Sa? /[tqz +fé.1(s)qg,{]é)c
According 4o Sedscond dribadineht [inthé InéthBd ot makurddtifing ahinjettion molded atticle as

describ%d in thetf'rﬁ;g( %%é%i%#eggﬁzp%%%@gg%)p%f&grpeg Mnder molding congditions that satisfy the

following%ﬁ%u a 6  According to a third embodiment, in the method

of manyfactyring an;injection molded article. as descrined in the.first aspect o sgeond embodiment,
the heat-insulating layer has a thermal conductivity of no more than 5 W/(mK).
the method described 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 meolding is more preferable
in order Lo SuUppress the generation of the above-mentioned
foreign particles and the like. Actually, molding was
performed at conditions with a mold temperature cof 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 melded articles, it has been desired
to mold under conditions of a mold temperature nc higher than

100°C.
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According to a fourth embodiment, in the method of manufacturing an injection molded article as
described in any one of the first aspect and secagnd to third embodiments, the heat-insulating layer
includes a polyimide resin.  According to a fiftﬁn embodiment, in the method of manufacturing an
injection molded article as described in any one of the first aspect and second to fourth embodiments,
the mold temperatureris se-greaterdban 16000, 1Efects of thei kaveatidgroihe énjection molded articles
obtained by the manufacturing method of the present invention do not generate fallen debris (foreign
particlepeframqesdingofithemelded aeticte:sidace, mvehifultrasorivalycsliéaneAsigdesult, the
injection molded articles to be used in precision equipment, optical equipment and the like
manufagturéd by the mvarfiFaetufing Fiethad bPthe presentinveRfior can Be stbjettédto ultrasonic
cleaning easily, and thus the cleaning operation during component manufacturing can be performed
more effigigftly- TTHE etk MoltetraHities dbtdiféd by fie rarifActarfG trethdd ot the present

invention have a suptirior appearance. In particular, the s1ﬂurfa¥cevqf the énjg%ionorggjgerg articles
obtained By 1HhE manEERING THEhoQ of T prasent 7 vention will ot 6421y pear off: therefore, the

attractiv,g ﬁpggé%n%e?}%nrgg t8 btenré@iné%irqe% gv%rbﬂ%%lg%p%goqh 9 -grggi on HRemanufacturing

method of the presen ifvention can be performe er conditions in which the mold temperature is
no high%rrtp n,100C. Due to this, temperature regulation of the mold upon obtaining an injection
molded article can be performed not with oil, but with water. As a result, a superior injection molded

article can be gbtained egsily. BRIERPESCRIPIJHONQF THE DRAWINGS e HlQ. Lis:a view
showing multi-layered structures of injection molded articles obtained according to the production
method of hepresent weniion; of the molded article surface harm the

appearance of the injection molded article. As a result, it

has alsoc been demanded to provide a superior external

appearance to injection molded articles made by injection

molding a liguid crystalline resin composition.

Patent Document 1: Japanese Unexamined Patent Application

Fublicaticn No. 2008-2398550

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

The present invention has been made in order to solve the
aforementioned such preblems, and an object thereof is to
provide a melding technology for obtaining a molded article
from a liquid crystal resin composition to have a superior
appearance, in which fibrillatiocn 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. 2 is a view showing multi-layered structures of injection molded articles obtained according to the
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 FQ@%@R@/IN@ VLj{'rll THE@I r%lﬁﬂecr)nlél Although embodiments of the present invention
will be explained in detail ere%atﬁer, the present invention is not to be at all limited to the following
embodiment, ang£ap:hesimplemented s includingsuitable; madificatignswithin, the, scope of the
object of the present invention. In the injection molding of a liquid crystalline resin P-2121(PS11-035)
8 compositiod the preséntinyantieirds ehakactenzed imusimgzasnoldim whichsa hieat-imsulating layer is
formed on a mold inner surface, and in injection molding at molding conditions satisfying a certain
relational fotatitairPwRrcHE REtHRE tHcKReBsH6F theYéatthshfatifRt A e FATITSS §s e injection

molding speed (mm/sec), t2 is the. thickness of the injection-molded articl , and_T is the mold
4 8%3 ”%/Oq\mé tzn""tﬁe%le ARO T ehan, fﬁebée 8)128?)9%& incﬁﬁgrgr 051“03(1jL ﬁ&ﬁd crystalline

temperature (C). Herelnafter, present invention w aine
resin composition, and a,methed qfmanuiactiwing andnjectionmelded article:Jyiguid Gystalline Resin
Composition  The method of manufacturing an injection molded article of the present invention can
be appliecktonall iquicherystallite cesinscainpogiions contaihitigng liguit: erystakinagesin. Liquid
Crystalline Resin  Liquid crystalline resin indicates a melt processable polymer having a property of
being able @& ah DptRels HnisctrGpiERR6RER phades Thetsropery s the arisdfdFie molten phase

can be confirmed hy a common method gmqjloyding.an 0 thogonahgolarizer More 1§gecifically,
: £ 1= £ e.t%lc ness, o % e ne t—lnsu;at pal er % is &t .
confirmation of the anisotropic molten phase can be performe usmﬁ a Leitz polarizing microscope by

observing gmolen-sanple glaced qn, adgitz botglageata magnificalion oLA0 ines gnder a nitrogen

atmosphere."When a liquid crystalline resin that can be employed in the present invention is examined
between anr-arthogonak@olarizer,spelarzed light:nermally penetrates eveniif ivalholtenistationary
state, for example, and thus P-2121(PS1F-035)
present disclogure provides the following.
According te a first aspect, in a method
of mamifacturing 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 is thickness of the injection-
molded article {mm), and T is mold temperature {°C).
(t1XS8) /t2+T=z1000 -+ - (1)
According to a second embodiment, in the method of
manufacturing an injection molded article as described in the
first aspect, injection melding is performed under molding

conditions that satisfy the following formula (II).

(t1XS) St2+T=2000+ (11}



9 exhibits anisotropy optically.  Although the above such liquid crystalline resin is not particularly
limited, it is preferably an aromatic polyester or agomatic polyester amide, and a polyester partly
containing aromatic polyester or aromatic polyester amide in the same molecular chain is also in the
scope thereof. \Q{Qggrtggse are rgelé%qraéo.%%oo %Welght con e;jntratlor}ll{g\ per%tafluorophenol at 60C, it

is preferable to use a polr)}gster having a inheren \W§€0§itylﬁ. of Q?Feas? about 2.0 dl/g, and more

preferably2,0:te 10-0 /gy ~-Particularly preferahle asthearomatipelyesieroraromatic polyester

amide for liquid crystalline resins that can be employed in the present invention are an aromatic
polyester, ot asomaticegalyestes armioe kaning atdeast ane=cosypouncsalectadsframhe group of
aromatic hydroxycarboxylic acid, aromatic hydroxylamine and aromatic diamine as a constituent
componenitéflicte Speeitallyotdy pbiyestersthaliity Rortpdsediof atiie 8k bne of aromatic
hydroxycarboxy‘kc am%and dterlvgtl%gs t@ﬁr%?;b C%l Ieg}}/esters %%m% composed of (a) at least one of

aromatic hydroxy%%%:oi"yrfﬁ acidBnd dérvatives t ereof ’(b)lﬁt St o%%% romatic dicarboxylic acid,

alicyclic digarhoxylic acid ang-derivativestherpafzand (e} at least one-of aliphatic;diol, alicyclic diol,
aliphatic diol and derivatives thereof; (3) polyester amides mainly composed of (a) at least one of
aromatic hyskoxycarbexylic-acickane derivatives thereof o b} P24 22(R5H+030) <10 akleast one of
aromatic hydroxylamine, aromatic diamine and derivatives thereof, and (c) at least one of aromatic
dicarboxyliteaéid: aficydicidigalfodiic dtid aRtsd eyivrtivies théfe dfe @Y polyester amides mainly
composed of (al\hg;t: Ierad%t r(lJne{{:%f %rog%ti%%%)ngarboxylic actid and derivatives thereof, (b) at least
one of aromatic hydroxylaming, romatic diamine And derivativas th&fest (<) at least one of aromatic
dmarboxy%énufacturing an injection molded article as described in any

ene of the first aspect and second to fourth embodiments, the

mold temperature is no greater than 100°C.

Effecte 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 uged in precision

egquipment, optical eguipment and the like manufactured by the

manufacturing method of the present invention can be subjected

te ultrasonic cleaning easily, and thus the cleaning operation

during component manufacturing can be performed more

efficiently.

The injection molded articles cobtained by the
manufacturing method of the present invention have a superior

appearance. In particular, the surface ¢f the injection molded

articles obtained by the manufacturing method of the present



acid, alicyclic dicarboxylic acid and derivatives thereof, and (d) at least one aromatic diol, alicyclic diol,
aliphatic diol and derivatives thereof; etc. can be exemplified, and 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 jpdhe presept invention .aromatichydroxyearbexylic agids.suchas phydraxybenzoic acid,
6-hydroxy-2-napthoic acid, aromatic diols such as 2,6-naphthalenediol, 1,4-dihydroxynaphthalene, 4,4'-

dihydroxypiphenyh, Bydroguinone; resorgin; and Lomposngds represepteskhy the fellowing.general
formula (A) and the following general formula (B); aromatic dicarboxylic acids such as terephtalic acid,
isophthalic acidh4,4:adipHenytdicarbpxykc acid, 2,6-naghtbalenedicathoxytic acid, and compounds
represented by the following general formula (C); and aromatic amines such as p-aminophenol and
pphenylesetiamireccambe exemplified or(X: isa group:sélbetedfiom zralkylene (€4 ie 04),
alkydene, -0-, -SO-, -SO2-, -S- and -CO-.) (Y:is a group selected from -(C1-12)n- (n=1 to 4) and
-0(CH2) o Ph=t td-BEFOE Comporents® thésmposhibh impatied With'a désifed prlopeky by adding
other resins, a nucleatingéagent, carbon black, pigment such as an inorganic calcined pigment, or an

added afertsuthds &7 GRGOREINER stabifizer-aplddiciRe? & iUbticaRt, SMoldfrelease agent, a fire

retardant, or the like to the liquid crystalline resin composition used in the present invention, in ranges
not inhib%?n%gtﬂlér%ef%c?soof t‘ﬁqé%p?lre%n ’in%éln ioxﬁ,lFs%al‘égg 1{i:?rﬁﬁc"fu'de%“?’n %erl?q%’llg%’ys?alline resin

composiliag ised in the.present,inygntion, Methpd of Manufagturing Inisgtion Wolded Article In the
injection molding of the above-mentioned liquid crystalline resin composition, t%e méthod of
manufacturing an injection molded article of the present invention uses a mold in which a
heat-insulating layer is formed on a mold inner surface, and performs injection molding at molding

conditions P-2121(PSTF-03%ri2F DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 1s a view showing a multi-layered structure of an
injection molded article produced at conditions satisfying the

formula (I11}.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
Although embodiments of the present invention will be
explained in detail hereinafter, the present inventicn 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 liquid crystalline resin
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satisfy the following formula (1), in which tl is the thickness of the heat-insulating layer (pm), S is the
injection molding speed (ram/sec), t2 is the thickpess of the injection-molded article (mm), and T is the
mold temperature (C). (t1XS) /7t 2 +fl 2000 (I) Mold  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 surfaecafithe enold (surfaceesr the nsidentfithe meld:Bue - theilvsat-insulatiigiayer formed
on the surface inside of the mold, it is difficult for the liquid crystalline resin composition streamed into
the molead Solidifyvinitas vicifiBP6HthesHel Strface 2X8 1 resulf theSfoleuRsedhthined in the resin
composition prior to solidification contacting the resin composition that has solidified at the mold

surface 48 HirawH %6 #& resii oriposition after SolidifiCatioh (brdbt WhBrebyAr s postibie to

suppress the ggolecular orientation frorgér;ccire%%litljg %%the imlde.d article %ur@lce:.LS t%o long as the

heat-instit PayBPfofmed or the iRRerSUrtAE of the Mold ‘acts'to dé1ay the salidification of the liquid

crystali fesin compositon.a fhe mold surtace, the materials and the lie theteof are not particularly
a

limited. Tn ad ition, a mold on which a heat-insulating layer is formed on a portion of the mold inner

surface js glsodnelded ag he molbla whish acheatinsulatng faye s {ormed dn aamok.

P-2121(PS11-035) li inner surface. In the method of manufacturing an injection molded article of the

presentinvestion it is.necrssasy-to form atleast omtherentiketyraf anmotd insep sutace-portion
corresponding to the portion of the molded article at which favorable appearance characteristics are
desired,and jt ispreferabledeform pyvepthesentiretyrofdhe moldinner stsfacep 1 a Thedhickness (tl) of
the heat-insulating layer is not particularly limited if adjusted so as to satisfy the above formula (I) as
describéd abovelcthecthicknessof the hettinddlating et forpsatb 6 ife- abeveéffertioned mold
inner surface may be uniform, and may be contain a part of different thickness. In the case of the
thickneg&eafthe Hehtsuldtifgtiayérfotitkindg URFOrhY thBaversgthickneSs is defined as  In
addition, the thermal conductivity of the heat-insulating layer formed on the mold inner surface is
particularhPHreferabl/Sid ot thart 8 Wi (nEJPB§ hdfudting the thermal conductivity of the
heat-insulating layer to the abave-mentioned range, even if.the,injection molded article is melded at a
mold tempera &5&%%1688 of less, the c?n%%&férdl anticle s r?a]c%cv%ﬂkﬁlotr%%ienf%% w r|I1[élszglr%rrrI;ligng

ultrasonic, dlening A1 dng Jise. andhus.an iniectin molded aricle hayinga; supeyiarappegeance is
more easily obtained. It should be noted that the ‘above-mentioned thermal conductivity indicates the
thermal conductivity measured by the method described, intheFamplesne 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 polarizer. 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 ligquid 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
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In addition, since a liquid crystalline resin composition P-2121(PS1F-035) 14 of high temperature is
poured into the mold during injection molding, the heat-insulating layer must have a heat-resisting
property so as to withstand the high temperaturés during molding.  The heat-insulating layer formed
on the inner surface of the mold to be used in the method of manufacturing an injection molded article
of the pseseiit invention preferably gonfaind pelyimide resin. This is because the polyimide resin has
the above-mentioned thermal conductivity of no more than 5 W/(mK), and has a heat-resisting
property to adeduatelywitHstaribtechightémpeatire scdiFinbiinjectibn Afdidigt Asspecific examples
of polyimide resins that can be used, a pyromellitic acid (PMDA)-based poiyimide,
biphenyateliatatox§he aditiBd<sd pdiyinide PEGIYaRRLNIEE LTy M4 S -
bismaleimide-based, resin (bismaleimide/triazine-based or.the Iike)f beg% Rheno@nfg;%tg@%argboxylic
acid-baS&d PORMATES aRBHIEHE-RTmitEEd poliide, Athermoplastic polyimide and the Iike can be
exemplified. It should he noted that a heat-insulating-layer.co ed of.a polyimide resin is
particulgﬁf %?e%rcjab?e?q,&]ses}e%ra%l“e Materials Jc:)tfkl%%gé% %% é?r%?gsé%sﬁh% f(;Brp(e%;na?n%cV)IFe8 , atet
arluorogthylepe resinorthe like canbhe exemplified. o hemethod, of iarming thedeatiasulating
layer on the inner surface of the mold is not particularIE;/ limited. For example, forming the
heat-insylating{layer an {he inpey, sudace obthesmoldby the following-methoskis prefesabler
P-2121(PS1P-035) 15 A method of forming a heat-insulating layer such as a polyimide film by
coating @usatytiar:ofia pelysterprecuyrsos suek as appdlyieide précuvsorctthat cariforemd polymeric
heat-insulating layer onto the mold surface, heating the solvent to evaporate, and then polymerizing by
superheating;a Method of vapor degositiers polyhtetizird- & nibnoinersfof atkiezk resistant polymer, e.g.,
pyromellitic anhydride and 4,4-diaminodiphenyl ether; or on a mold of planar shape, a method of
forming heafsrizutatingllayeiradiéted dhid desired portion of a mold using a suitable fastening

technique emgloying a Eolymeric heat-insulating film or a polymeric he%t-insulatin film of
articularly preferable a% the aromatlc polyester Tr

arcomatic polyester amide for liguid crystalline resins that
can be employed in the present inventicn are an aromatic
polyester, or aromatic polyester amide having at least one
compound selected from the group of aromatic bydroxycarboxylicr
acid, aromatic hydroxylamine and arcmatic diamine as a
constituent component.

More sgspecifically,
(1) polyesters mainly conmposed of at least cone of aromatic
hydroxycarboxylic acid and derivatives thereof;
(2) polyesters mainly composed of (a) at least one of aromatic
hydroxycarboxylic acid and derivatives therecf, (b) at least
one of aromatic dicarboxylic acid, alicyclic dicarboxylic acid
and derivatives thereof; and (c) at least one of aliphatic
dicl, alicyclic diol, aliphatic diol and derivatives thereof;
(3) polyester amides mainly composed of (a) at least one of

aromatic hydroxycarboxylic acid and derivatives therecf, (b)
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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 article of the present
invention is characterized in performing injection molding under molding conditions that satisfy the
relationat farausa obthe folfowingrfetmulah@)l irvwhichti iscthe ahickresscoftherheat-irsutating layer
(pm), S is the injection molding speed (mm/sec), t2 is the thickness of the injection-molded article
(mm), aie T isthevmold-teprserature (6). (€1 xe$) RE2SENCTP0BT  FHOMBy thanufacturing the
injection molded article under the above such conditions, the boundary between the outer layer

P-2121{RSETLO35). 16 atfeiskin Ry i theSnetlien Arsiddd ariftte St it ekist fn at least a

portion of the injection molded article, as described below. Surface peeling of the injection molded
article i$25686 by peeling of the outer layer further formed on the skin layer; however, in the present

invention, an injection molded article that does nof have this outer layer;in at least a pogtion of the
injectio %r%olgé)dya?tlsc & is Gbtained. n,&aslanr“%uﬁ?f? sggossib e t(l)(Jo ta%ln a high-quality injection molded

article sperior in the, anpearance and withoutpeelingof the sydfage, eyen ifaulizasonically cleaned.

The injection molded-article ‘obtained by the method of manufacturing of the present invention is

charactgrized by elimipating thehoundany betweemthe quisr layemand thesskin layer ofithe injection
molded article at least in one part thereof. As a result of such an injection molded article being
obtainedqtheeffect of suppressing surfacepeeting of thesinjettionameldéd adticle ivrenyarkably raised.
The injection molded article having superior appearance for which peeling of the molded article
surfaceds extremelycreduted dni thisvaynis assamed toé cbiaihed byisrevemigthe ligiid crystalline
resin composition poured into the mold from immediately solidifying, and suppressing the molecules in
the resiri @onmpositiorspriors saligmaatich fomlbeiAd araiwn by the Solidified FESHT tonfposition, and

the molecular orientation from increasing at the molded article surface.
and derivatives thereof; etc. can be exemplitiled, and

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 p-
hydroxzybenzolic acid, 6-hydroxy-2-napthoic acid, aromatic diols
such as 2, 6-naphthalenediol, 1,4-dihydroxynaphthalene, 4,47-
dihydroxybiphenyl, hydroguinone, resorcin, and compounds
represented by the following general formula (A) and the
following general formula (B); aromatic dicarboxylic aclds
such as terephtalic acid, isophthalic acid, 4,4'-
diphenvyldicarboxylic acid, 2,6—naphthalenedicarbokylic 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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The heat-insulating layer has a function of suppressing the resin composition from immediately
solidifying at the mold P-2121(PS1E435) 17 suﬂace when the liquid crystalline resin composition in
the molten state is poured to the mold as described in the foregoing. By improving the injection
speed, the time for the resin composition to be filled into the mold shortens. In other words, the filling

of the liquid cryaIIi resin compositign into the mold can be completed at a stage at which solidifying
i ne-resiN-cofipositionsHhas not progressed too much. As a result, it is possible to

of the liquichergstall
suppress the malecutes of a portigapyrior to solidifying from being drawn hythe hardened resin
composition, and the molecular orientation from increasing at the molded article surface. A long
time is réquired t filthe figRl @ ySaminé FeinBonipdsiticiifitd the AoIf wWheRtHerfickRess of the
injection molded article is excessively thick. As a result, when the thickness of the injection molded
article is %Y(ces‘sci@ély thick23 phéﬁ6m%?f8n“fgﬁds {o occur whereby molecules of a portion prior to
solidifyi he solidified.resin cc ition-and-the-molecularorientationatthe molded
article sirface increases. By setting the mold temperature | to be high, it is possible tp delay the
solidifyjng 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 molecular orientation at the molded
article suiface increases. P-2121(PSTF-035) 18  The characteristic of the present invention is in the
aspect of having foy etween the outer layer and skin layer of an injection molded
article sufsce ; h&OIBE heat-insulating layer thickness tl (pm), injection
speed S (mm/sec),\ynaldtemperature, T{C), and injection molded article.thickness t2 (mm) satisfy the
above formula (I).  Then, with the present invention, a superior injection molded article in various
forms (pafticularly irva case of i2 (et belimgthickds well) canbe mahufactdred by-ddjusting the
injection speed S (mm/sec), heat-insulating layer thickness ti (1.1m), and mold temperature T (C). This
is becaudes ¥ 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, or 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 included in the licuid crystalline resin compoesition
used in the present invention.
Method of Manufacturing Injection Molded Article

In the injection molding of the above-mentioned liguid
crystalline resin composition, the method of manufacturing an
injection molded article of the present invention uses a mold
in which a heat-insulating layer is formed on a mold inner

surface, and performs injection molding at molding conditions
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satisfying the above formula (1), the boundary between the outer layer and skin layer of the injection
molded article will not exist at least in a portion. In addition, by injection molding at molding
conditions satisfying the following formula (lI), ittBecomes more difficult for surface peeling to occur,
and it is possible to obtain an injection molded article having a remarkably superior appearance. More
specifically.iy-perferming injection; melding at conditions, satisfyingthe fallowtiag formula (I1), it
becomes easier for a molded article to be obtained in which a boundary between the outer layer and
skin layer is-entirely nanexistent: itereinafter the manufacturing: conditions of:the manufacturing
method of the present invention will be explained in detail. (t 1/5) //t 2 +2000 (1 1) P-2121(PS
114-035) 19ct i Birstpthetheat-inselating tayés etickndss th i willlbe explaimede Sol6fy as the
heat-insulating layer thickness tl is adjusted so as to satisfy the above formula (1), this thickness is not
particulafly iffteanARRSGGH diffekihg HRpéfitling GHtheltypé of iGuidTrystafii $ésih tomposition
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 pm in the manufacturing method of the present invention. Adjusting
the heat-irgsyl%igg Ia)tetr ?igkrﬂegsltq)a(glgast 1pm {s)preferable in order for a suitable heat-insulating
effect to be achieved, and adjusting to no more than 1000 pm is preferable for the reason of the
precisi%moqf%‘he molded article. More preferably, the heat-insulating layer thickness ti is from 10 jim to
300 pm. ext, the injection speed S (ram/sec) will be explained. Similarly to the above-mentioned
heat-insulating,layeythickpessitl the-injection-speed S only ngeds 1o be adjusted; sa asite satisfy the
above formula (I). Although differing depending on the type of liquid crystalline resin composition used,
shape of the injectionmelded-artiele; and the lika, dt isprefesable to adjush 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
injectiont spedd to. atleasty2d mim/sEc ispreferabierdiete beimgrabie to plevent hasitation, and
adjusting the injection speed to no more than 1000 mm/sec is preferable due to being able to prevent
jetting. Mere preferabily, the injectiotespeledtis grofe 58 mm/38€ td-506 P2 f2HPSTF-035)

insulating layer formed on the surface inside of the mold, It
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
coemposition that has solidified at the mold surface are drawn
to the resin composition after solidification thereof, whereby
it is possible to suppress the molecular orientation 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
liquid crystalline resin composition at the mold surface, the
materials and the like thereof are not particularly limited.
In addition, a mold on which a heat-insulating layer is formed
on a portiocn of the mold inner surface is alsc included as the

“mold in which a heat-insulating laver is formed in a mold
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20 mm/sec.  Next, the mold temperature T (C) will be explained. Similarly to the above
heat-insulating layer thickness ti and the like, the mold temperature T only needs to be adjusted so as
to satisfy the above formula (1). Although differin§ 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-ta; pe fugher than 100C inthemapufagturingJnethod-of the present invention. By setting
the mold temperature to no higher than 100C, the temperature regulation of the mold can be
performgd using water -ard ahighrguality dajectiam molded article: can bgohtaipgd gasily. More
preferably, the range of mold temperature is from 50 to 100C. By adjusting the above-mentioned
heat-instdatingdayersthickness tihmjectionspeeds, andumbdll temperature Iz itds possibleito adjust the
injection molded article thickness t2 in a wide range. More specifically, under the conditions satisfying
the above forfile ()1inis possitie toadjusethedifjeciontdlided aftivie tHiekrdssR1610.2 mm to 10
mm. Under the conditions satisfying the above formula (ll), it is possible to set t2 to 0.2 ram to 5 ram.
Although IHE BBEVE proBIEMSIERE (& AASE PaRICUfIYSA the PanGe ot injéttior ncided article
thickness t2 of 0.2 mm to 3 mm, it is possible to easily obtain_a high-quality injection molded article
having $Upetior aBpearahcé Witholt gmfrfa%@pe%ﬁﬁé%@%o%ﬁg%@cd@ﬁ& {0t manbifacdiig
method of theﬁgs%%tia-}g%g%g ;L(]j,L-)Ofag)E 2] igv%rété%nﬁlnjgg '%n Mnold d Article 1,}LI(\Dltgen the liquid
crystalline resin composition is molded, a multi-layer stracture s formed. FIG, 1'shows multi-layered
structurgs, (from the central;parfion to surface, pedion) of iniectionmoelded artigles obiained by the
manufacturing method of the present invention. As shown in FIG. 1A, a boundary between the outer
layer ang.skinlayer dpes notexist-indhe injgetien malded agticle obtained by the manufacturing
method of the present invention at least in a portion of the molded article surface. Therefore, even if
performingsulfrasdnig cleaning obtheslike-on andnjectior:melded artiste abtamedhyeway of the
manufacturing method of the present invention, a portion at which surface peeling occurs is
decreasedyas showain HGuiLBf orin centtastaFlG.e2 shows imult-layeréed sfrudtutdés: (feorh the
central portion to surface portion) of injection molded articles obtained according to a manufacturing
method o igesrientiohial techndfoyy. AS showntiniklE: 223/ antéitehlayer éxistslatitheentire
surface of the injection molded article. Therefore, when performing ultrasonic cleaning or the like on
the injectibhcoldRl &rfidRDBIRMES Freotdifiy fo fhedmanifatfiiretmetio 6 thE ¥ondéntional
technolqgjy, surface peeling occurs at the entire surface, as shown in FIG. 2B.  Furthermore, FIG. 3
shows the multi-layered structure (from the central portion to surface portion) of an injection molded

article manufagfured undey conditions satiglyipg the £:2121(F311:039) . peae -
insulating layer formed on the mold inner surface ig
particularly preferably no more than 5 W/{mK). By adjusting
the thermal conductivity of the heat-insulating layer to the
above-mentioned range, even 1f the inijection molded article is
molded at a mold temperature of 100°C or less, the molded
article surface will not peel off while performing uitrasonic
cleaning or the like, and thus an injection molded article
having a superior appearance 1s 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.

In additicn, since a liguid crystalline resin composition
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22 above formula (I1). As shown in FIG. 3, even among the injection molded articles obtained
according to the manufacturing method of the p(i?sent invention, a boundary between the outer layer
and skin layer tends to be entirely nonexistent for the injection molded article manufactured under
conditions satisfying the above formula (I). Therefore, even if performing ultrasonic cleaning or the
like, andnjestiophmeldectaricleris foamed foramhich itds remankably difficuttfor surface peeling to occur.
As in the foregoing, the injection molded article obtained by way of the manufacturing method of the
presentioverition, hasa supetior appdarance, Without peeling bithe surfavetocetifrin; aven if
performing ultrasonic cleaning. Furthermore, by setting the mold temperature to no more than 100C, a
high- quamwﬁrjébﬁro@mcﬂ@edarﬂCJréibéﬁ@é%b@@ﬁea%gllﬂi@%ﬁl’?l@ﬂ_:@S fieFeindfter, the present
invention will be explained in further detail based on Examples; however, the present invention is not
to be Iirﬁi@édiw%hese Examples. Materials  Liquid crystalline resin 1: "Vectra (registered trademark)

7130i", contalnlng lass fiber 30% bym s, melti oint 335C, melt viscosity 4Q Pas nufactured
by Polyplastlc%}@o Bth) Heat Eféﬁ% ﬁyer fo]rpn(fjlgal}fn or?1 ma e%kﬁ poﬁ/lmldsxA re%ln tap(réznfe1

(manuf%%ured by, Sumito mou%MdngLnrllteg?l,eh%g@%lo Zégl%%gfg@umng an

injection molded article of the present invention preferably
contains polyimide resin. This is because the polyimide resin
has the above-mentiocned thermal conductivity of ne more than 5
W/ {mK), and has a heat-resisting property to adequately
withstand the high temperatures during injection molding. As
specific examples of polyimide resins that can be used, a
pyromellitic acid (PMDA)-based polyimide,
biphenyltetracarboxylic acid-based polyimide, polyamide-imide
using trimellitic acid, bismaleimide-based resin
(bismaleimide/triazine-based or the likej,
benzophenonetetracarboxylic 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 on the inner

surface of the mold by the following method is preferable.
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23 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 (manu]fgctured by DuPont Toray Co., Ltd.), thermal
conductivity 0.2 W/(mK)  The thermal conductivities of the above-mentioned polyimide resins were
calculated byamgasuring the cosfficient of thermal diffusivity;according to theclasesflash method, the:
specific gravity according to the Archimedes method, and the specific heat using a DSC. Example 1
Using the liguidctystalline resindoas amgoldingomaterial, thé heapinsytatingdayerformnation material |
was pasted on the mold cavity surface of a mold for sheet molding with 20 mm width, 50 mm length,
and 0.5smafthickness cdnd molding Was Fadormeteindermoleiiy coriitiofsssiich dthe injection
speed and the mold temperature in Table I, whereby an injection molded article was obtained. It
should b& Fistet- ta® the e6RditoNS ofthef tHsh- the SR contifidnd Shdwit irthe taBile &8 as

follows. Molding Conditions Cylinder set temperature: 350C Screw rotation speed: 150 rpm Example 2
Using (6 TGRS taRE reai s 56 b TRORG A cHa), P ST IT 038y, Terod Br

vapor deposition polymerizing a monomer for a heat resistant
polymer, e.g., pyromellitic anhydride and 4,4-diaminocdiphenyl
ether; 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 fastening technigue employing a polymeric heat-
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 £ilm, 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 ig the
thickness of the heat-—-insulating layer {(pum), S is the
injection molding speed (mm/sec), t2 is the thickness of the
injection-molded article {(mm), and T is the mold temperature
(°Cy.
(t1xX8) /t2+T=21000- (1)

By manufacturing the injection molded article under the

above such conditions, the boundary between the outer layer
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24 the heat-insulating layer formation material 2 was sprayed onto the mold cavity surface of a mold
for sheet molding of a 40 mm square with 1 mm thickness, baked for one hour, after which the
polyimide surface was polished to adjust to the Weat-insulating layer thickness in Table I, and then
molding was performed under molding conditions such as the injection speed and the mold
temperatie i Tablezk;avheraby as injegtion maldecharicte was dblainet.tt shewlddelioted that the
molding conditions other than those shown in Table | are the same as Example 1. Example 3 An
injectionmolded article: was manufactured by the sametinethivdias-Exarmplec2 @xdept for changing the
molding conditions to the conditions shown in Table 1. It should be noted that the molding conditions
other thantthode shewndrs Tableoe Ar@ siitar toample PExaRie af Weing thefquid erystalline
resin 1 as a molding material, the heat-insulating layer formation material 3 was apPIied with
double&itfeda@pa Bhic e mdldcaitsuttade st af 18 StahdgrdtEst pieceMfiold: 4hd Mdiding was

performed under molding conditions such as the injection s %ed and the mold temg?hr&%ure in Table 1,

whereby &ififection Mstdéd aRticte Was obtaifed =it shotiid een&léﬁstﬁggh%nn% ing canditions other
than those shown jcni'g%blg I Ifé% éhe ?ggr]rﬁ%s?) E)ﬁ%rgp&]é. SEﬁ%r@plga%ngpjggti%nug@j_,ded article was

manufattured %Ef/(fhe dame 1(PS

layer in at least a portion of the injection molded article is
ocbtained. As a result, it is possible to obtain a high-gquality
injection molded article superior in the appearance and
without peeling of the surface even 1f ultrasonically 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
layver of the injection 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 1s extremely reduced in this way is
assumed to be obtained by preventing the ligquid crystalline
resin composition poured into the mold from immediately
solidifying, and suppressing the molecules in the resin
composition prior to scolidification from being drawn by the
solidified resin composition, and the molecular crientation
from increasing at the molded article surface.

The heat-insulating layer has a function of suppressing

the resin composition from immediately solidifying at the mold
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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 | are the same as
Example 1. Comparative Example 1 An injeét?on 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 neted-that the meolding ganditions other thar thaseishavvifoEakie d.are the-same as
Example |I. Comparative Example 2 An injection molded article was manufactured by the same

methodrasl Exampleat exdceptifonadgat-institatingdayeramotdeing fasmediin th&enold. Comparative
Example 3  Aninjection molded article was manufactured by the same method as Comparative
Exampléexceptdor 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 | are the same as Example 1.
Evaluation of ffolgB8 2A¢fidles trcross-Let hiREsidR $6st evhltatibahd Gitras6ific Efdahing test
evaluation were carried out on the %n'ection mold&q articles of the Examples and Comparative
ExampleSTErsssicitaditsivn Test Bralddtion tPPhBevaIuation Wak perform&d By a method based
on-ITS k5490, and evaluption was performed by the umben af.grid 2121 (B34 5100) s o

inte the mold can be completed at a stage at which solidifying

of the liguid crystalline resin compositions has not

progressed too much. As a result, it 1s possible to suppress

the molecules of a portion prior to solidifying from being

drawn by the hardened resin compositicn, and the molecular

orientation from increasing at the molded article surface.

A long time is regquired to f£ill the liguid 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 sclidifying are drawn by the

solidified resin composition and the molecular orientation at

the molded article surface increases.

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

possible to delay the sclidifying of the liquid crystalline

resin composition in the vicinity of the inside surface of the

mold in particular. As a result, 1t is possible to suppress a

phenomenon whereby melecules of a portion prior to scolidifying

are drawn by the solidified resin composition and the

molecular orientation at the molded article surface increases,
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26 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 the Examples and .
Comparative Examples were immersed in Wate}?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 fibdkgeneration wasceyatuated - The evaluation test resultssare shown in

Table 1. [table 1] 27 Exam plei Exam ple2 Exam pies
aspect of having found that the boundary between the outer
layer and skin layer of an injection moclded article surface is
eliminated by adjusting such that the heat-insulating layer
thickness tl {pm), injectibn speed S (mm/sec), mold temperature
T (°CY), and injection molded article thickness tZ {(mm) satisiy
the above formula (I).

Then, with the present invention, a superior injection
molded article in various forms (particularly in a case of t2Z
(mm) being thick as well) can be manufactured by adjusting the
injection speed S (mm/sec), heat-insulating layer thickness tl
(pm}, and mold temperature T (°Cy. This is because, 1if
satisfying the above formula (I), the boundary between the
couter layer and skin layer of the injection molded article
will not exist at least in a portion.

In addition, by injection molding at molding conditions
satisfying the following formula (II), 1t 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 conditions satisfying the following
formula (I1), 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.

(¢ 1X8) /t2+T=2000- »+(I1)
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Exam. ple 4 Exam ple5 Comp arat ive Exam pie] Comp arat ive Exam ple2 Comp arat ive Exam plea

P1 Film Thickness (t1) (gm) 70 10 20 19

First, the heat-insulating layer thickness t1 (um) will be
explained. 8o long as the heat-insulating laver thickness tl
is adjusted so as to satisfiy the above formula (I), this
thickness is not particularly limited. 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 adijust the heat-insulating layer thickness tl
to 1 pm to 1000 pum in the manufacturing method of the present
invention. Adjusting the heat-insulating layer thickness to at
least 1 pum 1s preferable in order for a suitable heat-
insulating effect to be achieved, and adjusting to no more
than 1000 pum is preferable for the reason of the precision of
the molded article. More preferably, the heat-insulating layer
thickness ti 1is from 10 um to 300 um.

Next, the injection speed S (mm/sec) will be explained.
Similarly to the above-menticned heat-insulating laver
thickness tl, the injection speed S only needs to ke adjusted
sc 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 adiust the injection speed £ 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 adijusting the injection speed to no more than
1000 mm/sec is preferable due to being able to prevent Jetting.

More preferably, the injection speed is from 50 mm/sec to 500
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125 125 1250 0 injection speed (8) (mm/sec) 50 200 100 50 200
20

mm/sec.
Next, the mold temperature T {(°C) will be explained.

~ Similarly to the above heat-insulating layer thickness tl and
the like, the mcld temperature T only needs to be adjusted so
25 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 mold temperature T to 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
be obtained easily. More preferably, the range of mold
temperature is from 50° to 100°C.

By adjusting the above-menticned heat-insulating layer
thickness tl1, injection speed 3, and mcld temperature T, it is
possible to adjust the injection molded article thickness tZ
in a wide range. More specifically, under the conditions
satisfying the above formula (I}, it 1is possible to adjust the
injection molded article thickness t2 to 0.2 mm to 10 mm.
Under the conditicons satisfying the above formula (II), it is
possible to set t2 to 0.2 mm to 5 mm. Although the above
problems tend to arise particularly in the range of the
injection molded article thickness t2 of 0.2 mm to 3 mm, 1T is
possible to easily obtain a high-quality injection molded
article having superior appearance without surface peeling by

molding according to the manufacturing method of the present
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15 200 200 aided Article Thickness (t2) (mm)0.5114440.50.5
21

invention.
Injection Mclded Article

When the liquid crystalline resin composition is molded, a
nulti-layer structure is formed. FIG. 1 shows multi-layered

tructures (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, & boundary
between the outer layer and skin layer does not exist in the
infection molded article obtained by the manufacturing method
of the present invention at least in a portion of the molded
article surface. Therefore, even 1f performing ultrasonic
cleaning or the like on an injection molded article obtalned
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 portion) 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 cbtained according to the
manufacturing method of the conventional technology, surface
peeling occurs at the entire surface, as shown in FIG. 2B.

Furthermore, FIG. 3 shows the multi-layered structure
(from the central portion to surface portion) of an injection

molded article manufactured under conditions satisfying the
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above formula (II). As shown in FIG. 3, even among the
injection molded articles obtained according to the
manufacturing method of the present invention, a boundary
between the outer layer and skin layer tends to be entirely
nonexistent for the injection molded article manufactured
under conditions satisfying the above formula (IT). Therefore,
even if performing ultrasonic cleaning or the like, an
injection melded article is formed for which it 1s remarkably
difficult for surface peeling to occur.

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

quality injection 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: “Wectra (registered trademark)

%3}

13017, containing cglass 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

tape (manufactured by Sumitomo 3M Limited), thermal
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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-menticned
pelyimide 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 DSC.

Example 1

Using the liguid 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 Z0 mm
width, 50 mm length, and 0.5 mm thickness, and molding was
performed under molding conditions such as the injection speed
and the mcld 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.
Molding Conditions

Cylinder set temperature: 350°C

Screw rotation speed: 150 rpm
Example 2

Using the ligquid crystalline resin 1 as a molding material,
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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 polished 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 Takle 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 liquid 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 IS0
standard test plece 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

An injection molded article was manufactured by the same
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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 mold.
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
sheuld be noted that the molding conditions other than those
shown in Tabkle 1 are the sams zs Example 1.
Evaluation of Molded Articles

Cross-cut adhesion test evaluation and ultrasonic cleaning
test evaluation were carried ocut on the injection molided
articles of the Examples and Comparative Examples.
Cross—cut Adhesion Test Evaluation

The evaluation was performed by a method based on JIS

K5400, and evaluation was performed by the number of grid
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cells peeled among one hundred l-mm square grid cells. Thé
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
phenomencn 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 1s 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 does not
easily occur in the injection molded article obtained
according to the manufacturing method of the present invention

in this way, 1t 1s possible to maintain a clean appearance.
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In addition, as is evident from Table 1, a result of fibril generation entirely no occurring was obtained
from the ulitaisbnig=cleaningdestevaluation for Examptes. 40 8zndoh.tthasbeémeonfitneed for
Examples 1 to 3 and 5 that a boundary between the outer layer and skin layer does not exist in the
injectiom hiolded atticle sadade dn addiiony altheugfibrigengratishlsithe stffade Deeurted in
Example 4, the generated area thereof is extremely small when compared with the generated area of
fibrillatidr oBETiRG 97 tFe FoldEE artiE R s GriatBrofifie £ dhparativé Exampids. arherefore, it has been

confirmed that a boundary between the outer layer and skin layer exists ig a part o{ Example 4. It
ﬁse q? §¥en5[ B Can MaNFrACTUT

has beétEohtitmedtRar e mantractiring méthod 6t the predentinvention can mandfacture a

high-quality injection molded artic %Eea\éenaugder%conditioingcg.a n}old lemperature gg_@}&gg%ﬁhan 100C.

. 1 C Il
As is evident from the Fé”sh?t% of xamplesr 116 3°and 5 and the resuft o Example 4, it has been

Conﬁfm%d%*}%t a superior injection- molded.artiele is obtaiped for whicha:hundary betyeen the outer
layer and skin layer does not exist, by performing manufacturing of the injection molded article under
conditions,satisfying theabovedermulai(l).cxtremely 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 cf Example 4.
It has been confirmed that the manufacturing method of the
present invention can manufacture a high-quality injection
molded article even under conditions of a mold temperature no
higher than 100°C.
As is evident from the results of Examples 1 to 3 and 5
and the result of Example 4, 1t has been confirmed that a
superior injection molded article is cbtained 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 {IT).

P2121(PSTF-035)



P-2121(PS11-035) 29 CLAIMS 1. A method of manufacturing an injection-molded article by injection
molding of a liquid crystal resin composition, whﬁjein injection molding is performed using a mold
having a heat-insulating layer formed on a moldinner 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), t2 is thickness of theCihjet#én-molded article (mm), and T is mold ‘
temperature (C). (tixS) /t2'rl000 (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 (11) (t 1 xS) /t2H-T-1- 2 000 (I I) 3. The method of manufacturing an injection- olded
article aceording®dIdif ©brio2Wkersinhd heatmstitifg Tayst T #drial cordudtiVity of no
more than 5 W/(mK). 4. The method of manufacturin%%g injection-molded article according to any one

of claim&TL &S, villerdih fre fedtindulath i bSe Finélides & Bolyimids TESA 5. The method of

manufacturing aninjection-molded article P-2121(PS1 -035) 3Q accordin any. one f claims | to 4,
Whereinwlﬁﬂhglr%&la tégf‘:rlﬂ)%cr:a‘“tju%l ﬁgiélgfgaté?tﬁaén‘"fﬁ (r)rbecg usihgs e 1 199

heat-insulating layer formed on a mold inner surface, and

under molding conditions that satisfy the following formula

(1), whefein tl1 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 (°Cy.

(t1XS) /t2+Tz21000 -« (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

(I1).

{t 1 X8) /+24+4T=2000-+ (11}

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

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

4. The method of manufacturing an injection-molded article
hr

according to any one of claims 1 to 3, wherein the heat-

insulating layer includes a polyimide resin.

5. The method of manufacturing an injection-molded article

P-2121(PSTE-035)



31 ABSTRACT 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 uItﬁ«QsonicaIly cleaned. In particular, to provide a molding
technology that is implementable even under conditions where the mold temperature is no greater
than 10QG-dR.injection molding of a liquid-crystal resin gomposition.injection melding is performed
using a mold having a heat-insulating layer formed on a mold inner surface, and under molding
conditions:ihat satisfy @ certain relatieraldfermulpzin whigh ¢l is thickness of the heat-insulating layer
(pm), S is injection molding speed (mm/sec), t2 is thickness of the injection-molded article (mm), and T
is mold temperature (C). Preferably, molding is performed at a mold temperature no greater than
100C.
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ABSTRACT

To provide a molding technology for obtaining a molded article
from a liguid 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, to provide a molding technology that
is implementable even under conditicns where the moid
temperature is no greater than 100°C. In injection molding of
a liguid 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 a certain relaticnal formula, in which tl is thickness
of the heat-insulating laver (um), $ is injectiocn molding
speed (mm/sec), t2 is thickness of the injectiocon~molded
article (mm), and T is mold temperature (°C). Preferably,
molding is performed at a mold temperature no greater than

100°C.

P2121(PSTF-035)



