METHOD FOR MANUFACTURING A MOLD TECHNICAL FIELD- -The present invention relates to
a method for manufacturing a mold. 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 crystalline resins maintains a crystalline structure when molten. Due to the
crystalline structure, high strength.is,pone-of the.characteristics of ligyid-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 and excelling in dimensional accuracy of molded
articles.  Capitalizing on the above such a@gmantages ok high strength and the dimensional accuracy
being superior, liquid crystalline resin compositions have been adapted to be used in precision
equipment cofiiponentss +foweversimta case of preeisidivequipatent@ndaaptical equipment, a small
amount of foreign particles, dust, etc. will affect equipment performance. As a result, for components
used inpeecision Béiprdent ardldptical equipment, e.g., components for camera R2155(PNI1-068) 2
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 when those components are
produced. However, for molded articles made by molding a liquid crystalline resin composition, the
molecular orientation is particularly high |ﬁ%ﬁ§§%ﬂg§@pgﬁ%n so that in a normal molding method, a
surface layer is formed on_.a skin layer, and I?[us the surface relative%/ easily fibrillates. As a result, if
the surface of}% Molded gf??c?elﬁsge%é%?f, Ftail %%cgr% "2 main contri ﬁﬁ?trjtg ?al%ﬁ%(%&ri‘:s (foreign
particles); In,this way ;since theygeneration.of foreign particles apdthe likeds aproblem, itis very
difficult to ultrasonically clean molded articles made by molding a liquid crystalline resin composition.
The abovg-mentigred generationof fgrejanparticles andithe likepecyrs-dye tQ the; molecular
orientation being particularly high in the surface of the molded article as mentioned in the foregoing.
Methods éaripreventing-fotmatian of the: surface=layer, witich easihefibrllates;include«a method of
performing molding at 20000 or higher. According to this method, fibrillation can be suppressed, but
the molding cyclestimé becemesvery oy, |éedifg t-oecwidncesofprebleng:efa reduction in
productivity and degradation of resins by retention. As a molded article with improved surface
charactétistiea Ca prdlaéd aftictd containiAg figuiddrysStalife Polimer ant bR fiféloiEs been disclosed

that is characterized in having a flat surface for which a P-2155(PNTF-068) 3
liguid crystalline resins have little volumetric change

between molten and sclidifying 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 accuracy of molded
articles.

Capitalizing on the above such advantages of high strength
and the dimensional accuracy being superior, liquid
crystalline resin compcsitions have been adapted to 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

equipment and optical eguipment, e.g., components for camera
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difference in the surface roughness Ra value obtained by a specific surface tape-peeling test is 0.4 m
or less (Patent Document 1).  According to the method described in Patent Document 1, it is useful
for components of electric and electronic equipmeht or optical equipment, and makes it to prevent
surface patrticle (foreign particle) generation. When using the technology described in Patent

Document J1._in this way, an improyement jn the_surf characteristics_is possible. . However, as
describzﬁﬁufE%QEfgnvrap%%%ogiga}%gﬁt gg&%ﬁ%ﬁn}%ﬁsg rgﬁﬁilel %;ﬁ&%‘ﬁ%ﬁ%‘%%%}ﬁﬁé‘ fo Patent
Documentleipdicates, foreign particles geperatingwhen, cleaging a syrfage. by genily stirring in purified
water for 1 minute. With the improvement in surface characteristics according to the method described
in Patertdyacmentdl dt-is diffieult toisupnress generation of asswface layer itself;andihys an
extraordinarily great amount of foreign particles will generate when exposing the resin molded article
to severegheondifions=suchmas:thmseof alisasonicicleading anthedike, fdRatentBecument 1: Japanese
Unexamined Patent Application, Publication No. 2008-239950 DISCLOSURE OF THE INVENTION
Problemig toilbe Solvetdsy the meéntiors a Thiecpregentipgarstionihas beerd made in order to solve the
aforementioned problems, and an object thereof is to provide a method for manufacturing a mold with
which tHE8EPacE-6P& R- 2155 NI FDBS) F4 Pici8ed aFtiché: matlersTar fesin 86mpositiBh cbimtaining a
liquid crystalline resin can be kept from fibrillating, and which_is used to make a molded article having
an exceﬁgﬁt SHFedtaRc® MRS for Bolving the ProbRHE"2 L TRE preséht TidHiGrs Grried out diligent
researcg&r% ggq:%r to golve the aIbove-@egtionedsdgaolg).leirgs. As a re%ul ﬂtu wag found th]T@t the

above-mentioned pro%?erméﬁL Sould Be solved %y eriving, Bﬁgﬂgﬁ%ea conduction ana )?scfs?, the

relationship Retyeer e emperatite, hgarine cavly sprface, 08 Igyidsspystalipe egindiled in a

mold and the retention time of the liquid-crystalline resin within the mold to thereby derive a

temperafure-range forthetemperatuce of the rasin near the.cavity surface and:a retention-time range
for the retention time such that no surface layer is formed on the skin layer of the molded article; and

providinge ondhe emold =2 heat-insulatinglayertbataliows, the temperaturerange apd the £etention-time
range to be satisfied. More specifically, the present invention provides the following.  According to a
first aspeeteftieiinventiont therégs pradded denetihrod fohmahtfesturingiapaald fermproducing a
molded article made of a liquid-crystalline resin composition containing a liquid-crystalline resin, in
which, Bysdériving thidughiHdat condbEtsior analysis ] thecretionshpdsstweehithé eempaiture, near
the cavity surface, of a liquid-crystalline resin filled in a mold and the retention time of the
liquid-cry¥taiiereth WithihtHe thG8Y 8 tempérfturetahge BT TRE fémpérature near the cavity surface

and a retention-time range P-.255(PSIP-068
{he abov —ment?gned genération of foreign particles and

the like occurs due to the molecular orientation being
particularly high in the surface of the molded article as
mentioned in the foregoing. Methods for preventing formation
of the surface layer, which easily fibrillates, include a
method of performing molding at 200°C or hicgher. According to
this methed, fibrillation can be suppressed, but the molding
cycle time becomes very long, leading to occurrence of
problems of a reduction in productivity and degradation of
resins by retention. As a molded article with improved surface
characteristics, a molded article containing liguid
crystalline polymer and fiber filler has been disclosed that

is characterized in having a f£lat surface for which a
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5 of the retention time are derived such that no surface layer is formed on the skin layer of the-molded
article, a heat-insulating layer that allows the temperature range and the retention-time range to be
satisfied is provided, and the heat conduction anabysis is performed using a mold, in which a
heat-insulating layer is formed on the cavity surface, and using as parameters the specific gravity, the

specific heat. e thermyal cpducfivy.and the thesmal dlfysiviy of 2 patetipleonsgityting the mold and

the liquid-crystalline resin. ~ According to a second aspect of the invention, in the'method for

manufagiuring.a mold as descried infhe,firgt aspect. the tempepture rangeds 230C.qrhigher and the

retention-time range is 0.3 seconds or more. ~ According to a third aspect of the invention, in the
methodfer-masfactyring a mold as described in the first or second aspect, the heat conduction
analysis determines the material, the placement position and the shape of the range heat-insulating
layer.  Accérding tbithe fourthlaspeettofcdthie daventione th the metheadifobmanuéacturing atmold as
described in any one of the first to third aspects, the heat-insulating layer has a thermal conductivity of
0.3 W/mi< orkesEiandia thicknassrofieosine 6r miore tAEcording te the fifthaspeetofithedmiention, in the
method for manufacturing a mold as described in any one of the first to fourth aspects, the
heat-instfatiigf Ay er cOrameTst 13- 2 E55{NAA5668) b IE4sthoreTesin selédeadratar -1cle
polyhenzoimidazole, polyimide and polyether ether ketone. . According to the sixth aspect of the

inventioh® i fieSMettitdfor MEnufECtanAg 4% old 48 GRsBiToetPinary &f& bR et to fourth aspects,

the heaglnsulatgleg EJhaX%r is gt%enrgn%% materl%l nstltuE d by [porous zirconia. Acc((j%rdl.n to the

eSCY Cul il 3 . an mprovemernt. i
seventh aspecjfo € invention, in the method for manui acturlnﬁ a mold &5 desenbed in any one of the

first to fifth.aspects, the bgat-insulatinglayer has ) metallayer on the surface. Effects of the Invention
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. With the
improvement in surface characteristics according to the method
described in Patent Document 1, it is difficult to suppress
generation of a surface layer itself, and thus 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.
Patent Document 1: Japanese Unexamined Patent Application,

Publication No. 2008-239950

DISCLOSURE CF THE INVENTION
Problems to be Solved by the Invention
The present invention has been made in order to solve the
atorementioned problems, and an object thereof is to provide a

method for manufacturing a mold with which the surface of a
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When a molded article made of a resin composition containing a liquid-crystalline resin is produced
using a mold produced according to the present invention, a molded article, the surface of which can
be kept from fibrillating when subjected to ultraso#ic cleaning and which has an excellent appearance,
is obtained. BRIEF DESCRIPTION OF THE DRAWINGS  FIG. 1 is a view schematically showing

(he crosSeplien.gla ol Inwhicd 2 Regiiusyaliog Ryer s (med, phend e Hada aschematc

view of the cross section of a divided mold in which a’heat-insulating layer Is the entire

surface of a-gavity; FIG 113 isa sghematicyiew ofthe cross-seqtion;of a divided mpld,in;which a
heat-insulating layer is formed on a part of the cavity surface, and FIG. IC is a schematic view of the

cross segfion efa divided:metd inawhigh R2155(RS11-068) 17 axmetal layer is-fesmed-on-a
heat-insulating layer.  FIG. 2 is a schematic view of the cross section of a divided mold, in which a
heat-ing{datinyg layer isformed, fondluBtratiigtize thickness of a heat-insulating layer, the thickness of
a cavity and the thickness of a mold.  FIG. 3 is a view showing the relationship between the
temperature Aéer the Caviy siface 4ad the reteatch-tinle ghdergeplbraling efmoidiag conditions. FIG.

4 is a view showing a mold used in Example 1.  FIG. 5 is a view showing the relationship between
the tempEFsttre-6f & Fesif at AUPHP BET It FronP i cavitystifage aftbtie reténtich-tihe of the resin
within the mold in Example 1, FIG. 6 is a view showing a mold used in Example 2. PREFERRED

MODE EBR EARRYING 0TS HE INGERFION S AnferhBodifient BF e Sr%séﬁllm@gnﬁé’n will be

explained in detail hereinafter. Thgar%rege%tcgn\éiﬁtci%n is not limited to,the following embodiment.  In a
method or*manu?écturlng amo accoroﬁnglfo e presen ?ﬁvenﬁon,%y denving, tﬂroug% heat

conduction analysis, the relationship between the temperatute, neat the.cavity surface, of;a

liquid-crystalline resin filled in a mold and the retention time of the liquid-crystalline resin within the
mold, atempesature range:af the tempgraturesnearnthe cavity surface and asetention-time range of the

retention time are derived such that no surface layer is formed on a
the liquid~crystalline resin within the mold to thereby derive
a Lemperature range for the temperature of the resin near the
cavity surface and a retention-time range for the retention
time such that no surface layer is formed on the skin laver of
the molded article; and providing, on the mold, a heat-
insulating layer that allows the temperature range and the
retention-time range to be satisfied. More specifically, the
present invention provides the following.

According to a first aspect of the invention, there is
provided a method for manufacturing a mold for producing a
molded article made of a liguid-crystalline resin composition
containing a ligquid-crystalline resin, in which, by deriving,
through heat conduction analysis, the relationship between the
temperature, near the cavity surface, of a liguid-crystalline
regsin filled in a mold and the retention time of the ligquid-
crystalline resin within the mold, a temperature range of the

temperature near the cavity surface and a retenticn-time range
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P-2155(FS1468) 8 skin layer of a molded article, and a heat-insulating layer that allows the
temperature range and the retention-time range to be satisfied during molding is provided on the mold.
The heat conduction analysis is performed using & mold, in which a heat-insulating layer is formed on
the cavity surface, and using as parameters the specific gravity, the specific heat, the thermal
conductivity, %réd @&@EE@S‘ diffusivity of a material c%nuségtlut@gat@enngolg ﬁ‘fé@% Iiﬂgide-%rystalline
resin. A distinction is made between such a mo 8ing condition that a surface ayerlformed on a skin
layer is present.and such.a,molding condition thatthe syiface dayerds absentysing the relationship
between the temperature, near the cavity surface, of a liquid-crystalline resin filled in a mold and the
retentiondige ak-thediquid-erystalline resinwihimthedagics whiehris derived by-heat:conduction
analysis. Since the ease with which the temperature of the resin near the cavity surface reduces has
influencesmwhether ihe sudace:layer issformed of hetl a distimetiondeal) be made:between the
above-mentioned conditions. By providing a heat-insulating layer on the mold so that the relationship
between thglterperatre st tlve tavinesurfatesahd thieetentionltine showiactesired behavior, the
mold allows preparation of a molded article, the surface of which is hard to fibrillate and which has an
excellerm@ppeardiices &+ "Ehe- mgtiod for amMTgcifing Emerl accbraing e $he phésent invention will
be explained further in detail R2155(PSIF-068) 9 hereinafter. Determination of resin material  The

resin mARHAPMAY & P8&H TofmposttiohPéontdinig?a figdibiYery SEafiindH 88t 4fd #5é type of the

liquid-crystalline resin is not particularly limited. Incidentall surface layer is easily formed especially
when th%e/ﬁlequllE -%rry“é"f%mﬁé’ ?é%fr?%%ﬁéﬂ dted %%@ r%ggé: %TL’I %e%%)?a%?g&ﬁjé%%poiit?on. Other resins,

and addifives,such as,an anfioxidant, apioment astablizer agd an norgauic filer may be blended in

the resin composition within the bound of not impairing the effect of the present invention. Specific
examples. of the liquid-crystalline resin may include the liquid-crystalline resin (liquid-crystalline
polymer) described in Japanese Unexamined Patent Application Publication No. 2010-106165.
Placement of heat-insutatingdayers e cEatplacement of atheat-inswdatingdayer firsirastemperature
range and a retention-time range of a resin near the cavity surface are derived such that no surface
layer is feriieetiorf arskirelayes of a molded articlel (fast steplribEhena heat-iisulating layer is
provided on a mold so that the temperature range and the retention-time range are satisfied (second
step). aspect, the temperature range is 230°C or higher and the

retention-time range is 0.3 seconds or more.

According to a third aspect of the invention, in the
method for manufacturing a mold as described in the first or
second aspect, the heat conduction analysis determines the
material, the placement positicn and the shape of the range
heat-insulating laver.

Accerding to the fourth aspect of the inventicn, in the
method for manufacturing a mold as described in any one of the
first to third aspects, The heat-insulating layer has a
thermal conductivity of 0.3 W/mK or less and a thickness of 60
Hm Oor more.

According to the f£ifth aspect of the invention, in the
method for manufacturing a mold as described in any one of the

first to fourth aspects, the heat-insulating layer contains at
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Hereinafter, the method for manufacturing a mold according to the present invention will be explained
for each of the first step and the second step. First step 10  In the first step, the relationship
between the temperature, near the cavity surface,¢of a liquid-crystalline resin filled in a mold and the
retention time of the liquid-crystalline resin within the mold is derived through heat conduction analysis.
Here, the. et conduetion analysisds perfeumed using a mold. i yihjeh @ heatnsuyjating layer is
formed on the cavity surface, and using as parameters the specific gravity, the specific heat, the
thermalaqg@d{ggti\g@tq{@rtr@ttﬁggmgg@gggiyity of a material constituting the mold and the
liquid-crystalline resin. Specifically, the above-mentioned relationship is derived in the following
manner.  Fist parpmeters used feriperforaing heategonrdustion apatysiswill e explained. A
heat-insulating layer is used for suppressing a reduction in the temperature of a resin near the cavity
surfacemkereydorfeonsideringetransfen gf heatwf dhe: resia shat Hasdlawedzimto amoldfit i$inecessary
to consider the thermal conductivity of the heat-insulating layer and the thermal capacity of the
heat-insulating lager Theréfors deis TeceSbaryhs uselasspdramiatersithespetificgravity, and the
thermal properties such as the specific heat, the thermal conductivity and the thermal diffusivity of a
materiaf Ecrititetintrthe méid snd fheidiideryetalife résin. AlheRheat conduction analysis is
performed, these parameters are input. Next, a mold in which a heat-insulating, layer is formed on
the cavity surf%\%‘é%?iﬁ%o%ge%?aiﬁ%a [t o RECeL sARF IO R-2155(PE TROB8) T1°Derforh h8&t conduction
analys.i%1 gf%%r o(ljet Errgingl?qu}%vg éfge heat-insu}l%ipﬁ I%%er Cis grovig%d within tlgle mold. Tgisa's because
e

the degree of hieat transfer variesudreio%%d?ngton oW thé heat-insu atﬁ% Igygr igpb%\?i . ﬁowever,

the degree, of speifieity.ta which hew the heat-insulaing Jayeris provided within the mold can be

appropriately changed according to a required degree of accuracy. ereinafter, placement and the
like of the, heat-ipgulating dayer will be more specifically explained.  Examples include a mold in
which a heat-insulating layer is formed on the entire surface of a cavity, and FIG. |IA shows a
schematti€ f4ewvt of the aress sectort oba divided mold in which a heat-insulating layer is formed on the
entire surface of a cavity. By thus providing a heat-insulating layer on the entire surface of a cavity,
molding can B&perfermed. sigch that holstirfagddayef is forarethor theentireisemface of a molded
article. As shown in FIG. 1, the divided mold consists of a front mold and a rear mold.  Tfitis
determified Hedthiea® cénddetivrranalysis 3 perfrnicF iiSing @ MBIPES #1FIG 1 thetiekness Ls of
the heat-insulating layer (in a direction perpendicular to a parting surface of the divided mold), the
thickne%ﬁrﬂuﬁﬁge Mot TR thickne <€ ditBBRsH 6f theVivddtdinSulafing Ry er dnd e tHiBkness Lp of
the cavity in the thickness_directian of the heat-insulating layer will be determined. These values are
also inpﬁ%%vh%ﬁ%e%?%oﬁgu&%h%}neﬁ?&s }?sepé"r%&ne%?%%e%ﬁ(}ﬁ)sriﬁolglsao g L"r%h%ﬁd Lp are shown in
FKBTZ'Q&kjected to ultrasconic c¢leaning and which has an excellent

appearance, is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically showing the cross section
of a mold in which a heat-insulating layer is formed, wherein
FIG. 1A 1s & schematic view of the cross section of a divided
meld in which a heat-insulating layer is formed on the entire
surface cf a cavity, FIG. 1B is a schematic view of the cross
section cf a divided mold in which a heat-insulating layer is
fecrmed on a part of the cavity surface, and FIG. 1C is a

schematic view of the cross sgsection of a divided mold in which
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In FIG. 1A, the heat-insulating layer is formed on the entire surface of the cavity, but the
heat-insulating layer may be formed on a part of the cavity surface as shown in FIG. 1B.  Other
examples include a mold in which a metal layer isTormed on a heat-insulating layer of the mold in
which the heat-insulating layer is formed on the entire surface of a cavity, and FIG. 10 shows a
schematic yiew of the crpss section,ofa divideq mold in.which.a metal Jayer is formed on the
heat-insulating layer.” By forming a metal layer on the heat-insufating’layer, the wear resistance of
the cavity surfage is improved Pagicularly, when arrinorganic filler such.as.glass fipers is blended, the
cavity surface is easily worn. Therefore, when a resin composition in which glass fibers or the like are
blendediis:tisedsiitis preferableto use a meldw@asishownininle. 10, r Whenarmetn| layer is present
on the entire surface of the cavity, it becomes necessary to increase the thickness of the
heat-insulatinglayer oo thenkke; iecause the thezmiad eanductivity of the metalfayerlishigh.  Ifitis
determined that heat conduction analysis is performed using a mold as shown in FIG. 10, the
thicknessis bftheshaat-igsulainid layer @ntddirddtioprpaeg pendiular i aparting surface of the divided
mold), the thickness Lm of the mold in the thickness direction of the heat-insulating layer, the thickness
Lp of the cavifi/Hifi the thigkfess Gite iorvof 2 I8 Ps FH5E8Y 513 thePRdatsRsulatifg layer and the
thickness Lhi of the metal layer in the thickness direction of the heat-insulating layer will be
determihE8 S Vauds §¥e nptit Whehheat 166%85&0?1“%&5‘%5 I pERSMEEY. 1 Heat conduction
analysis_is eerrforme%uugirl !%Pué 0{}%@8@% su%régafgr%nggters determined in the manner described
above. The rélafions Ip Between the tempergture near the cavity surface and the retention time is

derived for ea}@@@olgiqgsC@q;q%Wgﬂ%‘gﬂngiggﬁgglgiqgs%q{lolit}p 1as the mold temperature.

Then, molding is actually carried out for each molding condition, and whether or not a surface layer is

formed on a skinjlayer ischecked.Famexample the relationship:fer gagh meldingrgandition is derived
by a graph shown in FIG. 3 (P2 to P4 in FIG. 3). Then, heat conduction analysis is performed under

such a eengition:that the-mold terperaiyreds abpdh2QA007aneh the-beattinsulating fayer is absent, i.e.
a condition such that no surface layer is formed on the surface of a molded article, so that the
relationship betweem thetfemperature near thensurfdcecbftheanold and:-therretdntionctinde isiderived
(line Q in FIG. 3). Here, assume that no surface layer is formed on the surface of a molded article at
P2, andtagiifface layer is formed on the surface of a molded article at P3. A threshold as to whether or
not a surface layer is formed on the surface of a molded article exists between intersection point a2 of

solid lines P22hd Q &ndGnerde@dnointas ofsdlithesTss andl G EgH&ntple, it can be
determined that the threshold exists at a between a2 P-2155(1)STR0611) 14

PREFERRED MODE FOR CARRYING CUT THE INVENTION

An embodiment of the present invention will be explained
in detail hereinafter. The present inventicn is not limited to
the following emboediment.

In a method for manufacturing . a mold according to the
present invention, by deriving, through heat conduction
analysis, the relationship between the temperature, near the
cavity surface, of a liguilid-crystalline resin filled in a mold
and the retention time of the liguid-crystalline resin within
the mold, a temperature range of the temperature near the
cavity surface and a retention-time range of the retention

time are derived such that no surface layer is formed on a
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and a3.  If the position of a corresponds to the threshold, a temperature range of the temperature
near the surface of the mold such that no surface layer is formed on a skin layer of a molded article is
not less than TC and a retention-time range of the8retention time is not less than t seconds as shown
in FIG. 3.  When a condition such that no surface layer is formed on the surface of a molded article
cannot he obtained through h nduction analysjs, input,conditions are changed such that the
thicknesl,%s% o tha% e%% -i%lglulgtiﬁggl ﬁta%;ée?dié %%%gzls@e’d, Etiﬁied m%télneaﬁ is C g’r%ea ,%I}(%he‘i fiKE. When only a
conditiopstich that.na syrface layer is;formed,on.the surface;of amolded;arficle;can be, ghtained, a
threshold can be arbitrarily determined from the condition. Second step  In the second 5tep, a
heat-insgdating layer is previded ena;meid sohatino swfacelayeris fermed ong skinlayer of a
molded article. The material, the shape, the placement position and the like of the heat-insulating layer
may be ithese usediincheati-condutton analysisdn the first stepi hut malding conditions #hay be
examined so that the temperature range and the retention-time range are satisfied using the heat
conducticreanalysis ferdifferer hreat-insufatimgeldyers. Foeexaminationpas descrilkediabove, the
material, the position and the like of the heat-insulating layer are input, parameters of the specific
gravity, #¥e-5fecdific R4 TfE REZ1BEIP SHOB8S 115 thedmal-donductivity and The theraial diffusivity of
a material constituting the mold, and the like are input, and the relationship between the temperature
of a resin frear tRERavity SGHECE ard the NGO timRSE TR \ivEd bEF & PTdrakty df Molding conditions.
As long as, molding conditians allowing.the temperature range and retention-time range to be satisfied
are use?jl,a ﬁ"oe gﬂ‘ﬁ%cec Pa?/sé% f"st%%rrjﬁréa o‘“nht%emsolrjyr%caeno atrlﬁ%l ed Artic ‘e?ﬁé?ﬁiéa{y,‘i a ﬁ%at-insulating layer
consistent with the input heat-insulating layer information may be formed on the mold. Heat-insulating
layer A heat-insulating layer or the like that allows the temperature range and retention-time range
to be easily satisfiegwil noywhe briefly deseribeg-before explaining a methed far; forming a
heat-insulating layer. ~ The heat-insulating layers preferably have a thermal conductivity of 0.3
Wim.K emless anga-thickness of 60 pimeemare. A heat-insulgting layepsatisfying 4hese conditions
tends to provide sufficient thermal insulation, and allows the temperature range and retention-time
range tebelkeasilysatisfied. corkkaniples ofhdie nmiatersal héwing d thesmal soaduettvity of 0.3 W/m.K or
less and such a heat resistance that a high temperature during molding can be endured include epoxy,
polyimides potybenzoifgidazdlenpsiyimide arripolféthet ethies ketories Asrdescribed above, a metal

layer can be placed on the R2155 (N11-468)
cavity surface, of a liguid-crystalline resin filled in a mold

and the retenticn time of the licguid-crystalline resin within
the mold, which is derived by heat conduction analysis. Since
the ease with which the temperature of the resin near the
cavity surface reduces has influenceg on whether the surface
laver is formed or not, a distinction can be made between the
above-menticned conditions. By providing a heat-insulating
layer cn the mold so that the relationship between the
temperature near the cavity surface and the retention time
shows a desired behavior, the mold allows preparation of a
molded article, the surface of which is hard to fibrillate and
which has an excellent appearance.

The method for manufacturing a mold according to the

present invention will be explained further in detail
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-16-heat-insulating layer. As the metal layer, a plate of aluminum, SUS or the like is preferably used. As
a method for forming a metal layer on a heat-insulating layer, a conventionally known lamination
method or the like can be employed. The thickness of the metal layer depends on the type of a metal
contained in the metal layer, but is preferably 0.1 mm or less. When a metal plate is used as described
above, tfpg thi.cknﬁ%gf the heat-insulating layer is required to be increased as described above, and is

reina . . .
set to, for example, 10 mm or more, more preferably 20 mm or more. A thin film-shaped metal

layer caphe formed.on the heatznsulating layer using a conventionally known method for forming a

plated film, such as a sputtering method or an ion plating method. Since the plated film is very thin, the
thickness of the beatinsulatingdayeriis preferably 608 01 nosgunike the case of usingp metal plate.
The method for forming a heat-insulating layer on the inner surface of a metal portion of a mold is not
particularly;limited iy i prefenablertosform a:heateinsutating layer ondhe innerdsurface of a mold by, for
example, the following method.  The methods include a method in which a solution of a polymer
precursersgdiias angolyiefde piecursdr, whichi.can forriya polyhiercheatiinsalating ddyley, iszapplied to
the inner surface of a metal portion of a mold, heated to evaporate a solvent, and overheated to be
formed fitd B35dlyrher Svhereb§ aHdat-insiagng fiRe Stk a¥ apeijinise filh dictmed, a
P-2155(N1146% 17 method in which a monomer of a heat-resistant polymer, for example pyromellitic
anhydridé BRb%, 4 diamirfotiphersléthit e Ssubject8d 8985 ortepdsttion dymerization, and a
method in which a piece ”@chﬂ'ein which asportaiicr)}r%l cor Sgeonding to trhe caSvit%/ surface is made of a

heat-ins%(fa{%%sﬁé e??s’ preparea, and the piece mGid-is mounted on a mairt mold. Alternatively,

concerning 2 plane mold. mentign. 3. made of 2 nethod,in which.a polymer, heat-ipgylating film is
attached to a desired portion of a mold by an appropriate bonding process or with an adhesive
tape-lik%&glyﬂéerﬁmgﬂa@&n%atmﬁl%&t@f%ﬁ@@@@%@“% {ayer. Faunalion.of a eat-insulating
layer may be performed by a method in which a resin forming a heat-insulating layer is
electro-depositeghon-anpoldhA raeted layes cantbe formed.on the-heat-insulating.layer or the surface of
the heat-insulating plate for the purpose of imparting durability for prevention of flawing.  For the
heat-instiatingllayer; @ céramic matettal cantal3d beaiseds Smoedhe surfaceof the:ceramic material is
excellent in wear resistance, it is not necessary to place a metal layer as described above on a
heat-insuigtingrager soristituited byss earaidic aHatérialk For thel déevantic hyatetial, porous zirconia
containing air bubbles therein, silicon dioxide or the like is preferably used. Among them, a
heat-instifatigHa§er donstitites By HorbaE Fieontia is forited Maimly68%itcBhia, and is therefore highly
durable to a pressure applied on the heat-insulating layer during injection molding. Therefore, defects
of the h&&EihsGmting Tayet P%f%g(ﬂé}lg ) 18 caused by the pressure are hard to occur. Thus, the

pgmberﬂé%§£$ggp$%oLg}é)%d_lrjlwl énut_[ha?t(ionugrs%%fféngectlon molding decreases, so that productivity of
injection-molded articles is improved.

For placement of a heat-insulating laver, first a
temperature range and a retention-~time range of a resin near
the cavity surface are derived such that no surface layer is
formed on a skin layer of a molded article ({(first step).

Then, a heat-insulating layer is provided on a mold so
that the temperature range and the retention-time range are
satisfied (second step).

Hereinafter, the method for manufacturing a mold according
to the present invention will be explained for each of the
first step and the second step.

First step
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The zirconiaris not particularly limited, and may be any of stabilized zirconia, partially stabilized
zirconia and unstabilized zirconia. The stabilized zirconia is such that cubic-crystal zirconia is kept
stable even at room temperature, and is excellentiin mechanical properties such as strength and
toughness and wear resistance. The partially stabilized zirconia refers to a state in which
tetragonal-cryfrtlal Zirconia r%a{tl Jé%malng?even t room temper%tg{%@wher&% martensitic

. H e a OnsS e I .
transformation occurs from the etrfdona crys?a {6 thie monoctinic crysr%al upon reception of external

stress, growth pf cracks spread by an action parficuarly. of [ensile sirgss is suppressed; and toughness

to breakage is high. The unstabilized zirconia refers to zirconia that is'not stabilized by a stabilizer. At
least twedypes salected from stabilizedszirconia, partialiy-stahilizedhziregniaiand unstabilized zirconia
may be combined and used.  As a stabilizer contained in stabilized zirconia and partially stabilized
zirconiaga-gceonyentionallydkanowngeneral stabilizen gan becmployed. itxamplesthereof include yttria,
ceria and magnesia. The used amount of the stabilizer is not particularly limited, and can be
appropriatelgwstermined atgording téitheintendedase, the materialusethand thisslikies Besides the
above-mentioned zirconia and stabilizer, P-2155(PS1F-068) 19 conventionally known additives and
the like Rfayfse Riitthet Tontaide Within thie BBUNAS 6f Atk drhpaRiag thé effect.efthe présent invention.
The method for forming a heat-insulating layer using the above-mentioned raw materials is not

particuld&RF ffited bt spraying mathotris prefefably Bhloyed. B éMpldyity theespraying method,
the thermal con%ductivitgxpfgorou zirconia is_easi z;l%uste%to a desired range. Such a problem does

not occUitRat ait bubbies aré excaSsively Tormed Within porotis ZircoRAT réSitittg in toNsiderable
reductiognig %%hqm%@%rﬁnggh %UQ?$§§4 %Jl%tiQ%ngg&thu&% Eo%r%iggg he: téjnsulating layer
r e [

by spraying, the structure of the heat-insulating layer becomes suita or the intended use of the

presentpyentions ciEor example.doraation ofa healinsulating-layes by spigying,gan be carried ou
a -

in the manner described below. First, a raw material of the heat-insulating layer is melted into a liquid.
The liquighisvacegieratedhtorolidesagainstthe inrersuriace-of acavity. Enally,theyaw material that
has collided against the inner surface of the cavity and deposited thereon is solidified. In this way, a
very thimheatinsulating layer is formed on the inner surface of the mold. By further colliding the
melted raw material onto the very thin heat-insulating layer and solidifying the same, the thickness of
the heat-insul&@ting tayep canrbetadjastedeAs 2ometisod. forsdlidifyirg: thecraw!matedal, conventionally
known cooling means may be used, or the raw material may be merely P-2155(PSW-068) 20 left
standing-t5 b Sbfidifiéd L The sprayirf method is heEpartibaiany ifiedlanga préferfidmethod can

be appropriately selected from conventionally known methods such as arc spraying, plasma spraying
andﬂanﬂggp&ﬁmﬁfeSSLng a reduction” in the temperature of a resin near

the cavity surface. Here, for considering transfer of heat of
the resin that has flowed into a mold, it 1s necessary to
consider the thermal conductivity of the heat-~insulating lavyer
and the thermal capacity of the heat-insulating lavyer.
Therefore, it 1is necessary to use as parameters the specific
gravity, and the thermal properties such as the specific heat,
the thermal conductivity and the thermal diffusivity of a
material constituting the mold and the liguid-~crystalline
resin, When heat conduction analysis i1s performed, these
parameters are input.

Next, a mold in which a heat-insulating layer is formed on

the cavity surface will be explained. It 1s necessary to
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The heat-insulating layer having a multilayered structure can be produced by adjusting production

conditions for the heat-insulating layer. For example, when the heat-insulating layer is formed by the

spraying method, the heat-insulating layer can beiproduced by adjusting a condition for depositing a

melted raw material on the inner surface of the mold. EXAMPLES  Hereinafter, the present

invention w c#be exp lained in fglrther detail bised on J{gmlples however, theﬁ)res nt invention is not
ple

to be liMitéd by these Exampies Smp?e T4 EXAnd Erolowing Materals Wete used.
Resin: Io@I |dccré/f§galli%ecres g“d%%q:T é}r6B|" @ggu;ﬁq%reg bé/ Poll¥ |f(§tICS &CIé) L s)

Heat-insulating layer: a pol imide resin (p ylmlde resin varnish (manufacture y Fine Chemical

Japan G, - Ltd-l:having adhermal conductivity.of Q. 2 W/mis, was sprayed onte the inney, surface of a
mold, and baked at 250C for an hour, followed by polishing the polyimide surface.) A mold as

shown iniRiGr 4avas wsed.zkhe:thickngss of the;heat:insulatingdayerand thelikewas asdellows: Lm =
10 mm, Lp = 0.7 mm and Ls - 0.06 mm. 21  The specific gravity, the specific heat, the thermal
conductiyitycanth thetthertmakdiffusivity of a neateral-canstitltingithg maeldandithediguid-deystalline
resin were as shown in Table 1 below. The thermal conductivity was calculated by measuring the
thermalwiffdsivitythye attaset flash methodeThe spetific yravitpwas! neastred by ancArehimedes
method, and the specific heat was measured by DSC. [Table 1] Specific gravity (k g /Ins) Specific
healﬁﬂﬁéﬁmayed degree of accuracy.

Hereinafter, placement and the like of the heat~insulating
layer will be more specifically explained.

Examples include a mold in which a heat-~insulating layer
is formed on the entire surface ¢of a cavity, and FIG. 1A shows
a schematic view of the cross section of a divided mold in
which a heat-insulating layer is formed on the entire surface
of a cavity. By thus providing a heat-insulating layer on the
entire surface of a cavity, molding can be performed such that
no surface layver is formed on the entire surface of a molded
article. As shown in FIG. 1, the divided mold consists of a
front mold and & rear mold.

If it is determined that heat conduction analysis is
performed using a mold as in FIG. 1A, the thickness Lg of the
heat-insulating layer (in a direction perpendicular to a
parting surface of the divided mold), the thickness Ly of the
mold in the thickness direction of the heat-insulating layer
and the thickness Ly of the cavity in the thickness direction
of the heat-insulating layver will be determined. These values
are also input when heat conduction analysis is perfcrmed. The

positions of Lg, Ly and Lp are shown in FIG. 2.
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Thermal conductivity (W/(m K)) Thermal diffusivity (m2 - s) Metalnaterialofnold 7800 461 33.1 9.21
X10 Polyimide resin 1270 1130 O.22 1. 53 X10 - 7 Liquid-crystalline resin 1640 '

12

In FIG. 1A, the heat-insulating layer igs formed on the
entire surface of the cavity, but the heat-insulating laver
may be formed cn a part of the cavity surface as shown in FIG.
1B.

Other examples incliude a mold in which a metal layer is
formed on a heat-insulating layer of the mold in which the
heat~insulating layer is formed on the entire surface of a
cavity, and FIG. 1C shows a schematic view of the cross
section of a divided mold in which a metal layer is formed on
the heat-insulating layer.

By forming a metal layer on the heat-insulating layer, the
wear resistance of the cavity surface is improved.
Particularly, when an inorganic filler such as glass fibers is
blended, the cavity surface is easily worn. Therefore, when a
resin composition in which glass fibers or the like are
blended is used, it is preferable Lo use a mold as shown in
FIG. 1C.

When a metal layer is present on the entire surface of the
cavity, 1t beccmes necessary tc increase the thickness of the
heat-insulating layer, or the like, because the thermal
conductivity of the metal layer is high.

If it is determined that heat conduction analysis is
performed using a mold as shown in FIG. 1C, the thickness Lg of
the heat-insulating layer (in a direction perpendicular to a
parting surface of the divided mold}, the thickness Ly of the
mold in the thickness direction of the heat-insulating layer,

the thickness Ly of the cavity in the thickness direction of
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1730 0.79 2. 78 X10-7 Therm 1 (one-dimensional.heat conduction analysis software) was used to
derive the relationship between the temperature of the resin at a depth of 7 pm from the cavity surface
and the retention time of the resin within the moldjgnder molding conditions of the mold temperature
and the like shown in Table 2. The derived relationship is graphically shown in FIG. 5. Results of heat
conduction analysis performed in the same manner as in.Example 1 except that no heat-insulating

layer was' Brovided, aid petforRied inder £ &ohditith of hold fehtheratte: 206C Afe afso shown in

FIG. 5. Furthel[}m Beé atr{:gg!: ergeasréiclg.was E‘Eecpar%(% ug er mol in% con(gritiggs shgwn in table 2, and

1 - .
presencea}gk?s%n%e of a surface layer was checked' by attac@ing Sello z;{lpseU %glsfle?e ?%%I%mark) to the

molded grficle gpd peeling plfbe Selluiape (reaislered-taderman). Rigsencg/absence of a surface
layer is v.2155(psIF468) 22 also shown in Table 2. [ Table 21 Resin temperature (t) Mold
temperaldiiuction analysis is performed.

Heat conduction analysis is performed using input
conditions such as parameters determined in the manner
described above. The relationship between the temperature near
the cavity surface and the retention time is derived for each
molding condition while changing melding conditions such as
the mold temperature. Then, molding is actually carried out
for each melding condition, and whether or not a surface layer
is formed on a skin layer is checked. For example, the
relationship for each molding condition is derived by a graph
shown in FIG. 3 (P. to Py in FIG. 3). Then, heat conduction
analyvsis is performed under such a condition that the mold
remperature is about 200°C and the heat-insulating layer is
absent, i.e. a condition such that no surface layer is formed
on the surface of a molded article, so that the relationship
between the temperature near the surface of the mold and the
retention time is derived (line Q in FIG. 3). Here, assume
that no surface layver is formed on the surface of a molded
article at P;, and a surface layer is formed on the surface of
a molded article at Py, A threshold as to whether or not a
surface layer is formed on the surface of a molded article
exists between intersection point op of solid lines P, and Q
and intersection point oy of solid lines P; and Q. For example,

it can be determined that the threshold exists at o between o5
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(t) Presence/absence of surface layer Molding condition 1 35 0 1 0 0 Present Molding condition 2 1 2
0 Slight Molding condition 3 1 4 0 Absent
14

and os.

Tf the position of o corresponds to the threshold, a
temperature range ¢f the temperature near the surface of the
mold such that no surface laver 1is formed on a skin layer of a
molded article is not less than T°C and a retention-time range
of the retention tTime is not less than t seconds as shown in
FIG. 3.

When a condition such that no surface laver is formed on
the surface of a molded article cannot be obtained through
heat conduction analysis, input conditions are changed such
that the thickness of the heat-insulating layer is increased,
the material is changed, or the like. When only a condition
such that no surface layer 1s formed on the surface of a
molded article can be obtained, a threshold can be arbitrarily
determined from the condition.

Second step

In the second step, a heat-insulating layer is provided on
a mold so that no surface layer is formed on a skin layer of a
nolded article. The material, the shape, the placement
position and the like of the heat-insulating layer may be
those used in heat conduction analysis in the first step, but
molding conditicns may be examined so that the femperature
range and the retention-time range are satisfied using the
heat conduction analysis for different heat-insulating layers.
For examination, as described above, the material, the
position and the like of the heat-insulating layver are input,

parameters of the specific gravity, the specific heat, the
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A threshold as to whether a surface layer is formed or not exists between the intersection point of a
graph representing the above-mentioned relationship under such a condition that the heat-insulating
layer is absent and the mold temperature is 200Cjand a graph representing the above-mentioned
relationship under conditions 2 and 3. It can be estimated from FIG. 5 that if a resin which has flowed
into the mold is etaineégl at 230C or hhci; er for O.Et seconds,Qr_more, no surface layer is formed on a

skin lay&r S * "Ramel) @ hearinsdiaftig 1ayer that Hiibds e tesif 18 berethindd B8 236¢%r higher for

0.3 seconds Qr. more 5 d%erminei:l hroug@ heat co uction analysis, and the heat-insulating layer is
LUt
provide& ona %no% o) ro%%e%om%fd or mo%ieng. fen gem(ﬁrd%% gfofu%%d%lﬁefhis way, and molding

is performed undetspecitic. molding conditions {for example-molding condition 3 described above), a

molded article with no surface layer formed on a skin layer can be injection-molded. Example 2 In
Example 2 the; following materals were sised: Resin: liquidictystalinedesip{rVECTRA E463i"
manufactured by Polyplastics Co., Ltd.) 23  Heat-insulating layer: heat-insulating plate made of
glass fiers andia gilicit acid-based bindet Metaklayer 1: SUS plate Metal layer 2: aluminum plate

A mold as shown in FIG. 6 was used. The thickness of the heat-insulating layer and the like was set to
Lm =10 mm,Ap 2ongmas sl 0 nemc20dirhion80 mid,andnidu!0:05 emme@40umm, 0.15 mm, 0.20
mm or 0.25 mm.  The specific gravity, the specific heat, the thermal conductivity and the thermal
diffusivii261% nisteridlconstithfing tHe'thdia and the liggidserysrafiiredesiteweress shéwn in Table 3

below. [Table 3] Specific gravit ‘
surface layer "1s formed on the surface of a molded article.

Namely, a heat-insulating layer consistent with the input
heat-insulating layer information may be formed on the mold.
Heat-insulating laver

A heat-insulating layer or the like that allows the
temperature range and retention-time range to be esasily
satisfied will now be briefly described before explaining a
method for forming a heat-insulating laver.

The heat-insulating layers preferably have a thermal
conductivity of 0.3 W/mK or less and a thickness of 60 um or
more. A heat-insulating layer satisfying these conditions
tends to previde sufficlent thermal insulation, and allows the
temperature range and retention-time rance to be easily
satisfied.

Examples of the material having a thermal conductivity of
0.3 W/mK or less and such a heat resistance that a high
temperature during molding can be endured include epoxy,
polyimide, polybenzoimidazole, polyimide and polyether ether
ketone.

As described above, a metal layer can be placed on the
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(kg has) Specific heat (J A k g K)) Thermal conductivity (W/(m IC)) Thermal diffusivity {m2.s) Metal
material of mold 7800 461 33.1 9.21 X10-6 Heat-tnsulattng plate 2000 990

16

heat-insulating layer. As the metal layer, a plate of aluminum,
SUS or the like is preferably used. As a method for forming a
metal layer on a heat-insulating laver, a conventionally known
lamination methcd or the likse <¢an be emploved. The thickness

of the metal layer depends on the type of a metal contained in
the metal layer, but is preferably 0.1 mm or less. When a

metal plate is used as described above, the thickness of the
heat-insulating layer i1s required to pe increased as described
above, and 1s set to, for example, 10 mm or more, more
preferably 20 mm or more.

A thin film-shaped metal layer can be formed on the heat~
insulating layer using a conventicnrnally known method for
forming a plated film, such as a sputtering method or an ion
plating method. Since the plated film is very thin, the
thickness of the heat-insulating layer is preferably 60 um or
more unliike the case of using a metal plate.

The method for forming a heat-insulating layer con the
inner surface of a metal portion of a mold is not particularly
limited. It is preferable to form a heat~insulating layer on
the inner surface of a mold by, for example, the following
method.

The methods include a method in which a scluticn of a
polymer precursor such as a polyimide precurscr, which can
form a polymer heat-insulating layer, is applied to the inner
surface of a metal portion of a mold, heated to evaporate a
solvent, and overheated to be formed into a volymer, whereby a

heat-insulating layer such as a polyimide film 1s formed, a
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0.24 1. 21 X10-7 Liquid-crystalline resin 1640 1730 0.79 2. 78 X10-7 SUS plate 7930 590 16.7 3. 57- .
X10-6 Aluminum plate 2700 900

17

method in which a monomer of a heat-resistant polymer, for
example pyromellitic anhydride and 4,4-diaminodiphenyl ether,
are subjected to vapor deposition polymerization, and a method
in which a piece mold, in which a portion corresponding to the
cavity surface is made of a heat-insulating plate, is prepared,
and the piece mold is mounted on a main mold. Alternatively,
concerning a plane meold, mention is made of a method in which
a polymer heat-insulating film is attached to a desired
portion of a mold by an appropriate bonding process or with an
adhesive tape-like polymer thermo-insulation film to form a
heat-insulating layer. Formation of a heat-insulating laver
may be performed by a method in which a resin forming a heat-
insulating layer is electro-deposited on a mold. A metal laver
can be formed on the heat-insulating layer or the surface of
the heat-insulating plate for the purpose of imparting
durabiiity for prevention of flawing.

For the heat-insulating layer, a ceramic material can also
be used. Since the surface of the ceramic material is
excellent in wear resistance, it is not necessary to place a
metal layver as described above on a heat-insulating layer
constituted by a ceramic material. For the ceramic material,
porous zirconila containing air bubbles therein, silicon
dioxide cor the like is preferably used. Among them, a heat-
insulating layer constituted by porous zirconia i1s formed
mainly of zirconia, and is therefore highly durable to a
pressure applied on the heat-insulating laver during injection

molding. Therefore, defects of the heat-insulating layer
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- 237 9.75X105 Heat conduction analysis was performed in the same manner as in molding
condition 3 of Example 1 to derive the relationship between the temperature of a resin at the depth of 7
pm from the cavity surface and the retention time gf the resin within the mold. Those in which a resin
which had flowed into a mold was retained at 230C or higher for 0.3 seconds or more were rated as
"0", and others were ra\aed as "X". The evaluation result is shown in Tables 4 and 5 for each of

conditioRid 15 e tHickhEsE oF the Héatdnsul lay8r 8hf PE2155(PSTF088) A e thitkness of the
metal Iajyg%(j_‘ Tabl ]()Thlckpel%fé heat-l‘nsulte}llngéalate mrg)f 10 20 39 Thlckne ofg

rrup 1ng 11 OUr's infection s
decreases, so that preductivity cof injection-molded articles
is improved.

The zirconia is not particularly limited, and may be any
of stabilized zirconia, partially stabilized zirconia and
unstabilized zirconia. The stabilized zirconia is such that
cubic-crystal zirconia is kept stable even at room temperature,
and is excellent in mechanical properties such as strength and
toughness and wear resistance. The partially stabilized
zirconia refers to a state in which tetragonal-crystal
zirconia partly remains even at room temperature, wherein
martensitic transformation occurs from the tetragonal crystal
to the monocclinic crystal upcn recepticon of external stress,
growth of cracks spread by an acticn particularly of tensile
stress 1s suppressed, and toughness to breakage is high. The
unstabilized zirconia refers to zirconia that is not
stabilized by a stabilizer. At least two types selected from
stabilized zirconia, partially stabilized zirconia and
unstabillized zirconia may be combined and used.

'As a stabilizer contained in stabilized zirconia and
partially stabilized zirconia, & conventionally known general
stabllizer can be employed. Examples thereof include vyttria,
ceria and magnesia. The used amount of the stabilizer is not
particularly limited, and can be appropriately determined
according to the intended use, the material used and the like.

Besides the above-mentioned zirconia and stabilizer,
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SUS plate (rilnl) 0.05000 0.10 X0'0 0.15 X X X
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conventionally known additives and the like may be further
contained within the bounds of not impairing the effect of the
present invention.

The method for forming a heat-insulating layer using the
above-mentioned raw materials is not particularly limited, but
a spraying method is preferably employed. By employing the
spraying method, the thermal conductivity of porous zirconia
is easily adjusted to a desired range. Such a problem does not
occur that air bubbles are excessively formed within porous
zlirconila, resulting in a2 considerabkle reduction in mechanical
strength of the heat-insulating layer. Thus, by forming a
heat-insulating layer by spravying, the structure of the heat-
insulating layer bscomes sultable for the intended use 0f Lthe
present invention,.

For example, formation of a heat-Iinsulating layer by
spraying can be carried out in the manner described below.
First, a raw material of the heat-insulating layer is melted
into a liquid. The liguid is accelerated to collide against
the inner surface of a cavity. Finally, the raw material that
has cellided against the inner surface of the cavity and
deposited thereon is solidified. In this way, a very thin
heat-insulating layver is formed on the inner surface of the
mold. By further colliding the melted raw material onto the
very thin heat-insulating layer and solidifying the same, the
thickness of the heat-insulating laver can be adjusted. As a
method for solidifying the raw material, conventionally known

coocling means may be used, or the raw material may be merely
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0.20 X X X 0.25 X X X [ Table 5] Thickness of heat-insulating plate (mm) 10
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left standing to be sclidified. The spraying method is not
particularly limited, and a preferred method can be
appropriately selected from conventionally known methods such
as arc sprayving, plasma spraving and flame spraving.

The heat~insulating layer having a multilayered structure
can be produced by adiusting production conditicns for the
heat-insulating layer. For example, when the heat-insulating
layer is formed by the spraying method, the heat-insulating
layer can be produced by adjusting a condition for depositing

a melted raw material on the inner surface of the mold.

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.
Example 1

In Example 1, the following materials were used.

Resin: liguid-crystalline resin {(“WWECTRA E46317
manufactured by Polyplastics Co., Ltd.)

Heat~insulating layer: a polyimide resin (polyvimide resin
varnish (manufactured by Fine Chemical Japan Co., Ltd.) having
a thermal conductivity of 0.2 W/mX was sprayed onto the inner

surface of a mold, and baked at 250°C for an hour, followed by
polishing the polyimide surface.)

A meld as shown in FIG. 4 was used. The thickness of the
heat-insulating layer and the like was as follows: Ly = 10 mm,

Lp = 0.7 mm and Ls = 0.06 mm.
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20 30 Thickness of aluminum plate (min) 0.05000 0.10000 0.150
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The specific gravity, the specific heat, the thermal
conductivity and the thermal diffusivity of a material
constituting the mold and the liquid-crystalline resin were as
shown in Table 1 below. The thermal conductivity was
calculated by measuring the thermal diffusivity by a laser
flash method. The specific gravity was measured by an

Archimedes method, and the specific heat was measured by DSC.

[ Table 1]
Specific gravity Specific heat Thermal conductivity|Thermal diffusivity
(kg /m?%) (JH{kg - K)) (W/(m - K)) (m® - s)
Metal material of mold 7800 461 33. 1 9. 21 x10 ¢
Polyimide resin 1270 1130 0. 22 1. 53x10°7
Liguid-crystalline resin| 1640 1730 0. 79 2. 78 x10 7

Therm 1 (one-dimensional heat conduction analysis
software) was used to derive the relationship between the
temperature of the resin at a depth of 7 um from the cavity
surface and the retention time of the resin within the mold
under molding conditions of the mold temperature and the like
shown in Table 2. The derived relationship is graphically
shown 1in FIG. 5. Results of heat conduction analysis performed
in the same manner as in Example 1 except that no heat-
insulating laver was provided, and performed under a condition
of mold temperature: 200°C are also shown in FIG. 5.

Furthermore, a molded article was prepared under molding
conditions shown in table 2, and presence/absence of a surface
laver was checked by attaching Sellotape {(registered
trademark) to the molded article and peeling off the Sellotape

(registered trademark). Presence/absence of a surface layer is
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00 0.20X00 0.25X XX As is apparent from the results of Example 2, it has been confirmed
that even when a metal layer is formed on the heat-insulating layer, a molded article with no surface
layer.formed on the surface can be produced. It hgs been confirmed that the acceptable thickness of
the metal layer depends on the type of metal, but it has been confirmed that if the thickness is about 1
mm or less, a heat-insulating_ layer that allows no surface layer to be formed on the surface of a
molded aait?é:fe? 8g§’|lyl|5‘ro%%%  Ifthe thickness of the heat-insulating plate is 20 mm or more, a
heat-in'%u;a}%l Ia%iar that allows no surface layer to be formed on the surface of a molded article is
easily provi ed. us, even when a metal layer is formed on the heat-

Resin temperature Mold temperature |Presence/absence of
(C) (C) surface layexr
Molding condition 1 100 Present
Molding condition 2 350 12¢ 3iight
Molding condition 3 1406 Absent

A threshold as to whether a surface layer is formed or not
exists between the interseciion point of a graph representing
the above-mentioned relationship under such a conditieon that
the heat-insulating layer 1s absent and the mold temperature
is 200°C and a graph representing the above-mentioned
relationship under conditions 2 and 3. It can be estimated
from FIG. 5 that 1if a resin which has flowed into the mold is
retained at 230°C or higher for 0.3 seconds or more, no surface
layer is formed on a skin laver.

Namely, a heat-insulating layer that allows the resin to
be retained at 230°C cr higher for 0.3 seconds or more is
determined through heat conduction analysis, and the heat-
insulating layer is provided on a mold to produce a mold for
melding. When a mold is produced in this way, and molding is
perfcrmed under specific melding conditions (for example
molding condition 3 described above}, a molded article with no
surface layver formed on a skin laver can be injection-molded.
Example 2

In Example 2, the following materials were used.

Resin: liquid-crystalline resin (“WECTRA E46317

manufactured by Polyplastics Co., Ltd.)
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insulating layer, a heat-insulating layer that allows a resin P-2155(PSTR068) 25 to be retained at 230C
or higher for 0.3 seconds or more is determined through heat conduction analysis, and the
heat-insulating layer is provided on a mold to prodgce a mold for molding as in Example 1. By
performing molding using a mold produced in this way, a molded article with no surface layer formed

on a skin Iayei[1 caQ_b,e inglelctign-mo ed. E>_<a6ggle 3.1n ?artn le 3, iwe following materials were used.
Resin: quuid-cr%tallﬁwrésres?n 6"{1/% K E463F thandfaduite %% PO ﬁﬁgsﬁ%as 0 tc(ﬁ;LaSS
Heat-insulating, layer: porous zirconi r.prepared. raying zirconia It could be estimated
from the%%e%s%f% o%/gE%(gmpgl)g%lt 3zﬁ%ingt %e)égakf%go %fneck)gllgi?n%ﬁg(%ondition 3 in Example 1, by ensuring that a
resin which has. flowed nto.a moldissretained at 230C or higher for 0.3 seconds or more, no surface
layer is formed on a skin layer.  In Example 3, the thickness of a heat-insulating layer that allows a
resin, which floweglinta:aold.; tohe: retainedst 239C or higher for 0.3 seconds or more when the
heat- insulating layer is a porous zirconia layer was derived using Therm 1 (one-dimensional heat
conduction arralysid Sofwarg)otor the mold, adtmekdsasiskown INHEGEY Wwdsearitemplated as in
Example 1. Namely, Lm - 10 mm and Lp - 0.7 mm. For the specific gravity, the specific heat, the
thermaltcontudtivitylaridi thie thepnal diffdsibitg ofa ksatesial conistitutingtie Mmobldiand the=

liquid-crystalline resin, values shown in Table 6 R-2155(N11-468) 26 below were used. [ Table 6]
Specﬁd{ﬁ&vﬁ@r Ig = 10 mm, Z0 mm or 30 mm, and Lygr = 0.05 mm, 0.10 mm,

0.15 mm, 0.20 mm or 0.25 mm.

The sgspecific gravity, the specific heat, the thermal
conductivity and the thermal diffusivity of a material
constituting the nmold and the liguid-crystalline resin were as

shown in Table 3 below.

[ Table 3]
Specific gravity Specific heat Thermal conductivity{thermal diffusivity
(kg /m3) (J/(kg - K)) (W/(m - K)} (m®« s)

Metal material of mold 7800 461 33. 1 9. 21 X108

Haat-insulatin . —
v 2000 990 0. 24 1. 21 X107

Tigquid- Eaiis _
FAuidmeTys aLTIne 1640 1730 0. 79 2. 78 X107
8US plate 7930 590 16. 7 3. B7T X100 " °®
Aluminum plate 2700 900 237 9, 75 X108

Heat conduction analysis was performed in the same manner
as in molding condition 3 of Example 1 to derive the
raelationship between the temperature of a resin at the depth
of 7 ym from the cavity surface and the retention time of the
resin within the mcld. Those in which a resin which had flowed
into a mold was retained at 230°C or higher for 0.3 seconds or
more were rated as Yo, and others were rated as “x”. The
evaluation result is shown in Tables 4 and 5 for each of

conditions for the thickness of the heat-insulating layer and
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(k 9/m3) Specific heat-(.1/(k g- K)) Thermal conductivity (W/ (In K)) Thermal diffusivity (m2 .a) Metal
material of mold 7800 461 33. 1 9. 21X10-6 Zirconia layer 5860 "
24

the thickness of the metal layer.

[ Table 4]
Thickness of heat-insulating plate{mim}
10 20 30
0. 05 O O O
Thickness of 0. 10 o) O O
SUS plate 0. 15 % % X
{mm)
0. 20 X X X
0. 25 X X X
[ Table 5]
Thickness of heat-insulating plate{mm)
10 20 30
0. 05 @] & O
. 0. 10 O O O
o e 0. 15 O O O
(mm) 0. 20 X o O
0. 25 bt het X

Ag 1s apparent from the results of Example 2, it has been
confirmed that even when a metal layer is formed on the heat-
insulating layer, a molded article with no surface layer
formed on the surface can be produced. It has been confirmed
that the acceptable thickness of the metal layer depends on
the type of metal, but it has been coﬁfirmed that 1f the
thickness 1s about 1 mm or less, a heat-insulating layer that
aliows no surface lavyer to be.formed on the surface of a
molded article is easily provided. If the thickness of the
heat-insulating plate is 20 mm or more, a heat-insulating
layer that allows no surface layer te be formed on the surface
of a molded article is easily provided.

Thus, even when a metal layer is formed on the heat-

ingsulating layer, a heat-insulating layer that allows a resin
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465 0. 96 3.5 2 X 1 0 -7 Liquid-crystalline resin 1640 17300.79 2.7 8 X1 0-7 Using Therm 1
(one-dimensional heat conduction analysis software), the relationship between the temperature of a
resin at a depth of 7 pm from the cavity surface angl the retention time of the resin within a mold was
derived as in Example 1 for each thickness with the thickness of the heat-insulating layer being

changed, and resultantly it was %?tingated that\(% setting the thickness of the heat-insulating layer at
500 wri, fheF8sihwhichoved mid the Mold WOl BE Fetdined it Z30¢ o figher for 0°3 seconds or

more i”d@%&%ﬁ%&‘%@%&gﬂdﬁ@&@ in_Fxample 1, Then, gmald as shown in,EIG. 4 with LM = 10
MIR, LE, = 0.7 mm and Ls = 500 p.m was actually prepared.

insulating layer is provided on a mold to produce a mold for
molding as in Example 1. By performing molding using a mold
produced in this way, a molded article with no surface laver
formed on a skin layer can be injection-molded.

Example 3

In Example 3, the following materials were used.

Resin: liguid-crystalline resin (“WECTRA RE46317
manufactured by Polyplastics Co., Ltd.)

Heat-insulating layer: porous zirconia layer prepared by
spraying zirconia

It could be estimated from the results of Example 1 that
in the case of molding condition 3 in Example 1, by ensuring
that a resin which has flowed into a mold is retained at 2Z30°C
or higher for 0.3 seccnds or more, no surface layer is formed
on a skin layer.

In Example 3, the thickness of a heat-insulating layer
that allows a resin, which flowed into a mold, to be retained
at 230°C or higher for 0.3 seconds or more when the heat-
insulating layer is a porous zirconia layer was derived using
Therm 1 (one-dimensional heat conduction analysis software).
For the mold, a mold as shown in FIG. 4 was contemplated as in
Example 1. Namely, ILw = 10 mm and Ly = 0.7 mm. For the
specific gravity, the specific heat, the thermal conductivity
and the thermal diffusivity of a material constituting the

mold and the liguid-crystalline resin, values shown in Table 6
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The method for forming a heat-insulating layer-will-be described later. ~ Furthermore, a molded article
was prepared under molding conditions shown in Table 7, and presence/absence of a surface layer
was checked by attaching Sellotape (registered trzglemark) to the molded article and peeling off the
Sellotape (registered trademark). Presence/absence of a surface layer is also shown in Table 7. [Table

7] 27 R}’Qe in temgerature @ Mold temperature (t) Presence/absence of surface layer Molding
.. De gv% 6\1 6% used.
condition [

[ Table €]
Specific gravity Specific heat Thermal conductivity|Thermal diffusivity
(k g /m?) (J/(kg-K} (W/{(m+ K}) {m?+ s}
Metal material of mold 7800 46 1 33.1 9, 21x10"¢
Zirconia layer 5860 465 G. 968 3. 52x10°°7
Ligquid-erystalline resin 1640 1730 0. 79 2. 78x10°°7

Using Therm 1 (one-dimensional heat conduction analysis
software}, the relationship between the temperature of a resin
at a depth of 7 wm from the cavity surface and the retention
time of the resin within a mold was derived as in Example 1
for each thickness with tThe thickness of the heat-insulating
layer being changed, and resultantly it was estimated that by
setting the thickness of the heat-insulating layer at 500 um,
the resin, which flowed into the mold, would be retained at
230°C or higher for 0.3 seccnds or more in the case of molding
condition 3 in Example 1. Then, a mold as shown in FIG. 4 with
T = 10 mm, Lp = CG.7 mm and Lg = 50C um was actually prepared.
The methced for forming a heat-insulating laver will be
described later.

Furthermore, a molded article was prepared under molding
conditions shown in Table 7, and presence/absence of a surface
layer wasg checked by attaching Sellotape (registered
trademark) to the mclded article and peeling off the Sellotape
(registered trademark). Presence/absence of a surface layer is
alsc shown in Table 7.

[ Table 7]
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Present Molding condition 2 1 2 0 Slight Molding condition 3 i4 0 Absent Specific molding
conditions are set, the thickness of the heat-insulating layer that allows a resin to be retained at 230C
or higher for 0.3 seconds or more is determined through heat conduction analysis, and a
heat-insulating layer having the determined thickness is provided on a mold to produce a mold for
molding. When a mold is produced in this way, and molding is performed under set molding conditions
(for example mpIding condition 3 described above’) a molded articlé with no sur'rac%Jayer formed on a
skin layer can be injection-molddd. ESrrﬁ%P jon of he&ThSATBIRG fay ?F%fﬁh“@aé’&gﬁg ent of properties
A method for f gq_;p,gzt' G Aggrinsulating fayer ang a metl'ngobfor measung,getnq pTop rties of the
heat-insulating { %XEI stiowrrim Table | wilLhe explarmed:7 regy-mate Gy bugiblu.uteu mRinly by zirconia

ng con txon

was sprayed omto-the-inner-surface of the mold by-a Spi'ayulg methpd—The ounfauc of the

. . 1dineg c:ond'l.i;__}pn 3 A h . A .1}5: nh

heat-insulating fayrerwas-adpusted-se-as-te-have-anincreased-density;-and-a-heat-irsulating layer
having a multilayered structure was formed on the inner surface of the mold. Spraying was continued
until the heat-iistating-layer biadch g thickness oh50G irm. s e thhe:thermal comadusctivity wasecalculated

by measuring the thermal diffusivity by a laser flash method. The specific R-2155(N1P-068)
heat-insulating layer that allows a resin to be retained at

230°C or hicgher for 0.3 seconds or more is determined through
heat conduction analysis, and a heat-insulating layer having
the determined thickness 1s provided on a mold to produce a
mold for molding. When a mold is produced in this way, and
molding is performed under set molding conditicons (for example
molding condition 3 described above), a molded article with no
surface layer formed on a skin layver can be injection-molded.
Formation of.heat—insulating layer and measurement of
properties

A method for forming the heat-insulating layer and a
method for measuring the properties of the heat-insulating
layer shown in Table 1 will be explained. A raw material
constituted mainly by zirconia was sprayed onto the inner
surface of the mold by a spraying method. The surface of the
heat-insulating layer was adjusted so as to have an increased
density, and a heat-insulating layer having a multilavered
structure was formed on the inner surface cf the mold.
Sprayving was continued until the heat-insulating layer had a
thickness of 500 um.

The thermal conductivity was calculated by measuring the

thermal diffusivity by a laser flash method. The specific
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28 gravity was measured by an Archimedes method, and the specific heat was measured by DSO.
The thermal conductivity of the zirconia heat-insulating layer was calculated by measuring the thermal
diffusivity by a laser flash method, measuring the2$pecific heat by DSC, measuring the specific gravity
by a method of collecting a gas over water (conforming to JIS Z8807 Solid Specific Gravity

Messurement Method). and follawing she equion of Jhermal conuctiity = themal dftusivity x
specificghanx s\ﬁecﬁ‘lc gravﬁ)lf] . The'therma condluc%vﬁy ()?3 of the heat-ins atingplayer having a

muItilayﬁéeadﬁs%légu%ygg%&e@ijn%%@y determining the thermal conductivity of each of the
low-density layer and the high-dehsity layer, and conducting calculation using the equation of [1/k] =

[UAL] + [ (I-t)/kihwhere thesthermahcenduetivify ofthelow-density layerds Alithethermalconductivity of
the high-density layer is Ah and the ratio of the thickness of the low-density layer to the thickness of

the entitesheat-msdlatingdayeriet byvAsagesult ofactually petforming infeasurements;the specific
gravity, the specific heat, the thermal conductivity and the thermal diffusivity of a material constituting
the mold aneithé ligaid-orystatlihe resisweriargs shewnrr Tabie-6 abate b 29ICICAIMS 1. A method for
manufacturing a mold for producing a molded article made of a liquid-crystalline resin composition
containhgaE MquiBErystallinesesihl ¢ WheréintbyderviAg, thfoligh™hext toRatesich andlysis, the
relationship between the temperature, near the surface of a mold, of a liquid-crystalline resin filled in

the mol@ &t tHa refentioR e Bt licid-CR/stalffte re%fi’rjr\j/\iﬂhﬁpﬁﬁlrﬁéfa, 448MpeYature range of

the temﬁerature near th,_% sg_gfa of thedmgldﬁnd a ret(?: tion-time ran%e of the retentioP time are
derived STER IhATHS SuffSCe Ay er isformed on the Skin a?/eﬁgflt?ﬁé}‘ old%g rticle eat-insulating

ayer that glQWs. g (EPLaiLls, [3nge, and 4, (E{GaUan UIme.jange fq b salisled s provided,  and

the heat conduction analysis is performed using a mol eat-insulating layer is formed on

the cavity,surface, and.usingas parametersthe specHig.gravity; the spscificheat, the thermal

conductivity and thethermal diffusivity of a material constituting the mold and the liquid-crystalline
resin. 2; hhe mathag far=panufagiuring & meld accergingto claim:drwhereia ghe temperature range is

23000 or higher and the retention-time range is 0.3 seconds or more. 3. The method for
manufactetiagra metd agcatdingrtoictdimyl t3@ or Bewheiein thelheaticonductian @natyststdetermines
the material, the placement position and the shape of the range heat-insulating layer.
the low-density layer and the high-density layer, and
conducting calculation using the eguation of [ 1/A] = [ t/Al] +
[ (1-t)/Ah] where the thermal conductivity of the low-density
layer is Al, the thermal conductivity of the high-density layer
is Ah and the ratio of the thickness of the low-densgity layer
to the thickness of the entire heat-insulating layer is t.
As a result of actually performing measurements, the
specific gravity, the specific heat, the thermal conductivity
and the thermal diffusivity of a material constituting the

mold and the liguid-crystalliine resin were as shown in Table 6

above,.
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4. The method for manufacturing a mold according to any one of claims 1 to 3, wherein the
heat-insulating layer has a thermal conductivity of 0.3 W/rl< or less and a thickness of 60 lin or more.
5. The method for manufacturing a mold accordingpto any one of claims 1 to 4, wherein the
heat-insulating layer contains at least one resin selected from polybenzoimidazole, polyimide and
polyether ether ketone. 6. The method for ma%%f{%w%ing a mold according to any one of claims 1 to 4,
wherein the heat-insulating layer is a ceramic material constituted by porous zirconia. 7. The method
for manufacturing a mold according to any one of claims 1 to 5, wherein the heat-insulating layer has a
metal layer on the surface.

1. A method for manufacturing a mold for producing a molded
article made of a liguid-crystalline resin composition
containing a liguid-crystalline resin,
wherein by deriving, through heat conduction analysis, the

relationship between the temperature, near the surface of a
mold, of a liguid-crystalline resin filled in the mold and the
retention time of the liquid-crystalline resin within the mold,
a temperature range of the temperature near the surface cof the
mold and a retention-time range of the retention time are
derived such that no surface layer is formed on the skin layer
of the molded article, a heat-insulating layer that allows the
temperature range and the retention-time range to be satisfied
is provided,

and the heat conducticon analysis is performed using a mold,
in which a heat-insulating lavyer is formed on the cavity
surface, and using as parameters the specific gravity, the
specific heat, the thermal ccenductivity and the thermal
diffusivity of a material constituting the meld and the

liquid-crystalline resin.

2. The method for manufacturing a mold according to claim 1,

wherein the temperature range 1ls 230°C or higher and the

retention-time range is 0.3 seconds or more.

3. The methed for manufacturing a mold according to claim 1
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or 2, wherein the heat conduction analysis determines the
material, the placement position and the shape of the range

heat~insulating layer.

4, The method for manufacturing a mold according to any one
of claims 1 to 3, wherein the heat-insulating layer has a
thermal conductivity of 0.3 W/mK or less and a thickness of 60

jm or more.

5. The methoed for manufacturing a meld according to any one
of claims 1 to 4, wherein the heat-insulating laver contains
at least one resin selected from polybenzoimidazole, polyimide

and pclyether ether ketone.

6. The method for manufacturing a mold according to any one
of claims 1 to 4, wherein the heat-insulating layer is a

ceramic materlal constituted by porous zirconia.

7. The method for manufacturing a mold according to any one

of claims 1 to 5, wherein the heat-insulating layer has a

metal layer on the surface.
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