1 METHOD FOR MANUFACTURING A MOLD TECHNICAL FIELD The present invention relates
to a method for manufacturing a mold. BACKGROUND ART  Crystalline thermoplastic resins tend
to be excellent in properties such as mechanicallstrength as compared to noncrystalline thermoplastic
resins, and are used in a wide range of applications such as outer plates of home appliances and

exterior and interior parts of aytemebiles;r Ehe enystalinetihesmgplastic resin is excellent in
properties, as described above, but has a low crystallization rate and a high glass transition

temperature. Therefore, the crystal structure tends to be locally uneven. Therefore, the surface of a
molded article tends to suffer nonuniformity in terms of both the appearance and structure.  In order
to perform the continuous molding of a malded &rtdle having a crystalline thermoplastic resin as a raw
material with stability while maintaining stable quality, it is necessary to accelerate crystallization. For
accelerating cryistatlizatiom for axamplesa meldedesiticle i prstliieed uieer the condition of a high
mold temperature that exceeds 100C.  However, if the mold temperature is high, there arises the
problenfithat Baargerdmeunt 8tFish is generated at the mold P-2154(N11-4619) 2

BACKGROUND ART

Crystalline thermoplastic resins tend to be excellent in
properties such as mechanical strength as compared to
noncrystalline thermoplastic resins, and are used in a wide
range of applications such as outer plates of home appliances
and extericr and interior parts of automobiles.

The crystalline thermoplastic resin i1s excellent in
properties, as described above, but has a low crystallization
rate and a high glass transition temperature. Therefcre, the
crystal structure tends to be locally uneven. Therefore, the
surface of a molded article tends to suffer nenuniformity in
terms of both the appearance and structure.

In order to perform the continuous molding of a molded
article having a crystalline thermoplastic resin as a raw
material with stability while maintaining stable guality, it
is necessary to accelerate crystallization. For accelerating
crystallization, for example, a molded article is produced
under the condition of a high meld temperature that exceeds
l100°C.

However, if the mold temperature is high, there arises the

problem that a large amount of flash is generated at the mold
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“parting surface and the like. When molding is performed at a low mold temperature (e.g. 100C or less),
not only the problem of generation of flash can be solved, but also complexity is eliminated because
temperature control with water can be used in place of temperature control with oil. Thus, the condition
of the mold temperature is preferably 100C or less.  Incidentally, when molding is performed under
the conglition of,a law.maldtemperatute, there ariggs the-problen that the surface hagdness does not
increase and thus extraction from a mold becomes difficult because crystallization of the surface of a
molded agicle, dogs 9@%&9@&?@9@:@ th@.ijbmmaggosgésgglp5ag%@eggm§3@gnlm,l%%that
surface roughness or a dimensional change/warp is caused owing to an environmental temperature
used aftef mpidinga t i &or polyphenylenersutfedeskebins; forrexamyple ca methae is kngowr in which
various kinds of crystallization accelerators and plasticizers are blended for solving the
above-ndntivhedtsroblemis:by increasing the crystallization rate {seea forexamplesPateat Document
1). Under present circumstances, however, there does not exist a technique by which crystallization is
sufficiently deeefetatetl WRER tHemelftepiperatureys 5Bt &.100C B tsss. thepsentibbedment 1
Japanese Unexamined Patent Application, Publication No. 2003-335945 DISCLOSURE OF THE
INVENT‘P@Nt%@PF?a(Pﬂ‘t:ﬁ*n%%%‘*B@3%"%)?\}'&1%35L theifveRitiGhLY THE preseht ii&htion has been made in
order to solve the afore ioned.proble and an object thereof is_to provide a method for
manufacturingfgcrﬁglearfg:a?%mfa@%ﬁngmg?frg&lagd la?tié#(ea,rbf;o\}:vﬁ%é nuor%%%?y |Jcs he occurrence of flash
suppressed but also the crystallization;of the surface.is sufficiently aceelerated when the.mold

temperature during the molding of a crystalline thermoplastic resin is set at T02-100C or less. Means

for Solvipg.the Breblems: . - d hg prgsentdnventors,carried ot diligept.resegych in order to solve the
above-mentioned problems. As a result, it was found that the above-mentioned problems could be

solved hy-deriving,ddasedon a relationship bebtween erystallizatioadatesand resin temperature of a
crystalline thermoplastic resin, a temperature at which the crystalline thermoplastic resin filled into a
mold hasaysufficientiy fast crystallizationurate. neaciaoid caMitesurtaceiand:a detention time during
which the crystalline thermoplastic resin in the mold is retained at a temperature equal to at least a
temperabdrecgavhich theé hesir hab besufficiattip fast chfstallization rafe Sieh that the derived
temperature and the derived retention time allow the molded article to have a surface whose
crystallifify?falis witkirt a d&Rirt8#ange BritFSroviting ateat- fisutatirgiayst whth, when mold
temperature iéé;r({z-looc or less, allows a time, during which temrrE)erature near surface of the mold

cavity is TetHiHEd 4FhE 16 thar The daived RASANTIosdy " iental temperature

used after molding.

For polyphenylene sulfide resins, for example, a method is
known in which various kinds of crystallization accelerators
and plasticizers are blended for solving the above-mentioned
problems by increasing the crystallization rate ({(see, for
example, Patent Document 1). Under present circumstances,
howaver, there does not exist a technigue by which
crystallization is sufficiently accelerated when the mold
temperature is éet at 100°C or less.

Patent Document 1: Japanese Unexamined Patent Application,

Publication No. 2003-335945

DISCLOSURE OF THE INVENTION
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4 temperature, to fulfill the derived retention time. 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 molding a molded article made of a rekin composition containing a crystalline thermoplastic
resin, the method including: deriving, based on a relationship between crystallization rate and resin

temperajurg.ofa crystalline hermoplastic resing ajemperature at which the crystalline thermoplastic
resin filled into a mold has a sufficiently fast crystallization rate near a mold cavity surface and a

retention timemdwing-whichthe gtystalling thermaplasticesia inthe mold is retainedat alemperature
equal to at least a temperature at which the resin has a sufficiently fast crystallization rate, such that
the deriwethtemperaturesahdthedesived retention tishe attaw the malded articte tarbavela surface
whose crystallinity falls within a desired range; and providing a heat-insulating layer which, when mold
temperatereisT c2-100€ wr fessh alows agtime ldurirgewhichué mpevatire nearsurfgcse of the mold
cavity is retained at no less than the derived temperature, to fulfill the derived retention time.
Accordifg t6 8'<econd dépéetofthé iehfiohSinhe rMethedier Arantfacttd$g a mold as described in
the first aspect, the mold temperature is 100C or less; and when the crystalline thermoplastic resin is a

polyaryl8HERGRHESASEYTesiT the fémpératind et e Cavity sirfére s 150¢  of Righer, and the

rotention i 0.1 seqonds. of longer, P-2A54RS11-469), 5. . Accoing ta a hird ashect of the
Invention, the metho r manufacturing a mo d as described in the Tirst or second a pec urther

includes, deriuing a selatiopsip hetwegn the lempsralure.near ihe cavity surface and the retention time

by heat conduction analysis, and determining material, placement position and shapée of the
heat-insulaiing layer hased on the relationship, wherein the heat conduction analysis is performed by
using a mold having a cavity on the surface of which a heat-insulating layer is formed, and by using as
parametess specifie gravity; speeifie heatthesmmal conductivity and thermal diffusivity of material
constituting the mold and of the crystalline thermoplastic resin.  According to a fourth aspect of the
invention, in tM&:eethed formmanwfacturing amold as described. ingamy: ome of thecfirst to third aspects,
the heat-insulating layer has a thermal conductivity of 0.3 W/m.K or less and a thickness of 60 p.m or
greater.or SAgcOrding oV fifih aspeetiot the irvieption, inthe hesthod fF niaritdactlfing Atmold as
described in any one of the first to fourth aspects, the heat-insulating layer contains at least one resin
selected’ft8m-poOIyBerZbimiddzd S PoRAmRic - and PBN etet tREKkétBHE D LACEONR A Y sixth

aspect of the invention, in the method for manufacturing a mold as described in any one of the first to

fifth aspects® theAeatnSafatifg Iayet Hind ' mdtal iy e on the sufata tRerebf 2ACE8HdinG 5 a seventh

aSped“gggeggggﬁogéﬁggg;%g%g4%§Tg4¥¥)stalline thermoplastic resin, a
temperature at which the crystalline thermoplastic resin
filled intc a mcld has a sufficiently fast crystallization
rate near mold cavity surface and a retention tTime during
whiich the crystalline thermoplastic resin Iin the meold is
retained at a Ttemperature equal to at least a temperature at
which the resin has a sufficiently fast crystallization rate,
such that the derived temperature and the derived retention
time allow the molded article tc have a surface whose
crystallinity falls within a desired range, and providing a
heat-insulating layer which, when mold temperature is T.,-100°C

or less, allows a time, during which temperature near surface

of the mecld cavity is retained at no less than the derived
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6 method for manufactuting a mold as described in any one of the first to sixth aspects, the
heat-insulating layer contains a ceramic. ~ According to an eighth aspect of the invention, in the
method for manufacturing a mold as described itt the seventh aspect, the ceramic is silicon dioxide.
According to a ninth aspect of the invention, in the method for manufacturing a mold as described in

the sevenih,aspect, the ceramicis constituted Ry poroys.zireania; o, AcgREdingf9,atenth aspect of
the invention, in the method for manufacturing a mold as described in any one of the first to ninth

aspectssthe-meld-tempsratine i 101 ot tessverAceordingdo angleventh aspeet.afihe invention,
there is provided a molded article of a polyarylene sulfide-based resin having a crystallinity of 30% or
more, the moltledartidledeing abtainedtusing @cmotgEprepared by the. methadidescrilzed in any one of
the first to tenth aspects. Effects of the Invention By using a mold made according to the present
inventiopr ABtLeIEY cantetthecocearenea of Hashi sippressed bat 4isd the edystallization of the surface

of the molded article can be sufficiently accelerated when the mold temperature during the molding of
a crystallinetRermophste résin'ts St at TH2S 100E6Mess. BRIEFPESTERIPTION OF THE

DRAWINGS FIG. 1 is a V|ew showmg a relationship between the R- 2154(PSlFA69)
Crystal¢lne hermoplastic resin, the method includ

deriving, based on a relationship between crystallization rate
and resin temperature of a crystalline thermoplastic resin, a
temperature at which the crystalline thermoplastic resin
filled into a mold has a sufficiently fast crystallization
rate near a mold cavity surface and a retention time during
which the crystalline thermoplastic resin in the mold is
retained at a temperature equal to at least a temperature at
which the resin has a sufficiently fast crystallization rate,
such that the derived temperature and the derived retention
time allow the mclded article to have a surface whose
crystallinity falls within a desired range; and providing a
heat-insulating layer which, when mold temperature is T.,-100°C
or less, allows a time, during which temperature near surface
of the mold cavity is retained at no less than the derived
temperature, to fulfill the derived retention time.

According to a second aspect of the invention, in the
method for manufacturing a mold as described in the first
aspect, the mold temperature is 100°C or less; and when the
crystalline thermcplastic resin is a polyarylene sulfide-based
resin, the temperature near the cavity surface is 150°C or

higher, and the retention time is 0.1 seconds or longer.
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7 temperature of a resin near the surface of a cavity and the retention time during which the resin is
retained within a mold.  FIG. 2 is a view schematically showing the cross section of a mold in which
a heat-insulating layer is formed, wherein FIG. 2A is 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, FIG. 23 is a schematic
view of the crass-sectionof.a,diyidad; mgld,inhich acheatinsuyating laygr isdfioemedign.a part of the
surface of a cavity, and FIG. 20 is a schematic view of the cross section of a divided mold in which a
metal layerisifarmed oma-heat-instlatingdayele s c FIGe 3 is a sehematie view of ha-erags section of a
divided mold, in which a heat-insulating layer is formed, for illustrating the thickness of a
heat-insutatmgtayer; thesthicknelssdsfa cavityandathe thicknessofa molthe twEHB. 4is=a view showing
a relationship between the crystallization rate and the temperature of a crystalline resin used in
ExampléenpEIG Hh isa sehemalie view of theserods sectigriof-amale tsed v Exaiple 'PREFERRED
MODE FOR CARRYING OUT THE INVENTION  An embodiment of the present invention will be

explainé®mtdétait Rerdin&fter bt thelsresBRONGEROT At finfiftets theé folWiR§eRMSodiment. The

method for manufacturing a mold according to the P-2154 (PSTF-069) 8 present invention includes:
derivingE Badéd BR s retatfolship Bétwedh %?@t%ﬂiiﬁﬁ&rjf Pt Hhd g tenipeTatté of A%rystalline

thermoplastic, resin a.temperature at \é\/}Qicmthe cr%stalclijne therma Iaﬁtic resin. filled into a mold has a
- %F atlonéhﬁg WHereln S ﬁﬁt o8] uFtlon(H%a gSlS 1S . .
sufficiently fast crystallization raté near a mold cavity surface and a rétention time during which the

crystalline thermoplastic resinip themold is, (efained.at g temperaiire egual fo-atleasta temperature

at which the resin has a sufficiently fast crystallization rate, such that the derived temperature and the
derived yetention timesallow the molded adiglertoihavea sutace whose crystalinity falls within a

desired range; and providing a heat-insulating layer which, when mold temperature is T02-100C or
less, marepreferably Teperlesscallowssa time, dusing Mihichtemperaterentgar the surface of the mold
cavity is retained at no less than the derived temperature, to fulfill the derived retention time. Here, Te2
refers tcacdystallization temperatraat whichta sesin iy codled oy asnoltem state andrsolidified, and
TO1 refers to a temperature at which a resin molded in a state of insufficient crystallinity is crystallized
when hddtmgthédesind of the crystalline thermoplastic resin.
According to a 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
pm or greater.
According tc a fifth aspect c¢f the invention, in the
method for manufacturing a mold as described in any cne of the
first to fourth aspects, the heat-insulating layer contains at
least one resin selected from polybenzeimidazole, polyimide
and polyether ether ketone.
According to a sixth aspect of the invention, in the
method for manufacturing a mold as described in any one of the
first to fifth aspects, the heat-insulating layer has a metal

itayer on the surface thereof.

According to a seventh aspect of the invention, in the
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By using a mold obtained by the method of the present invention, the crystallinity of the surface of a
molded article can be increased to a desired value even if the mold temperature is set at Te2-100C or
less. This is because a temperature, near a mold cavity surface, of a crystalline thermoplastic resin
filled into a mold, and a retention time P-21544SIF-069) 9 during which the crystalline thermoplastic

resin in the-mold issetained ak a temperature,equal 1q atleast atemperatyre atwhichhegesin has a
sufficiently fast crystallization rate can be derived based on a relationship between crystallization rate

and resinitempetaiurs ek the-crystalling theemeplastic resin. 4he derived tamperaturenandithe derived
retention time by which an effect as described above is obtained.  Hereinafter, a method for
manufactariag adnold according to the present invention will be explained further in detail.
Determination of resin material and the like  First, a resin material to be molded should be selected.
The resin matafakis hidt patticutarlyelimitdd:as farecds itis alveystaine thermoplastidyesin, and
conventionally known one can be selected. = Among crystalline thermoplastic resins, polyarylene
sulfide ré§ih8 espetialfFpolypremiend salfide resiAs) Aesartiedrly Sighificahfly @856ciated with the
problem of flash and the problem of low erstallinit of the surface of a molded article. Namely, it is
difficult & Moida pB%rﬁ&ﬁ@%ﬁidésreéiﬁﬂsh%ﬂf}hgﬁmﬁélé?ﬁstallinity of the surface of a molded article
is sufficiently iﬂgrceasgd when the moldctrtlemaperature isfs%%at 100C or less. Howeflf%ré by using a mold

obtained by the method Gf the p?egiéﬁ} mvensf%%?'gheocrys a(ﬁin%@%?rfﬁé 8liffacé of 4 molded article can

be suffigiently jncreased when.the ol temperatire is set.at 100C,or less eveq thaugh. a polyarylene
sulfide resin is used P-2154 (Ps 1 1- -169) 10 as a resin material. Here, as a polyarylene sulfide resin,
for examplgcthe palyarylene-suifide resin,and the, madified norous zirconia.
Accordiﬁg to a tenth aspect of the invention, in the
methoed for manufacturing a mold as described in any one of the
first to ninth aspects, the mold temperature is T.1 or less.
According to an eleventh aspect of the invention, there is
provided a molded article of a polyarylene sulfide-based resin
having a crystallinity of 30% or more, the molded article
being obtained using & mold prepared by the method described
in any one of the first to tenth aspects.
Bffects of the Invention
By using a mold made according to the present invention,
not only can be the cccurrence of flash suppressed but also
the crystallization of the surface ¢of the molded article can
be sufficiently accelerated when the mold temperature during

the molding of a crystalline thermcoplastic resin 1s set at T.o-

100°C or less.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a relationship between the
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product of a polyarylene sulfide resin described in Japanese Unexamined Patent Application,
Publication No. 2009-178967 are mentioned.  Even if a resin other than the polyarylene sulfide
resin, such as a polyether ether ketone resin, a polyether ketone resin, a polyphenylene ether resin or
an aromatic polyamide resin, which has a slow crystallization rate and with which the crystallization of

the surface pt.a mojded aeticle is-hard tocdhe increased isused, the, crysiallinjty0fthe surface of the
molded article can be sufficiently increased when the mold temperature is set at T2-100C or less by

using a mold pbtained bydheimethod of thenpresentibyentions r<the peablem-offlash and the
problem of low crystallinity of the surface of a molded article become more significant as the content of
a crystadtinedhermoplastic resin in a resin composition containing the crystalline thermoplastic resin
increases, but even in this case, the present invention can sufficiently increase the crystallinity of the
surface of theFadlded atticle whern'thecmeltbtehperature isogetrat Te21000 ¢ lesst Forexample,
even if a resin composition made of a crystalline thermoplastic resin is used, the crystallinity of the
surface ®f adnslded atficle kafbeisifficienty fierédsetbPwhén tie frold femiferatifeds 3&tat T2-100C
or less. A resin_composition containing a crystalline thermoplastic resin, with other resins, and
conventioriatly kfiowh dditiveT&ichas’af P-9154(TSIE060T attioxiddht,“an morganic fifer and a
stabilizer b e&‘deﬁi ivr\;l,t}h% grygt%lgg% £hergnuoi)l%siti§ resin, may.be used. . After the resin.material is
determine , a é’esiredlcrystalllhlty of the surface of molded article is determined. ~ For the desired

crystallinity, a preferced,valye cap be.arbitraly determined depending op, for example,.a use purpose

of the molded article, and the liké. Placement of heat-insulating layer ~ For placement of a

heat-insylatinglayer:first, aseg-en adelationship hetween crystallization-rate,and yesin fgemperature
of a crystalline thermoplastic resin, a temperature at which the crystalline thermoplastic resin filled into
a mold ras-a.suffistendly fastcrystallizatien rateeas & molskeavity susiage ranel.a petention time during
which the crystalline thermoplastic resin is retained at a temperature equal to at least a temperature at
which thecesimehasctheisufficiéntlyn fast cosstalizationcrateowithindthe imeld are ldérivedwuchtthat the
derived temperature and the derived retention time allow the crystallinity of a molded article to fall
within a @lesited Fange’ fifstistepprmeThen ahdsahsdlating ikl whiéhy,s¥hen the mold temperature
is T0O2-1000 or less, allows a time, during which the temperature near surface of the mold cavity is
retained at noéss thanithe Yefivetriéimperaturs’ t6 fulfift the"dérivedPfetenitiom tihe ¥s provided on the

mold (second step).
( dividedp%old, in which a heat-insulating lavyer is formed, for

illustrating the thickness of a heat-insulating layer, the
thickness of a cavity and the thickness of a mold.

FIG. 4 is & view showing a relationship between the
crystallization rate and the temperature of a crystalline
resin used in Example,

FIG. 5 is a schematic view of the cross section of a mold

used in Example.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be explained
in detail hereinafter, kut the present invention is not
limited to the following embodiment.

The method for manufacturing a mold according to the
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Hereinafter, the method for manufacturing a mold according P-2154(PS1F-069) 12 to the present
invention will be explained for each of the first step and the second step. First step  In the first step,
the derivation method is not particularly limited a$ long as based on a relationship between
crystallization rate and resin temperature of a crystalline thermoplastic resin, a temperature at which

the resin, has a-sufficiently fast crystallization rate near,the swface of the cawty,and adetention time

during which the resin is retained at a temperature equal to at least a temperature at which the resin
has the suffigiently fastorystallization rate within the mold gan bederived suchthat a specific condition
is satisfied. For example, the above-mentioned relationship can be derived by the following method.
From the relatianship betiveemorystalliZationerate: and resintemperataresaf thieiorystatiae
thermoplastic resin, a temperature at which the resin has a sufficiently fast crystallization rate. The
temperateresatantich the hesimbps asdufficieatly fast rdteaefers to aaminivhdmiyesiretemperature at
which the crystallization rate is faster than 1/1000, preferably faster than 1/100 of the fastest
crystalliZatiohirate ' When retationshipBethieth i Gistafiz&tior fate andrESin@iigerature of the
crystalline thermoplastic resin is unknown, the above-mentioned relationship should be derived by a

conventiomafif RRoFR EthoaE S DetivatiofDf the réténtioh-fime Wil ot Be @xpiitfed. A relationship

mﬂwee%ﬁé?%%gggéif%d%@¥1WhEpQ%%}%%}g4nggg%£%ged at a temperature
equal to at least a temperature at which the resin has a
sufficiently fast crystallizaticn rate, such that the derived
temperature and the derived retention time allow the molded
article to have a surface whose crystallinity falls within a
desired range; and providing a heat-insulating layer which,
when mold temperature is T.,—100°C or less, more preferably To
or less, allows a time, during which tempsrature near the
surface ¢f the mold cavity is retained at no less than the
derived temperature, to fulfill the derived retention time.
Here, Te.; refers to a crystallization temperature at which a
resin i1g cooled from a molten state and solidified, and To
refers to a temperature at which a resin molded in a state of
insufficient crystallinity is crystallized when heating the
resin.

By using a mold obtained by the method of the present
invention, the crystallinity of the surface of a molded
article can be increased to a desired wvalue even if the meld
temperature is set at T.;~100°C or less. This 1is because a
temperature, near a mold cavity surface, cof a crystalline

thermoplastic resin filled into a meld, and a retention time
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crystalline thermoplastic resin filled into a mold is retained within the mold and a crystallinity of the
surface of a molded article is derived while a temperature of the resin near the cavity surface is the
temperature at which the crystallinity is sufficientdy fast. From the result of this derivation process, a
retention time required for achieving a desired crystallinity is determined.  Here, the retention time

can be %ﬁ%%&rﬂigegﬂcﬂort%%qgs‘b&f?%‘é!‘”@n@?}k%’glasﬁﬁrétégg {old,fempergiure,is set at a
temperature higher than T02-100C and close to Tc2-100C (e.g. T2-90C), and a relationship between

the resin temperafure-near the cayibeswriace.and the retention ting within the,mold is derived to
determine a crystallinity. A relationship between the resin temperature near the cavity surface and the
retention imenafdhe wasinretainedhwithin theaneldsis shownidn HGe1(selid line R).:Here, assume that
the crystallinity of the surface of the molded article does not fall within a desired range.  Then, for
suppressmgea decrdase dr resie termperaturenneardbeé Lavity: safacée tocineeease the crystallinity of the
surface of the molded article, the mold temperature is changed to a higher temperature, or a
heat-ins@kifingaayerds férpred 6 thé hidbld SFHen, istine same teanriertdsedestribedlabove, a
relationship between the resin temperature near the cavity surface and the retention time of the resin
retained WithiR the Afotd fs d&fvet to-détefiRine & erystalRfit2 Aetatfrdhip Fetdeh the resin
temperature near the cavity P-2154(NIF-00) 14 surface and the retention time of the resin retained

within theShoid-is SholwHin Fi&. 11E6Hd fifle BT Figke, Asstfethhb fite &N/StaRinit of the surface of

the mold d?%gi%e falls within a desired range. A temperature at which the crystallization rate is
sufficien?ly ast, which is derived from a relationship between the crystallization rate and resin

temperature of the erystalline thermoplastic fesin, is.designated as T1 apd shawn in £1G ;1. The time

during which the resin temperature near the cavity surface is retained at a temperature egqual to at
least Tl isdngreasgd dyghanging:-theimealdtemperatuse ta ahigher tempesature, op forming a
heat-insulating layer on the mold (At2 > Ati). At2 can be employed as the retention time. Namely, if the
retentiorpéimeris At2 0f donget, thesgrystallinity of the: sdrface-ofi theamolded article falls within a desired
range. A threshold of the retention time as to whether or not the crystallinity falls within a desired range
exists betweef At2 andsAtk Seocond:step L a lin the secowd step, atheatinsutating layegavhich allows a
retention time, during which the resin temperature near the cavity surface is retained at a temperature
equal toBtdedstT t§'hesatishied B plated dATHE Mold L The piEtERal, sBapeafid pracement position
and the like of the heat-insulating layer may be determined by any method, but can be determined by,
for exan%p‘ie,%%%ﬁ&ﬁi%b%ﬁ&th%%??ﬁ@%&t%ﬁéﬁ prcEMent PYSition il SHAPE of the st

P-2154(§§£|3P'coa§ng) be selected.

Among crystalline thermoplastic resins, polvarvlene
sulfide resins (especially polyphenylene sulfide resins) are
particularly significantly associated with the problem of
flash and the problem of low crystallinity of the surface of a
molded article. Namely, 1t is difficult to mold a polyarylene
sulfide resin such that the crystallinity of the surface of a
molded article is sufficiently increased when the mold
temperature is set at 100°C or less. However, by using a mold
obtained by the method of the present invention, the
crystallinity of the surface of a mclided article can be
sufficiently increased when the mold temperature is set at

100°C or less even though a polvarylene sulfide resin is used
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15 insulating layer can be derived based on a relationship between the temperature of the resin near
the cavity surface and the retention time, with the relationship being derived through heat conduction
analysis.  Here, heat conduction analysis is p&¥formed by using a mold, in which a heat-insulating
layer is formed on the surface of a cavity, and by using as parameters the specific gravity, the specific

heat, the thermal copdpctivity angd the,thegmal, diffysivity of amaterial.gansfititing. the molg gnd the

crystalline thermoplastic resin.  First, parameters used for performing heat conduction analysis will

be explaingdAs deseribecabove, aheatinsulatng layer is used for suppressingsa reduction in the
temperature of a resin near the cavity surface. Here, for considering transfer of heat of the resin that
has floweddato-a nald zit isonecesgannte corisidelthe dhenmal conduetivityandithethersal capacity of
the heat-insulating layer and the like. Therefore, it is necessary to use as parameters the specific
gravity, Bnéthe thertha? propertiéssuclras the spécifié heat; the thermal ¢oAdUCtRAtG and:the thermal
diffusivity of a material constituting the mold and the crystalline thermoplastic resin. When heat
conductitii’analsis is performed, these parameters are input.  Next, a mold in which a
heat-insulatinngalayer is formed on the cavity surface will be explained. It is necessary to perform heat

conduction anafysis aftePdétfmihing 6w the R at-fsubtingAayerSe Hrovidéd Wit the’mold. This is
e deg@e of El{eat transfer varies d\(le\[/g)e ding on how the heat-insulating
kG Which How th

R2154(PSIAO) 16 becafset t
layer is BPo%ideadS. Howev ?%eedfegree of sp%mﬁ%i?y o e fieatinsu %ﬁﬁél ?ayer is provided

within themeld can be spprarAtel chanaed apgarding fo o reauired dearescdf pesuracy:

Hereinafter, determiha cement, the material and the like o ating layer will be

more specifically gxplained. .  Fxamples include aimaldiip which a heatrinsulating layer is formed on
the entire surface of a cavity, and FIG. 2A shows a schematic view of the cross section of a divided

mold in which-a featinsulatingdayerss formed on dhe eptire-suface-of a:eavity; Byiproyiging a
heat-insulating layer over the cavity, the molded article can be made to have a desired crystallinity at
the entirecsurtacen Bycensering thatthedeatirsutating:layér arid the-mhetalof $he- frratd contact each
other at the parting surface of the divided mold (in FIG. 2A, the heat-insulating layer of the lower-side
mold cohtetsithedmétal 0f ilid appemside mold), iacresin éntering the panting:surfacesofithédnold is
immediately solidified, so that no flash occurs.

temperature is set at T..—100°C or less by using a mold

obtained by the metheod of the present invention.

The problem of flash and the probliem of low crystallinity

of the surface of a molded article become more significant as

the content c¢f a crystalline thermoplastic resin in a resin

composition containing the crystalline thermoplastic resin

increases, but even in this case, the present invention can

sufficiently increase the crystallinity of the surface of the

molded article when the mold temperature is set at T.,-100°C or

less. For example, even 1f a resin composition made of a

crystalline thermoplastic resin is used, the crystallinity of

the surface of a molded article can be sufficlently increased

when the mold temperature is set at T..~100°C or less. A resin

composition containing a crystalline thermoplastic resin, with

other resins, and conventicnally known additives such as an
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If it is determined that heat conduction analysis is performed using a mold as in FIG. 2A, the thickness
Ls of the heat-insulating layer (in a direction perpendicular to a parting surface of the divided mold),
the thickness Lm of the mold in the thickness difdction of the heat-insulating layer and the thickness Lp
of the cavity in the thickness direction R2ZE4(PS1F-069) 17 of the heat-insulating layer will be

determingd. {Thesg.values, are also dnput when heat candustion analysisds performed. The positions of

Ls, Lm and Lp are shown in FIG. 3." In FIG. 2A, the heat-insulating layer is formed on the entire
surface of the-ganitya but the heat-ingigating layermaynhe forpeg-on.afart of the cavity surface as

shown in FIG. 23.  Other examples include a mold in which a metal layer is formed on a
heat-insulating fayer of the moid m whichithe heat-instiatingilayer, isforimed oadhe entire surface of a
cavity, and FIG. 20 shows a schematic view of the cross section of a divided mold in which a metal
layer is foriveteon thelieatddsilating layerce BY formingalnretal dayerokethesheat-insulating layer,
the wear resistance of the cavity surface is improved. Particularly, when an inorganic filler such as
glass fise?s &BleRded, 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 to use a mold as shown in FIG. 20.

=

When a metaFi8eriapre§ént s the entire SUrface Bf the E4Vity =it Belorfestiece®BaRfto increase the
thickness_of %Qe gegi-insglagg?ﬁ%%rd o&the Iljlléﬁ 1g)ecglzlilse %hoerthee}r{ranal E%nduactil\l/ist of the metal layer is
high. Af it is determined that higat conduction an%lyss’ IS performerapu5|ﬁg a mold as shown in FIG.

ig the Mggé Lsof the heatrinsylating i'@i%r,(irhﬁ Sirection perpendicular to a P-2154(F511-469)
Placement of heat-insulating laver

For placement of a heat-insulating layer, first, based on
a relationship between crystallization rate and resin
temperature of a crystalline thermoplastic resin, a
temperature at which the crystalline thermoplastic resin
filled into a mcld has a sufficiently fast crystallization
rate near a mold cavity surface and a retention time during
which the crystalline thermoplastic resin is retained at a
temperature egual to at least a temperature at which the resin
has the sufficiently fast crystallization rate within the mold
are derived such that the derived temperature and the derived
retention time allow the crystallinity of a molded article to
fall within a desired range (first step).

Then, & heat-insulating layver which, when the mold
température is Te.;-100°C or less, allows a time, during which
the temperature near surface of the meld cavity is retained at
no less than the derived temperature, to fulfill the derived
retention time 1s provided on the mold (second step).

Hereinafter, the method for manufacturing a mold according
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parting surface of the divided mold), the thickness Lm of the mold in the thickness direction of the
heat-insulating layer, the thickness Lm of the cavity in the thickness direction of the heat-insulating
layer and the thickness LH/ of the metal layer inlthe thickness direction of the heat-insulating layer will
be determined. These values are input when heat conduction analysis is performed.  Heat

conduction apaly$js ds, perormed Hsingnput conditions such asyparamelers.defermined in the manner

described above. The relationship between the resin temperature near the cavity surface and the
retention fime-isdesived:far eaeh galding cendition while changing molding conditions such as the
resin temperature, the mold temperature and the ejection rate. If the time during which the resin
temperaturesnearithe cavity surface is retained at a temperature equal to at least a temperature at
which the crystallization rate is sufficiently fast is At2 or more, the molded article has a surface having
a desired crystallitity: 16 this way; echedtiinsulatiny klyee thatshaltisfiesia spetific condition can be
determined. heat-insulating layer ~ The heat-insulating layer can be determined in the manner as
describ&d abé e Bitit befareexpiaining a rethcdboPagadlPformirttheiedtiAsiating layer on a
mold, the heat-insulating layer that satisfies a specific condition, and like will be briefly explained. The
heat-ins%?’a’ﬁ?ﬁ%%y&rﬁr%gf@rgﬂ)&/%g therfridt PR2E5 N1 1 167 "RFEGHdUctivity 0f0.3 W/m.K or less
and a thicknessﬂ ﬁoépir%}?r morellf thce heat-insulatingtla er tga satisfie% th%s.e or%cgtions, the time,
during which Fhae fesin is retained i the mold at a. ten%per% tiré at which the resiy Has atast

crysiallizalionraie eagi[pAches A2 of mare. Fyampies ohile paterial having a fiermal

conductivity of 0.3 W/rmIC or less and such a heat resistance that a high temperature during molding

can be endured.include epoxy.nalyimide; polybanzeimidazele, polyimide.and pelyether ether ketone.

As described above, a metal layer can be placed on the heat-insulating layer. As the metal layer, a.
plate of alumminums SAS ©f theilike isspreferpblyuseck Asuaethed for formaipg asmetal layer on a
heat-insulating layer, a conventionally known lamination method or the like can be employed. The
thickness=ofithe ametaklayer depends-oe thetyjpe ofemietal contdined antheymétad tayer, but is
preferably 0.1 mm or less. When a metal plate is used as described above, the thickness of the
heat-institdtingaayersds réquireth teebe iridréasdd s describethabovelandis detto; foréxample, 10

a specific condition is satisfied. For example, the above-
menticned relationship can be derived by the fcollowing method.
From the relationship between crystallization rate and
resin temperature of the crystalline thermoplastic resin, a
temperature at which the resin has a sufficiently fast
crystallization rate. The temperature at which the resin has a
sufficiently fast rate refers to a minimum resin temperature
at which the crystallization rate is faster than 1/1000,
preferably faster than 1/100 of the fastest crystallization
rate. When a relationship between crystallization rate and
resin temperature of the crystalline thermoplastic resin is
unknown, the above-mentioned relationship should be derived by
a conventionally known method.

Derivation of the retention time will now be explained. A

relationship between a retention time during which the

P-2154 (PSTF-069)



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 conventionally known method for forming a plated film, such as a
sputtering method or an ion plating method. Siné& the plated film is very thin, the thickness of the
heat-insulating layer is preferably 60 km or more unlike the case of using a metal plate. 20  The
method dox forming, & beatiinsnialingdayer g.ie nger swince oA mefalportion oL aJmplds not
particularly limited. It is preferable to form a heat-insulating layer on the inner surface of a mold by, for
example;:the followingmrethodng Jhemetheds include gmetheddn whick: asplution-afapolymer
precursor such as a polyimide precursor, which can form a polymer heat-insulating layer, is applied to
the innes sutfate of a netal. pediorafiamold, dieated to:evapofatena selvent; angd=overheated to be
formed into a polymer, whereby a heat-insulating layer such as a poly mide film is formed, a method in
which agaaridmerof-d heat-fesistant pelyer afor egxamplespyromellitic antyelridélandl ty
4,4-diaminodiphenyl ether, are subjected to vapor deposition polymerization, and a method in which a
die, in whiclp & poHicrEedrtesgotiting t8 ¥se cavify siffatelis tade 6fa heat-idtiaing plate, is
prepared, and the die is mounted on a main mold. Alternatively, concerning a plane mold, mention is
made oP4 ARG ifwhitHa poRmér iatTrstidthigfilhP e AtAched 18 @eﬁf%ﬂl&?rﬁon of a mold by
an appropriate ding process or with.an gdhesive tape-like polymer heat-insulating film to form a
bope Bh g a

heat-inst %l‘?’ntg:jalayerlf1 mation o %%rréjartl-?ns'ulating layer may be performed by a method in which a

resin forming g g@gi[-ir{sryéatﬁqc &Xiggnel%g%%dgggsigeed an 9@@9{'91’1@8!“8%?,' Iy&; can be formed on

the hear-insulating layer or the surface of the heat-insulating plate for the purpose of imparting

durabiliggggn%rgggn@%% ok flawing: 21 ne 05 the heat-insulating layer, a ceramic material can also be
used. Since the surface of the ceramic is excellent in wear resistance, it is not necessary to place a

metal layer asrdescripedrabaveion adieatinstiatingilayer=made of ceramisrEenthe cerane, porous
zirconia containing air bubbles therein or silicon dioxide is preferably used. Among them, a

heat-insulatingtayer constitiad byporous zirconiais formeddnainly-of zicconias aidas therefore highly
durable to a pressure applied on the heat-insulating layer during injection molding. Therefore, defects
of the heatiinsulating laydrchused by'the pressurd amhard-toreccur SFhus ¢he auiber of
interruptions of molding in the course of injection molding decreases, so that productivity of
injectiorimbldetbaritibs 8 mprovl: L O THel Fifcofid: istiot ipettidinardy hmitéd randthaybe any of
stabilized zirconia, partially stabilized zirconia_and unstabilized zirconia. The stabilized zirconia is such

that cubEERETat 2rcdnia i kot <tabiedven At FSom températire”ahy 5§ 8xé&élfent it iéchanical

properti%sé I%ucqjaﬁ strgngtehaangidgougchg?g% anguw%%rcrgsg}l@cteflérhg @Dtaétl—il%'b/oséa?"l%eed gi conia refers
to a staté inwhich Fe%ragonaf—cryé?al Ziréonta parﬁy remains even at room témperature, wherein

martensitic. transfermation egeuys from the tetragpnalcrystal.fo.the mengelinic erystal upen reception
of external stress, growth of cracks spread by an action particularly of tensile stress is suppressed,
and toughnessitp bregkage isbighnd henmstahilized. zitconia refersifozircona thakis-nat of

the moclded article does not fall within a desired range.

Then, for suppressing a decrease 1in resin temperature near

the cavity surface to increase the crystallinity of the

surface of the molded article, the mold temperature is changed

to a higher temperature, or a heat-insulating laver is formed

on the mold. Then, in the same manner as described above, a

relationship between the resin temperature near the cavity

surface and the retention time of the resin retained within

the mold is derived to determine a crystallinity. A

relationship between the resin temperature near the cavity
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R-2154(PSTF-069) 22 stabilized by a stabilizer. At least two types selected from stabilized zirconia,
partially stabilized zirconia and unstabilized zirconia may be combined and used.  As a stabilizer
contained in stabilized zirconia and partially staB#ized zirconia, a conventionally known general
stabilizer can be employed. Examples thereof include yttria, ceria and magnesia. The used amount of

the stabilizer is-not.pasticylarly limited, and cap be appropriately: deteppined.according to the intended

use, the material used and the like. = Besides the above-mentioned zirconia and stabilizer,
conventionally knawnsadditivas and theslike:may beifurther.eonfainediwithin the hawnds:of not
impairing the effect of the present invention.  The method for forming a heat-insulating layer using
the abovermentipned rawrmateriats istnot particutaryclimited, i ladsprayingimethot:s pseferably
employed. By employing the spraying method, the thermal conductivity of porous zirconia is easily
adjustedric-a tesired eangeSucingproblem does not occur that air bubbles are excessively formed
within porous zirconia, resulting in a considerable reduction in mechanical strength of the
heat-insulating |\fEF-TRES, WiEfofrhiry d hleat-Ruking layerifiassraying2 fife dtfucture of the
heat-insulating layer becomes suitable for the intended use of the present invention. For example,

formatiofidfa fieatinddiafing fayerbySprafing Tah i cartiel dut i it maRfiBr-Hescribed below.
First, a IL?V\% materi%lI of the he%t-' §u|ati99 layer i% melteg P-21540 1P-O692t23 intoﬁa Il%uid. The liquid
is accelerated to co F&e Céégigns e inner surface of & Iéavifye? Final y??f?eerraw material that has collided

against (e Innex syrace gLihe cavity,and denosjted }ggerggglii(?ﬁg@geggn@bisawgy,sﬁgﬁgy thin

heat-insulating layer is formed on the inner surface of the mold. By further colliding the melted raw

material;onte the very thin heatinsulatingJayenand,selidifying:the same.dbe thickness.of the
heat-insulating layer can be adjusted. As a method for solidifying the raw material, conventionally

known cogling sreans may heddseds oF #he iave material rmayperperely:left-standing ta be solidified.
The spraying method is not particularly limited, and a preferred method can be appropriately selected
from conwsrttiondlly keownomethodds suchcas:argispraying, plasmatspraying andeflame spraying.

higher temperature or forming a heat-insulating layer on the

mold (At, > Aty). At; can be employed as the retention time.

Namely, if the retention time is At; or longer, the

crystallinity of the suriace of the molded article falls

within a desired range. A threshold of the retention time as

te whether or not the crystallinity falls within a desired

range exists between At: and At;.

Second step

In the second step, a heat-insulating laver, which allows

a retention time, during which the resin temperature near the

cavity surface is retained at a temperature equal to at least

T:, to be satisfied is placed on the mold. The material, shape

and placement position and the like of the heat-insulating

laver may be determined by any method, but can be determined

by, for example, the following method.

The material, placement positicon and shape of the heat-
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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 bé produced by adjusting a condition for depositing a
melted raw material on the inner surface of the mold. EXAMPLES  Hereinafter, the present

invention yill pe.explained in further getailhased,on Examples; however, the pregent invention is not

to be limited by these Examples. Example 1 In Example 1, the following materials were used. P-2154

(PSI-0e@):éen Erystalline sesinipaelypherylene sulfidetesin (PRS resin)«{7FOQRIRQN 1140A64
(T02: 225C) manufactured by Polyplastics Co., Ltd.) A relationship between the crystallization rate
(Log K @nreptesents aqate)pand the resin temperaturel (£) 0f tke apovre-mentivaedwsystalline resin is
shown in FIG. 4. A temperature at which the crystallization rate is sufficiently fast is set to be 150C or
higher. Atdesirgd cnystallinity Wastsetto be8096.1seat-insulating layer: a polyimide resin (polyimide
resin varnish (manufactured by Fine Chemical Japan Co., Ltd.) having a thermal conductivity of 0.2
W/m.K was sprayéd, armf baked di256CToran hoark Tolicved by polisiing thé! péRfnide surface.)
Method for measurement of Tc2: using a differential scanning calorimeter (DSC 7 manufactured by

PerkinEffieFinc)? athefopladtifesim wab d&tived-av$40C for? RiifiiteS Untief a nitrogen

atmospg%re gheeregip temperature w%sdtlljen lowered ata r%}%ﬁ 1,OC/rSnir]Cng, asnd a femperature
correspon&ing %S an ‘exotiierhic %@af(l was readFrom an obtained DSEchart and’ 8e3|gﬁated as Tc2.

A mold gs.showp in FiG- 3 yias; used. gl was 10.mi, Lpwas Q.4 mi.and;ls, wag 9.6, mm.

thermal diffusivity of a material constituting the mold and
the crystalline thermoplastic resin.

First, parameters used for performing heat conduction
analysis will be explained. 2As described above, a heat-
insulating layer is used for suppressing 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 moid, it is necessary to consider the thermal conductivity
and the thermal capacity of the heat-insulating layer and the
like. Therefore, 1t is 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 & material constituting the meid and the
crystalline thermoplastic resin. When heat conduction analysis
is performed, these parameters are input.

Next, a mold in which a heat-insulating layer i1s formed on
the cavity surface will be explained. It is necessary to
perform heat conduction analysis after determining how the

heat~insulating layer is provided within the mold. This is

P-2154 (PSTF-069)



The specific gravity, the specific heat, the thermal conductivity and the thermal diffusivity of a material
constituting the mold and the crystalline resin were as follows. The thermal conductivity was calculated
by measuring the thermal diffusivity by a laser fls&h method. The specific P-215414PSTF-069) 25
gravity was measured by an Archimedes method, and the specific heat was measured by DSC. [Table

1] Speific.gravity (kg /m3),ppecifie hgat (J/kgs K) Lhermal conductiity (MM K)) o
the heat-insulating laver is provided. However, the degree of
specificity to which how the heat-insulating laver is provided
within the mold can be appropriately changed according toc a
required degree oI accuracy.

Hereinafter, determination of placement, the material and
the like of the heat-insulating layver 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. ZA shows
a schematic view of the cross section of a divided mold in
wnich a heat-insulating layer is formed on the entire surface
of a cavity. By providing a heat-insulating layer over the
cavity, the molded article can be made tTc have a desired
crystallinity at the entire surface. By ensuring that the
heat-insulating laver and the metal of the mold contact each
other at the parting surface of the divided mold {(in FIG. ZA,
the heat-insulating layer of the lower~side moid contacts the
metal of the upper-side molid), a resin entering the parting
surface of the mold ig immediately solidified, so that no
flash occurs.

If it is determined that heat conduction analysis is
performed using a mold as in FIG. 2A, the thickness Lg of the
heat-insulating laver (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 laver

and the thickness Ly of the cavity in the thickness direction
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Thermal diffusivity (m2 .s) Metal material of mold 7800 461 3 3.1 9.21 X10 -6 Polyimide

17

of the heat-insulating layer will be determined. These values
are alsoc input when heat conduction analysis 1is performed. The
positions of Lg, Ly and Lp are shown in FIG. 3.

In FIG. Z2A, the heat-insulating layer 1s 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.
2B.

Other examples include 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. 2C shows a schematic view of the cross
section of a divided meld in which a metal layer is formed on
the heat-insulating layer.

By forming a metal layer on the heat-insulating layer, the
wear reslstance of the cavity surface is improved.
Particularly, when an inorganic filler such as glass fibers is
blended, the cavity surface is easlily worn. Therefore, when a
resin composition in which glass fibers or the like are
blended is used, 1t 1s preferable to use a mold as shown in
FIG. 2C.

When a metal layer is present on the entire surface of the
cavity, 1t becomes necessary to 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. 2C, the thickness Lg of

the heat-insulating layer (in a direction perpendicular to a
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1270 1130 0.22 1.53 X10 - 7 PPS resin 1500 14 80 0.27 1.2 2 X10 -7 Therm 1 (one-dimensional
heat conduction analysis software) was used to derive a relationship between the temperature of the
resin at a depth of 7 pm from the cavity surface Hhd the retention time of the resin within the mold
under the condition of mold temperature shown in Table 2.  Also, measurement of the crystallinity

under egch molding, copditionwas perfarmed. Measyrgment of the, grygiallinitywas performed for each
of the side on which a heat-insulating layer was formed and the side on which no heat-insulating layer
was formeddThe residtsdfor the.erystallinity are glso,shewe imZablei2, {Tablei2ly 1aver,

the thickness Ly 0f the cavity in the thickness direction of

the heat-insulating layer and the thickness Ly of the metal

layer in the thickness directicn of the heat-insulating layver

will be determined. These values are input when heat

conduction analysis is performed.

Heat conduction analysis 1s performed using input
conditicns such as parameters determined in the manner
described above. The relationship between the resin
temperature near the cavity surface and the retention time is
derived for each moliding condition while changing molding
conditions such as the resin temperature, the mold temperature
and the ejection rate. If the time during which the resin
temperature near the cavity surface is retained at a
temperature equal to at least a temperature at which the
crystallization rate is sufficiently fast is At; or more, the
molded article has a surface having a desired crystallinity.
In this way, a heat-insulating layer that satisfies a specific
condition can be determined.
heat-insulating laver

The heat-insulating layer can be determined in the manner
as described above, but before explaining a method of actually
forming the heat-insulating laver on a mold, the heat-
insulating layer that satisfies a specific condition, and like
will be briefly explained.

The heat-insulating layer preferably has a thermal
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Mold temperature (CC) Crystany(*V0) Side onhich heat-insulating layer is formed Side on which
noheat-insulatinglayer is lorrM 140 38.9 33.9 100 31.4 15.1 80
19

conductivity of 0.3 W/mK or less and a thickness of 60 pm or
more. If the heat-insulating layer that satisfies these
conditions, the time, during which the resin is retained in
the mold at a temperature at which the resin has a fast
crystallization rate easily reaches At:; or more.

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

As described above, a metal layer can be placed on the
heat-insulating layer. As the metal layer, a plate of
atuminum, SUS or the like is preferably used. As a method for
forming a metal laver 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, the
thickness of the heat-insulating layer is required to be
increased as described above, and is 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 laver using a conventionally known method for
forming a plated film, such as & sputtering method or an ilon
plating method. Since the plated film is very thin, the
thickness of the heat-insulating layer is preferably 60 um or

more unlike the case of using a metal plate.
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21.%3 60 14.4 40 10.4 0 * - indicates that no measurementwas performed.  The time during which
the resin temperature was retained at 150C or higher is shown for the mold temperature of 140C,
100C and 80C. From the results in Tables 2 and®, it has P-2154(PS1F-069)

The method for forming a heat-insulating layer on the
inner surface of a metal pertion 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 methed in which a solution of a
polymer precursor such as a polyimide precursor, which can
form a polymer hest-insulating layer, is applied to the inner
surface of a metal portion cof a mold, heated toc evapocrate a
solvent, and overheated to be formed into a polymer, whereby a
heat~insulating layer such as a polyimide film is formed, a
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 die, in which a portion corresponding to the cavity
surface is made of a heat-insulating plate, is prepared, and
the die is mounted on a main mold. Alternatively, concerning a
plane mold, 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 heat-insulating film to form a heat-
insulating layer. Formation of a heat-insulating layer may be
performed by a method in which a resin forming a heat-
insulating layer is electro-deposited on a meld. A metal layer
can be formed on the heat-insulating layer or the surface of
the heat-insulating plate for the purpose of imparting

durability for prevention of flawing.
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26 been confirmed that even when the condition of mold temperaturé is'set at 100C or less, a retention
time during which the crystallinity can be adjusted to 30% or more is 0.1 seconds. It has been
confirmed that if a heat-insulating layer set throlddh heat conduction analysis is provided on a mold, the
crystallinity of the surface of a molded article can be adjusted to fall within a desired range even when

the condition gf pold temperaturg is setat, 100G, [Lable 3] Mold femnetaturs ) Presencelabsence of

heat-insulating layer Time (seconds) during which resin was retained at 150C or higher 140 Absent
0.19140c used. Since the surface of the ceramic is excellent in wear

resistance, 1t 1s not necessary to place a metal layer as
described above on a heat-insulating layer made of ceramic.
For the ceramic, porous zirconia containing air bubbles
therein or silicon dioxide is preferably used. Among them, a
heat-insulating layer constituted by porous zirconia is formed
mainly of zirconla, and is therefore highly durable to a
pressure applied on the heat-insulating layer during injection
molding. Therefore, defects of the heat-insulating layer
causzsed by the pressure are hard to occur. Thus, the number of
interruptions of molding in the course of injection molding
decreases, so that productivity of injection-melded 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 zircenia 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 monoclinic crystal upon reception of external stress,
growth of cracks spread by an action particularly of tensile
stress is suppressed, and toughness to breakage is high. The

unstabililized zirconia refers to zirconia that i1s not

P-2154 (PSTF-069)



Present 0.36 100 Present 0.11 80 Present 0.07 Example 2 A relationship between the temperature
of the resin at a depth of 7 p.m from the cavity surface and the retention time of the resin within the
mold was derived in the same manner as in Exaliple 1 except that the material of the heat-insulating
layer was changed from polyimide to silicon dioxide (ceramic 1) and L, = 2.5 mm or 5 mm. The time

during which,the;resin {emperaturg was, efaineghat 150G ot higher, and the Grystalinity. g the side on

which the heat-insulating layer was formed under each molding condition are shown in Table 4.
Molding conditionsder the derived rejationak expressigp are sugh thatthe moldigmperature is 100C

and the thickness of
unstabilized zirconia may be combined and used.

As a stabilizer contained in stabilized zirconia and
partially stabilized zirconia, a conventionally known general
stabilizer can be employed. Examples theresof include yttria,
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,
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 layver 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
zirconia, resulting in a considerable reduction in mechanical
strength of the heat-insulating layer. Thus, by forming a
heat-insulating lavyer by spraying, the structure of the heat-
insulating laver becomes suitable for the intended use of the
present invention.

For example, formation of a heat-insulating layer by
spraving can be carried out in the manner described below.

First, a raw material of the heat-insulating layer 1s melted
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the heat-insulating layer (ceramic 1) is 2.5 mm; and the mold R-21544PSIF-0619) 27 temperature is
100C and the thickness of the heat-insulating layer (ceramic 1) is 5 mm.  The specific gravity, the
specific heat, the thermal conductivity and the th8rmal diffusivity of ceramic 1 were as follows. The
thermal conductivity was calculated by measuring the thermal diffusivity by a laser flash method. The

specific gravity was mepsured by an Archimedes methad..and.the secific; heat was measured by
DSC. Specific gravity: 2520 (kg/m:3) Specific heat: 790 (J/(kg.K)) Thermal conductivity: 1.46 (W/ (m-K)

) Thermaldiffusivity: 533 x5kQ:7 {m2:3) I able 4] Mold tamperatyre Thigkness0fi a1 that

has ceollided against the inner surface of the cavity and
deposited therecn is solidified. In this way, a very thin
heat-insulating layer is formed on the inner surface of the
mold. By further colliding the melted raw material onto the
very thin heat-insulating layver and solidifying the same, the
thickness of the heat-insulating laver can be adjusted. BAs a
method for solidifying the raw material, conventionally known
coeling means may be used, or the raw material may be merely
left standing to be sclidified. The spraving method is not
pvarticularly limited, and a preferred method can be
appropriately selected from conventionally known methods such
as arc spraying, plasma spraying and flame spraying.

The heat-insulating laver having a multilavered structure
can be produced by adjusting production conditions for the
heat-insulating layer. For example, when the heat-insulating
layer is formed by the sprayving method, the heat-insulating
layer can be produced by adijusting 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.
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heat-insulating layer Time (seconds) during which resin Cfrystallinity (%) (side on which heat-insulating
(t) ( m m) was retained at 150C or higher layer is formed) 100 2.5 0.25 31.8 100
24

Crystalline resin: polyphenylene sulfide resin {PPS resin)
(“FORTRON 1140A64 (T.;: 225°C) manufactured by Polyplastics
Ce., Ltd.)

A relationship between the crystallization rate {Log K (K
represents a rate)) and the resin temperature (°C) of the
above-mentioned crystalline resin is shown in FIG. 4. A
temperature at which the crystallization rate is sufficiently
fast is set to be 150°C or higher. A desired crystallinity was
set To be 30%. heat-insulating laver: a polyimide resin
{polvimide resin varnish (manufactured by Fine Chemical Japan
Co., Ltd.) having a thermal conductivity of 0.2 W/ mK was

sprayved, and baked at 250°C for an hour, followed by polishing

the polyimide surface.)

Method for measurement of T.:: using a differential
scanning calorimeter (DSC 7 manufactured by PerkinElmer Inc.),
a thermoplastic resin was retained at 340°C for 2 minutes under
a nitrogen atmosphere, the resin temperature was then lowered
at a rate of 10°C/minute, and a temperature corresponding to an
exothermic peak was read from an obtained DSC chart and
designated as Tez.

A mold as shown in FIG. 5 was used. Ly was 10 mm, Lp was
0.7 mm, and Ls was 0.0% mm.

The specific gravity, the specific heat, the thermal
conductivity and fhe thermal diffusivity of a material
constituting the mcld and the crystalline resin were as
follows. The thermal ccnductivity was calculated by measuring

the thermal diffusivity by a laser flash method. The specific
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50.2532.2 Example 3  From Examples described above, it has been confirmed that by ensuring
that a resin which flowed into a mold is retained at 150C or higher for 0.1 seconds or more, the
crystallinity can be adjusted to 30% or more. 2 Example 3, Therm 1 (one-dimensional heat
conduction analysis software) was used to derive the thickness of a heat-insulating layer, which allows
a resin, which has flowed intg a mold.to.be retained atd50G.orhigher.for 0id,seconds; gr;more when
the heat-insulating layer is changed to a porous zirconia layer (ceramic 2) obtained by spraying
zirconiar, E9¢ 1):24546l:9n-469) 128 thegmold, a mold as shown in FIG. 5 was contemplated as in
Example 1. Namely, 41 = 10 mm and Lp = 0.7 mm. For the specific gravity, the specific heat, the
thermal comduetivity and the thermal diffusivity of a material constituting the mold and the resin, values
shown in_Tahle 5 were used. [Tahle 5]

Specific gravity Specific heat Thermal conductivity|Thermal diffusivity

(kg /m?) (J/(kg - K}) (W/(m - K)) (m? - s)
Metal material of mold 7800 461 33. 1 9. 21 X110 "°°
Polyimide 1270 1130 0. 22 1. 53 X107
P28 resin 1500 1480 0. 27 1. 22 %1077

Therm 1 (one-dimensional heat conduction analysis
software) was used to derive a 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 the condition cof mold temperature shown in Table 2.

Also, measurement of the crystallinity under each molding
condition was perfcrmed. Measurement of the crystallinity was
performed for each of the side on which a heat-insulating
layer was formed and the side on which no heat-insulating
laver was formed. The results for the crystallinity are also

shown 1in Table 2.

[ Table 2]
Meold temi:erature Crystallinity (%)

C) §ide on which hest-insulating layer is fovmed 1Side on which no heab-insulabing layer is fovped
140 38. 9 33. 9

100 31. 4 15. 1

80 21. 8 -

60 14, 4 -

40 10. 4 Y

* - indieates that no measurement was performed.

The time during which the resin temperature was retained
at 150°C or higher is shown for the mold temperature of 140°C,
100°C and 80°C. TFrom the results in Tables 2 and 3, it has
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Specific gravity (k g/na3) Specific heat (J/(k g K)) Thermal conductivity (W/(m E'K))vThermaI diffusivity
(rn 9 s) Metal material of mold 7800 461 3 3
26

been confirmed that even when the condition of meold
temperature ig set at 100°C or less, a retention time during
which the crystallinity can be adjusted to 30% or more is 0.1
seconds.

It has been confirmed that if a heat-insulating layer set
through heat conduction analysis is provided on a mold, the
crystallinity of the surface of a molded article can be
adjusted fto fall within a desired range even when the

condition of mold temperature is set at 100°C.

[ Table 3]
Mold temperature Presence/absence of Time ({seconds) during whiach resin
(Y heat-insulating layer was retained at 150°C or higher
140 Absent 0. 19
140 Present 0. 36
100 Present 0. 11
80 Present 0. 07

Example 2

L relaticonship 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 mcld was derived in the same manner as in
Example 1 except that the material of the heat-insulating
layer was changed from polyimide to silicon dioxide (ceramic
1) and Ly = 2.5 mm or 5 mm. The time during which the resin
temperature was retained at 150°C or higher, and the
crystallinity at the side on which the heat-insulating layer
was formed under each melding condition are shown in Table 4.
Molding conditiong for the derived relational expression are

such that the mold temperature is 100° and the thickness of

the heat-insulating layer (ceramic 1) is 2.5 mm; and the mold
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.19.21 X 10-6 Zirconia layer 5860 465 0.96 3.5 2 X1 0 -7 PPS resin

27

temperature is 100°C and the thickness of the heat-insulating
layver (ceramic 1) is 5 mm.

The specific gravity, the specific heat, the thermal
conductivity and the thermal diffusivity of ceramic 1 were as
follows. 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.

Specific gravity: 2520 (kg/m’)

Specific heat: 790 (J/(kgK))

Thermal conductivity: 1.46 (W/ (mK))

Thermal diffusivity: 7.33 x 1077 (m%s)

[ Table 4]
Thickness of . , , ; Crystallinity (%)
Mold terperature heat-insulating layer Time (seconds) during which resin {side on which hest-insulaking
; ]y ;
() {mm) was retained at 150°C or higher Layer is formed)
100 2. 5 0. 235 31. 8
100 5 0. 25 32, 2
Example 3

From Examples described above, it has been confirmed that
by ensuring that a resin which flcowed into a mold is retained
at 150°C or higher for 0.1 seconds or more, the crystallinity
can be adjusted to 30% or more.

In Example 3, Therm ! (one-dimensional heat conduction
analysis scftware) was used to derive the thickness of a heat-
insulating layer, which allows a resin, which has flowed into
a mold, to be retained at 150°C or higher for 0.1 seconds or
more when the heat-insulating layer is chanced to a porous

zirconia layer (ceramic 2) obtained by spraving zirconia. For
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1500 14800.271.22X10-7 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 and the retention time of the resin withir2& mold was derived as in Example 1 for each
thickness with the thickness of the heat-insulating layer being changed, and resultantly it was
estimated that by setting the fhickness of the heatinsulating layer at 109 pm. dhe fesip which flowed
into the mold would be retained at 150C or higher for 0.1 seconds or more (estimated result: 0.49
seconds)under conditionafanold tgmperature:8@Gq Then-aimald-as, shewn in kiG. 5 with Lm = 10
mm, Lp = 0.7 mm and Ls = 500 um was actually prepared. The method for forming a heat-insulating
layer wikkbeslescribed fater. v, Amaolded article wassprepated wndemthe conditionof maleg
temperature: 80C using the prepared mold, and the crystallinity at the side on which the
heat-insttatingHayehwas formedhiras nveasured. Results=for erystallimtyidretshoyn:he

mold and the resin, wvalues shown in Table 5 were used.

[ Table 5]
Specific gravity Specific heat Thermal conductivityiThermal diffusivity
(k g/m?) {(J/(kg-K)) (W/(m » KJ)} {m? -+ s)
Metal material of mold 7800 46 1 33. 1 9. 21xXx10°°
Zirconia layer 5860 465 0. 986 3. 52x10°7
PPS resin 1500 14890 0. 27 1. 22x10°7

Using Therm 1 (one-dimensional heat conduction analysis
software), the relaticnship between the temperature of a resin
at a depth of 7 um from the cavity surface and the retenticn
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 1t 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 150°C
or higher for 0.1 seconds or more (estimated result: (.49
seconds) under condition of mold temperature: 80°C. Then, a
mold as shown in FIG. 5 with Ly = 10 mm, Lp = 0.7 mm and Lg =
500 um was actually prepared. The method for forming a heat-
insulating layer will be described later.

A molded article was prepared under the condition of mcld
temperature: 80°C using the prepared meld, and the
crystallinity at the side on which the heat-insulating layer

was formed was measured. Results for crystallinity are shown

P-2154 (PSTF-069)



P-2154(TS1140) 29 in Table 6. [Table 6] Mold temperature (t) Thickness of heat-insulating layer ( P.
In) Crystallinity (%) (side on which heat-insulating layer is formed) 80

29
in Table 6.
{ Table 6]
Thickness of Crystallinity (%)
Mold temperabture heat-insulating layer |{side on vwhich haat-insulating
{°C) {gm) layer is formed}
30 500 30. 9

The thickness of the heat-insulating layer which allows
the resin to be retained at 150°C or higher for 0.1 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, mold temperature: 80°C), a
molded article having a desired crystallinity can be obtained.
Formation of heat-insulating layer

A raw material constituted mainly by zirconia was spraved
onto the inner surface of the mold by a spraying method. The
surface ¢f the heat-insulating layer was adjusted so as to
have an increased density, and a heat-insulating layer having
a multilayered structure was formed on the inner surface of
the meld. Spraying was continued until the heat-insulating
layer had a thickness of 500 um.

As a result of actually performing measurement, the
specific gravity, the specific heat, the thermal conductivity
and the thermal diffusivity of a material constituting the
mold and the crystalline resin were as shown in Table 5. The
thermal conductivity of the zirconia heat-insulating layer was
calculated by measuring the thermal diffusivity by a laser

flash mathod, measuring the specifiz heat by DSC, measuring
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500 30.9 The thickness of the heat-insulating layer which allows the resin to be retained at 15000
or higher for 0.1 seconds or more is determined through heat conduction analysis, and a
heat-insulating layer having the determined thickfess 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 exag}pée,ggglgitgg}pg&%@:&@@xayﬂggg@ﬁtigg h@g'g\ge%ggﬁi qicg{ggallg)q}grcan be obtained.

Formation of heat-insulating layer raw material constituted mainly by zirconia was sprayed onto

the inney; suface of the-mpld\By aspraying spethod - 1he sutface ef thezheatsipsulating layer was
adjusted so as to have an increased density, and a heat-insulating layer having a multilayered

structurgiavas fosmed oibetinaer, surfacefefl the wield. Spraying:was eontfued batiibe heat-insulating
layer had a thickness of 500 pm.  As a result of actually performing measurement, the specific
gravity, thenspedificrheat, the thenmahednduciivity andttlye therpvat diffusivityaof asmaterial constituting
the mold and the crystalline resin were as shown in Table 5. The thermal conductivity of the zircon a
heat-instiftinglayerdiwas eaiculated by measuring the thermal diffusivity by a laser flash method,

measuring the specific heat by DSC, measuring R-21544PSIE469) 30 the specific gravity by a
method of colletfing A gasdverwater tcontérming to 9FS ZBB0 7 Shlia Spetiic-GravityMEasurement

Method), and following.the equation, of [thermal conducti\%t ffusjvity x specific heat x

- [th | di
B 2 B o SRS 1Sl IR (Bor gL i ored

structure was, determined by determining the thermal conductivity of .each. of the low-density layer and
the high et 2y or e AR LauNy ealciratan toing e Cauaton S TL ORI s EAgk] where

the thermal, conductiyity of the lpydensitylayeris ki, the thermal conductivity, of the high-density layer

is kh and the ratio of the thickness of the low-density layer to the thickness of the entire heat-insulating

layer is & 2Frogn Examples ? and 3, jyhas heen confirmed that if,a heatinsylating jayer (ceramic) set

through heat conduction analysis is provided on a mold, the crystallinity of the surface of a molded
article canheuvade e {albwithina desiregrange.evenwhen the.conditien efimeld temperature is set

at 100C.
conductivity of the high-density layer is Ah and the ratio of
the thickness of the low-density layver to the thickness of the
entire heat-insulating layer is t.

From Examples 2 and 3, 1t has been confirmed that if a
heat-insulating layer (ceramic) set through heat conduction
analysis is provided on a mold, the crystallinity of the
surface of a molded articie can be made to fall within a

desired range even when the ccnditicon of mold temperature is

set at 100°C.
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31 CLAIMS 1. A method for manufacturing a mold for molding a molded article made of a resin
composition comprising a crystalline thermoplastic resin, the method comprising:  deriving, based
on a relationship between crystallization rate anétresin temperature of a crystalline thermoplastic resin,
a temperature at which the crystalline thermoplastic resin filled into a mold has a sufficiently fast
crystallization rate near a mold cavity surface and,asgtention time during which the crystalline
thermoplastic resin in the mold is retained at a temperature equal to at least at a temperature at which
the resin has a sufficiently fast crystallization rate, such that the derived temperature and the derived
retention time allow said molded article to have a surface whose crystallinity falls within a desired
range, and Aprovidingl a heat-irsulating:tayenwhichpahen fmeldieimperatuse is5T@G2-100C or less,
allows a time, during which temperature near surface of the mold cavity is retained at no less than the
derived terhpefature; ¢e fulfill said<erived vatention tine. c21Hre misthod foramanafacturing a mold
according to Claim 1, wherein said mold temperature is 100C or less;  and when said crystalline
thermoplasticesirizta polyariene stifidebhaled resiipP B3PS 1ng4did temperature near the cavity
surface is 150C or higher; and said retention time is 0.1 seconds or longer. 3. The method for

3 . g 1ne
manufacturinG' & mE el difg to Blaifs f bf 5 M et Rompriehy dériiig & remfidhsMip between

said temrperature near the cavit surfatce and %aid retention iine by peat conduction analysis, and
rate ap Fe?ln te%ﬁer% ure 8 a crysba 1ne ?%rmODmastlc .
determining material, placementposition and shape of Said heat-insulating fayer based on said

relationshin  hereihsaid beatoanducion analysis p periormed by alng aJnglddiaying a cavity on

the surface of which a heat-insulating layer is formed, and by using as parameters specific gravity,
specific heat, thermal.condyctivity and thermal diffusivity of materjalconstituting said mold and of said

crystalline thermoplastic resin.
crystallization rate near a mold cavity surface and a
retention time during which the crystalline thermoplastic
resin in the mold is retained at a temperature egual to at
least at a temperature at which the resin has a sufficiently
fast crystallization rate, such that the derived temperature
and the derived retention time allow sald molded article tTo
have a surface whose crystallinity falls within a desired
range, and

providing a heat-insuleting layer which, when mcld

temperature 1s Te~100°C or less, allows a time, during which
temperature near surface of the mold cavity is retained at no

less than the derived temperature, to fulfill said derived

retention time.

2. The method for manufacturing a molid according to Claim 1,
wherein said mold temperature is 100°C or less;
and when said crystalline thermoplastic resin is a

polyarylene sulfide-based resin,
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4. The method for manufacturing a mold according to any one of Claims 1 to 3, wherein said
heat-insulating layer has a thermal conductivity of 0.3 W/m.K or less and a thickness of 60 pm or
greater. 5. The method for manufacturing a mol according to any one of Claims 1 to 4, wherein said
heat-insulating layer comprises at least one resin selected from polybenzoimidazole, polyimide, and

polyether ether ketone,, 33 6. The method formanufacturing a-mold accarding to any one of Claims 1

to 5, wherein said heat-insulating layer has a metal layer on the surface thereof. 7. The method for
manufagtugng a.mold according to any one of Claims 1 to 6, wherein said heat-insulating layer
comprises a ceramic. 8. The method for manufacturing a mold according to Claim 7, wherein said
ceramic is silieeri dioxide. -@.rEiemethad fer manufactusing enmeld-acaasding:to Claim 7, wherein said
ceramic is constituted by porous zirconia. 10. The method for manufacturing a mold according to any
one of Claims 1 to 9, wherein said mold temperature is Ti or less. 11. A molded article of a
polyarylene sulfide-based resin having a crystallinity of 30% or more, the molded article being obtained
using a fold prepared by thd aiethiod aéeorditigiPany Brd 8f Efimsdinslde Claims 1

or 2, further comprising deriving a relationship between said
temperature near the cavity surface and said retention time by
heat conducticn analysis, and determining materizl, placement
position and shape of sald heat-insulating laver based on said
relationship,

wherein said heat conduction analysis is performed by
using a mold having a cavity on the surface of which a heat-
insulating layer 1is fcormed, and by using as parameters
spacific gravity, specific heat, thermal conductivity and
thermal diffusivity of material constituting said mold and of

gsald crystalline thermoplastic resin.

4, The method for manufacturing a mold according ftc any one
of Claims 1 to 3, wherein said heat-insulating layer has a
thermal conductivity of 0.3 W/m-X or less and a thickness of

60 um or greater.

5. The method for manufacturing a mold according to any one
of Claims 1 to 4, wherein saild heat-insulating laver comprises
at least one resin selected from polybenzoimidazole,

polyimide, and polyether ether ketone.
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33

6. The method fcor manufacturing a mold according te any one
of Claims 1 to 5, wherein said heat-insulating lavyer has a

metal layer on the surface thereof.

7. The method for manufacturing a mold according to any one
of Claims 1 to 6, wherein said heat-insulating layer comprises

a ceramic.

8. The method for manufacturing a mold according te Claim 7,

wherein saild ceramic 1s silicon dioxide.

9. The method for manufacturing a meld according to Claim 7,

wherein gaid ceramic 1s constituted by porcous zirconia.

10. The method for manufacturing a mcld according to any one

of Claims 1 to 9, wherein said mold temperature is T.1 or less.

11. A molded article of a polvarylene sulfide~based resin
having a crystallinity of 30% or more, the molded article
being obtained using a mold prepared by the method according

to any one of Claims 1 te 10.
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