1 METHOD FOR MANUFACTURING AN INJECTION-MOLDED ARTICLE TECHNICAL FIELD  The
present invention relates to a method for manufactyring an injection-molded article in which a
polyarylene sulfide resin composition is injection-molded. BACKGROUND ART  Polyarylene sulfide
(hereinafter abbreviated as "PAS") resin, represented by polyphenylene sulfide (hereinafter
abbreviated as MPRE)LesinRisBREEHEAITIATEHE rédistahdé; IheChaiCalropédigs Cchemical
resistance, dimensional stability, and flame resistance. Therefore, the PAS resin has been widely used
as a material for parts of electrical or electronic devices, a material for parts of vehicle devices, a
material for parts of chemical devices, etc.bin articular for applications under high temperatures in
usage environment.  However, the PASHES %bit%%&gw crystallization speed and a high glass
transition temperature; therefore, the crystalline structure is likely to be locally nonuniform. For this
reason, the surface of moided jaﬂ?é?éls f’éciﬁl(eE/etoabeerS]on“uonif“?)rrrﬁl i terms of appearance as well as

structure, . It ;@é@ﬁ&%{%e g%c%sg?g?% gﬁd_q{ ng gggtig%%gi@apgf%g rghmglded-articles stably

using the PAS resin as a‘raw material, that mold temperature is set at no less than 140C to promote
crystallizgﬁ@ =Howeyver, in this gase,dbe highermald temperature,leads 1@ a Rroblenyin that the
amount 2 of flash generated at parting surfaces of molds etc. becomes large. ~ On the other hand,
when molding is performed at lower mold temperatures (e.g., 10000 or less), laborious procedures can
be eliminated since temperature control can be performed using water rather than oil. Furthermore, the
amount of flash generated can be reducedAdaweaver sinsBThe molding under lower temperature
condition does not promote crystallization at the surface of molded-articles, problems such as bad
ejection of the Mdlded-aktcies fromtthéemobltefeasont insuffichemssurfacethardness) SSurface
roughness change and dimensional change (or warpage) under certain environment temperature
(reason: Shfihkage BREEFBILIFG: éﬂaffé?-igsmﬂﬁagé)%uﬁuif ide (hereinafter

abbreviated ag “PPS”) resin, 1s excellent in heat resistance,
mechanical properties, chemical resistance, dimensional
stability, and flame resistance. Therefore, the PAS resin has

been widely used as a material for parts of electrical or

[

electronic devices, a material for parts of vehicle devices, a
material for parts of chemical devices, etc., in particular
for applications under high temperatures in usage environment.
However, the PAS resin exhibits a siow crystallization
speed and a high glass transition temperature; therefore, the
crystalline structure is likely to be locally nonuniform. For

this reason, the surface of molded articles is likely tc¢ be

nenuniform in terms of appearance as well as structure.

It is therefore necessary, in crder to continuocusly
manufacture mclded-articlies stably using the PAS resin as a
raw material, that mold temperature i1s set at nc less than

140°C to promote crystallization. However, in this case, th

[tg

higher mold temperature leads to a preblem in that the amount



Methods for compounding venous crystallization promoters or plasticizers for the purpose of
eliminating the problems described above by increasing crystallization speed are publicly known. For
example, a method for adding an oligomer ester (Patent Document 1), a method for adding a thioether
(Patent Document 2), a method for adding a carboxylic acid ester (Patent Document 3), a method for
adding a Certaift PhoSRSTCEster PatBAt DOBIMERST A BCY, &8 &t publicly KnoWPE Tt is said that
the method for adding a certain phosphoric ester described in Patent Documents 4, 5, etc. is highly
effective 'ﬁﬁ%ﬁfoular. A method for adding a polyphenylene ether resin (polyphenylene oxide resin)
and a certain phosphorus compound.in order to improve surface of molded articles, properties, or
flame resistanccz%1 isg&?blf%}ty Rhowi fhdthewr%%faelﬂé;rﬁ&%% formed 6:f%§) F‘Aéns":izrcfFI cgmpﬁgﬁigﬁ c%cﬁi{alning the
PAS resi e(‘_I[?Baetéerl_itth:ceume(nt 6 etc.%. c[lé’atent eocggwerita J%p%qlesse Lgneﬁ%{‘nipgg Patgnt
Application, ugllca%ion%\lo.esgz-% Qz? [Fg):ftent Documen f] Jlapane}ge Unexamined Patent
Applicatigg, P%Iic&gjggﬁl\éo.sswéza 849 er[a%%rét Dg%qur}%qt 3] .Japg{gesee ?L,Jpg%(ranrenci{'n%d Eraltdent
Application, Bublication No. S62-230848 ﬁj'atent Document 4]53%paﬁe§)e Unexamined Patent

Appiication. PUDIisaio NG, HO1-225660,, . [Raten Dcument o] Japanese Uexained Paten

Application, Publication No. 5945~ TPatent Ddcument apanese Unexamined Patent

Applicatign, Ryblication N0 21 0/:14pa10 DIRGLQRYURE QFTHEINVENTAN, Problems to be Solved

by the Invention

lower temperature condition does not promote crvstallization
at the surface of molded-articles, problems such as bad
ejection of the meided-articles from the mold (reason:
insufficient surface hardness), surface xouéhness change and
dimensional change (or warpage) under certain environment
temperature (reason: shrinkage after molding, or after-

shrinkage) occur.

Methods for compounding various crystailization promoters
or plasticizers for the purpose of eliminating the problems
described above by increasing crystallization speed are
publicly known. For example, a method for adding an oligomer
ester (Patent Document 1), a method for adding a thiocether
{Patent Document 2}, a method for adding a carboxylic acid
ester (Patent Document 3), a method for adding a certain
phosphoric ester (Patent Documents 4, 5, etc.), etc. are
publicly known. It is said that the method for adding a
certain phosphoric ester described in Patent Documents 4, 5,
etc. 1s highly effective in particular.

L method for adding a polyphenviens ether resin



There arise problems, in the methods described in Patent Documents 1 to 5, such as generation of
gas during melting and molding, roughness problem of molded surface due to retention within injection
unit etc., and decrease of mechanical properties of‘'molded articles.  As described above, the
method for adding a phosphoric ester is highly effective; however, the method described in 4 Patent
Documenb4 hagrasproblera of insudficient thernal-stability-crsing meliagab high tempesakuses. The
method described in Patent Document 5 is excellent in thermal stability during melting at high
temperatures; it hasa prabtena¢hatthé phospliono ested bleeds ol dueta cpatimticus, exposure of
the molded articles under high temperatures (e.g., 18000). There arise problemsthe method described
in PatenttBasgmenee et@nsech as peheration of tasrduking Mmelting afdmeldings reudghness of
molded surface, and decrease of mechanical properties of molded articles, similarly as the method for
adding alpho&phofié edterfestrifedapéve. 1 OnFGrRAdHIcre PMold e niperatifé i typicaligset to a
condition of above 10000 even in the methods for compounding additives described above. When
molding RYeHstedat Mofdtemperatures above 100C, molded articles with a high degree of
crystallinity are likely to be obtained;? wever, there arises a problem that the amount of flash
Gonerated ncroAS8 Sneg T TR a Tong G216 the TS pieh het MotHe M0 ety ndrow
space betyyeen the payting surfaces of molds, to solidify. Furthermore, a mold temperature above
10000 requires great care since temperature control cannot be performed by water and thus the
temperature qanikal mustbe performed usingeib As describrd abgve,dhe methads for.pompounding
additives degree of crystallinity and also reduce the amount of flash generated. A method for
manufacturingia: atolded micle; avhichy satisfies all of these requirements, has been required; however,
when the mold temperature is set higher, there arise problems such as requirement of great care in
temperature ddirotof mMotdsard: targer ammpants of fléisk generated, batthe hahdpwhenthemold
temperature is set lower, molded articles with a high degree of crystallinity cannot be obtained
although Rjteaticard inteMperatirecotitrot 8f molds may be mitigated and the amount of flash
generated miy&be reduced. Accordingly, it has been considered very difficult to reduce the amount of

flash generatéd 286 oBBiHATSIded ArticRIANRTE NigItdédqret st cRAtaRtiy APPLication,

Publication No. HO1-225660

[Patent Document 5] Japanese Unexamined Patent Application,
Publication No. 2003-335845%

[Patent Document ©] Japanese Unexamined Patent Application,

Publicaticn No. HO7-145310

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
There arise problems, in the methods described in Patent
Documents 1 to 5, such as generation of gas during melting and
molding, roughness problem of molded surface dus to retention
within injection unit etc., and decreass of mechanical

properties of molded articies.

s described above, the method for adding a phosphoric

ester is highly effective; however, the method described in



The present invention has been made to solve the problems described above; and it is an object of the
present invention to provide a method for producing a method for manufacturing an injection-molded
article that can reduce the amount of flash generatéd and obtain a molded article with a high degree of
crystallinity. Means for Solving the Problems _ The present inventors have thoroughly investigated to
solve thé PFSBIEME YEeSRRABEd abB¢e. As RTESHET: s BEetH fotnt tRattheBr6Péms can be solved by
performing injection molding using.a mold having a heat-insulating layer formed on an inner surface of
a mold, &nd 8t-& Tidid t8mperatife: 6r-1600 o 1e8E, thetely compising tHe pr&’ERPHvention. More
specifically, the present invention provides the following: 6 _ _In a first aspect, a method for
manufactariig an fijectior:mofded AUCHE6T & polyaRyIERe Sulfige Fesin cgﬁﬁﬁgﬁibn is provided,
wherein injection. molding is performed using a mold having a heat-insulating layer formed on an inner
surface P& friold, ahcPdta bl femBEratTe of 10600 TISE: - Actordig 58 setond aspect of the

present mvegtlorzlﬁ n%};lhq method orSm?nufacturlng an :Qieectlcﬁ)‘n-molged article ac%(%lrggn%tg the first

{
aspect, the Heatinsuldting lavef has & thermval condactivity of 5 \Rfﬂ?n%?%ﬁe%s? According to a

third aspect of theEprg%er%thlgventHon in the m§5{1e0d for manuli%cé%rln an injection-molded article

according to the first or second' 3§8§&, the heatinsulating layarincludes a polyinide i, 1

Accordi 5;)urth aspect of the present invention, in the method for manufacturing an
injection-moldéd article according to any one of the first to third aspects, the polyaryiene sulfide resin
composition includes a polyphenylene sulfide resin. Effects of the Invention  In accordance with the
present inventiohe asnelt iy aheatsnsulating fayes foraedisrEan it suffate ‘etamold is used

as the mold for injection molding. As a result, molded articles of a hi@g? degree of cr_ystallinig can be
obtained &eriiider @ Eoriditiorrtialk i nidfd feniperature s 266COf feds? Sifce-mofietf articles of a

high degree of crystallinit .
g gméiding, roughness of molded surface, and decreass of

mechanical properties of molded articles, similarly as the

method for adding a phosphoric ester described above.

Furthermore, mcld temperature is typlically set to a
conditicon of above 100°C even in the methods for compounding
additives described above. When molding is performed at mold
temperatures above 100°C, molded articles with & high degree
of crystallinity are likely to be obtained; however, there
arises a problem that the amount of flash generated increases
since it takes a long time for the resin, which has flowed
into the very narrow space beiween the parting surfaces of
molds, to solidilfy. Furthermeore, a mold femperature above
100°C requires great care since temperature contrcl cannot be
performed by water and thus the temperature control must be

performed using oil.

As described above, the msthods for compounding additives

o the PAS resin cannot produce melded articles having a high



7 can be obtained even under a condition that the mold temperature is 100C or less, temperature
control of the mold can be performed by water. For this reason, molded articles of a high degree of
crystallinity can be easily obtained in accordance with the present invention. Furthermore, when the
mold temperature is 1000 or less, molten resin penetrated between parting surfaces of molds
immediately;selidifies, thgrefore; the:amountoffiash generatedcan hawemarkably reduced. BRIEF
DESCRIPTION OF THE DRAWINGS  FIG. 1 is a cross-section view of a mold used in the method
for manufastenirg: aninjeétion:noldedfarticlesofithe present invention cléds areross-section view
showing a condition in which a heat-insulating layer has been formed on a pair of divided molds that
has beersélaiipeteiB &5la crdsstsetionnsan shewiny: & cohdiiolfrewhichaha RAIS resin composition
of molten state has flowed into a cavity where a heat-insulating layer has been formed; and 10 is an
enlargedtFOSSI&dctiof FiBweia part %f p&Fting Siirfakds b divided gl undet @rcoriditiditin which
the PAS resin composition of molten state has flowed into a cavity where a heat-insulating layer has
been formed "+ SEG 52 1'a TrodSECtoR W of & Mbffisetina metHodor hidrtfacturing an
injection-r%(%!dedo Ert!;? 812) Eh(i?spri%r galrt; 2A ig%a crgss-sgctior;vigw skg]owingi Lgrcqndltion in Wtﬁich a pair
of divided molds has been ¢ amped:; 2B {578 cross-seciion”s view §hov‘€i€rafg”a“"é‘o“r’i%o@ftioﬁj ih which the
PAS resipsompasiion ahmolien glate hgs floweadnioa cadtawhere a featibsuialing layet has not
been formed; and 2C is an enlarged cross-section view of a part of parting surfaces of divided molds
under a gongition inwhichibe PAS resin-campositian of moltep statghas flowed.into a cavity where a
heat-insulating layer has not been formed. PREFERRED MODE FOR CARRYING OUT THE
INVENTION hoddie present inyertiomisexplained with respect 40 egbogimentsithereef below. The
present invention is not limited to the invention described below.  The present invention is a method
for manufacturirg-an injecticrizmoidetharticle! ifwhich ipfectior tralding ¥s perfermed-asing a mold
having a heat-insulating layer formed on an inner surface of a mold, and at a mold temperature of
100C or RSSITRE PAS resht compobitien asthe hiaterdl, wrrmethodfor mdhufactusng an
injection-molded article of the present invention, and an injection-molded article resuLting from the

manufactufifigdfietiod otthd preserit fiivertibh aré eXplaettin briefbeloRd articles

with & high degree of crystallinity.

The present invention has been made to solve the problems
described above; and it 1s an cobject of the present invention
to provide a method for producing a method for manufacturing
an injection-molded article that can reduce the amount of
flash generated and cbtain a molded article with a high degree
of crystallinity.

Means for Solving the Problems

The present inventors have thoroughly investigated to
solve the problems described above. As a result, it has been
found that the problems can be solved by performing injection
molding using a2 mold having & heat-insulating layer formed on
an inner surface of a mold, and at a mcld temperature of 100°C
or less, thereby completing the present invention. More

specifically, the present invention provides the following:



Polyarylene Sulfide Resin Composition  The present invention solves the specific problems
occurring when a resin composition, containing the PAS resin having a feature of a slow crystallization
speed, is used as a material to be molded. The PAS resin, contained in the resin composition of the
material to be molded, may be conventional 9 PAS resins, without particular limitation thereto. For
example, PASTesias betaw maypbe exemplitiech JRAScresimnu fdecpolyarylene sulfide-derived resin,
contained in the resin composition, mainly comprises -(Ar-S)- (Ar=arylene group) as a repeating unit.
In the préseritimvientionpadAS zedin havingfa geperally kpdwn enoelecdlacstructate:can be used.

The afylene group includes, but is not specifically limited to, for example, p-phenylene group,
m-phenyiéig-grotipl Blphehylere grotip substititéd phenglehé Yrotis, 15 Brcdipienylenesulfone group,
p, p'-biphenylene group, p, p' diphenyleneether group, p, p'-diphenylenecarbonyi group, naphthalene
group. AROhgEYEhe SUifide §rotpshdving-the fryf%ﬁ%tg"f&@ﬁéf Ir&ferencefiGiverPigig
homopolymer ysing the same renealing nits, as well & 3 polymer comprising repeating Units having
heterogeneous aryienée salfide groups. g}%orﬁapo?ymer having a repeghng unl%ofgp-phenylene
sulfide gws&sotpelaéglgpe group is preferable as the homopolymer, although depending on the
application. This is because the homopolymer with the p-phenyiene sulfide group as the repeating unit

has very high heat-esistance,agd exhibits highstrength, high stiffaess,and highdimensional stability
over a wide temperature range. Molded articles with very excellent properties can be obtained by

using the-hemepelymer s - Amaeng andene suffide, groups-having thelaryieng-groupea combination of
at least two different arylene sulfide groups can be polymerized to form a copolymer. Among these, a
according tc the first aspect, the heat-insulating laver has a
thermal conductivity of 5 W/ (m K} or less.
According to a third aspect of the present invention, in
the method for manufacturing an injection-molded article
accerding to the Zirst or second aspect, the heat-insulating
laver includes & polyimide resin.
According to & fourth aspect ¢f the present invention, in
the method for manufacturing an injection-molded article
according te any one of the first tTo third aspects, the
polyaryiene sulfide resin ccmposition includes a polyphenylene
sulfide resin.
Effects of the Invention
In accordance with the present invention, a moid having a
heat-insulating layer formed con an inner surface of a mold is
used as the mold for injecticn molding. 2As a result, molded
articles of a high degree of crystallinity can be obtained
even under & condition that the mold temperature is 100°C or
iless.

Since molded articles of a high degree of crystallinity



10 combination of p-phenvlene sulfide group with m-phenylene sulfide group is preferably used in view
of obtaining molded articles with excellent propertiefs in terms of heat-resistance, moldability,
mechanical property, etc. It is desirable for the polymer to comprise no less than 70 mol% of the
p-phenylene sulfide group, more preferably no less than 80 mol% of the pphenylene sulfide group.
The PAS:eesibbaving 4hie peprrenytenensigdtide: gronrpdand. the miphenytenersilfide group as repeating
units is particularly demanded for increase of the degree of crystallinity in molded articles, etc. The
high degteeperystatiinitycah®Se’ Bciisvéd by usimgrtheradthod formanafacturing@n ijection-molded
article of the present invention. Furthermore, the method for manufacturing aninjection-molded article
of the préséntIfverfibhihag befree fomiprobléths Wﬁe?m%‘"’%ﬁ%%‘rkaﬁiﬁt]ygé?fﬂ Brotuctviy. Plere, the
PAS resin havi&g a phenylene sulfide group is a PPS (polyphenylene sulfide) resin, [Other
Compon@ntsj9° ﬁ%@fﬁ&g r@éin%%ﬁ&é‘i&oﬁ%%é’d refhePreSérit mveritohdmay contain other resins
within a range not QLn@devgi{lgbthgheffecg of tggyrgs%rgﬂgg%rgion.ﬁomgg§j%%r1rsead%%dalwitg}Iaegditives
such as nucléating agent; édrbbneblgék, plgrﬁen{lllke inorganic caFcTneY:l“plgmeht, antioxidizing agent,
stabilizing agent, plasticizer, lubricant, release agent, ang flame refarder, in order toimpart desirable
properties are also encompassed by the PAS resin composition used in the present invention. 11
[Propertigs o, EAS ResinGempasitignls One.feature ghthespresentinvention is;a.lower amount of
flash generated since the molten resin that penetrates between parting surfaces of molds immediately
solidifies: Adnelf ¥isepsityhef thed?AS resin tomposifian-changes variously dependiagion the
application since the components in the resin composition vary depending on the application; however,
the generatiomeafdlash can be sufficiently reduced even when the melt viscosity of the PAS resin
composition is 300 Pa's or less by using the manufacturing method of the present invention. In this
case, the melt viscosity is measured in accordance with 15011443, and the measurement is obtained.
More specifically, melt viscosity is measured usin%a flat mold of 1 mmcp x 20 mmi, as a capillary at a

banel temperature of 310C a ateheF rate of 166H s%%-l?%tﬁ%%ﬁl@l%nufacturing an

Injection-Molded Article . The method for m,anufac,turing)gn injectg)n-molded,artig e of the present

invention is characterizedin ?hacirao%%ng ﬁg\%ﬁﬁ ré ﬁ_féaefi'i’n mat?ndnl%l &r toiad oh & ﬁmer surface of a
ot s s g csglnmlon s e i sl e e o e e et
present invention: 1A 1s a cross-section view showing a
condition in which a heat-insulating laver has been formed on
a pair of divided molds that has been clamped; 1B 1s a cross-
section view showing a conditicn in which the PAS resin
composition of molten state has flowed intc a cavity where a
heat-insulating laver has been formed; and 1C is an enlarged
cross-section view of a part of parting surfaces of divided
molds under a condition in which the PAS resin composition of
molten state has flowed intc a cavity whers a heat-insulating
layer has been formed.
FIG. Z is a cross-section view of a mold used in a method
for manufacturing an injection-molided article of the prior
art: ZA is a cross-~sectlon view showing a condition in which a

pair ¢f divided molds has besen clamped; 2B 1s a cross-seciion



In the method for manufacturing an injection-molded article of the present invention, the mold having a
heat-insulating layer formed on an inner surface of a mold (surface inside the mold) is used. By action
of the heat-insulating 12 layer formed on an inner Surface of a mold, the PAS resin composition
flowed into the mold is unlikely to solidify near the surface of the mold. As a result, the PAS resin
compositidr: ear hewprevenried Jrain rapid cooling: atthesiafaprof the mold angd @dsa-from sdlidifying
without crystallization, and thus molded ar be obtained. Furthermore, the hea 'stallinity can brought
by the moltén eesis theat<hasa lowhdmtekhermeldds aalikely tovdissipate betedf-the mold byrthe effect of
the heat-insulating layer formed on inner surface of a mold. As a result, the PAS resin composition can
be prevehfeiEfforrerapitPéodlinglat thaBaftace vfthetmofd évertiinder EEcorditisiF ofldhet o
temperatures of the mold, and the degree of crystallinity of molded articles_can be increased. When

the mandfaétiriig riethdd of the Présertinvention fEanployedY iibfed QiR stitta Mgh degree of

crystallinit% can be obtained even when glxe mold temperature |s set to 1POC or less. When the mold
COondl in WQLCQ The ) rqs%qqcom$?51tbon ol molten SL&%@ .
temperature’is o’less, temperature control'of the moid ¢an be performed by water. For this

reason. molded-affices of adigh degres, of erystallinity can be egsily oblaingd by emplaying fhe
method for manufacturing an injection-molded article of the present invention. [t is preterred In the
present invenfionthat.the mold temperature is set to 80C or less. This is because the amount of flash
generated can be remarkably reduced along with sufficiently increasing the degree of crystallinity of

molded articles.

PREFERRED MODE FOR CARRYING OUT THE INVENTION
The present invention is explained with respect to
embodiments thereof below. The present invention is not
limited to the invention described below.
The present invention is & msthod for manufacturing an
iniection~molded article, in which Iinjection molding is

£

performed using a mold having a heat-insulating layer formed
on an inner surface of a mold, and at a meld temperature of
100°C or less. The PAS resin composition as the material, the
mnethod for manufacturing an injection-molded article c¢f the
present invention, and an injection~melded article resulting
from the manufacturing method of the present invention are
explained in order below.
Polyvarvylene Sulfide Resin Compoesition

The present invention solves the specific problems
gccurring when a resin compesition, containing the PAS resin
having a feature of z slow crystallization speed, 1s used as a
material to be molded. The PAS resin, contained in the resin

composition of tThe material o be molded, mav be conventional



Material etc. of the heat-insulating layer formed on the inner surface of a mold is not particularly limited
as long as it can suppress dissipation of heat brought by the molten resin so that crystallization of the
PAS resin proceeds at the mold surface and solidification of the molten resin can be retarded. Those
having the heat-insulating layer formed on a part of the inner surface of a mold (wall surface of cavity)
are also eneompassed, by then'waeldhaving-a heat-nsulating layer formed on arrinneesurfaoe:of a
mold". In the method for manufacturing an injection-molded article of the present invention, it is
necessaifthat thei heatkmbsulating fayer assbeen formed on at least all desired parts of the inner
surface of a mold which correspond to the parts where a high degree of crystallinity is required in the
resulting ridided %Fticle, and preferably it has been formed on all of the inner surface of a mold.
Furthermore, the amount of flash generated can be remarkably reduced by employing the method for
manufacturing BRENREEFHM0IEES aftitte of BiedsresERtinvéritich, TReEffett8A incteadifig the degree
of crystallinity of molded articles of the present invention and the effect on reducing the amount of flash
generatet are SimpFSKptained withreferéncE T figiies. FIG T 18/ vietw SHowing amold used in the
method f%r:(r)nanufadcsgu_gng,an irg%ction-mold_ed aftrilclecgfemerperg%%at invention, and FIG, 2 is a view

) ; . . s . g F
showing mold' used in a method for rﬁlg'nluTacturlng an|nj‘gctlon-moldéldvgﬁliéfieog*r’the prior art. FIG. 1A

is a cross-section view showing.a .14 cendifion in.which.a heatsinsylating layer has been formed on a
pair of divided molds that has been clamped. FIG. IB is a cross-section view showing a condition in
which the PAStgsincomposition-ef molten state hasiflpweddnto.a cavbr-where.a heat-insulating layer
has been formed. FIG. 10 is an enlarged cross-section view at a part of parting surfaces of divided
molds under acendition idarhielx theoPAS resphesmpesitoryebmelten statemasdloweskintga cavity
where a heat-insulating layer has been formed. FIG. 2A is a cross-section view showing a condition in
which a paipofdividedenalds kas beensdlampedFiG:<28/is enerogs<septiom view' showing a condition
in which the PAS resin composition of molten state has flowed into a cavity where a heat-insulating
layer has“Retseen fonhed LK 2005 Gienlargetl crossiseatibreviewcatd part Bf parting surfaces of
divided molds under a condition in which the PAS resin composition of molten state has flowed into a
cavity wHet8 AReat SHSAGHY 1858 HES nBt bEert ForAfael Y - RSP Y EI AR Rhe mold 1 consists

of divided morll%sn%?_,ell. As also sh%v“n in FI. 1A, a pair of]%\il ed molds 10 which q_a%s been

clamped,nl"éll?aqupedn ﬁitﬁg%%t?/i’ty (04 pgrrt'n\ﬁ'@ Surface 4 ot the' %ﬁ/i&jeadv%%ﬁj& e "inner

surface of ool infieates a wall surfae.of the ety 12..and the hegiingyating layer 2as been

formed on the entire’wall Surface of the cavity 12 as shown in FIG. 1A.°As apparent fro s. |, 2, the
mold shoyin FIG, 248 the same-as, the-mgldhshown in BIGs I exceptthat the heat-insulating layer 2

has not been formed. 15
repsating units having heterogeneous aryiene sulfide groups.

A homopolymer having a repeating unit of p-phenviene
sulfide groups as the arvlene group 1is preferable as the
homopolymer, although depending on the application. This is
because the homopolymer with the p-phenylene sulfide group as
the repeating unit has very high heat-resistance, and exhibits
high strength, high stiffness and high dimensional stability
over a wide temperature range. Molded articles with very
excellent properties can be cbtained by using the homopolymer.

Among arylene sulfide groups having the arylens group, &
combination of at least two different arylene sulfide groups

can be polymerized to form a copolymer. Among these, a



FIG. 18 shows a condition in which the PAS resin composition 3 of molten state has flowed into a
cavity 12 when the mold temperature is 100C or less. As shown in FIGs. |A to 10, the PAS resin
composition around the wall surface of the cavity 12 is unlikely to harden since the heat-insulating
layer 2 has been formed on the wall surface of the cavity 12 in accordance with the manufacturing
method efthie presentrinvemtionp Asraylestdt, thel PASaesinevenwiitthastov erygiadlization speed
undergoes crystallization, which can result in molded articles with a high degree of crystallinity.  FIG.
28 shows aldonditigrrinughich tive PRS eEashy campositionof molteh stateshas flowed intead cavity 12,
where the heat-insulating layer has not been formed, when the mold temperature is 100C or less. As
shown IrEFIGS Dpeto20; kirftethe Heatk-inkufatimglafs has nbt BE&n formieddh The eaviAI28f molds
used in the conventional manufacturing method, the PAS resin_composition is rapidly cooled when the
mold terfseratite s 180 CToT TS Bt réEUiE e BASTESin with alSloWtiystaiizatidiP $péeisolidifies
before suffi ien[%gro ress of grystallization, thu%l{noldg% articles with ahh:jgh gegree)}/ cannot be
obtainedt’ © = YFfG. 1T shows an E\éﬁla?f;)ed& Cross-settion view near’ ﬁar%ng Surfaces %eolf%livided molds
under a condion i ahich tng PAS ssin comppsition 3 afymolten.stale g flowed inip.a gavity 12. As
shown in FIG.10, the neat-insu ating ayer 2 has been iLormed at the parting surfaces. Then the mold
temperaiyre is Seiie 109C-ardess inthe method for 16 manufacturing an injection-molded article of
the present invention. Therefore, the PAS resin composition 3 of molten state, which has flowed
between the patiingsirfages 13, &4 -of diyided:molds: impegiately solidifies (thergby:the ameunt of
flash generated can be remarkably reduced.  FIG. 20 shows an enlarged cross-section view near
L-ne parting serigce: 13 of dividetkmotdsunder a-egrditiomin whith the PAS: resinccdmpaosition of
molten state has 'lowed into a cavity 12 where a heat-insulating layer has not been formed when the
mold tenfparatuieis dlsovel 140G SFite infedtion melirigisperformedaiith sattig the moldiesperature
to a temperature of 140C or more; however, solidification of the PAS resin composition penetrated
betweendhé partiiy sififdces I3 21460 dividea4Rsldsis Fetiitled when the Fdfd tefnperature becomes
higher. As a result, the amount of flash generated increases with conventional manufacturing methods.
When thé Told T&mparatiia’ e Set iswetin ordertd reliGe the“amountoffash generatdd; the PAS
resin is rapiglc?/e%pol%l(% gncjémmgd%’tgly spligifies at the wall surfacpe orf;[kﬁe Qavi%/. The PAS resin has a
0 0

o e presernt Lhnyers . ial. tharmoltée he
slow speea crystallization, there ore, the (?egree o¥crysfaﬂ|n|ty of molded arficles becomes lower

when it is, fapid)y cegled,and immediately splidifies.., .. The thickness of the peat -nsulating layer,

which is not particularly limited, may be appropriately set to a preferable thickness depending on a

material to-be uged,:a shape efthezpolled-articleretey Itis preferred thatthe thickness of the
heat-insulating layer is no less than 20 pm since a 17 sufficiently high heat-insulating effect can be

obtainedwthe: #hicknesg ofthe heatiinsulatinglayertormed onethezignerssurface=of anmold may be
uniform; alternatively sites with a different thickness may be included in the heat-insulating layer.
rhenviene sulfide group is a PPS (polyphenylene sulfide} regin.
[Other Components]
The PAS resin composition used in the present invention
may contain other resins within a range not hindering the
gifect of the present invention. Compesitions added with
additives such as nucleating agent, carbon klack, pigment like
inerganic calcined pigment, antioxidizing agent, stabilizing
agent, plasticizer, lubricant, release agent, and flame
retarder in order Lo impart desirakle properties are also
encempassed by the PAS resin composition used in the present

invention.



It is also preferred in particular that a thermal conductivity of the heat-insulating layer formed on the
inner surface of a mold is 5 W/(m.K) or less. Whenghe thermal conductivity of the heat-insulating layer
is adjusted within the range, injection-molded a icles with a high degree of crystallinity can be more
easily obtained even when injection-molded articles are manufactured at a mold temperature of 100C
or less. Hére; the thexmab Comdictivity tescribechbabavesinglicates one measured by the method
described in Examples. It is also necessary for the heat-insulating layer to have heat resistance so
thatcan withstaiftehighasmperatiresigurnirigeoiding gine theo PAS:resin- compositionat high
temperatures flows into the molds during injection molding. It is preferred that the heat-insulating
layer formedBh ﬂl%qﬁﬁéﬁéf@rficén&@ché%ﬁolﬁ%%ﬁﬂn 156 retHictPfor nfarfUtacthfiig amt ween
injection-molded article of the present inventjon contains_ a polyimide resin. This is because the
polyimid® Fédin Has HheRnaP cSHdUttvity of BNRAEKorleSS and hiscfieat fesiétance sufficiently
durable to.high temperatures during injection én%lldigdg% Egargpléeﬁaof the pggllmiggsrgsin which can be
employed, f:ﬁcﬁjdé??yromeﬂi ic acid (P! BAI} pO?YIr%I e, bfpcﬁény te?r%carbox‘yﬁc aci ypolyimide, 18
polyamideipide usina timaliticgeld bismals) 108 tesin (Bmalgipdeliiadngete. bergophenone
tetracarboxylic acid polyimide, acetylene-terminated polyim de, thérmoplastic polyimide, and the like.
In addition, s particiaryprefereed that the heat-insulating layer consistsefdhe polyimide resin.
Preferable materials other than the polyimide resin are exemplified by a tetrafluoroethylene resin etc.
The methed.torfermingdbie heatinsulatingdayersan the-innersurtaceefthe veld.s.aet particularly
limited. For example, the heat-insulating layer is preferably formed on the inner surface of the mold by
the methods bejove.cosTherecdretexeniplified oy an methodbfor faroming & iédt-igsulating:layer of a
polyimide film etc. by coating a solution of polymer precursor such as pozyimide precursor on a mold
surface, h&atindgto exapttatel® selvarttherest aad hehhsyifurther ks cagss polymerization; a method
for vapor-depositing and polymerizing a monomer of heat-resistant polymer such as pyromellitic acid
anhydridé aheF4 4<diamind dighehyFEther; orivihéita plahia? fivld is' uséd FrapEdpriate method for
adhering a heat-insulating polymer film ar a metho%for forming a heat-insulating layer by adhering an
2dhesiVE e o1 K isatiattatiig bolyiner ion & BeSFaRaR BT AmaR. 115 A1y -sbssible that a
polyimide, film is ed and.then a chromi ) film or a titanium nitride (TiN) fim is formed as a
hard me%Fﬁlm o F%h@e:L sar gclei]y' ﬁﬁ% dTnd r%cr%:lgtif)% other than ‘fﬁ"eer%ollldg %enrﬁpgr;%lfr%tmay be

appmpri‘%gﬂbs%;‘dePeﬂgingrE@aﬁ%&al%go Qeé‘§§q4ﬁfgzs§!f]a9€3a barrel temperature

of 310°C and a shear rate of 1000 sec™™.
Method for Manufacturing an Injection-Molded Article

The method for manufacturing an injection-molded article
of the present invention is characterized in that a mold
having a heat-insulating layer formed on an inner surface of a
mold is used. Therefore, an explanation is given initially
with respect to the mold used in the method for manufacturing
an injection-molded article of the present invention.
[Mold]

In the method for manufacturing an injection-molded
articie of the present inventicon, the mold having a heat-
insulating layver formed con an inner surface of a meld (surface

inside the mold) is used. By action of the heat-insulating



19 of injection-molded articles. Injection-Molded Article  As described above, injection-molded
articles containing the PAS resin composition preplgred by the manufacturing method of the present
invention are sufficiently high in terms of the degre€ of crystallinity. As the crystallinity progresses, the
molded articles become harder and the hardness thereof becomes higher. For this reason, the
hardness of solded mdicles.iszan index forsevatuatingthezdegeeel of etystaliity - ksthis invention, "high
degree of crystallinity” indicates that the molded articles are higher in terms of the degree of
crystallinityrgomparedrto the wioided artictessprepared asing almeltywherestheé Ieai-insudating layer has
not been formed. In accordance with the manufacturing method of the present invention, the Vickers
hardness 'of tHa feStftfhgrholded drfidies ishigier S0 kgf/mRR Srimofesthin that of the molded
articles prepared by the conventional manufacturing methods; and molded articles with a surface

hardnes§ Gf83 D kgiffn28r Mbre; WhIEH E6fedpoiusORAE Vickers RdrdhesE 6T e mdid&d articles
resulting from,conventional injection molding at a mald temperature of 140C, can.be obtained. The
Values of (he kT RarAase G obtaied Gy fie mEihod deccbed in EXarbles EXAVBLES

The pfesagcgo "tg%%ioltaaﬁ more specifically %ép'ainfz%@ssggpe%_xa@%p'%%g@%gﬂ% present invention is

not limite e 20 examples. Material ~ PAS resin composition: polyphenylene sulfide resin

compositign {Feriron-1140A64, by Polyplastics Co., Ltd.), 230 Pa's of melt viscosity in accordance with
ISO 11443

Furthermore, the heat brought by the molten resin that has
flown into the mold is unlikely to dissipate out of the mold
by the effect of the heat-insulating layer formed on inner
surface of a mold. As a result, the PAS resin compesition can
be prevented from rapid cooling at the surface of the mold
even under a condition of lower temperatures of the mold, and
the degree of crystallinity of molded articles can be
increased. When the manufacturing method of the present
invention is emplovyed, molded articles with & high degree of
crystallinity can be obtained even when the mold temperature
is set to 100°C or less. When the mold temperature is 100°C or
less, temperaturse control of the meld can be performed by
water. For this reason, mclded articlies of a high degree of
crystallinity can be easily cbtained by employing the method
for manufacturing an injection-molded article of the present
invention. It is preferred in the present invention that the
mold temperature is set to 80°C or less. This is because the
amount of flash generated can be remarkably reduced along wizth
sufficiently increasing the degree of crystalliinity of molded

articles.



Material for forming heat-insulating layer: varnish of polyimide resin (by Fine Chemical Japan Co.,
Ltd.), 0.2 W/(m.K) of thermal conductivity = The thermal conductivity of the polyimide resin was
calculated from a thermal diffusion factor based oria laser flush method, a specific gravity based on
Archimedes method, and a specific heat based on DSC. Example 1 A heat-insulating material was
sprayed onto detoid cavity: (flat ptate shape of 40mmns searenwitha fhicktessmefdmmm), @and was baked
at 2500 for 1 hour to build up a heat-insulating layer (Polyimide). This layer then was polished to the
right thickhass sikowd s Fable B amdlPAS:wasmdidad withihathe vavityritdey the copditionsof mold
temperature also shown in Table 1, and thereby obtained the injection-molded article. In addition,
conditionsCothaF tHPIRESRSIdinG Eamditiond shown if Fablé A'&tetinditatdifpélew ™ fNtolding Condition]
Rotation number of screw: 100 rpm Injection speed: 100 mm/sec Example 2 Aninjection-molded

article was prépated undér tife’Same conditibhs a8thbSE of é%arﬁﬁl%ll%g&ﬁﬁfﬁ%‘??h@?ho?&lezl

tempera%%?gvagu%hggggdafg%nsﬁgﬁgisz%%ation of the molten resin can be

retarded. Those having the heat-insulating layer formed on a
part cof the inner surface of a2 mold {wall surface of cavity)
are also encompassed by the “mold having a heat-insulating
layer formed on an ilnner surface of a mold”. In the method for
manufacturing an injectilion-molded article of the present
invention, it i1s necessary that the heat-insulating laver has
been formed on at least all desired parts of the inner surface
of a2 meld which correspond to the parts where a high degree of
crystailinity is reguired in the resulting meoldec article, and

preferably it has besen Zormed on all of the inner surface of

o)

mold.

Furthermore, the amount of flash generated can be
remarkably reduced by employing the method for manufacturing
an injecticn-molded article of the present invention. The
effect on increasing the degree of crystallinity of molded
articles oI the present invention and tThe effect on reducing
the amount <f flash gsnerated are simply explained with
reference to figures. FIG. 1 is a view showing a mold used in
The method for manufacturing an injection-molded article of
the present invention, and FIG. Z i1s a view showing a mold
used in a method for manufacturing an inlection-molded article

of the prior art. FIG. 1A 1s a cross-section view showing a



Example 3 An injection-molded article was prepared under the same conditions as those of
Example 1 except that the mold temperature was changed from 40C to 100C. Comparative Example 1
An injection-molded article was prepared under the 'same conditions as those of Example 1 except that
a mold, where the heat-insulating layer had not been formed, was used. Comparative Example 2

An injectiomhiotdech articlevivasipreparedundes tHe: same coadiionsas these of Compéarative Example
1 except that the mold temperature was changed from 40C to 80C. Comparative Example 3  An
injectionampieied arficld Wasipréparediandérathe samé esnditicrisias thosd 6CCompatative Example 1
except that the mold temperature was changed from 40C to 100C. Comparative Example 4  An

injectionShBRIRd Hticlé Was ppafe tindér the <@tk Eonditions #8-iose gt dhparative Example 1
except that the mold temperature was changed from_ 40C to 140C. Evaluation The injection-molded
articles prapary by fife r%gnﬁpa]cmgsﬁﬂ#oa%a& Exaripies 1163 ahd Comparafive Bxamples | to 4
were evaluated.in terms of Vickgrs hardness and flash length- r1¢. 1¢ is an enlarged
cross-section view at & part oI parting surfaces of divided
molds under a condition in which the PAS resin composition of
molten state has flowed intc a cavity where a heat-insulating
layer has been formed. FIG. ZA 1s & cross—sectlion view showing
a condition in which a pailr of divided molds has been clamped.
FIG. 2B 1s a cross-section view showing a condition in which
the PAS resin composition of molten state has flowed into a
cavity where a heat-insulating layer has not been formsd. FIG.
2C is an enlarged cross—section view at a part of parting
surfaces of divided molds under a conditicon in which the PAS
resin composition of molten state has flowed into a cavity
where a heat-insulating layer has not been formed.

Az shown in FIG. 1A, the moldg 1 consists of divided molds
10, 11. As also shown in FIG. 1A, & peir of divided molds 10,
1%, which has been clamped, 1s equipped with a cavity 12 and
parting surface 13, 14 of the divided molds. The “inner
surface of a mcld” indicates a wall surface of the cavity 12,
and the heat-insulating layer 2 has been formed on the sntire
wall surface of the cavity 12 as shown in FIG. 1A. As apparent
from FlGs. 1; 2, the moid shown in FIG. 2 is the same as the
moid shown in FIG. 1 except that the heat-insulating layer 2

has not been formed.



[Evaluation of Vickers Hardness] 22  The Vickers hardness of a surface of an injection-molded
article was measured under the condition of 25 gf goad and 25 seconds of loading time using a
micro Vickers hardness tester (by Matsuzawaseiki. Co., Ltd., DMH-1LS). The measurement results are
shown in Table 1. Here, 33.0 kgf/mx.2 or more of Vickers hardness represents sufficient crystallization
at the surface.JE¢aluatiors obrlash Lengthil: 1 ofihe flash lerigth- atfobik @dges df a flat plate (40mm
square with a thickness of imm) was measured by using a Vision Measuring Machine to magnify the
target, andaemakimumyaide nasdefinedassthb #lashlength. The measarement resulidare shown

in Table 1. [Table 1] Example
the mold temperature is 100°C or less. As shown in FIGs., 1A to

1C, the PAS resin composition around the wall surface of the
cavity 12 is unlikely fo harden since the heat-insulating
layver 2 has been formed on the wall surface ¢f the cavity 12
in accordance with the manufacturing method of the present
invention. As a result, the PAS resin even with a slow
crystallization speed undergoes crystallization, which can
result in molded articles with a high degree of crystallinity.

FIG. 2B shows a condition in which the PAS resin
compositicn of molten state has flowed into a cavity 12, where
the heat-insulating layer has not been formed, when the mold
temperature 1s 100°C or less. As shown in FIGs. 2A to 2C
since the heat-insulating laver has not besen formed in the
cavity 1Z of molds used in the conventiocnal manufacturing
methed, the PAS resin composition is rapidly cocled when the
mold temperature i1s 100°C or less. As a result, the PAS resin
with a slow crystallization speed solidifies before sufiicient
progress of crystallization, thus moldec articles with & high
degree of crystallinity cannot be obtained.

FIG. 1C shows an eniarged cross—sectlon view near parting
surfaces 13 of divided molds under a conditicn in which the
PAS resin composition 3 of molten state has flowed into a
cavity 12. As shown in FIG. 1C, the heat-insulating laver 2
has been formed at the parting surfaces. Then the mold

temperature is set to 100°C or less in the method for



sl Example s2 Example s3 Compare tive Example Compara tive Example Compara
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manufacturing an injection-molded article of the present
invention. Therefore, the PAS resin composition 3 of molten
state, which has flowed between the parting surfaces 13, 14 of
divided molds, immediately solidifies, thereby the amount of
flash generated can be remarkably reduced.

FIG. 2C shews an enlarged cross-section view near the
parting surface 13 of divided molds under a condition in which
the PAS resin composition oI molten state has flowed into a
cavity 12 where a2 heat-insulating laver has not been formed
when the mold temperature is above 140°C. The injection
molding is performed with setting the mold temperature to a
temperature of 140°C or more; however, solidification of the
PAS resin composition penetrated between the parting surfaces
13, 14 of divided molds ig retarded when the mold temperature
becomes higher. 2As a result, the amount cf flash generated
increases with conventional manufacturing methods. When the
mold temperature is set lower 1n crder to reduce the amount of
flash generated, the PAS resin is rapidly cooled and
immediately scolidifies at the wall surface of the cavity. The
PAS resin has a slow speed of crystallization, therefore, the
degree of crystallinity of molded articles becomes lower when
it is rapidly cocled and immediately solidifies.

The thickness of the heat-insulating layer, which is not
particularly limited, may be appropriately set ftc a preferable
thickness depending on a material to be used, a shape of the
molded article, etc. It is preferred that the thickness of the

heat-insulating layer is no less than 20 um since a
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sufficiently high heat-insulating effect can be obtained. The
thickness of the heat-insulating laver formed on the inner
surface of a mold may be uniform; alternatively sites with a
different thickness may be included in the heat-insulating
laver.

It is also preferred in particular that a thermal
conductivity c¢f the heat-insulating layer formed on the inner
surface of a moid is 5 W/ (m*K) or less. When the thermal
conductivity of the heat-insulating laver is adiusted within
the range, inijection-molded articles with a high degree of
crystallinity can be more easily obtained even when injection-
melded articles are manufacitured at a mold temperature of
100°C or less. Here, the thermal conductivity described above
indicates one measured by the method described in Examples.

It is alsc necessary for the heat-insulating layer to have
heat resistance so that it can withstand high temperatures
during molding since the PAS resin composition at high
temperatures flows into the molds during injection molding.

It is preferred that the heat-insulating layer formed on
the inner surface ¢f the mold used in the method for
manufacturing an injecition-molded article of the present
invention contains & polyvimide resin. This is bscausse the
polyvimide resin has & thermal conductivity of 5 W/ (m'K) or
less and also heat resistance sufficiently durable to high
temperatures during injection molding. Examples of the
polyimide resin which can be employed, include pyromellitic

acid (PMDA) polyimide, bpiphenyl tetracarboxvlic acilid polyimide,



4 Thickness of 0 Folyimide Film 20 20
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polyamide-imide using trimellitic acid, bismaleimide resin
{bismaleimide/triazine etc.), benzophenone tetracarboxylic
acid polyimide, acetylene-terminated polyimide, thermoplastic
polyimide, and the like. 1In addition, it is particularly
preferred that the heat-insulating layer consists of the
polyimide resin. Preferable materials other than the polyimide
resin are exemplified by a tetrailucorcethvlene resin etc.

The method for forming the heat-insulating layer on the
inner surface of the mold is not particularly limited. For
example, the heat-insulating layer 1s preferably formed on the
inner surface of the mold by the methods below.

There are sxemplified by a method for forming a heat-
insulating laver of a pelyimide film etc. by coating a
solution of polymer precursor such as polyimide precursor on a
mold surface, hesating to evaporate a solvent thereof, and
heating further toc cause polymerization; a method for wvapor-
depositing and polymerizing a monomer of heat-resistant
polymer such as pyromellitic acid anhydride and 4,4-diamino
diphenyl ether; or when a planar mold is used, an appropriate
method for adhering a heat-insulating polymer film or a method
for forming a heat-insulating layer by adhering an adhesive
tape or a heat-insulating polymer film on & desired part of a
mold. It is also possible that a polvimide film is formed and
then a chromium (Cr) film or a tirtanium nitride (TiN) film is
formed as & hard metal film on the surface.

Molding Conditions other than the mold temperature may be

appropriately set depending on materials tc be used and shapes
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of injection-mclded articles.
Injection-Molded Article

Az described above, injection-molded articles containing
the PAS resin composition prepared by the manufacturing method
of the present invention are sufficiently high in terms of the
degree of crystallinityv. As the crystallinity progresses, the
molded articles become harder and the hardness thereof becomes
higher. For this reason, the hardness of molded articles is an
index for evaluating the degree of crystallinity. In this
invention, “high degree of crystallinitv” indicates that the
molded articles are higher in terms of the degree of
crystalliinity compared tc the molded articles prepared using a
mold where the heat-insulating laver has not been formed. In
accordance with the manufacturing method of the present
invention, the Vickers hardness of the resulting molded
articles is higher by 10 kgf/mm® or more than that of the
molded articles prepared by the conventional manufacturing
methods; and molded articles with a surface hardness of 33.0
kgf/mm® or more, which corresponds to the Vickers hardness of
the molded articles resulting from conventional injection
molding at a meold temperature of 140°C, can be obtained. The
values of the Vickers hardness are obtained by the method

described in Examples.

EXAMPLES
The present invention is more specifically explained based

on examples, but the present invention is not limited to the



mold temperature 40 80 100 40 80 100 140 ((3)
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examples.
Material
PAS resin composition: polyphenylene sulfide resin
composition (Fortron 1140A64, by Polyplastics Cc., Ltd.), 230
Pa-s of melt viscosity in accordance with IS0 11443
Material for forming heat-insulating layer: varnish of
polyimide resin (by Fine Chemicai Japan Co., Ltd.), 0.Z
W/ (m-¥X) of thermal conductivity
The thermal conductivity of the pclvimide resin was
calculated from a thermal diffusion factor based on a laser
flush method, a specific gravity based on Archimedes method,

and a specific heat based on DSC.

Example 1

A heat-insulating material was gprayed onto a mold cavity
(fiat plate shape of 40mm sguare with a thickness of lmm), and
was baked at 250C for 1 hour te build up a heat-insulating
layer (Polyimide). This layer then was polished to the right
thickness shown in Table 1, and PAS was molded within the
cavity under the condition of mold temperature also shown in
Table 1, and thereby obtained tThe injection-molded article. In
addition, conditicons other than the molding conditions shown
in Table 1 are indicated bhelow.
[Molding Conditicon]

Rotation number of screw: 100 rpm

Injection speed: 100 mm/sec
Example Z

An injection-mclded article was prepared under the same

conditicons as those of Example 1 except that the mold
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temperature was changed from 40°C to B0°C.
Example 3

An injection-molided article was prepared under the same
conditions as those of Example 1 except that the mold
temperature was changed from 40°C to 100°C.
Comparative Example 1

An injection-molded article was prepared under the same
conditions as those of Example 1 except that a mold, where the
heat-insulating laver had not been formed, was used.
Comparative Example 2

An injection-molided article was prepared under thes same
conditions as those of Comparative Exampie 1 except that the
mold temperature was changed from 40°C to 80°C.
Comparative Example 3

An injection-molded articlie was prepared under the same
conditions as these of Comparative Example 1 except that the
mold temperature was changed from 40°C to 100°C.
Comparative Example 4

An injection-molded article was prepared under the same
conditions as those of Comparative Example 1 except that the
mold temperature was changed from 40°C to 140°C.
Evaluation

The injection-molded articles prepared by the
manufacturing methods of Examples 1 to 3 and Comparative
Examples 1 to 4 were evaluated in terms of Vickers hardness
and flash length.

[Evaluation of Vickers Hardness)



22.8 33.9 23 hardness (kgf/mm2)

2

The Vickers hardness of a surface of an injecticon-molded
article was measured under the condition of 25 gf of lcad and
25 seconds c¢f loading time using a micro Vickers hardness

tester (by Matsuzawaselkl. Co., Ltd., DMH-1L38). The

measurement results are shown in Table 1. Here, 33.0 kgf/mm’

cr more of Vickers hardness represents sufficient
crvstallization at the surface.
[Evaluation of Flash Length]

The flash length at four edges of a flat plate (40mm

square with a thickness of lmm)

was measured by using a Vision

Measuring Machine to magnify the target, and the maximum value
was defined as the flash length.
The measurement results are shown in Table 1.
[Table 1]
Compara | Compara | Compara | Compara
Example | Example | Example tive tive tive tive
s 1 s2 s 3 Example | Example | Example | Example
1 2 3 4
Thickness of
Polyimide Film 20 20 20 g 0 0 0
(gm)
mold
temperature 40 80 100 40 80 100 140
e
Vickers 344 334 348 226 223 22.8 329




Flash Length (gm) 12 14 29 13 12 32 75 As apparent from the results of Examples | to 3 shown in
Table 1, the amount of flash generated can be reduced during molding along with providing a sufficient
Vickers hardness. Furthermore, temperature control of the mold could be performed by water in

Examples-1to 3 since the mold- temperature was-1000Q-orless.

hardness

{kgf/mm?)

Flash Length
12 14 28 13 12 32 75
(em)

As apparent from the results of Examples 1 te 3 shown in
Table 1, the amount of flash generated can be reduced during
mclding along with providing a sufficient Vickers hardness.
Furthermore, temperature control of the mold could be
performed by water in Examples 1 to 3 since the mcold
temperature was 100°C or less.

As is apparent from the results of Examples 1 to 3 and
Comparative Example 4, in accordance with the manufacturing
method of the present invention, the Vickers hardness can be
as nhigh as that achieved when a mold temperature of 140°C is
used. This result demonstrates, in accordance with fthe
manufacturing method of The present inventlon, tThat the degree
of crystallinity can be as high zs that achieved when a mcld
temperaturs of 140°C is used, even when the mold temperature
is 100°C or less.

As i1g apparent from the resuits of Examples 1 tc 3, the
amount o©of flash generated can be remarkably reduced and
Vickers hardness can be sufficiently increassd even when the

5

mold temperature is 100°C or less.

EXPLANATION OF REFERENCE NUMERALS

molid

b



As is apparent from the results of Examples | to 3 and Comparative Example 4, in accordance with the
manufacturing method of the present invention, the Vickers hardness can be as high as that achieved
when a mold temperature of 140C is used. This restlt demonstrates, in accordance with the
manufacturing method of the present invention, that the degree of crystallinity can be as high as that
ac eyed whenaomolditenapieratise afd40€ is used, even when the mold temperature is 100C or less.
As is apparent from the results of Examples | to 3, the amount of flash generated can be remarkably
reduced and Viekersdmaidness can be sufficiently increased even when the mold temperature is 100C
or less. EXPLANATION OF REFERENCE NUMERALS 1: mold 24 10, 11: divided molds 12: cavity
13, 14: parting'surfaces cfafadad niolds 2 kéatdasGlating RyeR 31 PAS resin composition 25

2: heat-insulating laver

3: PAS resin composition



CLAIMS 1. A method for manufacturing an injection-molded article of a polyarylene sulfide resin
composition, wherein injection molding is performed using a mold having a heat-insulating layer
formed on an inner surface of a mold, and at a mofd temperature of 100C or less. 2. The method for
manufacturing an injection-molded article according to claim 1, wherein the heat-insulating layer has a
thermal conductivity of 5 W/(m.K) or less. 3. TheLmettiod for manufacturing an injection-molded article
according to claim 1 or 2, wherein the heat-insulating layer includes a polyimide resin. 4. The method
for manufacturing an injection-molded article according to any one of claims 1 to 3, wherein the
polyarylene sulfide resin composition includes a polyphenyiene sulfide resin. 5. An injection-molded
article obtained USigHE MehoBFBRaRtFactithGaccdidifg to any o tiimsa fo'4 \fhérein the
value of Vickers hardness is blgger than 33.0 gf/mm i . ,

a pelyarylene sulfide resin composition, wherein injection

molding 1s performed using a mold having a heat-insulating

layer formed on an inner surface of a mold, and at a mcid

temperature of 100°C or less.

2. The method for manufacturing an injection-molded articile
according to claim 1, wherein the heat-insulating layer has a

thermal conductivity of 5 W/ (m*K} or less.

3. The method for manufacturing an injection-melded article
according to claim 1 or Z, wherein the heat-insulating layer

includes & polyimide resin.

4. The method for manufacturing an injection-molided article
according to any one ¢f claims 1 to 3, wherein the polyarylene
sulfide resin composition includes a polyphenylene sulfide

resin.

5. An injection-molded article obtained using the method for
manufacturing according to any of claims 1 to 4, wherein the

value of Vickers hardness is bigger than 33.0 kgf/mm®



