| Method of Manufacturing Molded Article and Method of Suppressing Blister Generation TECHNICAL
FIELD The present invention relates to a method of producing a molded article made by injection
molding a liquid crystalline resin composition, and a method of suppressing blister generation when
injection molding a liquid crystalline resin composition. BACKGROUND ART A group of plastics
called engineering plastics exhibit high strength, And can be used in place of metal components.
Among these, a group of plastics termed liquid crystalline resins maintains a crystallite structure when
molten, and therefetehexhibit acvanfages:stchy ardigle strepgthcdue do.shererystalline structure, low
volumetric change between molten and solidifying states due to low change to the crystalline structure

when solidifying, and low mold SkiEKRfS 1n9TRede BRgescehifjuid taystalline resins have superior
heat resistance properties and molding properties, and are preferably used as a constituent material of
small electronic components. Among them, it has been known that a liquid crystalline resin

composition with enhanced heat resistan%%&aﬁg%%i?q,%?% liquid crystalline resin and an inorganic
filler material are suitably melted and kneaded. For example, a liquid crystalline resin composition in

which a fibrous F:2109BEdnPSTR032)02 relates to a method of producing a

molded article made by injection molding a liquid crystalline
resin composition, and a method of suppressing blister
generation when injection molding a liquid crystalline resin

composition.

BACKGROUND ART

A group of plastics called engineering plastics exhibit
high strength, and can be used in place of metal components.
Among these, a group of plastics termed liquid crystalline
resins maintains a crystalline structure when molten, and
therefore exhibit advantages such as high strength due to the
crystalline structure, low volumetric change between molten
and solidifying states due to low change to the crystalline
structure when solidifying, and low mold shrinkage.

These types of liquid crystalline resins have superior
heat resistance properties and molding properties, and are
preferably used as a constituent material of small electronic
components. Among them, it has been known that a liquid
crystalline resin composition with enhanced heat resistance is
acquired if the liquid crystalline resin and an inorganic
filler material are suitably melted and kneaded. For example,

a liguid crystalline resin composition in which a fibrous
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reinforcing material typified by glass fiber and carbon fiber, or inorganic powder and granular material
such as silica, mica, clay and glass beads are filled in a liquid crystalline resin is a material suited to
electrical and electronic components having thin parts or complex shapes, due to the balance between
fluidity and mechanical strength being desirable. The above such liquid crystalline resin composition is
used, for example, in the encapsulant of relay co7mponents, coil bobbins, connectors, volume
components, motor components such as commutators and separators, or elements and the like such
as coils, crystaroscillatprszanrd IG thipgo i £ i Ehe tiguish crystafline te sim ¢ oByasitiort iscan- extremely
superior material in the above-mentioned ways, and is usable in various applications. However, there
is a problém ihharaR i prveRtentaskbult: he Wmade 18 liguitdecry staftineaesinidormpositions for the
case of molding. The problematic point during molding of this liquid crystalline resin composition is that
bubbles are THniifted Tiside BT IE nididing prodiict Bud té trE tiguid erySeating fesi Tomposition that
is in a molten state during molding taking_in air and the generated.gas from the materials. When
bubbles a!Feg ir‘?cl%l g%%sﬁ%e Soﬁk?ég énoﬁgin%%r%%ﬁ%:t? N ega?rdaﬁgaggﬁ the bﬁ%%%osné?pjcasnd, and the
surface of,the; melding preductbulges dusitothemelding praduct being expased to high temperature
in heat treatment and the like. This bulging of the surface of the molding product is called blistering.
Sufficientlyedtegassirtg from a went doteduring cadlt P2 H09RE THEST-032) r3extusiamef the resin
composition, and not allowing to the resin composition to stagnate for long in the molding machine
during malEiRES fGreampley tan beyexemplified 8S Tounteriressirésfor suppredsingthe generation
of the above such blistering. However, the generation of blistering cannot be adequately suppressed

by only a thalGe Such s Mahe CoHitiord duiidg SGCR M1y e *FiieretSre. i Orertd suppress the
abovementioned bligter %Q?ﬁ%%oncéﬂn‘ﬁé%‘%‘?{’égf‘tﬁﬂgégf? Iiggg‘n%gg?/g;ﬁatllsin%ﬁ%gné:gmposition as well as
ve p

improvements in molding conditions een made, for example. Patent Document 1 discloses, for

example, asmethed of mamidaciugng 2 iguid crystallisedpalyestes cemposition withra deflection
temperature under loading of at least 230C, a liquid crystalline resin composition obtained by melt

kneading acpresetermined liquict¢ystalbime resindontpasitigrs containing a predetermined amount of
inorganic filler material with a kneading machine having an clear aperture for removing volatile
component fromfte kheadedfhatermal bt par ot dovbretireded seréws Sintwhieh layscrew contact
ratio of the kneading machine is adjusted to at least 1.60. According to this technology described in
sifion that excels

Patent DOCHRTERTT, it R Alfeyedly BoSSiBIe 8 rovite & Higuitf c/R¥alnE PESiA Tonts:
in blistering, resistange, while maintajping the basic heatresistance sych as the melting, point and the
deflection temperature under loading of the liquid crystalline resin composition.

an improvement should be made to liquid crystalline resin

compositions for the case of molding. The problematic point

during molding of this liquid crystalline resin composition is

that bubbles are contained inside of the molding product due

to the liquid crystalline resin composition that is in a

molten state during molding taking in air and the generated

gas from the materials. When bubbles are included inside of

the molding product, the air and gas in the bubbles expand,

and the surface of the molding product bulges due to the

molding product being exposed to high temperature in heat

treatment and the like. This bulging of the surface of the

molding product is called blistering.

Sufficiently degassing from a vent hole during melt
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4  Patent Document 1: Japanese Unexamined Patent Application Publication No. 2003-211443
DISCLOSURE OF THE INVENTION Problems to be Solved by the Invention  As mentioned above,
consideration into suppressing the generation of blisters has been actively conducted. With the
above-mentioned methods of improving liquid crystalline resin compositions, it becomes necessary to
consider whether or not the properties are suited fo the application. In other words, in a case of
suppressing blister generation of a liquid crystalline resin composition that is preferable in a particular
applicatiosxsince thren abbveimenmtiened liguid crystadine resth aompositioniischangeddn the method of
improving the conventional materials, it is necessary to reconsider whether or not the liquid crystalline
resin compasitibn HaEhe destred sroperties: Therefore clethivolddyeforslpprassing tHergeneration of
blisters irrgapective of the t§pe Pf liquid c%\italline resin composition to be used has been demanded

SS&V T8 maKS 1 aBEvEmERtbrisd Froputy cdisldérations.  In addition, it is

so that it is n%%rﬁ%clélssarﬂ

hossible (o suppeass.the generation gt listers [Higwerna e Jigetion rate when ajgction molding a
gly

liquid crystalline resin material. However, it is stron emanded to raise the injection rate from the
viewpoint eharprodustidty: ilgprovesmentdn the maolging:pradust. The presentinvention,has been made
in order to solve the 11-21(9PCT(PNTF462) 5 above-mentioned issues, and an object thereof is to
provide a pfethod viatadyfastipimgea srolded artidle thattam garts thewgeserationref blisters
irrespective of the type of liquid crystalline resin composition to be used, as well as can raise the
productivifiPothemBRicd &tk ©'6BsBd Héfimit, and a method of suppressing the generation of

blisters. . . .
Therefore, in order to suppress the abovementioned blister

generation, improvements in the liquid crystalline resin
composition as well as improvements in molding conditions have
been made, for example. Patent Document 1 discloses, for
example, a method of manufacturing a liquid crystalline

er composition with a deflection temperature under
loading of at least 230°C, a liquid crystalline resin
composition obtained by melt kneading a predetermined liquid
crystalline resin composition containing a predetermined
amount of inorganic filler material with a kneading machine
having an clear aperture for removing volatile component from
the kneaded material and a pair of double-threaded screws, in
which a screw contact ratio of the kneading machine is
adjusted to at least 1.60. According to this technology
described in Patent Document 1, it is allegedly possible to
provide a liquid crystalline resin composition that excels in
blistering resistance, while maintaining the basic heat
resistance such as the melting point and the deflection
temperature under loading of the liquid crystalline resin

composition.
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Means for Solving the Problems  The present inventors focused on the matter of liquid crystalline
resin compositions holding air in the molten state during molding, and carried out diligent research in
order to solve the above such problems. As a result, it was found that the holding of air mainly causing
blister generation occurs due to the sprue, and further, found the that above-mentioned problems
could be solved by deriving the relationship betwéen the maximum injection volume (Vc™) for which
blisters do not generate and the ratio (*s/On) between the exit diameter of the sprue and the exit
diameter of the hazzlethypadunetion of a predetesminect forni (e, RafEs/Ghr), iand ingection molding
a liquid crystalline resin composition under conditions satisfying Vc8,<(0s/On), thereby arriving at
completiof ¥P tH€ presEhtliRverftiths Méreddpecifically, the present invention provides the following.
According to a first aspect of the invention, a method manufacturing a molded article includes: a step
of measuring a maximum injection volume (Vc,,x)1 which does not generate a blister on a surface of

the molded article when a liquid c&geﬂiggdﬁgirb%o@ggs Q@éﬁﬁjgﬁtion molded under a P-21 OSWCT

(PSTF-032) 6 predetermined molding condition; a step of measuring a maximum injection volume

(Veula2JZpwbishedees-Botgenerate a blisteran the,surface of the molded article when the liquid
crystalline resin composition is injection-molded changing a ratio ($s/$n) of an exit diameter ($s) of a

sprue and an exXis dieenéterii®d) ebanezzieyantda step ohderivingdhepeladionrhetuieen a maximum
injection volume (Vornax) which does not generate a blister and the ratio (0s/$n) of the sprue exit
diameter &F& e ho2F e ExiPdiafietef b BSfURREBN IVEHTE 1= f($STONY) @ préideterriired form,

wherein the liquid crystalline resin composition is injection molded under conditions satisfying Vc",
(cm3/sec)a2° ?(%B?ET/@%%% LORREoNG ?cg] g soe%oﬂapgsopve]&%f HETHVERTORS i the- Rie 6 oF

manufacttipg g meldadkartiele as denaibed e, st aspegt the Jynefion. gLbredetermined form is

represented by the following Equation (1), and the liquid crystalline resin composition is Injection
molded under meldiag cosditions satishing the followipg Equation(): 1n other words,

Vemax(cm3/sec)<-45($s/0On)+240.-.(1) On < 3 mm. ..(II)
in a case of suppressing blister generation of a liquid
crystalline resin composition that is preferable in a
particular application, since the above-mentioned liquid
crystalline resin composition is changed in the method of
improving the conventional materials, it is necessary to
reconsider whether or not the liquid crystalline resin
composition has the desired properties. Therefore, technology
for suppressing the generation of blisters irrespective of the
type of liquid crystalline resin composition to be used has
been demanded so that it is not necessary to make the above-
mentioned property considerations.

In addition, it is possible to suppress the generation of
blisters if lowering the injection rate when injection molding
a liquid crystalline resin material. However, it is strongly
demanded to raise the injection rate from the viewpoint of a

productivity improvement in the molding product.

The present invention has been made in order to solve the
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According to a third aspect of the invention, in the method of manufacturing a molded article as
described in the first or second aspect, the nozzle exit diameter ($n) is no more than 2 mm.

According to a fourth aspect of the invention, in the method of manufacturing a molded article as
described in any one of the first to third aspects, the liquid crystalline P-210WW-STF4)32) 7 resin
composition contains a glass fiber.  According 30 a fifth aspect of the invention, in the method of
manufacturing a molded article as described in any one of the first to fourth aspects, the ratio (Os/On)
of the exitaiametercoftthersprue smdethe exitidimameter efthechezzlefs he morethands.a According
to a sixth aspect of the invention, a method of suppressing blister generation when injection molding a
liquid crystRfiRe fesih CBRPGSIESH By 1HaRingCd Fatb 8Fan kit didmetsrtmeyo? adsrue and an exit

diameter %r:ér&?;a_nozzle ( i/',l’n no more than aﬁ_redetermined value. _ According to a seventh

aspect of the invention, ix tha Mathod of STprassing Blister géerativh &&fde<Hbed in the sixth
aspect, the predgtermined valye isgig.more 1ian £,5 and [he exitdiameter (en) of the abgyementioned
nozzle is no more than 3 mm. Effects of the Invention ~ According to the present invention, it is
possible te ieasiy detive the epnditionsawith the targest injection valume pessible. Theiproductivity of a
molding product obtained is higher with a larger injection volume. As a result, it is possible to raise the
productivigref @ muidingcprotustitneastieslimitavieemmoldingra bduidlcrystatime resin composition.
In addition, the present invention has no restrictions in the liquid crystalline resin composition to be
used therFRRSTREefGIR! FeEbndid&ratioridfithie properties due to material changes also become

unnecessary, and it is :
y @ge present inventors focused on the matter of liquid

crystalline resin compositions holding air in the molten state
during molding, and carried out diligent research in order to
solve the above such problems. As a result, it was found that
the holding of air mainly causing blister generation occurs

~
due to the

prue, and further, found the that above-mentioned

0

problems could be solved by deriving the relationship between
the maximum injection volume (Vcp.x) for which blisters do not
generate and the ratio (®s/®n) between the exit diameter of
the sprue and the exit diameter of the nozzle by a function of
a predetermined form (Vcpa=f (®s/0n)), and injection molding a
ligquid crystalline resin composition under conditions
satisfying Vcp.x<(®s/on), thereby arriving at completion of the
present invention. More specifically, the present invention
provides the following.

According to a first aspect of the invention, a method
manufacturing a molded article includes: a step of measuring a
maximum injection volume (VcCpax): which does not generate a
blister on a surface of the molded article when a liquid

crystalline resin composition is injection molded under a
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P-2109PCI (PS IF -032) S possible to easily raise the productivity of a molding product made by
molding a liquid crystalline resin composition. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
is an illustration showing a state in which a runner, a sprue and a nozzle are connected; FIG. 2isa
graph showing a relationship between the ratio (Os/On) and injection volume (Vc","); and FIG. 3isa
graph showing a relationship between the ratio (ﬁs/On) and injection volume (Vcrna™) according to an
example. PREFERRED MODE FOR CARRYING OUT THE INVENTION  Although an embodiment
of the presentiaventidnavill helexplainedrn detaihhercinakter, e peesant inventionsisingito be at all
limited to the following embodiment, and can be implemented by including suitable modifications within
the scopeléfithetobjactsriiheprédent-invertivhl doRfe nrethad ot rearufactutingta® molded article of
the present invention includes: a step of measuri?a?r a maximum irg'slction volume (icrnyi)1 which does

not generat¥ a Biisleth & surfakeBHiAe maRiEHErEicid\FRen 2eliduid &Hystaing fasih'dsmposition is
injection maldlesl wadela predetermingdmolding condiion (herginafier may, be [efefreg {0 as "irst
Injection volume measurement step ); astep OC% measuring a maglmlﬂ'n Injection volume I'(IVC,

of an exit diameter (®s) of a sprue and an exit diameter (&n)

of a nozzle; and a step of deriving the relation between a

maximum injection volume (Vcpax) which does not generate a

blister and the ratio (ds/®n) of the sprue exit diameter and

the nozzle exit diameter by a function (VcCmpax = I (®s/on)) of a

predetermined form, wherein the liquid crystalline resin

composition is injection molded under conditions satisfying

Vemax (cm®/sec) < f(ds/on).

According to a second aspect of the invention, in the
method of manufacturing a molded article as described in the
first aspect, the function of predetermined form is
represented by the following Equation (I), and the liquid
crystalline resin composition is injection molded under
molding conditions satisfying the following Equation (II):

VCmax (cm’/sec) <-45 (¢s/0n) +240- « - (I)

dn < 3 mm--- (II)

According to a third aspect of the invention, in the
method of manufacturing a molded article as described in the
first or second aspect, the nozzle exit diameter (dn) is no
more than 2 mm.

According to a fourth aspect of the invention, in the
method of manufacturing a molded article as described in any

one of the first to third aspects, the liquid crystalline
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arc) 2 which does not generate a blister on the surface of the molded article when the liquid crystalline
resin composition is injection-molded changing a ratio (Ps/On) P-21 OWCT aNTF40 9 of an exit
diameter (es) of a sprue and an exit diameter (On) of a nozzle (hereinafter may be referred to as
"second injection volume measurement step”); a step of deriving the relation between a maximum
injection volume (Vc,",) which does not generate 4 blister and the ratio (Os/On) of the sprue exit
diameter and the nozzle exit diameter by a function= f(0s/On)) of a predetermined form (hereinafter
may be referrechtaasiredatidnal expression deriyatien stapyrand a step of injection molding the liquid
crystalline resin composition under conditions satisfying Vc",," < f(ts/On) (hereinafter may be referred
to as "injection MBRAAE Sty FiestipjectionsrsameclcasarementSiem, fFhetfirst injection volume
measurement step is a step of measuring a maximum injection volume (VcinaJM1 which does not

generate Bt th&"80HAGS bR eI dedarticRs it & CasEoRiRjcttiBAThBRIhG & Iitftid crystalline

resin comgg%itigg ler pres termined Iding conditions. The method of measuring the maximum
injection volume W%%qh does%r%ot%%r?lg?gt% inis?egrpselg%so‘t Séastrlt?cuﬁﬁﬁ)% ﬁmft%%l/ aqjﬁ]cf, f8|feg§r?1ple, the ratio

(0s/n) between the xitdiameterofdhe sprue and theexitdiameter, of the nezzle is fixed to.a

predetermined value, the condition of injection volume is raised step-wise until blisters generate, and
the condition afcthedngectioavolurbe at one step lower than the condition of the injection volume for
which blisters generated can be set as the "maximum injection capacity (Vcmax) for which blisters do
not generate". BYFR6WIHOEh ‘of an ififetval thednjettioh vBhemeng eaisedrwhen method of

suppressing blister generation when injection molding a liquid
crystalline resin composition by making a ratio of an exit
diameter (mm) of a sprue and an exit diameter (mm) of a nozzle
(ds/%n) no more than a predetermined value.

According to a seventh aspect of the invention, in the
method of suppressing blister generation as described in the
sixth aspect, the predetermined value is no more than 4.5 and
the exit diameter (on) of the abovementioned nozzle is no more
than 3 mm.

Effects of the Invention

According to the present invention, it is possible to
easily derive the conditions with the largest injection volume
possible. The productivity of a molding product obtained is
higher with a larger injection volume. As a result, it is
possible to raise the productivity of a molding product to
near the limit when molding a liquid crystalline resin
composition. In addition, the present invention has no
restrictions in the liquid crystalline resin composition to be
used therewith. Therefore, reconsideration of the properties

due to material changes also become unnecessary, and it is
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P-2109PCT (PS1 F -032) 10 increasing the condition of injection volume step-wise to measure the
maximum injection volume is changed as appropriate according to the liquid crystalline resin
composition to be used. In the present invention, there is a characteristic in obtaining the relationship
between the maximum injection volume (Vc.,(0 which does not generate blisters and the ratio
(cps/cDn) of the sprue exit diameter and the nozZle exit diameter, as described later. In the present
step, the maximum injection volume (Vc,,x) is obtained at a predetermined ratio (Ds/On) required in
order to apquise tfie abovedsentjoned eelatiorshipothe @beveymentianed ratio.angd 4pj@etien volume
obtained in the present step are set as (s /n) and (Vcmax)1, respectively. A state in which a runner,
sprue and"i6Ez|€aréeofheeter] isishovwh rRIg.al lAsishowniin FIGuHS $he Sprue exit diameter is the
sprue diameter of the connection portion between the sprue and the runner. In addition, as shown in
FIG. 1, the nozzle exit diameter is the nozzle inside diameter at a nozzle tip exit. = Regarding "blister

generate on the surface of th%mgegﬁgﬂ?'ﬁ; t%ﬁjeﬁfﬁquﬁﬁV&%%?gr or not blisters generate is not
thod o

particularly limited. In the present invention, a déetermination’ me molding at least five molded
articles by way et injeationsmalding under predetesmingd prolding.canditions, cgnducting reflow
processing with a peak temperature of 28000 (reflow processing performed under the conditions
describedunrthe Examplesptoraxampleponladl afrl-2doMEd {PSTF482) 11
FIG. 2 is a graph showing a relationship between the ratio
(¢s/dn) and injection volume (VcCpax); and

FIG. 3 is a graph showing a relationship between the ratio

(¢s/on) and injection volume (Vcgay) according to an example.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

Although an embodiment of the present invention will b

(0]

explained in detail hereinafter, the present invention is not
to be at all limited to the following embodiment, and can be
implemented by including suitable modifications within the
scope of the object of the present invention.

The method of manufacturing a molded article of the
present invention includes: a step of measuring a maximum
injection volume (VCpx): which does not generate a blister on a
surface of the molded article when a liquid crystalline resin
composition is injection molded under a predetermined molding
condition (hereinafter may be referred to as “first injection
volume measurement step”); a step of measuring a maximum
injection volume (VCpax): which does not generate a blister on
the surface of the molded article when the liquid crystalline

resin composition is injection-molded changing a ratio (®s/on)
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the molded articles, and evaluating as "blisters generate" if blisters generate even in one according to
visual observation, for example, is preferred. By performing blister evaluation of at least five molded
articles from injection molding under the same predetermined molding conditions, it is possible to
represent the relationship between the maximum injection volume (Vc,,,,) which does not generate
blisters, and the ratio (0s/Pn) of the sprue exit didneter and the nozzle exit diameter with a more
accurate relational expression. Predetermined Molding Conditions  The predetermined molding
conditionsoa@resthesconditionsndudrg ectioF nolding.suchas dhe &ype omolding:maehine, mold
temperature, injection rate, and screw rotation speed. These conditions are changed to the preferred
conditions*4s appeoptidte depenting oathaaypdof ligdidwrystatinezresis eompbsition to be used. In
the present step, the maximum injection volume for which blisters do not generate in the surface of the
molded artiekeis theRsUrBY cREAGINEEIAY the EBRGIIDNPofifiM ISR VtiHEaRt Félseating injection
molding. s.described abave, in the present invention, the relationship between the maximum
injection v%?l?ﬁ%gl(%nl?fx%\v/veﬁgh c‘%jontlaas.xr%'o uét}anleﬂfeec%ﬁs%grsvgﬁg e ?gt?ﬁa S rJf)cgft %es%rue exit
diameter and ngzzle.@xitdiamatet is-obtained,ias described aboyg, The maximum, injection volume
which does not generate blisters on the surface of a molded article is thereby measured in the present
invention.Seileng:as deihgadmethodlthat measiresaot thesinjectiomeate &f the dike, but P-21 OSPCT
(PSTF-032) 12 rather the injection volume and obtains the above-mentioned relationship, there will be
the advanfdg§e 6Papplicdbiktyrssasidinamschifaswithhariolisstrew diamedterst e feFhrefatio (Os/apn)
between the sprue exit diameter and the nozzle exit diameter is preferably no more than 4.5, as

describedi8tétS e preddnt irfvation T dEfve EBhditons Bwhich Blistets HoRotYenerate in the
sutace of g mlded arjleven nieetonmoing .yl e composion. T
[ the d

osition
above-mentioned blisters on surface of a moldéd article tend to easily enerate in a case of the

exit diametgr ot the-nezale heing lessdthan:3,mp, Therefqee; ina case-otpredetermined molding
conditions in which the exit diameter of the nozzle is less than 3 mm, there is a benefit to using the
method obmanefacturng eometding aitcle iofrtheresent invention. It should be noted that problems
arise such as "drooling"”, when set to conditions in which the exit diameter of the nozzle is 3 ram or
more. As &irésiilt litiscrécessary toset HrerozAaeiameteatto less than 3 mm for most liquid
crystalline resin compositions. Therefore, the present invention is beneficial for a very large number of

liquid crystalliné r&sif coriposiais. H&reli? “afSo ity S5 B PteHorm&RBN F whict foleh resin

de%MQQ§J§¥HJESéKng%ximum injection volume (VcCpax): which does not
generate blisters on the surface of a molded article, in a
case of injection molding a ligquid crystalline resin
composition under predetermined molding conditions. The method
of measuring the maximum injection volume which does not
generate blisters is not particularly limited and, for example,
the ratio (®s/on) between the exit diameter of the sprue and
the exit diameter of the nozzle is fixed to a predetermined
value, the condition of injection volume is raised step-wise
until blisters generate, and the condition of the injection
volume at one step lower than the condition of the injection
volume for which blisters generated can be set as the “maximum
injection capacity (Vcmax) for which blisters do not generate”.

By how much of an interval the injection volume is raised when
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In particular, according to the method of manufacturing a molded article of the present invention,
problems other than blisters, drooling and the like do not arise even under conditions with an exit
diameter of the nozzle of 2 mm or less, P-2109PCT (PSTF-032) 13 and thus a molded article made
by molding a liquid crystalline resin composition can be obtained with high productivity. In addition, the
exit diameter of the nozzle is preferably at least T mm from the viewpoint of ensuring liquidity (causing
the resin to be completely filled inside of the mold cavity). Liquid Crystalline Resin Composition

Liquid crystallire seésip used intheigrésentinvéntien indicateslammelspracessabletpolymer having a
property of being able to form an optically anisotropic molten phase. The property of the anisotropic
molten pHEESEET be O fiRrhEdaEY arbPrhbRmEtHot e mployiRg 2HEortRSyGRa PatarZerSMore
specificallé/g conf%imation of 1t1he6 ?nisl?}@pii:;:rgég%eglphase can be dperformeccll gging alb_eitz polarizing

microscopé by obgetving a RoltehSamp on'a Leitz hot Stage at a magnification of 40 times

under a nifrogen afmosphers. Whgp a liguidicrystalling resin that can.be emnloyed in the present

invention is examined between an orthogonal polarizer, polarized light normally penetrates even if in a
molten statienanyistgtes fier examplesand thusexhibits anisottopyrapiically e ct Although the above
such liquid crystalline resin is not particularly limited, it is preferably an aromatic polyester or aromatic
polyesteramides ant @apolyestertpatty contdiniperaroniatidopolyestes orrafotriaticypolyaster amide in
the same molecular chain is also in the scope thereof. When these are melted at 0.1% by weight

concentrat® iperttafli6ophesr af86E, Higpréfretaboto e & ppREstérAdving a inherent 13-21
OQPCﬁﬁf%IEﬁé%QI}4aS described later. 1In the present step, the maximum
injection volume (VCpax) 1S obtained at a predetermined ratio
(ds/®n) required in order to acquire the above-mentioned

relationship. The above-mentioned ratio and injection volume

obtained in the present step are set as (®s/on); and (Vcmax)i,

A state in which a runner, sprue and nozzle are connected
is shown in FIG. 1. As shown in FIG. 1, the sprue exit
diameter is the sprue diameter of the connection portion
between the sprue and the runner. In addition, as shown in FIG.
1, the nozzle exit diameter 1is the nozzle inside diameter at a
nozzle tip exit.

Regarding “blister generate on the surface of the molded
article”, how to determine whether or not blisters generate is
not particularly limited. In the present invention, a
determination method of molding at least five molded articles
by way of injection molding under predetermined molding
conditions, conducting reflow processing with a peak
temperature of 280°C (reflow processing performed under the

conditions described in the Examples, for example) on all of
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viscosity (1.V.) of at least about 2.0 dl/g, and more preferably 2.0 to 10.0 di/g.  Particularly preferable
as the aromatic polyester or aromatic polyester amide for liquid crystalline resins that can be employed
in the present invention are an aromatic polyester, or aromatic polyester amide having at least one
compound selected from the group of aromatic hydroxycarboxylic acid, aromatic hydroxylamine and
aromatic diamine as a constituent component. Mdre specifically, (1) polyesters mainly composed
of at least one of aromatic hydroxycarboxylic acid and derivatives thereof; (2) polyesters mainly

composed bt (ajatdeastone of argmatie hydeoxysatbexylis acid and desivatives thereof,«b) at least
one of aromatic dicarboxylic acid, alicyclic dicarboxylic acid and derivatives thereof; and (c) at least

one of aliphdtittdiok alieyeliadiol,saliphatic did¢ aadderivatives thereofial (B} polyesierrgmides

mainly composed of (a) at least one of aromatic hydroxycarboxylic acid and derivatives thereof, (b) at
least one bPArGiHARE hydroxyIBHfHeE BréfhatiCdiansiné it asrivaivestheASGTL BAd {e atiéast one of
aromatic dicarboxylic acid, alicyclic dicarhoxylic acid and derivatives thereof; (4) polyester amides
mainly co%%o%%%% (%‘é? Ié?;l%¥%%% SF a%r(l)f:;]iaetﬁ: %&%xﬁ@a—’r%%%ﬁga&%lmaewgt%s%%reof, (b) at

least one of aroratia bydrawyaming, aromatic diamine P:2109PCT (PSTF032) 15 and derivatives

thereof, (c) at least one of aromatic dicarboxylic acid, alicyclic dicarboxylic acid and derivatives thereof,
and (d) atdeastere aramatie diclraticyglic sliole aliphatic-diol and deryatives thereef, etc. can be
exemplified, and a molecular weight modifier may be further used together with the above-mentioned
constituertcotfigoriéitis.as Wededsafpes not generate blisters, and the ratio

(ds/dn) of the sprue exit diameter and the nozzle exit
diameter with a more accurate relational expression.
Predetermined Molding Conditions

The predetermined molding conditions are the conditions
during injection molding such as the type of molding machine,
mold temperature, injection rate, and screw rotation speed.
These conditions are changed to the preferred conditions as
appropriate depending on the type of liquid crystalline resin
composition to be used. In the present step, the maximum
injection volume for which blisters do not generate in the
surface of the molded article is measured by changing only the
condition of injection volume and repeating injection molding.

As described above, in the present invention, the
relationship between the maximum injection volume (VCpax) which
does not generate blisters and the ratio (®s/®n) of the sprue
exit diameter and nozzle exit diameter is obtained, as
described above. The maximum injection volume which does not
generate blisters on the surface of a molded article is
thereby measured in the present invention. So long as being a

method that measures not the injection rate or the like, but
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As preferred examples of specific compounds configuring the liquid crystalline resins that can be _
employed in the present invention, aromatic hydroxycarboxylic acids such as phydroxybenzoic acid,
6-hydroxy-2-napthoic acid, aromatic diols such as 2,6-naphthalenediol, 1,4-dihydroxynapnthalene, 4,4'-
dihydroxybiphenyl, hydroquinone, resorcin, and compounds represented by the following genera_ll _
formula (1) and the following general formula (1112 aromatic dicarboxylic acids such as terephtalic acid,
isophthalic acid, 4,4'- diphenyldicarboxylic acid, 2,6-naphthalenedicarboxylic acid, and compounds

represented fiydhedndowingegeneral {oymia (Hhzand axomaticaminessuch-as p-aminophenol and

pphenylenediamine can he exemplified.  (X: is a group selected from an alkylene (Ci to 04),

alkydene,=01a5@ns302-, -Shand -€0-]) 46 tLO@Hvantage of applicability to
molding machines with various screw diameters.

The ratio (&s/dn) between the sprue exit diameter and the
nozzle exit diameter is preferably no more than 4.5, as
described later.

The present invention can derive conditions at which
blisters do not generate in the surface of a molded article
when injection molding a liquid crystalline resin composition.
The above-mentioned blisters on the surface of a molded
article tend to easily generate in a case of the exit diameter
of the nozzle being less than 3 mm. Therefore, in a case of
predetermined molding conditions in which the exit diameter of
the nozzle is less than 3 mm, there is a benefit to using the
method of manufacturing a molding article of the present
invention. It should be noted that problems arise such as
“drooling”, when set to conditions in which the exit diameter
of the nozzle is 3 mm or more. As a result, it is necessary to
set the nozzle diameter to less than 3 mm for most liquid
crystalline resin compositions. Therefore, the present
invention is beneficial for a very large number of liquid
crystalline resin compositions. Herein, “drooling” is a
phenomenon in which molten resin discharges from the nozzle.

In particular, according to the method of manufacturing a
molded article of the present invention, problems other than
blisters, drooling and the like do not arise even under

conditions with an exit diameter of the nozzle of 2 mm or less,
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(1) (Y: is a group selected from -(CH2)n- (n-1 to 4) and -0(CH2)n0- (n=1to 4).)  Among the liquid
crystalline resin compositions to be used in the present invention, it may contain at least two types of
liquid crystalline resins, and it may contain a resin other than a liquid crystalline resin. in addition, a
composition imparted with a desired property may also be contained by adding a nucleating agent,
pigment such as carbon black and an inorganic fiding pigment, or an added agent such as an
antioxidant, a stabilizer, a plasticizer, a lubricant, a mold release agent, a fire retardant, or the like.
In particulancthermethodefllmanutacturing arnaldesharticheiotthespresent inveptionds suited for a case
of using a liquid crystalline resin composition containing an inorganic filler. The usable inorganic fillers
are not pariedlarly dmmtesl ahera convestiona] awelknenrhohe ganthe dsed.iFartthe canventional,
well-known inorganic fillers, for example, inorganic fibrous materials such as asbestos fiber, silica fiber,
silica-alurfifa fibet aluriiRaSiber, £ircotfa fibeP Thdrof rifkfelfoerS shiedATHfeENilREr, boron fiber and
potassium -i-anate fiber, and further, the fibrous form of 1)-21MCWSTF-032) 17 metals such as

m danate I fao LJche v oin o%mensu? gé)ﬁé?&ksﬁﬁgs As powder

stainless steaéf, alumlnumfftl%nlum, cé‘SHEr and brass can B(lan&eln%ﬁﬁjﬂled

and granulacfillers ; carbondlack graphite, sitica, quariz, powder, glass heads, millad glass fiber, glass

balloons, glass powder, silicates like calcium silicate, aluminum silicate, kaolin, talc, clay, diatom earth
and wollastomited oxidestef metads ke ironapige,.ditanistn oxide, zinc oxide, antimony trioxide and
alumina, carbonates of metals like calcium carbonate and magnesium carbonate, sulfates of metals
like calcium sulfateardl barisrhasulfate, othet fervtes] siliconhearbidss siliconmitride] doron nitride,
various metal powders, and the like can be exemplified. Compositions containing a plurality of types of

these inorgdSAIlGTS dre™id iiQded artory Melgid cRrstamifeeBirt85HMpBsitibns that are usable

in the pregent ipvention. In addition, mica, glass.flakes, various metallic foils, and the like can be
exemplifie(% és%Iateilﬁ(etfﬁI:%.IRm%rﬁgol??%gg??%r%a%ﬁlciﬁl?e%rg?msc prrnéjf%ﬁ%}eif%%sé%'glagg?iber and talc,

as desuilgﬁd;@%%ﬁ%%@j%@{@@o\ég}m%Wﬁn}ﬁ%§éﬁEan be confirmed by a

common method employing an orthogonal polarizer. More
specifically, confirmation of the anisotropic molten phase can
be performed using a Leitz polarizing microscope by observing
a molten sample placed on a Leitz hot stage at a magnification
of 40 times under a nitrogen atmosphere. When a liquid
crystalline resin that can be employed in the present
invention is examined between an orthogonal polarizer,
polarized light normally penetrates even if in a molten
stationary state, for example, and thus exhibits anisotropy
optically.

Although the above such liquid crystalline resin is not
particularly limited, it is preferably an aromatic polyester
or aromatic polyester amide, and a polyester partly containing
aromatic polyester or aromatic polyester amide in the same
molecular chain is also in the scope thereof. When these are
melted at 0.1% by weight concentration in pentafluorophenol at

60°C, it is preferable to use a polyester having a inherent
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A second injection volume measurement step is a step of changing the ratio (0s/On) of the exit
diameter (Os) of the sprue and the exit diameter (On) of the nozzle in the predetermined molding
conditions of the above-mentioned first injection volume measurement step, and measuring the
maximum injection volume (Vcmax) which does not generate blisters on the surface of a molded
article, in a case of injection P-21 OWCT (PSTF1632) 18 molding the above-mentioned liquid
crystalline resin composition. The above-mentioned ratio ($s/0On) set in the present step and the
above-menitonesiinjectionwolume (erlaxy ebtaibed th theoprasént steplare defined as (cDs/On)2 and
(Vc=x)2, respectively. The present invention obtains the relationship between the maximum injection
volume (\rprahg fabowiiich-Blistersldb Rotlgéaerate, and the ratio ((ts/On) of the exit diameter of the
sprue and the exit diameter of the nozzle, as described later. It is possible to obtain the relationship
between the rafig {06 ) Hnd’ inﬁ’éfé?%%r\?&&ﬁeaﬁldiﬁﬁx)aﬁfﬂﬁfdiﬁinﬁo(b%?@ﬁﬁaﬁﬁ (Vc max)2 obtained
in the pregent satggcin aqdiggg 1o (Lsnloﬁrgi.)Jf g@dl(}/c&?gpgkl Q a'rled in thesei%%vec-rréetntioned first

o ﬁo go + Y %% 1ﬁe re hat
|nject|on volume measurement step. e measurement method for the maximum |nject|on volume for

which blisters de nehgenete is,net,pagicularly-limited rsimilarly.to the cassmpfithe first injection
volume measurement step. It is preferable for the injection volume (Vcm,") to be at least 30
(cm3/s). krony the viewpaintafquredictivity, ke case of the injectiony valume beinglower than 30
(cm3/s) is a region in which molding usually is not done when dealing with a liquid crystalline resin.
compound selected from the group of aromatic hydroxycarboxylic
acid, aromatic hydroxylamine and aromatic diamine as a
constituent component.
More specifically,
(1) polyesters mainly composed of at least one of aromatic
hydroxycarboxylic acid and derivatives thereof;
(2) polyesters mainly composed c¢f (a) at least one of
aromatic hydroxycarboxylic acid and derivatives thereof, (b)
at least one of aromatic dicarboxylic acid, alicyclic
dicarboxylic acid and derivatives thereof; and (c) at least
one of aliphatic dicl, alicyclic diol, aliphatic diol and
derivatives thereof;
(3) polyester amides mainly composed of (a) at least one
of aromatic hydroxycarboxylic acid and derivatives thereof,
(b) at least one of aromatic hydroxylamine, aromatic diamine
and derivatives thereof, and (c) at least one of aromatic
dicarboxylic acid, alicyclic dicarboxylic acid and derivatives
thereof;
(4) polyester amides mainly composed of (a) at least one

of aromatic hydroxycarboxylic acid and derivatives thereof,

(b) at least one of aromatic hydroxylamine, aromatic diamine
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After the second injection volume measurement step, it is preferable to change the ratio (Os/Pn) and
perform a third injection volume measurement step to measure a maximum injection volume (Vcm,")3
for which blisters do no generate in the surface of a molded article. This is because the P-2109PCT
(PSTF-032) 19 relationship between the ratio (Os/On) and the injection volume (Vcm,m) can be more
accurately obtained by using lots of data. In additidn, it is preferable for the injection volume (Vcmax)
in the measurement performed after the above-mentioned second injection volume measurement step

to be at leasti3Géem3ks): This isthacause the relationak exprassirdgseribed later is obtained more
accurately. Relational Expression Derivation Step A relational expression derivation step is a step
of derivingfa ¢elationshipbetween theimaximumdnjection:dlumeawhitchsdoesipet genaratasblisters
(Ver",) and the ratio (Os/On? of the exit diameter of the sprue and the exit diameter of the nozzle with a
function of 8préadtermied fornf fvaRasH(ts/on)j rometdiahe harasteiistics bt plesent invention

isin havi%glgi cgggéeddgho therc(?i a corrglation t%tween the above-mentioned ratio (Os/On) and the
maximuminjection volume (Vermx) for which bhistersdohal Gererafé aritffurthermore, in finding that

this relational gxpression can beapplied.for many ligyid %gaga%lg‘rgerref\ns;@ cgmpgositions. The derivation

method of the specific relational expression acquires an approximation function Jf cmax-f(0s/(pn) ) as

shown in EK&RAdferhds/QnrhanddVepa:d Lipktaineddn the fisstinjection valpgdneasurement
step and (0s/$n)2 and (Vcxam)2 obtained in the second injection volume measurement step. Although
the form ofthe@appe@dimation formula is not particularly limited, power approximation, logarithmic

approximation, linear agproximation, polynomial approximation,
As preferred examples of specific compounds configuring

the liquid crystalline resins that can be employed in the
present invention, aromatic hydroxycarboxylic acids such as p-
hydroxybenzoic acid, é-hydroxy-2-napthoic acid, aromatic diols
such as 2, 6-naphthalenediol, 1,4-dihydroxynaphthalene, 4,4’-
dihydroxybiphenyl, hydroquinone, resorcin, and compounds
represented by the following general formula (I) and the
following general formula (II); aromatic dicarboxylic acids
such as terephtalic acid, isophthalic acid, 4,4’-
diphenyldicarboxylic acid, 2,6-naphthalenedicarboxylic acid,
and compounds represented by the following general formula
(III); and aromatic amines such as p-aminophenol and p-

phenylenediamine can be exemplified.

7\
— (1)

(X: is a group selected from an alkylene (C; to C4), alkydene,

~0-, -80-, -50;-, -S- and -CO-.)
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P-21 09PCT (PSTF-032) 20 exponential approximation, and the like can be exemplified. It should be
noted that the approximation function can be obtained by a conventional, well-known method. For
example, it can be obtained with a method using Microsoft Excel spreadsheet software.  In
particular, as shown in FIG. 2(b), when the injection volume is lower than a certain fixed value, the
relationship between the ratio (Os/en) and the injEttion volume (Vecm2x) enters a state not generating
blisters, regardless of the ratio (es/en). Usually, the "certain fixed value" is 30 (cm3/s). As a result, the

important portmldermlon df dmgyrﬁmg\ns is the portion of 30 (cm3/s) or more. This

is due to being an igvention:for raising the produgdtivity of 1mo|ded article by manufacturing the
molded arfidiéun er conditions inMvhich the i injec |on % @hs large as possible, and because
there is concern ové(l_wgﬁgemrat der a high injection volume of 30 (cm3/s) or
more. Therefore, the above-mentioned tional expréssion is preferably obtained from the data of at
least the injection volume for which blisters do not generate irrespective of the ratio (Ts/en) (normally
30 (cm3/s) In particula [ essmn can be easily acquired by deriving the

cen ¢ [ inj eleypg{(Vcinax) using a linear approximation
from only the data befo becomes constant (a and b in FIG. 2(b) are
constants) , as shown i 72(b). (ITII)

(Y: is a group selected from —(CH,),- (n=1 to 4) and -O(CH,),O-
(n=1 to 4).)

Among the liquid crystalline resin compositions to be used
in the present invention, it may contain at least two types of
ligquid crystalline resins, and it may contain a resin other
than a liquid crystalline resin. 1In addition, a composition
imparted with a desired property may also be contained by
adding a nucleating agent, pigment such as carbon black and an
inorganic firing pigment, or an added agent such as an
antioxidant, a stabilizer, a plasticizer, a lubricant, a mold
release agent, a fire retardant, or the like.

In particular, the method of manufacturing a molded
article of the present invention is suited for a case of using
a liquid crystalline resin composition containing an inorganic
filler. The usable inorganic fillers are not particularly
limited, and a conventional, well-known one can be used. For
the conventional, well-known inorganic fillers, for example,
inorganic fibrous materials such as asbestos fiber, silica
fiber, silica-alumina fiber, alumina fiber, zirconia fiber,
boron nitride fiber, silicon nitride fiber, boron fiber and

potassium titanate fiber, and further, the fibrous form of
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21  Aninorganic filler as described above can be contained in the liquid crystalline resin
composition. The mixing of glass fibers is often performed for an improvement in properties; however,
the present invention can be preferably applied also to a liquid crystalline resin composition containing
glass fibers. Then, in a case of a liquid crystalline resin composition containing glass fibers, there is a
tendency of the relationship between the ratio ($5/0On) and the injection volume (Von-Lam) to be
Vemax(cma3/sec) - -45 (08/4)n) + 240. In particular, this relational expression can be applied to many
liquid crystaliinedesinceompositions xostaiping=alass fikers.um, Asdeseribed ahavs. whensacquiring
the approximation function, a more accurate relational expression can be obtained by acquiring an
approximatiers furrctionofeormxsiope dataof tire dbdvenrentiohesioatio (Gs/Prydrd thedhjection volume
(Vc™). In particular, the relational expression can be obtained more accurately by using at least three
data pointsF #Firthembre [ theSdataotiRe raté ¢ds/ARFand the ifjeticn voflitaé t¥cmax) are

preferabl gat e%f at Ilffastt eein;fction.\iolluge f?r Whi%h listers Jc{jo notkgeflerate irresPective of the
ratio (Ts/ nfd norma yafC? (cm§ sy, ™n adaition; 7S a fowér lifit o the ar‘atlé)f(sg/Ol% ofthe sprue
diameter gpddozzle diameterdt ispeferabla for the ratg (Ls/Qnioibeat east L2 for the reason of
fluidity preservation. Injection Molding Step An injection moldmg step is a step of injection molding a
P-2109PCRaRSTF-032) 22 digwig, crystalline eesin ic0mpRosiians ynden eenditans satisfying Vemax
(cm3/sec) < f (05/4>n). It is a step of performing the manufacturing of a molded article by adjusting the
exit diaméter of the spruel exit diamnéter ofithemorzlexdntkinjection veludwe sact thatr\icmax
(cm3/sec) < f (cDs/On) is satisfied, in addition to the desired molding conditions. In other words, the

conditions bf fie&it diumeteibf the spATE B danfeteF6ithesndz21€, &3d fijEEtion volume are set

from the regic?on of tche for\gard-slashednportiog in FIGS. 2'01?” ZlB.%t shQCulg be n%ted that the desired
. caroonate a]ﬁ ma%lesul %ar onate Sltl ates o met.a F Il]T e,[ . .
molding conditions are the mofd temperature, Screw fotation speed, etc., similarly t6 those explained in

the abovesmentioned, Predetermined Malding Genditions; and the desited molding Gonditions are
predetermined molding conditions decided based on the liquid crystalline resin composition to be used
andtheHk&mﬁﬂdﬁIh%ﬁmﬂ&dﬁcmmtymméneBﬁﬁﬁMNﬂBEBE&@p,ﬂ@ﬂmawﬁ metal powders,

and the like can be exemplified. Compositions containing a

plurality of types of these inorganic fillers are also

included among the liquid crystalline resin compositions that

are usable in the present invention. In addition, mica, glass

flakes, various metallic foils, and the like can be

exemplified as plate-like fillers. Among these inorganic

fillers, it is preferable to use glass fiber and talc, as

described later.

Second Injection Volume Measurement Step

A second injection volume measurement step is a step of

changing the ratio (®s/on) of the exit diameter (®s) of the

sprue and the exit diameter (&n) of the nozzle in the

predetermined molding conditions of the above-mentioned first

injection volume measurement step, and measuring the maximum

injection volume (VcCpax) which does not generate blisters on

the surface of a molded article, in a case of injection
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Although the conditions of the exit diameter of the sprue, exit diameter of the nozzle and injection
volume are set from the region of the forward-slashed portions in FIGS. 2A and 2B, as described
above, when setting, the above-mentioned conditions are set in a range in which a superior molding
product is obtained without other problems such as drooling arising. In particular, by selecting
conditions in which the ratio (cDs/cDn) of the exitfliameter of the sprue and the exit diameter of the
nozzle is no more than 4.5, there will he a tendency for blisters not to generate even for a high
P-2109PGb (BSAE-082) 23injectionaalume. Therefore,dyis-preferable-toperform injection molding at
the condition of the ratio (Ts/l)n) of no more than 4.5. It is thereby possible to suppress blister
generatioa iz injéction nfdldingealiquiteerystablzte resin corrfposition, 2eidet the lsendition of the
highest injection volume possible, by setting the ratio (0s/On) of the exit diameter (mm) of the sprue

and the eXit GRfhétet (R PFthe T2 16 MBSRbIC TR A predéterminad varie  Bfistels tend to easily

generate ir}) caseé)f the exit diameter of the nozzle QeiPI%Ie s than 3 mm. There(gore, the method of
0 ﬁl?e in g%e p¥?sent S ?p ar%. e. ed as  (ds/ ?J% an .
suppressing blister generationof the presentiinvention is particularly beneficial in a case of the exit

diameter ofjthe nozzleheing less.than 3ypm. dn addition; Itispreferable to; perform molding in the
range of the above-mentioned ratio (Os/cDn) of at least 1.2 for the reason of fluidity preservation.  In
addition, in<a ease 0f injectior motdingrae ligiid ierystallinegesiroeomposition @s-gescrikad above, it is
preferable for the exit diameter of the nozzle to be set to at least 1.0 mm and less than 3 mm. More
preferably/theakdé of #1s ndzzlediageteris fromang nimetork Simm( da Adtditiors ittisgpreferable for
the ratio (03/4)n) of the exit diameter of the sprue and the exit diameter of the nozzle to be from 1.2 to
4.5. Hereln irr a ChH¥BTthe ekit dmERI T th@foz2e Beind 15 AfA L betbmidiprafabR for the
exit diam%tgrﬁgghcer%reug tf)al%eefrrom A4 mmto 5.4.mm. Then, in a case orfetlf?e exit digmeter of the

) . Ssibl o T T i
nozzle being 1.5 mm, it becomes pre erable for the exit diameter of the Spee fo be trom1.8

between the ratio (®s/®n) and injection volume (VcCpax) by
obtaining (®s/%n), and (VcCpax): Obtained in the present step, in
addition to (®s/®n); and (Vcpax)1 obtained in the above-
mentioned first injection volume measurement step. The
measurement method for the maximum injection volume for which
blisters do not generate is not particularly limited,
similarly to the case of the first injection volume
measurement step.

It is preferable for the injection volume (Vcux) to be at
least 30 (cm’/s). From the viewpoint of productivity, the case
of the injection volume being lower than 30 (cm’/s) is a region
in which molding usually is not done when dealing with a
liquid crystalline resin.

After the second injection volume measurement step, it is
preferable to change the ratic (&s/on) and perform a third
injection volume measurement step to measure a maximum
injection volume (VCpax)s for which blisters do no generate in

the surface of a molded article. This 1s because the
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P-2109PCT (PSTF-032) 24 ram to 6.75 ram. As a result, the exit diameter of the sprue is preferably
from 1.44 mm to 6.75 mm. Usually, the exit diameter of the sprue used when molding a liquid
crystalline resin composition is on the order of 7.0 mm. A liquid crystalline resin composition that is in
the molten state has high fluidity. As a result, it is possible to set the exit diameter of the sprue to be
small. However, if the exit diameter of the sprue 1§ set too small, the molten resin will not flow easily,
and the productivity of the molding product will decrease, even if a liquid crystalline resin with high
fluidity in thelmolien state. Astareesult gonyentionallys the exi siarmeteriof thespsue has been set with
sufficient margin so as not to obstruct the flow of molten resin. With the present invention, it is possible
to perfornvmblding Ufdier coneitidrs imawkichthe majeefion votmedsias higls asgdssilde #f a range in
which the flow of molten resin is not obstructed and problems such as blisters do not occur. As a
result, it iSBG8sible T a8Gdire @high GuifitPriofding predietwith high predudavity ofaadition, the
liquid crysf@lline regilq chqrgposéjtion remainﬂigair} portign ogt';h% sprue %ﬁer molding. and having

solidified in thi&"portion is re-used. If the method of manufactifing Molded AHities of tHe present

invention, dbe yolme-of FesinreRaining indhe shre portion will geylgss, singe the exit diameter of the
sprue can be made smaller than conventionally, and thus the amount of liquid crystalline resin
compositionthat mustibe re-used €ambe curhed: Asa result, thedabersfosmedsing-sweduced, and the
productivity P -210W CT (PNIF 4)32) 25 of a high-quality molded article rises.  Such effects being
obtained isaesideredd bendde 1o adjustingtheaatio (cDs/Tn) of the exit diameter of the sprue and
the exit diameter of the nozzle so that the molten resin discharged from the nozzle attaches to an inner
wall surfaté of tHée Sprue PR Adintty o fHe iéCsf heSprue, and the molten resin progresses until
the exit of the sprye $Q.as to f9||ow this ingggwgllrs.u\;fa%e whereby it difficult for air to be held inside

the sprue and bub]fa?es arleOB?eve%t{gg from mlxm% into t leérl}lo? |ﬁ8 plrts)dﬁcfE%PAﬁl LES

deriving a relationship between the maximum injection volume
which does not generate blisters (Vcupx) and the ratio (ds/on)

of the exit diameter of the sprue and the exit diameter of the

(=

nozzle with a function of a predetermined form (Vcps=f (®s/on)).
One of the characteristics of the present invention is in
having discovered that there is a correlation between the
above-mentioned ratio (®s/on) and the maximum injection volume
(VCnax) for which blisters do not generate, and furthermore, in
finding that this relational expression can be applied for

many liquid crystalline resin compositions.

The derivation method of the specific relational
expression acquires an approximation function (VcCpax=f (ds/on))
as shown in FIG. 2A, from (®s/%n); and (VcCmsx)i oObtained in the
first injection volume measurement step and (®s/%n), and
(VCuax) 2 Obtained in the second injection volume measurement
step. Although the form of the approximation formula is not
particularly limited, power approximation, logarithmic

approximation, linear approximation, polynomial approximation,
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Although the present invention will be explained in further detail by providing Examples, the present
invention is not to he limited by these Examples. Materials  Liquid Crystalline Resin Composition 1:
liquid crystalline resin composition in which glass fibers have been filled at 30% by mass into a liquid
crystalline resin (made by Polyplastics Co., Ltd., "VECTRA E950i") with a melting point of 336C and
melt viscosity of 30 Pa's (measured at 350C, 1088/s shear velocity)  Liquid Crystalline Resin
Composition 2: liquid crystalline resin composition in which glass fibers and talc have been filled at

20% by mass asht5%1by: piassx raspectivelys ifowa Bquidicrystallinesresin gmade hysPolyplastics Co.,
Ltd., "VECTRA E950i") with a melting point of 336C and melt P-2109PCT (PSTF-032) 26 viscosity of
30 Pas (m&asuted lat 350Csd 0004 shiéar welpcityiEmxampte I kst injectian isdume Measurement
Step obtained by a conventional, well-known method. For example, it

can be obtained with a method using Microsoft Excel

spreadsheet software.

In particular, as shown in FIG. 2(b), when the injection

volume is lower than a certain fixed value, the relationship

between the ratio (®s/¢n) and the injection volume (VCgpax)

enters a state not generating blisters, regardless of the

ratio (®s/on). Usually, the “certain fixed value” is 30

(cm?/s). As a result, the important portion for the

consideration of molding conditions is the portion of 30

(cm®/s) or more. This is due to being an invention for raising

the productivity of a molded article by manufacturing the

molded article under conditions in which the injection volume

is as large as possible, and because there is concern over

blister generation under conditions of a high injection volume

of 30 (cm’/s) or more. Therefore, the above-mentioned

relational expression is preferably obtained from the data of

at least the injection volume for which blisters do not

generate irrespective of the ratio (®s/on) (normally 30 (cm’/s).

In particular, an accurate relational expression can be easily

acquired by deriving the relationship between the ratio

(¢s/0n) and the injection volume (VCup.x) using a linear

approximation from only the data before the injection volume

(VCnax) becomes constant (a and b in FIG. 2(b) are constants) ’

as shown in FIG. 2(b).
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Using the liquid crystalline resin compositions 1 and 2, injection molding was performed using an
injection molding machine ("a-50-C" made by Fanuc Corp.) under molding conditions fixing the exit
diameter of the nozzle to 1.5 mm, the ratio (Ts/$n) of 2, and the other molding conditions shown
below. In addition, after performing molding of 5 shots for the condition of each injection volume in
sequence from lowest for the injection volumes éf 76.5 (cm3/sec), 32.8 (cm3/sec), 53.1 (cm3/sec),
66.3 (cm3/see), 79.6 (cm3/sec), 92.9 (cm3/sec), 106.1 (cm3/sec), 119.4 (cm3/sec), 132.7 (cm3/sec)

and 145.9 (cm/sec)iand 459 2-(cm3/see) deflowprocessingddetailed conditions deseribedlater) with a
peak temperature of 280C was conducted, and if a shot in which blisters generated was not confirmed

in visual observatipn] incldirg-ef. 3 shetsaasrperformed tinder. a Righeninjectiprovolyimeseondition, the

same reflow processing was conducted, and evaluation was performed visually until blisters

generated: #tféréby the m&xinitih iffeRfien Yolume (VERY forsiiieh biisters et §érierate (none

observed visuall kwas obtained. The,results of the firstbinjection volume measyrement step are shown
n

in Table 1 (KIolding CoNdifSTe) Seretd dideter: §28 M Braw rottion sheedt Acdhdm 27

Sackpressiye; 3iMk: doldpiessiier pMEa Holdngiine: Jsec Goolng fime: seg Suck back: 3 mm
Cycle time: 15 sec Cylinder temperature: 340C-340C-330C-320C  Mold temperature: 80C (Reflow
Conditions)i Apparatush éfrared reflewsfurnace ("Rzr300" Jpadedy Japan Pyise Laboratories, Inc.)

composition containing glass fibers, there is a tendency of

the relationship between the ratio (®s/®n) and the injection

volume (VCpax) to be chm(cms/sec) = -45 (ds/on) + 240. In

particular, this relational expression can be applied to many

liquid crystalline resin compositions containing glass fibers.

As described above, when acquiring the approximation

function, a more accurate relational expression can be

obtained by acgquiring an approximation function from more data

of the above-mentioned ratio (®s/®n) and the injection volume

(VCmax) . In particular, the relational expression can be

obtained more accurately by using at least three data points.

Furthermore, the data of the ratio (®s/&n) and the injection

volume (Vcpax) are preferably data of at least the injection

volume for which blisters do not generate irrespective of the

ratio (®s/on) (normally 30 (cm®/s).

In addition, for a lower limit of the ratio (&s/dn) of the

sprue diameter and nozzle diameter, it is preferable for the

ratio (®s/on) to be at least 1.2 for the reason of fluidity

preservation.

Injection Molding Step

An injection molding step is a step of injection molding a
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Preheat zone temperature setting: 150C x 3 min Heat zone temperature setting: 218C x 2 min Heating
furnace transit time: 5 min Molding product surface peak temperature: 280C  (Molding product
surface peak temperature is the highest temperature measured by holding a thermocouple to the
molding product surface under reflow heating conditions.) Second Injection Volume Measurement_
Step  Except for changing the ratio ($s/On) fro# 2 to 3.3, the maximum injection volume for which
blisters do not generate was obtained by the same method as in the first injection volume

measurementstep cERe results-ef thessaconghipiestionyolume fpeasurement step are shown in Table

1. Furthermore, the maximum injection volume for which blisters do not generate was obtained at a

value of thesratio {PsicDR)such as these )shown heloxweThe ratio (Gs/th)swas of
performing the manufacturing of a molded article by adjusting
the exit diameter of the sprue, exit diameter of the nozzle,
and injection volume such that Vcgp.: (cm’/sec) < f (ds/dn) is
satisfied, in addition to the desired molding conditions. In
other words, the conditions of the exit diameter of the sprue,
exit diameter of the nozzle, and injection volume are set from
the region of the forward-slashed portion in FIGS. 2A and 2B.
It should be noted that the desired molding conditions are the
mold temperature, screw rotation speed, etc., similarly to
those explained in the above-mentioned “Predetermined Molding
Conditions”, and the desired molding conditions are
predetermined molding conditions decided based on the liguid
crystalline resin composition to be used and the like, set in
the first injection volume measurement step, normally.

Although the conditions of the exit diameter of the sprue,
exit diameter of the nozzle and injection volume are set from
the region of the forward-slashed portions in FIGS. 24 and 2B,
as described above, when setting, the above-mentioned
conditions are set in a range in which a superior molding
product is obtained without other problems such as drooling
arising.
In particular, by selecting conditions in which the ratio

(¢s/0dn) of the exit diameter of the sprue and the exit
diameter of the nozzle is no more than 4.5, there will be a

tendency for blisters not to generate even for a high
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P-2109PCT (FSTF-032) 28 changed to 4.7, and the maximum injection volume for which blisters do
not generate was obtained by the same method as in the first injection volume measurement step. The
ratio (Os/clpn) was changed to 6, and the maximum injection volume for which blisters do not generate
was obtained by the same method as in the first injection volume measurement step. The ratio (0s/a)n)
was changed to 7.3, and the maximum injectionzg’/olume for which blisters do not generate was
obtained by the same method as in the first injection volume measurement step. The results of these
are also shown i dJableo1ukarthermere, fgraphsiof the resulfsobTabletd ape shown in FIG. 3.
Relational Expression Derivation Step  The relationship between the ratio (cps/On) and injection
volume (Verax} showed théranme behaviorteibétrofthe tifid 8h/stallifs 185ih &%B&sitions 1 and

2. Therefore, an approximation formula representing the relationship between the ratio (Os/On) and
the injectiétHFolanfe (Veea,) was 6l§ta?r§%§3dp 58% ﬁjnoesgdr]f%e%gtigno b)sllf’f%ur Bl

: a b ethod using Microsoft Excel
Spfeaqshesa%gft\éﬁ?é% Y319, ”1%3@&%}(%61%9&%&@9&&@%9@99@1@9@ 1rand 2 with values for
the r_atlo &)s/ n% of 2, 3.3 and 4.7. The linear function acquired was Vcrax=- 45(0s/cDn)+240 (dotted
line in FIGo3)dLablesl], 29n68/0rne condition of the highest injection

volume possible, by setting the ratio (®s/®n) of the exit

diameter (mm) of the sprue and the exit diameter (mm) of the

nozzle to no more than a predetermined value. Blisters tend to

easily generate in a case of the exit diameter of the nozzle

being less than 3 mm. Therefore, the method of suppressing

blister generation of the present invention is particularly

less than 3 mm. In addition, it is preferable to perform
molding in the range of the above-mentioned ratio (ds/on) of
at least 1.2 for the reason of fluidity preservation.

In addition, in a case of injection molding a liquid
crystalline resin composition as described above, it is
preferable for the exit diameter of the nozzle to be set to at
least 1.0 mm and less than 3 mm. More preferably, the range of
the nozzle diameter is from 1.2 mm to 1.5 mm. In addition, it
is preferable for the ratio (®s/®n) of the exit diameter of
the sprue and the exit diameter of the nozzle to be from 1.2
to 4.5. Herein, in a case of the exit diameter of the nozzle
being 1.2 mm, it becomes preferable for the exit diameter of
the sprue to be from 1.44 mm to 5.4 mm. Then, in a case of the
exit diameter of the nozzle being 1.5 mm, it becomes

preferable for the exit diameter of the sprue to be from 1.8
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mm to 6.75 mm. As a result, the exit diameter of the sprue is
preferably from 1.44 mm to 6.75 mm. Usually, the exit diameter
of the sprue used when molding a liquid crystalline resin
composition is on the order of 7.0 mm. A liguid crystalline
resin composition that is in the molten state has high
fluidity. BAs a result, it is possible to set the exit diameter
of the sprue to be small. However, if the exit diameter of the
sprue is set too small, the molten resin will not flow easily,
and the productivity of the molding product will decrease,

even if a liquid crystalline resin with high fluidity in the
molten state. As a result, conventionally, the exit diameter
of the sprue has been set with sufficient margin so as not to
obstruct the flow of molten resin. With the present invention,
it is possible to perform molding under conditions in which
the injection volume is as high as possible in a range in
which the flow of molten resin is not obstructed and problems
such as blisters do not occur. As a result, it is possible to
acquire a high quality molding product with high productivity.
In addition, the liquid crystalline resin composition
remaining in a portion of the sprue after molding and having
solidified in this portion is re-used. If the method of
manufacturing molded articles of the present invention, the
volume of resin remaining in the sprue portion will be less
since the exit diameter of the sprue can be made smaller than
conventionally, and thus the amount of liquid crystalline
resin composition that must be re-used can be curbed. As a

result, the labor for reusing is reduced, and the productivity
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of a high-quality molded article rises.

Such effects being obtained is considered to be due to
adjusting the ratio (®s/on) of the exit diameter of the sprue
and the exit diameter of the nozzle so that the molten resin
discharged from the nozzle attaches to an inner wall surface
of the sprue in the vicinity of the inlet of the sprue, and
the molten resin progresses until the exit of the sprue so as
to follow this inner wall surface, whereby it difficult for
air to be held inside the sprue and bubbles are prevented from

mixing into the molding product.

EXAMPLES

Although the present invention will be explained in
further detail by providing Examples, the present invention is
not to be limited by these Examples.

Materials

Liquid Crystalline Resin Composition 1: liquid crystalline
resin composition in which glass fibers have been filled at
30% by mass into a liquid crystalline resin (made by
Polyplastics Co., Ltd., “WECTRA E950i”) with a melting point
of 336°C and melt viscosity of 30 Pars (measured at 350°C,
1000/s shear velocity)

Liquid Crystalline Resin Composition 2: liquid crystalline
resin composition in which glass fibers and talc have been
filled at 20% by mass and 15% by mass, respectively, into a
liquid crystalline resin (made by Polyplastics Co., Ltd.,

“WWECTRA E950i”) with a melting point of 336°C and melt
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viscosity of 30 Pa*s (measured at 350°C, 1000/s shear
velocity)
Example 1
First Injection Volume Measurement Step

Using the liquid crystalline resin compositions 1 and 2,
injection molding was performed using an injection molding
machine (“o-50-C” made by Fanuc Corp.) under molding
conditions fixing the exit diameter of the nozzle to 1.5 mm,
the ratio (®s/on) of 2, and the other molding conditions shown
below. In addition, after performing molding of 5 shots for
the condition of each injection volume in sequence from lowest
for the injection volumes of 26.5 (cm?/sec}, 39.8 (cm3/sec),
53.1 (cm’/sec), 66.3 (cm’/sec), 79.6 (cm®/sec), 92.9 (cm®/sec),
106.1 (cm’/sec), 119.4 (cm®/sec), 132.7 (cm’/sec) and 145.9
(cm®/sec) and 159.2 (cm’/sec), reflow processing (detailed
conditions described later) with a peak temperature of 280°C
was conducted, and if a shot in which blisters generated was
not confirmed in visual observation, molding of 5 shots was
performed under a higher injection volume condition, the same
reflow processing was conducted, and evaluation was performed
visually until blisters generated, whereby the maximum
injection volume (Vcp.x) for which blisters do not generate
(none observed visually) was obtained. The results of the
first injection volume measurement step are shown in Table 1.
(Molding Conditions)

Screw diameter: ¢ 26 mm

Screw rotation speed: 100 rpm
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Backpressure: 3 MPa

Hold pressure: 50 MPa

Holding time: 1 sec

Cooling time: 5 sec

Suck back: 3 mm

Cycle time: 15 sec

Cylinder temperature: 340°C-340°C-330°C-320°C

Mold temperature: 80°C
(Reflow Conditions)

Apparatus: infrared reflow furnace (“RE-300”, made by
Japan Pulse Laboratories, Inc.)

Preheat zone temperature setting: 150°C x 3 min

Heat zone temperature setting: 218°C x 2 min

Heating furnace transit time: 5 min

Molding product surface peak temperature: 280°C

(Molding product surface peak temperature is the highest
temperature measured by holding a thermocouple to the molding
product surface under reflow heating conditions.)
Second Injection Volume Measurement Step

Except for changing the ratio (®s/®n) from 2 to 3.3, the
maximum injection volume for which blisters do not generate
was obtained by the same method as in the first injection
volume measurement step. The results of the second injection
volume measurement step are shown in Table 1.

Furthermore, the maximum injection volume for which
blisters do not generate was obtained at a value of the ratio

(¢s/®dn) such as those shown below. The ratio (ds/dn) was
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changed to 4.7, and the maximum injection volume for which
blisters do not generate was obtained by the same method as in
the first injection volume measurement step. The ratio (ds/on)
was changed to 6, and the maximum injection volume for which
blisters do not generate was obtained by the same method as in

the first injection volume measurement step. The ratio (®s/on)

Fh

ume for which

[

was changed to 7.3, and the maximum injection vo
blisters do not generate was obtained by the same method as in
the first injection volume measurement step. The results of
these are also shown in Table 1. Furthermore, graphs of the
results of Table 1 are shown in FIG. 3.
Relational Expression Derivation Step

The relationship between the ratio (®s/on) and injection
volume (VCpax) showed the same behavior for both of the liquid
crystalline resin compositions 1 and 2. Therefore, an
approximation formula representing the relationship between
the ratio (®s/on) and the injection volume (Vcp.x) was obtained
as a linear function by a method using Microsoft Excel
spreadsheet software, using the data of the liquid crystalline
resin compositions 1 and 2 with values for the ratio (ds/dn)
of 2, 3.3 and 4.7. The linear function acquired was VCpax=-—
45(®ds/on)+240 (dotted line in FIG. 3).

[Table.1]
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chax
bs/¢n
(cm®/ sec)

2 159. 2

liquid 3. 3 92. 9

crystalline resin 4. 7 53. 1
compositions1 6 26. 5

7. 3 26. 5

Example 1

2 159. 2
liquid 3. 3 106. 1

crystalline resin 4. 7 26. 5
compositions2 5 26. 5

7. 3 26. 5

By using the method of manufacturing of the present

invention as mentioned above, it is possible to increase the
condition of injection volume to the utmost extent. In
addition, the method of manufacturing of the present invention
can be applied irrespective of the type of liguid crystalline
As a result,

resin composition to be used. it is possible to

suppress the generation of blisters, while being able to
easily raise the productivity of molded articles to near the
limit, without making modifications such as a change in

materials.
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5 By using the method of manufacturing of the present invention as mentioned above, it is possible
to increase the condition of injection volume to the utmost extent. In addition, the method of
manufacturing of the present invention can be applied irrespective of the type of liquid crystalline resin
composition to be used. As a result, it is possible to suppress the generation of blisters, while being
able to easily raise the productivity of molded arficles to near the limit, without making modifications
such as a change in materials. 30 CLAIMS 1. A method of manufacturing a molded article
characterized in comprising:  a step of measuigia maximum injection volume (Vc max)' which
does not generate a blister on a surface of the molded article when a liquid crystalline resin
composition is injection molded under a predetermined molding condition,  a step of measuring a
maximum injection volume (VcEa..)2 which does not generate a blister on the %urfac%gf the molded
article wHen th® I efstdilifie PSR Compasitién T injeStichmotded %ch%ﬁaﬁﬁgeg ratio (cDs/On) of an
exit diameter (42[15 of a sprue and an exit diameter (On) of a nozzle, and  a step of deriving the
relation betwEERE Maximuim injection volume (Vcr,a0 which does not generate a blister and the ratio

(0s/cDn) of the sprye exitdiameter.and the nozzie axit diameater by afunsgion(¥ona, - f(0s/On)) of a
predetermined form; wherein the liquid crystalline resin composition is injection
which does not generate a blister on a surface of the molded

article when a liquid crystalline resin composition is
injection molded under a predetermined molding condition,

a step of measuring a maximum injection volume (VCpax)2
which does not generate a blister on the surface of the molded
article when the liquid crystalline resin composition is
injection-molded changing a ratio (ds/on) of an exit diameter
(¢s) of a sprue and an exit diameter (on) of a nozzle, and

a step of deriving the relation between a maximum
injection volume (VCpax) which does not generate a blister and
the ratio (®s/on) of the sprue exit diameter and the nozzle
exit diameter by a function (VCpax = f(ds/on)) of a
predetermined form; wherein

the liquid crystalline resin composition is injection

molded under conditions satisfying VCpax (cm®/sec) < f(®s/on).

5. The method of manufacturing a molded article according to
claim 1 characterized in that the function of predetermined
form is represented by the following Equation (I), and

the liquid crystalline resin composition is injection
molded under molding conditions satisfying the following
Equation (ITI):
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molded under conditions satisfying Vcr,,, (cm3/sec) < f(es/cDr.). 2. The method of manufacturing a
molded article according to claim 1 characterized in that the function of predetermined form is
represented by the following Equation (1), and  the liquid crystalline resin composition is injection
molded under molding conditions satisfying the following Equation (II): 31 Vcra," (cm3/sec) <-45
(Os/On) +240- (1) On<3mm.-(I1) 3. The method 8f manufacturing a molded article according to claim 1
or 2 characterized in that the nozzle exit diameter (en) is no more than 2 mm. 4. The method of

manufacturing & molded article, according, ig.any gpe of clgims 1 to 3 characterized by that the liquid
crystalline resin composition contains a glass fiber. 5. The method of manufacturing a molded article

according to anymoneef-claims 1 to 4 wherein the ratio (10s/Tn) of the exit diameter of the sprue and
the exit diameter of the nozzle is no more than 4.5. 6. A method of suppressing blister generation
when injection molding a liquid crystalline resin composition by making a ratio of an exit diameter (=a)
of a sprue_and an exit diameter (ram) of a nozzle (Ts/Tn) no more than a predetermined value. 7. The
method ofsuppreSsifg biiStr Yerferaiids aEESdNg fo BRiMeE wWhEréipltheasieaefEmanéd value is no

more than.4.2;3nd s ex't dianeter {In) g, abRuementionsd 1pzg png More fhan 8 mm.

(®dn) is no more than 2 mm.

4. The method of manufacturing a molded article according to
any one of claims 1 to 3 characterized by that the liquid

crystalline resin composition contains a glass fiber.

5. The method of manufacturing a molded article according to
any one of claims 1 to 4 wherein the ratio (®s/®n) of the exit
diameter of the sprue and the exit diameter of the nozzle is

no more than 4.5.

6. A method of suppressing blister generation when injection
molding a liquid crystalline resin composition by making a
ratio of an exit diameter (mm) of a sprue and an exit diameter

(mm) of a nozzle (®s/dn) no more than a predetermined value.

7. The method of suppressing blister generation according to
claim 6 wherein the predetermined value is no more than 4.5
and the exit diameter (®n) of the abovementioned nozzle is no

more than 3 mm.
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